Bastien Redon 
  
Claire Violleay 
  
Francois Georges 
  
Giovanni Marsicano 
  
Francis Chaouloff 
email: francis.chaouloff@inserm.fr
  
Martine Duclos 
  
Jacques Barik 
  
Elsa Heyman 
  
Claire Violleau 
  
François Georges 
  
  
The glucocorticoid prednisolone exerts a dose-independent ergogenic effect in mice  Prednisolone does not stimulate motivation for wheel-running in an operant conditioning protocol  Prednisolone decreases performance under conditioned, but not unconditioned, wheel-running conditions The ergogenic impact of the glucocorticoid prednisolone does not translate into increased running motivation in mice
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Glucocorticoids, such as prednisolone, are considered sport doping agents owing to their ergogenic properties. These are accounted for by peripheral mechanisms associated with energetic and anti-inflammatory processes. However, because glucocorticoids target brain tissues, it is likely that these ergogenic impacts are associated with central effects. One of these might be reward motivation, which relies on glucocorticoid receptor-expressing mesocorticolimbic dopaminergic neurons. In keeping with this possibility, this study has explored in mice whether repeated prednisolone administration (5 or 15 µg/ml of drinking water) affected intrinsic motivation for running, a strong reinforcer in rodents. Running motivation was assessed by means of a cued-reward motivated instrumental task wherein wheel-running was conditioned by prior nose poke responses under fixed (FR), and then progressive (PR), ratio reinforcement schedules. Sub-chronic ingestion of ergogenic concentrations of prednisolone, as assessed by the falling latency in the wire gridhanging test, decreased the running distance covered during each rewarded sequence under FR schedules. This finding did not extend to wheel-running performances in mice provided free (i.e. unconditioned) wheel-running opportunities. Running motivation, as estimated under a PR reinforcement schedule, was found to be decreased (lowest concentration) or to remain unaffected (highest concentration) by prednisolone concentration. Moreover, the inter-individual relationship between falling latencies in the wire grid-hanging test and running motivation scores proved nonsignificant, indicating that prednisolone ergogenic impacts might occur without any concomitant increase in intrinsic exercise motivation.
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Introduction

The World Anti-Doping Agency (WADA) has established lists of substances that are considered to be sport doping agents on the basis of three criteria: performance enhancers, health risk factors and/or spirit of sport threateners (WADA, 2019). Owing to their ergogenic properties, glucocorticoids, such as prednisolone, are forbidden when used in-, but not out-, competition (WADA, 2019). These physical performance-enhancing properties are thought to be accounted for by their peripheral actions as both endogenous (cortisone and cortisol produced from the human adrenal cortex) and exogenous glucocorticoids primarily stimulate hepatic and adipose metabolic pathways as to provide muscular energy [START_REF] Magomedova | Glucocorticoids and metabolic control[END_REF]. In addition, glucocorticoids are endowed with anti-inflammatory properties which ease respiration and prevent muscle and joint pains (Adcock and Mumby, 2017), all these effects facilitating physical performance and after-exercise recovery [START_REF] Duclos | Evidence on ergogenic action of glucocorticoids as a doping agent risk[END_REF].

