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Abstract

Background: The current drugs for Chagas disease treatment present several limitations
Methods: The sesquiterpene lactone goyazensolide (GZL) was evaluated regarding to
cytotoxicity and trypanocidal activity against amastigotes, selectivity index (SI) in vitro,
acute toxicity and anti-Trypanosoma cruzi activity in vivo.
Results: The in vitro cytotoxicity in H9c2 cells was observed at doses >250 ng mL−1 of GZL
and the SI were of 52.82 and 4.85 (24 h) and of 915.00 and 41.00 (48 h) for GZL and BZ,
respectively. Nephrotoxicity and hepatotoxicity were not verified. Treatment with GZL of
mice infected with CL strain led to a significant decrease of parasitaemia and total survival
at doses of 1 and 3 mg kg−1 day−1 by oral and IV, respectively. This last group cured 12.5%
of the animals (negativation of HC, PCR, qPCR and ELISA). Animals infected with Y strain
showed significant decrease of parasitaemia and higher negativation in all parasitological tests
in comparison to BZ and control groups, but were ELISA reactive, as well as the BZ group, but
mice treated with 5.0 mg kg−1 day−1 by oral were negative in parasitological tests and
survived.
Conclusion: GZL was more active against T. cruzi than benznidazole in vitro and presented
important therapeutic activity in vivo in both T. cruzi strains.

Introduction

Chagas disease (CD), discovered by Carlos Chagas in 1909 (Chagas, 1909), is a parasitic dis-
ease caused by the protozoan haemoflagellate Trypanosoma cruzi. CD is endemic in 21 Latin
American countries where the most important epidemiological mechanism of transmission is
by the haematophagous insects of the Reduviidae family, Triatominae subfamily. However,
today CD is a new global challenge due to its expansion to several non-endemic countries
of different continents, as a consequence of the migration of infected individuals (Schmunis
and Yadon, 2010; Coura, 2013a, 2013b). In these countries, the parasite is transmitted by
insect vector-independent mechanisms, such as blood transfusion, vertical, transplants and
shared use of syringes. Unfortunately, and after almost 60 years of the first active drugs dis-
covery, benznidazole (BZ) and nifurtimox (NF), used for human treatment (Coura and
Borges-Pereira, 2012), none new compound more advantageous has been discovered by the
scientific community. Unfortunately, the expectation regarding the recent clinical essays
with the azolic derivatives was not achieved. It was demonstrated that although the posacon-
azole and E1224 have presented a favourable profile of safety and toxicity, they failed in the
induction of parasitological cure in approximately 90% of the treated patients (Pérez-
Molina et al., 2015). BZ and NF are highly effective only in the acute phase and recent chronic
infections (<14 years), but during the later chronic disease the efficacy of both is considered
low (0 to 19%) (Guedes et al., 2008). Moreover, they are associated with important side effects,
which lead to limitations of patient’s compliance (Bern, 2015; Bermudez et al., 2016). Even
with an estimation of 8 to 8.5 million people infected worldwide with T. cruzi and about
10 000 deaths per year (WHO, 2018), CD treatment remains neglected, although a wide variety
of compounds have been investigated for the etiological treatment, always seeking for a safe
and effective chemotherapeutic agent (Bahia et al., 2014).

Plant-derived products represent a vast source of compounds that may be potentially active
against protozoans (Croft et al., 2005; Salem and Werbovetz, 2006). Although they have been
studied, there are still many compounds to be discovered and evaluated. Asteraceae family is
the largest plant family studied to date, which has sesquiterpene lactones (SL) as chemical
markers (Bohlmann et al., 1980; Schmidt et al., 2013). Some of these lactones have been tested
in vitro and in vivo and have shown significant anti-T. cruzi activities (Sulsen et al., 2008,
2013). Studies using natural products of Asteraceae family were performed previously in
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vitro (Chiari et al., 1991, 1996; Oliveira et al., 1996). More
recently, our team (Branquinho et al., 2014b) developed a study
using sesquiterpene lactone (SL) lycnopholide (LYC) nanoencap-
sulated for treatment of mice experimentally infected with the CL
and Y strains of T. cruzi, sensitive and partially sensitive to BZ
and NF treatments, respectively (Filardi and Brener, 1987).
Animals infected with both strains and treated with nanoencapsu-
lated LYC in pelleted polymer formulations were able to promote
100% of parasitological cure in mice infected with both T. cruzi
strains during the acute phase of the infection. Another study car-
ried out by Mello et al. (2016) also demonstrated the efficacy of
LYC nanocapsules (LYC-PLA-PEG-NC) in mice infected with Y
strain of T. cruzi treated by oral and intravenous routes during
the acute and chronic phases of infection.

In the present study, we invested in the evaluation of another
sesquiterpene lactone, the goyazensolide (GZL), with the same
alkylating functional groups as LYC. The focus was to evaluate
the toxicity and anti-T. cruzi activity of GZL in vitro, followed
by in vivo study in mice infected with this parasite.

Material and methods

Compounds

The sesquiterpene lactone Goyazensolide (GZL) (Fig. 1), colourless
solid and with melting point 168.7–169.5 °C, the main metabolite
present in the chloroformic extract from the aerial parts of the plant
Lychnophora passerina was isolated and quantified by the
HPLC-DAD method developed and validated by Ugoline et al.
(2017) in the Laboratório de Plantas Medicinais (LAPLAMED),
Escola de Farmácia (CiPHARMA), Universidade Federal de
Ouro Preto (UFOP) and provided for the accomplishment of this
work. Benznidazole (2-nitroimidazole-(N-benzyl-2-nitro-1-imida-
zoleacetamide)), purchased from LAFEPE/PE, was used as a refer-
ence drug in comparison to GZL.

T. cruzi strains

CL strain, classified as TcVI (Zingales et al., 2009), and Y strain
classified as TcII (Zingales et al., 2009), both obtained from
mice in the acute phase of the infection were used. The strains
were previously checked genetically as TcVI and TcII, respectively
(de Oliveira et al., 2017).

Animals and ethic aspects

Female Swiss mice, 28–30 days old, were used and obtained from
the Centro de Ciência Animal of the UFOP (CCA-UFOP), MG,
Brazil. The animals were kept in the CCA-UFOP following the
rules established by the Conselho Nacional de Controle de
Experimentação Animal (CONCEA) according to the inter-
national guidelines. Animals were kept in a conventional room
at 20 to 24 °C, 12–12 h light–dark cycle and receiving filtered
water and balanced commercial feed ‘ad libitum’. All procedures
carried out in mice were approved by the institutional Comitê
de Ética em Experimentação Animal (CEUA-UFOP), MG,
Brazil, protocol 2016-45.

