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Introduction The aim of this study was to investigate the urodynamic effects of intravesical administration 
of bovine adrenal medulla 8-22 (BAM8-22), a selective rat sensory neuron-specific receptor 1 agonist,  
on the micturition reflex in normal rats and rats with cyclophosphamide-induced bladder overactivity.
Material and methods Continuous cystometrograms (0.04 ml/min) were performed in urethane-anes-
thetized rats. After stable micturition cycles were established, vehicle (saline) or BAM8-22 was instilled 
intravesically and changes in bladder activity were monitored. The experiments using BAM8-22 were 
also performed in capsaicin-pretreated rats. In another experiment, vehicle (saline) or BAM8-22 was in-
stilled intravesically and changes in bladder activity were monitored in cyclophosphamide-treated rats. 
Continuous cystometrograms were performed 48 hours after cyclophosphamide injection. Cystometric 
parameters were recorded and compared before and after intravesical drug administration.
Results Intravesical administration of BAM8-22 significantly increased the intercontraction interval  
and threshold pressure in urethane-anesthetized rats, but did not affect the basal pressure or maximum 
pressure at any doses tested. The inhibitory effects of intravesical administration of BAM8-22 were not 
inhibited by capsaicin pretreatment. Intravesical administration of BAM8-22 also significantly increased 
intercontraction interval in the cyclophosphamide-treated rats.
Conclusions The current results indicate that intravesical administration of a selective rat sensory neu-
ron-specific receptor 1 agonist can inhibit the micturition reflex and can ameliorate cyclophosphamide-
induced bladder overactivity in rats.
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Aδ-fiber bladder afferents even though both Aδ-fiber  
and C-fiber bladder afferents are mechanoceptive; 
whereas C-fiber afferents are responsible for bladder 
nociceptive responses [3]. Previous studies have sug-
gested that the hyperexcitability of C-fiber bladder 
afferents, which are silent under normal conditions, 
is involved in the emergence of overactive bladder 
and bladder pain in various pathological conditions, 
such as spinal cord injury, bladder outlet obstruc-
tion, or interstitial cystitis [4]. Thus, it has been 
postulated that targeting afferent hyperexcitability 

INTRODUCTION

Afferent pathways innervating the urinary bladder 
arise in the lumbosacral dorsal root ganglia and are 
carried in two sets of nerves; pelvic and hypogastric 
nerves [1]. Afferent fibers passing in the pelvic nerve 
and via L6 and S1 dorsal root ganglia to the spinal 
cord are responsible for initiating the micturition re-
flex [2]. Afferent pathways innervating the bladder 
consist of myelinated Aδ- and unmyelinated C-fibers 
[1]. In normal rats, conscious voiding is dependent on 
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Animal Care and Use Committee. Every effort was 
made to minimize animal suffering and pain.

Drugs

A selective rat SNSR1 agonist, BAM8-22 (Tocris 
Bioscience, Ellisville, MO), was used. For intravesi-
cal administration BAM8-22 was dissolved in saline 
(0.9% NaCl).

