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Inhibitory effects of sodium quercetin monosulfate 

on pig platelet aggregation induced by thrombin1 
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KEY W ORDS blood platelets；quercetin；platelet ~hrombin and its mechanism might be due to its 

aggregation； calcium； protein kinase C： actins； inhibitions of Ca2 influx，internal Ca2 release，PKC 

thrombin activity，and actin polymerization． 

A ： _rf1 study 山e inhibitory effects of sodiuln 

quercetin monosulfate (SQMS) on pig platelet 

aggregation induced by thrombin． M ETHODS： 

Platelet aggregation was analyzed by mrbidimetry． 

Cytesolic free calcium concentration([Ca2 J )was 

determined byFum 一2 fluorescence． Activity ofprotein 

kinase C (PKC)was assayed by incubating PKC wi山 

histene II1 S and[y- P]ATP． e cyteskeletal 

proteins were precipitated bv TIiton X-100 and 

separated by SDS—PAGE． RESULTS： SQMS 

inhibited the platelet aggregation induced by thrombin 

5OO U‘L wi山 IC∞ 132(50一斟7)tanol·L_。． 

SQMS inhibited Caz influx in blood platolets induced 

bythrombin 5O0U·L一 in the Dresence of extracellular 

c l nmaol·L。。with I 20(9—46)：~mol·L ； 

SQMSinlfibited 山einternalC releaseinthe absence 

of extracellular c ． SQMS also decreased l Ca2 

level in quiescent blood phtelets． SQMS(10—160 

Hm0l·L_。)inhibited the activity ofcytosolic PKCfl'om 

blood platolets in a concentration-dependentⅡ1．皿n口． 

but had no effect oil membrane PKC，SQMS(20—80 

i~mol·L )inhibited the actm polymerization induced 

by thrombin 5OO U ·L in blood platelets in a 

concentration-dependent 121allnGT． C0NCLUSI()N： 

SQMS inhibited pig platelet aggregation induced by 
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Flavonoids are found in many plants． Various 

pharmacological activities of flavonoids have b。∞ 

studied extensively on blood platolets( 一 
， but the 

mechanisala of flavonoids Oll blood platelet remains 

unclear． 

Platelet aggregation induced by thrombin is 

considered to be a very compficated procedure．The 

cytosolic free calcium concentration([Ca2 J。)，protein 

kinase C(PKC)，and redistribution of filementeos actin 

(F-actin)ale thought to play important roles in this 

activated procedure 一 ． In the present report．we 

described the effects of sodiuln quereetin monosulfate 

(SQMS)orl~hrombin—induced platelet aggregation， 

lC J．，on the activities of cyto~olic and membrane 

PKC，and on actinpo lymerizationin pig platelets． 

H 

SO3Na 

Sodiulll quereefn n均n0自 自旭 cSQMS 

M ATERIAIS AND ⅡⅡl|00DS 

Bovine thrombin， Tris， HEPES， RPMI-1640， 

egta~lC acid (EGTA)，Fura-2．acetexy methylester 
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【Ftwa 2-AM)，quercetin，phosphatidylserine(PS)， 

diolein，histoneⅢ S，bovine serum albumin (BSA) 

(Sigma)；Triton X-100(Merck)，[7． PIATP(Yahui 
Biomedical Technology Co Ltd，Beijing)． SQMS was 

synthesized with quercetin and concentrated H2S04 by 

ProfMO Li—Er(the D印arm州 of ChemisU'y)． An 

other chemicalswere ofAR． 

Pig blood was coUected in plastic tubes and 

anticoagulated with 0．15 volume of ACD (tri8odinm 

ciwate 86，g~ucose111，citric acid 53 mmol-L一 )o1" 

