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ABSTRACT

The binding properties of oxomemazine to muscarinic receptors using the ability of oxomemazine to
inhibit PH]QNB binding in membrane fractions of rat cerebrum and guinea pig ventricle and ileum
were investigated. "HJQNB bound to a single class of muscarinic receptors with a dissociation con-
stant of approximately 60 pM in three tissue preparations. Pirenzepine and oxomemazine inhibited
[*H]QNB binding in cerebrum with a Hill coefficient lower than unity, and the inhibition data were
best described by a two-site model. The relative densities of the high (My) and low (M) affinity sites
for pirenzepine were 60 and 40%, with corresponding Ki values of 16 and 431 nM, and those (Ox and
Ou) for oxomemazine 40 and 60%, with corresponding Ki values of 80 and 1350 nM. However, the inhi-
bition data of both drugs vs P"HIQNB in ventricle and ileum appeared to obey the law of mass-action
(Hill coefficient close to 1). The apparent Ki values of pirenzepine were 850 and 250 nM, and those of
oxomemazine 1460 and 570 nM in ventricle and ileum, respectively. Thus, oxomemazine like
pirenzepine has high affinity for cerebrum, moderate affinity for ileum and low affinity for ventricle.
These results suggest that oxomemazine could recognize the muscarinic receptor subtypes with a high

affinity for the M; sites.
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INTRODUCTION

From a number of functional and ligand bind-
ing studies, cholinergic muscarinic receptors have
been classified into three subtypes, namely M,, M,
and M. M, receptors with a high affinity for
pirenzepine are present mainly in the cerebral
cortex and sympathetic ganglia, while M. recep-
tors with a low affinity for pirenzepine exist in
the ileum and heart (Berrie ef al., 1983; Birdshall et
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al., 1980; Clague et al., 1985; Hammer et al., 1980;
Hammer and Giachetti, 1982; Hirschowitz et al.,
1984; Luthin and Wolfe, 1984; Wamsley et al., 1984;
Watson et al., 1983). The M. receptors as defined
with pirenzepine are further divided into a cardi-
ac M: receptor having a high affinity for 11-(2-
[(diethylamino)methyl]-1-piperidinyl acetyl)-5,11-
dihydro-6H-pyrido(2,3-b) (1,4)-benzodiazepine - 6-
one (AF-DX 116), and a glandular M; receptor
having a low affinity for this drug (Giachetti ef al.,
1986; Hammer et al., 1986). 4-Diphenylacetoxy-N-
methylpiperidine methiodide (4-DAMP), which is
more selective towards a ileal M; receptor than a
cardiac M receptor, can also discriminate be-
tween cardiac and ileal muscarinic receptor sub-
types (Doods et al, 1987, Giraldo et al, 1987
Lazareno and Roberts, 1989). Thus, the discovery
of selective antagonists at these three subtypes



has provided an important pharmacological
basis to clarify subclassification of the muscarinic
receptors.

Oxomemazine, a phenothiazine derivative, pre-
vents the action of histamine on histamine H, re-
ceptors of target cells. Like many traditional anti-
histamines, this drug elicits antimuscarinic side
effects such as dryness of the mouth, throat, and
nasal airway, constipation, urinary retention,
tachycardia, and blurred vision (Ambre et al.,
1991; Gilman et al., 1990). The muscarinic receptor
blocking potencies of H; receptor blockers vary
(Lee et al., 1988; 1990; 1993). Our previous reports
(Lee et al,, 1990; 1993) indicated that oxomemazine
was about 30 times less potent than promethazine
in the muscarinic receptor blocking action. In
addition to these results we found that, whereas
most of traditional antihistamines lacked selectiv-
ity at above mentioned muscarinic receptor sub-
types, oxomemazine showed the shallow inhibi-
tion curve in competition binding with ["HIQNB
to the rat cerebral microsome, indicating the pres-
ence of muscarinic receptor subtypes with differ-
ent affinity for this drug (Lee et al., 1990). Howev-
er, no detailed study has been performed whether
high and low affinity sites for oxomemazine relate
to M, and M. receptors for pirenzepine.

The purpose of this study was to assess the
binding affinity of cerebral (M)), cardiac (M.), and
ileal (Ms) muscarinic receptors for pirenzepine
and oxomemazine, in order to define oxomema-
zine-recognized heterogeneity in terms of the M,
M; classification defined by pirenzepine.

