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Arachidonic Acid Fights Palmitate -New insights into fatty acid toxicity to β-cells Commentary on "Arachidonic acid actions on functional integrity and attenuation of the negative effects of palmitic acid in a clonal pancreatic β-cell line"

Saturated fatty acids are toxic to pancreatic β-cells. By inducing apoptosis, they contribute to a decrease in β-cell mass, a hallmark of type 2 diabetes. In this issue of Clinical Science, Keane and co-workers show that the polyunsaturated fatty acid arachidonic acid protects the β-cell against the toxic effects of palmitate. As type 2 diabetes is characterised by subclinical inflammation, and arachidonic acid and metabolites thereof are produced during states of inflammation, it is possible that pancreatic β-cells use arachidonic acid as a compound for self-protection.

Main text

. In this issue of Clinical Science, Keane and co-workers present novel results that show a similar effect of the polyunsaturated fatty acid arachidonic acid. Beyond conferring protection against palmitate-induced cell death and inhibition of insulin secretion, arachidonic acid

reduced the formation of reactive oxygen species that appeared after palmitate exposure. Overall, arachidonic acid relieved the β-cells from oxidative stress induced by palmitate as indicated by an increased GSH/GSSG ratio. This finding can be important because plasma levels of palmitate are elevated in patients with type 2 diabetes [START_REF] Yi | Simultaneously quantitative measurement of comprehensive profiles of esterified and non-esterified fatty acid in plasma of type 2 diabetic patients[END_REF] and given the deleterious actions of palmitate observed in-vitro, it can very well be so that palmitate cytotoxicity contribute to the reduction in β-cell mass observed in patients with type 2 diabetes [START_REF] Butler | -cell deficit and increased -cell apoptosis in humans with type 2 diabetes[END_REF]. Certainly, more research is needed. The study presented by Keane et al. solely use the insulinsecreting cell line BRIN-BD11 for their experiments. Further steps are to verify the results in primary β-cells. Next, the protective effects of arachidonic acid on β-cell function should be investigated in obese models of type 2 diabetes like high-fat diet feed animals and genetically obese animal models. Nevertheless the data presented by Keane and co-workers have interesting implications that are discussed below.

Can the protective effect of arachidonic acid be of physiological importance?

Arachidonic acid is endogenously produced from membrane phospholipids via the action of phospholipases A2 (PLA2), a large family of enzymes that hydrolyse the sn-2 position in phospholipids to generate arachidonic acid. This polyunsaturated fatty acid is the precursor lipid for production of prostaglandins (via the action of cyclooxygenases [COX] 1 and 2), hydroxyeicosatetraenoic acids and leukotrienes (via the action of lipooxygenases [LOX]). The expression of PLA2, COX 1, COX 2, 5-LOX and 12-LOX have all been verified in human islets of Langerhans [START_REF] Persaud | The role of arachidonic acid and its metabolites in insulin secretion from human islets of langerhans[END_REF]. Keane and co-workers use COX inhibitors to show that the effects of arachidonic acid on insulin secretion can be attributed to some of its metabolites formed by the action of COX enzymes. It should be noted that the data presented by Keane and coworkers are not absolutely clear. For instance the two COX 1 inhibitors acetaminophen and SC-560 have different effects on nutrient stimulated insulin secretion in the presence of arachidonic acid. Potentially, the use of siRNA-mediated knock-down of COX 1, COX 2, 5-LOX and 12-LOX might have given clearer results. However, while COX 1 is regarded as a house-keeping gene, COX 2 expression is up-regulated during states of inflammation. In recent years, several studies have been published that implicate subclinical chronic inflammation, especially in adipose tissue, as an important pathogenetic factor in the development of insulin resistance and type 2 diabetes [START_REF] Dandona | Inflammation: the link between insulin resistance, obesity and diabetes[END_REF]. This inflammatory state leads to the release of so-called adipokines from fat cells, of which interleukin (IL)-6 and tumour necrosis factor α (TNF-α) are elevated in patients with type 2 diabetes [START_REF] Nystrom | Increased levels of tumour necrosis factor- (TNF-) in patients with Type II diabetes mellitus after myocardial infarction are related to endothelial dysfunction[END_REF]. Thus, both mediators of an inflammatory response and palmitate are elevated in the circulation in type 2 diabetes. This opens the perspective to view a scenario where these adipokines stimulates metabolism of arachidonic acid via COX enzymes in the β-cells and thus production of a compound capable of providing protection against palmitate-induced cytotoxicity. It could be speculated that these series of events provide a mechanism for β-cell self protection against palmitate.

Another situation when β-cells are exposed to a state of inflammation is of course during the cell mediated immune attack that culminates in type 1 diabetes [START_REF] Eizirik | A choice of death--the signal-transduction of immune-mediated beta-cell apoptosis[END_REF]. In this process, the islets are invaded and infiltrated by macrophages and T-cells in an inflammatory reaction termed insulitis. These immune cells promote β-cell death both by establishing direct contact with the β-cells and by releasing cytokines like IL-1β, interferon-γ and TNF-α. Cytokines also induce COX 2 expression and subsequent prostaglandin production in human islets of Langerhans. Inhibition of COX 2 attenuates cytokine-induced prostaglandin production, but do not influence cytokine-induced islet destruction [START_REF] Heitmeier | Role of cyclooxygenase-2 in cytokine-induced -cell dysfunction and damage by isolated rat and human islets[END_REF]. It would be interesting to investigate whether arachidonic acid might afford protection against the deleterious effects of cytokines on islets.

Which is the dominant route for arachidonic acid metabolism in β-cells?

The findings reported by Keane and co-workers indicate that, in least in their system, arachidonic acid metabolism via COX signalling dominates over the LOX pathway. Admittedly, the data presented in the paper does not allow for this conclusion to be drown but some lines of evidences argues that this is the case. It has been noted that increased expression of 12-LOX in β-cells occurs during the prediabetic phase of β-cell dysfunction in the Zucker diabetic fatty rat model [START_REF] Tokuyama | Evolution of beta-cell dysfunction in the male Zucker diabetic fatty rat[END_REF]. Furthermore, when human islets were treated with stable metabolites derived from LOX these compounds were all able to induce β-cell dysfunction and apoptosis [START_REF] Ma | 12-Lipoxygenase Products Reduce Insulin Secretion and -Cell Viability in Human Islets[END_REF]. Taken together these observations indicate that metabolism of arachidonic acid via the LOX pathway generates metabolites that are harmful to the β-cell. Thus, if arachidonic acid metabolism via LOX-catalysed reactions would be dominating over COXcatalysed reactions it is unlikely that a cytoprotective effect of arachidonic acid would be observed as Keane and co-workers do.

Can the effect of arachidonic acid be exploited therapeutically?

Direct treatment of humans with arachidonic acid, or derivatives thereof, has to the best of my knowledge not been performed. On the other hand, the fact that salicylates in doses of about one gram can evoke hypoglycaemia has been known since 1870. Hypoglycaemic effects have been reported both for salicylates and non-steroid anti-inflammatory drugs (NSAIDs), which inhibit the COX enzymes. Certain COX inhibitors are able not only to enhance glucoseinduced insulin release in humans, but also to improve glucose tolerance and glucose-induced insulin release in patients with type 2 diabetes [START_REF] Robertson | Arachidonic acid metabolite regulation of insulin secretion[END_REF].
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