CLINICAL AND DIAGNOSTIC LABORATORY IMMUNOLOGY, Sept. 1998, p. 683-689

1071-412X/98/$04.00+0

Vol. 5, No. 5

Copyright © 1998, American Society for Microbiology. All Rights Reserved.

Role of Arachidonic Acid and Its Metabolites in the Priming of
NADPH Oxidase in Human Polymorphonuclear Leukocytes by
Peritoneal Dialysis Effluent

I. DANIELS,'* M. A. LINDSAY,' C. I. C. KEANY,' R. P. BURDEN,? J. FLETCHER," anp A. P. HAYNES'

Medical Research Centre' and Department of Renal Medicine,? City Hospital, Nottingham, United Kingdom
Received 26 January 1998/Returned for modification 10 March 1998/Accepted 18 May 1998

Peritoneal dialysis effluent (PDE) contains a low-molecular-weight solute that will activate and prime the
NADPH oxidase of human neutrophils via a phospholipase A, (PLA,)-dependent mechanism. Since the
products of PLA, are known to activate and prime the oxidase we have investigated their role in the dialysis
effluent-mediated activation and priming of human neutrophils. NADPH oxidase activity of PDE-primed and
-unprimed neutrophils was measured by lucigenin-enhanced chemiluminescence in the presence of known
inhibitors of the arachidonic acid cascade. Incubation of neutrophils with the nonselective PLA, inhibitor
quinacrine (0 to 100 puM) reduced oxidase activity in both primed and unprimed cells. Furthermore, primed
cells were more sensitive to the action of quinacrine than were unprimed cells. We were unable to determine
the relative roles of secretory PLA, (sPLA,) and cytosolic PLA, (cPLA,) since the selective sPLA, inhibitor
scalaradial (0 to 100 M) inhibited oxidase activity in both groups of cells by similar degrees, while the specific
c¢PLA, inhibitor AACO-CF; (0 to 50 pM) failed to affect activity in either group. Inhibition of platelet-
activating factor (PAF), cycloxygenase, and 5-lipoxygenase-activating protein by hexanolamino-PAF (0 to 25
pM), flurbiprofen (0 to 25 pM), and MK886 (0 to 5 nM), respectively, had no effect upon oxidase activity.
However, the direct inhibition of 5-lipoxygenase by caffeic acid or lipoxin A, resulted in a similar concentration-
dependent attenuation of oxidase activity in both primed and unprimed cells. Leukotriene B, (LTB,) release
from primed neutrophils was comparable to that from unprimed cells with the exception of phorbol myristate
acetate-stimulated cells, which released fivefold more LTB, than control. Taken together, these results suggest
that it is arachidonic acid per se, and not its metabolites, that is important in priming of the neutrophil

NADPH oxidase by dialysis effluent.

Recurrent bacterial peritonitis is a major cause of morbidity
in patients undergoing continuous ambulatory peritoneal dial-
ysis (CAPD). Polymorphonuclear leukocytes (PMN) are the
predominant defense cells mobilized during an episode of in-
fection; however, the intracellular killing mechanisms of these
cells are impaired in the presence of peritoneal dialysis effluent
(PDE) (18, 19). Paradoxically, PDE augments the release of
secondary granules from PMN (11), causes low-level activation
of the NADPH oxidase, and primes the latter response to both
soluble and particulate stimuli (10). Subsequent investigation
into the PMN signalling pathways affected by PDE suggest that
both priming and activation involve phospholipase A, (PLA,)
(28). The main products of PLA, activation in PMN are ara-
chidonic acid (AA) and, if phosphatidylcholine is the substrate,
platelet-activating factor (PAF). AA may be further metabo-
lized by S-lipoxygenase (5-LO) to yield leukotriene B, (LTB,)
or by cycloxygenase (COX) to yield prostaglandin. This latter
reaction is thought to be minimal in PMN. Both PAF and
LTB, are well recognized as being potent inflammatory medi-
ators, and both are capable of priming (13, 22) and activating
the NADPH oxidase (1, 46). Furthermore, AA is able to di-
rectly activate oxidase in cell (17) and cell-free systems (44)
and to prime the response to subsequent stimulation by fMLP
(40). We have therefore investigated the roles of PAF and AA
and its metabolites in the priming and activation of the
NADPH oxidase by PDE.
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MATERIALS AND METHODS