Intravesical administration of BAM8-22  
in normal rats

Rats were anesthetized with 2% isoflurane fol-
lowed by urethane (1.2 g/kg subcutaneously) (Sigma 
Chemical Co., St. Louis, MO). A midline abdominal 
incision was made, and a transvesical catheter (Clay-
Adams, Parsippany, New Jersey, PE-60) with a fire-
flared tip was inserted into the dome of the bladder 
and secured with silk thread for bladder filling and 
pressure recording. A 3-way stopcock was connected 
to the transvesical catheter to monitor the bladder 
pressure. After transvesical catheter insertion, sa-
line at a room temperature was continuously infused 
into the bladder for 2 hours at a rate of 0.04 ml per 
minute to record cystometrograms during a control 
period. The PowerLab (ADInstruments Pty, Ltd., 
Castle Hill, New South Wales, Australia) was used 
for data acquisition and manipulation. After baseline 
cystometry, vehicle (saline) or BAM8-22 (100, 300, 
and 1000 nM, n = 6 per dose) was instilled intravesi-
cally and changes in the bladder activity were moni-
tored. The experiments using BAM8-22 (1000 nM) 
were also performed in rats pretreated with systemic 
capsaicin (Sigma Chemical Co., St. Louis, Missouri) 
(n = 6) to determine whether the effect of BAM8-22  
was mediated by capsaicin sensitive C-fiber affer-
ent pathways. Capsaicin was administered to rats  
in a solution (20 mg/ml) given subcutaneously in di-
vided doses on 2 consecutive days: 25 and 50 mg/kg  
on the first day and 50 mg/kg on the second day. 
Four days after the first administration of capsaicin, 
cystometry was performed. To evaluate the effec-
tiveness of capsaicin pretreatment, an eye wipe test 
was performed. The intercontraction interval (ICI), 
maximum pressure (MP), threshold pressure (TP), 
basal pressure (BP) were measured before and after 
drug administration.

Intravesical administration of BAM8-22  
in CYP-treated rats

Rats were anesthetized with isoflurane (2%) and 
received intraperitoneal injections of CYP (Sigma 
Chemical Co., St. Louis, MO) to produce urinary 

could be effective for treating detrusor overactivity 
and pain symptoms [4].
A family of G-protein-coupled receptors has been 
identified in the rat dorsal root ganglia (DRG) 
and named as sensory neuron-specific receptors  
(SNSRs) [5]. These receptors are expressed exclu-
sively in a subset of small-diameter sensory neurons 
in the DRG and trigeminal ganglia. Based on sev-
eral analyses, this family of receptors is comprised 
of four to six members in the human (MrgX1-4  
or SNSR1-6) and 32 receptors in mouse are classified 
into three major subfamilies Mrg A, B, and C [5−8]. 
Initially, only one SNSR gene was identified in the 
rat [5]. Recently, it has been demonstrated that more 
than one rat SNSR/Mrg subtype exists [9]. These re-
ceptors have been subclassified in a similar scheme  
as described for human and mouse, rat Mrg A, B, 
C, and D. For the sake of simplicity, we refer to rat 
SNSR/rat MrgC as rat SNSR1 in this study, which 
corresponds to the first gene described in small DRG 
neurons [5]. It appears that rat SNSR1 is pronoci-
ceptive as intrathecal (i.t.) and intradermal admin-
istration of its agonists, bovine adrenal medulla  
8-22 (BAM8-22) and (Tyr6)-γ2-MSH-6-12, enhance 
acute nociception [10]. In contrast, it was reported 
that the activation of rat SNSR1 produces analgesia 
in the persistent pain model [11].
Recent studies demonstrated that activation of SNSRs  
can inhibit the micturition reflex via suppression  
of bladder afferent pathways in urethane-anes-
thetized normal rats [12]. However, it is unknown 
whether SNSR1 receptor activation in the blad-
der can locally affect the micturition reflex in nor-
mal rats and rats with various pathological condi-
tions in the lower urinary tract, such as overactive 
bladder or interstitial cystitis/bladder pain syn-
drome. Therefore, this study was performed to 
elucidate the urodynamic effects of intravesical 
administration of a SNSR1 agonist on the micturi-
tion reflex in urethane-anesthetized rats and rats 
with cyclophosphamide (CYP)-induced bladder  
overactivity.

