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Purpose: This study explored the anti-inflammatory and analgesic mechanisms of intravesical cannabidiol (CBD) in cyclo-
phosphamide (CYP)-induced interstitial cystitis/bladder pain syndrome (IC/BPS) rats.

Materials and Methods: Female Sprague-Dawley rats were divided into four groups of control, IC/BPS, IC/BPS+10 mg/kg
CBD, and IC/BPS+100 mg/kg CBD (n=5/group). IC/BPS was induced by CYP injections, followed by intravesical CBD admin-
istration. Pain sensitivity and bladder function were assessed via Von Frey tests and cystometrograms. Histological, Western
blot, and immunofluorescence analyses were performed on bladder tissues. SV-HUCT cells were analyzed using western
blot and scratch assays.

Results: CBD improved bladder function, reducing instability, prolonging intercontractile intervals, and enhancing detrusor con-
traction pressure. The CBD 100 mg/kg group showed greater pain relief in Von Frey tests compared with other groups. Histology
revealed reduced inflammation, mast cell infiltration, and fibrosis in bladder tissues. CBD decreased TNF-o, COX2, IL-6, and
TRPV1 levels and inhibited the TLR4/MyD88/pNF-kB pathway. In SV-HUCT cells, CBD suppressed epithelial injury and down-
regulated TRPV1, TLR4, MyD88, p-NF-kB, and Bax/Bcl-xL, demonstrating anti-inflammatory and anti-apoptotic effects.
Conclusions: Intravesical CBD alleviates inflammation by inhibiting the TLR4/MyD88/pNF-«xB pathway, reduces neuropathic
pain via TRPV1 channels, and improves cell apoptosis and migration in CYP-induced IC/BPS model animals.
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INTRODUCTION

Interstitial cystitis/bladder pain syndrome (IC/BPS)
is a chronic and debilitating condition characterized
by recurring pelvic pain, urinary urgency, urinary
frequency, and discomfort, often accompanied by
bladder inflammation [1]. In a large population-based,
questionnaire-based prevalence study in the United
States, 2.7% of women and 1.9% of men were diagnosed
with IC/BPS [2]. While IC/BPS is a prevalent disorder,
its etiology is unclear and its pathogenesis is complex [3].
Pathophysiological findings include chronic inflamma-
tion, dysfunction such as afferent hyperalgesia and up-
regulation of injury receptors, markedly elevated levels
of C-reactive protein and pro-inflammatory cytokines,
and increases in tumor necrosis factor-alpha (TNF-o)
and nerve growth factor [4,5]. Traditional therapeutic
approaches, including oral medications and invasive
procedures, often yield limited relief and may carry ad-
verse side effects [6]. Therefore, effective management
and treatment for IC/BPS remain challenging.

Cannabidiol (CBD) is a non-psychoactive cannabinoid
with a variety of biological activities and a wide range
of benefits such as antioxidant, anti-inflammatory, and
immunomodulatory effects. Research has demonstrated
the therapeutic significance of CBD in neurological dis-
orders, cardiomyopathy, diabetes, and other diseases [7,8].

Transient receptor potential vanilloid type 1 (TRPV1)
is a nonselective transmembrane cation channel ex-
pressed by multimodal nociceptors. TRPV1 mediates
thermal hyperalgesia and is closely related to pain
transduction and detrusor function in IC/BPS [9].

In the present study, we investigated the potential
therapeutic effects of CBD in IC/BPS. We conducted
intravesical instillation of CBD in a rat model of IC/
BPS and evaluated the effects on inflammation and
bladder function and pain. We further analyzed its
mechanism of action. Our study provides evidence of

the potential effectiveness of CBD in the treatment of
IC/BPS.

MATERIALS AND METHODS

1. Cell culture
SV-HUC-1 cells (ATCC) were cultured in F-12K medi-

um (Gibco) supplemented with 10% fetal bovine serum
(Gibco) and 1% penicillin-streptomycin solution (Gibco).
Cells were maintained in a humidified incubator at
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37 °C with 5% CO,. Non-adherent cells were removed
24 h after seeding, and fresh medium was added. The
medium was replaced every two days. When the cells
reached approximately 80% to 90% confluence, they
were subcultured using 0.25% trypsin-EDTA (Gibco).
Detached cells were centrifuged at 300Xg for 5 min-
utes, resuspended in fresh medium, and replated at an
appropriate density for further expansion.

2. Cytotoxicity assay

CBD (KCA Labs), the MYD88 inhibitor ST2825
(MedChemExpress), and the TRPV1 inhibitor capsa-
icin (Sigma-Aldrich) were used in experiments. Cyto-
toxicity of the compounds was assessed to determine
optimal treatment concentrations using the WST-1
assay kit (DoGenBio). SV-HUC-1 cells were seeded in
96-well plates (5,000 cells/well) in F-12K medium with
10% fetal bovine serum and 1% penicillin-streptomycin
at 37 °C with 5% CO, for 24 hours. Stock solutions of
CBD, ST2825, and capsaicin were prepared in DMSO
and diluted to 0-100 pM in culture medium (<0.1%
DMSO). After attachment, cells were treated with the
compounds for 6 or 24 hours. Post-treatment, 10 uL of
EZ-500 reagent was added, followed by a 2-hour incu-
bation at 37 °C. Absorbance was measured at 450 nm
(reference: 650 nm). Experiments were performed in
triplicate.

