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INTRODUCTION

The regulation that the endocannabinoid system (ECS) exerts over food intake and energy metabolism involves not only the activation of CB 1 receptors present in central circuits in the hypothalamus but also a complex interplay of peripheral organs such as adipose tissue, liver, pancreas and the muscle [START_REF] De Petrocellis | The endocannabinoid system: a general view and latest additions[END_REF][START_REF] Munro | Molecular characterization of a peripheral receptor for cannabinoids[END_REF][START_REF] Scheen | Inhibitors of cannabinoid receptors and glucose metabolism[END_REF]. A network of fatty acid-derived signaling molecules including anandamide (AEA), oleylethanolamide (OEA) and 2arachidonoyl-glycerol (2-AG), exert their effect mainly binding to the cannabinoid receptors type 1 and 2 (CB 1 and CB 2 ), or to the peroxisome proliferator-activated receptor alpha (PPAR ) and gamma (PPAR ), for which there is growing evidence of their role in obesity and diabetes [START_REF] Piomelli | The molecular logic of endocannabinoid signaling[END_REF]. CB 1 receptors are among the most important receptors expressed in the brain, but also in many peripheral organs involved in energy metabolism [START_REF] Pagotto | The Emerging Role of the Endocannabinoid System in Endocrine Regulation and Energy Balance[END_REF] such as liver [START_REF] Osei-Hyiaman | Endocannabinoid activation at hepatic CB1 receptors stimulates fatty acid synthesis and contributes to diet-induced-obesity[END_REF][START_REF] Kunos | Endocannabinoids and liver disease. IV. Endocannabinoid involvement in obesity and hepatic steatosis[END_REF][START_REF] Osei-Hyaiaman | Hepatic CB1 receptor is required for development of diet-induced steatosis, dyslipemia, and insulin and leptin resistance in mice[END_REF], adipose tissue [START_REF] Pagano | Endocannabinoids, adipose tissue and lipid metabolism[END_REF][START_REF] Cota | The endogenous cannabinod system affects energy balance via central orexigenic drive and peripheral lipogenesis[END_REF], gut [START_REF] Massa | The endocannabinoid system in the physiology and pathophysiology of the gastrointestinal tract[END_REF], pancreas [START_REF] Bermúdez-Silva | Presence of functional cannabinoid receptors in human endocrine páncreas[END_REF][START_REF] Juan-Picó | Cannabinoid receptor regulates Ca 2+ signals and insulin secretion in pancreatic beta-cells[END_REF][START_REF] Matias | Regulation, function and dysregulation of endocannabinoids in models of adipose and -pancreatic cells and in obesity and hyperglycemia[END_REF] and skeletal muscle [START_REF] Cavuoto | The expression of receptors for endocannabinoids in human and rodent skeletal muscle[END_REF][START_REF] Liu | Effects of the cannabinoid CB1 receptor antagonist SR141716 on oxygen consumption and soleus muscle glucose uptake in Lep(ob)/Lep(ob) mice[END_REF]. CB 2 receptors are predominantly localized on peripheral immune cells and hematopoietic system [START_REF] Schatz | Cannabinoid receptors CB1 and CB2: a characterization of expression and adenylate cyclise modulation within the immune system[END_REF], but they have also recently been found in the brain, liver, pancreas, adipose tissue and cardiac muscle [START_REF] Van Sickle | Identification and functional characterization of brainstrem cannabinoid CB2 receptors[END_REF][START_REF] Gong | Cannabinoid CB2 receptors: immunohistochemical localization in rat brain[END_REF]. It is well demonstrated that the use of selective cannabinoid receptor inverse agonist/antagonists, such as SR141716 (Rimonabant) and others with both a similar structure and pharmacological properties like the CB 1 inverse agonist AM251 are able of regulate energy balance and body weight gain. Studies in various animal models of obesity and subsequent human clinical studies demonstrated that the treatment with CB 1 inverse agonists result in weight loss attributable to a reduction of food intake but also to an increase in whole body energy expenditure with the involvement of several peripheral organs [START_REF] Massa | The endocannabinoid system in the physiology and pathophysiology of the gastrointestinal tract[END_REF][START_REF] Rodríguez De Fonseca | Peripheral versus central effects of glucagon-like peptide-1 receptor agonists on satiety and body weight loss in Zucker obese rats[END_REF][START_REF] Matias | Endocannabinoids, food intake and body weight[END_REF]. Blockade of central and peripheral CB 1 receptors by Rimonabant has demonstrated to induce important weight loss and improvement in multiple metabolic parameters correcting hyperinsulinemia, lowering free fatty acid levels and reversing insulin resistance, all of which counteracting the adverse effects of an over-stimulated ECS [START_REF] Matias | Endocannabinoids, food intake and body weight[END_REF][START_REF] Ravinet | CB1 cannabinoid receptor knockout mice leads to leanness, resistance to diet-induced obesity and enhanced leptin sensitivity[END_REF]. So, CB 1 receptor stimulation by an over-active ECS will cause an increase in appetite and food intake together with a series of metabolic changes in peripheral organs that can lead to weight gain and consequently to obesity and related disorders [START_REF] Engeli | Activation of the peripheral endocannabinoid system in human obesity[END_REF][START_REF] Van Gaal | Efficacy and safety of Rimonabant for improvement for multiple cardiometabolic risk factors in overweight/obese patients: pooled 1-year data from the RIO program[END_REF]. However, the central action of CB 1 receptor antagonism has been associated with a higher risk of anxiety and depression [START_REF] Christensen | Efficacy and safety of the weight-loss drug rimonabant: a meta-analysis of randomized trials[END_REF]. This fact leads to the suspension of the marketing authorization for Rimonabant, the first commercialized selective CB 1 receptor antagonist, by the European Medicine Agency (EMEA), highlighting the importance of limiting CB 1 antagonism to peripheral organs in order to reduce the potential central risks. So, further work is necessary to better understand the peripheral mechanisms occurring in adipose tissue, liver and muscle as well as the possible interactions between these organs, in order to establish whether peripheral cannabinoid receptors are solely responsible for the metabolic changes observed in obese subjects treated with cannbinoid CB 1 receptor inverse agonists, leaving apart the hypothalamic control of the motivation to eat [START_REF] Rodríguez De Fonseca | Should we ever treat obesity? The case of Rimonabant[END_REF].

