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AN EXPERIMENTAL MODEL OF WESTERN DIET IN FEMALE WISTAR RATS LEADS TO CARDIAC HYPOXIA RELATED TO A STIMULATED CONTRACTILITY

Keywords: 

Previous studies in Western diet (WD)-fed male rats have highlighted a link between the stimulation of cardiac contractility, mitochondrial adaptations and a pro-inflammatory fatty acid profile of phospholipids in the heart. Our objectives were to determine 1) if WD-fed female Wistar rats and obese humans display a similar pro-inflammatory profile in their cardiac phospholipids and 2) if this lipid profile is associated with deleterious effects on the heart of the female rodents. Female Wistar rats were fed WD for 5 weeks or a laboratory chow as a control. Ionic homeostasis, redox status, inflammation markers, and fatty acid composition of phospholipids were analysed in the heart., WD increased the abdominal fat mass without modifying the body weight of female rats. As previously found in males, a WD induced a shift in membrane fatty acid composition toward a pro-inflammatory profile in the female rats, but not in obese humans. It was associated with an increased COX2 expression suggesting an increased pro-inflammatory eicosanoid production. Signs of increased intracellular calcium strongly supported a stimulation of cardiac contractility without any induction of apoptosis. The heart of WD-fed rats exhibited a hypoxic state as a higher HIF1- expression was reported. The expressions of antioxidant enzymes were increased, but the redox reserves against reactive oxygen species were lowered. In conclusion, as previously observed in males, we suppose that cardiac abnormalities are magnified with severe obesity in female rats, leading to hypoxia and intense oxidative stress which could ultimately induce cell death and heart failure.

Key points :

-WD increases myocardial calcium and induces cardiac hypoxia probably through a stimulation of contractility in female rats -These phenomena are associated with a strong decrease in the GSH/GSSG ratio -The capacity to fight against oxidative stress-induced cardiomyocyte death is thus reduced by WD

Introduction

According to the World Health Organisation, overweight (body mass index (BMI) over 25) and obesity (BMI over 30) were responsible for four million deaths worldwide in 2017. Indeed, excess in body fat triggers a panel of chronic diseases such as type 2 diabetes, some kinds of cancer, sleep apnea, cognitive decline, and CVD including atrial fibrillation, stroke, atherosclerosis, acute myocardial infarction, and heart failure [START_REF] Powell-Wiley | Obesity and cardiovascular disease: a scientific statement from the American Heart Association[END_REF]. Overweight and obesity are thus considered as an epidemic which rages worldwide and affects all the age groups from childhood to old age, inducing huge health care costs [START_REF] Ward | Association of body mass index with health care expenditures in the United States by age and sex[END_REF]. This epidemic continues to expand drastically notably in developing countries where the vast majority of overweight and obese children reside [START_REF] Gupta | Childhood obesity in developing countries: epidemiology, determinants, and prevention[END_REF].

In order to alleviate the deleterious consequences of overweight and obesity on cardiovascular diseases, modifications of several facets of the life style, such as reduction of calorie intake and promotion of daily physical activity are required [START_REF] Kerkadi | The relationship between lifestyle factors and obesity indices among adolescents in Qatar[END_REF]. However, long-term life style modifications could be difficult to achieve and individual variability for the response to a dietary intervention is high. It is thus crucial to determine the aetiology of CVD to select the most efficient therapeutic approach.

It is now well established that abdominal obesity is tightly associated with the development of CVD [START_REF] Despres | Body fat distribution and risk of cardiovascular disease: an update[END_REF]. It is now accepted that the function of adipose tissue is not limited to fat storage. This tissue is also recognized as an endocrine organ able to produce numerous hormones or adipokines such as leptin, adiponectin, resistin, etc. [START_REF] Scheja | The endocrine function of adipose tissues in health and cardiometabolic disease[END_REF]. Leptin plays a crucial role in the induction of satiety and its blood level increases proportionally to body fat mass [START_REF] Fujita | Leptin mediates the relationship between fat mass and blood pressure: The Hamamatsu School-based health study[END_REF]. However, obese people develop leptin resistance, leading to an over consumption of calories [START_REF] Obradovic | Leptin and obesity: role and clinical implication[END_REF], an uncontrolled accumulation of adipose tissue notably in the abdominal area. This excess of abdominal fat in morbid obesity is known to be an important cause of heart failure and death [15].

To study and better understand the deleterious effects of obesity on the cardiovascular system, the rat has been recognized as a good model. Indeed, rats fed with a Western diet (high fat diet or high fat/high sucrose diet) develop abdominal obesity [12,19]. We recently observed in male Wistar rats that the in vivo cardiac mechanical function was increased by an experimental model of Western diet (WD) [START_REF] Mourmoura | Body adiposity dictates different mechanisms of increased coronary reactivity related to improved in vivo cardiac function[END_REF][START_REF] Mourmoura | Evolution from increased cardiac mechanical function towards cardiomyopathy in the obese rat due to unbalanced high fat and abundant equilibrated diets[END_REF]. This stimulation of contractility was confirmed in isolated mitochondria by an activation of oxidative phosphorylation [START_REF] Mourmoura | Long-term abdominal adiposity activates several parameters of cardiac energy function[END_REF]. Experiments in isolated perfused hearts indicated that the phenomenon originated rather from an extra cardiac regulation and it was associated with an improper coronary flow [START_REF] Mourmoura | Body adiposity dictates different mechanisms of increased coronary reactivity related to improved in vivo cardiac function[END_REF][START_REF] Mourmoura | Evolution from increased cardiac mechanical function towards cardiomyopathy in the obese rat due to unbalanced high fat and abundant equilibrated diets[END_REF]. Such effects were associated with an enrichment of cardiac phospholipids with the pro-inflammatory arachidonic acid at the detriment of C18:2 n-6 [START_REF] Mourmoura | Body adiposity dictates different mechanisms of increased coronary reactivity related to improved in vivo cardiac function[END_REF][START_REF] Mourmoura | Evolution from increased cardiac mechanical function towards cardiomyopathy in the obese rat due to unbalanced high fat and abundant equilibrated diets[END_REF]. These changes in membrane polyunsaturated fatty acids (PUFA) composition led us to hypothesize that a possible pro-inflammatory state of the heart was responsible for some of the observed changes in cardiac function. This hypothesis was elaborated in male Wistar rats. The large majority of the studies dealing with obesity of the rats is performed in male rats since these animals gain weight more easily than females when they are fed with WD [START_REF] De Moura | Diet-induced obesity in animal models: points to consider and influence on metabolic markers[END_REF]. Hence, little is known about obesity in female rats. In particular, it is not known if WD is deleterious for the heart of these animals.

This study aimed at determining 1) if WD-fed female Wistar rats and obese humans display a similar pro-inflammatory fatty acid profile as that observed in the cardiac phospholipids of WD-fed male Wistar rats and 2) if this lipid profile is associated with deleterious effects on heart function of the female rodents. In this purpose, we fed female rats either with an equilibrated diet or with WD which is known to favour abdominal obesity. The heart and blood were then rapidly collected and several analyses were performed. We were thus able to gather data about the morphology of the heart, its ionic homeostasis, its redox status and aptitude to scavenge reactive oxygen species (ROS), its subcellular oxidative stress and its inflammatory state. Moreover, the fatty acid composition of cardiac phospholipids was determined in the whole heart crude membrane extract of these female rats, but also in the whole phospholipids of the right atrium of lean and obese humans.

