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Highlights

« Lipid extracts from Iridea cordata reported a cytotoxic effect against 100% of trophozoites at a final concentration of 600 pg/mL
with an IC50 of 300 pg/mL.

« Lipid extracts from Iridea cordata did not show cytotoxicity on HMVII cells and VERO cells.

« Lipid extracts from Iridea cordata, modified the expression levels of genes that were important for the metabolism of T. vaginalis.
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KEYWORDS Abstract: In this study, we demonstrate the promising antiparasitic activity of natural extracts as an
alternative treatment for trichomoniasis. We evaluated the in vitro and in silico antiparasitic activity of
Iridea cordata extracts, obtained in two distinct development phases: Iridea cordata tetrasporaphyte
phase (IFT) and Iridea cordata cystocarp phase (IFC). To determine the minimum inhibitory concentration
(MIC) and 50% inhibitory concentration (IC,)), we tested five concentrations of the extracts against
Trichomonas vaginalis (ATCC 30236). To gain insights into the mechanisms underlying the antiparasitic
activity and possible adverse effects, the extracts were subjected to cytotoxicity assays in VERO and
human vaginal epithelial (HVMII) cells, gene expression analyses, and their components’ interactions
with T. vaginalis proteins were analyzed through molecular docking. In the in vitro biological assay,
IFT and IFC exhibited a MIC of 600 ug/mL while showing an IC,; of 150 pg/mL and 300 pg/mL and
inhibiting 80% and 97% of T. vaginalis trophozoites, respectively. Importantly, no cytotoxic effects
were observed on VERO and HMVII cells for IFC and IFT at 600 pg/mL, indicating their safety. IFC
and IFT induced significant differences in gene expression compared to the negative control, DMSO,
and metronidazole, suggesting their potential modulation of T. vaginalis genes. Moreover, in silico
analysis revealed that constituents of both extracts interacted, with significant free-binding energy,
with proteins that are important for T. vaginalis survival. Overall, this study provides evidence of the
antiparasitic activity of Iridea cordata extracts against T. vaginalis and supports further evaluation
of its extracts as a promising treatment for trichomoniasis.
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Introduction

Trichomoniasis is among the most prevalent non-viral
sexually transmitted diseases worldwide (Alves et al.,
2020). The etiological agent of this disease is Trichomonas
vaginalis, a unicellular flagellate parasitic protozoan that
infects the human urogenital region (Aquino et al., 2020).
During the process of infection, the parasite adheres to
genital epithelial cells (Mercer & Johnson, 2018), adapting
quickly and performing the phagocytosis of various cells
while also evading the immune system, moving through cell
junctions, and colonizing the lower epithelial layers of the
host (Ryan et al., 2011).

The symptoms of trichomoniasis in women include vaginal
discharge, burning sensation while urinating, vulvar irritation,
and abdominal pain (Nemati et al., 2018). In men, the disease
is usually asymptomatic, and when symptomatic, dysuria
and urethral discharge are observed (Patel et al., 2018).
Metronidazole (a-hydroxyethyl-2-methyl-5-nitroimidazole)
is the most commonly used therapeutic agent to treat
trichomoniasis (Ghosh et al., 2018). Metronidazole (MTZ) is
the main compound of the nitroimidazole family and acts
mainly on T. vaginalis DNA (Mendes et al., 2020).

Despite its low cost and proven efficacy, clinical treatment
failures associated with side effects, such as allergic reactions,
fever, swelling, and erythema, are observed (Singh et al.,
2019). In addition, there is increasing resistance to MTZ among
parasites (Ozpinar et al., 2019). Therefore, the pursuit of
new therapies applying natural products to effectively control
parasites and minimize adverse effects holds significant
relevance in combating trichomoniasis (Chellan et al., 2019).
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Recently, natural marine products have raised scientific
interest due to their pharmacological effects, which arise
from their bioactive constituents (Pacheco et al., 2018).
In this regard, macroalgae, a diverse group of organisms
encompassing nearly 20,000 identified species, are
considered remarkable candidates for scientific research
(Mekini¢ et al., 2019). In addition, macroalgae are
organisms that can grow in adverse conditions (Ho, 2020),
as their adaptability allows them to survive in inhospitable
ecosystems (Jofre et al., 2020). These organisms have
been found to produce complex molecular compounds in
response to environmental stimuli. These compounds exhibit
the ability to interact with various molecular receptors
within cells of other organisms, leading to the inhibition or
promotion of specific biological effects (Besednova et al.,
2021). Therefore, such compounds hold potential for
therapeutic applications. The bioactive compounds
generated from macroalgae have already demonstrated
several pharmacological effects of interest (Alkaabi &
Almayali, 2018), such as immunosuppressant, antioxidant,
anti-inflammatory, antiproliferative, antibacterial (Sanchez-
Camargo et al., 2016), antidiabetic, anticancer (Deng et al.,
2020), hepatoprotective, anticholinergic, antihistamine,
and antifungal (Martinez-Hernandez et al., 2018). Thus,
these marine organisms represent novel sources of bioactive
compounds and warrant further investigation of their
antiparasitic effects (Alvarez-Bardén et al., 2020).

Therefore, in this study, we investigated the antiparasitic
activity of lipid extracts from two distinct developmental
phases, cystocarp and tetrasporaphyte, of the subantarctic
macroalgae Iridea cordata against T. vaginalis trophozoites.
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Materials and methods
Sampling

Iridea cordata specimens (tetrasporaphyte and cystocarp
phases) were manually collected from the Punta Arena
region in January 2017 (Latitude: -53.1667, Longitude:
-70.933353° 10'0” South, 70° 55" 60" West). After collection,
the samples were washed and morphologically identified.
Subsequently, they were lyophilized, pulverized, and stored
in dark plastic bags within a desiccator to ensure protection
from heat, light, and humidity before analysis. After that,
the macroalgae species were identified at the Herbarium
of the Laboratory of Antarctic and Subantarctic Marine
Ecosystems (LEMAS) at the University of Magalhaes (UMAG)
in Punta Arenas, southern Chile.

Fatty Acids extraction

The Fatty Acids (FAs) were extracted from the samples
using a method described by Bligh & Dyer (1959). Briefly, a
mixture containing 20 mL of methanol, 10 mL of chloroform,
10 mL of a 1.5% aqueous sodium sulphate solution (w/v),
and 1 g of macroalgae biomass was constantly stirred at
room temperature for 30 min. Subsequently, the samples
were placed in conical tubes and centrifuged at 3000 rpm
for 30 min. Then, the lower layer of the organic phase was
retrieved and dried under reduced pressure. The procedure
was performed in triplicate (n = 3).

Derivatization

FAs derivatization was performed according to the method
described by Moss et al. (1974). Briefly, the extracted
material was refluxed with a 0.5 M methanolic solution of
sodium hydroxide at 100 °C for 5 min. Then, 5 mL of a 14%
methanolic solution of boron trifluoride was placed in the
sample while maintaining the reflux at 100 °C for another
5 min. Subsequently, the system was cooled with 3 mL of a
saturated aqueous solution of sodium chloride, and 20 mL of
n-hexane was added to the solution. The solution was then
transferred to a separation funnel to separate the upper
organic phase, which was then filtered with anhydrous sodium
sulphate and dried under reduced pressure. The procedure
was performed in triplicate (n = 3).

Instrumentation and quantification

After FAs extraction and derivatization, samples were
diluted in n-hexane and introduced in a GC-FID model GC-2010
(Shimadzu, Kyoto, Japan), using nitrogen as the carrier gas
and an SP-2560 capillary column (100 m x 0.25 mm x 0.2 pm)
from Supelco (Bellefonte, USA). The temperature was initially
set at 140 °C then increased at a rate of 4 °C per minute
until it reached 240 °C, which was maintained for 10 min.
Thus, the total run was 40 min. The injector was maintained
at 260 °C while the injections were performed in the split
mode (1:100). To identify and quantify the FAs, samples were
compared to a FAME 37-Mix standard using the GC Solution
software (Shimadzu, Kyoto, Japan).

