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SUMMARY

�AMAMURA, HENRY I., AND SNYnER, SoLo�1oN H.: Muscarinic chohuiergic receptor

binding in the longitudinal muscle of the guinea pig ileum with [3Hjquinuelidinyl hen-

zilate. Mol. Pltarmacol. 10, 861-867 (1974).

The binding of [311]quinuclidinyl benzilate (QNB) to homogenates of the longitudinal muscle

of guinea pig ileum appears to represent an almost exclusive interaction with muscarinic
cholinergic receptor sites. [3HJQNB binds to particulate matter in these preparations in a
saturable fashion with respect. to [3HIQNB. A variety of inuscarinic antagonists and agonists
inhibit specific [3H]QNB binding in parallel with their estimated affinity for musearinic
receptors in the guinea pig ileum, based on pharmacological procedures. Xumerous nico-

tinic cholinergic and noncholinergic drugs have negligible affinity for [3H]QXB binding sites.

The dissociation constant of the QNB-receptor complex estimated from saturat ion experi-
ments with [3H]QXB and from inhibition experiments with QXB is about 0.3-0.5 n�i at 25#{176}.

The bimolecular rate constant of association (4 X 108 � min’) and dissociation (1.2 X

10-2 min’) \Ve!�e estimated at 35#{176}and indicate a dissociation constant of 0.03 nu. The maxi-

mal specific binding of [3H]QNB indicates a concentration of receptors of al)out 190 pmoles/g

of tissue. Specific [3H]QNB binding can also be demonstrated in guinea pig spleen, heart,

and lung, hut not in guinea pig diaphragm, kidney, or liver.

I NTROI)UCTION

Direct biochemical studies of neurotrans-

mitter receptors have been described for

nicotinic cholinergic receptors in a variety of

tissues (1-10), and for the glycine receptor
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in the niamnialian central nervous system

(11). A study of atropine binding to the

guinea pig ileum suggested that it labeled
muscarinic receptors (12, 13). Recently an

alkylating agent derived from the mus-

carinic antagonist benzilylchohne has been

utilized to label irreversibly the niuscarinic

receptors in the guinea pig intestine (14).

3-Quinuclidinyl henzilate is a potent mus-

carinic antagonist in the central (15, 16)

and peripheral nervous system (17). We

have employed QNB3 in a radiolabeled form

The abbreviation used is: QNB, 3-quinucli-

dinyl benzilate.
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as a siIIlj)le, (IIsitiV(, 911(1 -p(ciIi( lal)(l to

�l tutnt i f�v sj)(cif i( lnuseariliic (11( iliiiergie re-

((1)t( 11’ hin(litlg ill th( rat (elltral iiervt )us
‘�t(1i1 (I S�). Iii th(� present study we !I9V(

(1111 )I( )V( (1 [3Jj}(�” B t i(1(lIt ifv and (hal’tt(-

t(I’iZ( 5j)((ific l11I15(alillie receptor l)illdillg ill

the longitudinal I1IUS(l( of the guinea pig

il(lflhl

\IATEHIALS ANI) METHODS

QN1� \\t1�� lal)(l(d by catalytic tritiuni (X-

(hlange at )ew hllglan(1 Nuclear Corpora-

tion. QNB. 50 nig dissolved in 0.3 ml of

glacial a((ti( aci(1, Was mixed with 25 nig of

J)latiiiuin (9talVst 911(1 10 Ci of [�HJH�().
After stirring for iS hr at 50#{176},labile 1H was