In this study we focused on the skeletal muscle, which is an important tissue for glucose and fat oxidation, being an important site for insulin action [START_REF] Sigal | Physical activity/exercise and type 2 diabetes: A concensus statement for the American Diabetes Association[END_REF]. However, despite the fact that AEA can modify the pathways regulating fatty acid oxidation in the skeletal muscle, probably via CB 1 receptor, suggesting that CB 1 antagonism would have an important role on oxitative metabolism and energy regulation [START_REF] Cavuoto | Effects of cannabinoid receptors on skeletal muscle oxidative pathways[END_REF][START_REF] Di Marzo | Endocannabinoid control of food intake and energy balance[END_REF], there is still a general lack of clarity regarding the physiological functions and molecular mechanism implicated. In fact there are almost no studies demonstrating the presence of the endocannabinoid signaling proteins and its sensitivity to high fat diets. Therefore, in the present study, we have a) investigated the presence of the endocannabinoid signaling machinery in skeletal muscle, b) analyzed the impact of a very high fat diet on lipid and glucidic metabolism and endocannabinoid-related genes, and c) monitored the effects of the CB 1 antagonists AM251 during standard chow and high fat diet on the endocannabinoid machinery and the genes related to lipid oxidative metabolism on the skeletal muscle of rats. Among the many molecules involved in lipid metabolism of the skeletal muscle we evaluated changes on the gene and protein expression of relevant components of the ECS such as the cannabinoid CB 1 and CB 2 receptors and some of their synthesis (diacylglycerol lipase and , DAGL / and degradation (monoacylglycerol lipase, MAGL) enzymes, as well as for the PPAR and PPAR receptors, the adiponectin receptor 1 (AdipoR1), the Acetyl-CoA-oxidase (ACOX) and the growth hormone receptor (GHR).

EXPERIMENTAL

Animals

All experimental procedures with animals were performed in compliance with the The accumulated food/caloric intake by each rat and their body weight gain were measured every day for 12 weeks. Treatment was then administered when the weight curves showed a clear divergence and stabilization between both diets was achieved.

This was accomplished after 10 weeks of diet (Supplementary figure 1).

Treatment

From week 10 on (stabilization of weight curves), each group of diet-fed rats (n=8/group) received treatment which consisted of a daily intraperitoneal (i.p.) injection of either vehicle (1 ml/kg of 10% Tocrisolve in saline) or the cannabinoid CB1 receptor

inverse agonist AM251 [N-(piperidin-1-yl)-5-(4-iodophenyl)-1-(2,4dichlorophenyl-4-
methyl-1H-pyrazole-3-carboxamide] (Tocris Bioscience, Bristol, UK), at 3 mg/kg in 10% Tocrisolve during 14 days, while the diets remained unchanged. The accumulated food/caloric intake and the body weight gain were measured every day during the 14 days of treatment (Supplementary figure 1).

Sample collection

Paraffined tissue microarray blocks (Manual Tissue Arrayer MTA-1, beecher Instruments, Inc., Sun Prairie, WI, USA) of rat skeletal muscle (abdominal) were analyzed for the presence and quantification of CB 1 and CB 2 receptors, DAGL , DAGL , MAGL and PPAR receptor by immunohistochemistry and densitometry. The primary antibodies were: rabbit polyclonal antibody CB 1 (diluted 1:100; Abcam cat nº ab23703, Cambridge, UK), rabbit polyclonal antibody CB 2 (diluted 1:100; ABR cat nº PA1-746A, Golden, USA), rabbit polyclonal antibody PPAR (diluted 1:200; ABR cat nº MA1-822), rabbit polyclonal antibody MAGL (diluted 1:100; Cayman, cat. nº 100035, Chemical, Ann Harbor, MI, USA), and finally rabbit polyclonal antibodies DAGL and DAGL (both diluted 1:50), generated in our laboratory [START_REF] Suárez | Immunohistochemical description of the endogenous cannabinoid system in the rat cerebellum and functionally related nuclei[END_REF].

