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Dual effects of tetrandrine on calcium-activated potassium channels 

in pulmonary artery smooth muscle cells 
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ABSTRACT 

删 ：To sludy the effects of tetrandrine(Tet) 

on calcium-activated potassium channels． 

METHODS：Inside—out cotffiguration of patch— 

clamp single channel recording techniques． 

REsIⅡ 1_s： t 7．5 and l5 ttmol·L increased 

the open probability from control value 0．25l 

O．Ol2 l0 0．34O±0．O13 and 0．415±0．011． 

respectively(P<0．01)，decreased the close 

timefrom(6l±15)illSto(33±10)and(28± 

l1)Ills，respectively(P<0．O1)． But t 3o 

“|『MJI．L decreased the open probability and 

open time to(0．114±0．008)and(1．47-4- 

O．09)IYiS，respectively l P<0．叭 ∞ control 

(0．25l±0．012)and(20±8)msj． CON． 

CLUSⅢ0N： Tet has concentration—dependent 

dual effects on Kca channels in isolated rat 

pulmonary ．
．

smooth muscle cells 

Ⅱ rIt0DUCI N 

Tetrandrine(Tet)has beell clinically used 

as all anti—arrhythmic and antihypertensive agent． 

It bJocked 山e C channels， as well as 

calcium-activated potassium (Kc )channels in 

nerve terminals，and produced a relaxation of 
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smooth muscleL 一 ． Because potassium  

channel activation，especially the Kca and ATP— 

sensitive potassium channeI- reduced 山e 

pulmonary vasocolrstriction，this study investi— 

gated the effects of Tet on Kca of rat pulmonary 

smooth muscle cells． 

MATERIAI．s AND Ⅱ̂ [1 )DS 

Drugs and reagent Collagenase(type 

Ⅺ )， papain， bevine serum albumin， 

tetraethylaramonium bromide，dithiothreitol，and 

poly-L—lysine were purchased h'om Sigma 

Chemical Co． Tet was a product of JiIthua 

Pharmaceutical Factory (Ji~thua， Zhejiang 

Province，China)， th a purity of98％． 

Isolation of ratlmhnonary artery~nooth 

muscle cells~5,6 Wistar舍rats( =18，20o 
一 250 g，Certificate№ 24301050)，supplyed by 

Experimental AainM Center of Ihird Military 

Medical University．were anethetized after l％ 

sodium barbiturate ip 33 mg‘kg～． 11he main 
left and right branches of pulmonary artery were 

placed in cold lnedlul~l containing：NaCl 130， 

KC1 5，MgC12 1．2，CaC12 1．5，HEPES 10，and 

glucose 10 lrnnol·L一，pH 7．3 adjusted with 

NaOH，arteries were cleaned and cut into pieces 

(1 1TIITI2)，and allowed to recover for 20 rain in 

l0 C (20“mol·L )isolation in~ul'／1 at 

37 oC． Tissue was transferred to 1 nlL low— 

Ca2 medium，eollagenase l g，0ar~n l g， 

dithiothreitel l mmol·L～ ． bevine serom 

albumin 2 mg were added to digest at 37 for 

40 min．and then centrifuged at l000×g f0r 5 

min． In 2 mL et~yme-free Ca2 一free isolation 
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medium，tissue was triturated witIl a fire—polished 

Pasteur pipette to disperse cells． Loose cells 

wel'e placed on poly-L—lysine coated glass 
coverslips and stored at 4 oC for 8 h． 

