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Abstract
Trichomoniasis is the most common non-viral sexually transmitted disease worldwide and can lead to serious consequences in
reproductive health, cancer, and HIVacquisition. The current approved treatment present adverse effects and drug resistance data
on this neglected parasitic infection is underestimated. Chalcones are a family of molecules that present biological applications,
such as activity against many pathogenic organisms including protozoan pathogens. Chalcone (1) and three amino-analogues (2–
4) were synthesized by Claisen–Schmidt condensation reaction and had their activity evaluated against the parasitic protozoan
Trichomonas vaginalis. This bioassay indicated the presence and position of the amino group on ring A was crucial for anti-
T. vaginalis activity. Among these, 3′-aminochalcone (3) presented the most potent effect and showed high cytotoxicity against
human vaginal cells. On the other hand, 3 was not able to exhibit toxicity against Galleria mellonella larvae, as well as the
hemolytic effect on human erythrocytes. Trophozoites of T. vaginaliswere treated with 3, and did not present significant reactive
oxygen species (ROS) accumulation, but induced a significantly higher ROS accumulation in human neutrophils after co-
incubation. T. vaginalis pyruvate:ferredoxin oxidoreductase (PFOR) and β-tubulin gene expression was not affected by 3.
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Introduction

The flagellate protozoan Trichomonas vaginalis (Donné
1836) is the etiological agent of trichomoniasis, a sexually
transmitted infection (STI) that represents a heavy burden on
public health. Trichomoniasis is the most common non-viral

STD worldwide, and in 2008, about 280 million new cases
were reported (WHO 2012). Infection can lead to serious con-
sequences such as cervical cancer (Viikki et al. 2000) and
predisposition to prostate cancer (Sutcliffe et al. 2012).
Reproductive outcomesmay also occur, such as pelvic inflam-
matory disease (Cherpes et al. 2006) and infertility (Grodstein
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et al. 1993), and also premature birth and low birth weight
(Cotch et al. 1997). T. vaginalis also acts as a facilitating agent
for HIVand HPV transmission and acquisition (Kissinger and
Adamski 2013, Noël et al. 2010).

Currently, 5-nitromidazoles (metronidazole and tinidazole)
are the only therapeutic agents for trichomoniasis approved by
the Food and Drug Administration (FDA, USA). However, be-
sides limitations such as adverse effects, these drugs present an
increasing number of infections that do not respond to treatment
due to drug resistance (Kirkcaldy et al. 2012). Also, the absence
of a surveillance system for this infection indicates that both
numbers on infected patients and data on resistance are probably
underestimated and, therefore, trichomoniasis is considered a
neglected parasitic infection (Secor et al. 2014). New alternatives
have been researched, andmany substances have presented good
activity against T. vaginalis in vitro, but no treatment options
have progressed to clinical trials (Vieira et al. 2017).

Natural and synthetic chalcone analogues are privileged
structures to medicinal chemistry and present activities against
many pathogenic organisms, including protozoan pathogens,
with promising results and several proteins/enzymes as possi-
ble targets (Mahapatra et al. 2015). Besides antiparasitic,
chalcones present anti-inflammatory, antioxidant, anticancer,
antinociceptive, and antiplatelet activities and are considered
hepatoprotective agents (Karimi-Sales et al. 2018). The pro-
posed mechanisms of action include the inhibition of mito-
chondrial dehydrogenases and fumarate reductase causing an
interference with the structure and function of the mitochon-
dria of Leishmania species (Zhai et al. 1995, 1999; Chen et al.
2001). The anticancer activity of chalcones might be caused
by the induction of apoptosis, DNA, and mitochondrial dam-
age, inhibition of kinases, angiogenesis, and tubulin polymer-
ization (Das and Manna 2016). Recently, two studies have
demonstrated the anti-T. vaginalis activity of metronidazole-
chalcone conjugates (Anthwal et al. 2014), and chalconyl
blended triazole allied organosilatranes (Singh et al. 2016).

Chalcone-derivatives potential activity against T. vaginalis
is a field yet to be explored. In this sense, this study presents
the anti-T. vaginalis potential of synthesized chalcone deriva-
tives and some biological effects of 3′-aminochalcone.

