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Abstract

Shiso (Perilla frutescens var crispa f. purprea) is a traditional medicinal herb that exerts anti-

inflammatory effects and alleviates lower urinary tract symptoms. In this study, we examined

the effects of rosmarinic acid, a major polyphenol in shiso, on urinary function and the blad-

der in a rat hydrochloric acid-induced cystitis model. Sprague–Dawley rats were adminis-

tered intravesically with hydrochloric acid or saline solution (control) to induce cystitis.

Afterwards, the rats were administered orally with distilled water or rosmarinic acid for three

days and then the intravesical pressure was measured, a stretch stimulation test was per-

formed using the harvested bladder, and histological and biochemical analyses were per-

formed. In addition, we investigated the effects of rosmarinic acid on the expression of

inflammation-related molecules in normal human bladder epithelial cells. Rosmarinic acid

ameliorated hydrochloric acid-induced shortening of micturition interval by 49%. In hydro-

chloric acid-treated bladders, significantly more prostaglandin E2 was released after stretch-

ing; however, rosmarinic acid suppressed its release to control levels. Rosmarinic acid also

reduced hydrochloric acid-induced epithelial thickening and the levels of inflammatory mole-

cules in the bladder. Furthermore, rosmarinic acid suppressed interleukin 1β-induced

increases in Cox2 and Il6 expression in bladder epithelial cells. These findings indicate that

rosmarinic acid can ameliorate hydrochloric acid-induced cystitis in rats and that these

effects are due, at least in part, to its anti-inflammatory effects on the bladder and inhibition

of stretch-induced prostaglandin E2 release.

Introduction

Lower urinary tract symptoms (LUTS), consisting of urinary retention, voiding, and post-

voiding symptoms, are problematic because they can significantly impair the social activities

of elderly individuals [1]. In particular, interstitial cystitis (IC), an intractable disease that

causes frequent urination, urinary urgency, and bladder pain, can hinder workplace participa-

tion and lead to a decreased quality of life [2, 3]. Although the pathogenesis of IC has not been

elucidated in detail, it has been suggested that inflammation and increased nociception play

important roles [4–8]. In response to stretch stimulation, the bladders of patients with IC dis-

play an increase in the release of prostaglandin E2 (PGE2) [4, 5], which is involved in
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inflammation, fever, and pain, and has been shown to induce the urinary reflex via capsaicin-

sensitive afferent nerves [6]. In addition, levels of the inflammatory cytokine interleukin (IL) 6

are elevated in patients with IC compared to healthy subjects and correlate positively with pain

scores, indicating an association between inflammation and IC severity [7]. Hunners-type IC,

which is associated with high levels of inflammation and high severity, can be successfully

treated through intravesical injection with dimethyl sulfoxide (DMSO) [8] and the electrical

cauterization of lesions [9], suggesting that bladder epithelium legions are involved in IC.

Since PGE2 and IL6 are released from the bladder epithelium [10], it may be possible to

improve the symptoms of cystitis like IC by suppressing bladder epithelium inflammation and

the release of inflammatory molecules. Shiso (Perilla frutescens var crispa f. purprea) is a

medicinal herb whose major polyphenol, rosmarinic acid (RA), has been reported to exert

anti-inflammatory and antioxidant effects [11–14]. In addition, shiso extracts with a high RA

content have been reported to be effective against mild LUTS in middle-aged and older adults

[15]. Therefore, we hypothesized that RA may also be effective for treating cystitis including

IC. In this study, we investigated the effects of RA on urinary function and the bladder in a rat

model with hydrochloric acid (HCl)-induced cystitis, which has some features similar to those

of IC including increased inflammation and bladder dysfunction [16, 17].

Materials and methods

Animals

Female Sprague-Dawley (SD) rats (11–12 weeks old, Japan SLC Inc., Shizuoka, Japan) were

used in this study. All animals were provided with a standard diet (CE-2; CLEA Japan Inc.,

Tokyo, Japan) and water ad libitum and kept at 23 ± 2˚C with a humidity of 55 ± 10% and a

light-dark cycle of 12 h from 07:00–19:00. All animal experiments were approved by the Ani-

mal Care Committee of Kao Corporation (approval numbers: S19024-0000, S18007-0000) and

were conducted according to its guidelines.

