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A novel muscarinic M, receptor antagonist provides further evidence of
an autoreceptor role for the muscarinic M, receptor sub-type
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Abstract

Muscarinic M, (AF-DX 384, BIBN-161) and M, (PD102807) receptor antagonists were used to investigate the respective roles of
these two receptor sub-types in the regulation of acetylcholine release in the rat hippocampus. In vivo dialysis studies revealed that only
the muscarinic M , receptor antagonists significantly and concentration-dependently facilitate acetylcholine release. The newly developed
muscarinic M, receptor antagonist was unable to regulate acetylcholine release except at the highest concentration tested. It would thus
appear that the muscarinic receptor acting as negative autoreceptor in the rat hippocampus is of the muscarinic M, sub-type, the role of
the muscarinic M, receptor being minimal in this regard. © 1999 Elsevier Science B.V. All rights reserved.

Keywords: Acetylcholine release; Microdialysis, in vivo, Muscarinic M, receptor; PD102807; AF-DX 384; Muscarinic M, receptor

1. Introduction

Five muscarinic receptors have been cloned thus far (for
a recent review Wess, 1996). All are members of the
seven-transmembrane G-protein coupled receptor family
with the muscarinic M;, M5 and Mg sub-types linked to
Gq /;;, proteins and the production of inositides, whereas
the muscarinic M, and M, receptors are associated with
the G, proteins and adenylate cyclase activity.

Most of these receptors are widely expressed through-
out the body including the brain. However, their respective
physiological roles remain to be fully established, primar-
ily because of the limited availability of truly receptor
sub-type selective agonists and antagonists. Among the
putative roles of the muscarinic receptor sub-groups, an
action as inhibitory autoreceptors regulating the release of
acetylcholine has been suggested on the basis of anatomi-
ca (Levey et d., 1995), pharmacological (Raiteri et 4.,
1984; Quirion et a., 1995) and behavioral (Quirion et a.,
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1995) data. However, it is not clear if these autoreceptors
are of the muscarinic M, (Raiteri et al., 1984; Quirion et
al., 1995) or M, (McKinney et a., 1993) sub-type because
of the lack of selective antagonists to distinguish between
these two related receptor sub-types. For example, it has
been shown that BIBN-99, a muscarinic M, receptor
antagonist unable to fully distinguish between muscarinic
M, and M, receptors, is capable of potently reversing
cognitive deficits in aged memory impaired rats (Quirion
et a., 1995). This information suggests the possibility of
targeting muscarinic M, receptors as a means of aleviat-
ing learning deficits. It is thus of major importance to
clearly establish the identity of the muscarinic receptor
sub-type on which such antagonists are likely to act, in
order to facilitate acetylcholine release and be of potential
clinical relevance in diseases associated with altered cogni-
tion.

Recently, PD102807 has been developed as one of the
very first selective muscarinic M, receptor antagonists
(Nelson et a, 1996). In the present study, we used this
molecule in addition to the purported muscarinic M, re-
ceptor antagonists AF-DX 384 and BIBN-161 (Doods et
al., 1993) to further investigate the exact nature of the
autoreceptor sub-type(s) regulating acetylcholine release in
the rat hippocampus, as assessed by in vivo diaysis.
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2. Materials and methods
2.1. Animals and drugs

Male Sprague-Dawley rats (270-300 g) were pur-
chased from Charles River Canada (St. Constant, Quebec).
Animals were kept in a temperature- (22—24°C), humidity
(55 + 5%) and light- (12 h light—dark cycle, lights on at
07:00) regulated room with food and water available ad
libitum for at least 3 days before surgery. The procedures
involving animals and their care were conducted in accor-
dance with the McGill University Animal Care Committee
and the Canadian Council on Animal Care. BIBN-161 and
AF-DX 384 were obtained from Dr. H. Doods, Boehringer
Ingelheim, Germany, while PD102807 was obtained from
Dr. R. Schwarz, Parke-Davis, USA. AF-DX 384 was
dissolved in water, whereas BIBN-161 and PD102807
were dissolved in 0.1 N HCI and brought to pH 5—6 with
0.1 N NaOH. These stock solutions were then diluted
appropriately in the buffered perfusate (see below).

2.2. Surgery and in vivo dialysis

Animals were anesthetized by intramuscular injection of
acepromazine (0.5 mg/kg, Ayerst Laboratories, Montreal,
Quebec), xylazine (5 mg/kg, Miles Canada, Etobicoke,
Ontario) and ketamine (50 mg,/kg, MTC Pharmaceuticals,
Cambridge, Ontario). Transverse probes (AN69 hollow
fibers, molecular weight cut off < 60,000, i.d. = 220 pm,
0.d. = 310 wm, Hospal-Gambro, St-L eonard, Quebec) were
placed in the dorsal hippocampus (3.8 mm posterior to
bregma; 3.5 mm ventra to the surface of the skull),
according to coordinates obtained from the atlas of Paxi-
nos and Watson (1987).

Two days after surgery, in vivo dialysis was performed
to monitor acetylcholine release, as described in detail
elsewhere with minor modifications (Kitaichi et al., 1999).
Briefly, probes were perfused at a flow rate of 2.34
wl /min with a perfusate containing: NaCl (125 mM), KCl
(3 mM), CaCl, (1.3 mM), MgCl, (1.0 mM), NaHCO, (23
mM) in agueous phosphate buffer (1 mM, pH 7.3), 100
nM neostigmine (RBI, Watick, MA) was included to
prevent the degradation of acetylcholine. After a 1 h
equilibration period, dialysates were collected every 10
min. Immediately after basal acetylcholine release stabi-
lized, perfusate containing different concentrations of AF-
DX 384, BIBN-161 or PD102807 was perfused through
the probes until the end of the experiment. The precise
location of the probes was verified by standard histological
examination.

