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nlH = AQ1 Thiopentale] # < A4 A 3Z 2] Transient
outward current (I,) % Inwardly rectifying K' current (Lc)ol

WA e

Al =]

N EA A long QT syndrome(LQTS, QTc interval » 440 ms)<S
Hol:= 3kA:= torsade de pointes®t #o] AHE P 4 A= A

§ N84 RAue] MY 5 Atk LQTS #AelAE Hae AR

Al ulFH A 91 thiopental> AF#olA QT intervals
7} 9eH thiopental®] ©]&gr F¥= E3 FEHFNA 5
717v& AGAI7] = Aol I A gt Thiopental I Lq 2 g <
AAZIY @A 5L Fo] FEAA ARl Hodsts A7l et

THAQL A= ol FoAA UA &

ii{e3
r2
o
>,
)
rr
fot
B=)

Langendorff Aol e A4S dFF &4 A ste] G

Hil

2 Byt EaE A2 ¥+ whole cell mode A4 HES A

gatglon, Lot Lo BFA) 05 mM CdCLE A7kt Ca' )

FAFE A Aol A ZH7he] voltage protocols A &3te] =
etk A $AY FFES ol&dte] AeaSss SA4sNeH, T
&% Q1 microelectrode techniques ©]&3te] A4 &sHAE 43}
At

50 pM thiopental +60 mVolA =43k [, peak currentE 18 +
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1% (mean + SEM) 7AAlZ t} Thiopental o] & %o w& I,9 ®H
glol A ICs= 163 pMS H. 9 th. Ramp protocols 483k 28 of A
50 M thiopental= -130 mVelX FA% In8 HFHAFE 13 + 2%
BAaA AT -140 mVe] v flel Al 50 2 100 pM thiopental2 I <]
FHAFE 7 14 + 2% 2 22 + 4% HAAFHT 50 uM

=
o

thiopental > Icar s 43 + 5% ZFAAlZTh 50 uM thiopental> Al
Fxoll EuE dFS vAA FUt AEdgE A9 50 uM
thiopental® -5 mVe =& EHAL, AL 90%A &9
717bs 76% AFAIF T

A ATAEAA A9 A A= L B Iné® FAl o
Aom AztEm F A AEAA L,e]  current density”7} wi-- %
< e s E oo 1,9 AV dEddee] A e dldew
AZbE Y Ca¥ WEARFY #ion: Bisa AoFEe] Wl ¢l
Lo B L oA Z37F Ca” WddFe #Ha
% anes FANA AEdRY G’ F9&
= AZHEY.

;A== & . Thiopental, rat, ventricular myocytes, I, I, action

potential



vl - E A ¢l Thiopentale] F & AAZAHEL Transient
outward current (I;,) @ Inwardly rectifying K' current
(Il P& 93

A AE A long QT syndrome(QTc interval > 440 ms)S Hol+=
$HA}= torsade de pointes®t #ol S AFY F U= AT AA
A REAguo] st = glon'? wad &4
2 2 AHAA Fe F vFHE wE A AAAELEME,
ventricular fibrillation)®, A4 WM (LEYE MR, ventricular
tachycardia)® 2 AxojE= Al o2 4 9t} Long QT

syndrome(LQTS)e] 1912 AHdAo]AY FH A (acquired)d = U

>4
S
i}
o

b AHH LQTS 3] m3 Aol = torsade de pointes9t &S <FA
ol Wy Jstr] flete] w3 AAAE TEANE F Ue =
g4l =S ¥, % catecholamines F7FA 71 AY E£+ w7t
ANAAS A28 4 Q= vz A4S sy, T3 QT intervale =

NG F G v A AES WE el AFEel AUt w



b THAHoR LQTSE  Heole  #xdA Ao AR
(repolarization) & AFA 7= FAle] ALEA A5FEES doA
torsade de pointes®t 2> Ag AAA FANS ZAAL 5 o
upebA] mpH Al mpE f Al 2 FAA S dEe oleld At A F
Qg ouE zta glvha kAl

