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Qianlie Tongqiao Capsule (QTC) is clinically confirmed to be efficacious and safe in treating lower urinary tract syndromes and
bladder dysfunction that are induced by benign prostatic hyperplasia (BPH). However, the functional mechanisms of QTC remain
unclear. We aim to investigate the effects of QTC on both bladder weight and several growth factors in the bladder tissue of rats
with testosterone-induced BPH. BPH in the rats was established through bilateral orchiectomy and subcutaneous administration
of testosterone propionate (5 mg/kg) dissolved in corn oil. At the end of the study, all bladder tissues were collected and weighed,
and a histological examination was conducted using H&E staining. Immunohistochemistry and quantitative reverse transcription-
polymerase chain reaction (qRT-PCR) were applied to detect the expression of nerve growth factor (NGF), basic fibroblast growth
factor (bFGF), and transformation growth factor-𝛽1 (TGF-𝛽1) in the bladder tissue.The expression of Bcl-2 and Bax in the bladder
tissue was tested by Western Blot and qRT-PCR. We found that QTC, especially when administered in high-dosages, had a
significant inhibitory effect on bladder weight gain and overexpression of NGF, bFGF, and TGF-𝛽1 in rats with BPH. In addition,
QTC downregulated and upregulated protein and mRNA expression of Bcl-2 and Bax in the bladder after prostatic obstruction,
respectively. Furthermore, QTC balanced the Bcl-2/Bax ratio. Overall, these results reveal possible functional mechanisms of QTC
in treating BPH-caused bladder dysfunction, and further studies are needed.

1. Introduction

Benign prostatic hyperplasia (BPH), which causes bladder
outlet obstruction (BOO) and lower urinary tract symptoms
(LUTs), is increasingly prevalent among aging males [1].
Nearly 50% of men aged >50 years will have pathological
evidence of BPH, with the percentage increasing to >80%
as men reach an age of >80 years [1, 2]. The pathophysio-
logical mechanisms by which BPH leads to LUTs are still
vague, but it is known that an enlarged prostate plays a
role in BPH-induced BOO/LUTs. Nevertheless, even after
undergoing obstruction relief surgery such as prostatectomy,

many patients still report persistent storage symptoms [3–
6]. Accordingly, many scholars have turned their attention
to BPH/BOO-caused bladder damnification [7, 8]. Mirone
V. et al. called the detrusor an “innocent victim” of BOO
[7].Mechanical obstruction originated from benign prostatic
enlargement leads to a series of structural and functional
changes in bladder detrusor [1, 7].

The bladder hypertrophy and detrusor smooth muscle
cell hyperplasia that are caused by sustained pressure over-
load have been confirmed in both in vitro and in vivo
studies [9–13], and both bladder hypertrophy and detrusor
hyperplasia directly cause an increased bladder weight [7].

Hindawi
Evidence-Based Complementary and Alternative Medicine
Volume 2018, Article ID 5059267, 10 pages
https://doi.org/10.1155/2018/5059267

http://orcid.org/0000-0002-6633-4316
http://orcid.org/0000-0003-2988-5714
http://orcid.org/0000-0002-2319-3090
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2018/5059267


2 Evidence-Based Complementary and Alternative Medicine

This change in bladder mass could be deemed an index
of BPH progression, with a close correlation to the clini-
cal parameters of BPH/BOO/LUTs [14–16]. A clinical trial
showed that an 𝛼1-blocker, Tamsulosin, could significantly
improve BPH/LUTs accompanied by an obvious decrease in
the ultrasound-estimated bladder weight [16].

The involvement of several growth factors in the patho-
physiology of an obstructed bladder has been identified
[7, 17, 18]. BPH/BOO-induced changes of growth factors
in bladder tissue regulate the remodeling of the bladder
by various pathways and further impact bladder function.
Nerve growth factor (NGF) plays a critical role in devel-
opment neurobiology because of its important neuronal
functions [19]. Neuronal hypertrophy has been observed in
hypertrophic detrusors after partial BOO in rats, with an
increased expression of NGF reported to be a major factor
[20, 21]. In addition, a significant increase of NGF synthesis
in inflammatory tissues has been described in patients and
animal models [22], while the BOO-elicited inflammatory
response has been well established in the urinary bladder [23,
24]. Multifunctional basic fibroblast growth factor (bFGF)
is involved in the hypertrophic process of an obstructed
bladder [25]. It has been reported that the level of bFGF
gradually increases in rats with both mild and severe blad-
der -obstruction rats, and in vitro bFGF modulates both
proliferation of and collagen deposition in bladder smooth
muscle cells [25, 26]. Furthermore, bFGF may play a role
in the bladder overactivity associated with BPH through
modulating the gap junction intracellular communication
among bladder smooth muscle cells [27]. Transformation
growth factor-𝛽1 (TGF-𝛽1) has a critical role in regulating
cell growth, morphogenesis, differentiation, and apoptosis.
As a potent fibrogenic factor, TGF-𝛽1 increases extracellular
matrix accumulation by enhancing collagen synthesis and
inhibiting protease production [28]. In addition, the blockage
of TGF-𝛽1-mediated signaling would decrease BOO-induced
bladder hypertrophy, hyperplasia, and fibrosis [29, 30]. Fur-
thermore, TGF-𝛽1 plays a pivotal role in causing phenotypic
transformation of bladder smooth muscle cells in rats with
BOO [29]. Therefore, changes in TGF-𝛽1 may be predictive
in the evaluation of detrusor contractibility [26, 31]. In a
BOO rat model, a negative correlation between detrusor
contraction force and urine TGF-𝛽1 was detected [31].

