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ABSTRACT. Intact human polymorphonuclear leukocytes (PMNL) incubated with substimulatory amounts of
arachidonic acid in the absence of a calcium ionophore formed four metabolites that were isolated by
reverse-phase HPLC and characterized structurally by GC/MS. A major metabolite eluting as the most abundant
peak of radioactivity lacked UV chromophores above 215 nm, and its formation was sensitive to 2-diethylami-
noethyl-2,2-diphenylvalerate hydrochloride (SKF525A) but not 3-amino-1-[m(trifluoromethyl)phenyl]-2-pyra-
zoline (BW755C), suggesting that it was likely to be a product of cytochrome P450. The GC/MS analysis
revealed the presence of two components: 20-hydroxy-5,8,11,14-eicosatetraenoic acid (20-HETE) and 16-
hydroxy-5,8,11,14-eicosatetraenoic acid (16-HETE) in an approximate ratio of 4:1. The minor metabolites were
identified as 15-HETE and 5-HETE. Although 20-HETE has been observed previously as a product of
arachidonic acid metabolism in PMNL, the occurrence of 16-HETE was a novel finding. The stereochemistry
of the hydroxyl group in PMNL-derived 16-HETE was established by analysis of 1-pentafluorobenzyl-16-
naphthoyl derivatives on a chiral-phase chromatographic column and comparison with authentic synthetic
stereoisomers. The PMNL-derived radioactive metabolite co-eluted with the synthetic 16(R)-HETE stereoiso-
mer. Analysis of the total lipid extracts from intact PMNL followed by mild alkaline hydrolysis resulted in
detectable amounts of 16-HETE (108 *+ 26 pg/108 cells) and 20-HETE (341 *+ 69 pg/10° cells), which suggested
that these HETEs were formed from endogenous arachidonic acid and esterified within PMNL lipids. Thus, in
contrast to calcium ionophore-stimulated neutrophils that generate large amounts of 5-lipoxygenase products,
the intact PMNL generate 20-HETE and 16(R)-HETE via a cytochrome P450 w- and -4 oxygenase(s).
BIOCHEM PHARMACOL 60;3:447—455, 2000. © 2000 Elsevier Science Inc.
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Original work by Borgeat and Samuelsson recognized the
importance of calcium influx on arachidonic acid metabo-
lism by PMNLY [1]. Stimulation of PMNL by the calcium
ionophore A23187, PAF, and fMLP activates 5-lipoxygen-
ase, which oxidizes arachidonic acid into 5(S)-hydroper-
oxyeicosatetraenoic acid, a precursor of LTs [2, 3]. LTA, is
an unstable epoxide formed by LTA hydrolase and is
pivotal in the formation of other LTs. In PMNL, LTA, is
hydrolyzed into LTB,, which is a potent proinflammatory
and hypersensitivity molecule, inducing PMNL chemotaxis
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and chemokinesis as well as PMNL adhesion and degran-
ulation [4, 5]. PMNL metabolize LTB, into 20-hydroxy-
LTB, by a unique cytochrome P450 (CYP450; 1g,,) via an
NADPH-dependent mechanism [6]. PMNL also contain
other CYP450 enzymes that metabolize LTB, [7, 8]. Further
oxidation of 20-hydroxy-LTB, to 20-carboxy-LTB, also
occurs within PMNL. The intermediate aldehyde, 20-oxo-
LTB,, is formed by the CYP450, 1, in the presence of
NADPH, and is oxidized further to 20-carboxy-LTB, by an
NAD™"-dependent aldehyde dehydrogenase found in neu-
trophil microsomes [9].

