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The effects of glucocorticoids on eicosanoid synthesis are briefly summarized and issues
that remained unresolved or controversial are described. It is also suggested, in view of the
present knowledge about the effects of sex steroids on uterine prostaglandin production, that
common features may exist between these actions and those of anti-inflammatory steroids.
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Background to the mechanism of
GLUCOCORTICOID ACTION

Since the early demonstration that glu
cocorticoids inhibit the release of prosta
glandins (36, 44, 46), it has been progres
sively accepted that inhibition of eicosa
noid synthesis represents the basis of their
antiinflammatory effects (98, 101). De
spite this assumption, the subcellular mech
anisms of the glucocorticoid action has
long remained obscure. It was first be
lieved that steroids exert their effect on the
synthesis of arachidonic acid metabolites
via membrane stabilization (112), but it is
now accepted that this effect is a classical
receptor-mediated event and requires ma
cromolecular synthesis. This conclusion is
based on the following elements: There is 

a good correlation between the affinity of
a given molecule for glucocorticoids re
ceptors and its inhibitory action on PG
synthesis (91, 106); the effects of gluco
corticoids on PG formation can be
blocked by a specific receptor antagonist
RU 486 (55); the occurence of a lag phase
of 1-2 h between the glucocorticoid treat
ment and the onset of the inhibition (32,
90); and the effect of dexamethasone on
PG synthesis is abolished in the presence
of inhibitors of either RNA or protein
synthesis (17, 91).

Several characteristics of the metabo
lism of arachidonic acid, the major fatty
acid precursor of eicosanoids, are impor
tant for the understanding of the gluco
corticoid effect. It was demonstrated long
ago, that only the free form of arachidonic
acid can be converted into eicosanoids 



48 D. DUVAL

(66), and that availability of free arachid
onate is the rate limiting step in the bio
synthesis of eicosanoids (4, 107). Since
most of the cell arachidonate is found es-
terified in position 2 of membrane phos
pholipids (22, 37), it is generally accepted
that arachidonate supply is controlled by
the activity of phospholipase A2 or the ac
tivities of phospholipase C plus diglycer
ide lipase (63).

Many results strongly suggest that glu
cocorticoids may act at the level of phos
pholipases: In numerous cell types, glu
cocorticoids have been shown to decrease
both basal and stimulated arachidonate
liberation from cellular stores (80, 100); In
contrast with NSAID, which usually in
hibit only the cyclooxygenase pathway,
glucocorticoids block in parallel both cy
clooxygenase and lipoxygenase pathways
(38, 49, fig. 1). The inhibitory action of
glucocorticoids on prostaglandin synthe
sis can be abolished by addition of exoge
nous arachidonic acid (16, 56).

Several explanations can be proposed to
take into account this body of informa
tion: Glucocorticoids may either inhibit
the synthesis of phospholipase A2, induce
the secretion of a phospholipase inhibitor
or decrease the formation of an activator
of phospholipase A2. In fact, Hirata and
coworkers, Flower et al. and Russo-Marie
and Duval described the presence in the
supernatants of dexamethasone-treated
ceils of proteins able to inhibit arachido
nate release (6, 54, 89).

Nature and role of lipocortins

The discovery of these phospholipase
inhibitory proteins which possibly repre
sent second messengers of the glucocor
ticoid action has stimulated intensive in
vestigations.

In a cooperative study it was first dem
onstrated that the various proteins discov
ered in rabbit neutrophils, in rat peri
toneal macrophages or in cultures of rat
rcnomedullary cells are very similar, if not 

identical. These proteins share indeed
many common characteristics: they exhib
it similar immunological determinants
being recognized by the same monoclonal
antibody; they are similarly induced by
glucocorticoid treatment; they all decrease
the release of fatty acids from membrane
phospholipids; they present identical
biochemical features: a molecular weight
of approximately 40 Kd, a phosphoryla
tion site and the ability to be cleaved by
proteolytic enzymes in active fragments of
30 and 15 Kd (53).

This protein or this family of proteins
was named Lipocortin.