Materials and Methods

Animals, diets and organ collection

Twenty-four 8-week old female Wistar rats (Janvier Labs, Le Genest-Saint-Isle, France) were housed three per cage under controlled lighting, humidity and temperature conditions. After one week of acclimatization under laboratory chow, the animals were randomly allocated to two diet groups for 5 weeks. The first group of rats were fed a Western diet (WD) containing 23, 23.3 and 44.5 % of fat, protein and carbohydrate, respectively. The carbohydrate content was composed of 22% of sucrose. The second group of animals received the laboratory chow (UAR-A04, Safe, Augy, France) composed of 3.1, 16.1, 43.5 and 3.2% of fat, protein, starch and sucrose. The fatty acid composition of the two diets is presented in Table 1.

After the 5-week experimental diets, the animals were anaesthetized with 4% isoflurane and exsanguinated via blood collection from the abdominal aorta. Cervical dislocation was performed and the heart was rapidly harvested. The atria were discarded and the ventricles were opened with scissors. A maximum of the residual blood was eliminated with paper towel. The hearts were then freeze-clamped at the temperature of liquid nitrogen. No more than 1 min elapsed between the end of the exsanguination and the heart freezing. Plasma and adipose tissues were stored at -80°C until further analyses.

All the experiments followed the European Union recommendations for the care and use of laboratory animals for experimental and scientific purposes. All the animal work was approved by the local board of ethics for animal experimentation (Comité d'éthique pour l'expérimentation animale, Auvergne) and notified to the research animal facility of our laboratory (authorization N° 2018122009381153). The research complied with the ARRIVE guidelines on animal research [START_REF] Du Sert | The ARRIVE guidelines 2.0: Updated guidelines for reporting animal research[END_REF].

Ethical considerations for human samples

The protocol was approved by the review board "Comité de Protection des Personnes Sud-Ouest et Outre-Mer III" of Bordeaux, France (authorisation number 2018/17) and conformed with the World Medical Association Declaration of Helsinki -Ethical Principles for Medical Research Involving Human Subjects. Biopsies were collected after written informed consent was obtained from the patients concerned. The trial was registered in ClinicalTrials.gov under the identifier: NCT03690076.

Collection of human atrial biopsies

Fresh, human atrial biopsies were collected from 10 patients while they were undergoing openchest cardiac surgery at the Gabriel Montpied University Hospital, Clermont-Ferrand, France.

All the patients were having such an intervention for the first time. All the individuals were tested to determine the effect of obesity on the fatty acid composition of atrial phospholipids.

In the lean group (4 male of 5 patients), 4 patients had a BMI ranging between 20 and 24.9 and one was slightly overweight (BMI = 26.5). In the obese group (4 male of 5 patients), the 5 patients had a BMI ranging between 30 and 34.9 (class 1 obesity). The experiments were fullblind studies. For valve surgery and/or coronary revascularisation, the heart has to be stopped and extracorporeal circulation is necessary. Introduction of a cannula of a heart-lung bypass machine in the right atrium necessitates the removal of a piece of right atrium. These tissues (0.3 g of wet weight), collected for our study, were immediately freeze-clamped in liquid nitrogen and stored at -80°C until biochemical analyses.

The clinical characteristics of the lean and obese patients involved in the present study are presented in a previous publication [18].

Preparation of isolated mitochondria

Mitochondria were extracted from frozen rat ventricles as previously described [18].

Myocardium was powdered in liquid nitrogen and approximately 300 mg of tissue were used to prepare the mitochondria. The myocardium powder was homogenized with a Polytron blender (0.4 s, rheostat = 3) in 5.4 ml/g of tissue in a cold isolation buffer A composed of mannitol 220 mM, sucrose 70 mM, MOPS 5 mM and EGTA 2 mM, pH 7.4 at 4 °C, fatty acidfree serum albumin 0.2%. The homogenate was transferred into a Potter-Elvehjem, carefully rinsed with 10.8 ml/g of the tissue of buffer A and further homogenized with the tissue grinder (350 RPM, 3 strokes). After centrifugation (800 × g, 10 min, 4 °C), the supernatant containing subsarcolemmal mitochondria was kept on ice. The pellet was resuspended in a cold isolation buffer B composed of KCl 100 mM, MOPS 50 mM and EGTA 2 mM, pH 7.4 at 4 °C, fatty acid-free serum albumin 0.2%. A protease (subtilisin 0.02%) was added at ice-cold temperatures for 1 min to digest myofibrils and the whole was then homogenized with a tissue grinder (300 rpm, 3 to 4 strokes). Immediately afterward, subtilisin action was stopped by adding an ice-cold isolation buffer B (30 ml) and centrifuging (8000 × g, 10 min, 4 °C). The supernatant was discarded and the pellet was resuspended in isolation buffer B. The homogenate was then centrifuged (800 × g, 10 min, 4 °C), and the resulting supernatant, with intermyofibrillar mitochondria, was collected and filtered with the other supernatant.

Mitochondria were then washed by centrifugation (8000 × g, 10 min, 4 °C). The pellet of mitochondria was suspended in cold isolation buffer C composed of KCl 100 mM, MOPS 50 mM and EGTA 1 mM, pH 7.4 at 4 °C, re-centrifuged (8000 × g, 10 min, 4 °C) and, finally, resuspended at a concentration of approx.15 mg/ml.

Western Blot Analysis

Tissues were ground three times in a mini bead beater in the presence of a lysis buffer made up of 4-(2-hydroxyethyl)-1-piperazine ethane sulfonic acid (HEPES) 50 mM, sodium chloride 150 mM, ethylene diamine tetraacetic acid (EDTA) 10 mM, anhydrous sodium tetrabasic pyrophosphate 10 mM, β-glycerophosphate 25 mM, sodium fluoride 100 mM and anhydrous glycerol 1.086 M supplemented with phosphatase inhibitors (Sigma Aldrich, Saint-Quentin-Fallavier, France). Successive centrifugations were performed and the supernatants collected.