Preparation of GZL and BZ solutions for in vitro and in vivo
studies

For the in vitro experiments, purified GZL was dissolved in
DMSO at a concentration of 1 mg mL−1, followed by subsequent
dilutions in DMEM high glucose, 10% FBS medium, with the
final concentration of DMSO always lower than 1%.

For the in vivo experiments GZL was initially dissolved in
DMSO (13%) and further diluted in Cremophor® (25%) and dis-
tilled water (62%) according to (Acuna et al., 2013). For oral admin-
istrations, doses of 1.0, 5.0 and 25.0 mg kg−1 day−1 of GZL were
prepared in an administration volume of 0.2 mL animal−1 day−1.
For animals treated by IV route, doses of 1.0 and 3.0 mg kg−1 day−1

were prepared in a volume of 0.06 mL animal−1 day−1.
The isolation and purification of BZ for in vitro tests were pre-

pared as described by (Branquinho et al., 2014a). Briefly, BZ sus-
pension was obtained from Rochagan tablets dissolved in MeOH.
The suspension was filtered through Whatman filter paper and
concentrated in a rotary evaporator, followed by recrystallization
in MeOH–H20. The crystals were filtered and dried under a
vacuum in a desiccant containing anhydrous silica. For the in
vivo procedures, a suspension of benznidazole (tablet) in gum
Arabic and distilled water was used.

In vitro cytotoxicity and anti-T. cruzi assays

To determine the cytotoxicity of GZL and BZ and evaluate their
toxic effects on host cells, the cardiac H9c2 (American Type
Culture Collection, ATCC: CRL 1446) line cells derived from neo-
nate rats were treated with different concentrations of both
compounds.

For the cytotoxicity test, uninfected cardiac cells were incubated
in the presence or absence of each compound (GZL andBZ), diluted
in DMEM, for 24 and 48 h at 37 °C. The viable cell rates were
assessed by MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide; Sigma-Aldrich] (Mosmann et al., 1983) col-
orimetric test. The absorbance was measured at 570 nm in a
spectrophotometer (Bio-Rad Model 680 – microplate manager).
Considering the values of LC50 feasible doses were calculated to
proceed the trypanocidal effect tests in vitro.

For the analysis of the trypanocidal effect, H9c2 cells were
infected with Y strain and washed 24 h after the infection to
remove free trypomastigotes. The initial concentration of para-
sites/cell was 10:1. The culture was then incubated for 24 or
48 h in the presence of increasing and non-toxic concentrations
of GZL (0.039 to 2.78 µM) and BZ (6 to 192 µM) diluted in
DMEM and maintained at 37 °C under a 5% of CO2 atmosphere.
After incubation, the cells were fixed and stained with Giemsa’s

Fig. 1. Chemical structure of the sesquiterpene lactone goyazensolide.
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solution and the mean number of infected cells, as well as the
mean number of parasites per infected cell was recorded. The
activity of the substances was obtained by the infection index
(percentage of infected cells × average number of intracellular
amastigotes/infected host cell). This percentage of inhibition
was then used to determine the dose effect curve and IC50

using the graphic PAD Prism 6.0 and CompuSyn software. The
selectivity index (SI) was obtained by calculating the ratio between
LC50 value of MTT essay and the EC50 (concentration of the
active substance that reduces the number of parasites in 50%)
value of the anti-T. cruzi activity test (Romanha et al., 2010).
The tests were performed in triplicate. Control groups of infected
and not treated cells by both compounds were evaluated in
parallel.

Acute toxicity for mice: biochemical and haematological
evaluations

The parameters used for the evaluation of acute toxicity included:
clinical signs evaluation (NOAEL effect – no observed adverse
effect level), mortality, haematological and biochemical analysis.

Therefore, five male and five female Swiss mice, 20–25 g of
body weight were used. Haematological and biochemical exami-
nations were performed 14 days after GZL treatment.
Haematological parameters evaluated included red blood cell
count, leukocytes (total and differential), platelets, dosages of
haemoglobin and haematocrit. To determine hepatic function,
dosages of the enzymes alanine amino transferase (ALT) and aspar-
tate amino transferase (AST) were performed: Nephrotoxicity was
verified by determination of serum concentrations of urea and cre-
atinine. All evaluations for the toxicity experiments followed the
OECD guidelines (Organization for Economic Co-operation and
Development, 2001; Brasil, 2004). The not treated (NT) animals
were evaluated in parallel as the control group.

For the maximum tolerated dose (MTD) test of GZL, the ani-
mals were divided into groups containing one male and one
female mice, and single doses of GZL (50, 100, 150, 200 and
250 mg kg−1 of body weight) were administered by oral route
(Zimmermann et al., 2012). Mice were then evaluated regarding
toxicity signals as recommended by OECD. Forty-eight h after
administration of GZL, the MTD values were obtained by the
observation of survival rates of the animals.

Evaluation of the activity of goyazensolide in the murine
model

Mice infection and treatment schemes
These evaluations were performed in groups of eight mice inocu-
lated with CL and Y T. cruzi strains. Animals were inoculated by
intraperitoneal route (IP) with an inoculum of 10 000 blood try-
pomastigotes obtained from Swiss mice in the day of parasitaemia
peak counted according to Brener (1962).

Therapeutic activity in vivo
Treatments of the mice were performed by oral route with the
GZL solutions at doses of 1.0, 5.0 and 25.0 mg kg−1 day−1 by
oral, and by IV route with doses of 1.0 and 3.0 mg kg−1 day−1.
Treatment started on the first day of patent parasitaemia, 4th

and 9th days after inoculation in animals infected with Y and
CL strains, respectively. Volumes of 0.2 mL of the solutions
with GZL or BZ were administered for the animals treated by
the oral route and a volume of 0.06 mL for those IV treated as
already described. Control groups treated with BZ/100 mg
mouse−1 day−1 and INT (infected and not treated) were included
and evaluated in parallel.

Evaluations of treated animals
Parasitaemia: The evaluation of the parasitaemia curve (PAR) was
performed daily by fresh blood examination (FBE) according to
the methodology of Brener (1962). The count of the parasites
in mice inoculated with the CL and Y strains started on the 9th

and 5th day after infection, respectively. FBE was performed
throughout the patent period, until no more parasites were
observed in the blood for at least five consecutive days or until
the occurrence animal’s death. The PAR curve was plotted
using the daily mean count of the number of parasites/0.1 mL
of blood.

