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Abstract Testosterone has been reported to cause a
decrease in uterine fluid volume in which this could involve
the aquaporins (AQPs). This study aimed to investigate
effect of testosterone on uterine AQP-1, 5, and 7 expres-
sions in order to explain the reported reduction in uterine
fluid volume under testosterone influence. Ovariectomized
adult female rats received peanut oil, testosterone (1 mg/
kg/day), estrogen (0.2 pg/kg/day), or combined estrogen
plus testosterone for three consecutive days. Other groups
received 3 days estrogen followed by 2 days either peanut
oil or testosterone with or without flutamide or finasteride.
A day after last injection, uteri were harvested, and the
levels of AQP-1, 5, and 7 messenger RNA (mRNA) in
uterine tissue homogenates were analyzed by real-time PCR
(qPCR). Distributions of AQP-1, 5, and 7 proteins in uterus
were observed by immunofluorescence. Levels of AQP-1
mRNA were elevated in rats receiving either estrogen or
testosterone-only treatment; however, levels of AQP-5 and
7 mRNAs were elevated in rats receiving testosterone-only
treatment. In rats pre-treated with estrogen, testosterone
treatment resulted in higher AQP-1, 5, and 7 mRNA levels
compared to vehicle treatment. Testosterone effects were
antagonized by flutamide but not finasteride. Immunofluo-
rescence study showed that AQP-1 was highly distributed in
uterine lumenal epithelium following estrogen or testos-
terone-only treatment. However, AQP-5 and 7 distributions
were high in uterine lumenal epithelium following
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testosterone-only treatment. Testosterone-induced up-reg-
ulation of AQP-1, 5, and 7 expressions in uterus could
explain the observed reduction in uterine fluid volume as
reported under this condition.
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Introduction

Aquaporin (AQP), a small hydrophobic, intrinsic mem-
brane protein with low molecular weight of between 26 and
34 kDa, facilitates rapid and passive movement of H,O
(Denker et al. 1988). To date, thirteen AQP isoforms have
been identified. Expression of AQP isoforms has been
reported in male (Wilson et al. 2013) and female (He et al.
2006) reproductive tissues in rats, mice, marmosets, and
humans. In uterus, expression of several AQP isoforms
including AQP-1, 5, and 7 was found to be influenced by
sex hormones (Jablonski et al. 2003). AQP-1 is the most
commonly expressed isoform (Denker et al. 1988) and its
expression has been reported in kidneys, lungs, red blood
cells, brain, and uterus. This subunit participates in H,O
reabsorption and secretion across the secretory epithelia
(Sales et al. 2013). Uterine AQP-1 was found to be dis-
tributed in stromal vasculature and was up-regulated by
estrogen (Li et al. 1997).

AQP-5, a classic AQP isoform was reported to be
expressed in ovaries, oviducts, and uterus (Skowronski
2010). In pig uterus, AQP-5 expression has been found to
be influenced by progesterone (Skowronski et al. 2009).
Meanwhile in rats, redistribution of uterine AQP-5 was
observed under progesterone influence (Lindsay and Mur-
phy 2006). AQP-7, a non-selective H,O channels which
regulate the transport of H,O, glycerol, urea, and other
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small non-electrolytes, was reported to be expressed in the
uterus. This isoform was also expressed in the granulosa
cells and oocytes of ovaries (Zhang et al. 2012). Uterine
AQP-7 participates in decidualization (Huang et al. 2006),
while ovarian AQP-7 participates in the H;O movement
into antral follicle which assists in the antrum formation
(Huang et al. 2006).

In uterus, H,O transport through AQP is important for
maintaining the fluid volume within the lumen (Lindsay
and Murphy 2004), which was known to be affected by
sex-steroids. Estrogen increases, while progesterone
decreases the uterine fluid volume (Salleh et al. 2005).
Deviation from the normal volume could adversely affect
the uterine reproductive processes, therefore could affect
fertility. Previously, we have shown that testosterone could
induce a decrease in the volume of uterine fluid (Mohd
Mokhtar et al. 2014). However, the mechanisms underlying
testosterone effects are still widely un-elucidated. We
hypothesized that testosterone effect on uterine fluid vol-
ume could involve AQP-1, 5, and 7. Therefore, in this
study, expressions of AQP-1, 5, and 7 in uterus under
testosterone influence were investigated in order to explain
the observed reduction in uterine fluid volume as observed
under this condition.

