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Abstract
Trichomonas vaginalis is an extracellular parasite that binds to the epithelium of the human urogenital tract and causes the
sexually transmitted infection, trichomoniasis. In view of increased resistance to drugs belonging to the 5-nitroimidazole class,
new treatment alternatives are urgently needed. In this study, eight semisynthetized triterpene derivatives were evaluated for
in vitro anti-T. vaginalis activity. Ursolic acid and its derivative, 3-oxime-urs-12-en-28-oic-ursolic acid (9), presented the best
anti-T. vaginalis activity when compared to other derivatives, with minimum inhibitory concentration (MIC) at 25 μM.
Moreover, 9 was active against several T. vaginalis fresh clinical isolates. Hemolysis assay demonstrated that 9 presented a
low hemolytic effect. Importantly, 25 μM 9 was not cytotoxic against the Vero cell lineage. Finally, we demonstrated that
compound 9 acts synergistically with metronidazole against a T. vaginalis metronidazole-resistant isolate. This report reveals
the high potential of the triterpenoid derivative 9 as trichomonicidal agent.
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Introduction

Trichomonas vaginalis is a flagellate protozoan that causes
trichomoniasis, the most common non-viral sexually transmit-
ted infection (STI). The parasite is responsible for 276 million
new cases annually worldwide (WHO 2012). In symptomatic
women, the most common symptoms are vaginal itching,
odor, irritation and pruritus, and abdominal pain. Among
men, more than 75% are asymptomatic and may not seek

treatment, generating chronic inflammation (Poole and
McClelland 2013). In symptomatic cases, T. vaginalis has
been identified as the etiological agent of nongonococcal
and nonchlamydial urethritis (Twu et al. 2014). However, cur-
rently, about 80% of cases among women andmen are asymp-
tomatic, a fact of concern since the infection turns into a silent
disease. Trichomoniasis is associated with important health
consequences, including predisposition to cervical and pros-
tate cancer (Viikki et al. 2000; Sutcliffe et al. 2012), adverse
pregnancy outcomes (Silver et al. 2014), and increase risk of
transmission and acquisition of human immunodeficiency vi-
rus (HIV) (Kissinger and Adamski 2013).

The therapy is restricted to the class of 5-nitroimazoles, and
metronidazole and tinidazole are the only drugs approved for
the treatment of trichomoniasis by the Food and Drug
Administration (FDA, USA). In this scenario of few options
for treatment, the number of metronidazole-resistant
T. vaginalis isolates has increased, reaching 2.5 to 9.6% of
clinical isolates (Schwebke and Barrientes 2006). In addition,
tinidazole, the alternative to metronidazole, belongs to the same
class and cross resistance may be observed. Besides resistance
cases, side effects such as nausea, diarrhea, and abdominal dis-
comfort have been observed (Ali andNozaki 2007), stimulating
the search of new anti-T. vaginalis compounds.
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Plants are commonly used as sources for new drug discov-
ery. Natural products are a rich source of active compounds
representing a promising alternative for the treatment of
trichomoniasis (Vieira et al. 2015). Natural compounds like
betulinic and ursolic acids exhibit a variety of biological ac-
tivities, including anticancer, inhibition of HIV, antibacterial,
anti-inflammatory, and antimicrobial potential (Bache et al.
2011). The search for triterpene derivatives is a promising
approach for development of new trichomonicidal agents. In
this context, the aim of this study was to evaluate the anti-
T. vaginalis activity of betulinic and ursolic acid derivatives.

Materials and methods

Betulinic and ursolic acid derivative synthesis

The compounds 1–4 and 6–9 tested in this study (Table 1)
were synthesized as previously described by Dalla Vechia
et al. (2009). Compound 5 synthesis data are described in
Supporting Information.

