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通道离子选择性在445，447位置处分别通过阳离 

子一Ⅱ轨道作用机理和氧笼机理来实现；(3)CTX 

和 AgTx2与孔区的不同结合方式导致了它们通道 

亲和力的差异；(4)孔区内侧静电势主要为负． 

结论：构建的模型与从实验结果导出的限髑信息 

是相一致的． 
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／~kIM ：To analyzethe kineticpmperaesofthedfect 

nicotine 01l nicotinic acetyleholine ajp咖  

(hACk )inthe cultured sympathetic nd岫 ns矗砌  

neonatal rat~lel-iol7~ vleal gang1．珀 (S∞ )． 

M IⅡ0DS：The whde-~ll re。0rdiflg rll~hod 
p~teh-elamp t~ mique Ⅵ∞ used to record the 

oⅢH℃n协 induced by different concentrations of 

nieollue．The concentration-response nieotine 

fitted with Clark equation． RESUL1S： Hm 

eoefficie~t(1．097)w∞ determined by fitting the 

nicotine 1Esponse8 of neuroml nAChR with Clark 

equatkm． TlIetheoretical valu~ ofnicotine effect． 

calculated with Clark eqlmtion with H =1． 

basically identical with the prsetically recorded 

rren乜． O0NCII玛I(INS：Interactiond nicotine 

and nAChR in rat S∞ fits a 8iI e binding site 

raedd． 

Analyzing the kinetics of the effect of a drug on 

the target receptor is very important for elucidating 

its pharmacolngical properties and reactive 

mechanism． The first model to explain interacting 

process of a receptor and its ligand was put forward 

bv C1arktI1． fmm which a sequential nlode1 to 

describe the concentration depender10e of 
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nA十R A R ： AnR* (1) 

In the sequential model 1，a receptor(R)can 

be activated by ACh (A)by forming an inactive 

ACh—receptor complex，where AnR an d AnR are 

inactive an d active agonist—receptor mmplexes， 

respectively． An d n is the number of ACh 

molecules activating a single receptor channe1． 

Acmrding  to the above scheme，the Clark equation 

muld be transformed into the following equation： 

E=E～ ·AH／(K+AH) (2) 

In the equation 2，E = respo nse induced by 

nAc}lK agonist at a given concentration；E一 =the 

largest respo nse of nAChR；A = agonists； K = 

equilibrium dlssoeiation mnstant； H = Hil1 

coefficient，just equating to n in the sequential 

model 1． 

The sequential model is now widely used for 

the kinetic analyNs of acetylcholine-receptor 

interaction of end-plate currents and sing le-channe1 

currents of muscle nAChRc 
． There are 2 ligand 

binding  sites onthemklscle nAChR and 2molecu les 

of agonist are required to excite a receptor 

mokcu1e【5,61(／e H =2)． However。in the central 

nervous system ， receptor binding  assays have 

revealed a single class of binding sites in neuronal 

nAChRc7-9 3
． 

Neuronal rlAa1K display a 

mmplicated diversity of the structure and biolng ical 

funetio11s compared with nAa1K ；n skeletal 

muscIesL10}
． It is still uncertain tha t whether 1 or 2 

molecules of an agon ist fllre required to activate 1 

molecule of D_eLlro13~1 nAChR in sympathetic 
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ganglia． To answer this question，we have used 