In contrast to extensive studies on the biochemistry and
pharmacology of LTs in stimulated PMNL, relatively little
is known about the role of arachidonic acid metabolism in
unstimulated PMNL. Original work by Bednar and col-
leagues [10-12] demonstrated that in the absence of a
calcium ionophore, arachidonic acid is metabolized by
PMNL to a unique group of metabolites that do not contain
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LTs via a mechanism involving cytochrome P450 mono-
oxygenase and NADPH. One of these metabolites (desig-
nated P2 [12]) displays potent biological activity. It inhibits
calcium ionophore (A23187)-induced PMNL aggregation
and adhesion, and a second phase of LTB,-induced aggre-
gation [12]. Hatzelmann and Ullrich [13] have established
that PMNL convert arachidonic acid into 20-HETE, which
can be further metabolized into 20-carboxy-arachidonic
acid. More recent work by Hill and Murphy [14] demon-
strated that stimulation of PMNL by fMLP or A23187
results in the generation of low amounts of 20-HETE along
with much larger amounts of LTB,.

Our present study was inspired by the observation that
the biological profile of 20-HETE in PMNL does not
resemble that of compound P2 [12]. We found that unlike
P2, synthetic 20-HETE does not inhibit LTB,- and
A23187-stimulated PMNL aggregations and adhesions.
Therefore, we hypothesized that unstimulated PMNL pro-
duce another substance of unknown structure that inhibits
PMNL aggregation and adhesion. CYP450 enzymes that
metabolize arachidonic acid are known to produce a mix-
ture of HETE isomers. For example, CYP450 enzymes in
the rat liver produce a series of HETEs having a hydroxyl at
carbons w-2, w-3, and w-4 [15], whereas those from the rat
kidney produce relatively more 20-HETE than other iso-
mers [16]. CYP450 2E1 has been shown to metabolize
arachidonic acid into 19-HETE and 18-HETE with high
stereospecificity [17]. Our current study characterized the
structure and endogenous occurrence of a new HETE
molecule in human neutrophils.

MATERIALS AND METHODS
Materials

HETE standards [16(R)-, 16(S)-, 17-, 18-, 19-, and 20-
HETE] and 19-HETE-d; (99+ atom% deuterium) were
synthesized as described previously [15, 18]. The standards
of lipoxygenase-derived HETEs [5-, 8-, 11-, 12-, and
15-HETE] and octadeuterium-labeled arachidonic acid
were obtained from Biomol. All solvents used were HPLC
grade (Burdick & Jackson), and other reagents were of the
highest grade commercially available. BSTFA and pen-
tafluorobenzyl bromide were obtained from the Aldrich
Chemical Co., and [1-'*CJarachidonic acid (55 mCi/mmol)
was purchased from the Dupont Corp. 2-Diethylamino-
ethyl-2,2-diphenylvalerate hydrochloride (SKF525A) was
obtained from Smith, Kline & Beecham. 3-Amino-1-
[m(trifluoromethyl)phenyl]-2-pyrazoline (BW755C) was
purchased from Burroughs-Wellcome.

Preparation of Human PMNL

All studies were performed with the approval of the
Institutional Review Board at the University of Vermont.
Venous blood (60—70 mL) from four healthy volunteers not
receiving medication for at least 10 days was collected into
syringes containing heparin (1 U/mL). PMNL were isolated
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by a histopaque density gradient technique as described
previously [11, 12, 19]. Briefly, blood aliquots (6 mL) were
layered carefully onto the top layer in conical centrifuge
tubes containing two layers (3 mL each) of Histopaque
1077 and 1119 (Sigma). Following centrifugation at 100 g
for 30 min at room temperature, the layer containing
PMNL was collected carefully, and a small number of
remaining red blood cells was removed by hypotonic lysis.
Then the PMNL were isolated by centrifugation (2000 g)
and suspended in Hanks’ balanced salt solution (HBSS,
Sigma) containing 1 mM Ca’* and 0.8 mM Mg**. Cells
were counted using a hemocytometer (Baxter). Leukocyte
differential counting was performed following a Wright—
Giemsa staining protocol. In all experiments, leukocyte
preparations contained 97% PMNL showing 95% viability
as tested with a trypan blue exclusion assay.

