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Inhibitory Effects of Potassium Channel Openers on
the Oxytocin-induced Contraction of
the Rat Uterus in vitro

Hee Jeong Kim, Mun Han Lee and Pan Dong Ryu

College of Veterinary Medicine, Seoul National University, Suwon 441-744, Korea

K* channel openers (KCOs) are known to have a wide range of effects by opening the K*
channel in plasma membranes of various smooth muscles, cardiac muscle and pancreatic S-cell.

In the present study, we investigated the effects of 5 types of KCOs, cromakalim, RP49356,
pinacidil, nicorandil and diazoxide on the contractility of isolated rat uterus. All KCOs tested in-
hibited the uterine contraction induced by 0.2 nM oxytocin in a dose-dependent manner. Individ-
ual KCO and its pD, values were cromakalim 6.5, RP49356 6.3, pmacidil 5.92, nicorandil 4.43
and diazoxide 4.18. The relaxant effects of KCO were inhibited by glibenclamide (0.3, 1 and 10
M) with pA, values of cromakalim 6.91, RP49356 6.59, pinacidil 6.55, nicorandil 5.97 and di-
azoxide 6.37. In addition, the relaxant effect of cromakalim or pinapidil was antagonised by
TEA, a non-selective K* channel blocker, but not by apamin. Contractions induced by low con-
centration of KCl (< 40 mM) were inhibited by cromakalim (100 zM) and nicorandil (300 M),
but those evoked by higher concentration (> 40mM) of KCl were little affected. In
ovariectomized rat uterus, cromakalim dose-dependently inhibited oxytocininduced contraction
and ghbenclamide (10 zM) inhibited the relaxant effect of cromakalim with pD, and Ky values
of 7.48 and 1.26x107"M, respectively. In estrogenprimed rat uterus, these values were 6.51
and 1.57X107"M, respectively, indicating that the cromakalim is less effective on the estrogen-
treated uterine smooth muscle.

Our results suggest that the KCO-sensitive K* channels participate in the motility of uterine
smooth muscle and such channels are, at least in part, under the control of estrogen. In

addition, our data indicate that the type of K* channels activated by KCO is ATP-sensitive K*
channel which is blocked by glibenclamide.

Key Words: Potassium channel opener, Cromakalim, Nicorandil, Rat uterus, Glibenclamide
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M =

K* A /MgAle 43 9829 K* Ade
AdstE dde] kBEg FH5e AolYey, A
FE o] FEo] FHTWY oty FHF ME, A
A%, FHZ 59 K Addz Fedte 3
o2 g#A Uvk. EBI, AFRFqA K Ad
MEAl= ATP-sensitive K* @& /st 2
gElFe4E VAL E HAozm d¥EAm Ut
(Quast2} Cook, 1989; Edwards®t Weston,
1993). &, K* 449 %A oste] K+ Ade)
2 Krol AEgtoz f&=Ho, AT A9
& K" 3% Aoz oAz AMxus i
= ANFeEA AT FEALE #2AY
(Cook, 1988). ol2jdt FHAY 24 ¥# 3
< olgFE o "ebds A4-& el s (Hamil
ton®} Weston, 1986: Newgreen, 1990), Ao}
Me Ao 859 7|79 @2 (Osterrieder,
1988; Bril#l Man, 1990), $="9
(Grossett¥} Hicks, 1986) R #2439 adx
B o} (Spinellis, 1991). =3 €3 HIZ o]9)
W3 #i=E(Fosterg, 1989), 7|#A HAZ
(Raeburns, 1991; Taylor%, 1992)5& o]&kA]
Lt} olgfst zgo] ZA3IY YAHA ol&&
HHo g g TR KT Ad ALA7L A
HAcH, FREZ benzoypyranA, pyridineA,
pyrimidine#], benzothiadiazine#], butenoic acid
Al Bez FEE 4 U} (Edwardsst Weston,
1993).

