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ABSTRACT

Background and Objective : Oxygen-derived free radicals (OFRs), produced as myocardium is reperfused
after ischemic injury, contribute to reversible and irreversible cellular injury. K4rp channels, activated by
ischemia, have been reported to participate in the arrhythmogenic response to acute myocardial ischemia.
Therefore, we examined the effects of OFRs on the regulation of K srp channel activity. Materials and Methods :
Isolated mice (ICR) hearts were perfused with Tyrode’s solution on a Langendorff apparatus. Single ventricular
myocytes were isolated using enzymatic digestion with collagenase and protease. Single channel currents in the
inside-out patch mode were recorded. OFRs were applied by mixing hypoxanthine and xanthine oxidase. The
currents were recorded in the patch membrane at a holding potential of —60 mV. Results : OFRs generated by
0.1 U/mL xanthine oxidase and 0.5 mM hypoxanthine had no effects on the activities of Krp channels before
and after treatment with 200 M ATP. OFRs generated with 0.2 U/mL xanthine oxidase and 1.0 mM
hypoxanthine reactivated the channel activities which had been attenuated by 100 M ATP. In the presence of
100 U/mL superoxide dismutase and 122 U/mL catalase, which are OFRs scavengers, OFRs did not affect the
Karp channels activities. Conclusion : OFRs generated by the reaction of hypoxanthine and xanthine oxidase
increased the K yrp channel activities in the inside-out patch. (Korean Circulation J 2003;33(12):1140-1146)

KEY WORDS : Oxygen free radicals ; ATP-sensinve potassium channel.

N E A3] Z7)sto] vlg) A
S} Holek wyE IRy g
Saluelelld PFEMARR H 200d Eelo] 3 AME BdAL FFA AeE T mHH

oL
>~
o8
O
&
N
ol
Jot
of
1
r 3
X,
ok
1o

=
w,

:_8 OIALA O 72 r’g/ﬂz NEL

=AY 120039 6€ 18Y

AAteked 120039 8€ 299

WA 27T 501-757 BEA] S s 8WAl datigdd =3
23} (062) 220—6242 - %1 (062) 228—7274 - E—mail : chojg@unitel.co.kr

1140



WAE SAtellx] EAAR] 7o ofy THA] dRle]
AAE T glom, FAgE el Hfel sl
B 5 A el el AR = AAAlgoe]
Askar o] = QI A7]Ee] mh7E gk @lo] Frhar
H7 qick

WA AT E Al ZAAR dRlo] E= AlalnTdolt
AdAso] WAlehs dlelle Aasd Al fElEe 24
2k~ (oxygen free radicals), #2 A|HAit(free fatty
acid), P4l #H]== thromboxane, WAHAI7A|
Aol 93] ¥H]% catecholamine¥} -2 A &
2, Na 2 K T2} 22 o] T2 7|5 Hal] &gt
Na—K AlZU9] 55 o] W3} Fo] #ojsh= 210
2 Busx et

ATP (adenosine triphosphate) W7Hd 2552 (Katp
channel) & M¥W ATP =0l 2Jaid 1 o] 4
Hi= o] B22A 19831 Noma” o]l oJalA Ao
2 A= A ATP F57) ol 34 ojsl=
"ol u) 3lE| 1 ATP S5} ol §H| ooz
obd ) oA Karp B2E AZY oUA7F 1
ZE= AT A @AskE o] ARRS ARME TSAIA
AT A o RO RN PN SRS
Bl S HEshs 93s shs Zow A gt
150 AT AFlel| o8 Karp 5 AW ATP
FEEE ofue} Alarutell A fE]El 1A (phospho-
lipid) ]t} ©]E-2] HaAkE-21 arachidonic acid4 lino-
leic acid®} 72> FElAWAH(ree fatty acid) Z} lyso-
phospholipid, prostaglandin, nitric oxide (NO) i 2]
SME 1 GAo] 2UHE Aow duA ekt