AA wH FEel ARESE = AW wHAIQL thiopental (5
mg/kg)L A0 W xolo Al QT intervale A-A7|= &7}
9lo.1, thiopental®] o213t &= 7|y P 77 A w00
AAZAA FEA VIS AT 712A Ad A e d A6

It (AHEAS QT interval A A Ao A o] &5d9] 7]

= 7] (depolarization phase, phase 0), plateau
phase 18] Uw A AZF7]7kA 9] 7]3ke] 200-300 ms7} Aol

A5 AE=o] AdE o &EHe 717be] 440-460 msE =
73k 4 ol gukd oz At A ¥ 9] phase 1 2 plateau phase
o] ZHke K’ o]0 9|3 transient outward current (I)oll 2l&] 2
=™ plateau phaselAe] W& HHFE F= L-type Ca’ current
(Icap)oll o8] AAE. A2 AES plateau’t ¢ % delayed
outward K' current (I)7} &35 a1, A= FHk7]of bguh Aot
o] = inwardly rectifying K current (Iq)7} 2+-&3tA ®ct’ 71y o
S AL HF, A, mFol®, EAFY AT AE E Abghe] A

gEH9 7

aly

= AET e Lot ARS 27l Bea, L9 i



e AFANGE Ay Aol AAE A EoAM AETo] Tolate
AFE F2Z L, 2 IgolH? wabA L2 %A 71709 Wk &
a9 gas st Yt

O%F BEe AZAES o]&d AUAYH AT 9 ¥

=9 thiopentale Iy 2 IS oAlstE Aoz deyd oo
A Tpoll st A= E719 AAE MEE ]88 Martynuk 59
P a3 oo A o]FolA A Wtk Martynuk 5 I 2 Lol
e dFozE 7Y A 9 T8 Tl e BE 5474 Lol
et Frte BE719 AAS AEE 47 o] 88dE v AHES B &
of mE ofAle] wkgo] thE F UE HE TAst B W L& B

3 g Y FoA ARFel 9B M 5 b 4z AF
T

o

(Tio, T, Icap)oll W3k F42Q B 2o Aew Az4dn #9
A EAA A7 A WS o] &% B ATFE Sl v
= oFAQl thiopental®] Lo, la 2 I ol HIXE &35 HF5sa ol &

o) ARIA BEAS V100 AL Aot Aol Y oa S

L 9N AAZ NEEE

250 - 300 g9 % #(Sprague-Dawley)ZE halothaneo. & &< wn}
AAZ geeld, me JWe R heparing Fol F ALE AEEA
o 0.5 XA A9 A4 Tyrode €9 (mM: 143 Na', 54 K,
1.8 Ca*, 0.5 Mg™, 151 CI, 5 HEPES, 0.18 glucose, pH 7.4)¢l ZA]

g7hrol Ao dele WEAZ F 4T W7 A4 Tyrode &



Ho  Frk o] AN dAFE AP diews gk F
Langendorff perfusion systemo] &<~ H
o2 FFAAG 100% 0= EZ3IAIZ 37T A4 Tyrode & Ho =2
oF 10 7+ #3171 & (flow rate: 9 ml/min), Ca® ~free Tyrode &

of (mM: 120 Na', 1254 Cl, 54 K', 5 MgSO4 5 pyruvate, 20

Al A retrograde perfusion

glucose, 20 taurine, 2 nitriloacetic acid, 10 HEPES, pH 74)o. 2 t}
Al SR @AY 1 Fol Ca’free Tyrode &l 9l
collagenase (1 mg/ml, Worthington type II)¢} hyaluronidase (0.4
mg/ml, Sigma type I)E 10-12%7F £=8A7]HA A Ho] EHEH
A= AL BEEAY. o]F 100 mle] KB &9 (mM: 10 taurine,
10 oxalic acid, 70 glutamic acid, 35 K', 25 CI, 10 HsPO, 11
glucose, 0.5 EGTA, 10 HEPES, pH 7.4)0.& <3A 71 & 4= 24
< dAEAT A4, AAAESE A e Aas AAs W F
KB &°fel % il Pasteur pipeto= el &5 2=H& A2
%, 200 um nylon mesh® 2 Wt KB &dd GAA d&= A
AEZE 4T %o 1 A &<t B $ 8 AIgE oo A-&-33

ok 2 mM CaClel =% Al &5 Ho|Ax &3 striation°o] H3lgh

2. A7) AEgAA A
28 H Al AXEE= inverted microscope o SYFA A=
chamberd] 1 10&7F wvpete] 7HeF 948 24 A|Z1 % whole cell

mode At LAWE AMESAT. Ak wAW

A\

A& Axopatch
200B Patch Clamp Amplifier (Axon instruments, Foster city, CA,
USA)E AF&3l9th Patch electrode= borosilicate glass (KIMAX,



