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Abstract-Human blood neutrophils exposed to appropriate stimuli aggregate, degranulate and generate 
superoxide anion (O,-). These responses are anteceded by mobilization of membrane-associated 
calcium, monitored as a decrease in fluorescence of cells preloaded with chlortetracycline (CTC). We 
studied the effects, both in vitro and in uiuo, of non-steroidal anti-inflammatory agents (aspirin, 
indomethacin, ibuprofen and piroxicam) on these neutrophil responses to three stimuli: a chemo- 
attractant. N-formyl-methionyl-leucyl-phenylalanine (FMLP); a tumor promotor, phorbol myristate 
acetate (PMA); and a lectin, concanavalin A (Con A). The effects of these drugs were compared with 
those of two polyenoic inhibitors of arachidonate metabolism: eicosatrienoic acid (ETI) and eicosate- 
traynoic acid (ETYA). The pattern of inhibition of neutrophil functions varied both with inhibitor and 
the nature of the stimulus. Thus. aspirin, piroxicam, ETYA and ET1 inhibited neutrophil aggregation, 
degranulation. and 0~~ generation in response to FMLP, whereas ibuprofen inhibited only aggregation 
and degranuJation and indomethacin only inhibited aggregation, None of the agents inhibited aggregation 
or degranulation induced by PMA or Con A: only piroxicam inhibited 0~~ generation in response to 
PMA or Con A. ET1 and ibuprofen inhibited decrements of CTC fluorescence induced by FMLP, but 
whereas ET1 inhibited the CTC response to PMA or Con A, ibuprofen was without effect. The agents 
had varying effects on binding of the stimulus ((3H]FMLP, C3H]Con A), but these did not correlate with 
neutrophil responses to the ligands. Neutrophils from subjects taking therapeutic doses of ibuprofen, 
indomethacin, or piroxicam showed profiles of inhibited responses to FMLP similar to those observed 
with these agents in vitro. These data suggest that, although non-steroidal anti-inflammatory agents 
may inhibit discrete neutrophil functions both in vitro and in oioo, their effects do not duplicate those 
of polyenoic inhibitors of arachidonate metabolism. Moreover, since the susceptibility of neutrophils 
differed not only with respect to each inhibitor, but also to the stimulus, it is unlikely that all neutrophil 
responses are necessarily linked by a common pathway that is blocked by inhibitors of arachidonic acid 
metabolism. 

When human neutrophils are exposed to ap#rouriate 
stimuli, they will aggregate [ 1: 21, geneiaie &per- 
oxide 131. secrete lvsosomai constituents f41. pen- 

L 1, 

erate stable prostagfandins (4,5], thrombox’a&sD[6], 
and leukotrienes [7] and undergo a characteristic 
decrease in CTC fluorescence. Recent evidence sug- 
gests that endogenously derived products of arach- 
idonic acid oxidation may mediate these responses 
of the neutrophil (71. In 1971, Vane [8] proposed 
that the major action of aspirin-like drugs was the 
ability to inhibit the metabolism of arachidonic acid 
to stable prostagIandins. This theory has since 
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and NSAID. non-steroidal anti-inflammatory drug. 

evolved to include virtually all agents of the class of 
non-steroidal anti-in~ammatory drugs [9], each of 
which has the capacity to inhibit acute inflammation 
in laboratory models and human disease. Recent 
work by Smolen and Weissmann [lo], Lackie [II], 
and O’Flaherty et al. [12] indicate that various 
non-steroidal anti-inflammatory drugs modulate 
neutrophil responses to various stimuli. While these 
data are consistent with the hypothesis that products 
of arachidonic acid metabolism regulate a discrete 
step in the responses of neutrophils to inflammatory 
stimuli, other mechanisms of action have been sug- 
gested. Kaplan et al. [13] reported that indomethacin 
can inhibit phosphoiipase AZ activity, and Gullikson 
et al. [14] have reported alterations in membrane 
integrity in the presence of various non-steroidal 
anti-inflammatory agents. 