the whole-eell recording method to study the 

interaction between nicotine and r1lAChR in SCG 

neL!lons 

M ATERIAIN AND Ⅳ唧 lH叩 S 

Cell cult,we AI1 the exper~nents were eonducted on 

dJssociated syirapathetlc n日Ⅱons derived frc~a superior cervical 

ganglia(SCG)of neonatal Wistar rats 1 d oLd[⋯ The 

ganglia were isolated and cut into small pieces which wf~re 

then incubated in L 15 Le~ho vitz medium containin@ 0 25 ％ 

trypsin at 36℃ for 40 min The tissue sxtspertsions wl~re 

at 500 g for 2 min． The resulting pdlet w&s gently 

resus~ ded in Dulbecco’s modified F~agle meditn'n contaimng 

l0 ％ horse SeFII~I Mechanically dJssociated irteurorls were 

transferred to 35一toni poly-L—lysine mated dishes and were 

m&intained at 37℃ i13 95 ％ O2+5 ％ ∞ ，environment 

Nerve growth factor 50止 w&s added to each dish． The 

experiments were done after the neuDglqSⅥ e cultured for 7— 

9 d． In this period，SCG neul~13s grew well with diameters 

of 20— 40
．
urn and displayed a stable ~spo nse to nAChR 

agonists． 

Curr,mt reeorcL~ Neurons were vohage-damped by 

using whole-cell patch  clamp techniques(1 W hen the 

glg~ d between the tip of the glass microe[ectrode an d the 

contactm~nbraneoftheculturedS∞ n~ll'onformed ．a swift 

Dubeof suction was applied to the micrcelectrnd e interior to 

break the membrane and estahlk~,h a who h-cell recording 

o∞ figuTadonI The m锄 h e potential was hdd at 一 70 

mV． All expenrnents were done at room temperature(20 

25℃)with a Axopatch-1D amplifier． The gathered gnaIs 

were recorded  onto the be rddisk of a c(~npo ter by do ta 

acquisition nalysis program pCLaMP 5 5．1 (Axon  

lnsmmaents) 

The patch—pipettes had a ~slstance of 1——3 MD and 

contained ： 140，耻 PES 10，~rtaZlC acid 10，an d A1]P 

2 mmd·L～ exaraodMar solution contained!NaCt 

140，Ka 5，CaClz 3，MgO21， PEs10，gluoase10．and 

tetrcdotoxln 0．001 rmaol·L 

At~ llem ion ot agoaists Niootlne vwas applied by a puff 

pipette which wasmnneeted to a pressureinjector (BH-2． 

Medical Systeras Co) The pipettemnsimed of 7microtubes 

filled  wlth different~olto~atratlons of nicotine The diameter 

af th e micmtube was 5— 10 tan The d／staitce between the 

pipettean dthe nellFonwas 20 30l堋 ，and 50—60 kPa 0f 

N2 pressurewas applied The application tknewas1 san d 

interval was 5 min． Nimtine veils purchased from Sigma 

ChemicalCo 

RESIIl胚  

When nicotine was applied to the neuron．it 

elicited a rapid inward culTent． The amplitudes 

(rlA)of currents induced by nicotine 10，20，40， 

80，and 160“In01．L ‘were 0．91±0．o8。1．56± 

0．14，2．5310．27，3．93±0．46，and 4．57±0．55 

(N：15)，respectively(Fig 1) The data were 

fitted with the Clark equation 2 with different H 

coeffidents 
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Fig 1． Fitting islr~ 1vit】l Clark eq∞ Iim ． 

W hen Hill coeffician t was regarded as a variable 

parameter，the obtained H was equal to 1．097， 

nearto one． IfHilltoeffician tWfl8 assumed as1 or 

2，the calculated K values were 61．457 or 667．707 

㈣ I。L ． respectively． According to Clark’s 

occupation theory。K ⅥT蹦 the agonist concentration 

when 50 ％ receptors bl~eB／ne the agonist—occupied 

receptors or the response of agonist reached up to 

the half of the maximum efficiency． At H =2，the 

obtained K value would be much higher(667．707 

p-tool·L )than that of the highest concentration 

(160 tanol·LI1)of nicotine used in the exDeriment 

(Tab1)． 

Tab 1一 Fitting conomtration-rtsponse oul-ve 0fnioRine 

Clark equation 

Obviously，Hill coefficient could not be equal to 

2 W hether or not it was really feasible for H=17 

TO answer this question，E values were estimated 

withE～ =6．513 nA and K =61．457 ／,rnol·L 1 
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(b。th were obmined with H = 1，Tab 1)at 

different concentrations of nicotine． The 

theoretical values were basically identical with the 

recorded currents(P>0．05，Tab 2) 

Tall 2． 0 nlH between RigIplitudes of nicotine．induced 

cm-r~ and ealcalated values[E= 一 ·A／(茸 +A)]． 
15 lIam懈 ，j±s． Paired t test： 

>O．05 recorded aIIIplitudes． 

DI驯 SSION 

Muscle nAChR consists of(a1)，／31~~subunits 

(adult muscle) and a subunits possess msentiaI 

elements fof the binding of ACh[1 3 J
． In neu”3rmI 

nAChR． two a subunits and three of the B-type 

subunits associate to forrn a functional pentameric 

receptor except for a7 neuronal nAChRL ． Unlike 

muscle nAChR，neuronal nAChR displayed a single 

class of binding sites in different brain re~ons and 

spiualcord 0f rats【7 9J
．  

In sympathetic gang lionic neurons， the 

expressed genesof nAChR were suggestedto be 03， 

and p4 according to their pharrnacelugical 
properties【l ’ 

