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Contractile effect of 6p-acetoxy nortropane on human and guinea pig airways 
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KEY W ORDS bronchi； trachea； acetyl- 

choline；nortropanes；mttscarinic receptors； 

inositol phosphates；isopmterenol 

AnI： To study the effects of 6~-acetoxy 
nortrolxane (68-AN) on the isolated haman 
bronchus and guinea pig trachea． 唧 HODs： 

contractile effect of 68-AN was studied th4 

different nmscarinic receptor antagonists on 

airway stri and inositol phosphates (IP) 
~eumulation in human bronchi was detennined 

hv 唧 C with radioactivity flow detector． 

REsIⅡ腮 ：(1)Ⅱ maximal contractile effect 
0f 6 AN was lower than that of acetylcholine 

(ACh)onthe human bronchusand equaltothat 
0f ACh on the gllil~a pig trachea． 6B．AN was 

more potent than ACh on both preparations(68 

and 245 times．respectively)． (2)Ⅱ contrac- 

tile effect of68-AN  was inhibited by atropine(1 
— 1o0 nmo l·L )or para-fluoro-hexahydro sila- 

difenidol(0．01—1 tunol·L )，but not by 

methoctramine(Met．0．3—3 muel·L )or 

pirertzepiBe(0．O1—0．1~rnol·L )，and was 

not enhanced by tacrine(0．1—10 pmol·L )or 

by epithelitun remova1． (3) The 6B．AN 
induced-contraction wag accompanied by an 

increase of IP levels in isolated human bronchial 

tissues． (4)68-AN  had an inhibitory effect on 
isoprenaline(Iso)．induced relaxation，which was 

abolished or reduced by Met 0．3 gmol·L～． 
C0N(1 】sI()N： 6 AN  exerts a 13otent 

contractile effectinvolvingmuecarinicM{lee印tor 

stimulation on airway smooth muscle． 

Muscarinic M2 receptor stimulation i8 fll／'therl／Dl~ 

pardany involved in the antagonism by 68_AN on 
the Is0．induced relaxation of the guinea pig 

trachea． 
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6~Aectoxy nortropane (68-AN ) was 
synthesized according to the structttre of the Bao 

Jia Sou (邛-hydroxy-6p-acetoxy nortropane) 
jsohted in 1979 from a 0 nese herb， Erycibe 

Obtus~folia Benth， traditionally used for the 
treatment of ~．thx-dgh or fever一．2j． Sa'uc． 

rurally，6 AN belongs to the曲o1 ilieme tropane 
family close to atropine(Atr) ,2j． 68-AN，a 
muscafinic receptor agonist in various tissues， 

indue es bradyeardia， contraction of the ileal 

longitudihal smooth mils(2lein rats．andmyosisin 

rabbits． ese effects of68-AN aTeinhibitedby 
Atr J． Besides muscarinic Ms receptors． 

muscafinic Mz receptors are present in great 

amounts in the bronchial smooth mIlscleu， ． 

Ⅱle contraction of smoothmuscleinduced by the 
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stimulation ofmnscarihie M3 receptors is linked to 

inosltol phosphate(IP)production( · ，~taereas 
muscafinic M2 receptor stimulafion produces an 

inhibition of adenylyl eyclase activity throllsh a G 
proteinL an d ca／l tl1erefore inhibit isopmnahne 

(Iso)action~3,7,8J． 1his inhibitory effect∞ 
sfimulation of muscarinic M2 rece0tc s has 

however not been observed oN the 2 nea pig 

trachea(9J
． human bronchi【4J or 0n bovine 

tracheaL J． 

nle present WDrk was to study the 

contractile effect of 6B-AN an d muscar]。nic 

receptors involved in the contraction on tl1e 

isolated human bronchus and guinea pig trachea 

as well as tl1e mlationship between the contractile 

effect of 6B-AN  and the production of IP on tl1e 

human bronehi． nle role of airway epithchum 

was also studied．since tl1e epithelium apr~ l 

to act as a diffusion barrier or release a relaxant 

factot (EpDRF)，or might play a metabolic 
role~l】1

．  

M A1：ERIAI S AND M町 ll0DS 

Drugs 68一AN was synthesized by 

Shanghai Second Medical University(shandlai， 
China)；a∞tylcholine HC1(Ach．Pharmacie 
Centrale des h6pitaux，Paris，France)；atropine 

(Atr)，isopmnaline(Iso)，and tacrine(Tac) 
(Sigma)； pimrtzepine (Pir)， melhoctramine 
(Me1)，and para-fluoro-hexahydro-sfla—difenidol 
(p-F-HHSiD) (舳 I， Bioblock Scientific． 
1llkrick．France)． Thenphylline 8odillm anisate 

