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Abstract. Suo Quan Wan (SQW) has been used to treat 
lower urinary tract symptoms (LUTS) in elderly patients for 
hundreds of years in China. β‑adrenoceptors (β‑ARs), particu-
larly β3‑adrenoceptor (β3‑AR), was reported to be important 
in the bladder dysfunction of the elderly. The present study 
was conducted to explore the effect of β‑AR, and particularly 
the β3‑adrenoceptor, in aging rat bladder function in vitro and 
to test the therapeutic effect of SQW on LUTS in an aging 
rat model based on the β3‑adrenoceptor. Briefly, the bladder 

detrusor muscles of young (age, 3 months) and aging (age, 
15 months) female rats were separated. A β‑AR non‑selec-
tive agonist, isoprenaline (ISO), subtype β3‑AR agonist 
(BRL37344A) and β3‑AR antagonist (SR59230A) were used 
to define the tension change of detrusor muscles between 
young and aging rats in vitro. For blank controls, 12 young 
rats were marked, and 48 aging female rats were randomly 
divided into four groups as follows: Model, SQW high, SQW 
middle and SQW low. Following oral administration of SQW 
for 6 weeks in aging rats, urodynamic and bladder detrusor 
tests were used to evaluate the therapeutic effect of SQW. The 
expression of β3‑AR mRNA was investigated using reverse 
transcription‑quantitative polymerase chain reaction. Using 
ISO and BRL37344A in vitro, maximum relaxation (Emax), 
intrinsic activity (IA), and log (50% effective concentration) 
(PD2) were significantly decreased in aging rats compared 
with that in young rats (P<0.05). Significant changes were also 
observed in the β3‑AR antagonist experiment, which blocked 
ISO‑induced relaxation, with significant decreases observed 
in Emax, IA and PD2, and a significant increase observed in 
PA2 for the aging rats compared with the young controls 
(P<0.05). SQW was demonstrated to enhance bladder control, 
storage and contraction ability. Furthermore, SQW was able to 
increase the sensitivity and expression of β3‑AR in an aging 
rat. In conclusion, the decrease in β3‑AR sensitivity in aging 
rats and the expression resulted in bladder detrusor dysfunc-
tion. In addition, the therapeutic effect of SQW against LUTS 
relies on the former's effect on the urethral sphincter, bladder 
detrusor and β3‑AR.

Introduction

With increasing age, urinary urgency, with or without 
incontinence, and nocturia becomes a common problem to 
the elderly (1). The aging process affects bladder function 
and is a notable factor in the degeneration of the urinary 
tract smooth muscle. According to a urodynamic test, 
the maximum bladder capacity (MBC) in elderly people 
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(>60 years old) is reported to be higher than that in younger 
people (~40 years old), whereas the bladder leak point pres-
sure (BP), efficiency of voiding (EV), maximum urethral 
pressure (MUP), maximum urethral closure pressure 
(MUCP) and functional urethral length (FUL) are reported 
to decrease during the aging process (2,3). Evidence indi-
cates that 40% of 60‑year‑old women have lower urinary 
tract symptoms (LUTS), and epidemiological research 
reveals that advancing age is one of the major risk factors of 
LUTS (4). The current medicinal treatment of LUTS is based 
on available antimuscarinic agents, including oxybutynin 
and tolterodine. Although treatment of LUTS with these 
agents may be effective, their usage may lead to cognitive 
decline (5).

The urine storing and voiding function is based on the 
contractile and relaxant system of the bladder. Muscarinic 
receptors are the bladder's most important contractile 
system, whereas β‑adrenoceptor (β‑AR) is its most important 
relaxant (6). Given that the quantity and affinity of musca-
rinic receptors in the bladder do not change with aging, the 
declining number and lower sensitivity of the β‑AR appears 
to be the major pathological factor in an aging bladder (7). 
Three subtypes of β‑AR exist, namely, β1‑AR, β2‑AR and 
β3‑AR. The detrusor relaxant is primarily mediated via 
β3‑AR (8‑10). In the present study, an in vitro organ bath 
study was used to test the change in β3‑AR in aging rats.

