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Selectivity of Oxomemazine for the M; Muscarinic Receptors
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The binding characteristics of pirenzepine and oxomemazine to muscarinic receptor were
studied to evaluate the selectivity of oxomemazine for the muscarinic receptor subtypes
in rat cerebral microsomes. Equilibrium dissociation constant (Kp) of (—)-[*H]quinuclidinyl
benzilate(C*HIQNB) determined from saturation isotherms was 64 pM. Analysis of the piren-
zepine inhibition curve of [*HIQNB binding to cerebral microsome indicated the presence
of two receptor subtypes with high (K=16 nM, M, receptor) and low (K=400 nM, M;
receptor) affinity for pirenzepine. Oxomemazine also identified two receptor subtypes with
about 20-fold difference in the affinity for high (K=84nM, Oy receptor) and low (K;=1.65
uM, O, receptor) affinity sites. The percentage populations of M, and M; receptors to the
total receptors were 61:39, and those of Oy and O, receptors 39:61, respectively. Both
pirenzepine and oxomemazine increased the Kp value for [*HIQNB without affecting the
binding site concentrations and Hill coefficient for the [*(HIQNB binding. Oxomemazine had
a 10fold higher affinity at M, receptors than at M; receptors, and pirenzepine a 8-fold
higher affinity at Oy receptors than at O, receptors. Analysis of the shallow competition
binding curves of oxomemazine for M, receptors and pirenzepine for O, receptors yielded
that 69% of M, receptors were of Oy receptors and the remaining 31% of O, receptors,
and that 29% of O, receptors were of M, receptors and 71% of M, receptors. However,
M; for oxomemazine and Oy for pirenzepine were composed of a uniform population.
These results suggest that oxomemazine could be classified as a selective drug for M, rece-
ptors and also demonstrate that rat cerebral microsomes contain three different subtypes
of My, M; and the other site which is different from M,, M; and M; receptors.
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INTRODUCTION

Muscarinic cholinergic receptors mediate a variety
of acetylcholine-induced biochemical and physiological
responses in the central and peripheral tissues, but
the potency of the muscarinic receptor agonists in eli-
citing these responses varies between tissues. From
these functional studies with agonists (Birdsall and Hu-
Ime, 1976; Goyal and Rattan, 1978; Barow et al.,
1980), the possible existence of muscarinic receptor
subtypes has been hypothesized. Although it was sug-
gested that antagonists might also recognize the hete-
rogeneity of muscarinic receptors (Barlow et al., 1976;
Kloog et al., 1979), this was not accepted until the
selectivity of pirenzepine for certain tissues was confir-
med in functional(Brown et al., 1980) and binding ex-
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periments (Hammer et al., 1980; Hammer, 1980).
The discovery of pirenzepine, a selective muscarinic
antagonist, have provided substantial evidence for the
subclassification of muscarinic receptors into high(M,)
and low(M,) affinity sites for pirenzepine (Hammer et
al., 1980; Hammer and Giachetti, 1982; 1984; Berie
et al., 1983; Watson et al., 1983; Hirschowitz et al.,
1984). The M, receptors were further subclassified into
cardiac M, receptors and glandular(ileal) M; receptors
by their selectivity for 11-[[ 2-[ (diethylamino)methyl]-1-
piperidinyl}-acetyl]-5,11-dihydro-6H-pyrido[ 2,3-b1[ 1,
4]-benzodiazepine-6-one(AF-DX 116)(Giachetti et al.,
1986; Hammer et al., 1986; Micheletti et al., 1987)
and 4-diphenyl-acetoxy-N-methylpiperidinemethiodide
(4-DAMP) (Doods et al., 1987; Giraldo et al., 1987;
Lazareno and Roberts, 1989), respectively. Thus, the
introduction of selective muscarinic antagonists, such
as pirenzepine, AF-DX 116 and 4-DAMP, proved the
most important pharmacological basis to subclassify
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the muscarinic receptors into M;, M; and M..

