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ARTICLE INFO ABSTRACT

Artic{e history: Trypanosoma cruzi is the agent of Chagas disease, an infection that affects around 8 million people world-

Received 16 December 2019 wide. The search for new anti-T. cruzi drugs are relevant, mainly because the treatment of this disease is

[liewsed 25 August 2020 limited to two drugs. The objective of this study was to investigate the trypanocidal and cytotoxic activity

Ccépted 25 August 2020 and elucidate the chemical profile of extracts from the roots of the Lonchocarpus cultratus. Roots from L.
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cultratus were submitted to successive extractions with hexane, dichloromethane, and methanol, result-

ing in LCH, LCD, and LCM extracts, respectively. Characterization of extracts was done using "H-RMN, '3C-

ﬁfﬁ Z‘:;rcis" s RMN, CC and TLC. Treatment of T. cruzi forms (epimastigotes, trypomastigotes, and amastigotes) with
Chalconersp crescent concentrations of LCH, LCD, and LCM was done for 72, 48, and 48 h, respectively. After this,
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the percentage of inhibition and ICs50/LCso were calculated. Benznidazole was used as a positive control.
Murine macrophages were treated with different concentrations of both extracts for 48 h, and after, the
cellular viability was determined by the MTT method and CCso was calculated. The chalcones derricin and

lonchocarpine were identified in the hexane extract, and for the first time in the genus Lonchocarpus, the
presence of a dihydrolonchocarpine derivative was observed. Other chalcones such as isocordoin and
erioschalcone B were detected in the dichloromethane extract. The dichloromethane extract showed
higher activity against all tested forms of T. cruzi than the other two extracts, with ICso values of
10.98, 2.42, and 0.83 pg/mlL, respectively; these values are very close to those of benznidazole.
Although the dichloromethane extract presented a cytotoxic effect against mammalian cells, it showed
selectivity against amastigotes. The methanolic extract showed the lowest anti-T. cruzi activity but was
non-toxic to peritoneal murine macrophages. Thus, the genus Lonchocarpus had demonstrated in the past
action against epimastigotes forms of T. cruzi but is the first time that the activity against infective forms
is showed, which leading to further studies with in vivo tests.
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Pernambuco State; LC-1, 2 and 3: Fractions obtained from LCH extract; LC-4 and 5, fractions obtained from LCD extract; LCsq, Lethal Concentration 50%; LCD, Extract from L.
cultratus obtained by extraction with dichloromethane; LCH, Extract from L. cultratus obtained by extraction with hexane; LCM, Extract from L. cultratus obtained by
extraction with methanol; LIT, Liver Infusion Tryptose; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; NMR, Nuclear Magnetic Resonance; NO, Nitric
Oxide; PBS, Phosphate-Buffered Saline; RPMI, Roswell Park Memorial Institute; SI, Selectivity Index; TLC, Thin Layer column; TMS, Tetramethylsilane; UC, Untreated Control;
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1. Introduction

American trypanosomiasis is popularly known as Chagas dis-
ease, which is caused by the protozoan Trypanosoma cruzi (Try-
panosomatidae). T. cruzi is a parasite of mammals and, although
its transmission through insect vectors is common, infection also
occurs via contaminated food, blood transfusion, and through the
placental route and breast milk, with a high number of infected
people in Latin America (Rassi Jr et al., 2012). Chagas’ disease has
recently become a problem in developed countries, driven by blood
transfusion (Angheben et al., 2015).

Despite the significant rates of morbidity and mortality, invest-
ments in research, drug production, and transmission control for
trypanosomiasis are poor (Canuto et al., 2015). The treatment of
trypanosomiasis is active only during the phase in which the par-
asite can be found in the blood (i.e., the acute phase). Two medici-
nes are currently available: benznidazole and nifurtimox.

In this context, the research for new trypanocidal drugs is rele-
vant, since many natural products like alkaloids, terpenes, and
phenols have revealed surprising useful anti-parasitic properties
and selectivity (Siilsen et al., 2006).

Several studies with plants of the genus Lonchocarpus (Faba-
ceae) report anti-parasitic activities. Magalhdes et al. (1996)
reported on phenolic compounds with anti-T. cruzi activity in L.
xuul. Chalcones similar to isocordoin have been reported in studies
of the species L. neuroscapha (Mello et al., 1974).

L. cultratus is native of South America and in Brazil, popularly
known as embira. There is sparse phytochemical and biological
activity information about L. cultratus, though it also presents
botanical classification problems with a large number of synonyms
(Silva and Tozzi, 2012). Thus, considering the potential of anti-
parasitic activities demonstrated in other species of the genus Lon-
chocarpus, we performed this study to identify the chemical com-
ponents and investigate the anti-T. cruzi and cytotoxic activity of
extracts from the roots of L. cultratus.

2. Material and methods
2.1. Plant material

Root samples were collected from a specimen of L. cultratus
located on the banks of the lake of the Municipal Park of
Cascavel-PR, Brazil (S 24.96308°, and O 53.43674°) in April 2016.
The voucher specimen was deposited in the Herbarium of UNI-
OESTE (UNOP No. 20).

2.2. Plant extract

The roots collected from L. cultratus were dried in a circulating
air incubator (<40 °C) and ground in a knife mill. Plant material
obtained (849.85 g) was subjected to successive macerations under
different solvents as follow in Fig. 1. First, it was extracted in hex-
ane, filtered, and concentrated on a rotary evaporator under
reduced pressure, yielding 10.05 g of hexane extract (LCH). The
remaining plant residue after filtration was subjected to the above
procedure using a dichloromethane solvent in place of hexane. This
method yielded 6.24 g of dichloromethane extract (LCD). After
that, the process was repeated using methanol as the extracting
solvent and obtaining 85.28 g of methanolic extract (LCM).

2.3. Chemical characterization of extracts

Silica gel 60 (Merck) was used for column chromatography (CC)
and silica gel 60 G and 60 GF-254 (Vetec) for thin-layer chromatog-
raphy (TLC) analyses. Sephadex LH-20 (GE Healthcare) was also
used. Nuclear magnetic resonance (NMR) spectra were obtained
using Varian (Mercury Plus, BB 300 MHz) and Bruker (500 MHz)
spectrometers at the Chemistry Department of the State University
of Maringa-PR (UEM), Brazil using CDCl; as the solvent and
trimethylsilane (TMS) as an internal reference.