Materials and Methods
Animal Preparation and Hormones Treatment

Three-month-old adult female Sprague—Dawley (SD) rats,
weighing 225 + 25 g were caged under standard condi-
tions (lights on 06:00-18:00 h; room temperature 24 °C; 4
animals per cage). Animals were fed with rat chow diet
(Harlan, Germany) and tap water ad libitum. All experi-
mental procedures were approved by University of Malaya
institutional ethics committee. Estrogen, testosterone, flu-
tamide, finasteride, and peanut oil were obtained from
Sigma—Aldrich, St Louis, MO, USA. Bilateral ovariectomy
was performed 14 days prior to drug treatment to eliminate
the effect of endogenous sex-steroids as previously
described (Salleh et al. 2005). Drugs were dissolved in
peanut oil prior to subcutaneous administration behind the
neck scruff. Rats were divided into the following groups
which received the following treatment. Each group con-
sists of 6 animals.

Group 1 3 days peanut oil (vehicle-C).

Group 2 3 days 1 mg/kg/day testosterone (T).

Group 3 3 days 0.2 pg/kg/day estrogen (E).

Group 4 3 days combined 0.2 pg/kg/day estrogen plus

1 mg/kg/day testosterone (ET).

@ Springer

Group 5 3 days 0.2 pg/kg/day estrogen followed by
2 days 1 mg/day testosterone (E + T).

3 days 0.2 pg/kg/day estrogen followed by
2 days 1 mg/kg/day testosterone plus 2.5 mg/
kg/day finasteride (5o-reductase inhibitor)
[E + (T + FIN)].

3 days 0.2 pg/kg/day estrogen followed by
2 days 1 mg/kg/day testosterone plus 5 mg/
kg/day flutamide (androgen-receptor (AR)
blocker) [E 4 (T 4 FLU)].

3 days 0.2 pg/kg/day estrogen followed by
2 days peanut oil (E + PO).

Group 6

Group 7

Group 8

Group 2 and 3 were designed to investigate the effect of
individual sex-steroids. Group 1 acted as control for group
2 and 3. Group 4 was designed to investigate the combined
effect of testosterone and estrogen. Group 5 was designed
to investigate the effect of testosterone on uteri exposed to
estrogen, where the later causing fluid to accumulate within
the uterine lumen (Chinigarzadeh et al. 2014). Group 6 was
designed to investigate dihydrotestosterone (DHT)
involvement in mediating testosterone effect and group 7
was designed to investigate androgen-receptor involvement
in mediating testosterone effect. Group 8 acted as a control
for group 5-7.

Detection of AQP-1, 5, and 7 Protein Distributions
in Uterus by Immunofluorescence

Uteri were cut into 5 pm sections, deparaffinized in xylene,
and rehydrated in reducing concentrations of ethanol.
Antigen retrieval was performed by incubating the sections
in 0.01 M citrate buffer, pH 6.0 for 10 min. Subsequently,
3 % H,0,; in phosphate-buffered saline (PBS) was used to
neutralize the endogenous peroxidase. Uterine sections
were blocked in 10 % normal rabbit serum (sc-2338)
(Santa Cruz, CA, USA) prior to incubation with goat
polyclonal IgG AQP-1 primary antibody (sc-9878), goat
polyclonal AQP-5 primary antibody (sc-9890), and rabbit
polyclonal IgG AQP-7 primary antibody (sc-28625) (Santa
Cruz,CA,USA). The antibodies were diluted at 1:100 in
PBS with 1.5 % normal blocking serum at room tempera-
ture for 1 h. After three times rinsing with PBS, sections
were incubated with rabbit anti-goat IgG—fluorochrome-
conjugated secondary antibody (sc-2777) (Santa Cruz, CA,
USA) at a dilution of 1:250 in PBS with 1.5 % normal
blocking serum at room temperature for 45 min. The slides
were rinsed three times with PBS and were mounted with
Ultracruz mounting medium (Santa Cruz, CA, USA).
Counterstaining was done to visualize the nuclei. All
images were viewed under Nikon Eclipse 80i camera that
was attached to a light microscope. Negative controls for
immunofluorescence were performed by both omitting the
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primary antibodies specific to AQP-1, 5, and 7 and by
using non-immune IgG. In these experiments, no non-
specific fluorescence signals were observed (data not
shown).

