[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

o] s

mmmmm

st e0 (90 (Sliome a3 g1 LS 955 (59,15 OIS oy

oS>

WRVONY Gy gl YAV e Sl >
Karp) Slind g 5 550 4 4t el LIS bl (slaodiS 5L oS ol ol i py idids g dins
Sala A s allae ool Lol e s B e = B basslen Sl el Oless po (5 S5 i
a5 gl o Sse Gl dos 5 ATP @ aiioly ookt SLJUE (658 oS 3L G Ol 5w 0 LS 5500
Lo o Glasslen o3 4 (B s = 8 Slagsilen Olays an) 5o LS 550 51 5585 5 S50, plas sl
S Sshes )l alax 5l sdas L

055 st 3 e ds3 S eslizad (Wistar) Sl s 31551 5 ol e Sige o FA 3l asdlas opl 55 oy p S
S 5 Ol LS 5L G als etes 31018 g8 olKas Lo 5 S L g a3 S 1 | plas (Ul
L bS50 05,5 Alal 5 day adds Yo 500 O iy glalles 5o 1) plme (hse Slime sdas SLE
22l L3 s 350 YV pg/ml e bale

anly) Loy YA U s Sl plas LSLEl Ol s 2als 4 mee Y-V e vpg/ml glachale s LS 550 laaddl
wesls) o3 BV B0 5l ol (55,0 8l oAl Sl pl & Jlms (Pe/r ) s S (yls bl o
P/ Y) s g (uls chals o

SRS 4 e 55505 entios Chale w4 atls Sl B s Shes 5 LS 530 a5 2l 0LES addllas ol g S st
ATP s aiely ol GBS 038 e a3 ol Aoy o S5 w35 8 o I8 5Ll (55,0 5 0L

A3l a3l enyl Ao Sl sl el e piman il LSOl L 5 oS e

B T (B Ol (B LA 5B e has (el JUIS (LS 553ks JstlS” lels”

a5 30 Dl (B e — B glagg b o Slays sla il

s nly GBS 52 g slagsls Ol ol 51T laz S 513

'S s

"33k Sk Lo odkar
' oola sl Sl

T e eaal]

" ol !

il 0y, S -
i lions 5 ¥

opae Sl

s Sy o le oS ( S 0SS

Ol Ol

.
(5 DLt 5L sk 08 1 g s

SIS (Ol S pske oSl iy OLLS

TV-FFOTVN il (g5 sS eyl ey S o K
E-mail: bakhtiar@tums.ac.ir

PRV

bt LS 51 LS 535 Oy sl S e ATP 4
Slagsban 5o s)ls ol (bl I dls (gdal sl 0l o
T R N N O S O Pt
In ;5 5In vitro b > 3 ”mw;{j 2l jodﬂa_! O 5Dl b
S, S 0sel s S b S5 oyl oS L0155 g2 5 ViV
Aol 31 A0 gladsl 3 s Kare gladUls 05,8 5L LS55k

Tehran Univ Med J (TUMJ) 2012 November;70(8):467-72

http://tumj.tums.ac.ir

Q{)'j_}:T 4z &l s (Potassium channels) ol sladUls

Lot ol ol s 55 Sl 5 () i 5
sl Ole a5 ai)ls Jes Jedly e 5 IS (LB 0L,
Lassls dalsessn o o 55558 5 ,Sas 5l (6 226 Gl e
slasls o)jj_ﬁl‘..)\_;‘ou alis 15y Slae RS 3 p e
O3 Lls bl 4 8 5 Sl wiae by adUlS Sy

y

VY G AV (sladadon A o laid Ve 5,50 D) GUT 5105 (St psle slSils (S50 suSibils dlas I l l ]\/I '


https://journals.tums.ac.ir/tumj/article-1-82-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