ATHEZE AN F HJA 7|7t HizaE
o] 9FFoz AV|H HAH $FHo) TBIdA
¥ 3}3c} (Kuriyama 9} Suzuki, 1976). 19874
Holingsworth%s-©] benzopyran#] K* z'd7jul#)
! cromakalime] AZZ& olgAATn BnF
olzg, Piper5(1990)e] <8t} Cromakalim,
RP49356, pinacidil®} minoxidile] 4&¢] K+ A9
AgAL olgFge i3l Hu sgith. EA
AL 224G d3Elr] fJsted Ca** B2 x}

FAES

t}4)|, adrenergic agonist, prostaglanding/ ¢
AASL &5 =& H43n ok 24, olE
kB o] Ry, s B ZAAYAE ANE
Hg el WEs:m g (Morrisons, 1993;
Cheuk¥%, 1993). wla}d Ag&& EEE o
P23 A2 Eo g /& FEY GHE B
g3l 2N Aol 2 K+ Ad/EAle A
7Hs Aol Be #ale]l FFHL UtH(Andersson,
1992; Atwal%, 1993).

£ AFoMe ¢A PiperF(1990)el o}shed
B3 cromakalim, RP49356, Pinacidil, Q-9
ChugaiA| oF | Abo| A dste] BFEFHY /T
NAEFR7 =vbz 93 43 d  nicorandil(Kino-
shita®} Sakai, 1990)3 DYYAEAZ o]y
3 NEo ATPsensitive K* 20 #83}4
dedEHE 3= oz ¥lF diazoxide
(Ashcrofte} Ashcroft, 1990)2] A& HxFZ9)
$EAY nAE &9E ZARIE wmstgt. o)
Age] A= 1992d e oFejEoiA Hxd
8} A (Kim#} Ryu, 1992).

HE WYY
1) X2 B2HZ

A BEZe B 2 oxytocind] i wHE-A
& =317 9)8ked w B4 & (Sprague Dawley,
220~260 gm)dl] estradiol 17-8(100 pg/kg, S.C.)
E FAEIL 24717 Fo ATdE HE3A
K* Ad AgAol g estrogene] &IE #F
3l7] 9% AdoAME daE HAT F 79 ol
3 EAZ FEE AMSSGT. B ATor &
H AW 2 EqQ& AAT F 0,/C0.(95%/5%)
7=z ZEA GFdge] @7 &UdAM £
7 REL TENUT. AFY ZFHFE(2-5HX
100mm) 9] & A= F 3ldS 20ml £-3F9)
A7) gz A8 neld nFsn Y iso-
metric tranducer(F60, Narco Biosystem)o] <
234 HE AFTL 37CAA 1g9 FHEE&
o] 1A17F HY A7) polygraph(MK-IV, Narco
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Biosystems) & o} &3t 34 /&

FA o

o
Ol

2) A3 284 718

(1) oxytocine 2 |EEl X232 £=0| st
K™ g sftniel A8 FIA 7 33249 0.2
nM oxytocing H&3te] F&HL 23 5, &F
of dAHMAA K+ Ay LA
pinacidil, RP49356, nicorandil 2 diazoxideg}t
Ca’ Ad A Van Rossum
(1963) 9] Whyd| wal +ZFoz 108 7120 =
A7)szd HgstHch B Adazrt #F
HH 9% (Krebs solution)o.z 13)¢] 3R
102 Aoz 23 AHsgch. KT 52 294
glibenclamide,

cromakalim,

nifedipine&-

tetraethlyammonium(TEA)

apaming K* ad 7WiAle] rHggurge
A 715t AH F 3083 Agagch 3
AE &3 F 1589 0.2nM oxytocing 7
o] SHe FEHT vrge] UHe AW 158
Fol K* A APAE FA702 Aasto o
4§98 AFsigoh KT A MdAls A4
oxytocin®.2 $EE AFEEe FHush FHu
8 2% g2zt adu 5% s K
A ATA G FRANE 4~627ke] A3
712 Skl AR Pashe
K* 24 Mg

A

oo L (E e

HE HASAT FAE HAG Ho JFFEA
M TU Ues APS sesigt

(2) KC12 |REE XN32 50 st K- =
g2 JUxe HE: YA AF 2Fd KClw
EE F7M71WA 108 tEow By 24 F
HHoz AHEdto KCld e LPuteTHe
@& )2 basal toneo. 2 Hold w7zt $9} #
£ Wlog ooz AHE Yt} Basal tone
of A&« 0.2nM oxytocine] &8t #}ZLo]

