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A23 187 stimulates the metabolism of endogenous as well as exogenous arachidonic 
acid (AA) and eicosapentaenolc acid (EPA) to their corresponding leukotrienes in 
human neutrophils. In contrast, conflicting results have been obtained concerning the 
effect of FMLP on the metabolism of these fatty acids. In the present study we 
compared the effect of A23187 and FMLP on the release and metabolism of these 
fatty acids in neutrophils. Stimulation of neutrophils with A23187, but not with 
FMLP, resulted in detectable levels of AA in the presence or absence of BW755C (a 
dual inhibitor of cyclooxygenase and lipoxygenase). The absolute amount of nones- 
terified AA in the extracts of neutrophils exposed to the agonist A23187 in the 
presence of BW755C was 20% higher than that obtained in the absence of BW755C, 
indicating that only a small fraction of the released AA was converted to lipoxygen- 
ase products. Furthermore, significant quantities of AA and EPA metabolites were 
detected only after treatment of neutrophils with A231 87, but not with FMLP. Both 
A23187 and FMLP stimulated the conversion of exogenous EPA to 5-lipoxygenase 
products, with A23 187 being somewhat more effective. In addition, significant 
differences were noted on the effect of EPA and DHA on the conversion of AA to its 
metabolites in A23 187-stimulated neutrophils. Our results provide strong evidence 
that the amounts of eicosanoid precursors mobilized in response to FMLP are 
extremely small, if any, and this appears to be the likely explanation for the lack of 
eicosanoid detection by HPLC in FMLP-stimulated neutrophils. 
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It is becoming increasingly apparent that arachidonic acid and its metabolites play 
a predominant role in several inflammatory processes [ 1-31. For example, leukotriene B, 
(LTB,) is known to stimulate neutrophil chemotaxis and other functions [&7]. Re- 
cently, a great deal of interest has arisen concerning the potential dampening effects of 
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the metabolites derived from another 20C fatty acid, eicosapentaenoic acid (EPA), 
commonly present in fish oil-enriched diets [%lo]. Leukotriene B, (LTB,), which is 
synthesized from EPA, has been shown to be less chemotactic than LTB, for neutrophils 
[ I  1-13]. 

Arachidonic acid that is mobilized from membrane phospholipids as well as 
exogenous arachidonic acid are readily metabolized to their corresponding leukotrienes 
via the 5-lipoxygenase in neutrophils when stimulated with A23 187 [ 14-1 71. It is known 
that almost all of the tissue arachidonic acid, and possibly EPA as well, which are the 
precursors of 4- and 5-series leukotrienes, remain exclusively associated with membrane 
phosphoglycerides [ 18). These eicosanoid precursor fatty acids must be mobilized 
enzymatically from membrane lipid stores before they can be metabolized to their 
corresponding metabolites. Thus, mobilization of these precursors from membrane lipids 
is frequently considered as the rate-limiting step in the biosynthesis of biologically active 
substances such as leukotrienes [ 191. 

Two biochemical pathways have been recognized as important for mobilization of 
arachidonic acid and/or EPA from membrane phospholipids [2&25]. One pathway 
involves the release of arachidonic acid and/or EPA from phosphatidylinositol (PI) by 
the sequential action of phospholipase C and diacylglycerol lipase [20-221. The other 
involves arachidonic acid and/or EPA release from phosphatidylcholine (PC), phosphati- 
dylethanolamine (PE), and PI by the action of phospholipase A, [23-251. However, 
determining the source of arachidonic acid/EPA in different cell types has proven 
extremely difficult, reflecting the complexity of various enzyme systems and precursor 
pools involved in the biosynthesis of these metabolites. Earlier studies with labeled 
human neutrophils showed that PC and PI were the principal sources of eicosanoids 
(26,271. In  addition, a recent study in neutrophils stimulated with A23187, in which the 
actual mass changes of phosphoglycerides were monitored, suggests also the involvement 
of alkenyl species of PE [28]. 

