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Short communication

Decreased binding affinity of olanzapine and clozapine for human
muscarinic receptors in intact clonal cells in physiological medium
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Abstract

Ž .The binding affinity of olanzapine, clozapine and atropine for muscarinic receptor subtypes in clonal Chinese hamster ovary CHO
cell lines was compared in intact cells in physiological media to disrupted cells in hypotonic buffer. The affinity of olanzapine and

Ž .clozapine, but not atropine, for muscarinic receptor subtypes M –M was significantly reduced in intact cells in physiological medium1 5

compared to disrupted cells in hypotonic buffer. The affinity of olanzapine for muscarinic M receptors was most affected with a1

reduction of K value from 2.5 to 73 nM in intact cells. These data suggest that the affinity of olanzapine and clozapine for muscarinici

receptors have been significantly overestimated. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Olanzapine is an atypical antipsychotic agent that has
relatively high and comparable affinity in radioligand bind-
ing studies for a number of neuronal receptors including
dopamine D –D , 5-HT , a -adrenoreceptor, his-1 5 2A,B,C 1

tamine H and muscarinic M –M receptor subtypes1 1 5
Ž .Bymaster et al., 1996; Schotte et al., 1996 . However, the
relatively high affinity of olanzapine and clozapine for
muscarinic receptors in in vitro radioligand binding experi-
ments does not correlate with results from in vitro func-
tional studies, in vivo studies in animals and clinical
results in humans. For example, olanzapine has high affin-
ity for muscarinic receptor subtypes in in vitro binding

Ž .studies K values for M –M range from 1.9 to 25 nM ,i 1 5

but it was shown to be a relatively weak antagonist of
muscarinic agonist-induced changes in second messenger

Žlevels with K values ranging from 70 to 622 nM Bymas-i
.ter et al., 1996, 1999 . In contrast, olanzapine in in vitro

functional studies antagonized 5-HT , a -adrenoreceptors2 1

and histamine H receptors at nearly the same potency as1
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in binding studies. In addition, olanzapine relative to its
blockade of dopamine D and 5-HT receptors, weakly2 2A

blocked ex vivo and in vivo binding of muscarinic receptor
Žligands in rats Schotte et al., 1996; Zhang and Bymaster,

.1999 . Lethality in mice produced by the cholinesterase
inhibitor physiostigmine was not readily reversed by olan-
zapine, suggesting modest antagonism of muscarinic recep-

Ž .tors in vivo Arnt and Skarsfeldt, 1998 . Olanzapine did
not significantly impair spatial memory in the Morris
water maze up to relatively high doses, whereas the potent
muscarinic antagonist scopolamine blocked acquisition of

Ž .the spatial memory trace Moore et al., 1997 . In addition,
olanzapine patients reported a relatively low rate of anti-

Ž .cholinergic events in clinical trials Beasley et al., 1996 .
The interaction of olanzapine with muscarinic receptors is
further complicated by the finding that clozapine and
olanzapine have apparent partial agonist activity in cell

Žline based functional studies Zorn et al., 1994; Zeng et al.,
.1997; Olianas et al., 1999 . However, another study has

shown only antagonist effects in cell lines with low recep-
Ž .tor expression density Bymaster et al., 1999 . Thus, there

seems to be a contradiction in the high affinity of olanzap-
ine for muscarinic receptor in binding experiments vs.
lesser effects in functional, in vivo and clinical studies.

We have investigated these apparent discrepancies by
performing in vitro radioligand binding studies in intact
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Ž .Chinese hamster ovary CHO cells transfected with the
respective human muscarinic receptor subtypes. These
binding experiments were performed in physiological
medium instead of low ionic strength buffer used in previ-

Žous binding studies Bymaster et al., 1996; Schotte et al.,
.1996 . Binding in intact cells using physiological medium

and with the receptor coupled to G protein and signal
transduction apparatus may be a more appropriate biologi-
cal milieu for compounds like olanzapine. We also com-
pared the inhibition of muscarinic radioligand binding by
olanzapine to clozapine and the classical muscarinic antag-
onist atropine.

2. Materials and methods

2.1. Cell culture

Cell culture of CHO-K1 cells was performed according
Ž .to a previously described method Bymaster et al., 1996 .

The CHO-K1 cells transfected with human muscarinic
Ž .receptor subtypes Dorje et al., 1991 were obtained from

Dr. Mark Brann at the University of Vermont.

2.2. Binding determination

After growing to about 70–80% confluency, the cells
were harvested with 0.25% trypsinr1 mM EDTA solution,
centrifuged and resuspended in Earle’s balanced salt solu-

Ž .tions EBSS containing 120 mM NaCl, 26 mM sodium
bicarbonate, 5 mM KCl, 1 mM NaH PO , and 2 mM2 4

MgCl , pH 7.4. About 0.4 million CHO cells transfected2

with the respective muscarinic receptor subtypes were
added to 1 ml total volume of EBSS medium containing

w3 x Ž0.24 nM H N-methylscopolamine 84 Cirmmol, New
.England Nuclear and various concentrations of drugs.

