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Influence of Cromakalim, K* Channel Opener, and Glibenclamide,
K* Channel Blocker, on Intestinal Movements in Rabbit

Suk Tai Ko*
Depr. of Pharmacology, College of Pharmacy, Chosun University, Gwangju, 501-759, Korea
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Abstract — This study was attempted to investigate the effects of cromakalim (CRK), K* channel opener, and
glibenclamide (GLY), K* channel blocker, on intestinal function of rabbit. CRK. supressed the tension and
spontaneous movement of intestinal strips. CRK enhanced the tension and spontaneous movement of strips
induced by acetylcholine. Also the inhibiting effect of dopamine was potentiated by CRK. GLY augmented the
tension, but did not affect the spontaneous movement of strips. GLY inhibited tension and spontaneous move-
ments in intestinal strips induced by acetylcholine, GLY blocked the dopamine-induced attenuation of tension,
but not the decrease of spontaneous movements in intestinal strips. The present studies suggest that K* channel
opening suppresses intestinal movements, whereas it's blockade enhances intestinal movements in rabbit.

Key words [ ] Cromakalim, glibenclamide, intestinal strips, rabbit.

Cromakalim(BRL 34915=CRK)- o]z} Z-5¢] &3z
& o8& in viro A¥elA HgHe] A g Aee
epf ik (Hamilton £, 1986; Weir and Weston, 1986;
Wilson %+, 1988). vJol7} CRK: 313 e] Fallofa] K*e]
B T AEHE AEF AlZekHamilon 5
1986; Weir and Weston, 1986). £3} FHFZ]E o]43
%Rb} K] FE AYelM FET Mz o] K+ F
g S7P) oFol deldezd AVle IhEFe] CRK #
£9o] 5 71", Z K* channeld NA7)E oFEYe) &
3 A v (Hamilton %, 1986; Quast, 1987; Quast and
Baumlin, 1988: Weir and Weston, 1986; Wilson &, 1988).
dubzr e @ o]g) Zro] K* channele] 7|HWd=Ewl Kte] A%
e g fEEHe] XIS K HEAYLE o547
T M ERRE RS AR R HE] FRAL 7H4A7)
HCook &, 1988). . 2} HF FIhTo] o|ghEI o)
it dede] 517 ®lch(Hamilton 5, 1986; Neugreen
& 1990). ] CRKE: guinea pigd] #& 7]#X]el| ot
histamine®] S57-42 HAIst] 714 PR EE e}
dewm ANASAR AR} e AoE Brlsp)E
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3¢l SH(Taylor &, 1992). Gliben-clamide(GLY)3 ATP-
sensitive K* channel(K pp) & 53+ AFS Z5F3 =
K* channe] 7H¥kAle) 28 AAHe=2 Adsls K
channel *}%HA] o] =H(Clark &, 1993; Quast and Cook,
1989; Skilman and Feldman, 1981; Zini %, 1991). =1
v} CRKM GLYZ} Ak 5el wiat eggke] Bas] u} °i
o ol CRKYF GLYE o]83led 3t AlZe] K
channel& 7|9slAvE 2pdets A7)l o Juks 1']
78 A7) A5l BY25E HE3 AEAHE of%
& in vitro S AlaEI T

Mgiupy

=

AF4-FE2  cromakalim(Sigma, USA), glibenclamide
(RBI, USA), acetylcholine HBr(Sigma, USA), dopamine
HC](S1gma USA) S cromakalim= Taylor <] =
(Taylor =, 1992)% 3% E435led DMSODimethylsul-
foxide) 1~2 drop2 cromakalim 53k #3}5te] &84
2 ¥ 09% saline® % SHAA AHe1.6 ghbenclamide
= Quast 59 ¥ (Quast and Cook, 1989) =&} 1N-



