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Effect of Thiopental on Transient Outward Current (I;) and Inwardly Rectifying K° Current (I;) in Rat Ven-
tricular Myocytes
Myung Hee Kim, B.S.l, Kyung Bong Yoon, M.D."Z, Kyung Min Lee, M.D.*, Won Jae Lee, M.D.l, Wyun Kon Park, M.D.!?

'Department of Anesthesiology and Pain Medicine and *Anesthesia and Pain Research Institute, Yonsei University College of Medicine,
Seoul; *Konkuk University College of Medicine, Chungju, Korea

Background: Patients with the long QT syndrome, either congenital or acquired, have an increased development of serious
ventricular arrhythmia, Torsade de Pointes. Thiopental (5 mg/kg) has been reported to prolong the QTc interval in patients
undergoing surgery with normal repolarization. Recent studies have indicated that the clinical concentration of thiopental prolonged
the action potential duration (APD), which was attributed to inhibition of the delayed rectifier (Ix) and/or the inward rectifier
(Ix1) at various animal myocardial preparations. The rat ventricular cells were used to study the contribution of transient outward
current (I,) and I, because they possess a variety of K'channel subtypes including I, and I, with little or no Iy, similar to
those of human ventricular myocytes. The effect on Ca”" current (Icar), which can alter the K" conductance, was also observed.

Methods: With approval of the animal research committee in Yonsei University Medical College, isolated ventricular cells
were obtained from enzymatically treated rat hearts. The Ic,. was elicited from a holding potential of -40 mV to + 60 mV
under the modified Tyrode solution. Iy was obtained from a holding potential of -40 mV before their membrane potential
was changed from -130 to + 50 mV. I, was recorded during depolarizing steps from -80 mV followed by inactivation of
Na'current by short pulses to -40 mV and then depolarized with 10 mV increments to test potentials up to + 60 mV. Ic,p
was blocked by adding 0.5 mM CdCl, during measurement of I,,. Normal action potential was measured using conventional
microelectrode technique.

Results: At membrane potential of +60 mV, 50pM thiopental caused modest depression of I, to 82 = 1% of control.
From the dose-response curve from 1 to 1000pM, the ICso of thiopental was 163pM. While 50uM thiopental caused modest
depression of Iy of 87 £ 2% of control at a test potential of -130 mV, no depression was observed from -110 mV to +
50 mV. Ic,. was significantly reduced to 57 = 5% of control. The APDg was prolonged by 76% following application of
50uM thiopental.

Conclusions: Prolongation of APD induced by thiopental was associated with reduction of I,. Considering the high current
density of I, in rat ventricular myocytes, inhibition of I, seems to play a major role in thiopental-induced APD prolongation.
(Korean J Anesthesiol 2004; 47: 732~ 40)
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measure of analysis of variance (ANOVA)E Al&-3t1om o}

% W2+ Student-Newman-Keuls testS A3}t Lol
] 50uM3} 100uM thiopental A}°]] H|W+= unpaired t-test
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Thiopental®] £ Fx o g &%HF-ukg

ud fEA] AHEEe &% thiopental (6 mg/kg) (pen-
thotal sodium, F2 A|F, A&, )] HF Hy 8%
TEE ugml 352uM)°lH, o|F HiF FF TEE 126
pg/ml (48uM)ol]l =2EHA Hh® FoJ®  thiopental®] 83-
86%E AW wilAn Agslmg & (free) thiopental
) 1.9-16ug/ml (7.2-60uM)ll ajZ-3tA B>

2] thiopentald] Hd A FE=E HAF3}(1, 20, 50,
100, 300, 500, 1,000iM) FHFxol WE 1,9 WIE =3
o, ICso= 163uMO] A TH(Fig. 1).
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Fig. 1. Concentration-dependent inhibition of thiopental on the tra-
nsient outward current (I) in rat ventricular myocytes. Current amp-
litudes of the I, were measured in the presence of various con-

centrations of thiopental [IpM (n = 1), 20 mM (n = 4), 50pM
(n = 12), 100M [n = 4], 300_M (n = 3), 500iM (n = 5), and
1000pM (n = 1)].
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Transient outward K  current