Protein concentration was determined using a bicinchoninic acid assay kit (Thermo Fisher Scientific, Asnières-sur-Seine, France). For protein immunoblotting, 25 µg of protein were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto polyvinylidene fluoride (PVDF) membranes. The membranes were then immunoblotted with the appropriate antibody to detect calcium-calmodulin ATPase-II beta/gamma/delta (CaMKII, 47 kDa, 1:1000, GeneTex #GTX52374), calcium-calmodulin ATPase-II beta/gamma/delta phosphorylated at threonine 287 (CaMKIIP, 47 kDa, 1:1000, GeneTex #GTX523424), carnitine palmitoylCoA transferase 1 (CPT187 kDa, 1 µg/ml, Abcam ab134988); caspase 3 [START_REF] Kim | High fat diet confers vascular hyper-contractility against angiotensin II through upregulation of MLCK and CPI-17[END_REF]19,[START_REF] Ward | Association of body mass index with health care expenditures in the United States by age and sex[END_REF] kDa, 1:1000, Cell Signaling #9662); cyclooxygenase 2 (COX2, 74 kDa, 1:1000, Cell Signaling #12282), glutathione peroxidase-1 (GPX1, 22 kDa, 1µg/ml, Abcam #ab22604), hypoxia-inducible factor-1 (HIF1, 120 kDa, 1:1000, Cell Signaling #14179), IkappaB- (IB, 39 kDa, 1:1000, Cell Signaling #9242), NADPH oxidase-1 (NOX1, 65 kDa, 0.5 µg/ml, Abcam #ab131088), nitrotyrosine (1 µg/ml, ThermoFisher Scientific #32-1900), pyruvate dehydrogenase kinase 4 (PDK4, 42 kDa, 0.5 µg/ml, ThermoFischer Scientific PAS-79800); sirtuin 1 (SIRT1, 120 kDa, 1:1000, Cell Signaling #9475); sirtuin 3 (SIRT3, 28 kDa, 1:500, Santa Cruz sc-365175); sodium/proton exchanger 1 (NHE1, 91 kDa, 1:500, GeneTex #GTX85047), superoxide dismutase 1 (SOD1, 18 kDa, 1:5000, Abcaml #ab13498), and superoxide dismutase 2 (SOD2, 22 kDa, 1:1000, Cell Signaling #13194). Antibody binding was detected using horseradish peroxidase (HRP)conjugated secondary antibodies and the ECL Western Blotting Substrate (Thermo Fisher Scientific, Asnières-sur-Seine, France).

Immunoblots were visualized using a chemiluminescence imaging system (MF ChemiBIS, DNR bio-imaging systems, Jerusalem, Israel) and quantified using Multi Gauge V3.2 software.

A mix was prepared by combining an equivalent volume of each protein extract which was prepared for each animal of the two groups. This mix was deposited on each immunoblot gel.

Its chemiluminescence value was then used as a reference which allowed to normalize the results for each animal and for each gel.

The assessments were performed on myocardial tissue or isolated mitochondria as indicated in the text. Myocardial and mitochondrial proteins were referred to total proteins determined by densitometry because of their intergroup stability.

Protein carbonylation (OxyBlot Protein oxidation kit, #s7150) was measured according to the manufacturer's instructions (Merck Millipore, Saint Quentin Fallavier, France).

Gene expression

Gene expression of ion channels, interleukin-1β (Il-1β), and tumor necrosis factor-alpha (Tnfα) was measured in the cardiac homogenates. RNA extraction was performed using TRIzol ® (Thermo Scientific, Waltham, MA, USA) according to the manufacturer's instructions.

Chloroform was added (0.2 mL/mL of TRIzol ® ), and samples were mixed and centrifuged (12,000 g, 15 min, 4 °C). The aqueous phase containing total RNA was collected, mixed with isopropanol to precipitate RNA and centrifuged (12,000 g, 15 min, 4 °C). The resulting pellet was washed with ethanol 70% (v/v), dried and suspended in water. The RNA amount and integrity were determined by measuring the ratio of optical density at 260 and 280 nm and agarose gel migration. For each sample, 2 µg of total RNA were used to perform reverse transcription. The resulting products were used for real-time quantitative polymerase chain reaction (RT-qPCR) to appraise gene expression. Gene expression was determined using specific primers (Table 2) and Rotor-Gene SYBR Green PCR master mix on a Rotor-Gene Q System (Qiagen, Courtaboeuf, France). Finally, mRNA quantification was calculated using the delta delta CT method. β-actin was used as the housekeeping gene due to its intergroup stability.

Lipid analysis

Total lipids were extracted from cardiac tissues as it is usually performed in our laboratory [START_REF] Waksman | A study of the chemical nature of components of bovine white matter effective in producing allergic encephalomyelitis in the rabbit[END_REF].

Lipid extracts (from approximately 50 mg of myocardium) were prepared using 4 ml chloroform-methanol (2:1 v/v) and 1 ml 0.9% NaCl. After phospholipid and neutral lipid separations on Sep-Pack cartridges, fatty acid methyl esters were prepared and separated by gas chromatography as previously described [START_REF] Juaneda | Rapid and convenient separation of phospholipids and non phosphorus lipids from rat heart using silica cartridges[END_REF]. Addition of an internal standard (C21:0) before the extraction protocol of each sample allowed the determination of the total amounts of fatty acids of phospholipids and neutral lipids.

Other biochemical determinations

Total DNA was extracted according to Chomczynski & Sacchi [START_REF] Chomczynski | Single-step method of RNA isolation by acid guanidinium thiocyanate-phenol-chloroform extraction[END_REF] and assayed with a Nanodrop Lite spectrophotonmeter (Thermo Fisher Scientific, Courtaboeuf, France) at a waverlength of 260 nm. 8-hydroxy-2-deoxyguanosine was assayed with a commercial kit (8-hydroxy 2 deoxyguanosine ELISA Kit, ab201734, Abcam, Amsterdam, The Netherlands) according to the manufacturer's recommendations. The results were normalized to the total DNA content.

Collagen was measured with the Total Collagen Assay kit (1x QZBTOTCOL2) from QuickZyme (Leiden, The Netherlands) according to the manufacturer's instructions. Malondialdehyde (MDA) was determined using the Lipid Peroxidation (MDA) Assay Kit (Colorimetric) (ab233471, Abcam, Amsterdam, The Netherlands). Plasma 3-hydroxybutyrate was assayed using the Sigma Aldrich kit (MAK041) according to the manufacturer's recommendations after filtration on UFC5010 Amicon Ultra-0.5 Centrifugal Filter Unit (Millipore, Molsheim, France). Total, reduced and oxidized gluthationes (Glutathione GSH/GSSG Assay Kit, MAK440) were measured according to the manufacturer's instructions (Merck KGaA, Darmstadt, Germany). The activity of citrate synthase was measured according to standard practice in our laboratory [START_REF] Tardif | Muscle ectopic fat deposition contributes to anabolic resistance in obese sarcopenic old rats through eIF2alpha activation[END_REF].

Statistical analysis

Results are presented as mean ± S.E.M. All the results were contrasted across the two groups by one-way analysis of variance when normality and homoscedasticity were observed.

Normality and homoscedasticity were determined using the Shapiro-Wilk W and Bartlett tests.

If normality or homoscedasticity was not observed, a Mann-Whitney U/Wilcoxon Rank-Sum test for two samples was performed. When required, group means were contrasted with a Tukey/Kramer test. A probability (p) less than 0.05 was considered significant. Statistical analyses were performed using the NCSS 2010 software.

Results

General data

Biometric and morphologic data of the animals are summarized in Table 3. The WD did not alter the animal weight, but strongly increased the mass of subcutaneous (+58%) and peri ovarian (+208%) adipose tissues. Conversely, the heart weight was not modified.

Cardiac composition

The WD reduced the myocardial deoxyribonucleic acid (DNA) and protein contents by 19% (Fig. 1). Despite the magnitude was very similar, the decrease was significant only for the protein content (p < 0.001) and suggested the occurrence of an oedema.