Qianlie Tongqiao Capsule (QTC), a patented Chinese
drug, is composed of seven herbs, including Astragalus
mongholicus (Huang-qi), Semen cuscutae (Tu-si-zi), Aulasto-
mum gulo (Shui-zhi), Cinnamomum cassia (Rou-gui), Radix
linderae (Wu-yao), Semen amomi amari (Yi-zhi-ren), and
Radix achyranthis bidentatae (Huai-niu-xi). BPH/LUTs with
bladder dysfunction are considered to be “kidney deficiency
and blood stasis” from the perspective of traditional Chinese
medicine (TCM) [32–35]. QTC was identified to primarily
tonify the kidney and promote blood circulation and water
discharge. Clinically, QTC has significant therapeutic effects
on patients with BPH and BPH-related bladder dysfunction
[36, 37]. Previously, evidence-based results from a multicen-
ter, randomized controlled, double-blind clinical trial con-
ducted by Yunnan Provincial Hospital of Traditional Chinese
Medicine (First Affiliated Hospital of Yunnan University

of Traditional Chinese Medicine; Kunming, China), First
Affiliated Hospital of Kunming Medical University (Kun-
ming, China), and Kunming Municipal Hospital of Tradi-
tional Chinese Medicine (Third Affiliated Hospital of Yun-
nan University of Traditional Chinese Medicine; Kunming,
China) showed that QTC significantly improved interna-
tional prostate symptom scores (IPSS), quality of life (QoL)
scores, and the maximum flow rate (Qmax) and reduced
residual volume in patients with BPH [36].

QTC has been clinically used to improve BPH-induced
LUTs and bladder abnormalities. However, the functional
mechanisms of QTC remain unknown. This study aims
to investigate the effects of QTC on the bladder weigh,
expression of NGF, bFGF, TGF-𝛽1, and apoptosis-associated
factors in the bladder tissue of rats with testosterone-induced
BPH.

2. Materials and Methods

2.1. Animals and Grouping. A total of 40 adult male Sprague
Dawley rats of a specific pathogen-free grade and weighing
220 ± 10 g (8 weeks old) purchased from the Laboratory
Animal Center (Kunming Medical University, China) were
used for this study. All animal experiments were performed in
accordancewith theGuide for theCare andUse of Laboratory
Animals published by the National Institutes of Health. All
animal protocols were approved by the Institutional Animal
Care and Use Committee of Yunnan Provincial Hospital of
Traditional Chinese Medicine (Kunming, China). All the
rats were housed in a 12 h light/dark-cycle condition with
appropriately controlled temperature (21± 2∘C) and humidity
(30%∼70%) and acclimated for 1 week with free access to
standard laboratory food and water ad libitum. All the rats
were randomly divided into five groups: sham; model; and
low,middle, and high dosage treatment with QTC, with eight
animals in each group. Except for the sham group, the rats
in the other groups were induced as the BPH model via
castration with subcutaneous administration of testosterone
propionate (TP; Tianjin Kingyork Group Co., Ltd., China).

2.2. Model Establishment. The rats in the model and QTC-
treated groups underwent bilateral orchiectomy under asep-
tic conditions. The rats were anaesthetized with an intraperi-
toneal injection of 3% sodium pentobarbital (40 mg/kg;
Sigma-Aldrich, St. Louis, MO). The rats were then fixed on
the operating table, routinely disinfected, and their testicles
were removed from the scrotum.The stumps and the incision
were carefully ligated with 4-0 and 3-0 silk sutures, respec-
tively. The sham operation was performed without bilateral
orchiectomy. After a 1-week recovery period, BPH was
induced in the model and drug-treated rat groups through
daily subcutaneous injections of TP (5 mg/kg) dissolved in
corn oil (Sigma-Aldrich, St. Louis, MO) for 4 weeks. Animals
in the sham group received subcutaneous injections of only
corn oil following the same schedule.

2.3. Preparation and Application of Drugs. QTC was for-
mulated by Professor/Chief physician Chun-he Zhang, and
produced and quality-controlled by the pharmaceutical
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Table 1: Herbal ingredients of Qianlie Tongqiao Capsule (QTC).

Chinese name Full scientific name Part used Proportion
Huang-Qi (黃芪) Astragalus mongholicus Dried root 21.6%
Shui-Zhi (水蛭) Aulastomum gulo Dried body 4.3%
Tu-Si-Zi (菟絲子) Semen cuscutae Dried seed 14.4%
Rou-Gui (肉桂) Cinnamomum cassia Dried bark 21.6%
Wu-Yao (烏藥) Radix linderae Dried rhizome 21.6%
Yi-Zhi-Ren (益智仁) Semen amomi amari Dried fruit 5.7%
Huai-Niu-Xi (懷牛膝) Radix achyranthis bidentatae Dried root 10.8%

Time
1 week1 week 4 week 4 week

i ii iii iv

Figure 1: Experimental protocol for model establishment and treatment processes. (i) A time interval of 1 week for acclimation of the
rats and a total of 40 rats were randomly divided into 5 groups: sham, model, low, middle, and high dosage of Qianlie Tongqiao Capsule
(QTC), 8 rats in each group; (ii) a time interval of 1 week in which the sham group underwent sham surgery and the other groups received
bilateral orchiectomy, and then all the rats took a postoperation recovery; (iii) a time interval of 4 weeks for inducement of BPH through daily
subcutaneous injections of testosterone propionate (TP; 5 mg/kg) dissolved in corn oil (in the sham group, subcutaneous injections of only
corn oil); (iv) a time interval of 4 weeks for QTC treatment on the groups along with daily subcutaneous injections of TP (5 mg/kg) dissolved
in corn oil; the model group was orally force-fed with sterilized water along with daily subcutaneous injections of TP (5 mg/kg) dissolved in
corn oil; the sham group was orally force-fed with sterilized water along with daily subcutaneous injections of corn oil. Finally, all the rats
were euthanized.

preparation section of Yunnan Provincial Hospital of Tradi-
tional Chinese Medicine (Kunming, China). QTC (registered
approval number [Z]20120001A) comprised seven Chinese
herbs as represented in Table 1. The QTC powder appears
brown, smells spicy, and tastes slightly bitter. The QTC
powder was dissolved inwater and treatedwith high-pressure
sterilization to create solutions with a QTC concentration
of 5% (5 g/100 mL), 10% (10 g/100 mL), and 20% (20 g/100
mL). Following the 4-week inducement of BPH, the rat drug-
treatment groups received the different QTC dosages by
gavage along with subcutaneous injections of TP (5 mg/kg)
dissolved in corn oil for the next 4 weeks: low dosage, 0.38
g/kg/d with 5% QTC suspension; middle dosage, 0.76 g/kg/d
with 10% QTC suspension; high dosage, 1.52 g/kg/d with
20% QTC suspension). The rats of the sham and model
groups were orally force-fed with sterilized water along with
subcutaneous injections of corn oil alone or corn oil plus TP
(5 mg/kg), respectively (experimental protocol is shown in
Figure 1).