3. Cell processing

Inflammation was induced by treating SV-HUC-1
cells with TNF-o (Sigma-Aldrich) at a concentration of
20 ng/mL for 24 hours [10]. CBD was prepared as a 5
uM working solution in DMSO. ST2825 and capsaicin
were dissolved in DMSO and diluted to final concen-
trations of 5 uM each. The cells were divided into the
following treatment groups: Normal control, TNF-a
group (20 ng/mL; TNF-a), CBD group (TNF-o+5 pM
CBD), ST2825 group (TNF-a+5 uM ST2825), and cap-
saicin group (TNF-a+5 uM capsaicin). Following treat-
ment, cellular proteins were extracted and subjected to
western blot analysis.

4. Scratch assay

SV-HUC-1 cells were seeded in 6-well plates and
cultured until they reached approximately 90% conflu-
ence. A uniform scratch was created in the cell mono-
layer using a 200 uL pipette tip, and detached cells
were removed by washing with phosphate-buffered sa-
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line (PBS). The cells were then divided into two groups:
the TNF-a group, treated with 20 ng/mL TNF-o, and
the CBD group, treated with 20 ng/mL TNF-a and 5
uM CBD. Images of the scratched areas were obtained
at 0, 12, and 24 hours using an inverted phase-contrast
microscope to monitor wound closure.

5. Animals

Sprague-Dawley female rats (8 weeks old) were pur-
chased from Orient Bio Co. Animals had free access to
food and water and were housed under 12-hour light
and dark cycles; the temperature of the feeding space
was controlled at 22+2 °C.,

6. Induction of IC/BPS and drug therapy

Cyclophosphamide (CYP) was purchased from Sigma-
Aldrich, and CBD was purchased from KCA Labs. IC/
BPS was induced by intraperitoneal injection of 40 mg/
kg of CYP every 3 days (days 0, 3, and 6) as described
in previous studies [11]. Control animals received saline
5 mL/kg under the same experimental conditions. At
days 7, 10, and 13 after injection, CBD was dissolved in
saline (10 or 100 mg/kg) and was instilled intravesically
under isoflurane respiratory anesthesia. The catheter
was blocked and animals were held immobile for 15
minutes, followed by emptying the bladder, re-filling,
and holding for another 15 minutes. The sham treat-
ment group received 0.1 mL of saline intravesically
under the same conditions.

7. Assessing nociception

To assess the nociceptive response in the bladder
area after the final CBD or saline intravesical instilla-
tion, we used the Von Frey and Dynamic Plantar Aes-
thesiometers (DPA). Animals were placed in individual
clear glass boxes with a wire mesh floor and acclima-
tized for at least 30 minutes before the start of the
test. Von Frey filaments of force (1.65, 3.22, 4.08 and 6.01
g) were passed through the mesh floor and carefully
stimulated for 1 to 2 seconds in different areas near
the lower abdominal bladder to avoid desensitization.
Sharp contraction of the abdomen, immediate licking,
or grasping of the stimulated area of the filaments or
Jjumping were considered positive responses [11]. The
test was then carried out using the DPA, where the
probe was automatically pushed out and stimulated
the same area; the device automatically recorded the
force at which a retraction response occurred. This was
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performed five times per animal, with stimuli at least
30 seconds apart, and the results were quantified and
analyzed.

8. Assessment of bladder function

Continuous cytometric assessment was performed on
treated rats placed in a supine position on top of the
hotspot under respiratory anesthesia. The bladder was
exposed by surgical incision of the midline of the abdo-
men; a catheter of PE-50 was inserted into the dome
of the bladder and secured with sutures to prevent
dislodgement [12]. The other end of the catheter was
connected to a three-way plug also attached to a pres-
sure transducer (ADInstruments) and a saline infusion
pump. After the bladder was emptied, the infusion
pump was operated at a rate of 0.15 mL/min, and the
bladder pressure curve was recorded automatically by
a computer for at least 30 minutes for each rat.

9. Assessment of histopathology and
immunohistochemistry

Rat bladder tissue was removed after euthanasia
of the animals and fixed in 4% formalin for 24 hours.
After rinsing, bladder tissue was embedded in paraf-
fin and sectioned at 5 or 10 pm thick. For all histologi-
cal and immunohistochemical analyses, tissue sections
were deparaffinized using xylene, followed by rehydra-
tion through graded ethanol solutions. To block non-
specific binding, the sections were incubated with 5%
normal goat serum for 30 minutes at room tempera-
ture. After deparaffinization and rehydration, the sec-
tions were stained using a Masson trichrome staining
kit (Abcam, ab150686) following the manufacturer’s
protocol. This method was used to assess collagen depo-
sition and connective tissue changes.

