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Effect of Treadmill Exercise on Leak-point pressure and Neuronal 
Activation in Brain of Rats with Stress Urinary Incontinence
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Purpose: Stress urinary incontinence (SUI) commonly occurs in women, and it causes enormous impact 
on quality of life. Surgery, drugs, and exercise have been recommended for the treatment of this 
disease. Among these exercise is also known to be effective for relieving thesymptoms of SUI, however,
the efficacy and underlying mechanisms of exercise on SUI are poorly understood. In the present 
study, we investigated the effect of treadmill exercise on abdominal leak-point pressure and neuronal 
activity in the medial preoptic nucleus (MPA), ventrolateral periaqueductal gray (vlPAG), and pontine 
micturition center (PMC) following urethrolysis in rats.
Materials and Methods: Adult female Sprague-Dawley rats, weighing 250±10 g (9 weeks old), were 
used in this study. After having undergone transabdominal urethrolysis to induce SUI, the rats were 
divided into three groups (n=6 in each group): a sham operation group, an SUI-induced group, and an
SUI-induced and treadmill exercise group. The rats in the exercise group performed treadmill running 
for 30 min once a day starting 2 weeks after the induction of SUI and continuing for 4 weeks after 
surgery. For this study, determination of abdominal leak point pressure and immunohistochemistry for 
c-Fos in the brain were performed.
Results: Induction of transabdominal urethrolysis significantly reduced the abdominal leak point pres-
sure, thereby contributing to the induction of SUI. In contrast, abdominal leak point pressure was sig-
nificantly improved by treadmill exercise. The expression of c-Fosin the MPA, vlPAG, and PMC, the 
brain areas relating to micturition, was enhanced by the induction of SUI, whereas treadmill exercise 
significantly suppressed SUI-induced c-Fos expression, suggesting that neuronal activation in the mictur-
ition centers was suppressed by treadmill exercise.
Conclusion: The present results suggest that treadmill exercise may be an effective therapeutic modality
for ameliorating the symptoms of SUI. Int Neurourol J 2010;14:141-8.
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Introduction

  Urinary incontinence, defined as an involuntary 
loss of urine, is a common health problem among 
women of all ages. The prevalence rate of uri-
nary incontinence in women is between 12% and 
55% worldwide [1]. This disease is associated 
withself-rated health, impaired quality of life, so-
cial isolation, and depressive symptoms [2]. 
Urinary incontinence is generally divided into 
four types: stress incontinence, urge incontinence, 
overflow incontinence, and mixed type. Stress 
urinary incontinence (SUI) is the most common 
type of urinary incontinence. The primary etio-
logic factor of SUI is vaginal parity, usually due 
to combined injuries to the muscles, nerves, and 
connective tissues [3,4]. Some clinicians consider 
SUI as a purely gross anatomical deficit that re-
sides in the proximal urethra [5]. SUI is defined 
as an involuntary loss of urine secondary to the 
increased intraabdominal pressure that occurs by 
physical stresses, such as coughing, laughing, 
sneezing, changing to an upright posture, and 
climbing [6]. 
  Generally, the micturition process involves the 
urinary tract and brain. Neuroanatomical tracing 
studies have shown that the bladder and external 
urethral sphincter are innervated directly or in-
directly by many central nerve system regions, 
including the pontine micturition center (PMC), 
locus coeruleus, hypothalamus, preoptic area, and 
spinal cord [7,8]. Barrinton’s nucleus is commonly 
referred to as the PMC or M-region. It plays an 
important role in the control of urinary bladder 
function. In addition, Barrington’s nucleus has 
historically been viewed as the supraspinal 
switching center that regulates the storage and 
elimination of urine [9]. The PMC is densely in-
nervated by the medial preoptic nucleus (MPA) 
[10]. Two regions that maintain direct projections 
to the PMC are the periaqueductal gray matter 
(PAG) and the MPA of the hypothalamus [11]. 
The PAG-PMC projection is thought to take part 
in the micturition reflex. Neurons in the PAG 
regulate the micturition reflex in both animals 
and humans, because lesions in the PAG cause 
severe urinary dysfunction [11,12].

