Charlène Faye 
  
René Hen 
  
Bruno P Guiard 
  
Christine A Denny 
  
Alain M Gardier 
  
Indira Mendez-David 
  
Denis J David 
email: denis.david@u-psud.fr
  
Charlene Faye 
  
Rene Hen 
  
Denis Pr 
  
David 
  
René Pr 
  
Hen 
  
  
  
  
  
Rapid Anxiolytic Effects of RS67333, a Serotonin Type 4 Receptor Agonist, and Diazepam, a Benzodiazepine, Are Mediated by Projections From the Prefrontal Cortex to the Dorsal Raphe Nucleus

Keywords: anxiety, 5-HT4 receptor agonist, benzodiazepine, optogenetic, fast onset, prefrontal cortex, dorsal raphe nucleus

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Conclusions:

Our findings suggest that activating 5-HT4R acutely in the mPFC or targeting mPFC pyramidal cell terminals in the DRN, may constitute a strategy to produce a fast-anxiolytic response.

INTRODUCTION

Anxiety disorders are among the most common psychiatric disorders, with a lifetime prevalence of over 25 % [START_REF] Kheirbek | Neurogenesis and generalization: a new approach to stratify and treat anxiety disorders[END_REF] and an annual financial burden of more than $40 billion [START_REF] Kessler | Prevalence, severity, and comorbidity of 12-month DSM-IV disorders in the National Comorbidity Survey Replication[END_REF].

Benzodiazepines (BZDs) are effective at treating most anxiety disorders and have been the standard treatment for years, with over an 80 % response in reducing acute anxiety in patients [START_REF] Klein | The role of extended-release benzodiazepines in the treatment of anxiety: a risk-benefit evaluation with a focus on extended-release alprazolam[END_REF]. However, their long-term daily use has been associated with a risk for dependency and amnesia. Consequently, they are often replaced by chronic treatment with serotonergic agents such as Selective Serotonin Reuptake Inhibitors (SSRIs) pointing out a key role of serotonin (5-HT) to treat anxiety. However, as SSRIs have a delayed onset of action of several weeks and a 40 % non responders rate in anxious patients [START_REF] Bystritsky | Treatment-resistant anxiety disorders[END_REF], there is a need to develop novel fast-acting anxiolytics.

Findings have indicated that the serotonin 4 receptor (5-HT4R) may represent a new target for treating both depression and anxiety [START_REF] Mendez-David | Rapid anxiolytic effects of a 5-HT(4) receptor agonist are mediated by a neurogenesis-independent mechanism[END_REF][START_REF] Samuels | Serotonin 1A and Serotonin 4 Receptors: Essential Mediators of the Neurogenic and Behavioral Actions of Antidepressants[END_REF][START_REF] Castello | CK2 regulates 5-HT4 receptor signaling and modulates depressive-like behavior[END_REF][START_REF] Pascual-Brazo | Modulation of neuroplasticity pathways and antidepressant-like behavioural responses following the short-term (3 and 7 days) administration of the 5-HT(4) receptor agonist RS67333[END_REF][START_REF] Lucas | Serotonin(4) (5-HT(4)) receptor agonists are putative antidepressants with a rapid onset of action[END_REF]. The 5-HT4R is a G-protein coupled receptor (GPCR) that activates Gs and stimulates the cAMP/PKA signaling pathway, resulting in the phosphorylation of cAMP response element binding protein (CREB) and as a consequence the expression of a number of genes involved in neuroplasticity [START_REF] Vidal | Serotonin 5-HT4 receptors: A new strategy for developing fast acting antidepressants?[END_REF]. The majority of 5-HT4Rs are expressed in the brain of primates and rodents specifically in the medium spiny neurons of the striatum, the ammon's horns (CA1 and CA3) of the hippocampus, the granule cells of the dentate gyrus and glutamatergic neurons in the cortex and amygdala [START_REF] Rebholz | Alterations of Expression of the Serotonin 5-HT4 Receptor in Brain Disorders[END_REF]. In addition, 5-HT4Rs are also found in hypothalamus, ventral pallidum, olfactory bulbs, septal area, and substantia nigra. Mice lacking the 5-HT4R display anhedonia and a context-dependent anxiety-like behavior [START_REF] Amigo | The absence of 5-HT4 receptors modulates depression-and anxiety-like responses and influences the response of fluoxetine in olfactory bulbectomised mice: Adaptive changes in hippocampal neuroplasticity markers and 5-HT1A autoreceptor[END_REF] and various 5-HT4R agonists can exert an antidepressant and anxiolytic-like activity [START_REF] Samuels | Serotonin 1A and Serotonin 4 Receptors: Essential Mediators of the Neurogenic and Behavioral Actions of Antidepressants[END_REF]. For instance, unlike SSRIs, treatment with RS67333, a 5-HT4R agonist, [START_REF] Bockaert | 5-HT4 receptors[END_REF], induced fast anxiolytic/antidepressant-like effects through a neurogenesis-independent mechanism [START_REF] Mendez-David | Rapid anxiolytic effects of a 5-HT(4) receptor agonist are mediated by a neurogenesis-independent mechanism[END_REF].