TEEETE T3 AAT £ U =Y KT A
B34 cromakalim(100 M), nicorandil(300
M)} Ca**s'd x1eA| nifedipine(l pM) & 2 &
3t 108 FHE A KC1g 718k KCl9)
e &39S AEE Aok KT Ad A
2 7} 29 KC1& #H&% 5 108 &5
QFe] integrated tensiong image analyzer(Cam-
bridge instruments) 2 Z43sted K+ A'd /A
E FH7pshrl A KC1 Z4+ %9 93 tensiong)
Wpgs ehgc,

3) ALBAUE

1o
3
ole

Cromakalim(Rhone Polunc), RP49356(Rhone

Polunc), pinacidil(Lilly), nicornadil(Chugai)-&
Z}zke] sAbe] wiE R )EE wekew, ol&x
nifedipine(Sigma) £ 70% ethanold)] o B AL
|4g vEort e oz M3y
ALg-stt}.  diazoxide(Sigma)+= 100% DMSO,
glibenclamide(Sigma)+= 95% ethanold] =& A}
23l o1 TEA, apamin, oxytocin ¥ KCl1& 3
A SRFA 59 AMESIRTY. Ad9dS Nall
118.4 mM, MgSO, - 7TH,0 1.2 mM, KC1 4.7 mM,
CaCl, 2.5mM, KH,PO, 1.2mM, NaHCO, 2.
5mM, Glucose 11.7 mM ZA]9] Krebs solution

2 A1gs.
) ZBEY U ANz

Zk ofEe] ECou#ke 4Eo U AL 254
o] &£5uk3 #AY ARE E/En.=[D]/{[ECs]
+[D]} 4ol fittingste] 3tttk 97|14 E
Eowe %2 JEAT FE9] ojgtave}l Hujol¢t
295, [D]e FEY =&, ECop 50%0l$+a
Hg dujel oFE9] FLE o, dojl
9] ECy o Z BHE pDy(=—log(ECs) )t e Al
Astgar, AdA e s, Kegkd [AT]/[A]
—1=[B1/Ks o2 E F3dtt. d7]4 [A7]
2} [A]E glibenclamide 59 x¢A|, [BI7F 9
& o} gle o FUs a4 vepdEd s

3 KCO¢ ®xolt}. pA,zte Arunlakshana-
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Schild(1959) o] e elsl PHARM/PCS(Tal-
larida®} Murray, 1987)¢] Shild plotg ©]&&}o]
Tetdth AdE HEa FEoxz Jehige
W Zte=ollA o)A A4S unpaired student’s
ttestZ 3t o p gto] 0.05 o)3el Awre &
oA d=E Aoz QA

= 7

1) OxytocinlE |EE #$==of st K-
M Jlgks| e ek

2 AE AMgE 5%9 Kt Ad A
(KCO)= #Ae47A5EE= taAw 2% oxytocin(0.
2nM)o g fEE 2F29 F7HQ £5¢ o
AlstFtr. Fig. 12 cromakalime] 2]5ted 0.2 nM
oxytocin® 2 fFE2d g2 F7)Z¢ F2&
o &I & dEHoE ZAaEE A
£ 71522 cromakalim 0.1 pMoj| A £
o] Zravt #&Hew, 3uMAME £
| @43 2=, ol AYPe ulEs
o]% cromakalime] 9§ AF o] F o
F EFHAA Aol pD,gte 6.51(ECs=
3.10+0.25X107", n=36)°]Yt(Fig. 2A). gli-

benclamide+

o
2d
£ o

E

—iy

b

A =
TH
o
AL

o

£, o

oo e,

non-nsulin  dependent diabetus
melituse] XA 2 o] sulfonylureard] °FE =
A A PAE, ART AR, BAZ AXSAA
ATP-sensitive K* Ade] Bolzel AvtAz <&
21A 9lu}(Sturgesss, 1985; Ashcrofts, 1987
Belless, 1987; Spruce®, 1987; Fosset%,
1988). Fig. 2A+ glibenclamide(0.3, 1, 10 M)
7F 5% 9E3 08 cromakalime] £ZuFeTA
REZLE o|FAIE A& RYF1 Yt}
3] 3, 10 uM9] glibenclamided] <¢]a}o] &2} 4
= Z2%adrt #2=) Shild analysisol] <]
sto] dojzl glibenclamides] 2% z&d) g
pA; @& 6.91 o|dz olmfo} AHe] F)&r|e
—0.970] At} (Fig. 2B). ¥ H|Fo]x<el K* A
g xA|¢l TEA(L, 3, 10mM)%E cromakalim
o amE % JEdoz APt §INIT