0 1 volume of E1)TA buffer(NaC1 120，'Iris 50， 

edetic acid 50llllnol·L-。．oH 7．4)． 

Platelet aggregation Plate~t aggregation assay 

was performedas Huang C．et al~woaed ⋯． 

Cytosolic free calcium Cytosolic free calcitm~ 

assaywas performedas Huang C．et al~portedL ⋯． 

Cytoskeletal proteins Cytoskeletal proteins 

assaywas performedas Huang C，et al reported ⋯． 

Partial purification and assay of PI 瑚 

purification and assay of PKC we performed as Kang 

TB．et al reported “ 

Data were expressed as i± and analyzed by t 

test 

E髓ec伍 of SOMS on thrombin-indueed 

platelet aggregation Stimulation of platelets with 

mm bin(．500 U·LI1)resulted in 82％ ±12 ％ 

(n=4)of pl~elets aggregation． SQMS inhibited the 

platelet aggregationinduced bythrombin with IC∞132 

(50—347) ∞ol-L一． 

Effects of SQMS on thrombin，induced 

[Caz ]；iIl ease 田1efluorescence of platelets was 

relatively stablein1 hwith no drugin the presence of 

extl~celM ar Caz l lrffno1．L-。
．
Thrombin 5o0 U · 

L stimulatedthe．ncr of[c ]． absence 

or presence of extmcellular C l ramol·L一 ． 

action ofthrombinin the presence ofextmceUularCa2 

1 mmol。L wasinhibitedby SQMSwithIC∞20(9— 

46j“mo】_L ；SQMS also had inhibitory effects on 

internal C release in the absence of cxtracellular 

C (Tab 1)． 

SQMS also decreased【Caz j。level in quiescent 

blcod platelets in the absence or presence of 

extracel1ular Ca2 1 mmol-L 门 2)． 

Tab 1． Effect of St~IS oli(Caz ]i in pig platelets 

stimulatedby thrombin 500 U·L。 in the presence or 

al~enceof e．x-lracellular calcim 1 nuriol·L。 ． n =4． 

霉±s． ‘0．0s． ‘0．01嗨 ll'wcm~in alo~ae． 

Tab 2． Effect of SQMS on[c ]i level in qId 。eI 
pigplzteletsin the presence or abse~ e of d日u m |lar 

mkhⅡn1mmol·L。 ． n=4． ± ． 

<0．05．cp <0．01 contro1． 

s( ／ 

L们 ol·L。 

[Ca2 ]i／ -L。 

C 1 mmol·L。 EGTA l mm0l·L 

Effects of SQMS on cytosolic PKC and 

membrane PKC SQMS(10—160 pmol‘L一 ) 

inhibited the activity of cytosolic PKC from blood 

platelets in a~ trafion—dependent n1annd．but had 

no effect on membrane PKC(Tab 3)． 

Tab 3． Effectsof SQMSm the activity ofcyCasolicPKC 

andmembrmlePIKE 胁 lpigphtelets． n=3． ±s． 

>0．05． <0．05．cP‘0．01侮 contro1． 

Treanm,nt 

SQMS panol。L一 

Protein kinase C／Bq 
tyr ol Membrane 

Label：[7- P]ATP 
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Effect of SQMS 0Ⅱthe actinpolymerization 

induced by thrombin in blood platelet 

Thrombin 5OO U ·L一 stimulated the increase of 

F-actin． SQMS (20一踯 ~*mol’L )inhibitr_A the 

actin polymerization induced by thrombin in blood 

platelets in a concentration·dependent inanl~r(Fig 1， 

Tab 4)． 

A B C D E F G It 

一-． 

F．actin - ●  

Fig 1． Effect of S∞腰 on actin polymeriz~ on 

inducedby flamabinin p pL~elets IsDs·PAGE of 

埘 ton-insoluble ~ eletons)． A) SQMS 320 

wnol-L +thromMn；B)SQMS 160 wnol·L 4- 

bjIl=C)SQMS 80岬 1．L +thrombin；D) 

SQ瑚 40wnol-L一 4-廿Ⅱ啊Id抽 ；E)9 20 pm0l’ 

