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Licochalcone A, an oxygenated chalcone isolated from the roots of Chinese licorice plant, inhibited the
growth of both Leishmania major and Leishmania donovani promastigotes and amastigotes. The structure ofthe
licochalcone A was established by mass and nuclear magnetic resonance spectroscopies and by synthesis, and
its purity was verified by high-pressure liquid chromatography. The 50% inhibition of growth of logarithmic-
and stationary-phase promastigotes ofL. major, as measured by [3H]thymidine uptake, were 4 and 2.5 ,ug/ml,
respectively. The growth of L. major promastigotes was totally inhibited after a 20-h incubation period with
licochalcone A at 5 ,ug/ml. At a concentration of 0.5 ,ug/ml, licochalcone A markedly reduced the infection rate
of human peripheral blood monocyte-derived macrophages and U937 cells with L. major promastigotes and
exhibited a strong intracellular killing of the parasite. These data show that intracellular Leishmania
amastigotes are more susceptible than promastigotes to licochalcone A. Results of studies on the site of action
of licochalcone A indicate that the target organelle appears to be the parasite mitochondria. These findings
demonstrate that licochalcone A in concentrations that are nontoxic to host cells exhibits a strong antileish-
manial activity and that appropriate substituted chalcones might be a new class of antileishmanial drugs.

Leishmaniases are a broad spectrum of diseases caused by
different species of protozoan parasites of the genus Leish-
mania. The diseases are prevalent in many parts of the
world, particularly Africa, Asia, and Latin America (17).
The diseases are also endemic in many parts of southern
Europe. Some 350 million people are at risk of infection with
Leishmania species, and more than 12 million people are
infected with different species of the parasite, with over
400,000 new cases annually (1). Recently, a dramatic in-
crease in the number of visceral cases has been observed in
Europe. This disease occurs in Europe in its fulminant form
in patients with compromised T-cell function such as in
those with human immunodeficiency virus infections (pa-
tients with AIDS), patients with malignancies, and patients
undergoing immunosuppressive therapy (2, 9, 11). The drugs
available for the treatment of leishmaniases were developed
before 1960 (21) and are, in general, toxic and expensive, and
treatment with these drugs is long term. Large-scale clinical
resistance against the most commonly used antileishmanial
drug, the antimonial agents, has been reported (37). A
serious epidemic of visceral leishmaniasis is ravaging south-
ern Sudan, and recent reports estimate that over 60,000
deaths have occurred during the past 5 years and more than
25% of the local population is infected with kala azar
(visceral leishmaniasis). There is a risk of the disease spread-
ing into other areas of Africa, with devastating consequences
for the population. Several L. donovani isolates from pa-
tients with visceral leishmaniasis in Sudan have been found
to be resistant to the antimonial drug Pentostam (unpub-
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lished data from our group). The spread of drug resistance
combined with other shortcomings of the available antileish-
manial drugs emphasizes the importance of the development
of new, effective, and safe drugs against leishmaniases.
The discovery of new drugs from traditional medicine is

not a new phenomenon. Worldwide, more than 100 clinically
useful prescription drugs are derived from higher plants.
About 74% of these came to the attention of pharmaceutical
companies because of their use in traditional medicine (34).
There are reports on the potential of plants as sources of new
antiprotozoal agents (28, 29). Licorice has been used in
China for the treatment of gastric and duodenal ulcers,
bronchial asthma, Addison's disease, food and drug poison-
ing, and skin diseases such as eczema and urticaria (35).
The present study was designed to examine the potential

antileishmanial activity of extracts of Chinese licorice roots.
We found that an alcohol extract from the licorice roots
inhibited the growth of L. major and L. donovani promastig-
otes. Following this finding, the compound with antileishma-
nial activity was purified from the plant by a bioassay-guided
chemical fractionation of the extract. In this report, we show
that licochalcone A, an oxygenated chalcone purified from
the roots of Chinese licorice plant, exhibits potent antileish-
manial activity.

