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(4) 1131–1138, 1997.—A single prior undrugged exposure to
the four-plate test reduces punished responding on retest at intervals ranging from 24 h to 42 days. Furthermore, prior expe-
rience attenuates the anxiolytic response to the benzodiazepines diazepam (0.25 to 2 mg/kg) and lorazepam (0.5 to 4 mg/kg).
The result was first discussed in term of “one trial tolerance.” The anxiety baseline was increased during the retest, which
counteracted the anxiolytic action of benzodiazepines. To ascertain if memory processes are also implicated, the cholinergic
drugs scopolamine and oxotremorine were used. Additional experiments with the GABAergic inverse agonist FG7142 and
with the 5-HT

 

1

 

A receptor agonist 8-OH-DPAT were also performed. Administration of scopolamine and 8-OH-DPAT–
induced weak impairment of memory, when administered before the second trial, but no effect was seen with cognition en-
hancing agents. © 1997 Elsevier Science Inc.

 

Four-plate test Prior experience—Anxiety Memory Retest—Mice

 

THE four-plate

 

 

 

test is used for the measurement of anxiety in
mice (1,6). This test is based on passive avoidance where mice
must stop moving to avoid electric foot shocks. The floor of
the experimental cage consists of four metallic plates, and
each time mice cross from one plate to another they receive a
mild electric shock. The consequence is a marked decrease in
exploratory activity. With anxiolytic-treated mice, punished
responding still persists. The procedure is simple and is widely
used as an animal model of anxiety, and there is no need for
training animals.

However, preliminary experiments (unpublished results)
have shown that a previous experience of the test can signifi-
cantly abolish the usual expected response of control animals
during reexposure, i.e., the number of punished crossings de-
crease dramatically. In addition, mice with previous experi-
ence of the four-plate test have no anxiolytic response to diaz-
epam administration. Influence of prior exposure to the
elevated plus-maze is well documented (14–18,27). A marked
attenuation, or even abolition of the response to anxiolytic
compounds, was induced by a previous single undrugged ex-
perience to the test. This phenomenon was called “the one-
trial tolerance” (16). The term of one-trial tolerance was used
to describe the loss of anxiolytic efficacy of benzodiazepines
following a prior experience of the elevated plus-maze in con-
trast to the normal 3-week treatment of benzodiazepine that

is necessary to obtain tolerance to anxiolytic effects in the test
(15). It has been reported that experience to the open arms
was the crucial factor (17), and there was evidence for a role
of learning as administration of high amnesic doses of chlor-
diazepoxide before the first exposure prevented the phenom-
enon (17). To assess the generalization of this phenomenon to
other tests of anxiety, the punished drinking test was used
(18). However, benzodiazepines still demonstrated anxiolytic
activity during reexposure. Rodgers and Shepherd (28) dem-
onstrated the abolition of anxiolytic response to diazepam in a
light/dark test of exploration following prior experience of the
elevated plus-maze.

The following experiments were designed, using the four-
plate test, to understand and to characterize the lack of activ-
ity of mice during a second test trial. In initial experiments,
the duration of this effect was considered by variation of the
time interval between two exposures to the four-plate test. In a
second set of experiments, we tried to understand if the effect
observed in the four-plate test is related or not to the “one-trial
tolerance” phenomenon. Several experiments were carried out
with the benzodiazepines diazepam and lorazepam and with
drugs known to produce experimental amnesia, or reported to
have antiamnesic actions. The influence of different neu-
rotransmitters systems, including acetylcholinergic, GABAer-
gic, and serotoninergic systems, will be considered.

 

Requests for reprints should be addressed to M. Bourin, Faculty of Medicine and GIS médicament, 1 rue Gaston Veil, 44035 Nantes, France.
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METHODS

 

Animals

 

Male mice (Swiss strain) purchased from R. Janvier (Le
Genest) were used. Their average body weight on the first day
of study was 22 

 

6

 

 2 g. These animals were housed in groups of
20 at constant room temperature (20

 

8

 

C) and had free access
to food and water. All experiments were conducted within the
guidelines of the French Ministry of Agriculture for experi-
ments with laboratory animals by law No. 87.848.

