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ADSTRACT 

Anecdotal reports suggest that there may be a fam1hal component to 
chloroquine-assoc1a1ed pruritus (CAP). To test this hypothesis, the ep1dem1ology of 
CAP was studied \vith respect to haemoglobm S (HbS) and glucose-6-phospbate 
dehydrogenase (G6PD) deficiency both of wluch are recognised genetic red-cell 
markers for blacks and for malaria. ABO blood groups \vluch are also red-cell 
markers but not specific for blacks or malaria served as internal control. 

The prevalence of CAP \vas detennined prospectively bet\veea January 1988 
and June 1992 using cross-sectional survey IJl patients described belo\\1

• The 
sarnple size \vas detennined using EPI lNFO 5. Only one individual per family \Vas 
recruited. Field tnps \Vere 1nade and a total of 1,315 patients \Vere recruited into the 
study. A pretested quc:stionnaire \\1as used to collect infonnat1011 on personal details 
and fa1nily history of CAP from the recn,ited individuals All the study pnllcnts 
except U1c school-children received chloroquine at recn1itment un1c and \vere 
observed directly for CAP 24 to 72 h later Blood sa1nples \Vere then collected u1to 
sequestreoe bottles (or filter papers for srunplcs fron1 distant areas). ABO blood 
groups, Hb nnd G6PD types \vere dc1en111ned tvlalana parasite screening and full 
blood counts ,verc also done on University College Hospital (UCl-1) srunples. 

Prevalence of CAP runong UCII patients \vas 124/300 (41.3°'0), pregnant 
\\OJnen 23/55 (42 0%), urbnn school-children 851150 (56 7°10), n1r:1I school-children 
61/121 (504°/o), rural preschool-cluldren 33/151 (21.8°/o), Kano 16/121 (13 3�o). 

1\fa1dui;11n 40,165 (24 2%), Pot1skum 56/163 (-19.61\'o) and Pon-Harcourt 9/108 
(8.3%) CAP 111creased pro1:,rressively \Vith ogc CAP \vas n1ore conunon u1 fa1n1hes 
of ilchcrs than non-itchers. There \Vas ru1 ossoc1a11011 bet\\·een cu1ru11ul::it1\ c 
chloroquine intake and CAP In all the populatJons studied, excep1 an1ong pregnant 
\\·01ncn, 1hc sickle-cell 1rai1 ,vas less conunon but G6PD defic1enc) \\ as n1orc 
co1nmo11 n111ong itchcrs lhan 11on-11ohers. By contrast ho"·cvcr, ABO blood b'Toups 
d1s1ribullon \\as s11111lar a111011g 11chers and 11on-11chcrs 
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A sunple, rapid, sensitive and highly reproducible high perfonna11ce liquid 
chromatographic (HPLC) method \\·as deYeloped for the assay of chloroquine and 
its 1nau1 metabolite, desethylchloroqu1ne. \.\11th the method 1t ,,•as de1nonstrated that 
the phannacokinet1cs and unnary excretory pattern of chloroquine and 
desethylchloroqu1ne ,,ere s11nilar in 7 itchers (4 Hb AA and 3 Hb AS) and 8 non­
itchers (4 Hb AA and 4 Hb AS) as ,veil as Ln the Hb AA and Hb AS u1dividuals. 
Nevertheless, there ,vas evidence that U1e itchers ,vere unable to 1netabolize 
chloroquine as extensively as U1e non-itchers, as the ratio of the area under the curve 
{AUC) of U1e metabolite to that of U1e parent drug ,vas lo,ver in the itchers 
compared to the non-itchers. Also U1e peak concentration (C1nax) of chloroquine 
,Yas lo,ver in Hb AS individuals ,vhen cornpared \\ 1th Hb AA. Ho,vevcr, 
bioavailab1lity proble1n could not be ruled out m d1c Hb AS subjects. 

Seven of the 9 subjects prone to CAP actually nched, 6 of the 7 had residual 
chloroquine (26. 7:t 11 .2ng/1nl) in zero hour plasn1a, ,vhereas the ren1aining I itcher 
as ,veil as the 2 ,vho did not itch had no measurable quantity of chloroquine Ln the 
zero hour plns1na 

It 1s concluded that CAP ,nay be associated ,v11h certain genetic factors "hich 
i11clude/ I lb ru1d G6PD types. 

•
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CIL.\PTER 1 

\ I L\'TRODLCTIO\ 

Se\'ere ad\'erse drug reac11ons are a res1ra11ung factor tll drug ad1n1n1stra11on, 
even ,,here the co1npound 1s supenor therapeuucally 10 others for a particular 
u1d1ca11on Ad"erse drug reactions 1118}' be extensions of enher phannacok1ne11c or 
phannacodyna1n1c ell'ects of a drug Vanab1hl) 1n the ab1ht) to express adverse 
drug reactions are in part thought to be due to u11ersubJec1 vanab1hty On the other 
hand 1ntennd1v1dual differences in drug response are dependent on phan11acogenet1c 
pnnc1ples The process of c-.:press1ng phannacogencttc , anabihl) could be 
markedly influenced by age, sex, diet, environn1cntal pollutants, co-ad1n1n1strnllon of 
drugs, w1derly1ng disease process and the environment 111 ,, hich the 1nd1,1duaJ lives 
(Vescll, 1977, Eichelbau1n. 1981. SJoq,1s1 l'f al , 1980; Breuner. 1983 and Vesell 
and Pen110 1983). 

�lalano 1s one of the 1nos1 pre, a lent of hu1na11 diseases It is a nlaJor health 
ha2ard ,, hich occurs mainl} 111 the tropics. Prc,·iously tcn1pcrate and sub-1e1nper:11e 
reg1011s of the ,,·orld ,vere also affected (Bn1ce-Ch,,a11 1986) The total 11111nber of 
pa11e111s affected by 111alana an11u::ill} 1s estunated to be I 03 1nilholl of ,, hich 86° o
h, e 1n Africa south of the Sahara (\VHO, 1989). It is cstunated that 1-2 1nllholl 
people die of malana and tnolaria related causes c, cry year 

Ln N1gcna, although the nsk of 1nalana exists throughout the country, the 
c11dc1111c1ty of 1nalana 1s 1ncsocudc1n1c Ill the urbnn but holoendc1111e 111 thc n1ral 
areas. The disease co11s1ste11ll} ranks a1no11g the fi,c 1110:;t co1111no11 causes of death 
a111011g all age i,rroups (Federal l'vlt111str} of I lcalth 1989) It also 1eprcsents 
sub:.1a1111al soc1nl costs due to school absc11tecis111 a11d reduced eco11oin1c 
product1v11y Prcgnnnt \\Otncn are nt n higher nsk of 1n:ilana 111fcct1011 reh111,e to 
tlu:ir 11011-prcgnnnt counterparts h\111g 111 the sn1nc c11dc1111c eo1u.Jit1011 (Noste11 rt al,
1991, Gilles er al, 1969, Brabin C!f al, 1990. Steketee er al, 19S7, 1988) llo \\c,cr, 
cluldren above 6 1no111hs old nre most vulncrnble (Brucc-Ch" all. 196 '\) The 
monnht) rate 1s highest during the first 2-.J years of life (Bn1ce-Ch,,a11 I 9S'>• •
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Green\\·ood et al, 1987) Some 1ndi\1duals ha\·e Lhe benefit o f  gene11call) 
controlled protection 1nechan1s1ns These protection mechanisms are due to mutant 
genes espec1all) those causing glucose-6-phosphate dehydrogenase ( G6PD) 
defic1enc) and sickle cell disease (luzzatto 1979. Gilles et al , 196 7) The long 
assoc1at1on of malana parasites "11h 111a11 has led to the spread of these mutant 
genes 111 the !alter (Luzzalto 1979) llacmoglobm S (HbS). and G6PD defic1enc) 

\vh1ch are other\v1se delete nous genes have reached pol) 1norpl11c frequencies 111 
malana endenuc regions. It ,vas suggested that the) confer selcc11,·e advantage 111 
rnalana Allison, ( 1960) first suggested that the heteroZ) gous state i.e the sickle 
cell trait (Hb AS) 1s responsible for the n1a111tenance of HbS gene 111 the 111alano11s 
areas because of the pan1al resistance it confers aga111st 111alana Ho" e,·er, tlus 
protection 1s 1101 present 111 ho1nolygous cluldren (Hb SS) "'1lh 1nalana 111 "'horn the 
infection can be fatal (Adeloye et al, 1971, Luzzatto, 1974). ft has also been 
de1nonstrated that the thalassaenuas 1na) protect against 1nalaria, thus explr11n1ng the 
persistence of this other\v1se deleterious hae1noglob1nopathy (\Veatherall and Clegg, 
1981) Motulsky and Cn111pbell-Krnu1 ( 1961) and Allison ( 1964) ,vere the first to 
observe a close correla11011 between the present and past prevalence of 1nalann and 
G6PD delic1ency The heterozygous earners of the gene are protected against the 
hfe threatening fonn of 111alnna 1.e. severe :ind coinphcnted 1nalana caused b) P 
falc1par11111 (Allison, 1964, L1, 1ngstonc. 1971. 81cnzlc et al, 1972) 

Chloroquine 1s the 111os1 ,videly used antnnnlanal dn1g in 111alaria ende1111c 
areas (Bn1ce-Ch,\'all 1986, \\'HO, 1984) Pruritus 1s a 1najor side effect of 
ehloroqu1nc and it has vef) unportnnt therapeutic consequences Tlus 1s because 11
is so unpleasant that those ,vho have hod c,penence of 11 are ofien un,vilhng to take 
further dose of the dn1g for subsequent 1nnlnna attacks. It 1s a 111ajor cause for 
caution 111 the use of chloroquine (Federal lvlin1stf) of Health, 1989) 

The chn1cal course of the chloroqu1nc-assoc1nted pruntus (CAP) \\'3S first 
dcscnbcd by Ekpcclu and Okoro, (1964). ii ,vns chnractenscd by  a b1tu1g or 
pnck111g scnsauon nrrecllng nil parts of the body 1nclud1ng the scalp, U1c p:ihns of 
the hands and the sole of the feet It usually began ,v11hin o fe,v hours of taking the 
drug and often conllnues for be1,,ee11 48 and 72 hour!i 1rrespec11, e of treatnll!nt \\Uh 
nntih1st:i111ines It is usually se, ere: enough 10 111ake sleep 11nposs1ble 
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Despite the relentless advance of parasne resistance. chloroquine remains an 
eff ech\ e treatment for se\ ere 1nalana 111 some parts of the tropics ( Salako and 
Aderourunu, 1987. \\-�11te c!t al . 19s·7, 1988) The drug s11II re1na1ns the first hne of 
drug for the treatment and suppression of malana because It 1s cheap. safe and \\ ell 
tolerated at the reco1n111ended dose. Ho\,ever, CAP ,,Jucb s c-;pcncnced b) some 
individuals 111 the. population cons1derabl) l11nI1s rite acceptability of rite drug as a 
suitable ant1mala.nal and tlus 1s a cause of concern for both malanolog1sts as ,,ell as 
n1aJaria patients 

The overall obJec11,e of the present study 1s to 1n\·es11gate the prevalence of 
CAP and test the hypo1hes1s that the population d1strib1111on of CAP 1nay be 
controlled by certain ge11e11c factors. 
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1.2 P,\ TI IOPI I\ �IOLOG\ .\ \D I \l\l l \OLOG\ OF \L\ L . .\RI..\ 

1.2.1. Biolog) or the \lalaria Parasite 

The disease in ,nan 1s earned by four species of plas111od1u1n 11an1el} 
P/a\111od111111 falc1paru111 I' 1110/ar,at P o,·a/e and P ,·11·.:2.t (Bruce-Ch\\ all 19S6) 
The plas1nod1u1n are protozoan parasites trans111111ed to man b) anopheline 
1nosqu1toes The maJor , ectors of the hun1an malana are . A arahn·1HH -l f1111e.\l/1� 
and A n1Lla� P Jalc1pa111111 1s the 1nost pathogenic agent of the hu1nan 1nalanas 
(WHO, 1984, Luzzatto 1979) It 1s stncth species spcc,lic. preferentiall) 
parastltltllg hu,nan cells (Tnggs, 197 5) P 1110/anae P 01•0/1; and P · ,·11 ax 
1nfec11ons ha, e 1n1ldcr consequences \\'1th the e,ceptton of P /ah 1J1<1n,111, all the 
other species are classified as causing relapsing 1nalana Tl11s 1s because they ha,e 
secondary e,o-ervtliroc}11C stage of d1:, eloptnent "l11ch pro, ,des a rest:r\ oir of 
paraslles for the rc-111fec1ton of the Cl') throe} tes This can g1, e nse to a 
rccru<lc�cc11c1: of sy1npto1ns 1nonths or e,cn years after a cl11ucal cure has been 
obtained b) the destn1c11011 of the ase,ual fonn 111 the blood There 1s ho"c,cr. 
e, 1dence of a latent ttssuc stare (h) pnozoues) 111 the hepatic cells for P , 11·,it a11J 
P 01.1/c an<l lacl.. of e,o-1!1') throC)1tc stage for J> 111alar1,1t: (Bn1ce-Ch" all. 1986) 

I' fah1pan1111-causcd disease 1s so1111:111ncs c.1llec.l ,nalignant tertian 1nalana, 
because It produces a ful1111na1111g 111fcc1ton 111 non-unmune ,1ct11ns \\ 1th spikes of 
fe,cr e,ery tlurd day corrcspond111g to the burst111g of the Cl)throc) tcs and the 
release of the mcrozo1tcs Untrc�tcd falc1pan11ll n1al:ina Ill llon-11n1n1111e 111<l1\ 1duals 
ma) rapidly progress to a falill co11clus1011 

I' 1110/artul!·causc<l <l1sc.1se 1s also rl!ferrcJ to as qua11an 111alana because 
spikes of rc,er co,nc cvcl') fourth Ja) In \Vest ·\frtca quartan n1alana 1s 
associated \\'Ith a l11[!h 111c1<lc11ce of 11cph101tc S} ndro111e 
P 1110/aria, 1s unique Ill that 111rcc1to11 can re1na111 donnant tor lllan} } car� 
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P. O\·afe "luch 1s conunon m \\'e5t Afnca causes a rare fonn of relapsing
malaria Its periodicll) 1s s11nilar to that of P ,·,rax. but II runs a 1n1lder course and 
1s more easily treated. 

The pn1nal) host of the plasrnod1um parasites 1s the anophehne mosqu110 1n 
\\ hich the para.sue undergoes sporogony • a process of sexual reproduc11on ,, luch 
results 111 the f onna11on of mollle sporozoites \\ luch are 1noculn1cd 11110 the 
circula11on. The secondaJ) host are 1.he humans 111 \\Inch sch1zogon) occurs · a 
process of asexual reproduction The asexual cycle occurs 111 t\vo diflcrenr places, 
first in the tissues and then m the el)throcytcs They are referred 10 as e-;o­
CI) rhroc)1ic and Cl)11iroc)11c sch1zogony respecuvely These results 111 the 
production o f  ,nature scluzonts "hich break up to release 1nero2011es (Gnmhrun, 
I 966, Pratt, I 977. Wyler, 1982). The release of 1nerozo1lcs lro1n infected 
ery1lirocytcs marks the bcg11u1111g of the chn1cal features of 1nalaria, of " luch fc, er 
1s invariably a consl.1111 feature The 1ncuba11011 pcnod is shonest for P fofc:1par11111 
( 12 days), and lo11ges1 for P 111afar1ac (28 da) s) P 1•11·a.-c has 111cuba11on penod of 
13-17 days (Brucc-Cll\,·att, 1971 ). S01ne s1ra111s sho" 1nuch longer 111cubation 
pcnod of up to 11111c 1110111hs Det:111s of Ille his1or) of the 1nnlana parasite con be 
seen 111 Fig I 4 I 
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1.2.2. Immunology of \lalaria Parasites 

Malaria urununity de\ elops folio\, ing LO\ a:.1on of tl1e orga111s1n b) 
Cl) thrOC)11C fonns of the n1alana parasite There is ho\\ e, er no con, 1nc111g 
e,,dcnce that the exo-el)1hroc)11c stages ha\'e any s1g111ficant effect on the 111111111ne 
response (Bruce-Ch\\'311, 1986) i he 11111nun11) appears to be acquired ro,, ards the 
late stage intracellular asexual el)111roc)11c parasites or to\, ards the liberated 
extracellular merozo1tes. It does not appear to ha,e any ob,,ous effect upon 
ga1netOc)1es (Ha\vk1ng et al , 1966). 

Acqutred 11n1nun1ty 1s both cellular and bwnoral There ,s also evidence of 
complement activation 1n man (WHO, 1990) Infected red cells arc retnovcd from 
c1rculalton b) 1nacrophages and phagoc) 10s1s I lu1nan leucocyte antigens ( HLA) 
have also been associated \\ uh protective ,mmunit) against 1nalana (llill. 1992) 
A.1111bod1cs "·luch arc species specific opson1zc scluzonts-laden red cells and also 
b111d to 1nerozo11es thus 111hib11111g 111vas1on 11110 red cells A nubod) acll\ II) has been 
found in lgG, lgl\,I and lgA urununoglobuhn fractions of 11runu11e sera but n10s1 
predo1ninantly 1n the lgG fraction Scru111 concentrahons of lgG, lgtvl and lgA­
levels arc clc\'ated earl) 111 the 1nfcction but decline rapidly and \V1th prolonged 
exposure, lgG le, cl is raised (Bruce-Ch" att, 1986). 

There 1s a degree of conunon a1 111gen1clly exisung a1nong d1ffcren1 species of 
1na11unahan plas1nodia Protective 11n111unc responses to 1nalano arc usually species 
specific, although s0 1ne cross-protection 1s 1-..110"'" especially 111 rodent systc1n (Co'.\ 
1970, Nussc11Z\,c1g i:1 al, 1972) and they 1nay also be str:un specific In \Vest 
Afnca, over 90° o 1nd1gencs hove duffy onllgcn ncgot1vc red cells Tlus has been 
linked \\llh the rcs1s1ancc of \Vest Afr1cons to/> 

1•11·a.\ 1nfccuon (:-.tiller .:1 al 1976, 
1977). 

In nuants 1n the early n1onths of life, the 111arufes1ntto11 of 1nalana ar-c usuall> 
1111ld \\ ith lo,v b'T:ldc paras11aern1a (Bruce-Ch,vatt, I 951, Saloko t'I al, 1990. 
Akindclc el al, 1993) Tlus 1nny probnbly be due to the fact thot neonates ban, to 
11111n11ne 111otlu:rs are partially 11111111111c by \lrtuc of the pe�1s1111g transplnccntall� 
acquired 111a1t:n1al 01111bod1es (Sode111de ond Oa\,odu, 198S. \\ 'Hb, 1990) 1 he 
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protection 111 children decreases 111 the first fe,, 1nonths of hfe and a partial 1m1nu1111y 
1s acquired by repeated attacks of malana (Bn1ce-Clnvatt, 1952, Gilles et al. 1967). 

The continuous protection of non-umnune persons ,, 1th a1111n1alanal dn1gs 1s 
mandatory Continuous regular chen1osuppress1on 111 children born 111 rnalanous 
area "1ll not only reduce the lugh 1norb1d1t} and n1ortalit) rates due to n1alana but 
,viii also enhance the physical de .. elop1nent There 1s 1nuch indirect e, 1dence to hnk 
the effectiveness of che1notherapy ,,1th the 1111111u11e status of the host Treattnent of 
infected senu-inunune 111d1, 1duals 1s effec11,·c ,, 1th lo,,·er dose schedules than those 
n:qu1red for infected non-i111111unes (\VI 10, I 973) 
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1.3 GENETICS AND ,t...\L.·\RI,-\ 

1.3.1. I\Inlarin anti Sickle Cell Gene 

Sickle cell anac1n1a (SCA) 1s a severe, chronic disorder charactensed by 
recurrent episodes of excruc1at1ng pains 111 the l11nbs, back, abdornen or chest 
associated ,vnh fever, Jaundice and anaemia "luch becon1es very severe. Sudden 
and even hfe threatening cornplica11ons such as osteornyelitis, pneurnon1a, 
1nening111s, cerebrovascular accidents and renal infarcts are co1nn1on (Barret-Cannor 
1971, Portney and I leroson, 1972, Po\\ars, 1975)

Stcklc cell anac1n1a 1s caused by the ho1110.eygous presence of a mutant gene, 
the S-gene. The gene product, the sickle hae1noglob1n carries the amino-acid vahnc 
instead of gl11ta1n1c acid at the 6th position frorn the a1n1no tenn1nal of the P -glob1n 
chain This alteration causes ready pol) 1nensa11on of the S-hacrnoglob1n into 
tactords '"h1ch arc:: stacked together to fonn fibres or bundles of S-hnernoglob111 
Tins distorts the cell to its charactenstic s1cl-.le shape. Tlus sequence of e, cnts 1s 
called the sickling process and is induced or enhanced by hypoxia, acidosis and 
hypcrosmolar states Though 11 is gencrall� re,crsible but, it could becon1e 
1rrcvcrs1blc The s1ckled red blood cells are relau,ely ng1d and cannot Oo" 
through the capillary bed cas1I} leading to bchaenua and If sufficiently severe 
1nfarc11011 

S1cldc cell disease (SCD) 1s a broader 11:nn "luch includes SCA as ,,ell as 

hac1110 :lob111 S C disease and S-P·thala�sl!1111a The 1.iuer t,, o arc cl1111calh less 
sc,crc llo"c,cr SCD excludes the sickle cell trail (1 e hncn1oglob1n \ ')) "ho 
arc cluucally nonnal apart fro1n a slight rcd11ct1011 111 the ,1b1ht) to concentrate unnc 
1Ta,lorc1n/ 1978)

, 

r-.lost of the studies !lone 111 cl11l!ln:11 1nJ1catcJ lo\\cr p,11,1,1tc count. nnJ 
1e�sc11ct.l se, ent) of 1nalan:i 1nfcc11011 111 Hb ,\S "hen co1npnrc,I "1th I lh M 
i.tJbJc:CIS (Alh�un, I 961 , l:J111i;ton nnd \\'at;;on-\\'1ll111111�. I '165. G1lll·� , t al • I 96 ... 
\\',ilters null Unn:c-Ch,,1111, 1956) ,\lthou�h sonic \\Ork:c1s (Cnn1c,alc ,, &11. lll1>I, 
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Michel et al , 1981, Hill, 1992) could not confinn tl11s, Flenung et al ( 1985) 
reported that II could only be observed 111 11011-11n1nuncs, generall, bel\\'een the age 
of six ,nonths and five years. 

Several n1echa1us1ns have been postulated for protect ton of Hb AS 111d1v1duals 
frotn tnalana It has been suggested that the ut1llsat1on of oxygen by the parasite tn 
the red cell as "ell as the nonnal oxygen loss to the tissues could cause hypoxia 
Tlus induces increased sickling of the paras11tzed cell and its consequent re,noval 
frotn circulation b) the rettculoendothehal systern (Miller et al., 1956; Luzzatto et 
al, 1970) The sickling 1nay also be allributed to the lo\\enng of the intracellular 
pH by P falc1par11111 resulung fron1 loss of potassnun ,ons. (Roth et al , 1978, 
Fncdn1an et al • 1979) It has also been sho\vn that s1ckhng children have 
s1g111tican1ly lugher lgG levels than 11on-s1ckh11g children This ,nay nnpl) that the 
trait enhances the antibod) responses aga111s1 1nalana parasite (Lucas and Gilles 
1984) 
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1.3.2. l\lalnria anti Gluco�e-6-pho�phate tlch)drogennsc 
(G6PD: EC 1.1. 1.-'9) 

1.3.2.1 G6PD anti the Rctl Cell 

The ability to obtain energy by Kreb 's cycle or synlhes1zc protein is 10s1 b} 
the rnature erythrocyte as 11 is ,vithout 1ni1ochondna It therefore obtains energy 
fron, the !ugh energy compound Adenosine triphospha1c (A TP) generated by the 
Ebden-l\1eyerho!T patll\vay (I larnes, 1963) for the n1,11ntenance of its s1ruclure and 
ion transport across its 1ncmbrane. Under steady state conditions, 95 per cenl of l11e 
glucose available to the el) 1throcyte is 1nctabohsed 111 this ,vay and the re1naining 5
per cent enters the pentose phosphate patll\vay \\luch serves as the source of 
reduced n1cot111a1n1de adenine dinucleotide phosphate (NADPH) The reducing 
potential of NADPH is required for the 111tegnly of the el)<throcyte, 1na1111a1111ng an 
adequate level of reduced glu1atl11011e (GSI I) ,vl11ch protects sulphhydl)•I groups 
against 111tnns1c and drug-induced oxidative darnage G6PD is the first and also the 
rate-h11111111g cnzyn1e of tlus path\\·ay There 1s a substa1111al decrease 1n the ac1i,1ty 
of G6PD \\ilh el) throcyte age (Rub111s1c111 cl al, 1956. /I.larks cl al, 1958; P101nelh 
cl al I 968. B1enzle I 981 ). llo"cver, despite tlus loss of c11zy1ne activity. norm:il 
old red cells cont:un suffic1e111 G6PD ac11, II) 10 111,1111ta111 C,S11 le, cls 1n 1he face of 
o,1dnnt stn:ss. About O I 01

0 of nonn:11 G6PD act I\ II) 1s required for 1hc gc11era11on 
of NADPI I (LU1.za110 and Tesla, 1978; Kirklnan L'I al, 1980) 

G6PD 1s a ub1qu1tous enzy1ne \\'h1ch has been found 111 evc:ry org.1111�111 and 
tissue 1n "l11ch 11 h:is been sought Tlus •� 1101 surpris111g 111 , IC\\ of 11s 111ct,1bohc 
role (B1cnzlc I 981. Sode1nde I 992) Apart fro111 1he produc11011 of NADPI-I 111 
Cr)1hroc} tcs. 1 1  1s 111\olved also 111 the sy111hes1s of pcntosc: for 111c1,ri,on11ion 11110 
11uclc1c acids (LuZl.llllO and Testa I 978 Sodctndc, I 992) 

G6PD dclic1c:111 crytluoc) 1cs ha, c dccrca5c:J cnz) 111c produi:11011. D'- n n:,11h 
of ac:1.�lt:r�tc:d brc.1kdo"n fonn:1t1011 of 1nolcculcs \\Jlh decreased c,11nl)l1I:' oc1,,11, 
or pr ,1d11c11on of cn1.) 111c 111oltculcs "1th reduced s1ab1hl) l Ucutlcr. 19 7 !-, D1cnzl<". 
I 1J8 I) 1 hcsc obnonnaht1c� r<. ,uh 111 n h�1crogtnu11� group C\I Gbl'I) drfil,:'1cnc, 
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raug1ng fron1 1nild enzy1ne  deficiency to ahnost co1nplete lack of enzyn1e activity 
(Bienzle 1981) The cnzy1na11c defect 111 G6PD 1nediterranean 1s due to a greater 
enzyine 111stab1ht) and red cells of all agc::s are grossly defic1e111 tn the erlZ) me 
(Subltran and Glader, 1980) The deficiency of G6PD A-, the conunonesl G6PD 

deficient \'artant 1s due to accelerated breakdo\\'n of G6PD 1nolecules (Brenzle 
1981) 

G6PD vanants of el)1hrocytes occur \vorld-,vide (\1/1-10 1966, 1967, 
Livingstone I 967. Luaallo and Batt1stuzz1 I 984) The gcnet1c vanabthty of G6PD 
is only second to hac1noglobu1 (Luzzatlo and Testa 1978). So,ne are sporadic i e. 
only fe\, cases encountered ,vlulc sorne are poly1norphic i e. ,vhen the frequency 1n 
a populauon 1s abo,e I%. The existence of different variant "as established on the 
basis of red cell enzy1ne acth it), clectrophoretic 1nobili1y, the J\1ichaelis constant for 
11s substrate, heat stability and pH op111nu1n. These are the 1na1or types of vanants 
found runong the blacks viz 

G6PO 8:- Co1n111onc::st and found all over the ,vorld It sho,,s nonnol 
enzyn1e acu,1ty and is not associated ,,•1th haernolys1s (BO)'Cr et 
al I 962. Yoshida I 966) 

G6PO A:- I fas a slightly reduced but ch111cally nonnal enzy1nc acu, 11, It 
doc:s 1101 cause hae1nolys1s It is found 111 Afuca and populauon� 
,, 1th Afrrc.in anccstl) It has n f.istcr clcctrophorot1c 1nob1hty 
thrrn the 8-t,pc (Yosluda 1967) 

GCiPD ,.\ :- Conunonl) found 111 populauon of Afncnn orrg111 (Beutler I 979) 
It results 111 .i nuld 1:111.) 1nc dc::fic1cncy associated \\ 1th 
hae1noh sis hs clcctrophorct1c ruobtlil) 1s 1de11t1cal to that of A-
t} pe (Beutler 1978) 

• 

Under ccna,n d1ctal"\ co11d111011s hke 111gcs11011 of V1c,a f:l\'ll bean., or ruler 
• 

1rc.1une111 ,, 11h ccna,n :11111,n1al.inal dn1g� hkc pn1nnq11111c. the- i:rncttcalh 
dctcn11111cd cnZ}lllC dcfic1c11C) 1111p,11r)\ the nonnal 1111:tnboh� fun,11,111 ('f the 
er}thrOC)IC Tl11s c,111�cs its prc1ni1t11rc: tlestn11;11011 nnd thus 111,1111ic t, as u �c,�rr 

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



)J 

hae1nol) lie anae1n1a especially 111 cluldren (f\1otulsk) 1960, J 96�. 1965, t-.lotulsk) 
and Ca1npbell-Krc1ut, I 961, L1v1ngstone, I 971, AJl1son, 1975) Orher facrors that 
could prcc1p1ta1e hae1nolysis in G6PD deficient persons espec1all) neonates are 
c:-.posure to 1nenthol or ca1nphor 
(Olo\\'e and Ranso111e-Ku11, 1980) Scp11cae1111a caused b) cena1n bactena hke £ 
col,, S a11rc:11s or alhus has also been 1111phca1ed (Effiong and Laduan 1976) 

G6PD deficiency 1 s  inherited as an X-linked disorder (Marks er al, 1961) 
There 1s therefore a lack of farher to son transm1ss1on (Gross er al., 1958, Clulds t't

al 1958) Because of the X-hnkage, a full expression of lhe trail occurs 111 
ho1noz) gous fe1nales and hcnuzygous niah:s 111 "ho1n !he X-chro1noso111es present 
C.trT) the 1nu1a111 gene In heterozygore fe1nales, l\VO d1ffcre111 b1ochc1n1cal t) pes of 
the enzy1nc can be seen 111 I\\O cell popula11ons \\ uh an approxunatel> I I ratio .,2 
This ratio 111a) , a11 depcnd111g on the tune of 1nact1, at1on (Lyon 1961) Such 
, ana11011s ha\.e been reponcd b) Luu..1110 i:1 al ( 1979) 

1.3.2.2. G6PO :1111J \lalaria 

E, 1de11ce so far shO\\ s that all 1hc popula11011s 111 \\ Inch G6PD defic1enc) 1s 
frequent h:ive been exposed 10 rnalana o\er exh:nded penoJs of 11111c (\VJ 10 196"'. 
l u1,:i110 1979) Tl11s has led 10 1he sugccsuon 1ha1 1lu: dcfic1c11cy lllil) confer
sclecu, e ad, .intagc under ccna111 cond,11011s An e,ccp11011 ,, as �ccn 111 the
111d1gc11011s A111crican pop11la11011 \\ho do 1101 ha, c: G6PD dctic1cnc) 111 :.pile of
n1alana cndcn11c1t} This could be because the G6PD l!CIIC cannot bt>co111c
pol) 111orphic in a popula1ion 1f 11 did not gel there b� n11gr:111011 or anse 111 11111 b�
11101,111011 ( Lu11.a110 :111d Ba111s1uz.z1 198.1)

ll,1olana 1norb1d11, and 111ortalil) 1s c,pcctcd to be lo\\ er 111 earner, ol Go PD 
• 

A. gene either 111 !he hctc:101) i;ous, ho11101) gou� or hcnt17.) gous s1,11c Alh�on ond
Ch de ( 1961) and Gilles ,., al l 1967) found s1g111ficn1t1I) lo\\ er p:im�nc cowl! rn
)'01111, cn1}111c-dclic1c111 African clulJrcn HO\\ c,cr, ,\l:uun cl "' ( IY7Q) nnd
Kru uachuc cl ul (1962) could 1101 dc1nons11111c 1l11s L31cnzlc rt nl t197.) 1c1l0rted n
sig1111ic.111II) IO\\ er pan1§1tnc1111.1 111 hcleroz) gou� lc:111:ilcs "uh gcnol\ JlC Gd Gd
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(but not GIIA·/Gd") than 111 GoPD nonnal or deficient subJects. 1nale or fe1nale It

,vas then concluded that like the hae1noglob111 S heteroz) got e. the heteroz, gous 
G6PD dcfic1en1 fe,nales are par11all) protected against malarial infection and lfus 1s 
probably responsible for the rnainlenance of poly1norpl11c frequencies of G6PD 
deficient genes 111 1nalanous areas of Africa (B1enzle et al 1979) 

The cellular 111echa111s1n b} "luch heterozygous fe1nales are protected from 
the rnalana parasite has been ,vell 111ves11gatcd 111-111/ro 11s111g the established 
continuous culture of P falc1par11111 (Trager and Jenson 1976) Fnedrnan ( 1979) 
found that !' folc1po111T11 gro\\ s equally "·ell 111 nonnal as 111 G6PD deficient red 
cells under standard culture condi11ons but gro,vth \\'as s1g111fican1ly unpaired under 
ox1datl\e stress unposed by lugher o:-.ygen tension l 111.zatto et al ( 1983) tned to 
e,pl:1111 "h} II rs the heterozygous fernale rather than hemrzygous deficient n1alcs 
that are protected fro111 ,nalana They sho"·ed nonnol 1nvas1on of both nonnal and 
deficient red cells but n1atura11011 \\as delayed and unp:ured 111 deficient red cells 
But after se, era I 11.issages, the parasites adapted and no difference 111 1natur Jl1011 
\\JS obtained Tlus 1s ,,h) hc1111zygous 1nales and ho1nozygous fcrnales are 1101 
protected But 111 heterozygotes this ad:ip1a11011 "ould be frustrated each tune .i

para�11c e1ncrg1ng frorn G6PD nonnal cell happens 10 111,adc a deficient cell TI1is 
,,oulJ likely li1n11 s1�'111fica11tl'r the probabilny of life 1hrca1c11111g Jc, els of 
pnras11ae1111a being reached 111 these subjects (Brenzle ,:/ al, I 972) 
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l.4 l"IISTOR\' OF CIILOROQUINE 

Chloroquine, 7-chloro-4-( 4-diethyla1n1110- l -111eth)-butyla1n1no) quinohne 1s a 
4-ain1noqu1nohne ai1t11nalanal scluzontic1dal compound It has trade naines and 
code designates as f ollo,,·s 

Chloroqu1ne d 1phosphate. Aralcn, Arloctor, Bc1naphate, 
Clunanune, Gontoclun, Resochin, Resoqu111e, Klorok1n etc 

Chloroquine sulphate N1vaqu1ne, Nivnqu,nc B, 

Chloroquine ,vas synthesized 111 1934 111 Gennany during a search for 
antunalanals in preparation for an i1npend1ng ,var by Andcrsag 1n the laboratory of 
Bayer Co1npnny 111 Elderfield. It ,vas tested for autunalarial activity but 111 1935, 11 
,vas thought to be too toxic for human use and then discarded (Coatney, 1963) In 
v1e\v of this, during the second ,vorld ,var, 111 a syste1natic search for synthetic 
anumalarial con1pounds, chloroqu1ne "as one of the hvcuty-five different 4-
a1nu1oqu1nohne derivatives \\'Inch '"ere obtained by United States of An1cnca 
,vorkers. Fin:illy, a con1pow1d des1gn:ited SN 7618 (later nn111ed chloroquine) ,vas 
selected as the most pro1n1sing - only to discover a fe,v mouths later that 11 \\ as 
1de11t1cal ,v1th the co1npou11d patented 111 Gennany and the U S.A under the nlllllC of 
Resoclun Prchm1nal') chn1cnl studies sho,ved 11 10 be more potent and less to,1c 
than 111epacnne It \\'OS also found to control the S) mptoms of rnnlaria n1ore 
pro1nptly and to clear the pcnpheral blood of 1naloria parasites more rnp1dl> than 
n1cpacnnc The latent penod for relapse \vas found 10 be longer at concentration 
"ith111 a 1narg111 of s:>fcty 111uch greater than e11her mepacnne or qu1111nc 

Chloroquine \vas fir�I prepared 1n the fonn of a d1hydro,y-bcnzoic ac1J 
dcnvall\.e, but since then a less 10,ie 3-inethyl dl!n\allvc {sa11toqu1nc) had been 
synthesw:d 1n 1hc United Slntcs of A1nc:nca An official pham1acopoc1:il na111c of 
chloroquine ,vas finnll) adopted for the chcnucal 
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1.5. CflE�IISTR\ OF CHLOROQUINE 

Chloroquine 1s a synthehc co111pound having a qu1nohne nng similar u1 
structure to that of q111111ne. It 1s che1nically kno\\n as 7-chloro-4-(-t-d1eth}la1111no-l­
methylbutyla1n1no) qu111ohne I t  contains an assy,netnc carbon ato1n (asterisked) 
Fig. I 5 I Thus II has l\\O iso1ncric fom1s 'd' (dcxtro) and I (laevo) It occurs as 
\vhite, bitter crystals ,v11h 1nell1ng po1111 bel\veen 86 and 87°C The 1nolecular 
\\le1gh1 of chloroquine base 1s 320, chloroquine phosphate 516 and chloroq111ne 
sulphate 438 It 1s soluble 111 organic solvents and dilute mineral acids but spanngl) 
soluble 111 \\ ater. Chloroquine 1s a qu111ohne conta111111g 1utroge11 ato1ns 111 the 
n1olecule, the 4-a1n1no-group on the qt11nohne increases its basic properties hence 
chloroqu111e 1s a strong base (pKa I 0). 