I(nIoV((l under VacUUIii with niethaiiol as a

5( )IV(ilt, 911(1 aft(1’ hltrtition froni the so! Vellt

the � )(luct \V95 dissolved in 10 nil of iiwtha-

1101. Iii oiii laI)oratory the J)IO(lUct was purl-

lied by thin-laver chromatography on silica

gel with fluorescent indicator No. (3060

h:ast 111911 Kodak) iii 1 -l)utanol-glacial a((tic

a(i(1�wat(r (4:1: 1), 911(1 the purity of

[1HIQNB Was checked in three solV(tlt svs-
t(IIls. Ilie solvent systems used were hep-

talI(-tolu(ne--diethvlanline (4:1:1), (hloro-

IoIJn-di(thIvlaiflilie (90:10), 911(1 1-l)utahIol---

glacial acetic acid�-water (4: 1:1). Purified

[�H IQNB migrated as a single peak with

authentic QN13 in all three systems. The

spe(ili( activities of the [3HJQNB were 1.6
and 4.0 Ci; nhIlIol( iii two 1)atches as deter-

mined by comparison with the ultraviolet

absorption of staiidard solutions at 255 nm.

\lale guinea pigs (Hartley strain) weigh-

ing 300�500 g were killed by a blow on the

head, 911(1 the otitire small intestine was

rapi(lly renioved. Longitudinal muscle strips

c( )nt aimng adherent (Auerbach’s myenteric

ploxus were obtained by the method of
Paton 911(1 Zar (19) and then blotted dry,

weighed. 911(1 homogenized in 10�-20 volumes

of ic(-cOl(1 0.05 M sodium-potassium 1)1105-

phate buffer (pH 7.4) in a glass homogenizer

fitted with a glass 1)estle. The homogenate,

reh iinogeiiized with a Polytron instrument

(setting No. 5, (30 see), was used for I�H1-

QNB binding studies.

To U55a� 5l)(0i1i0 binding of 1#{176}HJQNB, 10-

50 /01 of this preparation were incubated at

25#{176}with 2 ml of 0.05 �i sodium-potassium

PI�0 �5P�t#{176} buflot, pH 7.4, 0(11 itaiiinig [3H J_
QNB (0.9 nM) After 60 miii of iilcubatio)11 3

ml of icc-co ld so )diunl -p0 tassiltm phosphate

l)uffer �vere added, and the (Ontelits were

poured onto) a glass filter ((‘i 1”/B) positioned

over a vacuum. The filters wore rinsed fonir

times with an additional 4 ml of sodium-

J)o)tassilIiii 1)hO )sj)h�1tO bIlff(1. i\ 10 )st (leter-

niinatioiis of biiaIiiig �vero performed in

tripli(ate, together with triplicate samj)les

(ontainimig ulIlal)ole(l QNB (0.01 �tM) 01 oxo-

tremo )rine (100 u�i) to (lot ermine 110 )llsj)(0lfi(

[1HJQNB binding. The filters were placed in

glass vials co )lltaining 10 ml of Irit( �n X- 100,

toluene, 2, 5-diphenvloxazolo (PP( )), and

1 , 4-bis[2- (5-pheiiyioxazolyl ) bonzene (P( )-

P( )P), niaimitaimied at 25#{176}for S-i2 hr. an(l

the radioactivity then assayed by liquid

sciiitillat io )i1 spoctromot my (I �ackard Tn-

Utib iiiodols 3375 and 33S5) at a counting

(fficien(y o)f 40

l’or expenin�ents On aoetlchiolnie antago-

nism, a stnij) of muscle from the nudregion of

the small intestine was suspended in an S-iiil

organ bath c )lltaming l�re1)s-Hn1gor bi-

(anl)o)nate so)hItiolI at 37#{176},bul)1)led with 95 �

U) + 5 #{176} C( ).. Isometric contractions

elicited by acetylchoilino wore recor(le(1 0)11 a

Grass model 791) reoorder. Au antagonist

drug was added immediately after the

a(etvl(hO)lme had been washed out.

Protein was determined by the method of

Lowry el al. (20), using bovine serum al-

bumin as a standard.