The chemical characterization of each extract (LCH, LCD, and
LCM) was performed by NMR, and the extracts with more activity
in the previous anti-trypanosomal test were submitted to chro-
matographic analysis.

The extracts LCH (500 mg) and LCD (1.80 g) were separately
subjected to column chromatography (CC) on silica gel, eluted in
hexane: dichloromethane in different proportions. After analysis
of thin-layer chromatograms and 'H and 3C NMR of the fractions,
it was confirmed that the CC of LCH made it possible to obtain
26 mg of a mixture of three substances designated as LC-1, LC-2
and LC-3, and the isolation of 9 mg of additional LC-2. From the
CC performed with the LCD extract, 7 mg of a mixture of two sub-
stances was obtained: LC-4 and LC-5. The LCM extract was not
studied by chromatography.

2.4. Anti-Trypanosoma cruzi activity

The anti-T. cruzi activity of LCH, LCD and LCM plant extracts was
performed by in vitro assays using epimastigote, trypomastigotes,
and amastigotes of the T. cruzi Y strain. Epimastigote forms were
maintained with weekly subcultures in Liver Infusion Tryptose
(LIT) medium supplemented with 10% fetal bovine serum and kept
in an incubator at 28 °C. Tissue culture trypomastigotes were
obtained from the supernatants of 5- to 6-day-old infected Vero
cells maintained in RPMI-1640 medium supplemented with 10%
FBS and 50 pg/mL gentamycin at 37 °C in a 5% humidified CO,
atmosphere. Benznidazole (Lafepe) was used as a positive control,
and dimethyl sulfoxide (DMSO) was used as the solvent for the
plant extracts.

The assays with the epimastigote forms were performed with T.
cruzi cultures in Falcon tubes (1 x 10° parasites/ml), in the pres-
ence of each of the LCH, LCD and LCM plant extracts dissolved in
DMSO (up to a maximum of 0.6%). The following controls were
used in the tests: untreated (UC), consisting of T. cruzi cultures in
the LIT medium; DMSO (DC), consisting of T. cruzi and DMSO cul-
tures (solvent of the plant extracts at a concentration of 0.6%)
and treated with reference drug (BZN), consisting of benznidazole
(the reference drug used to treat trypanosomiasis). The final vol-
ume in each tube was 3 mL. All tests were performed in triplicate,
and BZN, LCH, LCD, and LCM were used at concentrations of 1, 10,
15, 50, 100, 150, and 175 pg/mL. The growth of T. cruzi after 72 h of
culture was verified by direct counting of protozoa in a Neubauer
chamber using an Olympus Model CBA optical microscope with a
400-fold magnification.

The anti-T. cruzi activity of LCH, LCD and LCM extracts against
trypomastigote forms was performed in 96-well plates (4 x 10°
parasites/well) in RPMI medium supplemented with 10% FBS and
50 pg/mL of gentamycin in the absence or presence of different
concentrations (1-175 pg/mL) of the plant extracts (LCH, LCD,
and LCM), in triplicate. Viable parasites were counted in a Neu-
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Fig. 1. Scheme of extraction of the LCH, LCD and LCM extracts from the roots of L. cultratus.

bauer chamber 24 and 48 h after incubation using an Olympus
Model CBA optical microscope with a 400-fold magnification. Con-
trols used here were the same used as before: untreated (UC),
DMSO (DC), and treated with reference drug (BZN). The final vol-
ume in each well was 300 pL. BZN was used at concentrations
between 1 and 175 ug/mL.

To evaluate the effects of L. cultratus extracts on intracellular
amastigote forms, peritoneal macrophages from Balb/c mice were
harvested and seeded at 2 x 10° cells/well on round glass cover-
slips inside the wells of a 24-well plate, in an RPMI 1640 medium
supplemented with 10% inactivated FBS and allowed to adhere for
3 hat 37 °C in a 5% CO, atmosphere. Adhered macrophages were
then infected with culture-derived trypomastigote forms using a
1:10 ratio at 37 °C for 4 h. Afterward, non-internalized parasites
were removed by washing, and the infected culture was incubated
for 48 h in the absence or presence of different concentrations of
the extracts: LCM at 1-175 pg/L, LCH at 1-100 pg/mL and LCD at
1-15 pg/mL. For these two last extracts, only the lowest values
were used because higher concentrations were found to be toxic
to the macrophages (Fig. 7A-C). The cells were fixed and stained
with Giemsa and the parasite infection was determined by direct
counting of the total number of intracellular amastigotes per 200
cells in duplicate using an Olympus Model CBA optical microscope
with a 400-fold magnification. Controls used here were the same
used as before: untreated (UC), DMSO (DC), and treated with the
reference drug (BZN). BZN was used at concentrations of 1-
175 pg/mL.

The trypanocidal effect of the extracts was calculated counting
the number of parasites after 72 h (epimastigotes) and 48 h (trypo-
mastigotes). To verify the action on amastigotes, the phagocytic
index was used, which was calculated by multiplying the percent-
age of macrophages containing at least one ingested parasite by
the number of amastigotes ingested by these macrophages.

The inhibitory concentration 50 (ICsg) was calculated for the
epimastigote and amastigote forms, and the lethal concentration
50 (LCsp) was calculated for the trypomastigote form, based on
the mean percentage reduction of parasites compared to the

untreated controls. Data were evaluated by non-linear regression
in GraphPad Prism 6.0.

