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Bioassay-guided fractionation of the organic extract of Ambrosia tenuifolia Sprengel (Asteraceae) led to the
isolation of two bioactive sesquiterpene lactones with significant trypanocidal and leishmanicidal activities. By
spectroscopic methods (*H- and '*C-nuclear magnetic resonance, distortionless enhancement by polarization
transfer, correlated spectroscopy, heteronuclear multiple-quantum coherence, electron impact-mass spectrom-
etry, and infrared spectroscopy), these compounds were identified as psilostachyin and peruvin. Both com-
pounds showed a marked in vitro trypanocidal activity against Trypanosoma cruzi epimastigotes with 50%
inhibitory concentration (ICs,) values of less than 2 pg/ml. Psilostachyin exerted a significant in vitro activity
against the trypomastigote forms of 7. cruzi (ICs,, 0.76 pg/ml) and was selected for in vivo testing. Psi-
lostachyin-treated mice had a survival of 100% and lower parasitemia values than control mice. Both com-
pounds were also tested on Leishmania sp. promastigotes: psilostachyin (ICs,, 0.12 pg/ml) and peruvin (ICg,,
0.39 pg/ml) exerted significant leishmanicidal activities. This is the first time that the trypanocidal and
leishmanicidal activities of these compounds have been reported. The selectivity index (SI) was employed to
evaluate the cytotoxic effect of lactones on T lymphocytes. Although the SIs of both compounds were high for
T. cruzi epimastigotes, psilostachyin was more selective against trypomastigotes (SI, 33.8) while peruvin
showed no specificity for this parasite. Both compounds presented high selectivity for Leishmania spp. The
results shown herein suggest that psilostachyin and peruvin could be considered potential candidates for the

development of new antiprotozoal agents against Chagas’ disease and leishmaniasis.

Trypanosomiasis and leishmaniasis are widespread protozoal
diseases that affect mostly poor and marginal populations in Latin
America, Africa, and Asia and have been neglected by the phar-
maceutical industry and governments. Under normal circum-
stances (efficient epidemiological surveillance programs and san-
itary education) the control of these diseases could be achieved.
Nevertheless, the implementation of an adequate health care
system to palliate the necessities of the affected populations is
hindered by the lack of financial and human resources (5, 10),
political instability in these countries, and often questionable gov-
ernment prioritization (4, 19). Chagas’ disease is caused by
Trypanosoma cruzi (Trypanosomatidae), a parasite responsible
for progressive damage to organs, mainly the heart, esophagus,
and lower intestine. Leishmania spp. belong to the same family
and cause several clinical forms of leishmaniasis. In Latin Amer-
ica, cutaneous, mucocutaneous, and mucosal forms of leishman-
iasis are the most frequent forms of the disease. In Argentina, the
causative parasite of the disease is mainly Leishmania (Viannia)
braziliensis, though other species have also been reported (12, 16),
and the localized cutaneous form is the most frequent.
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The chemotherapy for these diseases is not satisfactory due
to the partial effectiveness and the toxicity associated with
long-term treatments. Current treatments for Chagas’ disease
employ benznidazole or nifurtimox, two drugs that have been
in use for over 40 years. As for pentavalent antimony drugs,
Leishmania has developed resistance, requiring that physicians
use other toxic drugs, such as amphotericin B, pentamidine,
paromomycin, or allopurinol (18). Taking into consideration
that there exist in Argentina patients coinfected with both 7.
cruzi and Leishmania spp. (7, 12) and, in Brazil, there are
people coinfected with 7. cruzi and two different species of
Leishmania (17), research and development of new drugs ef-
fective in the treatment of both kinetoplastid infections is a
real need and requires new strategies for drug development
(34). Over the last century, natural products have provided
molecules with drug-like properties and high structural diver-
sity. Recently, the Tropical Diseases Program of the World
Health Organization, working with the Drug Discovery Re-
search Program, have considered the investigation of medici-
nal plants traditionally used to treat parasitic infections as an
essential and high-priority field of study (6).