Intravesical pressure measurement

To create models of cystitis, SD rats were randomly divided into three test groups (control

group, HCl group, HCl + RA group; n = 7) with equal body weight [16, 17]. Under isoflurane

anesthesia (Abbott Japan, Tokyo, Japan, #196756), the abdomen was incised to expose the

bladder. A polyethylene catheter (PE50, Becton, Dickinson and Company, Franklin Lakes, NJ,

USA, #427565) was implanted at the apex of the bladder and was used to inject 300 μL of 0.9%

saline (Otsuka Pharmaceutical Co. Ltd., Tokyo, Japan, #3311401A7028; control group) or 0.1

N HCl (FUJIFILM Wako Pure Chemical Corp., Osaka, Japan, #081–01091; HCl and HCl

+ RA groups) into the bladder. After 10 min, the bladder was washed twice with 500 μL of

saline solution, the catheter and bladder were sutured with silk thread, and the other end of

the catheter was pulled out through the skin of the back of the neck and fixed outside the body.

After surgery, each rat was kept individually in the environment described above. Rats were

orally administered distilled water (control group, HCl group) or RA (50 mg/kg/day; Carbo-

synth Ltd., Berkshire, UK, #FR02310; HCl + RA group) under isoflurane inhalation anesthesia

once a day immediately after surgery and for the following three days (a total of four times).

The dose of RA was set by referring to previous studies in rats [18] and mice [19].

Three days after catheter implantation, intravesical pressure was measured in conscious

rats. Briefly, the indwelling catheter in the bladder was connected to a transducer (Utah Medi-

cal Products Inc., Midvale, UT, USA, #6238) and a syringe pump (KD Scientific Inc., Hollis-

ton, MA, USA, #780100). Each rat was placed in a Ballman cage (W 46.5 mm (adjustable), D

160.0 mm, H 51.0 mm, Yamashitagiken Co. Ltd., Tokushima, Japan, #RTM2008) and urinary
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output was measured using an electromagnetic scale (GX-400, A&D Co. Ltd., Tokyo, Japan,

#GX5400). Rats were not given food or water during intravesical pressure measurement. The

bladder was infused with 0.9% saline using a syringe pump at a rate of 5 mL/h. After 20 min,

the data for the 60 min following the first urination were analyzed. Micturition interval (sec),

volume per voiding (mL), basal pressure (cmH2O), threshold pressure (cmH2O), and maxi-

mum pressure during voiding (cmH2O) were measured. Threshold pressure was calculated as

the pressure in the bladder just before urinary contraction. Afterwards, the rats were eutha-

nized under isoflurane anesthesia by cutting the abdominal vena cava and the bladder was har-

vested to measure its weight.

Stretch stimulation using harvested bladders

SD rats were randomly divided into three experimental groups (control, HCl, HCl + RA;

n = 7) with equal body weights and a catheter was inserted through the urethra. The cystitis

model was prepared as described above and the test solution was orally administered once

daily for three days (total of four times) until the day of euthanization. Approximately 1 h after

the final oral administration, the rats were euthanized under isoflurane anesthesia by cutting

the abdominal vena cava and were subjected to stretch stimulation as described previously

[20]. After the right and left ureters of the bladder had been ligated using silk suturing thread,

the bladder was harvested with approximately 5 mm of the urethra. The interior of the bladder

and urethra were washed with Krebs solution (118 mM NaCl, 4.7 mM KCl, 2.5 mM CaCl2, 1.2

mM KH2PO4, 1.2 mM MgSO4, 25 mM NaHCO3, 11.1 mM D-glucose) and the bladder was

weighed. Briefly, a catheter was inserted into the bladder through the urethra and the urethra

was ligated. After catheter insertion, the bladder was acclimatized in a 10 mL tissue bath

(World Precision Instruments, Sarasota, FL, USA, #47264) for 20 min under 95% O2, 5% CO2

conditions in Krebs solution at 37˚C. After acclimation, 300 μL of Krebs solution was injected

into the bladder through the catheter at a rate of 40 μL/s to measure baseline values. Ten min-

utes later, the injected solution was collected. After acclimation for 20 min, 600 μL or 900 μL of

Krebs solution was injected into the bladder and the injected solution was collected after 10

min. After stretch stimulation, the bladder was cut into sections and were immersed in RNA

later solution (Thermo Fisher Scientific, Bartlett, IL, USA, #AM7024) or OCT compound

(Sakura Finetek Japan Co. Ltd., Tokyo, Japan, #4583). The collected Krebs solution and sec-

tions of the bladder were flash frozen in liquid nitrogen and stored at -80˚C.