  The transcription factor c-Fos is encoded by the 
immediately early gene (IEG) c-Fos [13]. The ex-
pression of c-Fos has been used as a marker of 
neuronal activity [13]. Furthermore, c-Fos ex-
pression is sometimes used as a marker for stim-
uli-induced changes in the metabolic activity of 
neurons under various conditions [14]. 
Stimulation of the bladder causes an increase in 
the number of c-Fos-immunoreactive neurons in 
the PAG and PMC [9,15]. 
  Among the SUI treatments, exercise of the pel-
vic muscles is known to increase muscle strength 
and to reduce incontinent urine loss. Pelvic mus-
cle exercise strengthens the muscles involved in 
closing the urethra during an increase in intra-ab-
dominalpressure [16]. However, controversies on 
the efficacy of pelvic muscle exercise exist [17]. In 
addition, pelvic muscle exercise is known to im-
prove symptoms rather than to be a cure, and 
this effect is not maintained for a long-term peri-
od [18]. Although pelvic muscle exercise has been 
accepted as an effective intervention for SUI, 
many questions on the effectiveness of treadmill 
exercise for the symptoms of SUI in relation to 
pelvic muscle exercise have been raised. Thus, 
evidence for the effectiveness of treadmill exercise 
for symptom relief in SUI is needed. 
  In the present study, we investigated the ef-
fects of treadmill exercise on abdominal leak 
point pressure and c-Fos expression in the mic-
turition centers of the brain (MPA, vlPAG, and 
PMC) following transabdominal urethrolysis in 
rats. For this study, Urodynic test for the deter-
mination of abdominal leak point pressure and 
c-Fos immunohistochemistry for the evaluation of 
neuronal activity were performed.

Materials and Methods

  Animals
  Adult female Sprague-Dawley rats, weighing 
250±10 g (9 weeks old), were obtained from a 
commercial breeder (Orient Bio. Co., Seoul, 
Korea) for the experiment. The experimental pro-
cedures were performed in accordance with the 
animal care guidelines of the National Institutes 
of Health (NIH) and the Korean Academy of 
Medical Sciences. Eachanimal was housed under 
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controlled temperature (23±2°C) and lighting 
(08:00 to 20:00 h) conditions and was supplied 
with food and water ad libitum before and after 
surgery. The rats were randomly divided into 
three groups (n=6 in each group): the sham op-
eration group, the SUI-induced group, and the 
SUI-induced and treadmill exercise group. 

  Surgical induction of SUI
  SUI was induced according to the previously 
described method [19]. The rats were anes-
thetized with Zoletil 50Ⓡ anesthesia (10 mg/kg, 
i.p.; Virbac Laboratories, Carros, France). After an 
abdominal incision was made, the bladder and 
urethra were detached from the surrounding tis-
sues and nerves, and the urethra was detached 
from the anterior pubic bone. In the sham oper-
ation group, an abdominal incision was made but 
the urethra was not detached. 

  Treadmill exercise protocol
  The rats in the exercise group performed tread-
mill running for 30 min once a day starting 2 
weeks after the induction of SUI and continuing for 
4 weeks after surgery. The exercise load consisted of 
running at a speed of 2 m/min for the first 5 min, 
5 m/min for the next 5 min, and 8 m/min for the 
last 20 min, with a 0° inclination. The rats in the 
sham operation group and in the SUI-induced 
group were left on the treadmill without running 
for the same period as the exercise group. 

  Determination of abdominal leak point pressure 
  At 6 weeks after surgery, we examined abdomi-
nal leak point pressure. The rats were anesthetized 
with Zoletil 50Ⓡ anesthesia (10 mg/kg, i.p.; Virbac 
Laboratories). All rats underwent T11 spinal cord 
transection to eliminate spontaneous bladder 
activity. After making an abdominal incision, we 
inserted an intravesical catheter connected to a 
pressure transducer (Harvard Apparatus Inc., 
Holliston, MA, USA) in the dome of the bladder. 
We measured the abdominal leak point pressure 
by using a Labscribe (iWork/CB Science, Inc., 
Dover, NH, USA). 
  All rats were mounted ona tilt table in a verti-
cal position. Saline at room temperature was in-
fused through the catheter, and the maximal 

bladder capacity was determined when the first 
drop of urine appeared at the urethral meatus. 
The bladder was manually emptied by squeezing 
and was then filled to one-third capacity with 
saline. Then, the abdominal leak point pressure 
was determined as the peak bladder pressure in-
ducing leakage of urine at the urethral meatus by 
means of manual abdominal compression. In this 
way, the abdominal leak point pressure was de-
termined 10 times for each rat.

