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on electrically evoked contractions in rat vas defere ns 

HUANGyuz，LAuChi—w (Department ofPk~iology，Faculty ofMedicine 

Chinese UniversityofHongKong，Shatin，NT，HongKong) 

KEY WORDS pir~ dil；cro~akallrn；NS 1619； 

yẗ de； charybdotoxin； dectric stimulafi~； 

potassitma channels； muscle ccmtraction； va8 

deferem 

AIM ： To cc~pare the inhibitory acti~ of 

dectrlcally evokedcontractionsof rat e1 didy皿I丑l v丑8 

dderembypinacidil(P )，er0~skslira(Cro)，and 

NS 1619． 哑 咖 S：Monophasic contraeti~  

were evoked by deetric field st／mula~a in rat 
isolated epididymal half of vas deferens． 

R卫甑 Ⅱ鹧 ： N钟  d e】oped ATP-sensitive K 

channd op日蛐 ， Pill and Cro， coneantrafion- 

depe~ently reduced the dectrically ewoked (0．3 

Hz，l lm pulse durafi~，60 v)contract~ms and 

jba Ia血debutnot charylxlotoxin 鲫ta尊mi∞edthe 

inh~ tory effects of both agents． P．m shifted the 

cormentratitm-teaponse aⅢn，e for norepinephrine to 

the right with redudng the ms~ tude of the 

maa-lmmn contraction in a glibendam；de-sensiti~e 

bsll ． Thelarge-con duc~ ea ．activatedK 

channd opener，NS 1619．iidn'blted the deetrically 

evoked eontxaeti~ in a eonemuation-&pendent 

marIn ． Chasytxlomm (1oo lmd·L-1)partially 

~echeedtheeffe~ofNS1619but glj n( 血de(10 

‘珊d ·L-1)showed no effect． № of the~e 3 

agents affectedthe basaltension． 00j 口 强I()N： 

Both ATP--ser~tive and -activatedK cl】mlnel8 

presentedinvasdeferem srs~xhlllusdl~involvedin 

雹I|la虹∞ of lllusde contractility． 

Pirmcidil(Pin)and eromakalim (Cm)，the 

potassium channe1 openers。belong to a new class 0f 

phaIIl1aodI。西cal agents which potently relax a 
variety 0f泐 th musdes(I1

． n 抡 effects of Pin 
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and Cro ~Ll'e inhibited by the sulfon ylurea 

antidiabefic such as glibenclamide(Gli)and 

glyburide．selective blockers of ATP—sensitive K 

(KA1P)channels~ 一 ． KA1P channels Oil muscle 

membrane were activated by etrdogenous agents[ 
， 

which have distinct pharmacology from ． 

activated K (1(＆)channels~ ， KATP channels are 

also present in nervesL which may be invo|ved in 

regulation of neurotransmission in the periphery． 

Cro and levcromakalim inhihit neurogenic smooth 

mL1,SCle contraction in vitro in rabbit epididymal vas 

deferensL ，and the release of norepinephrlne fm  

nerve terminals in guinea-pig vas deferens[8Jin a Gli— 

sensitive fashion． More recently，however，a novel 

group of the benzimidazolone derivatives，typified 

bv NS 1619 and NS 004，also have smooth muscle 
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relaxant actionsI 。]
． These compounds relax sIno0th 