Immunohistochemical procedures using these antibodies were performed as previously described [START_REF] Suárez | Immunohistochemical description of the endogenous cannabinoid system in the rat cerebellum and functionally related nuclei[END_REF]see Supplementary Material].

Statistical analysis

All data are represented as mean ± SEM (standard error of the mean). Differences between the different diets and treatments were analyzed by Student´s t test (two tailed, paired groups). The level of statistical significance was set at p values of less than 0.05.

RESULTS

For this study, we investigated the effect of a very high-fat diet (60% fat) and CB 1 inverse agonist AM251 on the glucose and lipid metabolism of the skeletal muscle in a rat model of diet-induced obesity. To get this aim, we evaluated changes on the gene and protein expression of relevant molecules involved in skeletal muscle oxidative metabolism.The selected enzymes and receptors represent a selection of molecules implicated in lipid and glucidic metabolism within the skeletal muscle with a putative role in energy metabolism as the adiponectin receptor 1 (AdipoR1), the Acetyl-CoAoxidase (ACOX), the growth hormone receptor (GHR) and the PPAR and PPAR receptors, but also the gene and protein expression of relevant components of the ECS such as the cannabinoid CB 1 and CB 2 receptors and some of their synthesis (DAGL A c c e p t e d M a n u s c r i p t selected on the basis of abundance of mRNA on PCR studies. In order to control the effect of diet and treatment, we monitored the accumulated food/caloric intake and body weight gain.

Effect of diet on accumulated food/calorie intake and body weight gain

The figure 1 represents either accumulated food or caloric intakes and body weight gain on the rats fed with either a standard/low-fat diet (STD, 10% fat) or with a high-fat diet (HFD, 60% fat) over the first 10 weeks of feeding period. We observed that rats fed with STD accumulated more food intake than rats fed with a HFD (Figure 1A), in contrast with the accumulated caloric intake (Figure 1B), and this difference was statistically significant from the first day on. The lower food intake in HFD rats is due to the higher caloric/energy content in the HFD than the STD, as was described in the methodology. Accumulated caloric intake correlates with the body weight increase (Figure 1C), but interestingly body weight gain also showed a significant divergence in HFD rats in comparison with STD rats from the forth week on (30 days). When body weight gain began to be stabilized over time (after 10 weeks of either diet), AM251 treatment was scheduled for 14 additional days, while the diets remained unchanged.

Effect of AM251 treatment on accumulated food/calorie intake and body weight gain

After a feeding period of 10 weeks, rats received a daily dose of either vehicle (1 ml/kg of 10% Tocrisolve) or the CB1 inverse agonist AM251 (3 mg/kg in 10% Tocrisolve) during 14 days (Figure 2). We observed that treatment with AM251 reduced accumulated food and caloric intake in both diets (Figures 2A and2B) from the 4-5 days of treatment on, and this correlated with a significant body weight decrease (Figure 2C). Interestingly, body weight decrease was more marked in HFD rats than in STD rats, that is, we observed a significant decrease in HFD rats from the first day of treatment on, whereas we did not detected a significant body weight decrease in STD rats until the eighth day of treatment. This may be due to that, despite AM251 treatment, the accumulated food consumed continued to be slightly higher in STD rats than in HFD rats.

Presence of the endocannbinoid system in the skeletal muscle

Before evaluating any changes on the gene and protein expression of relevant molecules involved in skeletal muscle oxidative metabolism by quantitative RT-PCR and immunohistochemistry, we analyzed the presence of CB 1 , CB 2 , DAGL , DAGL , MAGL, and PPAR protein and gene expression by Western blotting and RT-PCR.

Figure 3A shows a comparative study of the gene expression distribution for both skeletal muscle and adipose tissue, represented as number of copies of PCR product, from STD rats. We observed lower levels of gene expression for CB 1 (15-fold, P<0.01), CB 2 (6-fold, P<0.05), DAGL (5-fold) and DAGL (3.5-fold) in the skeletal muscle when compared with the levels obtained in the adipose tissue. In contrast, MAGL and PPAR gene expression was higher in the skeletal muscle than in adipose tissue (7.5fold, P<0.01; and 2-fold, respectively). In order to demonstrate that antibodies recognized the corresponding antigens in the rat skeletal muscle we perform a Western blot analysis. Membrane protein extracts from Wistar male rat skeletal muscle revealed prominent immunoreactive bands of expected molecular masses of 60 kD for CB1, 55 kD for CB2, 120 kD for DAGL , 74 kD for DAGL , 37 kD for MAGL, and 52 kD for PPAR (Figure 3B).