Suo Quan Wan (SQW) is an ancient Chinese formula 
which consists of Lindera aggregata (Sims) Kosterm., fructus; 
Alpinia oxphylla Miq., radix; and Dioscorea opposita Thunb., 
rhizome, and has been widely used in China by people 
suffering from nocturnal enuresis, frequent or urgent urina-
tion. Recently, novel indications of SQW have been reported, 
such as in enuresis in children  (11,12), non‑urinary tract 
infection in elderly patients (13) and chronic prostatitis (14). 
Research has been conducted to determine the possible 
mechanism of SQW. Previous studies by the present authors 
have revealed that SQW is able to upregulate the expression 
of AVPR‑V2 and AQP‑2 (15). It has also been reported that 
SQW is able to regulate the synthesis of ALD (16). However, 
the correlation between SQW and aging‑related LUTS 
remains unknown. Therefore, the present study aimed to 
investigate the effect of β3‑AR in an aging bladder and to 
determine whether SQW has an effect on β3‑AR.

Materials and methods

Reagents. SQW was purchased from Hunan Hansen 
Pharmaceutical Co., Ltd. (Yiyang, China; lot no. 110602). 
Three plants were weighed in a ratio of 1:1:1, crushed into 
powder and then mixed evenly. Appropriate volumes of 
distilled water were used to make these powders into pills. 
According to the Chinese Pharmacopeia (17), assurance of 
quality control for SQW was validated, and linderane was the 
recorded reference standard of SQW. HPLC (data not shown) 
and TLC methods were used to test these SQW chemicals (18). 
Based on clinical usage, the Bios method (19) was used to 
calculate the equivalent dose, and this result was used as a 
middle dose (0.585 g/kg/day). Low (0.293 g/kg/day) and high 
(1.170 g/kg/day) doses were defined as a half and double of the 
equivalent dose, respectively.

Ethyl carbamate was purchased from Sinopharm Chemical 
Reagent Co., Ltd. (Shanghai, China; lot no. T20090312); 
isoprenaline (ISO) was obtained from Shanghai Harvest 
Pharmaceutical Co., Ltd. (Shanghai, China; lot no. 110102); 
BRL37344 was obtained from Tocris Bioscience (Bristol, 
UK; lot no.  4A/110044); SR59230A was obtained from 
Sigma‑Aldrich (Merck KGaA, Darmstadt, Germany; 
lot no. 010M4613  V); NaCl (lot no.  2010308), KCl (lot 
no.  20050905), MgSO4 (lot no.  2010315), KH2PO4 (lot 
no.  2010320), NaHCO3 (lot no.  20100129), C6H12O6 (lot 
no. 2011314) and CaCl2 (lot no. 2007328) were purchased from 
Tianjin Damao Chemical Reagent Factory (Tianjin, Tianjin 
Province, China). Chloroform (lot no. 20130601) and isopro-
panol (lot no. 20130410) were purchased from Guangzhou 
Chemical Reagent Factory (Guangzhou, China). In addition, 
all reagents used were of analytical grade.

Animals. A total of 12 young Sprague‑Dawley female rats (age, 
3 months) weighing 240‑280 g and 48 aging Sprague‑Dawley 
female rats (age, 15 months) weighing 320‑400 g, provided 
by the Laboratory Animal Center of Guangzhou University 
of Chinese Medicine (Guangzhou, China) were used in 
the present study. All rats were group‑housed in cages at a 
temperature of 24±2˚C with humidity of 50‑70%, ad libitum 
access to food and water and a 12‑h light/dark cycle. The trial 
was approved by Animal Experimental Ethical Inspection of 
Guangzhou University of Chinese Medicine.

Change of β‑AR function in aging rats
General preparations. After being acclimated to laboratory 
conditions for 1 week, young and aging female rats (12 rats 
from each group) were sacrificed by CO2 asphyxiation. Their 
bladders were isolated and placed in Krebs solution containing 
118 mmol/l NaCl, 4.75 mmol/l KCl, 1.18 mmol/l MgSO4, 
1.18 mmol/l KH2PO4, 24.8 mmol/l NaHCO3, 10.0 mmol/l 
C6H12O6, and 2.5 mmol/l CaCl2 (pH 7.40). After removing 
the vertex of each bladder, the mucosa, and the organization 
below the mucosa, the body of the bladder was longitudi-
nally opened. An 8x3 mm detrusor strip was harvested and 
suspended in a bath (cat. no. ML0126/10; ADInstruments Pty, 
Ltd., Bella Vista, Australia) containing Krebs solution at 37˚C 
and continuously supplied with a mixture of O2 (95%) and CO2 
(5%). The detrusor strip was connected to a tension sensor (cat. 
no. MLT0210/D; ADInstruments Pty, Ltd.), which was linked 
to a biological signal amplifier (cat. no. ML221; ADInstruments 
Pty, Ltd.). The tension generated by the detrusor strip was 
measured and recorded using an eight‑channel biological 
function recording system (cat. no. ML870; ADInstruments 
Pty, Ltd.). Prior to the experiment, the detrusor strips were 
stabilized for 30 min in a bath containing Krebs solution.