2.4. Collection and Weighing of Bladder. After the final treat-
ment, the rats fasted overnight and were euthanized group
by group through an intraperitoneal injection of sodium
pentobarbital (200 mg/kg). The bladders were immediately
and carefully transected from the bladder neck and washed
in 4∘C sterile phosphate buffered saline (PBS) for the removal
of residual blood and urine. After wiping away the residual
liquid with aseptic gauze, each bladder was weighed and
cut into two sections: one section was put into a freeze-
safe storage tube and stored in liquid nitrogen, and the
other section was fixed with 4% paraformaldehyde (Solarbio,
China) for further assays.

2.5. Histological and Immunohistochemical (IHC) Staining.
Excised bladder tissue samples were placed in 4% neu-
tral buffered formalin for 48 h at room temperature and
subsequently processed, embedded in paraffin, and sec-
tioned at 4 𝜇m. The sections were stained with hema-
toxylin and eosin (H&E), according to the manufacturer’s
protocol (Beyotime Institute of Biotechnology, China), for
histological evaluation. For the IHC staining, the sections
were deparaffinized, rehydrated, and retrieved with heat-
induced epitope retrieval. Endogenous peroxidase was inhib-
ited with 3% hydrogen peroxide and nonspecific antigens
were blocked with 5% bovine serum albumin (BSA; Sigma,
USA). Immunostaining was carried out by incubating the
tissue sections with NGF (1:250; Abcam, USA), bFGF (1:500;
Santa Cruz Biotech, USA) and TGF-𝛽1 (1:200; Abcam, USA)
antibodies overnight at 4∘C, rinsed with PBS, and incubated
with a biotinylated secondary antibody (diluted 1:1000). IHC
detection was performed with 3,3’-diaminobenzidine (DAB).
The slides were photographed using a Nikon Eclipse 80i
microscope (Nikon, Japan), and the images were captured
from each slide at 200x magnification.

2.6. Western Blot Analysis. Total proteins of the rat bladders
were determined using a BCA protein assay kit (Beyotime
Institute of Biotechnology, China) following the manufac-
turer’s protocol. Proteins were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and then trans-
ferred onto polyvinylidene difluoride membranes. After
blocking with Tris buffer solution containing 5% nonfat milk
for 1 h at 37∘C, the membranes were incubated overnight
at 4∘C with primary antibodies against Bcl-2 (1:2000), Bax
(1:1000), and 𝛽-actin (1:5000) (all antibodies from Abcam,
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Table 2: Primers for different target genes used in this study.

Gene Primers Product size (bp)

NGF Sense:ACAGATAGCAATGTCCCAGAGG 243
Anti-sense:ATCCAGAGTGTCCGAAGAGGTG

bFGF Sense:GAAGAGCGACCCACACGTCAAAC 67
Anti-sense:TCCCTTGATGGACACAACTCCTCTC

TGF-𝛽1 Sense:GAGAGCCCTGGATACCAACTACTGC 93
Anti-sense:CAACCCAGGTCCTTCCTAAAGTCAA

Bax Sense:GGTGGTTGCCCTTTTCTACTTTGC 113
Anti-sense:GGTGGTTGCCCTTTTCTACTTTGC

Bcl-2 Sense:GGGCTACGAGTGGGATACTGGAG 101
Anti-sense:CGGGCGTTCGGTTGCTCT

GAPDH Sense:CCTTCCGTGTTCCTACCCC 131
Anti-sense:GCCCAGGATGCCCTTTAGTG

Table 3: Effects of QTC on bladder weight and bladder index in TP-induced BPH rats.

Groups Body weight (g) Bladder weight (mg) Bladder index (mg/g)
Sham 403.7 ± 10.8 135.08 ± 7.04 0.333 ± 0.011
Model 393.7 ± 7.6 198.77 ± 4.04∗∗ 0.505 ± 0.007∗∗

QTC Low 409.7 ± 10.0 204.32 ± 6.53 0.498 ± 0.006
QTCMiddle 402.7 ± 9.0 183.17 ± 6.45 0.454 ± 0.006##

QTC High 412.8 ± 9.9 173.15 ± 5.83# 0.419 ± 0.009##

All data were presented as mean ± SEM, 8 rats in each group; bladder index was calculated as the bladder weight/body weight ratio. Compared to the sham
group, ∗∗P < 0.01, compared to the model group, #P < 0.05, and ##P < 0.01. QTC Low: low dosage of Qianlie Tongqiao Capsule, QTC Middle: middle dosage
of Qianlie Tongqiao Capsule, and QTC High: high dosage of Qianlie Tongqiao Capsule.

USA). After thorough washing, the blots were incubated
with horseradish peroxidase-conjugated secondary antibody
(1:1000 in skim milk). The protein signals were visualized
using QDYSSEY CLx Dual-Color Infrared Laser Imaging
system (LI-COR Biosciences, USA).

2.7. Quantitative Reverse Transcription-Polymerase Chain
Reaction (qRT-PCR) Assay. The frozen rat bladder detrusor
samples were ground in a precooled mortar. Total RNA
was extracted from the rat bladder detrusor samples using
TRIzol reagent (TIANGENBiotechCo., Ltd., China). Reverse
transcription was performed using the PrimeScript� RT
reagent kit with gDNA eraser (TaKaRa, China) according
to the manufacture’s protocol. The specific primer sequences
for RNA amplification were synthesized by Sangon Biotech
(Shanghai, China) and are listed in Table 2. Real-Time
PCR was performed using the ABI 7500 Real-Time PCR
Instrument. The expression levels of the target genes relative
to GAPDH were quantified following the 2-ΔΔCt formula.

