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Abstract

Purpose: Since intravesically administered steroid therapy may treat bladder
pain syndrome/interstitial cystitis (BPS/IC) with fewer side effects than the
current treatment of orally administered steroids, we investigated whether the
intravesical infusion of budesonide foam can effectively treat BPS/IC symp-
toms in a rat model of tranilast-induced BPS/IC. Methods: There were 6 rat
treatment groups (n = 8 per group): control + single or daily saline infusion,
tranilast + single or daily saline infusion, and tranilast + single or daily bude-
sonide infusion. All groups except for the controls were fed a tranilast sup-
plemented diet for 5 weeks. Budesonide and saline were infused intravesical-
ly. After the BPS/IC rat model underwent single infusion treatments, we
measured the paw pain threshold using the von Frey test and continuous
cystometry was taken. After two weeks of daily intravesical infusions, we
measured locomotor activity and serum cortisol levels; harvested bladders
underwent histological analysis. Results: Both pain threshold and locomotor
activity were significantly lower in the saline-infused groups receiving the
tranilast diet, but there were no differences between the budesonide-infused
groups and the controls. The interval between bladder contractions was sig-
nificantly shorter in the tranilast group than the control or tranilast + bude-
sonide infusion groups. The serum cortisol levels did not change. Hematox-
ylin-Eosin stainings of the bladder showed thickening of the bladder muscle
layer and mucosal edema in the tranilast group, while the tranilast + budeso-
nide infusion group showed only mild changes. Conclusion: Intravesical in-
fusion of budesonide effectively treated BPS/IC symptoms in a rat model of
BPS/IC.
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1. Introduction

Bladder pain syndrome/interstitial cystitis (BPS/IC) is defined as suprapubic
pain associated with bladder filling in the absence of urinary tract infections or
other diseases and is typically accompanied by increased daytime and nighttime
urination frequency, according to both the European Society for the Study of
Interstitial Cystitis (ESSIC) and the European Association of Urology (EAU) [1]
[2]. The etiology of BPS/IC is not fully understood yet, but there is evidence that
indicates that BPS/IC is an autoimmune disease of the bladder because it is
known to be associated with other autoimmune disorders such as systemic lupus
erythematosus and allergies [3] [4].

When patients used tranilast to treat allergies, keloids, and hypertrophic scars,
some of them sometimes developed BPS/IC [5] [6] [7]. Tranilast, N-(3,4-dime-
thyoxycinnamoyl) anthranilic acid, treats these diseases by suppressing the re-
lease of transforming growth factor (TGF)-p1 to inhibit collagen synthesis [8]
[9]. We previously developed a BPS/IC rat model by administering high doses of
tranilast to rats; our model closely resembles human BPS/IC because it has the
typical signs and symptoms experienced by BPS/IC patients, such as increased
urination frequency and decreased locomotor activity [10] [11]. Our BPS/IC rat
model is also characterized by having an extended bladder that leads to inflam-
mation, increased vascular permeability, and the presence of glomerulations in
the bladder wall [10].

Although many systemic and intravesical agents have been investigated for
treatment of BPS/IC, it remains a refractory disease. Oral administration of ste-
roids is relatively effective for BPS/IC symptoms, but oral steroid therapy is as-
sociated with numerous adverse effects [12] [13]. As an alternative to oral ad-
ministration, steroid enemas are used for the treatment of ulcerative colitis [14]
[15]. Rectabul® (Kissei Pharmaceutical, Matsumoto, Japan) is a steroid enema
foam containing 2 mg of budesonide per dose [16]. Since the drug is a foam
preparation, it is retained in the rectum and sigmoid colon after infusion with
minimal leakage [14] [15]. In addition, local administration of a steroid is ex-
pected to reduce systemic side effects.

Since intravesically administered steroid therapy may treat BPS/IC with fewer
side effects than the current treatment of steroids administered orally, we inves-
tigated whether the intravesical infusion of budesonide foam can effectively con-
trol BPS/IC symptoms in a BPS/IC rat model induced by tranilast.

2. Methods

Animals
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48 female Sprague Dawley rats weighing 200 to 240 g were used in this study.
This study protocol was approved by the President of the University of the Ryu-
kyus based on recommendations from the Institutional Animal Care and Use
Committee (A2017182 and A2019002).