Co )mpo)unds wero o)bt ained as fo llo nvs:

acetvlcholnie, Eastnuan ()rganic Ch.eniicals;

acetyl -�3-nieth yl(hOl 1110 ai 1(1 physost igmin(

(albiocho111 ; isopropamnide, Smith Nlino &

Irench atropine and iioostigmine, Sigma

(1henuical (onpany ; oxotrenuonine, scopo)la-

mine, and pilocarpiiio, Aldrich Chemical

(1 �mpaui v; carhan1�lcho )line, 1\ I erok Sharp &

Do )hme; 3-quinuclidimi�1 benzilate, Edgew 10(1

Arsenal, Md.

RESULTS

In/I ibitio�n o/ [�JIJ(,)VJ� bifl(/iflq b�j (/FUf/S.

Iii typi(ai expenimonts 2-5 iug of longitudinal

nllls(lo of the guinea pig ileum were incu-

bated with about 2000 opm of [3HIQNB (0.9

nM), and about 300 0j)111 (If total binding

occurred. \\hen proparat io )ns wore first in-



‘F\l)Li; 1 111�15091ii)iO antagonists �tii(1 agomiists tO) ill-

l�JI]Q.V1� hifl(/iI)q 10 h)fl(ji! )I(/ifl(II ill )I.S(1( (If qu i,ioa hil)it thio I )ill(ling, �vhi1o miic )t flh1( an(l in �n-

pill i10111fl cho)linorgic (Irugs shi )uld have neghigil)le

Fift y l11i0F( )hit(is of a 10’ � 11) Ii)) )gemlal c (2.� n�g affiiiity. F�Xl)(t’in1(I1t5 111 ��hichi �e (xanuml((l

0)f tissue ) of lomigit 11(111191 illliS(l( (If gtiiilc9 pig thl( llhh)il)it ion of [1HJQNB l)iil(lillg by adding
ileunl \�‘(i( j ilOliI)at ool i a 2 in! of O.O.T �m s (ohi tim - J)1’O )grossivoly higher 00 ImIcont rat jo )ils o )f umi-

l)()tZLSMiIlIIIl)1u1)Ml)hLl(�l)UIIPI’(l11‘T�l) �‘i1ii� �l 0t�
[�I1}(�N 13 (Ut) tIM , :2()O() 01)111) for (i() IiliiI at 2.)#{176}.

“iniiilt ujo (fliI\ ( P �‘ (t(d ‘ tinpk � ( ((111 L1Iu1II�.. (ill

lahel(ol QNB (0.01 �.o�i) or o(x((t 1CIil((I1IIC (1(X) MM)
. . . . . .

‘�vere I n(uhatcd t (( olotciininc nolisporl lu hi rioli tig of

I IT IQ\ B �ft ci 1I1( lii) it 10)11 1 tie � � it t 0 ut � \\ �! (

poured t himough a glass filter (( F/B) I)((Sit ioflc(I

OVCI 1 V 0 1111111 t1�(1 I 1IC flit ( I \‘� (1 0 %%i�hed four

!H1)(1((l(�!�\�1�(11 ()XO1 l(IU()lfl!(’i11t1i(�(�((i1IL�t1
tho binding o )f 0.06 ii�i [3H](�N 1� ��‘as in -

hibito (1 so � � I )\ IbOUt 0 � 0 � � 19)11! 1(h1()
. . � �

a(tl#{188}0 (�iN 1� all(l by 0.o 0.5 /21\I oxotromnonino
.. � �, .

� I ig 1) ‘�o o p0 l uuii io 01)1)0 1I’( (1 t 0 ) I )0 L�

P0 )tolit , 911(1 �ttt’o )l)111( s( )iii(\\htlt less p( )t(nt
t Ii iii (�\ 13 0 illimig 50 � � illhlil)it 10)11 ( )f

tinics WI t Ii �3 miii (If S((ditiifl-J)Ot :tssi(iifl 1)11((SI)11�tt C
[1H ](�iN13 butiditig at 0.2 0.3 � and 3 4 �

i)uflcm. Negligible biml(limlg (If �i I ](�Ni� (less I han o )ncomltrati( )115, l’Osl)OOti’V(ly (Tiable 2). �fhe
20 cpii I ( ((curled t (I t lie flit �rs �vhen t issue WaS

010 1 1 1od ti( (Ifl t he i noiihat i(�n iiicd I 1mn . �‘i)ciflo

[��1U QN B 1)inding is olefined as t((t �1l �1i lQ�N13

bourn! ililiOlS the binding in the proserloc (If

0.01 �LM unlabeled QNB o�r 100 /.LM OX((t1(u1)01uuIt�.
.

