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No ftmetional ．adrenergic receptors expressed in rat skeletal muscle cells 
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KEY W ORI~  beta adM  c receptors； 

cyclic AMP； skeletal muscle； isoprotereno l； 

CGP12177A；SR59230A 

删 ：To determine tI1e functional role of岛． 

admnaceptors (岛．AR)in rat skeletal皿l吕cle 
cells． 正TH0Ds：Nonselective B_AR aganist 

isoprenaline(isoproterenol，Iso)，岛-AR aganist 

CGP12177A which is a岛-／岛一AR antagonist and 

selecrive岛一AR antagonist SR5923oA on cÂ  
accumulation was studied in primary cultured rat 

skeletalmuscle cells． RESU珊 ：Iso stimulat． 

ed c accumulation in a concentration- 

dependent l'rha／lner witI1 ECso of 1．51 mnol·L 

and proprano lol inhibited cA～ ’accumulation 

stimulated by Iso with 0f 3．47 runol·L～ ． 

CGP12177A had rio effect on cA accumulation 

but inhibited cAMP production induced by Iso． 

SR5923oA 10 nme l·L did not inhibit c ⅧP 

production induced by Iso． C0NCLUS10N： 

The functional岛一AR aIe not present or at least 
not ceuO1ed t0 adenylyl eyclase activity in skeletal 

ⅡⅡl吕cle cells． 

Epinephrine exerts several physiologic 

effects on skeletal muscle through both a-and B_ 

adrenoeeptors(AR)． B_AR in skeletal muF~31e 
ale mainly composed of岛．AR and a small 

proportion of扁一ARL ． Ih￡：re were also s0Im 

evidences that putative 岛一AR mi t exit in 
skeletal muscle． Early fimctional studies 

indieatedthat atypical B_AR n-fight beinvolved in 

the control of glycogen synthesis in rat soleus 

muscle L2J
．
Autoradiographie studies of B_AR iII 

mt skeletal nmscle have revealed tI1e presence of 

pmpranob~resistant【 IJ eyanopindolol bin~_'ng 
sites distributed irl tI1e soleus muscleL 

． 

Subsequendy， these sites were found to be 
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identieal to putative B_AR binding sites found in 

rat bmwn adipose tissue， and were strongly 

resembleto山e cloned human岛-AR expressedin 

Chinese hamster ovary cellsL4’ ． 

Molecular evidance f0r tI1e presence of 岛一 
AR in skeletal muscle is equiv~ 1． Northern 

blot analysis and nuclease protection assays of 

RNA from tissue indicate that tI1e岛．AR is not 

expressed in skeletal nluscle’。J，However，岛一AR 

mRNA was detected in soleus muscle by Fevers~ 
transcriptional polymerase chin reactionL7j． 

nle岛．AR is a member of tI1e superfamily 

0fG protein-coupled  receptors． nlemechanism 

by whichtI1eactivated岛．ARtmnsrrfitthe signals 
acro8s tI1e plasrm me mbrane involves tI1e 

stimulation of Gs．which in turn activates adeⅡvl 

cyelase，yielding  the second messenger cAMP， 

although 岛-AR Call also be coupled to Cn 
protein ． 

Establishing whether or not skeletal muscle 

contains functional岛一AR will help to improve 
our understanding of the m~charlism of skeletal 

muscle growth centml and to apply 岛一AR 
selective drugs in therapeutics． 11lerefore．in 

present study，the effect of岛．AR and tI1eir pest． 

receptor pathways，岛一AR agonist CGP12177A 
which is a Bl-／ ．AR antagonist in tI1e me antime 

and selective岛一AR antagonist SR5923oA on 
ĉ  ’accumulation was investigated in cultured 

rat skeletal muscle cells． 

d̂ JI1哪 ALs AND A吼 日0Ds 

Chtmieals SR59230A {(3．(2．ethv1． 

phenoxy)-1-l(1S)-1，2，3，4-tetra-hrdronaphth一 
1-ylaminul1．(2S)．2-propanol oxalate}was syn- 
tI1esized in tI1e Che~ stry Section of the Sanofi 

