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Effects of tanshinone Ⅱ．A sulfonate on adhesion molecule expression 

of endothelial cells and platelets ／n v／tro 

JIANG Kat．Yu2一，RUAN Oaang Geng~，GU 22~en．Lun 一 (2Depanmem ofPharmacology，：~Jiangsu lr~titute of 

Hematology，Thrombosis and H~mostasis Research Unit，Su：hou Medical College，Suzhou 215007，China)； 

ZHOUWen．Xuan，GUOCi．Yi (TheHongKongAssociationforHealth Care，Hong Kong，China) 

KEY W ORDS v~--'uhu"endothelium ； tanshinone 

Ⅱ-A；blo~l platelets；cell mesi∞ molacol~；cell 

adhc~on； umbilical vci噼 ； HL-60 cells； flow 

eytometry；吐帕 nb．m：P—selectin；tumor nea=0sis factor 

AⅡu： To mxly the action of ta~ olle II·A 

sulfonate(Tan)on adhesion molecule expl~ by 

culmrcd cndoth~ al cells and。la埘 啦 ． 哐T】}l0DS： 

Tmnor neo-osla factor a (．Il F ) induced I(1AM-1 

a∞ 0non the ceU surface andmdothdial adhesivity 

towald}Ⅱ．．60 cells、哪 studiedusing}u蚰 arIum bilical 

vein endothelial cells(HUVEc)． 'rhrc~bin-induced 

e】∞ 瞄 of platelet p-selec6n was studied using 

humanblood platelets． Adhesion molecule expression  

On the cell sulfa~ w船 measured by flow cytometry． 

1k  nI蛐 b汀 0f}Ⅱ _60 cells adhering to the }ⅡⅣ BC 

mo~olayer was determined by liquid sch吐ⅡIa 

spectroscopy． RESULTS：n己t【ea t Of HUVEc 

withTNB口signific~tly enhanced K：AM ．1 expression  

and hlereased HL．60 cells adhesion to HUVBC from 

4．6％ ±0．7％ to 30％ ±6％ ． Tan (25—20O 

删 · ‘) inhibited the effects of TNF．n in a 

cOn0目n噶d0n kDeI出 吐 Ⅱ哪 瞄 ． Tan also inhibited 

the increase of p-seleedn expte~ on of thrombin． 

activated platelets in a eoneentration-d~ mt 

m出m盯． CONCLLrS10N：Tan inhibited extortion 

of adhesion moleculm (托：AM．1。 p-seleetin) in 

HUVBc andin hlmlan bloxl plate．1ets． 

Tanshinone lI．A was imimed from the root of 

Sah,ia milliorrhiza． Its sulfonate is water,soluble and 

call inhibit platelet a~ iice，aggregation  and has all 

anfithrombotic activity l,2j． It stlppl~sses the 

neutrophil function s including acid·phosphatase 

release， adhesiveness， phagocytosis． oxygen free 

radical generation， and chemokinesis~ 一 ． It also 

P-aJj~-t 。 The A forHealthCare 
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reduces myocardial necrosis concomitantly ． To 

funher understand the antithrombotic mec hanism of 

tar~shinone II．A sulfonate(Tan)．the present study 

was to investigate the effects of Tan o11 adhesion 

moleeule expression in cultured human umbilicat vein 

endothelial cells(I-IUVEC)and ii1 plalelets． 

O 
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Reagents 1-NF_a w from Sigma Tartshinone I1一A 

sutfonate(mpl94一J％ ℃．purity>％ ％)v~05 supplied by 

Shanghai In lute of Materia Medica． ( 眦se Academy of 

Scieilces ICAM_J mAb 84Hl0 邺 purchased ti'om 

l~ ech SA {France)． ntonoclonaI antibody agairmt p- 

m lectin was wepaved in our labomlu~s' 。‘⋯ O1~ 1-reagents 

w ofAR． 

CeU eultm'es HUVBC we ~lated and cullured rl 

RPMt-1640 ‘Gibco)． containing 20 ％ (vol／vo1) heat- 

jnac~vated feml calf S~l"dm {—：S)．benzylpenicillin 100 kU·L‘。 

and slreplomycin lO0mg’L at 37℃ in humidified 95％ mr 

+S ％ 0 Confluent HUVBc were~tained after 5— 7 d 

HL，60 cells we cultured iIi RPM1．I6-'10 medium with 10 ％ 

(vol／vot)FcS 

Prelmratima of platelet Blood was collected from 

tea~thy volunteers iii 2 ％ edetic acid (EDTA )-0 7 ％ NaCI． 

PIatelet,~ re wa and testtspended lii 1、 ’s butier(KCI 

2 6．M k’6 O 4．0，NaCI13,5．Nal-lCO~12 0．N,,ff-12POl 

0 42+glucc~e 5．0m肿  L一 ，and 0．25％ Fcs．pH 7 4) 