MATERIALS AND METHODS

Materials

Atropine sulfate, 1,4-bis[2-(5-phenyloxazolyl)]
benzene (POPOP), 2,5-diphenyloxazole (POP), pi-
renzepine dihydrochloride, and tris-(hydroxyme-
thyl) aminomethane (Tris) were obtained from
Sigma Chemical Co. (St. Louis, MO). [PHJQNB (43
Ci/mmol) was from New England Nuclear (Bos-
ton, MA). Oxomemazine hydrochloride was a gen-
erous gift from Dr. K. W. Ha(National Institute of
Safety Research, Korea). All other chemicals
were of reagent grade purity.

Tissue preparations

Male rat (Sprague-Dawley, 200~250g) cere-
brum, and male guinea pig (Hartley, 400~450g)
heart and ileum were used. Rats and guinea pigs
were killed by decapitation and a blow to the
head, respectively. The pertinent organs were
quickly removed and placed in ice-cold 10 mM
Tris * Cl (pH 7.4, medium A). All subsequent oper-
ations were carried out at 2~4°C. Following an
initial rinse, rat cerebrums were weighed, minced
with scissors and homogenized four times (sepa-
rated by 30 sec intervals) in 30 volumes of ice-
cold medium A with a blender at full speed for 5
sec. The homogenate was centrifuged at 1,100Xg
for 5 min to remove unhomogenized materials.
The supernatant was further centrifuged at 7,700
Xg for 20 min and centrifuged again at 55,000Xg
for 30 min. The final pellet was suspended in a
small volume of medium A(2~3mg of protein/ml)
using 5~6 strokes of a hand driven glass-teflon
pestle.

Guinea pig ventricle was minced with scissors
and homogenized twice in 5 volumes of medi-
um which contained 10 mM NaHCO; and 5 mM
NaNs, pH 7.0, with a Polytron (PT-20) at one-half
maximal speed for 15 sec. The homogenate was
centrifuged for 20 min at 8,700Xg and the pellet
was suspended in 6 volumes of medium A using 4
passes of a glass-teflon motor driven homogenizer
(80% of 140 volts). After centrifugation at 8,700X g
for 20 min, the supernatant was centrifuged again
at 35,000 X g for 20 min to obtain pellet. This pellet
was resuspended in a small glass homogenizer by
5 passes of a hand driven glass-teflon pestle in
medium A to a final protein concentration of 3~
4 mg/ml.

Ileum rinsed with cold medium A was minced
with scissors and homogenized on ice in 10 vol-
umes of medium A for 4X15 sec periods with 30
sec cooling between each burst. The homogenate
was centrifuged at 3,600Xg for 10 min at 4°C and
the pellet was discarded. The supernatant was
centrifuged at 45,000X g for 20 min. The resulting
pellet was suspended in an appropriate volume of
medium A, using a hand driven glass-teflon ho-
mogenizer to give a final protein concentration of
10~15 mg/ml. All tissue preparations were either
used immediately or stored in small aliquots at



—70°C until use in the binding assay. Protein con-
centrations were determined by the method of
Lowry et al. (1951) using bovine serum albumin as
the standard.

Binding studies

Tissue preparations were incubated in a final
volume of 5 ml with [’H]JQNB in medium contain-
ing 50 mM Tris * Cl and 10 mM MgCl,, pH 7.4, for
150 min at 37°C. Nonspecific binding was defined
by the addition of 10 #M atropine to the incuba-
tion medium. The incubation was terminated by
the filtering the suspension through a Whatman
GF/B (2.5 cm) glass fiber filters under a vacuum.
The filters were washed four times with 5. ml of
ice-cold buffer. Filters were then dried for 3hr at
room temperature and placed for 12hr in plastic
scintillation vials with 8ml of scintillation cock-
tail (PPO: 6g, POPOP: 0.225g, Triton X-100:
500g, toluene : 1 ¢). Radioactivity was measured
in a liquid scintillation counter (Packard) at a
counting efficiency of 45%.

Saturation studies were performed in the pres-
ence of various concentrations (10~800 pM) of
[PHIQNB. For inhibition experiments of ["THIQNB
binding, the preparations were incubated as indi-
cated above in 100 pM or 300 pM [*"HIQNB and
various concentrations of either pirenzepine or
oxomemazine. All measurements were made in
duplicate at least three independent assays.