Chemicals and standards

Methanol, chloroform, sodium chloride, anhydrous sodium
sulphate, and sodium hydroxide were purchased from
Labsynth (Diadema, Brazil), while HPLC-grade n-hexane was
acquired from JT Baker (Phillipsburg, USA). The methanolic
solutions of boron trifluoride and nonadecanoic methyl ester
(C19:0) were purchased from Sigma-Aldrich (St. Louis, USA).
The standard 37-mix of fatty acid methyl esters was obtained
from Supelco (Bellefonte, USA). All standards and chemicals
were of analytical grade.

Anti-T. vaginalis assay

In this study, we used T. vaginalis isolate 30236, which was
obtained from the American Type Culture Collection (ATCC).
This isolate is known to be susceptible to metronidazole.
To cultivate the trophozoites, axenic conditions were
maintained, and they were grown in a trypticase-yeast
extract-maltose (TYM) medium without agar (pH 6.0). The
TYM medium was supplemented with 10% sterile bovine
serum (SBS), previously inactivated at 56°C. Trophozoites
were then incubated at 37°C (Diamond, 1957).

To evaluate the anti-T. vaginalis activity of the
cystocarp phase (IFC) and tetrasporaphyte phase (IFT)
lipid extracts, we applied the methodology described
by Sena-Lopes et al. (2017). IFC and IFT extracts were
tested in cultures with at least 95% viability based on
their motility, morphology, and the trypan blue exclusion
test (0.4%), which was performed by optical microscopy
at 400x magnification. All tests were performed in 96-well
microtiter plates (Cral®). To evaluate the MIC and IC,;
against T. vaginalis, we followed (Hubner et al., 2016)
methodology with some adaptations. The parasites were
seeded at an initial density of 2.6 x 10° trophozoites/mL of
TYM and incubated with IFC and IFT lipid extracts previously
diluted in dimethylsulfoxide (DMSO). Subsequently, the
lipid extracts were assessed at various concentrations: 600,
300, 150, 75, and 37.5 pg/mL. The experiment included
three control groups: a negative control consisting solely
of trophozoites, a positive control containing 100 pM
MTZ (Sigma-Aldrich), and a control to account for the
vehicle used to solubilize the IFC and IFT extracts, which
consisted of 0.6% DMSO. The plates were then incubated
at 37 “Cin 5% CO, for 24 h. After incubation, an aliquot of
trophozoites and trypan blue (0.4%) (1:1, v/v) was mounted
in a Neubauer chamber to determine the MIC, considering
the motility, morphology, and viability of the trophozoites.
To confirm the MIC, the parasites were treated with both
lipid extracts and controls for 24 h. After that, treatment
and control samples were incubated in tubes containing
1.5 mL of fresh TYM medium supplemented with SBS and
antibiotics at 37 °C. The trophozoite counts were then
conducted every 24 h for 96 h using a Neubauer chamber
and a preparation of trophozoites with trypan blue solution.
To determine the IC,, the data obtained were analyzed
using GraphPad Prism version 7.0 software.

For a more accurate profile of the anti-T. vaginalis activity
exerted by the lipid extracts, a kinetic growth curve was
determined. The 96-well plates were prepared as described
above and incubated with the lipid extracts at their MIC.
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Growth analysis was performed at 1, 6, 12, 24, 48, 72, and
96 h by the trypan blue dye exclusion test (0.4%). All assays
were performed independently in triplicate, and the results
were expressed as the percentage of viable trophozoites
compared to untreated parasites.

Cytotoxicity test

The cytotoxicity was assessed as described by (Navarrete-
Vazquez et al., 2015) using two distinct cell lines: VERO
cells and vaginal epithelial cells (HMVII). A suspension of
2.5 x 10* viable cells was incubated in a 96-well plate for
24 h. The VERO and HMVII cells were incubated in DMEM and
RPMI-1640 mediums, respectively, enriched with 10% Fetal
Bovine Serum (FBS) and 2% antibiotic-antimycotic at 37 °C,
5% CO,, and 95% humidity for 24 h. When the cells reached
75% confluence, the medium was replaced, and the cells were
treated with the IFC and IFT lipid extracts at 600, 300, 150,
75, and 37.5 pg/mL for another 24 h at 37 °C and 5% CO,.

Four controls were used in the test: untreated cells as the
negative control, a control to account for the vehicle used
to solubilize the extracts (0.6% DMSO), and 100 yuM MTZ and
20% DMSO as positive controls. After incubation, the medium
was removed, and 100 pL of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium (MTT) bromide solution (5 mg/mL) was
added to each well, followed by incubation for three hours
at 37°Cina 5% CO, atmosphere. Then, the MTT solution was
removed, and 100 pL of DMSO was added to each well to
solubilize the formazan crystals. Then, the reduction of MTT
to formazan, which is directly proportional to the number of
living cells, was observed in a microplate reader at 492 nm.
The results were expressed as the percentage of viable cells
compared to untreated cells. All observations were validated
by at least three independent experiments in triplicate.

T. vaginalis gene expression

To evaluate changes in T. vaginalis gene expression
after treatment, we isolated the total RNA of trophozoites
(107 cells/sample) previously incubated with the MIC of the
lipid extracts. To establish a basis for comparison, we also
extracted total RNA from three control groups: untreated

cells as negative control, cells treated with 0.6% DMSO,
and cells treated with 100 pM MTZ. The RNA isolation was
performed using Trizol reagent (Invitrogen) following the
manufacturer’s instructions. The cDNA was synthesized
from 0.5 pg of RNA using a High-Capacity cDNA Reverse
Transcription kit (Applied Biosynthesis), according to the
manufacturer’s protocol. Real-time PCR was performed on a
20 pL reaction mixture containing 10 pL of SYBR Green PCR
Master Mix (Applied Biosystems, UK), 300 nM of primers, 1 pL
of cDNA, and RNase-DNase free water. The PCR conditions
were initial denaturation at 95 °C for 5 min, followed by
40 cycles of 95 °C for 10 s and 60 °C for 30 s. The melting
curve was analyzed following the cycling protocol of 95 °C
for 15, 55 °C for 15 s, and 95 °C for 15 s.

The real-time PCR reactions were performed on
the Stratagene Mx3005P real-time PCR system (Agilent
Technologies, Santa Clara, CA, USA) using the primers
described in Table 1. The actin a gene was used as a normalizer
in all the analyses.

T. vaginalis protein and ligand structures and molecular
docking analysis

Considering the promising in vitro antiparasitic activity of
IFC and IFT against T. vaginalis, we assessed other possible
biological targets using molecular docking analyses. The
protein structures for T. vaginalis triphosphate isomerase
(TVTPI), lactate dehydrogenase (TvLDH), methionine gamma-
ligase (TVMGL), purine nucleoside phosphorylase (TvPNP) were
obtained from Protein Data Bank (PDB: 1E5E, 1236, 3QST, and
5A1T, respectively), whereas those of papain-like cysteine
protease (TvCP2), thioredoxin reductase (TvTrxR), and
cathepsin-like cysteine protease (TVCPCA1) were predicted
using I-TASSER (Yang et al., 2020), based on their primary
sequence obtained from UniProt (UniProt: Q27107, Q8IEV3,
and Q6UEJ4). The structures of ligands were obtained in the
SDF and SMILES format from PubChem (https://pubchem.ncbi.
nlm.nih.gov/). The ligands were converted from the SDF to
the PDB format using the program OpenBabel (O’Boyle et al.,
2011), and the results were then processed using the script
“prepare_ligand4.py” from Autodock Tools to produce PDBQT
files for the docking procedure (Morris et al., 2009).

