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a  b  s  t  r  a  c  t

Isoprostanes  (IsoPs)  and neuroprostanes  (NeuroPs)  are  formed  in vivo  by  a free  radical  non-enzymatic
mechanism  involving  peroxidation  of  arachidonic  acid  (AA, C20:4  n-6)  and  docosahexaenoic  acid  (DHA,
C22:6  n-3)  respectively.  This  review  summarises  our research  in  the  total  synthesis  of these  lipid metabo-
lites, as  well  as  their biological  activities  and  their  utility  as  biomarkers  of  oxidative  stress  in  humans.

© 2013 Elsevier Inc. All rights reserved.
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1. Introduction

Free radicals have been implicated in a wide variety of human
disorders [1] and are known to oxidize biomolecules, including
DNA, proteins and lipids. Polyunsaturated fatty acids (PUFAs) are
unstable lipids, due to the presence of multiple double bonds that
are subject to react with free radicals to form numerous oxy-
genated metabolites [2]. There has been considerable research in
isoprostanes (IsoPs) [2] since their discovery by Morrow et al. in
1990 [3]. The F2-IsoPs are formed in vivo predominantly by free
radical non-enzymatic oxidation of arachidonic acid (AA, C20:4
n-6), although there is some evidence to suggest F2-IsoPs can be
derived, in part, via a cyclooxygenase-induced pathway [4]. There
are numerous reports demonstrating IsoPs are the most reliable
biomarkers of oxidative stress in vitro and in animal models [5], as
well as in humans [6]. Additionally, several IsoPs have also been
shown to be biologically active [2].

Subsequent to the reporting of F2-IsoPs, others have described
oxidation products of the n-3 fatty acids alpha-linolenic acid
(ALA, C18:3 n-3), eicosapentaenoic acid (EPA, C20:5 n-3) and
docosahexaenoic acid (DHA, C22:6 n-3), yields the phytoprostanes
[7], F3-IsoPs [8] and F4-IsoPs or neuroprostanes (NeuroPs) [9],
respectively. More recently, dihomo-isoprostanes (Dihomo-IsoPs)
derived from adrenic acid (AdA, C22:4 n-6) have been reported [10].
DHA is located mainly in brain grey matter and AdA in brain white
matter. Other oxidative metabolites of these and other fatty acids,
including A-, D-, E- and J-IsoPs, have been described in the literature
[2]. More recently, the isofurans (IsoFs), formed from free radical-
induced peroxidation of AA but under conditions of high oxygen
tension, have been described [11,12].

This review describes strategies for the total synthesis of E-, D-
and F-IsoPs, NeuroPs and Dihomo-IsoPs. It will focus on those IsoPs
and NeuroPs that have been found in vivo, including their phys-
iological activity and utility as biomarkers of oxidative stress in
humans.

2. Biosynthesis

The biosynthesis of F-IsoPs (at the time referred as PG-like
compounds) was  first described in the mid  70s wile research
was being carried out into the elucidation of the biosynthesis of
prostaglandins [13,14]. Subsequent to this, Roberts, Morrow and
co-workers in 1990 [3], proposed a pathway to account for the
non-enzymatic peroxidation of arachidonic acid bound to phos-
pholipids, leading to novel PG-like compounds which they named
Isoprostanes (IsoPs) [5,15]. The F-IsoPs are released as free acids
by the platelet-activating factor acetylhydrolase and possibly other
phospholipases [16,17], circulate predominantly in high density
lipoproteins [18] in plasma, and are excreted in urine where a
significant proportion of F2-IsoPs are conjugated as glucuronides
[19].

The pathway for IsoP synthesis is initiated by hydrogen abstrac-
tion at one of the bis-allylic positions of the corresponding PUFA
(Scheme 1). The transient pentadienyl radical is oxygenated at
its terminal position to give pentadienyl peroxyl radicals. This
oxygenated radical can have several fates leading to a number
of metabolites, one of them involves irreversible O-C/C-C bicy-
clization (double 5-exo-trig cyclization) to available double bonds,
followed by addition of oxygen and H-transfer yielding G-type
IsoPs. Reduction of the hydroperoxide group is followed by the

Scheme 1. Isoprostanes (IsoPs) formation from arachidonic acid (AA).
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