Treatment with a single intravesical infusion of budesonide

In the first experiment, 24 rats were randomly divided into 3 groups: control
+ single saline infusion group, tranilast + single saline infusion group, and tra-
nilast + single budesonide infusion group (n = 8 for each group). For 5 weeks, all
groups except for the controls were fed a powder diet containing 0.4% tranilast
(Kissei Pharmaceutical, Matsumoto, Japan), and the controls were fed a standard
powder diet (Clea Japan, Tokyo, Japan). After 5 weeks of the tranilast diets, rats
were anesthetized using isoflurane and transurethral catheterizations were per-
formed using a fine polyethylene catheter (PE50, Clay Adams, NJ, USA). Next,
the tranilast + single budesonide infusion group received an intravesical infusion
of 0.5 mL of budesonide foam (Rectabul®) that contains approximately 2 pg of
budesonide, and both the tranilast + single saline infusion and control + single
saline infusion groups received an intravesical infusion of 0.5 mL of physiologi-
cal saline [16].

Von Frey testing

2 hours after the treatment infusions, the von Frey test was used to measure
nociceptive paw pain (BIO-EVF5; PanLab, Holliston, MA, USA) in the three
groups.

Continuous cystometry

We performed continuous cystometry on the single infusion-treated rat groups.
The rats were anesthetized using urethane that was administered both subcuta-
neously (0.8 g/kg) and intraperitoneally (0.4 g/kg). Physiological saline was in-
fused directly (0.05 ml/min) into the bladder using a PE50 catheter that was in-
serted transurethrally into the bladder and was connected to the infusion pump.
We recorded bladder activity for a minimum of 90 min during cystometry. We
also measured the residual volume after final voiding.

Treatment with multiple daily intravesical infusions of budesonide

The remaining 24 rats were randomly divided into 3 groups: control + daily
saline infusion group, tranilast + daily saline infusion group, and tranilast + dai-
ly budesonide infusion group (n = 8 for each group). For 5 weeks, all groups ex-
cept for the controls were fed a powder diet containing 0.4% tranilast, and the
controls were fed a standard powder diet. After 3 weeks of the tranilast diets, all
rats were given daily intravesical infusions for 2 weeks; the tranilast + daily bu-
desonide infusion group received 0.5 mL budesonide foam, and both the trani-
last + daily saline infusion and control + daily saline infusion groups received 0.5
mL physiological saline.

Locomotor activity testing

After 2 weeks of daily infused treatments, we measured locomotor activity to
evaluate pelvic pain using previously described methods using a digital coun-

ter and an infrared sensor (NS-ASSO1; Neuroscience Inc., Tokyo, Japan) [10].
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Nighttime locomotor activity was measured from 8:00 P.M. to 8:00 A.M. with
the lights off.

At the end of the experiment, rats were anesthetized for the collection of ven-
ous blood samples from the inferior vena cava to measure serum cortisol levels
(BML Inc., Tokyo, Japan) and the excision of bladders for histological examina-
tion.

Histology

The bladders of the rats were harvested, visually inspected, fixed in 10% for-
malin buffer, processed, embedded, sectioned, Hematoxylin-Eosin stained, and
analyzed for histological changes.

Statistical Analysis

Results are reported as the mean + standard error of the mean (SEM). Stu-
dent’s unpaired #test was used to determine significance. A p < 0.05 indicated

significance.

3. Results

Nociceptive paw pain threshold

We used the von Frey test to determine that the mean threshold for nocicep-
tive paw pain was 26.5 + 2.2 g, 33.6 + 2.1 g, and 35.3 + 2.6 g for the tranilast +
single saline infusion group, tranilast + single budesonide infusion group, and
control + single saline infusion group, respectively (n = 8 for each group)
(Figure 1). The mean threshold for nociceptive paw pain was significantly lower
in the tranilast + single saline infusion group than in the control + single saline
infusion group (n = 8, p = 0.022), and no significant differences were observed

50 A
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+Budesonide

Figure 1. The von Frey test was used to determine the paw pain threshold in the BPS/IC
rat model after treatment. Control: control + single saline infusion group, Tranilast: tra-
nilast + single saline infusion group, Tranilast + Budesonide: tranilast + single budeso-
nide infusion group. Mean + SEM, n = 8 per group, *p < 0.05, *p < 0.01.
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between the tranilast + single budesonide infusion group and the control + sin-
gle saline infusion group. Therefore, we demonstrated that the significantly low-
er nociceptive paw pain threshold induced by tranilast was reversed by a single
intravesical infusion of budesonide foam.