Reagents. Lucigenin, bovine serum albumin (BSA; fraction V, low endotoxin),
quinacrine (PLA, inhibitor), flurbiprofen (COX inhibitor), and caffeic acid (li-
poxygenase inhibitor) were obtained from Sigma Chemical Company Ltd.,
Poole, Dorset, United Kingdom. [5,6,8,9,11,12,14,15-*H]AA was obtained from
Amersham International plc, Buckingham, United Kingdom. Lipoxin A, (LTB,
receptor antagonist), hexanolamino-PAF (PAF receptor antagonist), arachido-
nyl trifluromethyl ketone (AACO-CF;) (cytosolic PLA, [cPLA,] inhibitor) and
scalaradial (secretory PLA, [sPLA,] inhibitor) were obtained from Cascade
Biochemical, Reading, Berkshire, United Kingdom. MK886 (5-LO-activating
protein [FLAP] inhibitor) was a generous gift from A. W. Ford-Hutchingson,
Merck, Frosst Centre, Quebec, Canada.

Preparation of PMN. Human peripheral blood PMN were prepared by stan-
dard methods (4). Fresh venous blood was added to EDTA (dipotassium salt) to
a final concentration of 3.5 mM. Erythrocytes were sedimented on dextran, and
the leukocyte-rich plasma was further purified over a Ficoll gradient (lymphocyte
separation medium; Flow Laboratories, Herts, United Kingdom). The PMN-rich
pellet was subjected to hypotonic lysis to remove the remaining erythrocytes and
was washed twice in phosphate-buffered saline (PBS; pH 7.4). Purification of
cells by this method routinely gave preparations of >99% viability as assessed by
trypan blue exclusion and of >97% purity as assessed by examination of stained
cytospin preparations. Cells were counted in a hemocytometer and were sus-
pended at a concentration of 107 ml™! for lucigenin-enhanced chemilumines-
cence or 10% ml™! for LTB, determination by enzyme-linked immunosorbent
assay (ELISA) (R & D Systems, Abingdon, Oxon, United Kingdom).

PDE. Six samples of PDE (1.36%, wt/vol, glucose) (Dianeal; Baxter Travenol
Inc., Chicago, Ill.) were obtained from patients receiving CAPD after an intra-
peritoneal dwell of 4 h. All patients had been established on CAPD for more
than 2 months, were not suffering infection, and had not received antibiotic
therapy over the preceding 4 weeks. PDE was stored at —70°C until required.
Before use PDE was filtered through a 0.2-wm-pore-size membrane and the pH
was adjusted to 7.4 by the addition of HEPES to give a final concentration of 20
mM. The concentrations of creatinine and urea in PDE were determined by
autoanalysis. The concentrations of protein endotoxin, and tumor necrosis factor
alpha (TNF-o) and interleukin 18 (IL-1B) were determined by the method of
Lowry et al. (29), the limulus amoebocyte lysate assay (Sigma Diagnostic Kit,
Sigma Chemical Company) and ELISA, respectively.
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Determination of inhibitor toxicity. The toxicity of the inhibitors and vehicle
(ethanol) upon PMN over a 30-min period was determined by ATP biolumines-
cence (7) and confirmed by trypan blue exclusion. The ability of antagonists to
scavenge superoxide anions was determined by using a xanthine-xanthine oxidase
cell-free system (9).

Determination of AA release. PMN (107 ml~!) were incubated with 1 wCi of
[PHJAA ml~! at 37°C for 60 min in PBS (without Ca?*)-0.1% (wt/vol) BSA.
Cells were washed three times in PBS and were suspended at a concentration of
4 X 107 ml™ !, Under these conditions the percentage of label incorporated into
PMN was 31.33% = 6.67% (mean = standard error of the mean [SEM], n = 6).
The reaction mixture (200 pl) contained PBS (pH 7.4), 1 mM CaCl,, 0.7 mM
MgCl,, 0.1% (wt/vol) BSA, inhibitor and/or vehicle, and PMN to give a final
concentration of 4 X 10° ml~! (corresponding to 260,188 = 23,981 cpm [n = 6]).
PDEs were used at a concentration of 50% (vol/vol). The mixture was preincu-
bated at 37°C for 10 min before the reaction was initiated by the addition of 1 uM
fMLP. After 20 min the reaction was terminated by the addition of 500 wl of
ice-cold physiological saline, and PMN were sedimented by centrifugation
(12,000 X g for 15 s). The amounts of [PH]AA in the pellet and supernatant were
determined by liquid scintillation counting.

