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ABSTRACT Release of arachidonic acid by the membrane
phospholipase and metabolism by the 5-lipoxygenase pathway was
examined in human polymorphonuclear leukocytes (PMNs). The
5-lipoxygenase pathway is activated when PMNs are given arach-
idonic acid in ethanol and there is extensive metabolism to 5-hy-
droxyicosatetraenoic acid (5-HETE) and leukotriene B4 (LTB4).
This activation event was shown to be altered by the ethanol be-
cause resting PMNs given arachidonic acid with bovine serum al-
bumin fail to metabolize arachidonic acid. However, cells acti-
vated by the inflammatory agents N-formyl-Met-Leu-Phe (fMLF)
or complement component C5a recruit the 5-lipoxygenase to me-
tabolize exogenous arachidonic acid to 5-HETE and LTB4. When
PMNs were incubated with arachidonic acid-bovine serum al-
bumin and challenged with fMLF or C5a (des-Arg-C5a) they pro-
duced 49-75 pmol of LTB4 and 310-440 pmol of 5-HETE per 107
cells. PMNs stimulated by fMLF or C5a (des-Arg-C5a) do not in-
duce membrane phospholipases to mobilize endogenous arachi-
donic acid and neither 5-HETE nor LTB4 is formed. In contrast,
PMN stimulation by the ionophore A23187 activates both the
membrane phospholipase and the 5-lipoxygenase to produce 5-
HETE and LTB4 from endogenous arachidonic acid. Our results
indicate that the lipoxygenase pathway is inoperative in resting
PMNs but can be recruited by chemotactic factors to act on arach-
idonate from extracellular sources. It was previously believed that
formation of 5-HETE and LTB4 by the PMN depends solely on
phospholipase to mobilize endogenous arachidonic acid. The
results reported here refute this concept and indicate that the
role of phospholipase activation in PMN may be overestimated.
Therefore, subsequent involvement of lipoxygenase products in
mediating stimulation of PMN by inflammatory factors (e.g., as
in aggregation and chemotaxis) remains in question unless an ex-
ogenous source of arachidonate can be identified.

Polymorphonuclear cells (PMNs) are a central component of
the cellular response in inflammatory reactions and of para-
mount importance to the immune surveillance system. PMNs
are attracted to inflammatory sites in a highly specific manner
by stimulation from chemotactic factors. Many chemotactic fac-
tors have been described, but only those derived from the fifth
component of complement (e.g., C5a and des-Arg-C5a) and
synthetic analogues of the putative bacterial chemotactic factor
(e.g., N-formyl peptides) have been thoroughly characterized
(1, 2). These agents, in the nanomolar concentration range, bind
and activate the PMNs by interacting with distinct receptor sites
to induce directional migration of the PMN (3, 4). They also
stimulate other cellular functions such as aggregation, adher-
ence, enzyme release, and the production of toxic oxygen me-
tabolites (3, 5, 6). Thus, in addition to attracting PMNs, chemo-

tactic factors appear capable of modulating a number of other
aspects of the inflammatory reaction.

Recently, another class of chemotactic factor was described.
The biologically active principle, leukotriene B4 (LTB4), is a
complex lipid found to be as potent on a molar basis as the for-
myl peptides or C5a (7-9). LTB4 is a metabolite of arachidonic
acid formed by the 5-lipoxygenase pathway. Arachidonic acid
does not exist in free form but is normally esterified in tri-
glycerides and phospholipids in the cell membrane. It has been
postulated that granulocyte stimulation activates membrane
phospholipase(s) to release arachidonic acid, which is then en-
zymatically metabolized by the 5-lipoxygenase pathway to form
LTB4 as well as a host of other bioactive lipid metabolites (10,
11).
PMNs not only respond when exposed to LTB4 but also are

a major source of this factor when stimulated by the calcium
ionophore A23187 (12). Thus LTB4 may serve as an intracel-
lular second messenger in the receptor-response coupling of
PMN stimulated by other chemotactic factors (13). Indeed, sev-
eral reports support a direct role for the lipoxygenase pathway
of arachidonic acid metabolism in PMN activation (9, 14, 15).
In order to establish the role of LTB4 in inflammatory reac-
tions, the physiological conditions leading to release of this lipid
mediator must first be examined.