Although a number of studies have assessed the anxiolytic/antidepressant-like activity of 5-HT4R modulation after subchronic or chronic treatment, few have evaluated their anxiolyticlike profile acutely. Conflicting evidence suggests that 5-HT4R antagonists have acute anxiolytic-like effects [START_REF] Kennett | Anxiolytic-like actions of the selective 5-HT4 receptor antagonists SB 204070A and SB 207266A in rats[END_REF][START_REF] Silvestre | Effects of 5-HT4 receptor antagonists on rat behaviour in the elevated plus-maze test[END_REF]. Two reports showed an anxiolytic effect of 5-HT4R antagonists SB 204070, GR 113808 [START_REF] Silvestre | Effects of 5-HT4 receptor antagonists on rat behaviour in the elevated plus-maze test[END_REF] and SB 207266A [START_REF] Kennett | Anxiolytic-like actions of the selective 5-HT4 receptor antagonists SB 204070A and SB 207266A in rats[END_REF][START_REF] Silvestre | Effects of 5-HT4 receptor antagonists on rat behaviour in the elevated plus-maze test[END_REF] in rats in the elevated plus maze (EPM). However, another study did not detect an effect of the antagonists SB 204070 and GR 113808 on the number of open arm entries in the EPM [START_REF] Silvestre | Effects of 5-HT4 receptor antagonists on rat behaviour in the elevated plus-maze test[END_REF]. Similarly, a direct effect of the 5-HT4R antagonists on anxiety-like behavior in the light/dark choice test was not detected [START_REF] Costall | The influence of 5-HT2 and 5-HT4 receptor antagonists to modify drug induced disinhibitory effects in the mouse light/dark test[END_REF]. The reasons for these discrepancies are unclear. In contrast, acute 5-HT4R activation has been shown to be an encouraging pharmacological strategy to obtain a fast anxiolytic-like response. Recently, acute administration of RS67333, induced anxiolytic-like effects in mice [START_REF] Bell | Anxiolytic-like effects observed in rats exposed to the elevated zero-maze following treatment with 5-HT2/5-HT3/5-HT4 ligands[END_REF] and reversed the anxiogenic effects of chronic exposure to cannabinoids during adolescence [START_REF] Abboussi | Behavioral effects of D3 receptor inhibition and 5-HT4 receptor activation on animals undergoing chronic cannabinoid exposure during adolescence[END_REF].

Interestingly, approximately 60 % of pyramidal neurons recorded in the medial prefrontal cortex (mPFC) contain both the 5-HT4R transcript and protein. Activation of these somatodendritic 5-HT4R in the mPFC results in glutamate release in the DRN to stimulate the firing of 5-HT neurons [START_REF] Lucas | Frontocortical 5-HT4 receptors exert positive feedback on serotonergic activity: viral transfections, subacute and chronic treatments with 5-HT4 agonists[END_REF]. A large body of evidence also suggests that mPFC projections to the DRN modulate anxiety and depression-related behaviors [START_REF] Davidson | Anxiety and affective style: role of prefrontal cortex and amygdala[END_REF][START_REF] Riga | Optogenetic dissection of medial prefrontal cortex circuitry[END_REF][START_REF] Warden | A prefrontal cortex-brainstem neuronal projection that controls response to behavioural challenge[END_REF]. Indeed, chronic optical stimulation of layer V pyramidal cells in the PFC induced a longlasting anxiolytic-like effect in a mouse model of anxiety/depression [START_REF] Kumar | Cortical control of affective networks[END_REF], and inhibition of mPFC terminals targeting to the DRN induces a long-lasting suppression of anxiety-like behavior in socially stressed mice [START_REF] Challis | Optogenetic modulation of descending prefrontocortical inputs to the dorsal raphe bidirectionally bias socioaffective choices after social defeat[END_REF]. Lastly, a recent study revealed a key role for DRN circuits in environment-specific adaptive behaviors [START_REF] Seo | Intense threat switches dorsal raphe serotonin neurons to a paradoxical operational mode[END_REF]. As a result, it is possible that projection from the mPFC to DRN may mediate the anxiolytic effects of 5-HT4R activation.

Here, using behavioral paradigms predictive of anxiolytic-like activity, we first evaluated the consequences of an acute systemic or intra-mPFC administration with RS67333 or the GABAA modulator diazepam in male BALB/cJRj anxious mice [START_REF] Dulawa | Effects of chronic fluoxetine in animal models of anxiety and depression[END_REF]. Then, using optogenetic techniques, we assessed the contribution of glutamatergic axon terminals arising from the mPFC to the DRN on fast anxiolytic-like effects.

