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蓑 兰； 依他酸；维拉帕米；卡西霉素一 
目的：观察 1-65对家兔血小板胞浆游离钙离子 

([ca2 ]i)浓度的影响． 方法：用 Quin 2-AM 荧 

光探针在体外测定家兔血小板[G ]i． 结果： 

CaCh 1 mmol·L一 时，1-65(10，20和 30￡t 

·L )使rod,板[c ] 分别由142±22 nmol·L0 

和 124±18 rIIl ·L0减少到 118±加 。78±12．40 

±10 nmo[·L一 和 108±15，77±14。3 ±14 vanol 

·L一1
． 用依他 酸 2 rnnx~·LI1络 合胞外 Ca2 ， 

I-65胞内贮存 C_2 释放从 52±11 nmol·L0减少 

至 34±9，19±6和 11±5 nmol·L-。． 另外 ，I．65 

也使胞外 Ca2 跨膜内流从 91±13 nmol·L-1分别 

降至 84±15，58±15和 28±19 rar,ol·L_。． 结 

论：I-65不仅明显抑制家兔血小板胞外 Ca2 踌膜 

内流而且抑制胞内翼=存 Ca2 释放． 
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tlom 吐m如止 r删 A2；~ tenol；serotonln； 

araehido~ie acid； ader,osine diphc~phate； platelet 

aeavathagfactor 

／~kgM ：To study the inhibitory effects copper- 

aspirin 0cmplex (CLlA印)orl phtdet aggregation． 

METHODS：W i血 日de∞s函e diphosphate theeffects 

of0 印 ortphtdet aggregationinvitro orin vivo 

W℃fe investigated． Radioimmunoa~ay mad fluoro- 

photc~aetry were used to m朗 thromboxane 

(1X )genexation fr0m phtdets，the levels of 
andof6-keto-PGFt inplasmamld theplatdet 

serotonin rde*~ reaction． RESUIJIS：In fro． 

o sD inhibited araehidonic acid (AA)一induced 

aggregation(I =17 vmol‘L ，95％ ∞ 

limits．,9—33 ·L )，the release of 5．HT 

(IP-~=19加ml。L一 ，95％ confidencelimits：1O 
～ 30‘l ·L )，and generation from 

platdets(P<O．05)． 1O mg·kg ig 

Pr~ect~lpported bv the Fund for the Study Basic Usage of 
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seleet／vdy irdaibited AA-induced aggregation，and 

~mnlsedthe 6-ke Pc|Fl oan~mtradonin plasma 

while de eased that of T船 ，． CONCLUB10N： 

CuAsp， in or in ∞ ， 姗 Ⅱ哦 potent 

inbiNm~y dfe吣 Oli AA-induced aggregation than 

aspirin(ASp)，related to the inhibition of platelet 

cyc．1ooxygenase and the release of active substano~ 

from phtdets． 

Aspirin (Asp) shows a potent anti—platelet 

aggregation effect， and is widely applied to the 

prevention and therapy of thromhoembolic diseases， 

especially ischemie cardiovascular diseasesl 
．

Asp 

at higher doses， however， supressas pro．stacyclln 

f Pm )synthesis in endothelial calls while inhibits 

thromboxane Az(TXAz)generation in platelets． 

Tolookfor a substitute ofAsp has become a subject 

of interest． 

Copper aspirinate[Cu2(aspirinate)4，CaAsp]， 

a copper eomplex of Asp|2】I had not only／qqore 
potent antipyretic， analgesic， anti—inflammatory， 

and anli—arthritic effectsL ， but fewer 

gastrointestinal side effecls than AS p due to the 
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Cue 一catalyzed aeti0n【 · ． 

In screening  trials， we found that CuAsp 

showed a potent antiplatdet activity， but not 

manganese aspifinate(MnAsp)or zinc aspifinate 

(ZnA~p)． In this paper，antiplatelet aggregation 

effects of CuAsp were studied． 

T 

MATERIALS AND MIEI~IOIIS 

b Rabbits of either,sex wdghing 2．0—3．0 kg 

we2re obtained from Deparmlent of Animal，Kunming Medical 

(：oIIere(Certificate number：The AdI njstmt e呷嘲证s on 

of Medical Expetimental Animals of Yunnan Public Health 

Burea口，№ A11) 