Since neutrophils are primary participants in acute 
inflammation, we have studied the effects, both in 
vitro and in uiuo, of non-steroidal anti-inflammatory 
drugs on four neutrophil responses (aggregation, 
degranulation, 0~~ generation, and CTC fluor- 
escence). To avoid errors in interpretation which 
might result when the effects of these agents are 
studied with only one stimulus, we exposed neutro- 
phils to the “complete” secretagogue, FMLPS 121, 
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as well as to the “incomplete” secretagogues, PMA 
and concanavalin A 1151. Finally, we have compared 
the actions of non-steroidal anti-inflammatory agents 
with polyenoic inhibitors of the lipoxygenase path- 
way (ETI) and of the lipoxygenase and cyclooxy- 
genase pathways of arachidonate metabolism 
(ETYA). 

MATERIALS AND METHODS 

Reagents. N-Formyl-methionyl-leucyl-phenylala- 
nine (Peninsula Laboratories, CA) was prepared in 
DMSO (0.01%) (Fisher Scientific Co., Pittsburgh, 
PA). Aspirin, concanavalin A, cytochrome c. indo- 
methacin, and phorbol myristate acetate were 
obtained from the Sigma Chemical Co., St. Louis, 
MO. [3H]FMLP and [3H]concanavalin A were 
obtained from the New England Nuclear Corp., 
Boston, MA. All salts were of reagent grade and 
were obtained from the Fisher Scientific Co.. Pitts- 
burgh, PA. 5,8,11-Eicosatrienoic acid, 5,8,11,14- 
eicosatetraynoic acid and ibuprofen were gifts of Dr. 
B. Samuelsson, Karolinska Institutet, Stockholm, 
Sweden; Dr. Aaron Marcus, N.Y.V.A. Medical 
Center-Cornell Medical College, New York NY; and 
Dr. John Pike, The Upjohn Co., Kalamazoo. MI, 
respectively. 

Preparation of cell suspensions. Heparinized 
(10 units/ml) venous blood was obtained from 
healthy donors. Purified suspensions of neutrophils 
were isolated by means of Hypaque/Ficoll gradients 
[16]. followed by dextran sedimentation and the 
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hypotonic lysis of remaining erythrocytes [ 171. The 
neutrophils were then suspended in a buffered salt 
solution consisting of 138 mM NaCl. 2.7 mM KCl. 
8.1 mM Na2P04, 1.5 mM KHIPOJ. 1 mM MgCl. and 
0.6 mM CaC12. pH 7.4 (PiCM). 

Neutrophil aggregation, enzyme release, O:- gen- 
eration, CTC,fluorescence, responses of neutrophils, 
and the binding of [3H]FMLP ro neutrophils. Neu- 
trophil aggregation was studied as previously 
described [l]. The generation of O:- and the release 
of neutrophil granule-associated enzymes (lysozyme. 
beta-glucuronidase) were measured as previously 
described [l], Release of the cytoplasmic enzyme 
lactate dehydrogenase (LDH) was measured by the 
method of Wacker et al. [18] and was employed as 
an indicator of cell viability. In none of the experi- 
ments described below (stimulated or unstimulated 
neutrophils) was the percentage of total LDH 
release > 3%. Inhibitors. when emploved. were 
preincubated with neutrophils for 5 mm at 37”. 
Enzyme release is expressed as the percentage of 
total enzyme activity released from neutrophils 
exposed to 0.2% Triton X-100. CTC fluorescence 
was performed by the method of Naccache et a/. [ lY] 
and modified by Edelson et al. [lo]. [‘HIFMLP and 
[‘HICon A binding was performed as previously 
described [20). 

RESCLTS 

Activation of human neutrophils by FMLP and the 
effects on non-steroidal anti-inflammatory agents. 

Fig. 1. Dose-dependent effects of ibuprofen. indomethacin. aspirin. ETYA and ET1 on neutrophil 

aggregation. Neutrophils (30 X 10h/ m I) were preincubated at 37” for 2-1 min prior to <timulation with 
FMLP (1O~‘M). 
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Fig. 2. Effects of inhibitors of FMLP-induced neutrophil aggregation on superoxide generation and 
lysozyme release. Neutrophils (4-6 x 106/ml) were preincubated at 37” with the inhibitor at the ICXI (for 
aggregation) for 2-4 min prior to stimulation with FMLP (lo-’ M). All values are expressed as percent 
control (PMN + no inhibitor for appropriate time). Superoxide generation is expressed in nmoles of 
cytochrome c reduced/lo6 neutrophil@ min. Lysozyme release is expressed as percent total enzyme, 
as determined by Triton X-100. Control values for FMLP-induced lysozyme release were 9.9 2 
0.6%/5 min: Oz- control values were 12.7 t 0.67 nmoles cytochrome c reduced/lo6 neutrophils/5 min. 
All values are expressed as percent control rates of reactions. All reactions were conducted at 37” for 

