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Proliferation of aortic snlooth muscle cells and 

renin．angiotensin system in SHR rats 

WANG Xiang- ，wu Ke-Gui，JINXue-Qing，WAN G Hua-Jun 
(Hypertension Division，the FirstAffiliatedHospital，FujianMedical University，Fuzhou350005，China) 

KEY 矾砌lRDS inbred SHR rats inbred WKY rats； 

va,~lllar smooth muscle； cultured cells； l~enin- 

angiot~nsin system；衄pt叩Iil；saralasin 

AⅡ ：To studythe relationship betweenthe enhanced 

proliferation and m~in-angiommin sy~Lglll(RAS)of 

aortic smooth咖 scle cells(ASMC)fi'om S嗽 rats． 

唧 啪 S：To me￡圆鹏 the ef[el~cts ofangiotm~ Ⅱ 

(Ang)， captopdl (Cap)， sara~in (Sar) on 

proliferation，Ang and~ otmsin converting eazyme 

(ACE)levels in culanedASMc from WKY and S腿  

rats． RESUI S：AUg wsfi a bifimcfional growth 

factor．windainduced S腿 AS Ic hyperplasiain 2 ％ 

f℃s_R咖 1640 mediulll，but not in se眦 1如e(SF)- 

llledinrl1． SHR ASMC had stronger proliferative 

abj】j竹 coml~ ed wi血 WKY while S腿 ASM C RAS 

was activated． Enhanc~ proliferation of SHR ASM 

and A伍 aclivi we把 obviously inhibited by long- 

team tmalmeat(4-wk)of both Cap and Sat，while 

Ang content decreased in Cap treatment group and 

incleased in Sattreatment group． Tbean tiproliferative 

effectofCap and Sat彻 SHR ASMC wsfi strongerthan 

that on W KY． S腿 ．W KY A RAS 帐 not 

influenced by short-tea'm (24 h)trealrtl~t of Cap． 

o啊 LUS卫0N：Long-tea'rati~tl／nent ofCap and Sat 

suppressed SHR ASMC growth thron gh inhibition  of 

Ang geil~ on or blockade of Ang bindmg to its 

receptor． 

The endocrine ranin-angiotensin s5rstem (RAS) 

plays a short-term role in the regulation of 

cardiovascular system ． But the Iceal RAS phys ∞ 

Jil t role in the long-term  regulation of 

cardiovascularhomeostasis “． Thisis achiered bythe 

sustained activation of local an~iotensin an d the 

secondary structural changes of the cardiovascular 
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systemt The presence of a l0ca／ tissue RAS js 

independent of the circulating RAS． Angiotensin Ⅱ 

(Ang)is a bifunctlor~ growth factor that activated 

both proliferative an d antiprolifemfive pathways to 

induce aortic smooth muscle cells (ASMC) 
hypertrophy or hyperplasia~ ’ 

． depending 讲1 the 

celhdar melieu and intrinsic genetic characters． 

Angintensin converting ~nzyine inhibitovs (ACEI) 

