
ISSN 0253—97s6 Acta Fharmacot Sin中国药理学报 1999D。c：∞ (121 
／／ww1 sin~fl ac al； chirtainfo gov pericd 
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AIM ： To investigate the influence of selective 

antagonist for muscafinic (M)receptor subtype oil 

tetrandrine ( ) reducing heart rate． inhibiting 

sinoatrial node (SAN) function． and its ionic 

mechanism． M哐田}加 s．Effects of reducing heart 

rdte of Tetwel'emaintainedin isolated right atrium and 

pithed rats． Modification on action potentials(AP)0f 

sAN cells and L-type c~cium curt~t( L)by 
were recorded byme~ls of standard nfieroelectrod eand 

patch—clam p whole eel】 recording techr6qucs 

RESULTS：Tet inhibited spontaneous beating of 

isolated right atrium (EC∞，23 7 pmol。L )and 
reduced heart rate~in pithed rats in a concentration— 

dependent malLrler(EC5o，l8．6 mg。kgI1 J． Auto— 

maticity of SAN  was ir~bited bv Tet AP upstroke 

velocity ( 阻x)，spontaneous depolarization rates in 

phase 4(SP4)were decreased and sinus cycle length 

(SCL)was prolongedwhentreated with TeL Tet(30 

,umol‘L J caused a reduction in peak value of， L 

from(1275±190)pA to(498±94)pA in isohted 

single cardiomyocyte． Atropine and AP—DX 116 (M2 

subtyW selective antagonist)could atteuual~ such 

effects of in a con'49efifive mode． CONCLU  

SION．Negative chronotropic effects of Tet are due to 
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its inhibition of L． Modification on，ca—L is the 

raajormcchanlsm ofM receptormodulating Tet effects． 

Telrandrine(Tet)，a calcium antagonist obtained 

from Chinese herb (Stephania tetrandm S Moore)+ 

can interact with cardiovascular a．adrenergic and 

muscar~ c receptort川
． In anesthetized cat．its hypo ． 

tensive effectwasinhibited by atropineand enhanced by 

acetylcholme． 弭动 radioligand binding assay in rat 

brain． Tet had high affinity with muscarinJe (M ) 

receptor、 ．nle present experiment was to observe the 

modulation by cardiac selective M rece~or antagonists 

off chronotropic effects ofTet／n vitro and ／n vivo，and 

【0 detemaineI乜 possibleionicmechanism ． 

[ATERIALS AND M哐 }IODS 

Materials ret 0btained from Z]aejiang Jinhua 

Pharmaceutical Company． It was dissolved in HC1 l 

mol‘L～，then its pH value was adjusted to 5—6 bv 

NaoH l mo1·L～ Dr V~Ltl Mee1．Karacl Thornae 

GmbH Phasnmceutical Company，provided AF—DX 116 

and 4-DAMP Atropine was purchased from Sigma． 

All otherteagents were ofAR． 

Guinea pigs(250—30o g，Grade Ⅱ，Certificate 

№ 29-0"23)，Wistarrats(含，30O一350 g，GradeⅡ， 

Certificate No 19-050)+andwhite rabbit(1 5～2 k旦， 

Cerlificate№ 19一e25)were purchased from kal~mtory 

Animal Center，TongjiMedicalUinversity 

Spontaneouslybeating rateofisolated right 

atrium Isolated guinea pig Ii曲t atrium with intact 

sinus nodeswere suspendedin Tyrode’s solution10mL 

(№C1 146．9，Ka 2．68，C b 1．8o．MgCl~1．05， 

Nail2POe 0．62，NaHCCh 11．9，glucose 5．55 rnmol‘ 
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L_。，pH 7．4，bubbled with 93％ +5％ CO2)． 

e spontaneously beating rate was measured with a 

force t／'an sdklc~r coDnected with a double．pen recorder 

(LMS-2A type，Chengdu Equipment FactoD') nle 

resting potential(0．5 g)was k印t constant{bi'oughou[ 

the expe riment． A1】preparations were allowed to 

equilibrate for l h before any intervention Tet was 

added in a cumulative concentration(0．1—3C0 fanol· 

L_。j、vi血 or without atropine(0．03“ -L-。j or 

AF_DX 116(1~zmol-L一 )． 

Heart rates ofpithed rats Ratswere anesthe- 

tized by sodium pentobarbital(45 mg’ _。，ip)and 

subiectedto arfificial respiration viatracheal calla]wl血 

positive pressure e rats were pithed by introducing 

a blunt needle into the spinal canal via orbit． Rectal 

tempem~_re was maintained ar about 37℃ ． Right 

femoral vein was canalizedfor adminiswation ofdrugs 

Heart ratewas measuredfrom E0。_1．Nihon Kohden 

Pretreatment with selective machR subt39e antagonists 

or saline was carried out 15 mill before administration 

0f Tet(5—25 mg j． 

'l'k'ansmembrane action potential Rabbit 

sinus node preparations were made ． Transmembrane 

action potentials of primary pacemaking cells were led 

to microelecU'ode amplifier (IvlEZ7101， Nihon 

Kohden)by a standard intracellular electrode techbi- 

que． nle signal was displayed and fed to colnputer 

(Ⅲ L／PC 386)viaA／D．D／A converter．Parameters 

were analyzed by softv,~e-AP6(deigned by Huazhong 

Institute of Science and Technology) nle prepara- 

fie[is were super~used with saline or antagonists 
(atropine 0．03“m0I·L～，AF_Dx 116 l tanol’L j 