2.5. Cytotoxic bioassay

The toxicity of each plant extract (LCM, LCD, and LCH) was
assessed in murine peritoneal macrophage cells, employing the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. Macrophages were suspended in RPMI medium sup-
plemented with 10% fetal bovine serum and gentamycin solution
(50 pg/mL) in a CO, atmosphere (5%) at 37 °C, adjusted to 2x10°
cells per well in 96-well microplates. These plates were incubated
for 2 h before treatment and each well was washed with PBS. Then,
each plant extract (LCM, LCD, and LCH) was dissolved in RPMI
medium at concentrations of 1, 10, 15, 50, 100, 150 and 175 pg/
mL and added to the plates. The plates were incubated for 48 h
under the same conditions as above. After this time, 300 pL of
the MTT reagent (5 mg/mL) was added to each well and an addi-
tional 3 h of incubation was carried out. Next, 150 pL of additional
DMSO was added to solubilize the crystals that were formed, and
this solution was read using a Biotek microplate reader, Model
EPOCH (A 550 nm). In the test, untreated control, consisting of
RPMI medium, and DMSO control, consisting of RPMI medium
and DMSO (solvent of plant extracts), were used. Triplicates were
carried out. Cytotoxic activity was expressed as the concentration
of extracts capable of killing 50% of macrophages (CCsg) after
48 h of treatment. The cytotoxic activity (CCso) was calculated
using non-linear regression in GraphPad Prism 6.0 and was related
to the trypanocidal activity (ICsg and LCsg) by determining the cor-
responding selectivity index (SI = CCso/ICsq or LCsg).

2.6. Statistical analysis

The Kruskal-Wallis non-parametric test with Dunn’s multiple
comparisons post-test was used to compare the median number
of parasites and the phagocytic index for the epimastigote, trypo-
mastigote, and amastigote forms. The results were processed using
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the software GraphPad Prism 6.0, at a level of significance of 95%
(p-value < 0.05).

3. Results and discussion
3.1. Characterization of extracts

The LCH extract of Lonchocarpus cultratus root (10.50 g) was
produced at a yield of 1.18%. The other extracts, LCD (6.24 g) and
LCM (85.80 g) were obtained with yields of 0.73% and 10.03%,
respectively.

Fig. 2 shows the 'H NMR (500 MHz) spectra of the LCM, LCH,
and LCD extracts.

The '"H NMR spectrum shows that the signals obtained by LCH
and LCD extracts indicate that they are constituted mainly by sub-
stances of low and medium polarity, such as those extracted by
solvents used to obtain LCH (hexane) and LCD (dichloromethane).
In the § 0.8-2.0 ppm range in the spectra of the LCD and LCH
extracts, there are signals corresponding to hydrogens of the -
CH3, -CH,, and —-CH groups. Signals in the region between ¢ 2.8
and 5.0 ppm indicate the presence of hydrogens linked to elec-
tronegative elements, such as O. In the region between ¢ 3.5 and
6.0 ppm, signals are corresponding to hydrogens in double-
bonded carbons and the region between 6 6.0 and 7.8 ppm these
are related to the presence of aromatic substances present in the
constituents of the extracts. Finally, LCH signals in the range of ¢
12.0-14.0 ppm indicate the presence of hydrogens in strong inter-
actions, such as those of -OH chelated in intramolecular bridges,
between the hydrogen of —OH and the carbonates of chalcones
and flavonoids. The "H NMR spectrum of LCM extract showed no
signals in high fields as in previous spectra (LCH and LCD), indicat-
ing the absence of chalcones. The signals of LCM were exhibited
mainly in the region between 5.0 and 2.5 ppm, which are charac-
teristic of polar hydrogen bonds to electronegative elements and
in —CH, -CH,, and -CH3 groups in aliphatic compounds, suggesting
the presence of terpenes.

Subsequently, the fractions obtained from chromatographic col-
umns made with each LCH and LCD extract were analyzed by NMR.
From LCH, a mixture of three substances was obtained, named LC-
1, LC-2, and LC-3, as well as the isolation of an additional amount of
LC-2. From the LCD extract, another mixture was obtained consist-
ing of two substances named LC-4 and LC-5.

The Fig. 3 shows the chemical structures of chalcones identified
in LCH and LCD extracts. The identification of LC-1, LC-2, LC-3, LC-
4, and LC-5 was performed by comparing data of the respective
NMR spectra with those described in the literature. From LCH,
the chalcones LC-1 as derricin (C3;H2,03) (Gongalves de Lima
et al.,, 1975) and LC-2 as lonchocarpine (C;oH;g303) (Lima et al.,
2013) were identified (Supplementary Table 1 and 2). LC-3 was
identified as a dihydrolonchocarpine derivative (CyoH2003), which
had not yet been recognized in the genus Lonchocarpus.

In the chemical structure of LC-3, there is no double bond
between Co and CB, as in those of the derricin and lonchocarpine.
The signals related to the hydrogens bound to these (Ca-CB) on LC-
3 were the same as those for chalcone crotaramosmine (m;
3.23 ppm-Ha and m; 3.05 ppm-Hp for LC-3 and 3.21 ppm-Ha
and 3.01 ppm-HB for crotaramosmine). However, the comparison
of 'H and '>C NMR data of crotaramosmine (Krohn et al., 2002;
Rao et al., 1998) with those obtained for LC-3 showed that there
is C-OH for crotaramosmine in C-4 and C-H for LC-3. The other val-
ues of the 'H and '>C NMR signals of crotaramosmine were the
same as those of lonchocarpine, except for B-ring hydrogens and
carbons, due to the presence of -OH in C-4. The value of
203.7 ppm (C=0) on the '*C NMR spectrum of LC-3 was also con-

sistent with the absence of conjugation (Co=CB). Then, LC-3 was
identified as dihydrolonchocarpine (Supplementary Table 3).

In the LCD extract, two other chalcones were identified: LC-4 as
isocordoin (Cy0H»003) (Borges-Argaez et al.,, 2002; Mello et al.,
1974) and LC-5 as erioschalcone B (C;0H2203) (Awouafack et al.,
2008) (Supplementary Table 4).

Derricin and lonchocarpine are frequent in Lonchocarpus. These
substances have already been isolated from the hexane fraction of
L. sericeus barks (Fontenele et al., 2009). These chalcones have sev-
eral biological activities such as cytotoxicity to leukemia cells, anti-
platelet, analgesic and, reduction of activity of ATPase enzyme (da
Silva Landim et al., 2019; Fontenele et al., 2009, 2001; Reyes-Chilpa
et al., 2006), but any antimicrobial activity was found using these
substances isolated (Cunha et al,, 2003; Magalhdes et al., 2007).
This justifies the higher trypanocidal capacity of the LCD, as isocor-
doin was founded in it, a substance with known anti-Trypanosoma
activity (Borges-Argaez et al., 2009, 2007).