We have previously reported the in vitro trypanocidal activ-
ities of 32 extracts belonging to 12 different plant species.
These Argentine species were mainly selected on the basis of
their ethnomedical evidence of use for conditions related to
parasitic infections. Among them, the organic extract of Am-
brosia tenuifolia showed trypanocidal activity with 81.1 + 0.8%
(mean = standard error of the mean [SEM]) growth inhibition
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FIG. 1. Growth inhibition of 7. cruzi epimastigotes by fractions F, ,r to Fs,r. Epimastigotes were cultured in triplicate in the presence of 10
or 100 pg/ml of each fraction. Cultures were done in 96-well plates with 1.5 X 10° parasites/ml during 72 or 120 h with the addition of [*H]thymidine

for the last 16 h. Bars represent means * SEMs.

of parasites when used at 100 pg/ml (29). Biossay-guided frac-
tionation of this extract led to the isolation and identification
of the flavonoid hispidulin, which has significant trypanocidal
and leishmanicidal activities (30). The present investigation
was undertaken in order to isolate and identify other bioactive
compounds that may account for the trypanocidal activity of
this species. Two sesquiterpene lactones were isolated by bio-
assay-guided fractionation and tested in in vitro assays on two
different developmental stages of T. cruzi (epimastigotes and
trypomastigotes). According to the results obtained, one of the
lactones was selected for testing in vivo in a murine model of
T. cruzi infection. Additionally, the in vitro leishmanicidal ac-
tivity and the antiparasitic selectivity were evaluated for the
purified compounds.

Sesquiterpene lactones are terpenoid compounds with a
wide variety of chemical structures and are characteristic of the
Asteraceae family. A remarkable array of pharmacological ac-
tivities, such as antitumorigenic, cytotoxic, antibacterial, anti-
fungal, insecticidal, cardiotonic, antiulcer, and antiprotozoal
properties, have already been reported for these terpenoids
(23, 24, 25). Their antiprotozoal potential has attracted re-
newed interest with the development of the antimalarial drug
artemisinin, isolated from the Chinese medicinal herb Artemi-
sia annua, which has high clinical relevance. In addition, other
series of sesquiterpene lactones with antiprotozoal activity
have been described (13, 14, 27, 32).

The species under study, Ambrosia tenuifolia Sprengel (As-
teraceae), is an Argentine medicinal plant which grows in the
north and central regions of Argentina, southern Brazil, Par-
aguay, and Uruguay (33) and is commonly known as ajenjo del
campo, altamisa, saltamisa, or artemisia. The decoction prod-
uct of the aerial parts is traditionally used as a carminative,
antihelminthic, and febrifugue. The decoction product of the
powdered seeds and leaves is administered to eliminate intes-
tinal worms (26).

MATERIALS AND METHODS

Parasites. Trypanosoma cruzi epimastigotes (RA strain) were grown in biphasic
medium as previously described (8). Leishmania mexicana promastigotes
(MNYC/BZ/62/M strain) were grown on liver infusion tryptose medium. Both
cultures were routinely maintained by weekly passages at 26 and 28°C, respec-
tively. 7. cruzi bloodstream trypomastigotes were obtained from infected CF1
mice by cardiac puncture, at the peak of parasitemia on day 15 postinfection.
Trypomastigotes were routinely maintained by infecting 21-day-old CF1 mice
(weighing 23.8 + 2.6 g).

Animals. Inbred male CF1 and C3H/HeN mice were nursed at the Departa-
mento de Microbiologia, Facultad de Medicina, Universidad de Buenos Aires.

Inbred female BALB/c mice were purchased from the Instituto Nacional de
Tecnologia Agropecuaria (INTA). Animals were kept according to practices
described in the Guide for the Care and Use of Laboratory Animals of the National
Research Council (21).

Plant material. The aerial parts of A. tenuifolia were collected in Punta Lara
in the province of Buenos Aires, Argentina, in 2004. Plant material was identified
by G. Giberti, and a voucher specimen (BAF 649) was deposited at the Herbar-
ium of the Museo de Farmacoboténica, Facultad de Farmacia y Bioquimica,
Universidad de Buenos Aires.

Extraction and isolation of pure compounds. The aerial parts of A. tenuifolia
(1,000 g) were air dried, ground to powder, and extracted with dichloromethane-
methanol (1:1). This organic extract was fractionated into five fractions (Fj o to
F5 A1) as previously described (30). Pure compound 1 was obtained from fraction
F,ar as colorless crystals. Further purification of the mother liquor of Fyor,
carried out by gel filtration on a Sephadex LH-20 column, eluted with n-hexane—
ethyl acetate (100:0 to 0:100) and methanol, yielded 120 subfractions of 10 ml
each (F4ar; to F 4a7120)- Pure compound 2 was obtained as an amorphous white
powder from fraction Fyar(ss_ooy eluted with n-hexane—ethyl acetate (3:7).