Material and methods

Chalcone-derivatives synthesis

Chalcone (1) and its amino-analogues (2–4) were synthesized
by Claisen–Schmidt aldol condensation reactions between

acetophenone derivatives and benzaldehydes (Scheme 1),
using the protocol described by Zeraik and coauthors, with
minor modifications (Zeraik et al. 2012). The structure of
compounds was confirmed by 1HNMR and 13C NMR spectra
analysis as presented in supplementary material.

In vitro culture of T. vaginalis

The T. vaginalis isolate 30236 (from the American Type
Culture Collection (ATCC), USA) was used in this study.
Parasites were cultured in vitro in a trypticase-yeast extract-
maltose (TYM) medium pH 6.0 supplemented with 10% (v/v)
heat-inactivated adult bovine serum, and incubated at 37 °C
(Diamond 1957). Trophozoites in the logarithmic phase of
growth and exhibiting more than 95% viability and normal
morphology were harvested, centrifuged, and resuspended in
new TYM medium for the experimental assays.

Screening of anti-T. vaginalis activity of chalcone
derivatives

The activity of chalcone derivatives against T. vaginalis was
performed in 96-well microtiter plates. Dimethyl sulfoxide
(DMSO) was used as a solubilization vehicle for the com-
pounds at 0.6% final concentration. Trichomonads suspension
at 2.0 × 105 trophozoites/milliliter density was incubated with
the compounds at 100 μM for 24 h in a humidified 5% CO2

incubator at 37 °C. The viability of parasites was assessed by
counting in Neubauer chamber using trypan blue (0.2%) as an
exclusion dye. Three controls were carried out: negative con-
trols with trophozoites in a supplemented culture medium on-
ly, vehicle control with DMSO at 0.6%, and metronidazole
control at 100 μM. Results were expressed as the percentage
of viable trophozoites compared to untreated parasites.
Compounds that presented the best activities were tested to
determine the half maximal inhibitory concentration (IC50).

Determination of IC50 values

For the determination of the IC50 values of the most active
compound, the experiments were performed in similar condi-
tions in the screening experiments, with compound concentra-
tions ranging from 100 to 0.7812 μM. The IC50 values were
assessed using GraphPad Prism6 software through a nonlinear
regression model.

Scheme 1 Synthesis of chalcone
and its amino-analogues
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Growth kinetics

The aminochalcone with the best IC50 value was incubated with
T. vaginalis ATCC30236 for the evaluation of its effect on
growth kinetics. Parasite suspensions at 2.0 × 105 trophozoites/
milliliter final density were incubated with the compound in the
IC50; negative and vehicle control (DMSO 0.6%)were also eval-
uated. The parasites were counted in a Neubauer chamber using
trypan Blue (0.2%) as an exclusion dye after 2, 4, 6, 12, 24, 48,
72, 96, and 120 h of incubation. Results were expressed as the
number of viable trophozoites per milliliter.

Cytotoxicity against vaginal epithelial cells (HMVII)

The compound that presented the best IC50 value was
tested for cytotoxicity against HMVII vaginal epithelial
cell lineage. The culture was maintained in RPMI-1640
medium supplemented with 20% fetal bovine serum.
The day before the experiment cells were seeded in a
96-well microtiter and kept overnight at 37 °C in humid-
ified 5% CO2 incubator to reach pre-confluence. After this
period, the medium was replaced by the molecule in con-
centrations ranging from 100 to 0.7812 μM in the supple-
mented medium. Triton X100 0.02% was added as a pos-
itive control and 0.6% DMSO as a vehicle control. The
plates were incubated for 48 h in a humidified 5% CO2

incubator at 37 °C. After this period, the cell viability was
evaluated by the MTT assay (Mosmann 1983). Briefly, the
medium was removed, a 0.5 mg/mL 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) so-
lution was added and incubated for 1 h and removed, and
the insoluble purple formazan was dissolved in DMSO
and the absorbance was read at 570 nm. The concentra-
tion required to kill 50% of the cells (CC50) was deter-
mined using GraphPad Prism6 software, through a non-
linear regression model.

