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102 Childre

with

a-ed between 6 months and 7 years wers enrolled in the
study end the wi0 Extended FielzZ +tes* was used to assess

the in vivo sensitivity of P.Felciparuz to chloroguine.

Also tl.e WHO Standard Microtest wzs uszel to determine the

in vitro susceptibility of P. Falcipesrum isoleted from the

ablve petients to chloroquine,mef:aquine and quinine.

Of the 59 patients that comple*ed “he in vivo study,
53 (90i:) were fully sensitive to chloroquine, ie. paresitzemia

ar. The meen

M

cleared within 7 days and did not rezr:
parccite clearance time for the sensi*ive ccses was 3.47 +
1.04 days. 6 cases (10+) were resistznt to +he drug in vivo,
3 at the R1 and 3 at the R II lsvel., In tl.ose cases,
parasiteemia either cleared and rzzppezred or did not clear

at all.

Of the 36 cases with in vitrc results for chloroguine,
24 B. Felciperum isolates (66.7ic) were fully sencitive to the
drug in vitro. The schizont maturztiocn of tioce isclates
was corpletely inhibited at 8 pmal/well (1.6 x 10~6 mol/L)
chloroquine and nelow, wnile 12 iszlates (33.3..) were
resistant to chloroquine in vitro ie t.ere wzs schizont
growth at 8 pmol/well (1.6 x 10'6=:1/L) chiloroguine and
above. The EC 50 and EC 99 for +ne 3£ isola*es were 0.4 x 10~

and 4.52 x 1076 p59/1 chloroquine, resrectively,
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AESTRACT (Contd')

Also 35 cases had in yitro results for mefloguine.
schizont mcturation of 26 isolateg (72.2%) was completely
inhibit:c a2t 16 pmol/well (3.2 x 10'6 mol/L) mefloguine
and below, while 10 isolates (27.7%) grew at 16 prol/well
mefloguinz. The ET 50 and EC 99 for the 36 isolatecs vere
0.5 x 10-6 end 6.4 x 10-6 mapl/L mefloguine, respectively.,

13 ceces hed in vitro results for quinine. There was
complete inhiibition of schizont maturation Of 12

P. Falciocrum isolates (92.3%) at 256 pmol/well (51.2 x 10"'6

mol/L) cuinire and below, while one isolate (7.7)) rrew at
256 pmul/well, The EC 50 and EC 99 for the 13 iscla*tes were

2. % 1078 and 36.2 x 10-6 mol/L quinine, recpectivcly.

L

33 (55.9%) of the 59 patients that éomplefe: +le
extended fieclé *test had corresponding in vitro result:z for
chloroquine, A comparison of the in vivo/in vitro sensitivities
shows that 21-cases (632.6i) were fully sensitive to
chloroguine both in vivo and in vitro while 8 cases vere

sensitive vivo and resistant to the drug in vitro.

in
L4 cases we.e resistant to chloroguine both in vivo cnd in vitro.
Our da*z indicete that there is both in vivo and

in vitro resistance to chloroquine in children with

F. Falcivzrum malaria in Zaria urban area. Our results

also su:jest a decressed in vitro sensitivity of P, Falciparum

to mefloguine and quinine .in this ares,

vii



TAELE OF CONTEKTS

TITLES
Title Pag_e . wa - LY L]
Declaration - .. L L
Approval - - onie . 0o
Dedication - " 8 LI -8 & L
AC"’.UOWlE’ﬁ geme‘n‘ts « o see 'y
Atstract «o e “ea P 'R
Tatle of Ccnten 'LS - ... .
Llst Of Tatles e R vea
LiSt Df Figures L LI - 8
Ll St Of A;"Feradi ces .o T e
CHAPTER ONE
JRTRCDUCTHON
1.1 Historical Background ... S
1.2 Flas:r.Odia dea " “es )
1e2:1 Taxonomy of Malaria parasites ese
1242 The Vector and its Life cycle -
Y:i2: The life cycle of Malaria pzrasites
1.2.4 Distribution of Malaria parasites ...
1.3 I‘ZB:aI‘ia e - .. TRy
1¢3.1 Pathology of Malaria ‘e vee
1342 Clinical course of Malaria s
1.4 Drugs used in the treatment of
Malaria L L A . sa
1.4.1 Definitions and classification of
antimalaria Drugs ene o
1.4,2 Chlorcquine and its congeners cee
1.4.3 Sunmary of other Antimalaria Drugs ...
159 Drug Resistance in Human Malaria ase
1.5.2 Mechanism of Drug Resistance in
Plasmodia s e e - ow
153 Methods of Assessing the Drug Sensitivity

Of E. FalClEErum “aw sen

RN a

17
22
35

36
39
56
70

73

75



-~

TITLES
115.&

25}

2.2

2:241

2.2.,2
2.2.3

O W

N\

(% I =B €Y, Tt 4

TAELE CF CONTENTS (CONTD!')

Treatment of chloroquine resistant Falciparum

malar‘ia “ss e O
Aims and objective of the study cea
CEHAPTER TWO

MATERIALS AND METHODS

f’:?ter‘ials LY L ] L ]
}:ethOdS . csw " .a
Screening of patients ... cse
In Vivo Methods oo o s
I_E Vitro MethOdS .o e e e
CEAPTER THREE
RESULTS
Screening ) oo Ve
The.patients PN ae &
In Vivo Results o cee
In Vitro Results oo s voe

Comparative In Vivo/In Vitro Results For

C:"‘.lOI‘OQU.‘_YIE L] L L ]

CHAPTER FCUR

Discussion and Conclusion e
References ... P ten
Appendices ... - -

3x

PAGES

g0
84

87
g9
89

90
96

104
104
105
114

123

136
144

1€C



TABLE

1.1

3.1

342

3.9

3.4
.wrmrm.--- z, 5 :

3.6

3.7

Duration of Develormental stages in Human Malariea

LIST OF TAELES

paI"aSitE‘S LI ] LN ]

L]

Parasite Densities (expressed arithmetically

and by Eruce-chwalt parasite density index of

52 cases feollowed up in an In Vivo chloroquine

sensitivity trial of P. Falciparum in Zaria

Urban area 1987/88 ces

4 a

Distribution of mean paracite densities On

Bay O according to age groups of cases of

F. Falciparum in an In Vivec investigation

¢’ chleoroguine sensitivity in Zaria urban areea,

1987 /88

Distribution of parasite densities of 6 cases of

ju)
—t

(25mg/kg) followed up for 28 days in an

He Pt et e T e et B o
e Bl AR i) Pt rh Do e e g e e et b

[T

RN

AT

[}

e

-~
s

In Vi

investigation in Zaria urban area 1937/88 .

Clinical Response of 59 In Vivo cases of

P. Faleciparum to chloroguine in Zaria

t¢
in
to
In

to

Vitro Response of 36 isolates of P.

chloroguine in Zaria 1987/88

-

Vitro Response of 36 iscolates of P,

Mefloguine in Zaria, 1987/88

*

L]

Vitro Response of 13 isolates of P.

Quinine in Zaria, 1987/88

»

A am
wlaa
Vv

(.

Q

[

Falciparum

Falciparum

-

PAGE

12

106

108

110

112

B S TR

Falciparum

115
117

119



TABLE

3.8

LIST CF TABLE (Lontd')

PAGE

Comparative In Vitro sensitivity of P. Falciparum

isolztes to chloroquine, Meficquine and Quinine

in Zaria 1987/88 _ ... e aaa 120

Correlation between the In Vive response of

P. Falcirsrem malaria to chlorequine (2Zre/kg)

in 33 children and the sensitivity of the

3.10

3,11

3.12

3at4

correspndoning isolates in vitro (WHO standard

microtest) in Zaria urban area, 19837/88 “re 125

Correlation between in vitro response to chloroquine

(WEQ standard microtest) of 33 P. Falciparum

isolates with the In Vivo response of children

infected by the same isclates . ves 126

Parasite densities and Schzont counts of 21

sensitive cases of P. Falciparum to ckloroouine

in an In Vivo/In Vitro sensitivity study in Zasria .
‘urban area 1937/88 oo ces cee 127

Parasite densities and Schizont counts of 4 in vivo

sensitive and In Vitro Resistant cases of

P. Falciparum malaria to chloroquine in Zaria . ...

urban area, 1987/88 as e P ‘e 128
Parasite cdensities and schizont counts of 4 cases

of P, Falciparum with delaved clearance Inh Vivo, and

In Vitro resistance to chloroguine in Zaria urtan

area 1987/88 e L ‘o g . 129
Parasite densities ard schizont counts of 4 In Vivo

and In Vitro resistance cases of P. Falcipsrum to

chloroquine in Zaria urban area, 1987/88 see 130

xi



L1ST OF FIGURES

FIGURES : . | . PiGES

1.1 Cycles of cdevelopment of malaria parasites in the

ancrheline mesquito and man - “os 8

———%58- Map-showing the distribution of human malaria

in th‘e WOI"ld L ) L LN ] 15

1;3 Diagram of action of antimalarial compounds on
different parts of the cycle of development of
P, Vivax and P. Cvale in the mosquitc and
in man coe toe ‘e | tee 37

1.4 isrees where chleroguine resistant P. Falciparum

has been reportsad vos e veo 72

1.5 In ¥Yivo response to Field test for sensitivity of

Falciparum malaria to chloroquine ... tee Y7

<7 Mean parasite Densities per mm3 {log scale) of 53

seusitive cases of b raiciparun after treatment

with 25mg/kg chloroquine in Zaria urban area,
1927 /48 vee 109
3.2 Protit regression line for chloroguine of 36

P. Falciparum isclates in an In Vitro study in

Zaria urban area 1987/88 .. cieamomnin neer 116

e N ]

.3 Probit regression line for Mefloguine of 36

(Y]

P. Felciparum isclates in an in vitro study in

Zaria urban area 1987/88 e ‘oe 118
3.4 Protit regression line for Guinine of 13

P. Falcipzrum isolates in an in vitro study

in Zaria urban szrea 1987/88 . . 121
3.5 Mean parasite densitiec per mm° (log scale) for 4

groups of cases ¢f P, Falciparum malaria after treat- ’

ment with 25mg/kg chloroquine in an ln Vivo study in -

Zaria urban area 1987/88 cee s 131



LIZT OF FIGURES (Contd')

FIGURES

3.6

Frobit regressicn lines of 4 groups of

P. Falciparum isclates in an In Vitro

chlorocgquine study in Zaria urban area

1987/&8 -9 0 "8 L ]

-
L)

n

- -
122,



LIST CF APPEXDICES

APFERNDI X

1 Dill — C(Lazro's Test ... cne

2e Prepration of Frosrhate buffer PH T2

3 Preparation of ZPMI-164C Ligquid media

“. In ViVO RECOT‘CE ?Dl‘m - 0 L
~

xiv

1€0

1€1

162

1€3



CHAPTER ONE

Introduction

[ el Nali e taW ot b e Lo 1

1.1 Bl ST unawhii Diw g Oivie

Malaria is @ disease characterized by intermittent
fever, anzemia and splenic enlargement, It is caused by
parasites essigrned to the genus plasmcdium, class

sperczoa, of which four species, Plasmodium falciparum,

Flasmodium vivay, Placsmodium ovale and Flasmodium

malafiae are knoewn to infect man naturally. The name
meleria is derived from the Italian.word for "bad airw,
it does not.directly relate to the czuse of infection
but reflects earlier opinion thet the disezse was

-

sprezd by mist £rising from mzrshes,

The earliest irndication of humen disease
sugrestive of milaria came from ancient Egypt and is
founrd in the Edwin Smith surgicel Pespyrus 1,600 BE.C.
(Brezsted, 1930}, Also the Papyrus Ebers, 1550 E.C,
refers to the association of rigors, fever, and
splencmegaly to malaria (Garmham, 196€). However, the
first exact description of the disease was by.
Hippocrates 400 B.C, who studied in Egypt and recognised
quotidian (daily) tertian (every 48 hours) and guartan
(evéry 72 hours) fevers with the enlargement of the
spleen (Boyd, 1949),.

\ o ) .'  Bl
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The setiology of malaria remained a mystery until
modern times, and no major progress weés made except for
the discevery of the curative value of cinchona bark by
Amerindians and its introduction into Europe in the
middle of the seventeenth ceniury. Hippocrates first
regarded bile as the immediate cause of fever, but this
was soon disregarded and effuvia from swamps or marsh
became firmly established as the czuse of malaria, It
was not until the nineteenth century, when work :carried
out by many workers like Laveran (1845 - 1922), Ratric
Marnson, Ronald Ross and others, succeeded in showing
that melaria is caused by paresites and transmittied by

‘mosquitoes (Garnham 196€),

i - — ale
ek s I A0 cuiviedt
s e e

1.24% Taxoncomy of Malaria Parasites

Malarie parasites belongs to the Fhylum pro<ozos,
subphylum sporozoa, class telosporea &nd subclass
coccidia (Honigberg et al 1954), There is uncertainty
regarding the taxcnomy of maleria parasites below the
level of suborder. FHKowever, according to the society
of proto-zoologists, they belong to the order Eucoccidia
and suborder Haemosporina (Baker 1977, Levine 1973),
Garnhzm (196€), classified the sutorder Haemosporina
into the femily Plasmodiidaze and genus Plasmodium,

The family plasmodiidae shows blood schizogony, they

have mosquitoes as their erthrepod host &nd their



~2a
gemetocytes are resiricted tc mature erythrocytes,
1&223 genmis nlrsmndfus renresents the malaria parasites
of man and enipals end is divided into ten subgenera,
three comprising the mammalian, four the avien and

three the saurian plasmodia,

Out of the three subgenerz cof the mammalian
malaria peresites, only four species &re known to
infect men neturally, these are P, ovale, P, vivex
and P, maserize fror the subgenera plasmodium

)
(Plasmodiur) and P, falciparum from the subgeners

plasmodiun {Leveraniz) (Gernham 1666),

The followlng simian melaria species are known

10 0LLenaCibily dllelt hels €ither nalureldly ©

L

experirentally:P. krcwleegi, P. siminum, P. schwetz,

P, bresilienum, P, cyvnomelgi bastiesnellili,

P, cynomolgi cynomclzi and P. inui {Chin et al 1965,

Dezne et 21 1966s, zrnd Coztney 1971),

1.2,2 The Vector end Its Life Cvycle

Mzleria is trersmitted by mosquitoces and only
the femzle anophelires are vectors of human malaria,
since male anophelires do not feed on blood but zlmost
"exclusively on vegetzble Juices and nectar. In addition
to transmitting maleria, anophelines also transmit

Filariasis end sooe viral diseases (Bruce-Chwatt 1980),



.
Mzlarie cazn 2lso be trensmitted through transfusion of
Viooud contleliniug weleria psrasites, or by using
unsterilized syringes and needles as commonly seen in

drug addicts.,

The znopheles belong to the Phylum Arthropode,
Clzss Hexapoda, order Diptera, suborder nematocera
and family culicidee also known as mosquitoes. The
subfamily énophelinze consists of three genera nemely

hncpheles, Bironella eand Chagasia (Paul et al 1963).

There zre about four hundred species of Ancpheles
mosquitoes throughout the world, but only some sixty
speciés are important vectors of mzlaria uncder natural
concditions (Bruce Chwatt 196C)., In West Africea, three
mein encpheles vectors are known to transmit melaria;

they are A, gzmbiae, A, arebiensis and A, funestus,

A. meles is involved but to 2 lesser extent,
(Ekenem 1978). Anopheles and culex species ere
nocturnal in their feeding hebits,while some Aedes

species ere diurnal,

Although Anopheles mosquitoes are most frequent
in tropical or sub-tropical regions, they may also be
found in temperate climates and even in the Artic cduring
summer, As 2 rule, Anopheles are not found at

altitudes above 2000-2500 meters a2bove sea level,
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They mey be dispersed or transported to great distances

1 b
by wind, in shine, railwsy corriagee or 2ir plance,

The mosquito life cycle consists of four stages :
egg, larva, pups &nd adult. Those stages are always
divided between two different habitats, an aquatic and
a terrestrial one; the larva and pupa &re always aquatic
and the adult always terrestriel, The egg and pupa may
be consicdered transitional forms between two separate
organisms, The larva and adult each occupying a totally
different ecclogical niche, Larva in generzl are
specielized for growth and the storage of nutrients,
whereas edults are specialized for dispersal and

reproduction (Foster 19€0),

(i) Eges: The inopheles mosquito eggs are laid on
the water surface or under water and embryonation
ig usually completed in about 2-3 dzys at 25-27°¢.
Hatching of the eggs occurs in response to low
oxygen tension,

(ii) Larvas Mosguito lerva of all species pass through
four intermout developmental stages, The larval
period depencs on the species, temperature and
availability of food, At 25°c-27°C, and optimum
feeding conditions, the pericd last for about



b
(iii). Fupze: After the third moult, the fourth
instar Anopreles larva aevelops 1nto a comma-
sheped still equatic pupa. Puparhave muchk of
the external forms of adulté. They do net
feed but are extremely active. The.pupal
stege lastsSfor about 2-3 days at 25-27°C after
which its skin splits dersally and the edult

insect or imago emergecs,

(iv})  4Adulis: The time of emergence of adults from
| the pupal cuticle is sget by the time of
pupation; Males pupate earlier than femzles
ard trerefore tend to emerge first., After

erergence, they may mate 2t the brecdings cite,

Adult females of mest species reguire &t least
two bloccé meals before the first batch of egegs can
develop, 1In subsequent cycles, a batch of eggs

develops fror each blood meel. The blood protein is

converted primarily into mosguito egg protein and to-

scme extent into lipid and glyccgen which can be used

for energy as well as egg development (Foster 1980).

1.2,3 The Life Cyvcle of Maleria Parasites

-

Malsria paresites undergo a complex life cycle
alternating between a vertibrate and an arthropod

hest. The 1life cycle consists of a sexusl and
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sporogonic mode of reproduction cccuring in the
“arthropod host and an asexuzl reproductive mode

| occuring in the vertibraete, The asexuzl phase is
divided into two, the first occuring in the
parenchymal cells of the liver where messive nunters
of merozcites are produced and the second occuring

in erythrccytes (wWernsdorfer 1980),

The sporozeite, upon incculétion by an infected
mosquito reaches the bleood circulation where it is
transported guided by chemotaxis to its target site,

Cn Teachirg its vicinity, it leaves the capillary

lumen and enters the host cell., In mammalian »
‘plasmodis, the latter 1g o hopziclyit., In Nl lase Gu

sporozoite enter red blood cells directly. The
sporozoiter entry into the hepatocyte results in a
drastic norpholcgical chenge in the perasite which

then appears round c¢r cval and contains a chromaiin

nucleus surrounded by cytoplasﬁ. Trhe nucleus divideg

and the cyteopleswmic mass grows and excerythroceytic
schizonts are formed. After completien of nuclear
divisien, the cytoplasm segregates &nd merozoltes are

ferwed consisting of a single nucleus and ¢ytoplacem,

In constrast to the erythrocytic stages,

exoerythrocytic schizonis do not contain pigment,

The number of merozcites produced by one exoerythrocytic



Fig1.1 Cyclesof development of malana parasites i
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schizont is estimated to be approximztely 2,000 in

P. melarige, 10,000 iu F. vivaa,
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and over 20,000 in P, falciparum, roughly corresponding

to 12, 14, 15, and 16 nuclear cdivisions (Wernsdorfer

1980).
of primate plasmodia

patent period and in P, {=

days, T&: cycles of development of

the mosqu.to and in man ig shown in

Tre duration of the excerythrocytic developnent

roughly corresponds to the pre-

it is sgbout S to 7

rmelaria perzcsites in

figure 1.1,
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In memmalian plasmodia, the merozoites originating
from oryptozoic schizonts (i.e. schizoguuy eiisiug
directly from sporozoites) can only invade red blood
cells trhus marking the beginning of the erythrocytic
plrase or schizogony,In some plasmodie infection
(i.e. P. vivex and P, ovzle) some spcrozoites may
rexain decrment in the liver and after scnetime become
reectiveted by an unknown trigger., These latent
sporozoites cr hypriozoites are responsible for relapses

in those infection, (Coatney 1976, Gerntarm 1977a2 and

Knctoski gt &l 1940),

The infected erythrocytes mey retain their

norxzal size as in P, felciperum 2nd F. mzleriae or
become enlarged znd round as in P. vivex or enlarged
and defcrmed as in P. ovele. On invading new
erythrocytes, the merozcites can either initiate
rerewed blocd schizogony as shown in Figure 1.1 or

develop into & female or a male gemetocyte (i.e., a

mecrogemetocyte or a microgemetocyte).

