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Tyromle kqnases partidpate in 1A-adrenoceptor-mediated vasoconstriction 

in perfused rat hindlimb 

ZHU Wei—Zhong，HAN Qi—De2 (Institute ofVascularMedicine，The Third Hospital， 
Be ng Medical University，Beijing 100083，China) 

KEY W ORDS alpha·1 adrenergic receptors； 

protein-tyrosine kinase； hindlimb； erbstatin； 

quercetin； sodium fluoride； vanadates； tetra· 

decauoyl acetate 

AIM ： To determine whether or not tyrosine 

kinase is involved in the si transduction of 

“1A·adrerl0cep【or8． METHOI~ ： Effects of 

various pharmacological probes on n0蛐 印 ne 
(NE )一indueed vaso~ r responses were 
determined in the perfused mt hindlimb． 

RESUI ： n1e putative tyrosine kinase inhi． 

bitors， genistein， and tyrphostin， significantly 

inhibited the vasopressor responses induced by 

NE but not that induced  bv Kc1． e protein- 

tyrosine-phosphatase inhibitor．s0dium orthovana． 

date， selectivdy po tentiated  the vasopms~r 

responsesinduced byNE． Neithel-geni~ein nor 

tyrphostin had effect onthe contraction elicited by 
ohorbol 12一myristate 13一acetate． In contrast， 

b0th geni~ein and tyrphostin attenuated  the 

vasopressor responses evoked by NaF． CoN． 
CUJSION： nle genistein- and tyrphostin- 

sensitive tyrosine kiI I8es participate in alA· 

adreuoeeptor-mediated vasoconstriction in po rfus- 

ed rat hindlimb． 

It has traditionally been regarded that there 

are di rent si卸 tmnsduefion pathways between 

the G protein-coupled  receptors and tywsine 

kinase-eoupled  Iecept0rs， but it has been 

recently Iep吧 d that there was CROSS‘talk 
be tweenthem ． Two groups oftyrosine kinase 

inhibitors have been described： compounds 

interacting with the A，] binding site． such 8s 

genistein (a quercetin derivatives) and th0se 

which interact with the substrate bind ing site， 

such as the tyrphostim (synthetic analogu~ of 
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erbstatin)． They ale useful pharmacological 
probesin investigatingthe role oftyrosine kinases 

in diveme signal transduefion． 

The oiI．adrenoceptor has been classified by 
pharmacological evidences into three subtypes 

termed oilA‘， oilB一， an d oilD‘adrenoeeptor 一 ． 

Oar pm~ous studies have demomtrated that ql̂． 

adrerl0ceut0rs are the major fimctional receptors 

mediating vasopms~r ~sponse indueed by 
exogenous norepinephrj'ne(NE)in rat perfused 
hindlimb vasodatureL ． It iswell~eepted that 

the responses mediated bv a1一adren0cem0Is are 
elicited th~ e,h the activation of phospholipase C 

(PI )and its related signal transduetion． It 

has been reportedL t that the NB induced 

contraction was attenuated by geni~ein or 
tyrphostin in rat aorta， in which lD- 

fldl~noceptor8 dominate NE．induced cord．metile 

respo nseL 
． ndspromptedllstoinvestigatethe 

possible involvement of tyrosine kir1a in the 

iraracellular si r1g pathways of OIA— 

adrenoeeptor-mediated contraction in rat hindlimb 

vascular smooth muscle． 

ⅣLAT团[tl AND 伍 日DDs 

NE， yohimbine， propranolol， desmethy． 

1imipramine， normetanephrine， indometacin， 

genistein， quereefin， tyrphostin A舯， ~tiunl 

fluoride， D}l口ld)oI 12-myrlstate 13一acetate 

(PMA )， potassium ehloride， sodium ortho． 

vanadate(Na3V04)were purchasedfrom Sigma． 

PH 棚倘 ∞ of perfum l rat hindlimbt7j 

Wistarmrs( =75，180—2加 g)，Certificate 
No 013056，were supplied by the Experimental 

Animal Center of Beljing Medical University． 
Rats were anesthetized with pontubarbital sodium 

(6o mg· _。，ip)． Flow was restricted to two 
hinrlllmhs by eannulalion with PE．50 D0lyethylene 

tubes to two bihteral comIl~n iliac arteries． 

Perfusion was performed in a temperature· 

controlled  cabinet。andthe perfusionmedium was 

temperature—equilibrated tI1rUIlg}1 a heat exchanger 
at 28 oC． The perfusion Krebs solution 
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contained Nacl ll8， Kcl 4．7， CAC22 1．27， 