The erioschalcone B present in the LCD extract was previously
isolated from another species of genus Lonchocarpus (L. xuul)
(Yam-Puc and Pefia-Rodriguez, 2009) from its roots, using hexane
and acetone as a solvent, but authors did not do any biological test.

3.2. Anti-Trypanosoma cruzi activity

Parasite counting after 72 h showed that the treatment with the
LCH, LCD, and LCM extracts significantly reduced the number of
epimastigotes at the highest concentrations (>100 pg/mL to LCH
and LCD, and > 150 pug/mL to LCM) compared to the UC (Fig. 4A-
C). However, the effects of LCH and LCD were more obvious regard-
ing the number of protozoa, abruptly reducing the number of par-
asites, similar to BZN treatment (Fig. 4D).

Growth inhibition percentages were obtained to determine ICsq
values. The extracts from the roots of L. cultratus at the concentra-
tion of 175 pg/mL showed growth inhibition of 99.32%, 95.96%, and
36.06%, for LCD, LCH, and LCM, respectively. The BZN control
showed a 97.96% growth inhibition at a concentration of 50 ng/
mL. The DMSO control (DC) showed no significant difference (p-
value 0.092) versus the UC group but was different compared to
the groups treated with the extracts (p-value < 0.05). Thus, the sol-
vent did not influence the anti-Trypanosoma activity of the
extracts.

Table 1 shows the ICso values of the extracts. According to
Osorio et al. (2007), the three extracts are classified as active
against epimastigotes, i.e., an ICsg between 10 and 50 pg/mL (LCD
10.98, LCH 15.01 and LCM 22.71). The isocordoin obtained from
Lonchocarpus xuul showed an ICsq of 26.7 pg/mL against T. cruzi epi-
mastigotes (Borges-Argaez et al., 2009), and despite being a puri-
fied compound, it showed a higher ICso compared to the ICso of
extracts such as LCD and LCH. Altogether, it indicates that more
studies are necessary to establish if the action of the compounds
presents in these extracts acts equally when either isolated or if
the action is due to a synergistic effect of the compounds.

The trypomastigote forms showed a mortality rate against LCD,
LCH, and LCM extracts of 95.84%, 88.89%, and 97.67% after 24 h of
exposition and 100%, 91.17%, and 95.25% (after 48 h) at a concen-
tration of 175 pg/mL. These percentages were very close to the one
showed by Benznidazole (175 pg/mL), i.e. 70.91% (24 h) and 92.6%
(48 h). All treatments with the extracts and BZN showed significant
differences (Fig. 5A-D) in the mortality rate in relation to the UC at
concentrations above 150 pg/mL, while the DMSO group didit,
indicating that the solvent was not responsible for the activity of
the extracts.

The LCsq values of the three extracts are shown in Table 1. LCD
was very active against trypomastigotes with a value of 2.42 nug/
mL, a slightly higher value than that observed with BZN (1.36 pg/
mL). LCH and LCM reached values of 23.99 and 17.71 ug/mlL, a
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trend that is opposite to that observed with the epimastigote form,
on which the LCH extract showed greater activity than LCM. The
activity against the trypomastigote form was very interesting since
this is the infecting form and should be the target of the drugs.
The effects of the extracts on the intracellular form of Try-
panosoma cruzi were evaluated by the phagocytic index (Fig. 6A-
D), which showed that, at the highest concentrations of LCH and
LCD, the tested substances could act internally on phagocytic cells
to enhance the destruction of parasites. In macrophages treated
with LCM, a tendency toward a lower phagocytic index was found,

but a statistically significant difference was not observed. The
mechanism by which the extracts diminished the presence of
amastigotes was not clear, but preliminary results (Supplementary
Fig. 1) point to a direct effect on the amastigotes since these
extracts were not able to induce the production of NO by murine
macrophages. The reduction in the percentage of the amastigote
form was calculated and found to be 73.99%, 59.9%, and 61% inhi-
bition at the higher concentrations of LCD (15 pg/mL), LCH (100 ng/
mL) and LCM (175 pg/mL). LCD and LCH were not tested at all con-
centrations since a high degree of toxicity was demonstrated in
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Table 1

ICs0 and CCsq data obtained from epimastigotes, trypomastigotes, amastigotes, and murine macrophages treated with LCH, LCD, and LCM extracts.

Extracts

Epimastigotes ICso (ug/mL) Trypomastigotes LCso (1g/mL) Amastigotes ICso (ng/mL) Macrophages CCso (ug/mL) SI (epi) SI (trypo) SI (ama)
LCH 15.01 23.99 6.89 46.68 3.11 1.95 6.78
LCD 10.98 2.42 0.83 31.14 2.84 12.87 37.52
LCM 22.71 17.71 14.54 >500 >22 >28 >34
BZN 3.13 1.36 0.61 >500 >159 >367 >819

LCH: hexane extract, LCD: dichloromethane extract, LCM: methanolic extract, and BZN: benznidazole (reference drug control). SI (selectivity index): CCsq/ICs0.

macrophages. BZN treatment led to a 94.3% reduction at 175 pg/
mL. The DMSO was not different from the UC group, indicating that
the solvent was not responsible for the activity of the extracts.

Table 1 shows the ICsq value against amastigotes. LCD was the
more active at 0.83 pg/mL. LCH showed an intermediate value of
6.89 pg/mL and LCM was the least active at 14.54 pg/mL. The
BZN ICsq value was 0.60 pg/mL.

Chemical studies on plant species of the genus Lonchocarpus
have reported the isolation of secondary metabolites, especially
in less polar extracts such as those obtained with petroleum ether,
hexane, dichloromethane and chloroform (Magalhdes et al., 2007).
This information justifies the inhibition of T. cruzi observed with
LCH and LCD extracts since these extracts showed a greater
amount of active principles than LCM, but with more toxicity to
macrophages.

