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Preface

As the year 2000 approached, there developed in people around
the world a sense of anticipation, positive for some but negative
for others. However, in both groups of people there was a deep
desire to mark such a rare moment in history. It was at this time
that it was first suggested to me as the ideal moment for a new,
comprehensive volume on the biomedical significance of poly-
unsaturated acids and their derivatives, bringing together the
important discoveries and developments which had taken place in
this area since the publication of a previous book with which I had
been involved (Curtis-Prior 1988). It was that prompting which
has led to this latest book, The Eicosanoids (see also Acknowl-
edgements).

So, although what might be considered as ...important
discoveries and developments...” is to some extent a subjective
exercise and certainly every chapter in this book reveals
developments of fascinating new knowledge in its field of
specialism, there has been one landmark advance during these
fifteen years which, among much else, has reconciled the seeming
paradox that prostaglandins may be both harmful and beneficial.
This was, of course, the identification and characterization of an
alternative cyclooxygenase enzyme (Fu et al 1990; Masferrer et al
1990; Herschman et al 1993), i.e. the proposal of the coexistence
of the known enzyme responsible for basal, constitutive
prostaglandin synthesis (COX-1) together with a new enzyme
(designated COX-2) implicated in various inflammatory and
“induced” settings (Funk 2001; see also Chapter 4, this volume,
Regulation and Function of Prostaglandin Synthase-2/Cyclo-
oxygenase II). This revelation provoked a whole new wave of
discovery research activity in acadaemia and in the pharmaceu-
tical industry. There followed a race to develop a new class of
COX-2 selective inhibitors which inhibited prostaglandin produc-
tion in inflammatory cells without the, hitherto, inevitable
undesirable interference on the production of COX-1-generated
prostaglandins fulfilling their physiological regulatory roles in the
gastrointestinal tract (Warner et al 1999) in renal function and in
the reproductive and haemostatic systems as is presented in
superb detail elsewhere in this book (see for example Chapters 13,
this volume, Perspectives and Clinical Significance of the
Biochemical and Molecular Pharmacology of Eicosanoids and
Chapter 16 Inhibitors of Eicosanoids). Some of the early fruits of
this burst of scientific creativity were presented at specialized
conferences in Bangkok and Boston and recorded in a state of the
art “book-of-the-meetings” edited by Vane and Botting (1998),
and this was later succeeded by their comprehensive monograph
on the subject, entitled Therapeutic Roles of Selective COX-2
Inhibitors (Vane and Botting 2001). The Pharmacia drug Celebrex
(celecoxib) was the first of this new generation of COX-2 selective
inhibitors to receive marketing authorization (by the US FDA)
for the treatment of inflammatory conditions (Penning ez al/ 1997)
and the second was Merck Sharp & Dohme’s Vioxx (rofecoxib)
(Chan et al 1999; Prasit et al 1999).

In a pivotal trial, when celecoxib was compared with ibuprofen
and diclofenac in a 6 months-long arthritis safety study (CLASS),
it was reported (Silverstein ef a/ 1999) that the COX-2 inhibitor
was associated with a lower incidence of symptomatic ulcers and

113

ulcer complications than the traditional COX-1 non-steroidal
antiinflammatory drugs, as had been the result anticipated.
However, it appears that there was some incongruity (Okie
2001; Berg et al 2001; Wright et al 2001) between this account
from Silverstein and his co-workers and “...the complete
information available to the United States Food and Drug

Administration ...” (Juni ez @/ 2002) in what has been described as
a “...failure in the therapeutic chain as a cause of drug
ineffectiveness ...” (Figueras and Laporte 2003). However, it

should be noted that a subsequent major study (designated
VIGOR) to compare the incidence of upper gastrointestinal
events provoked by MSD’s selective COX-2 inhibitor rofecoxib
and the non-selective NSAID naproxen, in patients with
rheumatoid arthritis, demonstrated significant clinical advantages
for rofecoxib (Bombardier et a/ 2000). Whatever might be the
eventual outcome of this particular and complex situation, where
we well know that the worldwide clinic is the ultimate challenge of
any therapeutic product, the drug target remains fascinatingly
attractive, especially for industry, in the light of a global market
for analgesics estimated at US $10 billion.*

Interestingly, there have also been reports of a herbal
preparation called Nexrutine™ (Lavelle 2003). This is a new
patent-pending dietary supplement containing an extract of the
plant Phellodendron amurense and has been reported to be useful
in the treatment of inflammatory diseases. It possesses COX-2-
inhibitory qualities, but also protects the gastrointestinal tract
against ulceration. In clinical studies, it was shown that Nexrutine
inhibits COX-2 without interfering with the activity of COX-1. In
animal studies, Nexrutine has proved to be as effective as
naproxen in reducing pain and inflammation. However, its
mechanism of action has been reported to be different from that
of what might be termed frue COX-2 inhibitors, since it does not
act directly on the cyclooxygenase, but inhibits the gene
responsible for the production of COX-2, as well as other
inflammatory mediators.