Hemoculture (HC): Blood collection for HC evaluation was
performed 90, 180 and 240 days post-treatment (d.p.t.) only in
animals with negative FBE according to Filardi and Brener
(1987). The tubes were homogenized daily and microscopically
examined at 30, 60, 90 and 120 days to verify the presence of
parasites.

PCR (polymerase chain reaction): For PCR, 0.2 mL of blood
were collected by the orbital plexus of each animal at 90, 180 and
240 d.p.t., which were immediately added to 0.4 mL of guanidine
solution (Guanidin-HCl) 6 M/ethylenediethylnitrite-acetic acid
(EDTA) 0.2 M/pH 8.0 (Avila et al. 1991). Samples were kept at
room temperature and treated for DNA cleavage (Britto et al.,
1993). An aliquot of 0.2 ml of the lysate was subjected to DNA
extraction using the WizardTM Genomic DNA Purification kit
(Promega) following all manufacturer’s recommendations. PCR
was performed using the primers 5 = −AAATAATGTACGGG[T/
G]GAGATGCATGA-3 = and 5 =−GGTTCGATTGGGGTTGGT
GTAATATA-3 = (Invitrogen, São Paulo, Brazil), which amplify a
330-bp sequence from kDNA as previously described (Avila et al.,
1991). Amplification of the DNAwas processed in a PTC-150 ther-
mocycler (MJ Research, Ramsey, MA, USA) in 35 cycles as
described by Gomes et al. (1998) modified.

Enzyme-linked immunosorbent assay (ELISA): Serum samples
from all surviving animals were collected 90, 180 and 240
(d.p.t.). The ELISA reaction for detection of anti-T. cruzi IgG
antibodies was performed and standardized in the Laboratory of
Chagas Disease, UFOP (Voller et al., 1976; Santos et al., 2012).
Sera samples were diluted 1:80 for analysis and peroxidase-
labelled anti-mouse IgG conjugate diluted 1:2000 (SIGMA,
St. Louis, USA) in buffered saline with 0.05% Tween 20
(PBS-Tween) were used. The reaction was read in a spectropho-
tometer (Bio-Rad Model 680 – microplate manager) using the fil-
ter at 490 nm. Samples containing absorbance values above the
cut-off point (mean absorbance of 10 standard non-reactive
serum + 2 times the standard deviation) were considered reactive,
and those with absorbance values below the cut-off point were
considered non-reactive. All samples were tested in duplicate
and the final absorbance value was the average of the duplicates
reading.

qPCR in heart tissue
The molecular technique of real time PCR was performed in cardiac
tissue at 240 d.p.t. after necropsy of the animals according to the
protocol of Caldas et al. (2012). The heart tissue previously stored
at −80 °C was cut in fragments of 15–30 mg. DNA extraction was
performed using the WizardTM Genomic DNA Purification kit
(Promega) following the manufacturer’s recommendations. For
enzymatic digestion of the heart fragments, 30.0 µL of Proteinase
K (Sigma-Aldrich®, USA) at the concentration of 20.0 mg mL−1

were added. To standardize the measure of parasite DNA detection
in mouse heart fragments by qPCR, a standard curve was con-
structed in order to determine the number of T. cruzi DNA copies,
which was used as reference. DNA dilutions were submitted to the
same protocol of DNA extraction already described and were amp-
lified as described: Samples were analysed in duplicate for
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amplification of T. cruzi DNA. For each qPCR reaction 3.0 µL of the
diluted extracted sample containing 30.0 ng of genomic DNA, 5.0 µL
of GoTaq® qPCR Master Mix (Promega®) and 10 µM of each primer
were used: TCZ-F 5′-GCTCTTGCCCACAMGGGTGC-3′, wherein
M=A or C, and TCZ-R 5′-CCAAGCAGCGGATAGTTCAGG-3′.
In the same plaque, the reaction was also performed in unicate to
assess the murine-specific tumour necrosis factor alpha (TNF-α),
used as endogenous control, using the primers: TNF-5241
5′-TCCCTCTCATCAGTTCTATGGCCCA-3′, and TNF-5411
5′-CAGCAAGCATCATAGCACTTAGACCCC-3′ – R 5′ –
CCAAGCAGCGGATAGTTCAGG-3′ according to Cummings
and Tarleton (2003). All plates contained the test samples,
negative and positive controls of the reaction. Each DNA sample
was analysed in triplicate (duplicate for T. cruzi and unicate for
TNF-α). PCR reactions were performed on 96 well plates –
MicroAmp®Optical 96 – Well Reaction Plate (Applied Biosystems
by Life Technologies, USA), coated with Optical Adhesive Covers
(Applied Biosystems by Life Technologies, USA) and processed in
ABI Prism 7500 Sequence Detection System Thermal Cycler
(Applied Biosystems, USA).

Survival rates: The survival rates of the animals were evaluated
daily and expressed in cumulative percentage.

Cure criteria. The classical cure criterion according to II
Brazilian Consensus on Chagas Disease, 2015 (Dias, 2016) was
used. The susceptibility or resistance to treatments was defined
according to the percentage of negative results obtained by the
interpretation of the set of parasitological (FBE, HC and PCR)
and serological (ELISA) methods used in the evaluation.
Animals that were negative in all parasitological and serological
tests were considered cured.

Additionally, the heart qPCR test of high sensibility and speci-
ficity (Caldas et al., 2012) was performed for better evaluation of
the therapeutic activity.

Statistical analyses: Statistical analyses of data were carried out
using Prism software v5.02 (GraphPad Software, San Diego, CA).
Data were initially assessed by one-way analysis of variance
(ANOVA). When interactions were significant, a Tukey test was
used to determine specific differences between mean values.
The Kolmogorov–Smirnov test was used to compare parasitaemia
between infected groups that were either treated or not treated.
One-way ANOVA or Mann–Whitney U tests were used to com-
pare maximum peak values of parasitaemia among the different
groups. The log-rank (Mantel–Cox) method was used to estimate
the average survival for the different experimental groups. Values
were expressed as means of the standard deviations. Differences in
mean values were considered significant at P < 0.05.