In general, it has been difficult to evaluate the effect of inflammatory ligands such 
as FM LP and opsonized zymosan since they are relatively weaker than A231 87 in their 
ell-ects on AA mobilization and this has led to conflicting results on their ability to 
stimulate the mobilization of arachidonic acid and, further, to stimulate the metabolism 
of this fatty acid to leukotrienes in neutrophils [ 15,17,29,30]. The chemotactic peptide, 
FM LP, has, however, been shown to stimulate the turnover and remodeling of phospho- 
glycerides in human neutrophils [31-331. On the other hand, the metabolism of EPA in 
neutrophils stimulated with A23 187 has been extensively studied [34-371. However, 
there is a paucity of information concerning the ability of inflammatory ligands such as 
FM LP and opsonized zymosan to stimulate the formation of leukotrienes from this fatty 
acid. 

Although several ex vivo and in vitro studies have been conducted thus far with 
stimulated neutrophils, the significance of various phospholipases in stimulus-induced 
arachidonic acid/EPA mobilization from neutrophil membrane lipids has remained 
obscure. In human neutrophils, phospholipase A, has been found to be associated with 
the plasmalemma [ 381 and granular membranes [ 391. Furthermore, conflicting results 
have been reported on the effects of agents such as FMLP, CSa, and LTB, to stimulate 
phospholipase A, in rabbit neutrophil preparations [40,41]. Recently it has been 
reported that differences exist in the activity of phospholipase A, between postnuclear 
supernatants of resting and A23 187-activated neutrophils [42]. 
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The present study was designed to compare the release and metabolism of EPA 
with arachidonic acid in human neutrophils stimulated with FMLP, a chemotactic 
peptide. Our results demonstrate that FMLP alone failed to stimulate the formation of 
metabolites of both endogenous EPA and arachidonic acid. However, FMLP stimulated 
the conversion of exogenous EPA to lipoxygenase products. These results indicate that 
the failure of this ligand to stimulate the metabolism of arachidonic acid or EPA may be 
due primarily to poor activation of phospholipases. 

MATERIALS AND METHODS 

Materials 
Pure fatty acids, A23 187, and FMLP were obtained from Sigma Chemical Co. 

(St. Louis, MO). Precoated thin-layer silica gel H60 plates were purchased from E. 
Merck (Darmstadt, FRG). Hank’s modified buffers were obtained from Flow Laborato- 
ries (Ontario, Canada). Ficoll-Paque was obtained from Pharmacia (Quebec, Canada). 
All solvents and chemicals used were of analytical or HPLC grade. 

Isolation of Neutrophils 
Human neutrophils were prepared as previously described with some slight modifi- 

cations [33,43]. Whole blood was mixed with equal volumes of 3% dextran T-500 in 
0.9% NaCl solution, then the red blood cells were allowed to settle at room temperature 
for 45 min. The supernatant was aspirated and then centrifuged at 200g for 10 rnin at 
4OC. The resulting pellet was resuspended in Hank‘s balanced salt solution (HBSS), 
layered on Ficoll-Paque followed by centrifugation at 400g for 40 min at 19OC. 
Contaminating red blood cells were removed by osmotic lysis and isotonicity was 
restored by the addition of 1.8% NaC1. The suspension was again centrifuged at 200g for 
10 min at 4°C. The pellet was finally suspended in appropriate volumes of HBSS buffer 
containing 1 mM CaCI, and 1 mM MgC1,. 

Incubation of Neutrophil Suspensions and Analysis of Fatty Acids 

Neutrophil suspensions in HBSS that contained 0.1% albumin (1.6 x lo7 cells/ 
ml) were routinely incubated for 3 min with and without A23187 or FMLP in the 
presence and absence of BW755C (a dual inhibitor of cyclooxygenase and lipoxygen- 
ases). Lipids were immediately extracted by the method of Bligh and Dyer [44]. The 
lower chloroform phases were dried under oxygen-free nitrogen and redissolved in small 
volumes of ch1oroform:methanol (2: 1, v/v). Nonesterified fatty acids present in these 
extracts were separated on precoated silica gel H plates being developed in heptane: 
isopropy1ether:acetic acid (60:40:3, v/v/v). The free fatty acid band was immediately 
scraped into a tube containing an internal standard, monopentadecanoate, and meth- 
ylated in the presence of 6% methanolic sulfuric acid for 2 hr. Fatty acid methyl esters 
extracted with 2 ml petroleum ether were dried under nitrogen and analyzed on fused 
silica megabore columns (J.W. Scientific, California) at 21OOC using the Hewlett- 
Packard gas chromatograph (5890). Helium was used as a carrier gas. The fatty acid 
peaks were identified by comparing their retention times with those of standard fatty 
acid methyl esters and quantitated on the basis of an internal standard [22]. To assess the 
formation of EPA metabolites, neutrophils were enriched with EPA by providing 
MaxEPA capsules to human volunteers for 4 weeks. Analysis of total cellular fatty acids 
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indicated that 1.6 x lo7 cells contained 16 nmoles of arachidonic acid, 7 nmoles of EPA, 
and 4 nmoles of docosahexaenoic acid (DHA). The EPA-enriched neutrophils were then 
incubated for 5 min with A23187 or FMLP in the presence or absence of arachidonic 
acid (10 pM) or EPA (10 pM). The incubations were terminated with 0.5 ml chilled 
methanol and stored at - 8OoC until analyzed for arachidonic acid and EPA metabolites 
by RP-HPLC. 