Structure elucidation. The nuclear magnetic resonance (NMR) data, 'H-
NMR (500 MHz) and '*C-NMR (500 MHz), were recorded on a Varian Inova
500 in CDCl; at room temperature. Distortionless enhancement by polarization
transfer, correlated spectroscopy, and heteronuclear multiple-quantum coher-
ence experiments were run. Mass spectrometry (electron impact) analysis was
performed with an Agilent 5973, and infrared spectroscopy (IR) was performed
with a Bruker FT-IR IFS25 spectrophotometer.

In vitro assays for trypanocidal activity. Growth inhibition of 7. cruzi epimas-
tigotes was evaluated by a [*H]thymidine uptake assay for fractions F; s to Fsat
and compounds 1 and 2, as previously described (30). Parasites were adjusted to
a cell density of 1.5 X 10%ml and cultured in the presence of 0.01 to 100 pg/ml
of each fraction or pure compound for 72 or 120 h. Benznidazole (5 to 20 wM;
Roche) was used as positive control. The percentage of inhibition was calculated
as 100 — {[(cpm of treated parasites)/(cpm of untreated parasites)] X 100}.

The trypanocidal effects of compounds 1 and 2 were also tested on blood-
stream trypomastigotes according to a standard WHO protocol with minor
modifications (11). Briefly, mouse blood containing trypomastigotes was diluted
in complete liver infusion tryptose medium to adjust the parasite concentration
to 1.5 X 10%ml. Parasites were seeded (150 pl/well) in duplicate in a 96-well
microplate, and 2 ul of each compound/well (1 to 100 wg/ml, final concentration)
or control was added. Plates were incubated for 24 h, and the remaining live
parasites were counted in a Neubauer chamber as previously described (30).

Peruvin

Psilostachyin

FIG. 2. Chemical structures of the sesquiterpene lactones psi-
lostachyin and peruvin isolated from A. tenuifolia.
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FIG. 3. Growth inhibition of 7. cruzi epimastigotes by psilostachyin and peruvin. Epimastigotes were cultured in triplicate in the presence of
0.3 to 100 wg/ml of each compound. Cultures were done in 96-well plates with 1.5 X 10° parasites/ml during 72 or 120 h with the addition of

[*H]thymidine for the last 16 h. Symbols represent means = SEMs.

In vitro assay for leishmanicidal activity. Growth inhibition of L. mexicana
promastigotes was evaluated for compounds 1 and 2 by a [*H]thymidine uptake
assay as described above. Amphotericin B (0.27, 0.4, 0.8, and 1.6 uM; ICN) was
used as a positive control.

Cytotoxicity assay. T-lymphocyte suspensions from BALB/c mice (weighing 22 +
2 g) were employed for the determination of cell viability by the trypan blue dye
exclusion method in the absence and presence of increasing concentrations of
the pure compounds (0.1, 1, 10, and 50 pg/ml) during 3 or 24 h, as previously
described (1, 30). The selectivity index (SI) was calculated as the 50% cytotoxic
concentration on murine T lymphocytes (24 h) divided by the 50% inhibitory
concentration (ICs) of the compound for 7. cruzi trypomastigotes.

In vivo trypanocidal activity assay. Groups of five C3H/HeN mice (6 to 8
weeks old; 27.2 * 0.9 g) maintained under standard conditions were infected
with 5 X 10° bloodstream T. cruzi trypomastigotes by the intraperitoneal route.
Five days after infection, the presence of circulating parasites was confirmed by
the microhematocrit method. Mice were treated daily with compound 1 or
benznidazole (1 mg/kg of body weight/day) for five consecutive days (days 5 to 10
postinfection), by the intraperitoneal route. Drugs were resuspended in 0.1 M
phosphate-buffered saline (PBS, pH 7.2), and this vehicle was employed also as
a negative control. Levels of parasitemia were monitored every 2 days in 5 pl of
blood diluted 1:5 in lysis buffer (0.75% NH,CI, 0.2% Tris, pH 7.2) by counting
parasites in a Neubauer chamber. The number of deaths was recorded daily.

