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Purpose: To investigate the effects of estrogen on the expression of the α1 receptor and 
nitric oxide synthase (NOS) in rat urethra and bladder after oophorectomy. 
Materials and Methods: Forty-five mature female Sprague-Dawley rats (aged 10–11 
weeks, 235–250 g) were randomly assigned to one of three groups: control group, oopho-
rectomy group (Opx), or oophorectomy and estradiol replacement group (Opx+ Est). 
The degree of expression of α1 receptor (α1A and D) and NOS (neuronal NOS [nNOS] 
and endothelial NOS [eNOS]) in bladder and urethral tissues was investigated by using 
immunohistochemical staining and Western blotting.
Results: In the bladder, the expression rates of α1 receptor (α1A and α1D) increased 
in the Opx group but decreased in the Opx+Est group. These changes were not statisti-
cally significant. The α1A and α1D receptor of the urethra decreased in the Opx group 
but increased in the Opx+Est group. These changes were not statistically significant. 
In the bladder and urethra, the expression rates of nNOS and eNOS significantly in-
creased in the Opx group but decreased in the Opx+Est group (p＜0.05).
Conclusions: These data suggest that estrogen depletion increases NOS and α1 receptor 
expression in the rat bladder. However, these changes could be restored by estrogen 
replacement therapy.
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INTRODUCTION 

Menopause causes numerous physical changes in women. 
In particular, marked changes take place in urination 
symptoms, including the possibility of urinary incon-
tinence, frequency, and urgency. Furthermore, when es-
trogen is supplemented to women during menopause, the 
increase in the internal pressure of the urethra, the trans-
fer of intra-abdominal pressure to the proximal urethra, 
and the sensory threshold of the bladder are mechanisms 
by which urinary incontinence improves [1].

The bladder reflex relies mostly on the efferent and affer-
ent neurotransmission of the pelvic nerve. The efferent 
nerve of the bladder through the pelvic nerve is mostly chol-

inergic, and adrenergic neurotransmission regulates its 
activities. The hypogastric nerve is the main adrenergic 
nerve of the bladder and the pelvic nerve is the additional 
path [2]. Two key adrenergic receptors, namely, the α and 
β receptors, were discovered in the bladder. Of these two, 
the α1 receptor functions mostly to regulate the contraction 
of the bladder, whereas the α2 and the β receptors can relax 
the bladder muscles [3,4]. Among the α1 receptors, α1A and 
α1D are distributed mostly in the bladder [5]. Moreover, 
atrophy of the nonadrenergic nerve of the bladder results 
from either oophorectomy or aging, which in turn can ag-
gravate the changes in the adrenergic receptor [5]. That is, 
symptoms of overactive bladder including frequency and 
urgency following menopause can be affected by the adre-
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TABLE 1. Study design

Group 0 2 Weeks 4 Weeks

Control (n=15)
Oophorectomy (n=15)
Estradiol replaced (n=15)

Sham operation
Oophorectomy
Oophorectomy

Harvest
Harvest
Estradiol replacement

-
-

Harvest

TABLE 2. The mean serum 17β-estradiol

Group 17β-estradiol (pg/mL), mean±SD p-value

Control (n=15)
Oophorectomy (n=15)
Estrogen replaced (n=15)

16.27±15.49
  3.47±2.42
28.68±10.51

 
＜0.05 (Con vs. Opx)
＜0.05 (Opx vs. Opx+Est)

SD, standard deviation; Con, control; Opx, oophrorectomy; Opx+Est, 17β-estradiol replacement after oophrorectomy.

nergic receptor. 
Recent research showed that nitric oxide (NO) is ex-

creted by the nonadrenergic and noncholinergic (NANC) 
nerves in various mammals [6-8], and it was proven that 
estrogen regulates the activities of the nitric oxide syn-
thase (NOS) that generates NO in various tissues [9]. Many 
researchers have pursued studies on the neurotrans-
mitters and tissue changes involved in the actions of estro-
gen. The present study is a continuation of such studies. 

