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ABSTRACT
Prejunctional muscarinic receptors from the deep muscular purified circular smooth muscle plasma membranes. Most nota-
plexus of canine ileum were studied, and their properties were bly, the circular smooth muscle receptors had significantly lower
compared with those of the postjunctional receptors of the affinity for N_[ 3 Hjmethylscopolamine (K. = 16 nM) with a B~,
circular smooth muscle. In the purified synaptosomal fraction (a value of 2088 ± 276 fmol/mg. The affinities of the M2 subtype-
fraction containing primarily the axonal varicosities of deep mus- selective muscarinic antagonists methoctramine and AF-DX 116
cular plexus), the muscarinic ligand N-13 H]methylscopolamine were similar;- both membrane preparations. The receptor pop-
labeled an apparently homogenous population of receptors (flH ulation associated with the deep muscular plexus synaptosomal

=1) with a K, of 2.7 nM and a B,,,, of 195 ± 44 fmol/mg protein fraction was linked to the inhibition of adenylate cyclase activity.
(mean ± S.D., in = 4). These receptors showed a high affinity for as demonstrated by a concentration-dependent, atropine-sensi-
the M3/Ml-selective antagonist 4-diphenylacetoxy-N-methylpi- tive inhibition of the forskolin-stimulated enzyme in the presence
peridine methiodide (pK, = 7.41); in contrast, the pK, values of of muscarinic agonists carbachol and oxotremorine. Based on
pirenzepine (5.60), methoctramine (5.65) and AF-DX 116 (5.21) the pharmacological observations presented here, the preiunc-
implied little selectivity for these subtypes. The binding properties tional muscarinic receptors in the axonal varicosities of deep
of muscarinic receptors in the synaptosomal fraction were diff er- muscular plexus are different from the postjunctional receptors
ent from the binding properties of muscarinic receptors in the present in the circular smooth muscle.

Most invest igations of the gastrointestinal tract have focused In contrast to the postjunctional receptors. the pharmnacolog-
on postjunctional receptors associated with various gastroin- ical properties of' neural muscarinic receptors are less clearly
testinal smooth muscles (Giraldo et ol., 1987, 1988; Muommi c defl e.I h lumsaii rcposhv enietfe
al., 1988; Herawi et al., 1988; L~ucchesi et al., 19891. These deined gangtioniclexuses (m enteric rendor sumuoave ofe gidntfea
receptors mediate the direct excitatory effects of acetylcholine ingglocpexss(vtrcad umoa)ofuna
on the contractile activity of smooth muscle cells. The musca- pig an"d dog. The pharmacological properties of these receptors
rinic receptor- mediated effects, of acetylcholine on the contract- have been elucidated primarily by functional studies or by
ile responses in the gastrointestinal tract also involve an indi- monitoring the activities of'single neurons by elect rophysiolog-
rect component resulting from the activation of receptors pres- ical techniques IKilbinger, 1984: Fox et al., 1985; North ct al..
ent in the enteric nervous system. 1985; Schworer and Kilbinger. 1988; Schiavone et al., 1989). It

has been shown that muscarinic receptors in the mx-enteric and
Ueceived for Imiblimcit n Septembher I:S, 1991. submucosal plexuses consist ol pharmacologically heterogenous
This wirk was .ipjiorteil. in part. Inthe Medlical Riesearch t,,uncilo ifanaul

The views extiressed do not necessarily reflect official policy or posit ion of the pouainmdtngbh xttrv ndniioyre
:)tpimrtynent of the Armyv, the Department of' Defenuse. or the United States sponses. It has been suggested that the excitatory receptors.
;overnrnent. The investigaii'rs adhered ito the "Guide for the tare anid Vse of having a high affinity for pirenzepine. are located postsynapr-

L~aboratorv Aninials," preparedl Iw the C ommittee on t'are and t'se of LaboratorN
Animals ofit he Inst itote .)t Lalmoratmmrv Animnal Resinirces. Nat ional Rvsear, h ically' on neuironal somas~ or dendrites. The inhibitor., recepstors,
Couincil, in addlitimon. research lierlirtnied under the I Inited Stativ, (tiovrnnient exhibiting a low affinity for pirenzepine. were associated with
auispices wa, mor~d'ited in) unipliance with the Animal Welfare Act andl .,ther
federal stattites and regi'iolmin,in related to animals antd scientiftic eshern ient the axonal Iv~aricosi ties of' myc nteric and submucosal nerves,
involving animials, mediating the preJunctional inhibition of' neu rot ransminiter re-

'This work was compiijleted while 13.K. held a Natiional Research ( mitincil lease I Kilbinger and Nafziger. 1985; Nort h vt al., 1 985: Hashi-
Walter Reed *\rimn Inlst itmite (of R-eseairch Felli ship.