238 Suk Tai Ko

NaOH 0.6 ml, ethanol 1.0 ml, polyethylene glycol 400
1.0 ml, H,0 04 mi(total 3.0 ml)el glibenclamide 30.0
mgg £3AA AHEEI% T dopamined- acid-saline(pH=4)
ol acetylcholine HBr2 0.9% saline®2 A X0 &)
AA AbgEe) AFEEL 2.0 kg AR E71F o
T glo] AMgslg. ot AJelEe] A WA 9l A
2 ALA A}, A¥7]7]= physiography(Ugo Basile,
Italy), isometric force transducer(Ugo Basile, Italy),
Magnus & ¥348} organ bath(Ugo Basile, Italy) -]
st

0z

=

Bl 2402 AL F EE Al w2 S
sl g 7‘4"—1141‘4] FAN R F7VE U3l A
a—} vl Zals lﬂ«.‘;'-_o,] AEA L ANE 5] Fpo] T YR
]—r__.i /\]—O] zéz,-_]a-}a:] ok 2 cm 7(—15—_,_,] ;]z]— A
atEe] Magnus ‘%M upel 4¥EsId. Magnus 2]
1= 30 ml AXZo] bath?] 2% 36~ 37°c£ =8}
Wqem 0, 95%, CO, 5% ERF7IE A% FFskidd.
MagnusZol] w2 2PdH 2] zpi-g-5-3 tens1on-] Hal=
isometric transducer® physiographyoll 9Z@3st] B7]814
o} oo ZAHE= 2.0 g AEY resting tensionS F4]
3l9d2m resting time 60~70 .22 3}¢ir}. Bath <<
FAL ZF4 1 1% NaCl 687 g KC1 04 g, CaCL2H,0
0.606 g, MgSO,7H,0 14 g, KH,PO, 0.16 g NaHCO,
05g, glucose 20g ©]932 bath ¥L "HE we=
CaCl,2H,0 HE2 f3ljA)7] F vn#] k&L S48k &
Aol E}s}9l.2m o] bath H-2 A 23 ThEiH. A

g; o rUI

CRK Dose (ug/ml)
Solvent  0.06 0.20 0.60
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Confractile Actions (g)

=1.4
-1.6

AR FEL2 Magnus Hell vli&ol resting time % 72 A}
Wk Zolu) tensione] AAEHA H w APL Ak
‘:}. FEFAE 1 ml FAP|E o438led Ao o 4
5¥(0.2~1.0 ml} bath *1-2 w3lsl= vPHo2 sl A
Hokael ot 2R ‘?l‘-g“% |48k 603 o)A o A
7 3 g FHAspAr)h FERRS-S TEE F AEHe)
AL over flow el whe} 4-55] WL Ax|s}eit)
A F, oy Aldee] Bodx AR APEEFoht
tension®] A4}OE FEF Fo] AAIFIT, o|wfe] 4204
T2 20% Welgeh o oFEe] of3ke Wl AT
B2 ofo] HAE 108 o] AR ASA g F
ofe] EAfslol A AF RS F7} FoIdhs 2o AAJEIA
ok A Wk FAX L Sdent's paired rrest
(Snedecor and Cochran, 1981)E- o]-&s}gic}.

Al

AEET

T

A% HM| i3l cromakalim(CRK)2| 235
27k AH-E Magnus Fol| vigo} Az sisgt ¥
AA 3t resting tension X2 resting timee] 7335]o] 75‘
0] dAsA AYPHAUS @ AELS AlEBH

Fig. 1 &7 A%l o3t CRKS] F3Fs- =S A
< F%g Zolvh. «37]elM CRKe] Aol 94 CRK®]
Sufjol] ofgl F8F2- Al ZHF tensiond -0.6510.12
(mean+t S.E), APELE-2- 86.1+£3.50%2 HA|=He-g viet
ygdoh o)w 30.0 ml®] Magnus 2] Bvf Foizhe
02 mi%2™ CRKE 718 we] &uje] k= 02 misd
o} mEla o] AEe|re] CRKS| ¢d3k2 Suflel] €5}

