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Abstract 37 
Background: We determined if the α1-adrenergic receptor (AR) antagonist naftopidil, 38 
the phosphodiesterase 5 (PDE5) inhibitor tadalafil, or the combination inhibited cold 39 
stress-induced detrusor overactivity in bladder outlet obstructed rats. We also investigated 40 
the role of resiniferatoxin (RTX)-sensitive nerves in detrusor overactivity. 41 
Methods: The urethras of 10-week-old female Sprague-Dawley rats were loosely ligated 42 
to create a partial bladder outlet obstruction. After 4 weeks, at room temperature (RT, 43 
27℃), the rats were randomly assigned to receive an intraperitoneal infusion of vehicle 44 
control (n=11), 0.15 mg/kg-body weight naftopidil (n=7), 0.5 mg/kg-body weight 45 
tadalafil (n=7), or the combination of naftopidil and tadalafil (n=11). The treated rats were 46 
then exposed to low temperature (LT, 4℃) for cystometry. Other rats were subcutaneously 47 
injected with 0.3 mg/kg RTX (n=8), and then two days later underwent cystometric 48 
investigations. The number of calcitonin gene-related peptide (CGRP)-positive neurons 49 
was examined by immunohistochemistry. 50 
Results: After transfer from RT to LT, the vehicle-, naftopidil-, and tadalafil-treated rats 51 
had decreased voiding intervals and bladder capacity. These decreases were inhibited by 52 
the combined naftopidil-tadalafil treated rats. RTX caused similar cystometric decreases 53 
as the combination-treated rats. The number of the CGRP-positive afferent nerves in the 54 
RTX-treated rats was significantly reduced. 55 
Conclusion: The combination of an α1-AR antagonist and a PDE5 inhibitor mitigated 56 
the cold stress-induced detrusor overactivity in bladder outlet obstructed rats. RTX 57 
treatment also inhibited the cold stress responses while reducing the presence of CGRP 58 
in afferent nerves. α1-AR antagonists and PDE5 inhibitors could act efficiently, and may 59 
affect RTX-sensitive nerves, to reduce cold stress-induced detrusor overactivity. 60 
 61 
  62 
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Ⅰ Introduction 89 
Patients with benign prostatic hyperplasia (BPH) often complain about lower 90 

urinary tract symptoms (LUTS) that occur due to bladder outlet obstruction. Thus, 91 
patients with BPH are treated with an α1-adrenergic receptor (AR) antagonist and/or a 92 
phosphodiesterase 5 (PDE5) inhibitor to release the obstruction. In clinical practice, 93 
combination therapy with both an α1-AR antagonist and a PDE5 inhibitor is often 94 
effective for overactive bladder symptoms1)-4). One of the factors that exacerbates LUTS 95 
is cold stress due to a sudden drop in temperature or repeated exposure to a low 96 
temperature environment. We have established a rat model for cold stress LUTS that 97 
elicits detrusor overactivity5). The cold stress-exacerbated LUTS is mediated by cross talk 98 
among neurological pathways, including unmyelinated C fibers within the urinary 99 
bladder5), enhancement of sympathetic nerve activity6), and expression of transient 100 
receptor potential cation channel, subfamily M, member 8 (TRPM8) in the skin7).  101 

We have developed a second rat model for testing the pharmacological effects of 102 
drugs on cold stress-induced LUTS8). The model, which is based on partial obstruction of 103 
the bladder outlet, mimics the human form of LUTS associated with BPH. In that model, 104 
the cold stress-induced detrusor activity and changes in bladder storage characteristics 105 
are mitigated by treatment with an α1-AR antagonist8). In addition, we showed that PDE5 106 
inhibition reduces unmyelinated C fiber-related detrusor overactivity elicited by acetic 107 
acid in nicotine-treated rats9). In normal healthy rats, treatment with resiniferatoxin (RTX), 108 
a capsaicin analogue that reduces the content of calcitonin gene-related peptide (CGRP) 109 
in unmyelinated C fibers, suppresses C fiber activation and inhibits cold stress-induced 110 
detrusor overactivity5) 10)-13),  111 