For hematoxylin and eosin (H&E) staining, the
sections were similarly deparaffinized, stained, and
mounted using Poly-Mount (PolySciences Inc.) for
structural analysis of the bladder [13].

For immunohistochemistry analysis, after the block-
ing step, the sections were incubated overnight at 4 °C
with a primary antibody against Caspase-3 (1:500, Cell
Signaling Technology, #9662S). After washing with
PBS, the sections were treated with a rabbit-specific
secondary antibody for 1 h at room temperature. Im-
munoreactivity was visualized using a DAB substrate
kit (Vector Labs) following the manufacturer's instruc-
tions. The sections were counterstained with hema-
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toxylin, dehydrated, and mounted.

For immunofluorescence analysis, after the block-
ing step, the sections were incubated with a primary
antibody against TRPV1 (1:500, Abcam), followed by
incubation with goat anti-rabbit Alexa Fluor 488-con-
jugated secondary antibody (1:500, Abcam). Nuclei
were counterstained with DAPI (Abcam). Imaging was
performed using a Zeiss LSM 900 Meta confocal micro-
scope equipped with ZEN software (Carl Zeiss Micros-

copy) [14]

10. Western blotting analysis

Bladder tissues were homogenized and immersed in
RIPA buffer (Cell Signaling Technology Inc.) on ice for
30 minutes. Following centrifugation at 12,000 rpm at
4 °C for 20 minutes, the supernatant was collected, and
protein concentration was determined using a BCA
protein assay kit. Equal amounts of protein (20 ug)
were separated by electrophoresis on 10% Bolt Bis-Tris
Plus gels (Thermo Scientific) and transferred to nitro-
cellulose membranes. The membranes were blocked for
1 h and then incubated with antibodies against TRPV1
(1:500, Abcam), TNF-o. (1:1000, Santa Cruz), Cox2 (1:1,000,
Cell Signaling Technology Inc.), IL-6 (1:2,000; Abcam),
GAPDH (1:5,000, Abcam), TLR4 (1:1,000; Abcam),
MyD88 (1:1,000; Abcam), p-NF-«B (1:1,000, Cell Signal-
ing Technology Inc.), NF-«xB (1:1,000, Cell Signaling
Technology Inc.), Bax (1:1,000, Cell Signaling Technol-
ogy Inc.), and Bel-xL (1:1,000, Cell Signaling Technology
Inc.). The membranes were incubated with horseradish
peroxidase-conjugated horse anti-rabbit or anti-mouse
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IgG (GenDEPOT). Bands were visualized using en-
hanced chemiluminescence and a chemiluminescence
imaging system. The density of each protein band was
quantified using Imaged software (National Institutes
of Health).

11. Statistical analysis

Statistical analyses of data were Statistical analyses
were performed using SPSS version 26.0 (IBM Corp.).
Data are shown as meantstandard deviation. Multiple
group comparisons were performed using analysis of
variance (ANOVA) followed by the Tukey-Kramer test
for post hoc comparisons. Data expressed as proportions
were evaluated using the chi-square test. p<0.05 indi-
cated statistical significance.

12. Ethics statement
All animal experiments in this study were approved

by the Institutional Animal Care and Use Committee
of the Catholic University of Korea, (IACUC approval
No. CUMC-2023-0136-02).

RESULTS

1. Cytotoxicity assessment
CBD, ST2825, and capsaicin had no marked impact

on SV-HUC-1 cell viability at concentrations <5 plM,
with greater than 90% viable cells and no significant
cytotoxicity observed (Fig. 1). Therefore, concentrations
<5 uM were selected for subsequent cellular experi-
ments.
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0051 2 5 10 20 50100
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Fig. 1. Effect of cannabidiol (CBD), ST2825, and capsaicin on cell viability of SV-HUC-1 cells at 6 and 24 hours. Cell viability was assessed after
treatment with different concentrations of (A) CBD, (B) ST2825, and (C) capsaicin for 6 hours (black bars) and 24 hours (gray bars). Concentrations
ranged from 0 to 100 uM. Data are expressed as percentages relative to the vehicle control. Error bars represent the meanzstandard deviation of
at least three independent experiments.
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2. Pain assessment and cystometry results
Nociceptive response testing in rats showed a sig-
nificant increase in response frequency and a marked
decrease in the nociceptive threshold following CYP
induction. After CBD treatment, the 100 mg/kg group
exhibited a substantial reduction in pain withdrawal
response frequency and a significant increase in pain
threshold, indicating improved nociceptive responses.
In contrast, the 10 mg/kg group showed no notable im-
provement in these measurements (Fig. 2A).
Continuous cystometric analysis was conducted after
treatment, revealing that CYP-induced IC/BPS in rats
significantly shortened bladder contraction intervals,
increased basal bladder pressure, and reduced maxi-
mum bladder pressure, indicating decreased bladder
compliance. In the CBD-treated groups, the 100 mg/
kg dose notably increased maximum bladder pressure,
while no significant changes were observed in the 10
mg/kg group. Both CBD-treated groups showed a re-
duction in basal bladder pressure and a prolongation of

Response frequency (%)

DPA threshold (g)
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contraction intervals (Fig. 2B).

