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The in vitro antimalarial activity of the new Chinese synthetic drug, lumefantrine, also known as benflumetol
(a fluorene derivative belonging to the aminoalcohol class), was determined by an isotopic microtest against 61
fresh clinical isolates of Plasmodium falciparum and compared with that of other established antimalarial
agents. The geometric mean 50% inhibitory concentration of lumefantrine was 11.9 nmol/liter (95% confidence
intervals, 10.4 to 13.6 nmol/liter; range, 3.3 to 25.6 nmol/liter). The in vitro activities of lumefantrine against
the chloroquine-sensitive and the chloroquine-resistant isolates did not differ (P > 0.05). There was a signif-
icant positive correlation of responses between lumefantrine and two other aminoalcohols studied, mefloquine
(r 5 0.688) and halofantrine (r 5 0.677), and between lumefantrine and artesunate (r 5 0.420), suggesting a
potential for in vitro cross-resistance. Our data suggest high in vitro activity of lumefantrine, comparable to
that of mefloquine, and are in agreement with the promising results of preliminary clinical trials.

The spread of resistance to chloroquine and sulfadoxine-
pyrimethamine in many regions where malaria is endemic, as
well as diminished sensitivity to quinine and mefloquine in
some restricted areas, calls for a continuous search for new
antimalarial drugs that are effective against drug-resistant Plas-
modium falciparum (31). New antimalarial drugs that possess
high in vitro activity and show high clinical efficacy for the
treatment of multidrug-resistant falciparum malaria include
halofantrine, atovaquone, artemisinin derivatives (artesunate,
artemether, and arteether), and pyronaridine (23). Halofan-
trine, a 9-phenanthrenemethanol (aminoalcohol), has several
disadvantages, such as rare occurrences of cardiotoxicity and
poor absorption (8, 22). Atovaquone, a hydroxynaphthoquinone
derivative, is a ubiquinone analog that has a wide antiprotozoal
spectrum of activity (17). Despite its high in vivo efficacy,
preliminary clinical trials have revealed a few cases of recru-
descence, leading to the use of a synergistic combination,
atovaquone-proguanil (11, 25). Artemisinin derivatives are ses-
quiterpene lactones that are useful for both oral treatment
of uncomplicated malaria due to multidrug-resistant P. fal-
ciparum and emergency treatment of severe and complicated
malaria (16). Despite their proven clinical efficacy, there are
concerns regarding their potential neurotoxicity (9, 24). Pyro-
naridine, a benzonnaphthyridine (aminoacridine) derivative,
has been used in China for over 2 decades and has been
confirmed to be effective, safe, and well tolerated in Thailand
and Cameroon (12, 15, 19, 26).

Of these four latest kinds of antimalarial drugs, two of them,
artemisinin derivatives and pyronaridine, were drawn from the
Chinese pharmacopoeia. A third Chinese type of drug, lume-
fantrine, has recently been identified as a promising candidate
for use in therapy (Fig. 1). Lumefantrine (also called benflu-
metol, code no. CGP 56695; 1:1 racemate of the dextrogyre
and levogyre enantiomers) is a fluorene derivative (2,3-benzin-
dene) that belongs to the aminoalcohol class (32). The com-

pound was synthesized at the Academy of Military Medical
Sciences, Beijing, China, and has undergone preliminary clin-
ical studies in China. Lumefantrine, in combination with arte-
mether (called coartemether), was registered for the oral treat-
ment of malaria in China in 1987. In early clinical studies
conducted in China, cure rates of 96% (n 5 314 patients) and
92.5% (n 5 40 patients) were reported with oral lumefantrine
alone (a total dose of 2,000 mg in divided doses over 4 days)
and lumefantrine-artemether oral combination (1,920 mg of
lumefantrine–320 mg of artemether in divided doses over 3
days), respectively (32). The clinical efficacy of the lumefan-
trine-artemether combination has been confirmed recently in
China, Thailand, and The Gambia (28–30, 33).