Chloroquine conta111s the sa111e alkyl side chain as qu111acnne but d11Ters fro,n 
the latler 111 possessing a qu1noline 111stead of an acnd1ne nucleus and in lacking the 
1nethoxy radical Chloroquine differs front prin1aq11111e, pa1naqu1ne and pentaqu1ne 
by the position of the alkyl side cha111 and 111 having chlorine instead of a methox) 
nng subst1tu11on The 1111roductio11 of a hydro,y group on the side chain, for 
exa1nplc 111 an c:thyl brroup of the tenn111al rutrogcn (c g. as 111 hydro:-.y-chloroqu1ne) 
reduces tox1c11y but produces lugh blood levels as a result of IO\\' \ olurne of 
d1stribut1on 

TI1e dextro (d), lac,o (I) and 'di' fonns of chloroquine are 1ndist1ngu1shabli: 
in potency 1ests 1n duck mnlnna, but 1he ' d' 1s0111er \Vas found to be s01nc\,ha1 less 
10,1c than the 'I' 1s01ncr 111 n1111runals (Good1nn11 and G1hnan. 1980) Pomaqu1ne, 
hydroxy-chloroqu1ne, santoqu1ne and a1nod1aqui11e ore all chloroquine dcrt\at1,cs 
(Fig. I 5 2 ) 

The chlorine atotn u, the 71h position of the qu111olt11e nucleus .ippcars to Ix 
crucial for the anti1nalarial act1v1ty of the 4-a1111noqu111oltnes f\lclh) I subst11u11011 111 
posi11011 3 of the nucleus as 111 santoqui11c reduces the act I\ 11, and funhcr n1cth) I 
substitution in pos111011 8 co111plctely el11n1natcs the an111nol.1nal ,tlll\ tl) tBcrhncr �t

al 1918, Coatney et al 1953)., 

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



• 

TtG l !>.1 

Cl Ou,nocr,ne 

Pcnlaqu,l'\C • 

Pamaquu;:, 

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY
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1.6 �IECII \i\lS�I OF TJIE ,\i\Tl\f,\L,\RJ.\L .\CTJO� OF 

CIILOROQl'I\E 

Chloroquine 1s k110,, 11 10 conce111ra1e 1norc 111 plas1nod111m-paras11ized 
Cl) throe) tes 1h111 u11paras111sed 011es (tvlaco1nber t•/ al 1966) It 1s effec11vc aga111s1 
asc,unl Cl) throcy11c f onus of all the four hu111an plas111od1a species lr 1s also 
eff ect1, c against the se,ual fonns of I' 111alt11·1at, P 1·11·ar a11cl I' 01·alc It does 11or 
ho,, e, er c,en .111y appreciable biological eflcct 011 lhe pre·cl)throc} tic paras1lc 

The 111cch.1111s111 of ac.t1011 of chloroquine has not been full} elucidated 
\'arious mech:1111s1ns interact 111 the e,enlual scluzonllcid 11 ac11011 of chloroquine 
All hypotheses proposed cc11tcred on the observation 1ha1 chloroquine 1s 
co11ce111ra1cd 111 the food , acuole or I} s0s0111c of the paras11e 

I lo111c,,ood and \.Varhurst ( 1971) put fon, ire.I a phys1co-chcrr11cal c,plana11on 
that chloroqu111c possesses Just the right co111b1na11on of lipid solub1hry and .ab1hl) 10 
bcco1nc doubl) pro1ona1ed 10 pen1111 11 10 pass fro1n the scrum 11110 the 1rophozo11e 
phagosomcs ,,luch arc nonnall}' n1a1111a1ncd al acid pll \\luch 1s required for 
op1111111111 fu11c11011111g of the parasites prolcol} 11c cn1.} 1nc� The 111111:il uptake of 
chloroq11111e b) ci:lls and dn1g se 1�11,, e paras1h!S 1s rhus \Cl) rapid auJ energ) 
1ndepcnde111 {� tackenLie, I 970) Kra ner and �latus1I.: ( 1971) su�gesti:d thar the 
lush affi111l) b111d111g s11es are as. oc1ated \\ 11h the parasite membrane 

Fletcher and fl..l:ic1,rr:111h (1972) obsei"ed 1hat chloroquine 1111crc:ili11es \\llh 

plasn1od1ol ON,\ It ,,as also obsencd that chloroq11111c 1nl11b11s the uprnke of 1H 

ade110:1111c b) 1rophozo1tes 111 shon culture S1uJ1es hJ\C sho,,11 1lw1 cltloroqu1�

nnd us congener fom1 o co1nple, ,,uh ONA thar prc\'ents D!'\,\ fro1n nc11ng as n

tc1npl.ite for 11s o,,n rephc:111011 or 1ranscnp11011 10 RN,\ (llnhn, 1975. �\,aluni.-o­

Berhn and t-1eluuzh, 1990) ,\ll1son rt al ( 196S) nnd Cohen nnd '1'1eld11� ( 19 �)

foond 1ha1 chloroquine 1nl11b11s 111:irl.:edl) DN;\ pol)nlerasc and RN\ pohni:r 10

a I .. ser cx1c111, by co111b1n111g \\ 11h rhe ON,\ pol,>mer lr h:1� been I 1ul.l1ed 1I I the

qu 11c1hne r111g of chloroqu111c Is inserted bc:1,, ccn the base JJ.ln of the l) \

t .. h\ so 11 1 the chlonne 10111 111 pos,11011 7 Clf the QUllk hue 11 • • I 1
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prox11n1t} to the 2-a1n1110 group of guanine in a guan1ne-c) 10s1ne base pair The

d1anunoahphat1c side chain of chloroqu111e lying across the m111or groove of 1he

DNA helix lies the l\vo strands together by 1nterac1111g 1on1cally ,v11h the phosphonc

acid groups of both strands The elcc1ronegall\1ly of the subslituent nt pos111on 7 of

the qu111ohne nng nppears to be cnucal 10 the slab11t1y of the co1nplcx The length

of the side cha111 bridging 1he 1111nor groove of rite DNA helix 1s also cn11eal

A11t1111alarial acu, It) 1s 111a,11nal \.Vhl!n there arc four carbon a10111s be1,,·ecn the 1,vo

111trogcn ato111s 111 the side cha111, ,vhereas a s1de-cha1n ,v11h 3 or 5 carbon a101ns

1nstcnd of 4 hus only t\',O·lhtrds of the a11t11nalanal acllv1t} of chloroquine and a

ch:un \\ 1th 2 or 6 carbon a10111s c,hib11s only 011c third of the ac11v1ty The selective

tox1c11y for the 111alanol purasucs 111us1 thcref ore depend on a chloroquine

concc111ra11011 111echa111s111 

S1ud1es have sho,,11 that chloroqu111c by virtue of 11s ,vea� base properties

nccun1ulates tn the food , acuole and phagoso1nes ,vluch 1s analogous 10 1he

1nanunalian lysoso1ncs Tlus leads lo dcplc11on of the acid radicals \\'llh the

resultant alkal1111sat1on of 1hc food vacuole (,,1 h1ch 1s nonnally ac1d1c) b) the

co11cen1ra1ed dn1g "1th conco111ita111 interference "11h the function of 1he Jigcsll\C

enn 1nes thereby leading 10 1mpa1nne111 of 1hc d1ges11011 of haemoglobin and

subsequently, a dras11call) reduced supply of a1n1110 acids to the parasites These 

,,ould 1hc11 s111nulatc au1olys1s of hae1noglob1n by dcpnvtni; 1hc cell of 11s 1n:1111

a1n1no acid source ,vl11ch 111 1un1 results in the fonnation or hac1nozo1n ch11np1ng anJ

death of the para�11c (\Varhursl and Robson, 1971 Krog)t,1d and Schles111i;er, 19S i) 

Qu111111c and 1ncOoqu111e \\l11ch :ire eOi:c11,c ag:u11�1 chloroqu1nc re 1s10111

�trains of 111alana "ere round to antai;o111�e 1hc chunptng produced b) chloroqurnc

111 a co1npe11t1\C 111a11ner (Peters t:/ al, I 975) The phago:;0111ei. he\.'Ollle lnb1lc ,, uh

higher drug concentr,111ons, 1hus pcn11111111g lt:;1kai;c of rhe ph.1soso1ne co111et1ts 111111

the general e 11doplas111 of the p:ir,1sitc Tl11s 1110ucnce on the cncrget11."S 01 t1r.

parn ues ,na)' nlso be rcspons1blc for i11l11b1llll) ctTccts of chlo1oqu1nc, quuune 1111d

prunaqu,nc on n1n1no nc1J 111corpora11011 nnd 01hcr 1nctnbolic JlfOC'C or ll e

maliirtJ parasite 
' 
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Th� mechanism of preferential accu1nulation is unclear, a number of 
hypotheses ha, e been 1nadc Fitch ( 1970) thought that there must be part1c1pa1ion 
of h1gh-affin1ty recc:ptor sires for the process F11ch (1983) reported that chloroquine 
binds lo ferriproroporphynn IX, a break do,, n product of hac1noglob1n ,vluch 1s 1ox1c 
to the: cc:11 The resultant co1nplcx 1s IO\IC and unable 10 be sequestered as hae1nat111, 
the black p11:11ncn1 of the cell and hence lys1s of the parasite occurs (OrJih et al, 

1981 ,  Yayon l!I al, 1985) as the co111ple, 1111pa1rs the ability of cell 1nembranes to 
n1a1ntain cn11011 grad1e111 (Banyal and Frtch, 1982) Chloroquine is also sho,,11 to
1nh1b1t the dcgrada11on of endOC)IIC ,es1cles 111 hu111an 111alaria parasites, nhrch are 
then staned (Ya)on and G11nsburg, 1983) 

The phannacolog1cal and phan11acok1nct1c properties of antunalanals ha\e 
been suspected to have ,1 1,rreat elTect on the de , clopment of dn,g resistance (Peters 
196 7) Other r.,ctors postulated to be rcspon\1ble for the emergence of res1sra111 
slr:1111s include the n11suse of drugs, the repeated trc:at111cnt of groups of 1nd1111duals 
\\ 1th 1nfrcquc111 or rnadequare dose reg1111ens ossoc1a1ed \\ 11h sc, enry of rhe parasite 
chnlle11g111g rhc 11n1nunc slatus ol rhc host (Peters. 1982. Walker rt al, 1983) It has 
been sho,,n 1ha1 chloroq11111c 1s 1101 nell conccntrarcd 111 the food ,,.:i,uole of 
resistant cells (Filch, 1970, t-vlaco1nber ,., al, 1966, Krogs1.1d �,al, 1987) �fart1n 
c:r al ( 1987) sho\\cd 1ha1 rite chloroq111ne res1s1a111 phenOt) pc could be 1nl11b11ed b) 
1ncuba1111g parasites 111 rhc presence of \crapamrl, n calc1u1n channel a,uagonrsl 

Fnch (I 989) po�11,latcd 1hc c,1s1cnce of o drug receptor 1n paras111zed 
Cl)1hroc}tes I le obsencd 1ha1 1hc 111111.11 upl:tke of chloroqurnc 11110 1he 
CC)lllfOC) tes produces a srcad} s1,11c d1s1r1bu11011 \\llhrn 1n111u1cs nnd sa1uru11 11 rake

place al a rela111.cl} lo\, co111;c11rro11011 of 1he drug 111 !he e,remal n1ed1u1n

Subs1rn1cs h,t\C also bccu sugge leJ 10 pill) nn 1111por1u111 role 111 rhc rncclwusm of

drug resistance 10 chloroqu111c s111cc 1hc,> nrc rc,111rrcd for ncll\C Iran port ur

pro"1s,on of a Jn1g rccepror or so111e orhcr con1ponc111s 111\0hcd 111 rhe dru • b nJ

or accwn1nula11011 F11ch ,, 11/ (197�) obscf\cd 1ha1 gluco c, gl)cerol p)n.t' c and

lac1n1e s11111ul.11e rhe drug b1nd111g \\Jule 1on�cc1n1c nnd d11111rophcnol ,, 500\\ t

po .ss nn 1nl11bllol') cfTccl The ATP conccn1r1111on has been sh \\TI 10 I I\ c

both ensrll\ c nnd re I tanr par s11es \\ hen gluco e ond �I\ er I arc U.'C'd

U lr IC 
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1.7 SO�IE OTIIER Pll,\R�l,\COLOGICAL ACTIONS OF 

CIILOROQl'INE 

Chloroqu111c has a1111-1110a111111a101) ctTecls that ha\e been useful ,n the 
treat1ncnt of rheumatoid arthrtlts, 111le)l1ttal and hepatic a1noeb1as1s and dennaroses 
hke dtscotd lupus Cl) rhcn1a1osus (Goldn1an rt al, 1953, f\,fackenz1e, I 970, 51111,nan, 
1981) The 1ncchan1s111 of the a111t-1110a1111na101)' action is 1101 clear It also has 
a111tl11:.t,11111111c, ,tnltchol111es1crasc ,111d ,11111-prolea�e properties 

The an11-1nlla111111alor) ,tclton of chloroquine probably den, cs from elTecrs on 
n11.:111brane s1ab1ltzallo11 of lysoso111es (Wc1ss1na11n, 196�). Chloroquine has been 
found lo pcnr:11,th: lhc cells nnd accu1111nul,t1c 111 rhc I> soson1cs (Z,a1fler, 1964), 
leading 10 the reduc11on of rhc ac11, 1I} or sc,er,11 l}soso1nal cnz}n1cs (Weissmann, 
1965, \\ 1bo and Poole, 197,1) This 1nJ) part1all} 1nJ11b11 rite pol)tnorphonuclcar 
leukocyte con111bu11011 lo rhcu1na101d 1111la111111 a11on (tvfackcnz,c, I 970) \1/ard 
( 1966) also :.ho" ed 1ha1 chloroqu111e 111l11b11ed borh chc1 1101a,1s and phagoc) 10s1s 111 
the grnnuloc) tcs Chloroquine has been de1no11:.1ra1ed to 1nl11b11 C) clo·O'<) gcnase 111 
gu111ca-p1g skin (lluz1cka and Printz 1982) An ait11-1nl1111n1natol) acuon \\Ould rhus 
be prcs111ncd rhrough rite blockade or pros1agla11d111 S} 111hcs1s 

01:uunde ( 1976) reported 1ha1 chloroqu,nc a11pc:ars 10 1nhib11 a nwnbcr of 
cnZ) 1ncs ,\lulc s11mula1tng a fe\\ and 1ha1 1110s1 or thi: cnz)1ncs nffccrcd b) rhe drug 
arc 11on-1n 1croso1nal cnl) ,ncs Chloroquine 111l11b11s alcohol delt) dro1:cnase and 
gluta1111c dch)drogcnJ.!c con1pc1111 ,cl) Cltloroqu1ne nl o 1nl11b11s 1m1Jazolc N­

mclh)I 1ra1 1srcrnse b) 39°0 :11 co11cc111ra11011 10 !�I \\h1le 10 1t.1 proJu\:c co1nplc1e 
11tl11b111on of rhe enz}inc� One or the c11z)1ne S)Slc1ns conccntcd \\llh rncl;irun 
produc11011 • rite l)ros111e o,1dasc S)Sh:111 1s 111h1b11cJ b) chlorl)(111111e 111 1 dpoles and 
an nbnonnal bro,,n p 1i;incn1 \\ilS produced b) 1rc:i1eJ :11un1al (Pcrcr 19�0) 11u 
may be the mcchnn1s111 b) ,, luch chloroquine proJu\:CS nchrom 1nch1J , c " lmcJ� 
of the hair 11Jicr prolonged usa!,'C

Akubue ( I Q7 S) de en bed the 11 1 ht 11111111uc pr(IJ rt, of cl oq1111JC'

cd II I chloroq unc ar lo,, conccnu It 11 1 11 pccific 111�1n1,1 f
H 
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lustan1ine, probably by a co111pet1t1ve antago111s1n The pA2-pA10 value for 

chloroqu111e using l11sta111111e as the ago111s1 111 1sola1ed b'l1t11ea pig ilcu1n \\ as O 87

Chloroqu111e depresses and linall) blocks neuro1nuscular transrn1ss1on 11 also

depresses the acliou potenllol 111 the a,ous \\ 11hout cha11g1ng their 111e1nbranc

polcnllal (Chtn}anga l!I al, 1972) TIH:> !>uggcstcd 1hnt the probable 1ncchan1sm of

ac11011 \ \  as b) depressing the sod1u1n conductance 1nccha111s1n 111 the axon tenn1nals

Vartanian ( 1974) suggested that both direct depressant effect upon the

c,1r<l1ac 1nusch: and s1noo1h 1n11scles of the blood vessels as ,,·ell as central cITect on

S) 1npathcllc ncr\'ous systc1n \\ 111 account for the 1nc1nbranoge111c effect of

chloroqu111c Ho\\ ever, 11 has been suggested that the car<l1ovasculc1r collapse due 10

chlo1oqu1nc tox1Cll) ts 1na1nly due to 11s direct depressant acuon on the heart rather

than ,asod1lat1011 because there \\as no s1g1111'icant change 111 the 1nean ancnal

pressure 111 tlus cond111011 ( Olatundc I 971 )

Ch1nyanga i:t al ( I 97�) observed that chloroquine depressed the spontaneous

contrac11ons of the oestrogen pruned 1ttennc 11111sclc as \\ell as inh1b11s the uten1s

st11nulated \\1th ox) toe in and high potass1u1n solution The 1nl11b11ion of po1as�1um·

dcpolansa11on \\'llS dose-dependent and tune-dependent, and \\:JS rJp1dl) r..:,c:rscd

b) 1ncrcas1ng the calc1u111 concentra11on in the bathing nu1d They therefore

suggested that the action of chloroqu1ne on gu1nca-p1g utcntS, 111 either 11C1nnal

ph) siolog1cal solution or potass1u1n·dcpolariz1ng s0l1111on, ,, as 111an1fcsteJ b) 

antagon1s111 of calc111111 cntT) throu�h the ccll 111c1nbrancs. 

The local anaesthetic action of chloroqu111c ,, luch ha� been rcporteJ 1n

h1cra1urc (Tanc11bau1n and Tufanclh, 1980) 1na) be accounted for h) 1hc clTCl:t of

the drug on ncuro1rans1niss1on ,II the 11curon111sculnr Junc11011 n� ,,ell a the

1nc111bra11c stab1hz111g cllccts of the drug
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1.8. Pll1\R�I.-\COKINETICS OF CIILOROQLJNE 

A lot of pa111stak111g research and rcvtc\, has been done on the

phannncok1 11ct1cs of chloroquine especially 111 annnals and caucas1a11s, and recently

11 1 block Afncans tvlcChesney et al ( I 967a,b,c) sho,vcd that chloroquine

metnbolis1n d 11Tcrs 111 d1ITcre11t an11nal species e.g. 1nonkcys d11lcr fro111 ,nan \\hercas

the 1nctabohs111 1s altnost snnilar 111 rats and ,non 

Chloroquine 1s rapidly 011d altnosl co1nplctcl} absorbed fro,n the

gastro111h!St1nal trnct afit:r oral ad1n1111slrat1on 111 healthy adults (Gusrafsson et al

1983) and cluldrcn ,v1th u11co1npltcatcd ,nalnna (Adclus1 et al, 1982)

Peak conce11tra11on of up to 600nJY'111l \\!Cre reached in 2-1 hours after dntg

ad1ni1us1ra11011 (Adclus1 l!I al, 1982, Gustafsson c:1 al, 1983. Fnsk-lloltnbcrg i:t al 

198-t, \Volker i:t al., 1987, W1111c et al , 1983) The b1oa, a1lab1ltty of the drug

relattve to parcnreral 1rea1111enl ,,·as 70% 111 adult 1nalana pa11en1s (White 111 al 1987)

and 7 5°,o 111 heallhy adults (Gustafsson et al, 1983 ). ldc1111cal plas,na or "hole

blood conccnlrallon profiles \\Jere obscr\'cd after 111tro1nuscular and subcutaneous

ad1n1111strat1on of chloroqu1nc (W1111c et al I 987, 1988) Peak concentrations 111

se\'ere 1nalaria 1s usually reached "ith111 20 1111nutes and can be J!> short as 5

minutes TI11s results 111 transiently lugh (500-3500 ug/htre) and poh!llll3II) 1ox1c

blood co11ccn1ra11011s af doses of 5 111g bnse/kg or larger arc! g,, en (\\1ute �, al.

1988) It 1s presu1ned that fonnulations "h1ch rctJid slightly the rate of absorption

after u1tra.n1usct1lar or subcu1a111:ous ad1111n1stra11on could be: safer (Prakongpa.11 i:/ al,

1989). Studies "1th chloroqu111e supposnones suggest that rectal b1oava1lab1ht) ,s

less than half that of oral chloroquine but sustained 1hcrapeu11c blood conccntrnt1ons

mn)" be aclue, ed (W•{O 19?0),

Chloroq111nc is cxtc:ns1,ely d1)tnb111c:d 11110 \'nnous ussucs of the tiod) ond

that affinll) or the tints for d11li:rc:111 tissues , :inc� (Adelus1 nnd Snl3l,.o, 19 111.b 

Fnsk-f1ohnl>crg et ul, 1984. Grund1n,111 •' ,,/. 1911) Bc:rltnc:r ,, a {(QjS) shu"�

111111 rhc conccn1ra11011s 111 the 11ssuc:s fu1 exceed 1h11se 111 1hc pl;i...\rna c.111'.'<CUG 

has 11 !ugh offintl) for ,nel:111111 produe111r, ort;nns ond 11 uc: hl,.e tll4 l'f tl l",
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and skin Ascorbic acid ,vas reported to cause a decrease tissue retention of 
chlo�oqu111e (t'>.lcChesne} 111 al 1965). The reported excepl1011ally large volun1e of
d1s1nbu11on of chloroqu111e (about 200 tunes the total body thud voh11ne) has been 
ascribed to 1ts cxlcns1ve tissue distnbu11on and b1nd111g (Gustafsson et al, 1983, 
\.1/HO, 1990) Despite 11s l11gh !Issue affinity, chloroquine 1s poorly bound to plas111a 
protc111s It 1s about 55°-o prole1n-bound 111 plas1no (Adclus1 anJ Salako 1982c. 
Wnlkcr et al, 198311) It binds \veakly to a- I-acid glycoprotc1n and albunun 
(\Valkcr t't al 1983a). Ho\\cvcr, protein binding 1s unlikely to be an 11nponont 
dctcnn111a111 of chloroqu111e.: phan11acok1net1cs or response Chloroquine 
conccn11 ,111ons 111 the ecrcbrosp1nal nu1d arc very lo,v ,v1th a 1ncan of 2 7°,o of 
correspond1ng \\ hole blood concc11trat1011s (\Vl11lc et al, 1988) 

l I') throe)·tc concentrat1011 of chloroq111nc and other antunalanals 1s of �1.!at
interest s1nct.: the 1nolano parasite 1s 111tro-el) throcy11e dunng the acute 1nalana phase 
of 11s hfe cycle Studies sho\\' a 1narkcdl} higher chloroqu111c conce111ra11on 1n 
Cl) throe) tcs than plas111a (Berliner 11t al 1948, Fnsk-l loln1berg et al 1979 Adclus1 
i.:t al 19S2) Peak chloroqu111e concentra11ons occurred 111 el)throc) tes and plas1na 
at Lhe sa111e 11n1e (Adelus1 1.:1 al 1982, Gustafsson 11t al, 1983) By contrast, peak 
chloroqu111c concc111rat1on \VOS reached at different tunes 111 d,Oi:rcnt organs like the 
heart, lungs, kidney and h\Cr These tunes \\ere d1ffcrc111 fro1n those of plasn1a anJ 
cl) throe} tes (Adelus1 and Salako. 1982a b) 

B«:rgqvist ond D0111«:Ji-Nybcri; l 1983) sho\\ ed dtat the li:ucoc) tcs and 
tluon1boc) te� concentr:itc far ,nore chloroquine than the el) throe) te:. Tins 1s \\ h) 
senun chloroquine conce111ra11ons is usual!) lughcr than those or plasn1a since 
thron1boc) tes rch::ise chloroquine: dunng che clotting process (Rambo I 9S4) 

1.8.1 Chloroquine \lct,1hoh\11I 

Gnndenc and Co:itnt:)' ( 1961) dc1nons1ru1c:J 1he prcsc:n c of nn c:�11 t'

S)Stcin thal cntnl)SCS the 111ctnhohs111 of chloruqu1ne 111 rJbb11 ll\"t'l I n ,

Chloroqtunc underJ.!OCS upprcc1nblc 111c1nbohs111 111 the hcxh of 11\ ''
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Drugs th?t inhibit the actions of h,er m1crosomal enZ)mcs prolong the half life of 
chloroqu111e (Bo,,man and Rand, 1980) 

Chloroquine 1s 1nctabohscd b) side chain de-ethYlation lead,ne first to rhe 
fonnauon of the 1naJor 1ne1abohte. desethyichloroqu,ne � and later 
b1sdesethlchloroquine ,,Inch 1s a prunat) runine that can undergo deru111ua11on to 
fonn an alcohol, the -I-hydroxyl co1npound \\luch then undergoes ox1do11on to fonn 
the 4 -carboxyhc acid den,auve (Fig. I 8 I) Success!\ e dealkylauon of the side 
chain ultnnately leads to the co,npound 4-a1n1no-7-chloroquinohne (Kuroda 1962.
McChesne} et al I 966) Ess1e11 ( I 978) reported the presence of chloroqu1ne-N­
o,1des (IV) and (V) as unportant ,nctabohtcs 111 urine of patients 3-24 hours after
chloroqu111e 1ngest1on 

The qu1noline nucleus of chloroquine 1s res1s1.1111 to degradation

Descthylchloroqu1nc has been sho,\'n to be act,, e aga111s1 P /alc1pa111111

(Aclerou111nu and Flecke1ste1n, 1983) but less acuve than the parent co1npou11d and

also 1s eluninated 111ore sto,, ly (Gust:ifsson et al 1987) Tlus suggests that s0111c

1nctabohtes of chloroqu1nc ,night contribute partially to 11s ant11nalarial act I\ it) 

Dcsethylchloroq11111e and chloroqu1111: has been reported to ha, e the s:11nc

d1strib1111on profile anJ ussue b1nd111g (Fletcher c:I al, 1975, G11s1nfsson t'I al. 1983) 

Wolker ,:J al ( 1983b) reported the detec11on of deseth) lchloroqu111c in plns111a JO

1ninu1es after the ad1ni111stra11on of I O tng/kg chloroq111ne. The dcscth) lchloroquuu:

reached peak conce11tra11011 bet,, een 2 and 12 hours ,vluch 1s also the sa1nc for the:

parent drug. Its concentr.111011 re1na1ned at about 25--IO�o of that of chloroqu1111: aficr

peak concentm11011 has been reached 

Chloroquine 1s eli1n111ated fro1n the body very sto,, ly such that the drug and

its 1netabol111:s can be detected 111 plasma for 21-60 days after a single dose of S

1njykg depending on the sensilt\'ll)' of the assa) 1nethod 1 he decline of plas111a

chloroquine concc11t1at1011 ,v1th tilne afier a s111gle dose 1s pol)cxpo11cn11al

suggesting a 111ult1co111µart1nc111al d1stribu1ion The decline er) throc}1e aJtd plas1na

chloroquine conccntrauon after peak level has been reached p,irullcls, 111t.hcat111)! that

a steady equihbnunl 1s reached quickly bct,,·ccn the t\\ o 1ncd1n, ,, l11ch ,1rc therefore

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



regarded as a single co1npart1ne111 \\ 11h respect 10 chloroqu111e (1\delus1 i!I al 1982, 
Gustafsson et al 1983) H, '"C.:' er, the dee I 1111: pl1Jse for \ JtlOu, lh,ue, di\ ercc 
a,,a) fr/'lin the plas1na cune ,, uh tune Thc,e 11�sues are therefore regarded ;s 
separate co111pan1ncnts ,, 11h slo,, er eltn11na11on rate constaJII) than plasn1a 

Chloroquine 1s as�ocaat;!d ,,1th a long half hfe \'anous half-11\cs ha,e bc.:en 
reported b) different 111, es11gators after oral ad1ninis1rat1on This 1s because the 
deten11111a11011 of the half-life of a dnag depends on the 1den11fica11on of the 1n1e 
tenn1nal log linear eltm1nat1on phase ,, luch as difficult 10 obtain ,, 11h chloroquanc 111 
, 1e,, of 11s continuous re<l1stnbu11on fro1n tissues stores to plas1na o,er ,, ecks It 
,,·ould also depend on the san1pling tune and senslll\ it) of the assa} 1nc1hod Half 
lt,cs of bet\\een 7 and 12 da):. ha,e been reponcd (l\lcChesne) i't al 196.,a, 
Brohult c:t a, 1979; A<lelus1 et al 1982. Gustafsson et al 19S3. \\'alker et al, 1987) 

Chloroq11111e 1s cl11n111a1ed both b) 111e1abohs111 and renal e,cretron 
(Aderouaunu t t al 1980, \Valker et al, 1987). Both chloroquine and 
dcscll1) lchloroquanc are rc1noved 111a1111) , 1a the k1dnc) The renal clcarnncc as 
substantaall) b'fCJtcr than the.: glo111crular filtra11011 rate It 1s therefore.: suggested that 
renal e,crc:11011 of chloroqu1nc prob:ibl\ 1al-es place b) both glo1nen1lar :tnd tubular 
secretion Adcrot11111111 i•t al ( 1980). Gustafsson et al ( 19S3) and \\'all-er C't al

( 1987) sho,, ed 1h:11 unn.lr, e:-.crctrou of chloroquine aud dcselh) lchloroqu111e after a 
single oral do:.e as b'TeJtest dunug the first 2-t hours Bcrhucr et al ( 19-18) fow1d ihot 
after oral ad1n1111stra11on of O 1 g of chloroq111nc d1sulpho1c, dally faecal excrc11011 
,vas 8°,0 and urinary cxcrc11on 11°0 da1I} J;ulcr et al (19-19) sho,,ed that the 
unnul) excrcuon ,, os 23° 

o of the darl) dose and that the unnan e,crc11011 "as 
decreased to 13° o b) concurrent od1111n1strot1on of 20 g of sodiu111 corbonilte per <la) 
"hcrcos 8 g of a11u110111u111 chloride g 1 ,  en darl} increased ur111Jf) c,crct1011 to 15° 

o

Sal:iko et al ( 1984) rcponc<l thilt the el11n111at1011 of chloroquane 1s reduced 111 rcn.il 
failure but this 1s irrelevant 111 111olona therJpy 

Frisk-Hohnberg et al ( 1979) reponed that chloroquine c\111b11cd a dose­
dependent kinetics J lo,,c, er. the studies of Gustafsson ,•t al ( 1983) and 
A<lciouninu ;1nd l.111dstro111 (1983) 111d11;,1tc<l that the l-111c11cs of chloroqu111e are 
111,ear Fl�tchcr et al ( 197S) and Pncc-[vans ,·t 111 (1979) ob�cf\cd d11li!renccs 111 
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the chloroquine excre11011 bet\, een racial groups folio,, 1ng adtn1111stra11011 of 
chloroquine. The) therefore suggested that the diITerences 1111gh1 be due to gene11c 
control \ \  h1ch 1111ght be polyge111c Ho\\ e, er. \\'alker l'I al ( I 987) sho,"ed no 
di fference LU the phannacok111e1tcs of chloroqu111e bct\\een ca11cas1a11s and black 
subjects 

•
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1.9 

.so 

SIDE' . .\\0 TO\IC EFFECT OF CIILOROQl 1\E 

It has been reponed that oral adn, 1111s1ra11on of 1herape1111c doses of 
chloroquine produce vanous 1n1ld and 1rans1cn1 side effects such as headache 
dizziness, difficulty ,n , 1s ual acco1nmoda11on. ,,eaki,ess. and 11clung (Salako, 198-l: 
Gustafsson er al, 1983, \V1selogle, 19-16, Don1hors1 and Robinson 1963. Olatunde, 
I 967, I 969) Ble.1ch1ng of hair, skin rash and mild gas1ro-1n1es11nal s;1np101ns such 
as nausea and VOIT'1·1ng ha, e also been reponed 