3. CBD inhibits TRPV1 expression in IC/BPS
models induced in rat and SV-HUC-1 cells
To further investigate the mechanism by which CBD
alleviates bladder pain, we performed immunodefi-
ciency analysis of TRPV1 expression in rat bladder tis-
sues. The results demonstrated a significant reduction
in TRPV1 expression following CBD treatment (Fig.
3A). To confirm that CBD exerts its effects by reducing
TRPV1 expression and promoting desensitization, we
used the TRPV1 desensitization capsaicin. Western blot
analysis revealed a reduction in TRPV1 protein expres-
sion following treatment with both CBD and capsaicin
(Fig. 3B), consistent with previous findings [15-17].

4. CBD improves histological pathologies in
CYP-induced IC/BPS: H&E and Masson
staining results

Following treatment, H&E staining revealed signifi-
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Fig. 2. (A) Representative images and quantitative results of the von Frey filament test for nociceptive responses and the DPA test for nociception
in each experimental group. (B) Representative cystometry (CMG) images and bladder parameters, including maximum pressure, base pressure,
and contraction interval, are shown. Data are expressed as meanzstandard error (n=5). DPA: dynamic plantar aesthesiometer, IC/BPS: interstitial
cystitis/bladder pain syndrome, CBD: cannabidiol. *p<0.05, **p<0.01 compared with the IC/BPS group; 'p<0.05, “p<0.01 compared with the con-

trol group.

682 www.wjmh.org



The World Journal of

MEN's HEALTH

Control \

[C/BPS AAmAr AR AN

CBD10mg -~ ~

CBD 100 mg

_H#H#
50 -
[0)) 40'
5 ns
7]
2]
o 30
o
£
2 20-
=
(]
= 10
O_
S P O ©
& & 9o ©
00 ) ,\Q& &
N
& OQ,O

Fig. 2. Continued.

cant bladder mucosal congestion, edema, and epithe-
lial ulceration in the IC/BPS group compared to the
normal group. The CBD 10 mg/kg group showed slight
improvement, while the 100 mg/kg group demonstrated
near-complete repair of submucosal hemorrhage, ede-
ma, and epithelial ulceration (Fig. 4A). Masson's stain-
ing indicated increased collagen fiber deposition in the
bladder submucosa and intermuscular bundles in the
experimental group (Fig. 4B). Histological analysis con-
firmed CYP-induced bladder epithelial thinning, con-
gestion, inflammatory infiltration, and fibrosis, all of
which were significantly alleviated by CBD treatment.
The bladder weight in the IC/BPS group (0.285+0.028 g)
was significantly higher than that in the normal group
(0.135+0.015 g). However, bladder weight was mark-
edly reduced in the CBD 100 mg/kg treatment group
(0.154+0.024 g). In contrast, there were no significant
differences in body weight among the four groups. The

Basal pressure
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bladder-to-body weight ratio in both the Normal and
CBD 100 mg/kg treatment groups was significantly
lower than that in the IC/BPS group (p<0.05). Further-
more, the muscle-to-collagen ratio in the IC/BPS group
was significantly lower than that in the Normal and
CBD treatment groups (p<0.05) (Fig. 4C).

5. CBD inhibits CYP-induced inflammation
in rat bladder tissues and suppresses the
TLR4/MyD88/NF-«B pathway in rat and
SV-HUC-1 cells

Western blot analysis revealed that TNF-a, COX2,
and IL-6 levels were significantly elevated in the IC/

BPS group of rat bladder tissues. After CBD treatment,

these inflammatory factors were markedly reduced,

with a more pronounced decrease observed in the high-

dose group (100 mg/kg) (Fig. 5).

Further analysis showed that CYP induction activat-

www.wjmh.org 683
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(A) Representative images of TRPV1 immunofluorescence staining in bladder samples from the Control, IC/BPS, CBD 10 mg/kg, and CBD
100 mg/kg groups. TRPV1 expression is shown in red, with nuclei counterstained using DAPI in blue (scale bar=100 um ). (B) Western blot analysis
of TRPV1 and GAPDH expression in bladder samples from the four groups, including representative blot images and quantitative analysis. I1C/
BPS: interstitial cystitis/bladder pain syndrome, CBD: cannabidiol, TNF-c.: tumor necrosis factor-alpha, NC: normal control. Data are expressed as
meanzstandard error. *p<0.05 compared with the IC/BPS group; ‘p<0.05 compared with the Control group.

ed the TLR4/MyD88/NF-xB signaling pathway, while
CBD treatment significantly reduced the expression of
TLR4, MyD88, and phosphorylated NF-«B, indicating
an inhibitory effect on this signaling pathway (Fig.
6A). To further explore the mechanism, the biological
effects of CBD and ST 2825 (a MyD88 inhibitor) were
evaluated in SV-HUC-1 cells. CBD suppressed TNF-o-
driven expression of TLR4, MyD88, and phosphorylat-
ed NF-xB (pNF-«B). Similarly, treatment with ST 2825
significantly reduced MyD88 and pNF-«B levels (Fig.
6B).

