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Effect of Nitric Oxide Generated by Photolysis on the Rat Detrusor

Byung Ha Chung, Ki Churl Chang* and Seung Kang Choi**

From the Departments of Urclogy and Pharmacology®, Gyeongsang National University College of
Medicine, Chinju and Depertment of Urology**, Yonsei University College of Medicine, Seout, Korea

The mechanism underlying the bladder relaxation during filling is not fully understood. Nitric
oxide played an important role in mediation of relaxation in between vascular and various types
of non-vascular smooth musele. Theoretically, an increased activity of nitric oxide-releasing in-
hibitory nerves io the detrusor could be & factor keeping the bladder relaxed during the filling
phase. The role of nitric oxide in detrusor muscle is still not fully characterized.

The objective of this study was to determine the effect and action mechanism of nitric oxide
in the rat detrusor. In this experiment, nitric oxide was generated by photolysis using a long
wavelength UV lamp{366nm) under nitric oxide-, NO,-carrying molecules(streptozotocin, NG-
nitro-L-arginine). This study were consisted of in vitro examination using Polygraph(Grass
Model 79E, Quiney, MA, U.S.A.), radisimmunoassay for guanosine 3; 5 cyclic monophosphate
and nitrite assay to identify the production of nitric oxide.

Nitric oxide was generated by photolysis from nitric oxide- and NO;-containing compounds.
The longer UV irradiated and the stronger photo energy of light source, the more produced the
amount of nitric oxide. The relaxation induced by nitric oxide-containing compound
(streptozotocin) is much more than that by NQ,-containing compound{NG-nitro-L-arginine).
Nitric oxide was a potent but labile relaxing sustance to the rat detrusor strip. The maximal
relaxation under slreptozotocin treatment and 60 second UV irradistion was approximately 70.0
% comparing to carbachol induced contraction. That relaxation was significantly inhibited by
pyrogallol, methylene blue treatment. The photo-induced nitric oxide directly activated soluble
form of guanylate cyclase resulting in increased concentration of guanosine 37 5%cyclic mono-
phosphate in detrusor strips.

From the above results, it was confirmed that nitric oxide relaxed the detrusor muscle , which
means lhat L-arginine/nitric oxide pathway may be present in the mechanism of relaxation.
Therefore, new therapeutic approach using exogenous nitric oxide will be an attractive
modality in treating functional voiding disturbances such as detruser hyperreflexia and
bladder instability.
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Fig. 1. Scheme of hypothesis. Nitric oxide was generated by photolysis from nitric oxide-carrying
compounds. The photo-induced nitric oxide directely activated .soluble form of guanylate cyclgse
resulting 1n increased concentration of guanosine 3’, 5’—cyclic monophosphate in detrusor strips,

followed by relaxation of detrusor.
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Fig. 2. Chemical structures of nitric oxide donors{streptozotocin, N®-nitroa-L-arginine). Those
compounds had nitric oxide-carrying micety of their own structures. So nitric oxide were released

after UV irradiation.
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Fig. 3. Influence of UVR(UYV irradiation) and STZ{streptozotocin} on rat detrusor strip. Strip
was submaximally precontracted with CBL{carbachol chloride). Cumulative additions of pyrogallol
(PYR) was sinificantly inhibited of relaxation. CBL-5.5. carbachal §x 10-°M, 60s. UV irradiation
for 60 seconds, STZ-4: streptozotocin 10-*M, PYR-5! pyrogallal 10-°M, PYR-4: pyrogallol 10-*M.

o] Fo] A& 10ml }3-‘*1 organ bath 83 5o
& o aRsn B2 Zo force dis-
placement Lransducer (FT 03, Grass, Quiney,
MA, US.A)ol 943ld wlad g =3
2% < Polygraph(Grass model 7E, Quincy,
MA, US.A)el 71E5r9th. Organ bathg] o
9 Aol & 22E 22 A% £8AA bath
Jl2] Krebs-Ringer bicarbonate’ ¢F34- o8&
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e #2334 A58 @59 o] 2y
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AL e P (mEg/L). Krebs-Ringer
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CaCl2, 2.5, MgSO4, 1.18; KH;PO, 1.18;

