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Licochalcone A, a New Antimalarial Agent, Inhibits In Vitro Growth
of the Human Malaria Parasite Plasmodium falciparum

and Protects Mice from P. yoelii Infection
MING CHEN,"2 THOR G. THEANDER,3'4 S0REN BR0GGER CHRISTENSEN,5 LARS HVIID,3'4

LIN ZHAI,1 AND ARSALAN KHARAZMIl*
Centre for Medical Parasitology, Department of Clinical Microbiology,1 National University Hospital and Statens

Seruminstitut,2 Department of Infectious Diseases, National University Hospital,3 and Institute for Medical
Microbiology and Immunology, University of Copenhagen,4 and Department of Medicinal Chemistry,

The Royal Danish School of Pharmacy,5 Copenhagen, Denmark

Received 3 January 1994/Returned for modification 1 March 1994/Accepted 20 April 1994

Licochalcone A, isolated from Chinese licorice roots, inhibited the in vitro growth of both chloroquine-
susceptible (3D7) and chloroquine-resistant (Dd2) Plasmodium fakciparum strains in a [3HJhypoxanthine
uptake assay. The growth inhibition of the chloroquine-resistant strain by licochalcone A was similar to that
of the chloroquine-susceptible strain. To examine the activity of licochalcone A on the different asexual blood
stages of the parasite, licochalcone A was added to highly synchronized cultures containing rings, trophozoites,
and schizonts. The growth of the parasites at all stages was inhibited by licochalcone A. The in vivo activity of
licochalcone A was tested in a mouse model of infection with P. yoelii. Licochalcone A administered either
intraperitoneally or orally for 3 to 6 days protected the mice from the otherwise lethal P. yoelii infection. These
results demonstrate that licochalcone A exhibits potent antimalarial activity and might be developed into a new
antimalarial drug.

Malaria is one of the most serious health problems in many
parts of the world, particularly in Africa, Asia, and Latin
America. In 1990 the World Health Organization (33) esti-
mated the global incidence of malaria to,be on the order of 110
million clinical cases annually, with sodie 270 million people
infected and 1 million to 2 million people dying from the
disease each year. More than 80% of the world's malaria cases
are found in Africa, where approximately 1 million children die
from the disease every year (28). The situation is further
complicated by the spread of drug-resistant parasites in many
parts of the world where Plasmodium falciparum is endemic
(12, 16, 18, 29). Today, in some areas of the world such as
Thailand, multiple drug resistance is so prevalent that there is
little to choose from for the prophylaxis or treatment of
malaria (28). Another serious problem encountered in malaria
chemotherapy is the adverse effects of amodiaquine and the
sulfonamide-pyrimethamine combinations, which have been
used as effective first-line drugs (15). The recent discovery of
chloroquine resistance in some Plasmodium vivax parasites
adds to the problem (26). Therefore, there is a great need for
the development of effective and safe drugs for the prophylaxis
and treatment of malaria.
A number of the available antimalarial drugs have origi-

nated from plant sources, and the potential of plants for the
production of new antiprotozoal agents has recently been
emphasized (14, 19-21). The discovery of the antimalarial
property of artemisinin and its analogs is such an example (9,
23).

Licorice roots under the name of Gan Cao have been used
in the People's Republic of China for the treatment of gastric
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and duodenal ulcer, bronchial asthma, Addison's disease, food
and drug poisoning, and skin diseases such as eczema and
urticaria (30). We recently reported that an ethanolic extract of
the Chinese licorice roots obtained from the Xinjiang Province
of the People's Republic of China inhibited the in vitro growth
of Leishmania major and Leishmania donovani promastigotes.
A bioassay-guided fractionation revealed that licochalcone A
was the major active principle (2). Similarly, our preliminary
experiments demonstrated that the extract of Chinese licorice
roots inhibited the in vitro growth of the human malaria
parasite P. falciparum. Here we report that licochalcone A
inhibits the in vitro growth of the human malaria parasite P.
falciparum and controls Plasmodium yoelii infection in mice.