Analysis of Arachidonic Acid and EPA Metabolites 
Arachidonic acid and EPA metabolites were analyzed by precolumn extraction- 

HPLC as previously described [45]. Two Millipore-Waters Model 510 pumps coupled 
to a Model 680 gradient controller were used to deliver the mobile phases. Products were 
detected at 235 and 280 nm by use of a Millipore-Waters Model 490 UV detector and a 
Raytest data system. The stationary phase was a Millipore-Waters Novapak C,, column 
(4 pM particle size; 3.9 x 150 mm). The mobile phase consisted of a linear gradient 
between water:acetonitrile:acetic acid (80:20:0.02) and water:acetonitrile:methanol: 
acetic acid (28:33:39:0.02) over 60 min. The flow rate was 2 ml/min. The sample was 
loaded onto a Millipore-Waters pBondapak C,, Guard-PAK precolumn insert attached 
to a Millipore-Waters WAVS automated switching valve [45]. The sample was pumped 
onto the precolumn by the use of a Milton Roy minipump in line with a Millipore- 
Waters WISP automatic injector. 19-HydroxyPGB2 was used as an internal standard to 
correct for recovery [46]. 

RESULTS 

Effect of A23187 and FMLP on Arachidonic Acid Release 

To compare the effects of FMLP (1  pM) and A231 87 (10 pM) on the mobilization 
of arachidonic acid from membrane phospholipids, neutrophils suspended in albumin- 
containing buffer were stimulated with FMLP (1  HM) or A23187 for 3 min in the 
presence or absence of BW755C (a dual inhibitor of cyclooxygenase and lipoxygenases). 
Albumin (0.1%) was used in the medium to reduce the degree of potential reacylation 
and to trap the released nonesterified arachidonic acid. Our preliminary results showed 
that BW755C (a dual inhibitor of cyclooxygenase and lipoxygenase) at 80-100 pM 
selectively inhibited the oxygenase pathways without affecting the activity of phospholi- 
pases. For example, phosphatidic acid formed in response to FMLP remained unaffected 
in the presence of BW755C. Furthermore, the amount of arachidonic acid released from 
endogenous phospholipids in response to A23 187 was also not affected. These results are 
in general agreement with its effects on platelets [22,25]. As shown in Figure 1 and Table 
I ,  no nonesterified arachidonic acid was detectable in the lipid extracts obtained from 
either unstimulated or FMLP-stimulated human neutrophils while significant levels 
were detected in the extracts of neutrophils stimulated with A23187. As expected, a 
greater quantity of free arachidonic acid was detected following stimulation with 
A23 187 in the presence of BW755C (600 ng as opposed to 503 ng in the absence of 
BW755C). These results indicate that only 16% of the arachidonic acid released 
following stimulation with A23 187 was converted to eicosanoids, assuming that com- 
plete inhibition of cyclooxygense and lipoxygenase enzymes occurred in the presence of 
BW755C. 
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TABLE I. Effect of A23187 and FMLP on Free Arachidonic Acid Levels in Human Neutrophils* 

Nanograms of free arachidonic acid (1.4 x 1 O7 cells/ml) 

Treatment Minus BW755C Plus BW755C 

Unstimulated 
Plus FMLP 
Plus A23 187 

N D  
N D  
503 T 27 

ND 
ND 
6 0 0 t  I4 

*Human neutrophils suspended in albumin-containing buffer were stimulated with A23187 (10 pM) or 
FMLP ( 1  pM) for 3 min in the presence and absence of BW755C (80 pM), a dual inhibitor of cycle and 
lipoxygenase. At 8&100pM, BW755C does not affect the activation of phospholipases in human neutrophils. 
Free arachidonic acid was extracted, separated, and quantitated by combined thin-layer and gas chromatog- 
raphy as described in Materials and Methods. Results represent the mean i SE of triplicate determinations 
from one of the two similar experiments with two different donors. ND, none detected. 

