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i Malaria is caused by protozoan parasites belonging

to the genus Plaamadium-that can be transmitted to man and
other vertebrate hosts by the bite of the infected female

Anopheles mosquito.



1.1 Taxonomy of the malarial parasite

Plasmodium can be classified into 3 groups
according to the specificity of host —— mammalian, avain
and reptile malaria parasites (Wernsdorfer, 1980). The
commom four species of Plasmodium that cause human malaria

are P. faleiparum, P. vivax, P. malariae and P. ovale.
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merozoites are liberated and invaded red cells, where they
form characteristic "rings" which grow to become mature
trophozoites and undergo another asexual multiplication to
produce many new merozoites. The red cells erupt, releas-
ing the merozoites which soon invade other red cells and

begin a new cycle (Figure 1 shows the life cycle of a
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mammalian Plasmodium). The cycle of growth of human malaria
parasites withih the red cells is 48 to 72 hours depending
on the malaria species, and tends to be synchronous, pro-
ducing periodic fevers with successive releases of the
merozoites. Some parasites develop into the alternative

sexual mean in the red cells to become male and female

gametocytes, which are ns infective to anopheline
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kill e host, (2) be quickly controlled and totally eli-

2. The immuns

parasites

minated from the blood of the host, or (3) be reduced to

low and usually sub-clinical levels after the acute phase

of the infection in the blood but persist for long periods.
Animals, including man which survive from malarial infections

and show resistance to re-infection do so because they have



mounted an effective protective immune response. Where

the acqﬁired resistance is incomplete and the parasites
persist, the animal is referred to as being in a stage of
"premunition” and this, with respect to transmission, is
better for the parasite than one in which it either rapidly

kills the host or is itself rapidly eliminated. Immunity

nly after repeated exposure

over several yearsyand i ¥l irected against the ery-
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stages of malaria. assified into 3 groups

on the basis of thei; ction (Peters and Howells,
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nwn folate cofactors™e novo, it is sus-

on the folate' As the parasite

synthesizes Y.

ceptible ﬂ ﬂﬁﬁ]mﬂ W‘%{ﬂ Eﬂﬂ Elch inhibit di-

hydropeter@ate synthase the enzyme cat sing the coupling
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Mamma¥®ian hosts are not susceptible to these drugs because
they obtain folate from dietary sources. Both the host and
parasite, however, have dihydrofolate reductase for conver-
sion of dihydrofolate to tetrahydrofolate. Pyrimethamine
and other antifolates, bind much more tightly to the plas-
modial enzyme than to the mammalian enzyme, are potent

antimalarials by virtue of their selective inhibition of
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the parasite enzyme. Combination of sulphonamides and
dihydrofolate reductase inhibitors leads to a marked
potentiation effect, possibly because of their action on
the two enzymes in the same metabolic pathway. The poten-
tiating eftfect of pyrimethamine and sulfa drugs to dihydro-
folate reductase of P. chabaudi was reported (Siriwaraporn

and Yuthavong, 1985).

Lntimalarials are

— — ) .
8-aminoguinolines Ly premaguine, which are active
against all stages" g \pasite. The third

group of antim

The s

s -ntocides compris-—
ing 4-aminoguin l-methanols, such as
chloroguine, i ?\\ Besides all of the
above mentioned, h as tetracycline can

be used in therapu| “';4,= ] By using it in combination
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resistance

U hlthough.m%py agents that can 1nh1b1t the
qrowQ waa@ﬂ.\ﬁm ”%’F‘G}ﬂ E’f}aﬂﬂ has problem
in th chemotherapy of malaria because the parasites have
developed resistance to certain antimalarial drug. The
resistance of P. faleiparum to chloroguine was first ob-
served in Columbia in 1961, not long after in Brazil, and
subsequently in many parts of South-East Asia (Young and

Moore, 1961; Degowin and Powell, 1965; Harinasuta, et al.,



1965). 1In Thailand chloroguine had been used since World
War II and P. faleiparum started to show poor response to
chlorogquine in 1962 (Harinasuta, et al., 1962). Harinasuta
(1976) and Colwell (1976) reported that chloroguine resis-
tance in P. faleiparum had spread throughout the country.

Chloroguine was then replaced by sulfa-drug which could be

yth pyrimethamine. The most

widespreade use is | & tablet of Fansidar con-
J . Z

tains 500 mg sul - dwﬁ’rlmethamlne. Sulpha-

doxine and pyrimeg ynergistically to block

used alone or in combi

enzymes in plasigef. thesis (Rollo, 1955).