Muelas-Serrano et al. (2000) demonstrated that aqueous
extracts from the bark of Mimosa tenuiflora (Willd.) Poiret (Faba-
ceae Family), at a concentration of 100 pg/mL, led to weaker
growth inhibition (GI) in T. cruzi epimastigotes (GI% = 18.28%) com-
pared to the LCH, LCD and LCM extracts at the same concentration
(GI% LCH: 81.67%, LCD: 93.57% and LCM: 29.94%), which indicates
the importance of selecting the correct solvent to carry the major
active compounds.

The Fabaceae family of L. cultratus has been studied regarding
anti-protozoan effects, with some very active extracts (Ribeiro
et al., 2015; Zhai et al., 1995); this justifies the search for new com-
pounds in Lonchocarpus species. The chalcones of the genus Lon-
chocarpus have already demonstrated activity against
trypanosome species. Salem and Werbovetz (2005) demonstrated
that chalcones isolated from Psorothamnus polydenius (Fabaceae)
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showed inhibitory effects (ICso: 6.3 and 6.8 pg/mL) against Try-
panosoma brucei, which causes trypanosomiasis popularly known
as sleeping sickness. However, like the extracts obtained in the
present study, toxicity to macrophages was observed (SI: 1.2 and
1.4).

Compound founded on LCD (isocordoin) had been evaluated as
an isolated compound and demonstrated anti-T. cruzi and anti-
Leishmania activity. ICso values against epimastigotes forms of T
cruzi of isocordoin (ICsg = 26.70 pug/mL) (Borges-Argaez et al.,
2009) are higher than those obtained by the LCD (ICso = 10.98 pg/
mL), shows that crude extract was more efficient against the pro-
tozoan T. cruzi than each substance alone, which could demon-
strate a synergistic effect between compounds. Although there is
an interest in the antiparasitic properties of chalcones of the genus
Lonchocarpus, his ability against infective forms of T. cruzi (trypo
and amastigotes) was not explored, once the literature does not
report any study with these two forms. However, a study with try-
pomastigotes of T. brucei (dos Santos et al., 2009) showed the activ-
ity of isolonchocarpine (which was not found in L. cultratus
extracts), with an ICsq of 54.84 pg/mL, which is higher (LCH
23.99 and LCD 2.42 pg/mL) than that of the extracts obtained here
from L. cultratus and with similar selectivity (isolonchocarpine 5.3,
LCH 3.47 and LCD 5.10). Several activities were founded associated
to the lonchocarpine; as the inhibition of the gastric ATPase

enzyme (Reyes-Chilpa et al., 2006), the inhibition of activation of
microglial cells provided by the LPS (Jeong et al., 2017), and the
inhibition of ROS production by astrocytes stimulating the antiox-
idant enzymes (Jeong et al., 2016). Isocordoin has been identified
as a cytotoxic compound (da Silva Landim et al., 2019), with some
antiproliferative activity, which could explain the toxicity founded
in LCH and LCD extracts. The erioschalcone B present by LCD
extract was previously isolated from Eriosema glomerata by
Awouafack et al., 2008 and showed significant activity against sev-
eral microorganisms, such as Bacillus megaterium, Escherichia coli,
Chlorella fusca, and Microbotryum violaceum. Erioschalcone B has
not been tested for anti-T. cruzi activity, but in this study, it was
detected in an active extract (LCD).

Terpenes have been found in another species of Lonchocarpus (L.
muehlbergianus) (de Oliveira et al.,, 2008) and the antiprotozoal
ability of these metabolites has been identified in various genera
of plants (Annang et al., 2016), with promising substances against
Leishmania (Rosa et al., 2003), showing that the activity found in
LCM should be explored further.

Any target on T. cruzi of chalcones present on L cultratus extracts
was demonstrated, but one of the targets explored for drugs
against T. cruzi is the inhibition of cruzain, the enzyme involved
in the multiplication and intracellular differentiation of the proto-
zoan (da Silva et al., 2016). It is critical for the development and
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survival of the parasite within host cells. Li et al. (1996) demon-
strated the inhibition of the enzymatic function of cruzain through
other chalcones, demonstrating their potential as candidates for
new trypanocidal drugs. A study with licochalcone A (Zhai et al.,
1995) showed that this compound interferes with mitochondrial
activity in Leishmania major, another species of the Trypanosomati-
dae family, which may indicate the mechanism of action of the
extracts from L. cultratus against T. cruzi.

3.3. Cytotoxic activity

To evaluate whether the LCH, LCD, and LCM extracts were cyto-
toxic to host cells, cytotoxic bioassays were performed with these
plant extracts at the same concentration of anti-T. cruzi activity and
the cytotoxic concentration for 50% of macrophages (CCso) was cal-
culated (Table 1).

Fig. 7 shows that the LCM extract was not cytotoxic because it
did not interfere with the viability of the tested cells. These data
provide the knowledge that the LCM extract was the one that best
distinguished between macrophages and parasites (SI > 22, >28
and > 34, against epimastigotes, trypomastigotes, and amastigotes,
respectively), although it was the extract with the lowest efficacy
against T. cruzi in vitro. The LCH extract presented a CCso of
46.68 pg/mL, which generated an SI of 3.11, 1.95, and 6.78 for
the three forms of the parasite, indicating the highest toxicity
between of the three extracts from L. cultratus. A comparison of
these results with results from similar plant extracts indicates that
LCH cytotoxicity is due to its components. Cunha et al. (2003)

showed that the hexane crude extract of Lonchocarpus sericeus
had marked cytotoxicity in mammalian tumor cells (CCsq
17.6 pg/mL) and this cytotoxicity is due to derricin and lon-
chocarpin founded at crude extract.

The CCsq value of the LCD extract (31.14 pg/mL) showed toxicity
to murine macrophages, resulting in different selectivity index (SI)
according to parasite form, while LCD showed a low SI against epi-
mastigote forms (3.11), it presented a better capacity to discern
between mammalian cells and infective forms (trypo and amastig-
otes), with SI values of 12.87 and 37.52, respectively. BZN showed
excellent selectivity, with an SI higher than 159 to all tested forms.
According to the Program for Research and Training in Tropical
Disease (TDR), WHO's criteria considers a compound as a drug
hit for Chagas’ disease with an ICs59 < 1 pg/mL and a SI > 50
(Nwaka and Hudson, 2006), and despite extracts from L. cultratus
are not purified, the LCD extract presented values against amastig-
ote forms near of the criteria, while LCM showed no toxicity
against murine macrophages and high SI, which shows that they
are a promising starting point for further explorations.

