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Antagonism of serum of mice infected with chloroquine-resistant

‘NS’ line to the antimalarial action of chloroquine
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Abstract Chloroquine (CQ) solution was sepa-
rately mixed with the serum of mice infected
with chloroquine-resistant ‘NS’ line (SMNS),
the serum of mice infected with chloroquine-sen-
sitive Plasmodium berghei ANKA strain (SMCS),
and the serum of normal mice (SM). These
mixtures were then used in treating mice inocu-
lated with P. berghei ANKA strain. The results
obtained on d 5 after drug-serum administration
showed that the erythrocyte infection rates in
the SMNS+CQ, SMCS+CQ, and SM+CQ
groups were 32, 16, and 149 respectively. There
were significant differences with respect to para-
sitemia between the SMNS + CQ group and the
SMCS + CQ or SM+CQ group (P<{0.05), sug-
gesting that SMNS may be antagonistic to the
antimalarial action of chloroquine. Further study
showed that when the ‘NS’ line lost resistance
to chloroquine, the antagonism of SMNS to chlo-
roquine disappeared. The antagonism rates of
SMNS to chloroquine, piperaquine, hydroxypipe-
raquine and pyronaridine were 75, 56, -5, and
—179% respectively, a trend similar to that of
the results from cross-resistance tests on chloro-
quine-resistant P, berghei ANKA strain. The
results indicate that drug-resistant malaria para-
sites may produce and release a certain ‘specific
anti-drug substance’ |
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Of the many hypotheses proposed for
the drug-resistance mechanism of malaria
parasites, none has yet been fully confirm-
ed®>, In the studies of drug resistance of
rodent malaria parasites®>®), we made a com-
parison of some features of drug-resistant
malaria parasites and those of acquired
immunity in human beings, and arrived at
a new hypothesis: drug-resistant malaria

Received 1988 Jan 20 Accepted 1988 Oct 31

parasites, like lymphocytes producing a speci-
fic antibody, may reclease a certain ‘active
anti-drug substance’ which binds specifical-
ly to antimalarials and therefore prevent
the drug from entering the body of the
parasites, It may be in this way that ma-
laria parasites develop drug resistance(®, In
this paper, experimental evidence supporting
our hypothesis is presented.

Materials and methods

Malaria parasites Chloroquine-sensi-
tive Plasmodium berghei ANKA strain and
chloroquine-resistant ‘NS’ line derived from
P, berghei K 173 strain were obtained from
the Department of Medical Protozoology of
the London School of Hygicne and Tropical
Medicine.

Mice Male mice of Kunming strain
weighing 18.,3+SD 1.9 g were used and
kept at 21°C.

Antimalarials Chloroquine phosphate
and piperaquine phosphate were purchased
from the Shanghai 14th Pharmacy Factory.
Hydroxypiperaquine phosphate was synthe-
sized by the Division of Medicinal Chem-
istry of our laboratory. Pyronaridine phos-
phate was kindly provided by the Institute
of Parasitic Diseases of the Chinese Academy
of Preventive Medicine, Dosages of
antimalarials were counted in terms of
bases.

Preparation of sera Mice were divided
into 3 groups of 30-50 each., The ist group
was inoculated ip with chloroquine-resistant
‘NS’ line whose resistance level remain-
ed 20-30 fold after 3 drug-frec passages;
the 2nd group received an inoculation of
chloroquine-sensitive P. berghei ~ ANKA
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strain; and the 3rd group which received no
inoculation was used as the normal control.
The mean erythrocyte infection rates in the
1st and 2nd groups were estimated at 13
and 229, respectively, just before isolation
of sera on d 5 after inoculation., Blood was
collected by heart puncture in sterile bottles
and kept at 37°C until fully coagulated.
Sera from the coaguated blood were centri-
fuged at 1500-2000xg for 5 min before
their preservation at 4°C.

Usage of drug-sera Antimalarials were
dissolved in distilled water and sterilized
by filtration, Mixtures of the drug solution
with sera were bathed in water at 37°C for
30 min, The mixtures were then given sc
to each mouse which had been inoculated
with 2 x 107 mouse red cells parasitized by
P. berghei ANKA strain 3 h before.

Examination of parasitemia Following
drug-serum administration, Giemsa—stained
thin films of mouse tail blood were exam-
ined daily for parasitemia. The day when
drug-serum administration was made was
called d O; following it were d 1, d 2 ---,
The erythrocyte infection rate (%) was
calculated after examining 1x10%to 1x10*
the mouse red cells.

Results

Effects of different sera on the anti-
malarial action of chloroquine The first
half of Tab 1 showed that the erythrocyte
infection rates on 3 consecutive days were
0.6, 4, and 14%, respectively in the SM
+CQ group, 1.3, 9, and 32% in the SMNS
+CQ group, and 0.7, 4, and 16% in the
SMCS + CQ group. There were significant
differences in regard with parasitemia on d
4 and d 5 between the SMNS+ CQ group
and the SM + CQ or SMCS +CQ group (P
<C0.05). As for parasitemia ond 3, signi-
ficant difference was found only between
the SMNS + CQ group and the SM+CQ
group (P<C0.05).

