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ABSTRACT 

AⅡ ： To characterize t}le subtype of 。1一 

adrenoceptor mediating vasoconstriction in pertus。 

ed rat mesenteric vascalar bed． M匝TEI【)DS： 

e potencies(pA2 vahles detemfined by Sehild 

plot) of al—adreneceptor-selective antagonists 

were detemfined bv isolated vasocon8trietive 

experiment． The pK valaes were determined bv 

I—BE 2254 binding from the cloned alA一，al B一， 

and aiD-adrenoceptor，stably expressed in human 

embryonic kidney (HEK) 293 cells， RE- 

SIII ：The pA2 values for alA—adrenoceptor- 

selective antagonists， RS．17053， WB 4101， 

5-methvl—urapidil， and t}le a1lradreneceptor- 

selective antagonist，BMY 7378，were 8．98± 

O．28，9．16±0．20，8．69±0，02，and 6．03± 

0．26，respectively，'a4th the slope not different 

from unity． T}le D ， values of the above 

antagonists correlated well wit}l the binding pKi 

valaes only for a1 A．adreneceptors(r=0．97)， 

but not for CriB-adreneceptors(r=0．52)and 

adreneceptors(r=0．04)． The concentm— 

tion-vasopressor response ClllNe for norepine一 
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phrine was not affected bv pretreatment w 

ehloroethylclonidine(Ch1)50”mol·L for 30 

min． CONCLUSION：0uly alA—adrenoceptors 

mediate the norepinephrine—induced vasopresser 

responsein peffused ratmesenteric vascular bed． 

aI-Adreneceptors have been classified on 

the basis of pharmacological evidences into 3 

subtypes termed alA一， 1B一，and al D—adreneceptor 

subtypes． The heterogeneity of t—adrenoceptom 

is furrier supported by results of receptor gene 

cloning studies Milch showed that 3 molecular 

subiypes( A一，alB一，口 D—adrenoceptor)existed 

and corresponded directly to the receptors 

expressed in intact tissues⋯ ． 

Investigations employing functional，radio— 

ligand binding，and molec~ar methods demon． 

str'ated the existence of multiple al—adrenoceptor 

subtypes in vascular smooth muscle of isolated 

rat，rabbit，dog，and huITla／]blood vessels，such 

as aorta[2。， renal artery， and IT senter／c 

arteryl3 43
． ete． These arteries essentiallv func． 

tion as conduit vessels which direct blood flow 

into organs；the conh'actile properties of these 

vessels have a minor influence on the regulation 

of vascular resistance． It is IUOre important to 

determine the distribution and function of al— 

adrenoceptor subtypes in vasel1]Sr bed． 

The affinity estimate for both 5-methyl 

urapidil and WB 4101 suggested that vasocon- 

stl~ctor response to exogenous NE was mediated 

via A—adrenoceptor sub type ，but it did not 

exclude the aid—adrenoceptor since the two 

antagonists had high affinity for aid—adrenocept 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


Is tP．53-9"756 抽a Ph_u1n ca Sirfica 中国药理学报 1999 Feb；∞ (2) 
E-～ l aps@ser~er shone cn Phn／F~x 86-21a5474-2629 

or． In the present study，subtypes of 1—8fh~Eo— 

ce rRol dist~ibuted in rat mesenteric vascular bed 

were studied by determining functional potencies 

of Gt1-adrenoeeplor subtype selective antagonists 

and were compared with binding affinities at 

cloned RI—adrenoceptor subb~es． 

MA皿 RIALs AND Ⅳ伍 H0DS 

Drugs 1-Nompinephrine bitartrate(NE)， 

yohimbine， pmpranolol， desipramine， nor- 

metmaephrine， prazosin， indometacin (Sigma 

Chemical Co，uSA)；WB 4101 l2一(2，6．di— 

methoxyphenoxyethy1)aminomethyl—l，4-benzodi— 

oxane J，5-methyl—urapidil，BMY 7378{8一l2一 

[4-(2-methoxypheny1)．1一piperaziny1]ethy1]I8一 

azaspiml 4，5]decane．7，9-dione}(Research 

Biochemicals Inc。Natick MA，USA)；Rs-l7053 

{N一[2-(2一cycloprepyl—methoxy—phenoxy)ethy1]一 
5一chlom—d． a—dimethyl—1日一indole-3一ethanamine 