MATERUILS AND METHODS

Plant extract. The extraction procedure was a modification
of the method described by Ngam et al. (22). Briefly, 20 g of
dried roots of licorice obtained from the Xinjiang Province of
China were cut into small pieces, soaked in 350 ml of
distilled water at room temperature overnight, and then
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boiled for 90 min. The extract was decanted and filtered from
the plant residue. The crude aqueous extract was mixed with
96% ethanol in a ratio of 1:4 (vol/vol). A gel-like precipitate
formed immediately. The alcohol extract mixture was cen-
trifuged at 5,900 x g for 30 min at 20°C. The supernatant was
sterile filtered through a 0.22-,um-pore-size Millipore filter.
The filtered supernatant was evaporated to dryness. The
dried material was dissolved in a 0.9% NaCl solution for use
in the parasite growth inhibition assays. The final undiluted
extract solution contained 1.25 g of dried plant material
equivalent per ml.

Fractionation. The promastigote growth inhibition assay
was used as a guide to identify fractions exhibiting antileish-
manial activity. The residue of an alcoholic extract of 674 g
of licorice roots was partitioned between water and ethyl
acetate. Only the organic phase showed antiparasitic activ-
ity. The residual gum from the organic phase was partitioned
between hexane and methanol-water (9:1). The residue of
the methanolic phase was rechromatographed over silica gel
by using toluene-ethyl acetate (9:1), to which increasing
amounts of ethyl acetate were added as the eluent. The
residues of the fractions possessing the major activity were
rechromatographed over silica gel by using eluents compris-
ing methylene chloride-ethyl acetate (14:1), to which in-
creasing amounts of ethyl acetate were added. The residues
of the fractions possessing the major activity (0.6 g) were
crystallized from methanol-water to give 0.3 g of reddish
crystals.

Structure elucidation. The structure of licochalcone A was
established by mass and nuclear magnetic resonance spec-
troscopies and by synthesis. Comparison of the nuclear
magnetic resonance and mass spectroscopic data for the
isolated chalcone with the published data (12, 24, 33) estab-
lished the identity of the compound as licochalcone A. The
melting point of the licochalcone A crystals was determined
to be 101 to 102°C (33). Further proof of the identity was
obtained by total synthesis of the compound by published
procedures (13, 32). The purity of the compound was estab-
lished by high-pressure liquid chromatography by using a
LiChrosorb RP 18 column and a mobile phase consisting of
acetonitrile-aqueous acetic acid (2%) (1:1) as an eluent.

Parasite cultures. A World Health Organization reference
vaccine strain of L. major, originally isolated from a patient
in Iran and kindly provided by R. Behin, Immunology
Research and Training Centre, World Health Organization,
Lausanne, Switzerland, and two Kenyan strains of L. dono-
vani (MHOM/KE/85/NLB 274 and MHOM/KE/85/NLB
439), kindly provided by the Kenya Medical Research Insti-
tute, Nairobi, were used. Promastigotes were cultured at
26°C in RPMI 1640 containing 25 mM HEPES (N-2-hydrox-
yethylpiperazine-N'-2-ethanesulfonic acid), 4 mM L-glu-
tamine, 0.02 mg of gentamicin per ml, and 10% heat-
inactivated fetal calf serum.

Effect on promastigotes. The effects of licorice root extract
and licochalcone A on promastigotes were assessed by a
method similar to the one described by Pearson et al. (26).
Promastigotes were incubated at 26°C in the presence of
twofold serial dilutions of the extract, different concentra-
tions of licochalcone A or the medium alone in 96-well
flat-bottom microtiter plates (Nunc, Roskilde, Denmark).
After 2 h, 1 ,uCi of [3H]thymidine (New England Nuclear,
Boston, Mass.) was added to each well. Parasites were
harvested 18 h later, and [3H]thymidine incorporation was
measured. All cultures were performed in triplicate. The
promastigotes were also counted and their flagellar motilities
were assessed microscopically.