Based on these previous findings, in this study we determined if the combination of 112 
an α1-AR antagonist and a PDE5 inhibitor, at lower doses than either alone, could inhibit 113 
the cold stress-induced detrusor overactivity in rats with partial bladder outlet obstruction. 114 
We also investigated the effects of RTX treatment on the CGRP content of the bladder 115 
unmyelinated C fibers and on cold stress-induced detrusor overactivity. 116 

 117 
  118 
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Ⅱ Material and Methods 119 
A Animals 120 

Ten-week-old female Sprague-Dawley (SD) rats (Japan SLC Inc., Shizuoka, Japan) 121 
were housed for 4 weeks under a 12-hour alternating light-dark cycle with freely available 122 
food and water. The animals were treated in accordance with National Institutes of Health 123 
Animal Care Guidelines and the protocol was approved by the Animal Ethics Committee 124 
of Shinshu University School of Medicine 125 

 126 
 127 
B Preparation of bladder outlet obstructed rats 128 

The SD rats were anesthetized with midazolam (2.0 mg/kg-body weight, Sandoz 129 
International GmbH, Tokyo, Japan), medetomidine hydrochloride (0.15 mg/kg-body 130 
weight, Kyoritsu Seiyaku Co., Tokyo, Japan), and butorphanol tartrate (2.5 mg/kg-body 131 
weight, Meiji Seika Pharma Co., Ltd., Tokyo, Japan). A midline incision was made to 132 
expose the urethra, and a metal rod with an outer diameter of 1.1 mm was placed alongside 133 
it. To produce bladder outlet obstruction, the urethras were loosely ligated to the metal 134 
rod with 5-0 silk. Afterwards, the metal rod was carefully removed, leaving the ligature 135 
to create a partial bladder outlet obstruction. The incision was then closed. The rats with 136 
bladder outlet obstruction were housed for 4 weeks (as above). Based upon cystometric 137 
investigation (see below) to identify effectively ligated rats with bladder obstruction, only 138 
animals with a bladder volume between 2 and 5 ml at room temperature (RT, 27±2℃) 139 
were selected for the following experiments. 140 
 141 
C Drugs 142 

We used naftopidil, kindly provided by Asahi Kasei Pharma Co. (Tokyo, Japan), as 143 
an α1-AR blocker. The naftopidil powder was completely dissolved with 0.1 M phosphate 144 
buffer solution in half of the final volume. Then several drops of 0.1 M sodium 145 
dihydrogen phosphate solution were slowly added with vortexing and ultrasonication to 146 
achieve the final volume and pH 4.0. The dissolved naftopidil solution was diluted to the 147 
desired concentration with 0.9% saline. Tadalafil powder (Toronto Research Chemical 148 
Inc., Toronto, Canada), a PDE5 inhibitor, was completely dissolved with dimethyl 149 
sulfoxide (DMSO, Fujifilm Wako Pure Chemical Co., Osaka, Japan). The dissolved 150 
tadalafil solution was diluted to the desired concentration with DMSO. Resiniferatoxin 151 
powder (RTX, Sigma-Aldrich, Steinheim, Germany), a capsaicin analogue, was 152 
completely dissolved with DMSO. The dissolved RTX solution was diluted with DMSO 153 
to the deliver 0.3 mg/kg by subcutaneous injection. 154 
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 155 
D Cystometric investigations 156 

Four weeks after creating the partial bladder outlet obstruction and 2 days prior to 157 
the cystometric investigations, the animals were anesthetized (as above) to insert a 158 
catheter for cystometric investigations. The urinary bladder and ligated urethra were 159 
exposed, and the ligature thread was then removed. A polyethylene catheter (PE50, 160 
Becton Dickinson and Company, Sparks, MD, USA) was inserted at the center of the 161 
bladder dome. The catheter was fixed at that site with a 5-0 suture. For delivery of vehicle 162 
or drugs during the cystometry experiments, another catheter (PE90, Becton Dickinson 163 
and Company), was inserted into the intraperitoneal space. Both catheters were brought 164 
out subcutaneously to the back and fixed with 3-0 silk sutures. After the operation, each 165 
rat was caged individually for two days.  166 