Data analysis

Saturation isotherms were transformed accord-
ing to the method of Scatchard(1949) and Kp
value of ["H]JQNB were obtained by unweighted
linear regression analysis of the transformed data.
The Hill coefficient (nH) of ["HIQNB binding was
determined from the equation:

log[Y/(1—Y)1 = nH * 1og[F] — loglK»]

Where Y is the bound [PHIQNB(B)/total bind-
ing sites (Bmax) and F the free (unbound) [*H]
QNB concentration. ICs values, the concentration
of unlabeled drug that inhibits 50% of specific
["HIQNB binding and Hill coefficients of unla-
beled drugs were calculated using linear regres-
sion analysis of log-logit plots of the inhibition
data according to the following equation:

log[1/(100 — 1)] = nH « log[D] — log[ICx]

Where I is the percentage inhibition of [*H]
QNB binding and D the concentration of unla-
beled drugs. ICs values were transformed to Ki
values for unlabeled drugs, using the method of
Cheng and Prusoff(1973).

Ki = ICx/(1 + F/Kyp)

Where Ky is the dissociation constant for [*H]
QNB, ICy is the concentration of unlabeled drug
that inhibits 50% of specific ["HIQNB binding,
and F is ["(HIQNB concentration used for compe-
tition experiments.

Inhibition data were also analyzed by nonlinear
least squares curve-fitting program LIGAND
(Munson and Rodbard, 1980). The statistical dif-
ference between one and two-site models was as-
sessed with the partial F test implemented in the
LIGAND program. Data were expressed as mean
=+ standard error (S.E.M.) of the indicated number
of experiments and analyzed using a two-tailed
Student’s ¢ test. Statistical significance was consid-
ered at p<0.05.

RESULTS

Binding properties of "HIJQNB to cerebrum, ven-
tricle, and ileum

In the preliminary experiments performed
under standard assay conditions (100 pM [*H]
QNB, 37°C), the specific binding of ["HJQNB to
each preparation reached equilibrium by 60 to 90
min without significant decrease up to 180 min
and increased linearly with protein concentra-
tions in a range of 0.05 to 1.0mg protein/tube
(data not shown). The radioactivities by "HIQNB
binding to 0.05 mg of cerebral membrane protein
were similar to those to 0.2 mg and 0.5 mg of ven-
tricular and ileal proteins, respectively. All bind-
ing assays in this study were therefore carried out
at 37°C for 150 min with 0.05 mg, 0.2 mg, or 0.5 mg
of protein.

To determine the dissociation constant(Kp) for
[*HIQNB in three tissues, the specific binding of
[PHIQNB was measured as a function of the
added ['HIQNB concentration. The [‘HJQNB
binding to all three tissue preparations demon-
strated saturability with maximum specific bind-
ing at a concentration of about 500 pM. Scatchard



Table 1. The binding parameters of ["HJQNB to rat cerebral microsome, guinea-pig ventricular microsome and ileal

homogenate
Ko(pM) Bmax(fmol/mg) nH
Cerebrum 63.6 + 3.8 42384 + 12.7 1.01 £ 002
Ventricle 653 + 41 523.7 £ 225 097 £ 0.03
Heum 56.7 £ 3.4 1622 + 15.3 1.03 £ 004

Each sample was incubated with various concentrations of ["HIQNB for 150 min at 37°C in a final volume of 5 ml
and the reaction terminated by rapid filtration over glass fiber (GF/B) filters. Specific ["HIQNB binding was calculat-
ed by subtracting the nonspecific binding determined in the presence of 10°M atropine. Ko and Bmax were deter-
mined by Scatchard analysis. Hill coefficient (nH) was calculated from Hill plot. Values are the mean + S.EM. of four

experiments.
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Fig. 1. Inhibition of ["HIQNB binding by pirenzepine
and oxomemazine to rat brain microsome.
Microsomes were incubated with 300 pM [°*H]
QNB and various concentrations of piren-
zepine (®) or oxomemazine (©) for 150min at
37°C. Inset: Hofstee plot of the competition
binding data. B represents the percentage inhi-
bition of ["HIQNB binding and F the free unla-
beled drug concentration. Each point represents
the mean of five separate determinations.

and Hill plots of these binding data were linear
and the Hill coefficients(nH) were not significant-
ly different from unity, indicating that ["HIJQNB
bound to a single populaton of muscarinic recep-
tors with the apparent K, value of about 60 pM in
all three tissues (Table 1).

