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The Electrophysiological Effects of Benzopyran Potassium Channel
Openers on Coronary Artery Occlusion/Reperfusion-induced
Arrhythmias in the Rat
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The electrophysiological effects of benzopyran potassium channel openers (PCOs: lemakalim, KR-
30450 and KR-30818) on the ischemia/reperfusion-induced arrythmias were investigated. In
anesthetized rats, subjected to 45 min occlusion of the left anterior descending coronary artery (LAD)
followed by 90 min reperfusion, ventricular arrythmias were identified according to the Lambeth
Conventions by lead II ECG. Rats were intravenously given vehicle (1% DMSO), lemakalim, KR-
30450, and KR-30818 alone or in combination with a selective K, blocker glibenclamide, 30 min
prior to coronary occlusion. Compared to vehicle, lemakalim (30 pg/kg i.v.), the active enantiomer
of cromakalim, had a tendancy to increase the duration of ventricular tachycardia(VT) and
ventricular fibrillation (VF), the number of premature ventricular complexes (PVC) and the incidence
of VF, especially in the early post-occlusion peroid (0~15 min), while increasing ST-segment
elevation. Both KR-30450 (30 ug/kg, iv.) and KR-30818(30, 100 pg/kg, iv.) showed similar
proarrhythmic effects to lemakalim (PVC, duration of VT, and incidence of VF) with a tendancy to
decrease the duration of VF and ST-segment elevation. Unlike other PCOs, however, glibenclamide
(0.3, 1.0 mg/kg) had opposite effects on the induction of arrhythmias (PVC, the duration of VF); it
had a tendancy to increase the duration of VT with a slight elevation of ST-segment. It scems likely
that glibenclamide (0.3 mg/kg, i.v.), reduced the effects of lemakalim or KR-30450 (30 pg/kg, iv.)
on arrhythmias (PVC, VT, VF and ST-segment). These results indicate that, in the coronary
occluded rat model of ischemia, lemakalim and KR-30450 exert a proarrhythmic activity, the effect
being considered related to the opening of KATP channel. (Kor. J. Clin. Pharm. 1996; 6(2): 32-40)

1 Keywords — Lemakalim, KR-30450, Myocardial ischemia/Reperfusion, Arrhythmias

3 8L N o)< 28 H AsPe-S
23 e AR YA A7 ZEFR2 NI
(Potassium channel openers, PCOs)= 3}3Fd o 2 t}
¥ F2E 2w k.

FZolle o] Alde PCOsy} 3BA AT &4
g ¥ ahgs) 3 B B Ae 22 F2a
Qlgo] M A 014 in viro H AT 2

32

L vt FEE o] 4% invivo HY/AAF AYH 29
% 0143 Aol R dek>

chokst F%9] PCOsT Fol|A = lemakalim2- (%)
racemic EFHEQ] cromakalim®] &4 (-optical isomer
24° QA 7EYA | AT FIA cromakalim 1
o} F & 2u) o)Ake] g A4S viehdcta B
253 9eh”



A9 B 22

H3 FHTol] ARo] FAH lemakalim®] f-EA )
KR-304503} o] 7] o344l AL ql KR-308180)
83 42 Aol et HYADF AN vehicle
ol B]8]A] cardiac function (HR X LVDP/1000)2- 3}
24}A]7]3. EDP (End diastolic pressure)s 7FAAl7 2
™ LDH (Lactic dehydrogenase) 2] & 73247 7
I e AR T ES vehlis ez waEg
o, A7) 2| 84 0 2, PCOsE ATP-sensitive K* ch-
annel-s 49 84X 7 25 (hyperpolarization)&- -f-4
3l #EAY  duration (APD)E  ©EA] 71} A0
ADP o] 34 foazel wA oldha v
AT Qe whdel 2Y Al 1 ukele) A
;5 B 13}gir}. Pentobarbital mF3 5l2] open-chest7)
28 0]8-3 Spinelli®] <37l 215} cromakalim,
pinacidil 78] nicorandil®} 7+ PCOs7} Al A A )
E-57] (VERP)?L AlvbA U E-37) (AERP)E 54
Zch"” Cromakalim®} pinacidile] A7}1% Al-ulEz
7 (electical pacing) F-gkol] Aleb5-A -8 whAY x| 7)1},
AARAA L LA ZIA] sksket. Hbdel w]wkA )
2] sudden coronary death model 3} A% 7|12 Al#}
ol A1 pinacidil-2 Al WA A Wl T2 Z7EA AL}
dzAes 29 ¥ ueME 71 QT interval & £ 3}
32 early 28] 3 delayed afterdepolarization-& &3 A&
em Py Bt ehdoln 1w ge. o

Lemakalim, KR-30450 22| 77 KR-308180] 3t A
7183 g2l 2] da B woig)x]
BT} o]oll & 4ol stunned myocardium model”
24 w3 279 HEa s AAFE (left anterior
descending coronary artery, LAD) 2 &3} 250 2
3 2% Welel ¥4 §E5a ol dak PCOs
o g8 AT o) F A ST 6% A
el e A7) Aejed a9g wdslgict.