  Tissue preparation 
  After tissue preparation of the urethra, the rats 
were transcardially perfused with 50 mM phos-
phate-buffered saline (PBS), followed by 4% par-
aformaldehyde in 100 mM sodium phosphate 
buffer (PB) at pH 7.4. The brain was removed, 
postfixed in the same fixative overnight, and 
transferred into a 30% sucrose solution for 
cryoprotection. Serial coronal sections 40 μm thick 
were made with a freezing microtome (Leica, 
Nussloch, Germany). PMC was selected from the 
region spanning from Bregma -9.68 to -9.80 mm. 
vlPAG was selected from the region spanning 
from Bregma -7.64 to -8.00 mm, and MPA was 
selected from the region spanning from Bregma 
-0.26 to 0.80 mm. Ten sections on average in 
each region were collected from each rat.

  c-Fos immunohistochemistry
  Free-floating tissue sections were incubated 
overnight with rabbit anti-c-Fos antibody (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) at a 
dilution of 1:1000, and the sections were then in-
cubated for 1 h with biotinylated anti-rabbit sec-
ondary antibody (Vector Laboratories, Burlingame, 
CA, USA). The sections were subsequently in-
cubated with avidin-biotin-peroxidase complex 
(Vector Laboratories) for 1 h at room tempe- 
rature. Immunoreactivity was visualized by in-
cubating the sections in a solution consisting of 
0.05% 3,3-diaminobenzidine (DAB) and 0.01% 
H2O2 in 50 mM Tris-buffer (pH 7.6) for approx-
imately 3 min. The sections were then washed 
three times with PBS and mounted onto gela-
tin-coated slides. The slides were air-dried over-
night at room temperature, and coverslips were 
mounted by using PermountⓇ. 
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Figure 1. Effect of treadmill exercise on abdominal 
leak point pressure after the induction of stress uri-
nary incontinence. Upper panel: Trace of abdominal 
leak point pressure. Lower panel: The mean abdomi-
nal leak point pressure in each group. (A) Sham oper-
ation group, (B) SUI-induced group, (C) SUI-induced 
and treadmill exercise group. The results are pre-
sented as the mean±standard error of the mean 
(S.E.M.). *represents p<0.05 compared to sham oper-
ation group. #represents p<0.05 compared to SUI-in-
duced group.

  Data analysis
  To assess c-Fos expression in the MPA, vlPAG, 
and PMC, cell counting was performed by using 
the Image-ProⓇ Plus computer-assisted image 
analysis system (Media Cyberbetics Inc., Silver 
Spring, MD, USA) attached to a light microscope 
(Olympus, Tokyo, Japan). The number of 
c-Fos-positive neurons was counted hemilaterally. 
Statistical analysis was performed by using 
one-way ANOVA followed by Duncan's post-hoc 
test, and the results are expressed as the 
mean±standard error of the mean (S.E.M.). 
Significance was set as p<0.05.

Results

  Effect of treadmill exercise on abdominal leak 
point pressure 

  The abdominal leak point pressure is presented 
in fig. 1. The abdominal leak point pressure was 
32.68±0.57 cmH2O in the sham operation group, 
12.74±1.14 cmH2O in the SUI-induced group, and 
24.84±0.91 cmH2O in the SUI-induced and tread-
mill exercise group. 
  These resultsshowed that induction of SUI by 
transabdominal urethrolysis decreased the abdomi-
nal leak point pressure compared with the sham 
operation group (p<0.05), whereas treadmill ex-
ercise increased the abdominal leak point pressure 
reduced by transabdominal urethrolysis (p<0.05).

