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NS-398: cyclooxygenase-2
independent inhibition of leukocyte
priming for lipid body formation and
enhanced leukotriene generation

P.T. Bozza,1,2 P. Pacheco,1W.Yu,1P. F.Weller1

1Harvard Thorndike Laboratoryand Charles A.Dana Research Institute,Department of Medicine,Beth Israel Deaconess Medical Center,
Harvard Medical School,Boston,MA,USA
2Immunopharmacology Laboratory,Department of Physiologyand Pharmacodynamics, Instituto Oswaldo Cruz,Rio de Janeiro,Brazil

Summary Because the induction of new lipid body formation in leukocytes correlateswith and likely contributes to their
enhanced‘primed’prostaglandin and leukotriene formation, we evaluated two selective cyclooxygenase (COX)-2 inhibitors.
Three typesof stimuli, cis-unsaturated fattyacids, platelet activating factorandprotein kinase Cactivators, stimulate lipid body
formation.NS-398 (0.1^10 mM), but not another COX-2 inhibitor,SC58125 (0.1^ 10 mM), blocked leukocyte lipid body formation
elicitedbyall three typesof stimuli and also blockedpriming forenhanced LTB4 productionand PGE2 production.The effect
of NS-398 on lipid body formationwas independent of its inhibitoryeffects on COX-2 sincearachidonate-induced lipid body
formation in COX-2-deficientmouse leukocyteswasalso inhibitedby NS-398.Bymeansof itsability to inhibit leukocyte lipidbody
formation,NS-398 mayexert actions independent of its COX-2 inhibition andmorebroadly contribute to the suppression of
formationof COX-1and lipoxygenase-derivedeicosanoids.
& 2002 Elsevier Science Ltd.All rights reserved.
Leukocytes associated with inflammatory reactions are
known to exhibit, as yet poorly understood, ‘priming’
responses, by which these leukocytes respond more
prominently to agonists and may, for instance, generate
greater quantities of eicosanoid mediators of inflamma-
tion. One mechanism that can contribute to the heigh-
tened capacity of leukocytes to form both lipoxygenase
(LO) and cyclooxygenase (COX) pathway-derived eicosa-
noids involves the regulated synthesis of eicosanoids at
intracellular organelles, termed lipid bodies. If their
defining lipid content is preserved during staining, lipid
bodies have long been recognized to be characteristically
increased in numbers within leukocytes in vivo at sites of
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experimental inflammatory exudates1 and at sites of
human inflammatory reactions, such as in synovial fluid
leukocytes from patients with inflammatory arthritis.2–5

Roles for lipid bodies in the formation of eicosanoid
mediators are supported by the localization of enzymes,
such as cytosolic phospholipase A2, COX, 5-LO and
leukotriene (LT) C4 synthase, pertinent to eicosanoid
formation to lipid bodies in leukocytes and other cells.6–11

More directly, lipid bodies have been shown by immuno-
fluorescent localization to be the intracellular sites of
formation a newly synthesized eicosanoid, LTC4, in
eotaxin- and RANTES-stimulated eosinophils.12

Lipid body formation in leukocytes can be rapidly
induced by several agonist-elicited signaling pathways. In
human eosinophils, both platelet activating factor
(PAF)9,13 and eotaxin and RANTES12 act via their specific
G-protein-linked receptors to activate intracellular signal
transducing pathways that lead to new lipid body
formation. In human neutrophils, PAF likewise elicits
lipid body formation14 as do cis-unsaturated fatty acids
(e.g., arachidonic and oleic acids)5,15 and agents that
activate protein kinase C (e.g., phorbol esters and oleoyl-
acetyl-glycerol).15 The induction of new lipid body
aglandins, Leukotrienes and Essential FattyAcids (2002) 67(4), 237^244



238 Bozza et al.
formation with each of these agents in neutrophils and
eosinophils correlates quantitatively with their enhanced
‘priming’ capacity to form prostaglandins (PGE2) and
5-LO derived leukotrienes (LTB4 and LTC4, respec-
tively).5, 9, 12, 14 Because the induction of lipid body
formation contributes to enhanced formation of eicosa-
noid mediators, inhibition of lipid body formation
represents an attractive target for anti-inflammatory
therapeutics.