Quantification Agp-1, 5, and 7 mRNAs by Real-Time
PCR (qPCR)

Whole uterine tissues were kept in RNALater solution
(Ambion, Carlsbad, CA, USA) prior to RNA extraction.
RNA was extracted by using RNeasy Plus Mini Kit (Qia-
gen, Hilden, Germany) and its concentration was assessed
by 260/280 UV absorption ratios (Gene Quant 1300,
Cambridge, UK). Gene expression was evaluated by using
two steps real-time PCR. TagMan1 RNA-to-CT 1-Step Kit
(Ambion, Carlsbad, CA, USA) was used. cDNA was
reversely transcribed to RNA by using high-capacity RNA-
to-cDNA Kit (Applied Biosystems, Foster City, CA, USA).
Amplifications on samples with no reverse transcriptase
(-RT) acted as control. The amplified region of cDNA was
probed with TagMan fluorescence-labeled probe. TagMan
probe has a sensitivity of 100 % and specificity of 96.67 %
(Tsai et al. 2012) and is capable of detecting as few as 50
copies of RNA/ml (Leutenegger et al. 2001) and as low as
5-10 molecules (Tandon et al. 2005).

The assay used (TaqMan®-catalog number: Rn005628
34-m1 for Agp-1, Rn00562837 for Agp-5, and Rn00569
727_ml for Agp-7—Applied Biosystems, Foster City, CA,
USA) amplifies 60, 69, and 82 bp segments for Agp-1, Agp-
5, and Agp-7, respectively, from the whole messenger RNA
(mRNA) length of 2623 bp (Agp-1), 1426 bp (Agp-5), and
1267 bp (Agp-7). In this study, Gapdh (Rn99999916_s1)
and Hprtl (Rn01527840-m1) (Applied Biosystems, Foster
City, CA, USA) were used as reference or house-keeping
genes as their expression were the most stable throughout
the estrus cycle and in early pregnancy (Lin et al. 2013).
The specificity of primer and probe ensures that the
expression of target DNA was specifically evaluated. Val-
idation was performed in silico by using whole rat genome
and in vitro by using whole rat cDNA (Applied Biosystems,
Foster, CA, USA) to ensure that specific sequences were
detected. Therefore, additional sequencing was not required.

PCR amplification program included 2 min at 50 °C
Uracil N-glycosylase (UNG), 20 s, 95 °C activation of
ampliTaq gold DNA polymerase and 1 min denaturation at
95 °C, 20 s and annealing/extension at 60 °C for 1 min.
Denaturation and annealing were performed for 40 cycles.
Negative controls were performed which include omission
of RT or omission of cDNA. GenEx software (MultiD,
Odingatan, Sweden) was used to normalized all measure-
ments followed by Data Assist v3 (Applied Biosystems,
Foster City, CA, USA) that was used to calculate RNA fold
changes. Data were analyzed according to comparative CT

(244€) method. The relative quantity of target in each
sample was determined by comparing the normalized tar-
get quantity in each sample to average normalized target
quantity of references.

Statistical Analysis

Student’s ¢ test and one-way analysis of variance
(ANOVA) were used for statistical analyses. A probability
level of less than 0.05 (p < 0.05) was considered signifi-
cant. Post-hoc statistical power analysis was performed and
all values were > 0.8 which indicate adequate sample size.

Results

Distribution of AQP-1, 5, and 7 Proteins in Uterus

Agp-1

Figure 1 shows AQP-1 distribution in uterus. High level of
AQP-1 was seen in epithelium lining the uterine lumen of
rats receiving estrogen (E)-only and testosterone (T)-only
treatment. In E-only treated rats, high distribution could
also be seen in stroma and myometrium. However, in rats
receiving T-only treatment, only mild stromal distribution
could be seen. In rats receiving concomitant estrogen plus
testosterone (ET) treatment, moderate epithelial distribu-
tion could be seen, with no stromal distribution. In rats
receiving estrogen followed by testosterone (E + T)
treatment, moderate epithelial and stromal distribution
could be seen. Administration of estrogen followed by
combined testosterone and finasteride [E + (T + FIN)]
resulted in lower stromal distribution compared to E + T
treatment; however, no differences in epithelial distribution
were observed. In rats receiving estrogen followed by
combined testosterone and flutamide treatment
[E 4+ (T + FLU)], very low distribution could be seen in
both stroma and lumenal epithelium.