The cardiac collagen content was also lower by 31% (p < 0.001) in WD compared to LC group, even after normalization to the protein content (-13%, p < 0.01). Apoptosis was measured by determining caspase 3 and cleaved caspase 3 expressions. No difference was observed between the two groups for these two parameters (data not shown). Similarly, the ratio between cleaved caspase 3 and caspase 3 was similar in the control and WD groups (0.97 ± 0.07 and 1.03 ± 0.05, NS), suggesting that WD ingestion for five weeks did not favour or prevent cardiac apoptosis.

Ionic exchangers

As our data suggested the occurrence of an oedema and thus a sodium accumulation in the WD group, the gene expression of two important sodium-related exchangers was investigated.

The sodium/proton exchanger-1 (Nhe1) gene expression tended to be lower with the WD (-13%, p = 0.097, Fig. 2), but the content of the protein was not significantly altered (data not shown). Gene expression of the calcium/sodium exchanger-1 (Ncx1) was higher in the WD group compared to the control group (+30%, p < 0.001).

Plasma lactate (1.28 ± 0.03 and 1.29 ± 0.04 mM in the LC and WD groups, respectively, NS) and 3-hydroxybutyrate (82 ± 5 and 96 ± 12 µg/ml in the LC and WD groups, respectively, NS), two energy substrates entering into the cell through the monocarboxylate carrier-1 which co-transports a proton and tends to acidify the intracellular compartment, were not altered by the different diets.

These changes in exchanger gene expressions suggest impairment of the ionic homeostasis.

Intracellular calcium and cardiac activity

It is known that increased intracellular calcium is responsible for a stimulation of cardiac mechanical activity. The expression of CaMKII protein, a key regulator of channels mediating cardiac excitability and conduction tended to be reduced in the WD group (-19%, p = 0.065) but the expression of its phosphorylated form was not altered (Fig. 3). PDK4 protein expression was significantly lower with the WD (-30%, p < 0.05), suggesting a stimulation of glucose utilization. Such a stimulation is characteristic of an activation of cardiac mechanical activity. This occurred without any change in mitochondrial density as it was indicated by the unaltered citrate synthase activity and carnitine palmitoylCoA transferase 1 (CPT1) expression.

Redox status

As illustrated in Figure 4, total glutathione tended to be lower in the WD group (-26%), but the difference was not significant. By contrast, reduced glutathione (GSH) was significantly smaller (-52%; p < 0.05) and the oxidized form of glutathione (GSSG) tended to be higher with WD (+32%). Consequently, the GSH to GSSG ratio was strongly lowered in the WD group (-68%, p < 0.001), indicating a reduced redox potential.

To determine if this decrease in redox potential was related to oxygen or substrate deficiency.

we evaluated myocardial content in neutral lipids, but did not find any significant difference (2.5 ± 0.2 and 3.4 ± 0.6 mg of fatty acids/g of myocardium in the LC and WD groups, respectively). By contrast, HIF-1 expression tended to be higher with the WD (+42%, p < 0.086), suggesting a disequilibrium between oxygen supply and utilization in this group.

Subcellular ROS production and oxidative stress

Total myocardial malondialdehyde (MDA) content, an index of lipid peroxidation, was unchanged by the WD (1.4 ± 0.1 vs. 1.7 ± 0.2 nmoles/g of proteins for the LC and WD groups, respectively). NOX-1 expression was not altered (data not shown), suggesting no oxidative stress in the vascular compartment. Similarly, SIRT1 expression (data not shown) and 8hydroxy-2-deoxyguanosine content (71 ± 2 vs. 76 ± 5 ng/100 µg DNA for the LC and WD groups, respectively) were not affected, outlining the absence of oxidative stress at the nucleus level. Finally, SOD1 protein expression was unchanged (data not shown) suggesting that the cytosolic compartment did not display any oxidative stress.

Conversely, the redox changes had noticeable effects on the mitochondrial oxidative status (Fig. 5). SOD2 protein expression tended to be higher with the WD (+12%, p = 0.08) which suggests an increased ability to scavenge superoxide anions. Furthermore, GPX1 expression was higher (+17%, p < 0.05) indicating an increased capacity to scavenge peroxides. As a result, protein carbonylation and SIRT3 protein expression tended to be reduced with the WD (-34% with p = 0.15, -65% with p = 0.11, respectively). Finally, nitrotyrosination of mitochondrial proteins was not affected by the WD.

Inflammation

In our study, the WD led to higher COX2 protein and Tnf- gene expressions compared to the control group (+82%, p < 0.05 and +22%, p < 0.01 respectively, Fig. 6). However, IB protein level was not affected.

Fatty acid composition of cardiac phospholipids

We determined if the WD affected the fatty acid composition of whole heart crude membrane fraction in the female rats (Table 4).

Membrane saturated fatty acids (SFAs) were slightly increased with the WD (+3%, p < 0.05) and this was mainly due to an increase in C18:0 (+14%, p < 0.01) as other SFAs were underrepresented in WD compared to LC. This was the case for C16:0 (-14%, p 0.001), C17:0 (-50%, p < 0.001) and C20:0 (-9%, p < 0.01).

Monounsaturated fatty acids (MUFAs) total amount was not modified by the diets. However, some MUFAs were increased by the WD. This was the case for C15:1 (+59%, p < 0.001) and C17:1 (+17%, p < 0.05). C16:1 n-7, C18:1 n-9, and C22:1 n-11 levels were decreased (-44, -22, and -34% respectively with p < 0.001 for the three fatty acids).

PUFAs of the n-6 family were slightly reduced by the WD (-5%, p < 0.05). The main highlights of this class of fatty acids were a strong decrease in C18:2 n-6 (-45%, p < 0.001) and a high increase of the pro inflammatory arachidonic acid (C20:4 n-6, +23%, p < 0.001) and its upper metabolites (C22:4 n-6 and C22:5 n-6, +68% and +192%, respectively, p < 0.001 for both).

PUFAs of the n-3 series were increased (+10%, p < 0.01). This was true for C22:5 n-3 and C22:6 n-3 (+26 and +8%, p < 0.001 and p < 0.01, respectively), but the anti-inflammatory eicosapentaenoic acid (C20:5 n-3), which is a substrate for COX 2, was strongly decreased (-92%, p < 0.001).

These results show that the WD activated desaturases and elongases to favour the accumulation of long chain n-6 and n-3 PUFAs.

Class I obesity and fatty acid composition of atrial phospholipids of human individuals

Since the WD given to our male and female rats was high in SFAs and MUFAs and low in PUFAs compared to the laboratory chow diet, we evaluated the effect of class I obesity on the fatty acid composition of human atrial phospholipids (Table 5) to verify if similar effects occur. Surprisingly, only few differences were observed in the fatty acid profile of cardiac phospholipids between obese and lean individuals. Only C15:0 and C22:1 n-11 were significantly higher in obese individuals (+48 and +127%, respectively, p < 0.05 for both fatty acids). A trend toward a lower proportion of C18:2 n-6 was observed in the obese people (-14%, NS), but C20:4 n-6 level was similar in the two groups. It is then unlikely that desaturases and elongases were activated in class I obesity. Moreover, the level of the anti-inflammatory eicosapentaenoic acid was not affected by obesity.