Oxomemazine, a histamine H;-receptor blocker
which is used dlinically for the symptomatic treatment
of allergic reaction, may produce antimuscarinic adve-
rse effects because of its pronounced antimuscarinic
properties (Ambre et al., 1991). Unlike most traditional
antihistamines, it has been demonstrated that oxome-
mazine exhibited the shallow inhibition curve in [*H]
QNB binding to the rat cerebrum (Lee et al, 1990)
and showed approximately 10- and 20-fold high affi-
nity for cerebral muscarinic receptors, in comparison
to those on the ileum(M,) and the hearttM,), respecti-
vely (Lee and Kim, 1994). However, these reports have
not provided a direct evidence for the M, selectivity
of oxomemazine in the rat cerebrum which contains
a mixed population of M; and M; receptors (Doods
et al.,, 1987).

To evaluate the selectivity of oxomemazine for M;
receptors in the rat cerebrum we further investigated
the binding characteristics of oxomemazine to M; and
M; receptors for pirenzepine and those of pirenzepine
to high and low affinity sites for oxomemazine by a
receptor binding technique.

MATERIALS AND METHODS

Materials

(—)-*HIJQNB (43.5 Ci/mmol) was obtained from
New England Nuclear (Boston, MA). Atropine sulfate,
pirenzepine dihydrochloride, 2,5-diphenyloxazole(POP),
1,4-bis[ 2-(5-phenyloxazolyl) Jbenzene(POPOP) and tris-
(hydroxymethyllaminomethane(Tris) were from Sigma
Chemical Co. (St. Louis, MQ). Oxomemazine hydroch-
loride was a generous gift from Dr. K. W. Ha (National
Institute of Safety Research, Korea). All other chemicals
were of reagent grade.

Preparation of Cerebral Microsome

Male Sprague-Dawley rats (180~220 g, Life Science)
were killed by decapitation. Brains were rapidly remo-
ved and placed in ice-cold 10 mM Tris-Cl (pH 7.4).
Cerebrums were dissected, weighed, minced, and ho-
mogenized two times(seperated by 30 sec intervals)
on ice with a Ultra Turrax T25 homogenizer (IKA Co.)
for 15 sec at a setting of 13,500 mpm in 30 volumes
of iced 10mM Tris-Cl buffer (pH 7.4). The homogena-
tes were centrifuged at 1,100Xg for 5min to remove
unhomogenized particles. The resultant supematant
was further centrifuged at 7,700X g for 20 min to pellet
the mitochondrial fraction, and the supematant from
the mitochondrial pellet was then centrifuged again
at 55,000Xg for 30 min. The final microsomal pellet
was resuspended in a small volume of 10 mM Tris-Cl
using 5 strokes of a hand driven glass-teflon pestle
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to give the protein concentrations of 2~3 mg per ml
and either used immediately or stored in 0.5 ml ali-
quots at —70°C until use in the binding assay. Protein
content was determined by the method of Lowry et
al. (1951) using bovine serum albumin as a standard.

[*H]QNB Binding Assays

[*HIQNB binding to cerebral microsomes was car-
ried out by a filtration method. For saturation experi-
ments microsomal protein (50 pg) was incubated in
a final volume of 1 mi containing 50 mM Tris-Cl{pH
7.4), 10 mM MgCl, and increasing concentrations (25~
800 pM) of [*HJQNB for 150 min at 37°C. Nonspecific
binding was defined by the addition of 10 uM atro-
pine to the incubation medium. Each binding reaction
was terminated by the addition of 5 ml of ice-cold
assay buffer (50 mM Tris:Cl and 10 mM MgCl,, pH
7.4) and then immediate filtration onto a Whatman
GF/B (2.5 cm) glass fiber filter under a vacuum. The
filter was rinsed four times with 5 mi of ice-cold buffer,
dried for 3 hr at room temperature and placed in plas-
tic scintillation vials with 8 ml of scintillation cocktail
(PPO: 6 g, POPOP: 0.225 g, Triton X-100: 500 g, to-
luene: 1/). Radioactivity was determined at least 12
hr later in a Packard liquid scintillation counter. Specific
[*H]QNB binding to the muscarinic receptors was cal-
culated as the difference between [PH]QNB binidngs
in the absencef(total binding) and the presence(nons-
pecific binding) of 10 pM atropine. Nonspecific bin-
ding was less than 10% of total binding

For competition experiments, microsomes were in-
cubated in trplicate with 300 pM [*HIQNB in the
absence and in the presence of varying concentrations
of unlabeled pirenzepine, oxomemazine or atropine.
Incubation conditions were similar to those described
above.