30 4 o

Control

Jo

Cromakalim (zM)

0.01 0.03

Fig. 1. Typical example of the inhibitory effect of
cromakalim on the oxytocin (0.2nM) in-
duced contraction in the isolated uterus of
non-pregnant rat.

1

1min

A

0.1

L

3

Ae 2E8F0R o|FAIAT. oW pAghe 3.32
+0.02(n=3), Shild plot®] 7] &7|= —0.95+
0.02 o]9th(Fig. 2C). 181} small-conductance
Ca’*-activated K+ ajde] Eo|Z¢ Az ¢
# A (Moczydlowski%s, 1988) apamin(10-"M)&
cromakalime] o]} #Hgo] Jdg FA it
(Fig. 3D). thioforamide -§-=#] RP49356, guani-
dine §-%A pinacidil, pyridine =X 2 NOZ
7}A1iL 91+ nicorandil @ benzothiadiazine#] di-
azoxide(Edwards®} Weston, 1990) % oxytocin .
2 458 472 548 BEdEdoE o
AADR dzte] EC;3kg 5.05+0.40x107"M (n
=30), 1.20+£0.19x 107 M(n=25), 3.764+0.53 %
107°*M(n=29), 6.641+0.79x107" M(n=20)0°]9,
ztzte] pD,Z e 6.30, 5.92, 4.43, 4.180]th o]
E OAERY KY 94y olg ane
cromakalim > RP49356 > pinacidil > nico-
randil > diazoxide $=0]TH(Table 1). °o]& 4
Y K B2 /MEA Y AT &5 U &

W= X% cromakalim¢ A9} wiRAIR =
ATP-sensitive K* Al'd Al glibenclamide
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Fig. 2. Concentration-effect curves for the effects of cromakalim on the oxytocin-induced contraction in
the isolated uterus of non-pregnant rat. A. Relaxant effects of cromakalim in the abscence (@)
and in the presence of glibenclamide (0.3 .M, A& , n=5—-13; 1¢«M, B, n=5—11; 10xM, [, n=
6—15). The effects of cromakalim vehicle (¥, n=5) and glibenclamide vehicle (O, n=10) are
also shown. B. Shild plot for glibenclamide antagonism against cromakalim. pA, and slope are
6.91 and —0.97, respectivley. C. Antagonism by TEA (1mM, A, n=6; 3mM, W, n=8; 10mM,
O, n=5) of the relaxant effect of cromakalim. D. Relaxant effect of cromakalim in the presence
and In the absence of apamin (0.1 zM). The points and bars are the means and s.em.,
respecttvely. *, p < 0.05 and **, p < 0.01.

EAsANA T2 gEHOE F949 A LEF glibenclamided] 2oz RE o)A pA,gt
o7 o]lZFH}(Fig. 3). RP49356, pinacidil, £ 6.57+0.06, 6.55+0.05, 5.97+0.26, 2 6.37+
nicoradil, diazoxide®] AFF TFA T 037 (ZZF4n=3)o|g, &7 &= 0.71+
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Fig. 3. Concentration-effect curves for the effects of RP49356 (A, n=30), pinacidil (B, n=25), nicorandil
(C, n=29) and diazoxide (D, n=20) and antagonism by glibenclamide on the oxytocin-induced
contraction in the isolated uterus of non-pregnant rat. Effects of K* channel openers are shown in
the absence (@) and in the presence of glibenclamide (0.3 M, A, n=5-—13; 1M, B, n=5—
11; 10 #uM, I, n=6—15). The points and bars are the means and s.e.m., respectively. *, p < O.

