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Comparison of effects of~etrandrine on ionic channels of isolated rat 

nem'ohypophysial terminals and Y1 mouse adrenocortical tunlor cells 

W ANG Gang。， JIANG M ing-Xing。， M ary D COYNE2， Jos6 R LEM OS 

(Worcester Foundationfo，Experimental Biology，Shrewsbury MA 01545，USA) 

AB Ⅱ U e effecc．s oftetrandrine onthe volt． 

age---gated  Ca K and Na channe Is ofthe iso． 

1ated rat neurohypophysial i~rve terminals and  Y 1 

mouse adreno co rtica l tumor cells were studied us ing 

stand ard and perforated patch~clamp techniques 

Among  the inward ionic currents， the T—type C 

channel current(屯)in the Y1 oeli line was strongly 

inhibited (by 52．9％)by a iow concentration f】3 
／trao卜 L_。 of externally applied  tetrandrine  The 

L-type 。 in the isolated  ne rve terminals was also 

strongly inhibited (by 54 2％1 by externally applied 

tetrand rine 33
．
mnol· L～， whereas th e N-type 。 

and Na ollrrentwere not significantlyaffected by the 

saine dose ofthe alkaloid． W hneitha dno effect on 

the rusk transient K cha nne Is， external applica tion 

of tetrand rine  1 珊no卜 L_。 blocked  a slow 

gating, maxi Ca _activated ( J channel in 

the nef termimIs， ~ sing its by 84．4％． 
Conelusions： f】1The ordelfofthe sensitivities ofionic 

cha nnels to tetrand rine is K )>T->L一>N-type 

Ca 2+>N (2】tetrand rine selves as a specific block- 

erofthe slow1y_Bating 1 cha nnel 

KEY WORDS tetrand rine； posterior pituitary, 

cultured  tumo r oells； c~citlm channo ls； po tassium 

cha nnels； sodium  cha nnels； patch--damp technic； 

ue／'ve end ings； electmphysiology 

Tetmndrino , a bls-he nzylisoquino line  alkaloid 

(6，6 ，7，I2一tetramethoxy-2，2 --dimetbylberbama n)， 

has been clinically used as an antihypertensive and 

anti-arthythraie agent． It exerted  a ne gative 

ino tmpie effect onthe myoca rdinm and  blocked  high 

K —evo ked co ntraction of arteria1 strips, decreased 

theamplitude ofthe Ca2+一med_mted actionpo tential, 
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and inhibited the inward Ca curl3ent in cardiac 

Purkin fibcrs( -2) Patch~clamp studies ha ve dem- 

omtrated tha t tetrandrine bloeked  more than one type 

of voltage-gated Ca” channel, as well as a ca2 

activated K+ ckanne l(3~)
． 

Taking advantage of the isolated  nerve terminals 

and cultured Y1 oells,we 1J investigated the effects of 

tetrandrine on the L_' N and  T-type Ca 什 

currents， using perforated pa tch~elamp techniqueto 

avo id the trundow of Ca2+ currents usually seen 

with standard whole--eel1 recordings； and  21 utilized 

standard whole-coli and  outside-out patoli~clamp 

techniques to observe its actiom on the tmmient out- 

ward K and  Ca  _activated  K channo l currents 

ⅣL̂ TER¨ LS AND M ETHo DS 

Preparation ofn盯忡 ten 幢Is and YI aeIb All 

peptidergic nelW~ terminals were freshly isolated  

from 8 CD ratneufohypo#ys~．Aspreviously des· 
cribed{6), a CO --anesthetiand rat was deeapitatecL 

and  the pituitary gland was excised Tbe po sterior 

pituitary was homogenized in a solution coil- 

taini~ sucrose 270 iunloI· L ； Tr -HEPES 10 

mmol·L一。； EGTA 10／trao卜 L～， pH =6．8， and 

then tra nsferred to 8 35 m拙 0t％ poly-1一lysine  

co ated Petri dish, which wasthe nmounted onthe 

movable stage of an inverted microscope(Nikom 

Tokyo． Japa upo n which the isolated 

neurohypophysial terminais, with the characteristics 

of golden co lor, spherical shape, and  lack of 

nuclei． oouid be ind entified
． Termi nals 1w re then 

perfused wi th a physiological solution co ntaining： 

NaCI 145；KCI 5；CaCI2 2．2；MgCI2 1；#ucose 

15； Na—HEPES 10 mmol·L-i： pH =7 Y1 mous e 

adreno co rtica 1 tumor ceUs were obtaine d from Dr 

Berua rd Schimn~r, Unive rsity of Toronto， 

Ca nadu "rheS were OWll in Hum's F10 medium  

supp lemented wi th 15％ heat—inactivatixt horse 
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SerII m， 2．5％ heat-inactivated letal ∞Ⅱ sertn~, 

