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The bed nucleus of the stria terminalis (BNST) exerts a coordinated modulation of the psychoneuroendocrine responses to stress. However, how acute stress impacts on BNST in vivo plasticity is a crucial question that still remains unanswered. Here, neurons from the anterior portion of the BNST (aBNST) were recorded in vivo during and after stimulation of their medial prefrontal cortical (mPFC) afferents. In C57BL/6N mice, a 1 h restraint stress induced a switch from long-term depression (LTD) to long-term potentiation (LTP) in the aBNST after a 10 Hz mPFC stimulation. This switch was independent from glucocorticoid receptor stimulation. Because the endocannabinoid system regulates aBNST activity, we next examined the role of cannabinoid type-1 receptors (CB 1 -Rs) in these changes.

Mutant mice lacking CB 1 -Rs (CB 1

Ϫ/Ϫ mice) displayed a marked deficit in the ability to develop plasticity under control and stress conditions, compared with their wild-type littermates (CB 1 ϩ/ϩ mice). This difference was not accounted for by genetic differences in stress sensitivity, as revealed by Fos immunohistochemistry analyses. Local blockade of CB 1 -Rs in the aBNST and the use of mutant mice bearing a selective deletion of CB 1 -Rs in cortical glutamatergic neurons indicated that stress-elicited LTP involved CB 1 -Rs located on aBNST excitatory terminals. These results show that acute stress reverts LTD into LTP in the aBNST and that the endocannabinoid system plays a key role therein.
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A bstract

The main goal of my PhD was to identify the adaptive neuronal mechanisms developing in the reward circuit and in the circuit implicated in the regulation of stress responses. More specifically, we have studied the function of the bed nucleus of the stria terminalis (BNST) in both circuits.

My hypothesis was that, the BNST belongs to interconnected circuits in which integrates contextual (from ventral hippocampus) and emotional informations (from medial prefrontal cortex). Thus, the BNST diffuses these informations in order to regulate the basal innate level of anxiety and stress centers responses induced after acute stress exposure, but also to adapt the activity of dopaminergic neurons of the ventral tegmental area (VTA) that can promote or prevent a behavioral task associated with a rewarding or aversive stimulus.

To test this hypothesis, we decided to develop several research projects using electrophysiological, anatomical and behavioral approaches.

Firstly, we focused our interest on the stress circuit in which the BNST is a key structure which participates in regulating the responses of stress centers after acute stress exposure. By using in vivo electrophysiology approach in anesthetized mice, we have shown that after acute restraint stress, BNST neurons adapt their plastic responses induced by the tetanic stimulation of the medial prefrontal cortex: switch from long term depression (LTD) under control condition to long term potentiation (LTP) after acute stress condition. Furthermore, we demonstrated that both LTD and LTP are endocannabinoid dependent by using genetic modified mice for the type 1 endocannabinoid receptors and local pharmacological approach in the BNST.

In a second step, we studied the function of the ventral subiculum (vSUB) in the regulation of BNST neurons and the impact of the vSUB-BNST pathway activation on the other glutamatergic ILCx-BNST pathway. In a first set of experiments, we showed that a same single BNST neuron could integrate informations from both vSUB and the infralimbic cortex. By using high frequency stimulation (HFS) protocols, we induced in vivo NMDAdependent LTP in the vSUB-BNST pathway whereas the same protocol led to LTD in the same BNST neurons in the ILCx-BNST pathway. Moreover, we noted single application of HFS protocol in the vSUB induced a long term decrease of the basal innate level of anxiety in rats.

Lastly, we presented the BNST as a key excitatory relay between the vSUB and the VTA. Here, we have shown that in vivo HFS protocols in the vSUB potentiate the activity of dopaminergic (DA) neurons of the VTA. However, the vSUB does not directly project to the VTA. We observed that a HFS protocol in the vSUB first induce NMDA-dependent LTP in BNST neurons that project to the VTA, which is necessary to promote the potentiation of VTA DA neurons. In the last step, we demonstrated in vivo that the potentiation of VTA DA neurons increases the locomotor response to cocaine challenge.

All together, these projects allow us to confirm and detail the major function of the BNST in the regulation of stress and anxiety and also in the motivational circuit.

Résumé

L'objectif principal de mon projet de thèse a été d'identifier les mécanismes neuronaux adaptatifs se mettant en place au niveau des circuits de la récompense et des circuits activés en réponse à un stress aigu. Plus spécifiquement, nous avons étudié le rôle du noyau du lit de la strie terminale (BNST) au sein de ces deux circuits.

Mon hypothèse est que le BNST appartient à un circuit de structures interconnectées dans lequel il intègre des informations contextuelles (hippocampe ventral) et des informations émotionnelles (cortex préfrontal médian) afin, d'une part, de réguler les niveaux d'anxiété innés ainsi que les réponses induites par les centres du stress suite à un épisode de stress aigu mais également, d'adapter l'activité des neurones dopaminergiques de l'aire tegmentale ventrale (VTA) en vue de motiver ou d'empêcher la reproduction d'un comportement associé à un stimulus récompensant ou aversif.

Afin de tester cette hypothèse, nous avons mis en place et développé différents projets de recherche combinant des approches d'électrophysiologie in vivo, anatomiques et comportementales.

Dans un premier temps, nous nous sommes intéressés au BNST en tant que structure clef participant à la régulation des centres de stress. Grâce à l'utilisation d'approches d'électrophysiologie in vivo chez la souris anesthésiée, nous avons montré qu'après l'exposition à un stress aigu, les neurones du BNST adaptent leur réponse suite à la stimulation du cortex préfrontal médian et passent d'une dépression à long terme (LTD) en situation contrôle à une potentialisation à long terme (LTP) après un stress aigu. Nous avons disséqué une partie des mécanismes permettant l'élaboration de ces plasticités grâce à l'utilisation de souris génétiquement modifiés pour le récepteur aux endocannabinoïdes de type 1 (CB 1 -R). Ainsi, nous avons trouvé que la LTD et la LTP mis en place dans le BNST sont médiées par le système endocannabinoïde via les récepteurs CB 1 .

Ensuite, nous avons étudié le rôle du ventral subiculum (vSUB) dans la régulation des neurones du BNST ainsi que l'impact de l'activation de cette voie vSUB-BNST sur l'autre voie glutamatergique ILCx-BNST. Tout d'abord, nous avons montré par des approches électrophysiologiques et anatomiques, qu'un même neurone du BNST est capable d'intégrer des informations provenant à la fois du ventral subiculum et du cortex infralimbic (ILCx). Nous avons induit in vivo une LTP NMDA dépendante dans la voie vSUB-BNST suite à un protocole de stimulation haute fréquence dans le vSUB alors qu'en parallèle ce même protocole induit une LTD sur ces mêmes neurones dans la voie ILCx-BNST. De plus, nous avons noté que ces adaptations plastiques se mettant en place dans le BNST suite à une simple stimulation haute fréquence dans le vSUB permettent à long terme de diminuer les niveaux d'anxiété innés chez le rat.

Enfin, nous avons mis en évidence que le BNST est un relai excitateur entre le vSUB et la VTA. Nous avons montré qu'une stimulation à haute fréquence dans le vSUB potentialise in vivo l'activité des neurones dopaminergiques (DA) de la VTA. Or le vSUB ne projette pas de manière directe sur les neurones DA de la VTA. Nous avons observé que ce protocole de stimulation haute fréquence dans le vSUB induit dans un premier temps une LTP NMDA dépendante dans les neurones du BNST projetant à la VTA qui est nécessaire pour observer cette potentialisation des neurones DA. En dernier lieu, nous avons montré que cette potentialisation des neurones DA de la VTA augmente la réponse locomotrice à un challenge avec de la cocaine.

Ainsi, l'ensemble de ces projets nous ont permis de confirmer et de préciser la fonction majeure du BNST dans la régulation du stress et de l'anxiété ainsi que dans le circuit de la motivation. 

I N T R O D U C T I O N
During my PhD, we were interested to study the regulation and the function of the BNST in both stress and reward circuits. This introduction will summarize the main experiments that have been performed on this neuronal network and will further help to discuss the results obtained during my PhD. Consequently, I will first describe in the introduction the anatomy, the connections and the main functions of the BNST (in the part I). I will then focus on two main excitatory glutamatergic afferents of the BNST that could regulate it activity: the medial prefrontal Cortex (mPFC) and the ventral Subiculum (vSUB) (in the part II). I will also present one of the major outputs of the BNST that I studied during my PhD: the ventral tegmental area (VTA) (in the part III). Finally, I will define the aim of my PhD and the research projects that we developped to address it (in the part IV).

I. T he B NST A -A natomical organization of the B NST

The Bed nucleus of the stria terminalis (BNST or BST) has got his name based on its anatomical position, located at one extremity of the bundle of the stria terminalis. The BNST is a structure composed of several nuclei organized according an antero-posterior axis and around the anterior commissure [START_REF] Dong | Basic organization of projections from the oval and fusiform nuclei of the bed nuclei of the stria terminalis in adult rat brain[END_REF])(F igure 1). These nuclei are composed of a huge different variety of neurons classified by immunohistochemical [START_REF] Ju | Studies on the cellular architecture of the bed nuclei of the stria terminalis in the rat: II. Chemoarchitecture[END_REF][START_REF] Larriva-Sahd | Histological and cytological study of the bed nuclei of the stria terminalis in adult rat. II. Oval nucleus: extrinsic inputs, cell types, neuropil, and neuronal modules[END_REF]) and electrophysiological properties [START_REF] Hammack | Differential expression of intrinsic membrane currents in defined cell types of the anterolateral bed nucleus of the stria terminalis[END_REF], Rodriguez-Sierra et al., 2013).

F igure 1: Representative diagram of the different divisions within the B NST . T hree levels of the B NST are represented according an antero-posterior axis in the coronal plan: -0.26 -0.3 and -0.4mm posterior from B regma in rats. Adapted from [START_REF] Ju | Studies on the cellular architecture of the bed nuclei of the stria terminalis in the rat: II. Chemoarchitecture[END_REF][START_REF] Dong | Basic organization of projections from the oval and fusiform nuclei of the bed nuclei of the stria terminalis in adult rat brain[END_REF] Antero dorsal area (ad); Antero lateral area (al); Antero ventral area (av); Central part of the antero dorsal part (cc); dorsal nucleus (d), Dorso lateral nucleus (dl);Dorso median nucleus (dm); Fusiform nucleus (fu); Juxtacapsular nucleus (Ju); Magnocellular nucleus (mg); Oval nucleus (ov); Rhomboide nucleus (rh); sus commissural nucleus (sc), ventral nucleus (v).

In the anterior part, the BNST is organized in two groups: a medial part (am-BNST) and a lateral part (l-BNST) (F igure 2). The am-BNST can be divided in a dorsal and in a ventral part. This ventral part includes the antero ventral nucleus, dorso medial, magnocellular, dorsolateral and ventral nuclei. The lateral part of the BNST is composed of the antero lateral nucleus, the juxtacapsular, sus commissural, oval, fusiform and rhomboide nuclei. The posterior part of the BNST is represented by the transverse nucleus, the interfasciluar, principal, dorsal [START_REF] Ju | Studies on the cellular architecture of the bed nuclei of the stria terminalis in the rat: II. Chemoarchitecture[END_REF][START_REF] Dong | Basic organization of projections from the oval and fusiform nuclei of the bed nuclei of the stria terminalis in adult rat brain[END_REF] 

BNST: Antero-Posterior axis

The specificity of each nucleus of the BNST depends of the inputs that it receives, its projections and also depends of the biochemical and electrophysiological diversity of its neurons [START_REF] Hammack | Differential expression of intrinsic membrane currents in defined cell types of the anterolateral bed nucleus of the stria terminalis[END_REF]. During my PhD, we mostly focused our attention on the am-BNST region. This am-BNST region is mainly a GABAergic structure (75% to 90%) [START_REF] Cullinan | Ventral subicular interaction with the hypothalamic paraventricular nucleus: evidence for a relay in the bed nucleus of the stria terminalis[END_REF]. However, anatomical studies in rat [START_REF] Herzog | Localization of VGLUT3, the vesicular glutamate transporter type 3, in the rat brain[END_REF][START_REF] Jalabert | Role of the bed nucleus of the stria terminalis in the control of ventral tegmental area dopamine neurons[END_REF] and in mice [START_REF] Kudo | Three types of neurochemical projection from the bed nucleus of the stria terminalis to the ventral tegmental area in adult mice[END_REF], Jennings et al., 2013) show the presence of a glutamatergic population. Moreover, the BNST is characterized by a variety of GABAergic neurons that co express different peptides (like corticotropin releasing factor, encephalin, dynorphin, substance P, neurotensin…) [START_REF] Shimada | Coexistence of peptides (corticotropin releasing factor/neurotensin and substance P/somatostatin) in the bed nucleus of the stria terminalis and central amygdaloid nucleus of the rat[END_REF]. The lateral part of the BNST (ov-BNST and juxtacapsular nucleus) receives also dopaminergic innervations:  ventral tegmental area (VTA)  periaqueducal grey substance (PAG)  retrorubral area (A8) [START_REF] Hasue | Origin of the dopaminergic innervation of the central extended amygdala and accumbens shell: a combined retrograde tracing and immunohistochemical study in the rat[END_REF].

The am-BNST (mostly the ventral part) receives noradrenergic innervations:  Tractus solitary nucleus  Nucleus A1 [START_REF] Shin | Inputs to the ventrolateral bed nucleus of the stria terminalis[END_REF] Lastly, the BNST receives serotoninergic innervation:  The dorsal raphe [START_REF] Phelix | Monoamine innervation of bed nucleus of stria terminalis: an electron microscopic investigation[END_REF] C . Morphology and electrophysiological properties

Cytoarchitecture and chemoarchitecture

The BNST has been described as a cytoarchitectonally heterogeneous cell mass [START_REF] Ju | Studies on the cellular architecture of the bed nuclei of the stria terminalis in the rat: II. Chemoarchitecture[END_REF]. By using immunohistochemical approach, the BNST has been divided in 15 relatively distinct cell groups or subnuclei (F igure 3). Moreover, the BNST has been also segregated into several subregions based on different chemical neuronal compositions. The BNST is characterized by a variety of GABAergic neurons that co-express different peptides (like corticotropin releasing factor, Neurotensin, Galanin, substance P, Cholecystokinin…) [START_REF] Shimada | Coexistence of peptides (corticotropin releasing factor/neurotensin and substance P/somatostatin) in the bed nucleus of the stria terminalis and central amygdaloid nucleus of the rat[END_REF]. (F igure 4).

F igure 3: T he cytoarchitectonic features of the B NST in adult male rat. Viewed in a series of frontal, Nissl-stained section arranged from rostral (left) to caudal (right). Adapted from [START_REF] Ju | Studies on the cellular architecture of the bed nuclei of the stria terminalis in the rat: II. Chemoarchitecture[END_REF].

F igure 4: Distribution of peptide immunoreactivity in the B NST of the A dult M ale Rat Adapted from [START_REF] Ju | Studies on the cellular architecture of the bed nuclei of the stria terminalis in the rat: II. Chemoarchitecture[END_REF] 

E lectrophysiological properties

In vitro characterization

Using whole cell patch-clamp recordings from rat the antero lateral part of the BNST (BNST ALG ) slices in vitro, it has been described three distinct physiological cell types (Hammack et al., 2007) (F igure 5). In addition, it has been observed that BNST neurons projecting to VTA presented specific electrophysiological properties [START_REF] Dumont | Noradrenaline triggers GABAA inhibition of bed nucleus of the stria terminalis neurons projecting to the ventral tegmental area[END_REF]) (F igure 6). A : Type II neurons respond to depolarizing current injection with an initial burst of spikes followed by a more regular firing pattern whereas type I and III fired with a regular firing pattern. B. : Type I and Type II neurons exhibited a depolarizing sag in response to hyperpolarizing current injection that was accompanied by a rebound depolarizing on the offset of current injection. In type II neurons this rebound event was often accompanied by spikes. Type III neurons do not exhibit the depolarizing sag but instead exhibit a fast anomalous rectification at more hyperpolarizing potentials.

Adapted from [START_REF] Hammack | Differential expression of intrinsic membrane currents in defined cell types of the anterolateral bed nucleus of the stria terminalis[END_REF]. None of the criteria defined in the ex vivo studies cited above, could be used as an electrophysiological signature to determine neuronal sub-populations in vivo. During my PhD, only the ouput of the neurons recorded in the BNST (characterized after antidromic stimulation) has been used as a criteria defining an homogeneous neuronal subpopulation.

D. O utputs

The am-BNST is a complex structure projecting to many downstream brain structures [START_REF] Dong | Projections from bed nuclei of the stria terminalis, dorsomedial nucleus: implications for cerebral hemisphere integration of neuroendocrine, autonomic, and drinking responses[END_REF] Adapted from [START_REF] Dong | Projections from bed nuclei of the stria terminalis, dorsomedial nucleus: implications for cerebral hemisphere integration of neuroendocrine, autonomic, and drinking responses[END_REF] During my PhD, we focused our attention on two major outputs of the BNST implicated in the regulation of stress-and motivation-related brain areas: the paraventricular nucleus of the hypothalamus (PVN) [START_REF] Cullinan | Ventral subicular interaction with the hypothalamic paraventricular nucleus: evidence for a relay in the bed nucleus of the stria terminalis[END_REF][START_REF] Roland | Local origins of some GABAergic projections to the paraventricular and supraoptic nuclei of the hypothalamus in the rat[END_REF][START_REF] Champagne | CRFergic innervation of the paraventricular nucleus of the rat hypothalamus: a tract-tracing study[END_REF][START_REF] Dong | Basic organization of projections from the oval and fusiform nuclei of the bed nuclei of the stria terminalis in adult rat brain[END_REF][START_REF] Dong | Projections from bed nuclei of the stria terminalis, dorsomedial nucleus: implications for cerebral hemisphere integration of neuroendocrine, autonomic, and drinking responses[END_REF], Radley et al., 2009[START_REF] Radley | A common substrate for prefrontal and hippocampal inhibition of the neuroendocrine stress response[END_REF] and the ventral tegmentale area (VTA) [START_REF] Phillipson | Afferent projections to the ventral tegmental area of Tsai and interfascicular nucleus: a horseradish peroxidase study in the rat[END_REF], Georges and Aston-Jones, 2002[START_REF] Jalabert | Role of the bed nucleus of the stria terminalis in the control of ventral tegmental area dopamine neurons[END_REF][START_REF] Kudo | Three types of neurochemical projection from the bed nucleus of the stria terminalis to the ventral tegmental area in adult mice[END_REF], Jennings et al., 2013, Kim et al., 2013), respectively. VTA and PVN projecting BNST neurons have been described to be mostly two distinct neuronal populations (Silberman et al., 2013).

E -F unctions of the B NST : between Stress and Reward

The BNST plays an important role in the control of autonomic, neuroendocrine and behavioral responses (Ulrich-Lai and Herman, 2009, Davis et al., 2010). The range of behaviors that are controlled or affected by the BNST has been observed with lesional (reversible or irreversible), pharmacological and more recently by optogenetical approaches [START_REF] Walker | Role of the bed nucleus of the stria terminalis versus the amygdala in fear, stress, and anxiety[END_REF][START_REF] Jalabert | Role of the bed nucleus of the stria terminalis in the control of ventral tegmental area dopamine neurons[END_REF][START_REF] Crestani | Mechanisms in the bed nucleus of the stria terminalis involved in control of autonomic and neuroendocrine functions: a review[END_REF], Silberman and Winder, 2013[START_REF] Stamatakis | Amygdala and bed nucleus of the stria terminalis circuitry: Implications for addiction-related behaviors[END_REF]. These studies have presented the BNST as implicated in 1) sexual behaviors, 2) maternal behaviors, 3) fear physiology, 4) food intake, 5) social behaviors, 6) pain and emotional treatment, 7) motivational and goal directed behaviors and also in 8) all the physiopathological states associated to anorexia, anxiety and addiction behaviors.

During my PhD, we mainly focus our attention on three functions of the BNST: its implication in stress; in anxiety and in the motivation. On the coming paragraphs, I will summarize the main results concerning the role of the BNST in these previous circuits.

