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Introduction

Patients suffering from chronic pain are particularly at risk to develop neuropsychiatric disorders, such as anxiety and major depressive disorders, which dramatically adds to the clinical burden [START_REF] Radat | Psychiatric co-morbidities in patients with chronic peripheral neuropathic pain: a multicentre cohort study[END_REF][START_REF] Lerman | Longitudinal associations between depression, anxiety, pain, and pain-related disability in chronic pain patients[END_REF]. In turn, affective illness has been shown to worsen the diagnosis and prognosis of neuropathic pain [START_REF] Leo | Chronic pain and comorbid depression[END_REF][START_REF] Gustorff | Prevalence of self-reported neuropathic pain and impact on quality of life: a prospective representative survey[END_REF][START_REF] Torta | A Review of the Emotional Aspects of Neuropathic Pain: From Comorbidity to Co-Pathogenesis[END_REF].

A time-dependent apparition of anxiodepressive-like signs in animal models of neuropathic pain has also been documented [START_REF] Yalcin | A timedependent history of mood disorders in a murine model of neuropathic pain[END_REF]. It is well recognized that there exists several common pathophysiological mechanisms between the somatosensory and affective symptoms of chronic pain [START_REF] Leo | Chronic pain and comorbid depression[END_REF]. Amongst them, monoamine neurotransmitters including serotonin (5-HT), dopamine (DA), and norepinephrine (NE) are among the most studied candidates in both the fields of chronic pain and psychiatric disorders [START_REF] Bravo | Monoamines as Drug Targets in Chronic Pain: Focusing on Neuropathic Pain[END_REF][START_REF] Humo | The molecular neurobiology of chronic pain-induced depression[END_REF][START_REF] Bravo | Pain in neuropsychiatry: Insights from animal models[END_REF]. Chronic antidepressant therapy, favoring monoaminergic signaling, is indeed currently used as a first-line treatment in neuropathic pain states [START_REF] Finnerup | Pharmacotherapy for neuropathic pain in adults: a systematic review and metaanalysis[END_REF]. However, their pain relief efficacy is limited as adverse effects can lead to a high number of treatment discontinuation and withdrawal symptoms [START_REF] Goldstein | Duloxetine vs. placebo in patients with painful diabetic neuropathy[END_REF][START_REF] Saarto | Antidepressants for neuropathic pain[END_REF].

The full mechanism of action of antidepressant drugs relative to antinociception is not yet clear but is thought to imply more than descending monoaminergic controls [START_REF] Mico | Antidepressants and pain[END_REF][START_REF] Kremer | Antidepressants and gabapentinoids in neuropathic pain: Mechanistic insights[END_REF]. For instance, the efficacy of monoaminergic controls is also placed under a fine control by local GABAergic inhibitory interneurons, whose function was demonstrated to be altered in several preclinical models of neuropathic pain conditions [START_REF] Latremoliere | Central sensitization: a generator of pain hypersensitivity by central neural plasticity[END_REF][START_REF] Prescott | Synaptic inhibition and disinhibition in the spinal dorsal horn[END_REF]. Facilitating inhibitory transmission thus appears as an interesting strategy to compensate for imbalance involved in/contributing to neuropathic pain. Moreover, this action is expected to reduce pain as well as to control associated emotional disorders [START_REF] Munro | GABA(A) receptor modulation: potential to deliver novel pain medicines?[END_REF]. In this context, the non-benzodiazepine anxiolytic etifoxine (EFX: stresam™) has revealed its anti-allodynic potential in several experimental models of chronic pain such as carrageenan-induced inflammatory sensitization or chemotherapy-induced generalized neuropathy (Aouad et al., 2014a;Aouad et al., 2014b;[START_REF] Gazzo | Analgesic and anti-edemic properties of etifoxine in models of inflammatory sensitization[END_REF]. EFX, already approved in the treatment of adjustment disorders with anxiety, shows limited side effects [START_REF] Servant | Treatment of adjustment disorder with anxiety: efficacy and tolerance of etifoxine in a double-blind controlled study[END_REF][START_REF] Micallef | A double blind parallel group placebo controlled comparison of sedative and mnesic effects of etifoxine and lorazepam in healthy subjects [corrected][END_REF][START_REF] Nguyen | Efficacy of etifoxine compared to lorazepam monotherapy in the treatment of patients with adjustment disorders with anxiety: a double-blind controlled study in general practice[END_REF][START_REF] Stein | Etifoxine versus alprazolam for the treatment of adjustment disorder with anxiety: a randomized controlled trial[END_REF] and presents an atypical mechanism of action on GABAergic transmission. A rapid allosteric positive modulation involves the binding of EFX on a specific site when β2 or β3 subunits are present in the GABAA receptor composition [ [START_REF] Verleye | Interactions of etifoxine with the chloride channel coupled to the GABA(A) receptor complex[END_REF][START_REF] Schlichter | Modulation of GABAergic synaptic transmission by the non-benzodiazepine anxiolytic etifoxine[END_REF][START_REF] Hamon | The modulatory effects of the anxiolytic etifoxine on GABA(A) receptors are mediated by the beta subunit[END_REF][START_REF] Mattei | Involvement of the GABAA receptor alpha subunit in the mode of action of etifoxine[END_REF], for review see [START_REF] Poisbeau | Anxiolytics targeting GABAA receptors: Insights on etifoxine[END_REF]]. This allosteric modulation is particularly efficient to block the spinal processing of nociceptive message as shown recently using in vivo electrophysiological recording of wide dynamic range neurons in the rat spinal cord [START_REF] Juif | Characterization of the fast GABAergic inhibitory action of etifoxine during spinal nociceptive processing in male rats[END_REF].