Arachidonic Acid Metabolism

Suspensions of PMNL in HBSS (1-5 mL; 107 cells/mL)
were preincubated for 10 min at 37° and then transferred to
a tube containing arachidonic acid (final concentration 1
to 50 pM, with 0.5 to 1 pCi [1-"*Clarachidonic acid) and
incubated for an additional 10 min at 37°. In some
experiments, deuterium-labeled arachidonic acid was in-
cluded in the incubations as a 1:2 mixture with unlabeled
arachidonic acid. To study the effect of inhibitors, PMNL
were preincubated with either SKF525A (100 uM) or
BW755C (94 uM) for 10 min prior to the addition of
arachidonic acid. The incubations were terminated by the
addition of cold methanol (4 vol.) and, following acidifi-
cation (pH 3.5 to 4), were extracted with ethyl acetate. The
extracts were washed with water and dried over anhydrous
sodium sulfate. After removal of sodium sulfate by filtra-
tion, ethyl acetate was evaporated, and the residue was
dissolved in methanol. The lipid extract was analyzed on a
reverse-phase HPLC column (C,g, 250 x 4.6 mm, Beckman
Instruments), which was eluted at 1 mL/min with a solvent
gradient starting at acetonitrile:water:acetic acid (62.5:
37.5:0.1) and increasing to 100% acetonitrile in 20 min.
The effluent was analyzed with a UV detector (HP1050,
Hewlett-Packard) and a radioactivity detector (Radiom-
atic) with Ecolite (ICN) scintillation fluid. Fractions (1
mL) were collected for structural identifications.

Mass Spectrometric Analysis

Fractions containing radioactive arachidonate PMNL me-
tabolites were evaporated under vacuum and derivatized
prior to mass spectrometric analysis. Methyl esters were
prepared by treatment with a solution of diazomethane in
ethyl ether (100 pL, 3 min). PFB esters were prepared with
PFB bromide and N,N-diisopropylethylamine as described
[20]. Hydroxyl groups were converted into TMS ethers by
reaction with 100 wL of BSTFA:pyridine (4:1). Finally, the
derivatives were dissolved in isooctane, and 1 pL aliquots
were analyzed by GC/MS. In some experiments, an aliquot
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FIG. 1. Reverse-phase HPLC analysis of metabolites formed by
the incubation of [1-'*Clarachidonic acid (4 pM; 1 pnCi) with
a suspension of human PMNL (5 x 107 cells, 5 mL, for 10 min
at 37°) using detection of radioactivity (A) and ultraviolet
absorbance at 234 nm (B). Neutrophil eicosanoids were identi-
fied as 16(R)-HETE and 20-HETE (A), 15-HETE (B), and
5-HETE (C); D, arachidonic acid.

of a derivative in isooctane was mixed with catalytic
amounts of 5% rhodium on alumina (Aldrich) in a mi-
crovial (ice-cooled) and bubbled with hydrogen delivered
by a micropipette for 5 min [21]. The catalyst was precip-
itated by centrifugation, and 1 L aliquots were analyzed
directly by GC/MS. GC analysis was performed using a
15-m fused silica GC column (DB-1, 0.25 mm i.d., 0.25 pm
film thickness, ] &W Scientific). Samples were eluted with
a flow of helium (44 cm/sec) and a temperature program
increasing from 170° to 300° at a rate of 15°/min. The mass
spectrometer (HP 5989A, Hewlett-Packard) was operated
in the chemical ionization mode with negative ion detec-
tion (electron capture) using methane as a reagent gas (2.6
torr source pressure) or in the electron ionization mode at
an electron energy of 70 eV. The relative retention time of
a derivative was expressed as a carbon number equivalent
calculated from retention times obtained for a series of
methyl or PFB esters of saturated fatty acids (C,4,~C,,) as
described [20].