Anxiety and Stress

Anxiety/unconditioned fear response

A B
Anxiety is a physiological negative emotion that triggers a state of alert to possible threat and promotes survival. Anxiety can be long-lasting and persist to pathological states. Numerous evidences point the BNST as an important structure that regulates anxiety in rodent models [START_REF] Walker | Anxiogenic effects of high illumination levels assessed with the acoustic startle response in rats[END_REF][START_REF] Duvarci | The bed nucleus of the stria terminalis mediates inter-individual variations in anxiety and fear[END_REF][START_REF] Ventura-Silva | Stress shifts the response of the bed nucleus of the stria terminalis to an anxiogenic mode[END_REF], Jennings et al., 2013, Kim et al., 2013)but also in humans [START_REF] Mobbs | Neural activity associated with monitoring the oscillating threat value of a tarantula[END_REF][START_REF] Somerville | Human bed nucleus of the stria terminalis indexes hypervigilant threat monitoring[END_REF]. In humans, anxiety has been defined as a long term trait characterized by a non adaptative hypervigilance or an overestimation of a potential threat [START_REF] Sylvers | Differences between trait fear and trait anxiety: implications for psychopathology[END_REF]. For example, it has been observed that in patients who presented arachnophobia (anxiety disorder), the perception of a greater proximity to a live tarantula (threat) was associated with an activation of the BNST and the amygdala (Mobbs et al., 2010) (F igure 8).

In rodents, anxiety can be described as a temporary behavioral state induced by a diffuse threatening stimulus [START_REF] Sylvers | Differences between trait fear and trait anxiety: implications for psychopathology[END_REF]. Anxiety is controlled by multiple circuits in the brain that share for most of them robust and reciprocal connections with the BNST. Previous studies using electrical stimulation [START_REF] Dunn | Plasma corticosterone responses to electrical stimulation of the bed nucleus of the stria terminalis[END_REF], lesioning [START_REF] Choi | Bed nucleus of the stria terminalis subregions differentially regulate hypothalamic-pituitary-adrenal axis activity: implications for the integration of limbic inputs[END_REF][START_REF] Duvarci | The bed nucleus of the stria terminalis mediates inter-individual variations in anxiety and fear[END_REF], pharmacological [START_REF] Walker | Selective participation of the bed nucleus of the stria terminalis and CRF in sustained anxiety-like versus phasic fear-like responses[END_REF]or optogenetic manipulations (Jennings et al., 2013, Kim et al., 2013) targeting directly specific BNST nuclei or cell types, have been informative but have not been able to precisely determine how different BNST inputs influence anxiety. Thus, it remains unclear how BNST integrates diverse inputs to modulate anxiety. Consequently, we decided during my PhD to study the influence of vSUB and ILCx glutamatergic inputs on the regulation of BNST neurons and their effect on anxiety (see results in paper 2). 

Stress

Across species, the BNST has been well documented to be a key target of stress (Davis et al., 2010). The BNST is well positioned to regulate stress axis response. First of all, it is well established that the BNST is a key relay between limbic regions (ventral Subiculum, medial prefrontal Cortex, central Amygdala) and the paraventricular nucleus of the hypothalamus (PVN) [START_REF] Cullinan | Ventral subicular interaction with the hypothalamic paraventricular nucleus: evidence for a relay in the bed nucleus of the stria terminalis[END_REF][START_REF] Dong | Basic organization of projections from the oval and fusiform nuclei of the bed nuclei of the stria terminalis in adult rat brain[END_REF], Radley et al., 2009[START_REF] Radley | A common substrate for prefrontal and hippocampal inhibition of the neuroendocrine stress response[END_REF] which given a strategic position to regulate the hypothalamic pituitary axis (HPA) [START_REF] Choi | Bed nucleus of the stria terminalis subregions differentially regulate hypothalamic-pituitary-adrenal axis activity: implications for the integration of limbic inputs[END_REF][START_REF] Radley | A common substrate for prefrontal and hippocampal inhibition of the neuroendocrine stress response[END_REF][START_REF] Dabrowska | Central CRF neurons are not created equal: phenotypic differences in CRF-containing neurons of the rat paraventricular hypothalamus and the bed nucleus of the stria terminalis[END_REF](F igure 9). However, it has been proposed that BNST subregions could have opposite effects on the regulation of the HPA axis based on their different innervations [START_REF] Choi | Bed nucleus of the stria terminalis subregions differentially regulate hypothalamic-pituitary-adrenal axis activity: implications for the integration of limbic inputs[END_REF](F igure 10). During my PhD, we only studied the anterior part of the BNST. The anterior and posterior part of the BNST receive distinct innervations from the mPFC and specific amygdala nuclei. This segregation could explain the opposite effect on the regulation on PVN neurons activity. Adapted from [START_REF] Choi | Bed nucleus of the stria terminalis subregions differentially regulate hypothalamic-pituitary-adrenal axis activity: implications for the integration of limbic inputs[END_REF].

Moreover, it has been shown that chronic stress could affect the morphology of BNST neurons. It has been observed that chronic stress exposure promote a dendritic remodeling of BNST neurons [START_REF] Vyas | Effects of chronic stress on dendritic arborization in the central and extended amygdala[END_REF]and increase in the volume of BNST [START_REF] Pego | Dissociation of the morphological correlates of stress-induced anxiety and fear[END_REF].

Besides, the endocannabinoid system (eCB) plays a major role in the regulation of BNST neurons (Massi et al., 2008). The two main eCB are the ethanolamide of acid arachidonic anandamide (AEA) and the 2-arachidonyl-glycerol (2-AG), lipid-derived which are synthetized on demand at the post synaptic level. They mainly act on type 1endocannabinoid receptor (CB 1 -R) in the central nervous system, located in the pre synaptic part. The activation of these metabotropic receptors (CB 1 -R) leads to decrease synaptic transmission of the pre synaptic level which transiently silents synapse. In the BNST, CB 1 -Rs are located both on glutamatergic terminals from mPFC and GABAergic terminals (Massi et al., 2008[START_REF] Puente | Localization and function of the cannabinoid CB1 receptor in the anterolateral bed nucleus of the stria terminalis[END_REF]. Accumulated evidences point to a prominent role of eCB system in controlling neuronal circuit during stress (Hill et al., 2010). However, no study has been done on the in vivo function of CB 1 -R in the BNST after acute stress. One aim of my PhD was to address this question (see results in Paper 1).

Moreover, as the BNST exerts a control on the HPA axis, it gives also an important function of the BNST in the regulation of the reward circuit because it has been demonstrated that stress is a key factor in the relapse to drug addiction in abstinent animals [START_REF] Erb | A role for the bed nucleus of the stria terminalis, but not the amygdala, in the effects of corticotropin-releasing factor on stress-induced reinstatement of cocaine seeking[END_REF]Stewart, 1999, Silberman andWinder, 2013).

2.Reward

As demonstrated in several studies, the BNST is associated to the reward circuit. Firstly, the BNST projects to brain regions implicated in reward directed behaviors [START_REF] Dong | Projections from bed nuclei of the stria terminalis, posterior division: implications for cerebral hemisphere regulation of defensive and reproductive behaviors[END_REF]. In addition, the BNST can be considered to belong to this neuronal circuit because

The majority of drugs of abuse increases dopamine release within the BNST [START_REF] Carboni | Increase of dialysate dopamine in the bed nucleus of stria terminalis by clozapine and related neuroleptics[END_REF]. By using microdialysis, they showed that dopamine extracellular level in the BNST is increased by systemic injection of cocaine, morphine, nicotine, ethanol or by blocking the dopamine reuptake.

The BNST has been implicated in operant learning behavior and in synaptic plasticity induced by self-administration of cocaine [START_REF] Dumont | Self-administration enhances excitatory synaptic transmission in the bed nucleus of the stria terminalis[END_REF]. This study shows that excitatory synaptic transmission was enhanced in BNST of rats performing an operant task to obtain cocaine or palatable food. There was no effect when cocaine or food was delivered passively; suggesting that synaptic plasticity in BNST is involved in rewardseeking behaviors.

The BNST has been involved in the reinstatement of stress induced cocaine seeking behavior mediated by corticotropin releasing factor (CRF) signaling [START_REF] Erb | A role for the bed nucleus of the stria terminalis, but not the amygdala, in the effects of corticotropin-releasing factor on stress-induced reinstatement of cocaine seeking[END_REF]. Intra infusion of CRF receptor antagonist in the BNST blocks relapse to cocaine seeking behavior induced by a foot shock. Conversely, CRF infusion in the BNST mimicks the effect of a foot shock and promotes relapse to cocaine seeking behavior.

I I. Structures implicated in the regulation of B NST neurons: mP F C and the vSU B

During my PhD, I have worked on the regulation of BNST neurons by the mPFC after stress condition in mice (see results in Paper 1) but also in normal condition in rat (see results in Paper2). This descriptive part seems necessary to further comment the results obtained in these two studies.

A -T he mP F C

Composition

Based on anatomical and functional characteristics, the mPFC in the rat can be divided into four distinct areas which are, from dorsal to ventral: the frontal cortex area 2 (Fr2, [START_REF] Heidbreder | The medial prefrontal cortex in the rat: evidence for a dorso-ventral distinction based upon functional and anatomical characteristics[END_REF][START_REF] Uylings | Do rats have a prefrontal cortex?[END_REF]), the anterior cingulate cortex (ACC), the prelimbic (PrL) and the infralimbic cortices (Guldin et al., 1981, Van Eden and[START_REF] Van Eden | Cytoarchitectonic development of the prefrontal cortex in the rat[END_REF]. The different regions are agranular cortex (lacking layer 4) and present distinct organization on their cellular lamination. The Fr2 also called medial precentral cortex (Van Eden et [START_REF] Van Eden | Cytoarchitectonic development of the prefrontal cortex in the rat[END_REF] or medial agranular cortex or secondary motor area and the ACC are characterized by a well-defined laminar organization with two distinguishable pyramidal layers 2 and 5 and a large layer 6b. The PrL is characterized by a weak disorganization of the layer5 and a layer 6 divided into 2 layers 6a and 6b. The ILCx is characterized by homogeneity of its organization with no particular frontiers between layers. (F igure 11).

F igure 11: D rawing representing coronal sections of the mP F C of rats from an antero-posterior axis. Adapted from Watson from Paxinos atlas.

Afferents

The mPFC receives strong innervations from the medio dorsal thalamus. In addition, the mPFC receives also from numerous sub-cortical areas including the basal ganglia [START_REF] Groenewegen | The anatomical relationships of the prefrontal cortex with limbic structures and the basal ganglia[END_REF], the amygdala and the hippocampus [START_REF] Swanson | A direct projection from Ammon's horn to prefrontal cortex in the rat[END_REF][START_REF] Jay | Selectivity of the hippocampal projection to the prelimbic area of the prefrontal cortex in the rat[END_REF]. Notably, the hippocampal glutamatergic inputs from the ventral subiculum projects to the ILCx. The mPFC receives dopaminergic projections from the VTA, noradrenergic inputs from the locus coeruleus, cholinergic innervation from the basal forbrain and serotoninergic innervation from the raphe nuclei [START_REF] Thierry | Dopaminergic terminals in the rat cortex[END_REF]. Moreover, the mPFC receives projections from the enthorinal and perirhinal cortices and from somatosensory and motor cortices. Finally, the mPFC contains intrinsic ipsilateral connectivity. Namely, the PrL projects to the ACC, and the ILCx projects both to the PrL and the ACC.

Morphology and electrophysiological properties

The cortex is composed of two main types of neurons: glutamatergic pyramidal cells and GABAergic interneurons which are distributed across cortical layers. The layer 1 is the most superficial layer characterized by a low density of cell body. The layer 2 is characterized by a dense concentration of neurons with small size cell bodies followed by the layer 3. These layers are not well separated, so they are also called layer 2/3. Underneath them, the layer 4 characterized by a dense concentration of neurons with small size cell bodies. The layer 5 is composed by large pyramidal neurons organized vertically. The layer 6 contains various neuronal types with various orientations.

Pyramidal neurons

Pyramidal neurons represent 70-80 % of cortical neurons. They are located in the 6 layers except the layer 1 (DeFelipe and Farinas, 1992). Based on spiking characteristics to depolarizing current pulse, pyramidal neurons could present several electrophysiological profiles. They are three profiles: the regular spiking (RS), the low threshold spiking or intrinsic burst (IB), and non activating bursting (NIB) [START_REF] Degenetais | Electrophysiological properties of pyramidal neurons in the rat prefrontal cortex: an in vivo intracellular recording study[END_REF].

GABAergic interneurons

They are located in all the layers and represent 20-30% of the cortical neurons [START_REF] Degenetais | Electrophysiological properties of pyramidal neurons in the rat prefrontal cortex: an in vivo intracellular recording study[END_REF]. There is a large variety of interneurons based on their neurochemical profiles, morphological profiles and electrophysiological properties .

Projections and functions

The mPFC has been implicated in a variety of functions including attention processes, viscero-motor activity, decision-making, goal-directed behavior and working memory. For instance, the dorsal part of the mPFC has mostly been associated in various motor behaviors whereas the ventral part of the mPFC has been implicated in diverse emotional, cognitive and mnemonic processes. During my PhD, we worked on the ventral mPFC, especially the ILCx and the PrL part. (F igure 12). F igure 12: Sagittal sections of the projections of the I L C x and the Pr L Adapted from [START_REF] Vertes | Differential projections of the infralimbic and prelimbic cortex in the rat[END_REF] 

ILCx efferents

PrL efferents

Despite apparent differences, the ILCx and the PrL have been mostly considered as the same region, e.g. the ventral mPFC with minor differences in projection efferents. However, in rats, the ILCx massively projects to the anterior part of the BNST whereas the PrL sends few or no projections to the BNST ( [START_REF] Vertes | Differential projections of the infralimbic and prelimbic cortex in the rat[END_REF]). This discrimination is less important in mice.

Motivational circuit

The mPFC is a major component of the motivational network, as it regulates general motivation significance and determines the intensity of associated behaviors [START_REF] Volkow | Role of dopamine, the frontal cortex and memory circuits in drug addiction: insight from imaging studies[END_REF]. The ventral mPFC sends massive glutamatergic afferents on the shell of the Nac [START_REF] Kalivas | How do we determine which drug-induced neuroplastic changes are important?[END_REF] and also to the VTA. The PrL/Cg sends 90% of glutamatergic afferents of the mPFC to the VTA. These synapses connect to GABAergic interneurons but also to DA neurons of the VTA (Carr andSesack, 2000b, Geisler et al., 2007). In contrast, the ILCx sends 10% of the excitatory projections of the mPFC to the VTA [START_REF] Geisler | Responses of neurons in primary visual cortex to transient changes in local contrast and luminance[END_REF]. It has been demonstrated that ILCx could regulate the activity of VTA DA neurons through an excitatory relay with the BNST (Massi et al., 2008). In turn, VTA DA neurons projects to the mPFC. These projections are implicated in reward salience and predictive value of reward paired stimuli [START_REF] Schultz | Predictive reward signal of dopamine neurons[END_REF][START_REF] Tzschentke | Pharmacology and behavioral pharmacology of the mesocortical dopamine system[END_REF]. However, the projection of the VTA to the ventral part of the mPFC has been poorly [START_REF] Heidbreder | The medial prefrontal cortex in the rat: evidence for a dorso-ventral distinction based upon functional and anatomical characteristics[END_REF].

Several evidences point a prominent role of the mPFC in drug seeking and relapse. It has been shown that reversible inactivation of the ventral mPFC induces resumption of cocaine seeking behavior under extinction conditions [START_REF] Peters | Opposing roles for the ventral prefrontal cortex and the basolateral amygdala on the spontaneous recovery of cocaine-seeking in rats[END_REF]. Moreover, stimulation of glutamatergic transmission in this area attenuates cocaine primed reinstatement [START_REF] Peters | Opposing roles for the ventral prefrontal cortex and the basolateral amygdala on the spontaneous recovery of cocaine-seeking in rats[END_REF]. Additionally, context induced reinstatement of cocaine seeking behavior is associated with an increase of Fos expression in the ventral mPFC [START_REF] Hamlin | Renewal of extinguished cocaine-seeking[END_REF]. The ventral mPFC seems to exert inhibitory control over cocaine seeking behavior after extinction [START_REF] Peters | Opposing roles for the ventral prefrontal cortex and the basolateral amygdala on the spontaneous recovery of cocaine-seeking in rats[END_REF].

Extinction of fear memory

The Basolateral nucleus of the Amygdala sends dense reciprocal glutamatergic connections with the mPFC [START_REF] Sesack | Topographical organization of the efferent projections of the medial prefrontal cortex in the rat: an anterograde tract-tracing study with Phaseolus vulgaris leucoagglutinin[END_REF]. Fear extinction is a form of inhibitory learning that allows adaptive control of fear responses [START_REF] Herry | Neuronal circuits of fear extinction[END_REF]. The amygdala is critically involved in the expression of conditioned fear memory [START_REF] Schafe | Memory consolidation of Pavlovian fear conditioning requires nitric oxide signaling in the lateral amygdala[END_REF][START_REF] Han | Selective erasure of a fear memory[END_REF]and the ventral part of the mPFC mediates extinction of fear memory ( [START_REF] Milad | Neurons in medial prefrontal cortex signal memory for fear extinction[END_REF][START_REF] Herry | Switching on and off fear by distinct neuronal circuits[END_REF][START_REF] Peters | Opposing roles for the ventral prefrontal cortex and the basolateral amygdala on the spontaneous recovery of cocaine-seeking in rats[END_REF]).

Visceral and autonomic regulation

The ventral mPFC (ILCx and PrL) has also been associated with the limbic system. For example, the ILCx has been shown to be profoundly implicated in the regulation of visceral and autonomic activity. ILCx stimulation induces changes in respiratory activity, blood pressure, gastrointestinal motility, blood pressure [START_REF] Burns | The involvement of the anterior cingulate cortex in blood pressure control[END_REF]Wyss, 1985, Hardy and[START_REF] Hardy | Prefrontal stimulus-produced hypotension in rat[END_REF]. Moreover, the ventral mPFC (PrL) has been also implicated in cognitive processes [START_REF] Ragozzino | Differential involvement of the dorsal anterior cingulate and prelimbic-infralimbic areas of the rodent prefrontal cortex in spatial working memory[END_REF].

Regulation of stress

The mPFC has an important role in the regulation of adaptative response to emotional stress (Spencer et al., 2005[START_REF] Radley | Regional differentiation of the medial prefrontal cortex in regulating adaptive responses to acute emotional stress[END_REF][START_REF] Choi | Bed nucleus of the stria terminalis subregions differentially regulate hypothalamic-pituitary-adrenal axis activity: implications for the integration of limbic inputs[END_REF]. (F igure 10). It has been suggested opposite function in the regulation of the HPA axis between the ILCx and the PrL. (F igure 13) ILCx and PrL are strongly interconnected. In the rat, the complex ILCx/PrL may exert strong influence over emotional-cognitive aspects of behaviors.

F igure 13: C ircuitry providing the mP F C inhibitory influences on H P A output. Adapted from (Radley et al., 2009).

B -T he vSU B

During my PhD, I focused my attention on two functions of the vSUB: its regulation of anxiety through the vSUB-BNST pathway (see results in Paper 2) and its implication in the motivational circuit by it influence on VTA DA neurons (see results in Paper3). This descriptive part will help to define vSUB and gather the main advanced researches that have been carry one before I began to work on it.

Composition

The hippocampal formation is composed of a dorsal and a ventral part. Each part is composed of different sub-regions: Dente gyrus, CA1, CA2, CA3 areas and the subiculum. 

Anatomy and connections of the vSUB

The subiculum is composed of three layers: a molecular layer, a pyramidal layer and deeper a polymorphic layer. There is also GABAergic interneurons (for review [START_REF] O'mara | The subiculum: what it does, what it might do, and what neuroanatomy has yet to tell us[END_REF]. The anatomical delimitation between the ventral CA1 and the vSUB is not easy to define. However, only the vSUB projects to the BNST. The vSUB receives strong innervations from the ventral CA1 [START_REF] Cenquizca | Spatial organization of direct hippocampal field CA1 axonal projections to the rest of the cerebral cortex[END_REF]and projects to cortical and sub cortical areas [START_REF] Ishikawa | Ventral hippocampal neurons project axons simultaneously to the medial prefrontal cortex and amygdala in the rat[END_REF]Nakamura, 2006, Fanselow and[START_REF] Fanselow | Are the dorsal and ventral hippocampus functionally distinct structures?[END_REF]. (F igure 15). The vSUB shares reciprocal connections with the entorhinal Cortex ( [START_REF] Cenquizca | Spatial organization of direct hippocampal field CA1 axonal projections to the rest of the cerebral cortex[END_REF]).

F igure 15: M ain efferent projections of the vSUB LS: lateral septum; P F C : prefrontal Cortex, AM: Amygdala, HPT: Hyypothalamus, BNST: Bed nucleus of the Stria terminalis

Electrophysiological properties

Based on in vivo electrophysiology coupled with electro encephalogram, four types of neurons have been found [START_REF] O'mara | The subiculum: what it does, what it might do, and what neuroanatomy has yet to tell us[END_REF]. They described neurons with bursting discharge pattern, neurons with an irregular discharge pattern, neurons with fast spiking discharge pattern and neurons modulate by theta waves. However, these electrophysiological characterizations have been performed in the dorsal part of the subiculum.