Determination of superoxide anion generation. Superoxide generation by
PMN was determined by lucigenin-enhanced chemiluminescence in a plate-
reading luminometer (Lumiscan; Labsystems, Basinstoke, United Kingdom).
The reaction mixture (200 pl) contained 25 pM lucigenin, PBS (pH 7.4), 1 mM
CaCl,, 0.7 mM MgCl,, 0.1% (wt/vol) BSA, inhibitor and/or vehicle, and PMN to
give a final concentration of 10° ml~'. PDEs were used at a concentration of 50%
vol/vol. The mixture was preincubated at 37°C for 10 min before the reaction was
initiated by the addition of stimulus. fMLP, phorbol myristate acetate (PMA),
and preopsonized Staphylococcus epidermidis were added to give final concen-
trations of 1 uM, 10 ng m1™', and 2 X 107 ml~!, respectively. Superoxide anion
formation was taken as the integral of superoxide dismutase-inhibitible light
output over the initial 30 min of the reaction.

Determination of LTB, generation. The generation of LTB, by PMN was
determined by ELISA (R&D Systems). The reaction mixture (250 wl) contained
PBS (pH 7.4), 1 mM CaCl,, 0.7 mM MgCl,, 0.1% (wt/vol) BSA, 50% (vol/vol)
PDE, and PMN to give a final concentration of 107 ml~'. The mixture was
preincubated at 37°C for 10 min before the reaction was initiated by the addition
of stimulus. fMLP, PMA, and preopsonized S. epidermidis were added to give
final concentrations of 1 wM, 10 ng ml™!, and 2 X 10 ml™!, respectively. The
reaction was terminated by the addition of 13 wl of ice-cold citric acid (0.035M)
to reduce the pH to 5.5. The reaction mixture was spun at 400 X g and 4°C for
10 min. The supernatants were removed and stored at —80°C before the assay for
LTB,.

Statistical analysis. All data are given as means = SEMs. Analysis was per-
formed using the Mann-Whitney U test calculated by the computer multifunc-
tion statistics library package NWAStatpak (Northwest Analytical Inc., Portland,
Oreg.).

RESULTS

The biochemical profiles (means = SEMs) of the six dialysis
effluents employed in this study were as follows: protein,
3.18 = 0.37 mg ml ! (range, 2.25 to 4.90 mg ml~!); endotoxin,
71.25 = 9.22 pgml ™' (range, 57 to 114 pg ml~'); urea, 18.18 =
1.56 mM (range, 14.0 to 25.4 mM); and creatinine, 900 * 70
wM (range, 707 to 1290 uM). Levels of TNF-« and IL-13 were
below the level of detection by ELISA.

Effects of inhibitors upon NADPH oxidase activity. When
concentrations of ethanol in the reaction mixture exceeded
0.1% (vol/vol) (ca. 20 mM) a significant reduction in PMN
chemiluminescence was observed (50% inhibitory concentra-
tion [ICsy] = 0.5% [vol/vol]). This inhibitory effect of ethanol
was not affected by the presence of PDE and was not due to
cell death since the release of ATP from PMN was constant. In
subsequent experiments the final concentration of ethanol
(used as the vehicle for inhibitors) did not exceed 0.05% (vol/
vol). The release of ATP from PMN when incubated with all
concentrations of inhibitors was comparable to the release
observed from cells in buffer, suggesting that at the concentra-
tions routinely used these compounds did not result in cell
death (data not shown). The oxygen radical scavenging ability
of the inhibitors employed in this study was assessed in a
xanthine-xanthine oxidase cell-free system. At the concentra-
tions used these compounds did not affect measurement of
cell-free-generated superoxide (data not shown).
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FIG. 1. Effect of quinacrine upon AA release from fMLP (1 wM)-challenged
PMN. PMN were incubated in buffer (open squares) or PDE (closed squares).
Results are expressed as mean (= SEM) percent inhibitions relative to control
(no quinacrine) (n = 6, six dialysis effluents upon PMN from six donors).
Absolute control values (100%) were 1.90% *+ 0.22% and 4.80% * 0.55% total
radioactivity incorporated for unprimed and primed cells, respectively.