I )at a are present eol as radioact ivit v (�f i ndividuai

saniplos uiI1(orreeteol f r a (#{149}((tinting efTioicn(V �

40� .

- - --- -

nuuscam’iiiic amit ag( )nist is propamuide �vas

� �tl )o lit h�tlf � j� t � it � �t ro Ipli ie , giving

� �; (hisl)lao(iiiollt �tt (3 7 ii�i . \ I us(aninic

agonist 5 W(�O 00 Imisidorab)l y loss p Itemit than
. . .

th( antagonists. ( )f thu mnuscanimuc agonists

t (st ed, t ho 111(1st �O It out iii inhil at mug [1H 1-
QNB binding woro olx(Itronuonimi( 911(1 pilo)-

carpiii(, which gavo 50 ; inhibit bit at 0.5

Incubation conditions Total Specific
[HJQN 13 [3HJQ\ 13

1)OUfl(i hound

0.5 �o�i and 0.7--0.9 /2\1 , rospoctiv(lv. Ar(c( 11111)

had about tho sanio polteilcv 95 90(1 ylcholline
#{149}

amid aootyl-�-niethylch( lIme (about 1 -4 �

Cpa! C/mi whilo carbamylchohiiie displayed aholut one-

[1HJQNB (0.9 n�i) 291 281 28� t(llth I Ito PotOmioY of aootvloholiiie. l’or

lHIQN II (0.9 n�t) +
(IX( (I ren)o(rine (106
�zM) 36 30 39 � 2�O 246

[IIJQNB (0.9 ILM) +
unlal)elc(1 Q��B

(001 �.t\i) 29 26 37 2(I2�II 248 \ I

cubat((l with 100 /L\i oxo)tr(ni(Irin( o)r 0.01

j�i unlabeled QNB, binding was reduced t I

abo)ut 30-40 cpm (Tablo 1). Negligible

N

..

�

1)indillg (less than 20 cpm) to filtors occurrod

when tissue was omitted from the imicubatmomi

procoduro. Acco Irdingly, specific [3H}QNB
binding was defined as t Ital l)ili(hiiig 111111115

thl( 1)iml(llllf., in th� J)I( �0 11(0 of 0 01 u’�i nit
-

labeled Q’\B or 100 �.iM oxotremonine both
�

0)1 which providd the saine values. �I he
.

ratio) of specific to nonspecIfIc binding umidor

these (OIliditiOlls \V95 about 5: 1 . Ab)olJt 10

of the [1HJQNB added to the incubation

110 1 IflhibiIiO,( of tp� ito JI1(� \ /3 bouliiiq
inj P(i1lO(I.S (011((i(1I(iIlOflS (If (Ii(l(ib(’led Q.VB
�

(0 - 0 ) (111(1 0)101 ��i1(0C inc (� ----A
.

The mnoLi1)ati(In nueoliuim oontairied 384 �og olf

protein (If longit uiolinai muscle honiogenate [�11j-

QNB (0.06 nM) , amid the indicated amounts (If Un-

labeled QNB or ((X((t romorine in 20 ml of 0.0� �i

IiIiXtIll’( was 1)01111(1 lU it spocific fashiomi. sodium-pot assiunt phosphate lIutler (p1! 7.4). The

If specific [3H}QNB bin(Iing reprosemit 5 mixt ore Was inouilIateol for 60 niiui at 2.i#{176}.Spe(ific

primarily an interaction with niuscaniuuc QNB binding was determined as (lescribed in the

chohinergic rec(ptors, 0110 would expoct text. The experiment was replicated three times.