Function

For several years now, it is well established that the hippocampus has two distinct functions. The dorsal hippocampus also called the "cold hippocampus" plays a role in the acquisition and the consolidation of spatial and episodic memories whereas the ventral hippocampus, alsocalled the "hot hippocampus" is implicated in the regulation of emotional informations [START_REF] Bannerman | Double dissociation of function within the hippocampus: a comparison of dorsal, ventral, and complete hippocampal cytotoxic lesions[END_REF].

The vSUB plays a key role in integrating informations from ventral CA1 and sending them to cortical and subcortical regions. Some of these regions are implicated in the regulation of HPA axis under stress condition whereas others are implicated in the reward circuit.

vSUB and stress responses regulation

The vSUB does not directly project to the PVN. The BNST has been proposed as a possible relay between the vSUB and the PVN (Cullinan et al., 1993, Radley and[START_REF] Radley | A common substrate for prefrontal and hippocampal inhibition of the neuroendocrine stress response[END_REF]. (F igure 16). They proposed that the vSUB exerts an inhibitory control on the HPA axis under stress condition (after acute restraint stress) (F igure 17). Ibotenic lesion of the vSUB after acute stress exposure enhances the level of mRNA of Fos cells in the PVN, the concentration of stress hormone (ACTH and corticosterone). However, no study has been done to characterize the influence of vSUB glutamatergic input on in vivo BNST neurons activity. It remained also unclear whether both vSUB and ILCx input could regulate the BNST at the single cell level. For this reason, we tackled this question by using an in vivo electrophysiological approach in rat (See results in Paper 2).

vSUB and reward associated behavior

No direct projection from the vSUB to the VTA has been observed. By using microdialysis in freely moving rats, it has been demonstrated that chemical stimulation of the vSUB induces dopamine release in the Nac (Legault andWise, 1999, Legault et al., 2000). It has been shown that this DA release in the Nac is dependent of glutamatergic transmission in the VTA [START_REF] Legault | Chemical stimulation of the ventral hippocampus elevates nucleus accumbens dopamine by activating dopaminergic neurons of the ventral tegmental area[END_REF]. Moreover, they also performed in vivo recordings of VTA DA neurons after chemical stimulation of the vSUB. Three types of VTA DA neurons have been observed: 45 % of VTA DA neurons respond by an increase in the firing rate, 13% decrease their firing rate, 42% do not respond to the chemical stimulation. These results suggest that the vSUB drives excitation to VTA DA neurons through a polysynaptic circuit in which the last relay is glutamatergic.

A disinhibitory circuit mediated by the NAc has been proposed to explain the excitation of VTA DA neurons driven by the vSUB [START_REF] Floresco | Glutamatergic afferents from the hippocampus to the nucleus accumbens regulate activity of ventral tegmental area dopamine neurons[END_REF]. The chemical stimulation of the vSUB increases the number of DA neurons spontaneously active that is dependent on glutamatergic transmission in the NAc. (F igure 18). In addition, it has been shown that high frequency stimulation of the vSUB induces relapse to cocaine seeking behavior and that this phenomenon is dependent of glutamate transmission in the VTA [START_REF] Vorel | Relapse to cocaine-seeking after hippocampal theta burst stimulation[END_REF].

All together, these studies strongly suggest an important role of the vSUB in the regulation of VTA DA neurons in a short time scale. It is unknown whether the vSUB could have a persistent effect on VTA DA neurons. So, during my PhD, we explored the long term effect of an in vivo stimulation of the vSUB on VTA DA neurons activity (see results in Paper 3). For this reason, it seems necessary to describe in the next part the VTA.

I I I. Structure regulated by the B NST : V T A 1. H eterogeneity of the ventral tegmental area

The VTA is an heterogenous structure composed of several nuclei and multiple neuronal types with different electrophysiology properties. The VTA is anatomically delimited by 1) the substantia nigra pars compacta and reticulate, laterally; 2) the red nucleus, dorsally; 3) the interpedoncular nucleus, in the ventral part. Phillipson, in 1979 has described the VTA as composed of 5 nuclei: the parabrachial, the paranigral and three others more medial: the interfascicular, the rostral linear and the caudal linear [START_REF] Phillipson | Afferent projections to the ventral tegmental area of Tsai and interfascicular nucleus: a horseradish peroxidase study in the rat[END_REF] The VTA contains different types of neurons 1) dopaminergic neurons (expressing the tyrosine hydroxylase, TH+), 2) GABAergic neurons (GABA+), 3) glutamatergic neurons (expressing the type 2 transporter vGlut2+), 4) TH+/vGlut2+ neurons and GABA+/vGlut2+ neurons [START_REF] Li | Heterogeneous composition of dopamine neurons of the rat A10 region: molecular evidence for diverse signaling properties[END_REF]) (F igure 20).

(F igure 19).
F igure 20: Synaptic organization and heterogeneity of neuronal populations of the V T A . DA, dopaminergic neuron; GABA, GABAergic neuron; Glu, glutamatergic neuron Dopaminergic neurons represent 60-65% of VTA neurons [START_REF] Nair-Roberts | Stereological estimates of dopaminergic, GABAergic and glutamatergic neurons in the ventral tegmental area, substantia nigra and retrorubral field in the rat[END_REF]. They represent an heterogeneous population by 1) biochemical compositions, 2) morphological characteristics, 3) functional properties and 4) projections sites and according to the afferents that they received [START_REF] Lammel | Unique properties of mesoprefrontal neurons within a dual mesocorticolimbic dopamine system[END_REF][START_REF] Lammel | Projection-specific modulation of dopamine neuron synapses by aversive and rewarding stimuli[END_REF]. Non dopaminergic neurons are mainly GABAergic and represent 30-35 % of VTA neurons [START_REF] Nair-Roberts | Stereological estimates of dopaminergic, GABAergic and glutamatergic neurons in the ventral tegmental area, substantia nigra and retrorubral field in the rat[END_REF]. These neurons have often been classified as interneurons, however they are "projection neurons" which aims for the same target as dopaminergic neurons (Carr andSesack, 2000a, Omelchenko and[START_REF] Omelchenko | Ultrastructural analysis of local collaterals of rat ventral tegmental area neurons: GABA phenotype and synapses onto dopamine and GABA cells[END_REF]. Intrinsic axons of these GABAergic neurons make synapses with dopaminergic neurons but also with GABAergic neurons dendrites, which creates an intrinsic disinhibitory circuit into the VTA [START_REF] Omelchenko | Ultrastructural analysis of local collaterals of rat ventral tegmental area neurons: GABA phenotype and synapses onto dopamine and GABA cells[END_REF]. Recent electrophysiological studies have demonstrated that GABAergic neurons could regulate the activity of VTA DA neurons [START_REF] Van Zessen | Activation of VTA GABA neurons disrupts reward consumption[END_REF]. These GABAergic neurons constitute an heterogeneous population, in which their functions are not well defined. However, it seems that when these neurons are commonly manipulated by optogenetic approach, they play a role in aversive behaviors [START_REF] Tan | GABA neurons of the VTA drive conditioned place aversion[END_REF], and in the suppression of rewarding associated behaviors (Van Eden and [START_REF] Van Eden | Cytoarchitectonic development of the prefrontal cortex in the rat[END_REF].

Recently, a glutamatergic population expressing the mRNA of vGlut2 has been described by using in situ hybridization, in the VTA. These neurons represent 2-3% of VTA neurons [START_REF] Nair-Roberts | Stereological estimates of dopaminergic, GABAergic and glutamatergic neurons in the ventral tegmental area, substantia nigra and retrorubral field in the rat[END_REF][START_REF] Li | Heterogeneous composition of dopamine neurons of the rat A10 region: molecular evidence for diverse signaling properties[END_REF]. This neuronal population is also an heterogeneous population according to their biochemical composition [START_REF] Hnasko | Ventral tegmental area glutamate neurons: electrophysiological properties and projections[END_REF][START_REF] Li | Heterogeneous composition of dopamine neurons of the rat A10 region: molecular evidence for diverse signaling properties[END_REF]. These neurons make synapse with VTA DA neurons and non-dopaminergic neurons and send functional connections to the lateral habenula [START_REF] Dobi | Glutamatergic and nonglutamatergic neurons of the ventral tegmental area establish local synaptic contacts with dopaminergic and nondopaminergic neurons[END_REF].

V T A D A neurons afferents

Recently, a cartography of monosynaptic afferences on VTA DA neurons has been done by using a virus coupled with a DAT-Cre/loxP system, allowing a retrograde trans-synaptic labeling [START_REF] Watabe-Uchida | Whole-brain mapping of direct inputs to midbrain dopamine neurons[END_REF]. By coupling these anatomical results with the well described electrophysiological results, it seems that excitatory afferents to VTA DA neurons come from 1) pedonculopontin nuclei and laterodorsal tegmentum ( [START_REF] Floresco | Afferent modulation of dopamine neuron firing differentially regulates tonic and phasic dopamine transmission[END_REF], Lodge and Grace, 2006a[START_REF] Good | Properties of distinct ventral tegmental area synapses activated via pedunculopontine or ventral tegmental area stimulation in vitro[END_REF]), (Lodge andGrace, 2006b, Good and[START_REF] Good | Properties of distinct ventral tegmental area synapses activated via pedunculopontine or ventral tegmental area stimulation in vitro[END_REF] 2) prefrontal cortex 3) glutamatergic neurons of the VTA (Li et al., 2013)4) Lateral habenula (direct projection on VTA DA neurons projecting to the prefrontal cortex; [START_REF] Lammel | Inputspecific control of reward and aversion in the ventral tegmental area[END_REF] 5) BNST (Georges andAston-Jones, 2002, Jennings et al., 2013). VTA DA neurons are also under inhibitory control of G A B A ergic afferences that come from 1) ventral pallidum 2) Nucleus accumbens (there is a debate between anatomical results (Watabe-Uchida et al., 2012)and physiological results showing that Nac exerts only an inhibitory control on GABAergic neurons of the VTA ,3) GABAergic neurons of the VTA (van Zessen et al., 2012), 4) BNST (Jennings et al., 2013)5) the tVTA [START_REF] Jalabert | Neuronal circuits underlying acute morphine action on dopamine neurons[END_REF][START_REF] Lecca | Inhibitory inputs from rostromedial tegmental neurons regulate spontaneous activity of midbrain dopamine cells and their responses to drugs of abuse[END_REF]. All these inhibitory and excitatory afferents are recapitulated in the figure 19.

E lectrophysiological properties a) V T A D A neurons

In the laboratory, we record VTA DA neurons activity with extracellular single cell recordings in anesthetized rats or mice. To identify DA neurons, we usethe original criteria defined by [START_REF] Grace | Intracellular and extracellular electrophysiology of nigral dopaminergic neurons--3. Evidence for electrotonic coupling[END_REF][START_REF] Grace | Intracellular and extracellular electrophysiology of nigral dopaminergic neurons--3. Evidence for electrotonic coupling[END_REF])and the criteria defined by Mark Ungless [START_REF] Ungless | Are you or aren't you? Challenges associated with physiologically identifying dopamine neurons[END_REF]. Juxtacellular labeling with neurobiotin of recorded neurons revealed by immunohistochemistry coupled with a labeling against tyrosine hydroxylase allows to confirm dopaminergic profile (F igure 21). VTA DA neurons have different discharge patterns [START_REF] Ungless | Are you or aren't you? Challenges associated with physiologically identifying dopamine neurons[END_REF]. In vivo, the burst discharge pattern is the most efficient to release dopamine [START_REF] Gonon | Nonlinear relationship between impulse flow and dopamine released by rat midbrain dopaminergic neurons as studied by in vivo electrochemistry[END_REF]. Burst are defined as an event of 2 or 10 spikes (3 en average) that present a decreased amplitude, an increased duration and an interspike interval comprised between 80 and 160 ms. We used the following criteria during in vivo recordings:

Firing rate comprised between 0.5 Hz and 10 Hz Irregular discharge pattern or bursty discharge pattern Bi or tri phasic spike with a half spike duration ≥1.1 ms Histological control of the recording site

In the laboratory, juxtacellular labelling has been performed to confirm that electrophysiological criteria are enough to identify DA neurons in majority. However, it could be possible to make a wrong identification of some neurons that is overcome with the high number of recorded neurons (in average 50 neurons per condition).

b) V T A G A B

A ergic neurons VTA GABAergic neurons have a completely different discharge pattern compared to DA neurons. Unlike VTA DA neurons activity, GABA neurons activity from theVTA could change depending on the type of anesthesia [START_REF] Lee | Discharge profiles of ventral tegmental area GABA neurons during movement, anesthesia, and the sleep-wake cycle[END_REF]. Under halogenated anesthesia, like isoflurane, GABAergic neurons can be distinguished from VTA DA neurons according the following criterias:

Firing rate in average around 20 Hz Half spike duration < 1 ms On/off activity Located in the VTA (100 µm more dorsal / first VTA DA recorded)

G A B A/G lu tone regulates in vivo V T A D A neurons activity

VTA DA neurons activity is regulated by both intrinsic properties and synaptic events. Basal activity of VTA DA neurons is controlled by pacemaker conductance allowing membrane potential to switch from an hyperpolarized state to a depolarized state. These membrane potential oscillations are necessary to generate a spontaneous action potential which is a characteristic of the tonic activity of the dopamine neurons [START_REF] Grace | Intracellular and extracellular electrophysiology of nigral dopaminergic neurons--3. Evidence for electrotonic coupling[END_REF]. Pacemaker activity is only observed ex vivo. By GABergic, glutamatergic and neuromodulators (dopamine, acetylcholine, noradrenaline…) effects, pacemaker activity turns into an irregular discharge pattern. Depending on the strength of these inputs, or the level of activation of their glutamatergic or GABAergic conductances, DA neurons can show a more or less important irregular discharge pattern (F igure 22). These results show that VTA DA neurons bursting activity can be shaped both by glutamatergic transmission and by inhibition of the GABAergic transmission [START_REF] Lobb | A dynamic role for GABA receptors on the firing pattern of midbrain dopaminergic neurons[END_REF].

V T A outputs a) D A neurons

VTA DA neurons project mainly to the NAc, the medial prefrontal Cortex, but also to the lateral Septum, the olfactive tube, the Amygdala, the BNST [START_REF] Hasue | Origin of the dopaminergic innervation of the central extended amygdala and accumbens shell: a combined retrograde tracing and immunohistochemical study in the rat[END_REF]) (F igure 19). The projection of VTA DA neurons to the hippocampus is more debated [START_REF] Gasbarri | Anterograde and retrograde tracing of projections from the ventral tegmental area to the hippocampal formation in the rat[END_REF].

b) G A B A ergic neurons

Some of the structures contacted by DA neurons are also contacted by VTA GABAergic neurons. It has been shown that VTA GABA neurons project to the NAc [START_REF] Van Bockstaele | Morphologically heterogeneous metenkephalin terminals form synapses with tyrosine hydroxylase-containing dendrites in the rat nucleus locus coeruleus[END_REF] to the mPFC (Carr and Sesack, 2000a)and to the Amygdala [START_REF] Fallon | Neurons in the ventral tegmentum have separate populations projecting to telencephalon and inferior olive, are histochemically different, and may receive direct visual input[END_REF]. As described in the figure 20, some VTA GABA neurons can contact other VTA GABA neurons [START_REF] Dobi | Glutamatergic and nonglutamatergic neurons of the ventral tegmental area establish local synaptic contacts with dopaminergic and nondopaminergic neurons[END_REF].

c) G lutamatergic neurons

In addition to local glutamatergic neurotransmission, VTA VGlut2 neurons innervate the mPFC, the Nac, the LHb, the Amygdala or ventral pallidum ( [START_REF] Dobi | Glutamatergic and nonglutamatergic neurons of the ventral tegmental area establish local synaptic contacts with dopaminergic and nondopaminergic neurons[END_REF][START_REF] Morales | Glutamate neurons within the midbrain dopamine regions[END_REF], [START_REF] Morales | Glutamate neurons within the midbrain dopamine regions[END_REF]).

F unction of the V T A D A neuron

This next part will describe key experiments that will further help for the interpretation of the results obtained in the paper 3.

First, I would like to quickly describe the historical experiments performed on DA neurons that present VTA DA neurons are essential in mediating learning process. Moreover, these following experiments were the first to illustrate that VTA DA neurons are not an homogeneous population. a) Mediating learning process T he learning theory (defined by Schultz) One of the principal neuronal system involved in processing reward informations appeared to be the dopamine system. In this study, Schultz proposed an homogeneous neuronal population of DA neurons that commonly respond by an activation to a reward or the prediction of the reward (an no more to the reward itself) (F igure 23). F igure 23: Homogeneous V T A D A neurons population responding in vivo to a reward stimulus (A), to the prediction of the reward (B) and also to the absence of a reward that was predicted (C). Adapted from [START_REF] Schultz | Predictive reward signal of dopamine neurons[END_REF] New insights on the learning concept (B rischoux et al., 2009) In this study, the authors reported results showing a functional difference between dopamine neurons of the VTA. They demonstrated that DA neurons located in the dorsal part of the VTA are inhibited by a noxious footshock which confirm the rewarding concept of Schultz. However, they also showed that DA neurons located in the medial part of the VTA are activated by the same noxious footshock (F igure 24). The VTA is a key player in the reward system and dysregulation of this region has been implicated in addictive behaviors [START_REF] Kauer | Synaptic plasticity and addiction[END_REF]. Synapses of the VTA are a crucial site of regulation for reward, aversion and stress. All reward, aversion and stress could regulate DA neurons activity. Dopamine release from VTA to the Nac is necessary for the rewarding properties of a naturel stimulus like food. Moreover, dopamine release in the Nac and in the mPFC is increased during social threat [START_REF] Tidey | Social defeat stress selectively alters mesocorticolimbic dopamine release: an in vivo microdialysis study[END_REF]. Furthermore, VTA DA neurons are excited by the presentation of a foot shock or during acute restraint stress [START_REF] Brischoux | Phasic excitation of dopamine neurons in ventral VTA by noxious stimuli[END_REF]. Thus, this circuit is crucial for rewarding and aversive experiences.

As described previously, VTA DA neurons represent a complex and heterogeneous neuronal population based on its different innervation origins and projection sites. Nowadays, experiments using optogenetical tools allow a better understanding of the function of VTA DA neurons depending of their innervation and projection site.

By using optogenetic manipulations, it has been demonstrated that there are several subpopulations of VTA DA neurons that are embedded in distinct circuits that contribute to different behavior functions [START_REF] Lammel | Inputspecific control of reward and aversion in the ventral tegmental area[END_REF]. It has been proposed that VTA DA-Nac population may be implicated in reward behaviors whereas VTA DA-PFC may be preferentially involved in aversive behaviors.

The following paragraph will describe how VTA DA neurons are highly plastic and can be modulated by drugs of abuse or stress exposure. This description will allow further discussion in the paper 3.

a) Drugs of abuse

The VTA DA neurons are the first step of the reward circuit showing adaptative changes in response to drugs of abuse exposure. Drugs of abuse induce aberrant form of synaptic plasticity on VTA DA neurons which leads to wrong learning process and addictive behaviors.

Numerous studies have shown that glutamatergic input on VTA DA neurons is potentiated in brain slices when animals were exposed to psychostimulants such as cocaine [START_REF] Ungless | Single cocaine exposure in vivo induces longterm potentiation in dopamine neurons[END_REF][START_REF] Saal | Drugs of abuse and stress trigger a common synaptic adaptation in dopamine neurons[END_REF]. Drugs of abuse are powerful modulators of synaptic plasticity. VTA DA neurons show enhanced excitatory synaptic strength following passive or active exposure to drugs such as cocaine and alcohol. Cocaine exposure induces an increase in AMPA/NMDA ratio coupled with an increased rectification of AMPA receptor current and increase in the sensibility in polyamines suggesting an insertion of GluA2 lacking receptors (family of AMPA receptors that are permeable to calcium) at the VTA DA synapse (Bellone andLuscher, 2006, Mameli et al., 2011). Moreover, NMDA current activating by photo-uncaging at single synapse is reduced by cocaine which further contributed to amplify the increased AMPA/NMDA ratio [START_REF] Mameli | Cocaine inverts rules for synaptic plasticity of glutamate transmission in the ventral tegmental area[END_REF].