4. Conclusion

Extracts from the roots of L. cultratus present an anti-T. cruzi
activity and this activity is due to the presence of derricin, lon-
chocarpine, isocordoin, and terpenes present in these extracts,
although the first three are responsible for the higher cytotoxicity
found in LCH and LCD extracts.
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This study is preliminary but showed a potential for the devel-
opment of new anti-trypanosomal drugs and suggests possible
synergism between the constituents of these extracts, even though
additional research should be conducted.

Ethical approval

All legal recommendations of Brazilian legislation (Law No.
11.794 Oct. 2008) for animal handling procedures for scientific
research were used and this study was approved by the Animal
Ethics Committee of Unioeste.

CRediT authorship contribution statement

Aline Antunes Maciel Bortoluzzi: Data curation, Investigation,
Writing - original draft. Izabela Virginia Staffen: Data curation,
Investigation, Writing - original draft. Fernanda Weyand Banhuk:
Data curation, Investigation. Aline Griebler: Data curation, Investi-
gation. Patricia Karoline Matos: Data curation, Investigation.
Thais Soprani Ayala: Formal analysis, Validation, Writing - review
& editing. Edson Antonio Alves da Silva: Formal analysis, Valida-
tion. Maria Helena Sarragiotto: Formal analysis. Ivinia Teresinha
Albrecht Schuquel: Investigation, Validation. Tereza Cristina
Marinho Jorge: Conceptualization, Formal analysis, Validation,
Writing - original draft, Writing - review & editing. Rafael Andrade
Menolli: Conceptualization, Formal analysis, Validation, Writing -
original draft, Writing - review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgments

We would like to thank Coordenacdo de Pessoal de Ensino
Superior (CAPES) for providing a master’s degree scholarship to
A.AM.B, FWB. and LV.S. We also thank Prof®. Sueli F. Y. Ogatta,
Prof Alexandre T. Morey and Prof Phileno Pinge Filho from Univer-
sidade Estadual de Londrina (UEL) for the epimastigote and trypo-
mastigote forms of T. cruzi.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/].sjbs.2020.08.036.

References

Angheben, A., Boix, L., Buonfrate, D., Gobbi, F., Bisoffi, Z., Pupella, S., Gandini, G.,
Aprili, G., 2015. Chagas disease and transfusion medicine: A perspective from
non-endemic countries. Blood Transfus. 13, 540-550. https://doi.org/10.2450/
2015.0040-15.

Annang, F., Genilloud, O., Vicente, F., 2016. Contribution of natural products to drug
discovery in tropical diseases. In: Miiller, S., Cerdan, R., Radulescu, O. (Eds.),
Comprehensive analysis of parasite biology: From metabolism to drug
discovery. Wiley VCH Verlag GmbH & Co., KGaA, Weinheim, Germany, pp.
75-104. https://doi.org/10.1002/9783527694082.ch3.

Awouafack, M.D., Kouam, S.F., Hussain, H., Ngamga, D., Tane, P., Schulz, B., Green, L.
R., Krohn, K., 2008. Antimicrobial prenylated dihydrochalcones from Eriosema
glomerata. Planta Med. 74, 50-54. https://doi.org/10.1055/s-2007-993782.

Borges-Argaez, R., Balnbury, L., Flowers, A., Giménez-Turba, A., Ruiz, G., Waterman,
P.G., Pefia-Rodriguez, L.M., 2007. Cytotoxic and antiprotozoal activity of
flavonoids from Lonchocarpus spp. Phytomedicine 14, 530-533. https://doi.
org/10.1016/j.phymed.2006.11.027.

Borges-Argaez, R., Pea-Rodriguez, L.M., Waterman, P.G., 2002. Flavonoids from two
Lonchocarpus species of the Yucatan peninsula. Phytochemistry 60, 533-540.
https://doi.org/10.1016/S0031-9422(02)00131-0.

Borges-Argaez, R., Vela-Catzin, T., Yam-Puc, A., Chan-Bacab, M.J., Moo-Puc, R.E.,
Caceres-Farfan, M., 2009. Antiprotozoal and cytotoxic studies on some
isocordoin derivatives. Planta Med. 75, 1336-1338. https://doi.org/10.1055/s-
0029-1185670.

Canuto, G.A.B,, da Cruz, P.LR, Faccio, AT, Klassen, A., Tavares, M.F.M., 2015.
Neglected diseases prioritized in Brazil under the perspective of metabolomics:
A review. Electrophoresis 36, 2336-2347. https://doi.org/10.1002/
elps.201500102.

Cunha, G.M. de A, Fontenele, ].B., Nobre Janior, H.V., de Sousa, F.C.M,, Silveira, E.R,,
Nogueira, N.A.P., de Moraes, M.O., Viana, G.S.B., Costa-Lotufo, L.V., 2003.
Cytotoxic activity of chalcones isolated from Lonchocarpus sericeus (Pocr.)
Kunth. Phyther. Res. 17, 155-159. https://doi.org/10.1002/ptr.1096.

da Silva, E.B.,, do Nascimento Pereira, G.A., Ferreira, R.S., 2016. Trypanosomal
cysteine peptidases: Target validation and drug design strategies, in: Miiller, S.,
Cerdan, R., Radulescu, O. (Eds.), Comprehensive analysis of parasite biology:
from metabolism to drug discovery. Wiley VCH Verlag GmbH & Co. KGaA,
Weinheim, Germany, pp. 121-145. https://doi.org/10.1002/9783527694082.
ch5.

da Silva Landim, E.M.B.M,, Ruiz, A.L.T.G., de Carvalho, J.E., Pomini, A.M., Pastorini, L.
H., Oliveira Santin, S.M., 2019. Antiproliferative activity and chemical
constituents of Lonchocarpus cultratus (Fabaceae). Nat. Prod. Res. https://doi.
org/10.1080/14786419.2019.1647427.

dos Santos, D.A.P., de C. Braga, P.A., Fernandes, ].B., Vieira, P.C., Magalhdes, A.F.,
Magalhdes, E.G., Marsaioli, AJ., de S. Moraes, V.R., Rattray, L., Croft, S.L., da Silva,
M.F. das G.F.,, 2009. Anti-african trypanocidal and antimalarial activity of
natural flavonoids, dibenzoylmethanes and synthetic analogues. ]. Pharm.
Pharmacol. 61, 257-266. https://doi.org/10.1211/jpp/61.02.0017.

