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Alteration of LHb function prevents the proper exploration of a novel environment
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 Lateral habenula alteration disturbs exploratory behaviours in a novel environment.

 LHb pharmacological alteration kept rats from exploring the anxiogenic zones.

Introduction

The lateral habenula (LHb) belongs to the habenular complex. Within the so-called dorsal diencephalic conduction system [START_REF] Aizawa | Phylogeny and ontogeny of the habenular structure[END_REF][START_REF] Roman | Untangling the dorsal diencephalic conduction system: a review of structure and function of the stria medullaris, habenula and fasciculus retroflexus[END_REF], it represents a phylogenetically conserved relay for multiple types of information arising from the forebrain and mainly destined to mesencephalic monoaminergic structures [START_REF] Geisler | The lateral habenula: no longer neglected[END_REF][START_REF] Aizawa | Habenula and the asymmetric development of the vertebrate brain[END_REF][START_REF] Roman | Untangling the dorsal diencephalic conduction system: a review of structure and function of the stria medullaris, habenula and fasciculus retroflexus[END_REF]. The fact that this conduction system has been present early in evolution and well conserved suggests an important role for the LHb in processing basic behaviours necessary to adapt to environmental constraints and ensure survival. In that regard, its implication in aversion and stress-related behaviours has been extensively explored. The LHb is responsive to multiple stressful stimuli, such as electrical foot shocks, tail pinch or physical restraint [START_REF] Wirtshafter | Dopamine agonists and stress produce different patterns of Fos-like immunoreactivity in the lateral habenula[END_REF][START_REF] Lecca | Aversive stimuli drive hypothalamus-to-habenula excitation to promote escape behavior[END_REF][START_REF] Huang | A Visual Circuit Related to Habenula Underlies the Antidepressive Effects of Light Therapy[END_REF]. In rodents the LHb appears to influence the hormonal (i.e. corticosterone release), as well as the autonomic, stress responses [START_REF] Ootsuka | Activation of the habenula complex evokes autonomic physiological responses similar to those associated with emotional stress[END_REF][START_REF] Ootsuka | Lateral habenula regulation of emotional hyperthermia: mediation via the medullary raphé[END_REF][START_REF] Mathis | The lateral habenula interacts with the hypothalamopituitary adrenal axis response upon stressful cognitive demand in rats[END_REF][START_REF] Doan | Lateral Habenula Regulates Cardiovascular Autonomic Responses via the Serotonergic System in Rats[END_REF]. Accordingly, using pharmacological, chemogenetic or optogenetic tools, several groups showed that LHb manipulations modulate avoidance behaviours [START_REF] Thornton | Effort and stress influence the effect of lesion of the habenula complex in one-way active avoidance learning[END_REF][START_REF] Shumake | Differential Neuromodulation of Acquisition and Retrieval of Avoidance Learning by the Lateral Habenula and Ventral Tegmental Area[END_REF][START_REF] Shabel | Input to the Lateral Habenula from the Basal Ganglia Is Excitatory, Aversive, and Suppressed by Serotonin[END_REF][START_REF] Stamatakis | Activation of lateral habenula inputs to the ventral midbrain promotes behavioral avoidance[END_REF][START_REF] Stamatakis | A unique population of ventral tegmental area neurons inhibits the lateral habenula to promote reward[END_REF][START_REF] Root | Role of glutamatergic projections from ventral tegmental area to lateral habenula in aversive conditioning[END_REF], as well as anxiety-like behaviours in rodents [START_REF] Pobbe | Involvement of the lateral habenula in the regulation of generalized anxiety-and panic-related defensive responses in rats[END_REF][START_REF] Mathis | Excitatory transmission to the lateral habenula is critical for encoding and retrieval of spatial memory[END_REF][START_REF] Jacinto | The habenula as a critical node in chronic stress-related anxiety[END_REF], and in the zebrafish [START_REF] Agetsuma | The habenula is crucial for experience-dependent modification of fear responses in zebrafish[END_REF][START_REF] Okamoto | Genetic dissection of the zebrafish habenula, a possible switching board for selection of behavioral strategy to cope with fear and anxiety[END_REF]. Also, numerous studies in monkeys and rodents assessed the role of the LHb in the computation of reward and punishment signals and described its crucial role in evaluating action outcomes (Matsumoto andHikosaka, 2007, 2009;Bromberg-Martin et al., 2010a, 2010b;[START_REF] Bromberg-Martin | Lateral habenula neurons signal errors in the prediction of reward information[END_REF][START_REF] Danna | The habenula governs the attribution of incentive salience to reward predictive cues[END_REF][START_REF] Stephenson-Jones | A basal ganglia circuit for evaluating action outcomes[END_REF]. Interestingly, studies addressing the role of the LHb in cognitive processes, whether it was spatial memory [START_REF] Mathis | Excitatory transmission to the lateral habenula is critical for encoding and retrieval of spatial memory[END_REF], flexibility [START_REF] Barker | Lateral Preoptic Control of the Lateral Habenula through Convergent Glutamate and GABA Transmission[END_REF], and fear-memory [START_REF] Chan | Dopamine D1-like receptor in lateral habenula nucleus affects contextual fear memory and long-term potentiation in hippocampal CA1 in rats[END_REF][START_REF] Durieux | Involvement of the lateral habenula in fear memory[END_REF][START_REF] Gu | Activation of 5-HT1 receptor in lateral habenula impaired contextual fear memory and hippocampal LTP in rat[END_REF][START_REF] Sachella | A novel role for the lateral habenula in fear learning[END_REF], made observations strongly suggesting that the LHb is mostly implicated in the processing of contextual information during stressful experiences. Altogether, these findings point to the LHb as a major actor in basic and survival oriented behaviours, linking emotional responses to the context in which they are experienced in order to trigger adapted behaviours.