2 e AT 8oy Al Al xanthine oxidase
721} nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase A% ol 2Ja tlzoz e
o9 olgdA A AE B AlrE ABH A A
3= AT 799 (reperfusion arrhythmia) 2} A5
F A&EE AT 75705 oY 5 A 718 (myocar-
dial stunning) ] WA FQ8 HES = F o= B
T 3 grplo

ojFe] AT AR & At HE A2l A4
geta] EAoly £5715¢] WskE dorlE Zlo] ¥
AL of7]e) Karp B27}F Al Zo= F4 1 3
ARt o} A FAEHA 1A ok AdEjolt: & A
T Karp S22} A58 9 Al Al digkez 44

S G Akagke] WA vl ik AJRE I,
ME %

Gl AT M| 22

Aol AlF 25 g l2le] ICR A9l 4 mouse
£ ARSEIITE Mouses 45 g 0% A A7l &
T4 41 AE AEselth AEs A8 4T
Tyrode &< wlellx] A @wn|7d stellx] mAl7kE =
W A ARAE AAs, g JHEEE
AR1s & AZ 3jo] Langendorff x]ol] migtar 37°C
9] Tyrode €& WIS 53l 1.5 mL/min®] &
T2 557 AFAZE olold Ca®f—free Tyrode
SNE ko] HE w7k TRATII Aol &
3] o]¢k= 0.6 mg/mLe collagenase (CLS2, Wor-
thington Biochemical Co.) £} 0.15 mg/mL<2] protease
(Sigma, type XIV)Z -3 Ca*" —free Tyrode &
g oF 25%3F PFAIZ vh, viEte® 3 K', A
Cl” &g 5E3T AFAIA A ol Holols 845
AAAFH L 28k Ao 2HE S wojulo] 1
K", A CI” &l Wi ofe] #7107 2E Uk pipette
o= TPAl 7IAIA AEE ol 9 A AlxE #
2laloleh. Bele AEES 1K', A CI £ Byt
3 & T3 n % (American Optical Co.)”dollA vl
HoFe] ZEFH7) ek &) FElska F29lo]
Ne AT =2 A3l ARSI

il

of

ONT=2] M}

Patch clamp & A= Ud 1.5 mm2] boro-
silicate F2]¥(PG150T~7.5, Clark Electromedical
Instruments Co., USA)& mAI-A=A127] (2—stage
pipette puller, PP—83, Narishige) & o|-g3alo] Ado]
4-5 MQ A& =HA ¥ 5 A dv)7 (stereozoom
microscope, SMZ—2B, Nikon) &}ellA] n]xd= whgt
=2 B-2)74#] Sylgard (Corning Co.) S E¥3+ & 7}
A YAEA slolld AzA A o]ZA e 1|
A= gos tA] Fen]d (Microforge, MF—
83, Narishige) 3lellA 500v] 2 ¥HEahHaA] A= wok
Kol AL 7leto] the vt #3e] 5 MQ BE ==
AT Ade) ARt

1141



HAER HF+= gigaohm—seal patch clamp W &
excised inside—out patch 7'H-& AR5l 7531tk
Patch clamp £%7](Axopatch 1D, Axon Instruments
Inc.) & 531 (cut—off frequency : 2 kHz) 4% A
71491 A5+ A A5 7]57](digital data recorder,
VR—10B, Instrutech Co.) & 713 H]t] Q0] Z(SV~
14D, Samsung) ©ll 715315tk HdFE AR 24
H|t] e glo]xZef 715¥ 2Ak5E AAstkaL A/D #3191
Digidata 1200 interface (Axon Instruments Inc.) %
H3kA]7] v5 pClamp *2 1% (Axon Instruments
Inc.) <& o]&ste] el Asta EAs30T) dd
T2 gelal E3]i= Al half-maximum single—
unit amplitude thresholdE ©]-&3}d AH&E319Ith