Data Analysis

Saturation binding data were transformed using the
method of Scatchard (1949) and the Kp and Bma
values were estimated by unweighted linear regression
analysis of the transformed data. Competition binding
curves were analysed by linear regression analysis of
log-logit plots for determination of 1Cs; values and Hilt
coefficients. The Ki values for unlabeled drugs were
calculated from 1Cs, values, using the method of
Cheng and Prusoff (1973).

The radioligand binding(B) for the muscarinic rece-
ptor subtypes in the presence of a given concentration
(1) of pirenzepine or oxomemazine is related to those
(Bo) in the absence of these competing drugs by the
following equation:

B=Bo/(1+1/ICs)
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where ICs is the pirenzepine or oxomemazine con-
centration that inhibits 50% of [’HIJQNB binding at
each subtype. Binding characteristics of oxomemazine
for M; receptors were evaluated by the analysis of
oxomemazine/[*HJQNB competition binding curve in
the presence of pirenzepine occupying about 96% of
M, receptors. Binding characteristics of oxomemazine
for M, receptors were then calculated by substracting
the competition binding curves for M; from the total
curves (oxomemazine/[*(H]JQNB competition curve in
the absence of pirenzepine). Competition curves were
also analysed by a nonlinear least squares curve-fitting
program LIGAND (Munson and Rodbard, 1980). The
statistical difference between one- and two-site mo-
dels was assessed with the partial F test implemented
in the LIGAND program.

Statistics

Data were expressed as mean valuet standard error
(S.EM)) of the indicated number of experiments and
analysed using a two-tailed student’s t test for deter-
mining the statistical significance of the differences of
means. The level of significance was accepted at p<
0.05.

RESULTS

[*HJQNB Binding to Cerebral Homogenates and Mi-
crosomes

In initial experiments, the specific binding of 300
pM [*HIQNB to homogenates and microsomes pre-
pared from rat cerebrum was maximal by 60min at
37°C without significant decrease up to 150 min and
was linear with protein concentrations in the ranges
of 25~100 pg (data not shown). All subsequent bin-

Table 1. [*HIQNB binding to homogenate and microsome
prepared from rat cerebrum

(*HIQNB

binding(fmol/mg)
Homogenate 7803+ 37.6
Microsome 2946.6t171.7
Purification 38+ 0.24

Homogenates (50 pg) or microsomes (50 pg) were added
to the tube containing 50 mM Tris-Cl (pH 7.4), 10 mM MgCl,,
and 300 pM [*HIQNB with or without 10 pM atropine in
a final volume of 1ml and the tubes were incubated at 37°C
for 150 min. The suspension was then filtered through glass-
fiber filter (Whatman GF/B). Specific [*HIQNB binding was
calculated by subtracting the nonspecific binding measured
in the presence of 10 uM atropine from the total binding
measured in the absence of atropine. Values represent the
meant SEM. of four separate preparations.
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ding assays were therefore performed for 150 min at
37°C with 50 ug of protein.

The relative enrichment of muscarinic receptors in
the microsomal fractions was assayed using [*H]JQNB
equilibium binding technique. As shown in Table I,
[*HIQNB binding to homogenates and microsomes
in the presence of 300 pM [*H]JQNB was appox. 800
and 3000 fmol per mg of protein, respectively, indica-
ting a 3.8-fold enrichment of muscarinic receptors in
the microsomes compared to the homogenates. In
addition to this high specific binding of [*H]QNB,
nonspecific binding to microsomes (50 pg) was less
than 5% of total binding. Thus, microsomes prepared
from rat cerebrum in this study were considered a
proper preparation for muscarinic receptor binding as-
says.