Nonetheless, if recent studies, employing new technical approaches to question the role of the LHb or of given related pathways, revealed its implication in sophisticated functions, as well as its alterations in pathological conditions [START_REF] Li | βCaMKII in lateral habenula mediates core symptoms of depression[END_REF][START_REF] Shabel | GABA/glutamate co-release controls habenula output and is modified by antidepressant treatment[END_REF][START_REF] Shabel | Stress transforms lateral habenula reward responses into punishment signals[END_REF][START_REF] Golden | Basal forebrain projections to the lateral habenula modulate aggression reward[END_REF][START_REF] Lecca | Rescue of GABAB and GIRK function in the lateral habenula by protein phosphatase 2A inhibition ameliorates depression-like phenotypes in mice[END_REF][START_REF] Meye | Shifted pallidal co-release of GABA and glutamate in habenula drives cocaine withdrawal and relapse[END_REF][START_REF] Mathis | Networks of habenula-projecting cortical neurons regulate cocaine seeking[END_REF], little is known about the consequences of its alteration on exploratory behaviours in stressful condition that lead to anxious responses.

The tight link between anxiety and exploration has been well described both in humans [START_REF] Walz | A Human Open Field Test Reveals Thigmotaxis Related to Agoraphobic Fear[END_REF] and rodents [START_REF] Crawley | Exploratory behavior models of anxiety in mice[END_REF][START_REF] Haller | Current animal models of anxiety, anxiety disorders, and anxiolytic drugs[END_REF][START_REF] Kremer | How to study anxiety and depression in rodent models of chronic pain?[END_REF]. Indeed, most of the rodent tests reside on the individuals' motivation to explore "unsafe" zones of an environment (e.g. the open-field (OF), the light/dark box, the hole-board) and most of them are sensitive to anxiolytic drugs [START_REF] Crawley | Exploratory behavior models of anxiety in mice[END_REF].

The OF is of great interest because it can provide valuable complementary information related to the reaction to a new environment, whether they are motoric (e.g. the distance travelled and speed), or emotional (e.g. the amount of time spent in different zones of the OF, comprising the most anxiogenic centre area). In addition, contrary to other classical tests that cannot be repeated (i.e. Light-Dark box or Elevated Plus Maze), such a test can provide information about intra-and inter-session (when repeated) familiarization processes. Therefore, the OF, which does not require complex association or reward-based/goal-directed behaviours, seems well suited to provide a good outcome regarding the ability to adapt behaviours when individuals face new environmental conditions, allowing to conjointly evaluate contextual-and anxietyrelated information processing. Only few studies used the OF while manipulating the LHb, mostly in order to control for potential locomotor alterations. Although these studies cannot always be compared due to the diversity of protocols employed, the conclusions seem often contradictory. For instance, in rats, permanent LHb lesion induced hyperlocomotion [START_REF] Lee | Role of lateral habenula in the regulation of exploratory behavior and its relationship to stress in rats[END_REF]. Pharmacological modulation of the activity of the LHb with noradrenergic or D-2 dopaminergic agonists decreased while D-1 dopaminergic agonist increases exploratory behaviours [START_REF] Thornton | Changes in motor activities induced by microinjections of the selective dopamine agonists LY 171555, quinpirole hydrochloride, and SK&F 38393 into the habenula nucleus[END_REF][START_REF] Purvis | Lateral habenular norepinephrine contributes to states of arousal and anxiety in male rats[END_REF]. Reversible LHb inactivation also resulted in discrepant findings; whereas the infusion of the GABA-A agonist muscimol (Musc) [START_REF] Sachella | A novel role for the lateral habenula in fear learning[END_REF], or of a mixture of Musc and of the GABA-B agonist baclofen (Gill et al., 2013), did not alter exploration, we have found that intra-LHb administration of Musc, or of the glutamatergic AMPA receptor antagonist CNQX, induced hyperlocomotion [START_REF] Mathis | Excitatory transmission to the lateral habenula is critical for encoding and retrieval of spatial memory[END_REF]. Interestingly, the latter results were observed only in a familiar environment, strongly suggesting that the involvement of the LHb in exploration is tightly linked to the level of familiarity of the given environment and, therefore, to the emotional response it can induce [START_REF] Mathis | Excitatory transmission to the lateral habenula is critical for encoding and retrieval of spatial memory[END_REF].

