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Neglected tropical diseases, including leishmaniasis, 
are among the most common causes of illness among 
the poorest populations living in developing countries. 
Cutaneous leishmaniasis has a worldwide distribution 
and is a public health problem, with 1-1.5 million cases 
recorded annually worldwide (Hotez et al. 2008). The 
World Health Organization (WHO) considers leishma-
niasis to be one of six major infectious diseases, with a 
high detection rate and the capacity to produce deformi-
ties. It is a disease with a variety of agents, hosts, vec-
tors and transmission patterns, but limited knowledge 
about some aspects of the disease makes it difficult to 
control (WHO 2010).

Another serious public health problem is malaria, 
which is caused by protozoa of the genus Plasmodium 
and is transmitted to humans by female Anopheles mos-
quitoes, producing fever and other symptoms. In Brazil, 
the greatest number of cases is recorded in the Ama-
zon Region, where the environmental and sociocultural 
conditions favour the expansion of plasmodial transmis-
sion (WHO 2009).

The intense search for new ways of treating these ne-
glected diseases has motivated scientific research in this 
field. The importance of parasitic diseases as a public 
health issue, coupled not only with the limited number 
of drugs available for their treatment, but also their sig-
nificant side effects, has led to the important strategy of 
searching for new antiparasitic agents among natural or 
synthetic compounds.

Our research group has taken part in an Ibero-
American program (Ribiofar/CYTED) to search for 
natural bioactive products from plants, with the aim 
of evaluating the pharmacological potential of Brazil-
ian plants. In this context, Drimys has been extensively 
investigated for its chemical composition and biologi-
cal activity. In Drimys angustifolia miers [synonym, 
Drimys winteri f. angustifolia (Miers) Eichl], sesquiter-
pene drimanes are predominant, including polygodial, 
1-β-(p-methoxycinnamoyl)-polygodial and drimanial. 
These compounds exhibit antifungal (Castelli et al. 
2005, Malheiros et al. 2005), antinociceptive (El Sayah 
et al. 2000), anti-inflammatory (Cunha et al. 2001, Mal-
heiros et al. 2001) and antihyperalgesic activities (Men-
des et al. 1998, 2000).

It has recently been demonstrated that a hexane ex-
tract of the stem bark of Drimys brasiliensis and polygo-
dial, a drimane, exhibit activity against Leishmania spp 
and Trypanosoma cruzi (Corrêa et al. 2011). This infor-
mation contributes to the further study of this plant spe-
cies, with the aim of obtaining new drugs to treat the 
neglected diseases.
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This paper evaluates CHCl3 and CH3OH extracts of the stem bark, branches and leaves of Drimys brasiliensis 
and drimane sesquiterpenes isolated from the stem bark against strains of Leishmania amazonensis and Leishmania 
braziliensis promastigotes and Plasmodium falciparum trophozoites. All of the extracts and compounds were tested 
in cell lines in comparison with reference standards and cell viability was determined by the XTT method. The CHCl3 
and CH3OH extracts from the stem bark and branches yielded promising results against two strains of Leishmania, 
with 50% inhibitory concentrations (IC50) values ranging from 39-100 µg/mL. The CHCl3 extract of the stem bark 
returned IC50 values of 39 and 40.6 µg/mL for L. amazonensis and L. braziliensis, respectively. The drimanes were 
relatively effective: 1-β-(p-coumaroyloxy)-polygodial produced IC50 values of 5.55 and 2.52 µM for L. amazonensis 
and L. braziliensis, respectively, compared with 1-β-(p-methoxycinnamoyl)-polygodial, which produced respective 
IC50 values of 15.85 and 17.80 µM. The CHCl3 extract demonstrated activity (IC50 of 3.0 µg/mL) against P. falciparum. 
The IC50 values of 1-β-(p-cumaroyloxyl)-polygodial and 1-β-(p-methoxycinnamoyl)-polygodial were 1.01 and 4.87 
µM, respectively, for the trophozoite strain. Therefore, the results suggest that D. brasiliensis is a promising plant 
from which to obtain new and effective antiparasitic agents.
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This paper analyses chloroform and methanol ex-
tracts of the stem bark, branches and leaves of D. brasili- 
ensis and selected pure drimane sesquiterpenes for their 
inhibitory activity against strains of Leishmania ama-
zonensis and Leishmania braziliensis promastigotes and 
Plasmodium falciparum trophozoites.