The present study aimed to examine the changes in the 
NO excreted at the α1 receptor and NANC nerve terminal 
in the bladder and urethra in white rats (Sprague Dawley) 
that have undergone oophorectomy and supplementation 
with estrogen. The analyses were carried out by im-
munohistochemical study and Western blot. In addition, 
changes in the epithelial cells, muscle layer, and collagen 
in the bladder and urethra were examined to study associa-
tions between them.

MATERIALS AND METHODS

1. Experimental animals and experimental groups
Forty-five white rats (Sprague Dawley) aged 10 to 11 weeks 
with a body weight range of 235 to 250 g were used as the 
experimental animals. The animals were divided into the 
control group (Con group, in which sham surgery only was 
performed, n=15), the oophorectomy group (Opx group, 
n=15), and the hormone-supplemented group oopho-
rectomy group (Opx+Est group, n=15). All rats were raised 
under the same conditions. All animal studies were per-
formed after obtaining approval from the ethics committee 
and in accordance with the animal experimentation 
guidelines.

2. Experimental methods

1) Oophorectomy and hormone supplementation
All experimental animals were anesthetized with ket-
amine (25 mg/kg) and xylazine (5 mg/kg) injected into the 
abdominal cavity, after which the abdomen was opened by 

a midline incision. Bilateral oophorectomy was performed 
on the Opx group, whereas only sham surgery was per-
formed on the Con group. The Opx+Est group underwent 
injection of estradiol cypionate (0.25 mg/1 wk, Miro-depot 
injection, CJ Hanil Pharmaceutical, Seoul, Korea) into the 
muscle 2 weeks after oophorectomy. In addition, the Opx 
group was injected with sesame oil only (0.25 mL) in the 
same manner (Table 1).

Approximately 5 mL of blood was collected through the 
aorta at the time of tissue collection for measurement of the 
17β-estradiol level by use of DPC's Coat-A-Count RIA kit 
(Diagnostic Products Co., Los Angeles, CA, USA). The con-
centration of 17β-estradiol was 3.47±2.42 pg/mL in the Opx 
group, which was significantly less than the concentration 
in the Con group of 16.27±15.49 pg/mL, whereas the 
Opx+Est group displayed a significantly higher concen-
tration of 28.68±10.51 pg/mL (p＜0.05) (Table 2).

2) Collection of tissues
Tissues were collected after the experimental animals 
were anesthetized by injection of ketamine (25 mg/kg) and 
xylazine (5 mg/kg) into the abdominal cavity 2 weeks after 
oophorectomy in the Opx group and 2 weeks after hormone 
supplementation, which was performed 2 weeks after 
oophorectomy, in the Opx+Est group (Table 1). For the tis-
sues to be used for immunohistochemical staining, the sur-
rounding fatty tissues and connective tissues were re-
moved and cleaned with physiological saline solution be-
fore being fixed in 10% formalin. Tissues to be used for 
Western blot were immediately frozen for storage by using 
liquefied nitrogen.

3) Immunohistochemical study
Paraffin-embedded bladder and urethra tissues were 
sliced at a thickness of 4 μm and were subjected to im-
munohistochemical staining. For tissues that had under-
gone a dehydration procedure, tissues to be used for eNOS 
staining were fixed after having been boiled for 15 minutes 
by immersing them in citrate buffer and using an 
autoclave. And tissues to be used for nNOS staining were 
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FIG. 1. α1A receptor protein expression in the rat bladder. (A) 
Protein is extracted from the bladder in the Con, Opx, and 
Opx+Est group, and it is analyzed for the α1A receptor and actin 
levels by Western blotting. (B) The relative amount of α1A 
receptor protein increased after oophorectomy. It is normalized 
after Estradiol replacement. However, the expressions of α1A 
receptor protein in the Con, Opx, and Opx+Est group are not 
significantly different. Con, control; Opx, oophorectomy; Opx+ 
Est, 17β-estradiol replacement after oophrorectomy.

fixed immediately. Then, the primary antibody was re-
acted with the prepared tissues. For nNOS, rabbit poly-
clonal anti-nNOS antibody (Zymed Laboratories, San 
Francisco, CA, USA) was diluted at a ratio of 1:250; for 
eNOS, rabbit polyclonal anti-eNOS antibody (Lab Vision 
Inc., Fremont, CA, USA) was diluted at a ratio of 1:200. 
Both antibodies were allowed to react overnight at 4oC be-
fore being subjected to the secondary antibody to which bio-
tin was attached for 30 minutes. Both were then cleansed 
in phosphate buffered saline three times for 5 minutes each 
before reaction with streptavidin for 30 minutes, after 
which the samples were cleansed three times for 5 minutes 
each again. Color was then allowed to develop with ami-
no-ethylcarbazole.