Hematoxylin-eosin (H&E) staining

For staining, 8 μm-thick sections were prepared from frozen samples, fixed with 4% parafor-

maldehyde for 12 h at 4˚C, and stained with H&E. To analyze the bladder epithelial layer and

bladder wall length, three points were measured randomly per stained image using an all-in-

one fluorescence microscope BZ-X710 (Keyence Corp., Osaka, Japan) and mean values were

calculated under blind conditions.

Myeloperoxidase (MPO) activity

MPO activity in the bladder was measured using an MPO activity assay kit (Abcam, Cam-

bridge, UK, #ab105136) and normalized to the homogenate protein concentration. Absor-

bance was measured using a Viento XS multispectrophotometer (Sumitomo Pharma Co. Ltd.,

Osaka, Japan, #BTEONDN). Homogenate protein concentration was measured using a Pierce

BCA Protein Assay Kit (Thermo Fisher Scientific, #23225).
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Cell culture

Normal human bladder epithelial cells (Kurabo Industries Ltd, Osaka, Japan, #KP-4309) were

cultured in medium containing UroLife BM (Kurabo Industries, #LUB-LM0054) using a Uro-

life Comp kit (Kurabo Industries, #LUC-LL0071) at 37˚C with 5% CO2. Cells were seeded in

12-well plates at a density of 5.0 × 104 cells/well, pretreated with RA (Carbosynth) for 1 h at

approximately 70% confluence, and then incubated with 10 ng/mL IL1β (FUJIFILM Wako

Pure Chemical, #090–06121) for 4 h. After the supernatant had been collected, the cells were

washed with phosphate buffered saline (PBS; FUJIFILM Wako Pure Chemical, #166–23555)

and RNA was extracted using an RNeasy Mini Kit (Qiagen, Hilden, Germany, #74104).

Real-time PCR (RT-PCR)

Bladder tissue sections (approximately 5 mm × 5 mm) were homogenized in ice-cold Tissue

Protein Extraction Reagent (T-PER; Thermo Fisher Scientific, #78510) using a Physcotron

NS-310EII (Microtec Co. Ltd., Chiba, Japan). Total RNA was extracted from homogenized

bladder samples using an RNeasy Mini Kit (Qiagen). Total RNA (0.1 μg) extracted from blad-

der homogenates and bladder epithelial cells was reverse transcribed using a High Capacity

RNA to cDNA kit (Thermo Fisher Scientific, #4387406). cDNA was subjected to RT-PCR

using the following TaqMan probes (Thermo Fisher Scientific) with an Applied Biosystems

7500 Fast Real-Time PCR System (Thermo Fisher Scientific): Actb (Rn00667869_m1), Cox2
(Rn01483828_m1), Il6 (Rn01410330_m1), ACTB (Hs01060665_g1), COX2 (Hs00153133_m1),

IL6 (Hs00174131_m1). Results were normalized to Actb or ACTB.

Enzyme-linked immunosorbent assay (ELISA)

Bladder tissue sections (approximately 5 mm x 5 mm) were homogenized in ice-cold T-PER

(Thermo Fisher Scientific) using a Physcotron NS-310EII (Microtec). The homogenate protein

concentration was measured using a Pierce BCA Protein Assay Kit (Thermo Fisher Scientific).

Absorbance was measured using a Viento XS multispectrophotometer (Sumitomo Pharma

Co., Ltd.). Bladder IL6 protein levels were measured using a rat IL6 ELISA kit (Cusabio Tech-

nology LLC, Houston, TX, USA, #CSB-E04640r) and normalized to the homogenate protein

concentration. The amount of PGE2 in the Krebs solution collected from the bladder stretch

stimulation test was measured using a PGE2 Express EIA kit (Cayman Chemical, MI, Ann

Arbor, USA, #500141) and normalized using bladder weight. The amount of IL6 in culture

medium collected from bladder epithelial cells was measured using a human IL6 Quantikine

ELISA kit (R&D systems, Minneapolis, MN, USA, #D6050).

Statistical analysis

Data were presented as the mean ± the standard error of the mean (SEM). All data were analyzed

using GraphPad Prism6 (GraphPad software Inc., San Diego, CA, USA). Mean values were com-

pared between groups using Dunnett’s test. P values< 0.05 were considered significant.

