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F_,_t~ancm ent of AJ[，P-induced aggregation by 5-ttgr in rabbit platelets 

LI Bai‘ ，B Al Yi +Ll wen—H丑n (脚 d肋删  ∞ ，Harbin Universi~'，Harbin 

150086； Deparm~ent ofNeurology，The First a Hospital，Harbin 150010，China) 

KEY W ORDS seroa~tin； adenosine diphosphate； 

platelet aggtegafi~ ；calcium ；i~ siml 1，4，5-triphos- 

AⅡU： To study the enhanced effecm of 5． 

h、dr0蜀舸 瞳amjne(5-1tT)o吐ADP-induced ag ega一 

6∞ ． 咂TIIODS： Platelet aggTegadon was 

qu枷 丘ed by 1ighl transmission，the cymsolic—flee 

calcium (【Ca2 J【)w∞measI删 by d 伽 tluore~ent 

mjcr0s∞py，and inosi~l 1，4，5一岫ph0splIate(Ⅱ )was 
determined by receptor bjnding assay． RESULTS： 

In rabbit platele~-rich plasma(H )，5一ttT 0．0,3—3 

1．L induced a decrease in ught Iransmk~ion 

(DLT) in a cm10en虹adon—dependent naltllllP．~ with 

c朗 拜 删 0n of granules． as revealed by electron 

microscopy． TheDLT was accompanied wi血 neither 

platelet aggtegalion n0r a release Ra 伽 ． In single 

warlled platelets loaded m  F~ra-2．5-ttT c部Js。d a 

c0 loeIl啦Iti0Ⅱ一depeI1dent elev'0lion of l C l{，andⅡ 

IevelⅥas also transiently hlcreased inⅥra由led platelets 

at 15 s after s6nluIad衄 by 5一ttT． Adel1clsi埘e 

diph~ te(ADP)also caused DLT 咖 siennv in 

PRP bef~e its Own aggregation without a release 

reac6∞ ． Pretreatment of PRP 0r warlled platelets 

with 5-liT， 曲 DLT by ADP was feduoed 

d∞ and 【C J，mobilization were enhanced． 

CONCLUSION：111e hano∞ ent of ADP-in~r．．ed 

aggega~onwas attn'but~lto山e superimposition ofthe 

ealciu~ release 丘咖 吐 st叫辩 site~ and calcium 

influxinduced by ADP over出e calcium release from 

出e s岫 ge sites by 5-liT． 

5-Hydroxytryptamine(5-FIT)is st~rexl in the 

plalelet with adenine nucleotides and calcium， and 

released upon suitable stimulation of platelets~ 
．  

Aggregation has been induced by 5-l-n"in cats and 
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pigs．but jt is usually weak and reversible in human 