Effect of diet and AM251 treatment on gene expression of the molecules implicated in skeletal muscle glucidic and lipidic metabolism

Gene expression of receptors and enzymes involved in metabolism on the skeletal muscle as well as the components of the ECS showed significant changes according to the use of both diets (STD vs HFD) on the levels of CB 2 , PPAR and MAGL (Figure 4). The expression of both CB 2 receptor and PPAR was reduced significantly when using a very high-fat diet as shown in figures 4B and 4E. Meanwhile, MAGL expression, the 2-AG-degradation enzyme, was increased significantly in HFD rats (Figure 4F). So the tendency for the synthesis enzyme DAGL and the receptors analyzed was to the decrease as opposite to the gene expression of the degradation enzyme MAGL, suggesting the existence of lower productions of 2-AG in the skeletal muscle, but desensitization of the receptors.

Regarding the use of a standard diet and AM251 treatment (Figure 5), most genes studied showed a decrease in their levels of expression after treatment with the antagonist, being statistically significant for CB 2 , PPAR and adipoR1 gene expression only (Figures 5B, 5G and 5I). However, as in the case of HFD, the tendency for MAGL gene expression was to increase as opposite to the rest of genes analyzed.

When rats were fed with a very high-fat diet and treated with AM251 (Figure 6), we observed a differential response of the gene expression of the molecules studied.

Changes observed in STD were not observed and CB 1 and CB 2 gene expression tend to be normalized (upregulated) to that of STD levels, again in contrast with the tendency of MAGL gene expession. PPAR , GHR, AdipoR1 and ACOX tended to be downregulated.

Effect of diet and AM251 treatment on protein expression of the molecules implicated in skeletal muscle glucidic and lipidic metabolism

Figure 7 shows a panel of representative high-magnification images from the skeletal muscle immunostained for CB 1 , CB 2 , DAGL , DAGL , MAGL and PPAR in the four rat groups (STD-Veh, STD-AM251, HFD-Veh, HFD-AM251). Results in the quantification of immunoreactivity on tissue microarray blocks showed similar changes to that of gene expressions (Figure 8). CB 2 and PPAR showed a significant decrease on their protein expression levels in HFD rats (Figures 8B and8F). On the other hand, after AM251 treatment, DAGL and DAGL protein levels showed a significant decrease in HFD and STD rats respectively (Figure 8C and8D).

DISCUSSION

Over recent years, animal models of obesity and clinical trials with the cannabinoid CB 1 blocker Rimonabant have demonstrated that CB 1 antagonism helps improving several cardio-metabolic risk factors, insulin sensitivity and glucose uptake which are found to be deregulated in obesity states and related disorders [START_REF] Van Gaal | Efficacy and safety of Rimonabant for improvement for multiple cardiometabolic risk factors in overweight/obese patients: pooled 1-year data from the RIO program[END_REF]. Independently of the lowering effects on food intake by central CB 1 antagonism of CB 1 receptors, the long term effects on body weight, visceral fat reduction and metabolic regulation appeared to be mediated by stimulation of energy expenditure and by effects on glucidic and lipid metabolism in peripheral organs such as liver, adipose tissue and skeletal muscle [START_REF] Di Marzo | Endocannabinoid control of food intake and energy balance[END_REF][START_REF] Matias | Endocannabinoids and the control of energy balance[END_REF]. The skeletal muscle is known to be the primary site for nutrient oxidation, including fatty acid oxidation and glucose uptake and it has been suggested that insulin resistance and impaired glucose uptake seem to be associated with a loss of oxidative capacity in this tissue in response to an increase in dietary fat intake [START_REF] Cavuoto | Effects of cannabinoid receptors on skeletal muscle oxidative pathways[END_REF]. Insulin resistance in the skeletal muscle might ultimately play an important role in the pathogenesis of the metabolic syndrome and type 2 diabetes [START_REF] Kelley | Skeletal muscle fat oxidation: timing and flexibility are everything[END_REF][START_REF] Kelley | Muscle triglyceride and insulin resistance[END_REF]. Consequently, blocking of CB 1 receptors in the skeletal muscle will have a direct effect on energy expenditure and oxidative metabolism as it has been demonstrated in various studies with Rimonabant [START_REF] Liu | Effects of the cannabinoid CB1 receptor antagonist SR141716 on oxygen consumption and soleus muscle glucose uptake in Lep(ob)/Lep(ob) mice[END_REF][START_REF] Ravinet | Anti-obesity effect of SR141716, a CB1 receptor antagonist, in diet-induced obese mice[END_REF]. However, due to a lack of clarity regarding the molecular mechanisms implicated, this area would benefit from further investigation. This lack of knowledge starts from the nearly absence of studies addressing the overall expression in skeletal muscle and changes of endocannabinoid signaling machinery, which has been addressed on the present experimental design.

