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AIM ：To stay the effects of advanced glymsylation 

end Vwck~s(Aa )oll aol~c smooth muscle cell 

(A ) 0l 糟垃衄 and its rdatinns~ with 

eytomlicfree calcium([c Jj)．METHODS：1k 
effects of AGEP modified bovine 鬻nⅡn albumin 

(AGEP-BSA)Otlthe~ xli*dliOtl of H JTdR lind 

l HlLeu into cultured ASMC 惭 observed． The 

[ ]{of cultured was determined with 
Fura 2-AM ． RESUIl1S：AG野P．BSA ,~limulated the 

in∞fp哪曲虹of[。H]TdR taxi[。H]I七u into Ash in 
o0nce删 ad伽 and time-dependent manners (P < 

O．O1)，especially HJ1皿 ． InAGEP 2O0 rag。L 
grt~p， after 12-h exposure， the ineo／pol'a~on of 

l HlTdR obviouslyiⅡcreased，butDNA synthesiswas 

conemnafioa-deOendmfly decreased in AG匠P 300— 

4O0 rag ·L一 groups． The peak in 加Ⅺ瑚d0n of 

l 0H JTdRwas10times坩 control(P<0．01)． 

l C li 0fASMcimubatedwithAGEP-BSAfor 40 

min、 increased from control groups 121±4 to忱  

．

4-20 nmol·L (P< 0．O1)． 1c Jiinduced by 
AG was elevated with the cc咀cc删瑚咖 lind 

imubafing time of glucose with BSA． 1 Ji in 

BSA imaltmted with glucose 80 mmol·L一 for12 wk 

was 580±37 rmaol·L (P<0．o1)． 0 1IU- 

S10N： AGEP stimulated proliferation of A5M C 

assoehgll~dwich die elevation of【c 』i． 

The pnmary callsal factor for the development of 

most diabetic complications is prolonged exposure to 

hyperglycemia~ 
．
The chemical interaction of glucose 

with protehs formed advanced glycosylation end 

products(AGEP)，which may account for numerous 
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feature of diabetic complications 蚰d accelerated 

amer0sdefos-s 引
． 

AGEP exists in atherosclca'ofic 

ultrastractural methodL ． AGEP have athe~genic 

properties． such as transendothelial cJ3emotaxis of 

rnonocytes·oncogene expresslofl，cytokane sca蜘 on， 

and platelet aggregation． Abnormal proliferation of 

vascular smooth muscle ceils has a fundamental role in 

the atherogenesis which is enhanced by some growth 

factom／cytokines， hyperlipidemia， and hyper- 

glycemia~ 
． Cytosolic free calcium([Ca2 ]{)is a 

colnlllon signal transduclJon clement and may be 

closely involved with multiple cell response，especially 

forthe proliferation ofASMC 111e goal ofthis study 

wastoinvestigate the effects ofAGEP on proliferation 

0fASMC andits relationshipwithlC j；． 

Rats Slrague-Dawley rats(0，adults， n=25) 