呻 and rc~gcnlts C~~sp (cu 14．99％， 

c 51．21％，andH 3．32％；p,~-i*y>98％)，M ， 

ZnAsp were synthesized by Kmmm~ lmtitute 0f Pl-eciotls 

Metag C~~spwas dissolvedin 5 ％ propylene出ycol and 

1．4％ Imlyvinyl in water (pH 6．5) Mnasp and ZnAsp 

w e disaofved nwatex andthdr pH valuesmere adjusted t!o 

7．4 CrystallineAsp Ⅷ dissclved in 1 ％ priorto 

use．and adjusted its pH ∞ apptoximatdy 7．0 with ¨口． 

Both arachidonic acid(AA)and platdet activating factor 

(VAF)were the products of Ch~ni G。 AA 

dis∞Ived in ethano1．wits diluted ∞ 0．5 ％ ,solution with 1％ 

NazCX~before use PAF was dk~solved jrl Tris-Nacl buffer 

amtakfing 0．25 ％ bovine serum albut*fin (BSA) AD 

(F1ul【a Chmfieal Co)was disa~lved “ phosphate buffer 

．soltoion(PBS)． and 6-keto-PGF1a~didmrntmoassay 

(RIA)kits州 e purchased from Chin Academy of Medical 

Sdenc~． 5-}fr (Fluka Chernical Co)was dissolved in 

w ate r 

n tl0．1 0f#atd~rteh platmm(eer)舡ld plntelet． 

p00r脚 (PPP) Rabbit bloodfrom carotid artery 

anricoagtr!ated with 3．8％ soditma citrate solution(9：1．vo!： 

vo1)．spun at1t0 gand1000 g respectively／or10minto 

obtain PRP an d PPP． PPP wits used as the rderenoe for 

platetet aggregation or to adjust the phtdet cc~nt in PRP， 

whichwas kept 5×10s cel卜L一 in atl expexim~lts 

Assayfoe#ateJet aggregation 

Teats ／n v／tro Platelet aggregation studies w 

Derf㈣ edwith ADP 

Teals The rabbi,swere randomly dirided into 9 

鲫 ps(each with 6 rabbits)：groups A—D given 

CL 5p 10，75，1卯 ，and 300 rng‘kg～，respectively；groups 

E—H were g~ven igAsp 10，75，150，an d 300 rag‘kg一 ， 

re~lxeCtlvely；andgroup1was gim 0．9％ saline as aec~tml 

PRP and PPP we2re prevamd beforeig and at 0．5，1，2，3， 

4，an d 6 h alter ig． Platelet aggregation induced by ADP， 

AA．an dPAFweredaserved in vi加 

RIA fbr T and 6-keto-PGF~‘in plammI At the 

2ndan d 6th houralter CmAsp 10 rng‘kg～ ig．blmd 5 mL 

mllected from rabbit carotid artery v脚 an~ ated with 

0．2 rnL d Plasina wits spun at 

1000 ginice bath for10 rnin． 吗 and 6-keto-PGF1。in 

plasma were extracted {rom the~pertlatant and~ ayed using 

the R【A 乜． 

RIA f打 T formation in platelets The ex-waction  

andRIA ofTⅪ in the supernatantw e similart0thosein 

plasma 

Assay #ate~t n_n release【。J The rabbitswere 

divided into 3 =。ups of 6 rabbits each The resdns w 

∞mD日刊 withtheeof 5-卜rrtreated． 

RE JI l 

Platelet aggregation In vitro，MnAsp and 

ZnAsp had no obvious influence on ADP-．AA一，or 

PAF-inducedaggregation． CuSO4invitrofailedto 