Role of the β‑AR in detrusor strip relaxation. Following 
adjusting the detrusor strip to a tension of 1.0 g, the strip 
was stabilized for 30 min. Thereafter, KCl was added in the 
bath to a final concentration of 40 mmol/l before reaching 
an equilibrium state in 30 min, and the strip tension was 
recorded (20‑22). According to the cumulative concentration 
effect experiment (23), ISO, which is a β‑AR agonist, was 
cumulatively added into the bath to final concentrations of 
10‑10, 10‑9, 10‑8, 10‑7, 10‑6, 10‑5 and 10‑4 M, with a 5‑min interval 
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for each concentration, and the tension under each ISO 
concentration was recorded. The process was repeated thrice, 
and the mean reading was taken. In addition, the detrusor strip 
was washed and stabilized with Krebs solution at 37˚C prior 
to each experiment. The following formula was used for the 
calculations of the effect of maximum relaxation (Emax):

Emax=(NC‑NX)/NCx100%, where NC is the tension prior 
to adding ISO, NX the tension after adding agonist and Emax is 
the percentage of the tension under the maximum ISO concen-
tration and initial tension.

In addition, the intrinsic activity (IA) was calculated using 
the following formula:

IA=Emax(experimental group)/Emax (control group)

Furthermore, 50% effective concentration (EC50) was 
calculated based on the cumulative concentration effect curve 
determined by Powerlab in LabChart version  8 software 
(ADInstruments Pty, Ltd.) and was presented as the following 
equation: PD2=‑log (EC50). All data were presented using 
Powerlab software.

Relaxation effect of the β3‑AR agonist on the detrusor strip. 
The method used was the same as the test for the role of β‑AR 
in detrusor strip relaxation. The Emax, IA, and PD2 values of the 
β3‑AR agonist (BRL37344) were determined.

β3‑AR antagonist blocked the ISO‑caused relaxation in the 
detrusor strip. The detrusor strip was adjusted to a tension of 
1.0 g and stabilized for 30 min in the bath. KCl was added 
to a final concentration of 40 mmol/l, which was stabilized 
for 30  min. Afterwards, the detrusor strip tension was 
recorded (24). The β3‑AR antagonist SR59230A was added 
into the bath to concentrations of 0, 10‑7, 10‑6 and 10‑5 M. Under 
each concentration of SR59230A, the ISO was cumulatively 
added into the bath to concentrations of 10‑10, 10‑9, 10‑8, 10‑7, 
10‑6, 10‑5 and 10‑4 M, with a 5‑min interval for each ISO 
concentration, and the tension of each ISO concentration was 
recorded. The strip was washed and stabilized with Krebs solu-
tion at 37˚C between each concentration of SR59230A. The 
PD2 value of ISO under each concentration of SR59230A was 
determined by Powerlab software, and a concentration‑effect 
curve was obtained.

The detrusor strip was adjusted to a tension of 1.0 g, and 
the cumulative concentration effect experiment on ISO was 
performed. After the maximum relaxant effect was obtained, 
the strip was washed and incubated in Krebs solution at a 
temperature of 37˚C until equilibrium was reached. SR59230A 
was added at 10‑6 M into the bath, and the cumulative concentra-
tion effect experiment of ISO was repeated. Emax, IA, PD2 and 
PA2 values were then compared. In the following formula (25) 
PA2 denotes the intensity of competitive antagonist:

PA2=‑log [X]
X=10‑PD2 (After)/10‑PD2 (Before)

Effect of SQW on urodynamic change in aging rats
General preparations. After being acclimated to laboratory 
conditions for 1 week, young rats were marked as a blank 
control (n=12), whereas aging rats were randomly divided into 

4 groups (n=12 in each), including the model group (admin-
istered water) and the groups that were administered with 
low, middle and high dosages of SQW. Water and SQW was 
administrated orally, once daily for 6 weeks.