Other novel developments treated in this book include:
endogenous ligands of cannabinoid receptors, referred to as
endocannabinoids (Mechoulam et al 1998; see also Chapter 15,
this volume, Biosynthesis and Degradation of Anandamide, an
Endogenous Ligand of Cannabinoid Receptors); identification of
the noxious roles of cysteinyl leukotrienes in aspirin-intolerant
asthma (Samson and Holgate 1999; see also Chapter 21, this
volume, Leukotrienes in Aspirin-intolerant Asthma); prostaglan-
din receptor knock-out mice (Negishi and Katoh 2003; see also
Chapter 18, this volume, Insight into Prostanoid Functions:
Lessons from Receptor-knockout Mice); the biosynthesis and
roles of isoprostanes (Morrow et al, 1990; see also Chapter 17, this
volume, Biology and Chemistry of Products of the Isoprostane
Pathway) and their utility in the assessment of oxidative stress
status in vivo, in the clinic.

Finally there is in this volume (see also below) a wealth of new
knowledge shared over a broad range of the actions and

*Current nomenclature has been adopted, taking 1 billion (bn) as 10 rather than the
traditional value of 10"
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interactions of eicosanoids in biomedicine and physiology, from
immunology to central nervous system disorders.

The book is divided into thematic sections (see Contents) each
of which begins with a chapter designated “Perspectives and
clinical significance...” The intention is for these “‘Perspectives”
chapters to provide an integrated synopsis of the subject area
covered in the respective Section, indicating how the different
specialist chapters (strands of the theme) relate to one another in
the overall context of the theme. In this way, it is hoped that THE
EICOSANOIDS may interest, encourage and inspire all who are
fascinated by the biosciences in seeking further to understand
more about the myriad roles of essential fatty acids to the benefit
of human wellbeing.

Notwithstanding the unpredictability of the peaks and troughs
in the evolution and development of any discipline, it appears
valid, still, to look forward to even more fascinating discoveries
ahead through the immortal words from Robert Browning, cited
on a previous occasion (Curtis-Prior 1983):

Grow old along with me
The best is yet to be...

Cambridge 2004
Peter Curtis-Prior
pe-p@cambridgehealth.org.uk
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Preface from Prostaglandins: Biology and Chemistry
of Prostaglandins and Related Eicosanoids,
edited by P. B. Curtis-Prior (1988)

My purpose in preparing this volume was to provide, in a single
source, a comprehensive collection of information on prostaglan-
dins and related eicosanoids.* The 57 chapters presented here are
divided into ten sections, according to subject, and are the work of
a total of almost 80 authors from over a dozen countries,
distributed among four of the world’s continents. Although the
chapters have been edited I have tried, as far as possible, to retain
the original style of each author, or group of authors, in order to
present a richer, international, intercultural final product. The
book has been over 5 years in the making and, in spite of the more
recent possibility for authors to carry out updating procedures on
their contributions, must remain less than comprehensive owing,
in part, to the constant influences of man’s innate curiosity and
creativity providing new knowledge more quickly even than the
old can be recorded. However, it is perhaps germane at this time
to recall the maxim below, suggested by Dr John A. McCracken
(The Worcester Foundation, Shrewsbury, Massachusetts), with
which many of the “initiated” in this field will, no doubt, readily
identify:

The one who places the last stone and steps across to the terra firma
of accomplished discovery gets all the credit. Only the initiated
know and honor those whose patient integrity and devotion to
exact observation have made the last step possible.

Hans Zinsser

The demonstration of the essentiality of dietary linoleic acid,
and the coining of the term ‘“‘essential fatty acid (EFA)” by Burr
and Burr (1930), the subsequent dawning of the real significance
of this observation, plus the preliminary clinical studies of
Kurzrok and Lieb (1930) showing the uterine muscle-stimulating
properties of human semen, followed shortly afterwards by the
observations of hypotensive actions of semen and acidic lipid
extracts thereof by Goldblatt (1935) and von Euler (19395), really
set the scene for the story recounted in this volume, a story which
is certainly not yet completed.

