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DEVELOPMENT OF IN VITRO RADIOMETRIC ASSAY FOR THE RAPID
ASSESSMENT OF CHLOROQUINE RESISTANT PLASMODIUM VIVAX

MYINT-OO, MYO-KHIN and NWE-NWE-OO

Abstract

Influxes (uptakes) and effluxes of 3H-chloroquine were measured in blood samples of 54
patients with Plasmodium vivax infection before standard chloroquine treatment. It was
found that seven patients who did not respond to standard chloroquine treatment have
rapid efflux in their parasites. The in vitro effluxes of 3H-chloroquine occurred between 5
to 10 minutes. Since rapid effluxes 3H-chloroquine in vitro showed strong correlation
with in vivo sensitivities, this assay could be used as a rapid diagnosis for chloroquine
resistant P. vivax.

Introduction
Plasmodium vivax is r major cause of morbidity, and increasing incidence has been
observed in Myanmar '-Oo et al, 1992). It is possible that the resurgence is due to
the emergence of chlo ^uine-resistant strains of P. vivax in Myanmar (Myat-Phone-
Kyaw et al., 1993). Recently, Marlar-Than et al (1995) has reported the decreasing
efficacy of chloroquine in hospitalised patients with P. vivax infection.
In Myanmar, long term laboratory studies on P. vivax cannot be carried out as it is not
possible as yet to maintain the culture. However, it is relatively easy to harvest schizonts
infected erythrocytes from venous blood without performing any in vitro cultivation.
Although the parasitaemia is lower than P. falciparum infection, schizonts of P. vivax
normally appear in the peripheral blood. Therefore, this study was carried out to examine
the influx and efflux of 3H-chloroquine in P. v/vax-infected erythrocytes from subjects
with various in vivo sensitivities to standard regimen of chloroquine.

Subjects and Methods
Subjects: Subjects attending the Clinical Research Unit (Malaria), Defence Services
General Hospital, Mingaladon for the treatment of malaria were screened for the presence
of late trophozoites and early schizonts of P. vivax. There were 54 subjects qualified for
the assays.
Parasite examination and counting: Confirmation of the parasite species was done
by the microscopic examination of Giemsa stained thin blood smears under oil immersion
(100X). The counting of parasites was done against 5,000 erythrocytes.
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^H-chloroquine influx and efflux asssays: P. v/vax-infected erythrocytes were
harvested according to the flow-chart given in Figure 1. Experiments were initiated by
the addition of 3H-chloroquine (Amersham, 47 Ci/mM) at a concentration of lOnM.
Chloroquine influx was terminated at the time points (0, 5, 10, 15, 20, 30 min) by
centrifugation of the cell-medium suspension through a layer of dibutyl pthalate in a
1.5ml microcentrifuge tube at 12,000rpm for 20 sec. After centrifugation, the cells were
sedimented below the dibutyl pthalate separated from the medium which remained above
the pthalate layer. The centrifuge tips were cut off at the junction between the cell pellet
and the dibutyl pthalate. The tips containing the cell pellets were placed in glass
scintillation vials and processed for scintillation counting as follows: cells were removed
from the centrifuge tips and lysed by vortex mixing with 0.5ml distilled water. The lysate
was digested by the addition of 0.4ml 1M quarternary ammonium hydioxide in methanol
(BDH, Poole, UK) followed by incubation for 4hr at 37°C. The contents of the vials were
decolourized by the addition of 0.1ml glacial acetic acid and 3.5ml scintillation fluid. The
tubes were then counted by Beckmann LS6000 Liquid Scintillation Counter. A sample of
the medium was also taken from each centrifuge tube and counted to check for the
excessive depletion of chloroquine from the incubation medium.

In vivo chloroquine sensitivity: Subjects with P. vivax infection (initial parasitaemia
more than 0.2%) were recruited for treatment with standard regimen of chloroquine
phosphate (Myanmar Pharmaceutical Factory)(600mg+600mg+300mg-three days
course). All subjects who do not respond to chloroquine within 7 days (RII and RIII) and
subjects with reappearance of parasites between day 14 and 28 (RI) were treated again
with standard regimen of amodiaquine (Rima Pharmaceutical Ltd., Cashel,
Ireland)(600mg+600mg+300mg-three days course) followed by primaquine 45mg stat
weekly for 8 weeks. Blood smears were examined daily upto 14 days, and then follow up
smears were checked on day 21 and day 28.