Stereochemical Analysis of PMNL-Derived 16-HETE

The radiolabeled material eluting between 9 and 10 min
(Fig. 1) and standard samples of racemic 16-HETE, 16(R)-
HETE, 16(S)-HETE, and 20-HETE were esterified sepa-
rately with PFB bromide followed by esterification of the
hydroxyl group with a-naphthoyl chloride as described
[17]. The PFB, naphthoyl derivatives were purified by
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reverse-phase HPLC, and their structures were confirmed
by particle beam LC/MS. These derivatives produced char-
acteristic spectra containing abundant ions at m/z 473 and
301 that were typical for a naphthoyl-derivatized HETE
carboxylate anion [17]. The separations of the synthetic
16-HETE stereoisomers and stereochemical analysis of
PMNL-derived radiolabeled 16-HETE were accomplished
using a chiral-phase LC column (Pirkle type 1-A, 250 X 4.6
mm, Regis), which was eluted isocratically with hexane
containing 0.1% isopropanol at 1 mL/min. The effluent was
analyzed by a UV detector and collected in 0.2 mL
fractions. The amount of radioactive material in these
fractions was measured using a scintillation counter. Addi-
tionally, the fractions corresponding to partially separated
isomers were collected and analyzed by direct inlet MS with
negative ion detection. The direct inlet probe was heated to
300° at a rate of 10°/min.

Quantitative Analysis of 20-HETE and 16-HETE in
PMNL Phospholipids

Suspensions of human PMNL (0.5 to 0.9 X 10° cells/mL)
from three healthy donors not receiving medication for at
least 10 days were extracted using the Bligh and Dyer
procedure as described [22]. Briefly, 1 vol. of PMNL
suspension was mixed with 2 vol. of chloroform:methanol
(2:1) and shaken for 1 hr at 0°. After a low-speed centrif-
ugation, the bottom layer was transferred to a glass tube,
and the upper layer was extracted again with chloroform:
methanol. The PMNL total lipids, containing 0.1 to 0.3
wmol phosphorus, were treated with 200 pL of 0.1 N
potassium hydroxide:ethanol (1:1) or water:ethanol (in
control experiments) for 1 hr at 50° and extracted with ethyl
acetate after acidification (pH 3-4). Prior to extraction, an
internal standard, 19-HETE-d; (2 ng), was added. The ex-
tracts were dried and purified by reverse-phase HPLC. Follow-
ing derivatization with PFB bromide and BSTFA, the samples
were analyzed by GC/MS as described [21]. The amount of
endogenous HETE was calculated from the standard curve
prepared with 19-HETE-d; (2 ng) and 19-HETE (0.1 to 1
ng). The amount of phosphorus in the samples analyzed by
GC/MS was determined spectrophotometrically [22].

RESULTS

Incubations of arachidonic acid with human PMNL in the
absence of a Ca*" ionophore resulted in the formation of
four radiolabeled products (Fig. 1A). The major peak of
radioactivity (D) was unmodified arachidonic acid. The
material in peak A contained 10-15% of the radioactivity,
and it did not show UV absorbance above 205 nm. The
material in peaks B and C, combined, accounted for 5-8%
of the total radioactivity injected into the HPLC column,
and displayed absorbance at 234 nm (Fig. 1B), typical of
conjugated double bonds. Following the addition of 4 pM
arachidonic acid, PMNL formed 0.13 pg metabolite A/107
cells. Our experiments with inhibitors confirmed that
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FIG. 2. Radiochromatographic HPLC analysis showing the ef-
fect of inhibitors on arachidonic acid metabolism in intact
PMNL preincubated for 10 min with BW755C (94 pM) or
SKF525A (100 pwM). The extracted lipids were analyzed by
reverse-phase HPLC as described in Materials and Methods.
Dots indicate the retention times of the standard HETEs.

metabolite A was a product of CYP450 (Fig. 2). This
metabolite was not detected when arachidonic acid was
incubated with PMNL preincubated with SKF525A (100
wM) (Fig. 2). Our previous work has shown that SKF525A
is an effective inhibitor of CYP450 in PMNL [10].
BW755C (94 uM), a lipoxygenase inhibitor, did not
inhibit formation of metabolite A (Fig. 2). We observed
that preincubation of cells with BW755C decreased the
overall amount of radioactive material recovered from
PMNL. However, the ratio of peak A to arachidonic acid
was the same as in the control experiment. Because
metabolites B and C were not inhibited by SKF525A, they
were likely to be lipoxygenase products. However,
BW755C failed to inhibit formation of metabolite B, which
was found to be 15-HETE (Fig. 2).