5 min (N = 5). 
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Fig. 3. Effects of non-steroidal anti-inflammatory agents and putative inhibitors of arachidonic acid 
metabolism on activation of neutrophils by Con A or PMA. Neutrophils (4-6 x 106/ml) were prein- 
cubated at 37” for 2-4 min at the 1~50 of aggregation with the various agents and were stimulated with 
either Con A (30 ,ug/ml) (A) or PMA (50 ng/ml) (B). The protocol was identical to that of Fig. 2 
(N = 5). Control values for Con A-induced lysozyme release were 10.3 ? 0.3%/5 min; control values 
for PMA-induced lysozyme release were 17.6 5 2.3%/5 min. Control values for Con A-induced 02- 
generation were 9.7 + 0.9 nmoles cytochrome c reduced/IO” neutrophils/5 min. Control values for 

PMA-induced 02 generation were 9.9 t 1 .O nmoles cytochrome c reduced/lo6 neutrophils/5 min. 
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When human neutrophils are exposed to the chemo- 
tactic peptide FMLP (lo-’ M), they aggregate, gen- 
erate 02-, and release lysozyme with no concomitant 
release of beta-glucuronidase [I]. Illustrated in Fig. 
1 is a typical aggregation curve of neutrophils 
exposed to lO_‘M FMLP. A wave of aggregation 
occurred after addition of stimulus and was followed 
by disaggregation, as indicated by the downslope of 
the curve. This aggregation-disaggregation response 
to FMLP is in agreement with previously published 
results [ 11. 

Pretreatment of neutrophils with ETYA, ETI. 
ibuprofen. indomethacin, or aspirin for 5 min at 37” 
(Fig. 1) inhibited this response in a dose-dependent 
fashion. The data for piroxicam are consistent with 
this observation, as previously published by this lab- 
oratory [20]. 

Ibuprofen and indomethacin are potent cyclo- 
oxygenase inhibitors [S, 211, while aspirin is a much 
weaker cyclooxygenase inhibitor [8]. As shown in 
Fig. 1, the concentrations required to inhibit aggre- 
gation by 50% (Q,) appear to parallel the abilities 
of these agents to inhibit cyclooxygenase. ETYA 
and ETI, which are arachidonic acid analogues. 
inhibited both pathways of arachidonic acid metab- 
olism, i.e. the cyclooxygenase and lipoxygenase 
pathways. ETYA and ET1 inhibited neutrophil 
aggregation by approximately 50% at micromolar 
concentrations. Thus, the order of potencies that 

inhibited neutrophil aggregation induced by FMLP 
was ETYA > indomethacin > ET1 > ibuprofen > 
piroxicam >> aspirin. To determine if these agents 
solely affected neutrophil aggregation at these con- 
centrations or were capable of affecting all neutrophil 
responses to stimulation, their effects on two other 
neutrophil functions, i.e. 0~~ generation and lyso- 
zyme release. were examined. 

As shown in Fig. 2, preincubation of neutrophils 
with either ETYA (20 PM). ET1 (30 r(M), piroxicam 
(50 ,uM), or aspirin (3 mM) for 5 min at 37” resulted 
in inhibition of FMLP-induced O:- generation and 
lysozyme release (N = 5. P < 0.001). ETYA. ETI. 
and aspirin, at the concentrations employed, did not 
appear to affect cellular integrity, as measured by 
extracellular release of LDH. Thus. it appears that 
ETYA, ETI, piroxicam. and aspirin were capable 
of inhibiting a step crucial in the activation of the 
neutrophil. Indomethacin, however, at a concentra- 
tion (25 ,uM) that inhibited aggregation, had no effect 
on either 02- generation or lysozvme release. Pre- 
vious reports have indicated that indomethacin can 
inhibit O:- generation and degranulation by neutro- 
phils stimulated by FMLP; however, these studies 
were conducted in the presence of cytochalasin B 
[lo]. Ibuprofen, also at a concentration (40 &I) 
which inhibited neutrophil aggregation. inhibited 
only lysozyme release while having no effect on 
02- generation. Thus, while each agent employed 