inKKt ADP-，AA—or PAF-induced aggregation(P 

>0．05 "us control group：61．8±2．5 ％ by ADP． 

68．0±2．0％ bv AA，55．3±2．1％ bv PAF)． 

CuAsp and Asp in m inhibited AA-induced 

aggregation in a concerttration-clependent manner， 

withthe IC∞0f 17．2 ttmol·L一0(95％ confident 

1imits：9．1—32．8“n1o卜L一 )and 27．7 gmol·L 

(95％ confident 1imits：15．6—49．2 tmaol·L )． 

respectively；but neither of them did in the presence 

0{ADP o1"PAF (the agglegation rate in comrol 

group：57．5±2．9 ％ byADP．67．4±3．5 ％ by 

AA，and 64．7±3．4％ by PAF)(_rab 1)． 

CuSO4 10 mg·kg。。ig shghtly inhibited ADP一， 

AA-，or PAF-induced aggregation(the aggregation 

rate at 0 h：54．5±3．7 ％ byADP，65．5±3．4 ％ 

t I 
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Tab I． Effects of Cu ，copper-aspirin~maptex(CuP~p)，and aspirin(Asp)on platelet aggtegatlon 

induced by ADP，AA，or PAF in vitro． n 6 rabbits， ±s． ap >0．05，bp<O．05 eootrol 

byAA，and 52．0 5．9％ by PAF)(Tab 2) 

Tab 2． Effects of CllSO4 10 

aggregat~aiIldn。ed时 ADP， Â 

=6 ral~its．j ± ． -p>0．05 

l k窜 on platelet 

or PAF ／n m ． 

bP<0．05 0 h． 

Platdet aggregant inhibitlon／％ 

Adenosine Arac}1jdonic Platelet 

d[phmplmte acid activating factor 

CtuAsp 10，75，150，and 300 mg。kg ig markedly 

inhibited AA—induced aggregation． Its inhibitory 

effects were displayed at 0．5 h after ig(P<0．05)， 

maximaI at 2 h，and stiiI potent at 6 h(P<0．05)． 

In addition，CuAsp 300 mg 。 ig significant 

inhibited ADP or PAF-induced aggregation by 61．8 

±1．1 ％ and 71．1±1．7 ％ (P < 0．05)，at 2 h 

respectively，but Asp(300 mg‘ ，ig)did not 

(the aggregation rate at 0 h：57．5 ±4．1％ by 

AI)P．68．4=3．5％ byAA．and 63．4±3．7 ％ by 

} _F)(Tab 3)． 

Plasma levels of TXBz and 6-keto-PGF1Ⅱ 

CuAsp(10 mg‘ ，ig)ma rkedly increased the 

p[asma  concentrations of 6-keto-PGF1o and signi— 

Tab 3． Effects ofCaA~p andAspon platelet aggregationinduced by ADP+AA or pAF in vivo． 6 rabbi~．j ± 

->O．05． <0．05， P<0．01 0 h． 

ADP10 2o 0±9 2 9+9±41 22 5i1 9a16 3 j 6。13 5±21 12 1 2 2 6 4±1酽 7 8±41 3 0i2．7 1 8±2 5 11±1 8 3 6i 21 

11 1±1 4 5 8±3 8a 8 3±2 13 4=1 5。16 5±21 18 0±l 3al3 7=2l 如 7±1 8 7 6±1 3 15 0±1 7 3 3 3 9 6 3±2 9 

1 11 6i1 3a 6 9±0 6 20 5=2 0 l1 2 11 6 30 6i1．1 19．4±2 3 39 9=2 1 17 5i1 7 24．9±1 4a 5 2=1l1 5 9±2．9 3 1 1 2 5 

30o 23 5±7 2 0=3 1 38 7=4 8 11 7±5 5矗61 8i1．1b 22 2 1 4 37 2=1 5。10 3±3．4 6．3±2 4 4 5=3 6 2 1±1 4 1 6±1 9 

AA 10 941=3 9 48 3 1 4。96 612 3 51 6 1 8 98 1±1 8 86 6i 2 5 97 2=3 3 91 4±2 9 85 4i1 8 77 3=1 5 71 0i 3 3 71 0=3 3 