But EFX can also stimulate the local synthesis of neuroactive steroids after binding to the mitochondrial TSPO (Translocator Protein 18kDa), thereby further amplifying GABAergic inhibition [START_REF] Schlichter | Modulation of GABAergic synaptic transmission by the non-benzodiazepine anxiolytic etifoxine[END_REF][START_REF] Verleye | The anxiolytic etifoxine activates the peripheral benzodiazepine receptor and increases the neurosteroid levels in rat brain[END_REF][START_REF] Wolf | Enhancing neurosteroid synthesis--relationship to the pharmacology of translocator protein (18 kDa) (TSPO) ligands and benzodiazepines[END_REF][START_REF] Costa | The Anxiolytic Etifoxine Binds to TSPO Ro5-4864 Binding Site with Long Residence Time Showing a High Neurosteroidogenic Activity[END_REF][START_REF] Liere | Differential effects of the 18-kDa translocator protein (TSPO) ligand etifoxine on steroidogenesis in rat brain, plasma and steroidogenic glands: Pharmacodynamic studies[END_REF].

TSPO is a key element of a protein complex allowing cholesterol to enter into the mitochondria and serving as a precursor for the synthesis of pregnenolone and progesterone in neurons and glial cells [for review see [START_REF] Poisbeau | Analgesic strategies aimed at stimulating the endogenous production of allopregnanolone[END_REF]]. This indirect modulation using progesterone-derived metabolites is responsible for a long-lasting potentiation of GABAergic inhibition in the most superficial layers of the dorsal horn spinal cord [START_REF] Schlichter | Modulation of GABAergic synaptic transmission by the non-benzodiazepine anxiolytic etifoxine[END_REF]Aouad et al., 2014a;[START_REF] Gazzo | Analgesic and anti-edemic properties of etifoxine in models of inflammatory sensitization[END_REF]. Further, metabolites can also have a genomic effect, reducing neuro-inflammatory processes and the associated pain symptoms [START_REF] Girard | Axonal regeneration and neuroinflammation: roles for the translocator protein 18 kDa[END_REF]Aouad et al., 2014b;[START_REF] Gazzo | Analgesic and anti-edemic properties of etifoxine in models of inflammatory sensitization[END_REF].

Accordingly, the aim of the present study was to evaluate the potential action of etifoxine in the relief of both somatosensory and affective consequences of neuropathic pain. We used a murine model of neuropathic pain resulting from a chronic sciatic nerve constriction. We assessed evoked and spontaneous pain symptoms, as well as anxiodepressive-like symptoms using behavioral testing.

In parallel, monoamine levels in the brainstem were also measured by mass spectrometry after EFX treatment.

Materials & Methods

Animals

Experiments were performed on adult male C57BL6J mice (Charles River, France) aged 8-12 weeks at the time of neuropathic pain induction. Animals were housed in a temperature (23 ± 1°C) and humidity (50 ± 10%) controlled room under a 12h light-dark cycle (lights on at 7:00 am). Animals were housed in group cages with ad libitum access to food and tap water. All procedures were conducted in accordance with EU regulations and approved by the local ethical committee (agreement A67-2018-38, CREMEAS). A flow diagram, indicating the number of animals used in the study and the different behavioral assessments, with respect to the time of surgery, can be found in a supplementary figure.

Model of neuropathic pain

Neuropathic pain was induced by chronic constriction of the right sciatic nerve using a procedure previously validated in our laboratory [START_REF] Benbouzid | Sciatic nerve cuffing in mice: a model of sustained neuropathic pain[END_REF][START_REF] Yalcin | The sciatic nerve cuffing model of neuropathic pain in mice[END_REF]. Animals were anesthetized with 4 mL/kg intraperitoneal (i.p.) ketamine/xylazine (ketamine: 17 mg/mL, xylazine: 2.5 mg/mL, in 0,9 % NaCl ; Centravet, Taden, France) and surgery was performed under aseptic conditions. The common branch of the right sciatic nerve was exposed and a 2 mm long split section of polyethylene tubing (ID = 0.38 mm, ED = 1.09 mm; PE-20, Harvard Apparatus, Les Ulis, France) was placed around it (cuff group). The shaved skin layer was then closed using suture. Shamoperated mice underwent the same surgical procedure as described above but without implantation of the cuff (sham group). The cuff model is fully characterized for the time course of pain and anxiodepressive symptoms [START_REF] Benbouzid | Sciatic nerve cuffing in mice: a model of sustained neuropathic pain[END_REF][START_REF] Yalcin | A timedependent history of mood disorders in a murine model of neuropathic pain[END_REF][START_REF] Sellmeijer | Hyperactivity of Anterior Cingulate Cortex Areas 24a/24b Drives Chronic Pain-Induced Anxiodepressive-like Consequences[END_REF].

Pharmacological treatment

Etifoxine (EFX; 2-ethylamino-6-chloro-4-methyl-4-phenyl-4H-3,1-benzoxazine hydrochloride) was kindly provided by Biocodex laboratories (batch 653; Biocodex, Gentilly, France). EFX was prepared in 0,9 % NaCl containing 1,5 % ethanol and 1 % Tween 80 (Merck, France) and administered i.p. (0,1 mL/kg) at a dose of 50 mg/kg. Control animals received an equivalent volume of vehicle.

Animals received daily injections over 5 consecutive days, 15 days after cuff surgery. Note that animals were always tested before the daily injection of EFX to mainly focus on the long-lasting therapeutic effect.

