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高胆固醇血症家兔 NO合成酶抑制物含量 

与脂质过氧化的关系 

熊 燕，李元建。，余 

再百吾i利7垂再匾教研 

关键词 胸主 

粥样硬化；脂质过氧化：二 甲基精氨酸 

动 脉 

目的 讨高脂饲养家兔血中 N()台成酶抑制物 

R 

二甲基精氨酸(DMA)含量变化与脂质过氧化的关 

系 方法 ：捡测高脂饲养家兔血清总胆固醇、甘 

油三脂、丙 醛(MDA)及 DMA含量，并观察离 

体胸主动脉内皮依赖性舒张反应 结果：高脂饲 

养家免血脂、[【[【清 MDA和 DMA 含量比正常组 

增加(MDA为 2．88± 0．20 1．54=0．13 nmol 

·L ，P< 0．01，DMA 为 1．51±0．07 口 0，75 

±0．13 vmol·I ，P<0．01)，胸主动脉舒张反应 

降 低 (罱 大 舒 张％ 为 45．59 3．1 76．93 

5．68％) 维生索 E抑制 MDA升高的同时降 

低 DMA含量及改善 内皮舒张功能 结论：高脂 

[【[【症家免血清 D~vL&含量的升高可能与脂质过氧 

化的增加有关 

BIB[ II1：[SSN 0253 9756 Acta Pharmamk~gica Sinica 中国药理 学报 1996 M T̈：17(2)：152 155 

Heterogeneity of human platelet density subpopulations in 

aggregation，secretion of ATP，and cytosolic-free calcium concentration 

LI Bai—Yan，HE Shu—Zhuang， LI W en—Han 

(Department ofPluzrmacoloKy，Harbin P／iedicaI University，Harbin 150086．China) 

BAI Ying (Department ofNeuroloKy，theFirst CityHospitM ofHarbin，Harbin 150010，China) 

KEY W ORDS blood platelets； platelet aggrega— 

tion： calcium ； adenosine diphosphate； adencmine 

triphosphate；lhrombin；serotonin 

AIM ： I'o investigate thrombin (500 U -L。。)一， 

ADP (0．1 30 “mol-L。。)一， and 5 hydrox 

ytryptamine i5-HT，3 vmo[’L )一induced aggre 

gation．secretion of ATP and cvt0s0li —fr*e calcium 

mobiiizalion in density subpopulations of human 

washed platele~s． M ETHODS：Using Percoll dis— 

continuous gradient RESULTS： The human 

platelets were separated into high density(HD)，in— 

termediate density (ID)， and low density (I D) 

subpopulatiorm． and their sizes were diminished 

with decreasing density (r= 0．978， P< 0．01) 

The magnitude of aggregations by thrombin．ADP． 

and 5 HT was more significant in HD platelets than 

that in I D platelets f P < 0．01) The amount of 

Accepted 1994—11 21 

,~cretion of AT lnduced by thrombin and ADP in 

HD platelets wa； als0 much higher than that 1n LD 

platelets(P< 0 01)，except for 5一HT which did 

not cause the ensuring release reaction in any sub— 

population of human platelets Thrombin(1500 U 

-L )一，ADP (vmo[·I )一，and 5 HT (3 Hmol 

- L )一induced cytosolic free calcium mobilization 

XVRS evaluated as well Resuhs showed that the 

resting leve】of cytosolic—free calcium concentration 

( ca ] )was the same in a11 subpopulations， 

about 80 90 nmol_L H0wevef． the level of 

[Ca2 ]．mobilization was entirely different，height— 

ened with increasing density． CONCLUSION：The 

function of HD platelets was much stronger and 

more active than that of LD platelets in human． 

The previous studies suggested that platelet 

function was different with platelet density in rab— 

bits|1l and the density was depends on the c0mPo
—  

sition of subcellular components ，especially on the 
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concentrations of plate[et specific granules in— 