MATERIALS AND METHODS

General experimental procedures - NMR spectra 
for 1H (300 MHz) and 13C (75.5 MHz) were obtained 
on a Varian Gemini AC 300 spectrometer with CDCl3 
as the solvent. The chemical shifts are given in δ (ppm) 
with TMS as the internal standard. Silica gel 60 (230-
400 mesh) was used for the column chromatography and 
silica gel 60 F234 (230-400 mesh) was used for the thin 
layer chromatography.

Plant material - The stem bark, branches and leaves 
of D. brasiliensis were collected in Rancho Queimado, in 
the Brazilian state of Santa Catarina (SC), in December 
1998. The plant was identified as D. brasiliensis Miers 
subsp. sylvatica (Saint Hilaire) Ehrendofer & Gottsb by 
Dr Ademir Reis (Department of Botany, Federal Uni-
versity of Santa Catarina) and a voucher specimen was 
compared with one deposited in the Barbosa Rodrigues 
Herbarium (Itajaí, SC), under the protocol VC Filho 010.

Preparation of extracts - The stem bark of D. brasili- 
ensis (774 g) was dried at 40ºC for two days, powdered 
and successively extracted with chloroform and CH3OH 
at room temperature for seven days each. The extracts 
were concentrated under reduced pressure, yielding 
residues of 30.2 and 60.6 g, respectively. The branches 
(700 g) were processed in the same way as the bark to 
produce a yield of 17.6 and 14.8 g from the CHCl3 and 
MeOH extracts, respectively. From 250 g of leaves, the 
same method yielded 24.5 and 10.6 g of material from 
the CHCl3 and MeOH extracts, respectively.

Isolation and identification of compounds from the 
CHCl3 bark extract - An aliquot of the stem bark extract 
(25 g) was chromatographed (θi 5.4 cm) on a column 
that was packed with silica gel (238 g) and the extract 

components were eluted with hexane gradually en-
riched with ethyl acetate and ethanol. Seventy fractions 
of 100 mL each were collected. Spathulenol (Figure, 
compound 1) was obtained from fractions 4-21 [elu-
tion solvent Hex-AcOEt (9:1)] with a yield of 603 mg 
(0.0645% of the dry plant material). Polygodial (Figure, 
compound 2) in the amount of 732.8 mg (0.078% of the 
dry plant material) was obtained from fractions 26-30 
[elution solvent Hex-AcOEt (9:1)].

Fractions 48-55 (5.0 g) were chromatographed on a 
column (θi 3.5 cm) packed with silica gel (76 g) and the 
adsorbent was eluted with hexane gradually enriched 
with ethyl acetate and ethanol. Ninety-one subfractions 
of 25 mL each were collected. From subfractions 44-
47 eluted with a 6:4 ratio of hexane:ethyl acetate, 1-β-
(p-methoxycinnamoyl)-polygodial (Figure, compound 
3) was obtained (yield of 0.144 g, 0.172% of the dry  
plant material).

Fractions 56-59 (3.60 g) were chromatographed (θi 
5.4 cm) on a column packed with silica gel (140 g) and 
the absorbent was eluted with hexane gradually enriched 
with ethyl acetate and ethanol. Sixty subfractions of 25 
mL each were collected. Drimanial (Figure, compound 
4) was obtained from subfractions 25-46 [elution sol-
vent Hex-AcOEt (6:4)] at a yield of 1.994 g (0.028% 
of the dry plant material). A yield of 0.175 mg of 1-β-
(p-coumaroyloxy)-polygodial (Figure, compound 5) 
(0.050% of the dry plant material) was obtained from 
subfractions 50-55 [elution solvent Hex-AcOEt (6:4)].

Isolation and identification of compounds from the 
CHCl3 branch extract - An aliquot of the branch extract 
(13.3 g) was chromatographed on a column (θi 3,5 cm) 
packed with silica gel (100 g) and the adsorbent was 
eluted with hexane gradually enriched with ethyl acetate 
and ethanol. Seventy-five fractions of 100 mL each were 
collected. Using this procedure, only mixtures of fatty 
acids and alcohols were obtained.