In this study we aimed to identify molecular changes occurring within the metabolic pathways of the skeletal muscle by a very high-fat diet (60% fat) and the subsequent response to a subchronic treatment with the CB 1 receptors inverse agonist AM251.This issue is important because of several data suggesting that endocannabinoids might affect insulin resistance in skeletal muscle, as well as participating in the metabolic consequences (i.e. insulin resistance) of high-fat-induced obesity. In accordance with previous results [START_REF] Pagotto | The Emerging Role of the Endocannabinoid System in Endocrine Regulation and Energy Balance[END_REF][START_REF] Cavuoto | The expression of receptors for endocannabinoids in human and rodent skeletal muscle[END_REF][START_REF] Esposito | The cannabinoid CB1 receptor antagonist Rimonabant stimulates 2-deoxyglucose uptake in skeletal muscle cells by regulating the expression of phosphatidylinositol-3-kinase[END_REF], we have confirmed that in addition to cannabinoid receptors, CB 1 and CB 2 , skeletal muscle cells express the enzymes to locally produce (DAGL and DAGL ) and degrade (MAGL) endogenous cannabinoids by immunohistochemistry, western blotting and quantitative RT-PCR (Figures 3 and7).

These observations give biological support to an endocannabinoid regulation of genes controlling skeletal muscle metabolism. Indeed, in our study we could observe that the most important changes induced by a very high-fat diet on several molecules implicated in lipid metabolism of the skeletal muscle of male Wistar rats were at the transcriptional level. As it could be expected, a very high-fat diet caused an important weight gain in these animals. At such level, chronic treatment with a very high-fat diet reduced the gene expression of CB 2 receptors and the nuclear receptor PPAR significantly. We A c c e p t e d M a n u s c r i p t both CB 2 and PPAR receptors. To the contrary, the gene expression of MAGL, the 2-AG-degradation enzyme with lipolitic action, showed a significant increase as a result of feeding the animals with this type of diet. Although we have centered the study on the endocannabinoid system we have detected also that the protein expression of NAPE-PLD, the enzyme that synthesize the non-cannabinoid PPAR receptor agonist oleylethanolamide and FAAH, the enzyme that degrades it, showed a significant reduction in HFD rats (data not shown).

This MAGL regulation can be explained by an ECS over-activity caused with the use of fatty diets as it has been observed in previous studies and/or in conditions of unbalanced energy homeostasis (obesity and type 2 diabetes) [START_REF] Engeli | Activation of the peripheral endocannabinoid system in human obesity[END_REF][START_REF] Matias | Endocannabinoids and the control of energy balance[END_REF][START_REF] Cota | Role of the endocannabinoid system in energy balance regulation and obesity[END_REF][START_REF] Di Marzo | The endocannabinoid system in obesity and type 2 diabetes[END_REF]. A relevant previous work [START_REF] Matias | Dysregulation of peripheral endocannabinoid levels in hyperglycemia and obesity: Effect of high fat diets[END_REF] found elevated levels of 2-AG in the soleus muscle of mice after HFD, particularly when a HFD with high amount of saturated fat is used. Such work came after results in the brain showed that DAGL was found to be a major biosynthetic enzyme for 2-AG in the nervous system revealing a regulatory role of this enzyme in retrograde synaptic plasticity and adult neurogenesis [START_REF] Gao | Loss of Retrograde Endocannabinoid Signaling and Reduced Adult Neurogenesis in Diacylglycerol Lipase Knock-out Mice[END_REF][START_REF] Bisogno | Cloning of the first sn-1DAG lipases points to the spatial and temporal regulation of endocannabinoid signaling in the brain[END_REF]. However, the dysregulated ECs levels found in obesity and/or hyperglycemic states could be affected differently depending on the type of diet and tissue involved. Whatever the circumstances protein expression followed the same tendency as the gene expression results, but differences in the regulatory pathways involved in mRNA and protein stability in the muscle cell could be responsible for the observed variations within the experiment.

Fatty acids and eicosanoids are natural ligands for PPARs, and considering both that endocannabinoids chemical structure is derived from arachidonic acid and that the anorectic lipid oleylethanolamide acts on PPAR , can lead to hypothesize that endocannabinoids might also act through binding to PPARs as well as the endocannabinoid receptors. Recent evidence [START_REF] O´sullivan | Cannabinoids go nuclear: evidence for activation of peroxisome proliferator-activated receptors[END_REF] suggests that endocannabinoids are natural activators of PPAR , which could mediate many of the biological effects of cannabinoids including feeding and lipid metabolism. According to our results, a condition of energy overload caused by a very high-fat diet could be the reason for PPAR to be negatively regulated in the skeletal muscle. Conversely, the degrading enzyme MAGL would be up-regulated in order to compensate for over-activation of endocannabinoids as a result of chronic feeding with a high-fat diet.

