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ABSTRACT

The purpose of this study was to
investigate the in vitro effects of flu-
nixin meglumine, a cyclo-oxygenase
inhibitor, and ketoprofen, a re-
ported cyclo-oxygenase and lipo-
xygenase inhibitor, on the synthesis
of cyclo-oxygenase end-products
thromboxane B2 and prostaglandin
E2, lipoxygenase derived 12-hydro-
xyeicosatetraenoic acid, tumor
necrosis factor and tissue factor.
Six adult horses were each ran-
domly administered flunixin meglu-
mine (1.1 mg/kg) or ketoprofen
(2.2 mg/kg) intravenously every
12 hours with the drug treatments
separated by two weeks. Blood sam-
ples were obtained prior to initiat-
ing treatment, the last day of treat-
ment and for two consecutive days
after the termination of treatment
for measurement of serum concen-
trations of thromboxane B2 as well
as isolation of peripheral blood
monocytes. Quantitation of unstim-
ulated, endotoxin- and calcium
inophore-induced synthesis of
thromboxane B2, prostaglandin E2,
12-hydroxyeicosatetraenoic acid,
tumor necrosis factor and tissue
factor by peripheral blood mono-
cytes was performed in vitro. Both
flunixin meglumine and ketoprofen
significantly decreased serum con-
centrations of thromboxane B2
demonstrating in vivo cyclo-oxyge-
nase inhibition. There were no sig-
nificant differences between drug
treatment groups in the in vitro pro-
duction of thromboxane B2,
prostaglandin E2, 12-hydroxy-
eicosatetraenoic acid, tumor necro-
sis factor or tissue factor. This

study does not identify significant
differences between the effects of
flunixin meglumine and ketoprofen.

RESUME

Le but de cette etude etait d'eva-
luer les effets in vitro de la meglu-
mine de flunixine, un inhibiteur de
la cyclo-oxyge'nase, et du ke'to-
prophene, un inhibiteur de la cyclo-
oxygenase et de la lipo-oxygenase,
sur la synthese de deux metabolites
de la cyclo-oxygenase, la thrombox-
ane B2 et la prostaglandine E2,
sur l'acide 12-hydroxyeicosate-
traenoique, une substance derivee
de la lipo-oxygenase, sur le facteur
necrosant tumoral (FNT) et le fac-
teur tissulaire. On a administre a
six chevaux, alternativement, de la
meglumine de flunixine (1.1 mg/kg
IV Q 12 heures) ou du ke'to-
prophene (2.2 mg/kg IV BID Q
12 heures). L'ordre de traitement
pour chaque cheval a ete decide
d'une facon aleatoire et une periode
de deux semaines a separe l'admi-
nistration des deux medicaments.
Des echantillons sanguins ont ete
obtenus avant le debut du traite-
ment, la derniiere journee du traite-
ment, et les deux jours suivant la fin
du traitement afin de mesurer la
concentration serique de thrombox-
ane B2 et d'isoler les monocytes san-
guins. L'e'valuation de la synthese
de thromboxane B2, de prostaglan-
dine E2, d'acide 12-hydroxyei-
cosatetraenoique, du TNF et du fac-
teur tissulaire a ete mesuree in vitro
a partir de monocytes sanguins non-
stimules ou exposes a de l'endo-
toxine ou a un ionophore calcique.

La meglumine de flunixine et le
ketoprophene ont diminue d'une
facon significative la concentration
serique de thromboxane B2, demon-
trant l'inhibition in vivo de la cyclo-
oxygenase. Aucune difference signi-
ficative de production in vitro
de prostaglandie E2, d'acide
2-hydroxyeicosatetraenoique, du
TNF et du facteur tissulaire n'a ete
demontree entre les deux traite-
ments. Cette etude n'a pas identifie
de difference significative entre les
effets de la meglumine de flunixine
et le ketoprophene. (Traduit par Dr
Jean-Pierre Lavoie)