eaptopr~(Cap)inhibitsthe conversion ofangiotensinI 

to AI1g and decreases the tissue Ang concentration 

while Ang-receptor antagonist sa脚踞in(Sar)blocks 

Ang bindm~ to its receptor， bo th of which are 

associated with a gm oI1 of cardiovascular 

hypertrophy ’ ． Cardiovascular hypertrophy has 

been atuSbtned 幻 the e丘 of mtdtifactor．such as 

blood pressure， sympathetic nervous activity， 

endogenous growth factors an d so 彻 ． To eliminate 

theintefa 0n ofthemultifactor in vivo and study the 

D a血1e or autoerine mechanism of Ang mediated 

remodelling of the cal~ovascular system，it would be 

helpful to compare the different effects of Ang on 

AsMC from SHR and WKY in different cultured 

conditions an d analyze the direct effects of short-and 

long．team trea~llelltofCap andSatonlxoliferationan d 

RAS of culmnxl ASMC ． 

Cell eulttwe ASMC were obtained bv an expl~  

Incm0 from a0ft of 20-~k-old SIqR and WKY rats 

(General ade， № 23·021， Shanghai Institute of 

Hj 皿)． They w cultured吐 37℃ in 5 ％ o。2 

∞。sd雌 in RPM ／-16~ ／／ledilh'n th 15 ％ fetal calf sefl皿  

(FCS，I~angzhou Si Ji QingO呷 ) Cells were roulS~ly used 

h∞ the 3rd一5th pa Ttypsinized cellsw platedin 

well 劬巳sto grow in RE~ -I640 c衄biniDg15 ％ 晒 for24 

h，the culuremedium was cla,ang~ toR~ -1640 without Fcs 

for48 hto establish quiescence． 

E耳 t groups Ang ：Quiescent ceUs、Ⅳere 

dividedinto a)c~mwal gt~p：2％ FcsIb)2％ 晒 +Ang 

(0．~O1—1,tanol‘L～，Sigma)；cj 2％ FCS+Ang(01~waol 
·

L。 )+Sar(0．01— 1 umol·L-。，Siona)． Cells were 
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labeledwida[ H] di_1e([3H] )妇 3o h． Sar 
added 30 mill before the addition of ． ， and coincubated 

1b虻fI1对·0咀 the a甲甘iI删 ． 

Cells dividedinto a)2％ FcS；b)2％ fcs+Ang 

(1tmlol-L_。j；cj 15％ Fcs． Cells啪 incubatedf 4 d 

without Of with Sat 10 Mm0I·L一 ． Ang and Sat m  added 

every 24 h After 4 d， cells was recovered u n Ⅱ 

egta~c acid and~O1JIll~ by h目∞0cv“_ne 

2 ％ Fcs C~lltl'OI group Ⅷ replaced by SF to repeat 

l~-evious procedure． 

Cap andSargrOt,lp$~RⅢ ∞ Iy eycti~ ASMCwem divided 

'呦 a)eontml聊 ：15 ％ FcsIb)l5 ％ Fcs+Cap 

(0．O1，l，100 -L一 j；c)15％ Fcs+Sar(0．1，l，l0 

~anol-L_。) C叩 Sar啪 added every 24 hfor 4-wkto 

A wb肌 ASMC 刚 frem the explant for long-term 

Ireall~ent Cap was otdy added for 24 h 如r sbDr 妊 n 

啦 I咖 T1leASMC labeledwithl HlTⅢ f 24 h 

n 日sl 白n既n methods H JⅧ  堪p蛳 如Ⅱwas 

determined by Ⅱ d scintillation印。c口 吐 (FJ2115j after 

precipitation wida ice-cold ttichloroacetic acid (1cA 5 ％ 

wt／vo1)：D =(tl— j xl ( M 一 j，w N1 and 

were cellmmll~'s at d tl and t2，tl，and were d6 

and d4 resl~ vely． 

Ang andACE dc此m1in 0fIs：ASMC w e plated 3 X107 

— 5x10 cells-L一 to毋 for 3—5 d． C n dI唧 was 

a1∞ plated as eo~m1． cell number啪 counted bef~'e 

dc嘧 ∞  cf A and AcE levels． A and AcE activity 

w 切衄d in a1I乜Ⅱ叫 ASMC and m池 bv 

ra击0iml切皿0as。 and spec旺。phc忉珊出 resl：~ vely[。一 制 

0 nⅡ酣 cells were scf删 frc~n flask T1le cell 

Nl~ orl was咖 砒500 g舡4℃ 灯 5rain． Pellets were 

卯 el'd。dinlmL PBs，and砒删 at一∞ ℃ 妇 砒 lea或 l 

rae~ l∞ allow for inactivation of o before a站av for AcE 

枷 嘶  After恤 一∞ ℃ in~tivation od，samples 

sonkaled and spun at14 000X g at 4℃ 斯 舶 rain． T1le 

田 of PBS usedfor de min 0ns ofAng andACE were 7．4 

and 8 3 respectively 

$~ cal硼ml is Data眦 expressed asi± and 

c0mpal叫 wi吐1ttest andH船IliDg test by SPss／Pc Each 

group at dI∞ p0iDtⅧ pcd medint~Nicate． 

姗 induced l啊peIplasia of田碾 ASM【c 

wiⅡl 2％ FcS Ang-induced H]TdRinc~ ration 

was much hi~er in SHR ASⅣIC than those in WKY 

(P<0．Ol J． 1 HjTdR incorporation of S职 and 

W KY ASMC wereincreased 3．3 and 2．2IJnl~s byA 

1脚 oI’L～，respectivelytP<O．o1)(Fig1)． Ping 
l m 1．L yielc~ t a 73 ％ ±23 ％ increase in S职  

