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ABSTRACT

AIM: To study the blood schizontocidal effect of oral
artesunate on P berghel in mice and P knowlesi in
monkey. METHODS; Effects of aresunate and
chloroquine were detected with “4-day test” and “28-
day test on P berghei in mice and “7-day test” on P
knowlesi in Macaca rmudara. RESULTS: The
suppressive efficacy of oral artesunate was inferior to
chloroquine on P berghei K7, strain but the time for
50 % and 90 % reduction and the time of clearance of
parasiternia was 1(0 — 15 h shorter than that of chloro-
quine. Its curative effect on RC/Kj; line was
markedly superior to that of chloroquine. Moreover,
artesunate showed no cross-resistance with chloroquine,
index of resistance /o was only 1.4, At 31.6, 10.0,
and 3.16 mg- kg~'. artesunate and chloroquine oral
administrations cured P knowlesi in all monkeys.
Recrudescence did not occur in 105 d.  CONCLU-
SION: The study of effects of oral artesunate in P
berghei/mice and P knowlesi / Macaca mulatta model
provided a wseful index for clinical trial .

INTRODUCTION

Artesunate is one of the derivatives of arternisinin
isolated from the Chinese heth Artemisia annua L. 1t
is the hemisuccinate of dihydroartemisinine'! =,
Artesunate iv was approved in China in 1986. It has
the advantages of being highly effective and rapid in
onset of action with low foxicity. It has no cross-
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resistance with chloroquine resistant lines' ')

Oral
artesunate was far superor to artemisinin and maiched
iv artesunate®'. Therefore it can be used in the
treatment of critical cases. This study was to further
evaluate the blood schizontocidal effect of oral
artesunate dose on P berghei/mice and P knowlesi/

Macaca mulana system.

,—CH,COOH

MATERIALS AND METHODS

Drug Artesunate powder produced by the Fimst
Guilin Pharmaceutical Factory (batch Mo 890606) was
suspended in sterilized water with Tween-80 and diluted
with water.  Chloroguine phosphate powder was
produced by Shanghai 14th Pharmaceutical Factory
{batch No 821029} and diluted with water. Dose of
chloroquine phosphate was expressed as base. Both
drugs were administered by intragastric gavage (ig) .

Mice Swiss-Kunming cross breed mice, ¥,
Grade [[ , Cenificate No 01-3023, weight about 18 —
22 ¢ were provided by Animal Center, Academy of
Military Medical Sciences. Mice were divided into
groups at random. The breeding room was air-
conditioned (22 T +2 T, relative humidity 65 % ).

Monkeys Monkeys ( Macaca mularnta } of either
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sex. weighing about 2.0 — 3.5 kg were supplied by
Animal Center, Academy of Military Medical Sciences.
They were transferred into the laboratory and caged
individually 2 wk before the test,

Parasites  Plasmodin berghel K - strain was
introduced from Department of Medical Protozology,
London School of Hygiene and Tropical Medicine in
1983, RC/Kygy line was highly chloroquine reststant
{f,q = 110} which was developed from K-, strain by
our department'®~ 7. Plasmodiwm knowlesi Nuri
strain  was introduced from Instite of Parasitic
Diseases, Chinese Academy of Preventive Medicine in
1983. Tt was kept in liquid nitrogen. The parasites
were revived by intravenous injection to a normal
monkey as a parasite donor.

Determination of suppressive efficacy and
cross-resistance level to chloroquine The “4-day
test” was adopted in this eaperiment *~*).  Using
heparin as anticoagulant, on d, blood 10 mL was taken
from retrobulbar phexus of mouse. Blood sample of
each dose group was mixed well. Thin blood smears
of pooled blood was made and tized in methanol,
Giemsa stain 1o calculate the parasitemnia.  The doses
required 10 3 % and 90 % reduction which were
calculated by regression equation' ) were expressed as
5D, and SDy, ., respectively. Index of resistances: Iy,
and J,, were calculated according 10 SDs5, SDyy, against
RC line divided by SDs,/SDy, against N strain. Test
was performed 3 times, and & + 5 were calculated.