The anti-inflammatory activities of non-steroidal anti-
inflammatory drugs (NSAIDs) are principally attributed to
their ability to inhibit prostaglandin production by
inhibiting COX, the rate-limiting initial enzyme for
prostaglandin synthesis.16 There are two isoforms of
COX, COX-1, a constitutive isoform believed to be
involved in physiologic production of prostanoids, and
COX-2, a cytokine- and mitogen-inducible form thought
to be involved in the heightened prostanoid production
during inflammatory and other pathological conditions.17

However, some anti-inflammatory effects of NSAIDs may
not be explained by inhibition of COX. There is evidence
suggesting that aspirin-like drugs exert their anti-
inflammatory effects both by COX inhibition-dependent
and -independent ways.18,19 For instance, aspirin-like
drugs inhibit neutrophil activation including aggregation,
degranulation and leukotriene synthesis by as yet ill-
defined mechanisms other than COX inhibition.20–22 We
have demonstrated that some conventional NSAIDs
(aspirin, sodium salicylate, piroxicam and indomethacin)
in low micromolar concentrations, acting independently
of COX-1 or COX-2 inhibition, potently inhibited both
cis-fatty acid-induced lipid body formation and the
concomitant priming for enhanced LTB4 and LTC4

generation in human neutrophils and eosinophils, respec-
tively.5 In contrast, these NSAIDs did not inhibit PAF-
induced lipid body formation or priming for enhanced
LTB4 formation in neutrophils.14

Because inhibition of leukocyte lipid body formation
and priming for enhanced eicosanoid synthesis represent
a candidate anti-inflammatory target, we have evaluated
whether two COX-2 inhibitors might inhibit these
responses in leukocytes. NS-39823, 24 and SC581225, 26

are structurally distinct prototypical COX-2 selective
inhibitors that have been evaluated for their COX
inhibitory actions in vitro and their anti-inflammatory
effects in vivo in animal models.27 NS-398 is a methane-
sulfonanilide type of inhibitor, whereas SC58125 is a
tricyclic-based inhibitor and is closely related to SC58635
(celecoxib), recently introduced for clinical use.28 Our
findings demonstrate that NS-398, unlike SC58125,
effectively inhibits lipid body formation elicited by a
range of stimulating agents and concomitantly inhibits
priming for increased prostaglandin and LT production in
leukocytes.
Prostaglandins, Leukotrienes and Essential FattyAcids (2002) 67(4), 237^2
METHODS

Materials

Aspirin, acetaminophen, oleic acid (OA), 1-oleoyl-2-acetyl-
glycerol (OAG), phorbol myristate acetate (PMA), arachi-
donic acid (AA) (Sigma Chemical Co., St. Louis, MO, USA),
PAF and A23187 (Calbiochem, La Jolla, CA, USA),
3H-arachidonic acid (specific activity 200 Ci/mmol,
New England Nuclear, Boston MA, USA), U937 human
monocytic leukemia cells (American Type Culture
Collection, Rockville, MD, USA) and NS-398 (N-(2-cyclo-
hexyloxy-4-nitrophenyl) methane sulfonamide) (BIO-
MOL, Plymouth Meeting, PA) were obtained as indicated.
SC58125 was kindly donated by Dr. Peter Isakson, GD
Searle, St. Louis, MO, USA.

Human neutrophil purification

Neutrophils were purified from fresh human blood
obtained by venipuncture from healthy adult volunteers
and collected into acidified citrate. After addition of 6%
dextran 70 (McGaw, Irvine, CA, USA), RBCs were allowed
to sediment for 1 h at room temperature. The leukocyte-
rich supernatant was overlaid onto an equal volume of
Ficoll-Paque gradient (Pharmacia, Piscataway, NJ, USA),
and centrifuged at 400g for 20 min. PMNs (495% pure,
rest being eosinophils) were recovered from the pellet and
washed in Ca2+/Mg2+-free HBSS. Residual RBCs were
lysed with hypotonic saline.