6. CBD promotes cell survival and repair
in IC/BPS by regulating apoptosis and
enhancing migration in rat bladder and SV-
HUC-1 cells
Immunohistochemistry analysis revealed strong
Caspase-3 expression in the IC/BPS group, indicat-
ing increased apoptosis. However, the 100 mg/kg CBD
treatment group exhibited a significant reduction in
caspase-3 expression (Fig. 7A).

684 www.wjmh.org

Western blot analysis showed that TNF-o treatment
increased Bax expression and decreased Bcl-xI. expres-
sion in SV-HUC-1 cells, resulting in a higher Bax/Bcl-
xLi ratio. Co-treatment with 5 uM CBD significantly
reduced the Bax/BclxL ratio, indicating that CBD reg-
ulated apoptosis by balancing pro-apoptotic and anti-
apoptotic proteins (Fig. 7B).

Scratch assay results showed that TNF-a significant-
ly impaired cell migration and wound closure in SV-
HUC1 cells, while treatment with 5 uM CBD promoted
cell migration and accelerated wound healing, particu-
larly at 24 hours (Fig. 7C).

DISCUSSION

IC/BPS is characterized by chronic pelvic pain, fre-
quent urination, and bladder inflammation. Current
treatments often provide limited relief, necessitating
the exploration of alternative therapies. CBD is of in-
terest for its anti-inflammatory and analgesic proper-
ties, and we hypothesized that it could be of benefit to
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Fig. 4. (A) Representative images of bladder tissue stained with hematoxylin and eosin (H&E), showing the Normal control group, IC/BPS group,
CBD 10 mg/kg treatment group, and CBD 100 mg/kg treatment group. The IC/BPS group exhibited severe urothelial ulceration (arrows), marked
edema, and lamina propria congestion (stars) compared to the Normal control group. In the CBD 10 mg/kg group, mild urothelial ulceration (ar-
rows), mild lamina propria congestion (stars), and slight edema were observed. The CBD 100 mg/kg group showed nearly normal urothelium,
submucosal lamina propria, and muscularis propria (scale bar=100 pum); (B) Masson'’s trichrome staining of bladder tissue revealed reduced fibro-
sis in the CBD-treated groups (scale bar=200 um); (C) Bladder weight, body weight, bladder-to-body weight ratio, and muscle-to-collagen ratio
in each group. Data are expressed as meantstandard deviation. IC/BPS: interstitial cystitis/bladder pain syndrome, CBD: cannabidiol. *p<0.05

compared with the IC/BPS group; “p<0.05 compared with the control group.

patients with IC/BPS. One promising line of research
is the use of CBD via intravesical therapy, which in-
volves infusing the drug directly into the bladder via
a catheter. This local delivery system has the advan-
tage of directly targeting the affected area, potentially
minimizing systemic side effects while maximizing ef-
ficacy.

Previous studies have found that the mechanism of
CBD analgesia and inhibition of bladder overactivity
may be through the involvement of TRPV1 channels

[18,19]. The first identified role of TRPV1 in the urinary
tract was in pain perception [20]. However, there is
also an important role for TRPV1 in the regulation of
reflex contraction frequency in the bladder [13]. Some
studies have found success in the use of capsaicin and
other receptors to desensitize TRPV1 for the treatment
of painful bladder and neurogenic or non-neurogenic
overactive bladder [14,21,22]. In DRG neurons treated
with 10 and 50 uM/L: CBD, calcium currents were re-
duced in a dose-dependent manner and physiologically

www.wjmh.org 685
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Fig. 6. (A) Western blot analysis and densitometric quantification of TLR4, MyD88, and phosphorylated NF-kB (p-NF-«B) expression in rat blad-
der tissues from the Control, IC/BPS, CBD 10 mg/kg, and CBD 100 mg/kg groups. Data are expressed as meanzxstandard deviation (SD). *p<0.05,
**n<0.01 compared with the IC/BPS group; *p<0.01 compared with the control group. (B) Western blot analysis and densitometric quantification
of TLR4, MyD88, and phosphorylated NF-kB (p-NF-«B) expression in SV-HUC-1 cells across the Control, TNF-a, TNF-0.+CBD, and TNF-o+ST2825
treatment groups. Cells were treated with TNF-o alone or in combination with CBD or ST2825 for 24 hours. Data are expressed as mean=SD.
*p<0.05, **p<0.01 compared with the TNF-g, group; *p<0.01 compared with the control group. IC/BPS: interstitial cystitis/bladder pain syn-
drome, CBD: cannabidiol, TNF-a.: tumor necrosis factor-alpha, NC: normal control.

