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Introduction

Motor behaviors require the activation of spatially distributed and interconnected neural networks in the forebrain, brainstem and spinal cord [START_REF] Grillner | Current Principles of Motor Control, with Special Reference to Vertebrate Locomotion[END_REF]. The sequential recruitment of specific circuits along this axis allows the selection, initiation, execution and termination of motor actions with precision. Drugs exacerbating dopamine (DA) and norepinephrine release profoundly affect the finetuning control of motor behaviors. Indeed, a single exposure to psychostimulant drugs such as d-amphetamine, cocaine or methylphenidate enhances motor behaviors whose manifestations depend on the dose administered [START_REF] Gaytan | Time-dependent differences in the rat's motor response to amphetamine[END_REF][START_REF] Yates | Bimodal effect of amphetamine on motor behaviors in C57BL/6 mice[END_REF]. At low doses, these drugs stimulate fast exploratory activity characterized by an increase in locomotion and rearing [START_REF] Yates | Bimodal effect of amphetamine on motor behaviors in C57BL/6 mice[END_REF][START_REF] Ztaou | Single Dose of Amphetamine Induces Delayed Subregional Attenuation of Cholinergic Interneuron Activity in the Striatum[END_REF].

However, at high doses, psychostimulants promote a variety of repetitive behaviors ranging from in-place stereotypies (continuous sniffing, circling, intense grooming, and self-gnawing) to patterned locomotion and continuous up-and-down rearing motion often accompanied by intermittent episodes of wall licking [START_REF] Yates | Bimodal effect of amphetamine on motor behaviors in C57BL/6 mice[END_REF][START_REF] Ztaou | Single Dose of Amphetamine Induces Delayed Subregional Attenuation of Cholinergic Interneuron Activity in the Striatum[END_REF].

The broad motor repertoire induced by psychostimulants is highly correlated with neuronal activation within the striatum, a brain structure densely innervated by midbrain DA neurons and involved in selecting and initiating motor actions [START_REF] Canales | Patterns of gene expression and behavior induced by chronic dopamine treatments[END_REF]. Indeed, specific patterns of neuronal activation classically identified by evaluating the expression pattern of immediate early genes are recruited following acute exposure to psychostimulants [START_REF] Berke | A complex program of striatal gene expression induced by dopaminergic stimulation[END_REF][START_REF] Graybiel | Amphetamine and cocaine induce drug-specific activation of the c-fos gene in striosome-matrix compartments and limbic subdivisions of the striatum[END_REF][START_REF] Moratalla | Coordinate expression of c-fos and jun B is induced in the rat striatum by cocaine[END_REF]. For instance, cocaine or methylphenidate induce a widespread expression of the proto-oncogene cFos in striosomal and matrix compartments in both sensorimotor and limbic striatal domains [START_REF] Canales | Patterns of gene expression and behavior induced by chronic dopamine treatments[END_REF][START_REF] Graybiel | Amphetamine and cocaine induce drug-specific activation of the c-fos gene in striosome-matrix compartments and limbic subdivisions of the striatum[END_REF]. In contrast, d-amphetamine increases cFos levels prominently in striosomes, a pattern of expression highly predictive of the intensity of motor stereotypies [START_REF] Canales | Patterns of gene expression and behavior induced by chronic dopamine treatments[END_REF]. Psychostimulant exposure also enhances cFos immunoreactivity in the pedunculopontine nucleus and the cuneiform nucleus, two brainstem excitatory nuclei of the mesencephalic locomotor region regulating motor behaviors [START_REF] Geisler | Prominent activation of brainstem and pallidal afferents of the ventral tegmental area by cocaine[END_REF]. However, psychostimulants-induced neuronal activation within executive spinal motor circuits have never been investigated.

In the present study, we take advantage of an immediate early gene-based method to characterize neuronal populations activated in the spinal cord in response to a single exposure to d-amphetamine. By using a variety of reporter mouse lines, we investigated the cell-type specific identity of amphetamine-induced cFos expression.

We finally assessed the ability of different classes of locomotor-stimulating drugs to trigger neuronal activation in the lumbar spinal cord.