Pirenzepine inhibiton of ["THJQNB binding in rat
cerebrum

Inhibiton of [PHIQNB binding by pirenzepine
occured in a dose-dependent manner, and com-
plete inhibition was obtained at a concentration
of 100uM(Fig. 1). The competition curve of
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Fig. 2. Hill plot of the inhibition data in Fig. 1.
I represents the percentage inhibition of [*H]
QNB binding at a given unlabeled drug concen-
tration. Other legends are as described under
Fig. 1 and " Method "

pirenzepine vs ["H]JQNB was shallow and yielded
a Hill coefficient of about 0.67 (Fig. 2). Hofstee
plot of the inhibition data was also not linear
(Fig. 1, inset), indicating the presence of the two
receptor subclasses with different affinity for
pirenzepine. The analysis of the inhibition curve
with LIGAND program of Munson and Rodbard
(1980) revealed that the data were fitted better ac-
cording to a two-site than to a one-site model. The



Table 2. Ki values of pirenzepine and oxomemazine for the total sites (M;+M,, or Ou+OL), the high and low affinity
sites in rat cerebral microsome

Pirenzepine Oxomemazine
M + M. M, M. Ou+ O, Ox O,
nH 0.67 £0.01 0.81 £ 001
Ki(nM) 71.2+193 15.6+45 4310 + 37 490 + 300 80.0 = 100 1350 + 120
% 100 612+18 388 =18 100 38.6 + 2.03 614 + 203

The non-line ar or Hofstee plot shown in Fig.1 was analysed according to a two-site model by LIGAND as described
by Munson et al,. The M; and M: for pirenzepine, and Ox and O: for oxomemazine represent high and low affinity sites
for each drug, respectively. Hill coefficient (nH) from Hill plot in Fig. 2 and Ki value from Ki = ICx/(1 + F/Ko) were
calculated. Values are the mean £ SEM. of four experiments.

ICs values for high-and low-affinity sites (defined
as Mi-and M.-sites respectively) were 88.7 nM and
2.46 uM, respectively, with corresponding relative
receptor densities of 61.2 and 38.8%. The res-
pective Ki values of pirenzepine for M;-and M.-
sites estimated by the equation of Cheng and
Prusoff (1973) were 15.6 and 431 nM (Table 2).

Oxomemazine inhibition of [H*]JQNB binding in
rat cerebrum

In order to evaluate whether oxomemazine is
capable of discriminating the muscarinic receptor
subtypes which coexist in our cerebral prepara-
tions, the effect of oxomemazine on [*HIQNB
binding was examined. Incubation of rat cerebral
preparations with increasing concentrations of
oxomemazine inhibited progressively the specific
binding of 300 pM [PHIQNB to muscarinic recep-
tors (Fig. 1). However, oxomemazine was less po-
tent than pirenzepine for the inhibition of [*H]
QNB binding. The competition binding curve of
oxomemazine with ["HJQNB was shallow with a
Hill coefficient of 0.81. In addition to statistically
significant difference of this Hill coefficient from
unity, the Hofstee plot of the competition binding
data showed a non-linear (Fig. 1, inset). Therefore,
the binding data were analysed by a two-site
model and summarized in Table 2. About 40% of
the total receptor sites in cerebrum were of the
high affinity sites (Ox) for oxomemazine with a Ki
value of 0.08 1M, whereas the remaining 60%
of the low affinity sites (O.) with a Ki value of
1.35 M.
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Fig. 3. Inhibition of ['HJQNB binding by pirenzepine
and oxomemazine to guinea pig ventricular mi-
crosome
Microsomes were incubated with 100 pM [*H]
QNB and various concentrations of pire-
nzepine { ®) or oxomemazine (©) for 150 min at
37°C in a final volume of Sml.

Inset : Hofstee plot of the competition binding
data. Each point represents the mean of three
separate determinations.

