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The Effect of Stress on Bladder Stability

Kyu Hyun Kim, Hana Yoon

From the Department of Urology, Ewha Womans University School of Medicine,

Seoul, Korea

Purpose: This study was designed to examine the effect of stress on the
pathophysiology of bladder stability via the Rho-kinase and nitric oxide
synthase activity, which are required for muscle contraction and relaxation

within the bladder.

Materials and Methods: Animal testing was conducted in two separate
sessions. In the first experiment, 36 female Sprague-Dawley rats weighing
about 230-270g each were employed. 18 rats were placed in the control
group and 18 rats were placed in the test group. The second testing was
conducted using metabolic cages. Six rats were placed in the control group
and six rats were placed in the test group under a stressful environment.
Results: The results showed that the frequency of urination was signifi-
cantly increased with time in the test group (p<0.05). However, the
volume of voided urine decreased, thereby suggesting stress was a cause
of overactive bladder. Analysis of bladder tissue for nitric oxide synthase
(NOS) and RhoA-binding kinase (ROK @), important components of con-
traction and relaxation of bladder muscle, revealed that the levels of iNOS
and ROKa were significantly increased with continued application of
stress. This suggests that stress affects the levels of NOS and ROK @ in
an overactive bladder to influence contraction and relaxation of the

bladder muscle.

Conclusions: An increase in the ROK @ expression and changes of the NOS
expressions in the rats with chronic stress pathophysiologicaly support
that stress contributes to the clinical symptoms of overactive bladder.

(Korean J Urol 2007;48:1131-1138)

Key Words: Stress, Urinary bladder, Overactive
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ofyel oAl 2AE 7hssitt. ofn] B Aol A
B, Aty Anbd @ Ao g ie] dv Ak AlA
Shgol], sl=dlel, B4t ¢ T8 e 24w AUt
ot o)) et e 254w} dgks|o]
A Aske Fivh ndgke® gk 4he] A Asli 47t
shoba BaE s gleh?

2 AFeA e st e s U g ofst AEd A
oF gk HHo| glvke Aol 7] &x3le] 2~
o] QPR ojW e & HIE & YU AE Yotix
AF shdek. o] & S13ke] FolFl A2Ew|A A vk
Fd WS v Rk, L5 5T oo F a3t uil
A2 4# A 9+ RhoA-binding kinase (ROK )8} nitric
oxide synthase (NOS) activity] ¥4 =2 W] W3}l& 343t
o g2 v AEd2 el nlel A& 2EH 27} W

o] kAol mX| & el thel] st ZLAjske] Kkt

JERETTY

1. A8lEE U AEYA A
AdFF2 230-270g (65)2] Sprague-DawleyA] 47 3l
F 2 2579 AYA #H-&7]7F 59t specific pathogen free

(SPF) Zeloll A E2F Hol & Af-5FA Holw Agsslch
I ¥ A 3F 48uke] F 12vkel= 24 evtel A ol
metabolic cages ©|-&, ZE# A 373 AA4H 31704
2UHE 5Y HH o Z 27U7A] BLF 3AI M AHle] IR
9} k& 43St (Table 1). Aol FolF 2EdAE
S-goll Eol7t 2F 9] WE, B3 A9 Al a3 F¢
259 W3ty FAF A A2E# A9 271 Gatenbeck
S0l AAZE Wol whel FolFeh F7F AS o] &g
2EH A 2AS Holaly] 9Jste] E48 9] (200x200x
100mm)E AAsldch. 2E#d 271 9lE Al 260x420x
180mm2] $-2] Qtol] 4uE] o] Y FE& Wolom, AF=
o] 3 A8 E AFES sk 37 Al 2EHAE
FT Aol 5 AR S guiele] AHE YA

Tk, FolFl 2EHA A wel £ AE9] Al
4°C3 ol 2EAR 5 4 wkEdeZx A I F

)
o AR 2Bl 2T} F

AE% el AGTS 102
weh Wb ol Bo] AEAlAS Wkt w4 2}
G DA kel A S 6T 02 LrIE), o 5 A7 7