Results

RA improves hydrochloric acid-induced shortening of micturition interval

First, we examined changes in intravesical pressure in the rat model of cystitis (Fig 1). Micturi-

tion interval and volume per voiding were significantly decreased by 50% and 41%, respec-

tively, in the HCl group compared to the control group (Table 1; p< 0.001 and p = 0.004,

respectively). Conversely, the micturition interval was significantly increased by 49% in the

HCl + RA group compared to the HCl group (Table 1; p = 0.017). No significant changes in
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micturition volume, basal pressure, threshold pressure, or maximal pressure during voiding

were observed between the different experimental groups.

RA inhibits PGE2 release in response to stretch stimulation

Next, we measured the effect of RA on PGE2 release from the luminal side after the bladder

had been stretched by intravesical injection with Krebs solution. After stimulation with 600 μL

Fig 1. Representative cystometric charts of control, HCl-treated, and HCl + RA-treated rats. HCl, hydrochloric acid; RA,

rosmarinic acid.

https://doi.org/10.1371/journal.pone.0288813.g001

Table 1. Cystometric analysis in control, HCl-treated, and HCl + RA-treated rats.

Control HCl HCl + RA

Micturition interval (sec) 908.9 ± 42.9*** 456.6 ± 25.6 678.3 ± 77.9*
Micturition volume (mL) 1.14 ± 0.09** 0.67 ± 0.07 0.92 ± 0.11

Basal pressure (cmH2O) 9.26 ± 2.31 9.35 ± 2.18 12.30 ± 2.28

Threshold pressure (cmH2O) 18.70 ± 1.70 18.01 ± 2.46 23.30 ± 3.14

Maximal pressure (cmH2O) 54.94 ± 4.85 48.58 ± 5.47 55.78 ± 2.85

Data represent the mean ± SEM (n = 7)

*p< 0.05

**p< 0.01

***p< 0.001 vs. the HCl group, Dunnett’s test. Abbreviations: HCl, hydrochloric acid; RA, rosmarinic acid.

https://doi.org/10.1371/journal.pone.0288813.t001
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of Krebs solution, PGE2 release was approximately 10-fold higher in the HCI group than in the

control group (Table 2; p = 0.026) but was suppressed to control levels in the HCl + RA group

(Table 2; p = 0.021). Although intravesical injection with 900 μL Krebs solution resulted in similar

trends in PGE2 release, the differences between the three groups were not significant (Table 2).

RA improves inflammatory conditions in the bladder

The rats subjected to intravesical pressure measurement and the stretch stimulation test dis-

played no difference in body weight among groups (n = 14/group; control: 217.0 ± 3.8 g, HCl:

220.9 ± 4.5 g, and HCI + RA: 220.3 ± 4.5 g). However, bladder weight increased to 204.4 ± 10.1

mg in the HCl group (p< 0.001) and 169.4 ± 6.5 mg in the HCl + RA group compared to the

control group (138.1 ± 4.3 mg). In addition, histological analysis revealed redness and thicken-

ing of the epithelial layer in HCl-treated rats compared to control rats. After HCl treatment,

the percentage of the epithelial layer to the bladder wall increased from 21% to 34% (Fig 2A

and 2B; p = 0.003); however, epithelial layer redness and thickening were reduced in the HCl

+ RA group compared to the HCl group and the percentage of the epithelial layer to the blad-

der wall decreased from 34% to 24% (Fig 2A and 2B; p = 0.026). Furthermore, we found that

MPO activity [21], which indicates the presence of neutrophils [22], was approximately

2.5-fold higher in the HCl group than in the control group (Fig 2C; p< 0.001) but was

decreased to control levels in the HCl + RA group (Fig 2C; p< 0.001).