In this study, we examined 5-lipoxygenase metabolites of
arachidonate that are formed by PMNs exposed to the chemo-
tactic factors N-formyl-Met-Leu-Phe (fMLF) and C5a/des-Arg-
C5a. Our results show that, unlike the calcium ionophore A23187,
neither C5a/des-Arg-C5a nor fMLF stimulates PMNs to me-
tabolize endogenous arachidonic acid into 5-hydroxyicosatetra-
enoic acid (5-HETE) or LTB4. However, 5-HETE, LTB4, and
other metabolites of the lipoxygenase pathway are formed from
exogenous arachidonic acid by PMNs stimulated with chemo-
tactic factors. Conversely, exogenous arachidonic acid is not
metabolized by PMNs in the resting state. These results in-
dicate the phospholipase(s) that releases intracellular arachi-
donic acid is either poorly activated or unactivated when PMNs
are stimulated by fMLF or C5a. Conversely, the 5-lipoxygen-
ase that does not metabolize arachidonic acid in resting PMNs
is activated by fMLF and C5a.

METHODS
Cell Preparation and Reaction Conditions. Venous blood

from human adult donors was collected into sodium heparin (20

Abbreviations: monoHETE, monohydroxyicosatetraenoic acid; di-
HETE, dihydroxyicosatetraenoic acid; 5-HETE, 5-hydroxyicosatetrae-
noic acid; LTB4, (5S,12R)-cis-trans-trans-dihydroxyicosatetraenoic acid
(leukotriene B4); PMN, polymorphonuclear cell; fMLF, N-formyl-Met-
Leu-Phe; C5a, a fragment of the fifth component of complement.
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units/ml of blood). PMNs were purified according to the method
of Dahinden and co-workers (16), which involved separating
erythrocytes by layering the blood on methylcellulose/metri-
zoate followed by purifying the leukocyte-rich supernatant on
Ficoll/Hypaque. The residual erythrocytes were removed by
hypotonic lysis and the PMNs were washed twice in Gey's so-
lution. The PMN preparation contained less than 0.5% mono-
nuclear cells and less than 0.01% platelets. This purification
method has a low platelet contamination compared to cell prep-
arations that use dextran in the first purification step. The PMNs
were resuspended at 2.5 x 107 cells per ml in a modified Ty-
rode buffer. The bicarbonate concentration of the Tyrode buff-
er was reduced to 1.6 mM, and 10 mM Hepes, 2 mM glucose,
and 1% fatty acid-free bovine serum albumin (Miles; hereafter
referred to as albumin) were added.

Arachidonic acid (99% pure, Calbiochem or Nu Chek Prep)
was stored under N2 gas in methanol at -20°C. When cells were
challenged with arachidonic acid in the presence of albumin,
an aliquot of arachidonic acid was dried under N2 gas and the
arachidonic acid was suspended in the modified Tyrode buffer
by vigorously swirling on a Vortex mixer. For the activation of
cells by chemotactic factors, 1 ml of the cell suspension was
incubated for 5 min at 37°C and then another 5 min after ad-
dition of arachidonic acid. After a total of 10 min at 37°C, the
cells were challenged with fMLF, C5a, or des-Arg-C5a.

