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ABSTRACT

Background and Objectives : Reactive oxygen species are known to be produced when atrial fibrillation develops.
This study was performed to investigate the effects of hydrogen peroxide (H;O,) on the action potential parameters
of the mouse atrium. Subjects and Methods : Mouse (ICR) atrial fibers were excised and immersed in cold bicar-
bonate-containing Tyrode’s solution. The preparations were then perfused with oxygenated (95% O,, 5% CQO,)
Tyrode’s solution and driven by an electrical stimuli 1 ms in duration at a frequency of 1 Hz. The transmembrane
potentials were recorded at 0, 2.5, 5, 10, 20 and 30 minute, and compared between groups I (control), I (H,0, 0.1
mM), III (H,O, 0.5 mM) and IV (H,O, 1 mM). Results : In group I, the maximal diastolic potential (MDP),
action potential amplitude (APA), maximal slope at phase O depolarization (Vmax), action potential duration until
50% and 90% of repolarization (APDso, APDygo) were unchanged with increasing time. In group II, the MDP and
APA were unchanged, but the Vmax was decreased, and the APDsy and APDy prolonged. In group III, the MDP
was increased and the Vmax decreased; the APDsy and APDy, were prolonged, but the APA unchanged. In group
IV, the MDP was increased, the Vmax and APA decreased And the APDso and APDy, prolonged. After-depolari-
zation was observed in 40% (8/20) and 54.5% (12/22) of groups III and IV, respectively, and asystole occurred in
18.2% (4/22) of group IV. Conclusion : Hydrogen peroxide changed the action potential parameters in both time
and dose dependent manner, and also elicited after-depolarization at higher concentrations. These results suggest
reactive oxygen species are involved in the electrical remodeling and arrhythmogenesis in atrial myocardium.
(Korean Circulation J 2006;36:108—114)
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Table 1. Effects of tyrode solution superfusion on action potential parameters in the mouse atrial fibers at each time

Baseline 2.5 min 5 min 10 min 20 min 30 min
MDP (mV) -7183%7.1 -81.8+6.9 -80.3+6.8 -81.3%+17.0 -719.6£17.6 -80.1£8.9
Vmax (V/sec) 206.4£50.8 208.4£51.1 219.9+48.1 212.1£48.4 210.3+48.8 219.9+48.1
APA (mV) 99.6+5.8 102.0+5.7 101.4£5.8 102.1£5.9 102.8+6.9 103.9+7.4
APDs5 (ms) 99.2+128.5 97.3£17.1 98.7t17.5 98.4+15.7 975164 98.0t14.2
APDyo (ms) 170.0£60.1 163.4+35.0 165.031.4 168.1£28.4 167.5+29.5 168.41+25.6

Numerals are mean+SD. MDP: maximal diastolic potential, Vmax: maximum upstroke velocity of phase O depolarization, APA! action potential
amplitude, APDsy and APDyo! action potential duration at 50% and 90% of repolarization, respectively
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Table 2. Effects of hydrogen peroxide superfusion on action potential parameters in the mouse atrial fibers at each time

H,0, 0.1 mM

Baseline 2.5 min 5 min 10 min 20 min 30 min
MDP (mV) -74.5+10.5 -75.9+17.6 -76.1+13.3 131+ 14.7 -712.0+19.7 -711.9+15.0
Vmax (V/sec) 209.1+51.3 217.1+53.2 206.3+44.0 194.8+41.7 195.1+67.8 166.1+88.8*
APA (mV) 98.3+17.7 102.3%3.9 97.0+7.1 93.3%+9.8 87.8+15.2 90.3+15.4
APDjs, (ms) 100.5+16.7 107.3 =111 108.3+19.4 116.1 £21.7* 119.9+30.0* 134.4+43.4*
APDso (ms) 180.8+30.0 193.1+19.8 195.0+35.0 209.0+39.1* 199.1+ 38.0* 241.9+78.2*

