BRAIN
RESEARCH

= 3 BULLETIN
ELSEVIE Brain Research Bulletin 67 (2005) 504-508

www.elsevier.com/locate/brainresbull

Interaction between M1-muscarinic and glutamatergic NMDA
receptors on an inhibitory avoidance task

Karin Monteiro Moreira, Tatiana Lima Ferreira, Raquel Vecchio Fornari,
Larissa Zeggio Perez Figueredo, Maria Gabriela Menezes Oliveira

Universidade Federal de Sdo Paulo, Departamento de Psicobiologia, Rua Napoledo de Barros 925, CEP 04024-002, Sdo Paulo, SP, Brazil

Received 22 November 2004; received in revised form 28 June 2005; accepted 28 July 2005
Available online 7 September 2005

Abstract

It has been demonstrated that MK-801 potentiates the effects of the non-selective muscarinic antagonist scopolamine on memory in rats. In th
study, we investigated the role of the M1-muscarinic receptor in this interaction, by administering different doses of dicyclomine (DIC) and MK-801
in combination to male Wistar rats before training on the inhibitory avoidance task. MK-801 and DIC in sub-effective doses were administered
in combination. It was observed that MK-801 at a dose of 0.1125 mg/kg with a sub-effective dose of 8 mg/kg of DIC significantly impaired the
retention test when compared with saline-treated animals, i.e. MK-801 potentiated the effects of dicyclomine on memory impairment. Our results
suggest an important role for the M1-muscarinic receptor in the synergistic interaction between cholinergic muscarinic and glutamatergic NMDA
receptors, which is in line with the findings that the interactive modulation between these two neurotransmitters systems constitutes an importat
mechanism in cognitive functions.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction underlying the deficits observed in manipulations of both gluta-
matergic NMDA and muscarinic receptors has been suggested
It is well documented that mechanisms mediated by glutaf21,25,30]
matergic NMDA receptors are responsible for the induction of It has also been shown that the administration of acetyl-
some forms of long-term potentiation (LTP), which is hypoth- choline, acting on hippocampal muscarinic receptors, facili-
esized to be a neural basis for hippocampal memory formatiotates the “slow” component of excitatory post-synaptic potential
(for review see refd6,26]). The role of glutamatergic transmis- (EPSP) mediated by NMDA-receptor activati@@]. Therefore,
sion on memory may also be verified with the observation thathe action of acetylcholine on the NMDA response may increase
administration of both competitive and non-competitive NMDA the probability of generating NMDA-dependent LTP in the hip-
receptor antagonists disrupts memory performance in rodents ppcampug27]. That hypothesis of interaction is strengthened
a variety of behavioral paradignis,8,10,18,20,22,31,36,37] by previous pharmacological studies showing that ineffective
On the other hand, manipulation of the central cholinergic sysdoses of MK-801 (a non-competitive NMDA receptor antago-
tem is also known to affect learning and memory. Lesionsist), when administered in combination with ineffective doses
or degeneration of cholinergic pathways, such as the basaf scopolamine (a non-selective muscarinic receptor antago-
forebrain, the hippocampal formation, or the basal ganglia onist), disrupt performance of animals in the inhibitory avoidance
pharmacological antagonism of muscarinic receptors producesk, the spatial version of the radial maze, and the modified
cognitive deficits in both experimental animals and humanglevated plus-maze test adapted for learning and memory eval-
[2,3,12-14,17,32,33,35]n addition, an interactive mechanism uation[21,25,30] Since scopolamine is a non-selective mus-
carinic receptor antagonist, it is difficult to determine which
of the muscarinic receptor subtypes would be involved in that
* Corresponding author. Tel.: +55 115539 0155; fax: +55 115572 5092. effect. A variety of studies have used selective muscarinic
E-mail address: mgabi@psicobio.epm.br (M.G.M. Oliveira). agents to investigate the specific receptor mechanisms underly-
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ing the scopolamine-induced impairment in learning and memfen seconds later the door was opened and, as soon as the animal entered the
ory. These studies focus mainly on the M1 receptor subtypeRlack compartment with all four paws, the door was closed and five foot shocks
It was observed that pre- or post-training administration of1MA, 1s) were delivered at 30s intervals. The latency for the animal to enter

lecti M1 i it h . . di | . the black compartment was recorded. Thirty seconds after the last foot shocks
selecuve antagonists such as pirenzepine, dicyclomine %e animal was removed from the apparatus. The test was carried out 24 h after

biperi.dine disrupts performance on inhibitory a_-VQidance taskaining. Each animal was placed again in the white compartment of the avoid-
showing that pharmacological M1 blockade mimics many ofance apparatus and 10 later, the door was opened and the time taken by the

the effects of non-selective muscarinic antagonism blockade arfimal to cross to the black compartment (four paws in) was recorded (test
hippocampal lesiofil4,15,23,34] latency). If the animal did not cross within 300 s, it was removed from the appa-

