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The in vitro and in vivo activities of a mixture of six oleane triterpene saponins, recovered from the
methanolic extract of the leaves of the Vietnamese plant Maesa balansae (PX-6518), were evaluated against
drug-sensitive visceral Leishmania strains. The in vitro 50% inhibitory concentration (IC;,) against intracel-
lular Leishmania infantum amastigotes was 0.04 pg/ml. The cytotoxic concentrations causing 50% cell death
(CCsys) were about 1 pg/ml in murine macrophage host cells and >32 pg/ml in human fibroblasts (MRC-5 cell
line). Evaluation in the Leishmania donovani BALB/c mouse model indicated that a single subcutaneous
administration of 0.4 mg/kg at 1 day after infection reduced liver amastigote burdens by about 95% in all
treated animals. If treatment was delayed until 14 days after infection, a dose of 1.6 mg/kg of body weight was
required to maintain the same level of activity. Single 250-mg/kg doses of sodium stibogluconate (Pentostam)
1 and 14 days after infection produced comparable efficacies. A single dose of PX-6518 at 2.5 mg/kg admin-
istered 5 days before infection was still 100% effective in preventing liver infection, suggesting a particularly
long residual action. Spleen and bone marrow could not be cleared by PX-6518 nor sodium stibogluconate.
PX-6518 did not show activity after oral dosing at up to 200 mg/kg for 5 days. This study concludes that
triterpenoid saponins from M. balansae show promising in vitro and in vivo antileishmanial potential and can

be considered as new lead structures in the search for novel antileishmanial drugs.

Leishmaniasis is a growing health problem in many parts of
the world, with about 350 million people living in areas of
disease endemicity and about 2 million new cases each year
(10). As for the other neglected diseases of poverty (28), treat-
ment options for leishmaniases are limited and rely on pen-
tavalent antimonials as first-line and amphotericin B and pen-
tamidine as second-line drugs (8, 13). However, the excessively
high cost of liposomal amphotericin B precludes any practical
use (41). An important step forward was the recent approval of
miltefosine as the first oral treatment for visceral leishmaniasis
(37).

Given the prospect that antileishmanial vaccines may not
become available in the near future (14), the search for better
drugs should be continued, whereby natural products may offer
an unlimited source of chemical diversity for identification of
new drug templates (1, 5, 11).

During a random drug screening program, the methanolic
extract of the leaves of the Vietnamese plant Maesa balansae
Mez. (Myrsinaceae) was found to possess strong antileishma-
nial potential (23), and pentacyclic triterpene saponins were
identified as the active constituents (12). Saponins have been
demonstrated in a large number of plant species, and very
different biological activities have been described (16). Anti-
leishmanial activity has been reported for Hedera (9, 31), Dra-
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caena (26), and Yucca (29) saponins, but their value as drug
candidates cannot be fully assessed, since in vivo data from
animal models were not generated.

The studies reported here give a first description of the in
vitro and in vivo antileishmanial properties of the purified
methanolic extract (PX-6518) of the leaves of M. balansae. A
few comparative evaluations are included with extracts from
other available Maesa species, since analogue saponins have
been described to occur in the Maesa plant family (19, 20, 34).

MATERIALS AND METHODS

Plant material and extraction. Leaves of the Maesa species M. balansae, M.
sinensis, M. tomentella, and M. crassifolia were collected in the Thai Nguen
province in Vietnam (voucher specimens deposited at the Institute of Ecology
and Biological Resources at National Center for Natural Sciences and Technol-
ogy, Hanoi, Vietnam). Leaves of M. lanceolata were collected in the Karura
Forest, Nairobi, Kenya (voucher specimen deposited at the Department of Bot-
any, UG, Ghent, Belgium). The leaves were dried, ground, and extracted in a
percolator in methanol-water (9:1). The crude extracts were filtered, evaporated
to dryness in a rotating evaporator, and stored at —20°C until further use.
Successive plant collections (n = 5) and bio-guided fractionation and purification
were performed for M. balansae only (Table 1).