Besides their peripheral location, corticosteroid receptors, whether of the mineralocorticoid receptor (MR) or of the glucocorticoid receptor (GR) subtype, are also present in numerous brain regions, albeit in an uneven manner [START_REF] De Kloet | Stress and the brain: from adaptation to disease[END_REF][START_REF] Mcewen | Adrenal steroid receptors and actions in the nervous system[END_REF]. When bound by natural or exogenous corticoids, these receptors, located both in neurons and astrocytes, then act either at cell membranes, doing so with rapid consequences, or in cell nuclei, doing so as transcription factors, and hence with longer delays [START_REF] Chaouloff | Temporal modulation of hippocampal excitatory transmission by corticosteroids and stress[END_REF][START_REF] Joëls | Corticosteroids and the brain[END_REF]. GRs, which bear low affinity for cortisol (human) or corticosterone (rodent), as compared to MRs, are present within the mesocorticolimbic system [START_REF] Ambroggi | Stress and addiction: glucocorticoid receptor in dopaminoceptive neurons facilitates cocaine seeking[END_REF][START_REF] Härfstrand | Demonstration of glucocorticoid receptor immunoreactivity in monoamine neurons of the rat brain[END_REF], a tractus exerting a key role in motivation processes [START_REF] Koob | Neurobiology of addiction: a neurocircuitry analysis[END_REF][START_REF] Nestler | Why glucocorticoids should be removed from the World Antidoping Agency's list of banned products[END_REF]. Indeed, glucocorticoids have been reported to impact, albeit in different directions, the motivation for natural rewards (e.g. food: [START_REF] Gourley | Acute hippocampal brain-derived neurotrophic factor restores motivational and forced swim performance after corticosterone[END_REF] and drugs of abuse (e.g. cocaine and amphetamine: [START_REF] Goeders | The HPA axis and cocaine reinforcement[END_REF][START_REF] Piazza | The role of stress in drug self-administration[END_REF]; but see [START_REF] Graf | Corticosterone acts in the nucleus accumbens to enhance dopamine signaling and potentiate reinstatement of cocaine seeking[END_REF][START_REF] Mantsch | Corticosterone facilitates the acquisition of cocaine self-administration in rats: opposite effects of the type II glucocorticoid receptor agonist dexamethasone[END_REF]. Because motivation for exercise, whether intrinsic (i.e. for the pleasure of exercise) or extrinsic (i.e. for healthy reasons or for an award, whether a medal or a record), is a prerequisite for exercise training, the above mentioned results thus raise the hypothesis that besides its ergogenic consequences glucocorticoid administration actually stimulates exercise motivation. To our knowledge, this hypothesis has never been tested so far. The use of wheel-running in rodents, a model of volitional exercise, has indicated that high concentrations of corticosterone (as to stimulate GRs) or administration of glucocorticoids decrease [START_REF] Menezes | Creatine supplementation attenuates corticosteroid-induced muscle wasting and impairment of exercise performance in rats[END_REF] or prove ineffective [START_REF] Cobos | Inflammation-induced decrease in voluntary wheel running in mice: a nonreflexive test for evaluating inflammatory pain and analgesia[END_REF][START_REF] Duclos | Tonic and phasic effects of corticosterone on food restriction-induced hyperactivity in rats[END_REF][START_REF] Yau | Hippocampal neurogenesis and dendritic plasticity support running-improved spatial learning and depression-like behaviour in stressed rats[END_REF] on running performance.

However, the use of running performance as an index of running motivation is misleading.

Hence, overall consumption of a reward when the latter is provided freely (i.e. without any effort prerequisite for its access), as is the case for the "free" wheel-running paradigm, is accounted for by both motivation for that reward and its consumption, i.e. two processes with different neurobiological grounds [START_REF] Salamone | The mysterious motivational functions of mesolimbic dopamine[END_REF]. Indeed, an appropriate estimation of running motivation requires the measurement of the maximal quantity of efforts the animals are able to achieve ("wanting" dimension) to then exert their running activity ("consumption" of the wheel linked to the "liking" dimension) [START_REF] Berridge | The debate over dopamine's role in reward: the case for incentive salience[END_REF][START_REF] Salamone | The mysterious motivational functions of mesolimbic dopamine[END_REF]. The sole paradigm allowing such a measurement relies on operant conditioning procedures whereby animals first need to lever-press or to nose-poke under fixed ratio (FR) schedules of reinforcement before their motivation is tested under a progressive ratio (PR) reinforcement schedule [START_REF] Hodos | Progressive ratio as a measure of reward strength[END_REF]. Although several studies have used such a cued-reward motivated instrumental task to assess running motivation in rats [START_REF] Collier | Reinforcing properties of spontaneous activity in the rat[END_REF][START_REF] Iversen | Techniques for establishing schedules with wheel-running as reinforcement in rats[END_REF] or mice [START_REF] Belke | A brief opportunity to run does not function as a reinforcer for mice selected for high daily wheel-running rates[END_REF][START_REF] Hurel | Beyond the activity-based anorexia model: reinforcing values of exercise and feeding examined in stressed adolescent male and female mice[END_REF], none of them has examined the respective impacts of glucocorticoids on the motivation for, and consumption of, wheel-running.