MATERIALS AND METHODS

Licochalcone A. Licochalcone A was isolated from Chinese
licorice roots as described previously (2). The chemical struc-
ture of licochalcone A is shown in Fig. 1. Licochalcone A was
also synthesized in our laboratory by previously published
methods (8, 25). Furthermore, larger amounts of licochalcone
A were synthesized by the same method according to good
manufacturing practices rules by Clauson-Kaas, Farum, Den-
mark. The identity of the synthetic licochalcone A was estab-
lished by recording the 'H nuclear magnetic resonance (200
MHz) and the "3C nuclear magnetic resonance (50 MHz)
spectra. The purity of licochalcone A was ensured by com-
bustion analysis and high-pressure liquid chromatography
(HPLC). The purity determined by HPLC was greater than
99.4%. Licochalcone A either was dissolved in 20 ,ul of 99%
(vol/vol) ethanol and added to 980 ,u1 of medium 199 or was
suspended in an aqueous 1% carboxymethyl cellulose (CMC)
solution. Licochalcone A purified from licorice roots was used
for the in vitro studies, while synthetic licochalcone A was used
for the in vivo studies.

In vitro antimalaria studies. (i) Parasite cultures. A chlo-
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FIG. 1. Chemical structure of licochalcone A.

roquine-susceptible strain (3D7) and a chloroquine-resistant
strain (Dd2) of P. falciparum were used. Both strains were

kindly provided by D. Walliker (Edinburgh, Scotland). P.
falciparum was kept in continuous culture by a modification of
the method originally described by Trager and Jensen (32).
Human peripheral blood was drawn into 10-ml Vacutainers
containing citrate-phosphate-glucose, and the Vacutainers
were stored at 4°C for 2 to 4 weeks before use. At the day of
use, the cells were washed twice in RPMI 1640 medium
containing 5% type A-positive serum, HEPES (N-2-hydroxy-
ethylpiperazine-N'-2-ethanesulfonic acid; 5.94 g/liter), and so-

dium bicarbonate (7.5%; 31 ml/liter). After each wash the
supernatant and the buffy coat containing leukocytes were

removed. The parasites were cultured in Nunc culture flasks
(Nunc, Roskilde, Denmark) containing 200 ,u of packed
erythrocytes in 5 ml of the medium described above. The
medium was changed every 24 h, and packed erythrocytes were

supplied twice weekly. The parasite cultures were carried out
at 37°C in an atmosphere of 2% oxygen-5% carbon dioxide-
93% nitrogen.

(ii) Growth inhibition assay. The effects of licorice root
extract and licochalcone A on P. falciparum were assessed by a

modification of the method originally described by Jensen et al.
(7). Fifty microliters of parasitized erythrocytes (parasitemia of
approximately 1%) at a concentration of 5 x 108 cells per ml
and 50 RI of the medium containing licochalcone A (0.1 to 10
,ug/ml) were added to each well of 96-well flat-bottom micro-
titer plates (Nunc). The cultures were then incubated for 48 h.
Twenty-four hours before termination of the cultures, 20 ,ul of
[3H]hypoxanthine (40 ,uCi/ml; New England Nuclear, Boston,
Mass.) was added to each well. The cultures were harvested on
filter paper by a cell harvester (Skatron, Lierbyen, Norway),
and the cells were counted in a scintillation counter (Minaxi
Tri-Carb 4000; United Technologies, Packard Instrument Co.
Inc., Rockville, Md.). All cultures were performed in triplicate.
Control cultures with uninfected erythrocytes and infected
erythrocytes in medium without the licorice extract or lico-
chalcone A were always performed in parallel with the test
cultures. The percent growth inhibition was determined as

follows: percent growth inhibition = { 1 - [cpm (or level of
parasitemia) in treated P. falciparum parasites/cpm (or level of
parasitemia) in untreated P. falciparum parasites]} x 100.

In some experiments, thin smears of parasite cultures were

stained with Giemsa and the level of parasitemia was deter-
mined by microscopic counting of 2,500 cells.

