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Steroid hormones alter AMP hydrolysis in intact
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Abstract Trichomonas vaginalis infection may be influ-
enced by the vaginal concentrations of estrogens. We have
investigated the effects of 17β-estradiol and dehydroepian-
drosterone sulfate (DHEAS) on the ecto-5′-nucleotidase
activity in fresh clinical (VP60) and in long-term-grown

(30236 ATCC) isolates of T. vaginalis. In vitro exposure to
DHEAS and 17β-estradiol did not induce any changes in
adenosine monophosphate (AMP) hydrolysis in these
isolates. The treatment of parasites in the presence of
DHEAS (0.01–1.0 µM) for 2 h inhibited AMP hydrolysis
in VP60 isolate, whereas there were no significant changes
in nucleotide hydrolysis in the presence of 17β-estradiol.
DHEAS and 17β-estradiol (0.01–1.0 µM) for 2 h inhibited
AMP hydrolysis in 30236 isolate. The 12 treatment with
0.1 µM DHEAS inhibited AMP hydrolysis, whereas 17β-
estradiol did not alter the nucleotide hydrolysis in VP60
isolate. Our findings have shown that the complex effect of
steroid hormones and their receptors on T. vaginalis may
promote changes in ecto-5′-nucleotidase activity during
exposure to these hormones.

Introduction

Trichomoniasis is a commonly known non-viral sexually
transmitted disease, caused by Trichomonas vaginalis, an
amitochondriate parasitic flagellated protozoan. This para-
site infects the urogenital tract of both women and men.
Trichomoniasis is associated with serious adverse health
consequences to women that include infertility (Grodstein
et al. 1993), atypical pelvic inflammatory disease (Moodley
et al. 2002), preterm birth, and low birth weight infants
(Cotch et al. 1997), as well as predisposition to cervical
neoplasia (Viikki et al. 2000). Trichomoniasis among men
can cause non-chlamydial, non-gonococcal urethritis
(Bakare et al. 1999). Recently, serum antibody against
T. vaginalis was found to be related with prostate cancer
(Sutcliffe et al. 2006). Trichomoniasis increases predispo-
sition to human immunodeficiency virus seroconversion for
both men and women (Guenthner et al. 2005; Mason et al.
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2005). The proteins and glycoproteins in the cell surface of
trichomonads play a major role in cytoadhesion, host-
parasite interaction, nutrient acquisition, and in the protec-
tion from the cytolytic effects (Petrin et al. 1998).

Extracellular adenosine triphosphate (ATP) may act as a
signaling compound in cytolytic mechanisms (Filippini et
al. 1990; Steinberg and Di Virgilio 1991). The signaling
actions of this nucleotide are inactivated by a group of
enzymes named nucleoside triphosphate diphosphohydro-
lases and ecto-5′-nucleotidase (EC 3.1.3.5; Robson et al.
2006). Adenosine monophosphate (AMP) hydrolysis by
ecto-5′-nucleotidase represents an important source of
extracellular adenosine (Sträter 2006). Adenosine is a
regulatory autocoid that is generated as a result of cellular
injury or stress, and it interacts with specific G protein-
coupled receptors on inflammatory and immune cells to
regulate their function (Haskó and Cronstein 2004). 5′-
Nucleotidase activity has been described for bacteria and
plant cells, and the enzyme is also widely distributed in
vertebrate tissues. This enzyme acts on a variety of non-
cyclic nucleoside monophosphates, such as AMP, cytidine
monophosphate, uridine monophosphate, inosine mono-
phosphate, and guanosine monophosphate, inactivating
them to the respective nucleosides and inorganic phosphate
(Bianchi and Spychala 2003). Although 5′-nucleotidase has
broad substrate specificity, AMP is considered to be the
major physiological substrate with KM values in the
micromolar range (Zimmermann 1992). Our laboratory
has characterized an ecto-5′-nucleotidase activity in troph-
ozoites of T. vaginalis (Tasca et al. 2003) and Trichomonas
gallinae (Borges et al. 2007), and ultrastructural cytochem-
ical microscopy has shown ecto-5′-nucleotidase activity on
the surface of the parasite (Tasca et al. 2004). The presence
of an enzyme that hydrolyzes AMP to adenosine provides
the nucleoside required for parasite growth due to the lack
of de novo purine nucleotide synthesis among all tricho-
monad species (Wang 1990; Munagala and Wang 2003).