Analysis of Arachidonate Products. For the analysis of leu-
kotrienes, the cells were lysed by addition of 1 vol of methanol
per sample volume. The cell debris was spun down and the su-
pernatant was recovered. The pellet was washed with 1 vol of
methanol, and after centrifugation, the wash was combined with
the reaction supernatant. After acidification to pH 3, fractions
enriched by mono- and dihydroxyicosatetraenoic acid (mono-
HETE and diHETE) were isolated by the procedure of Borgeat
and Samuelsson (12). This procedure involved extraction with
diethyl ether followed by silicic acid chromatography of the ma-
terial recovered in the ether layer.
The hydroxyarachidonates were separated on a Nucleosil C18

HPLC column employing a Waters 6000A pump and U6K in-
jector using a carrier solvent composed of methanol/water/acetic
acid (75:25:0.01, vol/vol). A variable wavelength detector
(Waters model 450) was used to monitor leukotriene elution.
Separation of the different isomers of LTB4 was performed by
chromatography on a Nucleosil C18 HPLC column. The flow
rate was 1 ml/min, and absorbance was monitored at 270 or 237
nm. UV spectra of separated components were recorded in
methanol with a Cary 219 spectrophotometer.
Measurement of Oxygen Consumption. Oxygen consump-

tion of PMNs was determined by using a Clark type oxygen
electrode (YSI Model 45, Yellow Springs Instruments). The re-
action mixture contained 2 ml of modified Tyrode buffer at 3rC.
The oxygen electrode was calibrated by using catalase and a
known quantity of H202.

Chemotaxis. PMN chemotaxis was measured in a modified
Boyden chamber (16). Cells that migrated through a micropore
filter [8-ytm pore size cellulose filter (Sartorius)] after incuba-
tion for 60 min at 37°C were counted.

RESULTS
In this study we attempt to define the physiologic conditions
under which arachidonic acid is metabolized to LTB4. Several
published reports have stated that PMNs rapidly consume ox-
ygen and produce superoxide anion (O°) when provided an ex-
ogenous source of arachidonic acid (17). This is a particularly
interesting observation because superoxide anion was shown to
convert arachidonic acid to monoHETE and diHETE (18). When

we challenged 108 PMNs with 250 nmol of arachidonic acid and
measured oxygen consumption with an oxygen electrode, we
observed no burst in oxygen consumption (Fig. 1). However,
cells subsequently challenged with 1 AuM fMLF underwent a
burst of oxygen consumption reflecting stimulation of the hex-
ose monophosphate shunt and production of O2 (6, 19). The
respiratory burst initiated by fMLF was identical with or with-
out arachidonic acid pretreatment of the PMNs (data not shown).

Supernatants from suspensions of stimulated cells were
screened for production of monoHETE or diHETE metabo-
lites of arachidonic acid. The lipid components in these su-
pernatants were isolated and analyzed on HPLC. PMNs pro-
duce numerous lipoxygenase metabolites when challenged with
the calcium ionophore A23187, as is shown in Fig. 2A. A major
metabolite is (5S, 12R)-cis-trans-trans-diHETE (LTB4), which
is designated here as compound ml and has a retention time of
14.0 min. Another major metabolite is 5-HETE, which has a
retention time of 45.0 min. Note that even with ionophore-
stimulated cells no platelet-derived lipoxygenase products such
as 12-hydroxyicosatetraenoic acid or 12-hydroxyheptadecatri-
enoic acid were detected, further indicating the low platelet
content of our cell preparation. The supernatant from cells that
were exposed only to arachidonic acid bound to albumin con-
tain no detectable monoHETE or diHETE metabolites (Fig.
2B). An identical chromatographic pattern was observed when
the PMNs were stimulated with fMLF in the absence of arach-
idonic acid. However, supernatants from cells first given arach-
idonic acid and then challenged by fMLF contain large quan-
tities of 5-HETE and the isomers of LTB4 (Fig. 2C).