Isolation and identification of compounds from the 
CHCl3 leaf extract - Part of the leaf extract (17.1 g) was 
subjected to chromatography (θi 4.0 cm) on a column 
packed with silica gel (150 g) and the adsorbent was 
eluted with hexane gradually enriched with ethyl acetate 
and ethanol. Fifty-five fractions of 100 mL each were 
collected. Fraction 34 collected in hexane:ethyl acetate 
at a 1:1 ratio (1.134 g) was chromatographed (θi 2,0 cm) 
on a column packed with silica gel (27 g) and eluted with 
hexane gradually enriched with ethyl acetate and etha-
nol. Thirty-five subfractions of 35 mL each were collect-
ed. Fractions 12-16, which were eluted with hexane:ethyl 
acetate at an 8:2 ratio, yielded 157.4 mg of a mixture of α 
and β-cubebin (0.0438% of the dry plant material).

All of the compounds were identified based on their 
spectral data through comparison with the literature (Ma- 
lheiros et al. 2001) and directly with authentic samples.

Biological activity assays - Leishmanicidal activ- 
ity - Promastigotes of Leishmania [L. amazonensis clone 
1, AML (MHOM/BR/76/LTB-012) and L. braziliensis 
(M2904 C192 RJA)] obtained from in vitro cultures of 
IIFB (20 µL) were fixed with glutaraldehyde (5%, 180 

Compounds isolated from Drimys braziliensis. 1: spathulenol; 2: 
polygodial; 3: 1-β-(p-methoxycinnamoyl)-polygodial; 4: drimanial; 
5: 1-β-(p-cumaroyloxyl)-polygodial.
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µL) and counted in a Neubauer chamber. The population 
was adapted to 3 x 106 parasites/mL with Schneider me-
dium (pH 6.8) and foetal bovine serum (10%) distributed 
(100 µL/well) in 96-microwell plates. Solutions of the 
samples to be assessed at final concentrations of 100, 50 
and 25 µg/mL were added (100 µL) to the wells of the 
plates with the parasites. Dimethyl sulfoxide (DMSO) 
(1%) and amphotericin B (0.5 µg/mL) were used as para-
site growth controls. Each test was performed in tripli-
cate and the plates were incubated for 72 h at 26ºC.

Then, 50 µL of a solution of XTT (1 mg/mL) in phos-
phate buffer (pH 7.0, 37ºC) with phenazine methosulfate 
(Sigma-Aldrich, 0.06 mg/mL) was added to each well of 
the plates, which were incubated for another 4 h at 26ºC. 
The plates were read on a Stat Fax 2100 microplate read-
er at 450 nm. The 50% inhibitory concentrations (IC50) 
values for the parasites were calculated using Microsoft 
Excel 2000 (Capusiri et al. 2008).

Antiplasmodial activity - The P. falciparum parasites 
belonged to the F32-Tanzania strain (chloroquine-sensi-
tive, kindly provided by Dr T Fandeur, Pasteur Institute, 
Kayenne) and were cultivated under anaerobic conditions 
at 37ºC in RPMI-1640 medium supplemented with 10% 
human serum containing erythrocytes at a haematocrit 
of 4% (blood group O, RH+) (Trager & Jensen 1976). The 
parasites were synchronised at 1% parasitaemia and 2% 
haematocrit before their distribution into 96-well plates 
at a volume of 100 µL in duplicate. A total of 100 µL of 
each concentration of each compound or extract (10, 1 
or 0.1 µg/mL in DMSO - final concentrations did not 
exceed 0.1%) was added to each well and chloroquine 

TABLE I
Leishimanicidal activity of extracts and compounds isolated from stem bark  

of Drimys brasilensis in vitro on promastigote forms of Leishmania amazonensis and Leishmania brasiliensis

Species Samples L. amazonensis L. brasiliensis

IC50 
(µg/mL)

IC50 
(µg/mL)

Extracts DBCH3OH stem bark 83.8 ± 4.03 > 100
DBCHCl3 stem bark 39.0 ± 0.28 40.6 ± 1.40
DBCH3OH branches 85.0 ± 1.9 78.0 ± 10
DBCHCl3 branches 99.0 ± 6.9 81.9 ± 9.4
DBCH3OH leaves > 100 > 100
DBCHCl3 leaves > 100 > 100

IC50
(µM)

IC50
(µM)

Compounds Spathulenol 81.82 ± 0.63 89.10 ± 0.90
Polygodial 41.45 ± 1.79 25.64 ± 1.12

1β-(p-methoxycinnamoyl)-polygodial 15.85 ± 0.41 17.80 ± 0.68
Drimanial 20.42 ± 1.31 12.67 ±1.15

1β-(p-cumaroyloxyl)-polygodial 5.55 ± 0.98 2.52 ± 0.78

Amphotericin B 0.21 ± 0.04 1.20 ± 0.04

data are expressed as mean standard deviation of three determinations. IC50: 50% inhibitory concentrations.