GC/MS analysis of metabolite A as a PFB, TMS deriv-
ative produced a chromatogram revealing two compounds
(Fig. 3a) at retention times 7.33 min (compound A1) and
8.01 min (compound A2), having carbon number equiva-
lents 20.9 and 22.4, respectively. Both Al and A2 revealed
an ion at m/zr 391, typical for a PFB ester, TMS ether
derivative of a HETE molecule. Although variable amounts
of metabolite A were isolated from PMNL of individual
donors, the GC/MS analysis consistently yielded compo-
nents Al and A2, as shown in Fig. 3a, with a relative
abundance of approximately 1 to 4. When octadeuterium-
labeled arachidonic acid was included in the incubations,
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additional chromatographic peaks were observed (Fig. 3b)
corresponding to metabolites having their molecular mass
increased by 8 mass units (ion m/z 399). Comparison of the
chromatographic mobility with that of HETE standards
(Fig. 3c) revealed that metabolites A1 and A2 had reten-
tion times nearly identical with standards of 16-HETE and
20-HETE, respectively. The PFB, TMS derivative of a
mixture of lipoxygenase HETEs (5-, 8-, 12-, and 15-HETE)
eluted as a single peak at 7.45 min and did not co-
chromatograph with either component of the material in
peak A or any of the HETE isomers (not shown). The mass

A2
30099
0

m/z 391
>
=
e 100
Qo b
£
C
ie]
()
'E m/z 399
3 ° w e w
Q D boo o
e I III I
© N S
100—. C - AN N
] m/z 391
o 4+——r———F—1r—T———
68 7.2 7.6 8.0 8.4 8.8
Time [min]
100 391 _
id
8
= E
©
o E
3
3 E
< 50
Q E
k= E 301 399
E‘ 3 AN /
0 .M.LJ SR l}* :
280 320 360 400 440
m/z

FIG. 3. GC/MS analysis of metabolite A (PFB ester, TMS ether)
showing separation into two components, Al and A2, originat-
ing from unlabeled (a) and deuterium-labeled (b) arachidonic
acids. A mixture of synthetic standards containing 16-, 17-, 18-,
19-, and 20-HETE is shown for comparison (c). The mass
spectrum (electron capture) of the compound A1 shows ions at

m/fz 391 and 399 corresponding to the unlabeled and deuterium-
labeled HETE molecules (d).
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FIG. 4. GC/MS analysis of neutrophil-derived HETEs before (A) and after (B) addition of synthetic 16-HETE to neutrophil lipid
extract. The chromatograms show an increase of the material eluting at 7.3 min, identified as 16-HETE.

spectrum of metabolite Al (Fig. 3d) revealed ions at m/z
391 (M-181, loss of PFB) and 301 [M-181-90, loss of PFB
and (CH;);SiOH]. The ion at m/z 399 resulted from the
octadeuterated analog. Because of the slight separation
between the isotopic forms of HETEs, the spectrum in Fig.
3d does not reflect the original proportion of the unlabeled
and octadeuterium-labeled arachidonic acids used for the
incubations, but rather a spectrum where the intensity of
ion 391 was maximal. Addition of synthetic 16-HETE to
the neutrophil extract followed by GC/MS analysis of PFB,
TMS derivatives resulted in a selective increase of the
intensity of compound Al and was without effect on
component A2. 16-HETE added was not separated from
the biologically derived Al (Fig. 4).

The location of the hydroxyl at C16 was further con-
firmed by the mass spectrum of component Al catalytically
reduced with rhodium and hydrogen (Fig. 5a). The methyl
ester TMS ether of reduced Al (carbon number equivalent
22.3) showed characteristic ions at m/z 399 (M-CHj;), 357,
159 (a-cleavage at C16), and 235 [m/z 357 -CH;OH-
(CH;);SiOH]. The fragment ion at m/r 357 displayed a
complex isotopic cluster of ions resulting from partial scram-
bling of deuterium during catalytic hydrogenation of the
deuterium-labeled molecule [21]. The fragment ion at m/z 328
originated from the rearrangement of the (CH;);Si group to
carboxyl by a mechanism similar to that observed for saturated
hydroxy fatty acids [23]. The spectrum of the synthetic
reduced 16-HETE derivative, shown for comparison in Fig. 5b,
revealed the presence of characteristic ions at m/y 399, 357,

