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Electrophysiologic effects of agmatine on pacemaker ceHs in 

sinoatrial node of rabbits 

LI Xiao—Tao，FAN 2hen—Zhong，HE Rui—RDI (Department ofPln／siology 

Mech'cal Univers ，Shifiazhuang 050017， 妇 ) 

KEY W ORDS ~ latine；$irloal：l'ial i1o~ ；electro· 

physiology；imidazoles；alpha 2-adrenergic receptors； 

calcium channels；potassium channels 

AIM 1 To study the electrophysiologic effects of 

a~ atine(Agm)on pacemaker cells in sinoatria](SA) 

node． 唧 ODS! Parameters of action potential 

(AP)in SA node were recorded usiI1g intmcellular 
microclec1~ade technique．RESULTS：Agm not only 

slowed down the锄口Ⅱnlde of action potential(APA)， 

maximal rate of depolarization( )，veloc of 

diastol~c(ptmse 4)depolarization(VDD)，and rate of 

ps~ laker丘血g(RPF)，bm also prolonged 90％ 

d on of action potential(neDg0)in a concentration- 

de ment．malln~r Tbe effects ofAg (10 mmol· 

L )could beblocked completely by preffeaffnentwith 

idazoxan(0．15 mmol‘L )，al1吨-aam~gic receptor 

(啦-AR)and imidazoline receptor(IR)anutgonist． 

Pretma~entwith_ⅣLi．nitro．L．al'gJl~emethyl ester(L． 

NAME,l rmnol·L一 )，an Nos inhibitor，did not 

affect the eleclrophysiologic effects of Agm oil 

nac印 kr cells in SA node． Elevation of C 

concentration《5mmol·L一 )in pelfik~te an切 0I 

the effects of Agm (10 mmol·LI1)． Lemakalim 

(rem，30 tanol-L )，all opener of AⅡ sensitive 

potassium channels，partially inhibited the prolonging 

effect of Agm on repo~ on． C0NCLlI圊．0N： 

1be electrophysiologic effects of Agm Oil paceInaker 

cellsin SA node werelikely attributedto the reduction 

in calcium influx and potassium efflux andmediated bv 

吨-AR and tR． 
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Agmatine(Agm)has been identified as an 

endogellOUS clonidine—displacing substance (CDS)in 

mammalian brain Agmafiae．aIl~Jl~]ogcIlOtlS agonist 

at imidazoline iP．c~ ors(Ⅱ )and a noncatecholamine 

ligand at吨-adrenergic r。cept0r(啦-AR)，may act as a 

neIlID咖 sn lj It has been known that A锄 was 

widely distributed in lllam~a]ian tissues including 

heart，blood vessels，and brain ，suggesting that Agm 

could act on cardiovascular sy$1P．m and nervous 

center" ． Recently，we have found that ngm (iv) 

decreased heart rate，blood pmssure．cardiac output． 

and myocardial contractility in the anesthetized tats ， 

which aIe consistentwiththe Yesultsfrom Gao etalL ． 

Agmatine could a1so reduce calcium influx of AP in 

gamea pig papiU~y muscles in vitro ． However． 

the effects of Agm Oll SA node has not yet been 

elucidated． The purpose of the present study was to 

investigatethe eleclrophysiologic effects ofAgm on SA 

node and its action mechanism(s)． 

Prepamtion Rabbits(舌早，n=25，weighing 

2．4± s 0．3 kg， 目 de lI，Ceatificate No 04037， 

provided by ExDedⅡ瑚 诅1 Animal Colter of Hebei 

Province)were stulln~d by heavy blow o13thebead and 

the hearts were superfused with Kl~oS．Henseleit(K-H) 

solution． Thefight atfilⅢ1was diss~ted c~mfu]ly for 

the preparation of SA node． Pn加m 60Ⅱsinchildthe 

illt~Tcava1 region and a small Dan of the im~atrta1 

由Ⅱn but not thg．ratrio-venla$cular node． The upper 

Da ofthe crism terminaliswas cutto opeathe superior 

vena cava to expos~ the SA node． The pIq 加  

were removed and immediately perfus~1 with K-H 

solution of the following ~ ifion：NaCI 118．0． 

NaHCO~25．0，KC14．8，MgSO4 1．6，CaCl~1．8，and 
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glucose11．1 mmol·L一． solution wets buffered 