The mzture macrogametocytes usuzlly show a
compact nucleus and an accumuletion cf pigment near
the nucleus, In microgemetocytes the nucleus is
larger end less compact, often with & spongy
aprearance. The gemetocytes are still surrounded by

the host erythrocytes menbrzrne., In & number of



mammzliar plasmodia, gametocytogony mey be initiated
directliv from cryntozoic merozoites and may have a

duration of about 8 days in P. falciperum (Wernsdorfer

1980C).

Wher. taken up by a suitable arthropod, the
gametocytes transform into gemetes, Macrogemetocytes
shed the erythrocyte membrane znd become mature
racrogametes without any evident morphclogical change,
In contrest microgametocytes undergo a complete
trancsforration: The nucleus divides three times,
ferning ucuelly eight new npuclei which combine with
cytcplase to forn nicrogemetes having & very specific
organellar structure, The exflagellated micropametes
then tear free and wuve actively towsrd the
mecrogenetes and invade them, After entry, the
cytoplasmic meterials of the two combine to form the
zygote, Exaflagelletion ususlly takeg 10-15 minutes

end microgamete eniry 1 minute,

R

The zygote ig at first a mctionless globular
body but within 18 to 24 hcure of its formation it
elongates and becomes mobile; this worm-like =tage
measuring 18 toc 24 A/ in length is krown ag OO0kinete,
The O0kinete scon forceg its way teo the stomach wall,

passes beiween the epithelis cells and settles down.



It becomes rounded up into & small sphere with en

elastic membrane and is now cailiea an LUcyst.

The OCcyst gradually increzses in size, The
cytoplasm maintains its syncytial structure while
there is intensive nuclear division the speed
of which is largely dependant on the envircnmental
tenperature, The pigment zarried along by the
mecrogénete still remains in the OCcyst, Ultimately
the cytoplasm divides to form sporozoites., Later,
the CCOcyst bursts liberating thousands of mcbile
sporozoites into the body :avity of the mosguito
where meny penetrates the 3ranular cells gné ultimzstely
reach the lumina of the salivary ducts, thus mzking the
mosquite infective. Yhen she feeds on blood &fter
piercing the  humen skin, the sporozoites are injected
into the wound and pass into thre tlood stream of the

vertebrate host, thus ccmpleting the cycle.

Sporogony, i.e. the period from gametocyte
meturation until the development of infective sporczoites
in the salivary glands, takes between 6 deys and 8 weeks,
The nunter of sporczoites produced by &n OCcyst veries

according to the plasmodium species, In P.falciparum

it is estimeted to be 10,000 ,indicating 2 12 hour cycle

of nuclezr division in the oocyst (Fingle 196E).
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Humzn

Table 1:1 Duration of Developmenteal Stages in
Malaria Parasites,
Exoerythrocytic | Erythrocytic | Sporogony
Species schizogony schizcgony zinimum
(days (days) (days)
P. vivax 6 2 6
P. ovele 9 2 12
P. falcipesrum 54 2 Q
P, melerize 15 3 16
1.2.4 Distribution

the

above & criticzl density for ezch other,

Mzleria plasmodia survive only in earees where

mosquito and the infectec human populetions remein

Thes

e two

critical densities are interdeperdent but either may

fluctuate in a given area (FPlorde 1

985). The

plasmocia are sazid to be endemic in 2 particuler area

where there is a constant mezsureble incidence of

natural treznsmission over a succession of years.

The

frequency of splenomegaly and the degree of spleen

enlargement in a community are usually good indicators

of 1ts contact with plasmodie unless there are other

diseases which could cause splenomegaly.
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The higher the spleen rate and the larger the
averare enlarged cpleen, the higsher the degree of
endenicity and the intensity of transmission of
malaria in the area, Based on the spleen rates of
children and adults endemicity can be classified as
follow (wernsdorfer 1980).

Hypoendemic: Spleen rate (children 2-9 years)
0-10%

Mesoendemic:  Spleen rate (childﬁen 2-9 years)
11-49%

Hyperendemic: Spleen rate (children 2-9 years)

constantly over S50%;

adult spleen rate also high
Holoendemic: Spleen rate (children 2-9 years)

coenstantly over 75%; adult spleen

rate low,

Maleria in a comzunity may also be regarded as
steble or unstzble; stable malaria occurs in regions
where there is constantly repeated infection (i.e.
transmission is perennial and metecrological conditions
vary little over the years), the population has a high
degree of immunity and epidemics do not occur,

P. falciparum is usually the predominant species,

Unsteble malaria occurs in regions where transmission
is intermittent for example where it is seasonal,

In such areas, the population has varying degree of
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imrunity and epidemics are lizble to cccur

(Wernedarfer 10A0),

Africa

Parts of northern and Southern Africa were
naturally non-malaricus, However, the total number
of cases noerth of the Sahara continued to rise due to
some focel cutbrakes from S4L3 in 1983 to 666 in 12984
and 921 in 1985 most of them P, vivax (Weekly
Epidemiological Record 1987) 713 local cases of
P. vivex were reported in Morocco alone, 3 in Algeria
and 194 in Egypt including 10 faciparum infections in
1965, Malerie free arees south of the Sshera are, .
Capeverde, Lescotho, Reunion, Saint Helena, The
Seychelles, most of South Africz republic &nd some
arees above certain altitudes (weekly epidemiological

record 1987).

All ccuntries of tropicel continental Africa

as well as Madagascer are malearious with P, falciparum

representing between 80-92%X of the paresite formula
followed by P. malariae 1-3% and P. ovale 0-1%

P. vivex i1s practicelly absent in West &nd Central
Africa, Mslaria in tropicel Africa is predominantly
hyper and holcendemic and the main vectors are

A. gambize end A, funestus; They are responsible for
mzinteining & high degree of stebility of malaria in
this region (Weekly ppidemiclogicel Fecord 1987), The

distribution of humen malaria in tre werld is shown in

Figure 1.2.
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Americas

On the American continent, malarial is endemic
in tropicel South Americe except for high altitude
arees, also in central Americe and some parts of Mexico.
In Arcentina, Costaricz andé Panama trensmissicn hes been
considerebly reduced, while there is no evidence of
continued transmission in Chile, Cuba, Dominica,
Grenzda, Guzdeloupe, Jemaica, Martinique, Peuerto Ricsa,
Seint Lucia, Trinided and Tcbzgo, The U,S.A, and
Canada have succeeded in eracdiceting melariz and are no

longer encemic (Weekly Epidemiclogical Record 1¢87),

Asia

In Asia West of Indis, Behrain Cyprus, Isrzel,
Joraan, Kuwait, Lepenon &na lLatler are iree ol inclgenous
mzlaria, while & reduction in the number of cezses has
been reported from other countries, they ere hcwever on
increzse in Pakisten and Afghaznistan, All countries in
middle South Asia are malarious and egbcut 9% of the
total populeticn ere exposed to mslaria risk in varying

degrees (Weekly Epidemiological Record 1967).

In Eest Asia and Oceanis; Austrslia, Brumei,
Dar-el-salam, North and South Korea, Hong Kong, Japan

Macso, Mcngolia, Singzpore, lerge areezs of China and

most of Ocezniz are considered mzlarisa free. While



there is improvement in the nunber of czses in cther
countrics, there Ic ns significont chenges in Vietnam,

Papua new Guinea, the Philippines and Vanuatu,

(weekly Epidemiological Record 1987),

Europe, Including Turkey and the USSR

With the exception of Turkey where endermic
meleria is limited to some areas, the above regicns
are free from malaria, only imported czces have been

reported (Weekly Epidemiological Recerd 1987).

1.3 Malaria
1.3.1 Pathology of Mazlariea

(a) Generzl Pzthology: The plasmodia invecding
eiyllicvuyses dbitieie Lhie pellivivpical prucess
and the consequences of this Infection influerce
the hosts other tissuees and orgaens, Fraectors
contributing to the development of the patholo-
gicel process are (i) paresitaenig,

(ii) destruction of damaged erythrocytes and
(iii) the defense respontse of the hcst against
the infection, including Phagocytosie and the
develecpmert of immunity. P. vivex and P, ovzle

tend to invede the youngest eryvthrocytes éend

P. mazlariae the clder ones while P. falciparum
invades red blood cells of any age (Aikawa et 2l

1980, Bruce-Chwatt, 19€0).
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During zalaria infection, the destruction
oL host. yed tioed gells
plasmodia rupture the erythrocytes at the end of
schizogony but also through Phagocytosis of both
paresitised and ron-parasitised erythrocytes
especially in the liver znd spleen, These result

in some degree of anzemia and contribute to

enoxia (Devakul et al 1969).

It has teen found%hat changes in red cells
especially on their surface occur during malaria
infection e,g., there is a reducticn in the
electrical charges on t?e surface of both
parasiiised end unparesitised erythrocytes in
bird malaria., Also in severe melariz, Jjust as
in c<he: =evere infections, substances such as’
Fibrin zre secreted and appeer &as fine
precipitate around the erythrocytes (Edington
and-Gilles 1%81), These substances apart from
eiding Fhegocytic desctruction c¢f both infected
and non-infected erythrocytes,&alsc cesuse them to
sludge, thus interfering with the passege of
blood cells through finer blood vessels, It has
also been found thet the parazsitised red blood
cells lose their deformability and thereby

log-Jjam the microcirculation (Edington and Gilles

1981).
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(b) Frathological Changes in Individual Organs

The following changes refer mainly to

infections with P, falciparum except for

P, malariae that may cause nephrotic syndrome

(Alkawa et al 1980, Bruce-Chwatt 1980),

(i) Central Nervous System:

There are severe lesions in cerebral

malaria due to P. falciparum infection,

Three main types of changes czn be seen

on autopsy. These are:

(1)

(2)

(3)

Gross congestion of meninges and the
brain itself, with the small vessels
of the gray msiler being packed with
erythrocytes containing pigmwented

parasites in all stages of development,

Occlusion of the capillaries and
precapillaries of the cortex, ring
haemorrhages arcund blocked arterioles
and numerous petechial haemorrhages in
in the sub-cortical white matter of

cerebrum, brain-stem and cerebellum

Necrotic lesions in midzonal brain
tissue with a peripheral reaction of
small glial cells (malaria granuloma)

aroung an occluded capillary,
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(1i) Spleen: This organ is always affected in

malaria, The main change is that of

congestion, but later the organ becomes

dark from the accumulation of pigment in

the parasitized cells contzined in

caplillaries and sinusoids, Parasitised

and apparently normal cells and also

haemozoin granules are seen in the pulp

histiocytes and sinusoidal lining cells,

Pigment is also seen in the free form or

in giant phagocytic cells. Othep ;indings

are diffuse cellular hyperplasia, dilated

sinuses and sometimes capillary thrombi,

In long standing infections, the connective

tissue is increased,

(iii) Liver: It appears swollen and dark in
colour, The Kupffer cells are large and
numerous and contain pigment, The
capillaries are distended with macrophages,
parasitised cells and pigment, Degeneration
and necrosis in the centro-lobular regions
are commonly seen, This may be due to anoxia

as a result of stagnation of local circulation,

(iv) Kidneys: In severe P, falciparum infection,

there is congestion and punctate haemorrhages

in the cortex and medulla., Transient acute



(v)

(vi)
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diffuse glomerulomephritis has been described,

In the nephrotic syndrome associated with

P. malariae there are focal hyalinising lesions
of the tuft of the glomerulus and endothelial
cell proliferation, Thickening of capillary
walls of the basal membrane is due to the
deposition of antigen/antibody complexes at

this site,

Bone Marrow: Changes here are similar to those

seen in the spleen though less marked, There
is erythroblastic hyperplasia with large

ecosinophilic normoblastic cells,

FPlacenta: There is gross enlargement and
colour change to slate gray. Microscopically
abundant parasites are seen in the material
circulation in the intervillous spaces, also
pigment deposits a&re seen in macrophages
located in the intervillous spaces, The
infection of the placenta with plasmodia
often resuits in low-birth weight of the
baby and sometimes premature births, Also
congenital transmission of malarlia to the
foetus has been reported (Archibald 1956,

Aikawa et al 1980),
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Sometizmes there may be localisation of malaria para-
sites in any part of the gastrointestinal tract,
leading to local oedema, haemorrhages and even

ulceration,

Death from P, falciparum infection in individuals

living in areas of stable malaria is either due to
cerebral malaria or malaria anaemia while death in the
non-immune is associated with acute renal insufficiency,
cerebral malaria and pulmonary oedema (Canfied 1969).
Other causes of death are medical shock (algid malaria),
renal failure, severe diarrhcea, hepatic faiiﬁre_ar;d‘

hyperpyrexia (Edington and Gilles 1981).

1.3.2 Clinical Course of Malaria

(a) Definitions (Adams and Maegraith 1980, Bruce Chwatt
1980).

(i) Incubation Periods This is divided into

Intrinsic and Extrinsic incubation periods,
The former is the time elapsing between the
inoculation of sporozoites i.e. the effective
bite, and the appearance of clinical signs.,
The length of which varies between 10-15 days
or more depending on the species. The latter
is the time elapsing between the ingestion

of infected blood by the mosquito and the
zppearance of sporozoites in the salivary

glands.
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(ii) Prepatent Period is the time elapsing

between the infection and the first
appearance of plasmodia in the peripheral

blood.

(iii) Primary Attack is the attack immediately

succeeding the intrinsic incubation period.

{(iv) Relapse is the recurrence of the clinical
signs and symptoms of malaria and the
reappearance of parasites in the peripheral
blood after the end of a primary attack,
These parasites originate from the dormant
or latent hypnozoite persisting in the
liver,seen mostly in P. vivax and P, ovale

infections,

(v) Recrudescence is the persistent of asexusl

forms mainly of P, falciparum in the

erythrocytes usually due to incomplete

treatment,

(vi) Reinfection is a fresh infection in an

individual who has previously had malaria,

'.(vii) Periodicity:s The primary attack 1s tomposed

of a number of paroxysms occuring roughly at
the same time with the sporulation of the

parasites. The interval at which they recur
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is known as the periodicity of the fever and
it is determined by the length of the
erythrocytic schizogony where the life cycle

of the plasmodia is synchronized,

In tertian periodicity, the paroxysms may occur
every 48 hours (seen in P, vivax and some strains of

P. falciparum infections) and in the guartan type,

every 72 hours (seen in P, malariae infections),
In 211 cases, of infections, sporulation may occur

daily with paroxysms i1.e. quotidian periodicity.

A Paroxysm comprises of the following three

successive stages (Adams and Macgraith 1980, Bruce
Chwatt 1980) (1) The cold stage:- This starts with
ghivering (rigor) and a feeling of intense coldy
vomiting may occur and children often have convulsive
seizures, This stage lasts between 15 minutes and

1 hour,

The hot stage:- This follows when the feeling

of intense cold gives way to one of distressing heat,
The face is flushed, the skin dry and there is intense
burning headache, Nausea and vomiting are common.
There is often intense thirst while the temperature
may rise to 41°C or more. This stage lasts from 2 to

6 hours,
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The sweating stages The patient breakes out in

profuse sweating and the temperature falls rapidly
* often below the normal level. He may fall into a
deep sleep and on waking feels weak but ctherwise

normal. This stage lasts froam 2 to i hours.

- (b) Clinical Manifestations of Malaria

The most severe form of malaria is that

caused by P. falciparum infection and when
neglected or complicated, the dlsease may become
fatal in non-immunes. Malaria caused by other
plasmodia i.e. P. vivax, P, malarise and P, ovale
may be severe and unpleasant in non-immunes but
is very rarely fatal (Adams and Maegraith 1980).

Here, the clinical manifestation of P, falciparum

malaria will be discussed in detail,
O Attacks by P. falciparum malaria may be

uncomplicated or associated with sericus and often

fatal complications.

(¢) The Uncomplicated Attack {Adzms and Mzegraith 1980)

(i) Prodromal Symptcms:- Tne incubation period

| varies from 8 to 15 days, Prodromal symptoms
occur during the last few days of the incuba-

'i tion period. The patient is depressed.and

unwell., He coamplazins of severe headache;

bone and muscle pains and a nagging backaché



in the lumbar or sacro-iliac region,
Shivering, nausea and vomiting or diarrhoea

are frequent.

(i11) =~ Onset:- The parasites may exist in the
blood for long periods before the onset of
severe symptoms especially in those with
acquired immunity or who are misusing
suppressive drugs. Here, the onset is
insidious with symptoms such as diarrhoea,
persistent dyspepsia, malaise and backache

which may not at first suggest malarlisa,

(1ii) The attack (Adams and Maegratith 1980)

The patient usually presents with fever, flushed dry
skin and bright eyes. He looks like & case of
.moderately severe influenza and may not appear very
111, This appearance is deceptive, since serious
complications may arise at any stage of either a
primary attack or a recrudescence, The leadache,
bone and muscle pains and malaise of the prodromal

period persist and increase as the attack develops,

Anxiety, mental confusicen and delirium Are
comton., The patient is asthenic and prostrated; In
cases where perliodic fever is established, the feeling
of wellbeing which normally accompanies the interval

between the paroxysms is absent,
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(iv) Fever:- 1In falciparum malaria, the fever is
usually 1rregu1ar.at first and shows no sign of
periodicity,in about a third of the cases
periodicity becomes evident after the first few
days and is commonly tertian or quotidian,

The paroxysms are often not as regular as in

- vivax infections and the temperature during the
intervals may not fall te normal, In -anj cases,
there is no periodicity and the fever becomes
remittent, intermittent or continuous, Even in

severe attacks the fever may not be high, It
‘may be absenﬁ'unﬁil towards the end of the

*attack or appearance of complications, Some-
times there may be no fever at any stage even

in the presence of heavy bloed infection,

{v) Sweatilng:~ Where paroxysms are present, sweating
“-_follows the hot stage when the fever is persistent
or intermittent but without paroxysms sweating is
common and is often persistent. 1In cases in which

the temperature 1s high sweating may be absent,.

{vi) Anaemia:- Because of the invasive properties of

' the parasites and the ease with which unparasitized
erythrocytes are lysed, severe anaemia is common in
falciparum malaria, In mild cases there may be

little or ne ebvious anaemia, The anaemia when
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present is normocytic and bone marrow reaction
is normoblastic but may be depressed, In very
rapid and severe cases, leucopenla is usually
present, The degree of anaemia 1s not always
an indication of the severity of the attack.
Fatal complications sometimes occur in cases

with apparently little red cell destruction,

Other Findings:= There may bé a fall in blocd

pressure, Epigastric discomfort, anorexia and
dyspepsia are common. Watery diarrhoea is
frequent and particularly notable in infections
with certain strains of parasites prevalent in
West Africa (Adams and Maegraith 1980).