muscle by activating channels in porcine 

coronary arterlal cellslll J and rat carebral artery 

smooth muscleI 
． Chary／Motox／n (CTX)． a 

selective large-conductance K＆ channel blockerI13}
， 

inhibits the effect of NS 16191l2]
． H。wever，the 

differential effects of Pin and NS 1619 on 

neurogenic contractions of vas deferens have not he 

examined． The present study was to compare the 

inhibitory action of electrically evoked contractiorls 

of rat epididymal vas deferens by these 2 types of 

K &anneI openers，Pin，Cm．and NS 1619． 

MAkTER ILS AND METItOIDS 

MaleSprague-Dawley n weighing about 30O g w 

killed by cervical dlslocati~ and a of vas defem ~s we 

dissected O~lt． 1 le epididym丑l ponio~啊 cut and deared of 

乳Ⅱr。tmding eonno：tive ti璐u and visible Mood vessels． 

Segmelltsofthe vasal duct about 2∞ in length wPxethen 

raptured between 2 platinum electrodes placed 1 cm almrt in a 

10-mL organ baths containing Krebs-Henselelt solution of the 

foXlowing amag~sitions(in mmo[·L )：Naa 119，Ka 4．2． 

MNC121，CaCI2 2．5，KH2FO4 1．2，№ O 25．Na2-edetie 

acid 0．03，d． u呲 11．1，aseorhic acid 0．2． n |e bath 

solmlon  was oxyge#mted with 95 ％ 02+ 5 ％ C。 and 

maintained fit 37 12 throughom the experiment 11le t_瞄ue 

was pce,itloned vertically with one ∞d attached to a gla 

suplxwt and another end ∞ the rome tmnsduc~ (Grass 

lmma-nents Co)． T~sues w aud涮 to equilibrate under 
1 g testhn4gtension for 90 min whilethe bath solution was 

ch~ ged e 30mill 

n |e electtic field stimulation was repetitively delivered to 

the vas defenms with use of(1蚰 ss Stknulatc~ via 2 

platinum electrodes(0．3 Hz，1 puk duration，6o V)． 

The electrieal[y evoked皿删∞pha c contracfi[e r酋p 1s曲 wP．re 

abolished by tetmdotoxin(3 gmol·L-1)or by mmhim tionof 

pramsin3 ·L and a，13-methylene ATP 3 ·L 

(30 mln contact time)，indicating the neur~enie origin of the 

contraction． Each of K channel opene~ 懈 added 

curoulafively to the bath to induce o0nc∞nat；∞-dependent 

hibifion  of ev0ked contractions in the ab蚍 e and presence 

of G or crx a1 different concentrations The lTIeaI1 

arr~lltudeof 5 eom~ecutivetwi~hes wasmeasttredfitthe 

of appLi~tionof next dose． In the 2rid setof experiments． 

preparations contracted with norepineDhrine (NE。10 

nmol·L一 一 30
．
umo}·L1 ) to coin~truct the first 

~ ：Reentration-response cRlrve． Once the 1Tl~ mlIITJ responses 

NE had been reached． tissues w~R'e rinsed with l(r ’ 

s0【ud∞ ~．vary20min unt；1thetensionfellto the  basallevel 

TissL】es re then equilibrated with different concentration of 

Pin for 10 rain and another concentraticn-tes~ se curve to 

NE wasl'ep~ ted． In ~fflle experiments．Gli or cTX w 

added to th e bath 10min priorto aDDIicat|锄 of Pin． 

R 乜 w ex pressed as ±sof experlmetRs ，rr|e 

dfecm of K channel openers on contractions ed by field 

stimulation W presented as a percentage of the o~tro[ 

value． Cumulative conoentratiotl— 1se relations wP．re 

an yzed with a non-Linear aln fitting by a logistic equation 

(Graft，Erithacuc Softw~e Ltd)and I values with 95％ 

confidence limits calculated as the amg eoncentration 

~using a half-mammum inhibitlon To studythe effectof 

Pin on the NE-induced contraction s， values of DC轴 and 

n ud tensionweiPmmparedintheabsence and preeeneeof 

the amg t- t was used to evaluate the significant 

difference betweenn坨an values． 

n |e foUowing chm icals an d d w~l'e used： 

(一)一nore~nephrine bitartrate，prazosin hydrochlcdde，Pin， 

Crot tetrodotoxint a，~-methy[ene ATP．Gti(Sigma，USA)， 

NS 1619， charybdotoxin (Research Bicchemicals， Natick 

MA，UsA)． All d w dls~lved in Krel~’soLution 

except h  GIi，Cro，and NS 1619‘in dim~thyl sulfoxlde． 

0．2 ％ M  SO in organ baths did not affect muscle 

contractions induced by electric field stimulation． 

REsI『J胚  

Effeeis ofPill aI．d Cro m  electrically evoked 

contractions Monophasic contractions (6．29 

±0．03 mN， =45)of the epididymal,segment of 

rat vas deferens were evoked 6y repetltive eleetHc 

field stimulation． Prazosin(3／anol·L )and d．17- 

methylene ATP (3 ffmol·L ) decreased the 

amplitude of the electrically evoked contraction t。43 

±22％ and 67±20 ％ of control，respectively( 

=5 in each case)，indicating that contractiofIs were 
induead byNE and A P probablym-releasedfrom 