The present study aimed at investigating in rats the role of the LHb in the exploration of a novel, likely stressful, environment. In order to refine our analyses, and given the implication of the LHb in the memorisation of stressful experiences, we performed repeated OF exposures, allowing us to assess familiarization processes. Alteration of LHb function was performed by means of two different pharmacological strategies, intra-LHb Musc or CNQX infusions, such as already done [START_REF] Mathis | Excitatory transmission to the lateral habenula is critical for encoding and retrieval of spatial memory[END_REF], in order to potentially differentiate the role of GABAergic and glutamatergic LHb signalling in this task. We found that both compounds prevented a thorough investigation of a novel environment.

EXPERIMENTAL PROCEDURES

Animals

A total of 39 male Long-Evans rats (250-350 g; Centre d'Elevage R. Janvier, France) were used in compliance with the European Committee Council Directive (86/609/EEC; authorization no. 67-215). This project has been validated by the local ethics committee (CREMEAS, authorization no. AL/92/99/02/13). Rats were housed individually under a 12-h light/dark cycle (light on at 7:00 A.M.) with ad libitum access to food and water. All experiments were performed during the light period.

Surgery

Rats were anesthetized by intraperitoneal infusion of a mixture of ketamine (82.5 mg/kg) and xylazine (11 mg/kg) and placed within a stereotaxic apparatus (flat skull). Lidocaine (0.1 ml, sc) was injected at the incision location prior to the skin incision. Once the holes were drilled in the skull above the LHb, stainless steel guide cannulae were implanted bilaterally 1 mm above the LHb at the following coordinates: AP, -3.9 mm from Bregma; ML, ±0.7 mm; DV, -3.6 mm from dura. Guides, in which dummy cannulae were inserted, were secured to the skull by means of 3 screws and dental cement. Rats were administered an antibiotic (amoxicilline, im), a painkiller (meloxicam, sc), and given a 10-day recovery period. After histological verifications, 5 rats were removed from the analysis due to cannulae misplacement (2, 1, and 2 rats treated with aCSF, aCSF/DMSO, and CNQX, respectively), leading to a final count of 34 rats.

Drugs and intracerebral infusion procedure

Musc (Sigma; 0.08 μg/μl) was dissolved in artificial cerebrospinal fluid (aCSF) (in mM: NaCl, 145; KCl, 2.7; MgCl2, 1.0; CaCl2, 1.2). CNQX (Sigma; 0.89 μg/μl) was dissolved in 2 % DMSO/aCSF. On testing day, once the dummy cannulae were taken out, infusion cannulae were bilaterally inserted, protruding 1 mm below the guides (Fig. 1b); 0.3 μl of either drugor the same volume of the respective vehicles (Veh) in controls-was bilaterally administered over 1 min. Infusion cannulae were left in place for an additional 30 sec before being removed, and the dummy cannulae were reinserted. The final amounts per side were 24 ng (Musc) and 267 ng (CNQX). Behavioural testing took place 15 min after CNQX or 30 min after Musc infusion. The overall experiment of this study lasting 24 min, the timing between Musc and CNQX administration and the performance of the task were chosen in accordance with studies conducted in the laboratory [START_REF] Mathis | Excitatory transmission to the lateral habenula is critical for encoding and retrieval of spatial memory[END_REF][START_REF] Mathis | The Lateral Habenula as a Relay of Cortical Information to Process Working Memory[END_REF][START_REF] Mathis | The lateral habenula interacts with the hypothalamopituitary adrenal axis response upon stressful cognitive demand in rats[END_REF], showing that the behavioural effects of these intra-LHb administrations lasted at least 45 min according to CNQX, and almost 2 h according to Musc. The final experimental groups were composed as follow [Fig. 1c]: veh: n = 11; CNQX: n = 10; Musc: n = 13. The Veh group was composed of the two control groups, i.e. the group of rats injected with aCSF (Musc Veh; n = 6) and the group of 6 rats injected with 2 % DMSO/aCSF (CNQX Veh; n=5), which performances were pooled after it was verified that they did not differ statistically (Fig. S5). In that purpose, a two-way ANOVA and a permutation test were performed and showed no differences between the two groups.

Open field tests

Following drug administration, rats were allowed to freely explore an OF [Fig. 1a, (OF; 75 x 75 x 43.5 cm)] during three consecutive 6-min sessions with a 3-min inter-session interval. Rats were gently placed back in their home cage between each session. The apparatus was cleaned with water between each session of the same rat, and with water followed by 70 % ethanol between each rat. Within the OF, 2 zones were artificially delimited: a thigmotaxis zone, along the walls of the OF, and a centre zone (Fig. 1a). The total distance travelled, the number of entries, and the time spent in the different zones, as well as the locomotor speed, were automatically recorded in 1-min bins (Ethovision, Noldus, The Netherlands®).

The first OF session (OF1) was aimed to assess the potential role of the LHb in the exploration of a novel anxiogenic environment, while the 2 subsequent OF sessions (OF2 and OF3) were aimed at assessing its potential role in familiarization to this new context. In addition, to provide a representation of the overall spatial occupancy during each OF session, all X and Y coordinates (one measure recorded every 0.2 s) of all rats from each group have been concatenated in Matlab and processed using a density plot script. These are shown in Figure 4e.

