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Temporal parameters of one-trial tolerance to benzodiazepines in four-plate test–retest Benoit Petit-Demouliere, Michel Bourin ∗ EA 3256 «Neurobiologie de l’anxi´et´e et de la d´epression», Facult´e de M´edecine, BP 53508, 1 rue Gaston Veil, F44035 Nantes Cedex 01, France Received 18 April 2007; received in revised form 4 June 2007; accepted 8 June 2007



Abstract Anxiolytic-like effect of diazepam is abolished by a previous exposure to four-plate test (FPT). Variations of temporal parameters: interval between trials and duration of Trial 1, with or without electric punishments allow characterizing factors which are responsible for this loss phenomenon. Complete spatial representation of FPT seems to be responsible of this one-trial tolerance, and needs at least a 30 s exposure to the apparatus to be completed, with or without punishments. © 2007 Published by Elsevier B.V. Keywords: FPT; Neophobia; OTT



Four-plate test (FPT) is a useful mice model of anxiety to characterize mechanisms of action of drugs with anxiolytic-like effects [1]. Utilizing different behavioural drives, it distinguishes itself from the elevated plus-maze (EPM) and brings a different point of view and other answers that those brought by this widespread model [2]. Another similar characteristic is the emergence of one-trial tolerance (OTT) to benzodiazepines during re-exposure to the apparatus [3]. FPT can bring a new way to study OTT, as it uses a totally different method and has only one behavioural indicator: the number of accepted punishments. Many hypotheses have been proposed to explain this pharmacological phenomenon [4]. Firstly described in EPM [5,6], it has been observed in FPT and we managed to isolate the main cause of this abolishment of effect of diazepam during Trial 2. Even if memory seems not to be implied in this process [7], spatial knowledge of the environment appears to be essential to observe this loss of effect [4]. We had already shown that electric punishments only potentiate the OTT observed and linked to spatial knowledge. OTT is not observed in Trial 2 in mice that did receive electric punishment but in a spatially modified apparatus during Trial 1, but OTT appears in Trial 2 with mice that did not receive any shocks during Trial 1 [4]. In EPM with
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rats, a study has revealed that one-trial tolerance to benzodiazepines was dependant of exposure time to apparatus during Trial 1 [8,9]. In the present study, we wanted to assess temporal parameters involved in the emergence of OTT during Trial 2. The duration of Trial 1 and time intervals between trials have been studied in order to describe the evolution of mice behaviour during this period and the response to diazepam intra-peritoneal injection. Na¨ıve male Swiss mice (Janvier, France), of 20 ± 2 g were used. They were divided into cages of 18 animals, 1 week before the experimentation, at 20 ◦ C and lights on between 07:00 and 19:00 h with free access to food and water. One hour before experiments, mice were placed into cages of six animals. All experiments followed ethical rules of the French Ministry of Agriculture (No. 87.848). Diazepam (RBI, Sigma, France) was dissolved in a 5% concentration of Tween-80 with distilled water. Controls received vehicle treatment only. Diazepam and vehicle were administered intraperitoneally (i.p.) 30 min before Trial 2 in a volume of 0.5 ml/20 g of body weight. Diazepam does not modify locomotor activity of mice at used dose. The four-plate test (FPT) [10] (Bioseb, Chaville, France) consists of a cage (25 cm × 18 cm × 16 cm) floored by four identical rectangular plates (11 cm × 8 cm) each separated by a gap of 4 mm. Plates are connected to an electric generator (0.6 mA; 0.5 s). Following a 15 s habituation period, the animal is subjected to an electric foot-shock when crossing from one plate to