INTRODUCTION

Endotoxemia is an important cause
of patient morbidity and mortality in
horses. Gastrointestinal disorders that
cause colic and neonatal septicemia
are the most important precipitating
disease processes. Endotoxin induces
synthesis of inflammatory mediators
and initiation of intravascular coagu-
lation (1). Previous in vivo studies
have shown that many of the media-
tors that account for the adverse
effects of endotoxemia are cyclo-
oxygenase-derived metabolites of
arachidonic acid (2,3). Consequently,
over the past ten years nonsteroidal
anti-inflammatory drugs, such as flu-
nixin meglumine, have become a
mainstay in the treatment of equine
colic and endotoxemia in clinical
practice (4,5).

Recently, additional proinflamma-
tory and procoagulant mediators, prin-
cipally tissue factor and tumor necrosis
factor, have been identified in endo-
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toxemic horses (6-10). These media-
tors are synthesized by cells of the
mononuclear phagocyte system, and
their synthesis may be altered by inhi-
bition of cyclo-oxygenase activity. For
instance, aspirin augments the genera-
tion of monocyte tissue factor activity
by directing arachidonic acid meta-
bolism away from cyclo-oxygenase
and towards lipoxygenase (11). The
subsequent increased production of at
least one lipoxygenase product,
12-hydroxyeicosatetraenoic acid, aug-
ments the expression of tissue factor
(1 1). Furthermore, the results of recent
studies also have demonstrated that a
cyclo-oxygenase product, prostaglan-
din E2, down regulates the synthesis of
tumor necrosis factor in response to
stimulation with endotoxin (12). Thus,
cyclo-oxygenase inhibitors, such as
ibuprofen, result in increased synthesis
of tumor necrosis factor (13).
With these recent findings in mind,

we hypothesized that repeated admin-
istration of flunixin meglumine to
horses would inhibit endotoxin-
induced metabolism of arachidonic
acid by cyclo-oxygenase and that such
inhibition would result in 1) decreased
production of thromboxane B2 and
prostaglandin E2, 2) increased synthe-
sis of tumor necrosis factor, 3) redi-
rection of arachidonic acid towards
lipoxygenase, 4) increased synthesis
of 12-hydroxyeicosatetraenoic acid,
and 5) increased production of tissue
factor. Additionally, we proposed
that administration of ketoprofen, a
purported inhibitor of both cyclo-oxy-
genase and lipoxygenase (14,15),
would 1) reduce the synthesis of
thromboxane B2, prostaglandin E2, and
12-hydroxyeicosatetraenoic acid, 2)
have no effect on tissue factor synthe-
sis, and 3) increase synthesis of tumor
necrosis factor.

MATERIALS AND METHODS
ANIMALS

Six healthy adult horses, housed in
individual box stalls and fed grass
hay, were used in this study. A cross-
over design was utilized to randomize
the drug treatments in each horse.
Two weeks elapsed between the two
drug trials.

TREATMENT PROTOCOL
Jugular blood samples (100 mL)

were obtained at 8:00 AM on day 1
before initiation of treatment. Either

flunixin meglumine (1.1 mg/kg)
(Banamine, Schering Plough Corpora-
tion, Kenilworth, New Jersey) or
ketoprofen (2.2 mg/kg) (Ketofen, Fort
Dodge Laboratories, Fort Dodge,
Iowa) then was given IV every
12 hours for five consecutive days.
The drugs were administered at manu-
facturer recommended dosages at
intervals commonly utilized in equine
practice. Subsequent blood samples
were obtained at 8:00 AM on day 5
(12 hours before the last treatment),
and at 8:00 AM on the two consecu-
tive days after the termination of
treatment (Days 6 and 7).
Two methods were used to test the

effects of the drugs. Serum concentra-
tions of thromboxane B2, the stable
metabolite of thromboxane A2,
increase markedly during the coagula-
tion process. The administation of
nonsteroidal anti-inflammatory drugs
decreases the serum concentration of
thromboxane B2 through inhibition of
either cyclo-oxygenase or thrombox-
ane synthase. Therefore, we measured
serum concentrations of thromboxane
B2 before and after administration of
flunixin meglumine and ketoprofen.
The second method used to test the