Investigations with mouse macrophages

COX-2 knockout mice were generated as described.29 All
experiments were carried out with male 8–12-week-old
mice. Peritoneal macrophages from COX-2 genetically
deficient mice and wild-type litter mates were obtained
by lavaging the peritoneal cavity with 3 ml of cold HBSS
containing heparin (20 IU/ml).

Lipid body induction and treatments

Neutrophils or macrophages (106 cells/ml) were incu-
bated with 5 mM AA, 10 mM OA, 1 mM PAF, 20 nM PMA or
vehicle (ethanol or DMSO at 0.1%) at 371C in a 5% CO2

atmosphere, and after 1 h leukocytes (105 cells per slide)
were cytocentrifuged (550 rpm, 5 min) onto glass slides.
Stock solutions for A23187, NS-398, acetaminophen,
SC58125 and aspirin were prepared in DMSO. Aliquots
were diluted in Ca2+/Mg2+-free HBSS to the indicated
concentration immediately prior to use. The final DMSO
concentration was always lower than 0.1% and had no
effect on lipid body numbers. During inhibitor studies,
leukocytes were pretreated for 1 h with varying concen-
trations of inhibitors. Cell viability, determined by trypan
44 & 2002 Elsevier Science Ltd. All rights reserved.



NS-398 inhibits priming for PMN lipid body and LTB4 formation 239
blue dye exclusion at the end of each experiment, was
always greater than 90%. Moreover, with NS-398 evi-
dence of neutrophil apoptosis was sought by evaluating
nuclear fragmentation and by flow cytometry using the
annexin V-FITC apoptosis detection kit (R&D System).
Neutrophils (106) were treated with 0.1% DMSO vehicle
or concentrations of NS-398 for 1 h. Thereafter, cells were
washed in cold PBS, resuspended in 100 ml of a solution
containing 0.25 mg/ml annexin V-FITC and 5 mg/ml propi-
dium iodide, incubated in the dark for 15 min and
analyzed by flow cytometry. Annexin V binding cells
were not increased by NS-398 (vehicle, 5.5%; 0.1 mM NS-
398, 5.9%; 1 mM NS-398, 5.8%; 10mM NS-398, 8.5%) and
NS-398-treated cells displyed to alternations in nuclear
integrity.

Lipid body staining and enumeration

Slides, while still moist, were fixed in 3.7% formaldehyde
in Ca2+/Mg2+-free HBSS, pH 7.4, rinsed in 0.1 M caco-
dylate buffer pH 7.4, stained in 1.5% OsO4 (30 min), rinsed
in dH2O, immersed in 1.0% thiocarbohydrazide (5 min),
rinsed in 0.1 M cacodylate buffer, restained in 1.5% OsO4

(3 min), rinsed in dH2O, and then dried and mounted.14

The morphology of fixed cells was observed, and lipid
bodies were enumerated with phase contrast microscopy
and a 100� objective lens in 50 consecutively scanned
leukocytes.14

LTB4 measurement

Neutrophils (106 cells/ml) were pretreated for 1 h with
10 mM NS-398, 10 mM SC58125 or DMSO vehicle and then
were stimulated with 5 mM AA, 1mM PAF, 20 nM PMA or
vehicle at 371C for 1 h to induce lipid body formation.
After incubations, samples were taken for lipid body
enumeration and the cells were washed in Ca2+/Mg2+-
free HBSS. Leukocytes were resuspended in 1 ml of HBSS
containing Ca2+/Mg2+ and then stimulated with 0.5 mM
A23187 for 15 min. Reactions were stopped on ice, and
samples were centrifuged at 1500 rpm for 10 min at 41C.
Concentrations of LTB4 in each supernatant were assayed
in duplicate by ELISA according to the manufacturer’s
instructions (Cayman, Ann Arbor, MI). Five replicate
experiments were performed each with neutrophils from
different donors.

