Introduction

Lipids are ancient and ubiquitous molecules. Among the
three domains of life on our planet, di erences are found in the
lipid chemistry of the predominant building blocks (e.g., I-glycerol
vs d-glycerol, ester vs ether linkages, among others) between life forms,
but even many viruses possess lipid envelopes until they are shed
inside the host cell. e evolution of an outer membrane composed of
a complex mixture of lipids, proteins, and carbohydrates is one of the
de ning characteristics of an organism. Lipids are generated from two
basic biosynthetic pathways [1]. e rst involves the condensation
of acyl carrier protein intermediates derived from malonyl-CoA and
acetyl-CoA esters and a carbanion intermediate.  is pathway leads to
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2-arachidonoylethanolamide are two such alternate substrates that
are biologically interesting in their own right. ey are the rst known
endogenous ligands for the cannabinoid receptors and are referred
to as endocannabinoids. ey are naturally occurring analgesic and
anti-in ammatory compounds that are metabolized by hydrolysis to
arachidonic acid or by oxygenation to prostaglandin- and leukotriene-
related derivatives. Rouzer and Marnett review the biochemistry of
endocannabinoid oxygenation by cyclooxygenase, lipoxygenases,
and cytochromes P450 and the signaling properties of these novel
metabolites [5].

e pharmacology of nonsteroidal anti-in ammatory drugs
and their ability to inhibit cyclooxygenase enzymes has inferred that
oxidized lipids are important mediators of in ammation. Indeed,
there is signi cant prostaglandin production during the development
of in ammation in various animal models and high levels of
prostaglandins are found in in amed tissue. However, oxidized
lipids are also important mediators of the resolution of in ammation
as reviewed by Serhan and Petasis. Multiple classes of pro-resolving
lipids exist including resolvins, protectins, and maresins.  ese are
polyhydroxylated derivatives of arachidonic acid, eicosapentaenoic
acid, and docosahexaenoic acid that are formed by sequential
oxygenation by multiple lipoxygenases. ey exert extremely potent
pro-resolving activity and may account for the bene cial e ects of the
w-3 fatty acids found in sh oil.

Nonenzymatic Fatty Acid Oxidation

e elegant chemical transformations that give rise to
prostaglandins, leukotrienes, and resolvins inter alia borrow heavily
from the autoxidation of polyunsaturated fatty acids. In fact, one can
consider their biosynthesis by cyclooxygenases and lipoxygenases
as enzyme-controlled autoxidations. e fundamental chemistry of
fatty acid autoxidation is reviewed by Yin, Xu, and Porter. ey not
only articulate the chemical precedents for enzyme catalysis but also
highlight the destructive potential of lipid autoxidation with regard to
membrane integrity and cellular homeostasis. Lipid autoxidation is an
e cient radical chain process that is optimal when the fatty acids are
arrayed in a monolayer, as they are in cell membranes. Interruption of
these radical changes underscores the importance of vitamin E as the
principal membrane-bound antioxidant.

Autoxidation of arachidonic acid was found in the 1960s to produce
small amounts of prostaglandins that lacked the stereochemical
control displayed by enzyme catalysis. s fact was rediscovered in
the early 1990s but in the context of living tissue.  ese nonenzymatic
oxygenation products, called isoprostanes, were found to be present

in extracts from intact animals and healthy humans. is discovery
unequivocally established that lipid oxidation occurs spontaneously in
human beings and that it can be modulated by pro- or antioxidants.
Milne, Yin, Hardy, Davies, and Roberts review the occurrence of lipid
autoxidation products in animal models and humans, the biological
e ects of these novel metabolites, and their use as biomarkers of
diseases associated with oxidative stress including in ammation and
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