Fholl wbE A el gl o] WokE e, 74 R

DAY 2EdlE 2715 Folsly] fzto] 47 2B

373 102, 208, 304873 7 Euhete] =g ol

LA 27kl A Agskgieh ke a5 AR Al
= 2}

710l EAkslo] A AEE 225 A &Y (physiologi-

st
2 HAIRRHAE 24

ROK ¢, iNOS, nNOS®| Wl "5 #st7] fJsto] —10°C
of Hgh vkt =2 AAE 10%, 20%, 30% sucrose-S-Hol|
FAA o2 JAAAA 245 IZAZ &, A7 EEHA 7]
2 10p¢m A ZAAAS wHEAh A AR
neuronal NOSol| th3dl E-o]&A] (mNOS; BD Transduction
laboratories, USA)$} inducible NOSol| thgl E-o]3}-A] (iNOS;
BD Transduction laboratories, USA)E 1:2002. 2 3] 4]slo] A
&3912m ROK eoll thek So|3A] (ROK @; BD Trans-
duction laboratories, USA)E 1:2502. 2 3]4jslo] AL83}
t}. ZF A 52 diamino benzidine (DAB)S 7] AW &YP o7
AL8-3}0] avidin-biotin peroxidase technique (HRP; DakoCyto-
mation, USA)S o]&3le] A&slgda, iz dMogE
hematoxylin@} eosind & AL-gslgch MA =z 5= &
A2 Image analysis software (Soft Imaging System GmbH,
USA)E AH&3tglon, vl &3t A EE 24 A 44 Al
5 efste] 77 FU3F A= (hue) gk A EAA WEE

2 Vb

3. Bt A =& 91 Western blot

2 g e W S #lel] ekl 4 1o 3

“ 1
3 225 4°CollA] 0.1IM PBS (potassium phosphate sodium,

Table 1. Stimuli used for induction of stress in rats by limiting
the cage size and decreasing the ambient temperature and access-
ibility to food and water

Environment
Day number
. Food and Room
Cage size* o
water access temperature ('C)
1 Normal Restricted 20
2 Normal Free 4
3 Small Free 20
4 Normal Free 20
5 Normal Restricted 20
6 Normal Free 4
7 Small Restricted 20
8 Normal Free 20
9 Normal Restricted 20
10 Normal Free 4

*Normal: 4 rats in one cage, 260x420x180mm, Small: 8 rats in
one cage, 200x200x100mm



pH 7.4 A3} A|7|31, lysis buffer (Smmol/l-glicerophos-
phate, 2mmol/l MgCl 2, Immol/l EGTA, 0.5% Triton x-100,
0.5% NP-40, lmmol/l DTT, 100ml protease inhibitor cocktail)
2 & A. A 55+ Bio-Rad protein assay kit
(Bio-Rad, USA)< o]-83lo] Z4s})c}. SDS-polyacramide
gel (9% separating gel, 5% stacking gel)oll Z} lane™d 25 1g9]
Shul 2 2 loadingslo] A7) 55 Aldetqiel. eld g
A2 semi-dry transfer unit (Hoefer, USA)S ©|-&3%}o] nitro-
cellulose membrane©l] transferd}$3 3L, blocking solution (5%
skim milk/TBST) .2 4°Coll 4] overnight RH-g-A17A WA &1
A5 Apeksledet. YxekA] (aNOS antibody, iNOS antibody,
ROK ¢ antibody)E AH&3ste] 2417k WHEAIZ 3L, TBST
(20mm Tris HCI (pH 7.6), 150mM NaCl, 0.05% (v/v) Tween
2002 1587 33] A3t 3 o]%}8+A| horse radish peroxi-
dase conjugated goat anti-rabbit IgG (Upstate, USA, 1:2,0004]
3] 4)et 1A17F HE-EA]Zt}. Chemiluminesence reagent (ECL
kit, Amersham, USA)& ®H vH-3-3F & Hyperfilmol] =3
o] "3t} Protein standard molecular marker+ precision
protein standards (Bio-Rad, USA)E o] &3} ov 7 oz
9] Wlx Z74 -2 Image analysis program (Bio-Rad, USA)= A}
Saleh. 72t o] w2 nNOSE 155KDa, iNOSE
130KDa, 18|31 ROKa¥ 180KDaollA 3391

