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nitric oxide synthase (NOS)¢] 4t& W3}

Nitric oxide synthase (NOS)& nitric oxide (NO)¢] Aol #HAE 3= &
A2 A constitutive NOS (cNOS)#} inducible NOS (NOS)°. =2 ¥, cNOSE
gyl 3l= endothelial NOS (eNOS)9F Al7dol|A]  #-83l= neuronal NOS
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gmE AMEsllon AFdFEES g2t 2 Wy &7 FE AT (12243 1Y,
2, 3¢, 7)o 2 YFAtn=5). Z oA WHES HE3se] eNOS Z nNOS

of thete] A=At ME A@slaL wlolA g3 v (Zeiss LSM 5.0,

WA=l FRAQD AN fFEAIl WA EFUe] eNOS % nNOS9
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A S7bekadtr (<0.05). nNOS?| W% F7he = AFS Hlov SAAQ
ool gldrh.

ojde] Antz g F7o FE HHoz <d wF AU NOS #de W

z=

7t BEHW 538 eNOSS F7h7F 27] H M o= gk W



o) War}

—_—

=y
R

171 glalA Azl

1= 9%& 24

Z

w

T F& #A4, eNOS, nNOS

A

_iV_



LEE RIS SRR ER S SR

nitric oxide synthase®] 2&d W3}

W Ehe B H Al o3 el WSk WlwT)dke] el B Al
I AT7E ol Fojon wAd ok Rl W] Hlel tiEiM e Be =3
o] glol gtttk WF E7te 2 #Ael od AWy wgs AXsh] A7 A
< A7 A7 9l (neurogenic theory) 5 Hix<re] @143}, 44 417

o] W3}, AAHARQD g wWslel] gtk A 24 €< (myogenic
theory) Wiiz<t ZpA| ] Wste] 7]Qlgtth= F 7FA9] 7RA R yyw el 5o
e AAAY @A (neurotransmitter protein)e] S o] gk A+ gk
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o] nitric oxide synthase(NOS)eol| ¢Jal ¥g=wWA =™ IaA, "IA, Al
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A2 Ag 2 BE

CAY A

AT A

ARG AN(L B N E 7FE gk=r)oll A AJ4kEl specific pathogen
free(SPF) Sprague-Dawley A<l (5" 7, AT 250-300 gm)E AH&-3H3d
o AdeeS 2 3 g S99 B A0S A2A7, 1Y, 29, 3d, 7Y
o8 WA wo] A7lEE 4=5).

m
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2.2. A9

OlZ w2 sodium thiopental (50 mg/kg)S HAUW=E Fojste] v s £ )
ool RV s Adsidlon Wad 579 Fi AT FdE Uy
S AT & sHERE AUiste] WA et WS =EA F F9E
A =G it e x5 Wed & a =9 ¢4°] 1.0
31 4-0 black silkE °]&
=Hol ¢ 9% g HE % FE F = 2
i e% F9Y @ FEou ¢ QTR 9 HjEo] dojubA] &= A= A
Aol A Al skA et

o

2.3. H9xZ 35494

fxws 2 WAE T F 1207 244138, 2, 3, Tl AAA
W3S A3t AEH WHE 4%9 paraformaldehyde (0.1 M, pH 7.4)&
3F FoF nAHS Al7]aL 20% sucrose (0.05 M, pH 7.4)% 48A]7F B<F A%H
oz nAsel. AyAdsre A Aed slideol 5 mFAL] Y& dHS F2
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phosphate buffered saline (PBS, pH 7.4)ol4 Az 3 = 3% HO.= W%

peroxidase? AL JAlstar PBSE At v Solol a9l A Ag
S A Y8l 24 EHES 5% goat HRBI, MA, USA)S.Z 1A7F F<t

37CoNA H-E3HA

ozt A= anti-nNOS mouse monoclonal IgGl antibody (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA)E 1:50e=2 343 o™ anti-
eNOS rabbit polyclonal antibody (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA)&= 1:500.2 3]4ste] Ao HEA1Z1 5 143t 5k 37TAA
Agstgdth. 0.05 M PBSE® AAHE @ § 3% HOE Holm# A€
peroxidase?] A& At PBSE A& 33t PBS &Aoo FH3] AlF gk
3 anti-mouse IgG FITC (1:200, Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA)®} goat anti—rabbit antibody (1:200, Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA)S Z}Z} Ao 1A17F & & A FH T}
0.1% Triton X-100 (Sigma-Aldrich Corp., St. Louis, MO, USA)¢] &
0.02 M PBS& 30##4 23] Mg & PBSE 1A7F AlH st 9o & &