235, and 159 at a retention time equivalent to carbon number
22.3. This spectrum was similar to the spectrum of 16-HETE
published by Falck et al. [15].
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FIG. 5. Mass spectra (electron ionization, 70 eV) of the methyl,
TMS derivatives of metabolite A1 (a), and synthetic 16-HETE
(b), following catalytic hydrogenation.
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FIG. 6. Chiral-phase HPLC of metabolite A1 mixed with 250 ng
of racemic 16-HETE and analyzed as PFB ester, 16-naphthoyl
ester. The bars represent the total amount of radioactivity in
0.2-mL fractions. The mass spectrum of the material eluting
earlier shows ions corresponding to unlabeled (m/z 473) and

octadeuterium-labeled (m/y 481) derivative, indicating that the
material produced by PMNL was 16(R)-HETE.

Chiral-phase HPLC and comparison with authentic
synthetic stereoisomers (Fig. 6) established the stereochem-
istry of the hydroxyl at C16 in metabolite Al. Metabolite
A, obtained by the incubation of PMNL with a mixture of
the '*C- and octadeuterium-labeled arachidonic acids, was
mixed with the synthetic, racemic, and non-radioactive
16-HETE. This mixture was converted into 16-naphthoyl-
1-PFB diester and purified by reverse-phase HPLC. The
derivative was then analyzed on a Pirkle-type chiral-phase
HPLC column. UV absorbance at 205 nm was recorded
with simultaneous collection of the effluent in 200 pL
fractions. The amount of radioactivity in each fraction was
measured and compared with the UV chromatogram. Fig-
ure 6 shows that the radioactive material from the biolog-
ically derived compound A1 co-eluted with the R enantio-
mer of the synthetic 16-HETE. In preliminary experiments
with analogously derivatized pure synthetic 16(R)-HETE
and 16(S)-HETE, we established that the R enantiomer
eluted before the S enantiomer (Fig. 6). The 20-naphthoyl,
PFB derivative of 20-HETE was separated completely from
the 16-HETE derivative during the reverse-phase HPLC
purification prior to the chiral-phase analysis. Additional
evidence was obtained by direct inlet MS analysis of the
material in peaks R and S. Only the material that co-eluted
with the R isomer contained the deuterium-labeled sub-
stance, which must have originated from the metabolism of
the deuterium-labeled arachidonic acid by the neutrophils.
In summary, these data are consistent with the structure of
metabolite Al as 16(R)-HETE formed by the action of
cytochrome P450 on arachidonic acid, assuming that the
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configuration of double bonds was unchanged from that of
arachidonic acid.

The mass spectrum of the reduced metabolite A2 (methyl
ester TMS derivative, Fig. 7a, carbon number equivalent 23.5)
revealed ions at m/z 414 (M™), m/z 399 (M—CH;), m/x 367
(M-CH;-CH;0H), m/z 324 [M—(CH;);SiOH], m/z 292
[M—=32-90, loss of CH;OH and (CH;);SiOH], m/z 146
[(CH;);SiO(CH,);CHjs], and m/z 103 [(CH;);Si-O=CH,].
The isotopic cluster of ions at m/z 399 and 367 resulted
from scrambling of the deuterium-labeled molecule during
catalytic reduction of double bonds. This spectrum was con-
sistent with a reduced methyl ester, TMS ether derivative of a
mixture of unlabeled and octadeuterium-labeled 20-HETE.