. . . .._ragtus and a latency of 300 s was attributed. No foot shock was delivered durin
Besides the psychopharmacological evidence descnbetﬂe test Y 9

above, autoradiographic studies have shown high densities of
M1 or NMDA binding sites in hippocampus, amygdala and, 4 Experimental design
cortex, all of which are brain areas where cholinergic and glu-

tamatergic are thought to have an essential role in memory InExperiment 1, we tested the effects of pre-training administration of saline
processef’,29]. or five different doses of MK-801 on the inhibitory avoidance test (groups of

The purpose of the present work was to verify whether M1_12—15 animals). In Experiment 2, we tested the effects of pre-training admin-

muscarinic receptor antadonism potentiates proactive amnesistration of two different doses of DIC on the inhibitory avoidance test (10-13
p 9 p P éﬁimals per group). In Experiment 3, the higher sub-effective doses of MK-801

_eﬁFj'C_tS of the' NMDA antagonist MK'801 ona step-through and pic, asidentified in Experiments 1 and 2, were administered in combination
inhibitory avoidance task, a classical paradigm used to evalun the same behavioral paradigm described above (9-11 animals per group). In
ate learning and memory in animals (see rgf6,24])). Experiment 4, we tested the effects of post-training administration of the higher
sub-effective doses of MK-801 and DIC as in Experiment 3 (12 animals per
2. Materials and methods group).

2.1. Subjects 2.7. Statistical analysis
Between group comparisons with latency data from the inhibitory avoidance

Male Wistar rats, 3—4 months old, bred and raised in the animal facilityt . dtest vzed with Kruskal-Wallis foll dby M Whit
of the Psychobiology Department of UNIFESP/EPM were used. Animals were aninganatestwere analyzedwith Kruskai—yvallis folowed by Mann-vvhiiney

maintained under controlled temperature £23°C) and 12-h light:12-h dark tes(;st, vvthen qecessar;yij.OS). }t/r\:lttglnvg\/r_chUp, cc')n:patrlsons between training
cycle (lights on at 7:00 am) conditions. Rat chow and tap water were provide(‘ri‘n estsessions were done wi € Viicoxon's test.

ad libitum. Each experiment was conducted in separate groups of animals.
3. Results

2.2. Apparatus
3.1. Experiment 1: MK-801
The inhibitory avoidance apparatus consisted of two compartments, each

measuring 22 cnx 21 cmx 22 cm, connected by a sliding door. The walls of Retention test latencies are shown iﬁig 1(A)
the safe compartment were white whereas the other compartment, where th ’ )

animals received foot shock, had black walls with visual patterns (two squaregruskal_vvalIIS test did not ShOW. 5|gn|f|ca'nF dlﬁerepces
measuring 5.5 cnt 5.5 cm and three squares measuring 4.0cofi0cm made  Detween groupsH=5.168;p=0.396) in the training session.

of white cardboard). The floor consisted of a metal grid (0.4 cm diameter rodd$n the test session, an effect was observed (Kruskal-Wallis
placed 1.2 cm apart from each other) connected to a shock generator and contygl= 25 94344 = 0.0001), and Mann—-Whitney-test revealed
module (Ugo Basile model 7551), through which foot shocks could be deliveredthat rats treated with MK-801 doses ranging from 0.125 to
0.3mg/kg displayed significantly shorter latency to enter the
dark compartment when compared with both SAL and MK-801

Dicyclomine chloride (Sigma Chemical Co., USA) was dissolved in 0.9%0'1 mg/kg groupsy(< 0.05).
saline and injected, i.p., in a volume of 1.0 ml/kg. The doses of 8 and 12 mg/kg
used were chosen based on our previous work showing that dicyclomine (DIC}.2. Experiment 2: dicyclomine
impairs inhibitory avoidance task in a dose-dependent majii3ér MK-801
(Dizocilpine maleate; Sigma Chemical Co., USA) dissolved in 0.9% saline was
injected i.p. in a volume of 1.0 ml/kg. The doses used were 0.1, 0.1125, 0.12
0.15, and 0.3 mg/kg.