FMLP 
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10”M 

I----cl 
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Fig. 4. Effects of ET1 and ibuprofen on CTC fluorescence. Neutrophils (20 x IV/ml) were preloaded 
with CTC (SO ;lM) prior to preincubation at 37” for 5 min with either inhibitor. FMLP (IO 7 M). Con 

A (3Oug/,ul) or PMA (50 ng/ml) was employed as stimulus. 
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may affect ara~hidonic acid metabolism, their dif- 
fering patterns of inhibition indicate that these agents 
may have multiple sites of activity in the neutrophil. 

Activation of neutrophils by concanaualin A or 
phorhol myristate acetate and the effects of non-ster- 
oidal a~~ti-~n~amr?~atory agents, The effects of ETYA, 
ETI. ibuprofen. indomethacin, piroxicam and aspi- 
rin, at their IC~(I values for FMLP-induced neutrophil 
aggregation. were examined on neutrophilO2- gen- 
eration and lysozvme release induced by the plant 
lectin concanavalin A (Con A. 3Opugiml) and the 
tumor promoter phorbol myristate acetate (PMA). 
As shown in Fig. 3A, no significant effect was exerted 
by any of these agents on neutrophil 0~~ generation 
and lysozyme release induced by Con A or PMA 
(50ng/ml). with the exception of piroxicam which 
inhibited superoxide generation but not lysozyme 
release [20] (Fig. 3B). Therefore, it appears that the 
activities of these inhibitors of arachidonic acid 
metabolism were stimulus specific. 

Ejffects of ET1 und ibuprofen on CTCpuorescence. 
Illustrated in Fig. 4 is a normal CTC fluorescence 
response elicited by FMLP (lo-‘M) from CTC- 
loaded neutrophils. When neutrophils were prein- 
cubated for 5 min at 37” with either ET1 (30 yM) or 
ibuprofen (40 PM), prior to the addition of FMLP, 
the CTC fluorescence response was inhibited mark- 
edly. Thus. when FMLP was used as a stimulus, the 
CTC fluorescence response and the secretion of 
lysozyme were inhibited in a parallel fashion. How- 
ever, ET1 was able to inhibit the binding of 
13H]FMLP. The effects of piroxicam on CTC flu- 
orescence have been reported previously [20]. 

Also shown in Fig. 4 is the response of neutrophils 
to either Con A or PMA with respect to CTC flu- 
orescence. When neutrophils were preincubated 
with ET1 (30 ,uM), the response to either Con A or 
PMA was reduced markedly. Furthermore, this 
inhibition of the CTC response occurred under con- 
ditions where ET1 had no effect on the release of 
lysozvme. In contrast, ibuprofen had no effect on 
the 6TC fluorescence response induced by either 
Con A or PMA under conditions where ibuprofen 
had no effect on lysozyme release. Thus, it appears 
that when either ConA or PMA was used as stimulus, 
ET1 selectively inhibited the CTC fluorescence 

Table I. Effects of NSAlDs on [“HIFMLP binding* 

Agent 

ET1 (30 PM) 
Piroxicamt (50 ,UM) 
ETYA (20 frM) 
lnd(lmeth~cin (2.5 uM) 
Aspirin (3000 ,uM) 
Ibuprofen (40 PM) 

L3H]FMLP 
(9% inhibition) 

57 
57.5 
19 
0 
0 
0 

* Neucrophils were incubated at 37” and at 0” with 
12.5 Cjimmole FMLP. Incubation was terminated by the 
addition of 2.0 ml of ice-cold buffer filtered on a Millipore 
cillotate filter (0.5 uM pore size) and washed twice with 
ice-cold buffer. Nonspecific binding was determined in the 
presence of a 1000-fold excess of unlabeled FMLP. Results 
are expressed as cprq/‘mg protein. 

+ Previously reported by Edelson ef al. 1201. 

response while allowing secretion to proceed 
normally. 