Table 1. Primers used for qRT-PCR analysis of Trichomonas vaginalis ATCC 30236 treated with extracts from Iridea cordata

tetrasporaphyte and cystocarp phases.

Gene Primer Sequence (5" - 3) GenBank Access Number Reference

Actin a FR TCACAGCTCTTGCTCCACCA KF747377 .1 (Santos, et al,, 2015)
AAGCACTTGCGGTGAACGAT

PFOR A FR CGGCTACGGTATGTTCAAGG U16822 (Mead et al., 2006)
TCCTTGTCCTGATCCCAAAC

PFOR B FR CTGCAAGCTCCTTACACAGC U16823 (Mead et al., 2006)
AAGAGGGAGTTAGCCCAAGC

Malic enzyme(D) FR CATCTGTTAGCCTCCCAGTCC U16839 (Mead et al., 2006)
ACGAGCAGCTTGTTCATCCT

Hydrogenase FR TGCACACGAAAGAAGGATGA u19897 (Mead et al., 2006)

TCGCATGGTGTATCTGGTAA




Effect of Lipid Extracts from Subantarctic Algae in Trichomonas vaginalis 5-12

The receptor files in PDB format were then analyzed
using the program COACH (Yang et al., 2013) to identify
potential binding pockets and processed using the script
“prepare_receptor4.py”, also from Autodock Tools, and
converted to the PDBQT format. The processed ligands and
receptors were then docked on the predicted binding sites
using the program Autodock Vina (Trott & Olson, 2010).

Statistical analysis

The treatment and control groups were compared using
a one-way analysis of variance (ANOVA), with a p-value
of < 0.05 indicating statistical significance. Concomitantly,
Tukey’s test was applied to compare the means of different

pairs of treatments. The statistical analysis was performed
using the software GraphPad Prism version 5.0.

Results
Chemical components of lipid extracts

The constituents of Iridea cordata lipid extracts were
identified using a gas chromatography-flame ionization detector
(GC-FID) (Table 2). The analyses showed that the IFC and IFT
lipid extracts contained 31.87 and 30.08% saturated fatty
acids, 16.57 and 13.74% monounsaturated fatty acids, and
51.56 and 56.18% polyunsaturated fatty acids, respectively.

Table 2. Fatty acids in the cystocarp and tetrasporaphyte phases of the lipid extracts of Iridea cordata were identified by a gas

chromatography-flame ionization detector (GC-FID).

Iridea cordata

Fatty acids Cystocarp Tetrasporaphyte
(%) (%)

Lauric acid 0.65 0.46
C12:0
Myristic acid 2.64 2.55
C14:0
Pentadecanoic acid 0.55
C15:0
Palmitic acid 23.92 24.71
C16:0
Heptadecanoic acid 0.48
C17:0
Stearic acid 3.1 2.36
C18:0
Lignoceric acid 0.53
C24:0
Palmitoleic acid 4.06 2.16
C16:1
Oleic acid 10.08 9.48
C18:1N9C
Erucic acid 0.51 0.65
C20:1N9C
Nervous acid 0.77 0.54
C24:1N9
Linolelaidic acid 1.15 0.91
C18:2N6T
Linoleic acid 2.2 1.19
C18:2N6C
Linolenic acid 4.52 3.71
C18:3N3
Gamma linolenic acid 5.21 3.42
C18:3N6
Cis-11.14 eicosadienoic acid 0.53 0.73
C20:2
Cis-8. 11.14 eicosatrienoic acid 2.17 2.16
C20:3N6
Arachidonic acid 1.99 1.6
C20:4N6
Cis-5.8.11.14.17 eicosapentaenoic acid 17.29 21.92

C20:5N3
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Anti-T vaginalis activity assay

The IFC and IFT lipid extracts at a concentration of
600 pg/mL reduced the viability of trophozoites by 97 and
80%, respectively, after 24 h of exposure (Figure 1). This
concentration was considered the MIC of these extracts.

The IC,, value was statistically established as 300 ug/mL for
IFC and 150 pg/mL for IFT. In the negative control and 0.6%
DMSO groups, as anticipated, the trophozoites were motile
and did not show any staining when exposed to 0.4% trypan
blue. Conversely, the positive control group (100 pM MTZ)
exhibited diminished viability of the parasites, evident by
their loss of motility and effective staining with 0.4% trypan
blue after 24 h of exposure (Figure 1).

Regarding the kinetic growth curve, it was observed
that exposure to 600 pg/mL of IFC reduced the growth of
trophozoites by 45% within 12 h, with no significant difference
when compared to the MTZ positive control after 24 h of
exposure. Moreover, exposure to 600 pg/mL of IFT reduced
the growth of trophozoites by 80% within 24 h, demonstrating
persistent inhibitory action after this period (Figure 2).

Cytotoxicity Assay

The in vitro cytotoxicity of IFC and IFT was assessed by
the MTT assay on two mammalian cell lines: African green
monkey kidney epithelial cells (VERO) and vaginal epithelial
cells (HMVII) (Figure 3).
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Figure 1. Determination of the MIC and IC, for the lipid extracts
of Iridea cordata cystocarp (IFC) (A) and tetrasporaphyte (IFT)
(B) phases against Trichomonas vaginalis ATCC 30236 after treatment
with 600, 300, 150, 75, and 37.5 pg/mL for 24 h. Dimethyl sulfoxide
was used as a dilution vehicle (DMSO 0.6%), and 100 yM metronidazole
(MTZ) as a positive control. Data represent the mean zstandard
deviation of at least three experiments, all in triplicate. Different
letters indicate a significant difference (p < 0.05).

The results indicated that a 24-h exposure to IFC and IFT
at their respective MIC, VERO cells exhibited cell viability
of 99.69% and 99.29%, while HMVII cells showed 86.46%
and 86.84% cell viability, respectively. As expected, the
solubilization vehicle (0.6% DMSO) did not affect cell growth,
while the positive control (20% DMSO) induced 100% cell
mortality. The results indicated that both extracts were not
cytotoxic to the target cells, even at higher concentrations
(Figure 3).

T. vaginalis gene expression

A quantitative PCR was conducted to assess the
transcription levels of malic enzyme D, hydrogenase, and
pyruvate ferredoxin oxidoreductase (PFOR) type A and B
after treating T. vaginalis cultures with IFC and IFT lipid
extracts. Remarkably, both IFC and IFT demonstrated a distinct
expression profile of these enzymes (Figure 4).

When T. vaginalis trophozoites were incubated with
IFC, the mRNA expression for hydrogenase and PFOR B was
upregulated (p < 0.05), whereas, in the case of IFT, the
expression of these enzymes was not significantly affected.
On the other hand, IFT induced upregulated expression of
malic enzyme D, which was not significantly affected by
IFC. Both IFC and IFT inhibited the expression of PFOR A.
No significant induction or inhibition of these enzymes was
observed in the groups treated with DMSO or MTZ.
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Trophozoites viability (%)

; d d d
12h 24h 48h 72h 96h

1Th  6h
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1th  6h

Figure 2. Kinetic growth curves of Trichomonas vaginalis 30236
isolate after 1, 6, 12, 24, 48, 72, and 96 h of treatment with
600 pg/mLIFC (A) and IFT (B). Data represent the mean +standard
deviation of at least three experiments, all in triplicate. Different
letters indicate a significant difference (p < 0.05).
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Figure 3. In vitro cytotoxicity assay of lipid extracts from Iridea cordata cystocarp (IFC) and tetrasporaphyte (IFT) phases
at 600 pg/mL (MIC) against human vaginal epithelial cells (HMVII) and VERO cells. (A) IFC + HMVII cells, (B) IFT + HMVII cells,
(C) IFC + VERO cells, and (D) IFT + VERO cells. Cell proliferation was investigated by MTT assay after 24 h of exposure to
IFC and IFT at 600 pg/mL. The control groups were as follows: negative control (untreated cells), positive control (20% DMSO),
CV (dilution vehicle - 0.6% DMSO), and MTZ (100 pM metronidazole). Data are presented as the mean + standard deviation of at
least three independent experiments. Different letters indicate a significant difference between treatments at p < 0.05.
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Figure 4. IFC and IFT lipid extracts at a concentration of 600 pg/mL alter gene expression in Trichomonas vaginalis. The gene
expression profile of Trichomonas vaginalis of malic enzyme D (A), hydrogenase (B), pyruvate ferredoxin oxidoreductase (PFOR)
type A (C) and pyruvate ferredoxin oxidoreductase (PFOR) type B (D) was determined by qRT-PCR. Data are expressed as the means
sstandard deviation of at least three independent experiments. The controls used were negative control (untreated T. vaginalis),
solubilization vehicle (DMSO), and MTZ (metronidazole).
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Molecular docking of fatty acids and T. vaginalis enzymes.