MATERIALS AND METHODS

Additional experimental procedures are available online in Supplemental Data

Subjects

Male BALB/cJRj mice (Janvier Labs, Le Genest-St-Isle, France) were 7-8 weeks old, weighed 25-30 g, and were maintained on a 12h light:12h dark schedule (lights on at 06:00 hours). Food and water were provided ad libitum except during behavioral observations. The protocols were conducted in conformity with the institutional guidelines that are in compliance with national and international laws and policies (Council directive #87-848, October 19, 1987, Ministère de l'Agriculture et de la Forêt, Service Vétérinaire de la Santé et de la Protection Animale, permissions # 92-256B to DJD, Institutional Animal Care and Use Committee 26 authorization #4074).

RESULTS

Acute systemic 5-HT4R stimulation induced fast anxiolytic-like effect.

To assess putative fast anxiolytic 5-HT4R activation, vehicle, fluoxetine (18 mg/kg), diazepam (1.5 mg/kg), or RS67333 (1.5 mg/kg) were administered i.p., 45 minutes before behavioral testing in the EPM or NSF (Figure 1A). In the EPM, acute systemic injection of To assess the selectivity of RS67333-induced anxiolytic-like effects, we also tested whether the 5-HT4R antagonist GR125487 (1 mg/kg, i.p) influenced the response of RS67333 (1.5 mg/kg) on anxiety-like behavior. Here, GR125487 was administered 15 minutes before RS administration (Figure S1A). In the EPM, GR125487 administration In another anxiety-related test, the NSF, we found that RS67333 and diazepam, unlike fluoxetine that induced an anxiogenic-like effect, decreased the latency to feed when compared with saline administration (Kaplan-Meier survival analysis and one-way ANOVA, **p<0.01 vs. vehicle group, inset, Figures 1E-1F andinset) without affecting the home-cage food consumption. Moroever, GR125487 occluded the effect of RS67333 on the latency to feed without affecting food consumption (Kaplan-Meier survival analysis and one-way ANOVA, **p<0.01 or ##p<0.01 vs. vehicle group and vs. RS67333 group respectively, Supplemental Figures 1D-1E andinset).

To further validate these results, we next tested the effect of RS67333, fluoxetine and diazepam in another anxiety-related test, the Open Field (OF) (Supplemental Figures 2A-C). We found that, unlike fluoxetine, acute RS67333 and diazepam increase the percent time spent in Center (one-way ANOVA, *p<0.05, **p<0.01, Supplemental Figures 2B) without affecting locomotor activity. Indeed, the ratio of ambulatory distance in the center divided by total distance was significantly increased for diazepam and a trend was observed for RS67333 (one-way ANOVA, *p<0.05, **p<0.01 vs. vehicle group, Supplemental Figures 2C andinset). In summary, these data indicate that RS67333induced fast anxiolytic-like effects through 5-HT4R activation.

Acute cortical 5-HT4R activation induces fast anxiolytic-like effects.

Since 5-HT4Rs are expressed in the mPFC [START_REF] Vilaro | Serotonin 5-HT4 receptors and their mRNAs in rat and guinea pig brain: distribution and effects of neurotoxic lesions[END_REF], a brain region involved in the physiopathology of mood disorders related to central 5-HT dysfunction [START_REF] Lucas | Frontocortical 5-HT4 receptors exert positive feedback on serotonergic activity: viral transfections, subacute and chronic treatments with 5-HT4 agonists[END_REF][START_REF] Jean | Adaptive Control of Dorsal Raphe by 5-HT4 in the Prefrontal Cortex Prevents Persistent Hypophagia following Stress[END_REF][START_REF] Moha Ou Maati | The peptidic antidepressant spadin interacts with prefrontal 5-HT(4) and mGluR(2) receptors in the control of serotonergic function[END_REF], we examined the contribution of 5-HT4R activation in the mPFC to fast anxiolytic-like activity (Figure 1B). In the EPM, as observed with a systemic administration of diazepam Here, we set out to test whether an acute administration of RS67333 could induce persistent changes in serotonergic activity (Figure 2A). Indeed, we found that acute systemic administration of RS67333 (1,5 mg/kg) increased the discharge frequency of DRN 5-HT neurons by 63 % (Student's test, **p<0.01 vs. before RS6733, Figures 2B-2C).

