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Purpose. We evaluated the effect of sulforaphane (SFN) treatment on the function and changes of expression of Nrf2-ARE pathway
in the bladder of rats with bladder outlet obstruction (BOO). Materials and Methods. A total of 18 male Sprague-Dawley rats at
age of 8 weeks were divided into 3 groups (6 of each): the sham operated group, the BOO group, and the BOO+SFN group. We
examined histological alterations and the changes of oxidative stress markers and the protein expression of the Nrf2-ARE pathway.
Results. We found that SFN treatment could prolong micturition interval and increase bladder capacity and bladder compliance.
However, the peak voiding pressure was lower than BOO group. SFN treatment can ameliorate the increase of collagen fibers
induced by obstruction. SFN treatment also increased the activity of SOD, GSH-Px, and CAT compared to the other groups. The
level of bladder cell apoptosis was decreased in BOO rats with SFN treatment. Moreover, SEN could reduce the ratio of Bax/Bcl-2
expression. Furthermore, SFN could activate the Nrf2 expression with elevation of its target antioxidant proteins. Conclusions. The
sulforaphane-mediated decrease of oxidative stress and activation of the Nrf2-ARE pathway may ameliorate bladder dysfunction

caused by bladder outlet obstruction.

1. Introduction

Benign Prostatic Hyperplasia (BPH) is a common prolifera-
tive disease in older men, and more than 30% of males over 60
years of age have some degree of bladder outlet obstruction
(BOO) due to BPH [1]. BPH clinically presents with lower
urinary tract symptoms (LUTS), such as urinary frequency,
urgency, nocturia, and urge incontinence, which usually
result in urinary tract infections and renal impairment. BOO
could induce significant structural and functional changes of
the bladder in both laboratorial and clinical researches [2].
However, the molecular mechanisms of how BOO leads to
bladder dysfunction remain unclear.

Increasing evidence has shown that cyclic ischemia/
reperfusion are major etiologic factors in the progression
of bladder dysfunction induced by BOO [3]. Ischemia/
reperfusion injury in the bladder could induce the genera-
tion of reactive oxygen species (ROS), such as superoxide

anions and hydroxyl radicals, and the resultant cellular
and subcellular membrane peroxidation [4]. Since ROS is a
pathogenic factor in the dysfunctional bladder, antioxidants
may be effective for treating bladder dysfunction secondary
to BOO. The administration of antioxidants has been shown
beneficial for ameliorating bladder dysfunction in animal
obstruction models [5, 6]. However, the exact mechanism has
not been clarified. Nuclear erythroid related factor 2 (Nrf2)
is a transcription factor involved in regulating the cellular
antioxidative responses and redox status by promoting the
expression of antioxidative genes through the antioxidant
response element (ARE) [7, 8]. Sulforaphane (SFN) is a
naturally occurring isothiocyanate that is present in cru-
ciferous vegetables such as broccoli. As a chemopreventive
compound, SFN has been studied for its antioxidative and
inflammatory properties. Its antioxidative ability is mediated
by Nrf2, which is bound to the Kelch-like ECH-associated
protein 1 (Keapl) in the cytoplasm under basal conditions.



SEN promotes Nrf2’s translocation into the nucleus and
then binding to ARE to induce expression of cytoprotec-
tive genes such as heme oxygenase-1 (HO-1), NAD(P)H:
quinone oxidoreductase 1 (NQOL). Such genes, in turn, play
a major role in the detoxification of ROS produced during
ischemia/reperfusion [9, 10].

Previous studies have indicated that the activation of Nrf2
pathway by SFN shows effective protection in various diseases
[10-13]. However, whether SEN could protect bladder tissue
by activating the Nrf2 pathway in the BOO model has not
been well defined.

In the study, we sought to clarify SEN’s role in amelio-
rating bladder dysfunction through a BOO rat model. In
addition, whether the Nrf2-ARE pathway was involved in
SEN’s protection of bladder function was also investigated.

2. Materials and Methods

2.1. Reagents and Antibodies. Sulforaphane was provided by
Cayman Chemical (USA). Anti-Nrf2, HO-1, and NQO1 anti-
bodies were obtained from Abcam (Cambridge, UK); anti-
bcl-2, Bax, PCNA, and GAPDH antibodies were acquired
from CST (Danvers, MA, USA); goat-anti-rabbit IgG-HRP,
goat-anti-mouse IgG-HRP, and DAB detection Kit were
obtained from DAKO. The TdT-mediated dUTP Nick-End
Labeling (TUNEL) Apoptosis Assay Kit was provided by
KeyGEN BioTECH (Nanjing, China). The BCA assay kit
was provided by Thermo Scientific. The nuclear protein
extraction kit was provided by Beyotime Institute of Biotech-
nology (Beijing, China). The malondialdehyde (MDA) assay
kit, total superoxide dismutase (SOD) assay kit, glutathione
peroxidase (GSH-Px) assay kit, and catalase (CAT) assay
kit were obtained from Nanjing Jiancheng Bioengineering
Institute (Nanjing, China).