15millbeforetetrandfinewas used ． 

Patch clamp experiment Single ventricular 

cells of guniea pigs were isolated by collagenase 

digestion． Transmembrane CUl'rents were recorded 

using the whole cell recording techniques． nle 

~~ Bts were measuredwith an Axo 200A amplifier via 

a D／A converter(Di~tal 1200)． Voltage clamping， 

signal acquisition，and analysis of membrane cmmnts 

wer~achieved by computer pmgam pCLAMP 6．O1． 

All experiments were carried OO[at rO㈣ temperature 

(25—28℃)． 

Extracelluiar soludon：Choline CI l36，KCl15．4． 

MgC12 1．0， HEPES 5 0， CaCle 2．0， glucose 10， 

TEAC1 20 mmol·L_。，pH was adjusted to 7 2 by 

Cs0H 

Pipe tte soludon：CsC1 20，CsAsparte 110，HEPES 

5．0，MgCI2 l 0，egtazic acid 10，MgATP 5．0 mmol’ 

L一 ．pHwas adjusteAto 7．4 b’rCsOH． 
Data analysis AIl data were expressed as 

±s． Staffstical significance was demrmined by — 

test． Eel0 value~ were calculated using colnputer 

software“Sigmaplot 3 0”． 

RESULTS 

Spontaneous beating rate Tet inhibited 

spontaneously beating rate in a concentration-dependent 

iilanner wi血 E( 0f 23．7(21．0—29．5),umol。L 

(n=6，controlj． Atropine and AF-DX 116 inhibited 

the effents ofTetwhilethemaximal effects ofT twere 

unchanged． Tlae E changed to 169 (126 —198 

“m0J-L一 ，atropine，n=6，P<0 Ol 1／s contro1)and 

115(107—131,umol·L～，AF-DX 116，n=6，P< 

0．Ol us contro1)(Fig 1)． 

7 6 5 4 3 

1． Eff吣 of dil~rent atIbgonisB on negative 
chronotropic e旺ec也 of Tet． n = 6 gt~ ea pigs． 

量±s． <0．05． <0．01 tona 1． 

Heartratesinpithed rats Tet(5—25 r̈嘻’ 

kg。。)c~11$cd a dose-dependent decrease in heart rales 

Heartrateswere decreasedfrom 【30O±40．contro1)to 

('295±40)，(263±34)，(198±4O)，(130±22)， 

(74±15)beats／min by Tet 5，10，15，20，25 mg’ 
_ 。

， respectively Control ECs0 was l8，6(17 8一 

l9．41 mg-kg一 (rt=7)． The heaa rates were 

changed to (31±3，H=6，P<0．05 Ⅵ controlj， 

(19 8±0．6)beats／min，(rt=5)，after pretreaUnent 

with AF．DX 116 and 4一DAMP t selective 

如 ∞ 帅 种 帅 如 0 

，|．■置墨-1_置日．宝 
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S 10 15 211 25 jU j5 

ntrandr mg-kg 

ng 2． hln啊nce 0f M t-ecep~r瓤曲g0耐s坞 ∞ 

braayrl~a'amc ef￡ec协 of Tet in pithed rats． i-i=7 

rats． 霉±s． 《O．05．甲 《O．01懈 ~on11'o1． 

Action poten砌 Tet decreased y一 ， ， 

andAPA，also prolongedavth0，API ，and SCLin 

rabbit sinus node gm~ry pacemaking cells． In the 

presence of atropine andAF-DX 116．such effectsweIe 

no longer significant except that of increasing APcl90 

(Tab1)． 

L-tyl，e calc m current In voltage-clamp 

mode for rl~asllrenlent of lc．
．

L．the holding potential 

was kept at一40 mV for 4 ins to inactivate and 

lc~-r． The ccl珊 I砌 d potential was 0 mV and the 

duration was 3OO ins The~tlrrent、vas steady in 30 

mill after forming v,~ole cel1 stale．so it avoided“nm 

down”duringtiffs period． "~,Vhenthe bath solutionwas 

changedto Tet(30f~rnol·L )． Ca2 currentwas 

inhibited． e peak current of lc Lwas reduced from 

【1275± 190)pA to 【498±94)pA (H=5．P< 

O．01)． While pretreatment with atropine(0．03~zmol— 

L )，廿le inhibitory effects of Tet(：30Ⅲno】．L ) 
were antagonized． The peak current was reduced to 