To further confirm that anxiolytic-like effects of mPFC 5-HT4R stimulation depend on an intact 5-HT system, mice were pre-treated with p-CPA for 3 days before RS67333 (0.5 µg/side) or diazepam (1.5 µg/side) intra-mPFC infusion (Figure 2D). p-CPA induced an average decrease of 86 % in the 5-HT content in the mPFC of vehicle mice (two-way ANOVA, #p<0.05, ##p<0.01 vs. appropriate vehicle group, Figure 2E). Acute intra-mPFC infusion with RS67333 or diazepam increased time, percent time spent in the open arms of the EPM, and the ratio of ambulatory distance in the open arms / total distance were abolished in 5-HT-depleted p-CPA mice (two-way ANOVA, **p<0.01 vs. vehicle/vehicle or or #p<0.05, ##p<0.01 vs. vehicle/appropriate groupe, Figures 2F-2G). p-CPA -induced 5-HT depletion did not affect locomotor activity (Inset Figure 2G). These results point out the critical role of the 5-HT neurotransmission in fast anxiolytic-like effects. In summary, RS67333, as suggested previously [START_REF] Moha Ou Maati | The peptidic antidepressant spadin interacts with prefrontal 5-HT(4) and mGluR(2) receptors in the control of serotonergic function[END_REF], and diazepam act on 5-HT function through a modulation of the mPFC.

Fast anxiolytic-like effects of 5-HT4R agonist recruit medial prefrontal cortexbrainstem neural circuit.

While emotional behaviors are mediated by mPFC pyramidal neurons projecting to the DRN [START_REF] Warden | A prefrontal cortex-brainstem neuronal projection that controls response to behavioural challenge[END_REF], no direct evidence suggests that these projections are involved in anxiolyticlike effects. Thus, using optogenetic strategies, we began an examination of the specific contribution of the incoming cortical glutamatergic terminals in the DRN to fast anxiolyticlike effects induced by acute diazepam or RS67333 administration. andinset). To further confirm that the fast anxiolytic-like effects of the 5-HT4R agonist recruit the mPFC-brainstem neural circuit, we evaluated the behavioral consequences of an optogenetic stimulation of mPFC terminals in the DRN in the OF paradigm (Supplemental Figures 3A-C). We found that illumination of mPFC projections in DRN in CamKII-ChR2-injected BALB/cJRj mice induced a significant increase in time spent in the center in comparison to light OFF and also to control group (two-way ANOVA, **p<0.01 versus during light OFF, ##p<0.01 versus eYFP during light ON, Supplemental Figures 3B andinset). It is unlikely that this effect was the consequence of a change in locomotor activity, as the total ambulatory distance was not affected and the ratio of ambulatory distance in center divided by total distance was increased in comparison to light OFF (twoway ANOVA, **p<0.01 or ##<p0.01 vs. CaMKII -ChR2-eYFP or CaMKII-eYFP during light ON, Supplemental Figure 3C andinset).

Next, we probed the effects of optogenetic inhibition of mPFC projections to the DRN after cortical infusion of RS67333 or diazepam (Figure 4A). AAV5-CaMKII-ArchT injected mice in the mPFC showed robust expression of ArchT-GFP in mPFC but also in cortical glutamatergic terminals in the DRN (Figures 4B). andinset). These results were also confirmed in the OF (Supplemental Figure 4A-C). Indeed, RS67333 (0.5 µg/side) and diazepam (1.5 µg/side) infused in mPFC of CamKII-ArchT mice, induced anxiolytic effects that were blocked by optogenetic inhibition of mPFC terminals in the DRN. Specifically, RS67333 and diazepam injected in the mPFC of CamKII-ArchT mice increased significantly the time spent in the center during light OFF, and this effect was reversed during a 3-min green light illumination (85 ±20 % and 80 ±22 % of inhibition for RS67333 and diazepam respectively, two-way ANOVA, *p<0.05, **p<0.01 or #p<0.05, ##<p0.01 vs. CaMKII -ArchT or CaMKII-GFP during light ON, Supplemental Figures 4B-4C andinsets). These data support that the mPFC-DRN neural circuit is recruited for both RS67333 and diazepam to induce anxiolytic-like effects.

We then proceeded to investigate whether mPFC terminals targeting to the DRN circuit could be sufficient for fast anxiolytic-like effects induced by acute systemic diazepam or RS67333 treatment (Figures 4A-4B). In the EPM paradigm, as previously shown, acute Our study provides evidence in BALB/cJRj, a mouse strain with a high anxiety level, that 5-HT4R stimulation induced fast anxiolytic-like effects similar to diazepam in three different anxiety paradigms, namely EPM, NSF and OF. Interestingly, unlike RS67333, acute systemic administration of fluoxetine did not affect anxiety-like behavior, confirming previous observations [START_REF] David | Efficacy of the MCHR1 antagonist N-[3-(1-{[4-(3,4difluorophenoxy)phenyl]methyl}(4-piperidyl))-4-methylphenyl]-2-m ethylpropanamide (SNAP 94847) in mouse models of anxiety and depression following acute and chronic administration is independent of hippocampal neurogenesis[END_REF]. These data also suggest that rapid anxiolytic-like activity requires selective activation of some key postsynaptic receptors such as the 5-HT4R or the 5-HT1AR (31) more than a global increase in 5-HT neurotransmission.