Al Ol
Sl

A AETAEE EEehs dlell= Tyrode 894(x
43 137 mM NaCl, 5.4 mM KCl, 1 mM MgCls, 1 mM
CaCly, 0.33 mM NaH2PO4, 10 mM HEPES, 10 mM
dextrose, pHi NaOHE AREslo] 742 27) & A
33Tk

T AATAES] Aelli= L K, A CI g8(2A
20 mM taurine, 70 mM glutamic acid, 25 mM KCl,
10 mM KHyPOq4, 3 mM MgCly, 0.5 mM EGTA, 10
mM HEPES, 10 mM glucose, KOHZ pHE 7.35% %
)= MGt

HAEE W7 54S St internal Y pipette &
AogE=K-5 FM(ZA 1 140 mM KCl, 2 mM MgCly,
5 mM EGTA ¥ 10 mM HEPES, pH+= HCIZ 7.22
)& AHEsISiTt
Aglols

A& eHE-2 1= adenosine triphosphate (ATP, Sigma),
glibenclamide (Sigma), hypoxanthine (Sigma) ¥} xan-
thine oxidase (Sigma), superoxide dismutase (Sigma)
9} catalase (Sigma) 5= AHE3ISICE

2 0

Karp B2 249l EY

Wl A AZAIA K52 399 549€ %ol
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Hua} K-5 g 753}ollA] excised inside—out patch
& Th=3 —60 mVE X144 (holding potential) &
7l WEHd ARl B2 4do] et oldl 100
oM ATPE AEYRK-5 gM) ol Hrlehd 52 &
do] at okslElo] 1 A Alels @2do] A2 vt
WA ookt Al UldS ATP7) Qi e A4
How AFAPIH T2 o] oA YeR ] Alatste]
35 A} Aloll= A9 excised inside—out patch 133
299} visedt 520 B2 IS ARSI Fig. D).

FTE Ao HY-HF BAE LolR A} inside—out

\/HPéOmV 10pA

10 pA

t t t

ATP TmM K-5 wash Glibenclamide
50uM

Fig. 1. Identification of Karr channel and effects of ATP
and glibenclamide on Kare channel activity recorded
from an excised inside-out pafch at =60 mV holding
potential. The channel activity appears immediately
after making inside-out patch and ATP (1 mM) inhibits
the channel activity almost completely. The channel
activity reappears after washing ATP from the bath
solution, and the glibenclamide 50 #M also inhibits the
channel activity. ATP: adenosine friphosphate.

2 IR LI, 100 mv -8

Fig. 2. Current-voltage relationship of the ATP-sensitive
K* channel (Kar channel) activities. Recordings were
obtained from excised inside-out patch of isolated
mouse ventricular myocytes at different clomp poten-
tials ranging from —100 to +100 mV (left panel). The
current-voltage relationship (right panel) was plotted
with the single channel currents from the left panel.
ATP : adenosine triphosphate.
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patch A3 &, & EAo] ePgs} HS W, By
—100 mVE¥ 20 mV 7HH°2 +100 mV7HA] 57}
AN R ARE S8, AR ”ﬂf‘lﬁﬂ
AnteldthFig. 2). olull ARt IdR7F Udds

ot 2 7155 WaFR3 (inward rectlflcatlon) =5
Holom ARF—Ht e o2 HE 3t slope
conductance™= °F 62 pSo|qith. AF2 I7]= —60
mVellA 4 3.7 pAE HERL & 719 T2 dH

i

b= dwell time¥} F= 2] == Wbl dARI

ool FE EAJOR Hol & 04—?01] A2 excised
inside—out patcholx9] & 4L ATP-17A Z+
FKarp) B2 &J0] RIS

