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INTRODUCTION

Since the establishment of the in vitro culture system of P. falciparum by Trager and Jensen in 1976,
their methods have been extensively used for a variety of studies on this parasite. P. falciparum has
conventionally been cultured in RPMI 1640 medium with constant buffer (24 mM NaHCO; and 25 mM
HEPES) supplemented with 10% human serum at various gas phases (1 —7 % COz and 1 —18% O2),
including the gas phases in candle jars. In malaria field studies, in vitro drug sensitivity assays for P. falciparum
have often been performed using candle jars with the conventional medium mentioned above. However, we
have recently noticed that the effect of chloroquine (CQ) on the growth of P. falciparum in candle jars is
considerably different from that in incubators at 5 % CQ: Media with 24mM NaHCO; were originally
designed for maintaining the pH of culture media around the physiological range at 5 % CO.. Theoretically,
lower CO: concentrations increase pH and vice versa, for media with constant NaHCOs concentrations. On the
other hand, there is accumulating evidence that the antimalarial effects of CQ are dependent on the pH of the
culture media. Thus, the effect of CQ may vary at different pHs caused by various CO; concentrations in the
presence of a constant NaHCO;concentration. In this study, we investigated the inhibitory effects of CQ on
parasite growth in incubators at different CO: concentrations and in candle jars using conventional medium for
P. falciparum.
MATERIALS AND METHODS

Two strains of P. falciparum, the CQ resistant K 1 strain and the CQ sensitive MADZ0 strain were used.
Parasites were maintained in asynchronous culture as described by Trager and Jensen with slight modiffication.
Effects of antimalarial drugs on parasite growth were assayed mainly by monitoring uptake of [°H]
hypoxanthine at various CO; concentrations or in candle jars at 37°C.
RESULTS

First we compared the effects of CQ on the growth of the K1 strain in incubators at different CO:
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concentrations (7 %, 5%, and 2.7%) and in candle jars. The inhibition of parasite growth was reduced
progressively with incresing CO; concentrations. The inhibition in candle jars (2. 7%, CO) was nearly the same
as that in incubators at 2. 7% CO,. The inhibitory effect of CQ on the CQ sensitive MADZ0 strain in incubators
at 7 %CO: was not as reduced as on the K 1 strain. The IC50 for the K 1 strain in incubators at 7 %CO: was
approximately ninefold greater than in incubators at 2. 7% CO: and in candle jars (P <0.01). The IC50 values
in incubators at 2. 7% CO: and in candle jars were quite close to each other. The pH of Pf~medium [+] at
different CO: concentrations were examined. The higher the CO: concentrations were, the lower the pH values
of media were. Although the differences in pH seemed small (at most 0. 26) , they were significant (P <0.01).
The pH values of Pf~medium [+ ] in incubators at 2. 7% CO; and in candle jars were very close. The pH of Pf
—~medium [+] containing a reduced concentration of NaHCO; (16mM) in candle jars was almost the same
(pH7.50) as that of Pf~medium [+ ] containing 24mM NaHCOs at 5 % COs, and the effect of CQ on parasite
growth turned to be nearly identical under the two culture conditions.

DISCUSSION

The in vitro P. falciparum continuous culture method were designed to maintain asexual multiplication of the
parasite. One of the important requirements for the continuous culture was gas phases with relatively high COz
concentrations and low O: concentrations. However, in this study, we found that CO: concentrations
dramatically alter the inhibitory effect of CQ on the growth of the chloroquine resistant K 1 strain with stronger
inhibition by CQ at lower CO- concentrations, due to changes in pHs of media resultant from inappropriate use
of CO;—NaHCO; buffer system.

The CO:—NaHCOs buffer system has not yet been used appropriately in many studies, even when pH
dependency of the antimalarial effect of CQ has been examined. It is noteworthy that slight but significant
changes in pHs caused marked difference in IC50 of CQ, indicating that the antimalarial effects of CQ are
highly sensitive to marginal fluctuations in the pH of the media. Therefore, it is of prime inportance to keep the
pH of the media around 7.4 when evaluating sensitivities of P. falciparum strains to CQ or when investigating
mechanisms of action of CQ or resistance to CQ. We strongly recommend that the conventional medium for P.
falciparum culture with constant NaHCO; (24mM) be modified according to the CO, concentrations used in
order to avoid confusion of interpreting the obtained data. The WHO kit for in vitro chloroquine sensitivity test
should be modified accordingly. Our recommendation should also be valid for other antimalarials and even for
other drugs unrelated to antimalarials, whose effects are pH~dependent. In this study, we also worked out the

appropriate NaHCO; concentrations for achieving media with a pH of 7. 4 at various COz concentrations.
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