Conversion of extracellular arachidonic acid to lipoxygenase
metabolites in PMNs depends on the method in which the
arachidonic acid is presented to the cells. Arachidonic acid
complexed with albumin is not metabolized unless the PMNs
are stimulated with 1 ,uM fMLF for 5 min, then LTB4 and 5-
HETE are produced. Under our reaction conditions LTB4 is
produced only by stimulated cells; these data contrast sharply
with results reported by others (12, 20), who commonly present
arachidonic acid to PMNs in the presence of 0.7% ethanol.
Arachidonic acid/ethanol is extensively metabolized by non-
stimulated PMNs. For example, when PMNs were exposed to
250 nmol of arachidonic acid per ml in 0.7% ethanol for 5 min
at 370C, the supernatant contained 31 pmol of LTB4 and 500
pmol of 5-HETE per 107 cells. There also was 150 pmol per 107
cells of 15-HETE, a metabolite that is not detected in the
arachidonate-albumin reaction mixture. When these cells were
exposed to 1 AM fMLF for 5 min, there was no increase in the
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FIG. 1. Oxygen consumption by 101 PMNs was determined in 2 ml
of modified Tyrode buffer at 37°C. Basal oxygen metabolism was re-
corded for the cells and then 250 jAM arachidonic acid complexed to al-
bumin was added at time point a. No increase in oxygen consumption
was observed. However, when 1 pM fMLF was added to this reaction
mixture (arrow b) a burst of oxygen consumption was observed.
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FIG. 2. HPLC analysis of the monoHETE and diHETE derivatives
in supernatant fluids isolated from 2.5 x 107 PMNs. The internal stan-
dard prostaglandin B2 (PGB2) was added to the PMNs prior to ether
extraction. (A) PMNswere treatedwith 10 M calcium ionophore A23187
for 5 min at 37°C. Compounds I-V were detected. (B) PMNs were treated
with 250 MM arachidonic acidalbumin. No lipoxygenase products were
identified. An identical chromatographic pattern was observed when
the PMNs were stimulated with fMLF in the absence of arachidonic
acid. (C) PMNs were exposed to both 250 ,M arachidonic acid-albumin
and 1MM fMLF. Compounds I-V are identified as (5S,12R)-all-trans-
diHETE (I), (5S,12S)-all-trans-diHETE (II), (5S,12R)-cs-trans-trans-
diHETE or LTB4 (III), 5,6-diHETE (IV), and 5-HETE (V).

quantity of LTB4 or 5-HETE produced relative to nonstimu-
lated cells exposed to only arachidonate/ethanol.
PMNs were incubated with various concentrations of arach-

idonic acid complexed with albumin and then stimulated with
1 AM fMLF for 5 min. An arachidonic acid concentration of 250
,M was determined to be optimal for production of lipoxy-
genase metabolites (data not shown). In a second series of ex-

periments PMNs were incubated with optimal levels of arach-
idonic acid-albumin and then stimulated with 1 AM fMLF as
shown in Fig. 3. Conversion of arachidonic acid to LTB4 ap-
peared to be complete in 2-3 min. Therefore, arachidonate me-
tabolism by cells activated in suspension follows the same ki-

netic pattern as O2 release and PMN aggregation (6, 19). Cells
stimulated in the absence of arachidonic acid, as well as non-

stimulated cells incubated with arachidonic acid, fail to produce
5-HETE or LTB4.

Inflammatory agents other than the N-formyl peptides are

capable of activating PMNs incubated with arachidonate-al-

bumin to produce lipoxygenase metabolites, as is shown in Ta-
ble 1. Cells that are stimulated with fMLF, C5a, or des-Arg-
C5a in the absence of arachidonic acid do not produce 5-HETE
or LTB4. However, cells stimulated in the presence of arach-
idonic acid-albumin produce approximately equal quantities of
LTB4 and 5-HETE. In a dose-response study, the ED50 for
conversion of exogenous arachidonic acid to lipoxygenase prod-
ucts by des-Arg-C5a and C5a was found to be 10 nM and 2 nM,
respectively.
A number of donors were screened with respect to the ability