eell number，but bad nO effectinWKY (Tab1)． 

Ang-i~dueed proliferation of these oells was 

器 

o 

1． Ang鲥m山 自ed【 H]TdR ．mc0rp 日d0n in 
ASM C S腿 andW KY 2％ FcS． B；瑚 llevel 

0f【 Ⅱ】TdR jncor岬 d肌 in．4N1N~2b叽nwKy柚d 

stnlwithoutA1l罟was 55±4．69±10 Bq／时 。ells． 

req ct呻 ． n=8 rats， ±s． Hol lli1lg test， 
P <0．01．S腿 借 W KY． 

Tab 1． Efleets 0f S 10 IlI∞ 卜L 0n 肿 lj蛔  曲 0f 

A ●IC |山dll0edby AIl窖1 IlI∞ 1·L一1． Cells忱 re ，eded 

atthe sⅡl地 ．mi咖 deIIsjty柚 d~ Nlted妇 4 d． n =8 

rats．霉± 5． >0．05 借 W KY 趼 ： >0．05 借 WKY 

2 ％ Fcs；甲 >0．05 惜 W KY Allg+2 ％ FcS；Jp >0．0S 

借 S腿 卯 ； <0．01 借 S腿 2 ％ FcS： <0．01 借  

S腿 Ang+2 ％ FcS． 

10—0 XC wd1 

W KY S腿  

iI埘 bited by Sat with concentration 10 times that of 

Ang． 1 HjTdR incorl~mfions of sHR and WKY 

ASMC induced by 0．1~'nol-L一 were inhibited 

by SatlⅡm01·L andtheinl~bition rateswere67 ％ 

±3％，45％ ±10％，respectively(Fig 2)． The 

cell number of SHR ASM induced by Ang 0．1 

pmol-L was alsoinhibitedbv 58 ％ ±2 ％ by Satl 

mo1．L (P<0．O1)(Tl曲 1)． 

A孵 inducedhypertrophy 0f slm ASMC in 

SF-medi1̈  【 H]TdR|nc0rpm60ns of SHR and 
W KY A wereincreased1．9 and1．3血nes byA业  

0．1~rnol。L～，respectively(P<0．01)． [ Hj T(取 
incoIDor 0Ils ofSHR and W KY ASM C in&r．．ed by 

oIl_ on0o0c一正卫卜一z-一 
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o lO 1∞  

Sarat~ in／nmoi-L一’ 

啦 2． Effects of sat∞ [ H]TdR incorpm'adon in 

A觚 withAng0．1 I‘瑚 置-L 缸 2％ FCS medi啪 ． 

Basallevel of[ H]恤 hlcorporafioninASMCfrom 
’’啊 mid 呱 without Sat 啪 s 118± 22．214± 20 

Bq／10s cells respect~ ． n =8 rat／；．霉 ± s． 

中 <0．05．中 <0．ol WIKY control； 

r／,<0．o1 呱 contro1． 

Ang0．1~tmol·L一 were also inhibited 34 ％ ±6 ％ 

and 16 ％ ± 9 ％ by S目 1 vmol·L～ ．respectively 

(P<0．01)(Tab 2)． The cell nI】Irlb of both SHR 

andWKY cells remainedtmclum~ed(Tab1)． 

Tab 2． Effects of Sar 1 I‘m0I·L ∞ [ ]TdR 
∞rp∞ 蚰 眦 ofASMC induced byAng 0．1 pmol·L～ ． 

