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1-Introduction

Stroke is associated with neuropsychiatric disorders such as depression, anxiety and cognitive disorders. Post-stroke depression (PSD) is particularly of high clinical importance with a prevalence varying between 20 to 65% [START_REF] Carota | Poststroke depression[END_REF] . During the first year after stroke onset, PSD results in poorer cognitive activity and worse rehabilitation outcomes. Mortality may be up to 10 times higher than in stroke patients without PSD [START_REF] Angelelli | Development of neuropsychiatric symptoms in poststroke patients: a cross-sectional study[END_REF][START_REF] Esparrago Llorca | Post-stroke depression: an update[END_REF][START_REF] Pohjasvaara | Depression is an independent predictor of poor long-term functional outcome post-stroke[END_REF]. Developing effective treatment for this specific population is critical. Few clinical studies have demonstrated that antidepressants (ADs), particularly the Selective Serotonin Reuptake Inhibitors (SSRIs) including escitalopram can alleviate depressive symptoms in patients with PSD [START_REF] Chen | Treatment effects of antidepressants in patients with post-stroke depression: a meta-analysis[END_REF][START_REF] Cole | Feasibility and effectiveness of treatments for post-stroke depression in elderly inpatients: systematic review[END_REF][START_REF] Hackett | Interventions for treating depression after stroke[END_REF][START_REF] Hackett | Management of depression after stroke: a systematic review of pharmacological therapies[END_REF]. The most convincing study conducted has been the "fluoxetine in motor recovery of patients with acute ischemic stroke" (FLAME) trial, which showed that fluoxetine enhances motor recovery and prevented PSD [START_REF] Chollet | Fluoxetine for motor recovery after acute ischaemic stroke (FLAME): a randomised placebo-controlled trial[END_REF]. In a recent meta-analysis reporting 52 trials SSRIs appeared to improve dependence, disability, neurological impairment, anxiety and depression after stroke [START_REF] Mead | Selective serotonin reuptake inhibitors for stroke recovery: a systematic review and meta-analysis[END_REF]. Interestingly, protective effects of other AD serotoninergic drugs such as 5HT1A agonists against neuronal damage induced by stroke have also been demonstrated in rats and humans [START_REF] Johansen | Drug-induced hypothermia by 5HT1A agonists provide neuroprotection in experimental stroke: new perspectives for acute patient treatment[END_REF][START_REF] Peruche | Protective effects of 5-HT1A receptor agonists against neuronal damage demonstrated in vivo and in vitro[END_REF][START_REF] Ramos | The 5HT1A receptor agonist, 8-OH-DPAT, protects neurons and reduces astroglial reaction after ischemic damage caused by cortical devascularization[END_REF][START_REF] Zoli | Indolepyruvic acid treatment reduces damage in striatum but not in hippocampus after transient forebrain ischemia in the rat[END_REF].

Thus, implementing therapeutic strategies by using ADs to reduce the risk of PSD and improve rehabilitation outcomes appears of crucial interest. Nevertheless, regarding their limited tolerability provoking adverse events, they could seriously affect the extremely highrisk stroke population. In this context spadin, a novel peptidic AD can represent a molecule of choice to prevent and relieve psychiatric complications associated to stroke and improve the functional outcomes following stroke. Spadin has been identified as an endogenous and fastacting AD using several depression tests in rodents [START_REF] Djillani | Fighting against depression with TREK-1 blockers: Past and future. A focus on spadin[END_REF][START_REF] Mazella | Spadin, a sortilin-derived peptide, targeting rodent TREK-1 channels: a new concept in the antidepressant drug design[END_REF].

Spadin corresponds to a partial sequence (Ala 12 -Arg 28 , PE12-28) of the 44-aa propeptide (Gln 1 -Arg 44 , PE 1-44) issued from the post-translational maturation of sortilin [START_REF] Munck Petersen | Propeptide cleavage conditions sortilin/neurotensin receptor-3 for ligand binding[END_REF]. This peptide is a potent and selective antagonist of TREK-1 [START_REF] Mazella | Spadin, a sortilin-derived peptide, targeting rodent TREK-1 channels: a new concept in the antidepressant drug design[END_REF], a crucial target in the treatment of depression [START_REF] Borsotto | Targeting two-pore domain K(+) channels TREK-1 and TASK-3 for the treatment of depression: a new therapeutic concept[END_REF]Heurteaux et al., 2006b). Spadin increases the firing activity of serotonergic neurons in the dorsal raphe nucleus (DRN) and activates in only 4 days two specific markers of AD action, the transcription factor cAMP response element-binding protein (CREB) and neurogenesis [START_REF] Mazella | Spadin, a sortilin-derived peptide, targeting rodent TREK-1 channels: a new concept in the antidepressant drug design[END_REF]. Interestingly, spadin concentrations are decreased in major depressive disorder (MDD) patients and recover to normal levels following AD treatments in correlation with clinical positive evolution of MDD [START_REF] Devader | Serum sortilin-derived propeptides concentrations are decreased in major depressive disorder patients[END_REF]. Related to cell survival, spadin enhances brain-derived neurotrophic factor (BDNF) as well as two markers of synaptogenesis, PSD-95 (post-synaptic density protein of 95 kDa) and synapsin (Devader et al., 2015). Spadin increases the proportion of mature spines in cortical neurons (Devader et al., 2015). Spadin depolarizes the cell membrane and activates the MAP (Mitogen-Activated Protein Kinase) and PI3 kinase (Phosphoinositide 3 Kinase) pathways, leading to a strong protective effect against staurosporine-induced apoptosis [START_REF] Devader | In vitro and in vivo regulation of synaptogenesis by the novel antidepressant spadin[END_REF]. The main advantage of spadin over conventional ADs is potentially the absence of adverse effects.

Spadin does not induce cardiac dysfunctions and side effects related to TREK-1 inhibition [START_REF] Ou Maati | Spadin as a new antidepressant: absence of TREK-1-related side effects[END_REF]. Shortened spadin-analogs such as mini-spadin (PE 22-28) have been recently identified and reported to display a better efficacy and in vivo stability compared to spadin [START_REF] Djillani | Shortened Spadin Analogs Display Better TREK-1 Inhibition, In Vivo Stability and Antidepressant Activity[END_REF]. From these data, this work aimed to compare the effects of mini-spadin to those of both spadin and the SSRI, escitalopram, one of the most used SSRI in clinic and in experimental researches [START_REF] Kronenberg | Of mice and men: modelling poststroke depression experimentally[END_REF], in the treatment of stroke with a particular focus on PSD.

2-Methods

Detailed Materials and methods are indicated in the Supplementary Material.