(100 nM) was used as a control. The parasites were then 
incubated at 37ºC for 48 h. Next, a smear of the parasites 
was fixed with methanol and stained with Giemsa. The 
antiplasmodial activity was determined by examining 
the slides under a microscope and counting the non-in-
fected red cells (GRL) and infected cells (GRI) to obtain 
the inhibition percentage (formula 1).

% Inhibition = (GRL - GRI) x 100 (1)
           GRL

The IC50 for schizont ripening was determined by a 
graphic method using the program CRIKET GRAPH 
1.3 and those treatments with IC50 values < 10 µg/mL 
were considered to have inhibitory activity.

Statistical analysis of data - The samples were analy-
sed in replicates with n = 4 using two methods to assess 
viability (MTT and neutral red). The data are reported as 
means ± standard errors and the significant differences 
among the treatments were determined using a one-way 
ANOVA followed by the Tukey-Kramer test (*p < 0.05, 
**p < 0.01 and ***p < 0.001).

RESULTS 

In the search for new potential antiparasitic agents, 
the chloroform and methanol extracts of the stem bark, 
branches and leaves and the isolated compounds from 
the stem bark of D. brasiliensis Miers were assessed in 
vitro for their capacity to inhibit development of the pro-
mastigotes of L. amazonensis and L. brasiliensis and the 
trophozoites of P. falciparum. The resulting minimal IC 
are shown in Tables I, II.
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For the initial screening of substances inhibiting the 
Leishmania spp, those extracts with IC50 values less than 
50 µg/mL were considered active. Thus, the IC50 values 
of 39.0 and 40.6 µg/mL for the stem bark chloroform ex-
tract tested against L. amazonensis and L. brasiliensis, 
respectively, indicated the leishmanicidal activity of the 
extract (Table I). The methanol and chloroform extracts 
of the branches presented IC50 values between 78.0-99.0 
µg/mL, against the promastigote forms of the test Leish-
mania and the leaf extracts were inactive.

It is possible to compare these results with those re-
ported in the literature for various plant extracts. For ex-
ample, extracts of Bidens pilosa L. and Punica granatum 
L. inhibited the growth of intracellular amastigotes, with 
IC50 values of 42.6 and 69.6 µg/mL, respectively. Extracts 
of Julocroton triqueter, a Dichorisandra sp. and Tephro-
sia cinerea were shown to be more effective in inducing 
the death of promastigotes, with IC50 values of 29.5, 32.9 
and 43.6 µg/mL, respectively (Luize et al. 2005, Rocha et 
al. 2005, Bezerra et al. 2006, García et al. 2010).

DISCUSSION

Based on the results presented above, D. brasili- 
ensis can be considered a source of compounds with 
leishmanicidal activity. The chloroform extracts of the 
stem bark, branches and leaves were subjected to col-
umn chromatography. The fractionation of the chlo-
roform extract of the stem bark led to the isolation of 
five compounds, which were identified as spathulenol 
(Figure, compound 1), which is an aromadendrane ses-
quiterpene and the drimanes polygodial (Figure, com-
pound 2), 1-β-(p-methoxycinnamoyl)-polygodial (Fig-
ure, compound 3), drimanial (Figure, compound 4) and 
1-β-(p-cumaroyloxyl)-polygodial (Figure, compound 5). 
The column chromatography of the chloroform extracts 

yielded the isolation of principally fatty alcohols and ac-
ids from the branches and fatty alcohols and acids and a 
mixture of the lignans α and β-cubebin from the leaves. 
The compounds were characterised by H1 and C13 NMR 
and comparison of the NMR spectra with previously re-
ported data (Malheiros et al. 2001, Lago & Roque 2009).

Considering that the stem bark extract was rich in dri-
mane sesquiterpenes and exhibited excellent inhibitory 
activity when evaluated in vitro against the promastig-
otes of L. amazonensis and L. brasiliensis, the drimanes 
were evaluated to identify the compound or compounds 
responsible for this inhibition. All of the drimanes exhib-
ited activity against the promastigotes, with IC50 values < 
42 µM. The compound 1-β-(p-cumaroyloxyl)-polygodial 
(Figure, compound 5) exhibited the best activity, with 
IC50 values of 5.55 and 2.52 µM, respectively, against L. 
amazonensis and L. brasiliensis. Amphotericin B, which 
was used as a positive control, activity against L. brasili- 
ensis and had an IC50 of 1.1 µM.