Arachidonic acid uptake

U937 cells (106/ml) were washed and resuspended in
Ca2+/Mg2+ HBSS. Cells were pretreated with either
vehicle, NS-398 (10 mM), acetaminophen (66 mM) or
aspirin (55 mM) for 1 h. After the incubation period,
cells were incubated with 250 pM (0.5mCi) 3H-AA for
& 2002 Elsevier Science Ltd. All rights reserved. Prosta
15, 30, 60 and 240 min. Cells were washed 3 times in
Ca2+/Mg2+-free HBSS and analyses of incorporated 3H-AA
in cell pellets were performed by liquid scintillation
counting.

Statistical analysis

Results were expressed as mean7SEM and were analyzed
statistically by means of analysis of variance followed
by the Newman–Keuls–Student test with the level of
significance set at po0.05.

RESULTS

Effects of NS-398, SC58215 and other NSAIDs on cis-
unsaturated fatty acid-induced lipid body formation

cis-Unsaturated, but not saturated, fatty acids, rapidly
stimulate de novo formation of lipid bodies in leukocytes;
and aspirin, sodium salicylate and some conventional
NSAIDs (piroxicam and indomethacin) inhibit cis-fatty
acid-elicited lipid body formation.5, 15, 30 With two cis-
unsaturated fatty acids, AA and OA, as stimuli, aceta-
minophen (6.6–660mM) failed to inhibit lipid body
formation in human neutrophils (not shown). In contrast,
one of two COX-2 inhibitors inhibited AA- and OA-
induced lipid body formation in neutrophils. One hour
pretreatments with NS-398, but not SC58215, dose-
dependently inhibited lipid body formation induced by
both AA and OA in neutrophils (Fig. 1) with IC50s
of B1mM.

Mechanisms of NS-398 inhibition of lipid body formation

The mechanism whereby NS-398 inhibited cis-fatty acid-
induced lipid body formation was evaluated including
assessing whether NS-398 inhibition was limited to lipid
body formation elicited by cis-fatty acids. A trivial
possibility was that NS-398 acted by blocking cis-fatty
acid uptake by cells. As recently demonstrated with a
non-esterifiable analog of AA, cis-fatty acid signaling for
de novo lipid body formation is independent of the
capacity of the eliciting fatty acids to become incorpo-
rated with glycerolipids.31 The effect of NS-398 on lipid
body formation was not attributable to inhibition of fatty
acid uptake, since neither NS-398, aspirin nor acetami-
nophen inhibited 3H-AA uptake at any time point from 15
to 240 min (data not shown). Moreover, cell viability was
not diminished by NS-398. Conventional NSAIDs, includ-
ing aspirin, inhibit leukocyte lipid body formation elicted
by cis-fatty acids, but not by PAF.5, 14 We, therefore,
evaluated whether NS-398 and SC58215 inhibited
leukocyte lipid body formation elicited by PAF and by
protein kinase C activators. NS-398, unlike SC58215 and
glandins, Leukotrienes and Essential FattyAcids (2002) 67(4), 237^244



Fig. 1 Effects of COX-2 inhibitors,NS-398 and SC58125, onneutrophil lipid body formation inducedby cis-unsaturated fattyacids.Human
neutrophilswerepretreatedwithvehicleorconcentrationsofNS-398 andSC58125 for1hbeforebeingstimulatedwith 5 mMAAor10 mMOAfor1h.
Lipid bodieswere enumeratedmicroscopically followingosmiumstaining in 50 consecutively counted cells.Values represent themean7SEM
lipid bodies/neutrophil from 3 to 5 independent experimentseachwith different neutrophil donors.Plus(+) indicates statistically significant
increases in lipid bodynumberselicitedby the fattyacidsandasterisk(*) indicates statistically significant inhibition of lipid body formation by
pretreatment with the COX-2 inhibitor.