The results exhibited that the anti-

Tab 1. Effects of different mouse sera on the
antimalarial action of sc chloroquine (CQ, 5 mg/
kg), x+SD, **P<(0,05 vs the SMCS+CQ or SM
+CQ group, '"P<{0,05 vs the SM+CQ group,
tP>0,05 vs the SM+CQ group., Male mice of
Kunming strain used,

Erythrocyte infection rate(%;)

Group n 43 d4 ds
SM+CQ 9 0,6%0,6 444 14+10
SMNS+CQ 10 1,3%0,8tt 945%* 32+17%*
SMCS+CQ 10 0,7x0.8t 444t 16%13!
SM +CQ 10 1,1%1.0 644 19+13

SMns+CQ 10 1.,3+1.2! 7+6' 21%9f
SMCS+CQ 10 1.4%1,5t sxe6t 20+13t

The ratio of CQ solution to serum was 1:1 in termg
of volume. SM. serum of normal mice; SMNS,
serum of mice infected with chloroquine-resistant
‘NS’ line; SMCS; serum of mice infected
with chloroquine-sensitive P, berghei ANKA strain;
SMns: serum of mice infected with resistance-free
‘NS’ line.

malarial action of chloroquine in the SMNS
+ CQ group was reduced, suggesting that a
certain ‘substance’ or ‘factor’ antagonistic
to chloroquine existed in SMNS,

After the chloroquine-resistant ‘NS’
line was passaged 6 times without drug pres-
sure, its resistance was almost lost. The
line was then used to inoculate mice from
which serum (SMns) was subsequently iso-
lated. The experiment was conducted accord-
ing to the procedures described previously.
The second half of Tab 1 summarized the
results. No significant differences in para-
sitemia among the 3 groups (the SMns +
CQ, SMNS + CQ, and SM + CQ) were observ-
ed, indicating that the antagonism of
SMNS to chloroquine was associated with
drug-resistant parasites. It 1is, therefore,
reasonable to speculate that chloroquine-re-
sistant ‘NS’ parasites may produce and re-
lease a certain ‘substance’ which is antago-
nistic to chloroquine,

Effects of SMNS and SMCS on the
antimalariai actions of 4 antimaiarials In



order to determine whether the antagonism
of SMNS to antimalarials is selective or
specific, we conducted an experiment in
which SMNS and SMCS were mixed with
chloroquine, piperaquine, hydroxypipera-
quine, and pyronaridine, respectively. Tab 2
presents the results,

Tab 2, Effects of SMNS and SMCS on the anti-
malarial actions of se¢ CQ, piperaquine (PQ),
hydroxypiperaquine (HPQ), and pyronaridine
(PND), x+SD, *P>0.05 vs the SMCS+drug
group, Antagonism rate (%) = (P, - P)/P; x100%.
Male mice of Kunming strain used,

Erythrocyte infec— Antagonism
tion rateon d 5(%) rate(%)

SMCS +CQ(5) 9 8+9

Group n

SMNS + CQ(5) 10 14+13* 7o
SMCS + PQ(3) 10 16411 56
SMNS + PQ(3) 10 25+16*
SMCS + HPQ(3) 8 20+ 11 g
SMNS + HPQ(3) 8 19+ 14*
SMCS + PND(1) 9 615 _17
SMNS + PND(1) 10 54"

P, =erythrocyte infection rate (EIR) in the group
of SMCS +drug, P,=EIR in the group of SMNS
+drug, The ratio of drug solution to serum was
1,7:1 in terms of volume, Drug dosage (mg/kg)
in parentheses,

The antagonism rates of SMNS to chlo-
roquine, piperaquine, hydroxypiperaquine,
and pyronaridine were 75, 56, -5 and
—179%, respectively, The results suggest
that the antagonism of SMNS to antima-
larials is specific.

Discussion

The antagonism of serum of mice in-
fected with chloroquine—resistant NS’ line to
the antimalarial action of chloroquine in-
dicates that chloroquine-resistant malaria
parasites probably produce a certain “sub-
stance’ which is antagonistic to chlorequine.
The fact was well demonstrated by the re-
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sults showed in the first half of Tab 1.
Further study suggests that the antagonism
of SMNS to antimalarials was not aimless
but selective or specific. Although no sig-
nificant differences in parasitemia between
the groups as shown in Tab 2 was found,
the antagonism-rate trend similar to that
of cross-resistance tests on chloroquine—
resistant P, berghei ANKA line® shows
that the data in Tab 2 are meaningful.
Besides, the reason of no significant differ-
ences seems to be associated with the quan-
tity of serum in drug-serum mixtures,
In the experiment of Tab 1, the ratio of
drug solution to serum was 1:1, while in
the experiment of Tab 2, the proportion
was 1,7:1 in terms of volume.

The recently accepted ‘FP-hypothesis’
explains chloroquine resistance in P, ‘berg-
hei by a lack of ferriprotoporphyrin IX
(FP) production®?, But the results obtained
from our experiments did not support the
hypothesis. According to the hypothesis,
FP is only produced in pigmented malaria
parasites and once it binds chloroquine,
the toxic FP-chloroquine complex which
impairs the ability of parasites is formed.
If the theory is true, the expected results
from our experiments would be much differ-
ent from those presented in this paper,
that is, parasitemia in the SM +CQ group
would be the highest among the 3 groups
because of the lack of FP in SM, and para-
sitemia in the SMCS+CQ group would
be the lowest among the 3 groups because
SMCS may contain a larger amount of FP
than SMNS.

It is concluded that chloroquine-resis-
tant malaria parasites may produce and re-
lease certain ‘specific anti-drug substance’.
1t therefore provides another way to explain
the drug-resistance mechanism of chloro-
quine-resistanit malaria parasites. Further
work should be done on the other drug-
resistant strains, including both animal and
human malaria parasites, especially Plasmo-
dium falciparum.
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