 

Drugs

 

Scopolamine hydrochloride, 0.003 to 4 mg/kg (Sigma Chem-
ical Co.); methylscopolamine bromide, 0.125 to 32 mg/kg
(Sigma Chemical Co.), adrafinil, 2 to 64 mg/kg (Lafon, France);
oxotremorine sesquifumarate, 0.003 to 0.125 mg/kg (Research
Biochemicals Incorporated; R.B.I.), lorazepam, 0.03 to 4 mg/kg
(Sanofi Pharma, France); diazepam, 0.25 to 8 mg/kg (Roche,
France); FG7142 (N-methyl-

 

b

 

-carboline-carboxamide), 1 to 32 mg/
kg (R.B.I.); (

 

6

 

) 8-OH-DPAT [8-hydroxy-2-(di-n-propylamino)
tetralin] 0.5 to 8 mg/kg, (R.B.I.). The solutions were ultrasoni-
cally dispersed in distilled water except for adrafinil, lor-
azepam, diazepam, FG7142, and 8-OH-DPAT, which were dis-
solved in Tween 80 at 5% concentration. All drugs or vehicle
were administered IP in a volume of 0.5 ml/20 g of body weight.
Controls animals received vehicles only.

 

Psychopharmacological Tests

Actimeter test. 

 

The spontaneous activity of naive animals
was recorded using a photoelectric actimeter (5). This appara-
tus consists of transparent cages in which the animal’s activity
is measured by light beams connected to a photoelectric cell.
The activity is recorded during a 10-min test period. The ac-
timeter test was performed independently of the four-plate
test to examine the effect of drugs on the spontaneous loco-
motor activity of mice. The use of the actimeter test allows us
to eliminate the influence of stimulation or sedation in the in-
terpretation of the four-plate test results.

 

The four-plate test. 

 

The test was performed in naive mice.
This apparatus consists of a cage with a floor composed of
four metal plates connected to a device that can generate elec-
tric shocks (0.6 mA, 0.5 s). Following a 15-s latency period,
the animal is subjected to an electric shock after crossing from
one plate to another. The number of crossings is recorded
during a 1-min test period (11). The top of the cage is covered
by a transparent perspex lid that prevents escape behavior.

 

Experimental procedure. 

 

Testing mice in the four-plate test
consisted of two separate trials over 2 consecutive days. The
two trials were called “test” and “retest.”

Preliminary experiment: to assess the optimum time, dif-
ferent time intervals were used between the two separate tri-
als (test and retest phases) after administration of distilled wa-
ter to mice. A 24-h interval was then chosen (see Results
section). (a) Trial 1: in the first experiment drugs were admin-
istered IP 30 min before the first trial (test phase). This al-
lowed us to determine the effect of the drug per se in the four-
plate test and the effect on the acquisition of information. (b)
Trial 2: in the second experiment, drugs were administered IP
30 min before the second trial (retest phase). This allowed us
to estimate the influence of the first exposition to the test.

 

Analysis of data. 

 

The mean number of responses for each
group and for each test was calculated and the final results
were expressed as percentage of the value observed in control
animals or as mean 

 

6

 

 SEM (standard error of the mean) (see

the text). Data were evaluated by nonparametric statistical
methods due to a nonnormal distribution. Statistical analysis
of the data was performed by application of the Kruskal–Wal-
lis test for independent groups, followed by an “a posteriori”
Newman–Keuls test, except for the study of determination of
time interval between trials (for this analysis the Wilcoxon
test for paired data was used).

All analyses were conducted using the PCSM program
(Deltasoft) for IBM-compatible computers.

 

RESULTS

 

Preliminary Experiment: Determination of the Time Interval 
Between Trials

 

Seven groups of naive mice (

 

n

 

 

 

5

 

 10) received distilled wa-
ter 30 min before the first test phase. The time interval be-
tween two trials was: 24 h, 3 days, 7 days, 21 days, 28 days, or
finally, 42 days (Fig. 1). Results showed no statistical differ-
ences between groups for the first trial in the four-plate test.
Then, mice were tested again for the second trial (retest
phase); they demonstrated a dramatic decrease in the number
of punished crossings (5.2 

 

6

 

 0.55 shocks during the test phase
vs. 1 

 

6

 

 0.2 shocks during retest phase for the “24-h interval”
group) (

 

p

 

 

 

<

 

 0.01 using the Wilcoxon test). An interval of 24 h
was then chosen between the two trials for facilitation of the
experiment, and to have similar body weights between groups
of mice.

