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Effeets of tetrandrine on free intracellular Ca + 

in isolated rat brain cells 

ZENG W ei—Zhong，LIU Tian—Pei 

(Department ofPharmacology，?CantingMedicalCollege，Nanfing 210029，China) 

A~ TRAC'r Using Ca 一sensitive fluorescent indica- 

tor，Fura—Z／AM，intraeellular free Ca (0ca )was 

measured． Resdng[Ca。 ]．w 221土18 nmol·L in 
the presence of Ca抖 1．3 mmo卜L一 in Hank％ solution． 

Tetrandrine (Tet)30 vmol·L叫 had i1o effect on the 

resting[Ca ]．when the extraeellular Ca were O～2 

mlTxo卜L～． In the presence of extracellular Ca 1．3 

mmol·L～ ． Tec(1— 100 pmol-L ) concentration— 

dependently inhibited the high extraeellular K 一 

induced [Ca ]．elevation，with an IG0 value of 8．2 

pmol·L (95 confidence limits ： 1．9 — 32．9 

~raol·L )． Low concentrations of 

pmol·L一 ) did not alter the 

[Ca ]{elevation． Tet 30 Hmol·L depressed Ⅱore— 

pinephrine 10~raol·L induced[Ca 1 elevation by 

42 ． The results suggested  that Tet inhibited the 

Ca 。 influx through voltage—dependent ionic channels 

and， at high concentrations， tbrou『gh receptor- 
operated ionlc channels in the brain cells． 

KEY W ORDS tetrand rine； norepinephrine； cal- 

eium；brain；fluorescent dyes 

Tetrandrine (Tet)，an alkaloid extracted 

from Stephama tetrandra S M oore，has tradi- 

tionally been used for the treatment of hyper— 

tension． Tet protected cerebral ischemia and 

decreased the afterhyperpolarlzation potentials 

in neurons ”． Tet blocked the voltage—depen— 

dent Ca2 channel in cultured neuroblastoma 

cells[2)_ It has been suggested that the Ca 

channels bloc kade by Tet played an important 

role its effects on hypertension and cerebral 

ischemia[3]． Ahhough the Ca channel 

blockade effect of Tet has been confirmed，its 

direct actions on jntracellutar free Ca ” have 

Received 1992—07一O8 Accepted 1993—04—18 

Project supported hy the National Natural Science Founcla— 

tioa 0f China．№ 89170857． 

not been reported． In this paper，the effects 

of Tet on free intracellular Ca  in isolated 

brain cells were studied  using Ca sensitive 

fluorescent probe．Fura一2i} ． 

M ATERIALS AND M ETHODS 

Brain cells wereiso1日red according to themothnd  

of I'eference[” with some modifications． Newborn (1 

— 7 d)Sprague—Dawley rats(J'umgsu laboratory Ani- 

mal Canter)were decapltated  in a Pe廿i dish on ioe． 

The isolated brain wa日rinsed with ice-cold free Ca  

and Mg Hank's solution．pH 7．2—7．4，wi th the fol- 

lowing compositions ：NaCI 137，KCI 5，glucose 5+6， 

and  HEPES 10 (mmol|LI1)． Vessels and  meninges 

wel carefully stripped off． After the brain w s 

washed wi th Ca抖 一and Mg抖 -free Hank's solution，it 

啪 s eatinto 3 ram ．pieces，and  placedin a10mlflask 

containing  0．125 trypsin and  EGTA 0．5 mmol·Lq 

n Ca抖 ．and Mg抖一free Ha nk％ solution． The flask 

was shaken ac 37℃ for 20 rma． Trypsini~ation was 

discontinued by adding  10 ml ice—cold Plank's solution 

containing 10 bovine sernm+ Tissue pieces were 

mechanically dissociated by gently triturating 10— 15 

times wi th a polished pipette． Th e isolated brain cdls 

Were filtered through nylon mesh (200 mesh。 hole 

width 95 vm)and  vollected in aflask． Ca llswere oeⅡ． 

trlfugedtwi ce at100× for 3— 4min each- The su- 

pernatant吼 目decanted  and the ceils were resuspend ed 

in 啪 rm Ha nk％ solution (pH 7．4)containing：NaCI 

137，caCI： 1．3，M gCl2 0．5，KCI 5．0，glUcose 5．6， 

and HEPES 10 mmol·L～ ． Trypan blue staining  

showed a 90— 95 cellular viability rate． The cell 

suapension wasfunho r dliuted to a“m l。f 8￡nI w{￡h 

Ha nh 's solution and divided into 2 aliquots and  placed 

in a~rater hath for 5 rnln at 37℃ ． A ~mal concentra- 

tlon of Fura—Z／AM 5 加10卜 L_。dissolved in MelSo 

was added to orte e1．岫uot and a蚰me volume ofMe：So 

was added  to the other as a contro1． The  cells were 

Ioaded with Fura一2 in water bath for 40 min． The 

Fura一2-loaded  ceils and the eontroI cells were cen- 
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trifuged at 100×g for 3-- 4 min． The cells were re— 

