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Pro-fibrillatory Effects of Kiyrp) Channel Opener and the Action Potential
Duration Restitution Kinetics in Isolated Swine Right Ventricle
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ABSTRACT

Background and objectives : It remains to be defined how Kiarp; Channel Opener facilitates to induce ventricular
arrhythmias. The purposes of this study are to assess the effects of Kprpy Channel Opener, PCO,q, on the action
potential duration (APD) and APD restitution (APDR) kinetics, and their relationship with induction of ventricular
tachycardia (VT)/fibrillation (VF), pro-fibrillatory effects. Materials and Methods : We recorded transmembrane
potentials (TMPs) by microelectrode technique to explore the effects of PCO.q in ninetecn isolated perfused
swine right ventricles. TMPs were recorded on the endoeardial side at the concentrations O ¢M, 1 M, 2.5 M, 5
#M, 10 1M, and washed—out period (1 hour). Ventricular refractory periods were measured while scanning djastole
with premature ventricular beats during pacing at the cycle length of 600 ms at each concentration. The maximal

slopes (Smax) of APDR were calculated with the data of S1S2 pacing and VF. Results : PCO,q reduced APDy
(208+76 ms to 41+9 ms during S1, p<0.001, 111+32 ms to 54+28 ms during VF, p<0.001). While PCO.y tended
to increase Smax of APDR at the concentration of 1 #M (0.6 to 0.7 by S1S2, 2.3 to 3.0 during VF), it reduced
Smax at higher concentrations (—0.01 by S1-S2, p<0.05 ; —1.1 during VF, p<0.01). The increment of PCO4n
concentration was associated with facilitated VI/VF induction (24.4% to 100%, p<0.001). Spontaneous VF induction
rate was the highest at 1 M (38.5%) which resulted in the highest Smax. Conclustion : PCO4y shows pro-fibrillatory
effect by APD reduction and dynamic changes of Smax, Smax is closely related to spontancous induction of VT/VF,
and APDy, shortening below 70 ms is critical for the maintenance of VI/VE. (Korean Circulation J 2004:34(3):
296-303)
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19718 9] FA) (A% 45.5+3.9 ke) S ARSI
t}l. 7} 552 ketamine (20 mg/kg) 5= HAAA] &
thiopental sodium(20 mg/kg) F= viESISItE v
3 sholld 7 e e 713 ARS AlEla
AFEEHFS ALk A5 F2d & A8S w=
A AEsIGich A9 Ao $IHEHCE 6 Fr poly-
ethylene catheter A%] ¥, 95% O and 5% COz%Z
shel 37C Tyrode €95 ¥#FAIZTE Tyrode &4
o] AR v} ZHmM) : 125 NaCl, 4.5 KCl, 0.25

MgCly, 24 NaHCOs, 1.8 NaHzPO4, 0.54 CaCls, and
5.5 glucose. ™ #AFU> 80914 95 mmHgE
FAAR L BFEEE 30 mL/ming 48130k 1 o
= AR dAlEk . BFR0] Al T BAE
BT JATh dAlE 4] A7)tk 5X10
cmell 6 mm FACE AEE TF ATRAS AL
23k Tyrode €902 SRk 224 ol @4 3%

HHF (superfusion) < A8k

MIEZ FRle] TSt & Protocol

A0 A9 (transmembrane potential ; TMP) &= 3
M KCle= A 7] nAd=E o]gshe 5344l
o s Ade mdel] 7k AlREelA 71EsIgich
AT Ag—AgCloE Ead S F3dlo] 1A
d g% T3} SEA (high resistance multica-
pacity buffer amplifier ; Am—2 and ME—-3221 ;
Biodyne Electronics Laboratory) 2} 123131tk Al
ot 910 A7|alEE 12 bit] ehesl 5 kHz Sz
AXON TL—-1-40 A/D acquisition hardware$} Axo-
clamp—2A software (Axon Instruments, Inc.) @ &
5319t Pseudo—ECGE 27 ofgol 2z Fa%
T2 Y= (unipolar) H=0Z 715319011, Fe Bl
A= 212191 1 em oluiell = (bipolar) A=-& $1A
AA ANEE 7153AY AzEol ARSIt Al
% A (Endotack) S Z21F A= Al 223} FH
ARl AFgo] AAAFLE e A s
AAIE el Aol FAIElE ZdElelx] Al
2 AE 137 oY 7SS A, AAlE oldA] 0.5
FH AlRete] Azl oUAE S3shaA AlAlE Az
(Ventritex HVS—02 defibrillator, biphasic truncated
exponential waveform shocks of 6 ms duration).
AAEo] Feshd 24s =& 7% (pacing cycle
length ; PCL) 600 ms® 5% o4t &35t Ask
Al 7128 93 28 protocol> 600 ms {HHOE
83] Z&(S1) ¥ S2 71955 8% o]FolRth S1S2
7FAE 400 msolA Al&sEe] 20 ms® FHAAIZ O
S1S2 7H4 300 msHE= A4 2871714 10 ms® 7
AR AAESo] e S1S2 7S 8 ms &
7RISEE tAl 2 ms? A7 A a9 B8]
(ventricular effective refractory period ; VERP) &