To explore the potential antiparasitic activity of IFC and
IFT extracts in vitro, additional targets were investigated
to understand the interactions between the constituents of
these extracts and T. vaginalis enzymes and their contribution
to trichomonacidal activity.

The in silico analysis indicated that all constituent of
both extracts exhibited the ability to interact with the
target-binding sites that were analyzed. The most favorable
binding free energy (-7.6 kcal/mol) was observed between
TvMGL and oleic acid, followed by the interaction between
eicosapentaenoic acid and TvLDH (-6.2 kcal/mol) (Table 3).

Furthermore, all the evaluated fatty acids showed
significant levels of free energy when interacting with the
TvLDH binding site, surpassing the levels observed for other
targets. The molecular docking scores between TvCP2, TVTPI,
TvCPCAC1, and TvTrxR were not significantly different.
Overall, the results from this in-silico analysis of this study
suggested an association between these proteins and the
antiparasitic activity of IFC and IFT against T. vaginalis.

Discussion

Trichomoniasis is a sexually transmitted infection that
significantly impacts public health worldwide, and it can
have severe consequences in individuals with conditions
such as cervical cancer, prostate cancer, and chronic
cervicitis, among others (Trein et al., 2019). Moreover,
the side effects associated with clinical treatment using
metronidazole have resulted in low patient compliance
and a decrease in the success of this therapeutic approach,
leading to the emergence of resistant strains. Therefore,
searching for alternative treatment approaches is crucial
to combat trichomoniasis (Ziaei Hezarjaribi et al., 2019).
In this study, we demonstrate the antiparasitic effect of
lipid extracts from two developmental phases of Iridea
cordata against T. vaginalis using in silico and in vitro
assays.

The GC-FID technology has been widely used by the
petrochemical and pharmaceutical industry, besides being
described in the literature as one of the best tools for
the characterization of fatty acids (Zhang et al., 2015).

Table 3. Docking scores (kcal/mol) for the in silico interaction between the fatty acids found in Iridea cordata lipid extracts
(IFC and IFT) and Trichomonas vaginalis papain-like cysteine protease (TvCP2), triphosphate isomerase (TvTPI), lactate
dehydrogenase (TvLDH), methionine gamma-ligase (TVMGL), cathepsin-like cysteine protease (TvCPCA1), purine nucleoside
phosphorylase (TvPNP), and thioredoxin reductase (TvTrxR). IFC, Iridea cordata cystocarp phase lipid extract. IFT, Iridea cordata

tetrasporaphyte phase lipid extract.

T. vaginalis enzymes (targets)

Fatty acids
TvCP2 TvTPI TvLDH TVMGL TvCPCAC1 TVvPNP TvTrxR

Arachidonicacid -3.6 -4.3 -5.4 =5 -4.5 8ol -4.8
Cis-8.11.14-Eicosatrienoic acid -4.4 -3.5 -5.5 -4.6 -4.7 -3.2 -4.7
Eicosadienoicacid -3.5 -3.8 -5.5 -5.5 -4.1 -2.9 -3.9
Eicosapentaenoicacid -4 -4 -6.2 -5.1 -4.8 -3.1 -4.9
Erucicacid -3.3 -4.4 -5.1 -4 -4.2 -2.7 -4.3
EZ-Eicosenoicacid -2.9 =3 -5.2 -4.3 -3.5 -2.6 -4.1
Gamma-Linolenic acid -4 -4 -5.6 -4.5 -4.2 -2.2 -4.7
Heptadecanoicacid -3.9 -3.2 -5.1 -3.8 -3.6 -2.8 -4.5
Lauricacid -3.8 -3.6 -5.3 -4.5 -3.6 -2.2 -4

Lignocericacid -3.2 -3.8 -4.8 -5 -3.2 -2.5 -4.1
Linoelaidicacid -3.8 -4 -4.9 -4.4 -3.3 -3.8 -4.3
Linoleicacid -4 -3.6 -5.7 -4.1 -4.6 -3.1 -4.9
Linolenicacid -4.1 -4.1 -5.5 -4.5 -4.2 -2.9 -4.7
Myristicacid -3.7 -3.5 -5.2 -4.8 -3.7 -2.3 -4.1
Myristoleicacid -3.4 -3.7 -5.1 -5.1 -4 -2.3 -4.2
Nervonicacid -3.6 =22 -4.8 -4.2 =3, =l -4.5
Oleicacid -2.8 -3.2 -4.9 -7.6 -4.2 -3 -4.6
Palmiticacid -3.3 -3.5 -5.4 -4.9 -3.3 -1.4 -4.1
Palmitoleicacid -3.8 -3 -5.3 -4.8 -4 -3.5 -3.9
Pentadecanoicacid =317 =813 -4.9 -4 =3%6) -2.6 -3.8
Stearicacid -3.6 -3.2 -4.7 -4 -3.5 -2.7 -4.1
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The saturated and unsaturated fatty acids derived from
natural sources, such as algae, play an important role
in the significant biological activity of these organisms.
These compounds can act on cell receptors, activating or
deactivating biosynthetic pathways and participating in
several biological functions (Li et al., 2017), which can
often be harmful to other organisms, including parasites
(Pineda-Alegria et al., 2020). In this study, the lipid extracts
of the two developmental forms of Iridea cordata, IFC and
IFT, reduced the viability of T. vaginalis trophozoites after
24 h of exposure. The IFC lipid extract (600 pg/mL, MIC)
reduced viability by 97%, diminishing parasitic development
similarly to MTZ (p>0.05), a drug used in the treatment of
trichomoniasis.

Even though IFT at MIC (600 pg/mL) caused a trophozoite
viability reduction of only 80%, which differs significantly
from the values exhibited by MTZ, this value is still
considered acceptable when searching for novel antiparasitic
molecules. Furthermore, IFT demonstrated a persistent
antiparasitic effect, preventing the long-term development
of trophozoites and efficiently controlling the growth of
T. vaginalis trophozoites.

The results indicate a significant difference in the
antiparasitic effect of lipid extracts obtained from the same
species of macroalgae. This difference can be attributed to the
fact that they were obtained from different developmental
phases of I. cordata. Moreover, in macroalgae extracts
the variation of both the presence and quantity of certain
substances has been described, and this may be directly
affects the pharmacological activity of these extracts, such
as the inhibitory action of parasitic development. Such
variations have also been reported in a study by Zhao et al.
(2017), in which they demonstrated that Ophiopogon
Jjaponicus cultivated in different geographic regions exhibited
differences in their bioactive components. These differences
included variations in the concentrations of main components
upon extraction, subsequently impacting the pharmacological
activity of O. japonicus extracts, as stated by the authors.