Materials and methods

Animals

Male C57BL/6 (n = 65) from Charles River Laboratories, Gad67-eGFP (Tg(Gad2-eGFP)DJ31Gsat) (n = 3), GlyT2-eGFP (Tg(Slc6a5-eGFP)1Uze) (n = 4), VGluT2-RiboTag (n = 3) and Fos-Trap (n = 9) mice were used in the present study. Vglut2-Ribotag mice were generated by crossing VGluT2-Cre (Tg(Slc17a6-icre)1Oki) and RiboTag [START_REF] Sanz | Cell-type-specific isolation of ribosome-associated mRNA from complex tissues[END_REF] mice and Fos-Trap were generated by crossing Fos-2A-iCreER [START_REF] Allen | Thirst-associated preoptic neurons encode an aversive motivational drive[END_REF] and R26-Trap [START_REF] Liu | Cell-specific translational profiling in acute kidney injury[END_REF] mice. Male 8-to 12-week old mice (25-30 gr) were used in the current study. All mice were housed in groups of 2 to 5 per cage (standard sizes according to the European animal welfare guidelines 2010/63/EU) and maintained in a 12h light/dark cycle (lights on from 7:00 am to 7:00 pm), in stable conditions of temperature (22°C) and humidity (60%), with food and water provided ad libitum. In all experiments, arbitrary assignments were used to allocate mice to specific treatments. No randomization was performed to allocate subjects in the study. All animal procedures were conducted in accordance with the guidelines of the French Agriculture and Forestry Ministry for handling animals (authorization number/license B34-172-41) and approved by the relevant local and national ethics committees (authorizations APAFIS#15092 and APAFIS#26765).

Drugs and treatment

Drugs, drug doses and routes are detailed in Table 1. All drugs were administered at doses inducing known behavioral and/or molecular responses in mice (Gangarossa et al., 2019;[START_REF] Valjent | Mechanisms of locomotor sensitization to drugs of abuse in a twoinjection protocol[END_REF]. For in vivo pharmacological experiments, mice were habituated to handling and saline injections three consecutive days before the experiments. Drugs were dissolved in 9 g/L NaCl (saline) and administered on day 4.

All the mice were injected in the home cage and perfused 90 min after injection except for the time-course experiment for which mice were also perfused at 30, 60, and 120 min after d-amphetamine administration. None of these manipulations were classified as painful or invasive.

Fos-Trap experiments

4-hydroxytamoxifen (4-OHT, H6278, Sigma-Aldrich, Saint-Quentin Fallavier, France) was dissolved in 1 ml ethanol (100%). Corn oil (C8267, Sigma-Aldrich) was then added and ethanol was evaporated by incubating the open tubes at 50°C overnight in the dark. The volume of corn oil was adjusted for injecting the dose of active drug at 10 ml/kg. 4-OHT was administered i.p. at the dose of 50 mg/kg of active Z form. D-amphetamine sulfate (Sigma-Aldrich) was dissolved in 0.9% (w/v) NaCl (saline) and injected i.p. (10 mg/kg). During the 6 days preceding treatments, Fos-Trap mice were habituated to the experimental conditions in the aim to limit the Fos gene induction by novelty. The first day, animals were just handled for 5 min.

The next 2 days, they were handled and pricked in the abdomen with a syringe needle without injection. At day 4, mice were handled and received one injection of saline.

The following two days, they received 2 injections of saline solution in the left and right sides of the abdomen. After each manipulation, the animals were immediately placed back in their home cage. On day 7, mice received an injection of 4-OHT (50 mg/kg, i.p.) and immediately after, 5 of them were administered with d-amphetamine (10 mg/kg, i.p.) and the 4 others with saline solution. After injections, mice were returned to their home cage. Seven days later, all the mice were treated with damphetamine (10 mg/kg, i.p.).

Tissue preparation and immunofluorescence

Ninety minutes after drugs administration (or at 30, 60, 90, 120 minutes for the time course experiments), mice were anaesthetized with Euthasol (TVM lab, France) at a dose (340 mg/kg) allowing rapid, efficient and deep anesthesia, which constitute a prerequisite to avoid the dephosphorylation of proteins [START_REF] Gangarossa | Contrasting patterns of ERK activation in the tail of the striatum in response to aversive and rewarding signals[END_REF].

Mice were then transcardially perfused (every 7 min by alternating groups) with 40 g/L paraformaldehyde prepared in 0.1M sodium phosphate buffer (pH 7.5). Spinal cords were extracted, post-fixed overnight in the same solution and stored at 4°C. The lumbar segments were then included in 4% agarose and 40-µm thick sections were cut using a vibratome (Leica VT 1000S, France). Slices were stored at -20°C in a solution containing 30% (vol/vol) ethylene glycol, 30% (vol/vol) glycerol, and 0.1M sodium phosphate buffer, until they were processed for immunofluorescence [START_REF] Bertran-Gonzalez | Opposing patterns of signaling activation in dopamine D1 and D2 receptor-expressing striatal neurons in response to cocaine and haloperidol[END_REF]. Lumbar sections were identified using the Allen Mouse Spinal Cord Atlas (mousespinal.brain-map.org). Free-floating sections were rinsed three times (10 min/wash) in Tris-buffered saline (TBS, 50 mM Tris-HCl, 150 mM NaCl, pH 7.5) before 15 min of incubation in 0.2% (vol/vol) Triton X-100 in TBS. Sections were then rinsed three times (10 min/wash) in TBS before 60 min blocking in a solution of 3% BSA in TBS. Sections were incubated for 72 h at 4°C with the primary antibodies (Table 2) diluted in a TBS solution containing 1% BSA and 0.15% Triton X-100 [START_REF] Puighermanal | drd2-cre:ribotag mouse line unravels the possible diversity of dopamine d2 receptor-expressing cells of the dorsal mouse hippocampus[END_REF]. Following three rinses of 10 min in TBS, sections were incubated for 45 min at 4°C with the secondary antibodies: goat Cy3-coupled anti-rabbit (1:500, Jackson Immuno-Research, Cat# 111-165-003), goat Alexa Fluor 488-coupled anti-chicken (1:500, Thermo Fisher Scientific, Cat# A-11039), and goat Alexa Fluor 488-coupled anti-mouse (1:500, Thermo Fisher Scientific, Cat# A-11001). Following incubation with secondary antibodies, sections were rinsed twice for 10 min in TBS. Mounting was performed using DPX (Sigma-Aldrich, Saint-Quentin Fallavier, France). Confocal microscopy was carried out at the Montpellier RIO Imaging Facility. Single or double-immunolabeled images were single confocal sections acquired using sequential laser scanning confocal microscopy (Leica SP8 or Zeiss LSM780). pS32-cFos-positive cells were pseudocolored in red while GFP-, HA-, CB-, PV-and CR-immunoreactive cells were pseudocolored in green.