Purification and identification of the active constituents. The active constit-
uents were purified and identified in a single large-scale production batch as
described by Germonprez et al. (12). Briefly, powdered leaves (3 kg) were
subsequently extracted with chloroform (10 X 5 liters) and methanol-water (9:1)
(10 X 5 liters). The methanol extract was filtered, evaporated to dryness under
reduced pressure at 40°C, and partitioned between n-BuOH (saturated with
water) (1 liter) and water (1 liter). The aqueous fraction was extracted six times
with n-BuOH (1 liter) (saturated with water). The combined n-BuOH soluble
fractions were evaporated to dryness, and the residue was suspended in acetone
(1 liter) and stirred for 4 h. The residue after filtration produced the purified
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TABLE 1. Chemical structure and antileishmanial activity of the 6 triterpene saponins in the PX-6518 mixture, isolated from

GlcA
HOOH HOQOC o
Gal-ll Q HO o
O HOOH
Rha-| Hw
Ga||

Rha-II Hw

the leaves of M. balansae

Chemical structure

In vitro activity (ng/ml) against

L. infantum amastigotes in Toxicity (CCsy) in MP&

Saponin no. % Content? MPd (n g/ml)”
R1 R2 R3 ICsp 1Cop
I jL_/L:j OH 47 + 0.24 60 340 780
Ao -
I ojﬁ) oj¥=Jij OH 3.7+ 043 60 340 780
s
I oj\© OJ\/\© OH 354 +25 18 100 780
A
o o
v OH 372+ 1.42 20 200 1,560
o Oj\/\© /ﬁ\
\% o 7.2+ 098 1,070 15,500 >32,000
A0 Ao a
VI o 11.8 +2.22 310 3810 >32,000
PX-6518 purified mixture® NA® 36 + 15 100 + 10 940 = 360

“ Results represent the mean *+ standard deviation of five separate batches collected in the same geographical area and during the same season.

> No cytotoxicity on MRC-5 cells (CCs, >32,000 ng/ml).
¢ NA, not applicable.

PX-6518 mixture. All in vivo experiments were carried out with the latter.
Identification of the individual saponins (referred to as maesabalides) involved
preparative high-performance liquid chromatography on C,3 BDS (Hypersil
BDS, 8 pm, 200 g), using a column with axial compression (50-mm inside
diameter, packed at 60 bars). 'H, '*C, and two-dimensional nuclear magnetic
resonance (NMR) spectra were recorded with a Bruker AVANCE-400 spec-
trometer. The NMR data of the saponins were measured in pyridine-D_The
negative-ion-mode fast atom bombardment mass spectrometry spectra were re-
corded on a Micromass VG70SEQ instrument with glycerol as a liquid matrix.

Compounds. Plant extract solutions for biological testing and the reference
drugs were prepared in 100% dimethyl sulfoxide (DMSO; Sigma) at 20 mg/ml.
Reference drugs included sodium stibogluconate (Pentostam; GSK), amphoter-
icin B (Fungizone; Squib), pentamidine isethionate (Sigma), allopurinol (Sigma),
ketoconazole (Sigma), and trifluralin (Sigma). The latter compound was added
because of its claimed antileishmanial potential (6, 15).

Parasites. The visceral Leishmania species were reference strains known to be
sensitive to the available antileishmania reference drugs. Leishmania donovani
(MHOM/ET/67/L82) was used for the in vivo experiments, and Leishmania
infantum [MHOM/MA(BE)/67] was used for the in vitro assays. Both strains
were obtained as cryostabilates from the Institute of Tropical Medicine in Ant-
werp, Belgium, and further maintained in the laboratory by serial passage in
Golden hamsters (Mesocrisetus auratus). Amastigotes for in vitro and in vivo
infection were harvested from the spleens of donor hamsters with 6-week-estab-
lished infections. The spleen was weighed, and a smear impression was made on
a microscopic glass for Giemsa staining and microscopic counting. The organ was
homogenized in 10 ml of cold Hanks balanced salt solution (Gibco) in a tissue
grinder, and the amastigotes were separated by two successive centrifugation
cycles. The total recovered number of amastigotes was determined according to
the method of Stauber (35): N1 = [spleen weight (g)] X [n amastigotes/cell X
2.10%].



