[ Downloaded from §jimu.medilam.ac.ir on 2026-01-02 ]

87 0Bl « pgs d)laid « @23PLD 5)9y el (3ib)y eolc alGills (alc alas

0,5 ((oonlii) 395 a1 395 Cudlad o (Ikn) &2 o (ooudilS ¢ Mol ool by iS5
ovge B - 6 5udadg (6 sald- owgiaw

f\ﬂ@bim

Ol o § cotiblae) Lo g S gl el ol ole x5S s Judil>

87/3/5: 3 1y o, 86/2/3:23L 55 o U

XIS

aloyo 53 g ybe lagl o 5l (S (IKN @y 6386 (2] oty (b (B (sledghs 5 2ot
05 by el clld p B-8 0T (Suis vpne langlie il o Jos Jouily 0355 (a8 Jos o5l
sl 0391 gy cnl B e wlles 903,556 Cawd (b = 5udd g (ubed = gis
g L oS aillia (3 (slaog iUl 95 b o 5l 0 i 057 93 j0 (3958 4 395 cllid o g, 5 o
Cycle L oyp Job g a0)5 cd B0 ¥ Voog Sio 1 byime plSin g L8 el (pulos 0,5 jo (saguligai]
b ¢S o5lul length

=i 0)5 (sle gei 3 (B 0)9d Jo b tali 8l b B-8 0T Voo S0 1 b pns Ll sl
lysii ol 0,5 93 o 1 d 00,0283/5 oy = c5ulad 0,5 (cla diges 4> g o> 67/6 £12/5 cilas
Adgy yy xe

U e Gorilty o (14858 ol s (o0 00l s & s (ol 2 i i 5
g lite 0,5 93 g ld 0)90 Jgbo 2 B80T 31 (255 55250 0,5 3y 1> gy

B-47) (6380 Slpa (ool (b2 (arm (s5dd 0,5 ((5udmdm pwginw 0,5 1 gualS” (52 219

Ol Sless 5 malig leds 5 Sy ple o8l (il pole 0SS (658 50 500 LS 1 ghns o ki gisk
Email: mrnikmaram@yahoo.co.uk

Y


https://sjimu.medilam.ac.ir/article-1-33-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2026-01-02 ]

@115 Lb)sans -... ((-031015)5308 @3 308 Caxdlad 3y ( KM@ (aai3 (810 (oawly obys Jbds

g odle (BLL 8l clabad gilwlis (505 o 00l
5 G5l 05 5 (G5eledm i 0)5 (gilulix
Gl Capa ol obe] gl Wged .8l ol QT 8l bl
g o s (B plan 3 ((SoiSl clolle
Coll =8 Cud 808 (oo w5 Wl Jolore lawgs
4 L9039 bl Joho )8 ©j50 4 0) 5 (ol
u_.JLx.au_ul.s.\_>u9u_9)§u_a)l)_e €07
So 4 g islly Se 28y (0 Djpe (oS
sl dmio g9y pp NAD o Juog pb ol
) 9 03— odalin J..l_a L u_>9)> c)Jy.ml_g
Jde Power Lab olSiwd .05, 0 0333 yguel S
o 33l o b 4 Sgbl oais Jas a5 £/sp
WIS NI JERSWWORE

32 ol dmpy (B oyl bl
el (15)us 03> gua i 31, Ksile 377 &y 4y
P Bl ple> 4 3959 jl J8 29 pls Jobe b
SogS termistor o lwg @yly > dsyd g0
055 (o0 (ol a3

20NaCl ,¥so Lo 93 Jolis 0gpli Jobxo
5 NaYHPO$ Yy o Lol NaHCOY ,¥go Lo
Voo Lol CaClY Yoo o2 KCl Yo o
i e 10 5 Sl ot ;Yoo Lo 20 MgSO
PH iy jolate aydgm anly D aslsl ay 3545
Lyl b aads 20 cae 4 cou 3590 Joloro coanbio
G A (e 325 S5 paibew bl g 525k 1
Jsb 2 005 (o 55 e3hl o H Laugs PH
b o ashl Sley 5B Jes islesl e

Jemiliy 0593 o Jsbo I sl @)l 0)93 Jobo
Sigma stat |5 8l 5,5 b we (SEMS) La Sl
Cewd | g pwy EXCEll g b S5 5 (5,5 o0
s gaie & ()90 4 L) Jatas g oad i T
ol 00 odlatw! Lol

vy

-

LV RY-T

aS 2l onds plwlid aliswe bl S b

o Jasly gl Yoy 9 Gl Yo
@y S5 (Sl 0aiS i o g
0,5 ksl o (delayed rectifier K+current)
P lor e G 8 aS .l oad 3l g o>, S
ub)_s ..\5)1.5 DA Qb)f u...L:_fa Jo.c oy’ﬂl.g 019_3'
(ultrarapid delayed) rectifier K+current x , .