Quantification

Cells were considered positive for a given marker only when the nucleus was clearly visible [START_REF] Bertran-Gonzalez | Opposing patterns of signaling activation in dopamine D1 and D2 receptor-expressing striatal neurons in response to cocaine and haloperidol[END_REF]. Quantification was performed manually taking as standard reference a fixed threshold of fluorescence. Histograms in Figures 1,3,4, 5 and 6, represent the number of neurons averaged from 3 to 4 lumbar sections. 2 and3 show the co-expression of pS32-cFos/markers as percentage of pS32-cFos-and GFP-immunoreactive neurons respectively, in the distinct laminae of the lumbar spinal cord. Numbers of positive neurons summed from 3 to 4 lumbar sections per mice are reported in Table 3.

Histograms in Figures

Statistical analysis

Data were analyzed using one-way ANOVA or Student t-test. Significance threshold was set at p < 0.05. One-way ANOVA analysis was followed by Šidák's multiple comparisons test.

Results

Immediate early gene expression-based method is a widely used approach to characterize neuronal activation at the regional and cellular level. Here we tested the ability of various psychostimulant drugs to recruit specific neuronal populations in the lumbar spinal cord by analyzing the spatio-temporal and molecular distribution of cells expressing the phosphorylated form of cFos at Ser32 (pS32-cFos), a posttranslational modification associated with an increased stability, nuclear localization and activity of cFos [START_REF] Sasaki | Spatiotemporal regulation of c-Fos by ERK5 and the E3 ubiquitin ligase UBR1, and its biological role[END_REF].

Acute d-amphetamine increases pS32-cFos expression in lumbar spinal cord

We first investigated whether d-amphetamine promoted neuronal activation in the mouse lumbar spinal cord. To do so, the number of pS32-cFos-immunoreactive neurons was quantified in lamina I to X of the lumbar spinal cord 30, 60, 90 and 120 min after a single intraperitoneal administration of d-amphetamine (10 mg/kg) (Figure 1). In saline-treated mice (90 min post-injection), few pS32-cFos-positive neurons (<20 cells) were detected in lamina II, III, VI and VII (Figure 1a-b). This pattern remained unchanged 30 min after d-amphetamine injection (Figure 1a-b).

However, the analysis of pS32-cFos expression at 60, 90 and 120 min revealed a gradual increase in pS32-cFos-positive neurons in the dorsal and ventral horns, 

D-amphetamine activates both inhibitory and excitatory neurons in the lumbar spinal cord

To determine whether d-amphetamine-induced lumbar spinal cord neuronal activation occurred preferentially in inhibitory and/or excitatory neurons, pS32-cFos expression was monitored in Gad67-eGFP, GlyT2-eGFP and VGluT2-Ribotag mice, which allow the immunohistological identification of GABAergic, glycinergic and glutamatergic neurons, respectively (Figure 2). Based on the kinetics of pS32-cFos expression (Figure 1a), all the subsequent analyses were performed in mice perfused 90 min after d-amphetamine administration. First, we analyzed the distribution of pS32-cFosimmunoreactive neurons in Gad67-eGFP mice, which express the green fluorescent protein (GFP) under the control of the Gad67 promoter (GABAergic neurons) (Figure 2a). Our analysis revealed that the highest percentage of pS32-cFos cells coexpressing GFP was found in the superficial laminae (~35% in lamina I; ~18% in lamina II; ~25% in lamina III and ~15% in lamina IV) and in the lamina X surrounding the central canal (~14%) (Figure 2a-b). In contrast, low or no pS32-cFos/GFP co-expressing cells was detected in lamina V (~2%), VI (~1%), VII (~5%), VIII (~5%) and IX (0) (Figure 2a-b). These results indicate that d-amphetamineinduced pS32-cFos expression occurs in a small fraction of Gad67-expressing neurons.