Perfusion and histology

Infusion sites were verified by means of Evans blue (0.15 μl, 0.15 μl/min) infusion. Rats were subsequently deeply anesthetized (pentobarbital, 100 mg/kg, ip), and brains were removed and fixed in phosphate-buffered 4% paraformaldehyde (pH 7.4; 4°C, 48h). Brains were then transferred into a 0.1M phosphate-buffered 20% sucrose solution (4°C, 48h) and subsequently frozen. Serial 40-μm-thick sections were cut in the coronal plane at -22 °C, collected on gelatine coated slides, and stained with haematoxylin. Only rats with blue marks, in conjunction with gliosis, restricted to both LHb, were kept.

Statistics

All data were analysed by one-or two-way analysis of variance (ANOVA) or t-test using GraphPad Prism version 9.0.0 for Windows (GraphPad Software®, San Diego, California USA). Significant main or interaction effects in ANOVAs were followed by Bonferroni or Newman-Keuls post hoc tests. The criterion for significance was set at p < 0.05. All results are represented as the mean ± standard error of the mean (SEM), using violin plot or column bar graphs.

Results

Alteration of LHb function affected the overall exploration of a novel environment and induced anxiety

We first analysed the consequences of intra-LHb administration of Musc or CNQX (Fig. 1a-c) on the first OF session, while rats were naïve to it. Interestingly, both treatments did not result in the exact same behavioural alterations.

----------Figure 1 about here------------- including Musc-treated rats went exploring the centre, suggesting that they kept the ability to explore the OF but avoided the centre (Fig. S1).

Our analysis also revealed that Musc-treated rats travelled a fewer distance, overall, than Vehand CNQX-treated rats [Fig. 2b, or CNQX administration did not induce motoric perturbations, such as already shown using the rotarod or the beam walking test [START_REF] Lee | Role of lateral habenula in the regulation of exploratory behavior and its relationship to stress in rats[END_REF][START_REF] Mathis | Excitatory transmission to the lateral habenula is critical for encoding and retrieval of spatial memory[END_REF][START_REF] Lecca | Aversive stimuli drive hypothalamus-to-habenula excitation to promote escape behavior[END_REF].

Thus, a first dichotomy emerges, that alteration of LHb function, through the perturbation of glutamatergic or GABAergic transmissions, induces anxiety (reduced time spent in the centre zone), while only a modulation of the GABAergic signalling directly influences the rat's exploratory activity in a novel environment (reduction of locomotor speed and of total distance travelled).

----------Figure 2 about here------------ Since the exploration of a new environment fluctuates across time, we further analysed specific time points. As described by Rankin and colleagues, familiarization is noticeable by a decreased response of different parameters when a certain stimulus is repeatedly experienced and no longer considered as an immediate threat [START_REF] Rankin | Habituation revisited: An updated and revised description of the behavioral characteristics of habituation[END_REF]. In the case of OF testing, this phenomenon generally results in the progressive reduction, over time, of the amount of exploration of the device. As expected by such a view, Veh-treated rats showed a significant reduction of the total distance travelled when we compared the first and last minutes of the OF1 session (Fig. 3b, paired t-test: t (10) = 3.210, p < 0.01), suggesting a familiarization, triggering a reduced activity. Surprisingly, none of the other groups showed such a reduction (Fig. 3b, paired t-test: CNQX: t (9) = 0.993, p > 0.69; Musc: t (12) = 0.496, p > 0.70). Regarding the exploration of the different zones of the OF, although they reduced their activity (i.e. their general distance travelled; Fig 3b), Veh-treated rats kept exploring the centre, hence traveling a similar distance in this zone during the first and the last minute; both CNQX-and Musctreated rats showed similar performance (Fig. 3c, paired t-test: Veh: t (10) = 0.183, p > 0.86; CNQX: t (9) = 0.425, p > 0.68; Musc: t (12) = 0,07, p > 0.95). Analysis of the proportion of thigmotaxis gave similar results (Fig. 3d, paired t-test: Veh: t (10) = 0.535, p > 0.60; CNQX: t (9) = 0.490, p > 0.64; Musc: t (12) = 0.232, p > 0.82). In accordance with these results, as well as with the results depicted in Fig. 2, the 2-way ANOVA analysis comparing the performances of the 3 groups over the 6 minutes of exploration revealed, according to the total distance travelled, a significant effect of Time (F (2,858, 88,60) = 8.033; p < 0.0001) and of Treatment (F (2, 31) = 6.928; p < 0.005), as well as a significant Time x Treatment interaction (F (10, 155) = 2.430; p < 0.05) (Fig. S2b). Given the small range of variation according to the distance travelled in the centre and to the proportion of thigmotaxis, the 2-way ANOVA only confirmed the significant Treatment effect (Fig. S2c-d ----------Figure 3 about here------------- 

Alteration of LHb function induced prolonged anxiety but did not prevent inter-session contextual familiarization