to pH 7．39±O．03 by saturation with l00 ％ gas， 

andtomperature wasmaintained at 35．0±0．5℃ ． 

Electrophysiological meas~ ts The 

mm锄 ernbrane AP was rec0rd0d flmm pacemaker cells 

in SA with a glassmicroelectrodefilledwi血 KCl 3mol 

’L (a tip resistance of 10—3O Mn)．coupled to a 

h|曲 input impedance amplifier(IvlEZ 8201，Nihon 

Kohden)．1be amplified signalswerefed to n1e A／D 

co nveiqtor and processed by a mi~ puter． 

Max naI diastolic potential(MDP)， amNitude of 

actionpomntial (A队 )，90％ of dlll~on of action 

potential t APDo~0)，maximal rate of depolarization 

Lym )，rate ofpace~ rfiring(RPF)，and velocity 

of diastotic Lphase 4)depolarization (vDD)were 

analyzed by the micaxx)mputer． Pal'ametelS of AP 

Ⅵ st删 into a diskette 

Experimental protocols Th。preparation was 

equilibratedfor 60 millin theK-H solution at 4mL· 

mill_。before intmcellular recordings． 1be AP was 

recorded before and at 1，5，10，20，and 30 rain after 

applicationof drags． The changes ofAPwere record- 

ed 10 min after application  of Agm ． The preparation  

was washed wim the K-H so／ution to observe the 

recovery of AP． 

1be experiments cons~ted of 5 groups：(1)The 

electsophysiologic effects of agm on  SA node 

pacemaker cells． The anilnals wele divialed into 5 

subgroups：control，Agm l，5，l0，15 mmol‘L ； 

(2)Eff t of Jdazoxan(0．15 mmol·L。。)on the 

electrophysiologic response of pacemaker cells to Agm 

t10tnlTiOl_L )；(3)Effect of L—NAME(1 mmol· 

L。。)oll the electrophysiologic response of pacemaker 

cellstoAgmt10mmol’LI1)；t4)The effect of h 血 

Ca2 (5 mmol·L )on the actions of Agm；(5) 

Effect of ATP_sensitive potassium channel opener 

lemabIim (Lem，30~zmol·L-i)oil the Agm-induced 

changes of repolarization  of pacomaker cells in SA 

node． In subgroup 2—5．the effects of Agm were 

observed  at 10 min followi~ proffeaa~ nt wi th 

idazoxan，L—NAME，hi Ca2 ，and km，v~pec— 

tively． 

Orugs Agm，idazoxan，and L—NÂ 任!(Sigma 

Co，USA)． Lemakallm(Leo Pharm~eutical Products 

Ltd，Denmark)．Agmatine，idazox&n，and L—NAM匣 

were dissolved in distilled water． Lemakalim was 

dissolved in 99 ％ ethyl alcohol and diluted in the 

di Ued water． 

Stallsti-------~d analysis Data were presented as i 

±j andanalyzed byANOVA oF by t-test 

Effects of Agm Oli automaticity 0f pace- 

Inaker cellsin SA node VDD was slowed down by 

Agm in a concentration—dependent malluer(Tab 1) 

RPFbeganto decrease after 5rain of perfusionwi吐l K_ 

H solution containing ngm 10 mmol·L一 
． The 

changes in RPlF induced by Agm paralled to those of 

VDD． The effects ofAgm 10mmol·L一 onVDD and 

RPF couldbe blocked completely by pretreatmentwith 

idazoxan 0．15 mmol-L—1．but not by L—NAⅣ【E l 

ramol·LI1(Tl曲 2，Fig 1)． 

Elerationof Ca2 concentration(5mmol·L )in 

peifu~te decreased the inhibitory actions of Agm (10 

mmol‘L )onthe automaticity of pacemakercellsin 

SA node(Tab 2)． 

Effects of Agm on transmembrane poten- 

dals of pacemaker cells in SA node AgTn 5 

mm0】’LI1 only induced a slight increase加 APD~o． 

whileat 10，15mmol·L一 indmed amarked increase 

in APDg0 and decreased I— and A队 in a collCP-A]tra- 

tion-dependent Bilanller t Tl曲 1)． Idazoxan (0．15 

mmol·L一 ) could completely block the above- 

mentioned effects induced by Agm (10 mmol’L )， 

but L-NAME (1 mmol·L。。)could not(Tab 2)． 

Elevation ofCa2 concentrationinl,erfns,*~could also 

antagonized the actions of Agm on  paceolaker cells 

(Tab 2)． 

E丘 佃 of lemakalim on response of 

repolm'izadon of pacemaker cells to Agm 

Lemakalim (30邶 1．L_。)，an ATP—sensitive potas— 

sium channel opener， con ld pamaUy antagonize the 

prolonged repol~ization of AP of the pa m如 r ceils 

ih by Agm lO mmol‘L～． Agmmine at 10 

mmol·L一 induced allincI愀 inAPI~ofrom 177±19 

to 20：3±l8ms( =5，P<0．01)，with a net change 

0f 25．8±3．8 ms． 岫 e pretreaUnent wi th Lem 30 

}廿n0l-L_。，Agm increasedAP【 from 177±19to 187 

±17mswi th a net change of9．6±2．6ms．whichwas 

significantly different from that induced by Agm alone 

(P<0．O1)． 
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lab 1． 日 商0l c e~fects of agmatine{Agm)蚰 pacemaker cells in mbMt sinoatriai node 
n=5 。霉±s． >O．05。 ‘O．05。 ‘O．Ol懵 c~ Iro1． 

