
Eicosanoids are specialized 
signaling molecules primarily 

derived from arachidonate (from 
linoleate)
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Eicosanoids are short-lived local 
signalling molecules

Eicosanoids are divided into 4 classes:  
Prostaglandins, Prostacyclins, 
Leukotrienes, Thromboxanes

arachidonic acid



They are derived from Arachidonic 
acid through two main pathways:   

cox pathway, lipoxygenase pathway
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Prostaglandins: 5 point ring
Thromboxanes: 6 point ring with O
Prostacyclins: double ring
Leukotrienes: absent ring, ≥3 dbl bonds



Eicosanoids typically interact with 
specific G-protein coupled receptors

Linoleic acid and Arachidonate are 
essential fatty acids

Some arachidonate can 
be derived from 
linoleic acid in the ER

Arachidonate is incorporated into 
phospholipids

phosphatidylinositol



Phospolipase C cleaves 
phospatidylinositol to release DAG

spot.colorado.edu/~falke/figures/fig13/figure13.html

Cytoplasmic phospholipase A2 cleaves 
arachidonate from phosphatidyl inositol 

in the outer ER membrane

Copyright ©2009 American Society for Biochemistry and Molecular Biology 

Burke, J. E. et al. J. Lipid Res. 2009;50:S237-S242 

A: Group IVA PLA2 crystal structure as determined by Dessen et al 

Ca2+ binding drives membrane 
association of phospholipase A2



Phospholipase C

Phospholipase A2



COX isoforms homodimerize

membrane-
binding

catalytic
epidermal growth 

factor

COX isoforms catalyze committed 
step in prostaglandin, prostacyclin, 

and thromboxane synthesis

• Both COX1 and COX2 synthesize PGH:  it is not 
clear how or why they function differently 
downstream

• COX1 homodimer (constitutive) mediates 
gastric function, renal homeostasis, and platelet 
aggregation

• COX2 homodimer (inducible) mediates pain, 
swelling, inflamation and fever.



A heme prosthetic group generates 
the tyrosyl radical

COX peroxidase activity

The redox active tyrosine (tyrosyl 
radical) mediates cyclooxygenation

COX cyclooxygenase activity

ferric heme leads to the initiation of multiple turnovers of
the cyclooxygenase reaction because the tyrosyl radical is
regenerated after each cyclooxygenase catalytic cycle (Figure
3) (17). Thus, the PGG2 hydroperoxide can accumulate and
can diffuse away to activate other latent PGHS molecules
to their active state, thereby explaining the burst kinetics
typically observed in the cyclooxygenase reaction after an
initial lag. An alternative mechanistic model, termed the
tightly coupled mechanism, requires the reduction of one
molecule of hydroperoxide to initiate every turnover of the
cyclooxygenase reaction (24, 25). Kinetic studies have
supported the branched chain mechanism and demonstrated
that once formed, the tyrosyl radical can support multiple
cyclooxygenase turnovers independently of peroxidase ca-
talysis (26-28). Further support for the branched chain
mechanism has been obtained with PGHS manipulations that
greatly decrease the peroxidase activity but retain near-
normal cyclooxygenase activity, including addition of cya-
nide, replacement of the axial His ligand to the heme by
Tyr, and replacement of the heme by Mn protoporphyrin IX
(9, 29, 30). These findings are readily accommodated by the
branched chain mechanism but not by the tightly coupled
mechanism, in which a reduction in peroxidase activity
should diminish cyclooxygenase activity. The cyclooxyge-
nase catalytic cycle does not, however, continue indefinitely
because the tyrosyl radical can be dissipated via self-
inactivation processes (31), by leakage of radical intermedi-
ates out of the cyclooxygenase binding pocket prior to

regeneration of the tyrosyl radical, or by redox reactions with
reducing cosubstrates, thus explaining the ability of peroxide
scavengers to suppress cyclooxygenase catalysis even after
activation is complete (15).

FORMATION OF TYROSYL RADICALS
The peroxide-induced cyclooxygenase activation process