Effect on intracellular amastigotes. The L. major pro-
mastigotes used in the present study were obtained from the
footpad tissues of BALB/c mice infected 1 to 2 months
previously by subcutaneous inoculation with 107 stationary-
phase promastigotes. The promastigotes were passaged in
culture two times before use. The effect on amastigotes was
examined in infected human peripheral blood monocyte-
derived macrophages (MDMs) and U937 cells (16). Two
methods were used.

(i) Microscopic counting. Microscopic counting of the
amastigotes in the macrophages was done by a modification
of the method described by Berman and Wyler (5). One
milliliter of a suspension containing 5 x 106 human periph-
eral blood mononuclear cells was added to each well (16 mm
in diameter containing one piece of cover glass with a
diameter of 12 mm) of a 24-well plastic culture plate (Nunc).
After 6 days of culture, 1 ml of 107 stationary-phase L. major
promastigotes per ml were added to each well, and the
cultures were then incubated at 34°C. After 24 h, the cultures
were washed three times and incubated in the medium
containing different concentrations of licochalcone A or the
medium alone. At 3 and 6 days after infection, the macro-
phage cultures were fixed with absolute methanol, stained
with 5% Giemsa stain for 10 min, and examined by light
microscopy. The percentage of macrophages containing
amastigotes and the number of amastigotes per infected
macrophage were determined in replicate cultures by count-
ing 500 cells.

(ii) [3HJthymidine incorporation. [3H]thymidine incorpora-
tion by the parasite was used to measure intracellular
antiparasite activity. This was a modification of a previously
described method (6). Human MDMs were prepared, in-
fected with the parasite, and treated with licochalcone A the
same way as described above for the microscopic counting
method. Three days after infection, macrophages were lysed
with 0.01% sodium dodecyl sulfate (SDS) and the cultures
were transferred to a 26°C incubator, in which the amastig-
otes were left to transform into promastigotes. After 48 h,
parasite growth was determined by adding 1 ,uCi of [3H]thy-
midine to each well. The parasites were harvested 24 h later
and [3H]thymidine incorporation was measured.

Ultrastructure studies. Electron microscopic studies were
carried out to examine the effect of licochalcone A on the
ultrastructure of the parasite. A suspension of 3 x 106 L.
major promastigotes per ml was incubated in the presence of
either 10 ,ug of licochalcone A per ml or medium alone for 24
h at 26°C. After incubation, the promastigotes were centri-
fuged at 500 x g and were resuspended in 1 ml of medium.
They were fixed with glutaraldehyde. After fixation, the
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FIG. 1. Chemical structure of licochalcone A.
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TABLE 1. Effect of licorice root extract on the growth of L.
major and L. donovani promastigotes and the flagellar motility

and morphology of promastigotes from 3-day cultures

% of controla % of parasitesb

Dilution Abnormal
L. major L. donovani FMaogtielltar round

morphology

1:100 0.4 ± 0.2C 1 ± 0.6c 0.5 0. 7c 92 + 7c
1:200 3 2c 11 8c 14 13c 74 13c
1:400 16 9d 42 8d 25 14d 48 18d
1:800 41 15d 68 7e 61 4e 31 6d
1:1,600 71 9e 82 4 78 9e 24 7e
1:3,200 85 14 90 9 84 9 13 9
Medium alone 100 8 ± 6

a The results of the in vitro growth of promastigotes are from three
experiments and are given as mean + standard error of the mean percentages
of control [mean counts in control promastigotes were (59 ± 3) x 103 cpm]).

b The flagellar motilities and morphologies of L. donovani promastigotes
were determined microscopically by examination of 500 promastigotes. The
results are given as mean ± standard error of the mean percentages of
parasites from four experiments.

c Values significantly lower than control value (P < 0.0001).
d Values significantly lower than control value (P < 0.01).e Values significantly lower than control value (P < 0.05).

parasites were centrifuged at 8,800 x g for 2 min and
embedded in warm (45°C) 1.5% Noble agar (Difco). Agar
blocks containing parasites were cut into small cubes of 1
mm3 and postfixed for 90 min in 1% OS04 in 0.1 M cacody-
late buffer. The blocks were stained in 2% uranyl acetate in
barbiturate buffer and, after dehydration, were embedded in
Vestopal W (Martin Jaeger, Geneva, Switzerland). The
sections were poststained with magnesium uranyl acetate
and lead citrate and were examined in a Philips 201 C
electron microscope.
Lymphocyte proliferation. The proliferation of human pe-

ripheral blood lymphocytes was determined as described
previously (7).