2.2. BOO Model and Cystometry Preparation. 18 male
Sprague-Dawley (SD, 8 weeks old) rats weighing 180 to
200g were obtained from the Animal Center of Ninth
People’s Hospital of Shanghai Jiao Tong University School
of Medicine. All rats were housed three per cage in a room
under a 12 h light/dark cycle with free access to food and tap
water under the condition of 20-26°C with 40-60% relative
humidity. All experimental procedures were approved by the
Ethics Committee of Shanghai Jiao Tong University School of
Medicine.

The SD rats were randomly divided into three groups: the
sham-operated group (n = 6), the BOO group (n = 6), and
the BOO+SEN group (n = 6). The sham-operated group that
underwent a sham operation was used as the control group,
and BOO surgeries were applied to rats of the BOO group
and the BOO+SEN group according to the method described
previously [14]. Briefly, the rats were anesthetized with 10%
chloral hydrate (3 mL/kg, intraperitoneally) and then fixed
in a supine position. After sterilization with the iodine
cotton ball in the abdomen area, abdominal midline incision
(about 1.0cm) was made and the bladder and proximal
urethra were exposed. A 19-G needle was placed around
the proximal urethra, and proximal urethra was loosely tied
with the needle using 3-0 silk thread. The needle was then
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removed and incision was closed. Gentamycin (1mL/kg)
was given intramuscularly after surgery. Sham operations
were performed in an identical manner without tying the
silk thread. From the first day after operation, rats of the
BOO+SFEN group received daily intraperitoneally injections
of SFN (0.5mg/kg). Since SEN was dissolved in ethanol
and then diluted with PBS, rats of the sham group and
BOO group were given the same volume of PBS containing
ethanol. The following experiments were conducted four
weeks postoperation.

For the cystometric analysis in the rats of all groups,
a catheter was placed in the bladder three days before
cystometric analysis, as previously described [15, 16]. Briefly,
flaring the end of the polyethylene tubing 50 (PE-50) to
become a balloon serves as an anchor to maintain the tube
within the bladder. Rats were anesthetized as above; a 1 cm
incision was made on the dorsum between the scapulas. Then
we developed a plane between the skin and the underlying
muscle to create a tunnel around the ventral abdomen. After
an abdominal midline incision was made, we exposed the
bladder, grasped the smooth end of the PE-50 tubing with
the clamp, and pull it back through the dorsum incision. The
bulbed end was placed in the bladder dome and then the
purse string suture around the tubing was pulled tight. The
dorsal and abdominal incisions were closed and the animals
were subjected to cystometric analysis subsequently.

2.3. Cystometric Analysis. The conscious rats were placed in
a metabolic cage. For cystometry, the indwelling tubing was
attached to a two-way valve that was connected to a pressure
transducer as well as an infusion pump. We purged the system
of any air bubbles and ensured continuous flow from the
infusion pump. We infused saline into the bladder at a rate of
12mL/h at room temperature in all groups. The cystometric
parameters such as maximal pressure, bladder capacity, and
others were measured. The rats were euthanized after the
experiment and the bladder was collected for further study.

2.4. Histological Examination and Immunohistochemical
Staining. Bladders were fixed in 4% paraformaldehyde,
embedded in paraffin, and sectioned at 5pm. Bladder
sections were processed for hematoxylin and eosin (HE)
staining to observe general morphology. Masson trichrome
staining was performed to evaluate the level of tissue fibrosis.
Immunohistochemical staining was conducted as previously
described. Briefly, the sections were subjected to heat for
antigen retrieval with 10 mM sodium citrate buffer (pH 6.0).
The primary antibodies, secondary antibodies, and DAB
detection kit were used according to the manufacturer’s
instructions. Histological analysis was performed by two
pathologists in a blinded manner.

2.5. TUNEL Assay. The one-step TUNEL apoptosis assay
kit was used to measure the apoptosis level in the bladder
smooth muscle according to the manufacturer’s instructions.
Briefly, the sections were regularly hydrated and immersed
in 1% Triton X-100; then, the sections were incubated with
Proteinase K solution for 30 minutes. The sections were
reacted with TdT solution for 1 hour and Streptavidin-TRITC
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TABLE 1: Body and bladder weight before operation and at sacrifice.

TABLE 2: Outcomes of cystometric parameters in conscious rats.

