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The Eeffect of Sodium Nitroprusside on Muscle Tension in Guinea-pig Ileum. Seong Chun Kwon,
Si Yeon Kim, Eun Ju Kim, and Bok Soon Kang Department of Physiology, Yonsei University College of Medicine,
Seoul 120752, Korea

Nitric oxide (NO) has been known as a mediator of nonadrenergic, noncholinergic inhibitory neurotransmitter
in intestinal smooth muscles. It has been suggested that NO donor such as sodium nitroprusside (SNP) produces
relaxation of smooth muscle via activation of guanylate cyclase and elevation of cGMP levels. We have therefore
investigated the effects of NO, using SNP, on muscle tension in the longitudinal smooth muscle of guinea-pig
ileum. The possible role of cGMP was also investigated as well as the involvement of K™ channel on SNP-induced
inhibitory effect. The results are summarized as follows; high KCl-or CCh-activated contractions were inhibited
by SNP in a concentration-dependent manner. 8-Br-cGMP also showed a similar effect in that of SNP. TEA
(1 mM) significantly reduced the SNP-induced inhibitory effect. SNP-induced effect was further reduced by
the presence of 10 mM TEA. On the other hand, 4-AP (0.1 mM), glibenclamide (10 yM) and apamin (0.1
uM) showed little effects on SNP-induced relaxation. Zaprinast significantly potentiated the SNP-induced inhibitory
effect in all ranges. ODQ also significantly decreased the SNP-induced inhibitory effect. Pretreatment with CPA
(10 uM) slightly reduced the SNP-induced inhibitory effect. From the above results, both effect mediated by
NO and cGMP might be responsible for the activation of Ca’*-activated K™ channel by SNP in guinea-pig

ileum. And this K™ channel activation by SNP also contributes to the SNP-induced membrane hyperpolarization
and relaxation.
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H3o] 4% BRI NANC AFAZA nitrc
oxide(NO) E= NOZH 8§81 3HaBo] S3ef Aol o]
e Aol HaEl F(Bult et al, 1990), 71V ¥ 9] 3]
A &2 (Osthaus & Galligan, 1992), "§4H+(Shuttleworth
et al, 1991), &2+ 9 ZHAK(Costa et al, 1986), 7] 2] 4]o]A]
ZH(Toda et al, 1990), <95 ZAH(Thombury et al, 1991;
Sanders & Ward, 1992), opossum 2] & Z-<F-(Rattan &
Chakder, 1991) 5] $jA% HgTllA = NO7L NANC
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o] AAAG ARALEAE AEsle] o] S-S5
o= 7o) BisQlck. NOol| o3 Ahzbo| shakgo
o]x® FH gt o]f=, NOZF 4] - A3k o] YRR
AAA o2 Austa Y= NANC A7 o2 RE] G5
7] wFo]tHSmith et al, 1989; Thornbury et al, 1991). &+
o HE2e 4T 9 myenteric plexus2] 417 Fofl NO
synthase(NOS)7} F-H-3lA] &gkt Aol Ryl
om(Bredt et al, 1990), 714 ¥ 3|34 HEFlE NOS7}
u|FA4173 4 AAA A7 FHell EAstw, NO7| myente-
ric plexus®] gangliaZ HE] F2l5& AAlo] wo3le3
w0 g 310l o F A(Grider & Jin, 1993) NO7} NANC
A7 JAA ARAEEA Y] FHEU