hydroehloride}(Roehe Bioscience，USA)；BE 

2254[2-B(4一hydroxypheny1)一ethylaminomethy1)一 

tetmlone J(Beim~lorf．Hmnbarg，Germanyj； 

[ I]NaI(China Institute of Atomic Energy， 

Bering)． 
Isolated vasoconstrictive experiment 。 

Experiments were performed with nude．180— 

200 gWistar rats(n=32，Grade 1I，Certificate 

№ Ol3o56)． Rats were anesthetized with 

pentobarbital sodium (60 mg’kg-。， ipj． 

ner~ n 1000 U was injected via the femoral 

vein． r【1m superior mesenteric arte~ was 

cannulated with a PE一90 polyethylene cannula． 

which was secured th cotton ties． nle 

mesenteric artery was inunadiately peffused th 

modified Krebs’solution． The contents of the 

intestine were removed by flushing with Krebs’ 

soluit0n． 

The preparation was placed o13 a gauze Pad 

in a water-jacketed Petri dish．and perfnsed tIL 

walTn oxygenated Krebs’solution at a constant 

rate of 6 mL·min～ ． Perfusion was performed 

in a temperature—controlled cabinet， and the 

arterial perfnsion m~ uln was temperature 

equilibrated by passage th~ow,h a heat 

exchanger． |I11e perfnsion Krebs’ solution 

contained：NaC1 ll8，KCl 4．7，CaC12 1．27， 

Mgso4 1．2，KH2PO4 1．2，NaHC03 25，gluco8e 

8．3 nlnlol·L～ ．and 2 ％ hydroxyethyl starch． 

pH 7．4 at 28℃ ． The bufferwasfiltered under 

pressure th~w,h a O．45一tan—pore filter before 

use． The perfusionsolutionwas saturatedwith a 

mixture of95％ +5％ C02． Th e perfusion 

pressure was monitored thl'ough a junction，using 
a pressure transdno~r connected to 13,polygraph． 

Desipmmine l tlmo l·L。。and normetmaephrine l 

tsmol·L (to bloek Eeurona]and ex~aneumnal 

uptake of NE，mspeetively)，indometaein 10 

￡㈣ 1。L to inhibit pmstanoid production)， 

prepranolol 10 tnnol。L (to block 

adrenoeeptom)．and vohimhine 0．1 ttmol·L 

(to blOek啦一adrenoceptors)were also included in 

the peffusion solution， the basal perfusion 

pressurewas (6．40±0．13)kPa(n=32)． 

Noncumulative concentration-respo nse cur- 

ves(CRC)weTe obtained to NE perfnsion 

preparation with Krebs’ solution containing 

agomst un til a peak vasoconstrictor response 

(measured as an irlcrease in perfusion pressure) 

was obtained；at this point the pei'fusion solution 

was switched to one free of agonist． |I11e 

peifusion pressure was allowed to 1~tn171 to 

baseline before addition of the next ascending 

concentration of agonist． With the exeeption of 

those with Chl，all experiments with antagonists 

were peffommd as follows． After conLrol NE 

CRC was made．the mesenteric vascular bed was 

peifused r0r 3O min with Krebs’ sohtion 

containing antagonist(3 different concentrations 

t}I O．5 lgldnlg J increments)or vehicle． A 

second CUl~e for NE was then made in the 

presence of antagonist or vehicle(time contm1)． 

Perfusion pressure was determined from a 

calibrated recordertracing，and CRC was lnadc． 

Ihe Ec50 of NE -iNas calculated computer 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


]SSN 0253-9756 Aeta]：Jt~nmmloglea mca 中国药理学报 1999 Feb；20【2 

E-mail aps@ ⋯ shcnc cii FⅡ 86-21—6474—2629 53 

analysis using non-linear regression． 111 pA2 

and slope f0r山e antagonist were determined by 

sc ld plot． Experiments th Chl were 

performed in the following way． _After a control 

CRC f0r NE，the mesenteric vascular beds were 

perfused with Chl 50prnol·L for 30 min mad 

then wi山 Krebs’solution free of Chl for 30 min 

before construction of the second CRC for NE 

were made． 

RadioliL~nd binding assays Cell culture 

and lnembr'ane preparation were madelI J． BE 

2254 was mdioiodinated by 『 I NaI to a 

theoretical mdioactiviW of 81．4 ⅡjⅡ·nlo1 L J 

and stored at 一20 ℃ in me山ano1． Specific 

I．BE 2254 binding was ine~sured by 

incubating the tissue Dreparation Ill 25 I-BE 

2254 in PBS in a final volume of 250t~L for 20 

min at 37 ℃ in the presence or absence of 

competing dnJ帮 ． After 20 min，the incathation 

was terminated by adding 10 mL of Tris．HCl 1O 

nmaol·L (pH 7．4)and the mixture was fihered 

under vacuum using a dass-fiber filter． Each 
filter was washed with 10 mL of Tris．HC1 10 