Many hormones, especially the sex steroids, can influ-
ence the immune system and the susceptibility for diseases
caused by protozoan parasites (Grossman 1984; Olsen and
Kovacs 2005; Roberts et al. 2001). Studies have demon-
strated an increased incidence of trichomoniasis during
pregnancy suggesting that a high-estrogen state may
enhance infectivity or symptoms (Brown 1972). Silva-
Filho and Bonilha (1992) have shown that α-estradiol and
17β-estradiol increase the parasite adhesion. However,
the activity of cell-detaching factor, a virulence factor of
T. vaginalis, was significant diminished in the presence
of 17β-estradiol. This suggests that the symptoms of
T. vaginalis infection may be influenced by the vaginal
concentrations of estrogens (Garber et al. 1991). Studies
have shown that estrogen is associated with changes in 5′-
nucleotidase activities (Murphy 2001; Ramalingam et al.

1993). Rücker et al. (2005) have demonstrated an increased
activity and expression of 5′-nucleotidase from female rat
cerebral cortex, following chronic steroid hormone depri-
vation induced by removal of ovaries.

Considering that trichomonads have no ability to
perform purine and pyrimidine synthesis de novo, in this
study, we have investigated the effects of 17β-estradiol and
DHEAS on ecto-5′-nucleotidase activity, the enzyme
activity involved in adenosine production, in fresh clinical
(VP60) and long-term-grown (30236 ATCC) isolates of
T. vaginalis.

Materials and methods

Chemicals

Trizma base, malachite green, ammonium molybdate, poly-
vinyl alcohol, nucleotides, Coomassie Blue G, bovine serum
albumin, calcium and magnesium chloride, 17β-estradiol
(cyclodextrin-encapsulated 17β-estradiol), dehydroepian-
drosterone sulfate (DHEAS; 5-androsten- 3β-ol-17-one
sulfate), and trypan blue dye were purchased from Sigma
(St. Louis, MO, USA). All other reagents used were of
analytical grade.

Parasite culture conditions

Two T. vaginalis isolates were used in this study: VP60, a
fresh clinical isolate (EU816897; Michel et al. 2006), and
30236 from the American Type Culture Collection (ATCC).
Both isolates were cultivated axenically in trypticase-yeast
extract-maltose (TYM) medium (Diamond 1957) without
agar (pH 6.0) supplemented with 10% (v/v) heat-inactivated
cold serum, penicillin (1,000 IU/ml), and streptomycin
sulfate (1.0 mg/ml) in aerobiosis at 37°C (±0.5). Isolates
were subcultured every 48 h in TYMmedium. Trichomonads,
in the logarithmic phase of growth and within 48 h of
subculture (exhibiting more than 95% mobility and normal
morphology), were harvested and washed with sterile saline
solution (NaCl 0.85%; 750×g for 5 min) three times.
Parasites were resuspended in saline solution, counted with
a hemocytometer, and adjusted to a concentration of 1.5×
106 trophozoites/ml corresponding to 0.3–0.7 mg/ml protein.
All experiments were performed using intact organisms and
cellular viability was assessed before and after incubations
by motility and trypan blue dye exclusion. The viability was
not affected by incubation conditions.

Parasite treatments

The trophozoites were kept in the absence (control) or in
the presence of 17 β-estradiol or DHEAS (0.01, 0.1, and
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1.0 μM) for 2 or 12 h at 37°C (±0.5). During these
pretreatments, the trophozoites were maintained in TYM
medium (Diamond 1957) without agar (pH 6.0) supple-
mented with 10% (v/v) heat-inactivated serum, penicillin
(1,000 IU/ml), and streptomycin sulfate (1.0 mg/ml). After
the pretreatments, the trophozoites were washed with sterile
saline solution (0.85% NaCl; 750×g for 5 min) three times.
The subsequent steps for incubation to measure the
nucleotide hydrolysis were the same as described above.

To evaluate the direct effect of hormones on the enzyme
activity, 17β-estradiol, or DHEAS, at the final concen-
trations of 0.01, 0.1, 1.0, 2.5, or 5.0 μM, was added directly
in the reaction mixture and was maintained throughout the
enzyme assays, as described below. The enzyme assays was
performed in the absence of hormones for the control
group.