4) Western blot
Tissues were immersed in 500 μL of lysis buffer (1M 
Tris-Cl, 0.5M NaCl, 0.5M ethylenediaminetetraacetic 
acid) to which pepstatin (0.7 mg/mL), a proteolytic enzyme 
inhibitor, was added and were allowed to react for 30 mi-
nutes at 4oC to dissolve the cells. The mixture was centri-
fuged for 15 minutes at 14,000 rpm and the supernatant 
was separated and the protein was quantified. A total of 20 
μg of protein was loaded into each lane of a 12% sodium do-
decyl sulfate-polyacrylamide gel (Novex, Wadsworth, OH, 
USA) for electrophoresis. The gel was then transferred to 
a 0.45-μm Westran membrane (Amersham Pharmacia 
Biotech, Piscataway, NJ, USA) and all antibody reactions 
were carried out in the nonspecific blocking buffer (5% skim 
milk in 1% Tween-20/Tris buffered saline). The membrane 
to which protein was transferred was first immersed in 
blocking buffer and left to react for 1 to 2 hours at room 
temperature. Then, it was left to react again for 1 hour at 
37oC with primary antibody for eNOS (Santa Cruz 
Biotechnology, Dallas, TX, USA), primary antibody for 
nNOS (Santa Cruz Biotechnology), primary antibody for 
α1A (Santa Cruz Biotechnology), primary antibody for α1D 
(Santa Cruz Biotechnology), and primary antibody for ac-
tin (Santa Cruz Biotechnology), respectively, all of which 
were diluted at a ratio of 1:1000. Bands were visualized by 
chemiluminescence (Amersham Pharmacia Biotech, 
Little Chalfont, UK); actin was presented as the standard 
value. A Star Scanner using NIH image V1-57 software was 
used for densitometry analysis.

Observation of changes in smooth muscle and collagen 
contents: To examine the changes in the relative composi-
tional ratio of the smooth muscle component and collagen 
component of bladder and urethra, the paraffin-embedded 
tissues were sliced at a thickness of 4 μm and subjected to 
Masson's trichrome staining. Ten viewing spots under 
×400 magnification were selected randomly and the num-
ber of collagen cells observed within the chosen lattice was 
converted into a percentage and averaged.

3. Statistical analysis
Changes in estrogen concentrations were comparatively 
analyzed by using Mann-Whitney U tests, whereas 

changes in α1 receptor, NOS, and smooth muscle and colla-
gen contents in the 3 groups were comparatively analyzed 
by using the Kruskall-Wallis test. The changes were de-
termined to be statistically significant if the p-value was 
less than 0.05.

RESULTS

1. Bladder

1) α1A receptor, Western blot
The expression of α1A receptor protein in bladder tissue 
showed a tendency to increase after oophorectomy, where-
as it displayed a tendency to decrease after estrogen 
supplementation. However, such changes were not stat-
istically significant (Fig. 1).

2) α1D receptor, Western blot
The expression of α1D receptor protein in bladder tissue 
showed a tendency to increase after oophorectomy, where-
as it displayed a tendency to decrease after estrogen 
supplementation. However, such changes were not stat-
istically significant (Fig. 2).
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FIG. 4. Neuronal nitric oxide synthase (nNOS) protein 
expression in the rat bladder. (A) Protein is extracted from the 
bladder in the Con, Opx, and Opx+Est group, and it is analyzed 
for the nNOS and actin levels by Western blotting. (B) The 
relative amount of nNOS protein significantly increased after 
oophorectomy. It is normalized after Estradiol replacement. *p
＜0.05. Con, control; Opx, oophorectomy; Opx+Est, 17β-estradiol
replacement after oophrorectomy.