Phospholipase A, inhibitors. AA generation in human PMN
occurs predominantly through the action of PLA, upon mem-
brane phospholipids. PLA, acts at the sn-2 position of the
glycerol backbone of phospholipids to yield free fatty acid
(usually AA) and, if phosphatidylcholine is the substrate, lyso-
PAF. Because of the pivotal role that this enzyme plays in AA
generation we investigated its role in PDE-mediated priming
and activation of human PMN by the use of three structurally
distinct PLA, inhibitors. Quinacrine, a widely used nonselec-
tive PLA, inhibitor (50), inhibited release of AA from fMLP-
stimulated PMN with an ICs, of approximately 15 pM (Fig. 1).
The compound was a poor inhibitor of basal superoxide gen-
eration in unstimulated PMN (ICs, = 100 wM) but was 10-fold
more effective if PMN were first primed with PDE (ICs, = 10
wM) (Fig. 2a). The ICs, of quinacrine for receptor-mediated
stimuli (fMLP and S. epidermidis) was 20 nM, and this was
reduced to 10 uM in PDE-primed cells (Fig. 2b). Quinacrine
inhibited superoxide generation by PMA-stimulated cells with
a potency which was similar to those of fMLP and S. epider-
midis; however, priming of PMN with PDE did not affect this
response (data not shown). These observations suggest a role
for PLA, in both the activation and priming of PMN by PDE.
In an attempt to further determine the form of PLA, involved
we used scalaradial, which at low concentrations (0.07 uM) is
a selective inhibitor of the 14-kDa sPLA, (31), and AA-
COCEF;, a trifluoromethyl ketone analogue of AA that acts as
a selective, slow, tight-binding inhibitor of the 85-kDa cPLA,
(48). Incubation of PMN with scalaradial (0 to 100 wM) re-
sulted in a concentration-dependent inhibition of both AA
release (Fig. 3) and superoxide generation in primed and
unprimed cells (ICs4s of 8, 8, 40, and 8 wM for basal, fMLP,
PMA, and S. epidermidis, respectively) (Fig. 4). Conversely,
AACO-CF; (0 to 50 wM) did not inhibit AA release (Fig. 5) or
superoxide generation (Fig. 6) by either primed or unprimed
cells under all conditions tested. Indeed at concentrations be-
tween 1 and 10 wM superoxide generation was slightly stimu-
lated for all stimuli (Fig. 6).

PAF inhibitor. The release of AA from phosphatidylcholine
by PLA, is accompanied by the concomitant formation of
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FIG. 2. Effects of quinacrine upon superoxide generation of unstimulated PMN (a) and PMN challenged with 1 M fMLP (b). PMN were incubated in buffer (open
circles) or PDE (closed circles). Results are expressed as mean (= SEM) percent inhibitions relative to control (no quinacrine) (n = 6, six dialysis effluents upon PMN
from six donors). Asterisks indicate P values of =<0.05 (Mann-Whitney U test). Absolute control values (100%) were 28.85 * 9.40 relative light units (RLU) and 115 *
23.57 RLU (a) and 1,107 = 28 RLU and 3,618 = 153 RLU (b) for unprimed and primed cells, respectively.

lyso-PAF, which is subsequently acetylated to generate the
bioactive PAF molecule. Since PAF is generated when PMN
are activated by many stimuli (36) and will both prime (22) and
activate (1) PMN, we investigated its role in PDE-mediated
priming with the use of the PAF receptor antagonist hexano-
lamino-PAF (42). Concentrations of hexanolamino-PAF from
0 to 25 pM had no effect upon either primed or unprimed
superoxide anion generation in response to all stimuli tested
(unstimulated, fMLP, PMA, and S. epidermidis) (data not
shown).