NaHCQ; 24.9; glucese, 10.0; EDTA, 0 x 3.
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alight®2) g A Ze Ad A o))
L72mW/em?o] 4 =, A4l =7]E Hlws}
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Villingen-Schwenningen, Germany) 2] A2l
ZEE 105mW/em? ©o)3lth WEAT 2 @
A Y ggel A9 AW e Mineralight®e] o]

39 6 v shgic.
5. NitriteM &2 Z5

Chang%*¢] o] HAR nitric oxided
el A7l AZ nitrite assay 82 7 Q3¢
Nitrite2] %%+ nitric oxide Fdx}2 AR5
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Carbachol chloride, streptozotocin, N®-nitro-
L-arginine, N®-mtro-L-arginine methy! ester,
N°-nitro-D-arginine methyl ester, pyrogaliol
¥ Sigma Chemical Co.(St. Louis, MQ, U.S.
Adel AEE ALY e methylene blue
Maliinckrodt Chemical Co.(St. Louis, MO, U.S.
A)e AFLE Agatdr) ol F oA strepto-
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Table. Influece of streptozotocin and N®-nitro-L-arginine on relaxaton
in the strips of detrusor

Percent Relaxation

Group No. strips M 10-"M 10N
Streptozotocin 14 21.2x11.7 63.4+7.5 65.1+94
N&-nitro-L-arginine 12 0 v 125+4.7

Value represent means+SEM{% ) comparing to the carbachol induced contraction. Rat detrusor
strips were submaximally precontracted with carbachol{1-10u4M). Streptozotocin or NG-nitro-L—
arginine were added at the time of peak contractile responses to carbachol and UV lamp

(Mineralight®) were applied for 15 seconds.
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Fig. 4. Comparison of relaxation responses
hetween streptozotocin(n=20) and N°-nitro-L
-arginine(n=16) treatment on rat detrusor
strips. Values represent means+SEM{%)
comparing to the carbachol induced contrac-
tion. control! strips contracted by carbachol
only., STZ-4. streptozotocin 107*M treatment
group, L-NOARG-3.5. NS-nitro-L-arginine 5
x 107*M treatment group.
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A& TR en 2 FHLRY AN 9
9] #A2 Studentd t-test P Mann-Whitney
Utest& o] &3t9 2, FAHLE pghol 0.05
olstd o) ooyt e Ao FAHEAG

4
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HEo| 7153 AHE AP ddelM Al
A 80I(625%)8 & 48 A&k

B2 AWBE carbachol® £2A712 60
27t A9 E 2AEEE AR EFAHE
Wxo] ¢1%ir}. Streptezoiocin 107*Mel] 72
Mg ZAEH FHEE T olgd FHgonw Ag
A 2AE 29Ed ojd BHE F73% 4
9] F54dE HIohuth AHME 16%,
10%, 7%, 52, 32 28x 123 7374 24
92 o oA EE AYM ZAMA ol F
&4F ¢ dilAe #2E 5 vk Pyro-
gallol 107°M W& HAX A4 ZAIE 81
A G olghPE WEL gHoed 35490
2 107'M B 2 A ZAA
4z o=zl AR s P4 H(Fig. 3).
1) Streptozotocin, N®-nitro-L-arginine0|
ofst Wz HE ol 51

1527 ZoHd =ALE 7o E strepto-
zotacin 107°MelA] 21.2411.7% <)@ H AU
Streptozotocin 107'M oA &= 634+75% =2
SJPAFE7 HAHpewW FHFH LFoz Fdg
107Mol M= 651 +54% 24 107*M e =)
o]7} 1%}t Ne-nitro-L-arginine 107°M, 1071
M oAM= olgho] FA) gk 107°M &4
X HEA 125+4.7% ol &= A cH(Table).

