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Purpose: The purposes of this study were to investigate the effect of cyclophosphamide (CYP)-induced inflammatory cystitis
on caveolin 1 in rat urinary bladder and to determine the role of these molecules in the bladder dysfunction that occurs in in-
flammatory change in rat urinary bladder.

Methods: Female Sprague-Dawley rats were divided into control (n=30) and experimental (n=30) groups. Cystitis in experi-
mental group was induced by intraperitoneal injection of CYP (200 mg/kg). The control group underwent an intraperitoneal
saline injection. After 3 days, urodynamic studies were done to measure the contraction interval and contraction pressure. The
expression and cellular localization of caveolin 1 were determined by Western blot and immunofluorescent study in rat urinary
bladder.

Results: In cystometrograms, the contraction interval (minute) was significantly increased in the CYP-induced cystitis rats
(15.8£1.5) than in the control group (6.3+0.5) (P <0.05). Conversely, the average contraction pressure (mmHg) was signifi-
cantly higher in the CYP-induced cystitis rats (15.6+1.7) than in the control group (11.3+0.5) (P <0.05). Caveolin 1 was ex-
pressed in the capillaries, arteriols and venules. The protein expression of caveolin 1 was significantly decreased in the CYP-in-
duced cystitis rats (P <0.05).

Conclusions: Inflammatory change of urinary bladder maybe causes a significant change in the expression of caveolin 1. These
findings suggest that caveolin 1 might have a functional role in the bladder dysfunction related with cystitis in rat urinary blad-

der.
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INTRODUCTION

Traditionally, the urothelium was considered to be a simple
passive barrier between the urinary tract and urine. Recently,
however, the urothelium is now understood to be a responsive
organ capable of sensing a variety of signals from the urinary
bladder [1].

Caveolae are flask shaped plasma membrane invaginations
that are thought to play a role in important cellular processes of
cell surface signaling [2]. Caveolins are major constituents of
caveolae and caveolins are required for the formation of caveo-

lae [3]. The caveolae family proteins consist of 3 isoforms, cave-
olin (caveolin 1, 2, 3). Among them, caveolin 1 is the best char-
acterized isoform and shown to play roles in receptor mediated
signal transduction pathway regulation. Functional roles of ca-
veolin-1 in the bladder are beginning to emerge with the study
of genetic deletion of caveoln-1 in animal study. Caveolin 1
knockout mice in the bladder exhibit several urological disor-
ders including decrease detrusor contractility on stimulation
with carbachol [4,5]. Our group has previously reported that
the effect of hormonal alteration on caveoln 1 in urinary blad-
der and determine the role of this molecule in the detrusor
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overactivity that occurs in hormonal alteration [6]. We found
that hormomal alteration causes a significant change in bladder
contraction and the expression of caveolin 1 in ovariectomized
rat.

Most studies to date have demonstrated the caveolin expres-
sion in detrusor muscle of urinary bladder. However, there have
been no studies to investigate the combined changes in expres-
sion of caveolin 1 and functional activity of this protein in re-
sponse to clinically important cystitis condition. The purposes
of this study were to investigate the effect of cyclophosphamide
(CYP)-induced inflammatory cystitis on caveolin 1 in rat uri-
nary bladder and to determine the role of this molecule in the
bladder dysfunction that occurs in associated with inflammato-
ry change in rat urinary bladder.

MATERIALS AND METHODS

Experimental Model

Female Sprague-Dawley rats were divided into control (n=30)
and experimental (n=30) groups. Cystitis in experimental group
was induced by intraperitoneal injection of CYP (200 mg/kg)
[7]. The control group underwent an intraperitoneal saline in-
jection. After 3 days, urodynamic studies were done to measure
the contraction interval and contraction pressure. All experi-
mental animals were fed a standard diet up until the day before
the experiment. Animals with an estrous cycle confirmed via a
vaginal smear were premedicated with xylazine (2.2 mg/kg, in-
tramuscular [IM]) and anesthetized with a zolazepam/tilet-
amine cocktail (4.4 mg/kg, IM). The expression and cellular lo-
calization of caveoln-1 were determined by Western blot and
immunofluorescent study in rat urinary bladder. The study was
approved by the Ethics Committee of the Chonnam National
University Medical School.