Studies in GluN3 receptor knock out mice or by using shRNA of GluN3 receptor indicate that this subunit is also necessary to observe the AMPA/NMDA ratio increase ( [START_REF] Yuan | Glutamatergic receptors at developing synapses: the role of GluN3Acontaining NMDA receptors and GluA2-lacking AMPA receptors[END_REF]. These changes in NMDA and AMPA receptors induced calcium permeability modifications allowing stimulating protocols that do not elicit plasticity in naive animals to induced LTP in cocaine animals [START_REF] Mameli | Cocaine inverts rules for synaptic plasticity of glutamate transmission in the ventral tegmental area[END_REF]. Thus, cocaine inverts the rule for synaptic plasticity of glutamate synapse transmission in the VTA. (F igure 25). Moreover, it has been shown that in utero exposure to cocaine delays postnatal synaptic maturation of glutamatergic transmission in the VTA [START_REF] Bellone | In utero exposure to cocaine delays postnatal synaptic maturation of glutamatergic transmission in the VTA[END_REF].

LTP of glutamate synapses induces long lasting and persistent effect on VTA DA neurons. Passive exposure to cocaine can trigger potentiation of VTA DA neurons within 3h to several days or weeks [START_REF] Ungless | Single cocaine exposure in vivo induces longterm potentiation in dopamine neurons[END_REF][START_REF] Borgland | Acute and chronic cocaine-induced potentiation of synaptic strength in the ventral tegmental area: electrophysiological and behavioral correlates in individual rats[END_REF])) whereas autoadministration of cocaine triggers persistent potentiation still present several months after [START_REF] Chen | Cocaine but not natural reward self-administration nor passive cocaine infusion produces persistent LTP in the VTA[END_REF]. Interestingly, dopamine neurons with different projection sites display different plastic response to cocaine exposure [START_REF] Lammel | Projection-specific modulation of dopamine neuron synapses by aversive and rewarding stimuli[END_REF]. They showed that only VTA DA neurons projecting to the NAc present an increase in the AMPA/NMDA ratio.

b) Stress

After acute stress exposure (forced swim test), an increase in the AMPA/NMDA ratio of VTA DA neurons is observed 24 h after [START_REF] Saal | Drugs of abuse and stress trigger a common synaptic adaptation in dopamine neurons[END_REF]. They performed a time course effect and observed that this increase was even present 2h after acute stress exposure [START_REF] Daftary | Stress-induced, glucocorticoid-dependent strengthening of glutamatergic synaptic transmission in midbrain dopamine neurons[END_REF]. Although a common increase in the AMPA/NMDA ratio has been observed after drug exposure or acute stress, the mechanisms leading to this plasticity change are different. The AMPA/NMDA ratio increase in VTA DA neurons is mediated by glucorticoid receptors after acute stress. However, there is no evidence whether this potentiation is still present or not after several days. Thus, little is known concerning the mechanisms by which stress modifies glutamatergic synapses and if glutamatergic receptors content is modified. Few in vivo studies have been performed to understand the impact of stress on VTA DA neurons. It has been shown that chronic stress induces a decrease in the number of spontaneous DA cells whereas acute restraint stress promotes an increase in the number of spontaneous DA cells [START_REF] Valenti | Different stressors produce excitation or inhibition of mesolimbic dopamine neuron activity: response alteration by stress pre-exposure[END_REF].

Chronic social defeat has been studied both in vitro and in vivo [START_REF] Razzoli | Different susceptibility to social defeat stress of BalbC and C57BL6/J mice[END_REF]It has been observed two distinct animal populations after chronic social defeat exposure: a susceptible group and an unsusceptible group. Both groups present an increased corticosterone level (stress hormone) as anxiety level. However, only the susceptible group has presented an increased avoidance compared to control group after the chronic social defeat. Moreover, it has been demonstrated that the susceptible group displayed an increase in the firing rate of VTA DA neurons. They proposed that VTA DA neurons activity is regulated by GIRK channels which could rectify the firing rate only in unsusceptible group. Moreover, in vivo study has described an increase in the bursting activity of VTA DA neurons three weeks after a social defeat paradigm [START_REF] Razzoli | Different susceptibility to social defeat stress of BalbC and C57BL6/J mice[END_REF].

Prenatal stress exposure leads to a decrease in the number of spontaneous activeVTA DA neurons which is reversible by amphetamine administration. An increased locomotor activity to novelty amphetamine self-administration has also been described in the prenatal stress group suggesting a higher sensitization to a lower dose of amphetamine (Hausknecht et al 2013).

Thus, it remains complex to study stress impact on VTA DA neurons with the wild range of stress protocols that could be used and the heterogeneity of VTA DA neurons on which stress could impact.

7) B NST/V T A pathway

The BNST projects and exerts a strong excitatory influence on the firing of VTA DA neurons (Georges andAston-Jones, 2001, 2002)(F igure 26). This specific excitatory projection has been implicated in physiological and pathological reward-directed behaviors, such as food and cocaine self-administration [START_REF] Dumont | Self-administration enhances excitatory synaptic transmission in the bed nucleus of the stria terminalis[END_REF], Grueter et al., 2006)and drug seeking (Aston-Jones and Harris, 2004). More recently, viral and optogenetic approaches have been used in mice to study the BNST/VTA pathway [START_REF] Kudo | Three types of neurochemical projection from the bed nucleus of the stria terminalis to the ventral tegmental area in adult mice[END_REF], Jennings et al., 2013, Kim et al., 2013). These studies confirm the previous study by showing that 1) BNST contains glutamatergic neurons projecting to the VTA. This result was not well established between 2002 and 2013 [START_REF] Barrot | Braking dopamine systems: a new GABA master structure for mesolimbic and nigrostriatal functions[END_REF]. 2) BNST exerts an excitatory control on VTA DA neurons. However, the underlying neuronal mechanisms are still debated. Experiments that have been carried on mice clearly show that BNST drives excitation onto DA neurons through a disinhibitory circuit [START_REF] Kudo | Three types of neurochemical projection from the bed nucleus of the stria terminalis to the ventral tegmental area in adult mice[END_REF], Jennings et al., 2013). On the other hand, experiments in rats demonstrate a glutamatergic drive between the BNST and the VTA (Georges andAston-Jones, 2001, 2002) blockage of this VTA DA excitation by CNQX+AP5 infusion in the VTA) (F igure 27).

F igure 27: H ypothetical models of the excitatory effect of B NST neurons on V T A D A neurons in rat (Georges andAston-Jones, 2001, 2002) and mouse (Jennings et al., 2013).

A possible interpretation for these contradictory results could be explained by the different models used. This hypothesis of divergent BNST/VTA pathway between rats and mice is currently tested in the laboratory.

Another possible hypothesis can be proposed to explain by which mechanism BNST neurons could trigger excitation on VTA DA neurons in rat. Susan Sesack, in 2009 has demonstrated that GABAergic neurons of the VTA could connect GABAergic dendrites through collaterals which could create intrinsic a disinhibitory circuit in the VTA ( F igure 28). This hypothesis is also currently investigated in the laboratory. My first aim was to study the in vivo regulations of BNST neurons after acute stress exposure in mice and the potent role of CB 1 -R therein. To address this question, I used in vivo electrophysiology, local pharmacology and genetic tool approaches. These experiments led to a publication:

Stress switches cannabinoid type-1 (CB1) receptor-dependent plasticity from LTD to LTP in the bed nucleus of the stria terminalis.

Glangetas C, Girard D, Groc L, Marsicano G, Chaouloff F, Georges F. J Neurosci. 2013 Dec 11;33(50):19657-63 The second goal of my PhD was to determine whether BNST could be regulated, at the single cell level, by both vSUB and ILCx glutamatergic inputs; and also to study the influence of manipulating BNST neurons by its glutamatergic inputs (vSUB and ILCx inputs) on anxiety basal levels. To tackle these questions, I used tracing, in vivo electrophysiology and behavioral approaches in rat. These experiments led to a publication in preparation: In this paper, we studied the in vivo modulation of BNST neurons in response to the medial prefrontal Cortex stimulation after acute stress condition. Our hypothesis was that acute restraint stress could affect plasticity of BNST neurons in response to medial prefrontal Cortex (mPFC) stimulation, where the endocannabinoid (eCB) could play a role therein.

In
Here, we demonstrated by using in vivo electrophysiology, pharmacology and genetic tools that 1) acute restraint stress switches plasticity in BNST neurons: from LTD to LTP 2) both LTD and LTP were mediated by CB 1 -Rs 3) acute restraint stress induced a production of eCB in the BNST 4) CB 1 -Rs located on glutamatergic terminals are necessary to promote plasticity in BNST neurons.

Introduction

Acute and chronic stress alter the ability of cortical excitatory synapses to undergo plasticity [START_REF] Diamond | The temporal dynamics model of emotional memory processing: a synthesis on the neurobiological basis of stress-induced amnesia, flashbulb and traumatic memories, and the Yerkes-Dodson law[END_REF]. Across species, the bed nucleus of the stria terminalis (BNST) has been documented to be a key target of stress (Davis et al., 2010). As an illustration, the anterior portion of the BNST (aBNST), which innervates the paraventricular hypothalamic nucleus (PVN; Radley et al., 2009), has been shown thereby to negatively regulate the hypothalamus-pituitary-adrenal axis (Ulrich-Lai and Herman, 2009). Although the aBNST receives a major input from the medial prefrontal cortex (mPFC; Massi et al., 2008;Radley et al., 2009), it is unknown whether stress impacts the firing and plastic responses of aBNST neurons in response to mPFC stimulation. Accumulating evidence points to a prominent role of the endo-cannabinoid (eCB) system in controlling neuronal circuits during stress (Hill et al., 2010). Actually, eCBs are released from postsynaptic neurons and act retrogradely on cannabinoid type-1 receptors (CB 1 -Rs) to control transmitter release and plasticity in many brain structures, including the aBNST (Grueter et al., 2006;[START_REF] Puente | Polymodal activation of the endocannabinoid system in the extended amygdala[END_REF]. We reported previously that CB 1 -Rs, which are present on aBNST axon terminals arising from the mPFC, exert a phasic control on cortical afferents to aBNST neurons in vivo (Massi et al., 2008). These results thus open the hypothesis that an acute stress might affect plasticity in the aBNST in response to mPFC stimulation, with the eCB system playing a role therein. Using in vivo electrophysiology, pharmacology, and genetics, we show here that (1) an acute stress reverses aBNST neuronal plasticity from long-term depression (LTD) to long-term potentiation (LTP) in response to mPFC stimulation, and (2) this shift is controlled by CB 1 -Rs located on aBNST glutamatergic terminals.

Materials and Methods

Animals. Two-month-old male C57BL/6N mice (Janvier) and 2-3-month-old male CB 1 -R wild-type/mutant animals (bred at the Neurocentre Magendie) were housed individually with food/water ad libitum under controlled conditions (22Ϫ23°C, 50 -55% relative humidity, 12 h light/dark cycle with lights on at 07:00). Constitutive CB 1 mutant mice (CB 1 Ϫ/Ϫ ) or conditional mutant mice lacking CB 1 -Rs from cortical glu-tamatergic neurons (hereafter called Glu-CB1 Ϫ/Ϫ ), and their respective wild-type littermates were obtained, maintained, and genotyped/regenotyped as described previously [START_REF] Monory | The endocannabinoid system controls key epileptogenic circuits in the hippocampus[END_REF][START_REF] Dubreucq | Genetic dissection of the role of cannabinoid type-1 receptors in the emotional consequences of repeated social stress in mice[END_REF]. Glu-CB1 Ϫ/Ϫ mice were obtained using the Cre/loxP system by crossing CB1-floxed mice with NEX-Cre mice [START_REF] Monory | The endocannabinoid system controls key epileptogenic circuits in the hippocampus[END_REF]. Those animals were in a mixed genetic background with a predominant C57BL/6N contribution. All procedures were conducted in accordance with the European directive 2010-63-EU and with approval from the Bordeaux University Animal Care and Use Committee (N°50120205-A).

Acute restraint stress procedure. The acute stress procedure, which was performed in the morning, consisted of restraining the animals for 1 h in well ventilated 50 ml plastic tubes. Thereafter, stressed mice (and unstressed, i.e., controls) were immediately anesthetized for in vivo electrophysiology experiments (Fig. 1 A,I ).

Surgery. Stereotaxic surgery for in vivo electrophysiology experiments was performed under isoflurane anesthesia as previously described (Georges and Aston-Jones, 2002). Stimulation electrodes and recording pipettes were, respectively, inserted into the mPFC (ϩ2.0 mm/bregma, 0.5 mm/midline, and 2.5 mm/brain surface) and the aBNST (ϩ0.2 mm/ bregma, 0.8 mm/midline, 3.2-4.2 mm/brain surface).

Electrical stimulation of the mPFC. Bipolar electrical stimulation of the mPFC was conducted with a concentric electrode (Phymep) and a stimulus isolator (500 s, 0.2-1-mA; Digitimer). Baseline was recorded for 10 min (2 ϫ 100 pulses; 0.5 Hz) and tetanic stimulation was performed (1 min, 10 Hz). Only one cell per mouse was recorded for neuroplastic responses.

aBNST recordings and pharmacological micro-infusion. A glass micropipette (tip diameter, 1-2 m; 10 -15-M⍀) filled with a 2% pontamine sky blue solution in 0.5 M sodium acetate was lowered into the aBNST. The extracellular potential was recorded with an Axoclamp-2B amplifier and filtered (300 Hz/0.5 kHz; Georges and Aston-Jones, 2002). Single neuron spikes were collected online (CED1401, SPIKE2; Cambridge Electronic Design). During electrical stimulation of the mPFC, cumulative peristimulus time histograms (PSTHs, 5 ms bin width) of BNST activity were generated for each neuron recorded. For local delivery of 1 M AM251 (Tocris Bioscience), or its vehicle (artificial CSF containing 5% dimethylsulfoxide (DMSO) and 5% cremophor), doublebarrel pipettes (Georges and Aston-Jones, 2002) were used. Five minutes after micro-infusion into the aBNST, the mPFC was electrically stimulated for 1 min at 10 Hz. Post-tetanic evoked responses were recorded for 40 min while stimulating the mPFC (0.5 Hz).

In one series of experiments, stressed mice were injected intraperitoneally 30 min beforehand with vehicle (1.2% DMSO and 5% Tween 80 in water) or 30 mg/kg of the glucocorticoid receptor (GR) antagonist mifepristone (RU486; Sigma-Aldrich).

Histology. At the end of each recording experiment, the electrode placement was marked with an iontophoretic deposit of pontamine sky blue dye (Ϫ20 A, 30 min). To mark electrical stimulation sites, ϩ50 A was passed through the stimulation electrode for 2 min. (Fig. 1 B,C).

Fos immunohistochemistry procedure. Ninety minutes following the acute restraint stress, mice were perfused transcardially (4% paraformaldehyde). Sections were incubated (overnight/4°C) with rabbit-anti-Fos polyclonal antibody (1:8000; Calbiochem). Following washes, sections were incubated overnight at 4°C in biotinylated donkey anti-rabbit secondary antibody (1:200; Millipore), followed by an Avidin/Biotin Complex (ABC solution; Vector Laboratories). Staining was revealed after incubation in a diaminobenzidine/nickel solution.

Data analysis. For in vivo electrophysiological experiments, cumulative PSTHs of aBNST activity were generated during electrical stimulation of the mPFC. Excitatory magnitudes (R mag values) were normalized for different levels of baseline impulse activity. R mag values for excitation were calculated according to: Excitation R mag ϭ(counts in excitatory epoch) Ϫ (mean counts per baseline bin ϫ number of bins in excitatory epoch). The cortical excitation strength onto aBNST neurons was determined as the amount of current needed to obtain a 50% spike probability for mPFC-evoked responses (R mag ranging from 30 to 60). For Fos experiments, blind counts of Fos-immunoreactive neurons in the mPFC, aBNST, and PVN were performed and a density of labeling (number of neurons Fos positive per m 2 ) was calculated to establish comparisons. Two-group comparisons were achieved using Student's t tests. For multiple comparisons, values were subjected to a two-way ANOVA followed (if significant) by Newman-Keuls post hoc tests.

Results

A 10 Hz stimulation of mPFC neurons induced opposite plastic changes in the aBNST of control and stressed mice

Using anesthetized C57BL/6N mice, we first established that neither the tonic firing activity of aBNST neurons (Fig. 1D) nor the cortical excitation strength onto aBNST neurons (Fig. 1E) was affected by acute stress. We then determined whether a 1 min in vivo activation of the mPFC at a physiologically relevant frequency [START_REF] Jackson | Stimulation of prefrontal cortex at physiologically relevant frequencies inhibits dopamine release in the nucleus accumbens[END_REF] triggers neuroplastic changes in aBNST neurons (Fig. 1 F,G). In control mice, a 10 Hz mPFC stimulation led to a significant decrease in mPFC-evoked spike probability in the aBNST that was evidenced by a 49.5% LTD of the excitatory response 35-40 min thereafter (corresponding to an increase in the percentage failure of evoked responses from 66.9 to 84.9% before and after the 10 Hz stimulation). In contrast, in the stress group, a significant increase in mPFC-evoked spike probability was observed following 10 Hz mPFC stimulation, as illustrated by a ϩ74.3% LTP of the excitatory response measured 35-40 min after tetanic stimulation (corresponding to a decrease in the percentage failure of evoked responses from 54.6% in baseline to 21.3% before and after the 10 Hz stimulation). Thus, 10 Hz mPFC stimulation triggered a significant switch in the polarity of aBNST plasticity, from an LTD in controls to an LTP in stressed mice (F (1,64) ϭ 120.27, p Ͻ 0.0001 for the overall influence of stress and F (1,16) ϭ 18.9, p Ͻ 0.0005 for the stress ϫ 10 Hz tetanus interaction at times 35-40 min; Figure 1F ). On the other hand, the tonic firing activity of aBNST neurons remained unaffected by the 10 Hz mPFC stimulation, in both mouse groups (Fig. 1H ). Last, we tested whether stress-induced corticosterone release, through GR stimulation, was involved in the stress-dependent LTP induced by 10 Hz mPFC stimulation. As illustrated in Figure 1I, mice were thus pretreated with vehicle or with the GR antagonist RU486 (30 mg/kg, 30 min beforehand: [START_REF] Fiancette | Mifepristone and spironolactone differently alter cocaine intravenous self-administration and cocaine-induced locomotion in C57BL/6J mice[END_REF]. The 10 Hz mPFC stimulation-elicited LTP in the aBNST of C57BL/6N stressed mice was unaltered by RU486 pretreatment, as illustrated by a significant impact of the 10 Hz mPFC stimulation in both mouse groups (F (1,8) ϭ 36.24, p Ͻ 0.001) without any interaction with the mouse condition (control or stressed; Fig. 1J ).

CB 1 -Rs control prefrontal LTD and LTP in aBNST neurons

We first compared Fos responses to acute stress in brain regions of mutant mice lacking CB 1 -Rs (CB 1 Ϫ/Ϫ ) and in their wild-type littermates (CB 1 ϩ/ϩ ). We focused on three brain regions thought to play a key role in shaping major stress responses, namely the PVN, the mPFC, and the aBNST (Spencer et al., 2005). Exposure to acute stress resulted in a marked increase in Fos staining in the PVN (F (1,8) ϭ 567, p Ͻ 0.0001) and the mPFC (F (1,8) ϭ 34.14, p Ͻ 0.001), but not in the aBNST of CB 1 ϩ/ϩ and CB 1 Ϫ/Ϫ mice (Fig. 2). Moreover, CB 1 ϩ/ϩ and CB 1 Ϫ/Ϫ mice showed no significant difference in Fos activation in any of the three brain regions (Fig. 2), suggesting that both genotypes displayed a similar response to stress. We next investigated the consequences of stress on the neuroplastic changes in the aBNST of anesthetized CB 1 ϩ/ϩ and CB 1 Ϫ/Ϫ mice. CB 1 ϩ/ϩ mice behaved as C57BL/6N mice (see above) as stress triggered a switch in the polarity of aBNST plasticity responses to the 10 Hz mPFC stimulation (F (1,51) ϭ 95.18, p Ͻ 0.0001 for the overall influence of stress and F (1,12) ϭ 18.32, p Ͻ 0.005 for the stress ϫ 10 Hz tetanus interaction at times 35-40 min; Figure 3A). Thus, the 10 Hz mPFC stimulation led to LTD in the aBNST of the control group (corresponding to an increase in the percentage failure of evoked responses from 59.38 to 83.75% before and after the 10 Hz stimulation; Fig. 3A) while it promoted LTP in the stress group (corresponding to a decrease in the percentage failure of evoked responses from 60.3 to 38% before and after the 10 Hz stimulation; Fig. 3A). Conversely, the 10 Hz mPFC stimulation failed to trigger a stable depression throughout the 40 min of analysis in control CB 1 Ϫ/Ϫ mice or LTP in stressed CB 1 Ϫ/Ϫ mice (Fig. 3B). In both genotypes, neither stress nor the 10 Hz mPFC stimulation influenced the tonic firing activity of aBNST neurons and the cortical excitation strength onto aBNST neurons (Fig. 3C-F ).

