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Purpose: We evaluated 5 different rat models using different agents in order to establish a standard animal model for intersti-
tial cystitis (IC) in terms of the functional and pathologic characteristics of the bladder. 
Methods: Five IC models were generated in 8-week-old female Sprague-Dawley rats via transurethral instillation of 0.1M hy-
drogen chloride (HCl) or 3% acetic acid (AA), intraperitoneal injection of cyclophosphamide (CYP) or lipopolysaccharide 
(LPS), or subcutaneous injection of uroplakin II (UPK2). After generating the IC models, conscious cystometry was per-
formed on days 3, 7, and 14. All rats were euthanized on day 14 and their bladders were obtained for histological and pro-in-
flammatory-related gene expression analysis. 
Results: In the cystometric analysis, all experimental groups showed significantly decreased intercontraction intervals com-
pared with the control group on day 3, but only the LPS and UPK groups maintained significantly shorter intercontraction in-
tervals than the control group on day 14. The histological analysis revealed that areas with severe urothelial erosion (HCl, AA, 
and UPK) and hyperplasia (CYP and LPS), particularly in the UPK-treated bladders, showed a markedly increased infiltration 
of toluidine blue-stained mast cells and increased tissue fibrosis. In addition, significantly elevated expression of interleukin-
1b, interleukin-6, myeloperoxidase, monocyte chemotactic protein 1, and Toll-like receptors 2 and 4 was observed in the UPK 
group compared to the other groups. 
Conclusions: Among the 5 different agents, the injection of UPK generated the most effective IC animal model, showing con-
sequent urothelial barrier loss, inflammatory reaction, tissue fibrosis stimulation, and persistent hyperactive bladder.
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• HIGHLIGHTS
-  Injection of uroplakin II generated the effective interstitial cystitis animal model.
-  Uroplakin-induced interstitial cystitis rat model maintains bladder overactivity and shows increased expression of inflammatory factors and 

fibrosis.
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INTRODUCTION

Interstitial cystitis (IC) is a chronic inflammatory bladder disor-
der characterized by pelvic pain and urinary symptoms, such as 
frequency, urgency, and nocturia, without bacterial infection or 
identifiable pathology [1,2]. Owing to these various symptoms, 
patients with IC typically experience sleep dysfunction, chronic 
stress, anxiety, depression, and sexual dysfunction [3]. Epidemio-
logical studies have revealed that IC primarily affects women, but 
this disease can also occur in men and adolescents, with a female-
to-male ratio of 5:1 [4,5]. The etiology of IC is not completely un-
derstood; inflammatory, neurogenic, autoimmune, vascular, and 
lymphatic disorders have been suggested as potential causes. Fur-
ther, loss of the glycosaminoglycan layer from superficial urothe-
lial cells and the presence of toxic substances in the urine have 
been proposed as pathophysiological mechanisms [6]. This poor 
understanding of the pathophysiology of IC makes it difficult to 
develop effective treatment modalities. Although oral medicines 
such as pentosan polysulfate sodium and amitriptyline, hydrodis-
tention, and intravesical instillation are currently used in clinical 
practice, no standard treatment method yet exists for IC. 
 Recently, several studies have proposed new potential thera-
peutic options, such as stem cell therapy, for IC [7,8]. In addi-
tion, many in vivo studies of IC have been performed. To con-
firm the efficacy and safety of new treatment modalities, it is 
necessary to establish a proper animal model for in vivo evalua-
tion. Although more than 20 existing animal models of IC have 
been evaluated, there is no standard animal model of IC with 
features similar to those of the disease in humans. Most animal 
models have been generated by inducing bladder inflammation 
with or without epithelial damage via the intravesical instilla-
tion of chemical toxins or irritants or by the systemic injection 
of chemical agents, viruses, or antigens [8-16]. Although many 
animal models generated by various methods have been used 
to study IC over the last several decades, recent studies have at-
tempted to establish a more appropriate IC animal model, sug-
gesting several potential candidates with characteristics similar 
to those of the human disease [8,9,14,16,17]. Although these 
animal models show several phenotypes of IC, such as frequent 
voiding, alteration of bladder cells, and higher expression of 
pro-inflammatory genes, it has not been confirmed whether 
these characteristics persist for long periods without natural 
healing or which models are the most similar to the human dis-
ease. Therefore, we analyzed and compared the 5 most com-
monly used and promising rat models to determine the optimal 

IC animal model in terms of the functional and pathologic char-
acteristics of the bladder. 
 