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another. The number of punished crossings is recorded during 60 s, for a total of 75 s. This score is raised by anxiolytic-like substances. Two control groups were used with naive mice during Trial 2: one using vehicle, and one using diazepam 1 mg/kg injected i.p. as internal standard in anxiety models. The usual paradigm of test–retest in FPT is made with two sessions of FPT separated by 24 h. In the following protocols, we have modified duration of exposure to FPT or time interval between the two test sessions. The following protocols were used for the present study: Experiment 1: Modiﬁcations of exposure time to FPT in presence of electric foot-shocks. Each group was submitted to one of these predefined periods: 30 s, 45s, 60 s, 90 s or 135 s. One group was exposed only until mice received their first shock (labelled 1st shock). Three groups were submitted to a 75 s period: one had shocks during 75 s without habituation (labelled as 75 s shocked), the second received only one shock during the whole period (labelled as 75 s 1 shock) and the last group was a control and used the classic test–retest in FPT paradigm (labelled 75 s). All groups had a 15 s latency time without shocks, except two groups (75 s shocked and 1 shock). Experiment 2: Modiﬁcations of exposure time to FPT in absence of electric foot-shocks. Mice groups were exposed to FPT with no punishments during Trial 1 during different period: 15 s, 30 s, 45 s, 60 s, 75 s, 90 s or 135 s. Experiment 3: Modiﬁcations of time interval between Trials 1 and 2. Mice groups had different time intervals between trials. Trials 1 and 2 were made using the classic protocol, with a 15 s habituation time and a 60 s period of punishments. For the statistical analysis, results were expressed as a mean of the number of punished passages (±S.E.M.) for the FPT. For experiments 1 and 2, a two-way ANOVA (Trial 1 × treatment in Trial 2) was employed. If the ANOVA showed a significant difference, a Sidak’s post hoc test was performed to compare the effect of Trial 1 on treatment effects in Trial 2. For experiment 3, a one-way ANOVA was performed with a Sidak’s post hoc test. Data were tested for homogeneity of the variance and normal distribution. All analyses were conducted using the SPSS program for IBM compatible computer. We have obtained the following results: Experiment 1 (Fig. 1). Two-way ANOVA showed significant Trial 1 [F(9,220) = 44.8, p < 0.001], drug [F(1,220) = 22.0, p < 0.001] and Trial 1 × drug effects [F(9,220) = 6.2, p < 0.001]. Sidak’s post hoc test gave us the following results. Diazepam anxiolytic-like effect, evaluated with the raise of the number of accepted punishments, is significantly present only in two groups during Trial 2: naive (p < 0.001) and first shock (p < 0.01). In other groups, diazepam did not modify the number of punishments accepted by mice, compared to respective vehicle-treated group. Receiving only one shock (first shock group) or 30 s exposure to FPT during Trial 1 does not decrease the number of punishments accepted by mice during Trial 2, compared to naive mice. First shock group had a mean time exposure to FPT during Trial 1 of 12.4 ± 1.2 s 30 s exposure of time, i.e. 15 s habituation and 15 s punished exploration, is sufficient to abolish the anxiolytic-like effect of diazepam at 1 mg/kg. All groups that have been exposed a longer time to FPT during Trial 1 did



Fig. 1. Consequences of modifications of the duration of Trial 1 on Trial 2 results in presence of electric foot-shocks. All data are shown as means ± S.E.M., n = 12 per group. The symbol @ indicates a significant difference with the naive group. The symbol # indicates a significant difference with respective vehicle group. The symbol * indicates a significant difference with the vehicle naive group. The number of symbol explains the level of significance (e.g. @ p < 0.05, @@ p < 0.01, @@@ p < 0.001).



