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AT771726, the active metabolite of leflunomide, directly inhibits the

activity of cyclo-oxygenase-2 in vitro and in vivo in a

substrate-sensitive manner

'Lorna C. Hamilton, 'Ivana Vojnovic & *'Timothy D. Warner

"Vascular Inflammation, The William Harvey Research Institute, St. Bartholomew’s and Royal London School of Medicine and

Dentistry, Charterhouse Square, London, EC1M 6BQ

1 The immunosuppressive and anti-inflammatory drug leflunomide has several sites of action,
although its precise mode of action is unknown.

2 Here we show in vitro and in vivo that leflunomide and/or its active metabolite A771726, inhibit
the activity of cyclo-oxygenase (COX) at doses below those that affect protein expression.

3 In J774.2 macrophages treated with endotoxin for 24 h to induce COX-2 and iNOS, leflunomide
and A771726 inhibited more potently the accumulation of PGE, (A771726, ICs, 3.5 ug ml—') than
of NO, (A771726, ICs, 380 ug ml~'). At high concentrations (>300 ug ml~') A771726 also
exhibited the expression of COX-2 and iNOS proteins.

4 In A549 cells treated for 24 h with interleukin-18, to induce COX-2, A771726 potently inhibited
PGE, synthesis (ICs, 0.13 ug ml~"). In the same cells, A771726 was notably less active (ICs,
52 ug ml~") at inhibiting the formation of PGE, stimulated by exposure to 30 uM arachidonic acid.
5 In a human whole blood assay, measuring the accumulation of TxB, in response to calcium
ionophore as a measure of COX-1 activity and in response to incubation with bacterial endotoxin as
a measure of COX-2 activity, leflunomide inhibited COX-1 and COX-2 with ICs, values of 31 and
185 ug ml~!; for A771726 the corresponding values were 40 and 69 ug ml~".

6 Pre-treatment of rats with leflunomide or A771726 (10 mg kg™', i.p.) inhibited the plasma
accumulation of 6-keto-PGF;, but not NO,/NO; following infusion of endotoxin. Injection of a
bolus of arachidonic acid following 6 h infusion of endotoxin caused a marked acute rise in plasma
6-keto-PGF,, which was inhibited only by higher doses of A771726 (50 mg kg™', i.p.).

7 1In conclusion, leflunomide via A771726 can directly inhibit the activity of COX, an effect that
appears blunted both by increases in substrate supply and possibly by plasma binding. Only at much
higher drug levels does leflunomide and/or A771726 inhibit the induction of COX-2 or iNOS

proteins.
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Introduction

Leflunomide (N-(4-triflurormethylphenyl)-5-methylisoxazol-4-
carboxamide) is a novel immunomodulating drug which is of
interest for the treatment of the chronic inflammatory
condition, rheumatoid arthritis (Mladenovic, 1995; Silva &
Morris, 1997). It is a pro-drug, exerting its therapeutic effects
primarily through A771726 (N-(4-triflurormethylphenyl)-2-
cyano-3-hydroxy-crotonic acid amide), the major metabolite.
Depite its biochemical mode of action being largely unknown,
leflunomide appears to have several sites of action (Silva &
Morris, 1997). In addition to reducing local concentrations of
inflammatory mediators, inhibiting, for example, the release of
histamine from mast cells and the release of reactive oxygen
species from white blood cells (Bartlett ez al., 1993), leflunomide
also interferes with the activation, proliferation and differentia-
tion of lymphocytes (Bartlett et al., 1991). Leflunomide may
also produce anti-proliferative effects by inhibiting the action of
dihydroorotate dehydrogenase and so reducing de novo
pyrimidine biosynthesis. Finally, A771726 may act as an
inhibitor of certain tyrosine kinases (Mattar et al., 1993).