MATERIALS AND METHODS

Generation of IC Rat Models
All rat protocols were preapproved by the institutional animal 
ethics committee of Yeungnam University College of Medicine 
(YUMC-2015-028). To induce the IC models, thirty 8-week-old 
female Sprague-Dawley rats were subjected to 5 different agents: 
hydrogen chloride (HCl), acetic acid (AA), cyclophosphamide 
(CYP), lipopolysaccharide (LPS), and uroplakin (UPK) II. Each 
group included 5 rats, and the remaining 5 rats underwent a 
sham operation to constitute the control (CON) group. All rats 
were anesthetized by the intramuscular injection of 16 mg/kg 
of Rompun and 0.04 mg/kg of Zoletil, and an abdominal inci-
sion was made. The bladder was exposed and a small incision 
at the bladder dome area was made. Next, one of the ends of a 
polyethylene-50 tube (Natsume Seisakusho Co., Tokyo, Japan) 
was placed inside the bladder, and the bladder was closed to be 
water-tight. The contralateral end of the polyethylene tube was 
passed through the subcutaneous layer of the left flank area and 
pulled out at the posterior neck area. After confirming that the 
tube was not obstructed and that urine drained well, without 
leakage, through the bladder incision site, the polyethylene-50 
tube was fixed and the abdominal wound was closed. To pre-
vent procedure-related infections, an intramuscular injection of 
15 mg/kg of cefprozil was administered, and the animals were 
observed in warm cages until they woke up completely. 
 Three days after tube placement, IC rat models were induced. 
In the HCl group, 0.1M HCl (Sigma-Aldrich, St. Louis, MO, 
USA) was slowly instilled via the urethra, using a 26-G angio-
catheter (Sewoon Medical Co., Cheonan, Korea), followed by 
neutralization and washing with saline [8]. In the AA group, 50 
μL of 3% AA (Sigma-Aldrich) was transurethrally infused [17]. 
In the CYP group, 80 mg/kg of CYP (Sigma-Aldrich) in sterile 
normal saline (0.9% NaCl) was administered intraperitoneally, 
and the injections were given 4 times every other day [16]. In 
the LPS group, 10 mL/kg of LPS (Sigma-Aldrich) dissolved in 
sterile normal saline was administered via intraperitoneal injec-
tion [14]. In the UPK group, 200 μL of an emulsion of equal 
volumes of phosphate-buffered saline (PBS) and glycerol with 
200 μg of UPK2 (MyBiosource, San Diego, CA, USA), which is 
a recombinant protein produced by Escherichia coli via mouse 
base sequencing, was injected subcutaneously into the abdomi-
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nal flank area of the rats [9]. For the CON group, PBS was in-
stilled transurethrally using an angiocatheter. The animals were 
briefly observed daily for signs of pain (abnormal behavior or a 
hunched appearance).
 
Cystometry
After generating the IC models in each group, conscious cys-
tometry was performed on days 3, 7, and 14. Rats were placed 
under restriction in a specially designed cage without anesthe-
sia, and the exposed polyethylene-50 tube was connected to a 
pressure transducer. Sterile warm saline was infused at a rate of 
40 μL/min via a syringe pump for 30 minutes. Intravesical pres-
sure and intercontraction intervals (or voiding intervals) were 
measured and analyzed using the Power Lab system (AD In-
struments Pty., Ltd., Bella Vista, NSW, Australia).

Histological Analysis
For the histological analysis, half of each bladder was fixed in 
4% paraformaldehyde 14 days after generating the animal 
models (the 5 rats in each group were euthanized). The paraf-
fin-embedded samples were cut into 5-μm sections for hema-
toxylin and eosin (H&E), toluidine blue, and Masson trichrome 
staining for histology and analyses of mast-cell infiltration and 
fibrosis, respectively. For toluidine blue staining, bladder sec-
tions were washed with xylene to remove the paraffin, and then 
the slides were treated with an ethanol series. The slides were 
stained with toluidine blue for 4 minutes, treated with an etha-
nol series, and then mounted. Mast cells were measured per 
square millimeter, and the lamina propria was used as the ob-
servational histological position. For the Masson trichrome 
staining, deparaffinized and rehydrated sections were refixed in 
Bouin solution, stained in Weigert iron hematoxylin working 
solution and Biebrich scarlet-acid fuchsin solution, and differ-
entiated in a phosphomolybdic-phosphotungstic acid solution 
until the collagen was red. The sections were transferred to ani-
line blue solution and differentiated in 1% AA solution. The 
collagen fibers were stained as a blue color.