Binding of [3H]FMLP to neutrophils and modu- 
lation of binding by non-steroidal anti-inflammatory 
agents. To elucidate the mechanism of the stimulus 
specificity exhibited above, the binding of [“HJFMLP 
to neutrophils in the presence of these agents was 
examined. As shown in Table 1. only ETI, and to 
a lesser extent ETYA, affected [‘H]FMLP binding. 
However, while ET1 (3O~M) inhibited binding by 
approximately 57%, ET1 inhibited 0~~ generation 
and lysozyme release by 84.6% and 64.3% respec- 
tively (compare Fig. 1 and Table 1). ETYA (20 PM) 
inhibited [3H]FMLP binding by only 19, and yet 
inhibited 0~~ generation and lysozyme release by 
79.4 and 73.7% respectively. Indomethacin and 
aspirin had no effect on [‘H]FMLP binding while 
ibuprofen even enhanced binding somewhat, at con- 
centrations which inhibited neutrophil responses to 
FMLP. To further elucidate the effects of ETYA 
and ET1 on [3H]FMLP binding and to dissociate the 
question of direct correlation of inhibition of binding 
to inhibition of neutrophil function, we examined 
the effects of these inhibitors on [‘HICon A binding. 
It was observed that, at the ICSO level of inhibition 
of aggregation found for FMLP-stimulated neutro- 
phils, neither inhibitor was effective on Con A-stimu- 
lated neutrophils. In addition, at levels 200 times rhe 
1~50 of aggregation for FMLP-stimulated neutrophils, 
neither ETYA nor ET1 had an inhibitory effect on 
Con A-stimulated neutrophils. Thus, there appeared 
to be no direct correlation between the abilities of 
these agents to affect receptor-ligand interactions 
and their effects on subsequent cellular responses. 

Effects of ibuprofen, indomethacin and piroxicam 
on neutrophil function in vivo. To examine whether 
non-steroidal anti-inflammatory agents could affect 
neutrophil function Z’~Z uiuo when used at normal 
pharmacologic doses, normal human subjects were 
given ibuprofen (2400 mg/day), indotnethacin 
(100 mg/day) C. piroxicam (20 mg/day) for 3 days, 
at which time their neutrophils were isolated and 
stimulated with FMLP (10-j M). The neutrophil 
responses after drug therapy were compared to their 
matched responses before drug therapy and are 
shown in Fig. 5. Neutrophils from subjects taking 
ibuprofen were inhibited in their ability to aggregate 
and release lysozyme, while OZm generation pro- 
ceeded unimpaired. This pattern of inhibition was 
identical to that seen in vitro (compare to Fig. 2). 
Similarly, neutrophiis from subjects taking indo- 
methacin were inhibited in their ability to aggregate, 
while 02- generation and lysozyme release were not 
significantly different from their pre-therapy 
responses. Cells isolated from patients taking pirox- 
icam were inhibited with respect to ability to aggre- 
gation, generation of 0~~. and release of lysozyme. 
Thus, it appears that non-steroidal anti-inflamma- 
tory agents affect neutrophll function in uiuo and 
that a good correlation was observed between func- 
tions that were inhibited in oiuo and in vitro. 

DISCUSSIOK 

These experiments have illustrated that. when 
human peripheral neutrophils were pretreated with 
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Fig. 5. Effects of ibuprofen, indomethacin. and piroxicam on neutrophil function in oioo. Neutrophils 
from healthy human donors taking the prescribed drug were prepared according to Materials and 
Methods. Studies of aggregation (A), superoxide generation (B), and lysozyme release (C) were also 

performed as described in Materials and Methods. 
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putative inhibitors of arachidonate metabolism, their 
responses (aggregation, superoxide generation, 
lysosomal enzyme release and changes in CTC flu- 
orescence) differed depending upon the stimulus 
employed. Furthermore. when ibuprofen, indo- 
methacin or piroxicam was administered p.o. for 3 
days, their inhibitor effects on neutrophil functions 
in viuo followed patterns similar to those observed 
in vitro. 