S5kt S1S2 & & A4Z & (burst pacing ;
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250 ms to 100 ms) & AAAES thA] fsigia,
AAAE 25 (VE inducibility) S A5 Als
W See) AExg 3] nlgE WSSt 714
AAMET S1S2 28] A 9] 7158 vl F,
PC0400(3,4—Dihydro—3—hydroxy—2,2—dimethyl—
4—(3—oxocyclopent—1—enyl—1—oxy) —2H—1—be-
nzpuran—6—carbonitrile, KC—131, Biomol Research
Labs. Inc.) ¥75 AL 24249 552 (1 «M, 2.5
«M, 5 ¢M, 10 M) ¢} 1A3F AlF (washout) + 5L

3} protocol& WHEE1 T,

Nz 24

A A= A3 software (Linux EDA) S Al
F3to] B39tk APDgy> 90% AR-=71119 &%
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3} ySHoll FaE EAEI] Atk APDR=A1E] Hrf
71:&7]1(Smax) & Th olgste] AXkEI ;
(A1/ 71)*Exp(=DI/t). A%} A5 Fo= BFEHAE
71531580k 7+ PCOsosE0lM 9] 271888k Ais
Hw38}7] 98l ANOVA with Newman—Keuls tests
£ AlsIeleh. AR/ AlE 35S vlwslh] sk
o] Fisher’s exact test® Al&ISIth AF7HI2 p<
0.05% 717313t}
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APDgo2t M3 MHH FTI(VF cycle length)®ll B8t PCO4o0
o 3

PCOs0 &= S7Fel mhe} S1S2 & =% APDgo%}
ERP7} #A]8] 7hAaE]= Zlo] #EEglon, 155
PCOypoolM= E592d2] 1 (plateau) ©] A
5 (Fig. 1C). PCOs0 S1 Z&57] 600 ms o,
APDgoS 208+76 ms (baseline) ol 419 ms(10

APDgo (ms)
208.3+758
A. Baseline
-60 mv] J
B.PCQOu02.5 M 102.8+23.6

0 mV;
-60 mV]
C.PCOu00 10 M 410+ 9.1
omv
—60 m\/} \ ,k l
<4 <P ‘4—»‘%

600 400 600 300 600
ms  ms ms  ms ms  ms
S1 S1 82 S1 St 82 S1 S1.82

Fig. 1. Transmembrane potential (TMP) recordings of
S1S82 pacing protocol at baseline (A), and PCO400 con-
centrations 2.5 #M (B) and 10 zM (C). As decreasing
S1S2 coupling intervals, action potential duration 90%
(APDso) of S2 decreased at baseline because of resti-
tution properties. However, restitution properties disapp-
eared and relatively long diastolic interval was noted at
high concentration of PCOu00 (B and C).

Table 1. APD dynamics during S152 pacing protochol and VF

S1S2 Protocol

PCOu40 0 pM PCOu0 1 uM PCOu0 2.5uM PCOus0 5 1M PCOu0 10 #M Washout
ERP (ms) 26.9+45.4 195.1+£33.7* 13886241 134.0+482% - -
APDgo (ms) 208.31+75.8 166.1165.9 102.8£23.6* 72.3+15.3" 41.0+9.17 192+4838
Smax 0.6 0.7 07 0.04 -0.01* 1.0

VF

PCOu40 0 pM PCOu0 1M PCOu0 2.5uM PCOus0 5 1M PCOu0 10 #M Washout
APDso (ms) 111.1£31.9 1519+ 935 71.5+442 332+ 557 54.5+28.2* -
DI (ms) 49.5+545 69.9+ 74.4 84.1+6738 28.3+11.6 27.8+20.7 -
CL (ms) 166.4+76.9 2259+160.8 158.6+81.3 64.4+138" 83.1+ 6.7 -
Smax 23 30 13 -0.02" —-1.0% -