Since the 1930s there has been an enormous growth and
development of interest and investigation which, however, has not
been a continuum. Indeed, following the initial spate of papers of
the ‘past historic’ phase of attention to prostaglandins (Curtis-
Prior 1985), there was a clear arrest of devotion during the years
of the Second World War, prior to a resurgence—including the
first isolation of prostaglandins (Bergstrom and Sorjvall 1957) in
the postwar years, since when there has developed a rate of issue
of 4.5-5.0 x 103 publications each year, i.e. approaching 100 per

*““Eicosanoids’ is a useful term coined by Corey EJ, Nuira H, Falek JR, Mioskowski
C, Arai Y, Marfat A (1980) Recent studies on the chemical synthesis of eicosanoids.
Advances in Prostaglandin and Thromboxane Research, 6: 19-25...“to describe the
broad group of compounds derived from C,, fatty acids...”

week.t The origin of this present and continuing interest in
prostanoids is not entirely clear, but probably stems to a large
degree from the independent and virtually simultaneous findings
relating to the actions of non-steroidal anti-inflammatory drugs
on prostaglandin biosynthesis in France and in Britain, especially
of the effects of the most widely-used drug substance the world
has yet known: aspirin, as was surmised previously by Collier
(1971). At L’Institut Pasteur in Paris, Vargaftig and co-workers
had spent several years examining phospholipases A and C, and
showed subsequently that aspirin could block the actions of
vasoactive substances normally formed by phospholipases from
guinea-pig lung (Vargaftig and Dao 1971). Meanwhile, Willis and
Smith at the Royal College of Surgeons of England in London
had observed that the production of prostaglandins by blood
platelets was presented in the presence of aspirin. The significance
of these observations was quickly recognized, with legendary
vision, by Vane (also at the Royal College), who corroborated
them using guinea-pig lung homogenate; this led to the famous
trilogy of papers published in Nature that year (Ferreira et al
1971; Smith and Willis 1971; Vane 1971). Subsequently, the work
of Morley and Williams (1973) demonstrated an enhancement of
paw oedema by prostaglandins which entirely corroborated the
association of prostaglandins and inflammation. Although the
greatest interest and the major proportion of published data relate
to arachidonic acid and its metabolites, there is increasing
attention being paid also to eicosanoids of the I-series and of
the 3-series.

Considerable public interest has been provoked latterly in
health food preparations of seed oil of the evening primrose, an
oleaginous (willow herb) plant of the genus Oenothera misnamed
because of the resemblance of its bright yellow flowers to those of
real primroses. This plant’s seed is rich in linoleic acid (72%) and
contains also y-linolenic acid (c.9%). It is the latter component
which is proposed as the active principle through conversion to
prostaglandins of the 1-series (mainly E;) in remarkably wide-
ranging therapeutic claims (Graham 1984). This is compatible
with the wide-held belief that our main source of arachidonic acid
is probably the meat of our diet (i.e. other animals’ bodies) and,
since on the one hand the 5-desaturase enzyme catalysing the
further transformation of dihomo-y-linolenic acid to arachidonic
acid is of minor importance in man, and on the other hand that
activity of the 6-desaturase responsible for the formation of y-
linolenic acid from linoleic acid is much reduced by our modern
lifestyle, as well as the pathologies of severe hepatic insufficiency,
undernutrition, insulin-dependent diabetes and senescence (Pac-
calin er al 1984), it is tacitly assumed that additional dietary y-
linolenic acid is converted mainly to prostaglandins of the 1-series.

"These data were kindly supplied by the Information Services (Corporate Technical
Library), Upjohn Company, Kalamazoo, USA and calculated under the revised
system, 1983.
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However, the identification of other angiosperm plant seeds
containing increased amounts of y-linolenic acid, like the black-
currant (Ribes nigrum) and borage (Borago officianalis), and the
recent discovery, in several parts of the world, of the very
important nutritional potential of the blue-green alga of the genus
Spirulina (Chan et al 1981; Ciferri 1983; Devi and Venkataraman
1983) containing much higher concentrations of y-linolenic acid
synthesized by direct desaturation of linoleic acid, suggest they
may shortly eclipse the present fashionable interest in ““primrose
oil”. Indeed, recent advances in biotechnology could replace
agricultural seed oil production altogether as a source of y-
linolenic and other polyunsaturated fatty acids of therapeutic
potential (Ratledge 1987).