A distinct cell type-specific pattern of pS32-cFos/GFP-positive neurons was observed when the analysis was performed in GlyT2-eGFP mice that allow the identification of glycinergic neurons (Figure 2c-d). Indeed, percentages of pS32-cFos/GFP-immunoreactive cells were high in laminae activated in response to damphetamine reaching ~55% in lamina VI and ~40% in lamina V, and gradually decreasing in lamina VIII, X and VII (~28%, ~14% and ~12%, respectively) (Figure 2c-d). No co-localizations were detected in lamina I, II and IX (Figure 2c-d). In contrast, the percentage of pS32-cFos/GFP co-expressing cells reached ~26% and ~19% in lamina IV and III, respectively (Figure 2c-d). These findings indicate that damphetamine induces pS32-cFos expression preferentially in glycinergic inhibitory neurons.

Finally, the distribution of pS32-cFos expression was analyzed in VGluT2expressing excitatory neurons (Figure 2e-f). To do so, we generated VGlut2-Ribotag mice, which express the ribosomal protein Rpl22 tagged with hemagglutinin (HA) exclusively in glutamatergic VGluT2 neurons. As shown in Figure 2f, percentages of pS32-cFos/HA co-expressing neurons were high in all the laminae in which damphetamine increased pS32-cFos expression (~40% in lamina VII and VIII; ~33% in lamina X; ~28% in lamina VI and ~20% in lamina V) (Figure 2e-f). Altogether, our analyses show that d-amphetamine increases pS32-cFos expression in both inhibitory and excitatory neurons expressing GlyT2/Gad67 and VGluT2, respectively.

Distribution of d-amphetamine-induced pS32-cFos immunoreactive cells among neurons identified by calcium-binding proteins

To further characterize the molecular identity of activated pS32-cFos-positive neurons in the lumbar spinal cord in response to d-amphetamine, we analyzed the percentage of co-localization between pS32-cFos-immunoreactive neurons and those expressing calcium-binding proteins (CBP), calbindin-D28k (CB), calretinin (CR), and parvalbumin (PV) (Figure 2g-l). Overall, our analysis revealed low or no colocalization between pS32-cFos and CB in lamina V, VI and VII (~1%) and lamina VIII and IX (0) (Figure 2g-h). Similarly, pS32-cFos/CR-positive cells represented ~2% of the total pS32-cFos in the lamina V and VIII, and only ~1% in lamina VI and VII (Figure 2i-j). The highest percentages of co-localization were found between pS32-cFos and PV in lamina V (~7%) and VI (~4%), corresponding to 8 and 13 pS32-cFos/PV-positive cells among the 108 and 283 pS32-cFos-immunoreative cells (Figure 2k-l, Table 3). Strikingly, although d-amphetamine failed to significantly increase pS32-cFos in lamina II (see Figure 1), our analysis revealed that a high percentage of the few pS32-cFos-positive neurons co-expressed CR (~31%) and to a lesser extent PV (~9%) and CB (~7%) (Figure 2i-j). Together, these results indicate that pS32-cFos expression induced by d-amphetamine does not preferentially occur in calcium-binding proteins-expressing cells in the lumbar spinal cord.

Reactivation of d-amphetamine-tagged neurons following d-amphetamine reexposure in the lumbar spinal cord

We sought to determine whether lumbar spinal cord neuronal activation evoked by a single exposure of d-amphetamine was more prone to be re-activated by a second administration of d-amphetamine. cFos-CreERT2-Trap mice were injected with saline or d-amphetamine (10 mg/kg) prior to the administration of 4-OHT (day 1), triggering the cFos driven expression of GFP in activated neurons, and re-injected with damphetamine a week after (day 7). No significant changes were detected in laminae I (t 7 = 1.758, p = 0.1222), II (t 7 = 0.8013, p = 0.4493), VIII (t 7 = 1.610, p = 0.1514) and IX (t 7 = 0.1584, p = 0.8786) (Figure 3a-b). In contrast, d-amphetamine-treated mice on day 1 displayed a higher number of GFP-tagged neurons compared to salineinjected mice in lamina III (t 7 = 3.606, p = 0.0087), IV (t 7 = 3.382, p = 0.0117), V (t 7 = 2.540, p = 0.0387), VI (t 7 = 2.683, p = 0.0314), VII (t 7 = 2.949, p = 0.0214) and X (t 7 = 3.085, p = 0.0177) (Figure 3a-b). Interestingly, the analysis of the percentage of co-localization between pS32-cFos-immunoreactive neurons induced by the administration of d-amphetamine on day 7 and those expressing GFP in response to a first injection of d-amphetamine revealed that about one-third of the d-amphetaminetagged neurons were re-activated following d-amphetamine re-exposure (~43-44% in lamina III and X; ~37-38% in lamina VI and IV; ~33% in lamina V and ~29% in lamina VII) (Figure 3c-d).