Culture of T. vaginalis

Trichomonas vaginalis ATCC 30236 (JH 31A#4) and fresh
clinical isolates TV-LACM2R, TV-LACM5, TV-LACM6,
TV-LACM11, TV-LACM15, TV-LACM22, and TV-
LACM24 (from female patients) and TV-LACH4 and TV-
LACH6 (from male patients) were used in this study. The
fresh clinical isolates were obtained from Laboratório de
Análises Clínicas e Toxicológicas, Faculdade de Farmácia
UFRGS, Brazil (project approval by UFRGS Ethical
Committee, number 18923). The organisms were cultured
in vitro in trypticase-yeast extract-maltose (TYM) medium
and pH 6.0, supplemented with 10% (v/v) heat-inactivated
serum, and incubated at 37 °C (Diamond 1957). Organisms
in the logarithmic phase of growth and exhibiting more than
95% of viability and normal morphology were harvested, cen-
trifuged, and re-suspended on new TYM medium for the as-
says. All experiments were performed in triplicate and, at
least, with three independent cultures (n = 3).

Anti-T. vaginalis activity screening assay

The activity of eight compounds against T. vaginaliswas tested
in vitro in the concentration of 100 μM. The stock solution of
all compounds was prepared in DMSO. For the assay, 96-
microtiter plates were used. Parasites in the final cellular density
of 1.0 × 105 trophozoites/ml were added and incubated with
compounds at 37 °C, 5% CO2 atmosphere for 24 h. Three
controls were carried out: negative control with parasites only,
vehicle control (DMSO 0.62%), and positive control (100 μM
metronidazole). The number of viable trophozoites was

accessed by counting parasites with a hemocytometer using
exclusion dye trypan blue (0.2%). The results were expressed
as the percentage of living organisms compared to untreated
parasites, considering motility and normal morphology.

Determination of minimum inhibitory concentration

The minimum inhibitory concentration (MIC) shows the low-
est concentration of compound that is able to kill the tropho-
zoites. MIC was determined for 9 because this compound was
the only one among betulinic and ursolic acid derivatives that
reduced parasite viability 100% in the screening assay. The
MIC values of metronidazole were determinate for the fresh
clinical T. vaginalis isolates in a previous study (Becker et al.
2015). After compound eightfold dilution, the MIC value was
determined as described above. MIC was analyzed for 5 days
and confirmed by the failure of non-motile parasites to grow
after re-inoculation into drug-free medium.

Hemolytic assay

This assay was performed as described by Rocha et al. (2012)
with some modifications. Fresh human blood was obtained
from healthy volunteers. The Universidade Federal do Rio
Grande do Sul Research Ethical Committee approved docu-
ments, procedures, and project under authorization CAAE
47423415.5.0000.5347. The informed consent for each par-
ticipant was approved by the Institutional Review Board. The
erythrocytes were washed three times with PBS 1× (pH 7.0)
and re-suspended to obtain a 1.0% (v/v) erythrocytic suspen-
sion. The concentration of 9 was chosen based on the MIC.
Then, erythrocytes (1.0%) were incubated with the samples at
37 °C for 1 and 24 h. Supernatant absorbance was measured at
540 nm. Results were expressed as hemolysis percentage of
each test sample, comparing to 100% hemolysis that was at-
tributed to hemolytic action of the positive control 0.1% triton
X-100. This experiment was carried out in triplicate, and three
independent experiments (n = 3) were performed.

Cytotoxicity against HMVII, HeLa, and Vero cells

The cancer cell lines, HMVII and HeLa, and Vero, normal cell
line, were used to evaluate the cytotoxicity of 9. HMVII andVero
lines were grown in RPMI-1640medium, while HeLa cells were
maintained inDMEM; bothmediawere supplementedwith 10%
fetal bovine serum (FBS) and incubated at 37 °C, 5% CO2. For
the assay, 3.0 × 104 or 1.0 × 104 cells/well were seeded in 96-well
microtiter plates overnight. The medium was replaced by fresh
medium containing or not (control condition) 9 at 25 μM. Triton
X-100 at 0.2%, final concentration, was added as the positive
control and 0.6% DMSO as the vehicle control. The plates were
incubated for 24 and 48 h; then, after washing with PBS, the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
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(MTT) solution (0.5 mg/ml) was added and incubated for 1 h at
37 °C. The plates werewashed twicewith PBS, and the insoluble
purple formazan was dissolved in DMSO. The amount of re-
duced MTTwas measured at 570 nm. The experiment was per-
formed in triplicate with three independent culture (n = 3) for 24
and 48 h.