MsS04 1．2，KH2P04 1．2，NaHCO3 25，gluc0se 
8．3mmol·L_。．and 2 ％ hetastarch，pH 7．4． 

Samrated with 95％ O2 4-5 ％ CO2． rhe 

perfusion p| was monitored through a 

iunction located as close as practicable to the 

iliac cailal， using a pressure tl~nsducer 

connected to a polygraph． Desmethyllmipmmine 

l tmaol·L～，normetanephrine l／xmol·L (to 
block neurorml and extraneuronal uptake of NE， 

respectively)，indometacin 10 wnol·L (to 

inhibit pwstanoid production)，propranolol 10 

pmol‘L (to block adrenoceptors)，and 

yohimbine 0．1 mnol·LI1(to block ∞一 

adrenoceptors)were included in the peffusion 
solution． 

Effects 0f 姆H ldmise- and phl挣 

llatase-inhibitor on 峙a咖nstdct0 f’ 口∞ ses 

Aftel- equilibration． the pmparatiom were 

contracted with Kcl(8O mmol·L )to condition 
the tissues for 5 min and thal washed． After 

fll／~er equilibrated，corl~ tile responses to NE， 

KCl，NaF，and PMA were obtained jn separate 

preparafiom in a ctlrmdatJvefashion． Osmolarity 

c}1aIl s that could be induced by the addition of 

lliSh concentration of Kcl and NaF did not appear 

to have effects oil the hindlimb vascular beds 

since similar concentrations of NaCl had no 

detectable action． WlIen Kcl was used a8 a 

contractile agent．the fi~ues were preineubated 

witll phentolamine 1 tnnol·LI1 fl叫 2O mill to 

block the effect of neumlly released NE． rhe 

invdvement oftyrosine kinases in the contraeti1e 

response of the various agents was assessed by 

repea衄 the concentration—response cllrVe8 
(CRC)aftel"pmtmatme~ of the tissues witIL 

genistein(3，10，and 30脚 1．L )，quercefin 

(3，lO，30，and 100 mnol·L )，tyrphc~lin 

(1，3，10，and 30／nnol·L )，Na3VO,(30 

and 100 tnnol·L )for 30 min． Responses to 
the contractile agentsinthe absence and DreserIce 

of genisteln，quercetin，tyrph~tin，or Na3V04 

were expressed as developed peffuslonwas deter- 

mined from a calibrated recorder hacing， and 

concentration-response relationships were deter- 

tabled from these iill ， so that a graphical 

representation could be Inade． EC50 and EC20 

(concentration producing ha and 20 percent of 

maximal contraction，mspecfivdy)value8 were 

calculated by nonlinear regression analysis ofthe 

CRC using allthe data points． N0 alterationsin 

respomiveness with timeⅥere observed in these 

experiments． 

Staffs-ties Results weJt~ expressed as 

±s， Comparisons w re mltde using ANovA 

and t-test． The pD2 and pD5 values twpl~sent— 

ed the—lg E( and—lg EC∞． 

REsI田月 

Effects of mi and tyrplm~an on 

the NE-indueed vagOl~-Cssor H凋 The 

nla iIn岫 responses of NE were reduced by 

genistein(3—30mnol’L。。)，tyrph~fin A47(1 
— 30／~mol·L。‘)，and quercefin(3—100胂 1· 

L )in a concentration—dependent n'lanller(Tab 
1，Fig1)． 

Tab1． The ett~ets 0f蛳 l啦 Ⅲ 吼 ∞ rq 

pIlrh 山I咖 emtraefll~n即唧  rat 曲删 H嘲 由． 
= r柚 ． ± ． 

>O．05． ‘0．05。 《0．01憎 珈 曲  

vt~opressor H嘲加螂 The basal peffusion 

pressurewa8incmasedfrom(5．2±0．3)to(8．9 

±0．9)kPa( =5，P<0．O1)bv Na3VO~100 

tnnol‘L_。． The nla~mlllll increase of peffusion 

pressure induced by NE decreased from (17．6 

±1．7)and(14．1±1．5)kPa( =5，P< 
0．01)． However，the Deal【perfusion pressures 
were not significantly different be 鸭m the 

control and Na~VO4100 mnol·L [(17．6± 
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m0~L-I 

Fig3． Elect of簪蛐l神函 伽 the NE-lndm：~ vlB0pre 

response缸 r 喇—蛐 ． =5—13 rats． ±s． 

Additional support for the involvement of tyrosine 

klnafle8 in the NE．induced contraction of rat 

hindllmb vaseulamre was provided by the ability 

ofNa3V to potentiate the effect ofthe agoaist． 

Na3V04，by inhibiting the activity of tyrosine． 

specific phosphatasesL ， has been shown to 

enhance tyrosine kinase．mediated response． 

I11ese results suggegstthat atleast part oftheNE 

response 0fthistissueismediated by activati0n of 

tyrosine kina$e8． Furthermore，the lack of the 

tymsine kir1a8e．and pI1081)}1ata∞．inhibitors effect 
on contractile re鄙0ll吕es generateded by Ka 

provides evidence that the inhibitors did not 

produce their effects n~ ifically by inhibiting 

the contractile machinery or protein kinases 

direcfly involved inthe contracfile pmcesses orby 
depolarization．associated mechanisms． 