Recently, lipocortin has been purified
to homogeneity, sequenced (59) and its
gene cloned and expressed in E. Coli
(109). Using specific probes, it was dem
onstrated by Northern blot hybridisation
that lipocortin mRNA was in fact ex
pressed constitutively in a large variety of
tissues (macrophages, lung, thymus and
spleen, liver, heart, brain, kidney...) and
in various cell lines (9). It was also con
firmed that lipocortin can be phosphory
lated and is a substrate for the tyrosine
kinase activity of the Epidermal Growth
Factor receptor (8).

Huang and coworkers have however
purified from human placenta two pro
teins, lipocortin I and II, with the same
ability to inhibit phospholipase but which
only share a 50 % sequence homology
(60). By further sequence homology anal
yses it was then established that lipocor
tins belong to the vast family of the cal
cium and lipids binding proteins and are
in fact very similar to calpactins (39).

From this sum of results a mechanism
of action was proposed where lipocortins
inhibit phospholipase activity through a
stoechiometric 1:1 interaction with the
enzyme, this interaction being controlled
by the phosphorylation status of the li
pocortin (fig. 2). More recent experiments
however, suggest that the effects of lipo
cortin on phospholipase activity is indirect
rather than direct, and likely occurs by
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Fig. 2. Mechanism of action of glucocorticoids on phospholipase activity.

competition with the enzyme for the
phospholipid substrates (18).

Although it has been now demonstrated
that purified and recombinant lipocortins
inhibit prostaglandin and leucotrienes
synthesis and mimick some of the in vitro
and in vivo anti-inflammatory effects of
glucocorticoids (33, 111), there are now
several results which do not support the
hypothesis of a lipocortin-mediated mech
anism of action of glucocorticoids.

Uncertainties and contradictions

In vitro experiments. — Some of the ex
periments carried out in cell cultures have
produced results that are hard to combine
with the lipocortin mechanism described
above.

In contrast to that is observed with non
steroidal anti-inflammatory drugs, gluco
corticoids do not completely inhibit the 
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synthesis of eicosanoids nor the liberation
of arachidonic acid. Even at supramaximal
concentrations of glucocorticoids, suffi
cient to saturate glucocorticoid receptors
it is observed that the percentage innibi-
tion is generally between 70 and 90 % and
never exceeds this value. No satisfactory
explanation of this residual synthesis has
been provided up to now (89).

In addition, some authors have shown
that in a given cell population glucocor
ticoids may inhibit to a different extent the
synthesis of the various eicosanoids pro
duced by the cells. Durant et al. have
shown in cultures of mouse embryo fi
broblasts that dexamethasone treatment
led to a 70-80 % inhibition of PGE 2 and
PGI 2 synthesis but only to a 30 % re
duction of PGF2<t secretion (25). Simi
larly, Robin and coworkers described in
cultures of mouse bone marrow derived
mast cells that glucocorticoids inhibit the 
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formation of leucotrienes but enhances the
synthesis of PGD2 (86).

Finally, it appears in different systems,
that glucocorticoids which inhibit the
synthesis of prostaglandins triggered by a
given signal, do not affect the secretion in
duced in the same cells by another stim
ulus nor the basal secretion (20, 52).

In order to account for these deviations
from the model, it was proposed that dif
ferent metabolic pools of arachidonate ex
ist and are not coupled with the same ef
ficiency to membrane receptors (58, 62),
whereas some authors have also described
the existence of different phospholipases
with distinct characteristics and tissue spe
cificities (88).

Furthermore, observations have been
made which are in complete contradiction
with the proposal of lipocortin-mediated
action of steroids.

Different paradoxical situations can be
observed with regards to the action of glu
costeroids on arachidonate metabolism
and prostanoid synthesis: in some cell
lines or in some tissues, glucocorticoids
may markedly enhance prostaglandin syn
thesis (30, 57, 69); as stated above, dexa
methasone may in the same cell line en
hance PGD2 synthesis and inhibit leuco-
triene formation (86); Duval and cowork
ers described in U 937 cells that steroid
treatment led to a significant stimulation
of arachidonate release (28). It was also
observed that steroids inhibit prostaglan
din synthesis while stimulating arachido
nate liberation (27).

These effects have been explained by a
stimulation of PG synthetase activities as
sociated in some cases with an inhibition
of the fatty acid reacylation step (28, 69).