&30 5 27 9 o|gh REH o g AR AFo R
Vel 2he] #HE2 = inhibitory junction potential(1JP)
off &gt} 434 FE oA UPE HAGE HFEFA
73 AA o2 sl B4 AV 9 74
A Z25g dARAY =8 ZaA T A 9% 2
2] F4TolA 2 FolA Foidk NO g9 NO FoIEF
& A7H AFell 3l LA= = UPSY F-ASE vHS-& Y
279, I NO A& Alste £2ol 24 NP w
Ao} A= th(Dalziel et al, 1991; Thombury et al, 1991).
DPe] R ket Agkat fHo| glom Wit P
K* AEES] 9415 Zrtol] €8] Lolueh B} 9)
v}(Smith et al, 1989). NOoj] 2]&) Lol vt
Sl4b4 K A9 7%, ek O AR B4, mE
A7 $EA 02 Bl G Lolrhe, olB oHa T
@4¢ N7} §8 AlEstol 43 2851 Yolukeh
AT HE ol =3 Z5F9 K channel, & 1)ATP-sensitive
K*'(Kare) channel, 2)Ca’*-activated K'(Kc,) channel %)
3)delayed rectifier K ' (Kpg) channelo] &8k} K* chan-
nel bt e =Asle HELe Jl5E =24
oz AeFez dihs] Fazth NO Fo94EH 4
cyclic GMP(cGMP) analogue= H3 H&-To||A] large
conductance Ca’*-activated K* channel(maxi K* channel)
< ¥4 3k} 31 (Fujino et al, 1991), 7]3 3o} A] maxi
K" channel®] XebA|Z @#]2l charybdotoxing sodium
nitroprusside(SNP) @ t}-& NO donoro]] 93} o] 9} 22
o A)s}= (Jones et al, 1990), A 2T maxi K*
channel-& 9]3k4] K™ AFS o 50% 5 A= A4
(Carl et al, 1990) So] B.ux|9ct wlelA] maxi K*
channelo] 4:3}3F 3ol 4] NOo| &3] FE & =t
2T 9 A A7NA &5 dAlol R A
o] 9it}. 31, Garland B! McPherson(1992)-2 NOol| }3}
a3t B dk-S-o] Kare channel?] ¢ AJA|Q] glibenclamide
ol g odAEE Huslgdrk Maxi K channele

il

273
o7

—_—

oin

small-conductance Ca’"-activated K* channel(SK channel)
o] AR apaminel] &J3A] F3Fg HER] QbR uk(Blatz
& Magleby, 1986), DPE apaminoi] 2| 8] ) Hrhe A4
o] B¢l chBauer & Kuriyama, 1982; Nakao et al,
1986). x3k o} A YRS tE K channelo] 2|
A E olEg uhgo] dojd 7HsAol it

B JEZolA NO FJEAL AEW Ca'' 559
i £ 7% Aol i Gt A 7aAR
o 24 olgkgo] vehdrla Y3 rhKaraki et al,
1988). HEZA AE Ca" FEE DAZLE 3
Ca’* 23} sarcoplasmic reticulum(SR)Z2] Ca** # 2, 2)
HR A g Ca’* f-23), T HAA-AEH G §
29 ofz] Aol s 245} Q% HLZ o4 NOoj
o3 AEUY Ca’" 257 AL o A FA LA E
NO7l o5 AZE AX AT Ca'" 5EE 74N
A54el gk o

cGMPE &3} 53T oj|A] endothelium-derived relaxing
factor(EDRF)ol| <3k &3k o] kL wisls AEW 2%
APEAZ d#A 9o (Kreye, 1984; Murad, 1986;
Waldman & Murad, 1987), 1 7]3-2 NO 8 NO Zoj &3
o] soluble guanylate cyclase(SGC)S] EA43=Z AF Y
cGMP#H-& Z7}A1717] wiliEo] ch(Ignarro, 1990). 7] 3}
BAE gokZol|4 NO 9 NO FoJE- 2 ALl cGMP
& Z7HA7I9 3 cGMPE 7t 534 analoguedl
8-BrcGMPE NOol oJ4 stehs 283 44 i3
< doFite Zo] B rk(Carl et al, 1990). w2}4]
H 23 npAriA g2, £33 FETAAE A4
NANC AZAZez e ol$ whed d¥E
GMP-2}&4 7130l oJafl Dol Zo2 Azen