05 and **, p < 0.01.

0.04, 0.95+0.52, 0.96+0.39, —0.8+£0.36 °]c}
(Table 1). Ca’* A9 A nifedipine oxy-
tocine 2 FEE A3 FHE FE JdEFHo=
AAAIZH o 1 o|ga A= glibenclamide 10 M
°lut TEA 3mMe] 9jsjr A== FAcH(AE
AR ).

2) KC12 #EdE X3 FHo cfgh K
g JHgme J&E

Fig. 4= 10, 20, 40, 80 mM¢g] KCle| 2j3lo
F=2E A2 F57 o]d thd cromakalime]
ol¢d 35 #AI Aoz, 10, 20 mMe] KC14
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Table 1. Comparison of the pD, values of several K+
channel openers (KCO), pA, values and
slopes of Shild plot for antagonism by
glibenclamide in isolated uterus of non-
pregnant rat

KCO pD;, PA, Slope
Cromakalim 6.51 6.91+0.00 —0.97+0.00
RP49356 6.30 6.57+0.06 —0.71+0.04
Pinacidil 5.92 6.55+0.05 —0.95+0.52
Nicorandil 4.43 5.97+0.26 —0.96+0.39
Diazoxide 4,18 6.37+£0.37 —0.80+0.36
A

Control
n
1 1 1 1
KCt 10mM 20 2 80
Ja
1min
Cromakalim 100 #M
1
KCl 10mM 310 4‘0 &
B

120 ¢

100 & A A A
5 &

S sotb T
2 Q&\ & Nif
= N O Crom
- €0 - {K \\ ) 0 Nico
§ 40 - \ &\
& \\ \6
) o S
;:} i 1 ] 1 ! )
C 20 40 60 80 100
KCl (mM)

Fig. 4. Effect of K* channel openers on KCle-
voked contraction in the isolated uterus of
non-pregnant rat. A. Typical example of
the effects of cromakalim on oxytocin-n-
duced contraction of the non-pregnant rat
uterus. B. Relaxant effects of cromakalim
(100 #uM, O, n=9), nicorandil (300 .M, ],
n=9) and nifedipine (1M, A, n=3). The
points and bars are the means and s.em.,
respectively.

osle] HEH $&L cromakalimo] 9)3te] 80
~90% AAHAt. 2HY 1F= 40, 80mM
KCld] 9z fx=¥ 4°%& cromakalimol] 9|3}
22t 44% B 25% HERE JA AT F A w
o} KC1f 98] =3 Abg4:% 0] cromakalimoj]
o3 R fEIA JAHE
300 M nicorandil® KC1 & =g 434
ste] cromakalim¥ whrixz2, HEmE KC1
10, 20 mMojl A= 22} 65 B 57% 9] #94 3l
£ dAa83E Bgoy 1% KC1 40, 80 mM
o] #59 datds 24z 11 3 10% 9 JAaq
e Yebitk(Fig. 4B). Z#v} nifedipine 1 M
< KCIZ §x8 5 443 9439

120
@® Crom (0VX)
O Crom+Giib (0VX)
100 | B Crom
O Crom+Glib
-]
2 80t
=
2
A
B 60}
-t
e
o
L 40t
[
o
20
0O F
1 1 X 1 L

Log [Cromakalim] (M)

Fig. 5. Effect of cromakalim on the contraction of
isolated uterus of normal and ovariecto-
mized rat. Glibenclamide (10 M, open
symbols) effectively antagonized the relax-
ant effect of cromakalim (filled symbols)
on the uterus of both normal and ovari-
ectomized rat (n=14). The points and
bars are the means and s.e.m., respectively.
** p<0.01
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3) Cromakalime| o|gt &0 CHg es-
trogene| Y%