In keeping with the data reported above, the present study first investigated whether subchronic ingestion of ergogenic concentrations of the glucocorticoid prednisolone increased conditioned exercise motivation and consumption (i.e. performance) in mice. The ergogenic impact of prednisolone was assessed by the wire grid-hanging test, a paradigm that provides an index of muscular resistance [START_REF] Morrison-Nozik | Glucocorticoids enhance muscle endurance and ameliorate Duchenne muscular dystrophy through a defined metabolic program[END_REF]. For running motivation analyses, we used our recently developped model wherein mice have to nosepoke under FR, and then PR, schedules of reinforcement to unbrake a running wheel [START_REF] Muguruza | The motivation for exercise over palatable food is dictated by cannabinoid type-1 receptors[END_REF]: Hurel et al., 2019). The aforementioned inability of "free" wheel running paradigms to discriminate between running motivation and consumption led us to perform a second series of experiments wherein mice provided a permament free (i.e. unconditioned) access to running wheels were analyzed for the impact of ergogenic concentrations of prednisolone on running performance.

Materials and methods

Animals

All protocols, which complied with the French (Décret 2013-118) whilst for "free" running performance studies a second batch of animals was housed in cages with a running wheel (25-cm diameter, Intellibio, Seichamps, France). In one complementary series of experiments aimed at controlling the impact of body weight in the wire grid-hanging test, 5-week-old male C57BL/6N mice were used. On arrival, these animals were also housed in cages provided with 25-cm-diameter running wheels. All mice were placed in a thermoregulated room (21-22°C) under a partly inverted 12-h light/12-h dark cycle (lights off at 10.00 AM). Mice, which were tested during the active phase of the diurnal cycle, were provided with ad libitum food and water, including when prednisolone was added to water (see below).

Operant conditioning protocols

As previously reported [START_REF] Muguruza | The motivation for exercise over palatable food is dictated by cannabinoid type-1 receptors[END_REF], motivation for wheel-running was studied in 12 individual operant chambers (28-cm long x 26-cm wide x 38-cm high; Imetronic, Pessac, France) located in a room adjacent to the animal housing room. Their rear wall had a central hollow for mounting the 20-cm diameter wheel, the release trigger of which was connected to a circuit enabling the wheel to be locked or unlocked (by means of a brake-pad) in accordance with predefined experimental conditions. A cue-light placed above the wheel indicated wheel unlocking. The wheel was flanked by two small ports (2.5 cm above the chamber grilled floor with cue lights located above) set into the rear wall to allow the animal to 'poke' its nose through. Nose poke performance could be either "active" (leading to cuelight illumination and wheel unlocking) or "inactive" (having no consequence).

Mice first underwent one daily habituation session in the operant chambers for two consecutive days. To this aim, mice were placed in the operant chambers with the cue light above the unlocked running wheel remaining illuminated while the two nose poke ports were covered-up by metal pieces. These two 60-min sessions were aimed at habituating the mice to both the operant chamber, the wheel and the cue indicating wheel-unlocking. When learning sessions began, the wheel locking/unlocking mechanism and the nose poke ports were fully operational. The wheel was unlocked for 60 s (wheel brake release) following nose pokes the mouse executed in its allocated active nose poke port. In the FR1 condition, a single active nose poke was sufficient to simultaneously illuminate the cue-light above the port for 10 s, unlock the running wheel for 60 s and illuminate a light above the wheel. Nose pokes in the other port were counted but were without functional consequence. When the 60s period had elapsed, the wheel-light extinguished and the brake applied, so that the mouse had to step down from the wheel and execute a further nose poke in order to unlock it again.