In vivo toxicity against Galleria mellonella model

The aminochalcone with the best IC50 value was also
tested for toxicity in vivo using the Galleria mellonella
(Linnaeus, 1758) larvae model. Larvae weighing 280 ±
20 mg were separated into three groups of ten for each
condition. Three concentrations were tested: 1 mg/kg,
10 mg/kg, and 50 mg/kg of larvae, and saline solution
was used as the vehicle. Larvae were injected through
the last left pro-leg with 10 μL of the solutions using a
Hamilton syringe (Sigma Aldrich®, USA) (Kavanagh and
Fallon 2010). Three control conditions were performed:
negative control (not injected larvae), vehicle control,
and positive control (larvae injected with DMSO only).
Larvae were kept in Petri dishes in an incubator at
37 °C and viability was observed in 24, 48, 72, 96, and

120 h. Determination of larvae viability was made by the
evaluation of reorientation after being placed backwards,
mobility, and response to stimuli.

Hemolysis assay

Hemolytic effect of the aminochalcone was evaluated against
erythrocytes obtained from a heparinized blood of healthy
human donors (documents, procedures, and project approved
by the Universidade Federal do Rio Grande do Sul Research
E th i ca l Commi t t ee unde r au tho r i za t i on CAAE
47423415.5.0000.5347). Erythrocytes were washed three
times in PBS, ressuspended to 1% density on saline pH 7.0,
and incubated with the compound in its IC50 and at 100 μM.
Experiment controls were: negative, vehicle (0.6% DMSO),
and positive (Triton X-100 0.1%). After 1 and 24 h of incu-
bation at 37 °C, supernatant absorbance was measured at
540 nm (Gauthier et al. 2009). Results were expressed as a
percentage of hemolysis compared to the positive control.

Determination of reactive oxygen species (ROS)
production in T. vaginalis

For the determination of induction of ROS production in tro-
phozoites by the compound, T. vaginalis suspensions at 5 ×
106 density were incubated with 10 μM of 2 ′ ,7 ′-
dichlorofluorescein diacetate (2′,7′-DCF-DA), an oxidation-
sensitive fluorescent probe, for 1 h at 37 °C. After this time,
the molecule at IC50 and at 100 μMwas added and incubated
for an additional 1 h at 37 °C. Parasites treated with hydrogen
peroxide (5.0 mM) were used as a positive control. After in-
cubation, fluorescence was measured by flow cytometry (BD
FACSVerse™, Becton Dickinson) and 10,000 cells were gat-
ed and analyzed using BD FACSuite™ software (Becton
Dickinson). Results were expressed in fluorescence units.

Determination of ROS production in neutrophils

Human neutrophils were isolated as previously described
(Böyum 1968) with some modifications. Briefly, venous
blood of healthy volunteers (documents, procedures, and pro-
ject approved by the Universidade Federal do Rio Grande do
Sul Research Ethical Committee under authorization 19346)
was collected on heparin anticoagulant solution, centrifuged
(250×g, 10 min, 24 °C), and platelet-rich plasma discarded.
Leukocytes were obtained following erythrocyte sedimenta-
tion in 2.0% Dextran T-500 and centrifuged (525×g, 20 min,
24 °C) through a layering on Histopaque 1077. The
neutrophil-enriched pellet was subjected to a 15-s hypotonic
lysis to remove the remaining erythrocytes and centrifuged
(1000×g, 5 min, 24 °C). The purified neutrophils were resus-
pended in RPMI 1640 supplemented with 10% fetal bovine
serum and 10 mM HEPES for the experiments.
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Parasites (5.0 × 105 trophozoites/milliliter) were treated with
the aminochalcone at 100 μM and IC50. After 2 hours, tropho-
zoites were washed three times in PBS, counted in a hemocy-
tometer and resuspended in RPMI medium. Neutrophils (1.0 ×
105) were cocultured with treated trophozoites (1.0 × 104) on 96-
well microplates at 37 °C in 5.0% CO2-humidified incubator for
30 min. After incubation, the medium was removed and cells
were resuspended in PBS with 10 μM 2′,7′-DCF-DA and incu-
bated at 37 °C for 15 min. Hydrogen peroxide (5.0 mM) was
added 5 min before reading as positive control for ROS produc-
tion. The neutrophils fluorescence was measured by flow cytom-
etry (FACSVerse, Becton Dickinson). Ten thousand cells were
gated and analyzed using the BD FACSuite™ software (Becton
Dickinson). Results were expressed in fluorescence units.