In view of the highly promising preliminary in vivo data, we
have (i) assessed the in vitro activity of lumefantrine against
clinical isolates of P. falciparum obtained from symptomatic
Cameroonian patients in Yaoundé, Cameroon; (ii) compared
its activity with those of chloroquine, monodesethylamodia-
quine (a biologically active metabolite of amodiaquine), qui-
nine, mefloquine, halofantrine, artesunate, and pyrimethamine;
and (iii) evaluated the potential for in vitro cross-resistance
between lumefantrine and other antimalarial compounds.

MATERIALS AND METHODS

Parasites. Sixty-one fresh clinical isolates of P. falciparum were obtained
before treatment from symptomatic African adult and pediatric patients attend-
ing the Nlongkak Catholic missionary dispensary in Yaoundé in 1997. The
patients were questioned about drug intake and screened for self-medication by
the Saker-Solomons urine test (20). Giemsa-stained thin blood smears were
examined for Plasmodium species identification, and parasite density was deter-
mined by counting the number of infected erythrocytes among 20,000 erythro-
cytes. Five to ten milliliters of venous blood was collected in a tube coated with
EDTA after informed consent of the patients (or that of accompanying parents
or guardians of sick children) was obtained. Samples with a monoinfection due
to P. falciparum and a parasite count of .0.1% from patients whose urine test
result was negative were used in this study. Drug assays were performed within
4 h after blood extraction. The patients were treated with chloroquine, amodi-
aquine, or sulfadoxine-pyrimethamine. This study was approved by the Cam-
eroonian national ethics committee.

Drugs. Antimalarial drugs used in this study were obtained from the following
sources: chloroquine diphosphate, Sigma Chemical Co. (St. Louis, Mo.); mo-
nodesethylamodiaquine hydrochloride, Sapec Fine Chemicals (Lugano, Switzer-
land); mefloquine hydrochloride, Hoffmann-La Roche (Basel, Switzerland);
halofantrine hydrochloride, SmithKline Beecham (Hertfordshire, United King-
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dom); lumefantrine, Novartis Pharma (Basel, Switzerland); artesunate, Sanofi
Winthrop (Gentilly, France); quinine hydrochloride, Sigma Chemical Co.; and
pyrimethamine base, Sigma Chemical Co. Stock solutions of chloroquine and
monodesethylamodiaquine were prepared in sterile distilled water. Stock solu-
tions of mefloquine, halofantrine, and quinine were prepared in methanol. Stock
solutions of artesunate and pyrimethamine were prepared in ethanol. Due to
very low solubility in water, lumefantrine was dissolved in culture-compatible
organic tensides (unsaturated fatty acids, Tween 80, and ethanol mixture), ac-
cording to the protocol kindly provided by Walther Wernsdorfer (University of
Vienna, Vienna, Austria) (32). Twofold serial dilutions of the drugs were made
in sterile distilled water. The final concentration of methanol did not exceed
0.1%, and the solvent alone did not affect the parasite growth. The final con-
centrations ranged from 1.25 to 80 nmol/liter for lumefantrine, 25 to 1,600
nmol/liter for chloroquine and quinine, 2.5 to 160 nmol/liter for monodesethyl-
amodiaquine, 2.5 to 400 nmol/liter for mefloquine, 0.25 to 32 nmol/liter for
halofantrine, 0.5 to 64 nmol/liter for artesunate, and 0.04 to 51,200 nmol/liter (in
fourfold dilutions) for pyrimethamine. Each concentration was distributed in
triplicate in 96-well tissue culture plates.

In vitro drug sensitivity assay. The blood samples were washed three times in
RPMI 1640 medium. The erythrocytes were resuspended in the complete RPMI
1640 medium, consisting of 10% human serum (type AB1 obtained from Euro-
pean blood donors without previous history of malaria), 25 mmol of HEPES per
liter, and 25 mmol of NaHCO3 per liter, at a hematocrit of 1.5% and an initial
parasitemia level of 0.1 to 1.0%. RPMI 1640 medium without folic acid and
p-aminobenzoic acid was used to assess sensitivity to pyrimethamine. If the blood
sample had a parasitemia level of .1.0%, fresh, uninfected, type A1 erythrocytes
were added to adjust the parasitemia level to 0.6%.