American scientific, Charlotte, NC, USA)E A}-£3}91 21, two stage
micropipet puller (PP-83, Narishige Co, Ltd, Setagaya-ku, Tokyo,
Japan)& Ab§-3to] el A &o] 2-3 MQ =S wHEo] AMESA
T AYPE AYWRE(20-220)NA Aldstd e whole cell

6 =3t 7t b ZErE ¥ AdS sk
=43 A 3= A Fol wgl bathing solution¥} pipet solutions &

et vz, el 0 AR 4 Aol wstE vl

%;1
8 &
i
W)
T

At} Data acquisition< version 6.0.3 (Axon instruments) pCLAMP
systeme &2FA] 71 IBM-compatible Pentium-II personal computer=

A3 .

b AXE a2 AE Yo A

MEAHo 7= theyp 2o A9 modified Tyrode& < (mM:
140 Na', 5 K, 2 Ca”, 1 Mg*, 151 CI', 10 HEPES, 1 N NaOH=
pHE 742 Z24)& A&t o] &9& AFAZIE A
whole cell mode7} ¥WH K A5/ (Lo, [ AF tha3 22 +49
g9 (mM: 140 Na', 5 K, 2 Ca*’, 1 Mg*, 152 CI', 10 HEPES, 1 N
NaOHZ pHZ 742 zd)o2 #HFF ZAsAch o §doE Ca™
FAFe AdAE $5 05 mM CdCLE H7betdd. K A

=
£
ZA A patch pipetS A$E= fAozE= ey 7o FAe g

=
of

(mM: 140 K, 1 Ca*, 1 Mg®, 104 Cl, 10 EGTA, 5 HEPES,

N o

Mg-adenosine triphosphate. IN KOHE A}&3le] pHE 730 %
A)S AFEst T Ca® Wd AFE modified Tyrode &9¢ 5
Elol A whole cell mode= A7l & g3 2 FAH &9

(mM: 125 Cs', 20 tetraethylamonium, 2 Ca®, 1 Mg, 151 CI, 10
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kd

How BFF 45
&3 e TAe g
11

HEPES, 1IN CsOH= pH 73°o= x4
gk d7e] FA A patch pipet &40 2= b5
20 tetraethylamonium, 1 Ca”, 1 Mg%, 140 CI,

V7H4] 10 mVA

7o &4
EGTA, 5 HEPES, 5 Mg-adenosine triphosphate. IN HCIE A}-&3}
m
stk Na' W&k

(mM: 120 Cs
o] pHE 7302 %4)& A&t

1. Voltage clamp potocol
40 mVeolA +60
Q3] -40 mVY prepulseE

(1) I
YA E 80 mV=E LA &
=7k A 7FH A depolarizing pulseE 7}ste] =
AFE E2A 3(inactivation) A1717] ¢
bl o ol sl s A wWHFE A5 capacitative current”}
WA S & ZA] outward direction® 2 WEFY™ -40 mVelA 300 ms
polarizing pulseZ 7}sbH %7] peak current’} YEY & 4
3le] plateau current”’} R.o] A B o}
ARE 2243 N2 £
step pulseE 9]

[e)
R

59 d
FdEaS
50 mVZ 50 msE<¢t Na
B -40 mV7FA] 20 mV
200 ms= 3}t Th

= t}. Depolarizing pulse?] 7|7F2
(3) LaT I
Al

Ikl“’]’ Ito'é‘
F kAt
oF &

200 ms&s

A\

protocol2 -40 mVZ
-13091



43k A1z F -30 mVelA +60 mV7HA step pulses 7Fskel A st
2t} Depolarizing pulse® 717F& 300 ms® 3F1t}.