H,0, 0.5 mM

Baseline 2.5 min 5 min 10 min 20 min 30 min
MDP (mV) -76.1+12.2 14.7+13.5 148+ 12.5 -14.7+12.9 -73.1%£11.9 -713.6+12.2
Vmax (V/sec) 208.9+31.2 223.1+29.9 209.2+34.3 190.4+50.6 197.9+27.9 111.0+51.57
APA (mV) 104.8+4.2 104.7+5.8 103.2£6.6 100.1%7.2 99.8+3.4 75.0+10.9*
APDso (ms) 92.2+14.7 96.4+11.9 109.9+19.1 135.2£32.3* 161.0+57.3* 219.7+73.87
APDgo (ms) 166.0+26.4 173.5+21.4 197.7+34.3 243.3+58.0% 289.8103.1* 389.6+172.51

H,0, 1.0 mM

Baseline 2.5 min 5 min 10 min 20 min 30 min
MDP (mV) -80.2+7.7 -82.9+72 -79.9+8.7 -79.4+9.2 -743E11.4 -65.0+8.0*
Vmax (V/sec) 197.2+54.5 223.41+56.4 205.8+73.8 186.6+71.2 146.6+£79.1T 101.1+36.4T
APA (mV) 102.1£6.9 104.6 4.7 101.7+7.0 102.4+7.8 81.6+34.4 71.6+13.9*
APDjs, (ms) 89.2+15.0 95.8+20.0 118.3 =34.0* 130.0 +38.0* 17325437 216.5+95.8"
APDso (ms) 160.5%27.0 171.8+36.0 213.0+61.2* 233.9+68.4* 311.7+97.67 395.5+132.81

Numerals are mean =SD. MDP: maximal diastolic potential, Vmax: maximum upstroke velocity of phase O depolarization, APA: action potential
amplitude, APDs, and APDyo: action potential duration at 50% and 90% of repolarization. *: p<0.05, 1: p<0.01, as compared with the baseline

Ho0, 0.1 mM FA S E3TiQ £ B

MDP= 7|4 ~74.5410.5 mV, 2,55 ~75.9+17.6 mV, 5
H -76.1£13.3 mV, 10& —73,7+14.7 mV, 20& -72.0+
19.7 mV, 305 —71.9+15.0 mVORA Qolat 2ol 919
t} Vmaxs= 7]A 209.1+51.3 V/sec, 2,55 217.1+£53.2
V/sec, 58 206.3+44.0 V/sec, 105 194,8+41.7 V/sec,
208 195.1+67.8 V/sec, 305 166.1+88.8 V/secZA] 7t
Ak AokE Bl 53] 30+ Aol FrolshAl A
319 tHp<0.05)., APA= 7|4 98.3+7.7 mV, 2.55 102.3+
3.9 mV, 5& 97.0+7.1 mV, 10& 93.3+9.8 mV, 205
87.8+15.2 mV, 30& 90.3+15.4 mVZ G235t Hsl= ¢l3]
t}, 50% AE=7HAY] Ee9] 71 714 100.5+16.7 ms,
2.5% 107.3+11,1 ms, 5& 108,3+19.4 ms, 10& 1161+
21,7 ms, 20 119.9+30.0 ms, 30+ 134.4+43.4 msZEA]
ZRke ATE BT 10273} 4] e elop] 27}
S151eHp<0.05). 90% A7) BEHS| 7I2ke 714
180,8+30.0 ms, 2.5 193,1+19.8 ms, 55 195.0+35.0
ms, 105 209.0439.1 ms, 205 199.1+38.0 ms, 30
241.9+78.2 ms=2EA] APDs2| A9} nrVX| 2 V6=
A% Bl 105745 4| e Solsb 27 0,05,
Table 2).
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11,9 mV, 308 —73.6+12.2 mVZA] 8-29J3t H3k= I}
Vmax+ 7|4 208.9+31.2 V/sec, 2.5 223.1+29.9 V/sec
58 209.2+34.3 V/sec, 10 190,4+50.6 V/sec, 205
197.94+27.9 V/sec, 30 111,0+51.5 V/sec2A] 30271}
Alofgt f-2J8A] 2H4x513Ith(p<0.05). APA= 7|A] 104.8+
4.2 mV, 2,58 104,7+5.8 mV, 5& 103,2+6.6 mV, 105
100,1+7.2 mV, 20 99.8+3.4 mV, 30+& 75,0+10.9 mV
BA sl AEE 2ol 53] 307 A o= Fofst