There is splenomegaly and deviations of
liver and renal function tests, Also cough and
other respiratory symptoms may be seen. Herpes
labialis is present Iin about one~third of all
cases, In the untreated cases, the parasitaemia
increases as the disease progresses, but there
may be appreciable daily variations in the
parasite density (Adams and Maegresith 1980).

Course and Prognosiss~ If the acute attack is

adequately treated and no pernicious symptoms

- develop, there is little risk to life,

" Recrudescences are not uncomron in inadequately

treated cases,
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(d) The Complicated Attack (Adams and Maegraith 1980,

Garnham 4980},

Clinical complications also called
pernicious malaria may develop without warning
at any stage in falciparum malaria, Complications
appear most commonly in individuals who have
suffered repeated attacks especially those

inadequately treated,

The syndromes of pernicious malaria are
usually grouped according to the organs which
are principally involved. The major forms are:
cerebral malaria, hyperpyrexia, gastroinestinal
malaria, algid malaria and black water fever,
Acute renal failure may develop in complicated

or uncomplicated falciparum malaria,

- (1) Cerebral Malaria: This syndrome occurs in two

clinical forms, true and false, The later is
seen when there is a generalized fulminating
septicaemic infection with delirium, toxemia,
high fever and early death but there is no
particular localization in the brain, True
cerebral malaria occurs when there is extensive
blockade of the cerebral capillaries (Garnham . =
- 1980). The patient sinks into a gradually

| deepening coma, Breathing becomes difficult,
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the pupils are contracted, knee Jerks may be

absent and incontinence is common,

Marsden and Bruce-Chwatt (1975) refer to
the alterations in the level of consciocusness
as beginning with a disturbance in normal
behaviour and mentél confusion and progressing
to delirium and eventual loss of consciocusness.,
Less often the impact is felt in particular
regicns of the brain and different varieties
of cerebral malaria have been described in

relation to the area affected,

(11) Hyggfpyrexia:- This may appear early or may
develop during the course of an.apparently mild
attack. It sometimes occurs with cerebral
malaria, The skin is hot and dry due to
inhibition of sweating and there may be some
peripheral cyahOSIS. The patient 1s disoriented,
delirious or comatous. Incontinence of urine and

faeces is common,

(1i1) Algid Malaria:- In this condition the patient

R rapidly passes into medical shock frequently
associated with coma. The eyes are sunken; the
skin cold and clammy, breathing is shallow and

fast and the blood pressure sinks rapidly.
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(iv) Gastrointestinal Syndromes (Adams and Maegraith 1980)

(v)

Several gastrointestinal syndromes are

observed, These are: Bilious remittent fever =

which arises from severe liver damage, There {s

~epigastric discomfort, nausea, vomiting and

diarrhoea in its severest form, it passes into a

typhoid state with characteristic remittent fever.,

Dysenteric Malarias= It is clinically

indistinguishable from acute bacillary dysentery.
There is passage of frequent stool containing
blood, mucus, epithella cell and in scme cases

pus cells,

Choleraic Malariai~ Here, the patient

suffers from profuse watery diarrhoea, nausea and
vomiting, muscular cramps in the limbs and

abdomen and progressive dehydration.

Black wWater Fever: This is a state of acute

intravascular haemolysis accompanied by haemogloe

binuria occuring as a complication of P. falgiparﬁn

infection, Black water fever was shown to be
associated with irregular and inadequate treatment
of attacks of malignant tertian malaria with

quinine since 1901 (Stephens and Christophers 1901).
Few cases have been reported after the administra-
tion of chloroquine and also in infections due to

P. vivax {Maegraith 1970).
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' The apparent explanation of this phenomenon
~may be as follows (Garnham 1980)., The quininized
and parasitized erythrocytes act as an antigen
against which are formed hemolysins, Wwhen a
dose of quinine is next administered, intravas-
Icular haemolysis takes place, methemoglobin is
produced and the kidney is damaged first in the
cortex and later as a result of ischemia and

blockage of the capillaries in the tubules,

The signs for blackwater fever are as
follows:=- The patient is usually.ong who has
tzken éuipiﬁé“befofe and after a few months or
yéars, the swallowing of tre drug is almost
imrediately followed by malaise, apprehension,
pyrexia and the Sudden passage of black urine.
The patient is Jaundiced and prostrated,
Spleen and liver are enlarged and anaemia is
pronounced, In treating black water fever,

quinine should be avoided.

(e) Malaria in Children {(Adams and Mzegraith 1G980)

Malaris is one of the great causes of
morbidity and mortality in children in tropical
countries, The clinical attack is relatively
rare in the first few months of life due to

acquired passive immunity from the mother
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(ie. congenital or neonatal immunity) but there

after for several years children are prone to

pernicious forms of malaria,

The clinical picture of malaria in children
depends on whether they are suffering from acute
recent infection or from the effects of frequent

reinfection or long-continued infection or both,

The acute form is seen mostly in children
who have not had the full benefit of protective
-measures of who live in areas where malaria is
seaéonai. The infected child is dull, restless
and miserable with no appetite and food given
is often vomited back. There is frequently
abdomiﬁal pain, wind and diarrhoea, also the
abdomen is distended and tender especially in
the hepatic and splenic areas, The child may be
anaemic and convulsions are common and the
temperature may range between 38-40,6°C. If
untreated, the child may die or recover
temporarily with the abatement of most of the
signs and symptoms and gradually slip into the

chronic phase,

Chronic malaria is commonest in falciparum
areas and is seen in children of all ages up to

adolescence, Normal growth and development of the
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child is retarded. The patient is listless,
wasted with thin skinny flaccid limbs and huge
protuberant abdomen, There is chronic dyspepsia,
flatulence, anorexia and complicating factors
due to malpourishment. The mucous membranes are
paie and there is sometimes Jaundice, Fever is
common and i1s usually of the remittent type,

occasionally intermittent but net periodic,

Often there is severe anaemia and as a rule
parasitaemia is low but may rise in exacerbations
or fresh infections, Normally only ring forms and
gametocytes are seen in the peripheral blood but
in severe cases trophozoites and schizonts are
present. Spleen and liver are enlarged and
tender, The enlarged spleen may rapture following

external violence, causing an acute abdominal

_crisis.

The condition if untreated becomes

progressively worse and passes into the state of

malaria cachexia which ends fatally,

Malaria in Pregnancy - | .

In tropical Africa, P, falciparum accounts

for the majority of malaria cases during pregnancy.

Malaria infections in pregmancy is associated with

premazturity, low birth weight and rarely congenital
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walaria (McGregor et al 1983). Also malaria
infection of the placenta has been associated
with adverse ocutcome for the foetus and newborn,
There is evidence that the mean birth weight of
infants bﬁrn of infected placenta are depressed

(McGregor et al 1983, Watkinson and Rushton, 1983),

While maternal parasitaemia leads directlf
to placenta infection, it also cause maternal
:haemolysis which leads to ansemia and this also
indirectly affects foetal growth (Gilles et al
1969; Fleming et al 1986), |

1.4 Drugs Used In the Treatment of Malaria

Quinine and other cinchona alkaloids were the
first and only antimalarial drug for about three
centuries (1600 to 1924). The development of synthetic
antimalarial drugs was initiated by German workers out
of necessity during world war I due to lack of access
to quinire., Thus pamaquine was synthesised in 192k
followed by mepacrine in 1930 and chlorogquine in 193,
all by German Scientists, Other synthetic antimalarial
drugs like proguanily pyrimethamine, and primaquine were
introduced later mainly by British and American
Scientists (Pinder 1973, Bruce-Chwatt 1980). The
introducticn of synthetic antimalarial drugs and

especially chlorcquine superseded gquinine and
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chlorcquine was placed second to ncne in the chemotherapy

of human malaria, Increasing resistance to chloroquine

has however brought quinine back into the main stream

of malaria chemotherapy (Pinder 1973, Bruce-Chwatt 1980),
...'1.h.1 Definitions and Classification of

Antimalarial Drugs (Bruce-Chwatit
et a1l 19566} :

(1) EDefinitions
(a) Clinical cure:~ Relief of symptoms of
malaria by elimination of the asexual blood
fores but without complete elimination of
the infection,
(b) Radica2l cure:- Complete elimination of
malaria parasites from the body so that

relapses can not occur,

'(c) Suppressive cure:- Complete elimination
of malarial parasites from the body by

means of continuous suppressive treatment,

'(d) Prophylaxis:- Any method of protection

from or prevention of disecse.

(e) Chemoprophylaxis:- Protection from or
prevention of disease by chemotherapeutic

means.

(f) Causal prophylaxis:- Complete prevention
of erythrocytic infection by the administra-

tion of drugs that destroy either the
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sporozoites or the tissue forms of the

malaria parasite,

(g) Clinical prophylaxis:-
suppressive treatment,
Classification

Synonym of

Antimalarial drugs can be classified either

(1) according to the various stages of the life

cycle of the malaria parasite on which they act

as shown below or (ii) according to their

chemical structures.

Fig.1+3. Simplified diagram of action of antimalarial

compounds on different parts of the cycle of

development of P, vivax and P. ovale in the

mosquito and in man,
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Tissue schizontocides (used for causal
prophylaxis}:- They act on the primary
tissue forms of the parasite and are able
to prevent invasion of the red blood cells

e.g. proguanil, pyrimethamine s+

Latent tissue schizontocides {used as
antirelapse drugs):~ They act on the
hypnozoltes or latent tissue forms of

P, vivax and P. ovale, thus they are able
to achieve radical cure of these infections,

e.g., primagquine.,

Blood schizontocides (used for clinical and
suppressive cure):~ They act on the
erythrocytic stages of the parasite commonly
assoclated with acute disease and may achieve
clinical cure or suppression to subpatent
level of all four species of human malaria,
Some also act on the gametocytes of P, vivax,
P. ovale and P, malariae but not directly

on the mature gametocytes of P, falciparum,

e.g, chloroquine, quinine, pyrimethamine -
Bloed schizontocides may be subdivided

into (i) rapidly acting blood schizoétocides

e.g. chloroquine, amodiaquine and guinine

and (1i) slow acting blood schizontocides
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e.2. pyrimethamine, proguanil and the

. sulphonamides,

(d) Gametocytocides:- They destroy all

sexual forms including those of P, falciparum

e.g. primaquine,

(e) Sporontocides:- May prevent or inhibit the
formaticn of oocysts and sporozoites in
anophelines that have fed on carriers of

gemetocytes e.g, proguanil, pyrimaquine,

1.4.2 Chloroquine and its Congeners

. (a) Bistory and Source

‘ | Chloroquine is a 4-aminoquinoline derivativé.
Cther members of this family used c¢linically
although less popular are, amodiaquine, hydroxy-
chloroquine and amopyroquine, Chloroquine was
first synthesised in Germany by Andersag in 1934
I(Bergqvist 1683) but was rejected on the ground
of toxiecity, Infermations of the lL-aminoquino-
lines reaching America stimulated the synthesis
of a large number of this group of compounds
during world war II, out of which chloroquine
emerged as the most effective drug and was
~accepted for clinical use in 1947 (Coatney et al,

.;1953, Coatney 1963 and Wiselogle 1846).
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Amodiaquine, hydroxychloroquine and amopyroquine
were introduced later (Hill 1963, 1966, Piﬁder
1970).

Structure Activity Relationship

quinoline nucleus

T8y /ot

' t
chloroquine R, = -0-(0112)3-1»1
s
_ 0
. ?E? //cznh i
hydroxychloroquine R, = —C- 032)3-11 :
2"
CH :

N
3

amodiaquine R1

. H 275

amopYquuine R1 = g{pﬁfﬁﬂzf
Chloroguine has a quinoline nué?%;s é&fgg%alkyl
side chain, Introduction of a methyl group in

C-3 position reduces antimalarial activity. Also
substituting a methyl group in C-8 causes a complete
loss of antimalarial activity, The C-7 position."

was found to be best for halogen substitution,
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On the L-amino side chain, the
h-diethylamino-1—methyl butylamino group preseﬁt
in chloroquine was optimal for activity but more
recently introduction of hydroxy groups on the
side chain particularly on an ethyl group of the.
terminal nitrogen as seen in hydroxychloroquirne
tends to reduce toxicity and to produce higher

blood concentrations (McChesney R.W, and

" McAuliff, J.P; 1961).

The substituted anilec compounds 1,e.

-amodiaquine and amopyroquine were introduced to

combine the antimalarial effect found in some

. =dialkylamino-gc-cresols with the l-aminoquinolines,

" They are claimed to have low toxicity with slightly
- less activity than chloroquine and are less bitter,

f(Burckhalter et glj19&6). The j-aminoquinolines

share similar pharmacological properties and on

" the whole, have little or no advantage over

chloroquine (Allen 1977, Coatney et al 1953).

Pharmacological Effects

(1) Antimalarial actions:- Chloroquine is
inactive against the sporozoites, primary
excerythrocytic steges and latent
exoerythrocytic stages of P. vivax and

P. ovale., It is therefore not used as a
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causal prophylactic agent and it does not
produce radical cure of infections caused
by P, vivax or P. ovale but substantially
lengthens the interval between relapses of

these two infections,

Chloroquine and other L-~a2mino-quinolines
are highly effective against the asexual
blood stages of all four species of human
malaria parasites except in areas where drug
resistant strains occur, They produce
clinical cure of all types of human malaria
and radical cure of falciparum arnd quartan
infections, They are excellent suppressive
agents against all species and their
continued administration for L-6 weeks
results in suppressive cure of falciparum

and quartan malaria,

They also act as gametocytocidal agents

against P. vivax, P. ovale and P. malarjiae

- and are effective against the inmature but
ineffective against the mature gametocytes

of P. faleiparum, >

In general, chloroquine znd amodiaquine

have replaced cther blocd schizontocides as
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the drug of choice for the treatwment of
acute malaria, Their action is rapid, fever
is usvally absent after 24 hours and patient
parasitaemia being eliminated within 48 -
72 hours feollowing the standard therapeutic
regimen of 25mg/kilogram chloroquine
base, 1f the response in falciparum
infection 15 slow or incomplete, drug

resistance should be suspected,

Amodiaquine a&nd amopyroquine may have
a slight advantage over chloroquine in such
cases (Bruce-Chwétt.1956, Leslie énd Webster
1985). | |

(ii) Other actions:- Although develcped primarily as
an antimalarial agent, chloroquine possesses
other pharmacological properties some of which are

useful,

It is used in treating extraintestinal
amoebiasis and also has some activity against

Clonorchiasis and Paragonimiasis,

The drug hes anti-inflammatory properties
and has been used occesionally in treating
rheumatoid arthritis and disceid lupus

erythematodes.
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Chloroquine is also used with success
to treat porphyria cutanea tarda, solar

urticaria and polymorphous light eruption.

It also has antiarrythymid' rroperties
and is said te be a cardiodepressant, |
Treatment of these conditions requires much
larger doses than are used for malarla,

(Leslie and Webster 1985).

(d) Mechanism of antimalarial action

The mechanism of action of chloroquine is
not yet clear. However, it c¢céuses a nunber of
effects which singly or in combination may relate

to its plasmodicidal action,

It was hypothesized from.early work fhat
chloroquine might exert its effect at least in
part by an interaction with DNA. The drug was
found to inhibit the incorporation of 36P—1abeled

phosphate into RNA and DNA of P, berghei berghei

in vitro and P. gallinaceum in vitro and in vivo

{(Schellenberg and Coatney 1960)., It was also
reported to inhibit DNA and RNA polymerase
enzymes, Changes in several physical parameters
were consistent with an intercalation of the drug
with guanine and other purine bases of the DNA
(Allison et al, 1965; Allison et al 1966;

Cohen and Yielding, 1965).
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The second possible mechanism is that of
interference with the digestion of haemoglobin
by the malaria parasite, It has been observed
that hazematin (ferriprotoporphyrin IX), a
transient break-dcwn product of haemoglobin
within the parasite can readily disrupt
plasmodiel and host membranes and can also act
as high affinity receptors for chloroquine
(Macomber 1967; Chou et 21, 1980), It has been
suggested that the parasite synthesizes a
segregating protein which aggregateg with hazematin
to form the inert malaria pigﬁent haémazoin. It
is claimed that chloroquine competes with the
segregating protein for ferriprotoporphyrin IX
and readily binds with it to form a more effective
membranolytic complex (Fitch 1983, Leslie and
Webster 1985).

The third possible and most recent mechanism
of action is by producing acid vesicle dysfunction,
It is claimed that chloroquine, a weak base is
transported across cell membranes probably by
carrier systems and also by pinocytosis in case
of the malaria parasite (Warhurst and Thomas
1975, Yayon and Ginsburg 1982). Within the
parasite, according to those authors, chlorcquine

accumulate in acidic food vacuoles or acid vesicles
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probably due to difference in the pH gradient.
(Yayon 1985; WHO 1987). As a weak diprotic
base, it raises the pH of the parasite acid
vesicles, This rise In pH causes inhibition
of lysosomal proteolysis and also-interferes
with other cellular functions, thus retarding
or inhibiting parasite growth and maturation
(Krogstad and Schlesinger 1987).

Pharmacokinetics of Chloroquine

(i) Absorption:- Chloroquine is rapidly and

almost completely absorbed from the
intestinal tract so that less than 10% of

the administered dose is found in the stool,

Gustafsson et al @983)administered 300mg of

chloroguine base orally in form of tablets

or solution to healthy male adults weighing

between 65 and 91kg and obtained peak

plasma concentrations of 56-102 mz/1 (mean

75 mg/1) in 1-6 hours (mean 3 hours) with

a bipavailability of 75%. In another study,
Adelusi et a1 (1982) geve 10mg of chloroguine

base per kg body weight in form of tablets

to children with wmalaria, Peak plasma
concentrations of about 250 wg/litre were
reached after 2 hours with an atsorption

half-life of 0,56 hours, Intramuscular

Al
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administrations are said to produce effective
plasma concentrations within 15 minutes, The
therapeutic level of chlorogquine for sensitive

P. faleiparum is 30 Ag/litre (WHO 1384).

(i1) Distribution: After absorption, chleroquine

is widely distributed throughout the body.
The drug is extensively deposited in various
tissues. The concentrations in spleen,
kidney, lungs, heart and liver have been
found to be 30C - 500 times higher than
those in the Plasma (Berliner 1948, McChesney
and Mcauliff 1961, McChesney 1966), The drug
has a particular high affinity for the
melanin-containing tiséues of the skin and
eyes, About 50% of chloroquine is bound to
plasma proteins namely albumin and ol-acid
glycoproteins, The binding of the drug to
plasma proteing is much less when compared

to the extensive binding to tissue. Also

the percentage of chloroquine binding to
protein is not affected by aspirin which is
often given at the same time during the
treatment of acute malaria {(Adelusi and

Salako 1982, Walker 1983),

Because of the extensive tissue

distribution and binding of chloroquine,
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its apparent volume of distribution is large.
According to Gustafsson et al 698§),it is

204 litres per kg after intravenous dosing.

Chloroquine and other L-aminoquinolines
are preferentially concentrated in
erythrocytes, The erythrocyte/plasma
chloroquine concentration ratio was shown to
be approximately 100% in mice infected with
P. berghel and only 10% in non-infected mice,
The ratio was also less in mice infected with
chlorogquine resistant parasites when compared
to those infected with sensitive strains
(Macomber 1966, Warhurst and Hockley 1967).
The ratio of chloroquine concentrations in
erythrocytes and plasma has been investigated
in children with acute malaria (Adelusi et al
1982), The erythrocyte concentration was
found to be higher than the plasma
concentration during the sampling period of
7 days. At the height of the parasitaemia,
the ratio was 21 and this fell to a steady
value of about 5,3 after |} days when
parasitaemia had completely disappea;ed.