effects of the drugs involved quantita-
tion of the constitutive (unstimulated)
and endotoxin- and calcium iono-
phore (A23187)-induced synthesis of
thromboxane B29 prostaglandin E2,
1 2-hydroxyeicosatetraenoic acid,
tumor necrosis factor, and tissue fac-
tor by peripheral blood monocytes in
vitro. Because the constitutive synthe-
sis of these mediators in vivo is low, it
is not valid to test the effects of these
drugs without a stimulus. This in vitro
method was selected to avoid the
in vivo administration of endotoxin to
the horses, and because the results of
several recent studies indicate that
cells of the mononuclear phagocyte
system are pivotal in the body's reac-
tion to endotoxin (9,10,16). A23187
was selected because it stimulates the
cell by increasing intracellular calcium
concentration through mechanisms
distinct from the mechanisms involved
during endotoxin stimulation.

SERUM THROMBOXANE B2
CONCENTRATIONS

Generation of thromboxane B2 by
blood cells was stimulated by incubat-
ing whole blood in glass tubes at 37°C
for 60 minutes. Serum was harvested

and the concentration of immunoreac-
tive thromboxane B2 quantitated by
radioimmunoassay (3).

ISOLATION OF PERIPHERAL BLOOD
MONOCYTES

Blood was collected into 3.8%
sodium citrate (1 part sodium citrate:
9 parts blood). Leukocyte-rich plasma
was layered over 60% Percoll in
Roswell Park Memorial Institute
(RPMI)-1640 media (Whitaker MA
Bioproducts, Walkersville, Maryland)
and centrifuged to yield a mononu-
clear cell band. The mononuclear
cells, suspended in 1 mL RPMI-1640,
were incubated in sterile polystyrene
tubes at 37°C in 5% CO2 for two
hours to permit adherence of mono-
cytes. Nonadherent cells were
removed by three washes with phos-
phate buffered saline. The adherent
cell population consisted of >85%
monocytes as determined by nonspe-
cific esterase stain.

STIMULATION OF MONOCYTES

Monocytes were covered with 1 mL
of RPMI-1640 media containing either
nothing (no stimulus), Escherichia coli
055:B5 endotoxin (1 j,g/mL) (List
Biological Laboratory, Campbell,
California), or the calcium ionophore,
A23187 (5 R±g/mL) (Sigma Chemical
Company, St. Louis, Missouri). All
tubes were incubated at 370C, 5% CO2
in air for six hours. At the end of the
six hours, the supernatant from each
tube was harvested and stored frozen at
-70°C until assayed for immuno-
reactive thromboxane B29 prostaglan-
din E2, and 12-hydroxyeicosate-
traenoic acid. Samples for quantitation
of 12-hydroxyeicosatetraenoic acid
were collected on day 1 (before treat-
ment) and on day 5.

TISSUE FACTOR ACTIVITY

Following the six hours of incuba-
tion, monocytes were washed with
phosphate buffered saline, overlaid
with 500 puL of phosphate buffered
saline, and then frozen at -70°C until
assayed for tissue factor activity.
Adherent cells were thawed, soni-
cated, and assayed for their ability to
accelerate clotting times of pooled
citrated equine plasma (9,10). Briefly,
0.1 mL of cell lysate was incubated
for three minutes at 370C with 0.1 mL
citrated plasma. Coagulation was ini-
tiated upon the addition of 0.1 mL
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Fig. 1. Serum thromboxane B2 concentra-
tions before, during and after administration
of flunixin meglumine or ketoprofen to six
horses. Results are mean ± SD. Means within
the same treatment groups with different let-
ters are significantly different (p < 0.05).
*Significantly different from the day 6 value
for the ketoprofen treated horses.

25 mM CaCl2, and the clotting time
was determined photometrically
(Organon Teknika, Tessup, Maryland)
in duplicate. The clotting times were
compared to a standard curve using
known dilutions of equine brain
thromboplastin (9). Tissue factor
activity was expressed as % thrombo-
plastin X 100.

