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Effects of «-Opioid Agonist on ATP-sensitive Potassium Channel Activity
in Isolated Ventricular Cardiomyocytes

Ling-Hua Piao, Meijin Wu and Jae-Ha Kim*

Department of Pharmacology, Chonnam National University Medical School,
Chonnam National University Research Institute of Medical Sciences, and The Brain Korea 21 Project,
Center for Biomedical Human Resources at Chonnam National University, Gwangju, Korea

It is well known that opioid agonists are released from the myocardium during hypoxia or ischemia, and
that ATP-sensitive potassium channels (Karp channels) exist in the cardiac cell membrane and function as
a cardioprotector preventing the myocardium from ischemic damage. In the present study, therefore, to
determine whether opioid agonists are involved in the regulation of ATP-sensitive potassium channel
activities, effects of the «-opioid agonist DAMGO were examined on Karp channel activities by using
excised inside-out and cell-attached patch clamp techniques in enzymatically (collagenase and protease)
isolated mouse ventricular cardiac myocytes. In the excised inside-out patches, DAMGO (1~300 /mol/L)
inhibited Karp channel activities in a dose-dependent manner. Kare channel activity, which had been
attenuated by the addition of ATP (100 «mol/L) to the internal solution, was not reactivated by DAMGO.
The fashion of the single-channel inhibition by DAMGO was that both channel opening frequency and mean
open-time were decreased, but the amplitudes of single channel currents and channel conductances were
not altered. The half-maximal inhibition concentration (ICsp) for DAMGO was 18 xmol/L. In the cell-
attached patch configuration, however, DAMGO (1~300 «mol/L) increased dinitrophenol (50 1 mol/L)-
induced Karp channel activities. It was inferred that the . -opioid agonist is involved in the regulation of
ATP-sensitive potassium channel activity in cardiac myocardium, agonizing (through internal target) or
antagonizing (through external target) the inhibitory action of ATP in a competitive manner, thereby
attenuating or enhancing the channel openings.
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Patch clamp A3dl] AT @ AAIAZY Rl
A% 25 g W91] ICRA 4218 94 F8l0] AHS39Th
WS AFETHOR AN T A4S A0 AR A
=3tk qud ARS 4°C 100% A2 ¥3hE Tyrode
gol(z4: 137 mM NaCl, 5.4 mM KCl, 1 mM MgCl,
1 mM CaCl,, 0.33 mM NaH,PO,, 10 mM HEPES, 10
mM dextrose, pH= NaOHE A}&3le] 742 Z4) Yol
A HAIZEE o] 88t SRR A (x20) Alofol A FHHA
A3} AYEAES AASkL el catheters AT
¥ RAA

Langendorff Z=x]ol| E&]d AL g1 37°CY| Tyrode
SAS WFeHS T3 1.5 mL/ming =2 58 #F
ARG oo AAUE] §E WA Cafree Tyrode
$907 BRAYIT Aol 2413 o|gsIE 0.6 mghlo)



40 HEos=X] w453 13 2009

collagenase (Worthington Biochemical Co. CLS;) 9} 0.15
mg/mLe) protease (Sigma type XIV)E €438 Ca’'-free
Tyrode §H02 oF 2587 AFAIZ T, wiA|2EC.Z high
K low CI~ £8(24: 20 mM taurine, 70 mM glutamic
acid, 25 mM KCl, 10 mM KH,PO,, 3 mM MgCl,, 0.5
mM EGTA, 10 mM HEPES, 10 mM dextrose, KOHZ
pHE 7352 HA)S 5 #FAIA A% el Holle
FAE AAANH

28he Ao 23E A4 HES woffo] high K -low
Cl &oo] Y1 ofe] AAOF A& U5 pipette ©& 7}
WA 71AA A=E o] Y AATAES EEEtd &
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"] 7 (inverted microscope, American Optical Co.)A}ol| A
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Patch clamp& wAAZL Y7 1.5 mm9 borosilicate
A2 (Clark Electromedical Instruments Co., PG150T-
1.5)& w|A|AZA2F7] (Flaming/Brown Micropipette Puller,
Sutter Instrument Co., P-97)& o|&3}e] Ado] 4~5 M
Q Az9A ¥y 3sHEu] 7 (stereozoom  microscope,
Nikon, SMZ-2B) 3fellA mAld= wek 24 F-94717]
Sylgard (Corning Co.)& =¥3 & 7[€dd UIEA 3}
A AZAA. oA THE R A=) Beks T
8+al ) 7 (Microforge, Narishige, MF-83) 3}ol| A #2500
Hi)shAx] A dekel] E& 7kste] thE-2(polishing) +
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5 2 AF+= gigaohm-seal patch clamp ¥ 5 excised
inside-out¥} cell- attached membrane patch ¥ (Fig. 1)"
S ARESte 7)E5)9th Patch clamp ZE7](Axopatch
200A, Axon Instruments Inc.)E Es}lod(o]ul cut-off
frequency= 2 kHz) SAH 271420 Ase bAE As
71%7](digital data recorder, Instrutech Co., VR-10B) &
A HIY 2 (SAMSUNG, SV-14D) Hlo]xzo] 7]=3}4ch
ST ZHFY B4 HYH oz 7|5H S AAE)

o] A/D converter?] Digidata 1200 interface (Axon Ins-

Inside-out Cell-attached

Fig. 1. Patch clamp configurations used in the present study, Excised
inside-out (left) and cell-attached (right) configurations respectively.