Sham BOO BOO+SEN Sham BOO BOO+SFN
Body weight (g): Peak voiding pressure o ¢ 351 504+744% 4238 + 5.6
Preop 17167 £516 1754707  175+8.94 (cm H,0) )
4weekBOO 321674816 275+1414°  306.67 + 216" Capacity (mL) 105£0.27 385068 542+0.58
Bladder weight gog)l’han“ (Wllem 56614273 1137+176° 1852 +3.21%
(mg): >
4week BOO  125.67 +15.97 314.5 +78.03" 616.17 + 250.34"" ?friicrtl‘)“mon interval 3474048 224+038" 449 +0.74"

*Significantly different versus sham group (P < 0.05).
*Significantly different versus BOO group (P < 0.05).

solution for 30 minutes, respectively, in a humidified and dark
chamber. Finally, the sections were stained with DAPI for 10
minutes to stain cell nuclei. The apoptotic cells were observed
under a fluorescence microscope. The percentage of apoptotic
cells was measured.

2.6. Oxidative Stress Marker Determination. The oxidative
stress marker was conducted as previously described [17, 18].
The content of MDA, GSH-Px, total SOD, and CAT in the
bladder tissues was measured by spectrophotometry accord-
ing to the manufacturer’s protocols. Briefly, the MDA level
was detected using the thiobarbituric acid (TAB) method and
the maximum absorbance was at 532 nm. The measurement
of total SOD activity was based on the combination of
xanthine and xanthine oxidase, and the absorbance was
read at 550 nm. The GSH-Px activity was measured using
the enzyme-catalyzed reaction product (reduced glutathione)
and the absorbance was recorded at 412 nm. The CAT activity
was measured by the reaction of hydrogen peroxide with
ammonium molybdate, and the absorbance measurement
was done at 405 nm. Moreover, the MDA level in serum was
also measured.

2.7. Protein Extraction and Western Blotting. Three rats of
each group were randomly selected for western blotting.
Total protein was extracted from frozen bladder tissues by
trypan-blue in RIPA buffer containing protease inhibitors.
Muscles lysates were centrifuged at 10000 g/min at 4°C for
10 min, and the supernatant was collected and used as total
protein extracts. The nuclear protein was extracted accord-
ing to the manufacturer’s instructions of nuclear protein
extraction Kkit. Briefly, bladder tissues were cut in pieces
and homogenized in cytoplasm protein extraction reagent
containing protease inhibitors, the lysates were centrifuged at
10000 g/min at 4°C for 5 min, the precipitation was collected
and mixed with nucleoprotein extraction reagent for 30 min
on ice, the lysates were centrifuged at 10000 g/min at 4°C
for 10 min, and the supernatant was collected and used
as nuclear protein extracts. Protein concentrations were
measured by BCA protein assay. The samples were run on
10% SDS-polyacrylamide gels (20 pg/lane), and then, proteins
were transferred to PVDF membranes by electroblotting
(200mA). PVDF membranes were incubated in 5% BSA
for 2 hours at room temperature, followed by three 5-
minute washes in TBST. The PVDF membranes were then

*Significantly different versus sham group (P < 0.05).
*Significantly different versus BOO group (P < 0.05).

incubated overnight at 4°C with anti-Nrf2 (1:1000), HO-1
(1:1000), NQO1 (1:1000), bcl-2 (1:2000), Bax (1:2000), and
GAPDH (1:2000) antibodies. GAPDH was used as internal
normalizer. Then the membranes were washed three times
for 10 min in TBST and incubated with goat anti-rabbit
conjugated to horseradish peroxidase (1:2000) antibody for
2 hours and finally examined by chemiluminescence.

2.8. Statistical Analysis. All data are shown as mean + SD.
SPSS 16.0 was used to evaluate data. Differences between
groups were analyzed using one-way ANOVA with P < 0.05
considered significant.

3. Results

3.1. Effect of SEN on Body and Bladder Weight. Body weight
of rats was significantly lower in the BOO group than in the
sham-operated group and BOO+SFEN groups. The difference
was caused by a slower weight increase instead of weight loss.
The bladder weight in the BOO group was higher than that
in the sham-operated group. And the bladder weight in the
BOO+SEN group was higher than that in the BOO group
(Table 1). No other side effects were found.