Binding Characteristics of [*(H]JQNB in the Rat Cere-
brum

The [*HJQNB binding was studied by incubating
cerebral microsomes with various concentrations of
[>HIQNB to determine the dissociation constant (Kp)
and the number of binding site (Bn) of [PHIQNB
for muscarinic receptors. The specific [*HIJQNB bin-
ding was saturable with respect to the [*(HJQNB con-
centration (Fig. 1). Scatchard analysis of these saturation
data gave linear plots (Fig. 1, inset) and the Hill coeffi-
cient was close to unity (nH=1.01), which indicated
that rat cerebral microsomes contained a single popu-
lation of high affinity binding site for [*HJQNB. The
equilibium Kp value for [*HIQNB binding determined
from nine individual experiments was 63.8+ 3.4 pM
and the Bmx was 4282.41100.3 fmol/mg of protein.
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Fig. 1. A typical saturation experiment with [*’HIQNB in rat
cerebral microsome. Microsomal protein (50 pg) was incuba-
ted with various concentrations of [*HJQNB for 150 min
at 37°C in a final volume of 1 ml. The inset shows a Scat-
chard plot of specific [*HJQNB binding. Bound [*HJQNB(B)
was plotted as a function of bound [*HIJQNB(B)/free [*H]
QNB(F).
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Fig. 2. Inhibition of [*H]QNB binding by atropine and piren-
zepine to rat cerebral microsome. The concentration of [*H]
QNB was 300 pM. A: Inhibition curve of atropine (M) and
pirenzepine (@) with [*HJQNB. B: Hofstee plot of the inhibi-
tion data. B represents the percentage inhibition of [*HIQNB
binding and F the free pirenzepine or atropine concentration.
Each point represents the mean of four separate determina-
tions.

Inhibition of [*H]QNB Binding by Atropine and Pire-
nzepine

The ability of atropine, a non-selective muscarinic
antagonist, and pirenzepine, a selective muscarinic an-
tagonist, to displace the [*H]JQNB binding was exami-
ned at various drug concentrations. Atropine and pire-
nzepine inhibited effectively the [*H]JQNB binding in
a concentration-dependent manner and the complete
inhibition was obtained at 1 uM of atropine and 100
M of pirenzepine (Fig. 2-A). While the inhibition curve
of atropine vs [*(HIQNB was steep, yielding a Hill coe-
ficient of nearly one (0.98), the inhibition curve of
[*HIQNB binding by pirenzepine was shallow and
yielded a Hill coefficient of 0.67 (Table Il). The Hofs-
tee plot of the pirenzepine inhibition data was also
not linear (Fig. 2-B), indicating the presence of multiple
muscarinic receptor subclasses with different affinity
for pirenzepine in the rat cerebrum.

The atropine and pirenzepine inhibition curves were
analysed by using a LIGAND program of Munson and
Rodbard (1980). The pirenzepine inhibition data were
fitted better to a two-site model than to a one-site
model, whereas the atropine inhibition data were fit-
ted to a one-site model. The Ki values of pirenzepine
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Table II. K; values of atropine and pirenzepine for the total
receptor population (Mi+M;), M; and M; receptors in rat
brain microsome

Pirenzepine
Atropine
M;+M, M, M;
nH 098+£0.02 0671£0.01
Ki (M) 1.0 £007 7121193 156t45 431 +37
% 100 100 61218 388+1.8

The competition binding curves shown in Fig. 2 were analy-
sed according to a two-site model by LIGAND as described
by Munson and Rodbard (1980). The M; and M; represent
high and low affinity sites for pirenzepine, respectively. Values
are the meant S.EEM. of four experiments.
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Fig. 3. Inhibition of [*HJQNB binding by oxomemazine to
rat cerebral microsome. The concentration of [*HJQNB was
300 pM. Inset: Hofstee plot of the competition binding data.
Each point represents the mean of eight separate determina-
tions.

for the high affinity (M;) and low affinity (M5} sites,
estimated from their 1Cs, values (88.7 nM for M; and
2.46 uM for Mj), were 15.6 and 431nM, respectively,
with cormresponding relative receptor densities of 61.2
and 38.8% (Table Il). The Ki value of atropine for a
single homogeneous population of binding sites was
1 nM (Table II).