Midy SpA Resea~h Centre (Milan，Italy)． 
CGP 12177A J -4．(3-t．buty1．amino．2．hydroxy． 

pmpoxy)benzimidazo1．2．one hyditr-ehlo-fide J 
was 0urchased from 砌 (Natick MA，USA)． 
3-Iso-buty1．1-methylxanthine ． d／．isoprem]ine 

(Iso)HC1， l-propranolol，and were 

purchased from Sigma． J H J adenine (710．4 
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TBq·mol一 )was purchased 

(Boston MA。USA)． 

from NEN Products ticular山 

replicated 4 

Rats NeonatalWistar rats(age 2—3 d)， 
whichwereGrade II and Certificate No 013056， 
were obtained from Experimental Arfireal Center 

of Beijing Medieal University and used on the 
salne d8v． 

Skeletal nlll~ e cell curare Muscles 

we dissected from hind limb under sterile 

conditions and placed in Dnlbecco’s modified 

Eagle’s llIediulrl(DMEM)． Alter trimming off 
the excess connective tissue，the musele tissue 

was minced and Dlaced in the Kreb’s solution 

con~ nmg 0．15％ trypsin．and stirredin 75．mL 

flask at 37℃ for8min． Thesupematantli皿id 

was centrifuged (15O0 × g for 5 min) and 

washed in 5 mL DMEM． 11le digesa~g pro· 

cedure was repeated 4—5 times ． 11le washed 

pellet was resuspended in DMEM supplemented 

with 10 ％ newborn calf serlllT1．benzylpenieillin 

50 U，streptomycin 5o腭 and filtered thro~h a 

nylon screen． The suspension was incubated at 

37 ℃ in a humidi6ed．5 ％ CO2 atmosphere for 

50 rain． e cell suspensionⅧ then plated at 

1．5 × 10s cells per well in 6-well plates and 

incubated． 11le mediunl was completely 

exchanged with fresh prewarmed nlG~ulrl on d 

l，3，5，and 7． 

D酏eIm．啊埘 0Ⅱ of a Ceils wel'e 

grown for 3—4 d(preconfluented )or 7—8 d 

(confluented )， cAMP was assessed bv the 

[3H]adenine prelabellng method㈦． Briefly， 
the cultured cells were pmlabeled with 

l H ladenine 37 MBq·L f0r 2 h and washed 

twice with Krebs．Ri／lger bicarbonate buffer 2 mL 

at 37℃ ． 11le buff erwas aspirated and 1 mL of 

wartn Krebs-Ringer bicarbonate buffer containing 

3-i~obutyl一1一methylxanthine 0．2 nunol·L一 was 

added． CeU ctdtures were incubated at 37 ℃ 

for 15 min with agonists． Antagonists were 

added 30 min before agonists． The reactions 

were terminated by the addition oftfiehloroacetic 

acids 100 ，50 of unlabeled cA胛 were 

added as a c4tn'ier．andthe plateswere scraped． 

1 HJ cAMP was isolated bv sequential D0we】【， 
alumim chromatographyandthe radioactivity was 

determined (Beckman LS6500)． Data 咖  
calculated as a percentage of the conversion of 

l Hl册 to I HlcA胛 ． 
Statistics Each incubation wlth a par- 

concentration and comb ination was 
一 5 lJ／l~s， and the results was 

presented as ± ． The EC was obtained by 

using the fottr-parmneter logistic equation in 

nonlinear regression analysis in Graphpad Prism 

software． 11le negative logarithms of antagonist 

dissociation constant KB was calculated from the 

Schild equation：tg(4一1)=lglBj—lg ，in 
whieh l B j was the concentration of antagonist． 

nle statistical幽蛐 carlce of difference between 
control and experimental groups was assessed bv 