Senior Research Fellow (if the O nta~rio Heart and S'troike F',minda Aion Mot to vt al.. 1996).

!1ABB3R VIATIONS: IiH INMS, N-I 13H lmethylscopolamine, 4-DAMP. 4-diphenylacetoxy-N-methylpiperidine mnethtodide. MOPS. 3-(N-morpho-
jý,*ýoc)propanesulfonir ~c ~AMP, cyclic AMP.

226



1992 Ilea[ Muscarinic Receptors 227

Recently, it was shown thbat t he binding proptertites of' pre- 1trv['rmiorl~ it tf sn111h twiIIcle' plasina tto'trbratos %a,~ ap roximatoit.1

junctional muscarintc receptolrs in the muenteric plexus of' 2o4 told entriche.d itt -, ANI~is I'aI atnlyt AI.tiid ul t it. INs 9SAI

canine ileumi can he discriminated from t he binding prlopert ies Btindhing assay. 'The aisa\i of I 1 N NIS. hi idinig %a, 'a i.rrie-d mit;1
of smooth muscle receptors if the binding assay were pertormed (lesI'ribwel Pfl'e iousl\ I Koska -I a. 1 9Sii.9a. Brict1v. the' lenIiibrant,

with highly purified membrane materials (Kostka 0' al., 1989a). Iri n it ~~ttit( .1lth i~ti r. onit1 *i t'li

The present study extends these initial observations by exam- mtertiti&ilh IliIfillt7.1 b -)o sin\t4IeS Wit i i f~ilzoe 4Tiher 1tO tobi Nil \%a,-

ining the pharmacological prop~erties iii pre junctional recepttors ititli/~lzov 0.2-7 NI ursva-a. pll -.1It tollowetl h\ ratlid tilt ratio undIh~ler
in the deep muscular plexus. This plexus, embedded within the surl otionuig \Xhitloani 4;- f':. ilters. TIhe s11eciti( kIlinl~g \%:e, (doer-

circular muscle layer, is to rmed by a net work of' neu rites ex- iiie a, it portionid tilt bI intding inthibte bv I Nt 11)~ atropine. 'The
tending from both myettteric a ndsubmucosal ptle xuses ( Furness att nolm tine tOM it e re tetio of U i gil d rep resentteld less t han tI.-. It

and Costa, 1987: Herman anid Bass, 199(0). Thus, deep muscular thle toltal bintdintg,
plexus should be souit able for the c ha ract erizat ion of' recep~t ors The compttteltition shut ii' Noere cbonduletId sintt tlt itnvi'' IIil holhtIt

associat ed with axotnal va ricosit ies because 1) the deep musco - 'Y lfl)tt Isni tal and sito ith to usclepti' p ul e nt ra ne-U ttriched fractitont

lar plexus lacks neuronal cell bodies anid 2) the interferences of' lr-titred trontt the 5stine starting mat~terial. 'l'vitca~ll. fthe I H INNIs

receptors derived trom neuronal sotflds will not cont ribtute to iIttIttrat ionts itt t he cotmtpet itiott extteritttentl were ntear I r atttVe thle

the binding properties ttt prejunct ional recept ors. t'" r;1act oapr ion:- 15 20ý .5NI mrstot toceptsttttttIrsvntwoss).