the sympathetic nerve terminals in vas deferens upon 

stimulation． 

Pin and Cro concentration-dependently reduced 

the amplitude of evoked contractions in the absence 

and presence of Gli． G1i shifted the concentration- 

response curve for the inhibitory effects of Pin and 

Crotothe right(Fig1)． 

F 2A showed that P|n reduced the evoked 

contraction with IC40 values (95％ confidence 

limits)of 0．5±0．3(0．1～2．4)ffmol·L|1 in 

control( =8)，3．1±0 8(0 9—11．4)伽 卜L|1 

in Gli 1 Nnol·L一‘( ：5)，11．5±1．3(2．1—62．5) 

l·L inG1i 3／~nol·L|1( =5)and 31±9 

(1．4— 65．4) ／anol·L in Gli 10 m 0l·L|1 
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Fig1． Inhibitory effects 0fPin【A。B)aridCro(C，D)吼 

mu ~ asic eotCa-aefio~ induced eleelriefieId s'fira~ tion 

in rat eoklld3,mal v嬲 deferensinthe妇 Tl∞ (A，C)aIld 

presenee(11，D)0f |benelmnide10lunol-L‘ which惴  
atlkled 10 nlIn bell埘℃ appLication 0f Pin aIld Cro． 

IlfatlwI bars npolyto alI records． 

( =5)，respectively． Fig 2B shows that Cm 

Inhjblted the evoked contraction with respective ICm 

values of 0．24 4-0．12(0．o4—1．32)grnol·L in 

eontrol( =6)，1．7±0．5(0．5—6．0)~．mol·L 

InGIi1 ·LI1(7"／=5)，3．9±0．8(1．5—10．4．) 

肿 01·L in G1i 3 -LI1(n=5)and 13．9 

±1．7(3．6—54．0)脚 01·L一 in G1i 10 m01·L 0 

№ 2． FAt'et-~ 0f Hn 弧 d cm 吼 dee~ eally 删0ked 

∞m瑚ct．岫 ． (A)PiI-and(11)cm：(●)， =8， A 

咖 I = 6，in_B eonb-ol；(0 )， 5， GU 1 

I岍l0】·Lq；(口)， =5，_nGl|3．IIn0I·L ；(◇)， =5， 

IllG 10 l埘mI·L ；(△ )， =4， cIx l0o咖 ·L～． 

n n哪 ber 0f e目 —T嘲 b， 土 ． Cm 幅 w哪  m帆 by 

疗t血lg the由 l抽 p0Inb to a Iq g6c equation to ve ectl 

l( vaI ． 

( =5)． On the other hand，the inhibitory effects 

OfPin andCm were unaffected byCTX． The IC∞ 

values for the Pin．and Cro-induced inhibition in the 

presence of C1N (100 nmol·L ) 0．34 

±0．10~rnol·L (0．05—2．48㈣ l·L一1， =4) 

and 0．18±0．04 n1·L一 (0．03—0．98 
· L_。， =4)，respectively(Fig 2j． These values 
arenot differentfr帅 those obtainedinthe abserIce 

0f (P>0．05)． 

Efleet of PIn 帅 NB |ndoeed contractile 

res∞ lIses NE evoked eontractions of rat 

epididymal vas deferens eonslstlng 0f intermittent 

spike~superlmlx~ O12 a tonic eom~onent with r衄 

Ec50 value Of 1．01±0．23 ’L一 ( =15)and 

c0ll0EJ oQ 
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maximal riseintension of 8 2±2．1 mN ( =15． 

measured at the meAtH height of intermittent sp／kes 

Inthe presence 0fNE 10 rtmol·L )． P (up to 

10 NnoI·L )did not affect the basal level of 

tension． Following construction of the first 

concentration-response cL!rve for NE． the 

preparation was incubated with Pin at different 

concentrations for 10 min and another concentra- 

tion-response entreforNE wasrepeated． TheNE 

eoncentration-response curve was significandy 

sh_ftedtothe rightinthe presence of Pin(F 3)． 

Noreplnephrine／pmol-k。’ 