Streptozatocin 107'M 3} N Gfnit.ro—L-argi—
nine 5 X 107°M o] A4 o]g F=r A A ZA}
Ajzre] Aol A wd AAe AEFE BYch
o] 97} = = streptozotocin 107%M, 302 ZF A}l
A 69.1+75%%2 A HA o2 602
¢t ZAEYE 700+£5.8% 5 vlelit o)t
e Z2HA geed, NS-nitro-L-argi-
nine 5x 107'M, 302 ZAtd A& 22.1+4.7%,
602 TAloA 23.245.2% o|gsAr) T
Aold ZARAIZUEE v ned odPEE
streptozotocin 107*Mel| 4] NS-nitro-L-arginine
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Fig. 5. Influence of pyrogallol and methy-

lene blue on relaxation elicited by strep-tozotocin.
Value represent mean+SEM(%) comparing to
carbachol induced contraction. streptozotocin:
streptozotocin  107*M{n=20), streptozotocin+
pyrogallol:  streptozotocin  107*M+ pyrogallol
10~*M(n=8), streptozctocin+ methylene blue:
streptozotocin 107*M +methylene blue 10-*M (n
=10). UV 15: UV irradiation for 15 seconds,
UV 30: UV irradiation for 30 seconds.
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Fig. 8. Cyclic GMP {guanosine 3; 5%¢yclic
monophosphate) formation in detrusor strips
according to the changes of UV irradiation. Val-
ues are meanstSEM {pmol/mg) using 4 strips
{for each test condition). control. sirips were
submaximally contracted by carbachol, UV 60:
UV irradiation for 60 seconds, STZ+UV15:
streptozotocin  10'M+UV irradiation for 15
seconds, STZ4+UV30: streptozotoein 10 ‘M+
UV irradiation for 30 seconds, STZ+UVE0:
streptozotocin 107*M+ UV irradiation for 60 sec-
onds, STZ+UV180: streptozotocin 16™*M+UV
irradiation for 180 seconds, *: p<0.05.

5X107™*M Kt} g4 R (p<0.05)(Fig. 4).
2) Pyrogallol, methylene blue HE XX 7}
e EH 0|2 BX= Y&

A A AL 15%, 302 S F|F OB olgR
LT pyrogallol 107'M W& R3¢ zhz}
25.4+45.1%, 219+3.7%°]% 1, methylene
blue 107'M W& A= o= 37.5+4.9%, 25.
1+4.1%Zx. streptozotocin 107'M @ E S
Al 83.0+6.7%, 69.0+75% ¢} ztz ulmal®

5,

. T
T

cycHeSHP{pmpl/mg)
]
.

*

control 513k ST -3 STE-50 STZ{-A)+MB{-4}+
VIS 15 W15 w15

Fig. 7. Cyclic GMP formation in detrusor
strips according to the dosage of streptozotocin
and methylene blue treatment. Values are
means+SEM {pmol/mg). control: strips were
submaximally contracted by carbachol, STZ(-3)
+UV15: streptozotocin 107*M+UV irradiation
for 15 seconds, STZ(-4}+UV15: streptozotocin
10™*M+ UV irradiation for 15 seconds, STZ(-5)
+UV15: streptozotocin 10 "M+ UV irradiation -
for 15 seconds, STZ{-4) + MB{-4}+UV15: strep-
tozotocin 107*M+methylene blue 107 M+ UV ir-
radiation for 15 seconds, *: p<Z0.05, **: p<Z0.01.

AL ZAL ADHEE ot =T}t f2]31 A
4 {p<0.05)3} 51 o} (Fig. 5).

2. a2 MM ZELY cyclic GMPsT &3

HHAZHA) cyclic GMP%¥ %+ carbachols
% A7 Yz $5FF A A5 RAME
M 44 3.05+0.33 pmol/mg, 3.14+
0.45 pmol/mg ©]1%it}. Strepiozotocin 107*M
Fao® 4L 242} 15%, 30%, 60%, 180%
B9 TASZAAME ZEr 3.931+0.55 pmol/
mg, 545 +0.75 pmol/mg, 7.32 £ 0.64 pmol /
mg, 9.46 +1.02 pmol/mg¢e] 94 ¢}, Streptozotocin
0 MARE 494 2AAZ] doldse
ZAY eyclic GMP¥RR7L 9n|giA E7Hp<
0.05) 399 }(Fig. 6).