Ollas 5 osSs wn ¥FA

T el M LI el 5l (gl ol jen 4 B0
Jols 035 S LS 45 Krebs-henseleit Jslme ;3 alold il
shya e b S 13 i e sl OF 53 CO2 70 5 O3S 740
350 Oy opl 4 Krebs-henseleit J g 1) G A 5 5 5kie o
Y e YO CaCl2 (Y5 Lo ¥/V KCI ()Y 5 Ls VYA NaCI
VA KH2PO4 (¥ 5o L Y+/+ NaHCO3 ;Y 5o Lo V/Y MgSO4
Sl 55 b @ B slge Ve e VYV Glucose 5 Y se e
B P e N
e 4 il s 4 lae D13 5 0508 K58 8 O 5 Slid
by Slale b 5 Al 5L LB Apex (S8 J o 5o S 0sls 13
S 3 Jes opl s 8 ol bapke 5 L les 5o siladl 05
o s s s bases LB Sl s el S 68 sk
L3S e

slac il &l a3l 0z, 5l Olpabl J s 51 e
ol le 3L Lol o dlasl 5 salas 55 bais b s 1 Lol
s 33,55 3505 e S a4 glasdo b s e S R
WSl 5 yb e il 5 o sbaghes el 5l sl s L
(Organ bath) 3L plom g5 latcd aly 4 (& ol U1y Wl
(Grass Model 79- Gl S 4 56 olKos S ol o sa el 5
23395 e (TPIC, USA)

J_é-l;);pf'/oui—iSC,;JAi:S;\“ Cde as asdas e
les L a5 s S Krebs-henseleit J 3 doe (g5l 4S5 3L plo=
Gals WLl 53 L5 S5l lama LG di S )13 5 ¥V C
O wolie chale i L (Sigma Aldrich, Germany) JuL.S 550
05,5 ) s wlol eyl 4 sl pla Jghe & Y=1 1o pg/ml
Sled (OS5 500 el 3l eslizal b 5 (5503 il |, clale
Wl sl dm 5 8 il gladle; 5o Slolil als 5 0L 5
Ul slias 3l 5l aadlas ol s s 8 ol 55ls O
3 odd o3lil Gros s Sl >l el Sl S 5 A eslind
e S RS 5 55 4 gl sl S

LS55k cilis glackls Jlilaasls o 5 oS o)
b 5 Sl o 4 ey LEl 5, 5 Ol s
Ly ol Slslses s b (Mean + SEM) ks 510kl

(Two 4 b 53 LuSlosls BT cas b s VF ool 5 SPSS S5l 5

R N A
s bl Oy s a4 LS 55hs g e 4 1 (s 5 g g

3l el ol s e e 13 b w5l i |
4 by LU laeis 5L ple 4y ol 5)ls Gl sl o
2 el s B by el O SV Ole s shite
Oliess 4 3l S dien (535050 51 e B (sla a1 151 51 (5l
A o O sima S Sla 05l S 5 LIS Sse s s
ks Lol T bl SlanslSe 035 sline s«
el 5L ol J xS (6l 5

Sl ol sla el Ol gl g 35 g0 slagls 655!
S 5 035 SU s 05l OT 1 ams ol 2 o53le 5 il o
3 Shes s Chal (S5 S e o)l 4 e ol
Lsd 2lse b s Bose - A

St S s S a8 sl sl 4 s (ol pl
o Lol 13 (55, Dlides sy o) ) Dlarps 3L
Sao g RS 55k i Sl s 5 LB s gad 2O anlllas oyl
3 @l e Sl e OL b sl 5 (SLE g
el o sy cpl 53 bad e ladlas 5l eslatal 5 ansles
Oleys a3 leS 530 (o0l 5l 5533 5 S S

ol s B, o el

IR P9

03,5 53 VWA Il 53 S 55 oy i 50 5l aalllae ol
oo TA A ol Ol Sy e R 555516
YYe=YVe S35 e33d o ;3 Sprague dawley 155 51 5 ol >0
Lo s 5 20 05 8 s 0 Sl L sl p S
o sbine Chle L LS 5k sl Sl ey S s 3 aS
A3 8 ey szee s 6, Y-V pg/ml
(Ketamine) -;olS (glagyls Bl s 55 U1 SUl g
4o Omg/kg 353 U Xylazine -p 35 ;S 5V emg/kg 53 L
Alfasan International BV Kuipersweg, Woerden, 2 FUN

Bl 3 B 5 4l |y O g g 4endd Uay o g (Holland)

FYP G FRY A o)lais Vo 0,00 1) GUT s (oK pole olCils o sy odSCtils alono


https://journals.tums.ac.ir/tumj/article-1-82-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

