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ABSTRACT 

A皿讧：To examine tlle effects of polysacchai'ide 

sulfate (PSS) on tlle action potentials and 

contractile force in guir a pig papillary
．

muscles． 

MFⅡl(mS：Using intracellular microelectrode 

to record fast(F̂JP)and slow (ŜJP)action 

potentials． REsIII ：PSS(≥50 nag‘L ) 

caused concentration．dependent decreases in the 

contraetile foroe and the action potential duration 

(APD)of F̂JP witllout affecting tlle resting 

potential(RP)， action potential amphtude 

(APA)，and maximal upstroke veleci~ (I，一)． 

111e ，APA，and APD ofBaC12-induced SAP 

were concentration-dependently decreased by PSS 

(≥15mg·L )andthe effectswereantagonized 

byisoprenaline(1 tsmol·L )． 111e APA and 

APD of isoprenaline．induced SAP were decreased 

by PsS(≥15 nag·L )in a concentration． 

dependentmannerand山e effectswere attenuated 

bv eleration of extracellular C concentration． 

C0NCLUsION：PsS selectively inhibited the 

slow inward current． 

DrJIR0DII(TmlN 

The polysacchatide sulfate(PSS)is a new 

type heparinoid， extracted from 州㈣ 
phaeoI)̂州Ⅱ． After estefifieation and sulfouation． 
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the PSS obtained was a semi-synthetic oceanic 

drug~ 
．
PSS improved microcireulati0n【 J and 

coronary blood supply、 ， inhibited blood 

coagulationL ．andwas effective inthe treatment 

of ischemie heart disease J． Althou PSS 

exhibited all inhibitory effect(auriculoventriclllar 

block)on the myocardium ，electrophysiologie 

effects of PSS have not yet been examined． 

Therefore，we undertook the present studies to 

cls~fythe effects ofPSS on cardiacion channels． 

MAIERlAI S AND MFⅡl(匝Is 

Orugs PSS(Qingdao 3rd Pharmaceutical 

Factory，lot No 941215)；B~C12(Tianjin 3rd 

Chenfical Reagent Factory，lot No 820912)； 

iseprenaline(Shanghai Tianfeng Pharmaceutical 

Factorv，lot No 930101)． 

Guinea pigs Either sex，provided from 

山e Experimental Animal Center of Henan 

Medical University(Ceaificate№ 981002)．n 

= 30，weighing 300 g±s 50 g were stunned． 

Papillary muscle was taken from the right 

ventricle and was pinned in a 2．mL chamber of 

TyP e’s solution aeratedwith02(pH7．4±0．5) 

aI(36±0．5)℃ at a rate of l0 mL·min_。． 

For fast action potentials(FAP)，the Tyro&’ 

solution contained： NaCl 140．0， Ka 5．4． 

MgC12 0．5，CaC12 1．8，NaH2PO4 0．3．HFPES 

5．0，and uc0se 5．0 mmol·L～ ． Foix3e of 

contraction (FC) of papillary musele was 

measured wi山 all isometric foroe transducer 

connected to the tendinous end of tlle musele． 

Initial le,~gth was adjusted to yield an optimal 
contraction amphtude upon stimulation． Trans． 

nlembrane action potentials wer recorded wi山 a 
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conventional glass microelectrode filled Ih KCl 

3 mol·L～ ．having a resistenee of 15—2O M0． 

The m黜imal upstroke velocity ( r『Iax) WaS 

obtained by an electronic differentiator． Sti— 

mulation parattletel's were：stimulus duration l 

ins． frexluency 1 Hz。 voltage 50 ％ above 

threshold． After recording the control FAP for l 

h． experiments started ． n1e electric and 

mechanical signals were displayed on the screen 

of an oscilloscope and photographed． n 

parameter of FAP were ∞一line analyzed hy a 

microcomputer system TP-8ol B f J． 

For slow action potentials(SAP)，after 

impalement was stabilized for 30 min，high K 

(25 mmol‘L )Tyrode solution was prepared by 
eqnimolar substitution of KCl for Naa， 

containing isoprenaline l t~rnal。L or BaC12 O．2 

mmol·L to elicit SAP after depolarization of the 

resting l~)tential(RP)and inactivation of fast 
Na channelst 

． 
Stimulation paran~ters were： 

stimulus duration 3 Ills， frequency 0．5 Hz， 

voltage 50％ above threshold Experiments 

weI'e startedafterfherecording of control SAPfnr 

l h． 

n1 preparations were perfused with the 

solutions of PsS 5，l5，5O，150，500 nag’L 

(pH 7．4)． Iheperfusionlasted 30min at each 

concentration． Ihe effects ofPSS on tlle electric 

parameters of FAP and SAP were observed ． 

Data were processed by computer using SAs 

software and ana1vzed by paired t test． 

RESUI IS 

E 担oll FAP PsS 5O一500 ·L～， 

caused concentration—dependent decreases in the 

FC，API：~，API)50，and APDg0 ofthe FAP，but 

had no effect onthe RP， ，and APA． PSS 

decreased FCfrom l00％ intlle eontrolto62％ 

-

4-17％ (n=7．P<0．O1)after PSS 500 mg· 

L～ and decreased APD3o，AH ，and APDgo 

from(15l±16)ms，(186-4-l5)lns，and(234 

±12)lns to(112 4-23)nis，(138±27)ins， 

and(186±26)№ (n=7，P<0．叭 )， 

respectively(Tab 1)． 

Effects 0n SAP induced by Ba PSS 

5O一 500 mg·L～ concentration—dependently 

suppressed the Vm of the SAP induced by 

BaC12． PsS decreased Vm from(9-4-1)V’s 

in the control to(6±1)V·s (n=6，P< 

O．O1)after PsS 500仃嚷·L～． PsS l5—500 
mg-L concentration-dependently decreased tl1e 

