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Effects of —nisoldipine on delayed afterdepolarization of canine Purkinje 
fibers 

AN Rui—Hai，FAN Zhen—Zhong，HE Rui—Rong (Department of Physiology—Institute of Ba- 

sic Medicine，HebeiMedical College，Shijiazhuang 050017，China) 

ABSTRACT E缗ects f m-nisoldipine(卅一Nis1 on 

delayed afterdepolarization rDAD1 and triggered ac- 

tivity门'A1 were studied using standard microelectrode 

technique The development of DAD and TA were 

markedly 1nhibited by pre-treatment with m—Nis『1—4 

／maol‘I 、as well as， Nis t代atment after DAD 

and TA had been elicited． The amplitude of DAD 

writs red uced from 15 3± 2 7tO 2．3±2 0mV， andthe 

duration from 980±45 to I 3O± 27 ms． The occur． 

rence ofTA was also reduced or prevented  by卅_ s． 

These effects of 一Nis mi ht be attributed to lts 

blocking effects on voltage-dependent calcium chart． 

nel andthe resultant alleviation ofintracelluarcalciam 

overload 

KEY W ORDS 一nisoldipine； eleotropfiysiology 

Purkinje fibers；microelectrodes ’ 

Triggered activity frA)induced by de- 
layed afterdepolarization fDAD1 has been im． 

plicated as a possible cellular mechanism for 

arrhythmias in some experimental models and 

in human heart diseasest 。 DAD is transient 

or osciUatory depolarization occurring after 

fu】】 repolarization． The 1onic mechanism 

underlying DAD may be related to the in． 

crease in myoplasmic Ca concentradon(”． 

In this paper， the effects of m-nisoldipine 

(， 一Nis)， a new dihydropyridine calcium 

channel blocker，on DAD and TA induced by 

ouabain and hi【P血Ca were investigated us． 

ing standard microelectrode and on-fine 

microcomputer analyzing system． 

M ATERlAI AND M ETHoDS 

Tissue preparation Hearts were rapidly 

removed from dogs of either sex anesthetized 

with sodium pentobarbital f3O一35 mg‘kg- ， 
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i v1 and iminersed in oxygenated Tyrode s solu． 

tion． Severa1 subendocardia1 Purkinje fibers 

(0．3-0 5 mm in diameter， 5-lO mm lon叠】 

．
were excised． The isol~ted fibers were pinned 

to the silicon rubber on the floor of the tissue 

chamber and perfused with Tyrode s solution 

v at aflow rate of 5m卜 min ． The perfusate 

was equilibrated with O1． The temperature of 

perfusate was maintained at 35± l℃ and was 

monitored  with a thermistot The DfeDara． 

tion was driven by the rectangular pulse(1 Hz) 

from the stimulator(SEN-320l1 controlled by 

a microcomputer(APPLE-II)， through a 
bipolar electrode． Transmembrane potentials 

were led to the microelectrode amplifier 

(MEZ-820l】by a standard intracellular glass 

microelectrode． The amplified signal was fed 

to the microcomputer and monitored with a 

storage oscilloscope fVC—l 11． Microcomput- 

er collected the transmembrane potentia1 sig． 

nals at a rate oflOO0 byte／s and analyzedthe 

parameters of DAD and action potentials 

Induction of DAD Ouabain and high 

Ca were used in the experiment to induce 

DAD and TA． The concentration of ouabain 

was carefully chosen to induce a stable and 

reproducible DAD and TA in the pilot exper． 

iment． Atier equilibration in the oxygenated 

Tyrode％solution for 1 h，the prepalation was 

superfused with Tyrode s solution containing 

ouabain 0．8 pmol L- and CaCl̂ 5．4 

romp】．L～． The DAD was eficited and its 

am plitude gradually increased within 30-40 

min while the externa1 stimulation to the prep- 

aration continued． Onee the amplitude of 

DAD reached the threshold． the TA would be 

evoked after the full repolarization from 

the previous activation (Fig 1)． In most 
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preparations， DAD remained stable for at 

least1 h． ’ 