Adenylate cyctase. 'The ttdenvlate cvelase attt 5it v itt the crude11

Mtuaterials antd Methods svtittlsiplosnial trc t tsii randisPeo svdescribe tt'r Nostlka
vt all., t i8t9c . Thew reatio't em ioxtutres containttedl 75 iit~i

Materials. '- I N NIS t speti tic acet iv-it *- v S5 7 Cil/intlt arilt d 1.- TIP p ittv vtttlv tit~ite an-l'.~H 7-A. 1 in NI NI(A 0.67,A;
Al' 1'app rotx itnttel 'v 20004) Ci /niniob d were putrchattsed tromtt New Fnl.- ttNI AT11', 0.67 toON cAN!IP. Ini NI(TI', I tttNI (lithIoth tre itol I ittNI

lantd Nuc'lear (Bostonit, NI A). NiethIt, at nttiine an til-I-)A NIl were of- t't ltleneglyco I Iisi .- alttit imet h v1ttie ac.N 'N'- t ttctit .ttl,

faimed from Reseairch Bioc'hetmticals Inc. (Natick. N At Atrop~itie wa-s i t nN1 ('reatit n phosphatt e, I t V (It treat i ti phi phki knase. I tttg/tltil

ptrodluct of,ifSgnit Chemtical Co. iSt. Loitis, MIO). i'irenzepine ari At'- hiovitne serutm allatttit. 5 rnNi thellphvlline. I toI 1.2 Ut'i oIf I-' IA'lT
D X I116 we re pro%~ ided 1) 't yKrl 'lht mlii ( 0HF H 43ihertic I (',trt'an, a itt 20) to 444 mg (If itlettlratte tprotein in a ftnatl volultoe oft 1544 pl. After
All otIher anaktl-f ital gratde chemticals were putrc'hased fronlt ciortitterci'i thIe int'tlttt iln for I;s ttin ttt 34 C. the realt iln was termtinatted 1).\
soutrc'es. additig 14)44 p of-I rttNl tAMP arid hoiling thIe sampttles tor 5 mnin- The

Membrane preparation. IThe sutteellIuIlar fractt ioniation ot f circulaltr telltri ftged samttples were diluttedl bY I nitt of tdist ilIletd watter, antd I H
smoot h niuscle/deep muhscutlar itlexi is wsit pertformied tts, p rseviotsP. c.ANH) (tpptro xi ntatelY 21044)4H4 cprtt wits atdded toI moitoliII r the cht ri it-tl

describted (Ahntiad et at.. 1987. t1988). B)rietlv. the ci rcultar stinll o; t igrttphtic reca we rv\ of t'ANIVP cA NIP wats sepatrat ed tromtt ATP uising,
mnuscle/deep mt usculiatr Itlextus wtis separatted fronit the I.longiltudinttal sequentiatl tctromttoti graphy oln DIwex aritd a Itutit ntt cluinhttts its de -
mtuscle Itive raind submucoelsa h%' tmec han icalI dissectitoIt. l-1.tilt i t'v. tue itt scribedl bys Sailiioni in a.1 o 19 74 -.

brane prepa rat ionst were ob1 ttainied trom~ 15 toI 244 g (If ci rcut tr syltI 11th Protein assay. The pirot ei n contitent itt titelittrane tractiton s %%ts

muscle dissected front the whole length of (log i letunt 11 ' light nilicri- ( etermi ned acco Irdling it)I I.ow rY et a/. 1t951).
scllpic exaitnat iota n. the ci rculatr smottlI th muscle st rips were dev~tit o f Data analysis.IThe datat front indlividtal hi tlittg e'xpe riet tl'ts were
submtuci stt, and( con tantinaot intg stultouicl Is and Ilongit udi nal ntustcle was itnitIVzedf In, the HIINI 'c. Itpat ille timputeill 'r pr tgraii Et FI A (D r. G_- A.
estimated toI not exceed 'i toi 2'i of the t issute Itt l1st'le. 'The tissue wits ~c Phersttt. Van tderbilIt I.'hiversi t ' : sat uraltionit stutite s) o r Cl ATlA AT

suispenoded in t he iso lation11 hutte r (254) ni NI sucrose, 144 mn N- NIg a - ttd 4 FNI F Soft ware. K nox~iilie. 'FN; tcomptlet it io n stutdies)- I II) compttIit ionl

24) miNI MOPS- NtOH p H 7-I) at wet weight /vo lunite rattill of' 1:10. aind studies. thIe comtpatiriso n i f datta fit fi, one -site or t wI -51t e mott l dihwas
t hen the tissue wits nminced anid homnogteni-zed fttr 2)) sec 4o l'ilvtriin PTI Ibased in at statisticatl test it residttals'. K valu~es were catlctlatted front