3.2. Improvement of Cystometric Outcomes in Partially Bladder
Obstruction of Rats. The parameters of cystometry were
measured according to the urodynamic curve (Figure 1). The
bladder pressure was significantly increased in obstructed
rats relative to sham rats. However, the peak voiding pressure
of bladders in obstructed rats treated by SEN is lower than
obstructed rats at the 4-week time point. Bladder capacity was
significantly higher in BOO rats compared to sham rats. Rats
of the BOO+SFN group showed the highest bladder capacity
among all groups. Bladder compliance decreased significantly
at the 4-week time point after BOO. However, SFN treatment
rescued the compliance deterioration possibly via a massive
increase in bladder capacity. Moreover, we found that the
interval of micturition was shorter in BOO rats than in
sham rats. The micturition interval in BOO+SFN rats was
significantly increased compared to BOO rats (Table 2).

3.3. Effect of SEFN on BOO Induced Histological Changes
in Bladder Detrusor. HE staining showed that SFN had
some protective effect on BOO bladder (Figure 2(a)). BOO
caused obvious histological changes, such as the structural
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F1GURE 1: Effect of SFN on urodynamic changes in conscious BOO rats.

damage of detrusor smooth muscle. However, treatment with
SEN significantly alleviated these histological changes in the
bladders of BOO rats. The area ratio of collagen fibers was
43.55+0.86,48.40+2.25, and 44.13+1.64 in sham group, BOO
group, and BOO+SEN group, respectively. An increase of
collagen fibers in the muscular layer was observed in the BOO
group and this increase was suppressed in the BOO+SFN
group (Figures 2(b) and 2(c)).

3.4. Effect of SEN on Attenuating Oxidative Stress in BOO
Rats. The level of MDA, total SOD, GSH-Px, and CAT were
measured to evaluate the level of oxidative stress. Our results
showed that the content of MDA in bladder was significantly
increased in BOO rats compared to sham rats (2.32 + 0.33
versus 1.26 +0.24). However, the level of MDA was decreased
in BOO+SEN rats (1.31 + 0.49) (Figure 3(a)). The activities
of total SOD, GSH-Px, and CAT were significantly decreased
in BOO rats compared to sham rats (41.75 + 13.59 versus
126.73+£20.31; 164.46+20.64 versus 225.42+30.65; 2.80+0.37
versus 4.56 + 0.93), respectively. However, treatment with
SEN in BOO rats could significantly increase the total SOD,
GSH-Px, and CAT activities (Figures 3(c), 3(d), and 3(e)). The
MDA level in serum was also significantly elevated in BOO
rats (Figure 3(b)).

3.5. Effect of SEN on Cell Apoptosis and Proliferation in
the Bladder of BOO Rats. TUNEL staining was measured
to observe whether SEN had protective effects on the cell
apoptosis level of bladder (Figures 4(a) and 4(c)). The number
of apoptotic cells in the bladder of BOO rats was markedly
increased compared to sham rats (P < 0.001), whereas
SEN treatment decreased the number of apoptotic cell in
the bladder of BOO rats (P = 0.001). In accordance with
the result of TUNEL staining, western blotting showed that
the Bax/Bcl2 expression ratio was significantly increased in
the bladder of BOO rats; however, this ratio was decreased
in BOO+SEN rats (Figures 4(b) and 4(d)). Moreover, the
immunohistochemical staining of PCNA showed that SFN
did not cause obvious increase on cell proliferation in
BOO+SEN group compared to BOO group (Figure 4(e)).

3.6. Effects of SEN on Bladder via Activation of the Nrf2-ARE
Pathway. The transcription factor Nrf2 is a vital mediator
involved in regulating cellular antioxidative responses. As
SFN might be an activator of Nrf2, we investigated the effects
of SEN on the expression of Nrf2 and its downstream target
proteins. As shown in Figure 5(a), immunohistochemical
results demonstrated that the expression level of Nrf2 was
significantly higher in the muscular layers of the bladder in
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FIGURE 2: Effect of SEN on bladder histological changes in BOO rats. Original magnification x100. (a) HE staining in sham, BOO, and
BOO+SFN bladders; (b) Masson trichrome staining in sham, BOO, and BOO+SEN bladders; (c) the percentage of collagen fibers in muscular
layer in sham, BOO, and BOO+SEN bladders, “# = 6, P < 0.05 versus sham group, “n = 6, P < 0.05 versus BOO group.

the BOO+SFN group compared to the BOO group. More  Nrf2 was significantly increased in the bladder of BOO+SEN
importantly, the expression of Nrf2 was mainly located in the ~ group compared with the BOO group and the total Nrf2 was
nucleus of the bladder cells. The expression of Nrf2 in the cell ~ increased in the bladder of the BOO group compared to the
and nucleus was also measured by western blotting (Figures ~ sham group. However, the expression of Nrf2 in the nucleus
5(b) and 5(c)). The results showed that the expression of  showed no significant difference between the BOO group and
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FIGURE 3: Effects of SFN on attenuating oxidative stress in BOO rats. (a) MDA level in the bladder of the three groups, “n = 6, P < 0.05
versus sham group. “n = 6, P < 0.05 versus BOO group. (b) MDA level in serum of the three groups, “n = 5, P < 0.05 versus sham group.
(c) The activity of total SOD in the bladder of the three groups, *# = 6, P < 0.05 versus sham group. “n = 6, P < 0.05 versus BOO group. (d)
The activity of GSH-Px in the bladder of the three groups, “n = 6, P < 0.05 versus sham group. “n = 6, P < 0.05 versus BOO group. (e) The
activity of CAT in the bladder of the three groups, *n = 6, P < 0.05 versus sham group.