Parenteral ;,, • 11n1stra11on of chloroquine using appropnate dosage 111 mnlana 
patients has been cl'.IOned 10 cause death (\V1lhoms, 1966. Gilles, I 966. Olotunde, 
I 970, Tuboku-Metzger, 1984) Chloroquine po1son1ng b) rhe oral route has also 
been rcponed of some pa11en1s ,, ho died hours after inges11011 of lari;e dose of 
chloroq111ne (Rob1ni,on , t al 1970) Porenrcral chloroqu1ne 1s a potent , asod1la1or, 
h} po1ens1on therefore occurs as a result of rhe 1rans1e111l� l11gh blood co11cc111ra11ons
that folio,, drug ad1n1111stra11on (Looareesu\\an et n/., I 9S6, \\'lure et al, 1988)
The death occumnr as a result of chloroqu1ne ad1nn11s1ra11on n1ay be due to
c;ird10, ascular collapse as a result of card1:ic depression and e,1ren1e , Jsod1la11on
(Olatunde 1971) Cardio, ascular 1ox1c.1ty 1s 111os1 like!� ro occur folio\, 1ng the
inad,enent ad1nin1strat1011 of a large dose of the dn1g to SC\crel) 111 cl11ldrc11 (\\'lure
,., ,11 • 1987) espec1all) as \\ alkl!r l'I al ( 1983) found subs1a1111al plas111,1 chloroquine
levels 111 cluldrcn ,, uh p) re,1al 1llnes!> before 1rca1111c111 Ahhough 1110,1 cases of
card10,ascular :ibnonnahues ha,e follo,,ed the pa1c111er.tl aJ1111111s1r:i11011 of 1he
dnig. Oh er al ( 1980) reponed cases of hean blocl.. 111 1110 pa11c111s on chronic
1ren11ncnt "11h the dn1g The card10\ ascular cflccr:. of chloroq11111e 111,l) prob,1bl) be
related 10 us che1111cal snnilaril) 10 q111111d111c Thu� II deprcsscs Ill) ocard,al
contr.icuht). depresses c,c11.1b1hl) ,111d co11d11cl1\ 11y of ca1J1ar 11111scle ant.I prot.luccs
pcnphcr al \:,1sodila11on (S.1l,1ko, 198-l)

o�ul;ir to-c1cll) h,1s been reported 111 tho�c "ho rccc:1\ cd I ugh do,c\ of
chloroquine f,1r long pcnod of 1i111c lor the 1rcat111c111 of S)"Stc1111c lupu) Cl) 1l1111a10�11� 
(Carr. 19S6. Hcnk111d and Ro1hlield 1963) and 111alann proph) l.i,1s ( VcrJ) I 975} 
Jhc nicchanis111 of chloroq111nc-111ducet.l rc1111op.1lh) 1s unclear hut 11 1s ,, 1dcl) 
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prcsun1ed to be associated \\'Ith melanin "luch 1s abundant in ret111al tissue

Ho,, e,er. Kuhn et al ( 1981) found that flun11razeprun, "Inch 1s s1n11lar 10

chloroqu111e and has affinit} for 1nelan1n 111 re11nal cells did 1101 induce chloroqu1ne­

hke retinal changes afier long-tenn adn11111stra11011 to cats and nuce "hile

chloroquine under s11n1lar cond111ons induced changes It \\ as therefore concluded

that the retinotoxic eITect of chloroquine 1na> not be the result of 11s affin1t) for

melan111-conta1ning llssucs and that the affinity of a drug for n1elan1n-conta1n1ng

tissues 1s not a sufficient reason for regardu1g 11 as poten11all) hannful to the eye

Abnormal involuntary move1nents s11nilar to those that occur in Park1nson1s1n

ha\'C been reported 111 s01ne patients treated "1th chloroqu111c and other 4-

a111111oqu1nolines such as a1nod1oquine (Ak1ndele and Odej1de 1976. U111ez-Eronini

and Ero111111 1977, S1ngl11 I!/ al. 1977) The mcchan1s1n for chloroqu111c-1nduced

111volu11tal') 1noven1c111s has been suggested by �1aJundar, ( 1977) I le postulated

that 1nela111n is den,cd through the patll\\'3)', phenylalanine - I} ros1ne - dopa ·

qu1none - n1elan1n It 1s inferred that chloroquine "111 also bind av1dl} to 11ssues nch

111 dopa1n1nerg1c receptors because of the structural rclationslup bet\, ecn dopa nnd

n1elan1n When 1!11s happens 111 the 111grostnatal S}Ste1n, dopa1111111:rg1c tn1ni.1n1ss1on

in 1111s sys1c1n ,nay be blocked leading to 111voluntal) 1110\ en1ents Os1fo ( 1979)

ho\\·c,·er proposed another 1nechan1s1n based on the \,eal-.. but specific ndrcnerg1c-

ne11ron1: blocking :1c11011 of chloroquine

Mild ncuro111uscular d1st111ba11ces, usual!\ 111a111fcstcd ns 11111scle \Vcakness arc

conllnon during ornl 1rca11ncnt of 1nalana \\'tlh chloroq111ne A fc,v patients

rccei,ing chloroq11111e pare111e1 ally also co1npl:1111 of d1plop1a and d1llicuh) 111

accoinn,odnt1on These reactions are transient and disappear \\ 1111111 thin) 1n111utcs

of adinuuster111s the dn1g (Gustafsson et al. 1983) Pol)11c11ropath). ,, Inch

soineunies occurs during long-tc:nu tre.i1111c11t \\Ith chloroq111ne gcnrally rcsohcs on 

1cnuina11ng the ther.11)) (Marks 1 979) Chloroq111nc induced ncuropath) could be

due 10 acuon of the drug O!l the nerve. 1nusclc or nc11ro11111scular Junc11on ( Argo, and

J'vtastalg1a, 1979) 

o1010,1c cOccts have been reµo1ted 111 so111e patients .idn11111�tc1cd

1:hloi oquui.: ( t1, tul-..hci]CC ,111d J\l11kl11:1Jcc I 979) .ind de, clop111g f 01:111, \\ hen lhe drug
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is taken by the n1other dunng pregnanc) daily for up to rhe sixth "eek of ges1a11on 
( Hart and Na,unon 1964) II has been sho,, n exper11nen1all� 1ha1 chronic 
ad1n1nis1rauo11 of ainphopluhc drug e g chloroqu111e leads to an a�c111n1ilatio11 of 
lysoso111es of d1ffere111 types conta111111g phosphohpids 111 1hc inner ear (Bichler and 
Sponcndhn, 19S0) Hence rhe 01otox1c effects of chloroquine 1na, be due 10 11s 
capacit) to produce hpo1dos1s of  1he u1ner ear 

One 11nporta111 side-effect of chloroqui11e \\ luch occurs after the 
ad1111n1strat1on of rhe therapeutic dose of the drug for malana treat1nen1 1s ·pnir11us · 
(BerlLner et al, 1948; Craige e1 al.. 1948. Ekpeclu and Okoro, 1964, Olarunde, 
1969, 1977, Abila and lkucze 1989). The rcac11on 1s 1norc co1nmo11 ainong blacks 
taken chloroquine for the 1rea11ne111 of 1nalana n,e reac11on 1s discussed in de1a1I 111 
the next secuon 

•
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1.10 PRLRITL 

Pruntus (1tclung) has been descnbed as an UJ1pleasant cutaneous sensation

\\ h1ch provoke� the desire to scratch or rub the skin (Os1fo, I 989) Shellc) and

Arthur ( 1957) sho\ved l11stolog1cally that the nch point 1s a point of density of fine

fibre endings in the sub-epidennal area, and tJ1at 11cl11ng 1s behe\'ed to be 11 1ed1a1ed

b) the fine un1nyelinated C-fibres Casual phys1olog1cal 11ch1ng has been associated

\Vllh the concept of spontaneous uch (Rotlunan, I 954) \Vluch can be dis11ngu1shed

fro111 pathological Itching "h1ch often accon1pan1es skin diseases and has also been

associated ,v1 th tlclung hyperexcuabiluy

Conscious percllption of itch is subJected to psycluc 111odulnt1011, ,vh1lc 111c111al

d1stract1011 may depress itch perception, n1ental alenness and boredo111 111a} 1111e11s1fy

itch \\ ith the s,une ainount of pruntogcn1c st11nulus (Con1ua. I 952) Progress on the

e\ alua11011 of the pathophysrolog) of pruntus has been , Cl) slo" ,, hen cornparcu

,, 1th pa111 "h1ch e111ploys the s:une neural 1nech:1111s1n a� itch Tlus 1s probably

because there hos been no S) 111he11c or naturall) occumng palha11, e "uh spec1ficity

for severe 11ch such ns 1norph111e for p:1111 relief Thus there 1s no specific lead to

f ollo,v for dcvclop1nent of uc" antipruri11c agent (Os 1fo, 1989) AJso e1np1ncal

screening for a1111pn11111c agent:. has been d1flieult because of the absence of an)

reliable and "1dcly accepted sub-lnunan 1nodcl of prt1ntu�. 

I. I Cl. I Chlurucptinc ,\:.,111:inlcll Pruritu�

Chloroq11111e-assoe101cd pn111t11s (C/\P) \\'OS described by 1:.kpcclu and Okoro

( 1961) os \in e11t11cly s11bJeCII\ c reac11011 that 1s choractcnzed b) a "1dcsp1c:ad

pricking sensa11o11 01Tcct111g 1na1nly _1he hands, feet nud scalp 111 _ both tnalc and

fcinale adult pat1cn1s It 1s prcdo1111n:111t 111 black!. \\ ho hod n.?cel\ cd 1herap�u11c

dose� of chloroquine for ch11 1cal 111ala11a The pn111t11s \\ as dcscnbed as f11l1t11g lro111

onc part of 1he hand o r  fool to the other. c:ach �c11s.it1on dc111i1t1t!111g 111s1.1111 at11:nt1on,

1101 of I} pic.,rl ,c,;1,11cl1111g bul of n1bb 111g or nu:rch p:.1U1ng 1hc nl1cctc<l illC,1 
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The reaction usual!� begins 6-1 S hours after oral ad1n1111stra11on of
chloroqu1ne and reaches 11s ma\unum 1ntensll) bet',\ een I 2-18 hours II usual!\

subsides b) the end of the second or thud da) \\ 1th or \v1thou1 1rcnt1nent \\ 11i1

syste1n1c an11lusta1n111es or soot lung 1011011 The reacllon 1s usuall) se, ere enough 10

make sleep 11npossible for as long as 11 lasts. The reac11011 occurs u1 all age groups

but  1 t  1s unusual for it to be experienced on the first e,posure 10 the drug. Hence 11

occurs more often 1n people \\ ho use chloroquine relauvel) frequently for 1he

trea1111ent of ,nalana (Olatunde and Obih, 198 I. Salako, 19S-I. Spencer ,•t al. 198.,) 

Ho" ever, t11e reacuon usuall)' do not occur 111 reactors afte r long 1une of not 1ak111g

the dn1g, but the reacuon reappenrs 111 such 1nd1vid11als after a fairly frequent

adm1111strauon of the drug (Ekpecl11 and Okoro, 196.J) 

The reported pre,alence of chloroq11111c-assoc1atcd pn1ntus vanes II ranged

bet\\·een 8 and 28°,o (Ekpecl11 and Okoro 1964, Olatunde 1977, 1969. Ola1u11de and

Ob1h, 1981) Spencer c:t al ( I 987) reported that the pruritus "as co1111noncr 111

adults (20 3°,a) than children ( 12 8°/o). Osifo ( I 984) reported 7-1 3�o a111ong adult

pnucnts t.ik111g chloroq11111e fo r 111nlnnn 1reatn1cn1 t'v1nyika and Kihanua ( 1991) abo

reported 45°,o ainong TanLaiuans but onl) 27°/o of the pa11c11ts \ \ ere current 1tche1s 

Olatunde ( I 969) did not lind CAP 111 all 1he uon-uegroe 11n1111grJn1s \\ ho had taken

chloroquine Ho,,e\cr Os1fo, (19S.l) found one Asian and one \\lute pauent n1nong

the J 09 pos11 1 ,  c respondents \\ ho uched 1 0  chloroq111nc There \\ ns no sigu11ic:u11

d1ITcrcnce 1n the 1nc1dence a111011g both se,cs Spencer,., al ( 1987) like f\,lJ1) ika and

Kihrunia ( 1991) reported that 1he presence or absence of 1nolnna paras11ae1n1n did

1101 ancct the developinenl of CAP The epidenuolog) of CAP has 1101 been \\ell

ui\cs11gotcd 111 prCb'113llC), ho\ ve\er, Steketee t'I al ( 1987) reported pn1r11us in .,�, o

of gravid ,vo1nen .ind onl) 19°0111 nulhgr;1\1ds 

The pathogenc:;,s of CAP 1s 51111 a inaner of debate The f;ict 1h,11 the reacuon

occurs .iflcr one or 11101 c course of 1he dn,g suggc!>IS a hypcr�cnMII\ 11y I e,1c lltlll c\ en

though subsequent course of the renc11011 1s not t,p,cal of such rcacuon Alsli the

reaction 15 1101 assoc1oted \\ 1th Cl) 1hc111:i urt1can:.1. papule�. , csicles or other kno\, n

lesions "luch ,n,l!,ltt be c:-.pected \\ 11h cutaneous rencuon� of such an acute 011>ct 

Guclen,111 ,.1 al ( 1986) �t11'1•e�tc.:d that the pruritu� .. ecn ,inr.:r chk1roq111nc 1ni;cs111:,11
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1na} be associated ,, ith the death of onchocerca \'Ol\'ulu� 1n1crofilariae. an e, ent that
1 s  kno,, 11 to be acco1npa111ed b� an intense pn1nt1c reaction (l\lackenz1e and f.:.ron,

1975) Ho" e, er. 811mha1n et al, ( I 989) found no e, 1dence for an assoc1a11on

bct,..,ecn _CAP and onchocerc1as1s Abila and lkueze ( 19S9) tned 10 find support for

an allergic basis for CAP The) found tl1a1 antilustanunes "ere 1neffec11, e as '"a�

the use of ketot1fen but predn1solone '"as found to be beneficial They suggested

that tlus "as due 10 predn1solone blocking the release of itch sensation, thus

supporting an allergic basis for CAP 

Ebong and OkonJ..,,·o {1976) 1n,es11ga1ed the poss1biht) of an11gen-:u111bod)

reaction being the cause of CAP l\1ed1cal students ,, 1th a h1stol) of CAP ,vcre

studied before and dunng an episode of CAP Prel11n1nal) result sho\\ed nonual

lgG and lg.A and lo,v lgl\1 before a CAP episode Dunng the rcoc11on. lg.,\ lc,cl

dropped but lgl\l le\'cls rose 111arkedl) Also an 111d1rec1 action through l11stan1111e

release has been ruled out since expen1nen1al :111d cli111c:1I e, 1dencc hnvc sho\\ 11 that

chloroqu111c an1ago1uses s01nc lusta11une responses 1nclud1ng bronclual as1l11no

(A) 1t1::h-S1111th and Bo)c. 1974, ,\gaf\,al and Dcshn1onkar, 1963) 

01:llunde ( 1971) 111"es11ga1ed chloroq111ne conccn1ra11on 111 the plas111a and

skin of pa11en1s prone 10 itcl1111g and those 1101 prone lie found aner an 1111r:I\ e11011s

dose. that the plas,na le, els of the dn1g "ere co1nparable 111 both groups. Ho,1 e, er.

111 the sk111, pnucnts prone to 1tcl11ng had higher unchnngcd chloroqu111c and lo,, er

chloroq11111c n1etabohtcs 1ho11 pn11e111s 1101 prone to itching He suggested tc111a11vcl)

that pot1cn1s prone 10 de\'elop CAP 1113) have a slo\\cr rate or 111c1nbohs1n 

llo,vcvcr. Essicn et al ( I 989) obscl'\ cd 1ha1 1herl! appears 10 be 011 Cl\lcns1, c

111ctnbohsin of chloroquine 111 111d1v1d11als "ho itcht?d to the dn1g producing a 1111,!h

lc\'cl of 111ono-dcscthylchloroq11111e \\h1ch probably de1cn111nes the degree or pn1n1us

cxpcnenocd l'hey also speculnted tlHll CAP 1n1gh1 probabl) be due 10 e11hcr a

specific ac11on of 1110110-dcsethvlchlo1ll(}lllllC on scn�111setl rcccptori. or ncl'\c

enthng!> 111 1he l>kin or a11 111h:roc11011 of this 111c1abohtc "1th acet) I gl� ccryl l?thcr

phusphol) I chloride (AGEPC) a nc\\ clrt:i\ of potent phosphohp1Js 1111phc,1te<l 111

1111111) .1spccts of allori," and 1111la1111nn11on l\ lono-dcscth\ lchlo1 oq11111e hke

chloroquine has O lugh :1llin11y for phosphohp1tl�: 1 here hos bee�, no ri:11011 or

itclung 111 people usnig chloroq11111e for prophyla,1\ dc�pllc the 15 , . 111c1<lcncc 111 
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patients using 11 1hcrapeu1icall) t Olatunde, 19S0) TI1is obsen auon r.uses the 
possibtltt) that this reacuon 1na} result fro1n so1ne as ) et un1dcnt1fied product of a 
reaction bet ,,een chloroquine and the malana paraslles (Salako. 19S�) The 
1ncreasl!d occurrl!nce of CAP ainong pa11en1s ,, Jth 111alana as coin pared ,, 11h health) 
volunteers suggests that an acute 1nalana febnle illness creates pathophys1olog1c 
co11di11ons that pro1note the develop1nent of CAP (Os1fo, 198.J ). Os1fo ( 1980) 

suggested that the redistribution of chloroquine, principally 11110 the skin and skeletal 
1nuscle of pyrogen treated rats could be due to the kno\\·n he1nod) na1n1� changes 
associated ,,·11h the p) rogen1c reac11on 111 1na1n1nals He also found a strong 
correlation be1,veen the k1net1c profile of chloroquine conccntro11on in the skin of 
pyrogcn treated p1ginented rats and the 1en1poral profile of 111tensi1y of CAP B) 
ex1rapola11on, chloroquine k111et1cs 111 hwnon skin dunng 1nalanal fe ver could follo\\ 
a s11n1lar pattcn1. It has been suggested that the febrile paroxys111s of 1n:1lana are 
assoc1ntcd ,v11h peripheral vasoconstnc11011 and pan,al 1shae1111c 1nJul) 10 the skin 
lenchng to i1cl1111g h) pere,c1tab1hty (Os1fo, 1989). The n1creased 111c1dcncc of CAJ1

a1nong blacks as co111parcd ,,·11h "l111es 1na� be rcln1cd 10 the a111oun1 and 
d1stnbut1011 of 1nchu1111 111 the sl-111 (0s,fo. 19S4. 1989) 
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1. I I AI\IS ,\:\0 OBJECTl\"ES OF TI-IE STL'D\

That genetic factors 1na� detennu1e the popula11on d1s1ribunon of CAP has

been suspected for long The fact that 11 occurs 111ai11I� in blacJ.. Afncan people and

see1ns to run 1n frun1hes, lend credence 10 tins 

For successful rnalaria chc1notherapy. there 1s a tnangular 1111crac11011 bet\\·een

the host, the paraslle aJJd tl1e drug (Fig. I 11 I) 

Fig. I. I I. I Triangular Interaction in Chc111othcr:1py

I lost 

Dn1g Po1as11e 

I lbS and G6PD dcfic1c11C) arc poly1norpl11c !,!Cncs "hich nrc rccog111scd

ge11e11c red cell 1norkers for 111alana and black� (Sodc111dc 1992. Luzzallo 1979)

0111011g ,, 110111 CAP 1s co1ru11011es1 These genes are J..110\\11 to 111flucncc not nnl) 

hos1-paras1te 111teroc11011s (Alhson I 95-1, l\lan111 1982, �lcnung t•t al I 985) lJut alsn

dn1g-poras1te 111tcr;ic11011:; (Ngu,e11-D1nh and POf\ 111 1986) Therefore there 1s thc

need 10 1n,cs11gate the 1nllue11cc of these ge11c11c rnarkers on host-dn1g 111te1ac11011�

\\luch CAP represents ABO blood groups li.1,e been used as 111tcn1al control �nice

the) are olso gencuc 1narkers bu1 ore 1101 peculiar 10 blocks or specific for 111alana 

Although 1herc 1s a plc:thora of dn1;1 011 CAP, its 1ne,ha111s1n and pothogcncs1s

a1c.: sull ob�c11rc.:d It 1s 1hc:1c.:fo11.: 1111po1t.i11t 10 111vc.:s11ga1c 1he ep1de1111olo�') as \\ell

as ihc phannocoge11ct1c and phonnocok111c11c fc,1111,cs of tins side cflcct of

chloroquine "luch tends 10 1n1h1a1c oga111s1 sausfactot') d111g co111pha11cc 111 111ala110 

the rap) lhu 1hc spec1f1c a1111!i of 1he study "-:1re 
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1. To detenninc the pre, alcnce of CAP i1111ong different groups
of 1nd1v1duals 1rea1ed for 1nalaria "nh chloroquine

2 To 111vcst1ga1e the possible innuence of heredo-fa1n1lial factors on 
CAP 

3 To 1nves11ga1e the possible 1nnucnce of the follo,v1ng gencuc red cell 
1narkers on the prevalence of CAP

I Hat:1noglob1n I) pe 
i1. Glucose-6-phosphate dehydrogenose (G6PD) status 
111 ABO blood group 

4. To 1nvest1ga1e 1he dispos111on of chloroquine and its 1netabol11c 
dcsc1hylchloroqu111e, :unong 11chcrs nnd non-itchcrs to chloroqu1nc 
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CIIAPTCR 2 

2.0 DETER \lINATIO:'\ OF TI IE PRE\'.-\LE:\CE OF CAP ,\�D

fllE INFLl'E�CE OF GE\ETIC F,\CTORS . .\ \10\G

P,-\ TIENTS TRE,-\ TED FOR �L\LARJ.\

2.1 INTRODUCTIOI� 

TI1ere ha, e been se\eral reports on the ep1den11ology and chn1cnl course of

CAP 111 N1gcna and so1ne other tropical countries \\here chloroquine 1s used for the

trcat111c11t of 1nalnna Racial and fa1111lu1l pred1spos111011 to CAP has been reported

(Os1fo I 989) It 1s IJ10\\ n that ,nost co11di11011s that are associated \\'llh genetic

factors 1nay also be influenced b) cert::1111 en,iro1uncntal factors (Erne!) 1979} 

I lcncc the need to ,11, csugntc 1hc pre, ale nee of CAP a,nong different f:.'TOUps of

111di, ,duals 111 d,n·crcnt geograrlucal areas

Due 10 the pec11han11es of the ph) s1oloi;1cnl s11111: of prcgnanc), "11h 11s

associated high nsk of 1nalano 1norb1d1t). the 11re,ah:ncc of CAP 111 this group ,,as

111d1cated II "as also desirable 10 stud) sep.irntcl) the pre, alcncc of CAP ;unong

elderly pa11c11ts ( 60 ,ears old) Tiu� 1s because of the prcsu111pt1011 thal the

cun,niulau, e exposure to chloroquine 111 this grllllfl of 1nd1v1duals nia) 1101 be 

considcrabh 1norc than in yo1111ger adults Tl11s ,� 111 , 1e\\ of the fact 1h.11

chc,notherain "1th chloroquine is JIISI aho111 40 ye,1rs old ,111d 11s "1<li:s1lr.:ad use

here ns an ;111111nnla11:1I ,s e, en �honer 

•

• 
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2.2 PATIE\TS, �I.-\TERI-\LS \\0 \lfTIIODS 

2.2. l P \ TIE,TS 

Patients of both sexes "ho recel\·ed chloroquine phosphate for chn1cally

suspected or nucroscop1cally proven malana "ere! recnuted 111to the stud) 

lnfonncd consent ,vas obtained fro1n the pauents, or 10 the case of cl11ld1en their

parents or guardians after e,plan11ng the purpose of the stud) to the1n 

Inclusion Criteria

I Cluldrcn > I year old as ,veil as aduhs ,, ho recel\ ed the therapeutic dose

of chloroquine b> the oral or parenteral route for the trea11ne111 of 1nalana 

Pos1uvc 0111-Glaz.ko test can 1ed out on a spec1111en of unnc collected 

bet,, een 24 and -IS hours after drug nd1111n1s11a11011 Tlus test confinns the

presence of 4-:11n1noqu1nohncs 111 the body

3 lnfonncd consent 

E:\clu,iun Criteria 

I. Cl11ldren bclo" I \"Car old

2 Clutd,cn ",th altered state or consciou�ne�:.

3 tnfections hkc 111coslcs or an) other dcn11atos1!'. \\'luch n1ay cause

pnn 1111s on IIS 0" n

,., D II r.1.-.-1·01es1 ·11 24 to -18 ho111s al\cr dn1g od1111111s1r:111011

-1. ,�cgallVC I •U ""' • 

5 T I. 1 111 .. 1,rcccdni•• 6 ,nonths as 1h1s could 1111crrere ,, 11h 

mns USIOII II .. ., 

or hac111a1olog1c,1I 11:sts

6 No 1nfonned cunsc111

result� 
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2.2.2. STLO, DE IG\ 

2.2.2.1. Sa n1plc Size Con�itlcration 

The stud) \\3S a 1nulticentre cross-sec11011al sun e) The sa1nple size "as 
de1enn1ned using the co1nputer prognunme EPI 11\'FO Version 5 for cross-sccllonal 
studies ,,ntten according to Fle1ss (1981) The po,,er of the stud) \\3S set at S0°o, 
confidence interval 95°'0 and an estunatcd CAP prevalence of 30° o The n1in11nu1n 
srunple size ,,·as calculated to be 112 Since the stud) "·as a nauon" 1de Slll'\'C) the 
1nves11ga11on \\'aS earned out 1n at least one Local Go,enuncnt Area (L.G.A ) 1n 
each of the 3 Pr11nal)' I lcalth Care (PI IC) zonol areas chosen lbadan city (centre of 
the study) as ,, ell as s0111e other n1ral areas ,, ere chosen 111 Zone B. Kano. 
Ma1dugun and Pot1sk111n 111 Zone D and Pon-Hnrcoun 111 Zonc A cr,g 2 2 I ). 

2.2.2.2 S:1111plc 5l'lcc1io11 

Qunht) co1111 ol ,vas assured 111 sa111pling b) n1oking sure that the I la, <l). 
\\'c1nberg rule of constanc) of the frequcnc} of genes fro111 one gc11c1.it1011 to the:
other ,, as  upheld Consequently only one 111dc, person per frn111I) "c1� n:cn111c:tl
11110 the stud} 

A total of 1,315 subJccts "ere rccnntcd 11110 the stud) Th1ce hundred and

eighl)·SI:\ pi111ClltS 111clud1ng 55 prc1:'11nnt ,, 01ncn and 31 cldl'rly patients ( 60

} cars) ,ven: recnntcd scqucnt1nlly fro111 UC I l One hundred anti fift) 111ban school­

children r. 0111 lbadan cit) 121 rural school-cl11ldrcn fro1n Ab�nla (20kn1 South of

lbatlan) and 151 niral pre-school children fro1n ldl!rc ( IOk,n 110111 lgbo-Or.1) \\ere 

recruited The rural prcschool•cl11ldrc11 ,, ere selected b ,  strot11icn11011 of the , 1ll agc

and the cluldrcn rccnutctl fro1n the chosen co1npou11ds Those recnuted ,,c1c

d I I I d frort, thos-: ,, ho had cliuical 1111Jic:i11on for chloroqu111e anti "eh:
rall 0111 } SC cc C • 

g1, en the dn1g 
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Patients \\CIC also recn1i1cd fro1n d1fTcr�nt gcoh'Tnph1cal areas for the 
epide1niolog1cal ,napping of the countn Thus. 121 pa11e111s ,, ere recru11cd fro,n 
Ha:;,ya Ba) ero Cl11ldren · s Hospual. Kano. 165 fro111 1he L 111\ e1 SIi) T eacl11ng 
Hospnal, � la1dugun, 113 fro111 Stale Hosp11al, Po11skn111 Yobe and I 08 front the 
Un,, ers1ty of Port-l;arcoun Teacl1111g Hosp11al ( Fig 2 2 I) 

•
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2.2.2.3 \let hods 

Each pa11cnt or parellvl:,'Uard1a11 "as ,ntcn tC\\ ed using a quest1011na1re th:it

\\as pretested a1nong 1ned1cal students The ques1 101u1aire "as designed 10 collect

u,fonnauon on patient's personal details. reaction to chloroquine and fa1111 I) h1stol} 

of CAP (see appendix for ques11oru1a1re)

At the U111vers1t� College Hospital (UCH). lbadan, tlte ques11on11a1re \\'OS

adn11n1stercd to 1ned1cal students and staff as ,veil as 111 and ou1-pa11ents '"ho 111et t11e

critena for recru1t1nent 11110 the study All the pat1e111s received the \\'orld Heahh

Orga111sa11011 l \\"HO) reconunended dose of 25 1ng.-l.g bod) "eight of chloroqu111e

spread over 3 days. The) "ere required to co111e for daily follo,,-up and report the

C\ilCt tune that pruritus occurred In-patients "ere obsen ed b) the Doctors 'Nurse:.

"ho recorded the pc nod of pruntus

Pa11c111s fro1n other geograpl11cal areas ,vere also rccn111ed based 011 the

cntena for recn1111ne111 11110 the stud) All the po11e11ts except the school-cluldren

"ere ad1111n1s1e11:d chloroq11111c and obsen ed direct I) for CAP Ho,\'ever 111 the cnsc

of the school-cl11ldren. a \11story of recent reaction of chloroqu1ne \\'3S accepted 

llus 1s because of the e1l11cal «1nd log1s1tc proble1n of ndn11111s1cnng the Jn1g to

heal th) school-cluldrcn 

A scpa1a1c q11cs1101111a1rc \\ilS ad1111111stcrcd 10 pr.:gri:1111 \\Otnc11 The

qucs1101111a1rc 111 a<lui1to11 10 the. abo, c 111fon11a11011 also collcctc<l 111fonnat1on 011

patient's pant�. h1s1011 of fe\er and ,11111111nlnnnf dn1g use "tth I espcct lo CAP

espcc1all)' before conccpuon When! CAP \\05 cxpcne11ce<l <lunn g pregnancy, the

pa11ent \\·as asked 10 co111p;irc the 111te11s1l)' ,�11h 1hot c,penc11ced bcfo1c co11ccpt1011 

2.2.2.-t lllootl Colll·Ctio11

Blood l3-5tnl) "115 "11hdra" 1 1 fro111 cnch p:i11c11t b) , c1u:p1111c1u1c bet\\ cc11 :!-I

""d 48 hoins after chloroqui11c ath111111strn11011 ,\�)<nil 2111I \\·as 111111�cd1a1el) 

lr:insfcn cd 11110 11 �cqucstrenc bot1le .ind the rc1n:1111Jcr 11110 a bo11lc co111a111111g acuJ-
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curate-dextrose (ACD) All sa1nples ,,ere siored tor not 1nore than 2-t hours at -t ·c
before tests ,, ere carried out on 1he1n 

Blood sa1nples fro1n distant areas ,,ere collected through a finger pncl- "h1ch

,, a s  made ,,ith a sterile lancet and 2 drops of blood dropped onto the san1e spot on

a piece of \\'hat1na11 3111111 chro111a1ography paper A duplicate of tins "·as 1nade on

the sa1ne paper ,,·Inch \\as left on a support to dr: The filter paper ,,as thereaOer

,,ell labelled and stored 111 an air-light container o, er a desiccant (s1hca gel) The

sa1nples ,,ere transported 10 I bad an ,, here hae111oglob111 types and G6PD s1a111s

,vere deten11111cd 

The samples 111 sequestrene bo11lcs \\ere used for the folio\\ 111g tests

I. Packed cell ,ohnnc (PCV)

11 \\1111e blood cell co11111 (\VBC). 101.11 and d1ITcrc1111nl.

111 Reltculocytc count (relics)

1v ABO blood l,'l'OUP

v Hae111oglobi11 clcc1rophores1s

v1 l\lalana parasite screening

The s,11nplc 111 ACD ,vas used for the de1en11111:111011 of G6PD type

2.2.2.5 l rinc ('ullcction

Urnie specnneu ,,ns collected !iotn cnoh pa11e111 :11 a1>01111 111 11111e bel\�cen 2-1

and -18 hours after drug nd1111111s11,111011 11110 11111,cr�:il bollles. 11 \\US used tor D,11-

GlaLko tcsl 1 0  confinn the presence ol ehloroqu111e 111 the pn11e111 's unne and 

then:fore 111 l11s l1cr blood 
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2.2.3. \I \TCl{I.\LS 

:--.1al-ri1esn11n Chloride BDH Che1111cals Ensland 

D-Glucose-6-Phosphate (G6P) S1sma England

N1cot1na1n1de Adenine D111ucleo11de Phosphate (1\,\DP) S1g1na England 

N1troblue Tetrazohu1n Salt (NBT) S1g1no Enf!land 

Phcnaz1ne tvlcthosulphate (PtvlS) S1gina England 

Sapo111n S1g1na England 

Tris (I lydroxv1nethyl) n1cth) la111111c Hydrochloride I Tns HCL) buffer S1g1na

Nonnal Sahn1: (0 85°,'<,) Sodi111n chloride BDH Chc1111cals England

Bone Acid BDII Chemicals England

Acid Citrate Dextrose (ACD) S1bttna England

Drabk1n • � S0l1111011 BOIi Chc1111cals England

Glacial Acetic Acid (Turks solution) BDI-I Chc1111cals f11gla11d

Ne\v tv1cth\'h:nc: Bluc-Sod111111 c11ratc-sahnc? 1111.\llll�

l.cislnnan · s �,a111 S11:11na England 

Anuscra (Anti 1\, Ant i  B Anti 1\B and Anti D)

Chlorofonn BDI I Chcn11cals England

Sign1a England

•
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H� drochloric acid 

Eos1n () e\lo,v1sh) 

Cap1llaf) tubes 

Cellulose acetate gel 

BDH Che1nicals England 

S1g1na England 

V\\'R Sc1e1111fic USA 

Che1netron, l\lilno

Cellulose acetate 1ne1nbranc Oxoid, England 

Elcctrophoreuc tank Shandon 

Hae,natocnt centrifuge Ha\\ ksley 

l-lae1noc, ton1cter I la,, kslc) 

\Vatcr-bath 

l\1icroscope 

Gallenk:unp, E.ngland 

Oly1np11s BH2 
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2.2.4 TE TS 

2.2.4.1 Blood Counti. 

Packed cell volu1ne (PCV) ,vas detcmuned using capillary methods and

sp1ruung 111 a Ha\\ ksle) 1n1cro-hac1natocn1 centnfuge at I I 000g for 5 m1n at roo1n

te1nperature V.'lute blood count (total and d1fferen11als) and re11culoc,1c counts

,,ere perfonned by the standard haen1atological n1ethods (Dac1e and Le\\iS, 1984) 

Total ,vhite blood count ,vas done 1nauually using hac,noc) 101ne1c!r aflcr ,nak,ng a I

111 20 d1lut1on of blood 111 Turks solution (2°'o acetic acid \\llh gentian violet).