eluding dense and granules Some clinical evi— 

dences showed that the high density p Late[et v,Tere 

significant increa~d in myocardial[nfarcti。n and 

decreeased in thrombocytopenia due to sepsis ． To 

know whether or not the heterogeneity COUld also be 

found in density subpopulations of human platelets 

and the number of high density~p[ate[ets was closely 

associated with pathological processes mentioned 

abere,the human platelets were tested in this ex． 

pertinent to evaluate the abi[ity of aggregation and 

ATP release induced by thrombin． adenosine 

diphosphate(ADP)，and serotonin (5-HT)． In 

addition，the intracellular calcium was thought fo be 

very important in signal transduetion system， in— 

eluding the binding of collagen to its receptors，gly 

m protein Ib on platelet membrane ，the formation 

of flbrinogen and glymproteln IIb／IIIa／Ca2 COITI— 

p[ex ， platelet shape change【 ． p Late[et aggrega 

tion ， and Dlate1et release reactienn So
． the 

intracellular calcium mobilization wan alm investi— 

gated in sing le washed platelets loaded with Fura 2 

from heNthy volunteers in this resea~h by using 

fluorescence and imaging techniques 

M ATERIALS AND M ET1tODS 

Agents A series of concentrations of Percol】solution 

(Phacmacia co，Ltd，Tokyo)wa prepared aT s∞r0d at 4 

℃ ． and shook thoroughly before use Lucifferlnolucifease 

fChrono-Log Corp，Hayertown PA，UsA)for measuring the 

secretion of ATP was dissoIveel Ln saline (40 g·L ) before 

use aod stored at 4 ℃ and avoided the】ight ATP and ADP 

(Sigma c0，Ltd，St Louis Me)Ⅵtre dissolved in distilled 

water and stored at 一20 ℃ and diluted with sailne Before 

use Thrombin (Topical，Bovine Origin．Parke-Davis c0． 

Morris Plains NJ J was kept Ftt 一2O ℃ and dissolved with 

HEPESBuffer Before tide 5 HT (Wake Pure Chemieals． 

Osaka)dissolved with HEPEs_buf ．the stock s0}ution was 

kept at 4℃ Fura 2-AM [acetoxyTnethy[ester of Fura 2． 

W ake Pure Chemie'aIs， Osaka (~ nsed under USA patent 

No 4，603，209)]was used for plaretet Joading 

Healthy vohmteers Six healthy men f 33 46 years of 

age)with free consent wore recruiteel Criteria for indusion 

w nonsmoker，abse~lce of alcoholis,m，normal hematology． 

and rio history of taking medicines， eg， indometacin and 

aspiri~．1 month prior to blood sampling 

TU al population of platelets Blocd (60 mL)taken 

from anreeuhltaJ vein w&s immedlately mixed with 10 m1 0f 

acid citratc~dextroso．solution(ACD，sodium citrate 85．citric 

acid 71 and glucose 110 mmol，1 】was centrifuged at 200× 

t 25℃ for 15 rain to obtain the total population of washed 

plate]ets 

Density subpo pulatio~s of pIa le喀 The platdet pa l 

let resuspendcd n HEPES buffer to a final concentration 

of 6 × 10 platelets·L for aggregation and release reaction 

experiments or for Fura 2-ANI loading 

PN~kt aggregation and releme reaction 。 ’ 

F-era-2 loading As described in o111"previous study 
， 

to aehieve a satisfactory intensity of flouroseenee，3 subpopu． 

[atkms of platelets were prepared to a final co ncentration of 6 

x 10 plate]ets，I and loaded with Fura 2-AM 2 un-iol-L 。 

(fi11al~oHcentration／at 37℃ for 15 rain 

Cytosolic-free calcium Our modified rneth0d was 

used 

Size determination of platelet The size of washed  

p Lateiets wits assayed hy an area directly measured from 1 

images of sample 

Statistical analysis AIl data were ealculated By 

Statvicw SE Graphics software and Excel 3．0 runmng in 

Apple Macintosh LC Ⅲ personal computer．and expressed as 

j ±5 The statistical slgnifican ces*,vere evaluated by￡test 

RESU 

Density snbpopulations The characteristics 

of platelet subpo pulations， including density， size， 

and proportion of each in the total population，were 

well correlated wi h its size(r=0．978，P<0．01) 

(Tab 1) In the following experiments，HD，ID． 

and LD platelets were em p~yed to scrutinize the ag— 

gregation，release reaction，and cytosolic free calci— 

UlTI mobilization by thrombin，ADP，and 5-HT． 

Tab 1· Norm al para meters of density subpo pelatimls of hn- 

mAn plate tets· n 45 eeBs 12 sam ples from 6 healthy 

men． j ± s， P < 0，05， P < 0．0l LD ． 

HD：high density：ID：intermediate density；LD：]owdensity 

Aggregation Thrombin一，ADP and 5-HT-in— 

duced aggregation in HD，ID，LD，and total popu一 

【ation were investigated in this experiment 5一HT 

indtlct~ aggregation was usually weak and re— 

versible，and the aggregations by thrombin， ADP， 

and 5 HT in LD subpo pulation were markedly 1ower 
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than those of in HD， ID， and the total population 