4(,14,0 p)4. Th ooeae wi.-ts Ice ttrifitged ait 1,004)) X ti, for 104 W- ,. %-it I ties its prvOUl decie accotrdintg i~t) the e(qUatio K,1 = W_-

ntin. and the sutpernaitantt wits ntext cenlt riftuged ait 10,.0440 X g ftoI 10 41 + 11,1/Is.,) 44 heng, and 111 rttsiff 1974:1; ILeader '0 oil. 19894. VIe' tss

mtin. The pel.1let ((-rud~e sv natot si .tal fratctIion) wits savsed, anld t he stilte I'o thi'rw ise, thIe d~at a tre e1xprtessed( its Ilnita It SID. obtaittnied tronltt
sutpernatant wit ws used to ttprepatre' the i(-rud~e mit-ri soiaittl pellet 1)I'v telIt- thle totttttt'r o f expterimentt s i i indicte IlliIt th IlI 'itext

tri futt ittit itt 1 704.14)4 x g tfor 604 mittin. 'The petllet wits resuspenlltded( in)

the istlation lht(ufter artd cent rifutged at 10.0)4)0 X g ftor 144 titil tol '-ield Results
lie reftined ttt cro sotttal frat't ion its ti supternattanItt. 14 The Ituriftied

synapttisiinil traction wits prepart'd liv sutcrotse detisitY gradient trtic- Saturation analysis of [I'HINMS binding in the subcel-
tiiinitioln If the (-rude synatttotlsniattl frationitt. 'lT'e gradiients cIInsi'sledl lular fractions from circular smooth muscle/deep mius-
Elf 2 ntil eat-h iof-I 25"'7. 35"'7, -14)'; and 4817 suc'rise sitlutiton ls. Alt er

the cent rittugttiiln at 110,044444 X tttor 1444 ttin, thIe pu~rifie'd s\-natosolt s cular plexus. The results (if the saturat ion analYsis of' J'H1
were iobtatined by clllihilting te patroitein hiandts at t he :45(1 /-40; an NMS biinding to) membrane fractions prepared from the bt-
40/4)/.8'; sucrotse intertftces. 24 Tlhte putritied smotttith ttttscfe tllasltit mogenat eshf the circular smootth muscle/deep muscular plexus
mnenibranes Itf circular smootth muscle were ob~tain~edI bY frtict iont ittont are illustrated in figure 1. In the purified svnaptosomal fraction
tf the retined inicrostlmil fraci'ton on sucrose density gradients I 1101.0004 (fig. 1A), the hall-maximal saturation of' binding sites Ki)
x g X HY)) minI consisting (If2.5 nil each (If' 1.4' ,4 -31,W", antd 1)8', obtained with I"H JNMS was 2.7 0 t.4 nM. with a B, v-alue
sucrose. The pudtifid traction (if' smooit h muiscle jtltsititettitttt was5 of' 195 ± 4-4 f'mitl/mg pirotein (it =4). In the purified smoolth
recovered from the 141" /3341 suctroise itttertfate. muscle plasma membranes (fig. I B), the K., value of ['HJNMS

The relative etnrichment oif aixonatl srirtosut tes itt the Itti rtitil s\l It- indingr was 16 ± 2 nM anid the B ý, = 2088 ± 276 t'mol/mg tn
al,ý,;sontil fract'imn aittl of siuout mtotuscle Ipiatmiatenutint it. t e trait iont = 4). 'These data were intdicative that two different populations
oft smootth mtst-le plasnma mentbra nes wits btased I t thi' ativit-iteas of of-ucrncrcposwr rsn ntemmrn rcin
tetrodotttxin-sensit ive HI'1stxitlixin Itinding. ittmirker ofnut ironattl.ainceept-seepretintetenrrttatitn

plasma membtranes, ari) itf 5.-AM IIase, a nittrker If' smooith It cl o151' tbtained front circular smototh bmuscle/deep muscular plexus:
plasmta membranc. lAhittd rt ofI, 1988s: Ktst kt #,I al., 1!9)74. The th e prejunct ional niuscarinic retceptolrs found in the purified
purified sv napt osoma Ifractio wattWis en ritcted ittlprixi tutntcl 244-til~d itt svnaptotsomal f ract ioin arid the pi stjt nct ii ntl inuscatrinit'