(iii) Stage specificity assay. A chloroquine-resistant strain
(Dd2) of P. falciparum was used for testing the stage specificity
of licochalcone A. Parasites were synchronized to the young

ring stage by sorbitol lysis by a modification of previously
described methods (4, 11). Briefly, parasitized erythrocytes
were centrifuged at 2,500 rpm for 5 min, the supernatant was
discarded, and the pellet was resuspended in 5 ml of aqueous
5% D-sorbitol for 5 min at room temperature. After an
additional centrifugation,5 ml of the RPMI 1640 medium was
added to the pellet. By this procedure we obtained about 90%
parasites at the young ring stage. Cultures were reestablished
in 96-well flat-bottom microtiter plates (Nunc) by the addition
of uninfected erythrocytes and medium to give a 12.5%
hematocrit with an appropriate starting level of parasitemia
(0.1 to 0.5%). After synchronization, one of the cultures was
immediately treated with licochalcone A and was incubated for
20 h (young ring to trophozoite stages) with [3H]hypoxanthine.
At 20 h after synchronization, another culture was treated with
different concentrations of licochalcone A and was incubated
for 24 h (trophozoite to schizont stages) with [3H]hypoxan-
thine. At 44 h after synchronization, the last culture was
treated with different concentrations of licochalcone A and was
incubated for 12 h (schizont to young ring stages) with
[3H]hypoxanthine.
Thin smears of parasite cultures were stained with Giemsa,

and the level of parasitemia and the number of rings, tropho-
zoites, and schizonts were determined by counting the number
of parasites per 5,000 cells under microscope. The percent
growth inhibition was determined as described above.

For comparison, the effects of chloroquine were tested in
parallel experiments.

In vivo antimalaria studies. (i) Parasite and animal. P. yoelii
YM, kindly provided by D. Walliker, was used in the study.
This strain is lethal to infected mice within 6 to 9 days. BALB/c
female mice (age, 8 weeks; body weight, 20 g) were used
throughout the study.

(ii) Test procedures. The study was carried out by using
three different experimental setups. The first was a modifica-
tion of the "4-Day Suppressive Test" originally described by
Peters (17). Briefly, animals were inoculated intraperitoneally
with 106 parasitized erythrocytes in 0.2 ml. These parasitized
erythrocytes were obtained from the blood of highly infected
mice (average, 30% rising parasitemia); blood was diluted in
0.9% NaCl to give 5 x 106 parasites per ml. For each
experiment, mice were randomly assigned to a given treatment
group (five mice in each group). The day of infection is termed
DO, and succeeding days of infection are termed D+ 1, D+2,
etc. Licochalcone A was first dissolved in dimethyl sulfoxide
and was then diluted in polyoxyethylene 23-lauryl ether (Brij
35)-normal saline. Licochalcone (0.2 ml) was injected
intraperitoneally into each animal at dosages of 5, 10, and 15
mg/kg of body weight given twice per day. The first adminis-
tration started 3 h after infection on DO, once on DO, and twice
daily from D+1 to D+3, while control mice received 0.2 ml of
normal saline. As a control, chloroquine was given intraperi-
toneally in 0.2 ml at dosages of 0.5, 2.5, and 5 mg/kg of body
weight once per day. From D+4 of infection, thin blood
smears were made from the tail blood of mice every second
day. The levels of parasitemia in mice, as seen in Giemsa-
stained smears, were assessed. In the second series of experi-
ments, licochalcone A at a dose of 10 mg/kg was given to mice
4 times per day from D+4 to D+7 of infection. In the third
series of experiments, the effect of licochalcone A was tested by
administration of the compound through the oral route. Lico-
chalcone A was suspended in 1% CMC solution and was given
to mice once per day from 3 h after infection up to D+5 of
infection.
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FIG. 2. Effects of licochalcone A and chloroquine on the in vitro growth of chloroquine-susceptible (3D7) (A) and chloroquine-resistant (Dd2),
(B) P. falciparum. Data are from six experiments and are given as percent inhibition of [3H]hypoxanthine uptake (mean 95% confidence
intervals). The mean levels of incorporation of [3H]hypoxanthine in control cultures were 15.8 kcpm (3D7) and 26.5 kcpm (Dd2). The effects of
licochalcone A and chloroquine on the level of parasitemia of 3D7 (C) and Dd2 (D) on in vitro culture are also shown. Data are given as the mean
level of parasitemia + 95% confidence intervals from five experiments.