I'E
‘o

100 L

Spontaneous Movemenis (%)

—

Solvent  0.08 0.20 0.60
CRK Dose (ug/ml)

Fig. 1. Effecst of cromakalim on isolated rabbit ileum. Mean £ S.E. from 8§ strips. Abbreviations: P-values were obtained by comparing
to the corresponding solvent values. Control values were resting tension calculated to O g in contractile action and 100% in spontaneous
movements. Significant increase and decrease by compariong with corresponding solvent value were marked with asterisks () and
open circles (O) respectively. Resting tension was 2 g and maintained throughout the experiment. Resting time was 60~70 min. 1st,
2nd and 3rd means the first, second and third administration of CRK within 1, 2 and 3 hrs after beginning of CRK experiment
respectively. Solvent represents the solution used to dissolve CRK. The columns and vertical bars denote mean = S.E.
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vehd ZhE Z1ERE A sle] Prkslde. CRK 0.06
ng/miel My HeE oJ3hs WA 4 glelet 020
0.60 pg/milolrE 24 AHY tensiondh APL-2-g2] A
7} BAACER s WEldh. FAAHSE sy
tension®] 2%, 0] FodAl Vbt -0.65+0.12 g8l H]
sted CRK, 0.20% 0.60 pg/mlolAl ZHzt -0.86+0.092
-1.4110.11 go 2 FE3 A Jehyglor i
-, grzle] 86.1+£3.50%<)# wste CRK, 0.207%}
0.60 ng/miell A 22k 68,0345, 35.5£2.79%24 F2)A
ol ZolE vehfislel. o)ejgt CRKS) <33kl gt whg-
F7 d@Adelvt A28 FFE FHES] f18ke] 17k
oz M W HHEsle] Foiglel ot A W A Fo A3
ate] ol&-S Fld 4= 2lglt

o

ZEEO| acetylcholine(Ach) =EZ0] CHSF cromakalim
(CRK)2| g
Acetylcholine(Achy2- 0.01, 0.03 2 0.10 pg/miellA 7z

14 r [@Ach(Control)
B CRK(Solvent)
12 I || CRK(006 ug/ml)
B CRK(020 ug/ml)
10 | | FICRK(060 ug/ml)
8 L.

Contractile Actions (g}

0.01
Acetylchol ine

0.10
Dose(ug/ml)

Sontanecus Movements {%)

ozt
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7 4183023, 6.72+£0.36 2 8.68+£047 g9 tension®]
Zole} 134.9+£7.28, 186.5+£19.31 F 96.1+10.36% =}
5] HEE velfigleh o]23 Ach ZhEel isle]
CRK2] £vll= Ach®] P2 5=(0.01 2 0.03 pg/melA
2] tension®} APE-E-S SHHATE Al ALt B4
2 fe)AdL- gt of Ache] Ahgel wHdF CRKE] w2
FxolA) Acholl 98 tension> FE-H 02, AP-F-2 A
whe ez Fe) Q4hE e CRRY B2 55
ME Ach 2H- 2 tensionll FEE RIRA] ¢hgkort =}
W3-80 e 9 A Pkl Zhge] Wel
A skl Fig. 22 A8#e] Ach Z8<] A%t CRKS]
°Jg Fghst Aelct.

HHEO| dopamine EE0| LiSH cromakalim(CRK)2
edek

Dopamine?} A A 2k8o]] tH3le] cromakalime] 9
Fgkg 1R =v e FHAESIHH.

B Ach(Control) B CRK(Solvent)
Bl CRK(006 ug/ml) EICRK(020 ug/ml)

4o r B CRK(060 ug/ml)

380 I
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240
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0.01
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Fig. 2. Effects of cromakalim on the response of isolated rabbit ileum to acetylcholine. Mean £ $.E. from 8 strips. Abbreviations are

the same as in Fig. 1.

