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Tetrandrine differentially inhibits aggregation and 

ATP-release of rat platelets 
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AIM ：To examine the effeCts of tetrandrine(Tet) 

on the aggregation and ATP-release of rat washed 

platelets induced by ~veraI platelet activators 

METH0Ds：Gel—filtration(Sepharose 2B)wits used 

to iso late washed platelets from adult rats and the 

phtelet aggragation and ATP．release were measured 

simultan eously． RKSUL"IS： In the prasence of 

Caz 1 nln2oIlL一 ．Tet 300 umol·L inhibited the 

aggregation induced byADP(25 t~mol·I I1)，colla． 

gen(2．5 g·L )，and thmmbin(103 unit·L ) 

by 62 ％ ，60 ％ ，and 34 ％ ．respectively It also 

inhibited araehido nic acid (1 mmol·L I1)一induced 

aggregation． Elevating intracellular C concert． 

tration with the C io~ophore，ealeimycin (30 

／~rno1·L )．or by blocking the intracellular calcium 

pump with cyclopiazonie acid(5 mol·L )initiat． 

ed platelet aggregation，which was also inhibited by 

Tet In Caz free medium．Tet still elicited an in— 

hibitory effect on aggregation induced by ristocetin 

(2．5 g·L )． Lower concentrations of Tet (30 

nmol·L to 3 tnnol·L。。)failed to inhibit the ag． 

gregation(requiring Tet 10—300 pmol·LI1)，but 

strongly suppressed ATP·release indueed by ADP 10 

ⅡⅡ1o卜L_。，both of which were measured sireuItane． 

0usly in a sing le sample． CONCLUSION ：Tet elic． 

its a nonselective inhibitory effect on platelet~ggre- 

gation not soldy due to its C an tagonism and 

may act on a finaI oonqu-q2on pathway 1eading to 

pLatelet aggregation． Furthermore ．Tet is a much 

potent inhibitor of the release of ATP in platelets． 
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Tetrandrine(Tet)，a bis．benzylisoqulnoline a1． 

kaIoid isolated from Radix Stephania tetrandra fS 

Moore)，demonstrated Caz antagonistic( 一 ．anti． 

hypertens ive[引
．  

vasodilatory㈨ an d anti，arrythmie 

eftectsL ． In view of its immunosuppre~ ive and 

anti-inflammatory actions，the effect of Tet on ag． 

gregation induced by platelet activating  factor 

(PAF)has been observed in platelet rich plasma( 

Although Ca 2 is involved in many cellular and in． 

tracellular proceasas (such as in contraction and se． 

cretion)and Tet has been identified as a Ca2 entry 

bloker 2l7】．it is unclear whether its anti．aggregative 

effect is related to its Ca2 antag onism
． As PAF 

also plays a critical role in inflammatory and hyper． 

tensive diseases，attention has been directed to de— 

terrnining  whether these therapeutic effects of Tet 

were related to ehanges in the function of plate．1ets， 

such as ag gregation|6． 
． Tetrandrine inhibited the 

aggregation indjced by PAF．ADP．collagen(Co1)， 

thrombin(Thr)．but not by arachidonie acid(从 ) 

and calcimycin(Ca t) 6J． Tet also elicited n0n—Se． 

Iective inhibition of Caz 一eha BileIS an d other Ca2 ． 

depe ndent ion chan nels an d blockade of adreno— 

ceptors【 The effect of Ca antag onists on 

platelet aggregation also remained controver— 

sial【 ’ 。’ 
．  For example． the aggregation of 

washed rat platelets was nonselectively inhibited by 

Niz ，but not by nifedipine (our unpublished da． 

ta) Also，Ca influx during platelet aggregation 

was practically insensitive to L-type  Caz ．chan nel 

blockers and only partial ag gregation wets seen the 

absence of external Caz [1OJ
． 

The plate．1et activators are generally grouped 

based on their mechanisms of action ：(1)ADP， 

adrenaline，Thr and Col， act by binding to receptor 

(glycoprotein lib and IIIb)，then followed by sE~'re— 

tion of ADP．ATP，and Caz ：(2)AA．induces 

the secretion reaction in piatelet；(3)Cal，thapsi． 

gargin，CPA，elevate the intracellular Ca2 level by 
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changing membrane permeability or by blocking the 