For cystometry, the bladder catheter was connected through a T-tube to a pressure 167 
transducer (P23 DC; Nihon Kohden, Tokyo, Japan) and a syringe pump (TE-351, Terumo, 168 
Tokyo, Japan). Saline (0.9% NaCl) was infused continuously into the bladder at a rate of 169 
10 ml/hr. A urine collector connected to a force displacement transducer (type 45196; 170 
NEC San-ei Instruments, Tokyo, Japan) enabled measurement of micturition volume. The 171 
bladder pressure and micturition volume were continuously recorded with LabChart 172 
system (AD Instruments, BRC Bioresearch, Inc., Nagoya Japan) through a PowerLab 173 
system (AD Instruments). 174 

The following cystometric parameters were measured: basal pressure (cmH2O), 175 
micturition pressure (cmH2O), voiding interval (min), and bladder capacity (ml). The 176 
bladder capacity was calculated by adding the micturition volume and the residual volume 177 
that was determined as the difference between the saline infusion volume and micturition 178 
volume. The rats were not given food or water during the cystometric investigations. 179 

Cystometric measurements of the unanesthetized, unrestricted rats were made 180 
under the following environmental temperature conditions. They were randomly 181 
separated into the control and three experimental groups as follows: (1) vehicle control 182 
(n=11), (2) 0.15 mg/kg-body weight naftopidil (n=7), (3) 0.5 mg/kg-body weight tadalafil 183 
(n=7), and (4) 0.15 mg/kg-body weight naftopidil and 0.5 mg/kg-body weight tadalafil 184 
(n=11). Cystometric measurements were then conducted to obtain baseline measurements 185 
for approximately 20 minutes at RT. Through the intraperitoneal catheter, each rat 186 
received either the control vehicle, naftopidil, tadalafil, or the combination of naftopidil 187 
and tadalafil. Twenty minutes after the treatments, the rats were quickly and smoothly 188 
transferred in the metabolic cages to a refrigerator (MPR-513, SANYO Tokyo 189 
Manufacturing Co., Ltd., Tokyo, Japan) for exposure to low temperature (LT, 4±2℃). The 190 
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bladder pressure and micturition volume of the rats were again recorded for 40 min. After 191 
the cystometric investigations, the rats were anesthetized as above, and then the urinary 192 
bladders were removed, and the rats were then euthanized by inhalation of diethyl ether. 193 

Two days prior to the cystometric investigations, other rats with partial bladder 194 
outlet obstructions were catheterized as above and then subcutaneously injected with 0.3 195 
mg/kg-body weight RTX. Two days later, the RTX-treated rats underwent the same LT-196 
exposure cystometric investigations. 197 
 198 
E Immunohistochemistry investigations 199 