Agp-5

Figure 2 shows AQP-5 distribution in uterus. High levels
of AQP-5 could be seen at apical and basolateral mem-
branes of uterine lumenal epithelium and stroma of T-only
and E + T treated rats. Additionally, in these rats,
myometrial distribution could also be seen. In rats receiv-
ing E + (T 4 FIN) treatment, high stromal and moderate
epithelial distribution could be seen. In rats receiving
E 4 (T + FLU) treatment, moderate stromal and epithelial
distribution could be seen. In E and E + V treated rats,
very low distribution could be seen in lumenal epithelium,
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"
E+T E+ (T+FIN) E+ (T+FLU) .
Fig. 1 Distribution of AQP 1 protein in uterus. Under estrogen the distribution is mainly in the lumenal epithelium Arrows pointing
influence, AQP1 could be seen to be distributed in the stroma, toward AQP 1. L lumen, scale bar 50 pm. C control, T testosterone,
myometrium and lumenal epithelium. Under testosterone influence, E estrogen, FLU flutamide, FIN finasteride, V peanut oil (vehicle)

E+ (T+FLU) E+V
Fig. 2 Distribution of AQP5 protein in uterus. Under testosterone distribution could be seen under estrogen influence. L lumen, scale
influence, high distribution of AQP5 could be seen at apical and bar 50 pm. C control, T testosterone, E estrogen, FLU flutamide, FIN
basolateral membranes of uterine lumenal epithelium. Very low finasteride, V peanut oil (vehicle)
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stroma, and myometrium. Meanwhile, moderate distribu-
tion could be seen in lumenal epithelium following con-
comitant ET treatment with the levels lower than T-only
treatment.

Aqp-7

Figure 3 shows distribution of AQP-7 in uterus. AQP-7
was highly distributed in lumenal epithelium and stroma of
rats receiving T-only treatment. In rats receiving E-only
treatment, very low epithelial and stromal distribution
could be seen. Low distribution could also be seen in
lumenal epithelium of rats receiving combined ET treat-
ment. In E + T treated rats, mild to moderate lumenal
epithelial distribution could be seen. In rats receiving
E + (T + FLU) treatment, very low lumenal epithelial
distribution could be seen, while in rats receiving
E + (T + FIN) treatment, lower lumenal epithelial distri-
bution could be seen compared to E + T treatment.

Levels of Agp-1, 5, and 7 mRNAs in Uterine Tissue
Homogenates

Agp-1 mRNA

Figure 4 shows Agp-I mRNA levels in uterus of rats
receiving different treatments. The levels of Agp-I mRNA

:"'J‘
—_— o A
M
\ % L
c
E+ (T+FIN) I

Fig. 3 Distribution of AQP7 protein in uterus. Under testosterone
influence, high levels of AQP7 could be seen in uterine lumenal
epithelium and stroma. Following estrogen-only treatment, low AQP7

were 1.95- and 1.75-fold higher following E-only and
T-only treatment, respectively, compared to control. Con-
comitant ET treatment resulted in lower Agp-I mRNA
level compared to E-only and T-only treatment. In rats
receiving E + T treatment, levels of Agp-I mRNA were
threefold higher compared to E + V treatment. In these
rats, treatment with E 4 (T + FLU) resulted in approxi-
mately twofold lower Agp-I mRNA level compared to
E + T treatment. A slight but no significant changes in the
levels of Agp-I mRNA were noted in rats receiving
E + (T + FIN) compared to E + T treatment.

Agp-5 mRNA

Figure 5 shows levels of Agp-5 mRNA in uterus of rats
receiving different treatments. Agp-5 mRNA was the
highest in rats receiving T-only treatment which was
approximately threefold higher compared to control. In rats
receiving E-only treatment, Agp-5 mRNA levels were not
significantly different compared to control. Concomitant
ET treatment resulted in the level of Agp-5 mRNA to be
markedly lower than T-only treatment; however, slightly
higher than E-only treatment. In rats receiving E + T
treatment, levels of Agp-5 mRNA were higher compared to
E+ V treatment (p <0.05). In rats receiving
E + (T + FIN) treatment, no significant difference in Agp-
5 mRNA levels was noted compared to E + T treatment.