2-1 Electrophysiology

The electrophysiological recordings were performed on the human cell line hTREK-1/HEK (Moha ou [START_REF] Moha Ou Maati | A human TREK-1/HEK cell line: a highly efficient screening tool for drug development in neurological diseases[END_REF] using the whole-cell configuration of patch-clamp technique as previously described [START_REF] Djillani | Shortened Spadin Analogs Display Better TREK-1 Inhibition, In Vivo Stability and Antidepressant Activity[END_REF]. TREK-1 currents (ITREK-1) were recorded using Axopatch 200B amplifier (Axon Instrument, USA). Currents were low-pass filtered at 3 kHz and digitized at 10 kHz. ITREK-1 amplitudes were expressed as current densities (current amplitude (pA)/membrane capacitance (pF)). Cells were continuously perfused using an external bath solution containing (in mM): 150 NaCl, 5 KCl, 3 MgCl2, 1 CaCl2 and 10 HEPES (pH 7.4). The pipette solution contained (in mM): 155 KCl, 3 MgCl2, 5 EGTA and 10 HEPES (pH 7.2). A cocktail of potassium channel blockers (3 mM 4-AP (4-aminopyridine), 10 mM TEA (tetraethylammonium), 10 µM Glibenclamide, 100 nM Apamin and 50 nM Charybdotoxin) was added to the bath solution to specifically record ITREK-1. The effect of mini-spadin on basal TREK-1 current amplitudes was tested with a wide range of concentrations (from 10 -11 to 10 -5 M). Data acquisition was carried out using a computer with pClamp software (Axon Instrument, USA). Whole-cell currents were generated by running a pulse or ramp protocol every 5 s from -100 to +60 mV with a holding potential maintained at -80 mV. Data were analyzed using Clampfit (Molecular Devices, USA) and the dose-response curves were drawn using Origin 8.6 (Northampton, MA, USA). Normalized ITREK-1 after application of peptides was analyzed using GraphPad Prism.

2-2 Animals

Animal studies were conducted in compliance with the ARRIVE guidelines [START_REF] Kilkenny | Animal research: reporting in vivo experiments--the ARRIVE guidelines[END_REF]. Seven weeks old C57BL/6J male mice (Janvier laboratory, France) were housed under controlled laboratory conditions according to the FELASA guidelines and recommendations; 6 mice/cage with a 12 h dark-light cycle, a temperature of 21 ± 2°C, and 40 -60% humidity.

They have free access to standard rodent diet and tap water. The local Ethics Committee (CIEPAL) and the French ministry of higher education and scientific research approved experimental procedures (protocol number 1314.02). Animal care was in accordance with the policies on the care and use of laboratory animals of European Community legislation 2010/63/EU.

2-3 Drug treatment

2-3-1 Acute treatment

To assess the effect of mini-spadin on infarct volume induced by MCAO in the acute phase of stroke, we injected a single low dose of mini-spadin (0.03 µg/kg) 30 min after the end of MCAO and analyzed the infarct volume on cresyl violet stained brain sections 24 hours post-MCAO.

2-3-2 Chronic treatment

Considering the biphasic effect of mini-spadin on TREK-1 channel activity, we decided to use a two-step treatment for mini-spadin and spadin (Supplementary Fig. 1). A single dose in a bolus of 100 µl of mini-spadin (0.03 µg/kg corresponding to 10 -8 M in electrophysiology studies) or spadin (8 µg/kg corresponding to 10 -6 M in electrophysiology studies) diluted in saline (as vehicle) was intraperitoneally injected 30 min after the onset of ischemia and once a day during 7-day reperfusion. Then, mini-spadin or spadin injected doses were increased to 3 µg/kg (corresponding to 10 -6 M in electrophysiology studies), or 800 µg/kg (corresponding to 10 -4 M in electrophysiology studies), respectively, once a day for 4 days/week until the sacrifice of animals (Supplementary Fig. 1A). The half-life of exogenously administered minispadin and spadin was 23 and 6 hours, as shown in previous works [START_REF] Djillani | Shortened Spadin Analogs Display Better TREK-1 Inhibition, In Vivo Stability and Antidepressant Activity[END_REF][START_REF] Veyssière | Retroinverso analogs of spadin display increased antidepressant effects[END_REF]. The doses injected and the period of 4 days of treatment opted have been chosen because they have been previously shown to induce neurogenesis and a potent antidepressant effect [START_REF] Djillani | Shortened Spadin Analogs Display Better TREK-1 Inhibition, In Vivo Stability and Antidepressant Activity[END_REF]. Escitalopram, a selective SSRI used as control was injected with the same schedule at the same time points at the dose of 1 mg/kg. The dose was opted according to previous positive results obtained in mouse models of depression [START_REF] Fish | Anxiolytic-like effects of escitalopram, citalopram, and R-citalopram in maternally separated mouse pups[END_REF][START_REF] Zomkowski | Involvement of NMDA receptors and L-arginine-nitric oxide-cyclic guanosine monophosphate pathway in the antidepressant-like effects of escitalopram in the forced swimming test[END_REF]. Animals were equally and randomly divided into 5 groups as follows: Control (Sham-operated), Saline-MCAO, Spadin-MCAO, Mini-spadin-MCAO and Escitalopram-MCAO (cohorts are indicated in Supplementary Table 1). The researchers who carried out the ischemic surgery and all behavioral experiments were blinded to the treatment code. The flowchart illustrating the overall experimental design is shown in Supplementary Fig. 1.

2-4 Ischemic stroke model (MCAO)

Focal ischemia was performed on mice by transient (30 min) left middle cerebral artery occlusion (MCAO) using a 6-0 coated filament (Doccol, Redlands, Calif., USA) as previously described [START_REF] Heurteaux | Neuroprotective and neuroproliferative activities of NeuroAid (MLC601, MLC901), a Chinese medicine, in vitro and in vivo[END_REF]). The regional cerebral blood flow (CBF) was monitored by laser Doppler flowmetry (Perimed, Craponne, France) to control MCAO severity and reperfusion. Ischemia was considered valid when CBF flow was reduced to 80% after the introduction of the filament. Animals presenting with sustained CBF reduction >80% during ischemia or a severe brain hemorrhage after MCAO were excluded from the study (<1%). Reperfusion was successful when CBF was increased to at least 50% after the filament withdrawal (Supplementary Fig. 2). Mice received mini-spadin, spadin or escitalopram in post-treatment until the sacrifice of animals. Sham-operation was performed by inserting the thread into the common carotid artery without advancing it to occlude MCA.

2-5 Survival rate and evaluation of brain ischemic lesions

The survival rate of mice was observed 1, 4 and 70 days after MCAO in the following groups: saline (n=26), mini-spadin 0.3 µg/kg (n=19), mini-spadin 0.03 µg/kg (n=20). Dead mice were removed from analysis and only surviving mice were accounted for in the behavioral tests.

The infarct volume was determined 24 hours after MCAO on coronal (20 µm) frozen brain sections (n=12 section per brain) in mice treated by mini-spadin (n=18) or saline (n=13).

Sections were stained using a solution of 1% cresyl violet in 0.25% acetic acid. The whole surface of infarction was measured on each section using a computer image analysis system and corrected for brain edema according (Golanov and Reis, 1995). Infarct volume (in mm 3 ) was calculated by a linear integration of the corrected lesion areas [START_REF] Bourourou | Alpha-linolenic acid given as enteral or parenteral nutritional intervention against sensorimotor and cognitive deficits in a mouse model of ischemic stroke[END_REF].

2-6 Body weight

The weight gain was calculated according to the following formula: weight gain (%) = [(body weight at measurement point (g) -body weight before MCAO (g)) / body weight before MCAO (g)] x 100. Data are reported as Mean ± SEM in the different experimental groups: saline (n=17), spadin (n=14), mini-spadin (n=15) and escitalopram (n=15).