Chemiluminescence. A luminol-enhanced chemilumines-
cence assay was used to determine the oxidative burst
response of human peripheral blood neutrophils and mono-
cytes (14).

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

RESULTS

The chemical structure of licochalcone A is shown in Fig.
1. Licochalcone A belongs to the chalcones, which are
characterized by being ao,-unsaturated bisphenylic ketones.
In licochalcone A, the chalcone skeleton is substituted with
two phenolic hydroxyl groups, one methoxy group, and an
isoprenoid side chain. The ao,1-unsaturated ketone group
enables the chalcone to alkylate N-acetyl-L-cysteine and
other biomolecules possessing thiolo groups, and the phe-
nolic hydroxy groups might function as free oxygen-radical
scavengers.
The dose-dependent antiparasitic effect of the extract on

L. major and L. donovani is shown in Table 1. A significant
reduction in the growth of promastigotes of L. major and L.
donovani in logarithmic-phase cultures was observed at an
extract dilution of 1:800 (P < 0.05). The 50% inhibition of the
logarithmic-phase promastigotes was at extract dilutions of
between 1:400 and 1:800. At an extract dilution of 1:100,
total inhibition of promastigote growth occurred. More than
90% inhibition of promastigote growth was observed with
extract dilutions of between 1:100 and 1:200. In parallel
experiments, an extract from another Chinese plant (Fructus
aristolochiae) prepared exactly the same way that the ex-
tract from the licorice roots was prepared did not exhibit any
inhibitory effect on L. major and L. donovani promastigotes
at the lowest dilution tested (1:100) (data not shown). Pro-
mastigote viability was also assessed by morphological cri-
teria such as flagellar motility and parasite morphology
(Table 1). A 1:200 dilution of the extract inhibited the
motilities of more than 85% of the promastigotes. At that
dilution, about 75% of the promastigotes exhibited an abnor-
mal round morphology.

Licochalcone A exhibited a strong inhibitory effect on
both the 6-day and the 3-day cultures of the parasite (Fig. 2).
In both L. major and L. donovani, the concentrations that
inhibited 50% growth of the logarithmic- and stationary-
phase promastigotes were 2.5 to 4 p,g/ml, respectively. As
shown in Fig. 3, when the parasites were incubated with
licochalcone A for a longer period of time, the inhibitory
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FIG. 2. Effect of licochalcone A on the growth of L. major (A) and L. donovani (B) promastigotes from 3- and 6-day cultures. A total of

3 x 106 promastigotes were incubated in the presence of 1, 2, 5, and 10 jLg of licochalcone A per ml for 2 h; this was followed by 18 h of
incubation in the presence of [3H]thymidine. The results are from five experiments and are given as percentage of control (mean + standard
error of the mean), as measured by [3H]thymidine incorporation.
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FIG. 3. Time study on the effect of licochalcone A on the in vitro growth of L. major promastigotes from 4-day cultures. The results are
from five experiments and are given as 103 counts per minute (mean ± standard error of the mean), as measured by [3H]thymidine
incorporation (A), and flagellar motility (mean ± standard error of the mean) of parasites, as determined microscopically by counting 500
promastigotes (B). Symbols: 0, 10 ILg/ml; 0, 5 ,ug/ml; V, 1 Fg/ml; V, 0.5 pLg/ml; O, control.

activity was stronger and the dose of licochalcone A re-
quired was much less.

Table 2 shows that licochalcone A markedly inhibited the
in vitro growth of L. major amastigotes in human MDMs and
U937 cells. No amastigotes were seen in macrophages
incubated with 5 and 10 ,g of licochalcone A per ml. A
significant reduction in the number of amastigotes was
observed at 1 and 0.5 ,ug of licochalcone A per ml (P < 0.05).
Using the [3H]thymidine incorporation assay to measure the
intracellular parasite killing activity of licochalcone A, it was
shown that the parasite growth in both human MDMs and
U937 cells was decreased by more than 95% with 1 ,ug of
licochalcone A per ml (Fig. 4).