SETE

AR2eE

Lemakalim, KR-30450 —12] 31 KR-308182 %}=3}
il FAT AL A3 Tk Heparin (54
Z}), sodium pentobarbital (3-8 A <F), 2,3,5-
triphenyltetrazolum chloride (Sigma), evans blue (Koch-
Light 1td.), glibenclamide (Sigma), ketamine ($+3F%
8l) 12|37 phosphate buffere]] A-8-§ AFE-L G4l
FEoIA) Fsheleh. Aol 208 7e 47 2o

& 57 Aok AHgstle

33

HEEE

2 Ago) A= 24 Spraque Dawley (SD) rat2
a3l T4 GLPAASLS] AREE 354 A
Eopiol dALE (2212C) R F= (55~60%)yF F
A= 3 W FoP7E 22417 D92 2= 5EA
A AR (ehst Ae-E FAR 38 AL
3l o1 SD. rat& AFo]| 300450 gof] Tteba] A
ol Abg-shalch.

AR27171

Rodent ventilator (UGOVASILE 7025, TItaly),
Physiograph (HSE WR 3310, Germany), Cautery (HSE
D79232,
Industries, Inc.), Isotec pressure transducer (Healthdyne)
Homeothermic blancket control unit(Havard, USA),
Acknowledge Il data acquisition and analysis (Biopac
Systems, Inc, USA) 5-& AF&3}gict.

Germany), Illuminator (Dolan-Jenner

ZhabEe ZE W HER

7 313 (350~450 g)ell pentobarbital (50 mg/kg)S
Er}EAlste] wtE Al 7133 0% (tracheotomy)
% 10 mi/kg?] stroke volume} 60 strokes/min®] <%
2 AFEZFAATAG dEAA 2 A5 7}
dElE ARl 77} obE o, Wst W Alukis &
Aol ol gaisieh. ATy ALY T3
A3S ]2 = A28 ZA probe 2} heating blanket
22 37TE dAsA A8k

ZAAe AL Selye He| ubHo 23] )3}
t}.'” 20 F % (left thoracotomy)el] 23} 7}4-g o
A3, AR (BIR)E 8% 7ol hE& 7lsled A
e 9B Yol YE Al (5-0 silk ligature)7} 5
2y vplsR 242477 LADE = 3] Ajue] Alaks
F27} (thoracic cavity)dl] X A7l &AL S
£ 9o YA} A FEL PE tube (PE
100, 2.5 cm)ell A7) 308 F9b HAF A g
slo] kA 5tEl 3 Aol 7]9)+= PE tube Heldx
tube] Z-¥-E A2 hemostatic A4 2.2 =4 PE 100
tube & HAFF ol 7202 UYAAA & 715
e}k, 458 29t A3 (occlusion)A) 713 hemostatic T
A& AA3LI 1542 Bt ARFAA 9

2|

> —ili ;:0

d

Sy £H
Lead IIoj| 9}3 AA % (ECG)= Rule} Qu} %
(amplitude) 37+ opet A=) gloiA A2 A4



34

o] #AIg X 9] ST-segment W 312 243)sic) 5
A2 2fg ¥ 717 9 ARF 712 Eke) prem-
ature ventricular complexes (PVC)Q] A4 243519
L, 4 AEAQ] = 1 o)4e] Al PVCEA
Aols A (V) Zbzke] QRS complexE T
HE 4 glon AESE 249 5 9w uhE el
wE AN ubEo) zgAq BRAAo R AHoxe
A 5- (ventricular fibrillation, VF)& w3 x)7}-8 %
32 24319l Lambeth Conventione]] F-3) 4]
7} B (parameter)®] A 22 ) s)edel.

AEFH U HEAE

Group 1 vehicleT 224 Ay2]A] ¢4 (saline)Z
3}4g 1% dimethyl sulfoxide (DMSO)S A2 30 2
SEELEEETES

Group 2% lemakalim (30, 100 pg/kg), KR-30450 (30
hg/kg) E= KR-30818 (30, 100 pg/ke)S 4 &3)7]
308 Aol A9 Feisigic)

Group 3& K channel blockerq] glibenclamide (0.3,
1 mg/kg)ys 23 308 Aol A )Foizleict.

Group 4= Z3 30% Ao glibenclamide (0.3 mg/
kgyg A= o] g 2} %o lemakalim (30 pg/kg) ==
KR-30450 (30 pgkgye 22t 4503 s}gic}.