Nose pokes made in the active port while the wheel was already unlocked counted as uncorrect responses but were without consequence. Habituation and FR1 sessions were ran once daily and lasted for 60 min. After completing 5 FR1 sessions, mice moved on to the FR3 condition, i.e. a 60-s wheel-running period was contingent on 3 consecutive nose pokes in the active port. After this session was completed, daily treatments with hemisuccinatecoupled prednisolone (through its dilution in drinking water) began. Thereafter, mice completed 6 additional FR3 sessions before being tested under a linear PR schedule of reinforcement where (i) the number of active nose pokes required to free the running wheel was incremented by 3 between each rewarded step (3, 6, 9…etc), with (ii) a time limit of 15 min between two successive steps. The maximal number of nose poke responses achieved during that session and the last rewarding step that was reached (breakpoint level) were used as motivation indices [START_REF] Hodos | Progressive ratio as a measure of reward strength[END_REF]. The ability of mice to distinguish the active nose poke port from the inactive nose poke port was quantified by means of a discrimination index calculated as the ratio of the number of active nose pokes over the total (active + inactive) number of nose pokes. To evaluate wheel-running consumption during FR and PR sessions, the total running distance within each session was divided by the number of rewarded events during that session.

Free wheel-running protocols

Mice permanently housed with running wheels were given a 9-day period of habituation before hemisuccinate-coupled prednisolone was added or not (water group) to their drinking water for 9 additional days. Daily running distances were recorded throughout the 18 days of experiment by means of the ActiviWheel software (Intellibio, Seichamps, France), as previously reported [START_REF] Dubreucq | Ventral tegmental area cannabinoid type-1 receptors control voluntary exercise performance[END_REF].

Wire grid-hanging tests

To analyze whether prednisolone treatments were ergogenic, mice were exposed to a 30min four limb-hanging test [START_REF] Morrison-Nozik | Glucocorticoids enhance muscle endurance and ameliorate Duchenne muscular dystrophy through a defined metabolic program[END_REF]. Briefly, the morning of their 10 th treatment day -24 h after PR sessions (operant experiments) and 24 h after 18 days of housing with running wheels (free wheel-running experiments) -mice were placed on cage grids 90-cm above big cages filled with polystyrene chips as to prevent any damage when falling. The test began with the grids being slowly inverted, the latency to fall being individually recorded. A mouse that did not fall throughout the entire session was given a latency of 1800 s.

Treatment

The hemisuccinate-bound prednisolone complex (to ease dilution without additives such as ethanol) was added to drinking water at concentrations of 5 µg/ml and 15 µg/ml (effective concentrations of the prednisolone molecule). Prednisolone solutions were prepared fresh every 3-4 days, all drinking solutions being provided through small bottles equipped with beads, as to avoid leaks, and covered with alumina paper to provide light protection. Bottles were weighed before and after each change to calculate the individual amount of prednisolone ingested. As mentioned above, mice that underwent operant conditioning protocols were provided the treatments after the first FR3 session, and not during FR1 sessions. This was meant at avoiding potential influences of these treatments on the FR1-to-FR3 change in cued-reward motivated instrumental task mice had to learn. Moreover, in each series of experiments, treatment and vehicle groups were defined on the basis of identical scores reached during the first FR3 session as to avoid pretreatment differences.

Lastly, all mice still received their respective treatments during one week-end (i.e. between the 4 th and 5 th sessions under the FR3 schedule of reinforcement) although they were not tested during that 2-day period. Accordingly, the daily session numbers provided in the graphs do not necessarily correspond to successive days.