Enzyme assays

Intact trophozoites of T. vaginalis were added to the
reaction mixture containing 50 mM Tris buffer (pH 7.5)
and 3.0 mM MgCl2 for measuring ecto-5′-nucleotidase
activity (Tasca et al. 2003). The samples were preincubated
for 5 min at 37°C in 200 μl of the reaction mixture. The
reaction was initiated by the addition of AMP to a final
concentration of 3.0 mM and stopped after 60 min by
adding 200 μl 10% trichloroacetic acid. The samples were
chilled on ice for 10 min before assaying for the release of
inorganic phosphate (Pi; Chan et al. 1986). Incubation
times and cellular density were chosen in order to ensure
the linearity of the reactions. Controls with the addition of
the intact trophozoites after mixing trichloroacetic acid
were used to correct non-enzymatic hydrolysis of substrate.
Specific activity is expressed as nmol Pi released/min/1.5×
106 trophozoites. All samples were run in triplicate.

Protein determination

Protein was measured by the Coomassie Blue method
(Bradford 1976) using bovine serum albumin as standard.

Statistical analysis

Statistical analysis was conducted by one-way analysis of
variance followed by Duncan test as a post hoc, considering
a level of significance of 5%.

Results

In the present study, we have investigated the effects of the
17β-estradiol and DHEAS on the ecto-5′-nucleotidase
activity in intact trophozoites of T. vaginalis. Cellular integrity
and viability were assessed before and after the reactions
by the motility of trophozoites and trypan blue dye exclusion.
The integrity of the trophozoites was not affected by any of
the conditions used in the assays. In order to evaluate a direct
effect on ecto-5′-nucleotidase activity, we have tested in vitro
17β-estradiol or DHEAS concentrations varying from 0.01 to
5.0 μM in VP60 and 30236 isolates. AMP hydrolysis has
demonstrated no difference between the investigated isolates
(data not shown).

VP60 isolate treated with DHEAS for 2 h presented a
significant inhibition of 43%, 52%, and 24% (P<0.05) for
AMP hydrolysis in all tested concentrations (0.01, 0.1, and
1.0 μM), whereas 17β-estradiol did not significantly
change AMP hydrolysis in VP60 isolate (Fig. 1).

Figure 2 shows the effect of the treatment with DHEAS
and 17β-estradiol for 2 h in the 30236 isolate on ecto-5′-
nucleotidase activity. AMP hydrolysis, at 0.01, 0.1, and
1.0 μM, was significantly inhibited in the presence of

Fig. 1 Effect of 17β-estradiol
and dehydroepiandrosterone
sulfate treatment during 2 h on
adenosine monophosphate
hydrolysis in VP60 isolate. Bars
represent the mean±SD of four
experiments (n=4) using differ-
ent parasite suspensions, each in
triplicate. Asterisk indicates
significant difference from
controls by one-way analysis of
variance, followed by Duncan
test as a post hoc (P<0.05)
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DHEAS (29%, 36%, and 31%, respectively; P<0.05). The
30236 isolate treated with 17β-estradiol presented a
significant inhibition of 25%, 22%, and 37% (P<0.05) for
AMP hydrolysis in all tested concentrations (0.01, 0.1, and
1.0 μM).

The treatment with DHEAS for 12 h induced a
significant inhibition in AMP hydrolysis (32%, P<0.05)
at 0.1 μM in VP60 isolate (Fig. 3). In a similar treatment,
17β-estradiol did not significantly change AMP hydrolysis
in VP60 isolate (Fig. 3). The treatment with DHEAS and
17β-estradiol for 12 h did not significantly change AMP
hydrolysis in 30236 isolate (data not shown).

Discussion

The results demonstrated the influence of DHEAS and
17β-estradiol on ecto-5′-nucleotidase activity in intact
trophozoites of T. vaginalis. The importance of testing
two different isolates is explained by the fact that fresh
clinical isolates have demonstrated higher extracellular
nucleotide hydrolysis and different nucleotide hydrolysis

ratios when compared to long-term growth isolates (Tasca
et al. 2005). We have investigated the effect of hormones in
VP60 and ATCC 30236 isolates in order to observe if
steroids could differentially modulate the adenosine pro-
duction. The control of adenosine levels is important
because this nucleoside is the primary precursor of the
entire purine nucleotide pool in T. vaginalis, and adenine is
converted to GMP via adenosine (Munagala and Wang
2003). Our findings have shown that VP60 is more
sensitive to the effects induced by steroid hormones since
the short-term treatment (2 h) and a lower DHEAS
concentration (0.1 µM) promoted the most intense inhibi-
tion on AMP hydrolysis. The 12-h treatment also decreased
AMP hydrolysis in the presence of 0.1 µM DHEAS, even
though the effects were less expressive due to adaptive
mechanisms developed by the parasites to resist these
environmental conditions. These results reinforce the idea
that fresh clinical isolates are more susceptible to environ-
mental changes induced by factors, such as hormones. In
contrast, it is important to highlight that ATCC 30236
isolate also presented a decrease in AMP hydrolysis during
2 h treatment, whereas there was no significant response in