2-7 Behavioral experiments

In order to avoid acute effect of drugs, all behavioral tests were performed 24 h after the last injection. Data are reported as Mean ± SEM. in the different groups.

2-7-1 Accelerated rotarod test

To assess motor coordination [START_REF] Bourourou | Alpha-linolenic acid given as enteral or parenteral nutritional intervention against sensorimotor and cognitive deficits in a mouse model of ischemic stroke[END_REF], mice were conditioned to the accelerating rotarod (Ugo Basile, France) for three days before ischemia. Mice were first placed on the apparatus during 30 sec with no rotation and thereafter for 120 sec with a constant low speed (4 rpm). After 10 min rest, each mouse then received a single baseline trial on the accelerating rotarod in which the spindle increased in speed from 4 to 40 rpm during 600 sec. The maximum duration animals were able to walk on the rotarod before falling (latency to fall) was measured (maximum value: 600 sec) during the test trial. Mice were tested over three daily trials in the accelerated condition (4-40 rpm). Data are reported as Mean ± SEM in the different groups: saline (n=16), spadin (n=14), mini-spadin (n=15) and escitalopram (n=14).

2-7-2 Pole test

To analyze sensory motor function [START_REF] Matsuura | Pole test is a useful method for evaluating the mouse movement disorder caused by striatal dopamine depletion[END_REF], mice were placed head upward at the top of a vertical rough-surfaced pole and then allowed to descend five times during one session. The total time needed to turn completely head downward ("time-to-turn") and the time it took the mouse to reach the floor with all four paws ("time-to-come-down") were recorded. Data are reported as Mean ± SEM in the different groups: saline (n=13), spadin (n=11), mini-spadin (n=14) and escitalopram (n=15).

2-7-3 Morris water maze test

To investigate the spatial learning and memory [START_REF] Quintard | MLC901, a Traditional Chinese Medicine induces neuroprotective and neuroregenerative benefits after traumatic brain injury in rats[END_REF][START_REF] Winter | Dysexecutive syndrome after mild cerebral ischemia? Mice learn normally but have deficits in strategy switching[END_REF], mice had to locate a platform hidden under the surface of a circular swimming pool (90 cm in diameter, water at 24 ± 1°C) by referring to visual cues arranged all around the experimental room. The experiment included 2 phases:

Acquisition. Acquisition training consisted of 4 consecutive days of conditioning with 4 trials per day. Animals were placed within one of 4 quadrants and the latency and swimming path until they found the platform were recorded.

Probe test. One day after the last learning trial, the platform was removed and mice were allowed to swim for 60 sec as during acquisition training. The latency for the first entry and the time spent within the platform quadrant were measured. The strategies used by mice to carry out the task were taken into account [START_REF] Garthe | An old test for new neurons: refining the Morris water maze to study the functional relevance of adult hippocampal neurogenesis[END_REF]. The strategy categories (see Supplementary Fig. 6) reached from thigmotaxis and random search, which are inadequate strategies to perseverance, chaining and scanning that correspond to efficient spatial strategies. Recorded trials were analyzed with the tracking software Anymaze (Stoelting,USA). The speed of swimming and the total swum distance were also measured.

Data are reported as Mean ± SEM in the different groups: saline (n=16), spadin (n=13), minispadin (n=15) and escitalopram (n=14).

2-7-4 Porsolt forced swim test (FST)

Mice were individually placed for 6 min in a non-escapable cylinder (30 cm height and 15 cm diameter) half-filled with water at 22 ± 1°C. The immobility time was manually measured only during the last 4 min [START_REF] Porsolt | Animal models of depression: utility for transgenic research[END_REF].

2-7-5 Novelty suppressed feeding test (NSF)

Mice were 24h deprived from food before the test. A food pellet was placed on a white platform in the center of the illuminated arena (50 x 50 x 40 cm). The latency to start eating the pellet was measured during 10 min [START_REF] Santarelli | Requirement of hippocampal neurogenesis for the behavioral effects of antidepressants[END_REF].

2-8 Immunostaining on perfused brain sections

For neurogenesis studies, mice were treated with 3 injections of BrdU (75 mg/kg, i.p.,, at a 2 hour interval). Brains were removed 24 hours after the last injection. Serial sections of paraformaldehyde-perfused-brains were cut (40 µm) throughout the entire hippocampus on a vibratome (Leica). Slices were then processed as described in (Heurteaux et al., 2006b). The antibody used was a monoclonal mouse anti-BrdU (1/7000; 555627, BD Pharmingen, Le Pont de Claix). The same protocol was used to specifically identify TH-positive cells colocalized with neuronal cells (rabbit polyclonal anti-TH; 1/100, Abcam ab51191). For double immunofluorescence labeling of TH, a specific mouse monoclonal NeuN antibody was used (1/300, Abcam, ab177487).

2-9 Western Blots

Brain tissues (n=3 per group) were collected after MCAO, and the fresh brains were carefully separated into ipsilateral and contralateral hemispheres, and into cortical and subcortical regions, with respect to the infarct location. Western blots were performed on 10% SDS PAGE. Membranes were incubated with the rabbit polyclonal antibody directed against PSD-95 (1/1000, GTX133091, Genetex) or synapsin (1/1000, 2312, Cell Signalling, Leiden, Netherland) overnight at 4°C. Tubulin and actin contents were determined after stripping using an anti-tubulin (1/1000, CP06100UG, Calbiochem, San Diego, USA) or anti-actin (1/3000) antibody (A3853, Sigma, Saint-Quentin Fallavier, France). Secondary antibodies, were the anti-mouse or anti-rabbit HRP-conjugated antibodies (1/10000, Amersham Biosciences, Orsay, France; 1/10000).

2-10 Statistical analysis

Data show the mean ± SEM. Analysis was performed using Graphpad Prism software version 6.0. Significant differences between two groups of data were determined using a Mann & Whitney U test for non-parametric data or when necessary by one-way ANOVA with a Dunnett's multiple comparison test for comparing the treatment effect. Morris Water Maze data were analyzed with a Two-Way ANOVA (treatments and days) with a tukey's multiple comparison test. Level of significance was set at P < 0.05. Data and statistical analysis comply with the recommendations on experimental design and analysis in pharmacology [START_REF] Curtis | Experimental design and analysis and their reporting: new guidance for publication in BJP[END_REF].

3-Results

3-1 Dose-response of mini-spadin as compared to spadin on TREK-1 basal currents

100 nM of mini-spadin and spadin strongly inhibited TREK-1 channels pre-activated by arachidonic acid (AA, 10 µM) [START_REF] Djillani | Shortened Spadin Analogs Display Better TREK-1 Inhibition, In Vivo Stability and Antidepressant Activity[END_REF]. TREK-1 inhibition occurred with IC50 of 0.12 nM and 40 nM for mini-spadin and spadin, respectively [START_REF] Djillani | Shortened Spadin Analogs Display Better TREK-1 Inhibition, In Vivo Stability and Antidepressant Activity[END_REF]. Minispadin and spadin slightly blocked TREK-1 activity without prior AA activation. The effect of mini-spadin on basal TREK-1 current amplitudes was tested with a wide range of concentrations (from 10 -11 to 10 -5 M) (Fig. 1A). Surprisingly, when tested at low concentrations (from 10 -11 to 10 -8 M), mini-spadin activated TREK-1 channels in a dose-dependent manner (Fig. 1A). The maximum effect of activation was observed at 10 -8 M (85.3 ± 27.3 %, n=18, P=0.017) (Fig. 1A). In comparison, spadin significantly activated TREK-1 basal current only at 10 -6 M (49.4 ±20.0 %, n=9, *P=0.039) (Fig. 1B). The current densities at 0 mV compared to unstimulated currents were 149 ± 20.0 % for spadin at 10 -6 M (n=9, *P=0.038) and 194.3 ± 27.5 % for mini-spadin at 10 -8 M (n=15, **P=0.004) (Fig. 1B).