Statistics

All data are shown as means ± standard errors of the mean (SEM). Two-group treatment comparisons were achieved by means of two-tailed Student t-tests. Multiple data comparisons were performed either with multiple analyses of variance (with/without repeated factor) or with Kruskal-Wallis analyses (followed, if significant, by Mann-Whitney U-tests) for nonparametric data. Post hoc comparisons (using Tukey test) following multiple analyses of variance were only performed if interactions between main variables were significant. All these analyses were achieved using the GB-Stat 10.0 software (Dynamic Microsystems, USA).

Results

The ergogenic effects of prednisolone occur without increased running motivation

In a first series of experiments, operant conditioning procedures (Fig. 1A) were used to study the impact of prednisolone on running motivation. Post hoc analysis of daily prednisolone intakes through drinking water (Fig. 1B) indicated effectiveness of the administration protocol. This treatment, which inhibited body weight growth ([F(2,23) = 27.95; p < 0.001]; Fig. 1C), tended to increase the latency to fall in the wire grid-hanging test (Fig. 1D); however, due to data heterogeneity in prednisolone-treated mice, the analysis of variance proved negative. Because the two prednisolone-treated groups did not differ, we thus merged these groups within one unique group. Doing so, prednisolone treatment was found to increase the latency to fall, compared to vehicle-treated groups (Fig. 1D). The analysis of active nose poke responses under FR3 schedules of reinforcement in prednisolone-treated mice did not reveal a significant impact of the glucocorticoid although a trend for a reduction could be noted in mice treated with the lowest concentration (i.e. 5 µg/ml; Fig. 1E). To ensure that prednisolone did not affect the ability of mice to distinguish the active nose poke port from the inactive one, a discrimination index was calculated which revealed that all mice, including prednisolone-treated ones, fully discriminated the active nose poke port from the inactive one (Fig. 1F). As opposed to its inability to affect the reinforcing value of wheel-running during FR3 sessions, prednisolone decreased in a concentration-independent manner the mean running distance (wheel consumption) during each rewarded sequence [F(2,23) = 7.04; p = 0.0041] (Fig. 1G). When next tested for their motivation for running, as assessed under a PR schedule of reinforcement, mouse groups differed in their maximal numbers of active nose poke responses [H = 6.30; p = 0.0429] (Fig. 1H). This was also true when the last steps reached (i.e. breakpoints; data not shown) were considered (24.42 ± 2.01 for vehicle-treated mice, and 13.5 ± 3.17 and 20.33 ± 3.42 for mice treated with the lowest and the highest prednisolone concentration, respectively; [H = 6.43; p = 0.0401]). Post hoc comparisons indicated that mice tested with the lowest, but not the highest, prednisolone concentration displayed a decrease in the number of nose poke responses (Fig. 1H) and, hence, in their breakpoint level (p < 0.05). During the PR session, mouse groups were also found to differ with respect to their running performance during each rewarded sequence [H = 9.11; p = 0.0105], mice ingesting 5 µg/ml prednisolone displaying a significant decrease in wheel consumption (Fig. 1H). In keeping with the above mentioned heterogeneity in falling latencies in prednisolone-treated mice, we next analyzed at the individual level whether there was a relationship between the respective impacts of the treatments on motivation on the one hand, and muscular performance on the other hand (Fig. 1I). Such an analysis clearly demonstrated the absence of a link between the two variables; indeed, in prednisolone-treated mice, mice that never fell from the wire grid during the 30-min test (which thus displayed the maximal ergogenic scores) were among those with the lowest scores in the PR session (Fig. 1I). This last observation excluded any impact of the ergogenic effect of prednisolone on running motivation.

Prednisolone ingestion does not affect free wheel-running performance

The aforementioned series of experiments revealed that the running distance per rewarded sequence during FR and PR schedules of reinforcement (i.e. an index of reward consumption) was sensitive to the lowest and/or the highest prednisolone concentrations.