2.8. Statistical Analysis. Statistical analysis was performed
by GraphPad Prism Version 6.00 for Windows (GraphPad
Software, Inc., USA). All data were expressed as the mean ±
standard error of the mean (SEM) and analyzed by one-way
ANOVAwith Tukey post hoc for multiple-group comparison.
Results were considered statistically different when the p
value was less than 0.05 and significantly different when the
p value was less than 0.01.

3. Results

3.1. Effects of QTC on BladderWeight and the Bladder Index in
Rats with TP-Induced BPH. Outflow obstruction caused by
BPH results in a durative increase in bladder weight and an
obvious reduction in bladder contractility, which are signs of
structural and functional changes in the obstructed bladder
[38]. Following a 4-week BPH-inducement phase, different
dosages of QTC were orally administered to the rats once
daily for 4 weeks and the sham and model groups were
deemed the negative and positive control, respectively. The
body weight and bladder weight of all rats were recorded, and
the bladder index was calculated as the bladder weight/body
weight ratio. All of the results are listed in Table 3. The
bladderweight and bladder indexwere significantly increased
(P < 0.01) in the model group compared to the sham group.
The QTC-treated groups showed different effects on bladder
weight and the bladder index compared with the model
group: low dosage of QTC (QTC Low) had no effect on
either bladder weight or the bladder index; middle dosage
of QTC (QTC Middle) had no effect on bladder weight but
significantly decreased the bladder index (P < 0.01); high
dosage of QTC (QTCHigh) had an obviously downregulated
effect on both bladder weight (P = 0.039) and the bladder
index (P < 0.01). There was no statistical difference in body
weight among all the groups.

3.2. Effect of QTC on Histomorphology of the Bladder in Rats
with TP-Induced BPH. In the rats with TP-induced BPH,
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Figure 2: Effect of QTC on histomorphology of the bladder in rats with TP-induced BPH. (A) sham group; (B) model group; (C) low
dosage QTC group; (D) middle-dosage QTC group; (E) high dosage QTC group. H&E staining was conducted, and representative results are
shown in photomicrographs A ∼ E (magnification × 50). The distance between the two black arrows in each photomicrograph denotes the
thickness of the detrusor smooth muscle.

H&E staining revealed a remarkable increase of detrusor
thickness. However, as shown in Figure 2, this phenomenon
was clearly alleviated in the high dosage QTC group.

3.3. Effects of QTC on NGF Expression Level in the Bladder
of Rats with TP-Induced BPH. Chronic BOO induced by
BPH can stimulate NGF production, and this increase in
NGF expression may be involved in bladder abnormalities
and may positively correlate with the severity of overactive
bladder [20, 39]. We collected bladder tissues at the end of
this study for further IHC and qRT-PCR to detect changes in
the NGF level among all the experimental groups. As shown
in the micropictures of Figure 3, the stained dots represent
NGF protein expression in bladder smooth muscle cells and
are notably increased in the model group (B) compared to
the sham group (A), while QTC treatment, especially a high
dosage of QTC (E), alleviated the expression. The level of
NGF mRNA was significantly elevated in the model group
(B) compared to the sham group (A) (P < 0.05), and a high
dosage of QTCmarkedly inhibited the expression (P = 0.032).
However, the suppressing effect of the middle dosage of QTC
on NGF mRNA expression was not statistically significant.

3.4. Effects of QTC on bFGF Expression Level in the Bladder of
Rats with TP-Induced BPH. Previous studies demonstrated
that bFGF has a regulatory effect on bladder smooth muscle
remodeling with alterations of collagen deposition and the
proliferation of bladder smooth muscle cells, and the bFGF
level increased steadily throughout the time period of the
obstruction, which may positively relate to the impairment
of detrusor contractility [25, 40]. The bFGF levels among

all groups in this study were detected by IHC and qRT-
PCR. As shown in micropictures of Figure 4, the stained dots
represent bFGF expression and are notably increased in the
model group (B) compared to the sham group (A), with the
expression suppressed by gradient-elevated QTC treatment,
especially the middle- and high-dosages (D & E). Consistent
with the IHC results, the expression of bFGF mRNA signif-
icantly increased in the model group (B) compared to the
sham group (A) (P < 0.01), but both the middle- and high-
dosages of QTCmarkedly inhibited it (P = 0.022, P = 0.012).

3.5. Effects of QTC on TGF-𝛽1 Expression Level in the Bladder
of Rats withTP-InducedBPH. It is known that TGF-𝛽1 plays a
key role in the progression of fibrosis, and the overexpression
of TGF-𝛽1 is involved in the pathophysiology of BPH/BOO-
induced bladder dysfunction [30, 41]. In this study, IHC
results (Figure 5) indicated that the stained range of TGF-𝛽1
in the model group (B) obviously exceeded the sham group
(A), while it was notedly reversed by the middle- and high-
dosages ofQTC (D& E). Also consistentwith the IHC results,
expression of TGF-𝛽1 mRNA is upregulated significantly in
the model group (B) compared to the sham group (A) (P <
0.01), but the middle- and high-dosages of QTC markedly
inhibited it (P = 0.047, P = 0.015).

3.6. Effects of QTC on the mRNA and Protein Level of Bcl-2
and Bax and the Bcl-2/Bax Ratio in the Bladder of Rats with
TP-Induced BPH. TheBcl-2 gene family is closely involved in
apoptosis pathways [42–44]. In our study, we investigated the
expression of Bcl-2 and Bax mRNA. As shown in Figure 6,
the levels of Bcl-2 mRNA and Bax mRNA are markedly
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Figure 3: Effect of QTC on NGF level in the bladder. (A) Sham group; (B) model group; (C) low dosage QTC group; (D) middle-dosage
QTC group; (E) high dosage QTC group. IHC analysis of NGF was conducted, and representative results are shown in photomicrographs
(magnification × 200, scale bar = 100 𝜇m). Relative expressions of NGF mRNA are exhibited as bar graphs, compared to (A), ∗P < 0.05;
compared to (B), #P < 0.05.
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Figure 4: Effect of QTC on bFGF level in the bladder. (A) Sham group; (B) model group; (C) low dosage QTC group; (D) middle-dosage
QTC group; (E) high dosage QTC group. IHC analysis of bFGF was conducted, and representative results are shown in photomicrographs
(magnification × 200, scale bar = 100 𝜇m). Relative expressions of bFGF mRNA are exhibited as bar graphs, compared to (A), ∗∗P < 0.01;
compared to (B), #P < 0.05.

upregulated and downregulated, respectively (P = 0.040, P
= 0.028), in the model group (B) compared to the sham
group (A). High-dosages of QTC (E) reversed the above-
mentioned changes (compared with B, P < 0.05). In addition,
the Bcl-2/Bax ratio wasmarkedly elevated in themodel group
(B) compared with the sham group (A) (P < 0.01), but this
elevation was significantly inhibited by high dosage QTC
(E) (P < 0.01). In a similar manner, the changes in protein

expression of Bcl-2 and Bax were consistent with the variety
of gene expressions.