inhibited or reduced the sensitivity of neuronal TRPV1
signaling by inhibiting the adenylate cyclase-cAMP
pathway [9]. The desensitization of TRPV1 by CBD
was similar to that of capsaicin-stimulated desensitiza-
tion but was significantly greater than that by cap-
saicin stimulation [23,24]. Our data suggest that CBD
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reduces pain behavior in the rat model and causes
improvements in bladder function, with significant
normalization of intercontractile intervals and bladder
compliance compared with effects in the IC/BPS group,
suggesting a restorative effect on bladder physiology.
TRPV1 expression was significantly reduced in the
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Fig. 7. (A) Immunohistochemistry (IH) analysis of caspase-3 expression in different groups: normal control, IC/BPS, and CBD treatment groups (10
mg/kg and 100 mg/kg). Strong caspase-3 expression was observed in the IC/BPS group, while the 100 mg/kg CBD treatment group showed a sig-
nificant reduction in expression (scale bar=100 um ). (B) Western blot analysis of Bax and Bcl-xL expression in SV-HUC-1 cells across the control,
TNF-c, and TNF-o+CBD treatment groups, with GAPDH used as a loading control to confirm equal protein loading. Quantitative analysis of the
Bax/Bcl-xL ratio is shown as a bar graph. Cells were treated with TNF-o. alone or in combination with CBD for 24 hours. (C) Scratch assay on SV-
HUC-1 cells with TNFo and CBD treatment groups. Images were taken at 0, 12, and 24 hours to assess cell migration and wound closure. Data are
expressed as meanzstandard deviation. IC/BPS: interstitial cystitis/bladder pain syndrome, CBD: cannabidiol, TNF-o.: tumor necrosis factor-alpha,
NC: normal control. *p<0.05 compared with the TNF-o. group; *p<0.01 compared with the control group.

CBD-treated group. These findings are consistent with
studies on the role of CBD in regulating pain and over-
active bladder disorders via TRPV1 [15].

Previous studies have shown that the induction of
IC/BPS by CYP is mediated through the NF-«B signal-
ing pathway [16,17]. One study found that CBD reduced
microglia activation induced by the TLLR4 agonist lipo-
polysaccharide (LPS), as well as levels of pNF-«xB p65,
TNFo, and NADPH synthesis [25]. Scott et al [26] dem-
onstrated that CBD pretreatment prior to LPS treat-
ment in the human acute monocytic leukemia cell line
THP-1 appeared to affect the TLR4/MyD88 pathway.
In the RAW264.7 murine macrophage cell line, CBD
effectively inhibited NF-xB activation and reduced the
mRNA levels of IL-18, TNFa, and MCP-1 [25]. Our find-
ings suggest that CBD effectively inhibits the TLR4/
MyD88/NF-kB signaling pathway in the CYP-induced
rat IC/BPS model. The observed reduction in the lev-

els of pro-inflammatory cytokines (e.g., TNF-a, IL-6,
and IL-1B) supports the anti-inflammatory properties
of CBD. This is consistent with previous studies that
demonstrated the potential of CBD to reduce inflam-
mation in various inflammatory disease models.
Studies suggest that CBD may interact with various
intracellular molecular targets related to antioxidant,
anti-inflammatory, and anti-apoptotic pathways to ex-
ert its biological effects [27]. One report demonstrated
that LPS-induced mouse kidney injury involved CBD
down-regulation of the expression of GRP78, CHOP,
and caspase-3; decrease of the expression of Bel-2 and
NRF2; and enhancement of caspase-9 expression, in-
dicating that CBD inhibits apoptosis development via
mitochondrial stress [28]. In the current study, CBD
downregulated the expression of caspase-3 and reduced
the Bax/BclxL ratio in CYP-induced IC/BPS in rats.
This protective mechanism involves down-regulation of
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endoplasmic reticulum stress-induced apoptotic effec-
tors and upregulation of the anti-apoptotic protein Becl-
2 [28]. Furthermore, CBD inhibits apoptosis by enhanc-
ing mitochondrial function. Our research also revealed
that CBD promotes the migration and proliferation of
urothelial cells following TNF-a stimulation. The pro-
liferative effects of CBD are mediated through the ac-
tivation of MEK1, which in turn activates downstream
molecules, including ERK1/2 [29].

Although our study provides valuable insights into
the potential benefits of CBD for IC/BPS, several limi-
tations should be considered. One key limitation is that
we did not determine the optimal therapeutic dose of
CBD, as our evaluation was limited to two concentra-
tions (10 mg/kg and 100 mg/kg). Future studies will
need to explore a broader range of doses to identify the
most effective concentration. Additionally, while we
employed TRPV1 and MyD88 inhibitors to investigate
the signaling pathways involved in CBD’s effects, the
reliability of this approach requires further validation.
To strengthen these findings, additional forward and
reverse experiments will be necessary in subsequent
studies. Moreover, previous research has demonstrated
that the endocannabinoid system exerts immune and
anti-inflammatory effects through CB2 receptor activa-
tion. Given that CBD has a relatively weak affinity for
CB2 receptors and may instead modulate the endocan-
nabinoid system indirectly, future studies should com-
pare its effects with those of CB2 receptor agonists to
gain a deeper understanding of its mechanism of action.