Electron microscopic studies were carried out to deter-
mine the possible ultrastructural changes of the parasites

TABLE 2. Effect of licochalcone A on L. major amastigotes in
human MDMs and U937 celiSa

MDMs U937
DyatrLiochalconeDay after A concn % of No. of % of No. of

infection (g/ml) infected Amastigotes/ infected amastigotes/
cells infected cell cells infected cell

0 36±1 2.2±0.1 41±1 3.0±0.1

3 10 0±b 0±b
5 0 ±b 0±b
1 11 1b 1.6 0.1 19 1b 2.0 +0.1b
0.5 14 ± 1 1.7 ± 0.2c 28 + 1 2.3 ± 0.1-
0 44 1 4 0.2 43 1 5.7 0.2

6 10 0 Ob 0 Ob
5 0 ob 0 ob

1 7 ±0 2.2 0.1c 3 1b 1.8 +0.1
0.5 8 ±1 2.0 0.1c 14± 1" 3.0 0.1"
0 44 1 4.4 0.1 47 1 6.3 0.1

a Data are given as mean ± standard error of the mean percentages of
experiments.

Values significantly lower than control value (P < 0.001).
c Values significantly lower than control value (P < 0.05).

when they were incubated with licochalcone A. Figure 5

shows electron micrographs of promastigotes incubated in
the presence of 10 ,ug of licochalcone A per ml (Fig. 5A) or

medium alone (Fig. SC). Figure 5A shows a section through
four promastigotes incubated with 10 pg of licochalcone A
per ml, showing greatly enlarged empty, light mitochondria.
Other organelles appeared to be normal. The kinetoplast was
seen in two of the affected mitochondria. Figure SB shows
mitochondria cristae (arrowheads) in one of the affected
mitochondria (arrow in Fig. SA). Figure SC shows the
section through promastigotes incubated with medium
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FIG. 4. Effect of licochalcone A on intracellular parasite killing.

Human MDMs and U937 cells infected with L. major promastigotes
were incubated in the presence of licochalcone A for 3 days; this
was followed by SDS lysis and further incubation. The proliferation
of surviving parasites was measured by [3H]thymidine incorpora-
tion. The results are from five experiments and are given as 103
counts per minute (mean standard error of the mean).
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FIG. 5. Electron micrographs of promastigotes incubated in the presence of 10 Lg of licochalcone A per ml (A) or medium alone (C). (A)
A section through four promastigotes incubated with 10 Fg of licochalcone A per ml showing greatly enlarged empty, light mitochondria (m).
The kinetoplast (k) is seen in two of the affected mitochondria. Magnification, x 11,100. Bar; 1 ,um. (B) Mitochondria cristae (arrowheads) in
one of the affected mitochondria (arrow in panel A). Magnification, x68,200. Bar, 0.1 ,um. (C) Section through promastigotes incubated with
medium alone, showing long, slender, dense, dark, and normal-looking mitochondria (m). Magnification, x 13,400. Bar, 1 ,um.

alone, showing long, slender, dense, dark, and normal-
looking mitochondria.

Further experiments were carried out to determine the
potential toxicity of licochalcone A on human leukocytes. It
was shown that licochalcone A at a concentration of 10
,ug/ml inhibited the proliferative response of human lympho-
cytes to phytohemagglutinin by about 40% and the chemilu-
minescence response of human neutrophils and monocytes
to opsonized zymosan by about 30%. There were little or no
inhibitory effects at lower concentrations.