suspended in 4 ml Hank's solution containing 0．2 

bovine serum albumin resulting in approximately 

1×10‘cells-tal一 ． Suspe nsion of cellswereincubated 

for 4— 5min at 37"C priorto 

A RF一540 (Shimadzu) 

w85 used for Ca” measurement (excitation 340 nm ， 

emission 490 rim)． [Ca“]．wa3 calculated according 

to the formularc5 with j of 224 nmo】·L_。：[Ca抖 一 

d× (F— F血 )／(Fm 一 F)． Tl1e maIimal fluores— 

ced e ( ～ ) WR8 determined by the final concentra— 

rions of 0．2 Trlton X一100 and Ca  2 mmol·L。。 

added  to the sample cells． The miniIⅡBl fluores— 

ce1~e( )was determined by the firml concentra~on 

of EGTA 8 mmol·L叫 (pH > 8．5)． Correction was 

IⅡBde for autofluorescence in each experiment． 

Fura·2／AM WR8 purchased from Sigma． Tet> 

98 pure，wit8 manufactured by Jinhua Pharmaceuti— 

cad Co．Trypsin and  alI other chemi cals were AR． 

RESUI腮  

Isolated brain cells were rea uspended in 

Hank~s solution containing Ca 1．3 

mmol·L_。． After addilEion of Triton X．100 

(final concentration 0．2 )to lyse the cells， 

the spectrum was shifted to a peak at 340—— 

350 nm． Through the addition of EGTA 

(final concentration 8 mmol·L一 )to deplete 

the calcium 。the spectrum of Fura一2 revealed a 

peak at 370— 380 nm (Fig 1)． e spectra 

were similar to those reported by 

Grynkiewicz。 ． The resting[Ca ] was 221 

土18 nmo卜L (n一 8， 土5)． This value of 

resting[ca ]．was well within the expected 

range for the[ca ]{level。 ． 

Tet on resting [ca抖 ]I Tlhe resting 

ECa ]，was 78士10 nmol·L (n一6)in Ca” 
free Hank's solution containing EGTA 0．1 

mmol·L一． Resting[Ca ]。levels were 104 

土 16， 138土 17， 216士 15， and 251土 21 

nmol·L一 in the presence of extraeellular Ca ” 

0．01．0．1．1，and 2 mmo卜L一 ，respectively． 

[Ca。 ] was dependent on the extracellular 

Excitation wavelength／nm 

№ 1． Fura-Zexeilatioa spectrum iniselated rut brain 

cells． A )Resm x~ aded in H aak's solution eoatalata8 

Ca2 1．3 mmel·L一’． B)Lysed  with Triton X·100． 

C)Calciom depleted EGTA· 

Ca  concentrations． Preincubated with Tet 

30 ／zruol·L一 in Hank's solution containing 

Ca  0，0．O1，0．1，1，and 2 mmo卜L for 15 

rain，Tet did not induce any significant change 

in[Ca。 ]I． Tet apparently had no effect 0n 
the passive diffusible flux of Ca 0 through the 

cytoplasmic memhr ains of the brain neurons． 

Tlet on KCl-indueed[Ca2+]l elevation 

W hen the hr ain cells ere exposed to hish K 

in Ha nk's solution containing Ca  1． 3 

mmol·L～，the[ca。 ]_increased rapidly and 

concentration-depe ndently． KCl 25 and 50 ． 

mmol·L increased the[Ca ]，by 6O and 

165 ，respec tively． Tet 10 ／~mol·L～ inhib— 

ited the KCl(25 and 50 mmo卜 L )一induced 

[Ca 。 ]，elevation by 5O and 70 ，respec· 

tively，but did not change the resting[Ca ]． · 

Ievel(Fig 2)． Tet 1—100 pmol·L inhibited 

the extracellular high KCI—induced [ca ]i ． 

elevatlon dos e-dependearly， with IC5o of 

8．2 (95 confidence limits： 1．9— 32．9) 

pmol·L一 ． 

Tet on norepinephrine-induced 

elevation Norepinephrine 0．01·0．1， 

10 graol·L一 increased the[ca。 ]{by 

[ca ]l 
1，and 

43 ． 

帅 ∞ 蚰 O 

§ 一 cS #g )c 一IE 
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Xa ，mmol·L‘‘ Tet／m oI·T一。 