Results

Results in vitro

Cytotoxicity of goyazensolide
The activities of GZL and BZ were evaluated in vitro against intra-
cellular amastigotes of Y T. cruzi strain. GZL showed a high try-
panocidal activity, exhibiting an EC50 at 24 h (EC50/24 h) of
0.181 µM and EC50/48 h of 0.020 µM, when compared to BZ,
which showed EC50/24 h of 0.268 µM and EC50/48 h of 0.200 µM
∼1.1 and 13.4 times higher than GZL, respectively (Table 1).
Cytotoxicity analysis of not infected cardiac cell showed that
GZL presented lower toxicity than BZ showing LC50/24 h of
9.56 µM, compared to 1.3 µM for BZ (7.5 times less toxic than
BZ). After 48 h of treatment, the cytotoxicity was also lower for
GZL than BZ (LC50 of 18.3 and 8.2 µM, respectively), 2.2 times
less toxic than BZ (Table 1). When the SI/24 h for amastigotes
in mammalian cells was analysed, GZL showed a higher value
of SI when compared to BZ (52.82 and 4.85, respectively), and

this also occurred with the SI/48 h (915.00 and 41.00, respect-
ively) (Table 1).

Results in vivo

Acute toxicity
According to OECD, no clinical signs of acute toxicity were
observed in mice after 48 h of GZL administration when com-
pared to control groups. No behavioural differences were observed
in the animals treated with doses of 50 to 100.0 mg kg−1 after 48 h
of GZL administration. On the other hand, no survival was
observed in male mice treated with a single dose higher than
100.0 mg kg−1. By the way, female mice treated with all doses
had no apparent adverse effects up to 48 h after treatment, and
mortality was not observed (Table 2).

After the knowledge of the safe doses for mice treatment, the
evaluation of acute toxicity with biochemical and haematological
parameters after 14 days of GZL administration were performed,
according to ANVISA. Results of haematological and biochemical
parameters after oral and intravenous administration of GZL at
different doses showed that, in general, no signs of toxicity were
observed after administration of GZL formulations and during
the 14 days of evaluation when compared to control not treated
groups (Table 3).

Evaluation of goyazensolide activity in T. cruzi

Susceptibility to treatment of mice infected with CL and Y T. cruzi
strains
Parasitaemia curve: Parasitaemia curves of animals infected with
CL strain treated with GZL by oral and IV routes are shown in
Fig. 2. Animals of the groups treated with GZL 1.0 and 3.0 mg
kg−1 day−1 by IV, and BZ showed a similar area under the para-
sitaemia curve (AUC) (18.9 ± 19.5; 84.2 ± 1.9; 0.2 ± 0, respect-
ively). Groups treated with BZ and GZL 1 mg kg−1 day−1 by
oral showed parasitaemia values significantly lower than the
control group INT and BZ group showed the lowest AUC than
all treated and INT animals (0.2 ± 0; 18.9 ± 1.5; 615.7 ± 462.7,
respectively). No differences in AUC were observed between the
GZL treated groups.

Groups of mice infected with Y strain and treated with GZL
1.0 mg kg−1 day−1 by oral, 5.0 mg kg−1 day−1 by oral, 1.0 mg
kg−1 day−1 by IV and BZ presented similar AUC (area under
the curve of parasitaemia) (15.0 ± 10.3; 14.7 ± 18.9; 13.2 ± 6.4
and 7.6 ± 5.1, respectively) (Fig. 2) with significant reduction
(P < 0.05) of parasitaemia when compared to INT and GZL
25.0 mg kg−1 day−1 by oral group which had also similar para-
sitaemia (123.8 ± 61.6 and 122.4 ± 39.5, respectively). No statis-
tical differences were observed between the GZL or BZ treated
groups, except for the group of animals treated with GZL 25 mg
kg−1 day−1 by oral, which showed the highest AUC compared to
other GZL treated groups.

Hemoculture: In animals infected with CL strain HC was nega-
tive in 85.7% of the animals treated with BZ and in 87.5%, of mice
treated with GZL 3 mg kg−1 day−1 by IV, followed by 83.3% of
negative animals in the groups treated with GZL 5 mg kg−1 day−1

by oral and 75% in the GZL 1 mg kg−1 day−1 by oral group
(Table 4). All animals of the INT group died before the first evalu-
ation by HC as a consequence of the acute infection.

Regarding the animals infected with Y T. cruzi strain and
treated with GZL, the HC was 100% negative only in the groups
of mice treated with GZL 5.0 mg kg−1 day−1 by oral. The animals
treated with GZL 1.0 mg kg−1 day−1 by IV presented 85.7% of
negativation in HC, followed by the groups GZL 1.0 and 25.0 mg
kg−1 day−1 by oral, which presented HC negativation in 66.6 and
50% of the animals, respectively. The group of animals treated
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with BZ 100.0 mg kg−1 day−1 by oral showed 42.9% of negative
HC, while 100% of the INT group were positive in this test
(Table 4).

PCR in blood eluate: PCR was 87.5% negative in animals
infected with CL T. cruzi strain treated with GZL 1 mg kg−1 day−1

by oral and GZL 3 mg kg−1 day−1 by IV (Table 4), followed by the
group treated with GZL 5 mg kg−1 day−1 by oral, that presented
66.7% of PCR negative. BZ group was 85.7% PCR negative. All
INT control group died before all the analysis of PCR due to
infection.

Animals infected with Y strain and treated with GZL 5.0 mg
kg−1 day−1 by oral and 1.0 mg kg−1 day−1 by IV were 100%
PCR negative. Mice treated with 1 mg kg−1 day−1 by oral showed
the lowest rate of PCR negative (66.6%), while the group treated
with GZL 25 mg kg−1 day−1 by oral was also 100% negative in
PCR. The majority (7/8) of the mice of the INT group died during
the acute phase and the only surviving animal was PCR positive.
BZ treated group was 85.7% PCR negative (Table 4).

ELISA: Fig. 3 shows the optical density related to the concen-
tration of IgG anti-T. cruzi in sera collected 90, 180 and 240 days

post treatment (d.p.t.) of the animals infected with the CL strain
of T. cruzi. In the group of animals treated with GZL 3.0 mg kg−1

day−1 by IV, 1/8 (12.5%) was negative in ELISA 90, 180 and 240
d.p.t. All animals of the other groups treated with GZL were
ELISA positive. In the control group treated with BZ it was
observed that 2/7 animals at 90 d.p.t., 4/7 at 180 d.p.t. and 6/7
(85.7%) at 240 d.p.t. were negative.

Figure 3 also shows that all samples from animals infected with
Y strain treated with GZL and BZ, as well as all animals of the
INT group were reactive in ELISA. No significant differences of
T. cruzi anti-IgG reactivity were observed at 90, 180 and 240
d.p.t. among the treated and not treated animals.