The CB 1 -Rs that control the stress-dependent LTP are located on cortical glutamatergic terminals of the aBNST

In keeping with the aforementioned observations, we first tested the hypothesis that the CB 1 -Rs controlling stress-induced LTP are located in the aBNST (Fig. 4A). Actually, the 10 Hz mPFC stimulation-elicited LTP in the aBNST of C57BL/6N stressed mice was fully blocked by the intra-aBNST infusion (60 nl, 1 M) of the CB 1 -R antagonist AM251 (F (1,40) ϭ 41.68, p Ͻ 0.0001 and F (1,10) ϭ 8.05, p Ͻ 0.05 for the overall influence of the pretreat- ment and for the pretreatment ϫ 10 Hz tetanus interaction at times 35-40 min; Figure 4B). Notably, intra-aBNST blockade of CB1-Rs decreased the excitatory evoked-responses to below prestimulation levels (corresponding to an increase in the percentage failure of evoked responses from 55.1 to 77.5% before and after the 10 Hz stimulation; Fig. 4B). Because CB 1 -Rs in the aBNST are located on excitatory axon terminals arising from the mPFC (Massi et al., 2008), we next hypothesized that a selective deletion of CB 1 Rs in cortical glutamatergic neurons (Glu-CB 1 Ϫ/Ϫ mice) might also block 10 Hz mPFC stimulation-elicited LTP in the aBNST. As observed in CB 1 ϩ/ϩ mice, stress application to Glu-CB 1 ϩ/ϩ mice induced a switch in the polarity of aBNST plasticity responses to the 10 Hz mPFC stimulation (F (1,124) ϭ 60.04, p Ͻ 0.0001 for the overall influence of stress and F (1,30) ϭ 14.81, p Ͻ 0.001 for the stress ϫ 10 Hz tetanus interaction at times 35-40 min; Figure 4C). On the other hand, the 10 Hz mPFC stimulation evoked only a slight, albeit significant, decrease in the excitatory responses of aBNST neurons in both control and stressed Glu-CB 1 Ϫ/Ϫ mice (F (1,18) ϭ 10.47, p Ͻ 0.005 for the negative impact of the 10 Hz stimulation at times 35-40 min; Fig. 4D). The analysis of the percentage failures of evoked responses confirmed the aforementioned genotype influence (from 60.1 to 76.6% before and after the 10 Hz stimulation in control Glu-CB 1 Ϫ/Ϫ mice, respectively, and from 48.9 to 72.8% before and after the 10 Hz stimulation in stressed Glu-CB 1 Ϫ/Ϫ mice, respectively).

Discussion

The first aim of this work was to investigate the consequences of acute stress on the mPFC-aBNST pathway. Our data first reveal that acute stress reverses the long-term depressive impact of mPFC stimulation on aBNST neurons onto an LTP. Second, our pharmacological and genetic approaches indicate that the eCB system, through the stimulation of CB 1 -Rs located on aBNST glutamatergic terminals, plays a key role in that plasticity shift.

The BNST has been associated with stress and negative emotional state (Ulrich-Lai and Herman, 2009), and recent optogenetic findings have revealed how that structure controls aversive and motivational behaviors (Jennings et al., 2013;Kim et al., 2013). Although these recent findings have highlighted the potential role exerted by the BNST in adaptation to aversive stimuli, the impact of acute stress on synaptic plasticity in the BNST, and the role of corticosterone release therein, has been mainly studied in vitro (Grueter et al., 2006;Conrad et al., 2011), while in vivo analyses are still lacking. This paucity of investigations contrasts with the well documented effects of stress on synaptic plasticity in the mPFC [START_REF] Diamond | The temporal dynamics model of emotional memory processing: a synthesis on the neurobiological basis of stress-induced amnesia, flashbulb and traumatic memories, and the Yerkes-Dodson law[END_REF] and the PVN [START_REF] Inoue | Noradrenaline is a stress-associated metaplastic signal at GABA synapses[END_REF][START_REF] Wamsteeker Cusulin | Glucocorticoid feedback uncovers retrograde opioid signaling at hypothalamic synapses[END_REF], i.e., structures that, respectively, project to (mPFC) and to which projects (PVN) the BNST. Interestingly, CB 1 -Rs in the PVN have been reported to control feedback inhibition of the hypothalamic-pituitary-adrenal axis [START_REF] Di | Nongenomic glucocorticoid inhibition via endocannabinoid release in the hypothalamus: a fast feedback mechanism[END_REF][START_REF] Evanson | Fast feedback inhibition of the HPA axis by glucocorticoids is mediated by endocannabinoid signaling[END_REF]. However, in our hands, stress-induced Fos activation in the PVN was unaltered by CB 1 deletion, suggesting that under our conditions, additional neuromodulators (e.g., monoamines) could participate to stressinduced Fos activation in the PVN [START_REF] Herman | Local circuit regulation of paraventricular nucleus stress integration: glutamate-GABA connections[END_REF]Inoue et al., 2013). Moreover, without any mPFC stimulation, aBNST neurons proved insensitive to stress, an observation in keeping with the weak effect of acute stress on basal firing properties of the neurons. However, using a stimulation protocol of the mPFC that mimics the rate of firing of mPFC neurons during a cognitive task [START_REF] Jackson | Stimulation of prefrontal cortex at physiologically relevant frequencies inhibits dopamine release in the nucleus accumbens[END_REF], we observed a long-lasting reduction in evoked potentials of aBNST neurons whatever the control (unstressed) mouse group considered, i.e., C57BL/6N, CB 1 ϩ/ϩ , and Glu-CB 1 ϩ/ϩ mice. After acute stress, this aBNST LTD reverted into LTP in C57BL/6N mice, a change which occurred without any change in intrinsic excitability. Because corticosterone release, mostly through GR stimulation, (1) plays a key role in acute stress-elicited changes in synaptic plasticity in cortical and hypothalamic areas [START_REF] Diamond | The temporal dynamics model of emotional memory processing: a synthesis on the neurobiological basis of stress-induced amnesia, flashbulb and traumatic memories, and the Yerkes-Dodson law[END_REF][START_REF] Wamsteeker Cusulin | Glucocorticoid feedback uncovers retrograde opioid signaling at hypothalamic synapses[END_REF], and ( 2) tunes the activity of the eCB system (Hill et al., 2010[START_REF] Hill | Recruitment of prefrontal cortical endocannabinoid signaling by glucocorticoids contributes to termination of the stress response[END_REF], we examined the functional impact of GR blockade in our experimental setting. The results show that GRs do not mediate the aBNST LTP response to the 10 Hz mPFC stimulation. This indicates the need to investigate the contribution of other likely candidates such as noradrenaline or corticotropinreleasing hormone (Silberman and Winder, 2013).

Through eCB release [START_REF] Puente | Polymodal activation of the endocannabinoid system in the extended amygdala[END_REF], CB 1 -Rs present on these mPFC glutamatergic terminals control aBNST responses to cortical excitation (Massi et al., 2008). In keeping with these results, we measured through genetic and pharmacological means the contribution of the eCB system to mPFC stimulation-elicited changes in the plasticity of aBNST cells in control and stressed mice. The results gathered with the constitutive (CB 1 Ϫ/Ϫ ) and conditional (Glu-CB 1 Ϫ/Ϫ ) mutant mice for the CB 1 -Rs indicated that the stress-elicited shift in plasticity is fully controlled by CB 1 -Rs located on glutamatergic terminals. This observation allowed us to rule out the contribution of the CB 1 -Rs population located on mPFC GABA interneurons that mediates the stressinduced disinhibition of mPFC excitatory transmission [START_REF] Hill | Recruitment of prefrontal cortical endocannabinoid signaling by glucocorticoids contributes to termination of the stress response[END_REF]. This statement is reinforced by the efficient impact of the local application of the CB 1 -Rs antagonist AM251 in the aBNST on stress-induced LTP, hence indicating that stress triggered LTP in the aBNST through CB 1 -Rs harbored by local glutamatergic terminals. Because the aBNST sends inhibitory projections to the PVN, our study indicates that the aBNST-eCB system might control corticosteroid release during and/or after stress. In our study, all recorded neurons were identified with respect to their anatomical location and their monosynaptic excitatory responses to mPFC stimulation. However, further work will be needed to determine both the identity of these aBNST neurons and the consequences of the aforementioned neuroplastic shift on their efferent projections (Kim et al., 2013).

The present study reveals that CB1-Rs located on aBNST excitatory terminals control the shift in the plasticity response to mPFC stimulation that is elicited by acute stress. One question, which remains to be solved, is the functional impact of such a control. Actually, CB 1 -Rs located on glutamatergic terminals are involved in the control of the psychoneuroendocrine responses to acute and chronic stress, doing so through different means (Hill et al., 2010;[START_REF] Iremonger | Changing the tune: plasticity and adaptation of retrograde signals[END_REF]. For example, in the PVN, stress-induced corticosteroid secretion may favor eCB release from neurosecretory cells as to stimulate CB1-Rs at glutamatergic terminals and thereby reduce the excitatory drive to maintain rapidly an efficient feedback of the corticotropic axis [START_REF] Di | Nongenomic glucocorticoid inhibition via endocannabinoid release in the hypothalamus: a fast feedback mechanism[END_REF]. Hence, pharmacological experiments have indicated that this stress-induced amplification of excitatory transmission might in turn contribute to increased corticotropic axis activity (Hill et al., 2010). As recently reported in the mPFC [START_REF] Hill | Recruitment of prefrontal cortical endocannabinoid signaling by glucocorticoids contributes to termination of the stress response[END_REF], the present observation thus opens the additional hypothesis that after activation of the mPFC, aBNST CB 1 -Rs underlie the negative feedback on neuroendocrine consequences of stress (Radley et al., 2009).

L T D and L T P e C B dependent -LTD and LTP mechanisms of:

We have shown that both LTD and LTP in BNST neurons are eCB dependent. eCBdependent LTD is a well known process in the brain (for review [START_REF] Heifets | Endocannabinoid signaling and long-term synaptic plasticity[END_REF]). After post synaptic element depolarization, eCB is producted on demand. eCB are released and target CB 1 -Rs located at the pre synaptic level. After the binding of eCB on CB 1 -Rs, a cascade of mechanisms leads to block the neurotransmitters release, which transitory silent the synapse. On the contrary, the mechanism underlying the eCB-dependent LTP is still unknown. It should be interesting to investigate this phenomenon.

-acute restraint stress switches LTD to LTP:

During acute restraint stress, several neuromodulators such as noradrenaline, glucocorticoids, endocannabinoids or peptides are secreted. Several studies have established that corticosteroids and catecholamines play a major role in plastic synaptic modifications induced by acute or chronic stress exposure, as in the hippocampus, amygdala or frontal cortex [START_REF] Chaouloff | Temporal modulation of hippocampal excitatory transmission by corticosteroids and stress[END_REF].We demonstrated that this plasticity switch is not mediated by glucocorticoids in the hippocampus [START_REF] Chaouloff | Temporal modulation of hippocampal excitatory transmission by corticosteroids and stress[END_REF]. Pacak et al showed that acute restraint stress promotes the release of noradrenaline in the BNST [START_REF] Pacak | Effects of immobilization on in vivo release of norepinephrine in the bed nucleus of the stria terminalis in conscious rats[END_REF]. Moreover, noradrenaline modulates glutamatergic transmission of BNST neurons [START_REF] Egli | Norepinephrine modulates glutamatergic transmission in the bed nucleus of the stria terminalis[END_REF]. However, whether the noradrenergic system participates or not to this plastic adaptation in the BNST is still an open question. Indeed, the mechanism of this plastic adaptation remained to be elucidated. Dependence of LTP and LTD upon activation of NMDA-Rs was not addressed in our study.

G A B A-C B 1 -/-
We showed that the plasticity in BNST neurons under control or stress conditions is mediated by eCB acting on CB 1 -Rs located on glutamatergic terminals. Interestingly, the BNST is regulated by both glutamatergic and GABAergic inputs. In another set of experiments, we investigated the role of CB 1 -Rs located on GABAergic terminals on the plastic responses of BNST neurons (F igure 29). We found that, under both control and stress conditions, LTD in BNST neurons is promoted a after the tetanic stimulation of the mPFC in GABA-CB 1 -/-mice. This result suggests that induced LTD after a tetanic stimulation in the mPFC under control condition is not mediated by CB 1 -Rs located on GABAergic terminals. However, under stress condition, we were unable to induce a switch from LTD to LTP. Moreover, the excitability of BNST neurons of GABA-CB 1 -/-remained unchanged compared to BNST neurons of control mice. It seems that CB 1 -Rs on GABAergic terminals are necessary to promote LTP in BNST neurons after the tetanic stimulation of the mPFC under stress condition. Interpretations are complicated because the deletion of CB 1 -Rs on GABAergic terminals could target CeA terminals but also NAc terminals or GABAergic interneurons of the BNST. This deletion is not specific to a particular neuronal subpopulation. Thus, the mechanisms of these plasticities remain to be elucidated. However, in parallel, several hypotheses could be proposed concerning the glutamatergic terminal -eCB could act on CB 1 -R located on glutamatergic terminals and by an unknown mechanism promote glutamate release which would lead to LTP. Or -The fact that we were not able to observe LTP in Glu-CB 1 -/-could be linked to adaptive mechanisms specific to this mutant. Compensation mechanisms might counteract the lack of CB 1 -R on glutamatergic terminals and so, the lack of glutamatergic retro-control. An increased number of astrocytes and/or an increased glutamate reuptake could also explain the lack of LTP in this mutant. Or -The deletion of CB 1 -R on glutamatergic terminals may affect the expression or the properties of CB 1 -R located on GABAergic terminals.

Thus, all of these hypothetical mechanisms support the idea that under control condition, eCB would act on CB 1 -R located on glutamatergic terminals. Whereas under stress condition, the eCB production would be increased and also target CB 1 -R on GABAergic terminals. It should be interesting to study the level of expression, the phenotypical expression of CB 1 -R on GABA or glutamate terminals, or the membrane-diffusion and functional properties on these receptors under control and stress conditions.

PAPER 2 RESULTS

PAPER 2

In vivo homeostatic plasticity at the singlecell level in the BNST triggers persistent anxiolyticlike effect Christelle Glangetas, Giulia R Fois, Marion Jalabert, Delphine Girard, Marco Diana, Stephanie Caille, François Georges

In submission

This paper could have a double reading: it can be considered at the level of a neuronal circuit involved in the regulation of anxiety ( F igure 31 A) but also from a mechanistical point of view in which we studied the integration of two glutamatergic inputs at the single-cell level (F igure 31 B). The aim of this paper is to study the regulation of BNST neurons by both ILCx and vSUB inputs and the impact of potentiating the vSUB-BNST synapses on anxiety.

In this study, we have shown that ILCx and vSUB projections could converge to the same BNST neuronal population by using anatomical and electrophysiological approaches. Moreover, we have demonstrated that high frequency stimulation in the vSUB (HFS vSUB ) induced in vivo long term potentiation in the vSUB-BNST pathway (LTP vSUB ) whereas it promoted long term depression in the ILCx-BNST pathway (LTD ILCx ). Furthermore, we characterized the nature of these opposite plasticities: LTP vSUB was NMDA dependent and LTD ILCx was eCB dependent. Lastly, we observed that this in vivo homeostatic plasticity in BNST neurons promotes anxiolytic like effect. This effect was blocked by previously infusing an antagonist of NMDA receptors (APV) in the BNST. 
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Discussion

Concept and F unction of in vivo homeostatic plasticity Homeostatic plasticity has been described as a neuroprotective process but also as an adaptative process improving signal propagation. One reason for the function of homeostatic plasticity that has been proposed is to regulate neuronal activity in order to prevent saturation; a stabilizing process to counteract the modifications occurring at synapses [START_REF] Turrigiano | Homeostatic signaling: the positive side of negative feedback[END_REF]. Moreover, it has also been proposed that homeostatic plasticity is critical for information processing by promoting specific flows of information in favor to others [START_REF] Williams | Homeostatic plasticity improves signal propagation in continuous-time recurrent neural networks[END_REF]. The adjustment of activity leads to neuronal adaptation to adapt behavioral response to environmental influence. Behind the term of homeostatic plasticity, several mechanisms have been described like intrinsic plasticity [START_REF] Desai | Plasticity in the intrinsic excitability of cortical pyramidal neurons[END_REF], post-synaptic glutamate receptors expression and localization [START_REF] Kerchner | Silent synapses and the emergence of a postsynaptic mechanism for LTP[END_REF], neurotransmitter release [START_REF] Citri | Synaptic plasticity: multiple forms, functions, and mechanisms[END_REF], presynaptic modification, shape and density of spines [START_REF] Holtmaat | Experience-dependent structural synaptic plasticity in the mammalian brain[END_REF]. This phenomenon has mostly been studied in vitro but some in vivo studies explored it in the hippocampus [START_REF] Howard | The hippocampus, time, and memory across scales[END_REF], or in the visual cortex [START_REF] Keck | Synaptic scaling and homeostatic plasticity in the mouse visual cortex in vivo[END_REF].

In our study, we defined this in vivo homeostatic plasticity in the BNST as a process that help to filter and give more weight to the incoming inputs. Could it be possible that LTP in a glutamatergic synapse could reinforce its functional activity only if the other surrounding glutamatergic synapses are depressed? Like a LTP-LTD dependent? In other words, could we still observe LTP if we block LTD in the other surrounding synapses?

Impact of H FS vSU B on vSU B and I L C x

In this study, we used an HFS protocol which has been used to induce LTP in the dorsal hippocampus [START_REF] Abraham | Correlations between immediate early gene induction and the persistence of longterm potentiation[END_REF]. It should be important to measure the activity of vSUB neurons before, during and after HFS vSUB . It has been described that the vSUB projects directly to ILCx. Thus, it should be also a great interest to record the activity of ILCx neurons before and after HFS vSUB.

L imits of in vivo electrophysiology in the B NST

With our technical approach, we are not able to identify the nature of the neuron implicated in the plasticity process (GABAergic or glutamatergic). For the moment, we are not able to assign any in vivo electrophysiological signature of BNST neurons subpopulations (frequency of discharge, pattern of activity or spike width…). It will be crucial in the future to assess the recording neurons phenotype (juxtacellular labeling, optogenetic…) in order to better interpret our results at the neuronal network level. 

B NST population projecting to V T A vs PV N

As mentioned in this paper 2, we found a population of BNST neurons receiving information from ILCx and vSUB and projecting to the VTA (Figure 1 in the paper). For technical reasons (anatomical proximity of the PVN and the BNST), we were not able to test whether the BNST neurons responding to the ILCx and the vSUB also project to the PVN. Anatomical studies have already shown that BNST neurons receiving inputs from mPFC and vSUB project to the PVN [START_REF] Radley | A common substrate for prefrontal and hippocampal inhibition of the neuroendocrine stress response[END_REF]. These results strongly suggest that PVN projecting BNST neurons participate to inhibit the stress axis response after acute stress exposure. Recent studies have extensively studied the anatomical organization and function of the BNST-VTA projection [START_REF] Georges | Potent regulation of midbrain dopamine neurons by the bed nucleus of the stria terminalis[END_REF][START_REF] Watabe-Uchida | Whole-brain mapping of direct inputs to midbrain dopamine neurons[END_REF], Kim et al., 2013). This neuronal population has been associated with the motivational system. It has been demonstrated that VTA and PVN projecting BNST neurons are two distinct neuronal populations (Silberman et al., 2013).

Neuronal circuit controlling the basal level of anxiety -Light-dark box test

In this study, we used light-dark box to measure the anxiety level of rats after HFS vSUB . As we performed several other tests before, we only performed a light-dark box test 8 days after the HFS vSUB . Multiple questions and discussions rose up. Usually, anxiety tests are performed 30 minutes up to one day after the manipulation. It remains to be elucidated whether the persistent anxiolytic effect that we observed at 8 days post-HFS vSUB is already present 30 minutes or 1 day after the HFS vSUB.

-PVN?