TUMOR NECROSIS FACTOR ACTIVITY

Tumor necrosis factor (TNF) activ-
ity was quantitated by a modified
bioassay using the murine fibrosar-
coma cell line WEHI 164 clone 13 as
previously described (16). Briefly,
WEHI 164 clone 13 cells were cul-
tured in RPMI-1640 media supple-
mented with 10% fetal bovine serum
(Hyclone Laboratories, Logan, Utah).
Cells in the log phase of growth were
removed from flasks with trypsin-
EDTA, then plated (7 X 104 cells per
well) in 96-well microtiter plates.
Dilutions of recombinant human TNF
(Genzyme, Boston, Massachusetts) or
monocyte supernatant were then
added to the plates in triplicate. The
cells were then incubated for 18 hours
at 37°C and 5% CO2 in air. Cell sur-
vival was estimated colorimetrically
by addition of tetrazolium salt (MTT)
(M2 128, Sigma Chemical Company)
in phosphate buffered saline. After
cell incubation with MTT for four
hours, 150 4L of solution was aspi-
rated from each well and replaced by
100 ,uL of isopropanol containing
0.04 N HCl. Plates were read spectro-
photometrically at 570 nm using an
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Fig. 2. Concentrations of thromboxane B2 in
the supernatants of peripheral blood mono-
cytes exposed either to no stimulus, endo-
toxin or A23187. Results are mean ± SD.
Cells from both flunixin meglumine and
ketoprofen groups exposed to endotoxin or
A23187 produced significantly more throm-
boxane B2 than cells exposed to no stimulus
(p < 0.05).

automated microplate reader. Results
are reported as pg/mL TNF, using
human recombinant TNF to construct
a standard curve.

ANALYSIS OF DATA

All data were analyzed with
Hartley's test for equal variance and
then compared by a one-factor analy-
sis of variance (ANOVA). Once it
was determined that there were no
significant differences between day 1
(pretreatment) values for the two tri-
als (flunixin meglumine or ketopro-
fen), these data were grouped. Data
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Fig. 3. Concentrations of 12-hydroxye-
icosatetraenoic acid (12-HETE) in the super-
natants of peripheral blood monocytes
exposed either to no stimulus, endotoxin or
A23187. Results are mean ± SD. Cells
exposed to A23187 synthesized significantly
more 12-HETE that either the unstimulated
cells or the cells exposed to endotoxin (p <
0.05).

subsequently were analyzed using
ANOVA and means of interest com-
pared with Scheffe's test. Signifi-
cance was set at p < 0.05.

RESULTS

Serum concentrations of thrombox-
ane B2 after administration of flunixin
meglumine or ketoprofen are depicted
in Fig. 1. Both compounds signifi-
cantly decreased the synthesis of
thromboxane B2 by whole blood cells
on days 5 and 6. On day 6 there was
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Fig. 4. Expression of tissue factor activity by
lysates of peripheral blood monocytes
exposed either to no stimulus, endotoxin or

A23187. Results are mean ± SD. Means
within the same treatment groups with dif-
ferent letters are significantly different (p <

0.05). Endotoxin and A23187 caused a signif-
icant increase in the tissue factor activity of
monocytes from both drug treatment groups,

as compared to cells exposed to no stimulus.
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Fig. 5. Concentrations of prostaglandin E2 in
the supernatants of peripheral blood mono-
cytes exposed either to no stimulus, endo-
toxin or A23187. Results are mean ± SD.
Means within the same treatment groups
with different letters are significantly differ-
ent (p < 0.05). Except on day 7, concentra-
tions of prostaglandin E2 in supernatants of
cells exposed to endotoxin or A23187 were
greater than values for the unstimulated
cells.
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Fig. 6. Concentrations of tumor necrosis fac-
tor activity in the supernatants of peripheral
blood monocytes exposed either to no stimu-
lus, endotoxin or A23187. Results are mean ±

SD. Supernatants of monocytes exposed to
endotoxin contained significantly more TNF
activity than those from the no stimulus or

A23187 groups (p < 0.05).

significantly less thromboxane B, in
the serum from horses administered
ketoprofen than horses administered
flunixin meglumine.