With Ie州 to the specificity of these 
inhlhitors used in this study．other investigators 

also reported that although both genistein and 

tyrphostin in the concentrations used i12 the 

currant study could inhibit the activity oftyrosine 

klnafles，tll v had no significant effect on other 

enzymes， including myosin llSht chain kinase， 

protein kinase A， or protein kinase C 

(PKC) -J⋯． In addition。Na3VO4 in the 

concentration used in the current st．dy has been 
shown to inhibit pmtein tymsine pbosphatases 

involved in agonist-induced responses 

sclectivelyL ． I11erefore． the effects of the 

inhibitors observed in the current study were 
result from selective inhibition of tyrosine kir1a8es 

or tymsine phosphatases． 

Itis not clcarwhichisthetarget oftyrosine 

kinase in the signaling pathway of 。l— 

adrenoceptom． I11e present~t．dy show that the 
tymsine kinase inhibltors noncompetifively inhJbJt 

the G protein activator(NaF)．induced va∞． 
pressor response，while it had no effect on the 

vasopressor respork．,~e induced by PKC activator 

(PMA)． Since NaF produces contraction of 
va,~3ular snlo0th muscle by direcfly activating G- 

protein “ ，those results suggestthatthetarget of 

tyrosine kinases may lle after the receptor 

activation and beyond the PKC activation． 

Recently Ume mori et ol reported that the G- 

protein Gq／ll waft activated  by tyrosine 

phosphorylation of the q subunit in several G 

pmtein-coupled receptors． SiIlCC the a1． 

adrenoceptor is coupled  with GⅡ／l】protein，the 

tyrosine kinase inhibitors may block the signaling 

pathway of airadrenoceptor by phospborylation of 
its coupled G protein． Jayannan et a／L 0 J 

reported that activation of the Ⅱ 一receptor by 

tyrosine phosphoryhtion may phy an important 

role in n~bflization of intracellular calcium store 

in mice T cells． Therefore， the 一receptor 

may be another target of [yl'O~il2e kinase in the 

si r1g pathway of 1·adrenoceptors． 
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醋氨酸激酶参与 ．̂肾上腺素受体介导的 一 

灌流大鼠后肢血管床收缩反应 

关毽词 al#a-I肾上腺素受体；酪氨孽激酶 
后肢；erbstatin； 

十四酰乙酸盐 

p争 — 

孟舌庄 { 

目的：研究酪氨酸激酶是否参与 CtlA-肾上腺素受体 

引起血管平滑肌收缩的信号传导．方法：灌流大 

鼠后肢血管床标本。观察酪氨酸激酶抑制剂对去 

甲肾上腺素(NE)引起收缩反应的影响． 结果：酪 

氨酸激酶抑制剂 tyrphostm 和 genistein均显著抑制 

NE引起的收缩反应，但对 Kcl引起的收缩反应无 

影响；酪氨酸磷酸酶抑制剂 N vo4显著加强 NE 

引起的收缩反应；tyrphostin和 genistein对蛋白激酶 

C激动荆 phorbol 12．myristate 13．acetate引起的收缩 

反应 均无影响，但均抑制 G蛋 白激动剂 NaF引起 

的收缩反应 ． 结论 ：Tyzphosfin和 genistein敏感的 

酪氨酸激酶参与 13tÎ．肾上腺素受体介导的大 鼠后 

肢血管床收缩反应． 
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Mediation of calcitonin gene-related pepUde in protection of 

ischemic preconditioning in rat hindnm bs 

ZHOU Fu-Wen，Ⅱ Yuan．Jian2，DENG Han．Wu 

(Department ofPharmacology，Hunan朋 University，Changsha 410078，China) 

KEY W ORDS calcitonin gene-related pep- 

tide； ~psaicm； acetylcholine phenylephrine； 

norepinephrine；vasodihtlon~repeffusion injury 

AIM ：To study modulation of calcitonin gene- 

related peptide(CGRP)in the protective effect 
of ischen~c preconditioning on endothelial cells． 

METHODS：Rat hindlm~ weI℃ subjected to 
isehemia for 2 h， and endothelium-dependent 

vasorelaxation to acetylcholine (ACh) was 
examined in rat hindlimbs． RE ]璐 ：Two 

hoL!rs of ischemia elicited no effect on 

vasoconstrictor responses to norepinephrine，but 

markedly impaired Wdsodi]ator I 13orlses to ACh． 
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Ischemic preconditioning jnduced by 5一mill aortic 

occlusion and 10-ndn blood reperfusion prevented 

the impairment of vasorelaxation to ACh due to 

long-term ischemia． 11 protection of ischen~c 

preconditioning wa8 abolished by l'e]~atod 

pretreatments with capsaicin to deplete CGRP． 

Acute application of capsaicin to evoke CGRP 

release or CGRP caused all ischemic precondi． 

fiomng-~ke protection． O0NCLUSIoN：Cap． 

saicin-sensitive sensory ner、res aIe involved in the 

protective effect of jschemic preconditioning on 

endothelial cells in the rat hindlimbs．and CGRP 

can mimic the protective effect of ischemic 

preconditioningin blood vessels． 

Ischemic preconditioning showed protection 

Oil not only the ischemic myoca_,dium，but also 
endothelial cells． It was postulated the cal'dio． 

protection of ischemic preconditioning might be 
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