£ ZYMLTH Kyre B2 TN OINE §Y

Excised inside—out patchZ A]8%F 23 —60 mV
O] A ZdelelA veRd Karp B2 A0 w|Rl=
8 9 Akre] S getr1at 0.1 U/mL Xan-
thine oxidase®} 0.5 mM hypoxanthineg S3lslo] &
oot Fre] Aol JgEE A Ealivh(Fig.
3). Excised inside—out patch Al A B = Al EY
ATP7} 719] glo] Kare &2 B0 = vekd A
olER TR S T AP okl e SulEo]
VERA] k& = ok webA Rl @4 AR Kare
B2 IS T F UEAE LolR TR} excised
inside—out patch A1) & A3 Wjolel] ATP (200 1M)

£ Folalir &2 95 kAl # 0.1 U/ml xan-
thine oxidase®} 0.5 mM hypoxanthines &3} Foi
sgont oFslE Karp B22 B0 T84 oksitt
(Fig. 4). ol¥elli= ATPY] #55 100 #M=E S50

HP=—60 mV 10 pA
1 min

HX (0.5 mM) + XO (0.1 U/mL)

Fig. 3. Effect of OFRs (0.5 mM HX, 0.1 U/mL XO) on Kar
channel activity in excised inside-out patch at —60 mV
holding potential. OFRs did not affect Karr channel ac-
fivity in the ATP-free bath (intracelluar side) solution.
HX : 0.5 mM, XO : 0.1 mM. OFRs : oxygen-derived free
radicals, ATP : adenosine triphosphate.

ATPel 23t T2 A9 Hres dshr7] L, {2 24

ARE X717 $18F xanthine oxidase 2} hypoxan-
thine ] TES E[:— HHE 0}0% 1 _Q_E}———— ___;g] O]_O:h;]_ 1.0

mM hypoxanthine®] <] 3}of| 0.2 U/mL xanthine
oxidase FoIBIIEY Karp 22 &40 o] 718t
AtHFig. 5).

| ZY MRS Kyp T2 ZY T 22U DA free
radical scavenger® 3%

Kare 529 A&/J3P7} hypoxanthine?} xanthine
oxidase®] REgell SJal AR G Akkol] oJst JEkl

A5 GRlbr] flate] fre] 4 Ak 2RI supe-
roxide dismutase®} catalase”} xanthine oxidase 2}
hypoxanthine &3 Fojol oJst Karp B2 &4 571
Fel WA g AL Inside—out patch

? gHP=760 mv 10pA
1 min
HX (0.5 mM) +XO (0.1 U/ mL)

ATP 200 © M

Fig. 4. Effect of OFRs (0.5 mM HX, 0.1 U/mL XO) on Kare
channel activity in the presence of 200 M ATP in
excised inside-out patch at =60 mV holding potential.
OFRs did not show any effects on Kar channel activity
which were attenuated by 200 M ATP. HX : 0.5 mM,
XO : 0.1 mM. OFRs : oxygen-derived free radicals, ATP :
adenosine triphosphate.

HP=—60 mV _,]O pPA
1 min

HX (1.0 mM) +XO (0.2 U/ mL)
ATP 100 M

Fig. 5. Effect of OFRs (1.0 mM HX, 0.2 U/mL XO) on Kare
channel activity in the presence of 100 #M ATP in exci-
sed inside-out patch at —60 mV holding potential. OFRs
reactivated Karr channel activities that were attenua-
ted by 100 M ATP. HX : 1.0 mM, XO : 0.2 U/mL. OFRs :
oxygen-derived free radicals, ATP : adenosine triphos-
phate.
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§ [ 10 pA
HP=—60 mV oo
1 min

HX (1.0 mM) +XO (0.2 U/ mL)
SOD (100 U/mL) +Catalase (122 U/mL)

ATP 100 #M |

Fig. 6. Effect of OFRs (1.0 mM HX, 0.2 U/mL XO) on Kar
channel activity in the presence of 100 M ATP in
excised inside-out patch at =60 mV holding potential.
OFRs did not reactivate the attenuated Karr channel
that were freated by prior application of scavengers
(100 U/mL SOD, 122 U/mL Catalase) of OFRs. HX : 1.0
mM, XO : 0.2 U/mL. OFRs : oxygen-derived free radi-
cals, ATP : adenosine triphosphate.

