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a b s t r a c t

Objectives: The aim of the study was to investigate the effect of testosterone alone and testos-
terone + estradiol therapy on bladder functions and smooth muscle/collagen content in surgically
menopause induced rat model.
Methods: The study included 34 female Sprague-Dawley rats, and the rats were divided into four groups
After bilateral oophorectomy, during a 60 days period, six rats received IM saline injection for one time, as
a control group, and nine rats received testosterone undecanoate 100 mg/kg IM for one time, and nine rats
received testosterone undecanoate 100 mg/kg IM for one time + daily 0.50 mg nasal spray of 17� estradiol
Ten rats were taken as sham group. Urodynamic studies were performed in all groups before and after the
study. The rats were sacrificed after 60 days, and cystometric findings and smooth muscle/collagen ratio
of the bladders were compared between the groups.
Results: Increase in maximal bladder capacity and compliance were significantly higher in the testos-
terone treatment group and testosterone + estradiol treatment group than in the control group (p = 0.01
and p = 0.002, respectively for bladder capacity; p = 0.04 and p = 0.005, respectively for bladder compli-
ance). Smooth muscle/collagen ratio of the bladders was significantly higher in the testosterone and
testosterone + estradiol treatment groups than in the control group (p = 0.04 and p = 0.008, respectively).
Conclusions: This study shows that bladder functions may deteriorate in postmenopausal period. In addi-

tion to estrogen replacement therapy, testosterone has a significant role to increase bladder smooth
muscle, leading to improvement in bladder functions in postmenopausal women with urogenital system
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. Introduction

Postmenopausal women have detrimental changes in their
rogenital system. It has been estimated that 10–40% of post-
enopausal women have symptomatic urogenital atrophy [1].
rogenital dysfunction in postmenopausal period is related to
eclining ovarian function. Estrogen deficiency in postmenopausal
omen can cause urogenital dysfunction and, therefore may lead

o disorders of the lower urinary tract. The most significant result of

he menopause is estrogen deprivation [2], and therefore, estrogens
ave been used to treat a spectrum of overactive bladder, uri-
ary incontinence and urinary tract infections in postmenopausal
omen [3–5].
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Numerous studies showed that the gonads appear to be the main
ources of testosterone [6,7]. However, the effect of testosterone on
mooth muscle of urogenital system in women is not well known.
hus, in addition to estrogen replacement therapy, testosterone
ight improve deteriorated bladder capacity and compliance in

he presence of menopause.
The aim of the study was to investigate the effect of testosterone

lone and testosterone + estradiol therapy on bladder functions and
mooth muscle/collagen content in surgically menopause induced
at model.

. Materials and methods
.1. Animals and study design

The experimental protocol was approved by the Committee on
nimal Research at the University of Mersin School of Medicine.

http://www.sciencedirect.com/science/journal/03785122
http://www.elsevier.com/locate/maturitas
mailto:selcayan@mersin.edu.tr
dx.doi.org/10.1016/j.maturitas.2008.07.008
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Fig. 1. The mean maximal bladder volume at the beginning and end of the exper-
iment in the sham, control, testosterone (T) and testosterone + estradiol (T + E2)
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At the beginning of the experiment, no significant differ-
ences in the mean body weight were observed among the
four groups (p = 0.816). Fig. 1 and Fig. 2 show the mean maxi-
mal bladder capacity and bladder compliance at the beginning
and end of the experiment in the sham, control, testos-
F. Çayan et al. / Matu

n this study, 34 female Sprague-Dawley rats, 200–300 g, were
sed, and the rats were divided into four groups. After bilateral
ophorectomy, during a 60 days period, six rats received IM saline
njection (for one time), as a control group, and nine rats received
estosterone undecanoate (Nebido®, Bayer Schering Pharma, Berlin,
ermany) 100 mg/kg IM for one time, and nine rats received testos-

erone undecanoate 100 mg/kg IM for one time + daily 0.50 mg
asal spray of 17� estradiol (Aerodiol®, Servier, Paris, France). Ten
ats were taken as sham group. During a 60 days period, we used
aily nasal form of estrogen, because of difficulty in daily vaginal or
ral administration of the drugs in rats. We used single injection of
ong-acting testosterone, again because of difficulty in daily admin-
stration of oral testosterone agents in rats. Urodynamic studies

ere performed in all groups before the treatment as the baseline
alue and after the treatment at the end of the experiment. The rats
ere sacrificed after 60 days, and the bladders were removed. Cys-

ometric findings and smooth muscle/collagen ratio of the bladders
ere compared between the groups.