132 MAES ET AL.

TABLE 2. In vitro antimicrobial profiling of PX-6518¢
Category

Microorganism(s)

Viruses...
Bacteria

....Influenza virus, HIV
Escherichia coli, Salmonella paratyphi,
Streptococcus pyogenes,
Staphylococcus aureus,
Pseudomonas aeruginosa,
Mycobacterium smegmatis
Y @aSES. ot Candida albicans, Cryptococcus
neoformans
Fungi....cccooeeieiiiciiccicice Aspergillus niger, Microsporum canis,
Trichophyton rubrum
Protozoa ......ccccceveveeeincnicinnenne. Leishmania promastigotes,
Plasmodium falciparum,
Trypanosoma brucei, Trypanosoma
cruzi, Toxoplasma gondii
Nematodes .....coceerneceeerercecunene Trichostrongylus colubriformis (larvae)

“ICsq, >32 pg/ml.

Amastigote culture and drug sensitivity assay. The in vitro sensitivity of
amastigotes to the test compounds was determined in primary mouse peritoneal
macrophages (MP&) (24). Briefly, MP$ (NMRI mouse; Charles River, Sulzfeld,
Germany) were induced by intraperitoneal (i.p.) administration of 2 ml of 2%
potato starch in physiological saline and harvested about 24 to 48 h later in cold
RPMI 1640 medium (Gibco) supplemented with penicillin-streptomycin (P/S)
(Gibco). For the drug sensitivity assay, the 20-mg/ml compound stock solutions
were fourfold serially diluted in DMSO, followed by an additional dilution in
culture medium (RPMI 1640 supplemented with 20 mM L-glutamine, 16.5 mM
NaHCO03, 5% heat-inactivated fetal calf serum [FCSi], and 2% P/S solution). The
highest in-test drug concentration was 32 pg/ml. Assays were performed in
quadruplet in 96-well microtiter tissue culture plates (Nunc), with each well
containing the test compound dilutions together with 3 X 10* MP¢ and 3 X 10°
amastigotes per well. After 5 days of incubation at 37°C in 5% CO,-air, intra-
cellular amastigote burdens (and cytotoxicity) were microscopically assessed
after Giemsa staining. The results are expressed as percent reduction of parasite
burden compared to the level in untreated control wells, and the 50% inhibitory
concentration (ICsy) was determined from the concentration-response curves.
The selectivity index (SI) was calculated according to the 50% cytotoxic concen-
tration (CCsy) on MP¢.

Cytotoxicity against mammalian cells. Diploid human lung fibroblasts
(MRC-5; BioWittaker) were cultured in minimum essential medium (MEM;
Gibco), supplemented with 20 mM L-glutamine, 16.5 mM NaHCO0s;, 5% FCSi,
and 2% P/S solution. The assay was performed in 96-well tissue culture plates,
with each well containing the test compound dilutions together with 5 X 10°
MRC-5 cells per well. After 7 days of incubation at 37°C in 5% CO,-air, cell
proliferation or viability was assessed after addition of Alamar Blue (25) (5 pl of
a 1/10 solution per well), and fluorescence was measured (Fluostar Optima
[550-nm excitation, 590-nm emission]) after 4 h of incubation at 37°C. The results
are expressed as percent reduction in cell viability compared to untreated control
wells, and a CCs, was determined.

Activity against other microorganisms. In view of the wide range of biological
activities that have been described for saponins in general (16), a more extended
antimicrobial in vitro profiling was performed for PX-6518 and included a num-
ber of viruses, bacteria, yeasts, fungi, and parasites (Table 2). The highest in-test
concentration was 32 pg/ml, and a test compound was considered inactive if the
1C5, was >32 pg/ml. Published standard drug screening techniques were used.
The antibacterial, antiyeast, and antifungal testing systems were broth based with
a turbidity endpoint reading (30, 40). The activity against human immunodefi-
ciency virus type 1 (HIV-1) was evaluated in exponentially growing HIV-infected
MT4 cells with cell viability measurement after addition of MTT (27). The
fluorimetric assay for neuraminidase activity was used for evaluation of activity
against human influenza virus (3). The antimalarial activity was determined
against chloroquine-sensitive Plasmodium falciparum (Ghana strain) in human
erythrocyte cultures after 48 h of incubation and addition of the Malstat reagent
(18). The test method for Trypanosoma cruzi was identical to the one described
above for Leishmania. Bloodstream forms of T. brucei were cultivated in HMI-9
medium, and parasite multiplication was measured colorimetrically after addi-
tion of MTT (18). Toxoplasma gondii (RH strain) was grown in MRC-5 fibroblast
cultures, and tachyzoite burdens were microscopically determined after Giemsa
staining (33). For evaluation of activity against the sheep nematode Tricho-
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strongylus colubriformis, fresh unembryonated worm eggs were incubated at room
temperature in water and supplemented with MEM culture medium and Esch-
erichia coli extract, and the number of viable L3 larvae was microscopically
determined after 4 days of incubation (38).