Parasitemia clearance'®®  The doses of
artesunate and chloroquine were 8 and 16 times,
respectively, of their SDg,, given twice at an interval
of © h. Blood smear was made every 6 h. The
reductive rate of parasitemia in each smear was
calculated. By regression equation, the regression
coefficient { ) and time required for the 50 % /90 %
reduction were calculated .

Curative efficacy The “28-day test” was
employed ® ™', There were 5 dose groups {2, 4, 6.
8, and 10 times of SDg ) for artesunate and
chloroquine. Each pgroup consisted of 20 mice, 1 x
107 N strain parasited RBC were inoculated ip per
mouse. After 2 h, the drugs were given ig once daily
for 5 d. Blood smears were made every 3 — 4 d
thereafter till 28 d. The mouse was constdered cured if
no parasite was found during this period.

Schizontocidal efficacy of oral artesunate

on P knowlesi The “7-day test” was conduct-
ed"™™ . Three doses of artesunate and chloroquine
were giverl tg 31.6, 10.0, and 3.16 mg-kg~'. Each
group consisted of 3 monkeys. For each monkey 5 x
10" parasited RBC were injected iv. When parasitemia
attained 3.5 % — 6.0 %, the drugs were administered
ig once daily for 7 d. After first dose thin and thick
smears were made every 6 h, 3 times after parasitemia
become negative. Smears were examined till 105 d.
Using linear regression equatorial the time for 50 % and

N) % reduction and regression coefficient was
calculated to evaluate the rapidity of parasite clearance
of the drugs.

Curative efficacy was evaluated according
to the following criteria Ineffective (1). before
and after treatment no signiticant difference in degrees
of parasitemia or continuously parasitemia increases
noted; Slight suppression ( SS); parasitemia was
suppressed temporarily and increased thereafter; Marked
suppression { MS ). parasitemnia became negative for
>2d, bum within 30d recrudescence occurred;
Complete suppression (CS): recrudescence occurred in
30~ 105 d after first negative parasitemia; Core{ C);
no recrudescence in 105 d after the first negative
parasitermia.

RESULTS

Blood schizomtocidal efficacy of oral arte-
sunaie on P berghei K 73 N/RC strain in mice

Suppressive efficacy and index of resis-
tance The blood schizontocidal efficacy of artesunate
ig was inferior to chloroquine on N strain line but its
suppressive efficacy on RC/Kjpy line was markedly
superior to chloroquine,  Artesunate did not show
cross-resistance  with chloroquine.  Jy and Jo of
ariesunale were 1.0 and 1.4, while 7y and Iy of
chloroquine were 45.8 and > 101.7 (Tab 1),

Parasitemia clearance of P berghei Kiz N
strain The time for parasite clearance of 16 times of
S, of artesunate were 13 and 9 h shorter than those of
chloroquine at the time for S % and 90 % reduction
of parasiternia.  The time for clearance of parasitemia
for aresunale was 14 h shorter than equivalent
chloroquine dose. Equally 8 times of SDg of
artesunate was 13 and 10 h shorter than chloroquine in
the times for 3 % and 90 % reduction of parasitemia
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Tab 1. Suppressive effects of artesumate and chloro-
quine ig on P berghei Kin N strain and P berghei

RC/K]B line. x5,
K73 N strain K= N line
S[).“il SDD SDHI SDI] Ia) rqj
mgrkg~'x1d  mgrkgT'xid

Artesunate 633023 2327 6420432+[9 10 .4

Chloroquine F.4+0.4 3.5420.22 63+l >360 5.8 > 0.7

and the time of clearance of parasitemia was 15 h
shorter than that of chloroquine ( Tab 2} .

Tab 2. Time of parasitemia clearance of artesymate and

chloroquine ig P berghei Kz strain. n = 10 mice.
xzs.

Time % Infected Time for  Time for  Tme of
Dose/mg-kg™'  of RBCbefore 50 % re- 90 % - parsitemiz

5Dy trearment  ductionh  ductionh clearance<h

Anesunare 374, 16 57.3 1.0 26.4 0.4

187.2 8 56.2 18.0 B 42.6
Chloroquine 56.6 16 57.4 27.1 35t 5.0
Phosphate  28.3 8 3.7 30.6 3.0 7.6

Curative efficacy Curative efficacy of artesun-
ate and chloroquine oral on P berghei K73 N stmin was
shown in Tab 3. The mice administered orally with 6,
8. and 1) times of artesunate SDy, were cured. while
those received 2 and 4 times of their SDy, were not
cured, but those received chloroquine 7.1 mg* kg™
were completely cured (Tab 3).