Heart qPCR: The evaluation of parasitism in cardiac tissue
(Table 4) by the qPCR method revealed absence of T. cruzi
kDNA genetic material in 75% of animals infected with CL strain
and treated with GZL 1.0 mg kg−1 day−1 by oral, followed by GZL
5.0 mg kg−1 day−1 by oral and GZL 3.0 mg kg−1 day−1 by IV that
showed 66.7 and 62.5% of negative results, respectively, while the
control group BZ was 85.7% negative. In mice infected with Y
strain, 85.7% of the animals treated with GZL 1.0 mg kg−1 day−1

Table 1. Trypanocidal effects and selectivity index of the sesquiterpene lactone goyazensolide and benznidazole against T. cruzi Y strain

Substance Time
LC50
(MTT)

EC50
(Amastigotes)

SI
(Amastigotes)

GZL 24 h 9.56 µM 0.181 µM 52.82

BZ 1.30 µM 0.268 µM 4.85

GZL 48 h 18.30 µM 0.020 µM 915.00

BZ 8.20 µM 0.200 µM 41.00

EC50, compound concentration that reduces the number of parasites in 50%; SI, selectivity index (LC50/EC50 ratio for intracellular parasites) calculated on LC50 after 24 and 48 h of incubation
at 37 °C.

Table 2. Acute toxicity analysis of male and female Swiss mice treated with different doses of goyazensolide by the oral route.

Compound Route of administration Sex

GZL doses (mg kg−1)

MTD (mg kg−1)50 100 150 200 250

Goyazensolide Oral M NDE END Death Death Death 100

F NDE NDE NDE NDE NDE NDE

NDE, no detectable effect; MTD, maximum tolerated dose; GZL, goyazensolide; M, male; F, female.

Table 3. Plasma biochemical and blood count analysis of mice after 14 days after goyazensolide administration

Parameter

Values for GZL doses (mg kg−1)

Control
GZL 5
Oral

GZL 25
Oral

GZL 50
Oral

GZL 5
IV

GZL 25
IV

GZL 50
IV

Leuc (x 103 mL−1) 6.9 ± 2.5 6.5 ± 1.8 6.1 ± 1.9 5.1 ± 1.9 6.8 ± 2.8 4.9 ± 1.9 4.8 ± 1.6

RBC (x 106 mL−1) 7.1 ± 1.4 5.5 ± 2.9 7.3 ± 5.8 6.6 ± 1.2 6.9 ± 7.3 5.5 ± 2.3 6.1 ± 1.8

Hb (g dL−1) 13.7 ± 1.4 13.2 ± 0.9 14.1 ± 2.0 12.6 ± 1.8 13.1 ± 1.4 11.4 ± 3.7 12.0 ± 2.4

Ht (%) 40.0 ± 8.5 40.1 ± 4.8 40.1 ± 2.8 36.3 ± 6.4 37.6 ± 4.3 30.2 ± 12.1 30.4 ± 11.3

Plaq (x 105 L−1) 6.6 ± 2.2 8.6 ± 1.2 8.2 ± 2.5 6.8 ± 2.6 7.2 ± 2.2 6.5 ± 4.9 8.1 ± 1.0

Creatinine (mg dL−1) 0.3 ± 0.1 0.4 ± 0.1 0.4 ± 0.1 0.3 ± 0.1 0.3 ± 0.2 0.3 ± 0.2 0.8 ± 0.5

Urea (mg dL−1) 53.3 ± 15.9 58.8 ± 21.9 100.9 ± 118.7 59.4 ± 11.1 61.6 ± 17.6 66.6 ± 24.9 53.1 ± 21.7

ALT (U L−1) 168.1 ± 70.5 126.6 ± 52.4 139.3 ± 33.1 152.6 ± 54.0 130.3 ± 31.3 187.4 ± 88.6 154.4 ± 94.5

AST (U L−1) 80.7 ± 44.1 53.9 ± 30.5 106.8 ± 104.0 102.4 ± 72.5 74.8 ± 41.4 115.2 ± 45.0 87.5 ± 60.4

GZL, goyazensolide; Leuc, leucocytes; RBC, red blood cells; Hb, haemoglobin; Ht, haematocrit; Plat, platelets; Alt, alanine aminotransferase; AST, aspartate aminotransferase; IV, intravenous
route.
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by IV had negative qPCR, followed by the control group BZ,
71.4% negative. Animals treated with GZL 1.0, 5.0 and 25.0 mg
kg−1 day−1 by oral were 66, 62.5 and 50% negative, respectively.
The only surviving animal of the INT control group infected
with Y strain was positive in heart qPCR.

The agreement between the results of blood PCR and heart
qPCR of animals of all groups infected with CL and Y strains
and treated with GZL was of 86.4 and 76%, respectively.

In animals infected with CL strain treated with BZ 100.0 mg
kg−1 day−1 the agreement between PCR and qPCR was 100%.

Fig. 2. Mean parasitaemia curves of Swiss mice infected with T. cruzi CL (A) and Y (B) strains, treated by oral and intravenous routes for 20 consecutive days during
the acute phase of infection. INT, group infected and not treated; BZ, group infected and treated with benznidazol 1000 mg kg−1 day−1; GZL oral, groups treated
with goyazensolide 1.0, 5.0 or 25.0 mg kg−1 day−1 by oral route; GZL IV, group treated with goyazensolide with doses 1.0, 3.0 or 5.0 mg kg−1 day−1 by intravenous
route; d.p.i., days post infection.
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Only one discrepancy occurred in the experimental group with Y
strain treated with BZ 100 mg kg−1 day−1 that was negative in
85.7 × 71.4% of the animals when evaluated by PCR and qPCR,
respectively (Table 5).

For animals infected with CL strain, treated with GZL, the
negativation of all parasitological tests (HC, PCR and qPCR)
occurred in a range of 62.5 to 75% in the different experimental
groups, whereas the animals infected with the Y strain were para-
sitologically negative in a range of 50 to 86% in the distinct
experimental groups (Table 5).

Survival of the animals: The survival rates of the animals
infected with the CL strain and treated with GZL 1.0 mg kg−1

day−1 by oral and GZL 3.0 mg kg−1 day−1 by IV were 100%, fol-
lowed by the BZ group that presented survival of 87.5% (Table 4).
Animals treated with GZL 5.0 mg kg−1 day−1 by oral presented
75% of survival. All animals of the INT group died until the
end of the evaluation (240 d.p.t.).