(The0)was used as the proprietary iIliectable 
solution (theophylline Bruneau， Premidel， 
Courbevoie，France)． AⅡ agents were dissolved 

i力 disti]led water．and dduted th Krebs’ 

solution． Myo—l 2一 H}inosltol with Pr —27l 
(specific radioactivity，370—740 TBq·tool ) 
was purchased from Amersham International 

(Amersham，Buckinghamshire．UK)． 
11 preparation Guillea pig trachea 

and human bronchial tissues were obtained an d 

pmpored J． Each set of guinea pig or human 

airway tings were suspended under an initial force 

0f2 ginKrebs’solution，bubbledwitl1 95％ 

4-5 ％ C02andmaintained at 37 ． Changes 

iIl foice of contraction were measured 

isometrically with Pioden UF-1 strain gauges 

(PHn皿P， Paris， France) and amplifiers 

(EMKA，Paris，France)and displayed on a 

rec0rder Linseis L65514 (PHEBUS， Paris， 
Fiance)． After 1一h equilibration witl1 washing 

every 15mi n．tl1e restingloadwas between2and 

2．5 g． Under tl1ese conditions．tl1e responses 

obtained were reproducible 

Protocol Each experiment began by 

contracting the ain~ay strips witl1 or without 

epithelium  to maximal tension witl1 ACh 3 mmol 

·L～ ．tI1en．maximal relaxation was induced by 

The0 3 mrnol·L～ ． A 1-h rest pe riod was 

observed witl1 was}li】 every 15 min before 山e 

beginning of the experimental procedure． 

Thereafter， cumulative concentration—msponse 

Clll~,,es to ACh ot 68一AN were constructed by 

applyingincreasing concentrationsof drugs at5～ 

15一min intervals in logarithmi c incremen~． 

Oniv on e concentration—resDonse curve wi山 ∞ 一 

AN or ACh was recorded in each ring． In a 

separate set of experiments， Atr (1 — 100 

nmol·L )，Pit(0．0t一1舢 l·L )，Mel 

(0．3—3 vmol·L )．p-F-HHSiD (0．01—1 

mnol·L )，Tac (0．1—10 tmaol·L )or邱一 
AN(0．1—10 nmol·L )were added to the bath 
30 rain bofom tl1e addition of 6B-AN and／or 

ACh． An involvement of musearinic M2 receptor 

stimulationwasinvestigated by~tuding 6~-AN —Iso 
interaction ontl1e guinea pigtrachea ． nle effect 

0f6B-AN on山eIPaccumulationwas evaluted at 

concentrations similarto tl1ose usedforfuncti0hal 

studies in order to establish a rehtionship 

between ph0sphoinositide metabolism and 

functional responses in tl1e human bronchus 

smooth mllscie strips． 

IP determination The human bronchi 

we re cut into fragments with a minimum of 

cartilaginous tissue and were washed in Krebs’ 

solution． 111eY were then incubated in 15—25 

mL Krebs’solution containing myo—l H}inositol 

74nsq·L buffer at 37 for4 h． Afterthis 

ineubafion．tl1e tissue was washed twice with 45 

mL Krebs’solution． A1iquots of washed tissue 

(1—2 g)were placed in l mL Krebs’solution 
containing LiC1 10 mmol·L一 and incubated at 

37 f0r 30 min． During the stimulation with 

ACh or 6B-AN．UCl was present to enhance the 

accumulation of IP by blocking the bmakdo~ of 

inositolmonophospha te toinosito1． The samples 

were stimulated with 2O止 buffer(contro1)． 
ACh(10 nmol·L～ 一3 mmol·L )ot 6B-AN 

(10 nmol·L_。一O．1 mmol·L )at 37 for 5 
min． Stimdation was stopped bythe addition of 
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3 mL chloroform：methanol：HCl(1o0：20o：4)10 

mol·L一 with vigamus shaking and the tissues 

placed in a cold water bath(4℃ )were crlJshed 

with an Uhraturax， (Bioblock， Ⅱlkirch， 
France)． Ihe samples were centrifuged at 1O00 

x g at 4 ℃ for 10 min． Ihe flE01eous phases 

were bmu~t t0 pH 4 with 50址L of ammomum 

formate 1．2mol·L_。and stocked at一80 ℃ un． 

til analysis． Separation ofIPwas performedL12J． 

Data analysis Contractile responses and 

IP accumulations were expressed as ％ of the 

maximal response to ACh 3 nmrol ·L_。． 

Reiaxatant effects ofIso were expressedas ％ of 

the relaxation obtained witll Iheo 3 mmol·L-。． 

added at tlle end of each experiment． Ihe data 

were exDressed in terms of PD，for Dutency and 

∽
f0r effic~y． pD2 values were derived 

graphically from the lg concentration-respon~ 

curves and defined as the negativelg of6／3．AN or 
ACh concentration that caused 5O ％ 0f 