Promastigote transformation assay. A promastigote transformation assay was
used to trace viable amastigotes in target tissues (spleen and bone marrow) of
treated animals. Small organ pieces (1 by 1 mm) were incubated for 7 days at
26°C before being scored microscopically for the presence of promastigotes. The
growth medium consisted of MEM, supplemented with 7.5% sodium bicarbon-
ate, 2% glutamine, 200 mM 0.3% [wt/vol] p-glucose, 1% HEPES, 4% adenine,
0.3% folic acid, 0.2% p-biotin, and 2% P/S. After adjustment to pH 7.5 with
NaOH, the solution was filter sterilized (0.22-pm pore diameter), and 10% FCSi
and 0.5% bovine hemin were added just before use.

In vivo evaluation of PX-6518 in the L. donovani mouse model. Male BALB/c
mice (Charles River) were infected with 107 amastigotes of L. donovani in the
lateral tail vein on day 0 and randomly allocated into groups of six animals each.
The amastigotes for infection were obtained from the spleen of a heavily infected
donor hamster. PX-6518 was formulated in isotonic saline at 2 mg/ml and filter
sterilized through a 0.22-um-pore filter (Millipore). By further dilution in saline,
formulations for injection were prepared at 1, 0.5, 0.25, and 0.125 mg/ml. Sodium
stibogluconate was diluted in physiological saline to prepare a 50-mg/ml stock
solution. Amphotericin B as a soluble powder was dissolved in saline to prepare
a 2-mg/ml stock solution. Fresh solutions were made before each experiment.
Depending on the specific experimental objective, the test compounds were
administered as either five daily oral or i.p. doses (Table 3, primary in vivo
screening) or as a single subcutaneous (s.c.) dose (Tables 4, 5, and 6, secondary
in vivo profiling).

Three separate profiling experiments with PX-6518 were performed with mice.
In experiment 1, a dose titration trial was used to establish the lowest active dose
(LAD) (Table 4). Experiment 2 involved evaluation of residual and early curative
activity (Table 5). Finally, experiment 3 examined the curative potential in
established visceral leishmania infections (Table 6).

Experimental details can be found in the respective tables. On day 0 of each
experiment, animals were randomized into the various treatment groups and
intravenously infected with L. donovani amastigotes. At the start and at termi-
nation of experiments 1 and 3, the mice were weighed to monitor general health
status. The animals were not weighed individually but as a single group to
minimize manipulation stress. Autopsy was performed at 7 days posttreatment
for determination of amastigote burdens in the target organs liver, spleen, and
bone marrow. The livers of individual animals were weighed, and impression
smears were stained with 10% Giemsa solution for microscopic enumeration of
the number of amastigotes per liver cell. The results are expressed as Leishman
Donovan units (LDU [mean number of amastigotes per liver cell per milligram
of liver]) (4), and a reduction of at least 80% was adopted as a criterion for
efficacy. Because of a very low level of infection in the spleen and the bone
marrow, making microscopic evaluation virtually impossible, the presence of
viable amastigotes in these organs was assessed qualitatively by incubating a
small piece of tissue into promastigote medium at 26°C for at least 1 week
(promastigote transformation test).