These results are in accordance with previous 
works indicating that NSAIDs inhibit lysosomal 
enzyme release from human neutrophils exposed to 
CSa and FMLP j22], guinea pig neutrophils exposed 
to serum-treated zymosan [23], rabbit neutrophils 
exposed to calcium ions [24], and from human neu- 
trophils treated with FMLP, STZ, and A23187 [lo]. 
The rank of potencies (ETYA > indomethacin > 
ET1 > ibuprofen > aspirin) agrees with previously 
published data [25.26] which illustrated a correlation 
with the ability of the agent to suppress the inflam- 
matory process in which granule-associated enzymes 
have been localized to the site of tissue injury. Fur- 
thermore, Smolen and Weissmann (lo] reported that 
lysosomal enzyme release in response to the soluble 
chemotactic peptide FMLP is greatly inhibited by 
indomethacin or ETYA and that these agents are 
less effective when Con A or the calcium ionophore 
A23187 is employed as a stimulus. The data pre- 
sented above [lo] are not entirely consistent with 
this report; the discrepancies can be explained by 
the use in previous studies of the fungal metabolite 
cytochalasin B and the use of a 4-fold higher con- 
centration of indomethacin. The inconsistency with 
respect to the interpretation of data using cyto- 
chalasin B-treated neutrophils versus untreated neu- 
trophils has been reported previously [ 1, 121; these 
studies reported differences in the degranulation 
response [12] as well as in the kinetics of aggregation 
111. 

In an attempt to examine whether anti-inllam- 
matory drugs could affect calcium metabolism in the 
neutrophils, their effects were examined on the CTC 
response of CTC-preloaded neutrophils. The use of 
CTC as a probe of membrane associated calcium 
was first suggested by Caswell and Hutchinson (271, 
as CTC preferentially partitions into hydrophobic 
regions of lipid bilayers and generates a characteristic 
fluorescence emission spectra when complexed with 
calcium. Indeed, changes in the fluorescence of cells 
preloaded with CTC, upon exposure to appropriate 
stimuli, have been recorded in a variety of cell types 
j19.281. In each secretory cell type studied. secretion 
anteceded, or accompanied, rapid decrements in 
CTC fluorescence. Indeed, Feinstein [28] reported 
that the CTC response of preloaded platelets is a 
necessary antecedent of platelet aggregation and 
secretion, never being observed in the absence of a 
CTC response, and that inhibition of the CTC 
response is invariably accompanied by inhibition of 
secretion. 

We reported recently that piroxicam. a new 
non-steroidal anti-inflammatory agent and putative 
inhibitor of arachidonic acid metabolism, is capable 
of dissociating the CTC response from secretion in 
human neutrophils 1201. While this suggests that the 
CTC response may not be an absolute requirement 

for secretion, the possibility exists that piroxicam 
may interact with the assay in some novel manner 
and so alter the CTC response. In our present report, 
we have demonstrated that another putative inhib- 
itor of arachidonic acid metabolism, ETI, which is 
structurally unrelated to piroxicam, can also disso- 
ciate the CTC response from secretion induced by 
either Con A or PMA. The only characteristic shared 
by both ET1 and piroxicam is the ability to inhibit 
the binding of f”H]FMLP to neutrophils. It is unclear 
whether their effects on c’H]FMLP binding and their 
abilities to dissociate secretion from the CTC 
response are causally related. Recently, Yuli, et al. 
[29] reported that “membrane-fluidizers” may non- 
specifically alter the affinity of the FMLP receptor 
for its ligand. It is, therefore, possible that both 
piroxicam and ET1 share effects on membrane 
architecture which affect the function of the FMLP 
receptor. Since the fluorescence of CTC is also 
dependent on membrane events, those agents may 
interfere with the capacity of this probe to report on 
the mobilization of membrane-associated calcium. 
In contrast, ibuprofen. which is also a putative 
cyclooxygenase inhibitor. jnhibited the CTC 
response only when secretion was inhibited. Fur- 
thermore, ibuprofen had no effect on the binding of 
[“HJFMLP to neutrophils. Therefore, it appears that 
inhibitors of arachidonic acid metabolism can affect 
neutrophil function through mechanisms not attri- 
butable to their effects on either the cyclooxygenase 
or lipoxygenase pathway. 