The survival of the animals experimentally infectedwith Y strain
(Table 4) and treated with GZL 5.0 mg kg−1 day−1 by oral was
100%, followed by GZL 1.0 mg kg−1 day−1 by IV and BZ group,
which presented survival rate of 87.5%. Animals treated with GZL
1.0 mg kg−1 day−1 by oral presented 75% of survival. Only 12.5%
(1/8) of the animals of the INT group survived until 240 d.p.t.

Efficacy of the treatment of animals infected with CL and Y
strains of T. cruzi

The evaluation of the results obtained in the ESF, HC, PCR and
ELISA (Table 4) in animals infected with the CL strain, both GZL
and BZ compounds were able to achieve cure in 12.5% (1/8) of
the mice treated with GZL 3 mg kg−1 day−1 by IV, and in 57 and
85.7% in the group treatedwith BZ at 180 and 240 d.p.t, respectively.

On the other hand, in animals infected with Y strain the nega-
tivation of the parasitological tests were higher in animals treated
with GZL than the verified in mice treated with BZ. However,
considering the results of ELISA, which was always reactive, no
cure was observed in any group treated with both compounds, fol-
lowing the classic cure criterion.

On the other hand, considering the negativation of only the
results of HC, blood PCR throughout the infection and the
heart qPCR (240 d.p.t.), the parasitological negativation assessed
was of 68.2% and of 68% in the animals infected with CL and
Y strain treated with GZL, respectively, while the negativation
of HC, PCR and qPCR were of 86% and 43%, respectively,
when the animals were treated with BZ (Table 5).

Discussion

Several advances were achieved in the control of CD. However, it is
still necessary to develop a new, more efficient, safe and accessible
etiological treatment for this infection (Urbina, 2009), still present
in about eight million of patients in the Latin American countries
and even in non-endemic continents (Schmunis and Yadon, 2010;
WHO, 2018). The need for identifying new compounds and/or
therapeutic strategies more effective and accessible for the treat-
ment of T. cruzi infection, particularly in the chronic phase of
the disease (Urbina, 2009) when the parasite reproduces slowly
within the host cell and in general unreachable by the available
compounds. For these reasons, more rational screening method-
ology for new chemotherapeutic compounds was purposed in
order to standardize the procedures (Romanha et al., 2010).

In the initial in vitro studies of several SL, it was verified that
GZL presented as the most active lactone on epimastigote and try-
pomastigote forms (Chiari et al., 1991, 1996; Oliveira et al., 1996).
During the last decade, some research groups have evaluated the
anti-T. cruzi activities of sesquiterpene lactones (Sulsen et al.,Ta
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2008; Da Silva et al., 2013), and our group studied the lycnopho-
lide (LYC) isolated from L. trichocarpha in nanocapsule formula-
tions showing total cure of the infection in mice infected with
sensitive and partially resistant T. cruzi strains to BZ and NF
and dramatic reduction of parasitaemia and parasitological tests
in animals infected with resistant strain treated with low doses
of LYC (Branquinho et al., 2014b; Mello et al., 2016).

In the present study, the antiparasitic activity of the LS goya-
zensolide was investigated in vitro in H9c2 cells, and in vivo in
murine model infected with CL and Y T. cruzi strains.

For initial knowledge of anti-T. cruzi activity of GZL in vitro,
experiments were performed to analyse its cytotoxicity in mam-
malian heart cells (H9c2) and to find safe concentrations for its
use in tests in amastigote forms of the parasite. Thus, it was veri-
fied that GZL showed low cytotoxicity up to 0.641 µM at 24 and
48 h of treatment, being considered less toxic when compared
to the reference drug BZ (LAFEPE/PE Lot: 16070001), which pre-
sented cytotoxicity at a concentration of 4.553 µM, 50 times higher
than that observed with GZL. When the LC50 of both substances
was compared, the values of this variable for GZL and BZ after
24 h of treatment were 7.3 times greater for GZL (9.56 and
1.3 µM, respectively), and 2.2 times greater after 48 h of treatment
(18.3 and 8.2 µM, respectively).

From this experiment, the safe concentrations of GZL were
identified for use in infected cells with the T. cruzi Y strain.
The higher concentrations of GZL (0.641 and 0.769 µM) induced
a reduction of about 85% of the EI (% infected cells/number of
amastigotes in the infected cells) when the amastigotes of the
infected H9c2 cell were counted. This result was similar to that
found for the reference drug BZ in its active concentrations in

vitro, when a reduction of 93% in its EI was observed (data not
shown). The EC50 for amastigotes observed at 24 h of treatment
was approximately the same between GZL and BZ (0.181 and
0.268 µM, respectively). However, it was observed that GZL pre-
sented EC50 almost 10 times lower to amastigotes at 48 h of treat-
ment when compared to BZ (0.020 and 0.200, respectively). This
indicates that GZL was extremely active against T. cruzi in vitro,
reaching good levels of parasite elimination when used in lower
concentrations than the BZ.

In fact, in this study, the in vitro activity of GZL against
T. cruzi was evaluated, with an LC95 of 1.739 µg mL−1

(4.459 µM) in amastigotes, which was several times lower than
that found in literature (Oliveira et al., 1996), that showed elimin-
ation of 100% of blood trypomastigotes of Y strain, when GZL
was used at concentration of 240 µg mL−1 (615 µM). It is
important to highlight the difficulty in working with GZL in
these models due to its high NF-kB modulation activity, which
resulted in a sudden reduction of cell adhesion in vitro (Acuna
et al., 2013). Thus, we may suppose that higher concentrations
of GZL could be used without changing the cell viability and
probably with a better trypanocidal effect, according to the rela-
tive dose effect observed at the essayed concentrations, 0.256 to
0.769 µM.

When the SI values for amastigotes in H9c2 cells under the
same experimental conditions in both experiments (cytotoxicity
and trypanocidal activity tests) were considered, a higher SI for
GZL was observed when compared to BZ (52.82 and 4.85,
respectively). According to Nwaka and Hudson (2006) and
Romanha et al. (2010) a new substance under study needs to
show an SI > 50 to advance from in vitro to in vivo experiments.

