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ABSTRACT

Background and Objectives : It has been known that various vasoactive agents are involved in the regulation of
cardiac function through the modification of the K" channel activities, including the ATP-sensitive K* channel
(Katp) . We examined the effects of several vasoactive agents on the cardiac Kxrp currents in isolated cardiac myocytes.
Materials and Methods : Ventricular myocytes were isolated from the hearts of ICR mice by enzymatic digestion.
The channel currents were recorded by the excised inside-out and cell-attached patch clamp configurations.
Results - In the excised inside-out patches, bradykinin (BRK; 1-10 M) and prostaglandin 1, (PGI; 10-50 #M)
did not affect the channel activities, whereas the vasodilators increased the attenuated channel activities in the
presence of 100 #M ATP. BRK and PGI in parallel shifted the dose-response curves of ATP (1-1,000 M),
and this inhibited the Kurp currents to the right. Endothelin (ET-1; 0.1-1 nM) and leukotriene D, (LTD; 3-10
#M) decreased the channel activities immediately after making the inside-out patches. However, the vasocons-
trictors did not affect the attenuated channel activities by ATP. In the cell-attached patches, both BRK and PGI
increased the channel activities and these effects were markedly attenuated by glibenclamide (50 #M). ET-1 and
LTD did not affect the baseline channel activities in the cell-attached patches, but they markedly attenuated the
dinitrophenol-induced activities. Conclusion : It was inferred that certain vasoactive substances are involved in
the regulation of cardiac Karp channel activities, and that bradykinin and PGI; enhance the channel activities,
and ET-1 and LTD4 inhibit the channel activities. (Korean Circulation ] 2006;36:516—525)
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50 1M GB
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Fig. 1. Trace showing typical Karp channel activities in the excised
inside-out (IO; top) and the cell-attached (CA; bottom) patches of
isolated mouse ventricular myocytes at -60 mV holding potential
(HP). Channel activities appeared immediately after making IO and
1 mM ATP attenuated the channel activity almost completely. Cha-
nnel activities revived when the ATP was washed out, and glibencla-
mide (GB) attenuated the channel activities again. Dinitrophenol
(DNP) a metabolic inhibitor, induced channel activities in the CA,
and the DNP-induced channel activities were attenuated by GB.
ATP: adenosine triphosphate, Karp: ATP-sensitive K™ channel.
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Fig. 2. Effects of bradykinin (BRK; upper 2 traces) and prostaglandin
I, (PGI; lower 2 traces) on the Kurp channel activities in the excised
inside-out patches. Both BRK and PGI did not affect the channel
activities, but the channel activities, which were attenuated in the
presence of 100 M ATP, were increased by BRK and PGI. HP:
holding potential, ATP: adenosine triphosphate, Kap: ATP-sensitive
K' channel.

] (=) ATP [ (+) 100 zM ATP

-l 0 — —r i
. i [
08 - +
>
G 0.6 T
; .
5 04 |
°©
o
02 -
0.0 ;

1 10 10 50
CTRL BRK (M) PGI (#M)

Fig. 3. Effects of bradykinin (BRK) and prostaglandin I, (PGI) on the
Karr channel activities in the excised inside-out patches. Relative
channel activity 1.0 represents the channel activities for 30 sec imme-
diately after making inside-out patch. Each column and vertical bar
represent mean =SEM of 4-5 experiments. *, T: denote signi-
ficant differences at p<0.05 and p<0.01 respectively, compared with
the 100 #M ATP control (CTRL) group. SEM: standard error of
mean, ATP: adenosine triphosphate, Karp: ATP-sensitive K* channel.
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Fig. 4. Dose-response curves of ATP for inhibition of the Karp chan-
nel activities in the excised inside-out patches. Bradykinin (BRK) and
prostaglandin I, (PGI) shifted parallel the control dose-response curve
(ATP alone) to the right. Each point represents mean = SEM of 4-5
experiments. *, T: denote significant differences at p<0.05 and p<0.01
respectively, compared with the control. SEM: standard error of
mean, ATP: adenosine triphosphate, Karp: ATP-sensitive K chan-
nel.
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ET-1 (nM)

0.01 0.1

0.1
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100 «M ATP

Fig. 5. Effects of endothelin-1 (ET-1) on the Karp channel activities
in the excised inside-out patches. ET-1 attenuated the channel ac-
tivity in a dose-dependent manner (upper 2 traces). ET-1 did not
affect the channel activity in the presence of 100 #M ATP (bottom
trace). HP: holding potential, ATP: adenosine triphosphate, Kxrp:
ATP-sensitive K' channel.
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53] ATP 100 pM Fof Ao 21 57F a3k A s3Ik
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PGI 27} 5o § .m0 Baols slgon L of5e
%= ATP 100 4M Fof Al 7H ZItKFig, 4).