Nociceptive test

Mechanical nociceptive sensitivity was measured using von Frey filaments (Stoelting, Wood Dale, IL, USA) according to a protocol adapted from Chaplan [START_REF] Chaplan | Quantitative assessment of tactile allodynia in the rat paw[END_REF]. Animals were placed in clear Plexiglas® boxes (7 × 9 × 7 cm) on an elevated mesh screen. After 15 min habituation, calibrated von Frey filaments were applied on the plantar surface of each hindpaw in a series of ascending forces. Each filament was tested 5 times per paw, and the mechanical nociceptive threshold was considered to correspond to the force of the first von Frey filament eliciting 3 or more withdrawals of the paw out of the five trials [START_REF] Yalcin | The sciatic nerve cuffing model of neuropathic pain in mice[END_REF].

Conditioned place preference (CPP)

Single-trial clonidine conditioning: Assessment of spontaneous pain was performed using a single trial CPP paradigm as described by [START_REF] King | Unmasking the tonic-aversive state in neuropathic pain[END_REF]. The apparatus (Imetronic, Pessac, France) consists of 3 Plexiglas chambers separated by manually operated doors. Two chambers (size 15 cm x 24 cm x 33 cm) distinguished by the texture of the floor (round vs square grids) and by the wall patterns (grey versus black/white striped) are connected by a central chamber (size 15 cm x 11 cm x 33 cm). For habituation, animals were first placed in the apparatus with open doors enabling access to all chambers for 30 minutes over 3 consecutive days. Time spent in each chamber was recorded (Poly Place software) and animals that displayed a marked preference for one of the compartments on the third day, i.e. which spent more than 75 % or less than 25 % of the time in one of the chambers, were excluded from the study (less than 10% in our study). On the fourth day, animals received an intrathecal (i.t.) injection of 0,9 % NaCl (10 µL) and were placed in one of the chambers, with closed doors, for 30-min conditioning. Chamber pairing was randomly alternated for each animal. Four hours later, animals were placed in the opposite chamber after i.t. administration of clonidine (10 μg/10 μL ; Merck, France), an α2-adrenergic receptor agonist presenting analgesic properties with this mode of administration [START_REF] Navratilova | Reward and motivation in pain and pain relief[END_REF][START_REF] Barthas | Cingulate Overexpression of Mitogen-Activated Protein Kinase Phosphatase-1 as a Key Factor for Depression[END_REF]. On the fifth day, animals were placed in the middle compartment with open doors, and time spent in each chamber was recorded for 25 minutes. With this procedure, preference for the clonidine-paired chamber would indicate the existence of spontaneous pain, relieved by i.t. clonidine.

Multi-trial morphine conditioning: Animals first underwent a 3-day habituation phase, during which pre-conditioning preference to a compartment was monitored for, as described in the singletrial conditioning protocol here above. Conditioning was then performed across 3 days. In the morning, animals were placed for 30 min in one of the chambers immediately after subcutaneous (s.c.) 0.9 % NaCl injection. Four hours later, they were conditioned to the opposite chamber paired with 5 mg/kg s.c. morphine (Sigma-Aldrich, France). On the following day, animals were placed in the middle compartment with access to all chambers, and time spent in each chamber was recorded for 25 minutes.

Evaluation of anxiety-like symptoms

Novelty Suppressed Feeding test (NSF):

The testing apparatus consisted of a 40 x 40 x 30 cm plastic box containing 2 cm of sawdust. Twenty-four hours before the test, food was removed from the home cage. At the time of testing, a single pellet of food was placed on a paper in the center of the box. An animal was then placed in the corner of the open field and latency to first eat the pellet was recorded within a 5-min period. This test assesses a conflict between the drive to eat the pellet and the fear of venturing in the center of the box.

Marble Burying test: Mice were placed individually in Plexiglas® cages (27 x 16 x 14 cm) containing 3 cm of sawdust on top of which twenty-five glass marbles (diameter 1 cm) were evenly placed. After being left undisturbed for 30 min, animals were removed from the cage, and the number of buried marbles was counted by an observer blind to the condition of the animals. Marbles were considered buried if two thirds or more of their surface was covered by sawdust. The number of buried marbles is considered a measure of animal anxiety [START_REF] Njung'e K | Evaluation of marble-burying behavior as a model of anxiety[END_REF][START_REF] Nicolas | A combined marble burying-locomotor activity test in mice: a practical screening test with sensitivity to different classes of anxiolytics and antidepressants[END_REF] and compulsive disorders [START_REF] Egashira | Involvement of the sigma1 receptor in inhibiting activity of fluvoxamine on marble-burying behavior: comparison with paroxetine[END_REF].

Evaluation of depressive-like symptoms

Splash test: Grooming behavior was scored during 5 min after spraying a 10% sucrose solution on the dorsal coat of the animal. Reduced grooming is considered as a sign of self-neglect and loss of self-interest [START_REF] Yalcin | Effects of 5,7-dihydroxytryptamine lesion of the dorsal raphe nucleus on the antidepressant-like action of tramadol in the unpredictable chronic mild stress in mice[END_REF].

Forced swim test (FST): Animals were individually placed in a glass cylinder (height 17.5 cm, diameter 12.5 cm) filled with 23°-25°C water. Time spent immobile, an evaluation of despair-like behavior [START_REF] Porsolt | Depression: a new animal model sensitive to antidepressant treatments[END_REF] was recorded for the last 4 min of the 6-min test, since animals spent most of the first two minutes in an active state. Animal was considered immobile when it floated in an upright position and made only small movements to keep its head above water.

Mass spectrometry

Brainstems (containing some nuclei synthesizing monoamines) were collected from animals and stored at -80°C until monoamine analysis. Tissues were homogenized with a tissue mixer in 200µL of 0.1 mM ascorbic acid. Homogenates were sonicated (2x5s, 100 W) and centrifuged (20,000

x g, 20 min, 4°C). 100 µL of the supernatant was spiked with 20 pmol of D3-amitriptyline, D3nortriptyline and D10-mefloquine and extracted on Phree SPE-cartridges (see above for SPE conditions). Finally, eluted fractions were dried under vacuum and suspended in 10 µL of 20% ACN/0.1% FA prior to MS analysis.