.2. Menopause model

The rats were anesthetized with intraperitoneal injection of
etamine (50–100 mg/kg). Under sterile conditions, a midline inci-
ion was made to expose the lower abdominal cavity, and the
varies were removed in total [8–11]. Sham operations were per-
ormed in a similar fashion but the abdomen was closed without
emoving ovarian tissue. The rectus fascia was closed with a run-
ing 4–0 plain absorbable catgut suture, and the skin was closed
ith interrupted 3–0 silk sutures.

.3. Functional evaluation of the bladder

Urodynamic studies were performed before the treatment and
ust before the sacrification, as previously described [8,12–14].
he rats received a single 20 mg/kg dose of ciprofloxacin as
n antibiotherapy. A 22 G catheter was inserted transurethrally
nd connected by a polyethylene tube to a pressure trans-
ucer using a urodynamic equipment (Life-Tech, Inc., Houston,
X, USA) and a computer program (Urolab Primolus). After the
easurement of residual urine volume at the time of catheter

nsertion, each rat underwent cystometric measurements with
nfusion of warmed (37 ◦C) normal saline solution at 0.1 ml/min
Abbott infusion pump). During the study, the baseline pres-
ure (empty bladder), opening pressure (at first leakage) and
eak pressure (maximal pressure during voiding) and the maxi-
al bladder capacity were recorded. Bladder compliance (ml/cm
2O) was calculated according to the following formula: com-
liance = maximal bladder volume/opening pressure − baseline
ressure.

.4. Histological evaluation

The bladder was removed through a lower midline abdominal
ncision. After the removal of the bladder, the rats were sacrificed
y pentobarbital overdose (200 mg/kg) and bilateral thoracotomy.
fter both ureters were ligated, the bladder was filled with 10%

ormalin solution through a catheter transurethrally and kept dis-
ended overnight. The specimen was split longitudinally, and the
outine tissue processing for light microscopy was performed.

Bladder tissues were embedded in paraffin. Sections (3 �m)

ere cut by microtome and stained with Masson’s trichrome to

xamine the smooth muscle/collagen ratio [12]. Slides were exam-
ned by an Olympus BX50 light microscope and photographed by
n Olympus PM10SP photograph system. The slides were analyzed
n a PC with Soft Imaging System (Olympus Soft Imaging Solutions
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reatment groups. Note that as percentage from the beginning to the end of the
xperiment, the increase of the mean maximal bladder volume was significantly
igher in the testosterone alone and testosterone + estradiol treatment groups than

n the control group (p = 0.01 and p = 0.002, respectively).

mbH, Münster, Germany). The number of pixels within the blad-
er wall was counted and set at 100%, and the other structures were
rased from the images. The smooth muscle and collagen compo-
ents of the bladders were identified at 300×, and calculated as
m2.

.5. Statistical analysis

Statistical analyses were performed using the “Anova test” to
ompare the mean body weight among the four groups, “inde-
endent t test” to compare smooth muscle/collagen ratio and
ifferences as percentage in cystometric findings at the begin-
ing and end of each experiment between the groups. Data are
resented as mean ± standard error (S.E.) for cystometric findings,
nd mean ± standard deviation (S.D.) for smooth muscle/collagen
atio. Probability values of <0.05 were considered statistically sig-
ificant.

. Results

.1. Functional study findings
ig. 2. The mean bladder compliance at the beginning and end of the experiment
n the sham, control, testosterone (T) and testosterone + estradiol (T + E2) treatment
roups. Note that as percentage from the beginning to the end of the experiment, the
ncrease of the mean bladder compliance was significantly higher in the testosterone
lone and testosterone + estradiol treatment groups, compared with the control
roup (p = 0.04 and p = 0.005, respectively).
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Fig. 3. The mean smooth muscle/collagen ratio in the sham, control, testos-
terone (T) and testosterone + estradiol (T + E2) treatment groups. Note that smooth
muscle/collagen ratio was significantly higher in the testosterone treatment and
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erone alone and testosterone + estradiol treatment groups. The
ean maximal bladder volume increased from 0.893 ± 0.15 ml to

.284 ± 0.22 ml in the sham group, increased from 0.934 ± 0.16 ml to

.261 ± 0.23 ml in the control group, increased from 0.962 ± 0.21 ml
o 1.405 ± 0.12 ml in the testosterone treatment group, and
ncreased from 0.804 ± 0.22 ml to 1.457 ± 0.13 ml in the testos-
erone + estradiol group (Fig. 1). As percentage from the beginning
o the end of the experiment, the mean maximal bladder vol-
me increased 105.6 ± 66.2% in the sham group, 4.9 ± 5.3% in the
ontrol group, 53.3 ± 18.8% in the testosterone treatment group
nd 88.9 ± 15.7% in the testosterone + estradiol treatment group.
he increase of the mean maximal bladder volume was signifi-
antly higher in the testosterone alone and testosterone + estradiol
reatment groups than in the control group (p = 0.01 and p = 0.002,
espectively).