Statistical analysis. Paired two-tailed t test was used for
analysis of the data. P values of <0.05 were considered
significant.

RESULTS

In vitro studies. Figures 2A and B show that licochalcone A
exhibited a strong inhibitory effect on the [3H]hypoxanthine
uptake of both the chloroquine-susceptible (3D7) strain and
the chloroquine-resistant (Dd2) strain. The P values for the
effect of licochalcone A at concentrations of 0.1 ,ug/ml (3D7)
or 0.5 ,ug/ml (Dd2) and greater in compared with the effect of
the control were less than 0.05. Figures 2C and D show a
dose-dependent reduction in the level of parasitemia by lico-
chalcone A in both strains 3D7 and Dd2. The P values for the
effect of licochalcone A at concentrations of 0.1 ,ug/ml and
greater compared with the effect of the control treatment were
less than 0.05. The effect of licochalcone A on the in vitro
growth of P. falciparum was similar for both strains, while the
inhibitory effect of chloroquine on the 3D7 strain was much
stronger than the effect on the Dd2 strain.
The stage specificity of licochalcone A was studied by

exposing highly synchronized parasite cultures to the com-
pound during different stages of the parasite's life cycle. The
effect of the compound was examined both by microscopic
counting and by measuring the level of [3H]hypoxanthine
incorporation. The parasites incubated in medium passed from
the ring stage to the trophozoite stage in the time period

between 0 and 20 h after synchronization. In the time period
from 20 to 44 h after synchronization, approximately half of the
parasites developed into schizonts, and from 44 to 56 h after
synchronization, parasites matured from trophozoites to schi-
zonts and some parasites invaded new erythrocytes and were
detected as rings. Figures 3A and B show that the treatment
with licochalcone A and chloroquine inhibited [3H]hypoxan-
thine incorporation of the parasites and that parasites at all
stages were affected by licochalcone A. The P values for the
effect of licochalcone A at concentrations of 0.1 ,ug/ml and
greater compared with the effect of the control treatment were
less than 0.05. This conclusion is further illustrated by the
results presented in Fig. 3C and D, which show similar levels of
inhibition of parasitemia during the three different time peri-
ods.

In vivo studies. Table 1 shows that licochalcone A injected
intraperitoneally at 5, 10, and 15 mg/kg twice per day for 3 days
markedly reduced the level of parasitemia in mice infected
with P. yoelii YM. All of the control animals died on D+8 of
infection. Most of the animals in the groups receiving lico-
chalcone A at S and 10 mg/kg survived for up to 3 weeks after
the initiation of infection. Four of five mice from the group
receiving 15 mg of licochalcone A per kg survived the infection
and cleared the parasites. In a parallel experiment, chloro-
quine-treated groups also had reduced levels of parasitemia.
On D+21, one of five mice in the group receiving chloroquine
at 0.5 mg/kg was alive, three of five mice in the group receiving
chloroquine at 2.5 mg/kg were alive, and four of five mice in
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FIG. 3. Study on the stage-specific actions of licochalcone A (A) and chloroquine (B) on strain Dd2 determined by the level of
[3H]hypoxanthine incorporation. Data are from six experiments and are given as percent inhibition of [3H]hypoxanthine uptake (mean ± 95%
confidence intervals). The mean levels of incorporation in control cultures were 4.4 kcpm (0 to 20 h [C1]), 6.3 kcpm (20 to 44 h [ECl, and 4.9 kcpm
(44 to 56 h [El]). The stage-specific actions of licochalcone A (C) and chloroquine (D) on Dd2 strain were determined by microscopic counting
of the level of parasitemia in the culture. Data are from six experiments and are given as percent inhibition of parasitemia (mean ± 95% confidence
intervals).

the group receiving chloroquine at 5 mg/kg were alive. Figure
4 shows that 10 mg of licochalcone A per kg injected intra-
peritoneally four times daily from D+4 to D+7 of infection
reduced the level of parasitemia from 14.2 to 6.6% on D+6 of
infection. The level of parasitemia increased after the termi-
nation of the treatment. However, two of five mice survived
after D+21 of infection, while all the control animals died on
D+8 of infection.