penicillin100U／streptomycin100
．

ng  per Ⅱd and in- 

cubated in 5％ CO2 at 37℃ Cells used for 

electrophysiology were detached with O．05％ 

trypsin／EGTA 0．53 mol· L- I-3 d beforehand 

and  plated sparsely onto a 35 mm Pctd dish in sup- 

plemented  Ham's F10 without antibiotics
．

The 

incubationmgdium wasreplaced withuusupplemented  

Ham'sF10， 3_4 hbe fore recording， to provide con- 

ditions which did not promote flat attachm ent ofcdis 

to the substrate． The。ells inthe dishwerepeff~ d 

with the physiological solution as mentioned above． 

The volumeofsolutioninthedishwaskeptat 2ⅡI1 

Elec p-y幽|0gI∞I recardlag After about l h 

of perfusio~． terminals of 6—8 ,am and  Y1 cells of 

10—15．tan in diameter were chosenforpa tch-damp． 

ing． A soft-glass pipette(Drummond Scientific Co， 

Bro0眦 u PA，USA),which had been double pulled 

(David Kopf 700C, T* nga cA， USA)and 

fire-polished on a microfor~ (Narashige, Kyoto， 

JJpan)一 was pressed ontothe suffaos ofaosll orter- 

ndmL and  suctionwas applied until．a giga--seal was 

formed．Forrecord~ Ca2+ current( and Na+ 

current (，N|)． using the perforated wbole---ofll 

pa tch-clamp method， a modif'~id physiological solu· 

tion in which Baz+ (BaCI，5 mmol·L- )replacad 

Ca as．the chanm lion carderwas used to pe ffuse 

theterminals orcalls． pipettewas佃edwitha so· 

lution containing： Cs-elutamate 100； TEA-CI 20； 

CaCI 2； MgCI2 1； HEPES 10 mmol· L ； 

ampbo tericin B 200-240 ·L ： pa =7．4． Because 

amphoterioin B parmcabilizes the membrane pa tch 

drawn into the pipe tte, membrane  resistanca  canbe  

reducedthat wecan record whole-call，凸 and INa 

currents throuzh the pa tch without rundown'ca used 

by dialysis of the~ytoplas “． Mono valent cations 

such as Cs+ inthe pipette solutionflow into calls or 

terminals thr0ugh the ampbotericin B-permcablized 

membrane  to repla~ K arid prevent outward ~qlr． 

rentsthrough cha nne ls． For recording Ca -ac- 

tivated K chaa~l cnt'renL~(kb orfast,transient 

K current(，̂)using sntnd~d outside-out patch or 

wbo 1~--~dl configurations， the hath solution wag sim- 

ilar to the physio logica l solution but the o~ncen- 

tmtion of CaCI- was inereas。d to l0 

mmol· L■
．
The pipette was fill。d with a solution 

contaning：KC1 130；CaCl2 1．997 and EGTA 2(giv- 

ing  10
．
amol· L free C 1： K—HEPES 10； 

N-methyl-D-glucamino  20 m mo卜 L-l； pH 兰7
．2． 

W itladraw8l of th e pipe tte from the terminal， after 

achieving the who le--cell configuration by rupturing  

the membrane, led to formation of an outside-ont 

pa tc ) Allthe cnt'rents were recorded using a List 

EPC-7 amplifg'r (List Electronic, Darmsntdt, 

Germany)and fdtered at 2 kHz by un 8-poleBessel 

filter fF~ nc y Devices Inc, Haverhill M A， 

USA1． The single cha nnel CusrentS we．re sampled at 

10 kHz and  stored on hard disks， and then am lysed 

usi g pClamp software (Anon Instrument inc， 

Buslingame CA， USA1． 

Data analysis Data were expressed us i± 

TheftestWUS USed to analyze statisticalsignifica nc e of 

paired or unpa ired data． The determination of the 

channel open prohablllity(， was calculated from 

all-points amplitude histograms， based on the ure,a 

under eachpeakfit bytheGaussiondistributions． 

Dn Tetrand rine , a product of Jinhua 

Pharmacauticals Inc (Jinhua，Zhejiang Province, 

China), was dissolved in distill。d water after 

ac／dification with HC1(pH：3)，and then neutralized 

