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Endothelium-dependent effect of perindopril and enalaprilat in rat thoracic 

aorta 

FANG Zhen Yhsg．LI Ya Fei．ZHANG Li—Li。LIU Da-Jing，LI Yun Qian 

f Shn Ti Cardi JJt sc“￡Ⅱr Instltute。Taiyuan 030001。China) 

KEY W ORDS perindopril； enalaprilat； endo— 

thelium—derived relaxing facto r；thoracic ao rta 

AIM ： To study the effect of the angiotensin— 

converting enzyme (ACE) inhibitors perindopril 

(Per)and erlalaprilat(Erla)on the reactivity of the 

endothelium in rlormal rats． M ETH0DS： Male 

rats we re treated irltragastrically with Per (2 

mq·kq_。·d_。)or placebo (n= 18)fo r 6 wk． 

Aorta was isolated for experiment Another set of 

isolated aortic rings with and without endothë um 

we re incubated with Ena(0 1 pmol·L )for 30 

min Resporlses to acetylche line， serotonirl， 

phenylephrine，sodium nitrop russide (SN)，and 

nitroglycerin (Nit)were observed RESULTS： 

Endothelium—dependent relaxation to acetylcholine 

was augmented in aortic rings from rats treated 

with Per in comparison with contro1． The 1050 

value f g5 ％ confidence Iimits)decreased fr0m 

3 8(0 56—26 1)pmol。L一。(control group)to 

0 g8 (0．28 — 3 41) um0l。L一。(Per—treated 

group) The maximal relaxation was augmented 

from 62±9％ to 78±10％ (P<0 01) How— 

ever． the responses  to the endothe[ium— 

independent vasodilato rs． SN and Nit． were 

similar Serotonin— and pherlylephrine—induced 

corltrectiOrlS w ere decreased， which w ere 

influerlced by basaI release of endothe lium—derived  

relaxingfacto r(EDRF)． Ec5D valueWaS 6．1(2．6 

— 14 4)nmol·L一。vs 8 3(3 6—1 8 8)rlmol·L一。 

in comparison with co ntrol group and Per—treated  

group The maximal contraction was de creased  

from 2 42±O 2g g(control group)to 1．g6±0．25 

g(treated g roup)(P< 0 01)． Simila r results 

were found in incubation with Erla CONCLU— 

SION：Ena and Per enhanced the basic release of 

EDRF from vascular endotheI}um 

I Finandal support⋯ provided by Sha~xi Committee ot Science and 

Technology 
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Angiotensin converting enzyme (ACE )， 

located mainly at the ce[1 membrane of the 

endothelial cells． converts the less-active peptide 

angiotesin I into the  powerful vasoconstrictor 

angiotensin II⋯
．
which acts both as a di rect 

activator of vascutar smooth muscle and as an 

amplifier of the sympathetic nervous system 

Inhibitors of ACE；caLise peripheral vasodilatation hy 

red ucing the local and circulating level of 

angiotensin ACE inhibition decreased the 

breakdown of bracIykinin[ ， J which dilates vessels 

by releasing endothelium-derived relaxing factor 

(EDRF)identified as nitric oxide(N0)as well 8s a 

putative hyperpolarizing factor from endothelial 

ceIts【 ， ] an d by inhibiting the release of 

end0thelin[ - 
． 

Sulfhydryl—containing ACE； inhibitor captopri[ 

impr0ves endothelia1 function[ - 
。 but the effects of 

non-sulfhydryl containing ACE inhibitors on 

endothelium in normal vessels were 【ittle known． 

The goal of the present study was to investigate 

whether nonsulfhydry[1ong—lasting ACE inhibitors 

enalaprilat(Ena)and perindopril(Per)affect the 

reactivity of endothelium and smoo th muscle to 

vasoconstrictor and vasodilator stimuli in normal 

rats 

M ATERIALS AND METHoDS 

Aortic ring Wisrar rats( ， ： I8。weighing 262 

27 g) were randomly asdgned to 2 gr<m13s： 1)given 

intragastrically( )Per 2 rag‘kg ‘d in I m1 of distilled 

water and 2) ve】1 1 mL of water for 6 wk。24 h afterthe 

Iast medication，the rats were killed by cervica】dislocati{)12 

under ether anesthesia 

The thoracie aorta was removed and placed in d Krebs 

Henseleit mlution． The apparatus and procedure~-ere similar 

to those reported previously To study the effects of 

姐scular ACE acti~fity on vascuiea"relaxation，isolated rat~lorta 

preparations were exp~ ed to acetylcholine (10 nmol‘L to 

100“mo]，I， )or nitroglycerin (Nit，0 l nmol‘1 to 1 

Fmo]·L To studythe effeetg( vascularACE activity。n 

regular contractile pmpertieg．i．solated rat aortp．rings were 
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exposedto phenylephdne(0 1 nmol·L to 10“mot-L ) 

and serotonin(10 nmo[-L to 100 umot-L ) 