E 
0  

E l_ Effec忸 of —Nis 2 gmo L_1 oR DAD and 

triggered aetMty frA)induced by ouaba．哪， high 

Ca and overdriving (BCL=600 ms)． A)control， 

DAD evoked； B)control， DAD， and TA 哪 re 

evoked； 0 卅_Nis~eaUnent for 30 min：am口litude 

and duration of DAD were reduced and TA 

disappeared． Dl witshoat for 30 rain． 

Experimental proto~nl In the first part 

of the experiment，the effects of ouabain and 

high Ca on the transmembra．ne potentials 

were examined． The characteristics of DAD 

induced by the ouabain and high Ca2+were 

also studied． 

The second part was undertaken to assess 

the prophylactic effects ofⅢ一Nis on the de— 

velopment of DAD and TA． Atier equilibri． 

um jn the oxygenated Tyrode s solution for 1 

h，the Purkinje fiber exposed to ouabain and 
high Ca was treated with m—Nis or its sol— 

vent The preparations in this part of the ex- 

periment were divided into 3 groups at rail- 

dom： l1 control grpup： perfused  with 

Tyrode s solution containing ouabain 0 8 

m01．L■ and Ca 5．4 mnlo1．L_ ；2)so1． 

vent control group： perfused with Tyrode s 

solution containing ouabain 0．8 ／tlUOI．L-̈， 

Ca 5．4 mmo1．L 。and solvent； 31 一Nis 

treated groups： pe rfused  with Tyrode s solu— 

tion containing ouabain 0．8 ／amp1． L『 ， 

Ca” 5．4 mint卜 L ， and ，"一Nis O．5—4 

#mo卜 L～ This group was to observe 

whether，"一Nis might prevent the occurrence 

0f DAD and TA while the preparation was 

exposed to ouabain and high Ca ． 

The last part was designed to evaluate the 

inhibitory effects of ，"一Nis on DAD and 

TA， induced by ouabain and high Ca2．
． 

Purkinje fibers were first exposed to ouabain 
and high Ca ． Atier stable DAD and TA 

had been induced．Ⅲ一Nis was then applied  to 

theperfusate． 

Parameters of DAD were measured from 

thefirstDAD afterthe cessation of atrain of 

driven activity at a specific basic cycle length 

(BCL)．Using a program designed by our de- 
pariment， the following parameters of DAD 

were deftned automatically by a on-fine 

microcomputer analyzing system： I1 

amplitude of DAD，21 duration of DAD，31 

coupling interral(CI)： the time from the 

upstroke of the last action potential to the 

peak of DAD， 41 reduction iu maximal 

diastolic potential (△ MDP) during 0ver_ 

driving． Parameters of transmembran e action 

potential were also analyzed by the 

microcomputer：amplitude of action potential 

(APA)． maximal diastolic potential(MDP1， 

maximal rate of depolarization( ax)，dura- 

tion of 50％ and 90％ repolarization(APD 

APD90)and plateau phase duration(PPD) 
Solutions and drugs M odified Tyrode S 

solution was prepared just before the experi— 

ment by mixing the stock solutions(NaCl 

l47，CaCI，1．8，M gC12 1．05， KCl 5
．4， Tris 
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10 mmol‘L～，glucose 1 5 g L )．The 
composition of solvent and resources of 

Ⅲ一Nis were described elsewheret4)
． m —Nis so- 

lution was prepared before each experiment 

from stock solution and kept away from in-， 

tense light． 

RESUIJ1’S 

E仃ects of ouabaln and hj曲 Ca oil the 

transmembraJle potentials of caaiHe Parkiaje f1． 
her Exposure to ouabain and high Ca2-for 

5， l0， and l 5 rain caused a prolongation in 

APD” APDg0， and PPD； M DP， APA， 

and showed no significant change in the 

first l5 rain， and greatly reduced at 20， 3O， 

and 40 rain fTab l1 The durations of action 

potential measured at 3O and 40 min were 

shortened， in contrary t0 the prolongation in 

the first l5 min of exposure to ouabain and 

high Caz*． Following reperfusion with 

oxygenated  Tyrode s solution for 60 min， a 

partial reCovery of the transmembrane poten- 

tial was seen． 

Stabilitv and characteristics of DAD 

lUOdeI In the pilot experiment． ouabain 

0．4，0．8， and 1．5 pmo1．L were used to in． 

duce DAD． Ouabain was unable to induce 

DAD at 0 4 #moI．L— within 2 h． whereas 

DAD induced by ouabain(1．5,umo卜 L。。1 was 

likely tO develop into sustained TA associated 

with all irreversible red uction in M DP and lOSS 

of excitability． An intermediate concentration 

of ouabain f0．8 gmo1．L )was chosen to de- 

velop stable DAD and TA．Th e amplitude of 

DAD reached its peak magnitl~de within 

30__40 min， and lasted at least l h． Elevation 

of Ca concentration increased the amplitude 

0f DAD， making the model more suitable to 

assess the e雎 ct of the drugs． 

The steady amplitude of DAD Was 10．3± 

l 2 mV． The magnitude of DAD and the oc- 

currence of TA were directly related to the fre- 

quency and the number of the driven activity． 

Th e amplitude of DAD was correlated 

negatively with the driving BCL， and posi． 

tively with the、number of driven activity(Fig 

21． The amplitude of DAD was inereased 

from 6．2 to l】．7 mV as the BCL decreased 

from l000 to 300 ms(the number of driven 

名I 

< 

口 

名 

童 
丢 
{ 

BCL／ms Nt~mber of driven activity 

Fig 2一 Effects ofBCL and number of driven acflfity 

and 6n the amplitude of DAD induced by ouaba~ r0．8 

pmol L。。)and highCa (5 mmol·L-‘)． ；5． 

Tab1．Effects ofouabaln(0．8#tool‘L-‘)and high Ca (5．4mmol‘L-‘)Olltranmnembrane potentials of canine 
PeA efibers． =6，x-~ ． P>0．05， P(0

