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Abstract

The insecticidal, moulting inhibition and trypanocidal effects of crude extracts of 7 Paraguayan Asteraceae were
evaluated on Triatoma infestans and bloodstream forms of Trypanosoma cruzi, respectively. Both mutagenicity and toxicity were evaluated by sister chromatid exchange (SCE) in human peripheral lymphocyte culture and by the lethality
test of Artemia salina. The ethanolic extracts from Chromolaena christieana (stem and bark), Achyrocline satureoides
(leaves and flowers) and Mikania cordifolia (root and stem), at a concentration of 250 gg/ml, showed the highest percentage of lysis on bloodstream forms of Trypanosoma cruzi. The extracts of Chromolaena christieana and Achyrocline
satureoides also presented high mutagenic and toxic capacity when they were evaluated by the SCEs assay and Artemia
salina test, respectively. Insecticidal activity was only observed in the hexane extract of flowers of Achyrocline
satureoides (45% of mortality), when 0.05 gg of crude concentration was applied on Triatoma infestans. The ethanolic
extracts of stem from Mikania cordifolia and Vernonia brasiliana inhibited the moulting of Triatoma infestans when
it was compared with their controls. Since no ethnobotanical information on these plants has been found related to
similar use in Paraguay, our findings suggest, for the first time, the potential anti-trypanocidal and moulting inhibition
of these Asteraceae.
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1. Introduction

Chagas' disease is a major health problem in
Latin America. Prevalence varies from 5-60% and
16-18 million people are infected, with a further
90 million at risk (WHO, 1991). Chagas' disease is
caused by Trypanosoma cruzi, a protozoan
* Corresponding author.

parasite which is mainly transmitted by insect vectors (subfamily Triatominae).
Lack of vaccine or suitable drugs means Chagas'
disease control relies on control of vector achieved
through insecticide application. However, reinfestation of sprayed houses can be a major problem caused by lack of sufficient residual effect of
insecticides (Schofield and Dias, 1991). Lack of
control in blood banks and the disadvantages
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caused by the gentian violet are also contributing
to the transmission of Chagas' disease by blood
transfusion (Littlefield et al., 1985; Rezende et al.,
1965).
The effect of plant-derived and synthetic compounds on Trypanosoma cruzi has been reported
by several authors (Pinto et al., 1987; Moncada et
al., 1989), especially from the Asteraceae, such as
Senecio sp. (Sarti et al., 1984), Vernonia sp.,
Eupatorium sp. (Cardozo and Lopez, 1987) and
Munnozia maronii (Andr6) H. Robinson (Fournet
et al., 1993). Recently Chiari et al. (1991) have
tested a number of compounds where a sesquiterpene lactone and 3 compounds having a
benzoquinone moiety presented high activity
against the bloodstream forms of Trypanosoma
cruzi.
Efforts to control the vector have been carried
out with the oils and plant extracts of the seeds of
Meliaceae (Schumutterer, 1988). Leite et al. (1987)
have reported the insecticidal effect of Ruta graveolens L. (Rutaceae) and Eucalyptus argenteum L.
(Myrtaceae) on nymphs of Dipetalogaster maxOnus (Triatominae). Arias and Schmeda-Hirschmann (1988) have observed the repellent effect of
the oil and ethanolic extract of Melia azedarach L.
(Meliaceae) fruits on nymphs of Triatoma infestans. The ethanolic extract of leaves of Tagetes
minuta L. (Asteraceae) have shown an interesting
insecticidal activity on nymphs of Rhodnius neglectus (Triatominae); Tagetes erecta L. extract has
also exhibited a moulting inhibitory effect
(Schmeda and Rojas de Arias, 1992).
Although plants are used by Paraguayan
populations as acaricides, insecticides or as therapeutic agents (Correia, 1984) very little has been
published about their insecticidal or trypanocidal
activities. The family Asteraceae has been widely
used as medicinal plants in Paraguay and their
antiparasitic properties are well known (Gonzalez
Torres, 1981). Some Asteraceae like Chrysanthenum sp. (Zito et al., 1983) are recognized as insecticides and their commercial exploitation has
been described (Bezanger-Beauquesne, 1969). In
the present work, the trypanocidal effect of crude
extracts of some Paraguayan Asteraceae on the
bloodstream forms of Trypanosoma cruzi, as well
as their insecticidal and moulting inhibition effect

on Triatoma infestans, were assessed. The active
extracts were also evaluated for mutagenicity by
the test of induction of sister chromatid exchange
(SCE) in human peripheral lymphocyte culture.
2. Materials and methods