Urodynamic test. Rats were administered anesthesia intra-
peritoneally using 10% ethyl carbamate (0.8 g/kg), and their 
bladders were emptied. A bladder piezometric and water 
infusion tube that was connected with a WZ‑50C6 microin-
jection pump [cat. no. WZ‑50C6; Smiths Medical Instrument 
(Zhejiang) Co., Ltd., Hangzhou, Zhejiang Province, China] 
was inserted into the urethra of the rats. The abdominal 
pressure tube was inserted 4 cm into the rectum, and the 
bladder piezometric tube, microinjection pump and abdominal 
pressure tube were connected to the urodynamic detector 
(cat. no.  94‑R01‑BT; Delphis; Laborie, Mississauga, ON, 
Canada) (26).

Normal saline was infused into the bladder at a speed of 
0.5 ml/min, and the infusion was stopped if leaking from the 
urethra was observed. BP, maximum voiding pressure (MVP), 
FUL, MUP and MUCP were then measured. In addition, the 
post‑void residual (PVR) was recorded using a 1 ml injector to 
collect the remaining urine in the bladder. The MBC, voiding 
volume (VV), EV and bladder capacity (BC) were calculated 
using the following formula:

MBC=infusion time x infusion speed
VV=MBC‑PVR
EV=VV/MBC
BC=MBC/BP

Normal saline was again infused into the bladder, and the 
epigastrium was gently pressed via the Valsalva method (27) 
when the injection volume in the bladder reached half of the 
MBC. The pressure was recorded as the abdomen leak point 
pressure (ALPP) if leaking from the urethra was observed. 
Furthermore, the entire process was repeated twice, and the 
mean of each parameter was determined.

Effect of SQW on the β‑AR in aging rats. Following the urody-
namic test, rats were sacrificed by CO2 asphyxiation, and the 
detrusor strips were harvested and used for the β‑AR function 
test detailed above.

Effect of SQW on β3‑AR mRNA expression. Following sacrifice, 
40 mg of bladder tissue was isolated to quantify β3‑AR mRNA 
using reverse transcription‑quantitative polymerase chain reac-
tion (RT‑qPCR). RNA extraction was performed using TRIzol 
reagent (Thermo Fisher Scientific, Inc., Waltham, MA, USA), 
according to the manufacturer's instructions. Briefly, samples 
were homogenized, incubated at room temperature for 5 min, 
and 0.2 ml chloroform per 1 ml TRIzol was added. Following 
centrifugation at 12,000 x g for 10 min (4˚C), the supernatants 
were removed to a new tube and a 2‑fold volume of isopropanol 
was added to precipitate the mRNA. Subsequent to freeze 
centrifugation, the mRNA precipitation was dissolved in 
RNase‑free water. The mRNA concentration was measured at 
an absorbance of 260 nm, and the purity was evaluated via the 
A260/A280 ratio (BioSpec‑nano; Shimadzu Corp., Kyoto, Japan). 
mRNA samples (1 µg) were then used for the RT reaction 
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using a RevertAid First Strand cDNA Synthesis kit (Thermo 
Fisher Scientific, Inc.), according to the manufacturer's 
instructions. The RT reaction was performed at 42˚C for 1 h 
and 70˚C for 5 min. In addition, a Maxima SYBR‑Green/ROX 
qPCR Master Mix kit (Thermo Fisher Scientific, Inc.) was 
used for qPCR, according to the manufacturer's instructions. 
The primers used were as follows: β3‑AR forward, 5'‑GGG​
CCA​CAT​TGG​CGC​TGA​CT‑3' and reverse, 5'‑TGG​GTG​TCC​
CGA​CTGT‑3'; and GAPDH forward, 5'‑TGC​TGG​GGC​TGG​
CAT​TGC​TC‑3' and reverse, 5'‑CCC​CAG​GCC​CCT​CTG​TTG​
T‑3'. In addition, the cycle profile was set to 95˚C for 15 sec; 
60˚C for 30 sec; 72˚C for 15 sec and for 40 cycles. Data were 
then analyzed using the 7500 Real‑Time PCR System software 
version 2.0.6 (ABI 7500; Applied Biosystems; Thermo Fisher 
Scientific, Inc.), and the results were quantified using the 2‑ΔΔCq 
method (28).