159 2AgHd FAIE J1Fo02 strepto-
zotocin 107%M, 107'M S % Z}2} 3.4810.45
pmol/mg, 3.93+0.55 pmol/mg = ) =3td] H]|
# fed FsH(p<0.05)7F AU, 10°MF
ot oAE 2414050 pmol/mgo i 9p| 9l
Al P2 (p<0.05) 89t} Methylene blue 10
M 8233 o= 0.04+0.04 pmol/mgs A
AA 3] P (p<0.01) 8- Q cHFig. 73.

3. Nitric oxide&] BIEEB0HAM XAMLT
Of o} nitrite 442k HE

Streptozotocin 10 *Moj] A 108, 204, 304
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Fig. 8. Influence of nitrite production in
streptozotocin solution according to the intensity
of UV light. Values are concentration of nitrite
{mM). 8TZ{-4), UV lamp: streptozotocin 107
M+UYV lamp, STZ(-4}, bulb lamp: streptozotocin
107*M +bulb lamp, STZ(-4), flucrescent lamp:
streptozotocin - 107*M+fluorescent lamp, STZ
{-5), UV lamp: streptozotecin 10 *M-+UV lamp.

R 6023t A2 A 9] 8ha) YA E nitrite
Fe Zzd 15uM, 204M, 22uM 2 45uMo| ]
oh B e A eI} ok g Mg 25 o} duk
RFEGANAR 1087 22bel A ZHzt 10pM,
12oM G0 ZAISIAM = 2}zy 254M, 18pM2]
nitrite7} A4 %) o}, Nitrite A} 41 32 strepto-
zotocin 10 Mo A& 10 *MBEY} A &
ZAA Y B2 BYe] (YAFES} F5
%, ¥ X nitric oxide®§ 5529 Em7)
*¥& TE nitrited 4 Fo] B (Fig. 8).
NE-nitro-L-arginine 107*M o] &= 108, 30

B @ 6087 RALFe] YA T nitrites 7z} -

5uM, 154M, 18uMo| St} Ne-nitro-L-arginine
methyl ester 10™"Mat 824 o] LA Aol NO-
nitre-D-arginine methyl ester 107 Mol A= o
AAE 219]A #ALEo nitriter} A= A
1082Y ZaAl o] zvzk 3aM, 7uMo|9lR 60
EFde 474 17:M, 18sME W4 &R~ ot
streptozotocinol] 4 9] nitrite A4 F vt §
A8 AUtk Nitrite e 24719 ozt
7 nitric oxide¥ & #EE 3 streptozotocino|

4 2k (Fig. 9).
o F#

Nitric oxidets 818}5 o2 Zotgsin, vz
717t ¢ 2 Azolm, BAE 30,006 9 &
217] (free radical)d 48 =9 W& 7)1
2 A3 AR WA nitric oxide synthase

50
1 o 51204
— o L-NOARGH -
£ 404 & LNAWEL-4)
g 0 UMAME(4) -
E 30]
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Fig. 9. Responses of nitrite production to
various structural analogues of streptozotocin
(STZ), L-NOARG( NS-nitro-L-arginine). STZ
{-4}: streptozotocin 107*M, L-NOARG(—4): N
-nitro-L-arginine  107'M, L-NAME(-4): N¢-
nitro-L-arginine methyl ester 107*M, D-NAME
{-4): N-nitro-D-arginine methyl ester 10™*M.

9] 3] A4 L-arginine4 guanidino nitrogen®.
¥ nitric oxide®2} L-citrullinec 2 ¥ 35
A EN, o] &) nitric oxide synthased)
Holx F1A ezl E2A4%d. & 34
A E el 43 caleium/calmodulin ¢
F3<] U EA ATl FEAE FAA
GA M o] nitric oxide® {EAF|= B
(constitutive nitric oxide synthase)¢|x t©}&
shus dAA XY dduis AT 43
At eytokines] SisiA o rtx] AT A
HFE5H = @H (inducible nitric oxide synthase)
2x Fg2 #AAzd A nitric oxideE YA
o}, Nitric oxide2] FAIF¢l M]3ty |
e AN FAnFe #Aq sz, IHF
AMe AMEAA Fgaht FudLE
Hehfie wrisdz 4830 di9 239
A Zgol gloka Husn v, ol g =
golele] HAD o)gkatgo] FHIY FEE
Wz 2ok Nitric oxide 3 @29 ol g
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