Involvement of mPFC-DRN circuit for the 5-HT4R activation-mediated rapid anxiolytic-like activity.

In both humans and also in rodents, 5-HT4R are mainly localized in limbic areas involved in psychiatric disorders, such as anxiety [START_REF] Vilaro | Serotonin 5-HT4 receptors and their mRNAs in rat and guinea pig brain: distribution and effects of neurotoxic lesions[END_REF][START_REF] Waeber | Regional distribution and ontogeny of 5-HT4 binding sites in rodent brain[END_REF]. We explored the role of the 5-HT4R activation expressed in mPFC in fast anxiolytic-like effects. Indeed, 5-HT4R is expressed in excitatory pyramidal neurons of the mPFC, a region showing glutamate dysregulation in patients with generalized anxiety disorders [START_REF] Paulesu | Neural correlates of worry in generalized anxiety disorder and in normal controls: a functional MRI study[END_REF][START_REF] Wang | Cortical functional activity in patients with generalized anxiety disorder[END_REF]. Interestingly, fast anxiolytic-like effects observed after acute systemic administration of RS67333 were reproduced by an acute infusion of this 5-HT4R agonist in mPFC. Indeed, after a bilateral infusion with RS67333, similar to diazepam, there was an increase in time spent in open arms in the EPM and a decrease in latency to feed was observed in the NSF. Our results are in line with previous results showing that 5-HT4R overexpression in the mPFC yields a robust anxiolytic-like behavioral phenotype [START_REF] Castello | CK2 regulates 5-HT4 receptor signaling and modulates depressive-like behavior[END_REF][START_REF] Lucas | Frontocortical 5-HT4 receptors exert positive feedback on serotonergic activity: viral transfections, subacute and chronic treatments with 5-HT4 agonists[END_REF].

Anatomical studies have shown that the prelimbic/cingulate cortices also project abundantly to DRN 5-HT neurons [START_REF] Weissbourd | Presynaptic partners of dorsal raphe serotonergic and GABAergic neurons[END_REF]. This connectivity has attracted great interest as a potential circuit involved in modulating stress and depressive behaviors [START_REF] Warden | A prefrontal cortex-brainstem neuronal projection that controls response to behavioural challenge[END_REF]. For example, stressor exposure to inescapable shock in rodents increased cFos expression in 5-HT neurons in the middle and caudal regions of the DRN, suggesting an increased neural activation of this structure in anxiogenic situations [START_REF] Grahn | Activation of serotonin-immunoreactive cells in the dorsal raphe nucleus in rats exposed to an uncontrollable stressor[END_REF]. There is also evidence that 5-HT4R activation in the mPFC controls the firing rate of midbrain serotonergic neurons via descending inputs [START_REF] Lucas | Frontocortical 5-HT4 receptors exert positive feedback on serotonergic activity: viral transfections, subacute and chronic treatments with 5-HT4 agonists[END_REF][START_REF] Moha Ou Maati | The peptidic antidepressant spadin interacts with prefrontal 5-HT(4) and mGluR(2) receptors in the control of serotonergic function[END_REF][START_REF] Lucas | Serotonin receptors, type 4: a new hope?[END_REF]. A reduction in the spontaneous activity of 5-HT neurons and a decrease in 5-HT content in the DRN of 5-HT4R-null mice were observed [START_REF] Conductier | Adaptive changes in serotonin neurons of the raphe nuclei in 5-HT(4) receptor knock-out mouse[END_REF].

Conversely, administration of RS67333 in rat, at different time points, drives effects on DRN 5-HT neuronal activity [START_REF] Lucas | Frontocortical 5-HT4 receptors exert positive feedback on serotonergic activity: viral transfections, subacute and chronic treatments with 5-HT4 agonists[END_REF][START_REF] Moha Ou Maati | The peptidic antidepressant spadin interacts with prefrontal 5-HT(4) and mGluR(2) receptors in the control of serotonergic function[END_REF][START_REF] Etiévant | Connection re-established: neurotransmission between the medial prefrontal cortex and serotonergic neurons o ers perspectives for fast antidepressant action[END_REF], and increase 5-HT release at projection sites [START_REF] Ge | 5-HT4 receptor-mediated modulation of 5-HT release in the rat hippocampus in vivo[END_REF].