 

Effects of Cholinergic Drugs

 

Scopolamine induced a dose-dependent increase in spon-
taneous motility from the dose of 0.03 mg/kg (145% 

 

p

 

 

 

<

 

0.05*) with a maximum effect at the dose of 1 mg/kg (188%

 

p

 

 

 

<

 

 0.01 *) (Table 1). Experiment a: when scopolamine was
administered 30 min before the test phase, it induced a dose-
dependent increase in punished crossings during the test
phase, but did not change the second trial in comparison with
appropriate controls (Table 2). Experiment b: scopolamine
significantly increased the punished crossings from the dose of
0.125 mg/kg to 4 mg/kg when administered 30 min before the
retest phase (3.9 

 

6

 

 0.8 punished crossings for 4 mg/kg during
retest phase vs. 0.7 

 

6

 

 0.3 for controls, 

 

p

 

 

 

<

 

 0.01) (Table 3).
Methylscopolamine significantly increased locomotion in

mice at 16 and 32 mg/kg (Table 1). Methylscopolamine did
not modify punished behavior in the four-plate test, either ad-

FIG. 1. Variation of time interval between test and retest phase.
Mice received saline solution, IP, 30 min before the test. Results are
expressed as the mean of 10 mice per group. Statistical differences
between the day of test and retest phase were analyzed using the non-
parametric Wilcoxon test for paired data. p < 0.01*.
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ministered before the test phase or before the retest phase
(Tables 2 and 3).

Oxotremorine significantly decreased spontaneous motil-
ity from 0.003 mg/kg to 0.125 mg/kg (26% of activity in com-
parison with control for 0.125 mg/kg, p < 0.05* (Table 1). Ex-
periment a: when administered 30 min before the first trial,
oxotremorine weakly decreased the number of punished
crossings for the doses of 0.007 to 0.03 mg/kg ( p < 0.5*) (Ta-
ble 2). Experiment b: oxotremorine had no effects in compar-
ison with appropriate controls when administered 30 min be-
fore the retest phase (Table 3).

Effects of Stimulant Drugs, Acting on the
Noradrenergic System

Adrafinil significantly increased spontaneous motility from
4 to 32 mg/kg (Table 1). Experiment a: adrafinil increased
punished crossings for the doses of 32 mg/kg ( p < 0.05*) when
administered before trial 1 (Table 2). Experiment b: adrafinil
did not modify responding when administered before trial 2
(Table 3).

Effects of Drugs Acting on the GABAergic System

Lorazepam dramatically decreased spontaneous motility
in mice from the doses of 0.06 mg/kg to 4 mg/kg (Table 1). Ex-
periment a: lorazepam (0.03 mg/kg to 4 mg/kg), administered
30 min before the first trial, significantly increased the num-
ber of punished crossings, with a maximum effect at the dose
of 0.5 mg/kg (8 6 0.6 punished crossings vs. 3.9 6 0.4 for con-
trol mice, p < 0.05*). The same effect was observed during
trial 2, with a maximum effect at the dose of 4 mg/kg (4.1 6
0.4 punished crossings vs. 0.7 6 0.2 for controls, p < 0.01*)
(Table 2). Experiment b: no effect was seen in comparison
with controls when lorazepam was administered 30 min be-
fore trial 2 (Table 3).

Diazepam decreased spontaneous motility from 1 mg/kg to
8 mg/kg (20% of activity in comparison with controls, p <
0.01*). Experiment a: diazepam weakly increased punished
crossings in mice, but this effect did not reach statistical signifi-
cance (6.4 6 0.8 for 4 mg/kg vs. 4.9 6 0.4 for controls). On the
other hand, it significantly increased punished crossings during
the second trial (trial 2) 24 h later (2.2 6 0.2 for 4 mg/kg vs.
0.5 6 0.3 for controls) (Table 2). Experiment b: diazepam, at
the dose range chosen, did not modify behavior in comparison
with controls when administered before trial 2 (Table 3).

FG 7142 had no effect on spontaneous activity (Table 1).
FG 7142 did not modify punished behavior in the four-plate
test either in experiments a or b (Tables 2 and 3).