Licochalcone A given orally at 450, 150, and 50 mg/kg once

daily for 6 days starting 3 h after infection almost completely
cleared the parasites from the mice, and all of the licochalcone
A-treated mice were still alive on D+21 of infection, when the
experiment was terminated (Table 2). All of the control mice
died between D+7 and D+9 of infection.

DISCUSSION

Licochalcone A is one of the many flavonoids present in the
Chinese licorice root, which, under the name of Gan Cao, is
used in traditional Chinese medicine (24). However, the
amount of licochalcone A present in the three Glycyrrhiza
species accepted in the Chinese pharmacopoeia as sources for
Gan Cao (G. glabra, G. uralensis, and G. inflata) has been
demonstrated to vary considerably (24, 34). The structure of
licochalcone A was first reported in 1975, but no biological
activity was described (27). Later studies have revealed that
licochalcone A exhibits antimicrobial (6) and antioxidant (13)
activities. In addition, licochalcone A has been reported to

TABLE 1. Effects of intraperitoneal administration of licochalcone
A and chloroquine on mice infected with P. yoelii YM'

Mortality on day 21

Treatment % Reduction in (no. of dead mice/
regimen and drug parasite density" total no. of mice
doses (mg/kg) treated)

Expt I Expt 2 Expt 1 Expt 2

Controls 0 0 5/5d 5/5d

Chloroquine
0.5 94.3 NDe 4/5 ND
2.5 99.0 ND 2/5 ND
5 99.9 ND 1/5 ND

Licochalcone A
5 95.0 92.4 5/5 5/5
10 96.6 95.0 5/5 4/5
15 93.2 99.8 1/5 1/5
a Treatment started 3 h after the infection (with half of the daily doses) and

lasted for 3 days. Chloroquine was given once daily. Licochalcone A was given
twice daily.
bThe mean percent reduction in the level of parasitemia at day 4 was

calculated as follows: [1 - (mean level of parasitemia in treated mice/mean level
of parasitemia in control mice)] x 100.

c The mean level of parasitemia was 32.2% ± 2.2% in drug-free parasitized
controls at day 4.

d All mice died on D+8 of infection.
e ND, not determined.
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FIG. 4. Effect of licochalcone A on the level of parasitemia in mice
parasitized by P. yoelii YM. Licochalcone A was given intraperitoneally
at 10 mg/kg (l) four times daily over 4 days starting at D+4 after
infection. The control mice received 0.2 ml of normal saline (0)
intraperitoneally four times daily over 4 days. Each point represents
the mean level of parasitemia ± standard error of the mean for five
mice. All of the control mice died on D+9 of infection. One of five
licochalcone A-treated mice died on D+16, another mouse died on
D+18, and one more mouse died on D+20 of infection.

possess anti-inflammatory activity (31). Our previous studies
showed that the extract of Chinese licorice roots and licochal-
cone A isolated from Chinese licorice roots have antileishma-
nial activities in vitro (2) as well as in vivo (3). The results from
the present study clearly demonstrate that licochalcone A
exhibits antimalarial activity against the human parasite P.
falciparum in vitro and against P. yoelii infection in mice.

Using a [3H]hypoxanthine uptake assay, we observed that
the in vitro growth of both a chloroquine-susceptible (3D7)
and a chloroquine-resistant (Dd2) P. falciparum strain was
significantly inhibited by licochalcone A. The growth inhibition
of the chloroquine-resistant strain by licochalcone A was
similar to that of the chloroquine-susceptible strain. The 50%
inhibition of both strains of P. falciparum by licochalcone A
was at a concentration of about 0.6 ,ug/ml. The 50% inhibition
of the chloroquine-susceptible strain by chloroquine was ob-
served at a concentration of about 50 ng/ml, whereas that of
the chloroquine-resistant strain was at a concentration of