Gene Expression Analysis
The remaining half of each bladder was prepared for real-time 
polymerase chain reaction (PCR) analysis. Total RNA was iso-
lated using the RNeasy Mini Kit (QIAGEN, Valencia, CA, 
USA) and complementary DNA was prepared using Reverse-
Transcription Reagents (Applied Biosystems, Carlsbad, CA, 
USA) according to the manufacturer’s instructions. The follow-

ing primers were used: glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH): sense TGTGTCCGTCGTGGATCTGA and 
antisense CCTGCTTCACCACCTTCTTGA; interferon gam-
ma (IFNG): sense CTCGAACTTGGCGATGCTCA and anti-
sense TCGAATCGCACCTGATCACT; interleukin-1b (IL1B): 
sense CGTCATCATCCCACGAGTCA and antisense GAT-
GAGGACCCAAGCACCTT; IL6: sense AGTCTCCTCTCC-
GGACTTGT and antisense AGAGACTTCCAGCCAGTTGC; 
myeloperoxidase (MPO): sense CGCAATTTGGTTCTGGC-
GAT and antisense ACCTACCCCAGTACCGATCC; mono-
cyte chemotactic protein 1 (MCP-1): sense CAGCCGACT-
CATTGGGATCA and antisense TAGCATCCACGTGCT-
GTCTC; Toll-like receptor 2 (TLR2): sense TGACGGCCTG-
TATCCCTGTA and antisense CCCTGCTCTTTCTCACAG-
CA; TLR4: sense CCAGAGCGGCTACTCAGAAA and anti-
sense TCCACAAGAGCCGGAAAGTT; and IL17A: sense 
AGAGTCCAGGGTGAAGTGGA and antisense CAAACGC-
CGAGGCCAATAAC. PCR was carried out in a real-time PCR 
machine and analyzed using 7300 System SDS Software (Applied 
Biosystems). The conditions for PCR using the SYBR Green 
PCR Master Mix (Bio-Rad, Hercules, CA, USA) were 95˚C for 
10 minutes, followed by 45 cycles of 95˚C for 10 seconds, 58˚C 
for 50 seconds, and 72˚C for 20 seconds. To analyze the relative 
changes in gene expression, the Ct value for the target gene was 
normalized to its endogenous control and transformed to a rela-
tive gene expression value using the 2−ΔΔCt method. 

Statistical Analysis
The data were presented as the mean±standard deviation. Dif-
ferences in the cystometry, mast cell count, and real-time quan-
titative PCR results were analyzed by 1-way analysis of variance 
(ANOVA). A P-value of <0.05 was considered to indicate sta-
tistical significance. If the value was found to be significant by 
ANOVA, the Tukey post hoc test was conducted.

RESULTS 

During the whole period after generating the IC model, none 
of the animals showed any signs of severe pain, such as abnor-
mal behavior or a hunched appearance. To compare bladder 
function, such as voiding frequency and nonvoiding bladder 
contractions, we performed conscious cystometric analysis in 
all animal models, including the CON group. In the cystomet-
ric analysis, the intervals between normal voiding events were 
measured. On day 3, the mean intercontraction intervals of all 
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experimental groups were significantly shorter than that of the 
CON group; 72.3 ±17.5, 57.3 ±10.1, 65.0 ±13.5, 87.7 ±9.8, 
50.0±5.2, and 161.3±8.8 seconds in the HCl, AA, CYP, LPS, UPK, 
and CON groups, respectively (P=0.003). However, on day 7, the 
mean intercontraction intervals of all groups were prolonged; in 
particular, those of the AA (117.7 ±4.3 seconds) and CYP 
(146.3±15.1 seconds) groups were significantly longer than those 
of the HCl (83.3 ±18.3 seconds) and UPK (84.3 ±11.0 seconds) 
groups (P =0.012). Additionally, on day 14, the UPK (67.6 ±6.9 
seconds) and LPS (80.3±10.1 seconds) groups showed significant-
ly shorter voiding intervals than the CON group (141.7±16.7 sec-
onds) or the other experimental groups (AA, 117.3±9.7 seconds; 
CYP, 153.3 ±17.2 seconds; and HCl, 126.3 ±21.6 seconds) 
(P=0.009). Irregular nonvoiding bladder contractions were only 
observed in the UPK and HCl groups on days 3, 7, and 14 (Fig. 1).
 In the H&E histological examination (Fig. 2A), the CON 
bladders were intact and consisted of 3–5 layers (estimated by 
nucleus staining with hematoxylin): the regular transitional epi-
thelium, the normal basement membrane, the lamina propria, 
and the smooth muscle. Although the infiltration of inflamma-
tory cells was rarely observed, the experimental groups showed 
significant intraepithelial inflammation with severe damage to 
the bladder tissues. The HCl, AA, and UPK groups showed 
urothelial thinning and cellular loss or erosion, while the CYP 
and LPS groups showed increased numbers of urothelial cells 
and abnormally thick re-epithelialization (urothelial hyperpla-
sia) after denudation. The number of cellular layers of the re-
epithelialized groups increased from 5 to 10.
 Mast cell infiltration was observed by toluidine blue staining 