4. Discussion

Structural and functional abnormalities of the bladder are
always secondary to the outlet obstruction caused by BPH
[7, 45]. Thus, casting more light on the bladder problems
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Figure 5: Effect of QTC on TGF-𝛽1 level in the bladder. (A) Sham group; (B) model group; (C) low dosage QTC group; (D) middle-dosage
QTC group; (E) high dosage QTC group. IHC analysis of TGF-𝛽1 was conducted, and representative results are shown in photomicrographs
(magnification × 200, scale bar = 100 𝜇m). Relative expressions of TGF-𝛽1 mRNA are exhibited as bar graphs, compared to (A), ∗∗P < 0.01;
compared to (B), #P < 0.05.
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Figure 6: Effects of QTC on the mRNA and protein level of Bcl-2 and Bax in the bladder. (A) Sham group; (B) model group; (C) low
dosage QTC group; (D) middle-dosage QTC group; (E) high dosage QTC group. Compared to (A), ∗P < 0.05 and ∗∗P < 0.01; compared to
(B), #P < 0.05 and ##P < 0.01.
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of patients with BPH is important and necessary. In terms
of drug treatment, 𝛼1-blockers, 5𝛼-reductase inhibitors, and
muscarinic receptor antagonists are clinically recommended
to treat LUTs that are induced by benign prostatic obstruction
[46, 47]. Nonetheless, while these drugs are effective, they
may cause some adverse events [47]. Meanwhile, although
patients with BPH can be asymptomatic [48] and impairment
of the bladder can be gradual, bladder abnormalities sugges-
tive of benign prostatic obstruction are always associatedwith
the clinical progression of BPH. Thus, both treatment and
prevention are critical for patients with BPH and LUTs.

TCM has established its own prevention-and-treatment
system that benefits thousands of people in China and
throughout the world [49]. TCM has advantages for the
treatment of BPH and LUTs and protecting bladder function,
and many scholars have carried out further studies to detect
the potential mechanisms [50–57]. TCM classifies BPH and
bladder abnormalities suggestive of BPH as “kidney defi-
ciency and blood stasis”, and this viewpoint is a consensus
among experts [33, 35]. QTC, a Chinese patented drug that
we researched in the present study, is a representative Chinese
formula consisting of seven herbs, which can tonify the
kidney and promote blood circulation and water discharge.
In our previous studies, QTC was validated as clinically
efficacious and safe in patients with BPH-related LUTs and
insufficient detrusor contractility [36, 37]. However, the
functional mechanisms of QTC remain unclear. Indeed, the
effective mechanisms of QTC should be complex and, in the
present study, we primarily investigated the regulatory effect
of QTC on bladder weight and several growth factors in the
bladder of rats with TP-induced BPH.

An increase in bladder weight is associated with the
progression of BPH and BOO [14–16], and this increase is the
result of a hyperplastic bladder caused by prostatic obstruc-
tion [7]. Our results showed that bladder weight and the
bladder index of rats with BPHwere significantly higher than
the sham group, and a high dosage of QTC had an obvious
inhibitory effect. A middle dosage of QTC also markedly
affected the bladder index, but its inhibitory effect on bladder
weight had no statistical difference compared to the model
group. Nevertheless, the present data shows that the dosage
level ofQTC influences bladderweight and the bladder index.
Additionally, we can speculate that the effect of QTC on
bladder weight may be associated with its inhibitory effect
on abnormal bladder hyperplasia, since bladder hyperplasia
is involved in the pathophysiology of BPH-induced changes
of bladder structure. It is known that the Bcl-2 gene family is
closely involved in apoptosis pathways [42–44]. Specifically,
Bcl-2 impedes cell apoptosis but Bax promotes it. As shown
in our results, Bcl-2 and BaxmRNAwere notably upregulated
and downregulated, respectively, in the bladder of rats with
BPH, but a high dosage of QTC reversed these changes
and simultaneously improved the Bcl-2/Bax ratio imbalance.
In our opinion, apoptosis and the proliferation of normal
bladder smooth muscle cells are under a dynamic balance
that is dependent on the normal structure and function
of the bladder. However, BPH and BOO can disrupt this
balance and lead to bladder hypertrophy and hyperplasia,
which are finally represented by an increased bladder weight,

especially in the compensatory period. Thus, we speculate
that the inhibitory effect of QTC on bladder weight is
associated with its ability to recover the balance between Bcl-
2 and Bax. However, the intervening mechanism needs to be
investigated further.

In the present study, we also focused on several growth
factors, such as NGF, bFGF, and TGF-𝛽1 that are reported to
be involved in the pathophysiological progression of bladder
dysfunction induced by BPH [7]. Our results showed that
protein and mRNA expression of NGF, bFGF, and TGF-
𝛽1 were elevated significantly in the bladder after prostatic
obstruction, which was consistent with the other scholars’
previous studies [21, 26, 29]. In addition, middle- and high-
dosages of QTC inhibited the expression of these growth
factors. However, the inhibitory effect of a middle dosage of
QTC on the NGF level was not statistically significant. In fact,
growth factors like NGF, bFGF, and TGF-𝛽1 implement their
physiological functions under normal conditions; however,
overexpression of NGF, bFGF, and TGF-𝛽1 in the bladder,
which is induced by BPH and BOO, evolves into a patho-
physiological condition. As the Chinese saying goes, “once a
certain limit is reached, a change in the opposite direction is
inevitable”. Our results indicate that the clinical effect ofQTC
on patients with BPH-caused LUTs and bladder dysfunction
may be associated with the regulation of these growth factors
by QTC to a modest level, but the specific pharmacological
mechanism needs to be clarified in a further study. Moreover,
animal experiments cannot be strictly representative of what
happens in the human bladder during prostatic obstruction,
which is a limitation of this study.