)

Z}o] == mounting media (Dako, Carpinteria, CA, USA)E o] &3l H<l3t%

b4

Ao A= FxAAM A L F4EAY] (Zeiss LSM 5.0, Jena, Germany)E

o] &3ste] o e AEE HURsIGlLE NS 0o, H2AE 25582 #AT|

=% gray scaled Wt A3ttt 4 237 & Hojw 5 fieldE #E3ES
L zbze)l x4 7he] A EE v RS H8(Mann-WhitneyH)s ©]-&3to] Pgk
05 okl A& Folgk Aol7t e AR gt FAEA A=

SPSS for Window (Version 10.0, SPSS Inc., Chicago, I, USA)S o] 8&3}%c},
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10 S99 B A Aol A g 22 U)e] eNOS HE Wt
eNOS9] Gray scale
o 2=+ A3
12A]3F 66.40 £ 2.82 45.80 £ 2.35
19 64.32 £ 1.44 67.60 = 2.35
2¢d 54.36 £ 1.65 69.56 + 5.88
3¢ 55.08 + 2.36 82.44 + 4.95"
7 55.87 £ 2.07 65.67 * 5.46

* 1 P value <0.05



E2.%F =79 1 w1A WA g 2299 nNOS Wt
nNOS9] Gray scale
o 2= A
12213 37.45 £ 1.21 35.10 £ 0.91
14 35.09 £ 1.84 37.60 £ 1.96
2¢d 35.56 £ 2.25 45.38 £ 3.45
34 36.40 £ 1.24 43.30 £ 2.45
74 37.32 £ 2.31 43.90 £ 1.07




1% 1. eNOS(red, Texas Red goat anti—rabbit antibody, 1:200)
% nNOS(green, anti-mouse Ig G FITC, 1:200)¢] Z&
(X 400; A, iz B, "4 % 12417 C, 34; D, 7¢)



A4 F 1F

Nitric oxide(NO)+¥= endothelial derive relaxation factor® ¥+ o= 19804
Furchgott®} Zawadzkiol” o]a] 212 walch AA WA A 7HAe o=

A= Aoz dHAd dew WIrE 208 ARE v #@32 2

i)

=

L-arginine®] guanidiro-nitrogen®| nitric oxide synthase(NOS)ol| <¢]s] 3}z
WA AEH 72 1 NOS)= F2 o, A4, Bx AA4A T S8 4
A ¥ 9] nonadrenergic noncholinergic (NANC) 2174 A|e] A AAG EZAZ
o] ofghe] AL @) o2 d#HA Jduk. FF 1 (eNOS)+= e WA
of = EAsiH o] &hte] ojgh, "] g, A NP9 &
Atk & 11 (NOS)= &Aste thAAE FolA &
1=

gl el A EH7 FHEE Qo deiA

|

15

&
t

rr

o

F
et
ry

O

o} a
E

A
B 7b S A5ukgoyg &
th® Z47ke] NOSE AA4ste GAAE eNOSE FAA 7H 91218k nNOSE
AA A 129e] INOSE @A 1790 gltt” eNOSE AZuty} Avtso] =
a1 nNOS¢}F INOSE AXEulelA] 28-S g,

NO9| ogtol] dsir= 749 L7Iv Zoakore] J&o thefr= B
AT7E o] FojH ot gl o] Ao dsiAs o}A WEsA B nbrt ¢l
o} Huang 59" ®ate] oshd A4 wgold sadwe 148 fAsAY
=59 olgk Ayl AAo] %A, A FEL wl(extracellular matrix protein)<]
g wule] 2de #estE oz AZE o f(stomach)e] 4§ NOE

A(mucin)®] FHE Ao 2A 9 HAut MxEXE BHostes zlo= Hi ¥

Hﬁ

o

AAlet= AL

_Ll.z

%0

mlo

glom ofsh msd sldor Wael ol @A Fehul(glycoprotein) g
doma qo @ Ao £AL oAst Aoz AZH UM v