．05， ⋯ P<0．仉 contro1． 

／． j= ／ {= 

"P ／ 1 
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Tab 2． Effects of pre-treatment with Nis and —Nis after DAD had been elicited oil DAD and triggered  activity 

induced by ouabain and Ca2 5,4 nunol L in canil~ Purkinje fibers． ± P>0．05， 一P<0—05， 

。’．尸<0．O1 vs contro1． ’ 

activity was 10)． For DAD occurring at a 

specific pace rate (BCL=60o ms)， the 
amplitude 0f DAD was increased from 1．5 to 

32．9 mV as the number of driven activity was 

increasedfrom lto ll_ 

Proghylactie effeets of m—Nis on DAD and 

TA Exposure to ouabain and high Ca jn． 

duced DADs in all 24 preparations， out of 

which l9 (79％1 were accompanied by TA 

fTab 21． The amplitude of DAD was l 5．3± 

2．7 mV with a duration of 980± 45 ms． 

Gradual reduction of MDP (△ MDP) was 

also noted during the course of overdriving 

(Fig lA， B)． ．The soIvent had no effects on 

DAD and TA． In the —Nis treated grpup， 

the amplitude of DAD was greatly 

decreased ， and the TA failed to occur． The 

amplitude and duration of DAD were 

significantly decreased  in a concentration-de． 

pendent manner as compared with those of the 

control group． The decrease jn MDP was neg 

ligible under the action of， Nis． Overdriv． 

ing failed to evoke TA in m—Nis"concentra． 

tionsfrom 1-4#rllo L_。．mainly as a result 

ofdecrease iu the amplitude ofDAD． 

Inhibitory effecb of m—Nis on induced 

DAD and TA DAD induced by 30 min ex． 

posure to ouabain and high Ca remained 

stable for at least l h iu the control盯oup． 

Atier recording severa1 control DAD， ，”一Nis 

was added to the perfusate to reach a concen- 

tration of l， 2 or 4 卜 ～
．
umo L The 

inhibitory effects of tt卜Nis on DAD reached 

its peak level iu about 30 min． The amphtude 

and durat ion of DAD as well as△ M DP were 

decreased to 17．6％ ， 32．8％ ， and 17．3％ of 

those be fore medication，respectively． Owing 

to the decrease iu amplitude of DAD， the TA 

failed to appe ar． The results were summa． 

fizedinTab 2． 

DISCUSS10N 

DAD is oscillatory potential related  to 

abnormal rise in intracellular Ca coneentra． - 

tion during various interventions． In this 

stud),， ouabain combined with high Ca and 

overdriving was used suc~essfully to produce a 

stable and reproducible DAD mode1． Cardiac 

glycosides are known to inhibit Na十一K · 

pump， causing an increase in intracellular 

Na leve1． This could result in a rise of in— 

tracellular Ca2+ concentration Na_一Ca2~ ’ 

exchange mechanism． Elevation of Ca2~ in 

the perfusate and overdriving miglIt potentiate · 
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the effect of ouabain． 

Our results showed that the ale【pfitude 

and duration of DAD as well as the occur— 

rence Of TA were evidently dependent on the 

BCL and the am bet of driven activity． In- 

creasing the number of driven activity or 

shortening the BCL might enhance the action 

of ouabain and high Ca2 ． resulting in an in． 

creased amplitude and duration of DAD， re— 

duced M DP， and enhanced susceptibility Of 

TA． Either jncreasing the number bf driving 

or shortening the BCL was likely to fa?or the 

accumulation of intracellular Ca ， since the 

sequestration of。Ca bv the sarcoplasmic 

reticulum had 1agged be hind the Caz+ influx 

during repeated activations． The results were 

consistent with the hypothesis that 

intracellular calcium overload plays an impor- 

tant role in the development of DAD and 

TA{ 

m—Nis(1—4#mol。L )markedly pre· 

vented or reduced the development of DAD 

and TA induced by ouabain， high Ca ， and 

overdriving． The amplitude and duration of 

DAD， as well as△ MDP were all greatly re． 

duced by pretreatment with m--Nis as well as 

Ⅲ一Nis treatment after DAD and TA had be en 

elicited ． TA was completely prevented bv 

Ⅲ一Nis fl-4#mo卜 L )． 

1ntracellular calcium overload had been 

postulated  as a responsible mechanism in sev． 

eral DAD models Calcium overload in— 

dueed by several interventions would lcad to a 

damped oscillatory release of calcium from 

intracellular stores rmainly the sarcoplasmic 

reticulum)and an underlying transient inward 

depolarising current( )．The initiation of ． 
fnonselective cation channel activated 