However, this observation might have been accounted for by the operant protocol wherein performance of an instrumental task was a prequisite for 1-min running sequences. To solve this issue, we examined if prednisolone treatment affected "free" wheel-running activity, as opposed to the former cost-effective running model, where wheel-running could be exerted without any prerequisite and any time limit. To this end, mice housed with running wheels (Fig. 2A) were provided prednisolone in their drinking water for 9 days (to unmask putative delayed effects), the onset of prednisolone administration occuring after an 8-day habituation period (a time at which wheel-running performance levels had stabilized; data not shown).

Prednisolone-treated mice ingested the glucocorticoid in a concentration-dependent manner (Fig. 2B). However, they did so with a much higher amplitude (+ 47-50 % increases) than in mice that underwent operant conditioning experiments (Fig. 1B), a difference that was accounted for by daily 8-9 km running distances, and hence increased water intake. These high prednisolone intakes thus triggered a massive concentration-dependent decrease in body weights [F(2,21) = 42.77; p < 0.001] (Fig. 2C). Prednisolone, which elicited a concentration-independent increase in the latency to fall in the wire grid-hanging test [F(2,21) = 3.49; p = 0.049] (Fig. 2D), proved however ineffective on running performance, as illustrated by daily running distances (Fig. 2E). Because prednisolone-treated mice displayed a lower body weight, compared to controls, the increased latency to fall from the grid might have been partly accounted for by such a body weight difference. We thus added a younger mouse group to the running wheels and tested this group in the wire grid-hanging test.

Although the mean body weight of this mouse group (22.7 ± 0.4 g; n = 8) weighed as prednisolone-treated groups (22.7 ± 0.3 g and 22.6 ± 0.5 g in mice treated respectively with 5 µg/ml and 15 µg/ml of prednisolone), their latency to fall (329 ± 99 s) was lower than that of prednisolone-treated mice (977 ± 182; p = 0.025). This observation indicated that the ergogenic effects of prednisolone were not linked to the body weight-reducing effect of the glucocorticoid. Taken together, the results from this series of experiments thus indicates that neither the drop in running motivation in mice treated with the lowest prednisolone concentration nor the increase in muscular strength in prednisolone-treated mice translate into "free" wheel-running performance.

Discussion

Whether [START_REF] Duclos | Evidence on ergogenic action of glucocorticoids as a doping agent risk[END_REF] or not (Orchard, 2008) glucocorticoids should be considered doping agents has been a matter of discussion. Thus, besides their obvious potential negative impacts on health, evidence for the ergogenic impact of glucocorticoids has been reported in several, but not all, studies [START_REF] Collomp | Glucocorticoid administration in athletes: Performance, metabolism and detection[END_REF]. Although one main argument for the ergogenic effect of glucocorticoids stems from their metabolic and anti-inflammatory properties at peripheral tissues, their potential central effects -on e.g. stress perception, mood, and reward motivation -are often considered as additional arguments for their ban [START_REF] Duclos | Evidence on ergogenic action of glucocorticoids as a doping agent risk[END_REF]. However, this argumentation often lacks the distinction between the permissive (i.e. tonic) impacts of glucocorticoids and their phasic effects, the latter effects being relevant to doping. Means to demonstrate the tonic effects include (i) the ability of glucocorticoid administration to restore a function partly/totally lost after glucocorticoid removal (by prior adrenalectomy) or following glucocorticoid synthesis inhibition, or (ii) the measure of the consequences of either GR pharmacological blockade or constitutive/conditional deletions of the GR-encoding gene. With regard to reward motivation processes, the aforementioned protocols have indicated that glucocorticoids exert a tonic control on the motivation to self-administer drugs of abuse such as cocaine or amphetamine [START_REF] Goeders | The HPA axis and cocaine reinforcement[END_REF][START_REF] Piazza | The role of stress in drug self-administration[END_REF]. The recent use of animals genetically deleted for the GR furthers indicates that this tonic control takes place at mesolimbic or mesocortical synapses [START_REF] Ambroggi | Stress and addiction: glucocorticoid receptor in dopaminoceptive neurons facilitates cocaine seeking[END_REF][START_REF] Parnaudeau | Glucocorticoid receptor gene inactivation in dopamine-innervated areas selectively decreases behavioral responses to amphetamine[END_REF]. Conversely, motivation for a natural reward, namely food, is independent from mesocorticolimbic GR [START_REF] Parnaudeau | Glucocorticoid receptor gene inactivation in dopamine-innervated areas selectively decreases behavioral responses to amphetamine[END_REF], thus opening the question of the role of GR in the motivation for another natural reward such as running. The sole information available so far is that glucocorticoids might control in a tonic manner wheel-running performance [START_REF] Duclos | Tonic and phasic effects of corticosterone on food restriction-induced hyperactivity in rats[END_REF][START_REF] Ebada | Corticosterone and dopamine D2/D3 receptors mediate the motivation for voluntary wheel running in C57BL/6J mice[END_REF] but by no means is this indicative of a similar control on running motivation [START_REF] Belke | A brief opportunity to run does not function as a reinforcer for mice selected for high daily wheel-running rates[END_REF][START_REF] Hurel | Beyond the activity-based anorexia model: reinforcing values of exercise and feeding examined in stressed adolescent male and female mice[END_REF].