This study confirms that in man, there is

preferential concentration of chloroquine in
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red blood cells and tﬁat this concentration
is further increased by the presence of
malaria parasites Iin the red cells, Other
cellvlar elements of blood i.e., leukocytes
and thrombocytes have also been shown to

concentrate the drug (Berggvist 1983).

In all studies on the distribution.
of chloroquine in different tissues, the
peak concentrations were found to occur in
erythrocytes and plasma at the same time
(Adelusi et al 1982, GustafssOn et al
1983).Tn contrast peak concentrations in
different organs were reached at different
times which also differed from the peak
concentration times in the plasma and red

blood cells (Adelusi and Salako 1982),

(iii) Metabolism

The drug is metabolised by the liver
microsomal enzyme system, The major
metabolic pathway is by side chain

deethylation leading successively to first
desethyl and then bisdesethyl chloroquine,
The latter can be deamineted to form an
alcohol which is oxidised to form carboxylic

acid derivatives. Successive dealkylation
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of the side chain produces the 7-chloro,
h-amianuinolinthich is resistant to
degradation (Kuroda 1962, McChesney 1966),
Metabolism of chloroquine occurs slowly

‘and the main metabolite varies in different
specles, In man it is desethylchloroquine,
Studies by GustafssOn et a1(1983) and Walker
6983@ show that the concentration of the
metabolite is between 25-L0% of that of the
parent drug chloroquine. The desethyl |
metabolite has the same distrlbution profile
and tissue binding as the parent dx;ulg. . Aléo_
the concentrations of chloroquine and |
desethylchloroquine in plasmqand'skin of

two groups of African subjects i,e., those
who itched after chloroquine intake and those
who did not has been studied and the plasma
concentrations were found to be similar in
the two groups (Olatunde 1971). However the
skin from subjects prone to chloroquine-
induced pruritus contained higher
concentrations of chloroquine and lower
concentrations of the metabolite thaq skin
from other subjects (Olatunde 1971).

Recent studies have shown that
desethylchloroguine has a similar activity

against chloroquine sensitive plasmodia as
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the parent drug (Aderounmu and Fleckenstein,

1983),

Elimination: Chloroquine is eliminated from

the body very slowly, the kidney being the
main route of elimination, The decline in
the concentration of chloroquine in the
plasma with time after a single dose is
polyexponential, suggesting a multi-
compartmental distribution, The decline of
the erythrocyte concentration after the peak
level has been reached parallels that of the
plasma concentration, showing that
equilibrium {s reached quickly and is steadily
maintained between these two media, which can
therefore be regarded as behaving pharmaco-
kinetically as a single compartment with
regard to chloroquine {Adelusi 1982,
Gustafsson et al 1983). 1In constrast the
tissues, however, behave as separate
compartments with slower eliminstion rate
constants than the plasma, Estimation of
the plasma half life of chloroquine depends
on the duration of sampling., The longer the
sampling period, the longer the half life
(wHO 198L4), |
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The total plasma clearance cf chloroquine
varies between 750 and 1050 ml/minute and the
renal clearance is between 00 and 450 ml/
minute, Since the value for renal clearance
is more than the glomerular filtration rate,
the drug is probably excreted by both
glowerular filtration ard tubular secretion,
Maximum excretion was found to occur in thé |
first 2L, hours about 10% of the administered
dose being excreted in that interval
(Gustafsson et al, 1983), Chloroquine is

predominantly‘ekcfeted unchanged while the

- desethylchlorcquine metabolite is accounting

for about 25% and the other metabolites for

about 3% (wHO 198L).

Toxicity and side effects of Chloroquine

At doses used for chemotherapy of
malaria side effects that are often reported
include gastrointestinal upset, nausea and
vomiting,pruritus, headache, blurring vision,
dizziness and fatigue, Those symptoms

usually disappear when the medication is

.discontinued.

The more severe but rare adverse

reactions are:- itching in Africans,
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cardiovascular abnormalities, ocular damage,
neurgmugcular disorders, extrapyramidal
dysfunction, photoallergic dermatitis and

pigmentation of the skin (Bruce-Chwatt 1386},

Itching with or without rash occurs {n

- 10-30% of individuals who take chloroquine (Salako
198L, Spencer et al 1987), It begins within a few
hours of taking the drug arnd continues for L,8-72
hours and occurs less frequently in children. The
itching occurs only when chloroquine is used |
therapeutically in malaria suggesting that it .
-results from a reaction between chloroquine and |
malsria parasite (Salako 1984). It has been
observed that the skin from subjects prone to
itching contained higher concentrations of
chloroquine and lower concentrations of the
metabolite than skin from other subjects

(0latunde 1571),

Cardiotoxic effects are most commonly
observed after parenteral administration cor in
toxic over dosage and may take the form of
hypotension or cardiac arrest and death
{(Ratliff et al 1987),., The chronic cardiotoxic
effects of chloroquine may present clinically as .

congestive cerdiac failure, heart block or as a

restrictive cardiomyopathy (Ratliff et al 1987),
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Intravenous or intramuscular inJections
of chloroquine in the usual dose range of 200
to 300 mg are said to be generally well tolerated
by adult patients, However parenteral
administration of the drug to children may produce
serious effects on the cardiovascular and central
nervous systemS(Bruce-Chwatt 1386), Therefore
intramuscular injections must not be given to
children unless absolutely necessary and

intravenous injections are less advisable,

Ocular demage usually follows long term
treatment of connective tissue disease with high
dosage of chloroquine and long term suppressive
therapy. It has also been described in workers
exposed to chloroquine phosphate dust in the
manufacturéichloroquine tablets (Salako 198L),
Such damage consists of lesions to the cornea
(Punctate Keratitis),lens opacities, optic nerve
neuritis or more seriously the depcsition of
chloroquine on the retina, The latter type of
retinopathy appears slowly and insidiously and
may not be detected until sometime after
administration of the drug has stopped, It was
reported mainly in persons over 50 years of age
whose cumulative dosage of chloroguine over

several years of treatment was over 100g

(Bruce-Chwatt 1986),
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Neurcmyopathy results from the effects of
fhé drug on the muscle, nerve or neurcmuiscular
Junction, The muscle fibres underge autophago-
cytosis followed by segmental necrosis (Salako
198Y; Estes et 21, 1987). The neural damage is
characterized by myeloid bodies present in the
cytoplasm of Schwann cells (Estes et al, 1987).
These neuromyotoxic effects of chleroquine are
dependant on daily dosages, duration of therapy
and individual susceptibility. They are readily
reversed on withdrawal of the drug (Estes et al

1987).

Extrapyramidal features similar to those
occuring in parkinsonism have been described in
patients treated with chleroquine, 1In Nigeria,
Eronini . et al 1977 have reported an incidence of
1 in 5000 persons, The symptoms usually start
within 24 hours of taking the drug. It remits
spontanecusly within L8 hours if left untreated
but can be rapidly terminated by giving

anticholinergic agents.

(vi) Dosaggs of Chloroguine

In the tropical environment, chloroqﬁﬁne
is used mainly in the ireatment of malaria,

It produces clinical cure of all types of humen
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malaria and radical cure of falciparum and

quartan infections.

For the treatment of acute malaria attacks
in adults, a total of 1500mg chloroquine base is
given orally within 3 days; in children, 10 mg/kg
is given on the first and second days and S mg/kg
on the third day (Bruce-Chwatt 1986), '

.. In severe attack, necessitating parenteral
therapy, not more than 900 mg base is given to
adults in 24 hours and in children Smg/kg/24 hours - .
is adequate (WHO 1984) and oral therapy ié started
as soon as it is feasidle, 'For suﬁpreséive‘therapy,
the weekly adult and psediatric doses are 300mg and
Swmg/kg base respectively (Bruce~Chwatt 1986),

1.4.3 Summary of Other Antimzlaria Drugs

Quinine:~ Quinine and other cinchona alkaloids

are the oldest known antimalarial agents, Guinine
is Inactive against the sporozoites and
exoerythrocytic stages of malaria parasite, It is
a highly active blcod schizontocide in all forms of
human malaria and hence very effective for clinical
cure, With a prolonged administration radical cure
is possible in falciparum infection bdbut seldom In
vivax infection, It is gametocytocidal in P, vivax,

P. ovele and P, malarize and has some activity
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against the immature but not against mature

gamestocytes of P, falciparum, For suppression

and suppressive cure, quinine is less effective

than the L-aminoquinolines or mepacrine (Bowman

and Rand 1580),

As a general therapeutic agent, Quinine is
more toxic and less effective than chloroquine,
However, it is especially valuable for the
treatment of chloroquine resistant and multidrug

resistant strains of P, falciparum where it is

used alone or in combination with other drugs

(Leslie and Webster 1985).

In addition to its action in malaria, quinine
exerts a number of other actions of some therapeutic
value, It has a weak antipyretic action and may be
used to lower body temperature in all types of
fevers, It also possesses a weak analgesic action
which resembles that of aspirin except that it

appears to be exerted centrzlly (Bowman and Rand

1980).

Quinine passes through the stomach unchanged
and is quickly and almost coopletely absorbed from
the upper intestinal tract to circulate as a base.
Peak concentrations in the plzsmz are reached 1-3

hours after a single oral dose, the amount in the
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red cells being about cne-fifth of that in the
plasma, With both species, the effective plasma
level may depend on the strzin of parasite,
while the plasma level is affected by the route
of administration, the drug appears in the urine
within an hour or less irrespective of the route
of administration., Quinine is quickly metabolised
by the tissues or excreted unchanged in the urine
and little remains in the body L8 hours after the
last dose., Its half-life is about 10 hours

(wHO 198L).

Side effects of quinine include tinnitus,
impaired hearing, blurred vision, nausea and
headache, which comprise a syndrom termed
cinchonism., Permanent damage to vision, balance
and hearing may follow the persistent use of high
doses in patient experiencing cinchonism, Large
doses produce severe depression of the myocardium
and pronounced vasodilation; those effects may
result in prolonged hypotension and shock. When
given intravenously, the drug must be injected
slowly to avoid a precipitous fall in blood

pressure (Bowman and Rand 1580),

Mefloquine: Mefloquine is a2 L-quinolinemethanol

derivative, it is a new antimalarial drug developed
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mainly to combat proliferation of multidrug

resistant strains of P. falciparum, Mefloguine

is indicated only for the treatment and prevention
of chloroquine resistant falciparum malaria however

strains of P, falciparum resistant to the drug have

~ been noted in sowe ,regiong (Jacobs et al 1987, wHO
' i Vi¢rp
1984), Also reduced, susceptibility to the drug
- has been reported in Nigeria and other West African
couniries where the drug is yet to be iIntroduced

(Sslako and Aderounmu 1987, Oduola et al 1987),

The mechanism of action of mefIOquine.is
unknewn, In some respects, mefloquine behaves
like quinine but 1t does not intercalete with
DNA (Davidson et al 1977). Mefloquine may affect
membranes of mslaria parasites (Brown et al 1979)
.and like quinine and chloroguine, it interferes
with the clumping of pigment in the parasite
(Warburst and Thomas 1978). Mefloquine also
competes for accumulation with chloroquine by

infected erythrocytes (Fitch et a1, 1979).

Studies in animals have shown that
mefloquine is well absorbed after oral
édministration and is extensively bound to plasma
proteins, Peck concentrations in plasma are

attained in a few hours and decline slowly over



~50=~
a period of several days, The gastrointestinal
'system serves as an important compartment for
the drug as it undergoes continuous
enterohepatic and enterogastric circulation
(Mu et al, 1975). Concentrations in tissues
particularly liver and lungs are relatively high
for extended periods of time. Excretion 1s mainly
in the feces, and only very small amounts of the
drug appear in the urine. Several metabolites
are formed and after a single dose of 1g the
half-life in blood averages 17 days {DesJjardins

t al, 1979b; Leslie and Webster 1965),.

Mefloquine given orzlly in single doses up to
1500 mg or in 500 mg doses each week for 1 year is
well tclerated in man, Side effects such as
nausea, vomiting and dizziness are dose related,
self-limiting and uncommon with single doses of
1€ or less, Rarely neuropsychiatrie disturbarces
such as diserientation, hallucinations and
depression may occur during the second week after
drug administration but these respond to symptomatic
therapy. Studies of mutagenicity, carcinogenicity
and teratogenicity have been negative to date,
Because of lack of adequate information, the use
of mefloquine in women of child bearing age,
infants and children is not yet recommended

(Leslie and Webster 1985).
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(¢) Primaquine. It is a 8-aminoquinoline derivative

and acts probably by inhibiting parasite
mitochondrial respiration (Bruce-Chwatt 1986),
Primaquine is highly active against the
gametocytes of all human malaria species and
also against the primary excerythrocytic forms
including the latent tissue forms., Primaquine
has less activity against the other stages of
the life cycle of malaria parasites, Clinically
it 1is used together with blood schizontocides to

achieve radical cure of relapsing malaria and to

interrupt transmiééioq of-g. falciparum in some

areas,

After oral administration, the 8-aminoqui-
noline antimalarial compoundg including
primaquine are promptly absorbed, They are
however rapidly metabolised and only a small
proportion of the administered dose is excreted
as the parent drug. After a single oral dose,
the plasma concentration reaches a maximum in
about 1 to 2 hours and then fzlls with an
apparent half-life of 3 to 6 hours, Three
oxidative metabolites of primzgquine have been
identified to date. These metabolites have
appreciably less antimalarial activity than

does primaquine, However, their hemolytic
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activity as assessed by formation of
methaemoglobin in vitro is greater than that
of the parent compound (WHO 198);, Leslie and

Webster 1985).

At the recommended dosage, no symptoms
of toxicity are likely. When the dosage is
increased, toxic manifestations may include
anorexia, nausea, epigastric distressyabdominal
pain and cramps, cyanosis, the passage of dark
urine and occasionally vomiting, Vague chest
pain and weakness., In addition, there may be
striking effects on the formed elements of the
blood and the bone marrow, marked by leukopenia,
anaemia, methaemoglobinaemia and suppression of
myeloid activity with lesser effects on the heart
and circulation, Also there is haemolytic
anaemia in patients with glucose -6-phosphate
dehydrogenase deficiency. Those manifestations
disappear when the drug is withdrawn (Leslie and
Kebster 1983).

Pyrimethamine and Trimethoprim

These are diaminopyrimidine derivatives
and they act by interfering with the synthe;is of
folinic acid of plasmodia and bacteria. The
synthesis of folinic acid requires the

incorporation of paraaminobenzoic acid (PABA)
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into Folate followed by enzymatic reduction of
Dihydrofolate by dihydrofolate reductase to
folinic acid.

The incorporation of PABA is inhibited by
sulphonamides and sulphones, while the enzymatic
reduction of folate by the diaminopyrimidines
and biguanides, Combinations of sulphonamides
or sulphones with the diaminopyrimidines offer
special advantages in that they are synergistic
in effect, low doses of both drugs are needed

and the development of resistance is delayed,

The antimalarial effects of pyrimethamine
are similar to those of proguanil. It is however
more potent because it acts directly and has a
longer half-life than proguanil. In general
pyrimethamine is a potent drug of extraordinary
effectiveness against erythrocytic parasites,
Its chief characteristics are:- small once-weekly
doses can effect complete suppression of quartan
malaria and suppressive cure of falciparum
malaria; by inhibiting sporogony, it prevents
the transmission of malaria by mosquitoes; the
drug is testeless and therefore easy to administer
to children and it is inexpensive, Its limitations
is its slowness of action and its tendency to

develop resistance in the field.
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Pyrimethamine is used alone or in combination
with the sulphonamides e,g. pyrimethamine and
sulphadoxine (Fansidar), pyrimethamine and
sulfalene (metakelfin ) and with quinine in the
treatment of chloroquine resistant strains of

P, falciparum,

Pyrinethaninehs slowly but completely
absorbed after oral administration, The compound
accumulates mainly in kidneys, lungs, liver and
spleen and is eliminated slowly with a half-life
in plasma of about L days. Concentrations that
are suppressive for drug sensitive.straiﬁs remain
in the blood for about 2 weeks. At the
recommended dosage of 25 mg once weekly, the drug
alone causes no significant clinical toxicity
except occasional skin rashes and depression of
hematopioesis. Excessive doses produce a
megaloblastic anaemia resembling that of folic
acid deficiency; this reverses readily on

discontinuation of treatment or on administration

of folic acid (Leslie amd Webster 1985, Bowman and
Rand 1980, Bruce-Chwatt 1986).

(e) Progusnil and Analogues

They are biguanide derivatives and act
mainly by inhibiting plasmodial dihydrofolate

reductase enzyme.



-665-
Proguanil:- It is highly active against the
pfinary tissue stages and also inhibit
gametocyte development in the mosquitoes.
It is also an effective blood schizontocide
but is mot used for clinical cure because it
acts very slowly. Proguanil and its analogue
. chlopproguanil are valuable drugs for causal
prophylaxig in falciparum malaria, Their major

draw back is their tendency to provoke resistance.

Proguanil is well but slowly absorbed from
the gastrointestinal tract peak plasma concentrations
being reached in about 3 hours., About 75% of the
drug is bound to blood proteins and high
concentrations occur in the erythrocytes. The
blood concentration rapidly diminishes and daily
dosage is necessary., About 60¥ is excreted
unchanged in the urine and about 30% is excreted
as the active metabolite cycloguanil (Leslie and
Webster 1985, Bowman and Rand 1980),

Toxic effects of proguanil are rare, Large
doses may cause vomiting epigastric discomfort

and renal irritation.

!gloggrogganil: It has similar actions and uses

to proguanil, but is more active and has a longer

duration of action, As a prophylactic agent,

once weekly dosage is all that is required,
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Cycloguanil embonate: It also has actions and

uses similar to proguanil, Cycloguanil is
injected intramuscularly as a suspension of
fine particles in o0il, The active drug is
slowly released from the depot at the site of
injection., A single intramuscular injection
protects against sensitive strains of

P, falciparum and P. vivax for several months,

Unfortunately, the use of this compound often
leads to the rapid emergence of resistant
strains. Toxic effects include tendences at
the site of injection and allergic-like
reactions of the skin after a second injection,
Prolonged use may cause a slight depression of
haemopoiesis due to interference with folic acid
metabolism, This effect may be corrected by
giving folic acid tablets (Leslie and Webster
1985, Bowman and Rand 1980).

Tetracyclines

The tetracyclines are highly effective
against the exoerythrocytic and asexual blood

stages of P, falciparum. Their activity against

other species of human plasmodia has not been
elucidated. Their relative slowness of action
makes concurrent treatment with gquinine mandatory.

Tetracyclines are not recommended for prophylaxis
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or general treatment of falciparum malaria,
They should be reserved for use in the treatment
of chloroquine and sulfonamide/pyrimethamine

resistant strains of P, falciparum,

Tetracyclines interfere with protein
synthesis in bacteria probably by preventing the
formeation of peptide linkages, Their prime mode
of action against malaria parasites has not been

determined,

Most of . the tetracyclines are crystalline
substahces, amphoteric and of low solubility,
The hydrochlorides are more soluble and are the
compounds chiefly used in therapeutics. Their
absorption takes place from all levels of the
alimentary canal but only a proportion of the
compounds is absorbed., Tetracyclines are freely
excreted in both the bile and urine, Urinary
excretion accounts for about 20% of an average

oral dose.