TABLE 11. Effect of Exogenous EPA and DHA on 5-Lipoxygenase Metabolites Formed From AA 
(Endogenous and Exogenous) in Response to A23187* 

Treatment 

Picomoles of AA metabolites (1.6 x lo7 cells/ml) 

5-HETE LTB, 20h-LTB” 

A23 I87 304 -+ 102 217 t 65 373 t 92 
EPA + A23187 421 k 93 I25 k 15 1 6 9 t  28 
DHA + A23187 601 -+ 105 115? 4 262 t 24 
AA t A23 187 3,302 k 1,251 915 * 27 727 150 
AA t EPA + A23187 1,395 i 128 650 t 19 608 f 60 
AA + DHA + A23187 1,565 k 203 1.1 I5  k 30 855 t 56 

*Human neutrophils were stimulated with A23187 (10 pM) in the presence and absence of AA (10 pM), 
EPA (10 pM), DHA (10 pM), AA and EPA (10 pM each), and AA and DHA (10 pM each). AA 
metabolites were immediately extracted with 0.5 ml chilled methanol and analyzed by RP-HPLC as 
described in Materials and Methods. Values represent the mean +- SE (n = 4) from two independent 
experiments with different subjects. HETE: Hydroxyeicosatetraenoic acid. 

Effects of A23187 and FMLP on the Generation of Leukotrienes from 
Arachidonic Acid and Eicosapentaenoic Acid 

There are conflicting reports in the literature concerning the ability of certain 
inflammatory agents such as FMLP to induce the synthesis of arachidonic metabolites in 
human neutrophils. In addition, it is not known whether FMLP stimulates the metabo- 
lism of endogenous and/or exogenous EPA. 

In this study we compared the effect of A23187 (10 KM) and FMLP ( 1  pM)  on 
the relative conversion of endogenous and exogenous arachidonic acid and EPA to their 
lipoxygenase metabolites in intact human neutrophils. A231 87 (10 KM) stimulated the 
conversion of both endogenous and exogenous arachidonic acid to lipoxygenase metabo- 
lites (Table 11). In our experiments, the mean values for LTB, and its w-oxidation 
products (w-carboxy-LTB, and 20h-LTB4) formed in response to A23 187 were 9 15 and 
727 pmoles with, and 21 7 and 373 pmoles without, added arachidonic acid, respectively 
(Table 11). Stimulation of neutrophils with FMLP alone, however, failed to produce 
detectable quantities of any lipoxygenase metabolites of arachidonic acid, but small 
amounts of LTB, and its w-oxidation products were formed when FMLP (1 mM) and 
arachidonic acid (10 pM) were added simultaneously (Table 111). However, addition of 
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TABLE UI. Effect of Free AA, EPA, and FMLP on 5-Iipoxygenase Metabolites Formed 
From Arachidonic Acid* 

Picomoles of AA metabolites (1.6 x lo7 cells/ml) 
LTB, 20h-LTBd Treatment 5-HETE 

FMLP 0 0 0 
AA 4,187 102 37 
AA + FMLP 3,353 78 178 
EPA 0 10 37 
EPA + FMLP 0 0 0 

*Human neutrophils treated with cytochalasin B ( 5  pg/ml) were stimulated with FMLP (1 pM), free AA 
(10 pM), AA (10 pM) and FMLP (1 pM), EPA (10 pM), EPA (10 pM) and FMLP (1 pM) for 5 min at 
37OC. AA metabolites were immediately extracted with 0.5 ml chilled methanol and analyzed by RP-HPLC 
as described in Materials and Methods. Values represent the average of duplicate determinations from one 
experiment. 