Adiu the#atelet cd r血aI m to l×ICe-L一 

Flow Col~uent HUVEC treated州 m Tan of 

TNF-~x as described below were detached行 n the plate(6-wel1) 

by PBS／EDTA 5 twaol·L一 ． 

1f~lO pI 10 ％ FCS+stained 

Cells were washed with RPM l 

wjth the ICAM-J mAb 84H10 
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diluted ln PBS containing 2 ％ BSA and 0 2 ％ soditl[1l azi出 

P1atelets veere stained with anti-p-selectin mAb followed bv 

fluoresoein-corljugated goat anti—mouse IgG (Sino-American 

Bi~echnology Co．Shanghai．Ch】盯a) Cells ilm~UnOt]Uores- 

cellce armlysis ∞ performedwith art EPICS XL cytofluor~eter 

(Cmtlter，USAj Fj thottsand cells analyzed for each 

expenmeta 

Ce1l adhesion assays HUVEC growthto confluencein 

24-well ohms we treated witlI Tan aTld 1N n as~ cnbed 

below HL-~O cells were Labeled with【 H J如Ⅲ dim 37础Bq‘ 

L-。at 37 ℃ for 2 h．~ shed 幽r cc x~ith R1 ．1640 m嘶 啪 ， 

andincubated at37℃ InRPMI一1640 c~ntaining10％ IqCSfbrl 

h Labeled HL-60 cells(1 x 10*cells／~elI)were im~ bated 

withtheHUVEC mon~ayer at 37℃ for 45rain Nonadherent 

calls were removed bv washing twice with RPMI-1640 mediLml 

prewarmed to 37℃ 11 60 cells adheringtothe HUVEC 

monolayer as detached in the presence of PBS containing E叭  

10mmol·L-。pr~．ahilled to4℃ and radioactivitywas cotmted 

liquid scintillation spectroscopy (Beckman LS600．USA)． 

HL-60 adherenceto HUVEC 郴 cxl3fes~ as％ oftotal eelI 

added 

Exl ri加衄 血l protocol Cultured coaft IIt HUVEC 

were was~ d twice  with RPMI-1640 o~taaining 5 ％ 1 

wB．~i di刚  in redistilled  water The cells were ncubated  with 

thejndicated concentration of sterilized a【37℃ for 2 h． 

thenthe1NF-a 5 z·L-。 added for16 h Human blood 

#atelet suspeosiort was incubated with for 30 rain (each 

turtle I x l plateletsj， followed activation with 

thn~ bin l kU ·L-。h ∞ min In 。dl 0n ~ssay． 

HUVEC 慌 stinmlatedwith 肝 a l g·L f 20 h 

wa added as de~ ibed above． 

Smlistics Data were expressed ∞ x ± and com0ared  

with ，【e ． 

RESUIlTS 

ICA b1 expression and cell mesiml 

Treatment ofHUVEC witl1 TNF-n 5 g·L‘’for16 h 

resulted in all increase in ICAM —l expression． 

Pretreatment of the HuvEC witl1 TaII(25 —2／30 

ITl01．L-。)for 2 h before adding rn F—n。reduced 

TNF-~一induced ICAM -l expression on  the cell surface 

of HUVEC in a concentration．dependent mallner 

(1曲 1)． 

Basal HUVEC minimally bo an d HL-60 cells 

(4．6％ ±0．7 ％j．whereas treatment of HUVEC 

witl1 TNF-~t 1 g·L- for 20 h，resulted in a 7-fold 

increase in the number of HL．60 cells bound
．  

PrL~．．atment oftheHUVECmonolayerwitl1Tall(25— 

2oo p．mol·L )，reduced adhereno~ofHI．-60 cellsto 

_l1 a．treatedHUVE (1址}2)． 

Tab 1． Fffffect of Tan oH ICAM ．1 el-ilrem~ion  in 

ItUVE,C． n=4。x± ． <0．05． <0．0l瑚 TNF·a 

5 p．g·L-。． 

Tream'em Fluorescenceintemity(1g) 