maximal effect． Iso pD2 was defined as
． the 

negative lg of the concentration of Iso which 

induced a relaxation equal to 5O ％ of its own 

maximal effect． Ihe maximal effect(E一 )was 
calculated as the maximal increase i13 tone 

induced by 6／3．AN and expressed as a％ ofthe 
maximal tension induced by ACh 3 nunol·L一1

． 

Antagomsm with Atr was analyzedL ． Data 

were expressed as 牙 ± ． and conrpalDd with 

pfIil司 or ur 州 t test． 

RESIⅡ 

Contractile effects of邛-AN on the 

isolated human bronchus and 毋lj脚 pig 

trachea 6 AN induced a concentration． 

dependent contraction of the human isolared 

bronchuswitll a pD，value of7．48±0．09an d an 

E⋯ 85％ ±3％ (％ ACh 3 mi~lo1·L_。， 
= 15)． 60-AN was 68 times more potent but 
less effective than ACh． On the isolated guinea 

pig trachea ，6B．AN  was as efficent as ACh and 

245 times illOre potent than ACh(Tab 1)． 

Illfllll~Ce of Tac Oll 6p．．AN-or ACh．． 
induced contraction of 姐n0劬 muscle of 

human or 1．珈l朋 airway On  both 

preparations． tlle cholinesterase inhibitor Tac 

(0．1—10 prnol·L )did not l／lod~"印．AN- 
induced contraction， but potentiated ACh． 

induced contraction by increasing PD， values 

(Tab 1)． 
h妇uence of epifl~lium removal oil 

contractile activity of 61~AN  and ACh The 
68．AN -induced contraction was not modified by 
epithelium removal in the isolated human an d 

glunea pig mrways． In contraM， epithelinm 

removal enhanced the ACh．induced contraction 

on the smooth muscle in b0tll preparations by 

increasing PD2 values(T曲 1)． 

呦 of Air， Pit， Met， and F- 

lⅡ iD oil 6 AN contraction respenses Atr 

1— 100 nmol·L～ concentration dependenfly 

inhibited tlle 6 AN ．induced contraction on the 

isolated human bronchus(Fig 1A)and guinea 
pigtrachea (Fig 1B)． Ihe pA2 values of Atr 

weld 9．03 ± 0．11 (n = 4) on the human 

bronchusand 8．80±0．24 ( =6)onthe guinea 

Tab1· — and PD2 values of 戢et0 珈 呷删 and acetylcho~ inthe absence cconVrd)and 强舶傀 0ftacr~e，and 

椭 (h蝴 )Ⅱ wBh~t(r~oved)ep油eIim m theisolated hmmm hi．thus andthe gI血ea应 Wachca． =]iml~ber 0f 
hmmml叫擎 or 曲 pi簪． ± ． bp<O．05， P<0．01坩 control 
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Itnnlan bronchus 

11 10 9 8 7 6 5 4 3 

Guinea pig trachea 

6B．Acetoxy nortropane／一Ig mol‘L 

№ 1-Inhl~tOry effoas of曲啦 {A，B．o ~entr~．● 1，x l0．口 1肿 mind·L一 )．p n髓咖 e(c，D．0 cotm'o1． 

● 0-01-x 0．1-口 1 I瑚 I’L一 )-meflloctran~z cE．F．0 comrei．● 0．3．x 1．口 3 ·L‘ )andimm-flue~o- 

hembydro．dlfevida (G-H，0 ~entr~-● 0．毗．× O．1．口 1 -L一 )．onthe cemrmflon ew嘲 by 6~-AN onthe 

htmmm brondum皿dthe毋血吼 吨 trachea． =4—8 htmmm】皿挚 毋血吼 pigs． ± ． 
《0．05． 《O．01 cotm'o1． 

pig trachea． Under similar o0nditi0I1s，pA2 bronchus and the guinea pig trachea， 
values ofAtr on ACh were 9．41-I-O．22(n=4) respectively． 
and 8．60-I-O．22 (／／,=6)，on the hunuan Pir，a selective muscarinic Ml receptor 

啪 帅 0啪 如 0 m 如 0啪 ∞ 0 

＼目0墨u日J1E0u IB目 Ix日皂 q1 J0 u 暑盘uuJall 
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antagonist，decreased the contraction induced by 