The quantities of L-DOPA; noradrenaline and serotonin were determined after derivatization. 10 µl of brainstem extract were derivatized with the AccQ-Tag Ultra derivatization kit (Waters, Guyancourt, France) by adding 45 µl of borate buffer (provided within the kit), 10 µl of internal standards (10pmol of [ 2 H3]-L-DOPA, [ 13 C6]-norepinephrine, [ 2 H4]-serotonin; Sigma Aldrich and Alsachim, Illkirch, France) and of 10 µl of AccQtag Ultra reagent. The mixture was incubated 10 min at 55°C under agitation and in the dark. Then, 25 µl of 0.4% formic acid was added, and the solution was centrifuged 15 min at 24,000g (4°C). Finally, the resulting supernatant was analyzed using a LC-MS/MS approach.

Analyses were performed on a Dionex Ultimate 3000 HPLC system coupled to a triple quadrupole mass spectrometer (Thermo Electron, San Jose, USA). The system was controlled by Xcalibur v. 2.0 software. Samples (10 µl) were loaded onto the column Accucore RP-MS column ( 100x 2.1 mm, 2 μm, Thermo Electron) heated at 40°C. Elution was performed by applying a gradient of mobile phases A/B (flow rate of 400 µl/min). Mobile phases, gradient and MS parameters are detailed in Supplementary Table . Qualification and quantification were performed with the multiple reaction monitoring mode (MRM) and based on precursor ion, selective fragment ions and retention times obtained for each molecule (Supplementary Table ). Finally, amounts of monoamines were normalized according to protein concentrations (Protein Assay; Bio-Rad) determined after homogenization.

Statistical analysis

Data are expressed as mean ± standard error of the mean (SEM). Statistical analysis was performed using the GraphPad Prism 6 software (La Jolla, CA, USA). Normal distribution of values was verified with the Shapiro-Wilk normality test before performing parametric analysis. Two-way (time x condition) analysis of variance tests (ANOVA), with repeated measures for the time variable (2wRM-ANOVA) were used to evaluate the time course of pain thresholds and followed by Tukey's post hoc multiple comparison test. Pain thresholds and general anxiodepressive-like symptoms were assessed with an ordinary 2w-ANOVA (condition x treatment) followed by Tukey's post-hoc test. In the CPP test, clonidine analgesia was analyzed with a two-way ANOVA followed by Tukey's multiple comparison test, while morphine conditioning was analyzed with a Mann-Whitney test. Finally, the non-parametric Kruskal-Wallis test (condition x treatment) was used to analyze mass spectrometry data and followed by Dunn's multiple comparison test. Differences were considered to be statistically significant for p < 0.05.

Results

EFX relieves both evoked mechanical allodynia and ongoing pain resulting from mononeuropathy

We first evaluated the analgesic properties of EFX in a model of chronic pain resulting from constriction of the right sciatic nerve. As previously characterized [START_REF] Yalcin | A timedependent history of mood disorders in a murine model of neuropathic pain[END_REF], the cuff surgery procedure rapidly induced ipsilateral mechanical allodynia which persisted for about 10-13 weeks (Figure 1). One week after surgery, cuff animals displayed mechanical nociceptive thresholds of 0.28 ± 0.02 g, significantly lower than the sham group (3.83 ± 0.17 g in sham-VEH; 2wRM-ANOVA (time x condition), F(54,360) = 10.03, p < 0.0001). EFX treatment rapidly restored mechanical thresholds similar to those of the sham group (4.33 ± 0.21 g in cuff-EFX animals on the week following treatment). Note here that von Frey tests were performed at a distance from the EFX injection (i.e. before the daily injection of EFX, 20-22 hours approximatively after the injection). Strikingly, EFX's anti-allodynic effect persisted during the symptomatic period (approx. 10-13 weeks for CUFF-VEH group) and the mean mechanical threshold was not different from the control group (SHAM-VEH).

Figure 1 near here

Recently, it has been shown that ongoing pain can be unmasked in animal models using a CPP paradigm with the non-rewarding analgesic clonidine [START_REF] King | Unmasking the tonic-aversive state in neuropathic pain[END_REF]. When exposed to the CPP 6 weeks after cuff surgery (3 weeks after the end of the treatment), the CUFF-VEH group displayed a significant place preference for the clonidine-paired chamber (Figure 2A; two-way ANOVA, chamber x treatment, F(1,28) = 61.06; p < 0.0001). EFX-treated animals, however, did not spend more time in the chamber associated with pain relief (13.48 ± 0.66 s and 12.76 ± 0.77 s in the saline-and clonidinepaired chambers, respectively), suggesting that EFX provided enough analgesia to prevent mice from seeking clonidine action in the conditioning compartment.

Figure 2 near here

To further demonstrate that EFX treatment did not alter learning abilities, thus preventing proper conditioning, another experiment was performed in which one of the compartments was paired with repeated morphine administration in recreational doses to elicit place preference (Figure 2B). This test was done on the same group of EFX-treated animals two weeks after the clonidine CPP testing. EFX-treated cuff group spent two times more time in the morphine-associated chamber on the test day (Mann-Whitney's test, U = 6.0, p = 0.0047), thus confirming that EFX did not impact learning capacities in the CPP paradigm.