Dose(ug/m!)
0.50

Dopamine

0.15 1.50

Contractile Actions {g)

EDopamine(Control) BCRK(Solvent)
B CRK(01 ug/ml) B CRK(03 ug/ml)

~1.8 =

Contractile Actions (g}

Py
(=]

B Dopamine(Control) BICRK(Solvent)
B CRK(OA ug/ml) B CRK(0.3 ug/ml)

100

wr
(=)

[ - ] ~ 0F
o o O 8 o O
T T T T

—
o]
T

(=)

1.80

0.15
Dopamine

0.50
Dose{ug/ml)

Fig. 3. Effects of cromakalim on the response of isolated rabbit ileum to dopamine. Mean + S.E. from 8 strips. Marks on solvent values
are significant difference obtained by comparing with corresponding control values. Abbreviations are the same as in Fig. 1.
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Fig. 3= dopamine®] Zh<l =5l CRK®] d3Fs A=
g AgE Eg3t Aolvh. Dopamine?] =g ot
cromakalim®] ©38F ZEe] YA cromakalim®] Sxfje) o
3t oJ3kS %3t F3} tensionol| A dopamine®] Az}
42 ZAAZ) o) APl W S v|RA] o
3tc}. CRK:= dopamine?]| tension®} AP#E-5-<] A2k
€ o2 7337 2} dopamine Fof BaFl ¥l#HE}A=
w2t

EEHO| chEt glibenclamide(GLY)2| &

Fig. 49A vield CRKS] 2k8-Ee] K* channel& 5
7 QIAY) BB AEE] 2J8le] K* channel XpskA] ¢le]
A AFel T"dﬁl'm] K* channel ztstAl2 ezl
glibenclamide(GLY) #Rd|2] Aol g «35k2 &3}
At

Fig. 4= GLY®| A347)5el d)at 333 HEst Helth
o] Fig. 4olA el whsl zro] GLYS] fwlfol] &J3}ed

GLY Dose {ug/ml)
Solvent 3.0 10.0 30.0

-0.2
~0.4
-0.6
-0.8
=1.0

Caonfractile Actions (g)

-1.2

-1 .4 |E@1st 1
"E2nd,

-1er i@Srd ‘

_'18 -

tension -1.43+0.14 g & A2 70,0%2 JAHA
% & 4 U o] Brlef ofst APXE X 38}
o GLY® ZAah8ol gt o H=5 B3 tensions
A2AsiA FHEgen APE-Fells Faks nAA B3
Felsl = gleie}. Tensiond] 7%, |vfo) o)k 143+
0.14 goldl wldled GLY 3.0, 10.09 30.0 pgmlol 72
1154018, -098+0.10 F 0.78+0.11 go2H TAAY
zte], & tensione] FEEA QAN AHH OS2 GLY
ofl ]31'04/“]‘\: At Ao et pERRgo] Uehds gl
5 glgl ot ApEel e A7t F71] AL Qlgle
o} 2lslole Aok ohigiet Uobh o GLYOIA Wg 7
7 et B4 AL ElE 4 stk

EEHe| cromakalim(CRK) ZHE0]| Lt glibenclamide
(GLY)2| &

CRK®] A=+ tenqion ol Pk % o) xj)ak-g-2
channel=}e] #A| o4¥-5 AEs}7] s}ed CRKS ?ﬂa%ﬂ

~ 0~ o= 0 0
O 0 N R

66

Spontanecus Movements (%)

Solvent 3.0 10.0 30.0
GLY Dose {ug/ml)

Fig. 4. Effects of glibenclamide on isolated rabbit ileum. Mean + $.E. from 8 strips. Abbreviations are the same as in Fig. 1.
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Fig. 5. Effects of glibenclamide on the response of isolated rabbit ileum to cromakalim. Mean + S.E. from 8 strips. Abbreviations are

the same as in Fig. 1. and 3.
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gt GLYS] °38ke 7R8I, o]l CRKS] 2h<]
W& GLYS] 33 ZEe ¥4 GLY €919 CRKY =H4-
o 33kS ATs)gith. 7)o A W)X (controly= CRKS]
zkgolrl. CRK 0.06, 020 & 0.60 pg/mlellr] A= 2]
tensione- 22} -0.60%0.09, -0.94+0.10 T -147+0.13 g
L.22] Al sl GLYS] $¥iE HAE of3dE v)A
A Eeled ot CRKY tension GAlE= GLY| &5l g
A AAEGES Fohlg} APLEEl M= CRKY <
Azg-e] AEA EIEUEE g 4 et