【790±82j pAfrom (1318±2o6)pA Increasingthe 

concentration ofTbt to 100“m01·L-。．the at~tagonistic 

raedificafion of atropine reversed，and lc“ was 

flll~er reducedto【315±65)pA【Fig 3)． 

1(。印 ing holing potential at一40 mV，depolariz— 

ing voltage lmlses weTe applied from conlr~ potential 

Of一30 mV to +60 mV，with duration of 30o眦 in 

l0 mV increments． The ，_y relation of lcafL 

obtained Similar results were found(Fig 4) 

DISCUSS10N 

Negative chronotropic effects of Tet have been 

we1l'studied．and concentrated on its calcium channe1 

Tab1． E of Teton action坤栅 血 l ofSAN jn邺 pacej rein． 牙±s． 《O．05．中 《0．毗  ~on~ l 

sP4=sp0r忸n肋璐 山 riz ra怔sinp蛔se 4；SCL=如 璐 clelength 
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50ms 

+AlTopine 0,03 pmol·L‘ 

至 『 

一_ T 。L pmol atropine 
J ．．．—----一 ConlTol 

啦 3．Effects ofTet on Lha ventricle cell ofgmJ-衄 pig 

～  

0 

’ 

／ oTet 30,um~l- ‘ 

__ -20 0 20 40 60 

Membrane potentiaFmV 

啦 4． Effects of tetrandrine on f—V rel~ on of 

J L in isolated guh~ea pig sil~e ventride cell· 

n=S cells of 5 血 朗 pigs． ±s· 

blocking effects But Tet iS not a selective calclllin 

antagonist in vascular smooth musele cells and could 

interact with -adrenergic receptor~ Recently with 

radio．1igand binding assayitwasfoundthatTet actedas 

an a1l0steric medniatOr for M receptor，and showed 

high affn~ty with Mt，M2 subtype Our results 

sho that selective blockade of cardiac M2 receptor 

could an tagonize negative chronou'opic effects of Tet 

both ln vitro and in vivo． 

Among ionic mechanisms of pace making，lC~-L 

plays an mll~rtant role．It iS the major antrent for 
0．phase upstroke and 4-phase spontaneously depo lariza- 

tionin SA node primary pace—making ceHs． Stimula‘ 

tion of vagal nerve or activatiO12 ofM rece 吼 in heart 

contributes to regulation of normal~IdinC rhythm and 

SA node nc石oⅡL h。
．

Though opening acetylcholine 

activated potassium channel(IK( b)) is a main 
mechanism for M r- 0eD∞r to modify the cardiac 

elecu'ophysiological prope rties，it is flOW believed that 

inhibition of ， L and hyperpolarizatiou‘activated 

current(If)also play important mles in M receptor 

modulating SAN pece-makingl ‘ 
．

Brown repol'~  

that low doSC Ach reduces calcium ctlr~nt in 1SOlated 

sin0a1ria1 node cells of rabbitL 
．  
Moreover，without 

the presence of agonists． atwl~ and AF_DX 116 

showed stimulatory effects On calcium channel ． Our 

results from action po tential and whole cell patch-clamp 

recording suggested~that atmp~ and AF-DX 116 could 

counteracttheinhibitory effects ofTet OUt J L． More 

andinoi~results show that vagal nerve andM receptor 

play all important role in reg~aang(~-dinc function in 

physiological and paflx~physiological state—and Ach IS 

believed tO be all endogenous cardlac pmtecUve 

agent[xo：
． 

Besides Tet， classical calcium antagonist 

verapamil interacts with cardiac muscafinic receptor as 

．皿 allosteric antagonistt 
．

Thou gh the signal 

nansduc OfM receptormodulating calcium  channel 

has not been clearlydefined，our results suggests thatM 

receptor antagonists could directly molly the effect of 

Tet on， L，an ditmaybe themain10111Cmechamsm 

。瑚枷啪啪 枷瑚啪 。瑚蛳枷删咖瑚枷啪 
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M受体阻断剂对粉防己碱负性频率作用的调节 

，鐾茎 ／乏 7乙 
(同济医科大学药理教研室，武汉4．31)0．30，中国) 
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膜片箝技术 

目的：研究 M受体亚型阻断剂对粉防己碱(Tet)减 

慢心率，抑制窦房结功能的影响并探讨其离子机 

制． 方法：在离体右心房标本及毁脊髓大鼠模型 

观察粉防己碱减慢心率的作用，用标准微电极及 

膜片箝全细胞记录技术观察 Tet对窦房结动作电 

位及 L型钙电流( L)的影响． 结果：Tet浓度依 

赖性抑制离体右心房自发收缩频率并减慢毁脊髓 

大鼠心率． Tet抑制窦房结 自律性，降低 

sR、并延长 scL，在分离单个心肌细胞 Tet抑制 

，c 的峰值电流． 阿托品和 M0受体亚型阻断剂 

AF-DX 116能竞争性抑制 Tet的上述作用． 结论： 

粉防己碱的心肌负性变时作用是由于其对 ，0 的 

抑制，而 M受体阻断剂对 Tet阻滞钙通道作用的 

调节是其影响 Tet作用的离子机制． 

(责任编辑 李 颖) 
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