has been extensively investigated, and reaction intermediates
have been detected and characterized. We will focus here
on those aspects of the peroxidase activity that are directly
linked to tyrosyl radical generation and cyclooxygenase
catalysis. For a more detailed discussion of the peroxidase
reaction in mutants and heme substituted PGHS proteins,
we refer to recent reviews (5, 6). In its resting state, the
PGHS heme is mainly in the ferric high spin state (32).
Reaction of a hydroperoxide with this ferric heme in PGHS
first produces Intermediate I, which has spectral properties
very similar to horseradish peroxidase (HRP) Compound I
(17, 33). In HRP this intermediate has been shown to consist
of an iron(IV)-oxo species and a porphyrin cation radical
(34). According to the generally accepted mechanism for
coupling the events at the PGHS heme to arachidonic acid
oxygenation, Intermediate I is converted to Intermediate II
by electron transfer from a nearby tyrosine residue (Tyr385
in PGHS-1) to the porphyrin radical cation (Figure 1). The
tyrosyl radical so generated can then begin the cyclooxyge-
nase catalytic cycle (vide infra). Such storage of one
oxidizing equivalent in the form of a ferryl species and the
second oxidizing equivalent on an amino acid side chain is
also encountered in cytochrome c peroxidase Compound I
(also called Compound ES), in which a tryptophan close to
the heme is oxidized (35). The assignment of Intermediate
I in PGHS as the immediate oxidant of the tyrosine is
supported by the emergence of the EPR signal associated
with the tyrosyl radical concomitant with the increase of the
absorption features characteristic of Intermediate II (36).
An alternative mechanism has been put forth for PGHS

in which the ferric heme oxidizes the hydroperoxide activator
to a peroxyl radical, which in turn oxidizes the tyrosine to
the tyrosyl radical (37). This mechanism was proposed to
explain the observation of a spectral intermediate at 446 nm
during stopped-flow analysis of the reaction of aspirin-treated
PGHS-2 with arachidonic acid. This spectral feature was
attributed to the ferrous form of the enzyme, leading to the
proposed conversion of the ferric heme to the ferrous heme
and concomitant oxidation of the peroxide to the peroxyl
radical. Using the ferric heme as an oxidant has some
similarities with the proposed oxidation of unsaturated fatty
acids by the ferric form of lipoxygenases (38). However,
extrapolation of this proposal to PGHS raises several issues
that have not been adequately addressed to date. First, the
Fe(II)/Fe(III) redox potentials in PGHS-1 and -2 have been
reported to be-0.052 and -0.156 V, respectively, with only
a modest change upon arachidonic acid binding (29, 39).
For comparison, this redox potential is significantly higher
in soybean lipoxygenase, +0.60 V (40). The values for
PGHS indicate that the ferric heme is not nearly a sufficiently
strong oxidant to oxidize either a hydroperoxide or a tyrosine,
as these latter compounds have redox potentials in the range
of +0.8-1.0 V (41). Intermediate I, on the other hand,
appears entirely capable of oxidizing a tyrosine if one takes
the reported redox potential of this intermediate in horse-

FIGURE 3: Expanded version of Ruf’s branched chain mechanism
(26). Catalysis is initiated by reaction of a hydroperoxide with ferric
heme resulting in Intermediate I, which is rapidly converted to
Intermediate II containing a ferryl heme and a tyrosyl radical. This
radical initiates the cyclooxygenase catalytic cycle and oxidizes
arachidonic acid (AA) to PGG2, which can either be reduced in
the peroxidase active site or activate other PGHS enzyme molecules.
PP•+ ) protoporphyrin π cation radical, YH ) tyrosine. Not shown
is the frequently observed reduction of the tyrosyl radical by
reducing cosubstrates, which can dissipate the radical and require
a renewed activation step (36, 88).
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Figure 7 A schematic of the COX reaction as proposed by Malkowski et al. (38).
While the formation of the 11-peroxy-arachidonate intermediate is explained by the
crystal structure for the ovine COX-1/AA complex, its subsequent conversion to PGG2
requires a major conformational transition that has not been observed or characterized.

While the formation of PGG2 is now fairly well explained, why 11R-HPETE,
15R-HPETE, and 15S-HPETE are formed is unclear. Thuresson et al. (86) pre-
sented biochemical evidence that each COX product may arise from a different but
catalytically competent conformer of AA. In essence, hydrogen abstraction can
occur when AA is not in a conformation that allows facile ring closure, which then
leads to the monooxygenation of the substrate. This may mean that the observed
structure of AA bound in the COX-1 active site (38) may be a time- and space-
average ofmore than oneAAconformer, ofwhich only the predominant conformer
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cox reaction mechanism includes both 
peroxidase and cyclooxygenase activities



Annu Rev Physiol. 1998;60:221-42

Eicosanoids are actively 
transported out of the cell

Aspirin is an irreversible inhibitor 
of both COX-1 and COX-2

COX-1 ArachidonateSer530

• Aspirin is an irreversible inhibitor of both COX-1 
and COX-2

• Ibuprofen and naproxen are competitive 
inhibitors of both COX-1 and (7-fold) COX-2