． The properties of the binding 

sites of nAChR in sympathetic ganglia were not 

clear． In this experiment， the responses of 

neuronal nAChR from rat SoG 幻 different 

cencentration nicotine were fitted with Clark 

equation an d obtained Hill coefficient was near to 

one (H = 1．097)． The theoretieal values 

calculated with E～ and K (both were obtained by 

fitting  the cencentration—response curve with C1ark 

equation with H =1 1 were basicaWy censistent with 

the cu rrents evoked by different concentrations of 

nicetine． The results first demonstrated that 

nicotine fit an one-site modeI of receptor—ligand 

interaction on neuron【al nAChR in SCG This 

illeans that a molecule of nAChR in sympathetic 

ganglia would be activated by a molecule of agonlst． 

Is there only one。f the two q subunits carrying  

the agonist recognition site in neuronal nAChR 

structurallv? The pmblem rernains unresolved 

Perhaps a more Iikely explanation was that each of 

the two n subunits would have its own binding  site 

for agonist~． But while either of the two binding  

site wan occupied by a molecule of agonist， the 

receptor would be activated and the ion channel 

opened[1 
． S0， the reIationshiD of molecule 

equivalent between neuronal nAChR and its agonist 

woulddisplay a ratio of one to one(H =1)． of 

ceorse， the further experiments fire needed to 

elucidate the originsI situation of interaction 

between neumual nAChR and its agonists 

1 ClarkAj The rl312deof aetic~of drags on calls 

London：E Arnold．1933 

2 I)d CastilIo J． Ka B lnteraction at end plate receptors 

between different chohne derb~tis-es 

PineR So=Load(BidJ 1957；146：3 一81． 

3 Katz B．Miledi R statistical nature of the aeetylcholLne 

potemial and l堪 moleeular components 

J Physiol《L 】d)1972；224：665—99 

4 Skok V1． Selymlko AA， Derkach VA Channel—blocking 

activity is a po s~ble mechanism for a selective n c 

btockade PlttigersArch 1983；398：169—71． 

5 Fdtz A． tll1331tnn A Desensitization at the fmg nemo- 

ITII~CUhriunction：a biphaslc prceess 

J Physiol《LDnd)19B2；322：257—72 

6 Sine S．Taylor P 11 rdationsMp between~ onist㈣ 【枷  

and the permeability response of the cb linergie receptor revealed 

bybound cobra fit-toxin J B 0l锄 l980；25S：10144—56 

7 Ar-derⅫ1 DJ，Amefic St'． Nieofnie receptor~nding of[ H] 

cyt n☆ [ H]tricotine and[ H]methylcharbamylchofine in rat 

brain Em J Pham~aml 1994：253：261—7 

8 KhanIM YaksbTL，TaylorP nd~pecifieity of nicotinic 

acexyl&oline receptors in rat spinal cord：studim with nicotine 

and c~isme． J Pharmacol ExpTh 1994；270：159—66 

9 Zhang x，Nordberg A． 11 ctmapetition of( )一[3H]nicotme 

btM ing the enontic~nersofnico tme r nornicotineand anatoxnia 

1n membranes and solubilized pre~rations 0f different brain 

regions rat
． Arch Phanm ml 1993；348：28—34 

10 Pep ke RL kinetic properties of neuroml nicotinic rl~e- 

pmrs：genetic basis of functional diversity
．  

ProgNeumbio[1993；41：509—31 

11 HeXP Liu璐 ，X ，【ju∞  

W hole cell nc∞吐11g of sodium t potassium and calcium  currents 

0f cultuted ne— tal rat symp~theric newtons 

Aeta P}l Sin 1995；47：441—7 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


BmuD：ISSN 025 9756 A血 P} 啦 I：gi s ∞ 中国药理学报 1997 Jd；18(4) -333 

12 k~mi]lOP．̂ bnyA，Ne E．sakmam B，SigworthFJ 

Improved patch—clamp techniques for high—rem lution culTe~tt 

m ~rdtng from calls and cell free memhrane patches 

Pfl rsArch1981；391：85—10O 

13 Km PN，Dwork AJ，KaldanyRI，Si]verML．Widemaa J，Stein 

specifically labeled by an affinity reo~ellt for the acety[choline 

binding site． J BiolChem 1984；259：t162—5． 

ThemLe ofthe subvmltlndeterminingthe n吐 pmpe~iesd 

J Physiol(Lond)1991：44O：95一I12 

15 Marg]eI sA，DeK~ nck P，C~operE． 

Agonlst and toxia s~ sitivitlea of ACh-evoked CUlTelRtS o1] 