¥£4 oo shiae sulas o wleS 5500 s oolo L3I

Ao S (il wanaly) doys YA LG s 5l slas 0L ,s ials
Ol b 55 2als s o 3 TV U Sl g e ()
shcel ol ass g g5l Gauss 5l day Jsl 4dds o Loy o cdas
Aoy sl 4wl g
S b ey SLEl 65 8 LS 55k
day il sladles S8 4 shas SLEl 650 5 LS55k
ETSRRCH JEL STV PR UL PRSPI [ o PRSP PR I
Sl 513 5 51 3 0l b a0l el plad s elas Lt
Clle 51 el gl oy QLS P /00 ) sl 3 (6505 ime
Sars elS A e (Pr/0 0 ) Sls e b 4 LS 550
Y =l 5e3) L3 S (Cdale a4 anaol ) 78V B V0 51 sdas sl
S gl adds iy Ol 5l s Bl (6,0 e
G 03 LS ol A, ol s S sdalie gyls 034531
SN 00 5 Y0 08 OO sl Ll s 5 des Ll
LlaS530s 0530 5l e a3a Yo 510 O glaole; o 2l L
— D@ﬁu Clioa 5 PIY0 s slacbale s Ll Llils alsl

S akds Yo 500 ool s ol (50 Ol i 2 e

ol B L) 4 ALEl (5,0 alS L) Sl bl 550 055
3 ge s b IS Ol (S35 6

S £35S S oo
]
o

-%.
-Y.
e 2

W crs = cFi0 [ cF1s B cro

% BlS 5L lw g (CF) s L LLE1 (5908 Ol pudd ooy 1Y — 415 403
alis¥Yr 5V0 N 0 dhobjjbﬁ-“;kcﬂﬁ¢;}ﬁu\" b glackls
315 29285 5 e

P/ V) 5503 s 3 1B Ol bl ine et ™

Tehran Univ Med J (TUMJ) 2012 November;70(8):467-72

http://tumj.tums.ac.ir

S s il glaclale anclis gl .3 S ¢l way ANOVA)
Ob o annlie e 4 9 A eslinal Post hoc s 5l ¢ ol Ol
osliwl Paired t-test 31 g,ls 039380 51 ey 5 k3 LSLEl 65,0

..lizjf&il;)b@.uPSPO Clz.~)> TN W

Lasl
i Sl aadllas ool 5o pdas Lo LLls 55k Sl
2> gl e e Sl e Ol o LS55k sl
3y 9,15 03,5 Lol 5l da aids Yo 510 () o ol
)QJ',:LAJ uva,a Q‘J:.:.!JCM\ IR % w)}i\—d‘j.k;.-).ﬁj‘)lbﬁﬁu"
).)6)\>$LMJ‘)’\S}‘})\Jﬁ)_?ﬁ)'\g}_;ﬁ)lﬁjb_u;ﬂﬁjL‘ﬂ‘€L«J
—lasad) L S sdas Ol s ralS 4 meie (P<0 /00 )) (gols e
)'\J_x{J)\a_iﬁbG;_;Qm)'l)_:h:olv_@Q\J_ﬁfij@ﬁ.(\
L oL s sluws 2alS g a4 Sl cpl s S sdalie ools 0553
M\J\QL_ZQ‘-V.A‘})‘J&))J)\M@JY' dl{'lib‘ﬁ)./\:d)u})

@ e sy Yo C308 ) e LS g3ls o 5l sl

Bl
Y EZAL] A \Y/8 \5 Yo ] Voo
B
N |
N
[
N
\ N
j\ - Y. 5
: N
1 %
Aoy N
i) N
Fow
9
<
[
-5, *

M HRS N HRIO [] HRIS % HR20

sbckle ;s WS oiks haw g HR) jas 0L o Ol s do s ) — o g0
}‘w__»t@:"' J\O Ao ‘.;LA[)LAJJ:JZ:]‘):AJ..,(;}JS.:LA\" U}:

91 pew

(P<e/o)) 5505 5o 3 B 0Ly b Sl ime Sl ™


https://journals.tums.ac.ir/tumj/article-1-82-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