A8 & 100 M ATP A8k 4 hypoxanthine (1.0
mM) ¥} superoxide dismutase (100 U/mL), catalase
(122 U/mL)E #AA3 & xanthine oxidase (0.2
UmL) & Foaivy &dikr T35 dAAA] 8t
2| 92 792l 9] Kare B2 &2 T/ &
Skt (Fig. 6).

4 =

Karp &2+ Inoue ol o8l Hx2 Alxutd njE
Feajo} ute] EAjgtks Zlo] ghel e

AT Al Kare T25 A9 o184 439 o
ot SE-AlET &4 88 dxd (schemic
preconditioning) ol = #oI8kaL ALY Al FHHE=
ATAIES] A7) 5d9) wstel Fme] vy
ol 7]ofak= Zo® Wi g oup Qeplo Y

B Agtell Alxzulel] Q= Karp 25 2] &4 4t
27F BAsAT)E AS ERIsInk ol MlxEke] 9l
 Karp T2 &4 712 A8 &% 9] 7Rkl &
¥ B877F AAE RN AR guo] whage
ol 73S AT Aol

Karp B2 11 o] A2 olux]gel ATPS &
o webx 2dEE, W A E 28 it
Y A T dixb A Aol o)A HH Al
ATPE] §&7} o|= AR olskz Fhaabrvt Alsiuf
ATP/ADP 5% H7} stolr] F29] &do] FT7sH
Ak 2 el ATPS 557k 200 #MY o

)
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ofgt g 4 AR Karpe® el 93e A
Faglont ATPS] 555 100 #ME 39S v &
29| o] oA TTHE AL ATANTT A4S S
Aol W ATPO] w17t o= A olalz 7]
oAl Kare T27F 33} 57 ¢ar s]do] el
5 B2 o] AlEm Fr A} TN 5 4
ZZA N Karp B27F EA338KE & A o= Azhet,

o] E27} 243} ¥l ZFol29] Az HiE K'
efflux) o] FRIE o] &= F ARiTo] H7I7HA] &
A9 7Rk dEEe] P FEEE HAAA
IR RE TS WEeks Ao e gk
AT A el 22 A5EF Aol Kare &
2 g STl gt ZE o2 AlES] WiES TE
ol 29 ME v £A& fEsla o]Z Qsl] YER =
Aarake] ght=s) 4wl e 7R 2871
UoAX AH oz &Y e
A Hgm ubge) glolo] 7w Sk F Karp B2
9] SV 8 Al AZTA AE FF A 7]
b =Sl SJgt AT 5 A 39 & 59 34

@‘J

1o,
H
[
X
o,
%
et

2 TolslX] Kale] o] B2o] Tdo] A 5
o} 72 38 Ao B3 28-S UehlE Xof gt
ARAA A= & = Uitk
MR = ol Al (adenosine) ¥ AF8F2A A (nitric
oxide) 2] o] F7ste|| wjgl 42 protein kinase
C7h 23 o8 ah= Aoz AEA u PP
2J3l% protein kinase C&} Ak A+ HEE3} v|&
Feglol Kap 22 BN A28} Karp
TR G S5HS 7IREE dEA7IAL T Al
vl f8S A A Axge) 24 delE dAg
AT BT ZgLe 37 n|EE=gol Karp T27) V|E
Zoglote] Aisle osiAA dojd AoR A7)
Hu} et 71 oA W x)#] ekekth

Xanthine oxidase$} hypoxanthine®l 2Jsl] A€
2] B Abhe WeEgsio 2 Asd e Al Al
WEAIsle] A &S J o= oA AAEE