intraeellular Ca2 pumpClS ： (4) PAF elevates 

[Ca2 ]．through a possible effect on phospholipase 

followed by activating the phosphatidY1inositol 

cycle、̈ ；(5)Ristocetin(Ris)and fihrinogen，act 

directly oi3．the special receptor(glycoproteln Ib)． 

The aggregations induced by most of these agents， 

except for Ris，are dependent upon the extraeellular 

Caz ．eg ADP andThT㈦
． The aim ofthiswork 

is to determine whether Tet elicits any nonselective 

effect oi3．the aggregations induced by several typical 

platelet activators， which act via different mecha— 

nlsms and to measure simultaneously the effects of 

Tet on AT_P release platelet aggregation in washed 

platelets． 

M ATERIALS AND M ETlIoDS 

D -Ⅱd№ lH ADP．Ca1．CPA and s印harose 

2B were obtained from S／目『m  Co Thr． Iuciferin-luciferase， 

Co 1． ATP． Ris． AA w e obtained  from Chrono-Log Co  

(uSA)． Tet wB3 a gift of Prof FANG l~-Chao。Tong-Ji 

Medical-Univemity，China． 

Tetwas dissalved in HCl 0．05tool·L mad diluted by 

distilled water to give a 30 mmol·L-。stock soludon AII of 

the platelet activators wo~．e prepared a3 stock solutions of ADP 

l mmol·L一 ．Co l l g·L～ ．Thr 100 kun／t·L一1，CPA 0．1 

mmol·L 。Ca1 0．3 mmol·L 1。AA l mmol·L～ 。and Ris 

125 g·L一 ． The aggregometer"waslinked to an IBM 386 

computer via the AGGRO／LINK computer interface (model 

810A，Chro~o-Lng．I-[arvertown PA，USA) 

Premratloa 0f wmhed  platacts Suspensions of washed 

r-0．t platelets w prepared-8_。 with modification 。 from the 

bloodof Spral~ue-Dawleym∞ < ，4OO一450 g)tll~erpento— 

barbital sodium (6O mg·kg一1．ip)anesthesia． Blood samples 

were collected into polypropylene centrifuge tubes containLng  

3．8％ sodium e~trate in 1／10 of total volume． The c[trated 

blood cenulfuged at 150 g for 10 rain to obtain the 

platelet-rich plasma(PRP)，which was eluted by gd filter— 

ation chromatography on S har∞e-2B column (2 cm x 15 

姗 )with C -free Tris-buffe~(pH 7，2)，contaimng Naa 

14t)mmol。L～ ，Mg 1 mmol·L～ ．0．35 ％ bovine seruirl 

albumin，0．1％ u~ose and Tris-HC1 50 mmo卜L～ The 

platelet coun饵 were adjustedto(2—3)×10‘ eelle·L with 

Trks-buffer． 

PlaYlet~ p'egaflcn m y The platelet aggregation  was 

carried out wi th lumi一／~ggregorneter at 37 ℃ Cuvette∞ n— 

raining 200 mL washed pla~elets was placed into the test welI 

and the same volume of burfez a3 blan kcontrolintothe refer— 

ence well，with colp~talRt stirring at150 g n t(final∞n— 

omtration  of 0．3 mmol·L )was in肌 bated with platelets for 

3 rain before experiments． The plate．1et aggregation wa3 

evoked byADP 25／~mol·L～ ．Thr1 kunit·L一1。CA  2．5 nag 

-L～ ，CPA 5Ⅲ ol·L一1，AA 1 mmol·L一1，CO l 3 ·L一 

in the presence of Ris 2 5 g·L一 in the absence of c ． 

The maximaI transmittance (％ )W岫 m~ lred automatically 

by cc~nputer and the data were stored in computer memory 

through the AGGRO／LINK intefface h  terrieraI and 

analysis 

M_删 um脚唧毗 ofATP secretion The release ofATPin— 

duced byADP 10Wool。L wasmPAkgu1"ediIlthe!~esence of 

t(30 nmol·L～ to 10“m。l·L )by a luminesence assay． 

The  measurement of ATP—release was also mea飘lred simulta— 

neously with aggregation sample Lueiferin-luciferase mix— 

ture w 5 added intothe prewarmed sample at 37 C toinitiate 

the measurement of AlTP ATP standard (2 nmo1)was 

atways included for eadibration before memsur~nent of ATp- 

rele0se． 

ATP (nmo1)= (Luminescence of test／Gain of t俘t) 