RESULTS

Extraction and identification of the active constitutents. The
extraction yield for the purified PX-6518 mixture was about
3.3% (100 g from of 3 kg of dried leaves). Structural analysis
(Table 1) revealed that PX-6518 consisted of six closely related
oleane triterpene saponins, all with a hemiacetal moiety be-
tween C,; and C,,. Other major components were not present.
Maesabalides III and IV demonstrated the highest antileish-
manial potency (ICs, of about 20 ng/ml) and contributed both
for about 73% of the total saponin mass. Their respective
cis-isomers (maesabalides I and II) were also highly active
(ICsy = 40 ng/ml) and contributed to about 8% of the mixture.
The acetoxy derivatives (maesabalides V and VI) were far less
potent. Successive plant collections (n = 5) revealed good
consistency with the regard to the relative content of the dif-
ferent maesabalides.

In vitro antimicrobial profiling. PX-6518 was devoid of in-
hibitory effects (ICs,, >32 pg/ml) on several viruses (influenza
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TABLE 3. In vitro and in vivo primary evaluation against visceral Leishmania species

In vitro activity (ug/ml) against:

In vivo activity against L. donovani (mean % reduction of liver amastigote

burden)®
Crude extract or
reference drug L. infantum MPd MRC-5 Oral i.p.
ICs, ICy, (CCs0) (CCs0) (200 mg/kg) 40 mg/kg 20 mg/kg 10 mg/ke 5 mg/kg

M. balansae (PX-6518) 0.4 12 12 >32 <50 100 100 100 100
Stibogluconate 5.6 25 >32 >32 ND 98 ND 95 ND
Amphotericin B 0.1 0.6 12 >32 ND T T ND
Pentamidine >32 >32 >32 >32 ND <50
Ketoconazole >32 >32 >32 >32 <50 <50
Trifluralin >32 >32 >32 >32 ND <50
Allopurinol 8.8 32 >32 >32 ND <50
M. lanceolata 0.2 0.4 1.5 >32 <50 T 100 100 NA
M. sinensis 0.1 0.5 5 >32 ND 99 NA
M. crassifolia 1.2 35 16 >32 ND NA
M. tomentella >32 >32 >32 >32 ND NA

@ L. donovani BALB/c mouse model, three animals per group with daily dosing for 5 consecutive days. T, occurrence of severe toxicity (death or adverse clinical
symptoms) in treated animals. NA, no compound available for testing; ND, not done.

virus and HIV), bacteria (Staphylococcus, Streptococcus,
Pseudomonas, Escherichia, Salmonella, and Mycobacterium),
yeasts (Candida and Cryptococcus), fungi (Aspergillus, Micros-
porum, and Trichophyton), and parasites (Plasmodium,
Trypanosoma, and Trichostrongylus), suggesting a highly spe-
cific primary pharmacological action. It is important to note
the total lack of activity against Leishmania promastigotes (Ta-
ble 2).

Primary in vitro and in vivo action against visceral leish-
mania. The laboratory strain of L. infantum was used in the
primary in vitro screening, and the ICy, and IC,,s were deter-
mined for PX-6518, four other Maesa extracts, and six refer-
ence compounds (Table 3). PX-6518 was found to be highly
active, with an ICs, of 0.4 pwg/ml. Most of the reference drugs
performed poorly (ICs,, >32 pg/ml), except for amphotericin
(ICsy = 0.1 pg/ml), sodium stibogluconate (ICs, = 5.5 pg/ml),

and allopurinol (IC;, = 8.8 pg/ml). No obvious cytotoxicity
occurred on MRC-5 cells (CCs,, >32 pg/ml), and only mar-
ginal toxicity was noted on MP¢ for PX-6518 and amphoteri-
cin B (CCs, = 12 pg/ml). After establishing the primary activ-
ity of PX-6518, a comparative in vitro profiling was added on
extracts of a few other Maesa species to ascertain that M.
balansae would be the best selection for potential further drug
evaluation among the available alternatives. It was clearly
shown that all species tested, except M. tomentella, contain
constituents with strong antileishmanial potential (ICs,, <2
pg/ml). To refine the evaluation and to include information on
drug tolerance, a small-scale in vivo confirmation test was
performed using the L. donovani BALB/c mouse model. To
ensure maximal drug exposure, the test substances were ad-
ministered as five daily oral or i.p. doses at up to 200 or 40
mg/kg of body weight, respectively. After oral dosing at the

TABLE 4. Dose titration of PX-6518 against L. donovani in BALB/c mice

L. donovani parasite burden in target organ®

Dosing group (1 X s.c.)? % Body wt gain

Liver amastigote burden No. of animals with positive:

(day 0-7)°
Mean * SD LDU % Reduction Spleen Bone marrow

Placebo 2.7 1,425 = 131 6 6
PX-6518

5 mg/kg 3.2 0£0 100 6 0

2.5 mg/kg 35 0£0 100 6 1

1.25 mg/kg 4.5 2+2 99.9 6 6

0.8 mg/kg 0.4 2+3 99.9 5 6

0.6 mg/kg 7.0 3+£1 99.8 6 6

0.4 mg/kg 0.0 69 = 121 95.2 6 6

0.2 mg/kg 1.3 421 = 104 70.5 6 6

0.1 mg/kg 2.2 1,102 £ 207 22.7 6 6
Amphotericin (10 mg/kg) 3.7 1,485 = 152 0 6 6
Stibogluconate (250 mg/kg) 5.1 4+4 99.7 6 6

“ One day postinfection.
® Mean body weight at start, 22.3 = 0.56 g (6 animals/experimental group).
¢ Autopsy performed at 7 days posttreatment.
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TABLE 5. Five-day residual and curative activity of PX-6518 against L. donovani in BALB/c mice®

L. donovani parasite burden in target organ”

Timing (day

Dosing group (1 X s.c.) postinfection)

Liver amastigote burden

No. of animals with positive:

Mean += SD LDU % Reduction Spleen Bone marrow

Placebo 1,170 = 251 6 6
PX-6518 (2.5 mg/kg) -5 0.4 +0.6 100 5 4
-3 0x0 100 6 3

-1 0x0 100 6 1

1 0*+0 100 5 1

3 0x0 100 6 5

5 22 =10 98.5 6 5

“ The percent body weight gain was not determined.
® Autopsy performed at 7 days postinfection.

maximal attainable dose level of 5X 200 mg/kg, no antileish-
manial activity could be demonstrated for M. balansae and M.
lanceolata. The other Maesa extracts were therefore not eval-
uated orally, and all subsequent experiments included paren-
teral dosing (i.p. or s.c.). Within the series tested, the M.
sinensis extract was the most potent extract in vitro (IC;, = 0.1
pg/ml, SI = 50), but it failed to induce complete cure in vivo
after a single i.p. dose of 40 mg/kg (99% efficacy). The extract
from M. lanceolata was also highly active (ICs, = 0.2 pg/ml and
fully effective at 10 mg/kg), but was not selected as candidate
because of the high level of cytotoxicity (SI = 8) and the fact
that toxic symptoms were observed at 40 mg/kg. M. crassifolia
was not retained because of its overall lower potency. Conse-
quently, M. balansae remained the primary choice for further
follow-up because of its better overall activity profile (ICs, =
0.4 wg/ml, SI = 30, absence of in vivo toxicity at 40 mg/kg, and
full efficacy down to 5 X 5 mg/kg i.p.).

In vivo single-dose titration of PX-6518 against L. donovani.
Compared to the primary in vivo confirmation, PX-6518 was
now administered as a single s.c. dose, with dose levels ranging
between 0.1 and 5 mg/kg (Table 4). During the 7-day experi-
mental period, no adverse effects on body weight (0 to 7%
gain) were noted, endorsing a minimal impact of the infection
and/or the treatment on the overall health status of the ani-
mals. In the placebo-treated infected controls and the ampho-
tericin B-treated animals, comparably high levels of infection