2] 24 Abne) fAkeb] whgel] T13b i drel] o)
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H9Jtk? Xanthine oxidase$} hypoxanthine®] ¥
&P superoxide anion(0*7)©] A=, 0= supero-
xide dismutase$} EFAI7IH A At M2 2
$0] 9= hydrogen peroxide (Hs00) 7} TF50] 7c}?”
£ o= hydrogen peroxide 5 B& 2 &4
0 EAEL7] 918te] catalases AME-SISITE
a4 Jﬁ:t HE F AR ATl o
& M)A Ao® defa] glom gk &7, o] Y,
= ﬁf"é TEs, AT FAH T ekt 724, 7]
HEZEop) fe] &4 AlA
v EZEZo} Karp 529 &
J ] Tr‘j/] %}}\Oq AR m-/\goﬂ °J3kS 201 /‘]:LEE z2e.
S etk g4 ik o] glibenclamidett 5—
hydroxydecanoate (5—HD) & %2 Karp % A
AE Folahd A Hovt /e &3 1khe] wAo] o
A= Ao 9k 5 Uk Jefu} B Qe 1 )
Zgo] Axetel] EAsh= Kare =014, g 84 At
28] Y ARl vEFEo} Kyrp B0l tish A7
7} ooz HAQd Aoz A7ty A A LA 9
el 2 Aol 9% Kare T2 2 S7F A=
7] oulE Zh= Zlom AR AA, 227 A
= A 7] B Akdel oJgt AT &3S AR
2 A= Aol A, Kare €29 SHoAAE &
2] B Akkel g3l S71E BEO EAo] Al g
3 A= Aok
orom Ga] B4 Abk

2
0]

27t Karp 28] 84 4 &4
2 71zkel mX= gkl vl el A88h= Karp
TR A B Aka E2FA|S] A ARgo] &
Y A2 B 28§ g ool 7]ojd A
S A7k

Fo
Q

iy 3 25 .

AT Al Karp 25 S84 49 o opy
2t 31— A AF 4 318 37 (ischemic precon-
ditioning) oll%= ¥refatar Hsld Al EHkE= A Al
o] A7) AR 549 wskel R dge e

7lofal= Aow defA glrk fe &4
free radicals) & A8 dolut AFFA] xanthine oxi-

Ak~ (Oxygen

dase 7321} nicotinamide adenine dinucleotide pho-
sphate NADPH) oxidase A% ol 23| tjzo= 4
et B A= Kare 29 78] &3 ko] &
A grs| 1A} Al LY.

Y H:

A% 25 g 1419401 ICRAI2] 7 moused AMg-3}
S % Langendorff Zx]e| v&al Tyrode
foloZ IFAZ F collagenase ) protease GAE
etk e el
AATZAEANA patch clamp WH % excised inside—
out patch®PH& ARg-slo] @l &2 75 7153130tk
FEAA2] A4S xanthine oxidase 2} hypoxanthine

& Edlohe e Apeisls

AR

F

iz o
l‘.—_'

Excised inside—out patch= A|83+ 23 —60 mV
9] FA xS el elA T3t 0.1 U/mL xanthine oxi-
dase ¥ 0.5 mM hypoxanthine= KarpE22] E4d0]
FES T4 8M) 200 #M ATPE Karp T22] 24
S 9B Fof FoJt 0.1 U/mL xanthine oxidase
9! 0.5 mM hypoxanthine’s E=29] @4of 43S 1)

AA] F3ISiek 100 M ATPE Karp 28] B35 9

Ak & Fo33t 0.2 U/mL xanthine oxidase %! 1.0 mM
hypoxanthine® Katp 25 2433} A3k Supe-
roxide dismutase (100 U/mL) ¢} catalase (122 U/mL)
2 Ax|3 5 Fot 0.2 U/mL xanthine oxidase %
1.0 mM hypoxanthine= Karps =25 A3}t 21717
Z3ksick
2 E:

A7 A xanthine oxidased =zl &l A

Ag faikas excised inside—out patcholl Al Karp

3 HO

WA=
AT 20019%
(CUHRI-U-200157) ]

Agdigng e 93dTa A
o8] ol Fol R
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