RESULTS

Bioassay-guided fractionation and structure elucidation.
Fractionation of the A. fenuifolia organic extract by chromato-
graphic techniques yielded five fractions (F, o to Fsar), which
were then assayed for their in vitro activity against 7. cruzi epi-
mastigotes. Fraction F, . showed the strongest trypanocidal ac-
tivity at the lower concentration tested (88.5 * 1.7%; 1Cs,, 2.49
wg/ml, 72 h) (Fig. 1) and was selected for further fractionation.
Two sesquiterpene lactones were isolated from the active fraction
F,r and identified by comparison of their spectral data (*H-
NMR, *C-NMR, electron impact-mass spectrometry, and IR)
with published values (3, 22) as follows: psilostachyin (compound
1), (2'R,3aS,6s,8s,8aR)-octahydro-8-hydroxy-6,8-dimethyl-3-meth-
ylene-spiro[7H-cyclohepta[b]furan-7,2’ (5'H)-furan]-2,5’
(3H)-dione; peruvin (compound 2), (3aR,4aS,7aR,85,%9aR)-
decahydro-7a-hydroxy-4a,8-dimethyl-3-methyleneazulene [6,5-b]-fu-
ran-2,5-dione (Fig. 2).

In vitro trypanocidal activity. The results for the in vitro
assay with 7. cruzi epimastigotes are shown in Fig. 3. Although
ICs, values of both compounds were similar for the noninfec-
tive form of T. cruzi (psilostachyin, 1.22 pg/ml; peruvin, 1.65
pg/ml; 72 h), psilostachyin was more active on the trypomas-
tigote forms (0.76 pg/ml versus 52.8 wg/ml) (Fig. 4).

In vitro leishmanicidal activity. The inhibitory activity of
psilostachyin and peruvin on Leishmania sp. promastigotes is

shown in Fig. 5. After 120 h the ICs, values were 0.12 and 0.39
pg/ml for psilostachyin and peruvin, respectively.

Cytotoxicity assay. The results of the cytotoxic activity of the
purified compounds on murine T lymphocytes are shown in
Fig. 6. When lymphoid cell suspensions were treated with psi-
lostachyin and peruvin, the 50% cytotoxic concentrations were
25.7 = 2.5 and 35.0 £ 2.5, respectively. The SI was used to
compare the toxicity for mammalian cells and the activity
against the parasites. The SIs for 7. cruzi trypomastigotes were
33.8 for psilostachyin and 0.7 for peruvin.

In vivo trypanocidal activity. Mice infected with 7. cruzi
trypomastigotes and injected with PBS had high levels of par-
asitemia leading to death between days 14 and 33 postinfection
(Fig. 7). In contrast, although psilostachyin was administered
for only 5 days (at 5 to 10 days postinfection), 100% of psi-
lostachyin-treated mice survived acute infection and displayed
the lowest parasitemia. Thus, at the peak of parasitemia in
untreated mice (day 16), psilostachyin-treated mice presented
a significant reduction in circulating parasites ([5.8 * 1.8] X
10° versus [15 = 5.0] X 10° parasites/ml; P < 0.05 by analysis
of variance). In addition, a 1.5-fold reduction of parasitemia in
psilostachyin-treated mice throughout the acute phase of in-
fection was observed (psilostachyin, 7.0 X 10° parasites/ml,
versus control, 17.4 X 10° parasites/ml in the acute phase). The
reduced number of parasites was crucial for animal survival,
since all animals treated with PBS (control) or benznidazole
died before entering the nonparasitemic phase of the disease.
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FIG. 4. Trypanocidal activities against 7. cruzi trypomastigotes by
psilostachyin and peruvin. Bloodstream trypomastigotes were cultured
in duplicate in the presence of 1 to 100 pg/ml of each compound.
Cultures were done in 96-well plates with 1.5 X 10° parasites/ml during
24 h, and the remaining live parasites were counted in a Neubauer
chamber. Symbols represent means = SEMs.
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FIG. 5. Growth inhibition of Leishmania sp. promastigotes by psilostachyin and peruvin. Promastigotes were cultured in triplicate in the
presence of 0.01 to 100 pg/ml of each compound. Cultures were done in 96-well plates with 1.5 X 10° parasites/ml during 72 or 120 h with the
addition of [*H]thymidine for the last 16 h. Symbols represent means = SEMs.