性 p1髑 lng multiple nicotinic ACh receptor卯 b皿 Ib． 

、 ， J Neurophysiol 1995；74：1212—21． 

鼠颈上神经节交感神经元烟碱受体的 』 培养的大鼠颈上神经节交感神经元烟碱受体的 
动力学特性 k 77』_ 
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关键词 里生 理! 里 ； 璺 墅直 
药物 堂；结合位点；膜片箝技术 
一  

目的：研究培养的新生大鼠颈上神经节交感神经 

元烟碱受体的动力学特性． 方法：膜片箝技术的 

全细胞记录方法，记录不同浓度烟碱诱发的电流， 

使用 Clark方程对烟碱作用的量效曲线进行拟台． 

结果 ：10，20，40，80和 160 ganol·L-1烟碱诱发 

电流的幅度分别为 ：0．91±0．08，1．56±0．14， 

2．53± 0．27．3．93±0．46 和 4．57± 0．55 nA 

( =15)，经 Clark方程拟合，得到 H=1．097． 

E一 =5．958 nA，K=73．061 n0l·L-。，将 H= 

1时拟合得到的 E一 (6．513 nA)和 K值(61．457 

Vxnol·L )代入Oark方程，所计算出的理论值与 

相应浓度烟碱诱发 电流的实 值基本相符 ． 结 

论：烟碱与交感神经元烟碱受体作用的动力学特 

性符合一个作用位点的反应模型． 
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Electrophysiologic effect of enalapril oil guinea pig papillary muscles in vitro 
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KEY WORDS ena】a州1；acth~l potentials；~ }il- 

larymu幽 ；ouabain；deem~hysiology 

AIM ：To study the dh~et dfeet 0f enahpril oll 

cdlular dec臼[q山 i0L。gy 0f my。caldjm 1． 

METHODS：Conventi~aal mletoeheu-od~ t~chni- 

queⅫ medto re∞耐the Bc俩 potentials(AP)of 

血髓 pigpWm~-ymu吕cks． RESULTS：E 咀la州I 

clnI∞d all hl∞ 8e oftheAPanaplitude(APA)and 

the res衄 txx~fi*l(RP)in a∞瞳l疆n缸妇 卜 

dqx∞如眦 Ⅱ璩rⅡ1er without any耐 n如 nt dIIaIlge of 

AP dttratlo~， Ⅻ and overshoot of AP． 

s|l Ilsj∞ 0fouahain 0．5皿Id ·LI1 reduc~l APA 

and RP．indIloed stable delayed after-d~ tiom 

(DAD)at different basle eyehlengths(BCL)in a 

Received 1996—07．J5 

fi'equeney-dependent蚴 n ． At BCL 2oO ms． 

the amplitude of DAD wa8 IaIge enough to induce 

nonsustain~ triggered activity (TA )． In 

additional pl m oe of Ia】april 10 I玎0l·L-。，the 

DAD maplitudeat 500，400，300，and20oms 

dI 理 from 5．3土2．3，5．9土2．8，7．4土2．1。 

and 8．9±1．3 to 2．6土0．7，3．1土1．0，3．7土1．5， 

snd 5．3土1．1(mV)re印ecdvdy，all P<0．O1_ 
T1le Ⅸ皿p即 on iIltt s were il1腰钱 in a 

similar frequmey-dependent matLrl口． 11 nmaber 

0f TA induced at BCL 200 I璐 w鼬 de口e88ed 

from 3．6土0．7 to 0．8士 0．2 (P < 0．05)． 

CONCLUS10N：D∞l删 dixzcflyinhibitsnAD and 

TA induced by~ bain dl∞ugh-ma I1gRP and 

APA，wbieh may contribute to its anti-arthyflm~e 

effect． 
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