We showed that acute systemic injection of RS67333 enhances the firing rate of DRN 5-HT neurons in mice, suggesting that the fast anxiolytic-like activity of the 5-HT4R agonist is dependent on activation of this neuronal population, despite the fact that DRN does not express 5-HT4R [START_REF] Vilaro | Serotonin 5-HT4 receptors and their mRNAs in rat and guinea pig brain: distribution and effects of neurotoxic lesions[END_REF]. In fact, the fast onset of action of the 5-HT4R agonist could be a consequence of an increase in serotonergic output to projection areas including the mPFC [START_REF] Lucas | Frontocortical 5-HT4 receptors exert positive feedback on serotonergic activity: viral transfections, subacute and chronic treatments with 5-HT4 agonists[END_REF][START_REF] Lucas | 5-HT4 receptors exert a frequency-related facilitatory control on dorsal raphe nucleus 5-HT neuronal activity[END_REF]. These results are supported by the fact that the depletion of whole brain 5-HT content by pre-treatment with systemic p-CPA prevented RS67333-induced anxiolytic-like phenotype, while p-CPA alone did not affect behavior as previously reported [START_REF] Du Jardin | Differential interaction with the serotonin system by S-ketamine, vortioxetine, and fluoxetine in a genetic rat model of depression[END_REF].

Interestingly, despite different pharmacological targets, the 5-HT4R agonist and BZD shared a common anxiolytic-like activity with similar efficiency suggesting activation of 5-HT neurotransmission and possibly common neural circuit recruitment by these two drugs.

Under our experimental conditions, anxiolytic-like activity of intra-mPFC infusion of diazepam was blocked by a pre-treatment with p-CPA, suggesting a participation of 5-HT system in this activity.

Knowing that 5-HT-producing neurons in the DRN are preferentially modulated by monosynaptic glutamatergic inputs from the mPFC [START_REF] Weissbourd | Presynaptic partners of dorsal raphe serotonergic and GABAergic neurons[END_REF], we used a CamKII promoter to target glutamatergic pyramidal neurons and evaluate this neuronal brain circuit involved in fast anxiolytic-like effects. Illumination of ChR2-expressing terminals of mPFC neurons projecting to the DRN of BALB/cJRj mice induced an anxiolytic-like effect, measured as an increase in the time spent in the open arms, an effect similarly to intra-mPFC RS67333 and diazepam. This result emphasizes the role of the mPFC-brainstem DRN neural circuit in fast anxiolytic-like effects. Multiple studies have implicated the mPFC-DRN circuit in the regulation of behavioral response to aversive challenges. For example, deep brain stimulation (DBS) in the ventromedial PFC of chronic social defeat (SD) mice restored social interaction [START_REF] Veerakumar | Antidepressant-like effects of cortical deep brain stimulation coincide with pro-neuroplastic adaptations of serotonin systems[END_REF]. At the same time, 1-hour DBS in naïve mice and chronic DBS in chronic SD mice, increased cFos immunoreactivity in the DRN and reversed SD-induced hypoexcitability of DRN 5-HT neurons, respectively [START_REF] Veerakumar | Antidepressant-like effects of cortical deep brain stimulation coincide with pro-neuroplastic adaptations of serotonin systems[END_REF]. In SD mice, chronic photoactivation of mPFC pyramidal cells increased the time spent in the open arms in the EPM [START_REF] Kumar | Cortical control of affective networks[END_REF], whereas stimulation had no effect on anxiety-related behavior in non-stressed animals [START_REF] Kumar | Cortical control of affective networks[END_REF][START_REF] Covington | Antidepressant effect of optogenetic stimulation of the medial prefrontal cortex[END_REF]. Conversely, photosilencing mPFC terminals in the DRN prevented a decrease in social interaction in SD mice, suggesting a contributing role in anxiety-like behavior [START_REF] Challis | Optogenetic modulation of descending prefrontocortical inputs to the dorsal raphe bidirectionally bias socioaffective choices after social defeat[END_REF].