4. Reverse transcript-polymerase chain reaction (RT-

PCR) 3! gel-electrophoresis

uk 2218 RNA STAT-60 (Tel-Test, USA) 1mlE A8}
o £H3l X171 & 02mle] chloroforme ¥ & o]+ o}
ol

N

N
& 1SEL 4CoA EAT, ARl B $5e

oll E-2F9] isopropanolS A 7Fste] 4lo]F & 4°Col|A] 147}
B 3 15000xg0ll A DA B alshed u}, a8 AEAS 7
7 & 15% %}%% H7F 7,500xgol A 78 DA F AZHE
A AT & 2 A Eol] RNase free waters A 7}slo] =9l
 AUE 1000 3] A ske] 260nm FHdoll A A wslict.
cDNA-/] 3+AlS First Strand cDNA Synthesis Kit (MBI
Fermentas, USA)E 4839t} PCR BioneerAle] Taq
DNA polymerases A28} t}.

FHaaAsEGoll A% 22| primer 49D 2 Table
29} v} Z47ke Foka Al aiks AHEel 27]+= ROK @
£ 470bp, B-actin 397bpo]t}.

FTHELAMG HbEHe] =AL eI
10xreaction buffer 2 £, 10mm dmix 11, Taq DNA poly-
merase (0.5unit/ 1) 0.5 zl, [B-actin sense primer (10pmoles)
1 21, B-actin antisense primer (10pmoles) 1 «1, amplification

sense primer (10pmoles) 1 x1, amplification antisense primer

P AEY AL WOl oMM OIXl= 98 1133

Table 2. Detail of the primers used for amplification of ROK «
and [ -actin by RT-PCR

. ) s Product
Gene Primer Sequence (5°-3") sizes (bp)
ROK « Sense 5’-GTG ATG GTT ACT
ATG GGC GAG AAT-3 470
Antisense  5’-GTT AAG AAG GCA
CAG ATG AGA T-3’
B-actin  Sense 5’-GTC GGT GTC AAC
GGA TTIT G-3’ 397
Antisense  5’-ACA AAC ATG GGG
GCA TCA G-3’
ROK ¢ : rhoA-binding kinase, RT-PCR: reverse transcript-poly-

merase chain reaction

(10pmoles) 1 z1, cDNA (from the first strand reaction) 2 pl&
Y3 WFEFREE HEI} 207k HES ssleh

99 Hk-g-HS PCR (PERKINELMER Gene Amp PCR
System 9,600, Germany)S ©]-&-3}o 95°Col| A 5E7F vF-2-A]
7)aL, 94°C°ﬂ/<1 14, 53°Coll A 18, 72°Coll A 154 35cycle
S FAg T 72°Col| A 5EZF HESA]F] AL 1.7% agaroseoll
ANGEL eho] ALl ANE HE F Image
analysis program (analySIS, Soft Imaging System GmbH, USA)
% Agetel WES SR

5. SAAzE

slof4l Ashe 2zl B 1
Whitney testg Ab-8-3lo] Z7he] o5

vl BASLaL, pgho] 0.05 Rkl A5 FAFSE £
Aol gle Aos WAk

o} ok B3

7h 2o & Jehdrt (Fig
2 A&kt (Fig. 1B). AT
1‘412-7-4 3A|7F Eou HF wwgles 27t 4.67+1.463)
9} 3.5040.882] e} (p<0.05). T, AT =] B
Bl 264.37+114.13 1219} 323.60+154.49 1131} (p<0.03).

b AT gl o

2. ROK e, iNOS, nNOSO{| CH&t HMof X X|5|shof Al

AdEH 2704 AsE 97 AF 9 W=z &
A 3 z7ANA ASH
ROK @, iNOS, nNOS 2] HF&
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Fig. 1. Effect of stress on the urinary bladder function test parameters. (A) Voiding frequency: This figure shows the total frequency
of voiding within 3 hours, (B) Voiding volume: These graphs presented volume ( /21)/void in the stress and control groups with prolonged

application of the stress (*: p<0.05, T p<0.01).