RT-PCR for pyruvate:ferredoxin oxidoreductase
(PFOR) and β-tubulin

Trophozoites (4 × 106 trophozoites/milliliter) were treated for
12 and 24 h with the aminochalcone at IC50, then the total
RNA was extracted using TriZol™ following the manufac-
turer’s instructions and was stored at − 80 °C until use.
Quantity and purity of the RNAwere determined using spec-
trophotometric method, and only the high-quality samples, in
which the A260/A280 was 1.8 and A260/A230 was 2.0, were
used for subsequent qRT-PCR analyses. Samples were
pretreated with DNAse, to ensure that there was no contami-
nation with genomic DNA in the qRT-PCR analysis.

Real-time PCR reactions were performed in the Rotor-Gene
QTM (Qiagen, Netherlands) equipment using GoTaqTM 1-Step
RT-qPCR kit (Promega, USA) in a final volume of 12 μL. Each
PCR reaction contained 5 μL of 2X Go Taq qPCR Master Mix,
200 nM of DNATopII, and PFOR primers, and 100 nM of β-
tubulin primer, 0.2 μL Go Script RT Mix, and 50 ng of RNA.
The qRT-PCR cycling conditions were as follows: reverse tran-
scription for 15 min at 37 and 95 °C for 10 min, followed by
40 cycles of denaturation at 95 °C for 10 s and annealing at 64 °C
for 30 s, with fluorescence data collection recording at this step,
and extension at 72 °C for 30 s. The melting curve analyses were
performed by raising the temperature at the end of each run in by
1 °C per 5 s from 64 to 95 °C. Parallel reactions without RNA
template were used as a negative control. Primers used were:
DNATopII forward (F): 5’ATCGGTGTCGGTTGGTCAAG3’
and reverse (R): 5’TGGCTGTTTGACACCGTCTTT3’; β-
tubulin F: 5’TCCGTGGCCGTATGTCATCT3’ , R:
5 ’GCTGTTGTGTTGCCGATGAA3 ’ ; PFOR F :
5’CTCGTTTGGGGTGCTACATT3’, R: 5’TCCTGATC
CCAAACCTTGAG3’ (dos Santos et al. 2015).

The values of the cycle threshold (Ct) for each reaction were
calculated by the Rotor-Gene Q series software 2.1.0 and these
values were used to determine the average Ct for each sample.
The relative change in gene expression was analyzed using the
2-ΔΔCt method (Livak and Schmittgen 2001).

Statistical analysis

All experiments were performed with three independent sam-
ples, in triplicates. Results were expressed as means ± SD.
Statistical analysis was conducted using the Student’s t test
for comparison between two groups. Statistical significance
was considered at p < 0.05.

Results

Chalcone derivatives synthesis

In this study, chalcone derivatives were synthesized by
Claisen–Schmidt base-catalyzed aldol condensation reactions.
These reactions were feasible and versatile, allowing the syn-
thesis of library of compounds, with high chemodiversity
(Zhuang et al. 2017). Chalcones 1, 2, 3, and 4 were obtained
in yields of 78%, 82%, 55%, and 60%, respectively. Structures
of 1–4 were confirmed by 1H NMR and 13C NMR spectra
analysis. All chalcones are known compounds and their NMR
data were confirmed by comparison with literature data. For
chalcones 1 and 4 were compared with Santos and co-authors
(2017) (Santos et al. 2017), while chalcones 2 and 3 were
compared with Iqbal and collaborators (2014) (Iqbal et al.
2014). The most typical signals in the 1H NMR spectra were
a pair of doublets with coupling constants values of 15.0 Hz.
In the 13C NMR spectrum, the most downfield signals with
chemical shifts ranging from 186.5 to 191.0 ppm were attrib-
uted to the carbonyl of theα,β-unsaturated ketone moiety. For
all compounds, NMR data (chemical shifts, integrations, mul-
tiplicities, and coupling constants) corresponded with the pro-
posed structures.