\iUSCAHINI( (i1OLINERGIC RE(’EP’l’Olt 563



.1!

ben -

2-3 x 10-10 :-� X 10_bc

2-3 X 10- 10 3 x io-’#{176}
(12)

3-4 X 10-s 1 X 10-s
(12)

1-2 X 10b0 :i x 10-10

(12)

3-(�uinuclidinyl
zil ate

Scopolamine

Atropine

Methylat ropine

Isopropamide

Oxotremori ne
Pilocarpine

Arecohine

Acet yl(h((line”

Carbanlylcholi iie

6-7 X
�-8 X

7-9 X

10-s
10�
10�

3-4 X 10-#{176}

2 4 x 10-6

2-3 X 10-0 3 x 10-#{176}

(21)
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T.�moi�i: 2

Re/UI ZVC pOIefl(U’S of (/I0(J.S ill re(/uring 1�H1Q.\ 13

binding 10)loilgztu(/inul in use/c of guinea pig i/coin

The following drugs had no effect at 1 X 10� M

met hylphenidate, -aminolbutvri( acid, glut amio
acid, aspart i( acioh, prohine, hemllichullinium-3,
choline, pempidine, glyoine, naloIx(Ine, nicotine,

hexanet Lu �niuun, d-t ubooiirarine, di hydro-fl-ery-

t hroidine, n)ecaniylainine, dimethylplienylpiperi -

ziuimil, diazepamn, ehiordiazepoxide, and �9-tetra-

hvdr(Icannabimlol.

I)rugs E3HJQNB
binding
(ID:0)

Acetyl-�3-methylcho-
line’

miiamiv 011 the antagonists and agonists tested,

the concentrations which imihibited 50 � of

[:IHJQNB binding were very similar tol the

(0 �rrospo )midimig (hissolciat io In constants 0)1

theso agents with niuscaninic nocoptors as

detormimied in pharmacological I )�( I((dlirlS
o�n intact smooth muscle pn(paratiolns (Ta-

blo 2). The pharmacological responso to a

30-mm exposure of QXB (0.3 n�i) was long-

livod, such that about (50 mm wero required

for 50 #{176}7�recovery at 37#{176}of the contractile

Smooth response to) acetyleholine (1 j�i).

muscle Nicotinie cholinergic drugs such as hexa-
contraction’ niot honium, d-tubocuranimie, pempidine, nico-

tine, dihydro I-/3-erythroidine, mecamylamille,
and dimethvlphenvlpipenizium had little
effect on [3H]QNB binding when employed

ill 10 �i concentrations. A variety of flO)Ii-

ohio II inergic drugs, including met hylpheni-

date, y-aminohutyric acid, glutamic acid,

aspartic acid, prolme, �9-t etrahydrocanna-

bi l, cho lIme, glvcmne, naloxone, diazepam,
and chionidazepoxide, had negligible effects

at 10 jIM.

2 9 � 10-0 �“a(ura1wn of [3H]QXI3 binding. The spe-
(21 22) cifie bindmg of [3H]QNB was saturable with

increasing concentratiouis (Fig. 2). Half-

maximal binding occurred at about 0.2 nu.
Simice about 90 � of the [3H}QXB in the

medium was in the free form, corrections
were not made for th( [3HJQNB bound.

Nonspecific 1)mndmng, measured in th( pres-

1-2 X 100

(21, 23)

2-3 X 10� 2 X 10�

(21)

Concentration of drug which inhibited specific

[3H]QNB binding by 50� tinder equilibrium condi-
tio)flS.