Concentrations of thromboxane B,
produced by isolated peripheral blood
monocytes are depicted in Fig. 2.
Cells from both drug treatment groups

exposed to endotoxin or A23187 pro-

duced significantly more thrombox-
ane B, than did the unstimulated cells.
Although there was no significant
effect of either flunixin meglumine or

ketoprofen, there was a trend towards

increasing concentrations of throm-
boxane B, in the supernatant of cells
isolated after termination of treatment
(days 6 and 7). This was most evident
for the unstimulated cells obtained on

day 7 from the horses administered
ketoprofen (p = 0.07).

Figure 3 depicts the concentrations
of 12-hydroxyeicosatetraenoic acid in
supernatants of monocytes exposed to
no stimulus, endotoxin or A23187. All
cells exposed to A23187 synthesized
significantly more 12-hydroxyeicosate-
traenoic acid than either the unstimu-

lated cells or the cells exposed to endo-
toxin. Although there was no signifi-
cant effect of either drug on the synthe-
sis of 12-hydroxyeicosatetraenoic acid,
there was a trend towards an increaes
by both endotoxin- and A23187-stimu-
lated cells isolated on day 5 from
horses administered ketoprofen
(p = 0.08).

Expression of tissue factor activity
by isolated monocytes is depicted in
Fig. 4. Endotoxin and A23187 caused
a significant increase in the tissue fac-
tor activity of monocytes from both
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drug treatment groups as compared to
the unstimulated cells. The tissue fac-
tor activity of unstimulated cells from
both groups was increased on day 6
and was significantly different from
day 1 values on day 7. There was no
effect of either drug on endotoxin- or
A23 187-induced tissue factor activity.

Concentrations of prostaglandin E2
in monocyte supernatants are pre-
sented in Fig. 5. Except on day 7, con-
centrations of prostaglandin E2 in
supernatants of cells exposed to endo-
toxin or A23187 were greater than
values for the unstimulated cells. The
synthesis of prostaglandin E2 by
unstimulated cells from both treat-
ment groups was increased on day 5
and was significantly different from
day 1 values on day 7. There was no
effect of either drug on endotoxin- or
A23187-induced synthesis of
prostaglandin E2.

Figure 6 depicts TNF activity in the
supernatants of monocytes exposed to
no stimulus, endotoxin or A23187.
Supernatants of monocytes exposed to
endotoxin contained significantly
more TNF activity than cells exposed
to no stimulus or A23187. There was
no significant effect of either drug on
the synthesis of tumor necrosis factor
activity.

DISCUSSION

The results of this study confirm
that both flunixin meglumine and
ketoprofen have activity against
cyclo-oxygenase activity in vivo. This
was evidenced by the significant
decrease in serum thromboxane B2
concentrations at the end of the treat-
ment period. This effect has been
demonstrated previously for flunixin
meglumine (17) and was used to con-
firm that both drugs were pharmaco-
logically active when administered
twice daily. Inhibition of serum
thromboxane B2 synthesis was greatest
for ketoprofen, indicating more pro-
found inhibition of cyclo-oxygenase
activity.

In contrast, neither the endotoxin-
nor the A23187-stimulated synthesis
of thromboxane B2 by isolated mono-
cytes appeared to be affected by the
administration of either drug. This
was an unexpected finding in light of
the profound effect of both drugs on
serum thromboxane B2 concentra-

tions. It is feasible that the methods
used to isolate monocytes (density
gradient centrifugation followed by
suspension in cell culture media)
allowed the drugs to be displaced
from cyclo-oxygenase thereby permit-
ting the isolated cells to respond to
the stimuli. Alternatively, the concen-
trations of endotoxin and A23187
used in this study may have been suf-
ficient to overshadow a moderate
decrease in cyclo-oxygenase activity.
The synthesis of thromboxane B2