F 盖 Efhg'ts 0f Tot姐 KCl-~duced[cI】 ]I incro~一 

幅 in tatINIstedh'In cells． ^)"let10 u_帅l·L一。on 

KCI一-丑血·ced[Ca3 ]．im ． B)TH蚰 KCI(50 

ⅢⅡl ·LI1)-iladueed lea3+]I iacrrases． C=0mh ． 

一 5，i土 。。P< 9-惦 ， ⋯ P< 0．01吖 coatro1． 

8O ，100 ．and 120 ，respectirely． Tet 

30 pmol·L一 inhibited the norepinephrine 

(O．0l—i0脚 。卜L一 )一induced[ca。 ]．eleva- 

tion by 30 ．37 ，39 ，and 42 ，respec— 

tively(Fig 3)． Lower concentrat／ons of Tet 

(1--10 pmo卜L )did not show noticeable ef— 

fects on norepinephrine—induced[ca。 eleva- 

tion． 

8 7 6 

N0rcpincphn ／ 】g m ol·L 

[0 ]．d州lⅡo_1n rat h'In neⅡro哪． (N)wlthut 

肿r|p‘咐-h— ． 一5，i土玉 。‘P<0·05，⋯ P< 

0．吡 吖 N． 

The results showed that Tet did not alter 

the resting[Ca ]_in brain cells． Kanaide et 

df reported that the Ca” channel blockers． 

verapamil，and diltiazem had no effects on the 

plasma mem brane permeability to CB” ． The 

effects of Tet on resting[Ca ]_in brain cells 
were similar t0 those of verapamiI and dilti— 

a Ze Ⅱ 1． 

The mechanism for Ka—induced [Ca ]l 

elevation may be that the high extracellular 

K causes the celI membrane to depolarize to 

a certain extent which opened the voltage— 

dependent Ca channels． Tet has been 

demonstrated to have inhibitory effects on 

voltege-dependent Ca channels both of L— 

type and of T-type ． Tet inhibiting  the KCl— 

induced [Ca ]_elevation accounted for its 

Ca channel blockade effect． W ith regard to 

norepinephrine induced [cB elevation， 
there has not been a general agreement 

reached． It has been suggested  that there 

were norepinephrine sensitive receptor— 

operated Ca cha nnels and norepinephrine 

sensitive Ca0 store in endoplasmic reticu— 

Ium 。’ ． Many of the Ca” antagonists have 

bee n reported to depress the norepinephrine— 

induced [Ca ]l elevation in various tissues． 
The molecular mechanism whereby the Ca0 

antagonists inhibit the norepinephrine—induced 

[Ca”]．elevation rema ins unchar． The in． 
hibito ry effect of Tet on norepinephrine in— 

duced [ca”]-elevation w~k．q about 10一fold less 

potent than on KCbinduced [Ca ]I elevation． 
As reported [ ．th e inhibitory effec t of Ca 

antagonists (verapamil．diltiazem) on note- 

pinephtins—induced [ca ]l elevation were 
about 20— 30 f0Id hss potent than those on 

KCl-induced [cB”]i elevation． It seemed 
that Tet had a more potent effect on nore- 

pinephrine-induced [Ca ]I elevation than cB。 

善_● ●， ● ●一 扎 ．，HN 鲁_●●_孳，●●州 ●__蓦 
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antagonists(verapamil．dihiazem)did in brain properti~· J BiolChem 1985f 2聃 3440--50． 

ceIIs． The mechanism for Tet on nore一 7 N．chehen DA, Regulation of cy~oeolic caioium 。~NDtDen- 

pinephrine_．nduced ECa2+]lelevati。n requires ： ．87isol ated 
．

fro 

tnrtner exPIoratton· 8 Kimide H
， Kohey_Bhi S，Niabim J，Hase窖aW且M， 

Loss of Ca。 homeoatasis was responsible Shogek~ecbl Y，Matsumot0 T．d ． Quio2 miarofluo- 

for the ischemic brain cell damage( rⅢ． Is— tomtit,Bnd effects of verapamil ind diltluem on ealcium 

chemia causes incres sed Ca抖。influx into cells release from nt胂ni smooth muscle~ells in primary 

because the depolarization and transmitter re_ “ltm  a 1988~63：16—26 

lease could open the voltage—dependent ca + 。?衄廿R J_． Muh 出 ‘um ⅡIle aIld啪ron丑l 
channels and the receptor-operated Ca‘。chart- 19 M

＆ver ML，MacDetmott AB，We|lbrook GL，Smith SJ， 

nels 。’ ． Ca influx enha nced the break— k廿JL
．
Agon iB【_Bnd  voltage-gated c~cinm ezztry in 

d0wn Of proteins and liqids，and resulted in cahured i~llouse spinal cord ifieuro~ under voltage d且皿p 

cell damage． Thns ．the inhibitory effects of measured uIing az'$elll~ I— 

Tet 0n KCI and nor Dinephrine induced J 蚶 Ⅲ 7 I 7；323O一4‘’ 

[ca。 ]i elevation were-
c

-

lorsely related to its n Sieaj6B
．

K,

．

W

．

ie loch ral州  。 血  

protecttve ettects on cerebral ischemtR· J 1985I 57
： 47-- 62． 
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摘要 利用荧光钙指示{嘲Fura-2／AM，测定脑细胞内 

游离 钙的浓度． 细胞 内静息 钙浓 度为221土l8 · 

nmol·L～． Tet 30邮 ·L 对细胞内静息钙无影响． 

Tet(1—100 pmof·L )瞻抑制胞外高钾引起的胞内钙 

升高， 其Icso为 8．2 (95 可 信 限 为 1．89—32．0o 

坤  ·L1)． Tel 30／~mol·LI1可抑制去甲肾上腺亲1O 

坤Io1·L 弓I起脑细胞内钙升高，其幅度为42 ． ’ 
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