Comparing the drimanes with each other, those with 
a cinnamoyl group at the C-1 position exhibited higher 
activity than did polygodial, which lacks this group. 
This increased activity can be related to the lipophilic-
ity caused by the addition of the aromatic ring to these 
compounds. Moreover, the substitution of a hydroxycin-
namoyl group (Figure, compound 5) for the methoxycin-
namoyl group (Figure, compounds 3, 4) led to increased 
leishmanicidal activity against the promastigotes of both 
of the Leishmania spp analysed. These results highlight 
the importance of the p-hydroxycinnamoyl group for the 
leishmanial inhibition, which may be explained by the 
lipophilicity associated with the aromatic group and the 
possibility of hydrogen bond formation to maintain the 
biological activity. Another compound evaluated was 
the aromadendrane spathulenol (Figure, compound 1), 

TABLE II
Plasmodicidal activity of extracts and compounds isolated  

from stem bark of Drimys brasilensis in vitro on trophozoite forms of Plasmodium falciparum

Species Samples
Inhibition

(10 µg/mL)
IC50

(µg/mL)
P. falciparum

(FcR3)

Extracts DBCHCl3 stem bark 97 ± 3.0 3 ± 0.4 Active
DBCH3OH stem bark 0 > 10 Inactive
DBCHCl3 branches 0 > 10 Inactive

DBCH3OH branches 0 > 10 Inactive
DBCHCl3 leaves 40 ± 6.0 > 10 Inactive

DBCH3OH leaves 0 > 10 Inactive

IC50
(µM)

Compounds 1-β-(p-methoxycinnamoyl)-polygodial 100 4.87 ± 0.97 Active
1-β-(p-cumaroyloxyl)-polygodial 100 1.01 ± 0.10 Active

Positive control Chloroquine 100 0.1 ± 0.01 Active

IC50: 50% inhibitory concentrations.
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which was isolated from the chloroform extracts. As can 
be seen from the data in Table I, spathulenol did not con-
tribute to the activity of this extract.

The extracts obtained from the different parts (the 
stem bark, branches and leaves) of D. brasiliensis were 
also evaluated for their antiplasmodial activity. The ini-
tial screening revealed plasmodicidal activity only for the 
chloroform extract of the stem bark, which produced an 
IC50 value of 3.0 µg/mL and 97% inhibition (Table II).

Compounds 4, 5 (Figure) exhibited the greatest leish-
manicidal activity and they were therefore investigated 
for their plasmodicidal activity. The more effective of 
the two compounds against the trophozoite form of P. 
falciparum was 1-β-(p-cumaroyloxyl)-polygodial (Fig-
ure, compound 5), with an IC50 = 1.01 µM (100% inhibi-
tion), the IC50 for 1-β-(p-methoxycinnamoyl)-polygodial 
(Figure, compound 3) was 4.87 µM (100% inhibition). 
In this experiment, it was again observed that the p-cin-
namoyl group at the C-1 position in the drimane ring is 
important for maintaining the inhibitory activity.

Previous studies have indicated that both a crude 
hexane extract of D. brasiliensis and polygodial show 
activity against Leishmania spp when applied in the 
range of 22-62 µg/mL and polygodial demonstrated 
high selectivity towards T. cruzi trypomastigotes (2 
µg/mL) (Corrêa et al. 2011). The drimanes 9-epideoxy-
muzigadial, 9-deoxymuzigadial, muzigadial and 3-β-
acetoxypolygodial isolated from a hexane extract of the 
leaves of Canella winterana exhibited strong activity 
against the chloroquine-sensitive strain of P. falciparum, 
producing IC50 values of 1.01, 2.19, 0.31 and 2.77 µg/mL, 
respectively (Grace et al. 2010).

Our results, together with those reported in the lit-
erature, strongly suggest that D. brasiliensis and the dri-
manes could be promising for the treatment of diseases 
such as leishmaniasis and malaria, two of the so-called 
neglected diseases caused by protozoans, which demand 
the search for new chemotherapeutic agents. However, 
further studies (in vitro and in vivo) are imperative for 
understanding the mechanisms of action of these bioac-
tive compounds and for evaluating their toxicity to hu-
mans before these agents can be exploited clinically.

REFERENCES

Bezerra JL, Costa GC, Lopes TC, Carvalho ICDS, Patrício FJ, Sousa 
SM, Amaral FMM, Rebelo JMM, Guerra RNM, Ribeiro MNS, 
Nascimento FRF 2006. Avaliação da atividade leishmanicida in 
vitro de plantas medicinais. Rev Bras Farmacogn 16: 631-637.