As shown in Fig. 2, the mean bladder compliance increased
rom 0.024 ± 0.002 ml/cm H2O to 0.03 ± 0.003 ml/cm H2O in
he sham group, increased from 0.028 ± 0.006 ml/cm H2O to
.032 ± 0.005 ml/cm H2O in the control group, increased from
.028 ± 0.008 ml/cm H2O to 0.033 ± 0.006 ml/cm H2O in the testos-
erone treatment group, and increased from 0.021 ± 0.007 ml/cm
2O to 0.035 ± 0.006 ml/cm H2O in the testosterone + estradiol

reatment group. As percentage from the beginning to the end
f the experiment, the mean bladder compliance increased
1.76 ± 44.56% in the sham group, 6.6 ± 14.2% in the control group,
7.1 ± 20.9% in the testosterone treatment group and 74.49 ± 15.88%

n the testosterone + estradiol treatment group. The increase of
he mean bladder compliance was significantly higher in the
estosterone alone and testosterone + estradiol treatment groups,
ompared with the control group (p = 0.04 and p = 0.005, respec-
ively).
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ig. 4. Masson-trichrome staining of a rat bladder in the sham group (A), control group
D).
estosterone + estradiol treatment groups, compared with the control group (p = 0.04
nd p = 0.008, respectively).

.2. Histological findings

As shown in Fig. 3, the mean bladder smooth muscle/collagen
atio was 1.16 ± 0.15 in the sham group, 0.76 ± 0.15 in the con-
rol group, 1.34 ± 0.21 in the testosterone treatment group and
.59 ± 0.21 in the testosterone + estradiol treatment group. Com-
ared with the control group, smooth muscle/collagen ratio

as significantly higher in the testosterone treatment and

estosterone + estradiol treatment groups (p = 0.04 and p = 0.008,
espectively) (Fig. 4).

(B), testosterone treatment group (C) and testosterone + estradiol treatment group
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F. Çayan et al. / Matu

. Discussion

Ovariectomized rats have been used as a model of menopause
nduced estrogen deficiency in humans. In addition, Liang et al.
emonstrated that ovariectomized rats voided more frequently
han sham-operated rats [9]. In their study, estrogen replacement
ecreased the frequency of voiding but did not return the ani-
als to the pre-ovariectomized voiding pattern. Therefore, we

erformed bilateral ovariectomy to create a model of menopause,
nd then we investigated the effect of testosterone alone and testos-
erone + estradiol therapy on bladder functions and histological
hanges in surgically menopause induced rat model.

Madeiro et al. studied the association of androgen/estrogen on
he bladder and urethra of castrated rats, and after 28 days of med-
cation the animals were sacrificed for the histologic evaluation of
he bladders [15]. Dambros et al. investigated the effect of ovariec-
omy and estradiol replacement therapy for 3 months on the rat
ladder histology [2]. Longhurst et al. reported that estrogen treat-
ent for 2 months increased detrusor sensitivity and improved

ladder contraction and decreased the elevated voiding frequency
f ovariectomized rats to normal, and in addition, interestingly, the
oiding frequency of ovariectomized rats after 4 months was lower
han that of the sham-operated rats [10]. Therefore, we used a 2

onths treatment duration to investigate the effect of testosterone
lone and testosterone + estradiol therapy on bladder functions and
mooth muscle/collagen content in surgically menopause induced
ats.

Fleischmann et al. investigated the behavioral, cystometric and
istological changes that occur with long-term estrogen treatment

n rat bladders [11]. They found significantly increased collagen
o smooth muscle ratio and a trend toward higher voiding pres-
ure, threshold pressure, baseline pressure and mean inter-voiding
ressure in the ovariectomy group compared with the estrogen
reatment and control groups, although there was no statistical
ignificance. In addition, there was no significant difference in
oiding volume and frequency in the three groups. However, they
ompared voiding studies and cystometric analysis after the treat-
ent at the end of the study. They did not compare the difference

efore and after the treatment among the groups, because they
id not perform baseline cystometric studies. In the present study,
rom the beginning to the end of the experiment, the increases
n the mean maximal bladder capacity and compliance were sig-
ificantly lower in the control group than in the sham group. In
ddition, ovariectomized rats showed significantly lower smooth
uscle/collagen content than the sham group. Our experimental

at study shows that bladder functions and histology may deterio-
ate in postmenopausal period.