Chalcone derivatives anti-T. vaginalis activity

The compounds had their activity screened against
T. vaginalis ATCC 30236 (JH 31A #4, from the American
Type Culture Collection, USA) tested at 100 μM. (Fig. 1).
Chalcone (compound 1) was inactive showing a percentage
of viability value equals to 122 ± 21. Amino-analogues of 1
(2–4) exhibited antiprotozoal activities. Aminochalcone 3
displayed IC50 of 29 μM. Chalcones 2 and 4 with an amino
group at positions 2′ and 4′, respectively, exhibited inferior
potency against T. vaginalis, showing the percentage of via-
bility values of 50 ± 10 and 10 ± 3, respectively.

Compound 3 affects T. vaginalis growth kinetics

For the evaluation of the effect of compound 3 on growth
kinetics, trophozoites incubated with the molecule at IC50

were counted over time, up to 120 h. The results
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demonstrate trophozoites viability is affected by the com-
pound over time (Fig. 2).

Compound 3 is toxic to vaginal epithelial cells in vitro

Compound 3, which presented the highest potency against
T. vaginalis, had its cytotoxicity against HMVII cells assessed.
A nonlinear regression model was used in order to determine
the CC50 value, which is 21 μM. The selectivity index is the
ratio between the values of CC50 and IC50 and indicates
whether the compound toxicity is selective against the para-
site, and SI for compound 3 is 0.72.

Galleria mellonella larvae injected with compound 3
maintained viability

Galleria mellonella larvae injected with 3 at 1 mg/kg,
10 mg/kg, and 50 mg/kg showed no significant increase in
mortality up to 120 h of observation at all conditions tested
(p > 0.05) (Table 1).

Compound 3 does not induce hemolysis in human
erythrocytes

Human erythrocytes were incubated with compound 3 for 1
and 24 h and the hemolysis rate at 100 μM and IC50 did not
present any significant difference form the negative control
group (p > 0.05) (Table 2).

Compound 3 does not induce ROS accumulation
in T. vaginalis trophozoites

Trophozoites treated with 3 were evaluated for ROS accumu-
lation by flow cytometry. Results indicate that the compound
did not induce ROS accumulation in the trophozoites in any
significant manner (Fig. 3).

T. vaginalis induced ROS production in neutrophils is
increased by compound 3

ROS production by neutrophils incubated with T. vaginalis
trophozoites pretreated with compound 3 was increased in a
significant manner (Fig. 4). On the other hand, neutrophils

Fig. 2 Kinetic growth curve of
trophozoites treated with
compound 3 in 29 μM in
comparison to untreated parasites
(control) and parasites with 0.6%
DMSO (vehicle). The initial in-
oculum was 2.0 × 105 trophozo-
ites/mL. Results are presented as
mean ± standard deviation of
three independent experiments in
triplicate

Fig. 1 Anti-T. vaginalis activity
of chalcone derivatives against
ATCC 30236 isolate. Data are
presented as mean ± standard
deviation compared to control
(considering the trophozoite
viability as 100%). Results are
representative of three
independent experiments
performed in triplicate assays
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incubated only with 3 presented significant reduction in ROS
production at 100 μM concentration.

PFOR and β-tubulin gene expression are not affected
by compound 3

Trophozoites treated for 12 and 24 h did not appear to express
PFOR gene nor β-tubulin differently different form control
group in a significant manner (Table 3).

Discussion

Trichomoniasis is the most common non-viral STI worldwide
and it can lead to serious health consequences. Treatment is
still restricted to two drugs, metronidazole and tinidazole.
Taking into account the increasing incidence of resistance to
these drugs, treatment has become a challenge, therefore, the
increasing need to search for new therapeutic alternatives
(Vieira et al. 2017). In recent years, chalcone-based com-
pounds have shown a wide range of biological activities, in-
cluding activity against pathogenic agents, especially proto-
zoa, and T. vaginalis (Anthwal et al. 2014, Singh et al. 2016).

The 3′-aminochalcone (compound 3) exhibited potent ac-
tivity against T. vaginalis (IC50 = 29 μM) demonstrating the
importance of the 3′ position of ring A.While aminochalcones

with amino group in positions 2′ and 4′ exhibited a less potent
activity against T. vaginalis showing the percentage of viabil-
ity values equal to 50 ± 10 and 10 ± 3, respectively.
Altogether, these data suggest that the presence and position
on ring A of the amino group improved antiprotozoal activity.
Amino group substitutions in the chalcone framework have
been shown to play a central role in the bioactivity. Thus,
aminochalcone 3 was selected for subsequent bioassays. In
growth kinetics evaluation, parasites counting at 24 h con-
firmed that compound 3 at this concentration reduce parasites
to 50% of the control.