* Author for correspondence at: Vascular Inflammation, The William
Harvey Research Institute, The Medical College, Charterhouse
Square, London ECIM 6BQ. E-mail: t.d.warner@mds.qmw.ac.uk

Inflammation is associated with the induction of the enzyme
cyclo-oxygenase-2 (COX-2) (Hla et al., 1993; Mitchell et al.,
1994; Seibert & Masferrer, 1994; Tomlinson et al., 1994; Vane
et al., 1994). COX-2 is the mitogen-inducible isoform of the
‘house-keeping’ enzyme COX-1 (Xie et al., 1991), which
controls the synthesis of prostaglandins that contribute to
normal cell activity (Vane, 1971). Both COX-1 and COX-2 are
pharmacological targets of the non-steroidal anti-inflamma-
tory drugs (NSAIDs). In particular, inhibition of COX-2
activity may well mediate the therapeutic benefits of these
drugs, while inhibition of COX-1 may underlie their harmful
side-effects (Vane et al., 1994). Many NSAIDs inhibit COX
activity by competing with the substrate arachidonic acid for
the active site. Consequently, it has been demonstrated both in
vitro (Laneuville et al., 1994; Saunders et al., 1996; Mitchell et
al., 1997) and in vivo (Hamilton et al., 1999) that depending
upon the nature of their binding to the COX enzyme(s) (Gierse
et al., 1999) NSAID potency is influenced by the supply of
arachidonic acid.

Nitric oxide synthase (iNOS) is also induced by inflamma-
tory stimuli (Lorsbach ez al., 1993; Steur & Marletta, 1989).
This enzyme catalyses the conversion of L-arginine to L-
citrulline, with the release of nitric oxide (NO). iNOS does not
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require calcium as a co-factor for its activity (Xie et al., 1992),
a feature which differentiates it from the constitutive isoforms
of the enzyme, endothelial NOS (eNOS) and neuronal NOS
(nNOS). Consequently, iNOS can produce NO in large,
cytotoxic quantities, and has therefore been implicated in the
oedema, pain, erythema and vasodilatation associated with
inflammation (Vane et al., 1994).

Here we have tested, in vitro and in vivo, the hypothesis that
leflunomide through the action of A771726 can directly inhibit
the activity of COX-2, at concentrations below those required
to affect the expression of either COX-2 or iNOS proteins. Some
of this data has been presented previously in abstract form to
the British Pharmacological Society (Hamilton et al., 1997).

Methods
Cell culture

Murine J774.2 macrophages were obtained from the European
Collection of Animal Cell Culture (Salisbury, U.K.) and
cultured to confluence in 96-well plates, in Dulbecco’s Modified
Eagle’s Medium (DMEM) containing 10% foetal calf serum
and 2 mM L-glutamine. Cells were exposed to lipopolysacchar-
ide (LPS, serotype 0127:B8; 10 ug ml~") for 24 h at 37°C in
the presence or absence of leflunomide (0.003—30 ug ml~—"'),
A771726 (0.3-1000 ug ml~"), or vehicle (0.1% DMSO for
leflunomide, saline for A771726). The human pulmonary
epithelial cancer cell line (A549) was also obtained from the
European Collection of Animal Cell Culture (Salisbury, U.K.)
and cultured in 96-well plates, until confluent, in DMEM
containing 10% foetal calf serum and 4 mM L-glutamine. A549
cells were exposed to IL-13 (10 ng ml~') for 24 h at 37°C in the
presence or absence of leflunomide (0.003-30 ug ml™'),
A771726 (0.3—-1000 pug ml™"), or vehicle (0.1% DMSO for
leflunomide, saline for A771726). In separate experiments,
A549 cells were exposed to IL-18 (10 ng ml~") for 24 h to
induce COX-2. Medium was then replaced with fresh medium
containing leflunomide (0.003—-30 ug ml~'), A771726 (0.3—
1000 pug ml™"), or vehicle (0.1% DMSO for leflunomide, saline
for A771726) plus arachidonic acid (30 uM) for 30 min and the
medium removed for the measurement of PGE,.

