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Inhibitory effect of potassium channel openers on 

proliferation of cultured rabbit aortic smooth muscle cells 
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AIM ：To study the effects of pinacidil(Pin)， 

nicorandil(Nic)，RP 49356(RP)，and IemakalIm 

(Lern)on phenylephrine (PE)一induced prolifera— 

tion of cultured rabbil aortic smooth muscle ce lls 

(ASMC) METHODS： The [ H]thymidine 

incorporation jnto DNA and number of ASMO were 

measured． RESULTS： [ H]Thymidine uptake 

induced  by PE was marked ly inhibIted  by Pin，Nic， 

RP，and Lem (0 1— 10 prnol_L一0)． Only RP 

inhibited l H Jthymidine uptake withoul PE— 

pretreatmon t． CelI growth induced  by PE was 

completely inhibited by P En． CONCLUSIoN： 

Pin， Nic， RP， and Lem showed potenl anti— 

prolIferation of ASMC． 

The proliferation of aortic smooth muscle cells 

(ASMC) is a major risk factor relevant to 

cardiovascular diseases． Few antihvDertensive 

drugs exhibit antiproliferation efficiencyL 。 
．  

Potassium chalille1 openers (PCO ) share the 

common property of smooth muscle relaxation and 

were origiuaHy developed aS antihypertensive agents 

by hyperpolarizing the plasma membrane ． 

M inoxidil， a subtype of PCO． had no anti— 

proliferation but even enhanced proliferation of 

ASMC ． The inhibitory effect of pinacidi1(Pin) 

on the incre~sed cardiac mass was not sureL ， ． 

The aim of this study is to investigate whether PCO 

including Pin，nicorandi1(Nic)，RP 49356(RP)， 

and lemakalim (Lem)can affect cell proliferation of 

cultured rabbit ASM C． 
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M ATERIALS AND M匝THoDS 

Reagents Phenylephrine (PE j， trypsin，pra]~osin 

hydrochloride， edetic acid were from Sigma Chemical Co 

[ H]Thymidine w&s from Shanghai Institute of Nuclear 

Researck Pin，Nic，RP，Lena，and glibenclamide(Gli) 

were fts from Leo Pharmaceuticaj Products Ltd 

(Denmark)，Fuzhou Military Medica】School，Centre de 

Recherche de Vitro-AIfortville (France)， SmithKline 

Beecham Pharmaeeuticals(UK)，and Tianjin Institute of 

pharmaceutical lndustdes， respectively Pin， Lem ， RP， 

and GIj were dissolved in 0．001％ Me2SO：other agents were 

dissolved in distilled water 

Cdl cultare ASMC wefe isoLated from the thoracic 

aorta of 8-week—old rabbit by outgrowth of the explants 

method Cells in 8th to 10th passage were used in the 

experim ent 

[ H：Thymidine incorporation into DNA 。 ASMC 

were seeded at 1×10'cells／welI into 24 wdj plastic plates by 

trypsinization． RPMI l640 medium (Gibco)with 10 ％ 

newborn calf serum (NCS)wan ret：reshed every other dav 

After 4 d．cë synchronization wan initiated by serum free 

med ium culturing for 72 h The plated ASMC 3,vas 

stimulated again with10 ％ NCS andthe 4 PCO (0 1 10 

／lmo]‘L )or pramsin(10 Ⅲ o【．L )combined with PE 

(10 m ol·L。。)were added for another 36 h cultttring． PE 

(10 p．mo[·L )and 4 Pc0(1 ·L。。)weretested alone 

at the s&rfle conditions Then[ H]thymidlne 37 MBq·L 

w&3 added Affel incubation for another 6 h，cells we工e 

washed twice with 0．9 ％ NaCI and harvested by dispersing 

with 0．2 ％ trypsin solution and transferred on the filter 

pape r，then treated  with ice-cold 10 ％ trichloroacetic acid for 

10 min and washed with 0．9 ％ NaCI again． The fiher 

paper was dried and placed into the scintillation solution(PP0 

5 g，POPOP 0 2 g in 1 I xyte~e)． The radioactivity~,Ia5 

measured by a liquid scinti[1ation counter (Beckman L，s38O1． 

USA) 

Cell growm Theconfluent cu[tureofASMC wasseeded 

at 1 x 10' cells／welI into 24 welI p[astic Dhates bv 

tryp sinizafion Ce[I synchronization was initiated The 

medium was supplemented  with 10 ％ NCS containing vehicle 

(0 001％ M龟sO)or Pin(10 mol—L )with or without 

PE(10．umol‘L。。)． Themedium was changed every other 

day． After 4 d，the number of VSMC was determined using 
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a hem K~y ome er after trypsinization 
．  

Statistical analysis ’l he r test and ANOVA ~Tere used t二 8 

RESUL 

Effect of PCO Oll L H J thymidine uptake 

W hen treated with 0．001 ％ MbSO as contro1． 

only RP fl e*mo[-L )posse~ed inhibitory effect of 

[ H]thymidine uptake[【1．37 4-0．26)×10 口5 

(12．6±1．0)x 10 dpm／well，P<0．01， b 1)]． 

However． H f thvmidine incorporation into DNA 

iiq ASMC pre—stim ulated bv PE 10 l- 
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nhibited by the 4 PCO 0 0 pmo[ L 

inhibitory effect of these PCO，except for Pin，were 

stronger than that of prazosin l(24．8=1．4)×10 

dpm／wel1]on PE induced[。H]thymidine uptake in 

ASMC at l0 umol·L。。(P<0．01，Fig 1) 