SAHAz=|

2E data= mean+S.EM. (standard error of the mean)
o2 Jelich ALRE el djele Bage v
<= unpaired Student's r-test= -§-2]A] 74L& A A5}l
o e poe <0055l 2 AR 8

et

Table 1. The arrhythmia frequency (PVC) in the
rat subjected to ischemia/repefrusion injury (MI/R)

Period
Group Occlusion ~ Occlusion  Reperfusion
0-15 (N/N)  15-45 (N/N)  0-90 (N/N)
VEHICLE 8/8 2/8 6/8
L 4/4 2/4 3/4
KR 4/4 3/4 4/4
G 4/4 3/4 4/4
G+L 6/6 4/6 4/6
G+KR 6/6 5/6 4/6

*N/N number of animals with PVC over total number of
animals; PVC, premature ventricular complexes. L: Lem-
akalim 30 pg/kg, KR: KR-30450 30 ug/kg and G:
Glibenclamide 0.3 mg/kg.
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Fig. 1. Effects of lemakalim, KR-30450 and KR-.
30818 on the total number of premature ventricular
complexes (PVC) in the rat subjected to ischemia/
reperfusion injury (MI/R). Key: Ischemia 0-15, the
ischemic peroid of onset to 15 min; Ischemia 15-45,
the ischemic peroid of 15 min to 45 min;
reperfusion 0-90, the reperfusion peroid of onset to
90 min. Data represent mean+ S.E.M. n=4-8.
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Fig. 2. The total number of the premature ventr-
icular complex (PVC) in the rat subjected to isch-
emia/reperfusion injury (MI/R). Key; Ischemia 0-15;
the duration of ischemai to 15 min, Ischemia 15-45;
the duration of ischemia from 15 min to 45 min,
Reperfusion 0-90; the duration of reperfusion to 90
min. Bar heights represent mean+ S.E.M. n=4-8.
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Fig. 3. Effects of lemakalim and KR-30450 alone
or in combination with glibenclamide on the total
number of premature ventricular complexes (PVC)
subjected to ischemia/reperfusion injury (MI/R) in
the rat. Key: Ischemia 0-15, the ischemic peroid of
onset to 15 min; Ischemia 15-45, the ischemia
peroid of 15 min to 45 min; reperfusion 0-90, the
reperfusion peroid of onset to 90 min. Data repre-
sent mean+S.E.M. n=4-8.
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Fig. 4. Effects of lemakalim, KR-30450 and KR-
30818 on the duration of ventricular tachycardia
(VT) in the rat subjected to ischemia/reperfusion
injury MI/R). Key: Ischemia 0-15, the ischemic
peroid of onset to 15 min; Ischemia 15-45; the
ischemic peroid of 15 min to 45 min; reperfusion 0-
90, -the reperfusion peroid of onset to 90 min. Data
represent mean + S.E.M. n=4-8.
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t} (Fig. 5).
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Fig. 5. Effects of glibenclamide oh the duration of
the ventricular tachycarida (VT) in the rat subjected
to ischemia/reperfusion injury (MI/R). Key; Ische-
mia 0-15; the duration of ischemia to 15 min,
Ischemia 15-45; the duration of ischemia from 15
min to 45 min, Reperfusion 0-90; the duration of
reperfusion to 90 min. Bar heights represent mean
+S.E.M. n=4-8.
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Glibenclamide 0.3 mg/kgs} KR-30450 30 pgkg
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308185 7o) Bl FASHA AlES F7HAITIE
ZAgko] Bl or}(Fig. 7), glibenclamide 1.0 mg/kg¥
o7& vehicleol| B]3] 69%, lemakalim 30 pg/kgsl
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Table 2. The arrhythmia frequency (VT) in the rat
subjected to ischemia/repefrusion injury (MI/R)

Period
Group Occlusion  Occlusion  Reperfusion
0-15 (N/N)  15-45 (N/N) 0-90 (N/N)
VEHICLE 7/8 0/8 0/8
L 4/4 1/4 0/4
KR 4/4 0/4 0/4
G 3/4 0/4 0/4
G+L 6/6 0/6 0/6
G+KR 3/6 1/6 1/6

*N/N number of animals with arthythmias over total number
of animals; VT, ventricular tachycardia. L: Lemakalim 30 g/
kg, KR: KR-30450 30 pug/kg and G: Glibenclamide 0.3 mg/kg.

Table 3. The arrhythmia frequency (VT) in the rat
subjected to ischemia/repefrusion injury (MI/R)

Ischemia 0-15  Ischemia 15-45 Reperfusion 0-90

Fig. 6. Effects of lemakalim and KR-30450 alone or
in combination with glibenclamide on the duration
of ventricular tachycardia (VT) in the rat subjected
to ischemia/reperfusion injury (MI/R). Key: Ischemia
0-15, the ischemic period of onset to 15 min; Ische-
mia 15-45, the ischemic period of 15 min to 45 min;
reperfusion 0-90, the reperfusion period of onset to
90 min. Data represent mean + S.E.M. n=4-8.