n=8m 乜．置 ±s． <O．01 W RY SF； <0．01 博  

W RY Ang+SF； lP <O．01 t Sire Ang+sF． 

[。H]TdR妇哪髓 衄，B l05。db 
W KY SHR 

l~ term treaUllellt of Cap and Sat Oll 

prolileration．Ang and ACE levels 1 H TdR 

incorporationwas hi~herin SHR ASMC thaninWXY 

(P<0 01)． r for SHR ASMC was 30．0±1．4 h 

andfor WI 47．5±2．5 h (P <0．0】)．showing 

accelerated cell division bv SHR ASM C． 1he 

antiproliferative cfl~cls ofCap and Sat on SHR ASM C 

were sla~onger than that on Ⅵ Y． Cap 0．1 

mmol·L caused 31 ％ ± 4 ％ and 17 ％ ± 9 ％ 

decreases in SHR and Ⅵ Y ASM8c l H 讯  

incoID0rad0n and prolonged DT for 13 and 6 h (P < 

0．01)，res口ectivdy． Thelevels of Ang and ACE in 

SHR ASM C andm。dium 眦 much higherthanthose 

-m WKY (P<0．01)，showingthat S腿 ASMC RAS 

was activated． Ang content and A伍 activity in 

A嗣蛐C WLTe decreased for 25 ％ ± 9 ％ ，27 ％ ± 

l3 ％ bv Cap 0．1 mmol·L-。， respectively，whilc 

Angin culture was also decreased for 34 ％ ± 12 ％ ． 

Cap 0 1 mmol·L only decreased Ang in WXY 

ASM C． Ang in m。dium and ACE in ASMC were 

~ changed． 

『0H]TdR incorporation of sHR ASMC was 
inhibited 20 ％ ±3 ％ by Sat 10 pmol·L (P < 

0．05)whi]c theDT prolonged for 7 h． Only Sar 10 

gmol·L k~bited l HI incorporation ofⅥ Y 

AS lc14％ ±3％ while prolongedfor 3 h(P< 

0．05)． Sar 10~tmol·L stimulated the synthesis and 

secretion of Ang and decreased A旺 0f S职 ASM C 

(P <0．05)． Sat 10 ~tmol·L also stimulated the 

synthesis and sec~tion ofAng ofWXY AS MC (P < 

0．05)．but had no effects o12 WKY AS MC ACE 

activity(1曲 3)． 

Short-term tx~atment of Cap on the 

pro]iferati~ mad Ang mad ACE levels Only 

Cap 0．1 11311101．L inhibited l Hj TdR iIlcc叩m蚯蚰 

0f S腿 AS MC bv l0％ ±2％ 【P<0．05)． Cap 

had no effects oii l HI TdR 硼D01 棚 of wKY 

AS M C． Cap also had no effects on Ang and A(卫 

levels ofASM|Cfrom SHR andWl(Y rats(Tab 4)． 

Ang-induced hypertrophy or hyperplasia of 

SHR A回垤Cin趼 -or2％ FcS-medium Inthis 

studywe explored the possibility that Ang might exert 

a mi ~ mc action on AS MC and therefore contribute 

tothedevelopment ofhypertemive arteriopathy． Such 

a contributionwould bemoleimportantin animalwith 

hypenes~ nsive ceils． Several cells from SHR have 

been shown to present such a hype~ iveness to 

various agonist ． W etherefore comparedthe action 

ofAng oli ASM贮 from Ⅵ Y and SHR． The results 

demonstrated that l H TdR incorporation of SHR． 

Ⅵ Y AS MC could always be promoted byAng Bllder 

the sa『ne cultured conditiom ． However． the cell 

number of both sl／'aii~ of cells remained unchanged in 

SF-~ url1． Butin 2 ％ R：S—m。dium ．Anginduced 

SHR AS MC hyperplasia． Therefore． it was 

reasonable to hypothesize that Ang served as par~al 

growth factor for SM C． initiating the increased ce ll 

H1ass associatedwithcell cvcIe protrusion andin some 

叩● ● ● 

伪̂ 正 +一 t l0 g 曼 Z ul 
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Tab 3． Ef ed嘧oflong-t~'m Izleallnl~tofCap ands 叩 [ H]m incorporation 
AcE activity of random cyclingASPIC from W IKY and 卿 t． n=8 mb - ± s 

<0．05．cP<0．01 掰 W KY ee~a'ol； <0．05。fp <0．0l懵 蛐 【control， 

Tab 4．EII_咄  temI打明呦 t cap 0n[ Ⅱ]TdR．岫。0Ip哪 d吼．A呜 。0n枷 ，柚dACE 廿Vity nDd咖 毋 Ilg 
A眦 tl嗍 W KY and Sttl1． =8 r出 ， ± ． ip>O．05惯 W KY ∞ntrd； >0．05， P<0．05惯 SHR ∞n ． 