FIG. 2. α1D receptor protein expression in the rat bladder. (A) 
Protein is extracted from the bladder in the Con, Opx, and 
Opx+Est group, and it is analyzed for the α1D receptor and actin 
levels by Western blotting. (B) The relative amount of α1D 
receptor protein increased after oophorectomy. It is normalized 
after Estradiol replacement. However, the expressions of α1D 
receptor protein in the Con, Opx, and Opx+Est group are not 
significantly different. Con, control; Opx, oophorectomy; 
Opx+Est, 17β-estradiol replacement after oophrorectomy.

FIG. 3. Immunreactivity pattern for neuronal nitric oxide synthase (nNOS) of rat bladder (immunohistochemical stain, ×400). The 
blood vessel, the expression of nNOS increased in the Opx group in comparison to the Con group (A), and decreased in the Opx+Est 
group (B) in comparison to the Opx group (C). Con, control; Opx, oophorectomy; Opx+Est, 17β-estradiol replacement after 
oophrorectomy.

3) Neuronal nitric oxide synthase, immunohistochem-
ical staining

The expression of neuronal nitric oxide synthase (nNOS) 
was most marked in the smooth muscle of the bladder in 
all groups. Although the expression of nNOS in the mucous 
membrane and smooth muscle of the bladder was similar 
in the groups, in the blood vessels, the expression of nNOS 

was higher in the Opx group than in the Con group and was 
lower in the Opx+Est group than in the Opx group (Fig. 3).

The expression of nNOS protein in bladder tissue in-
creased significantly after oophorectomy and decreased af-
ter estrogen supplementation to an extent similar to that 
in the Con group. The Con, Opx, and Opx+Est groups dis-
played significant differences (Fig. 4). 
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FIG. 5. Immunoreactivity pattern for endothelial nitric oxide synthase (eNOS) of rat bladder (immunohistochemical stain, ×400). The 
expression of eNOS increased in Opx group in comparison to the Con group (A), while it decreased in the Opx+Est group (B) in 
comparison to the Opx group (C). Con, control; Opx, oophorectomy; Opx+Est, 17β-estradiol replacement after oophrorectomy.

FIG. 6. Endothelial nitric oxide synthase (eNOS) protein 
expression in the rat bladder. (A) Protein is extracted from the 
bladder in the Con, Opx, and Opx+Est group, and it is analyzed 
for the eNOS and actin levels by Western blotting. (B) The 
relative amount of eNOS protein significantly increased after 
oophorectomy. It is normalized after Estradiol replacement. *p
＜0.05. Con, control; Opx, oophorectomy; Opx+Est, 17β-estra-
diol replacement after oophrorectomy.

4) Endothelial nitric oxide synthase, immunohistochem-
ical staining

The expression of endothelial nitric oxide synthase (eNOS) 
in the bladder was particularly marked in the mucous 
membrane, and it was also found in smooth muscle and 
blood vessels. Overall, the expression of eNOS was higher 
in the Opx group than in the Con group, whereas it was low-

er in the Opx+Est group than in the Opx group (Fig. 5). 
The expression of eNOS protein in bladder tissue in-

creased significantly after oophorectomy and decreased af-
ter estrogen supplementation to an extent similar to that 
of the Con group. The Con, Opx, and Opx+Est groups dis-
played significant differences, respectively (Fig. 6).

5) Changes in the contents of smooth muscle and collagen 
components (Masson’s trichrome staining)

In the histological study, a reduction in the distribution of 
blood vessels, atrophy of epithelial cells, and a reduction 
in the muscle layer of the bladder were observed in the Opx 
group. By contrast, an increase in the distribution of blood 
vessels, proliferation of epithelial cells, and an increase in 
the muscle layer of the bladder were observed in the 
Opx+Est group (Fig. 7). Examination of the changes in the 
smooth muscle and collagen components by means of 
Masson's trichrome staining revealed that the relative 
compositional ratio of collagen in the bladder increased in 
the Opx group, whereas the Opx+Est group demonstrated 
a significant reduction in comparison with the Opx group 
but no significant difference compared with the Con group.