240 Bozza et al.
aspirin, inhibited lipid body formation stimulated by PAF
and by PMA (Fig. 2) and by OAG (not shown). Thus, NS-
398’s inhibitory actions were not restricted to cis-fatty
acids as stimuli of leukocyte lipid body formation.

To investigate if the inhibitory effect of NS-398 on cis-
fatty acid-induced lipid body formation was dependent
upon COX-2 inhibition, peritoneal macrophages from
wild-type and COX-2 knockout mice were studied. As
with human cells, wild-type mouse macrophages con-
tained only a few lipid bodies under normal conditions
and could be stimulated in vitro with AA to form lipid
bodies (Fig. 3). AA and OA (not shown) induced lipid body
formation in macrophages from COX-2 deficient animals
and no differences in lipid body induction by cis-fatty
acids were noted between wild-type and COX-2 knockout
cells (Fig. 3). Furthermore, NS-398, but not SC58215,
significantly inhibited AA-induced lipid body formation
in macrophages from both wild-type and COX-2 knock-
out mice (Fig. 3).

Effect of NS-398 on cis-fatty acid-induced leukocyte priming
for LTB4 and PGE2 production

The stimulation of new lipid body formation correlates
with, and likely contributes to, enhanced PGE2 and LTB4

production by human neutrophils5, 14 and PGE2 and LTC4
Prostaglandins, Leukotrienes and Essential FattyAcids (2002) 67(4), 237^
production by eosinophils.9, 12 Since NS-398 was effective
in blocking lipid body formation induced by cis-fatty
acids, we tested whether NS-398 would inhibit LO
pathway-derived eicosanoid production. Neutrophils
were pretreated with either vehicle, NS-398, SC58215 or
aspirin for 1 h and then stimulated with 5mM AA to
induce lipid bodies. After the incubation time, lipid
bodies were enumerated and replicate leukocytes were
stimulated with a sub-maximal dose of calcium iono-
phore (A23187, 0.5 mM). Pretreatment of leukocytes with
NS-398, but not SC58215 or aspirin, inhibited both AA-
induced lipid body formation and AA-induced ‘priming’
for enhanced LTB4 production by neutrophils (Fig. 4,
bottom). A similar inhibitory effect of NS-398 was also
observed for OA-induced ‘priming’ for LTB4 production
(not shown). NS-398 was not acting to block pathways of
arachidonate release or metabolism that are activated by
calcium ionophore, since NS-398 did not inhibit calcium
ionophore-induced LTB4 production in cells not presti-
mulated with cis-fatty acids (Fig. 4, top). With PAF and
PMA as other stimuli for lipid body formation and
eicosanoid priming, NS-398, and not SC58215 or aspirin,
likewise inhibited the priming for enhanced LTB4 produc-
tion by neutrophils (Fig. 2). NS-398, and not SC58125,
also inhibited the AA-induced priming for enhanced PGE

2

production by neutrophils (Table 1).
244 & 2002 Elsevier Science Ltd. All rights reserved.



Fig. 2 Effects of NS-398 and SC58125 onneutrophil lipid body
numbersand LTB4 production byneutrophils stimulatedwith1 mM
PAF, 20 nMPMAor vehicle.Neutrophilswerepretreated for1hwith
NS-398 (10 mM),SC58125 (10 mM) or DMSOvehicle and thenwere
stimulatedwith PAF,PMAor vehicle at 371C for1h to induce lipid body
formation.Lipid bodynumberswere enumeratedmicroscopically
followingosmiumstaining in 50 cells, and the cellswere stimulated
with A23187 (0.5 mM) for15min.Concentrationsof LTB4 in the
supernatants, assayedby ELISA, are themeansof duplicateassays.
Values represent themean7SEM from 3 to 5 independent
experimentseachusingdifferent neutrophil donors. asterisk(*)
indicates statistically significant increases in LTB4 formation elicited
by PAFand PMAand Plus(+) indicates statistically significant
inhibition of LTB4 formation bypretreatment with COX inhibitors.