The isotopic microtest described by Desjardins et al. (14) was used in this
study. Two hundred microliters of the suspension of infected erythrocytes was
distributed in each well of the 96-well tissue culture plates. The parasites were
incubated at 37°C in 5% CO2 for 18 h. To assess parasite growth, [3H]hypoxan-
thine (specific activity, 5 Ci/mmol; 1 mCi/well) (Amersham, Little Chalfont, Buck-
inghamshire, United Kingdom) was added. After an additional 24 h of incuba-
tion, the plates were frozen to terminate the in vitro drug sensitivity assays. The
plates were thawed, and the contents of each well were collected on glass fiber
filter papers, washed, and dried with a cell harvester. The filter disks were
transferred into scintillation tubes, and 2 ml of scintillation cocktail (Organic
Counting Scintillant; Amersham) was added. The incorporation of [3H]hypox-
anthine was quantitated with a liquid scintillation counter (Wallac 1410; Phar-
macia, Uppsala, Sweden).

The 50% inhibitory concentrations (IC50), defined as the drug concentration
corresponding to 50% of the uptake of [3H]hypoxanthine measured in the drug-
free control wells, were determined by linear regression analysis of the logarithm
of concentrations plotted against the logit of growth inhibition. The threshold

IC50 for in vitro resistance to chloroquine, monodesethylamodiaquine, quinine,
mefloquine, halofantrine, and pyrimethamine were estimated to be .100, .60,
.800, .30, .6, and .100 nmol/liter, respectively (27). Resistance to pyrimeth-
amine was further classified as moderate resistance (IC50 of 100 to 2,000 nmol/
liter) or high resistance (IC50 of .2,000 nmol/liter). These threshold values are
the same as those for the semimicrotest that we have been using in past studies
(1–5). Our comparative study of the semimicrotest and the microtest with the
same clinical isolates has shown that the IC50 determined by the two isotopic in
vitro assays are similar and highly concordant (7). The levels of resistance to
artesunate and lumefantrine are still undefined. Data were expressed as geomet-
ric mean IC50 and 95% confidence intervals. The mean IC50 of lumefantrine
against the chloroquine-sensitive and the chloroquine-resistant isolates were
compared by the unpaired t test. Correlation of the logarithmic values of IC50 of
different drugs was calculated by a linear regression analysis. The significance
level was set at 0.05.

RESULTS

A total of 61 fresh clinical isolates of P. falciparum were
obtained from patients residing in Yaoundé, Cameroon, for in
vitro drug sensitivity assays. The in vitro activities of lumefan-
trine, halofantrine, and artesunate were determined with all 61
isolates. The in vitro activities of chloroquine, monodesethyl-
amodiaquine, quinine, mefloquine, and pyrimethamine were
tested against 38, 40, 54, 32, and 44 isolates, respectively.

The distribution of the IC50 of the test compounds is pre-
sented in Fig. 2. Of the 38 isolates tested against chloroquine,
23 (61%) were resistant in vitro to chloroquine (geometric mean
IC50, 237 nmol/liter; 95% confidence intervals, 202 to 277 nmol/
liter). The geometric mean IC50 for 15 chloroquine-sensitive
isolates was 39.8 nmol/liter (95% confidence intervals, 32.7 to
48.3 nmol/liter). The geometric mean IC50 of monodesethyl-
amodiaquine was 31.1 nmol/liter (95% confidence intervals,
26.8 to 36.1 nmol/liter). Only 1 of 40 isolates was resistant to
monodesethylamodiaquine, with an IC50 of 64.3 nmol/liter.
The geometric mean IC50 of quinine was 295 nmol/liter (95%
confidence intervals, 246 to 352 nmol/liter). Two of 54 isolates
were resistant in vitro to quinine, with IC50 of 812 and 866
nmol/liter. Halofantrine was highly active against the Cam-
eroonian isolates, with a geometric mean IC50 of 1.60 nmol/
liter (95% confidence intervals, 1.40 to 1.83 nmol/liter; range,
0.63 to 5.52 nmol/liter). None of the isolates was resistant in
vitro to halofantrine. The mean IC50 of mefloquine was 11.7
nmol/liter (95% confidence intervals, 9.5 to 14.6 nmol/liter).
Two of 32 isolates had IC50 near the threshold (30.4 and 32.6
nmol/liter). Artesunate was highly active against all 61 isolates
tested, with a geometric mean IC50 of 1.28 nmol/liter (95%
confidence intervals, 1.08 to 1.52 nmol/liter; range, 0.33 to 5.41
nmol/liter). The levels of in vitro activity of halofantrine and
artesunate were similar. Of 44 isolates, 16 were pyrimethamine
sensitive (mean IC50, 2.8 nmol/liter; 95% confidence intervals,
1.2 to 6.2 nmol/liter). Of 28 pyrimethamine-resistant isolates,
14 were moderately resistant (mean IC50, 630 nmol/liter; 95%
confidence intervals, 407 to 975 nmol/liter) and the other 14
isolates were highly resistant (geometric mean IC50, 4,280 nmol/
liter; 95% confidence intervals, 3,200 to 5,700 nmol/liter).