N

:\K irst used in Thailand,
the cure rate was A0 ch? very effective [Hail, 1974) .
However, the c : g to P. faleciparum was
decreased. ;._ . I
five past yeariﬂre

80%, 83%, 56%, 5@%.and 10% r pectively (Harinasuta, et ;1.,

1980) . ﬂwanwﬁmﬁaw-aﬂqﬂa h Institute of

Medical Sciences (AFRIM§) studied mllitary d civilian

pati) wmammmmam (TR

border and found that only 9.1% were cured by 2 tablets of

"‘: Phuttabat during the

;riy in the cure rate

Fansidar and 19.4% by 3 tablets. It was assumed that

P. faleiparum had developed resistance to pyrimethamine.

In 1980, Thaithong and Beale studied in vitro drug resis-
tance tests of P. faleiparum in Thailand and found that the

majority of P. falciparum was resisted to pyrimethamine and

was widespread throughout almost every provinces.



5. Biochemistry of pyrimethamine resistance in plasmodium

It would be interesting to study the mechanization
of the action and the resistance of drug pyrimethamine
including the dosage affecting the treatments. But in the
study of P. faleiparum, which is the prime cause of infection

in human malaria, there _many obstacles such as the pre-

paration of blood s large quantity of plasmo-

& the materials, chemicals

asive. Therefore,

dium by in vitro

and growth ingy
plasmodium whi arch and study leading
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to the unders i 2 h F\\\ \\\‘ of action and drug
resistance of -'f.- *\\.“\n of P. berghet,
P, yoelli, P. vy _aﬁﬁf*‘ @bdyd® existing in small
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atory animals. Alsc the

rodents like micg which are the cheapest
and most easily m
preparation of blood samples d be done in large guantity
with high pa ?E7?7777t77—ff”——”’=§=?§iides the physiology

and life cycleiﬁre = t O E&man malaria. Another

important reasongis that thig,is the only group of plasmo-
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type of drugs* for example, resi ant to chloroguine and
prrid} mmmmuma mm@am a line of
P. ahabaudt which could resist to 19 mg of pyrimethamine/kg
of body wt when treated the mice with pyrimethamine intra-
peritoneally for 4 days. Resistance is inherited in a

stable manner through serial blood passages (Diggens, et al.,

1970: Morgan, 1974: Rosario, et al., 1978).
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Pyrimethamine resistance may be due to the sponta-
neous mutation of parasite or it is induced under the drug
pressure as happened in the rodents (Rollo, 1952; Yoeli,

et al., 1969; Diggens, et al., 1970).

Ferone (1969) and Diggens, et al., (1970) demon-

strated that the content of dihydrofolate reductase enzyme

N

higher than that ifnpyrifetha -sensitive strains and the

from pyrimethamine-res ains P. berghei was

affinity of pyrimethamine tﬂ% iwas more loosely.

imethamine resistance
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in P. faleiparum and found that the

specific acti sductase in isoclate

which was resistayg gr’ a} ww*\-"was higher than in
isclate which was *-nsjgggu. > /timethamine. Besides this,
studies of the uptak

the amount 014 ed blood cells, revealed

hamine, done by detecting

that when the b lﬂjlﬁﬂﬂd to contact

with 140 pyrlm hamine tRYDTTro for T short period of time,
the uptak iztihethamlne @A isolate which resistant to
pyrimetha ’J.ILEJ nﬁmﬂ’r] n isensitive ‘one
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Ratanaphan and Ruenwongsa (1983) reported that the
specific activity of thymidylate syntase enzyme in
P. chabaudi which was resistant to pyrimethamine was reduced.
The ability of enzyme in binding with substrate deoxyuri-
dylate (dUMP) did not markedly change but it could bind
with 5,10-methylene-tetrahydrofolate better by about two

times.
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Nuchadomrong (1985) studied the effects of pyri-
methamine resistance on the uptake of pyrimethamine and
some folate metabolizing enzymes in P. chabaudi and found
that the uptake of pyrimethamine into red blood cells
infected with pyrimethamine-resistant P. chabaudi was

higher than that in red blood cells infected with pyrime-

nd in uninfected red blood
_ reductase from pyrime-
thamine-resistant ,H—-'"'- L ﬁto pyrimethamine less
effective than that He' gensitive clone; and the
affinity of enzym ‘ sistarn \\e seemed to be
better than from "z'ﬁ;”;.fih \f'serlne hydroxyme—
thyltransferas s there ?;1 \; significant diffe-
rences in the binhdi f;‘;iﬁj enZyme and substrate, serine
and THF, from bct H : é ount of enzyme in
pyrlmethamineureSIEta 4 a asit€ was slightly greater than
that in pyrime?®