inhibition of [*H]JQNB Binding by Oxomemazine

The studies on the inhibition of [*HJQNB binding
by oxomemazine were conducted to evaluate whether
this drug could discriminate M; and M; muscarinic re-
ceptors which coexist in our cerebral microsomes.
Oxomemazine inhibited the [*H]QNB binding to mu-
scarinic receptors in a concentration-dependent man-
ner, showing 100% inhibition at a concentration of 100
uM (Fig. 3). The resulting inhibition curve was shallow
with a Hill coefficient of 0.81 (Table Ill) which was
significantly less than unity. The Hofstee plot of the
inhibition data was not linear (Fig. 3, inset). Further-
more, nonlinear least-square regression analysis of
these inhibition data was significantly better fitted by
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Table ill. K; values of oxomemazine for the total receptor
population (Oy+0), Oy and O, receptors in rat cerebral
microsome

Onw+0, On O
nH 0.81£0.01
K (uM) 0.491 0.03 0.08% 0.01 1.65%£0.28
% 100 386 203 614 £203

The competition binding curve shown in Fig. 3 was analysed
according to a two-site model. The Oy and O, represent
high and low affinity sites for oxomemazine, respectively. Va-
lues are the meanx S.EM. of eight experiments.
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Fig. 4. Effect of pirenzepine and oxomemazine on the satu-
ration isotherms of [*HIQNB binding to rat cerebral micro-
some. Cerebral microsomes (0.05 mg protein) were incubated
with increasing concentration of [PHIQNB in the absence
of unlabeled drug (@) or presence of pirenzepine ((1: 0.08
uM, B 0.4 yM) or oxomemazine (¥v: 0.5 uM, v: 2 uM).
Nonspecific binding was defined in the presence of 10 yM
atropine. The data shown are the result obtained from three
independent experiments.

a two-site model, supporting the presence of both
high (Ow) and low (O) affinity sites for oxomemazine.
The On and O, sites comprised 38.6 and 61.4% of
the total muscarinic receptor population, respectively,
with comesponding K: values of 0.08 and 1.65 pM (Ta-
ble Ill). Thus, oxomemazine recognized the different
muscarinic receptor subtypes in the rat cerebrum.

Effects of Pirenzepine and Oxomemazine on the
[*H]JQNB Binding Parameters

In order to further assess the nature of interaction
of pirenzepine and oxomemazine with [*H]JQNB bin-
ding sites, effects of pirenzepine and oxomemazine
on the saturation isotherms of [*H]JQNB binding were
investigated (Fig. 4). In the presence of pirenzepine
of 80 and 400 nM there was a stepwise increase in
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Table IV. Effect of pirenzepine and oxomemazine on the
binding parameters of [*HJQNB to rat cerebral microsome

Ko Brax nH
(M) (fmol/mgprotein)
Control 60.3t 4.7 4486.3152.7 1.00x 0.003
Pirenzepine (nM)
80 99.2+ 10.5* 43849+ 316.3 1.03£0.03
400 175 £100* 41283+1235 1.06+ 0.04
Oxomemazine (UM)
0.5 918+ 6.5* 4597.1+299.5 1.00+0.01
20 1940+ 86%* 44123125838 1.06% 0,04

Legends are the same as described in Fig. 4.

Values are the meant S.EM. of three independent expen-
ments.

*: Significantly different from comesponding value of control
(P<0.01).

[*HIQNB bound(5¢ from control)

Oxomemazine, log{M]

Fig. 5. Oxomemazine/[*H]JQNB competition binding to the
total population (M;+M;, @), M; (O) and M, (2) receptors.
Competition binding for M; was performed in the presence
of 2 pM pirenzepine. The competition binding data for M,
were calculated by subtracting the curve for M; from the
total curves. Each point represents the mean of four inde-
pendent experiments.

the equilibium dissociation constant of [*H]JQNB to
100 pM and 175 pM, respectively, with no changes
in receptor density and Hill coefficient for [*H]JQNB
binding (Table V). Similar results were obtained with
oxomemazine of 0.5 and 2.0 pM: oxomemazine cau-
sed an increase in the Kp value to 1.5- and 3-fold
without a significant change in the number of binding
sites (Table 1V), suggesting that the binding of oxome-
mazine and [*H]JQNB to muscarinic receptors is of
a competitive nature.