Urogenital atrophic changes are more prevalent in post-
enopausal women and increase with increasing years of estrogen

eficiency which is associated with urinary symptoms such as fre-
uency, urgency, nocturia, incontinence, and recurrent infection
3]. Estrogens have been widely used to treat lower urinary tract
ymptoms in postmenopausal women although its role remains
ontroversial [4]. Urogenital dysfunction in postmenopausal period
s related to declining ovarian functions with the association of
ecreased estrogen and testosterone. Numerous studies includ-

ng our previous studies showed that administration of estrogens
ave been resulted in increase in the smooth muscle of urogen-

tal systems including vagina and bladder. However, the effect of
estosterone on smooth muscle of urogenital system in women is

ot well known in the presence of menopause. These urinary symp-
oms in postmenopausal period might worsen with the decreasing
evel of testosterone. Thus, we wanted to mainly focus on the
ffect of testosterone treatment in addition to estrogen replace-
ent therapy. In the present study, we found that bladder functions

R
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ncluding bladder capacity and compliance and bladder smooth
uscle content decreased in postmenopausal period. Lin et al.

oncluded that testosterone might be as important as estrogen
n the bladder contractile responses [16]. Madeiro et al. studied
he association of androgen/estrogen on the bladder and urethra
f castrated rats, and after 28 days of medication the animals
ere sacrificed for the histologic evaluation of the bladders. They

eported that the bladders of the rats receiving androgen/estrogen
resented a higher number of vessels, epithelial thickness and
uantity of muscular fibers than the rats receiving isolated con-
ugated estrogen [15]. In the present study, increases in maximal
ladder capacity and compliance were significantly higher in the
estosterone alone and testosterone + estradiol treatment groups
han in the control group. In addition, testosterone and testos-
erone + estradiol treatment groups showed significantly higher
ladder smooth muscle/collagen ratio than the control group. Our
ndings suggest that bladder dysfunction is related to estrogen and
ndrogen deficiency, and the combination therapy may improve
ladder functions and histology much better than estrogen therapy
lone. To support our findings, Kim et al. reported that testosterone
nfusion completely restored the vaginal smooth muscle structure
nd contractility after ovariectomy [17]. Response of the uterus with
terine wet weights to testosterone + estradiol treatment could be
rovided to get an impression towards the estrogenic response. The
ain point of our study was to investigate the effect of testosterone

reatment, in addition to estrogen therapy, on bladder function and
istology, specifically. Unfortunately, we did not focus on the effects
f hormone treatment on uterus.

Our findings suggest the hypotheses that estrogen directly
ffects detrusor function through modifications in muscarinic
eceptors [18], and inhibits the movement of extracellular cal-
ium ions into muscle cells [19]. Estradiol reduces the amplitude
nd frequency of spontaneous rhythmic detrusor contractions [20],
nd may increase the sensory threshold of the bladder in some
omen [21]. Testosterone has been demonstrated to have an acute,
ongenomic action on urinary bladder detrusor neuromuscular
ransmission, ultimately inhibiting contraction of the muscle in
he male and female rats [22]. Lin et al. investigated the effect of
etrozole, an aromatase inhibitor, inhibiting estrogen synthesis on
ladder contraction with changes in morphology and biochemistry

n the female rabbits [16]. They showed that testosterone might be
s important as estrogen in the contractile function of the female
ladder.

Administration of testosterone to female has been resulted in
variety of side effects including virilization (acne, alopecia, and
irsutism) and a negative impact on the cholesterol–lipoprotein
rofile [23]. The adverse effect on the lipid profile is less and may
ven be avoided by the parenteral administration of testosterone
24]. Therefore, postmenopausal women who receive testosterone
reatment should be informed for the side effects of the adminis-
ration of testosterone.

. Conclusions

This study shows that bladder functions may deteriorate in
ostmenopausal period. In addition to estrogen replacement ther-
py, testosterone has a significant role to increase bladder smooth
uscle, leading to improvement in bladder functions in post-
enopausal women with urogenital system dysfunction.
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