5. Conclusions

We found that QTC, especially taken at a high dosage,
had a significant inhibitory effect on bladder weight and
overexpression of NGF, bFGF, and TGF-𝛽1 in the bladder of
ratswithBPH. In addition,QTC regulatesmRNAandprotein
expression of Bcl-2 and Bax in the bladder after prostatic
obstruction. These results may reveal functional mechanisms
of QTC, but further studies are still needed.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors do not have any possible conflicts of interest.

Authors’ Contributions

Fan Zhao and Chun-he Zhang contributed equally to this
study.

Acknowledgments

The experiment was funded by the National Natural Science
Foundation of China (no. 81160443 to Chun-he Zhang, no.



Evidence-Based Complementary and Alternative Medicine 9

81774323 to Chun-he Zhang, and no. 81860853 to Chun-he
Zhang).

References

[1] B. Chughtai, J. C. Forde, D. D. Thomas et al., “Benign prostatic
hyperplasia,” Nature Reviews Disease Primers, vol. 2, p. 16031,
2016.

[2] S. J. Berry, D. S. Coffey, P. C. Walsh, and L. L. Ewing, “The
Development of Human Benign Prostatic Hyperplasia with
Age,”�e Journal of Urology, vol. 132, no. 3, pp. 474–479, 1984.

[3] Q. Yang, T. J. Peters, J. L. Donovan, T. J. Wilt, and P. Abrams,
“Transurethral incision compared with transurethral resection
of the prostate for bladder outlet obstruction: A systematic
review and meta-analysis of randomized controlled trials,” �e
Journal of Urology, vol. 165, no. 5 I, pp. 1526–1532, 2001.

[4] A. Tubaro, S. Carter, A. Hind, C. Vicentini, and L. Miano,
“A prospective study of the safety and efficacy of suprapubic
transvesical prostatectomy in patients with benign prostatic
hyperplasia,”�e Journal of Urology, vol. 166, no. 1, pp. 172–176,
2001.

[5] E. Mearini, M. Marzi, L. Mearini, A. Zucchi, and M. Porena,
“Open prostatectomy in benign prostatic hyperplasia: 10-year
experience in Italy,” European Urology, vol. 34, no. 6, pp. 480–
485, 1998.

[6] R. M. Kuntz and K. Lehrich, “Transurethral holmium laser
enucleation versus transvesical open enucleation for prostate
adenoma greater than 100 gm.: A randomized prospective trial
of 120 patients,”�e Journal ofUrology, vol. 168, no. 4 I, pp. 1465–
1469, 2002.

[7] V. Mirone, C. Imbimbo, N. Longo, and F. Fusco, “The Detrusor
Muscle: An Innocent Victim of Bladder Outlet Obstruction,”
European Urology, vol. 51, no. 1, pp. 57–66, 2007.

[8] F. Fusco, M. Creta, C. De Nunzio et al., “Progressive bladder
remodeling due to bladder outlet obstruction: A systematic
review of morphological and molecular evidences in humans,”
BMC Urology, vol. 18, no. 1, 2018.

[9] L. Preis, A. Herlemann, R. M. Adam, H.-G. Dietz, R. Kappler,
and M. Stehr, “Platelet derived growth factor has a role in
pressure induced bladder smooth muscle cell hyperplasia and
acts in a paracrine way,”�e Journal of Urology, vol. 194, no. 6,
pp. 1797–1805, 2015.

[10] K. M. Haberstroh, M. Kaefer, and R. Bizios, “Inhibition of
pressure induced bladder smooth muscle cell hyperplasia using
CRM197,” �e Journal of Urology, vol. 164, no. 4, pp. 1329–1333,
2000.

[11] N. Iguchi, A. P. Malykhina, andD. T.Wilcox, “Inhibition of HIF
reduces bladder hypertrophy and improves bladder function in
murinemodel of partial bladder outlet obstruction,”�e Journal
of Urology, vol. 195, no. 4, pp. 1250–1256, 2016.

[12] B. Uvelius, L. Persson, and A. Mattiasson, “Smooth muscle cell
hypertrophy andhyperplasia in the rat detrusor after short-time
infravesical outflow obstruction,” �e Journal of Urology, vol.
131, no. 1, pp. 173–176, 1984.

[13] M. A. Khan, N. Shukla, C. S. Thompson, F. H. Mumtaz, D. P.
Mikhailidis, and R. J. Morgan, “Endothelin-1 and urinary blad-
der hyperplasia following partial bladder outlet obstruction,”
Journal of Cardiovascular Pharmacology, vol. 36, no. 5, pp. S262–
S263, 2000.

[14] H. Miyashita, M. Kojima, and T. Miki, “Ultrasonic measure-
ment of bladder weight as a possible predictor of acute urinary

retention in men with lower urinary tract symptoms suggestive
of benign prostatic hyperplasia,” Ultrasound in Medicine &
Biology, vol. 28, no. 8, pp. 985–990, 2002.

[15] A. Tubaro, S. Mariani, C. De Nunzio, and R. Miano, “Bladder
weight and detrusor thickness as parameters of progression of
benign prostatic hyperplasia,” Current Opinion in Urology, vol.
20, no. 1, pp. 37–42, 2010.

[16] S. Milicevic, “Tamsulosin efficiency in treatment of benign pro-
static hyperplasia evaluated by determining bladder weight.,”
Medical Archives, vol. 66, no. 6, pp. 391–395, 2012.

[17] O. Yamaguchi, “Response of bladder smooth muscle cells to
obstruction: Signal transduction and the role of mechanosen-
sors,” Urology, vol. 63, no. 3, pp. 11–16, 2004.