5-LO inhibitors. 5-LO is the predominant route by which
AA is metabolized in human PMN. Because of the importance
of this enzyme in the AA cascade we chose to use three func-
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FIG. 3. Effect of scalaradial upon AA release from fMLP (1 wM)-challenged
PMN. PMN were incubated in buffer (open squares) or PDE (closed squares).
Results are expressed as mean (* SEM) percent inhibitions relative to control
(no scalaradial) (n = 6, six dialysis effluents upon PMN from six donors).
Absolute control values (100%) were 1.80% = 0.21% and 3.42% * 0.37% total
radioactivity incorporated for unprimed and primed cells, respectively.

tionally distinct inhibitors to investigate the role of LTB, in
PDE-primed PMN. The indole-type inhibitor MK886 inhibits
FLAP, preventing the translocation of 5-LO from the cytosol
to its active sight within the membrane (43). Caffeic acid in-
hibits LTB, generation by inactivating the active sight of 5-LO
(26), and lipoxin A, is a reported LTB, receptor antagonist (6).
Incubation of PMN with MK886 (0 to 5 wM) had no effect
upon the release of superoxide in response to any of the stimuli
used (unstimulated, fMLP, PMA, and S. epidermidis) (data not
shown). PMN incubated with caffeic acid (0 to 200 uM) or
lipoxin A, (0 to 5 wM) showed a concentration-dependent
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FIG. 4. Effect of scalaradial upon superoxide generation by fMLP (1 pnM)-
challenged PMN. PMN were incubated in buffer (open circles) or PDE (closed
circles). Results are expressed as mean (= SEM) percent inhibitions relative to
control (no scalaradial) (n = 6, six dialysis effluents upon PMN from six donors).
Similar profiles were obtained from unstimulated PMN and PMN challenged
with S. epidermidis (2 X 107 ml~!) and PMA (10 ng ml™"). Absolute control
values (100%) were 503 =+ 42 relative light units (RLU) and 2,241 = 224 RLU
for unprimed and primed cells, respectively.
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FIG. 5. Effect of AACO-CF; upon AA release from fMLP (1 uM)-chal-
lenged PMN. PMN were incubated in buffer (open squares) or PDE (closed
squares). Results are expressed as mean (+ SEM) percent inhibitions relative to
control (no AACO-CF;) (n = 6, six dialysis effluents upon PMN from six
donors). Absolute control values (100%) were 2.20% * 0.25% and 4.62% *
0.19% total radioactivity incorporated for unprimed and primed cells, respec-
tively.

decrease in superoxide generation in response to all stimuli.
The ICss of caffeic acid and lipoxin A, (100 and 3 M, re-
spectively) were independent of the stimulus employed. Prim-
ing PMN with PDE prior to treatment with MK 886, caffeic
acid, or lipoxin A, did not affect the results obtained.

COX inhibitor. COX is a ubiquitous mammalian enzyme
that in PMN demonstrates a K,,, for AA which is similar to that
of lipoxygenase. Activation of COX in PMN results in the
formation of prostaglandin E, and thromboxin B,. We inves-
tigated the role of this enzyme in PDE-mediated priming and
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FIG. 6. Effect of AACO-CF; upon superoxide generation from fMLP (1
wM)-challenged PMN. PMN were incubated in buffer (open circles) or PDE
(closed circles). Results are expressed as mean (+ SEM) percent inhibitions
relative to (no AACO-CF3) (n = 6, six dialysis effluents upon PMN from six
donors). Similar profiles were obtained from unstimulated PMN and PMN
challenged with S. epidermidis (2 X 107 m1~') and PMA (10 ng ml™"). Absolute
control values (100%) were 747 * 83 relative light units (RLU) and 1,842 + 90
RLU for unprimed and primed cells, respectively.
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FIG. 7. Generation of LTB, by unstimulated PMN and PMN challenged
with fMLP (1 pM), S. epidermidis (2 X 107 ml™'), and PMA (10 ng ml~"). PMN
were incubated in buffer (open bars) or PDE (hatched bars). Results are ex-
pressed as mean (= SEM) amount of LTB, released (ng ml™") (n = 6, six dialysis
effluents upon PMN from six donors). The asterisk indicates a P value of <0.05
(Mann-Whitney U test).

activation of human PMN with the COX inhibitor flurbiprofen.
The generation of superoxide by PMN when unstimulated or
stimulated by fMLP, PMA, or S. epidermidis was unaffected by
the incubation of cells with the antagonist (0 to 25 uM) (data
not shown). Furthermore, priming of PMN by PDE prior to
treatment with the inhibitor did not affect the results (data not
shown).