(Fig. 2B). In the CON bladders, mast cells were rarely located in 
the lamina propria, the mean number of observed mast cells was 
31±6/mm2, and the cells contained purple granules. The experi-
mental groups showed a greater inflammatory response (mild to 
moderately dense mixed lymphocytic infiltration with mast cells 
and eosinophils) compared to the CON group because of the loss 
of urothelial barrier function. The numbers of mast cells in the 
lamina propria in the HCl, AA, CYP, LPS, and UPK groups was 
96.5±10.5, 39.5±1.5, 160.5±23.5, 102.0±11, and 297.5±13.5/
mm2, respectively (Fig. 3). The UPK, CYP, LPS, and HCl groups 
showed significantly greater mast cell infiltration than the CON 
group (P<0.001), with the largest number of mast cells observed 
in the UPK group.
 Loss of the urothelial barrier and the inflammatory reaction 
induced tissue fibrosis in the basement membrane, lamina pro-
pria, and smooth muscle layer. Masson trichrome staining re-
vealed a modest increase in bladder tissue fibrosis in many of 
the experimental groups in comparison to the CON group; the 
UPK group showed broader and more severe fibrotic density, as 
indicated by blue coloring, than the other experimental groups 
(Fig. 2C).
 To evaluate the inflammatory reactions, the expression of 
pro-inflammatory genes was analyzed (Fig. 4). The expression 
of the IFNG, IL1B, IL6, MPO, MCP1, TLR2, TLR4, and IL17A 
genes was significantly higher in the experimental groups than 
in the CON group. The UPK group showed the highest expres-
sion of IL1B, IL-6, MPO, MCP1, and TLR2, whereas TLR4 and 
IL17A were the most highly expressed in the AA group and 
IFNG was the most highly expressed in the LPS group. 

Fig. 1. Comparison of the mean intercontraction intervals measured by conscious cystometric analysis. The mean intercontraction 
intervals of all experimental groups were significantly shorter than that of the CON group at day 3, and the UPK and LPS groups 
maintained shorter voiding intervals until day 14. Values are presented as mean±standard deviation. CON, control; HCl, hydrogen 
chloride; AA, acetic acid; CYP, cyclophosphamide; LPS, lipopolysaccharide; UPK, uroplakin. The different letters on top of the bars (a, 
b, and c) mean significant differences between the each group at P<0.05. *Statistical analysis was performed for all groups by analysis 
of variance, Tukey post hoc test.

Ctrl HCI AA CYP LPS UPK P-value

Day 3 
 (sec) 161.3±8.8 72.3±17.5 57.3±10.1 65.0±13.5 87.7±9.8 50.0±5.2 0.003*

Day 7 
 (sec) 171.7±13.4 83.3±18.3 117.7±4.3 146.3±15.1 104.3±4.0 84.3±11.0 0.012*

Day 14 
 (sec) 141.7±16.7 126.3±21.6 117.3±9.7 153.3±17.2 80.3±10.1 67.6±6.9 0.009*
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Fig. 2. Histological analysis of 
bladder tissue. (A) In H&E stain-
ing, the HCl, AA, and UPK 
groups showed urothelial ero-
sions and the CYP and LPS 
groups showed urothelial hyper-
plasia (arrow). (B) The UPK 
group showed the most severe 
mast cell infiltration (arrow) in 
the submucosal connective tissue 
and muscle layer. (C) The UPK 
group showed the most severe 
accumulation of fibrous tissue in 
the submucosa layer (arrow) by 
Masson trichrome staining. Scale 
bar, 100 μm. CON, control; HCl, 
hydrogen chloride; AA, acetic 
acid; CYP, cyclophosphamide; 
LPS, lipopolysaccharide; UPK, 
uroplakin.
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DISCUSSION