1111110I．L～，dried and its radioaeti tv(cpm) 

was ineaslffed (efficiency 78％ )． Nonspecific 

binding was <l5％ ． To determine山e njt、f 

nf 5．methy1．urapidil， BMY 7378， RS-l 7(】53， 

prazosin，and WB 4101 to I-adrenoceptors，the 

potencies of these antagonists for competing f0r 

山e specific ‘25 I-BE 2254 binding sites were 

deten'nined by incubation of a sitw,le 

c0neentrati0n of z5I-BE 2254(40．50 pmol·L一 ) 

in山e presence or absence of 16 concentrations of 

the antagonist． 111e ICs0 values were determined 

as the axis intercept on a Hill plot，mad K。 

vallies were calculated ． 

Statistics Data were expressed as ± 5 

and compared using ANOVA or paired test． 

REsIJl IS 

pA2 values of“radrenoceptor subtype 

selective antagonists Prazosin 1— 10 nmol’ 

L一 or yohimbine 1—10 wnol·L一 competitively 

antagonized NE-induced vasoconstriction， with 

the pA2 values of 9．11±O．28．5．91±0．28； 

mad slope in the Schild plot of 0．82±0．18， 

O．85±O．25，respectively(Fig 1)． 
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．6 _5 ．4 

Norel~nephrinetlg mol- 

Fig 1． The an tagonistic effects of prazo~ and 

yohimbhte aj inst NE-induced contractile 

玎陈pO- in rat perfum~ mesenteric v~ l1]ature． 

(A】in the ab~nce (0 】and presence of 

prazosin：1(●】。3(×】．and lIl mnol·LI1 

(口】． (B)inthe a e(0】and presence of 

yohimbine：1(●】，3(×)，and lIl pmol·LI1 

(口 】． =4． ill： ． Theinsetwas Schild ptot． 

In the presence ofyohimbine 0．1 t~rnol·L一 

to block -adrenoceptors，prazosin(1—10 mnol 

· L )，RS．17053(1一l0 11137101．L )，WB 

410l(1一l0 nn ·L )，5-methyl-urapidil(3 
— 30mnol·L )，mad BMY 7378(0．3—3mnol 
· L )did not reduce the maximal resOonse． 

Schild regression analyses vielded lines wi山 

slopes not different from unity，and showed hi出 

potencies for RS．17053， WB 4101， mad 5． 

j宣 ％ 

蛐m 蛐 暑； m 仰 

旨；旨lI_E．10 
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methyl—urapidil，but a low po tency for BMY 7378 

(Tab 1)． 

PKi of伍l-adreno∞pt0r antagon~  1 e 

l—adrenoceptor sub即 e-selective antagonists， 

WB 4101． RS-1 7053． 5．methy1．urapidil，and 

B MY 7378 concentration．dependently i『lllibited 

binding of 125 1-BE 2254 to ⅡlA
， n1B， ⅡlD- 

adrenoceptors stably expressed in the HEK 293 

cellline门 1)． 

C明np{ s0n between pA2 for if-1- 

adrenoceptor subtype antagorasts and PKi at 

cloned if-1-adrenoceptor subtypes I 

potencies(pA2)f0r the RI-adrenoeeptor subt)~3e 

selective antagonists on the contractile response to 

NE i13．isolated perfused mesentel~"correlated well 

wII}1 the binding affinities(pKi)at the cloned 

al,-adrenoceptor(r=0．97．Fig 2A)． In 

contrast， the funetional pA， values correlated 

poorly with binding pKi values at cloned RIB一 

(r=0．52， Fig 2B) and hiD-adrenoeeptors 

(r=0．04，Fig 2C)． 

Effect of ClII on CRC for NE in rat 

perfused mesenteric vascular bed Chl 50 

umol·L一 pretreatment for 30 min did not change 

the CRC h NE． I e Ec50[(27±5)US(28土 

4)￡ ·L- ，n=4，P>0．05j and maximal 

increase of perfusion pressure【(11．1±1．8)∞ 

(10．5±1．3)kPa，n=4，P>0．05j were not 

sigmfieantly different between the two groups 

(Fig 3j． 

^ 

B 

二二二1] 

Fig 2． Correlaiions between the potencies 

(pA2)of the al-adrenoceptor antago~ for 

inhibition of NE-induced vasopre~sor~ llSe jn 

rat perfused mesenteric va8口血atIlre and binding 

affinities(pK1)atthedoned“1A-(A)．匝1B一【B】一 

andⅡlD-adrenoceptor(C)． 

D塔CUSSl0N 

The present study showed that，in perfused 

Tab 1．Functional potencies(pA2】of岫-adrenoeeptor antagonists and ratUoUgand binding affinilies(pKi) 

at cloned“lA-，alB-，and ft．n)-adrenoceptors 

5-methyl—urapidil 

c； ● 卧● 古-● ● 卟●● 叮 ● 0 9 8 7 6 
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一  
Fig 3． The effect of chloroethyclonidine 50 