truments Inc.)ol] AZAst] T2 73 pClamp (Axon Ins-
truments Inc.)E o] 83t FAFE|Y AAstn EAstHTh
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bath solution® 2ZA Z}z} K-5 £aS ALESATHERAL
140 mM KCI, 2 mM MgCly, 5 mM EGTA % 10 mM
HEPES, pH+= HCIZ 7.22 F7).

Opioid 84 254 DAMGO, Karp 52 2HA
glibenclamide, tQAFAA] 2,4-dinitrophenol, Adenosine
triphosphate 52 AFE3t9lom BEF Sigma Chemical
Co.2H¥ FYstath
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1. Excised inside-out patch ASHA ATP-DIZM ZES
Z(Karr S2) MF2 &

29 AT AFN ATPfree K-5 9 B Sfol
excised inside-out patchE TH511 —60 mVY FA] A
(holding potential) S 7}sbd ek AFe] B2 Aol
Epdt}. olojA AFEE BEdd ATP 1 mmol/LE A7}
P T2 ZAo] FA} ofstElo] 17 73 Alddle &4 A
) e gieh ATWE RS ATP} e 43
Aoz wAsE B2 F4o] ] i) Alatste] 3
743} Alof|&= excised inside-out patch A]3) 2% 9] &
3 HIZE FEE FARGL o AETYZE D5
AAQ1 glibenclamide 50 s mol/LES 7}
A T2 o] HAF ofstE|o] wA|
2 240 A yehA eistthFig. 2).
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600 piriec

gt sl @ 2911 p-Opioid ZEH 2t Karp S2EE 41

Atk —60 mV FAHLA 9 @A E2 AR HAA=
—3.740.26 pA (591 3 79 FE7} DEUE dwell
time¥} T2 44 HTv wlE IAAS oY T2
EMog Hol B AT inside-out patcho]xe] ¢ &
2 4 ATP-TI(Kare) B2 E4%0] Ik

\/HP=—60 mv

ATP 1 mM

10 pA

1 min
Glibenclamide 50 pM

Fig. 2. Representative recording of the typical Kare channel activity
in the excised inside-out patch at —60 mV holding potential, The
channel activity was appeared immediately after making inside-out
patch, and 1 mM ATP almost completely inhibited the channel
activity, The channel activity reappeared when the ATP was washed
out from the bath solution, and then 50 M glibenclamide inhibited
the channel activity,

pA
o) ge)

0/ 62pS

Fig. 3. |-V properties of the ATP-
sensitive K channel (Karp) currents.
Recordings were obtained in excised
inside-out patch membrane of isolated
rat ventricular myocytes at different
clamp potentials ranging from —100
to +100 mV (right panel). The current-
voltage relationship (left panel) was
plotted with the single channel currents
of the right panel,
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E A9 insid-out patch A= —60 mV X714
Alol] Yehvks & ARE Ao sigickFig. 3).

2. Excised inside-out patch?| MZL{Z
DAMGO7t Karp S2EH0 0= I

DAMGO (1~300 zmoll)E S234& Az, 1
7440 ATE &2k vlEsle] o™ half-maximal in-
hibitory concentration (ICs0)-& 18.5+3.7 g mol/Lo|th
(Fig. 4, 5).

DAMGO?] F284 A Fde FZEHY W% (fre-
quency) ¢} i E37])7Hmean open-burst time)2 A
3] ZaAF oY @Y B2 A7 A7 = HIAA
&) T3t excised inside-out patcho]A DAMGOE %
ofslr] 2 thxwellM e AR-Ast WAFAH AZTHS
HFAol DAMGO 100 zmol/L 3 3 558 73} A9

DAMGO (uM) 1 min

1 10 100

Fig. 4. Effect of linoleic acid on the Kam channel activities,
Recordings show that DAMGO (1~100 #mol/L) inhibited the
channel activites at —60 mV holding potential in the excised
inside-out patch,
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£ 60 IC=18.5 uM
S
©
k]
§ 407
=
=
£
x 20+
0 T T T 1
0.1 1 10 100 1,000

DAMGO (log uM)

Fig. 5. Dose-response curve of Kare channel inhibition by the
DAMGO in the excised inside-out patch, Each points denote the
mean of 3~4 experiments and the vertical bar is SEM.