6 AN only at 1／mlol·L (Fig 1C，D)． Met， 
a selective mu~ rl‘nic M，receptor antagonist，at 

0．3 or 1 wnol·L_。． did not influence the 

contraction by 68_AN on the human bronchus 

(ng 1E)and tlle gIlinea pig trachea(Fig 1F)． 
A small but significant inhibifion was observed for 

Met 3 tm~ol·L— on the human bronchus． 

p F_}{1{siD (0．O1— 1 tm~ol·L )，a 
selective nlusoarl’nic Ms receptor an tagonist， 

significantly inhibited the contration of isolated 

airways(Fig 1G，H)． 11he pA2 values of p-F一 

如}IsiD on印一AN were 7．74±0．08( =8) 
with a slope of 0．99 ± 0．09 on the human 

bronchusand 7．80±0．12(n=6)with a slope 
0f 1．03 ± 0．07 on the guinea pig trachea， 

respectively． 111eantagonism appearedto bethe 

competltave type． 

hlⅡl nce of~~-AN on ACh-induced 
contraction 68-AN did not modify the 

concentration-response CtLrves for ACh in the 

guinea pigtrachea(Fig 2)． 

Acetylcholine／一tg tool‘L 

Fig 2． ml蚰。e of@-AN c● 0．1．x 2．口 l0 nmol· 

L一 ) m the ACll~nceatrafion-response ctwvl~ c0 

contro1)m the 蛔 p电 trachea． c=control befcce 
adI眦 帆 ofACI1． n=6 gt~ eapigs．x± ． 

~ ellCe of 611-AN and Aal on II． 
accumulation in hmatan bronchus Incubation 

of bronchial fragment with 68-AN 10 nmol·L 

— 0．1 mmol·L for 5 min induced a 

concentration—dependent increase of total IP with 

ECso value(95％ confidence limits)8(6—14) 

tmaol‘L and an 76％±3％ (％ ACh 

1 mnlol·L )． Under similar conditions，E 

ofAChwas 63(45—91)／nnol·L and ⋯ 

目 
目 
n  

rlg 3． Total[ H]．m0菌t0|pb0s 劬皓 maamml~oa 0f 

htmlml brmmhialtissuesreducedby@-ANl0∞舶l·L～一 
0．1 mmol·L一 and ACh 10皿皿 ·L 一1删 1．L一 ． n 

=4— 6 htmlmllⅡI t x ± ． bp <0
．05I中 <O．Ol 佯 

A西 ． 

100％ (Fig 3)． 

Effect of~~-AN on the lso-induced 
relaxation in the guinea pig trachea Ise— 

induced relaxation of the guinea pig trachea was 

concentration-dependently inhibited bv 68一AN 

(2，10，or1o0 nmol·L ) th amaxJml1121 shift 

0f 17一fold wlth 6 AN 10 tmaol·L (Fig 4A， 
C)． 11he inbdbition of Iso-induced relaxation by 

6母-AN  was markedly reduced in the presence of 

Met 0．3 vmol·L (Fig 4B，D)． 
]here was no significant effect of Met 0．3 

pmol·L一 on the basal tone or on the magaaitude 

oftension induced by 6&AN  prior to pe~ mmg 
concentration-response curves for Iso (Fig 

4A，B)． 

D CUSS10N 

6~-AN induced a concentration—dependent 
contraction of smooth musch of human or guinea 

pig airways， v／tro． 6 AN is a very potent 
agonist，68 and 245 times more potent than A0l 

on the isolated human bronchus and guinea pig 

trachea，respe ctively． In addition，the eflicacy 

0f 6B．AN was very similartothat ofAChin both 

preparations， showing that 印一AN is a full 

agonist，at least on gu inea pig trachea． 

Our studies show that 6口．AN is a choline嘣c 
agonist since its action was inhlbited by Atr． 

Morever，6 AN contracted airway SnlOOth muscle 

through stimulatingmusearinicM3 receptors since 

its effect was inhibited by p．F．I-I]-ISiD， a 
[xiuscarl’nic M3 receptor antagonist， but not by 

Met．a muscarlnic M2 receptor antagonist or by 

g  ； 号  呈  S  0量 j 0 
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Isoprenaline／一Ig to ol·L 一 

4． 蛳 ofthe詈．】蛔 麻 加 hxh~ed 蛔 ∞且眭啦 atImsaltaae t●)。r崩 响 删毗嘲咖 mdmml 

’岫口．岫 g∞ 咂 0f6 AN c▲ 2．0 10。▲ 100 zmol·L．1)缸 the absmce(A，C)OF缸 the prese~ cB，D)0f 

melI“ 0．3}I瑚 I．L～． Remits眦 exprem~ 嬲 咖 坩 ．h即 3删 I．L (Cl D)OF嚣 fm'ce 0f 
cram-action【g】cAlB】． In the hmetl lifo reprm~m the蛐 to the啦 0f the~ respome∞ for 