of their PMNs to metabolize endogenous and exogenous arach-
idonic acid when activated by chemotactic factors. In all cases,
no lipoxygenase metabolites were observed when cells were
activated with fMLF. However, all cells incubated with arach-
idonic acid produced lipoxygenase metabolites when activated
with chemotactic factor. The metabolism of exogenous arach-
idonic acid by the four donors resulted in the production (mean
± SD) of 450 ± 190 and 74 ± 30 pmol per 10 cells of 5-HETE
and LTB4, respectively.
To further characterize the structure of lipoxygenase me-

tabolites generated in this study, PMNs were prepared on a
large scale. These cells were incubated with arachidonate-al-
bumin and then exposed to 1 ,uM fMLF. Samuelsson and co-
workers have rigorously characterized the structures of LTB4,
diHETE isomers, and 5-HETE (compounds I-V in Fig. 2A),
and each of these compounds has a characteristic ultraviolet
spectrum (20). We isolated compounds I-V from the reaction
mixture described in the legend of Fig. 2C and have identified
these compounds on the basis of their UV spectra. For ex-
ample, the absorption spectra for compoundm and compound
V (Fig. 2C), which are shown in Fig. 4, allowed identification
of these compounds as (5S,12R)-is-trans-trans-diHETE (LTB4)
and 5-HETE, respectively. The spectra of compounds 1, 11, and
IV allowed identification of these compounds as diHETE iso-
mers; these are the same isomers as are generated from PMNs
by ionophore stimulations (data not shown). Compounds I, II,
and IV were identified spectrally as (5S, 12R)-all-trans-di-
HETE, (5S,12S)-all-trans-diHETE, and the 5,6-diHETE, re-
spectively. The lipoxygenase metabolites were also identified
with respect to their ability to attract PMNs in a chemotaxis
assay. LTB4 is reportedly a potent chemoattractant (7-9), and
we found LTB4 (compound III) to be a significant chemoat-
tractant at 1 nM and optimally active for attracting PMNs at 100
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FIG. 3. Appearance of LTB4 in the supernatant fluid of PMNs as
a function of reaction time. PMNs were incubated in the presence of 1
LMfMLF (A), 250 ,M arachidonic acid (x), or 250MM arachidonic acid
and 1 pM fMLF (e). The monoHETE- and diHETE-enriched fractions
were isolated as described in Methods and analyzed by HPLC as de-
scribed in the legend of Fig. 2.
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Table 1. Conversion by PMNs of exogenous arachidonic acid to
lipoxygenase metabolites

Lipoxygenase
metabolite, pmol/

Arachidonic 107 cells
Stimulant acid-albumin LTB4 5-HETE

No addition - <2.0 <7.0
+ <2.0 <7.0

fMLF,1 /M - <0.5 <1.5
+ 75 400

C5a, 0.1 /AM - <2.0 <7.0
+ 66 440

des-Arg-C5a, 0.1 M - <2.0 <7;0
+ 49 310

LTB4 and 5-HETE were recovered from the supernatant fluid of 2.5
x 107 PMNs per ml. The cells were challenged as described and the
monoHETE and diHETE fractions were isolated and analyzed.

nM (data not shown). The 5-HETE (compound V) is not a che-
moattractant in the 10 to 1,000 nM range.

DISCUSSION
Metabolites of arachidonic acid are hypothesized to be involved
in signal transduction of responses in leukocytes stimulated by
exogenous factors (13, 21). One of the better-characterized
bioactive metabolites of arachidonic acid is LTB4, a potent ef-
fector molecule for inducing chemotaxis, aggregation, and de-
granulation of PMNs (9, 22, 23). LTB4 is also a potent calcium
ionophore (24) and has been considered a second messenger in
the receptor-mediated activation of PMNs by chemotactic fac-
tors.
We observed that when PMNs were stimulated by chemo-