about 86 ng/ml. The results from parasitemia studies were
similar to those from [3H]hypoxanthine uptake tests.
To test whether licochalcone A had a differential effect on

the morphologically distinguishable stages of the intraerythro-
cytic cycle of P. falciparum, we added the compound to highly
synchronized parasite cultures. The activity of the compound
was assayed by measuring its effect on the uptake of [3H]hy-
poxanthine and by counting the number of infected erythro-
cytes microscopically. The results showed that the compound
inhibited the parasites at all of the blood stages to the same
degree, indicating that it acts on metabolic events important
for the development of the parasite during the entire blood
stage cycle.
The in vivo activity of licochalcone A against malaria

parasites was tested by determining its ability to protect mice
from the lethal effect of P. yoelii infection. Licochalcone A
injected intraperitoneally at 5, 10, and 15 mg/kg twice per day
for 3 days markedly reduced the level of parasitemia in mice
infected with P. yoelii YM. Experiments were performed to
examine whether licochalcone A could influence the course of
a well-established infection in mice. In that study the mice were
infected with P. yoelii, and at 4 days after infection the animals
were injected intraperitoneally with 10 mg of licochalcone A
per kg four times daily for 3 days. The results from that
experiment showed that licochalcone A is able to reduce the
level of parasitemia in the treated animals. However, the
parasites were not completely cleared. Presumably, a longer
period of treatment will be required to completely clear the
parasites in animals with well-established infections.
The data presented in Table 2 demonstrate that oral admin-

istration of a suspension of licochalcone A efficiently controls
an infection of P. yoelii in mice. The dosages used for the oral
administration in the present study were higher than those
used in the experiment in which licochalcone A was given by
the intraperitoneal route. As shown in Table 2, the lowest
concentration used (50 mg/kg) was as effective as the highest
concentration used. Experiments with lower doses of the
compound are in progress. The experiment also demonstrated
that licochalcone A is absorbed through the gastrointestinal
tract, an important advantage for the development of a new
antimalarial drug.

Preliminary experiments on the potential toxicity of lico-
chalcone A in vivo have shown that licochalcone A at concen-
trations of up to 1,000 mg/kg in 1% CMC administered orally
to rats once daily for 2 weeks did not cause any observable
signs of toxicity in the animals (unpublished data).

In the search for new antimalarial agents, a number of
laboratories throughout the world are investigating plants used

TABLE 2. Effect of oral administration of licochalcone A on mice infected with P. yoelii YM'

% Parasitemia (mean + SEM) on: Mortality on D+21
Treatment regimen and dose (no. of dead mice!total no. of mice

D+4 D+6 D+8 treated)

Control 1 (no oral administration) 42 ± 2.3 77 ± 1.7 NDb 5/5

Control 2 (1% CMC oral administration) 39 ± 4.0 75 ± 2.6 NDb 5/5

Licochalcone A
50 mg/kg/day 0.06 ± 0.02 0.04 ± 0.01 0.02 ± 0.01 0/5
150 mg/kg/day 0.03 ± 0.01 0.03 ± 0.01 0.02 ± 0.01 0/5
450 mg/kg/day 0.024 ± 0.01 0.02 ± 0.01 0.01 ± 0.002 0/5
a Treatment started 3 h after the infection, was given once daily, and lasted for 6 days until D+5 of infection. Each group contained five mice.
bND, not determined because the mice died.

100 r

75

0
E
0
2l)

0-
0-0-

50

25

1474 CHEN ET AL.



LICOCHALCONE A AGAINST PL,ASMODIUM SPP. 1475

in traditional medicine for their active constituents. In recent
years, some antimalarial agents such as bruceantin (5, 16),
digitolutin (10), febrifugine (22), and artemisinin (9, 23) have
been identified. Artemisinin (Qinghaosu) was isolated from
Artemisia annua, which is used in traditional Chinese medicine
for the treatment of malaria. Artemisinin and its derivatives
such as dihydroqinghaosu, artemether, sodium artesunate, and
arteether, have proved to be effective in the treatment of
cerebral malaria caused by chloroquine-resistant strains of P.
falciparum (1, 9, 22, 23). It thus can be concluded that active
principles isolated from plants used in traditional medicine
offer new leads for the development of drugs that can be used
to eradicate malaria.