A3 2ol 4 NANC A7AFo] ola) 2l=E
AA AZALEAQ NO7F o mdt A&7 -& A
% AA 575 Jeh A 24317 93t SNPE NO
T EAE A-gsto] NOdl| 98t o] ghub-Sol] 22 AHE
29l CGMP7} Thodshiza] I 25 AEaISch. whaka B
ATNAE 71 B o 2YE BelF FFTE 0%
sho] 1)745 T Aol o8 =)= FZol thak SNPS]
K' E20l vidt d& =2As3, DAFEN CMPFS
Z7HA7E W Dol AH-gol SNPol| oI 4§34 &
AR E elsto] cGMP7} 23 AR ERZA] 2§38t
A B2 zA3te, A E SR} Ca**-pumpE A AA)
Z-&w) SNPol| &3t 3 2 A|ZtLell o G5 v|A|
=AE A 3l
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3|7 HEZo| M= AFEEZE 300~400 g2 7Y
g o4 Paglol Agaisie) I B wd, AuA
AT As At YEEE AAS 38 458
AL 95% 0,+5% COZ E3A7 A4 Tyrode £-o8
ol &< AelollA FFZ& E2lsld) ol & <F 10 mm
9 stripe.# 7} E o] &3le] Agivh

Yool &% 419 WHoz Bed Ag 32
strip2] ¥ Exh& AR [ tholl L5751 37°CE £A
¥ 20 ml €29 muscle chamberel] B Arglol|4]
&2 manipulatorel] 317 ste] T-Foll FRAHE 748
F 9A slFern, 2 Aok force transducer(Grass
Model FT03; Quancy, Mass., USA)o]] d73¢}e] ARo] &
# A 24 & polygraph(Grass Model 7PCB)ol] 7]&3}¢i ¢},
ekEE Fo37]oll GA FF2 stripell 0.5 go] 7] 244
3 7heho} o 2417 B LE B FEAo] YRHAE
% JRAZAT w2 o] 77 F 70 mM KCIZ B
422 3 WA 43) $Eelel, KOIZ $ESIE 48 55
o} Z7|17F dAHMA Foll B AR A

Y4B 8% APl A48 A4 Tyrode §4o] 258
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(1), NaHC0,(23.8), EDTA(0.01), Glucose(5.5), pH=7.4. £
F2 srips] A% S20] 48 TEE K FALS 3y
Tyrode §919) 24 % Na'$ K' 0 2 vhxlele] RHEich

X2 U BAM: SNPTL A% BB Aol
A AYATRE 4% ATt D 50 FUFEY
of ot WEE(E BFLEFLAL hehhgieh o)
237 AR} Aol e unpaired tiestE 4L A
HEATL p valuer} 0.05 ofehA] I8 R o= ATk

A o}
IS KCl 2 carbachol(CCh)o| Zt&of| o|x|le H&

KCI(A) ¥ CCh(B)e] 7IY ¥ 3|7 F&29 A g}
ol u|x} & g &g Fig. 1o eI} &, KCl g CCh-
YA AT A FE-JEH T FHE sk, KC
£ 40 mMof|4] CCh& 03 Mol Hul| F3o] Vel
o} whehA olsle] AdelAE iEE KCIE A-8% of
25 mM % 40 mM$E, CChZ f+e 7
TEQY 01 Mg Ag3t F&L 47
£ Agste] o g AHEg

S+ submaximal
kx| 7] 51 SNP

B. Carbachol

14 -
12-
10 -
84
-
4-
24
00 . | |

9 8 7 6 5
Cancentration(-log M)

Tension(g)

Fig. 1. Concentration-response curve for KCI(A) and carbachol(CCh, B) in guinea-pig ileum. Contractions were
induced by cumulative application of each concentration of KCl or CCh. Each point represents mean of 9 experiments,
and SE of mean is shown by vertical bar when it is greater than symbol. Concentration of CCh is shown by

—log M.
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Fig. 2. Concentration-response curve for the inhibitory effect
of SNP. SNP was added during sustained contraction induced
by 25 mM KCl (@), 40 mM KCI (l) and CCh 0.1 yM
(W). SNP was added 10 °M to 10 M when muscle tension
reached a steady level at each step. 100% represents muscle
tension before addition of SNP. Each point represents mean
of 7 to 11 experiments, and SE of mean is shown by vertical
bar when it is greater than symbol. Concentration of SNP
is shown by —log M.