weighing ± 14 g，were bythe LahratoryAnimal 

Center ofNanj~ RailwayMedicalCollege(№ 9,5O36)． 

Reagents Du1beoco's modified r~ te's n3ed~um 

(DMEM，Gflx：oIxoduct) Fura 2-AM (Siena)． [ H]豫  

and HJLeu were purchased from Beijing Institute of Nuclear 

Research Scintillation liqt6d was xv1∞e containing 0．3 ％ 

dip yl∞【azde and 0 003％ l，4_di一【2一(5-phenyloxazoly1) — 

bervene．POI：~P． Other reagentswere ofAR． 

ceu eulan'e ASMC were cultured accor~ to 

Kirstein L All臼呻a rItsWell~performe r ollthe 3rd一4th 

pessages of ASMC isolated Slrague-Dawley rat aorta 

BSA AGt~-BSA was pal倒 by iIIa妇 dⅡg 

BSAin#msplmte-beffered (PBSj with glucose 5，20， 

50．and 80 rmnol，L叫 at 37℃ inthe presence of gdellC acid 

0．5 mmol，L’ ． Fluoesce~ce spectra of AG'~ -BSA was 

exr~．．ssed by arl~traryfluco~ceace unit(AFU)． 

[Caz’】i Cellsl×l were seeded oll amicroscope cove~ 

sIip(25 I硼 in diaII附 ，Nuhclow，13mlmmk)in DM ． 

After12-hinolb~ on．AGIB BSA of BsA was added 

c．d wereincub~ for40mlninDM日 omtainmgFura2-AM 

5~anol·L一 at 37℃ in a dark cc皿 lItmeHt 'lhe cells were 

wash~ Ihiicewith a h】船 m觚 IⅡTl(C础 21．3mmol·L～， 

7 4)and ke inthe sa buffer． After 5 min．the covn~0 

was#acedin粕 l 0-mL Sykes-Mc~-e chamber蚰 aninverse 
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pha,se-ccntcast nos0叩 e． Fluo~scence was madet ，using a 

DM3OOO specia~tlttoa-clneter(Hitachi)． [CE ] =Kd(R一 

咖 )／( 一 一R)ranol。L ． e 一 and 丌皿 w雠 

detemlined by Trimo-100 aIld eg~ ic acid．respectively 

DNA and irt~tein synthesis DNA aI1d protein 

synthesis we|e assessed by measuring the 0rm  ∞ rates of 

。H]Tc~aIld H]Leu16J．AsMc were seed~at a density of 1 

×1 eells／well in抖 well 啦 (Nul~low， )aIld 

allowed a岫 overnig ht Tl me~tgn c∞恤恤 standard 

15％ fetal bovine se咄 (FBS)was r即1ac。d by me~um 

c衄抽ini 0 4％ FBS(wl／vo1)for 48 hf0 aIT嘲 the eellsin 

岛 phase ofthe cell cycle． A舡r 12-h incubation，A BSA 

was a捌 ，aIldf the control ，an equal armxmt ofBSA 

was add。d B0mfinal[ ]TcU1．aIld[ H]Leu concenlrali~,_s 

Ⅵ雌 37 MBq·L一 At廿 end of cdn瞄 ．the cells WO．A~ 

协删 wi山 0 1％ trypsin aI1d he~'ested∞ da嚣 fiber filters 

(H0ngguaIIg F~ury，Shan曲 )，which WO．A~ wash。d with 

dd0r 眦  c id 0 6 nmt·L～ ．aIldraisedwi山 0 9％ N羽 ． 

The precipitates were de~mlotized with ol，aI1d 曲删 aL 

105℃ radi~ livities(Bq)WO．A~count~l in a Packard 

4∞0 Hquid 曲面∞ colllltelr(Packard，USA)． 

Da诅 mly出  嘶 we ex讲essed as ± a 

c0m bvAN0vA 

Fluorescence spectra during BSA lcu- 

bated with glucose ANJ increased with incubation 

time and四u∞se concentrations(Tab1)． 

Tab 1． 玎 I|0r目 spectra ng BsA _mcIl 

th曲l衄髓 虹呻 d by arbitrary flum~eseenee lm-t 

AFU)． t,l=4， ±s． 田P)O．05，cP<O．01借 0wk 

Effects ofAGFAP-I~A oⅡ[ 】i ofASMC 

The vesting[ca2 ]．was 121±4 nmol·L in Hanks’ 
s0lunon Containing Caz 1

．3 mmol·L_。 AGt~- 

BSAincreased【c J from 121±4to 492±20 nmol 
‘ L～in concentration—and time—dependent nla衄ers(P 

<0．01)(Tab 2)． 

Afterthattime，the elevation of[Ca2 ]，slowly 

Tab 2．Ilffects ofAGEP-BsAon[c ]I AsMc 
n=4 wells．膏 ±s． <0．o5， <0．0l借 c0lI伽 l 

AG BSA c ]．／ranol-L 

decreased，but still above the resting levels(P< 

O．O5)． The[Ca2 ]． also increased with the 
glucose concentrationincubatedwithBSA andthetime 

ofglyc~ylation(P<O．O1)(Tab 3) 