The origins of man’s cognisance of the potential therapeutic
importance of prostaglandins of the 3-series and their precursor
polyunsaturated fatty acids has been indicated recently by Sinclair
(1985).*

About 3500 years ago, the Israelites were bored by making bricks
without straw, and Moses (or perhaps Aaron) hit the sea with a
rod—a poor tool for that purpose but the Lord was on his side. All
the fish died. Shortly thereafter Pharoah had an infarct followed by
an epidemic of hardening of the heart amongst the Egyptians. This
is the earliest indication of the importance of fish in preventing
myocardial infarction.

More recently, the extremely low incidence of myocardial
infarction and a tendency to bleed attributed to an Eskimo diet
has emphasized the apparent protective aspects of fish oils
(Dyerberg et al 1975), although in rats fed cod liver oil PGI;
was not detectable (Hornstra and Nugteren 1981). While this
observation has thrown doubt on a thromboregulatory role for 3-
series prostaglandins, it cannot dispute the observed non-genetic
low cardiovascular morbidity and mortality of Eskimo popula-
tions and may indicate the identity of the protective principle as
the polyunsaturated fatty acid (potential prostaglandin precursor)
eicosapentanoic acid (Dyerberg et a/ 1978). However, it may be
significant that furanoid or urofuran acid compounds which have
been shown to be minor components of fish oils (Glass et al 1975)
may also be credited with a possible cardiovascular protective role
in view of their potent hypolipidaemic properties in animal
models in reducing both blood cholesterol and triglycerides (Hall
1985).

The recently-discovered arachidonic acid metabolites lipoxins,
formed by human leukocytes stimulated with calcium ionophore
(Serhan et al 1984), appear to be involved in inflammation and
their possible interactions and/or associations with other eicosa-
noids are discussed in several contexts in this volume.

Apart from the arachidonic acid metabolites, phospholipase A,
may give rise also to another lipid mediator, platelet activating
factor (PAF, PAF-acether or acetyl-glyceryl-ether-phosphoryl-
choline) (Benveniste et al 1972), which was first recognized by its
degranulating activity of rabbit platelets (Siragnanian and Osler
1971), implicated as a mediator of anaphylaxis (Henson and
Pinckard 1977) and subsequently implicated in most aspects of
cellular inflammation (Benveniste and Arnoux 1983). Because of
the unceasing evidence of the intimate associations of eicosanoids
with PAF in pathophysiological processes, a sign-post chapter
(Ch. 55) has been incorporated in the final part of this volume.

The recognition of the cytokine peptide interleukin-1 (IL-1) as
an inflammatory mediator inducing fever, the release of acute
phase proteins and cartilage degradation led naturally to the

*This is quoted with permission from a pre-publication script kindly supplied by
Professor Hugh Sinclair of his pre-dinner presentation entitled: “History of EFA and
their prostanoids: some personal reminiscences”, on the occasion of the Second
International Congress on Essential Fatty Acids and their Eicosanoids.

supposition of prostaglandin involvement in these pathophysio-
logical processes. However, it is only recently that IL-1 has been
clearly shown to activate cellular phospholipase A, and thus
suggests the whole gamut of arachidonic acid metabolites and
PAF as its potential secondary mediators (Chang et al 1986).
Superimposed on this are the complicating preliminary observa-
tions that PAF itself may IL-1 production from human
macrophages (Barrett et a/ 1987).

The early implication of eicosanoids in inflammation, referred
to above, is evidently the visible tip of a complex metaphorical
iceberg wherein the indicated interrelationship of prostanoids/
eicosanoids with PAF, lipoxins and cytokines and kinins are only
now beginning to be unravelled. These exciting developments in
inflammation and the body homeostatic defence mechanisms,
those related to cardiovascular disease and diet, recent implica-
tions of PAF in nidation and a potential further means of
regulating fertility (O’Neil 1986), and the most recent suggestion
of a role for eicosanoids as second messengers in the nervous
system (Piorrelli er al 1987) are but a few of the potentially
exciting avenues awaiting further elucidation in the future of
“prostaglandins”, and may explain why often ‘“‘the true innova-
tory researcher cannot define the eventual length or cost of a
research programme” (Celsus 1985).

P.B.C-P.
Cambridge, 1988
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Foreword

Professor Bengt Samuelsson, Nobel Laureate

Department of Medical Biochemistry and Biophysics, Karolinska Institute, S-171 77 Stockholm, Sweden

This book edited by Dr Curtis-Prior is entitled The Eicosanoids,
which term, introduced by one of the major contributors to the
field, Dr E. J. Corey, includes all derivatives of 20-carbon-atom
fatty acids. The emphasis in this book is of course on arachidonic
acid and products formed by oxidation and further transforma-
tion.