D11Tcrent1al ,,lute blood count \\'as done b) s1a1n1ng tlun blood fihns "11h

Le1sl11nan' s stain and Leucoc) tes counted 1n1croscop1call) based on 1norµhology 

Reuculocytc co11111 "'as done b) adding I drop of ,vhole blood lo I drop of

n:11culocytc nu1d (nc" n1c1hylc11c bluc-sod111111 c11ra1c-sahnc 1ni,turc). 111111 fihn

111ade and rct1culocytcs counted 1111croscop1c::ill) 

2.2.-t2. Olood Grouping 

ABO blood groups "ere dctcn11111cd using the aggl 11111i:111011 tile 1ne1hod

2.2.4.3. i\l:1l:11'ia l'arusill! Scrl·c11i111!

Tluck and 1lun lihns ,,ere 1nadc on the sa1111! shdc The 1h111 lihn "as fi,cd

\\llh ,ncthanol :ind shdt \\'OS then Ooodcd ,,·,th Lc1sh111011·s �1a111 diluted I 111 3 \\Ith

buITcr pH 6 s Slides ,, ere cx:11n111cd 1111croscopicall\ for 1nnlona parns11cs 

•
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2.l.2.4 Dctcrn1in;1tiun of CGPD r, pes 

(a) F/11oreJce11t Spot TeJI

This \\as done according to the n1e1hod of Beutler and r-.tr1chel ( 196S) Tl11s
test 1s based on the pnnc1ple that NADPH generated 111 red cells 111 the presence of 
G6PD. nuorcsccs under long \\3\e-lc:ngth ultra-\1olet (UV) hghr 

Reagent 1\li,turc 

G6P (10 1nM) 28 5 111g 
l'-:ADP (7 5 111�1) 57 4 111g 
Sapo111n ( I O o) 200 111g 
GSSG (8 1111'\1) t9 111g 

All ,,ere d1ssohcd 111 30 1111 dc10111scd \\ater and 30 1111 Tns 1-iCI ('5 111�1) pll 7 8 
added The 1111,111rc "as rhcn 1natlc up 10 I 00 1nl "11h dc10111scd "a1er 

.:'\lcthud 

The blood cells \\ere \\ashed 111 nonnal saline, rcn10, 111g rhc s11peni.11a111 anti 
bull) coat AO 01 nil of the \\ashed pacl-.ed red cells \\l!rc added to O I nil ol rhc
reagent 111i,1urc and 111cul>a1cd 01 roo111 te111pcra111re for I O 111111 Spars "er e 1hen
niade tin \Vhat1na11 'l 111111 ch101no1ogr,1ph) paper fhc �rots ,,ere lelt for 10 1111n 
and then ,,c"cd under L'V hglll 111 a d.111-. roo1n Control �a111ple� cl G6PD nonnal 
and dcfic1ent so111ples ,�erc: .ilso set up ,II the san1e tune 

�luorescencc "a' produced b) NAOPII fonucd fro111 NADP 111 the prc,cncc: 
of G<,f>O No appreciable fluorescence "as ,cen "hen 1hc blood "as G6PD 
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deficient The dra,, back of tlus !"ie11·-,d I ,, e, er. 1s that 
bet,,ecn he1erOZ) gotes and honlOZ) !,!Ote nonnals 

11 doe� nor d1s11nm11sh 
� 

(b) G6PD anti llue111oglobi11 £/ectropltoresis l'Jing Cellulose lcetnte-gl!I

� lethod: 

I /'rc:parot1011 of Hac111oly.1,11c 

AO S 111! of blood 111 ACD ,,·as ,,ashed three 111nes in nonnal saline. The 
buff) coat ,,as re1no\cd at the end of e,c:I) \\ash The packed cells ,,ere 
rcsuspendcd 111 an equal ,olu1nc of lysing fluid containing 85 ug;1nl NADP The 
NADP helps to protect the c11zy1ne. The tube" as shaken and spun a1 6000g for 5
n,,n The clear hae1noglob1n supen1a1an1 "as separated fro1n the s1ro1na The 
final hai:1noglob111 concc:ntrauon ob1a1ned ,, as appro,11na1cl) I Og/ I 001111 

2. /'rcpara11a11 (If.,·,,.,,,

The ccllogcl (Chcnu:tron �l1lano) \\'ii$ stori:d in JO�o 1ne1hanol For use. a
st11p \\as blollcd bc1,,ecn t,,·o shcc1s oflilter paper and soaked 111 T11s-r DT,\­
Borate (TfB) buITcr pit 8.6 for at lcas1 I hour Thl'II so:iked 111 a fresh buOcr 
con1a1n1n , I 01111\.1 l-. -\DP for al lc,1s1 '\O 111111 TI c 11cnc1rable s111fhcc ,, luch 1s 
usuall� 1hc 111:1111:d dull surface ,, ,,s 1dcn11licd alicr hlo111ng. 

3 /'r�·par111u111 of Tank 

Shandon elcctrophorc11c tank ,, as used "1th 2501111 of I EB buncr (pH 8 6) 
Pllt 11110 c.1ch of the 2 c01npa11111enb of the 1a11k The �houldcr g.ip "as adJ11�1cd 10
•1bout Sein Filter p.ipcr pads ,ve11: used o� ,,1cks The) ,,ere 1n1p1cgnati:d \\ 11h the
buncr sol1111on anti placed o, er the pcrspe, shoulder piece� \\ 1th one ctlrc 11nincrscd
11• the cathodic and tlu: o1hcr 111 1hc anodic co111partn1cnl!- of the buffer sol111ion The
bnffcr 1111p1 cgnatcd gel ,, a� bl01tc:d and pn�111oncd 111 the 1.111k ,, llh lhc pcnctmblc
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·1

surface facing up The S):>tem ,,as equ1hbratcd for 10 ,nin at .J�C at constan1 current 
of I 1nA per c1n ,, 1dth of :>tnp and, oha£e of about 250\1

Apph,a11011 of tS·c S11n1plc 

The current ,,·as broken and each san1ple ,, as applied on rhe stnp 11�1ng a 
monoapphcator \\luch deh,crs approxunatel} 2ul a!iquol of each s:unple A fap of 
I c1n ,., as allo,, cd bet,, een sarnples ,, lach ,, ere applied parallel to the c:uhodic 
shoulder Standard controls or G6PD type A. A. and B ,,ere included 1n each n1n 

The tank ,,·as put into the fndge and current s,, uched on again Tl11.: n111 
lasted about I hour The electrophorcs1� ,,-as done at .i•c 10 protect rhe e1uy1111: 
fro111 the heat geni:ratcd du, ing rhe n111 

6 71·,• S1a111111g 

1 he rcac11011 1ni,111rc \\:IS prcpareJ fic)h ar the end of each n111 111 a pl:is11c 
pi.ire l he ,cac.11011 1111,turc co1np11scd the follo1,1ng reagents 111i,ed 111 the 01der 
belo,, 

Rcaccnt 

l ns IICI (pl-1 8 0)
G6P ( I 0111)-' 'rnl)
NADP (5111g/rnl)
l\lgClz (0 I tl.-1)
Jl;BT (2rnr 1111)
Pl\lS (3111� 111I)
Drstrllcd ,, .Iler

• 

\'oh1111c Final Conc�ntr11t1on 

500111 
IOOul 301111\ I 
I 00111 <, 5ntl\l 
I 00111 I Srnl\ 1 
380111 .2 31111\ I 
250111 (I 51111\l 

,1000111 

Ar the end of thc n111, the current ,, a� hro�cn n11d the h,1cr11ogloh1n b.ind�
11 luch h.uJ scp,11 .itc:d, "ere recorJcJ The ,tnr1 11 .,s then 11111 liu:\! du" 11 111 tltl·
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reac11011 1111,1t1re spread in the plasuc plate for sta111111g "h1ch "as done 111 the darJ.. 
The plate ,,as co,crcd and put 111 the incubator at 3- C for 15 11111110 allo" colour to 
de,clop 

The , 1ole1 coloured bands 1nd1ca1ed the pos111011s of the enzy1ne protein and 11 
appeared at about 4 1nm ahead of the hae1noglob111 A band The stnps ,vere then 
,,·ashed under tap ,vater and preserved 111 d1s11llcd "ater at .t°C Fig 2 2 2 sho ,,·s a 
typical G6PD elec1rophore1 1c stnp 

• 

Principle of the Staining 

V-.'hen the electrophoresed gel 1s  treated "1th the rcactton m1,1ure contauung 
the substrate (G6P) and coenzy1ne (NADP) together \\tlh an electron earner (PMS) 
and tetrazoltun1 salt (NBT). a zone of colour due to the fon11at1011 of  cltfonnazan ns a 
result of reduction of 1e1ra.zoltu111 salt appears,, here,er a dchydrogcnnse occurs 

G6PD types A and A 1nove at about 1109
� as type B But the A :;t:1111s

fa1111ly con1pared ,,11h A or B 

2.2.4.5. Dctcr1ni11ntion of l luc111oglol>i11 rypl' ond GGPO Stntu� fron1 
Sant pie� 1111 Filter Pa per 

l\,o discs (5111111 tl1a111ctcr) \\ert.: cut fro111 the sn111plc spot on the 
ch10111a1og1aph) paper using pcrforntor These ,,ere d1opped 11110 Kahn tubes To 
each tube ,vas added O I 1111 of G6PD sercc11111g 1cagcn1 1111x111re The tube and Its
co111en1 "as leli for ubout 20 111111 nt roo111 1e1npcr.i111rc to allo" for clu11011 of the 
en,, 111e froni the pnper discs The sa111plc "as then spoiled 01110 \Vha1111a11 3111111
chro111:11ograph) paper After tl1)'1ll!:\ 111 air for 10 111111. the spots \\ere screened \\llh
lJ V hght 111 the darl.. roo1n The rc1na111111g lys,lle "as used for haetnoglobinclcttrophores1s

The tank \\as prcparcd as earllc1 dcscribcd for G6PD clcet1l1phorcsis 
C.cllulosc ,tcct.ill: ,ncinbrane sir 1ps ,,ere used The stnp \\as soaked for 5 111111 111 the 
huller (pH 8 6) and then blottcll A 11111l11-,1pphca1or \\,IS used to ap1>h santplcs 01110
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the stnp Kno" n controls ( co111a111111g I lb A +S+C) ,vcre 1ncl11dcd 111 each batch of

electrophoret,c run II "as run at a constant cun ent of 8 111A and a voltage of 200-

250V for �O nun at roonl te111pe1 aturc 

The stnp "·as stained for 30 sec 111 0 5°10 1nalacl11te green stain It ,vas

,vashed 111 three changes of 3% glacial acetic acid 111 ,,·ater and then dried al roo111

tc1npera1urc The hac1noglol>111 type of cnch sa1nple '"ns de1en111ncd 11s1ng the bands

of the conuol san1plcs as s1andard references Fig 2.2 3 sho\\S a I\ p1cal •lb

clcctropho1 cue s1np 
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Fig 2.2.2 

t\ Typical C6PD Elcctrophorctic Strip 

0 

a 

b 

AITO\\ 

' 

G6PDT)pC A 

• G6PD T)t>C l3
• G6PD T,pc A.

• 
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Fig. 2.2.3 

,\ Typicnl l lac1110J!lubin Elcctrophorctic Strip 

, II( 

J 

f,fl:, StC. 

•

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY
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2.2.-t6 Qualitative Test for Chloroquine in l'rinc

T\\ o 111 1l\ 1htrcs of unne sa1nple \\'3S put 11110 tapered tube and I O drops of

D1\1-Glazko reagent ,vas added The 1n 1xturc ,,as 1111,ed "ell vigorously for a fe\\ 

1n1nutes. A colour chonge fro1u yello\\' to ,iolet red 111 the chlorofonn 111d 1cates the

presence of 4-a1n1noqu1noltnc 111 unnc.

The 0111-Glazko rcag.ent "·as prepared as follo\\'S

Eos111 (ycllo" 1sh) 

Chlorof on11 
1 ICI (IN) 

50111g 
I 001nl 
I 1111 

The nux1u1c ,,·as shaken unul the chlo1ofonn a11a1 11cd a yello,,•1sh colour II

"as !'.torcd 111 an a1r-11ght bro\\ n bot1lc

2.2.4.7 Stntisticnl ,\11t1lysi!i

D,n·crcncc!i 111 propon1011s ,vere te!.lcd using Clu squared test, Fisher s e,act

test or 7-tcst \\here appropnatc Din·erenccs 111 1ncans "·ere also tc!>tcd using the

5tud1::11t s t-l<:!>t S1g111 1icance ,, as dcs1gna1cd as P < 0 05 

•
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2.3 

2.3.1. GE:'\Ellt\L l'.C.11. Pt\.flEN·rs 

Three hundred patients (196 1nalcs and 104 fc1nalcs) \\Crc rccn11ted from 
U C 11 1·hosc "ho experienced CAP ,vcrc referred to as itchcrs and those ,, ho did 
not react as non-llchcrs 

• 

One hundred and t \\cnty-four patu:nts (41 3°10) dc,cfoped CAP Alf bur 7 of 
the cuncnt itchcrs had had previous c,pcncnce of 1tcf1111g to chforoqu,nc CAP onf) 
occurred regularly in 108 (87 f�o) of the pos111,c respondents 

Pn,ntus �,a, tcd bet\\ ccn 2 and 24 It {tnean 13.±. IS h) after chloroq11111e 
ad1n1111s11 a11011 and increased 111 111tenstl) to a peak plateau bet" ccn 12 and 16 h 
(n1ea11 22:!_9 h) It subsided bet"ccn 36 and 96 h (111can 58_:,12 h) 

T\\Clll)-four pattents rccel\cd parenteral chloroqu111c ( I O adults ,111d 14 
cl11ldrcn) Onf) 4 (t7°0) nched. e,cn though 9 (1ncl11d111g the 4) of 1hc11 1 \\ere 
habitual 11cher<, 10 oral chloroq11111c llus sho,,cd a IO\\l!r rate ol ttclung to
chloroq11111c ,, hen nd1111111�1crcd pnrentc r JII) than 01 all) 

?.J.1.1. C \P anti Sc\ 

Of the 196 ,note� shtdu:d, 68 (-15'o) nnd 36 (.'5�o) of 10-l fe1nolcs h3d CAP 
!Table 2 3 t ) The rntto of 11,ah: 10 fcn1:ile 111 the �lOpul,111011 studied "05 I 9 I\\lul I the ratio atnong uchcrs \\,is 2 I I TI,c:rc \\DS no s1g1111tc::1111 d11Tcrt'11,c 111C \P frcc1uc:n1.:1cs ;uno11g 111:ilc and fcn1:ilc p:iucnt) (P O OS)
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1·:1blc 2.3.1. 

Distribution of Cf\P "ith Sex 

Sex 

F 

Total 

2.3.1.2. 

llchcrs 

88 

36 

I 2.t 

Non-1tchers 

108 

68 

176 

·1 otal

196 

104 

300 

F a Female 

C \ P und Soci11-ccono111ic cln�s

�o 11chcrs 

45 0 

35 0 

41 3 

T:1blc 2 3 2 sho" � the prc\'alcncc of C,\P ;1111011;; the 3 soc10-eco1101111c

classc� stud1cJ There ,,·as 110 s1g111fica111 dilTcrl!nCI! bct,,ccu the classes (p , O 05) 

TI,c result sho,\cd that thcrc "as no assocr.111011 bet" c:cn 5oe10-cco1101111c cl:iss :ind

llclung to chloroquine 
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Table 2.3.2. 

Distribution of CAP antl Socio-ccono1nic cla�s 

Class 

Upper 

'tvhddle 

Total 

ltcher 

45(36 1) 

39(31.4) 

40(12 3) 

124( I 00) 

Non-1tchcr 

69(39 2) 

57(32 .\) 

50(28 4) 

176(100) 

Total 

114 

96 

90 

300 

Fii;ur�� in parenlhc,I\ arc the pcrctntagcs of1he 
clas,c, imC1ng itchcrs nnd non-11chcrs 

2.3.1.3. C\P1111d \l!C 

0,o ltcher 

39 5 

40 6 

44.1 

41 3 

The pattcnts "' cu: ai;cd I 10 33 year:- "1th a 111ca11 lift' of I 0;_1:? I ) ea�
Table 2 3 3 sho" s the dtsinbutton of age" 1th CAP It sho", ,1 1noi;rcssl\-c 111 rc:isc

'" 1nc1d1:ncc or CAP "''" 111crcas111g age 1r O 95) tl:,g 2 3 I) TI,c rc<.uh also

lhO\\Cd th.11 72 501, of ,1dullS (> IS \C.ll�) nnd 32 0° 0 or \:lulJrcn (• IS )t'JI ) llth«I
to thloroqu,nc Tins sho,,cd n sil,'ll;ticantl) lnghcr 1icq11cu�) of 11cl11ug Ip (I o<) 111

adult� than tluldrcn
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Tnblc 2.3.3. 

�\gc Distribution" ith C,\P

Ag.e (year) 

I S 

S '> 10 

10 > 15 

15 

Total 

2.3.1.4 

llchcrs 

25 

16 

37 

124 

No11-11chcrs 

79 

65 

18 

1--1 

176 

C \I' and Fn111ih llhtory 
• 

Total 

104 

I I I 

51 

300 

% l1chers 

2--1 0 

40 4 

-17. I

72.5 

41 3 

011I} 197 patients nns,, l!rcd the quc:.11011 of fa1111l) lnstol) ,, 11h respect to
CAP Table 2 3 4 sho,, s th:it 96° o of the 1tcher, ha, c ,11 least a 111c111t-cr of the

fnnul} (first dc1:1Tcc relation) prone to C,\P \\'11crc:1, 0111) 39°0 of the non-11chc:rs

''ho rc:s1,011dcd ha,I! nu:iubcrs of the fa1111ly prone to C,\P (P < 0 OS) Tiu� result

�ho"' 111111 11clun� Ill chloroquine \\,IS s1i;n11ica11tl} 111,,,c conunon 111 the fn1n1hc of

�t 1tdu:rs \\lule 11clnng \\US 1n11ch less co1n111011 111 the fonuhcs of non-nch�rs 

">o 111 28 uf these fo1111hc:s. ,1cl1111i; rcpotteJI) �,on� nt n pan11:11l.'lr n c ri111&c,

d UJlh bch,ec:n 3 nnd IS }C:3rs (rnc:un 15 2:_i 'l ,c,,rs nn,I 111 10 funuhl' llt"h 1 
1 FJlC.:rs I.Jc1"cc:11 12 und 21 )C,IIS (n1c: .. n 13.:.� S),cJ� 
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Table 2.3.4. 

C .. \P nntl Fa1nily �listo11 of Itching 

Fa1n1ly I listof) of 
ltch111g 

)'es 

No 

ro1al 

ltchcrs 

XI 

No11-11chcrs 

71(61%) 

I I 7l I OO�'o) 

Figure, 1n paren1hcsis arc the percentages of 
those ,..,,th or" 11hou1 f.im,I) h1s101) of uchmµ 

2.3.1,5. C \P :111<1 Pura .. i1ar1ni:1 

Rcsuh 111 Table 2 J 5 sho\\ s 1ha1 1he par ,1s11c rate nrnong 11cher., ",is l I O o0 o) 
and a1nong non-itchcrs, 8 I 00 There "as no J11Tcrence 111 the para�11c rate� (11 , 
O 05) The frequent) of 11cl1111g arnon� those ""h pos1tl\c nnd 11cga11,c 
P.iras11ac1n1a ,,ere snn1lar This sho,,ed 11<1 assoc1a11011 btt\\cen 11cl1111g and 
paras11ac1n1a The dcb•u!e of parast1,11!1n1a 111 the 1>a11�111s rangcJ fro111 1000 to
75o,ooo ul of blood
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la hie 2.3.$. 

' ,,11 1 lJlar1a Para\ltJcn1ia (\IPI 01,tribution or C \P , I \ . 

?\.1.P. 

+ 

-

Total 

ltchers 

8( I O O��) 

72(90 o��>

80\ I OO�o) 

Non-ltchcrs 

9{8 l�o) 

102(91 9�o) 

Total O 
o ltcher:-

17 47 I 

17-1 -11.4

191 -119

I 1gurcs 1n parcn1hes1s arc the pcrccn11sei of poMII\ c anJ
ncg1111\ c p3111\1tac1111a �inong uchcrs anll nnn•1tchcrs 

2.3.1.(, C \P 111111 I rcqut:lll) u( ( hh1ro1111illl' 1111;11-.l'

Tables 2 '\ 60 nnd b �ho,, 1hc 1111111bcr of chlo1oq111111: dose� taken 111 the last I

i car by nchcrs 011d 11011-11chcrs mnong 11011-hac111oglob111op:11h1c and

1
1acinol,!lol.>111opa1l11c tKit11,;111� 1 c:spcc11, ely Occnu�c pnuents ,, 11h

l
iacinoglob111opath\ arc kno\\ n 10 take chloroqu111c 1norc frcqncnth th:111 no11-

r1 · I 'cinog ob111opatl11c 1>at11::111s, 1hc 2 groups ,verc anal}!iCd scparat,1, In the last I 

\c . · ar · ,11no11g 11011-hncnioglob111011atl11c pa11c111s. none of 29 1tchcrs (0° o) but 7 of

75
(9°0) 11011-nchcrs h.id not 1111..en chloroquine Jlo\\c,cr, 13 of 29 (45°0) 11che1s

and 0111) 17 of ,5 (23o o) 11011•1tchcrs hall tal.en the dn1g 111orc 1h:111 three 111ncs 111 the 

llrcccd111g I ,car Sunilaih a,non•• hac111oglob1nopatl11c pa11t:n1�. 0111\ I ol 2i

(4 30 
- � 

0) llchcr� and 5 of  49 (10 l"o) 11011-11chcr� had 1101 taken chloroq111ne 111 the Inst

:, �cnr \\hc1ca� 9 of the 23 (39 1°0) 11chc1� and onl� 11 of 1hc 49 (22 -l'�o) non­

e lcri. had taken 1norc thun 3 doses of 1hc drug 111 tht! �:unc period 

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



This sho,vs a significantly higher cu1nulatl\ e 1111akc of chloroq11111e 111 ,tchers 
relative to non-,tchcrs (p > 0 05) a111ong both hac1noglob111opn1l11c and 11011-

hae1noglob1nopath1c patients. 

Table 2.3.6 

C't\P unll Chloroquine lntnke in the Lust I ''car 

(.\) Non-l l11cn1oglobino1i:1thics 

No of Chloroquine 
doses 

Nil 

I 

, 

3 

:, 3 

Total 
0

• Nil
• 
,. 3 

ltchcrs 

0 

8 

13 

29 

0 

, 1 ,I � 

Non-ltchers 

7 

6 

28 

17 

17 

75 

93 

2' •• I

Total 

7 

10 

32 

') 5 

30 

I 0-l 

6i 

18 8 
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(13) l lac1noJ!lobi11opathics 

No of Chloroqu,nc 
doses 

Nil 

I 

2 

3 

> 3

Total 

�o Nil 
0/ > '\0 •

llchcrs 

1 

•) 

2 

6 

9 

,. 
-·'

� 3 

39 I 

Non-1\cht:rs Totnl 

s 6 

7 12 

IS I 7 

I I I 7 

I I 20 

19 
-,,_

K J 
10 2 

22 .. 1 2"' S 
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2.3.1.7 CAP and Hacn1a1ulol!ical Indices 

For lhe co11s1der:11io11 of haen1a1olog1cal 111d1ces, s1cklers ,,ere analysed

separa1cl� This 1s because the) are considered hae1na1oloc1calh 10 be a spec1ai and

u 

� . 

nique group of 1nd1,1duals 111 , 1e\\ of their peculiar pathophys1olog) 

2.3.1.8. Anal) sis of I lacmatological Indices in
Non-I l:1en1oglobinopathic P:11icnts 

CAP and PCV 

. The 1nean PCV ,,as 33 3_:10 2°10 111 the 1tchers and 28 9:!:8 3°0 a111011g 11011-

tlchers There ,vas 110 s1gn1fica11t diITerc:ncc bet,,een the t,,o g1oups (p ..,. 0 05) 

Cr\P nntl \VOC 

The 1nca 11 total \\lnte blood cell (\\'BC) counl ,,as 6,-105±6,090/ul of blood 111

the itchcrs and 7 698+ I 817/ul of blood 111 the 11011-1tchcrs There \\'OS no s1g 111tica11t

dificrcnce bct\\e�n 1I� i'" o groups (p O 05). 

Table 3 1 7 sho,,s the rl!la11onslnp bc1,,cc11 CAP and \\lute cell d1tlerc1111:ils

'' 1th rc:fcrcnce 10 eosinuplul counts Tlu.:rc "as no diO'crcncc 111 the absolute cou111s

of the d1ITerc11t leucocytes 111 1tchcrs :ind 11011 -itchcrs (p O OS) 

C,\P anti Rcticulucylc Count 

The inea11 rct1culocy1e count 111 the 11chcrs ,va� 1 02+2.oo,o and I 6=2 600 in 

no11- 11chcrs !"here \\'OS 110 s1g11ilic:n1I d1ffc11:11cc btt\\CCII the I\\O groups (p > 0 3) 
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Table 2.3.7. 

CAP alltl Ab�olutc \\ BC \\ilh rcferl!nce to Eosinophil Count 

LeUCOC}1e 

Neutrophil 

Ly111phocyte 

l::.0s111oplul 

Monocyte 

2.3.1.9. 

llchers Non-ltchers 

4736--1313 4172:!:2-133 

5041 !_2738 -1266 r-18-1-1
-

306+-137 186+10;
-

198· 221 169+100 
-

1\11nlysi!> of l l:n•ni:1toloJ,!ic.1I Ind ice, in Sicl-lc Cell Dbcnscs

Patient� (I lb SS 1111d 111> SC) 

7 _ 
One hundred ond four s1cl.lcrs tool. pail 111 the stud} The) had a n1co11 age of

6 6.2 )cn1s. forty-t\vo (,10 -1°0) 11chcd afier 1al.111g the dn1g 

C...ip t111tl l'CI'

The 111cn11 rev \\ ns 11 0:_5 2°,0 111 1tchcrs and 2-1 6.t8 -I�0 Ill 11011-llche�

Thc,c \\·as no s11,tJ11lica111 d1tlc1e11cc bct\\ec11 the 21:-,roups (p > O OS)
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CAI' u1ul JI BC 

The tnean total \\'BC count \\'as 9300=6665 m,n·1 of blood Ill nchers and

109S0::. I 0510 1n1n ' 111 non-nchers There ,vas no s1gn11icai1t difference bet\\ eell the

2 groups (p > 0.0S) 

CAP a11cl Reticulocyre Co11111 

The 1ncan ret1culocyte count \\as 16.0±.12 9°10 Ill nchers and 11 9=13 7�o ,n

l\Oll-llchers T11e difference ,vas not s1a11st1cally significant (p > 0 2). 

2.3.1.10. Genetic Fnctor, ant.I CAP 

CAP 11111/ llae111oglobi11 Types 

There \\'Cre 195 non-hocn1oglob11 1opatl11c pa11e11ls compns1ng 51 aduhs (> 15

,cars) and 14.\ ch,h.lren (< Is years) A1nong 1he 82 (42°a) patients \\ho 11ched 10

chlo1oqu1ne, the frequenc) of the sickle cell 1ra11 (lib AS) \\.IS 14 6°0 \\lulc the

frequenc) ,,·as 2.1.so,0 a,nong 11011.,ichers (Table 2.3 8). !he d1fTercncc "as

s1a11s11cally sign,ficnnt lP o OS) Ho\\c,cr, there \\'as no d,Ocrcnce (p O 05) 111

the frequency of I lb AA or I lb AC a11101 1g itchcrs and no11-11chcrs 

•
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Table 2.3.8. 

C,\P and I lacmoglol>in T� pe!! 

Hb Type ltchers 1':011-11chers Total 0
o ltchers

AA 65(793%) 78(69.0��) I .t3 455 

AS 12(14 6%) 28(24 8°/o) 40 30.0 

AC 5(6 1%) 7(6 2°·0) 12 ,11 7 

Total 82( I 00��) 113(100��) 195 42 I 

� . parent cs1s arc the pcrccntal!es of haemoglobinl·11,turc$ in • h 
type'" itchers and non-nchcrs 

-

C I/> "" I G6 ' , PD Types

fom I 
f O' 'P ,d ,m, ol ogocal st "d" s wnh G6 PD. t h< moles , " sc1,or,,1<d from I ho

c,p
a cs The 1nalcs a, c used 111 1111: a11nlys1s l>c:causc G6PD dcfic1cnc, 1s fullv

· rcss d 

-

d,r, ' "' ma los un  Ill, m rem, lcs " '"" """ oou Id b, l,etc,oZ) got< G 6 PD

icicncy since the gene for 06PD is >.-linked (Sodc1ndc. I 992) 

O<n d 
O,to lnmd 11:d and 1, "nt) .fi" mnl" u nltoul haemoglobmopot h) " ",

I 1
15

2
1 crcd for G6PD anah sis Tal>h: 2 3 9 sho\\ s that oul of S7 1tchcrs, there \ \  c1c:

� l I ID 
(I I 8., · •) G6 PD d, fi cocnt P'"" n s as com1" "d wnh 8 on\ of 68 non , tc Ito"

(A·, u) Tlus shO\\'S n s1a11s11calh s11?n1licant lu�hcr frcqui:nc, of G6PD Jcfic1cnc� 

a t  
- -

' nong 1tchcrs than 11011•1,chcrs (p O 05) ,\lso n sta11s11call� �,i;u11ica11tl� 
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li9 

higher propon1011 of itchers atnong G6PD deficient pauents than 111 nonnal pauents 
(p<005) 

Table 2 3 10 sho,,s the d1stribu11011 of G6PD t)peS and CAP 111 s1cklers 
There \\'as also a lugher percentage of ttchers ainong G6PD deficient (,\ ·) 
tnd1,1duals than 111 non-defic1ent subJects. Like\\1se, there ,,·as a s1gn1ficantly lug.her 
frequenc> of A. 20% a1nong ttchers than 11on-11chers, 11 I 0/o (p < 0 05) . 

• 

Table 2.3.9. 

CAP anti CGPD Type in i\lalc (Non-llacrnoglol>inop:11hy)

G6PD 

A 

8 

Total 

ltchers Non-ttchers 

sc1.i 7°,o) 10(1-t 1�0)

40(''0 2%) 50(71 5°�) 

12(21 1°/o) 8(11 S�o) 

57( 100°,:,> 68( 1 oo�o) 

Total 0.o Itchers 

15 33 ' 

90 -1-1 -l

20 60 0 

125 45 6 

· f G6PD I\ pc) 1 igurci in parcnthcsi� ore the pcrctnl�l!C� 0 · 

among itchcrs ond non-11chch 
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Table 2.3. I o.

C,\P and G6PO T . · · 
) pc Dn,tr1bution -\niono · ,1 \I .. ,c,,. er� ( ale.\.) 

G6PD ltchers Non-ltchcrs 

A 2 5 

B 18 27 

A ·  5 4 

To1al 25 36 
oo A 20 0 11 I 

C;I /> <11u/ I /JO ·• 8/uod Gro11p!i 

To1al o,.o hchcrs 

7 28.6 

-15 -10.0

9 55.6 

61 -l 1.0 
1-t 8

haeino �1:
snhs on Table 1 l 11 ,hows that there were 47 4¾ 11diers antong non·

"non/ A 
bmo11atluc pattents '"'It blood ,1oup A. 49 I '• mnong group B. '1 9',

or 11 1 
8 and l9 8', 0111011g gronp O There "as no d,IT.,cncc III the P""l,nce

frent
c ung bc1\\·ccn the groups (I> O 05) Also there \\ ;i� no dtlTcrcnce 111 the

Th, ' 0 t te dt If ere 111 blood g,onps a,nong II c h" s m ,d non· It dtcts (II O 051 
., icnc� f I 

results I 
· b I 

d, lo · 
1 1 ere fo<e md ,cat c t hut t l,cre " " no ,,soc mu on ctweeot II c nn g to

roquine and ABO blood h,roups 
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91 

Table 2.3.11 

Di�tribution of CA p 
:\on-H . :Jllc.l ,\80 Groups an1ono 

aemoglob1nopathic patients 
.. 

Blood Group ltchers Non-ltchers 

A 18(20 7°10) 20( 18 O�o)

B 27(31.0%) 28(25 2�'o)

AB 3(3 5° 0) 4(3 .6�o) 

0 39( 44 S<lo) 59(53 2°10)

Totol 87( I 00° o) 111 ( I 00��) 

Total 0
'o ltchers 

38 47,4 

)) 49.1 

7 42 9 

98 39 8 

t9S 73 7 

'""'" �es ults on Table l 1 I 2 shows I h, t tl1<r< , "" 4 l 9', • 1 tc '"" run on,

and ,1�• nlm,opnth1t '""'"" "nh ,,oup A )6 • , 111 �01111 8, l0% 111 emup AH

-6� 
� 

Al�o 1 ° 111 b'TOup O The,e \\11S no s1g111ficant <l111c1..:11ce bet\\een the groups 

t 1cr c , • f b 

g1 ou \as no s, �n, ficau t d1 IT crenc< when the p10110111 m, o "rious lood

ps an1011 1 
. .1 

g 11c 1ers anti no11-1tchcrs \\ ere co111p:ueu 
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·1 able 2.3.12.

C\P and o· ·t . 1,1n >Ullon or ,\BO Blood G 

Blood Group hchers Non-he hers 

A 9(21 9°0) 12(31.1°0) 

B 11 (26 goo) 19(33 J� o} 

AB 1(24��) I( I 7°0) 

0 20(,18 8°0) 27(-17 4°0) 

Total -11 59 

,
• 

ruup ,\mong ,,\l.ler,

Total 0
o Jrcher,

21 -I� 9 

30 .6 .. _, I

') ,o 0 

-17 -I� 6 

,oo -I I 0

hgurcs 1 

11, 
n parcn1ltc�1s 11rc 1hc percentages c,ftht btocJ

oups among uchcu 11rJ no11,11chcrs 

2.3 , 
. -. 