Various psychostimulant drugs increase pS32-cFos expression in lumbar spinal cord

We next investigated whether two psychostimulant drugs, cocaine and methylphenidate, could trigger the expression of pS32-cFos in the lumbar spinal cord.

Similarly to d-amphetamine, a single administration of cocaine (15 mg/kg) or methylphenidate (15 mg/kg) increased pS32-cFos expression in lumbar spinal cord at 90 min (Figure 4). All tested psychostimulant drugs tested shared the property of increasing the number of pS32-cFos-positive neurons in lamina III (cocaine t 4 = 5.367, p = 0.0058; methylphenidate t 5 = 4.283, p = 0.0078), V (cocaine t 4 = 3.286, p = 0.0303; methylphenidate t 5 = 4.048, p = 0.0098), VI (cocaine t 4 = 7.141, p = 0.0020; methylphenidate t 5 = 3.901, p = 0.0114), VII (cocaine t 4 = 7.906, p = 0.0014; methylphenidate t 5 = 5.615, p = 0.0025) and VIII (cocaine t 4 = 2.286, p = 0.0843; methylphenidate t 5 = 2.46, p = 0.0572) (Figures 1b and4a-d). On the other hand, the increased pS32-cFos expression in lamina I was only observed after the administration of cocaine (t 4 = 3.051, p = 0.038; methylphenidate t 5 = 0.9555, p = 0.3832) (Figure 4a-b), while the increase in lamina X was only produced by methylphenidate (cocaine t 4 = 0.3592, p = 0.7376; methylphenidate t 5 = 4.792, p = 0.0049) (Figure 4c-d). No significant changes were detected in laminae II (cocaine t 4 = 1.908, p = 0.1290; methylphenidate t 5 = 0.4085, p = 0.6998) and IV (t 4 = 1.835, p = 0.1404; methylphenidate t 5 = 1.832, p = 0.1265) At the doses used here, acute d-amphetamine, cocaine and methylphenidate cause strong locomotor responses [START_REF] Gangarossa | Contrasting patterns of ERK activation in the tail of the striatum in response to aversive and rewarding signals[END_REF][START_REF] Valjent | Mechanisms of locomotor sensitization to drugs of abuse in a twoinjection protocol[END_REF]. To determine whether the induction of pS32-cFos in the lumbar spinal cord was the sole consequence of a generalized hyperlocomotion, we analyzed pS32-cFos expression in response to morphine, an agonist of µ, δ and κ opioid receptors, and dizocilpine (MK801), a noncompetitive NMDA receptor blocker. As shown in Figure 5, acute administration of morphine (5 mg/kg) or dizocilpine (0.3 mg/kg) administered at doses capable to enhance locomotor activity [START_REF] Puighermanal | Functional and molecular heterogeneity of D2R neurons along dorsal ventral axis in the striatum[END_REF][START_REF] Valjent | Mechanisms of locomotor sensitization to drugs of abuse in a twoinjection protocol[END_REF] failed to trigger pS32-cFos expression in the lumbar spinal cord (lamina I: F 2, 12 = 0.6433, p = 0.5428; lamina II: F 2, 12 = 1.571, p = 0.2477; lamina III: F 2, 12 = 0.1978, p = 0.8232; lamina IV: F 2, 12 = 0.9372, p = 0.4186; lamina V: F 2, 12 = 1.397, p = 0.2848; lamina VI: F 2, 12 = 0.8756, p = 0.4416; lamina VII: F 2, 12 = 3.906, p = 0.0494; lamina VIII: F 2, 12 = 3.21, p = 0.0764; lamina X: F 2, 12 = 0.6678, p = 0.5309) (Figure 5a-b). Together, these results suggest that the induction of pS32-cFos in response to psychostimulant is not a direct consequence of hyperlocomotion but rather of a specific effect of this class of drugs.

Regulation of pS32-cFos expression in lumbar spinal cord by monoamine reuptake inhibitors