platelets，and rabbit platelets ace not aggregated by 5一 

Hr ． 5一Hr enhanced the aggregation by other 

agents， such as ADP【 ， epinephrineL ， and 

tl~ombin ． When ADP 啪 addeal immediately after 

ortogetherwith 5-Hr—the second aggregationbyADP 

was enhanced J． This enhanced effectwas reduced in 

proportion to the logarithm ofⅡ1e time inte~,ltl between 

the addition of two aggregating agents (In the 

me．as~ ent of the level of signal trailsdu~ion． 

simultaneous a&lition of submaximaI am0u|ItS of 

epinephrine together with 5-}rr amplified[ca2 ]．， 

inositol l，4，5-triplmsphale(B )metabolisra，activa． 

tion of protein kinase C and myosin light chain kinase， 

as compared with the alternation induced by 5-Hr 

alone~77
．  

Rabbit platelets do not respond to 5-Hr will1 

aggregation 一， so． it is easier to analyze the 

subcellular mechanisms underlying the decrease in light 

transmission (DLT ) and the enhancement of 

aggregation by 5-}rr at the level of the signal 

tra~ uetion rn purinse of present experiments was 

to observe 吐1e effects of 5一HT oil ADP．induced D嗄 

and aggregation in rabbit plalelets 

Reagents Luciferase-I~iretin ((ho力o-L蠼 00rp． 

Haveri~ n PAj for measuring the secretion of ATP was 

dis~lvedin saIi (40 —L )and storedin a cold and d 

pIace A1P tSienna) was disso|ved in disti||~ 目 (1 

rrrnol‘L )in plas~c bes and st at一20℃ 

stc~d solu~ion was dilu~edwith salinetol Lm10l·L一 before use 

5一HT(Wako Pule Chemicals，Osaka)，ADP (Sigma)．and 

m劬 y de(Nmdoz)we st~-ed in Tris-buffer saII眦 at 4℃ 

Egtazic acid (Sigmaj w孙 di~ lved in water d1 NaOH 1 

mol‘L_。aM ，after pH was usted to 7 4 with HCl l 

Ir10I’L_。，stc~d at room H IIl( 山ac_n(Merck． 

日Ip＆I)0hfm Research Lab Rahway，NJ) 傩 dissolved in 

e a at14 rr~ol·L and kept at 4℃ It dilu~ed with 

一 buffer saline before 

PGEl and a stable analogue of cIⅡ aIle ( )， 

kindly l：~vided by on0 Phannaceudcai Co
． were dis．~lved in 

e 1a and stored at一∞ ℃ They we diluted with Trls- 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


BIBLID．ISSN 02∞Jf75n Acta Ph~axaacologica Simca 中国药理学报 l9 Jani 19(【_ 。59 

bllffer s i-1e口 or to u靶． Ft~a-2 and Fura 2一AM cWako Pure 

Olemicats．Osaka)wcl'l~used for C calibration aod plate]et 

loading 

lPrelmration ofplatelet-richplasma cPRP)、 

1Platelet ag ega Aggregation w quantified时 the 

change of h出 ~ ssion After 2 min of preincubation at 

37℃，PRP(250．止 )in a cu,~ette was fllrther incubatedfor 2 

rain with Tns-blll~ saline(20止 ，Tds-buffer 150 mmol·L ： 

0 9％ saline=】：4． 7 4)ofIrdfibitops(20tJLj beforetim 

addid∞ 0f aw ege~ng agents(10,uL)dming stirring m a 

siliconized magneto ． 

The tracing of aggregation showed 3 patterns of light 

transmission chants after the addition of aggregation agents：an 

inilial small inemase due to the di1utioll of the addition of 

aggregating ageBts a DLT attributable to the so-called shape 

曲衄 ； arm a mm捌 _啪口 in the 】 lra~,,lrfission 

attributableto g嘲 a【j0n． We gave paCdcular attentionto 山e 

DLT 

Preparation of washed plateletl Fura-2 loading． 

and埘 鼬u埋 lent of[CQ 】i in single platelets 

M咄 m 埘 Itof  

WP．1~ incubated tI1 s-HT 3 

W ashed platelets(4 x 10l。·L—1 

,

umol·L—l for 25 s IPa x,vaS 

determined ~cordingto receptor bind~g zasay ri~thod ’“
．  

Pre~ ratiom  for el~-qa'on microscoW  The PRP in 

the cuvetto(2．50 vL)wasincubatedfor2 rnin at37℃ withTds— 

bllffel-(20止 )in a 4_c aggregem~er with stirring，and 

thenfee an湘 2rainwith 5_HI"讲 ADPin afinaI concentration 

of 3 。L～ The PRPwas spun at 80O g．37℃ for 5 

nan，the plae．elet pellet v~v&s fixed by 2．5％ of gint,~aldehvde 

with0．1％ caco@~te buffer，pH 7 2． 

Statistical analysis Data were expres~sed ag ± s and 

com0a,~ with t—test 

DLT by5-lit DLT wasinduced by 5-FIT 0
． 1， 

O 3，1，and 3 t~mol-L一 by 一5 3 ％ ， 一6 4 ％ ， 

一 6．9 ％ ．and 一7．2 ％ ．respectively The duration 

ofDLTwas also prolonged(Fig1)． 

TheDLT induced by 5-HT 3 um01‘L一 was Rot 

5．HT-i~ldlUced decrease in lIght tr|n矾 l0‘l0n 

1
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Fig1． Quantificationofplateletaggregaficm bylight 

~ ssion cLT】and effect of S·It1'ollLT of rabbit 

PRP． 

inhibited by indometacin 3 - 0 1一 l- 一 ． ,ttmol L

-

and egtazic acid

3 mmo L but was dose dependently an d 

completely inhibited by pmincubafion with 

methysergide 1 ～ 30 btmol-L一 ． PGE 0 1 — 3 

umo卜L (Tab 1)． 

5、HT did not induce aggregation in rabbit 

platelets．but it elevated[c ]i(Fig 2A)． m  

restinglevel of LCaz 
． was 78．5±3．4 nmo1．L_’ 