In vitro treated with Ena，male Wistar rats(n=8) 

weighing 229=32 g were killed by cervical dislocation under 

ether anesthesia The following procedure is the s棚 e as 

above During the disseerion the utrno~t c2tre was taken'to 

p赋 ect the endotheliaf lining  In scm preparations， the 

endothelium was removed by gent]y nabbing the [ntimal 

surface with B forceps． I study the effects of vascular ACE 

activity on vascular rdaxat Jon，iso]ated vat aorgR preparations 

with and without endothelium weYe exposed to acetylcholine 

(1O nmot-L to 100／*mot-L )or SN (O．1 nmol-L to 

100 vmol‘L )． The aortic rings then were incubated with 

the ACE inhibitor Ena(0．1 gmo[-L。。)for 30 min，and 

concentTat Jon-respose cllrveF．to acetylche [ine or SN were 

repeated _rn study the effects of vascular ACE activity on 

contractile prope~ies of the bl0od vessels，experiments 目e 

performed in rings with and without endothetium exposed to 

phenylephrlne (0．1 nmo[·L to 10 un】0【_L ) and 

serotonin(10 nmol-L～ to100．umd·L。。)． Thetingsthen 

wereincubated with Ena(0．1 pmd·L。。)for 30 min，and 

concentration response cur,／es to phenylephrine and serotordn 

were repeated． All exp eriments wtre done in the presence of 

indometacin (10 pmol‘L )to avoid any pmstaglandin 

production． 

Drug Per ( Laboratories Servier， Gidy-45400 

Fleury-Les-Aubrais，France)．acetyleboline．pheny[ephrine． 

serotonin，indometaeM (Sigma， USA)，SN (Wu Han 

Pharmaceutical Factory)． Nit(Bej ng Yi Ming Pharma— 

ceuticaI Factory)． Acety[cho[in and Nit were dissolved in 

distilled water Pheny[ephnae and eer0 n e dismtved 

in water containing 1％ a~~2orbic acid． 1ndometacin was 

dissolved in an equimotar so[ution of sodium bicarbo nate． 

Calculation The effective concentration causing 50 ％ 

of the maximal relaxation(IG )and the EGD wolfedefined as 

the concentrations of agon]st inducing a respo nse of 50 ％ of 

maximal tens ion of the agonist，and their 95 ％ confidence 

limits were ca [eu[ated by Bliss method． In quiescent rings， 

contractile respo nses were expressed as contractile telasion 

IG0 and EG values were expressed as pD2． Statist Jca[ 

evalnarion was made by paired test for comparison on the 

sa／／le ring before and after incubation with Ena．by impaired 

test for comparison between Per and controI rats． 

RESUI 

1 Aorta of rattreated with Perfor 6 wk 

1．1 Relaxation to aeetyleholine The endo— 

thelium-dependent relaxation of rat aortic rings was 

produced by acetylchoLine (10 nmo[‘L to 100 

utool·L。。) Acetylcholine—induced relaxation was 

potentiated The IC50 value (95 ％ confidence 

limits)decreased from 3．8 (0．56 26．1) mol 
。L (control group)to 0．98(0．28 3．411 vtmd 
· L (Pertreated group )． The maximal 

relaxation was augmented from 62 ± 9 ％ to 78 

±10％ ‘ ：18；P<0．01)(Fig 1)． 

1．2 Contraetion to serotonin and pheny1． 

ephrlne Semtonin (10 nmol-L。。to 100 wmol 

-L一 ) induced contractions．which were signifi— 

candy different from those of rings from contml 

group‘Fig 1)． Ec50 value (95 ％ confidence 

limits)was 0．38(O．18 0．79)Mmol·L "05 0．52 

(0．24—1．1)t*mol-L in comparison with control 

group and Per—treated  group， but maximal 

contraction were decreased from 2．34 ± 0．28 g 

(control group)to 1_84±0．29 g(treated group) 

( ：18；P<0．01)． 

Likewise， the co ntractions induced with 

phenylephrine(0．1 nmol-L_。to 10 Mmol·L ) 

were also differentinthering sfrom Per-treated and 

control rats‘Fig 1) ECs0 value(95％ confidence 

limits)was 6．1(2．6—14．4)nmoI．L 8．3 

(3．6—18．8)nmol-L～ in comparison with contml 

gro up and Per—treated group． The maximal 

contraction was decreased from 2．42 ± 0．29 

(contml group)to 1．96±0．25 g(treated group) 

( ：18；P<0．O1) 

1．3 Relaxation to Nit In rat aortic rings 

precontracted with phenylephrine(O．1／*mol-L ) 

the respo ns es to Nit were similar in the ring s from 

Per-treated and contml groups(Fig 1) 