Effect of etifoxine on the anxiodepressive comorbidities of neuropathic pain

We then performed a battery of behavioral tests to assess anxiety-and depressive-like symptoms consecutive to neuropathic pain. In the model of cuff-induced mononeuropathy, behavioral testing was performed 4-8 weeks after induction of the nerve constriction, time necessary for anxiodepressive symptoms to develop [START_REF] Yalcin | A timedependent history of mood disorders in a murine model of neuropathic pain[END_REF]. Behavioral tests to measure anxiety and depressive-like signs were done on each mouse but at least one week apart. FST was the final test to be performed (see also supplementary figure).

In the NSF test, allodynic CUFF-VEH animals displayed as expected a significant increase in the latency to eat compared to SHAM-VEH animals (Figure 3A; 2w-ANOVA (condition x treatment), F(1,36) = 87.37, p < 0.0001), suggesting the presence of anxiodepressive-like symptoms. EFX significantly shortened this time within the cuff group (239.34 ± 7.0 s in cuff-VEH vs 55.98 ± 3.29 s in cuff-EFX), but also between groups. Besides, as illustrated in figure 3B, non-treated cuff animals buried a mean of 14.6 ± 0.52 marbles in the 30-min session, significantly more than the 4.5 ± 0.17 marbles buried by SHAM-VEH animals (2w-ANOVA (condition x treatment), F(1,36) = 395.2, p < 0.0001), suggesting increased anxiety and obsessive-compulsive behaviors. Once again, EFX treatment not only significantly reduced the number of buried marbles compared to VEH-treated cuff animals, but also to sham animals, disregard of the treatment.

Figure 3 near here

Depressive-like symptoms were assessed using the splash test and the FST. As previously reported [START_REF] Yalcin | A timedependent history of mood disorders in a murine model of neuropathic pain[END_REF] and confirmed in the present study, cuff animals elicited decreased grooming duration in the splash test compared to sham animals (Figure 3C). If EFX treatment was without effect in the case of non-depressive sham mice, it significantly increased grooming behavior in cuff animals, compared to both cuff-VEH and sham animals (2w-ANOVA (condition x treatment), F(1,36) = 42.93, p < 0.0001). As illustrated in figure 3D, the time spent in immobile in the FST was also drastically increased in the cuff group (163.98 ± 7.43 s sec in cuff-VEH vs 73.98 ± 8.41 s in sham-VEH).

Here again, EFX treatment successfully normalized the significant increase in immobility observed in cuff-VEH animals (2w-ANOVA (condition x treatment), F(1,36) = 29.67, p < 0.0001). Taken together, these results claim for a clear alleviation of depressive signs following EFX treatment in this model of mononeuropathy.

Long-lasting action of etifoxine when pain symptoms are no longer detectable

In a second set of experiments, we waited more than 10 weeks to perform our behavioral testing. As shown in figure 4, mechanical hyperalgesia could be detected 6 weeks after cuff surgery but no longer when arrived at week 12. As shown above, EFX treatment was efficient to significantly alleviate mechanical hyperalgesia measured with von Frey filaments (week 6: 2w-ANOVA (time x condition), F(4,45) = 14.76, p < 0.0001; n = 6 mice per group). These mechanical pain symptoms could not be detected in this set of experiments 12 weeks after the surgery. Despite the lack of mechanical pain symptoms detected while using von Frey filaments and in comparison to mean values obtained at week 6-8 (see Figure 3), parameters describing comorbid anxiodepressive signs were still present at week 12 (NSF: 144.1 ± 19.3; marble: 12.8 ± 0.7; splash: 144.1 ± 19.3 s; FST: 139.7 ± 9.4 s). Interestingly, the long-lasting action of EFX was still observed on the anxiodepressivelike consequences of neuropathy (Figure 4). This could be seen for all behavioral tests performed at week 12 (NSF: 65.9 ± 3.8 s; marble: 2.8 ± 0.3; splash: 174.2 ± 7.2 s; FST: 54.3 ± 6.0 s). Note that shamoperated animals are not included in this analysis as they are not displaying any signs of anxiety or depressive-like behavior using these tests.

Figure 4 near here

Benefits of etifoxine treatment if a second neuropathic insult is induced

The non-benzodiazepine anxiolytic EFX also has neuroprotective properties [for recent studies see [START_REF] Ravikumar | Differential efficacy of the TSPO ligands etifoxine and XBD-173 in two rodent models of Multiple Sclerosis[END_REF]Li et al., 2017a;Li et al., 2017b;[START_REF] Shehadeh | Reduction of Traumatic Brain Damage by Tspo Ligand Etifoxine[END_REF][START_REF] Riban | In Vitro and In Vivo Neuroprotective Effects of Etifoxine in beta-amyloid-Induced Toxicity Models[END_REF]]. To assess this property in this chronic constriction injury model, we used the EFX-treated cuff group of mice and did the cuff surgery again but on the previously intact sciatic nerve (i.e. on the left side). Since cuff-induced ipsilateral mechanical allodynia was rapidly induced following cuff surgery, we treated animals with EFX only one week after cuff surgery to limit pain. This also enabled us to perform the second surgery in a reasonable time frame. As shown in figure 5, the implantation of the cuff on the left sciatic nerve, one week after EFX treatment, was associated with a significantly reduced mechanical threshold (left cuff: 3.33 ± 0.42 g, n = 6) for only 24 hours. This decreased value for the left paw remained limited compared to the mean value obtained after the right cuff which reached a von Frey threshold below 1g. More importantly, we did not find mechanical hyperalgesia for this left paw 24 hours after the surgery.

Figure 5 near here

Etifoxine treatment changes the monoamine profile in the brainstem following mononeuropathy

Considering the aforementioned results concerning the effects of EFX on the anxiodepressivelike consequences of cuff-induced mononeuropathy, we then evaluated brainstem monoamine levels in this model (Figure 6). Mass spectrometry analysis was realized 2 weeks after surgery, i.e. when allodynia was present but before EFX treatment, and after 8 weeks, when anxiodepressive symptoms had developed in CUFF-VEH animals.