TREK-1 activation was shown to be neuroprotective in models of focal and global ischemia (Blondeau et al., 2002a;Blondeau et al., 2002b;Heurteaux et al., 2006a;[START_REF] Lauritzen | Polyunsaturated fatty acids are potent neuroprotectors[END_REF][START_REF] Quast | Potassium channel openers: pharmacological and clinical aspects[END_REF]. Mini-spadin activated TREK-1 at low concentration (Fig. 1A) suggesting a protective effect. Neuroprotection induced by low concentration of mini-spadin (0.03 µg/kg) was confirmed in vivo. Because mortality of mice in the MCAO model is known to be very high during the first 4 days after stroke injury we studied the survival rate of animals at 1, 4 and 70 days post-ischemia. In the saline group we observed in the first 4 days a mortality rate of 35% which was much higher as compared to the group treated with the mini-spadin at low concentration (0.03 µg/kg). When the mice reached the milestone of the first 4 days after stroke, the animals of the different groups survived at the later 10 weeks time-point (Supplementary Fig. 3A and Supplementary Table 2). The percentage of mice which died 1 or 4 days after MCAO clearly showed that 0.3 µg/kg of mini-spadin was less protective than 0.03 µg/kg (Supplementary Fig. 3A and Supplementary Table 2). When administered at reperfusion, the high TREK-1 inhibiting dose of mini-spadin (0.3 µg/kg had a very detrimental effect on mice survival, certainly due to a large cell hyperexcitability induced by depolarization of synaptic terminals, increasing Ca 2+ influx and glutamate release leading to a post-synaptic hyperpolarization and activation of glutamate receptors. These data confirmed the electrophysiological data. Mini-spadin injected at the dose of 0.03 µg/kg 30 min after MCAO significantly decreased the infarct volume when compared to saline-treated mice (Supplementary Fig. 2B), suggesting a protective effect of low dose of mini-spadin in the acute phase of stroke. Because the dose of 0.03 µg/kg (corresponding to 10 -8 M) induced the best TREK-1 activation (Fig. 1B) and a strong protective effect in vivo (Supplementary Fig. 3), we decided to administrate mini-spadin at this dose throughout the study. The antidepressant and neurogenic effects of this peptide have been reported at higher concentrations (3 µg/kg for mini-spadin) [START_REF] Djillani | Shortened Spadin Analogs Display Better TREK-1 Inhibition, In Vivo Stability and Antidepressant Activity[END_REF]. Because the acute and delayed phases of stroke have to be managed differently (early reperfusion and neuroprotection for the acute phase and neuronal recovery through neuroplasticity for the delayed phase [START_REF] Chollet | Pharmacological therapies in post stroke recovery: recommendations for future clinical trials[END_REF], we decided to 1/ treat mice with low concentration of mini-spadin (0.03 µg/kg) during 7 days following MCAO to activate TREK-1 and then 2/ increase the peptide concentration to 3 µg/kg, once a day during 4 days/week to induce AD effect and stimulate neurogenesis and synaptogenesis. Additionally to the saline-treated mice (vehicle), two control molecules were also used, spadin and escitalopram. Spadin was also injected following a two-step protocol (8 µg/kg for 7 days and 800 µg/kg for 4 days a week); escitalopram was injected during the two steps at the dose of 1 mg/kg (Supplementary Fig. 1A).

3-2 Mini-spadin prevented the loss of body weight induced by ischemia

After stroke, animal body weight changes were used as an indicator of their overall wellbeing. As compared to the pre-MCAO values, saline-treated mice submitted to MCAO showed a significant loss of weight in the first three days following MCAO (***P<0.001) (Fig. 2A) and returned to the pre-surgery values after two weeks. In contrast, weight loss in mini-spadin-treated mice was weak. Whereas spadin and escitalopram had no significant effect, the measure of areas under curve showed that mini-spadin significantly prevented weight loss observed in saline-treated mice (F3, 51=2.78, # P=0.029) 3 days after MCAO (Fig. 2A,Inset). There was no significant difference in body weight gain between the two sham groups treated with saline or mini-spadin (Supplementary Fig. 4), excluding a potential metabolic effect of the peptide. Mini-spadin-treated mice returned to 95.5% of their presurgery weight only 5 days after MCAO (Fig. 2A). Spadin-treated mice displayed the same recovery rate than mini-spadin but escitalopram-treated mice needed two more days to reach the same level of body weight (Fig. 2A). There were no significant changes in endogenous spadin (measured by PE levels) after stroke (P>0.05, Supplementary Fig. 5).

3-3 Mini-spadin improved the motor and cognitive deficits induced by ischemia

Motor and cognitive deficits are common neurological sequels in stroke patients [START_REF] Cumming | Stroke, cognitive deficits, and rehabilitation: still an incomplete picture[END_REF][START_REF] Langhorne | Motor recovery after stroke: a systematic review[END_REF]. The beneficial motor effects of mini-spadin were first observed in the accelerated rotarod test, which assessed the motor coordination (Fig. 2B). All mice were identified and their performances were measured in a pre-ischemia test (data not shown). For each mouse the pre-ischemic value was considered as 100%. At Day 3 after MCAO, all groups showed a strong decrease in their performances when compared to the corresponding pre-ischemia group (Fig. 2B). Only the mini-spadin group showed a significant improvement of their performances when compared with the saline-treated ischemic group ( # P=0.032, Fig. 2B). Two weeks post-MCAO, animals from all groups have recovered and spent the same time on the rotarod (data not shown).

In the pole test, there were no significant differences in performance between pre-MCAO groups (Fig. 2C-D). Three days post-MCAO, ischemia induced a significant increase in time to rotate and to come down along the pole ( *** P<0.001 for rotation and * P<0.05 for descent, Fig. 2C-D), suggesting motor deficits induced by stroke. Interestingly, mini-spadin significantly reduced the times in both tasks when compared to saline-treated group (F3, 42=5.004, ## P=0.0044 for rotation and # P=0.049 for descent, Fig. 2C-D). Contrary to the descent task, mice treated with spadin and escitalopram decreased significantly their time to rotate when compared to saline-treated mice (F3, 42 = 5.004, # P=0.0152 for spadin and # P=0.0159 for escitalopram, Fig. 2C). Two weeks post-MCAO, we observed in the descent task but not in the rotation task an improvement of performances when mice were treated with mini-spadin or escitalopram , (F3, 33 = 5.169, # P=0.045 for mini-spadin and # P=0.025 for escitalopram, Fig. 2D). Three days post-MCAO we observed in the rotation task a significant decrease in time by 82.4, 72.9 and 74.4 % induced by mini-spadin, spadin, and escitalopram, respectively (Fig. 2C, 3 Days post-MCAO panel).