On the other hand, using specific
probes to detect the level of expression of
lipocortins and their intracellular content,
several authors recently demonstrated that
inhibition of eicosanoid synthesis may oc
cur in the absence of any detectable effect
of glucocorticoids on the synthesis of li
pocortins (5, 61, 81).

In vivo experiments. — Given the re
sults showing in many cell types an inhi
bition of prostaglandin formation by glu
cocorticoids, several groups have attempt
ed to determine in vivo the effects of ste
roid treatment on the plasma concentra
tion or on the urinary excretion of
prostaglandin and prostaglandin metabol
ites.

Although these experiments have been
carried out in different species, including
man, using highly variable steroid concen
trations and treatment schedules it is now
obvious that the effects of glucocorticoids
in vivo on prostaglandin formation remain
elusive. Despite some results showing a
moderate inhibition of urinary excretion
in rats (7, 51), most of the studies done
showed either no influence or even a stim
ulation of plasma levels and urinary ex
cretion (76-78, 87, 104 and 26 for a re
view).

On the other hand, it is important to
remember that therapeutic treatment by
cortisol or methylprednisolone is known
for almost 40 years to induce profound al
terations on body fats and to induce a sig
nificant stimulation of the plasma concen
trations of non esterified fatty acids in
cluding the prostaglandin precursor ara
chidonic acid (43, 64).

It thus appears that the effects of glu
cocorticoids on arachidonate metabolism
and eicosanoid formation are more com
plex than previously claimed. Indeed, it is
obvious from a literature survey that glu
cocorticoids may affect directly or indi
rectly many parameters which influence
more or less the metabolism of arachidon
ic acid and its transformation.

Possible regulatory effects of
GLUCOCORTICOIDS ON ARACHIDONATE
METABOLISM

Effects on lipid metabolism. — Gluco
corticoids have been described to exert
numerous effects on lipid metabolism.
Many of these effects could contribute di
rectly or indirectly to modulate arachi
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donate availability and prostaglandin lev
els.

Changes in eicosanoid levels may derive
for example from changes in cyclooxygen
ase and/or PG synthetase activities (31) or
from modification of the prostaglandin
degrading enzyme (73).

Many different pathways of lipid me
tabolism are controlled in part by gluco
corticoids and may either enhance or de
crease the circulating arachidonate con
centration.

These include regulation of the lyso-
phospholipid acyl transferase activity (28),
control of the transfer of acyl groups from
phospholipids to triglycerides (105) or to
cholesterylesters, alteration of the clear
ance of plasma arachidonic acid (3), en
hanced TG hydrolysis (30), stimulation or
inhibition of lipoprotein lipase levels (10,
50) and control of several of the steps in
volved in the turnover of phospholipid
backbones (45, 85).

In addition, glucocorticoids may also
regulate the synthesis of fatty acids at the
level of fatty acid synthetase (108), or at
the enzymes controlling elongation and
desaturation of fatty acids (19).

Indirect effects mediated via proteins
other than lipocortin. — Various proteins
have been described to affect fatty acid
availability in different ways:

Albumin for example may exert a strik
ing effect on arachidonate release and
transformation simply because of its ca
pacity to bind large amounts of free fatty
acids (27, 99).

Some plasma proteins such as haptoglo
bin, orosomucoid, and a circulating lipo
protein are known to exert an action on
phospholipase activity and fatty acid re
lease (21, 72, 84, 92).

Similarly, uteroglobin, a protein which
can represent up to 40 % of the proteins
secreted by uterine cells during pregnan
cy, is known to inhibit phospholipase ac
tivity (103, 110). Several authors have also
described in various tissues the existence 

of a protein identical to uteroglobin (70).
Moreover, it is well known that pep

tides and proteins that exert a major role
in cell to cell interactions often stimulate
the arachidonic acid cascade (i.e. kinins
and in particular bradykinin, immunol
ogical signals such as interleukin 1 and in
terleukin 2, cachectin, y interferon, and
non specific mediators such as proteases
14, 23, 42, 68, 113).