·L )pretrealanent o／]NE—induced pf sure 

response in perfns ed rat mesenteric vasg~llatllre． 

(0)Control；(●)Chl 50Itmol·L～． n=4． 
x ± ． 

mt mesonteric vascular bed， the vasopressor 

response to exogenous NE was antagonized by 

prazesin approximately 1500-fold more potently 

than by yohimbine． The pA2 values for prazosin 

(9．11± 0．28 m 9．18± 0．50) were not 

si~fifieanfly difierentinthe absenceand presence 

of yohimbine 0．1 tmaol·L ) to block o2一 

adrenoceptors possibly participating in NE- 

induced vascular constriction． These results 

indicate that tlle exog~ nous NE—induced 

vasopressor response is predominantly mediated 

by -adrenoceptor in the perfused rat mesenteric 

vaseuler bed． 

The functional experiments of tlle present 

study showed that the 1A-adrenoceptor selective 

antagonists， RS-17053， WB 4101， and 5- 

methy1．urapidil， inhibited the NE-induee(1 

vasopressor response tIl lligh potencies．which 

are consistent with tlle K．values reported from 

binding assaysll 0_11)
． 

e (XlD-adrenoeeptor 

also had relativelv high affinities for those 

antagonists compared with those of the <XlB- 

adrenoceptor． In contract，BMY 7378 has an 

approximately 100-fold higher aff'mi~ at t21D·than 

at t21A·and 121B-adrenoceptors 12．． In accordance 

th山is．the pA，value for BMY 7378 obtained 

in the present study is consistent with its low 

affinib,atqA—adrenoeeptor． Thefactthat slopes 

of Schild plot for all antagonists mentioned were 

not significantly different from unity also 

supported the assuption that there was a single 

subtype of ∞一adrenoceptor existing in rat 

mesonteric vascular bed． Further，we perfnrrned 

radioligand binding assays in subcloned HEK 293 

ceHs stably transfeeted with A一，ctIB-or GtlD— 

adrenoceptors to measure K】values of these 

compounds．and compe d these K，values Ih 

the pA2 values obtained from the functional 

experiments． As expected．the results showed 

that the correlation was much higher at cloned 

“1A—than at the cloned。lB-Or GriD"adrenoceptor． 

Another strategy to determine 1一adrenoceptor 

subtypes in a tissue is to assess the ability of Chl 

to irreversibly inactivate。1-adrenoceptor specific 

binding or to block 。1-adrenoceptor agonist- 

induced。responses． Both ot1B- and ~ZlD— 

adrenoceptor were sensitive to Chl，while the qA— 

adrenoceptorisno t 。2。
．  Inthe present study． 

preparations were pre-perfused with Chl 50tunol‘ 

L一 h  30 min．which should be abIe to block 

most responses induced by either。IB-or ID- 

adrenoceptors according to other reports and our 

OWil experienee_1 3l 
．  
Under these conditi0ns． 

the NE—induced vasopressor response W'dS not 

chan significantly， indicating that the 

response was mediated only by OqA-adrenoceptor． 

In conclusion，only the 0t1A-adrenoceptor 

conmbuted to the exogenous NE-induced 

vasopressor response in rat mesente~-，since the 

potencies of 4 subtype selective antagonists 

con'elated well with their binding affinities only 

for the nlA-adrenoceptor but not for lB·and lD- 

adrenoeeptors， and the response was not 

influenee(1 by Chl pretmatment． 
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介导大鼠肠系膜动脉血管床收缩反应的 

。 肾上腺素受体亚型特征 
， f77、f( V 

朱卫忠，张幼怡，韩启德 (北京医科大学 

第三医院血管医学研究所，北京 1oi]o83，中国) 

关键词 ∞ 

去甲肾上腺 

肾上腺 拮 

目的：研究去甲肾上腺素(NE)介导大鼠肠系膜血 

管床(mVB)收缩的 R1．肾上腺素受体( AR)亚型 

方法：用灌流大鼠 P+,WB标本收缩功能实验和克隆 

细胞放射配体结合实验测定 R1．AR亚型选择性拮 

抗剂pA2和 pK ，并作相关分析．结果：fflA-AR选 

择性拮抗剂 RS一17053、WB 4101、5-MU及 R1o-AR 

选择性拮抗剂 BMY 7378的 pA，分别为 8．98± 

0．28，9．16±0．20，8．69±0 02和 6．03±0．26． 

Sohild作图斜率值与 1．0差别无显著性． 其 

值与RIA-AR的p 。相关系数为0．97，与 lB一和 ⅡlD— 

AR的相关系数分别为 0．52和 0．04． 结论：介导 

外源性NE收缩大鼠MVB的功能性受体为ctI ．AR 
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