
198

   Original Article

Rifampicin Antagonizes the Effect of Chloroquine on

Chloroquine-Resistant Plasmodium berghei in Mice
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SUMMARY: Chloroquine (CQ)-resistant Plasmodium falciparum appears to decrease CQ accumulation in its
food vacuole by enhancing its efflux via an active membrane pump, which has been reported to be a P-glycoprotein-
like transporter. Rifampicin (RIF) is a P-glycoprotein inhibitor and also has some antimalarial activity. It is
hoped that a combination of choloroquine-rifampicin (CQ + RIF) would be advantageous in the treatment of
CQ-resistant malaria. Swiss albino mice were inoculated with CQ-resistant P. berghei intraperitoneally, and
studied for the effect of CQ versus the combination of CQ + RIF at various doses on the clearance of parasitemia,
the survival of the mice, and the recrudescence of malaria. Paradoxically, RIF decreased the survival rate and rate
of clearance of parasitemia and increased the rate of recrudescence significantly when combined with various
doses of CQ. Our results indicated that RIF worsened the course of the disease, and we concluded that RIF
should not be combined with CQ in the treatment of malaria.
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INTRODUCTION

Chloroquine (CQ) has been one of the most successful and
widely prescribed drugs for malaria due to its efficacy and
safety. It is believed that CQ interferes with the heme
polymerisation process of plasmodia, which converts heme
into non-toxic hemozoin in the food vacuole by forming toxic
heme-CQ complexes (1-5). CQ-resistant Plasmodium
falciparum-infected erythrocytes are known to accumulate
less CQ than their sensitive counterparts (6).

P-glycoprotein (P-gp) functions as an efflux pump of many
chemotherapeutic agents and causes multidrug resistance
(MDR) (7). CQ is a known substrate for the P-gp pump, and
it is recognized that other membrane transporters in the ATP-
binding cassette family (which includes P-gp) share a
considerable amount of common substrates and inhibitors.
Pgh1, a homologue of P-gp, is present on the food vacuolar
membrane of plasmodia (8). Therefore, it was postulated that
CQ-resistant P. falciparum expels CQ from the food vacuole
via a Pgh1 pump similar to that of MDR cancer cells. Subse-
quently, pfmdr1 Y86 (encoded for Pgh1) showed substantial
correlation with a high level of drug resistance (9,10).

In principle, P-gp-mediated drug resistance can be circum-
vented by P-gp inhibitory agents. Several P-gp inhibitors
could reverse MDR in cancer in vitro and in vivo. Similarly,
CQ resistance was successfully reversed by several drugs
including phenothiazines and some calcium channel blockers
that are known as P-gp inhibitors (11). These drugs (e.g.,
verapamil) showed effectiveness in vitro and in vivo against
CQ-resistant P. falciparum by increasing CQ accumulation
inside the food vacuole (12,13). Like verapamil, other P-gp
inhibitors such as desipramine and trifluoperazine were also
able to reverse CQ resistance at high concentrations, though

they invariably produced undesirable effects (14). Hence,
there is a need to find a P-gp inhibitor that can potentially
reverse CQ resistance without producing undesirable effects.

Rifampicin (RIF), an anti-tuberculous drug, was reported
to be a P-gp inhibitor at therapeutic concentrations in MDR
cancer cell lines (15,16). RIF is effective against Plasmodium
vivax in humans (17), and in Plasmodium chabaudi in
rodents and CQ- resistant P. falciparum in vitro (18). RIF, in
combination with isoniazid and co-trimoxazole, was found
to be very effective on patients with falciparum malaria in
Kenya (19). This dual effect of RIF may lead to improved
efficacy of malaria chemotherapy and perhaps new combina-
tion treatment strategies to prevent or reverse CQ resistance
in malaria. However, the effect of RIF in combination with
CQ has not been studied against CQ-resistant Plasmodium
spp. either in vitro (cell line) or in vivo. Therefore, we studied
the effect of this combination on CQ-resistant Plasmodium
spp., using a murine model of Plasmodium berghei infection.

MATERIALS AND METHODS

Animals: Experiments were carried out on Swiss albino
mice (6-7 weeks old), weighing 20-25 g. Animals were
housed under a light-dark cycle with mice pellets and tap
water available ad libitum. No p-aminobenzoic acid (PABA)
was added to the diet.

Malaria parasites: The cryopreserved CQ-resistant NK65
strain of P. berghei was obtained from the Department of
Parasitology, Gunma University School of Medicine, Maebashi,
Japan, and stored in liquid nitrogen.

