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ABSIlRACT 

AhM ： _r0 5ludy the relationship between 

adenosine(Ade)receptors and adenosine 5，_ 

tfiphosphate(A1P)一sensitive potassium (K̂ ) 

channels in rat aorta． M匝11EKmS!Isolate]mt 

aorta rings were suspended for isortietric foroe 

recording． The vascular effects 0f Ade were 

assessed in the presence or absence of funetiotml 

endothelium． 111e interaetions of Ade and 

pinacidil(Pin)or glibenclamide(Gli)were 

investigated． REsIJ1 暇： In isolated aorta 

preconstricted with KCl 20 mmol·L_。．Ade 3— 

3oo ~tmol -L induced relaxation in a con— 

centration—dependent manner； and in 48／99 

preparations from 32 rats．Ade induced initial 

transient coilstriction foilowed by sustained 

relaxation 西 the funetions of KATp channels 

were Necked with G1i l or loo tun ol·L_。． 

effects of Ade were characterized by vasoconstric—． 

tion rather than vaserelaxation． e combination 

0f Pin l maol·L th Ade 100 gmol·L 

sllowed no synergic vasodilatory effects and did 

not affect Ade—induced vasooonstrietion． After 

山e renloval of endo山elium．Ade still induced 

vasoconstriction and vasorelaxation， and the 
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constrictive effects showed no difference frmn 

those in the presence of endothelium．but the 

potency of vasodilatory effects became weaker 

with slower decrease in tension． 00NCI ． 

SION： The activation of KATe channels is 

i／IVolred in Ade receptor-indueed vasadilation． 

D唧 0DUCI1oN 

Adenosine 5'-triphosphate(A|] )sensitive 

potassium (KATP)channels，widely distributed in 

the vascular system． are opened under 

pathophysiologie conditions such as hypoxia and 

ceilular metabolic irapainnent，and the channel 

opening Ⅱlead to vasodilation due to nleI~)ralle 

hyperpolafization． Adenosine(Ade)receptors 

can mediate the arterial smooth 11111842le 

relaxation． But the mechanism is still contmver- 

sia1． Some experiments n vivo indicated that 

Ade induced vasedilation thl'oH【gh activating KÄ_P 

channelsL ． Other experiments ／n vivo and 

／n vitro revealed that Ade receptor-mediated 

vasorelaxation depended on the funetiolml 

endothehum， and endothelial release of nitric 

oxide was inv0Jve(1l 一 
．  ese contradicti【)Ils 

resulted from different experimental conditions． 

animal models， and nleasu~ parameters in 

difierentreseal~hes． 

Th e present study was to determine the 

pharmacological characteristics of Ade-induced 

vasedilatory responses in isolated rat aorta rings， 

anddiSCUSStheinteractionbetween Ade receptors 

and KATp channels． 

MA1ERIAIS AND M旺1硼oDS 

Dnlg Ade and pinaoidil(Pin)were 
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purchased from Sigma Co． Glibenclamide(Gli， 