ELISA measurement of LTB,. In view of the important role
of LTB, in mediating inflammatory responses, and with the
consideration that we achieved various effects upon the gen-
eration of superoxide by using three different 5-LO antago-
nists, we directly quantified LTB, release from PMN by
ELISA. The presence of PDE did not affect the measurement
of known amounts of standard LTB,. Furthermore, PDE con-
tained no LTB, per se (data not shown). The levels of LTB,
released from unstimulated PNM and PMN stimulated by
fMLP, PMA, and S. epidermidis were 13.70 £ 0.63, 39.30 =
9.24,47.30 = 2.69, and 24.30 = 5.35 ng ml ™", respectively (Fig.
7). In the presence of PDE these values remained unchanged
with the exception of PMN stimulated by PMA. Under these
conditions LTB, release was increased fivefold to 230.60 =
41.00 ng ml~*.

DISCUSSION

We have previously reported that incubation of PMN with
4-h intraperitoneal dwell, pH-corrected PDE results in low-
level activation of the NADPH oxidase and primes this re-
sponse to receptor-mediated stimuli (10), possibly by an effect
upon specific granule release (11). Studies of the signal trans-
duction systems affected by PDE demonstrate a profound ac-
tivation of PLA, leading to an increase in the release of AA
(28). In human PMN AA can directly activate the NADPH
oxidase (17) and cause release of specific granules (23). Fur-
thermore PAF (resulting from the liberation of AA from phos-
phatidylcholine) and the AA metabolite LTB, are potent ac-
tivators and primers of many PMN functions (1, 13, 22, 46).
With this in mind we have investigated the role of AA and its



VoL. 5, 1998

metabolites in the priming and activation of human PMN by
PDE.

A number of studies have investigated the role of PLA, in
the activation of the NADPH oxidase in human PMN. The fact
that superoxide generation in response to many stimuli is re-
duced upon incubation of cells with PLA, inhibitors and is
restored by the addition of exogenous AA (20, 34, 37) dem-
onstrates the importance of PLA, in the activation and main-
tenance of the NADPH oxidase. Using both quinacrine and
scalaradial we were able to confirm a role for PLA, in PMN
oxidase activation. Quinacrine reduced both superoxide gen-
eration and AA release from PMN in response to all stimuli
tested. These data are in agreement with those of others who
have demonstrated inhibition of superoxide generation of
PMN by quinacrine when challenged with fMLP (37), PMA
(20), and immune complexes (37). Our observation that PMN
incubated with PDE were more sensitive to quinacrine
prompted us to attempt to identify the form of PLA, activated
by PDE by the use of two selective PLA, inhibitors. Incubation
of PMN with scalaradial resulted in a concentration-dependent
decrease in superoxide generation and AA release; however,
the degrees of inhibition were similar in both primed and
unprimed cells. These data would suggest that sPLA, does play
a role in the generation of superoxide; however, since we
report no difference between the IC, for the primed and
unprimed cells, its role in PDE-mediated priming is question-
able. Mayer et al. (32) have reported inhibition of superoxide
generation by scalaradial in PMA-stimulated rat alveolar mac-
rophage. In a manner similar to that for PDE, the priming of
these macrophage with lipopolysaccharide (LPS) did not affect
their results. It is generally accepted that it is cPLA, that is
important in the release of AA from PMN (14). We investi-
gated the role of cPLA, by using the arachidonyl trifluorom-
ethyl ketone AACO-CF;. AACO-CF; is a potent inhibitor of
c¢PLA, in cell-free systems (48). However, in the present study,
exposure of PMN to the antagonist failed to inhibit AA release
and resulted in a slight stimulation of the NADPH oxidase.
These observations may reflect metabolism of the compound
by PMN; indeed, recent reports have suggested that AACO-
CF; is reduced to its noninhibitory alcohol upon incubation
with many cell types (39).