Cell viability

Cell respiration, an indicator of cell viability, was assessed by
the mitochondrial-dependent reduction of 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyl-tetrazolium bromide to formazan
(Mitchell er al., 1993).

Surgical procedure

Male Wistar rats (220—250 g; Tuck, U.K.) were anaesthetized
with thiobutabarbital sodium (Inactin; 120 mg kg~', i.p.). The
trachea was cannulated to facilitate respiration. The right
carotid artery was cannulated and connected to a pressure
transducer (Elcomatic Type 750) for the measurement of
systemic blood pressure which was recorded on a Graphtec
Linearcorder (Type WR 3101). Mean arterial pressure (MAP)
was calculated as the diastolic pressure plus one-third of the
pulse pressure. Haemodynamic parameters were measured
throughout the protocol. A cannula was also introduced into
the left jugular vein for the administration of drugs. Body
temperature was maintained at 37°C via a homeothermic
blanket regulated by a rectal thermometer (Biosciences,
Sherness, Kent, U.K.).

Upon completion of the surgical procedure, animals were
left for 15 min to allow stabilization of the cardiovascular
parameters. Animals were treated (1= —1 h) with one of the
following: leflunomide (20 mg kg='i.p., n=7), A771726 (10 or
50 mg kg™ i.p., n=5-6), or drug vehicle (DMSO, 10%
w v~! n=8). Commencing 1 h later (z=0) animals received a
6 h continuous infusion of LPS (serotype 0127:B8,
0.2 mg kg=' h™') or LPS vehicle (saline). At the end of the
infusion period with LPS or vehicle (=6 h) animals were
challenged with a final bolus of arachidonic acid (3 mg kg~',
i.v.). Blood samples (500 ul) were taken via the carotid artery
cannula at =0, 2, 4 and 6 h, and 1 min after administration of
the final bolus of arachidonic acid.

Measurement of NOS activity

As a measure of NO formation plasma total concentrations of
nitrite/nitrate  (NO,/NO;) were determined. Briefly, NO;
present within plasma was stoichiometrically reduced to NO,,
by incubation (15 min, 37°C) of samples (10 ul) with nitrate
reductase (1 i.u. ml~'), NADPH (500 uM) and flavine adenine
dinucleotide (FAD, 50 um) (final volume 80 ul). Following
NO; reduction, unused NADPH was oxidized by addition of
lactate dehydrogenase (100 i.u. ml~') and sodium pyruvate
(10 mm) (final volume 100 ul) and incubation for 5 min at
37°C. Total NO, concentration was assayed by adding 100 ul
of Griess reagent (4% sulphanilamide and 0.2% naphtylene-
diamide in 10% phosphoric acid) to each 100 ul sample which
forms a purple azo dye in the presence of nitrite. The
formation of this dye was measured spectrophotometrically
at 550 nm with a reference filter at 650 nm (Molecular Devices,
Richmond, CA, U.S.A). Total NO, concentrations
(nmol ml~!) were calculated by comparison with the optical
density of standard solutions of sodium nitrite and sodium
nitrate (also stochiometrically reduced to NO,) prepared in
plasma. NO accumulates in culture medium as NO,. 100 ul of
culture medium was added to 100 ul of Griess reagent in 96
well plates. The absorbance was read as described above.

Measurement of COX activity

As an indicator of COX activity the accumulation of PGE, in
the culture medium was measured by specific radioimmuno-
assay. The assay detection limit was approximately 10 pg per
tube. In vivo, the plasma concentration of 6 keto-prostaglandin
(PG) F,, the stable hydrolysis product of prostacyclin (PGI,),
was measured by specific radioimmunoassay as a determinant
of COX activity. The percentage cross reactivity (at 50%
displacement) of the antibody against 6-keto-PGF,, used in
this study against other eicosanoids was the following: PGE,
11%; PGF,, 10%; thromboxane B, (TXB,) 0.05%. The
detection limit of this assay is approximately 10 pg per tube
with an inter-assay variability of 7%.