The antiparasitic effects of natural marine sources have
already been reported in the literature, as in the case of
lipids isolated from marine sponge species, which showed
antiprotozoal activity by inhibiting the amastigote and
promastigote forms of Leishmania species and targeting
the topoisomerase type 1B enzyme, consequently leading to
parasite death (Mayer et al., 2021). Furthermore, our study
has identified some fatty acids that have previously been
associated with potential antiparasitic effects. Atolani et al.
(2019) reported that oleic, linoleic, and palmitic acids found
in Polyalthia longifolia oil were responsible for inhibiting
80.8% of the protozoan Toxoplasma gondii. These findings
corroborate the results obtained in our study, providing further
support for the antiparasitic properties of these fatty acids.

In vitro cytotoxicity testing using the MTT assay was
conducted on mammalian VERO and HMVII cells. The
results revealed neither extract when tested at its MIC
(600 pg/mL), exhibited significant cytotoxic effects after
24 h of incubation. The absence of toxicity observed
herein complies with the standards set by the International
Organization for Standardization (ISO) in its ISO 10993-
5:2009, which was updated in 2017 and describes methods
to evaluate the in vitro cytotoxicity of medical devices.

These guidelines recommend that cell viability should not be
less than 30% when in contact with the evaluated products.
Therefore, the results of this study fit this guideline.
Furthermore, these values showed no significant difference
compared to those exhibited by MTZ, indicating a similar
lack of cytotoxicity between the extracts and the synthetic
compound currently commercially available for treating
T. vaginalis infections.

The biological functions of the enzymes PFOR A and B,
hydrogenase, and the malic enzyme in the hydrogenosome
are mainly related to the energy supply associated with
the breakdown of malate and pyruvate, which generates
hydrogen and carbon dioxide (Leitsch, 2021). In this study,
we investigated the gene expression for these enzymes in
T. vaginalis trophozoites cultivated in the presence of IFC and
IFT extracts, based on which we could assess the changes in
the expression levels for these enzymes. The trophozoites
exposed to IFC showed a significantly increased expression
of hydrogenase and PFOR B, whereas the expression of the
malic enzyme was significantly reduced compared to control,
DMSO, and MTZ groups.

In the groups treated with IFT, only the expression of
the malic enzyme showed a significant increase, with no
alterations in the expressions of hydrogenase and PFOR B
compared to control groups. Furthermore, both IFT and IFC
inhibited the expression of PFOR Awhen compared to control
groups, although the inhibitory actions of both were similar.

PFOR and the malic enzyme catalyze the steps that are
essential for the energy metabolism at the T. vaginalis
hydrogenosome (Rada et al., 2019), whereas hydrogenase
acts in the reoxidation of ferredoxin to produce molecular
hydrogen, thus, allowing cell growth (Graves et al., 2019).
Therefore, we hypothesized that both overexpression and
inhibition of these enzymes could have detrimental effects
on the parasite. Such effects may include biochemical
imbalances that could disrupt metabolic functions that are
essential for the survival of this protozoan. This reinforces the
antiparasitic activity of IFC and IFT. Furthermore, in this study,
we observed that gene expression levels after treatment the
IFC and IFT extracts differed from those presented after MTZ
treatment. This may suggest a difference in the mechanism
of action between the extracts and the commercial drug.

Unlike most protists, T. vaginalis is characterized by the
presence of hydrogenosomes, a mitochondria-like organelle
that is responsible for maintaining the energy metabolism of
the parasite (Cheng et al., 2015). Thus, another important
target for these compounds are the metabolic pathways in
the hydrogenosome of T. vaginalis. As the hydrogenosome
is metabolically distinct from mitochondria, it becomes an
important target for drug development. Certain compounds
can selectively act on this organelle to restrict the parasite,
which could reduce possible interactions with the host cells.
Thus, such substances would be more effective and safer
in combating trichomoniasis (Brum Vieira et al., 2015).
To investigate the possible mechanisms of action of the
IFC and IFT extracts against T. vaginalis, we performed
an in silico analysis with T. vaginalis enzymes to verify if
they could be modulated could be modulated by the fatty
acids constituting both extracts. In this study, the highest
docking score (-7.6 kcal/mol) indicated the interaction of
oleic acid with the active site of the enzyme methionine
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gamma ligase (TVMGL), followed by the interactions between
eicosapentaenoic acid and the enzyme lactate dehydrogenase
(TvLDH), which had a docking score of -6.2 kcal/mol.

In T. vaginalis infections, TvMGL degrades the amino
acids that contain sulfur into ammonia, thiols, and
a-ketoacids, thus regulating these amino acids by promoting
stability in the metabolism of sulfur-containing compounds
(Setzer et al., 2017). In contrast, TVLDH acts in the process
of glycolysis, carrying out the catalysis of lactate into
pyruvate, an interaction that ensures the survival of the
parasite. Thus, compounds that can act directly on this
enzyme can cause metabolic changes related to the energy
production (Neves et al., 2020). As observed in this study,
all the compounds evaluated for interaction with the TvLDH
binding site showed docking scores that could indicate
that interference with this enzyme is associated with the
antiparasitic effect of the extracts. Another enzyme that
could have its binding site modulated by interactions with
compounds present in IFC and IFT is thioredoxin reductase
(TvTrxR). TvTrxR showed the highest free energy score
of -4.9 kcal/mol when interacting with linoleic acid and
eicosapentaenoic acid. Linoleic acid has already been reported
to have antiprotozoal action. This enzyme plays an critical
role in preventing oxidative damage in T. vaginalis. Moreover,
TvTrxR is a known target for commercial drugs that disrupt
the cellular redox system, causing the death of parasites
(Hopper et al., 2016).

Therefore, the docking scores observed in our study
characterized important interactions between main
compounds from the IFC and IFT extracts and T. vaginalis
enzymes, indicating they could be potential drug targets.
Thus, our data confirmed that these extracts have
significant antiparasitic activity against T. vaginalis and
can be considered promising pharmaceutical products for
use in public health.

Conclusion

The lipid extracts from two developmental phases
of Iridea cordata (IFC and IFT) displayed prominent
antiparasitic activity with low levels of cytotoxicity in vitro.
Furthermore, gene expression analysis indicated that IFC
and IFT influenced the expression levels of key enzymes
involved in T. vaginalis metabolism. This property of these
extracts may be responsible for their trichomonacidal action.
Additionally, in silico analyses demonstrated interactions
between the fatty acids in the extracts and proteins vital
for T. vaginalis survival. In conclusion, this study provides
new insights into the potential of natural extracts derived
from marine sources as promising options for treating
trichomoniasis.

Conflict of interests

The authors declare there are no conflicts of interest.

Funding: This study was financed in part by the Coordenacao
de Aperfeicoamento de Pessoa de Nivel Superior - Brasil
(CAPES) - Finance Code 001.

References

Alkaabi, H. M., & Almayali, H. M. (2018). Effect of bioactive
compounds extracted from green algae Spirogyra sp. in reducing
the protoscolices viability in vitro compared with albendazole
drug. Journal of Pure & Applied Microbiology, 12(3), 1221-1231.
http://dx.doi.org/10.22207/JPAM.12.3.23.

Alvarez-Bardén, M., Pérez-Pertejo, Y., Ordofez, C., Sepulveda-
Crespo, D., Carballeira, N. M., Tekwani, B. L., Murugesan, S.,
Martinez-Valladares, M., Garcia-Estrada, C., Reguera, R. M., &
Balana-Fouce, R. (2020). Screening marine natural products for
new drug leads against trypanosomatids and malaria. Marine
Drugs, 18(4), 1-42. http://dx.doi.org/10.3390/md18040187.
PMid:32244488.

Alves, M. S. D., das Neves, R. N., Sena-Lopes, A., Domingues, M.,
Casaril, A. M., Segatto, N. V., Nogueira, T. C. M., Souza, M. V.
N., Savegnago, L., Seixas, F. K., Collares, T., & Borsuk, S. (2020).
Antiparasitic activity of furanyl N-acylhydrazone derivatives
against Trichomonas vaginalis: In vitro and in silico analyses.
Parasites & Vectors, 13(1), 59. http://dx.doi.org/10.1186/
s13071-020-3923-8. PMid:32046788.