R

oin

ST KCI ¥ CCh %ol st SNPe| &3}

IEE KCl 9 CCh 0.1 yME $5-& §HuHR] 7] 5 SNP
£ 107° MBE] 107° M7HA HEA 7€ Wle] A2 Fig.
20 Yehlglel. 25 mM, 40 mM KCI} CCh 0.1 yMo. 2
747t 3F FEAIFI I SNPE Fo4]7]7] A9 AES
100% Z3to] AthHQ AH o 2 veliglel. SNPE 107°
M7}2] Fojglon, AL FEo Hlasle] F3o] 27|
=9tk 25 mM KC19} 79 40 mM KClof| 4] 2.t} SNP o]
& &57} 34 Jebygr} CCh 0.1 pMoll A= SNPo| <]
g o|$t Whgo] AFE KClolAEe}t A eyt

i A s B
K" channel Xjcim|e| &}

SNP9] o}t -g-o] A3t H & AE=t] K channel
of 24 wishe} Aol YEAT Yols] Ashod 7E
K" channel ¢J|A4]7} SNPS] ofshit-g-of] vlx|& &3E
#AAs)9ch. W2 ATP-sensitive K channel®] E-o0]# ¢
A AQ) glibenclamide 10 yME A X X3} 3 1% % KCl g
CCh 0.1 yMZ F 5% AZFo| HY el =23t ¥ SNPE
A gsle] -2 HhEFA-L dizTol vlsl f-o % Aol &
Ho|z] gkdkrh(Fig. 3). &, 37 H2-Lo|A SNPell 2%
A3} o] 9uk-2o]] ATP-sensitive K* channel & =1A] oj
32 k& Aoz A7Hd.
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Fig. 3. The effect of glibenclamide on the inhibitory effect of SNP in the contractions induced by 25 mM KCI(A)
and in 0.1 yM CCh(B). SNP was added under control condition (@), in the presence of glibenclamide 1.0 uM(Hl).
Pretreatment with glibenclamide 10 yM for 30min. 100% represents muscle tension before addition of SNP. Each
point represents mean of 8 experiments, and SE of mean is shown by vertical bar when it is greater than symbol.
* Significantly different from the control with P<0.05. Concentration of SNP is shown by —log M.
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Fig. 4. The effect of 4-AP on the inhibitory effect of SNP. SNP was added under control condition (@), in the
presence of 4-AP 100 yuM(Hl). Pretreatment with 4-AP 100 yM for 30 min. 100% represents muscle tension before
addition of SNP. Each point represents mean of 8 experiments, and SE of mean is shown by vertical bar when
it is greater than symbol. * Significantly different from the control with P<0.05. Concentration of SNP is shown

by —log M.
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Fig. 5. The effect of TEA on the inhibitory effect of SNP.
SNP was added under control condition (@), in the presence
of TEA 1 mM(Il), and in the presence of TEA 10mM(A).
Pretreatment with TEA for 10 min. 100% represents muscle
tension before addition of SNP. Each point represents mean
of 8 experiments, and SE of mean is shown by vertical bar
when it is greater than symbol. *Significantly different from
the control with P<0.05. Concentration of SNP is shown
by —log M.
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Fig. 6. The effect of iberiotoxin on the inhibitory effect of
SNP. SNP was added under control condition (@), in the
presence of iberiotoxin 0.1 yM(l). Pretreatment with iberio-
toxin 0.1 ¢M for 30 min. 100% represents muscle tension
before addition of SNP. Each point represents mean of 8
experiments, and SE of mean is shown by vertical bar when
it is greater than symbol. * Significantly different from the
control with P<0.05. Concentration of SNP is shown by
—log M.
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Delayed rectifier K* channel®] X}tA| 2 <% 4-ami-
nopyridine(4-AP) 100 yuME A %] X3} A¥ 2 3}-& Fig. 40|
Uelligith 4-APE AAX G o= thzTol vl
Fogt Aol & VR gkt =2 SNP)| o]t 3o
A Aol delayed rectifier K™ channel® 37| Zoj3}A|
AS Aoz AL