Electron ionization of reduced metabolite B (Fig. 1) as
methyl ester, TMS ether produced a mass spectrum (at a
retention time equivalent to carbon number 21.8) that
contained ions at m/zy 414 (M"), 399 (M-CHj;), 343
(a-cleavage at C15), and a base peak at m/y 173
[(CH;)3SiOCH(CH,),CHj;]. The ion at m/z 343 displayed
a distinct isotopic cluster as expected for a reduced deute-
rium-labeled molecule (not shown). This spectrum indi-
cated that metabolite B was 15-HETE. The amounts of
metabolite B were insufficient for stereochemical analysis.
The material in metabolite C contained at least two
components absorbing UV light at 234 nm (Fig. 1B). This
component had a retention time similar to that of standard
5-HETE (Fig. 2). The material in peak C produced a
complex mass spectrum indicative of 5-HETE and another
unidentified product. Longer incubations of human PMNL
with arachidonic acid also resulted in formation of a polar
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FIG. 7. Mass spectra (electron ionization, 70 eV) of the methyl,
TMS derivatives of metabolite A2 (a), and synthetic 20-HETE
standard (b), following catalytic hydrogenation.



16(R)-Hydroxyeicosatetraenoic Acid

TABLE 1. Levels of 16-HETE and 20-HETE released from
intact human PMNL phospholipids following alkaline
hydrolysis

16-HETE 20-HETE
Treatment (pg/10® cells)
Control ND ND
Hydrolysis 108 = 26 341 = 69

Values are means = SEM of single measurements of PMNL total lipid extracts
obtained from three donors. HETEs were measured by GC/MS using 19-HETE-d;
(2 ng) as internal standard as described in Material and Methods. ND = not
detected.

compound identified as 20-carboxyarachidonic acid, which
originated from oxidative metabolism of 20-HETE.

Since our previous work has shown that cells producing
CYP450-derived HETEs often contain these HETEs in the
phospholipid esterified form [24], we further analyzed lipid
extracts from the intact PMNL. Table 1 shows that the free
endogenous HETE molecules were not detectable by this
GC/MS assay and therefore must have been less than 10
pg/108 cells. However, when PMNL lipids were hydrolyzed
with 0.1 N potassium hydroxide, 20-HETE and 16-HETE
were detected at concentrations of 341 * 69 and 108 = 26
pg/108 cells, respectively (Table 1). Other HETE molecules
were not detected in the hydrolyzed PMNL lipids. Thus,
PMNL formed 20-HETE and 16(R)-HETE, some of which
remained esterified within cellular phospholipids.

DISCUSSION

Biosynthesis of leukotrienes in PMNL requires calcium
influx [2]. In the absence of extracellular calcium, stimula-
tion with PAF or fMLP fails to induce arachidonic acid
release and LTB, synthesis. Addition of Ca** with either
PAF or tMLP to Ca’*-depleted PMNLs results in a Ca®*
influx proportional to the extracellular concentration of
Ca’* and causes a substantial release of arachidonic acid
and synthesis of LTB, [3]. Our previous work has shown
that in the absence of Ca’" influx, PMNL metabolize
arachidonic acid by a pathway involving cytochrome P450
without formation of leukotrienes [10—12]. In the present
study, GC/MS analyses of a major arachidonate metabolite
produced by the intact human PMNL consistently showed
a new HETE molecule in addition to 20-HETE. Structural
analysis provided evidence that this metabolite was 16(R)-
HETE. The experiments with inhibitors confirmed that
16(R)-HETE and 20-HETE were products of PMNL cyto-
chrome P450 hydroxylase action on arachidonic acid.
16-HETE has not been observed previously in human
PMNL, but has been detected in the rat liver [15], human
platelet [25], and rabbit kidney [24]. Two other studies have
provided characterization [13] and quantitation of 20-
HETE in human PMNL [14]. The difficulty of detecting
16-HETE was due largely to the similarity of the retention
time to that of 20-HETE on the reverse-phase HPLC
column. In addition, low resolution of the radioactivity
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detector resulted in a single peak for these two closely
eluting HETEs. A capillary GC column separated these
compounds completely. The GC/MS conditions were such
that 20-HETE and other HETE isomers were separated,
which allowed us to compare their retention times. The
chromatographic conditions differed from those described
previously for the detection of 20-HETE in human PMNL
[13, 14]. The identification of 16(R)-HETE was facilitated
by the availability of the synthetic standards, which allowed
for the definitive comparison of chromatographic and mass
spectrometric properties.

