o) &hul 3 2815 2] 2006; 50: 454 ~62 0
Korean J Anesthesiol Vol. 50, No. 4, April, 2006

ZOE IOl Sevoflurane?] QT Interval 1% T 1o CHTt
HMI|Ye|erEol o1 F AMMI NEO| KT MEO| O|XK|= ¥

Electrophysiologic Mechanisms of Sevoflurane on Prolongation of the QT Interval: K' Currents in Rat
Ventricular Myocytes

Jee Eun Chae, B.S.l, Chong Hoon Kim, M.D.l’z, Kyung Tae Min, M.D.]'Z, and Wyun Kon Park, M.D.'?
'Department of Anesthesiology and Pain Medicine, *Anesthesia and Pain Research Institute, Yonsei University College of Medicine,
Seoul, Korea

Background: Whereas sevoflurane (SEVO) has been reported to prolong the QT interval, little has been known on the
electrophysiologic effects of SEVO which contributes to the prolongation of action potential (AP) duration.

Methods: The ventricular myocytes were obtained from enzymatically treated rat hearts. The standard whole cell voltage-clamp
methods were used. The AP was measured using current clamp technique. As a repolarizing K* current, the transient outward
K" current (I,), the sustained outward K~ current (L), and the inwardly rectifying K" current (L) were measured. The L-type
Ca®* current (Ica, 1) Was also obtained. After the baseline measurements, the myocytes were exposed to 1.7 and 3.4% SEVO.
SEVO concentrations in Tyrode superfusate at room temperature were 0.35 and 0.7 mM for 1.7 and 3.4% SEVO, respectively.
Results are mean = SEM.

Results: SEVO prolonged the AP duration, while the amplitude and the resting membrane potential remained unchanged.
At membrane potential of +60 mV, peak I, was significantly reduced by 18 + 2 and 24 + 2% by 0.35 and 0.7 mM SEVO,
respectively. 0.7 mM SEVO did not shift the steady-state inactivation curve. Iss was unaffected by 0.7 mM SEVO. The Iy
at -130 mV was little altered by 0.7 mM SEVO. Ic, 1 was significantly reduced by 28 + 3 and 33 + 1% by 0.35 and
0.7 mM SEVO, respectively.

Conclusions: Prolongation of AP duration by SEVO in rat ventricular myocytes is likely to be caused by a reduction of I.
Resting membrane potential was unaffected by SEVO, which seems to be related to no alteration of Ii;. (Korean J Anesthesiol
2006; 50: 454~ 62)
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Setagaya-ku, Tokyo, Japan)& ©]-&3ale] Hohe] A3o] 2.3
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Table 1. Effects of Sevoflurane (SEVO) on Action Potential Char-
acteristics in Isolated Rat Ventricular Myocytes

RMP, mV AMP, mV APDsy, ms APDygy, ms

035 mM SEVO (n = 6)

Control 74 £ 2 130 +5 552 +1 1956 £2
0.35 mM SEVO -74 + 3 127 + 6 687 * 1* 2245 + 2%
Washout 74 £ 3 12866 627 £1 2024 £2
0.7 mM SEVO (n = 7)

Control 74 £ 2 134 +3 529 +0 1849 +0
0.7 mM SEVO -74 + 128 +4 701 £ 1% 2558 + 1%
Washout -75 + 129 +5 5270 17.02 +1

Values represent means * SEM. RMP: resting membrane potential,
AMP: action potential amplitude, APDsy and APDg: action potential
duration measured at 50 and 90% of repolarization, respectively. *: P
< 0.05 differed from control and washout values, TP < 005 differed
from 0.35 mM SEVO.
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Fig. 1. Effect of sevoflurane (SEVO) on action potential duration in
a rat ventricular myocyte. C represents control.
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Fig. 2. Effects of sevoflurane
(SEVO) on transient outward K
currents (I,,) in rat ventricular myo-
cytes. (A, B) Recordings of control
(A) and 0.7 mM SEVO (B) in a rat
ventricular myocyte. (C) Current-
voltage relationships of I,. Closed
* and open circles indicate the peak
current of I, at every potential in the
control and in the presence of 0.7
mM SEVO, respectively. Triangles
are the current levels at the end of
the test pulses before (closed) and
after (open) application of 0.7 mM
SEVO. (D) Effects of 0.35 mM and
0.7 mM SEVO on the amplitude of

1nA

100 ms
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035 n = 6) ¥ 07 mM (n = 7) SEVO& ¢Hgeh A
FEA9 e A7)0 FTL mR A Pgo), FE A
9] 50 2 90% (APDsy, APDs)olM <9l A%
B TH(Table 1, Fig. 1).