Figure 6 near here

Two weeks after surgery, levels of norepinephrine were similar between sham and cuff animals, with a mean concentration of 2.22 ± 0.39 nmol/g and 1.4 ± 0.12 nmol/g, respectively (Figure 6A). Levels of 1.13 ± 0.22 nmol/g were also found in cuff animals 8 weeks after surgery, suggesting no time-dependent evolution of norepinephrine levels in this model of mononeuropathy. This result was in sharp contrast with the high levels measured in EFX-treated cuff animals, which reached 4.83 ± 0.92 nmol/g 8 weeks after surgery (Kruskal-Wallis, KW = 10.51, p = 0.0147). As illustrated in Figure 6B, a different profile was found for serotonin concentration, which was drastically decreased by over 5-fold in the brainstem of cuff animals compared to sham animals 2 weeks after surgery (Kruskal-Wallis, KW = 12.88, p = 0.0049). After 8 weeks, serotonin levels remained similarly low in the non-treated cuff group, while EFX successfully normalized levels to the values detected in sham animals at 2 weeks. L-DOPA levels were however not significantly impacted by mononeuropathy 2 weeks after cuff surgery, with concentrations being of 2.88 ± 0.36 nmol/g in sham and 2.21 ± 0.67 nmol/g in cuff animals (Figure 6C). After 8 weeks, levels were still in the same range and no significant impact of EFX treatment was found (Kruskal-Wallis, KW = 4.374, p = 0.2238).

Discussion

This study provides new data highlighting the action of EFX in the alleviation of chronic pain symptoms and comorbid anxiodepressive signs. We demonstrated that EFX treatment successfully and durably relieved mechanical allodynia in this mouse model of neuropathic pain. Furthermore, treatment alleviated spontaneous pain as evaluated with the CPP test. On top of these somatosensory and aversive consequences, EFX also successfully alleviated anxiety-like and depressive-like symptoms consecutive to cuff-induced mononeuropathy. This effect on anxiodepressive signs persisted in the long-term when mechanical hyperalgesia was no longer detectable. Furthermore, EFX treatment also limited vulnerability to a second neuropathic insult.

Overall, these behavioral benefits were associated with a modification of the monoamine profile in the brainstem.

The anti-hyperalgesic effect of EFX is fully consistent with previous studies showing similar analgesic properties in models of inflammatory sensitization (Aouad et al., 2014b;[START_REF] Gazzo | Analgesic and anti-edemic properties of etifoxine in models of inflammatory sensitization[END_REF] and chemotherapy-induced neuropathic pain [START_REF] Aouad | Reduction and prevention of vincristine-induced neuropathic pain symptoms by the non-benzodiazepine anxiolytic etifoxine are mediated by 3alphareduced neurosteroids[END_REF][START_REF] Poisbeau | Analgesic strategies aimed at stimulating the endogenous production of allopregnanolone[END_REF]. Several lines of evidence suggest that disinhibition at various levels of the nociceptive system plays a key role in the establishment and maintenance of neuropathic pain [START_REF] Zeilhofer | Fast synaptic inhibition in spinal sensory processing and pain control[END_REF]. In this context, strategies aimed at elevating GABAA receptor-mediated inhibition are receiving increasing attention [START_REF] Munro | GABA(A) receptor modulation: potential to deliver novel pain medicines?[END_REF]. Contrary to numerous pharmacological compounds acting on GABAA receptors, EFX presents as an interesting therapeutic agent with limited negative side effects [START_REF] Micallef | A double blind parallel group placebo controlled comparison of sedative and mnesic effects of etifoxine and lorazepam in healthy subjects [corrected][END_REF][START_REF] Nguyen | Efficacy of etifoxine compared to lorazepam monotherapy in the treatment of patients with adjustment disorders with anxiety: a double-blind controlled study in general practice[END_REF] and an unusual mechanism of action on GABAA receptors. Indeed, EFX's mechanism of action mainly relies on the promotion of neurosteroidogenesis after binding to the mitochondrial TSPO complex [START_REF] Schlichter | Modulation of GABAergic synaptic transmission by the non-benzodiazepine anxiolytic etifoxine[END_REF][START_REF] Verleye | The anxiolytic etifoxine activates the peripheral benzodiazepine receptor and increases the neurosteroid levels in rat brain[END_REF][START_REF] Costa | The Anxiolytic Etifoxine Binds to TSPO Ro5-4864 Binding Site with Long Residence Time Showing a High Neurosteroidogenic Activity[END_REF][START_REF] Liere | Differential effects of the 18-kDa translocator protein (TSPO) ligand etifoxine on steroidogenesis in rat brain, plasma and steroidogenic glands: Pharmacodynamic studies[END_REF]. This latter action is associated with the intracellular synthesis of allopregnanolone, one of the most potent endogenous allosteric modulators of GABAA receptors which potentiates its function after binding to intracellular sites [START_REF] Akk | Neurosteroid access to the GABAA receptor[END_REF][START_REF] Hosie | Endogenous neurosteroids regulate GABAA receptors through two discrete transmembrane sites[END_REF]. This favors a slower and longer-lasting positive modulation of GABAA receptors, enabling EFX-mediated analgesia in pathological pain states that is not only robust but also persists long after cessation of treatment, as demonstrated here and in previous studies [START_REF] Aouad | Reduction and prevention of vincristine-induced neuropathic pain symptoms by the non-benzodiazepine anxiolytic etifoxine are mediated by 3alphareduced neurosteroids[END_REF]Aouad et al., 2014a). In fact, the antihyperalgesic effect of EFX was fully abolished when allopregnanolone synthesis inhibitors were given to rats, highlighting the importance of EFX-mediated neurosteroidogenesis (Aouad et al., 2014a).