It is thus striking to observe that each
of the factors listed above and probably
others, are under glucocorticoid regula
tion (24, 75). This regulation could affect
the synthesis of the factors mentioned
above (41), the number of their receptors
(15), or even the synthesis of an inhibitory
protein. Several authors have now demon
strated that glucocorticoids enhance the
production of a protein inhibitor of tissue
plasminogen activator (40, 96) as well as
of other antiproteases (TIMP, 71).

Thus, as emphasized previously by Cla-
man (13), steroids act at a bewildering
number of sites and it is not possible to
find out a single steroid-induced protein
or a single action which fully explains the
clinical effects observed.

Multiplicity of the antiinflam
matory ACTIONS OF STEROIDS

Since the demonstration of the anti-in
flammatory effects of adrenal extracts 40
years ago, hydrocortisone and synthetic
glucocorticoids represent the most potent
class of anti-inflammatory and immuno
suppressive agents.

Indeed they constitute the only drugs
capable to abolish all the symptoms of an
acute inflammatory reaction. Although
non steroidal agents such as salicylates, in
domethacin... inhibit the synthesis of
prostaglandins, they are, by far, less po
tent than glucocorticoids as anti-inflam
matory drugs. This difference was attrib
uted to the property of steroids to block
simultaneously cyclooxygenase and lipoxy
genase pathways, but as already under
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Fig. 3. Mechanisms of the anti-inflammatory effects of glucocorticoids.

lined by Famaey 10 years ago (34), the
anti-inflammatory action of glucocorti
coids is not due solely to their effect on
eicosanoid synthesis. In fact, a complete
description of the whole spectrum of ef
fects of glucocorticoids on inflammatory
reactions would constitute an extensive
task. In the present paper (fig. 3) we have
only briefly summarized the principal
mechanism involved in these anti-inflam
matory actions (24, 35, 74, 75, 95), just to
stress that it is unrealistic to postulate that
lipocortins may replace glucocorticoids as
anti-inflammatory agents.

Concluding remark: Sex steroids
AND PROSTAGLANDIN PRODUCTION

Numerous studies have now demon
strated that sex steroids, essentially estro
gens and progesterone, exert a significant
effect on prostaglandin synthesis in var
ious tissues including cells of the vascular 

wall (82, 97), but particularly uterine cells
(1, 12, 67, 79, 94, 102). In most of the cas
es, estradiol has been described to enhance
the synthesis of PGE2 and PGF2 whereas
progesterone inhibits their secretion.

This antagonist effect of sex steroids on
PG secretion is considered to play an im
portant role in pregnancy and labour (11,
65, 93).

In view of the large amount of infor
mation obtained in the last few years
about the mechanisms of action of glu
cocorticoids on eicosanoid synthesis, it is
surprising to see how little is known con
cerning the effects of sex steroids on ara
chidonate availability and metabolism.

Nevertheless, estradiol has been de
scribed in some experimental models:

To enhance the overall turnover of uter
ine cell phospholipids (2), to increase
phospholipase activity and arachidonate
liberation (83), to stimulate prostaglandin
synthetase (48).

Rev. esp. Fisiol., 46 (1), 1990
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However, no real insight has been ob- 7.
tained on the mechanism by which estro
gens control phospholipase activity.

Progesterone which inhibits PG syn- 8‘
thesis, does in fact reduce lipocortin syn- 9
thesis and metabolism in uterine cells (47).
However, uteroglobin which is markedly
induced by progesterone treatment in io.
uterine cells has been suggested by several 11.
groups to play a role as anti-phospholi-
pase protein (103, 110). 12-

We believe that, taking into account the
results obtained for glucocorticoids, ma- 13'
jor improvements in our knowledge of the J4
effects of sex steroids on eicosanoid syn
thesis can be realized in the next few
years. 15.

16.
Resumen

17.
Se resumen brevemente los efectos de los gluco-

corticoides sobre la sintesis del eicosanoide y se des- 18.
criben los temas que permanccen sin solution o con-
trovertidos. Tambien se sugiere, a la vista de los co-
nocimientos actuales de los efectos de los esteroides 19.
scxuales sobre la production uterina de la prosta-
glandina, que puedan existir caractensticas comunes
entre estas acciones y las de los esteroides antiinfla- 20.
matorios.

Palabras clave: Glucocorticoides, Lipocortina, Me- 21.
tabolismo del araquidonato.
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