Control 

TNF-&5 ‘L 

1N 0+Tan 25 l；mol·L— 

TNF-~~+Tan 50 pmol—L一 

_兀 0+Tan 100 t~mol·L 

_兀 a+Tan 2OO i~mol·L 

4 2±0． 

18 4± 1 3 

l4 5±2 00 

14．2± 0 

12．8± l l 

l1．0± l 

呦 2． Effect 0f Tan 

lIUVEc． rl=8． ± s． 

1 g·L一 ． 

on  I 60 cells adhesion  to 

<0．05． <0．0l瑚 TNF．a 

Tmatment Adhesion rate ％ 

Control 

1] d 1 f 2一L 

TNF_a+Tan 25 曲 0I·L— 

TNF-ct+Tan 5Oi,mol·L— 

TNF-~t+Taa 100 ∞ L—L 

_兀 d+Tan 2OO tmlol·L 

4 6± 0 

30±6 

24±5b 

29± 3 

20± 

I7± 

P-selectin 臼 ssi0n in human blood 

platelet The fluorescence associated witl1 

unstimulated platelets plus FrI℃一P-selecfin mAb was 

not different from the background fluorescence of 

washed platelets alone (1．8±0 1)． Treatment of 

platelet wi山 thrombin 1 kU·L～ for 20 mi n．resulted 

ju a marked increase of p-selectin expression and 

reached 9．32±0．15 in the mean fluorescence intensity 

of the total platelet population． Preincubation of 

plateletwi山 Tan(25—2OO r~mol·L )for 30rain． 

reduced thrombin—induced P．selectin expression iu a 

concentration-dependent mRilner(Tab 3)． Tan 5OO 

“lm 1．L一 abolished the effect of thrombin 

DISCUSSION 

The abilitv ofHL一60 ce lls to adhere to cytokine- 

treated HIⅣ EC monolayers W'dS used t0 assess 

functional ICAM 一1 expression， because HL一60 cells 

we foan d to express the ligands for ICAM-1'】 

The present results showed that pretreatment of 

HUVEC witl1 Tan inhibited  TNF-~．induced ICAM-1 

expression， and Tan may significantly decrease 

adherence of leukocyte—like cell line (HL-60) to 
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Tab 3． Effect of Tan on thrombin·indueed P·selecfin 

expresaion inplatelet． n=4一 ±s． 

>0．0S． <0．o1 us thrombin 1 kU ·L～ ． 

Trealment Fluore~ nce imensib'(Ig) 

Conm l【 

Thr,．~lbin l kU·L一 

Thrombin+ T_d『I l()̈  ·L _。 

Thrombin+ T_d『I 25 ltInol·L— 

Thrombin+ T_d『I 5() 卜 一
,
l~mo L 

mbin+ T_d『I l(H】tffno卜L 

Thrombin+ Tan 20()rimD卜L 

L 77±()0cy 

9 32±(}】5 

q ( ±0 2 

73±O ll 

3q±O 58c 

I： ±0 3 

b 66±(Jm r 

TNF-a-~eated HLn ．demonstrating that may 

be used to selectively inhibit the expression of 

endothelial cell—adhesion molecule， inhibited adhesion 

of HL，6O cells to 1NF一0一activated endothelia1 cells． 

further demonstrating pharmacological activity of Tan 

inHUVEc 

Our studies suggest that Tan alters the capacity of 

HUVBC to respond 【0 F_ ． Impairment of this 

capacity would not only inhibit induction of adhesion 

of ICAM．1．but also could inhibit induction of other 

adhesion molecules involved in leukocyte／HUvEc 

interactfun． At present， the exact mechanism of 

action of Tan jn inhibiting cytokine—jnduced adhesion 

has not yet known．but our findings that inhibited 

the 1N F—a induced adhesiveness of HUVEC for HL．6O 

as well as ICAM一1 production in HLn EC suggest that 

these events may co ntribute to the anti—thmml~sis 

activity ofTan in vil'o． 

P-selectin is an important adhesion molecule on 

platelets． mediating platelet—leukocyte binding in 

vitro ． In inflamation an d thmmbosis． p-seloc tin 

may mediate the jnterection of leukocyte with platelets 

bound in the region of tissue injury and stimulated 

endothelium ． In the present study． we 

demonstrated that significantly 1nhibited thmmbin— 

induced Rselec tin expression in platelets． s 

inhibitory effec t is probably one of the Tan an ti— 

thrombosis mechanisms 

1n co nclusion． the results showed that the an ti— 

thrombosis of Tan was related to inhibited cell adhesion 

molecule expression in both HUVEC an d plalelets 
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丹参酮 Ⅱ．A磺酸钠对内皮细胞和血小板体外表达 

粘附分子的作用 

兰坠  ， 
f 荫 州医学院药理数 

顾振纶!． 
尺2 ‘ 一 

研室 ． 1．苏 省血液研究所 苏州 医 

学院血栓与止血研究室，苏州 21,~-1)7．中国)； 

周文轩_郭次仪 (香港保健 会．释港．- 剧 

关键词
． 笪 鏖；旦兰墅 ： ； 丝 
类；细胞牯附i脐静脉；}Ⅱ，60细胞 ；流动 

血细胞计数；凝Jfi【酶；p-选择素 ；肿瘤坏死因 f 

目的：探讨 丹参酮 II—A磺酸钠(Tan)i_f培 养人脐 

静脉内F￡细胞(HUVEC)和人lllt']、板表达牯附分 
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的影响． 方法：用流动血细胞 汁数仪测定肿瘤坏 