A9 A st K Ad MgAle o
Az W estrogene] FFE EARSE7] H3h
of d4&E HA|8te] estrogene] AT FAAT)
223 AAEA] FIL estrogens HXF =
cromakalime]] hdF vt A& FApEIATH dAaE
Aol A% estrogen AXTH AiRIAZE
cromakalim(1078—10"*M)& 0.2nM oxytocin®
2 4o #EFE FRIEH oz AAAZoH
oldl A4 Fa= glibenclamide 10 Mo o3|
A AA 2=k (Fig. 5). estrogen®] X3
9] cromakalim £#WZ Mo 3l FAAA
9] cromakalim & WS4 1078-3x1077
M F=A FoA AdA(p<0.01) €F oz olF
pom, ojg pD, R Kp gk 72 7.48, 1.26
X107"M o]9)t}. estrogen A XTFOoZHE d&
pD; ¥ Kp #9 6517 1.57x107"ML ulms|
E 9 Ks $t2 E0E Aolg RolA ¢gtort
pD, < cromakalim & o] 90| estrogen A
o B8 108] A= EA e} dAE HAG
F AZZ32 o] %] cromakalimdl] ¢jste] &

s dAEE #FA-

2,
U
>
U
o

| &

2 dFoMe 5F9 KT A ALAZ F&A
T 3 vA e FFE A8 o]Eo)
A EE dEAYN BE JFITEHE oA FH o
™, o] SEES o|¢#E§2 glibenclamided] 2|3}
o AgEE K Ade] g o Aoin 53
estrogen®] A X 93t K+ Afd iAo of
g ghg-Ado) ZAade BAsYgh.

Oxytocine. 2 HEH 3JH2AFZ9 L&FA4
g Kt AQd AWAle olgbaa= cromakalim
T} RP49356¢] pD,zto] Ztz} 6.517) 6.300.2 7}
F %3, theol pinacidil(pD,=5.92), el
nicorandil(pD,=4.43)3 diazoxide(pD,=4.18) 7}

74 2okt o] Hule FHAZTEY oghel digt
cromakalim, pinacidil, RP49356 ¢] pD, 3t 6.4,

6.2, 6.037 A9  dX3Ytt. benzopyrani
cromakalim ©]\} lemakalme 7|#x HEYZ
(Longmore%, 1991), zrEds I3g@Es

(Edwards%-, 1991), A&+ (Weire} Weston,
1986)%5-2] =& A RP49356, pinacidil &
nicorandil2tt = Z&8g o|gtaaE velych 1
gy Fg AEe] Ae, dediy AdAHE &
- ATP-sensitive K* zlde] 7§¥+&-8-& benzo-
thiadiazine#] diazoxide’} cromakalim, pinacidil,
nicorandil Rt ZE% Rezm FA Yot
(Garrino%, 1989; Dunn<, 1990). ¥, diazoxi-
derx 7|87 H&Z(Longmores, 1991), &
(2 A7), 242 (Weike} Neumcke, 1990) 4]
59 olgloly} ATP-sensitive K+ de] 7|4
o QlojAl cromakalim®t} 53] veFd EHE
Bolx ¢lch

5% ARl FALA = dolA zpolst
ARAA T ATP-sensitive K* Ade] zpgdA ¢l
glibenclamide(1, 3, 10 M)d)] 23l BFE &
oJEA o g %] =t} Shild regressiond] ¢
A AojA pA,FEEL, nicorandile A 93 4%
o] K* Ad AgAoNA 637~6912 M=z M5z
8l o1}, nicorandile] A4 thih e 5970i
t}. Shild regression 94 4L FAHe) 7|&r]=
cromakalim, pinacidil, diazoxide, nicorandil%¢]
g 71&717F —1d] 2431 9o}, RP49356
o A$ —13 A eyt aumos
Shild regression®. 28 HE dolx AAe 71&7]
7 13 &9, @ ZAHA 2gFEo] dolyt
A e A, © FEo] A LR 1T