Period
Group Occlusion  Occlusion  Reperfusion
0-15 (N/N) 15-45 (N/N) 0-90 (N/N)
VEHICLE 5/8 0/8 0/8
L 4/4 1/4 0/4
KR 2/4 0/4 0/4
G 2/4 0/4 0/4
G+L 4/6 0/6 0/6
G+KR 3/6 1/6 1/6

*N/N number of animals with arthythmias over total number
of animals; VT, ventricular fibrillation. L: Lemakalim 30 pg/
kg, KR: KR-30450 30 pg/kg and G: Glibenclamide 0.3 mg/kg.
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Fig. 7. Effects of lemakalim, KR-30450 and KR-
30818 on the duration of ventricular fibrillation
(VF) in the rat subjected to ischemia/reperfusion
injury MI/R). Key: Ischemia 0-15, the ischemic
peroid of onset to 15 min; Ischemia 15-45, the
ischemic peroid of 15 min to 45 min; reperfusion 0-
90, the reperfusion peroid of onset to 90 min. Data
represent mean 1+ S.E.M. n=4-8.
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Fig. 8. Effects of glibenclamide on the duration of
the ventricular fibrillation (VF) in the rat subjected
to ischemia/reperfusion injury (MI/R). Key;
Ischemia 0-15; the duration of ischemia to 15 min,
Ischemia 15-45; the duration of ischemia from 15
min to 45 min, Reperfusion 0-90; the duration of
reperfusion to 90 min. Bar heights represent mean
+S.E.M. n=4-8.
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Fig. 9. Effects of lemakalim and KR-30450 alone or
in combination with glibenclamide on the duration
of ventricular fibrillation (VF) subjected to ischemia/
reperfusion injury (MI/R) in the rat. Key: Ischemia
0-15, the ischemic peroid of onset to 15 min; Isch-
emia 15-45; the ischemic peroid of 15 min to 45 min;
reperfusion 0-90; the reperfusion peroid of onset to
90 min. Data represent mean+S.E.M. n=4-8,
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Fig. 10. Effects of lemakalim, KR-30450 and KR-
30818 on ST-segment in the rat subjected to ische-
mia/reperfusion injury (MIR). Each points repre-
sents mean+ S.E.M. Key: 0, base-line measurment;
5RX, 15RX and 30RX, 5, 15 and 30 min post-drug
treatment; 5I, 101, 201, 301 and 451, 5, 10, 20, 30
and 45 min of ischemia; SR 10R, 30R, 60R and
90R, 5, 10, 30, 60 and 90 min of reperfusion. n=4-8.
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Fig. 11. Change in /ST-segment of ECG in the rats
subjected to ischemia/reperfusion injury (MI/R). Each
point represents mean+S.E.M. Key: 0, base-line
measurment; SRX, 15RX and 30RX, 5, 15 and 30
min post-drug treatment; 5I, 101, 201, 301 and 45],
5, 10, 20, 30 and 45 min of ischemia; 5R, 10R, 30R,
60R and 90R, 5, 10, 30, 60 and 90 min of reper-
fusion. n=4-8.

Kor. J. Clin. Pharm., Vol. 6. No. 2. 1996

Change in ST-seg;
03 -
MIR + Vehicle(l mikg)
MUR + KR-30450(KR) 30 pg/kg
MIR + Glibenclamide(G) 0.3 mg/kg
MR +G 0.3 mg/kg +KR 30 ughkg

s> PO

024

N==

0.1 -

e e S S e LA S S B

0 SRXISRX30RX SI 101 201 301 450 SR 10R30R60R9OR

04
O MUR + vehicle (1 mlfkg) & MR + Glibenclamide(G) 0.3 mg/kg

A  MIR+Lemskalim(L) 30 pgkg ¥ MUR+G 0.3 mg/kg &L 30 ughkg
03

0.2
0.1 4 é § i
0.0

<01

0 SRX15RX30RX ST 101 201 301 451 SR 10R 30R 60R 9OR
Time (min)

Fig. 12. Effects of lemakalim and KR-30450 alone
or in combination with glibenclamide on ST-segment
in the rat subjected to ischemia/reperfusion injury
(MIR). Each point represents mean+S.E.M. Key:
0, base-line measurment; SRX, 15RX and 30RX, 5,
15 and 30 min post-drug treatment; SI, 101, 201,
30I and 451, 5, 10, 20, 30 and 45 min of ischemia;
5R, 10R, 30R, 60R and 90R, 5, 10, 30, 60 and 90
min of reperfusion. n=4-8.
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