TABLE IV. The Formation of 5-Iipoxygenase Metabolites From EPA in EPA-Enriched Human 
Neut~oohik Stimulated With A23187 and FMLP* 

Treatment 

Picomoles of EPA metabolites (1.6 x lo7 ceUs/ml) 
5-HEPE LTB, 2Oh-LTB, 

A23 187 
EPA + A23 187 
FMLP 
EPA i FMLP 

8 2  4 
2,084 2 484 

0 
1.515 -t 453 

20* 4 
3642 9 

362 * 98 
0 

442 8 
567 f 7 

0 
185 f 57 

*Human neutrophils enriched in EPA (by dietary means) were stimulated with A23187 or FMLP in the 
presence and absence of EPA (10 pM). EPA-enriched neutrophils had contained 16,7, and 4 nmoles of AA, 
EPA, and DHA, respectively, in total phospholipids (PC, PE, PI, and PS). EPA metabolites were then 
extracted with 0.5 ml chilled methanol and analyzed by RP-HPLC as described in Materials and Methods. 
Values represent the mean * SE (n = 3). HEPE Hydroxyeicosapentaenoic acid. 

arachidonic acid (10 pM) alone to neutrophils resulted in the formation of similar 
amounts of 5-lipoxygenase products (Table 111). 

Stimulation of EPA-enriched neutrophils with A23 187 resulted in the formation of 
EPA-derived lipoxygenase metabolites (Table IV). However, LTB, and its w-oxidation 
metabolites were still the major products detected in A23 187-stimulated EPA-enriched 
cells (110 pmoles of LTB,, 373 pmoles of w-oxidation products). In contrast, no 
lipoxygenase metabolites derived either from arachidonic acid or EPA were detected in 
neutrophils stimulated with FMLP (Table IV, V). Exogenous EPA (10 pM) was 
converted to lipoxygenase metabolites by both EPA-enriched neutrophils and neutro- 
phils, which had not been enriched with EPA (less than 0.5 mole % EPA) when exposed 
to the agonist A23187 (Tables IV, V). Arachidonic acid was a much better substrate 
than EPA for neutrophil 5-lipoxygenase. Only 168 pmoles of LTB, and 256 pmoles of 
20h-LTB5 were detected following stimulation of non-EPA-enriched neutrophils with 
A23187 in the presence of exogenous EPA (10 pM) (Fig. 2, Table V). Much greater 
quantities of leukotrienes (91 5 and 727 pmoles of LTB, and its w-oxidation products, 
respectively) were detected after treatment of neutrophils with A23 187 in the presence 
of arachidonic acid (10 pM) (Table 11). In contrast to what was observed with free 
arachidonic acid (10 pM) (Table 111), EPA (10 pM) alone was converted to only very 
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TABLE V. Effect of A23187 and FMLP on 5Lipoxygenase Metabolites Formed 
From Eicosawntaenoic Acid* 

Picomoles of EPA metabolites (1.6 x lo7 cells/ml) 

Treatment 5-HEPE LTB, 20h-LTB5 

EPA 214 15 11  
EPA + A23187 1,848 168 256 
FMLP 0 10 13 
EPA + FMLP 741 84 288 

*Human neutrophils were stimulated with EPA (10 pM), EPA (10 pM) and A23187 (10 pM), FMLP (1 
pM), EPA (10 pM) and FMLP (1 pM) for 5 rnin a t  37OC. EPA-derived metabolites were immediately 
extracted with 0.5 ml chilled methanol and analyzed by RP-HPLC as described in Materials and Methods. 
Values represent the average of duplicate samples from one experiment. 

*280 nm 
~ I’gh-PGB* 

6-HEPE 

1 6-HETE 

0 20 40 60 
TIME (mid 

Fig. 2. High pressure liquid chromatogram of the products formed after incubation of human neutrophils 
( I  rnl) withEPA(10pM)andA23187(10pM)for5minat37°C. 19-HydroxyPGB2(19h-PGB,)wasused 
as an internal standard. Bottom: Absorbance at  235 nm. Top: Absorbance at 280 nm. 

small amounts of 5-lipoxygenase products (Table V). To test the ability of FMLP to 
stimulate the conversion of exogenous EPA to its Corresponding leukotrienes, neutrophil 
suspensions were incubated with 10 pM EPA in the presence of FMLP. Analysis of the 
products by RP-HPLC indicated that moderate quantities of 5-lipoxygenase products 
were formed (Tables IV, V). These results indicate that stimulation of neutrophils with 
FMLP results in the conversion of exogenous EPA to its corresponding metabolites. 