Discussion

The objectives of the study were to determine 1) if WD-fed female Wistar rats and obese humans (mainly males) display a similar pro-inflammatory fatty acid profile as that observed in the cardiac phospholipids of WD-fed male Wistar rats and 2) if this lipid profile is associated with deleterious effects on heart function of the female rodents.

We showed that the WD used in the present study triggered an early fat deposit in the female rat without any increase in body mass. At the cardiac level, it was associated with an oedema and an increase in myocardial calcium which were probably involved in the stimulation of cardiac mechanical activity. These effects were accompanied by a hypoxic state, as suggested by the higher HIF-1 expression. The resulting lower redox potential was responsible for higher expressions of SOD2 and GPX1 which contributed to alleviate mitochondrial oxidative stress.

Evidences for early stages of inflammation were also suggested by the higher expressions of COX2 and Tnf- with the WD. Surprisingly, we failed to demonstrate an activation of the NFB pathway as the expression of IBwas unchanged by the WD. These observations were associated to large modifications of the PUFAs profile of cardiac phospholipids as higher proinflammatory arachidonic acid and lower anti-inflammatory eicosapentaenoic acid proportions were observed in the female rats. Contrasting with our previous data in male rats [START_REF] Mourmoura | Body adiposity dictates different mechanisms of increased coronary reactivity related to improved in vivo cardiac function[END_REF][START_REF] Mourmoura | Evolution from increased cardiac mechanical function towards cardiomyopathy in the obese rat due to unbalanced high fat and abundant equilibrated diets[END_REF], these modifications in membrane lipid composition were not observed in the atria of obese humans, maybe because the composition of the human diet was not controlled as that of the WD.

Stimulation of cardiac mechanical work, PUFA profile of cardiac phospholipids and inflammation cascade

We recently observed in WD-fed male rats a higher abdominal fat deposit and in vivo left ventricle developed pressure compared to animals receiving a standard diet [START_REF] Mourmoura | Body adiposity dictates different mechanisms of increased coronary reactivity related to improved in vivo cardiac function[END_REF][START_REF] Mourmoura | Evolution from increased cardiac mechanical function towards cardiomyopathy in the obese rat due to unbalanced high fat and abundant equilibrated diets[END_REF]. For technical reasons, it was not possible to evaluate cardiac mechanical activity in the present study, but our data supported increased intracellular calcium level in the hearts of the WD-fed female rats, without any sign of myocardial apoptosis. A physiological increase in intracellular calcium stimulates the cardiac mechanical function through an activation of the excitation/contraction coupling [START_REF] Eisner | Calcium and excitationcontraction coupling in the heart[END_REF] and mitochondrial energy metabolism [START_REF] Rossi | Calcium, mitochondria and cell metabolism: a functional triangle in bioenergetics[END_REF]. The decrease in CaMKII expression suggests a desensitization of the calcium signal due to an increased intracellular calcium. This higher intracellular calcium concentration was associated with a lower PDK4 expression which is known to increase pyruvate dehydrogenase activity [START_REF] Zhang | The pivotal role of pyruvate dehydrogenase kinases in metabolic flexibility[END_REF] and glucose oxidation. Yet, stimulation of mechanical activity of the heart has been found to increase glucose oxidation without modifying fatty acid utilization by Neely et al. [START_REF] Neely | Effects of mechanical activity and hormones on myocardial glucose and fatty acid utilization[END_REF]. Thus, our data strongly suggest that the short term WD also increased the cardiac mechanical activity of the female rats.

Further supporting a plausible increase in intracellular and matrix calcium, we have previously observed a stimulation of mitochondrial energy production in the same atrial human samples than those used for the present study [18]. A physiological elevation of matrix calcium stimulates oxidative phosphorylation [20]. This effect allows the production of a sufficient amount of energy to sustain an increased cardiac mechanical activity. We previously reported a similar metabolic stimulation of mitochondria which were isolated from the left ventricle of WD-fed male rodents [START_REF] Mourmoura | Long-term abdominal adiposity activates several parameters of cardiac energy function[END_REF].

The higher cardiac mechanical function was associated with several changes in the fatty acid composition of membrane phospholipids. Hence, we observed a decrease in C18:2 n-6 proportion in favour of C20:4 n-6 and a reduction of C20:5 n-3 in favour of C22:5 and C22:6 n-3 in the cardiac phospholipids of WD-fed female rats. These changes were similar to those previously observed in WD-fed male rats [START_REF] Mourmoura | Body adiposity dictates different mechanisms of increased coronary reactivity related to improved in vivo cardiac function[END_REF][START_REF] Mourmoura | Evolution from increased cardiac mechanical function towards cardiomyopathy in the obese rat due to unbalanced high fat and abundant equilibrated diets[END_REF]. These elongase and desaturase activations induced by WD whatever the gender of the rodents were probably due to the high contents of saturated and monounsaturated fats in the diet and occurred in order to maintain a healthy unsaturation degree and fluidity of the cardiac membranes. We suspected that the higher pro inflammatory C20:4 n-6 and lower anti-inflammatory C20:5 n-3 were responsible for an activation of the inflammation process which was characterized by a huge production of proinflammatory eicosanoids. Indeed, COX2 expression was increased by 82% with WD and the ratio between C20:4 n-6 and C20:5 n-3 in membrane phospholipids increased from 153 ± 22 in the control group to 995 ± 207 in the WD group (p < 0.01). A direct link between a probable overproduction of pro-inflammatory eicosanoids and the increased in vivo contractility remains to be characterized but our previous study [START_REF] Mourmoura | Body adiposity dictates different mechanisms of increased coronary reactivity related to improved in vivo cardiac function[END_REF] strongly suggested that the increased in vivo contractility depended on the increased arachidonic acid proportion and pro-inflammatory eicosanoid overproduction. On the contrary, in the perfused heart, myocardial contractility was not increased by the WD when the coronary flow was strictly similar between WD and the control groups [START_REF] Mourmoura | Evolution from increased cardiac mechanical function towards cardiomyopathy in the obese rat due to unbalanced high fat and abundant equilibrated diets[END_REF]. This indicates that the WD-induced changes in the fatty acid profile of cardiac phospholipids did not alter cardiomyocyte contractility. It is possible that the proinflammatory eicosanoid production was blunted in the ex vivo situation and therefore the contractility was not increased. However, we cannot exclude the involvement of an extra cardiac effect via hormonal and/or a nervous regulations. Moreover, as myocardial IB expression was not modified with WD, the NFB pathway was probably not activated.

However, Tnf- gene expression was significantly increased indicating that the hearts of the WD-fed rats were probably only recently engaged in the inflammation pathway and then that the low-grade inflammation which is known to occur during obesity was not responsible for the substantial changes of cardiac homeostasis that we observed.