Statistical analysis. Data are presented as the mean ± stan-
dard deviation and were analyzed using a one‑way analysis 
of variance for multiple experiment groups. All statistical 
analyses were performed with SPSS 19.0 software (IBM 
SPSS, Armonk, NY, USA). P<0.05 was considered to indicate 
a statistically significant difference.

Results

Bladder detrusor change in aging rats
Relaxant effect of the β‑AR agonist ISO on the detrusor strip. 
As shown in Table I, significantly lower Emax, IA and PD2 values 
were observed in aging rats compared with young controls. 
Given that PD2 represents the affinity between an agonist and a 
receptor, this result indicated the lower sensitivity and affinity 
of the detrusor receptor to the β‑AR agonist in aging rats.

Effect of the β3‑AR agonist BRL37344 on the relaxation of 
detrusor strip. As shown in Table II, the Emax, IA and PD2 
of the β3‑AR agonist in the model group were significantly 
lower than those in the young control group, indicating that the 
sensitivity or the number of β3‑AR was significantly decreased 
in aging rats.

Influence of subtype β3‑AR SR59230A antagonist on the 
detrusor strip. As the concentrations of the β3‑AR antago-
nist increased, the PA2 values of ISO markedly increased, 
whereas the PD2 values decreased (Table III). This observa-
tion indicated the blocking effect of the β3‑AR antagonist on 
ISO‑induced relaxation in the detrusor strip.

As shown in Table IV, in the presence of SR59230A, Emax, 
IA, and PD2 of ISO in aging rats were significantly lower than 
those of ISO in young controls. However, PA2 was significantly 
higher in the aging rats in comparison to the value in the young 
controls. These results indicated that less β3‑AR antagonist 
was recruited to reach the same antagonistic level in aging 
rats, as compared with young rats.

Effect of SQW in aging rats
Effect of SQW on ISO‑induced relaxant on the detrusor 
strip. As shown in Table  V, significantly lower Emax, IA 
and PD2 values were observed in aging rats in the model 
group compared with the young control group. Following 

administration, the middle and high doses of SQW signifi-
cantly reversed this decrease.

Effect of SQW on BRL37344‑induced relaxant on the detrusor 
strip. As shown in Table VI, compared with young controls, 
a significant decrease in Emax, IA and PD2 of BRL37344 was 
observed in the model group. These decreases were signifi-
cantly reversed by administration of SQW.

Effect of SQW on SR59230A‑induced inhibition on detrusor 
strip. As shown in Table VII, following the administration 
of SR59230A (10‑6 M), the inhibitory effect of the model 
group was significantly higher than that of the young control. 
Compared with the model group, the PA2 of the middle‑ and 
high‑dose SQW groups was significantly decreased.

Effect of SQW on bladder function in aging rats. As shown in 
Fig. 1A‑D, prior to administration of SQW, the BP, ALPP EV 
and MVP values of the model group were significantly lower 
than those of the young controls, and no significant difference 
was observed between the model and SQW groups. Following 
administration for 6 weeks, the BP, ALPP, EV and MVP of 
rats in the three SQW groups significantly increased compared 
with the model group. In addition, the three dosages of SQW 
were able to significantly raise BP, ALPP, EV and MVP levels 
compared with levels prior to SQW administration.

As shown in Fig. 1E and F, prior to SQW administration, 
MBC and VV in the model group were significantly higher 
than those in the young control group, and no difference was 
shown in MBC and VV between the model and SQW groups. 
Following administration for 6 weeks, the three dosages of 

Table II. Influence of BRL37344 on detrusor strip relaxation.

Group	 Emax	 IA	 PD2

Young	 33.70±11.12	 0.50±0.17	 6.28±0.66
controls
Model group	 25.19±7.81a	 0.39±0.12a	 5.71±0.56a

(aging rats)

Data are expressed as mean  ±  standard deviation, n=12. aP<0.05 
vs. young control. Emax, effect of maximum relaxation; IA, intrinsic 
activity; PD2, log (50% effective concentration).

Table I. Relaxant effect of isoprenaline on detrusor strip.