We have not entirely explained the whole neuronal circuit by which we observe the anxiolytic effect induced by HFS vSUB . It could possibly act through the PVN. It has been demonstrated that a lesion in the vSUB induces an increase in the level of Fos expression in the PVN after acute restraint stress [START_REF] Radley | A common substrate for prefrontal and hippocampal inhibition of the neuroendocrine stress response[END_REF]. The authors suggest that the vSUB exerts an inhibitory control on the stress axis response after stress condition. It should be important to study the effect on this HFS vSUB on PVN. Measuring Fos expression in BNST neurons projecting to the PVN or stress hormone in response to HFS vSUB will help to better understand the role of the PVN in controlling anxiety levels.

-Under physiopathological condition Here, we have studied a neuronal network implicated in the regulation of anxiety under basal condition. In the future, it should be interesting to replicate this study after acute stress exposure. We could observe the impact of an acute stress on the integration of BNST neurons and the effect of anxiety. We could also see first the state of this neuronal network in a model of anxiety and whether the HFSv SUB applied in a model of anxiety disorder rat could help to completely or partially rescue a normal anxiety state. 

PAPER 3

In vivo potentiation of V T A D A neurons induced by H FS in the vSU B

Christelle Glangetas, Giulia R Fois, Marion Jalabert, Marco Diana, Stéphanie Caille, François Georges

In preparation

The aim of this paper is to study the long term effect of the vSUB stimulation on the VTA DA neurons activity and described its mechanisms.

Here, we demonstrate: 1) that HFS vSUB induces an in vivo long-term potentiation (LTP) at the vSUB-BNST synapses of BNST neurons projecting to the VTA (BNST VTA neurons), 2) that HFS vSUB induced-LTP in the BNST is permissive for the potentiation of tonic activity of VTA dopamine neurons and 3) that HFS vSUB potentiates behavioral effects of cocaine in a BNST-dependent manner.

Ventral subiculum-induced plasticity in midbrain dopamine neuron facilitates behavioral effects of cocaine

Christelle GLANGETAS 1,2* , Giulia FOIS 3* , Marion JALABERT 4,5 , Marco DIANA 3 , Stéphanie CAILLE 6, 7 and François GEORGES 1,2 Abbreviated title: Network-dependent plasticity in cocaine circuits Author Affiliations:

1 Université de Bordeaux, Interdisciplinary Institute for Neuroscience, UMR5297, Bordeaux, France. 

Introduction

The ventral subiculum (vSUB), the output region of ventral hippocampus, plays a critical role in several fundamental cognitive functions, including the integration of relevant contextual informations to modulate goal-directed behaviors (Sesack and Grace, 2012). Recently, it has been shown that interactions between the hippocampus and the ventral tegmental area (VTA) are important for context-reward associations [START_REF] Luo | Linking context with reward: a functional circuit from hippocampal CA3 to ventral tegmental area[END_REF]. Despite an absence of direct projections to the VTA, the vSUB controls the activity of dopamine neurons (Floresco et al., 2001b;[START_REF] Legault | Chemical stimulation of the ventral hippocampus elevates nucleus accumbens dopamine by activating dopaminergic neurons of the ventral tegmental area[END_REF][START_REF] Legault | Injections of N-methyl-D-aspartate into the ventral hippocampus increase extracellular dopamine in the ventral tegmental area and nucleus accumbens[END_REF]Todd and Grace, 1999), but it remains unclear how glutamateencoded informations reached VTA after stimulation of the vSUB. Two mechanisms have been proposed to account for the activation of dopamine neurons in response to vSUB stimulation. The first assumes that vSUB inputs to the nucleus accumbens lead to the disinhibition of dopamine neuron activity, and control the proportion of spontaneously active dopamine neuron (Floresco et al., 2001b).

On the contrary, the second mechanism supports the implication of a glutamatergic link terminating in the VTA, and controlling the activation of the dopamine neurons in response to vSUB stimulation [START_REF] Legault | Chemical stimulation of the ventral hippocampus elevates nucleus accumbens dopamine by activating dopaminergic neurons of the ventral tegmental area[END_REF]. Regarding this discrepancies, some important points concerning the regulation of VTA dopamine neuron activity by the vSUB remain to be elucidated. The present study was designed to address the neuronal circuit through which the electrical stimulation of the vSUB leads to a phasic activation of VTA dopamine neurons. The anteromedial area of the bed nucleus of the stria terminalis (BNST) is part of an integrated network that receives inputs from the vSUB and sends glutamatergic outputs to the VTA [START_REF] Cullinan | Ventral subicular interaction with the hypothalamic paraventricular nucleus: evidence for a relay in the bed nucleus of the stria terminalis[END_REF]Jennings et al., 2013;[START_REF] Kudo | Three types of neurochemical projection from the bed nucleus of the stria terminalis to the ventral tegmental area in adult mice[END_REF].

The BNST controls activity of dopamine neurons [START_REF] Georges | Potent regulation of midbrain dopamine neurons by the bed nucleus of the stria terminalis[END_REF], and is strongly implicated in emotional behaviour associated to reward and aversion (Jennings et al., 2013). We have recently demonstrated that BNST neurons projecting to the VTA, phasically respond to vSUB stimulation [START_REF] Jalabert | Role of the bed nucleus of the stria terminalis in the control of ventral tegmental area dopamine neurons[END_REF]. Here, we addressed the role of the BNST in relaying the information from the vSUB to the VTA dopamine neurons by combining single unit-recording in vivo with local pharmacological manipulations. Synaptic plasticity at excitatory synapses onto dopamine neurons is driven by the concomitant activation of glutamatergic excitatory synapses and dopamine receptors within the VTA (Schilstrom et al., 2006;[START_REF] Ungless | Single cocaine exposure in vivo induces longterm potentiation in dopamine neurons[END_REF] and is thought to represent the cellular correlate of associative learning and goal-directed behavior by encoding stimulus-response associations (Chen et al., 2010). Previous studies have demonstrated that vSUB manipulations are associated to both, an enhancement of glutamatergic transmission and a release of dopamine in the VTA [START_REF] Legault | Chemical stimulation of the ventral hippocampus elevates nucleus accumbens dopamine by activating dopaminergic neurons of the ventral tegmental area[END_REF]Legault andWise, 1999, 2001;Taepavarapruk et al., 2008). High frequency stimulation of the vSUB (HFS vSUB ), is also implicated in goal-directed behaviors such as in cocaine-seeking behavior, and has been shown to depend on glutamate release in the VTA [START_REF] Vorel | Relapse to cocaine-seeking after hippocampal theta burst stimulation[END_REF].

These results raised the possibility that HFS vSUB will induce in vivo neuroplastic changes in VTA dopamine neurons that will influence behavioral effects of cocaine. To unravel the network integrative properties of dopamine neurons and the mechanism of their plastic changes in response to vSUB stimulation, we combined in vivo single cell recordings, pharmacological and behavioral approaches. Here, we demonstrate: 1) that HFS vSUB induces an in vivo long-term potentiation (LTP) at the vSUB-BNST synapses of BNST neurons projecting to the VTA (BNST !VTA neurons), 2) that HFS vSUB induced-LTP in the BNST is permissive for the potentiation of tonic activity of VTA dopamine neurons and 3) that HFS vSUB potentiates behavioral effects of cocaine in a BNST-dependent manner.

Experimental procedures

Animals. Sprague Dawley rats (275-300g; Elevage Janvier) were used. Rats were housed three or four per cage under controlled conditions (22-23 °C, 40% relative humidity, 12h light/dark illumination cycle; lights on from 7:00 AM. To 7:00 P.M.), were acclimatized to laboratory conditions 1 week before the experiment, with food/ water ad libidum. All procedures were conducted in accordance with the European directive 2010-63-EU and with approval from Bordeaux University Animal Care and Use Committee (N°50120205-A).

Surgery. Stereotaxic surgeries for electrophysiology were performed under isoflurane anesthesia as previously described (Georges and Aston-Jones, 2002). Stimulation electrodes, recording pipettes or ejecting pipettes were, respectively, inserted into the vSUB (-6.0 mm/bregma,5.1 mm /midline, 7.1 mm /brain surface) , the BNST (0.0 mm /bregma,1.3 mm /midline, 6-7.5 mm /brain surface) and into the VTA (-5.3 mm /bregma, 0.7mm /midline, 7.8-8.5 mm /brain surface)..

Electrical stimulation of the vSUB.

Bipolar electrical stimulation of the vSUB was conducted with a concentric electrode (Phymep) and a stimulus isolator (500 µs duration, 0.2-1 mA; Digitimer).

Baseline was recorded for 10min (2x100 pulses; 0.5 Hz). The high frequency stimulation was performed in the vSUB (HFS vSUB , 0.1-1 mA, same intensity use as the one use for the baseline.

HFS vSUB consisted in 50 trains (500 pulses at 400 Hz, 250µs duration pulse) presented as burst of 5 trains at 1 Hz (1 min between bursts). Only one cell per rat was recorded for neuroplastic responses.

Pharmacological treatment. Double barrel pipettes (Georges and Aston-Jones, 2002) were used to record VTA dopamine or BNST spike activities while simultaneously microinjecting one of the following: a mixture 100 µM amino-5-phosphonopentanoic acid (APV) and 50 µM 6-cyano-7nitroquinoxaline-2,3-dione (CNQX), or artificial cerebrospinal fluid (aCSF). All drugs were dissolved in aCSF. For the behavioral part, we have injected locally in the BNST (bilateral injections) 180 nL of a mixture of APV (100 µM) and 0.2 % Fluorogold (in order to see the diffusion of the injection).

In vivo single-unit neuron recordings. A glass micropipette (tip diameter: 2-3 µm; 4-6 M! for VTA dopamine neurons; 1-2 µm; 10-15 M! for BNST neurons) filled with 2% pontamine sky blue solution in 0.5 M sodium acetate was lowered into the VTA or BNST. VTA dopamine neurons were identified according to well-established electrophysiological features [START_REF] Grace | Intracellular and extracellular electrophysiology of nigral dopaminergic neurons--3. Evidence for electrotonic coupling[END_REF]Ungless et al., 2004). The extracellular potential was recorded with Axoclamp-2B amplifier and filter (300 Hz/0.5 Hz; (Georges and Aston-Jones, 2002). Single neuron spikes were collected online (CED 1401, SPIKE 2; Cambridge Electronic Design). During electrical stimulation of the vSUB, cumulative peristimulus time histograms (PSTH, 5 ms bin width) of VTA or BNST activity were generated for each neuron recorded. Electrical stimulation of the VTA was used to test for antidromic activation of BNST neurons (BNST !VTA neurons) using high-frequency following and collision methods, as previously described (Georges and Aston-Jones, 2002). A bipolar concentric stimulation electrode was inserted into the VTA, and stimulation of the VTA and recordings in the BNST using methods described above. Driven impulses were considered antidromic if they met the following criteria: (i) constant latency of spike response, (ii) driving by each of paired stimulus pulses at frequencies of 100 Hz or greater, and (iii) collision of driven spikes by spontaneous impulses occurring within a critical interval approximately equal to the sum of the refractory period plus the driving latency. A measure of the axonal refractory period was obtained by determining the minimum interval between paired stimuli producing two action potential 100% of the time. The delay at which the second response disappeared corresponded to the absolute refractory period of that particular unit. Absolute refractory period measurement and collision of driven spikes with spontaneous impulses were conducted with stimulation amplitudes of 1.5-2.0 times threshold for driving.

Locomotor activity Recording. Locomotor activity was measured in activity cages (35 x 25 x 25 cm) with wire mesh floors and 10 mm Plexiglas sidewalls (Imetronic, Pessac, France). Two infrared photoelectric cells were placed 14 cm apart and 3 cm above the floor. The activity cages were kept in a dimly lit room with a continuous white noise. Each experiment started with a habituation period, in which rats were placed into the activity chamber without any injection.

Locomotor response to cocaine challenge. Animals were assigned to 4 groups according to the vSUB stimulation protocol and the intra-BNST pharmacological pretreatment (HFS vSUB + aCSF, HFS vSUB + APV, SHAM + aCSF and SHAM + APV). Intra-BNST ACSF (120 nl) or APV (120 nl; 100 µM) were infused 2-3 min prior HFS vSUB or sham manipulation (SHAM vSUB .). All the solutions infused in the BNST were diluted in 0.2 % Fluorogold (in order to delineate the diffusion of the injection).

Rats were tested for the locomotor response to cocaine (7.5 mg/kg/ml, i.p.) as follows: first, rats were injected with saline (1 ml/kg, i.p.), monitored for 30 min in the activity cages. Immediately after, rats were injected with cocaine and monitored for 30 min.

Histology. At the end of each recording experiment, the recording pipette placement was marked with an iontophoretic deposit of pontamine sky blue dye (-20 µA, 30 min). To mark electrical stimulation sites, +50 µA was passed through the stimulation electrode for 90 s. After, brains were removed and snap-frozen in a solution of isopentane stored at -80°C.

Data analysis.

For in vivo electrophysiological experiments, 4 parameters for VTA dopamine neurons were observed the firing rate and the bursting parameters: bursting rate, the proportion of spike in the burst and the mean number of spike per burst. Cumulative PSTHs of VTA or aBNST activity were generated during stimulation of vSUB or VTA. Excitatory magnitudes (R mag values) were normalized for different levels of baseline impulse activity. R mag values for excitation were calculated according to: Excitation R mag = (counts in excitatory epoch)-(mean counts per baseline bean x number of bins in excitatory epoch). The hippocampal excitation strength onto aBNST neurons was determined as the amount of current needed to obtain a 50% spike probability vSUB-evoked responses (R mag ranging from 30 to 60). Results are expressed as mean ± SEM.

For statistic, Two-group comparisons were achieved using Student's t tests. For multiple comparisons, values were subjected to a one way Anova followed by Newman Keuls post hoc tests or to Kruskall Wallis Anova for the behavioral part.

RESULTS

HFS vSUB elicits in vivo long-term potentiation of VTA dopamine neurons.

Here, we used a physiologically relevant stimulation protocol (HFS) that has been used in vivo, and shown to trigger persistent changes in the hippocampus [START_REF] Abraham | Correlations between immediate early gene induction and the persistence of longterm potentiation[END_REF]. In a first set of experiment, we investigated the long-term effect of HFS vSUB on the tonic activity of VTA dopamine neurons in anesthetized rats. Impact of HFS vSUB on VTA dopamine neurons was measured after one or five days (Fig 1 A-E). Firing rate of VTA dopamine neurons increased five days after HFS vSUB compared to the SHAM group (firing rate, SHAM group: 2.99 ± 0.2 Hz, 5D-HFS vSUB group: 4.55 ± 0.33 Hz; F (2,220) = 9.183; p<0.0001; Fig 1 E). We noted that the bursting parameters of VTA dopamine neurons increased after HFS vSUB compared to the SHAM group (Fig 1 F-H). The bursting rate and the percentage of spikes in burst increased one day after HFS vSUB compared to the SHAM group and were even higher five days after HFS vSUB (bursting rate, SHAM group 0.27 ± 0.04 Hz; 1D-HFS vSUB : 0.41 ± 0.04 Hz; 5D-HFS vSUB : 0.66 ± 0.08 Hz; F (2,220) = 5.958;p<0.01,Fig 1H).

The BNST relays the excitatory drive between vSUB and the VTA

As the vSUB does not directly project to the VTA, we tried to dissect the neuronal network by which the vSUB potentiates the activity of VTA dopamine neurons (as reported in Fig. 1). First, we measured evoked activity of VTA dopamine neurons in response to single pulse stimulation of the vSUB at 0.5 Hz (Fig S1 A). We showed that this stimulation in the vSUB controls both tonic and phasic activities of VTA dopamine neurons (Fig S1 I and J). Altogether, these data demonstrated the implication of a glutamatergic link terminating in the VTA, and controlling the activation of the dopamine neurons in response to vSUB stimulation. ). The BNST has been proposed has one of the functional glutamatergic input to the VTA, controlling the activity of dopamine neurons (Georges and Aston-Jones, 2002;Jennings et al., 2013;[START_REF] Kudo | Three types of neurochemical projection from the bed nucleus of the stria terminalis to the ventral tegmental area in adult mice[END_REF]. To evaluate if the BNST could be the glutamatergic link within the polysynaptic vSUB-VTA pathway, we recorded VTA dopamine neuron responses to vSUB stimulation while inactivating BNST with CNQX+AP5 (Fig. S2 A andB). The injection of CNQX+APV within BNST decreased VTA dopamine neuron excitatory response evoked by vSUB stimulation (Fig. S2 C andD). This experiment strongly suggests the implication of the BNST as an excitatory relay within the vSUB-VTA pathway.

LTP in BNST !VTA neurons induced by HFS vSUB gates in vivo LTP in VTA dopamine neurons.

Based on these results, we decided to characterize the impact of the HFS vSUB on BNST !VTA neurons (Fig 2 A). We demonstrated that HFS vSUB promoted LTP in BNST !VTA (185.61 ± 21.28 % of the baseline, n=6; p<0.01, Fig 2 B). We recently demonstrated that NMDA receptors controlled in vivo LTP in the BNST [START_REF] Reisiger | Nicotine self-administration induces CB1-dependent LTP in the bed nucleus of the stria terminalis[END_REF]. To test whether NMDA receptor activity in the BNST in response to HFS vSUB , gates LTP of VTA dopamine neuron, we infused APV in the BNST prior HFS vSUB and recorded one day after the activity of VTA dopamine neurons (Fig 2 C). The bursting rate and the percentage of spikes in burst decreased in the HFS vSUB group compared to the SHAM group (bursting activity, SHAM group 0.28 ± 0.04 Hz; 1D-HFS vSUB : 0.17 ± 0.03 Hz; p<0.01; spike in burst, SHAM group: 22.68 ± 3.06 Hz; 1D HFS vSUB : 15 ± 2.12 Hz; p< 0.05; Fig 2 E,F). These results strongly suggest that the in vivo LTP in BNST !VTA neurons induced by HFS vSUB gates in vivo LTP in VTA dopamine neurons.

HFS vSUB potentiates behavioral effects of cocaine.

Our electrophysiological findings suggest that HFS vSUB induced LTP in the BNST is permissive for the potentiation of tonic activity of VTA dopamine neurons. If true, then HFS vSUB should modulate behavioral effect of cocaine in a BNST-dependent manner. In agreement with a role of VTA dopamine neuron tonic activity in the physiological and behavioral effect of cocaine (Sombers et al., 2009), we tested the impact of HFS vSUB on locomotor response to cocaine challenge. APV (or vehicle) was infused in the BNST and locomotor activity in response to a low dose of cocaine (7.5 mg/kg, i.p.), was measured 5 days after HFS vSUB or SHAM vSUB . There was no difference on the locomotor activity between SHAM vSUB group and HFS vSUB group under saline condition (SHAM vSUB saline 65.3 ± 5.6 beam breaks, HFS vSUB saline 61.8 ± 3.3 beam breaks). There was no difference on the locomotor activity in response to cocaine challenge in SHAM vSUB group (SHAM vSUB saline: 65.3 ±5.6 beam breaks; SHAM vSUB cocaine: 114.8 ± 33.2 beam breaks) Interestingly, only the HFS vSUB group has presented an increase in the locomotor activity after acute i.p. injection of cocaine compared to saline i.p. injection response (HFS vSUB cocaine: 176.8 ± 42.7 beam breaks, p< 0.05). This effect was blocked if rats were previously injected with APV in the BNST (HFS vSUB cocaine APV: 121 ± 19.6 beam breaks, p < 0.05). These data show that BNST-dependent in vivo plasticity in dopamine neuron diminished threshold to cocaine-induced locomotion

Discussion

While a role for the vSUB in controlling the VTA dopamine neurons has been clearly established (Floresco et al., 2001a;[START_REF] Legault | Chemical stimulation of the ventral hippocampus elevates nucleus accumbens dopamine by activating dopaminergic neurons of the ventral tegmental area[END_REF][START_REF] Legault | Injections of N-methyl-D-aspartate into the ventral hippocampus increase extracellular dopamine in the ventral tegmental area and nucleus accumbens[END_REF]Todd and Grace, 1999), the mechanism by which glutamate-encoded informations reached VTA after stimulation of the vSUB has not been previously explored. Here we characterize the neural network underlying the in vivo persistent LTP of dopamine neurons in response to HFS vSUB . First, we provide electrophysiological evidence showing that the vSUB stimulation induces a tonic increase of the bursting activity of VTA dopamine neurons (Fig S1) associated to phasic glutamatergic responses (Fig S2-3). These data are in accordance with a pioneer microdialysis study, using infusion of glutamatergic antagonists in the VTA to demonstrate the implication of VTA glutamatergic transmission in vSUB-evoked increase of dopamine release in the Nac [START_REF] Legault | Chemical stimulation of the ventral hippocampus elevates nucleus accumbens dopamine by activating dopaminergic neurons of the ventral tegmental area[END_REF]. We then extend our previous study [START_REF] Jalabert | Role of the bed nucleus of the stria terminalis in the control of ventral tegmental area dopamine neurons[END_REF] and demonstrate that the BNST relays the glutamatergic drive between the vSUB and dopamine neurons of the VTA. Our results are not in complete agreement with the work of Grace and collaborators (Floresco et al., 2001b;Todd and Grace, 1999). Their studies report that the vSUB control the proportion of spontaneously active without affecting their firing or bursting activity, through a disinhibitory mechanism involving the Nac and the ventral pallidum (Floresco and Phillips, 2001). Here, we propose the BNST as a relay in the polysynaptic pathway between the vSUB and the VTA. One possible explanation for these discrepancies may be the difference in the protocols used to stimulate the vSUB (chemical versus electrical manipulation). However we observed that the number of cells per track, suppose to reflect the level of spontaneous activity, was increased by the HFS vSUB , but unaffected by the infusion of glutamatergic antagonists in the BNST (data not shown). This observation suggests that the the vSUB-Nac pathway control the proportion of spontaneously active VTA dopamine (Floresco and Phillips, 2001), whereas the firing and bursting activity are regulated by the vSUB-BNST pathway (Fig S2).