Table 3. Effect of stress on the percentage of the DAB positive
area in the bladder tissue following immunohistochemical staining
for nNOS, iNOS and ROK «

Group Days nNOS (%) iNOS (%) ROK a (%)
Control 10 7.6+49 23+1.1 40%1.6
Control 20 8338 44418 57409
Control 30 10.6+3.5 8.5+6.0 9.8+3.1
Stress 10 72+42 72+40" 7.8+3.7%
Stress 20 12235  10.4+3.3% 8.9+2.3%
Stress 30 12.7#25  10.7£3.3% 18.6+2.9"

Each value represents the meantstandard deviation of DAB % (*p
<0.03, Tp<0.01) DAB: diamino benzidine, nNOS: neuronal nitric
oxide synthase, iNOS: inducible nitric oxide synthase, ROK «:
rhoA-binding kinase

A} 10%‘_, 209, 302 ¥ nNOS2| Wl tjzF3} Ay
T 7Fe] f-2l3k Aol 7t ek (p>0.05). 18l iNOSe] |t
2 AgTolA v«l*}ﬂl Z7ts]o] e, tzTe 10
Y, 20%, 308 & IEE AN HIE 23+11, 44+18,

8.5:6.0%, AT 7.2+4.0, 104233, 10.7+3.3% T} (p<
S7He Bolom, o
Z7l|A 109, 20 E‘, 30 i a&*‘% 34 M= 4.0+1.6,
57409, 9.8+3.1%, A3 T2 78437, 8.9+2.3, 18.6+2.9%%

t} (p<0.05) (Table 3) (Fig. 2).

3. Western blot analysisS O|&% ROKea, iNOS,

nNOS &eio| ZtE

Western blot analysisE ©]-8%+ ROK @, iNOS, nNOSE4

ol 4] nNOS2] w2 10477} 30U FollA+= ]
gt Aolol] §-2odk o]} 919, 20U FollA = A
TollA tlzgrol vl thilAd who] oA =2 AS

gholsl 4= 9J 9t} (p<0.05). iINOSS} ROK ¢ 9] W4 3 4] 20
ATollA = ATl A FolsiAl who] ko), 109+

302 Toll A= felgh polrt PEE A eEsh} (Fig. 3).

4. RT-PCR ! gel-electrophoresis

RT-PCR analysisoll 4], tHZ&7-3} A& ROK ¢2] mRNA
28-S H|2skgith ROK ¢ 2] mRNA 2§82 102, 302
ToAlAE Folgh Apo]7h gigi o) 208l A &= ATl
A s =2 Ao Z YER (p<0.05) (Fig. 4).

k
1]

Aol deehd ke, Aeleba Q) Wkt dojut

ool 2Eal, b 9 3829 Hele] A2 7
WA agelke] 4 AnaAel 3R A A

o] W37t MiNE AL 7hsA ol A Ee] IS B
O AR sl el ol e Slebl, 2
Al oA WA F oJA IR A4S
t}." o]+= norepinephrine©] Z71=lo] Polri= Y9 uk
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Fig. 2. Pattern of the DAB positive
area in bladder tisssue after im-
munohistochemical ~ staining  for
nNOS, iNOS and ROKa at 20
days. Magnification 200x (C: uro-
thelium, D: submucosa, E: muscu-
laris mucosa) DAB: diamino ben-
zidine, nNOS: neuronal nitric oxide
synthase, iNOS: inducible nitric
oxide synthase, ROK @ : thoA-bind-
ing kinase.