Group	 Emax	 IA	 PD2

Young	 62.69±8.23	 0.97±0.13	 6.17±0.31
controls
Model group	 52.59±7.99a	 0.81±0.12a	 5.59±0.32a

(aging rats)

Data are expressed as mean ± standard deviation, n=12. aP<0.01 vs. 
young controls. Emax, effect of maximum relaxation; IA, intrinsic 
activity; PD2, log (50% effective concentration).
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SQW were able to significantly increase the MBC and VV of 
rats.

As shown in Fig. 1G and H, BC and PVR were significantly 
higher in aging rats than in young controls prior to SQW 
administration, and no significant difference was observed 
between the medicine and the model groups. Following 
administration for 6 weeks, the three dosages of SQW exhib-
ited no significant effect on BC. However, SQW at a high dose 
was able to significantly degrade PVR.

Effect of SQW on sphincter function in aging rats. As shown 
in Fig. 2A and B, prior to SQW administration, the MUCP and 
MUP in the model group were significantly lower than those 
in the young control group, and no significant difference was 
observed in the three groups of SQW. Following administration 
for 6 weeks, SQW at all three dosages was able to significantly 
increase MUCP and MUP. In addition, compared with the 
levels prior to administration, low‑, middle‑ and high‑dosage 
SQW could significantly increase the rats' MUCP and MUP.

Table III. Blocking effect of SR59230A in different concentrations on isoprenaline‑induced relaxation in the detrusor strip.

Metric	 0 M	 10‑7 M	 10‑6 M	 10‑5 M

PD2	 6.230±0.296	 5.513±0.067a	 5.051±0.058a,b	 4.952±0.314a‑c

PA2	‑	  7.004±0.274	 7.115±0.266b	 7.218±0.378b,c

Data are expressed as mean ± standard deviation, n=12. aP<0.01 vs. 0 M; bP<0.05 vs. 10‑7 M; cP<0.05 vs  bb10‑6 M. PD2, log (50% effective 
concentration); PA2, intensity of competitive antagonist.

Table IV. Influence of SR59230A on the relaxant effect of isoprenaline on detrusor strip.

Group	 Emax	 IA	 PD2	 PA2

Young control	 56.06±8.66	 0.85±0.14	 5.70±0.36	 6.12±0.28
Model group (aging rats)	 46.02±9.52b	 0.72±0.12a	 5.37±0.22b	 6.38±0.34a

Data are expressed as the mean ± standard deviation, n=12. aP<0.05 and bP<0.01 vs. young control. Emax, effect of maximum relaxation; IA, 
intrinsic activity; PD2, log (50% effective concentration); PA2, intensity of competitive antagonist.

Table V. Effect of SQW on isoprenaline‑induced relaxant on detrusor strip.

Group	 Emax	 IA	 PD2

Young controls	 62.69±8.23	 0.97±0.13	 6.17±0.31
Model group (aging rats)	 53.72±7.84a	 0.83±0.12a	 5.59±0.32a

SQW (0.293 g/kg)	 52.26±5.52	 0.81±0.13	 5.76±0.29
SQW (0.585 g/kg)	 59.98±7.97b	 0.97±0.08c	 5.89±0.12c

SQW (1.170 g/kg)	 59.76±6.68b	 0.94±0.09c	 5.81±0.29b

Data are expressed as the mean ± standard deviation, n=12. aP<0.01 vs. young controls; bP<0.05 and cP<0.01 vs. model group. SQW, Suo Quan 
Wan; Emax, effect of maximum relaxation; IA, intrinsic activity; PD2, log (50% effective concentration).

Table VI. Effect of SQW on BRL37344‑induced relaxant on detrusor strip.

Group	 Emax	 IA	 PD2

Young controls	 33.70±11.12	 0.50±0.17	 6.28±0.66
Model group (aging rats)	 24.43±7.22a	 0.36±0.11a	 5.71±0.56a

SQW (0.293 g/kg)	 31.11±5.19b	 0.48±0.08b	 6.48±1.09b

SQW (0.585 g/kg)	 34.16±14.08b	 0.51±0.15b	 6.36±0.43c

SQW (1.170 g/kg)	 29.53±3.18b	 0.44±0.06b	 6.22±0.59b

Data are expressed as the mean ± standard deviation, n=12. aP<0.05 vs. young controls; bP<0.05 and cP<0.01 vs. model group. SQW, Suo Quan 
Wan; Emax, effect of maximum relaxation; IA, intrinsic activity; PD2, log (50% effective concentration).
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Figure 2. Effects of SQW on sphincter in aging rats are shown in the bar graphs (A‑C) indicating MUCP, MUP, and FUL. Data are expressed as mean ± stan-
dard deviation and analyzed by one‑way analysis of variance (n=12). *P<0.05, **P<0.01 vs. young control; #P<0.05, ##P<0.01 vs. model group; ∆P<0.05, ∆∆P<0.01 
vs. before administration in the same group. SQW, Suo Quan Wan; MUCP, maximum urethral closure pressure; FUL, functional urethral length.