not show any effect of diazepam. Considering vehicle-treated groups (75 s 1 shock excepted), mice exposed at least 45 s to FPT during Trial 1 accepted significantly fewer punishments than naive mice during Trial 2 (p < 0.01 for 45 s group, p < 0.001 for other groups). Group exposed to Trial 1 during 75 s with only the first shock (labelled 75 s 1 shock) was not significantly different from naive mice during Trial 2 for both vehicle and diazepam treatments. If we compare groups during Trial 2 by taking 75 s group as control, only naive and first shock groups are significantly different (p < 0.01). All groups exposed during at least 30 s during Trial 1 in FPT are not significantly different from 75 s control group. Experiment 2 (Fig. 2). Two-way ANOVA showed significant Trial 1 [F(8,198) = 34.7, p < 0.001], drug [F(1,198) = 39.1, p < 0.001] and Trial 1 × drug effects [F(8,198) = 7.7, p < 0.001]. Sidak’s post hoc test gave us the following results: 75 s control made significantly less punished passages than naive mice (p < 0.001). This retest control was different from both 15 s, 30 s, 45 s groups for vehicle and diazepam treatments (p < 0.01). Diazepam had a significant effect only in naive and 15 s groups (p < 0.001). In other groups, it did not modify the number of accepted punishments. In vehicle treated groups, a difference of accepted punishments was observed in 60 s, 90 s and 135 s in comparison with naive mice, these groups made fewer passages than naive inexperienced mice. Experiment 3 (Fig. 3). One-way ANOVA showed a significant difference between groups [F(12,143) = 19.245, p < 0.001]. Using the Sidak’s post hoc test, we obtained the following results. All experienced mice accepted significantly fewer punishments than naive mice (p < 0.05 for 4.5 min group; p < 0.001 for other groups). A tendency of decreasing in the number of accepted punished passages was observed when raising the time interval between trials, but without statistical confirmation. 4.5 min time interval was the only group that was different from 1440 min
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Fig. 2. Consequences of modifications of the duration of Trial 1 on Trial 2 results in absence of electric foot-shocks. All data are shown as means ± S.E.M., n = 12 per group. The symbol @ indicates a significant difference with the naive group. The symbol # indicates a significant difference with respective vehicle group. The symbol * indicates a significant difference with the vehicle naive group. The number of symbol explains the level of significance (e.g. @ p < 0.05, @@ p < 0.01, @@@ p < 0.001).



retest group (p < 0.001) and different from the next time interval (6 min, p < 0.01). In the present study, we have modified the time parameters of the test–retest paradigm in FPT, in order to find which parameter could be implied in the loss of effect of diazepam during Trial 2, namely one-trial tolerance [4]. Previously, we had shown that the decrease in accepted punished passages during Trial 2 was observed at intervals ranging from 24 h to 42 days [3]. Using three experiments, we have isolated parameters of the test–retest paradigm: duration of Trial 1 with or without shocks and time interval. The first major result is the abolishment of anxiolyticlike effect of diazepam when mice explore more than 15 s the FPT. Even in absence of electric punishments, this complete loss of diazepam effect is found, confirming that exploration is the only behavioural drive that cancels the effect of diazepam during Trial 1 [4]. A 15 s exposure to FPT with or without pun-



Fig. 3. Modifications of time interval between Trials 1 and 2 in FPT. All data are shown as means ± S.E.M., n = 12 per group. The symbol @ indicates a significant difference with the previous group (inferior time interval). The symbol # indicates a significant difference with retest group. The symbol * indicates a significant difference with the naive group. The number of symbol explains the level of significance (e.g. @ p < 0.05, @@ p < 0.01, @@@ p < 0.001).