Human whole blood assay

Blood was collected by venupuncture into heparin (19 U ml~")
and then aliquoted in 100 ul volumes into the individual wells
of 96-well plates. For COX-1 assays, blood was then treated
with leflunomide or A771726 or vehicle, followed 60 min later
by calcium ionophore, A23187 (50 um). After 30 min the
plates were centrifuged (1500 x g, 4°C, 5 min) and the plasma
removed and immediately frozen. For COX-2 assays, blood
was treated with aspirin (12 ug ml™") to inactivate COX-1,
and then 6 h later with bacterial endotoxin (LPS, 10 ug ml~")
plus test agents or vehicle. Incubation was then continued for a
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further 18 h, after which time the plates were spun and the
plasma removed and frozen. Concentrations of thromboxane
(Tx) B, (as a measure of TxA, formation and so COX activity)
in samples from both protocols were then determined by
radioimmunoassay.

Western blot analysis

Induction of iNOS and COX-2 in J774 macrophages following
stimulation with LPS was determined by Western blot analysis
using specific polyclonal antibodies raised to iNOS and COX-2
proteins (Hamilton & Warner, 1998).

Materials

[FH] 6-Keto-PGF,, and [*H] PGE, were bought from
Amersham International (Little Chalfont, Bucks., U.K.).
Leflunomide and A771726 were generous gifts from Dr A.
Bartlett, Hoescht (Germany). The COX-2-selective antibody
was a gift from Merck-Frosst (Canada) and the iNOS selective
antibody was a gift from Dr C. Byrant (Cambridge, U.K.). All
other compounds were purchased from Sigma Chemical
Company (Poole, Dorset, U.K.).

Results

Stimulation of COX-2 and iNOS activity in J774.2
macrophages: effect of leflunomide and A771726

Incubation of J774.2 macrophages with LPS for 24 h increased
the accumulation, in the medium, of both PGE, and NO,,
13.140.9 ng ml~"' and 40+7 uM respectively. Treatment of
cells with either leflunomide or A771726 resulted in a
concentration-dependent reduction in PGE, accumulation,
with I1Cs, values of 2.2 and 3.5 ug ml~!, respectively (n=9—
12; Figure 1). A771726 inhibited the accumulation of NO, only
at much higher concentrations (ICsy 380 ug ml~', n=9-12)
(Figure 1). Due to its limited solubility, leflunomide could not
be administered at sufficient concentrations to permit calcula-
tion of an ICs, value for the inhibition of NO, formation.

Expression of iNOS and COX-2 in J774.2 macrophages
The rise in PGE, and NO, synthesis in LPS-treated J774.2

macrophages was associated with the induction of iNOS and
COX-2 protein, as confirmed by Western blot analysis (Figure
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Figure 1 Inhibition by (A) leflunomide and (B) A771726 of the
accumulation of PGE,; and NO; in the culture medium bathing J774
macrophages exposed to LPS for 24 h (n=9-12 for each point).
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Figure 2 Expression of iNOS (upper panel) and COX-2 (lower panel) proteins in J774 macrophages as detected by Western blot
analysis. Cells were treated with LPS plus leflunomide, A771726, or vehicle for 24 h.
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Figure 3 Expression of COX-2 protein in J774 macrophages as detected by Western blot analysis. Cells were treated wtih LPS plus

either vehicle or increasing concentrations of A771726 for 24 h.
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Figure 4 Inhibition by A771726 of the accumulation of PGE, in
culture medium bathing A549 cells exposed to LPS for 24 h (n=16—
18) either basally or following incubation with arachidonic acid (AA,
30 um) for 30 min (n=16-18).