2. Urethra

1) α1A receptor, Western blot
The expression of the α1A receptor protein in the urethra 
tissue tended to increase after oophorectomy and tended 
to decrease after estrogen supplementation. However, 
these changes were not statistically significant (Fig. 8).

2) α1D receptor, Western blot
The expression of the α1D receptor protein in the urethra 
tissue tended to increase after oophorectomy and tended 
to decrease after estrogen supplementation. However, 
these changes were not statistically significant (Fig. 9).

3) nNOS, immunohistochemical staining
The expression of nNOS increased in the mucous mem-
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FIG. 7. Masson's trichrome staining of the rat bladder (Masson's trichrome staining, ×200). The proliferation of epithelial cells and 
the increase in the muscle layer of the bladder were observed for the control (Con) group (A), Opx+Est group (B), Opx group (C). Opx, 
oophorectomy; Opx+Est, 17β-estradiol replacement after oophrorectomy.

FIG. 8. α1A receptor protein expression in the rat urethra. (A) 
Protein is extracted from the urethra in the Con, Opx, and 
Opx+Est group, and it is analyzed for the α1A receptor and actin 
levels by Western blotting. (B) The relative amount of α1A 
receptor protein decreased after oophorectomy. It is normalized 
after Estradiol replacement. However, the expressions of α1A 
receptor protein in the Con, Opx, and Opx+Est group are not 
significantly different. Con, control; Opx, oophorectomy; Opx+ 
Est, 17β-estradiol replacement after oophrorectomy.

FIG. 9. α1D receptor protein expression in the rat urethra. (A) 
Protein is extracted from the urethra in the Con, Opx, and 
Opx+Est group, and it is analyzed for the α1D receptor and actin 
levels by Western blotting. (B) The relative amount of α1D 
receptor protein increased after oophorectomy. It is normalized 
after Estradiol replacement. However, the expressions of α1D 
receptor protein in the Con, Opx, and Opx+Est group are not 
significantly different. Con, control; Opx, oophorectomy; Opx+ 
Est, 17β-estradiol replacement after oophrorectomy.

brane, smooth muscle, and blood vessels of the urethra in 
the Opx group compared with the Con group, whereas 
nNOS expression decreased in the Opx+Est group com-
pared with the Opx group (Fig. 10).

The expression of nNOS protein in urethra tissues in-
creased significantly after oophorectomy and decreased af-
ter estrogen supplementation to an extent similar to that 
in the Con group. Each of the groups demonstrated sig-

nificant differences (Fig. 11).

4) eNOS, immunohistochemical staining
The expression of eNOS increased in the mucous mem-
branes, smooth muscle, and blood vessels of the urethra in 
the Opx group compared with the Con group, whereas it de-
creased in the Opx+Est group compared with the Opx 
group (Fig. 12).
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FIG. 10. Immunreactivity pattern for endothelial nitric oxide synthase (NOS) of rat urethra (immunohistochemical stain, ×400). The 
expression of neuronal NOS increased in all of the mucous membrane, smooth muscle and blood vessel of the urethra in the Opx group 
(B). (A) Con, control; (B)  Opx, oophorectomy. (C) Opx+Est, 17β-estradiol replacement after oophrorectomy.

FIG. 11. Neuronal nitric oxide synthase (nNOS) protein 
expression in the rat urethra. (A) Protein is extracted from the 
urethra in the Con, Opx, and Opx+Est group, and it is analyzed 
for the nNOS and actin levels by Western blotting. (B) The 
relative amount of nNOS protein significantly increased after 
oophorectomy. It is normalized after Estradiol replacement. *p
＜0.05. Con, control; Opx, oophorectomy; Opx+Est, 17β-estradiol
replacement after oophrorectomy.

The expression of eNOS protein in urethra tissues in-
creased significantly after oophorectomy and decreased af-
ter estrogen supplementation to an extent similar to that 
in the Con group. The Con, Opx, and Opx+Est groups dis-
played significant differences, respectively (Fig. 13).

