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摘要 在去内皮肠系膜血管，邻苯三酚与亚 甲 

蓝产生浓度依赖性舒张，SOD可取消邻苯三酚 

对 TNS所致缩血管效应的抑制作用，但不影 

响亚 甲蓝的效应． 邻苯三酚与亚甲蓝的舒血 

管效应不被过氧化氢酶、去铁胺、吲哚 美辛和 

辣椒素所影响． 结果提示．邻苯三酚的舒血管 

效应是其产生超氧阴离子所致，而亚甲蓝的效 

应为直接作用于血管平滑肌， 

关键词 墨堕塾 ； 茎三曼；垩里堇；亚硝 
基精氨酸 甲酯；超氧化物歧化酶；吲哚 美辛； 

辣椒素；过氧化氢酶 ；去铁胺 
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Effects of toosendanin on electric and mechanical properties 

of guinea pig papillary muscles 

GAP Xiao—Dong，TANG Shu Ben ，LU Jian (Depdrtmel~t of Physiology．He一月d月Medl~at U i— 

versity，Zhengzhou 450052，China) SHI Yu—Liang (Shahghai Institute of Physiology，Chinese 

Academy of Sciences，Shanghai 200031，China) 

ABSTRACT Effects Of toosendanin (TS) on 

the action potentials and contractile force in 

guinea pig papillary muscles were examined 

using a standard microelectrode technique， 
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TS concentration—dependently increased the 

action potentiaI duration at 90 repoIarization 

(APD )of the fast action potentials． In the 

presence of a 】channel blocker BaCI2，the el- 

fects of TS 0n lengthening the APDg0 were 

completely abolished，thereby suggesting that 

TS inhihited the inward rectifier K current 

1k1． The APD and contractile force of amino— 
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phylline—induced slow action potentiaIs were 

potentiated by TS in a concentration—depend— 

ent manner． 1n the presence of BaCI ，buth 

effects of TS were completely abolished． The 

effect of TS on enhancing contractiIe force was 

abolished by the addition of CdC1 2，with the 

prolongation of APD preserved． Thus， TS 

selectively inhibited the iaward rectifier K 

current，k J with a positive inotropic effect，re— 

suhing from a delay in Ca channe1 inactivation 

which was secondary to delay in ventricular 

reDoIarizati0n． 

KEY WORDS toosendanin；papillary muscles； 

action potentials；myocardia1 contraction；ion 

channels 

T0osendanin (TS ) i8 a triterpenold 

derivative (C∞H3solI)extracted from the bark 

of M elia toosendan Seih et Zucc，which has 

been elucidated in structure 一and used as an 

ascaris verm ifuge ih China． TS influenced not 

only quanta1 but also non—quantal release of 

acetylcholine ”． As an effective anti—botulis— 

mic agent． TS showed an extracellular Ca 

dependent initiaI facilitative action on minia— 

ture end—plate potentials (M EPP) discharge 

before the inhibition of M EPP ． The effects 

0f TS on the Ca channels may be attributed to 

an increase in calcium conductance ． But 

there were no report available to show the ef 

fects of TS on the cardiac ion channels． 

Hence，using a standard microelectrode tech— 

nique，we investigated the ionic mechanisms of 

the effect of TS in isolated guinea pig papillary 

museIes． 

M ATERIALS AND M ETHoDS 

Reagents The TS used were crystals from 

ethanu1。 > 98 in purity，the same as described preyi 

ously。 ，and gifted from Prof LI Pei—Zhong．Academ y 

of Military Medical Sciences；aminophylline(Shanghai 

XinYi Pharm aceutical Factory， lot 881006 l； Baa 2 

(Tianjin 3rd Chemical Reagent Factory，lot 820912)； 

CdCI}(Beijing 57601 Chemical Engineering Factory·lot 

850827) 