Experimental design: Cryopreserved parasites were
thawed and mice were infected via the intraperitoneal
route as suggested by Kimbi et al. (20). Mice were first
allowed to develop parasitemias of more than 20%. Blood
was then collected directly from the heart after surgical open-
ing of the thorax under ether anaesthesia. The blood was
heparinized, diluted in physiological saline at a ratio of 3:7,
and 0.2 ml of this suspension was injected intraperitoneally
into the next batch of mice. After the virulence was stabilized
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(after a few batches) and mice developed an average
parasitemia of more than 10% (by day 3 or day 4 after infec-
tion), they were divided into several groups (n = 6 -8). Drugs
were then administered intraperitoneally for 4 consecutive
days (standard antimalarial drug screening) using various
doses of CQ alone (5, 10, 20, and 30 mg/kg/day) or CQ in
combination with RIF (10, 20, and 40 mg/kg/day). Saline
and DMSO controls were included. Following treatment, daily
parasitemia values were assessed through microscopic
examination of thin smears of the blood obtained from the
tail until day 7 (day 0 being the first day of treatment). Mice
that managed to clear the parasite from the bloodstream were
reassessed by thick smears for confirmation of the recovery.
Subsequently, mice were assessed every other day for a month
to determine whether recrudescence occurred. The day of death
was also noted.

Drugs: CQ and RIF were obtained from Sigma Chemical
Co. (St. Louis, Mo., USA). Aqueous solution of CQ was
prepared. RIF, which is poorly water soluble, was dissolved
in 1% DMSO for intraperitoneal administration.

Statistical analysis: Chi-square and Student’s t test were
used to analyze the results. P ≤ 0.05 was considered as statis-
tically significant.

RESULTS

CQ at a dose of 10 or 20 mg/kg/day on CQ-resistant para-
sites produced grossly similar rates of parasitemia decline.
However, CQ at 5 mg/kg/day showed either no recovery or
early recrudescence, and CQ at 2.5 mg/kg/day showed a ‘RIII-
like’ resistance pattern based on the World Health Organiza-
tion grading criteria of resistance (results not shown).
Untreated mice and mice given 1% DMSO/saline as controls
became severely anemic and lethargic within a few days,
and all mice died within a week of monitoring (Fig. 1). The
difference in parasitemia clearance rates between the 5 mg/
kg/day and 10 mg/kg/day groups (23.5 and 86.7%, respec-
tively) was highly significant (P < 0.001), which suggested that
5 mg/kg/day CQ could be considered a suboptimal dosage.

Co-administration of RIF with 5 mg/kg/day CQ resulted
in earlier recrudescence and a rapid rise in parasitemia. No
difference in rates of parasitemia decline was noted (Fig. 2).
Combining RIF with 10 mg/kg/day CQ showed no signifi-
cant difference in rates of parasitemia decline and no early
recrudescence. There appeared to be a slight trend in decreased
rate of parasitemia decline when RIF 40 mg/kg/day was added
to CQ 10 mg/kg/day (Fig. 3). This trend was more prominent
when RIF 40 mg/kg/day was added to CQ 20 mg/kg/day (Fig.

4). Combining RIF with CQ adversely affected the day 7 sur-
vival (Table 1).

Recrudescence occurred in almost all cases (96.5%), and
those mice ultimately developed lethal levels of parasitemia
after the initial stage of recovery. The few completely cured
mice were in the 20 mg/kg/day and 30 mg/kg/day groups.
The average time interval for recrudescence was longer with
higher CQ doses (P = 0.111) and shorter for mice receiving
RIF concurrently (Table 2). In the CQ 20 mg/kg/day group, a
t-test comparing the average day of recrudescence between
mice receiving (3.0) and not receiving (8.3) RIF was signifi-
cant (P < 0.001), showing that those receiving RIF developed
earlier recrudescence.

Fig. 1.  Rate of parasitemia decline with various chloroquine doses.
◆ Control, ■ CQ 5 mg/kg/day, ● CQ 10 mg/kg/day,
▲ CQ 20 mg/kg/day.

Fig. 2.  Effect of rifampicin on parasitemia in mice receiving chloro-
quine 5 mg/kg/day.

Fig. 3.  Effect of rifampicin on parasitemia in mice receiving chloro-
quine 10 mg/kg/day.

Fig. 4.  Effect of rifampicin on parasitemia in mice receiving chloro-
quine 20 mg/kg/day.
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DISCUSSION

We found that RIF significantly decreases chances of
recovery in cases in which the dose of CQ is marginal for
cure, shortens the time for recrudescence to appear, and may
even slow the initial rate of fall of parasitemia when given at
a higher dose of 40 mg/kg/day. This is contrary to what was
expected.

P. berghei has been shown to have an mdr-like gene that is
basically similar to the pfmdr1 gene in P. falciparum, which
encodes for MDR (21). In addition, a BLAST performed
using the NCBI database reveals that P. berghei and other
species of murine malaria parasites express putative mem-
brane transporter CG10, which is grossly similar to the
putative vacuolar transmembrane CQ resistance transporter
encoded by pfcrt in P. falciparum. In earlier studies, P-gp
inhibitors like verapamil and several anti histamine
compounds have been shown to reverse CQ resistance in both
P. berghei and in P. falciparum (13,22,23). Therefore, a CQ-
resistant murine malaria model of P. berghei infection is
an acceptable animal model of CQ-resistant P. falciparum
malaria.