×(Gram of ATP standard／Luminescence of ATP standard) 

x 2 1Yv／loI 

RESUL 

Aggregations were induced hy ADP (25／zmol 
·LI1)，Thr(1 kU·L )，Col(2．5 g·L一 )，CPA 

(5／zmol·L )，AA (1 mmol·L )and Cal(3 

“moFL )in the presence of 1 mmol·L— in 

washed platelet preparations． All of these ag grega— 

tions were inhibited by pretreatment witb Tet 300 

~tmol·L f0r 3 min(Fig 1)． 

ADP CPA C0l Ris Thr AA Cal 

FIg 1． Illhlbit~ effects 0f Tet 300 Itmol·L ∞ the 

plate．1et aggregationInduced ADP 25Il- ·L一 ，Col 2．5 

g·L-。．Thr 1 kuntt‘L 1，CPA 5 pn10l·L_。，C-l 3 ●l0I 

·L_。，从 l mrnoI·L一‘aadRk 2．5 g·L～ ． _ =6
． ± ． 

口 ，aoTet；■ ，withTet．‘P<0．Ol 町 emttroi． 

At the s＆me concentration． Tet also inhibited 

aggregation induced hy Ris(2．5 g·L )in the 

∞ ∞ 柏 0 

、； _着 § J工 
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absence ofC (一47％．P<0．01)． Tet1nhibit— 

ed the aggregation induced by ADP (from 80 

±11 ％ to 18±7 ％，P<0．01)，Col(from 77 

±13 ％ to 18±9 ％．P<0．O1)，Thr(from 54 

±10 ％ to 19±9 ％，P< 0．O1)，respectively 

Elevating ntracellular Ca2 ooncentration with Cal 

or by blocking the intracellular Ca2 一pump with 

CPA initiated platelet aggregation． which was also 

inhibited bv Tet 300 nmol·L (一 44 ％ and  

一

43 ％，P<O．01，respectively)． It also inhibit— 

ed AA-indueed aggregation(一40％，P<O．01)． 

Tet nhibited the release of ATP from washed 

platelets n a concentration—dependent manner(0．1 

— 1O~tmol‘L )(Fig2，3) The concentration of 

CO 州  7 5 70 6．5 6 0 5 5 50 

TeLrandrine，- mol-L‘ 

Fig 2． Effect 0fTet on plulelet aggregation and ATP-releas~ 

illetlSllFed slnmltaneously tlpon addition 0f ADP 10 pmul 

·L～ ． 6． ± ． P< 0．Ol eontro1． 

0 

40 

80 

O．2 

0．O 

Tet required to cs．use inhibition of ATP—release 

was 1 ％ that to elicit the inhibition of platelet ag— 

gregation induced by ADP 10．~mol·L ． 

D USS10N 

Tet 300
．umol。L maximally irlhibited the 

platelet aggregation not only by aboVe mentioned ae— 

tivators in the presence of Ca2 1 mmo]-L一
． but 

also by Ris in C82 free medium ． Therefore，this 

nonselective inhibitory effect of tetrandrine on 

platelet aggregations can not be solely explained  by 

its 一antagonistic action． 

Secretion or release from cytoplasmic granules 

represent another physiological function of platelets 

during platelet activation． Intracellular Ca2 is a 

key factor for platelet secretion L ． because ATP— 

release from the platelets under the Same cond ition 

for aggregation did not depe nd on external or 

on Caz influx(10) Therefore
． despite the interac— 

tion between the platelet aggregation and ATP．re— 

lease，these 2 processes are separate entities and dif— 

fere ntially regulated． This contention is also sup— 

ported by our present study using simultaneous mea— 

sur ement of platelet aggreg ation and ATP—release ． 

W e observed a striking differentiaI effect of Tet on 

these 2 cellular evtnts in the platelets following ADP 

stimulation(Fig 2，3)． 

一  

一  

1 10 

Control Tetrandrine 7 pmol·L 

Fig 3· Simultaneous m蜉日Ⅱ咖 ent of platelet ag~ gaUon and ATP·rekR弛 induced by ADP 10 m0一·L 

presence 0f Tet． 

{§ 、》 t tLL《 
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术 、营 曹臣兰 器 _ 堇  
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These results prompt us to conclude that：(1) 

Tet inhibits aggregation induced not only by platelet 

activator~ such as ADP， CPA， Thr， Col， AA o1 

Cal，via Caz dependent pathways，but also by Ris， 

via a Ca2 一independent process；(2)The inhibitory 

effect of Tet on ATp-release induced by ADP was 

much more sensitive to Tet than and dissociated 

from that on the aggregation in washed platelets． 

Furthermore，the I 0 for Tet in most 0f its C 一 

entry blockirig events is 5 —30 ~tmol，L一 Since 

Tet inhibits ATp-release at concentrations(O．01— 

3．0#mol’L )well below the reported I values 

for its Ca” 一chan nel antagonism， we suggest that 

the inhibition of A，rP—release by Tet may involve 

other action of Tet on the mobilization of intraoellu— 

lar Ca2 
． Similarly，the inhibitory effect on platelet 

aggregation at higher co ncentration of Tet also led us 

to speculate that Tet may act via a common pathway 

leading to platelet aggregation，either on the mem — 

brar／e glycopmtein receptor or on the event distal to 

Ca” 。channel antagonism ． 
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