The oral dosage occasionally used for the
treatment of malaria (i.e. tetracycline 250mg,
L times a day for up to 7 days) may cause'nausea,
vomiting and diarrhoea, The newer derivatives
such a2s doxycycline and minocycline are given in

smaller doses, their intestinal absorption is
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increased and they are generally better tolerated,
Tetracyclines sometimes have more serious adverse
effect on the skin, mucous membranes and
gastrointestinal tract, Tetracycline complexes
may also be deposited in growing teeth and bones,
consequently they should be avoided in women after
the fourth month of pregnancy and in infants or

young children,

Qinghaosu, It is the antimalarial constituent

extracted from the plant Artemisia annual in 1972

at the Chinese Institute of Material Medica, The
medicinal herb has been used for centuries

against malaria in China, Qinghaosu has been
formulated and tested widely in China in both oral
and parenteral forms, The drug is effective
against asexual blood forms, There is no evidence
of activity ageinst tissue stages. Studies in both
chloroquine sensitive and chloroquine resistant
strains of P, berghei in mice suggest some degree
of cross resistence with chlorogquine (Bruce-Chwatt

et al 1986), However studies in patients with

P. falciparum do not show any evidence of

chloroquine cross resistance (Bruce-Chwatt 1986),

The drug appears to be remarkably well
tolerated in man.Occasionally, slight pain has

been recorded at the site of parenteral injections,
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Qinghaosu appears to be rapidly absorbed in
animals, Using radiolabelled drug, peak
concentrations are reached in 1 hour and the
half life of the radioactive drug is about
L4 hours (WHO 198L).

Results of clinical studies administering
Qinghaosu have been reported on over 2000 malaria
cases of which over 1500 were P. vivax and more

than 500 P, falciparum infections (Bruce-Chwatt

1986). In addition 143 cases of chloroqguine-

resistant_P., falciparum and 141 cases of cerebral

malaria have been treated by Qinghaosu (Bruce-
Chwatt 1986), For those clinical trials, the
drug was formulated in the form 6f tablets, oil
suspension and water suspension, The total
dosage administered per adult was tablet 2,5 -
3,2 g; oil suspension 0.8 - 1.2g and watery

suspension 1.2 g.

The conclusion made by several research
groups was that Qinghaosu is a schizontocide
with very low toxicity., It is effective against
P. vivax, and both chloroquine-sensitive and

resistant strains of P, falciparum respond well

to the drug, The rate of recrudescence (up to

30%) occuring 15-30 days after the initial
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treatment, is reduced when the drug is administered
intramuscularly in the form of 0il suspension

(wHO 198L).

(h) Halofantrine: It is a phenanthrene-methanol

derivative, Like mefloquine, the drug was very
active in mouse screening tests, was not photo-
toxic, and was effective in single doses in
Aotus monkeys with falciparum malaria, Early
studies indicated that the compound showed
cross-resistance with mefloquine but recent
-Studies in a rodent model and with clones of

P. falciparum indicate that cross-resistance is

not. absolute (WHO 1984). Comparative in vitro

studies carried out on P, falciparum isolates
from Niéeria and other West African countries
show a decreased sensitivity to mefloquine but
full sensitivity to halofantrine (Oduola et al
1987). Both drugs are yet to be introduced for

clinical use in West Africa.

1.5.1 Drug Resistance in Human Malaria

Drug resistance in malaria can be defined as the
ability of a parasite strain to survive and/or to
multiply despite the administration e&nd absorption of
a drug given in doses equal to or higher than those
usually recommended but within the limits of tolerance

of the subject (WHO 1965).
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Although drug resistance embraces all species of
malaria parasites and all acceptable dosages of bloed
or tissue schizontocides, gametocytocides and
sporontocides, in practice it most commonly relates
to the effects of the blood schizontocide, the
-aminoquinolines especially chloroquine on falciparum
malaria, This is so because all the other species of
human meleria parasites are still fully sensitive to

chloroquine (Bruce-Chwatt 1986),

Resistance of P, falciparum to chloroquine was

first suspected in South America in the late 1950s

and confirmed in 1959 in Thailand (Harinsuta et al

1962; WHO 1984). In the following years more countries
in Eastern Asia and South America became affected, 1In
Eastern Asia, resistance has continued teo spread outwards
from the IndoChina Penisula, and in South America
countries like Brazil, Colombia, French Guinea, Guyana
Suriname, Bolivia, Ecuador, Venezuela and Southern Panama
are involved. Areas where chloroquine resistant P.

falciparum has been reported so far is shown in figure 1.4.

In 1978, chloroquine resistant falciparum
infections was first reported in non-immune visitors
to Tanzania and Kenya (C.D.C. 1978, Spencer 1985) and
have continued to be found among non-immune persons
visiting East Africa. However, it was as from 1981 that

chloroquine resistant falciparum malaria was found



u99q sey mMJBAYOTEr UNTPOWSBTd JUB4STSaJ auynbogorys atayn

L °3%g

[ §



=73=
among semi-immune persons in this part of Africa

(Onori 198l, Spencer 1985). Resistance has also been
reported in Central Africa and is now spreading to
West Africa. So far chloroquine resistant P. falciparum

has been reported in teén West Africa countries namely
Nigeria, Benin Republic, Togo, Ghana, Ivory Coast,
Burkina Fasso, Gambia, Senegal, Portuguese guinea and

Guinea (World Health Satistics 1988).

Olatunde (1977) and Eke (1979) were the first to
report probable in vivo cases of chloroquine resistant

P. falciparum in Nigeria. This was followed in 1985 by

a report of treatment failure with chloroquine by
Ekanem znd recently a resistant case has beeh-feported in
a non~immune visitor to Nigeria by the Centers For
Disease Control, Altanta, Georgia (C.D.C. 1987).

In vitro resistance to chloroquine and mefloguine

has been reported at Ibadan (Salako and Aderounmu 1987).

145.2 Mechanisms of Drug Resistance in
Plasmodia

In plasmodia, resistance to drugs appears to be a
stable and transmissable character of the parasite. -
Although 1little is known about the interference of the
host (i.e. man or mosquito) on the expression of such

genes (:J"’EO 1 987) .

Several mechanisms have been proposed to explain

drug resistance of plasmodia (Beale 1980). However,
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spontaneous multiple mutations at one or more gene
loci, and selection of mutants due to drug pressure
appears to be the lmportant phenomenon involved,
The resistance is transferred to the progeny by
classical mendelian inheritance during sexual
rerrcduction of the parasite in the ancpheline
vector, At present, there is no evidence of either
the mutagenic efféct of any clinically used anti-
malarial drug on the plasmodia or confirmed evidence
of any extranuclear transmission of resistance factors

in the genus plasmodium {WHO 198l;, wHO 1987),

There are differences in the rate of spontaneous

mutation of different Plasmodium falciparum strains

(Wernsdorfer 1981) and immunity can delay the
appearance of resistance in a population, The level

of immunity to P. falciparum in indigenous Africans is

higher than that in people living in other high
malarious area like South East Asia, South West
Pacific and South America (WHO-1987). This may
contribute to the late appearance of resistance to
chloroquine in Africa and its initial detection in
non-immune subjects in East and West Africa (Onori

1984, Ansdell et al 1974).

Several authors have reported that pre-existing
resistance to chloroquine can facilitate the

acquisation of resistance to other unrelated compounds
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such asmMefloquine (Peters and Robinson 1984, Merkli
1980). Also pre-existing pyrimethamine resistance
may facilitates the production of chloroquine

resistance (Powers and Jacobs 1969).’ '

¥

- Cﬂloraquine aﬁﬁeafﬁmio be beneficial to the
survival of chloroquine resistant parasites in that
it enhances the infectivity of resistant parasites
te vector anophelines. Also the resistant organisms
appear to be biologically tougher than their drug

sensitive parents (Ramkaran and Peters 1969, Wilkinson

L
i

1.5.3 Methods of Assessing the Drug
Sensitivity of P, falciparum

Both in-vivo and in-vitro methods can be used

1976, WHO 198L),

in assessing the response of P. falciparum to

antimalarial drugs. Evaluating the sensitivity of

P. falciparum to drugs helps in finding out if

resistance is present in a particular area or group

of people.

(2} The in-vivo Methods

In the in-vive method, a standard radicail
cure treatment with the test drug is given, In
case of chloroquine, 25mg of the base per
kilogram body weight is administered over three

days and the response of the plasmodial infection
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is assessed by determining the level of asexual
: i_ parasitaemia over a period of seven days when

| using the "WHO Standard Field Testi" or -ht_____
preferably over 28 days with the "WHO Extéﬁdéd
Field Test® (WHC 1973, Wernsdorfer . . and
Kouznetsoy ... 1980). A modification of the
Extended Field Test has been introduced by the
African CCCD programme recently (Breman et al

19873 Khoromana et al 1986).

The Standard Field Test permits a quick
observation of the occurence of RII and RIII
respense but the Extended Field Test is required
to differentiate between S and RI responses.

The interpretation of results may be summarized

as follows and &s shown in Figure 1,5 (WHO 1973):-

(i) If no asexual parasites are found by day
6 and parasites do not reappear by day 28,

the parasites are sensitive (S§).

: (ii) If asexual parasites disappear for at
least two consecutive days but return
within the period of the test, reinfection
having been excluded, the parasites ére

resistant at the Rl level,
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Fig«A1.5: Invivo response to field test for semsitivity of |
falciparum malaria to chloroquine,
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-

; (111) If the asexual parasitaemia doeé not clear

:*_ i but is reduced to 25% or less of the
original pretest level during the first
4,8 hours of treatment, the parasites are

resistant at the RII level,

- (iv) If asexual parasitaemia is reduced by less
' than 75% during the first 48 hours or if
it continues to rise, the parasites are

resistant at the RIII level.

The perforwmance and evaluation of the in-vivo
test under field conditions is limited by factors
such as the following (Spencer 1985):-
(1) Simple methods for the estimation under
| field conditions of the blood concentration

of antimalarial drugs are lacking,

(i1) Self medication may occur either with the
antimalarial being investigated or with

another drug.

(iii) In endemic areas, the defaulter rate may
be high due to logistic, cultural, economic

migratory or other obstacles,

(iv) The patient's immune response contributes
' " to the result thus the same parasite may
appear sensitive in a semi-immune but

resistant in a non-immune patient,



~(v) Also in malarious areas, reinfection is
possible in the Extended Field Test.

Therefcre it is difficult to distinguish

reinfection from recrudescence {Spemcer

1985).

(b) The In-vitro Methods

The in~vitro methods may help
in overcoming some of the above limitations and
offer a better means of comparism with the
in-vivo results, It is also a convenient method

for detecting the emergence of drug resistance,

The in-vitro methods may consist of the
macrotechnique, the microtechnique in short term
culture or the microtechnique in long term

culture.,

The macrotechnique was developed by Rieckman et al
in 1968, it's major shortcoming is the need for
venopuncture to collect larger amounts of venous blood,
It has been replaced by the short term culture
microtechnique for wild field use (WHO 1987, WHO 198L4).

The microtechnique in short term culture is
a modification of the macrotechnique that requires only Q

100ul specimen of blood. It measures the extent to

which the maturation of ring forms toc normal schizonts
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is inhibited after incubation of parasitized blood
cells in a suitable medium at various drug concentrations
in a candle Jjar for a period of 24 to 30 hours. It uses
the inhibition of schizont maturation as the indicator
of drug effect (Wernsdorfer 1980, WHO 198L, WHO 1987,
Rieckman et al 1978).

The microtechnique in long term culture uses the
inhibition of parasite multiplication and reinvasion
as the indicator of drug effect and it involves the
continuous incubation of the parasites in a suitable
medium at various drug concentrations for about 48

hours or up to 72 hours (Thaithong, 1983; WHO 198l
7¥a3&¢vand Tersen 19?6).

All of the above methods make use of either the
microscopical analysis to determine the effect of the
drug on the parasite or a rapid semi-automatic
microdilution method that measures the incorporation
of radioactive precursors into specific parasite
molecules (WHO 198l, DesJjardins, 1979).

1.5.4 Treatment of Chloroguine resistant
Falciparum mzlaria.

If P, falciparum malaria is resistant to

chloroquine, recourse must be made to alternative
compounds., The choice of drug depencds largely on

the absence or presence of resistance to the possible

alternatives,
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Amodiaquine, though a L-aminoquinoline is more

effective than chloroquine against certain strains

of resistant P. falciparum (Spencer 1985, Bruce-Chwatt
1986), It is presently used in the treztment of |
chloroquine resistant falciparum malaria in East

Africa (Wetkins et al 1988).

The following sulfonamide/antifolate combinations
have been used alone in the treatment of a mild to
moderate acute attack of chloroquine resistant
falciparum malaria in semi-immune persons:-
Sulfadoxine 1500mg and Pyrimethamine 75mg given as a
single dose. Another combination is that of Sulfalene
1500mg and Pyrimethamine 75mg also to be given as a
singie dose. The above drugs are avajilable under the
trade names,Fansidar and Metakelfin‘respectively'(a
tablet of each contains 500mg of the sulfonamide and
2Smg of Pyrimethamine), Since they are slow acting
blood schizontocides, Quinine is to be preferred in
case of severe falciparum malaria, The sulfonamide/
antifolate combinations can also be used together with

Quinine (Spencer 1985, Bruce-Chwatt 1986),

Quinine alone or in combination with other drugs
is widely used particularly in severe infections,
A course consisting of 1800 mg Quinine orally in 3

divided doses daily for 1 week may be adeguate » The
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above may be followed by SO0mg Pyrime. Bm(%gecediiclzwfg;& ’%>_
2 days and 25mg Dapsone daily for 3 weeks'k.Best
'~ results have been obtained recently by using a short
regimen congisting of oral Quinine 600mg 3 times a day
for 2 or 3 days followed by 3 tablets of Fansidar or
Metakelfin given on the first day or at the end of
the Quinine course. Intravenous Quinine may be used
on the first day in case of severe malaria (WHO 19843
Bruce-Chwatt 4986). Quinidine, another cinchona
alkaloid is 2-3 times as potent as Quinine as a blood
schizontocide and can be used at the same -dose in

place of guinine. However cardiac function must be.

monitored (wWere 1987).

P. falciparum infections resistant to chloroquine

and sulfonamide/pyrimethamine combinatiocns may be .
treated with oral qpinine 600mg three times daily for
5-7 days simultaneously with or followed by Tetracycline
250mg four times daily for 7 days. Doxycyclinme (0.2g
daily) and minocyclin (0.1 to O.h4g daily) are equally
effective (Bruce~Chwatt 1986, WHO 158l, Rieckmann 1987),

Qinghaosq’a new drug alone or in combination with
other drugs can also be used in the treatment of severe
chloroquine resistant falciparum malaria (wWHO 198L).
Mefloguine may be used alone or in cowbination with

other drugs for the treatment of chloroquine resistant
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or multidrug resistant falciparum malaira, Resistance
to the drug has been reported in some regions (Jacobs
et al 1987, Spencer 1985) also in vitro resistance to
Meflogquine has been reported in Ibadan, Nigeria
(Salako and Aderounmu 1987)., The drug is yet to be
introduced for medical practice in West Africa, }
Fansimef€ (a combination of 280 mg Mefloquine base,
500mg sulfadoxine and 25mg pyrimethamine) is presently
on clinical trial with the hope that it will be effective

against multidrug resistant P, falciparum and also delay

the development of resistance to Mefloquine (Desouza
. ‘ ) |

et al 1987).

Attempts of prolohging the usefulness of
.chlorcquine in areas of resistance by combining it with
other drugs were proved abortive with tetracycline and
erythromycin (Watkins et al, 1988; Phillips et al 1984).
Similar attempts with a calcium antagonist (Verapamil)
and a microsomal mono-oxygenase inhibitor {copperlysine
complex) though still at the experimental stage are
showing good promise (Farago 1987, Rabinovich et al

1987).

Halofantrine, a new drug may also be used in

treating chloroquine resistant P, falciparum malaria,

In-vitro test carried out on West Africa isplates of

——

P. falciparum show Hhalofantrine to be more effective

than Mefloquine in the region (Oducla et al 1987),
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AIMS AND OBJECTIVES OF THE STUDY

Malaria remains a formidable global problem,
It is still one of the major killing disease of the
tropics especially in children. The effects of its
morbidity upon social and economic development are

staggering (Pinder 1973).

Chemotherapy has been of great importance in
the treatment of malaria, However this was somewhat
. briefly oven-shadowed by the developments of residual
inSeéticides which were thoughf to eradicate the
mosquito vector (Bruce-Chwatt 1986). This was not
feasible especially in tropical Africa because of
socio-economic factors, the emergence of resistance
to residuzl insecticides and the high stability of
transmission in this area., The current interest in
tropical Africa is therefore aimed at reducing the
burden of the disease by Judicious use of chemothera-
peutic agents., This again is on the verge of ©being
hampared by the development of parasite resistance to

anti-malarial drugs (Bruce-Chwatt 1980).

In human malaria, resistance of other plasmodia
specie is not yet a problem since they are still fully
sensitive to chloroquine (Bruce-Chwatt 1986). The

resistence of P, falciparum to chloroquine hathoweVep,
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become a global concern mainly because of the virulent
nature of this organism and because of the fmportance
or efficacy of chloroquine in treating falciparum
malaria., Hence there is need for continuous evaluation
of the status of chloroquine in falciparum malaria,
This is noct only of Academic importance but will also
help in directing government policies relating to

malaria control,

Resistance of P, falciparum to chloroquine which

was first reported in South Americe and East Asia in
the late 1950s (Harinasuta et al 1962, WHO 198L) has
spread from those continents to Africa, It was first
reported in East Africa then in Central Africa and
now West Africa (Spencer 1985, Onori 198, World Health
Statistics 1988), In-vivo and in-vitro resistance of

P, falciparum to chloroquine has been confirmed in

Ghana. (WHC 1987), Camereon (Sanson€tti et al 1985) and
Benin Republie (Le Bras ef al 1986). .

Earlier reports of chlorcquine resistant

P. falciparum in Nigeria (Olatunde 1977, Eke 1979)

were not accepted as definite proofs because the
criteria established by WHO for confirmetion of
resistance had not been fully respected (Onori 198L).
Recently, Ekanem (1985) had reported another case of
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treatment failure. Also in-vitro resistance has been
reported from Ibadan (Salako and Aderounmu 1987). So
far all cases of chloroquine resistance reported in

Nigeria had been in the Southern part of the country,

Midala et 2l (1988) in an in-vivo study of 1985

reported a delayed clearance of P, falciparum to

chloroquine in Zaria, The present work is therefore
aimed at determining the in-vitro and in-vivo

sensitivity of P, falciparum to chloroquine in Zaria,

an area in the Northern part of Nigeria, using WHO
Standard Procedures (1973). 1In addition, this study
presents data on the comparative in-vitro sensitivity

of P. falciparum to chloroquine,Mefloguine and guinine

in Zaria Urban area.
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CHAPTER TWO

MATERIALS AND METHODS

2.7, - Materials

Chloroquine sulphate tablets (Nivaguine R], each

containing 150 mg of chloroquine base. They were

" supplied by May and Baker (Nigeria) Limited. All

had been recently manufactured and were from the

same batch No, 047, due to expire in 1990.
Sulphadoxine/Pyrimethamine tablets, (Fansidar') each
contains 500mg of sulphadoxine and 25 of Pyrimethamine,
Mlanufactured by Roche Pharmaceutical Company, Switzerland®
They were bought from Daséﬁki‘Chemist; Samaru Zaria. -

All had been recently mahufactﬁred‘and were from

the same batch No. BS006 MFD 03, 86, due to expire

in 1992, :

Giemsa Stock Solution was obtained from the
National Malaria and Vector Control Division,

Federal Ministry of Health, Lagos,

Chloroform, manufactured by May and Baker.
Eosin powder obtained from Sigma EBompany(Nigeria)

Limited.