DISCUSSION

The data presented in this report demonstrate that an
alcoholic extract of licorice roots containing licochalcone A
as the major active principle exhibits strong antileishmanial

activity. Licochalcone A is one of the many flavonoids
which have been found to be present in the Chinese drug
Gan Cao (31). Three species of licorice plants, Glycyrrhiza
glabra, Glycyrrhiza uralensis, and Glycyrrhiza inflata, are
accepted by the Chinese pharmacopoeia as sources for this
drug (31). The amount of licochalcone A present in the three
species has, however, been found to vary considerably (31,
39). The structure of licochalcone A was first reported in
1975, and the compound was found to be an example of the
very rare retrochalcones (33). Other studies have revealed
that licochalcone A exhibits antimicrobial and antioxidant
activities (24) and that it inhibits calcium ionophore-induced
leukotriene B4 and leukotriene C4 formation of human poly-
morphonuclear neutrophils (15). In addition, licochalcone A
has been reported to possess anti-inflammatory and anti-
tumor-promoting activities (36). Here we reported on a novel
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antiparasitic activity of licochalcone A, which makes it a
promising lead for the development of much-needed antile-
ishmanial drugs.
Our project was initiated by the observation that the

extract of licorice roots inhibited the in vitro growth of both
L. major and L. donovani promastigotes (Table 1). Follow-
ing bioassay-guided fractionation, licochalcone A was iden-
tified as the major antileishmanial element in the Chinese
licorice roots. Licochalcone A was shown to inhibit the in
vitro growth of L. major and L. donovani promastirotes at
both the logarithmic and the stationary stages. The [ H]thy-
midine uptake of L. major promastigotes was totally inhib-
ited after 20 h of incubation in the presence of 5 jig of
licochalcone A per ml, indicating interference with DNA
synthesis in the parasites.
Licochalcone A reduced the infection rate of human

MDMs and U937 cells with L. major promastigotes and
exhibited a remarkably strong inhibition of intracellular
parasite multiplication. The concentration of licochalcone A
required for inhibitory activity against amastigotes was
much lower that required for inhibitory activity against
promastigotes, indicating that the intracellular amastigote
form of Leishmania parasites is more susceptible to licoch-
alcone A than the extracellular promastigote form is.
The studies on the ultrastructures of the parasites showed

that licochalcone A destroyed the mitochondria. There were
no apparent changes in the other organelles of the parasite.
On the other hand, the mitochondria of macrophages incu-
bated with similar concentrations of licochalcone A were not
affected by this compound (data nof shown), indicating the
specificity of licochalcone A for parasite mitochondria. The
reason for this specificity is not clear at present. The study
on the effect of licochalcone A on the functions of the cells
of the human immune system showed that licochalcone A, at
the concentrations which exhibited potent antileishmanial
activity, did not exhibit major toxicity to human lympho-
cytes, polymorphonuclear leukocytes, or monocytes.
Treatment of patients with leishmaniasis still poses a

serious problem. Most of the commonly used antileishmanial
drugs, such as pentavalent antimonial agents (SbV), exhibit
considerable toxicity, and there are reports of large-scale
clinical drug resistance among the organisms that cause
visceral leishmaniasis (37). Second-line drugs, such as pen-
tamidine and amphotericin B, do not have a therapeutic
index as favorable as that of SbV, long-term therapy is often
required, and they often induce toxic effects (4, 26). A
number of investigations to explore potential antileishmanial
drugs have been carried out during the last decade (3, 5, 8,
10, 18, 19, 22, 25-27, 30, 38). It has been reported that
chlorpromazine (26), methylbenzethonium chloride (10), in-
osine analogs (19), sulfonamides (27), pyrimidines (18, 30),
allopurinol (18, 20), trifluralin (8), and berberine derivatives
(38) have antileishmanial activities. However, so far only
one of these compounds, allopurinol, has been developed for
clinical study (20).
The major discovery presented in this report is that

licochalcone A exhibits potent activity against L. donovani,
the cause of fatal visceral leishmaniasis. The importance of
this finding is emphasized by the fact that this disease is an
alarming health problem because of the development of
resistance against the antimonial agents, the most commonly
used antileishmanial drugs. It is crucial for any drug against
this disease to inhibit growth and multiplication of the
amastigote form of the parasite, since Leishmania parasites
exist solely inside macrophages during established infec-
tions. Licochalcone A fulfills this requirement since it po-