Itie I 'H lsii x in bXI inintt iig m er thet post itti-leair supe rttat antt ait ithet t recepto(rs assoiicat ed wit h thbe smioitth illusc I pl asma nmein-
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150 tors. The inhibition of ['H]NMS binding by AF-DX 116 to

A B postjunctional receptors resulted in shallow competition curves
1500 . with a Hill coefficient significantly less than 1.

w i- cyclase. The primary transducing event triggered by the acti-

e 0 vation of postjunctional muscarinic recentors in the smooth
60 Y IN N muscles of gastrointestinal tract is the activation of phospho-
40 lipase C, followed by the enhanced turnover of phosphoinosi-
20 500 tides and Ca" mobilization (Ek and Nahorski. 1988; Salmon
0 0 100 200 0 1and Bolton, 1988). However, little is known about the signaling

pathway(s) linked to the enteric prejunctional receptors. Thus.
o 4 6 8 0 10 20 we next examined the activity of' svnaptosomal adenvlate cv-0 0 2 30 40 50 1 ..-

13HJ-NMS (nM) [3 ]-NS (rM) clase in response to the activation of prejunctional muscarinic
receptors.

Fig. 1. Saturation analysis of [3HINMS binding to muscarinic receptors The basal adenvlate cyclase activity in the crude svnaptoso-
.. ,. .... ed .- ,y....i omsI fraction (A) and in the smooth muscle plasma o b p

erubrane5 (B1) with ec Scatchard plots (insets). The mai fraction (bo -0 pmol of cAMP per milligram of protein
data points are means of triplicate measurements. per 15 minutes; n = 7) was stimulated approximately 3- to 4-

fold in the presence of 10 MM forskolin. The muscarinic agonists
branes. Furthermore, these membrane populations can be dis- carbachol and oxotremorine caused a concentration-dependent
tinguished based on their affinities for ["H]NMS. inhibition of forskolin-stimulated adenvlate cyclase activity,

In either membrane traction, the ["H]NMS interacted with and this inhibition was abolished in the presence of 1 #M
an apparently uniform population of binding sites because the atropine (fig. 3). These observations implicated the inhibition
Scatchard plots were linear (fig. 1, insets), and the Hill coeffi- of adenylate cyclase activity in the mechanism(s) of signal
cients were unity (nH = 1.00 ± 0.02 in the purified synaptosomal transduction activated by the prejunctional muscarinic receptor
fraction; 1.00 0.03 in the purified smooth muscle plasma in the deep muscular plexus. In view of studies demonstrating
membranes; n = 41. These findings suggested that the mem- the involvement of phospholipase C in the propagation of signal
brane fractions contained only marginal amounts of cross- from the gastrointestinal postjunctional receptors, the musca-
contamination. rinic receptor-mediated inhibition of adenylate cyclase in the

Competition studies. To characterize the pharmacological present study showed fundamental differences in the mode of
properties of prejunctional and postjunctional muscarinic coupling of prejunctional and postjunctional receptors to the
receptors in the circular smooth muscle/deep muscular plexus, second messenger systems. However, involvement of phosphoi-
subtype-selective muscarinic antagonists were used in [:H]- nositide metabolites in the transducing pathway is possible,
NMS competition binding experiments. The results are sum- inasmuch as muscarinic receptors linked to the inhibition of
marized in figure 2 and table 1. The potencies of muscarinic adenylate cyclase were shown to accelerate the hydrolysis of
antagonists on prejunctional receptors (fig. 2A) showed the phoshoinositides under certain circumstances (Bonner, 1989).
following order: 4-DAMP > pirenzepine = methoctramine >
AF-DX 116 (K, values of 0.039, 2.54, 2.25, 6.20 MM, respec- Discussion
tively). Each antagonist inhibited [71H]NMS binding competi-
tively because the Hill coefficients were close to unity. To our knowledge, this study was the first to demonstrate

A similar ranking of potencies of the four subtype-specific the presence ofprejunctional muscarinic receptors in the axonal
muscarinic antagonists was observed in competition studies varicosities of deep muscular plexus. These receptors could be
with postjunctional receptors (fig. 2B). However, the affinities identified based on their affinity for ["HJNMS, and they exhib-
of 4-DAMP and pirenzepine were approximately 4- to 5-fold ited several additional pharmacological differences compared
less potent compared to the corresponding affinities obtained to the postiunctional receptors of the circular smooth muscle.
with the prejunctional receptors. Conversely, the cardioselec- The evidence for the presence of both prejunctional and post-
tive compounds AF-DX 116 and methoctramine had compa- junctional muscarinic receptors in the circular smooth muscle/
rable affinities for both prejunctional and postjunctional recep- deep muscular plexus of canine ileum was derived from the