Hydrochleric acid, obtained from BDH Chemicals
Ltd, England ' |

Dill~Glazko Reagent (see appendix 1)

KH2POQ 3= Potassium dihydrogen orthophosphate,
obtained from BDH Chemical Ltd., Poole England.
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Na2 HPOA t= Disodium Hydrogen orthophosphate,
obtained from BDH Chemical Ltd, England.

Phosphate buffer PH 7.2 (see appendix 2)
Methanol R-grade (Re sublimed), manufzactured by
May and Baker Ltd., Dagenham,England,

Xylene (sulphur free) manufactured by May and Baker
Ltd.

Ethanol absolute, manufactured by BDH Chemical
Ltd., England.

Microscope, Reichert U.S.A, Model 150/160 obtained
from C,D.C, Atlanta Georgia, U.S.A.

Microscope slides 76 x 26mm, obtained from the
National Malaria and Vector Control Division,
Federal Ministry of Health Lagos,

WHO Standard Micro-test Kits (1 Kit A, 3 Kits B)
were obtained from The WHO Regional Office,
Manila Phillipines. The Batch numbers and
manufacturing dated of the in vitro test plates
were chloroquine, C-92 31/6/1986, C-17 A 20/5/87,
and C-18A 4/6/1987. Mefloquine M-79 25/6/1986.
M-08A 4/6/1987, M-07A 20/5/87 and Quinine Q-21
3/6/1987.

RPMI-1640 Powdered Media, Batch No. 6101166,
manufactured by Gibco Limited, P.O. Box 35,
Paisley, Scotland. It was obtained from WHO

Geneva, see appendix 3 for the preparation,
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~(r) Incubator
- {s) Electric Shaker,

(a) Screening ot Patients

The study was conducted at the?ééediatrié.
Qﬁt-patient Department of the Ahmadu Bello
" . University Teaching Hospital Zaria, between
February 1987 to August 1988,

Patients between the ages of 6 months and
7 years with clinical features suggéstive of
malaria were selected from the above department
and referred to the malaria clinic that had |
previously been established within the same hospital.
The protecol of the study was approved by the Medical .
Ethical Committee of the Facultiy of Medicine, A,B,U, |

Teaching Hospital, Zaria,

At the Malaria Clinic, thick blood films were
made for screening by finger prick aml stained with
Lis%¢ Giemsa solution tor 10 minutes, Also the urine
of all referred patients was tested for l-~amino-
quinolines, using the Dill-Glazko urine test method
(see appendix 1). The stained slides were dried and

examined for malaria parasites,

Children were taken into the study if they
satisfied the following criteria for enrolment:-

(i) If they were found to have pure P, falciparum




(11)

(111)

(iv)
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infection ', with psrasitaemia between 1000

and 95,000 parasites per mm of blood,

If their urine was negative for lLj~aminoquinolines

(using the Dill-Glazko test),

If they HKad denied taking any ahtimalarial drug for
the past 2 weeks

and, if they were residéﬂta'of Zaria Urban area,

All excluded children were sent back te the

Faediatric Out-patient Department for treatment, with a

note indicating the outcome of the screening test. 0On

final selection for inclusion in the study, - the aim of °

the study was carefully explained to the mothers of the

children and their consent sought,

(b)

In-vivo Methods

The serial number, name, age, weight, sex and
exact address including the state of origin of all
children taken into the study were recorded (see
aﬁpendix 4 for the in-vivo record form), All
children were assessed clinically by taking the

body temperature and enquir-ihg from each mother of

‘the ¢hild about presence cor absence of diarrhoea,

pruritus or vomiting., Also parents of the children
were questioned about the presence {1) or absence
(0) of fever 3 loss of appetite and physical

activities over the past L8 hours. The findings
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were recorded as follows O + O if there was no
fever and the child was well, 1 + O, if the child

had fever and was well etc (see appendix L),

After recording the above on day O, dqplicaﬁe
thick and thin blood films were cbtained by finger
prick Just prior to the administration of chloroquine,
The children were then given 25mg/kg of chloroquine base
over three days as follows:- 10mg/kg on days O and 1,
and Smg/kg on day 2, The drug was personzally given by a
member of the research team and each child was observed
for 30 minutes to ensure that the drug was not vomited,
Children who vomited were given a second dose, and those
who vomited more than twice were excluded from the study.
To reduce vomiting, each child was given a small meal of

biscuit and milk prier to drug administration.

The children were followed up daily for seven
days and once weekly thereafter up to day 28 (i.e.
on day O to day 7, @and on dsys 14, 21 and 28).
Patients who had parasitaemia after day 7 were treated
with Fansidar (i.e. sulphadoxin-pyrimethamine combinations)
as 35mg/kg of the sulphadoxine, and were followed up as

described above for 28 days.

On each follow-up visit, the patients were assessed
clinicelly and duplicate thick and thin blood films were

made for each childe, Also the urine test for
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L-aminoquinolines were repeated using the DillGlazko

method,

Thick and thin blood films were prepared as
.follows:— The pulp of the finger was thoroughly cleaned
with a disposable swab and allowed to dry, It was then
pricked with a sterile lancet and the finger was gently
squeezed until a drop of blood exuded. This was gently
removed and the second drop transferred to the centre of
a well cleaned microscope slide and a thin film was made
by spreading the drop with the parallel edge of another

clezn slide set at an angle of 459 along the first slide,

S

At the free end of the same first SIide;'aﬂother
larger drop of blood was placed and =a thick film was
prepared by evenly spreading the drop with the corner
of another slide to form a circular patch of moderate
thickness, Each slide so prepared was labelled,
indicating the patients serial number and date, and

allowed to air dry.

(1) Staining for definitive parasite counting

The slides were stained with 2% Giemsa
solution for 30 minutes. The 2% Giemsa solution
was prepared by diluting L ml of Giemsa stock
solution in a 500 m]l measuring cylinder with
phosphate buffer (PH 7.2) to give 200 ml, This

was then transferred to the staining Jar.
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The thin films were fixed in methanol,
The blood slides were arranged on a staining rack
and immersed in 2% Giemsa solution and allowed to
stain for 30 minutes, After this, the slides were
taken out y gently washed twice in phosphate

buffer solution (PH 7.2) and spread out to air dry.

(ii) Examination of blood films and counting of parasites

Species identification was confirmed from
both thick and thin blood films of day O and
patients with mixed infections were excluded from
the study., The slides were examined using a
stendard X 160.011 iﬁmersion objective and X 10
eye fieces jachieving a tofal ﬁagni_fication of
X 1000, For the counting of parasites on thick
blood films: "the fgrmer ploughing his field"
technique was used while the "battlement®" technique
was applied to examine the thin films (WHO 198)).
A slide was considered negztive or the possibility
of mixed infection ruled out only after about
100 microscope fields of,the thick and thin films

had been examined.

To determine the parasite density, white
blood cells and asexual parasites were counted
simultanecusly from the thick films on two hand
tally counters. Counting wazs stopped when the

parasite count reached 500 or the leucocyte count



(iii)

(iv)

=Olj=
1000 which ever figure was reached first, However,
if either of the above figure was reached betore
the count of a particular field was completed,
Counting continued until all the parasites and

leucocytes in that particular field had been

counted,

Determination of Parasite Density (PD)

For the definitive count, the parasite density
of each patient for each day was determined by
dividing the product of the parasite count and 6,000

by the leucocyte count as follows:-

No, of parasites counted x 6000
No. of leucocytes counted = parasite count per

mr3 of blood.

Determination of Parasite density Index (PDI)

The parasite density of each patient on each
day was rounded off to the first two digits and was
classified as parasite density index (PDI) according

0 Bruce-Chwatts criteria of classification as follows:=-

Who /1794)

-Parasi te Count
per nm3 of blood Class
100 or less 1
101 - 200 2
201 - LOO 3
401 - 800 I
801 - 1600 5
1601 - 3200 6
3201 - 6400 7
6401 =12800 g
12,801 -25,600 5
25,601 or more 10
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Determination of Mean Parasite Density

) The mean parasite density for each day was
aetermined by dividing the sum of the parasite
densities of all the patients on that day by the
total number of patients studied. The mean
parasite density on day 0 was taken as 100% and.

the mean counts on subsequent days were expressed

as percentages of this figure (see table 3,1).

Determination of Mean Parasite Clearance Time (MPCT)

The MPCT for the total nuwmber of in-vivo cases
(excluding those with chloroquine resistance) was

determined as follows:- For each day, the number

"of patients whose parasitaemia had cleared was

multiplied by the number of days needed for the
infection to clear, The products obtained was
sumited up and divided by the total number cof cases

to give the MPCT.

For the 53 cases in our study whose
pafasitaemia cleared within the first seven days
and did not reappeary the products were cbtained
as follows{see table3I). On dzy 1, no patient was
cleared of parasitaemia i,e, the product i1s 1 x O = O,

On day 2, h patients were cleared of their .

parasitaemia i.e, the product is 2 x | = 8
| _
On day 3, 32 patients were cleared, and the product

is 3 x 32 = 96
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On_day L, 9 patients were cleared, and the product
ish.xg-]ﬁ

On day 5, 6 patients were cleared of their

parasitaemia therefore the product is 5 x 6 = 30

On day 6, no patient was cleared of parasitaemia,
the product is 6 x 0 = O

On day 7, 2 patients were cleared of their
parasitaemia, the product is 7 x 2 = 14

The sum of the products obtained for the 7 days is
0+8+49643643040+14 = 184. When divided by the total
number of cases, the MPCT will be 184/53 = 3.47

The standard deviation was calculted to be + 1.04;
therefore the MPCT for the study is = 3.47 + 1.04

da?s.

(c) The In Vitro Method

The microtechnique invelving the short term
culture of parasitized blood at different drug
cﬁncentraticns was used for the in vitro sensitivity
test (WHO 198Y4,Bruce-Chwatt 1986). The instructions
for the use of the WHO test kit A and B were followed
(Bull, wld, Hlth, Org., 1971) and the following items
were kept under refrigeration at L°C until required
for use (i) HEPES solution (ii) NaHCO5 solution and
(iii) predosed plates, The RPMI 1640 liquid media
was prepared from the powder as described in
Appendix 3 and kept in the deep freezer at -20°C until

required for use,
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The whole in vitro procedure from the begining to
the stage of incubation was executed under strict
aseptic condition$S. Fresh growth medium waé prepared
each day Just prior to incubation as follows:-
1ml of 7.2% HEPES solutions and 1ml of 2.L% NaHC03
solution were added to 10ml of the liquid RPMI 1640
media and the mixture was filtered through a millipore
filter.

A sterile 2ml pipette was used to transfer 1,8ml
of the so prepared growth medium into a sterile falcon
tube., To these, were added 200#L of fresh heparanized
capillary blood obtained by finger prick bfior £o‘drug
administration on day O, Thus 2ml of medium/blood |
mixture were finally available from each patient, The
falcon tube was closed with a sterile cap and gently

agitated to suspend the blood cells,

The seal strips of the appropriate columns of the
predosed plates were removed, and SOML of the medium
blood mixture was transferred into each well using a
SOUL Eppendorf Pipette with a sterjl tip in a descending
order, starting from well A(ﬁhicﬁ is the controﬂ and
erding at well H with the highest concentration of the
test drug. One rew of 8 wells (A to H) of each-test
drug (ie chloroquine, meflogquine &znd quinine) were
allotted to the individual blood specimen of a child,

A new pipette tip was used whenever a new row of wells

(A to H) was to be filled with the medium/blood mixture



in order to aveid drug contamination ¢f the control
well A, For each drug, the concentrations of wells A

to H were distributed as follows:-

Chloroguine

(1) (2) (3) (W) (5) (6} (7) (8) (9) (10) (11) (12)

PMOL
A 0
B 1
C
D
E 5.7
F
G 16
.H 32

Well A is the control; Wwells B-H represernt a chloroguine
concentration line bzsed on a geometrical progression of
20; 21; 22; 23° 2h; and 25 Pmol, with an intermediate

’

concentration at 22'5 {well E).



Mefloquine

(1) (2) (3) (b) (5) (6) (7) (8) (9) (10) (11) (12)
PMOL

A 0
B 0.5
cC 1
D 2
E 4
P 5.7
G 6
H 16

Well A is the control; Wells B-H represerta mefloquine

concentration line based on a geometrical progression

1; 20; 21' 22; 23; and 2hpmol, with an intermediate

of 27
at 22° (¥el1l F)

Quinine

[ () (2 3 W) (5) (6) (7) (B) (9) (10) (11) (12)
FMOL

= “H P . S < B = B o B « - B
OV
38 ]

i e ———— i — —— S ——

f
l
|
{
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wWell A is the control; Well B-H represent a quinine
concentration line based on a geometrical progression of
22; 23; 24; 25; 28; 27; ana 28,

’ *

After filling the predosed wells for all the patients
enrolled on & particular day, the lids were replaced on
each plate and the patient's serial number was inscribed
on the lids directly over the appropriate column. The
culture plates were then gently shaken on an automatic
shaker to dissolve the drug deposit at the bottom of the

wells,

Finally, the plates were placed in a desiccator
Jar containing 2 paraffin candles, The candles were 1it
and the 1id of the Jar was partially closed leaving only
a small opening. The Jjar was tightly closed just before
one flame went off, The air tight jJar was then placed in

an incubator at a temperature of 37.5 ¢_0.5°C for 24 hours,

At the end of 2if hours, the Jar was taken cut and
about 30UL of supernatant culture medium frum one of the
control wells (i,e, Well A) was removed and a thick film
was made from the blood deposit and allowed to air dry.
The thick film was stained in 1,5% giesma solution for 30
minutes and examined for schizont maturation, The samples
were said to be ready for harvest if there were hP to 20
schizonts per 200 asexual parasites (ie. 10% schizont matura-
tion) in the control well, If however, the schizont maturaticn

was less than 10%, the plates were placed back into the
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air tight jar and incubated for 2 longer period of time,

However, all samples were harvested at the end of 30 hours,

Harvest of Cultured Blcocod Samples

After incubation, about 30-40 UL of the supernatant
culture medium were removed froc each well with a capillary
tube fitted with a bulb, a fresh capillery tube was used
for each single well, Thick blocd films were made from
the sediment of each well on & microscope slide, A row
of 8 blood films (from wells A to H) of each test drug
from a patient was prepared on a single slide and
labelled with the patients serial number, name of drug

~and date as shown below, '

g O O 0
A B c D
(T [T T [T

E F G H

Serial No,
Drug
Date

The prepared thick films were left to air dry at
room temperature for about 2 deys so as to ensure adequate
adherence to the slides, They were then stained in 1,5%
Giemsa solution for 30 minutes after which they were

taken out and allowed to air dry.

311125

Counting of Schizonts and Presentztion of Results

After drying trke stained slides, the number of
schizonts containing 3 nuclei or more were counted

against 200 asexual parasites in all the test wells,
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The schizont maturation in the individual wells were
expressed as a percentage of maturation occuring in the

control well A using the following formula,

Control Samples with drug under Test
(was repeated for each test well)
No. of schizont No. of schizonts % of schizonts
per 200 parasites per 200 parasites relative to
after incubation after incubation control sample
(control sample
100% )
M z anZ/Mx"OO

Also the mean number of schizonts occuring in each
test well for the total number of cases was calculated and
the mean percentages of schizont maturation and
inhibition in the individual wells were expressed as a
percentzge of that occuring in the control wells A,
(see tebles 3,5, 3.6 and 3.7). on a greph,
schizont inhibition was plotted ag=2inst the concentration
of drug in the test wells and the log-probit regression
line was obtained, The EC99 and EC50 i.,e. the concentration
of drug required to inhibit 99% and 50% of schizont

maturation was calculated from the graph (see figures 32,

3.3 and 3.4 ).

Accerding to WHO (1967),'0!:91’9 is satisfactory
response to chloroquine if there is complete schizont

5 mol/L blood) or

inhibition 2t L4Pmol/well (i.e. 0.8 x 10
below., Schizont growth at 8 Pmol/well (1.6 x 10-6m01/1..

blood) or mcre is an indication of resistance to
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chloroquine, For Mefloquine, there is satisfactory
response if there is complete schizont inhibition at

32 Pmol (6.4 x 10'6m01/L blood) ‘or below, Schizont

6

growth at 64 Pmol (12.8 x 10" mol/L blood) or more is

an indication of resistance, For Quinine, Schizont

6m01/L bleed) or

growth at 256 Pmol/well (51.2 x 10~
more is an indication of resistance, while complete
schizont inhibition at 128 Pmol/well (25.6 x 10"6m01/L
blood) or belowindicates satisfactory response to

quinine,
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CHAPTER
RESULTS
3.1 Screening
The study started in Februarf 1987 and lasted up to
August 1988, " "A  total of 2,557 patients were screened
for malaria parasites within the period, However due to
political unrests in March and April 1987, many patients
got lost to follow-up and useful resulis started coming
in as from July 1987, Between July 1987 &nd August 1988,
a total of 2,068 patients were screened, Of these, 178
(8.5%) were found to be positive for malaria parasites,
and considered for enrollment, However, of the 175 patients,
20 (11.4%) were dropped because of the presence of L-amino=-
quinolines in their urine and 49 (28%) due to either too
low or too high levels of parasitaemia, L patients (2.3%)
had mixed infections with P, malariae, A total of 102

(58.2%) cases of P. falciparum infections were finally

enrolled in the study,

3.2 The Patients

Of the 102 cases that were finally taken into the
study, only 65 (63.7%) completed the 28 day study protocol
and of these, 6 had blood smears of poor quality at one
time of the follow-up or the other, thus only 59 cases
(57.8%) had complete in vivo results. Of the other 37
patients, 34 (33.3%) had defaulted and 3 (2.9%) died.

One died on day O due to malaria with severe anaemia,
She was admitted for close observation and died while on

admission, The other two died of kwashiokor between
day 14 and 21.
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Of the Sé cases that completed the study, 29 (49.2%)
were male and 30 (50.8%) female, The children were aged
between & months and 7 years with a mean age of 3.5 + 1.25
years. Their weight ranged from 6.8 kg to 24 kg with a

mean of 12.16 4+ 3.93 kg,

3.3 In vivo Results

(i) Parssitological response:-

The distribution of parasite densities (expressed
arithwetically and by Bruce-Chwatt Pzrasite Density
Index (PDI) for the 59 cases thut completed the in vivo

' 8tudy 1s shown in table 3.1. In none of the cases was
the parasitaemia on days 2 and'3,25% or above that of
day 0. Table 3.2 shows that theré'was.no'corfelation
between the distribution of mesn parasite densitiés

on day 0 and the various age groups.