E+ (T+FLU)

expression was observed. L lumen, scale bar 50 pnm. C control,
T testosterone, E estrogen, FLU flutamide, FIN finasteride, V peanut
oil (vehicle)
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Fig. 4 Levels of expression of 2.5
Agp-1 mRNA in uterus. The
highest mRNA levels were
noted in rats receiving estrogen
followed by testosterone
treatment. In rats receiving

E + T treatment, Agp-1 mRNA
levels were higher than E + V
treatment. *p < 0.05 as
compared to control, /p < 0.05
as compared to E, *p < 0.05 as
compared to E + V, ®p < 0.05
as compared to E + T

1.5

Agqp 1 mRNA fold changes

Fig. 5 Levels of expression of 3.5 1
Agp-5 mRNA in uterus. The
highest expression levels were
noted in testosterone-only 31
treated rats. Treatment with
estrogen followed by . a 25
testosterone (E + T) resulted in E
higher Agp-5 mRNA levels 5
compared to E 4 V treatment. - 2
*p < 0.05 as compared to &
control, Tp < 0.05 as compared §
to E, *p < 0.05 as compared to % L5 -
E + V, ®p < 0.05 as compared oy
toE+T &
=
0.5
0 4

1 -
0 '

E+T E+(T+FIN) E+(T+FLU) E+V

IIII[

However, markedly reduced Agp-5 mRNA levels were
noted in rats receiving E + (T + FLU) compared to
E + T treatment.

Agp-7 mRNA

Figure 6 shows levels of expression of Agp-7 mRNA in
uterus of rats receiving different treatments. Agp-7 mRNA
was the highest in rats receiving T-only treatment (nearly
fourfold higher compared to control). In rats receiving
E-only treatment, levels of Agp-7 mRNA were not signif-
icantly different from control. Concomitant ET treatment
resulted in markedly reduced Agp-7 mRNA levels com-
pared to T-only treatment. In rats receiving E 4+ T treat-
ment, levels of Agp-7 mRNA were higher compared to
E 4+ V treatment (p < 0.05). In E + (T + FIN) treated
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rats, Agp-7 mRNA levels were not significantly different
compared to E + T treatment. However, in rats receiving
E + (T + FLU) treatment, levels of Agp-7 mRNA were
significantly lower compared to E + T treatment.

Discussion

In this study, we have shown that expressions of AQP-1, 5.
and 7 mRNA and proteins in uterus were markedly
increased under testosterone influence (compared to con-
trol). However, under the influence of estrogen, expression
of AQP-1 but not AQP-5 or 7 was markedly elevated in the
inner stroma and myometrium. The stromal and myome-
trial AQPs might indicate distribution of this protein in the
blood vessels. Our findings were supported by the previous
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Fig. 6 Levels of expression of 4.5
Agp-7 mRNA in uterus. The

Aqp 7 mRNA fold changes

wn

studies in mice which showed that under estrogen influ-
ence, AQP-1 was highly expressed in the myometrial
(Jablonski et al. 2003) and stromal blood vessels (Richard
et al. 2003). Further report indicates that estrogen induced
shifting of AQP-1 to the blood vessels in the stroma
(Richard et al. 2003). In addition to the stroma and myo-
metrium, we have found that estrogen also causes high
expression of AQP-1 in the epithelium lining the uterine
lumen. High epithelial AQP-1 expression indicated that
this channel might be involved in mediating the H,O
imbibition process into the uterine lumen.

Besides estrogen, AQP-1 expression was also found to
be enhanced by other sex hormones. In this study, we have
shown that testosterone could also cause increased in
AQP1 expression in uterus. Expression of uterine AQP-1
could also be enhanced by progesterone. Both estrogen and
progesterone have been shown to influence uterine AQP-1
expression as this isoform expression in pig uterus was
reported to increase throughout the oestrous cycle
(Skowronski 2010). Meanwhile, studies in rats indicated
that progesterone was able to induce redistribution of AQP-
1 to the stromal endothelial cells and to the inner circular
layer of the myometrium (Lindsay and Murphy 2006).
While the progesterone effect was thought to be important
in the development of stromal edema at the implantation
site (Huang et al. 2006), effect of this hormone was also
proposed to participate in the fluid loss from the uterine
lumen (Lindsay and Murphy 2006).