by monocytes isolated from the horses
after termination of treatment
appeared to be different from their
baseline values. This was especially
evident for the unstimulated cells iso-
lated from the horses administered
ketoprofen and less so for the cells
from these horses exposed to endo-
toxin (Fig. 2). It is possible that
cyclo-oxygenase activity may be
enhanced once inhibition has been
removed and that this enhancement is
only evident when the cells are mildly
or moderately stimulated by the isola-
tion procedure alone (unstimulated
cells) or exposed to endotoxin. This
effect was not evident when the cells
were maximally stimulated with
A23187.

Incubation of monocytes with
endotoxin caused an increase in
supernatant TNF activity. There was,
however, no significant effect of
either flunixin meglumine or ketopro-
fen on this response. Although these
findings were contrary to our hypo-
thesis, they were consistent with those
of an in vivo study in which people
were administered endotoxin after
being treated with ibuprofen (13). The
results of a recent report indicate that
administration of aspirin decreased
the synthesis of tumor necrosis factor
activity by activated peritoneal
macrophages (18). These disparate
findings suggest that the control of
TNF synthesis may be dependent
upon the species and activation status
of the mononuclear cells.

In addition to being metabolized by
cyclo-oxygenase to the prostaglan-
dins, thromboxanes, and prostacyclin,
arachidonic acid also serves as the
substrate for generation of hydroxy-
eicosatetraenoic acids and leuko-
trienes by the lipoxygenase enzymes
(19). There is ample evidence that
certain products of 5-lipoxygenase
activity, leukotrienes A4, B4, C4, D4

and E4, are involved in the pathogene-
sis of adult respiratory distress syn-
drome, inflammatory bowel disease,
asthma, and several other allergic
syndromes in people (20). Further-
more, there is convincing evidence to
implicate these products as important
mediators of endotoxic shock (21). In
the present study we elected to quanti-
tate 12-hydroxyeicosatetraenoic acid,
a product of 12-lipoxygenase activity.
Stimulation of equine peripheral
blood monocytes with the calcium
ionophore increased the concentration
of 12-hydroxyeicosatetraenoic acid in
the cell supernatants six to sevenfold
over that of unstimulated monocytes.
There was no significant effect of
either drug on the synthesis of
12-hydroxyeicosatetraenoic acid by
the peripheral blood monocytes,
though there was a trend towards an
increase by endotoxin- and calcium
ionophore-stimulated cells isolated
from horses administered ketoprofen
(Fig. 3). Because ketoprofen may
selectively inhibit 5-lipoxygenase and
cyclo-oxygenase activities, this find-
ing may reflect a redirection of arachi-
donic acid metabolism to 12-lipoxy-
genase. Ketoprofen has been shown to
be less toxic than either flunixin meg-
lumine or phenylbutazone in the
equine species (22). A possible expla-
nation for this reduction in toxicity
may be related to the ability of keto-
profen to partially inhibit the lipoxy-
genase pathway and production of
leukotrienes. Further studies are nec-
essary to determine the effect of keto-
profen on the equine arachidonic acid
cascade.

There were significant increases in
the concentration of PGE2 in the cell
supernatants and enhanced expression
of tissue factor activity by the lysates
of the unstimulated cells isolated two
days following termination of treat-
ment. This effect was evident for cells
from horses treated with either drug.
Previous studies in our laboratory
have failed to identify this magnitude
of change in tissue factor activity
expressed by monocytes isolated from
nontreated healthy horses on succes-
sive days (10). The association
between increasing concentrations of
PGE2 and 12-hydroxyeicosatetraenoic
acid and enhanced expression of tis-
sue factor activity has been identified
previously in other species (11,23).
Taken together, these results suggest
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that the repeated administration of
nonsteroidal anti-inflammatory drugs
may enhance the constitutive throm-
bogenic potential of equine mono-
cytes. The results of the present study
do not identify significant differences
between the effects of flunixin meglu-
mine and ketoprofen.
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