@y S S ol amlty oy (1-5)(Tkur)
(6-9) rapid delayed rectifier)(K+current (Ikr)

(Iks) swal (535 15 welath oraly olay
(10-11)(slow rectifier K+current)

12 il oS woly oLis o), Sen 5 Verheijck
0158 3gd e Sy AS E-£+TY Ny oy, Sl ls
st 3,55 S ol 1K L gl o)
Job adex 5l g Jousily JSb 018" (nss’ (sl )95
Job )il csg0 g aily (Cycle length) o9
Oy50d bwgy &lyl e alie (13)33)5 0 0y90
(13)canl o 5155 5

Sllsho 3 KM 18 (ogad 3 (S)lae ax 5]
)15 2004 Jlo b [hge 8 (ghulmd g 08
i o9 3 55 (i OleMbl g 0a s
Clark Jluw cpl )3 &S0l b 355 polas ol (S35l 38
o)Ll ployr o=l j i Cljp 4o ohlSen
el e ldylS 3 a8 jeb len Lol (14)as S
oS (Hlarm giadas 05 Sledsle 3 Gl cpl 3B
cals sbuoly ;o g ool cpl g Cul 039 a5 g5 390
o5 ¥ 5 L8 ojlw ol sla by dwglie
Sgde Ly pole (gl mro 0)5 93 1 )3 oS
5 el 0)5 93 1 )3 yeSde (b (35
595 9 3190

L —CeV BLYI obw Jlo sl iy o
g 2 2y Lo &Sl 5l oy 25 30620 5
w13 Typ 8 p3)LSay g s 505 (o0 gt
I8 gl Jslore 3 by 25 Jl )3 B 5 08


https://sjimu.medilam.ac.ir/article-1-33-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2026-01-02 ]

87 0Bl « pgs d)laid « @23PLD 5)9y

el (3ib)y eolc alGills (alc alas

1)9—A>)DJ—ALMI—D?°)9>J9L’A§>9_‘S

b aisly
Cowl 0dd o3ld ul_m; d)‘l—m)_ww o)f dl)—’

Falss Jooe Jeuil Joho L5 slo e
s sl a5y S cdl s ay by e

i

b

P T o S (55l pwgi 0,5 (ol 0593 S (9398 41393 Cullad p E-A031 Vg0 9,50l iU 1SS
il (o0 E-4031 e 4 Lz yo yinily Jos Jowiilly (Jobor )1 s Cud 9 J 538 s @ bgryo ;U6 Jos Jomdly
ol 43 0,158( o) (HEI y900 53 9 LIy 15 (Jos by (giks) (53905 920 45 (565 8311 a1y

sob do (Har iy 08 )5 o5 cul 4l gl
- gion 075 55 5 (O 12) (g ins
Sl (65>

o—5 P oy Jo—b BT 5 as
p))—2360 £ 33/75 (3 ;jgw) s julod wg—uw
(4 ppgim) stlarm (s 5—lmd 0,5 5 0,90 Jo—bo g 4l
10593 Job a8 el a3l p,l5—n 579/5% 35/75
(P< *200) (oob (xe job an (damgplad o S
el (3l (i 0)5 )3 0)95 Jobo I 355

Yy

Lo 5l jlame (sllas 5 (:S0ke 2 S5 0
0)5 3 9> Spae g JyuS Sl )3 0)93 Job s
o gm0y 5 g (gidmam ey
13090 Jobo ol 00 sy 43903 6 96 45 i )5
Byman by S5 4 Cund 0)5 93 0 (slo diges 48
(p< 90) by —ine jp— b ey E-E2T)
2oy Al )3 0)93 Jobo 2,8 g a8l
poli 21418 £ 12 (1 pgs)isj—ddmom ogises o)
45114425 (2 \guw) slarm s julmd 0,5 53 5 ail 3


https://sjimu.medilam.ac.ir/article-1-33-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2026-01-02 ]

@115 Lb)sans -... ((-031015)5308 @3 308 Caxdlad 3y ( KM@ (aai3 (810 (oawly obys Jbds