Based on the outcome of the analyses of the first OF session, we hypothesised that altering LHb function could also disrupt familiarization processes upon re-exposure to the OF. Indeed, the exacerbated anxiety and the absence of familiarization observed in Musc-and CNQXtreated rats during OF1 might result in the inability to properly familiarize upon such a reexposure and so prevent behavioural changes across OF exposures. Regarding the exploration of the different OF zones, no differences were observed according to the percentage of thigmotaxis [Fig. 4c, 1way-ANOVA with session as the repeated measure: Veh: F (1,557, 15,57) = 3.997, p < 0.05, although post hoc analysis did not reveal any difference between sessions; Veh: F (1,846, 18,46) = 2.829, p > 0.08; CNQX: F (1,502, 13,52) = 1.056, p > 0.35; Musc: F (1,743, 20,92) = 0.014, p > 0.98]. However, according to the distance travelled in the centre zone, the 2-way ANOVA revealed a significant effect of Time [F (1,479, 45,84) that, whereas all groups seem to progressively familiarize with the overall procedure of the task, i.e. being placed within an OF, alteration of LHb function seemed to induce sustained anxiety as it kept rats from exploring the most anxiogenic zone of the OF (Fig. 4e andS3-4), so preventing its thorough exploration.

----------Figure 4 about here------------- 

Discussion

In the present study, using a pharmacological approach, we addressed the consequences of LHb dysfunction on the repeated exploration of a novel environment.

Similarly to what has been previously described [START_REF] Thornton | Changes in motor activities induced by microinjections of the selective dopamine agonists LY 171555, quinpirole hydrochloride, and SK&F 38393 into the habenula nucleus[END_REF][START_REF] Lee | Role of lateral habenula in the regulation of exploratory behavior and its relationship to stress in rats[END_REF], we observed that altering LHb activity directly impacted the exploration of a new context, since during the first OF exposure (OF1) intra-LHb CNQX and Musc markedly reduced the exploration of the most anxiogenic OF zone (i.e. the centre of the OF). These results are in accordance with previous studies in rats [START_REF] Pobbe | Involvement of the lateral habenula in the regulation of generalized anxiety-and panic-related defensive responses in rats[END_REF][START_REF] Mathis | Excitatory transmission to the lateral habenula is critical for encoding and retrieval of spatial memory[END_REF][START_REF] Chan | D1-like dopamine receptor dysfunction in the lateral habenula nucleus increased anxiety-like behavior in rat[END_REF][START_REF] Purvis | Lateral habenular norepinephrine contributes to states of arousal and anxiety in male rats[END_REF], all showing anxiety following either electrical lesions or pharmacological alterations of LHb function in more classical tests assessing anxiety. It is important to note here that, in a previous study [START_REF] Mathis | Excitatory transmission to the lateral habenula is critical for encoding and retrieval of spatial memory[END_REF], intra-LHb CNQX infusion did not result in an increased anxiety in rats tested in an elevated plus maze task; however, such treatment exacerbated the levels of thigmotaxis in a Morris water maze task, a behavioural trait that can be interpreted as a sign of increased anxiety [START_REF] Treit | Thigmotaxis as a test for anxiolytic activity in rats[END_REF]. Overall, this suggests that the effects of intra-LHb CNQX on anxiety need to be considered cautiously.

Additionally, intra-LHb Musc drastically reduced the overall exploration during OF1.

Such reduction is unlikely to be the consequence of motor impairments since performances in a beam walking test [START_REF] Mathis | Excitatory transmission to the lateral habenula is critical for encoding and retrieval of spatial memory[END_REF] and in the rotarod [START_REF] Lee | Role of lateral habenula in the regulation of exploratory behavior and its relationship to stress in rats[END_REF] were spared following intra-LHb Musc infusion or LHb lesion, respectively; moreover, locomotion is not correlated with LHb calcic activity [START_REF] Lecca | Aversive stimuli drive hypothalamus-to-habenula excitation to promote escape behavior[END_REF]. This overall reduction in the distance travelled does not seem to be responsible of the reduced exploration of the centre. Indeed, most of the Musc-treated rats went exploring the centre and their maximum speed while in the centre was similar to those of CNQX-treated and Veh-treated rats. A detrimental consequence of LHb dysfunction on general locomotor activity has also been suggested in the hamster [START_REF] Paul | A role for the habenula in the regulation of locomotor activity cycles[END_REF], in which lesion of the efferent pathway of the LHb, the fasciculus retroflexus, prevented the circadian fluctuation of activity and induced a reduction of wheel running behaviour. On the other hand, we have previously shown that intra-LHb infusion of both CNQX and Musc induced a marked and prolonged increased locomotor activity [START_REF] Mathis | Excitatory transmission to the lateral habenula is critical for encoding and retrieval of spatial memory[END_REF], which may seem contradictory with what was observed in the present study. An important aspect of our previous study is that rats were familiarized with the testing context, whereas in the present study they were not, altogether, these findings suggest an important role of the LHb in the assessment of anxiogenic features of new environments in order to engage exploratory behaviours and appraisal of the situation. Furthermore, a decreased ambulation in rats has been suggested to be the consequence of a decrease in emotionality, or to reflect habituation processes [START_REF] Walsh | The open-field test: A critical review[END_REF]. In our study, contrary to Veh-treated rats, both CNQX-and Musc-treated animals showed a similar level of exploration of the OF at the beginning (first min) and at the end (last min) of the first OF session, hence suggesting an inability to rapidly familiarize with this novel environment. Unlike conditional or reinforcement learning, which require association between stimuli, habituation (or familiarization) is defined as a response decrement resulting from repeated or continuous stimulation that cannot be explained by sensory adaptation or motor fatigue [START_REF] Mcdiarmid | Habituation is altered in neuropsychiatric disorders-A comprehensive review with recommendations for experimental design and analysis[END_REF]; it is simply encoded through unsupervised learning, and it is retrieved upon re-exposure to the stimulus [START_REF] Tapper | Midbrain circuits of novelty processing[END_REF]. Such a function is essential to adapt to changes in the environment, and is described as altered in several psychiatric disorders [START_REF] Walz | A Human Open Field Test Reveals Thigmotaxis Related to Agoraphobic Fear[END_REF][START_REF] Mcdiarmid | Habituation is altered in neuropsychiatric disorders-A comprehensive review with recommendations for experimental design and analysis[END_REF][START_REF] Tapper | Midbrain circuits of novelty processing[END_REF]). An important consequence of familiarization is that it allows to subsequently ignore the set of environmental information that has become familiar, predictable, and inconsequential, in order to decrease anxiety levels and facilitate the focus of attention on other features (i.e. novel and potentially harmful stimuli or potential rewards). Puzzlingly, in this study, we observed a mixed effect of our treatments. During the first OF, Musc and CNQX prevented a reduction of the total distance travelled and the exploration of the centre of the OF. However, across sessions, these treatments did not alter the reduction of the total distance travelled, also observed in Vehtreated rats, but they kept rats from exploring the centre. Thus, our results suggest that although CNQX and Musc treatments altered the quick intra-session familiarization process when subjected for the first time to the new environment, they did not affect the progressive inter-session familiarization. However, this interpretation is not satisfactory regarding anxiety, since both treatments prevented the exploration of the anxiogenic zone of the OF across all sessions. Furthermore, as mentioned earlier, intra-LHb CNQX infusion failed to induce anxietylike behaviours in an elevated plus maze [START_REF] Mathis | Excitatory transmission to the lateral habenula is critical for encoding and retrieval of spatial memory[END_REF].