Then, mini-spadin effects on spatial learning and memory were tested in the Morris Water Maze paradigm three weeks after MCAO. During the training, all groups of animals poorly performed in this task. MCAO has a deleterious effect on learning trials (Fig. 3A). The latency to find the platform was significantly increased in MCAO saline-treated mice when compared to saline-sham operated animals (Fig. 3A). Whereas saline-and escitalopramtreated mice did not ameliorate their performance during the learning trials, mice treated with mini-spadin significantly improved the latency to find the platform (Fig. 3A. Indeed, a significant difference in latency was observed from the third training day in mini-spadintreated mice (27.8%, F4,53=3.259, # P=0.018 vs Day 1), which was even increased at the fourth day (44%, ### P=0.001 vs Day 1). Mini-spadin induced a significant increase in performance of ischemic mice when compared to MCAO-saline-treated group (F4,53=3.259, ## P=0.0073, Fig. 3A). Escitalopram had no significant effect (P=0.58). During the probe testing, only mice treated with mini-spadin penetrated significantly quicker in the platform quadrant (NW) when compared to the MCAO-saline group (Fig. 3B, right panel, # P<0.05). In addition, we observed a tendency to exhibit a preference for the NW quadrant with an increase in time spent in MCAO-spadin-and mini-spadin-treated mice as compared to the MCAO-saline group. These observations suggested that they collectively remembered the area where the platform was initially, but the result did not reach the significativity (Fig. 3B, left panel, F4,59=1.598, P=0.187 vs MCAO saline groupvs MCA0-saline group). The analysis of strategies (Lorivel et al., 2015, Supplementary Fig. 6) showed that mice treated with minispadin used a more efficient strategy by the emergence of the perseverance, not observable in the MCAO-saline-treated mice (Fig. 3C and Supplementary Fig. 5). The difference observed between mini-spadin treated mice and other groups were not due to motor deficits because the swim distance and speed average were very similar for each group (Supplementary Fig. 6).

Taken together the results obtained in the 3 tests indicated that mini-spadin is more efficacious than spadin and escitalopram by strongly decreasing the motor and cognitive deficits induced by stroke.

3-4 Mini-spadin prevented the depressant-like behaviour induced by ischemia

In FST performed at 3, 5, 7 and 10 weeks post-MCAO, sham-operated mice treated with mini-spadin or spadin displayed a significant decrease in the immobility time, when compared to saline-treated mice (data not shown). The increase in the immobility time observed in MCAO-vehicle group compared to sham-operated-vehicle group became significant 10 weeks after MCAO (F4, 113 = 10.44, * P=0.035, Fig. 4A) and characterized the despair-related phenotype associated with MCAO. Interestingly, as compared to MCAO-vehicle-group, mini-spadin and spadin significantly decreased the immobility time as early as 5 weeks of treatment (F4, 112 = 6.097, ## P=0.0013, Fig. 4A), Escitalopram only had a significant AD effect after 10 weeks (F3, 113 = 10.44, ## P=0.0059, Fig. 4A). Differences observed are not due to difference in locomotor performance as demonstrated in the Morris water maze experiment (Supplementary Fig. 5B-C).

In NSF, MCAO induced a depressive-like behavior which started to appear 3 weeks following ischemia but was definitively established after 10 weeks (Fig. 4B). MCAO resulted in an increased latency in saline-treated animals when compared to sham-operated-saline group (F4, 63 = 5.93, ** P=0.0039, Fig. 4C). The latency to eat the pellet, which was 1.9-fold higher 3 weeks post-ischemia was increased to 3.8-fold after 10 weeks when compared to shamoperated saline-treated mice (Fig. 4B). The treatment with the three AD drugs significantly prevented the behavioral changes induced by MCAO (F4, 63 = 5.93, # P=0.0296 for minispadin, # P=0.0231 for spadin and ### P=0.0007 for escitalopram vs saline group, Fig. 4C-D). A 40% decrease in latency to eat was observed in mini-spadin-and spadin-treated mice as soon as 3 weeks post-MCAO, when escitalopram only became efficient after 10 weeks post-MCAO. Taken together, these findings demonstrated that a treatment with an AD and, particularly with mini-spadin reverses the depressive-like behavioral alterations induced by stroke.

3-5 Mini-spadin stimulated the hippocampal cell proliferation and synaptogenesis

Three weeks post-MCAO, we observed no significant difference in the number of BrdU positive cells between saline and mini-spadin-treated mice (data not shown). Ten weeks after MCAO, the number of BrdU positive cells in the subgranular zone (SGZ) of both ischemic and sham-saline mice was comparable (F3, 36=3.77, P=0.21) (Fig. 5A). As already published, mice treated with mini-spadin and not submitted to MCAO (sham group) showed an increase in neural stem cell proliferation in the SGZ (F3,36 =3.77, ** P=0.0042 vs sham-operated saline) (Fig. 5A) [START_REF] Djillani | Shortened Spadin Analogs Display Better TREK-1 Inhibition, In Vivo Stability and Antidepressant Activity[END_REF]. The number of newborn cells was increased by 52.5% when ischemic mice were treated with mini-spadin (F3,36 = 3.77, ## P=0.0054 vs MCAO salinetreated group) (Fig. 5A) . Interestingly, the neurogenic effect of mini-spadin was still observable even at 10 weeks post-MCAO (Fig. 5A). Double NeuN/BrdU labeling showed that twenty-one days after the tenth week post-MCAO, the number of BrdU/NeuN co-labeled cells in the SGZ was still increased in the mini-spadin-treated mice when compared to saline group (Fig. 5B). However, in the SGZ no GFAP/BrdU colocalization was observed. This result showed that mini-spadin stimulates neurogenesis induced by ischemia and that the majority of newborn cells (80%) in the SGZ differentiate into mature neurons.

Depression is also associated with loss of synaptic connections in mood circuitry. AD therapy facilitates remission by fast induction of synaptogenesis [START_REF] Bambico | Novel insights into depression and antidepressants: a synergy between synaptogenesis and neurogenesis?[END_REF]. Three weeks after ischemia mini-spadin significantly enhanced the expression of PSD-95 and synapsin, two key markers of synaptogenesis (de [START_REF] De Bartolomeis | Postsynaptic density scaffolding proteins at excitatory synapse and disorders of synaptic plasticity: implications for human behavior pathologies[END_REF][START_REF] Mirza | The Role of Synapsins in Neurological Disorders[END_REF] in the ipsi lateral cortice of treated mice when compared to saline group (Fig. 5C-D).

3-6 Mini-spadin attenuated the loss of dopaminergic neurons induced by ischemia and PSD in midbrain

The depression-like syndrome after stroke is associated with secondary functional and structural alterations of the mesolimbic dopamine system [START_REF] Kronenberg | Exofocal dopaminergic degeneration as antidepressant target in mouse model of poststroke depression[END_REF]. Ten weeks post-MCAO, immunolabeling of dopaminergic neurons with tyrosine hydroxylase (TH) in the midbrain showed that MCAO induced a strong loss of TH-positive cells neurons in ipsilateral substantia nigra in saline-treated mice (Fig. 6A-B) when compared to the contralateral hemisphere. This MCAO effect was significantly attenuated by mini-spadin (F3, 35 = 4.53, ## P=0.0093 versus MCAO saline-treated group), but not by spadin or escitalopram.