SNPol] oj3t A3k o] ZH8of) A HEL A Eto
g B¥3s}lE Ca’-activated K chamnelo] ZHods}i=x]
2 olo}H 317} Ca’*-activated K+ channel®] xpgha)z <+
2] 2 tetraethylammonium(TEA, 1 mM)E- %] %] 3} 4}elf o]
A SNP9| B3E v sl Hkrh TEA AX XA A4
g9 Ao k7t Frlstl o, 25 mM KCIZ %
A7) 735- SNPo} o]t o]k &3t TEA H A Xl
& =zl vl3l Fo3lA JA=E= AL BES 5
A ehHFig. 5). B, v ol H o2 K* channel & *}eh3t
tta &7 10 mM TEAE HE35& ol SNPoj| 238t
o]$hil-2o] ImM TEA Z{A| W} HAsA dA=E
AL H4G 4 9%t 22} SNPoY| 28k A3 o] ghut
£ 10 mM TEA F &0l A= GF-ET JA=S
t}. Wl A, 3)4 HE-ZellA] SNPoJ| 28 o] ghuk-Lof K™
channel9] #4138} 0]9]9] 7|AE Y§ AqG Zole A
Z+= e

Fig. 62 large-conductance Ca’"-activated K* channel
(maxi K" channel)$] 2}t 2 423 iberiotoxine & A
A2 A4 AFIE Jehd Aol CCh G35l sl
iberiotoxin A X X = SNP] o] Hk-3-& YUY JA3}
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2 47 apamino 2 A X3 A3 AH}E Fig. 7l Y
ehigich. Apamin A XX Pl AFol= opF
# 3% el gkt o, = SNPe]| 93t o] ¢ 24
% o}F# g velA gkt whEkA, 33
Zol|A] SNPol] 2]3t o] ghuk-Sol] small-conductance Ca’"
-activated K* channel®] #4138} 7|12 fof3lA k&
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Fig. 7. The effect of apamin on the inhibitory effect of SNP.
SNP was added under control condition (@), in the presence
of apamin 0.1 uM(Ill) Pretreatment with apamin 0.1 uM for
30 min. 100% represents muscle tension before addition of
SNP. Each point represents mean of 8 experiments, and SE
of mean is shown by vertical bar when it is greater than
symbol. Concentration of SNP is shown by —log M.
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8:Br-cGMP 0.1 mM

Fig. 8. Representative traces showing the effect of 8-Br-cGMP on CCh-induced contraction. Note considerable

attenuation of tension by 8-Br-cGMP(0.1mM)
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Fig. 9. The effect of 1 UM ODQ on the contraction evoked by 40 mM KCl. Note considerable attenuation

of tension by ODQ.
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Fig. 10. The effect of ODQ on the inhibitory effect of SNP.
SNP was added under control condition (@), in the presence
of ODQ 1.0 uM(I). Pretreatment with ODQ for 10min. 100%
represents muscle tension before addition of SNP. Each point
represents mean of 8 experiments, and SE of mean is shown
by vertical bar when it is greater than symbol. * Significantly
different from the control with P < 0.05. Concentration of SNP
is shown by —log M.
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REES) HE o4 NOo| olat 23T 2Hgo] 4]
E cGMPEE F7HA1A dojdeha AzE 3 9ict. 1
2128 cGMPY] 2534 analogue?] 8-Br-cGMPE o]-&-
3te] AlEW cGMPEE F7HAIF] AL o|wf&] ub-5-o] SNP
ol &%t A 2HEH F-AERA Gl Fig. 8ol
vehd A CCh 0.1 yME =8 §-4HA] 7] 2 0.1 mM
8-Br-cGMPE A &3 A3} o] & 75% A= Uct.