two·side pai捌 t-test． 

RESU珊  

cAMP aeeumn!Jalon i【IdI蒯 by]so and 

effect 0f propranolol on 出e l~ llSe Iso 

stimulated cAMP accumulation in a coneenlra- 

tion-dependent nlanner with EGo value of 1．51 

nmol·L (95％ confidencelimits 0．18一l2．5O 

nmol·L )． The KR value of proprar~lol 0．1 

gmol·L was 3．47 nme l·L (Fig 1)． 

0．2 L- ———L．．．．．——L— ．．．．．L．．． ．．．L．．．．．．．‘．．．．_J 

C0口lrol 9 5 7 e 5 4 

lsop~ diue=／一lI mot·L。‘ 

1． 1k Iso-bldue~l{o)e~54P m,,-,nunt~on end岫  

蜘娜 删 c effect硝pr0p擅 a-0l O．1 I‘咖●·L-1伽 it(●) 

cuttm'ed skeletalmIBde cells． H=4∞mpks 4 

r螗 ． j ± ． 

Effeet of CGP12177A on accu[nu~- 

tion CCP12177A 10 nme l·L to 100 tanol· 

L一 慨 used in SR5~30A 10 rⅡ砷1．L一 ． 

treated or untreated cells．and no response wa8 

observed ． 

Effeas 0fOGP12帆 鲫ld 9230A on 

Iso-imtueed cA m llon in 哪 血卫re 

and mature skeletal muscle Oells Iso 0．1 

2 0 8 B I 

1  1  O  0  O  

，-g 呈 口目 # 2̈-皇  
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mn0l·LI1 induced an irg3rease in cAMPlevels in 

cultured skeletal muscle cells． CGP12177A 0．1 

姗 10l·L_。produced inhibition，but SII5923oA 

(10 nmol·L )did not affect山e it rea8e of 
c ⅦP accumulation induced by Iso． IlleIe was 

no significant di ret'lO~b6,tw~n 山e immature 

ceils(3—4 d)and山e mature cells(7—8 d) 
(T 1)． 

Tab1． Effects ofCGFI2177A (CGP)删 SIR．~230A ( ) 
(10皿 ·L。 l oll h嘲I aadb呷 卫妇 (I舯l 0．1 - 

LIl卜t,,,h,,-otl cAMP 钟即皿ll叫 on 缸 immattm~ l H = 4 

脚叫咖 tram4呻 l aad珈劬lre(H=5翻皿 船from5呻 l 
d咄 吼 Ⅱ Bde。印b． 

b／,<0
．惦 ． <0．01 l哼Basa1． <0．惦  ． 

G oup acamml~ ecd％ 

Immature Mature 

D琏lcUSSIoN 

When developing山e method for measuring 

aocumulatjon in cultared skdetal muscle 

cells，anIso concentration-response CUl~eforthe 

stimulation ofcAMP accumulationwere performed 

in control and propranolol(0．1 wnol·L )． 
treated confluent skeletal muscle cells． Iso 

stimulated cAMP accumulation in a concentra- 

fion-dependent nlallner and propranolol shifted 

the concentration-response alⅣe f0r Is0 to the 

right wi山 calculated KR value of 3．47 nmol· 

L_。． TheIne日IIl valueisin accordancewi山 

reported valuefor p1-or＆-AR(O．75 rlIml‘ 
L )Lgj． ，I1le result suggeststhatIso stimulated 

c l accumulation via 8_．or ．AR jn skeletal 

muscle cells． 

CCP12177A possessed a Ⅸ ial agonistic 

actlvity wi山 |lish potency in stimulating adenylyl 

cyclase jn CH mt ＆ ceils and rat brown 

adipocytes． CGP12177A 10 nmol·L to 1o0 

tanol·L wel'e used jn our experiments and had 

no effect on cAMP accumulation． However 

CGP12177A inhibited l production induced 

by Iso． SR5923OA is a selective and potent＆． 

AR antagonist and山erefore a suitable and u8~．1l 

tool to study山e functional role of the岛．AR in 
various tissue[ o， 

．
Theoretically SII59230A 

10 mnol·L一 used in our experiment should be 

able to antagonize岛-AR but not pl·and＆·AR． 
The addition of SR59230A， however，did not 