with N 0H to pH ：6 to obtain a 10 mmol· L一‘ 

stock solntion A1ltheotherchemicalsl edwgre ob- 

rainedfromSigmaChemicalCo(StLouisMO．USA)． 

RESULTs 

Effects of 自帆  I-e o11iⅡ■■一 ien ic eusre~  

Low--voltage-thresbo ld， T-typa  was maximally 

elicitedfrom theY1ca lls by a depolarizationfrom a 

holding po tentialfHP)=_90 mV to a steppo tential 

(sP】=．2O mV (Fig 1 A】． External application of 

tetmndrine 13#tool·L一 (Fig 1A)ledtoa significant 

decrease in th e amplitude of T—type Ic by 52．9％  

(from154-+23 5 pA ofthecontrolto 72．5±14．3pAof 

：3，P<005) 

N-type and  L-type  

ha ve be en observed 

hi曲一voltnge-thresbo ld 

in the neurohypophyslal 
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卜 type 

B 

N一 pe 

Control 

啦 !． IJnilWtioa of T—type and L—type by 

tetramh'lne． T-type，r． wlis recorded from Yl 

~lreineortkal~lllNior cell byit depallm'~ aonfi'om -90 

叫V 协 一2omV． Tetraudr~ne13／unel·L- iddbi嘲  

t-e ~urrtmt (from experimem~ 【2吕24c2l， 

M 勰 嬲  & Bolh N-type and L-type 

m xkmllydidtedfrom ：itm hypo#y~l n目 tel'- 

mira I byIIe呻l1 from -90mV 协 +加 mV． 

虬n_Ii喇 e of ．1tSe end ofthe dep0 js 

eomkiem l协 betlmt ofL-type -， whilethe differ． 

嘣 i．m #itude 曲_t-eI，哪  andthe ． 

pmk畸is tSe l峨cH幢吐啤 N-type，0r TeWamllrim 33 

pmol·LIl Qnl~d aboul54％ b~Jbltlonofthe L．—ty 

(from experiments G272lc01， G2727e05)． 

da／edl onthe Ie|t standforb．耐  ofcurrents． 

n~Tve tcnDjnak -‘ Our study， using the perforated 

whole-cell patch---clamp technique on the terminals， 

demom trated that the current-voltage relatiom hip 

and averageamplitudesofbothtypesof，cB werevery 

similar to those recorded with the stand ard whole—，ceU 

patch-damp method( The advantage of this 

methodisthatthe from these small sizedtermi· 

nals remained sustained without rundown，for l-2 

l1， enabling iis to cond uct pharmacological studies on 

the Ca channe~． 

As showninFig 1B， bo thN—andL—type 

were maximally elicited by depolarizations from --9O 

mV to +10 mvt Exterml administration of 

tetrand rine 33 pmol·L。。 fFig IB)led to inhibition 

ofthe L—type by 54．2％ (from 48 5±l7．1 pA of 

the oontro1 to 22 2± l0．6 pA of the tetrandrit~- 

treated, =4，P<O．01)．The N-type ，c in the 

terminal was not significantly inhibited by the same 

concentration of tetrand dne(by only l6．7％， from 

l10．5土 24l pA of control to 92± 23．5 pA， =4' 

P>O．05) Intheabsellce and presence oftetrandrine 

33 #mo卜 L～， 13o signil'Kant difference iII the 

amplitude of № from different ncr termim ls was 

sogll(differedby 8 7％，from624+ 186 pAof15。oⅡ_ 

trois to 678+ 281 pA of ll tetm nd dne-treated, 

P>0．05)(Fig 3) 

Effects oftemmdrine on OUtWgrd X ,,ImamI 

Using the standard whole—ceI1 pa tch-damp 

technique． two kinds of outward K cha nnel cur- 

rents， ，̂ and ％“P have been previously 
reported (11,12) from the  neurohypophysial nc1w  tcr- 

mimls． T e forlller cou妓 be blocked  by 

4--aminolyyridine。 whereas the latter was semitive to 

Ba2+．We examinedtetrandrine's effects ollthesetwo 

en r~ellts， finding tha t the whole-cell IA was 

imemitive to tetrand rine l pmol·L～． but． in o0ll- 

trast， the ca -activated lc+ ( channel was 

extmordirmrily scusitive to the alka1oid． Compared 

to the am pfitude of，̂ inthe control【452±87 pA, 

月：5 the amplitude of ，̂ in the p sen∞ of 

tetrandrine l pmol·L。。【Fig 3)was Bt slightly dif- 

ferent (491+ l54， all 8．6％ increase, =4' 