Ollas 5 osSs wn V-

il Gladle) G ks LBLED (65,5 Sl ek (55l fme hae Y —d g

2975 3 JB 0l b oals 3 31

3y e a0l o e O pd Dl S (5)ls e gl N —d g

R 5 B 0L L gl e

FOV/EY)=) 0 Y/ AY PSe/en) sl 03553 5l e adds ey
F(V/$1)=r4/1 Y P<t/oo) ls 055380 5l day adds Vs
F(V/¥1)=0F/avY P<t/oo) ls 055380 5l day 4233 10
FOV/E1)=1aAra8 P<e/oa) ls 05580 5l dey adds Y

FOV/¥\)=) v\ /¥Y4 P<e/ee) ols Q:}J‘,‘aljiJg@:@
FOV/F))-V) /AA PSe/vn) gl Gl Sl de i35 ) e
FOV/F))-YANSQ PSe/vn) gyl Ol 5l dey 423510

FOV/F) )V FA VYD T T N N RTINS I

P<+/+ o\ Paired t-test 1 Lol O 5031

VN )Y

534S Sl ol gy S5 eSS addlas S s Syl 5das
ol by 5 e s K ladUlS (655 551yl ¢ 55 3
53 SURT Jlas 5, Shes 4 by o sl el o5 015 on b 30k
S slagsls wslae Ol 3 5,0 4 men el as 5 Sl s
23,5 o a5 s oo ol Sy el SLadUIS auS
= e ety JUB elis 5L G Ol 4 LS 55k SOl
A e Ll odis S s Jae Jedly ke 1Al o SURI
by gals o3 G, b 51 o as e 0L e s
SURZA 1 fse olsy cladUIS o185l 5 Ol 5 4 (Pinacidil)
Spadior fl s oa S Gl o Jos Jeuily ke a5 4 s
P shas olE s
O o LS o5 S en5e 55158 Yerd Jle > Ragone
S L0l 5l 355 0 (S0 gie o g5 oS Oy il RS
o3 L el el sk sl mle s el VL B
Joly FalS Ly i 4 s o 2alS | (5 alae (gl o
e b AL b S e e foly ol i
s S S0 RIS e Shas Sledin) i sk
S 338 o 5 35 ey O S L b L 1
35S (S8 355 ey Seall (BN S5 g 0 B
e w8 LB e 04l L G e ndS S0
Ol LS55k ol ol 2 S e bl ey (gl
SURL (slsei ;5 (g 45 ATP w0 arly ol JUIS oS 5L S
SLAdUS Sl nly Sladigs 558 S b el il shas 53
OB 4 e GHAS s Lo g dS O s L8 5 K
s Lasl ol T S e shas SB35 5 0L slaes
LS 550 &S 0T 5 B b 51l Sl b aallas 5l ol

P<+/++\ Paired t-test s Lol O yo 31

LS G e e 55,00 ks 5 8/Y0 (s glac e s
. OML.:;A))\Q Qijjﬁl)‘.)uudj‘ 4,2.”5:\' bL@quﬁL\ 6}/,4
[5does 2Ll (6, nls P 5l A 4dds Ve 510 sladbe s
SSU 1 Of e U155 o 4 0 gas S50 28 Ol S35 6

LY =5l 508) s Il (g 5 sl (ol 5 s ble 1 s s

Sow

.

Olgie 4 LS 53bs S sls OLas anllas ) 3 Lo gla o
Slaeds ;S o JILATP a4 ails ol SJUS oS 5L S
ey (oLl (55500 5 Obpd el 53 o8 Ll 555 o)
Do o s SaSadi sb 4 gl e g Sl s s
(P<e/e o)) das mals Clale 4y anal
So Olge 4 LS o3 I Y)Y Jlo js Wang dealy ) s
3Ly Ll e ATP 4y sl il SLJUS sl oS3
AU LS55k e S 555 8 DA 5 Sldlas s s
GLadU b amslie 55 oLl Sl gladUlS LS s5bs 55
Liees OF 51 St stds daled 2 dias e Cond oL s
Glasls Ol s GbodiS e 5 oW sS,lu Jltle 55 a aS
J=0 LLs 55k e STATP @ ansly oslty ladUS oS 5L
Karr SLadUlS S a5 5a8 oo SeudS 5b 4 il
5=t Jgtms oSG oS Ll atlo glate Ay i3 95 31 08
Sy o ol a5 6,0 5 (KiE 62) penly O
dalsd gy pl Lo g e e dal SUR2A)2A ¢ 58 o5l 5 54) 5
053 Joi sy 5 g ) SURL U L (6 855 Aty 5 3y o)

)zé\wﬂ@ﬂ)gﬁ6);153;;;[,3\915);\)(&;“@;

FYP G FRY A o)lais Vo 0,00 1) GUT s (oK pole olCils o sy odSCtils alono


https://journals.tums.ac.ir/tumj/article-1-82-fa.html

VA Nikoui V. et al.

