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THE MANY ACTIONS OF PUFAs
Polyunsaturated fatty acids (PUFAs) such as eicosapentaenoic 
acid (EPA) and docosahexaenoic acid (DHA) are often 
incorporated into the phospholipids of the plasma membrane 
and the membrane of organelles such as the mitochondria. 
Because the structurally kinked PUFAs replace more linear fatty 
acids in the phospholipids, they alter the fluid characteristics of 
the membranes, effecting changes in protein/enzyme function 
and ion channel conductance. The enzyme phospholipase A2 
(PLA2) liberates EPA and DHA from the membrane into the 
cytoplasm (1), where they are subject to one of two oxidation 
pathways—enzymatic or nonenzymatic (i.e., spontaneous). 

In the enzymatic pathway (2), enzymes breakdown the PUFAs 
to form eicosanoids, which can enter the nucleus where they 
downregulate expression of genes that promote inflammation 
(a). Eicosanoids can also travel through the bloodstream where 
they reduce platelet aggregation and the accumulation of fatty 
acids in the arteries (b). 

PUFAs are also subject to spontaneous oxidation by reactive 
oxygen species (3), which can attack both free EPA and DHA or 
PUFAs still incorporated in the membrane. These reactions result 
in the formation of lipid peroxides, such as hydroperoxy-DHA 
and -EPA, which can activate transcription factors such as 
PPARs (c) and Nrf2 (d), upregulating gene expression in the 
nucleus (e). Activation of PPARs can increase production of 
mitochondrial proteins (f) and cause increased lipid oxidation 
capacity, while Nrf2 activation leads to increased expression of 
antioxidant/anti-inflammatory genes. 

Nonenzymatic oxidation of PUFAs also results in the formation 
of reactive aldehydes, such as 4-hydroxyhexenal. These 
molecules, previously thought to only have harmful effects in 

the cell, can activate gene expression changes via PPARs 
and Nfr2 (e), and can also have a direct influence 

on ion channel conductance (g) and activity of 
proteins/enzymes via carbonyl modification. Free
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