Inhibition of ["H]QNB binding by pirenzepine and
oxomemazine in guinea pig ventricle

The binding parameters of pirenzepine and
oxomemazine for the muscarinic receptors in ven-
tricle, which contains almost exclusively the M.
subtype (Watson et al., 1983), were investigated to
determine whether the M, and M. sites are the Ou
and O. sites, respectively. Pirenzepine and oxo-
memazine exhibited parallel inhibitory effects on
[*HIQNB binding in ventricular preparations
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Fig. 4. Hill plot of the inhibition data in Fig. 3.
Legends are as described under Fig. 2 and Fig. 3.

with ICs, values of 2.14 #M for pirenzepine and
3.68 M for oxomemazine, and fully displaced at a
concentration of 100 #M (Fig. 3). The Hofstee
plots of the inhibition data were linear (Fig. 3,
inset). The Hill plots were also linear with the
slopes of 0.95 and 1.04, which were not significant-
ly different from 1 (Fig. 4). Analysis of the data
from ventricle best fitted a one-site model, indi-
cating that both drugs interacted with a single
muscarinic binding site. The Ki values of piren-
zepine and oXxomemazine for this site were 0.85
and 146 M, respectively, which were similar to
those of these drugs for low affinity site (Maor O)
in cerebrum (Table 3).
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Fig. 5. Inhibition of "HJQNB binding by pirenzepine
and oxomemazine to guinea pig ileal homoge-
nate
Legends are as described under Fig. 3.

Inhibition of ["THIQNB binding by pirenzepine and
oxomemazine in guinea pig ileum

To further assess whether the Oy, or the Ov sites
for oxomemazine are related to the M sites, the
binding nature of these drugs for the muscarinic
receptors in guinea pig ileum was studied. Incuba-
tion of ileal preparations with increasing concen-
trations of pirenzepine or oxomemazine produced
progressive inhibition of the [*HJQNB (100 pM)
binding to muscarinic receptors (Fig. 5). The ICx
values for pirenzepine and oxomemazine were
0.63 and 1.69 M, respectively. Analysis of the in-
hibition curves of ['H]JQNB binding by both drugs
was best fitted with binding to a single class of
sites. This homogeneity of the binding sites was
supported by a Hill coefficient close to unity (0.92
for pirenzepine and 0.99 for oxomemazine) (Table
3) and a linearity of Hofstee plots (Fig. 5, inset).
Thus, in ileum both drugs bind to a homogeneous

Table 3. Ki value and Hill coefficient of pirenzepine and oxomemazine in guinea pig ventricle and ileum

Pirenzepine Oxomémazine
Ki(zM) nH Ki(eM) nH
Ventricle 0.85 + 0.05 095 £ 0.03 146 £ 0.16 1.04 + 005
Ileum 0.25 = 0.02 092 + 0.05 0.67 £ 0.05 0.99 + 0.03

Ki values are the equilibrium dissociation constants of drugs. nH = Hill coefficient. Data are presented as the mean

+S.EM. of three experiments.



population of low affinity sites with the Ki values
of 0.25 and 0.67 M for pirenzepine and oxome-
mazine, respectively.

DISCUSSION

The present results demonstrate that oxome-
mazine recognizes the muscarinic receptor hete-
rogeneity. The greater affinity of oxomemazine
for the muscarinic receptors of cerebrum com-
pared with those of heart and ileum is the distin-
guishing nature of this drug.

Muscarinic receptors have been shown to ex-
hibit different affinities for pirenzepine in various
tissues. Traditionally receptors with high and low
affinity for pirenzepine are referred to as M, and
M: (Goyal and Rattan; 1978, Hammer ef al., 1980).
On the basis of binding affinity for pirenzepine,
the M; sites could be further subdivided into in-
termediate (M, exocrine gland and ileum) and
low (M, heart) affinity sites (Hammer ef al,, 1980).
This subclassification of the M. receptors into a
cardiac M, subtype and a glandular M; subtype
has been supported by the studies with a
cardioselective muscarinic antagonist AF-DX 116
(Barlow and Shepherd, 1985; Doods et al., 1987,
Giraldo et al., 1987; 1988) and a gland selective an-
tagonist 4-DAMP (Barlow et dl., 1976; Barlow and
Shepherd, 1985; Eglen and Whiting, 1986). In the
present study, to determine the selectivity of oxo-
memazine for these three muscarinic receptor
subtypes the binding characteristics of oxo-
memazine for cerebral, ventricular, and ileal mus-
carinic receptors were compared to those of
pirenzepine.

The specific binding of "H]JQNB to cerebral,
ventricular, and ileal preparations was saturable,
of high affinity and inhibited by specific musca-
rinic antagonist atropine. The Scatchard plots of
[*HIQNB saturation binding data were linear.
These results are consistant with previous reports
(Field et al., 1978; Hammer e al., 1980; Yamamura
and Snyder, 1974), which were described that [*H]
QNB recognizes the muscarinic receptor subtypes
with equal affinities. Therefore, we used "HIQNB
as a suitable radioligand for labeling all three
muscarinic receptor subtypes in cerebrum, ventri-
cle and ileum.