To ensure that the behavioral response to local 5-HT4R agonist infusion is in line with the idea that glutamatergic mPFC pyramidal neurons are mediators of 5-HT4R agonist -driven effects on DRN 5-HT neuronal activity, we optogenetically silenced incoming cortical glutamatergic terminals in the DRN. Inhibition of these projections reversed the anxiolytic-like behavior induced by intra-mPFC RS67333 and diazepam administration, confirming that the cortex-raphe circuit recruitment is essential for rapid anxiolytic-like activity [START_REF] Castello | CK2 regulates 5-HT4 receptor signaling and modulates depressive-like behavior[END_REF]. Interestingly, in line with our results, a recent study show that rescuing the mPFC-5-HT4R expression in 5-HT4R KO mice partly reduced stress levels [START_REF] Jean | Adaptive Control of Dorsal Raphe by 5-HT4 in the Prefrontal Cortex Prevents Persistent Hypophagia following Stress[END_REF]. Although these results were not surprising for the 5-HT4R agonist, they were unexpected for diazepam. However, cortical GABAA receptor activation through intra-mPFC muscimol infusion (a direct agonist of GABAA receptor) has been proposed to attenuate anxietyrelated behavior in adult Wistar rats [START_REF] Solati | Activation of GABAA receptors in the medial prefrontal cortex produces an anxiolytic-like response[END_REF]. These findings indicate that despite different pharmacological targets, 5-HT4R agonist and BZD share common mechanisms to induce fast anxiolytic-like effect through prefrontal cortex-DRN brainstem neural circuit recruitment. Whether or not these glutamatergic projections might also regulate DRN activity via an effect on local interneurons should be investigated. Anatomical studies using viral anterograde tracing revealed that 5-HT neurons and GABA interneurons in the DRN receive excitatory inputs from the prelimbic part of the mPFC, with a larger proportion of inputs to DRN 5-HT neurons compared to GABAergic neurons [START_REF] Weissbourd | Presynaptic partners of dorsal raphe serotonergic and GABAergic neurons[END_REF] suggesting that GABA interneurons influence may be secondary [START_REF] Lucas | Serotonin receptors, type 4: a new hope?[END_REF].

In order to evaluate whether mPFC-DRN circuit recruitment is not only necessary but also sufficient in the fast anxiolytic-like activity related to 5-HT4R activation, we investigated the consequences of optogenetic inhibition of the mPFC terminals in the DRN after acute systemic administration of diazepam and RS67333. Inhibition of cortical glutamatergic terminals in the DRN attenuates but does not prevent the anxiolytic effect induced by acute systemic administration with RS67333 or diazepam suggesting that other brain structures might also be involved in the fast anxiolytic-like activity of BZD and 5-HT4R agonist. These results are not surprising since other circuits are also involved in anxietyrelated behaviors such as the ventral hippocampus to prefrontal cortex [START_REF] Padilla-Coreano | Direct Ventral Hippocampal-Prefrontal Input Is Required for Anxiety-Related Neural Activity and Behavior[END_REF], prefrontal cortex to basolateral amygdala [START_REF] Vialou | Prefrontal cortical circuit for depression-and anxiety-related behaviors mediated by cholecystokinin: role of DeltaFosB[END_REF], basolateral amygdala to ventral hippocampus [START_REF] Beyeler | BLA to vHPC inputs modulate anxiety-related behaviors[END_REF] or DRN to bed nucleus of the stria terminalis (31) inputs (Figure 5). For instance, RS67333 administration into the basolateral amygdala, hippocampus, or nucleus basalis magnocellularis modulated also emotional memory formation and consolidation [START_REF] Chegini | Differential role of the basolateral amygdala 5-HT3 and 5-HT4 serotonin receptors upon ACPA-induced anxiolytic-like behaviors and emotional memory deficit in mice[END_REF][START_REF] Orsetti | Acquisition, retention, and recall of memory after injection of RS67333, a 5-HT(4) receptor agonist, into the nucleus basalis magnocellularis of the rat[END_REF][START_REF] Nasehi | The effects of CA1 5HT4 receptors in MK801-induced amnesia and hyperlocomotion[END_REF], suggesting that the anxiolytic-like effect of 5-HT4R agonist might depend on these different limbic areas.

Interestingly, we found that silencing cortical glutamatergic terminals in the DRN attenuates also the anxiolytic-like activity of diazepam. Many other structures express the GABAA receptor and the 5-HT4R, but the mPFC-DRN circuit appears necessary but not sufficient for diazepam and RS67333-mediated fast anxiolytic-like activity. Future studies should examine how brain structures also involved in anxiety phenotype interact with the mPFC-DRN circuit for fast anxiolytic-like activity and also whether 5-HT4R expression in the mPFC is responsible for fast anxiolytic-like effect of diazepam since diazepam have been shown to be dose-dependently inhibited by antagonists of the 5-HT4R [START_REF] Costall | The influence of 5-HT2 and 5-HT4 receptor antagonists to modify drug induced disinhibitory effects in the mouse light/dark test[END_REF].

Taken together, our study reveals the importance the mPFC-DRN circuit in mediating the fast anxiolytic-like effects of both 5-HT4R agonists and BZD. Stimulating the 5-HT4R in the mPFC or more generally the mPFC-brainstem DRN neural circuit facilitates anxiolytic effect and could represent an innovative and rapid onset therapeutic approach to treat anxiety. However, the use of 5-HT4R agonists as a fasting anxiolytics may be hampered by the fact that the 5-HT4R are expressed outside the central nervous system in the heart, gastrointestinal tract, adrenal gland, and urinary bladder [START_REF] Tonini | Drugs acting on serotonin receptors for the treatment of functional GI disorders[END_REF]. It may be worth identifying other components of the mPFC-DRN circuits that are more specific and amenable to drug development.
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  Figure 1C and inset). It is unlikely that this effect was the consequence of a change in

  prevented RS67333-induced increase in time and the percent ime spent in the open arms, or the increase of ambulatory distance in the open arms divided by total distance without affecting locomotor activity (one-way ANOVA, *p<0.05, **p<0.01 or ##p<0.01 vs. vehicle group and vs. RS67333 group respectively, Figures S1B-S1C and insets).