2). Leflunomide at the maximum dissolvable concentration
(30 ug ml~") was without effect on the expression of either
COX-2 or iNOS (Figure 2). A771726 significantly inhibited the
expression of both COX-2 and iNOS but only at concentra-
tions greater than 300 ug ml~' (Figures 2 and 3).

Stimulation of COX-2 activity in A549 cells: effect of
exogenous arachidonic acid on A771726 potency

Treatment of A549 cells with IL-18 for 24 h increased the
accumulation of PGE, (0.04+0.0ngml~"' to 583+
0.44 ng ml~', n=12). This increase was unaffected by
leflunomide (up to 30 ug ml~', data not shown) but was
inhibited in a concentration-dependent manner by A771726
(ICs, value of 0.13 ug ml~") (Figure 4).

Incubation of IL-1f-pre-treated A549 cells with exogenous
arachidonic acid (30 uM) for 30 min caused the accumulation
of 63+5 ng ml~' PGE; in the culture medium. Under these
conditions of rapid PGE, formation, the activity of A771726
was reduced by approximately 400-fold (ICs, 52 pug ml™')
(Figure 4).

Cell viability
At the highest doses used, neither leflunomide nor A771726

decreased cell viability either alone or in combination with
LPS.
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Figure 5 Inhibition by (A) leflunomide and (B) A771726 of the
activities of COX-1 and COX-2 in human whole blood determined as
the accumulation of TxB,. (n=75).

Human whole blood assay

In human whole blood the formations of TxB, in the COX-1
and COX-2 assays were, respectively, 42.08+11.21 and
14.69+2.37 ng ml~! (n=35). These increases were weakly
inhibited by both leflunomide (ICs, COX-1, 31 ug ml~'; ICs,
COX-2, 185 ugml™'; n=35) and A771726 (IC5, COX-1,
40 ug ml~"; IC5y COX-2, 69 ug ml~'; n=>5) (Figure 5).

Inhibition of iNOS and COX-2 activity in vivo: effects
of leflunomide and A771726

Infusion of LPS to rats caused a marked time-dependent
increase in the plasma concentrations of NO,/NO; (t=0 h,
9+2.7 uM to t=06 h, 292+ 83 uM; n=38). There was a smaller,
less marked increase in the circulating levels of 6-keto-PGF,
(t=0h, 0.14+0.10 ngml~' to r=6h, 6.5+2.48 ngml™';
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n=238). These increases were associated with a general induction
of iNOS and COX-2 throughout the vasculature as demon-
strated by immunohistochemistry (data not shown).

Administration of a bolus of arachidonic acid (3 mg kg~',
i.v.) to vehicle-treated rats at =6 h caused, after 1 min, the
plasma concentration of 6-keto-PGF,, to rise to
2.75+1.02 ng ml~"' (n=28). Infusion of rats with LPS for 6 h
magnified this rise in 6-keto-PGF,, to 404+135 ng ml~!
(Figure 6A). The injection of arachidonic acid was without
affect on the plasma levels of NO,/NO; in any study groups
(data not shown).

Leflunomide 20 mg kg™, inhibited the elevation in plasma
6-keto-PGF,, caused by LPS infusion alone but was without
effect against the rapid increase in plasma 6-keto-PGF,, caused
by injection of arachidonic acid in these animals. Leflunomide
could not be applied at higher doses due to its poor solubility.
However, experiments with leflunomide’s active metabolite

A771726 indicated that higher doses were required to inhibit
the increase in 6-keto-PGF,, following arachidonic acid
injection than that following infusion of LPS alone (Figure
6B). A771726 (50 mg kg~") but not leflunomide (20 mg kg™")
also reduced the rise in plasma 6-keto-PGF, levels following
bolus injection of arachidonic acid in non-LPS-treated animals
(Figure 6C).

Neither leflunomide nor A771726 inhibited the rise in
plasma NO,/NO; concentration caused by treatment of rats
with LPS (Figure 7).