50uM thiopental& + 60 mVeld ZH3 [,9 peak
currentE TIERTo| HlE] 18 + 1% ZAAFAoHHNEZT:
3417 + 300 pA, 50uM: 2791 + 241. n = 12. P <
0.05)(Fig. 2A, C), A& F tlxx9 97 + 1% (n = 12, NS)
2 3EFATY. 50uM thiopental> + 60 mVY w I,9
plateau currentZ 10 * 2% ZAAHSH(Fig. 2B, C) AlH

A ‘ 100 msec B
\ 1000 pA .
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Fig. 2. Effects of thiopental on transient outward current (I,) in a
rat single ventricular myocyte. I, was elicited by test pulses of
300 ms duration from -40 mV to + 60 mV with 10 mV steps.
(A) Control recordings in modified Tyrode solution. The broken
line indicates zero current level (B) 50uM thiopental. (C) Current-
voltage relationship. Open and closed circles indicate the peak
current of I, at every potential in the control and in the presence
of 50upM thiopental, respectively. Triangles are the current level at
the end of the test pulses before (open) and after (closed) appli-
cation of 50uM thiopental.



32 a3 A A 47 B A5 E 2004

A

Ik,
50 uM thiopental
.' S D e LR AT 50 ms
t/o/—ajntrol 2000 pA
100
- _T_ .
80 T
° i
<
8 60
ks i
<
8 40+
@
e i
20
0
50 uM 100 uM

Fig. 3. A. Effect of 50uM thiopental on inwardly rectifying K
current (Ix)) in a rat ventricular myocyte. B. Effect of 50iM (n =
6) and 100pM thiopental (n = 7) on Iy. *P < 0.05 vs. control.
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FARE 2Tl v& A4 14 = 2% (WRT: 4115
+ 630 pA, 50uM: -3520 £ 532 pA, n = 6, P < 0.05)
2 22 + 4% (HERT: 3505 = 356 pA, 100pM: -2771
+ 383 pA, n = 7, P < 005) ZAaAIZTHFig. 3A, B). F
Fo w2z Aole gtk AE & AR ES #F
g gl

Ramp protocolS H&g A3 JA 50pM thiopental -

130 mVelld ZAF I, WFARFESE gz Hlg 13 =
2% FAAZAONZT: -3039 = 419 pA,  50uM:
2628 £ 323 pA, n = 6, P < 0.05), -110 mVelA + 50

mV Apoldl e fzeate ol w2 & gdn A4
oE BTEI A9 Eo] 54 Gt FIL HYTFg 4.

[S1A=N
T

L-type Ca™ current

50uM thiopental> +10 mVOlA] I S tiRTol| HIF 43

t 5% ZAAATHOZERT: -837 + 107 pA, 50uM: -469
+ 66 pA, n = 10, P < 0.05)(Fig. 5). A% & AFo 3=

736

0 60

i Vv, (mV)
-1000
~2000
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Fig. 4. Effects of 50uM thiopental on the inwardly rectifying K
current (Ix) in a rat ventricular myocyte. Currents were recorded
in response to a linear voltage ramp protocol in the control (O)
and in the presence of thiopental (&).

50 uM thiopental

R
PERRIPRETY,
o ot

Control

200 pA

50 ms

Fig. 5. Effect of thiopental on Ic,1 in a rat ventricular myocyte.
Current trace of Ic.y elicited by a test pulse to + 10 mV from
the holding potential of -40 mV in the modified Tyrode solution.
The duration of the test pulse was 300 msec. Control (). 50uM
thiopental (@).
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ot GESE B, 3087 AHF 89 mvel hg



774 3] ] 491 : Thiopental?] I, ¥ Tuol thdt JF

0mvVv

Fig. 6. Effect of thiopental on action potential duration at 1 Hz
stimulation rate in a rat right ventricular papillary muscle. Depola-
rization of 5 mV was observed following 50 mM thiopental admi-
nistration (RMP: -92 mV vs -87 mV). Notice the marked pro-
longation of action potential duration (APDgy: 24.5 msec to 44.5
msec). Control (). 50uM thiopental (@). Recovery (A).
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