We had the opportunity to compared our observations to the fatty acid composition of human atrial phospholipids in lean and moderately obese people. The membrane lipid composition of moderately obese patients resembled to that of lean subjects. However, two fatty acids differed in their proportions. The first fatty acid was pentadecylic acid (C15:0), a saturated fatty acid which is present in dairy fats [START_REF] Smedman | Pentadecanoic acid in serum as a marker for intake of milk fat: relations between intake of milk fat and metabolic risk factors[END_REF]. The two rodent diets being devoid of dairy fats, C15:0 was not detected in the cardiac phospholipids of the control diet-and WD-fed rats. In humans, its proportion was higher in obese subjects than in lean ones, suggesting that obese people from our study had consumed more dairy products than lean patients. The second fatty acid differing in lean and obese patients was cetoleic acid (C22:1 n-11), a minor component of some fish oils.

C22:1 n-11 was decreased in rat cardiac phospholipids by the WD, because this diet contained a lower proportion of fish oil than the control diet. In humans, it was increased by obesity. As no food reports were included in this study, we cannot confirm if obese people ate more sea food than their lean littermate.

The atrial phospholipids of obese human did not apparently display the pro inflammatory profile noticed in the ventricle phospholipids of WD-fed male and female rats. The rat pro inflammatory profile was characterized by lower linoleic acid and higher arachidonic acid proportions. In the right atrium of obese subjects, a tendency toward a lower linoleic acid proportion (-14%) was noticed, but arachidonic acid proportion was unchanged. Two main reasons may explain inconsistencies between rat and human tissues. Firstly, the diet of obese people might not contain as much saturated and monounsaturated fatty acids as WD of our rats. This would partly prevent elongase and desaturase activation. Secondly, the development stage of obesity differed between the two species. Contrasting with the human study, the body weight was unchanged in female rats in spite of the WD ingestion. The increased elongase and desaturase activities and the elevated COX2 expression that were observed in the left ventricles of rats could have also occurred in human right atria earlier during the development of obesity. This hypothesis is supported by our previous study showing differences between WD-fed rats according to their body weight gain [START_REF] Mourmoura | Body adiposity dictates different mechanisms of increased coronary reactivity related to improved in vivo cardiac function[END_REF]. Unfortunately, it was not possible to collect human right atria at an early stage of obesity.

Other mechanisms susceptible in explaining the early changes in cardiac homeostasis

Some of our previous data [START_REF] Mourmoura | Evolution from increased cardiac mechanical function towards cardiomyopathy in the obese rat due to unbalanced high fat and abundant equilibrated diets[END_REF] suggested that the stimulating agent acting in vivo after the WD intake was supplied via the blood through hormonal regulation or the nervous system according to a neuro-humoral activity. Obesity, notably excess fat deposit, leads to leptin overproduction and adrenergic stimulation [START_REF] Grassi | Adrenergic and reflex abnormalities in obesity-related hypertension[END_REF] via an effect of leptin on the ventromedial hypothalamus [START_REF] Satoh | Sympathetic activation of leptin via the ventromedial hypothalamus: leptin-induced increase in catecholamine secretion[END_REF].

Although we did not evaluate circulating leptin in the present study, the observed accumulation of peri ovarian and subcutaneous fats in the WD-fed female rats is a strong argument suggesting a leptin overproduction. Adrenergic stimulation activates the adenylate cyclase, leading to the synthesis of cyclic AMP, increasing myofibril calcium level and thus inducing positive inotropic and chronotropic effects via activation of cardiomyocyte 1 adrenoceptors [START_REF] Cohn | Sympathetic nervous system activity and the heart[END_REF].

Adrenergic stimulation also activates the 2 adrenoceptors of the coronary vessels, promoting their dilatation, an increased coronary flow, and an enhanced oxygen and substrate supplies to the cardiomyocytes [START_REF] Barbato | Role of beta2 adrenergic receptors in human atherosclerotic coronary arteries[END_REF], that contribute to sustain cardiac mechanical activity. The stimulated cardiac mechanical activity observed after WD ingestion can be related to the activation of the adrenergic system. However, we had not the possibility to evaluate blood adrenaline and norepinephrine levels in our study.

The development of the oedema in the heart of the WD group indicated sodium overload in the cardiomyocytes which can result from an energy deficiency. We demonstrated a drop in the GSH to GSSG ratio in the WD group compared to the LC one. GSH is consumed by the GPX1 enzyme to detoxify different kind of peroxides. The reaction leads to the formation of the oxidized GSSG which is regenerated into GSH by means of the glutathione reductase enzyme and NADPH. The amount of GSH depends on NADPH availability which is closely related to NADH level [32]. Consequently, the GSH to GSSG ratio probably evolves in parallel with the NADH to NAD + ratio and thus the redox potential. The lower GSH to GSSG ratio suggested thus a lower redox potential which probably results from an intense oxidation of NADH in the respiratory chain to produce ATP in order to sustain the stimulated cardiac mechanical activity in the WD group. The magnitude of the energy necessary for contractile machinery probably overpasses ATP production in the WD group leading to dysfunctions of several ionic transport systems. The Na/K-ATPase represents a good candidate for the perturbations observed in the WD group, considered a dysfunction of this transport system due to energy deficiency should retain sodium in the cardiomyocytes and should favour water entry into these cardiomyocytes and thus the oedema.

Possible mechanisms responsible for heart failure occurring with severe obesity

The trend for a higher HIF-1 expression in the WD group further supports the energy deficiency hypothesis in our study. The increase in HIF-1 expression was important (42%) all the more so due to the short duration of the WD ingestion (5 weeks only). The induction of the HIF-1 suggested an insufficient oxygen supply. The pro inflammatory lipid profile is a good candidate to explain a deficit in coronary flow. Indeed, COX2 and eicosanoid synthases favour the production of numerous vasoactive agents which can increase or decrease the coronary flow.

In the present study, we did not evaluate these agents, nor obtain a direct measurement of the in vivo coronary flow. However, a previous study performed in WD-fed male rats with a similar pro inflammatory lipid profile as that observed in female rats of the present study showed a WD-related decrease in contractility when the hearts were perfused at fixed pressure. Upon these conditions, the coronary flow depends on the dilatation state of the coronary vessels which could be decreased by the vasoactive agents produced from the pro inflammatory lipid profile.

The lower contractility was thus attributed to a decreased coronary flow or an heterogeneous coronary flow with low-flow zones. An oxygen disequilibrium resulting from the stimulated myocardial contractility and a too low coronary flow could be responsible for the increased HIF1- expression.

Another hypothesis could involve angiotensin 2. A recent study has reported that blood angiotensin 2 is strongly increased after a WD [START_REF] Kim | High fat diet confers vascular hyper-contractility against angiotensin II through upregulation of MLCK and CPI-17[END_REF]. Given its vasoconstriction properties, this substance could participate to the increased HIF1- expression. However, we had not the opportunity to determine circulating angiotensin 2 in the present study.