75 97 4=1 5 9I 3±1 9 98 l±】2 兜 0±2 3 98．5±1 1c 93 3±5 3b蛇 O±2 5 9o 2±2 4 89 5±2 9 78 3±1 l 87 7±2 0 7D 7=1 D 

150 94 9：3 7c91 5±】6 96 7±1 0 鼹 8il 5 98 9i1 8c 96 7±2 3b 96 1±3 0 96 6i1 2 93 7±1 4。93 4±2 2 87 7 1 5 85 9=2 6 

300 92 0=4 5 92 7±4lb 95 3±3 6 93 8±2．4 96 8±1 98 4=2 O 96 5i1 6 99 5i1 1 93 0=2 6 961±1 3 82 6i 3 5 87 4 2 2 

10 5 8±3 9 1 7±2 0 10 6±5 2 2 2i0 9 9 9i1 8 4=1 4。 8 0i1．7 5 9i1 2 3 7=0 9。 2 9±1 4 1 2 1 】1±1 2 

75 4 4 2 8。5 3±1．3日15 9i2 2 8 0 3 13 5±4 1 6 2=1 5 14 4 1．4 3 0±1 7 8 8=】1 4 8 4 3．7 4 5 1 8 4 6±】7。 

lj0 5 0±2 6 6 3±1 8 9 9±5 4 4 8±5 3 221=j 9 2 S 1 5。29 3±2 6 2 8±l 0 l5 214 0。 4 9±2 2 6 8±4 4 2 S±1 9 

300 65 1±1 2 6．7±1 2 65 1±l 8 8 8±1 1 71 1=1 7 6 7±1 6 39 5±2 5 5 5 2．7。11 6 5 4 15 2i3 3 3 6±4 3 2 2 2 9 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


BIBLID：睢sN 0253．9756 Acm Phamaao3【。gica Sinic~ 中国药理 学报 1997 Jul；18(4) -361 

ficantly decreased those of TX ． In contrast，Asp 

markedly lowered the plasma concentrations of both 

and 6 keto-PGF【 ( I’ab 4)． 

1ab 4． Effects of cⅡA印 on pla levels of盯  and 

6-keto-PGF_4 in ． =6 rabbits， ± ． 甲 >0．05， 

<0．05 saline(0．9％ ，蟾 the sanle volume as groups 

cⅡA印 andAsp) 

generation from platelets CuAsp and 

Asp strongly inhibited AA-induced TXI~．generation 

from platelets(Tab 5) 

Tab 5． Effec~ of CuAsp on plalelet aggregation and 1Ⅻ 2 

formationinduced by AA in vitro． 6 rabbi~．j ± ． 

lP< 0．05 saline 

5-lit relea,~ from platelets CuAsp concelltVd— 

ti0r卜dependentIy inhibited the release of platelet 5一 

HT，with[Cso of 19．1 m 卜I ‘(95％ confident 

limits：10．4 30．5~．mol I ‘)(Tab 6) 