• 

1 hll·rl) Patil'nl, 

Th1n,-o • 1., 
1 1110 I h '" • u "I> I"'" 1115 (, 60 \I ) JO "''I" and I r. male "'" "'"""'d

c Sludv TI · · N O d 

'"I <hl01o ' "l h;,d a mean age ol ( 6lll ,,i 111< I l • ,! 11<11< ,nor tnlmy

th" lh Qlltne 11'1th 1<Sr<ct 10 haemoglobm l)l>C> ,11J (Ar, Tobi< 1 l 13 silo"' 

lo" " �" " '" 16 6 ¾ tie h« s ru11011g lib 1\5 mJ>" J11a Is " 111, It " " »�11 he> n t Ii

Al ,o tl "11 lO 4 ', m11011g lib \A and 50', m tit, lib AC mJt"J11als (r < 0 Oll

11 ,, , '.' P<«cntag, of lib \S 0011011g 11dt<" ( I I I',) "" ,ogmfocantl) lo"" tlta11

c- 11011-11chcrs (p O 05) o ,11110111• 
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•)1

Table 2 J 14 sho" s that tlu.:rc "as 50�n 1tchcrs ainong G6PD dcfic1c111
nid1v1duals as co1npa1 cd \\ 11h 2 S0 

o 111 11011-dcficu.:111 ones {p O 05 ). Also lhc 
percentage of G6PD dcfic1c11t 111d1\ 1d11als a1no11g 11chcrs and 11011-11chcrs \\·as 33.3° 

o

and 14 10
0 rcspccll\CI) This \\ilS also st;111s11cally s1g111 tic1111t (p ,. 0 05)

Eighteen of the pa11c11ts 1cpo11cd 1101 takiug chloroqu111c 111 the last one yeilr, -1
took the dn1g onl) once and , took 11 al least 1 tunes \\' 1111111 1hc sa1nc period The
reina111111g 6 p.11icnts could not nscc11,1111 \\ hcthcr 1hcy took chloroquine or nol

l able 2.3.13

(_ \P ,Ind l l,1c111ul,!lohin I) pc Oi�tribulion ,\11111111,! I ltlcil) f>uticnt,

Hb ltcln:r Non-ltchcr ·r ot:il �o ltchcr 

7 16 23 JO •I 

I s 6 I(, 6 
• 

AC I I J 50 0 
-

--

T I 9 22 31 
,9 0 -

11 I ,., , I 9 '
--
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'jJ 

Tabll' 2.3.1-t 

CAP anll G6PD T ) p� D1!.lribution An1ong Elllcrl) Patients

G6PD hcher No11-1tcher Total 010 ltcher 

N 6 18 24 
'} - 0 _) 

D 3 3 6 50.0 

Total 21 30 30.0 
0·o D 33 3 14 3 20.0 

N ·• �ormal D • Detic1ent

2.3.3 PREGf\.A �c,

Fifl)'-liv. to 36 .._. 
c pregnnnt \\'OlllC.:11 \\·ere recrullcd 11110 the !.lUd) The, "trt ,1gc:d 21

J ears " 11 h 3 

10 

\\'01neu I 
n1ea11 age of28 5 -l 8 ,ears T"cnt)·thrc.:c: (4- o) of the pregnant

lie led after 1 

- o f � I f I 

rcponed 
ta,-.111g the dn1g ,\'lule 29('i7 ,o) 0111 o J o 11c prcl-'IHlllt ,,0111c11

n01 nch � 1 du II g I o eh loroq mne On Is, d, 1,re;,10nc I There 1 "" I O pat, eo,1 s " ho d ,d

takc: 11 
111111!:! pregnanc\' but I c:11011cd 10 be habitual 11chcrs "111:11 chloroqnine ,, as

outs ll 
• 

P'<wo,11, • ' ' prew1anc, Tlus sho" s a r,dnccd mcodoncc of ,1dtmp Juunp

•tche,, l " compared 10 pr<concopuonal pc rood Also I l of tloe '1 (ll 2' ,I

Pr ccon 
"1'0 ned I ess ml enso I l of , 1 c hmp dtorn ,p prcgno "" " ,01111" "d " n h the

ccphonal period 

•
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Tables 2 3 I Sa and b shO\V the distribution of CAP and haen1oglob1n t)'pes
during p1econcep11onal penod and pregnancy During preconcept1onal period, the
frequency of Hb AS a1nong nchers \\·as 20 I% and 36 4% in non-1tchers Although
the frequenc) \\'as IO\\ er a1nong itchers, it \\·as ho\vever not staustically s1g111ticant
(p > 0 .. 05) Also there \\3S no dinercnce in the propo111on of itchers a,nong the
different Hb types (p > O 05) S1n11 larly during preb'llallC) there \\•as no d1fTcrcncc in
the proport1011 of Hb AS a1nong itchcrs and 11011-1tchers (p > 0 05)

Tables 2.3 16a and b shO\V the distnbu11011 of CAP versus blood groups
before concepuon and during pregnancy It sho\vs thot there \\'as 110 s1g111ficant
dilTercncc 111 the p1oponion of 1tchcrs \V1th111 the different blood groups (p > 0 05)
the result 111 Table 2J J 7 shO\V the d1stribut1on of CAP \\ith parity a,nong the
piei;nant \\ 01111.:11 The percentage of 1tchcrs ainong. those \Vith parity O \\ 35 36-8
panty I. 43 000• pant) 2, 50 001a and parity 3, 60 O�o Tl11s sho\\ed a pro1:-:css1\ e
tncreasc in uclung \Vllh tncrec1sing pant)' (r - o 99) It 111d1cntcd that 11111h1p:iro11�
\\Q nicn Itched 111ore than nulhparous \vo111cn

•
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Ta hit• 2.3.1 S

Dhtril>ution of Ct\P und J lnc111ogloui11 Typl' A1nong Prcgna111 \\'01111.'11

A. Preconception

lib 
ltchcr Non-ltcher To1ol 0o ltchcr 

AA 
20 I I 31 64 5 

1\S 
6 8 14 -12.9 

A.C 
3 3 6 50 0 

-

Total 29 ')') 5 I 56 9 
oo AS 

--

20 I 36 -l 2� -I 
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B. D11ri11!? Pre<J11<111c1•� b 

Hb ltchcr Non-ltcher Total 0o hchcr

AA 16 I 7 33 48 5 

AS 6 9 15 40.0 

AC 
I 5 6 16.7 

Total 23 31 54 42 3 
oot\S '.!6.1 29 0 2" 8 
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Table 2.3.16

Dbtrihution of Ct\P and Dluud Gruu11 ,.\111011g Pregnant \Vorncn 

A. Preco11ceptio11

Blood Group ltcher Non-ltchcr Total 010 llchcr 

A 
5 5 10 50 0 

B 
6 9 15 40 0 

1\B 
1 1 2 50 0 

0 
15 6 21 714 

Total 
27 21 48 56 3 
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B . During Pregnancy 

Blood Group 

A 

B 

AB 

0 

Total 

ltchcr 

5 

4 

12 

') ") 
--

Non-Itch er 

6 

I I 

I 

I I 

29 

Total 

I I 

15 

2 

23 

SI 

% ltcher 

45.5 

26.7 

50 0 

52 2 

43 I 
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Table 2.3.17 

Distribution of CAP • ,1nd P•1nty � p • • f n1ong regnant \Vo111cn 

Parity llcher Non-ltchcr Total % l1cher 

0 7 12 19 36.8 

7 9 16 43 0 

6 ') 12 50 0 

3 3 ') 60.0 

Total 23 29 52 -1-t.2 

2.3.-1. l rbnn anu Runil

laemogtob 
- · · a, b and c sho\\ the results of the d1s1nbu11on of C,\P ,, 11h

I T a bfes ., J 18 

1.:iban 8 
- • status and blood groups n:specu, l!I) a111011g �1udc111s 111

""3n sc1iC:! On� hundred w1d r,r,, ,11bict1s '""' rcennocJ 11110 1hc stud) tro,n 1h<

�Sht}-fi, ( 
Their age ranged fi'o111 t-110 18 ,c:ar, \\tlh n 111e:in of 16 5 .. ,1 2 )Cars 

aii 111 I\ pes G6PD 

c 56 ?o/o) responded pos111,cly 10 C,\P 

-

t I able 2 3 18 

. , 

r .. ,J 
a sho" s<ha< 0111 of 1hc SS 11cl1<1 • """' ""' I' S'• llh A, •'

" ,. '"111 30 61, n111011� 11011·1«hcr< 1 In, •h••"d n ,i,co<n,all) ••mfic,nth

Of!Onion of I lb ,\S 0111011g ui:hcr� ,, hen ,0111p,1rcd "11h 11oi1-1t, hef\ lJl 
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O �5) Also 
!
he percentage of 1tchers "as Jo,,er (p < 0 05) a1nong 1nd1,1duals , ,11h

Ho AS (-14 4 ,o) ,,hen co111pared \\llh those ,, 1th Hb AA (60 2°/o). 

Table 2 3 18b shO\\'S that the frequenC) of G6PD dcfic1enc) \\ere 17 6�'o
ong 1tc 1ers and 12.S�o a1nong 11011-llchers Although the frequency of G6PDa1n · I 

deficiency ,vas higher in ttchers than 11011-itchers, the difference " 'as not s11,'l11ficant
(p > 0 05). Also there ,vas no d11Terence 111 the proportion of itchcrs a1nong nonnal
and deficient 1nd1v1duals (p > O 05) 

Table 2 3 18c shO\\'S that there ,,·as no d11Tere11ce 111 the percentage of 1tchers

ainong the d1fTcre111 blood groups (p > 0.05). 

Tables 2.3. \ 9a, b and c sho"' the result of the d1stnb1111011 of CAP \\Ith

hae111oglob1n t) pes, G6PD status and blood groups, respcctt\'ely a1nong students in

the n1ral con11nu1111y T"·o hundred and nine students ,,e1e 1111tin ic\\·cd accord1ngl)

but only 121 (S8%) ad111111ed to \u1, ing tal.:en chloroq111ne recently (" itlun ihe

preceding 2 n1onths) The) had an age range of 14 to 19 ycnrs ,,,th a inean of

15 2:.6 0 years S1xty-011t: (50 4�u) responded pos111 vely to CAP 

T bi f Hb AS n011,, 1tchcr� ,vas 19 7° 
o as

a e 2 3 19a sho,,s the percentage o ai r: 

• · • 

co111parcd ,,11h 31 70 tchers (p < 0 OS) Also there "·as a s1g111hc.111th

lo"er 
,o a1no11g 11011-1 

.1 .d I. ,, hen co111pared ,, ith I lb i'v\

propon,on of 1tchers a1nong I lb 1\S 1nuiv1 1111 s 
illld otl H 

' 
ier b tYpes (p <- O 05) 

T 
f G6PD detic1cnc, 111no11g 1tchcrs 

'"as "2 
able 2.3 19b sho\\S that the percentage o 

I d ·1 11111hcr propon1on of
- ,o, d 13 10 t ·h •rs This s io\\C ' t, 

G6t)D 
- o an • o a1nong 11011-1 c c . 

0 0") liO\\ C\'Cr, there,, a� no

di,.... de1ic1cncy a111ong 1tcln:rs than non-itchcis (p 
1 1 deficient �ubJccts (p

•11:rcnc I GoPD nonno anl 
> 0 

e 111 t 1c proportion of 1tchcrs a1nong 
OS) 

11 
Table 2 3 19c sho\\S th[ll 1hc1e \\as no SlitllSIIC�II,

.. roport 
, ' 

' � ( p :> 0 0)) 
1011 of He her� bct \\ ccn tht blood ll101111· 

s1g111lica11t d1flercncc Ill
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0.?5) Also the percentage of 1tchers ,vas lo\\er (p < 0.05) an1ong 111dl\tduals ,,11h
Ho 1-\S (44 4°,o) ,,hen cotnpared "tth those ,,11h Hb AA (60 2°io) 

Table 2 3 18b sho,vs that the frequenc) of G6PD deficiency ,vere I 7.6�o
ainong 1tchers and 12 5% atnong non-11chers Although the frequent) of G6PD
deficiency ,vas higher 111 itchers than 11011-itchers, the difference ,vas not s1g111ficant
(p > 0.05). Also there ,vas no d11Tere11ce 111 1he proportion of 1tchcrs runong nonnal
311d defictcnt 1nd1v1duals (p > 0.05) 

Table 23 18c sho"s that there ,,·as no difference 111 the percentage of 1tchers

ainong the d1ITcrent blood groups (p > 0.05). 

1 Tables 2 ,3 19a, b and c shO\\' 1he result of the distnl>ution of CAP "ith

1ac1noglob111 t)pes, G6PD status anJ blood groups, rl!spcc11,cl) an1011g st11dc111s in

the rural con11nun11y. T,,,o hundred and n111e students ,,ere 1111erv1c,,,cd accord111gly

but only 12 I (58%) ad1n111ed 10 h:i, u1g taken chloroqu1ne rl!cl!ntly (, \1111111 the

P�cccd111g 2 n10111hs) They had an age range of 14 to 19 years ,�11h n ,ncnn of

I:> 2:6 0 years S1,ty-0111! (50,4°,0) responded pos111,el} to CAP 

T bi f H'· AS 1011,, itchers "as I 9 7° o ns
a c 2 .3 19n sho,vs the percentage o u an c 

co,nparcd ·11 31 70 I ( < 0 OS) Also there ,,as a s1g111ficantl)

lo" 
"1 1 • . 1/o a111ong non-1tc 1ers P · • m ared ,, nh l lb A.A.

er proportion of itchcrs an1ong l lb ,AS 1nd1, 1duals '' hen co P 
and other I-lb types (p < 0.05)

T f GuPD dcfic1c11C\ a1nong 11cl11:rs

\\as 2 ���c 2 1 19b sho,, s that the percentage O 

_ ho\\Cd a lugh�r propon1on of

G61>D 
2 .. 'o and 13 30,0 a111011g no11-11chcrs This: 0 05) l lo\\c, cr. there "as no

tlifli tlefic1cncy an1ong 1tchcrs 1ha11 non-1tchcrs (p 1' d d ,(icient ,ubJcCts (p
c:rcncc I G6PD uonna an c · 

::-. 0 ( 
111 I 1 c  propo111011 of 11chcrs :11110111_! 

15) 

. II :.1g1111ica111 d1!1crc11cc Ill

J>r l able 2 � 19c sho\\ s 1hat there \\ as no siau5uc� ) 
OPortion of 11chi:1 s bet\\ ccn the. blood groups (p O,O:,) 
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Tables 2 3 20a and b shO\\ the resuhs of the d1s1ribu1101 1 of CAP ,,i1h

hac1noglob 1n 1ypcs and G6PD s1a1us respect1,el) :unong pre -school (under fi,e

)ears old) ch1ldren 111 a n1ral co1111nu111ty One hundred and lifi)-011e "ere rccn11ted

into the study The) had an age range of I to -l 8 years "1th a 1neru1 of J I :t I J

years. Thirt)-three (21 8°1
0) 11chcd afier taking the drug.

Table 2.3 20a sho,vs that 1he percentage of Hb AS runong 11chers "as 3 0�1
0

811d 16.9% a1no11g non-itchcrs. This sho\\'S a s11:,'l1ilica 111ly lo,ver proportion of lib

AS an1ong itchers \\ hen coin pared ,vith 11on-11chcrs (p < 0.05) Also II sho,vs a

Slat1s1ically s1gn1fican1ly lo,vcr proportion of itchers a1no11g I lb AS "'hen conipared

Wllh Hb AA and 01hcr I lb t) pcs {p < 0 05)

Table 2 3.20b sho\\S tha1 the percentage of G6PD deficiency runong itchers

,vas 36 4% and 15 301o a111011g no11-11chcrs. Tlus sho,vs a s1i111s11call) s1g111fican:ly

higher proportion of G6PD deficiency a111ong uchcrs 1hnn non-11chcrs (p c; 0.0) ).

Also 11 
, G6PD defic1c1 11 1hat1 nonnal

11:re ,vas a lugher proport 1011 of 11chers an1ong 

subJec1s 

•

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



101 

Table 2.3. 18 

Di�tril>ution of Ct\P ,\n1ong Stutlrnts in an l'rl>an School 

(rl) CIP and flae111oglobi11 Type 

Hb ltcher Non-ltcher 

AA 65 43 

AS 16 20 

·\C
3 

ss I 

T 01al 
85 65 

0 ;\S 18.S 30 6 

Total 0/o llchers 

108 60 2 

36 44 4 

75.0 

2 50.0 

150 56 i 

2-l.O 
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(8) CAP and G6PD Status i11 ,llu/es

G6PD ltcher Non-Itchcr 

N 28 14 

D 6 ') 

Total 34 16 
o1o D 17.6 12.5 

(C) C,.1p n11d Bl1Jod Groups

Blood Group ltchcr Non-ltcher 

A 
7 

8 
17 I I 

AB 
3 

0 

32 16 

l ritaf
58 37 

IO� 

To1ol 010 ltcher 

42 66.7 

8 75.0 

50 68 0 

14 6 

Total �o ltchc.:1s 

I 5 
., l).' . 

28 60 7 

4 
., . 0_) 

,18 66,7 

95 61 I 
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Table 2.3.19

Distribution of C,\P 1-\n1ong Students in a Rural Con1111u11ity 

(,\) CAP and llae111oglobi11 Type 

Hb 

Ai\ 

AS 

AC 

SS 

cc 

llcher 

43 

12 

., 

0 

61 

19 7 

• 

Non-llchcr 

35 

19 

I 

60 

31 7 

Total 

78 

31 

8 

3 

121 

25 6 

% ltchcr 

55 I 

38 7 

50.0 

66 7 

0 

504 

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



111:i 

Table 2.3.19 

Di�tribution of Ct\P .. \,nong Students in a Rural Co1nn1u11ily

(A) CAP and llae111og/obi11 Type

Hb 

AA 

AS 

AC 

SS 

cc 

llchcr 

-13 

12 

') 

0 

61 
19.7 

• 

Non-llchcr 

35 

19 

4 

I 

I 

60 

31.7 

Total 

78 

31 

8 

3 

I 21 
'). 6_) 

% llcher 

55 I 

38 7 

50 0 

66 7 

0 

50 ., 
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(8) CAP and G6PD S1at11s in 1\/ales

G6PD ltcher Non ltcher 

N 28 26 

D 
8 4 

Total 36 30 
0o D 22 2 13 3 

(C) C IP 1111,t IJ/ood Group

Blood Group hchcr Non-ltchcr 

A 
13 13 

AB 
10 12 

1\8 
3 

() 
29 29 

l, oil
53 51 

I IN, 

Total 
0

o llchcr

54 51 9 

12 66 7 

66 5,1 5 

I 8.2 

To1al 
0

0 ltchcr 

16 
50 0 

-

,., 4 5 5 
--

.1 
15 0 

58 
50 0 

I I 0 
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Table 2.3.20 

Distribution of Ct\P ,-\n1o11g Under Fh c \'cars Old Children in :i Rural
Con1n1unity 
{A) CAP.and llae111oglobi11 Type 

Hb ltcher Non-Itchcr Total 0 
o Itch er 

AA 25 91 116 21.6 

AC 6 I 7 85 7 

AS 
I 20 21 -I 8 

SS I 6 7 1-1, 3 

Total 33 118 151 
218 

-\S • 

I 19 3.0 I 6 9 

f8J C 1P aud G6/'D .�tutus i11 ,l/u/11.!i 
�------------:::T-ot-;,al:---0:�r."1, 1ir;1c;i,h;.:r;--·

ltchl!r Non-ltchcr 

I> 

7 61 
68 

-I II 15 

10 J 

------�---;:;---�iT--r'j- ll3 

, ) 
11 72 S3 .. 

��. 4L __ ,L15L3L---�ISJI-----
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2.3.5 

JU� 

g��G
·llll3L I 10� OF CAP IN OIFFERE�T

RAPIIICr\L AllE,\S

2.3.5.1 h'.a no 

Tables 2.3.21 b 
. 

hae1noglobin t 
. a. • and c sho ,v the resuh of 1he d1stnbu11on of CAP \\'ilh

Kano 
) pes, G6PD status and blood 1,rro11p respccthely ;1111ong pat1e111s 111

One hundr ·d d 
rccruued 1 1 

c 
an I\\ enty-onc pattenls (82 cl11ldrcn and 39 aduhs) \\ere

119,.15 5
nto l tc stud) They had an age range of I 10 50 years " 1th a 1ncan age of

pos,17,,1; 1� •;�p
S,xtccn 16( 13 2%) paucnts ( l children and 11 adults) responded

Table , ., 21 llchers 1 - ., · a sho,vs 1hnt there ,vas no 111d1, idnal "1th lib AS among 1hc 16 

\\ tere·is I IS s•, 1 
'· l terc ,,ere 1�(13 3°/o) a111ong the 105 no11-1t chers There ,,ere:

1no11g I lb AA and none a1nong l lb AS 1nd1v1dunls 
o He ters a 

illnon,,
T
_
able 2 ' 21 b sho,vs that 1hc pcrcen1nge 111d1,1d11alc: '' 1th G6PD dcficienc)

" Hchers 
1 • ·r1 - I 

""'""'II . " 
as 3 3 .3' , as eom pao ,d " 11 h I I �' , 11, 11011-11 c "', 11, >10" " 

""·llche 
l "b'" ficant I) lngher p roponi 011 of G 6PD de fie1cnc) m I tchc rs than m

P>t, nt " Ip < O.Ol) Also the proport1011 or 11cltcrs a,non� G6PD defici•111

.:. ''35 siguilicantl) h1JJ.her than 111 nonnal pa11e111s (P<O.OS) 

cf I able , 1 ., 
d 11". • • 111 the propon1on

llchc 
- • -1 c !lho,, i. that there "as no s1g.11tl1cnnl 11 ,cr1:nc1: 

r s  arno I 
O oc) 

ng t tc tldTerl!nt blood 1:,rro11ps (P > 1 

• 
2.1.s.2 • \laillueuri 

l Ible l 3 
I of tl1' ,h ,t "b """" nf C ,P " ,1 h

�Ob i  
220, b antl c sho,, 1he rcsu t · cuvcl n,uonp pJllrnt 

'l � 1 11;,
111'<, G61•0 st:1111 and ADD blood i;t0111' r<'I� 
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One hundred and s .1 . Ii 
recruited 11110 tl d 

ix)· l\e paucnts (2-l cluldrt?n and 141 aduhs) \\ere 

20 8+ 18 2 
, ie Siu Y The) had an age range of I to -12 year" 1 th a 111ean a11c of 

. - ) cars. Forty (?4 ?O;.) · � 1 
b 

POSlll\ely 10 CAP 
- - 0 patients (J c 11 ldren and 37 aduhs) responded 

Table 2.3.22 I , ·t as co in d 

a 5 io,, s I 1a1 the percentage of Hb AS ain ong 11chers ,ras 12.5%

lower 
pare "llh 20 8°/o in, 1101 1-1tchers. Tlus 111d1cates a statisucnll\ s1gnifican1lv
proport f 

· • 

percc nta f 
1011 0 11b AS a111011g 1 tchers than 11011·1tchers (p < 0.05). The 

among I f: 
0 itchcrs an1011g pat1 1!11ts \\ith Hb AS \\'as olso s1g111ficantl) Jo\\er than
AA patients (p < o 05) 

Table , 3 i'>b 31 8� 
- -- sho,,s that the percentage G6PD deficiency a111011 g 11chcrs ,,as

0 and 13 4 ° Ii I I I 
0�pro �0 111 non-1tchcrs This sho,vs a sta11s11cally s11,ri11 1can1 � 11g 1cr

< 0.ris�n1011 of G6PD deficiency a 111011g 1 1chcrs ,, hen co111pared ,, tth no11-1tcher) (i> 

43 70 · 
The percentage 1tchcrs a1no11g G6PD nonnal patients "·as 20 5°to but 

·o 111 G6PD deficient po1 1en1s (p < 0.05) 

of11 I 
Table 2.3 22c shO\\'S that 1he1 c \\'3S no s1gn1ficont d10i:rcnce 111 the percentage

c icrs an iong patients ,v1th the d1 1Teren1 blood groups 

Potiskun1 

��noTJ
abJes 2 3 23a an<l b sl10,, the result or the d1�tnbu11011 of 

,
C,\P \\1lh

gob 
' 1 Pous,-11111 

1" 1> pcs au<l G6PD s1atus respecti, cl) a111ong p;iuents 11 

One I d 67 adolts) ,,ere rccru11cJ

lh• iundrcd an<l 1l11 rtccn pa11c111s ( 16 cluldren 1111 f 11 � .. ,o J ,ear_ 
r r. ... s1uJ) Th 5 - 1111 a 111c,111 o • ' - • 

1•1)-s1': ( 49 
cy had age range of I to 1 't,ir1- \\ 

d ·d posill' cl} to CAP 

. 
600) PJIICIII� (19 chrldren and 3" ,1Ju11�) fC:)jlOII C 

llic S 9r ns l 011111,,rcd ,, 11h :c, ' 

,1 I 
J)crccnu1gc of I lb i\S n111ong ,1chcrs \\ilS 

o 11, (1••1110 1111th 1<1 \\ t
C 1ers I r bi d C (CS I 11111�11C,l t:" f

-11 a c 2 J 23n) Tl11!i also 111 1 n O OS) 1 he 1 , 111.1 •r 
1 or I lb AS n111011g 1tchcrs 1h:111 non·llcher 111 

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



11 II 

Ucher
_
s a1nong Hb AA ,vas 54.47 and 25 0°/o 111 Hb AS pa11e111s Tlus also shO\\Cd 

s1gn1hcant l) lo\\ er propon1011 of 1 tchers a111011g Hb AS than I-lb AA (p < 0.05) 

Table 2.3 23b sho,ved that the percentage of G6PD deficiency a111011g itchers 
\ias 28 6° 0 and 13.3% a,nong non-itchers Tlus 111d1cated a s1g111fica11tly lugher 
proponion of G6PD deficiency a111ong 1tchers than 11011-itchers (p < 0 05) Also the 
percentage of itchers a1nong G6PD nonnal pattcnts (27 .8°

10) \vas significantly lo\i er

(p < 0.05) than an1011g 06PD dcfic1cnt pottcnts (50.0°-�). 

Blood group ,,·as not done for the sainplcs fron1 Pot1sk11111 

2.J.S,4 Purt-1 larcourt 

0 I d ) , • , recnntc:d 11110 thi: �tud) 

n 
nc 1undred and eight patients (all clul ,c:n \\ere 

N 11e (8 1°0) 
1e1 I d . • f 5 ; -I 4 , ears 1 · 

res · •a an age range of I to I 4 years I\ 1th a incon 
° :talts.ucall) 51g111ficnntlv 

,01�
nded pos111vel) to CAP Table 2 3 2� shO\\ ed 3 

0 
0 re I all\ c to 11011-1tchcrs

,21 �
r
0
propon1on (p < O 05) of I lb AS a,nong itcher:.

b
( l�5

1
1/ 60�) 1\35 51gn1fica111ly 

lo, o) ,\lso the percenta,•e of itchcrs aniong H 
G6PD sritus and ABO

1 er ( e ( 11 3 °-o) ' · 
b!OOd , P 

< 0 05) than n1nong rib AA pa11cn15 

i,'Toup '' ere not delcnn111cd for these saniples 
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Table 2.3.21 

Distribution of C1-\P in Patil·nts frorn Kano

(A) CAP and flae111oglobi11 Type

Hb Itcher Non-ltchcr Total 

AA. 
16 89 105 

AS 
0 14 I .J 

ss 
0 ") ') 

Total 
16 105 121 • 0 AS
0 13.3 11 6 

o/0 ltchcr 

15 2 

0 

0 

132 

fll) C IP and G6PD Status in ,l/11/es 
----==�---

ltchcrs :-:on-11chcrs Total �;, ltchcr

�. 

.is IJ 3 6 39 

8 ,7 5 
3 5 

-

� 

I 7 0 
1�,

s.1 
I [J 

? .i J 
15 I 33 3 11 -' 

•
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(C) C.\P and ,\BO Blood Croups

Blood Group ltcher No11-11chcr Totol 0,ohcher 

A 
3 18 21 1-1 3

8 
7 3.2 39 I 7 9 

AB 5 20 0 

0 
15 39 10 .2 

iota I 
15 89 I 0-1 1-1 
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IIJ 

Table 2.3.22 
Di,tribution of CAP in P:1tic111s frurn J\laidu�uri
(.I) CrlP and llae111oglobi11 Type

Hb hcher Non-ttchcr Total 

35 97 132 

AS 
5 26 81 

SS 
0 2 2 

Total 
-10 125 165 

-\S I '> •
20 8 18 8 - .) 

feJ C IP <nut G6PD St11t11:, iu ,l/11/es

C�pD
hchcr Non-ltchcr Total 

\ 

IS 58 7J 

7 16 

1� 
81J • b 22 67 

318 I J I IS 0 

0o ltchcr 

26 5 

16.1 

0 

2-1.2 

oq 1tchcr 

-·

'10 5 -

.1) 7 

., , I 7 
• 
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(C) CAP nnd C6PD Status in l\lnlcs

IJ� 

Blood Group ltcher Non-ltchcr Total % llcher 

A 
4 13 

B 
4 19 

AB 
I 3 

') ') 55 --

T 013J
31 90 

l 3ble 2.3.2J 
D1,1ribur . I 1 
f I)

1011 of CAP in Puticnl!> fro111 Pot,, ,un 
C IP c11u/ I lue111oglobi11 TJ'fJI!

Totnl Itch er Non-ltchcr 
....____ 

-t'} ,I I 90 

• 
., 15 

10 

1 , 
I � 

........... 
113 56 51 

89 
2<,) I 7 7 

17 23.5 

23 17 4 

25 0 

77 28.6 

12 I 25 6 

� 0 Itchi: r

5-1 �

25 0 

60 7 

.t9 0 
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(8) CAP and G6/JD in ,l/a/es

G6PD Itcher Non-ltcher 

N 10 26 

D 4 

T 01a1 14 30 ', D 28.6 13 3 

115 

To1al 

36 27 8 

8 50 0 

44 318 
I 8 2 

T abll• 2.3.2-1
IJi,tribution of Ct\P in Patients frorn Port-1 l:ircourl

C' I/• a "'' I lfle1noglobi11 T.111e 

lib 
hcher �on-I 11.:her Total 

0 
u 11ch..:r 

"'' 
7 I I 1.3 

8 63 

i lJ 5 (, 
I 17 

\� 0 
0 I 

I� 
S9 

I O I 
9 80 

I I I 20 � 2 I 3 
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11 r, 

DISCUSSION 

Despite the e111erge l f 11 
the first hne d fi 

I ce O c 1 oroqu1lle resistant parasites. chloroquine re1na1ns 

l\ldely us d 
n,g or the trea11ne111 of n1alaria ill the count!)' It 1s also the n1ost 

used at tl� . 
antunalarial dn1g 111 N igeria (Ekalle111 et al 1990) Chloroqu 111c 11hen

esp1te the b 
is sa c, re auve )' 11oll-tox1c and 1s easily adnun1stered 

D 
ci apeu11c doses · fi I · 1 

phenomei 

se O ' ious advantages, chloroqu111e associated pn1ntus 1s a vef) conullon

Tius 15 a �
0'.1 

d
a,nong those ,, ho frequently use the dn1g for therapeutic purposes 

1111s occu 
ig ra,,·back on the anl i111alanal progra1111nc of those e11de1n1c areas 11 here

rs The II I · t\pcnen d 
c ung produced b) the drug 1s so d1sturb111g that those ,,ho li:1,e

and inde:� �
t are oflen reluctant to take the drug for subsequent a11ncks of 1nalano

conseq 
O not often con1plcte a single course (Os1fo 198-1) The thcr.ipeuuc 

uences of I 
' d I d I 

situation fo 
511C 1 practices are cnonnous Firstly, th is 11101 pro,1 e t 1c I ea 

1nadcq 
r the de, clop111ent of se\'ere and co111phcatcd lllalana because of 

devcl 
uate trcatinent Second I) the co11tnbu11011 of this t) pc of phenonii:non to ihc

0Pmc111 f 
' b 

PT011d 1 ° 
resistance tll the e11v1rolln1cllt 1s hard to quanuf, cc:u iSc 11 ,na) 

" 1 n1g pressure for selcc1111g 0111 resistant parasite� c I le nc•I t d 

c The ,, a, f I d ·lop dn•"' th:11 \\ ill

°'"Plct 1 . • out o tl11s therapeut ic qung1111rc 1s e11 1cr to e, � c .. 

•it�uat 
c > block the de, elop1111!11 t of the pruntus nssoc1ated \\ uh chloroq11111e

, 
or

a• e the r . 
r ,J,,po�cd Tl11: ot 1cr

1ert1.i1i, 
e�ponse to chloroq11111e 111 people ,, ho are so P c · • 1 .

1:.-t 
C IS to - It n1all\ C St:\ Cf',1 1eg11tlC)

'? been 
use other dn1gs In response to the: !JrSI 3 e 

. '. 1 al 199 I) 

Ii ""c suggested for the control of CAP "hen II occur:. (,\J3) 1 c I. ,econJ

• r none of I I l I 111 rc:.pou,e to t 1� -

"· tni.iu\e I 1e1n ha\JC been sho,, n to be n: ,a' c · of 111111:in, arc

"-"fi , sc, • I f d. 1- the 1rco11111:nt • • 

, 1 l1tel) 1 
cr;i o the nc,, er cornpoun � or .• id rhi.:rcforc out

'1� rt;i hoo c:\pc11s1, c 111 relauon to the !-rios� nauon :1I prouuct, 111 

C Of niost people 111 c11dc111ic nrcns 

1 ni\ l"r:.il) C olll'.l!,t: 110,pll,il 

lJ 
p,ttlCIII� TIii II It, I '

I 11rc\ lt11c:c ol CAP \,ns 41 Jou n111011g LI C JI o u �n, 111111111 nt l •

I iJ \ 
,t1le1ll Ill 

C') 111111ot1u111 nnd p,c,,1h:11t Pll 
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co111ribu11on thn1 this has n1ade 1 e11\lro111nen1 ,s hard I 
o the developn1cnt of drug resistance ,11 our

full course of cl I 
o ascen:1111 as 111any of such pa11ents are unable lo co1nple1e a

d 
1 oroqu111e for ,nal . TI · b rug pressure is bi 

a, ,a us ,s ecause it has been sho,,n ihat lo,, 
1986) 

a c to select out resistant striuns of JJ Ja/c1par11111 (Bn1ce-Ch,,·a1t. 

In our environ , t adinm,strat 
incn , patients have a preference for 1111ran1uscular 

prefer iiitrn
•on of drugs as opposed to oral adn1i111strnt1011 In par11cular paue111s 

npubhsh d d 
n11111stra11011 o f  chloroquine to oral ad1nn11stra11011 (Walker. U 

' inuscular ad · 
1l11s Slud) 

e nta) One Ob\ 1011s reason 1s the unpleasanl taste of chloroqu,ne In 

PJrcnieral· 
1
: 1\'"35 dc,nonstrated 1h01 there ,vas less pn1ntus in the pa11ents \\ho had

''llectcd t I oroquine co1npared 10 those ,vho had II orall) It ,,·ould therefore be

b,. the I 

t Hit one cas) "a) of c1rc111nvcn11ng the problcnt of CAP 1s to Jp\e the dn1g
ntran111 ·c I f d 

as II had b � u ar route This ,vould 1 11 practice be fra11gh1 "11h a lot o augers

had b• ccn sho,vn 111 the past that 111tr:111111sct1lnr odm111istrat1on of chloroquine

drug had 
c1ated \\ uh sudden deaths C\ en ,, hen therapeutic conccn1ra11on� of thecen asso 

So1a10 
,,b:J' used (W1lloams, 1966, Tuboku-Mellger, 1966, \\'alk<r ''' "' · 19921 

:ic:linuu 1987 had a11nbutcd these sudden deaths afh!r the 1111n1111uscnl:ir

llllr111n 
s1ra11011 of chloroqu111e to trans1e111 :111d ver)' )ugh plasn1a le, els after

llh1ch �t
cular lllJecttons Secondly, it ts \,ell rl!cogiuzed that ont: of the �,a}s u1

11 le .\IDS · b, thi: use ot poor!\ 
ertl,lcd 

'1n1s ts transnuucd 11 1  developing countries 1� • · 
, 0· 

,.... need) ·s r: SU'"' ·,red that the \\ H 
·•orninc c. 1 11 n,r al heahh centres Tl11:rc,ore 11 ts eec:. 1 

1 1 - nd:11 1or I d 1 . 1 , ,, ere 1nal,1n,1 " ,en
"JC Pilhc 1 t lJt parenter JI c.hloroqu1ne be use 011 ' 11 • i: 

111s ea, 11101 tolerate the oral dose, be adhcn:d to 

, • l I ./ 
(,l!lll!lic I lljllll!IICI!