2.3. High performance liquid chromatography (HPLC)
analysis of acetylcholine

The concentration of acetylcholine in dialysates was
measured on-line using HPLC coupled with post-column
enzymatic reaction and electrochemical detection, as de-

scribed elsewhere (Day et al., 1998). Acetylcholine release
was expressed as a percentage of each animal individual
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Fig. 1. Effect of muscarinic M, and M, receptor antagonists, applied
locally through the dialysis probe, on hippocampal acetylcholine release
assessed by in vivo dialysis and an on-line HPLC-EC assay. (A) Various
doses of the muscarinic M, receptor antagonist AF-DX 384 increase
hippocampal acetylcholine release. Data represent mean+ S.E.M. of six
animals. (B) A representative example of the effect of PD102807 (100
M) in an individua freely-moving rat. The muscarinic M, receptor
antagonist, administered for up to 4 h, did not increase acetylcholine
release. (C) Regression plot analysis of stimulated acetylcholine release
as a function of drug concentration. R values show the regression values
for the individual drugs.
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Table 1

Effects of muscarinic M, (AF-DX 384, BIBN-151) and M , (PD102807)
receptor antagonists on hippocampal acetylcholine release

Data represent mean+ S.E.M. of 6—8 determinations at each concentra-
tion of the various antagonists. Basal acetylcholine release was 47+ 7,
45+10 and 47+4 pmol /10 min for the AF-DX384, BIBN-161 and
PD102807 groups, respectively. N.D. = not determined.

Acetylcholine release (% basal)

Concentrations AF-DX 384(6) BIBN-161(7)  PD102807 (8)
100 nM 166+ 222 128+ 22° N.D.

300 nM 247+ 532 186+ 58?2 N.D.

1pM 325+ 702 2374292 108+ 27

10 pM 515+ 472 430+ 302 108+2

50 pM N.D. 632+ 1072 162+ 20

100 pM N.D. N.D. 174434

%p < 0.001 vs. basal release.
bp < 0.05 vs. basal release.

baseline release vaue (the average amount of acetyl-
choline in six samples collected immediately preceding
drug treatment). All data are expressed as mean + S.E.M.

3. Results

As shown in Fig. 1A and Table 1, the two muscarinic
M, receptor antagonists AF-DX 384 and BIBN-161 facili-
tated acetylcholine release in the rat hippocampus in a
concentration dependent manner. Both drugs yielded a
significant effect at 100 nM (Table 1) but AF-DX384 was
dlightly more potent than BIBN-161, as shown in Fig. 1C.
Both AF-DX 384 (10 wM) and BIBN-161 (50 wM) were
able to potently stimulate acetylcholine release, with 5—6
fold increments in release seen at these concentrations.

In contrast, the purported muscarinic M, receptor an-
tagonist PD102807 was unable to modulate release at
concentrations lower than 50 wM, with only minimal
effects (1.6—1.7-fold over baseline) being observed at very
high concentrations (Fig. 1B, Table 1). The lack of signifi-
cant effects of PD102807 on hippocampal acetylcholine
release is also evident in the graphed representation of the
regression analysis performed for the three antagonists
tested here (Fig. 10).

4. Discussion

In vivo acetylcholine release in the adult rat hippocam-
pus was clearly stimulated, in a concentration-dependent
manner, by AF-DX384 > BIBN-161 >> PD102807. The
first two molecules have higher or equal affinities for the
cloned muscarinic M, than the M, receptor sub-types
while the reverse is true for the newly developed mus-
carinic M, receptor antagonist PD102807 (Doods et al.,
1993; Nelson et al., 1996). In fact, the apparent IC50 (nM)
vaues of AF-DX384 are 325, 16, 150, 10, and 1860 for

the M, M,, M3, M, and M sub-type, respectively, and
285, 15, 360, 52, and 220 for BIBN-161. In contrast,
PD102807 has its highest affinity for the muscarinic M ,
receptor with 1C50 (nM) values of 6600, 3400, 950, 90,
and 7400 for the transfected human muscarinic M, to Mg
sub-types (Nelson et al., 1996). Taken together, those data
support the hypothesis that the muscarinic receptor regulat-
ing acetylcholine release is of the M, and not the M,
sub-type, at least in the rat hippocampus.

Earlier anatomical (Levey et al., 1995) and functional
(Raiteri et a., 1984; Quirion et al., 1995) data also sug-
gested the preferentia role of the muscarinic M, receptor
as a negative autoreceptor regulating acetylcholine release.
However, another study proposed that the M, sub-type
was in fact acting as the autoreceptor (McKinney et al.,
1993). The lack of adequately selective tools to distinguish
between muscarinic M, and M, receptors likely explains
this apparent discrepancy.

Recently, we obtained molecular evidence of the role of
muscarinic M, receptors in the regulation of acetylcholine
release (Kitaichi et al., 1999). Using an antisense approach
combined with in vivo diaysis, we have shown that a
treatment with antisense directed against the muscarinic
M, receptor blocked the ability of antagonists such as
AF-DX 384 to facilitate acetylcholine release, whereas
treatment with a specific muscarinic M , receptor antisense
(or missense oligodeoxynucleotides) failed to alter AF-DX
384's ahility to modulate acetylcholine release in the rat
hippocampus. Hence, the data reported in the present study
are in agreement with those obtained using a molecular
approach.
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