2.1. Plant material
Plants were collected and identified by I.
Basualdo and N. Soria in the Departments of Concepci6n, Central and Presidente Hayes of
Paraguay between February and December 1991.
Voucher herbarium specimens have been
deposited at the Herbarium of the Department of
Botany (FCQ) of the Faculty of Chemical Sciences
(UNA), Asunci6n, Paraguay. Crude extracts were
prepared from 7 plants belonging to the family
Asteraceae. The samples of the plants were dried,
pulverized and subjected to exhaustive successive
extraction with hexane and 95% ethanol.
2.2. Biological assays
2.2.1. Parasites. Albino mice infected with
Trypanosoma cruzi Y strain, 7 days after infection
were used. Blood was obtained by cardiac puncture using 3.8% sodium citrate as anticoagulant in
a 7:3 blood/anticoagulant ratio. The parasitemia in
infected mice ranged from 1 x 105-5 x 105
parasites/ml. Plants extracts were dissolved in cold
dimethyl sulfoxide (DMSO) to a final concentration of 250 t~l/ml. Aliquots of 10 ~tl of each extract
of different concentrations (4, 20, 40, 100 and 250
t~g/ml) were mixed in microtiter plates with 100 #1
of infected blood containing different parasite
concentrations (1 x 105 and 10 6 parasites/ml).
Infected blood and infected blood containing gentian violet at 250 ~g/ml were used as controls. The
plates were shaken for 10 min at room temperature
and kept at 4°C for 24 h. Each solution was
microscopically observed at 400 x , placing a 5 tA
sample on a slide and covering it with a 22 x 22
mm coverglass for parasite counting (Schempler,
1978).
2.2.2. Insects. For the extract application on
Triatominae insects 50 #g of the extract were
topically applied to each insect. Hexane extracts
were dissolved in ethanol or acetone while the
ethanolic extracts were dissolved in 95% ethanol.
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Stock solutions containing 50 mg/ml of extract
were prepared for each sample and 1/xl aliquots of
such solution were applied on the insect abdominal tergites.
Triatoma infestans fourth-stage nymphs were
bred in laboratory conditions using a technique
previously described (Schmeda and Rojas de
Arias, 1992). They were maintained at 28°C and
60-70% humidity. They were fed on pigeons for 20
min, 6 h later individual insects were treated
topically with an aliquot of one of the test extracts.
Control insects were topically treated with solvents. After 25 days nymphal mortality and moulting inhibition were recorded and the Cochran test
was used to test the significant difference between
the treatments and the controls (Sokal and James,
1984).

2.2.3. Induction of sister chromatid exchange
(SCE). Human lymphocytes were obtained from
healthy donors by vein puncture and cultures were
prepared using Hungerford's modified method
(Rossner et al., 1987). One half ml of heparinized
blood was incubated in 5 ml of RPMI 1640 medium supplemented with 10% bovine serum, 0.1 ml
phytohemagglutinin and 7.5% sodium bicarbonate
at 37°C for 72 h. Tested materials were dissolved
in DMSO and added to the culture. 5-Bromodeoxyuridine (BrDU) was added to each culture to
a final concentration of 5 /zg/ml. Incubation was
performed in the dark to avoid SCE induced by
photolysis of BrDU-substituted DNA. After 2
rounds of replication, demecolcine (0.05 ~g/ml)
was added to each culture 2 h before harvesting of
cells. Cells were treated with an hypotonic solution, fixed with methanol/acetic acid and dropped
on clean chilled glass slides. Differential sister
chromatids staining was performed as described
by Perry and Wolff (1974). In each sample, 20
metaphases showing differences in chromatid
staining were observed and photographed. Terminal SCE was scored as 2. SCE in the centromeric region was not scored because they were
indistinguishable from the twisting of sister
chromatids. Negative controls with DMSO (1%)
were included to establish spontaneous frequency
of aberrant cells. The median test was used to test
the significant difference between the treatments
and controls (Sokal and James, 1994).
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2.2.4. Artemh~ salina bioassay. The concentration of each crude extract that caused 50% mortality (LD50) of brine shrimp larvae was calculated
using the methodology described by Meyer et al.
(1982).
3. Results and discussion