were present in the liver (LDU = about 1,450). At necropsy of
the latter group, yellow s.c. deposits were present at the injec-
tion site, suggesting nonabsorption and explaining the lack of
activity. In the PX-6518-treated animals, good control of in-
fection was obtained at =0.4 mg/kg, with very few amastigotes
being recovered from the liver (>95% reduction). Lowering
the dose of PX-6518 resulted in a dose-dependent increase in
liver amastigote burdens, with almost no efficacy left at 0.1
mg/kg (22.7% reduction). The spleen remained weakly positive
at all doses, and the bone marrow could only be cleared at the
highest dose levels (=2.5 mg/kg). Accepting 80% reduction of
liver amastigote burdens as the target for efficacy, the lowest
active dose of PX-6518 becomes 0.4 mg/kg. Amphotericin B at
10 mg/kg was totally ineffective, and sodium stibogluconate at
250 mg/kg was almost fully effective (99.7% reduction).
Five-day residual and curative activities of PX-6518 against
L. donovani. In the placebo-treated infected controls, high bur-
dens of amastigotes were present in the liver (LDU = 1,170 *
251), spleen, and bone marrow. After a single s.c. administra-
tion of PX-6518 at 2.5 mg/kg, administered either on day —5 or
day 3, no amastigotes could be recovered from the liver. When
the treatment was delayed until day 5, very low levels of infec-
tion could be demonstrated (LDU in liver = 22 * 10). The
presence of infection in the spleen and bone marrow was
erratic in all groups, with the spleen being almost consistently,
but weakly positive. These results indicate that a single 2.5-

TABLE 6. Activity of PX-6518 against established (2 week) infections of L. donovani in BALB/c mice

L. donovani parasite burden in target organ®

o .
Dosing group (1 X s.c.)? % Body wt gain

Liver amastigote burden

No. of animals with positive:

(day 0-7)°
Mean * SD LDU % Reduction Spleen Bone marrow

Placebo 43 1,339 = 262 6 6
PX-6518

1.6 mg/kg 3.9 37 x35 97.2 6 5

0.8 mg/kg 4.4 350 = 149 73.9 6 6

0.4 mg/kg 7.8 876 = 191 34.6 6 6
Stibogluconate (250 mg/kg) 13.8 135 = 86 89.9 6 6

“ Fourteen days postinfection.
? Mean body weight at start, 22.0 = 0.94 g (groups of six animals).
¢ Autopsy performed at 7 days posttreatment.
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mg/kg dose of PX-6518 has a residual activity period or a
prophylactic potential of about 5 days (>98.5% reduction of
liver amastigote burdens). It is important to note that this
reduction is already obtained within 2 days after dosing (Table
5).

Activity of PX-6518 against established infections of L. do-
novani. The experiment described above (Table 5) indicated a
slight decrease in activity if PX-6518 treatment is delayed until
day 5 after infection. This dose titration experiment evaluated
the efficacy against fully (14 day) established infections with 0.4
mg/kg as the lowest dose level (Table 6). During the experi-
ment, no marked effects on body weight gain were noted in any
of the experimental groups, except in the sodium stiboglu-
conate group, which had a slightly higher gain (14% versus 4 to
8% in the other groups). In the PX-6518-treated animals, al-
most no control of infection was obtained after dosing at 0.4
mg/kg (34.6% reduction). At higher doses, a dose-related in-
hibition was noted, and at 1.6 mg/kg, the inhibition was almost
complete (97.2%), with low burdens of amastigotes in the liver,
but with none of the animals totally cleared. The spleen and
the bone marrow remained positive in all groups. PX-6518 at
0.8 mg/kg produced 73.9% reduction and could be considered
roughly comparable to sodium stibogluconate at 250 mg/kg
(89.9% reduction). These data suggest that 1.6 mg/kg or pos-
sibly 0.8 mg/kg could be regarded as the lowest active dose of
PX-6518 for curative treatment 2 weeks after infection.

DISCUSSION

Efforts to find new chemotherapeutics for leishmaniasis have
been ongoing for decades, and numerous potentially new drug
candidates and/or putative drug targets have indeed been pro-
posed (8). Except for the phospholipid miltefosine, recently
approved in India for oral treatment of visceral leishmaniasis
(37), no new drugs have become available to the patient.
Therefore, continuation of drug screening efforts must remain
a priority, partly also because resistance to first-line drugs is
growing (36).

