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An ．T0 study the effect of captopfil(Cap)oil 

hypoxia·induced proliferation and collagen synthesis in 

vascular smoothmuscle ceIts(vSM_C)． 唧 加咀)s： 

VSMC were isolated from rabbit pulmonary artery． 

Cultured VSMC were evMumed by incorporation of 

[。H]也ymidine and[ H]proline，cell number，and 

intraceUular calcium COncentration (1 Ca2 J．j 

RESUIITS：Pretreatment of pulmonary VSMC with 

Cap 1 umol·L blocked hypoxia-induced increase in 

cell number and incorporation of
一  

H pmline and 

一0H—thyrnid~ ．which were decreased 25 ％ ，2l％ ， 

and 36 ％ ．respectively， as compa~ with hypoxic 

con tro1． It also inhibited the increase of intracellular 

Ca2 concentration under hypoxic condition． Addition 

of hifedipine inhibited hypoxia-stimulated increase in 

the collagen，DNA synthesis，and【Ca2 J1． Bay-K_ 

8644 inereased cell number(35％)，DNA(55％)， 

collagen synthesis(36％)，and：ca2 ] (33％)in 
pulmonary VSMC，that was completely abolished by 

Cap 1 gmdi·L_。． CONCLUS10N!Cap inhibited 

hypoxia—induced proliferation and collagen synthesis in 

VSMC 

Pulmonary hypertension is a manifestation of a 
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wide varietv of calxJiac and pulmonary diseasesL 

．nle mereased pulmonary artery pressure may result 

from a ŝe in pulmonary vascular toile，hypertrophy， 

and hyperolasia of vascular smooth muscle cells 

fVSMC) and inthnal cel1 proliferation． Chroilic 

hypoxiaisthemaj0r pathologicalfactorsassociated with 

pulmonary hypertension Angiotensin Ⅱ (Ang II) 

may con~bute to the development of chronic hypoxic 

pulmonary hypertension via its vasoconsIrictor acdon or 

via effects on VSMC migration and growth -4j 

Captopril(Capj，an angiotensin—converting enzyme 

(ACE) inhibimrs (ACEI) has been extensively 

investigated in systemi c hypertensionand1eft venIricular 

(LV)failure an d has been shown to induce regression 

LV hypertrophy in systemic hypertension and congestive 

heart failureL Administration of ACEI． not only 

decreasexl the deveiopmem of chronic hypoxic 

pulm onary hypertension but also reduced the pu lmonary 

artery pressure and the degree of vascular remodeling 

(VSMC proliferation and collagen synthesis increased) 

in e] e tal or clinical pulmonary hyperten— 

sion"‘。 
． Cap may block the increase in ：Ca2 ] 

induced by KC1，norepinephrine，and AngⅡ via a 

voltage del~eildent Ca 2 channe1 of which fimction and 

specificity were altered in SHR VSMCL However ， 

Cap effects and its mechanism on VSMC pmfifemtion 

and c0l11ageIl syn thesis to hypoxia—induced pulmonary 

vascular remode~g in vivo remain uncertain n s 

study was to investigate the role of Cap on hypoxia— 

induced VSMC pmfiferation and coBagen synthesis， 

andthe underlyingmechanisms． 

【ATERIAIS AND METHODS 

Reagents Cap，Fura 2-AM，nifedipine(Nif)， 

and all culture reagents were purchased from Sigma 

Chemical Co，USA． Bay—K4Va44 was the product 
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from Bar)'Co． H proline (special activity 440 