Dissociation Constant of Oxomemazine for M, and
M3 Receptors

The binding characteristics of oxomemazine for M,
and M; receptors were investigated to assess whether
this drug exhibits the same heterogeneity in rat cereb-
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Table V. Apparent K; values of oxomemazine for the total
receptor population (M;+M;), M; and M; receptors
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Table V1. Apparent K; values of pirenzepine to the total rece-
ptor population (Oy+0O), Oy and O, receptors

M, +M; M; M, OutOL O, On
nH 0.82+001 099+0.02 0.83*0.02 nH 0.69+ 0.02 059+ 002 1.04%+0.12
K (uM) 046+ 004 207+018 022+0.04 Ki (nM) 491 +70 1603 £206 191 +37

Subclassification by
affinity of oxomemazine

High % 385 +27 69.3 +29
(0] K (M)  0.08£0.01 0.11+ 0,01
Low % 61.5%27 307 +29

(o)) K (uM) 1.46+ 0.24 1.83+0.20

Subclassification by
affinity of pirenzepine

High % 579+ 43  291% 39
M) Ki (nM) 137+ 24 121+ 3.1
Low % 421+ 43  709% 39
M) Ki (hM) 380 +30 440 +40

The competition binding curves shown in Fig. 5 for M;+M;,
M,, and M; were analysed according to a two-site model.
Values are meant S.EM. of four separate determinations.

PHIQNB bound(% from control)

Pirenzepine, log{M]

Fig. 6. Pirenzepine/[*’HJQNB competition binding to the to-
tal population (Ox+O,, @), the O, sites (O) and the Oy sites
(2). Competition binding for the O sites was performed in
the presence of 8 yM oxomemazine. The competition bind-
ing data for Oy sites were calculated by subtracting the curve
for Oy sites from the total curves. Each point represents the
mean of three independent experiments.

rum as that of pirenzepine. As described in ‘Materials
and Methods, it could be calculated that 2 pM piren-
zepine inhibits 96% of [*H]QNB binding to M, recep-
tors and that 90% of the [*HJQNB binding sites are
of M; receptors when the binding assay was caried
out in the presence of 2 pM pirenzepine. Therefore,
the competition binding experiments of oxomemazine
with [*HIQNB were performed in the presence of 2
UM pirenzepine to evaluate the binding characteristics
of oxomemazine for M; receptors.

As shown in Fig. 5, the competition binding curve
of oxomemazine with [*HIQNB for M; receptors was
steep with a Hill coefficient of 0.99 but that for M,
receptors, which was obtained by subtracting the bind-
ing curve for M; receptors from the total curve, was
shallow with a Hill coefficient significantly less than
unity. Computer-assisted analysis of these curves de-

The competition binding curves shown in Fig, 6 for Ox+0O,,
Oy, and O, were analysed accoding to a two-site model.
Values are meant SEM. of three separate determinations.

monstrated that M; receptors were composed of a
uniform population of O, receptors with a K value
of 2.07 uM, whereas M, receptors comprised 69% of
Ou receptors with a K; value of 0.11 uM and 31%
of O, receptors (Ki=1.83 uM)(Table V).

Dissociation Constant of Pirenzepine for O, and O,
Receptors

To evaluate the binding characteristics of pirenze-
pine for Ou and O, receptors, the competition binding
assays of pirenzepine/[*H]JQNB were camied out in
the presence of 8 uM oxomemazine. When this con-
centration of oxomemazine is included in the [*H]
QNB binding medium, 92% of [*H]JQNB binds to O,
receptors. Therefore, the competition binding experi-
ments performed under this condition allow a good
evaluation of the binding natures of pirenzepine for
O, receptors. As shown in Fig. 6, the pirenzepine/[*H]
QNB competition curve was shallow for O, receptors
but was steep for Oy receptors. Hill coefficient estima-
ted by the Hill plot of competition curve for O, and
Ou receptors was 0.59, which is far less than unity,
and 1.04, respectively. Analysis of these curves revea-
led that whereas the competition binding data for Oy
receptors obeyed the law of mass action with a K
value of 19.1 nM (Table V), those data for Oy recep-
tors were fitted better to a two-site than a one-site
model, indicating that O, receptors were composed
of high (29.1%) and low (70.9%) affinity receptors for
pirenzepine with a Ki value of 12.1 and 440 nM, res-
pectively (Table VI).