| 2235} ATHp<0.05). 50% AEZ7FA] Q] BEAS] 7|71
714 92.24+14.7 ms, 2.5% 96.4+11.9 ms, 55 1099+
19.1 ms, 105 135,2+32.3 ms, 20 161.0+57.3 ms, 30
W 219.7473.8 ms2A| F7ISh= BEE EA=t 102783
A R golsh] Z715HIcKp(0.05). 90% AEI7HA]
=9 717 7)A 166.0+26.4 ms, 2,58 173,5+21.4
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Fig. 1. Effects of hydrogen peroxide on action potential configuration in the mouse atrial fibers at 30 minute in group I (A, control), group II
(B, H;O; 0.1 mM), group 1T (C, H;O; 0.5 mM) and group IV (D, H;O, 1.0 mM). After depolarization was elicited sometimes in group IIl and V.

304 AIA|ol= o5 £7181REHp<0.05), Vmaxs= 7]A]
197.2454.5 V/sec, 2.55 223.4+56.4 V/sec, 55 205.8+
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£ 104.6+4.7 mV, 558 101.7+7.0 mV, 105 102,4+7.8
mV, 205 81.6+34.4 mV, 305 71.6+13.9 mVEA] 7tk
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THp<0.05). 50% AEZ7IR| 2] A9 7]71-S 7|4 89,2+
15.0 ms, 2,55 95.84+20.0 ms, 5% 118.3+34.0 ms, 10
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95.8 msEA] FA|F] Z7IeH= ARS B 55 ATpA|EE
SolalA Z71s1hp0.05). 90% AHEI7IA 9] FEH9)

717+ 714 160.5+27.0 ms, 2.5% 171.8+36.0 ms, 55
213.04+61.2 ms, 105 233,9+68.4 ms, 20 311.7+7.6
ms, 30 395.5+132.8 ms2A] APDs 0] 799} upairix]
2 A3 STt 5= AIARE [l ST
tHp<0.05, Fig. 1, 3)(Table 2).
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Fig. 2. Influence of hydrogen peroxide 1 mM on atrial contraction and
after-depolarization. Action potential was not elicited sometimes and
frequent after-depolarization occurred with HO; 1 mM.

ni

H Ao A HyOo= 5, A7 oJEF 02 A3 AL
phase 0 B9 I AsEr(Vmax)E TAA7]1L, B
% 50% 9 90% ARI7AXO] 7|7ke A% ATt ol
H2027} DA AE FZH Al awefo] S71s10]
H:0,7} dpgo e A= Aeole Ala 2ol S7ie
5, 7|Zto] dFEes AUEY A71A ARGl
w]zicka o AIc

ox
001'

E

B AdsE Azl ol siot 2357
) 271 A Be) Aol ol b A5
AdAl7)e 2 717e] Bekal gelA 9lek "™ ol vera-



112 Korean Circulation J 2006;36:108-114

240
210+
180 - *
@ 150 !
>
< 1201 !
5 -o- Group | u
g 90 |-= Groupll
>
601 —&- Group lll
-4 Group IV
30+
0 L L L L L L L L L L L
Baseline 2.5 5 10 20 30
Time (min)

APDyo (ms)

-o- Group |
- Group Il
- Group lll
—4 Group IV

350+
300+

250

200+
150
100+~

0 [ I R S S
Baseline 2.5 5 10 20 30

Time (min)
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of repolarization (APDy). Group I (control), group II (H,O, 0.1 mM), group 111 (H,O, 0.5 mM) and group IV (H,O, 1.0 mM). *: p<0.05, T: p<0.01, as

compared with the baseline.
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