2 Aorta treated in vitro with Ena The 

experimen~were performed in adjam t rings with 

and  without endothelium of the same aorta． 

2．1 Effect oD acetyleholine-induced relaxa． 

tion Acetylcholine produced dea e—depend ent rela，． 

xations of rings with endothebum from noFino— 

tensive rats After incubation with Ena 0．1 umol 

-L～ for 30 min，acetylcholine—induced relaxa tion 

waspo tentiated in the s；~flTi．e tings The ICsn value 

(95％ confidenee limits)decreased from 1．1(0．12 
— 9．6)／*mol·L to 76．4(5．4—11001)nmol_L一 

(Fig1)． 

2．2 Effbct on serotonin-induced contraction 

In unrubbed ring s， incubation with Ena 0．1 

mmo1·L decreased the maximal respo nse to 

serotonin( =8；P< 0．01) (Fig 1)． On the 

contrary，the resvmse afterthe second concentration of 
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Fig 1． Relaxation and contraction in rat aorta isolated from vitro enalaprilmt(Ena)inenbation，in viva pet'tnaal~ril(Per) 

treatment mad contro1． ‘P > 0．05． P< 0．05． P< 0．01． Far relaxatimt in response to nitroprusslde and nitroglycerin，in 

vilro Eaa．treated and control rings were precontractedwith KC1(20mmol·L ’)，while vivo Pertreatment and control rat 

aorta were precontracted with phenykphrias (O．1 ILmol·L一 )． 

serotonin was similar to the first one in rings that 

had not been incubatad  with Ena． Incubation with 

Ena had no effect on the resting tone． 

In rubbed preparations， incubation with Ena 

had no change on the response for serotonin． 

2．3 Effect on phenylephrine-induced COB- 

traction In the rings with endothelium ，Ena(0 1 

Ⅱmol_LI1) incubation decreased the response Lo 

phenylaphrine( =8；P<0．05)(Fig 1)． On the 

contrary．the  response to the second concentration of 

phenylephrine was similar to the first one in rings 

that had not been incubated with Ena In the rings 

叮 ●叶 ● ，，— ● ● 一 ●● 
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without endothelium 、 incubation with Ena (0．【

umoI·L。。) gave130 change011the dose-response

eulT,~esforphenylephrine．

2．4 Effect0nSN．inducedrelaxation InKCI

20mmol·L0 )preeontractedringswithorwithout

endotheliUnl．incubationwithEna(0．1"m0卜L ‘)

for30mindidnotmodifytheresponseforSN：the

Its。vatue(95％ confidencelimits)was50．0(8．0

— 310)nmol·L 口j47．4(7．4 300)nmol。L 。

jncOlnllparison with eontr01and Ena (0．1 "m0【

·L“)incubated ringswith endothelium and53 l

f10．1 280)nmol_L w 35．1(6．4 190)nmol

· L一’ in rubbed control compared with Ena—

incubatedrings．

DISCUSSION

Inthisexperiment，ourresultsshowedthatPer

抽 口ivo treammnt and in isolated rat aorta with

intact endothelium treated with Ena augmented

relaxationtOaeetylcholine，decreasedthecontraction

toserotonin andphenylephrine，hutdid notchange

therelaxationinducedwithNitandSN However，

in rubbed endothelial aortic rings， Ena did not

influeliee the response to acetyleholine， serotonin

and phenylephrine． It WaS wellknown that the

relaxationinducedby acetylcholineisdependentOil

the Dresence of va~ular endothelium。。。 and

contractileresponsestoserotoninandphenylephrine

inrataortaweredepressedbyspontaneouslyreteased

EDRF， which was considered as an endogenous

functional antagonist opposing the activation of

。ontractors‘“J
，
butNitand SN were endothelium—

independentvasodilators． Ourstudysuggestedthat

ACE inhibitors Perand Ena in ~iZrO and in vitro

treatmentinduced the change in the production or

release0fendothelialrelaxingfactorsratherthanaO

aIrerationofsensitivityofvascularsmoothm uscle．

The mechanism of endothelium dependent

effeCtS of ACE inhibitors is not wetl known

ReeentlvitisdemostPated thatACE inhibitorsaffect

vaScular response by at least both endothelium—

deDendentand bradykinin—mediated mechanism”引．

AcE inhibitors protectagainstthe breakdown of

bradykinin． Bradykinin stimulates the release of

endothelium-derivedvasodilatormediators，including

NO ．endothelium-derived hyperpolarizingfactorand

prostaeyc[in， Hov~ever， ACE (nhihitors evoke

endothelium—dependent relaxation in arteries

stimulated with threshold concentration of

hradvkillin． 、,vhich calltlot he anributed t() an

inhibit。rsofbradykinindegradation【12,’⋯

In conclusion． this study suggests that the

nonsul{hydry{containing ACE inhihitors， Per and

Ena}月vi,uoand inViirotreatmentmay】nereascthe

Droductioiland re[ease ofEDRF from endothelial

cells．
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．．
大鼠胸主动脉内 依赖性影响 ／之 

耋至薹，童兰 张丽丽，刘迭谨，李运乾 
(山西 省心 血管 病研究 所 ，太 原 030001．中国 ) 