That non-steroidal anti-inflammatory agents have 
effects other than the inhibition of prostaglandin 
biosynthesis is well documented, and these effects 
depend on the doses employed. Kantor and Hamp- 
ton 1301 have reported that indomethacin inhibits 
cyclic AMP-dependent protein kinase in rabbit ileal 
mucosa and Kaplan et al. [13] have reported the 
inhibitory activity of this agent on rabbit phospho- 
lipase Al (PLA-) activity, Our data demonstrate that 
indomethacin had a minor effect on lysosomal 
enzyme release despite the interpretation offered by 
Smolen and Weissmann [lo] that indomethacin 
inhibition of LER may be due to diminished phos- 
pholipase activity. However, the inhibition by indo- 
methacin of neutrophil aggregation is consistent with 
the hypothesis that indomethacin inhibits PLA1 
activity. In rabbit polymorphonuclear leukocytes, it 
has been shown that AA released by the action of 
PLAz is sufficient for degranulation and aggregation 
Ill]. However. previous work by this laboratory has 
demonstrated that LER and aggregation are parallel, 
but independent, processes in human cells. AA is 
metabolized not only to stable prostaglandins and 
thomboxanes via cyclooxygenase but also to 
mono-. di- and trihydroxy-fatty acids via %lipoxy- 
genase enzyme [31-331. The effect seen with ETYA 
could be attributed to the putative inhibitory activity 
of the agents on the lipoxygenase pathway. These 
HPETE and HETE compounds have been shown 
to be chemotactic for alveolar macrophages and 
human neutrophils [25.34,35]. suggesting a possible 
role for these compounds in the activation of the 
neutrophil in an inflanlInatory response. The effect 
seen with ETYA may be attributable to an effect of 
the agents on lipoxygenase pathways and the result- 
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ant AA metabohtes, since it cannot be explained by 
an interference with or inhibition of [3H]FMLP bind- 
ing (see Results). We have demonstrated that the 
concentration of ETYA employed inhibited 
[3H]FMLP binding by 19% while all other neutrophil 
functions were inhibited by greater than 50%. 
Clearly, this agent exerted actions other than those 
attributable to direct inhibition of binding. Con- 
versely, ETI, another putative lipoxygenase inhibi- 
tor, inhibited binding by 57% while inhibiting 02- 
and LER by 84.6 and 63% respectively. These 
observations correlate with the inhibition of FMLP 
binding and the inhibition of neutrophil activation. 

Neither ETYA nor ETI is a specific inhibitor of 
the 5-lipoxygenase pathway. This raises the question 
as to what effects any specific inhibitor(s) may have 
on neutrophil function. Indeed, Egan et al. [36] 
reported recently the development of a class of 
agents which appear to specifically inhibit 5-lipoxy- 
genase in cell-free systems. However, these authors 
question the selectivity of even these inhibitors when 
used in intact cells. More recently, Serhan et al. [37] 
reported that colchicine may specifically block the 
leukotriene B synthetase. In addition, Hoffstein 
et al. [38] have reported previously that colchicine 
is capable of inhibiting lysosomal enzyme release 
and microtubule assembly in intact cells. Certainly, 
the development of more specific probes of the 
5hpoxygenase pathway will greatly aid our ability 
to characterize its role m neutrophil function(s). 

One problem with reports indicating that non- 
steroidal anti-inflammatory agents can inhibit neu- 
trophil function in vitro is the question of whether 
or not they can similarly inhibit neutrophil function 
in uioo. In this study we report that NSAIDs can 
affect the responses of neutrophils from subjects 
given these drugs in therapeutic doses. It has been 
reported that the addition of protein to isolated 
neutrophils interferes with the inhibitory activity of 
indomethacin [ 10,261, presumably by nonspecific 
absorption. These in viuo studies suggest that the 
effects seen with indomethacin. ibuprofen or pirox- 
icam in uiuo were irreversible since any free drug 
that was present was eliminated during the isolation 
procedure. Thus, if one accepts the hypothesis that 
neutrophils play a critical role in the inflammatory 
response, then it appears that non-steroidal anti- 
inflammatory agents may, at least in part, affect the 
inflammatory response through their action on neu- 
trophils. It is clear, however, that the current hypoth- 
esis, which suggests that NSAIDs retard neutrophil 
reactions entirely by inhibiting cyclooxygenase. is 
not supported by these data, and that other mech- 
anisms of action of these agents on the neutrophil 
remain to be elucidated. 
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