  Effect of treadmill exercise on the number of 
c-Fos-positive cells in the MPA

  Photomicrographs of c-Fos-positive cells in the 
MPA are presented in fig. 2. The number of 
c-Fos-positive cells was 78.39±5.13/mm2 in the 
sham operation group, 225.71±15.74/mm2 in the 
SUI-induced group, and 161.07±10.87/mm2 in the 
SUI-induced and treadmill exercise group.
  These results showed that induction of SUI by 
transabdominal urethrolysis increased the c-Fos 
expression in the MPA compared with the sham 
operation group (p<0.05), whereas treadmill ex-
ercise suppressed the c-Fos expression in the MPA 
increased by transabdominal urethrolysis (p<0.05).

  Effect of treadmillexercise on the number of 
c-Fos-positive cells in the vlPAG

  Photomicrographs of c-Fos-positive cells in the 
vlPAG are presented in fig. 3. The number of 
c-Fos-positive cells was 128.89±14.49/mm2 in the 
sham operation group, 638.25±25.27/mm2 in the 
SUI-induced group, and 372.21±21.00/mm2 in the 
SUI-induced and treadmill exercise group.
  These results showed that induction of SUI by 
transabdominal urethrolysis increased the c-Fos ex-
pression in the vlPAG compared with the sham op-
eration group (p<0.05), whereas treadmill exercise 
suppressed the c-Fos expression in the vlPAG in-
creased by transabdominal urethrolysis (p<0.05).
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Figure 2. Effect of treadmill exercise on c-Fos ex-
pression in the medial preoptic nucleus (MPA). Upper 
panel: Photomicrographs of c-Fos-positive cells in the 
MPA. The sections were stained for c-Fos-like im-
munoreactivity (brown). The scale bar represents 200 μ
m. Lower panel: The mean number of c-Fos-positive 
cellsin each group. (A) Sham operation group, (B) 
SUI-induced group, (C) SUI-induced and treadmill ex-
ercise group. The results are presented as the 
mean±standard error of the mean (S.E.M.). *represents 
p<0.05 compared to sham operation group. #represents 
p<0.05 compared to SUI-induction group.
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Figure 3. Effect of treadmill exercise on c-Fos expression 
in the ventrolateral periaqueductal gray matter (vlPAG). 
Upper panel: Photomicrographs of c-Fos-positive cells in 
the vlPAG. The sections were stained for c-Fos-like im-
munoreactivity (brown). The scale bar represents 200 μ
m. Lower panel: The mean number of c-Fos-positive 
cells in each group. (A) Sham operation group, (B) 
SUI-induced group, (C) SUI-induced and treadmill ex-
ercise group. The results are presented as the 
mean±standard error of the mean (S.E.M.). *represents 
p<0.05 compared to sham operation group. #represents 
p<0.05 compared to SUI-induction group.

  Effect of treadmill exerciseon the number of 
c-Fos-positive cells in the PMC
  Photomicrographs of c-Fos-positive cells in the 
PMC are presented in fig. 4. The number of 
c-Fos-positive cells was 70.70±5.72/mm2 in the 
sham operation group, 330.47±15.13/mm2 in the 
SUI-induced group, and 257.67±10.23/mm2 in the 
SUI-induced and treadmill exercise group.
  These results showed that induction of SUI by 
transabdominal urethrolysis increased the c-Fos 
expression in the PMC compared with the sham 
operation group (p<0.05), whereas treadmill ex-
ercise suppressed the c-Fos expression in the PMC 
increased by transabdominal urethrolysis (p<0.05).

Discussion

  Transabdominal urethrolysis is a reliable and 
long-lasting method for inducing SUI compared 
with existing models of SUI [20]. In the present 
study, we measured the abdominal leak point 
pressure following transabdominal urethrolysis to 
confirm the induction of SUI. Abdominal leak 
point pressure is a test assessing the function of 
the urethra. Maximum urethral closure pressure 
and leak point pressure have been used to de-
termine the severity of incontinence, the guide-
lines for therapy, and the evaluation of treatment 
outcomes [5,21]. The reflex activity of the bladder 
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Figure 4. Effect of treadmill exercise on c-Fos expression 
in the pontine micturition center (PMC). Upper panel: 
Photomicrographs of c-Fos-positive cells in the PMC. 
The sections were stained for c-Fos-like immunor-
eactivity (brown). The scale bar represents 200 μm. 
Lower panel: The mean number of c-Fos-positive cellsin 
each group. (A) Sham operation group, (B) SUI-induced 
group, (C) SUI-induced and treadmill exercise group. 
The results are presented as the mean±standard error 
of the mean (S.E.M.). *represents p<0.05 compared to 
sham operation group. #represents p<0.05 compared to 
SUI-induction group.