Aquino, M. F. K., Hinderfeld, A. S., & Simoes-Barbosa, A. (2020).
Trichomonas vaginalis. Trends in Parasitology, 36(7), 646-647.
http://dx.doi.org/10.1016/j.pt.2020.01.010. PMid:32526176.

Atolani, O., Areh, E. T., Oguntoye, O. S., Zubair, M. F., Fabiyi, O.
A., Oyegoke, R. A., Tarigha, D. E., Adamu, N., Adeyemi, O. S.,
Kambizi, L., & Olatunji, G. A. (2019). Chemical composition,
antioxidant, anti-lipooxygenase, antimicrobial, anti-parasite and
cytotoxic activities of P olyalthia longifolia seed oil. Medicinal
Chemistry Research, 28(4), 515-527. http://dx.doi.org/10.1007/
s00044-019-02301-z.

Besednova, N. N., Zaporozhets, T. S., Andryukov, B. G., Kryzhanovsky,
S. P, Ermakova, S. P., Kuznetsova, T. A., Voronova, A. N., &
Shchelkanov, M. Y. (2021). Antiparasitic effects of sulfated
polysaccharides from marine hydrobionts. Marine Drugs, 19(11),
1-25. http://dx.doi.org/10.3390/md19110637. PMid:34822508.

Bligh, E. G., & Dyer, W. J. (1959). A rapid method of total lipid
extraction and purification. Canadian Journal of Biochemistry
and Physiology, 37(8), 911-917. http://dx.doi.org/10.1139/
059-099. PMid:13671378.

Brum Vieira, P., Giordani, R. B., Macedo, A. J., & Tasca, T. (2015).
Natural and synthetic compound anti-Trichomonas vaginalis: an
update review. Parasitology Research, 114(4), 1249-1261. http://
dx.doi.org/10.1007/s00436-015-4340-3. PMid:25786392.

Chellan, P., Stringer, T., Shokar, A., Au, A., Tam, C., Cheng,
L. W., Smith, G. S., & Land, K. M. (2019). Antiprotozoal
activity of palladium(ll) salicylaldiminato thiosemicarbazone
complexes on metronidazole resistant Trichomonas vaginalis.
Inorganic Chemistry Communications, 102, 1-4. http://dx.doi.
org/10.1016/j.inoche.2019.01.033.

Cheng, W. H., Huang, K. Y., Huang, P. J., Hsu, J. H., Fang, Y.
K., Chiu, C. H., & Tang, P. (2015). Nitric oxide maintains cell
survival of Trichomonas vaginalis upon iron depletion. Parasites
& Vectors, 8(1), 393. http://dx.doi.org/10.1186/s13071-015-
1000-5. PMid:26205151.

Deng, L. J., Qi, M., Li, N., Lei, Y. H., Zhang, D. M., & Chen, J.
X. (2020). Natural products and their derivatives: Promising
modulators of tumor immunotherapy. Journal of Leukocyte Biology,
108(2), 493-508. http://dx.doi.org/10.1002/JLB.3MR0320-444R.
PMid:32678943.

Diamond, L. S. (1957). The establishment of various trichomonads
of animals and man in axenic cultures. The Journal of
Parasitology, 43(4), 488-490. http://dx.doi.org/10.2307/3274682.
PMid:13463700.

Ghosh, A. P., Aycock, C., & Schwebke, J. R. (2018). In vitro study
of the susceptibility of clinical isolates of Trichomonas vaginalis
to metronidazole and secnidazole. Antimicrobial Agents and
Chemotherapy, 62(4), 10-1128. http://dx.doi.org/10.1128/
AAC.02329-17. PMid:29439963.


https://doi.org/10.22207/JPAM.12.3.23
https://doi.org/10.3390/md18040187
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32244488&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32244488&dopt=Abstract
https://doi.org/10.1186/s13071-020-3923-8
https://doi.org/10.1186/s13071-020-3923-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32046788&dopt=Abstract
https://doi.org/10.1016/j.pt.2020.01.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32526176&dopt=Abstract
https://doi.org/10.1007/s00044-019-02301-z
https://doi.org/10.1007/s00044-019-02301-z
https://doi.org/10.3390/md19110637
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34822508&dopt=Abstract
https://doi.org/10.1139/o59-099
https://doi.org/10.1139/o59-099
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13671378&dopt=Abstract
https://doi.org/10.1007/s00436-015-4340-3
https://doi.org/10.1007/s00436-015-4340-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25786392&dopt=Abstract
https://doi.org/10.1016/j.inoche.2019.01.033
https://doi.org/10.1016/j.inoche.2019.01.033
https://doi.org/10.1186/s13071-015-1000-5
https://doi.org/10.1186/s13071-015-1000-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26205151&dopt=Abstract
https://doi.org/10.1002/JLB.3MR0320-444R
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32678943&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32678943&dopt=Abstract
https://doi.org/10.2307/3274682
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13463700&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13463700&dopt=Abstract
https://doi.org/10.1128/AAC.02329-17
https://doi.org/10.1128/AAC.02329-17
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29439963&dopt=Abstract

Effect of Lipid Extracts from Subantarctic Algae in Trichomonas vaginalis

11-12

Graves, K. J., Ghosh, A. P, Kissinger, P. J., & Muzny, C. A. (2019).
Trichomonas vaginalis virus: a review of the literature.
International Journal of STD & AIDS, 30(5), 496-504. http://
dx.doi.org/10.1177/0956462418809767. PMid:30626281.

Ho, C. L. (2020). Comparative genomics reveals differences in algal
galactan biosynthesis and related pathways in early and late
diverging red algae. Genomics, 112(2), 1536-1544. http://dx.doi.
org/10.1016/j.ygeno.2019.09.002. PMid:31494197.

Hopper, M., Yun, J. F., Zhou, B., Le, C., Kehoe, K., Le, R., Hill,
R., Jongeward, G., Debnath, A., Zhang, L., Miyamoto, Y.,
Eckmann, L., Land, K. M., & Wrischnik, L. A. (2016). Auranofin
inactivates Trichomonas vaginalis thioredoxin reductase and is
effective against trichomonads in vitro and in vivo. International
Journal of Antimicrobial Agents, 48(6), 690-694. http://dx.doi.
org/10.1016/j.ijantimicag.2016.09.020. PMid:27839893.

Hibner, D. P. G., de Brum Vieira, P., Frasson, A. P., Menezes, C. B.,
Senger, F. R., Santos da Silva, G. N., Baggio Gnoatto, S. C., &
Tasca, T. (2016). Anti-Trichomonas vaginalis activity of betulinic
acid derivatives. Biomedicine and Pharmacotherapy, 84, 476-484.
http://dx.doi.org/10.1016/j.biopha.2016.09.064. PMid:27685791.

Jofre, J., Celis-Pl4, P. S. M., Figueroa, F. L., & Navarro, N. P. (2020).
Seasonal variation of mycosporine-like amino acids in three
subantarctic red seaweeds. Marine Drugs, 18(2), 1-17. http://
dx.doi.org/10.3390/md18020075. PMid:31991623.

Leitsch, D. (2021). Recent advances in the molecular biology of the
protist parasite Trichomonas vaginalis. Faculty Reviews, 10(26),
26. http://dx.doi.org/10.12703/r/10-26. PMid:33718943.

Li, M. M., Jiang, Z., Song, L. Y., Quan, Z. S., & Yu, H. L. (2017).
Antidepressant and anxiolytic-like behavioral effects of erucamide,
a bioactive fatty acid amide, involving the hypothalamus-pituitary-
adrenal axis in mice. Neuroscience Letters, 640, 6-12. http://
dx.doi.org/10.1016/j.neulet.2016.12.072. PMid:28082151.