AF-AYPA FHo=2RE AL conductance:= 2z} 62
+1.4 2 62+1.6 pSEA(Z 4of) F 7t F2J3 zo]7}
gtk & 2 Ao DAMGOE Karp 529 %% (con-

ductance) o= G&2 w|X]A] St}(Fig. 6).

3. Excised inside-out patchiA] DAMGO7} Karp S2&
ME Z7INZE = Us K2 017 =l

= T ML

ATP-free K-5 £ 5 3}l 4] excised inside-out patch
E A3t AZo|= AME W [ATP]i7} O (zero) Q1 Atejo]=
2 Karr 2840] HdE2 yeidth ued S224s
77 FE S9E 2dF o] YA %S Aol
DAMGO7} Karr 284S 712 F e 7FsAs
Yol R 114} excised inside-out patch®] A|EZ HF-H
ATP 100 pmol/LS Fojate] E2EAS ofsial7]a o
7]¢l DAMGO 50 umol/L A7kstel 24 nAe
FeFS AT 22y DAMGOE ATP &4 &9 o
st SEZAS F7HI7IA Felik(Fig. 7).

4. Cell-attached patch AWM ATP-RIZN ZE
&) M7 =l

SE(Kare

9 AAZ A ZAA ATP-free K-5 88 #F 3foA]
cell-attached patchE ¥FH=11 —60 mVY FA A< (hol-
ding potential) & 7FsPH wlwgt Axo] W3y A7 5

2 Aol YEldth  olojM  #Fde  thAIAAIQ
pA
6 -
4
2
mV
-100 -80 -60 -40 -20 100

_2 -
4l O None

0 DAMGO 100 uM
_6 L

Fig. 6. Influence of DAMGO (100 «M) on the current-voltage curves
of the ATP-sensitive K™ channel (Karp). The current-voltage relation-
ship was plotted with the single channel currents in the excised
inside-out patch at different clamp potentials, and the channel
conductance was not changed by the DAMGO,



\’/HP=-60 mvV 10 pA

DAMGO (uM) 1 min
ATP 100 pM

Fig. 7. Effect of DAMGO (100 « M) on the attenuated Karp channel
activity in the presence of internal 100 «M ATP in the inside-out
patch at —60 mV holding potential, DAMGO did not increase the
channel activity,

? / HP -60 mV 10 pA
1 min

Glibenclamide 50 uM
DNP 50 uM

" |.
i Uil \H

. s
1T |

Fig. 8. A trace showing typical Katr channel activities in a cell-
attached patch of an isolated mouse cardiac myocyte at —60 mV
holding potential (HP). Dinitrophenol (DNP) induced channel activities
and these activities were inhibited by glibenclamide,

dinitrophenol (DNP) 50 gmol/LE& H7fslH B2 &4
o] Fzt F7tEol 3% A Aol &4o] A Az
et} ol HEAL Karp B2 IR glibenclamide
50 pmollL & AKE AFEo WA F2EAol
AAp ofstEo] 17 AREHE 2840 Huz A=
, TA] ATP-free K-5 €02 #AF3PH AMA3] &Ado]
7¥etdth(Fig. 8). #A1-$ —60 mV A9 & T2
2]+ inside-out patch A& oxo] 799} v]S=51A|
—3.840.19 pA (59 3 79 F27} DEUe dwell
tmest $2P9e) Fri Wl BA o199l ¥z
EMo=m Hol B AFY cell-attached patchol|Ae] &
TR ATP-IIH(Karr) B2 ZAY0] gRI=AU
B A9 cell-attached patch o= —60 mV -3
9 3141 DNP %] Ao Uehbe U 458 49 1)
4o2 s5ih(Fig. 8).

o Rl

>or

5. Cell-attached patch®|A bath {0 £0{5t DAMGOZ}
DNP-induced Karp S2EM0| O|X|= P&

Cell-attached patcholl4] DNP 50 z mol/L-& bath®o)

gt sl @ 2910 x-Opioid ZEH 2t Karp SZ2EM 43

? / HP -60 mV

DAMGO (uM) 1 min
10 100

DNP 50 uM

Fig. 9. Effects of DAMGO (10 and 100 «mol/L) on the dinitrophenol
(DNP)-induced Karp channel activities in the cell-attached patch at
—60 mV holding potential (HP), DAMGO increased the DNP-induced
channel activities in a dose-dependent manner,

207 mm None
B DNP (50 uM) 1
] DNP+DAMGO (10 uM) l
154 [ DNP+DAMGO (100 uM)  *
>
s
©
©
o 1.0 1
=
&
[0}
04
0.5 4
O-O . T T T 1

Fig. 10, Effects of DAMGO on the dinitrophenol (DNP)- induced
channel activities in the cell-attached patches, Relative activity at 1.0
represents the channel activities for 30 sec of DNP superfusion,
Each columns and vertical bars represent mean =SEM of 4 to 5
experiments, * and T indicate significant differences at p<0.05 (*)
and p<0.01 (T) compared with the DNP-induced control activities,
respectively .
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