It was also demonstrated that an increase of HIF-1 expression triggered an adaptation towards hypoxic conditions and cellular repairs [START_REF] Huang | Cardiac myocyte-specific HIF-1alpha deletion alters vascularization, energy availability, calcium flux, and contractility in the normoxic heart[END_REF]. In agreement with this, the capacities to scavenge superoxide anion and hydrogen peroxides were improved, which could facilitate cellular survival, as the expression of the mitochondrial enzymatic defences (SOD2 and GPX1) was increased. Supporting this, the mitochondrial oxidative stress evaluated by the level of protein carbonylation, tended to be lower with WD (-34%, p = 0.15). However, we could speculate that oxidative stress could increase with time as the ionic disequilibrium observed after the WD feeding can be a source of mitochondrial ROS. It was shown that excess calcium within the mitochondrial matrix triggers ROS release from these organelles [START_REF] Bertero | Calcium signaling and reactive oxygen species in mitochondria[END_REF]. The ROS release from a mitochondria can even induce a ROS release from neighbouring mitochondria, a phenomenon which is called ROS-induced ROS release [38]. The decreased GSH to GSSG ratio, indicated either an increased ROS detoxification, a reduced NADH production from the intermediary metabolism due to oxygen deficiency, and/or an increased NADH utilization in the respiratory chain.

In the present study, although the system was unbalanced, no oxidative stress and no cellular death occurred, probably because body fat deposition was still in an early phase. However, with severe obesity, many physiological processes may be dysregulated, leading to the saturation of cellular capacities to scavenge intracellular ROS, cell death and heart failure.

Limitations of the study

Android obesity is characterized by abdominal fat accumulation in males and it is recognized as being deleterious for cardiovascular health [START_REF] Attia | Impact of android overweight or obesity and insulin resistance on basal and postprandial SR-BI and ABCA1-mediated serum cholesterol efflux capacities[END_REF]. In the present study, the WD-fed female rats displayed both peri ovarian adiposity and subcutaneous fat accumulation. Peri ovarian adiposity consists of fat accumulation in the abdominal area and it resembles to android obesity. However, gender differences may exist in the consequences of the different fat deposits on health. Consequently, it was unlikely that we could incriminate one fat depot specifically in the deleterious effect on the heart in female rats.

The fatty acid composition of human biopsies was determined in the right atrium whereas it was measured in the left ventricles of Wistar rats. We had the opportunity to perform a preliminary study in humans by using atrial tissue obtained during an open chest surgery. This piece of tissue is collected to allow the establishment of an extracorporeal circulation. In our study, we used this tissue to perform our measurements because the collection of human left ventricle is ethically almost impossible. Right atrium and left ventricle have distinct functions and could display different membrane lipid profile, but we speculated that obesity has the same effect on membrane phospholipids. So analysing atrial phospholipids is also limitation of our study. In addition, atrial biopsies were collected from either lean or obese male and female. Yet, the membrane lipid profiles of these biopsies were compared to the cardiac tissue of controland WD-fed rats which were females. A gender difference may exist concerning the fatty acid profile of atrial phospholipids. However, the studies that we performed earlier in male rats [START_REF] Mourmoura | Body adiposity dictates different mechanisms of increased coronary reactivity related to improved in vivo cardiac function[END_REF][START_REF] Mourmoura | Evolution from increased cardiac mechanical function towards cardiomyopathy in the obese rat due to unbalanced high fat and abundant equilibrated diets[END_REF] indicate that an experimental model of WD with a very similar diet profile, triggered similar changes in the cardiac lipid profile as those observed in the female rats of the present study. In humans, this might be probably different. Finally, the fatty acid profile of cardiac phospholipids is highly related to the quantity and nature of fatty acids found in the diet. The ingested lipids may differ between individuals and this should result in divergent fatty acid profiles of atrial phospholipids. The fact that men and woman were mixed in a same group could introduce variability and prevent the occurrence of significant results, especially since the size of our groups was low for a human study (n=5).

Conclusion

Ingestion of a WD rapidly induces an important stress which overwhelms the organism. The increase in intracellular calcium is intense, since cardiac mechanical activity is strongly increased. Although the fatty acid composition of cardiac phospholipids adopted an inflammatory profile, it remains to determine whether the increased intracellular calcium is due to the changes in membrane lipids and to the induction of the inflammation process. Obese humans displayed a similar activation of cardiac function, although the membrane lipid composition of the right atrium is more similar in obese and lean humans.

Due to a disequilibrium between the stimulation of cardiac function and the oxygen supply in the rat, an energy deficiency settles in the myocardium and triggers a strong decrease in the redox potential. The reduced GSH to GSSG ratio observed in the present study proves that the capacities to scavenge ROS is strongly decreased in that situation. In the conditions of our experiment, the disequilibrium had no deleterious cardiac consequences except the development of an oedema, because the obesity state was not too severe. However, with severe obesity, an important oxidative stress would occur and numerous cardiomyocytes would die. This is detrimental to the heart and would explain the well-known heart failure resulting from severe obesity. 
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Fig. 3

 3 Fig. 3 Influence of the Western diet on myocardial activity. The Western Blots have been performed individually for each rat and the quantitative results represent the average of 12 rats per group. A: calcium-calmodulin ATPase-II phosphorylated at threonine 287, calciumcalmodulin ATPase-II, pyruvate dehydrogenase kinase-4 and carnitine palmitoylCoA transferase-1 expressions as well as citrate synthase activity; B: calcium-calmodulin ATPase-II phosphorylated at threonine 287, calcium-calmodulin ATPase-II, pyruvate dehydrogenase kinase-4 and carnitine palmitoylCoA transferase-1 representative immunoblots; C: corresponding protein content by densitometry; AU: arbitrary units; LC: laboratory chow; WD:Western diet; M: Mix; p: probability. Probability lower than 0.05 was considered significant.

Fig. 4

 4 Fig. 4 Influence of the Western diet on some parameters of the redox potential. The means represent a consortium of 12 animals per group. A: myocardial content of total glutathione; B: myocardial content of reduced glutathione (GSH); C: myocardial content of oxidized glutathione (GSSG); D: ratio between reduced and oxidized glutathione; E: hypoxia-inducible factor (HIF-1) alpha (HIF-1) expression; F: HIF-1 representative immunoblots; G: corresponding protein content by densitometry; AU : arbitrary units; LC: rats fed with the

Fig. 5

 5 Fig. 5 Effects of the Western diet on some aspects of mitochondrial oxidative stress. The means represent a consortium of 12 rats per group. A: sirtuin-3 (SIRT3), superoxide dismutase-2 (SOD2), glutathione peroxidase-1 (GPX1), carbonylated proteins (Prot. Carb.) and nitrotyrosinated proteins ( Prot. Nitr.) expressions of the myocardium; B: representative immunoblots of these proteins; C: corresponding protein content (Prot. Cont.) by densitometry; AU: arbitrary unites; LC: laboratory chow; WD: Western diet; M: Mix; p: probability.Probability lower than 0.05 was considered significant.

Fig. 6

 6 Fig. 6 Influence of the Western diet on some parameters of the inflammation process. The results represent the average of 12 rats per group. A: myocardial cyclooxygenase-2 (COX2) expression; B: COX2 representative immunoblots; C: corresponding protein content by densitometry; D: myocardial interleukin-1 (Il-1) gene expression; E: myocardial tumor necrosis factor- (Tnf-) gene expression; F: myocardial IkappaB- (IB) expression; G: IB representative immunoblots; H: corresponding protein content by densitometry; AU: arbitrary unites; LC: laboratory chow; WD: Western diet; M: Mix; p: probability; NS: not significant. Probability lower than 0.05 was considered significant.

  

  

  

  

  

  

Table 1 .