RA inhibits the induction of inflammation-related molecules in the bladder

and in bladder epithelial cells

Finally, we examined the effect of RA on the expression of inflammation-related molecules in

models of cystitis in vivo and in vitro. In the bladders of rats treated with HCl, Cox2 and Il6
expression levels were increased (Fig 3A and 3B; p = 0.010 and p = 0.009, respectively); however,

this increase was significantly suppressed by RA administration (Fig 3A and 3B; p = 0.009 and

p = 0.006, respectively). In addition, IL6 levels were higher in bladders from the HCl group than

from the control group (Fig 3C; p< 0.001), but were suppressed in the HCl + RA group (Fig

3C; p = 0.008). In human bladder epithelial cells treated with IL1β, which is abundant in the

bladder of rat model of cystitis and is known to induce IL6 and COX2 [12, 13], COX2 and IL6
expression were significantly increased (Fig 3D and 3E; each p< 0.001); however, pretreatment

with RA for 1 h significantly suppressed the IL1β-induced increase in COX2 and IL6 expression

(Fig 3D and 3E; p = 0.005 and p = 0.001, respectively). Similarly, the addition of IL1β increased

the release of IL6 from bladder epithelial cells into the culture medium and this increase was

suppressed by pretreatment with RA (Fig 3F; p< 0.001 and p = 0.001, respectively).

Discussion

RA has been reported to exert anti-inflammatory and anti-oxidant effects; however, its effects

against cystitis with bladder inflammatory changes and dysfunction remain unclear. In this

Table 2. Stretch-induced prostaglandin E2 release in control, HCl-treated, and HCl + RA-treated rats.

Infusion volume Control HCl HCl + RA

600 μL 179.7 ± 138.6* 1822.0 ± 721.3 121.9 ± 91.1*
900 μL 663.0 ± 290.4 2331.0 ± 1267.5 505.1 ± 250.2

Data represent the mean ± SEM (n = 7, ng/g tissue)

*p< 0.05 vs. the HCl group, Dunnett’s test. Abbreviations: HCl, hydrochloric acid; RA, rosmarinic acid.

https://doi.org/10.1371/journal.pone.0288813.t002
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study, we showed that RA improved HCl-induced cystitis in rats, possibly by acting against the

bladder epithelium to suppress the production of inflammatory mediators and inhibited PGE2

release in response to stretch stimulation. Furthermore, we found that oral administration

with RA improved HCl-induced shortening of micturition interval without affecting the vol-

ume per voiding, basal pressure, threshold pressure, or maximal pressure during voiding, sug-

gesting that RA improves HCl-induced cystitis by acting on the bladder epithelium rather than

bladder smooth muscle.

Although the detailed pathogenesis of cystitis including IC remains unclear, it is thought to

involve inflammation [4–8]. Rat models of cystitis typically display thickening of the bladder

epithelial layer [16], increased MPO activity [21], and the induction of proinflammatory cyto-

kines [23]. In this study, we found that RA administration suppressed a series of inflammatory

changes induced by HCl treatment, suggesting that RA may improve the shortening of mictu-

rition interval by suppressing inflammation and associated epithelial thickening in the

bladder.

Fig 2. Histopathological and biochemical evaluation of rat bladder. Representative hematoxylin-eosin stained

sections (A), mean urothelial thickness (B, Control; n = 5, HCl; n = 6, HCl + RA; n = 7), and mean MPO activity (C,

n = 7, respectively) in control, HCl-treated, and HCl + RA-treated bladders. Mean ± SEM; significant difference from

the HCl group; Dunnett’s test, *P< 0.05, ***P< 0.001. HCl, hydrochloric acid; MPO, myeloperoxidase; RA,

rosmarinic acid.

https://doi.org/10.1371/journal.pone.0288813.g002
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Fig 3. Effect of RA on the expression of inflammatory molecules. Relative mRNA expression levels of Cox2 (A) and Il6
(B), and protein levels of IL6 (C) in control, HCl-treated, and HCl + RA-treated bladders. Data represent the mean ± SEM

(n = 7). Relative mRNA expression levels of COX2 (D) and IL6 (E) in human bladder epithelial cells and amount of IL6

released into the supernatant (F) after treatment. Data represent the mean ± SEM (n = 3). mRNA expression was normalized

to Actb or ACTB relative to the control group; **p< 0.01, ***p< 0.001 vs. the HCl or IL1β groups, Dunnett’s test. HCl,

hydrochloric acid; IL1β, interleukin 1β; RA, rosmarinic acid.

https://doi.org/10.1371/journal.pone.0288813.g003

PLOS ONE Rosmarinic acid ameliorates cystitis

PLOS ONE | https://doi.org/10.1371/journal.pone.0288813 July 18, 2023 8 / 12

https://doi.org/10.1371/journal.pone.0288813.g003
https://doi.org/10.1371/journal.pone.0288813


During the acute phase of inflammation, neutrophils infiltrate tissues and produce various

inflammatory mediators, including IL1β and IL6 [24]. In addition, stimulating bladder epithe-

lial cells with IL1β induces the expression and release of IL6. Thus, IL6 is produced in the blad-

der epithelial and stromal layers [7] and is thought to play a role in cystitis development [25].