In this study, levels of AQP-1 expression were moder-
ately increased under testosterone influence. However,
pattern of AQP-1 distribution in uterus was slightly dif-
ferent from that observed under estrogen. Under testos-
terone influence, AQP-1 was found to be distributed mostly
in the epithelia with lesser distribution in stroma and

*
highest mRNA levels were 4
noted in testosterone-only
treated rats. In E + T treated 35 4
rats, Agp-7 mRNA levels were
higher than E + V treated rats. 3
*p < 0.05 as compared to C,
*p<0.05 as compared to T,
#p < 0.05 as compared to 25
E + V, ® < 0.05 as compared
toE+ T 2
1.5
f #
1
¢
0 L}
C T E ET

E+T E+(T+FIN) E+(T+FLU) E+V

myometrium. The different distribution pattern indicates
different roles of AQP-1. For examples, under testosterone
influence, AQP-1 might participate in uterine fluid reab-
sorption resulting in luminal fluid loss; however, under
estrogen influence, high stromal distribution suggested that
this channel might participate in the fluid imbibition pro-
cess into the uterine lumen. Similar effects were observed
in rats receiving estrogen followed by testosterone treat-
ment. In these rats, levels of AQP-1 were found to be
higher compared to rats receiving estrogen followed by
vehicle treatment with this protein mostly distributed in
lumenal epithelium.

We have further shown that in estrogen-sensitized uteri,
testosterone effect on uterine AQP-1 was markedly lesser
compared to testosterone effect in non-estrogen-treated
uteri. When estrogen and testosterone were concomitantly
given, levels of AQP-1 expression were markedly lower
compared to estrogen-only treatment. The reasons being
were unknown, however, there was a possibility that
testosterone could increase redistribution of this channel to
the epithelium, while decreases the expression levels of this
channel in the stroma and myometrium. Testosterone effect
was supported by the observation in post-menopausal uteri.
Under this condition, high testosterone level was found to
be associated with increased expression of androgen
receptor in endometrium (Zang et al. 2008) and vagina
(Traish et al. 2007). This could explain the increased uterine
responsiveness toward androgen in the state of sex-steroid
deficient. There was a possibility that pre-exposure to
estrogen could lead to decreased in tissue sensitivity toward
testosterone in view that estrogen was reported to down-
regulate androgen-receptor expression (Stover et al. 1987).

Our findings indicated that expression of AQP-5 in
uterus was enhanced by testosterone and was diminished
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following estrogen treatment. Under testosterone influence,
AQP-5 was localized to the apical and basolateral mem-
branes of lumenal epithelium and stroma. These findings
raised possibility that AQP-5 might participate in fluid
reabsorption from the uterine lumen under testosterone
influence. Previous studies showed that AQP-5 expression
in uterus was enhanced by progesterone (Lindsay and
Murphy 2006) and at the time of embryo implantation,
when progesterone level was high (Richard et al. 2003).
Enhanced expression of AQP-5 has been proposed to
mediate progesterone-induced uterine fluid reabsorption
(Salleh et al. 2005), where similar mechanism might occur
in uterus under testosterone influence.

In this study, we have found that the levels of AQP-7
expression were elevated under testosterone influence,
while estrogen had no effect on the expression of this
protein channel. Our findings were supported by the report
that uterine AQP-7 expression increases after ovulation, at
the time when testosterone level is high and this increase
might be essential for decidualization (Klein et al. 2013;
Peng et al. 2011). The involvement of AQP-7 in testos-
terone-induced decidualization, therefore, warrants further
investigation. Besides testosterone, progesterone was also
reported to stimulate increased in AQP-7 expression. In
non-pregnant mares, high expression of AQP-7 eight days
after ovulation coincides with high level of circulating
progesterone (Klein et al. 2013) indicating that this isoform
might be involved in progesterone-induced uterine fluid
reabsorption. We hypothesized that similar effects might
occur under testosterone in which testosterone-induced up-
regulation of AQP-7 in uterine lumenal epithelium could
mediate the efflux of water from the uterine lumen.

We have shown that testosterone effect on uterine AQP
expression involved the androgen-receptor-mediated path-
way. However, this effect did not involve active testos-
terone metabolite, DHT. These findings were consistent
with our previous observation which indicates that testos-
terone but not DHT mediates uterine lumenal fluid loss via
downregulating the expression of cystic fibrosis trans-
membrane regulator (CFTR) protein in uterus in rats
(Mohd Mokhtar et al. 2014). In conclusions, up-regulation
of AQP-1, 5, and 7 expressions in uterus by testosterone
could explain the observed reduction of uterine fluid vol-
ume as observed under this condition. These findings are of
clinical importance since the presence of high levels of
testosterone which occurs in diseases such as polycystic
ovaries (PCO) (Nestler et al. 1998) could interfere with
uterine fluid volume regulation. Under normal physiolog-
ical condition, slightly elevated testosterone level follow-
ing ovulation (Doi et al. 1980) could be involved in
regulating the precise uterine fluid volume that is needed
for embryo implantation.
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