the sham group, and the level of Nrf2 in the nucleus was HO-1 and NOQL. As shown in Figures 5(a) and 5(d), the
markedly increased in the BOO+SFN group compared to the ~ expression of HO-1 was increased in the BOO+SEN group
BOO group. compared to the BOO group, which was consistent with

We then studied the antioxidative function of Nrf2 by  the result of Nrf2 expression in the nucleus. However, we
measuring the expression of its downstream target proteins, ~ found that the level of NQOLI in the BOO group was higher
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FIGURE 4: Effect of SEN on cell apoptosis and proliferation in BOO rats. (a) TUNEL staining showing the cell apoptosis level of the bladder
in the three groups. Original magnification x400. (b) The protein expression of Bax/Bcl2 ratio in the bladder of the three groups. (c) The
statistical results of TUNEL staining in the three groups. “n = 6, P < 0.001 versus sham group. “n = 6, P < 0.001 versus BOO group. (d) The
statistical results of protein expression of Bax/Bcl2 ratio in the bladder of the three groups. *P < 0.05 versus sham group. *P < 0.05 versus
BOO group. (e) The expression of PCNA by immunohistochemical staining in the three groups. Original magnification x200.

compared to the sham group,but lower than the BOO+SFN
group (Figure 5(e)).

4. Discussion

Evidences suggest that oxidative stress plays a critical role
in bladder outlet obstruction-mediated bladder dysfunction
[19]. Therefore, the development of new means to reduce
oxidative stress through inducing the endogenous phase 2
enzymes can be considerably attractive. The use of an appro-
priate animal model is of great significance for understanding
the factors responsible for the pathophysiological changes
of a disease. As our previous research proposed, PBOO-
induced bladder remodeling in a rat model is similar to that in
patients with BPH. In the present study, we found that our rat
model was a useful model to study structural and functional
alterations in the bladder.

In this study, we found that the weight of bladder was
significantly higher in the BOO rats when treated with
SEN compared to BOO rats. In order to reflect the real
situation more accurately, we performed urodynamic studies

in conscious rats. The cystometric parameters such as maxi-
mal pressure, bladder capacity, compliance, and micturition
interval were measured as reported [20]. We found that the
capacity, micturition interval, and compliance were signif-
icantly increased and the peak voiding pressure had some
extent of reduction by treatment with SFN in BOO rats. As
an activator of Nrf2, SFN has been shown to activate the
Nrf2 expression and its target antioxidant genes [21, 22].
The daily dose of 0.5mg/kg SFN in this study has been
proved effective in other’s research [23]. Moreover, in accord
with a previous study [24], the histological staining showed
that muscle bundles were severely damaged and collagen
deposition was increased in BOO rats. This increase was
suppressed after the 4-week treatment with SFN in BOO
rats. These results indicate an inverse relationship between
bladder compliance and collagen fibers and indicate that SFN
could protect rats against BOO-induced dysfunction and
morphological damage of the bladder.

In order to investigate whether SFN had antioxidant
activity in the bladder of BOO rats, we measured MDA levels
in the three groups. MDA level is used as an indicator of lipid
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FIGURE 5: Effect of SEN on the Nrf2-ARE pathway in BOO rats. (a) Immunohistochemical staining of Nrf2 and HO-1 in the bladder of
the three groups. Original magnification x200. (b) The protein expression of total Nrf2 in the bladder of the three groups. (c) The protein
expression of nuclear Nrf2 in the bladder of the three groups. (d) The protein expression of HO-1 in the bladder of the three groups. (e) The
protein expression of NQOI in the bladder of the three groups. * P < 0.05 versus sham group. “P < 0.05 versus BOO group.

peroxidation, as lipids in the cell membrane are destroyed to
generate MDA in an amount proportional to the degree of
tissue destruction. Our results showed that BOO significantly
increased the level of MDA in the bladder and serum.
However, the increase in the level of MDA was partially
suppressed in SEN treated BOO rats, which was consistent
with studies of other antioxidants, such as phytotherapeutic
agents [6]. The activities of redox status markers (total SOD,
GSH-Px, and CAT) were also measured. We found that the
activities of these markers were significantly decreased in
the bladder of the BOO group compared to the sham group;
however, SEN significantly enhanced their activities in BOO
rats, which is consistent with other literature [18]. These
results suggested that SFN could alleviate oxidative stress by
increasing the activities of antioxidative enzymes in BOO
rats.