ZEmo| acetylcholine(Ach) ZZ0] CHEl glibenclamide
(GLY)2| &

GLY®] $0= Ach®] §F 7}¢] 2 = tensiond} APd
T8 SRS o] Efell 2] vepd HRAE o
FH 2 sled GLYS] J8E H7lelds i GLYE Ach?|
F 7] 22 RS HEEsIEL
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A3 AYL £gd Aol Tension®] 7% Ach 0.01,
0.03 & 0.10 pg/miel] =3t &wix] 400042, 5.90%
045 9 7.76+0.41g% ¥I3ted GLY 3.0 pug/miel] 2)5hed A
A= glem GLY 10. ug/mieolA 2.93£0.19, 3.74+£0.28
9 6.89£0.26 pg/ml 2R FelAdel A o] o2 #A
A ebg e ApEeEY 5, Ach 0.01, 0.03 ¥
0.10 pg/miell A Swi=]= 7F2) 222.7431.45, 256.6%28.91
9 1194+9.99%°] #sle GLY 3.0 pg/mlllA 27k
108.111.50, 121.6+8.20 ¥ 73.1+11.35%23 &&=
oA g Abe] VRt GLY 10.0 pg/miell &)8led % H]
%8 B} viepget.

HEEO| dopamine A0 CHEl glibenclamide(GLY)2|
AEk
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Fig. 6. Effects of glibenclamide on the response of isolated rabbit ileum to acetylcholine. Mea = S.E. from 8 strips. Abbreviations are

the same as in Fig. 1. and 3.
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Fig. 7. Effects of glibenclamide on the response of isolated rabbit ileum to dopamine. Mean & S.E. from § strips. Abbreviations are

the same as in Fig. 1. and 3.
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o1} Rpike-Folle M2 gk st = glgloh
Fig. 7 dopamine®] 2hg<l gk GLYS| d&ks 4
3 AL FYE Flold,

o &

K* channel 7§8}AQ] cromakalim(CRK)$} K* channel
Z2A)Q) glibenclamide(GLY)} E7] @75 ==+
oJ kel diste] AHBIYH. CRKE A2H9] tension?t A}
ke =2 o3AEledvl. o] CRK: acetylcholines]] &3+ A
Ao 9% tension APL-EFE % AIAF o
dopamines]| 213+ AR AAH tension} APL-FS o
2 AN AR GLYE: A tensions ZEHAIR L A
Wgol e Hohe ek H|AA siet. o) GLY= CRK
o] Aol tgl tensiond APEEE0) A 2pkE-2- XA}
A}, =5 GLY: acetylcholines] 2]8F A% 2] tension
3} Apg-go) S k- 9184927 dopamines] )3t
tension®] A ZHE-2 Adslgd ont Apih-Ee] oA =-g-
r HoE Q3L XA EIdd. ZAHOE K+
channel®] ke ALEE JABRIL o8] A2 TS
ZthA71v}. Acetylcholine(Ach)y# 22 Alde] BE 3¥HE
%9 muscarine EAE EREAZIG 2 As} e} A
2] 717w} Ak FTUE viEpdc). nErlA R
AapdeHe BalEe #A4S FF A7 cHHardman 5,
1996-a). ©}#)8} muscarne $~8-#2} FH-& muscarine T
£A2] subtypeel] whet Zo]7t 4171 SRR YH muscarine
2.4 M1 -2 M3)2] EH-2 polyphosphoinositides®] 717
Fale} AE Ca?] B985 420w AZel phospholipase
C2 A= G-protein(Ga)H ALERE-S Y27)A4 #
o} olo] wet M ez m FA ] phosphorylation
& E3le] Ca2e] vAele o7 71 vhe-E d27A &
vh(Hardman &, 1996-b). ¥ = ©}= muscarine $-8H=
(M28} M4Ye adenyleyclase® AT ¥ A (M1
E== M2)e &gl ©]8H G-protein(Gg)i= HHE G-
protein(G13} GO)Y 815 53k K* chamnel} 22 &
43} jon channeld- &A% = S (Hardman 5, 1996-
b). WellA] Ad=dgt vie} Zho] acetylcholine> tension} A}
uke =6 Zo) A c}(Fig. 2). ©|#1% acetylcholine | 24
o] K* channel 7J9}A|¢] croamkalim(Hamilton &, 1986;
Quast, 1987; Quast and Baumlin, 1988; Weir and Weston,
1986; Wilson 5, 1988)e] 2£Jsle] FA= 3 (Fig. 2) K*
charmel A A <l glibenclamide(Clark 5, 1993; Quast
and Cook, 1989; Skilman and Feldman, 1981; Zini -,
1991y 2l5te] AAFHGTHFig. 6x= AL FAAL 71L&
B Agukez= gugk £ glov) acetylcholine 282
K* channel 3 #=de] o2& #aldt = 9t &A] A