DISCUSSION

By means of a bioassay-guided fractionation of the organic
extract of A. tenuifolia, a fraction that we called F,, was
obtained. This fraction presented the greatest in vitro inhibi-
tory activity against 7. cruzi epimastigotes (Fig. 1). Two active
sesquiterpene lactones were isolated from this fraction and
identified by spectroscopic methods as psilostachyin and peru-
vin (Fig. 2). Both pure compounds showed a marked in vitro
trypanocidal activity against 7. cruzi epimastigotes, with 1Cs,,
values less than 2 pg/ml (Fig. 3). Psilostachyin was selected for
in vivo testing in a murine model, since it showed the highest
activity against the infective forms of 7. cruzi (ICs, 0.76 pg/ml)
(Fig. 4). In this assay, psilostachyin (1 mg/kg/day) induced a
significant decrease in parasitemia compared to untreated
mice and 100% survival until day 100 postinfection, when the
animals were sacrificed. On the other hand, control mice suc-
cumbed to death before the end of the acute phase of the
infection (Fig. 7). It is noteworthy that mice treated with psi-
lostachyin presented lower parasitemia values than those
treated with beznidazole, and more importantly, intraperito-
neal administration of benznidazole did not prevent mice from
dying, as psilostachyin did.

However, it must be borne in mind that we used a nontra-
ditional route for drug administration. We chose the intraper-
itoneal route because small amounts of a new test compound
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FIG. 6. Effects of psilostachyin and peruvin on T-lymphocyte via-
bility. Cultures were done in 96-well plates with 2 X 10° lympho-
cytes/ml during 3 or 24 h in the presence of different concentrations
(0.1 to 50 pg/ml) of one of the compounds. Cell viability was deter-
mined by the trypan blue exclusion method and is expressed as viabil-
ity. Bars represent the means = SEMs of three experiments carried out
in duplicate.

have the best chance to show activity when it is administered
abdominally (31).

These promising findings of antiparasitic activity against T.
cruzi prompted us to test both compounds against another
related parasite, Leishmania sp. The discovery of a drug useful
for the treatment of both kinetoplastid infections could be an
important solution, especially in Argentina, where endemic
areas overlap and sometimes differential diagnoses between
them are not possible by conventional serological techniques.
Significant activity of both compounds against Leishmania pro-
mastigotes was also seen, with ICy, values of 0.12 pg/ml and
0.39 pg/ml for psilostachyin and peruvin, respectively (Fig. 5).

As selectivity is a relevant characteristic for defining lead
molecules (31), the cytotoxicities of the purified compounds
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FIG. 7. Parasitemia levels and survival curve during the acute in-
fection period in C3H mice infected with 5 X 10° bloodstream trypo-
mastigotes of 7. cruzi. Mice were treated with psilostachyin or ben-
znidazole from day 5 to 10 of infection. Parasitemia was determined by
counting the number of trypomastigotes in 5 wl of fresh blood col-
lected from the tail every other day (means = SEMs). Mortality was
recorded every day. The results presented are representative of three
independent experiments.
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for mammalian cells (murine T lymphocytes) were evaluated
and compared to their antiparasitic activities. The SI for psi-
lostachyin was 33.8 for T. cruzi trypomastigotes, showing a
good selectivity for this infective form, whereas no selectivity
was observed for peruvin (SI, 0.7).

Psilostachyin and peruvin have been previously isolated
from A. tenuifolia (22) and from other species of Ambrosia (15,
20). Psilostachyin has demonstrated molluscicidal activity (35),
inhibition of nitrite accumulation in cell cultures, and inhibi-
tion of the G, DNA damage checkpoint (9, 28). Peruvin in-
hibits the aromatase enzyme activity in human placental mi-
crosomes (2). This is the first time that the trypanocidal and
leishmanicidal activities of these compounds have been re-
ported.

In conclusion, the results for psilostachyin and peruvin sug-
gest that these compounds could be considered lead molecules
and may be potential candidates for novel therapeutics for the
treatment of Chagas’ disease and leishmaniasis. Further inves-
tigations will involve evaluation of underlying mechanisms and
the effects of these compounds on the morphology and ultra-
structure of the parasites.
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