We suggest two possible interpretations. A first would be that LHb global dysfunction dramatically increased anxiety levels, such that rats avoided the anxiogenic OF zone. This subsequently transiently affected the rats' motivation to explore the OF upon the first exposure, and resulted in a reduction of the total distance travelled during OF1. Such a behavioural response can be seen, for example, in highly anxious mice [START_REF] Heinz | Exploratory drive, fear, and anxiety are dissociable and independent components in foraging mice[END_REF]. Furthermore, a recent study in rats described that acute stress facilitates effort-related motivation in low anxious animals, while dampening effort in high anxious ones [START_REF] Zalachoras | Opposite effects of stress on effortful motivation in high and low anxiety are mediated by CRHR1 in the VTA[END_REF]. Hence, we can hypothesize that LHb dysfunction induced high levels of anxiety that affected rat's motivation during the most stressful session of the experiment (i.e. OF1) when animals encountered the OF for the first time. However, our results showed that CNQX did not alter the total distance travelled in OF1, although it prevented the exploration of the centre or the OF in comparison to control animals. This might suggest a dichotomy between glutamate and GABA signalling within the LHb. Thus, the LHb can be considered as an important hub to trigger exploratory behaviours in which glutamate signalling would participate in the selection of which zone has to be explored, whereas GABA signalling would play a critical role in the interaction between anxiety and motivation to explore. Such a dichotomy might come from the connectome of the LHb. Indeed, a recent tracing study showed that LHb inputs from the prefrontal cortex (PFC), a structure engaged in action selection and decision making [START_REF] Euston | The Role of Medial Prefrontal Cortex in Memory and Decision Making[END_REF][START_REF] Dixon | The lateral prefrontal cortex and complex value-based learning and decision making[END_REF][START_REF] Grunfeld | Mixed selectivity encoding and action selection in the prefrontal cortex during threat assessment[END_REF], are exclusively glutamatergic [START_REF] Liu | Sexual Dimorphism of Inputs to the Lateral Habenula in Mice[END_REF]. Although not very well studied yet, the PFC-LHb network is responsive to stressors and is involved in behavioural adaptation when animals are facing stressful challenges [START_REF] Mathis | Networks of habenula-projecting cortical neurons regulate cocaine seeking[END_REF]. Hence, our CNQX strategy might have disturbed the PFC-LHb pathway and prevented the correct stress assessment of the situation, making the exploration of the OF fairly inefficient. Additionally, septal projections [notably from the lateral septum (LS)] to the LHb are preferentially GABAergic [START_REF] Liu | Sexual Dimorphism of Inputs to the Lateral Habenula in Mice[END_REF]. This septal nucleus has been implicated in the evaluation of environmental context with respect to motivation, anxiety, and reward to output an "integrated movement value signal" [START_REF] Wirtshafter | Lateral septum as a nexus for mood, motivation, and movement[END_REF]. Therefore, Musc administration within the LHb might have somehow mimicked an increased activation of, among others, the LS-LHb pathway, potentially explaining the important additional locomotor effects observed following Musc administration. This network, comprising the LHb, PFC and LS has recently been described as part of a stress network. The authors showed a positive correlation in c-Fos expression within these brain regions in a rat stress model [START_REF] Durieux | Functional brain-wide network mapping during acute stress exposure in rats: Interaction between the lateral habenula and cortical, amygdalar, hypothalamic and monoaminergic regions[END_REF]. Furthermore, the basal ganglia (BG) send both GABAergic and glutamatergic projections to the LHb [START_REF] Meye | Shifted pallidal co-release of GABA and glutamate in habenula drives cocaine withdrawal and relapse[END_REF][START_REF] Liu | Sexual Dimorphism of Inputs to the Lateral Habenula in Mice[END_REF], projections that participate to the evaluation of action outcomes [START_REF] Stephenson-Jones | A basal ganglia circuit for evaluating action outcomes[END_REF]. Thus, both pharmacological treatments might also have affected these networks, preventing rats to make adequate behavioural choices concerning this new anxiogenic situation. Interestingly, a recent study showed that rats that received Musc within the LHb made less effort to get a reward [START_REF] Sevigny | Lateral Habenula Inactivation Alters Willingness to Exert Physical Effort Using a Maze Task in Rats[END_REF], strengthening the potential role of LHb GABA signalling in motivational processes.