The harvested urinary bladders were fixed in 4% paraformaldehyde phosphate 200 
buffer solution (Nalkalai Tesque, Inc., Kyoto, Japan) for 12 hours at 4ºC. The tissues were 201 
embedded in paraffin, and cut into 5-μm thick serial sections. The sections were 202 
deparaffinized, and then antigen retrieval was achieved by immersion of the sections in 203 
0.01 M sodium citrate (pH 6.0, Mitsubishi Chemical Medience Co., Tokyo, Japan) and 204 
microwaving at 100ºC for 5 minutes. The specimens were coated with 1.5% normal 205 
donkey serum (Chemicon International Inc., Temecula, CA, USA) and 1.5% non-fat milk 206 
in 0.01 M phosphate buffered saline (PBS, pH 7.4, Mitsubishi Chemical Medience Co.) 207 
for 1 hour at 4ºC. The sections were then incubated with primary antibodies, for CGRP 208 
(1:800, guinea pig polyclonal, Progen Biotechnik GmbH, Heidelberg, Germany) as a 209 
marker of afferent nerves, and smooth muscle actin (SMA, 1:100, mouse monoclonal, 210 
Progen Biotechnik GmbH, Heidelberg, Germany) for 12 hours at 4ºC. The sections were 211 
rinsed with PBS at 4ºC, and then incubated with donkey anti-guinea pig IgG secondary 212 
antibody conjugated with Alexa Fluor 594 (1:250, Life Technology Co., Molecular 213 
Probes, Eugene, OR, USA) and donkey anti-mouse IgG secondary antibody conjugated 214 
with Alexa Fluor 488 (1:250, Life Technology Co.) for 1 hour at 4ºC. Following rinsing, 215 
cell nuclei were counterstained with 5 μg/ml 4’, 6-diamidino-2-phenylindole 216 
dihydrochloride (DAPI, Life Technology Co.). The slides were coated with Fluorescent 217 
Mounting Medium (Dako Cytomation, Carpinteria, CA, USA) and observed with a 218 
fluorescence microscope (Keyence, Osaka, Japan). CGRP-positive cells were detected 219 
and counted among the SMA-positive smooth muscle layers. With a x60 objective lens, 220 
the counting areas were randomly viewed from the top of the bladder to the trigone, and 221 
the number of CGRP-positive cells were counted in 5-10 locations per tissue sample.  222 
 223 
F Statistical analysis 224 

The results were expressed as means ± standard error of the means. The significance 225 
of statistical differences between cystometric variables were determined by Student’s 226 
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paired t-tests before and after the drug administration at RT, or between RT and LT. Two-227 
way non-repeated measures analysis of variance (ANOVA) followed by Student-228 
Newman-Keuls (SNK) test for multiple comparisons were performed for comparison of 229 
variables among groups. P-values less than 0.05 were considered significant. 230 
 231 
  232 
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Ⅲ Results 233 
A  Effects of naftopidil and tadalafil alone and in combination on cold stress-234 
induced bladder overactivity in bladder outlet obstructed rats 235 

At RT, there were no differences in either bladder pressure or micturition volume 236 
among the rats in the control or experimental groups (Fig. 1). These were not altered after 237 
intraperitoneal administration of the vehicle control, naftopidil, tadalafil, or the 238 
combination of naftopidil and tadalafil.  239 

After transfer from RT to LT, basal pressure in all groups significantly increased, 240 
but micturition pressures did not change (Table 1). As seen for individual rats (Fig. 1), 241 
during LT exposure, the vehicle-, naftopidil-, tadalafil-, or combination-treated rats 242 
exhibited increased micturition frequency and lower micturition volume compared to RT 243 
condition. Voiding intervals at RT were significantly decreased at LT in the vehicle-244 
treated (-62.24±5.48%), naftopidil-treated (-66.25±0.56%), tadalafil-treated 245 
(-67.99±2.05%), and combination-treated (-34.54±12.31%) rats (Fig. 2A). Similarly, 246 
bladder capacities at RT in the vehicle-, naftopidil-, tadalafil-, and combination-treated 247 
rats were also less at LT (-64.84±4.13%, -64.08±10.46%, -69.35±2.10%, -42.98±6.72%, 248 
respectively; Fig. 2B). However, the decreases of both voiding interval and bladder 249 
capacity in the combination-treated rats were significantly less than in the vehicle-, 250 
naftopidil-, or tadalafil-treated rats. 251 
 252 
B  Cold stress-induced bladder overactivity in resiniferatoxin-treated bladder 253 
outlet obstructed rats 254 

