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Effects of nicotinamide on cardiac c0ntracti0n f0rce and 

slow inward current‘ 

M A O X in-M in，LI Di-M in，ZH OU Cheng-M in·W AN G Xiao-W en，ZHAN G Ke-Jin 

(D叩a~tment of尸harmaeotogy，Xi~jiangⅣ feat College， trim qi 830054，China) 

AB耵 RACT The eftects of nicotinamide tNic)on ear— 

disc contraction force and o力slow inward current(I‘ ) 

in guinea~Pigs were studJed
．with atrial strips and volt— 

age clamp techniques· Verapamfl (Ver)， M nCl!- 

nffedlpine (Nif)， and propranolol (Pro) depressed 

markedly the pOSitive inotropic effect induce d by Nic 

a noncompetitive manner· The pD 2 values of Ver， 

MnC ， Nif，and Fro were 6．19， 3．4l， 5．00，and 

6．43．respectively． The action of Nic was reduced by 

a low Ca Tyrode solution and disappeared in a Ca 一 

free solution． Nic 33 mmol·L～ elevated the I from 

6．5士1．3 uA t0 1O．3士2．2 ttA． The results suggest 

that Nic promotes the Ca influx and jts site of action 

is different from that of beth Pre and the calcium 

antagon曲ts· 

KEY W ORDS nicotinfimide} calcium }heart atrium I 

papillary muscle I calcium channel blockera- electro— 

physiology 

Nicotinamide (Nic)shows a positive jn- 

otropic effect(”．increases the slope of phase 4 

of the action potentia1 of the sinoatrial node 

cells and this action of Nic was antagonized 

com pletely by V er but not by Pro∞ ． This 

study aimed at elucidating the interrelation be— 

twecn N ic and calcium antagonists on I ， to 

analyze the m echanism of action 0f N i c． 

M ArERIALS AND M ETH ODS 

Atrial strip experlment Seventy-five guinea piss 

of either sex weishing 450士 95 g were killed by stun— 

ning· The atrial自trip was prepared according to a 

previous report[ ． 

I Cumul- v● eoncentratieit-rotpon●●● to Nic 

After having been equtfibrated for 30 rain ，the bathing 
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。 Project supported by the National Natura!Sc Jenee Founds— 

tion ofChma．N9 85．605． 

fluid was changed  by the same Tyrode solution【s1． Af— 

ter 30 min Njc wa$added to the bath in 1．5 times in． 

crem ent and the peak force of contraction response to 

each concentration was recorded as contro1． In the ex— 

perim ental group，the strip was equflforated for 30 rain 

in normal Tyrode solution wh h wag then replaced  by 

low—Ca¨ Tyrode solution or t)y normal Tyrode solu— 

tion containing Vet·M nCl2，Nil，0f Pro． After 30 

rain the responses were measured． 

2 Ctim UI|tire conlntrltion—respOilSgS to C●CI 

After 60-rain equilibration， the responses to CaCIj 

were measured when the fo rce of co ntraction began to 

decrease and then the preparation was washed 5 tim ~~ 

with Tyrode solution． Ver，M nCh ，or Nif was added 

to the bath． The responses to Cacl2 were m easured 

again 30 min afterwards． 

Voltage clamp experiment A fine papflisry mus- 

cle (0．2-- 0．7 mm in diameter and 4-- 6mm in length) 

d~sect ed from the right ventricle of guinea pig w捆 

mounted on a single suc]'oge-gap chamber． Each col- 

partment wRs perfused with Tyrode solution for l h． 

Then the compartments were perfused with 3 different 

solutions[ ． W hen the gap voltage roached the maxi- 

mum (about一80 V)，the voltage clamp was set up． 

Details of chambers and the voltage damp circuit were 

the sam e缸 that desclibed by Sun eL口 ． An soh— 

tions were aerated with 1O0 0j． The pH was ad - 

justed to 7．4． Experiments were done at 35士1℃． 

RESUL1S 

Effect on positive inotropic action of Nic 

and CaCJI 

1 Ere ct af extra coIlula r C-2 an Nic 

~ction Low—Ca (0．9 mmol·L一 )T~rode so— 

lution produced an obviotls reduction in the 

positive inotrcpic action of N ic． The action of 

N ic disappeared in the Ca 一free Tyrode SOIU— 

tion (Fig 1)． 

2 Effect af Vat， WinCI2， Nit，ap Ppa an 
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Fig 1． Effect of Iow-Cm什 T ode solution (Low 

CS ，mmol·L )，verspamil(Vet，m ol·L )．M n． 

C1-(舯 of·L～ ，ITImoI·L )，nLtedlplne (NIt，呻 ol· 

L一‘)，and proprsnolol(Pro，umol·L_。)on p~llllve 

lnotrc~lc setion induced by nleotlnam／de (A — E)and 

CsCIj(F— H)／n left atrial strip of guLnea pJ|． 

Nie sction Lower Ver(0．I~tmol·L )made 

the positive inotropic action of Nic shifted tO a 

higher dose，and increased the maximal force 

of myocardial contraction induced by N ic． 

Higher Ver (0．3， 1．0 tool·L )，MnCl" 