Considering their known benefits on mood disorders, it is tempting to speculate that neuroactive steroids also accounts for the beneficial effects observed on reactive anxiety/depression in the chronic phase of the cuff pain model [START_REF] Zorumski | Neurosteroids as novel antidepressants and anxiolytics: GABA-A receptors and beyond[END_REF].

As mentioned in the introduction, mood disorders such as anxiety and depression are frequently observed in patients suffering from neuropathic pain [START_REF] Gustorff | Prevalence of self-reported neuropathic pain and impact on quality of life: a prospective representative survey[END_REF]. Signs of anxiety and depression are also seen in the late phases of neuropathic pain states in animal models [START_REF] Suzuki | Experimental neuropathy in mice is associated with delayed behavioral changes related to anxiety and depression[END_REF][START_REF] Goncalves | Neuropathic pain is associated with depressive behaviour and induces neuroplasticity in the amygdala of the rat[END_REF][START_REF] Alba-Delgado | Chronic pain leads to concomitant noradrenergic impairment and mood disorders[END_REF] and particularly well characterized in the cuff model of chronic nerve constriction, in which anxiety-related behaviors develop 4 weeks after induction of the neuropathy, and depression-related behaviors after 6 to 8 weeks [START_REF] Yalcin | A timedependent history of mood disorders in a murine model of neuropathic pain[END_REF]. Our study shows that these anxiety and depression-related behaviors could no longer be detected after EFX treatment compared to vehicle-treated animals in this model. This was also true for comorbidities measured 12 weeks after surgery (i.e. when mechanical hyperalgesia could no longer be detected). Since treatment was administrated early after nerve injury, it is likely that anxiodepressive signs could not develop thanks to the reduction in pain symptoms. We cannot exclude at this stage, however, that EFX (i.e. via its anxiolytic and neuroprotective properties) has a beneficial action on the emotional component of pain to produce its long-lasting analgesic action as seen by the reduction of nociceptive thresholds.

Mood disorders may perfectly be triggered by plastic changes induced by the long-term sensitization processes associated with neuropathic pain symptom [START_REF] Nickel | Mechanisms of neuropathic pain[END_REF]. In line with this idea, the compensatory actions of EFX (i.e. directly on GABAA receptors or indirectly via the production of allopregnanolone) may have prevented or limited the sensitization processes necessary to trigger plastic changes within the nociceptive system. A similar finding was reached while using benzodiazepine-site ligand in the spinal cord of rat suffering from inflammatory or neuropathic pain [START_REF] Knabl | Genuine antihyperalgesia by systemic diazepam revealed by experiments in GABAA receptor point-mutated mice[END_REF]. Alternatively, the demonstrated neuroprotective effects of EFX, known to improve peripheral nerve regeneration [START_REF] Girard | Etifoxine improves peripheral nerve regeneration and functional recovery[END_REF][START_REF] Girard | Axonal regeneration and neuroinflammation: roles for the translocator protein 18 kDa[END_REF] might also have favored recovery of neuropathy and therefore prevented the development of mood disorders. This working hypothesis is supported by our "double cuff" experiment showing that EFX was able to limit the expression of mechanical pain symptoms to a 24-hour post-operative period. Although we did not follow pain thresholds for more than one week (i.e. to monitor any re-appearance of pain symptoms), it is unlikely that EFX would be directly responsible for this neuroprotection since its halflife is only around 3 hours. EFX neuroprotection might, however, result from the recruitment of antiinflammatory processes and mitochondrial-based synthesis of endogenous analgesics.

The literature from the spinal cord also indicates that GABAergic inhibition is ensured by proper chloride homeostasis which can be altered by microglial activation contributing to neuropathic pain transmission [START_REF] Coull | Trans-synaptic shift in anion gradient in spinal lamina I neurons as a mechanism of neuropathic pain[END_REF][START_REF] Coull | BDNF from microglia causes the shift in neuronal anion gradient underlying neuropathic pain[END_REF]. It is interesting to note here that, on top of positively modulating GABAergic transmission, EFX may also limit prostaglandin E2mediated disinhibition and protect from chloride homeostasis disruption (Aouad et al., 2014a). To further support this idea, EFX has demonstrated moderate anti-inflammatory properties in various studies, reducing pro-inflammatory cytokine production in models of lesion of the sciatic nerve or intracerebral hemorrhage [START_REF] Girard | Axonal regeneration and neuroinflammation: roles for the translocator protein 18 kDa[END_REF]Li et al., 2017b). EFX treatment also reduced astrogliosis and microglial activation following traumatic brain injury [START_REF] Simon-O'brien | Etifoxine improves sensorimotor deficits and reduces glial activation, neuronal degeneration, and neuroinflammation in a rat model of traumatic brain injury[END_REF][START_REF] Shehadeh | Reduction of Traumatic Brain Damage by Tspo Ligand Etifoxine[END_REF]. This effect could be attributed to EFX-induced production of some neurosteroids, known for their anti-inflammatory properties [START_REF] Giatti | Neuroactive steroids, their metabolites, and neuroinflammation[END_REF][START_REF] Lei | Progesterone Improves Neurobehavioral Outcome in Models of Intracerebral Hemorrhage[END_REF].