Continuous cystometry measurements

The mean interval between bladder contractions was 15.3 + 1. min, 18.3 + 1.7
min, and 18.9 + 1.3 min for the tranilast + single saline infusion group, tranilast
+ single budesonide infusion group, and control + single saline infusion group,
respectively (n = 8 for each group) (Figure 2). The interval between bladder
contractions was significantly shorter in the tranilast + single saline infusion
group than in the control + single saline infusion group (p = 0.048), but no sig-
nificant differences were observed for the tranilast + single budesonide infusion
group. The mean bladder pressure thresholds for inducing bladder contractions
were 6.9 £ 0.5 cm H,0, 8.3 + 0.4 cm H,0, and 8.1 + 0.3 cm H,O for the tranilast
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Figure 2. Comparison of continuous cystometry measurements the BPS/IC rat model after treatment. (A) Representative conti-
nuous cystometrograms are shown for the 3 treatment groups. (B) The graph shows the interval between bladder contractions
(Interval), threshold bladder pressure that induced bladder contractions (Threshold), and the maximum bladder contraction
pressure (MCP). Control: control + single saline infusion group, Tranilast: tranilast + single saline infusion group, Trani-
last+Budesonide: tranilast + single budesonide infusion group. Mean + SEM, n = 8 per group, *p < 0.05, **p < 0.01.
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+ single saline infusion group, tranilast + single budesonide infusion group, and
control + single saline infusion group, respectively (n = 8 for each group). The
threshold bladder pressure for inducing bladder contractions was significantly
lower in the tranilast + single saline infusion group than in the control + single
saline infusion group (p = 0.039), but no significant differences were observed
for the tranilast + single budesonide infusion group. The mean maximum blad-
der contraction pressure was 39.2 + 2.0 cm H,0, 40.0 + 2.0 cm H,O, and 48.5 +
1.7 cm H,O for the tranilast + single saline infusion group, tranilast + single bu-
desonide infusion group, and control + single saline infusion group, respectively
(n = 8 for each group). The mean maximum bladder contraction pressure was
significantly lower in both the tranilast + single saline infusion group and the
tranilast + single budesonide infusion group than in the control + single saline
infusion group (p = 0.008). However, we did not observe any significant differ-
ences among the 3 groups for either the baseline bladder pressure that ranged
from 3.8 to 7.1 cm H,O or the residual volume that ranged from 0 to 0.2 mL.
Thus, the shortened interval between bladder contractions induced by tranilast
was reversed with a single intravesical infusion of budesonide foam.

Locomotor activity measurements

The mean nighttime locomotor activity was 14,510 + 568 movements, 16,863
+ 1181 movements, and 16,719 + 678 movements for the tranilast + daily saline
infusion group, tranilast + daily budesonide infusion group, and control + daily
saline infusion group, respectively (n = 8 for each group) (Figure 3). The trani-
last + daily saline infusion group has significantly less movement than that of the
control + daily saline infusion group (p = 0.023), but no significant differences
were observed for the tranilast + daily budesonide infusion group. Thus, the
lower locomotor activity induced by tranilast was reversed by intravesical infu-
sion of budesonide foam.

Serum cortisol measurements

The mean serum cortisol level was 0.79 + 0.04 pg/dL, 0.75 + 0.08 pg/dL, and
0.79 + 0.05 pg/dL for the tranilast + daily saline infusion group, tranilast + daily
budesonide infusion group, and control + daily saline infusion group, respec-
tively (n = 8 for each group). We found no significant differences in the serum
cortisol levels among the three groups.

Histological findings of the bladder

The pathological examination of the excised bladders did not reveal any
stones, drug foam, or residue. Thickening of the bladder muscle layer and edema
in the bladder wall was observed in the Hematoxylin-Eosin stained sections of
the bladder wall from the tranilast + daily saline infusion group, but these
changes were less prominent in the tranilast + daily budesonide infusion group
and control + daily saline infusion group (Figure 4). We also identified low le-
vels of cellular infiltration into the mucosa in all 3 groups. Thus, the observed
histological bladder wall changes induced by tranilast slightly improved after the

treatment with budesonide foam.
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Figure 3. Comparison of nighttime locomotor activity in the BPS/IC rat model after
treatment. Control: control + daily saline infusion group, Tranilast: tranilast + daily saline
infusion group, Tranilast+Budesonide: tranilast + daily budesonide infusion group. Mean
+ SEM, n = 8 per group, *p < 0.05.

anilast+Bu nide
; % Ay i

Figure 4. Histological examination of harvested bladders from BPS/IC rat model after
treatment. Representative Hematoxylin-Eosin stainings of the bladder wall are shown for
the (A) control + daily saline infusion group, (B) tranilast + daily saline infusion group
that has thickening of the bladder muscle layer and mucosal edema, and (C) tranilast +
daily budesonide infusion group that has only mild histological changes. Scale bar = 500
um for (A), (B), and (C).