to urethra contributes to the maintenance of high 
leak point pressure during abdominal com-
pression and increases passive intravesical pres-
sure [22]. Abdominal leak point pressure has 
been used for studies of SUI, and decreased ab-
dominal leak point pressure is observed after the 
induction of SUI [5,19,23].
  In the present study, the induction of SUI by 
transabdominal urethrolysis resulted in a decrease 
in theabdominal leak point pressure compared 
with the sham operation group. These results in-
dicate that SUI induction by transabdominal ure-
throlysis decreases the abdominal leak point pres-
sure in rats. 
  Activation of PMC neurons induces bladder 
contraction and relaxation of the bladder neck 

and external urethral sphincter, resulting in mic-
turition [24]. Two regions associated with the 
PMC are the PAG and the MPA in the hypothal-
amus [7]. During normal micturition, activation of 
the bladder stretch receptor stimulates the PAG, 
and then the activated PAG stimulates the PMC. 
The activated PMC in turn initiates complete syn-
ergic micturition responses via the excitation of 
parasympathetic bladder motor neurons in the sa-
cral part of the spinal cord with the inhibition of 
the bladder sphincter motor neurons [25]. In pre-
vious studies, various stimulations of the lower 
urinary tract caused changes in central pathways, 
such as the PMC, PAG, MPA, and spinal cord 
[15]. It was also reported that transabdominal 
urethrolysis enhanced c-Fos expression in the 
PMC and vlPAG, the brain areas related to mic-
turition [9].
  Our results also showed that the expression of 
c-Fos in the MPA, vlPAG, and PMC was sig-
nificantly increased after transabdominal urethro- 
lysis. The present results indicate that trans-
abdominal urethrolysis increases neuronal activity 
in the MPA, vlPAG, and PMC. It can be inferred 
that loss of supportive tissues or induction of 
smooth muscle atrophy by transabdominal ure-
throlysis might strongly stimulate the mictur-
ition-related brain areas. In our previous study, 
transbdominal urethrolysis-induced SUI increased 
c-Fos expression in the MPA, vlPAG, and PMC [26]. 
  Treadmill exercise enhances neuronal plasticity 
and changes the transcription levels of various 
genes, resulting in increased neuronal activity 
and synaptic remodeling [27]. Following a bout of 
exercise, adaptive and protective changes in the 
expression of early genes occurs in several brain 
areas [28]. It has been hypothesized that in-
duction of immediate early genes, such as c-Fos, 
initiates changes in gene expression in muscle 
and brain during exercise adaptation [29]. Among 
the causes of the various forms of SUI, the pri-
mary causes of weakened bladder and pelvic 
muscles are childbirth and prostate surgery. 
Additional contributing factors include obesity, 
diabetes, specific medications, and urinary tract 
infections [30]. Aerobic exercise including running 
and walking is well-known to facilitate recovery 
and improvement from the functional loss and 
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muscle atrophy, and this type of exercise is effec-
tive for reducing body fat in obese people. 
Treadmill exercise enhanced contractility in re-
sponse to either agonists or depolarization in 
smooth muscles [31]. For this reason, treadmill 
exercise could improve abdominal leak point 
pressure. Strengthening of the muscles and tis-
sues by exercise may relieve the symptoms of 
SUI. Suppression of c-Fos expression in the MPA, 
vlPAG, and PMC was accompanied with symp-
tom improvement of SUI [26]. 
  In this study, we evaluated the effect of tread-
mill exercise on SUI-induced abdominal leak 
point pressure by use of Urodynic analysis. 
Transabdominal urethrolysis significantly reduced 
the abdominal leak point pressure, thereby con-
tributing to the induction of SUI; in contrast, ab-
dominal leak point pressure was significantly im-
proved by treadmill exercise. In addition, tread-
mill exercise significantly suppressed the SUI-in-
duced enhancement of c-Fos expressions in the 
MPA, vlPAG, and PMC. 

