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ladder Physiology

he Effect of Testosterone
eplacement Therapy on Bladder Functions and
istology in Orchiectomized Mature Male Rats

esut Tek, Ebru Ballı, Burak Çimen, Ozan Efesoy, İzzet Oğuz, and Selahittin Çayan

BJECTIVE To investigate the effect of testosterone replacement therapy on bladder functions and smooth
muscle/collagen content in orchidectomized orchiectomized mature male rats.

ETHODS The study included 25 mature male Sprague-Dawley rats divided into 3 groups. After bilateral
orchiectomy, 8 rats received intramuscular saline injection, as a control group, and 8 rats
received intramuscular injection of testosterone undecanoate 100 mg/kg as a treatment group.
The sham group had 9 rats. Urodynamic studies were performed in all groups, before and after
the study. The rats were killed after 60 days, and cystometric findings and smooth muscle/
collagen ratio of the bladders were compared between the groups.

ESULTS From the beginning to the end of the experiment, mean maximal bladder capacity increased
46.61% � 20.82 in the testosterone treatment group, while decreased 38.91% � 17.83 in control
group, revealing a significant difference (P � .002). Smooth muscle/collagen ratio was signifi-
cantly higher in the testosterone treatment group (1.53 � .34) than in the control group (1.05 �
.32), (P � .01).

ONCLUSIONS This study showed that bladder capacity and smooth muscle/collagen content improved with
testosterone therapy in orchiectomized rats. Therefore, testosterone replacement therapy in
late-onset hypogonadal men with urogenital dysfunction may have a positive role to improve
bladder function by increasing bladder smooth muscle. UROLOGY 75: 886–890, 2010. © 2010

Elsevier Inc.
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ymptomatic late-onset hypogonadism (SLOH) is
defined as a clinical and biochemical syndrome
associated with advancing age and characterized by

ypical symptoms and a deficiency in serum testosterone
evels.1 SLOH is characterized by diminished libido and
rectile quality and frequency, changes in mood, sleep
isturbances, decrease in lean body mass, increase in
isceral fat, decrease in body hair and skin alterations,
nd decreased bone mineral density.1,2 Also, androgen
eficiency in older men can cause urogenital dysfunction.
estosterone replacement therapy is indicated in the
resence of both clinical symptoms that are suggestive of
ormone deficiency and decreased testosterone level.3-6

Many studies have investigated the effects of restoring
estosterone levels to normal in men with complaints of
ow sexual desire and erectile dysfunction.3-6 Studies also
uggest that testosterone replacement therapy may pro-
ote prostate enlargement, resulting in lower urinary

ract symptoms.7,8 However, the effect of testosterone on

rom the Departments of Urology; Histology and Embryology and Biochemistry,
niversity of Mersin School of Medicine, Mersin, Turkey
Reprint requests: Selahittin Çayan, M.D., Department of Urology, University of
ersin School of Medicine, 33079-Mersin, Republic of Turkey. E-mail:
i
elcayan@mersin.edu.tr

Submitted: May 13, 2009, accepted (with revisions): August 6, 2009

86 © 2010 Elsevier Inc.
All Rights Reserved
mooth muscle of urogenital system is not well known.
ur recent study has shown that in addition to improve-
ent in sexual functions, testosterone therapy may also

mprove lower urinary tract symptoms/bladder functions
y increasing bladder capacity and compliance and de-
reasing detrusor pressure at maximal flow in men with
LOH.9

The aim of this experimental study was to investigate
he effect of testosterone replacement therapy on bladder
unctions and smooth muscle/collagen content in orchi-
ctomized mature male rats.

ATERIAL AND METHODS

nimals and Study Design
he experimental protocol was approved by the Committee on
nimal Research at the University of Mersin School of Med-

cine. The study included 25 male Sprague-Dawley 120-day-old
ats, weighing 200-240 g, and the rats were divided into 3
roups. After bilateral orchiectomy, 8 rats received intramus-
ular (i.m.) saline injection as a control group, and 8 rats
eceived testosterone undecanoate (Nebido, Bayer Schering
harma, Berlin, Germany) 100 mg/kg i.m. as a treatment group.
he sham group had a total of 9 rats. Urodynamic evaluation
as performed to determine baseline bladder pressures, capac-
ty, and compliance in all groups at the beginning of the study.