Fontenele, ].B., de Assis, R.K.C,, Silveira, E.R., Viana, G.S.B., 2001. Analgesic effect of
hexane fraction from roots of Lonchocarpus sericeus. Pharm. Biol. 39, 429-434.
https://doi.org/10.1076/phbi.39.6.429.5884.

Fontenele, ].B., Leal, LK.A.M., Félix, F.H.C,, Silveira, E.R,, Viana, G.S.B., 2009. Studies
on the anti-oedematogenic properties of a fraction rich in lonchocarpin and
derricin isolated from Lonchocarpus sericeus. Nat. Prod. Res. 23, 1677-1688.
https://doi.org/10.1080/14786410802181745.

Gongalves de Lima, O., de Méllo, J.F.,, de Barros Coélho, J.S., de Andrade Lyra, F.D.,
Machado de Albuquerque, M., Marini-Bettélo, G.B., Delle Monache, G., Delle
Monache, F., 1975. New prenylated chalcones from Lonchocarpus neuroscapha
Benth. (Cordoa piaca). Farmaco. Sci. 30, 326-342.

Jeong, Y.H., Park, ].S., Kim, D.H., Kang, J.L, Kim, H.S., 2017. Anti-inflammatory
mechanism of lonchocarpine in LPS- or poly(I:C)-induced neuroinflammation.
Pharmacol. Res. 119, 431-442. https://doi.org/10.1016/j.phrs.2017.02.027.


https://doi.org/10.1016/j.sjbs.2020.08.036
https://doi.org/10.2450/2015.0040-15
https://doi.org/10.2450/2015.0040-15
https://doi.org/10.1002/9783527694082.ch3
https://doi.org/10.1055/s-2007-993782
https://doi.org/10.1016/j.phymed.2006.11.027
https://doi.org/10.1016/j.phymed.2006.11.027
https://doi.org/10.1016/S0031-9422(02)00131-0
https://doi.org/10.1055/s-0029-1185670
https://doi.org/10.1055/s-0029-1185670
https://doi.org/10.1002/elps.201500102
https://doi.org/10.1002/elps.201500102
https://doi.org/10.1076/phbi.39.6.429.5884
https://doi.org/10.1080/14786410802181745
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0075
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0075
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0075
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0075
https://doi.org/10.1016/j.phrs.2017.02.027

108 A.AM. Bortoluzzi et al./Saudi Journal of Biological Sciences 28 (2021) 99-108

Jeong, Y.H., Park, ].S., Kim, D.H., Kim, H.S., 2016. Lonchocarpine increases Nrf2/ARE-
mediated antioxidant enzyme expression by modulating AMPK and MAPK
signaling in brain astrocytes. Biomol. Ther. 24, 581-588. https://doi.org/
10.4062/biomolther.2016.141.

Krohn, K., Steingrover, K. Srinivasa Rao, M., 2002. Isolation and synthesis of
chalcones with different degrees of saturation. Phytochemistry 61, 931-936.
https://doi.org/10.1016/S0031-9422(02)00475-2.

Li, R, Chen, X., Gong, B., Selzer, P.M,, Li, Z., Davidson, E., Kurzban, G., Miller, R.E.,
Nuzum, E.O., McKerrow, J.H., Fletterick, R.J., Gillmor, S.A., Craik, C.S., Kuntz, 1.D.,
Cohen, F.E., Kenyon, G.L., 1996. Structure-based design of parasitic protease
inhibitors. Bioorg. Med. Chem. 4, 1421-1427.

Lima, N.M., Andrade, J.LA., Lima, K.C.S., Dos Santos, F.N., Barison, A., Salome, K.S.,
Matsuura, T., Nunez, C.V., 2013. Chemical profile and biological activities of
Deguelia duckeana AM.G. Azevedo (Fabaceae). Nat. Prod. Res. 27, 425-432.
https://doi.org/10.1080/14786419.2012.733387.

Magalhaes, AF., Tozzi, AM.G.A., Magalhdes, E.G., Sannomiya, M., Soriano, M.D.P.C.,
Perez, M.A.F., 2007. Flavonoids of Lonchocarpus montanus A.M.G. Azevedo and
biological activity. An. Acad. Bras. Cienc. 79, 351-367. https://doi.org/10.1590/
S0001-37652007000300001.

Magalhades, A.F., Tozzi, AM.G.A,, Sales, B.H.L.N., Magalhdes, E.G., 1996. Twenty-three
flavonoids from Lonchocarpus subglaucescens. Phytochemistry 42, 1459-1471.

Mello, J.F., Lima, O.G., Albuquerque, M.M., Marini-Bettolo, G.B., Lyra, F.D., Silva, E.C.,
1974. 0 and C prenylated chalcones with antineoplastic and antibiotic activities
isolated from Lonchocarpus neuroscapha Benth. Rev. Inst. Antibiot. (Recife) 14,
39-50.

Muelas-Serrano, S., Nogal, JJ., Martiinez-Diaz, R.A., Escario, ].A., Martinez-
Ferndndez, A.R., Gémez-Barrio, A., 2000. In vitro screening of American plant
extracts on Trypanosoma cruzi and Trichomonas vaginalis. J. Ethnopharmacol. 71,
101-107. https://doi.org/10.1016/S0378-8741(99)00185-3.

Nwaka, S., Hudson, A., 2006. Innovative lead discovery strategies for tropical
diseases. Nat. Rev. Drug Discov. 5, 941-955. https://doi.org/10.1038/nrd2144.

Oliveira, D.C. de, Soares, G.L.G., Isaias, R.M. dos S., 2008. Phytotoxicity of the extracts
of Lonchocarpus muehlbergianus Hassl. (Fabaceae) leaflets and galls on seed
germination and early development of lettuce. Acta Bot. Brasilica 22, 1095-
1100. https://doi.org/10.1590/S0102-33062008000400020.