D-amphetamine, cocaine, and methylphenidate increase the extracellular concentration of DA, norepinephrine, and serotonin [START_REF] Torres | Plasma membrane monoamine transporters: structure, regulation and function[END_REF]. Therefore, we investigated whether increasing the extracellular concentration of these monoamines was sufficient to trigger pS32-cFos expression in lumbar spinal cord. We compared pS32-cFos expression in C57BL/6 mice administered with d-amphetamine or different monoamine reuptake inhibitors 90 min after injection (lamina I: F 3, 11 = 1.143, p = 0.3747; lamina II: F 3, 11 = 1.908, p = 0.1867; lamina III: F 3, 11 = 6.276, p = 0.0097; lamina IV: F 3, 11 = 5.729, p = 0.0128; lamina V: F 3, 11 = 16.07, p = 0.0002; lamina VI: F 3, 11 = 19.42, p = 0.0001; lamina VII: F 3, 11 = 7.06, p = 0.0065; lamina VIII: F 3, 11 = 6.325, p = 0.0094; lamina X: F 3, 11 = 4.131, p = 0.0345) (Figure 6). The administration of mixed norepinephrine and serotonin reuptake inhibitors, desipramine (15 mg/kg) or imipramine (10 mg/kg), failed to increase pS32-cFos expression in lumbar spinal cord (Figure 6a-b). In contrast, the selective DA reuptake inhibitor, GBR12783 (15 mg/kg), injected a dose increasing locomotion [START_REF] Valjent | Mechanisms of locomotor sensitization to drugs of abuse in a twoinjection protocol[END_REF] triggered a pattern of pS32-cFos expression that resembled the one induced by psychostimulant drugs, thus indicating that blockade of DA reuptake is sufficient to increase pS32-cFos expression in lumbar spinal cord (Figure 6a-b).

Discussion

The present study unveils that a single administration of d-amphetamine, at a dose inducing motor activity and stereotypies [START_REF] Gangarossa | Contrasting patterns of ERK activation in the tail of the striatum in response to aversive and rewarding signals[END_REF], activates pS32-cFos-expressing neurons in the dorsal and ventral lumbar spinal cord. We also demonstrate that d-amphetamine-induced pS32-cFos occurs in both excitatory and inhibitory interneurons distributed in various laminae associated with sensory processing and motor function. In contrast, no significant changes in pS32-cFos expression were detected in motor neurons or in superficial laminae of the dorsal spinal cord. Finally, we provide evidence that GBR12783, a selective DA reuptake inhibitor, is sufficient to trigger a similar pattern of increased pS32-cFos expression to those induced by all dopaminomimetic drugs.

In rodents, a single administration of d-amphetamine induces a broad repertoire of motor behaviors ranging from increased locomotion (from 2 to 5 mg/kg) to repetitive/stereotyped motor sequences (above 5 mg/kg) [START_REF] Crittenden | Severe drug-induced repetitive behaviors and striatal overexpression of VAChT in ChAT-ChR2-EYFP BAC transgenic mice[END_REF][START_REF] Mansouri-Guilani | VGLUT3 gates psychomotor effects induced by amphetamine[END_REF][START_REF] Valjent | Mechanisms of locomotor sensitization to drugs of abuse in a twoinjection protocol[END_REF][START_REF] Yates | Bimodal effect of amphetamine on motor behaviors in C57BL/6 mice[END_REF]. Our results indicate that the latter are correlated with an increased expression of pS32-cFos in neurons in the ventral horn of the spinal cord, a spinal region harboring neural circuits dedicated to execution and generation of rhythmic motor behaviors [START_REF] Grillner | Current Principles of Motor Control, with Special Reference to Vertebrate Locomotion[END_REF]. Redex laminae delineation-based analysis revealed that damphetamine failed to increase pS32-cFos expression in lamina IX where motor neurons are located. Conversely, pS32-cFos-immunolabeled neurons were observed in laminae VII and VIII suggesting that d-amphetamine might preferentially activate a subpopulation of neurons of the locomotor central pattern generator network [START_REF] Grillner | Current Principles of Motor Control, with Special Reference to Vertebrate Locomotion[END_REF]. The high percentage of pS32-cFos/VGluT2 and pS32-cFos/GlyT2-positive neurons in the aforementioned layers indicates that damphetamine-induced pS32-cFos may occur in a fraction of both excitatory and inhibitory interneurons of the locomotor central pattern generator network [START_REF] Grillner | Current Principles of Motor Control, with Special Reference to Vertebrate Locomotion[END_REF]. The analysis of the distribution of pS32-cFos among the CBPexpressing interneurons constituted a first attempt to clarify the molecular identity of pS32-cFos-positive cells [START_REF] Alvarez | Postnatal phenotype and localization of spinal cord V1 derived interneurons[END_REF][START_REF] Floyd | Characterization of calbindin D28k expressing interneurons in the ventral horn of the mouse spinal cord[END_REF][START_REF] Lu | Molecular and cellular development of spinal cord locomotor circuitry[END_REF].