TBq。tool )and【 HjⅡ1ymidine(special activity 810 

TBq-tool一‘、were purchased from Caina Inslime of 

Atomic Energy，Beijing 

CeⅡ culture VSM贮 weFe isolated from New 

Zealand white rabbits(n=12．8一wk old)pulmonary 

artery and cultured over 8—10 passages1l ． e cells 

grew in 5％ o -I-95％ a_r at 37 Lc for 4—5 d． 

The culture medium was Dulbecco’s modified Eagle’s 

medJu／fl{DMEM)supplemented witI1 20 ％ retal calf 

selqlm (FCS) VSMC were seeded (1×l04 cells／ 

wel1)in 24一well plates and cultivated in culture medium 

unrll confluent Themedium was replae~xtby a seru~一 

freemedium for 72 h． The cells were tI1en stimulated 

踱 ain witI1 1()％ Fcs． After another 24一h cullivation． 

the drugs were added． After1 h．cellswere placed in 

an air-tightincubatorwhere normal airwas replaced by 

a gasmixture of 95％ +5 ％ CO2for 24 h The 

POeinmedia reached alevel of1．3—2 kPa 

Incorporations of [ R]thymidine and 

[ H Jproline，and cell count Cap effects Oll 

hypoxia-induced DNA and collagen synthesis in 

cultu~：i VSMC were evaluat~d by Incorporation of 

【 H]thymidine and L H Jpmline inm cells． Twenty- 

four hours after addition of l 0H lthymidine and 

H pmline， celIs were washed 3 dills with 

phosphate-buffered saline {PBS)and lysed In 0．1 ％ 

sodium dodecyl sulfate／NaOH 0．1 mol-L一 ． The 

radioacfivity was detennined by liquid scintillation 

counter(Beckl'flan L3801．UsA)． 丁he cells were 

cou nted In hermacytometer after staining wi山 Trypan 

blue． 

Measurement of intraceUular calcium 

concentra~on([ca2 ]i】 11le cells were washed 3 

tmms at 37 ℃ with Krebs—Hanseleit．}正Pl buffer 

(NaC1141，KC1 5．6，CaClz 3，KH2PO4l 4．MgSO4 

1．4，andHEPES 20 nmlol·L一 ，pH 7 4) ca2 ]， 
was rr~easured by a fluorescent spectrophotometer 

(Shimadzu RFS000，Japan)with 340 nm and 

380 nn1． Caz 
．changew'as described asthe ratio of 

340 nm／380 nin(F1／F2)and tI1e minimum  FI／F2 was 

indicated as 0In everyfiguret J． 

Statistics Data were expressed as j ± s and 

analyzed witI1 unr~red test 

IlESUI S 

Proliferation in cultured pulmonary VS ⅦC 

Hypoxia Increased the cell num ber {47％) and 

H Jthymidine incorporation(75％)．Cap l m。l· 

L decreased cell 131Hmb~ (25％)．『0H]thymldine 

Incorporation (36％) under hypoxia condition． 

However． treatment wi山 Cap l ~rnol·L under 

normal condition caused no significant change． Nif 1 

tsmol·L一 markedly diminished the hypoxia-induced 

Increase In tI1e cell num ber and 『0H 山ymidine 

mcorpomfion{Tab 1)． 

Collagen synthesis in cultured pulmonary 

VSM C Under hypoxic condilion， collagen protein 

synthesis was increased 48 ％ as measured by 

Tab1． Effects of capitopril 1 itmol·L and n~ ptne 1／maol·L～ on h~oxia．and Bay-Kdt644(1／maol·L一 )． 

inducedproliferation，conagen synthesis，andCa2 inf]tll~ in cultured pulmonarymaeoth Inl~ e eelb
． 

n=4wellsfor eachgroup．1 104 cells／wel1
．  

±s． 日P)0．05，bp <0
．05．cP<0．01 w contro1． 

)O．0s．甲 <O．05，￡P<O．01 hylmxiagroup． >0．I)5． <O．05，IP<O．01懈 Bay-K-8~~4group． 
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H proline． Pretreatment of VSMC wi血 C叩 l 

V．mol·L一 blocked hypoxia-induced increase ia 

H proline incorporation．winch was decreased 22 ％ 

as c0nlDaredwith hypoxia contro1． Addition ofNif1 

ltmol·L一 inhibited hypoxia-stimulated inc陀ase in the 

collagen synthesis(T曲 1) 