4. Discussion

In this study, we validated our previously established rat model of BPS/IC by
measuring locomotor activity and urinary frequency [10] [11]. We found that
rats in the tranilast + daily saline infusion group, who were treated with high

doses of tranilast, had significantly less locomotor activity than the control rats.
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Since reduced locomotor activity is an indicator of pelvic pain, this means that
our BPS/IC rat model produces pelvic pain symptoms similar to the human ver-
sion of BPS/IC. Furthermore, continuous cystometry performed on our BPS/IC
rat model showed that the interval between bladder contractions was signifi-
cantly shorter than that of the control group, indicating that our BPS/IC rat
model has increased urinary frequency, which is another common symptom of
BPS/IC. Therefore, we used our BPS/IC rat model to investigate whether the
intravesical infusion of budesonide foam can effectively treat BPS/IC symptoms.

This study showed a lower pain threshold in the nociceptive paw of BPS/IC
rats. Intravesical infusion of budesonide foam reversed the lower nociceptive
paw pain threshold, reduced locomotor activity, and the shorter interval between
bladder contractions that were all induced by the tranilast supplemented diet.
Moreover, the histological changes in the bladder wall improved slightly, and no
drug residue was observed in the bladders. However, serum cortisol levels were
not affected by the intravesical infusion of budesonide foam. Thus, the intraves-
ical infusion of budesonide foam ameliorated the tranilast-induced BPS/IC
symptoms in our rat model without increasing serum cortisol levels or causing
any adverse influences on the bladder.

In previous studies, we found that the BPS/IC rats had shorter intervals be-
tween bladder contractions and thinner bladder walls than control rats, but there
were no changes to either the threshold bladder pressure or the maximum blad-
der contraction pressure [10] [11]. In this study, however, the BPS/IC rats had
lower threshold bladder pressure, lower maximum bladder contraction pressure,
and thicker bladder walls. These differences from previous studies may have
been due to the influence of intravesical catheterization and saline infusion.
Since our previous study identified slight inflammatory changes and an increase
of bladder wall vascular permeability in the BPS/IC rats fed a tranilast supple-
mented diet [10], the bladders of these rats might be susceptible to the influence
of catheterization and saline infusion. Therefore, it might be possible that intra-
vesical catheterization and saline infusion under tranilast administration caused
inflammation of the lower urinary tract, affected intravesical pressure, and
thickened the bladder wall. Intravesical infusion of budesonide foam suppressed
the bladder wall changes in the BPS/IC rats.

Even though orally-administration steroids can effectively treat BPS/IC, pa-
tients experience problematic side effects [12] [13]. Therefore, administering
dimethyl sulfoxide (DMSO) [17] [18], heparin [19], hyaluronic acid [20], and
bupivacaine with heparin and triamcinolone [18] by intravesical infusions for
the treatment of BPS/IC has been investigated both experimentally and clinical-
ly, and were reported to be relatively effective with fewer side effects than oral
steroids. Another effective BPS/IC treatment involving the endoscopic submu-
cosal bladder injections of either botulinum toxin [21] or the steroid triamcino-
lone [22] [23] was reported. No major adverse events have been reported for any
drugs that were administered by either intravesical infusions or endoscopic in-

jections. However, multiple intravesical infusions and endoscopic submucosal
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injections must be performed, which requires patients to visit clinics for each
treatment. On the other hand, enemas can be done at home for the treatment of
ulcerative colitis. In the urology field, patients with underactive bladders and
large residual urine volumes perform intermittent self-catheterizations. There-
fore, it is feasible for BPS/IC patients with severe bladder pain to perform intra-
vesical infusions of steroids by self-catheterization at home.

There were several limitations in our study. The number of animals in each
group was small. No data was acquired on possible urinary tract infections that
may have occurred, and no data was acquired for possible injuries caused by
daily catheterizations. For continuous cystometry, the single transurethral ca-
theterization for the infusion treatment was relatively easy. However, the 2
weeks of daily transurethral catheterizations injured the urethra and caused
bleeding that led to difficulties in performing the additional catheterization for
cystometry. Therefore, we performed continuous cystometry after only 1 intra-
vesical infusion of either physiological saline or budesonide foam to avoid in-
juring the urethra while inserting the transurethral catheter. In the future, we
plan to investigate the long-term effects of bladder inflammation associated with
intravesical steroid infusions performed by self-catheterization in patients with
BPS/IC.

5. Conclusion

We demonstrated that intravesical infusions of steroid treatment using budeso-
nide foam effectively reduced bladder pain, increased the interval between blad-
der contractions, and improved histopathological changes in the bladder wall of
a BPS/IC rat model. Future clinical investigations on the impact of intravesical

steroid treatments by self-catheterization in BPS/IC patients are planned.
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