Indeed, it has been reported that urinary IL6 levels are higher in patients with IC than in

healthy individuals [7]. In this study, we found that RA administration suppressed increased

IL6 production and MPO activity, which is associated with neutrophil infiltration, in bladder

tissue. Thus, RA may decrease IL6 production to improve cystitis symptoms including short-

ening of micturition interval. Since IL6 receptors are expressed on sensory nerves and induce

hyperalgesia, suggesting that IL6 is involved in afferent neurotransmission [26], IL6 in the

bladder may act against IL6 receptors on sensory nerves to transmit abnormal urges to urinate

which are associated with cystitis. Consequently, RA may suppress the non-mechanosensitive

transmission of signals involved in urinary urgency.

The bladder epithelium is thought to be the lesion responsible for cystitis since intravesical

DMSO injection [8] and electrical lesion cautery [9] have shown efficacy in Hunners-type IC.

After oral ingestion, RA is present in the blood and urine of humans and rats [18, 27], suggest-

ing that orally administered RA can act on the bladder epithelium via both the blood and

urine. When we examined the direct effects of RA using human bladder epithelial cells, we

found that IL6 expression and IL6 production by IL1β were significantly inhibited by RA.

Together, these results suggest that RA can exert a series of effects against bladder epithelium,

including inhibiting IL6 production. Previous studies in models of inflammatory diseases,

including colitis, pancreatitis, and asthma, have reported that RA can suppress pro-inflamma-

tory cytokine production and the activation of NF-κB, an upstream transcription factor [28].

Here, we found that RA suppressed IL6 and COX2 expression, both of which have NF-κB con-

sensus sequences in their promoter regions [29], in bladders and bladder epithelial cells, sug-

gesting that RA may suppress inflammatory mediator expression and subsequent bladder

inflammation at the transcriptional level via inhibition of NF-κB activation.

PGE2, which is synthesized from arachidonic acid by phospholipase A2 and COX, has vaso-

dilatory effects and plays an important role in the inflammatory response [4]. Urinary PGE2

levels are increased in patients with IC [5] and intravesical PGE2 administration decrease blad-

der capacity and increase the frequency of urination [30]. In addition, PGE2 is released from

the bladder in response to stretch stimulation [20] and is involved in the transmission of sig-

nals related to the urge to urinate [6]. These findings suggest that abnormal PGE2 production

may be a cause of bladder dysfunction. In the rat model, the amount of PGE2 released from

the harvested bladder during stretch stimulation was significantly increased by HCl treatment,

whereas RA suppressed PGE2 release. Furthermore, RA suppressed HCl-induced Cox2 expres-

sion in the bladder and IL1β-induced COX2 expression in cultured bladder epithelial cells,

suggesting that RA inhibits PGE2 synthesis and release, and subsequent mechanosensitive uri-

nary transmission. It has been reported that parecoxib, a COX2 inhibitor, can suppress COX

expression and improve cystitis in rats [29]. This also supports the possibility that RA improves

cystitis by suppressing COX expression and inhibiting stretch-induced PGE2 release.

In this study, RA was administered three days after HCl treatment; therefore, our findings

reflect the effects of RA during the acute phase of cystitis. Consequently, future studies should

clarify the efficacy of RA on cystitis in animal models with chronic as well as acute inflamma-

tion and the detailed mechanisms involving NF-κB inhibition.

Since lower urinary tract obstructions such as benign prostatic hyperplasia are often associ-

ated with urinary retention in older adults, it is necessary to improve urinary retention symp-

toms without reducing the contractility of bladder smooth muscle [31]. Considering the point

of action of RA, Shiso extract, which contains high levels of RA and has been shown to
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improve urinary storage function [15], may be effective for improving LUTS with lower uri-

nary tract obstruction in middle-aged and older adults.

Conclusion

Taken together, the findings of this study demonstrate that RA ameliorates HCl-induced cysti-

tis in rats by exerting anti-inflammatory effects in the bladder. Thus, RA, which can be con-

sumed on a daily basis, could be an effective way to improve lower urinary tract symptoms,

including cystitis.
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