Cell apoptosis is an important factor that leads to bladder
dysfunction in BOO model. In our previous study, the
number of apoptotic cells was significantly increased in the
BOO group compared to the sham group. Activation of the
Nrf2-ARE signaling pathway was reported to protect various
tissues against apoptosis [25, 26]. TUNEL staining results
showed that the treatment of SEN in BOO rats could signifi-
cantly decrease the number of apoptotic cells; in accordance
with this, we found that the expression of the Bax/BcI2 ratio
in the bladder was also decreased in BOO rats when treated

with SFN. These results suggested that SFN might protect
bladder against BOO-induced apoptosis via decreasing the
expression of Bax/Bcl2 ratio. Meanwhile, we also assessed
the effect of SEN on cell proliferation by PCNA staining.
The result showed that the level of cell proliferation was
significantly higher in the bladder of BOO rats. However, SEN
showed no obvious effect on cell proliferation in BOO+SEN
group compared to BOO group.

Many studies have shown that antioxidant could ame-
liorate bladder dysfunction in BOO rats [6, 16]. However,
the exact mechanism has not been clarified. The Nrf2-ARE
signaling pathway is known to exert antioxidative effects on
various diseases. SEN treatment can protect various tissues
against oxidative stress via the Nrf2-ARE signaling pathway
[10, 22]. Whether SFN could ameliorate bladder dysfunction
in BOO model has not yet been reported. In the present
study, we first reported the effect of SEN on the bladder of
BOO rats and changes of the Nrf2-ARE signaling pathway.
By immunohistochemical staining and western blot (Figures
5(a) and 5(b)), we found that the expression of Nrf2 protein in
the bladder of BOO rats with SEN treatment was significantly
increased compared to BOO rats. In addition, the Nrf2
expression in the nucleus was not significantly changed
between the BOO rats and the sham rats. However, the level of
Nrf2 in the nucleus was markedly increased in the BOO rats
when treated with SEN (Figure 5(c)). The result indicated that
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SEN could promote the transportation of Nrf2 into nucleus
and the transcription of its target antioxidant genes. We
next measured the expression level of HO-1 and NQOJI, the
downstream genes of Nrf2-ARE pathway by western blot. The
levels of HO-1 and NQOIL increased significantly in BOO
rats after SEN treatment. In addition, the changes of total
SOD, GSH-Px, and CAT activity were consistent with the
Nrf2 expression in the nucleus (Figures 3(c), 3(d), and 3(e)).
Above all, our results suggested that SFN could promote
Nrf2’s translocation into the nucleus and the expression of
its target antioxidant genes, which ameliorated the oxidative
stress in BOO rats.

Up to now, there is no standard protocol of when to
perform cystometry postoperation. In this study, we found
that an interval of 3 days is necessary for rats to recover from
the surgery, which was consistent with other’s report [16]. In
addition, we did not apply SEN gradients in the treatment,
as we found that the dose of 0.5 mg/kg had significantly pro-
tective effects on BOO rats in our preexperiments. Although
SFN is extracted from natural plants, the side effects should
be investigated in the future.

In conclusion, our study is the first to demonstrate that
SEN has significant protective effects against oxidative stress
and could ameliorate bladder dysfunction through activation
of the Nrf2-ARE pathway in the bladder of BOO rats. SFN can
alleviate pBOO-induced bladder injury via activating Nrf2
pathway and suppressing cellular apoptosis. Although there is
insufficient evidence to extrapolate results from fundamental
research to humans, our study could support the potential
application value of SFN as treatment of bladder dysfunction
associated with BPH and LUTS. These findings indicated
that Nrf2 activator might be recommended to protect against
bladder dysfunction in BOO related diseases.

Abbreviations

ARE: Antioxidant response element

BOO:  Bladder outlet obstruction

BPH: Benign Prostatic Hyperplasia

CAT: Catalase

GSH-Px: Glutathione peroxidase

HE: Hematoxylin and eosin

HO-1:  Heme oxygenase-1

Keapl:  Kelch-like ECH-associated protein 1
LUTS:  Lower urinary tract symptoms
MDA:  Malondialdehyde

NQOIl: NAD(P)H: Quinone oxidoreductase 1
Nrf2: Nuclear erythroid related factor 2
PE-50:  Polyethylene tubing 50

ROS: Reactive oxygen species

SD: Sprague-Dawley

SEN: Sulforaphane

SOD:  Superoxide dismutase

TUNEL: TdT-mediated dUTP Nick-End Labeling.