The potent in vitro activity of PX-6518 against intracellular
L. infantum amastigotes (ICs, = 0.4 pg/ml) in the absence of
obvious cytotoxicity on macrophage host cells (CCs, = 12
pg/ml) and MRC-5 cells (CCs, >32 pg/ml) formed the basis
for advanced exploration of this promising lead activity. Chem-
ical analytical work showed that its action is linked to six
closely related oleane triterpene saponins (12). The most po-
tent maesabalides III and IV (ICs, = 20 ng/ml) contributed to
about 73% in the mixture, and acceptable consistency among
successive batches was obtained (Table 1). However, potency
should never be used as the sole criterion for lead selection,
since selectivity is another, probably more relevant character-
istic for defining lead candidates. Cytotoxicity on MP¢ (SI =
30) was lower than for MRC-5 cells (SI > 80), suggesting that
the action of PX-6518 may be influenced by selective intracel-
lular accumulation in phagocytic cells. This phenomenon has
already been demonstrated with antimonial preparations (32)
and forms the basis for the enhanced activity of liposomal
amphotericin B (21). The pharmacological selectivity evalua-
tion against an extended set of bacteria, yeasts, fungi, viruses,
and parasites (Table 2) demonstrated that PX-6518 is devoid
of any relevant inhibitory activity (ICs,, >32 wg/ml). This high
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selectivity may indicate that its action is not related to an
aspecific cell or membrane toxic mechanism, believed to be
responsible for most of the antimicrobial (antiviral, antibacte-
rial, antifungal, piscicidal, and larvicidal) activities described
(16). Very little is known about the antileishmanial potential of
saponins. In vitro activity against promastigotes and/or intra-
cellular amastigotes was demonstrated for Hedera (9, 31), Dra-
caena (26), and Yucca (29), but selectivity evaluations and in
vivo confirmation studies with these extracts were unfortu-
nately not performed. In the present study, extracts from dif-
ferent Maesa species were evaluated with the anticipation that
they contain structural analogue saponins, as already docu-
mented for M. lanceolata (34) and Maesa japonica (19). All
except one had potent antileishmanial activity: however, with
quite variable selectivity (Table 3). Structural information is
not yet available for M. sinensis, M. crassifolia, and M. tomen-
tella, and further insight into the structure-activity relationship
could be gained if, for example, M. tenera (20), M. ramentacea
(39), M. japonica (19), and M. laxiflora (17) could be included
in a comparative in vitro evaluation.

This report is the first to describe the antileishmania activity
of Maesa saponins in the L. donovani BALB/c mouse model:
extracts from M. balansae (PX-6518), M. lanceolata, and M.
sinensis were all effective, but at different dose levels and with
various degrees of toxicity (Table 3). PX-6518 was retained as
the most promising candidate. Establishment of infection
could be controlled after a single s.c. dose at 0.4 mg/kg if
administered 1 day after infection (Table 4). If treatment was
delayed until 14 days after infection, 1.6 mg/kg was required
(Table 6). It is important to note that a single dose of PX-6518
at 2.5 mg/kg 5 days before infection was still 100% effective at
preventing liver infection (Table 5), suggesting a slow clear-
ance from the body, either by a low level of metabolic elimi-
nation or by a high degree of drug targeting in the macrophage
host cell. Pilot in vitro metabolism data with human, dog, and
rat microsomes (22) indeed suggest a high metabolic stability,
but no experimental evidence is yet available to support the
drug-targeting hypothesis. Another important observation was
that both PX-6518 and sodium stibogluconate were not capa-
ble of preventing animals from becoming infected, as shown by
the presence of low numbers of amastigotes in either spleen
and/or bone marrow in all treated groups. This has already
been documented for sodium stibogluconate, with which clear-
ance of infection from spleen and bone marrow was much
more difficult to achieve than from the liver (7). It is reason-
able to assume that clearance of the infection from these two
target organs may not be achieved within the short time frame
of the present experiments (i.e., within 7 days after treatment).
For example, studies with sodium stibogluconate indicated that
clearance can be obtained within 50 days with a nonionic ve-
sicular formulation but not with the free drug (2).

In conclusion, this study provides valuable data that PX-
6518 exhibits interesting antileishmanial properties with mini-
mal toxicity for mammalian cells and the laboratory rodent
host. Its unique and potent activity profile represents an im-
portant new asset in the search for novel antileishmanial drugs,
and the “proof-of-concept” that saponins possess strong in vivo
antileishmania potential should be further explored. Before
PX-6518 can be promoted into a formal drug development
program, additional studies on cutaneous Leishmania species,
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pharmacological profiling of the individual maesabalide sa-
ponins, mechanism-of-action studies, and toxicity evaluations
will be required. These factors are currently being investigated.
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