Synergism evaluation

The TV-LACM2R is a fresh clinical metronidazole-resistant
isolate used in this assay because it presents a metronidazole
MIC of 73 μM. Low-level resistance is defined as an anaerobic
MIC 30–60 μM, moderate-level resistance as 60–120 μM, and

Table 1 Betulinic and ursolic acid derivative structures

Compound Name Structure

1 3- -hydroxy-lup-20(29)-en-28-oic 
acid

2 3-amino-lup-20(29)-en-28-oic acid

3 3-oxo-lup-20(29)-en-28-oic acid

4 (E)-3-oxime-lup-20(29)-en-28-oic 
acid
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Table 1 (continued)

5
3-nitric ester-lupan-20-nitro-28-oic 

acid

6 3- -hydroxy-12-en-28-oic acid

7 3-amino-12-en-28-oic acid

8 3-oxo-urs-12-en-28-oic acid

9 (E)-3-oximeurs-12-en-28-oic acid
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high-level resistance as 235 μM or greater as previously de-
scribed by Butler et al. (2010). In addition, the TV-LACM2R 9
MIC was performed. Organisms were treated with MIC and
MIC/2 (12.5 and 6.25 μM, respectively), in association or not
with 15 and 73 μM metronidazole and incubated for 24 h at
37 °C and 5.0% CO2. The parasite viability was determined as
described in the anti-T. vaginalis activity assay. This test was used
to evaluate whether the compound and metronidazole presented
synergic effects against T. vaginalis.

Statistical analysis

Student’s t test was chosen for comparisons between two groups.
The results are expressed as the mean ± SEM of at least three
individual experiments. P < 0.05 was considered a statistically
significant difference. Analyses were performed using
Statistical Package for the Social Sciences (SPSS) software v.14.

Results

Anti-T. vaginalis screening of synthetic derivatives

In order to test the anti-T. vaginalis activity of betulinic and
ursolic acids and their derivatives (Table 1), a screening was
conducted at 100 μM. Betulinic acid and its derivatives, 2–5,
induced a slight reduction of the parasite viability. Derivatives
7 and 8 also demonstrated low activity against T. vaginalis,
reducing about 15% of the parasite viability. The best anti-
T. vaginalis activity was demonstrated by ursolic acid and 9,
which reduced parasite viability by 100% (Fig. 1). Taking into
account the complete abolishment of T. vaginalis viability, the
MIC value of 9 was determined as 25 μM (Fig. 2). This con-
centration was used in the following experiments.

Activity of 9 against fresh clinical T. vaginalis isolates

Compound 9 was tested against T. vaginalis fresh clinical
isolates TV-LACM2R, TV-LACM5, TV-LACM6, TV-
LACM11, TV-LACM15, TV-LACM22, TV-LACM24, TV-
LACH4, and TV-LACH6 (Table 2). All isolates were highly
sensitive to 9 at MIC, including TV-LACM2R, a fresh clinical
isolate resistant to metronidazole, with abolishment of viable
parasites. Considering that TV-LACM2R is a resistant isolate,
a serial dilution was performed in order to determine the MIC
value specifically for this isolate. The results showed the MIC
value in the concentration of 12.5 μM that was subsequently
used in the synergism test.