0090-4295/10/$34.00
doi:10.1016/j.urology.2009.08.016
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fter performing baseline urodynamic studies, bilateral orchi-
ctomy was performed and 100 mg/kg i.m. testosterone unde-
anoate was injected into the left gluteal region in the treat-
ent group. In the control group, after bilateral orchiectomy,

.m. saline injection was performed. In the sham group, testicles
ere explored but no orchiectomy was performed. Cystometric

tudies were repeated 2 months after the first application in all
ats before they were killed. The bladders were removed and
ystometric findings and smooth muscle/collagen ratio of the
ladders were compared between the groups.

rchiectomized Rat Model
he rats were anesthetized with intraperitoneal injection of
etamine (50-100 mg/kg) and received a single 20 mg/kg dose
f ciprofloxacin as a prophylactic antibiotherapy. Under sterile
onditions, a midline incision was made to expose the lower
bdominal cavity, and the entire testicles were removed.10,11

ham operations were performed in a similar manner but the
bdomen was closed without removing testicular tissue. The
ectus fascia was closed with a running 4-0 plain absorbable
atgut suture, and the skin was closed with interrupted 3-0 silk
utures.

unctional Evaluation
rodynamic studies were performed before the treatment and

ust before the rats were killed, as described previously.12-15 All
ats underwent cystometry under ketamine anesthesia (50
g/kg i.m.). A midline incision was performed in all rats and

ladder was exposed. A fine incision was performed and 22-G
atheter was replaced into the dome of the bladder, and residual
rine was emptied. The catheter was connected by a polyeth-
lene tube to a pressure transducer using a urodynamic equip-
ent (Life-Tech, Inc, Houston, TX) and a computer program

Urolab Primolus, Life-Tech, Inc, Houston, TX). Each rat un-
erwent cystometric measurements with infusion of warmed
37°C) normal saline solution at 0.1 mL/min (Abbott infusion
ump). For each rat, single cystometry was done at the begin-
ing of the experiment, and single cystometry was done at the
nd of the experiment. During the study, the baseline (empty
ladder), opening (at first leakage), and peak pressure (maximal
ressure during voiding) and the maximal bladder capacity were
ecorded. Bladder compliance (mL/cm H2O) was calculated
ccording to the following formula: Compliance � Maximal
ladder Volume/Opening Pressure-Baseline Pressure.

istologic Evaluation
fter removal of the bladders the rats were killed by pentobar-

ital overdose (200 mg/kg) and bilateral thoracotomy. After
oth ureters were ligated, the bladder was filled with 10%
ormalin solution through a catheter transurethrally and kept
istended overnight. The specimen was split longitudinally, and
he routine tissue processing for light microscopy was per-
ormed.

Bladder tissues were embedded in paraffin. Sections (3 �m)
ere cut by microtome and stained with Masson’s trichrome for

he evaluation of collagen and smooth muscle content. Slides
ere examined by an Olympus BX50 light microscope and
hotographed by an Olympus PM10SP photograph system. The
lides were analyzed on a PC with Soft Imaging System (Olym-
us Soft Imaging Solutions, GmbH, Münster, Germany). The
umber of pixels within the bladder was counted and set at

00%, and the other structures were erased from the images. 0

ROLOGY 75 (4), 2010
he smooth muscle and collagen components of the bladders
ere identified at 300x, and calculated as square millimeters.

tatistical Analysis
tatistical analyses were performed using the “One way
NOVA test” to compare the mean body weight and mean

erum testosterone level at the beginning and end of the ex-
eriment among the 3 groups; “independent t test” to compare
mooth muscle/collagen ratio and differences as percentage in
ystometric findings at the beginning and end of each experi-
ent between the 2 groups. Data are presented as mean �

tandard error for cystometric findings and mean � standard
eviation for smooth muscle/collagen ratio. Probability values
f �.05 were considered statistically significant.

ESULTS

unctional Study Findings
t the beginning of the experiment, the mean body
eight was 218 � 16 g in the sham group, 214 � 14 g in

he control group, and 213 � 17 g in the treatment
roup, revealing no significant differences among the 3
roups (P � .894). At the end of the experiment, the
ean body weight reached to 249 � 21 g in the sham

roup, 212 � 23 g in the control group, and 287 � 31 g
n the treatment group, revealing significant difference
mong the 3 groups (P � .001). At the beginning of
he experiment, the mean serum testosterone level was
.507 � 0.096 ng/mL in the sham group, 0.582 � 0.116
g/mL in the control group, and 0.523 � 0.127 ng/mL in
he treatment group, revealing no significant differences
mong the 3 groups (P � .426). At the end of the
xperiment, the mean serum testosterone level reached
o 0.497 � 0.122 ng/mL in the sham group, 0.002 �
.0001 ng/mL in the control group, and 1.861 � 0.376
g/mL in the treatment group, revealing significant dif-

erence among the 3 groups (P � .0001).
Figures 1 and 2 show the mean maximal bladder

apacity and bladder compliance at the beginning and
nd of the experiment in the sham, control, and testos-
erone treatment groups. The mean maximal bladder
apacity decreased from 1.20 � 0.15 mL to 1.17 � 0.23
L in the sham group, decreased from 1.29 � 0.15 mL to

.75 � 0.23 mL in the control group, while it increased
rom 1.08 � 0.22 mL to 1.34 � 0.13 mL in the testos-
erone treatment group (Fig. 1). As percentage from the
eginning to the end of the experiment, the mean max-
mal bladder capacity decreased 1.78% � 1.15% in the
ham group, 38.19% � 17.83% in the control group,
hile increased 46.61% � 20.82 in the testosterone

reatment group. The increase of the mean maximal
ladder capacity was significantly higher in the testoster-
ne treatment group than in the control group (P �
002).