Structure and function have always played important roles in
the eicosanoid field, as well as in many other areas. It was the
knowledge of the structures of prostaglandins E;, E, and E;
(Bergstrom et al 1963a; Samuelsson et al 1963a) that paved the
way for the discovery of the precursor product relationship
between essential fatty acids like arachidonic acid and prosta-
glandins (Bergstrom et al 1964b; van Dorp et al 1964). And this
finding made it possible to discover the inhibition of the
transformation of arachidonic acid into prostaglandins by aspirin
and other NSAIDs in 1971 (Vane 1971). At that time cyclo-
oxygenase had not been discovered. This term was introduced in
1974 (Hamberg et al 1974a) after the endoperoxide structures
PGH, and PGG, had been discovered. Since cyclooxygenase and
COX-1/2 have become household words, I am citing from the
1974 paper (Hamberg et al 1974a):

... It seems likely that PGG, is the first stable compound formed
from arachidonic acid by the ‘prostaglandin synthetase’. By the
isolation of PGG, it was demonstrated for the first time that
introduction of the oxygen function at C-15 of the prostaglandin
occurs by a dioxygenase reaction. We propose the name fatty acid
cyclooxygenase for the enzyme that catalyzes the conversion of
arachidonic acid into PGG, by oxygenation at C-11 and C-15...”

The availability of the endoperoxides PGG, and PGH, was a
prerequisite in the discovery of the transformation product
thromboxane A, with pro-aggregatory and vasoconstrictor effects
(Hamberg et al 1975b) and subsequently prostacyclin with
opposite effects (Moncada et al 1976). These findings extended
the cyclooxygenase pathway products from three (PGE,, PGF,,
and PGD,) to five. The molecular basis of the multiple biological
effects of single prostaglandins has been elucidated by the
discovery of subclasses of prostaglandin receptors (Narumiya
2001). The prostaglandins and their analogues are being used as
therapeutic agents for induction of labour and termination of
pregnancy and also more recently in the treatment of glaucoma.
The identification of the receptors will probably stimulate the
development of specific prostaglandin agonists and antagonists as
therapeutic agents.

The isolation and cloning of cyclooxygenase constitutes another
important milestone in the eicosanoid field (DeWitt et a/ 1988;
Merlie et al 1988). Although it had been found that the
cyclooxygenase can be induced (Masferrer et al 1990), it was
through the advent of molecular biology that it was discovered
that the induced cycloxygenase activity is due to a different
chemical entity, the isozyme COX-2 (Kujubu et al 1991; Xie et al

1991; O’Banion et al 1991). This finding momentarily gave the
signal to the pharmaceutical industry to develop new and specific
inhibitors of COX-2. Celebra from Searle and Pharmacia and
Vioxx from Merck were the first drugs of this category and
achieved multibillion dollar sales in their first year.

Structure and function also played an important role in the
identification of the elusive ‘“‘slow-reacting substance of anaphy-
laxis” (SRS-A). In 1976 Borgeat, Hamberg and Samuelsson
discovered the 5-lipoxygenase pathway for transformation of
arachidonic acid (Borgeat et al 1976). Work on the mechanism of
formation of a dihydroxy acid (LTB,) led to the identification
of an unstable intermediate (LTA,). This finding played a crucial
role in determining the structures of the cysteinyl leukotrienes,
LTC,, LTD, and LTE, (Murphy et al 1979; Samuelsson et al
1987b). The potent actions of the leukotrienes in inflammation
and allergy stimulated the pharmaceutical industry to develop
new drugs. Singulair and Accolate from Merck and Zeneca (now
Astra-Zeneca), respectively, are now in use in the treatment of
bronchial asthma.

I have touched on some of the key findings in the eicosanoid
field and especially those related to structure and function. The
area is still developing rapidly. This development occurs in many
disciplines, such as molecular biology, physiology, pathophysiol-
ogy, pharmacology and clinical applications. New compounds
formed by the transformation of arachidonic acid by other
lipoxygenases or a combination of lipoxygenases known as the
lipoxins (Samuelsson et al 1987b; Serhan et al 1999) are still being
discovered.

This book edited by Curtis-Prior provides an important update
in many different fields of eicosanoid research. It is indeed a very
useful summary of the state of the art in a rapidly developing area
of research.
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