. +
Transient outward K™ current

0.35 mM SEVO+= +60 mVoA =73 [,2 peak current
Z x| Hl8) 18 £ 2% ZAAIALHMm = 7, P < 0.05)
(Fig. 2D), A& F X2 FEHA 035 mM SEVO+=
+60 mVolA 1,9 plateau currentE 10 + 3% ZAAFOH
P < 005, AF & gzA=2 FJEHI

0.7 mM SEVOE +60 mVolX A3 1,9 peak currentS
zTd Hs) 24 = 2% ZAAASHD = 11, P < 0.05)

0 0.35 mM
SEVO

457

0.7 mM

Io. *: P < 0.05 vs. control. Error
SEVO

bars indicate mean + SEM.

(Fig. 2A-D), A3 ¥ dzx=2 FEHJTh 0.7 mM SEVO=
+60 mVolA 1,2 plateau currentE 10 + 2% HAAIZHOH(P
< 0.05) (Fig. 20), A& ¥ 22 IEEHIJh 1,9 peaks}
plateau currentoll A 7 Fo] FE Atolo] zole gllHh 0.35
9 0.7 mM SEVO F¢ FA 1,9 peak currentd] HZX =
Zv7; 382 + 054 % 3.64 £ 030 nA¥ 2™, plateau current2]
Hz2e 42 151 + 012 2 152 + 0.10 nAGT

Sustained outward K' current
Lol A (Fig. 3A) 5 mM 4-aminopyridineS T A IS
A2 4+ YA W (Fig. 3B, C), 0.7 mM SEVO Fo] A ®
32 Holx ekkthn = 6, NS) (Fig. 30).

Steady-state inactivation of I, (Liossi)

0.7 mM SEVO©| A 1,9 inactivation curve= Boltzmann dis-
tributionS R MO M (Fig. 4A) IZT9] half inactivation (Vi)
£ 3153 £ 068 mV, 0.7 mM SEVO ¥4 A= -35.04
t 084 mVE F ¢ 7+9] Ao]E HolA] ¢isktkn = 4, NS)
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Fig. 3. Effect of sevoflurane (SEVO) on sustained outward K

currents (Iws) in a rat ventricular myocyte. (A) A control recording of
transient outward K’ currents (Io). (B) Ius obtained following
application of 5 mM 4-aminopyridine, a specific blocker of IL,. (C)
After 0.7 mM SEVO exposure. SEVO had no effect on Ig.

(Fig. 4B).
Inwardly rectifying K* current

0.7 mM SEVO ¢ A] -130 mVellA]
I zpolE HolA] ¢hthn = 7, NS)(Fig.
E719] Aole gtk -130 mVAAY R E -
0.25 nAQt}.

L-type Ca™ current

035 2 0.7 mM SEVO+= Wzl Hls] 242t 28 + 3% (n
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0.7 mM SEVO 50 ms

2nA

‘ Control

B _D \Y
80 m m
-140 -120 -100 -60 -40 -20 [0 20
_1_
_2_
nA =31

Fig. 4. Effect of sevoflurane (SEVO) on inwardly rectifying K current
(Ix) in rat ventricular myocytes. (A) Closed and open circles indicate
control and 0.7 mM SEVO in a rat ventricular myocyte, respectively,
at a membrane potential of -130 mV. (B) Current-voltage rela-
tionships for Iy before and after addition of 0.7 mM SEVO. Closed
and open circles indicate control and 0.7 mM SEVO, respectively.
Error bars indicate mean + SEM.
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Fig. 5. Steady-state inactivation of I.. (A) A representative control
recording in a rat ventricular myocyte. Cells were clamped to a range
of conditioning potentials from -100 to 0 mV followed by a test pulse
to +80 mV to evoke residual I,. (B) Steady-state inactivation curves
are shown under control conditions and in the presence of 0.7 mM
sevoflurane (SEVO). Closed and open circles indicate control and 0.7
mM SEVO, respectively. Data are presented as mean + SEM for four
cells and were fitted with the Boltzmann function. The half-
inactivations (Vi) of control and 0.7 mM SEVO were -31.53 + 0.68

mV and -35.04 + 0.84 mV, respectively, which showed no
differences.
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Fig. 6. Effect of sevoflurane (SEVO) on L-type Ca”" current (Ica, 1)-
(A) A representative example of the effect of SEVO on I¢, 1 in a
rat ventricular myocyte. The open circles represent the peak of an
individual current record. The horizontal bar indicates the period when
an anesthetic was applied. (Inset) an example of individual currents
recorded in the presence of 0.7 mM SEVO. (B) Depression of I¢, 1
following application of 0.35 mM and 0.7 mM SEVO, respectively.
*vs. control. Error bars indicate mean + SEM.
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