Values listed are the dissociat ion c((nst ants
(KD) obtained by pharmaoologioal prooedures

using intact smooth muscle preparatiolns. The

smooth muscle used in refs. 12, 20, and 21 was the
longitudinal muscle of guinea pig ileuin, while that

used in ref. 23 was the oiroiilar muscle of tile rab-

bit stomach fundus.
This dose (If QNB inhibits the acetvloholine-

induced colntraotions of the longitudinal muscle of
he guinea pig ileiimn 50�� after 30 miii of exposure

to QNB at 37#{176}ill oxygenated Krebs-Hinger bi-

carbonate buffer. Full response to acetylcholine

returns 2 hr after removing QNB.
d Correction for spontaneous hydrolysis were

not made; however, physostigmnine (1 jiM) was

added to) the incubation medium 01 prevent en-
zvmnat Ic (aoetvhholinesterase) hydrolysis.

Fio;. 2. Specific bindu(g of lHlQ_\�B 1(1 loi(gi-

ludinal muscle of guinea pig ileummi as a funclion of

eoneenl IUIlo)P( of Q.\B

Tissue (0.14 mg) was incubated at 2�#{176}for (30 mm
iii 2.0 ml of 0.0� �t sodium-potassium phosphate

buffer (p11 7.4) with various concentrati(In of
[�11 ]QN B. Specific (#{149}-#{149}) and nonspecific

(0--------0) binding of QNB were determined as
olescrii)ed in the text. The experiment was repli-

cated three times.
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MUSCARINIC CHOLINERGIC RECEPTOR

t’nce (If 100 /LM o)xoltrenu(Irimie, thid miot satu-

rate and increased linearly with higher coIl-

centratmons of [3HJQNB. Since half-miuaximal

saturation of specific [1HJQNB binding o�c-

curred at about the same concentration its

half-maximal displacement with no )nradmo-

active QNB, it appears that the [3HIQNB

was biologically equivalent to the nomuradio-
active drug, in terms of receptor binding.

This equivalence also confirms the validity

of the determined specific activity of [1H1-

QNB

1\Iaxima 1 inhibit i n by o Ixot remonine was

the same as that obtained with QNB, which
is consistent with their interaction at the

same receptor site.
A ssocial i(Jfl afl(l (liSSociat tan of [3HJQ_VB

binding. \Vith a reversible ligand such as

[3H]QNB the kinetics of association and dis-
sociatmon can be studied directly. At 35#{176}

5I)ecifie [0HJQXB 1)inding to homogenates of
the loIngitudinal muscle o)f the guinea pig

ileum occurred rapidly. Binding reached half-

maximal values in 2.5 mm and attaiiied a

plateau by about 10-30 mm. By contrast,

nonspecific QN B binding, measured ill the

presence of 100 �i oxotremonine, was not

time-dependent, and was only about 10 � of

specific [3HJQNB binding (Fig. 3). The bi-
molecular rate constant for specific [3H] -

QNB-receptor association (k1) was 4 X 100

ItI-� IflflL1

The dissociatiomi of the [1HJQXB receptor

complex was examined by incubating ileum

FIG. 3. Pale of associalion of [H]QXB with

longiludinal muscle of guinea pig i/eu,,,

The incubation medium contained 140 �g of

protein in 2.0 ml of 0.05 M sodium-potassiumn phos-

phate buffer (pH 7.4) and 0.9 nat [3H]QNB. Spe-

cific and nonspecific 1)ifldiflg were determined at
various times at 35#{176}as described in tile text. The

experiment was replicated three times.

honiogouiates with [�HjQiN13 �t 25#{176}f(I1 60

miii. After this poriold olf time the prepara-

tion was incubated at 25#{176}with either 100 j�i

o)xo �t remiio �rmmio o Ir 0.01 j.oM mionradiolactive

QNB, and the docliiio (If bolund �H]QNB

was niomiitored (Fig. 4). In prehiminar cx-
peninients iii which dmsso Iciation was ox-

amiiied at 25#{176},we found the dissociation (If

[1H]QNB to) be very slow, � that all dis-

sociat ion experiments were perfo Irmed at

35#{176}.When plotted semiloganithmically, the
half-life for dissociation (If the [3HJQNB-re-

ceptolr (o)mj)lex at 35#{176}was about 58 mmmi.