After incubation for 30 min at 378C, the cells were filtered
Ž .through glass fiber filters Whatman, GFrc with vacuum.

The filters were rinsed three times with 1 ml cold buffer,
and placed in scintillation vials containing 10 ml of scintil-

Ž q .lation fluid Ready Protein , Beckman, Fullerton, CA .
Filters were presoaked in 0.1% polyethylenimine for sev-
eral hours. Radioactivity trapped on the filters was deter-
mined by liquid scintillation spectrometry at approximately
40–50% efficiency. Nonspecific binding was determined
in the presence of 1 mM atropine.

2.3. Data analysis

The mean IC values were obtained from at least three50

separate experiments performed in triplicate with at least
6–11 concentrations of drugs. Hill coefficients and IC50

Žvalues determined using the Allfit software program De
. Ž .Lean et al., 1978 and inhibition constants K valuesi

were calculated utilizing the Cheng–Prusoff equation
Ž . w3 xCheng and Prusoff, 1973 . The K values for H N-d

methylscopolamine binding to M , M , M , M and M1 2 3 4 5

receptors were 0.212, 0.235, 0.174, 0.077, and 0.45 nM,
respectively.

2.4. Drugs

Olanzapine was synthesized in the Lilly Research Labo-
Ž .ratories, clozapine was purchased from RBI Natick, MA

Ž .and atropine from Sigma St. Louis, MO . Cell culture
Ž .reagents were purchased from GIBCO Gaithersburg, MD

and all other chemicals used were reagent grade and were
purchased from Sigma.

3. Results

w3 xThe radioligand H N-methylscopolamine bound read-
ily to intact CHO cells with muscarinic M –M receptors1 5

in physiological medium. Cells transfected with muscarinic
M receptors had representative nonspecific binding of1

199"23 dpm in intact cells in physiological medium and
nonspecific binding of 136"8 dpm in broken cells in 50
mM sodium phosphate medium, suggesting little if any

w3 xuptake of H N-methylscopolamine into the intact cells.
w3 xOlanzapine and atropine inhibited binding of H N-meth-

ylscopolamine to intact CHO cells transfected with the
muscarinic M receptor in a concentration dependent fash-1

Ž .ion Fig. 1 . However, atropine and particularly olanzapine
less potently inhibited binding to muscarinic M receptors1

in intact cells in physiological medium than to broken cells
in hypotonic medium. In physiological medium and intact
cells, the K values of olanzapine, clozapine and atropinei

Fig. 1. Concentration-dependent inhibition by olanzapine and atropine of
w3 xH N-methylscopolamine binding to muscarinic M receptors in intact1

Ž .CHO cells in physiological medium isotonic, open symbols and dis-
rupted membranes in 50 mM Na phosphate and 2 mM MgCl buffer2
Ž .hypotonic, filled symbols .



( )F.P. Bymaster, J.F. FalconerEuropean Journal of Pharmacology 390 2000 245–248 247

Table 1
w3 xInhibition constants of olanzapine, clozapine and atropine for H N-methylscopolamine binding to clonal human muscarinic receptors subtypes in intact

CHO cell suspensions in physiological medium, in membranes in 50 mM Na phosphate buffer and blockade of agonist-induced functional effects in clonal
cells

Ž .Compound Preparation K , nM Hill coefficienti

M M M M M1 2 3 4 5

Ž . Ž . Ž . Ž . Ž .Olanzapine whole cells 73"14 0.80"0.15 96"24 1.13"0.02 132"30 1.10"0.06 32"6 1.15"0.10 48"10 1.50"0.09
amembranes 2.5"0.3 18"5 13"0.8 10"0.6 6"0.8

bfunctional 70"30 622"179 126"61 350"171 82"25
Ž . Ž . Ž . Ž . Ž .Clozapine whole cells 31"9 1.01"0.18 204"33 0.96"0.09 109"22 1.06"0.02 27"3 0.92"0.07 26"18 1.19q0.18

amembranes 1.4"0.3 10"1 7"1 6"0.5 5"1.2
Ž . Ž . Ž . Ž . Ž .Atropine whole cells 1.1"0.3 0.91"0.05 0.9"0.1 0.88"0.10 0.8"0.1 0.98"0.03 0.3"0.02 0.89"0.04 0.5"0.2 0.85"0.03

amembranes 0.2"0.02 1.5"0.7 0.2"0.03 0.1"0.03 0.6"0.1
bfunctional 0.7"0.3 1"0.4 0.1"0.01 1"0.1 0.4"0.1

a Data from Bymaster et al., 1996.
b Functional data from Bymaster et al., 1999 using antagonism of oxotremorine-M-induced release of arachidonic acid for muscarinic M , M and M1 3 5

receptor subtypes and antagonism of oxotremorine-M effects on cAMP for muscarinic M and M receptor subtypes.2 4

for muscarinic M receptors were 73"14, 31"9, and1

1.1"0.3 nM; whereas, the K values in broken mem-i

branes and 50 mM Na phosphate buffer were 2.5"0.3,
Ž1.4"0.3 and 0.2"0.02 nM, respectively Table 1; By-