Cystometrogram

Four weeks after the operation, rats (n=10 in each group) were
anesthetized with 1.2 g/kg urethane injected subcutaneously. A
suprapubic midline incision was performed to expose the blad-
der, a transvesical catheter with a fire-flared tip (polyethylene
catheter-50) was inserted into the dome of the bladder and se-
cured with a ligature, and the abdomen was closed. The cathe-
ter was connected to a pressure transducer and syringe pump
via a 3-way stopcock to record intravesical pressure and to in-
fuse saline into the bladder. After the bladder was emptied, cys-
tometry was performed with saline infused at a rate of 0.04 mL/
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min. The contraction pressure and contraction interval were
recorded.

Western Blot

All minced tissues were homogenized in ice-cold isolation solu-
tion with a Tissumizer homogenizer (Tekmar, Cincinnati, OH,
USA). Tissues were homogenized with five bursts of five strokes
of a micro-sawtooth generator. Tissue homogenates (n=10 in
each group, 50 pg of protein) were separated by 12% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and trans-
ferred to polyvinylidene difluoride membranes (Amersham
Pharmacia Biotech, England, UK). The blots were then washed
with Tris-Buffered Saline Tween-20 (TBS-T; 10 mM Tris-HCI,
pH 7.6, 150 mM NaCl, 0.05% Tween-20). The membrane was
blocked with 5% skimmed milk for 1 hour and incubated with
the appropriate primary antibody. Monoclonal mouse antibod-
ies for caveolin-1 (1:2,000; BD Biosciences Immunocytometry
Systems, San Jose, CA, USA) and a polyclonal rabbit antibody
against glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
(1:4,000; Cell Signaling Technology Inc., Danvers, MA, USA)
were used. The membrane was then washed and caveolin-1 and
GAPDH was detected with goat anti-mouse-immunoglobulin
G (IgG) and goat anti-rabbit-IgG conjugated to horseradish
peroxidase, respectively. Antibody incubations were performed
in a 4°C incubator. The bands were visualized by enhanced che-
miluminescence (Amersham Pharmacia Biotech, England, UK).
GAPDH was used as an internal control. Densitometry analysis
was performed with a Studio Star Scanner using NTH image
ver. 1-57 (National. Institute of Health, Bethesda, MD, USA).

Immunofluorescence Staining

The tissue sections (n=10 in each group, 10 sections in each
tissue) were rinsed in PBS, and then treated with normal chick-
en serum for 30 minutes to block nonspecific binding. After
washing in PBS, the sections were incubated with antibodies
for caveolin-1 (1:100; BD Biosciences Immunocytometry Sys-
tems, San Jose, CA, USA) in PBS for 12 to 14 hours at 4°C. Im-
munoreactivity for caveolin-1 was detected using Alexa Fluor
594 chicken anti-mouse IgG (H+L) (Molecular Probes, Eugene,
OR, USA). Tissues were mounted using mounting solution
contained with 4’-6-diamidino-2-phenylindole. For a negative
control, tissues were prepared in a similar manner, omitting ca-
veolin-1 from the incubation solution. Tissues were examined
with a LSM 510 (Carl Zeiss, Munchen-Hallbergmoos, Germa-
ny) confocal microscope with an excitation wavelength appro-
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priate for Alexa Fluor (405 nm) and Alexa Fluor (594 nm). Fi-
nal images were constructed with LSM Image Examiner (Carl
Zeiss) software.

Statistical Analysis

The results were expressed as the mean +standard deviation,
whereas the data for cystometric parameters were expressed as
the mean + standard error of mean. The Mann-Whitney test
was used to test null hypothesis that there are no differences in
the mean expression levels among the groups. Differences were
considered significant at P <0.05.