Martinez-Hernandez, G. B., Castillejo, N., Carrion-Monteagudo, M.
del M., Artés, F., & Artés-Hernandez, F. (2018). Nutritional and
bioactive compounds of commercialized algae powders used as
food supplements. Food Science & Technology International,
24(2), 172-182. http://dx.doi.org/10.1177/1082013217740000.
PMid:29110539.

Mayer, A. M. S., Guerrero, A. J., Rodriguez, A. D., Taglialatela-scafati,
0., Nakamura, F., & Fusetani, N. (2021). Marine pharmacology in
2016-2017: Marine compounds with antibacterial, antidiabetic,
antifungal, anti-inflammatory, antiprotozoal, antituberculosis and
antiviral activities, affecting the immune and nervous systems, and
other miscellaneous mechanisms of action. Marine Drugs, 19(2),
49. http://dx.doi.org/10.3390/md19020049. PMid:33494402.

Mead, J. R., Fernadez, M., Romagnoli, P. A., & Secor, W. E. (2006). Use
of Trichomonas vaginalis clinical isolates to evaluate correlation
of gene expression and metronidazole resistance. The Journal
of Parasitology, 92(1), 196-199. http://dx.doi.org/10.1645/
GE-616R.1. PMid:16629339.

Mekini¢, I. G., Skroza, D., Simat, V., Hamed, I., Cagalj, M., & Perkovi¢,
Z. P. (2019). Phenolic content of brown algae (Pheophyceae)
species: Extraction, identification, and quantification.
Biomolecules, 9(6), 244. http://dx.doi.org/10.3390/biom9060244.
PMid:31234538.

Mendes, L. B. P., Monteiro, L. P. C., & Pontual, L. V. (2020). Avaliacao
da degradacéo fotocatalitica do metronidazol em solucdo aquosa
utilizando espectrofotometria. Brazilian Journal of Development,
6(8), 56821-56834. http://dx.doi.org/10.34117/bjdvén8-189.

Mercer, F., & Johnson, P. J. (2018). Trichomonas vaginalis:
Pathogenesis, symbiont interactions, and host cell immune
responses. Trends in Parasitology, 34(8), 683-693. http://dx.doi.
org/10.1016/j.pt.2018.05.006. PMid:30056833.

Morris, G. M., Ruth, H., Lindstrom, W., Sanner, M. F., Belew, R. K.,
Goodsell, D. S., & Olson, A. J. (2009). Software news and updates
AutoDock4 and AutoDockTools4: Automated docking with selective
receptor flexibility. Journal of Computational Chemistry, 30(16),
2785-2791. http://dx.doi.org/10.1002/jcc.21256. PMid:19399780.

Moss, C. W., Lambert, M. A., & Merwin, W. H. (1974). Comparison
of rapid methods for analysis of bacterial fatty acids. Applied
Microbiology, 28(1), 80-85. http://dx.doi.org/10.1128/
am.28.1.80-85.1974. PMid:4844271.

Navarrete-Vazquez, G., Chavez-Silva, F., Colin-Lozano, B.,
Estrada-Soto, S., Hidalgo-Figueroa, S., Guerrero-Alvarez, J.,
Méndez, S. T., Reyes-Vivas, H., Oria-Hernandez, J., Canul-
Canché, J., Ortiz-Andrade, R., & Moo-Puc, R. (2015). Synthesis
of nitro(benzo)thiazole acetamides and in vitro antiprotozoal
effect against amitochondriate parasites Giardia intestinalis and
Trichomonas vaginalis. Bioorganic & Medicinal Chemistry, 23(9),
2204-2210. http://dx.doi.org/10.1016/j.bmc.2015.02.059.
PMid:25801157.

Nemati, M., Malla, N., Yadav, M., Khorramdelazad, H., & Jafarzadeh,
A. (2018). Humoral and T cell-mediated immune response against
trichomoniasis. Parasite Immunology, 40(3), 1-11. http://dx.doi.
org/10.1111/pim.12510. PMid:29266263.

Neves, R. N., Sena-Lopes, A., Alves, M. S. D., Rocha Fonseca, B., Silva,
C. C., Casaril, A. M., Savegnago, L., Pereira, C. M. P., Ramos, D. F.,
& Borsuk, S. (2020). Hydroxychalcones as an alternative treatment
for trichomoniasis in association with metronidazole. Parasitology
Research, 119(2), 725-736. http://dx.doi.org/10.1007/s00436-
019-06568-4. PMid:31853622.

O’Boyle, N. M., Banck, M., James, C. A., Morley, C., Vandermeersch,
T., & Hutchison, G. R. (2011). Open Babel: an open chemical
toolbo. Journal of Cheminformatics, 3, 33. PMid:21982300.

Ozpinar, H., Ozpinar, N., & Eruygur, N. (2019). Effect of Viscum album
L. ssp. austriacum (WIESP.) Vollman on metronidazole resistant
and sensitive strains of Trichomonas vaginalis. South African
Journal of Botany, 125, 81-85. http://dx.doi.org/10.1016/j.
sajb.2019.07.008.

Pacheco, B. S., Santos, M. A. Z., Schultze, E., Martins, R. M., Lund,
R. G., Seixas, F. K., Colepicolo, P., Collares, T., Paula, F. R., &
Pereira, C. M. P. (2018). Cytotoxic activity of fatty acids from
Antarctic macroalgae on the growth of human breast cancer
cells. Frontiers in Bioengineering and Biotechnology, 6, 185.
http://dx.doi.org/10.3389/fbioe.2018.00185. PMid:30560124.

Patel, E. U., Gaydos, C. A., Packman, Z. R., Quinn, T. C., & Tobian, A.
A. R. (2018). Prevalence and correlates of Trichomonas vaginalis
infection among men and women in the United States. Clinical
Infectious Diseases, 67(2), 211-217. http://dx.doi.org/10.1093/
cid/ciy079. PMid:29554238.

Pineda-Alegria, J. A., Sanchez, J. E., Gonzalez-Cortazar, M.,
von Son-de Fernex, E., Gonzalez-Garduno, R., Mendoza-de
Gives, P., Zamilpa, A., & Aguilar-Marcelino, L. (2020). In vitro
nematocidal activity of commercial fatty acids and B-sitosterol
against Haemonchus contortus. Journal of Helminthology,
94, e135. http://dx.doi.org/10.1017/50022149X20000152.
PMid:32127057.

Rada, P., Kellerova, P., Verner, Z., & Tachezy, J. (2019). Investigation
of the secretory pathway in trichomonas vaginalis argues against
amoonlighting function of hydrogenosomal enzymes. The Journal
of Eukaryotic Microbiology, 66(6), 899-910. http://dx.doi.
org/10.1111/jeu.12741. PMid:31077495.

Ryan, C. M., Miguel, N. D., & Johnson, P. J. (2011). Trichomonas
vaginalis: current understanding of host-parasite interactions.
Essays in Biochemistry, 51, 161-175. http://dx.doi.org/10.1042/
bse0510161. PMid:22023448.

Sanchez-Camargo, A. D., Montero, L., Stiger-Pouvreau, V., Tanniou,
A., Cifuentes, A., Herrero, M., & Ibanez, E. (2016). Considerations
on the use of enzyme-assisted extraction in combination with
pressurized liquids to recover bioactive compounds from algae.
Food Chemistry, 192, 67-74. http://dx.doi.org/10.1016/j.
foodchem.2015.06.098. PMid:26304321.