Single-~ l r~ordir~ Single-channel 

recordingwasperformed atloomtemperature(23 

±2)oC using the inside—out patch configuration 

of the patch—clamp techniqueL 
． Single-channel 

currents Were detected using a patch—clam p 

amplifier(CEZ一22OO，Nihon Kohden，Japan) 
and gap—free recorded using Fetchex program in 

tIle pClamp 6．02 software (Axon Instnm~nt． 

USA)at a frequency of 10 kHz． The filter 

frequency ofam plifier was set at 1 kHz． 

Mter tIle control cbamael currents were 

recorded。 Tet was added cumulatively into 

solution at intervals of 15 min． n1en the 

currents i13．the same patch were recorded． n1e 

concentrations of Tet were 7．5．15． and 3O 

￡㈣ 1．L一‘． 

Solutions n patch electrode was fiⅡed 

with：KC1 140，MgCl2 1，Na2ATP 0．5，egtazie 

acid 6，CaC12 5．4，and HEPES 10 re~lol·L ， 

pH 7．4 adjusted witIl KOH． Bath solution was 
the sanle as the patch pipette solution． 

I)ata analysis n open and close times 

were fitted exponential fitting． C,wrent 

am plitudes were fitted by Ganssian distributions． 

Open probability was talculated from the sum of 

open time for each sweep dMded by sweep 

duration． The conductance of Kca(Gk)was 
ealeulated by 

E (aT／Ze)hi([K ]／[K ] )and 

Gk=AI／(Vm— ) 

The data were represented as 牙±s and treated 

tIl AN0VA． 

RES JI．TS 

General properties of Kca in rat 

pulmonary artery smooth muscle cells On 

irrside—out membrane patches from pulmonary 

arte~ smooth musole cells． about 90％ of 

patches contained Kc (58／65)．These ebamaels 

were highly sensitive t0 changes in intracellLdar 

ca2 ([ca2 )c0ncentrati0n． mlen 
intracellular nlembrane surface was bathed witIl a 

range of Ca2 concentrations at a membrane 

holding potential of 一60 mV in symmetrical KCl 

140 mmol·L_。． tIle open pmbabil was 

increased as l ca“ J concentration increased． 

when lCa2 J．was 0．1，O．2，O_3，O．5，and 

O．8 tmaol’L～ ．tIle open probability values were 

0．010 ± 0．O01． 0．083 ± 0．O05． 0．213 ± 

0．010，0．428±0．014．and 0．754±0．012． 

respectively(Fig 1)． 

兽 

n 

lCa l1 0．1 umoI．L 

几 

lea2 】．0
．

2 um o1．L’‘ 

ICa I．0．3 pmo[．L。 

nIr ．rT1 n 

Ca l_0．5 um0l-L 

Ca“Ii 0
．8 um01．L 

200Ills 

F-喁1． ~lgle Caz -activated K channel cur． 

rents recorded from an inslde-out membrane 

patch held at amembrane potential of一60mV 

in rat puhnonary artery smooth Ⅱ̈ lsde cells． 

The upward deflections indicated outwal~ 

currents． The can ccntration ofCa2 bathingtbe 

h~tracdlular m咖 bHIne sBl'fao[~indicated to tbe 

top of each current record． This is one 

record~ of10 cell patches oil10 rats． 

The single channel conductance was(245± 

13)0S． The ctmsmel currentswere inhibited by 
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adding tetmethylatmnonium 10 nllllo1-L to the 

bath solution(n=10 cell patches)． 

Effects of|Ilet Oil in rat lmlraonary 

artery smoothmuscle此Ils The opentime and 

the close time of Kcawere(2O±8)ITIS and(62 

±15)ⅡIs with a C concentration of bathing 

solution 0．3“∞ 1·L at a inembrane potential 

0f一6Omv． 111e open probabili~"was 0．251± 

0．012(11．=8)． 

Tet 7．5 and 15 ￡ ·L一 increased the 

open probability from control values to 0．340± 

0．013 and 0．415±0．0l1，respectively (P < 

0．Ö ，and the clnse times were decreased to 

(33±lo)and(28±11)ⅡIs(P<0．01)．But 
when Tet concentration was increased to 30 t~nol 