DISCUSSION

The present results obtained from studies of the na-
ture of interaction of pirenzepine and oxomemazine
with muscarinic receptors demonstrate that oxomema-
zine like pirenzepine is selective for M, receptors and
the rat cerebral microsomes prepared in this study co-
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ntain three different muscarinic receptor subtypes of
M, M; and the other site.

The specific binding of [*H]QNB to rat cerebral mi-
crosomes was saturable, of high affinity and inhibited
by muscarinic antagonists such as atropine and piren-
zepine, satisfying common criteria applied to receptor
identification. The linear Scatchard plot of the [*H]
QNB saturation binding data and the cormesponding
Hill coefficient close to unity indicated strongly the
presence of a uniform population of [*H]JQNB binding
sites in rat cerebral microsomes. Therefore, we used
[*HIQNB for labeling all of muscarinic receptors in
rat cerebrum.

Muscarinic receptors have been subclassified into
neuronal M;, cardiac M, and glandular M; receptors
on the basis of the discriminative capability of piren-
zepine, AF-DX 116 and 4-DAMP at these respective
subtypes(Delmendo et al., 1989; Doods et al., 1987;
Lazareno and Roberts, 1989). M, receptors have high
affinity for pirenzepine and 4-DAMP, and intermediate
affinity for AF-DX 116, M, receptors show high affinity
for AF-DX 116, low affinity for pirenzepine and 4-
DAMP, and M; receptors have high affinity for 4-
DAMP, intermediate affinity for pirenzepine and low
affinity for AF-DX 116. The inhibition data of [*HJQNB
binding by nonselective antagonist atropine and selec-
tive antagonist pirenzepine were analyzed to deter-
mine the muscarinic receptor subtypes found in rat
cerebral microsomes. The Hill coefficient for inhibition
of [®*HJQNB binding with atropine was close to unity,
exhibiting a typical binding pattem of nonselective
muscarinic antagonist to muscarinic receptors. Howe-
ver, the pirenzepine/[*H]JQNB competition curve was
most consistent with two receptor populations with
different affinities for pirenzepine. About 60% and 40%
of total muscarinic receptors were of the high(M,) and
low affinity sites for pirenzepine with the K; values
of 16 and 430nM, respectively. The K; value of piren-
zepine for My receptor is in good agreement with the
published affinity values for pirenzepine at these M,
sites(Luthin and Wolfe, 1984; El-Fakahany et al., 1986;
Michel and Whiting, 1988; Delmendo et al., 1989,
Dauphin and Hamel, 1992). As described already, pire-
nzepine discriminated another population of sites in
our cerebral preparations, which were of lower affinity.
The affinity of pirenzepine at these low affinity sites
was related better to its intermediate affinity at glandu-
lar and ileal M; than to its low affinity at cardiac M,
(Michel and Whiting, 1988; Delmendo et al., 1989;
Lazareno and Roberts, 1989; Lee and Kim, 1994), indi-
cating that the low affinity sites for pirenzepine in rat
cerebral microsomes are of M; receptors. Thus, piren-
zepine recognized M; and M; receptors in cerebral
microsomes with a 28-fold difference in the affinities
for the two sites. These results are further supported
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by a report, which described that the rat cerebral cor-
tex contains a mixed population of M; and M; binding
sites (Doods et al., 1987).

Oxomemazine also inhibited [*HIJQNB binding to
cerebral microsomes in a similar manner to pirenze-
pine. The Hill coefficient (0.81) deviated from the law
of mass action and the inhibition data exhibited a
significantly better fit to a two-site model, revealing
that 40% of total receptors are of high affinity (Oy)
sites (K;=84 nM) and the remaining 60% of low affinity
(O) sites (K=1650 nM). If receptor selectivity is defi-
ned as Kp at one receptor subtype<0.1 Kp at the other
receptor subtypes, this 20-fold difference between the
K; values for the Oy and O sites indicates that oxo-
memazine is selective for either M; or M, receptors.
The inverse relationship in the relative densities of M,
and M; receptors (60 : 40) compared with the Oy and
O, sites (40:60) may reflect that the Oy sites corres-
pond to M; receptors. However, in our previous study
(Lee and Kim, 1994) we demonstrated that oxomema-
zine bound to ventricular (M;) and ileal muscarinic
(M) receptors with a low affinity, suggesting that oxo-
memazine is selective for M; receptors.