(4 a0 3R)0 592 ok

i

N

T
¥ ¥

Y90 9550 1 Bpan g J5 Cllo 3 (o 55000 9 (53 (owgiomw 8,5 093 (395 41 398 Cullad duglie . 2 JSo
@ bgiye iy 44 93 g (S G50 9 (553 g 0,5 J S Sl 4 bgipe i 29 1 g E-4031
ol (G (6580 9 (G5l (owgiamw 0,57 3 9> B o
2 5alR — cwgin 0,5 L (P< 0,05) Iy dxe Cglds =

(arpus Jsb il

.I

(2 o) (o 55803 5 (1 (5] 6 5o~ (owgioms 0,5 895 Job ) (5395 44 395 Cullad y B-4031 T awuliie . 3 K6
] 0w 0313 Wi (N7 64 6) (uSilue jluro (glad + 5 (il 2oy G 5

WG 5= g 8,5 L (P<0,05) b o Coglds =

B S (Sl el Gl l—

5 05 Y9 S sl by il
If 3INa 1KY, ICa |5 jl oa S o3,¥es
Ol 45 0asd jasuie B, b jI.(16-18)s s
Sllslos 3 (1K) @y 30 S ol
(9)3,15 3525 g B (g3elmam (g o) S
2 Bye B80T aS oy ke g (o cnlpl
g &bl 3l (G5l (g 0)5 53 g9 (b >
Ol cpl b D9l 4y by ye 00 sdalie 45 dxdl
o) 13 0y9% Jobo LialSl ) 9> L5l

s il

v¢

Ly oyS g3 ym 501y 0y90 Jsbo Sl 3 S
Aoy dad o il Lo D s g jas
67/65 £12 (1 500) 555l gwogivus 05 )3 Sy
(i i 3l 18 (pgts) (o s3m 05 )3
O g 039 Iy (ixe il glis Ll 0 2823/50
Sy ol L diewdh Yloisl a8 2> o
05 5l yeS (o gjlas 0)5 ) @y s U
bl (o (G jaledm gl
S5 42 g SOy

Ledkle o), S pladns gla adl bl
o5l 0428 390 o Sy E-£ 0¥ Voo o, Seo


https://sjimu.medilam.ac.ir/article-1-33-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2026-01-02 ]

87 0Bl « pgs d)laid « @23PLD 5)9y

el (3ib)y eolc alGills (alc alas

L m gl cclale plon ol )y 0 &S
Cdld 3 LS czgo do ;3 68 Lot Y50 95
Cude b g (alad (pwginw 0)F (6365 4 295
b9y 4 bomrpe 1lg (el > gl (]
0,5 31(6) )L 5 Kodama | —j csle iulojl
0,55 03wl Wl g 03)950 Cowd (650~ wgivw
03503 0daiw] Ko g8 aiile g5 (Bl Wlalad 1 &L
590 Oyle dn el odg s 3ulad bl (gobs &S
ik —wgiw 0,5 51 (9) 4,  Verheijck
5 03,5 odlauwl lad b lagye 5 pllu g 03950 Cawd
5 03 Byan Voo 5,50 L clale ploa L) 9
d93 cJld By Coge E-E 0 Y a8 55 S snaline
45 Sloj (g i Gjladm g 05 395
oMb igie Eely gl 23S b ) (gjalas
ol Gilojl (] 03,5 0)F (38 4 258 Cllad
St wale 4 (alad pwginw 0)5 &5 Sloj 2D
HoaiS o) ¥ g mle (Som sldl—2 cunl Jog
lodns Cond 151 (o 05 @ (alad aale
Aigd dgd e (G3alad pwginw 05 S slodb >
93535 (e 05 (6355 4355 Cullad gl g
9= d9ds 0 IKI oo by > ST calple
20,5 e iBgin 0y S (6dg> 4 3> Callad
S o= S S
ALy oo 5l gm0, S s Ik
ol s g Sy J 5

s (voltage dependent of activation);L_J,

- ) ‘;x { ul) > u o5

»lw &l ol (inward  rectification) J—s1s

2 sl ‘_;»95? 9 (= 4;5? L}....é ).| Ql)l-\JLI.w.,g
oLy ol (deactivation) yus Jlé e a5 Jbs

& FS o bl | 5 g sl hge
PR Ly (58 Yias! gaidge ool a2 0
Vb olie b @llges Gl 5> ()8 . b
Iy =l aids 3 255 900-600 o 8 Joge Jiom
oled 4
S g a8

g pyoee Coglae I B A (o p3Y 395
o=l Sleyd iligy Gloss o (Kb pole oSl

Yo

S (S ety gl 2929 p il oa
sl oyl Gl & Bl e 05 ol o (TKN) g oo
DS i (g 0,5 b gl dulie ©)90
D9 (50