.42 &% 2 3399 &4

250-300 g2 7 F (Sprague-Dawley)E halothane® 2 &< v}

A7 F, 0 Ao heparing FoIF A4 $44 FETE A

>~

=39t HAEd 752 7IARE pine® 2AHAA 71£9 acrylic
=

batholl =3 o2 ¥olA 3 & fFF7(chorda tendinae)d] LHHHE=

Ho
r
rl
o,
i,
o,
rlr
N
L
o
)
rlo
=
1>
N
I
o
D
&
jm)
@
—t
(@}
=]
2
@]
2
il
f
o,
H
b

T
D
S

sk Holo] 25459S YEidle A Hd A4 0.1 Hz= 4
o]
el & Age ARSI 95% 0s56% COz9l &3 7t~z 7]E
32121 A4 Tyroded < (mM: 143 Na', 5 K, 2 Ca”, 127 CI, 1.2
MgS04, 25 HCO™, 11 glucose, 0.1 EDTA)S w3 HXE o] 835}
T 8 mlY £xE F3AFHoH &Ao L= 37T, pHeE 74 +
052 FA3A Y. GRASS S44 stimulator (GRASS Instruments,
Quincy, MASS, USA)ol 4" xHolg 27 HA=S bathel Hoj
Bzske] 2 ms delay, 0.5 ms durationstel]l A2 A=3ch A=
Aree g d99E TEIIE Ha AR 120%E A&kt A
g &2 (peak force) % Hol F¥H WAAEE
(dF/dt-max)e] 574 o= H7lstdvt. 0.1 Hze A=3stol] 45-60 & &
=

S5%o] HgHAGI BUHw 1587 F

SR I B e e

<0
= SASAY. 2o =45 15837 50 uM thiopentaldl] == A]7]



aL, o] % 208 AlH F 35S Hrhskdh

1l ¢ (membrane potential) S WPI VF-amplifier (World Precision
Instruments, Sarasota, FL, USA)o] AZ¥ o] 9l+= 3M KCl-filled
glass microelectrode (10-20 MQ)& 72 7] Ao A4dAz &
ATE 1 HzE 238t =A&dth. =41 A3 Digital storage
oscilloscope (Hitachi VC-6025, Woodbury, NY, USA) % Gould
TA240S (Gould instrument system, Inc., Valley view, OH, USA)E
ol #F, 7IEskh 7 A= 3| grel A el SA A latent period (A
S-gFd9 14, 5-10 ms)E A A= Ao oa FdstA
At & A9 A7|(amplitude), Hd SEF5EHE, A9
A7) 90%ol el &E5A 7ITHAPDy) 2 FA7] whEste] g e

AEE A, kBT, AH S 439

A= mean * SEMOZ FAIgow, P < 0.05 7|9l 7
5 FAAYL 997t e Ao Fsdn. dEad 7 ofsw
T9o] AolE HIF3sl7] $3Fe] repeated measure of analysis of
variance (ANOVA)E Al&3der Uvs  HuZE Student
-Newman-Keuls testE® AH&stATh LaolA 50 pM* 100 pM

thiopental AFo]@] H] 1l unpaired t-testE AR 3} 31t}
m. 23

Thiopental® ¢ F X wg &F-¥g

w3 FE=A] AFE-E = thiopental £ % (6 mg/kg) (penthotal sodium,



3
)
o
off
i

9 Ak Mg, k) Ht H = 93 pg/ml (352 pM)o]

1.0 )
0.8 -
X
®
£
= 06-
-2
©
S
T 04- IC,, =163 uM
£
=
]
4
0.2 -
)
0'0_"""I T L | T L | T """* T rTTTm
1 10 100 000

Concentrations (uM)

Fig. 1. Concentration-dependent inhibition of thiopental on the
transient outward current (I,,) in rat ventricular myocytes. Current
amplitudes of the I, were measured in the presence of various
concentrations of thiopental (1 uM [n=1], 20 mM [n = 4], 50 uM [n
= 12], 100 uM [n = 4], 300 uM [n = 3], 500 uM [n = 5], and 1000
uM [n = 1D).
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100 ms

h O _\
o 1000 pA Y

mV

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. B. 50 uM
thiopental. The broken line indicates zero current level. 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 50 uM thiopental, respectively. Triangles are the