Thus, the lack of pS32-cFos/CB-positive cells along the ventral-gray-white matter border in laminae VII and VIII indicates that d-amphetamine does not activate Renshaw cells, which are known to mediate recurrent inhibition of motor neurons [START_REF] Alvarez | Postnatal phenotype and localization of spinal cord V1 derived interneurons[END_REF]. Moreover, the negligible percentage of pS32-cFos found in CB/PV-positive neurons detected in lamina VII also suggests that d-amphetamineactivated cells do not recruit V1-derived interneurons [START_REF] Alvarez | Postnatal phenotype and localization of spinal cord V1 derived interneurons[END_REF]. Given the motor patterns induced by d-amphetamine, future experiments will be necessary to determine whether increased pS32-cFos expression occurs in excitatory V2 and inhibitory V0 interneurons, both controlling the left-right coordination of limbs. D-amphetamine induced a prominent increase of pS32-cFos in excitatory (VGluT2 + ) and inhibitory (GlyT2 + and to a lesser extent Gad67 + ) neurons of laminae V and VI of the SC dorsal horn. This spinal region contains premotor neurons also designated as motor synergy encoder neurons [START_REF] Levine | Identification of a cellular node for motor control pathways[END_REF][START_REF] Osseward | Cell type and circuit modules in the spinal cord[END_REF]. These neurons, which derive from discrete dorsal and ventral progenitor domains [START_REF] Lai | Making sense out of spinal cord somatosensory development[END_REF], control the activation of spatially segregated pools of motor neurons, thereby participating in the fine-tuning of complex coordinated motor actions [START_REF] Levine | Identification of a cellular node for motor control pathways[END_REF]. They also integrate convergent proprioceptive and corticospinal signals conveying sensory feedbacks necessary to adjust motor behaviors [START_REF] Hilde | Satb2 Is Required for the Development of a Spinal Exteroceptive Microcircuit that Modulates Limb Position[END_REF][START_REF] Osseward | Cell type and circuit modules in the spinal cord[END_REF]. Thus, by exacerbating the activity of motor synergy encoder neurons through a mechanism that remains to be established, psychostimulants may hijack the aforementioned functions altering somatosensory processing and therefore favoring patterned motor activities as well as in-place stereotyped motor sequences.

DA arising from midbrain and forebrain nuclei modulates the activity of neural networks controlling motor behaviors [START_REF] Grillner | Current Principles of Motor Control, with Special Reference to Vertebrate Locomotion[END_REF]. Indeed, ascending and descending midbrain DA systems have been characterized, all serving distinct but complementary roles in the regulation of movement. For instance, midbrain (A9 and A10 nuclei) DA neurons are known to regulate motor planning and execution indirectly through ascending projections to basal ganglia circuits [START_REF] Grillner | Current Principles of Motor Control, with Special Reference to Vertebrate Locomotion[END_REF]). An increased extracellular concentration of DA within these circuits has been causally associated with the ability of psychostimulant drugs to promote motor hyper-responsiveness as well as neuronal activation [START_REF] Graybiel | Amphetamine and cocaine induce drug-specific activation of the c-fos gene in striosome-matrix compartments and limbic subdivisions of the striatum[END_REF][START_REF] Moratalla | Coordinate expression of c-fos and jun B is induced in the rat striatum by cocaine[END_REF]. Interestingly, increasing evidence suggests that DA might also indirectly control locomotion through A9/A10 and A13 descending DA pathways which innervate the two major brainstem excitatory nuclei of mesencephalic locomotor region, the pedunculopontine nucleus and the cuneiform nucleus [START_REF] Ryczko | A descending dopamine pathway conserved from basal vertebrates to mammals[END_REF][START_REF] Ryczko | Dopamine and the Brainstem Locomotor Networks: From Lamprey to Human[END_REF][START_REF] Sharma | Parallel descending dopaminergic connectivity of A13 cells to the brainstem locomotor centers[END_REF]. Finally, recent works indicate that opto-activation of the descending DA pathway originating from A11 nuclei known to modulate spinal networks involved in the control of rhythmic movements [START_REF] Han | Dopaminergic modulation of spinal neuronal excitability[END_REF][START_REF] Pappas | Lack of D2 receptor mediated regulation of dopamine synthesis in A11 diencephalospinal neurons in male and female mice[END_REF][START_REF] Sharples | A dynamic role for dopamine receptors in the control of mammalian spinal networks[END_REF][START_REF] Sharples | Dopamine: a parallel pathway for the modulation of spinal locomotor networks[END_REF] is sufficient to increase both locomotion and in-place activity [START_REF] Koblinger | Optogenetic Activation of A11 Region Increases Motor Activity[END_REF]. Surprisingly, no evidence has yet indicated that this pathway might participate in the regulation of motor behaviors induced by psychostimulants. Though addressing this question was not the purpose of the present work, our findings raise the question of the contribution of descending DA neurons in the increase of spinal cFos expression by psychostimulants. Thus, although the widespread distribution of DA projections in lumbar spinal cord might at least in part explain the pattern of cFos induction, functional features of A11 DA neurons question the mechanisms by which psychostimulants would promote the increase of spinal DA concentration. Indeed, spinal DA projections arising from A11 nucleus lack the dopamine transporter [START_REF] Koblinger | Characterization of A11 neurons projecting to the spinal cord of mice[END_REF][START_REF] Pappas | Lack of D2 receptor mediated regulation of dopamine synthesis in A11 diencephalospinal neurons in male and female mice[END_REF], suggesting that the DA-dependent neuronal in the spinal cord may not result from the direct action of psychostimulants onto A11 TH-positive terminals but rather from a network effect.