100_ 
10 0 rr -L - A 3!Fig. 2. Inhibition of I3HINMS binding by muscarinic antag-

onists 4-DAMP (squares). methoctramine (triangles), pi-Srenzepine (circles) and AF-DX 116 (diamonds) in the pu-

.0 • rified synaptosomal fraction (A) and purified smooth mus-
••n cle plasma membranes (8). The antagonist effects were

i 50- f 50 measured simultaneously on the membrane fractions pre-
I Ii- ]pared from the same starting material. The igand concen-

-L. trations were near or greater than the K, values (2.5-4
nM for presynaptic receptors; 15-20 nM for post unctional
receptors). The results represent means of tripitcates from
a single representative experiment with each antagonist.
The average binding affinities, corrected for figand occu-

0 LH H- . ...... • -- 0 - .--... pancy (K, values). were calculated from three indepe-,',nt
-9 -8 -6 -5 4 -3 9 -8 6 5 - 4 experiments and are presented in table 1

log [M[ log [M[
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TARLE 1 soinal binding activity to plasma membranes of neuronal cell
Inhibition constants of subtype-specific muscarinic antagonists bodies. Lastly, significant differences in the muscarinic recep-
Results are means ± S.D of three experiments. tor binding between the synaptosomal fraction and the smooth

A sK muscle plasma membrane fraction obviate the concern that the

Prejunctends receptors Postlunctional receptors synaptosomal binding activity may be derived from the contam-
pM (n.) inating smooth muscle plasmalemma.

4-DAMP 0.039 ± 0.004 0.19 ± 0.02"*' In examining the pharmacological properties of prejunctional

(1.02 ± 0.02) (1.00 ± 0.03) receptors, we -ound that the M:,/M 1 subtype-selective antago-
Pirenzepine 2.54 ± 0.27 9.50 ± 0.42"** nist 4-DAMP was the most potent inhibitor of ['H]NMS bind-

(1.05 ± 0.04) (1.01 ± 0.05) ing in the synaptosomal fraction. The high affinity of 4-DAMP
Methoctramine 2.25 ± 0.29 2.21 ± 0.15 f

(0.99 ± 0 03) (0.98 ± 0.03) for gastrointestinal prejunctional receptors has also been ob-

AF-DX 116 6.20 ± 0.27 12.5 ± 0-6-. served in elect rophysiological and binding studies using myen-
(0.97 ± 0.04) (0.71 ± 0.05'*) teric and suhmucosal pIxuses (North et at., 1985; Kostka et

"Refers to the apparent K, value (n, < 1). al., 1989a). On the other hand, the Mi-selective antagonist
"" Significantly different from unity (P < .01); "'" significantly different from the pirenzepine and the cardioselective compounds methoctramine

corresponding K, value for prelunctional receptors (P < .001). and AF-DX 116 interacted with low affinity at the prejunctional

receptous in the present study. '".,,,,h prejunctional muca-.
rinic receptors in the ileum might have a pharmacological
profile of the M:, subtype. However, this was at variance vith

10O0 10 the present and past observations of muscarinic receptor-me-
• " diated inhibition of adenylate cyclase in the synaptosomal

* fractions from myenteric and deep muscular plexuses (Kostka

et al., 1989b). Also, others have shown that the M:i subtype
mediates primarily the excitatory responses, using the en-

Co hanced turnover of phosphoinositides and Ca" mobilization
C_ 50-
) •as a transducing pathway (Noronha-Blob et al., 1987; Jacobson

"0 ! et al., 1985).
X •Prejunctional receptors were shown to negatively modulate

adenylate cyclase activity, and recent cloning studies have
0 identified two different subtypes of muscarinic receptors, m2