tently inhibits growth of the amastigote (Table 2). In addi-
tion, licochalcone A also inhibits the infective promastigote
form of the parasite, and has therefore the potential of
preventing macrophage infection in a prophylactic manner.
The pronounced changes in the ultrastructures of the mito-
chondria of parasites treated with licochalcone A indicates
that the energy metabolism of the parasites is affected. In
contrast, fairly high concentrations of the compound do not
appear to exhibit any toxicity against human phagocytic
cells. These findings, together with the fact that licochalcone
A has been indicated for use for food conservation and the
worldwide use of licorice in medicine, point to the safety of
the potential drug for use in humans.
Experiments are in progress at our laboratory to test the

antileishmanial activity of licochalcone A in in vivo animal
models and the possible toxicity of this compound in ani-
mals. Furthermore, studies are in progress to examine the
effects of various analogs of licochalcone A on Leishmania
parasites and to elucidate the structure-activity relationships
of these compounds.

ACKNOWLEDGMENTS

We thank Viggo Faber for valuable advice and Vibeke Jakobsen
and Majken H. Christensen for expert technical assistance.

REFERENCES
1. Ashford, R. W., P. Desjeux, and P. deRaadt. 1992. Estimation of

population at risk of infection and number of cases of leishma-
niasis. Parasitol. Today 8:104-105.

2. Berenguer, J., S. Moreno, E. Cercenado, J. C. L. B. Quiros,
A. G. Fuente, and E. Bouza. 1989. Visceral leishmaniasis in
patients infected with human immunodeficiency virus (HIV).
Ann. Intern. Med. 111:129-132.

3. Berman, J. D. 1988. Chemotherapy for leishmaniasis: biochem-
ical mechanisms, clinical efficacy, and future strategies. Rev.
Infect. Dis. 10:560-586.

4. Berman, J. D., L. S. Lee, R. K. Robins, and G. R. Revankar.
1983. Activity of purine analogs against Leishmania tropica
within human macrophages in vitro. Antimicrob. Agents-
Chemother. 24:233-236.

5. Berman, J. D., and D. J. Wyler. 1980. An in vitro model for
investigation of chemotherapeutic agents in leishmaniasis. J.
Infect. Dis. 142:83-86.

6. Buchmuller-Rouiler, Y., and J. Mauel. 1991. Macrophage acti-
vation for intracellular killing as induced by calcium ionophore.
J. Immunol. 146:217-223.

7. Bygbjerg, I. C., and H. Flachs. 1986. Effect of chloroquine on
human lymphocyte proliferation. Trans. R. Soc. Trop. Med.
Hyg. 80:231-235.

8. Chan, M. M. Y., and D. Fong. 1990. Inhibition of leishmanias
but not host macrophages by the antitubulin herbicide triflura-
lin. Science 249:924-925.

9. Dellamonica, P., E. Bernard, Y. Lefichoux, et al. 1989. Allopuri-
nol for treatment of visceral leishmaniasis in patients with
AIDS. J. Infect. Dis. 160:904-905.

10. El-On, J., and G. Messer. 1986. Leishmania major: antileishma-
nial activity of methylbenzethonium chloride. Am. J. Trop.
Med. Hyg. 35:1110-1116.

11. Flegg, P. J., and R. P. Brettle. 1990. Visceral leishmaniasis in
HIV-infected patients. AIDS 4:366-367.

12. Hatano, T., T. Yasuhara, T. Fukuda, T. Noro, and T. Okuda.
1989. Phenolic constituents of licorice. II. Structures of licopy-
ranocoumarin, licoarylcoumarin and glisoflavone, and inhibi-
tory effects of licorice phenolics on xanthine oxidase. Chem.
Pharm. Bull. 37:3005-3009.

13. Khan, S. A., and M. Krishnamurti. 1983. Synthesis of licochal-
cone A. Ind. J. Chem. 22B:276-277.

14. Kharazmi, A., N. H0iby, G. Doring, and N. H. Valerius. 1984.
Pseudomonas aeruginosa exoproteases inhibit human neutro-
phil chemiluminescence. Infect. Immun. 44:587-591.