The pathophysiology of IC is complex and not completely un-
derstood. This makes it difficult to develop definitive therapeutic 
modalities and to establish a standard animal model for transla-
tional research. Current approaches have mostly emphasized 
merging clinical practice and translational research; therefore, it 
is important to establish proper translational models similar to 
the disease in humans. Approximately 20 animal models with 
some similar characteristics to the IC phenotype have been gen-
erated over the past several decades [15,18]. From 1980 to 2000, 

the models were typically prepared by inducing inflammatory 
conditions in the bladder by intravesical instillation of chemical 
irritants, such as acetone, acrolein, acid, turpentine, mustard oil, 
or croton oil [19-22]. In the 2000s, IC animal models were com-
monly generated by injection of bacterial LPS, systemic admin-
istration of CYP, pseudorabies virus infection, or systemic in-
duction of autoimmunity [9,14,16,23,24]. Although these mate-
rials contributed to the establishment of IC animal models, each 
agent has several limitations. Most intravesical agents can non-
selectively damage the bladder mucosa and glycosaminoglycan 
layer through various mechanisms that may not be relevant for 
human IC [18]. Injection of pseudorabies virus may cause acon-
tractile bladder within 5 days of virus injection, and therefore 
this model does not accurately reflect human IC [24]. 
 To generate a suitable animal model, it is necessary to under-
stand the pathophysiology of the target disease. Although the 
exact pathogenesis of IC remains unclear, several mechanisms, 
such as an increased number of mast cells in the bladder, loss of 
the glycosaminoglycan layer in the bladder mucosa, and auto-
immunity, have been suggested as candidates. Based on these 
theories, several IC animal models with phenotypes similar to 
that of the human disease have been generated. Some have 
been recently generated by intravesical instillation of HCl or 
AA, injection of CYP or LPS, or immunization with UPK, con-
sidering the convenience of generating and maintaining these 
animal models. The animal model generated by intravesical in-
stillation using HCl showed most of the pathophysiological 

Fig. 4. Inflammatory gene expression analysis by real-time polymerase chain reaction. IL1B, IL6, MPO, MCP1, and TLR2 showed the 
greatest expression in the UPK group, while the AA group showed the highest expression of TLR4 and IL17A and the LPS group showed 
the highest expression of IFNG. CON, control; HCl, hydrogen chloride; AA, acetic acid; CYP, cyclophosphamide; LPS, lipopolysaccha-
ride; UPK, uroplakin; IL, interleukin; MPO, myeloperoxidase; MCP1, monocyte chemotactic protein 1; TLR, Toll-like receptor; IFN, in-
terferon. The different letters on top of the bars (a, b, and c) mean significant differences between the each group at P<0.05.
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Fig. 3. Comparison of the number of mast cells. The numbers of 
mast cells were quantified in the bladder sections (mm2), and 
the highest number of mast cells was observed in the UPK 
group. CON, control; HCl, hydrogen chloride; AA, acetic acid; 
CYP, cyclophosphamide; LPS, lipopolysaccharide; UPK, uro-
plakin. The different letters (a, b, and c) on top of the bars mean 
significant differences between the each group at P<0.05.
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manifestations observed in human IC patients, such as epitheli-
al denudation, an abnormal increase in inflammation, neural 
cell activation, and angiogenesis [8]. The AA-induced IC rodent 
model showed changes in the expression of two proteins, UPK3 
and zonula occludens type I, which are similar to changes that 
are found consistently in patients with IC [17]. Administration 
of CYP can induce an increase in pro-inflammatory cytokine 
expression and in the number of mast cells in the bladder tissue 
of rodent animal models without signs of massive inflammato-
ry infiltration, tissue hemorrhage, or urothelial damage [16]. 
Systemic injection or intravesical instillation of LPS was also re-
ported to induce an inflammatory response mediated by the 
activation of mast cells, the production of cytokines, and the re-
cruitment of leukocytes to the bladder mucosal surface, similar 
to what is observed in human IC patients [14]. Mice immu-
nized with UPK displayed significantly increased urinary fre-
quency, extensive perivascular infiltration of inflammatory re-
sponse cells, and elevated gene expression levels of inflammato-
ry cytokines in bladder tissue [9,24].
 In our study, all experimental groups showed a higher ex-
pression of several inflammatory factors compared to the CON 
group in the PCR analysis, and increased infiltration of inflam-
matory cells such as lymphocytes and mast cells in the histolog-
ical analysis. In addition, bladder hyperactivity was also ob-
served in the early period (day 3) in the cystometric analysis of 
all groups. However, bladder overactivity did not persist for 1 or 
2 weeks in the AA, CYP, and HCl groups, which means that 
bladder function can be spontaneously restored in animal 
models generated using these agents. H&E and toluidine blue 
staining also showed different results in terms of the number of 
infiltrated inflammatory cells and the thickness of the submu-
cosa layer among the experimental groups. The greatest infiltra-
tion of mast cells and the thickest submucosa layer were ob-
served in the UPK group. The most extensive fibrotic changes 
were observed in the UPK group in Masson trichrome staining. 
Moreover, in the PCR analysis, the UPK group showed the 
highest expression of most inflammatory factors, such as IL1B, 
IL6, MPO, MCP1, and TLR2. For the IC animal model, it is im-
portant to maintain functional bladder overactivity and inflam-
matory conditions in the bladder for a long period of time to 
confirm the long-term therapeutic effect of new treatment mo-
dalities, and to clarify whether bladder overactivity is resolved 
by treatment or spontaneously. Taken together, among the IC 
rat models prepared using 5 different agents, the IC model gen-
erated by UPK can be regarded as the most feasible model for 