Since the compound showed high cytotoxicity, resulting in
a selectivity index of 0.72 which suggests low selectivity of
the molecule for the parasites in comparison to human cells,
Galleria mellonellamodel was used to access in vivo toxicity.
Results indicate that 3 is not toxic in living complex organ-
isms. The use of in vitro models for toxicity is advanced since
live animals represent an ethical challenge; however, no
in vitro model can mimic the complexity of a live biological
organism. In this sense, this insect model possesses many
attractive features as experimental model when comparedwith
mammals, including the fact that G. mellonella larvae are
cheaper and easier to maintain, they can be maintained at
37 °C and they are not submitted to ethical restriction. Its great
acceptance by the scientific community is evidenced by the
increasing number of scientific publications in international
journals using this invertebrate for infectious research.
Larvae possess an innate immune system that is structurally
and functionally similar to that of mammals (Browne et al.
2013), and gastrointestinal and hepatic systems of insect and
mammals present similarities and, in this context, the insect fat
body is an organ that functions in metabolism and is similar to
the liver of mammals (Büyükguzel et al. 2013). Also, there are
enzymes, which are involved in drug detoxification, located in
the fat body and there are data indicating cytochrome P450
enzymes behave like their counterparts in mammals
(Feyereisen, 1999). Ignasiak and Maxwell (2017) reported
that the toxicity determined in G. mellonella model correlates
well with toxicity in rats and mice.

Chalcone 3 is a potential cationic amphiphilic agent, due to
its ring A being substituted by the basic and hydrophilic
group, as well as ring B and α,β-unsaturated ketone bridge,
two hydrophobic moieties. These structural features can be
responsible for the promiscuous disruptor effects on
biomembranes. The capacity of the disrupting cell membrane
may be considered a primary mechanism of cell death, since
membrane integrity is essential for the maintenance of cellular
structural integrity, therefore, required for cell survival. The
hemolysis assay was performed to investigate if the active
compounds have this effect on the trophozoites. The fact that
compound 3 did not have a hemolytic effect suggests that it
does not affect cell membrane integrity. Taking into account
that the trophozoites death was probably not caused by

Table 2 Hemolytic effect of compound 3 100 and 29 μM on human
erythrocytes

Conditions Hemolysis rate (%)

1 h 24 h

Triton 0.1% 100 ± 0 100 ± 0

Negative control 9.51 ± 1.0 9.90 ± 0.7

Vehicle 9.25 ± 0.8 10.13 ± 0.5

3 100 μM 9.10 ± 0.7 9.75 ± 0.9

29 μM 9.00 ± 0.3 10.64 ± 1.6

Results are presented as mean ± standard deviation of three independent
experiments in triplicate

Table 1 Mortality (%) of
Galleria mellonella
larvae treated with the
compound 3

Conditions Mortality (%)

Negative control 6.7 ± 11.5

Vehicle control 0 ± 0

DMSO 100% 100 ± 0

3 50 mg/kg 10 ± 10

10 mg/kg 0 ± 0

1 mg/kg 0 ± 0

Results are presented as mean ± standard
deviation of three independent experi-
ments in triplicate
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membrane disruption, other mechanisms responsible for the
chalcone activity were investigated. The hemolysis assay also
provides an indication that the molecule presents compatibil-
ity with human erythrocytes, in contrast with the cytotoxic
effect observed against the vaginal epithelial cells.

Aminochalcone 3 bearing aniline moiety as ring A, which is
a recognized inductor moiety of reactive oxygen species (ROS)
overproduction leads to oxidative stress and consequent cell
damage (Wang et al. 2016). Compound 3 did not induce ROS
accumulation in the trophozoites or the scavenging system of
the parasite was efficient, thus indicating that this is not the

mechanism of action of this molecule on T. vaginalis. Themode
of action of metronidazole and tinidazole is based on produc-
tion of toxic nitro-radical anions through electron donation by
the parasite’s redox pathway (Kulda 1999), and in the search for
new alternatives for trichomoniasis, it is a good approach to find
compounds with different therapeutic targets, aiming to reduce
the possible occurrence of cross-resistance. Our results indicat-
ed 3 did not act on trophozoites by mode of action of 5-
nitroimidazole drugs, thus the effect of 3 towards unexplored
molecular targets can reduce the occurrence of cross-resistance
with broadly used drugs.