In our experiment, diet exerted more important effects on the skeletal muscle metabolism than treatment with the inverse agonist AM251. However, AM251 caused an important weight loss in these animals as it could be expected from a CB 1 receptor blocker in accordance with previous historical work [START_REF] Matias | Endocannabinoids, food intake and body weight[END_REF][START_REF] Van Gaal | Efficacy and safety of Rimonabant for improvement for multiple cardiometabolic risk factors in overweight/obese patients: pooled 1-year data from the RIO program[END_REF]. Such weight loss would be reflected on muscle cell dynamics which will require further investigation. High endocannabinoid levels are associated with insulin resistance and with a decrease in glucose uptake by skeletal muscle cells. Rimonabant has been found to reverse this situation and that may account for the better use of energy on these HFD-fed animals treated with AM251. The blockade of cannabinoid receptors and the reversion of DAGL/MAGL overexpression may account for this. It is important to mention two important studies based on the possible role played by CB 1 receptors in modulating insulin sensitivity within the skeletal muscle cells: in the first one [START_REF] Lipina | Regulation of MAP Kinase-Directed Mitogenic and Protein Kinase B-Mediated Signaling by Cannabinoid Receptor Type 1 in Skeletal Muscle Cells[END_REF] the authors found that treatment with CB 1 inverse agonist SR141716 alone can improve insulin sensitivity in skeletal muscle as determined by its ability to enhance both insulin-stimulated PKBand ERK1/2-directed signaling. In the other study [START_REF] Eckardt | Cannabinoid type 1 receptors in human skeletal muscle cells participate in the negative crosstalk between fat and muscle[END_REF], authors found that treatment of skeletal muscle cells with AEA increases IRS-1 (Ser307) phosphorylation, thus, disturbing insulin signaling at an early point in the cascade. The study of these important signaling pathways would have added important information regarding insulin resistance and glucose uptake with a HFD.

In relation to any effect of treatment with AM251 on gene expression we observed changes on the levels of the CB 2 receptor, the nuclear PPAR receptor and the adiponectin receptor (AdipoR1), in the case of animals fed with a standard/low-fat diet (10% fat) and treated with AM251 at 3 mg/Kg dose. However, such doses of AM251 did not have any effect when animals were fed with a high-fat diet. It is possible that despite the blockade of the endocannabinoid signaling system in the muscle may not be sufficient to normalize the changes observed after a short AM251 treatment and that extended periods of administration or additional diet modifications might be necessary to observe changes on the genes selected. The immunohistochemical results showed that there is a contrasting tendency for the synthesis enzyme DAGL and DAGL to the decrease and increase after treatment with AM251, respectively. This could suggests the existence of mechanisms implicated in the maintenance of the balance in the levels of 2-AG in the skeletal muscle.

In adition to the endocannabinoid system, we have studied the effects of diet on two hormonal modulators of muscle function, adiponectin and GH. Adiponectin, produced in adipose tissue, helps improving hyperglycemia, hyperinsulinemia, and insulin resistance via activation of AdipoR1, which is abundantly expressed in skeletal muscle [START_REF] Yamauchi | Cloning of adiponectin receptors that mediate antidiabetic metabolic effects[END_REF]. It is important to note that skeletal muscle is one of the most important sites for the actions of adiponectin and insulin and it has also been observed that PPAR agonists have a marked effect on plasma adiponectin [START_REF] Combs | Induction of adiponecyte complement-related protein of 30 kilodaltons by PPARgamma agonists: a potential mechanism of insulin sensitization[END_REF]. However, although acute doses of AM251 results on insulin increase in plasma (Crespillo et al. unpublished observations) plasma adiponectin levels remain unchanged after subchornic treatment with AM251. Some reports have suggested that CB 1 antagonism with Rimonabant might exert a direct effect on adiponectin stimulating its mRNA expression [START_REF] Bensaid | The cannabinoid CB1 receptor antagonist SR141716 increases Acrp30 mRNA expression in adipose tissue of obese fa/fa rats and in cultured adipocyte cells[END_REF]. In contrast, other studies did not find any difference in plasma adiponectin levels between animals treated with CB 1 antagonist and control animals, or in animals fed with a high-fat or a control diet [START_REF] Yang | Changes of skeletal muscle adiponectin content in diet-induced insulin resistant rats[END_REF][START_REF] Thornton-Jones | The cannabinoid CB1receptor inverse agonist, Rimonabant, modifies body weight and adiponectin function in diet-induced obese rats as a consequence of reduced food intake[END_REF]. Whether the chronic treatment with AM251 is capable of induce alterations on plasma adiponectin production on the adipose tissue remains conclusively determined.