1ab 1． Effects of the four potassium channel openers on 

[ H]thymidine uptake and cell nnm~r in cultured rabbit 

aortic smooth muscle eelIs． 6 we!Is，x± ． 

P >0．05． P<0．01 W control(0．001 ％ Me2SO)； 

tP < 0
．01 PE group． 

H]Thymid[ne uptake Cell numb~,r 
(10 x dpm／wd1) fl0 ×cells／wel1) 

Role of Pin in ASM C growth TIm ASM C 

1ncrease induced by PE (10 ttmo[-L j was 

completely inhibited by Pin(Tab 1) 

The morphological appearances of the ASM C in 

eel1 size，shape，size ratio of nucleus／cell were not 

changed under microscopy and electron microscopy 

D玲 CUSS10N 

Over proliferation of smooth muscle cells n 

bloo d vessel walls plays an important role both in the 

perpetuation arid in the initiation of the hypertensive 

process ． A variety of growth factors such as 

noradrenaline and its analogues can stimulate ASM C 

proliferation PE induced mitosis of ASM C is due 

j o 

=，——_=：e 
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Concentration／'一lg tool L 

Fig 1． Inhibition of K channel openers on inhibiting PE 

(10 pmol-L )-induced H]thyntidine uptake of cultured 
rahhit aortic sn|oo~h m uscle cells．  ̈ 6 wells． x ± s． 

‘P>O．05， P<0．Ol control f0．001％ Me!s0+PE． 

(68±12)x10 dpm／wel1]． 

to ncreasing calcium influxl ． 

P(=IO have potential in the treatment of 

hypertension The mechanism of their actions s 

attributed to the opening of potassium channel and 

the consequent hyperpolarizing of tile plasma 

membrane M embranes hyperpolarizatkm can 

result in active Ca2 extrus10n【)r inhibit tbe r filli g 

of intracellular Ca： stor 【 - Our 口Fevi。us 

experiment also confirmed that these 4 PC()lowered 

the cytosolic free calcium on ASM C ． Thercforc， 

it is suggested that the mechanism of 

antiproliferation of 4 PCO on PE induced ASMC 

growth is associated wkh lowering[( 一 

However， there are seven ATP sensitive 

subtypes of PCO M eisheri et al【 一indicated that 

minoxidil musl he active to form rninoxidil sulfate 

in口 ∞ Sulfate moiety fro m minox Jdil sulfate play 

a key role in vasorelaxation I11 heart．pinacidil is 

generally effective at concentrations several orders of 

magnitude greater than that evoking vasodila— 

tion[幢J In additi0n
， ce11 edema is a c。mffl{jn 

adyeIse elfect 0f Pin f0r antihyperIension[ 31 

These inight be the explanation of the uncertain 

effect of Pin on increased cardiac mass ．At the 

present study，why only RP can inhibit『 H] 

thym idine incorporation into ASM C without PE 

stimulation and whether the anti口rD【Iferati0l1 effeCrS 

and their mechanisms of the 4 Pc0 are associated 

their different structure，further investigation is to 

～ 
■ 7＼ 
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be needed． 
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with pinacidil does not cause regr~saion of cardiova~utar 

hypertrophyin spontaneously hypertensiveⅢ A目的：探讨 吡 那地 尔 c Pin)，尼可 地 尔 (Nic)， 

JHyp ens ； ： 。 RP 49356(RP)及 雷马 克 林 (Lem)对苯 福 林 (PE) 

。nd oed ㈣ l， f ⋯ m 雠 in c ultured 0n 
诱导 的培 养免胸主 动脉 平 滑肌 细胞 (ASMC】增 殖 

sm吣1htnl~[e ce【ls Acts Ph一 【Sin1996；17：I25 8 的影响 方 法：'剧定 [。H_]胸腺 嘧啶掺入 ASMC 
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b0⋯ nd 山 ⋯  m cell 

PR及 Lem对 PE诱导的[ H]胸腺嘧啶摄取具有明 gro'~-r
．h ln ~enettc&lly ttypertet~ ve 。 ’ 。 

Hy 他nsion1988；I2：46—51 显的抑制 作用 对正 常细胞 的生 长 ，仅 RP具 有 

9 Papageorgi~P，Morg~KG Increaser Ca2’sighting after 一 抑制[。H]胸腺嘧啶摄取的作用 在 Pin组，PE诱 

adsen~eptor ac ivation in 删 m曲 导的细胞数 目增 加被完全 抑制 结论
：Pin，Nic C i

te Res1991：68：1080 4 ⋯ ⋯ ⋯ ⋯ 一 ⋯ ⋯ 。～ 一 ⋯  。” 

10 Nelson MT．PatI8k JB．Worley JF，Stan‰ biB Calci~ RP及 Lem具有抑制 ASMC增殖 的作用 
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