Figure 1. Effects of SQW on bladder function in aging rats are shown in the bar graphs (A‑H), indicating BP, ALPP, EV, MVP, VV, MBC, BC and PVR. Data 
are expressed as mean ± standard deviation and analyzed by one‑way analysis of variance (n=12). *P<0.05, **P<0.01 vs. young controls; #P<0.05, ##P<0.01 vs. 
model group; ∆P<0.05, ∆∆P<0.01 vs. before administration in the same group. SQW, Suo Quan Wan; BP, bladder leak point pressure; ALPP, abdomen leak point 
pressure; EV, efficiency of voiding; MVP, maximum voiding pressure; VV, voiding volume; MBC, maximum bladder capacity; BC, bladder capacity; PVR, 
post‑void residual.
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As shown in Fig. 2C, prior to SQW administration, the 
FUL of the model group was significantly lower than that of 
young controls, and no significant difference was found from 
that in the SQW groups. Following SQW administration for 
6 weeks, high‑dosage SQW significantly increased the rats' 
FUL in comparison with the model group. In addition, the 
FUL of rats increased significantly following administration 
of SQW at middle and high dosages compared with levels 
prior to SQW administration.

Expression of β3‑AR mRNA. As shown in Fig. 3, following 
SQW administration the expression of β3‑AR mRNA in the 
model group was significantly lower than that in the young 
control group. Furthermore, SQW at a high dosage was able to 
significantly increase the β3‑AR mRNA expression.

Discussion

Due to the side effects of modern pharmacological agents 
and therapies developed in recent years, the use of natural 
plants for treatment of LUTS is gaining increasing importance 
worldwide. The incidence of voiding dysfunction is reported 
to be 15‑30% in people >60 years old and is associated only 

with age (29). The majority of relevant studies suggest that 
the cholinergic receptor and β‑AR are the most important 
receptors in bladder function (30‑32). With increasing age, 
the number and affinity of the MR hardly change. Therefore, 
bladder dysfunction is primarily associated with the change 
in β‑AR (33). A number of clinical and experimental studies 
have demonstrated that β3‑AR serves an important role in this 
process (34). This conclusion was also proven according to the 
result of qPCR, which revealed higher expression of β3‑AR 
compared with β1‑AR and β2‑AR (β1:β2:β3≈1:1:70) found in 
the bladder detrusor (35,36).

In the first part of the present study, the differences in 
the neurogenic changes between young and aging rats were 
explored. The influence of the β‑AR non‑selective agonist, 
subtype β3‑AR agonist and subtype β3‑AR antagonist was 
also studied. In addition, the changes in the β‑AR and subtype 
β3‑AR in aging rats were detected.

The β3‑AR and β‑AR in the rat bladder were able to relax 
the detrusor, and the subtype β3‑AR had the most notable role 
within β‑AR (37). With increasing concentration, ISO, the 
β‑AR agonist, and BRL37344, the subtype β3‑AR agonist, 
exhibited increasing inhibition to the contraction of the 
detrusor strip as induced by KCl. The Emax and IA values of 
BRL37344 were lower than those of ISO, but no significant 
difference was observed in PD2, indicating that the content of 
β3‑AR was almost equivalent to that of β‑AR. Compared with 
BRL37344, ISO revealed a significant effect on the relaxation 
of the detrusor. With increasing concentration, SR59230A 
exhibited an increasingly distinct blocking action on the 
relaxant effect caused by ISO, in turn causing Emax, IA and 
PD2 to decrease.

The relaxant role of the β‑AR in the detrusor of aging rats 
declined mainly because of the decline in β3‑AR. Furthermore, 
the relaxant functions of the β‑AR and the subtype β3‑AR 
agonist in model animals diminished (expressed as the 
decline in Emax and IA, and the decrease in PD2) compared 
to young animals. In addition, the β3‑AR antagonist had a 
smaller effect in affecting the detrusor in aging compared to 
young animals.