3． Inldl~ ry eff~-t of Pin ∞ the NE-indoeed 

conlracfi~． (●)，n 15，hIo~fnx)l；(0)，n。5，InHn 

1|IⅡ-0l。L ；(口)，n；5，in Pinl0 p,mol·L ；(一)， 
n 5．in PinlOIlm0|·L一 p b哪 cI帅 ide10Ilm0|·L_。． 

n。number 0f pe 啪  ，j ± ． 

EC50 values(95 96 confidence limits)were 

1．01±0．23(0．3—3．3)s~mol·L in eontroI(n 

=15)，1．5±0．3(0．4—6．4)／maoI·L in Pin 1 

grnol·L ( =5)，and 1．8±0．3(0．5—6．2) 

gmol’L in Pin 10 肛n ·L ( = 5)， 
respectively Pin reduced the maximal comractlon 

to NE by 22 ％ and 41 ％，respectively，at 

ooncentrations of 1 an d 10 wnol·L～ ． GJi 10 wnol 

· L completely reversed the inhibitory effect of Pin 

10 mnol·L叫 on the NE—induced contractions in rat 

vas deferens (ECs0=1．16±0．10 gmol·L with 

95 ％ confidenceIimits of 0．19—6．92~rnol·L—1． 

=5，inGIi10 n10IIL1 4-Pin10 btmolIL一 ，P 

<0．05 讲 contro1)． 

Effect of NS 1619 on electrically evoked 

contractions Fig 4 showed that NS 1619 red uced 

the amplitude of electrically evoked contractions 

th an IC50(95％ confidence limits)of 53±14 

n ·L_。(9．1—305．1 肛n ·L～， =6)． The 
concentration-inhibition eqaiwe to NS 1619 was 

shiftedto the rightinthe presence ofCTX (IC50 of 

102±24 m0J·L ，l8．2—466．9／113001．L～ ，in 

CTX 100 nmol·L一 ． = 5)． CTX by itself 

increased the evoked contractions ，therefore， the 

stimulation intensity was lowered幻 between 25 to 

35 V in an attempt幻 match the initial levels of 

contractinns in the absen∞ of Crrx． By contrast． 

GJi 10／maol·L ( =4)failed to influence the 

inhibitory effect ofNS1619(Ic50=47 14~nnol 
·L～ ，6．9—315．2 gmol·L～ ， =4．P>0．05∞ 

contro1)． NS 1619 at’300 tmaol·L0 did not alter 

the basal tension of 1 g 

旦 

o 

NS 1619，I．~lnollL 

啦 4． Inhibitory ac6呻 of 1619∞ electrically evaked 

~oal~ oninrat v蛙dd~xtra． (●)，n=6，in姗 心0I； 

(0)，n=5，IlI d1日 rbd呻蝴n 1oO nⅡl0I·L_。；(口)， 

=4，in gII 砌锄 加 -lⅡl0|·L～． n number of 
a由嘲 b，j±$． 

CAi at 0oncentratinnsupto10~'nol·L一 had no 

effect onthe basal tension  of rat vas deferens ．butit 

significandy antagonized the inhibitory effects of 

both Pin and Cr0 which were previously shown to 

activate KATP cha nnels in smooth HIHseaeI, · 
． 

These resuIts aa'se in agreement with competitive 

an tagonism by GIi of CrD inhibitinn of twitch 

contmetions in rabbit vas deferensI ． In contrast 

幻 abo ut 56 ％ maxim al inhibition by Gm 3 gmol 
· L一‘repolted bv Eltze in rabbit vas deferens~ 

． w e 

found tha t Cr0 at the saF~1e concentration CAtllN~ 

co；0日J-co0 百 cou 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


BIBLID：ISSN 0253—9756 Acta研 一l ∞Siaica 中国药理学报 1997 Jul；18(4) -297 

approximately 90 ％ reduction of electrically evoked 

tension in rat va8 deferens． Moreover，Gli(10 

tanol·L。。)did／lot affect the maximal effect of Cm 

in OUr preparation，but it(3 10 vmol·LI1) 

enh ar~ d the maximaI inhihition hy Cm in rabbit 

van deferens J
． This discrepancy may be 

attributed t。 the species difference or to different 

sensitivity to Cm． Interemingly，Gli at 10 fzmol 

·L～ reduced the maximal effect of Pin． It is 

possible that Pin may al80 act via a K channd 

independent mechanism 58 suggested by Cai et al[14] 