Conclusions

  Treadmill exercise might act as a supplement 
for the loss of supportive tissues or hinder atro-
phy of the intrinsic sphincter. The supply of sup-
portive tissues or the delay of smooth muscle 
atrophy by treadmill exercise could increase the 
abdominal leak point pressure and then suppress 
the activation of the MPA, vlPAG, and PMC, re-
sulting in the amelioration of SUI symptoms. Our 
present results suggest that treadmill exercise may 
be used as an effective therapeutic modality to 
ameliorate the symptoms of SUI. 

Conflicts of Interest:

  The authors have nothing to disclose.

References

 1) Holroyd-Leduc JM, Straus SE. Management of uri-
nary incontinence in women: clinical applications. 
JAMA 2004;291:996-9

 2) Saadoun K, Ringa V, Fritel X, Varnoux N, Zins M, 
Bréart G. Negative impact of urinary incontinence 

on quality of life, a cross-sectional study among 
women aged 49-61 years enrolled in the GAZEL 
cohort. Neurourol Urodyn 2006;25:696-702

 3) Handa VL, Harris TA, Ostergard DR. Protecting the 
pelvic floor: obstetric management to prevent incon-
tinence and pelvic organ prolapse. Obstet Gynecol 
1996;88:470-8

 4) Thom DH, van den Eeden SK, Brown JS. Evalua- 
tion of parturition and other reproductive variables 
as risk factors for urinary incontinence in later life. 
Obstet Gynecol 1997;90:983-9

 5) Conway DA, Kamo I, Yoshimura N, Chancellor MB, 
Cannon TW. Comparison of leak point pressure 
methods in an animal model of stress urinary 
incontinence. Int Urogynecol J Pelvic Floor Dysfunct 
2005;16:359-63

 6) Couture JA, Valiquette L. Urinary incontinence. Ann 
Pharmacother 2000;34:646-55

 7) Rickey LM, Sarkey S, DonCarlos LL. Estrogen-sensi-
tive projections from the medial preoptic area to the 
dorsal pontine tegmentum, including Barrington's 
nucleus, in the rat. Neurourol Urodyn 2008;27:440-5

 8) Tai C, Wang J, Jin T, Wang P, Kim SG, Roppolo 
JR, et al. Brain switch for reflex micturition control 
detected by FMRI in rats. J Neurophysiol 2009;102: 
2719-30

 9) Kavia RB, Dasgupta R, Fowler CJ. Functional imag-
ing and the central control of the bladder. J Comp 
Neurol 2005;493:27-32

10) Rizvi TA, Murphy AZ, Ennis M, Aston-Jones G, 
Shipley MT. Fos expression in rat pontine tegmen-
tal neurons following activation of the medial pre-
optic area. Brain Res 1998;789:256-62

11) Blok BF, Holstege G. Direct projections from the 
periaqueductal gray to the pontine micturition cen-
ter (M-region). An anterograde and retrograde trac-
ing study in the cat. Neurosci Lett 1994;166:93-6 

12) Sakakibara R, Hattori T, Yasuda K, Yamanishi T, 
Tojo M, Mori M. Micturitional disturbance in 
Wernicke's encephalopathy. Neurourol Urodyn 
1997;16:111-5

13) Hiroi N, Brown JR, Haile CN, Ye H, Greenberg ME, 
Nestler EJ. Fos B mutant mice: loss of chronic co-
caine induction of Fos-related proteins and height-
ened sensitivity to cocaine's psychomotor and re-
warding effects. Proc Natl Acad Sci U S A 1997;94: 
10397-402

14) Dragunow M, Faull R. The use of c-fos as a metabol-
ic marker in neuronal pathway tracing. J Neurosci 
Methods 1989;29:261-5

15) Saban MR, Nguyen NB, Hammond TG, Saban R. 
Gene expression profiling of mouse bladder in-
flammatory responses to LPS, substance P, and an-