死因子(忡 n)诱 导人脐 静脉 内皮 细胞 ICAM一1和 

凝血酶诱 导人 血小扳 P_选择 素的 表达． 结果： 

HUVEC 经 TNF-a处 理 后 ，明 显 增 加 细 胞 表 向 

ICAM-1的表达，增加 HL-60细胞粘附到内皮细胞 

表面达加入细 胞 总 数 的 30％ ±6 ％ (对 照组 为 

4 6％±0 7％)． 在 TNF—n处理前，用 Tan(25— 

200Ⅱmol-L )与 HUVEC共孵育，则 Tan剂量依 

赖性地抑制 F_d的作HJ Tan(25—2OO“tool- 

L )与人血小板孵育后，可剂 量依赖性地抑制凝 

血酶诱导人血小板表面 P-~lectin的表达 结论 ： 

Tan可抑制内皮细胞和血小板表达粘附分子 
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Pharmacokinetics of recombinant human granulocyte macrophage 

colony·stimulating factor in Macaca muIatta 

WANGRen—Gang，ZHUXing—Zu ，SONG Wei (Department Pfmmu~otogy，ShanghaiInstitute ofMa~ria 

Medica，Chinese Academy ofSciences，Shanghai200031，China) 

KEY W ORDS recombinant gr~ulocyte maerophage 

o~lony—sth-nulallng factor； ~ zyl／le—linked inllnuno· 

sorbent assay；phan'naeokinetics；Macaca mu!atta 

AIM ：To exB／ninethe pharm,,mokinetics ofiv aad sc 

teomlbinant human gran ulocyte macrophage colony· 

stimulating factor(rlK3M-CSF)in Macaca mu／ana． 
M ETHODS： Plasma levels of rI~ M-CSF were 

detected wim sandwich enzyme-linked imm~ rbent 

afteriv rhGM-CSF in monkeyswerebestfittedwith 3． 

compartment mode1． The ]st，2rid， and 3rd phase 

WPA'~0．o5—0．07，0．14—0．58，an d 1．4—4．1 h． 

C／ and n WPA'~ similar be tween different doses， 

respectively． C was 0．93± 0．16
,
ug‘L～ ， 

was 2．65±0．14 h，and elimination n  was 2．5±0．3 
Z 

h after sc rhGM -CSF． The bioavailability aner sc 

rhGM-CSF was 0．61． C0NCLUS10N ： Phatma— 

oaldne6cs ofrhGM-CSFin Macaca rau／ana provided a 

usefulindexfor clinical Ixia1． 

Human granulocyte macrophage colon)．,一stimulat— 

iⅡ譬factor(hGM—CSF)is one of the hematopoietic 

growth factors which control the proliferation and 

survival of myeloid cells ． Recombinan t hGM-CSF 

(rhGM—CSF)has been developed for treatment of 
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several hematopoietic disorders， and has shown 

promise i11 山e treatment of myelodysplastic 

syndromes，8s an adjurlct to autologous bone rllalTow 

transplant， and the tremment of bo ne illalTow 

suppression induced by high dose chemotherapy -4j
． 

In Chiila， dg3M-CSF has been developed into 

therapeutic use． n e present咖 dy．as part of the 

preclinical studies of rhGM —CSF， was initiated 【0 

investigate the phannacokinetics of iv and sc injections 

nf rhGM —CSF． 

睛皿 R US N̂D ⅡⅡH 0DS 

Chemicals Bacterial—derived daGM-CSF(LotNo 950l1． 

purity >嘴 ％ ，300tLg／ampole，6 67×l Iu-Yg。。)was 

provided by Shanghai Huaxin Biological Hi曲 Techniques Ca 

Ltd，Shanghai，China Standard GM—CSF was purchased from 

Schering-Pl~ gh Monoclon al antibody agairL~t GM—CSF， 

bi~4inylated antibody against GM-CSF， and slre~ vidin 

conjugated hotser~lish peroxidase complex were purchased 

from GIF， M iister， rm any 3．3．5．5-Tetramethylbenzidine 

(TMB)，gelatin，and bovine m Immin(BSA1 were 

Sigma． Ke~mine hydrochloride(50 g-L一 1 w purchased 

from Shanghai Zhongxi P1mrmaceutical Co Lrd
，
Shanghai， 

China 

MaaTva rnuIatta Macaca mulatto (n = 9． ) 

weighing 4— 5 were provided from s ha Institute af 

Physiology， Shanghai， China
．  Only monkeys that had not 

reoeived rI~ M-CSF previously and that血d not demonstrate 

antibodies to flaGM—CSF v,a2re used for this study Mankeys 

were randomly~ signed ∞ study ps 

Pharmacoldnetics of rhGM ．CSF Monkeys 、 
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