In conclusion, the data presented in this report demonstrate
that licochalcone A exhibits strong antimalarial activity. Lico-
chalcone A inhibited the in vitro growth of both chloroquine-
susceptible and chloroquine-resistant P. falciparum strains and
protected mice from P. yoelii infection. The results presented
in this report together with our previous findings on the
antileishmanial activity of licochalcone A (2, 3) indicate that
this chalcone could be the basis for the development of a new
generation of antiparasitic drugs which can be used for the
treatment of a number of diseases caused by protozoan
parasites. A number of analogs of licochalcone A have been
synthesized in our laboratories. Experiments are in progress to
examine the effects of various analogs of licochalcone A and
related oxygenated chalcones on malaria parasites both in vitro
and in vivo and to elucidate the structure-activity relationships
of these compounds.

ACKNOWLEDGMENTS

We thank Viggo Faber for valuable advice and Majken H. Chris-
tensen and Bettina Lehmann for expert technical assistance.

REFERENCES
1. Brossi, A., B. Venugopalan, L. D. Gerpe, H. J. C. Yeh, J. L.

Flippen-Anderson, P. Buchs, X. D. Luo, W. Milhous, and W.
Peters. 1988. Arteether, a new antimalarial drugs: synthesis and
antimalarial properties. J. Med. Chem. 31:645-650.

2. Chen, M., S. B. Christensen, J. Blom, E.Lemmich, L. Nadelmann,
K. Fich, T. G. Theander, and A. Kharazmi. 1993. Licochalcone A,
a novel antiparasitic agent with potent activity against human
pathogenic protozoan species of Leishmania. Antimicrob. Agents
Chemother. 37:2550-2556.

3. Chen, M., S. B. Christensen, T. G. Theander, and A. Kharazmi.
1994. Antileishmanial activity of licochalcone A in mice infected
with Leishmania major and in hamsters infected with Leishmania
donovani. Antimicrob. Agents Chemother. 38:1339-1344.

4. Geary, T. G., A. A. Divo, and J. B. Jensen. 1989. Stage specific
actions of antimalarial drugs on Plasmodium falciparum in culture.
Am. J. Trop. Med. Hyg. 40:240-244.

5. Gillin, F. D., D. S. Reiner, and M. Suffness. 1982. Bruceantin, a
potent amoebicide from a plant, Brucea antidysenterica. Antimi-
crob. Agents. Chemother. 22:342-345.

6. Hatano, T., T. Yasuhara, T. Fukda, T. Noro, and T. Okuda. 1989.
Phenolic constituents of licorice. II. Structures of licopyranocou-
marin, licoarylcoumarin and glisoflavone, and inhibitory effects of
licorice phenolics on xanthine oxidase. Chem. Pharm. Bull. 37:
3005-3009.

7. Jensen, J. B., M. T. Boland, and M. Hayes. 1982. Plasmodium
falciparum: rapid assay for in vitro inhibition due to human serum
from residents of malaria areas. Exp. Parasitol. 54:416-424.

8. Khan, S. A., and M. Krishnamurti. 1983. Synthesis of licochalcone
A. Ind. J. Chem. 22:276-277.

9. Klayman, D. L. 1985. Qinghaosu (artemisinin): an antimalarial

drug from China. Science 228:1049-1055.
10. Koumaglo, K., M. Gbeassor, 0. Nikabu, C. de Souza, and W.

Werner. 1991. Effects of three compounds extracted from Morinda
lucidaa on Plasmodium falciparum. Planta Med. 58:533-534.

11. Lambros, C., and J. P. Vanderberg. 1979. Synchronization of
Plasmodium falciparum erythrocytic stages in culture. J. Parasitol.
65:418-420.

12. Newbold, C. 1990. The path of drug resistance. Nature (London)
345:202-203.

13. Okada, K., Y. Tamura, M. Yamamoto, Y. Inoue,R Takagaki, K.
Takahashi, S. Demizu, K. Kajiyama, Y. Hiraga, and T. Kinoshita.
1989. Identification of antimicrobial and antioxidant constituents
from licorice of Russian andXinjiang origin. Chem. Pharm. Bull.
37:2528-2530.