.2
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FIG. 4. UV spectra for the major monoHETE and diHETE com-
pounds isolated from the supernatant fluid of PMNs treated with 250
IAM arachidonic acid and 1 pM fMLF as described in the legend of Fig.
2C. UV spectra for compounds V andm are recorded in methanol and
are given in A and B, respectively.

tactic factors they failed to produce either 5-HETE or LTB4 (see
Fig. 5). This result suggests that- either the membrane phos-
pholipase(s) is not mobilizing or the 5-lipoxygenase pathway is
not converting the arachidonic acid to active products. How-
ever, PMNs incubated with exogenous arachidonic acid and then
stimulated with fMLF or C5a produce sizeable quantities of
both 5-HETE and LTB4. From this result we conclude that the
5-lipoxygenase is indeed functional but that the membrane
phospholipases fail to release arachidonic acid in PMNs stim-
ulated with chemotactic factors. Therefore, it seems unlikely
that lipoxygenase products, in particular LTB4, are responsible
for coupling receptor-mediated signals in PMNs to intracellular
metabolic events as has previously been suggested (13-15, 21).
Furthermore, we failed to detect free endogenous arachidonic
acid (i.e., nonesterified) when PMNs were -stimulated by
chemotactic factors as measured by gas chromatography with a
lower limit of detection of 8 pmol per 107 cells (unpublished
observation). Consequently, we conclude that stimulation of
PMNs by chemotactic factors is independent of phospholipase
activation and fails to mobilize arachidonic acid.
We cannot exclude the possibility that LTB4 acts intracel-

lularly at a concentration well below our detection limit. How-
ever, even in a scaled-up experiment that lowers our detection
limits to 0.5 pmol per 107 cells, we were not able to measure
production of LTB4 or other 5-lipoxygenase metabolites by PMNs
in the absence of exogenous arachidonic acid. We observed that
LTB4 is a significant chemoattractant at 1-10 pmol/ml and, be-
cause LTB4 is not being released in this concentration range,
it seems unlikely that lipoxygenase products, in particular LTB4,
are responsible for coupling receptor-mediated signals in PMNs
to intracellular metabolic events as has previously been sug-
gested (13-15, 21).
The hydrolysis of arachidonic acid in PMN membranes is

controlled at the level of the phospholipase, and in addition
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FIG. 5. Metabolism of arachidonic acid (20:4) in PMNs by the
membrane phospholipase and the 5-lipoxygenase pathway. The 5-li-
poxygenase pathway is activated when PMNs are exposed to arachi-
donic acid in ethanol. This metabolism is due to the effect of ethanol,
becausewhenPMNs are given arachidonic acid-bovine serum albumin
(BSA) there is no metabolism by resting PMNs. However, cells acti-
vated by the chemotactic factors (fMLF or C5a) recruit the 5-lipoxy-
genase to metabolize exogenously given arachidonic acid-albumin to
leukotriene metabolites. PMNs stimulated by chemotactic factors in
the absence of arachidonic acid-albumin do not form leukotriene me-
tabolites and therefore do not recruit membrane phospholipase to mo-
bilize endogenous arachidonic acid. This result is in contrast to PMN
stimulation by the ionophore A23187, which activates both the mem-
brane phospholipase and the 5-lipoxygenase to produce leukotriene me-
tabolites from endogenous arachidonic acid. The 5-lipoxygenase con-
verts arachidonic acid to 5-hydroperoxyicosatetraenoic acid (HPETE),
which is then further metabolized to 5-HETE and LTB4 isomers.
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there is control of arachidonic acid metabolism at the level of
the 5-lipoxygenase. When we expose PMNs to arachidonic acid-
albumin there are no 5-lipoxygenase products formed in the
resting state. In contrast, the results from fMLF- or CSa-stim-
ulated cells indicate the 5-lipoxygenase is functional and prod-
ucts are formed. One interpretation of this result is that the 5-
lipoxygenase system is activated in fMLF- or C5a-stimulated
PMNs entirely independent of the phospholipase(s). We also
hypothesize that modulation of 5-lipoxygenase activity provides
a means whereby arachidonic acid metabolism in these cells is
directed either towards the cycloxygenase pathway or lipoxy-
genase pathway. In a recent study monocytes were found to
release prostaglandins and leukotrienes in variable ratios de-
pending on the nature of the stimulus, and the investigators
hypothesized that different arachidonic acid pools were being
utilized (25). We suggest that differential activation of the li-
poxygenase system provides another tenable explanation for
variations in prostaglandin and leukotriene levels in monocytes
and perhaps in other leukocytes.