MATERIAL AND METHODS

Animals

Adult female Sprague-Dawley rats weighing 230 to 
250 g were used. The rats were maintained under 
standard laboratory conditions with a 12-h light/12-h  
dark cycle and free access to food pellets and tap 
water. All animal care and experimental procedures 
were conducted in accordance with the institution-
al guide for the care and use of laboratory animals, 
and the protocols were approved by the Institutional 
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bladder inflammation. Experimental and control 
rats were injected with CYP (200 mg/kg, intra-
peritoneally) or a corresponding volume of saline, 
respectively. Continuous cystometrograms were 
performed 48 hours after CYP or saline injection. 
CYP-treated and control rats were anesthetized 
with isoflurane followed by urethane (1.2 g/kg sub-
cutaneously). Thereafter, the abdomen was opened  
through a midline incision, and a transvesical 
catheter (PE-60 polyethylene catheter) with a fire-
flared tip was inserted into the dome of the blad-
der and secured with silk thread for bladder filling 
and pressure recording. A 3-way stopcock was con-
nected to the transvesical catheter to monitor the 
bladder pressure. After transvesical catheter inser-
tion, saline at a room temperature was continu-
ously infused into the bladder for 2 hours at a rate  
of 0.04 ml per minute to record cystometrograms 
during a control period. After baseline cystom-
etry, vehicle (saline) or BAM8-22 (300, 1000, and  
3000 nM, n = 6 per dose) was instilled intravesical-
ly and changes in bladder activity were monitored. 
ICI, MP, TP and BP were measured before and after  
drug administration.

Statistical analysis

All data values are expressed as the mean ±standard 
deviation. In experiments with intravesical admin-
istration of BAM8-22, ICI, MP, TP, BP values dur-
ing 30 minutes before and after drug administration 
were averaged in each rat and then the averages  

in a group of animals were combined. A one-way 
ANOVA followed by Dunnett's multiple comparison 
test was used for the statistical analysis between the 
vehicle and drug-treated groups. Student's paired 
t-test was used to compare cystometric variables 
before and after treatment. Student's unpaired  
t-test was used to evaluate differences in cysto-
metric variables between normal and CYP-treated 
rats. Statistical analyses were conducted by using  
SPSS 13.0 (SPSS Inc., Chicago, IL) and GraphPad 
Prism software (GraphPad Software, Inc., San Di-
ego, CA). For all statistical tests, p <0.05 was consid-
ered significant.

RESULTS

Intravesical administration of BAM8-22  
in normal rats

As shown in Figure 1A, intravesical administration 
of BAM8-22 inhibited the micturition reflex as evi-
denced by increases in ICI and TP. Intravesical ad-
ministration of BAM8-22 at 100, 300, and 1000 nM, 
(n = 6 per dose) significantly increased ICI at doses 
of 300 nM or higher (101.2 ±4.8%, 115.5 ±8.7%, 
and 119.4 ±10.5% of the control value, respectively) 
(Table 1). Intravesical administration of BAM8-22  
at 100, 300 and 1000 nM also increased PT at dos-
es of 300 nM or higher (5.83 ±1.35 cmH2O, 8.85  
±2.16 cmH2O, and 8.96 ±2.74 cmH2O, respectively, 
from the control value of 5.28 ±1.61 cmH2O) (Table 1).  
However, there were no significant changes in BP 

Table 1. Changes in cystometric parameters after intravesical BAM8-22 administration in normal rats

Capsaicin
Pretreatment

Variable Vehicle BAM8-22
(100 nM)

BAM8-22
(300 nM)

BAM8-22
(1000 nM)

BAM8-22
(1000 nM)

