Luc Demaison 
email: luc.demaison@inrae.fr
  
Oxidative Stress and Obesity-and Type 2 Diabetes-Induced Heart Failure

Obesity is a risk factor for the development of type 2 diabetes (T2D), which is associated with cardiovascular diseases [START_REF] Tobin | Symposium: Nutritional and metabolic diversity: Understanding the basis of biologic variance in the obesity/diabetes/cardiovascular disease connection. Introduction[END_REF]. Although moderate obesity improves the function of cardiac mitochondria in animals [START_REF] Mourmoura | Long-term abdominal adiposity activates several parameters of cardiac energy function[END_REF] and humans (BMI = 32) [START_REF] Leger | A procedure to extract functional isolated mitochondria from small-sized human atrial samples. Application to obesity with a partial characterisation of the organelles[END_REF], diabetes mellitus strongly deteriorates the activity of these organelles [START_REF] Ferko | Functional remodeling of heart mitochondria in acute diabetes: Interrelationships between damage, endogenous protection and adaptation[END_REF] and precipitates the myocardium toward heart failure [START_REF] Wang | Prediction of heart failure in patients with type 2 diabetes mellitus-a systematic review and meta-analysis[END_REF]. The deleterious action of T2D on mitochondrial function seems to result from increased oxidative stress [START_REF] Santos | Diabetes and mitochondrial oxidative stress: A study using heart mitochondria from the diabetic Goto-Kakizaki rat[END_REF]. In contrast, moderate obesity triggers a reduction in oxidative stress [START_REF] Léger | Dietary canolol protects the heart against the deleterious effects induced by the association of rapeseed oil, vitamin E and coenzyme Q10 in the context of a high-fat diet[END_REF] and an improved cardiac mechanical function [START_REF] Mourmoura | Body adiposity dictates different mechanisms of increased coronary reactivity related to improved in vivo cardiac function[END_REF].

A good strategy to treat heart failure in T2D consists of supplying adequate antioxidants [START_REF] Abdel-Raheem | Antiapoptotic and antioxidant effects of carvedilol and vitamin E protect against diabetic nephropathy and cardiomyopathy in diabetic Wistar albino rats[END_REF]. However, antioxidants are numerous and each of them has specific properties. The choice of a good antioxidant is thus crucial. This Special Issue, concerning T2D, heart function and oxidative stress, contains seven contributions, six research articles and one review, and it details recent advances on this topic.

In a first set of studies, the session describes the involvement of several enzymes in the oxidative stress observed in T2D. Steyn et al. [START_REF] Steyn | Sex Differences in Glutathione Peroxidase Activity and Central Obesity in Patients with Type 2 Diabetes at High Risk of Cardio-Renal Disease[END_REF] show the relationship between central obesity and plasma glutathione peroxidase-3 activity in men and women and explain the higher cardio-renal risk in women in terms of higher obesity status and tougher oxidative stress. In another study [START_REF] Hafstad | NADPH Oxidase 2 Mediates Myocardial Oxygen Wasting in Obesity[END_REF], the involvement of NADPH-oxidase 2 (NOX-2) in the cardiac bioenergetics dysfunction and oxidative stress encountered in T2D is measured in NOX-2 deficient mice and high fat-fed mice subjected to NOX-2 pharmacological inhibition. The authors show that NOX-2 suppression and inhibition improve cardiac function and decrease oxidative stress. A link between NOX-2, the activity of which consists of producing superoxide anions, and mitochondrial reactive oxygen species, is even highlighted.

In a second set of studies, several publications describe the effects of different interventions on systemic and cardiac dysfunction in the context of diabetes mellitus. Exercise training is known to protect the heart during T2D. In their study, Kar et al. [START_REF] Kar | Exercise Training Promotes Cardiac Hydrogen Sulfide Biosynthesis and Mitigates Pyroptosis to Prevent High-Fat Diet-Induced Diabetic Cardiomyopathy[END_REF] show that this beneficial effect is related to a change in the antioxidant hydrogen sulfide in the heart and a modulation of pyroptosis. A second study [START_REF] Ghibu | Impact of Alpha-Lipoic Acid Chronic Discontinuous Treatment in Cardiometabolic Disorders and Oxidative Stress Induced by Fructose Intake in Rats[END_REF] describes the effects of the antioxidant alpha-lipoic acid given as chronic discontinuous treatment on several markers of insulin resistance, plasma oxidative stress and inflammation. The investigators reveal that the type of treatment given has beneficial actions on several of the studied parameters. A third study [START_REF] Zych | Effect of Rosmarinic Acid and Sinapic Acid on Oxidative Stress Parameters in the Cardiac Tissue and Serum of Type 2 Diabetic Female Rats[END_REF] deals with the effects of two well-known antioxidants, rosmarinic acid and sinapic acid, on several serum and cardiac oxidative stress markers in female diabetic rats. This study shows that both antioxidants given at adequate doses improve the markers of cardiac oxidative stress. Finally, a fourth study [START_REF] Leger | Dietary EPA Increases Rat Mortality in Diabetes Mellitus, A Phenomenon Which Is Compensated by Green Tea Extract[END_REF] reveals the influence of dietary eicosapentaenoic (EPA) acid on rat survival during diabetes mellitus and the effect of the association between this anti-inflammatory and antioxidant omega-3 polyunsaturated fatty acid in association with green tea extract (GTE). Surprisingly, EPA is lethal in diabetic rats and GTE completely alleviates this detrimental effect, suggesting that the choice of an adequate antioxidant is crucial to improve the health of diabetic patients.

The session is concluded by a review article [START_REF] Pellegrino | Oxidative Imbalance and Kidney Damage: New Study Perspectives from Animal Models to Hospitalized Patients[END_REF] dealing with chronic kidney disease (CKD), which is known to be associated with strong mortality and a high risk of cardiovascular disease.
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Both animal and human models are reviewed in order to finally conclude that the redox balance is strongly involved in the detrimental consequences of CKD and that adequate antioxidant treatments might be beneficial.

If this Special Issue supplies important information on how to fight T2D-related oxidative stress, it does not explain the transition between moderate obesity, characterized by improved oxidative stress, mitochondrial function and cardiac mechanical activity, and the deterioration of cardiac function during diabetic cardiomyopathy. The resolution of this surprising paradigm may offer new lines of attack to prevent the development of T2D-related heart failure.
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