lot№ 940705)， purity >98％．was syn— 

thesized in Tianjin Institute of Pharmaceutical 

Reseach． Bmmaevl aeetylcholine was bought 

from Beijing Chemical wl0rks． Norepinephrine 

bitarlrate injeetion-q~；as from Wuhan Phanm— 

ceutical(Group)Co． G1i was dissolved in 

Me2SO and ethanol(1：1)． 

Rats Wistar rats(0，n=66，weighting 

250 g±s 38 g)were provided by the[aboratory 

~amimal Center of OI．LF Academy (Grade Ⅱ． 

Certificate No 01—3039 conferred by Beiji~ 

Municipal AdmJnistrative Committee of Ani— 

reals)． 

Prelmrations of aorta ring Rats were 

decapitated． The thor~ic aorta was washed in 

cold Krebs—Henseleit solution：NaCl 122，KCl 

4．73，CaC12 2．49，MgC12 1．19，N Ic 15．5， 

KH2P04 2．25，gluc0se l1．5 mmol‘L‘。；pH 7．4 

at 25 ． 111e aorta was cut into rings 4—5 Into 

in length． Ihe endothelium of spine rings was 

removed by nabbing with amoistened cotton bud， 

and endothelium-denuded aorta rings were tested 

’ th norepinephrine and aeetylcholine． 

Tension studies Experiments were 

conducte(1 with a 1o-mL beth system containing 

Krebs-Henseleit solution at 37 and bubbled 

with 95％ +5％ C02． Isometric contrae— 

tionswere measuredand recorded on equilibrium 

reeorder under an initial tension of 1 g． 

Adjacent rings from the salTle aorta were studied 

in paralle1． After a 60-rain equihbration period， 

endothelium-intaet or—denuded aorta tings were 

exposed to KCl 20 nmlol·L一 ． a maintained 

constriction was allowed to develop． At t}1e 

plateau nf the constriction produced by KC1， 

diversal drugs were added：1)Endothelium- 

intact aorta rings were exposed to Ade 3—300 

tmaol·L～， or solvent using a cumulative 

pmtoco1． 2)Endothelimn-intaet or endothelium - 

denuded aorta rings were exposed to Ade 10o 

／anol·L_ ． 3)Two endothelium —intact rings 

exposed to Gli 1 or 100 tmaol·L一 for 10 nfin 

were incubated with Ade 100 ptmol’L一 or Pin 1 

t~mol·L～． The other 3 rings to solvent，one of 

them was used as control and the other 2 were 

incubated with the salTle concentration of Ade or 

Pin． 4)One ring served as control andthe other 

3 were incubated with Ade 100 gmol·L-。．Pin 1 

~tmol·L-。．orAde 100~anol·L +Pin 1 maol· 

L一 ．respectively． 

Data analysis suits were expressed as 

± ． EC5n and its 95 ％ eonfidence limits 

were calculated with weighted probit analysis． 

Intergroup differences were tested by two—tailed 

Daired t test or by one wav AN0VA f0llowed by 

Dummtt test for multiple eomo~ sens． 

REsI】I IS 

Vascular effects mediated by Ade 

receptors In endothelium-intact aorta rings 

preconstrictedwithKC120mmol·L-。，excitation 

of Ade receptors by Ade 3—300 tanol·L一 

mediated relaxation in a concentration—dependent 

manner，EC50 values (95％ confidence limits) 

were 63(44—91)tanol-L ( 1)． 

rig 1． Adenosine-l~dueed relaxation of the 

isolated tat aorta preeonstrleted with KCI 20 

mmol·L一1
． 

=7ao rta ringsisolatedfrom 7 rals． ± ． 

In 48／99 preparations，Ade induced initial 

transient constriction foHowed by sustained 

relaxation(Fig 2)． The constriction was only 

observed in the frrst exposure ofthe rings to Ade 

in cumulative administration protoeol(Fig 1)． 
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20 20 20 20 

t Kcl，m mfIl ， 

F 2． Dual re印0Jlses induced by adenosine 3— 

3OOImml·L一 in 48／99 endothelinm-intact aorta 

rings from 32 rats preconstri~ed witI-KO 20 

mmol·L一1
．  

Ade 100 um01．L 

6on and relaxation in— 

still produced constric- 

aorta 

tings． The vasoconstrietive effects showed no 

difference from those in endothelium-intact aorta 

tings，butthemild changesin vasodilatory effects 

weI℃observed after removal of endothelium．the 

potency became weaker th slower decrease in 

tension． 

Modulation of Ade receptors bv G1i 

After the endothelium-intaet aorta rings weI℃ 

preconstricted with KC1 20 mm0J·L—1．when the 

functions of KAw channels weI℃blocked by Gli l 

or l0o“lTnl·L-。，tlle vasodilatory I~sponse of 

Pin l fLmol·L-。wits antagonized． 11】e effects of 

Ade l0o tnnol·L— were characterized by vaso- 

constriction rather than vnsorelaxallion(Fig 3)． 

Modulation of Axle receptors Pin 

In isolaed endothehum-intact aorta IiIl帮 pm- 

COilStricted with KC1 20 nlmol·L-。．all activator 

nf KATP c~ els， l}㈣ 1．L induced 

dilatory response in a time-dependent mallner but 

did not evoke constrictive response． Adenosine 

loo u111o1．L-。in combination with Pin 1 · 

L did not alter Ade—induced va80c0nstriction． 

．Mthough the relaxant response of the aorta tings 

tothe combination ofthe 2 drugs wasmore potent 

thall that to Ade 1(30 ·L-。alone．it had no 

A 一0一NS 一4] 一·一 d̂e伽=6) 