Tab2． Ⅱ ofidazoxma(Ida，O．15mmol·L一 )．L．N (1 lⅫ I·L一 )。andM曲 {5mmol·L一 )m the 

agnm1~ne cA目m．10IⅢ呻I·L )·如duced electroph~ ologic changes of p昌l婵m cellsini t sinmtrialnede． 
n=15． ±s． >0．05． <0．05． <0．o1 contro1． 

DISCUSS10N 

The pre．s~ t smdy demonstrated that Agm could 

and RPF 0f AP in 瑚 cemaker cells in SA node of 

ml~its Basat on the 血ct that the action potential 

upstrok~ofpacemaker cellsin SA n。deis gⅡIera州 by 

IcB，the decrease in A may be at虹ibll幛d to the 

reduc~on of Ica． Likewise， the decre~ of VDD， 

aIId RPF may result from the reduction血 七日、7． ． 
Elevation of calcium conc．enwation in perfusate 

matagon~zed the above—mentioned inhibitory effects of 

Agm ． Therefore， it indicated 山砒 the i Orv 

effects of A鲫 0Il ，APA，Ⅵ )D，and RPF 0f 

DaceⅡmIa cells might be due to 山e blockade of 

calcium in日ux．whichwas consistentwiththe results of 

our recent reportE 
． 

Likungu al showed that there wfl'e∞．AR mad 

取 in the heart mad n0翔d龙∞a1ine gelP．ased from the 

hmnan heartwasinhibited not only r／a pI~ qlaplic cb— 

AR but also r／a pie毋Ⅲ IRL ． As觚 嘞一AR and 

IR ~tagonistL ． idazoxan madcedly inhibited the 

elecux~physiologic effects ofAgm onpacemaker cellsin 

SA node，su艇 litat 一AR andIR wereinvolved 

inthe effects ofAgm Oil口ace加血 r cells． 

A n撕 nelI1ight be a precursorforNO generation 

and its effects could be completely abolished bv 工一 

NAⅧ ， 觚 No symhase inhibitor， Ol-endothelium 

denudationt ． From this point of view．Agm could 

illdU~ all in叮凹se in the production of N0。thereby 

leading to 觚 inclease of intracelhlar with a 

subsequent redl~ oll in intracelhlar calcittmL ． On 

the cc~me-y．Galea el a／L showed吐Iat Agm was a 

competitiveNO sya0~ einhibitor，lint删 a ∞Im  

for NO． Inthe珥B吼 I study，L—NAME did删 affect 

me electrophysiologic effects of Agm on pacemaker 

oells in SA node．sugg~tmg litat No might not be 

involv~，which remainsto befurther established． 
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n g1． Effects ofidlmmm -L-NAME，high ’- 

and le~akalim c I七m】∞ elect聃 州 n10gic re印 Is鹤 

ofpacemakex cellsin SAnode of rabbitstoA舯 ．A) 

Conu'o1． B)A舯 10． C)idammm 0．15+A舯 10． 

D)L-NAME 1+A舯 10． E)high Caz +A舯 10． 

FI L哪 0．03-I-A舯 10mmol·L一 ． 

In 山is study． action potential duration of 

pacemaker cells was prolonged as the concen~'atlon  of 

Agm wasincreas~ ． T s actionmight be relatedto a 

reductionin potassium currents In the present study， 

lemakalim (an opener of ATP-sensitive potassimn 

channels)partially attenuated the prolonging effect of 

Agm Oll repolafizafion  of pacemaker cells． Itislikely 

that Agm was a blocker of A seasifive potassium 

channel，as suggested by Chan el all 
． However． 

the involvement of 0山er potassium  ctaTelrlts cannot be 

excluded． This issue merits ftl~er investigalioa by 

patch-clamp experiments． 

In s眦 功 afy，Agm exerts a negative chamotrop~c 

action and indaees a delayecl repolarizafion  of 

pacemaker cells in SA node， which may be due to 

reduction in calcium  influx and po tassitml efflux and 

mediated by 0b—AR an dIR． 
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胍丁胺对兔窦房结起搏细胞的电生理效应 

李晓谄，范振 何 ( 姜 基础 李晓滔，莲竖立，何瑞荣 (向北医科大学基础 

医学研究所生理室，石家庄 050017，中国) 

关键词 胍丁胺 ；窦房结 ；电生理学；咪唑啉； 

肾上腺素吨一受体；钙通道；钾通道 
一  

目的：研究胍丁胺(Agm)X~兔窦房结起搏细胞的电 

生理效应及其作用机制． 方法：应用玻璃微电极 

方法．结果：A鲫 不仅能剂量依赖地抑制兔窦房 

结起搏细胞的 y一 ，APA和VDD，RPF；而且能延 

长 AH ；idazoxan能明显抑制 驵 的电生理效 

应；而 L．NAME不能影响 Agm 的电生理效应；提 

高灌流液中的Ca2 浓度可对抗 A肿 的作用； rP_ 

敏感性钾通道开放剂(1emakalim)可部分拮抗 Agm 

延长 AH 的作用． 结论：Agm对窦房结的电生 

理效应由肾上腺素能 一受体和咪唑啉受体介导， 

并与 ca2 内流和K 外流减少有关 

征订启事 
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