148  IG Ko, et al.

Int Neurourol J October 2010

tigen-stimulation. Am J Pathol 2002;160:2095-110
16) Weidner AC, Barber MD, Visco AG, Bump RC, 

Sanders DB. Pelvic muscle electromyography of le-
vator ani and external anal sphincter in nulliparous 
women and women with pelvic floor dysfunction. 
Am J Obstet Gynecol 2000;183:1390-9 

17) Aukee P, Immonen P, Laaksonen DE, Laippala P, 
Penttinen J, Airaksinen O. The effect of home bio-
feedback training on stress incontinence. Acta 
Obstet Gynecol Scand 2004;83:973-7 

18) Bø K, Raastad R, Finckenhagen HB. Does the size 
of the vaginal probe affect measurement of pelvic 
floor muscle strength?. Acta Obstet Gynecol Scand 
2005;84:129-33

19) Phull H, Salkini M, Escobar C, Purves T, Comiter 
CV. The role of angiotensin II in stress urinary in-
continence: A rat model. Neurourol Urodyn 2007; 
26:81-8

20) Rodríguez LV, Chen S, Jack GS, de Almeida F, Lee 
KW, Zhang R. New objective measures to quantify 
stress urinary incontinence in a novel durable ani-
mal model of intrinsic sphincter deficiency. Am J 
Physiol Regul Integr Comp Physiol 2005;288: 
R1332-R1338

21) Cannon TW, Sweeney DD, Conway DA, Kamo I, 
Yoshimura N, Sacks M, et al. A tissue-engineered 
suburethral sling in an animal model of stress uri-
nary incontinence. BJU Int 2005;96:664-9

22) Kamo I, Cannon TW, Conway DA, Torimoto K, 
Chancellor MB, de Groat WC, et al. The role of 
bladder-to-urethral reflexes in urinary continence 
mechanisms in rats. Am J Physiol Renal Physiol 
2004;287:F434-F441

23) Kwon D, Kim Y, Pruchnic R, Jankowski R, Usiene 
I, de Miguel F, et al. Periurethral cellular injection: 

comparison of muscle-derived progenitor cells and 
fibroblasts with regard to efficacy and tissue con-
tractility in an animal model of stress urinary 
incontinence. Urology 2006;68:449-54

24) Sugaya K, Matsuyama K, Takakusaki K, Mori S. 
Electrical and chemical stimulations of the pontine 
micturition center. Neurosci Lett 1987;80:197-201

25) Blok BF, Holstege G. The pontine micturition cen-
ter in rat receives direct lumbosacral input. An ul-
trastructural study. Neurosci Lett 2000;282:29-32

26) Chung IM, Kim YS, Sung YH, Kim SE, Ko IG, Shin 
MS, et al. Effects of acupuncture on abdominal 
leak point pressure and c-Fos expression in the 
brain of rats with stress urinary incontinence. 
Neurosci Lett 2008;439:18-23

27) Tong L, Shen H, Perreau VM, Balazs R, Cotman 
CW. Effects of exercise on gene-expression profile 
in the rat hippocampus. Neurobiol Dis 2001;8: 
1046-56

28) Timofeeva E, Huang Q, Richard D. Effects of tread-
mill running on brain activation and the cortico-
tropin-releasing hormone system. Neuroendocrinology 
2003;77:388-405

29) Puntschart A, Wey E, Jostarndt K, Vogt M, Wittwer 
M, Widmer HR, et al. Expression of fos and jun 
genes in human skeletal muscle after exercise. Am 
J Physiol 1998;274:C129-C137

30) Hunskaar S, Arnold EP, Burgio K, Diokno AC, 
Herzog AR, Mallett VT. Epidemiology and natural 
history of urinary incontinence. Int Urogynecol J 
Pelvic Floor Dysfunct 2000;11:301-19

31) de Lira CA, Vancini RL, Ihara SS, da Silva AC, 
Aboulafia J, Nouailhetas VL. Aerobic exercise affects 
C57BL/6 murine intestinal contractile function. Eur 
J Appl Physiol 2008;103:215-23 