Cardiovascular parameters

LPS infusion (0.2 mg kg=' h™!) resulted in a time-dependent
reduction in mean arterial blood pressure from 114+7 mmHg
to 90+ 5 mmHg (n=38). Neither leflunomide nor A771726
affected the cardiovascular changes (Table 1).
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Figure 6 Effect of leflunomide (20 mg kg~"') or A771726 (10 mg kg~") on the concentration of 6-keto-PGF, in the plasma of
anaesthetized rats (A) treated with LPS (0.2 mg kg=' h™!) for 6 h. (B) Samples taken 1 min after injection of arachidonic acid
(3mgkg~!, iv.) to rats previously infused for 6 h with LPS. (C) Samples taken 1 min after injection of arachidonic acid
(3mg kg™, i.v.) to non-LPS treated rats. Results are expressed as mean+s.e.mean of 5—8 observations. *Denotes P <0.03,

ANOVA + Bonferroni’s test.
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Discussion

Leflunomide, primarily used as an immunosuppressive drug, is
also efficicacious in inflammatory models (Bartlett ez al., 1993).
Here we demonstrate, both in vitro and in vivo that
leflunomide, probably via its active metabolite A771726, can
directly inhibit the activity of cyclo-oxygenase. This effect
could explain some of the anti-inflammatory activities of
leflunomide.

To assess the action of leflunomide and A771726 on both
the expression and activity of COX-2 and iNOS, J774.2
macrophages were incubated with LPS for 24 h, to induce the
expression of these two enzymes (Swierkosz et al., 1995).
Leflunomide and A771726 inhibited the accumulation of PGE,
equi-potently. Notably, this inhibition was found at concen-
trations that did not affect the expression of COX-2. Indeed,
more than 100 fold excess of A771726 was needed to produce
such an effect. A771726 also inhibited the accumultion of NO,
in the medium, but only at a high concentration consistent
with inhibition of iNOS protein expression. The data from
these experiments indicate that leflunomide, through the action
of A771726, can inhibit prostanoid formation by inhibiting
COX activity at low concentrations and COX expression at
high concentrations. High concentrations of A771726 can
similarly inhibit the production of NO, by inhibiting the
expression of iNOS protein. This suggests that A771726 may
inhibit some common pathway leading to the expression of
COX-2 and iNOS in J774.2 macrophages. Potentially this
could be by an influence on tyrosine kinase, for the induction
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Figure 7 Effect of leflunomide (20mgkg™") or A771726

(50 mg kg~ ') on the concentration of NO,/NOs in the plasma of
anaesthetized rats treated with LPS (0.2 mg kg~' ~) for 6 h. Results
are expressed as mean+s.e.mean of 5-8 observations. *P<0.05
ANOVA plus Dunnett’s test.

of INOS and COX-2 is inhibited by the tyrosine kinase
inhibitors, erbstatin or herbimycin (Akarasereenont et al.,
1994; Marczin et al., 1993). Furthermore, A771726 has been
reported to inhibit Src tyrosine kinases (ICs, value, 40 um)
(Mattar et al., 1993). However, the 1Cs, value for this effect is
far below that required in our experiments to inhibit the
expression of COX-2 and iNOS. It would appear unlikely,
therefore, that it is an influence on Src tyrosine kinases that
explains the inhibitory effects of A771726 on the expression of
iNOS and COX-2.

The potencies of NSAIDs as inhibitors of COX can be
affected by the supply of arachidonic acid, as has previously
been demonstrated in A549 cells (Mitchell et al., 1994; 1997).
We found that comparing the potencies of A771726 as an
inhibitor of the formation of PGE, basally compared to the
PGE, formation following incubation with 30 uM arachidonic
acid revealed a 400 fold shift in ICs, value. This clearly
indicates that A771726 can act as a weak, direct inhibitor of
COX that is overcome by the presence of high concentrations
of endogenous substrate, as has been found for sodium
salicylate (Mitchell et al., 1997). Similarly, when A771726 was
tested in isolated purified ovine COX-1 and COX-2 prepara-
tions (Curnock et al., 1997) in the presence of 10 um
exogenous arachidonic acid high ICs, values were obtained.
Such results have been taken as evidence that A771726 is not a
COX inhibitor. However, estimates of drug potency are more
accurate in assays where endogenous arachidonic acid is used
(Laneuville, 1994). We can therefore, conclude, that A771726
is a direct, though weak, inhibitor of COX activity in vitro
(Curnock et al., 1997).