Cf the 59 cases that completed the in vive
.Study, 53 (90%) were fully sensitive to chloroquine,
The parasitaemisa of the 53 cases disappeared within
7 days and did not reappear throughout the observation
period, Cases No. 2225 and 2469 had parasitaemia on
day 28 but they were taken as reinfections since thelr
isolates were fully sensitive to chloroquine in vitre
(see table 3.5). The parasite density range,mean
parasite density and Parasite Density Index for the
53 sensitive ceses g shown at the end of table 3.1

and figure 3.1, The Mean Parasite Clearance time



RarepRabE ﬂ | | , | I _ [ + 13 1% | 09 Aoy ose
daELe ~ ! _ _ { _ . . | -
13 mnmm_ | _ | | ! _ | h | _ | 9 b 3b i | ggk-
- -y Y SN ) t ; 1 - . 1 1 1 1
IAT2IIWIS I f | | | | - ~ ! @ e 9 | | 4 3 { W% | Lk
\ | { ' | - | i ' ~ 4 _ -
i | ! i | | ! : | =] %8| 2| oGk o ) Ak 39 i 1 360
_ | W o9zl Lt oosi 3 I A i %44
L i ] i H . T — gl |
m | _ | ! | _ ! P = i s ok LI = 3242k
1 _ _ | = | 2| 03 9 = e 23 i
= ! ' e I = e 3, :
] A - =4 -
IATLT T3 . il ™ ! 2 i b
FAFTTIBG _ % ) 3 ges M loogterl 4 = Taa
3 e T e e ! = | ] 1 ' a1 jonp - - - -
atstsdes \ { H % ea - ' .ﬂ - gt...\..nl byt ¥ - e i3
_ T G 1 P W gL lasne s - 2y 3 -z
P = < - - - o . : -
L A . 3 y 1 128
il L L " * i - ey - N 3 s %
o - - - - = ol ’ . -l . E . i~ |
AT TEID hij S e e b -] % =y { %3
FATs s . , . - . o
- 0->lh ”. = : - Yo
FORE N = ae V3 3 2 3 A . . . 058
FASS S3ga . 5 opl . .
3 e | - - taig ¥ - LY Pwg 3 - - - .
= R . el -— o o : o
" [ - = > ~ i 2 = ~- ¢
FATLIIUS ; i = nlsl TR ’ = .
YATL TFEET s | 9E " 2! 28w T 3™ 4 e A e S "3 u
AT, TIURS ) 3% - e w ™
: | - + e s Te oyl E Y
@ e eetme e 1
34T TRuse I 3 JCas 3 1030 &S5 faoetsL 3 -3 1
PATLITRIE a L Frk T T D%k 2V v 81 300 P ) eS| S ons : i .
- - _ ‘ l
3+ . 34 b ilEy B ALE 28 Mg & =t 3 NET | SeaBnts " 8 ' i3
R =1 3isees ; T ass - * 1 o |O0EE) L | 0055 o | 303 L |238™ |4 805 2y ! 23
- . [ = N | . g
RiesceFLRI _ s 37 oz o9 | £ 9 S300L | SLicegtasy 308 2 i R
- T — i | | i B ] +
¥AFL TITR bow % ) e T 24 9 | C0sct - 1 2
! . 1 ] 1 ) ) J
DARE, FEES _ { s | wE 2 1 U8 | 2 | TR Ok fouOLT | Sk joITtLe L - S =L3
. ] ] " ¥ 1
- A - A & S - S | | 1o& 1< T34 & DOy lemiamm
P 0 e o] I - AW _ | . W | = Lo 33y ac
. 77 TUIL7 TINH#ER O EITATINAC A170RIDS ! [ ! .
L SURD e in mvs SRR o L was e DA eRa ST o b e = =
} L SuUrp 380V 39040 BTIAT W IAIIC;IL08; 32 0 TPTID A1TATLISuSS sutnbosorTin Tata 2T iy =3
et T E -- = - - - v P - e B - ey - ) - e - o e
n L AITHUAQ ALTTRLRG 391F 15-30ndT g 2uy ATTATTramul ISy peusaasdig) Fatitnusg atisadag -1t g,

- .uu.l -



. o R
SuinbGSt Tl WITA PIAEESIBE & oc AR A0S A EDRVEVERD ZIITWRVS NVEW
S N . | wzeon! aneen | ween 1w o | %« | $2°07 | %oal AR e
ecmy T 1 I T | 3 343 &g | T6s Nvay
suas t B zr 3 0 cls BCoh | 0g NvaK
203 A . : - _ : _
T ooag Zh=Ti | OMOITL) 0L 3 B COZ'T 2 Smmmr o ol o2 30 BONVE
| | Yot _eo D .
5 1 S T | | bosy =] o1 opt w o pocEs 10. | oo0:g 8 «& | wp sz
SaTL TSRS | _ . | oo ._ _ __ _ m TSR G ”ouumw_ St i | _.._ §i52
et A S A T (NN SR (A SR N A S N SR B T L or poos? o Tuﬁ..mm_. B+ T | &) iz
L Fatatsues| [ : | oo _ ! _ : : poreL | & oom | v loned at| 0% ¥} bane
U Garireasy o lsemnd | L _ B%, & 007§ Po.. ot fesooE | e | o) e
satiycoac| | b AR A B __ L. e ¢ post e losogd kil m ! &l s
BATLTRTES 1 [ | : H ! ! | | | ks GIE L+ | el O { LUoOT ..._.P" 2i | Kl __. @Md—N
B TSNS b - _ Lo ] m ¢ ¢ fost £l co & W R | 154
#AT IELES { _ _ W { _ T, esg O 100090 t0s | 0080 eyl 53 Wi §2%
Bo3iTrEes (| _ , W = i o0t hT. lososs md pn i ez
T Tuas ! | | & 1Gus ¥ URGLS as! ki - T & Grz2
d ' i
1 A pr . : \ | e of I S TR s S s, = Fa S¥eE
' rer "
\ESUES _
=SEIRIIAC aLve) L g ol & s . s S| otk o pEi § 8% B looaTs o S W biLe
TR R e 1) e TR w1 e - BE = K . SnbEn S = K| e (O
Ik ArrEskevay ford becits fpart ol 9od 4 s ] M - < e WTS F g of | 005D TR o ¥ 25
T TEEE X ; ! vl T i D I =00 A XosH T ’ rm SESL
(PR T _ " = b Nk 4 §opohdies £40. W Wi 18
BRRRS : £ = et . Hongs T*e )¢ v €3z
pusEsvoes | . .ot { pe? £ L000%0 W @7 &1 as
T o s piies : Es & s = P T Cal B v e f - W Lic.
Sotuyiar _ & § TRl U 4 100 Sloes : e
BT TIURE _ e R Lioss I w i & -
L TS T _ - | _ _ = £ pEosy , o S A oS!
ety TEENS | __ _ _ D « poer L T T K £2m
_. _ ! ; Y g ol 1y - Kl 2l W LT
| S _ T o o- LOSTE | g fot0..! &) 2 | 2 o8¢.
ol = mﬂn.n 1) e 4] ﬁﬁ. aLle | ow n&s 3 GGZE g poml e _F.uuho # &1 - &t L.
_ T sve ! oz | & 9zt

(& ]
&

€ of | W 2oth
¥

susuoe | ‘ox
T ) ¥y | weg | Tetleg

e




056°06 - )
03 0gg‘ee ogL'ot + oco‘gt Lol f L=50°9
000°89 - _
03 0£5°9 | oLe‘ce * ooz‘fie | Li g 9=-50°S
| | _
00l 56 . _ _
03} 052°2 M 0oty * olg‘of | g'sk | 8 =601
4
000 | 06| _ __
03 068°t | 0.8'62 * w 005°5€ | STEl oS M=50°¢
000 9| a |
03 002°‘L oLe‘Le + 099°2e g 0k 02 £€-50°2
000 e Tl =
03 il oge‘L ¢+ 009°g L'6 u® 2=S0° 1L
000 6% > |
01 096°9 oof‘fiL + ogs‘ze | S*L bi } =G*0
i
afuey * mmEEd
A3 1suaqg SaT3 Tsuag (3%) nmummww
93 1seJded _20ﬁpmﬁ>wa pIBpUR]S 23 TSedBd UBal Juy?Tam ueay | Aousnbaay dnoan a3y
8R/.864 ‘eaay uequn RTIRZ ut ALTATITSUAS
uTNbOJOTYD FO UOTIEFTISIAUT OATA U} UB UT GMJPA{I(B] °d JO Sase) JO
sdnou3 a8e 03 FuTpuaodody Q Aeg U0 SITITSUIP 93 Tseded uesy JO uoT3INgIJIsSId 2t 91qey

l@Orl




-109-

Fig. 3.1: Mean Parasite Densities per mm3 (log scale) of 53
sensitive ceses of' P, falciparum after treatment
with 25ng/kg chloroquine in Zaria urban area 1987/88,
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(MPCT' for the sensitive cases was calculated to be

3.47 st 1.04 days.

6 patients (10.0%) were resistant to chloroquine
in vivo, The distribution of parasite densities per om”
of the resistant cases is shown in table 2.3. It can be
seen that three (5.1%) cases (No0.950, 1302 and 2171) were
resistant at RI level, Case$Snumber 950 and 1302 had |
early recrudesance, while case number 2171 had parasitazemia
on days 21 and 28, and was taken as late recrﬁdes@ence
'since the corresponding parasite isolate was resistant

to chloroquine in vitro (see tables 3.3. and 3.5).

Cases No 668, 1354 and 1939 were resistant at the RII level,
Two of the resistant cases {No. 1302 and 1939) were visitors
from Benue and Imc States respectively, while the

remaining 4 cases i.e. cese number 668, 950, 1354 and

2171 were residents of Zaria Urban Area,

Cases No, 1302, 1254 and 1939 were retreated with
Fansidar (i.e. Sulphadoxin-pyrimethamine combinations) as
35mg/kg of the sulphadoxine and were found to be fully
sensitive to it, Case No. 950 was retrezted with a second
course of chloroguine (i.e. 25mg/kg over three days) and
was also found to be sensitive to the éecoud course (see
table 3,7,), In both cases, parasitaemia cleared within
7 days of retreatment and did not reappear throughout
the 28 dzys observation period,

(ii) Clinical Response

The clinical response after treztment with

25mz/kg chloroquine hase for 3 days is shown in table
3ol ' )
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On day 0,57 patients (96.6%) had fever;>-37.5°C or a
history of fever. This number decreased to 28 (47.5%)

on day 1, 6 (10.2%) on day 2,5 (8.5%) on day 3% and 0 on
day & and 5. One patient (Case No, 950) had fever and
parasitaemia on days 6 and 7, however both .disappeared
after retreatment with a second course of chleroguine see

table 3.4,

53 patients (90%) had a decrease in activity and
mental zlertness on day O. These reduced to 20 {34%)
on day 1, 4 (6.8%) on day 2, and 1 (1.7¥) on day 3.

As from day &4, 2ll children were normal,

30 patients (50.8%) were vomiting on day 0, this
decressed to 6 (10,2%) on day 1 and 1 (1.7%) on day
2 and 3. However, nc child vomited as from day 4

onwards (see table 3,4), .

25 patients (42.4%) had diarrhoea on day O, 9
(15.3%) on day 1, 3 (5.1%) on day 2, 2 (3.4%) on day

3 and none had diarrhoea as from day 4 onwards,

On the whole, 21l clinical symptoms 5ubsided on
day 4, after treatment with 25mg/kg of chloroquine
over three days,, Except Case No, 950 who had fever
on days 6 and 7, but this 21so0 disappears on retreatment

with a second course of chloroguine {25mg/kg).
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The in vivo results show that there was a good
correlation between parasitological znd clinical responses
for the sensitive cases since both parasitaemia zand
¢clinical symptoms disappear within 7 days., However, there
was no correlation between parasitological and ¢linical
responses for the resistant cases since parasitaemia

persisted after day 7.

3.0 In vitro Results

(a) Chloroguine

Of the 102 P, falciparum isolates that were

cultured, 36 were successful for chloroquine, that

is a succese rate of 35.3%, After ircubation, the

mean .number of schizonis per 200 parasites in the
control wells was 69 + 33.9., The ip vitro results
for.chloroquine are shown in table 3.5 and 3.8, It

can be seen from table 3,5 t'at there was no correlation’
between the severity of parasitaemia and the

in vitre response, _

It can also be seen from table 3.5 that 24
isclates (66,7%) were fully sensitive to chloroquine
in vitro i.e. there was complete irhibition of
schizont maturation for those isolates al 8 Pmol/well

6

(1.6 x 107° mol/litre) chloroquine and below. 12

isolates (33.3%) were resistant to tke drug, i.e.
there was scnizont growth at 8 pmol/well-(1.6x10-6

mol/litre) chloroquine and above,

The regression line obtained by probit analysis
¢f the log dcse response for the 36 isolates is

illustrated in figure 3.2. The EC 50 =znd EC 99
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Table 3.6 in vitco
S/H Sex | Age Purasite
months | Densities
on bay O
ol3 M 10 11,600
66l M L8 90, GO
66l ¥ 13 14, 600
682 M 1 41, 000
725 M 13 1, 700
738 M i6 16, D00
783 2] 30 6, 0
903 F 12 18, 000
912 M 2l 1y, Gl
921 ¥ 44 Iy , 606
950 F 30 3, 100
958 ¥ 1 3,800
97l ¥ o 67, (wo
992 F ns 79,000
1041 ¥ 72 | 52,000
1053 F W 1, 200
1096 H i I, 00
1350 ¥ 7 13,050 ;
1490 F 72 11, Wi
15 M 72 6, hin)
1651 g | b 16,000
1653 M 30 5, 200
1830 " &, 8, 000
1935 M 11 15, G0
211 M 12 3%, GO0
21 M 23 elj, UL
2225 P L6 | 37,000
2230 F L 2,700
2243 F Lé 86, 000
2298 M 26 |y, 000
236 ¥ r2 i, o0
2L57 3 24 15, 000
2469 F o 30, G0
2h6 i3} Bl 9, BLi
24,82 ¥ 72 | 58,000
2516 M 72 15, 000

Total Schizonts

Mean No.

of 3chizonls

Cailbeul
20( 1)
Ha( 100)
B )
“9{ 100)
2ol 1WHr)
G 100)
$1( 1)
22( )
JOL 1)
50 1)
W7 100)
VAN T
s20 1)
e 1)
thli( 100)
Ty
il wdy
| |.‘.',)
SO pah
W iy
JEL W
I8 [ RUES
YA I
bot i)
G e
POy 1)
1)
B 1)
T |
1 1a)
Y T TR
b )
S0 100)
P13 1)
Vil {0
P10

2501

{'-

¥ of Control

100

% of Maturation

% of Innibition

S )

o

4]
U

i,
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Schizont Counl fer 200 Parasiltes In Each Test Well

[l

W ro)
h&( 7a)
37(79)
200 1)
L.'““‘a.,
5 (8)
Bl e
21(40)
800114 )
h(ar)
()
1)
)
el yws)
Sl 67)
MV ITIN) )
W)
Sr(hi)
1)
GLLa7)
R CRY
DU RS
BRI 118 )
L 435)
syl i)
TR0y,
EIRT]
ra(ug)
1h(ta)
ha(ozy
LTS
(71)
La(aun)
Gi(be)
pa(an)
W)
21146
.1

81.6

81.9
1.1

1ot 4l )
P 1)

tH(4Y4)

EES

In viteo Response of 50 1s0lutes of Po fulciparas to Mefloguine in Zariu, 1987780

L F G il
Ta I L% 4 i} 10
Pl wo l ol rmol Pmol
1165y b (s |7 (3%)
Wi(d1) Po(es) [36(61) |1 (2)
A5y Pofzy) | 6 |1 (2)
(1) Ji(2h) j20(34) | 45(76) | 9(15)
16i62) Jig(sh) |1s(s8) |7 (27)
w(72) pios) |35(37) | 27(29) | L(4)
il 116) ig(hs) 1548 |5 (16) '
2h(r0u) (1363 113(s9) |3 (1)
=23)y P (3) [2(3) |1 (1) [a(r)
i) puls?) th (11)
110 31) BI(E9) |8 (8) [2 (2)
122(9 ) pe(79) |10z(76)) 86(66) | 6(5)
Aale3) N7(53) [16(50) | 2 (&)
hles) Bo(y) 12 (3)
pas(96) [77(%) |28(18) |6 (4) | 1(0.7]
wminu) B o(12) |3 (6)
754 1) 7m‘-r. ) jeulou) | h2(57)
ey b (1) 1 (1)
aB89) 19 (11}
G 90) lBaie ) 1)
wi(61) fe7{7 ) [hadhed | 30(33) {1 (1)
EL(92Y BrorsoM ey | 3an(h2) | 1 (1)
hatreY b 13 (s
1 1G0) Ju(so) [ h (33) ] 1 (8)
hethy) ps(ae) |s3se) |y ()
Vin(47) pazes iy az(bo) | as(ey)
se(rs) RuEr) |y (5)
1301%)  RS(29) 118(17) | 1 (1)
IN(SE)  hi(sB) | 15(63) | 12(50) | 1 (k)
w(7y) Palrr) | 39(69) | 15(30) | 6(12)
i (ay s2(7h ) 30(h3) 3(h)
wii) 18 (s (9) |1 (2)
eo(ez) () [57(59) | ke (L7) | 2(2)
wABr) Budan) |0y 7(8)
al(5h) 25(19]
aeh)y Paird) Praen) | 15(13)
(W 1312 119 K91 32
Iy 37 2N 1 1 |
68.1 | 51.4 33,30 194 | 1.
eh1 | Stk 33.3] 194 | 1.4
1,9 | L8.é 66,7( 80.6 | 98,6 |

PR,
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Table 3.8 Comparative in vitro sen51tivity of P. falciparum
isolates to chloroquin mefloquine and
guinine at Zaria 1987/8é

DRUG CONCENTRATION ISOLATES UNDZRGOING SCHIZOGONY IN
X 10-6m01{L THE PRESENCE OF
Chloroquine Mefloguine Quinine
(n = 36) (n = 36) (n = 13)
0 100% ~  100%  100%
0.1 -  100% -
0.2 : 100% 100% -
0.4 91,7% 100% -
0.8 _ 63.9% 100% 100%
1.1 | 41.7% 9l . L% | -
1.6 * 33,3% 72,2% 100%
3.2 .} 25% - 27.8% 100%
6.4 | ' 8.3% | 100%
12,8 | 8., 6%
25.6 - | O 23.1%
51.2 | . 7.7%

*.Schizogony at those concentrations and above indicates
in vitro resistant



*RUTUTH ¢
H»:wsm\ﬂoem-o_‘ X 29t J0 TTeM/Iowd LGl = g oF
! qhosm-of x z2°¢ 0 TIaM/Toud 91 = (G 23

—

To
0

. —— - -4 Rl PGP P R —

' b —

- _Tuoﬂql\lofa 2 g5z

Uy ut sajetosy anhumﬂOHwh

2% 2 50

8R/486! ‘®ale ueqin etaez ut Apnys SIIIA OT
. ! T
d £} JO SUTUTND J0F SUTT UOTSSAIFAL 3TqOId ttieg 81y

=L~



-122=-

(i.e. the effective concentrations required for 50% and
99% schizont inhibition) were estimated as 2 pmol/well or
0.4 x 1076 mol/litre and 22,6 pmol/well or 4.52 x 10"6
mol/litre chloroquine respectively., It has been observed
that sensitive isolates normally produce steep regression

6

lines with a EC 50 well below 0,5 x 10" - mol/litre chlorocuine,

and that the flatter the regression line and the higher the

EC 99 (greater than 1.0 x 1076

mol/litre) are,the more
resistant is the isolate (WHO 1984), Since the EC 99 for
chloroquine in this study is greater than 1.0 x 1078 mol/
litre, this indicates that the isolates in this area are
resistant to chloroquine in vitro,

(b) Mefloguine

Of the 102.2. falciparum isolates that were cultured

- on mefloquine plates, 36 (35.32%) were successful i.e.
the success rate was the same as for chloroquine, The
mean number of schizﬁnts per 200 parasites'in the control
wells after incubation was 72 + 34,4, The range of
preculture parasite densities of the successful isolates
was the same as for chloroquine. The results of the EE.‘
vitro testsof the 36 isolates are shown in table 3.6
and 3.8, It can be seen from table 3.6 that the schizont
maturation of 26 isolates was completely inhibited at
16 pmol/well (3.2 x 10” mol/litre) mefloguine znd below
while 10 isolates grew at 16pmol/well mefloquine,

According to WHO(1987), Schizont growth at 64 pmol/well
(12.8 x 10“6 mol/L) mcflocuine and above is an indication

of resistance to the drug.
The regression line obtained by probit analysis

of the log dose/response for the 36 isolated to mefloguine
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is 1llustrated in figure 3.3. The EC50 amd EC 99 for the

isolates were estimated to be 2.8pmol/well or 0.5 x 10-6

6

mol/litre and 32 pmol/well or 6.4 x 107 mwol/litre mefloquine

respectively.