VOL. 37, 1993



ANTIMICROB. AGENTS CHEMOTHER.

15. Kimura, Y., and H. Okuda. 1988. Effects of chalcones isolated
from licorice roots on leukotriene biosynthesis in human poly-
morphonuclear neutrophils. Phytother. Res. 2:140-145.

16. Looker, D. L., S. Martinez, J. M. Horton, and J. J. Marr. 1986.
Growth of Leishmania donovani amastigotes in the continuous
human macrophage cell line U937: studies of drug efficacy and
metabolism. J. Infect. Dis. 154:323-327.

17. Mahmoud, A. A. F., and K. S. Warren. 1977. Algorithms in the
diagnosis and management of exotic diseases. XXIV. Leishma-
niasis. J. Infect. Dis. 136:160-163.

18. Marr, J. J. 1991. Purine analogs as chemotherapeutic agents in
leishmaniasis and American trypanosomiasis. J. Lab. Clin.
Med. 118:111-119.

19. Marr, J. J., R. L. Berens, N. K. Cohn, D. J. Nelson, and R. S.
Klein. 1984. Biological action of inosine analogs in Leishmania
and Trypanosoma spp. Antimicrob. Agents Chemother. 25:292-
295.

20. Martinez, S., and J. J. Marr. 1992. Allopurinol in the treatment
of American cutaneous leishmaniasis. N. Engl. J. Med. 326:
741-744.

21. Neal, R. A. 1987. W. Peters and R. Killick-Kendrick (ed.), p.
793-845. The leishmaniasis in biology and medicine. Academic
Press, London.

22. Ngam, F., R. S. Chang, H. D. Tabba, and K. M. Smith. 1988.
Isolation, purification and partial characterization of an active
anti-HIV compound from the Chinese medicinal herb Viola
yedoensis. Antiviral Res. 10:107-116.

23. Nolan, L. L. 1987. Molecular target of the antileishmanial action
of sinefungin. Antimicrob. Agents Chemother. 31:1542-1548.

24. 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 and Xinjiang origin. Chem.
Pharm. Bull. 37:2528-2530.

25. Ouellette, M., and B. Papadopoulou. 1993. Mechanisms of drug
resistance in Leishmania. Parasitol. Today 9:150-153.

26. Pearson, R., A. A. Manian, D. Hall, J. L. Harcus, and E. L.
Hewlett. 1984. Antileishmanial activity of chlorpromazine. An-
timicrob. Agents Chemother. 25:571-574.

27. Peixoto, M. P., and S. M. Beverley. 1987. In vitro activity of

sulfonamides and sulfones against Leishmania major promasti-
gotes. Antimicrob. Agents Chemother. 31:1575-1578.

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

29. Phillipson, J. D., and C. W. Wright. 1991. Antiprotozoal agents
from plant sources. Planta Med. 57(Suppl. 1):S53-S59.

30. Ram, V. J. 1990. Chemotherapeutic agents. XI. Synthesis of
pyrimidines and azolopyrimidines as leishmanicides. Eur. J.
Med. Chem. 25:533-538.

31. Renan, R. 1986. Identification of traditional chinese materia
medica, p. 109-113. Shanghai Scientific and Technical Publish-
ing House, Shanghai, People's Republic of China.

32. 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.

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

34. Science. 1990. Medicine from plants. Science 247:513. (Editori-
al.)

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

36. 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.

37. United Nations Development Program/World Health Organiza-
tion. 1990. Special programme for Research and Training in
Tropical Diseases (TDR). Antimonials: large-scale failure in
leishmaniasis "alarming." TDR News 34:1 and 7.

38. Vennerstrom, J. L., J. K. Loyelace, V. B. Waits, W. L. Hanson,
and D. L. Klayman. 1990. Berberine derivatives as antileishma-
nial drugs. Antimicrob. Agents Chemother. 34:918-921.

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

2556 CHEN ET AL.