inhibit l productioninduced byIso． I1lese 

data toge山er with Iso．induced cAMP pr~luction 

which were not resistant to propranolol indicate 

that functional＆．AR aIe not present or at hast 

not coupled to adenylyl cyclase activity in skeletal 

muscle cells． 

In brown fat cells，a switch occurs in B-AR 

subtypes which is coupled to c ⅦP production． 

from ng p1-AR in immature cells to being岛· 
AR in mature cells【10,12]

．
To fu~ er confirm 

whether or not a siIIlJ~ switch occurs in skeletal 

muscle cells， studies were performed on 

proliferating(immature)and cordtuem (mature) 
skeletal muscle cells in culture． ，I1lere no 

evidence of functional ＆．AR exiting in 山e 

proliferating or 山e confluent cells and no 

significant difference between 山e proliferating 

cells and山e confluent cells． 

Our finding is similar to the results of 

Sillence et a／L 0 
． Their results of second． 

messenger studies did not support the hypothesis 

that bovine skeletal muscle tissue metn]3ralle8 

contained functional＆．AR：based on the failure 

of a ＆．AR agonist of BRL37344 to stimulate 

cAMP Dr0dllcti0ll and that cAMP production 

induced by Iso was not resistant to blockade by 

ei山er ICI118551 or CC聊 12． Our results 

supported that low concentration of BRI37344 

sfimulated Sluco~ utilization via an atypical 

AR and 山e stimulation is negated by 山e 

activation of 8'．AR that oc~tlDd at higher 

concentration of BRL37344L14j
． The opp~ing 

effects of＆．AR and atypical AR vati0n 

suggested that in skeletal muscle the atypical 

AR seemed unlikely山e＆一ARand山eylinkedto 

different post-mceptor pathways． 

In conchsiOil， functional＆一AR are not 

present or at least not coupled to adenylyl cyclase 

activity in skeletal muscle cells an d 山e 

~ssibility of ano山er 0-AR subtype in skeletal 
muscle could not be excluded． 
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大鼠骨骼肌细胞不存在功能性 ．肾上腺素受体 

高本波，韩启德 (北京医科大学第三医皖 
血管医学研究所，北京 100083，中国) 卜 

t 

关键词 p_肾上腺素陉体；环腺苷一磷酸； 
骨骼肌；异丙肾上麒紊；CGP12177A；$R59230A 

目的：研究原代培养的大 鼠骨骼肌细胞中是否存 

在功能性 岛．肾上腺紊受体 (岛．AR)． 方法：利用 

柱层析方法测定异丙肾上腺素(k)，岛．AR激动剂 

CGP12177A和 岛．AR拮抗剂 St159230A对培养骨骼 

肌细胞环磷腺苷(cAMP)生成作用 ． 结果：k 剂 

量依赖性 刺激骨骼肌细胞 C／~It)的生成，E( 为 

1．51 nmol·L～． 普萘洛尔 0．1 Ⅱ̈ ·L 抑制 k 

刺激 的 C／~It)的 生成 ， 值为 3．47 ravel·L～． 

CGP12177A无刺激 cAMP生成作用，但可抑制 k 

的作用． St159230A 10Ⅻ．0l·L 不能抑制Is0刺激 

cAMP的产生． 结论：大 鼠骨骼肌细胞中不存在 

功能性 岛．AR或至少不与腺苷酸环化酶耦联 ． 

世纪突破 ：三维组织培养终成现实 

旋转式细胞和组织培养系统 (Rco弓)是通过模拟微重力环境 ． 目前唯一的体外培养三维组织的装 

置 ，其培养密度高达 107个细胞／m1． 可广泛应用于正常、肿瘤和爱滋病组织的培养 以及药理和组织移 

植的研究中． 简便系统最惠价 USD 1295． 
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