1h;u C . . dcn1onstr111 cd 111 tltt)

, .i111 

\ AP ,,us 1nore pre\'alcnt 1 1 1  so111c frunihe� 
\
,
,,, ( ·ibltlll'' 1111J pa1c111s) 

J 'as 1110 fi J !I'.· rcl1111011:- ' .., • 

, Jerg � re co1n111on an1011g5I 1r51 cg cc car 111 n ccr1:110 :igc

• lJ ... !Jn '" no11-11chcrs Nevertheless 1 1 tcuclc:d 10 IIJIP I c 1i,1,011tc,1s th:11
t "' reaso fi . I J, crcJcucc 10 t , 

11 � 
1 1  or 1h1s ,s 1101 clear This c:n - JOrt' ihe con,ert t1I u

�,(1.. Sornt hcrcdo-J.11111ltal bn�IS to c,,r flu; 
SU�� 

:ind C1111�h l I q�{I} 

rttiic basis for 1hc disorder ns sum:cstcil h> 1 11111 
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The association bet\\·een chloroquine inrake and CAP observed 111 1111s srud) 
a�rees \\ 1th the re pons of Spencer e1 al ( 198 7) and Salako ( 1984) Pre, 1011s1}. 
Lindquist & Ullberg ( 1972) had sho,,n that chloroquine c1111111la1es 111 1nela11111
conta,�ung organs like the sk111 and the retina Tl11s affinity of chloroq11111e for 
melanin has been postulated to be the basis for the de, clop1ne111 of bulls eye
retmopailty \\ luch 1s indeed the result of the cu111111ula11011 of chloroquine 111 ihe 
rc1111a (V · TI o,p,o 1966) In the sa,nc \\'3) chloroquine cun1ulates 111 the skin 115 
tnd�ed 11111) 111 part e,pla111 chloroquine induced pruritus, and 111ay pro, ,de a pan 
auswer fi I d I} 
n 

or " 1Y II does not appear bcf ore a port1cular age range, an 1s seen °11 

a
. 
er several intakes of the d�1g Tl11s 111:n p,1111) explain the reason ,vh) CAP is not 

�Penenccd \VHh the first ever dose of �hloroq111ne as re ported by Salako (I 9S�) 
ia1 C1\P I Id . 1orts the! , ic,, th:11

a 15 in ore pre, a lent 111 adults co1nparr.!d to c 11 1 en sup1 
ccumulat f Ii I role to pl;n in the 

a ion o the dn1u 111 the skin 111a, ha\ e a sign, ,can 
Cllogene- f 

- · tl the pre, 1c,1i- find1 11g 
of s )IS O tl1 1s pheno1neno11 It 1s also 111 agrcc1ncnl \\ 1 1 · 

f 
llchi�;

nccr e, al ( 1987) and Osifo et al ( I 98�) \\ ho obscl'\'cd 3 lughcr IIKllh:ucc 0 

111 adiihs co111parl!d to cl11ldrc11 

l.,1, I > •
l'uru�it11e111ia: • 

Prcv I • "as uo rela11011sl11 p  bel" ccn

CAJ> rous ,,orkcrs had dc111011s1r,11cd drat 1 ,en:: I 19S? 1'1n, 1ka 

� 1·
31

1
1d Parasitac1nia (Olalunde 1969. 0:;1fo. 19s.i Bunrha

1
'" �

1 0 
... ; 110 ns�oci,;tton 

l "' 1a,n 
d as 1 1er1.: " .. . 

1>;1""" 1a. 199 I) Tlus '"as c:onlinncd 111 tlus st11 
' , rtliclc�s 11 had been

""" CA d NC\ C 
• •  

\lJ 11 p and 1nalana paras1tnc1111a 111 tlus SIU ' 
J for p

,oph\'la,1, (Sal:iko

19a.i) ;:1 CAP rs no1 co111111011 a111011g rhose us111� the
,./

"� u11cn1c110;1 bur on acute

lrra 
r: us tn:t) incan rhat C .\P ,s not due 10 pa1 .1)1tc· 

nd,gt on� rhat :ire: co11duc1, c

•ebnle II I lo'"' ii con 1 1 · 

? dr.\ 
I IICSS Illa\ crl!,llC parhop I) SIO C: 

� 'tloprnent of CA.P (Osrfu I 984) 
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11'1 

! . ./. 1.3. Crl P tout J-/ue111oglobi11 Types 

of k�esu lt 111 Table 3 8 sho,,·ed that 1here \\3S a s1g111/icantly reduced frequeuc,

fi 
sic e cell trail (Hb AS) a111ong itchers relative to non-11chers as ,,ell as reduced

Orbe�
uency of 1tchers a1no11g I lb AS ,, hen coin pared "11h 11011-1tchers. Tlus

�crvauo 
p 

11 suggests that the sickle cell trail 111 sonic "ay(s) 111ay confer s01ne

ii�;i
e
�ion against CAP on its bearers. One explanation to consider 1s that Hb AS

1 d
ivi uals suffer far less 111te11sc 1nalana auacks per un1 l tun e as coinparcd with

n 
t·1duals \\'Ith other l�b types That is the Hb AS is protect I\ e against severe

ma ana (Ed111gto11 1967 Hendnckse et al 1 971 ). Therefore sickle cell trait bearers

may be 
' I 

prcsuined to be less exposed cu1nula11vcly to chloroq11111e as coniparcd "111

1 ot 1er l·lb types and hence dc,·clop CAP less ofien Patients ,, 111 1 

and Other hac1natolog1cal indices did not shO\\' any d11Tcre11ces bet\\ ecn ,tellers

non-11cl1 'rs TI . . t d 1l1a t p ,oplc "ho are ,norc

Pro c us  1s surpns111g as 11 1111ght be c-:pcc e � 
ne to CAP 1 1 This 1ind111g 1110) be an

1nJ s iould hnve at leas t higher eos111opl11 counts. - f
ic.111on of I 

fi 11 role in the gc:11es1s o 

CAP _ t ie fact thnt h1sta1nines 111ny 1101 pla) a s1g111 ic,u 

(0�1fo 1989) 

, • ./ I . ./. C.-II' anti G6l'D 

T abl • 1norc uchcrs '' 1111 G6PD

defrc,. 
cs 2 3 9 and 2 3 11 sho" cd that there ,, er'-

. 111�, pred1�posc 10

-ncy tl 
· · G6PD dcfic1enc, " 

C:Ju> n Ian 11011-llChcrs, rl11s  111d1Ci1!CS thHI d: r of hal!IIIOl!IOblll

le 1· J I 111dcpo.!ll cn .. c 
1)1-'Cs \ ,-a 1d11v of these rclo11onsh1ps :111 1 u:ir • ,onfirn1cJ nniong

\as d 
- I . slup� ,,ere 

•lit- cmons1r:1ted by the fact thnt thc�t re auon. · ,,ell :is non·

1 cell d 1 1:,11c11ts a� 

11o ,1 1sease (hae1noglob111opa1 nc l I 
t- ob1no I • J>:Jt uc pat ients G6ro J�lic1cnt

th 
t10,, I.!' er· I 

r j ltl'1 l
e 111echa111s1n for 1l11s obscl"\'011011 ,s nol clear 

I 1111011 o
f chlo1oqu1nc t i:in

1,1\e b I •I ·r conccn r 
ecn rc1,ortcd to ncc1111111ln1c ng ic 

Cells ( 
' 

OrJ1h, 1987, Jn1111c), 1984) 
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'-11 • 
C • • • .>. ,,IP and .-IBO Blood Group

As ABO blood i,rroups had been used as i111en1al conirols, 11 \Vas 1111crcst1ng 10 
show that there \vas no di/Terence 111 the frequency of CAP a111011g ihe \'anous ABO 
blood groups 111 both nonna l and sickle cell disease patienls As C\pec1ed, lliere \\'as no dilTerence in the distribu1io11 of the ABO blood groups mnong itchers 3nd
non-Hchers. This finding sho,vs 1hat 111 contras! to G6PD and Hb types, therc \\as
no association bet,, een CAP and ABO blood groups. as the ABO blood groups ,ire
hO(� o,,11 10 be associa1ed ,vi1h 111alana

2.�.2. 
CAP and Prcon:incy" . 

A I e \ell 111 areas \\ 11h 
chi 

5 c iloroqu111e 1s  used as a pr ophylactic 111 pregnancy p o<J 0roqu1 I evnlcnce of CA ilJllOlle-
Prc,,., iu: resistance, i t \\ as unportan1 to find out t ic pr 

I ,,5111 of such�·•all( \ , ,.I , the Clll llJSlu • 

Jl;lt '0111cn This 1s because 11cl1111g 1nay n:uucc 
ients to con1pl) "1th a prophylacllc regunen 

In tl ' • of 11ch111g of chloroqu1ne in
i:we.,,,, lls stud} . I here ,, as a reduced pre.:, alcnce 

(. 1a ) The 1nech:1111s111 r �141lC}' (.J ")O ) t \\'OJllCII ) 0 I 1� lh - '0 as co1npared "11h 11011-pregnan Ho,, e,cr, 1 1 c e I ot �110,, n r�)siot �\\er fiequenc) of C,\P in prcgnanc> 15 11 
1 .. J csiiec1ally as 11 1' 

,. 0"1cal I be ,11,0 '" 

��n 1e ionnonal s1.11c 111 pre1-ri1:i11c) nia) 
1 11,, (,\b1IJ and l�uc7c: 

I 1 1:11 , r •ssl!� nc II c ,s1 /\ tenn111 s1t:ro1d� c;: g prcdn1solo11e Sll(lP c 
• �;J) I I:/ u/,, 1991 ) 

and pan!\ Ne C.AP 111 pnignanc� . 
h "'°'\e;cnheless, there \\.JS nn assoc1a11011 bct\\l?CII than nulhpara Tlus ma,
r fi a lughcr frcquenc\ of i1cl11ng 111 u,ulupara 

t, 0 chloroquine 

2,J

on rhat C 
. 

I· . C\p'Jsurc AP 1113) be relatt:d 10 cu111u •111' c; · 

l rhan antJ l{urul Popul,11iot1 , .. of I (\\ho "c � 
ll urnl �choOI ,1111, ,c11 

C(lrt idc1 ,�h JlrC\11ler1cc of C,\I' 111 1hc 111b.111 1111d 
r ' ,·10,,c:,cr. II ";is In I c uro - I d Ocrcnl ill or ,11=c 1JlSJ \\.JS 1101 SIJ;lllfU.•n11I � I 

llllft'I fi\ C \' 
;Jn,,, JO \\\!fC l rural pre- chool cluldrcn '' 1 
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the groups, there \\as an 11 1d1ca11on of an appare111 protecuon aga111s1 CAP b) 1hcsickle cell 1ra11 as there \\'as a co 11:.1ste11tl) lo\\ er proportion of Hb AS a,nong 11chers
� 

compared ,, uh non-uchers There "as also a cons1s1ently lngher frequenc) of 
b 6PD delic1ency an1011g 1tchers than 11011-11chers, 111d1ca11ng suscep1ib1lll) 10 CAP> thc enzy1ne deficiency Also 1he resuh of CAP and blood b'TOUp sho\\•ed that aspre,iously observed, there \\'as no difTerence 111 the frequency of CAP mnong the ,anous blood r,rroups. 

Ccographic:il Distribution of CAP 

TI1 d (Ti t 1•eograpl11cal arl!ilS \\aSin, c populatron d1stnbu11011 of CAP 111 1 eren e, 
1 1 factors on 

II 
es11ga1ed so as to be able to e\'aluate c•cnc11c :is ,, ell as en, iron111en a

d K ,o ,e Pr I e, I fi re C\'aluate ,11 a1 ' 
\ta,·d 

eva cnce of CAP The pre,alcnce of CAP "·as 1 1ere
d
o
d 10 lbadm1 111 the . ugu11 a cl p d p H· rcourt in a 111011 , 

SouiJ '11 ot1skt1111 111 the No11h a11 011- ,l 
d vith results from 1 of N . ere co1npnre ' 

lJ c 1-1 1 
igena 1 he results fro,n other areas " 

· • badan as , eference standard 

, 

•,{ { /, 
l're1•fl/e11ce of c,,1 P

K O Tiu, ";,� ,, . I '\ ,o O 111 an . . 
rIOI, c tc results sho" that the 1>1�,·nlcnce of CAP \\ilSd. -,o ihe 1:1ct ihal inosl o OllJp · 

I be uc tlit 1• ared ,,·tth UC 11 Jbad.111 Tlus 111a) pail ) d I. ccn111cd • J 19 n u 1�Patients "c, c cluldrcn. 82 cl1 1ldrcn 111 1 
" 

I con�1derably lo dt ll1c '>.J ,o Tins ,,ns a s o  
.,4 luldrcn It �'le 11 

Pre,alcncc 111 1',fa1dug1 1n \\JS - - 0 

1 c I adults 1111d 
-

c 
TI . lo\\ 11, 1a1 th 1 , adulls, .. 1., 1� as 4? 60 e 1>a11ents studied \\t.:1c 1110s1' • 

H· rcourt pauen 
· . 11 thet, 1/o p , Port· •1 b b •c:iu:.e n 

I,';. 
C\alcncc i 

in o11sku111, and 8 30 o ;unong 
C I I I bad an 111.1 ) c � .. t�rcd 10 the1 1tnrs 

11 Pon-Harcourt co111µnred \\lith U 
d 111 \,a,; nd111111 • 

I Stud d J the II -
..i,en,s, ic 111 this area \\ ere 1.l11ldrcn an 

111uscul,11) 1a 11 01 ,nrrn · le Parenteral ro111" (subcut:111�011; 
1 , ·r 111 the•.,1111\ (I\" • h �c I (. 1\I' t5 p:11111.1 

• ,� bi: t111e to thelh,,,1 1115 1::encralh that the prc\t1lc11cc o 
ll 

· J·111 1111� 111,. 
flOJllfl• 

• 
, �d \\ f(h 111 I t11fo11 StllUICJ \\ lu:ll COlllJ),11 i; 
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fact that the 1 . 
(F d• 

,na ana s11uat1011 111 the South rs 111ore cndc1111c than 1n tht! North 
e cral tvlin1st11 of rlealth, 1989)

:A.4, 
••• flae111oglobi11 Ge1101ype and Crtf>

The result fr II UC II TI 
. 0111 a the other 4 to,, ns ,vere 111 concordance \\Ith the finding 111

1e1e ,vas a . 1 
compared . 

1 
' co11s 1stcnt y lo,vcr propo111on of Hb AS a111ong 11cht!rs as

than anion, H 
-1

. 
c icrs Also the percentage 11chcrs ainong Hb AS ,\aS lo"cr

"II I non · t l , 

confers s 
g b AA 111d1 , 1duols Tlus suggests that the lib AS JUSI like 11 1  111alana 

on1c prot"' .. ct1on against CAP on 11s bearers 

}-1,4.3 G6PD Dejicie11c_1• and Crl/1

• The rest It r. 

I r. 
• 

01 G6PQ , 
1 irorn the populations studied sho"ed cons1s1cntl} lug tl!r .,cqucn1.:)

h1gl1cr fi 
d1:tic 1c11cy in nchers as  con1pn1t.:d ,, ,th non-11chers Also there ,,ns a

'1>110o "i''"" of llchers 111 G6PD d,ITcicnl 1hon 111 non· deficient P'"'"" Tins 

s I ie hypothesis that GoPO dclicrenc) rn,n nrcn:asc su�ccptrbrht) 1° CAP

, 

·-l.-1.,1• I/JO Blootl Group and C IP 

"- E\ccp1 u p 
I ,n i\B0 blood groups

L�c 1101 d"t 
I ort-}1arcoun and Po11sk11111 patients 111 " 10 

110 assoc1a11on

.,_, '" �nnr d 
d I t then: ,,a� -

"ten CAP
nc , th-.: rcsuhs like 111 lhndan sir<,,� 11a 

and blood group in all) of the populalfOll> 
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CIIAPl ER J 

J.O. THE DISPOSITION OF CHLOROQL Ji\E IN SLBJECTS \\ 1TH
A \0 \\'ITI-IOUT Cl ILOROQLII £-ASSOCIATED PRL'RITLIS 
A�O TI JOSE \VITI I DIFFERENT 11,.\E�IOGLOBli� T\'PES 

J, I I\TRODUCl'ION 

Inter d d d d · · of dru"s are \\ ell
kn 

111 1v1dual d1fTcrences 111 response to s1an ar oses e 

01\11111 I r. I differences 1s 1he

Illa 
1. c 1111cal prac1ice The 1naJor f.1c1or responsible 10' 1 icse 

d . 
'"ed \a · . d d I 10 ,netabohse n1g� 

!E1 h nation 11 1 the ca1lac1 l) be11\'een 111 1, 1 110 s 
c elbau f ·d as being the 1110111 

und 
111 19S I). Genetic fac101 s have been idenu ic • 

, f 
erly111 11 • 1 )henol\ pie e,pn.;ss1011 o 

dn,g 111 e pnnciplc involved 111 vana11011s 1ha1 c:--1st 111 1 ,e I 
etabolts111 

Ph"n fi 11 hen:d11an vann11011s in

1CSJlo,is 
nacogt!ne11cs deals \\ 1th cl1111call) SJJ:'111 ,cai 

d dn , d,spos111on and
� to d · . bi, fi r aherc 1£ 

tu,Usual 
111gs and has been found 1espons 1 c O 

d ,·riual ,anab1h1, 111

d rcac1 i 98 I} lnter-111 1 u cl
ll1g d 

tons (Ro\, hns 1988 l:.1chelba11111. · I 15 e,nluatJon 311 
1Spos I 

' • rc1111se, 1 11 

lllar1aoe, 
1 1011 and response 1s a 1hcrapcut1c 

P 1 ., 1,lionnacotherap) 
o llen1 of r. . d , 1dt1,1 ,�cu 

such vanabalit) 1 s  the basis ,or 111 1 

j\\ arc ,-ecog111s,1bh: ihosc 1hot

ate C"auseJ
o 

b
broad I) pes of ph,11111i1coge11e11c p1te110111cn,

l

a
l 
�

l arc: Jue 10 .ihcrcd us�ue

1c-i )' J)I • . - • d 11tosc: ,.. d n··r >J)(CS arc: 
�sc 

1nn11acok11u:11c d1flcrc11ces •111 • •• 01,;111c:11c I c c f
I >e en. 

s (Ra\\ hns 1988) Tht! 1 11ost 1111po11,111I phann,u. ch:1111•c t1 11: response o 
' "''Cen , ,. 1ors 111,1\ · "' ·1II, 10 

�et If tcd \\ llh drut• 111e1abohs111 (Jenc:IIC "1' 
I ·, lead �,casion: · 

� SS!Jcs ,:, s 1hal 1 1c. n •111ta 111a, 

L ll11eu11c ,. lo therapcu11c drug concentr JltOll • 11plt: 1icrcd1IJI) ,1
11
,ll
c 

1 1·11c1u1�
'-t Pt liltlu ror e\,11 f ·J cc � 

1 fi tc,1111a1 
re or n1orc often 10 10,1Cll) > •cttlJ'll 111C> u re 

report, 011 

lll1c1rii,1 
cd b) dn1gs 111 pa11c111s \\Ith hcrc:dllJI) \�� J9SS) Jlo,,c:,c:r. 111 (19S.)

•oq., i\n C\atnplc is G6PD J1:fic1c11c) (R:n,h 
· ,1 11/ l9ii) OrJ 

•11C: 111t.1 Cl ouJrh, l 

uccd hac1nolys1s t5 r.uc ( 1 • 

• 
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reported a le\\ er plasrna chloroquine concentralion 111 Hb SS as corn pared \\ ith Hb
AA subJects 

Eprde1n1olog1cal studies rro,n first part o f  tlus \,·ork have pro\ 1ded C\ ,dence
1ha1 CAP b d I 
1 

15 pro ably being influenced by heredrtal) factors II \\ as observe t tar

:re sickle cell trait protects against CAP ,,·hilst G6PD deficiency ma) increase
uscep11b1hty 1o CAP 

Fro,n the foregoing it "·as thought necessal)' to Ill\ esugate 111 health)
,otuntcers tl1e phannacokn;ellc and unnat)' excre11011 of chloroqu111e and 11s n1aJor

lme
1
a
bolni: in subjects "uh and ,v1!hou1 CAP and those ,, 1th different hae111oglob111

)J)es 

J.f. I. Re,•ie,v of ,.1,u,t;·rical Tecl111iq11es 

The d f d co11cc111ra11011s should be

�," 
1 eat rnethod for the dctcn11111i.lll011 0 rug 

r I dent1ficn11on and
uc sens •1hods ,or 1 1e ' 

dc1en 
· . 111' e, accura1e and s1111plc Vanous nic d before 1he ad, enr

n111a110 f d I , bec.:n use d
of lh II o chloroqu111c 111 b1olog1cal (1111 s 13' c 1959 \\'1lson an 

t� e rnoden . (Brucc-Ch,, all. . 
I 

41�so 
1 and 1nore sc11s111,c techniques ,·fie and "ere a so

n, 19 · , 
• d • • 1101 spcc • 

r,,uc�d )"1, Brodie el al I 945). The rnctho s \\1:1c ,raµh1c 1cch111q11c�

11• uraf f\ . • 1 . ,r chi l1n1a101: 11 
"llrOd • c111nbcrson1c Paper and thur n) c but arc: c:sscnua �

t<1;1l11ai1, · 
1961) allo\, ed charac1crrsa11011 of chloroq

,
ur�rebcen dcscnbc:d ( Prout)

,.,,, 'c 1nc1I d I ds ho,c 3 st I ds ''•"'
�111 Ku 

10 s. Spectropho10111c1nc ,net 10 9-o) These 111.:t 10 · c-. 

�1c._ roua 1958 Robinson l!I al 1970: Farran er al . I 
as about I .000 ng nil

c:·� quan111 
• I • sens1II' ,1, " 

'\I !11� 
illl\ e and qualr1a11, e results but I ic 

t>rcc1s1 011 '' as vcf\· lo,, I . I I ror I IC:
nrcl 1C1l 

� 8r0u· . 
. ronuo1 unciric . ·d II double 

'n11111a1 
re l'/ u! ( 19.J 7) fir sl dcscnbcd spc

T
c
l

t 
,ucthod \\ ;is ba�c o

cc of thet\i, 1011 of I I d 11, us II re seen 
1 4ttr011• 

c I oroqurnc 111 1,lood an urr c c; 10 Ji;,�lol' 110 • 
1 
al 19-IS. 

� 1!rr1�,1�:
1d required U V-1rrad1.i11011 for t,, 0 ho�

r
:-l., al I 'II�- 13crlru�

r 

c�rlor01lu111c: 

11 t'I 1
°11111: nucleus 5c,erJI \\orl-.ers < 1'"" !; thod 1, dctcnnu•, 119�6) ,\

" 19 1 · ·d 1hc ,nc ·t ,, -
--ti,1,-1 • "18, Coa111c, l'/ "I I 949) u,i.; ., AtcChe�uc) ' 

UIOJJ • 
� ' J'fi d 0 '  1' 

1 he 111cthod ,, as filter ,no I re 
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iurther 1nod1fica11011 "h,ch required no irrad1at1011 ,, ·as used b, Gandeue and 
C-0ainey ( 1961) The 1ne1hod II as fun her n1od1fied b) or her 11ork;,s 111 a s1ep 11 ,se 

��;gressl\ e rnanner ( j\ lcChesne) et al 1962. I 966, 196 7. Schuhnan and Young 
4, Bergq1 1s1 et al 1976, Adelus1 and Salako, 1980) Ho1 1c1 er, so111e of 1hese

meihods \l'ere 1101 se11s1111e enough for phannacok1net1c studies and 11ere also non­
sdecuve since the extract 1011 step does 1101 co1nple1el) separate chloroquine froin 115
merabolues ,vluch ha, e the sa1ne  fluorescence characterisucs as the parent

�ompound Gas chro1na101,rraph1c techniques ha1 e also been described for ihe

Berenninal lon of chloroquine concentrations (Hoh21nau, 1965, Robinson et �11910•
ergq11st and Ekerbo111, I 981 Pnce-Evans e/ al I 979, Kuye Ill 01 • 198., l Bui

cost s and the cu1nberso1ne nalu;·e of these ,nethods ,node 1he1n unpopular 

111 d I k the e11zy1ne-hnkcd

'ITUn 
recent years. in11nunoanalyt1cal nierho s I e 

E de ., al 

fllnounosorbe111 assa)· ha\'e been applied in a1111111alanal assay s ( scan .·, 'i ll;
,1 ) TI fi . d ,11a1 cross re,1� , 

lllctab 1 
•ese niethods 111ay have a l11111tcd spec1 ic ll) an 

989) 
0 lies The) arc often only sc1n1-quantita111e (Churclull 1 

Th , L1 u1d Chro1n:1101-"Tapl11c

(�PLC) 
c first reponed specific J-{1gh Perfonn:ince 

d ·c11bed "' I 980 b, 

8c-r"n1 mc1hod for de1enn111auo11 of chloroq11111e '"as
l l

es
t
,lood sa111ple� dncJ

C:·1 IS( and F . 
' s ror \\ 10 e I 

0, filler 
nsk-llohnberg HPLC apphcauon 

I of 1983 1,111ds1ro111 •'1 a ·

l?ss1 
Paper ha\'e also been described (Pa1chcin ' 

'''�Ii (1 er� 01 niancl' Li11uitl Chro11111tol!l'l1PhY I 
d depends oil I 1.:

r,;i l hc: . .1ra11on 111etllo f II Inch 1s
b�,11011111 Pnnc.1p le of the 1cch111quc.: of 11111- scp�

I sol\ cnts, one o 
) b.:111cen

"<ll()ria,_, i; of lhe solute bet11 een 111 o 11111111sc1 c_ I n11,•c (atlsorJlllOII ThC'
'• anu tl 01' 1011 e,c 1 � 

, I) pha�I! 
111obii 

1e other rs the 111ob1le pha,e 1- thi.: s1a1101i.1 
. 1 111.:11 

!.i e Pha f I n•1cl.:111g O . ·d 01110 ·11 
1011;il). sc and the 10111c sites o t ic r' lar 1s co,u..: ,,J nnd 

� Pha I or 11011·1'0 fphon•' .,� f 
rt find 

sc 11h1ch can be c 11hcr po nr 
_ • ieciall) the '11 

<;epJi,111011 11 

---ric,11, J>acl.:cd 11110 a coh11n11 Resins. c:�I 
I'\ ph:i,c 

al) D1 .1 a, �,:11101111 • 

•line type:. IHI\ c been 11s,u ' · 
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I JC·

components of I 
non- ol 

a sa1np e can be acl11e\ ed b\ I 
p ar con1pounds 111 the 1nob1le phase 

. val) ing I ie amounts of the polar and 

Several authors ha\·e . d d fT, 
(Bergq,,s1 and Frisk 

u:.e I eren1 HPLC techn iques for chloroquine analysis

Bro,111 et al. 198?· �
Hohnberg. 1980. S1a1ger et al, 1981. Alvan el al, 19S1.

1986) 8 
' -- atche111 et al., 1983. Ess1en et al 1988. Ouunbona et al 

ergqv1st d F 
• "' .

chloroquine d 
. an nsk-Holtnberg ( 1980) used ion-pai r HPLC to separa1e

11ere able I 
a
d
n Its inetabohte, desethylchloroqu1ne in 1heir protonated fonns Thc1

0 etect chlo d d 
· 1 · I· 

rilllge of I OitMJ·I 
. roq111ne an eseth) Jchloroqu1ne 111 urine nnd p as1na 111 tie

These are I 
using UV detector and O 5nM1"1 using the fluorescence detector 

lc1el of cl 1°'
1 enough concentrat1 ons for rouune 111on1tonng of thcrapeuuc plasma

d�tcn11111 1

1 oroquine and deseth) lchloroqu1ne Patcheni et al ( 1983) reported the

b 
a ion of I I 

I ·

a SOrbed
c 1 oroqu111e and desetln lchloroqu1111: 111 finger prick blood sa inp e,

of Sng·inl
on filter papers A de tect ion li;u,t for chloroquine and desethylchloroquine 

,ias found using nuorcscence detector 

of s111a� :
n3Jor advantage of the 1-!PLC is 11S I ugh sens1111 ii) "luch pcnn1ts ihc use

den" 11." '�""" e s  of blood w I 11d, ,s poss;ble I o ob" 111 011 'h' field Also I h<

tl1! a11on nr d 
tl od for scpnrauug

0roqu11 
,, occ urc as 111 the ga:; chro111atogropl11c nie 1 

• f 1 

''t ie and 
dis·1<h aniagc o 1 1�

c111 1s I 
lls n1etabol1tt:S 1s 1101 neccssari• /\ ,naJor ' ' 

t lilt th 1 • 1 , I 1 que 1s co111pk' 

J.2 . �l BJ£ 

e so vents used arc 100 c,pcns11 c and t 1c tee 11 1 · 

crs, ri1t\-r£J{l,\LS .� 1�0,1E11100s

Subject5

1,1.J r, r,cc,, h 
1 ,wd< "" of d" c ollegc •'.

i .  
ic111e IJ 

eahhy 111all! volunteers ,1 ho 11 ere n1cd1cil • I , srud, The) "er�

1:Cd 1 • r11vc 
. 1 ·d 111 I 1c 

• 6 5 .;

'>-Jo . rsnv College Hosp11al. lbadau p:uucip,i" . ,.111 ,ed fio111 -15,0· 1 •

"� l 8 7} ;arq mea 11 23 I _ I 7 O , cat>) .u1d I he" " "P_1'.': ' ;011« 100 k '1'.0""1

t 'Ona11}:-
2 kg) 1\11 the sul>•ccts i,c1c 11011-s111okcr 

1 ·  1hc ,i>l11nrcer, h:id

!ii I N 
:1 

I None n d , th.:

c ilor one., tool.. ,111\ 111cd1ca11011 I cg11J;1r ) and nolll' u1111i: 

t r 0q1111 11: 
• 1 , ,.:s1t!!il11c111 11 ol 1hc

�lo·• 
111 the 2 1no111hs 1ircccd111g I ie 111 

.1 111,icrcd ;1, P·1 

u look
I ,c uu1111 

any dose of the Jn1r other 1ha11 1 10• 
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1�7 

Slud� �1easure1nents of hae1 11atolog1cal 111d1ces. li,er e11zy1nes, senun electrol) le 
aud urea" h1 ch ,, ere done at the beg111111ng of the study "ere "1 111111 nonnal lunns 111
�Ith' SllbJec1s. The urine "ere also 1cs1ed for specific gra, 11), alb,1111111 and sug.ir 

1� le�ts ,,ere all 11on11al Hae,noglob111 I) pe "as detenn111cd for all the voluutccrs 

Tite subJccts ,vere d 1v1ded 11110 2 groups 7 ,tchcrs and 8 11011-itchers They
11ere also 

' 
s I lb AA and 7 I lb

AS 
grouped according 10 their 1tac111oglob111 gc1101ype, ' 

th 
It ,vas not ctl 11call) possible 10 do k11 1c11c stud) of tins t) pe 1n sicklcrs because

� are al" ays a1 the risk of anae1111a 

J.1 ,•
illaterials 

C!iktt 

Pa o11u111c base
llaienne 

°'eStth) I I Oicth, I 
-c lloroq111ne

SO(! 
• ·ether 

�)�
urn hydro\1de 

,\,,"'tt
Ochloric acid (0 1�1 IICL)t ir.111nfc (�lP ! . ..iriol 

LC b'lade)
So! 

(Ii PLC gr ,rdc) 
� ':J dthyd 
�·":r HIPLcrogen phosphate
tic lo l,'Tadc) r,c ac,d 
t n lie �· 

t Pan11 tubes� ion tubes 
•' -JJJ 

. 

P/n1cropipet1cs
r Pcltes 

l1J 'C 

,� \} tc111 
·er 

' . '''\tr

r 

rv1a, and Baker 
• 

SDI-I 

Mai and Baker 
ao·, I Chen11cals England

" 
.. •• 
••• .. 

R1cucf-de I facn (Cl110'.11a�o")
.. 

•• 

BDI J Che1111c:ib f11gfa11u 
I )

. , I d f la··n ( c ·1iro111.i�o ' 
R11!ui.: • c ... d 
B01 I Ch�1111cals f,11gfa11 
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l.!S 

J.!.J Srut(I' Desig11

Each subJeCl \\'as ' . I 
(�1,aqu ,ne M 

gt\ en a singe oral dose of (600,ng) chloroq11111e base

food int k' ay and Baker) after an O\en 1igh1 fast \\Jth about 2001111 of 1ap \,ater 
a e \vas onl) pennitted 3 hours later 

Venous blo d 0 5 I , 4 
° sa1nples ( 5 1111 111 hepar1111scd tubes) \\'ere obtained before and al

' '�. '8, I 2, 24, 48, 96, 168 and 336 hours aOer dn1¥ ad1n 1111stra11011 

The blo d and pi 
o sa1nples \\'ere centrifuged al I '100 g \\Jthin 10 n111nt1es ofcollecuon

as1na scp . 
' - r. 11 

c�llu l  arated Tlus \\'3S done 10 11111111n1se leakage of chloroquine ,roni ,e

ar elen1c I f 
I I red

fro2e11 at _200 11 s � blood 11110 plas,na \vhile s1a11d111g The p osnia "·as s 0 

samples 
C Unlll analysed Pooled 2-1 hours unne 

pl�hc 
\\·ere also collected separareh fron1 each subJect on days I, 7 311d I <I 1 1�10

. co111a111c T 
• 0 I I 1- stored al -20 C

1Jn111 an I 
rs he vohunes \\ ere recorded and I 111 ° iquo s · 

a Yscd 

J.1 . ., •
.--l//a/j•ticu/ Tec/J11iq11e.'i 

� 
Plas1na 

u,ne concc111ra11011s ,,ere

ll}�c:d 
and unnar,• chloroquine and dcselh) lchloroq 1 (I 1PLCJ. 1\ 

1Jn1 I •
n dupl 

• 1 d chro1110101!13P l) __ ,

"
f Pc se,, icate using l11gh pc1fonna11cc 1<1111 _,,1. -,,on of 1hc n1e:1huu

" 0 SIIJ\·c d . d 11 c n1ou1 ,ea - . 
gunbo 

an reproducible: 1111:rhod base on 1 
. ·d for 1hc .1s�,,\ � 

na et al ( 1986) \vas de, c:loped rhe ni:\ ,  n1c.:11tod ,, il5 ll�i; 

J ) I • � I
('hro,11 

• 
(lfOJ.:l'Of1l11� ( O(IC/,lftJ/11 J 

,\ 
• •d \\ 11h a fix-: .