We also investigated the effect of exogenous EPA (10 pM) and DHA (10 pM) on 
t he synthesis of leukotrienes from endogenous and/or exogenous arachidonic acid in 
neutrophils stimulated with A23187. In the presence of either 10 pM EPA or 10 pM 
DHA, a marked reduction occurred in the quantities of LTB, and its w-oxidation 
products formed from endogenous arachidonic acid when compared with the levels 
obtained with A23 187 alone. The mean values of LTB, and 20h-LTB4 were reduced by 
42 -55% and 3 W 7 %  in the presence of 10 pM EPA and 10 pM DHA, respectively. 
Similarly, the absolute amount of LTB, formed by neutrophils stimulated with 10 pM 
arachidonic acid and A23 187 were significantly reduced in the presence of exogenous 
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EPA (10 pM) (Table 11). In contrast, the amount of LTB, released from neutrophils 
stimulated with 10 pM arachidonic acid, 10 pM DHA, and A23187 were slightly higher 
than those obtained from neutrophils stimulated only with 10 pM arachidonic acid and 
A23187 (Table 11). 

DISCUSSION 

Calcium ionophore, A23 187, is employed extensively as an agonist for investigat- 
ing the metabolism of arachidonic acid and EPA in neutrophils [14-17,34371. In 
addition, other agents such as FMLP, serum-treated zymosan, heat-aggregated IgG, 
C5a, and phorbol myristate have been used in similar studies to assess the release of 
esterified arachidonic acid and its further metabolism to eicosanoids [ 15,17,26,27,29,30]. 
In this study we have compared the effects of A23187 and FMLP on the metabolism of 
arachidonic acid and EPA in human neutrophils. Our results on the actual mass of free 
(nonesterified) arachidonic acid released by stimulated neutrophils in the presence or 
absence of BW755C (a dual inhibitor of cyclooxygenase and lipoxygenases) demon- 
strate that no significant mobilization of arachidonic acid from membrane phospholipids 
occurred in response to FMLP. These results confirm the findings of Clancy et al. [ 151, 
but are in contrast to another recent study utilizing radioactively labeled arachidonic 
acid [29]. If a significant amount of arachidonic acid had been released in response to 
FMLP it would have been detected in our studies, since BW755C would have inhibited 
the metabolism of arachidonic acid without affecting the activation of phospholipases, 
and albumin would have trapped the released arachidonic acid. It is evident from the 
results obtained in A23 187-stimulated neutrophils that arachidonic acid indeed accumu- 
lates in the presence of BW755C and albumin. Our findings on the observed difference in 
the absolute mass of arachidonic acid mobilized from phospholipid sources following 
stimulation with A23187, with and without BW755C, are in very close agreement with 
those of Chilton and O’Connell [28]. They showed recently that only a small fraction 
(10-3576) of the arachidonic acid released from all phospholipid sources following 
exposure of neutrophils to A23187 was converted to eicosanoids. Our results show that 
arachidonic acid accumulates only in A23 187-stimulated neutrophils. On the contrary, it 
has been shown before that no lysophospholipids are detectable in neutrophils stimulated 
with A23 187 [ 271. The inability of being able to detect lysophospholipids in A23 187- 
stimulated neutrophils therefore may be due to a rapid degradation of lysophospholipids 
rather than the rapid reacylation of released arachidonic acid. Therefore, the differences 
observed in our study between the effects of A23 187 and FMLP on arachidonic acid 
release cannot be explained by simple rapid reacylation reactions. However, a small 
degree of reacylation of the released arachidonic acid in the presence of albumin (0.1%) 
cannot be ruled out [47,48]. 

In agreement with previous reports [ 14-17], significant quantities of leukotrienes 
and other lipoxygenase metabolites originating from both endogenous arachidonic acid 
and EPA were detected in the supernatants of neutrophils stimulated with A23187. In 
contrast, stimulation of neutrophils with FMLP alone failed to produce detectable 
amounts of arachidonic acid or EPA metabolites. This could be due to either insufficient 
mobilization of arachidonic acid or EPA from membrane phospholipid sources or 
insufficient activation of the 5-lipoxygenase pathway. The levels of nonesterified arachi- 
donic acid detected in lipid extracts of FMLP-stimulated neutrophils supports the 
former concept that insignificant mobilization of eicosanoid precursor fatty acids occurs 
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in response to this ligand. Furthermore, the inability of FMLP to stimulate the produc- 
tion of EPA-derived metabolites from endogenous sources indicates that neither the 
arachidonic acid nor the EPA pools are affected by this agonist. Although FMLP has 
been known to affect other responses such as phosphoinositide turnover, intracellular 
calcium changes, and remodeling of phosphoglycerides, it does not seem to be an 
effective stimulus to induce the mobilization of arachidonic acid or EPA [3 1-33]. 