(Tab 2，3，and Fig IA)， 

Tab 2． 

various subpopnlations． n 11— 14 sam ples from 6 healthy 

men． ± ． P > 0．05， P< 0．05。 ‘P < 0．0l 5 LD． 

Density Thrombin／U·L 

100 300 500 

．Aggregation／％ 

Total 13．6± 4．9 56 3±8．9 

HI3 34
． 7= 13 5 72 4± 11 6 

ID 10 4= 5 6 48 7±7 2 

LD 5．12= 2 7 39 8±8 6 

Adencsine triphcsphate releaseJymol 

Total 0 0 7士0 16 

HI) 0
． 461 0 12 2 6±0 37 

ID 0 0 36±0 12 

LD 0 0 2±0 11 

78 2± 6 5 

81 5±9 5 

7l 8±5 3 

58 6±6 8 

3 7±0 8 

4 7± l 2 

2 4±0 2 

1．9±0 8 

Tab 3．ADP (3 pmol-L。‘)·induced aggregation and re 

reaction in various sul~opulations of M man platelets． 

ii 13， j ± ． P < 0．05。 P < 0．0l 5 LD． 

A 

5．HT／pmol I 

B 

0▲ 舯 柚 9e 120 
Tireels 

ng 1． 5-HT．induced aggregation(A，n l0)and~ytosO- 

lie-free calcium moblllzatim~(B， 49—56)in variows 

density subpopula6~ns of human platelets． an In Fig 

IB：addifion of 5．1it ．i ± 5． 

< 0．05． P < 0．0l 憎 LD． 

Release reaction Apart from 5-HT， both 

thrombin and ADP caused release reaction simuha— 

neously measured in the medium during aggrega— 

tion．and the amount of ATP released in HD sub— 

po pulation was much more than that in LD subpo p— 

ulation(P< 0．01)(Tab 2 and Tab 3)． Similar 

result was found in ID subpo pulation (P<0．05) 

Cytosolic-free calcium The basic levels of ey— 

tosolic—free calcium concentrations were alm~t iden- 

tical in various density subpo pulations and the total 

population．approximately 8O一90 nmol‘L Af— 

ter the addition of thrombin 1500 U。L (Fig 1B)， 

ADP 3 Nmol·L一 fFig 2A1 and 5-HT 3 ymol‘L 

(Fig 2B)to the samples，the cytc~olic—free calcium 

mobilization was increased in HD and ID subpopula— 

tions LD．and the time of reversion was longer 

than that 0f othelpS． 

A B 

言  -  

n rthrmabinor^DP／s 

Ftg 2． Cyto~lic-free calcium moblllzatJma in vmrlo~ drafty 

sabpopulstJom~ thrombte 1500 U·L一 (A，n=60—74) 

andADP 3 pmel·L一 (B，月 45—49)． AITOWS：2dditt~ll 

0fthH粕 bin ofAIDP． ± ． 

< 0．05． P < 0．01 LD． 

DISCUSSIoN 

In the present experiments， human platelets 

from 6 healthy volunteers were used t0 investigate 

the functional diffeYenees． The present data indi 

cated that the density，size，and functions of human 

platelets were s nifica ntly different in various den— 

sity subpopulations，the platelet size v~-~s increased 

an d functions activated with increasing platelet den 

sity，the high density platelets were much sensitive 

to the aggregating agents and responses of 8ggrega 

tion 如 d release reaction were significant Theee 

results were similar to those of a previous study itit 
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rabbitsL J
．  It has been known that cvtosolic—free 

calcium ion as a second messenger plays a major role 

in transmembrane signal trailsduction． and results 

from the present study also demonstrated that 

[Ca2 ]1 mobilization was cl~ely correlated with the 

size, density and functions of the platelet The 

functions in HD were more active and stronger than 

those in LD may be attributable to the fact that a 

great number of dense and a-granules was present in 

HI)platelets，and that tho~e granules were the most 

important determinant in platelet density 。’ J 

Therefore， it is very easy to understand why the 

high density platelets were increased in myocardial 

infarction or decreased in thrombocytopinia，but the 

further studies of the mechanisms above the changes 

of the dens ity and the number of platelets in those 

cases will be needed． 

In conclusion， the present work strongly sug— 

gested the existence of a heterogeneous characters in 

human platelets and that the highest density 

platelets were always accompanied with the largest 

size and the ma t active functions revealed by 

platelet aggregation．secretion of ATP and cytosolic— 

free calcium mobilization 
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人血小板密度亚群在聚集反应．ATP释放 
及细胞内游离钙浓度的异质性 

三立 ，何树庄，李文汉 
室．哈尔滨 150086。中国)； 

(哈尔滨医科大学药理教研 

白 颖 (哈尔滨市第一 

医院凇 微 ㈣ 敲掰  
关键词 血小板；垒 ：壑鐾塞；曼 腺苷二磷酸 
腺苷三磷酸；凝血酶；血清素 R ／ ， j 

／

，  

目的：研究人血小板密度亚群在聚集和释放反应 

及细胞内钙浓度的异质性． 方法：Percoll间断梯 

度离心法． 结果 ：正常人血小板分为高(HD)，中 

(ID)和低(LD)密度三个亚群 血小板的大小随 

密度 的降低而减小(r=0．978，P<0．01)． HI3 

对凝血酶(Thr)，ADP和血清素(5-HT)诱导的聚 

集反应 明显强于 LD(P<0．01)，ATP释放反应， 

除 5-HT无 ATP释放外，与聚集反应的结果一 

致 ． 尽管细胞内游离钙 ([Caz ]．)的静息水平各 

亚群相同，但 Thr．ADP和 5-HT的【ca2 ]．动员 

仍以 HD晟为明显． 结论 ：人 HD血小板的功能 

及活性均高于 I D血小板 
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