28 Bdo A wAAel Akidney) HMaolA INOSSY =719} A4 eNOS,
nNOSe] F7Fs & = A& o= Q& 5359 dae] 4z A dF3te

oAl E37b ehbs Ao ma Hu dov] W elAs BF 7143
A4S ATl GMPE $HS FrHel PIWEE Fushs 0w Fuid



Wg E0e] B dAes IR W] A A e s =
obzl Wes] grEA JA Fou s=dFEL oshd g sdEAd &4l
3 doloz AzbHo At S ol N0 AFEAQ L-arginines Foistd
W] dwel S7kek #A Re] 29 JidS Holw iINOSO AAAE

wastn gtk WA nNOSel A% P TAY AfelM FrhE
DAY 5 Qe RsiNe 4% H8 F NOSe gavt BAHYL &

Tl E g =AW AHetets ol eNOSO 7k FElo] #EE AN nNOS

H]——v‘g] x]i]fq— %01]/\1 NOS};] Qj—}\—]o] U:Ejo}_tq
A eNOSe] o] F7hska nNOSE #lvhe}
LA

NOSSl W R4S 28F A4S AdstA Qol AFF FRS T 5 AW

¥o,
)
fm
N
Ll
o
oo
o
it
nd
F
Lo
oM.
JESN
o!
o!

ofj
i,:
01)4'
>
o
lo
2
o
2
2
rH
107
r U
Q‘L
rir
po)
o
ik
N
X0,
32
O
e
o
=2

FH Bae] o3t Wge A eNOS 3 nNOSe| F7h= AlEZiAbete] A4
A vk = eNOSe Tk WEe] 9w St
dojupar whde] nNOSe F7he= Wd 3ol cGMPe S71s XA AE
o] 3ALE goldtAl Fr} oleld @olow ols Wgel o|f Ao HHAS o
T2 AR QS AT o e
FAN TS Ayt 9,14.18 2 oATE g E90 2R A i W

7] Wgtell tigh datolm A7IRbe] H A S ARl WAl o] WSkl of

S A= Aow HIZb H

4

10



axo FHAow A3 A WP 7Ee] AAAGTEAS olMEEFH T
of #3t A= ks o] HojgkXqk NOol| st o

wrh 53 0Y 279 Aol oA WA A Aol Fo] Ya 2]

-1

= obF mFE Aol

TE AR B B2 AU JAFH o R gl 9lojA NO9| el ths]

nth Wakg ol B Aow Az,

11



As5% 4 8

Aol A g o] F2 dAo R Qs WA le] NOSe| Fo] Wit

st 53] eNOS9 S7H7F dA z7]9] wag AUl #EHET, o= 384
oz 23 eNOSEdo] F7l= AZd, ey g 59 FE gaow
olafA WFUe] nNOSE & S WA ke Aoz eyt o #7|7he]

=)
rlo

W ETe] By A4 e w 2AUA NOSS st did wr
}_

12



Y
K
&

kil

1. Abrams. P. 2003 Nov. Describing bladder storage function: Overactive
bladder syndrome and Detrusor overactivity. Urology, 62(5 Suppl
2):28-37; discussion 40-2.

2. Mat H. Ho, Narender N. Bhatia, Omid Khorram. 2004. Physiologic role
of nitric oxide synthase in female lower urinary tract. Curr Opin Obstet
Gynecol. 16:423-29

3. Bennet BC, Kurse MN, Roppolo, et al.1995. Neural control of urethral
outlet activity in vivo: role of nitric oxide. J Urol, 153:2004-9

4. Hallen K, Gustafsson LE, Wiklund NP. 2005. Nerve induced release of
nitric oxide from the rabbit corpus carvenosum in modulated by cyclic
guanosine 3',5'-monophosphate. Neuroscience, 133(1):169-74

5. Lemack GE, Burkhard G, Zimmern PE. 1999. Physiologic sequelae of
partial infravesical obstruction in the mouse: role of inducible nitric
oxide synthase. J Urol, 161:1015-22

6. Persson K, Poljakovic M, Johanson K et al. 1999. Morphological and
biochemical investigation of nitric oxide synthase and related enzymes
in the rats and pig urothelium. J Histochem cytochemistry, 47:739-41

7. Furchgott RF, Zawadzki JV. 1980. The obligatory role of endothelial cell
in the relaxation of arterial smooth muscle by acethycholine. Nature,
288:373-6

8. Forstermann U, Pollock JS, Tracy WR, et al. 1994. Isoforms of nitric oxide
synthase; purification and regulation. Methods Enzy Mol, 233:258-64

9. Forstermann U, Closs EI, Pollock JS, et al. 1994. Nitric oxide synthase
isoenzymes: characterization, purification, molecular cloning and functions.