5 HT 0 3． 1． and 3 btmol·L一 induced  a dose— 

dependent increase in[c Jl and the peak value， 

0btained with 5-HT 3 ~tmol‘L_。． was l50 ± 10 

nmol·L at 100 s after stimulation． 

The levelin platelets with 5-FIT 3 bflxlol_L_。 

was increased an d reached Deak level at 15 s and 

reRlroedtothe restinglevel idlin 25 sfFig 2B)． 

Enhancement of ADP-induced aggregation 

by 5·HT ADlP 3,ttmol-L induced atransientDLT 

in rabbit plalelets mamediztelY before its owll 

aggregation(Fig 3，upper pene1)． e DLT induced 

bv ADP was not inhibited by methysergide of 

indometacin，but was partially inhibited (36 ％ )bv 

PGE1 0 01—3 ttmol。L一‘． The aggregation was not 

accompanied with detectable amounts of ATP or wi th 

the release of the granular contents (Fig 3， lower 

Tab1·5-liT-inducedDLTandthe effec~0fmethysergide—ind(mmtacln．e吕扭 acid．and pGE1 o11the D】LT by 
5-ItT． 霉 ±s． <0．01．cp <0．01 contro1． 
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二 

莹 

旦 

Fig 2- A ：lma'acellular m lcitma mobilizatioa~ 5- 

BIT in蚓 ewashedplatelets loadedwi山 Fura-2． n 

：14—36 cellsfl-em >6 rabbits． B：IF3forn~ on 

by 5．HTI3 -L一 )． n=8 prepera6onsfl-om 6 

rabbits． ± ． >0．05． <0．05 0 s． 

pane1)． The pretreatmant with 5-HT 0 3 tmlol·L一。 

reduced themagnitude of the DLT induced by ADP 

and enhanced its aggregation(Fig 3，upper pane1)． 

5一HT 3／Lmol‘L一 abolished the DLT by ADP an d the 

aggregation wag flL~ er enhanced． 

ADP 5-I'iT0．3 ADP 3 

3⋯no1．I-一 ureel—I-一’ ~rllc,l L '~rllol_I
-  

F 3． EffeCtS of 5-liT oll ADP．induc~ DLT and 

aggre~ don； and ADp·induced relem e reacdoll 

without o1"wi山 preincubation of5-BIT 

The ratios of the enhancement of ADP-induced 

aggregation by the preceding addition of 5-HT were 

dependent upon the time intervals betweell the addition 

0f 5．}rr 3 mol_L and ADP 0
．3 “mo1．L 

(Fig 4A)． The maximal enhancement(37．8 ％ ± 

2．1％ 0fli t transmission)was obtained at 10 s after 

the addition of5．HT． 

effects of 5·HT ollADP-indueed aggregatio~
． ADP 

哪 added at 10， 30． 60， and 120 s after the 

st~nulation by 5·HI'． n ： 8 — 13 preparations． 

±s．B：effects of5-HI'∞ [Ca2 ]imobilization 

ADp． n = 19 — 2l ce lls from 6 m bb~ts。 ± s
． 

<0．01 借 the valuefrmn ADP only． 

ADP．induced [ ]i mobilization The 

enhancement of ADP-induced aggregation by 5-HT was 

accompanied by an iilcfease in the level of f Ca2 1． 

(Fig 4B)．ADP 3l~mOl·L aloneincreased[c ]． 

from 74±3 nmol-L一。to 131±5 lamol·L一 at 90 s
． 

5一}rr itself raised the lc ．to 166±19 ilmoI_L 

andfurther addition ADP oll the platelets resulted in a 

furtherincreaseinthe LCa2 1．to 186±15 nm01-L一 

(P<0．01)． 

Morphological changes The resting rabbit 

platelets(Fig 5 upper left)contained dense granules． 

but the stimulation of the platelets with 5-}rr induced 

cefltralization of the granul~ with the formation of 

small numbe rs of pseudopods， indicating that the 

granules remained(1owel"left)． The addition of ADP 

caused aggregation with increased numbers of 

pseudop~is， but the dense granules wef℃ riot released 

(uPper right)． n e stimulation of the platelets with a 

stable analogue ofthromboxane A．2【STA2)releasedthe 

contents of the grarltdes and the platelets were 

aggregatedtogethertlowerfight) 

DISCUSSIoN 

Rabbit platelets responded to 5-HT with DLT and 

the respo nses did not proceed further to aggregation
．  

Thus， the rabbit platelets ale a good model for 

analyzing the mechanism of the signal ttaasdu~on of 
the respo nses， since the DLT is the respo nse ofthe 