Fig. 3. Optical density dispersion plots for enzyme-linked immunosorbent assay (ELISA) in serum samples from mice infected with CL (A) and Y (B) strains of T. cruzi
and treated with goyazensolide and benznidazole orally and intravenously for 20 consecutive days during the acute phase of infection. O.D., optic density; NC,
negative control; PC, positive control; INT, infected and not treated control group; BZ, control group of animals treated with benznidazol; GZL, groups of animals
treated with goyazensolide.
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Table 5. Parasitological evaluations of each experimental group of mice infected with CL and Y T. cruzi strains treated with goyasenzolide and benznidazole

Strain Animal/treatment mg kg−1 day−1 HC PCR qPCR
Concordance

PCR and qPCR (%)
Negativation

(HC, PCR, qPCR) Strain Animal/treatment mg kg−1 day−1 HC PCR qPCR
Concordance

PCR and qPCR (%)
Negativation

(HC, PCR, qPCR)

CL BZ 100–1 − − − 100%
(7/7)

86%
(6/7)

Y BZ 100–1 + − + 86%
(6/7)

43%
(3/7)

BZ 100–2 − − − BZ 100–2 − − −

BZ 100–3 − − − BZ 100–3 − − −

BZ 100–4 + + + BZ 100–4 − − −

BZ 100–5 − − − BZ 100–5 + + +

BZ 100–6 − − − BZ 100–6 + − −

BZ 100–7 − − − BZ 100–7 + − −

CL GZL 1 OR – 1 − − − 87.5%
(7/8)

75%
(6/8)

Y GZL 1 OR – 1 − − − 100%
(6/6)

67%
(4/6)

GZL 1 OR – 2 + + + GZL 1 OR – 2 − − −

GZL 1 OR – 3 + − + GZL 1 OR – 3 − − −

GZL 1 OR – 4 − − − GZL 1 OR – 4 + + +

GZL 1 OR – 5 − − − GZL 1 OR – 5 + + +

GZL 1 OR – 6 − − − GZL 1 OR – 6 − − −

GZL 1 OR – 7 − − − Y GZL 5 OR – 1 − − − 62.5%
(5/8)

62.5%
(5/8)

GZL 1 OR – 8 − − − GZL 5 OR – 2 − − +

CL GZL 5 OR – 1 + + + 100%
(6/6)

67%
(4/6)

GZL 5 OR – 3 − − −

GZL 5 OR – 2 − − − GZL 5 OR – 4 − − −

GZL 5 OR – 3 − − − GZL 5 OR – 5 − − −

GZL 5 OR – 4 − − − GZL 5 OR – 6 − − +

GZL 5 OR – 5 − + + GZL 5 OR – 7 − − −

GZL 5 OR – 6 − − − GZL 5 OR – 8 − − +

CL GZL 3 IV – 1 − − + 75%
(6/8)

62.5%
(5/8)

Y GZL 25 OR – 1 + − + 50%
(2/4)

50%
(2/4)

GZL 3 IV – 2 − − − GZL 25 OR – 2 − − −

GZL 3 IV – 3 − − − GZL 25 OR – 3 + − +

GZL 3 IV – 4 − − + GZL 25 OR – 4 − − −

GZL 3 IV – 5 − − − Y GZL 1 IV – 1 − − − 86%
(6/7)

86%
(6/7)

GZL 3 IV – 6 + + + GZL 1 IV – 2 − − −

GZL 3 IV – 7 − − − GZL 1 IV – 3 − − −

GZL 3 IV – 8 − − − GZL 1 IV – 4 + − +

CL INT All mice died before the post-treatment evaluations GZL 1 IV – 5 − − −

GZL 1 IV – 6 − − −

GZL 1 IV – 7 − − −

Y INT + + + 100% (1/1) 0%

HC, hemoculture; PCR, polymerase chain reaction; qPCR, quantitative polymerase chain reaction; BZ, group of animals infected and treated with benznidazole 100.0 mg kg−1 day−1; GZL, groups of animals infected and treated with goyazensolide at doses of 1.0, 3.0, 5.0
or 25.0 mg kg−1 day−1 by oral (OR) or intravenous (IV) route; INT, control group of infected not treated animals.
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Thus, GZL has shown to be safe enough to advance to animal
experiments if the SI for amastigotes is considered.

The values obtained of SI in amastigotes for BZ and two other
SL, Cynaropicrin and psilostachyn A, were 274 and 8 for BZ and
Cynaropicrin, respectively, and it was not possible to evaluate the
SI of psilostachyn A (da Silva et al., 2013). Experiments were per-
formed using primary culture of cardiomyocytes infected or not
by the T. cruzi Y strain, which may explain the large difference
between the values of SI obtained for BZ when compared to the
present work in H9C2 cells. Thus, GZL has shown to be
safer when its SI in amastigotes was compared to the
obtained for other SL, including in relation to BZ. The work car-
ried out by Guedes-da-Silva et al. (2016) observed SI values in
amastigotes for BZ of 51, using primary culture of embryonic car-
diac cells. These results, together to those obtained here and by
other authors (da Silva et al., 2013), demonstrate the high vari-
ation of the BZ effect in different cell lineages and experimental
protocols.

As GZL is a new compound that had never been studied in vivo
against T. cruzi, no reports of its intravenous (IV) or oral adminis-
tration, as well as the dose and diluents used in its formulation
exist. Considering the parameters of acute toxicity obtained in
vivo, greater sensitivity was observed in male mice when compared
to females treated with GZL, moreover mortality was observed only
in males. No significant differences were observed in the biochem-
ical and haematological parameters between GZL treated mice.

Following this investigation, the post-treatment evaluation of
mice infected with the CL strain and treated with GZL at different
doses, a significant decrease in parasitaemia levels was observed in
relation to the INT group, mainly in those treated with the lowest
doses (1.0 mg kg−1 day−1 by oral). This result suggests the strong
relationship between the high GZL dosages and its harmful effect
on the immune system by the action in NF-kB. This fact may be
related to the potent modulatory activity of NF-kB by GZL in
higher doses, which may be causing a negative anti-T. cruzi effect
of the GZL due to the simultaneous effect on the host immune
system, since TNF, IL-1beta, IL-2, IL-6, IL-12 cytokines, adhesion
molecules (ICAM), and enzymes (iNOS) were affected by GZL in
immunocompetent cells. Activation of this pathway induces the
transcription of a range of genes, such as cytokines (COX –
cyclooxygenase), all essential for the assembly of an immune
response, both innate and adaptive (O’Neill and Kaltschmidt,
1997). It was also observed that two of the seven treated groups
(GZL 1.0 mg kg−1 day−1 by oral and GZL 3.0 mg kg−1 day−1 by
IV) had survival of 100% of the animals, while in the BZ treated
group the survival was of 85.7%. Although some animals had
positive parasitological results during the evaluations, in all
groups tested, one animal from the group treated with GZL
3.0 mg kg−1 day−1 by IV was considered cured according to the
classic cure criterion (Dias, 2016), corresponding to 12.5% of
cure in this group. This animal was the only that presented patent
parasitaemia, but only in the first two days of treatment.
Thereafter the parasitaemia was persistently suppressed in this
animal. The treatment with BZ evaluated in parallel, presented
cure in 85.7% (6/7) of the animals. It was also observed that
two of the seven treated groups (GZL 1.0 mg kg−1 day−1 by oral
and GZL 3.0 mg kg−1 day−1 by IV) had survival of 100% of the
animals, while 85.7% of the BZ treated group survived.
Considering the negativation of HC, blood PCR and heart
qPCR in animals infected with CL strain treated with GZL as
indication of parasitological cure, we verified that it was achieved
in 68.2% of the animals.