Number of rats 6 6 6 6 6

Mean ±SD

ICI, mins
before
after

11.6 ±3.45
11.8 ±4.56

10.5 ±3.18
10.6 ±2.85

10.2 ±5.73
11.7 ±6.56*

10.8 ±4.67
12.8 ±7.67*

10.4 ±2.62
12.5 ±6.78*

%ICI, % 102.6 ±5.1 101.2 ±4.8 115.5 ±8.7† 119.4 ±10.5† 123.5 ±12.6†

BP, cmH2O
before
after

4.67 ±1.56
4.59 ±0.92

3.78 ±1.23
3.82 ±1.37

3.67 ±1.52
3.78 ±1.38

4.26 ±2.18
4.29 ±1.92

4.01 ±0.86
3.98 ±0.67

TP, cmH2O
before
after

5.35 ±1.78
5.28 ±1.61

5.48 ±1.28
5.83 ±1.35

5.05 ±1.23
8.85 ±2.16*

5.81 ±1.56
8.96 ±2.74*

7.02 ±3.27
11.6 ±6.78*

MP, cmH2O
before
after

25.1 ±3.95
25.0 ±4.19

26.1 ±3.28
28.5 ±4.78

25.9 ±3.28
28.1 ±5.18

26.3 ±4.27
27.8 ±4.86

26.5 ±4.78
29.0 ±8.46

*p <0.01 (paired t-test); †p <0.01 vs. vehicle injection (Dunnett’s multiple comparison test)
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DISCUSSION

The goal of this study was to assess the effects of in-
travesical administration of a SNSR1 agonist on the 
micturition reflex in urethane-anesthetized normal 
rats and rats with cyclophosphamide (CYP)-induced 
bladder overactivity. Our findings indicate that in 

or MP at any doses tested (Table 1). Intravesical ad-
ministration of vehicle (saline) had no effect on the 
ICI, TP, BP, or MP (Table 1). The inhibitory effect  
of intravesical administered BAM8-22 (1000 nM,  
n = 6) still occurred after capsaicin pretreatment 
(Figure 1B). Intravesical administration of BAM8-22  
in capsaicin-pretreated rats increased ICI with 
a similar efficacy as in normal rats, and increased 
TP significantly (Table 1). There was no significant 
change in BP or MP. No responses were observed in 
the eye wiping test with capsaicin in these animals  
(Table 1).

Intravesical administration of BAM8-22  
in CYP-treated rats

CYP treatment induced a higher BP and a short-
er ICI compared with the control group (Table 2).  
As shown in Figure 2 and 3, intravesical adminis-
tration of BAM8-22 inhibited the micturition re-
flex as evidenced by increases in ICI. Intravesi-
cal administration of BAM8-22 at 300, 1000, and  
3000 nM (n = 6 per dose) significantly increased 
ICI at doses of 1000 and 3000 nM to 115.6 ±7.2%, 
and 120.5 ±7.6% of the control value, respectively  
(p <0.05) in CYP-treated rats (Table 2). However, in-
travesical administration of BAM8-22 did not change 
BP or MP at any doses tested in the CYP-treated 
rats (Table 2). Intravesical administration of vehi-
cle (saline) had no effects on the ICI, TP, BP, or MP  
(Table 2).

Figure 1. Representative cystometrograms showing the effects 
of intravesical administration of BAM8-22 (1000 nM) on blad-
der activity in normal rats. B. Representative cystometrograms 
showing the effects of intravesical administration of BAM8-22 
(1000 nM) on bladder activity in capsaicin-pretreated rats.

Table 2. Changes in cystometric parameters after intravesical BAM8-22 administration in CYP cyclophosphamide-treated  
or control rats

CYP-treated rats Control rats

Variable Vehicle BAM8-22
(300 nM)

BAM8-22
(1000 nM)