AlEe] 7HA wistell o3l 3] wis) 3l Bkt
S w3t AsA g

HEL 9] =32 myosin light chain (MLC)2] ¢14-3}e] A
5of| wha} 2= =, MLCY] 4t Aee Alxd l Z#
ol Fxol wil gEHer HIILE FHRAIE
myosin light chain kinase$} MLCE 201 4+$}A] 7] = myosin
light chain phosphotase (MLCP)2] F¥oll o3l =Axc} "
RhoAY= Rho-kinaseS #4] $}A]7| 2L Rho-kinaset= ©] 143}
Aol BoJsl= 4 E MLCPE] myosin A9 S <14t
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Fig. 3. Western blotting assay of bladder tissue for determining the
protein expression level (*: p<0.05). (A) Western blotting assay
for nNOS expression. (B) Western blotting assay for iNOS ex-
pression. (C) Western blotting assay for ROK @ expression (nNOS:
neuronal nitric oxide synthase, iNOS: inducible nitric oxide
synthase, ROK « : rhoA-binding kinase).

3 §AR B 43 AL A SD e BE A 2ol

A oA ALE AEH A A= ratd] UE, 53 &
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gtow, o]t AE |~ AE W V5o wiske}l 3
o] glrta 4 A Yk upeba B AfoAE AEH
27} rat] wlimekd gl Wt 23] Je] ROK «, iNOS, nNOS
o] WiztE HFely] Hslod $9 AAES AL

H Ado Ayl AEHA 3o A& o Z L:%E]Oi
AsE AS A7 AF T 2EH L o] AL5H
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Fig. 4. RT-PCR analysis of bladder tissue for determining the
expression level of the mRNA of ROK « transcript (*: p<0.05)
RT-PCR: reverse trnascript-polymerase chain reaction, ROK « :
rhoA-binding kinase.
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ol vl3l] F7kEe] gl o} nNOSE S7FE o] 7]+ 3HA
W AR A ZA = XEkih B3 Western blotZh
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4712 Western blot¥} RT-PCRS] Z7}2} thi

Aol % HolFgih. ol2d Aol7t sl Wl qiaat Hal
A A% Pge SR, 25 0 B Watsh 27l
4 HHES Holo] mE 2AA AL % T 4
£99 AT B Rolut.

=
—

N}
o

Tl - BotLt - 2EQ A0t 2dol M0 OIXl= g

Z o]l 4] ROK «a, iNOS, nNOS H}&

U AR EZYE DS A

R
:

REFERENCES

1. Kyrou I, Chrousos GP, Tsigos C. Stress, visceral obesity, and
metabolic complications. Ann N Y Acad Sci 2006;1083:77-
110

2. Yang SK. Psycho-urology: possible links between stress,
anxiety, depression and bladder function. J Korean Continence
Soc 2006;10:1-8

3. Bigal ME, Lipton RB. Modifiable risk factors for migraine
progression. Headache 2006;46:1334-43

4. Crofford LJ. Violence, stress, and somatic syndromes. Trauma
Violence Abuse 2007;8:299-313

5. Sand PK, Appell R. Disruptive effects of overactive bladder
and urge urinary incontinence in younger women. Am J Med
2006;119(3 Suppl 1):16-23

6. Clemens JQ, Brown SO, Kozloff L, Calhoun EA. Predictors
of symptom severity in patients with chronic prostatitis and
interstitial cystitis. J Urol 2006;175:963-6

7. Glover L, Gannon K, McLoughlin J, Emberton M. Men’s
experiences of having lower urinary tract symptoms: factors
relating to bother. BJU Int 2004;94:563-7

8. Cukier JM, Cortina-Borja M, Brading AF. A case-control
study to examine any association between idiopathic detrusor
instability and gastrointestinal tract disorder, and between
irritable bowel syndrome and urinary tract disorder. Br J Urol
1997;79:865-78

9. Morrison LM, Eadie AS, McAlister A, Glen ES, Taylor J,

Rowan D. Personality testing in 226 patient with urinary

incontinence. Br J Urol 1986;58:387-9

Walters MD, Taylor S, Schoenfeld LS. Psychosexual study of

women with detrusor instability. Obstet Gynecol 1990;75:22-6

Engstrom G, Henningsohn L, Steineck G, Leppert J.