Competing Interests

The authors declare that they have no competing interests.

1

Authors’ Contributions

Chong Liu and Huan Xu contributed equally to this study.

Acknowledgments

This research was supported by Shanghai Pudong new area
health and family planning project (no. PW2013D-3), key dis-
ciplines group construction project of Pudong Health Bureau
of Shanghai (PWZxq2014-11), Program for Outstanding Med-
ical Academic Leader, and Speciality Construction Project
of Pudong Health and Family Commission of Shanghai (no.
PWZz2013-16).

References

[1] P. Boyle, C. Robertson, C. Mazzetta et al., “The prevalence
of lower urinary tract symptoms in men and women in four
centres. The UrEpik study;” BJU International, vol. 92, no. 4, pp.
409-414, 2003.

[2] C. Komninos and I. Mitsogiannis, “Obstruction-induced alter-
ations within the urinary bladder and their role in the patho-
physiology of lower urinary tract symptomatology, Journal of
the Canadian Urological Association, vol. 8, no. 7-8, pp. €524
€530, 2014.

[3] J.E. Greenland and A. E Brading, “The effect of bladder outflow
obstruction on detrusor blood flow changes during the voiding
cycle in conscious pigs,” The Journal of Urology, vol. 165, no. 1,
pp. 245-248, 2001.

[4] S. Matsumoto and H. Kakizaki, “Causative significance of blad-
der blood flow in lower urinary tract symptoms,” International
Journal of Urology, vol. 19, no. 1, pp. 20-25, 2012.

[5] A.Yildirim, B. Baseskioglu, H. E. Temel et al., “Effect of alipoic
acid and silymarin on bladder outlet obstruction,” Experimental
and Therapeutic Medicine, vol. 5, no. 2, pp. 596-602, 2013.

[6] M. Oka, T. Fukui, M. Ueda, M. Tagaya, T. Oyama, and M.
Tanaka, “Suppression of bladder oxidative stress and inflamma-
tion by a phytotherapeutic agent in a rat model of partial bladder
outlet obstruction,” Journal of Urology, vol. 182, no. 1, pp. 382-
390, 2009.

[7] J. W. Kaspar, S. K. Niture, and A. K. Jaiswal, “Nrf2:INrf2 (Keapl)
signaling in oxidative stress,” Free Radical Biology and Medicine,
vol. 47, no. 9, pp- 1304-1309, 2009.

[8] Y.-S. Keum and B. Y. Choi, “Molecular and chemical regulation
of the keapl-Nrf2 signaling pathway,” Molecules, vol. 19, no. 7,
pp- 10074-10089, 2014.

[9] C. S. Piao, S. Gao, G.-H. Lee et al., “Sulforaphane protects
ischemic injury of hearts through antioxidant pathway and
mitochondrial K,rp channels,” Pharmacological Research, vol.
61, no. 4, pp. 342-348, 2010.

[10] Y. Bai, W. Cui, Y. Xin et al., “Prevention by sulforaphane
of diabetic cardiomyopathy is associated with up-regulation
of Nrf2 expression and transcription activation,” Journal of
Molecular and Cellular Cardiology, vol. 57, no. 1, pp. 82-95, 2013.

[11] M. He, H. Pan, R. C.-C. Chang, K.-E. So, N. C. Brecha,
and M. Pu, “Activation of the Nrf2/HO-1 antioxidant path-
way contributes to the protective effects of lycium barbarum
polysaccharides in the rodent retina after ischemia-reperfusion-
induced damage,” PLoS ONE, vol. 9, no. 1, Article ID ¢84800,
2014.



12

(12]

(15]

(16]

(17]

[18

(20]

[21

[22]

[24]

[25]

C. E. Guerrero-Beltrdn, M. Calderén-Oliver, E. Tapia et al.,
“Sulforaphane protects against cisplatin-induced nephrotoxic-
ity;” Toxicology Letters, vol. 192, no. 3, pp. 278-285, 2010.

R. H. Sayed, W. K. B. Khalil, H. A. Salem, S. A. kenawy, and
B. M. El-Sayeh, “Sulforaphane increases the survival rate in rats
with fulminant hepatic failure induced by d-galactosamine and
lipopolysaccharide,” Nutrition Research, vol. 34, no. 11, pp. 982—
989, 2014.

S. Matsumoto, M. Watanabe, K. Hashizume et al., “Effects of
chronic treatment with cilostazol, a phosphodiesterase 3 inhi-
bitor, on female rat bladder in a partial bladder outlet obstruc-
tion model,” Urology, vol. 83, no. 3, pp. 675.€7-675.¢ll, 2014.