In this study, the competition binding curves for
pirenzepine in ventricle and ileum were compati-
ble with an interaction at one-binding site (nH=
1) with a Ki value of 850 nM and 250 nM, respec-
tively, whereas the interaction of pirenzepine with
the cerebral receptors did not follow the law of
mass-action (nH=0.67), indicating the presence of
a heterogeneous population of receptors ; approx-
imately 60% of the total receptor sites were the
high affinity (M) sites for pirenzepine with a Ki
value of 16 nM, and the remaining (M.) sites (40%)
bound to pirenzepine with a Ki value of 430 nM,
showing a lower affinity for this drug Thus, in
agreement with earlier studies (Hammer e al,
1980; Hammer and Giachetti, 1982; Luthin and
Wolfe, 1984; El-Fakahany et al., 1986) pirenzepine
recognized two classes of muscarinic receptors in
cerebral preparations with about a 28-fold differ-
ence in the affinities for the two sites. Similarly to
what was observed with pirenzepine, the oxome-
mazine inhibition curve of ["HJQNB binding to
cerebral preparations deviated from the law of
mass-action, as indicated by a Hill coefficient sig-
nificantly differing from one (nH = 0.81). Analy-
sis of the inhibition data with a two-site model re-
vealed that about 40% and 60% of the total recep-
tor sites had a high affinity (Oy) and a low affinity
(O.) for oxomemazine, respectively, with corre-
sponding Ki values of 80 nM and 1350 nM. These
results demonstrate the ability of oxomemazine to
recognize muscarinic receptor heterogeneity.

The results from cerebrum do not ascertain
whether the subpopulations for oXxomemazine cor-
respond to the M, and M: subtypes defined by
pirenzepine. The inverse relationship in the rela-
tive densities of the M; and M; sites (60 : 40) com-
pared to the Oq and O. sites (40 : 60) may reflect
that the Oy sites correspond to the M; sites. In this
case, oxomemazine, like AF-DX 116 and 4-DAMP
which are selective for cardiac M. and ileal Ms
sites, respectively, should bind to heart or ileum
with a high affinity. However, the present results
obtained from the analysis of competition curve
in ventricle and ileum indicated that oxome-
mazine bound to a single class of muscarinic re-
ceptors in both tissues with a Ki value of 1500 nM
and 700 nM, respectively. These binding profiles
clearly demonstrate that oxomemazine has a low
affinity for the M: sites.

In our present study, oxomemazine showed a



high affinity for cerebral (M) sites and a low af-
finity for ventricular (M.) sites. It has been known
that the rat cerebral cortex contains a mixed pop-
ulation of the M, and M: sites (Doods et al., 1987),
and that drugs as 4-DAMP and dicyclomine pos-
sess high affinity for both M: and M; sites (Barlow
et al., 1976; Barlow and Shepherd, 1985; Eglen ef al.,
1986; Kenny et al, 1985; Nilvebrant and Spart,
1986). Accordingly, when a drug shows high affin-
ity for cerebral sites and low affinity for cardiac
sites this difference is not sufficient to designate
this drug as M, selective. In the case of
oxomemazine, however, the selectivity for the M,
receptors was confirmed by the low affinity bind-
ing nature of this drug for the ileal (M) sites.
Therefore, it is concluded that oxomemazine like
pirenzepine does not discriminate between the
binding sites (M.) present in ventricle and those
(M) in ileum (only 2~3-fold difference in affini-
ty), but discriminates very effectively between the
M, and M:; sites (17~19-fold difference).

REFERENCES

Ambre JJ, Bennett DR, Cranston JW, Dickinson BD,
Evans RM, Glade MJ, Kosman ME, Lampe KF,
McCann MA, Pang DC, Proudfit CM, Rapoza NP,

~ Ratko TA, Seidenfeld J, Smith SJ and Weaver R:
Drug evaluations annual 1991. American Medical As-
sociation, pp. 1601-1604, 1991

Barlow RB, Berry KJ, Glenton PAM, Nikolaou NM
and Soh KS: A comparison of affinity constants for
muscarinic-sensitive acetycholine receptors in guinea-
pig atrial pacemaker cells at 29°C and ileum at 37°C.
BrJ Pharmacol 58: 613-620, 1976