关键词 揸堡苎型 
释放园子 ：胸主动脉 

依 那 普 利 拉 ；内 皮 获 得 性 

A目的 ：研 究 血管 紧张 素转 换 酶 {ACE)抑制剂 培 垛 

普利(Per)和依那普 利拉 【Ena)对 大鼠 内皮细胞 的 

影响 方法 ：用 Per【2 mg·kg ·d一。)或安慰 剂 

给雄性大 鼠{n=1 8)灌胃 6周 ，分离主动脉 Ena 

(0 1 pmol·L_。)培 养 30分钟 ，离体保存 内皮和去 

内皮的胸主 动 脉 观察 对 乙酰胆 碱 、五 羟色 胺 、 

苯 肾上腺 素 、硝 普钠 和硝 酸甘 油 的反 应 结 果 ： 

口服 Pe r的胸 主动 脉与 对照组 相 比增强 了乙 酰胆 

碱所 引起 的 内皮 依赖性 松 弛作 用 ，1c 值从 3 84 

pmol·L_。【对 照组 )降到 0 98 pmol—L 【Pe r组 ) 

最 大 扩 张 值 由 62± 9 ％ 增 加 到 78± 10 ％ 

c P<0 01】 受 内皮舒 张 因子 的影 响 ，五 羟 色胺 

和苯 肾上 腺 素 引 起 的 收 缩 反应 受 抑 制，对 照 组 

EC r值为 6 1 nmol·L ，用药组为 8 3 nmol·L ， 

最大收缩值 由 2 42±0 29 g{对 照组 )降 到 1 96 

±0 25 g{处理组 )【P<0 01】 在 Ena处 理的主 

动脉环 上得 到同样结 果 结论 ：ACE抑 制剂 Ena 

和 Pe r增加血管 内皮依赖性舒张 因子的基础释放 
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Inhibitory effects of Acanthopanax gracilistylus saponins on human platelet 

aggregation and platelet factor 4 liberation in vitro 

CHEN Xiao．Chuan，XIA Lanz
， HU Song ，HUANG Guang (Department of Pharmacology，Hainan 

Medical College，Haikou 570102； Laboratory of Hematology，Hainan Provincial People"s Hospital， 

Haikou 57001 1： Hainan Cardiozn~scular Hospital，Haikou 570208，China) 

KEY W ORDS Acenfhopanex gracilistylus 

saponins；platelet aggregation；platelet factor 4 

throm bosis 

AIM ： TO study the effects of Ac~nfhopanax 

graci』『sfy var pubescens Li saponins(AGVPS) 

on human Platelet aggregation and platelet facIor 4 

(PF4) Iiberation 『门 vitro METHODS： Human 

platelet aggregations induced by ADP，adrenaline， 

and collagen were measured turbidimetricallY． 

The aggregation curve was recorded on a platelet 

aggregometer and the maximal aggregation rate 

(ARm日x)，effective deaggregation rate in 5 min 

(DR5 ． )and lag time (LT)were autocalculated 

by the built．in microcomputer；PF4 Iiberation fr0m 

‘Re羽 before the 3rd China Japan Joint M~ting on Pharmacology 

1993 M吖 11 14，Belling，China 

R~eived 1995 02 16 Ac~pted 1996 01 12 

human platelets stimulated by ADP and collagen 

was determined by recording the he parin thrombin 

clotting time(HTCT) Thrombosis was tested by 

weighinq the wet and dry thrombi formed in a 

s⋯conized revolving rina． RESULTS： AGVPS 

inhibited in vitro the AR with IC50 of 1．33(95％ 

confidence Iimits： 1 09— 1 63， ADP-ind~ d)． 

1 66(1．54— 1 79，adrenä ne inducedj，and 4 2 

g’L (0 6—29，collagen—induced )． The DR5 rain 

(on ADP—induced aggregation)and LT (collagen— 

induced ) were also increased as well 

Meanwhile，AGVPS 0．63—2．50 g。L prolonged 

HTCT On ADP— and coIlagen—stimulated  PF4 

b̈eration At 0 34 — 1．39 g ·L一0， AGVPS 

reduced the wet and d ry weight of thrombi formed  

『门vifro． C0NCLUS10N：AGVPS inhibits human 

platelet aggregation，Iiberation，and thrombosis in 
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