5) Changes in the contents of smooth muscle and collagen 
components (Masson’s trichrome staining)

In the histological study, a reduction in the distribution of 
blood vessels, atrophy of epithelial cells, and a reduction 
in the muscle layer of the urethra were observed for the Opx 
group, whereas an increase in the distribution of blood ves-
sels, proliferation of epithelial cells, and an increase in the 
muscle layer of the urethra were observed in the Opx+Est 
group (Fig. 14). Examination of the changes in the smooth 
muscle and collagen components by means of Masson's tri-
chrome staining revealed that the relative compositional 
ratio of the collagen in the urethra increased in the Opx 
group, whereas that of the Opx+Est group demonstrated 
a significant reduction compared with the Opx group but 
showed no significant difference compared with the Con 
group.

DISCUSSION

The main symptoms of the lower urinary tract, including 
frequency, urgency, and urinary incontinence, are found in 
menopausal women, and these symptoms result from 
changes in the lower urinary tract due to the concentration 
of estrogen and due to changes in various nerve systems 
and bladder and urethral tissues [10,11]. Hextall and 
Cardozo [12] asserted that the roles of estrogen in the lower 
urinary tract include, first, activating the cellular cycle in 
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FIG. 12. Immunoreactivity pattern for endothelial nitric oxide synthase (eNOS) of rat urethra (immunohistochemical stain, ×400).
The expression of eNOS increased in Opx group (B) in comparison to the Con group (A), while it decreased in the Opx+Est group (C) 
in comparison to the Opx group. Con, control; Opx, oophorectomy; Opx+Est, 17β-estradiol replacement after oophrorectomy.

FIG. 13. Endothelial nitric oxide synthase (eNOS) protein expre-
ssion in the rat urethra. (A) Protein is extracted from the 
urethra in the Con, Opx, and Opx+Est group, and it is analyzed 
for the eNOS and actin levels by Western blotting. (B) The 
relative amount of eNOS protein significantly increased after 
oophorectomy. It is normalized after Estradiol replacement. *p
＜0.05. Con, control; Opx, oophorectomy; Opx+Est, 17β-estra-
diol replacement after oophrorectomy.

the bladder and urethra; second, increasing the blood flow 
rate in the mucous membrane and sphincter muscle of the 
urethra; third, sensitizing the α-adrenergic receptor of the 
urethra; and fourth, preventing aging by stimulating the 
metabolism of connective tissues surrounding the urethra. 
However, estrogen displays its effects through indirect ac-
tions on the concentration and sensitivity of the receptors 
of various hormones and neurotransmitters and on phar-
macological interactions such as the metabolism of neuro-
transmitters in the lower urinary tract rather than by di-

rect action through the receptor [10]. Therefore, although 
it is theoretically anticipated that estrogen supplementa-
tion therapy could improve the urination symptoms of 
menopausal women, the reality is that such therapy fails 
to achieve significant clinical effectiveness [13,14]. 
Accordingly, numerous researchers have been pursuing 
studies of the changes that take place in the neuro-
transmitters and tissues involved in the actions of 
estrogen. Reaction of the bladder and urethra by adrener-
gic stimulation through the α1 receptor and reaction of the 
urethra by stimulation of the NANC nerve are known to 
mediate the action of estrogen on the lower urinary tract 
in women [1,15]. It is said that there is an increase in the 
distribution of blood vessels, proliferation of epithelial 
cells, and in the muscle layer and an increase or reduction 
in collagen in the bladder and urethra owing to such action 
of estrogen [11]. 

The present study examined changes in the NO excreted 
at the α1 receptor and NANC nerve terminal in the bladder 
and urethra in white rats that had undergone oopho-
rectomy and supplementation with estrogen. In addition, 
changes in the epithelial cells, muscle layer, and collagen 
in the bladder and urethra were examined to uncover clues 
to the relevance between them.