So Ol an Joln cul S gl ol e Sy (SNt
Lﬁ-‘J_'JJJjCJ_}QA w‘j)}‘ .]a;_b.::)) Gﬂkﬁjﬂ)iué»})b
23 500 ol I 5,8 ae s Sledllas 35 8 e slgiy el
.JJKQJVL;)AAJLQHJQJAM
A" Olse Cos alobl Jools dlie ol sl
ATPA_J.L“.M._.:\) J""»‘_‘”tﬁ LS[_AJL_JLS s S )L:) JuLij)b_é 6})\:
L;\J_"Sstb.b):"@lfw s Sl sdas 55 (L, AS sie
il e L S AL e YOAYY 0S5 WA Jle s Sy

o 0 b}-l Q‘J,@_‘; JLA‘)J &.Q‘J..@.: QLAJ‘}}LS'{‘;J:’ rjl&

Gl ols cal 51Ol e s ol 13 dul b cpl 6 o | e
3 s Oamy b e Sl sy olatl Gl ley o5
YT YRS SRPEPN WG LI e G 5 I KPR
il 53 S 53k bl S 4 5 (6 Sos Sl
Ol WS 53kl iles S o)Ll oSl 5l Jols
S 5 Okt (a8 JIaS ey S K s kiS3L SO
il b (5503 S Ol rlis 4y S Wl e s 5L
Aleaadlas ol 51 ol s 534S Lol 5l Al g pkas

)j_laa_j))lsﬁj_?ﬁjlw_;Jj\ La:s;éﬁomj\ LS ssbs

References
1. Johnson DW, Fleming SJ. The use of vaccines in renal failure. 8. Glukhov AV, Flagg TP, Fedorov VV, Efimov IR, Nichols CG.
Clin Pharmacokinet 1992;22(6):434-46. Differential K(ATP) channel pharmacology in intact mouse heart. J
2. Tamargo J, Caballero R, Gémez R, Valenzuela C, Delpon E. Mol Cell Cardiol 2010;48(1):152-60.
Pharmacology of cardiac potassium channels. Cardiovasc Res 9. Wang Y, Takashi E, Xu M, Ayub A, Ashraf M. Downregulation of

2004;62(1):9-33.

3. Sanguinetti MC. Modulation of potassium channels by
antiarrhythmic and antihypertensive drugs. Hypertension 1992;
19(3):228-36.

4. Gross GJ. The role of mitochondrial k(ATP) channels in
antiarrhythmic effects of ischemic preconditioning in dogs. Br J
Pharmacol 2002;137(7):939-40.

5. Solenkova NV, Maslov LN, Serebrov VIu, Lishmanov Alu,
Bogomaz SA, Gross GJ, et al. The effect of K(ATP)-channel
activation on the electrical stability of myocardium in rats
with postinfarction cardiosclerosis. Eksp Klin Farmakol 2004;
67(3):10-3.

6. Bogomaz SA, Maslov LN, Krylatov AV, Solenkova NV,
Lishmanov Alu, Budankova EV, et al. Changes in cardiac
resistance to arrhythmogenic effects during ATP-dependent
K+ channel activation. Ross Fiziol Zh Im | M Sechenova 2003;
89(4):409-19.

7. Mull KP, Debnam Q, Kabir SM, Bhattacharyya ML. Role of
action potential shortening in the prevention of arrhythmias
in canine cardiac tissue. Clin Exp Pharmacol Physiol 1999;
26(12):964-9.

protein kinase C inhibits activation of mitochondrial K(ATP)
channels by diazoxide. Circulation 2001 3;104(1):85-90.