The molecule of 16(R)-HETE contains a unique cis-
allylic hydroxyl configuration and, therefore, must be a
product of allylic hydroxylation at carbon C16 of arachi-
donic acid without a rearrangement of the double bond.
Cytochrome P450-mediated hydroxylation at an allylic
carbon has been observed for olefins [26] and fatty acids
[27-29]. bis-Allylic hydroxylation of arachidonic acid by
microsomal cytochrome P450 generates a mixture of 7-,
10-, and 13-HETE. Unlike the bis-allylic HETEs, which
readily undergo mild acid catalyzed rearrangement to con-
jugated diene-containing HETEs [29], the mono-allylic
16-HETE appeared to be stable in the acidic conditions
used for extraction of lipids from PMNL, since its putative
rearrangement product (14-HETE) could not be detected.

In the original report by Bednar and colleagues [12]
describing the metabolism of arachidonic acid in intact
PMNL, one of the metabolites was found to inhibit PMNL
aggregation and adhesion but not oxygen free radical
release. A separate study established that 16(R)-HETE is a
potent inhibitor of PMNL adhesion, fMLP-induced PMNL
aggregation, and LTB, formation, and does not affect
PMNL oxygen free radical release [30]. 16(R)-HETE also
reduced intracranial pressure in a rabbit model of throm-
boembolic stroke [30]. 20-HETE was inactive when tested
in these assays [30]. The biological profile of 16(R)-HETE
appears to be similar to that of compound P2 [12]. 16(S)-
HETE was considerably less potent in PMNLs [30]. Inter-
estingly, the vasorelaxing potency of 16-HETE has shown a
higher activity for the isomer with R configuration [31].
Although the mechanism of the 16(R)-HETE inhibitory
activity towards PMNLs is unknown, our data suggest that
this eicosanoid is likely to play a role in the unstimulated
neutrophil. The biosynthesis of 16-HETE was induced by
the addition of low amounts of arachidonic acid (<5 uM)
that did not stimulate LTB, biosynthesis. Thus, 16(R)-
HETE may act as a hormone that inhibits PMNL exposed
to low adventitious levels of arachidonic acid, thereby
preventing their aggregation and adhesion. Alternatively, it
may function in a regulatory role to restore a more quies-
cent state following PMNL activation. Another role of
16(R)-HETE may be related to its occurrence in the
phospholipids of PMNL. The total lipids of the intact
PMNL contained detectable quantities of endogenous 16-
HETE and 20-HETE, which must have originated from
endogenous arachidonic acid and have existed as preformed
cellular components. 16-HETE and 20-HETE have been
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found in esterified forms in cellular lipids [24, 25], and
esterification was likely to occur via mechanisms described
for other HETE molecules [32]. A variety of cells, including
PMNL, rapidly incorporate HETEs in vitro into the cellular
phospholipids, from which they can be released by an
appropriate stimulus [33]. Our previous work has estab-
lished that CYP450-derived HETEs are endogenous com-
ponents of cellular phospholipids [22, 25, 34]; however,
their function as phospholipid esters remains unclear.
Remodeling of the neutrophil phospholipids in vitro with
15-HETE is known to inhibit LTB,-induced neutrophil
migration across the endothelium [35]. Esterified 16(R)-
HETE could potentially influence the affinity of PMNL
adhesion receptors for endothelial cells by altering the
composition and physical properties of the PMNL cell
membrane. CYP450 isozymes that have been characterized
in human neutrophils metabolize LTB,; however, LTB,
w-hydroxylase is unlikely to produce 16(R)-HETE unless it
can perform w-4 hydroxylation. Moreover, a recently de-
scribed CYP450 4F3, shows quite a broad specificity (the
highest for LTB,), but does not oxidize arachidonic acid [7].

In summary, 16(R)-HETE, a novel arachidonic acid
metabolite in unstimulated human PMNL, has been iden-
tified and characterized. 16(R)-HETE is produced via a
cytochrome P450 pathway, and some of it is stored within
PMNL membrane phospholipids. The central role of
PMNL in inflammation, ischemia, and trauma mandates a
further understanding of 16(R)-HETE function in physio-
logic and pathophysiologic states.
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