Two days prior to cystometric investigations, another group of bladder obstructed 255 
rats (n=8) was treated with RTX. At RT, both bladder pressure and micturition volume in 256 
the RTX-treated rats did not differ from the control and experimental groups described 257 
above. After transfer from RT to LT, unlike the vehicle-, naftopidil-, tadalafil-, and 258 
combination-treated rats, the RTX-treated rats did not have increased micturition 259 
frequency and lower micturition volume (Fig. 3A). During LT exposure, the basal 260 
pressure of the RTX-treated rats also increased significantly, while micturition pressure 261 
did not change (Table 1). Both the voiding interval (Fig. 3B) and bladder capacity (Fig. 262 
3C) tended to decrease, but the changes were not statistically significant. However, the 263 
percent decreases of voiding interval and bladder capacity in the LT RTX-treated rats, 264 
30.15±9.99% and 24.33±11.24% respectively (Fig. 3A, B), were not significantly 265 
different from the decreases in the combined naftopidil- and tadalafil-treated rats (Fig.  266 
2A, B). 267 
 268 



11 
 

C Expression of urinary bladder CGRP-positive afferent nerves  269 
We examined the expression and distribution of CGRP-positive afferent nerves 270 

among the SMA-positive smooth muscle layers of each group. There were numerous 271 
GCRP-positive afferent nerves in the vehicle- (Fig. 4A), naftopidil- (Fig. 4B), tadalafil- 272 
(Fig. 4C), and combination- (Fig. 4D) treated rats. However, there were many fewer 273 
CGRP-positive afferent nerves in the RTX-treated rats (Fig. 4E). The number of afferent 274 
nerves detected by CGRP antibody among the SMA-positive smooth muscle layers in the 275 
RTX-treated rats was significantly lower than in any of the other treatment groups (Fig. 276 
4F).  277 
  278 
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Ⅳ Discussion 279 
It is well established that cold stress induces LUTS in a large number of mammals, 280 

including rats and humans. We verified this effect again in our LUTS rat model that had 281 
cold stress-induced detrusor overactivity following partial obstruction of the bladder 282 
outlet. The decreased voiding interval and bladder capacity elicited by exposure to LT in 283 
this model were not inhibited by 0.15 mg/kg-body weight of the α1-AR antagonist 284 
naftopidil or by 0.5 mg/kg-body weight of the PDE5 inhibitor tadalafil. However, the 285 
combined treatment with the same naftopidil and tadalafil dosages partially inhibited the 286 
cold stress-induced detrusor overactivity. A previous study showed that 0.3 mg/kg-body 287 
weight naftopidil inhibits the cold stress-induced detrusor overactivity of the same rat 288 
model8). In addition, 1.0 mg/kg-body weight tadalafil improved bladder storage functions 289 
in rats with nicotine-induced bladder hypoxia9). The combined therapy, in which half the 290 
dose of each drug was used in our study, partially inhibited the cold stress responses. Thus, 291 
our data suggest that some effects of these two drugs efficiently inhibit the cold stress-292 
induced detrusor overactivity.  293 

To investigate the mechanisms by which cold stress detrusor activity can be treated, 294 
we focused on RTX-sensitive nerves. A previous study of RTX-treated normal rats 295 
showed that activation of unmyelinated C fibers is one of the neuronal pathways that 296 
mediates detrusor overactivity5). The current study also showed that RTX inhibited the 297 
cold stress response in rats with bladder outlet obstruction. In addition, the urinary 298 
bladders of the RTX-treated rats had fewer CGRP-positive afferent nerves compared to 299 
the controls. Thus, our evidence suggests that the cold stress-induced detrusor 300 
overactivity of the bladder in outlet obstructed rats is also mediated by bladder 301 
unmyelinated C fibers that include RTX-sensitive nerves. 302 

In general, either naftopidil or tadalafil is used to improve clinical voiding 303 
symptoms. Also, these drugs are reported to pharmacologically suppress afferent nerve 304 
(myelinated Aδ and/or unmyelinated C fibers) activity14)-16). These findings suggest a 305 
neurological mechanism by which cold stress storage symptoms are improved, and our 306 
data are consistent with these observations. We found that treatment with the combination 307 
of naftopidil and tadalafil, each at half the effective dose alone8),9), partially reduced the 308 
cold stress-induced LUTS symptoms of the bladder outlet obstructed rats. A previous 309 
study showed expressions of α1A- and α1D-AR within the CGRP-positive afferent 310 
nerves8). Also, expressions of PDE5 activity were detected within the CGRP-positive 311 
cells17). This suggests that the combination of naftopidil and tadalafil suppressed activity 312 
of the afferent nerves, possibly including the RTX-sensitive nerves. The pharmacological 313 
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effects of the combination treatments might efficiently inhibit the cold stress-induced 314 
detrusor overactivity in bladder outlet obstructed rats.  315 