Tab 3． Effects 0f 0sy】a l锄d glue~em0d 

BsA 0n[c ]i．m A眦 ． n=6汕 ．雾±s． 

>0．05． <0．05．cP<0．01 c0Ⅱ删 ． 

[c ]．／ranol-L 

Efleets ofAGEP．BSA on DlNA alld pmteln 

sylIthe商s in ASMC AGⅡ BSA stimula~l the 

incorl~ration of l H]TdR and t~]Leu into ASMC in 

concentration—and time一向at。d maIIneIs(P<0．O1)， 

especi~]y f0r l H J1 ． The peak 6on of 

H JTdR was 10 times c0mpared wi吐l control(P< 

0．O1)．The incorl~ration of[0~]TdR and『3H]L即 
were positively related witl1 廿le time and glucose 

conceNration ofincubatingBSA (P<0．01)(Tab4)． 

DISCUSSIcIN 

Our results showed that AGEP—specific fluore． 
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Tab 4． Ef￡ec嵋 ofAGEP-BSA on the srnt~ ses ofDNA 

and ptmem in ASMC． n=4wells． ±s． 

>0．05． <0．01 contro1． 

：̈H] djne 
uPcal(e，Bq／weu 

一  

H]Levci~ 

u呻妇 ，B Ⅵ u 

Ⅻ ∞ mcreas~ wi廿l concentrations of glucose and 

lasting time of glycosylation，but due to limitation of 

time，we could not observe its dynamic changes more 

longer． Abnormal 6 sI proliferation has a 

fundamental roleinthepathogenesis of atherosclerosis． 

ASMC proliferation is regulatedby many factors，such 

as hyperglycemia，insulin，hyperlipidemia．and )n1e 

cytokinesL刮．The results showed that the AGEP-BSA 

significantly stimulated the incorporation of l HlTuR 

and 【 H l Leu into ASMC in concenWaction-， 

mteracfion time-．glycosylating time-related m rs． 

espicany for【 H lT ． Ⅱ虻mechaI1isn雌 by which 

AGEP stimulated incorporation of l H l咄  and 

l H JLeu jnto ASMC remain ur~clear It is possible 

that when A(正 modified protein bindstoits specific 

cell receptor，the paxluction of some growth f~tors 

and cytokines aI℃ sufficient to sfimula~ the 

prolifermion ofASMC 

It was found that abnormal incoiporation of 

[3H]Td~and『3H]L intoASMCinduced AGF2- 

BSA was associated wi山elevation of【c 1．． One 
mechanism may beits directinhibitory effect on plasma 

membrane C ATPaseL 
． which could pmmo~ 

calcium inflow from the exwacellular space． The 

second potential medlal~sm may involves AGEP 

induced changes in sign~ transduction involved 

diacylglyceml，【P3，and protein kinase C activity ． 

The results may be,of clinical significance． The 

stimulating effects of AGEP on incorporation of 

0H]TdR and 『0H]Leu into ASMC may underlie 

predisposition to ~herogenesis and other chronic 

vascular c0mD吐c 0ns among patients wi山 diabetes 

Thetarget~ ntml of hyperglyeenlia and preventingthe 

formation of AGEP by glycosylation inhibitor may 

contributeto reEho~morbidity andmortality ofdiabetes 

and atherosclemsis． 
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糖基化终产物对培养的大鼠主动脉平滑肌细胞 

增殖及胞浆游离钙含量的影响 
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目的：研究糖基化终产物(AGEP)对主动脉平滑肌 

细胞增殖的影响及其与[Ca2 ]．的关系． 方法： 

采用同位素掺入法分别测定 DNA和蛋白质合成 ； 

Fura 2-AM 测定[Ca2 l。． 结果：AGEP以浓度、 

时间相关的方式促进 [ H]rIdR与[ H]Leu掺人细 

胞，随AGEP作用时问、糖化时间延长，掺入率 

增加明显．AGEP增加[Ca2 ]．，与时间、浓度相 

关，但随AGEP作用时问延长 (40分钟后)而有所 

降低，BSA修饰中葡萄糖浓度的增加，糖基化时 

间延长，[Ca2 ]．也呈上升趋势 结论 ：AGEP刺 

激平滑肌细胞增殖，并与细胞 [Ca2 ]；浓度增加 

有关 ． 

BIBL1D：ISSNf1253-9756 Acta Hla皿 ca Sinica 中国药理学报 1997 sep；l8(5)：425—430 

Expression of receptor for advanced glycosylation end products(AGEP) 
and inhibition of AGE]P—induced cytosolic calcium elevation - 

