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When the relative oxidative stabilities of typical polyunsaturated fatty acids (PUFAs) are compared in air (bulk phase) or in organic solvents, docosahexaenoic acid (22:6n-3; DHA) is most rapidly oxidized, followed by eicosapentaenoic acid (20:5n-3; EPA), arachidonic acid (20:4n-6; AA), a-linonelic acid (18:3n-3) and linoleic acid (18:2n-6), respectively. From these results, it is generally accepted that lipid oxidation of omega-3 PUFAs such as DHA and EPA is major problem in utilization to make food materials and that a high intake of these PUFAs may increase the oxidative stress of biological systems. 
On the other hand, we found that the oxidative stability of PUFAs in an aqueous solution is quite different from that in bulk phase or in organic solvent and the stability is inversely proportional to the degree of unsaturation in the aqueous system. What is the reason for this paradoxical behavior of the PUFAs in aqueous systems? NMR analysis gives useful information that more unsaturated fatty acids have higher flexibility of acyl chain conformation in aqueous systems. This flexibility brings about its high water permeability. The presence of water molecule near acyl moieties decreases the density of bis-allylic positions, where hydrogen radical abstraction occurs at the start of lipid oxidation; therefore, more unsaturated fatty acids will be oxidatively more stable than less unsaturated fatty acids in aqueous micelles. 
It is known that there is little influence on the lipid peroxidation in animals fed DHA or DHA containing fish oil, showing that the effect of highly unsaturated fatty acids such as DHA in biological systems would be different from the bulk or organic solution system. For example, DHA ingestion did not increase lipid peroxides to the level expected from the peroxidizability index of the tissue total lipids. Levels of phospholipid hydroperoxides and thiobarbituric acid-reactive substances in rat organs fed fish oil diet were similar to those of the safflower oil diet group. These in vivo studies indicate the difference in the oxidative stability of highly unsaturated fatty acids such as AA and DHA between biological systems and bulk phase. The characteristic oxidative stability of PUFA in aqueous system will be important for better understanding lipid peroxidation in food and biological systems, because these systems are complex, multicomponent, and heterogeneous, in which lipids are present with various kinds of other components in aqueous medium.