The α1 receptors in the bladder increase after meno-
pause and can in turn increase the contractibility of the 
bladder, thereby increasing the possibility of frequency 
and urgency during menopause. On the other hand, the 
contraction of the urethra is known to decrease by adrener-
gic stimulation through α1 receptors in the urethra follow-
ing menopause, thereby aggravating the symptoms of uri-
nary incontinence [5]. Although it was asserted in several 
studies that the α receptor agonist fenofibrate is effective 
when concurrently administrated with phenylpropanol-
amine, which is an α-adrenergic agonist, and can be applied 
usefully in the treatment of urinary incontinence patients 
with intra-abdominal pressure for whom surgery cannot be 
applied, there in fact appear to be limitations in application 
owing to side effects on the blood vessels of the brain. 
Currently, drugs such as ephedrine or pseudoephedrine 
can be applied for such purpose [15]. In this experiment, 
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FIG. 14. Masson's trichrome staining of the rat urethra (Masson's trichrome staining, ×200). The increase in the distribution of blood 
vessels, proliferation of epithelial cells and the increase in the muscle layer of the urethra were observed for the Opx+Est group (C). 
(A) Con, control; (B)  Opx, oophorectomy. (C) Opx+Est, 17β-estradiol replacement after oophrorectomy.

the white rat models in which the estrogen was supple-
mented following oophorectomy also displayed results that 
were in concordance to a certain extent, although they were 
not statistically significant. Although the α receptors of the 
urethra of white rats decreased after oophorectomy, the 
number of receptors increased again through estrogen 
supplementation. Similar results were found in research 
by Dmitrieva [16], which showed that greater improve-
ment in lower urinary tract symptoms could be achieved 
by concurrently administering the α receptor agonist feno-
fibrate at the time of estrogen supplementation. It is 
deemed that the changes in the α receptor in accordance 
with hormone supplementation in this study were not stat-
istically significant because of the short period of supple-
mentation and failure to accurately distinguish the sub-
types of α receptor owing to difficulties in distinguishing 
the bladder and urethra of white rats.

The relaxation response of the urethra resulting from 
stimulation of the NANC nerve was another key subject of 
this study. NO is secreted from the NANC nerve [17], which 
can cause relaxation of the urethra in white rats [18], and 
this phenomenon was proven in the human body [8]. 
Takahashi et al. [1] demonstrated the reduction in NOS in 
the urethra of rabbits at the time of hormone supplementa-
tion therapy and asserted that this inhibits the relaxation 
of the urethra through NANC stimulation by reducing NO. 
Fractionation of NOS includes eNOS, nNOS, and iNOS, 
which regulate the contraction of the urethra in the tissues 
of the lower urinary tract without inflammation, with 
eNOS and nNOS playing a key role in the concentration of 
NO [19]. In this study, nNOS was distributed mostly in the 
smooth muscles of the bladder and the urethra, whereas 
eNOS displayed a high concentration in the mucous mem-
brane of the bladder as well as in the blood vessels. 
Moreover, the expression of nNOS and eNOS increased sig-
nificantly within the urethral tissues of white rates sub-
jected to oophorectomy but decreased at the time of hor-
mone supplementation. Okuno et al. [20] asserted in their 
research using rabbits that NO within the tissues of the 
urethra increased at the time of oophorectomy and de-
creased at the time of estrogen supplementation, thereby 

inhibiting relaxation of the urethra.
It was possible to confirm in this study that the con-

tractibility and elasticity of the urethra decrease owing to 
an increase in the relaxation of the urethra by NO and that 
the conditions for urinary incontinence are generated as a 
result of the atrophy of the urethra after menopause. 

This study had the limitation of a difference between the 
results of the experiment and those predicted in the re-
search plan from the perspective that the number of ex-
perimental animals was limited and larger animals such 
as rabbits could not be used. More statistically significant 
results could be obtained if the experiment could be carried 
out by definitively segregating the bladder and the urethra, 
and the mucous membrane and smooth muscle, by using 
a larger number of experimental animals and larger 
animals.

CONCLUSIONS

Our data suggest that estrogen depletion increases NOS 
in the rat bladder and urethra. However, these changes 
could be restored by estrogen replacement therapy.
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