B gAY, o ol f= kB el

R

FYYelA BEHA R A5, © Fese
FEe] A FRI BURA % AS, ©

SFE o] FUHA oo FEAEE e HS T
felo] 9de & At (Kenakin, 1987). &}
Piper%-(1990) 2] 7% RP49356# glibenclamide
£ ol&% A¥AAE Shid EA3te] B9 7)
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2717 —19& Basta o] & AFoA AXM
o 712717 13 t2A v olfE e Fd
A A o AY sHeAdel woha oA
dukg oz KT Ad NEAle Z_e ATP-
sensitive K* & 7féte] Jedtn qAA
Jom B Ao sz o2 FWsli uh
glibenclamide® gt o}Uz} H|Eo]Fow K*
ZE Agste TEAE glibenclamide®.tle ok
A4t cromakalim®] o]¢bz8-& FAF oz A
st@ o}, apaming o]& AA|EA] Xt g
10, 20mM A¥% KCld o3 fx9 F7|
F%& cromakalime] 2] 80~90% <jA| =
o1t 40, 80mM 1Ex KCl9 2%k tonicAl
F2L 1% 100 M cromakalime] <M=
2¥7} 44% 9} 25% AZYF A =9tk Nernstd]
o ojaf Aol Al AFEA A A EtT Hhe
K* 329 qide AEZY 198 781" (Mor-
rison%, 1993) <d<kdde] Arzld K* 9 na3jd
W e MEe KF ¥Ee & 47mM=
K* Ad AgA2 488 4% 48597}
~50mVellA —89mV= olFHrt. F7lFzd
10, 20mMe] K*& Z7}3l@ odokale] A7 K*
9] == Z+Zh 14.7, 24.7 mMo] Hu HY
L 2+ —59, —46 mV7E b Alx9 K
7b 4.7, 147 mMYew K" B2 /gAlE &
ojgt A8 doF 5 9oy}, 20mM KC
7t 29 KF %57} 24.7mMo| &9 &
BANNE BEHAF 5F] HEIHI,
40mM KC1g& A7z 488 AS Axdy
9 K* ¥+ 4.7mM #HEALGLE —31mVE
AEo B 9XE dAEY Kt B2/%A <
ol¢taF= idiEty]l otk B AN
cromakalimo] 40, 80 mM it %= KClo} o8] &
TH F&5E 48 JANANA X Ao 99
olff 2 AW # Yrt. 2} Ca’t B2 ATA
nifedipine& 10, 20mM KCl12 $x3 AF2F
o EE %% 40, 80mM KCl2 5 %
& ¢ds] AAAHY. o]F ZF}= cromaklim
| K* 28 Adstd Rgas 98 24

v ¥0 g o ob ot N R
ol

s
A

=z o
=

o3

7} |t

NO& ztx ¢+ pyridined nicorandil®& K*
E2 Aurzte-2)o = guanylate cyclaseE 343}
AlA cGMP =& F7HAZIezA Ed ol 2
28 Jehdun 44 Ad(Holzman, 1983;
Greenberg%, 1991). d¥oA 40mMolite] 1
=5 KCld 98] %38 43<& nicorandilo] A
2o HEFA VA Fe A AAAE
lth= R i (Inoues, 1983)+& nicorandile] &£
o] K* &g /el & FAE7dg 53to o
FolAde 73] AlAREY. iy B AFdA
nicorandil& 40, 80mM KCl=z $==H =&
Al AAATA K3t dA FE: 44 11
%, 10% 2 cromakalime] B3] nleksl ), o2
njFoirol  AFgZoAe  BRAAG  2eE
nicorandil®] guanylate cyclasedz= 7 s
A g& Aoz A", KT AdpiAs KT
channel opener sited] A {3le] HFFHow 1HF
ATP-sensitive K* £2& 7o g9 o]
#4ads JHAHeE ez AAAR YUoH(Ed-
wards®} Weston, 1993). I3y} o]E9o] A& v}
£ 2Hd A& AY F& UE ARE FIY
g3 Aolgte BE FAE EHHEI(Law-

1992), AFZ(Pipers, 1992), &+Z

(Weik$} Neumcke, 1990) 7)## #H&*(Long-
mores, 1991)& o &% HFA AAHL )
th HodE £ KT @y A= delayed recti-
fier K* A'@9] of2o] o] uHA 3t ATP-
Adz HA bz 3= Dr.
Aoy 3 dde wIyt 9
(Ibbotson%, 1993a,b; Edwards%, 1993). ol&
Kt AdAgA7t o ojegze Ao o
MES dgo] Haghe AASIL 9lom EF o
Eo] o] &% ZA(portal vein)o] obd &
AN o]t Alalo] EAF F U=A I TAAL
7b =3 ok