Protocol Guinea pigs (either sex)weighing 250 

± 5 50 g stunned． Papiltary muscle was taken 

from the right ventricle and pinned in a 2-m 】 

cham ber． For recording fast action potentials (FAP)． 

the Krebs sdution (NaCl l35，KCI 5．0．CaCI 2 0． 

M gCI 2 1．0．NaH?PO4 2．2， aHC03 11-9，and glu— 

cose 5．5 mmol·I )wa gassed with 95 () + 5 

a ) (34± 0．5 C．pH 7．4± 9-5)． Bath solution 

cireuIated at a rate of n m1·min ． Force oI contrac— 

rion (F℃ )was measured with an isometric force trans— 

ducer(M odel HN一79，Shanghai Institute of Physiolo- 

gY，Chinese Academy of Sc iences)which was cun~@ct— 

ed  to the tendinous end oI the preparation． InitiaI 

length was adjusted to yield an optimal contraction a r】l_ 

plitude upon stim ulation． Transm embrane action l】c卜 

tentials were recorded  with conventionaI glass micro- 

electrodes filled with KCI 3 m o1·L～ having a resist 

ante of 15— 25 M 0． Tk maximal upstroke velocity 

(V衄。) was obtained by an electronic differentiator 

(Department of Physiology， Beijing Un Jversity)． 

Stimulation parameters wel~e：stimulus duration 1 Ins， 

frequency 1 Fig，voltage 20 above threshold After 

recording the contro1 FAP for 1 h，data were obtained 

cumulatively by increasing the concentration oI TS 

every 2O m in 

For slow action potentials (SAP)，high K (22 

mmol·L )Krebs solution was prepared by equimolai 

substitution of KC1 for NaC1，containing aminophylline 

0．75 mmo1·L_。to e1icite SAP after depolarizat on oI 

the resting potential and inactivation of fast Na chan— 

ne】s． Stim ulation parameters were 1 stim ulus duration 

3 ms，frequency 0．5 Hz，voltage 20 above thresh 

old． Experiments started niter the recording of con 

tro1 SAP for 1 h． 

Solutions of Ts were prepared in either norn]a1 

(K 5mnlo1·L一 )or highK (K 22mmo1·1 )Krebs 

solutions and were diluted to the firm1 con entrat1I】n of 

5t 10，2O g·ml_。(pH 7．4)． The electric and me 

chanical signals were displayed on the screen of an I】 

cilloscope and photographed ag regular intervals The 

effects of TS on the FAP and SAP parameters ( ， 

action potential amplitude APA ，APD)，and F℃ were 

observed— Data were analyzed for statistical signiIi 

canoe by r test for paired values 
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RESULTS 

With TS at concentrations of ≤ 5 

·ml～ ， no effects oH FAP parameters were 

seen． At higher concentrations，TS caused a 

concentration—dependent prolongation in the 

APDt with an increase at APD9。during the 

term lna1 phase of repolarization， while the 

V and APA were practically unaffected (Tab 

1，Fig 1)． 

g 
o  

F I· Effect of toosendanin on fast action potential 

(FAP)configuraOon in guinea pig papillary m uscles． 

A ：control； B：in the presence of toosendanin 20 

一m l一 ，duration of FAP at 90 r~polarization was 

somewhat lengthened． 

In another 6 papillary muscles， after 

recording the control FAP for 1 h．the addi— 

tion of BaCI 50 t~mol·L caused a depolariza 

tion of the resting potential from 68± 3 mV to 

66± 3 mV (n一 5，P < 0．01)．a reduction of 

the APA from 103= 3 mV to 100± 4 mV ( 一 

6．P < 0．01)．and a prolongation of APD9n 

from 185± 43 m s to 220± 29 ms ( 一 6，P< 

0．01)． Similar results have also been report 

ed ‘ ，in which BaC1 2 was used to block Ik J． 

In the presence of BaCI ．the effects of TS on 

lengthening APD was completely abolished 

(Tab 1)． 

With TS ≤ 5 Fg·mr t no significant el- 

[ects on the aminophylline—．induced SAP pa—． 

rameters were seen． At higher concentra— 

tions， TS concentration—dependently pro— 

longed the APD t without efleeting the V 

and APA (Tab 2)． TS (10 and 20 g·mr ) 

potentiated the accompanying FC of the 

aminophylline — induced SAP concentration — 

dependently(Tab 2，Fig 2)． TS 2 Opg·mr 

；ncreased theFCto 1 7 3士 4 2 ofthe control 

( 一 6，P< 0．01)． 

In another 6 papillary muscles， after 

recording the aminophylline—induced SAP for 1 

h．the addition of BaCl 70 Fmol·L_。caused an 

Tab 1· Effects of toosendanln 0n fast action po tentials in guJl~a pig pa Ilary mu~ lea． n=6， 土 s． ‘P> 0．05 