P>0．05)． Tbe control single K十c channel 
enrrents，whichwcl'eelicited byadepolarizationfrom 

HP=-50 mV to SP=44O mV using all outside"out 

pa tch from a terminal， are slowly-gating, ie, with 

fewtramitious betweentheopenanddosed slates(Fig 

2)．In sharpcovlme ttoits effectoll，̂，tetrandrinel 

pmol·L。。stronglyblocked thc channel(1ower 

panelinFig 2)．T1IePo withinbursts ofK十cB1 chall- 
laCl deercased by 84-4' in the D“ eIlce of tetrand dne 

l／2mol· L～ from 0．88± 0．03to 0l4± 0．0l， =3， 

户<0．01)． Tetrand dne blocked the channel by pro． 

ducingmanymoretramitiom between the ope n and  

closed states, ie，afiichery bloek【Fig 2) 

Xf ■ 
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Cont r0I 

⋯  

Tetra叫 rine1 u巾。1． 2伽  。 

《 
A  

啦 2． Blocking effect of te~randrim on‰  
channe1． The upper pamlisthe control， si k K 

eham d cⅡr咒nt trace recorded from an 帽 蛔钮e— ut 

patch of - terminaL wbich was elkited bv ■ 

depolarization fmm —5O mV to+40 mV, Free Ca 

wls10／amo卜 L1 in曲 讪pe眦 solufio~ 1 】0wer 

penslis■tracefrom abe距IneI【 ， channelinthe 

p~ enne of把打a— ri睢 1 1．L一1． Many s ng 

n直cl【ery blocksocuuted witho_t any fII-。e oil the 

删 pⅡtudeofthea-嘲 扭 Thednshedl on6e right 

■ fireM aemmmof6e eur~nts． 

Fig 3 sm mariz∞thedifferent blocking effects by 

tetrandrine onK Ca and Na channels． Itjs 

evident that among these channels tlIe K ) channel 

is the most sensitive to tetrand rine,； another typc of 

outward K cha nnel, the A_channel， in contrast， 

is not affected by the same oo13~'ntration of 

tetntn~'ine ． Among theinward ionic current the 

T—and  L—type Caz+ channel are， respectively, the 

fast and  second  most semitive to tetrand rine The 

N—typc Ca ellrrents and  Na COlTcnts Wel"~ 

basically unaffected by a high concentration of 

tetran~ine (33#mol·L-l1_ 

The present results indicate that tc~．randrine 

blocks K h 。T-type
, 

and  L—type c 

cha nnels but tha t the blocking  poteneies vary The 

order of sensitiviti髂 of the iohie channels to 

啦 i BloeMng effectsBillK Ca1+,and Na chn． 

k Control(blank)-tdtetrandr~e(hatched)wt1"e 

Plo№d against％ changes in of她 le I【+c．)" 
gmplitude of whole~mll咖帆n虹 ±E ’P>0．惦， 

< 仉05, ¨ < 仉Ol| 

tetrand tine  ale： K ，>T一>L一>N-type Ca > 

Na cha nnels． Sincewetestedtetrandrine effects on 

，A onlyat i#too l·L～，thequestionofwhetherhigh- 

el"co ncentrations could produce anyinhibition onthe 

，̂ is stillopen~ 

Ca chn nel block Th e blocking effects on 

T-type and  L—type Ca 2+ cha nnels by tetrand tine  

have been previously determined by standard 
patch~elamp experiments(3"5)

． Tetrandrine inhibited 

T_typc in neu~oblnstoma cells with all I =2．5 

#mol· L一 0) Tetrandrine 4#mol· L一 inhibited 

L-type in GH3 anterior tuitary cells by more 

tha n 50％ without affecting T—type ． Our pre- 

vious results with the standard patch~clamp 

techniq indicated that the Ic，0 f0r L—type 

bytetrand~ine intheneuro popbysialll~1wefermi— 

rials WaS approximately 10 umol· L～
．
The present 

data,
，

with the perforated patch-damp method， 

a~'ccthattetrandrine blocks bOtlIT-type and L-type 

Ca 2+ cha nnels
． These da饥 however， also show 

tha t the IC，o for the T— and L-type by the 

alkaloid are approximately 13 and  33 #tool· L～， 

# ＼ l  0*若 ，-!l口E g 0 口 n 目_上U 
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respectively， much higher than those reported with 

typica l whole-ce ll patch—clamp approaches． One 

po ssible re,soil to explain the difference is tha t the 

dialysis of the cell or terminal contents using the 

standard whole~cell pa tch--clamp meth od leads to 

elimination of enzym e machinery and materials with 

subsequent chemical and  physiea l cha nges in the  

cha nnels， making  them more sensitive to tetrand dne． 

K ， cham,,el b k Tetraudrir~ a promising  

specific type II K十[̈ channel blocker, produced 

flickery blockade of the terminal K十f channel,which 

is similar to that by tetraethylammoaium (TEA) 