Barlow RB and Shepherd MK: A4 search for selective an-
tagonists at M, muscarinic receptors. Br J Pharmacol
85:427-435, 1985

Berrie CP, Birdsall NJM, Burgen ASV and Hulme EC:
The binding of muscarinic receptors in the lacrimal
gland : Comparision with the cerebral cortex and myo-
cardium. Br J Pharmacol 78: 66P, 1983

Birdsall NJM, Burgen ASV, Hammer R, Hulme EC and
Stocken J: Pirenzepine, a ligand with original binding
properties to muscarinic receptors. Scand J Gastroente-
rol 15: suppl 66, 1-4, 1980

Cheng Y and Prusoff WH: Relationship between the inhi-
bition constant (Ki) and the concentration of inhibitor
which causes 50 percent inhibition (ICx) of an enzymat-

ic reaction. Biochem Pharmacol 22 : 3099-3108, 1973

Clague RV, Eglen RM, Strachan AC and Whiting RI:
Action of agonists and antagonists at muscarinic recep-
tors present on ileum and atria in vitro. Br J Pharmacol
86 :163-170, 1985

Doods HN, Mathy MJ, Davidesko D, Van Charldorp
KJ, De Jonge A and Van Zwieten PA : Selectivity of
muscarinic antagonists in radioligand and in vivo exper-
iments for the putative M\M, and M receptors. J
Pharmacol Exp T her 242 : 257-262, 1987

Eglen RM and Whiting RL : Differential affinities of
muscarinic antagonist at ileal and atrial receptors. Br J
Pharmacol 87 : 33P, 1986

Eglen RM, Michel AD and Whiting RL : Non-competi~
tive antagonism exhibited by putative M:-selective mus-
carinic antagonists. Br J Pharmacol 89 : 655P, 1986

El-Fakahany EE, Cioffi CL, Abdellatif MM and Miller
MM : Competitve interaction of pirenzepine with rat
brain muscarinic acetyicholine receptors. Eur J
Pharmacol 131 : 237-247, 1986

Fields JZ, Roeske WR, Morkin E and Yamamura HI:
Cardiac muscarinic cholinergic receptors : Biochemical
identification and characterization. J Biol Chem 253 :
3251-3258, 1978

Giachetti A, Micheletti R and Montagna E: Car-
dioselective profile of AF-DX 116, a muscarinic M: re-
ceptor antagonist. Life Sci 38 : 1663-1672, 1986

Gilman AG, Rall TW, Nies AS and Taylor P : Goodman
and Gilman's T he Pharmacological Basis of T herapeu-
tics, 8th ed. Pergamon Press, Elmsford, New York, 1990

Giraldo E, Hammer R and Ladinsky H : Distribution of
muscarinic receptor subtypes in rat brain as determined
in binding studies with AF-DX 116 and pirenzepine.
Life Sci 40 : 833-840, 1987

Giraldo E, Vigano MA, Hammer R and Ladinsky H:
Characterization of -muscarinic receptors in guinea pig
ifleum longitudinal smooth muscle. Mol Pharmacol 33 :
617-625, 1988

Goyal RK and Rattan S : Neurohumoral, hormonal, and
drug receptors for the lower esophageal sphincter.
Gastroenterology 74 : 598-619, 1978

Hammer R, Berrie CP, Birdsall NIM, Burgen ASV and
Hulme EC : Pirenzepine distinguishes between different
subclasses of muscarinic receptors. Nature (Lond.) 283
:90-92, 1980

Hammer R and Giachetti A : Muscarinic receptor sub-
types : M, and M. biochemical and functional charac-
terization. Life Sci 31 : 2991-2998, 1982

Hammer R, Giraldo E, Schiavi GB, Monferini E and
Ladinsky H: Binding profile of a novel cardioselective
muscarinic receptor antagonist, AF-DX 116, to mem-
brane of peripheral tissues and brain in the rat. Life Sci
38: 1653-1662, 1986



Hirschowitz BIR, Hammer R, Giachetti A, Kierns JJ
and Levine RR: Subtypes of muscarinic receptors.
Trends in Pharmacological Sciences. Elsevier, Ams-
terdam, vol. 5(suppl.), pp. VI, 1984

Kenny BA, Michel AD and Whiting RL: The effect of
dicyclomine and trifluoperazine on muscarinic recep-
tors. Br J Pharmacol 86: 451P, 1985