SNPol] 2%t o]2l Hlh2o] soluble guanylate cyclase
(SGOS) B A#E et AT GMP 5%
o] 37+ AX Yojub=A gotiy] fste SGCY| &
o|& AAAZ <& & 1H-[1, 2, 4] oxadiazolo[4, 3, -a]
quinoxalin-1-one(ODQ)E §-o]3}lo] SNP9| o] 2l 8.2 =
A¥ ADE Fig 9] LhehAiTh SNPS) o) Sl
ODQ HAX|ol] oaff fAAslA £4EE& &5 Uk
H 2 & SNPol| 9J3} o] 2hyh-g-& SGC] &43L8 AX=
AZW cGMPE] F7toll o3) Yol ¢ 5 AUdrh

Fig. 100f] Vel 2243 40 mM KCl <=30)] i3] SNP
T &% &4 o F o]k sl ODQU M)
B AAAG 735 SNPE] o]t AH-g-o] AABA A5
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Fig. 11. The effect of zaprinast on the inhibitory effect of SNP in the contractions induced by 25 mM KCI(A) and
in 0.1 yM CCh(B). SNP was added under control condition (@), in the presence of zaprinast 10 uM(Il). Pretreatment
with zaprinast 10 yuM for 30 min. 100% represents muscle tension before addition of SNP. Each point represents
mean of 8 experiments, and SE of mean is shown by vertical bar when it is greater than symbol. *Significantly
different from the control with P<0.05. Concentration of SNP is shown by —log M.
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Fig. 12. The effect of CPA on the inhibitory effect of SNP in the contractions induced by 25 mM KCI(A) and
in 0.1 yM CCh(B). SNP was added under control condition (@), in the presence of CPA 10 yM(Il). Pretreatment
with CPA 10 uM for 30 min. 100% represents muscle tension before addition of SNP. Each point represents mean

of 8 experiments, and SE of mean is shown by vertical bar when it is greater than symbol. *Significantly different
from the control with P<0.05. Concentration of SNP is shown by —log M.
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¢GMP-PDES] A &8 o A|A|Q] zaprinast7} SNP2] 53
A AZFgof] wX = S 2AY AP AIE Fig. 110]]
b QL. Zaprinast2 A %) X| 8k % SNPol] 93 3
A A)Zrgo] BE FE Y ollA dizFol vl&] 2 slAl
7=t ek, SNPojl ojgk ojghub-g-2 AEW
cGMPZe] Z715 AX dold 7HeAe] JS S ¢ F
A9t

Ca®" store

AEW Ca’" AR B} SNPY] o] gk ZH-goll Tods}
£A B goliy) $jstol SRS Ca'-ATPase % A7)
Z ¢#A cyclopiazonic acid(CPAYE A-43t 7494-E Fig.
120]] Vel th. 25mM KCIA) = 0.1 yM CCh(B)ol| <]
g 3ol SNPY] o| gk Hb-go] =Tl uste] §-9
slA| Zh4sslgic). uhekA] SNPoll o] ¢k 34 HHo
2oy Aol MEW Ca'* AAAZ ] Ca®' ¢ reuptake
7t 43 Fojdctm Y7hEid.

il &

A3 FE A A4 NANC 73 A=l 2s) 2173
FrzyE $2%E NOE ALY BE4 £5 9 7
& Aol o8 430 tho) A AETE hehiich. w
SNP7E T whe QoA B HRIe| 43¢
A&} B 3(Osthaus & Galligan, 1992) 3 SNP7} =}
o2 NOE WEslul old W2H NO7 SGCE
A A7 B (Martin et al, 1985) 5-& NOol| 2|3k
Sz ARl ATW OMPES] Z71S AR ot
TbeAel Erh wEbA B Aol A= SNP7} 54
o PIAE @Age 2Asho] NOO| S8 %% o A7|AS
Solu A st