aw 2 49 A% 94 2 HQA AXF
29 AgE EFAAE K B2 AWAZ A
th 331 (Hollingsworths, 1987), 941 2

song,

sensitive K7*

Weston&

H
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Al Ca** activated K* B27} &Asl8 Z7Hd
S8l 2 AEH e ofeld S| WaH s
B3 (Morrison$, 1993) @ &9 7iA] AZE=E A
T KT B29 2y )5 #Est dojun
ol Walg Jgu|gAd o8 ZdEYE Hu
(Khans, 1993)= AF9 847 KY 527}
1A Bd-Ho] Y&, KY 27 3289
FEFE TLE AASEL Yot Estrogend zbao]

F&5E F77Ie A4S 3
Aoz T ¥ gIth(Fuchss, 1983; Kuriya-
ma ¢ Suzuki, 1976). B4AS AA Ho AF
o] thdt cromakalime] pD, & 7488 UdAE
A 9¥e Fog HE HolA 6514 v
cromakalimo] W8 7+Alo) 108 A= Z719
& Ay ol K' EE MEAI Ao
JAZE A2 B dAd AZ3d g o Z
& §¥€¢ A n Bnd Cheuk(1993)5 9]
A% 48, 328 749 A3 w
K* 32 /MA7E #4863t K §29 449
w3l 7eAde Ak 9t gez Kt B2
AR L7180 s d7g o] 4F7),
A 2 BEutgo AFEFAZC BE AFTLF
A Z24dd g 3288 K B2 4y 9 A
Aol FsAEAd e of B2 A7 ofFo]
ok & Aolrh.

.

\*

M g

- =

K #Ad M4z 2=z
RP49356, pinacidil, nicorandil % diazoxidez}
oxytocin®. 2 fE¥E FHEZF T2 £5A9 T
AE 9%e 2SR, osd AN % AT
&+ 544 ¥ K Ade #HAZE Gopry)
98 A9e A5 Bed 2o ARE 2y
1=

1) oxytocin(0.2nM)e.2 FEZ S tis)
cromakalim, RP49356, pinacidil, nicorandil 2
diazoxidex ®F FEoEFHo= JAAAE U

cromakalim,

gylon old pD.ge Z7 6.5 630, 592
4.43 B 4180190 olE¢] HA &I+ glibencla-
mide(0.3, 1, 10M)e] &5 2= gow ol
pA,%t& Z+z} 6.91+£0.00, 6.55+0.05, 6.57 +
0.06, 5.97+0.26 ¥ 6.37+0.370]g]it}.

2) Cromakalim#j A&z JdAFzAE=
TEAd 9aix= ZgEolFH o apamind] 23}
Al AgHA &3t pinacidile] 22 54
o 3 JAEHE apaminols ZIEHA &%
oh.

3) KClz 4549 F9 +&& cromakalim}
nicorandildl] 98] Axx¢ KCI(10, 20 mM)d|A
E YAlamst #FER oY 40 mMolat KCle|
% FFd didtde AR RNV} BREHA &%
t}. 28y nifedipine& KClo) 93] §58 7
FE& ¢Ads) A AT

4) dx HAFNME oxytocine 2 F=® A
Z &2 cromakalime] o3l & EHo =z
gAH Y3, o]E o] &3+ glibenclamide 10 M
o o& ZAg=ch ol pD.ot Kegtd #%4
7.485 1.26x107"Mojdth. Estrogen = X4}
6512 1.57x1077Mgt# HlusiEd Kegtd
5281 A % pD.2k2 108 %= EA e} croma-
kalimol] o8 ¥k-g-Ao| estrogen XFof H|8]
A ERsket

o)< AAE FFI B9 5FFY KT =
AAE K Ade 53t A2 544
olgtxAE Yehfglorn, #dd KT Ade K*
Ad AMgA ) ol&l #4430, glibenclamided)
98 9AE= ATP-sensitive K* Adql Aoz
Bty 4, estrogend zbgo e K g
AkAle] olgtadE ZAAIIE FALE AR

=

TR T

FYsted =< FA 18, A

5, FAT AAA9A Adoz ZA=HYTH

-
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