P̂ ，AP D30， P̂D∞，and AP Dg0 of the SAP  

induced by BaCl1． PSS decreased APA from 

(69±2)mV in the control to(58±4)mV(n 

= 6，P<0-【)1)after PsS 500仃嚷·L and 

decreased API：~o，AP ，and AP from(124 

±8)，(160±9)，and(187±10)ITIS to(81± 

16)，(113±l8)，and(135±18)ins(n=6， 

P<0 叭 )．respectively AⅡthe effects ofPSS 

on the SAP were attenuated after tlle addition of 

isoprenaline l wnal·L to the solution 

(Tab 2)． 

Eff酏担 oil SAP inducedbyisoprenallne 

Tab1． Effects of~ysaccharlde sulfate oilfast acIi0n potentialsin霉dI嘲 pig papillarymuscles． 
n=7． ±s． >0．05，bp<0

．05， <0．01 t,s contro1． 
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Tab 2． Effects of polysaccharide sulfate on slow action potentials induced by BaCl2(0．2 mmol·L一 )OF 

isoprenaline(Iso．1 pmol·LI1)in guinea pig papillary muscles． 

n=6． ± ． >0．05．b尸<0．05，cp<0．Ol付 ,contro1． 

PSS 15—500嘴 ‘L 

decreased the APA，APD30，APD卯，and APDg0 

0f山e SAP induced by isoprenaline．wi山out 

affecting the RP． PSS decreased APA from (73 

±2)mV in山e controlto(59±4)mV(n=6， 

P<0．O1)after PSS 500 nag·L and decreased 

APD3o，AP 0，and APD帅fmm (128±15)， 

(165±14)，and(183±15)|Ils to(84±21)， 

(108±24)，and(130±27)Ⅱls(n=6，P< 

O．O1)，respectively(Tab 2)． 

The effects of PSS 150 mg·L on山e SAP 

induced by isoprenaline were seen at time 

intervals of 6，12， and 24 min following the 

addition of the drug． The APA and APDS of the 

SAP decreased progressively in a time—dependent 

rI】fmner． Mter mising the extracellu【ar C 

content from 1．8 to 5 mmol·L_。．the restitution 

0f bioelectric DaraJneters were noted at time 

intervals of 3， 5． and 10 min． AⅡ the 

parameters of the SAP  were gradually recovered 

wi山in 10 min(1 3)． 

D CUSS10N 

PSS concentration—dependently decreased 

the APD 0f山e FAP．but had no effect on the 

RP， ，and AP A． The lack of effect on 

phase 0 characteristics strongly suggested that 

PSS did not exert all inhibitory effect on山e fast 

inwasd soditma cm'rent． Itiswell known山atthe 

APD at plateau phase iS detetmined by the 

Tab 3． Progrl~ ve soppl"~ on by polysaccharide sulfate of slow action potentials induced by isop~  

and restitution by ra~ngthe Caz’contentfrom1．8to 5mmol·L～． 

n=6． -I-s． ap>0．05．b尸<0．05．ep<0．叮 咖 删 ． 
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balance between inwanl calcium current and 

ou~vard potassium currents． rhe reduction of 

calcium current inereased the net outwanl 

currents and thus caused a deorease of APl】． 

Therefore．tIle reduction of APD of the f bY 

PSS is thought to be induced by the suppression 
of calcium current． PsS produced a eoneentra— 

tion—dependent decrease in peak contractile force 

in guinea pig papillary
．

mlllseles，an effect which 

has been attributed to an inhibition of the 

transmembrane C82 influx reoared for tI】e 

eotfformation~ change of troponin I and nollllal 

excitation—contraction couplingL ． 

The calcium current is the main inward 

eurrent，contributing to the maintenance of the 

APl】，determining the and APA of the 

SAPs J． PSs decreased the I， and APA， 

sho~ened APD of tIle SAP． indicating a 

preferential inhibitolT action on the calcium 

current． AIl these effects C0llld be restored by 

elevation of the extracellular Ca2 concentration 

as well as administration of isoprenaline．which 

inereased the open probability and the 

ph0即h0rvlation of the calcium channels⋯ ． 

I1】us．Pss selectively inhibited the slow inward 

cukittent． 
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豚鼠乳头状肌动作电位和收缩 

的抑制作用 7 L 
、 ． 。 『J 

汤 蕴，汤树本 ．张海燕 (河南医科大学生理 

室 嬲 帽’ 
关键词 多糖；乳头状肌；动作电位；钙通道； 

12'肌收缩；钡化合物；异丙肾上腺素 

目的：观察藻酸双酯钠(PsS)对豚鼠乳头状肌动作 

电位和收缩力(FC)的影响．方法：利用细胞内微 

电极技术记录豚鼠乳头状肌的快反应动作电位 

(FAP)和慢反应动作电位(SAP)．结果：PSS(≥50 

mg·L 0)浓度依赖性地使 Fc减弱和 Fled~的动作电 

位时程(APD)缩短，但对静息电位和动作电位幅度 

(APA)及 0期最大除极速率( )均无显著影响． 

PSS(≥15 mg·L。。)浓度依赖性地使 BaC12诱发的 

SAP的 一和 APA降低，APD缩短，在台氏液中 

加入异丙肾上腺素 1 ttmol·L 后，各项参数恢复 

正常．PSS(≥15 rag·L )浓度依赖性地使异丙肾 

上腺素诱发的 SAP的 APA降低，APD缩短，提高 

细胞外 Ca" 浓度后各项参数均恢复正常． 结论： 

PSS选择性抑制慢内向电流． 
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