Cytotoxicity

Figure 3 shows the cytotoxicity of 9 against HMVII and HeLa
cancer cell lines and the Vero normal cell line with Triton

X-100 as positive control. After 24 or 48 h of incubation, 9
at 25 μM reduced cancer cell lines viability about 90%.
Conversely and importantly, the compound 9 presented very
low cytotoxicity against Vero cells, normal cell line, reducing
about only 15% of cell viability.

Hemolysis

In order to investigate whether the mechanism of killing by 9
involves membrane damage, a hemolytic assay was per-
formed (Gauthier et al. 2009). After 1 h of incubation, the
compound 9, at 25 μM, did not induce lysis of the erythro-
cytes. However, 9 induced some erythrocyte lysis (25%) after
24 h of incubation (data not shown).
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Fig. 1 Anti-T. vaginalis screening of semi-synthesized derivatives of
betulinic and ursolic acids against ATCC 30236 isolate at 100 μM.
Data were expressed as mean ± SD compared to control (considering
trophozoite viability 100%) of three different experiments (parasite
suspensions) performed in triplicate

Compound 9 ( M)
ControlDMSO MTZ 0.78 1.56 3.12 6.25 12.5 25 50 100

Tr
op

ho
zo

ite
 v

ia
bi

lit
y 

(%
)

0

25

50

75

100

125

Fig. 2 Determination of minimum inhibitory concentration (MIC) of 9
against T. vaginalis trophozoites. Results are mean ± SD of three different
experiments (parasite suspensions) performed in triplicate

Parasitol Res (2018) 117:1573–1580 1577



Synergism

The effect of 9 on the viability of the T. vaginalis TV-LACM2R
isolate, resistant to metronidazole, was performed. Compound 9
completely abolished the TV-LACM2R viability and the MIC
was 12.5 μM (Fig. 4a). In order to investigate the synergic effect
of 9 and metronidazole, the trophozoites were treated with a low
concentration of 15 μMmetronidazole and 6.25 μM compound
9 (MIC/2).When 15μMmetronidazolewas incubated alone, the
viability of the parasiteswas reduced about 10%.However, when
15 μM metronidazole and 6.25 μM 9 were associated, a strong
anti-T. vaginalis activity was observed, demonstrating the syner-
gic effect of 9 and metronidazole (Fig. 4b).

Discussion

Ursolic acid is widely found in certain medicinal herbs and it
is the main component of the peel of fruits such as apples,

pears, olives, prunes, cranberries, and figs. This compound
exhibits many biological effects including anticancer activity
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Fig. 3 Effect of 9 on the viability
of HMVII, HeLa, and Vero cells.
Cells were exposed to 25 μM 9
for 24 and 48 h; Triton X-100 was
used as positive control; and
control means only cells in
medium without exposure to 9.
Data represent mean ± SD
compared to control (only cells)
of three different experiments
performed in triplicate
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Fig. 4 a MIC determination of 9 against TV-LACM2R metronidazole-
resistant isolate. b Synergic effect of 9 and metronidazole in MIC and
MIC/2 of the compound. The asterisk (*) shows that metronidazole and 9
association is statistically different from 15 μM MTZ treatment. Data
represent mean ± SD compared to control (only trophozoites) of three
different experiments (parasite suspensions) performed in triplicate

Table 2 Anti-T. vaginalis activity of 9 at 25 μM. Results were
expressed as trophozoite viability (mean ± SD) in comparison with
untreated organisms (control)

Trichomonas vaginalis isolates Trophozoite viability (%)