Lyl e a8 o s dios ol ol
o)5 2 0y9d Jb ) B4 TV Ny o) S
S (e ©olE (o 3ulnd g (gjlmdm g
ool Ol gyl ST Al ()l 3529
o5 9 ) » (k@ ¥l — Sh—o
o (S (s 7—lad g (g gt
o) jl yieS (harmsidns 0,5 )3 g s Sl sy
b 255 4 b (A8l (o (gjdm gt
alads 5l Jelate sledoluw 0)5 90 yo jd &S Cowl o
S5 g Jobw JSi i eg)ls Sl ogou ol jlas
oo 33l 35 45 (16)5) 3329 oo Juuity
o) 5 2 39290 Sladgbu b Jobo £95 2 91> Sl s
S5 b 0 5 (on Vil Jy s Ao sl
b ey gl il e o e gl
g sl iy ol dlaly gl 1 5 (KN gy (655
P9y S8 5l 55 ielae 09y L g iy ClikiS 4
2 goie sledslo jl oalatwl osad 4 4 cOnfocal
2 a5ge e o ABb (o0 Sl duglie Sz 05 93
&g a8 ad esalie JBueS g gigel Clills
(Ether-a-go-go-Related Gene) ERG (54,
o plai 5 il IKT LSS st o 4
{20) s LS, Ferret s e sty S

(12)0s lgbale @)l (6),),Ken 5 Kodama
S8 sl 2 ) B80T (Vo0 5500 1) 2
2 ogafl (S B (s5edmm g o5 | B
ML @ 6380 Gl onmly gl o5 clale
aoldl (63 So (s Cadled g 00 Dgdasne s yobo
P 29 4 255 Cllad o o oo S0 SNy
bl Ll gy (azee log Sl it 635 0 sy
ool gl JeelS el ans Loy Voo 550e
aS ol dges plas I IKIN L m g (680 Sly
relals Collad g 03,8 Sgdue Lidgy 0)5 Lae g S 5o |l
Cowl Jls jo opl g0 CaBgio |y (0395 4y 05 oS


https://sjimu.medilam.ac.ir/article-1-33-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2026-01-02 ]

@115 Lb)sans -... ((-031015)5308 @3 308 Caxdlad 3y ( KM@ (aai3 (810 (oawly obys Jbds

Ao byad g Sty a sl a sl a8yl

sdon jl gk ren g Slllae cus )b 4 plicl Cux
) S 854 (Mark Boyett)coy s Syl
aS o oKl ole Gl slacl (Ming Lei)

References

1-Lagrutta A,Wang J, Fermini B, et al.
Novel, Potent Inhibitors of Human Kv1,5

K+ Channels and Ultrarapidly Activating
Delayed Rectifier Potassium Current. JPET
2006; 317:1054-1063.

2-Wettwer E, Hala O, Christ T. Role of

IKur in Controlling Action Potential Shape
and Contractility in the Human Atrium
Influence of Chronic Atrial Fibrillation.

Circ. 2004;110:2299-2306.
3-Choi BH, Park JA, Kim KR, et al. Direct
block of cloned hKv1,5 channel by

cytochalasins, actin-disrupting
agents.Am.J.Physiol.  Cell  Physiol,289,

2005; C425-C436.

4-Fedida D, Eldstrom J, Hesketh JC, et al.
Kvl,5 is an important component of
repolarizing K+ current in canine atrial
myocytes. Circ Res,2003; 93: 744-751.
5-Dobrzynski H, Stephen M, Rothery DDR.
Presence of the Kvl1,5 K+ Channel in the
Sinoatrial Node. J Histochem Cytochem,
2000; 48: 769-780.

6-Kodama I, Boyett MR, Nikmaram MR,

Yamamoto M, Hojo H, and Niwa H.
Regional differences in effects of E-4031

within the sinoatrial node. Am J Physiol
Heart Circ Physiol, 1999; 276: H793-
H802.

7-Ono K & 1to H. Role of rapidly activating

delayed rectifier K+ current in sinoatrial
node pacemaker activity. Am J Physiol
Heart Circ Physiol ,1995;269: H453-

H462.

8-Robert B, Clark, Matteo E, Mangoni,

Andreas Lueger, Brigitte Couette, Joel
Nargeot, and Wayne R. Giles A rapidly
activating delayed rectifier K+ current

¥

regulates pacemaker activity in adult mouse
sinoatrial node cells. Am J Physiol Heart
Circ Physiol, 2004;286: H1757-H1766.
9-E Etienne Verheijck, Ronald Wilders, and
Lennart N. Bauman. Atrio-Sinus Interaction
Demonstrated by Blockade of the Rapid
Delayed Rectifier Current .Circulation
2002; 105: 880 — 885.