.master et al., 1996 . This represents a reduction of 29-,
Ž .22-, and 5-fold in affinity, respectively Table 1 . Simi-

larly, olanzapine had lower affinity for muscarinic M ,2

M , M and M receptors of intact cells in physiological3 4 5

medium with K values of 96"24, 132"30, 32"6 andi

48"10 nM and the affinity was reduced 5-, 10-, 3.2- and
8-fold, respectively. The affinity of clozapine for mus-
carinic M –M receptors was also significantly reduced in2 5

physiological medium, but the affinity of atropine was not
appreciably altered. Hill coefficients for the binding in
intact cells did not appreciably differ from unity except for

Ž .the values of olanzapine in M cells Table 1 . The K5 i

values obtained in functional studies measuring antago-
nism of muscarinic agonist-induced changes in second

Ž .messenger levels Bymaster et al., 1999 was in better
agreement with binding in intact cells than membranes
Ž .Table 1 .

4. Discussion

Olanzapine has been shown to be a relatively weak
muscarinic antagonist in in vitro in functional studies,

Žanimal studies and in humans Beasley et al., 1996; Schotte
.et al., 1996; Bymaster et al., 1999 . However, radioligand

binding studies conducted in low ionic strength buffer with
muscarinic receptors from animal tissue, receptors from
human tissue and with human muscarinic receptors trans-
fected into cell lines suggest that olanzapine has high
affinity for muscarinic receptor subtypes and might be
expected to produce more potent muscarinic antagonism in

Ž .vivo Bymaster et al., 1996; Schotte et al., 1996 . In this
binding study using physiological medium and intact cells,
olanzapine had reduced affinity for muscarinic receptor

subtypes ranging from 32 to 132 nM. In particular, the
affinity of olanzapine for the muscarinic M receptor1

subtype was reduced 29-fold from 2.5 nM in broken cells
in hypotonic medium to 73 nM in intact cells in physio-
logical medium. Similarly, clozapine had reduced affinity
for muscarinic receptors in this paradigm. On the other
hand, the affinity of the potent muscarinic antagonist,
atropine, was only appreciably shifted in the M cells with1

a 5.5-fold decrease in affinity and less for the other
receptor subtypes. Thus, the affinity of olanzapine and
clozapine, but not atropine, was significantly overesti-
mated in binding studies utilizing broken cell membranes
in low ionic strength buffer. This overestimation may
account, at least in part, for the contradiction between high
radioligand binding affinity and the relatively weak mus-
carinic antagonism observed with olanzapine in animal
studies and in humans.

The reason for the significantly reduced binding affinity
of olanzapine and clozapine for muscarinic receptors in
physiological medium and intact cells is not entirely clear.
Since clozapine and olanzapine are apparent partial ago-

Žnists at muscarinic receptors Zorn et al., 1994; Zeng et al.,
.1997; Olianas et al., 1999 and high concentration of salts

Žparticularly reduce binding of muscarinic agonists Bi-
.rdsall et al., 1979 , this may play a role in the reduction of

the affinity of the compounds in isotonic medium. More-
over, the affinity of clozapine for dopamine D and D2 4

Žreceptors is reduced in medium with sodium salts Seeman
.and Van Tol, 1993 , suggesting that receptor interactions

of this type of molecule are particularly sensitive to changes
in ionic strength of the buffer. In addition, the intact cells
containing transfected muscarinic receptors have a dy-
namic equilibrium between receptors, G proteins and the
entire signal transduction apparatus that may alter affinity
of olanzapine and clozapine for the receptor. Attempts at
determining affinity constants for ligand receptor interac-
tions in broken cells and particularly in whole cells are
complicated by the heterogeneity of receptor equilibrium
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Žhigh and low affinity states, desensitization, down regula-
.tion, etc. G protein stoichiometry and effector availability.

This underscores the importance of apparent in vivo po-
tency in estimating in vivo drug responses. Further studies
are needed to understand the role of ionic strength and
binding in intact cells on the affinity of olanzapine and
clozapine for muscarinic receptors and other neuronal re-
ceptors.
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