[18] M.-W. Chen, L. Krasnapolsky, R. M. Levin, and R. Buttyan, “An
earlymolecular response induced by acuteoverdistension of the
rabbit urinary bladder,” Molecular and Cellular Biochemistry,
vol. 132, no. 1, pp. 39–44, 1994.

[19] S.O.Meakin andE.M. Shooter, “Thenerve growth factor family
of receptors,”Trends in Neurosciences, vol. 15, no. 9, pp. 323–331,
1992.

[20] W. D. Steers, S. Kolbeck, D. Creedon, and J. B. Tuttle, “Nerve
growth factor in the urinary bladder of the adult regulates neu-
ronal form and function,” �e Journal of Clinical Investigation,
vol. 88, no. 5, pp. 1709–1715, 1991.

[21] W. D. Steers, J. Ciambotti, B. Etzel, S. Erdman, and W. C.
de Groat, “Alterations in afferent pathways from the urinary
bladder of the rat in response to partial urethral obstruction,”
Journal of Comparative Neurology, vol. 310, no. 3, pp. 401–410,
1991.

[22] G. Minnone, F. De Benedetti, and L. Bracci-Laudiero, “NGF
and its receptors in the regulation of inflammatory response,”
International Journal of Molecular Sciences, vol. 18, no. 5, 2017.

[23] F. M. Hughes, H. M. Hill, C. M. Wood et al., “The NLRP3
inflammasome mediates inflammation produced by bladder
outlet obstruction,” �e Journal of Urology, vol. 195, no. 5, pp.
1598–1605, 2016.

[24] Y. Kanno, T. Mitsui, T. Kitta et al., “The inflammatory cytokine
IL-1𝛽 is involved in bladder remodeling after bladder outlet
obstruction in mice,” Neurourology and Urodynamics, vol. 35,
no. 3, pp. 377–381, 2016.

[25] M. Imamura, A. Kanematsu, S. Yamamoto et al., “Basic fibrob-
last growth factor modulates proliferation and collagen expres-
sion in urinary bladder smooth muscle cells,”American Journal
of Physiology-Renal Physiology, vol. 293, no. 4, pp. F1007–F1017,
2007.

[26] J. Chul Kim, S. Il Seo, Y. Hyun Park, and T. A. E. Kon Hwang,
“Changes in detrusor and urinary growth factors according to
detrusor function after partial bladder outlet obstruction in the
rat,”Urology, vol. 57, no. 2, pp. 371–375, 2001.

[27] M. Imamura, H. Negoro, A. Kanematsu et al., “Basic fibroblast
growth factor causes urinary bladder overactivity through gap
junction generation in the smooth muscle,”American Journal of
Physiology-Renal Physiology, vol. 297, no. 1, pp. F46–F54, 2009.

[28] C. M. Deveaud, E. J. Macarak, U. Kucich, D. H. Ewalt, W. R.
Abrams, and P. S. Howard, “Molecular analysis of collagens in
bladder fibrosis,”�e Journal of Urology, vol. 160, no. 4, pp. 1518–
1527, 1998.

[29] L. J. Duan, J. Qi, X. J. Kong et al., “MiR-133 modulates TGF-𝛽1-
induced bladder smooth muscle cell hypertrophic and fibrotic
response: Implication for a role of microRNA in bladder wall
remodeling caused by bladder outlet obstruction,” Cellular
Signalling, vol. 27, no. 2, pp. 215–227, 2015.



10 Evidence-Based Complementary and Alternative Medicine

[30] X. Jiang, Y. Chen, H. Zhu et al., “Sodium tanshinone IIA
sulfonate ameliorates bladder fibrosis in a rat model of partial
bladder outlet obstruction by inhibiting the TGF-𝛽/Smad path-
way activation,” PLoS ONE, vol. 10, no. 6, Article ID e0129655,
2015.

[31] B. Shi, Y. Zhu, V. Laudon, L. Ran, Y. Liu, and Z. Xu, “Alter-
ations of urine TGF-𝛽1 and bFGF following bladder outlet
obstruction: A predictor for detrusor contractibility?” Urologia
Internationalis, vol. 82, no. 1, pp. 43–47, 2009.

[32] C. Zhang, T. Chen, G. Qin, S. Ding, and Y. Li, “Correlation
between traditional Chinesemedicine syndrome differentiation
and urodynamic parameters in benign prostate hyperplasia,”
National Journal of Andrology, vol. 13, no. 2, pp. 185–188, 2007.

[33] C. Zhang, Y. Li, X. Pei, and G. Qin, “Consensus treatment of
benign prostatic hyperplasia based on kidney deficiency and
blood stasis,” Chinese Journal of Andrology, vol. 31, no. 1, pp. 59–
61, 2017.

[34] C. Zhang, Y. Li, G. Qin et al., “Study on the TCM syndrome
distribution of 540 patients with benign prostate hyperplasia,”
Journal of Traditional Chinese Medicine, vol. 53, no. 1, pp. 45–47,
2012.

[35] C. Zhang, Y. Li, P. X, and G. Qin, “Consensus on diagnosis and
treatment of benign prostatic hyperplasia with traditional Chi-
nese medicine,” Beijing Journal of Traditional Chinese Medicine,
vol. 35, no. 11, pp. 1076–1080, 2016.

[36] C. Zhang, Y. Li, G. Qin et al., “Clinical research on Qianlie
Tongqiao Capsule in treating benign prostatic hyperplasia with
kidney deficiency and stasis syndrome: A clinical observation
of 87 cases,” China Journal of Traditional Chinese Medicine and
Pharmacy, vol. 31, no. 10, pp. 4299–4302, 2016.

[37] C. Zhang, G. Qin, T. Chen, Y. Li, and S. Ding, “Clinical study
of treating the insufficiency of bladder detrusor dysfunction
following benign prostatic hyperplasia with Qianlie soluable
preparation,” Journal of Yunnan University of Traditional Chi-
nese Medicine, vol. 31, no. 2, pp. 37–42, 2008.

[38] 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 ratmodel of partial bladder
outlet obstruction,” �e Journal of Urology, vol. 182, no. 1, pp.
382–390, 2009.