A second interpretation would be that the reduction in the distance travelled during OF1, accompanied with the absence of thorough exploration of the centre of the OF, represent a particular coping strategy. Indeed, in stressful situations, individuals can develop active or passive coping strategies, the latter, characterized by a behavioural suppression, is considered as a highly adaptive strategy to save energy [START_REF] De Boer | Untangling the neurobiology of coping styles in rodents: Towards neural mechanisms underlying individual differences in disease susceptibility[END_REF]. However, it is also important to switch from a passive to an active coping strategy, notably to initiate exploration, thus the balance between the two strategies is critical for adapted behaviours. Several studies suggest the role of the LHb in the selection of coping strategies in rodents as well as in zebrafish [START_REF] Andalman | Neuronal Dynamics Regulating Brain and Behavioral State Transitions[END_REF]. For instance, chemogenetic inhibition of the LHb to dorsal raphe pathway shifted rats' coping strategy towards the passive one in a forced swim test [START_REF] Coffey | Chemogenetic inhibition of lateral habenula projections to the dorsal raphe nucleus reduces passive coping and perseverative reward seeking in rats[END_REF]. Similarly, optogenetic activation of the entopeduncular nucleus projections to the LHb resulted in avoidance in a real time place preference test [START_REF] Shabel | Input to the Lateral Habenula from the Basal Ganglia Is Excitatory, Aversive, and Suppressed by Serotonin[END_REF], while intra-LHb infusion of Musc and baclofen promoted defensive strategies (Velazquez-Hernandez and Sotres-Bayon, 2021). Finally, electrical stimulation of the LHb was sufficient to impair avoidance learning in rats [START_REF] Ilango | Electrical Stimulation of Lateral Habenula during Learning: Frequency-Dependent Effects on Acquisition but Not Retrieval of a Two-Way Active Avoidance Response Jhou T[END_REF]. Hence, we might consider that, in our conditions, alteration of LHb function induced a shift towards a passive strategy resulting in the avoidance of the anxiogenic zone of the OF. Additionally, the reduced total distance travelled during OF1 that was observed in Musc-treated rats might be interpreted as a preservation of energy, some kind of "default mode" initiated when the LHb can no longer function.

Nevertheless, the inability for the rats to finally explore the centre of the apparatus across the sessions suggests that animals cannot reverse this shift and start to develop an inadequate behaviour.

Given the important role of the LHb in the response to stressful experiences and the occurrence of anxiety [START_REF] Pobbe | Involvement of the lateral habenula in the regulation of generalized anxiety-and panic-related defensive responses in rats[END_REF][START_REF] Jacinto | The habenula as a critical node in chronic stress-related anxiety[END_REF], these results suggest that this structure has a crucial role in the processing of contextual information in stressful contexts, and that its dysfunction could be associated with general anxiety disorders. This might have important implications, not only for anxiety disorders, but also in numerous neurodevelopmental and psychiatric disorders where alterations in novelty detection and familiarization can be observed such as phobia (specifically agoraphobia), or schizophrenia [START_REF] Tapper | Midbrain circuits of novelty processing[END_REF].

Figure 1 :

 1 Figure 1 : Experimental procedure and histological verifications. (a) Graphical representation of the behavioural paradigm. Cannulated rats were administered either CNQX or Musc, 15 or 30 min prior testing, respectively. They were then subjected to three 6-min OF sessions, with a 3-min inter-session delay. The OF was artificially divided in 2 different zones: thigmotaxis (dark grey) and centre (white). (b) Microphotograph showing a representative example of the location of bilateral intra-LHb infusion cannulae (scale 500 µm); white arrows point to the injection sites. (c) Graphical representation of the location of infusion cannulae for each treatment group and group populations following histological verifications. During the first OF session, both CNQX and Musc treatments induced anxiety-like behaviours, characterized by an increased percentage of the time spent in the thigmotaxis zone [Fig.2d, 1-way ANOVA: F (2, 31) = 3.728; p < 0.0001; post hoc test: Veh vs Musc: p < 0.001; CNQX vs Musc: p > 0.96; Veh vs CNQX: p < 0.001], and therefore a reduced distance travelled in the centre zone [Fig.2c, 1-way ANOVA: F (2, 31) = 7.633; p < 0.01; post hoc test: Veh vs Musc: p <