_12_



current level at the end of the test pulses before (open) and after
(closed) application of 50 yM thiopental.
o olF Wi % T 126 pg/ml (48 uM)oll =2etA Ao F

ol ¥l thiopental®] 83-86%% AU oWz ZAtsie=z

il

(free) thiopental®] &%+ 19-16 ug

o &2 thiopental?] Ho FHFFEEE ATt Folrw (1, 20,
50, 100, 300, 500, 1000 uM)ell W& I,o] WIS S92, ICshe
163 uM ©11t} (Fig. ).

Lo

50 pM thiopental +60 mVelA =A% [,9 peak currentE W%
ol HlE 18 + 1% #HaA AW (g xa 3417 + 300 pA, 50 uM
thiopental: 2791 + 241 pA, n = 12, P <0.05) (Fig. 2B), A& & iz
79 97 £ 1% (n=12, NS)EZ 3|55t} 50 uM thiopental +60
mVY® [,9 plateau currentZ 10 + 2% ZFAA#H om (Fig. 2B) Al

A% gde HEPE A BAT 4 AU

Iy

Ramp protocolS 2 -&3F A& 50 uyM thiopental -130 mVel
AN 2R Iy WEFAFS ol vla] 13 = 2% ZaAAoH (4
Za- =3039 £ 419 pA, 50 pM thiopental: -2628 + 323 pA, n = 6, P
< 0.05), AlFe = Estar 718 3Fo] HA ZFe= FFS B
(Fig. 3).

-140 mVe] Aol 50 2 100 uM thiopentale Iy WEHAF=
i z=toll W] ZhzE 14+ 2% (T 4115 + 630 pA, 50 upM
thiopental: -3520 + 532 pA, n = 6, P < 0.05) ¥ 22 + 4% (d=x=a

_13_



-3505 £ 356 pA, 100 uM thiopental: -2771 + 383 pA, n = 7, P <
0.05) HZaAZT (Fig. 4AB). F Fo sx3tel ztol= gldth Al
o 3u

F 2

H
o

vEd 5 gl

50
=
IS
-40 VE
>
50 10007

60
V,, (MV)

1000 -

200041 | (PA)

-3000 -

Fig. 3. Effects of 50 uM 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)
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and in the presence of thiopental (@).

A

Ik1
* 5OMM t hlopental ............ 50 ms
montrol 2000 pA

B

*
*
80 - 1
I
£ 60
o
(&)
S
£ 40 -
o}
e
[0}
& 90 -
0 - y T
50 uM 100 uM

Fig. 4. A. Effect of 50 uM thiopental on inwardly rectifying K
current (Iy;) in a rat ventricular myocyte. B. Effect of 50 uM (n

= 6) and 100 uM thiopental (n = 7) on Ix. * P < 0.05 vs. control.
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L-type Ca?" W& AF (Iear)
50 uM thiopental2 +10 mVol A thzatol W3} 43 + 5% HAAZ
o} (= -837 + 107 pA, 50 pM thiopental: -469 + 66 pA, n =

10, P < 0.05) (Fig. 5). A5 5 d5Fe] 35S a2 5 A

o

A 5
Rested-state, 0.1 2 0.25 Hze] A=A 50 uM thiopental> <=
(Hd Aol EuE dFS vAA FUuT (HET rested-state
193 £ 039, 0.1 Hz 140 + 0.33, 0.25 Hz: 1.22
thiopental: rested-state 193 + 042, 0.1 Hz: 147

0.31 mN/mm>

I+

I+

043, 0.25 Hz:
125 + 040 mN/mm’, n = 10, NS). 20%3+¢] A% F rested state
contraction &A= 3 E o (NS), 0.1, 025 HzAlA & dx
=9l oF 75% = 3 EE ATt (P < 0.05).