0 -7 -5 -3 0 -7 -6 -4 and m4 (Bonner et al, 1987; Peralta et aL, 1987), which were
also linked to the inhibition of adenylate cyclase. The m2

log [M] receptors resemble the pharmacologically defined M 2 (cardiac)
Fig. 3. Muscarinic receptor-mediated inhibition of forskolin-stimulated receptors. Inasmuch as the binding data from the prejunctional
adenylate cyclase activity in the crude synaptosomal fraction from the
circular smooth muscle/deep muscular plexus. The samples, containing receptors in deep muscular plexus (particularly their low affin-

20 to 40 ug of membrane protein, were incubated in the presence of 10 ities for cardioselective antagonists methoctramine and AF-
uM forskolin with either carbachol (open bars) or oxotremorine (diagonal DX 116) clearly showed a lack of similarity to cardiac M.,
hatched bars) at molar concentrations indicated under the abscissa. The receptors, the prejunctional receptors studied here might re-
adenylate cyclase activity is expressed as percent of forskolin-stimulated semble the cloned m4 receptor. This conclusion was recently
response. The results are mean values from triplicate measurements of
adenylate cyclase activity on four membrane preparations. The standard proposed by Ehlert et al. (1989) to account for the pharmaco-
deviations are indicated by vertical lines at the top of the bars. The data logical properties of adenylate cyclase-linked muscarinic recep-
were analyzed by one-way analysis of variance and the statistical signif- tors in the rat striatum. The striatal receptors were found to
icance of differences in between-column means was determined by have a high affinity for 4-DAMP and low affinities for piren-
Scheffe's test. In the presence of 1 yM atropine, the adenylate cyclase
activity observed with 0.1 mM oxotremorine (103 ± 6%) or 1 mM zepine, gallamine and AF-DX 116. The m4 receptor subtype

carbachol (101 ± 5%) was not significantly different from the activity in has been shown to have low affinity for pirenzepine and car-
the presence of forskolin alone (P > .2). *P < .05; "*P < .01. dioselective agents (Buckley et al., 1989).

The functional role of prejunctional muscarinic receptors in
examination of binding properties of these receptors in the the deep muscular plexus remains to be elucidated. Most likely,
purified synaptosomal fraction and in purified smooth muscle these receptors will have a function similar to that of the
plasma membranes. The association of synaptosomal binding prejunctional receptors of myenteric and submucosal plexuses.
activity with axonal varicosities of deep muscular plexus was that is, the negative control of neurotransmitter release (Briggs
supported by several observations. First, it has been shown that and Cooper, 1982; North et al., 1985).
the purified synaptosomal fraction is selectively enriched in The properties of postjunctional muscarinic receptors asso-
neuron-specific markers such as [:'H]saxitoxin binding and the ciated with the circular smooth muscle were studied by exam-
amount of immunoreactive vasoactive intestinal peptide (Ah- ining the characteristics of ['H]NMS binding to the fraction of
mad et at, 1988; Gordon et al., 1990). Furthermore, the synap- purified smooth muscle plasma membranes. In competition
tosomal fraction, unlike smooth muscle plasma membranes, studies, none of the tested antagonists exhibited potent inhi-
was found to contain a high level of opioid receptors, reflecting bition of [:iH]NMS binding. The low potencies of pirenzepine,
their predominant, if not exclusive, association with the enteric AF-DX 116 and methoctramine suggested an absence of either
nerves (Allescher et al., 1989). In addition, the anatomical Mt or MW receptor subtypes in canine circular muscle. However.
organization of the deep muscular plexus, i.e., the absence of the relatively low potency of 4-DAMP precluded the classifi-
neuronal cell bodies, precludes the assignment of the synapto- cation of t hese receptors as being of M:, category.
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Previous binding studies have suggested that the Ipostjunc- Fi R.\IS5.. J1. H. ANti COSTA. ~ ýI:renFoters Nerii-. IS-,tvIn. I'lIJt h rI ýJ oI ý In

tional receptors on gastrointestinal smooth muscles exhibit the stone Edinburgh, 19A7. IAiNK.HAt Istt~s ;N~rri
GIRAIDo. F., %oNIvERiNi. E.. AISN .ADlVVVR