BAM8-22
(3000 nM) Vehicle

Number of rats 6 6 6 6 6

Mean ±SD

ICI, mins
before
after

3.21 ±0.81
3.25 ±0.75

3.06 ±0.67
3.25 ±0.98

3.57 ±1.24
4.16 ±1.01*

3.07 ±0.98
3.71 ±1.16*

11.8 ±4.58
11.9 ±5.21

%ICI, % 101.6 ±4.7 98.6 ±5.8 115.6 ±7.2† 120.5 ±7.6† 100.6 ±8.1

BP, cmH2O
before
after

9.67 ±3.56
9.59 ±4.05

8.96 ±3.21
9.14 ±2.78

9.56 ±4.51
9.41 ±3.78

10.2 ±4.37
9.95 ±3.95

4.38 ±1.12
4.19 ±0.98

TP, cmH2O
before
after

13.7 ±6.89
13.5 ±7.51

14.7 ±6.19
15.1 ±5.78

15.7 ±4.89
16.5 ±6.81

14.4 ±5.99
15.7 ±8.17

7.67 ±4.38
7.55 ±3.78

MP, cmH2O
before
after

43.6 ±9.56
41.9 ±8.78

40.6 ±7.81
41.8 ±9.16

43.7 ±11.7
45.1 ±10.6

38.7 ±8.78
37.5 ±9.18

32.8 ±6.39
31.8 ±7.61

*p <0.05 (paired t-test); †p <0.05 vs. vehicle injection (Dunnett’s multiple comparison test)
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Figure 2. Representative cystometrograms showing the effects 
of intravesical administration of BAM8-22 (3000 nM) on blad-
der activity in cyclophosphamide-treated rats.

Figure 3. Changes in the intercontraction interval (ICI)  
(% of control [Pre]) after intravesical administration of vehicle 
or BAM8-22 in cyclophosphamide-treated rats. Histograms 
represent mean ± standard deviation values. 
*<0.01 vs. vehicle administration

date although BAM22, an opioid peptide, is widely 
distributed in the central nervous system [14, 15]. 
Therefore, it seems reasonable to assume that the 
inhibitory effects of BAM8-22 on normal bladder ac-
tivity were mediated by activation of SNSR1. BAM8-
22 induces inhibition of high voltage-activated Ca2+ 
current in rat DRG and superior cervical ganglion 
neurons [16], which may lead to inhibition of excit-
atory neurotransmitter release at synapses formed 
between small-diameter DRG neurons and the spi-
nal dorsal horn neurons [17]. These events may 
underline the results obtained in the present study.  
If this is true, SNSRs could be categorized as the 
type of receptors that are expressed in the small-
sized neurons in the DRG and function to negatively 
modulate excitability of the central terminals of pri-
mary afferents, similar to opioid [18], acetylcholine 
[19], and GABA receptors [20].
The current study also indicated that the activation  
of SNSR1 can inhibit the micturition reflex via cap-
saicin-resistant afferents pathways. In the present 
study, ICI and TP in capsaicin-pretreated rats were 
significantly increased compared to normal rats, 
as reported in previous studies using anesthetized 
rats with afferent desensitization induced by pre-
treatment with capsaicin, a C-fiber neurotoxin [21]. 
The inhibitory effects of intravesical administration  
of BAM8-22 were still observed after capsaicin pre-
treatment. A study using in situ hybridization (ISH) 
analysis, rat SNSR mRNA was detected in a subset 
of small neurons within the trigeminal ganglia and 
DRG, but not in the sympathetic superior cervical 
ganglion or in the nodose ganglion, indicating SNSR 
is uniquely associated with sensory afferents in the 
rat [5]. Moreover, in RT-PCR analyses of 25 different 
human tissues using oligonucleotides designed to con-
served regions of SNSR 1-6, SNSR mRNA expression 
was detected exclusively in human DRG [5]. Lembo 
et al. [5] used double-labeling studies combining ISH 
with the immunohistochemical detection of neuronal 
markers such as substance P, calcitonin gene-related 
peptide (CGRP), vanilloid receptor (TRPV1), isolectin 
B4 (IB4) on rat DRG tissue sections to identify the 
neuronal phenotype of SNSR-expressing cells. Most 
SNSR-positive neurons were found in the non-pepti-
dergic, IB4-positive population. Also, a half of them 
were not co-localized with TRPV1 capsaicin receptor. 
Therefore, it is possible that the effects of BAM8-22 
are mediated by capsaicin-resistant C-fiber afferents 
that do not express TRPV1.
The current study also indicates that activation  
of SNSR1 by intravesical BAM8-22 can improve 
CYP-induced bladder overactivity, which is induced 
by activation of capsaicin sensitive C-fiber affer-
ent pathways because capsaicin pretreatment sig-