10-Lei M, Cooper P, Camelliti P & Kohl P.
Role of the 293b-sensitive, slowly

activating delayed rectifier potassium
current, i(Ks), in pacemaker activity of
rabbit isolated sino-atrial node cells.

Cardiovas Res,2002; 53: 68-79.
11-London B, Trudeau MC, Newton KP,

Beyer AK, Copeland NG, Gilbert DJ,
Jenkins NA, Satler CA, and Robertson GA.
Two isoforms of the mouse ether-a-go-go-
related gene coassemble to form channels
with properties similar to the rapidly
activating component of the cardiac delayed
rectifier K+ current. Circ Res,1997; 81:

870-878.
12-Matsuura H, Ehara T, Ding WG,

Omatsu-Kanbe M, and Isono T. Rapidly
and slowly activating components of
delayed rectifier K+ current in guinea-pig
sino-atrial node pacemaker cells. J Physiol,
2002;540: 815-830.

13-Verheijck EE, van Ginneken AC,

Bourier J, and Bouman LN. Effects of
delayed rectifier current blockade by E-
4031 on impulse generation in single

sinoatrial nodal myocytes of the rabbit. Circ
Res,1995; 76: 607-615.
14-Clark RB, Mangoni ME, Lueger A,

Couette B, Nargeot J & Giles WR.. A
rapidly activating delayed rectifier K+
current regulates pacemaker activity in


https://sjimu.medilam.ac.ir/article-1-33-en.html

[ Downloaded from §jimu.medilam.ac.ir on 2026-01-02 ]

87 0Bl « pgs d)laid « @23PLD 5)9y

el (3ib)y eolc alGills (alc alas

adult mouse sinoatrial node cells. Am J
Physiol, 2004;286: H1757-H1766.

15-Kodama I, Boyett MR. Regional

differences in the electrical activity of the
rabbit sinus node. Pflugers Archiv - Eu. J.
of Physiol, 1985; 404: 214-226.

16-Boyett MR, Honjo H & Kodama I. The
sinoatrial node, a heterogeneous pacemaker
structure. Cardiovasc Res, 2000; 47: 658-
687.

17-Maier SK, Westenbroek RE, Yamanushi

TT, Dobrzynski H, Boyett MR, Catterall
WA & Scheuer T. An unexpected
requirement for brain-type sodium channels
for control of heart rate in the mouse
sinoatrial node. Proc Natl Acad Sci U S A,

2003; 100,:3507-3512.

18-Lei M, Cooper P, Camelliti P & Kohl P.
Contribution of the fast sodium inward
current, iNa, to murine sino-atrial node
pacemaking. Biophys J, 2002; 82: 605.
19-London B, Guo W, Pan X, Lee JS,
Shusterman V, Rocco CJ, Logothetis DA,
Nerbonne JM, Hill JA. Targetted
replacement of KV).e in the mouse leads to
loss of the 4-aminopyridine-sensitive
component of IKslow and resistance to
drug-induced QT prolongation. Circ Res,
2001; 88: 940-946.

20-Brahmajothi MV, Morales MJ, Reimer

KA, and Strauss HC. Regional
Localization of ERG, the Channel Protein
Responsible for the Rapid Component of
the Delayed Rectifier, K+ Current in the
Ferret Heart .Circ Res, 1997; 81:128 - 135.

The Role of Rapid Delayed Rectifier K+Current on Pacemaker
Activity of Mouse Sinoatrial And Atrioventricular Node

Nikmaram M”

(Received: 23 Apr, 2007

Abstract

Introduction: In the heart cells, rapid
delayed rectifier K+current is one of the
important currents for action potential
repolarization phase. Rapid delayed
rectifier K+current is blocked by low
concentration of E-4031. The aim of this

research was to compare the effect of E-
4031 blocker on pacemaker activity of

sinoatrial node (SAN) and
atrioventricular node (AVN) of mouse
heart.

Materials & methodes: The pacemaker
activity of distinct intact SAN and
AVN by two separate metal
microelectrodes  that contact the
endothelial surface of  nodes, was

Yv

Accepted: 25 May, 2008)

recorded before and during 1uM E-4031
and cycle length (CL) was measured.

Findings: 1 uM E-4031 increased CL on
SAN preparations by 67,6 £12,5 % and

on AVN preparations by yaOr, %.

These changes were significants in two
nodes.

Conclusion: 1t is passible to conclude
that 1) the rapid delayed rectifier

K+current was present in two nodes 2)

the effect of E-4031 on CL of two nodes
was different.
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