We recognize some limitations within this study. First, naftopidil and tadalafil have 316 
anti-inflammatory, anti-oxidative, anti-fibrotic, and vascular endothelial protective 317 
properties that could be caused by chronic ischemia related with BPH18),19). We did not 318 
investigate these potential modes of action in reducing LUTS symptoms. Secondly, while 319 
both drugs are known to improve pelvic blood flow20)-22), we did not directly investigate 320 
any improvement of blood flow within the urinary bladders as a result of the 321 
pharmacological treatments. Finally, we did not estimate the expression levels of 322 
endothelial and/or nerve-associated nitric oxide synthase or cyclic guanosine 323 
monophosphate, which were metabolites related with the PDE5 inhibitor. Even with these 324 
limitations, our results suggest that the combination of naftopidil and tadalafil has the 325 
potential to effectively treat cold stress-exacerbated LUTS due to BPH. 326 
 327 
  328 
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Ⅴ Conclusions 329 
Neither the α1-AR antagonist naftopidil (0.15 mg/kg-body weight) nor the PDE5 330 

inhibitor tadalafil (0.5 mg/kg-body weight) alone inhibited detrusor overactivity in cold 331 
stressed, bladder outlet obstructed rats. However, the combination of naftopidil and 332 
tadalafil inhibited the decrease in voiding interval by 35% and the decrease in bladder 333 
capacity by 43%. The cold stress response in bladder outlet obstructed rats was also 334 
inhibited by subcutaneous injection of RTX two days before cystometry. RTX treatment 335 
reduced the presence of CGRP in detrusor afferent nerves, and inhibited the decrease in 336 
cold stress voiding intervals and bladder capacity in the bladder outlet obstructed rats. 337 
This indicates that the cold stress-induced detrusor overactivity in the bladder outlet 338 
obstructed rats was mediated, at least in part, by RTX-sensitive nerves. We hypothesize 339 
that the combination of naftopidil and tadalafil acts efficiently to inhibit cold stress-340 
induced detrusor overactivity in bladder outlet obstructed rats by suppressing afferent 341 
nerve activity, some of which may include RTX-sensitive nerves. Thus, we conclude that 342 
the combination of an α1-AR antagonist and a PDE5 inhibitor has the potential to 343 
effectively treat clinical cases of cold stress-induced LUTS in patients with BPH.  344 
 345 
 346 
  347 
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Figure Legends 348 
Fig. 1 Representative cystograms of changes in bladder pressure, micturition frequency, 349 
and micturition volume upon transfer from RT to LT. (A) After transfer from RT to LT, 350 
vehicle-treated rats exhibited cold stress-induced bladder overactivity. Micturition 351 
frequency increased (upper tracing) and micturition volume decreased (lower tracing) 352 
compared to RT condition. (B and C) At RT, naftopidil (B) or tadalafil (C) treatments did 353 
not alter micturition. During exposure to LT, (B) naftopidil- and (C) tadalafil-treated rats 354 
also exhibited cold stress-induced bladder overactivity that were similar to the vehicle-355 
treated ones. (D) At RT, combined treatment with naftopidil and tadalafil did not alter 356 
micturition. After transfer to LT, the combination-treated rats also exhibited increased 357 
micturition frequency and lower micturition volume compared to RT conditions; however, 358 
these changes were partially inhibited compared to the vehicle-, naftopidil-, or tadalafil-359 