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ishments (15 s or first shock groups) is not sufficient to cancel the anxiolytic-like effect of diazepam during Trial 2. It is possible that mice did not have enough time to make a complete representation of this new environment in such a short time. Diazepam could exert its effect on a preserved neophobic state, which could have disappeared in mice exposed during a longer time. With groups exposed during more than 15 s to FPT in Trial 1, a switch of balance between exploration and fear may occur, leading to a new state against which diazepam appears to be ineffective. Spatial representation of the FPT apparatus could be acquired during the first 30 s elapsed in FPT during Trial 1. This mapping of the environment leads to a new anxiety-like state, different from neophobia and resistant against diazepam. Environmental knowledge does not itself strongly decrease the number of punished passages accepted during Trial 2, as observed with vehicle treated mice without shock during Trial 1. Only a small decrease in punished crossings is detected during Trial 2, with 3 groups which were able to explore FPT at least 60 s without shock during Trial 1. This decrease may be due to a diminution of the exploratory drive linked to a complete knowledge of the environment. Influence of punishments on the effect of diazepam cannot be known; as the anxiolytic-like effect is lost with all groups exposed more than 15 s. Furthermore we could not check the effect of modifying time intervals between trials on the effect of diazepam, as drug administration must occur 30 min before the test and the decrease of punished crossings appears as soon as 1.5 min after the start of Trial 1. Punishments seem to potentiate the decreased in punished crossings accepted by mice during Trial 2. Fifteen seconds of habituation followed by 30 s of punished passages are sufficient to trigger this decrease. On the contrary, there is only a small decrease in punishments during Trial 2 with mice which did not receive electric foot-shocks during Trial 1. Moreover, the 75 s 1 shock group reveal effects of punishments during Trial 1 on behaviour during Trial 2. No difference between this group and naive mice was observed during Trial 2. One shock is not sufficient to decrease the exploratory drive of mice during re-exposure to FPT. With all these data, we can conclude that the loss of effect of diazepam during retest in FPT is due to a previous 30 s exposure. During this period, a complete spatial representation seems to achieve, and converts the neophobic state to a new anxiety-like state resistant to diazepam. Spatial knowledge is the main information kept by mice, cloaking the fear of electric punishments. This mapping of the environment takes 30 s to complete and is available as of the end of Trial 1. Indeed, a significant reduction in the number of punished passages accepted by the mice is observed as of the interval of 1.5 min between trials. A regular decrease in the number of punishments accepted during Trial 2 can be observed with the raise of time interval, which can be linked to a transfer of the spatial information to a kind of long-term memory. Another hypothesis could be linked to the stress-induced analgesia. The stressed animals could be less sensitive to the electric punishment shortly after the first exposure and, therefore, perform more punished crossings. Previously assessed [7], the topic of memory in the test–retest process seems to hide some answers, mainly in the retention of spatial mapping, that last for at least 42 days. In EPM, the anxiolytic-like effect of midazolam is respectively
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present submitted during 1 min, impaired in 2 min and absent in 5 min in Trial 1 [8], but this study was made with rats. It is interesting to consider that the time-course of abolishment of anxiolytic-like effect of the benzodiazepine is not similar in both models. In FPT, only 30 s of exploration are sufficient to trigger one-trial tolerance to BZD in mice; in EPM, 1 min of exposure during Trial 1 is sufficient [11]. Shorter time exposures have not been tested with EPM. The time necessary to have OTT in the model may depend of the complexity of the new environment, one single closed box could be simpler to analyze and memorize than four arms with or without walls. Even if amnesic compounds seem to be inefficient to cancel OTT during Trial 2 [7], it has to be conclude that there is a learning process that influence anxiolytic-like effect of diazepam during Trial 2. The spatial component of this learning may be insensitive to this type of drug-induced amnesia. Spatial manipulations had also been assessed in EPM. The authors revealed that confinement to an open arm did not compromise chlordiazepoxide efficacy, and closed arm confinement during initial exposure abolished it. They concluded that anxiolytic-like effect of the drug in Trial 2 depends on prior discovery and exploration of relatively safe areas of the maze (i.e. closed arms) [12]. We can suppose that during Trial 1, mice are looking for a safe place in FPT, and that the spatial acquisition during this time does not only keep aversive data (electric punishments), but also what is the best behaviour to have against the threat (decrease of exploration). This suggestion is close to Rodgers and Shepherd’s hypothesis, explained by Pereira as “prior knowledge of the maze (e.g. escape is not possible via open arms) would reduce the tendency to explore these natural aversive areas, thereby reducing conflict and eliminating a possible response to diazepam” [13,14]. We can conclude that FPT allowed to study OTT with a different point of view, but permitted to obtain similar results as studies in EPM. We now have a temporal scale for the establishment of OTT in FPT, which is not affected by punishments. The main advantage of FPT is the ease of use, the rapidity and the robustness of the model. It is less sensitive to environmental variations in our laboratory than EPM, and the use of electric punishments allows to potentate OTT and aversive memory studies.
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