Measurement of serum chloroquine: Serum samples were collected on Day 1, Day 2,
and Day 3 respectively. Serum chloroquine levels were measured by a double extraction
procedure by Brodie et al. (1947) using a Coleman photofluorometer (Bruce-Chwatt et
al., 1986).

Assessment of chloroquine influx and efflux: The influxes and effluxes of chloroquine
by parasitized erythrocytes were analysed by plotting XY graphs (Time vs DPM) using
IBM-compatible Flexcom 80386-33 microcomputer.
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Results

The serum chloroquine levels of 54 subjects with P. vivax infections reached the
minimum chloroquine concentration of 150mg/L. No drug failure case was recorded in
this study. (Data not shown).

Although the in vivo sensitivity of chloroquine by 47 subjects with P. vivax infection
showed good response (sensitive), seven were observed to be resistant. There were some
variations in the duration of recrudescence. Three subject recrudesced between Day 14
and Day 21(RI), three subjects within a week (RII) (between Day 5 and Day 7), and one
subject showed continuous parasite positivity upto 7 days (RIII). The parasite clearance
time after second line treatment amodiaquine was between 1-5 days (data not shown).

Figure 2 represents the comparison between the mean levels of 3H-chloroquine uptakes
of seven chloroquine-resistant isolates and 47 chloroquine sensitive isolates. The critical
time for assessment between resistant and sensitive isolates was found to be between 5
and 10 minutes.

A strong relationship between the in vivo respone of chloroquine in P. vivax infected
subjects and in vitro 3H-chloroquine uptakes assays with their parasites was shown in
Figure 3.

Discussion

A number of hypotheses have been proposed to explain the mode of action of
chloroquine. Of these, raising of the parasite vacuolar pH (by the protonation of
chloroquine accumulated by the weak base effect), to a level above the optimum for acid
protease activity (Homewood et al, 1972), is receiving the greatest attention. This would
have the effect of inhibiting lysosomal function and limiting growth. It is not difficult to
envisage a hypothesis for chloroquine resistance based on the raising of vacuolar pH (as
the mode of action of chloroquine), on the absence of any evidence demonstrating
differences in buffering capacity between sensitive and resistant strains (as resistant
parasites accumulate less chloroquine than sensitive).

Development of resistance appears to be related to lower steady-state chloroquine levels
in the resistant parasites (Geary et al., 1986; Krogstad et al., 1987; Bray et al., 1992).
Resistance in P. falciparum based on reduced chloroquine accumulation in resistant
parasites could occur as a result of one or more of the following mechanisms; an
enhanced efflux of chloroquine from the vacuoles of resistant parasites; a change in the
buffering capacity of the food vacuole in resistant parasites, or a higher pH in the food
vacuole in resistant parasites.
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In our study, one of the above hypotheses (enhanced efflux) was tested in 54 isolates of
P. vivax infected erythrocytes. The rates of 3H-chloroquine efflux from resistant isolates
of P. vivax was more rapid than the sensitive isolates. The critical time point for rapid
efflux in all the resistant isolates was between 5 and 10 minutes. The results obtained by
in vitro radiometric assay of chloroquine were in strong agreement with the outcome after
in vivo chloroquine treatments. Therefore, it should be emphasized that the efficacy of
chloroquine could be predicted within a short time interval of 2 to 3hrs by performing the
in vitro radiometric assays of 3H-chloroquine.
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Figure 1. Flow chart for Chloroquinc efflux assay
(Plasmodium vivax)

20ml whole blood+ 5ml AGO
I
I

Spin 200 rpmx 10 min.
I
I

Remove plasma+ buffy coat

I
I

Wash twice with sterile (PBS pi I 7.2)
2000rpnix 10 min.

I
I

Remove buffy coat

Suspend in equal volume of PUS (pH 7.2)
I
I

Pass through CFl l column(THAITONG ct al.,1989)

I
I

Wash twice with PBS and suspend in two volume of PBS
I
I

Percoll gradients (ANDRYSA1K ct al.,1986)
| (smears) check parasitacmia
I
I

peUet
CQ efflux
KROGSTAD et al.1987
BRAY ct al.1992

439



Figure (2) Chloroquine uptakes in resistant and sensitive isolates of
Plasmodium vivax
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Figure (3) Comparison of chloroquine efflux in sensitive
and resistant isolates of Plasmodium vivax
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Chloroquine Sensitivity