Recently, RIF has been found to induce as well as to
inhibit P-gp (24,25) and also to act as a double-edged sword
against MRP-mediated MDR (26). When RIF is given with
marginal doses of CQ, it may induce a small subset of resist-
ant parasites to express more Pgh1, enabling them to reduce
CQ accumulation in the food vacuole more effectively. Yet
other findings showed that Pgh1, if over expressed, may
confer relative sensitivity to CQ, simultaneous with resistance
to mefloquine, halofantrine, and quinine (5). However, field
reports have mostly linked mutant pfmdr with increased
resistance albeit with incomplete correlation. In short, because
RIF is reported to be both a P-gp inhibitor and inducer, it is
possible that RIF antagonizes CQ either by inhibiting wild
type Pgh1 or by inducing mutant Pgh1.

It has also been postulated that Pgh1 may mediate CQ
influx into the food vacuole instead of efflux (27,28). If this
mechanism is correct, RIF may antagonize CQ by inhibiting

Pgh1 and therefore decreasing CQ accumulation inside the
food vacuole. However, this postulation is unable to explain
how verapamil and other reversal agents are able to increase
CQ inside the food vacuole and counter resistance. Another
factor to consider is the fact that RIF is a known CYP3A4
inducer, which is documented to affect metabolism of quinine
and mefloquine (29). Although CQ is also metabolized by
CYP3A4, its metabolites are active and it does not undergo
such an extensive hepatic metabolism as mefloquine. While
RIF is unlikely to reduce chloroquine effectiveness through
this mechanism in humans, it is unclear whether this applies
equally to mice.

Dosing for RIF was restricted in the sense that it is not
soluble in water and DMSO had to be used as a solvent.
DMSO is a known membrane irritant but had no effect on
mortality or course of parasitemia. Examples of substances
dissolved in 2% DMSO and above for antimalarial drug test-
ing in mice via intraperitoneal route have been recorded in
the literature (30,31).

RIF is a common antituberculous drug. There may be a
substantial proportion of tuberculosis patients who develop
malaria in the tropics where RIF, given its antagonism to CQ
in terms of the parameters discussed above, may in some way
affect or contribute to the resistance in these areas. It appears
that RIF use and emergence of CQ resistance in tropical
countries coincide. Our findings suggest that RIF antagonizes
the effect of CQ. Thus, further studies should be undertaken
to explore whether RIF is a culprit in the development of CQ
resistance.

Recent literature has put much importance on pfcrt as the
main cause of CQ resistance (32,33). Point mutations such
as K76T in the pfcrt vacuolar transport protein (which is
postulated to be a chloride transporter) (34) are a favored
explanation for CQ resistance, and this reasoning is backed
firmly by data from genetic crosses, analysis of laboratory-
adapted field isolates, and analysis of cases of CQ treatment
failure. However, it was also shown that replacement of
mutant pfmdr genes with normal ones in the presence of a
mutant pfcrt gene cuts EC50 values of CQ by half. This seems
to suggest that pfmdr1 still plays a modulatory role in CQ
resistance (10,35). Interestingly, verapamil-induced inhibition
of a greater pH gradient, and reduced H+-ATPase activity was
seen in inside-out plasma membrane vesicle preparations
prepared from yeast cells expressing pfcrt (34). Regardless
of the exact mechanism of resistance, and whether it involves
Pgh1, pfcrt, and/or other plasmodial vacuolar transporters,
the fact remains that chemosensitizers have been used to
excellent effect in reversing CQ resistance, and combinations
of such chemosensitizers have been attempted in an effort
to reduce the dosage of each drug and thereby minimize their
respective adverse effects (14). However, given that our
study does not show a beneficial or additive effect of RIF
in combination with CQ on CQ-resistant murine malaria and
that its effect is even antagonistic in terms of the above
parameters, we conclude that RIF should not be given with
CQ in combination therapy for malaria, and that RIF’s role
in the emergence of CQ resistance warrants further explora-
tion.
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Table 1.  Effect of chloroquine (CQ) and rifampicin (RIF)
on day 7 survival

CQ dose
Survival rate on day 7 (%)

(mg/kg/day) CQ alone
CQ + RIF

(10, 20, 40mg/kg/day)

  0     0     0

  2.5     0     0

  5   85.7   60

10   88.9   71.4

20 100   85.7

30 100 100

Table 2.  Effect of chloroquine (CQ) and rifampicin (RIF)
on recrudescence

CQ dose
Day of recrudescence

(mg/kg/day) CQ alone
CQ + RIF

(10, 20, 40 mg/kg/day)

  5 3.3 –

10 6.8 5.2

20 8.3 3.0*

30 – 9.0

*P < 0.001 when compared to CQ alone.
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