The potencies of NSAIDs can also be affected by binding to
plasma proteins. This may well explain the relatively weak
effects of both leflunomide and A771726 that we found in the
human whole blood assay. Interestingly, the two compounds
were found to be approximately equipotent against both COX-
1 and COX-2. This could be explained by a conversion of
leflunomide to A771726 within the whole blood, or by the two
compounds acting in similar weakly competitive manners to
inhibit both COX-1 and COX-2 in this assay system. With
regard to the use of leflunomide in humans, our data would
suggest that at achievable plasma concentrations, bearing in
mind that leflunomide may be used at doses of approximately
20—-100 mg (Smolen et al., 1999), neither leflunomide nor
A771726 would have much direct effect on the activities of
COX-1 or COX-2.

In vivo, A771726 (10 mg kg=' or 50 mg kg~"), but not
leflunomide (20 mg kg~ '), inhibited the increase in circulating
plasma 6-keto-PGF,, induced by infusion of LPS (Figure 5).
This is consistent with data obtained from a rat air pouch
model in which leflunomide (25 mg kg~') was found to cause
only a small (23%) reduction in PGE, accumulation (Curnock
et al., 1997). Due to its poor solubility, leflunomide could not
be administered at a higher concentration, but A771726 at the
top dose used did significantly inhibit 6-keto-PGF, accumula-

Table 1 Mean arterial blood pressures of anaesthetized rats (mmHg) after 0, 2, 4 and 6 h of infusion

Treatment n 2 4 6

Control 8 97+7 9245 97+4 9145
LPS + Vehicle (saline) 8 114+7 9446 9645 904 5*
LPS + Leflunomide (20 mg kg™ ") 7 101+6 96+5 94+4 86+ 5*
LPS+A771726 (10 mg kg™ 1) 6 102+5 80+8 83+10 78 +9*
LPS+A771726 (50 mg kg™ ") 5 92+4 91+7 89+8 71+£7*%

*Denotes significant difference (P <0.05, unpaired ¢-test) between =0 h and /=6 h within individual groups.
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tion. This data is consistent with our hypothesis that the
potency of COX inhibitors in vivo can be affected by the supply
of arachidonic acid (Hamilton et al., 1999). Furthermore, the
in vivo data correlate with the in vitro and whole blood
experiments that demonstrate A771726 to be a weak, direct
inhibitor of COX activity. A771726 also inhibited the
formation of 6-keto-PGF,, following the bolus injection of
arachidonic acid. However, as in the A549 cells, this effect was
only seen at the highest dose used. A771726 and leflunomide
also failed to affect the accumulation of NO,/NO; in the
plasma, even at the highest doses used. This result is
unsurprising, as in our in vitro experiments we only found an
effect of A771726 on NO, production and iNOS expression at
concentrations greater than 300 ug ml~—'. This concentration
would be in excess of those achievable in our in vivo studies.
LPS infusion induced a time-dependent fall in mean arterial
blood pressure that was not prevented by leflunomide or
A771726 (Table 1). It has been previously proposed that this
LPS-induced fall is largely related to the induction of iNOS
and the overproduction of NO (Thiemerman, 1993; Szabo et
al., 1994). Indeed, in previous experiments using this model, we
found the selective iNOS inhibitor 1400W prevented the fall in
blood pressure caused by LPS (Hamilton er al., 1998). As
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