A% &5H4

1Hz9] Aol A obde dte -92 mVle™ 50 uM thiopental
Fo] 301 e hgur dete 87 mVE o g FS B,
3027 AMHF -89 mVel AT Ags YEtlAT (n = 1). 50 n
M thiopental F15 APDg= 76% <7tstdom (HFEA: 245 ms,
50 uM thiopental: 43.1 ms) AHE HAJo=z I EHFSITH 50 uM
thiopental o3 dV/dt-max: 3% #AsRow (HEA: 340 V/s,
50 pM thiopental: 330 V/s) A &% tix=x]9] 12%7} 4 s+= A34E
LR
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50 uM thiopental

200/ pA

50

Fig. 5. Effect of thiopental on Ic.;. In a rat ventricular myocyte.
Current trace of Icar 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.
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20 mvV

40 ms

N @

. | :\h AMMMl " »
R N e T
m‘m»qw‘ O o ) ’ !

Fig. 6. Effect of thiopental on action potential duration at 1 Hz
stimulation rate in a rat right ventricular papillary muscle.
Depolarization of 5 mV was observed following 50 yM thiopental
administration (RMP: -92 mV vs -87 mV). Notice the marked
prolongation of action potential duration (APDgy: 245 ms to 445

ms).
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v. 1%
B2 Ao A thiopentale # A AXES Ly, In 2 lcars #HAA
new, #H $AA
At} Thiopentale] ol#st &5 7|+ AFade= 23 71y
PO T A g Ve e o] &3 ATolAM EIF By

At

Loz 2% A%, nel®, B2 9 Algel A ATl A5

-
rd
E
ok
offt
2
do
~N
s
ftlo
re
o
>
N
rr
kol
_\7:1
il

= 9 7Y g e AATZee EAleA Fom, HY Al AlEA
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Abstract

Effect of Thiopental on Transient Outward Current (I,) and
Inwardly Rectifying K™ Current (Ii) in Rat Ventricular
Myocytes

Myung Hee Kim

Department of Medical Science
The Graduate School, Yonsei University

(Directed by Professor Wyun Kon Park)

Patients with the long QT syndrome, either congenital or
acquired, have an increased risk of a serious ventricular arrythmia,
called 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 (I,) and/or the inwardly rectifying (Lq) K’
currents at various animal myocardial preparations. The rat
ventricular cells were used to study the contribution of transient
outward current (I,) and Lq because they possess a variety of K'
channel subtypes including I, and I with little or no Ix, similar to
those of human ventricular myocytes. The effect on Ca® current,
Icar, which can alter the K' conductance, was also observed.

With approval of the animal research committee in Yonsei
University Medical College, isolated ventricular cells were obtained
from enzymatically treated rat heart. The Ic.r. was elicited from a
holding potential of -40 mV to +60 mV under the normal Tyrode

solution. The Ix; and I, was obtained from a holding potential of
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-40 mV before their membrane potential was changed from -130
to +50 mV. Iy was also measured by voltage steps from -140 to
-40 mV in 20 mV increments. The holding potential was -50mV.
It, 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. I, was measured as the peak current. The Icar. was blocked
by adding 05 mM CdCl; during measurement of I. The
contractile force was measured using papillary muscles and action
potential was measured using conventional microelectrode
technique.

At membrane potential of +60 mV, 50 uM thiopental caused
modest depression of I, to 82 + 1% of control From the
dose-response curve from 1 to 1000 uM, the ICsy of thiopental was
163 pM. While 50 uM thiopental caused modest depression of I
to 87 = 2% of control at a test potential of -120 mV, Icar was
significantly reduced to 57 + 5% of control. 50 uM thiopental did
not alter the contractile force. The APDg was prolonged by 76%
following application of 50 uM thiopental. The results are mean *
SEM.

Conclusion:  Prolongation of APD induced by thiopental is
likely to be attributed to the reduction of I, and I.. Considering
the high current density of I, in rat ventricular myocytes,
inhibition of I, seems to be the main cause. It may suggest that
inhibition of I, and Ix counteracts the shortening of APD by
moderate reduction of Ic,r, resulting in enhancement of Ca®’
current, which may result in maintenance of contractile force under

thiopental

Key Words : Thiopental, rat, ventricular myocytes, I, Ik, action

potential.
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