0 3 6 9 12 15 18 21 

Timelmin 

啦 3． Effects of Gli 1(A)and 100 pmol·L 

fB)onAde(100Imml·LI1)-and Pin f1 Imml· 

L一 】-induced relaxation of isolated rat aorta 

preeonstricted with KCl 20 mmol·L- ． n = 

number of—n擎 【rats)．j± ． Mammal ten- 

sion KCI：【A】0．82 g±0．07 g，【B)0．76 g± 

0．06 g． b尸<0．05。c尸<0．01 Ade． c尸< 

0．o5． P<0．01 Pin． 血尸<0．05． P<0．01 

Ns． 

difference from that to Pin 1#tool‘L～ alone． 

When Ka3v channels were activated with Pin 1 

~raol·L～，further vasodilato~"effects of Ade 

were not observed (Fig 4)． 

DIsCUS团0ON 

Tbe vasodilatory effects of Pin on isolated 

aorta tings，and the antagonism of Gli observed 

in the present experiments are consistent with 

thoseE o，⋯
．  ，l1le in vitro experimental c0n— 

ditions are reliable． In these experimental 

conditions，the dual response of isolated aorta 

IiIl帮 preconstricted th KCl to Ade was 

∞ 如 0 锄 啪 蜘∞ 柏 ∞ 0 ∞ 啪 ∞ ∞ 

，l譬 暨 目o1昌 0=_皇II_皇 Ⅱl∞暑û IIU 
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Tjme，inin 

Fig 4． Effects of Ade 100 lamol·L一 ．Pin 1 

lamol·L一 ．aid Adle+ Pill on isolated rat aorta 

l~ eomtrieted with KCI 20 nlnloI·L一 ． = 

number of rings c 1"11Is)． j ± ． Maximal 

tension t0 KCI：0．84 g-v 0．15 g． <0．05． 

P<0．01倦 contro1． rp <0．01 Ade+Pin． 

obeerved． The constrictive phase of the dual 

response is characterized by(1)subjected to be 

tolemted，(2)independent on the presence of 

functional endothelium，(3)not affected by G1i 

or Pin． 

1n this study endothelium was involved in 

Ade—induced vasorelaxation． but it was not 

indispensable for the vascular effect of Ade． 

When KATP channels were blocked tIl G1i． 

Ade receptor-mediated vasedilation was abe— 

lished ． It indicated that Ade receptors n 出t 

mediate vasodilation through activating KATP 

channels． Under the san1e experime ntal 

conditions．the constrictive response of the aorta 

preparation to Ade was still observed． It 

revealed that Ade-induced 

not related to KATP channels 

The combination of Pin， an activator for 

KATP channels，with Ade showed no mole potent 

vasodilatory effectsthan Pin alone．implyingthat 

Ade and Pin induced vasodilation through the 

sarrle pathway for the modulation of KATp channels 

in vascular smooth mL1scle． It is quite possible 

that KATP channels is the effector downstream in 

mediating vasodilation． Furtherraom， Pin did 

not alter the aortic constrietive response to Ade． 

it supported thal Ad~induced vasoconstriction 

was not implicated in KATP channels． 

The dual mspotrse of isolated aorta rings 

preconstricted with KCl t0 Ade obeerved in o11／" 

study may be explained by 2 pathwa~ 

transducing intraeeUular md age：one inducing 

vasodiXation involves KATF channels while the 

other inducing vasoconstriction could be related to 

Ade receptor subtype—-mediated phospha-- 

tidylinositol turnover． The individual diffet~ence 

of animal and the complexity 一
．

of Ade induced 

vascular effects ma y be the reasons that the dual 

responses of aorta rings to Ade were not observed 

in 51／99 pmpalations in the present experi— 

ments． 

In sunlnlary，the activation of K̂ TP channels 

is involred in Ade receptor-induced vasodilation 

but not Ade receptor-mediated vasoconstriction． 
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2 6 J 腺
苷的血管效应与腺苷三磷酸敏感性 

钾通道的关系 77 

竺 墨，垩一监 ，肖文彬 (军事医学科学院 

关键词 钾通道；嘌呤 P 受体；腺苷；吡那地尔； 

； 篁 壁；胸主动脉；氯化钾 

目的：研究大鼠主动脉腺苷受体和腺苷三磷酸 

(ATP)敏感性钾通道间的关系 方法：在离体大 

鼠主动脉环上观察内皮完整和内皮去除后腺苷受 

体介导的血管效应及吡那地尔与格列苯脲对腺苷 

作用的影响． 结果：腺苷3—300tm~ol·L 浓度依 

赖地松弛 Ka∞ mmol—L 预收缩的离体大鼠主动 

脉环，在 48／99的标本，腺苷产生先短暂收缩后持 

续舒张的双向反应． 格列本脲 1和 100 l_L 

阻断ATP敏感性钾通道后腺苷的舒张作用被取消 

而收缩作用仍存在；腺苷100,~mol-L 与吡那地尔 

1 fmaol-L 合用时未产生协同作用；去除内皮不影 

响腺苷的缩血管效应，但舒血管作用减弱且变慢 

结论：ATP敏感性钾通道的激活参与腺苷受体介 

导血管扩张作用，但与血管收缩无关． 

(责任编辑 扬雪芳) 
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