Hypertension, 23:112-131

13



10.

11.

12.

13.

14.

15.

16.

17.

18.

Huang A, Palmer LS, Hom D et al. 2000. The role of nitric oxide in
obstructive nephropathy. J Urol, 163:1276-81

Whittle B. 1993. Nitric oxide in vascular, intestinal and neuronal tissue:
interaction in the gut. J Auton Nerv Syst, 43:53-5

Moncada S, Palmer RMJ, Higgs EA. 1991. Nitric oxide. physiology,
pathophysiology and pharmacology. Pharmacol Rev, 43:109-42

Smet PJ, Jonavicius J, Marshall VR et al. 1996. Distribution of nitric oxide
synthase immunoreactive nerves and identification of the cellular targets
of nitric oxide in guinea-pig and human urinary bladder by cGMP
immunohistochemistry. Neurosci, 71:337-9

Saito M, Miyagawa [. 2002. N-nitro-L-arginine methylester, a nitric
oxide synthase inhibitor, diminishes apotosis induced by ischemia
-reperfusion in the rat bladder. Neurourol Urodyn, 21:566-71

Theobald RJ Jr. 2003. Differing effect of N-monomethyl L-arginine and
7-nitroindazole on detrusor activity. Neurourol Urodyn, 22:62-9
Musuda H, Okuno T, Suzuki M, et al. 2002. Different distribution of
nitric oxide synthase and soluble guanylyl cyclase activities in the
detrusor and proximal urethra of the rabbit. J Urol, 168:2286-90
Fathian-Sabet B, Bloch W, Klotz T et al. 2001. Localization of
constitutive nitric oxide synthase isoforms and the nitric oxide target
enzyme soluble guanylyl cyclase in the human bladder. J Urol,
165:1724-9

Nitsch D, Ghilardi, Muhl H et al. 1997. Apoptosis and expression of
inducible nitric oxide synthase are mutually exclusive in renal mesangial

cells. Am J Pathol, 150:889-90

14



ABSTRACT

Expression of Nitric Oxide Synthase(NOS) in the Rat

Bladder Subjected to Partial Bladder Outlet Obstruction

Chung, Hyun chul
Dept. of medicine
The Graduate School

Yonsei University

Nitric oxide synthase (NOS) is an important enzyme in production of
Nitric oxide (NO). NOS is divided into the constitutive NOS (cNOS) and
inducible NOS (NOS). ¢NOS is divided into endothelial type (eNOS) and
neuronal type (nNOS). eNOS exerts its affects on the blood vessel and
nNOS on the nerve fiber. In the present study we evaluated the
expression of eNOS and nNOS in the partial bladder outlet obstruction,
since we presupposed that NO may be responsible for the prolonged
micturition problem after partial outlet obstruction of the rat bladder.

Specific pathogen free Sprague-Dawley rats weighing 250~300gm were
used. Individual bladder was obtained from the sham-operated control rats
(n=5), and from rats at 12, 48, 3 and 7 days after a partial urethral
obstruction (n=25). eNOS and nNOS were detected by immunohistochemical
staining, and were analyzed with confocal microscopy and an image

analyzer.
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Both eNOS and nNOS expression were detected in the control rats and
in the group with the partial bladder outlet obstruction. The expression of
eNOS showed a sharp increase at 3 days after obstruction and returned to
normal at 7 days. The expression of nNOS in the group with partial
bladder outlet obstruction was not statically different from that of the
control group.

This study showed that eNOS expression increases in the rat bladder
after partial bladder outlet obstruction and these results suggest the idea
that the overproduction of NO may be induced by ischemic injury in a

partial bladder outlet obstruction.

Key wards: Partial bladder outlet obstruction, eNOS, nNOS
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