&H K* channel 7¥sled A Z5o] S Aol
A Ach®) #H4-& F7E| 3 K* channeld A=Hg Abeell X
acetylcholine®] 2f-g-o] HA|F-& 58+t Cromakalim A7)
= 7% (tension P APL-E5)rE A (Fig. 1)shed Hkst
o] glibenclamide A= A5 FolA tension S7}5}
=r) Hlgle] ApEFE S7)e) A viER P A
SATHFig. 4). oA K* channel®] 7k A452 A
ABt Ach 22 Z7FA17]2L K* channel HAE o] ebe
yl o] AL vehlis Aotk AR om Ahe-gof 3t
CRKS} GLY AH|Z2%= Aukd FARS- vfepd ¥ opzt
Ach zhgol mX= o3k w3t vk dARE dEplE Al
AJL-Fel| K+ channeld] Hate] FHEE Kok
Dopamine?] A871%ol] wlgh 7AF e B glov) A
715 djsled oA dopamine BIAE A
dopmperidone(Hardman &, 1996-¢)®] ofejs} 2p4-2- 1
o2 x dopamine?] Aol 3t 2L ZPHAoR o]F
7} 7Pssieka AksEe] domperidoned] AH4-2 HE 1%
&7} g}, Domperidone®] 7oA Z-83F 52 4l o]
A $50) kAT Ao e] eiaadelgte] AT
el A7kl A £A1E o)fe] F3 55 WEpF|RE A3t
S50l HTRE of3ko] gioh olEsl elEhel WA e
2 9o FBEA7 2]olEr] b A Aefle] A7 T
EoHoln J3E EAE epdci(Hardman 5, 1996-c)
= ML ZAE dopamine®] A7|%el Hat AdF F5F
4 9let, £ AelA HAEZ dopamine®] 7)%gl) wHE
FFE 9ol|A domperidoned ITAZ AL THE FET
s A g9E dFs= AL LA,
Dopamine2 4% (tension, AP -+5)E ST, o<}
7o YA acetylcholine?] 2-4-3e AWbd2] #HAle|r],
o] 28t dopamine®] &2 CRKe| sl o5 73t
(Fig. 3) E%2 GLYl 9JaledrMi= ¢A(Fig. 6) HA
AR L2 dopamined] Aol WHgt ZH4%= K* channel
A el 9l dulslE ol FPHeE AT e
K* channel2 acetylcholine ©]t+} dopamine®] A 2Rl o
Sel olm Weh2E oIk Q&S Sl 4 Ak

i
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