Santos, O., Vargas Rigo, G., Frasson, A. P., Macedo, A. J., & Tasca, T.
(2015). Optimal reference genes for gene expression normalization
in Trichomonas vaginalis. PLoS One, 10(9), e0138331. http://
dx.doi.org/10.1371/journal.pone.0138331. PMid:26393928.


https://doi.org/10.1177/0956462418809767
https://doi.org/10.1177/0956462418809767
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30626281&dopt=Abstract
https://doi.org/10.1016/j.ygeno.2019.09.002
https://doi.org/10.1016/j.ygeno.2019.09.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31494197&dopt=Abstract
https://doi.org/10.1016/j.ijantimicag.2016.09.020
https://doi.org/10.1016/j.ijantimicag.2016.09.020
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27839893&dopt=Abstract
https://doi.org/10.1016/j.biopha.2016.09.064
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27685791&dopt=Abstract
https://doi.org/10.3390/md18020075
https://doi.org/10.3390/md18020075
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31991623&dopt=Abstract
https://doi.org/10.12703/r/10-26
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33718943&dopt=Abstract
https://doi.org/10.1016/j.neulet.2016.12.072
https://doi.org/10.1016/j.neulet.2016.12.072
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28082151&dopt=Abstract
https://doi.org/10.1177/1082013217740000
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29110539&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29110539&dopt=Abstract
https://doi.org/10.3390/md19020049
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33494402&dopt=Abstract
https://doi.org/10.1645/GE-616R.1
https://doi.org/10.1645/GE-616R.1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16629339&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31234538&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31234538&dopt=Abstract
https://doi.org/10.34117/bjdv6n8-189
https://doi.org/10.1016/j.pt.2018.05.006
https://doi.org/10.1016/j.pt.2018.05.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30056833&dopt=Abstract
https://doi.org/10.1002/jcc.21256
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19399780&dopt=Abstract
https://doi.org/10.1128/am.28.1.80-85.1974
https://doi.org/10.1128/am.28.1.80-85.1974
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4844271&dopt=Abstract
https://doi.org/10.1016/j.bmc.2015.02.059
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25801157&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25801157&dopt=Abstract
https://doi.org/10.1111/pim.12510
https://doi.org/10.1111/pim.12510
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29266263&dopt=Abstract
https://doi.org/10.1007/s00436-019-06568-4
https://doi.org/10.1007/s00436-019-06568-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31853622&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21982300&dopt=Abstract
https://doi.org/10.1016/j.sajb.2019.07.008
https://doi.org/10.1016/j.sajb.2019.07.008
https://doi.org/10.3389/fbioe.2018.00185
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30560124&dopt=Abstract
https://doi.org/10.1093/cid/ciy079
https://doi.org/10.1093/cid/ciy079
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29554238&dopt=Abstract
https://doi.org/10.1017/S0022149X20000152
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32127057&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32127057&dopt=Abstract
https://doi.org/10.1111/jeu.12741
https://doi.org/10.1111/jeu.12741
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31077495&dopt=Abstract
https://doi.org/10.1042/bse0510161
https://doi.org/10.1042/bse0510161
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22023448&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2015.06.098
https://doi.org/10.1016/j.foodchem.2015.06.098
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26304321&dopt=Abstract
https://doi.org/10.1371/journal.pone.0138331
https://doi.org/10.1371/journal.pone.0138331
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26393928&dopt=Abstract

T. N. Barbosa et al.

12-12

Sena-Lopes, A., das Neves, R. N., Bezerra, F. S. B., de Oliveira Silva,
M. T., Nobre, P. C., Perin, G., Alves, D., Savegnago, L., Begnini,
K. R., Seixas, F. K., Collares, T., & Borsuk, S. (2017). Antiparasitic
activity of 1,3-dioxolanes containing tellurium in Trichomonas
vaginalis. Biomedicine and Pharmacotherapy, 89, 284-287.
http://dx.doi.org/10.1016/j.biopha.2017.01.173. PMid:28236702.

Setzer, M. S., Byler, K. G., Ogungbe, I. V., & Setzer, W. N. (2017).
Natural products as new treatment options for trichomoniasis:
Amolecular docking investigation. Scientia Pharmaceutica, 85(1),
5. http://dx.doi.org/10.3390/scipharm85010005. PMid:28134827.

Singh, G., Satija, P., Singh, A., Sanchita, Aulakh, D., Wriedt, M., Ruiz,
C. E., Esteban, M. A., Sinha, S., & Sehgal, R. (2019). Synthesis
and characterization of microwave-assisted biologically active
triazole silanes. Applied Organometallic Chemistry, 33(5), 1-15.
http://dx.doi.org/10.1002/a0c.4695.

Trein, M. R., Rodrigues, E., Oliveira, L., Rigo, G. V., Garcia, M. A. R.,
Petro-Silveira, B., da Silva Trentin, D., Macedo, A. J., Regasini, L. O.,
& Tasca, T. (2019). Anti-Trichomonas vaginalis activity of chalcone
and amino-analogues. Parasitology Research, 118(2), 607-615.
http://dx.doi.org/10.1007/s00436-018-6164-4. PMid:30535524.

Trott, O., & Olson, A. J. (2010). AutoDock Vina: Improving the speed
and accuracy of docking with a new scoring function, efficient
optimization, and multithreading. Journal of Computational
Chemistry, 31(2), 455-461. http://dx.doi.org/10.1002/jcc.21334.
PMid:19499576.

Yang, J., Roy, A., & Zhang, Y. (2013). Protein-ligand binding site
recognition using complementary binding-specific substructure
comparison and sequence profile alignment. Bioinformatics
(Oxford, England), 29(20), 2588-2595. http://dx.doi.org/10.1093/
bioinformatics/btt447. PMid:23975762.

Yang, Y., He, P. Y., Zhang, Y., & Li, N. (2020). Natural products targeting
the mitochondria in cancers. Molecules (Basel, Switzerland),
26(1), 92. http://dx.doi.org/10.3390/molecules26010092.
PMid:33379233.

Zhang, H., Wang, Z., & Liu, O. (2015). Development and validation
of a GC-FID method for quantitative analysis of oleic acid and
related fatty acids. Journal of Pharmaceutical Analysis, 5(4),
223-230. http://dx.doi.org/10.1016/j.jpha.2015.01.005.
PMid:29403935.

Zhao, M., Xu, W. F., Shen, H. Y., Shen, P. Q., Zhang, J., Wang, D.
D., Xu, H., Wang, H., Yan, T. T., Wang, L., Hao, H. P., Wang, G.
J., & Cao, L. J. (2017). Comparison of bioactive components and
pharmacological activities of ophiopogon japonicas extracts from
different geographical origins. Journal of Pharmaceutical and
Biomedical Analysis, 138, 134-141. http://dx.doi.org/10.1016/].
jpba.2017.02.013. PMid:28196345.

Ziaei Hezarjaribi, H., Nadeali, N., Fakhar, M., & Soosaraei, M. (2019).
Medicinal plants with anti-Trichomonas vaginalis activity in Iran:
a systematic review. Iranian Journal of Parasitology, 14(1), 1-9.
http://dx.doi.org/10.18502/ijpa.v14i1.712. PMid:31123463.


https://doi.org/10.1016/j.biopha.2017.01.173
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28236702&dopt=Abstract
https://doi.org/10.3390/scipharm85010005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28134827&dopt=Abstract
https://doi.org/10.1002/aoc.4695
https://doi.org/10.1007/s00436-018-6164-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30535524&dopt=Abstract
https://doi.org/10.1002/jcc.21334
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19499576&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19499576&dopt=Abstract
https://doi.org/10.1093/bioinformatics/btt447
https://doi.org/10.1093/bioinformatics/btt447
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23975762&dopt=Abstract
https://doi.org/10.3390/molecules26010092
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33379233&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33379233&dopt=Abstract
https://doi.org/10.1016/j.jpha.2015.01.005
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29403935&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29403935&dopt=Abstract
https://doi.org/10.1016/j.jpba.2017.02.013
https://doi.org/10.1016/j.jpba.2017.02.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28196345&dopt=Abstract
https://doi.org/10.18502/ijpa.v14i1.712
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31123463&dopt=Abstract