Neutrophils are the main immune cell recruited on the site
of infection by T. vaginalis. As part of the immune response to
trichomoniasis, ROS accumulation in these cells is induced by
T. vaginalis (Song et al. 2008). For this reason, we compared
ROS production in neutrophils induced by trophozoites treat-
ed and non-treated with 3. Since aminochalcone 3 activates
ROS production in neutrophils stimulated by treated tropho-
zoites, it seems to enhance this important feature of the im-
mune response. Neutrophils incubated only with 3 presented a
significant reduction in ROS production at the highest con-
centration, which may be due to the antioxidant and anti-
inflammatory potential already described for chalcone-based
compounds (Popoola et al. 2015).

Fig. 3 ROS production by
T. vaginalis trophozoites treated
with the compound 3 at 100 and
28.97 μM. Hydrogen peroxide
(5.0 mM) was used as positive
control of ROS production. Bars
represent the mean ± standard
deviation of at least three
independent experiments

Fig. 4 ROS accumulation in neutrophils incubated with compound 3, and
neutrophils cocultured with treated and non-treated T. vaginalis tropho-
zoites. N, non treated neutrophils; N + 3100 μM, N + 3 29 μM, neutro-
phils incubated with compound 3 at different concentrations; N + TV,
neutrophils coincubated with non-treated T. vaginalis trophozoites; N +
TV + 3100 μM, N + TV + 3 29 μM, neutrophils incubates with
T. vaginalis trophozoites treated with the compound in different concen-
trations. a Significant reduction, b significant increase (p < 0.05).
Hydrogen peroxide (5.0 mM)–treated neutrophils presented 3154.2 ±
445.3 fluorescence units

Table 3 Relative gene expression of PFOR and β-tubulin of
T. vaginalis trophozoites treated with compound 3

Time Relative gene expression (2-ΔΔCt)

12 h 24 h

Gene β-tubulin 1.21 ± 0.03 2.74 ± 2.72

PFOR 1.17 ± 0.15 0.91 ± 0.61

All values are based in the standardized control 2-ΔΔCt value of 1.0.
DNATopII was used as reference gene
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The bioreduction of metronidazole in its active form by
T. vaginalis has been related to hydrogenosomal enzyme ac-
tivity including pyruvate:ferredoxin oxidoreductase (PFOR)
and alterations of expression of PFOR are present in
metronidazole-resistant isolates (Land et al. 2001). As part
of the investigation of the mechanism of death induced by
compound 3, we evaluated whether the compound affects
the gene expression of this enzyme. As demonstrated by the
results, trophozoites treated for 12 and 24 h did not appear to
express this gene differently form control group in a signifi-
cant manner (Table 3).

Chalcones are widely evaluated for their antitumoral po-
tential and it has been demonstrated that many of these mol-
ecules target tubulin polymerization (Mirzaei and Emami
2016). Besides the importance of microtubules in the mainte-
nance of cell shape and organization, motility, and cell divi-
sion, β-tubulin may be specifically involved in T. vaginalis
cytoadherence, which is part of the pathogenesis of the para-
site (Alderete and Garza 1985). As β-tubulin is an important
factor for parasite survival and pathogenesis, the influence of
the aminochalcone on β-tubulin gene expression of
T. vaginalis was investigated. Our results demonstrate no in-
fluence of the molecules on this gene expression of parasites
treated with compound 3 for 12 and 24 h (Table 3), therefore
this also may not be the molecular target of this compound.

Overall, this study showed the potent activity of 3′-
aminochalcone against T. vaginalis, responsible for a
neglected parasitic infection with high worldwide incidence
and serious health outcomes. The increasing number of drug
resistance among patients highlights the urgent necessity of
new options to treat trichomoniasis, and chalcones and 3′-
aminochalcone, presented high potential to challenge this
public health problem.
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