'a1 '1 ar, 
•f'lph flllc d l �

� '1eng1J crs inodel 1-10 liquid dc1cc1or chroinalO!!' 
1 ,,Js conneclc 0.' 

tfl., 1 (254 I d 1i:c1or 011tpO . si:d rh�,c 

1 11·t111 
11111) and pu1np \\'ilS used T 1c c \\ 11crs r..:,�1• 1 r

� i. •er rcc d . . •d our o11 a . (lt1s1�1tl £1 

l• ua$t<J or er fhc anol\ :,ts ",1s Cill 11c C1b1le ph,1�c c t ·o �

'1 '-� · coh111111 ( B d ·3 9 300111111) Th-= 111 rile r;iun � ' 

#\l\lJ1J111 <.I 
on :ipak. , \cc10111111lc ,n • h' t ,, .i'

1111 1 h.. '11>·drogcn Jlho 1,harc • �1c1hauol · ' 11 of 1hc 11111t,,li; Jl 

1'\;fCltJ • 
• ' fhc pr" 

one ..ic1d per I 001111 of 1111,rurc: 
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30 TI1e pu,np ,, as set al a no,, 
a1 room le1npera1ures TI 

rate of I inl.'111111 All e,pen111e1 11s "·ere earned our 

ie u11en1al standard (IS ) used "·as papa ,erinc fro1n BDH 

.l] ./ 2 P/a\1110 A.1sa;1 

A
-. Calibration cu b d 

"'U!:·free plo 
rves ase on peak-height rauos ,, ere firs! prepared b, spik111e

s111a ,v,th l d d 

. � 

giie concentrat 
s an ::ir chloroquine and dcsethylchloroq111ne ( I 011g.:1nl) 10

ion range of 20-200ng/111l) 

ml or 2M 
P asma placed III a I 0ml s<r<" capped '""'"'" tube "ere added

I 
To I inl of I 

Ea.I, tube a'.�d,um hydroxide, I Oul of I S. s011111011 (5uglml) and 4,nl d,elh) l�1her 

1"' tent fi 115 <o1t1e11ts were 1he11 wlurl ,ni,ed wnl, a ,ort" '""" for I '"'" and

"l,,, A !��gcd for I O 111i11 at 2,000g. The ether layer wns 1ransforred uno rnioiber

111• laier � volume of O IN HCI was added 10 "eh 1 11b• '°""U""g the "parated 

11
• et]�, 1 . he 111 bes "ere I he11 whir hni xed for I 1111 n and ""'" fll ied for I O 1111".

'!•t1ei1 1 
'l er was 1he11 d,scarded A I Oul ahqnOI of the aqueous phase ""

1110 the I IPLC 

C0ri ihe peak-I . 1 
. . t ·s ,,ere reco1J�J 

" cen1ra110 
ic1g it ra110 for both 1hc s1011Ja1 J and 11!51 s,uup c 

I lro111 1hc

,,.lrid II of d 
·d I> c,tr apo ouon i1 

ard cal b rug 111 test s:unplcs ,,er!:! dc1en11111c ) 

1 rar,on cunc of co11ce111rn11011 ,ersus pea�-heighl rnuo. 

J ) I • l J
(lr111L• A' . \0\ • 

I·�-l Cai, br" io, 
or I he con"""'"'" "" I'

OOoug,,nl ,: c.un,cs based on pc:aJ--hcigh1 ,-all�. ft, lchloro<1111ni: 

ere prepared for chlorOCJlllllC and des,rh . 

I\ I 
.1J 1 , I 1111 ol 

-. 111 I O . 
. cJ ,1 utcr b) au n i; 

i: 

1 � 9 ml 
d ii II II on of II rinc " as 111 :,de " II h d "" 11 , "''" 1hn111/h I h 

�11011 11 
Of " al er. A I Ill I ah IJ 110! o I I he d1 I ntcd ;o In II on "�: ;, ;., 111111< 2 On I of 

"�al lla 
r�ccdure as described for plas111a s;nupfcs nbD' � ' ,,c 

Jc:ti:nu111cJ li� 

"Pol 
. lluard (S 

• ·e111r,111oll' , � 

�lion fr ug/1111) ,, as used. Drug coitc 

0111 llic s1,111dartl calthrn11011 i:uf\ c 
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1111

f>rec,.\1011 an,/ /'er,�·111age /?ec:1J1'c:rr of the: .�11alr11cal \fl't/11,d
. . 

d d B
lan!. sainples of plas1na and urine \\ ere spiked \I uh standnrd chloroq111ne

an
,
. eselh) lchlo1oqu1ne to gr, e knO\\ n concentrations of the dnt!!S A I O or 20ul

a iquot of th 1 

� 

Th 
e 1nten1a standard \\'3S added to blood and urine sa1nples respecll\ el) 

.,. 
� saniples \vhich \Vere prepared in duplicates 1vere then taken through the

,.,traction · d 
I I d 

d 
pi oce ures as described previousl) Peak-height ratios 11·ere ea cu ate 

: concentrat1011s de1enn111ed by extrapola11011 fro1n 1he cahbrauon cunes ln1rn-

r.ay and u11er-assay coefficients of variation (C V ) of the estunateJ c o11centra11011s

\\ere dct • I f the 

c cnnuied by co1npan11g the standard de\'1a11011 \\ 11h I re inean ° 
onccn1ra11o TI 

of the 111e1hod 
l, 115· 11s ,,·as used for the assess1nc.:111 of the precision 

in11s of d 
· · 

eiect1011 of the dn1gs 11 ere also de1enn1ned 

The p • . ., tl e 1i.:ak-he1ght ra110s

or 11 . crcentage recovel)' ,vas deten11111ed by coinpann� 1 · 

•� ex1rac d d 
f s:1111e conccn1ra11011s

O,the-• 
te n1gs "ith 1hose obtained by direct 111JccllO ll 0 

ur11g.s 

JJ.s 
Ptu,r11u1col,i11etic C11/c11l111io 11�

n,e 
e,tc.:ndt:d lc:ast sqttilf�

llloddhn, 
phannacok111e11c ,alcula11011s "ere done �

sing 
,on (C111a-.:) a11d tune io

reach lheg 
progra11 1111e (Holford 1986). 1·1ie peak conct:nlral 

• 11111t: profile: 
P\:ilk (T1nax) \\ ere dc1enn111ed fro111 the conccnu,111011 

ii 
. 11, o co111p:111111�11t

tt-....._ le Pia . ,1111att:d to ,, 

· 1110d I 
sniu concentra11on c.111, cs ",1s apP• 0 

C \ I 1 11 1  �111c1tcs as folio,, s 
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I � 

Thee qua11011 then beco111es 

. . 

( = Be-

Log C = Log 8 ·11 2.303

8 IS e 
nccntration of II 

o, " 1 1  e .., 1s equl\·alenl to K ,, here Co 1s the
co 

qu1vale111 10 C I I n. 

constant 111 the I 
ie dnig at tune, t - 0 111 the plas1na and K, rhe eh111111auo11 rate

P as1na 

Presenrinu I 
against t gave a cun e ,, i1h 1cnn111al portion as s1ra1ght hni:

1c A plor of Log c 

1111 C: I le 8 I 
� , d

ercep1 eq I 
e 1n11na11on phase the slope of "luch equals .KJ2J03 an 

ua s Co. 

fr ,vas cal I 
fil 

K 
o,n the I 

cu atcd by linear re••ress1on of the log conccntraltoll·l1111e pro I e

Hair. nonocx 
::, r. , 1 • 

· ·lire (t' 1 ) 
pone1111al 1em1111al portion. nsinc the last tie« or ,our 111n, P0111 ' 

2 ,vas thcn calculated tro1n thi: relauon 

1 1
/2 = 0 693/K 

ill111, 
ihc area I d 

(AUC) "os c:,1i111a1rJ

� the rra 
111 e r  the plas111a co11ccn1ra11on·lllllC cun e

pezo1dal n1lc 

0 inlinuc rune ,,as cnlculnted t,y 1111egraruig 
CL l'll1c area t 

, 

f <·,lr = ,ta.11 2' I P

'� c C 
1 ·d n slope of

.._ la 1" rs lhe I 
. the c;1lc11 ate ,, 

i,,... it S<jua 
ast value of chloroquine conccntfllllon on o11-11111c pfob 

The: 

·•11c • res Ii . . 1 , concc111111t1 r. the 

;.,.� 3rea near renress1011 hne of the og " d1:r1,cd 110111 

I -"q)t IS d Ii 
C r I 101:il arc,, � I\ a, 

rc1110, 
c rncd as the pcrccntaJ.!C o I ie 

• • 101111 ol 11111111 • 
• 

1 l·tunc I 
r I , 1�s1 11111t I 

P Olli a Ocr e,11 apolallCIII o I re • 
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I.,,. 

E,trapolated area total area \ I 00

a 
Renal c learance 

ccordmg to the relation 
(CLR) \,·as calculated front unnal') and plas1na

11111 o n11! excreted unchanged per 111111 11111e
CLR = A1no fd 

Cp 

daia 

ntt•,t 
1 " plasma conceo11ra11on at 1he 1111d-pom1 of the""'" collecno,

i Where Cp is I 

11 
The unna , , as appro . 

� reco, ery of chloroqu1ne and d<SC1h)'i-chloroqn1ne np 10 day "

con xnna1el 
centra11 

. Y esu1nated b) calculaung front 1hc area under 1he uruuir) 

E, on lune 
1 7 d I� 

""'°'' 1 . 
en" ' 11 St II g I he 1rape zot d, I n1 le and dal a from dars · an 

• dts'lhyt 
o
t 
111 fi II i IC II me "as eSI t m" ed ossu un n g II" same ha I f-hf e of 'htoroQ"'"

�"'"""c :�oroqn me 111 11 n n, an er day t 4 as ,trn, co ten ta1ed f '°"' ih• '"" gill 1 "''

t'<trctton • 
creted a1nou111 on  da)'S 7 and I 4 The s111n of the iota I area� under ihc

ltto curves of CQ 

r CQ and ocQ

\cred 
and DCQ 1s an es11111ate of the 101al a111°11111 0 

in unne 

Values ;ue • 
S D 

Dirt 
gt\ en 111 the text and tables :is ,neons.:. 

�IIC 

JP 

Iii,. " be," . 
• . , s, uJents t ·"' 1 "' •

� less tl 
ccn n1ea11s \Ven: tcstt?d for s1g1111ic1111cc U!-llll! 

11111 0 05 \\ ere: tal..cn as signtficanl 
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lJ 

J.J I. I . . � 
·'If""' C liro111 t ,, I · 

a11tl f)f!)iN//J 1 •// 
"�,,rO/I IIC JJ,:thotl/or ,lllUJ o/C/J/oroquint

L I Oflll{l/11/e 

Chi roqu1ne De I I ·I �o ,ra,n· T 
,et 1) ' ,lo, oq uuie aud I S ",re all ",II ,,,u.ai.d on 1b<

IS :uh ,' 
hci '"" clUlcd in 1hc order, d,sethilchloroqwn<, chlDT-,

c1cn11011 tunes 1· 3 1 d 
� � 

llO Oller'• 
o , ' au 6 nunolC> rc,p<""ddfl! " I 11,e,,

" 
,1.rence fron, tl d 

• -

-1.11!1,qum, 
o ,er rui;s hi< Pl rilll«h>mtn<. pro;u:uul, solph,J"'"" 

�"'1,l'" lh
' :arncel3Jnol, promc<haziue or chlorpheournmuie «< "i,,,h m>J bo

•• I o .:d oliy 
The limu of deicc<ion for chloroquon• and de,c<h)1'hlo­

�llc,J m«I 
O lnglml respccu-ei

) Tab!< , s I ,1,o,,; "" JIT''""'" of 1h:

,i..., _, . ,od TI,c 1n1ra-assay C V. of chloro<1U1n< and dc,,<h) lchlon"l"m' m

l l• • '11d '.' !'. )
Onl!fml 3 0% and J. 7�,. I OOng<llll J l' • and 3 9' • and ,oo,pru

1J\'Jon� •nl ] ' respecu"I). Wink in ""'" n ,_,, a1 ;Onf ,nl ' 2" and 6 "'•

d:1(1h}lcl I 
l"o, and 4 0% and , 000n" ml J l'• ond 5 o•, for chlnr<>t"'" and

de I oroqu 
• "' • 11 oq 1111 • nnJ

"'hi lchl m• r" """"I)' The "'" r JS>') C ,, ol " " ' '. 

, g oroqu111 • I 
o J � ,o I 0011� 1111 4 � • Jnd

l •. and •oo I,; 
111 p as1na \\ ere 01 2011g 1111 -I 9 I) ,111 I - o, 

. . I

s .. 1111/ I ' 
, I � 11 \\3' JI ,(11� Ill 

• arid 6 e-
111 .. 8° o and 4 <,0 o rc�llCCll' cl\ \\ 111 i: 111 unn, · , · 

' 30, I O 

• I ' I 'l u1J " ,, ,. ""'

""'luu" . "· OOng ml 4 8' • und 6 1', ,1nd < ,OOOn� ,n • ' ' 

�nd cl. I 
. 

csct I) h:hlo1 (ll)IIHIC rc:.-.pcCII' c:I� 

T >bi, l 1 
f ,h Jon•J"l"' 

.,.J

;"hyichlor 
• • 2 sl11"" 1h, ,obsohll< """") 

0 
l"/Jn•· 1111 9,1 5:} 1

"' 9• 0 
oq111nc I I 

,�o, ·n "·'!, :it \' .. d 

� ' �; 7 
U p iiSUOil 1he pei ,ci«nge ree 

,' • +' 9 10• ,hi• ,r,>l"n" M 

1, 11
1)khto ' and a1 200ng. 1nl ?2 7+-4.7 :111d s6 1-� . ,,cl' ";i� nt

1"· · ro,1111 
- • 't"•nt 1gc f\;�· · r 

;"llllg/1111 8 
ne; re ,pcctr,c:I\' 111 111111.:, thC 11�1 ' '. 0 I 9� :-1 • ,.,..

,,, J 9 , .  
. I I 9 I O • ., ,1111 

-

, lfl•1111c d 
u 6 und 8 7 O 7 'J 011d 2,00011i:: 111 -· 111 1111,11-11111� •11" �

'· thlwoq1;'" 
de�, lh) lchluroq11111� rc:,JICCll'clY ·1 he

J
ccllll'c

,:i: ·,ht"'cJ :i 1111,Jr

.. •• Ille: I d .I 

• I 1111 1111 111 I II c,:,, .,

I "" ( I' 
1 11 ucsclh)'lc:hlo1 oq11111c: 111 P u. 1 _ ) ... () •>9 111 n �· 

I 3 
1i 3 3 2

. ,t11c1�tll' 11 

' 1 3. ,1t1d 1 J 3) ,, 11h rcl:!1c��1,)II 1:n� 

,111J 3 3 ,I) 
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Table3.3.l Preci-.ion of \nahtical \lcthocl. 

Sa111ple 
-

Intra-\ss:i) 
1 ( 'h/oroq111ne 

(a) 

(b) 

Plasn,a 

Unne 

2 I >c,et l,y/-cl,/nroq11111c: 

(a) Plas1na

(b) Unne

lnrcr-,\,s:iy 
( 'h/orncJII//IL' 

( ,1) Pl:isn1a

(b) Unn�

Concentration 

11!!tn1I 

20 

100 

400 

50 

1000 

-1000

20 

100 

-100

50

1000 

-1000

20 

100 

�00 

50 

1000 

,1000 

., / ),·u•//,_1 /-('/1/11roq11111,•. 
20 (a) Plos111n
100 

400 

(b) Urntc 50 

1000 

-IOOQ

CV 11 

10 o} 

J,0 7 

3 2 7 

� � 

J,..'t 
7 

4 � 6 

� I 6 

-12 6 

4 ... 7 

39 7 

-I I 7 

69 6 

,I 0 6 

50 6 

-I s 5 

I 8 5 

-I s 6 

., ;i 6 

-I s 6 

5 I 4 

7 2 5 

6S 5 

-I 6 6 
63 6 
63 6 

6,9 :! 
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Table 3.3. 2.

Ab�olute R cco,e11 of the \nal,tical \lethod
• 

Sample 

I Chloroq11111e 

(a) Plas1na

{b) Unne 

2. l)e \I.',,,)' /-c,,, ()/'/JI/ II 111 l'

(;i) Pla�111,1 

(l>) Unn.: 

Concentration �o Reco\'ef) 

ng;1nl = S D

II 

100 
200 

9-1 S±,3 I 5 

92 7.:!,-1 7 5 

1000 89 9.:!,6 6 

2000 91 0:!:_5 0 -I

100 9-1.0+-I 7 5 

:!00 86 I� 2 9 5 

1000 87 0 7 2 

2000 92 2_2 7 4 
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139 

Table 3.3.3 

lhc Calibration of Chloroquine and Dcsethyl-chloroquine in Ph1sn1a

Cone 
(ng,'ml) 

0 
20 

40 

80 

100 

200 

Peak He1g.ht (nun) 

CQ DCQ l.S

0 0 

8S 12.5 
32.0 30 0 
SSS GO S 

30.0 33 0 

S7.0 60 5 

rco "" 0 9991 
flJC(J • 0 9988 

38.5 
59 5 

97 0 

83 S 

37.0 

3-1 5 

Peak Height Ratio 

Q2 
I S 

0 00 

0 1428 

03298 

0 7005 

0 8108 

I 6521 

DCQ 

I.S.

0.0000 

0 2100 

0.3092 

0 7245 

0.8918 

I 7536 
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Table 3.3.3 

The Calibration of Chloroquine and Dcscthyl-chloroquine in Plasn1a

Cone 
(nwml) 

0 

20 

40 
80 

100 

200 

Peak Height (1n1n) 

CQ DCQ l.S

0 0 
8.5 12 5 

32 0 30.0 
58 5 605 
30.0 310 
57 0 60 S 

rcQ "' 0 9991 
r111.:Q

O 9988 

38 5 
59 5 

97 0 
83 5 
37.0 
34 5 

Peak 1-leight Ratio 

Q2 
I.S

0 00 
0 1428 
0 3298 
0 7005 
0.8108 
I 6S21 

DCO 

LS 

0.0000 
0.2100 
0.3092 
0.7245 
0.8918 
I 7536 
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!�(I

Table 3.3.4 

The Calibration of Chloroquine and Dei>eth) I-chloroquine in L'rine

Cone 
(ng,1nl) 
CQ 

DCQ 

0 
lOO 
500 

1000 
2000 
3000 

3.J.1.

J J 2 I 

Peak Height (nun) 

I S. l S

0 
l 2.0
81 5 

143 0 
I 89.0 
\4S.0 

0 9968 
0 9914 

0 62.0 
18 0 60.0 
90.5 61.0 

I 59 0 46.0 
200 0 36 0 
155.0 20.5 

J/111!111og/11bi11 1,1 I er�11s AS 

l'ICI\IIICI 

Peak Height Ratio 

m 
I S. 

0 0000 
0 2000 
1 3360 
2.3833 
5 2500 
7 0732 

DCO 

0.0000 
0.3000 
l 4836
3.4565
5 5556
7 5609

• 

1 he log co11cc1111 ;111011 ·ll111c curves for chlo1oquinc and dcscthylchloroqu111cafter oral ad111in1strat1011 of 600,ng chloroqu,ne ba�c arc sho" 11 111 Fig 1 3 � and3 3 S The ph,1nnacoki11c11c pora111c1crs den, cd fro111 the 111d1v1d11al conccntr.111011•111nc d:itn arc �ho,,n 111 Tables 3J S and 3 3 6 The peak plnsnu1 concc11tr.i11on(C111,1,) or chloroq11111c \\ilS higher 111 llb ,\A �,s co111p,1rcd "1th I lb ,\S ,otuntccrs
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I� I 

hias39S.4:102 Sng.'1nl for lib AA and 283.7+9I Onl!l1nl for Hb AS This sh0\\5 
a SI fi 

- '" gni icantl) lo\,er C1nax 1n I lb AS than Hb AA subJects (p < 0 05) The tune 10
ICJch peak concentration (T1nax) ,,•as 3 5-'-1 I h 111 Hb AA and 3 7..,.2 I h 1n Hb AS
Ip > 0 OS) TI 

. -- -
d d tl· 

· 1e plas1na chloroqu111e concentrat1ons declined slO\\ I) aft en, ar s an 
h,e drug \Vas still detectable 14 days after its administration The apparent tenn111al 
�f hfe (t1/2) \\as 111.4!.52 9 1 n  Hb AA and 121 0±50.0 h in Hb AS (p > 0 05)
u c coefficient of regression for the calculation of t 1/2 ,vas O 98=0 0� The area 
ndcr the plas1na concentration-tiine curve (AUC) ,vas 22665:!:910 I ng'111l h for Hb

AA and 15164:t.8791 ng/tnl h for Hb AS (p > 0.05). The extrapolated AUC as a
rrcentage of the total AUC ,vas less than 20% Ill both groups, Renal Clearance
T�

I�) \\·as 2412±106.S 1nl/1n1n·1 for Hb AA and 316 1±122 8 n1 l/i11111-I for Hb AS. ere'' as no sta11s11cally significant dtITerence bet\\ een the 2 !,'foups (p > 0 05). 

Dcsethylehloroqu1ne due to the ad1n1n1stcrcd dn1g ,vas detectable 111 plas 111a3o ll1111 al\er dn1g inges11on 111 the 2 groups The phannacokinc11c pan:uneters of dese1hylehloroqu1ne 1n the I lb AA and Hb AS arc sho,vn 111 Table 3 .3 6 The C111ax 
\\;i� 107 6!.39 I ng/1111 111 lib AA and 90 6.t.62 9 ng/1n l  111 I lb AS There ,vas no 
sta11s11cally s1g111licant d11Tere11cc bet,, ccn the 2 groups (p .,. 0 OS) 

The 1111n, for d1:sethylchloroq111 11e ,vas S 3_!:3 0 h 111 Hb AA and 5 1-3 6 h 111
lib AS (p 0.05) Desethy\chloroqu111e \\as still detectable 111 plns111a 2 \\CCks after 
drui; ad1n1111str,111011 The t1/l of 1he n1c1nbohtc "·as s11111lar 111 l�b AA and Hb AS 
\oluntcer!> and "as I 03 l:_55 2 h and I 16 9 ... 165 9 h respcCII\ cl) (p ..,. O 05) The 
•ena\ 1,;\ea1ancc \\a:; 2..\2.8::163 2 111!'111111 for I lb AA and 269 8_:163 2 1111,'111111 for I lb 
AS (p O 05) The AUC \\OS 7750:t-1765 ng/tnl h and 5783:_5jQ5 ng, 111I h fo1 lib 
AA and I lb AS rcspcc11,eb (p '0.05) Also the 1ntio of the AUC of the 1netnbolitc 
to the: AlJC of the parent <lrui; was s1 1111lnr 111 both g1 oups It "ns O 3 7±0 19 for lib 
M a111I o '\ ,\ O 11 lor I lb AS (p O 05) Tlus l!i 111d1ca1t\e of a sinular iate of 
111c1abohsin 111 the 2 ilroup!> 

3322 l,r111an /; tc ,-.•ru111 

The an:il)�l5 of the c,crc11011 rate of chloroq11111c ;intl tl··� .. 111, lclil 0 
') 

"• ,. • 01 q11111c 1 1\ -1 h urine collc,11011s sho,,ctl an C:\po11c1111al tlcch11c of both co,npounll� ,, uh tune 
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m both moup. T bi � 3 Hb AS; . 
:i a e J 7a and b shO\\'S the unnal) e\creuon data in Hb Ar\ and 

r. 
1 

especu,el) The total chloroquine and descth) lchloroqu1ne e\creted 111 the
11rs1 � I 8 ., a - 1 "as 3 0:_J6 6 1ng 111 Hb AA and 89 3:_-l4 8 111g 111 Hb AS \\ Inch 1s ppr

l
oxunately 13 8°10 and 14 _9°.0 of the ad 1n1nistered dose respectively Tins \\"as sun, ar b d 

111 oth groups (p > O 05). The csl 11nated total chloroqu111e and 
;�

elliylchloroqu1ne reco,ery tn ind1, 1dual subjects \vas 432 81:216 2 111g for
_ 
Hb M

ad 
4�89:tl67.9 mg for Hb AS \\luch 1s approxunately 7�.1% and 682°0 of the

inuustercd dose respectively (p .;, O 05) Of the est11nated total reco\'ered
1uinohne, 77°,o and 81 % ,vere due to 1hc parent co1npound and 23°/4 and 19°

10 due lotie inetabohtt.!, g1, ,ng a rallo of 3 3 and 4 .3 for Hb AA and Hb AS respeCll\'ely 

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

UNIV
ERSITY O

F IB
ADAN LI

BRARY



Table 3.3.5. 

The Pharm 1: • aco�nctic Paran,etcrs of Chloroquine

SubJect 
Code 

Ctnax 
(11g/1nl) 

(a) llb AA Volunteers

�tA 
40\ 5 

oo 
400.3 

AO 
431 4 

0D 399 0 
1:11 259 8 
BH 589 3 

OK 411 0 
AD 269 2 
t-.lcan 395 -I 
,s D 102 S 

(h) lib ,\S \ uluntccrs

I,\ 360 1

IT 26-1 I 

IlS 26-1 2
l:.C 321 3
OS ,\:!' s

,\� 176 I 

AL 178 0 

�1e:in 283 7 

Ttnax t 
1 
/, • 

(h) (h)

2 692 

4 1-16 I

2 113 0 

') 
- 533 

8 221 2 

4 107 8 

-I 9,1 1 

') 
- 8-1 5 

3 S I 11 ,I 

2 1 52 9 

4 170 7 
") 208, -

,I 67 9 

8 105 -I 

2 106 7 

2 81 -I 

CIR AUC 

(tnl 111111) (ng/tnl h 

131 I 24003 

159.4 36611 

234 0 21995 

283.0 14166 

2'\7 0 31163 

455.3 22044 

ND 24048 

201 0 7292 

2-13 2 22665 

106 5 9010 

I S3 0 12635 

163.0 11168 

386 0 9098 

�-15 0 30704 

171 0 2-1177

225 8 8290
" 103 9 338 S 9776

3.7 121 0 316 I 1516,1 

Extrapolated 
AUC as 0/o 

of total 

3.0 

18 2 

8.0 

I 5 

31 6 

10 0 

87 

4 S 

10 7 

9 9

1-1 2

17 0

7.3 

11 2 

8 '7
59 

8 -I 

10 I 

·S D
-

91 0 2 I so 0 122 8 8790 7 ,1 0 
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Table 3.3.6.

The Pharn1acokinctic Paran1ctcrs of Oe�cth, I-chloroquine• 

Subject 
Code 

C1nax 
(ngltnl) 

(a) Ill> r\,-\ \'oluntccrs

�-IA 
142 0 

00 
37 2 

AO 
101 4 

0D 
106 8 

Ell 
89 8 

BH 121.6 
OK 168 4 
AD 90 5 
1'.1t: Ill 107 2 
·S D 39.1 

(b) lib,\� \'olu111l!c1-s

IA 50.0 
TT 37 5 
0$ 118 0 
EC 2 I 2.4 
OS I I 3 •I 

AK 11 S 

AL 59 7 

fl..j C .111 90 6 

\ [) 62 9 

T1nax t 
1 
/, Cl1t 

(h) (1n\11n1n)
-

(h) 

1 
- 72 6 158.3 

8 209 7 197 1 

8 157 .6 23-1 2 

? 
- 71 I 331 9 

8 39 9 3,12 9 

4 92 3 272 5 

8 110 5 ND 

2 73.6 162 I 

S 1 103.4 242 8 

10 SS 2 iS 9

4 51 S 1 347 2 

2 106' 51-l S

,1 92 3 65 3 

12 95 6 382.6 
') 53 2 72 9 -

4 44 S 260 7 
8 117 S 2·15.6 

S 1 116 9 269 8 

36 165 9 16� 2 

AUC 
ng/1111 h 

18243 

5-137

4-195

5176

7212

8817

9524

3096

7750

4765

2942 
3341 

3619 

168--17 

8518 

2510 

2686 

578J 

5305 

AUC DCQ 
AUCCQ 

0 76 

015 

0 20 

0.37 

0 23 

0 40 

0.40 

0 42 

037 

019 

0 23 

0.30 

0 -10 

0 55 

0 15 

0 30 

0 27 

0 1 I 

0 I I 
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Table 3.3.7 

���a; Lrina11 Reco,er) anu E�tin,ateu Total E1cretion of Chloroquine (CQ)
eseth) l-chloroc1uinc (DCQ)

(:i) Hb . .\A

Day 
A1nou111 Recovered (1ng) 

\ 7 14 

CQ 62 3+26 0 9 5±6 9 5 l-r4 7 
DCQ

-

20 7.!_ 10 6 1 I +2 7 09�0 9 

To1al 83 0:::,36 .6 12 6±.9 6 6 0+5 6 
-

Total 13 8 2 I 10 
recovered 
as 010 of 
do�e 

Es111na1ed 
Total 

Recovery (1ng) 

332 6.:..16-1 9 
100 2±51.3 

432 8+216 2 
-

72 I 

ReCO\'CI)' 

as 0o of 
dose g1,·en 

55 4 
16 7 

72 I 
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(b) lib AS

Dav 
A1nou11l Recovered (1ng) 

. 

I 7 14 

CQ 
71 8::_30 4 8 0±.3 0 3 4=10 

DCQ 17 S..-\..\.4 2 I :tl 2 I I :t 10 
-

Total 89 3 ,:4-1 8 I 0.1 :t4 2 -I 5::2 0

Total 14 9 I 7 08 
reco\'cred
as 0,0 of

dose 

Esti1nated 
Total 

Recover) 

as 010 of 

Reco\'el) (1ng) dose g1\'en 

333 3!_ 122.8 55 6 
75.6---..\5.1 12 6 

-

..\08 9:.167 9 68 2 

6S 2 
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THE DISPOSITIOIV OF CHLOROOVIIVE 

IN HBAA AND HBAS VOLUNTEERS 

,ooor----------------------7
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PLASlll1A CONCENTRATION TIN1E PROFILE' OF 

DESETHYLCHLOROQUINE IN Hb AA AND Hb AS 
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3.3.J 

3 3 3 I

14') 

lrc/,ers I 'er.sus \'on-ltcllers

Pla.,11,a 

d I 
TI,e pla:;1na conce11lrat1on-l11ne profile for chloroquine and ese\ 1ylchl - � 

h 
oroquine in nchers and no11-1tchers are as 1n Fig. 3 .3 6 and 3 -> 7 The 

�I an
nacokinet1c para1nelers derived fron1 the 111d1\1dual conce11tra11011-t11ne data are

1/�\,n 1n Tables 3 3.8 and 3.3.9 Cmax of chloroquine "'as 367.1::120.6 ng/1nl in 

11� �
ers and 362 4± I 03 .6 ng/1nl 111 no11-1lchers (p > 0.05). T111ax ranged fro1n 2 to 8 h

� 
Olh groups ,v1th a 1nea11 of 4 0±2.0 h for itchers and 3.3±2 I h for 11011-11che1s (p 

t O OS) The apparent tem1111a\ t 1 /2 \\'OS I 48.1 ±5S.8 h for itchers and 98 3::: 17 7 h 

2
°r non-1tchcrs (p > 0.05) The AUC of the plas1na conce11tra11011-11111e profile \\'as 
2562:_\ l 8S 11g/n1l h for 11chers and 17844±9000 ng/111I h for 11011-itchers (p > 0 05). 
Tlie extrapolated AUC as a percentage of the total AUC ,,as 15 2::8 4�·o for 11chers 
and 6.S,t3 3°" for 11011-1tchers (p "> 0 05). Renal clearance" as 302 8.:J 29 8 111I '1n111 
for llchcrs anu 2565± I OS \ 1nl/n1111 for 11on-1tchcrs (p > 0 OS).

Deseth� \chloroq11111c nppcnn:d 111 the plas1na qu1cl-.l) 111 both group� such that 
1neasurable concc11tra11011� "ere scc:11 111 plas111a b) the end of 30 111111 of 
ad1n1111stenng 1he dn1g. Th1: phan11ncok111e11c para111ctcrs of dc�clh} lchloroq11111e 111 
llcl11. :r� and non-1\chcrs a1c sho,,11 11 1  Table 3 3 9 The C111ax ofdcsethylchlo1oq111 11c 
\\a� 79 8:,1:_37 (> 11g.'1nl 111 1tchccs and 1132:,61 011g·111I 111 11011-1tLl11:r:. fherc \\as 110 
stat1s11call) s11,:n1flcant d1fh:1cncc bc:t,vcc11 the 2 groups (p -> 0 05) The T 111a, "as 
6 6 3 4 h and" O · 4 Oh tor 11chc1s ,nl(I 11011-,tchers rcspcct1,ch (p O 05) The 11 

• • 
ol 1hc 111c1aboh1e \\ as s11111lar 111 the nchcrs illld 11011-11chcr<. and \\'as I 73 S_ 161 2 h 
and 79.9::,26 0 h respcct1\ch (p O 05) 

1 he renal clc:11 ,1111:c \\ as 280 I_ 76.2 111l11n111 a11d 280 ,7 i 97 0 111I 111 111 111 11c�crs an I non-1\chcr� 1cspcctl\ch (p O 05) 1 he ra110 of the AUC of thee 1nctnboh1e lo the AUC of the p,11c11t dru!! \\il5 signrlic:11111) grcah:r 111 lhc. 11011-llclh:rs co1npai1:d tothe 1tc:hcr� ilnd ,vcrc O 25:,CI 08 and O 4\:0 IS (p 0.05) in 11chc1s ilnd non-,tchcr� 
1csptct1,cl) Tl11s 1s 1nd1c,111,c or a dcc1ca�cd 111cti1bolis1n 111 11chc1� 1clatl\c 10 11011• 
11chc:1 
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3 3 3 1
-

th d 
T abll! 3 3 11 sho" s that of the 9 hab11ual uchers 7 actualh 11ched after 1ak1ng

e drug None of the non-habitual itchers reacted Six of the 7 current reactors hadres, ual cl I 
I 

1 oroqu1ne 111 zero hour p\as111a The conce11 1ra11on "as 26 7:!:_ 11 2 ng., 111\ 
\\ iereas tl ie re1na11Hng I ncher as ,veil as the 2 ,vho did 1101 itch had no 1neasurable 
�uantny of chloroquine 111 zero hour plas1na Four of the 6 11011-habllual 1tchers also
lad residual chloroqu111e ,, 1th co11ce111ra11on of 16.2-,-9 7 ng/111I. Tllls shO\\'S that
residual chloroquine,, as s1gnifica111ly ,nore 111 the phls1na of itchers than 11011-
llchers. 

3.3 3 3. llr111urJ Fx,rct1011 

The pallcn1 of c,crel1011 of chloroquine and dcsc1hylchloroq11111e 111 2-1 h unnc
COl\cc11ons 111 nchcrs a111.l 11011-t1chers are sho\\ n 111 Table 3 3 I O The total 
chloroquine and deseth) lchloroqu111c cxcre11.:d 111 the fin;t 24 h "as IOI 8:t-13 � 111g 
111 1\chers and 73 4;t28 O 1ng 111 11011-i1che1 � (p ;,, 0 05) ,, Inch is approxi1na1el) 17 and 
I 2°

10 of the ad1111111stercd dose rcspcc11, el) 

The e:..11111:ncd total chloroq11111e and dcscthylchloroq111ne reCO\'Cf) 111 
111d1\'1d11al subJccls \\U� 496 ''.:.'211 2 1ng 111 11chers and l.JS 3:!,:122 6 111g 111 11011-
111:hcrs Tl11s corresponds 10 npp1 oxnnately 83°·u 111 11chc1:. ,111d �8° u 111 11011-11chc1s 
Then: ,,a� nil �1g.11 1lica111 d1lli:rcnce hct\\t!Cll the I\\O group!'. (p O 05) fro111 the 
c:-tunatcd 101.11 un11al') e,crcuo11 8 I C\'u a11cl 7 5°10 ol the reco, ered qu111oh11e 111 11chcrs 
and 11on-1tchc1:, rc:spcc11, eh "ere due 10 1hc parent co111po11111.l anJ 19°,0 and 25° u
due to dc\elh) lchloroq11111e i,.'1' 111g a n1110 of approxnnalch 4 3 and � 0 for 11chcrs 
:1111.I non-111:hers rcspcc11, cl) 

' 

•
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Table 3.3.8.