Fig. 3 Effects of NS-398 and SC58125 on lipid bodynumbers in
peritonealmacrophages from COX-2 genetically deficient miceand
wild-type littermates.Macrophageswere treated for1hwith10 mM
NS-398,10 mMSC58125 or vehicle prior to being incubated for1h
with 5 mMAAto form lipid bodies.Lipid bodieswere enumerated
microscopically followingosmiumstaining.Values represent the
mean7SEMlipid bodies from 50 consecutively counted cells from
fourmiceeachcountedblindlywithout knowledgeof thegenotypesof
themice.Plus(+) indicates statistically significant increases in lipid
bodynumberselicitedby the fattyacidsandasterisk(*) indicates
statistically significant inhibition of lipid body formation by
pretreatment with COX-2 inhibitors.

NS-398 inhibits priming for PMN lipid body and LTB4 formation 241
DISCUSSION

The induction of lipid body formation in leukocytes,
including neutrophils and eosinophils, correlates with an
enhanced ‘priming’ response to form both COX and LO
pathway-derived eicosanoids.5,9, 12, 14, 32 Lipid body for-
mation in leukocytes is elicitable by cis-unsaturated fatty
acids,15 that activate as yet undefined signaling mechan-
isms that are independent of the capacity of these fatty
acids to be incorporated in glycerolipids.31 Aspirin and
certain other NSAIDs (e.g., indomethacin, sodium salicy-
late, piroxicam) not only block the cis-fatty acid-elicited
lipid body formation, but also block the priming response
for increased prostanoid and leukotriene formation.5 In
contrast, these conventional NSAIDs do not block lipid
body formation elicited by PMA and OAG, which are
acting at least in part by stimulating protein kinase C,15 or
by PAF, which is acting in a receptor-mediated signaling
cascade that is obligately dependent on activation of 5-
LO,14 nor do these specific NSAIDS block the priming
response of PAF for increased LTB4 formation.14

We evaluated the capacity of two agents, known to
have selective inhibitory effects on COX-2, NS-39823, 24
& 2002 Elsevier Science Ltd. All rights reserved. Prost
and SC58125,25, 26 to inhibit leukocyte lipid body forma-
tion and priming for enhanced eicosanoid generation. NS-
398 inhibited lipid body formation induced by two cis-
unsaturated fatty acids, whereas SC58125 did not (Fig. 1).
NS-398 differed from aspirin and some other NSAIDs14 in
that NS-398 also inhibited lipid body induction elicited
by both PAF and PMA (Fig. 2). Thus, NS-398 had a
broader range of activity in blocking lipid body formation
induced not only by cis-fatty acids, but also by PMA and
PAF. This suggests that NS-398 was acting more distally in
the signaling pathways that lead to lipid body formation
at site(s) common to the intracellular cascades activated
by cis-fatty acids, PAF and PMA.

The inhibitory effect of NS-398 on lipid body induction
elicited by cis-fatty acids was independent of the action of
NS-398 as an inhibitor of COX-2. NS-398 inhibited cis-
fatty acid-induced lipid body formation even in macro-
phages from COX-2 genetically deficient mice (Fig. 3).
Further, NS-398 inhibition of lipid body formation and
eicosanoid priming was not found with SC58125, an
established COX-2 inhibitor. Moreover, fresh resting
human neutrophils contain little or no COX-2 pro-
tein.33, 34 Confirmation of the lack of COX-2 (and the
presence of COX-1) activity in freshly isolated neutrophils
in our studies was found in the inability of SC58125 to
block AA-induced priming for increased PGE2 production
(Table 1). NS-398, like other NSAIDs, can have COX-
aglandins, Leukotrienes and Essential FattyAcids (2002) 67(4), 237^244