  (1.5 mg/kg), a local infusion of RS67333 (1 µg) significantly increased time and percent time spent in the open arms without affecting locomotion (one-way ANOVA, *p<0.05, **p<0.01 vs. vehicle group, Figure 1G and insets), as a significant increase in ratio of ambulatory distance in the open arms divided by total distance was observed (One Way ANOVA, *p<0.05 vs. vehicle group, Figures 1H).

  Figures 1I-1J and inset) confirming the anxiolytic-like effects of 5-HT4R activation in the

First

  , to target opsin expression selectively to cortical glutamatergic projections to the DRN, we employed a AAV5-CaMKII -virus, that specifically expresses ChR2 in mPFC pyramidal cell terminals in the DRN (Figures 3A-3B). AAV5-CaMKII -ChR2-eYFP injected mice were compared to AAV5-CaMKII-eYFP -injected control. In the EPM, illumination of mPFC projections in the DRN in CamKII-ChR2-injected BALB/cJRj mice induced a significant increase in time, percent time or change in the distribution of time spent in the open arms in comparison to light OFF and also to control group (two-way ANOVA, **p<0.01 or ##<p0.01 vs. CaMKII -ChR2-eYFP or CaMKII-eYFP respectively during light ON, Figures 3C and insets). It is unlikely that this effect was the consequence of a change in locomotor activity, as even if the total ambulatory distance was decrease in CamKII-ChR2-injected mice during light ON, the ratio of ambulatory distance in open arms divided by total distance was increased in comparison to light OFF (two-way ANOVA, **p<0.01 or ##<p0.01 vs. CaMKII -ChR2-eYFP or CaMKII-eYFP respectively during light ON, Figures 3D

  In the EPM, RS67333 (0.5 µg/side) and diazepam (1.5 µg/side) injected in the mPFC of CamKII-ArchT mice increased significantly time, percent time or change in the distribution of time spent in the open arms during light OFF and was reversed during a 3-min green light illumination (70 ±8 % and 85 ±5 % of inhibition for RS67333 and diazepam respectively, two-way ANOVA, **p<0.01 or ##<p0.01 vs. CaMKII -ArchT or CaMKII-GFP respectively during light ON for appropriate treatment Figures 4C and inset). Similarly, acute RS67333 and diazepam administration increased the ratio of ambulatory distance in open arms divided by total distance during light OFF in comparison to controls and was blocked during light ON, confirming the anxiolytic effects of both drugs (two-way ANOVA, **p<0.01 vs. CaMKII -ArchT or #<p0.05 CaMKII-GFP respectively during light OFF for appropriate treatment, Figure 4D). No changes in ambulatory distance were observed during light OFF or light ON (Figures 4D

  systemic administration of RS67333 (1.5 mg/kg) or diazepam (1.5 mg/kg) in CaMKII-ArchT -mPFC injected mice increased time, percent time spent in open arms and ratio ambulatory distance in open arms divided by total distance eliciting an anxiolytic-like effect without affecting locomotor activity during the OFF epoch (two-way ANOVA, **p<0.01 vs. vehicle group during light OFF, Figures 4E-4F and inset). During a 3-minute green-light illumination of cortical glutamatergic terminals in the DRN, even though acute RS67333 or diazepam induced an anxiolytic-like effect, the size of the effect was attenuated in comparison to light OFF (two-way ANOVA, § §p<0.01 vs. vehicle group during light ON, #p<0.05 vs. appropriate group during light OFF, Figures 4E-4F and inset). Indeed, a significant decrease of 24 % for RS67333 and a 17 % decrease (p<0.09), for diazepam, in time spent in the open arms was observed in the EPM. The distribution of time spent in the open arms and the decrease in ambulatory distance in open arms divided by total distance between light ON after acute systemic RS67333 or diazepam administration confirmed that inhibition of mPFC pyramidal cell terminals in the DRN significantly reduced anxiolytic effects of these two compounds (two-way ANOVA, #p<0.05, ##p<0.01 vs. appropriate group during light OFF, Figures 4E-4F and inset). Overall, these data suggest that the mPFC terminals in the DRN are recruited for fast anxiolytic effects of RS67333 and diazepam. DISCUSSION Acute 5-HT4R activation and fast anxiolytic-like effects.
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