The rate constant for dissociation (Li) at

35#{176}was 1 .2 X 10-2 nuin* The dissociation

constant (KD) determined by the ratio

/1k1 � 0.03 n�i.

[111}QVB binding ill marious peripheral

tissues. We assayed ii variety of peripheral

tissu(s for specific [3H]QNB binding (Table

:3). Specific QNB bindimig, inhibited by 100

/�\1 oxotremolrmne and 0.01 /kM QXB, (ould

be demonstrated in the spleen, heart, and

lung. However, n() specific [3H]QNB binding

was detoeted in the liver, diaphragm, o�r

0 20 40 60 80
MINUTES

FIG. 4. Pale of dissociation of thIIlQ.VB from

longitudinal muscle of guinea pig i/coin

The incubation muiedium oontained 140 jig of pro-

tein in 2.0 1111 of 0.05 at s(Idium-p(Itassium phos-

phate buffer (pIT 7.4) with 0.9 miat [3IIIQNB. After
incubation for 60 miii at 25#{176},nolnradioactive QNB

(0.01 jiM) o�r oxotrem(Irimle (100 jIM) was rapidly

added, and samples were either filtered iunmedi-

ately (zero time) or maint ained for various inter-

vals at :35#{176}l)efore rapid cooling and filtration. The

experiment was replicated three times.



1.88 2.08 1.93

0.185 0.194 0.131

0.145 0.133 0.173

0.097 0.063 0.020

0.028 0.049 0.040

N (It det co t able

Not dlete(tal)Ie

�\ot dete(tal)le
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�S1�zfio 111 )Q.V B 1IE0(1111 g to jni i/.(11(I(1l 11.0.0110.0

of guinea pig

Specific III I QN B intidItig was assayotd as dc-
s(ril)e(l in the text anol represents t((t al Ill ]QN B
bound minus binding in t he l)1rse1l(t� of 0.01 jiM

unlalleleoi QNB ((I� 1(X) j.t\t ((x(It rem((rine. Specific

j:qI ]QN B bi 11(1tig values mepmesen t t he men mis (If

dlat a ( (l)t ai neol in t il 1)1 ioa t e fr( rn t Ii leo’ sepa rate

experiments.

Peripheral tissue Specific I1HJQ\13 hound

pmmziles an,’protezmz

Longitudinal muscle (If

IIc, iiii

lletimui nuin1is lomigituolinal

iuitisole porti((n

heart

Spleeti
Lung
Liver
Kidney
I )iaphragm

kidiiey, despite attempts utilizing tissue

concentrations ranging from 2 to 20 mug of

protein. Si�ecifie QNB binding in the guimiea

pig heart was (Inly about ollic-temitli � that

of the longitudinal muscle of the ileum.

Binding in the spleen and lung were ((lily
about one-half and one-fl )urthi, respect ivoly,

of that in the heart.

The ileum wall, from which thio longitu-

(111)91 muscle is obtained, (Ontailis circular

muscle and also I an ah undance of ((II i11( ct bye

tissue, mucosa, and sul)mueosa, aunl might

be expected to be relatively deficient in

cholinergme recept(Irs. Specific E’HJQNB

binding in the ileuni from which the lomigi-

tudimial muscle had boen removed was (lilly

about I0� of that iii the longitudiuial muscle

itself (Table 3).