D. D. Tu, A. Seth, E. S. Gil, D. L. Kaplan, J. R. Mauney, and
C. R. Estrada Jr., “Evaluation of biomaterials for bladder aug-
mentation using cystometric analyses in various rodent mod-
els;” Journal of Visualized Experiments, no. 66, article 3981, 2012.
N. Miyazaki, O. Yamaguchi, M. Nomiya, K. Aikawa, and J.
Kimura, “Preventive effect of hydrogen water on the develop-
ment of detrusor overactivity in a rat model of bladder outlet
obstruction,” The Journal of Urology, vol. 195, no. 3, pp. 780-787,
2016.

S. Chen, Y. Zhu, Z. Liu et al., “Grape seed proanthocyanidin
extract ameliorates diabetic bladder dysfunction via the activa-
tion of the Nrf2 pathway,” PLoS ONE, vol. 10, no. 5, Article ID
e0126457, 2015.

C. M. Callaghan, C. Schuler, R. E. Leggett, and R. M. Levin,
“Effect of severity and duration of bladder outlet obstruction on
catalase and superoxide dismutase activity,” International Jour-
nal of Urology, vol. 20, no. 11, pp. 1130-1135, 2013.

M. Nomiya, K.-E. Andersson, and O. Yamaguchi, “Chronic
bladder ischemia and oxidative stress: new pharmacothera-
peutic targets for lower urinary tract symptoms,” International
Journal of Urology, vol. 22, no. 1, pp. 40-46, 2015.

B.-H. Choi, L.-H. Jin, K.-H. Kim et al., “Cystometric parameters
and the activity of signaling proteins in association with the
compensation or decompensation of bladder function in an ani-
mal experimental model of partial bladder outlet obstruction,”
International Journal of Molecular Medicine, vol. 32, no. 6, pp.
1435-1441, 2013.

S. Zhou, W. Sun, Z. Zhang, and Y. Zheng, “The role of Nrf2-
mediated pathway in cardiac remodeling and heart failure,” Oxi-
dative Medicine and Cellular Longevity, vol. 2014, Article ID
260429, 16 pages, 2014.

H.-Y. Yoon, N.-I. Kang, H.-K. Lee, K. Y. Jang, J.-W. Park, and
B.-H. Park, “Sulforaphane protects kidneys against ischemia-
reperfusion injury through induction of the Nrf2-dependent
phase 2 enzyme,” Biochemical Pharmacology, vol. 75, no. 11, pp.
2214-2223, 2008.

Y. Wang, Z. Zhang, W. Guo et al., “Sulforaphane reduction of
testicular apoptotic cell death in diabetic mice is associated with
the upregulation of Nrf2 expression and function,” American
Journal of Physiology-Endocrinology and Metabolism, vol. 307,
no. 1, pp. E14-E23, 2014.

N. Iguchi, A. Hou, H. K. Koul, and D. T. Wilcox, “Partial bladder
outlet obstruction in mice may cause E-cadherin repression
through hypoxia induced pathway,” The Journal of Urology, vol.
192, no. 3, pp. 964-972, 2014.

B. D. Sahu, U. K. Putcha, M. Kuncha, S. S. Rachamalla, and
R. Sistla, “Carnosic acid promotes myocardial antioxidant res-
ponse and prevents isoproterenol-induced myocardial oxida-
tive stress and apoptosis in mice,” Molecular and Cellular Bio-
chemistry, vol. 394, no. 1, pp. 163-176, 2014.

Oxidative Medicine and Cellular Longevity

[26] S.Chung, H. E. Yoon, S. J. Kim et al., “Oleanolic acid attenuates

renal fibrosis in mice with unilateral ureteral obstruction via
facilitating nuclear translocation of Nrf2,” Nutrition and Meta-
bolism, vol. 11, article 2, 2014.



MEDIATORS
INFLAMMATION

The Scientific Gastroenterology Fi o Journal of
World Journal Research and Practice Diabetes Research

Journal of International Journal of

Immunology Research Endocrinology

Hindawi

Submit your manuscripts at
http://www.hindawi.com

BioMed
Research International

PPAR Research

Journal of
Obesity

AL
@

Evidence-Based b ‘
Stem Ce' |S Complementary and - 4 < 3 = Journal of
International Alternative Medicine & Oncology

oot oume 014

Journal of

Ophthalmology

Parkinson’s
Disease

. <
l-r/

e .

: o .
Ly,

| i

Behavioural Oxidative Medicine and

Neu I’O|Ogy Research and Treatment Cellular Longevity

Computational and
Mathematical Methods
in Medicine