Lazareno S and Roberts FF: Functional and binding stud-
ies with muscarinic M, subtype selective antagonists. Br
J Pharmacol 98: 309-317, 1989

Lee SW, Park YJ and Lee JS: Relative potency of
antihistaminics for H- and muscarinic receptors.
Yakhak Haeji 37(4): 394-407, 1993

Lee SW, Park YJ, Lee JS, Ha KW and Jin KD : Interac-
tion of antihistaminics with muscarinic receptor (I):
Action on the cardiac muscarinic receptor. Yakhak
Hoeji 32(2): 101-111, 1988

Lee SW, Park YJ, Park IS and Lee JS: Interaction of
antihistaminics with muscarinic receptor( 11): Action on
the cerebral muscarinic M, receptor. Y akhak Hoeji 34
(4):224-237, 1990

Lowry OH, Rosebrough NJ, Farr AL and Randall RJ ;
Protein measurement with the Folin phenol reagent. J
Biol Chem 193 : 265-275, 1951

Luthin GR and Wolfe BB: Comparison of [‘H]

e e

pirenzepine and [FH] quinuclidinyl-benzilate binding to
muscarinic cholinergic receptors in rat brain. J
Pharmacol Exp T her 228: 648-655, 1984

Munson PJ and Rodbard D : LIGAND : A versitile com-
puterized approach for characterization of ligand-bind-
ing systems. Anal Biochem 107 : 220-239, 1980

Nilvebrant L and Sparf B : Dicyclomine, benzhexol and
oxybutinine distinguish between subclasses of musca-
rinic binding sites. Eur J Pharmacol 123: 133-143,
1986

Scatchard G: The attractions of proteins for small mole-
cules and ions. Ann NY Acad Sci 51: 660-672, 1949

Wamsley JK, Gehlert DR, Roeske WR and Yamamura
HI: Muscarinic antagonist binding site heterogeneity as
evidence by autoradiography after direct labeling with
[HIQNB and ['H] pirenzepine. Life Sci 34: 1395-
1402, 1984

Watson M, Yamamura HI and Roeske WR: A unique
regulatory profile and regional distribution of [FH]
pirenzepine binding in the rat provide evidence for dis-
tinct M, and M, muscarinic receptor subtypes. Life Sci
32:3001-3011, 1983

Yamamura HI and Snyder SH: Muscarinic cholinergic
binding in rat brain. Proc Natl Acad Sci USA 71:
1725-1729, 1974

Oxomemazine®] Muscarinic Receptor Subtypesoll thg A4 2

Jeista opato)et

o o 834 H =

Oxomemazine®] muscarinic receptor subtypesol] tlshe] A=HAE Ao F ARAL
Azt W, A4 2 A muscarinic receptorell W& oxomemazine®l A AL ZALuE
ook PHIQNB 34343 A3} Al 229 muscarinic receptors [PHIQNBS w3 A&
affinity”} <F 60pM<al @< receptord! Ro2 ZA =g} o] pirenzepine® oxomema-
zine?| ["HIQNB 2@ Aol & Hill coefficient 27+ 0.67 2 0824 direl o]F A&
tiste] affinity”} M2 t}2 5 £%H-2| muscarinic receptor subtypes7t EAstE Ao 2 eyt
o, pirenzepineo] W& high affinity(M,)¢} low affinity(M.) receptor ¥ oxomemazinel ©j
g+ high affinity(On)®} low affinity (Ou) receptor®] HEHl:= ¢F 60:40 2 40:60°)%2, M7}
M. receptoro] ©i3 pirenzepine®] Ki*|&= 16nM % 431nM, Ou®} O, receptorel] oi&h
oxomemazine 9| KAl& 80nM ¥ 1350nMo]gieh. Zejv} AlAe} 3j7elA o]& k& [H]
QNB ZAZ Ao g Hill coefficient: 19 7}7-gch, AlAlal 3#A muscarinic receptorel] o
g pirenzepine?] KX+ 850nM ¥ 250 nM, oxomemazine2] KX 1460nM H 670 nME A
oA o]& E2] low affinity receptoroll ©igt K&l 7}743ith. &, muscarinic receptorol]
&k affinityHell 4 oxomemazineS pirenzepine® zZeo] wj¥olx 1A =gtow, FAedl s
Me x93, AAdA 713 Yghr}, o] Ko} oxomemazined M, receptorell AElAle] <)

t Ao FH,