Effects of a Serotoninergic Drug

8-OH-DPAT decreased spontaneous motility in mice at
the doses of 4 and 8 mg/kg (Table 1). Experiment a: 8-OH-
DPAT (1 to 4 mg/kg) had no effect on both phases when ad-
ministered 30 min before the first trial (Table 2). Experiment
b: 8-OH-DPAT increased punished responding during trial 2
when administered before the second trial, with a maximum
effect for 2 mg/kg (2.3 6 0.4 punished crossings vs. 0.6 6 0.2
for controls, p < 0.01*)

DISCUSSION

During a second exposure to the four-plate test, all mice
demonstrated a dramatic decrease in punished exploratory
activity, with an inhibition of the punished crossings. Further-
more, mice immediately tried to escape from the box. This ef-

fect appeared as soon as mice were placed in the box test,
even before receiving any electric shocks. Then, mice adopted
a freezing attitude. This decrease in activity was persistent
even at the “42-day interval” between the two sessions.

Slotnick and Jarvik (30) have already found similar results
in the four-plate test, but the testing procedure was different.
During the second trial, no shock was applied to the mice. The
authors noticed a decrease of about 83% in activity during the
second exposition to the test, 24 h later, for saline-treated ani-
mals, when compared with the first trial.

The inhibition of activity during the second session seems
to be an interesting indication of shock-induced fear and of
the implication of memory processes. It could also help to un-
derstand underlying mechanisms between anxiety and mem-
ory, and their interplay.

The preliminary experiment demonstrated that prior expo-
sure to the four-plate test could markedly influence the future
responses of mice. It would seem that on initial exposure, the
animals have acquired some information about the test, and
that this effect persists even at 42 days. Some experiments on
reexposure to test have been already performed using the ele-
vated plus-maze, but with this test the score of saline control
animals did not change from the first trial to the reexposure.
That is one point of discordance with our results. But it is pos-
sible that the two tests generate different kinds of anxiety, and
that punishment induces strong behavioral inhibition and re-
inforces learning. The elevated plus-maze test is based upon
the natural aversion of rodents to height and open spaces
(23,25). With this test, Rodgers and Shepherd (27,28) found
that prior experience of the plus-maze eliminated the anxi-
olytic response to diazepam and reduced or even abolished
the anxiolytic effect of chlordiazepoxide in mice (23). This ef-
fect did not seem to be specific to the plus-maze. We have ob-
served the same results where lorazepam and diazepam, at
nonsedative doses, did not demonstrate any effect in compari-
son with controls when administered 30 min before the second
trial of the four-plate test. The knowledge of the test, where
there is no possibility to escape from the electric shocks, re-
duced the tendency to explore the box during reexposure. This
resulted in a negative response to diazepam and lorazepam on
the second trial. It might be difficult to distinguish between de-
crease in punished activity and enhanced anxiety. But during
the first seconds of the reexposure, the fact that mice tried to
escape from the box seems a factor of fear and of apprehension
of the test. From our own conception of the four-plate test, anx-
iety always appears as a decrease in activity where mice stay
immobile in a corner of the box.

Da Cunha et al. (9) have reported that the time spent in
the open arms of an elevated plus-maze decreased with the
number of sessions. Using another test developed for the
studies of anxiolytic compounds, we have here demonstrated,
as in previous studies (9,27,28), that reexposure to the test in-
duced an anxiogenic-like behavioral profile in control ani-
mals. The anxiety baseline was increased during the retest,
which counteracted the anxiolytic action of benzodiazepines.
Mice developed some kind of anticipatory anxiety reaction.
Previous exposures to the test have developed a kind of pho-
bic state against which the benzodiazepines are ineffective
(18). The term “one-trial tolerance” has been used to charac-
terize this phenomenon as the effect seen was equivalent to 21
days pretreatment with chlordiazepoxide (14).

The behavioral background of mice is important for the
functioning of the GABA–benzodiazepine system, and this
system can also be influence by environmental stress (4). In
naive rats, the stress of handling was found to decrease
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GABAA receptor binding (3) and benzodiazepine receptor
binding in the cortex (24). According to File et al. (16), the
beneficial effect of benzodiazepines markedly depends on the
baseline condition of the animals and is modified by the ro-
dent’s past experiences. In a recent study (19), Gonzalez and
File made the hypothesis that previous experience of the plus-
maze changed the state of the benzodiazepine receptor by re-
leasing an endogenous inverse agonist.