Considering the emerging link between inflammation and anxiodepressive disorders [START_REF] Salim | Inflammation in anxiety[END_REF][START_REF] Lee | The Role of Inflammation in Depression and Fatigue[END_REF], this alternative effect of EFX could not only contribute to the antiallodynic effect observed in the present study but also to the limitation of anxiodepressive-like symptoms. Alternatively, the anxiolytic profile of EFX could be sufficient to limit the emotional (negative) processing of ascending nociceptive messages. Unfortunately, this study does not provide enough material to fully support this hypothesis which will require further investigation.

Neuropathic pain states have also been associated with an impairment of descending controls recruiting serotonin or norepinephrine (e.g. but not exhaustive) as neurotransmitters [START_REF] Vanegas | Descending control of persistent pain: inhibitory or facilitatory?[END_REF]. It is then interesting to note that norepinephrine and serotonin reuptake inhibitors, in particular, tricyclic and SNRI (for Serotonin-Norepinephrine Reuptake Inhibitors) antidepressants are recommended for neuropathic pain as first-line treatments [START_REF] Baron | Neuropathic pain: diagnosis, pathophysiological mechanisms, and treatment[END_REF]. In the present study, we found an elevated concentration for norepinephrine and serotonin in the brainstem of EFXtreated cuff animals. This led to the straightforward hypothesis that EFX potentiates these descending inhibitory controls. It is unclear at this stage if this effect is maintained by GABAergic systems at different levels of the nociceptive system. Interestingly, a strong relationship exists between monoamines and neurosteroids [START_REF] Longone | Neurosteroids as neuromodulators in the treatment of anxiety disorders[END_REF], and the anti-depressive activity of SSRIs such as fluoxetine is even argued to depend upon allopregnanolone production [START_REF] Uzunov | Fluoxetine-elicited changes in brain neurosteroid content measured by negative ion mass fragmentography[END_REF][START_REF] Griffin | Selective serotonin reuptake inhibitors directly alter activity of neurosteroidogenic enzymes[END_REF].

In conclusion, we provide evidence that the non-benzodiazepine anxiolytic etifoxine presents interesting benefits in the alleviation of somatosensory and anxiodepressive consequences of neuropathic pain. Although the underlying mechanisms remain to be better understood, it remains that the pharmacological profile of EFX (anxiolytic, analgesic and neuroprotective agent) opens interesting perspective in order to treat complex pain disorders in which comorbidities are highly contributing to the clinical picture. 

Figure 1 :

 1 Figure 1: Etifoxine action on paw withdrawal thresholds (PWT) in a model of neuropathic pain as measured with the von Frey test. Time course of mechanical nociceptive thresholds following cuffinduced mononeuropathy (n = 6 per group). Cuff surgery was performed at week 0, and treatment period is indicated in grey. Statistical significance was assessed with Tukey's multiple comparison test, illustrated as follows: p < 0.001 (***) for comparisons between VEH and EFX-treated groups and p < 0.001 ( § § §) for comparisons between non-treated groups (CUFF-VEH) and their respective controls (SHAM-VEH) at each time point.

Figure 2 :

 2 Figure 2: Etifoxine action on aversiveness of ongoing pain symptoms following cuff-induced mononeuropathy as evaluated with the conditioned place preference (CPP) test. (A) Time spent by VEH-or EFX-treated cuff animals (n = 8 per group) in the saline-and clonidine-paired (10 µg i.t.) chambers. (B) Time spent by EFX-treated cuff animals (n =8) in the saline-and morphine-paired chambers after a 3-day conditioning with 5 mg/kg s.c. morphine. Statistical significance is indicated by asterisks (**, p<0.01; ***, p<0.001) for multiple comparison tests of Tukey after two-way ANOVA (chamber x treatment) in panel A and Student's t-test for panel B.

Figure 3 :

 3 Figure 3: Effect of etifoxine on anxiety-and depressive-like symptoms following cuff-induced mononeuropathy. Latency to feed in the novelty suppressed feeding (NSF) test (A; n = 10 per group), mean number of buried marbles (B; n = 10 per group), grooming duration in the splash test (C) and time spent immobile (D) in the forced-swim test (FST) was measured in EFX-and VEH-treated sham and cuff animals. Statistical significance was assessed with Tukey's multiple comparison test, illustrated as follows: p < 0.001 (***) for intra-group comparisons (VEH vs EFX treatment) and p < 0.05 ( §) or p < 0.001 ( § § §) for inter-group comparisons (VEH or EFX).

Figure 4 :

 4 Figure 4: Etifoxine action on paw withdrawal thresholds (PWT) and anxiodepressive comorbid signs 12 weeks after the cuff surgery. The different histograms illustrate the von Frey thresholds values at 6 and 12 weeks. The associated measure for NSF, marble burying splash test and FST are shown when measured at 12 weeks for VEH-and EFX treated cuffed mice. Statistical significance was assessed

Figure 5 :

 5 Figure 5: Changes in the von Frey pressure threshold values with time for the EFX-treated mice receiving two successive cuff surgery (n = 6 per group). Cuff surgeries for the right and left paws are indicated by arrows and EFX treatment period by a grey square. As previously mentioned, mechanical nociceptive thresholds were measured during EFX treatment only before any EFX injection (i.e. about 20 hours after the previous EFX injection). Statistical significance was assessed with Tukey's multiple comparison test, illustrated as follows: p < 0.05 (*), p < 0.01 (**) or p < 0.001 (***) for comparisons between the hindpaws at each time point.

Figure 6 :

 6 Figure 6: Concentration of norepinephrine (A), serotonin (B) and L-DOPA (C) in the whole brainstem of sham (S) and cuff animals (C), as measured with mass spectrometry 2 and 8 weeks after surgery (n = 4-8 per group). Statistical significance was assessed after non parametric Kruskal-Wallis with Dunn's comparison test, illustrated as follows: p < 0.05 (*) or p < 0.01 (**).
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