treated rats. Top: bladder pressure; Bottom: micturition volume. Triangles: micturition 360 
during LT exposure. *, Twenty minutes of waiting time after intraperitoneal injection of 361 
vehicle, 0.15 mg/kg-body weight naftopidil, 0.5 mg/kg-body weight tadalafil, or the 362 
combination of naftopidil and tadalafil; **, approximately 3 minutes of transfer time from 363 
RT (room temperature) to LT (low temperature). Arrowheads, micturition events during 364 
LT exposure. 365 
 366 
Fig.2 Decreased voiding interval and bladder capacity during LT exposure. (A and B) 367 
After transfer to LT, voiding interval (A) and bladder capacity (B) in all groups were 368 
significantly decreased. However, the decreases in voiding interval and bladder capacity 369 
of the combination-treated rats were significantly inhibited compared to the vehicle-, 370 
naftopidil-, and tadalafil-treated rats. White bar: RT (room temperature). Gray bar: LT 371 
(low temperature); naftopidil, 0.15 mg/kg-body weight; tadalafil, 0.5 mg/kg-body weight; 372 
*P<0.05, **P<0.01; compared to RT baseline values.  373 
 374 
Fig. 3 Change of micturition and voiding interval and bladder capacity in RTX-treated 375 
rats with transfer from RT to LT. (A) After transfer to LT, RTX-treated rats partially 376 
inhibited the cold stress-induced bladder overactivity that increased micturition frequency 377 
(upper tracing) and decreased of micturition volume (lower tracing). *, approximately 3 378 
minutes of transfer time from RT to LT. (B) During LT exposure, the voiding interval of 379 
the RTX-treated rats tended to decrease, but the change was not statistically significant. 380 
(C) Bladder capacity of the RTX-treated rats was decreased compared to the RT. The 381 
decreases of voiding interval and bladder capacity were the same as for the rats given the 382 
combination of 0.15 mg/kg-body weight naftopidil and 0.5 mg/kg-body weight tadalafil 383 
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(see Figure 2). RTX, resiniferatoxin, 0.3 mg/kg; RT, room temperature; LT, low 384 
temperature;*P<0.05, compared to RT. Arrowheads, micturition events during LT 385 
exposure. 386 
 387 
Fig.4 CGRP-positive afferent nerves within the detrusor of bladder outlet obstructed 388 
rats. (A-D), There were numerous CGRP-positive afferent nerves (red, arrowheads) in the 389 
(A) vehicle-, (B) naftopidil-, (C) tadalafil-, and (D) combined naftopidil- and tadalafil-390 
treated rats. (E) Within the detrusor of the RTX-treated rats, there were fewer CGRP-391 
positive nerve cells (red, arrowheads). (F) Expression numbers of the CGRP-positive 392 
afferent nerves in the RTX-treated rats were the lowest among the groups. CGRP, 393 
calcitonin gene-related peptide; Green: SMA-positive detrusor. Blue: nuclei. Bar: 30 µm. 394 
 395 
 396 











Table 1  Effects of temperature on basal and micturition pressures in obstructed bladder outlet rats. 

Parameter Condition Vehicle Naftopidil Tadalafil 

Naftopidil + 

Tadalafil RTX 

Basal pressure (cmH2O)             

 RT 4.47±0.74 5.79±1.06 4.45±0.52 3.68±0.39 10.14±1.99 

 LT 8.54±0.79  11.79±1.24  9.20±1.25  7.92±0.68  13.25±2.03  

 (RT-LT) -4.13±1.03** -5.18±1.10 ** -4.75±1.16** -4.24±0.63** -3.11±1.26 * 

Micturition pressure (cmH2O)       

 RT 22.92±3.58 26.03±3.51 28.95±4.02 24.64±2.28 35.75±3.28 

 LT 22.33±2.16 26.38±2.59 23.00±3.72 25.89±2.87 36.55±3.11 

 (RT-LT) 0.38±2.42 -0.38±3.05 5.95±2.64  -1.25±1.20 -0.78±4.56 

RTX, resiniferatoxin; RT, room temperature, 27±2°C; LT, low temperature, 4±2°C; *P<0.05, **P<0.01 compared to RT in each 

group.  
 