(c) AQuinine

25 isolates of P, falciparum were cultured on Quinine

plates. 13 (53%) of these were successful. The mean number
of schizonts per 200 parasites in the control well after
incubation was 74 &+ 23. The preculture parasite densities
of the successful isolates ranged between 2,700 and 86,000
per mm3 of blood. The results of the in vitro sensitivity
test of the 13 isolates are shown in tables 3.7 and 3.8,
From table 3.7, there was complete inhibition of schizont

6m01/

maturation of 12 isolates at 256 pmol/well (51.2 x 10~
litre) quinine and below, while 1isolate grew at 256pmol/

well quinine. .

The regression line obtained by probit analysis of
the log dose response for the 13 isolates is illustrated in
figure 3.4. The EC 50 and EC 99 of the isolates were
estimated to be 16pmol/well (3.2 x 10-bm01/1itre) quinine

6

and 181 pmol/well (36,2 x 10" "mol/litre) quinine respectively,

3.5 Comparative in vivo/in vitro Results for
chloroquine

33 (55.9%) of the 59 patients that completed the
Extended Field Test, had corresponding in vitro results for

chloroquine, whereas the P. falciparum isolates of the

remaining 26 patients either did not grow sufficiently or
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not at all, The correlation between the in vitro response
to chloroquine of the 33 isolztes with the in vivo response

is shown in table 3.9 and table 3,10,

Depending on the outcome of the comparative in vivo/

in vitro sensitivity of P. falciparum to chloroquine, the

33 patients may be divided into the following 4 groups,
Group I:- Cases thet were sensitive to chloroquine both
in vivo and in vitro (See table 3,11).

Group 1Is- Cases that were sensitive in vivo but resistant
in vitro (see table 3.12).

Group 111s= Cases that had delayed clearance in vivo but
were resistant in vitro (See tzble 3_43).

Group IV:- Cases that were resistant both in vivo and

in vitro (See table 3.1hj.

The results obtained for these L groups of patients

- are summzrized in table 3.9, Also the mean parasite
densities per -~ (log scale) for the lj groups is shown in
figure 3,5 and the regression lines of the probit analysis
of the log dose response for the J groups is illustrated in
figure 3,6,

(a) Group Cne:- Cases that are sensitive to chloroquine
both in vivo and in vitro

21 (63.6%) cases with corresponding in vivo/
in vitro results were sersitive to chloroquine both
in the in vivo and in vitro test, The parasitzemia
of a1l of the patients cleared on day 4 and below,
except case number 2141 who had pzrasitaemia on day 4

but this cleared on day 5. In none of the cases was
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. 131.

Fig. 3.5: kean parasite densities per mm3 (log scale) for
4 groups of cases of P, falciparum malaria after
treatment with 25mg/kg chloroquine in an in vivo
study in Zaria urban area, 1987/88, T
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the parssitaemia on days 2 or 3,25% or above that of
day C.

In the in vitro test, there was complete inhibition

of schizont maturation in all cases at 8 pmol/well (‘1.6:{10"6
mol/litre) chloroquine and below. The distribution of
parasite densities and schizont count for the 21 cases 1s

shown in table 32.11.

In two cases (No. 2225 and 2469) parasitaemia reoccured
on day 28. They were taken as reinfection since their
corresponding in viiro results showed complete inhibitien of
schizont maturation at 4 pmol/well chloroquine (see table

6

3.11). The EC 50 and EC 99 for this groupwas 0.3x10™ mol/

litre and O.91ux10-6n01/11tre chloroquine respectively,

(b} Group two:- Cases that were sensitive to chloroquine
in vivo but resistant to the drug in vitro o

h (12.1%) cases were sensitive to chloroﬁuine
in vivo but resistant to the drug in vitro. TIn all of
)i cases, parasitasemia cleared on day 3 while in the
in yitro test, there was still schizont maturation
present at 8 pmol/well and above for all cases (see
table 3,12). The EC 50 and EC 99 for this group was

&

estimated to be 1.0x10  "mol/litre and 6.hx10“6m01/11tre

chloroguine,respectively, ' - : 1

Twe cases (No, 2298 and 1651) were significantly
malnourished and case number 1830 was mistakenly given
another dose of chloreoquine, apart from the 25mg/kg that

was given over three days, while on admission, Also case



(¢)

(d)
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number 2457 confesstaking an antimalarial drug at home
apart from the 25mg/kg that was given. It is there-
fore likely that this group containg patients which
should belong to either group 1II or IV except for

the malnourished cases, ‘

Group IIT1:- Cases with delayed Parasite clearance
in vivo but resistant to chloroguinine in vitro

I cases (12.1%) out of the 33 had delayed

parasite clearance in vivo when treated with 25mg/kg

chloroguine, while their corresponding P. falciparum
isolates were shown to be resistant to the drug in

vitro (see table 3.13).

| fhé parasitaémia of the u cases cleared on day
7 and below and did not reappear while in the in vitro
test, there was schizont maturation present at 8pmol/
well (1.6210_6molflitre) chloroquine and above for all
the cases (see table 3.13). The EC 50 for the group
was estimated to be O.9x10_6m01/11tre while the EC99
vas above 6.4x10 Cmo1/1itre chloroquine (see figure

3.6).

Group I1V¥:= Cases that are resistant to chloroguine

both in vivo &nd in vitro

4 (12.1%) cases out of the 33 were resistant to
chloroquineboth in vivo and in vitro. Case No. 950
and 2171 were resistznt at the RI level while case
numters 668 and 135) were resistant at the RII level.

See table 3.1lL.
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In the in vitro study, there was schizont growth in

6mol/L) and above fcr all cases,

the & pmol/well (1.6x107
Case No. 1354 and 2171 had schizont growth at 32 pmol/well
{(Well H) (see table 3.14). The EC 50 for the group was

6mol/11tre chloroquine while the

estimated to be 0.84 x 10°
EC 99 was well above 6.hx10-6m01/11tre chloroquine (see

figure 3.6).
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CHAPTER FOUR
DISCUSSICN AND CONCLUSION

The study lasted for one and a half years, This long
period was mainly due to the fact that the investigators
were not used to the methods especially the in vitro
method at the beginning, Also the political instability
that took place in February and May 1987 which led to the
closure of the University made it impossible to follow-up

some patients as such, many patients were lost,

The screening of 2,068 patients altending the out-
patient department provided a suitable number of malaria
cases (175) for inclusion in the study. This is in
agreement with a similar survey carried out by Midala et al
in 1985 at the sane out-patient department where 129 malaria
cases wére obtained within 8 months also Olatunde et 21
(1981 ) working at Ibadan in a six month pericd follow-up
successfully for twenty-eight days, fifty two children with
malaria. The present observation attests te the suitability
of out-patient elinics as source of selection for malaria
cases required for both in vivo and in vitro drug testing

-t

Children between the ages of & months and 7 years were
selected for the study because in a holcendemic area like
Zaria high parasite counts are more likely to be obtained
in children than in adults. This is because at this age,
the immunity of the children for malaria has notlyet been

fully developed (Aderounmu et al 1981).
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In this study, the bill-Glazko test used for detecting

L-aminoquinolines in the urine wes positive in 20 patients
(11.4%) out of the total number of 175 cases with

P. falciparum infection, despite the negative history of

chloroquine intake in the previocus two weeks, This
buttresses the fact that some mothers attend the c¢linic
only after self-medication has fziled. 1In a survey on use
and misuse of drugs in Lages, chloroquine was found to be
one of the commonest patent drugs used by mothers to treat
their children (Oyewole et al 1567). Walker (1983)observed
that 50% of children diagnosed as having malaria in a
teaching hospital in Nigeria had high plasma chloroquine
levels befcre receiving treatment (wHO 1984), The Haskin's
test and the more recent ELISA test which are more.sensitive and
consistent than the Dill-Glazko test would moét proﬂably‘

have picked out more cases with positive urine samples,

The very high prevelence of P. falciparum in Nigeria

was evidence in this study as reported by other workers
(Midala et al 1988, Olatunde et al 1981)., P. malariae was
found in only L4 cases {(2.3%) out of the total number of
175 cases that were positive for malaria parasites.

Though epidemiologically, P. falciparum is the commonest

speciesﬁn the Sudan Savannah belt, it's predominance over
other species is further heightened in the wet season

(Molineaux amd Gramiccia, 1380),

Out of a total of 102 cases ¢f P. falciparum infections

that were enrolled in the study, only 65 (63,7%) completed
the 28 day study protocol, while 37 (36.3%) defaulted.
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This is an improvement over the previous study carried out
by Midala et 21 where 129 cases were enrolled but only 33
(25.6%) cases completed the 28 day study protocol, while
96 (7i4.4x) had defaulted at various times of the study,

The pre-treatment parasite densitives varied widely
between 1100 to 95,000 per mm3 of blood, Cases with
parasite densitles below 1000 and above 95,000 were
excluded from the studyv, The distribution of mean parasite
densities according to age groups shows that there was no
correlation between pretreatment pafasite densities and age

Er'oup.

On clinical response, all clinical symptoms disappeared
as from day l; except one case with early recrudescence who
had fever and parasitaemia on days 6 ami7 which both
di sappeared on retreatment with a second course of
ehloroquine (25mg/kg). This indicate that there.was a
satisfactory clinical response observed in this study on

oral treztment with 25mg/kg chleroquine base over three days.

Of the 59 cases that had ccaplete in vive results,
36 (61%) were fully sensitive to the 25mg/kg chloroguine
base regimen, In these cases, parasitaemia disappeared
within deys 2 and 3, 17 (28.8%) cases had delayed
parasite clearance i,e, their parasitaemia cleared tetween
days 4 and 7. Two patients (3.4%) had evidence of
reinfection on day 28, The mean parasite clearance time for
the sensitive cases (ie those whose parasitaemia cleared

within 7 days and did not reappear, including those with



reinfection) was 3.47+1.04 days. This is in agreement with

the work carried out by Midala et al in Zaria previously
where the mean parasite clearance time for 33 sensitive in

vivo cases was found to be 3,45 ¢+ 1.23 days.

Six patients were resistant to the drug in vivo,
3 at the RI and 3 at the RII level. The resistant cases
were aged between 7 months and 3 years., Two of them were
visitors from the middle belt and South Eastern part of the
country This may be expected sincec cases of
treatment failure with chloroquine has heen reported in the
South Eastern part of the country (Ekanem 1985, Eke 1979),
Also a resistant case has been reported in 2 nonimmune visitor
from America to this region (C.D.C. 1387). The remaining i
cases were residents of Zaria urban area, This would be in
agreement with the clinical observation made in this region
that a 25mg/kg dose regimen of chloroquine is often not

sufficiently effective for the cure of P, falciparum malaria

in children (Werblinska personal communication 1986).
Midala et al in an in vivo study suggested a probable

decreased in sensitivity of P, falciparum to chloroquine in

Zaria urban area (Midala et al 1588).

Three of the resistant cases were treated with
Fansidar tablets as 35wmg/kg sulphadoxine given in a single
dose, They were found to be fully sepsitive to the drug,
It is noteworthy that one of the resistant cases‘was in
error treated with a second course of chloroquine (25mg/kg
over tree days) and was also found to be sensitive to the

second course,
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Although the biological flechanism by which plasmodia
succumb to or resist the acticns of chloroquine are not yet
clear, spontaneous multiple mutation at one or more
gene loci and selection of mutants due to drug pressure
appear to be the important phenomena involved in drug
resistance (WHO 1987). Also it has been found that there
are differences in the rate of spontaneous mutation of

different P, falciparum strains (Wernsdorfer 1981), Wwith

the high drug pressure in Zaria urban area, it is possible
that all the three forces (ie gene mutation, drug pressure
and difference in the rate of spontaneous mutation) may be
responsible for the development of resistance to chloroquine

in this part of West Africa,

The microtechnique involving the cultivation of
parasitized blood at different drug concentration was used

for the ;5 vitro test,

Of the 102 isolates that were cultured on both
chloroguine and Mefloquine plates 36 (35.3%) were successful
in both cases., The low success rate was due to the fact
that initially, the investigators were not used to the
microtechnique, However, higher success rates were achieved
towards the end of the study as the investigators became
used to the technique, Also to improve success rate, the
incubation period was prolonged from the conventional
26 hours to up to 30 hours, This was in agreement with
work carried out by Hawort 1957, in Indonesia where

increased proportion of successful tests was observed to

follow prolongation of the incubation period from 26 hours to
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up to 48 hours (Haworth, 1987). For Quinine, 25 isolates
were cultured ¢n q;)inine plates and 13 were successful,

this gives a success rate of 53%,

Of the 36 isolates that were successfully +ested for
chlorogquine, 2l isolates (66.7%) were fully sensitive to
the drug in vitro (ie there was complete inhibition of

schizont maturation for those 1solates at 8 pmol/well

6

(1.6 x 10" mol1/L) chloroquine and below while 12 isolates

6mol/L) and atcve, The EC SO

grew at 8 pmol/well (1.6 x 107
and EC 99 for the 36 isolates were estimated as 2 pmol/well
(0.4 x 10'6m01/L) and 22.6 pwol/well (L.52 x 10—6m91/L)
chloroquine respectively. It has been observed that
sensitive 1solates normally produce steep regressions with

6mol/1itre chloroquine. Alsoc

EC 50 well below 0,5 x 10
that the flatter the regression line armd the higher the
EC 29 (greater than 1.0 x 10;6m01/L) the more resistant is
the isolates (WHO 1384). Since the EC 99 for chlorcquine

Gmolflitrq, this

in this study is greater than 1.0 x 407
indicates that the isolates in this arez are resistant to

chloroquine in vitro,

Of the 36 isclates that were successfully tested for
mefloquine, the schizont maturation of 26 isolates (72.2%)

were completely inhibited at 16pmol/well (3.2 x 10'6mol/L)
mefloquine and belew, while 10 isolates grew of 16 pmol/well

(3.2 x 10'bm01/L). The EC 99 was estimated to be 6.4 x 10-6
mol/L mefloquine. Bjorkman and Willcox (1986) obtained an
EC 99 of 0.7 x 10-6 m0l/1, meflogquine for sensitive

P. falciparum isolates while working in Liveria. Since
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there was schizont growth up to 16 pmol/well mefloquine

(well H) in our study and the EC 99 obtained was much
greater than that obtained by Bjorkman and Willcox for

sensitive isolates of P, falciparum, one may suggest that

there is decreased sensitivity to mefloquine in Zaria urban
area, This agrees with earlier findings at Ibadan and other
West African countries where there was decreased in vitro
sensitivity to mefloquine (Salako and Aderounmu, 1987;
Oduola et al 1987). Mefloquine has not yet been introduced

for clinical use in West Africa,

Of the 25 isolates of P. falciparum that were cultured

on quinine plates, 13 (53%) were successful. The schizont
maturation of 12 isolates was completely inhibited at

256 pmolfwell (51.2 x 10—6m01fL) quinine and belew while
one 1solate grew at 51,2 x 10'6m01/L quinine, The EC 99

‘6m01/L

for the 13 isolates, was estimated to be 3.2 x 10
quinine, Since there was 100% schizont maturation up to
6.h x 10*6m01/L (well E) and there was schizont growth at

6

51.2 x 10" "mol/L (well H), one may suggest that there is

decreased in vitro sensitivity to gquinine in this study.

0f the 59 cases that cowmpleted the in vivo study,
33 (55.9%) had their corresponding in vitro results for

chloroquine, The comparative in vivo/in vitro results

showed that 21 cases (63.6%) were fully sensitive to
chloroquine both in vivo and jin vitrg while L cases (12.1%)
were sensitive in vivo but resistant to the drug in vitro,
Also l cases (12.1%) had delayed parasite clearance in vivo
and were resistant to the drug in vitro while 4 cases

(12.1%) were resistant to chloroguine both in vivo and

in vitro.
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Of the i cases that were sensitive to chloroquine
in vivo but resistant to the drug in vitro, two were
found to be severely malnourished. It has been
observed that malnutrition does not zppear to increase
susceptibility to severe falciparum malariza, and there
is evidence that malnourished children are less likely to
develop severe malaria than well-nourished children
(WHO 1986). One case from thls group was mistakenly
given g dose of 15mg/kg chloroqﬁine apart from the 25wmg/kg
thet was given over three deys while the lest case in the

taking

group confessed , an antimalaria drug at home apart
from the 25mg/kg chloroquine course that wes given, One
ﬁay therefore speculate t@at the immunity of the children
Coupléd with the abtove reasons may huve contributed to
the full sensitivity of the 4 cases in vivo and resistance
in vitro.

In conclusion, this study has shown clearly that
there is resistance to chloroquine both in vivo and
in vitro in Zaria urban area znd possibly in other parts
of Nigeria. However, this is more of & problem in children
between the ages of & months and 3 years, whose immunity
to malaria has not yet fully developed. Also one may say

that the sensitivity of P, falciperum to cﬁloquuine, in

<aria urban area has significantly decreaced compared to 1985,
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Appendix 1

Dill and Glazko's Test

Reagents

EOSin (yE]-lOWiSh) GO0 & 8 3 P 4 ks ESE kSRS e Somg
Cthmform L B B BN CBE BN BN BN B LB LN BN B B NN NE N A AN N N L R S L B N B B ) 100m1\

Hydrochloric acid 1N Solution ,.vseeecscvsscsce 1ml

S0mg of eosin (yellowish) was weighed and transferred
to a small glass-stoppered sepsratory funrel, 10Gml of
chloroform and 1wl of 1N Hydrochloric acid were =zdded
to the eosin and the mixture was shaken by hand for a
few minutes until the chloroform assumes a light yellow
colour due to solution of the eosin. The chloroform
" layer was allowed to separate after which it was
transferred to a brown glass stoppered boitle and stared

in the refrigerator at 4°¢

Method: To & small test-tube containing 2ml of urine,
ten drops of the Dill-Glazko reagent are added and the
contents mixed by vigorous shaking for a few moments,

A colour change from yellowish to violet-red in the
precipitated chloroform layer was taken as an indication
of the precence of amodiaquine or chleroquine in the

urine,
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Appendix 2

Preparation of Phosphate buffer PH 7.2

Reagents
Potassium dihydrogen phosphate (K HzPou) I « T £

DiSOdium h}'drogen phosphate (Naz HPoh)n T EE NN NENENEN ] 1 .Og

DiStilledwater‘ LR L B B LN B B I O L L BN N B BN B A BN R S 1000m1

After weighing the two salts separatory, they were
put togethker and dissolved in 1000ml distilled water,
The solution was tested for PH using a pH meter and if
the PH was found to be less théen 7.2, it was adjusted by
adding a little more of Na, HPOu as required until the

correct PH was cbtalned,
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Appendix‘ 3

Preparation of RPMI-1640 Liquid Media

RPMI-1640 Powder 10,4g
Gentamycin sulphate Q.S
Double distilled water 1000m1

The RPM1-1640C Powder was weighed and dissolved in
1000ml double distilled water, Gentamycin sulphate was
added and the solution was sterilized by Filtering through
a 0,22 mm millipore Filter. The Filtrate was thereafter
aseptically transferred into sterilg_Z&Oml.bottles and
stored in the Deepfreezer at -ZOOC. Trhe whole ﬁrocess wZSs

done under a Laminal Flow Catinet,