• Vioxx and Celebrex are highly selective for 
COX-2 (300-fold)



patients with connective tissue diseases who had multiple
risk factors for hypercoagulability (Crofford et al., 2000),
implying an increased thrombogenic risk for specific
COX-2 inhibitors in certain patient populations. However,
hitherto published clinical studies have yielded discrepant
results in this regard. In the CLASS trial, no difference
was noted in the incidence of cardiovascular events (cere-
brovascular accident, myocardial infarction, angina) be-
tween celecoxib and NSAIDs (ibuprofen, diclofenac) (Sil-
verstein et al., 2000). On the other hand, in the VIGOR
study, patients receiving rofecoxib had a significant 4-fold
increase in the incidence of myocardial infarctions, com-
pared with patients randomized to naproxen (Bombardier
et al., 2000). However, as both compounds are known to
cause a similar inhibition of systemic prostacyclin produc-
tion without altering platelet-derived thromboxane syn-
thesis, the apparent discrepancy of these studies in terms
of cardiovascular outcome is most likely due to differences
in the study protocols (e.g., eligibility criteria, study pop-
ulation, study duration) and the use of different NSAID
comparators (Fitzgerald et al., 2000). Accordingly, 22% of
the patients included in the CLASS trial took aspirin as a
cardioprotective agent, whereas the entry criteria for the
VIGOR study precluded aspirin consumption. In addition,
the VIGOR study was performed on patients with rheuma-
toid arthritis, a condition that has been associated with an
enhanced rate of cardiovascular events. By contrast, in the
CLASS trial patients with osteoarthritis were included
that have not been associated with an increased risk of
cardiovascular complications. As a consequence, a possible
thrombogenicity of specific COX-2 inhibitors deserves fur-
ther well controlled studies.

COX-2 and Reproductive Functions

COX-2-deficient mice fail to ovulate and have abnormal
implantation and decidualization responses (for review, see
Langenbach et al., 1999). A recently published study (Davis
et al., 1999) has now provided evidence that COX-2 induced
by luteinizing hormone in preovulatory follicles is essential
for the stabilization of the cumulus oophorum during ovula-
tion. Moreover, COX-2 has been shown to play a role in
pregnancy. Expression of COX-2 has been observed in the
uterine epithelium at different times during early pregnancy
(Chakraborty et al., 1996). Here, COX-2 may be involved in
the implantation of the ovum, in the angiogenesis needed for
the establishment of the placenta, and in the induction of
labor (Gibb and Sun, 1996). It has recently become clear that
up-regulation of COX-2 expression mediates increased pros-
taglandin synthesis in the human myometrium (Slater et al.,
1999a) and within the fetal membrane (Slater et al., 1999b)
at term. In a subsequent study (Sawdy et al., 2000), specific
COX-2 inhibitors were shown to be as effective as nonselec-
tive NSAIDs in inhibiting fetal membrane prostaglandin
synthesis, suggesting that these drugs may also represent a
new strategy for the treatment of tocolysis. However, COX-2
has also revealed as the more essential isoform for initiation
of ductus arteriosus closure, suggesting that maternal use of
COX-2-specific inhibitors near the time of delivery has the
potential to increase the incidence of patent ductus arterio-
sus after birth (Loftin et al., 2001).

The question whether COX-2 plays a role in renal devel-
opment was recently addressed by Komhoff et al. (2000) who
demonstrated that administration of a specific COX-2 inhib-
itor in rats and mice during pregnancy until weaning signif-

Fig. 3. Regulation of peripheral vascular tone by prostacyclin (PGI2) and thromboxane A2 (TxA2) (adapted from Förstermann, 1996). TxA2 released
from aggregating platelets stimulates thromboxane receptors (TP) thereby activating phospholipase C (PLC), which in turn mediates platelet
aggregation and vasoconstriction (G, G protein; PIP2, phosphatidylinositol-4,5-bisphosphate; DAG, diacylglycerol; IP3, inositol-1,4,5-trisphosphate;
Cai

2!, intracellular calcium concentration). PGI2, the physiological antagonist of this system, is generated in the vessel wall and confers inhibition of
platelet aggregation and vasodilation by virtue of its cAMP-releasing capacity (IP, PGI2 receptor; AC, adenylyl cyclase; PKA, protein kinase A).
Whereas aspirin more potently inhibits COX-1-dependent TxA2 synthesis than COX-2-derived PGI2 formation (dotted arrow), nonselective NSAIDs
suppress both eicosanoids with varying degrees. By contrast, specific COX-2 inhibitors inhibit prostacyclin production without a concomitant
suppression of thromboxane formation.
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COX-2 inhibitors suppress prostacyclin 
synthesis without a concommitant 

suppression of thromboxanes



They are derived from Arachidonic 
acid through two main pathways:   

cox pathway, lipoxygenase pathway
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