L 4-thromMn；F)Control；G)T1m哪岫 ；H】 

W holeplatelets． 

Tab 4． Effect ofSQMS∞ acdlIpolymerizationinduced 

by t]mm~in50OU-L一 inpigplatelets． n=4． ±s． 

<0．05． <0．01 losthmmbin alone 

DISCUSSIclN 

The resul~ demonsl~*alext that SQMS inhibited 

thrombin-induced platelet aggregation These and 

other evidence 一 indicate that SOITIe flavonoids may 

be atype of anti—platelet agents． 

Ca2 isthoughtto pI important rolesinplatelet 

aggregation．and PKC is the important regulator of 

platelet aggregation( 一 
．

C and PKC play a 

synergistic-action in thrombin-induced platelet 

aggregationt 
． SQMS inhibited (： ’ influx and 

internal Ca2 release in thrombin-induced platelets； 

SQMS also decreased LCa2 J L level in quiescent blood 

platelets． c influx is amajor pathway [Ca2 ]． 

in thrombin-induced platelets oi"quiescent platelets． 

矾 is a secondmessengerforintracellularCaz release． 

These resultsindicatedthat SQMSmight affectIP3level 

directly． SQMSinhibitedthe activityof cy~solicPKC 

from blood pl~elets，but had no effect on membrane 

PKC． This may be due to distribution of PKC in 

plamlem． Whether it may be related to the 

translocation of PKC w_11 be fll~ r smdied． 111e 

effects of SQMS on lCa2 ] and aetivity of cytosolic 

PKC could be related to its inhibition of platelet 

aggregation．These suggest that SQMS inhibits platelet 

aggregationinducedbythrombindue totheinhibition of 

Ca2 influx ．internal C release．and PKC aetivity． 

Resting platelets havemost oftheir actin(6O％一 

∞ ％ ) in the tmpolymerized form， G-actin． 

Stimulation of platelets with various agonists，such as 

thrombin induces a rapid increase in cytoskeletal 

actinC9,12j
． A1thon# the molecular mechanism of 

actin po lymerization induced by thrombin is unclear， 

the redistribution of F-actin was involved in platelet 

aggregation． e results showed that SQMSinhibited 

the actin polymerization induced by thrombin in blood 

phtelets． Chen RY，et al fepoiled that PKC might 
play anintportarltrolein a( npo lymerization ． Our 

results als0 supportedthis view n1e effects of SQMS 

on thrombin-in&m~ actin po lymerization could be 

related to its inhibition on platelet aggregation The 

results suggesmd that inhibitory effect of SQMS on 

plmelet aggregation  induced by thrombin was due to its 

inhibition of actinpolymerization 

In sumrflary，this study demonstrated that SQMS 

inhibited platelet aggregation induced bythrombin and 

its molecular mechanism was due to its inhibition on 

Ca2 influx
．
intemal Ca2 release

， PKC activity，and 

actin polymerization． This work primarily provides 

evidencethat helpsto daftfythemolecularmechanism 

oftheanfiplatelet actions of SQMS． 

_ 篾  
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槲皮素单硫酸酯钠盐对凝血酶诱导的 

猪血小板聚集的抑制作用 7 

V  
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目的：研究槲皮素单硫酸酯钠盐(SQMS)对凝血酶 

诱导的猪血小板聚集的抑制作用． 方法：用比浊 

法测定血小板聚集． Fura 2-AM 荧光法检测胞浆 

游离钙浓度([Ca2 ] )．用组蛋白Ⅲs，：7 P]ATP 

与蛋白激酶 C(protein kinase C，PKC)酶液一起温 

育的方法测定 PKC的活性． 用 SDS—PAGE分离骨 

架蛋白．结果：SQMS对凝血酶诱导的血小板聚 

集有抑制作用． SQMS抑制凝血酶诱导的血小板 

胞外钙内流和胞内钙释放；SQMS也降低静息血小 

板[c ] ．SQMS抑制血小板胞浆PKC的活性， 

但不影响胞膜 PKC． SQMS对凝血酶诱导的血小 

板肌动蛋白聚合有强的抑制作用 结论：SQMS 

对凝血酶诱导的猪血小板聚集有抑制作用，其分 

子作用机制可能与其抑制血小板外钙内流，内钙 

释放，PKC的活性，和肌动蛋白聚合有关 

(责任鳊辑 朱倩蓉) 
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