  1-way ANOVA: F (2, 31) = 5.945; p < 0.01; post hoc test: Veh vs Musc: p < 0.05; CNQX vs Musc: p < 0.01; Veh vs CNQX: p > 0.80], and showed a reduced average speed [Fig.2f, 1-way ANOVA: F (2, 31) = 5.953; p < 0.01; post hoc test: Veh vs Musc: p < 0.05; CNQX vs Musc: p < 0.01; Veh vs CNQX: p > 0.8]. Interestingly, neither Musc nor CNQX did alter the maximum speed rats could reach in the OF centre zone [Fig.S1; Veh vs Musc: p > 0.05; CNQX vs Musc: p > 0.90; Veh vs CNQX: p > 0.11); this suggests, despite the reduced average speed and total distance travelled and time spent in the centre, that intra-LHb Musc

Figure 2 :

 2 Figure 2 : Alteration of LHb activity impairs exploratory behaviours of a novel environment. (a) Graphical representation of the behavioural paradigm (only the first OF session is represented; see Fig. 1a for the complete representation of the task). (b) Musc but not CNQX induced a marked reduction of the total distance travelled in the OF. (c) Both treatments reduced the distance travelled in the centre zone and therefore (d) increased the percentage of time spent in thigmotaxis. (e) Both treatments reduced the number of entries in the centre zone. (f) Only intra-LHb Musc induced a reduction of locomotor speed. In b, c, d, e, and f, coloured circles represent individual

  ; 2-way ANOVA: distance in centre: Time: F (2.542, 78.79) = 0.1594; p < 0.0001; Treatment: F (2, 31) = 14.60; p < 0.0001; Time x Treatment interaction: F (10, 155) = 1.008; p > 0.43; Thigmotaxis: Time: F (3.250, 100.7) = 0.2275; p < 0.0001; Treatment: F (2, 31) = 12.95; p < 0.0001; Time x Treatment interaction: F (10, 155) = 0.6724; p > 0.74). Thus, this first OF session revealed that alteration of LHb function not only exacerbated anxiety but disturbed the exploration pattern of rats.

Figure 3 :

 3 Figure 3 : LHb alteration induces anxiety and prevents intra-session contextual familiarization. (a) Graphical representation of the behavioural paradigm (only the first OF session is represented; see Fig. 1a for the complete representation of the task). (b) Only Veh-treated rats displayed a reduction of the distance travelled across the 6 min, suggesting familiarization with the OF. (c) None of the groups showed a difference between the first and the last minute according to the distance travelled in the centre, and to (d) the percentage of time spent in thigmotaxis. In b, c, and d, circles represent individual data in each group. Statistics: **p < 0.01.

  The 2-way ANOVA analysis of the total distance travelled across OF exposures revealed a significant effect of Time[F (1,692, 52,44) = 58.70, p < 0.0001] and of Treatment [F (2,31) = 4.521, p < 0.05], but no significant Time x Treatment interaction [F (4,62) = 1.942, p > 0.10; Fig.S3]. The individual analysis of the total distance travelled for each group also revealed a reduction between the first and last OF session [Fig.4b; 1-way ANOVA with session as the repeated measure: Veh: F (1,500, 15,00) = 18.27, p < 0.001; CNQX: F (1,405, 12,65) = 28.49, p < 0.0001; Musc: F (1,915, 22,97) = 16.40, p < 0.0001].

  = 12.41, p < 0.001] and of Treatment [F (2, 31) = 17.65, p < 0.0001], as well as a significant Time x Treatment interaction [F (4,62) = 4.541, p < 0.01; Fig.S4]. The individual 1-way ANOVA analyses showed that Veh-treated rats decreased their exploration of the centre zone across exposures [Fig.4d, F (1,396, 13,96) = 7.979, p < 0.01]. According to CNQX-treated animals, performances differ only in session 1 and session 2,, with a reduction of the distance travelled in the centre zone [Fig.4d, F (1,740, 15,66) = 6.140, p < 0.05]. Finally, only Musc-treated rats showed no changes in the distance travelled in the centre [Fig.4d, F (1,703, 20,43) = 0.7532, p > 0.46]. These analyses suggest

Figure 4 :

 4 Figure 4 : Alteration of LHb function did not prevent inter-session contextual familiarization but kept rats from exploring the most anxiogenic zone of the OF. (a) Graphical representation of the behavioural paradigm. (b) All groups showed a reduction of the overall distance travelled in the OF across sessions. (d) However, while Veh-and CNQX-treated rats also reduced their distance travelled in the centre of the OF between sessions, Musctreated animals did not. (c) None of the groups changed their thigmotaxis pattern across sessions. (f) These different patterns of exploration are also observable in the density plots (e) illustrating the OF occupancy of all rats in each group during each OF session (the colour scale settings are identical for each group and the grey traces within each OF are typical examples of the path of one rat of each treatment group throughout the entire experiment). In b, c, and d, circles represent individual data in each group. Statistics: *p < 0.05, **p < 0.01, ***p < 0.001, ns: not significant.
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