10.

11.
Self-assessed health, sadness and happiness in relation to the
total burden of symptoms from the lower urinary tract. BJU
Int 2003;95:810-5



12.

13.

14.

15.

16.

17.

18.

19.

1138 CHSHIJIStSIXl : M 48 2 M 115 2007

McGhan WEF. Cost effectiveness and quality of life con-
siderations in the treatment of patients with overactive bladder.
Am J Manag Care 2001;7(2 Suppl):S62-75

Gatenbeck L, Johansson B, Stromberg L, Svensson M. Genital
blood flow in male rats subjected to stress stimuli. Urol Res
1987;15:297-301

Yoon H, Chung WS, Park YY, Cho IH. Effects of stress on
female rat sexual function. Int J Impot Res 2005;17:33-8
Cabral CA, Sampaio FJ, Cardoso LE. Analysis of the
modifications in the composition of bladder glycosaminog-
lycan and collagen as a consequence of changes in sex hor-
mones associated with puberty or oophorectomy in female rats.
J Urol 2003;170:2512-6

Shapiro E, Becich MJ, Perlman E, Lepor H. Bladder wall
abnormalities in myelodysplastic bladders: a computer assisted
morphometric analysis. J Urol 1991;145:1024-9

Kato K, Wein AJ, Radzinski C, Longhurst PA, McGuire EJ,
Miller LF, et al. Short term functional effects of bladder outlet
obstruction in the cat. J Urol 1990;143:1020-5

Chitaley K, Wingard CJ, Clinton Webb R, Branam H, Stopper
VS, Lewis RW, et al. Antagonism of Rho-kinase stimulates
rat penile erection via a nitric oxide independent pathway. Nat
Med 2001;7:119-22

Kimura K, Ito M, Amano M, Chihara K, Fukata Y, Nakafuku
M, et al. Regulation of myosin phosphatase by Rho and
Rho-associated kinase (Rho-kinase). Science 1996;273:245-8

20.

21.

22.

23.

24.

25.

26.

27.

Wibberley A, Chen Z, Hu E, Hieble JP, Westfall TD.
Expression and functional role of Rho-kinase in rat urinary
bladder smooth muscle. Br J Pharmacol 2003;138:757-66
Rajasekaran M, Mehta N, Baquir A, Kuntz S. Rho-kinase
inhibition suppresses potassium chloride-induced bladder hy-
peractivity in a rat model. Urology 2007;69:791-4
Rajasekaran M, Wilkes N, Kuntz S, E Albo M. Rho-kinase
inhibition suppresses bladder hyperactivity in spontaneously
hypertensive rats. Neurourol Urodyn 2005;24:295-300
Damaser MS, Whitbeck C, Barreto M, Horan P, Benno H,
O’connor LJ, et al. Comparative physiology and biochemistry
of rat and rabbit urinary bladder. BJU Int 2000;85:519-25
Wang P, Luthin GR, Ruggieri MR. Muscarinic acetylcholine
receptor subtypes mediating urinary bladder contractility and
coupling to GTP binding proteins. J Pharmacol Exp Ther
1995;273:959-66

Yildiz A, Hayirli A, Okumus Z, Kaynar O, Kisa F. Physi-
ological profile of juvenile rats: effects of cage size and cage
density. Lab Anim 2007;36:28-38

Demir A, Onol FF, Ercan F, Tarcan T. Effect of cold-induced
stress on rat bladder tissue contractility and histomorphology.
Neurourol Urodyn 2007;26:296-301

Cetinel S, Ercan F, Cikler E, Contuk G, Sener G. Protective
effect of melatonin on water avoidance stress induced
degeneration of the bladder. J Urol 2005;173:267-70