Beside their ability to increase DA extracellular levels, psychostimulants are potent releasers of other biogenic amines including norepinephrine [START_REF] Gatley | Affinities of methylphenidate derivatives for dopamine, norepinephrine and serotonin transporters[END_REF][START_REF] Kuczenski | Effects of methylphenidate on extracellular dopamine, serotonin, and norepinephrine: comparison with amphetamine[END_REF] that also contributes to the regulation of psychostimulantinduced motor hyperactivity [START_REF] Drouin | Critical role of alpha1-adrenergic receptors in acute and sensitized locomotor effects of Damphetamine, cocaine, and GBR 12783: influence of preexposure conditions and pharmacological characteristics[END_REF]. Interestingly, such regulation occurs mainly through the stimulation of alpha1-adrenergic receptors, which are highly expressed in the spinal cord [START_REF] Day | Distribution of alpha 1a-, alpha 1b-and alpha 1d-adrenergic receptor mRNA in the rat brain and spinal cord[END_REF][START_REF] Drouin | Critical role of alpha1-adrenergic receptors in acute and sensitized locomotor effects of Damphetamine, cocaine, and GBR 12783: influence of preexposure conditions and pharmacological characteristics[END_REF]. Whether pontine A7 and A6 (locus coeruleus) descending norepinephrine neurons [START_REF] Bruinstroop | Spinal projections of the A5, A6 (locus coeruleus), and A7 noradrenergic cell groups in rats[END_REF], that co-express DA, contribute to the regulation of cFos expression induced by psychostimulants through this class of adrenergic receptors will require future investigation.

Over the last decade, compelling evidence indicate that cFos-expressing neurons activated by drugs of abuse define region-specific neuronal ensembles which are causally linked to both conditioned-drug effects and drug-seeking behavior [START_REF] Cruz | New technologies for examining the role of neuronal ensembles in drug addiction and fear[END_REF]. Indeed, selective inactivation of cocaine-activated neurons in the nucleus accumbens has been shown to prevent context-dependent locomotor sensitization to cocaine and context-induced reinstatement of cocaine seeking [START_REF] Cruz | Role of nucleus accumbens shell neuronal ensembles in contextinduced reinstatement of cocaine-seeking[END_REF][START_REF] Koya | Targeted disruption of cocaine-activated nucleus accumbens neurons prevents context-specific sensitization[END_REF]. Moreover, distinct cFos-expressing neuronal ensembles in the ventromedial prefrontal cortex encode cocaine self-administration, extinction or cocaine seeking [START_REF] Kane | Fos-expressing neuronal ensemble in rat ventromedial prefrontal cortex encodes cocaine seeking but not food seeking in rats[END_REF][START_REF] Warren | Separate vmPFC Ensembles Control Cocaine Self-Administration Versus Extinction in Rats[END_REF] as well as context-induced relapse to heroin [START_REF] Bossert | Ventral medial prefrontal cortex neuronal ensembles mediate context-induced relapse to heroin[END_REF]. Further work will be needed to establish whether cFos-expressing spinal neurons identified in laminae hosting locomotor central pattern generator network and motor synergy encoder neurons define selective neuronal ensembles and whether a dysfunction of these ensembles is causally linked to the enduring psychomotor tremor and proprioceptive deficits developed in response to psychostimulants exposure [START_REF] Downey | Psychomotor Tremor and Proprioceptive Control Problems in Current and Former Stimulant Drug Users: An Accelerometer Study of Heavy Users of Amphetamine, MDMA, and Other Recreational Stimulants[END_REF]. 3. Numbers of GFP-positive neurons counted are reported in Table 3. 

  notably in lamina III (F 4, 10 = 5.997, p = 0.01), and IV (F 4, 10 = 4.597, p = 0.023), V (F 4, 10 = 20.3, p < 0.0001), VI (F 4, 10 = 35.83, p < 0.0001), VII (F 4, 10 = 26.79, p < 0.0001), VIII (F 4, 10 = 25.58, p < 0.0001) and X (F 4, 10 = 10.7, p = 0.0012) (Figure 1ab). No significant changes were detected in laminae I (F 4, 10 = 0.7929, p = 0.5559) and II (F 4, 10 = 4.282, p = 0.0283) whatever the time points analyzed following damphetamine administration (Figure 1a-b). Moreover, no cFos-positive cells were found in lamina IX where motor neurons are located (Figure 1a-b). These results indicate that a single injection of d-amphetamine evokes specific neuronal activation in the dorsal (laminae V and VI) and the ventral horns (laminae VII and VIII) of the lumbar spinal cord.
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