\/ HP=—60 mV

3 kM LTD

10 #uM LTD

1 min

3 tM LTD 10 kM LTD
100 #M ATP

Fig. 6. Effects of leukotriene D, (LTD) on the Karp channel activities
in the excised inside-out patches. LTD decreased the channel activities
in a dose dependent manner (upper trace), but the channel activities
were not changed in the presence of 100 1M ATP (lower trace). HP:
holding potential, ATP: adenosine triphosphate, Karp: ATP-sensitive
K' channel.
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Fig. 7. Effects of endothelin-1 (ET-1) and leukotriene D, (LTD) on the
Karr channel activities in the excised inside-out patches. Relative
channel activity 1.0 represents the channel activities for 30 sec im-
mediately after making inside-out patch. Each column and vertical
bar represent mean = SEM of 4-5 experiments. *, T denote signifi-
cant differences at p<0.05 and p<0.01 respectively, compared with
the ATP-free control (CTRL) group. SEM: standard error of mean,
ATP: adenosine triphosphate, Karp: ATP-sensitive K™ channel.
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1 min
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I OV (041 DA (A (o |

T
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Fig. 8. Effects of bradykinin (BRK) and prostaglandin I (PGI) on
the Karp channel activities in the cell-attached patches. BRK (upper
trace) and PGI (lower trace) increased the channel activities dose-
dependently, and the increased channel activities were significantly
attenuated by 50 #M glibenclamide (GB). HP: holding potential,
ATP: adenosine triphosphate, Karp: ATP-sensitive K™ channel.

10 - [ ] (-) Glibenclamide
(+) 50 «M Glibenclamide
0.8 | T
>
S
g 0.6 + .
: ]
T 04
2 5
L N
0.2 +
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0.0 — o5
1 10 10 10 50 50
CTRL BRK (M) PGI (M)

Fig. 9. Effects of bradykinin (BRK) and prostaglandin I, (PGI) on
the Karp channel activities in the cell-attached patches. Relative
channel activity 1.0 represents the channel activities for 30 sec imme-
diately after making inside-out patch. Each column and vertical bar
represent mean = SEM of 4-5 experiments. *, T: denote significant
differences compared with the control (CTRL) group at p<0.05,
p<0.01, ¥, §: compared with the 50 1M glibenclamide (GB) group
at p<0.05, p<0.01 respectively. SEM: standard error of mean, ATP:
adenosine triphosphate, Karp: ATP-sensitive K channel.
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(Fig. 8, 9).

HP=-60 mV
o ET-1 (nM) 10
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0.1 1.0
50 M DNP
10 pA
1 min

3 M LTD 10 #M LTD

3 M LTD 10 kM LTD
50 M DNP
ATETINTRRY

Tt W i ol
| ‘I! L Bk

i ‘i b il ! Wit “‘ i

Fig. 10. Effects of endothelin-1 (ET-1) and leukotriene D4 (LTD) on
the Karp channel activities in the cell-attached patches. ET-1 (1st
trace) and LTD (3rd trace) did not affect the channel activities at all,
but the dinitrophenol (DNP)-induced channel activities were atten-
uated by ET-1 (2nd trace) and LTD (4th trace). HP: holding potential,
ATP: adenosine triphosphate, Karp: ATP-sensitive K™ channel.
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Fig. 11. Effects of endothelin-1 (ET-1) and leukotriene D4 (LTD) on
the Karp channel activities in the cell-attached patches. Relative channel
activity 1.0 represents the channel activities for 30 sec of the maximum
dinitrophenol (DNP)-induced channel activities. Each column and
vertical bar represent mean =SEM of 4-5 experiments. *, T:denote
significant differences, compared with the DNP control (CTRL) group,
at p<0.05 and p<0.01 respectively. SEM: standard error of mean,
ATP: adenosine triphosphate, Karp: ATP-sensitive K* channel.
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