L calcium channel in cultured pulmonary 

VSⅣ C Bay．K_8644 0 1 gmol·LI1 incteased the 

synthesis ofcollagen(36％)and DNA(55％)，and 

cell number(35％)，which were completely abolished 

byCap l tanol·L (Tab 1)． 

Resting[c ]．was (221±11)ranol·L in 

pulmonary VSMC． Hypoxia inereased the C f， 

30 ％ ．winch was diminished bv Nif1 p．rno1．LI1 and 

Ca p l ~,mol·L_。 Bay-K-8644 0．1 ~*mol·LI1 

increased the Ca z ．34 ％ ． Addition of Cap l 

of voltage-operated calcium channe1． Addition of Nif 

inhibited hypoxia-stimuinted increase in collagen，DNA 

synthesis．cell number，and l f ．Itindicaredthat 

voltage-operated calcium charmel was involved in 

pathological condition such as hypoxia—induced 

pulmonary hypertension． Bay-K-8644 increased 

collagen，DNA synthesis，cell number，and【c 一 in 

VSMC，whichwere complexly abolished Cap． 

in conclusion， Cap inhibited hypoxla-inducod 

proliferation and collagen synthesis．which prevented 

and regresst~d pulmonary vascular remodeling 1he 

mechanism may be associated with Cap inhibitory 

effects oil hypoxic co ndition of voltage-operated 

ca1citlnl channel and ACE i11 pulmonary VSMC 

b~mo1‘L一 enlirely blocked Bay-K-8644-stimulated 

increaseinthe[Ca2 ] (Tab1) 

DISCUSSION 

The results of oug present study led to the 2 

following major conclusions： 
1)Hypoxia promoted proliferation and collagen 

synthesis in VSMC，which resulted in medial wall 3 

thickening of already muscular vessels and in peripheral 

extension of VSMC in previously nonmuseulas 

ves科 sL 一 一 ． These data are available on山e relative 

contribution of VSMC hyperplasia and／or hypertrophy 4 

to hypoxia-induced pulmonary vascular remodeling 

2)Locally formed Ang 11 appealed to play a mle 

in hypoxia-induced pulmonary hypeilension． ACEI 

with Cap completely blocked hypoxia-induced 

proliferation and collagen synthesis in cultured 

pulmonary VSMC，which were abolished by losartan，a 

type i AngⅡ receptor blocker but not by atypeⅡ 

AngⅡ receptor blocker PD123319(to be published)． 

AngⅡ promoted migration and proliferation of 

VSMC，and stimulatedthe syn thesis ofthe extracellular 7 

matrix by VSMCf10- 
．  

3)Cap ma y inhibit hypoxia-induced proliferation 

and collagen synthesis，which prevented and re ssed 

pulmonary vascular remodeling． The inhibitory effect 。 

of Cap may involve completely the blockade of 

conversion ofAng I to Ang 1I across in VSMC and o 
the increase of bradykinin E 一 

4)Cap hadinhibitory effects on hypoxiacondition 
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缺氧症；细胞分裂；胶原；钙通道 
．． ．．．．一 ’● L·～  

目的：观察卡托普利(Cap)抑制缺氧诱导的肺动脉 

平滑肌细胞(VSMC)增殖和胶原合成的作用 方 

法：采用细胞计数，[。H]脱氧胸苷，[。H]脯氨酸掺 

入和细胞内游离钙测定的方法． 结果：卡托普利 

(Cap，l／anol-L )抑制缺氧诱导的 VSMC中细胞 

数目，[。H]脱氧胸苷和[啊]脯氨酸掺入及细胞内 

游离钙的增高，较缺氧组分别降低了25％，36％． 

21％和l6％． 硝苯吡啶也具有上述抑制作用 

Bay—K-8644促进 VSMC中细胞数目，[ ]脱氧胸 

苷和 0H
一 脯氨酸掺入及细胞内游离钙的增高．分 

别增加3s％，55％，36％，34％，这种作用可被 

Cap阻断．结论：Cap抑制缺氧诱导的肺动脉平滑 

肌细胞增殖和胶原合成，这可能与阻断 L型钙通 

道有关 ． 

(责任编辑 杨雪芳) 
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