RESULTS

All animals survived for 3 days after intraperitoneal CYP injec-
tion. There was no significant difference in body weight and blad-
der weight between the groups.

Effect of Cystitis on the Cystometric Parameters

In cystometrograms, the contraction interval (minute) was sig-
nificantly increased in the CYP-induced cystitis rats (15.8 £1.5)
than in the control group (6.3 £0.5) (P <0.05). And the contrac-
tion pressure (mmHg) was significantly higher in the CYP-in-
duced cystitis rats (15.6+ 1.7) than in the control group (11.3+
0.5) (P<0.05) (Fig. 1).

Effect of Cystitis on the Expression of Caveolin 1

The expression of caveolin 1 was easily detected, expressed in
areas of capillaries, venules and arteriols in subepithelial layer
(Fig. 2). Immunofluorescence study revealed that, in terms of
the cellular patterns of labeling, the expression of caveolin 1 in
the cystitis group was decreased to that in the control groups
(Fig. 2). Western blot analysis revealed bands at 22 kDa corre-
sponding to caveolin 1 protein (Fig. 3). Caveolin 1 protein was
recognized in all groups. Caveolin 1 protein expression was sig-
nificantly decreased in the CYP-induced cystitis rats (P <0.05)
(Fig. 3).

DISCUSSION

This study has showed that the altered expression of caveolin 1
in the bladder following intraperitoneal injection of CYP in fe-
male rat urinary bladder. Three days after CYP injection, cysto-
metric results exhibited a increased contraction interval and in-
creased contraction pressure compared to control bladders. The
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immunohistochemical study showed that the localization of ca-
veolin 1 in urinary bladder was detected in the capillaries, ve-
nules and arteriols in subepithlial layers. These results provide
evidence that inflammatory condition of bladder induces blad-
der instability; caveolin 1 may play a role in the bladder dys-
function induced by cystitis in women. To our knowledge, this
study is the first study showing the possible occurrence of sig-
naling in the suburothelial microvasculature via caveolin 1 in
bladder dysfunction from CYP induced cystitis rat model.
CYP-induced cystitis model is one of the most widely used
models in lower urinary tract symptom and overactive bladder
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Fig. 1. Representative urodynamic profiles of control and cyclo-
phosphamide-induced cystitis bladders. The contraction inter-
val of the cystitis group increased significantly, compared with
the control ("P<0.05). Note the increased peak pressures on
each voiding contraction in cystitis group compared to the con-
trol ("P<0.05). The lower panels denote the means + standard
error of 10 experiments for each condition. “P < 0.05 vs. control.
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Fig. 2. Immunohistochemistry of caveolin 1 of rat urinary bladder tissue in control and cystitis group. Caveolin 1 was expressed throu-
ghout the capillaries, arteriols and venules. Immunofluorescence study revealed that, in terms of the cellular patterns of labeling, the
expression of caveolin 1 in the cystitis group was decreased to that in the control groups. Horizontal scale bar at the bottom of each
figure indicates the magnification power. The right panels denote the mean + standard deviation of 10 experiments for each condition
determined by relative densitometry. DAPI, 4’-6-diamidino-2-phenylindole. P < 0.05.
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Fig. 3. Immunoblotting for caveolin 1 in urinary bladder tissue from animals of the control and cystitis groups. The anti-caveolin 1
antibodies recognize the 22 kDa bands. Anti-glyceraldehyde 3-phosphate dehydrogenase (GAPDH) antibody recognizes the 42 kDa
band. The expression of caveolin 1 protein was significantly decreased in the cystitis group. The lower panels denote the mean + stan-
dard deviation of 10 experiments for each condition determined by densitometry relative to GAPDH. “P < 0.05.