Additionally, we demonstrate that HFS vSUB induced an in vivo long-term potentiation of VTA dopamine neurons one day later, this potentiation was maintained for five days, but was absent in the first hour that follow the HFS vSUB (Fig S3). Previous studies have reported that a single exposure to cocaine in vivo results in an increase in the ration AMPA-to NMDA-receptor mediated EPSCs in VTA dopamine neurons in midbrain slices [START_REF] Saal | Drugs of abuse and stress trigger a common synaptic adaptation in dopamine neurons[END_REF][START_REF] Ungless | Single cocaine exposure in vivo induces longterm potentiation in dopamine neurons[END_REF]. The AMPA redistribution on dopamine neurons is driven by the concomittent increase of glutamatergic transmission and the activation of the dopamine receptors within the VTA (Schilstrom et al., 2006;[START_REF] Ungless | Single cocaine exposure in vivo induces longterm potentiation in dopamine neurons[END_REF]. The kinetics of the vSUB-induced potentiation of VTA dopamine neurons (absent at 1 hour and present at 1 and 5 days; Fig 1 and Fig S3) and the enhancement of glutamatergic transmission and a release of dopamine in the VTA after vSUB stimulation [START_REF] Legault | Chemical stimulation of the ventral hippocampus elevates nucleus accumbens dopamine by activating dopaminergic neurons of the ventral tegmental area[END_REF]Legault andWise, 1999, 2001;Taepavarapruk et al., 2008), strongly suggest that the potentiation of VTA dopamine neurons induced by HFS vSUB could be triggered by an increase of AMPA/NMDA ratio.

A current hypothesis is that brain circuits normally used in motivational and rewarding behavior and/or in learning and memory processes, are remodeled following drug consumption.

Motivation and reward related behaviors are largely mediated by the BNST (Jennings et al., 2013;Krawczyk et al., 2013;[START_REF] Reisiger | Nicotine self-administration induces CB1-dependent LTP in the bed nucleus of the stria terminalis[END_REF]. Here we demonstrate that HFS vSUB -induced LTP in BNST !VTA neurons gates the in vivo potentiation of VTA dopamine neurons and facilitates locomotor activity induced by a low dose of cocaine. This vSUB-induced transfer of plasticity from the BNST to the VTA dopamine neurons may be important for the formation of drug-associated memory. Representative trace of a VTA dopamine neuron recorded 5 days after HFS vSUB (5D-HFS vSUB ) or without any stimulation (SHAM). Each dot represents a burst event. Scale bar, 2.5 ms; 0.5 V. E, F, G, H. Graphs illustrating the long-term effect of HFS vSUB on the VTA dopamine neurons tonic firing activity (E) and bursting parameters (F, G, H), one day or five days after the HFS vSUB . HFS vSUB , high frequency stimulations of the vSUB; REC, recording; 1D, 1 day; 5D, 5 days. [START_REF] Abraham | Correlations between immediate early gene induction and the persistence of longterm potentiation[END_REF]. Correlations between immediate early gene induction and the persistence of long-term potentiation. Neuroscience 56, 717-727.
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Discussion T ime course of V T A D A neurons potentiation

We have recorded the activity of VTA DA neurons after HFS vSUB at several time points: one hour; one and 5 days. We observed no difference between the SHAM and the HFS group one hour after the HFS protocol (Figure S2 in the paper). The potentiation was only observed one day and five days after. Interestingly, it has been shown that cocaine acute i.p. injection induces long-term potentiation of VTA DA neurons [START_REF] Ungless | Single cocaine exposure in vivo induces longterm potentiation in dopamine neurons[END_REF]. This effect was present one day after and remained 5 days after. In this study, they noted an increase in the AMPA/NMDA ratio that was even present 3 hours after acute i.p. cocaine injection. Based on this observation, we decided to record the activity of VTA DA neurons 3h and 6h after the HFS vSUB protocol (F igure 33). We did not observe any difference in the firing rate and the bursting rate between groups. We observed an increase in the mean spike per burst after 3h and a decrease in the proportion of spikes in bursts after 6h (one-way ANOVA followed by Newman Keuls post test). Thus, these results suggest that they are no major changes in the activity of VTA DA neurons. However, a possible pitfall of this set of experiments is that our protocol imposes two successive anesthesia in a couple hours interval. These stressful manipulations, in a short period of time, might explain the higher basal activity observed between SHAM groups performed at 3 H, 6 H and 24 H (F igure 34). Thus, based on our protocol, it is difficult to determine whether the in vivo potentiation of VTA DA neurons induced by HFS vSUB could occur earlier than 24H after the protocol.

We demonstrated that the vSUB could exert a long lasting excitatory effect on the activity of VTA DA neurons. 

Synaptic plasticity?

Drugs of abuse exposure (e.g cocaine) or acute stress exposure (forced swim test) induce a form of synaptic plasticity in VTA DA neurons [START_REF] Ungless | Single cocaine exposure in vivo induces longterm potentiation in dopamine neurons[END_REF][START_REF] Saal | Drugs of abuse and stress trigger a common synaptic adaptation in dopamine neurons[END_REF]. In these studies, the authors observe a common increase in the AMPA/NMDA ratio of VTA DA neurons. We decided to identify the nature of the VTA DA neurons potentiation induced after HFS vSUB . To address this question, we work in collaboration with Dr. Manuel Mameli. So far, we obtained preliminary results that need to be replicated (F igure 35). 

B NST/V T A

Locomotor response to cocaine challenge In our protocol, we observe the effect of a low dose of acute cocaine i.p. injection on the locomotor activity of rats that received HFS vSUB five days before. We showed that HFS vSUB induces an increase in the locomotor activity after acute i.p. injection of cocaine. We could consider that HFS vSUB primes the activity of VTA DA neurons. In agreement with the role of VTA dopaminergic neurons tonic activity in the physiological and behavioral effect of , we hypothesize that the increased bursting activity of VTA DA neurons we observe could probably explain a higher release of dopamine in the NAc after an acute challenge of cocaine. This increase of dopamine release could be at the origin of a higher locomotor response after cocaine. 

Plasticity of B NST neurons

First, the BNST is a highly plastic structure (Weitlauf et al., 2004, McElligott and[START_REF] Mcelligott | Alpha1-adrenergic receptor-induced heterosynaptic long-term depression in the bed nucleus of the stria terminalis is disrupted in mouse models of affective disorders[END_REF]. The BNST has been heavily implicated in stress induced plasticity (Conrad and Winder, 2011); but also in drugs of abuse induced plasticity [START_REF] Dumont | Self-administration enhances excitatory synaptic transmission in the bed nucleus of the stria terminalis[END_REF][START_REF] Reisiger | Nicotine self-administration induces CB1-dependent LTP in the bed nucleus of the stria terminalis[END_REF].

Our results confirm this set of studies and provide new insight concerning in vivo BNST plasticity. Depending on the environment (i.e. stress, Paper 1) and on the upstreaming activated inputs (i.e. ILCx and vSUB, Paper1, 2, 3), the BNST could integrate, filter and send informations through specific adaptive neuroplastic changes.

As BNST dysregulation could lead to pathological state such as anxiety disorder or addiction, it should be interesting to investigate the influence of BNST plasticity manipulation with chronic deep brain stimulation approach. Indeed, in the paper 2, we showed that under basal condition a single application of HFS vSUB triggers persistent anxiolytic-like effect mediated by LTP in BNST neurons. Thus, rescue of a normal anxiety state in anxiety disorder model with HFS vSUB needs to be elucidated. A similar approach could be tested in addiction models, with the hypothesis that the manipulation of vSUB input could be important for the formation of drug-associated memory.

H ippocampus regulation on V T A dopamine neurons

Moreover, our results confirm that vSUB exerts a powerful influence on VTA DA neuron activity [START_REF] Floresco | Glutamatergic afferents from the hippocampus to the nucleus accumbens regulate activity of ventral tegmental area dopamine neurons[END_REF], Vorel et al., 2001). However, we propose a new mechanism in which glutamate-encoded informations reached to the VTA after vSUB stimulation (paper 3). We found that BNST is a key excitatory relay between the vSUB and the VTA. First, HFS vSUB induced in vivo LTP in VTA projecting BNST neurons which is permissive for LTP in VTA DA neurons. Moreover, we noted that HFS vSUB -induced LTP in VTA DA neurons triggered cocaine behavioral effect. However, in our study we didn't explore the possibility that this VTA DA neurons LTP could promote or enhance learning reward associated behaviors. Could rats receiving HFS vSUB learn faster an operant task given access to a naturel reward such as wheel running? We have shown that voluntary exercice is controlled by an inhibitory tone (eCB signaling mediated by CB 1 -R) one GABAergic transmission in VTA DA neurons [START_REF] Dubreucq | Ventral tegmental area cannabinoid type-1 receptors control voluntary exercise performance[END_REF]. Could it be possible that HFS vSUB will change the level of motivation for wheel learning, leading to a better or faster learning?

In addition, it also has been shown that both ventral and dorsal hippocampus could control the activity of VTA DA neurons (Luo et al., 2011) (F igure 37). As mentioned it the introduction part, the hippocampus has been divided in two distinct functions. The dorsal hippocampus performed primarily memory and cognitive functions whereas the ventral hippocampus relates to stress and emotions. However, in our laboratory, it has been found that the dCA3 projects to the vCA1which projects to the vSUB (data not published). Thus, anatomically, the dCA3 projects to the vSUB/CA1 area. We started to investigate the functional link of these structures.

F igure 37: L inking context with reward: a functional circuit from the dorsal C A3 to the V T A . Activation of glutamatergic pyramidal cells of the dCA3 excites GABAergic neurons of the Lateral Septum which in turn inhibit local GABA neurons of the VTA that project to VTA DA neurons. Adapted from [START_REF] Luo | Linking context with reward: a functional circuit from hippocampal CA3 to ventral tegmental area[END_REF].
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 22 A natomical organization of the B NST . Four axons bundles invade the B NST : the stria terminalis, internal capsule, anterior commissure, the medial bundle of the telencephalon. B NST neurons are regulated by G A B A ergic, glutamatergic, monoaminergic and cholinergic inputs. Insular cortex (InsCx); medial prefrontal cortex (mP F C); infralimbic cortex (ILCx); prelimbic cortex (PL); caudate putamen nucleus (CPu); Nucleus accumbens (NAc); Basolateral nucleus of Amygdala (BLA); central nucleus of Amygdala (CeA); noradrenergic nucleus A1 (A1); Nucleus of the tractus solitarius (NTS); paraventricular nucleus of the hypothalamus (PVN); paraventricular nucleus of the thalamus (PVT); periaqueducal grey substance (PAG); ventral subiculum (vSUB) Ach: acetycholine; 5-HT: serotonine; TH: tyrosine hydroxylase B -Inputs (Figure The BNST receives G A B A ergic innervations coming from: -Intra-BNST connections  ov-BNST→ am-BNST;  intra-nucleus collateral -interneurons (Larriva-Sahd, 2006, Turesson et al., 2013)Extrinsic BNST connections  Central nucleus of the Amygdala (CeA)  Nucleus Accumbens (NAc)  Caudate-putamen nucleus The BNST receives glutamatergic innervations coming from: -Intra-BNST connections  Am-BNST-d → Am-BNST-v  intra-nucleus collateral ((Turesson et al., 2013)) -Extrinsic BNST connections  Ventral subiculum (vSUB)  Medial prefrontal cortex (mPFC), mostly the infralimbic cortex (ILCx) in rat  Basolateral nucleus of the Amygdala (BLA)  Paraventricular nucleus of the thalamus (PVT→ov-BNST)
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  igure 5.: T hree electrophysiological distinct cell types (I-I I) are observed in the B NST A L G differ in their response to depolarizing and hyperpolarizing cur rent injection.

F igure 6 :

 6 In vitro elctrophysiological characterization of B NST neurons projecting to the V T A A-C. Experimental protocol. Injection of fluorescent retrobead in the VTA. Retrobead positive neurons in the BNST are BNST neurons projecting to the VTA. T able1: Summary of the physiological properties of BNST neurons projecting to the VTA Adapted from[START_REF] Dumont | Noradrenaline triggers GABAA inhibition of bed nucleus of the stria terminalis neurons projecting to the ventral tegmental area[END_REF] 

F igure 8 :

 8 A ctivation of the B NST in patient with aragnophobia. A. Participants were placed on the Magnetic Resonance Images scanner and asked to position their foot in the box. They could see with the camera the position of the tarantula closer or further away from their foot. B. Activation of the BNST and the Amygdala when the tarantula is approaching. Adapted from[START_REF] Mobbs | Neural activity associated with monitoring the oscillating threat value of a tarantula[END_REF] 
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  igure 9: T he B NST modulates the H PA axis by relaying informations from limbic regions to the PV N. ACTH: adrenocorticotropic hormone; CRF : corticotropin releasing factor F igure 10: Schematic diagram illustrating the main limbic regions sending H P A regulating information to the PV N through the B NST .

  It has been debated whether to include or not the entorhinal cortex to the hippocampal formation[START_REF] O'mara | The subiculum: what it does, what it might do, and what neuroanatomy has yet to tell us[END_REF](F igure 14). F igure 14: H ippocampal formation. A . Representative diagram of the hippocampal formation in coronal section. Adapted from van Strien et al 2009. B. Internal circuit in the hippocampus. Adapted from (Rolls, 2010).
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  igure 16: A natomical evidence for convergence of the Pr L and the vSU B to the anterior part of the B NST. A, B, C. Injections sites of retrograde tracer (FG) or anterograde tracers (BDA) and (FR) respectively in the PVN, PrL and vSUB. D. Convergence of PrL and vSUB inputs onto PVN projecting BNST neuron. Adapted from (Radley and Sawchenko, 2011) F igure 17: T he mP F C and the vSU B exert a common inhibitory influence on the H P A axis mediated by the anterior part of B NST after acute stress exposure. Adapted from (Radley and Sawchenko, 2011).
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  igure 18: Disinhibitory polysynaptic circuit by which the vSU B controls the activity of V T A D A neurons. Adapted from (F loresco et al., 2001).
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  igure 19: A natomical origin of G A B A ergic and glutamatergic controls of dopaminergic neurons and their projections sites in the V T A . Amygdala (AA); Ventral tegmental area (VTA);Prefrontal cortex (P F C); Lateral habenula (LHb); Nucleus Accumbens (nac); Bed nucleus of the stria terminalis (BNST); Parabrachial nucleus (PBP); Paranigral nucleus (PN); Interfasciluar nucleus (I F); Rostral linear nucleus (Rli);Caudal liner nucleus (CLi); Olfactive tubercule (Olf tub); Pedonculopontin and laterodorsal tegmentum (PPTg/LTDg); ventral pallidum (GPv); tail of the VTA (tVTA); Substancia nigra pars compacta and reticulate (SNc, SNr), lateral septum (LS)

F igure 21 :

 21 Single unit extracellular recording of V T A D A neuron in anesthetized animal. A . Pictures of anesthetized rat and mice in a streotaxic fram during in vivo elecltrophysiological experiment. B. Picture of a double barrel pipette used to record the activity of the neurons, and simultaneously eject drugs at the vicinity of the neuron. C. Picture of a TH-staining in the mesencephalon, showing the DA neurons in the VTA. D. Juxtacellular labelling coupled with immunochemistry against tyrosine hydroxylase is performed to confirm the DA profile of the neuron recorded. E. DA neurons have an irregular discharge pattern characterized by burst events.
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  igure 22: G A B A/G lu tone controls in vivo V T A D A neurons activity Intra-VTA infusion of Picrotoxine (picro, A) increases firing rate and bursting activity of DA neurons (C). Intra-VTA infusion of glutamate increases bursting activity (B) without affecting firing rate (C).
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  igure 24: Dorsal V T A D A neurons are inhibited by noxious footshock (A -C) whereas ventral V T A D A neurons are excited by the same footshock (D-F).Adapted from[START_REF] Brischoux | Phasic excitation of dopamine neurons in ventral VTA by noxious stimuli[END_REF] 
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  igure 25: During the first postnatal weeks (Neonatal), transmission is dominated by C alcium Permeable-A M P A Rs and G luN2B-containing N M D A Rs.Adapted from[START_REF] Bellone | Drug-evoked plasticity: do addictive drugs reopen a critical period of postnatal synaptic development[END_REF] Subsequently, (juvenile) mGluR1 receptors play a role in the synaptic insertion of Calcium Impermeable-AMPARs and GluN2A-containing NMDA. At juvenile synapses, a single cocaine injection exchanges Calcium Impermeable-AMPARs to Calcium Permeable-AMPARs (also called GluA2 lacking receptors) and causes a decrease in NMDA function, changing the relative contribution of GluN2A-and GluN2B-containing NMDARs. This switch in the glutamatergic transmission may contribute to the re-opening of a critical period seen during the development. Cocaine-induced plasticity can be reverted by the activation of mGluR1.
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  igure 26: T he B NST exerts a phasic excitatory control on V T A D A neurons activity Left above, histological controls of the stimulated site (BNST) and the recording area (VTA). Left below, Peristimulus Time Histograms (PSTHs) illustrating the effect of glutamatergic receptors antagonist infusion (CNQX+AP5) in the VTA on a DA neuron excitatory response induced by the stimulation of the BNST. Right, Hypothetical diagram representing obtained results: the BNST exerts a phasic excitatory control on VTA DA neurons through a glutamatergic projection.
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  igure 28: H ypothetical diagram representing an intrinsic disinhibitory mechanism which could allow an excitation on V T A D A neuron by B NST neuron activation.I V . A ims of the PhDDuring my PhD, I was interested in understanding the regulation and function of BNST neurons in both stress and reward circuits in vivo.

  vivo homeostatic plasticity at the single cell level in the BNST triggers persistent anxiolyticlike effect. Glangetas C, Fois G R, Jalabert M, Girard D, Diana M, Caille S, Georges F The third and last goal of my PhD was to evaluate the long term effect of the stimulation of the vSUB on in vivo VTA DA neurons activity and the underlying neuronal mechanisms. To this end, I used in vivo, in vitro electrophysiology and behavioral approaches. These experiments led to a publication in preparation: In vivo synaptic plasticity of VTA dopamine neurons triggered by high frequency stimulation in the vSUB Glangetas C, Fois G R, Jalabert M, Diana M , Caille S, Georges F P A P E R 1 Stress Switches C annabinoid T ype-1 Receptor Dependent Plasticity from L T D to L T P in the Bed Nucleus of T he Stria T erminalis Christelle Glangetas, Delphine Girard, Laurent Groc, Giovanni Marsicano, Francis Chaouloff and François Georges. (2013)The Journal of Neuroscience 33 (50):19657-663

Figure 1 .

 1 Figure 1. The 10 Hz mPFC stimulation has opposite effects on aBNST plasticity in control and stressed anesthetized mice. A, Time line of experiment. B, Stimulation and recording protocol. C, Histological controls of stimulation (mPFC, lesion at arrow) and recording (aBNST, blue spot at arrow) sites. Scale bar, 1 mm. D, E, Graphs illustrating the effects of stress on basal activity frequency (D) and cortical excitation strength (E). F, Kinetic (left) and quantification (right) of the mean percentage change (ϮSEM) in mPFC-evoked spike probability, normalized to the baseline, after 10 Hz mPFC stimulation (at t 0 ) in control and stressed mice. G, Typical PSTHs and associated rasters illustrate responses of aBNST neurons before and after 10 Hz mPFC stimulation in control (left) and stressed mice (right). Stimulus at t 0 (gray lines). Bin width, 1 ms. Representative electrophysiological traces in insets. H, Quantification of basal firing activity of aBNST (Figure legend continues.)