by Ca ( ) and electrogenic Na —Ca e x| 

change mechanisml )is dependent on a pro． 

CeSS sensitive to intracellular Ca2+ concentra， 

tion， though the charge-carrier mechanism 
of I has remained controversial Factors 

that favor the intracellulat calcium accumula 

tion， such a5 adrenoceptor stimulation， high 

Ca perfusion， digitalis intoxication and 

overdriving might elicit or enhance DAD and 

TA． On the contrary， high K ， acetyl— 

choline， M n as well as caM um channel 

blockers， which decrease the intracellular cab 

cium concentration， could depress or prevent 

DAD andTA． 

Calcium channel blockers fnifedipine， 

nisoldipine，verapamil)have been reported to 

red uce the Ca influx by blocking the 

voltage-dependent calcium channel( ． Ac--- 

cordingly． it is reasonable to propose that 

Ⅲ一Nis could pOSSeSS the same effect． thereby 

resulting in a reduction of ca lciurn influx dur— 

ing activation and an allevfation of 

intracellular ca lcium overload． Although the 

marked prophylactic and inhibitory actions of 

m—Nis on DAD and TA were demonstrated in 

our experiment， more persuasive evidence for 

the mechanisms underlying the action of 

，，rNls will require further studies using volt— 

age clamp technique and intracellular Ca 一 

concentration measurement 
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提要 利用细胞内微电极技术，观察 了间尼索地平 

( 一Nis1预防给 药或诱 发 DAD后 再给 予 用一Nis · 

(0 5--4 umol L 1，对 DAD和 TA均有明显的抑制 

作崩 ，DAD的幅度 由 15 3±2 7减 小到 2 3±2．0 

mV，DAD时程由 980±45减小到 130±27ms，TA · 

的发生也明显减少或完垒被抑制， 一Nis这些效应可 

能与其阻断钙通道，减轻细胞内钙超载有关． 

关键词 回显盍地王；皇垒堡 浦肯野纤维；微电极 
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Antithrombotic activity of verapamil 

LIAO Chang-Long，ZOU Qi—Jun，LI Jiu—Ming，CUI Hong，YUAN Nuan-Rong 

(Thrombosis Research Centre，Shenzhen Institute D厂Geriatrics and Shenzhen People s Hospital 

Shenzhen 518001，China) 

ABSTRACT The antithrombotic activity of 

verapamil(Ve r1 was assessed ln an arterial thrombosis 

model and an ex vf o thrombosis mode1． Ver 2 and 4 

mg ‘ kg ip markedly prolonged the time of 

throm bo tic occlusion jn rat carotid artery induced by 

electrig stimulation The weight of thrombus formed 

8x vivo was reduced by．ver 0．2 mg-k 叫 iv．Howev- 

el"， Vel"showed no effects on blood viscosity． 

oRDs 。rapamil； throm osis； blood 

vtscoslty 

The incidence of reocclusion following 

su6cessful reperfusion in acute myocardial 

infarction(AMI)by thrombolytic therapy was 
reported of 1 5—3O％ or more(“． A subsequent 

adjunctive treatment to mtervene thrombosis 
and to prevent the reocclusion remains a req． 

ujsit )． Thromboxane A， rTXA，l and／or 

Received  199I M ar 16 Accepted 1991 Sep 2 

epoprostenol(Epo)play an important role in 
thrombosis， and calcium channel blocke~ 

show antiplatelet effects( )and beneficial ac- 

tions on TXA， and／or Epo formation~ ． 

But their action on reocclusion after AM I is 

not yet identified． nor have the data of the 

agents on thrombosis been found． Here we 

report the effects of verapamil(、 er1，a calci- 

i,lm channel blocker on thrombosis and the jn- 

fluence ofVer on blood viscosity． 

M ATERlALS AND ，̂ⅡeTHoDS 

Arterial thrombosis Lewis rats r芏 and 

S，wt 271±s 24 were anesthetizedby so， 

dium pentobarbital 1 h after saline or Ver iP 

The right carotid artery was isolated uD to l5 

mm long． Thrombosis was induced by electric 

stimulation of 1．6 mA， which lasted 7 min( 

The thrombosis was indicated by occlusion 
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