Fig. 2 Effect of 17β-estradiol
and dehydroepiandrosterone
sulfate treatment during 2 h on
adenosine monophosphate
hydrolysis in 30236 ATCC
isolate. Bars represent the
mean±SD of four experiments
(n=4) using different parasite
suspensions, each in triplicate.
Asterisk indicates significant
difference from controls by
one-way analysis of variance,
followed by Duncan test as a
post hoc (P<0.05)

Fig. 3 Effect of 17β-estradiol
and dehydroepiandrosterone
sulfate treatment during 12 h on
adenosine monophosphate
hydrolysis in VP60 isolate. Bars
represent the mean±SD of four
experiments (n=4) using differ-
ent parasite suspensions, each in
triplicate. Asterisks indicates
significant difference from
controls by one-way analysis of
variance, followed by Duncan
test as a post hoc (P<0.05)
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the long-term treatment (12 h) for any concentrations of
hormones tested. The lower effects observed for this isolate
might be related to its long-term adaptation to in vitro
cultivation and, therefore, to a lower responsiveness to
environmental conditions.

T. vaginalis has specific androgen and estrogen recep-
tors, which suggests that steroid hormones could directly
affect the parasite (Ford et al. 1987). Sugarman and
Mummaw (1988) showed that estrogen decreases the
growth of T. vaginalis. Another report showed that the
application of vaginal estradiol pellets appeared to amelio-
rate the clinical symptoms of vaginitis in 33 women tested
(Lirosi and Guarascio 1972). Furthermore, direct effects of
hormones on growth and viability have been shown in
several parasite organisms. The adrenal hormone DHEA
has been shown to mediate only inhibitory actions on
parasites Schistosoma mansoni (Morales-Montor et al.
2001) and Plasmodium sp. (Ayi et al. 2002). Carrero et al.
(2006) presented evidence on the direct in vitro effect of
DHEA on growth and viability of Entamoeba histolytica
trophozoites. In vivo evidence on the anti-malarial effect of
DHEA came from the inverse correlation found in young
women from Kenya, between the levels of blood-
circulating DHEA and the parasitemia (Leenstra et al.
2003). The mechanisms by which DHEA improves the
immune response against the parasites are not well defined;
however, some reports have demonstrated a role for
androgens in the regulation and modulation of the activity
of certain immune cell types, such as T cells, natural killer,
and B cells (Olsen and Kovacs 2005).

Contradictory reports are found in the literature consid-
ering the relationship between estrogen and 5′-nucleotidase.
Some reports have demonstrated an increase in plasma
5′-nucleotidase activities in women with hyperemesis
gravidarum, which is characterized by enhanced release
of pregnancy-related hormones (Depue et al. 1987; Abell
and Riely 1992; Goodwin et al. 1992). An increase in
plasma 5′-nucleotidase activities may be partly attributed to
elevations of pregnancy-related hormones suggesting
changes in the purine metabolism in women with hyper-
emesis gravidarum (Yoneyama et al. 2002). Spychala et al.
(2004) demonstrated that estradiol, acting through the
estrogen receptor, strongly down-regulates the expression
of ecto-5′-nucleotidase. However, an increase in AMP
hydrolysis and in the expression of ecto-5′-nucleotidase
has been shown in cerebral cortex of ovariectomized rats
(Rücker et al. 2005). Therefore, the presence of enzymes
involved in ATP hydrolysis to adenosine may play an
important role in growth of the parasite in a hostile
environment under constant alterations due to the lack of
de novo purine nucleotide synthesis.

In summary, our findings have shown that the complex
effect of steroid hormones and their receptors on T.

vaginalis may promote changes in ecto-5′-nucleotidase
activity during exposure to these hormones. Therefore,
our results present an additional contribution for the
complex scenario of hormone effects on nucleotide hydro-
lysis and their influence in pathophysiological conditions.
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