(P=0.999 for spadin and P=0.957 for escitalopram). Relative to saline treatment, mini-spadin induced a 46% increase in the number of TH-positive neurons (Fig. 6B).

4-Discussion

At least one-third of stroke survivors suffer from depression. The development of comorbid depression after stroke is clinically highly significant. Physical disability, stroke severity and cognitive impairment figure especially prominently in the clinical literature [START_REF] Hackett | Management of depression after stroke: a systematic review of pharmacological therapies[END_REF]. The underlying mechanisms of PSD associated to ischemic damage are complex and difficult to model in rodents. Nevertheless, several reliable PSD models are now available and well-recognized [START_REF] Kronenberg | Of mice and men: modelling poststroke depression experimentally[END_REF] to mimick the main stroke and PSD features observed in real-word clinical situations. In this study, we have chosen to use a recognized PSD-like animal model, which has the advantage to only carry out MCAO without inducing PSD by any additional stress like chronic mild stress or isolation rearing, which can induce a bias. Indeed, the combined application of MCAO and unpredictable chronic mild stress (CMS) is often used in preclinical PSD studies [START_REF] Kronenberg | Of mice and men: modelling poststroke depression experimentally[END_REF]. While CMS induces depressive behaviors, the applied stressors such as cold water and electric shock could also lead to neuronal damage. Social isolation for several weeks before MCAO is also used to induce PSD [START_REF] Kronenberg | Of mice and men: modelling poststroke depression experimentally[END_REF]. In our model on C57/Bl6J, MCAO induces a depressive-like behavior 10 weeks after reperfusion, a long delay for a mouse but corresponding to real-world situations where PSD occurs up to one year after the onset of stroke [START_REF] Francisco | An overview of post-stroke depression[END_REF]. This model also displays consistent and reliable clinical core features of stroke and associated PSD such as motor and cognitive deficits, neuronal loss and impaired neurogenesis [START_REF] Kronenberg | Of mice and men: modelling poststroke depression experimentally[END_REF].

In this study we took advantage that in rodents mini-spadin has a rapid effect as AD, only four days when other classical AD drugs need at least 3 weeks. Additionally, mini-spadin is devoid of deleterious side effects. For the first time, this study provides evidence that mini-spadin induced neuroprotection against stroke and subsequent PSD as compared to spadin and escitalopram. In this work, for the first time, we have demonstrated that in the acute phase of stroke recovery mini-spadin increased the survival rate of mice submitted to MCAO, prevented the loss of body weight and decreased the infarct volume. In the chronic phase of stroke, mini-spadin prevented the delayed dopaminergic degeneration in substantia nigra and improved the motor and cognitive ischemia-induced deficits. The beneficial effects provided by this peptide could be the result of its biphasic effect on the TREK-1 channel. Interestingly, the electrophysiological approach showed that low doses of mini-spadin induced TREK-1 activation which probably induced a brain protection in the acute phase of stroke. This acute protection was confirmed by the reduction number of deaths in mice and the decrease of the infarct volume at 24 hours post-MCAO. These results are in accordance with previous works demonstrating that activation of TREK-1 plays a key role in the mechanisms of protection after stroke (Blondeau et al., 2002a;Blondeau et al., 2002b;Heurteaux et al., 2006a;[START_REF] Lauritzen | Polyunsaturated fatty acids are potent neuroprotectors[END_REF][START_REF] Quast | Potassium channel openers: pharmacological and clinical aspects[END_REF]. The protection induced by polyunsaturated fatty acids, which are known to activate TREK-1 disappears in TREK-1 null mice [START_REF] Heurteaux | TREK-1, a K(+) channel involved in neuroprotection and general anesthesia[END_REF]. TREK-1 is up-regulated after focal ischemia [START_REF] Wang | Changes in lipid-sensitive two-pore domain potassium channel TREK-1 expression and its involvement in astrogliosis following cerebral ischemia in rats[END_REF]. Increased TREK-1 expression in ischemic rat brain is expected to prevent homeostatic dysfunctions induced by stroke. TREK-1 is opened by membrane stretch, cell swelling, AA release and intracellular acidosis [START_REF] Honore | The neuronal background K2P channels: focus on TREK1[END_REF], phenomena that occur during stroke. A decrease of intracellular pH is associated to ischemia [START_REF] Dirnagl | Pathobiology of ischaemic stroke: an integrated view[END_REF]. These toxic stimuli might contribute to the opening of neuronal TREK-1 and provide brain protection. As described for other TREK-1 openers (Blondeau et al., 2002a;Blondeau et al., 2002b;Heurteaux et al., 2006a;[START_REF] Lauritzen | Polyunsaturated fatty acids are potent neuroprotectors[END_REF][START_REF] Quast | Potassium channel openers: pharmacological and clinical aspects[END_REF], TREK-1 activation in the neurons by low doses of mini-spadin would hyperpolarize synaptic terminals, decreasing Ca 2+ influx and glutamate release and producing a post-synaptic hyperpolarization. These processes would favor the blockade of NMDA receptor associated-channel by Mg 2+ and counterbalance glutamate-induced depolarization.

Astrocytes also play a crucial role in the pathophysiology of stroke [START_REF] Nedergaard | Role of glial cells in cerebral ischemia[END_REF]. Astrocytes participate to the regulation of acid-base homeostasis through a variety of exchangers and co-transporters. TREK-1 channels contribute to astrocyte passive conductance [START_REF] Zhou | TWIK-1 and TREK-1 are potassium channels contributing significantly to astrocyte passive conductance in rat hippocampal slices[END_REF]. TREK-1 is broadly expressed in neurons and astrocytes under physiological conditions, and is up-regulated in these cells after MCAO, which correlates with reactive astrogliosis in the injured region [START_REF] Wang | Changes in lipid-sensitive two-pore domain potassium channel TREK-1 expression and its involvement in astrogliosis following cerebral ischemia in rats[END_REF]. In these conditions, TREK-1 may set the negative resting membrane potential of astrocytes to rescue their homeostasis functions [START_REF] Zhou | TWIK-1 and TREK-1 are potassium channels contributing significantly to astrocyte passive conductance in rat hippocampal slices[END_REF] leading to brain protection against stroke. This work also demonstrates for the first time that mini-spadin strongly decreased the depressive-like behavioral alterations induced by MCAO in the chronic phase of stroke. One core features of the chronic depression-like syndrome after stroke is the long-term alterations of the mesolimbic dopaminergic system [START_REF] Kronenberg | Exofocal dopaminergic degeneration as antidepressant target in mouse model of poststroke depression[END_REF]. This is in line with the left frontal and basal ganglia lesions observed in stroke patients and linked to the occurrence of major PSD [START_REF] Morris | Lesion location and poststroke depression[END_REF][START_REF] Vataja | Poststroke depression and lesion location revisited[END_REF]. In the present work, we demonstrated that mini-spadin attenuated the delayed dopaminergic degeneration in substantia nigra and prevented the emergence of depressive-like behavior, which occurs during the chronic phase of stroke. In our protocol, we started to administrate higher doses of mini-spadin one week after MCAO to induce an AD effect and to prevent PSD. The higher dose of this peptide (used in this work) has been previously shown to prevent the depressive-like symptoms modeled in AD screening tests like FST or NSF [START_REF] Djillani | Shortened Spadin Analogs Display Better TREK-1 Inhibition, In Vivo Stability and Antidepressant Activity[END_REF]Heurteaux et al., 2006b;[START_REF] Mazella | Spadin, a sortilin-derived peptide, targeting rodent TREK-1 channels: a new concept in the antidepressant drug design[END_REF]. Consequently, we can expect that the beneficial effects of mini-spadin on PSD are probably due to TREK-1 inhibition during the chronic phase of stroke. In accordance with previous results [START_REF] Djillani | Shortened Spadin Analogs Display Better TREK-1 Inhibition, In Vivo Stability and Antidepressant Activity[END_REF]Heurteaux et al., 2006b;[START_REF] Mazella | Spadin, a sortilin-derived peptide, targeting rodent TREK-1 channels: a new concept in the antidepressant drug design[END_REF], the long-term inhibition of TREK-1 by mini-spadin probably increases the firing rate of dorsal raphe nucleus neurons and increase the 5-HT release, which could further contribute to prevent PSD. In further studies, it will be interesting to initiate the peptide treatment after a few weeks of the ischemic event in the aim to see whether mini-spadin given at high dose will reduce PSD. Nevertheless an early AD pharmacotherapy may prevent PSD as reported in a meta-analysis of randomized placebo-controlled trials evaluating the prophylactic effects of ADs in non-depressed stroke patients [START_REF] Chen | Antidepressant prophylaxis for poststroke depression: a meta-analysis[END_REF]. This is in favor to treat patients as early as possible after stroke and to consider ADs along with other vascular preventive strategies in the management of stroke patients.