On the other hand, no “one-trial tolerance” was found in
the punished drinking test. Diazepam still demonstrated anxi-
olytic effects whatever the number of exposures to the test
(18). Several tests, like the Geller-Seifter conflict test, require
previous training procedure. In our model, based on operant
conditioning (20), rats were submitted to 3 months of daily
training before treatment where diazepam and alprazolam
demonstrated strong anxiolytic effects. Those procedures do
not induce lack of efficacy of benzodiazepine treatment. If the
elevated plus-maze test is only based upon mice exploration,
the four-plate test also implicates electric shocks as for the
above conflict procedures. Punishment cannot be the only ex-
planation for the lack of “one-trial tolerance” in conflict oper-
ant paradigms with or without training sessions. This will need
further experimentation.

The results from the preliminary experiment have shown
that even when the trials in the four-plate test were separated
by even more than 1 month (42 days), the phenomenon was
also observed. This very long effect confirmed the implication
of learning. Furthermore, when 75 mg/kg of chlordiazepoxide
was administered to rats, no tolerance to the test was then ob-
served during reexposure. This was due not only to sedative
effects, but also to the amnesic effects of benzodiazepines
(17). One other hypothesis of discussion is that mice have ha-
bituated to the four-plate test, and the decrease in activity
during the second exposure may only be the consequence of
the knowledge of no possible escape. Reexposure to the four-
plate test might be a tool for the evaluation of memory and
for the screening of nootropic drugs in mice. Deterioration of
central cholinergic neurotransmitter systems are considered
to contribute to the memory impairment that occurs in Alzhei-
mer’s disease (8). The cholinergic blocker scopolamine and
other anticholinergics have been found to disrupt learning in
rats (21). From the results, it appeared that scopolamine pro-
duced an increase activity in the four-plate test when adminis-
tered before or after the first trial. The exact nature of this ef-

fect is not clear. It can implicate either amnesia or anxiolytic-
like effect. Injected immediately after the first trial of an ele-
vated plus-maze (22), scopolamine increased during reexpo-
sure the time to move from the open arm to the closed one
when mice were placed initially in the open arm (transfer la-
tency). The same effect was seen in experimental amnesic mice.
Posttraining reduction in muscarinic cholinergic activity could
result in an impairment in memory storage. On the contrary,
methylscopolamine, either administered before the test or re-
test phase, did not modify the number of punished crossings, in-
dicating a central effect of scopolamine, as methylscopolamine
does not cross the blood–brain barrier. Methylscopolamine was
found to have no effect in a mnesic processes (2).

Scopolamine also induced an increase in spontaneous ac-
tivity (see Table 1), which could interfere with the interpreta-
tion of the four-plate test results. For this purpose, adrafinil, a
psychostimulant that has no effect on memory (12), was also
used. When administered 30 min before reexposure to the
four-plate test, it did not increase punished crossing, in con-
trast to scopolamine. A promesic effect would be expected
with oxotremorine, but the detection of such effects was not
possible using the modified four-plate test. Indeed, the base-
line of animal crossings was to low on the second trial. In the
same way, no effect was seen with the GABAA receptor in-
verse agonist FG 7142.

The role of the serotoninergic system has been considered
in amnesic processes and in learning (10,13), but contradic-
tory effects of 5-HT depletion have been observed, depending
on the particular behavioral test employed (29). Behavioral
studies have revealed that stimulation of 5-HT1A receptors
impairs performance in different tests used to assess learning
and memory (26). In our study, 8-OH-DPAT, the 5-HT1A re-
ceptor agonist, administered before the second trial, seemed to
act like scopolamine with an impairment of memory in mice. In
a passive avoidance task (7) 8-OH-DPAT was found to inter-
fere with the mechanism related to the acquisition of memory.

In conclusion, the modified four-plate test would not be use-
ful for studying memory and for the screening of nootropic
drugs, as it was impossible to detect cognition enhancing agents.
Furthermore, it was difficult to distinguish nonspecific effects.

The present study shows that prior four-plate test experience
altered the behavioral and pharmacological reactions of mice
during the second trial (reexposure). The underlying mechanism
is not understood and will require further experimentation.
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