Fig. 4 Effects of NS-398 and SC58125 onneutrophil lipid body
numbersand LTB4 production inneutrophils stimulatedwith and
without 5 mMAA.Neutrophilswere pretreated for1hwith NS-398
(10 mM),SC58125 (10 mM) or DMSOvehicle and thenwere stimulated
with AAor vehicle at 371C for1h to induce lipid body formation.Lipid
bodynumberswere enumeratedmicroscopically in 50 cells, and the
cellswere stimulatedwith A23187 (0.5 mM) for15min.Concentrations
of LTB4 in the supernatantswere assayed in duplicateby ELISA.
Values represent themean7SEM from 3 to 5 independent
experimentseachwith different neutrophil donors.Plus(+) indicates
statistically significant increases in LTB4 formation elicited by AAand
asterisk(*) indicates statistically significant inhibition of LTB4
formation bypretreatment with COX inhibitors.

Table 1 Effects of NS-398 and SC58125 on AA-inducedpriming for
PGE2 production

Stimulus Treatment PGE2 (ng/106)

Vehicle Vehicle 0.470.1
AA Vehicle 4.571.8a

AA NS-398 0.470.1b

AA SC58125 4.170.1

Neutrophils (106/ml) werepretreatedwith NS-398 (10 mM),SC58125
(10 mM) or vehicle for1h, then stimulatedwith AA (5 mM) for1h, and
thenactivatedwith A23187 (0.5 mM) for15min.Concentration of PGE2
in the supernatantswere assayed in duplicateby ELISA.Values
represent themean7SEM from3 to 5 independentexperimentseach
usingdifferent neutrophil donors.
aDenotes significantly increased PGE2 productionwith AApriming.
bDenotes significant inhibition of PGE2 productionwith NS-398.
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dependent and -independent effects. In contrast to the
low concentrations of NS-398 that inhibited lipid body
formation (IC50

’sB1 mM), some of the proapoptotic effects
Prostaglandins, Leukotrienes and Essential FattyAcids (2002) 67(4), 237^
of NS-398 require very much higher concentrations over
several days, e.g., IC50’s of 64–244 mM for growth inhibi-
tion of colon adenoma and carcinoma cell lines.35 More-
over, the apoptotic effects of NSAIDs, not yet clearly
attributable to their COX inhibitory actions, are found
with many NSAIDs.36 NS-398 (0.1–10 mM) elicited no
signs of apoptosis or cytotoxicty in neutrophils studied
over 1 h. Our findings that NS-398, unlike other NSAIDs,
effectively blocks lipid body formation and eicosanoid
priming elicited by several different neutrophil agonists is
distinct.

Interest in agents that inhibit lipid body formation is
engendered by the roles that lipid bodies may play in the
formation of eicosanoid mediators of inflammation. Lipid
bodies are sites at which many of the enzymes involved in
arachidonate mobilization and metabolism are loca-
lized.6–12 In addition, as noted above, induction of lipid
body formation correlates quantitatively with the capa-
city of leukocytes to elaborate greater quantities of
eicosanoids; and conversely inhibition of lipid body
formation correlates with suppression of the capacity for
enhanced eicosanoid synthesis. NS-398 not only inhib-
ited lipid body formation, but also suppressed the cis-fatty
acid-, PAF- and PMA-elicited priming responses for
increased production of LTB4 by neutrophils (Fig. 4). NS-
398 also inhibited AA-induced priming for enhanced
PGE2 production by neutrophil COX-1 (Table 1). These
findings provide additional evidence that inhibition of
lipid body formation is correlated with inhibition of the
‘primed’ or enhanced synthesis of eicosanoids. The
capacity of NS-398 to inhibit lipid body formation
correlated with its suppression of formation of LTB4, a 5-
LO-derived eicosanoid, and of PGE2, a COX-1-derived
eicosanoid. NS-398 may exert potential anti-inflamma-
tory activities that are independent of its actions as a
COX-2 specific inhibitor and may more broadly contri-
bute to the suppression of formation of both COX-1- and
LO-derived eicosanoids.
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