A3 B gh-Z ol A] acetylcholine 2 CChy muscarinic M;
4229 Agreh}(Hammer & Giachetti, 1992). M, &
A7} A=5H phosphatidylinositol turnover7} Z%1%) 0}
inositol 1, 4, 5-trisphosphate(IP;) 3 diacylglycerolo] W&
o] ZltH(Gardner et al, 1988). IP;= SREHE] AHAATE
Aol 3k Ca’" felol Boste 24 AYEAo|h M,
TEAE AFshd S5 do] FAEn] I
o SR e "ok 249 Cat 25 dElA Hol
AL R 2RE S Ca' 90| FrleiA Fog &4
+&-8 o 7Ick(Brading & Sneddon, 1980).

I5E KCl =g CChE A &3l w5449 a7)7t
AR A F FFYol) SNPE H7lsle] o1 AFHE A=

B A3 $37490) SNPol) I 5= EHLZ )
He AL FAY + Yow, SNPE KCI SEuc

CChell &3t 3ol el AAS AAEAE bl
t}. KCl F=7} FobAw SNP] 2 A A&7 745
et &, F5E FEAD GEF F 57 A2 735 SNP
9] QA&7 v 2A bttt webA NOs 33 3
ST A A-9EA Ca'T FZ(VDO) Brke a3 A)-
ZEA G FRROOZ AAA JATE AASELL

AL 9329 K" FEE F7HA17]4 SNPY o9t A w}
7} ZaE o, ol AL AT HFET AlETt
EAlstE K channele] 4] wi3t7F SNPe] o] ghuh-g-of]
P 7158 A A8 Fu}. ATP-sensitive K channel
9} A A glibenclamide A FH ol 3l ob7-= o
g FAE%on, 25 mM KCl 8 CCh sHHI-FA]
glibenclamide %] %] 2ol v]3l] F-2J3 Xl & X
o] Al Qkskrt. CCh 759 7 -f-ollA] 55| SNPof| ¢
3k o] ghub-3-¢] glibenclamide XXl 3l f-2latAl o
A) 5] QA2+ ATP-sensitive K* channel®] 241 3}7} SNPoj]
o3 o] WhSel 21| TolshAE & Ao A7,

SNPol} 2|3t At o|ghih3-& TEAC| 8] 5% &
Aoz AL ch. 2EES] TEAIOmMM)E ] 50| 4o
2 HgZ AFol) EEsH= K channel & Xpgkaiehar
ol#)# 9lom, ImM TEALE large-conductance Ca’*-
activated K" channel(maxi K* channel)-2 2}gksl= A
o] 4HA gt HFoHol] TEAS A L3l TEAE 55
of g&ste] A AHE FIMAIE AdzHE KT
channelo] 93 A3 fFA o FAFE ¢ ok &,
TEA BH o] 2)a SNPS] o] ghikgo] thzFol w8}
S AHE AT BT S ek E, iberio-
toxing- SNP #-8-& B-12H 02 A3} e} wehs SNP
7} 5% KCl 9 CChell 98t 3§ HAls = 71710
t, ¥82 02 maxi K' channel®] 24 3+-8 F8F utahit
2 2go] TgElol 9 Holzhx Belch Teh} SNP
o) <13k 313k o] $H1-S-S- 10mM TEA A 2ol < shA
YF-Eut A5 = A ZRE 37 FYTollA] SNPo]
S8k o) ghukg-9) Y= K' channel®] 8418} o] 2] 9] 7)
Ag B3 doid 7hsAdel AAE. 39, delayed
rectifier K™ channel?] X}gtefel 4-AP, small- conductance
Ca*"-activated K* channel®] X}etA|Q] apamino 2 Z+-z}
AA G A= 2Tl vEl] o3 JolE HolA
okgte}. whe}A], delayed rectifier K™ channel 3 small-
conductance Ca’"-activated K+ channel&- SNPoj} &3+ 4
Z oA 2goll AA FoldA & A2E A7,