Evidence that the lipoxygenase pathway might be involved
in PMN activation comes from the studies showing that PMNs
are stimulated directly by exogenous arachidonic acid to release
HETEs and LTB4 (12, 20) and to stimulate aggregation and
O2 release (17, 26). However, our studies show that human
PMNs isolated from normal individuals are stimulated when
given a combination of arachidonic acid and ethanol, which ap-
parently activates the 5-lipoxygenase pathway for PMNs. This
also may be the reason why Karnovsky and co-workers (17) ob-
served a burst of oxygen consumption when PMNs were given
arachidonic acid in ethanol. When PMNs are presented with
arachidonic acid complexed with albumin there is no metab-
olism of arachidonic acid to 5-lipoxygenase products nor is there
a burst of oxygen consumption in resting PMNs (Fig. 1). Other
studies used rabbit exudate cells, and the lipoxygenase in these
rabbit cells may be activated due to species differences or sim-
ply due to the variations in the mode of collection. Therefore,
the concept-that free arachidonic acid is automatically trans-
formed to HETEs and leukotrienes by PMNs is incorrect and
requires further evaluation.

Numerous studies have provided evidence that the lipoxy-
genase pathway might be involved when PMNs are activated
by chemotactic factors (9, 14, 15, 21). However, most of the
evidence is indirect and based on inhibitor studies that are dif-
ficult to interpret. In fact, in one of these studies it was later
shown that the lipoxygenase inhibitor actually interferes with
binding of the chemotactic factor to the PMN receptor (27).
Dahinden and Fehr (28) have recently shown that certain in-
hibitors of arachidonic acid metabolism, in particular pyrazo-
lone derivatives, inhibit fMLF-induced PMN activation both
in vitro and in vivo. This inhibition is unrelated to its action as
an enzyme inhibitor but occurs because, the compound specif-
ically decreases binding of fMLF to its receptor. Conse-
quently, the inhibitor studies may be invalid for demonstrating
the direct involvement of lipoxygenase metabolites in PMN ac-
tivation by chemotactic factors.

These studies focus on cell activation by fMLF or C5a and
the regulation of enzymes involved in HETE and leukotriene
production. Our data suggest that arachidonate metabolism in
human PMNs stimulated by fMLF or C5a is independent of
membrane phospholipase activation. However, PMNs stimu-
lated by chemotactic factors express a functional 5-lipoxygenase
pathway and perhaps in vivo PMNs utilize arachidonic acid
that is derived from stimulated platelets (29), monocytes (25),
or other sources such as damaged tissue. Fluctuations in exoge-
nous arachidonate levels may provide a significant modulation

of the inflammatory response by controlling the level of lipoxy-
genase products formed by circulating granulocytes.
Note Added in Proof. Compounds IIIand V, isolated from PMNs given
arachidonate/albumin and chemotactic factors, were further purified
by silicic acid straight-phase HPLC and analyzed by gas chromatog-
raphy/mass spectroscopy. Separation of these compounds on a silicic
acid column revealed that they were homogeneous, and no other con-
taminating arachidonate metabolites were detected. The gas chroma-
tography/mass spectroscopy results for compounds HI and V were
identical to those previously published for LTB4 and 5-HETE.
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