4 (

 4 Figure legend continued.) neurons (mean Ϯ SEM) before and 35-40 min after 10 Hz mPFC stimulation in control and stressed mice. I, Time line of experiment. J, Kinetic (left) and quantification (right) of the mean percentage change (ϮSEM) in mPFC-evoked spike probability, normalized to the baseline, after 10 Hz mPFC stimulation (at t 0 ) in stressed mice pretreated with RU486 or vehicle. N ϭ number of mice; n ϭ number of neurons. *indicates significant differences between control and stress groups; ϩ indicates significant differences between baseline (before) and 35-40 min after 10 Hz mPFC stimulation. ϩp Ͻ 0.05, **p Ͻ 0.01; ***p Ͻ 0.001. Numbers in brackets of histogram bars refer to the number of aBNST neurons recorded. The same nomenclature is used for all figure legends.

Figure 2 .

 2 Figure 2. CB 1 ϩ/ϩ and CB 1 Ϫ/Ϫ mice displayed a similar response to stress. A-F, Effect of acute stress on Fos-immunoreactive neurons in PVN, mPFC, and aBNST of control and stressed CB 1 ϩ/ϩ or CB 1 Ϫ/Ϫ mice. A, C, E, Histograms showing the density of Fos-positive neurons after an acute stress in CB 1 ϩ/ϩ and CB 1 Ϫ/Ϫ mice. PVN and mPFC displayed the expected enhancement of stress-induced cellular activation in CB 1 ϩ/ϩ but also in CB 1 Ϫ/Ϫ mice. Stress-induced Fos staining was similar in CB 1 ϩ/ϩ and CB 1 Ϫ/Ϫ mice. B, D, F, Representative micrographs of immunostained sections for Fos of the PVN (B), mPFC (D), and aBNST (F). Note that no stress-induced Fos activation was observed in the aBNST of CB 1 ϩ/ϩ or CB 1 Ϫ/Ϫ mice (E, F). ϩ indicates significant differences between control and stress groups. ϩp Ͻ 0.05, ϩϩp Ͻ 0.01. Scale bars: B, 0.4 mm; D, 0.2 mm; F, 0.6 mm. ac, Anterior commissure; PL, prelimbic cortex; IL, infralimbic cortex; cc, corpus callosum; Ov, oval nucleus; aBNSTv, ventral part of aBNST; dBNSTd, dorsal part of aBNST; 3V, third ventricle. Numbers in brackets of histogram bars refer to the number of mice used.

Figure 3 .

 3 Figure 3. Neuroplastic changes in the aBNST depend on CB1-Rs activation. A, B, Kinetic (left) and quantification (right) of the mean percentage change (ϮSEM) in mPFC-evoked spike probability, normalized to the baseline, after 10 Hz mPFC stimulation (at t 0 ) in control and stressed CB 1 ϩ/ϩ or CB 1 Ϫ/Ϫ mice. C-F, Graphs illustrating the effects of stress and/or 10 Hz mPFC stimulation on basal activity frequency (C, E, F) and cortical excitation strength (D). See Figure 1 legend for nomenclature.

Figure 4 .

 4 Figure 4. CB1-Rs that control LTD and LTP are located in the aBNST on mPFC terminals. A, Stimulation and recording protocol. B, The CB1-R antagonist AM251 (60 nl, 1 M) or vehicle was infused into the aBNST before 10 Hz mPFC stimulation in stressed mice. Kinetic (left) and quantification (right) of the mean percentage change (ϮSEM) in mPFC-evoked spike probability, normalized to the baseline, after 10 Hz mPFC stimulation (at t 0 ) after vehicle (VEH) or AM251 infusion in the aBNST of stressed mice.C, D, Kinetic (left) and quantification (right) of the mean percentage change (ϮSEM) in mPFC-evoked spike probability, normalized to the baseline, after 10 Hz mPFC stimulation (at t 0 ) in control and stressed Glu-CB 1 ϩ/ϩ (C) or Glu-CB 1 Ϫ/Ϫ (D) mice. See Figure 1 legend for nomenclature.
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  igure 29: F unction of C B 1 -Rs located on G A B A ergic terminals on B NST neurons plasticities under control and stress condition. Kinetic (left) and quantification (right) of the mean percentage change (±SEM of the baseline) of the excitatory response magnitude evoked by the stimulation of the mPFC. Unpublished data. F unctional significance of in vivo plasticity in B NST neurons We observed that acute restraint stress increases Fos expression in the PVN. It could be interesting to measure the impact of a tetanic stimulation in the mPFC on PVN activity and also on the level of stress hormones. In the future, we could test the effect of LTD and LTP in the mPFC-BNST pathway on the anxiety level of mice by performing elevated plus maze for example. I propose hypothetical mechanisms for both plasticities in the figure 30 that take into account results published in the paper 1 and results obtained with GABA-CB 1 -/-. F igure 30: H ypothetical diagram of L T D in B NST neuron evoked by tetanic stimulation in the mP F C under control condition. 4) Results from different mutants suggest that eCB would act only on CB 1 -R located on glutamatergic terminals. F igure 30: H ypothetical diagram of L T P in B NST neuron evoked by tetanic stimulation in the mP F C under stress condition. 4) Under stress condition, eCB are released from BNST and could act on CB 1 -Rs located on GABA terminals (as LTP is lacking in GABA-CB 1 -/-). It could decrease the GABAergic transmission and lead to LTP.
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  igure 31: Representative diagrams showing: A. a neuronal circuit involved in the regulation of anxiety. B. In vivo homeostatic plasticity at the single-cell level. glu: glutamate; H FS: high frequency stimulation
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  igure 32: H ypothetical mechanisms of the in vivo homeostatic plasticity in B NST neurons induced by H FS vSU B
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  D-F). 86.2 % of the total VTA dopamine recorded neurons responded to this stimulation. Stimulation of the vSUB evoked 55% of inhibition and 45 % of excitation in VTA dopamine neurons (Fig S1 F, G and H). The onset of the excitation was 124.47 ±19.1 ms and the onset of the inhibition was 76.92 ± 11.67 ms. Local infusion of glutamatergic receptors antagonists (CNQX+APV) in the VTA blocked the vSUB-evoked excitatory responses in VTA dopamine neurons (Fig S1

Figure 1 .

 1 Figure 1. In vivo potentiation of VTA dopamine neurons induced by HFS vSUB . A. Experimental protocol. B. Histological control of the recording site: the VTA. Scale bar: 1.0 mm. C, D.

Figure 2 .

 2 Figure 2. LTP in VTA projecting BNST neurons was permissive to promote VTA dopamine neurons potentiation after HFS vSUB A. Experimental protocol. B. Quantification of the mean percentage change (± SEM) in the vSUB evoked spike probability in BNST neurons projecting to the VTA, normalized to the baseline, after HFS vSUB in rats. C. Representative trace showing a BNST neuron projecting to the VTA. D. Experimental protocol.E, F, G, H. Graphs illustrating the long-term effect of APV injection in the BNST followed by HFS vSUB (black, HFS vSUB ) or without stimulation (grey, SHAM) on the VTA dopamine neurons tonic firing activity (E) and bursting parameters (F, G, H), one day after.

Figure 3 .

 3 Figure 3. HFS vSUB potentiates behavioral effect of cocaine in a BNST-dependent manner. A. Experimental protocol. B. Histological control of the injection site of APV/FG: in the BNST. All the solutions infused in the BNST were diluted in 0.2 % Fluorogold (FG) in order to delineate the diffusion of the injection. The absence of fluorescence in the nucleus accumbens (Nac) showed that the infused solutions in the BNST were not diffusing in the Nac. Scale bars: 0.5 mm. C. Graphs showing locomotor activity in response to a low dose of cocaine (7.5 mg/kg, i.p., or saline) measured 5 days after HFS vSUB or SHAM vSUB associated to APV (or vehicle) infusion in the BNST.

•

  Floresco, S.B., Blaha, C.D., Yang, C.R., and Phillips, A.G. (2001a). Modulation of hippocampal and amygdalar-evoked activity of nucleus accumbens neurons by dopamine: cellular mechanisms of input selection. JNeurosci 21, 2851Neurosci 21, -2860. . 
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  igure 33: T ime course of V T A D A neurons activity after H FS vSU B . A. Experimental protocol. B, C, D, E. Graphs illustrating the long term effect of HFS vSUB on the VTA DA neurons tonic firing activity (B) and bursting parameters (C, D, E), 3 h or 6 h after the HFS vSUB . H FS, high frequency stimulations; RE C, recording. F igure 34: T ime course of V T A D A neurons activity after SH A M protocols in the vSU B. A, B, C, D. Graphs illustrating the long term effect of SHAM protocols in the vSUB on the VTA DA neurons tonic firing activity (B) and bursting parameters (C, D, E) ,3 H or 6 H and 24 H after the SHAM protocols in the vSUB.

F igure 35 :

 35 In vitro recordings of V T A D A neurons after H FS vSU B in the vSU B. A. Representative trace of glutamatergic current in SHAM or in 5D-HFS vSUB . B. AMPA/NMDA ratio measured after Sham or after 5D-HFS vSUB .

  E C T I V ES During my PhD, we studied three main questions: How an acute episode of stress affect in vivo plasticity in the BNST and what are the mechanisms involved. If acute stress could affect the in vivo plasticity of BNST neurons and by which mechanisms How specific manipulation of excitatory inputs to the BNST regulate anxiety. How glutamate encoded informations reached to the VTA after the stimulation of the vSUB As exposed in the results, we found that BNST was at the intersection of two neuronal circuits that are implicated in the regulation of anxiety and in the motivational circuit (F igure 36). F igure 36: T he B NST serves as a crucial region in for the processing and integration of stress and reward. mP F C: medial prefrontal cortex; CeA: Central Amygdala; BLA: Basolateral nucleus of the Amygdala; vSUB: ventral subiculum; BNST: Bed nucleus of the Stria Terminalis; dCA3: dorsal part of the CA3; LS: Lateral Septum; PVN: paraventricular nucleus of the hypothalamus; VTA: ventral tegmental area; DA: dopamine neuron; GABA: GABAergic neuron In this last part, I will highlight the main results obtained during my PhD and the perspectives of this work.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

The Bed Nucleus of the Stria Terminalis : between Stress and Reward Résumé Le

  noyau du lit de la strie terminale (BNST) est une structure complexe et hétérogène.Le BNST est composé de multiples noyaux au sein desquelles des neurones aux morphologies très variées existent. Le BNST est constitué majoritairement de neurones 'objectif principal de mon projet de thèse a été d'identifier les mécanismes neuronaux adaptatifs se mettant en place au niveau des circuits de la récompense et des circuits activés en réponse à un stress aigu. Plus spécifiquement, nous avons étudié le rôle du noyau du lit de la strie terminale (BNST) au sein de ces deux circuits. 'adapter l'activité des neurones dopaminergiques de l'aire tegmentale ventrale (VTA) en vue de motiver ou d'empêcher la reproduction d'un comportement associé à un stimulus récompensant ou aversif. Afin de tester cette hypothèse, nous avons mis en place et développé différents projets de recherche combinant des approches d'électrophysiologie in vivo et in vitro, anatomiques et comportementales. Dans un premier temps, nous nous sommes intéressés au BNST en tant que structure clef participant à la régulation des centres de stress. Grâce à l'utilisation d'approches d'électrophysiologie in vivo chez la souris anesthésiée, nous avons montré qu'après l'exposition à un stress aigu, les neurones du BNST adaptent leur réponse suite à la 'électrophysiologie et de manipulation pharmacologique, nous avons montré que le BNST est un relai excitateur crucial entre le vSUB et la VTA. D'autre part, nous avons démontré qu'une stimulation à haute fréquence dans le vSUB potentialise in vivo l'activité des neurones dopaminergiques de la VTA. Or, il a déjà été montré que le BNST fait partie des structures glutamatergiques pouvant contrôler l'activité des neurones dopaminergiques de la VTA. A cet effet, nous avons observé l'impact de ce protocole de stimulation à haute fréquence dans le vSUB sur l'activité des neurones du BNST projetant à la VTA. Nous avons noté que ce protocole de stimulation haute fréquence dans le vSUB induit dans un premier temps une LTP NMDA dépendante dans les neurones du BNST projetant à la VTA qui est nécessaire pour observer cette potentialisation des neurones dopaminergiques. Par ailleurs, nous avons montré une augmentation du ratio AMPA/NMDA dans les neurones dopaminergiques de la VTA Poster "In vivo synaptic potentiation of VTA DA neurons triggered by high frequency stimulation of the vSUB"; "In vivo homeostatic plasticity in BNST neurons triggered persistent anxiolytic like-effect "
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GABAergiques (75 à 90% de neurones GABA). Cependant, des études d'hybridation in situ ont permis de démontrer l'existence d'une population de neurones glutamatergiques au sein du BNST. En effet, ils ont mis en évidence dans leurs études la présence des ARNm des transporteurs au glutamate VGLUT2 et VGLUT3 dans le BNST. D'autre part, la diversité de cette structure s'explique également par les afférences qu'elle reçoit. Le BNST reçoit des afférences glutamatergiques provenant du Subiculum ventral (vSUB) et du Cortex préfrontal médian (mPFC) ; des afférences GABAergiques issues du noyau accumbens et du noyau central de l'amygdale mais également des afférences noradrénergiques du noyau du tractus solitaire. A son tour, le BNST projette sur de nombreuses régions incluant les neurones de l'aire tegmentale ventrale (VTA) qui est une structure clef impliquée dans le contrôle des comportements associés au circuit de la récompense. De plus, le BNST projette également sur le noyau paraventriculaire de l'hypothalamus (PVN), centre de régulation important de l'axe corticotrope. LMon hypothèse est que le BNST appartient à un circuit de structures interconnectées dans lequel il intègre des informations contextuelles (vSUB) et des informations émotionnelles (mPFC) afin, d'une part, de réguler les niveaux d'anxiété innés ainsi que les réponses induites par les centres du stress suite à un épisode de stress aigu mais également, dstimulation du cortex préfrontal médian et passent d'une dépression à long terme (LTD) en situation contrôle à une potentialisation à long terme (LTP) après un stress aigu. Par la suite, nous avons disséqué une partie des mécanismes permettant l'élaboration de ces plasticités grâce à l'utilisation de souris génétiquement modifiées pour le récepteur aux endocannabinoïdes de type 1 (CB 1 -R). Ainsi, nous avons trouvé que la LTD et la LTP mis en place dans le BNST sont médiées par le système endocannabinoïde via les récepteurs CB 1 . Ensuite, nous avons étudié le rôle du ventral subiculum (vSUB) dans la régulation des neurones du BNST ainsi que l'impact de l'activation de cette voie vSUB-BNST sur l'autre voie glutamatergique ILCx-BNST. Tout d'abord, nous avons montré par des approches électrophysiologiques et anatomiques, qu'un même neurone du BNST est capable d'intégrer des informations provenant à la fois du ventral subiculum et du cortex infralimbic (ILCx). Nous avons induit in vivo une LTP NMDA dépendante dans la voie vSUB-BNST suite à un protocole de stimulation haute fréquence dans le vSUB (HFS vSUB ) alors qu'en parallèle ce même protocole induit une LTD sur ces mêmes neurones dans la voie ILCx-BNST. De plus, nous avons noté que ces adaptations plastiques se mettant en place dans le BNST suite à une simple stimulation haute fréquence dans le vSUB permettent à long terme de diminuer les niveaux d'anxiété innés chez le rat. Enfin, nous avons mis en évidence que le BNST est un relai excitateur entre le vSUB et la VTA. Nous avons montré qu'une simple stimulation du vSUB à basse fréquence induit majoritairement des réponses phasiques excitatrices dans les neurones dopaminergiques de la VTA. Par la suite, nous avons caractérisé le circuit neuronal par lequel les informations excitatrices du vSUB arrivent à la VTA. En utilisant des approches de traçage, dcinq jours après le protocole de stimulation à haute fréquence dans le vSUB. En dernier lieu, nous avons montré que cette potentialisation des neurones dopaminergiques de la VTA augmente la réponse locomotrice à un challenge cocaïne. Pour cela, nous avons utilisé une faible dose de cocaïne en intrapéritonéale qui n'induit pas de réponse locomotrice chez les animaux SHAM. Cette même dose de cocaïne induit uniquement chez les animaux ayant reçu la stimulation à haute fréquence dans le vSUB une augmentation de la réponse locomotrice. Ainsi, nous avons montré que cette réponse à un challenge cocaïne obtenu après la stimulation à haute fréquence du vSUB est dépendante de la LTP NMDA dépendante mise en place dans le BNST. En conclusion, l'ensemble de ces projets nous ont permis de confirmer et de préciser la fonction majeure du BNST dans la régulation du stress et de l'anxiété ainsi que dans le circuit de la motivation. Nos résultats ont permis de confirmer et d'étayer le fait que le BNST est une structure très plastique. En fonction de l'environnement (cf stress, Article 1) mais également en fonction des afférences qu'il active (cf ILCx et vSUB, Article 1, Article 2, Article 3), le BNST est capable d'intégrer, de filtrer et d'envoyer les informations par des changements neuroplastiques spécifiques. Communications Society for Neurosciences annual meeting (SF N), 2014, W ashington, United states:

  (F igure 7). F igure 7: Diagram indicating the general organization of projection from am-B NST ENT, Entorhinal Cortex; SUBv, ventral subiculum ; PA, Posterior nucleus of the Amygdala ;BLAp, Basolateral nucleus of the Amygdala posterior part ; BMA, Basomedial nucleus of the Amygdala; MEA, Medial nucleus Amygdala; C EA, Central nucleus Amygdala; SI, Substantia Innominata; BST, Bed nucleus of the Stria terminalis; ACB, Nucleus accumbens; LS, Lateral septum nucleus; PL, prelimbic cortical area; ILA, Infralimbic cortical area; RE, nucleus renien; PT, paratenial nucleus; PVT, Paraventricular nucleus of the thalamus; MDm, mediodosal thalamus nucleus; LH Lateral Habenula; PS, Parastriatal nucleus; AON, Acessory olfactory bulb;AVP, Anteroventral preoptic nucleusAVPV, Anteroventral preiventricular nucleusMPO, Medial preoptic area; MPN, Medial preoptic nucleus; AHN, Anterior hypothalamic nucleus; So, Supraoptic nucleus;TU, Tuberal nucleus; LHAsfp, Lateral hypothalamic nucleus; RCH, retrochiasmatic area; VMH, Ventromedial nucleus of the hypothalamus; DMH, Dorsomedial nucleus of the hypothalamus; PVpo, preoptic periventricularnucleus; PVa, anterior periventricular nucleus of the hypothalamus; PVHne,

	Paraventricular nucleus of the hypothalamus neuroendocrine division; PVHd, paraventricular
	nucleus of the hypothalamus descending division; PVp, Posterior periventricular nucleus of the
	hypothalamaus; ARH, arcuate nucleus of the hypothalamus; PH, Posterior hypothalamic nucleus;
	TMv, tuberomamimillary nucleus; SUM, Supramammillary nucleus; VTA, Ventral tegmental area;
	RR, retrorubral area; PAG, Periaaqueducal grey; LTD, Laterodosal tegmentum area; PN,
	Parabrachial nucleus; PCG; Pontine central grey; PRNc, Pontine rteticular nucleus caudal; PARN,
	Parvicellullarreticular nucleus; NTS; nucleus of the solitary tract

  = 11.55; p<0.0001, Fig 1 F; spike in bursts, SHAM group 21.9 ± 2.83 %; 1D HFS vSUB 32.52 ± 2.58 %; 5D HFS vSUB 44.15 ± 4.8 %, F (2,220) = 8.915; p<0.0002, Fig 1G; mean spike per burst F(2,220) 
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Summary

Changes in synaptic plasticity in dopamine neurons of the ventral tegmental area (VTA) may contribute to circuit adaptation leading to addictive behaviours. Here we report that, high frequency stimulation of the ventral subiculum (HFS vSUB ) causes persistent modification of neural circuits, leading to changes in synaptic plasticity in VTA dopamine neurons. We next dissect the neural network underlying the in vivo persistent potentiation (LTP) of dopamine neurons in response to HFS vSUB and show that this LTP is caused by NMDA-dependent plastic changes occurring in the bed nucleus of the stria terminalis (BNST). Finally, we report that this persistent modification in the BNST-VTA neural circuits induced by HFS vSUB facilitates locomotor activity induced by a low dose of cocaine. This data establishes a role for vSUB-induced synaptic plasticity in VTA dopamine neurons for the behavioral effect of cocaine. 
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