In human and rodent brains, functional improvement after stroke may be induced through proliferation of neural stem cells induced by stroke, which migrate into the damaged structures [START_REF] Jin | Neurogenesis in dentate subgranular zone and rostral subventricular zone after focal cerebral ischemia in the rat[END_REF][START_REF] Jin | Evidence for stroke-induced neurogenesis in the human brain[END_REF][START_REF] Murphy | Plasticity during stroke recovery: from synapse to behaviour[END_REF]). However, this potential self-repair mechanism only operates acutely after stroke, with the number of generated neurons being small and their existence transitory. Recovery from stroke-induced cognitive deficits is significantly impaired by genetic disruption of neurogenesis, highlighting the importance of neuroprogenitor cells for post-stroke cognitive recovery [START_REF] Sun | Conditional ablation of neuroprogenitor cells in adult mice impedes recovery of poststroke cognitive function and reduces synaptic connectivity in the perforant pathway[END_REF].

Maximum cell proliferation in the adult brain occurs 1 to 2 weeks after stroke [START_REF] Arvidsson | Neuronal replacement from endogenous precursors in the adult brain after stroke[END_REF][START_REF] Jin | Neurogenesis in dentate subgranular zone and rostral subventricular zone after focal cerebral ischemia in the rat[END_REF], and in neurosphere cultures the recruitment of neuronal stem cells is stimulated during the first week after stroke [START_REF] Zhang | Stroke transiently increases subventricular zone cell division from asymmetric to symmetric and increases neuronal differentiation in the adult rat[END_REF]. In our study, we have analyzed neurogenesis at 3 and 10 weeks, but not shortly after MCAO. It is probably the reason why, compared to sham groups, neurogenesis increase after MCAO was not observed.

However, interestingly, neurogenesis analyzed in the chronic phase of stroke (10 weeks)

showed that mini-spadin as compared to vehicle induced an extensive and long-lasting production of new neurons 10 weeks after MCAO, probably stimulating the self-repair and the neurological recovery of mice after stroke.

In the search of potential mechanisms involved in the beneficial effects of mini-spadin on PSD and neurological recovery after stroke, the stimulation of synaptogenesis, analyzed hence by the expression of PSD-95 and synapsin, two key proteins involved in synaptic network is probably crucial. At 3 weeks post-MCAO, mini-spadin strongly increased PSD-95 and synapsin expression in the ipsilateral cortice (a major site of the remodeling of neural circuits [START_REF] Carmichael | Plasticity of cortical projections after stroke[END_REF]). The presence of PSD-95 and synapsin in the non-lesioned (contralateral) cortical region, corresponding to a post-stroke increase in brain activity [START_REF] Takatsuru | Neuronal circuit remodeling in the contralateral cortical hemisphere during functional recovery from cerebral infarction[END_REF], could facilitate the induction of long-lasting changes in the neuronal network of adjacent cortical areas [START_REF] Carmichael | Plasticity of cortical projections after stroke[END_REF]. These data are in favor of a significant improvement in functional recovery after stroke and a prevention of PSD.

Preliminary results have shown that spadin interacts with the neurotensin receptor 1 (NTR1), well-known to be involved in neuroprotection. Indeed, similarly to neurotensin (NT), spadin at 10 -6 M binds to NTR1 by displacing 50% of 125 I-Spadin in brain homogenates (Mazella, unpublished data). NT and its analogs are potent NTR1 agonists, that induce hypothermia and show marked protective effects against brain injury [START_REF] Choi | A novel stroke therapy of pharmacologically induced hypothermia after focal cerebral ischemia in mice[END_REF][START_REF] Fantegrossi | Antinociceptive, hypothermic, hypotensive, and reinforcing effects of a novel neurotensin receptor agonist, NT69L, in rhesus monkeys[END_REF][START_REF] Lee | Therapeutic effects of pharmacologically induced hypothermia against traumatic brain injury in mice[END_REF][START_REF] Lee | Improved Therapeutic Benefits by Combining Physical Cooling With Pharmacological Hypothermia After Severe Stroke in Rats[END_REF][START_REF] Orwig | Comparison of N-terminal modifications on neurotensin(8-13) analogues correlates peptide stability but not binding affinity with in vivo efficacy[END_REF][START_REF] Wei | Acute and delayed protective effects of pharmacologically induced hypothermia in an intracerebral hemorrhage stroke model of mice[END_REF]. Thus, minispadin like spadin could interact with NTR1 and contribute to induce brain protection.

In the present work, escitalopram was opted as positive AD control because of its clinical use [START_REF] Burke | Escitalopram[END_REF][START_REF] Montgomery | Escitalopram (Senantiomer of citalopram): clinical efficacy and onset of action predicted from a rat model[END_REF]. Escitalopram is an efficient AD but displays adverse effects (such as sleepiness, constipation, diarrhea, sexual dysfunction, change in heart rate, sleep disorders) and its efficacy period takes several weeks (2 to 4 weeks). Unlike escitalopram mini-spadin has the advantage to have a rapid onset of action (4 days) and it is devoid of side effects [START_REF] Djillani | Shortened Spadin Analogs Display Better TREK-1 Inhibition, In Vivo Stability and Antidepressant Activity[END_REF], at least in rodents. To our knowledge, the effectiveness of escitalopram on memory performances in the context of stroke has never been tested in rodents. However, escitalopram, which is also used in Alzheimer patients for treating depression and related symptoms has been described to significantly improve spatial memory in the Morris water maze (MWM) test in 3xTgAD mice at a dose of 10 mg/kg/day [START_REF] Wei | Citalopram Ameliorates Impairments in Spatial Memory and Synaptic Plasticity in Female 3xTgAD Mice[END_REF]. In the present work, escitalopram used at 1 mg/kg/day did not reverse the cognitive deficits and the dopaminergic degeneration induced by stroke as compared to results obtained by Kronenberg et al [START_REF] Kronenberg | Exofocal dopaminergic degeneration as antidepressant target in mouse model of poststroke depression[END_REF]. These discrepencies in results may be due to the dose used and the mouse strain. Globally, as compared to rotarod and pole tests, the effects of drugs on memory performances in the Morris Water Maze were not strong as expected. Only mini-spadin improves cognitive deficits in this test. For mice that have been submitted to MCAO this test is very demanding. In further experiments it might be useful to increase the drug dose and to perform the test at a later time to allow a better recovery induced by neurogenesis.