The geometric mean IC50 of lumefantrine was 11.9 nmol/
liter (95% confidence intervals, 10.4 to 13.6 nmol/liter; range,
3.3 to 25.6 nmol/liter). Its mean IC50 against the chloroquine-
sensitive parasites (n 5 15) and the chloroquine-resistant iso-
lates (n 5 23) were 12.4 and 10.2 nmol/liter, respectively. The
activity of lumefantrine did not differ significantly (P . 0.05)
between the chloroquine-sensitive isolates and the chloro-
quine-resistant isolates. The in vitro responses of lumefantrine
and mefloquine (r 5 0.688), lumefantrine and halofantrine
(r 5 0.677), and lumefantrine and artesunate (r 5 0.420) were
significantly and positively correlated (Fig. 3). There was no
correlation between the response to lumefantrine and that to

FIG. 1. Chemical structures of chloroquine, mefloquine, and lumefantrine.
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chloroquine, monodesethylamodiaquine, quinine, and pyri-
methamine (Table 1).

DISCUSSION

Three Chinese types of drugs are currently under various
phases of clinical development and may be available for world-
wide use for the treatment of chloroquine- or multidrug-resis-
tant falciparum malaria: artemisinin derivatives, pyronaridine,
and lumefantrine. Our previous in vitro studies using African
isolates of P. falciparum have shown that artemisinin deriva-
tives and pyronaridine are highly active against both the chlo-
roquine-sensitive and the chloroquine-resistant parasites (2,
4). The geometric mean IC50 of artemether were 2.37 and 1.61
nmol/liter against the chloroquine-sensitive and the chloro-
quine-resistant Cameroonian isolates, respectively (27). Arte-
ether, another artemisinin derivative that is chemically similar
to artemether, displayed in vitro activity similar to that of ar-
temether (4, 10). Artesunate, a water-soluble derivative of ar-
temisinin, was shown to be as active as the other artemisinin
derivatives against the African isolates in the present work.
The geometric mean IC50 of pyronaridine were 5.15 and 4.92
nmol/liter against the chloroquine-sensitive and the chloro-
quine-resistant Cameroonian isolates, respectively (27).

FIG. 2. Distribution of IC50 of chloroquine (CQ), monodesethylamodiaquine (mAQ), quinine (QU), mefloquine (MQ), halofantrine (HF), artesunate (AR),
pyrimethamine (PY), and lumefantrine (LF) against Cameroonian P. falciparum isolates.