 1 Fatty acid composition of the total lipids of the laboratory chow and Western diet

	Fatty acid	LC	WD
	C14:0	0.53	1.34
	C16:0	18.8	25.32
	C18:0	2.54	12.11
	Total SFA	22.3	39.06
	C16:1n-7	0.71	2.28
	C18:1n-7	1.59	3.59
	C18:1n-9	21.22	37.91
	C20:1n-9	0.8	0.44
	Total MUFA	24.36	44.37
	C18:2n-6	47.54	15.29
	C20:2 n-6	0.12	0.28
	Total n-6 PUFA	47.75	15.7
	C18:3n-3	3.84	0.65
	C18;4n-3	0.13	0.02
	C20:5n-3	0.54	nd
	C22:6n-3	0.83	nd
	Total n-3 PUFA	5.43	0.69
	Total PUFA	53.18	16.39
	n-6/n-3	8.79	22.75
	The results are expressed in proportion of total fatty acids measured as peak area. LC: laboratory
	chow; WD: Western diet; SFA: saturated fatty acids; MUFA: monounsaturated fatty acids;
	PUFA: polyunsaturated fatty acids; n-6/n-3: ratio between n-6 PUFA and n-3 PUFA; nd: not
	detected.		

Table 2 .

 2 Real-time PCR primers used in this study.

Table 3 .

 3 Effects of the Western diet on some aspects of rat biometrics

		LC	WD	Anova
	Body weight (g)	294 ± 4	299 ± 5	NS
	Subcut AT (g)	2.6 ± 0.2	4.1 ± 0.3	p < 0.001
	Perov AT (g)	2.4 ± 0.4	7.4 ± 0.4	p < 0.001
	Heart (g)	0.85 ± 0.01	0.85 ± 0.02	NS

The number of animals was 12 in each group. LC: Laboratory Chow; WD: Western Diet ; Subcut AT: subcutaneous adipose tissue; Periov AT: periovarian adipose tissue; Anova : Analysis of variance; p; probability; NS: not significant.

Table 4

 4 Fatty acid composition of myocardial phospholipids of laboratory chow-and WesternThe number of experiments was 12 per group. The results are expressed in percents of total fatty acids. LC: Laboratory Chow; WD: Western Diet; SFA : total saturated fatty acids; MUFA: total monounsaturated fatty acids; PUFA: total polyunsaturated fatty acids; n-6/n-3: ratio between n-6 PUFA and n-3 PUFA; Anova: Analysis of variance; p: probability; NS: not significant.

	856			
	857	diet-fed rats		
			LC	WD	Anova
		C14:0	0.25 ± 0.02	0.24 ± 0.02	NS
		C16:0	15.90 ± 0.25	13.62 ± 0.37	p < 0.001
		C17:0	0.42 ± 0.01	0.21 ± 0.01	p < 0.001
		C18:0	23.71 ± 0.07	26.97 ± 0.45	p < 0.01
		C20:0	0.22 ± 0.01	0.20 ± 0.01	p < 0.01
		SFA	40.43 ± 0.42	41.46 ± 0.26	p < 0.05
		C15:1	0.17 ± 0.01	0.27 ± 0.01	p < 0.001
		C16:1 n-7	0.52 ± 0.03	0.29 ± 0.03	p < 0.001
		C17:1	0.41 ± 0.01	0.48 ± 0.02	p < 0.05
		C18:1 n-7	5.18 ± 0.19	5.61 ± 0.38	NS
		C18:1 n-9	4.06 ± 0.06	3.17 ± 0.08	p < 0.001
		C20:1 n-9	0.14 ± 0.01	0.12 ± 0.01	NS
		C22:1 n-11	0.93 ± 0.04	0.61 ± 0.05	p < 0.001
		MUFA	11.66 ± 0.24	10.68 ± 0.43	NS
		C18:2 n-6	20.56 ± 0.23	11.34 ± 0.22	p < 0.001
		C20:2 n-6	0.15 ± 0.01	0.24 ± 0.01	p < 0.001
		C20:3 n-6	0.25 ± 0.01	0.24 ± 0.01	NS
		C20:4 n-6	17.34 ± 0.16	21.30 ± 0.61	p < 0.001
		C22:4 n-6	0.69 ± 0.03	1.16 ± 0.03	p < 0.001
		C22:5 n-6	0.66 ± 0.03	1.93 ± 0.11	p < 0.001
		n-6 PUFA	39.07 ± 0.54	37.16 ± 0.56	p < 0.05
		C18:3 n-3	0.16 ± 0.01	0.09 ± 0.01	p < 0.001
		C20:5 n-3	0.12 ± 0.01	0.01 ± 0.01	p < 0.001
		C22:5 n-3	0.95 ± 0.04	1.20 ± 0.04	p < 0.001
		C22:6 n-3	6.73 ± 0.09	7.28 ± 0.13	p < 0.01

Table 5

 5 Effects of obesity on the fatty acid composition of atrial phospholipids of human

	865			
	866	individuals		
		Fatty acid	Lean	Obese	Anova
		C14:0	1.37 ± 0.06	1.55 ± 0.40	NS
		C15:0	0.26 ± 0.03	0.38 ± 0.03	p < 0.05
		C16:0	24.30 ± 0.43	25.74 ± 0.52	NS
		C17:0	0.31 ± 0.02	0.31 ± 0.02	NS
		C18:0	13.87 ± 1.14	15.02 ± 2.05	NS
		C20:0	0.20 ± 0.02	0.24 ± 0.04	NS
		SFA	41.25 ± 0.83	43.29 ± 1.82	NS
		C15:1	0.51 ± 0.08	0.70 ± 0.13	NS
		C16:1 n-7	2.82 ± 0.51	2.56 ± 1.19	NS
		C17:1	0.56 ± 0.07	0.53 ± 0.13	NS
		C18:1 n-7	2.20 ± 0.16	2.16 ± 0.25	NS
		C18:1 n-9	15.37 ± 1.28	16.75 ± 3.85	NS
		C20:1 n-9	0.25 ± 0.05	0.24 ± 0.03	NS
		C22:1 n-11	1.49 ± 0.22	3.38 ± 0.65	p < 0.05
		MUFA	23.41 ± 1.62	26.43 ± 4.61	NS
		C18:2 n-6	14.44 ± 1.15	12.37 ± 0.58	NS
		C20:2 n-6	0.19 ± 0.02	0.12 ± 0.01	NS
		C20:3 n-6	0.75 ± 0.07	0.79 ± 0.08	NS
		C20:4 n-6	11.94 ± 1.48	11.37 ± 1.54	NS
		C22:4 n-6	0.62 ± 0.04	0.61 ± 0.07	NS
		n-6 PUFA	30.23 ± 1.14	25.49 ± 2.16	NS
		C18:3 n-3	0.33 ± 0.06	0.21 ± 0.04	NS
		C20:5 n-3	0.35 ± 0.05	0.49 ± 0.22	NS
		C22:5 n-3	0.70 ± 0.07	0.58 ± 0.07	NS
		C22:6 n-3	2.15 ± 0.11	2.24 ± 0.59	NS
		n-3 PUFA	3.60 ± 0.33	3.62 ± 0.82	NS
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