#:p<0.05vs. 0 £ M, T:p<0.01vs.0 #M, F:p<0.001 vs. 0 M. APD: action potential duration, ERP: effective refractory
period, Smax: maximal slope of restitution curve, DI: diastolic interval, CL: cycle length
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M) Z A 7HA1ZTHp<0.001). ERPE 269+ 1 7] 9 e Fet vle kst 24
45 ms(baseline) o4 134+48 ms(5 M) E 72Xz =W, Skatel] Fe 21507 W5shs Jujz #
THp<0.01 ; Table 1). AAAIES BE oo Aza  HATHFg. 2B, O). 5~10 xM2] 1555 PCOo0°lA
o7 fEgh AETH F71E AN 166+ © ARSI F71 U AN A2t dL71S
77 ms® WA ke $EA9 S R Fe < 9318 FAZoEA v W Aot A
2A). AL PCOyoolM e Mz 9] A= Al W] Jels Yepblith(Fig. 2D). B Al 71
A. Baseline
omv - APDso 15232 ms
DI 5045 ms
CL 166+77 ms
—60mV -
B.PCOu0 1 M
omv A
APDgo 11194 ms
DI 70+£74ms
-60mVv m CL 159+85ms
C. PCOu0 2.5 £M
omve 9 APDgo 72+ 44 ms
DI 84+68 ms
-60mv { CL 64+14ms
D.PCOu40 10 M
omv b APDgo  54+28 ms
DI 28+21 ms
CL 83+ 7ms
—-60mV B |
‘ 600 ms

Fig. 2. Trnasmembrane potential (TMP) recordings of VF and pro-fibrillatory effects of PCOu0. PCO400 markedly
reduced action potential duration 90% (APDso) and VF cycle length. However, VF became organized at high

concentration of PCOu00 (D).
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Fig. 3. Action potential duration restitution (APDR) curves with PCOuqo infusion. Maximal slope of restitution (Smax)
was steepened at the concentration of 1 M. Whereas, Smax was flattened at higher concentrations (5—10 £ M).
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717741 (166 £77 ms) ol BI3] WAl (G M
of| A 64+14 ms, p<0.01) 3K Table 1). 1AIZF Al
2 Fofl 600 msZ &A] 5793 APDgox= 71AA] 7}
AA 3 EE A (Table 1).

APD ‘¥2o#g°ll OIAl= PCO4go® B

71%71(Smax) Z 5 pM oo arsXol s AASHA 7+
2AHEH0.6914 0.04 ©J3), p<0.05 ; Fig. 3). FEst 11
FE9] PCOswo AT 22 954 APD 33
29) Smax s A4S FAAIZTHO #MelA 2.3, 10
uMellA —1.1, p<0.05 ; Fig. 4). 2894 1 M| A

oM S1S2¢) 2Jgt APDR(0.7) ©lu 954 APDR

PCOy0> S1S2 &% Aojxl APDR =419 Hdf  (3.0)¢] SmaxE S7M171= F&E B3AtHFig. 5A).
300 300
Baseline 1.0 #M
2 200 2
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8 R . %
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E g 200
o
o) 4
o [a]
< 2

100 e 100

Smox=1.3 - Smax=—1.1
0 100 200 300 0 100 200 300
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Fig. 4. Dynamic action potential duration restitution (APDR) curves during VF with PCOu00 infusion. Maximal slope of
APDR (Smax) was increased at the concentration of 1 M. However, Smax was decreased at higher concent-

rations (5—10 #M).

47 0 5152

Smax

% 1 p<0.05 vs.Baseline
w1 p<0.01 vs. Baseline

0 1 2.5 5 10
@ PCOu0 Conc. (M)

1009 '3 vivE Inducibiity

80 | [ Spont. Induction of VF

60 -

40

Inducibility (%)

20

0 1 2.5 5 10
G PCOu00 Conc. (M)

Change in Smax by PCOu00

Change in VT/VF Inducibility

Fig. 5. A: change in maximal slope of restitution curve (Smax) according to PCOu00 concentrations. One M
PCOuw increased Smax. However, Smax was decreased again at higher concentration of PCO400 (5—10 #M)
regardless of $1S2 protocol or during VF. B: changes in VT/VF inducibility. The increase of PCOu40 concentrations
gradually increased the inducibility of VT. However, spontaneous VF induction was higher at the concentration of 1

£ M which resulted in higher Smax.
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Table 2. DFTso and VT/VF Inducibility

PCO«u0 O pM PCOus0 1 #M PCOu0 2.5 tM PCOs0 5 M PCOs0o 10 M

DFTso 1.00£0.98 1.70+£0.95 2.0£0.0 2.0£0.0
VT/VF Inducibility (%) 24.4 38.9 57.1 76.9 100
Spontaneous Induction of VF (%) 0 38.5 (5/13) 38.5 (5/13) 15.4 (2/13) 7.7 (1/13)

DFTso: defibrillation threshold of 50% success, VT/ VF: ventricular tachycardia/fibrillation
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