in blood vessels． 

Present ~sults dearly showed that large- 

conductance K＆ channels were not involved in the 

inhihitory effectsofPinan dCro despitethefactthat 

these 2 agents were previously reported to increase 

the open state probability of the reconstituted aortic 

K＆ channelst” 
． L]、x，a potent blocker of large- 

conductance K＆ charmds【 3 ，did not affect the 

actions of Pin an d Cr0 in rat vs8 deferens． Pin also 

reduced the NE．ind uced contractile response even at 

low eoncentrations (>0．03 tanol-LI1) which 

started to reduce dectfieally evoked contractions 

(data not shown)， suggesting that Pin may 

primarily activate KATP chan nels on smooth musde 

membrane- However．Ci"o 0．3—3 pamo1．L。。did 

not affect小eNB induced tension nWistarMorin 

rat va$ deferens【 ． This discrepancy may be 

caused by different strains of rats used be twcen 

Gram 甜 a／ and our group． Nevertheless． the 

possibility can not be discounted that presynaptic 

inhibition of neurotransmitter release by Pin may 

contribute in a small portion tow ards the observed 

inhihition of mntraction in response of fidd 

stimulation． It was indicated that the Pin-induced 

vasoreLaxation ma y also resulted from reduction of 

NE release from the sympathetic nerveLl4J 

In contrast to the G1i antagonism of the 

inhibimry effects of Pin an d Cm ，NS 1619，the 

newly developed activator of large-conductance K＆ 

channels in many smooth muscles[10J∞mentration． 

dependently inhibited the dectrically evoked 

mntraction in rat vas defemns in a Gli—insensitive 

manner． ( 1X partially but significantly reduced 

the inhibitory effect of NS 1619． SirniladY． 

iberiotoxln completely reversed membrane 

hyperpe larization induced by NS 1619 but only 

partially inhibited the NS 1619一induced 

va8orelaxati0n[1 2】
． This indicates that NS 1619 

ma y have additional sites of action in rat vas 

defemns as reported in vascular smooth muscle． 

Indeed ．NS 1619 、Ⅳas recently found to inhibit L- 

type Ca2 channels in arterial smooth muselec15,17]
． 

CTX alone significantly enh anced the amplitude of 

electrically evoked contractions ， ind icating that 

large-aonductance K＆ channels are 

sympatheric nerve terminals since this concentration 

of CTX did not significantly alter the NE—induced 

responseinthe salne preparation(datanot shown)． 

In sunmam'y，our results pmvide evidence of 

existence of KATe charmds an d large一0onduetance 

K＆ channels in rat epididymal vas defe1~r15． Gli 

selectively antagonized the inhibitory effects of Pin 

and Ci"o on electrically evoked contractions while 

X showed no effect． Onthe other han d．吣  

but not G1i partially reduced the effect of NS 1619． 

Itis suggested tha t bothtypes ofK channelsma y 

play a role in regulation of contractility of rat va8 
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吡那地尔 ．cromakalim 和 NS 1619对电刺激所致 

大鼠输精管收缩的作用 

(香港中文大学医学院生理系，新界沙佃，看格) 

关键词 吡那地尔 ；~ kallm；NS 1619；格列 

本脲；eharybdotoxin；电刺激；钾通道；肌肉收缩； 

输精管 
— — — — —  

一  

目的：本文研究新近研制的ATP敏感性钾通道开 

放剂，毗那地尔 (Pin)和 eror~kalim (Cxo)，以及 

钙离子激括性钾通道开放剂 NS 1619对电场刺激 

所致大鼠输精管收缩的作用． 方法：利用 电场刺 

激(O．3 I-k，1 ms，60 V)反复性引致j膏精管单相 

性收缩． 结果：Pin和 Cm浓度依耪性减低电刺 

激收缩． 格列本脲(Gn)而非 eharybdotoxin拮抗 

上述两药的舒张作用． Pin右移去甲肾上腺素的 

浓度 一收缩曲线，同时降低最高收缩反应． Gti 

抵消 Pin的作用． Charyl~ toxin而非 G￡减低 

NS 1619的平滑肌舒张作用． 结论：A2"P敏感性 

和钙离子激括性钾通道参与调节输精管平滑肌的 

收缩性 ． 
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