urethane-anesthetized rats, local activation of SNSRs  
by intravesically administered SNSR1 agonist has an 
inhibitory effect on the micturition reflex, as shown 
by the significant increases in ICI and TP.
BAM8-22 is a synthesized peptide with 15 ami-
no acids. It differs from bovine adrenal medulla  
22 (BAM22), an opioid peptide with 22 amino acids 
and one of the natural cleavage products of proen-
kephalin A [13], in that BAM8-22 does not contain 
the N-terminal YGGFM motif of BAM22 [5]. It has 
also been demonstrated that in vitro BAM8-22 does 
not interact directly with the opioid receptor [5]. 
Furthermore, it has been demonstrated that the ef-
fect of BAM8-22 on nociception was not mediated  
by opioid receptors since this peptide displayed iden-
tical efficacy in inhibiting the nocifensive behaviors 
in the absence or presence of naloxone, a non-selec-
tive opioid receptor antagonist [11]. In addition, en-
dogenous BAM8-22 has not been found to exist up to 
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on [5, 10]. Intravesical therapy/drug delivery is wide-
ly used for treatment of bladder dysfunctions such 
as overactive bladder and painful bladder syndrome/
interstitial cystitis as well as prevention of the re-
currence of superficial bladder cancer after trans-
urethral resection of bladder tumor [23]. Instillation  
of drugs through a catheter into the bladder provides 
a high concentration of drugs locally at the disease 
site in the bladder without an increase in systemic 
levels, which can explain the low risk of systemic 
adverse events [23]. Thus, it is assumed that intra-
vesical administration of SNSR agonists could be ef-
fective for the pharmacological treatment of bladder 
dysfunction with less adverse events.

CONCLUSIONS

The results of the present study have shown that 
sensory neuron-specific receptors (SNSRs) play 
an important role in the local modulation of blad-
der afferent activity in normal rats and activation 
of SNSRs can ameliorate cyclophosphamide (CYP)-
induced bladder overactivity in rats. Thus, SNSRs 
could be an effective target for the treatment of blad-
der dysfunctions such as overactive bladder and pain-
ful bladder syndrome/interstitial cystitis, for which 
C-fiber afferent hyperexcitability has been proposed 
to be an important pathophysiological basis.
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nificantly reduces CYP-induced bladder overactivity  
in rats [22]. Thus, the main function of BAM8-22 
in CYP treated rats seems to be mediated by mod-
ulation of afferent activity, rather than efferent  
or smooth muscle activity, because BAM8-22 in-
duced increases in ICI without affecting MP or BP.  
On the other hand, our current study demonstrated 
that the inhibitory effects of intravesical administra-
tion of BAM8-22 on ICI and TP were still observed  
in rats with C-fiber afferent desensitization induced 
by pretreatment with capsaicin, a C-fiber neuro-
toxin, suggesting that the activation of SNSR1 
by intravesical BAM8-22 can inhibit the micturi-
tion reflex via the pathways of capsaicin-resistant  
C-fiber afferents in normal rats. However, the effects 
of activation of SNSR1 by intravesical BAM8-22 could 
involve the suppression of capsaicin sensitive C-fiber 
afferents in addition to capsaicin-insensitive ones in 
CYP-treated rats.
Many receptors that can modulate micturition are 
also distributed in the neuronal pathways that regu-
late other functions, such as respiration and brain 
activity, etc. Targeting this type of receptors concur-
rently results in modulating the micturition reflex 
and producing unwanted effects. For example, opi-
oids have been used clinically as effective analgesics 
for many pain conditions, but their use is limited by 
their considerable central nervous system-mediat-
ed adverse events. To date, it has been found that  
SNSRs are exclusively expressed in a subset of sen-
sory neurons in the DRG and the trigeminal gangli-
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