by diltiazem in cultured rat aortic smooth muscle cells 

ZHOU Qiu-Gen，LIU Nai-Feng，XIE Pei-Li2(Department oyCard／o／ogy， 
Nanjing RailwayMedical College，Nanfing210009，China) 

KEY WORDS radioligand ~say； advanced 

glyeosylati~ end f：~x)duels； calcium； diltiazem； 

vltsclll~ smooth muscle； cultured ceils； diabetic 

angiopatlaies；atlaea'osclexosis；ltloracic aol~a 

AD ： To saldy whether there is a lli2h ~T：mity 

0朗灯 for advanced glycosylatio~ end product 

(AGEP) Oil thoracic aol~a smooth mttscle cells 

(ASMC)andtotest ef晰 ofdiltiazem 0n elevation of 

eytosolie free ealcim  induced by AGEP． 

M咂11}加lDS： Interactions of AGt~P-bovine ∞Ⅲ  

albumin (BSA) with ASMC w豇e stlxlied with 

radioUg~  nding assay and cytc~lie free caleitun 

(1c Ji)Ⅵfas examinedin culturedASMCwithFura 

2-AM． RESULTS： AGEP-BSA was speeifieally 

boundto cells at 4℃ andwastaken up and de蛐 d。d 

at 37℃ ． 卫】ese processes 、 concenwation- 

dependent and saturable． Scatchant~alysis iadicaml 

thatthell~ ptorwaswithd s0ci蚯0n oonst~t of65．3 

±1．5 nmol·L一 缸lditsmaximal binding capacity of 

l_57 4-0．04 n~nol／g cell protein． Early glycated low 

densitylipoproteia(LDL)was not唧 砌 bythis 

rec~tor． AGt~P-BsA elevated cytosolicfree cllll3illlll 

in a concenwation-dependent nlaⅢ ． Pteileamlem 

。州 。d sllppo／led by the National Natural Scieace Folltll~ OO of Olina 

NQ 14． 

0m p0 ∞ceto PmfXIE Pei—Li． PIm：86-25-330-150B，ext 2141 

Recefived 1996-11一l8 Accepted 19974)6-04 

with diltiazem inhibited AG田)-BSA．indueed elevatie~ 

in ooncenlr~iola． and time-demndent nIa嘣 s． 

CONCLUSION：There was a high affmity墟0朗灯  

for AGEP on ASMC．wlaieh mediated jntem ad0n 

and d a 0n of AGEP． Ptelrealment with 

diltiazem inhibited the AG同 induced elevati~a of 

cytosoliefree calcium ． 

Advanced glycosylafion end product(AGEP) 

resulted from the prolonged exposure of proteins to 

aldoses，such as glltlC~Se and ribose，astime and hi曲 

glucose concenlrafion function~ ． Accumulation of 

AGEP onlong-livedproteins in vivo has beenfoundto 

increase linearly with age and iS accelerated in~tients 

with dia~tes． AGEP Call form cross．1inks t0 and 

between proteins and interact with a ckass of bindin~ 

sites Oil endothelial cell ． macrophage~ 
． and 

mesangiaJ cellL Patients with diabetes are 

predisposed to atherosclerosis． AGt~P may contribute 

to the pathogenesis of proliferative vascular lesion
． 

ReceptorsforAGEP expressed 0nmesangial cellt and 

macrophage play a potential role in remora] of 

senescent macromolecules andtissuet~nodeling
．
The 

discovery of this receptor Oil vascula~re' reasonably 

link the progressive accumulation of AGEP in patient 

with diabetes and vascular complication Expression 

of receptorforAGEPwasincreasedin endothelial celIs 

in patients with diabetes or extensive peripheral 
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