properties of a mixture of M., and MW receptors, i.e., Some receptor heterogeneity in guinlea plig intestinal ,.ni(loth III~I Ic Ivid~~ B111,1111
subtype -helective muscarinic antagonists such as AF-DX 116, sith AF-IiX I Ili. Eur. .1. Iharinacol. 141: 473.- 477. 1987,
methoctramine and hexahydrosiladifenidol display a complex GIRALD0. E.. VIGANO. NI.A.HvAMMER. R. 'IN[ LAiIiNShY. H. (Charal I-trizat:n

behavior in competition curves, which could be resolved into of ituscari nic receptors in guiinea pig ileumo longinuicnal ,.nooth mu-tle. ý

two independent sites (Giraldo et al., 1987, 1988; Michel and Pharriacol. 33: 617 6-7,, 19,"..
;oRIDoN, R. K.. BREI-ER. P.. PADILL~tA, F. N., "NtEIFAKAi.P. MI. Nii CHIANG,. P.

'Whiting, 1988; Gordon et al., 1989). In the present study, the K.: Dis.tance geomietry. biological potency, and \mnhei,- it 2_2-diphensl\pro

competition experiments did not reveal heterogeneity of bind- pionate quaternary niti igen anticholinergic,. NýI. Phariniacl. :36: 7t772.

ing sites in the smooth muscle plasma membrane fraction. 1 9A9.

Except for AF-DX 116, the Hill coefficients for thc four sub- Go RDON %,. K., G RAY, R. R. A ND1 CI [A NG. 11. K; VasiatLi\Is i nt est inal pli Ik pep -
tides lVI ' I induce guinea pig ileum corntraction by caUsing rlehea-s I' end ige-

type-specific muscarinic antagonists were not significantly dif- nu ctlhln.Ac.It hraoy 0:1 A 90
ferent from unity. Although the competition experiments with HASHIMOTO, S., TANAKA. C. AND rANIYAMtA. K.: Pres\napiic nmu~carinic and
AF-DX 116 resulted in shallow curves and Hill coefficients adrenoceptor-mediated regulation of GABA release from mseniteri, tieurioe-,

significantly less than 1, the computer-assisted resolution of of the guinea-pig small intestine. Hr. .1. Pharmacol. 89: TNT, 79.2. 19*5t;

binding data into a two-site model diva not improve the fit. H AWM.L BRCTGMtSHE.E.MOR.UANPFIEA
Different binding properties of tnuscarinic \,I-receptor subtvpes ii ,r agnist,

Con-siderintg te~ relatively low potency of AF-DX 116 in the "rnd or . -- g-~-- hwsl o .~ s'~e .

present model (apparent K, value of 1.2 MM), it was likely that og) 94: 6:30-6317. 1988.

the complex behavior of this compound might be related to Lhe HERMAN, . 1. F AND BASS, P.: Pharmacologic characterizatin 4t the ,chance, Iin

presence of allosteric effects. Similarly, allosteric effects of AF- cholinergic sensitivitv of rat jejunal circular muscle atter ms~enterwc plexus
ablation. J1. Pharmacol. Exp. Ther. 2.52: 1315.-139. 1990I

DX 116 have been reported for smooth muscle muscarinic JACOBSOJN, M. D.. WUSTEMAN. NI. ANtD Dose NEs. C. P.: NMuscarinlic receptor.
receptors (Roffel et al., 1989). Therefore, the binding data in and h ' droly-is o1 i ositol phospholipids in rat cerebral cortex and pa rot d

the present study did not permit the clear-cut delineation of a gland. J1. Neurochetn. 44: 46.5-472 19S5.

pharmacological subtypets) for the postjunctional muscarinic KILBINGER. H.: Facilitation and inhibition bv musca rinic agini~ts ot acetvlcbi,-

receptor in the circular smooth muscle. However, it could not line release from guinea-pig myenteric neurones: NMediation through different

be excluded that the muscarinic receptor(s) in the gastrointes- ty'pes of neuronal muscarinic recep.: rs. Trends Pharmacol. Si. 5: suppl.. 49-
,52, 1984.

tinal tract might represent a category that is distinct from the KILBINc.ER. H. AND NAFZIGER. MI.: Two tvpes if neuronal muscaritie receptors

three major pharmacological classes of muscarinic receptors modulating acetylcholine release from guinea-pig myenteric plexus. Nauns-n-

(Batink et al., 1987; Bonner et al., 1987; Buckley et al., 1989; .- chmiedeberg's Arch. Pharmacol. 328: 304-30i9. 19.485.
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