casesDNA replication and oell division． In tight of 

the l：~ceding，it m  be concluded that the 2 ％ 

麟 -contained cm -growth factor such as 髓 F， 

EGF，K  lI1igbt be sufficient tO sl磷  ss Ang·induced 

antiixoliferafive pathway in SHR ASMC． but not in 

、ⅣKY： ～Iil血 lal amount of second messengers 

containedin 2 ％ R ．1lledium were enoughtO Irigger 

SHR ASM C pmliferafie~．but Potto、ⅣKY． 

皿le et~eets of Cap and S 0n abnormal 

proli|缸 龇ld Ang， AcE levels of S腿  

ASIⅥ[c The culturedASMC from SHR stimulaled by 

=0w山 factors of1：t2S pmliferafived irlor~rapidly than 

oells白Dm 、ⅣKY． This re~dt suggested that ASM 

S腿  m  have an intrinsic genelie abnonnality 

in the oon吣 1 of ASMC proliferation． ASMC _-vas 

capable of synthesizing and secreting Ang and ACE 

while SHRASMC RAs was activated． rI1】e existence 

ofmRNA for angioteminogen and renin in aorta had 

been reported by a number oflaboratories~12,13J
． Al1 

these suggested independent RAS existed in ASM C． 

gong-~rm neaⅡnent of Cap and Sat"sup~essed SHR 

ASMC growth 吐lmu inhibition of Ang generation or 

b1ockade of Ang binding to its ∞ ． 11】e 

antiproliferative action ofCap and Sat on SHR ASM C 

was s~'onger than 0n 、Ⅳ】 Y ASMC． That may be 

related tO the activated RAS of SHR ASM C． 

Suppression of SHR ASMC growth by Cap 0．01 

~rilo1．L一 懈 notmediated byinhibition oftheRAS， 

activation of kinin-pmstaglandin axis was probably 

~．．slxmsibleforthisL14J． B h Cap and Sat could also 

s~ ress、哪 ASMC growth．suggesting Ang may be 

an im!~rtant nulritious factor of ear~ovascular tissue 

and pa cipate in its nonll~ growth in non'notemive 

rats as well Ⅱ results that A levels in ASMC 

wereincreased by Sat"Ⅱean1】ent．which WaS caused by 

feedback regulation and suppression of Ang catabolis~ 

via rec印 时 se~luestration，、vas similarto the report of 

CampbellL ． There was no indication 山at the 

ina[eased Anglevelswefe seriously affectingthe ability 

ofAng—receptor antagonist tO lower bl~xl presstu-e and 

rever cardiovascular hypertrophy． 

Short-term 扛eannent of Cap did not have the 

effects of long—term neaⅡnent of Cap． Shoft—term 

ean口1eI】t of Cap did not inhibit Ang content and ACE 
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activity ofASMC from SHR and W KY ，showing that 

the suppression of tissue RAS required long-term 

lIealment with AaeJ． 

REF1珏唾 CES 

1 Dzau VJ Short-and】0口gⅧ l 0f酬  hr 】4 

fiIB血 ∞ and thera ：cotllrJlxlfions of IIg 蛐d tissue tellJn- 

Ⅻ sin systems 

J caIdiova9c№  1 ；l4 s 4：sl一5 
l5 

2 B1a出 M／．Betlr~a ．Csn~ ll JH，o血pbë CaR Angiotc~lsin 
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自发性高血压大鼠主动脉平滑肌细胞异常增殖和 

局部肾素．血管紧张素系统 

王向宇 ，昊 贵，晋学庆，王华军 (福建医科大学 
附属第一医院高血压研究所 ，福州 。 0005，中国)D呲仁／。2 

。， 

关键词 近交 SHR大鼠；近交 WKY大鼠；  ̈

血管平滑肌；培养的细胞 ；肾素-血管紧张素系统； 

卡托普利；沙拉新 高I生 

目的；探讨 SHR大鼠主动脉平滑 肌细胞(ASMC) 

异常增殖和肾素．血管紧张素系统 (RAS)的关 系． 

方 法：测 定 血 管 紧 张 素 Ⅱ (Ang)、 卡 托 普 利 

(Cap)、沙拉新 (s )对培养的 sHR、WKYASMC 

增殖和 Ang、血管 紧张素转化 酶(ACE)的影响． 

结果：Ang在 2％血清培养基 中可刺激 SHRASMC 

增生． SHRASMC分裂增殖能力比WKY强，sHR 

ASMC RAS处于高功能状态． c印 长期(4周)干 

预显著抑制 sHRASMC异常增殖和 Ang、ACE活 

性，Sat长期干预 同样抑制 SHR ASMC的增殖和 

ACE活性 ，但 Ang水平反而升高 ． c印 短期 (24 

小时)干 预不影响两种大 鼠 ASMC RAS． 结论： 

c叩 和 s 长期干预通过减少 SHRASMCAng生成 

或阻断 Ang和特异受体结合 ，抑制其异常增殖 ． 
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