To evaluate the underlying mechanism of the diffe-
rences in proportions of M; and Oy receptors to the
total receptors, oxomemazine binding properties to M,
and M; receptors were investigated in the same cere-
bral microsomes. The binding profiles of oxomemazine
for M; receptors were approximated by oxomemazine
vs [*HJQNB competition binding studies in the prese-
nce of 2 uM pirenzepine. Under these condition, 90%
of [*HJQNB binding sites are of M; receptors. In this
study the oxomemazine vs [*HJQNB competition
binding curve for M; receptor was compatible with
an interaction at one binding site with the K value
of about 2000 nM. In contrast, the oxomemazine co-
mpetition curve for M, receptors did not obey the
law of mass action, as indicated by a Hill coefficient
(0.83) significantly differing from unity. Analysis of this
curve revealed that 70% of M, receptors were of high
affinity (Oy) sites (K=~110 nM) and the remain 30%
of low affinity(O) sites (Ki~ 1800 nM). These resuilts
suggest that M; receptors are only composed of a
uniform population of the low affinity (O) sites for
oxomemazine, but M, receptors comprise the high(O)
and low (O) affinity sites for this drug. The presence
of Oy sites in M, receptors was further evidenced by
pirenzepine vs [*HJQNB competition binding studies
performed in the presence of 8 uM oxomemazine.
The pirenzepine competition curve for the O, sites
was best explained by a two-site model with 30% and
70% of high(M:) and low(M,) affinity sites, respectively,
with corresponding K; values of 12 and 440 nM. These
Ki values of pirenzepine for M; and M; receptors were
consistent with the respective Ki values estimated by
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analysis of the pirenzepine vs [*HJQNB competition
data for the total receptors performed in the absence
of 8 pM oxomemazine. However, the pirenzepine co-
mpetition curve for the Oy sites indicated that the
On sites were composed of a single population of
the high affinity (M,) sites for pirenzepine. Thus, our
competition binding studies under M, or Oy suppres-
sive conditions suggest that the rat cerebral microso-
mes prepared in this study would contain three popu-
lations of muscarinic receptor subtypes, a high affinity
(My) sites for both pirenzepine and oxomemazine, a
low affinity (M,) sites for both drugs and an another
sites exhibiting high affinity for pirenzepine and low
affinity for oxomemazine with respective relative pro-
portions of 40:40: 20.

Because M, receptors were not detected in our pre-
parations, it would appear that another muscarinic re-
ceptor subtype, which is still not characterized well,
would be present. Molecular cloning of muscarinic re-
ceptors in mammalian and human tissues has demon-
strated the presence of five different gene products
(m;~ms) (Bonner et al., 1987; 1988; Peralta et al.,
1987). Three main pharmacological subtypes of M,
M; and M; most likely correspond to m;, m; and m;
gene products, respectively (Bonner, 1989). In addition
to these three subtypes, the pharmacological profiles
of the five cloned muscarinic receptor subtypes exp-
ressed in Chinese hamster ovary cells were reported
(Buckley et al., 1989; Dorje et al., 1991; Wess et al.,
1991; Bolden et al., 1991). These five subtypes could
be divided into two groups of the high (M;, M) and
low (M2, M;, M) affinity subtypes by their affinity for
pirenzepine (Dorje et al., 1991; Bolden et al., 1992).
Based on its high affinity for pirenzepine and the ex-
pression of m, gene in rat brain (Buckley et al., 1988),
a small proportion (20%) of M, receptors seems to
be present in our rat cerebral microsomes. To further
characterize this subtype, however, the introduction
of new selective antagonists for the M, and M;s subty-
pes of muscarinic receptors is necessary.
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