The Pharn1acokinctic Paran1ctcrs of Chloroquine

Subject 
Code 

(o) ltchcrs

oo 

AO 

EH 

811 

IA 

Bs 

Mean 
::S D 

(h) \on-1 tchcr-.

MA 

OD 

OK 

fC. 

OS 

Al) 

AK 

AL 

t,lcan 
-s L)
-

c,nax 

(ng 1n\) 

T1nax 1 1
,J Cln AUC 

Extrapolated 
AUC as 0/o

of total(h) (h) (111!'111111) (11g11nl h 

400 3 4 148 I 159 4 36611 18 2 

43 I 4 ') 113 0 234 2 21995 8 0-

259 8 8 221 2 237 0 31161 31 6 

589 3 I 107 8 455 0 35269 I O 0 

360.4 .\ 170 7 183 0 12635 14 2 

26,1 4 ') 
- 208 1 163 0 11168 17 ,0 

264 2 4 67 9 386 0 9098 7 3 

367 I 40 I ,I 8 1 302 0 22562 IS 2 

120 5 2.0 55 8 129 8 1185 8 -l 

,103 S 1 69 2 I "I I I 2-1003 30 -

399 0 2 53 3 283 0 11166 I 'i 
,111 0 4 9,1 3 ,o 24018 8 7 
32 I 3 8 I 05 I 415 0 30704 11 2 
-121 5 2 106 7 171 0 2,14 77 87 
269 '.! , 84 5 201.0 7292 4,5 
176, 1 2 I 2•1 2 .,, • 8 821)0 59 __ ) 

178 0 � 103 9 138 8 9776 8 6
322 � 3 3 98 3 256 5 178-14 65 
103 6 2 I 17 7 108 I <>OOO 3 3 

' 
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1 able 3.3.9

The Pharmacol.inctic Par,1n1ctcrs of Dcsl'thyl-chloroquine

SubJec1 
Codi!

la) l tchcrs

oo 

1\0 

EH 
BH 

1,\ 

TT 

BS 

}\.\ean 

�s D 
-

(h) on-I lchcr<;

t.-1,\ 
OD 

OK 

l·C'

05 

AD 

AK 

,\L 

!\lean 

•S D
-

C1nax 
(nghnl) 

T1nax 
(h) 

37 .2 8 

IOI 4 8 
89 8 8 

121 6 -I 

50 0 4 
37 5 2 

I I 8 0 4 

79 4 s .1 
37 1 2 5 

112 ,0 2 
106 8 2 
1 <, 8 .\ 8 

212 -I 1 ') 
I I 3 -I 2 
90 5 i 

-

I'\ S •I

51) 1 R 

117 1 50 

55 9 3 9 

t 1/2 Cl1t AUC 
(h) (1nl/1n1n) ng/1111 h

209 7 191 7 5437 
157 6 231 2 4495 

39 9 342 9 7212 
92 3 17'? -

- - ) 8817 
S 18 2 347 2 2942 
106 7 51-1 5 3341 
92.3 65 3 3639 

173.8 282 1 5125 
161.2 1-10 6 2185 

72 6 158 3 182-13
71 I 3'\ 1 9 3176

110 5 ND 9524
95 6 382 6 168-17
53 2 72 9 8518 
73 6 162 -I 3096 
4-1,8 260 7 2510 

117 8 245 6 2686 
79.9 2S6 I 8325 
26,0 123 Q 6272 

AUCDCO 
AUCCQ 

0.15 
0.10 

0 23 
0 ,·_)

0 23 
0 30 
0.-lO 
0 25 
0.08 

0 76 
017 
0 -10 
0 5'i 
0 35 
0 -12 
0 30 
0 27 
0 43 
0 15 
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Table 3.3. Jo

\lean l'rina� Recover, and E)ti1natcd Total Excretion of Chloroquine (CQ)
antl D CScth} I-chloroquine (DCQ)

la) ltcher:>

A1nount Reco\'ercd (1ng) 

I 7 1-1 

CQ 
82 1!31 S 9 81.6 I S 5::4 3 

DCQ 197+\\ 8 2 4+2 0 0 9+\ 0 
- - -

Total IOI 8!43 3 12 2±8 I 6 4::53 

Total 17 0 20 I I 
reco,1:red 
as 0-o of 
dos,e 

• 

Es111nated 
Totnl 

ReCO\'CI)' 

as %of 
Reco\e!) (111g) dose given 

-104 2+ 157 0 67 .4 
92 1::53 2 I 5 3 

496.3:!:21 I 2 82 7 

82 7 
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lb) \on-Itchers

Dav • 

Alno1111t Reco\'ercd ( n1g)

I 7 14 

CQ 
SS 0:tl 4.3 7 7+4 2 3 Q-,.\8 DCQ - -

18.4+ 13 7 2 8±2 4 I \+O 9 

Total 73 4+28 0 10 5+6.6 4 I !2. 7 -
-

Total 12 2 I 8 07 recovered
as 0 o of 
dose 

Est11nated 
Total 

Reco\'ery (1ng) 

261.7±76 2 
83 6_!46 4 

3�5 3:!122 6 

87 5 

Reco,el) 
as 0,o of 

dose gl\·en 

43.6 
13 9 

57 5 
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Table 3.3.11

The Rei a ti h · 
11 h 

on� '11 Bet\\ecn Residual Chloroquine anti CAP in ltchers and i'\on-
c t'I\ 

SubJcct 
Pre,,ous 
History of 

CAP 

Current Reaction Residual 
10 Chloroquine Chloroquine 

(11g/1nl) 

la) EH Yes Yes 16 57 

(h) 

BI I 
.. 

.. 

AO 
.. 

.. 

00 
.. 

.. 

BS 
.. 

.. 

Tl' 
.. 

•• 

1-\ .. 
.. 

A,t,. 
.. No 

OD 
.. No 

I\ \1-\ No No 

F.C 
.. 

" 

oc 
.. 

.. 

AD .. 
.. 

OK 
.. •• 

AL .. " 

(n) Subjects\\ llh p1c,·1011s hi�tol) of CAP

(bi SubJcct� \\1tho111 prc,1ous h1sto11 orC,\P 

40 82 
40 55 

17 00 
26 82 
18 76 
0 00 
0 00 
0 00 

11 56 
30 7.5 
11 4 7 
0 00 
8 '\5 

0 00 
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3.�
DISCLSSION 

lA. I Anal\ flea/ 1 cch111CJ1tes

l The develop1ne111 of specific and sens111ve lugh perfonnance liquid 
� uomatographic (HPLC) 1ne1hods for the assay of chloroquine and its 1netaboltte, 
esethylchloroqu1ne 1n b1olog1cal sa1nples had facilitated detailed studies 11110 the 

�1�rmacok1n�llcs of chloroqu1ne 111 the past (Alvan, 1982. Bergqv1st and D01nc1J-

l �
ber�. 198), Gustafsson er al, 1983, Frisk-Hohnberg er al., 1984, Walker er al.

b 
87) Nevertheless, there are still so1ne aspects of its phan11ncok1ne11cs that neede clarified One such area 1s the proble1n of" hether there arc phan11acok1ne11c 

differences bet,vccn pa11en1s \\ho suffer fro1n CAP and those ,vho do not as ,,·ell as 
111 subJee1s \\tth Hb AA and those ,,· 1th Hb AS Tlus 1s especially i111ponant as 
Vanous attc1np1s at 1clcnllf)'1ng a basis for CAP ,,·11h respect to chloroquine 
111ctabohs1n 111 nchcrs and non-uche,� has not y1cldcJ 1cliably cunclus1ve 
appreciable rc:;ulls (Ola1unde 1971, Essu.:n er al, 1989) and also that our
observat1on li11g�ests 1ha1 I-lb AS 1n1gh1 be protective against CAP 

lt1 de, eloping co1111111c� 1 f 1he frontiers of scu.:nce ,,re to be 11npro, ed. then
111cthods that ,vould be apphc:tble 10 the local s1111.111011 shoul<l be dc,1.!lopcd e g 111
1110s1 dcvl!loµ1ng co11111111:s there is a dea11h of che1111c:tls for assays F\ en ,, here 
lhe) arc founJ, 1hc) art I eh1t1\ cl) e,pensl\ c because tlH!) arc 1101 locall) so111 ccd 
Tl11!. had ha1ns1ru11g 1ni111� 111\csngators 

In hght of1he abo,c. a cheap .111d s11nplc I IPI C 111e1hod ,,as dc,clopcd for 
the phann.1cok111e11c!°. of chlo1oq111nc and IIS 111:1111 111ctabol11e (dcsclh\'lchto10q11111c) 
1\1u, 1111:thuJ I!. a 2 s1cp c,uaction p1oced111e, 1herefo1c II 1s s1111pler 1ha11 carhcr 
011c:; The 111e1hod pro,e1I 10 be \cl') sc11�111ve as 1hc h11111s of dctcc11011 or 
chit', uq11111e ,1nd de!.eth� khloroqu1nc ,, c, c I 11g/111l and O Sng, 1111 11.. spectl\ cl) Tlus
1nakc� 11 possible 10 dc11-:c1 ,1:11· !o" concc1111a11011s of these con1puunds The to,\ 
1111ra·a��ay nnd 111\cr·a:s,1� coctl1c11:111s of , a11at1011 (l abh: 3 3 t) arc indicall\ c of 
lui;h rcprod11c1b1hl) ol the 1111:thoJ The absolute 11:co, c11 of chloroquine and 
dcsclhylchluroq11111c \\l11ch "ere 111 lhc order of 90° n ts 111d11;a11, c of ,1 I ugh 
ex1rnc11011 cflic,cnc) Th� n1c1hoJ can bi.: used for th� s1111uha11cous d1:tcnninat,on of 
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l.5'1 

th1�roquine and l\s 1netabolites 111 b1olo!!1cal sa111ples This 1ne1hod 1hert:f ore 1s
easily adaptable for therapeutic drug 1n�nnon11g and research. since 111 tllese 
ln5lances a ccuracy and sens1t1, II) are t\\ o propen1es required of anal) 11cal
lccl111,ques

J,tl f'ltar111acok111ctu:.,

The results fro,n the study sho" ed that the phannacokine11cs of chloroqu111e 
autl Its 1na1n 1ne1aboh1c "ere snnilar 1n both itchcrs and non-i1chers 111 tl11s s111d)
The produc11on of 1he 1netabolitc appears to be linuted by the d1spos111011 of 
chloroquine as the 11/1 of both co1npounds \\Crc s11n1lar Ho,vever, 1he IO\\Cr AUC
g�nerated by the 1netabol11e 111 the 1tchers 1s an i11d1ca11on of possibl) an inherent 
abiht) by the 1tchers to be less disposed 10 111etabohz1ng chloroqu111e Tlus findingis contrary to the prc\'1ous I cport (Ess1e11 e1 al, 1989) that CAP 1s ,elated 10 the
Produc110 11 of \11ghe1 quan1111es of 1nctabol11e 111 11chers It ho,, ever confinns the 
Previous finding of OlatunJe ( 1971) "ho de111011s1ratcd an equivalent concc111ra11on 
or chlo1oqu111c 1n 11chers and non-itclu:rs 

A co1npar ison of th� phJ1111acok1nct1cs of chloroqu1ne 1n subjects "ho ha, e 
Hb AS and 1 lb AA hke 1n 11chc1� nnd 11011-1tchc1s �ho"ed a s1n11lar d1spos111011 of 
chloroqu1nc t\ en though the Cina, of chlo1oq111nc "as lo" c, 111 Hb AS 111di, 1duals 
'' hen co 1npared \\'Ith I lb -\.\ 1-lo,-.e, er. absorption problc1ns 111 the I lb AS 
1nd1\'1<luals coulu 1101 be n1h:d 0111 Tlus need!. to b.: funhcr 111\csugatcd 

S1111ilar11y of drug le,els 111 all the L'Toups 1n1gh1 be due lo the reported l:uge 
:i1111arc111 \.Ot11111c of d1s1rib1111on of chluroq11111c ,vl11ch hns been a1tributcd to 11s 
c,1c:11!'.1\ c hssuc chs111bu11c,11 and b111d111i; (G11stafsso11 l'I al , 1983, \Volker e/ a/ 
1<>117, \','II<.), 1990)

•• 

The phannacok111c11c para111ctcrs oC chloroqu111c found 111 tins stud) \\'ere1;0111parablc lo tho�c prc, 1011)!� rcpu11cd 111 hlcr:1111rc The 1nca11 peal- plasina �oncc11trJl10111C111a,) of chluroqu1nc fio111 one group to the other ran,•cd r,· ,.,, <c, 10111 �-',' I
to 3 7,1 8 11� 1111 n11J 11111c tu peak (l n1t1, l ranged front 2 111 8 h lhcsc arc 111
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cbloroquine and its n1e1ab· Ines 111 biolo!.!tcal sa1nples Tlus 1nethod the ref ore 1s
cas,I� adaptable for therapeultc drug. 111;nnonng and research, ::.1nce 111 1:1ese
tn�tances ac 

I 
curacy and se11s1tl\ 11y are '" o prope111es required of a11aly1tcal lee u11qucs 

3·4•2 Phar111acok111ct1c, 

The results fro1n the stud) shO\\ ed that the phannacoki11e11cs of chloroquine 
�id lls 1na111 1ne1abolttc \\ l.'.rc sunilar 111 both 1tchers and 11011-nchers 111 this stud)
he produc1ton of the 1ne1aboll1c appears 10 be l11n11ed by the dtspostt 1011 of 
cltloroqu1nc as the 1111 of both co1npo11nds \\Crc si1111lar Ho\vever, the lo\ver AUC
generated by the 1netabol11e in the 11chcrs 1s an ind1ca11011 of poss1bl) an inherent 
ability by the nchers to be less disposed 10 1ne1abohz1ng chloroqu111e. This li11d1ng
is contrary 10 the prC\'tous report (Ess1e11 et al • 1989) that CAP 1s related 10 the
Productton of l11ghc1 q11an1111es of 1ne1abolt1c 111 1 tchers It ho\, ever conlinns the 
Previous ftnd111g of  O\atunde ( 1971) "ho de1nonstra1cd an cq111,ale11t conce11t ra11on 
of chloroq11111c 111 itchcrs and no11-i1ch�1s 

A con1parison of the pha1 1nacol..1111:t1cs of chloroqu1 11c 111 subJcc1s ,, ho ha\ e
Hb AS nnd I lb AA ltkc 111 11du:1\ and 11011-1tchcrs sho" cd a s1111tlar d1spos111011 ol 
ch\oroqu,nc F\en though 1he C11 1a, ofchlo1oq11ine \\OS lo\,er 1 11 Hb AS 111d1\1dual� 
\\hen co1npa1cd \\tlh lib.\:\ l-lo\\'C\cr. nbsoq,11011 problc111s 11 1 the I lb AS 
111d1\ ,duals couh.l not be ntlcd 0111 Tlus needs to be fun her 1 11, cs11gn1cd 

S11nilar11� or dn1g le\ cls 111 illl the groups 1n1gh1 be due to lhc rcponed 1,11 ge 
illl\l:trcn1 ,ohnnc of d1s1iib1111011 of chloroq11111e ,vhtch h;1s been allnbutcd 10 ns c:,tcll!ol\lc hs�uc: d1Mnbu1tl111 and b111d111i; 1Gus1.1fsso111•1 al. 1981, \Valker <'I u/ 
1<>117. \\'�10. 1990) 

' 

I he ph,1nnacol..1111.:1 11; paratnctc,� of chloroqu111c found 1 11 this studv \\'ereco111parablc lo those pre\ 1011)1} rcporteJ 111 htcn11111c The 111c -1 111,ca'· 1· • • ' < " I) ilSll\il conce111ra11011 iC111a,1 of chluroq111nc ho111 one group 10 the othci canged fiou, �S� {>10 37•1 8 llt,!11111 aud 11111c tu peak ( I 111a,1 raug-.:d f10111211, 8 h These ;nc 111 
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160 

a!lee - men\" nh the repon of Walker et al ( 198"') and Salako l!t al ( 198.,) D
h
�seili� lchloroqu1ne ,, h1ch ,,·as detectable half an hour after d11n! ad1111n1�1ra11011ad � inean Cina\ range of 81 3 10 I 08 8 ngt1nl and Tina, range of 2 to 12 h The ,alues also abrreed ,, nh those of Walker et ol ( 1987) and Salako et al ( 1981). The
::an tenn1nal half hfe ll 1 1) 1 n  the groups rang,ed fro1n about 4 to 5 days The 11/i 

\\':I 

lo,,er than those reported by Gustafsson c, al ( 1983), Salako et al ( 1987) and
1 ker I!/ al ( 1987) because the sa1nphng penod "·as s1naller 111 tlus stud) It to,,e,er abrreed ,, nh the reports of tv1cChesney et al ( 1967); Brohult et al ( 1979)and Adclus1 c1 al ( 1982) ,,ho sa1npled for less than I O days.

Desµne the fact that none of the subjects took an) dose of chloroquine atle ilSI 111 the last 2 111011ths preceding the study, 9 of the 15 subjects had residual thloroqu111c co111in111ng thnt chloroquine can still be found 111 the blood 1nany 1non1hsafter ns ad1n1111strat1on (Ess 1e11 and lfudu 1984, Tane11ba111n nnd TuOanelh, 1980)lh1: result sho\\cd that residual chloroq111ne "3s 11101 c 111 the zero hour plas111a of itchers as con,pared \\ 1 th 11011-ttchers Tins 1s suggt!Sll\'e that residual chloroq11111etna) contribute to the pathoi;eni:s1s of the 11chi11g process 111 those prone to CAPafter taken further dose of the drug I lo,vever, 1l11s needs bt! clanficd 111 further studies Th1s 111ay cxpla111 the fact that it is unusu:11 for CAP to be c,pcnenced on the first c,posurc to thl! drug, that tht people 111 "l11ch ll occut s are frequent users ofchloroq11111e for the t1 ca1111ent of 1nalana (Oliltundl! 1981. Solako 198-1. Spencer et a/ 1987 land that th1.:: rcac11on usuall) do not occu1 111 reacto, s ,1ficr long t1111c of nottaking tht drug but reappears 111 s111.:h 11 1d1v1duills aftl!r a ta1rl) ft equcntacln11111s11,,11011 of the d1111:1 (tkpcch1 .111cl Okoro 196-1 Solnko 198<1).

Thi! 111 111:il) c:-.c, l!tUI) po11cn1 of chloroqu111� ,u1d dcscth) lchloroq111nc "ere s1nl1\a1 11111chcrs and non- ttchcrs os ,,ell as In Hb AA and I lb AS s1tbJccts Tlus 15 dc�p,1c the fact that I-lb A<; 111d1v1duals produced rclat1vel) 11101 e urine volu,ncs thanlib AA ones So,nc lib 1\S 111dl\1d11als li.1,1: bl!cn J1:111011str.11cd 10 ha,I! 1tnpa 1tcdabtlll) to concc11t1:11c 111111,: ( I O} lu, ,., al 1978 Llebutc 197 • c1,1t 1. e 970 11 • , " l , 1 1  s van cps 1•/ alI ) · C>\\ I!\ er, 1h1\ doc• 1101 co11stt1t11e o, en renal cl1,casc · •

The ntcan rc11;1I cle:ir.111ce (Cl,i) of chlo101111111e 111 the., .. 101111, II 1 1 ., ·' Ill IC Sll11 \ ranged f1c•1n _.i3 to 316 1111 111111 1111s 1s sub�t.11111,111\ 111111c th:u, tll" 1101 1 I • ' � 1 la 1,1111,lC (ll
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t c, t 

�oinerular filtration rate and tl ,s tn abrree1nent \\ 1th the finding of Gustafsson L't al,(l9&3); \\'alker rt al , ( 1987) and Salnko et al. ( 1981) \,·ho also reported that the l(nal excretion of chloroquine probabh takes place b, both glo,nenilar filtra11011 andtubular secre11on • , 

fi A substantial a1nount of the drug and its 111etabolite ,, ·�re excreted \\ 1thin the rs_t 24 h About 14% and 15% of the oral dose of chloroquine \,·ere excreted 111 the �110 of 3.0 and 4 0 in \ lb AA and I lb AS respectively Also about I 7°'o and 120,0 ofie drug dose\\ ere excreted \vllhin the first 24 h 111 the ratio 4 0 to 6 0 111 11chers andnon-uchers respec11vcly 

The total recovery of the dn1g and 11s 111e1aboh1e afier 14 days as a percc111ageof the ad1n11us1e,cd dose in all 1hc groups "ere s1111ilar 10 the findings of \Valkcr e1al (1987) 

Fro111 the lorcgo1ng, 11 1s suggesll!d 1hat phan11acogenc11c studies be done 10
conlinn the abo, e lind111gs as II has been de1no11s1n11cd 111 1he past 1ha1 there 1s 
Poly111orph1sn1 111 dn1g n1c1abolts1n (SJOq\'JSI and ,·on Bnhr 1973) 

•
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3.5 

16� 

GEi\ER . .\L CO\CLl' 10\

Although there,, as no difference 111 the phan11acok 111e11cs of chloroquine 111llclters and no1 1-1tchers or 111 Hb AA and Hb AS, ho,ve,·er. non-nchers produced a�ignificantly h 1�her level of desethyl-chloroqu1ne relat1Ye to itchers Results froin ami\y �ludics \\luch 1nd1cated influence of heredo-fam1hal factors 111 the prevalenceof CAP, the assoc1at 1on of CAP ,vith sonic genetic red-cell 1narkers (Hb and G6PD� �s) as well as 1he rcpon or racial predispo1111011 or CAP are 111dica1,ve or 111 uence of genetic factors· hence a phannacoJ.?.ene1 1c bas i s to CAP 1nay be cons1d bl ' "" . d era e Ah hough co1npanso11 of the concordance of 1h 1s phe1101ncnon 111 1 cntical or non-1dcn1 1cal 1,v1ns could 1101 be carried 0111, 1h1s 1nay not be crit ical a scoticordance 1nay 1nercl} be due 1 0  en, 1ron1nen1al factors 
Despite gcncttc prcd1spos111011 10 CAP, cun1ulatl\c exposure to  chloroq11 111c"as fou11d lo 1nn11encc the 1nc1clcncc of CAP flus IIHt) be 1nd1cat1\'c of the11l1Ponnnce of cnv1ro11n1cntal factors 111 the ac11olo1:,•y of CAP 

•
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81ochen1 Gen I 81
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4 

-

I •J� 

,.\PPE;\DIX 

Cl I LOROQCINE-1\SSOCl,\'rEO PRL'RI ll'S (CAP) STUD\ 

Se, ,al No , __ ...:.I 

Date I I I 

'-!.11nc • • 
• • 

Sc, I t\lalc c

") 
-· F e111ah: I

\\' eight I l.:g) I I 

Oscup,111\lll (Sp1:.c1h)

l 

I 

2 I losp1tnl No. 1 __ ...:.I

..

.. . .. 

6. l\gl! l\lonlh Y car

I 6(a) D,IIC of Btnh / 

I I 

I 

I 

U1u:1nplo� c:d 
L'nsl.:ilh.:d ,,orl,;cr c g labourer clc;111c:r, pe11y-1r:id1ng. ,cndor

Scnu-sl-.1llcc.l e i; T) p1�1. Cktl. 

51,.,llcd ,,011.c:r c: i; 1c,1cl11ng, tc:cl1111crnn, 11111,c:, h.1111.c:r

s111dcnl 
Oth.::rs 

() If �.lbJC�I IS ,I �111Jelll Jcpc11Janl

O �1111 111,11 of Pnrcnt Gun1Jtr111 chccl. 18)
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10 Ha\'e � ou I!\ er taken chloroquine 

l l Last dose I I I I 

I')(, 

� 

., 

\'es _..;.I 2 _I _..:.I 

Dant kno,v / / 

12 I lave ) ou any htstol') of 1tch111g 10 chloroquine Yes/No / I 

l3 · 22 Applicalllc 10 onl) those "ith history ofi1chi1tl,!. 

I Nc,cr 13 C 1\ P c,pcncnccd 
') As for bock os can re111c1nber -

3 ;\t a pnrt1culm po1111 

14 C \P 011S1!1 OIi I 1 ·1 (a) Al age I / )C;tlS, 

15 C ,\P d1,:ippcarcd I I Yes ., No -

16 ( 1\P nssoc1a1cd dn1gs I I 1 N1vaqu1nc 4 Dagaqutuc 
., Rcsod1111 5 01hcr� 
3 Norolon 6 ,\II 

1· hclnul! 10 Can1oq11111c: !,\1110J1aq111nc) 1 Yes / , 1 No I -

- 3 Ne, c1 l,1\.cn I 

:.-..:.I hours alter I sl dose of chloroqu111c cout,c 

1 1,
P1uriht'- Iasis U hours

20 \Vluth dnJi;C'-l �u11pre,s(c:,J the 11cl11ng cllc:ct 111 )OIi '-- c g

l I) Punon {2) Asp,nn (3) Scdau,e� hkc ,ah11111 (,pc�tl) l 

(I) Phe1•:rgJII (5) Xonc (6) Others {\11tc16} 
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21 

23 

Pruntus peak 1n1enstf) . / t-.ltld 

2 Shghth 111capac11a1111g 
3 l11capac11at111g 

�, ou 1lch onl) "hen you ta\..c the drug / / Orally 
2 By uuccllon 
3 Both 

110\\ often do you hnvc fe, er 111 a year I I (Specify) 

(I) Once (2) T\\1cc (3) Occns10110II) (•I) Olien

24 I lo" ,nan)· tablets of ch loroquine ha\'c ) 011 1nkc11 111 the pas! one year

Spcc1I\ ,_/ __ 
25 I-to,, ,nan) 111nc� did ,·ou take chloroq111111.: 111Jcc11011 111 the pnsl one) c.?nr

Spcc1f� 

26. Docs :un of, ou1 pnn:nts itch to chloroquine
• 

(I) Father l2) r..totlu:1 (3) Both (4) Nol kno,,n I

Ooel' atl\ of) our rc:l,1l1011s 11ch 10 chlo1oq11111c / /

I

( I J 0,o1hc1 (2) Sister (3) Cousin (·II ,\11 (5) Nol \..no\\11

:?S Bk1otl group t,\80 and RII)

2? Gcnol\ pc I 

JO ac,ro -.1:1 cc111n� < 1) Nilnn,,1

31 GuPO c:h:1.trophorc: IS

l, P('\ -

I I 

t2l Dclic1cnt "-' -� 

----
'• 
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33- \\"BC I t'--� 33 (a) Eos1nopl11I (count) 

Direct Oll:.l'r, at ion of Chloroquine ,\d111inislr111io11

34 

3S 

l\1alana µarastte (I) Pos111,c 

Pe, c1:ntage par.1�11ae1111a .._/ _...,_/ 

(2) Negall\'C I 

36 (a) Pa1as111: density (tlnck) ._{ _...:., x 10·1'1111

37 

38 

39 

Scrun1 stored dunn� C1-\P 011ack (I) Yes (2) No /

l:l1111e !>lorcd dunnu CAP auack (I) Yes (2) No /

Dn1!! 1al.:e11, Dose ;:..I _...:.I T1111c. __ ...:./ 
-

Rollie ' 

·10 Pnn 1111� i:..l __

(I) Yes (2) No

,\ 1 (n I On)el =--' -- h al1cr drug 

I 

I 

I 

I 

I 
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I')') 

' 

QL ESTIOi\ \,\IRE 

Clt LO\tOQU\ 'E- \SSOCIA TEO PRL R!'l'LIS IN PREGNANT\\ Q,\IEi\

\, 

3 

5 

7 

I I 

Sena\ No I I 
") 
-

l losp11.il No

Date l I I I 

. .. 

Nan1c • •• • •• • 
• • • • • • • • • • ••• • • • • • • •

6. \Veighl I:--___./

1r, 

>-\IJ.c t,.,Jonth \' car 

Occupa11on Spcc1f) I

I 

I. Uncn1ploye<l L bourer cleaner, pell)' trading ctc

Unskilled '' 01 l,.cr e.g a 
1, , .  ' . 

.. 

II 
.. 

Ill 
d , Tvp1st, C i.:r" e1� 

Sc1111-:-k1lle e
.g T ·I •r ic:cluuci:il. 1111r�e, hanl..cr c1c

d •er • '' e.i� ,i.: • 
Sk11lc ,,oro,. i.:"' 

I\ 

\ Student 
, 1 Oth.:rs 

. , Chloroq11111c 1 'I c:,

iiu,c ,ou c,.:1 takcll , 0011 1 l,.nO"
. . 

I

Last do::-e "hell �----

, 2 No :-I--" 
:...---

1 1

I I) 
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11 

13 

IS 

2llll 

(b) \\'hen 1101 pregnant Yes/No '""' --=-/

If> es, co1nparc the 11cl1111g during p1 eg11c111c) c111d at prcco11cep11011 

\\hcther children 11ch 10 chloroq11111c .... I __ ...:.I )'cs 
2 No 
3 D011 '1 kno\\ 

\\'hethe1 husband 11ch to chloroqu111c t.l __ ...:.I Yes 
2 No 
1 Don't k110\\ 

1\1 \\ hat age does 11clung stans 111 the 1:111111) :...I ____I
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CIILOROQl'INE CO\([\ l R-\TIO\ (ng 1111) A;\IQ\G ITCHERS

Timttht 00 -'.O EH BH I.\ 

0 111111 Jtl �\ )c., �7 Jll 82 (I "' 

OS l2J J2 J 9o 

91 J6 ,6J 911 '9 us t J� 11 J6 GJ 

JH JU 211' 38 J6J 6J 250 &' 

JIKI 2N 511\126 360 JJ 

li I �� 2·11 1)J 2�11 i� 211� •.n • 

ll 22� ,� ,,s 16 I�� K� I MJ 1111 16J J 1

lJ 2111 11 211\ u, I(,� ')2 IS 7 c,1 8J ,-
-

JK \l .... � • y1 �s 72 7U • 

% ?I �6 \ I II 11 (j IJ6 Jl I - 09 

IC'I ""'J I"' ?\ �'7 ,,, �y J2 ,� 2 I (� 

J16 11 2' I SJ 111 •,U IJ 21 .. ,. 
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DESL TI! \'L-CI I LOROQtlll\ r COl'-Cfl\ I R. \ TIONS (111;/111I) A�IONG \'Oi\-lfCIILUS 

Time (hrl 1\1,\ OD Of; £C OS AD A'- AL 

0 II IKI )l 2� l lKI I 2� !ltNI 11 IMI 11 !Ml 

u� I 1n • J•J cl( , J I l , IV J 37 

I 111 J� 'I 111 • JJ OJ 5 ?<, 12 J7 

2 IJl •J<, l116 l(J ,s 'J l I \ I 111 )7 911 �J II �l 7 )0 

J 1,U 6J 97 16 I, I UK HJK 27 10 
• 

I( lllh 7 0  111. �·1 16' JJ 76 (�I k'I 70 51 IK 11 SK l'l KJ 

12 IJJ 16 ll 71• I 1'I I J l 12 l\ �, �\ 1,7 JJ l2 IIJ 

2J 1'7 n l') ?5
• IJ(,?\ U 5� IY Hll 2l 70 15 2J 

J!I 72 ,� (,t, , .. ?to 11 �\I J7 11 711 IX �II Ill 119 

'It, ,., u� I� S\ JII II J� 'JJ llU 11 52 11 !Ml 

li.'1 � ll 11 Ill lM 1(, IK �I J '"' 2 '17 (, Ill 
Jk JJ I I I 

,n g 7J I I 11 • I 110 

)l6 � ,� I 1(,
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Subject 

00 

AO 

EH 

811 
I,\ 

TT 

BS 

�I,\ 

0D 

OK 

Er 

OS 

,\1) 

AK 

.A.l 

---

1111. . 

D,\ I A OF llRIN,\R\ ORUG ltECOVER\ 

Unnc Volume (ml) Amount of Drug Rcco, crcd (mg) 

DI D7 014 

DI D1 D14 co DCO co DCO co DCQ 

-- -
-

1 �so I 140 950 52 SS 6 3 6 �o 0 )0 210 0 IS 

780 I S20 J.640 77 3 I 5 1-1 22 7 2S 7 14 5 2 3 

sso 650 7:?0 6) �2 )19 S 69 210 4 27 0 1

1,950 7S0 1,JSO 118 00 36 70 9 72 4 JO 6 96 I 4 

9 9  4 8 069 267 010 

1,230 1,030 900 �3 I 7 

122 9 269 10 ,17 2 70 3 91 I 83 

1,250 1,320 1,400 
11 I 0 8 34 I 14 J 86 010 

2,300 �. I I 0 1,940 97:? 

55 7J :?-I 7) -I 07 7 84 S 60 I 41 

1,250 S70 I, 110 0 �2 I 16 
49 :?l IS 18 -169 0 II 

1,690 �10 t,950 :-D !1;0 �D :--o -..:o 

�c 1,-120 
� �oo ND 

909 410 
.,. 

77 93 -16 �:? 
4 30 2-10 

I ,:?00 620 700 10 27 11-IS I 20 2 J-1 020 
69 90 

1,410 I. -100 6-10 l I l I �:, I I � 0� 
-10 63 14 60 

1,610 I, 130 1>60 I I J l II 6 2 711 4 -IS 2 03 
\I 7

2,000 I I �0 !i:?0 6 01 l 06 2 07 ioo 0 70 
• 

1,sJO tO 0 
2 I SO I 720 

---
-

---
----

D 
• 0)1

:-,:ui r-aucc1rd
�c 

:-;01 done
t-,D 

-

I 
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Sub1ec1 

00 

AO 

Ell 

BH 

1-\ 

TT 

llS 

\IA 

OD 

OK 

EC 

OS 

·\D

,\X

AL

-

D \TA OF CS 1'1111 \ 1 CD TOTAL ()Rl G RCCO\ rn\ 

--- -

E�111na1t:d Total Reco, el) To1al Drug Percentage of 
(mg) Reco, crcd (mg) 600 mg Recovered 

CQ DCQ 

-

237 43 ,� 17 262 15 43 69 -· 

118 80 594 00 I I 9 29 71 J 29 
70 26 12) 40 �21 61298 2 I 

697 60 116 27 161 16536 44 
246 60 41 11 206 70 39 90 
657 60 109 60 

529 15 I :!S 45 
475 15 79 19 

427 70 47 45 
-llS c,O 7093 

276 10 149 so
268 (>� 4-l 77 

213 26 55 35 
l\D ND 

I\D ND 
520 71 86 (>6 

370 99 J-l9 so
J6S -1-1 60 90 

321 00 4-l -14 
2)9 70 J99S 

67 30 
72 40 )72 6:? 62 10 

71 90 J7 12 301 53 ,,.,., ,�
46 ,17 

-·-

76 )0 ----

-
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