Is0prennlh~indaced by the 3 d~erent伽眦蚰岫-岫 0f 6 AN c2。10，100 zmol·L )and血舡m 吐 蜘 ％ 0f 
rd耐 叩 ． BT=basaltone．MH=n- x由 ∞曲幢．Theo=n_日pb 陆 ． =6 gI血 eBli l ± s， 

>0．蝤 ． <0．05， <0．帆 contro1． 叩 <0．蝤 ． P<0．o1 缸 the absmce 0fMet． 

Pir except in concentrations where Pir is no 

longer specific for mllsEarl。nic M1 L14J． r【his 

Iesult wa8 confirmed by increasing IP production 

induced by 6B．AN． 

Our results demonstrated that the effects of 

Ac}1 were significantly potentiated by epithelium 

l~movalu ，and that，contrast to ACh，6B-AN 

appeared in human bronchi as well a8 in the 

sninea pig trachea independent of eholines— 

ter'a$es． since the effects of 6B．AN not 

potentiated by taciine， an inhibitor of 

cholinestemses． Taking the 2 first hypothesis 

into account(8ee iI oduction)，【)Ⅲ results 
suggest that the diffusion of 6B—AN in the lung 

tissues seem to be beRer than that of ACh．and 

that 6阻AN do not participatein the release ofthe 

epithelial relaxant factor． 

6阻AN induced a concentration-dependent 

inhibitory effect onlso by progressively shiftingto 

the rightthe concentration-response Clll-vefl ofthis 

compound． Met 0．3 gmol·L-。．which did not 

affect the eontra~file effect of 6B．AN(that js tO 

say s~pesed M2 selective)， abolished or 
significantly reduced the 68_AN inhibitory effect． 

11ais suggests that besides iIs museafinic M3 

agonisfic effect， 6B—AN has muscarinic M2 

receptor agonistie effect on airways． Metdid not 

completely reduce the 6B．AN—indu ced functional 

antagonism， which WD8 compatible with the 

5  4  3  2  0  

呻 0 u 暑 目0u．10 掌 0 
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participation of nmscarinic M3 receptors in the 

functional arltagonism． Indeed， it has been 

shown that the increase of IP synthesis， in 

particular inositol tripho~phates， on the one 

hand， and diaeylglyceM ，on the other hand， 

induces pho~phorylation of the 8_adrenoeeptor and 

participates in the inhibition， by eholinel~ie 

agonists．of adrenoeeptor agonistie effectsL ． 

To conclude，印 ．AN exerts a very potent 
cholinergic aetivity 0n airway smooth muscle． 

6f}AN．indUCed conlractile response was mediated 

mainly by stimulating muscaririle M3 receptors 

and increasing the IP synthesis． 印 -AN exerts 

all agonistic effect 0n mu~9．rl‘hie receptors． 

revealed by the functional antagonism to Iso． 
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Alain BISSOI~．Cl~rle ADVENⅢ 
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关键词 支气管；气管；乙酰胆碱；圭!堑 ；呼 
毒蕈碱受体；肌醇磷酸类；异丙肾上腺素 

目的：研究 6肛乙酰氧基去 甲托烷 (6肛AN)对支气 

管平滑肌的收缩作用．方法：不同M．R拮抗剂对 

6t?-~ 作用的影响；}删LC法测定 6 AN对支气管 

平滑肌细胞内磷 酸肌 醇( )的影 响；通过 邸．AN 

对异丙肾上腺素(Iso)功能拮抗模型，观察 邸．AN 

对 M2-R的作用． 结果：(1)617-~ 对人及豚鼠气 

管的收缩强度大于 ACh，分别为 68和 245倍；(2) 

阿托 品 (Ml— M])和 pem-fluom．hexahydm-sila- 

difeni~l(M3)抑制 6口．AN的作用 ；(3)6日 AN引起 

平滑肌细胞 内 浓度升高；(4)68-AN对 Is0的功 

能性拮抗作 用，在 Ine山0c响Ⅱ曲e( )0．3㈣ 1． 

L 时减弱或消失． 结论：6肛AN通过激 活 M1．R 

引起支气管平滑肌收缩 ；其对 Is0的功能拮抗，部 

分是激活 M2．R所致 ． 

维普资讯 http://www.cqvip.com 
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