NO 3 NO ZoE-Z o] soluble guanylate cyclaseE EA]
FAAHA AEY GMP FE] F71E Lo7]H, ol
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2718 GMPE 234 K' A58 B4 82 o]
2 &35 Jebfick= B 31 (Robertson et al, 1993)+, NO
FoJEAo) 23 K channel?] 7} 7|l cGMP7}
o3¢ Al AR}, 5ol 8-Br-oGMP $014] CCh %4
ol &) ksl FFA= o] 8-Br-cGMPd]] 23l "3t
A At ol e WAL SNPE A8 HSolE
EQs}A B2k B A¥ o4 SNP 4 8-Br-cGMP7}
2EE KCLEE CCh $3& $A431 JAleie A4
Be] A3 J8-Tol| 4 NO9| 3 287152 guanylate
cyclasee] A4S AX Yot Zlog AmHAct =3t
NOO| S8 sHET W2 AT cOMP S 57
o 71dstelEl Az

2 J¥oll4 ODQ AX X SNPoll 93t o] shuk3-&
A stA JAstsith ODQE F 2 o sliceol] 4] NOol|
o3 AEY cGMP FE9] F71E AR Kasgl
2. v(Garthwaite et al, 1995), &3 H2Z gl YL goj 4]
ODQY NOojl 98t A|Zu) cGMPE2] F71E TE A&
A g v AgH o2 AAAF| A5k 8-Br<GMPS] o|sta
ol A F3kg vixA gertka EiEdck(Moro
et al, 1996). Tt ODQ+= &3 o| Aol 28t A E Y cGMP
EE9 F71E dAXAA ojshit-g-E dAlst= Aol
B 3.5 9 th(Brunner et al, 1996). u}2}4] SNPo|| 2]l 43
A 7)Aol AEW GMP E2] F7HE AXA Lot
+ 4ol Tdslo] Yoele Azut

Cyclic nucleotides:= cyclic nucleotide phosphodiestera-
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sl Ao] g4 9lrk(Beavo & Reifsnyder, 1990). PDE
= A|Z ol EA3}+= cyclic nucleotides®] kg =A s
glom wealx NANC A7o2HE felsAv £
NO Fo] &Aool 93] 25 NOo| &3 ez
cyclic nucleotideel] ] Hb-g-ol} ed3k-& FAIE e} s19k0]
9 9 FIA R FBE A Eo] AL PDES JAAE
SRz e Solshy AEUI] cAMP EE cGMPe]
EEE ZUIAA o|ghutS-& do|w, = NANC 4l
AAZ o8 el o] hik-SE F73 A ZIch(Rhoden
& Barnes, 1990). £ A& o}|A] zaprinast, cGMP specific
type V PDE inhibitor= SNPol| 2|3} o] $hut-3-& & xj s} 7|
Z7A\ Ak SNPel| SJ3 o] HS-E AT cGMP B=
9] 2712 AX Loldrla A7hE 2 glow, & F 9 9
7|1 A FollA zaprinast= SNPO] o|2EIE FAAT|=
A4 o] H.31%| 9] ch(Barbier & Lefebyre, 1992). 7|3 &
ZollA] zaprinastis A71343e] )3l LELHE NANC o]
Yuk2-& Z74A 7 ch(Rhoden & Barnes, 1990). o] 2% A4
2 2BE] NANC A7Z#FA] e NO FoEH2HE
48 5= NOE Al cGMP 555 Z71A1A o]shik&-
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B A ol|4 SR Ca’*-ATPase A4 ¢#]A CPA
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A 9)rH(Seidler et al, 1989). 3 T4 NOE A|E
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