FIG. 3. Correlation of in vitro responses, expressed as logarithmic IC50, to
lumefantrine and mefloquine (black circles; coefficient of correlation [r] 5 0.688;
n 5 44), lumefantrine and halofantrine (open circles; r 5 0.677; n 5 61), and
lumefantrine and artesunate (black squares; r 5 0.420; n 5 61).
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The level of in vitro activity of lumefantrine was slightly low-
er than that of two other Chinese types of antimalarial drugs,
artemisinin derivatives and pyronaridine. Among other synthe-
tic antimalarial drugs, halofantrine and atovaquone also dis-
play higher activity than lumefantrine (1, 6). However, the ac-
tivity of lumefantrine was similar to that of mefloquine. These
drugs had comparable ranges of IC50. Previous in vitro studies
using the World Health Organization microtest have shown
that the mean IC50 of lumefantrine was 9.84 and 12.44 nmol/
liter against 64 and 29 Tanzanian isolates, respectively (30a,
30b). Although the assay systems are different, the IC50 deter-
mined against Cameroonian isolates in our study are similar to
those against the Tanzanian isolates. The IC50 were largely be-
low the peak concentration of lumefantrine in plasma (0.38 mg/
ml after fasting and 5.10 mg/ml after a fatty meal) after admin-
istration of single oral doses of coartemether (480 mg of lume-
fantrine–80 mg of artemether) to healthy volunteers (7a).

An additional feature that favors the development of lume-
fantrine is that it is equally active in vitro against the chloro-
quine-sensitive and the chloroquine-resistant clinical isolates
of P. falciparum in Yaoundé. The responses to lumefantrine
and chloroquine were not correlated. There was a statistically
significant positive correlation between the response to lume-
fantrine and those to mefloquine, halofantrine, and, to a lesser
extent, artesunate. Lumefantrine belongs to the aminoalcohol
class, as do mefloquine and halofantrine. Despite several dif-
ferences in the ring structure and side-chain substituents, these
three drugs share the basic chemical characteristic—a hydroxyl
group near the ring—which has been hypothesized to be the
key feature associated with the antimalarial activity of synthetic
aminoalcohols (13, 18). It is thus not surprising that the IC50
for lumefantrine, mefloquine, and halofantrine are positively
correlated. Our previous in vitro studies have demonstrated
the high correlation between mefloquine and halofantrine, sug-
gesting a potential for in vitro cross-resistance between these
two drugs (1, 27). Likewise, in vitro responses to artemisinin
derivatives were shown to exhibit a statistically significant pos-
itive correlation with those to mefloquine and halofantrine (4,
27). The underlying reasons for the potential for in vitro cross-
resistance between artemisinin derivatives and aminoalcohols
have not been elucidated. The mechanisms of action and in-
traerythrocytic transport processes of these drugs need to be
demonstrated for a clearer understanding of the parallel re-
sponses among these drugs.

A positive correlation between the IC50 of two antimalarial
drugs suggests in vitro cross-resistance but does not necessari-
ly imply in vivo cross-resistance. The relationship between in
vitro and in vivo resistance depends on the level of resistance

and the coefficient of correlation. For certain drug pairs in which
a high correlation coefficient exists, such as the 4-aminoquino-
line chloroquine-monodesethylamodiaquine and the antifolate
inhibitor pyrimethamine-cycloguanil (active metabolite of pro-
guanil), in vivo cross-resistance may be observed in zones of
endemicity where P. falciparum is highly resistant to one of the
drug pair (3, 5, 27, 31). So far, mefloquine resistance has been
confined to restricted areas in southeast Asia (21). Thus, it can-
not be predicted whether lumefantrine, used alone in a zone of
mefloquine resistance, will be clinically effective until clinical
trials are conducted.

Initial clinical studies in West Africa have suggested the
efficacy of lumefantrine in treatment of uncomplicated falci-
parum malaria infections (29, 30). Although in vitro data can-
not be directly extrapolated to predict in vivo response, our in
vitro data showing a high level of lumefantrine activity against
clinical isolates of P. falciparum are consistent with its reported
in vivo efficacy. Since the high in vitro activity in itself does not
necessarily reflect high clinical efficacy, studies correlating in
vitro and in vivo responses, dosage studies, pharmacokinetic
and pharmacodynamic analysis for humans, and biochemical
and genetic studies on the mechanism of action are necessary
to evaluate the potential clinical use of the drug. In addition,
because lumefantrine (as well as pyronaridine, artesunate, and
artemether) was synthesized and registered in China, where
regulatory procedures for drug development are considerably
different from those of other countries, more preclinical and
clinical data are needed before registration in countries where
malaria is endemic becomes possible.
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