The observed effects of AM251 on the muscle might be indirect and a mere consequence of an AM251-induced reversal of an HFD-induced increase in body weight; however, the opposite, AM251 having an intrinsic effect on skeletal muscle, cannot be discarded. It is important to note that we did not find significant changes in CB1 and DAGL gene expression in either liver of adipose tissue (supplementary table S1). This could be the reason why no significant changes were seen in other genes included in our study (ACOX, GHR, etc). As an example, it has been proposed that increased lipid synthesis in the liver may produce insulin resistance in other tissues such as muscle. Overactive endocannabinoids produce liver lipogenesis accounting then for this hypothesis. In addition, endocannabinoids may also influence insulin secretion directly in islets -cells via CB 1 [START_REF] Matias | Regulation, function and dysregulation of endocannabinoids in models of adipose and -pancreatic cells and in obesity and hyperglycemia[END_REF] and CB 2 receptors [49].

As a final note, the regulatory mechanisms may be different at rest and during exercise and may change as the exercise intensity increases, this could be influencial in endocannabinoid production [START_REF] Matias | Endocannabinoids and the control of energy balance[END_REF]50] 

LEGENDS TO FIGURES

Figure 1. Effect of a standard/low fat diet (STD) and a very high-fat diet (HFD) on accumulated food/caloric intake and body weight gain during 10 weeks. We observed that rats fed with STD accumulated more food intake than rats fed with a HFD (A), in contrast with the accumulated caloric intake (B), and this difference was statistically significant from the first day on. Body weight gain showed a significant divergence in HFD rats in comparison with STD rats from the forth week on (C). When body weight gain stabilized over time (at least, for 10 weeks), AM251 treatment was administrated, while the diets remained unchanged. Histograms represent the mean ± SEM (16 animals per diet group). Student's t test: *P < 0.05, **P < 0.01 versus SD rats. intake in both diets from the 4-5 days of treatment on, and this correlated with a significant body weight decrease (C). Body weight decrease was more marked in HFD rats than in STD rats, that is, a significant decrease in HFD rats was detected from the first day of treatment on, whereas a significant body weight decrease was not detected in STD rats until the eighth day of treatment. Arrows point to the beginning of AM251 administration. Histograms represent the mean ± SEM (8 animals per treated group).

Student's t test: *P < 0.05, ***P < 0.001 versus HFD rats treated with AM251; #P < 0.05, ##P < 0.01 versus SD rats treated with AM251. 1 ACTB, -actin; CB1, cannabinoid receptor type 1; CB2, cannabinoid receptor type 2; DAGL / , diacylglicerol lipase / MAGL, monoacylglicerol lipase; PPAR , peroxisome proliferator-activated receptor ; PPAR , peroxisome proliferator-activated receptor ; ACOX, acetyl-CoA-oxidase; AdipoR1, adiponectin receptor 1; and GHR, growth hormone receptor. A c c e p t e d M a n u s c r i p t
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  and DAGL ) and degradation (MAGL) enzymes. The endocannabinoid proteins were 7 Biochemical Journal Immediate Publication. Published on 18 Oct 2010 as manuscript BJ20100751 THIS IS NOT THE VERSION OF RECORD -see doi:10.1042/BJ20100751

  detected the same effect at the protein expression analysis by immunohistochemistry in 11 Biochemical Journal Immediate Publication. Published on 18 Oct 2010 as manuscript BJ20100751 THIS IS NOT THE VERSION OF RECORD -see doi:10.1042/BJ20100751

  . It would be interesting to repeat this type of experiment combining exercise and diet in its original design. Regulation of skeletal muscle fat and glucose metabolism is clearly multifactorial, and different mechanisms may dominate in different conditions; besides, potential variations may exist between individuals in response to stimulating or blocking CB 1 receptors. This could cause 14 Biochemical Journal Immediate Publication. Published on 18 Oct 2010 as manuscript BJ20100751 THIS IS NOT THE VERSION OF RECORD -see doi:10.1042/BJ20100751 A c c e p t e d M a n u s c r i p t differences in response to treatment with CB 1 antagonists between different obese states. In conclusion, we have helped identifying important relevant players involved in the signaling pathways of CB 1 receptors antagonism in the skeletal muscle and determined the extent of changes in this system associated with either high fat diet or CB 1 receptors blockade.

Figure 2 .

 2 Figure 2. Effect of a standard/low fat diet (STD) and a very high-fat diet (HFD) 10 days before AM251 administration and during 14 days of AM251 treatment (3 mg/kg) on accumulated food/caloric intake and body weight gain, while the diets remained unchanged. Treatment with AM251 reduced accumulated food (A) and caloric (B)

Figure 3 .

 3 Figure 3. Presence of relevant components of the ECS and PPAR receptor in the skeletal muscle by RT-PCR and Western blot analysis. A) Comparative study of the gene expression distribution for both skeletal muscle and adipose tissue, represented as number of copies of PCR product, from STD rats. Lower levels of gene expression for CB 1 , CB 2 , DAGL and DAGL in the skeletal muscle were observed when compared with the levels obtained in the adipose tissue. MAGL and PPAR gene expression was higher in the skeletal muscle than in adipose tissue. B) Membrane protein extracts fromWistar male rat skeletal muscle revealed prominent immunoreactive bands of expected molecular masses of 60 kD for CB 1 , 55 kD for CB 2 , 120 kD for DAGL , 74 kD for DAGL , 37 kD for MAGL, and 52 kD for PPAR (Fig.3B). Positions of molecular

Figure 4 .