As opposed to its tonic impacts, the phasic impacts of glucocorticoid administration on reward processes have been reported to be either inhibitory or stimulatory [START_REF] Goeders | The HPA axis and cocaine reinforcement[END_REF][START_REF] Gourley | Acute hippocampal brain-derived neurotrophic factor restores motivational and forced swim performance after corticosterone[END_REF][START_REF] Piazza | The role of stress in drug self-administration[END_REF], this divergence being likely accounted for by the reward under scrutiny (natural reward vs drug of abuse) and/or the treatment protocols (injection vs ingestion). In keeping with the finding that rodents may self-administer corticosterone [START_REF] Deroche | Rats orally selfadminister corticosterone[END_REF], hence supporting an impact of corticosterone on motivation for rewards, it is noticeable that most studies used corticosterone (the rodent equivalent of human cortisol) instead of a selective glucocorticoid. In order to (i) mimic the volitional ingestion of glucocorticoids for doping purposes, (ii) favor that ingestion during the active part of the light/dark cycle, as in humans, and (iii) avoid the stress associated with systemic injections, the present study provided mice with prednisolone dissolved in their drinking water. Indeed, such a mode of corticoid administration has proved to be effective in past studies [START_REF] Gourley | Acute hippocampal brain-derived neurotrophic factor restores motivational and forced swim performance after corticosterone[END_REF][START_REF] Karatsoreos | Endocrine and physiological changes in response to chronic corticosterone: a potential model of the metabolic syndrome in mouse[END_REF]. In addition, prednisolone was chosen because it is the glucocorticoid for which ergogenic properties have been the most studied in humans [START_REF] Collomp | Glucocorticoid administration in athletes: Performance, metabolism and detection[END_REF]. The prednisolone concentrations that were used in the present study, and which led to a daily 0.93-2.71 mg/kg intake during 6 days in the first series of experiments, were in the same range as those previously reported to be ergogenic using the wire-hanging test (3 mg/kg by gavage every other day during 7 days; [START_REF] Morrison-Nozik | Glucocorticoids enhance muscle endurance and ameliorate Duchenne muscular dystrophy through a defined metabolic program[END_REF]. It is noteworthy that in our hands, the ergogenic impact of prednisolone, whether tested in the first series of experiments or in the second series of experiments, did not differ between the two concentrations administered. This suggests that future studies on the ergogenic effect of prednisolone might use the lowest dose reported herein.