TEA，however,resulted in mole frequent flickery 

blocks of the cha nne l than tetmndrine~12--1 sag- 

gesting that residence time for TEA inside the cha nnel 

shorter than tha t f0r tetrandrine ． Other K ) 

cha nnel bloc kers such as Ba” and cha rybdotoxin, 

block the cha nnel by terminating the burst for 

seoond s( indicating tha t they reside inside the 

cha nnel 1ong er tha n tetranddne． The  fact that 

tetmndrS．ne had little effects oll the K 1 cha nnel 

fro m the  cytoplasmic side ofthe term inal suggests tha t 

its binding sitein the cha nI1eljsIocated aroatadthe 

outer mouthofthechannelt 
．
Althoughthelelevailoe 

of t1Ic K cha nnel block by tetrandrine to its 

antihypertemiveac tion not yetdear, thisfind ing  

will ce rtainly shed  light(5 o11 the mce ha nisms und erly- 

ins  cfinical effcets oftetrandrine ． 
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肾上腺皮质瘤细胞离子通道作用之比较 

王 钢 ， 江 舭 M蠡 R 
LEM OS (Worcester Foundation for Experimental 

摘要 本文果用标准及穿孔膜片钳技术研究丁粉防己 

碱对分离大鼠神经垂体末梢及 Y1小鼠肾上腺皮质瘤 

细胞的电压控门的钙道．钾道及钠道的作用 细胞外 

的低浓度粉防己碱(13 gmol·L_。)可强抑制 Y1细胞株 

上的 T型钙道 电流 52．9％．粉防己碱 33 n1o卜L叫细 

胞外使用时亦可强抑制分离的神经垂体末梢L型钙道 

电流 54．2％，但对其 N一型钙道电流无明显影响．1 

#tool·L_。粉防己碱在细胞外可阻断神经垂体末槠的 

慢控门．大电导．钙澈活的钾道，使其开放概率降低 

84．4％．同一剂量的粉防己碱不影响快瞬时的钾道． 

本文结论 为(1)离子通道对粉防己碱敏感性的顺序 

是：钙激活钾道>T型钙道 >L型钙道>N型钙道 > 

钠道；(2)粉防己碱可为一慢控门的钙激活钾道的特 

异性阻断剂 
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Relation of age to effects of phentolamine and phenylephrine on heart 
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ABsTRACT In the present study, the responses of 

neonatal and adult dog hearts to phenylep~ina (PE) 
and  phe ntolaminie rPA were investigated in ordel"to 

determine the influence ofage factors． PA resulted in 

the slowing ofthe  heart rate， the prolongationof COl'- 

reeted sinus node recoverytime， atriaI refreetory pe． 

riod (ARP)， ventricular effective rffme~ry period 

、(VERP)．and ventrieuiar functiohal refractory period 

(VFRP,k and a significantinhibition of conducting 

t~sncsinneona tal dogs In coutrash no  snc h effects 

were seen in adult dogs PE had a positivc 

chrono tro pie effectinl1eOnata1dogs but rio sucheffect 

in ad uh dogs． In COnclusiol1， 一adreno eeptOrS 

played au important excitatory role in the neona tal 

dogheart 
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KEY W ORDS phentoiamine； phenylephrinc； 

proprano lol； heart rat~, blood pressure； ~l~ffl'O— 

cardiography 

There has been an increasing interest In the us= 

derstand ing  ofthe functiona l significa nce ofneonatal 

myocardial~．,-adreno neptors． Most investigators fo- 

cⅡsed  their attention to ehrono tropie effects of 

~-adreno eepo rs OU in ViVO myoca rdiunx They sng - 

gested that u-adrencrgic stimulation in immature 

cardiomyocytcs results in a positive ehronotropie ef- 

feet． In co ntrast, 一adrene rgie stimulation may re- 

suit in a decrease of spo ntaneous HR in aduh 

myoca rdium【 -3J
．  co nve rsion of a positive  

ehrono tro pie effec tisreiated to the postnatalilKrroa~ 

in autono mic innaawatio specifically, the 

adrencrgic sys'tem． 
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