Castelli VM, Lodeyro FA, Malheiros A, Zacchino SAS, Roveri AO 
2005. Inhibition of the mitochondrial ATP synthesis by polygo-
dial, a naturally occurring dialdehyde unsaturated sesquiterpene. 
Biochem Pharmacol 70: 82-89.

Corrêa DS, Tempone AG, Reimão JQ, Taniwaki NN, Romoff P, Fáve-
ro OA, Sartorelli P, Mecchi MC, Lago JH 2011. Anti-leishmanial 

and anti-trypanosomal potential of polygodial isolated from stem 
barks of Drimys brasiliensis Miers (Winteraceae). Parasitol Res 
109: 231-236.

Cunha FM, Fröde TS, Mendes GL, Malheiros A, Cechinel Filho V, 
Yunes RA, Calixto JB 2001. Additional evidence for the anti-
inflammatory and anti-allergic properties of the sesquiterpene 
polygodial. Life Sci 70: 159-169.

El Sayah M, Malheiros A, Cechinel Filho V, Yunes RA, Calixto JB 
2000. Action of polygodial on agonist-induced contractions of the 
rat portal vein in vitro. J Cardiovasc Pharmacol 35: 670-675.

García M, Monzote L, Montalvo AM, Scull R 2010. Screening of me-
dicinal plants against Leishmania amazonensis. Pharm Biol 48: 
1053-1058.

Grace MH, Lategan C, Mbeunkui F, Graziose R, Smith PJ, Raskin 
I, Lila MA 2010. Antiplasmodial and cytotoxic activities of dri-
mane sequiterpenes from Canella winterana. Nat Prod Commun 
5: 1869-1872.

Hotez PJ, Bottazzi ME, Franco-Paredes C, Ault SK, Periago MR 2008. 
The neglected tropical diseases of Latin America and the Carib-
bean: a review of disease burden and distribution and a roadmap 
for control and elimination. PLoS Negl Trop Dis 2: e300.

Lago JHG, Roque NF 2009. Estudo fitoquímico da madeira de Gua- 
rea macrophylla (Meliaceae). Quim Nova 32: 2351-2354.

Luize PS, Tiuman TS, Morello LG, Maza PK, Ueda-Nakamura T, Dias 
Filho BP, Cortez DAG, de Mello JCP, Nakamura CV 2005. Effects 
of medicinal plant extracts on growth of Leishmania (L.) amazo- 
nensis and Trypanosoma cruzi. Rev Bras Cienc Farm 41: 85-94.

Malheiros A, Cechinel Filho V, Schmitt CB, Santos ARS, Scheidt 
C, Calixto JB, Monache FD, Yunes RA 2001. A sesquiterpene 
drimane with antinociceptive activity from Drimys winteri bark. 
Phytochemistry 57: 103-107.

Malheiros A, Cechinel Filho V, Schmitt CB, Yunes RA, Escalante 
A, Svetaz L, Zacchino S, Delle Monache F 2005. Antifungal ac-
tivity of drimane sesquiterpenes from Drimys brasiliensis using 
bioassay-guided fractionation. J Pharm Pharm Sci 8: 335-339.

Mendes GL, Malheiros A, Santos ARS, Cechinel Filho V, Yunes RA, 
Calixto JB 2000. Assessment of mechanisms involved in anti-
nociception caused by sesquiterpene polygodial. J Pharmacol 
Exp Ther 292: 164-172.

Mendes GL, Santos ARS, Campos MM, Tratsk KS, Yunes RA, Cechi-
nel Filho V, Calixto JB 1998. Anti-hiperalgesic properties of the 
extract and the main sesquiterpene polygodial isolated from the 
barks Drimys winteri. Life Sci 63: 369-381.

Rocha LG, Almeida JR, Macêdo RO, Barbosa-Filho JM 2005. A 
review of natural products with antileishmanial activity. Phyto-
medicine 12: 514-535.

Trager W, Jensen JB 1976. Human malaria in continuous culture. Sci-
ence 193: 673-675.

WHO - World Health Organization 2009. World Malaria Report 2009. 
Available from: who.int/malaria/world_malaria_report_2009/en/
index.html.

WHO - World Health Organization 2010. Control of the leishma-
niases. World Health Organ Tech Rep Ser 949: 186.