Control 100.00 ± 0.00

TV-LACM2R 0.00 ± 0.00

TV-LACM5 1.03 ± 1.25

TV-LACM6 2.85 ± 2.91

TV-LACM11 0.00 ± 0.00

TV-LACM15 0.00 ± 0.00

TV-LACM22 0.00 ± 0.00

TV-LACM24 0.00 ± 0.00

TV-LACH4 0.00 ± 0.00

TV-LACH6 0.77 ± 1.34
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and antimicrobial potential (Chen et al. 2015). Ursolic acid is a
well-known triterpenoid that has been reported to possess a
wide range of biological activities, including antimicrobial,
antitumor, antiviral, antiprotozoal, antioxidant, and anti-
inflammatory activities (Innocente et al. 2014; Silva et al.
2013; Gu et al. 2015). Among these activities, it showed sig-
nificant anti-protozoa effects against Plasmodium falciparum,
Toxoplasma gondii, Trypanosoma cruzi, and Leishmania sp.
(Jesus et al. 2015). Studies indicate that the activity of ursolic
acid and its derivatives was also markedly influenced by their
structural properties (Gauthier et al. 2009; Chen et al. 2015;
Mazumder et al. 2013).

In our study, we tested a semisynthetic ursolic acid deriva-
tive, 9, against the pathogen T. vaginalis and checked the
cytotoxicity against three cell lines, HMVII and HeLa, two
cancer lines, and against a normal cell, Vero line. Compound
9 was cytotoxic against both cancer lines, and these results
agreed with previous studies that demonstrate the anticancer
activity of ursolic acid and its derivatives (Hua et al. 2015). On
the other hand, against Vero, normal cell, 9 presented a slight
cytotoxicity, and once again, the result agreed with an earlier
study (Mahlo et al. 2013). Derivative 9 deserves a consider-
able attention, because this compound presented a potent ac-
tivity against metronidazole-sensitive and metronidazole-
resistant T. vaginalis isolates and low cytotoxicity against
mammalian normal cells, demonstrating the potential of 9
for trichomoniasis treatment. In addition, this compound pre-
sented a low hemolytic effect. This result indicates that 9
probably does not produce damage in the parasite membrane;
however, more studies are needed to elucidate the mechanism
of action of this active ursolic acid derivative.

Trichomoniasis is the most prevalent non-viral STI and the
treatment is based on metronidazole and tinidazole. Although
the cure rate is high, failures are observed to be mainly asso-
ciated with drug resistance (Schwebke and Barrientes 2006).
Natural and synthetic compounds play an important role in
this field. Many studies show that triterpenoid derivatives
have good activity against microorganisms (Silva et al.
2015; Innocente et al. 2014; Taketa et al. 2004); among these
compounds, betulinic and ursolic acids display great rele-
vance. In this study, we showed anti-T. vaginalis activity of
different synthetic derivatives from betulinic and ursolic acids.
The most relevant anti-T. vaginalis activity was demonstrated
by compound 9 with MIC of 25 μM. Although data from the
literature demonstrate that derivatives from different struc-
tures present different biological activities (Gauthier et al.
2009; Liu 2005; Wang and Fang 2009), in this study, we
demonstrated the strong anti-T. vaginalis activity produced
by compound 9. Moreover, as shown in Fig. 4b, when
15μMmetronidazole and 6.25μM 9were tested, a significant
reduction of parasite viability was observed, demonstrating
that 9 is able to potentiate metronidazole action against a re-
sistant isolate.

Conclusion

Trichomonas vaginalis causes an infection that may turn into a
serious public health problemwhen treatment failure occurs. The
increasing resistance to traditional treatments with metronidazole
leads us to search for other therapies and a large field of study is
natural products, including the synthetic derivatives of natural
products. The semisynthetic triterpene derivative 9 demonstrated
potent anti-T. vaginalis activity against ATCC and fresh clinical
isolates. Importantly, 9 was active against metronidazole-
resistant isolate and, when tested in association with metronida-
zole, 9 potentiated anti-T. vaginalis activity against the resistant
isolate. Besides, this compound was not cytotoxic to normal
mammalian cell line. Further studies are necessary to provide
details regarding the mechanism of death of 9 anti-trichomonad
activity. Altogether, the results presented in this study demon-
strated that 9 is a promising alternative to treat trichomoniasis.
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