The change in the β‑AR was also reflected in vivo with the 
BP, ALPP, FUL, MUP and MUCP levels all decreasing in aging 
rats. This observation indicates that the urine storing function of 
the bladder weakened, and it is consistent with bladder detrusor 
relaxation dysfunction caused by a decrease in β‑AR.

In the second part of the present study, the effect of SQW 
on an aging rat bladder and β3‑AR was tested. The causes 
of LUTS in elders were closely linked with a urodynamic 
problem, which is a well‑recognized objective evaluation path 
to diagnosing LUTS (38).

In the in vitro test, the bladder detrusor showed a greater 
sensitivity to the relaxation effect of ISO and BRL37344 
following treatment with SQW, given that Emax, IA and PD2 
all increased. In addition, SQW was able to increase the effect 
of the β3‑AR antagonist SR59230A, which inhibits ISO relax-
ation and decreases PA2. The results indicate that SQW was 
able to improve the β‑AR function by relying on its effect on 
β3‑AR.

The functional state of bladder storage is associated with 
BP, ALPP, MBC and BC. The MVP, PVR and EV appear to 
be the main factors to consider in the study of the function 

Table VII. Effect of SQW on SR59230A‑induced inhibition on 
detrusor strip.

Group	 PA2

Young controls	 6.12±0.28
Model group (aging rats)	 6.38±0.34a

SQW (0.293 g/kg)	 6.46±0.29
SQW (0.585 g/kg)	 6.10±0.32b

SQW (1.170 g/kg)	 5.89±0.62b

Data are expressed as the mean ± standard deviation, n=12. aP<0.05 
vs. young controls; bP<0.05 vs. model group. SQW, Suo Quan Wan; 
PA2, intensity of competitive antagonist.

Figure 3. Effects of SQW on β3‑AR mRNA expressions. Data are expressed 
as mean ± standard deviation and analyzed by one‑way analysis of variance 
(n=12). **P<0.01 vs. young control; #P<0.05 vs. model group. SQW, Suo Quan 
Wan; AR, adrenoceptor.
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of bladder voiding. However, FUL, MUP, and MUCP are the 
critical indicators of the status of urinary continence. In brief, 
leaking and nocturia are associated with storing, voiding and 
urinary continence functions of the bladder (39).

SQW was able to significantly improve the urinary 
continence state by improving the contractile function of the 
urethral sphincter and the diastolic function of the smooth 
muscle, including the improvement of urinary continence 
by raising animal BP, ALPP, MUP, FUL and MUCP levels. 
Furthermore, SQW was also able to increase bladder MBC 
via further relaxation of the bladder in order to improve urine 
storage.

In aging animals, SQW was able to distinctly improve the 
urinary function by boosting the aging animal's MVP and VV, 
increasing its EV and decreasing its PVR following urination, 
which may be achieved by improving the detrusor's contrac-
tile function during urination. Therefore, SQW was able to 
improve the aging animal's bladder contraction.

Based on the results of the urodynamic test, SQW was 
able to improve LUTS in the aging animal by improving the 
closing dysfunction of the urethral sphincter and relaxing  
the bladder during urination to boost the bladder func-
tion of urine storage and to improve uroclepsia. In addition,  
SQW was able to increase bladder micturition pressure to 
stimulate urination and to improve the states of incomplete 
urination and urination weakness. Furthermore, it was able to 
improve frequent urination by extending the micturition period.

A previous study used young Sprague‑Dawley rats to define 
the therapeutic effect of SQW on an overactive bladder (40). 
This implies that young adult rats may also receive the treat-
ment of SQW and that there are not any contraindications. 
However, the effect of SQW on normal young rats remains 
uncertain and further experiments should be carried to illus-
trate this issue. In conclusion, the decrease in β‑AR sensitivity 
and expression in aging rats resulted in bladder detrusor 
relaxation dysfunction and a decrease in bladder capacity. In 
addition, the SQW formula was shown to possess a therapeutic 
effect against LUTS. The present study demonstrated that the 
therapeutic effect of SQW may be mediated by the increase in 
urethral sphincter contraction and micturition efficiency and 
a relaxed bladder detrusor, and that β3‑AR may be one of the 
targets of the effect of SQW.
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