In summary, this study demonstrates that intravesi-
cal CBD alleviates bladder inflammation, pain behav-
ior, and functional abnormalities in a CYP-induced
IC/BPS model, potentially through multiple interre-
lated mechanisms. These include TRPV1 desensitiza-
tion, inhibition of the TLR4/MyD88/NF-«B signaling
pathway, and suppression of endoplasmic reticulum
stress-induced apoptosis. The observed urothelial re-
generation via the MEK/ERK pathway further sup-
ports CBD’s therapeutic potential. These mechanistic
insights not only reinforce the anti-inflammatory, anti-
apoptotic, and analgesic effects of CBD, but also pro-
vide a rationale for its localized intravesical applica-
tion, which may minimize systemic exposure. Although
our findings are promising, further studies are needed
to determine the optimal therapeutic dose, validate
pathway-specific effects, and evaluate safety and phar-
macokinetics in large-animal models or early-phase
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clinical trials to support clinical translation in IC/BPS
treatment.

CONCLUSIONS

Intravesical CBD alleviates inflammation by inhib-
iting the TLR4/MyD88/pNF-kB signaling pathway,
reduces neuropathic pain through TRPV1 channel
activation, and enhances cell survival by regulating
apoptosis and promoting cell migration in CYP-induced
IC/BPS rats.

Conflict of Interest

The authors have nothing to disclose.

Funding

This work was supported by the Starting Growth Techno-
logical R&D Program (TIPS Program, No. RS-2023-00285144)
funded by the Ministry of SMEs and Startups (MSS, Korea) in
2023, and the National Natural Science Foundation of China (No.
82200759).

Acknowledgements

None.

Author Contribution

Conceptualization: WJB, SWK. Methodology: JJP. Software:
SK. Validation: HJL. Formal analysis: GQZ. Resources: GQZ.
Data curation: KHdJ. Visualization: WJT. Supervision: ZCX. Proj-
ect administration: SK, HJL. Funding acquisition: SWK. Writing
— original draft: JJP, SHP. Writing — review & editing: RLG. All
authors have read and agreed to the published version of the

manuscript.

REFERENCES

1. Chermansky CJ, Guirguis MO. Pharmacologic management
of interstitial cystitis/bladder pain syndrome. Urol Clin North
Am 2022;49:273-82.

2. Berry SH, Elliott MN, Suttorp M, Bogart LM, Stoto MA,
Eggers P, et al. Prevalence of symptoms of bladder pain syn-
drome/interstitial cystitis among adult females in the United
States. ] Urol 2011;186:540-4.

3. LiJ, Yi X, Ai J. Broaden horizons: the advancement of in-



10.

11.

12.

13.

14.

15.

16.

he World Journal of

MEN's HEALTH

terstitial cystitis/bladder pain syndrome. Int J] Mol Sci
2022;23:14594.

Jhang JF, Jiang YH, Kuo HC. Current understanding of the
pathophysiology and novel treatments of interstitial cystitis/
bladder pain syndrome. Biomedicines 2022;10:2380.

Jiang YH, Jhang JE Hsu YH, Kuo HC. Usefulness of urinary
biomarkers for assessing bladder condition and histopatholo-
gy in patients with interstitial cystitis/bladder pain syndrome.
Int ] Mol Sci 2022;23:12044.

Daniels AM, Schulte AR, Herndon CM. Interstitial cystitis:
an update on the disease process and treatment. J Pain Palliat
Care Pharmacother 2018;32:49-58.

Xie N, Ma R, Wang L, Shu Y, He P, Zhou Y, et al. Cannabidiol
regulates the activation of hepatic stellate cells by modulat-
ing the NOX4 and NF-«kB pathways. Food Chem Toxicol
2024;186:114517.

Martinez V, Iriondo De-Hond A, Borrelli F, Capasso R,
Del Castillo MD, Abalo R. Cannabidiol and other non-
psychoactive cannabinoids for prevention and treatment of
gastrointestinal disorders: Useful nutraceuticals? Int ] Mol Sci
2020;21:3067.

Anand U, Jones B, Korchev Y, Bloom SR, Pacchetti B, Anand
P, et al. CBD effects on TRPV1 signaling pathways in cultured
DRG neurons. ] Pain Res 2020;13:2269-78.

Kuret T, Kreft ME, Romih R, Verani¢ P. Cannabidiol as a
promising therapeutic option in IC/BPS: in vitro evaluation
of its protective effects against inflammation and oxidative
stress. Int ] Mol Sci 2023;24:5055.