‘ L～．t}le open probability decreased to(0．114 

±0．008)．mad the open time als0 decreased to 

(1．47±0．09)lYiS(P<0．O1 contre1，n= 

8 J．(Fig 2，3J 

DISCU 10N 

Our results demonstrated that the open 

probability of Kca in rat pulmonary artery smooth 

muscle cells increased as the C concentrations 

in bathing ∞lution were increased． e 

conductanceof ain synmletical K 140mme l’ 

L is 245 pS． TI1e results are similar to that 

reported by othersl5,8 J
． 

Tet at low concentration opened the a in 

rat m 州 artery SVl3OOth nllls~k celIs，the 

open probability was increased． But when Tet 

concentmfion increased to 30 um l·L_‘． it 

inhibited the open of Kca，the open time and 

open probability weTe decreased． 1he dual 

effects ofTet o12 aindicated thatin appropriate 

concentration， t activated the Kc in pulmonary 

artery smooth muscle cells，whichresultedinK 

Ou[flow increasing． together 山 its Ca2 

channels inhibiting effectsl ． redueed the 

pulmo rrary vasoconstriction． If high concen． 

tration was used， Tet would inhibit the Kc ， 

which may be the toxic effects． 1hese indicated 

n m n I ． 『1几 

m  n I n 

Coll 0I 

nrr —11 ^r 1rr 

I门 rT 『r— rTr 

Tet 7．5 ttmol-L 

几1 rrruTn 0 0 n 一～Jff 

几 lr rr1 mrm 广1n n n厂1 

Totl5Ⅲ I． ‘ 

JJ l蛐 UI J●I111 llI lIf．thu． 

Ⅲ I l ■IIJklIIIJIl-m ll U． 

l 
200II115 Tet Ⅷ ol L 

№ 2． Effects of t~ mdrine(豫 )on - 

activated K channds in isolated rat pul~nonary 

artery smooth Hmsde ceI at amembrm~ pol~ntiai 

0f 一椰 mV from inslde-out membrane patch 

exposedto symmeh'icalKCI140mmol·L一 atCaz’ 

0．3 pmol·L一 applied to jIs hltracdlular membrane 

surface． T upward deflections indicated outward 

currents． 1H 7．5，15。and 30 pmol·L_。were 

added cumulatively to hath at intervals of 15 min． 

11-is is an e of 8 cell patches 帅 8 rab． T 4 

trmSngs hi each group w gap-free I rdiI- ． 
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3．5 6．5 9．5 

Open time／ms 

rig 3． Example of open ∞ Iel删 titling 

curvefrom one of 8 cell patches 0n 8 rats． 

that山ere would be different Kc subunits in 

different organs， which aye identical to that 

pulmonary vasoconstriction is a mfique process in 

response to hypnxia that distkIguishes the 

pulmonary from the systemic cire,dationEZ,3,s~
．  
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f<一 S 

粉防己碱对肺动脉平滑肌细胞钙激活钾通道的 

双重作用 R7 7 
， 肖欣蒙 (第三军医大学生理 

学教研室， 药理学教研室，重庆400038； 华西 

医科大学附属一院呼吸内科，成都610041，中国) 

关键词 

箝技术 

粉防己碱；离子通道：钾通道；钙；膜片 

肺动脉 彳 

目的：研究粉防己碱( t)对大鼠肺动脉平滑肌细 

胞钙激活钾(K )通道的影响．方法：内面朝外膜 

片箝单通道记录法．结果： ¨．5和15 tanot·L 

使 的开放概率由0．251±0．012增加到 0．340± 

0．013和 0．415±0．叭1(P<0．01)． 关闭时间由 

(61±15)盯嵋缩短到(33±lO)和(28±11)盯峙(P( 

0．01)．Tet 30 tanol·L 使开放概率和开放时间分 

别降低到(0．114±0．008)和(1．47±0．09)Ills(P( 

0．O1)．结论： t对大鼠肺动脉平滑肌细胞 K＆通 

道有双重作用． (责任鳊辑 杨如华) 

m 0 蚰 鲫 加 m 0 

窨0筝R芒 ∞ 0 J0 ll暑jz 
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