[39] H. Hu, W. Zhang, X. Liu et al., “Nerve Growth Factor Levels
are Associated with Overactive Bladder Symptoms and Long-
Term Treatment Outcome after Transurethral Resection of the
Prostate in Patients with Benign Prostatic Hyperplasia,” �e
Journal of Urology, vol. 200, no. 3, pp. 620–625, 2018.

[40] Y. Zhu, B. Shi, Z. Xu et al., “Are TGF-𝛽1 and bFGF correlated
with bladder underactivity induced by bladder outlet obstruc-
tion?” Urologia Internationalis, vol. 81, no. 2, pp. 222–227, 2008.

[41] S. S. Islam, R. B. Mokhtari, Y. El Hout et al., “TGF-𝛽1 induces
EMT reprogramming of porcine bladder urothelial cells into
collagen producing fibroblasts-like cells in a Smad2/Smad3-
dependent manner,” Journal of Cell Communication and Signal-
ing, vol. 8, no. 1, pp. 39–58, 2014.

[42] X. M. Yin, Z. N. Oltvai, and S. J. Korsmeyer, “BH1 and BH2
domains of Bcl-2 are required for inhibition of apoptosis and
heterodimerization with Bax,” Nature, vol. 369, no. 6478, pp.
321–323, 1994.

[43] N. Thiruchelvam, P. Nyirady, D. M. Peebles, C. H. Fry, P.
M. Cuckow, and A. S. Woolf, “Urinary outflow obstruction
increases apoptosis and deregulates Bcl-2 and Bax expression
in the fetal ovine bladder,” �e American Journal of Pathology,
vol. 162, no. 4, pp. 1271–1282, 2003.

[44] W. J. Li, M.-K. Shin, and S.-J. Oh, “Time dependent bladder
apoptosis induced by acute bladder outlet obstruction and
subsequent emptying is associated with decreased MnSOD
expression and Bcl-2/Bax ratio,” Journal of Korean Medical
Science, vol. 25, no. 11, pp. 1652–1656, 2010.

[45] C. R. Chapple and C. G. Roehrborn, “A shifted paradigm
for the further understanding, evaluation, and treatment of
lower urinary tract symptoms in men: Focus on the bladder,”
European Urology, vol. 49, no. 4, pp. 651–658, 2006.

[46] F. Fusco, A. Palmieri, V. Ficarra et al., “𝛼1-Blockers Improve
Benign Prostatic Obstruction in Men with Lower Urinary
Tract Symptoms: A Systematic Review and Meta-analysis of
Urodynamic Studies,” EuropeanUrology, vol. 69, no. 6, pp. 1091–
1101, 2016.

[47] M. Oelke, A. Bachmann, A. Descazeaud et al., “EAU guidelines
on the treatment and follow-up of non-neurogenic male lower
urinary tract symptoms including benign prostatic obstruc-
tion,” European Urology, vol. 64, no. 1, pp. 118–140, 2013.

[48] K. M. C. Verhamme, J. P. Dieleman, G. S. Bleumink, J. L. H.
R. Bosch, B. H. C. Stricker, and M. C. J. M. Sturkenboom,
“Treatment Strategies, Patterns of Drug Use and Treatment
Discontinuation in Men with LUTS Suggestive of Benign
ProstaticHyperplasia:TheTriumphProject,” EuropeanUrology,
vol. 44, no. 5, pp. 539–545, 2003.

[49] D. Normile, “Asian medicine. The new face of traditional
Chinese medicine,” Science, vol. 299, no. 5604, pp. 188–190,
2003.

[50] F. Zhao, C. Zhang, and Y. Li, “Recent progress in the treat-
ment of benign prostatic hyperplasia with traditional Chinese
medicine,” Journal of Liaoning University of Tradtional Chinese
Medicine, vol. 18, no. 6, pp. 64–67, 2016.

[51] C. Zhang, T. Chen, Y. Li, M. Zheng, Y. Yang, and Q. Hai, “Study
on the effects of Qianlie Granules on isolatied bladder detrusor
muscle strips of rats,” Chinese Journal of Andrology, vol. 21, no.
5, pp. 19–21, 2007.

[52] H. Lai, B. Tan, Z. Liang et al., “Effect of the Chinese tra-
ditional prescription Suo Quan Wan on TRPV1 expression
in the bladder of rats with bladder outlet obstruction,” BMC
Complementary and Alternative Medicine, vol. 15, no. 1, article
no. 424, 2015.

[53] H. Lai, Q. Yan, H. Cao et al., “Effect of SQW on the bladder
function of mice lacking TRPV1,” BMC Complementary and
Alternative Medicine, vol. 16, no. 1, 2016.

[54] J. Sun, W. Shen, W. An, Q. Li, S. Qiu, and S. Jiang, “A Chi-
nese Medicine Formula “Xian-Jia-Tang” for Treating Bladder
Outlet Obstruction by Improving Urodynamics and Inhibiting
Oxidative Stress through Potassium Channels,” Evidence-Based
Complementary and Alternative Medicine, vol. 2017, Article ID
8147258, 2017.

[55] G. Chen, H. Liu, and F. Cheng, “Fangjihuangqi Tang improved
lower urinary tract dysfunction in benign prostatic hyperplasia
rats model,” Journal of Traditional Chinese Medicine, vol. 33, no.
3, pp. 349–354, 2013.

[56] E. Park, M.-Y. Lee, W.-Y. Jeon et al., “Inhibitory Effect of
Yongdamsagan-Tang Water Extract, a Traditional Herbal For-
mula, on Testosterone-Induced Benign Prostatic Hyperpla-
sia in Rats,” Evidence-Based Complementary and Alternative
Medicine, vol. 2016, Article ID 1428923, 8 pages, 2016.

[57] L. Liu, Y. Wan, A. Shen, J. Zhao et al., “miRNA Regulation
Network Analysis in Qianliening Capsule Treatment of Benign
Prostatic Hyperplasia,” Evidence-Based Complementary and
AlternativeMedicine, vol. 2015, Article ID 365484, 9 pages, 2015.