Nif．and Pro m ade the effect ofNic moving to 

higher doses， but depressed the maximal re— 

sponse· The pD 2 values of Ver，M nCl2， 

Nif， and Pro were 6．19， 3．1d， 5．00， and 

6，d3，respectively (Fig 1)． 

3 Efrset of V●r，Nif，end MnCI on C●CI 2 

e ction M nCl2 made the positive inotropic ac- 

tion of CaClz shifted to higher dose，and the 

m axim al force of contraction induced by CaCl： 

did not show any change． The pA 2 value was 

2．78． Ver and N made the efleet of CaCI， 

move to h her doses，but decreased the maxi— 

re al response， The pD 2 values ofVer and N il 

were 5．48 and 4．61，respectively (Fig 1)． 

Effect of Nic on I“ ， was usually elicit— 

ed by a 一 25 mV rectangular depolarizing 

pulse(Command signal：冒 )with duration of 

550 ms( 。)，starting from a slow holding po— 

tentlal(西h 一 30 mV)at which the Na than． 

nel WaS sufficiently inactive【 ． The current 

was increased from 6．1士 1．5“A to ¨．d士2．6 

uA by CaCl2． It indicated that the current 

was indeed ， After Nic was per如sed for 1 5 

min，the peak of，，L was elevated from 6．8士 

1．3 A to 10．3-4-2．2“A (Fig 2)． 

一 厂 一 广 厂 一 ／ 

一厂—～ ／，一厂～ 厂I{ 
丽  

Fig 2． Effects of CaC]，(I．‘mmo]·L一 )and nlcotl- 

namlde (3l mmoI·L一。)on I_o|2 pig pl,p|iil,z"y 

muscle． Upper tracing I v_． Lower tr~eing i I-，B } 

一 SOmV· 且 l一 25 mV． i I5O ma． 

一{ 暑宣 墨 薯 、t _莹 ‘8 j■l  
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D]SCUSSION Ad Ph 4c“ s“ 1989I 10
： 239-- 41． 

W 。 proved that Nic had indeed a positive 4 
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inotropic effect on the isolated atrial muscles J Ph 口 (Lond) 19S0I$07
： 183— 97． 

of guinea pigs． The range ofm yocardial reac一 5 Sun xD．Li JM ．Tian LJ，Wang YP，Yu YF，Zhans KY． 

tion to N ic depended on the extracellular Ca。 EHe of berbcfine on slow inward ionic current in suinea 

concentration and N ic increased the amplitude pis vc“ k l papiHary 。。k‘ 

Of m arkedl It showed that N ic could pro． P  ̂ s 198。I lO 13o一 4 

m 。t。 the Ca"。influx． T
echnique thⅢ k E 0f dos̈ espon s in o— 

In the present study M nCl z antagonized lated o Ea nd‘bc evatu ion of dfug口Ⅲ c‘efs
． 

com petitively the positive inotropic action of rd h P ⋯̂ 4c êr 1993 1 143}299一a30． 

CaCl2． This result coinsides with report ”． 7 Ishii K，Taira N，Yanasisawa T． Diff~f⋯tLe．L ntaSo- 

But Ver， M nCl，， Nil， and Pro antagonized by B y k帅 4{，。d1h~dropyridi“e∞ki agonbt， 

non．com petitively the positire inotropic aclion of the“。Eati i“。 。pk ± 。 。oi if酣ipm。’ 阻mjll 

of Nic· It shows that the site of action of N ic 
cle． Br J Pha m口∞f l9S5I I． I 577— 84． 

is different from that of both Pro and calcium 8 GI。s跏 nnH，FerfyDR，oou A，RombuschM ． M册I 

antagonists· ular pharmacology of the calcium channelI evidence for 

It was reported(日]that calcium antagonist 。ubtyp。。， I‘ipte drus ccpt 。ItcBt chartnel subunil · 

recepotrs had 2 afflnity states，the high affini- and the d。 。 Pme几 of㈨ d d 。 。d 1， -di“州 。一 

ty state and the low affinity state．The如r- ： ：e ea L eLu m ⋯chann el’ ：。E．1ZS。I ~ppltodip ? 6。。一 
． 

mer was related to excitement and the latter to 斗一 i 6| 
inhibi 。“· Calciu a“ gonist showed high 烟酰胺对心肌收缩力和慢内向电流的影_ 
affinity at lower dose· In this study the effect √ 

of Ver increasing the positive inotropie effect 垂 圭 ，周承明，王晓雯，张皂锦 
of Nic at lower dose might be related to this (新疆医学院药理教研室．乌鲁 寿 ss0054，中国) 

mech 。m A擒要本文用心房条和电压钳 是；Nic对豚鼠 
REFERENcEs 心肌收缩力和 ， 的影响 {Vet，MnCl2，Nil和 Pro以非 

竞争方式显著抑制Nic所致正性肌力效应． 其 值 
’ Calder RM． 侬‘ 。 腓。廿Ⅱ 们扭。 yorardial。YS一 分别为6

． 19．3．d1，5．00和6．43． Nie的作用被低钙 t
ole·coronary flow — and arrhythm ias of isokated heart． ’ ’ ’。’ ’⋯ ’’ ’ 

Pr。c sw 口 1947I e5；76—8s． 
台氏液减弱，在无钙液中消失· Nie 33 mraol‘L一 使 

2 wa“E Hz，Wang DY，Zh0u CM，Zbang KJ． Effecl of ，·L曲6·84-1·3 A增至10·34-2·2 A． 结果提示 Nie 

nicotinamid~呻rabba sinus node cell acti0n pore眦 Ⅲflat d 确能促进钙离子内流，其作用位点与 Pro和钙拮抗剂 

analysis of as mechanism· 均不相同． 
A eL pit 8i- 1985I{O．$40--4． 

3 Zh。u CM ，a anE KJ，W ang KW ，Bai L，Ma。X
．M·El- 关键词 塑堕壁}璺 墨 氆选韭皿}钙通 阻滞 

fects of 2 (dim~thyLamino)styry1]pyrid Jne methlodide 剂}电生理学 
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