2.3. Drugs

- Effects of DIC administration on inhibitory avoidance test
are shown irFig. 1(B). Kruskal-Wallis test did not show sig-
nificant differences between groupd £0.708;p=0.702) in

the training session. In the test session, an effect was observed
(H=8.792;p=0.012), and Mann-Whitnel/-test revealed that

Rats received either a saline (SAL) or DIC (8 or 12 mg/kg) injection followed the group DIC 12 mg/kg displayed significant shorter latency to

by aMK-801 or saline administration 5 min later. Training was performed 30 minenter the dark compartment when compared with both SAL and
after the first injection in Experiments 1-3. In Experiment 4, rats received theDIC 8 mg/kg groups;(< 0_05)_
appropriate injection immediately after the training session.

2.4. Drug administration

2.5. Behavioral procedure 3.3. Experiment 3: interaction

After receiving the relevant drug treatment, the animals were individually ~ Results of the administration of sub-effective doses of MK-
placed inside the white compartment (safe side) of the avoidance apparat801 and DIC, alone or in combination are showrfig. 1(C).
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Fig. 1. Effects of MK-801 (A), DIC (B), drug interaction (C) and post-training drug interaction (D) on the latency to enter the dark compartmeretéatiog test
of the inhibitory avoidance task. Number of animals in parenthépes.05 compared with SAL (saline group). Values are expressed as mediaiesquartile
intervals (time in seconds).

Kruskal-Wallis test did not show significant differences betweeralone, disrupted the inhibitory avoidance performance, suggest-
groups {=1.880;p =0.598) in the training session. In the test ing that NMDA glutamatergic receptors and M1-muscarinic
session, an effect was observad=10.397;p=0.016), and cholinergic receptors interact in the modulation of learning and
Mann—-WhitneyU-test revealed that only the drug interaction memory processes.

group (MK 0.1125 + DIC 8) was different from the SAL group  Muscarinic cholinergic receptors play a fundamental role

(p<0.05). in memory formation[4]. In particular, the septal choliner-
gic neurons projecting to the hippocampus are involved in the
3.4. Experiment 4. post-training interaction generation of certain types of memory (for reviews see refs.

[11,17). Antimuscarinic agents, such as scopolamine, disrupt
Results of the administration of sub-effective doses oflearning and memory processes in a manner similar to that
MK-801 and DIC in combination are shown iRig. (D).  seen with hippocampal damaf&3]. It is possible, therefore,
Mann-WhitneyU-test revealed no significant treatment effect, that the observed effects of anticholinergic drugs on inhibitory
intraining (U=64;p=0.67) orintestsessiong € 54;p=0.32).  avoidance are mediated by the hippocampal cholinergic sub-
In all experiments, the Wilcoxon’s test revealed significantpopulation of M1 receptors blocked by dicyclomine. Indeed,

differences between training and test sessions. several other findings show that the administration of M1 recep-
tor antagonists mimics the effects of hippocampal lesion and
4. Discussion scopolamine administratid2,3,14,23,34] Thus, the adminis-

tration of these anticholinergic agents produces highly consistent

In this study, MK-801 potentiates dicyclomine-induced dis-and reproducible data regarding the impairment of memory
ruption of inhibitory avoidance performance. Moreover, bothfunction.
MK-801 and dicyclomine alone also disrupted the performance It is also known that blockade of NMDA receptors dis-
in the inhibitory avoidance task in a dose dependent manner. TH&pts learning and memory in a variety of behavioral tasks
results obtained with dicyclomine are in accordance with pref5,8,10,18,20,22,31,37Phno and WatanakjaQ], Li et al. [25],
vious data from our laboratory, which had shown that 8 mg/kgand Hlirdk and Krejci[21] observed interactive processing
of this drug was unable to impair the inhibitory avoidance tesbetween glutamatergic and cholinergic systems through scopo-
[14]. In the present work dicyclomine and MK-801, when co- lamine administration. Our results confirm this interaction and
administered at doses that had no behavioral effect when giverther suggest that the potentiated deficit could occur through
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