IC-related translational research, and autoimmunity should be 
further investigated as a promising mechanism of this disease.
 An increasing number of reports have described the relation-
ship between IC and autoimmune diseases, such as rheumatoid 
arthritis, lupus erythematosis, Sjogren syndrome, and ulcerative 
colitis, as well as increased autoantibodies in the serum of IC 
patients [25-28]. The UPKs (UPK1, UPK2, and UPK3) com-
prise a family of integral membrane proteins of the urothelium 
and are highly expressed in bladder tissue [9]. It has been dem-
onstrated that immunization with UPK2 induced a bladder-
specific autoimmune response and sufficient bladder inflam-
mation in mice [9]. These mice displayed significant evidence 
of frequent voiding and decreased urine output per voiding epi-
sode. However, the animal model generated by UPK2 did not 
show chronic pain, one of the main symptoms of IC. Addition-
ally, a more recent study demonstrated that immunization with 
UPK3A induced all predominant IC phenotypic characteristics, 
including increased pelvic pain responses to stimulation with 
von Frey filaments [24]. Considering these results, UPK3A can 
be used to generate an IC animal model. We used UPK2 to 
generate an autoimmune IC model in this study in order to 
maintain the generated animal models for at least 2 weeks to 
compare long-term cystometric outcomes. Persistent chronic 
pain can cause unwanted stressful conditions in animal models, 
and it is also not appropriate to expose the animals to chronic 
pain for a long time with respect to the ethics of animal studies.
 Although the results of this study suggest that an IC rat 
model generated by immunization using UPK is feasible for IC-
related research, such a model may not exhibit all the pheno-
types of IC because there are several proposals regarding the 
etiopathogenesis of IC, especially in light of the various sub-
types of IC, such as ulcerative and nonulcerative IC. However, 
this animal model is suitable for IC-related research into the 
common phenotypes of IC, such as bladder overactivity, in-
flammatory change of bladder mucosa, higher expression of in-
flammatory genes in bladder tissue, and the relatively long per-
sistence of these phenotypes. Moreover, our results support au-
toimmunity as one of the main aspects of the pathogenesis of 
IC, and further studies of the relationship between autoimmu-
nity and IC will provide insight into the pathophysiology of IC 
and facilitate the development of new therapeutic modalities.
 In conclusion, this study demonstrated that injection of UPK 
generated the most effective IC animal model among the 5 
most commonly used agents. This model maintained bladder 
overactivity and showed increased expression of inflammatory 
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factors and fibrosis. Future studies of the relationship between 
autoimmunity and the pathophysiology of IC may increase our 
understanding of the pathogenesis of IC and facilitate the de-
velopment of definitive therapeutic strategies.
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