[7]. CYP induces chemical cystitis in animals and humans re-
sulting in varying degrees of erosion of the mucosa, edema,
hemorrhage, and leukocyte infiltration of the bladder wall [8,9].
The last few years has seen some significant advances in under-
standing of bladder sensory functions with the idea of crosstalk
between the urothelium and the afferent nerves. Traditionally,
the urothelium was considered to be a simple passive barrier
between the urinary tract and urine. Recently, however, the
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urothelium is now understood to be active responsive organ ca-
pable of sensing a variety of signals from the urinary bladder
[1]. In addition, a number of ion channels and receptors have
also emerged as potential targets in the control of bladder func-
tion making it apparent that afferent mechanisms in the blad-
der may be more complex than previously thought [10].

More than 50 years ago, caveolae are 50 to 100 nm small sub-
cellular structures that were originally described in capillary
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endothelial cell [11]. Caveolae are plasma membrane invagina-
tions that play a role in cell signaling process involving such as
endocytosis, and transcytosis in the endothelial and epithelial
[12]. Caveolins are major constituents of caveolae [3]. Caveolin
protein family consists of three members of caveolin 1, caveolin
2 and caveolin 3 that have a specific expression pattern to par-
ticular cell type. Among them, caveolin 1 is essential molecule
for the induction of caveolae formation since they play a crucial
role in maintaining the structure and shape of these membrane
invaginations [13]. Signaling molecules are accumulated prefer-
entially in these membrane invaginations such as G-proteins,
endothelial nitric oxide synthase, epidermal growth factor re-
ceptors and some protein kinase-C isoenzymes that bind di-
rectly to the domain of caveolins [14].

There are number of studies indicating that caveolae may
have an important role in bladder function in animal study. Ca-
veolin 1 knockout mice showing lack of caveolae exhibited sev-
eral urologic problem including decreased contractility on sti-
mulation with carbachol in the bladder [4,5]. In hypertrophied
bladder smooth muscle induced by bladder outlet obstruction,
decreased caveolin was detected highlighting the dynamic na-
ture of caveolae in urinary bladder [15]. Recently, Cristofaro et
al. [16] reported that caveolin has a central role in regulation of
G-protein coupled signaling pathways in bladder smooth mus-
cle contraction. Our group previously reported that the hormo-
nal influence on the caveolin 1 expression in urinary bladder
showing that estrogen replacement increased expression of ca-
veolin 1 protein in the rats urinary bladder [6].

However, there have been no studies to date investigating the
expression of caveolin 1 in the suburothelial microvascular en-
dothelial cells of urinary bladder or the changes in the function-
al activity of these proteins in response to cystitis condition. In
the present study, the expression of caveolin-1 in the urinary
bladder was significantly affected by CYP-induced cystitis group
in association with the change of cystometric parameters. One
of the possible reasons behind this influence on caveolin 1 ex-
pression is believed to be the significance of the location of ca-
veolin 1: the microvasculature is highly dependent on inflam-
matory condition and altered blood supply of the urinary blad-
der may also important step in regulating bladder function. Our
results suggest that cystitis may lead to significant down-regula-
tion of caveolin 1 expression in rat urinary bladder, providing
presumptive evidence that caveolin 1 are involved in the affect-
ed lower urinary tract symptoms induced by cystitis, probably
via modification of specific cellular transmission and signaling
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pathway. A limitation of our study is that the precise functional
activity of caveolin 1 was not fully unveiled, although we did
show the change in expression of caveolin 1 in the cystitis rat
urinary bladder and possible role of relationship with caveolin
1 in the rat urinary bladder. Further studies are needed to in-
vestigate the expression and localization of all caveolin family
members in the urinary bladder and to unveil functional role of
these molecule in the underlying mechanisms of bladder patho-
physiology.

In conclusion, this study showed that CYP-induced cystitis
rats resulted in a significant decrease of the expression of caveo-
lin 1 in rat urinary bladder. This may imply that caveolin 1 iso-
form might be involved in bladder signal activity and have a
functional role in bladder dysfunction occured in association
with inflammatory change of urinary bladder.
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