Osorio, E., Arango, GJ., Jiménez, N., Alzate, F., Ruiz, G., Gutiérrez, D., Paco, M.A,,
Giménez, A., Robledo, S., 2007. Antiprotozoal and cytotoxic activities in vitro of
Colombian Annonaceae. ]. Ethnopharmacol. 111, 630-635. https://doi.org/
10.1016/j.jep.2007.01.015.

Rao, M.S., Rao, P.S,, Téth, G., Balazs, B., Duddeck, H., 1998. A revised structure for
crotaramosmin from Crotolaria ramosissima. ]. Nat. Prod. 61, 1148-1149.
https://doi.org/10.1021/np980043h.

Rassi Jr, A, Rassi, A., Marcondes de Rezende, ]., 2012. American Trypanosomiasis
(Chagas Disease). Infect. Dis. Clin. North Am. 26, 275-291. https://doi.org/
10.1016/j.idc.2012.03.002.

Reyes-Chilpa, R., Baggio, C.H., Alavez-Solano, D., Estrada-Muiiiz, E., Kauffman, F.C.,
Sanchez, R.I., Mesia-Vela, S., 2006. Inhibition of gastric H+, K+-ATPase activity
by flavonoids, coumarins and xanthones isolated from Mexican medicinal
plants. J. Ethnopharmacol. 105, 167-172. https://doi.org/10.1016/
j-jep-2005.10.014.

Ribeiro, T.G., Nascimento, A.M., Henriques, B.O., Chavez-Fumagalli, M.A., Franca, J.R.,
Duarte, M.C,, Lage, P.S.,, Andrade, P.H.R,, Lage, D.P., Rodrigues, L.B., Costa, L.E.,
Martins, V.T., Faraco, A.A.G., Coelho, E.A.F., Castilho, R.O., 2015. Antileishmanial
activity of standardized fractions of Stryphnodendron obovatum (Barbatimao)
extract and constituent compounds. J. Ethnopharmacol. 165, 238-242. https://
doi.org/10.1016/j.jep.2015.02.047.

Rosa, M. d. S.S., Mendonca-Filho, R.R., Bizzo, H.R., Rodrigues, .D.A., Soares, R.M. a,
Souto-Padron, T., Alviano, C.S., Lopes, A.H.C.S., 2003. Antileishmanial activity of
a linalool-rich essential oil from Croton cajucara. Antimicrob. Agents
Chemother. 47, 1895-1901. https://doi.org/10.1128/AAC.47.6.1895-1901.2003.

Salem, M.M., Werbovetz, K.A., 2005. Antiprotozoal compounds from Psorothamnus
polydenius. . Nat. Prod. 68, 108-111. https://doi.org/10.1021/np049682k.

Silva, MJ., Tozzi, AM.G.A.,, 2012. Taxonomic revision of Lonchocarpus s. str.
(Leguminosae, Papilionoideae) from Brazil. Acta Bot. Brasilica 26, 357-377.
https://doi.org/S0102-33062012000200012.

Siilsen, V., Giiida, C., Coussio, ]., Paveto, C., Muschietti, L., Martino, V., 2006. In vitro
evaluation of trypanocidal activity in plants used in Argentine traditional
medicine. Parasitol. Res. 98, 370-374. https://doi.org/10.1007/s00436-005-
0060-4.

Yam-Puc, A., Peiia-Rodriguez, LM., 2009. Isocordoin derivatives from the root
extract of Lonchocarpus xuul. J. Mex. Chem. Soc. 53, 12-14. https://doi.org/
10.29356/jmcs.v53i1.1012.

Zhai, L., Blom, J., Chen, M., Christensen, S.B., Kharazmi, A., 1995. The antileishmanial
agent licochalcone A interferes with the function of parasite mitochondria.
Antimicrob. Agents Chemother. 39, 2742-2748. https://doi.org/10.1128/
AAC.39.12.2742.


https://doi.org/10.4062/biomolther.2016.141
https://doi.org/10.4062/biomolther.2016.141
https://doi.org/10.1016/S0031-9422(02)00475-2
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0095
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0095
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0095
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0095
https://doi.org/10.1080/14786419.2012.733387
https://doi.org/10.1590/S0001-37652007000300001
https://doi.org/10.1590/S0001-37652007000300001
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0110
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0110
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0115
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0115
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0115
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0115
https://doi.org/10.1016/S0378-8741(99)00185-3
https://doi.org/10.1038/nrd2144
https://doi.org/10.1016/j.jep.2007.01.015
https://doi.org/10.1016/j.jep.2007.01.015
https://doi.org/10.1021/np980043h
https://doi.org/10.1016/j.idc.2012.03.002
https://doi.org/10.1016/j.idc.2012.03.002
https://doi.org/10.1016/j.jep.2005.10.014
https://doi.org/10.1016/j.jep.2005.10.014
https://doi.org/10.1016/j.jep.2015.02.047
https://doi.org/10.1016/j.jep.2015.02.047
https://doi.org/10.1021/np049682k
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0170
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0170
http://refhub.elsevier.com/S1319-562X(20)30384-3/h0170
https://doi.org/10.1007/s00436-005-0060-4
https://doi.org/10.1007/s00436-005-0060-4
https://doi.org/10.29356/jmcs.v53i1.1012
https://doi.org/10.29356/jmcs.v53i1.1012
https://doi.org/10.1128/AAC.39.12.2742
https://doi.org/10.1128/AAC.39.12.2742

	Determination of chemical structure and anti-Trypanosoma cruzi activity of extracts from the roots of Lonchocarpus cultratus (Vell.) A.M.G. Azevedo & H.C. LimaTrypanosoma cruzi --
	1 Introduction
	2 Material and methods
	2.1 Plant material
	2.2 Plant extract
	2.3 Chemical characterization of extracts
	2.4 Anti-Trypanosoma cruzi activity
	2.5 Cytotoxic bioassay
	2.6 Statistical analysis

	3 Results and discussion
	3.1 Characterization of extracts
	3.2 Anti-Trypanosoma cruzi activity
	3.3 Cytotoxic activity

	4 Conclusion
	Ethical approval
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	Appendix A Supplementary data
	References