14. O'Neill, M. J., D. H. Bray, P. Boardman, J. D. Phillipson, D. C.
Warhurst, W. Peters, and M. Suffness. 1986. Plants as sources of
antimalarial drugs: in vitro antimalarial activities of some quassi-
noids. Antimicrob. Agents Chemother. 30:101-104.

15. Panisko, D. M., and J. S. Keystone. 1990. Treatment of malaria-
1990. Drugs 39:160-189.

16. Payne, D. 1987. Spread of chloroquine resistance in Plasmodium
falciparum. Parasitol. Today 3:241-246.

17. Peters, W. 1980. J. P. Kreier (ed.), Malaria, vol. 1, p. 160-161.
Academic Press, New York.

18. Peters, W. 1990. Plasmodium: resistance to antimalarial drugs.
Ann. Parasitol. Hum. Comp. 65:103-106.

19. Phillipson, J. D., and M. J. O'Neill. 1989. New leads to the
treatment of protozoal infections based on natural product mole-
cules. Acta Pharm. Nord. 1:131-144.

20. Phillipson, J. D., and C. W. Wright. 1991. Antiprotozoal agents
from plant sources. Planta Med. 57:S53-S59.

21. Phillipson, J. D., and C. W. Wright. 1991. Medicinal plants in
tropical medicine. Trans. R. Soc. Trop. Med. Hyg. 85:18-25.

22. Phillipson, J. D., and C. W. Wright. 1991. Can ethnopharmacology
contribute to the development of antimalarial agents? J. Ethno-
pharmacol. 32:155-165.

23. Qinghaosu Antimalarial Coordinating Research Group. 1979.
Antimalaria studies on qinghaosu. Chinese Med. J. 92:811-816.

24. Renan, R. 1986. Identification of traditional Chinese materia
medica, p. 109-113. Shanghai Scientific and Technical Publishing
House, Shanghai, People's Republic of China.

25. Ren-Sheng, X., W. Kung-Ling, J. Shifa, W. Chang-gen, J. Fu-
Xiang, X. Xu-Yan, and G. Yi-Sheng. 1979. The isolation, structure
and total synthesis of licochalcone A. Acta Chim. Sinica 37:289-
297.

26. Riecknan, K. H., D. R. Davis, and D. C. Hutton. 1989. Plasmo-
dium vivax resistance to chloroquine? Lancet ii:1183-1184.

27. Saitoh, T., and S. Shibata. 1975. New type chalcones from licorice
root. Tetrahedron Lett. 50:4461-4462.

28. Schapira, A., P. F. Beales, and M. E. Halloran. 1993. Malaria:
living with drug resistance. Parasitol. Today 9:168-174.

29. Schuster, B. G., and W. K. Milhous. 1993. Reduced resources
applied to antimalarial drug development. Parasitol. Today 9:167-
168.

30. Sheng, L. H. 1982. Traditional Chinese medicine and immunity, p.
41-49. Guangdong Scientific Publishing House, Guangzhou, Peo-
ple's Republic of China.

31. Shibata, S., H. Inoue, S. Iwata, R Ma, L. Yu, H. Ueyama, J.
Takayasu, T. Hasegawa, H. Tokuda, A. Nishino, H. Nishino, and
A. Iwashima. 1991. Inhibitory effects of licochalcone A isolated
from Glycyrrhiza inflata root on inflammatory ear edema and
tumour promotion in mice. Planta Med. 57:221-224.

32. Trager, W., and J. B. Jensen. 1976. Human malaria parasites in
continous culture. Science 193:673-675.

33. World Health Organization. 1990. Weekly Epidemiol. Rec. 65:
189-196.

34. Yang, L., Y. L. Liu, and S. Q. Lin. 1990. HPLC analysis of
flavonoids in the root of six Glycyrrhiza species. Acta Pharm. Sinica
25:840-848.

VOL. 38, 1994