As shown in Fig. 2, the mean bladder compliance
ecreased from 0.027 � 0.002 mL/cm H2O to 0.026 �
.003 mL/cm H2O in the sham group, decreased from

.023 � 0.006 mL/cm H2O to 0.019 � 0.005 mL/cm

887
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2O in the control group, while increased from 0.027 �
.008 mL/cm H2O to 0.028 � 0.006 mL/cm H2O in the
estosterone treatment group. As percentage from the
eginning to the end of the experiment, the mean blad-
er compliance decreased 3.84% � 1.65 in the sham
roup, and decreased 17.39% � 6.97 in the control
roup, while increased 3.71% � 1.52 in the testosterone
reatment group, revealing no statistical significance
ompared with the control group (P � .191).

istologic Findings
s shown in Fig. 3, the mean bladder smooth muscle/

ollagen ratio was 1.26 � 0.34 in the sham group, 1.05 �
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igure 1. The mean maximal bladder volume at the begin-
ing and end of the experiment in the sham, control, and
estosterone treatment groups. As percentage from the
eginning to the end of the experiment, the mean maximal
ladder capacity decreased 1.78% � 1.15 in the sham
roup, 38.19% � 17.83 in the control group, while in-
reased 46.61% � 20.82 in the testosterone treatment
roup. The increase of the mean maximal bladder capacity
as significantly higher in the testosterone treatment group

han in the control group (P � .002).
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igure 2. The mean bladder compliance at the beginning
nd end of the experiment in the sham, control, and tes-
osterone treatment groups. As percentage from the begin-
ing to the end of the experiment, the mean bladder com-
liance decreased 3.84% � 1.65 in the sham group, and
ecreased 17.39% � 6.97 in the control group, while in-
reased 3.71% � 1.52 in the testosterone treatment
roup, revealing no statistical significance compared with
he control group (P � .191).
.32 in the control group, and 1.53 � 0.34 in the testos- t

88
erone treatment group. As compared with the control
roup, smooth muscle/collagen ratio was significantly
igher in the sham group (P � .03) and testosterone
reatment group (P � .01). Figure 4 shows Masson’s
richrome staining of a rat bladder for each group.

OMMENT
rchiectomized rats have been used as a model of hy-

ogonadism-induced testosterone deficiency in human
eings.10,11 However, late-onset hypogonadism is a con-
ition characterized by combination of central and pe-
ipheral hypogonadism. Surgical castration is a pure
odel of peripheral (primary) hypogonadism, and may
ot be an appropriate model of late-onset hypogonadism

n human beings. In the present study, we performed
ilateral orchiectomy, and then we investigated the ef-
ect of testosterone replacement therapy on bladder func-
ions and smooth muscle/collagen content in orchiecto-
ized mature male rats. Many clinical and experimental

tudies focused on erectile function in testosterone de-
rivation. In the present study, erectile functions were
ot measured because the main point of the study was to

nvestigate effect of testosterone therapy on bladder func-
ions and histology in testosterone-deprived rats.

Androgen deprivation may inhibit the smooth muscle
ifferentiation pathway. In the present study, we found
hat bladder capacity and smooth muscle content de-
reased after orchiectomy period. From the beginning to
he end of the experiment, the increase in the mean
aximal bladder capacity was significantly lower in the

ontrol group than in the sham group. In addition, or-
hiectomized rats showed significantly lower smooth
uscle/collagen content than the sham group. Our ex-

erimental rat study showed that bladder capacity and
mooth muscle/collagen content may deteriorate in tes-
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igure 3. The mean smooth muscle/collagen ratio in the
ham, control, and testosterone treatment groups. As com-
ared with the control group, smooth muscle/collagen ratio
as significantly higher in the sham group (P � .03) and

estosterone treatment group (P � .01).
osterone deprivation period. Lin et al16 concluded that

UROLOGY 75 (4), 2010
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estosterone might be as important as estrogen in the
ladder contractile responses. Madeiro et al17 studied the
ssociation of androgen/estrogen on the bladder and ure-

igure 4. Masson trichrome staining of a rat bladder in the
ham group (A), control group (B), and testosterone treatment
roup (C). The claret red color shows smooth muscle content,
nd the green color shows collagen content (Color version avail-
ble online).
hra of castrated female rats, and after 28 days of medi- t