10. Suzuki M, Saito T, Sato T, Tamagawa M, Miki T, Seino S, et al.

Cardioprotective effect of diazoxide is mediated by activation of
sarcolemmal but not mitochondrial ATP-sensitive potassium
channels in mice. Circulation 2003;107(5):682-5.

. Koci¢ I, Gruchata M, Petrusewicz J. Gender differences in effects of
pinacidil but not diazoxide on heart automatism in the isolated
guinea pig right atria. Pol J Pharmacol 2003;55(3):419-24.

12. Elrod JW, Harrell M, Flagg TP, Gundewar S, Magnuson MA,

Nichols CG, et al. Role of sulfonylurea receptor type 1 subunits of
ATP-sensitive potassium channels in myocardial ischemia/ reper-
fusion injury. Circulation 2008;117(11):1405-13.

13. Lefer DJ, Nichols CG, Coetzee WA. Sulfonylurea receptor 1

subunits of ATP-sensitive potassium channels and myocardial
ischemia/reperfusion injury. Trends Cardiovasc Med 2009;19(2):61-
7

14. Ragone MI, Consolini AE. CARDIAC role of the mitochondrial

Ca2+ transporters in the high-[K+](0) cardioprotection of rat hearts
under ischemia and reperfusion: a mechano-energetic study. J
Cardiovasc Pharmacol 2009;54(3):213-22.

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

Tehran Univ Med J (TUMJ) 2012 November;70(8):467-72

http://tumj.tums.ac.ir


https://journals.tums.ac.ir/tumj/article-1-82-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-02 ]

mmmmm

I ( ) ] \/ I | Tehran University Medical Journal, November 2012; Vol. 70, No. 8: 467-472

Original Article

Effects of diazoxide on rat isolated atria

Vahid Nikoui Ph.D. Candidate.!

Hamidreza Pazoki Toroudi
Ph.D.?

Sattar Ostadhadi Ph.D.
Candidate."

Anahita Rahmani M.D.>
Azam Bakhtiarian Ph.D.""

1- Department of Pharmacology,
School of Medicine, Tehran
University of Medical Sciences,
Tehran, Iran.

2- Physiology Research Center,
Tehran University of Medical
Sciences, Nano Vichar
Pharmaceutical Ltd, Tehran, Iran.
3- General Practitioner, Tehran
University of Medical Sciences,
Tehran, Iran.

*
Corresponding author: Department of

Pharmacology, School of Medicine,

Tehran University of Medical Sciences,

Pour Sina St., Qods St., Keshavarz Blvd.,

Tehran, Iran.
Tel: +98- 21- 64053215
E-mail: bakhtiar@tums.ac.ir

Abstract Received: June 23,2012  Accepted: August 04, 2012

Background: Tt is generally accepted that the selective adenosine triphosphate-
dependent potassium channel openers (Karp openers) have a dramatic role in the
treatment of some cardiovascular disorders. The aim of this study was to investigate the
effects of diazoxide, a potent ATP-related potassium channel opener, on spontaneously
beating isolated rat atria to achieve more accurate approaches to treat cardiovascular
diseases, such as atrial related disorders including atrial arrhythmias.

Methods: After induction of anesthesia, we exsected the heart and isolated the atria of
48 male Wistar rats. Later, we recorded the beating and contractile force of the atria by a
physiograph. Subsequently, we studied the effects of diazoxide (2 to 100 pg/mL) on
beating and contractile force of the isolated atria 5, 10, 15 and 20 minutes after applying
the drug onto the atria.

Results: Diazoxide administration (2 to 100 pg/mL) showed a significant decrease (7%
to 49% depending on concentration) in atrial beatings (P<0.001) and in contractile force
(1.5% to 67% depending on concentration), (P<0.001). The effects began several minutes
after applying the drug onto the tissues.

Conclusion: This study revealed that diazoxide has a direct concentration-dependent
effect on cardiac performance and leads to reduction in beating rates and contractile
force of the heart. This effect seems to be related to the activation of mitochondrial or
sarcolemmal Karp channels. Since the inhibitory action of diazoxide on the heart was

very remarkable and prompt, this agent may also exhibit antiarrhythmic properties.

Keywords: atria, beating heart, cardiac, cardiac arrhythmia, contractile force, diazoxide,
isolated, potassium channel.
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