Repeated ingestion of the lowest, but not the highest, prednisolone concentration decreased running motivation. The observation that prednisolone did not further decrease motivation at the highest concentration is appealing. This observation could be accounted for by the highest prednisolone concentration promoting stimulation of the GR population responsible for the inhibitory impact of the lowest prednisolone concentration and of an additional population of GRs that would compensate for the consequences of the former population. Another hypothesis, which does not exclude the former, lies on the finding that prednisolone-elicited preservation of hearing in a mouse model of cochlear dysfunction is mediated by MR [START_REF] Trune | Mineralocorticoid receptor mediates glucocorticoid treatment effects in the autoimmune mouse ear[END_REF]. Accordingly, it might be that the concentrationdependent effects of prednisolone on running motivation are accounted for by a differential stimulation of MR which, in turn, would impact (directly or indirectly) mesocorticolimbic activity. Taken with such a concentration-dependent inhibitory effect of prednisolone on motivation, the aforementioned observation of a concentration-independent increase in the latency to fall in the wire-hanging test in prednisolone-treated mice provided a first argument against a link between the ergogenic impact of prednisolone and running motivation. Further evidence for the absence of such a link is provided by our inter-individual analysis indicating that running motivation and muscular strength are not predictive of each other.

Prednisolone treatment progressively decreased in a concentration-independent manner the running distance per rewarded sequence under the FR3 reinforcement schedule, a change that was also evidenced with the lowest prednisolone concentration when tested in the PR session. These results suggest that depending on the concentration and reinforcement schedule tested prednisolone affected negatively reward consumption.

Whether this was reminiscent of a general effect of prednisolone on running performance was however unknown because, as stated above, wheel-running performances under cost conditions do not reflect "free" wheel-running performances [START_REF] Belke | A brief opportunity to run does not function as a reinforcer for mice selected for high daily wheel-running rates[END_REF][START_REF] Hurel | Beyond the activity-based anorexia model: reinforcing values of exercise and feeding examined in stressed adolescent male and female mice[END_REF]. We thus examined this issue in mice housed with "free" running wheels, i.e. the animal model of exercise that is the most widely used. Indeed, prednisolone did not affect running performance, doing so although the net prednisolone amounts ingested by the mice were increased (compared to the operant series of experiments) due to increased water intake. This negative finding, which is in keeping with the lack of effect of either acute prednisolone (5 mg/kg) on wheel-running in mice [START_REF] Cobos | Inflammation-induced decrease in voluntary wheel running in mice: a nonreflexive test for evaluating inflammatory pain and analgesia[END_REF] or repeated treatment with high concentrations of corticosterone on rat wheel-running performance [START_REF] Duclos | Tonic and phasic effects of corticosterone on food restriction-induced hyperactivity in rats[END_REF][START_REF] Yau | Hippocampal neurogenesis and dendritic plasticity support running-improved spatial learning and depression-like behaviour in stressed rats[END_REF], is noteworthy. Thus, our results indicated a dichotomy between the ergogenic effects of glucocorticoids, as evidenced e.g. in the wire-hanging test, and their lack of effects on wheel-running performance under "free" wheel-running conditions. The most obvious explanation for such a dichotomy is that the "free" running wheel model is not the best suited for deciphering the ergogenic properties of doping substances. Alternatively, the need to include endurance and exhaustion tests argues for the use of another exercise model, namely the treadmill model, for such purposes. Confirmingly, repeated administration of prednisolone has been reported to increase endurance and time to exhaustion in mice exposed to treadmill endurance tests [START_REF] Morrison-Nozik | Glucocorticoids enhance muscle endurance and ameliorate Duchenne muscular dystrophy through a defined metabolic program[END_REF]. However, the need to force the animals to run in the first training days (and during exhaustion tests), doing so by the use of footshocks, a major stress, is a major drawback (especially when testing corticosteroids). This drawback is further reinforced by the experimenter inability to differentiate the positive reinforcement properties of running from its negative reinforcement properties to escape footshocks. Taking into account that running is an important reward for rodents (as illustrated in this study), one possible means to circumvent this bias could consist in the use of running wheels to which braking forces would be progressively added as to quantify the ergogenic impacts of doping agents. However, such a paradigm should include a cued-reward task as a prerequisite for running in order to specifically measure the links between running motivation and muscular strength under these particular conditions. 
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