DIs：CUSSIoN 

In this study，ant[platelet aggregation effects of 

CuAsp were investigated by using ADP，AA，and 

PAF． T}1e results indicate that，on one hand， 

CuAsp，at a lower dose，m1rkedly inhibited AA— 

induced aggregation in vitro or in vivo，which was 

not obviously influenced by Pd3P or PAF， 

demonstrating that Cma~sp showed an obviously 

selective inhibitory effect on the arachidonate 

Tab 6． Effect ofCuAsp on 5-lit rdcase fl-~n 1 platelels 

induced byAA ／n vitro． n=6 rabbits．j± ． 

P>0．05 bp<0．05 contro1． 

0 

3 75 

7 5 

15 

30 

60 

120 

449±43 

376±17 

342±22 

264±29 

170±l3 

128±7 

0 

pathway of platelet aggregation On the other 

hand，CuAsp (300 nag‘kg ig) significantly 

suppressed ADP or PAF-induced aggregation，but 

As p did not， indicating that anti—platelet action 

spectrum of CuAsp was wider thzn that of Asp 

Furthernlore，in AA-induced aggregation in vitro， 

the Its0valueofCuAsp~,vaslowerthan that ofAs p， 

and inhibitory rates of CuAsp were higher than those 

of As p，indicating  that CuAsp was more potent than  

As p in selectively inh ibiting AA-induced platelet 

aggregation The inhibitory effects of CuSO4 on 

platelet aggregation induced by ADP．AA or PAF 

led us speculate that CuAsp may act via Cu 一 

catalyzed action leading to more po tent antiplatelet 

aggregation and wider antiplatelet spectrum tha n 

As p． 

The abnormality in TXA2 and Pm equilibrium 

will result in platelet aggregation and formation of 

platdet thmmbus~ CuAsp strong ly decreased 

AA induced TXA2 generation in platelets as well as 

in plasma． Moreover ，CuAsp sign ifican tly elevated 

the Pro level in plasma at the dose(10 H1g’kg。。) 

tha t inihlbited the platelet aggregation and release． 

In contrast．As p marked ly lowered the Pm level in 

plasma while inhlblted the TXA2 formation． The 

reason that CuAsp significantly inhibited the TXA2 

generation might be its inhibitory effect on platelet 

cyclooxygermse It is sugge~sted that copper，an 

essential metalloelement，might be involved in the 

increased plasma levels of Pm in our present study． 

On  activation， platelets also release some 

vasoactive substan ces such as 5-HT． 1eading to 

further aggregation． In this StUdy，CuAsp dose- 

dependently inhibited 5-HT release from platelets． 

suggesting tha t anti—platelet effects of CuAsp might 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


BIB[J】r)：【ss 0253 9756 Acta P rr刑∞【 Ica Sinlca 中国药理学报 1997jul；l8(4) 

be related to its inhibitory action 

active substances from plate[ets 

n the release of Radioimmunce．ssay【 6-keto-PGFt 
Ac【a Acad Med n 1986；8：310—2 

In sunl／Itai'y．as eo mpared to Asp in vitro or in 

viz．o， ('uAsp was more polent in inhibiting AA— 

induced aggregation． Differing from Asp，CuAsp 

significantly increased the leveI of pmstacye[in in 

plasma white it markedly decrea~sed the generalion of 

TXA，either jn platetets or 1n plasma This 1s 

advantageous to the prevention and therapy of 

isehemic cardiovascular diseases in COInbination with 

the abnom~alities of platelet aggregation． 

Furthermore， CuAsp has much fewer side 

effect ， It likeIv t0 become a nlore promising 

anti—plate[el drug 
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一 ； 
阿司匹林铜的抗血小板聚集作用 

沈志强，陈植和y马国义，王德成，吴婉玲 
丽 妄焉 药理重 实验室，昆明医学院，昆明 

65(1031 中国) 刘伟平 ，杨一昆，熊惠周 (贵金属研 

究所，昆明650221，中国) Rff 7 

关键词 ；
．
堕雯 梦； 尘堑鐾塞；血栓索A2； 

前列环素；5一羟色胺；花生四烯酸；腺苷二磷酸； 

血小板激活因子 

目的：研究阿司匹林铜(CuA-sp)对血小板聚集性的 

影响及其机{6I， 方法：用 Bom 氏法测定 Ctt~sp 

对兔血小板聚集性的影响， 用荧光光度法和放射 

免疫法观察 CuZUp对兔血小板 5一羟色胺的释放和 

TXB2的产生及血浆 中 口B2和 6-keto-PGF1 水平 

的影响， 结果：CalAsp体外呈浓度依赖性抑{6I花 

生四烯酸(AA)诱导的血小板聚集和5一羟色胺的释 

放(ICeO分别为 17和 19 tm~ol·L_。，95％可信限为 

9—33和10—30 n0l·LI1)，且抑制TXB2的产生 

(P<O．05)，CuA-印10 rag·kg 灌胃选择性抑{6I 

AA诱导聚集． 降低血浆 TXB2，同时升高 6-kem- 

PGFt 的水平(P<0．05)． 结论：QlA印体内外均 

有比Asp更强的抗血小板聚集作用． 
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