In general agreement with previous findings [ 15,16,30,3&37], exogenous arachi- 
donic acid and EPA, at near pathophysiological concentrations (10 pM), were readily 
metabolized by neutrophils stimulated with A23 187. The finding that the levels of 
arachidonic acid metabolites in neutrophils stimulated with arachidonic acid (10 pM) 
alone were similar to those of neutrophils stimulated with FMLP and arachidonic acid 
suggested that no appreciable increase in the activity of lipoxygenase under these 
conditions occurred as a result of the addition of FMLP. These results also indicate that 
exposure of neutrophils to free arachidonic acid at concentrations as low as 10 pM can 
result in the stimulation of 5-lipoxygenase. However, it has previously been reported that 
such stimulation occurs at much higher concentrations of arachidonic acid [ 15,301. On 
the other hand, FMLP increased the conversion of exogenous EPA (10 pM) to 
leukotrienes. I t  is apparent that the 5-lipoxygenase pathway is affected in neutrophils 
when stimulated with FMLP in the presence of EPA. The differences observed in the 
activation of the 5-lipoxygenase pathway between neutrophils stimulated with arachi- 
donic acid and FMLP, and EPA and FMLP, are likely due to the effects of free 
arachidonic acid and EPA. Although no clear biochemical explanation can be offered for 
these differences from our studies, it should be noted that EPA has been shown to be a 
poor activator of protein kinase C [49]. Recent results from our laboratory also indicate 
that EPA is less effective than arachidonic acid at stimulating the phosphoinositide 
response and release of superoxide anion in human neutrophils [unpublished observa- 
tions]. 

As reported by Prescott [34] and Lee et al. [50], stimulation of human neutrophils 
with A23187 in the presence of EPA and DHA resulted in a marked inhibition of 
arachidonic acid metabolism. It is apparent from our results that EPA was less efficiently 
utilized than arachidonic acid by the 5-lipoxygenase pathway for the synthesis of LTB, 
and LTB,, respectively, even though EPA has been shown, with a partially purified 
enzyme, to be a slightly better substrate for 5-lipoxygenase as compared to arachidonic 
acid [51,52]. Our results demonstrate that added EPA at levels as low as 10 pM 
inhibited the metabolism of endogenous and/or exogenous arachidonic acid following 
stimulation of neutrophils with A23 187. Interestingly, the levels of leukotrienes pro- 
duced in the presence of added arachidonic acid were unaffected by the addition of 
equimolar concentrations of DHA. Similar findings have previously been reported with 
higher concentrations of these fatty acids in human neutrophils [50]. It has been shown 
that 5,8,1l-eicosatrienoic acid, which accumulates in essential fatty acid deficiency 
states, and EPA affect leukotriene production by inhibiting the activity of leukotriene A 
hydrolase [34,53]. It is known that both EPA and DHA are poor substrates for and 
competitive inhibitors of cyclooxygenase [9,54-561. The effects of EPA and DHA, 
which attenuate the oxidative metabolism of arachidonic acid to proinflammatory 
products such as leukotrienes, appear to be distinctly different on the 5-lipoxygenase 
pathway . 
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In summary, our results indicate that FMLP may not be a potent ligand for the 
mobilization of arachidonic acid or EPA in human neutrophils. Furthermore, our results 
show that significant conversion of exogenous EPA to leukotrienes occurs as a result of 
FMLP stimulation. Nonesterified fatty acids, depending upon the nature of the fatty 
acid, are likely to modulate the metabolism of arachidonic acid to leukotrienes, the 
proinflammatory products. Experiments are currently under way in our laboratory to 
establish a correlation between stimulus-induced responses, which include superoxide 
anion generation, phosphoinositide turnover, intracellular calcium mobilization, 
eicosanoid precursor fatty acids release, and the metabolism of these fatty acids to 
eicosanoids in human neutrophils. 
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