In the present study 7 Paraguayan Asteraceae
were evaluated. Table 1 shows that the ethanolic
crude extracts from Chromoleana christieana (stem
and root), Achyroeline satureioides (leaves and
flowers) and Mikania cordifolia (root and leaves)
present at the highest percentage of lysis on
bloodstream forms of Trypanosoma cruzi. We have
observed that hexane extracts produce lower lysis
than ethanolic extracts. In earlier phytochemical
studies, sesquiterpene lactones had been isolated
from Chromoleana glaberrima (Ahmed et al.,
1986), Mikania micrantha (Becker et al., 1987) and
Mikania urticifolia (Gutteriez et al., 1988) or
diterpenes from Mikania alvimii (Bohlmann et al.,
1982), from ethanolic extracts. Trypanocidal activities in Chromoleana christieana (ex Eupatorium)
extracts have been previously reported (Cardozo
et al., 1988). Carvalho et al. 1991 have published
the antiparasitic activity of Vernonia brasiliana extracts against Plasmodium berghei, but we had
found low levels of activity in the different extracts
(hexane and ethanolic leaves) of this plant against

Trypanosoma cruzi.
In 1990, Gonzalez et al. evaluated several
extract and pure compounds from Chilean Asteraceae against Trypanosoma eruzi trypomastigotes.
A Baccharis boliviensis (Wedd.) Cabr. extract
showed a total trypomastigote lysis at 4°C for
24 h at 500 #g/ml. Better results were found in our
study, with Baceharis notosergila Griseb. which
showed a high activity percentage against
Trypanosoma cruzi trypomastigotes (69.4%) at the
same conditions but at lower concentration (250
tzg/ml). In a recent study, we have published the in
vitro activity of crude Asteraceae extracts towards
trypomastigotes forms of Trypanosoma cruzi
(Rojas de Arias et al., 1994). In our experience, a
limited number of tested extracts have shown an
important activity against Trypanosoma cruzi.
Nevertheless, natural products isolated from plant
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extracts have shown high trypanocidal activity and
can provide alternatives to replace toxic synthetic
drugs.
Concerning insecticidal activity only the hexane
extract of flowers of Achyrocline satureoides showed an insecticidal activity against Triatoma infestans (45% of mortality), but this extract did not
present any moulting inhibition effect (Table 1).
Ethanolic extracts of stems of Mikania cordifolia
and Vernonia brasiliana were the most active extracts to inhibit the moulting of Triatoma #lfestans, such results were statistically significant
when they were compared with their controls. As
stated earlier, some of these plants contains sesquiterpene lactones and diterpenes (Herz and
Kulanthaivel, 1985; Alarcon et ai., 1990), some of
which are known to inhibit insects moulting and
have been recommended as biorational compounds for use in insect control programmes
(Bell6s, 1988).
As for the mutagenic capacity evaluated by
SCE's assay (see Table 2), Chromoleana christieana
extracts were found to be extremely mutagenic in
all tested concentrations; these effects were
statistically significant when concentrations were
higher than 10 /zg/ml (Table 2). The extracts of
Gochnatia polymorpha and Vernonia brasiliana
also showed a high mutagenic capacity.
No ethnobotanical information on these plants
has been found relating to insecticidal or
parasiticidal popular use in Paraguay. However, a
relevant relationship of insecticidal and trypanocidal effects of hexane extracts of Achyrocline
satureoides and its toxic activity against Artemia
salina has been observed. The trypanocidal activity of the ethanolic extracts of Chromoleana
christieana and its mutagenic power have been also
noticed in this study.
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