It is well documented that exogenous PAF can stimulate
oxidase activity and prime the response to subsequent stimu-
lation by fMLP (1, 13). More recently, PAF receptor antago-
nists have been shown to inhibit superoxide production (47).
We were, however, unable to demonstrate an effect of the PAF
receptor antagonist hexanolamino-PAF upon either primed or
unprimed superoxide generation by PMN when challenged
with a variety of stimuli. The ICs, of hexanolamino-PAF for
superoxide generation in human macrophage is quoted at 52
wM (42). In this study, using ATP bioluminescence as an in-
dicator of cell viability, we observed significant PMN death at
concentrations of the antagonist exceeding 25 uwM (data not
shown). Our results suggest that PAF plays only a limited role
in the generation of superoxide anion under the conditions
employed in our studies. However, fMLP-stimulated PMN are
known to generate PAF (36), and most of this PAF appears to
remain within the cell (35). Since PAF may have an autocrine
effect (33) and exert its effects by binding to the recently de-
scribed high-affinity cytosolic PAF receptors (49), the efficiency
of hexanolamino-PAF in blocking PAF-mediated responses
may be compromised by its inability to penetrate the cell. The
major pathway by which AA is metabolized in human PMN is
via 5-LO, ultimately leading to the generation of LTB, (52).
LTB, is released upon challenge of PMN with opsonized par-
ticles (5, 38), fMLP, and PMA (45). The inflammatory medi-
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ator can directly activate aggregation, Ca*" mobilization, su-
peroxide generation, and degranulation (46) and prime these
responses to stimulation by agents such as fMLP (13). Because
of its potential importance in mediating the inflammatory re-
sponse we used three functionally distinct LTB, inhibitors to
assess its role in PDE-induced priming and activation. In this
study we obtained different results using these three inhibitors.
Superoxide generation was inhibited with caffeic acid and li-
poxin A, but not with MK886. These observations call into
question the target selectivity of some of these antagonists.
Recently, lipoxin A, has been shown to inhibit phosphoinositol
hydrolysis in human PMN at concentrations similar to those
employed in this study (16). The inhibition of superoxide gen-
eration that we report may therefore be a reflection of the
inhibition of inositoyl-specific phospholipase C. No effect upon
superoxide generation was seen with the FLAP inhibitor
MKS886. In agreement with others (43) we estimate the ICs, of
this compound for ionophore-stimulated LTB, release from
human PMN to be approximately 120 nM (data not shown).
However, we observed no reduction in superoxide generation
even at concentrations of the antagonist (5 pM) that com-
pletely abolished LTB, release. We confirmed that LTB, plays
little part in priming and activation of PMN by PDE by directly
quantifying its release from cells by ELISA. In agreement with
others we report that cells stimulated with fMLP, PMA, and
Staphylococcus sp. (21, 30, 51) release only low levels of LTB,
in comparison to the level released by ionophore-challenged
cells. Only cells primed with PDE and subsequently stimulated
by PMA release more LTB, than their relative controls. This
observation may be a reflection of a combination of increased
generation of AA (resulting from incubation of PMN with
PDE) (28) and a direct activation of 5-LO by PMA. Several
studies have reported that exposure of PMN to fresh (unused)
dialysates results in a severe reduction in leukotriene release
(24, 25). The data in our study confirm their suggestions that
this effect is transient and probably the result of the low pH
and high osmolality of fresh dialysates.

Flurbiprofen is well recognized as being a selective, potent
inhibitor of both COX 1 and COX 11. In this study, concen-
trations of flurbiprofen of up to 25 wM had no effect upon
oxidase activity of PMN when challenged with fMLP, PMA, or
S. epidermidis. These observations are in keeping with those of
others who report an ibuprofen ICs, of 600 uM for fMLP-
induced superoxide generation (37). These observations sup-
port the current thinking that although COX and 5-LO have
similar K,,;s for AA, most if not all of the fatty acid generated
during cell activation is metabolized by 5-LO (52).

The involvement of PLA, in primed stimulation is well doc-
umented. The enzyme appears to play a role in priming by
diacyl- and alkylacylglycarol, inflammatory cytokines, and LPS
(2, 3,8, 12, 15, 27, 41). We were unable to detect appreciable
concentrations of cytokines in the fluids employed in this study.
Such an observation may not be considered unusual since the
patients that we chose were not suffering infection at the time
of dialysis. Our observation that only challenge with PMA
results in elevated LTB, release from PDE-primed PMN is
reminiscent of LPS priming (14, 15). However, the concentra-
tions of endotoxin in the effluents used were below those re-
quired for priming (14), and unlike LPS, PDE-mediated prim-
ing of the oxidase is immediate with no requirement for
incubation (10).

Taken together, we suggest that these results demonstrate
that AA per se, and not its metabolites, is important in priming
and activation of the NADPH oxidase by PDE. Further work
to support a role for cPLA, in the generation of AA in PDE-
primed human PMN and to study the chemical nature of the
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molecule(s) responsible for these effects is currently under way
in our laboratory.
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