Augé C, Gamé X, Vergnolle N, Lluel P, Chabot S. Character-
ization and validation of a chronic model of cyclophospha-
mide-induced interstitial cystitis/bladder pain syndrome in
rats. Front Pharmacol 2020;11:1305.

Pang L, Shao J, Wen X, Liu D, Zhang Z, Shuang W. Effect
of the neuropathic pain receptor P2X3 on bladder func-
tion induced by intraperitoneal injection of cyclophospha-
mide (CYP) in interstitial cystitis rats. Transl Androl Urol
2022;11:304-12.

Charrua A, Cruz CD, Narayanan S, Gharat L, Gullapalli S,
Cruz F, et al. GRC-6211, a new oral specific TRPV1 antago-
nist, decreases bladder overactivity and noxious bladder input
in cystitis animal models. ] Urol 2009;181:379-86.

Avelino A, Cruz E. TRPV1 (vanilloid receptor) in the urinary
tract: expression, function and clinical applications. Naunyn
Schmiedebergs Arch Pharmacol 2006;373:287-99.

Tyagi P, Tyagi V, Yoshimura N, Chancellor M. Functional role
of cannabinoid receptors in urinary bladder. Indian J Urol
2010;26:26-35.

Boudieu L, Mountadem S, Lashermes A, Meleine M, Ulmann

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Jun Jie Piao, et al: Intravesical CBD Modulates TLR4/NF-xB and TRPV1 in IC/BPS I

L, Rassendren E et al. Blocking a(2)d-1 subunit reduces blad-
der hypersensitivity and inflammation in a cystitis mouse
model by decreasing NF-kB pathway activation. Front Phar-
macol 2019;10:133.

Jeong J, Lim MK, Han EH, Lee SH, Lee S. Immune-enhance-
ment effects of Angelica gigas Nakai extracts via MAPK/NEF-
kB signaling pathways in cyclophosphamide-induced immu-
nosuppressed mice. Food Sci Biotechnol 2023;32:1573-84.
Andersson KE, Behr-Roussel D, Denys P, Giuliano F. Acute
intravesical capsaicin for the study of TRPV1 in the lower
urinary tract: Clinical relevance and potential for innovation.
Med Sci (Basel) 2022;10:50.

Costa B, Giagnoni G, Franke C, Trovato AE, Colleoni M.
Vanilloid TRPV1 receptor mediates the antihyperalgesic ef-
fect of the nonpsychoactive cannabinoid, cannabidiol, in a rat
model of acute inflammation. Br ] Pharmacol 2004;143:247-
50.

Franken J, Uvin P, De Ridder D, Voets T. TRP chan-
nels in lower urinary tract dysfunction. Br J] Pharmacol
2014;171:2537-51.

Avelino A, Cruz C, Nagy I, Cruz E Vanilloid receptor 1 ex-
pression in the rat urinary tract. Neuroscience 2002;109:787-
98.

Nagy I, Sdntha P, Jancsé G, Urban L. The role of the vanilloid
(capsaicin) receptor (TRPV1) in physiology and pathology.
Eur ] Pharmacol 2004;500:351-69.

Mohapatra DP, Nau C. Desensitization of capsaicin-activated
currents in the vanilloid receptor TRPV1 is decreased by the
cyclic AMP-dependent protein kinase pathway. ] Biol Chem
2003;278:50080-90.

Docherty RJ, Yeats JC, Bevan S, Boddeke HW. Inhibition of
calcineurin inhibits the desensitization of capsaicin-evoked
currents in cultured dorsal root ganglion neurones from adult
rats. Pflugers Arch 1996;431:828-37.

Johnson CT, Bradshaw HB. Modulatory potential of cannabi-
diol on the opioid-induced inflammatory response. Cannabis
Cannabinoid Res 2021;6:211-20.

Scott KA, Dennis JL, Dalgleish AG, Liu WM. Inhibiting heat
shock proteins can potentiate the cytotoxic effect of cannabi-
diol in human glioma cells. Anticancer Res 2015;35:5827-37.
Atalay Ekiner S, Gegotek A, Skrzydlewska E. The molecular
activity of cannabidiol in the regulation of Nrf2 system inter-
acting with NF-kB pathway under oxidative stress. Redox Biol
2022;57:102489.

flhan I, Asci H, Ozmen O, Buyukbayram H, Arlioglu M,
Kurtbolat O. The renoprotective effects of cannabidiol on
lipopolysaccharide-induced systemic inflammation model of
rats. Naunyn Schmiedebergs Arch Pharmacol 2025;398:1841-

www.wjmh.org 689



| hitps://doi.org/10.5534/wjmh.250152

51.
29. Montreekachon P, Chaichana N, Makeudom A, Kerdvong-
bundit V, Krisanaprakornkit W, Krisanaprakornkit S. Prolif-

690 www.wjmh.org

The World Journal of

MEN's HEALTH

erative effect of cannabidiol in human gingival fibroblasts via
the mitogen-activated extracellular signal-regulated kinase
(MEK) 1/2. ] Periodontal Res 2023;58:1223-34.