Tab 3. Curative effects of artesumate and chloroquine
ig on P berghei K;;; strain.

Dose/mg kg™ Time of SDs, Cured/total mice
Artesunate 230 10 20720
187.2 4] 20/20
l40.4 6 20420
9.6 4 11/20
46.8 2 0720
Chloroquine  14..2 4 20/20
Phosphate 7.1 2 20720

Blood schizontocidal efficacy of artesunate
ig on P knowlesi The mean time for 50 % and
90 % reduction of parasiternia of oral anesunate
administration was shown in Tab 4. Compared with
equal dose groups. in case of 31.6 and 10 mg-kg ™',
the mean time for 90 % parasitemia reduction of oral
artesunate administration was the same as that of
chioroquine, but in 3.16 mg * kg ' dose group
artesunate was 13 and 18 h shorter than chloroquine in
the time for 50 % and 90 % reduction. The rapidity
of parasite clearance of oral artesunate administration o
P knowlesi was obviously superior to that of chloro-
guine at 3.16 mg kg ™! dosage (Tab 4).

Tab 4. Time of parasitemia clearance of artesunate and
chloroquine ig on asexual form of erythrocytic stage of

P knowlesi. n =3 monkeys/group. xt 5.

Dose’ % Infected Tume for Time for Time of
4.-1 BRBChefore 50 % re- 90 % re-  parasitemia
mg'kg treatment  duction/h ductonsh cJearmnce/h

Aresumate 31.6  31.3 7.9+05 [9zxll 5213

g 350 8.2:£08 137209 0zx3

3.16 42,7 T.6+0.1 13.3x08 5410

Chloroquine 31.6  56.3  5.8£0.9 13.3zx16 olzxd

Phosphate 10.0 393 5.9+0.6 13.2x0,7 Biz9

3.6 49.0 21+ 18 IN:20 614

Curative efficacy of antesunate and chloroquine on
P fanowlesi was shown in Tab 5.  Compared with equal
dose groups, curative efficacy of artesunate against
asexual form of P knowlesi was the same as that of
chloroquine. In case of 31.6, 10.0, and 3.16 mg"
kg™!, all animals treated by artesunate and chloroquine
got cured. Recrudescence did not ocour in all monkeys
of 3 dose groups on 105 d.

DISCUSSION

The suppressive therapeutic efficacy of oral
artesunate on N strain and RC line of P berghei K7
was superior to chloroquine and no cross-resistance to
chtoroquine. The mapidity of parasite clearance of oral
artesunate was higher than that of chloroquine.
Moreover, the rapidity of pamasite clearance of oral
artesunate was as well as that of artesunate iv!1-+3).
The curative efficacy of oral artesunate on asexual
forming P berghei Kj;y N simain was inferior to
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chloroquine . When dose increased to 6 times of SDy,
all mice can be only protected. the dose was 140.4
mg-kg~! x5 d. while 2 times of equivalent dose (7.1
mg-kg™' x 5 d) of chloroquine got 100 % cure
rate! 12

Compared with equal dose groups, in 3.16
mg-ke ™! dose group, artesunate ig was 13 and 18 h
shorter than chloroguine in the time for 50 % and % %
reduction. Besides, as compared with artesunate iv,
the blood schizontocidal efficacy of anesunate ig was
equal to artesunate iv. Furthermore, the curative
efficacy of artesunate ig on asexual form of P knowlesi
was identical to that of chloroquine., In the case of
31.6. 10.0, and 3.16 mg- kg™ ', all monkeys treated
with artesunate and chloroquine got  cured™ A
However. this was not the case observed in P berghet /
mice experiments in which the curative effect of
This may be due to species
difference or due to the relative shorter of artesunate

artesunate ig was poor.

tfime course (> d) in P berghei/mice experiments. In
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view of what above mentioned, therefore we suggest 7 9 g _ ?5’67

that artesunate regard as oral antimalarial drug is
hopeful .
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