Results obtained in this work clearly show that mini-spadin effects on the stroke outcomes and on PSD were faster (5 weeks instead of 10 weeks in FST) and largely enhanced as compared to those observed with escitalopram and spadin. The same observation was done on the better efficacy of mini-spadin on dopaminergic degeneration. These better results obtained with mini-spadin compared to spadin can be explained by the improvement of short spadin analogs that are shorter (7 amino-acids versus 17) and display a better affinity for TREK-1 (x 400), a better stability (23 hours versus 6 hours) and a better blood brain barrier passage [START_REF] Djillani | Shortened Spadin Analogs Display Better TREK-1 Inhibition, In Vivo Stability and Antidepressant Activity[END_REF]2018) leading to increased antidepressant properties.

In conclusion, this is the first study that provides evidence for the potential therapeutic value of mini-spadin as a better alternative to currently used ADs to alleviate neurological and neuropsychiatric disorders following stroke. 
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Fig. 1 .

 1 Fig.1. Activity of TREK-1 channel currents by mini-spadin depends on the peptide concentration; A, % of TREK-1 activation and TREK-1 inhibition induced, respectively, by low and high doses of mini-spadin in human cell line hTREK-1/HEK using the whole-cell patch-clamp technique (n=7 to 18); B, Percentage of activation of TREK-1 currents measured at 0 mV obtained with 10 -6 M spadin, 10 -9 M mini-spadin and 10 -8 M mini-spadin. Whole-cell currents (pA/pF) were measured in hTREK-1/HEK in presence of potassium blockers (K + blockers, 10 mM tetraethyl ammonium (TEA), 3 mM 4-aminopyridine (4-AP), 50 nM charybdotoxin, 10 mM glibenclamide, 100 nM apamin). Control value was obtained by using a solution of 0.9% NaCl. Data are reported as Mean ± SEM. *P < 0.05, **P < 0.01 compared to control.

Fig. 2 .

 2 Fig. 2. Effects of mini-spadin compared to spadin and escitalopram on loss of body weight and motor deficits induced by 30 min MCAO; A, Evolution of body weight during 7 days recovery after MCAO. Data are reported as Mean ± SEM: saline (n=17), spadin (n=14), minispadin (n=15), escitalopram (n=15). *** P < 0.001 compared to pre-MCAO values, # P < 0.05 compared to Saline group. B, Rotarod performance (latency to fall (% of pre-MCAO performance) 3 days following MCAO. Data are reported as Mean ± SEM: saline (n=16), spadin (n=14), mini-spadin (n=15), escitalopram (n=14), # P< 0.05 vs MCAO-saline group, Kruskal-Wallis test); C-D, Pole test performance before, 3 and 14 days following MCAO; C, Time to rotate (s); D, Time to descent (s). Data are reported as Mean ± SEM: saline (n=13), spadin (n=11), mini-spadin (n=14), escitalopram (n=15), *** P<0.001, versus Pre-MCAO values, ## P<0.01, # P<0.05 versus MCAO-saline group, one way ANOVA, Dunnett's multiple comparison test.

Fig. 3 .

 3 Fig. 3. Effects of mini-spadin compared to spadin and escitalopram on cognitive deficits induced by 30 min MCAO and evaluated in Morris Water Maze test 3 weeks after MCAO; A, Evolution of time (s) to reach the hidden platform over the training trials (1 to 4 Days); B, Time (s) spent in the NW quadrant (left panel) and latency to first entry in the NW quadrant (right panel) during the probe trial; C, Strategies used in the Morris Water Maze test during the probe trial (see supplementary Fig. 6).

Fig. 4 .

 4 Fig. 4. Antidepressant effects of mini-spadin compared to spadin and escitalopram in the Forced Swim Test (FST) and in the Novelty Suppressed Feeding test (NSF) at different times following MCAO; A, FST. Immobility time (s) was measured 3, 5, 7 and 10 weeks after MCAO. Data are reported as Mean ± SEM in the different groups: saline (n=22), spadin (n=27), mini-spadin (n=24), escitalopram (n=22), sham-operated (n=22); B-D, NSF. Animals were food deprived for 1 day and then measured for their latency to feed; B, Latency to eat (% of sham-operated saline mice) at 3 and 10 weeks post-MCAO showing the strong behavioral effect of MCAO when compared to saline-sham group; C, Latency to eat (s) at 10 weeks post-MCAO and D, Evolution of the latency to eat (% of MCAO-saline mice) at 3 and 10 weeks post-MCAO, showing the significant antidepressant effect of 3 drugs obtained 10 weeks following MCAO. Data are reported as Mean ± SEM in the different groups: saline (n=14), spadin (n=14), mini-spadin (n=15), escitalopram (n=14) and sham-operated (n=12), * P<0.05, ** P<0.01 vs Sham-operated-Saline group; ### P<0.001, ## P<0.01 # P<0.05 vs MCAO-Saline group (one way ANOVA, Dunnett's multiple comparison test for comparing the treatment effect).

Fig . 5 .

 5 Fig .5. Effects of mini-spadin compared to spadin and escitalopram on neurogenesis and synaptogenesis. A, Quantitation of BrdU-positive cells per hippocampus 10 weeks after MCAO (4 experimental groups and 2 sham groups). Data are expressed as Mean ± SEM. They were collected from two independent experiments with n = 8 per group, 8 brain slices per mouse ( # P < 0.05, ## P < 0.01 vs ischemic saline-treated mice, Mann & Whitney U test), B, Representative photomicrographs of BrdU (green), NeuN (red), GFAP (blue) fluorescent labeling in hippocampal dentate gyrus from ischemic saline-or mini-spadin-treated mice 10 weeks and 21 days after BrdU injection; C, Representative images from Western blotting analysis PSD-95, D, optical densitometry quantitation for PSD-95 (95 kDa) and synapsin (75 kDa) in ipsi-and contra-lateral cortical tissues. Tubulin and actin were respectively used as internal controls for the loading of protein levels. Data are representative of 3 separate experiments (n=3 per group). Values (Mean ± SEM) are expressed as percentage of protein control ( # P<0.05, ## P<0.01 vs vehicle ischemic group, Mann & Whitney U test).

Fig. 6 .

 6 Fig. 6. Effects of mini-spadin compared to spadin and escitalopram on dopaminergic degeneration induced by 30 min MCAO. A, Representative photomicrographs of peroxidase immunolabeling of Tyrosine Hydroxylase neurons (TH) 10 weeks after MCAO showing the loss of dopaminergic neurons induced by MCAO in the ipsilateral injured subtantia nigra
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