In animals infected by the T. cruzi Y strain, the better effect
observed on the reduction of parasitaemia was also verified in ani-
mals treated with lower doses of GZL 5.0 mg kg−1 day−1 by oral
and 1.0 mg kg−1 day−1 by IV. Thus, the lower doses of GZL

resulted in the best therapeutic activity against T. cruzi infection,
possibly because its trypanocidal effect was higher than the
exerted by NF-kB modulatory effect. In the post-therapeutic
evaluation of the animals, considering the classic cure criterion
(Dias, 2016), linked to the simultaneous negativation of the con-
ventional serological test (ELISA) (Krettli et al., 1982) and para-
sitological exams, none animal was considered cured. However,
it was observed that GZL administered at doses of 5.0 mg kg−1

day−1 by oral and 1.0 mg kg−1 day−1 by IV resulted in higher
reduction of the parasitaemia (ASC and PMP), higher negativa-
tion of the parasitological tests (HC and PCR) and survival of
100% of the animals, different from the observed in the INT ani-
mals with only 12.5% of survival and 100% of HC and PCR posi-
tive. Particularly in the group treated with GZL 5.0 mg kg−1 day−1

by oral, 100% of all parasitological parameters (HC and blood
PCR) were negative, both usual laboratorial methods to determine
the therapeutic failure (Coura and de Castro, 2002), especially in
the mouse model, which is the most used in tests of new thera-
peutic options for Chagas disease (Brener, 1962). Thus, these
data demonstrated the ability of GZL for reducing or eliminating
the T. cruzi infection in animals infected with T. cruzi Y strain
that was resistant to BZ according to the classic cure criterion
(0% of cure), but partially resistant to BZ considering the para-
sitological results (HC, blood PCR and hearth qPCR), negative
in 43% of the animals. Considering the parasitological negativa-
tion of these same tests in animals infected with Y strain and
treated with GZL as indicative of parasitological cure, the global
results of all animals treated with GZL, 68% of the mice were
parasitologicaly cured.

Results of blood PCR and qPCR agreement here obtained are
similar to the observed in a mouse model where the authors veri-
fied that qPCR in tissue is an important method to be considered
in the post-treatment evaluation (Caldas et al., 2012). What can
be considered so far, is that GZL in the absence of more elaborate
formulations, presented an effective trypanocidal action in murine
model in animals infected with CL and Y strains, which showed
evident therapeutic activity against T. cruzi infection, demon-
strated by high percentages of the parasitological tests negativa-
tion employed in the post-treatment evaluations. Together these
results show the potential anti-T. cruzi therapeutic action of
GZL that deserves to be better explored.

The survival results of the GZL-treated animals found here are
similar to those described by the treatment with LS lychnopholide
(free LYC) (Branquinho et al., 2014b), which demonstrated a
strong activity of this lactone against T. cruzi using nanostructured
formulations (nanocapsules). Together, these results stimulate the
continuity and improvement of studies with GZL, using more elab-
orate formulations. It is important to highlight that the several
studies with free SL lychnopholide developed by our group
(Branquinho et al., 2014b; Mello et al., 2016), so active against
T. cruzi in nanostructured formulations (nanocapsules), never
registered parasitological cure in murine model infected with
strains of different resistance/susceptibility profiles to treatment
with BZ and NF, including in mice infected with CL strain. This
observation reveals the potential therapeutic effect of GZL for
Chagas disease treatment. Cumanin, substance that has α,
β-unsaturated lactone ring, was also evaluated at a dose of 1.0 mg
kg−1 day−1 (Sulsen et al., 2013), and was obtained similar results
to those found here with the T. cruzi Y strain, but without cure
demonstration according to the classic criteria (Dias, 2016). When
psilostachyn A and cynaropicrin were evaluated, the activity of
these SL, in mice infected with Y and Colombian strains of
T. cruzi, were not significant in comparison to the reference drug
BZ and did not avoid the mortality of the animals (da Silva et al.,
2013).
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One of the most relevant issues in assessing the therapeutic
efficacy of CD is the lack of tools to identify and certify definitive
parasitological cure (De Lana and Martins-Filho, 2015).
Therefore, new methodologies of high sensibility such as qPCR
should be used in those animals with repeated negative parasito-
logical tests and only positive in serological tests in order to verify
the presence of T. cruzi kDNA in host tissues. Its known that con-
ventional serology remains positive for a long time after treatment
without necessarily indicating the presence of active T. cruzi infec-
tion, since this reactivity may be due to several other different rea-
sons (Krettli, 2009), being the most common reason, the memory
antibodies and the remaining T. cruzi antigens present in den-
dritic cells (Andrade et al., 1991). Moreover, alternative sero-
logical methods such as research of anti-live trypomastigotes
antibodies by flow-cytometry (ALTA-FC) (Andrade et al., 1991;
Martins-Filho et al., 1995) presents early negative results than
the conventional serology used in parallel in the post-treatment
evaluation of mice (Martins et al., 2008; de Oliveira et al., 2017)
and humans (Vitelli-Avelar et al., 2007; Wendling et al., 2011).

So, the conclusion is that GZL was strongly active in vitro and
showed important therapeutic activity in mice infected with CL
and Y T. cruzi strains demonstrated by the high percentage of
negative parasitological tests employed in the successive post-
treatment evaluations. Together, these results confirm the poten-
tial trypanocidal activity of GZL for Chagas disease treatment and
stimulate the evolution of studies with this SL in better drug for-
mulations in order to improve the achieved percentage of cure in
animal experimentation.
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