i)ISd’USSION

A variety of evidence indicates that the

speoifio bindiiig of {‘HIQNB to lomigitudinal
muscle homogemiates of the guimiea. pig ileuni

represents ami into’raotioin with posts�naptic

muscaninic cholliulergmc receptolrs. rFhi(, rela-

tive affinity (If a number of niuscanimuic

cholhinergic drugs closely parallels t lie esti-
Iilttt((l aflimuity I(Ir mulus(arimiic rocoptolrs in

the guinea pig iletimii, based ((Ii phamnlac(Ilogi-

cal procedures (12, 23). TItus QNB aIl(1

scoll)olamimio are about 510 times more p0-

tent than atropmne ill mnhibitimig specific

[3HIQNI3 bimi(limug. Similarly, among mus-

canimiic agomuists there is also a close 1)�tit1llel-

ism l)etwe(mi aflimiity for thie QNI3 binding

sites ama! estimated affimiity for niuscaninic

recel)t(Ii5 in thie guinea pig mleuni, based on

phiarmnao((l(Igical procedures (12, 21 , 23).

()xotremorimie, a very p(Itent muscatinic

ag(Imiist, hitis about 4 times the affinity of

acetvlch(Ilnie for QNB I)imi(Iilig sites. B\. (�)ii

trast, a variet of nic(Itimuic chohiiiergic and

nonchohmiergic drugs have v(my little aflimuity

for the QNB binding sites.

Specific [‘FlJQNB bindnig in the guinea

pig ileumu reseml)Ies QN B binding previo Iusly

described iii ho Imolgenates (If mammalian

brabmu (IS). The regiomial distribution of

5p(oitic QNB binding in rat (18) and monkey
(24) braiii parallels the (list nml)ut j( I� (If

chi( (lila acetvlt ransferas . Relative affiiut ies

of muscarniic agonists amid antago Imuists aro

quito similar in the two systems. Ihe affinity

constants for QNB determimiod both by

kimiet ic techniques and by equilibrium data

are about the same iii bo�thu braimi and in-

testimie. Thiere is an order-of-magnitude dif-
fereuuce I )et � the eo1uihibnium (( Instants

6 In [‘HJQN B determined fro liii equilibrium

measurements and from kinetic measure-

mnomuts. This may be due to limitations in the

techiiumcal procedure in measuring rapid

a5500iittl(Ili rates.

a variety (If peripheral tissues examined,

specific [3HJQNB binding was detected iii the

spkmI, heart, and the lung, but n(It in kid-
miey, liver, o�r diaphragm. The diaphragm

represents a tissue in which cholniergic re-

(oPtoI5 are thought to be wholly luioo(tnu(,

which is (Onsistent with our inability to

dom (lu5t rate muscaninic meceptors.

Irom the direct measurement (If specific

[‘HJQNB bindimig at saturation, we calculate

that I g (If longitudinal muscle (If guinea pig

ileum has sufficient receptors to I)iual 19 X

10_Il muolo of [0HJQNB. Assuming that each

[‘HJQNB molecule interacts with omie no-

ceptor site, we cal(ulate the numbet (If re-

ceptolr units iii 1 g of ileum lomigitudiuial

miiusclo to be about 10’� This figure is about
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the same as that determined using alkylating

muscaninic antago Inists derived from henzilyl-

choline (13, 25). The calculated numl)er of

muscaninic receptolrs in guinea pig ileum is

about 2-3 times the calculated density of

muscarinic cholinergie receptors in rat brain

as estimated by specific [3H]QNB binding

(18), and in the same range as the value ()b-

tahied for brain muscarinic receptors using

other ligands (25-27). It is more than twice

the calculated concentration of iucotimc

cholinergic receptors in the electric organ of

the electric eel, but only about a third the

number of such receptors in the electric

organ ()f Torpedo (28). The muscarinic re-

ceptor density of guinea pig ileum is only

slightly higher than the calculated concen-

tration of glycine receptors in rat spinal

cord (29) and about 5 times the density of

specific opiate receptor binding sites in rat

brain (30).

In terms of pharmacological specificity,

the apparent muscaninic cholinergic receptor

sites labeled by [1H]QNB appear similar to

those labeled by a benzilvlcholine mustard

homologue (14).
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