ROLOGY 75 (4), 2010
ation the animals were killed for the histologic evalua-
ion of the bladders. They reported that the bladders of
he rats receiving androgen/estrogen presented a higher
umber of vessels, epithelial thickness, and quantity of
uscular fibers than the rats receiving isolated conju-

ated estrogen.
Androgens, through the activation of androgen recep-

ors, may stimulate stromal precursor cells to differentiate
nto smooth muscle cells.18 Androgens also regulate
rowth and differentiation of vascular smooth muscle
ells. Such studies have not been performed in bladder
issue. Therefore, we investigated the effect of testoster-
ne therapy on bladder functions and smooth muscle/
ollagen content in the castrated mature rats. In our
tudy, increases in maximal bladder capacity were signif-
cantly higher in the testosterone treatment group than
n the control group. Also, bladder compliance was
igher in the testosterone treatment group than in the
ontrol group, but the difference was not statistically
ignificant. A recent male rabbit study showed that after
njection of testosterone, bladder capacity and compli-
nce increased with high blood testosterone levels in
ale rabbits undergoing bilateral orchiectomy.19 These

nimal studies suggest that bladder dysfunction may be
elated to androgen deficiency, and testosterone treat-
ent may improve bladder functions and smooth muscle/

ollagen content in castrated animals.
There are contrary opinions that testosterone has been

hown to cause obstruction with or without unstable
etrusor contractions and in addition, it may also induce
hanges in the micturition reflex. Maggi et al20 treated
dult male rats with daily testosterone injections and
erformed cystometric measurements. They found testos-
erone treatment to increase prostate weight and cause
utflow obstruction seen as increased residual urine vol-
me and detrusor instability. Less change was seen in the
ladder capacity. Pandita et al21 reported that testoster-
ne treatment in adult male rats for 2 weeks increased
rostate weight. Testosterone treatment was shown to
ncrease micturition pressure, bladder capacity, residual
olume, and micturition volume. Detrusor, urethra, and
rostate were isolated and more detailed studies were
erformed in vitro. However, no changes were seen in
he smooth muscle responsiveness. Measurement of blad-
er and prostate weight would give more precise and
upplementary information to confirm improvement in
he bladder capacity. However, in the present study, we
id not measure prostate and bladder weight. We mea-
ured body weight at the beginning and end of the
xperiment, and we observed significantly higher body
eight in the testosterone treatment group than in the
rchiectomized control group, receiving no treatment.
There can be increased �-kinase activity, and conse-

uently calcium sensitivity of the contractile machinery
n bladder smooth muscle, and one of possible explana-
ion for the improvement of bladder functions would be

hat testosterone therapy may also alleviate pelvic isch-
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mia by increasing nitric oxide synthase expression and
ctivity, as well as reducing �-kinase activity in bladder
mooth muscle.22,23 Muto et al23 demonstrated that the
euronal nitric oxide synthase (nNOS) knock-out mice
howed an increased urinary frequency. In addition, an-
rogens may augment endothelial nitric oxide synthase
n these nNOS knock-out animals. Therefore, they sug-
ested that testosterone potentially has a therapeutic
ffect on an overactive bladder by decreasing the nNOS
xpression in aging males. Testosterone induces the re-
axation of smooth muscle cells by modulating both the
NOS activity and cyclic guanosine monophosphate

evel. Testosterone is also an important maintenance
actor for autonomic nerve activity.24 Thus, the changes
n cystometric parameters could be related not only to
mooth muscle activity, but also to neural function.

Although several testosterone formulations are avail-
ble, testosterone topical gel and long-term depot injec-
ions are the most commonly used treatment options, due
o their favorable pharmacokinetic profile characterized
y relatively constant plasma levels, avoiding wide fluc-
uations and minimal side effects.1,4-6 We used long-
cting testosterone injection preparation because of dif-
culty of daily or monthly administration of testosterone
gents in rats. According to the studies, single injection
f long-acting testosterone undecanoate provided a
-month effects. In the present study, testosterone-
reated rats had about 3-fold higher serum testosterone
evel than untreated controls. Therefore, the dose of
estosterone in the treated group could be pharmacologic
ather than physiological.

ONCLUSIONS
his study showed that bladder capacity and smooth
uscle/collagen content improved with testosterone

herapy in orchiectomized mature rats. Therefore, testos-
erone replacement therapy in late onset hypogonadal
en with urogenital dysfunction may have a significant

ole to improve bladder function by increasing bladder
mooth muscle content. However, further studies are
eeded to support these findings.
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