-

Jgﬂther enzyme that
was studied w —’

—ﬁJ‘_ It was found

Nee weill not aifferent in
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From the research documents complied it is evident

that the enzymaﬂlram bot

that the mechanism in pyrimethamine resistance in plasmodium
had received very little studies, particularly the process
of dihydrofolate synthesis which is the specific process

of the plasmodium, the process of metabolism of tetrahydro-

folate, the regulation of deoxythymidylate synthesis and
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in particular other mechanisms relating to metabolism of

pyrimethamine both in vitro and in vivo.

6. Methods for the determination of pyrimethamine

Various analytical methods for the determination

of pyrimethamine have been reported in the literatures.

Hitchings the pyrimethamine content

@oaeus fecalis (A.T.C.C.

igklnad the content from

in serum and uri
No. 4083) as tes
the growth-inhibg -av  yity. .f-x{ekamm_ et al., (1982)
v ,Qr gquantifying pyri-

ion of the compounds

developed a micrg
methamine whic

before analysis.

The spectrOphbtpme tr thod for determination of
pyrimethamine in used by Schmidt, et al.,
(1953) was bﬁéfi_a:w._ e ——— ‘-rganlc solvent and

direct spectroBoto :VJ of the extract at
L i

270 nm. This mqf od lacks s cif1c1ty as well as sensi-

s, AUSINENTNYINT
AT

rescence of the compound. These investigators chromato-
graphed an extract of urine on a TLC plate and scanned the
product in a specially modified spectrophotofluorometer.
They reported a lower limit of measurement of 100 ng/ml
for supporting clinical trials. DeAngelis, et al., (1975)

reported a method for quantitation of pyrimethamine and
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related diaminopyrimidines in body fluid and tissues. The
ultraviolet absorption of the pyrimidine ring at 275 nm
was utilized to quantitate these compounds on TLC plates
with scanning instruments. The lower limit of sensitivity

of 10 ng/ml plasma was achieved.

Jones, et al., (1981) developed a method for mea-

s-liquid chromatography

(GLC). The minimum «‘;ﬂ Yo f ntity of pure compound
injected on colu nd this allowed plasma

GLC had lower 1id ffsensitiViby 68, 100 ng/g tissue
{Cala, et al., 128 . T   " ithaly, (1981) reported a

Blood and urine which

GC method for the

required two extra %the collection of fractions.

Jones .and ehelt 1! d Timm and Weidekamm

(1982) developed & Sens it selective high-

performance li%ﬂ -Hroma: phic (HE

levels of pyrimethamine in pkasma. The drug was extracted

e plasﬂ WL GNELYLI BEIARIR  mhe sensiciviey

limit was ahout 10 n ,J"mlfr::-f plasma. Recentl#, Edstein (1984)

..—m:«ama&amma NEIALL: sorensonin

and pyrimathamine which employed a single-extraction step

LC) method to measure

and the limit of quantification was 5 ng/ml of plasma for

pyrimethamine.

From the above mentioned, the spectrophotometric

method had no specificity and low sensitivity whereas the
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analysis in the TLC, GC, microbiological methods and HPLC
had to employ complicated procedures and time consuming;

and some methods need expensive instruments.

7 Dbjective

This research is aimed at the develpoment of a

high sensitivity, spe~if E ' also a simple method

which could be do of time in order to

- | —
determine the leyglewo: dimathasine in body fluids and
tissues. The cg developed was

based on the bi drofolate reductase

with pyrimethamj fhod was then used in
the studies to myg the levels of pyri-
methamine in plasma and liver of mice
infected with sensift tant P. chabaudi after
receiving single dose o mine. It is believed

that the resu e oained wonld Eete—e Fatter understand
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the mechanism a fection, pyrimetha-
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mine resistance ﬁPd the malaria therapy in the living
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in biological features which ia very close to that of the
human parasite P. faleiparum, also the parasite growth
follows the pattern of synchronous schizogony which enables
the planned growth according the requirements (Newbold, et
al., 1982) and it could be induced high resistance to

pyrimethamine (Walliker, et al., 1975).
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