P< 0．05， P< 0．O1 contro1． ‘P> 0．05嘴 control+ BaCI±50 ut∞ 卜L～． 

— x =maximal upstroke velocity1 APA =action potentiM amplitude；APDa0，AP 0，and APD90= action potential 

duration at 3O ，50，and 90 ，repolarization． 
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Tab 2． Effects of toosendanln on slow action potentials induced by am inophylline in gt3inea pig papillary m uscles- 

i士 ． ·P>0．05， P<10．05， P<0．01诣 control(“一6) P> 0．05，‘P<0．05t P< 6-Ol鹕 control BaCI 2 

70~lntol-L一 (“一5)or诣 control+ CdCI 2 50 um0l-L一 (“一8) 

一 — — —  

Ftg 2- Effects of toosendanin nil aminophylline— 
induced slow action po tent~ls (SAP ．upper tracing ) 

and force of contractinn (FC， Iower tra clng) in 

gttlnea ptg pa pillary m usc]~ ． Duration of SAP was 

lengthened  and FC i~creased + jn a conoentra tion — 

deImndent manner． 

increase of the APA from 68士3 mV to 70土4 

mV ( 一 5， 尸 < 0．01)， a prolongation of 

APD5o and APD90 from 149土 33 and 180土 34 

ms to 193士 41 and 236士 45 ms，respectively 

一 5，尸d 0．01)．without effecting the FC． 

The effects of TS (10 and 2O g ·mr ) on 

lengthening APD and enhancing FC were corn— 

pletely abolished when BaCl， was used to 

block the I“(Tab 2)． 

In another 6 experiments，after recording 

the aminophylline—induced SAP for 1 h，the 

addition of CdC1250 mo1·L_。caused a reduc— 

tion of APA from 78士 8 mV to 67士 7 mV ( 

一 8，P< 0．01)，an attenuation of FC to 2Z．4 

土9．7 of the control( 一 8，尸< 0．O1)， 

without effecting the and APD． The ef 

fect of TS on enhancing FC was abolished 

when CdC1，was used to reduce the I where— 

as the concentration—dependent prolongation 

of the APD persisted with increasing concert— 

trations of TS (Tab 2，Fig 3)． 

D CUSSION 

our results indicated that the main effect 

0f TS was to inhibit the inward rectifier K 

current，k1． Suppressing both the inward rec— 

tifier current and the delayed rectifier current 

by TS could lead to prolongation of the APD ， 

but the primary currents blocked by TS were 

J k'，since the current intensity of Jk was less 

than thet of Ik and APD at voltages of 0 mV 

or above did not increase substantially ． 

Thus，the Ik system appeared to play an in— 

significant role．at least in the case of the TS— 
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Fjg 3． 1 一blocking effect afCdCk ontoo*endanin — 

induced prolongation of slow action potential duralion 

(upper tracing) and po tential ion of force of contrac— 

tian (Fc，Iower tracing)in guinea pig papillary mus— 

cles． A：control slow action potential(SAP)induc ed 

by aminophylline and the  accompanying contraction； 

B：iftrrthe— d|tion 0f CdCI2 50 vanol·L_。，Fc wll,~ 

su坤 ressed and without m uch effect on the  duration 0f 

Ŝ P ；C ： in the presence of Cd抖 ，effect of toosen— 

danln on enhancing FC w船 abolishe d， th the pro- 

Iongatlon 0f^PD preserved． 

induced prolongation of APD in multicellular 

preparations． 
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fects of TS on lengthening APD and enhancing 
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。f Ts were preserved． Thus，the positive in一
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otropic effects of TS on the accompanying FC丹 摘要 川楝索(TS)浓度依赖性地使快反应电位 
of the SAP were not likely to be due to in一 复极 至90 的时程 (AP 0)延 长． 用 BaCI 2阻 

creased Caz。intlux into the cells at deP。l 一 断 Jkl，可取消 TS延长 APD90的作用． TS使 

“ ：of七h P 。。“ ?。 ． 一
．

oe一 慢反应 电位的 APD延长和收缩力(Fc)增强． 

“ l̈Jn 打。 。 。 !? ’ 用BaCI。后，可取消TS的上述作用． CdCI 取 
in entricular reDolarizatio n． 消 TS增强 FC的作用，但延长 APD的作用存 

在． 提示，TS抑制 J̈ 其正性肌力作用是继 

REFERENCEs 发于 APD的延长及钙通道的失活减慢． 

ch ：帅叫’ ta ch‘Ⅲ m 鲫 38：196--8． 关键词 l监 ； 兰 苤 ；动作电位；尘 Shlh 
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