 4 Figure 4. Effect of diet on gene expression of the molecules implicated in skeletal muscle glucidic and lipidic metabolism. The expression of both CB 2 receptor (B) and PPAR (E) was reduced significantly when using a very high-fat diet. MAGL expression was increased significantly in HFD rats (D). Absolute values from each sample were normalized with regard to the housekeeping gene actin beta. Histograms represent the mean ± SEM (8 animals per diet group). Results were compared using Student's t test: *P < 0.05 versus SD. For abbreviation see list.

Figure 5 .

 5 Figure 5. Effect of CB 1 inverse agonist AM251 using a standard/low-fat diet (STD) on gene expression of the molecules implicated in skeletal muscle glucidic and lipidic metabolism. Most genes studied showed a decrease in their levels of expression after treatment, being statistically significant for CB 2 (B), PPAR (G) and adipoR1 (I) gene expression only. MAGL gene expression showed a tendency to increase. Absolute values from each sample were normalized with regard to the housekeeping gene actin beta. Histograms represent the mean ± SEM (8 animals per treated group). Results were compared using Student's t test: *P < 0.05 versus vehicle. For abbreviation see list.

Figure 6 .

 6 Figure 6. Effect of CB 1 inverse agonist AM251 using a very high fat diet (HFD) on gene expression of the molecules implicated in skeletal muscle glucidic and lipidic metabolism. We observed no significant changes on the gene expression, but CB 1 (A) and CB 2 (B) gene expression tend to be normalized (upregulated) to that of STD levels.Absolute values from each sample were normalized with regard to the housekeeping gene actin beta. Histograms represent the mean ± SEM (8 animals per treated group).Results were compared using Student's t test: *P < 0.05 versus vehicle. For abbreviation see list.

Figure 7 .

 7 Figure 7. Representative high-magnification microphotographs showing immunohistochemistry for CB 1 , CB 2 , DAGL , DAGL , MAGL and PPAR in Wistar rat skeletal muscle in the four rat groups (SD-Veh, SD-AM251, HFD-Veh, HFD-AM251).

Figure 8 .

 8 Figure 8. Quantification of CB 1 , CB 2 , DAGL , DAGL , MAGL and PPAR immunoreactivity in the skeletal muscle in the four rat groups (SD-Veh, SD-AM251, HFD-Veh, HFD-AM251). CB 2 (B) and PPAR (F) showed a significant decrease on their protein expression levels in HFD rats. On the other hand, after AM251 treatment, DAGL and DAGL protein levels showed significant increases in HFD and STD rats respectively (C, D). Histograms represent the mean ± SEM (8 animals per group).Results were compared using Student's t test: *P < 0.05 versus SD; # P < 0.05 versus vehicle. For abbreviation see list.

Table1.

  Primers sequences used for real time polymerase chain reaction (RT-PCR)1 .
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	Gene	Oligosense 5' 3'	Oligoantisense 5' 3'	Nº access Genbank	Product size (bp)	Annealling Tª (ºC)
	ACTB	CAGGCTGTGTTGTCCCTGTA	GCTGTGGTGGTGAAGCTGTA	NM_03144.2	203	51,4
	CB1	AGACCTCCTCTACGTGGGCTCG GTACAGCGATGGCAGCTGCTG	NM_012784.2	314	58
	CB2	GCAGCCTGCTGCTGACTGCTG	TGCTTTCCAGAGGACATACCC	NM_020543.3	284	58,9
	DAGL	GGGTACCTAATGGCTGCTCA	AGGACTGACCATCCAACCTG	NM_001005886	220	60,5
	DAGL	TGATAGGCCCAAAGATGCTG	AAGTCCATTGTGCTCGTCAG	NM_001107120.1	161	58,9
	MAGL	CATGGAGCTGGGGAACACTG	GGAGATGGCACCGCCATGGAG	NM_13852.1	240	58,1
	PPAR	TGCTGTCCTCCTTGATGAAC	GCTTGAGCACGTGCACAATC	NM_013196.1	270	58
	PPAR	GACCACTCCCATTCCTTTGA	CGCACTTTGGTATTCTTGGAG	NM_013124.1	153	61,4
	ACOX	GGACCATGGTTTTTGTGAGG	AGTGGAAGGCATAGGCAGTG	NM_017340.2	201	58,9
	AdipoR1 TGATTATGGGGAGCTTCGTC	ACAACACCACTCAAGCCAAG	NM_207587.1	196	60,4
	GHR	ACAAATGGTGATTTGTTGGA	TCACTTGGATATCTCCACGGA	NM_017094.1	130	57
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