∞ 为 O 0 

．_

J 一0Ei＼t 《 

u驯! 山l u-J： 量  i 。； t ； 一 
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Fig 5． Electronmicroscopy c×10 000)． A：resting stage ofplatelets；B：centralization ofgranules andpseadopods 

fommtion by 5-ttT without aggregation；C：ADp·induced aggregation without release reaction；and D：ag 替ni0n 

wj血 release r~ction by sTA2． 

o1atelets not only to 5．Hr， but also to alI other 

stimulants。 such as， ADP iTl the present experiment， 

arachidonic acid，ST ，collagen and thrombin iIi the 

following studies n e DLT is attribu ted to the so． 

called shape  chan ge an d the centralization of dense 

granules 0 J revealed bv an electron micmgraph in the 

present study (Fig 5)． The DLT due to 5．}丌’was 

receptor ITIedi aIed， and accompan ied with smal1 

increase in[Ca2 J．，but did not require calcium influx 
or TNA．，because ADP—induced DLT v~8s,jnhibited by 

methysergide，but not by egtazic acid and 1ndometa— 

tin． _rhe DLT required the IP{generation，as shown 

in the present experiment． 111e inhibition of DU  bv 

PGEl indicated that it required a contraction of the 

cytoskeleton， since PG activates adenylate cyclase 

and accumulates cyclic AMe ． Wi【h these data 

takentogether．it callhe coue ludedthattheI)I』 dueto 

5．HT w&s lnduced by centralization of the dense 

granules or other organelles as results of the contraction 

of platelet micmtubules． which was induced bv 

increasing c ．，mobilized from the storage sites by 

IP throlleh 5一}rr receptors． 
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formationwas reportedto be aecompaniedwith 

the aggrega~on thrombin ． e total level of 

inositol triphosphate consists of at 1east two 

isomersL 一，1，4，5- measured in this experiment and 

l，3，4- ，so，the increase in【 HI-inositol triphos- 

phate does not me~iI an increase in 山e 【P{level 

co nfirmed by HPLC． 1 e receptor binding ashy 

method using a specific receptor f0r l，4，5- “ ， 

employedInthis expe riment．guaranteed the reliability 

of the measurernent of峨 ． e results indicated that 

I1％was very rapid generationand shorLin duration after 

the addition of 5．HT． 

1he enhancement of ADP-induced aggregation by 

preneatmant of 5-HT was accom~ iod  wi山 a furiftel" 

increase in山e level of l c 1。． 1his enhancement 
was related 【0 the concentration of 5．}rr an d time． 

depeodent，which reached  the maximum at 10 s after 

the addition of 5．HT and then decreased with time．the 

similar observation was reported It is co ncluded 

that[Ca2 I released through formation by 5-HT 

may be supplemented by both calcium influx and the 

release from storage sites after the stimulation of 

plateietswithADP．1hedeclinewithtinle of[Cff2 ] 
mleasedfrom storage sitesby 5-HT resultingin changes 

in the enhancement ratios 
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5-1t"17增强家兔 ADP介导的血小板聚集反应 

皋 柏 岩 白 骊 、，盎
亡 溜 

R 7；、I 7f3 李柏岩 
， 鱼 ，李文汉 。 ’ 卜 

(哈尔滨医科大学药理教研室 ，哈尔滨 ts(x~6： 哈尔滨第 

一 医院神经科 ，哈尔滨 15{3010；中国) 

关键词 血清素； 

肌醇 l，4，5-三磷酸 

腺苷二磷酸 ；血小板聚集 ；钙； 

目的：研究 5-HT对 ADP介导的血小板聚集反应 

的增强作用． 方法：以透光法、图像法和受体结 

合法评价聚集反应 、单细胞 内钙和三磷酸肌醇的 

含量 ． 结果：5-HT(0．03—3 Hm0l-L )浓度依赖 

性地引起 PRP的透光度降低(DLT)，电镜结果显 

示 血小板变形的同时伴有颗粒中心化 ，无聚集 和 

释放反应．Fura-2负载后，5．}rr升高[Ca2 ]{，90 

秒达峰值 ，哦 一过性升高． ADP同样引起 DLT， 

但呵被 5-HT消除 ，呈浓度依赖性 ADP的聚集 

反应和[Ca2 ]。动员则由于 5．}rr预处理而升高． 

结论：5-HT增强 ADP的聚集反应 与5-}rr的细胞 

内钙 动员 及 ADP的外钙 内流两 者 的叠加 作用 

有关 ． 
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