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Catabolism of leukotriene B; in humans

Clemens von Schacky,! Claus Fahrer, and Sven Fischer

Medizinische Klinik Innenstadt, University of Munich, Munich, FRG

Abstract Human neutrophils, enriched by dietary supplemen-
tation with eicosapentaenoic acid, form leukotriene (LT)Bs in
addition to LTB, upon stimulation. LTB; is one order of magni-
tude less biologically active than the potent chemokinetic and
chemoattractant LTB,. Catabolites of LTB; have not yet been
characterized in vitro and ex vivo. It is unknown whether cata-
bolism of LTB; interferes with catabolism of L'TB,. This report
describes catabolism of LTB; to 20-OH-LTB;, which in turn is
catabolized to 20-COOH-LTB;. The structures of the two cata-
bolites were established by UV-absorbance, behavior on reverse-
phase high-performance liquid chromatography, enzymatic
analysis of human neutrophils, and gas chromatography-mass
spectrometry. In vitro, formation of LTB, was delayed and for-
mation of its catabolites was depressed by exogenous eicosapen-
taenoic acid. By supplementing the diet of six volunteers with
5 g eicosapentaenoic acid/day for 7 days, eicosapentaenoic acid
quadrupled in neutrophil phospholipid fatty acids. Consequent-
ly, LTB;, 20-OH-LTB;, and 20-COOH-LTB; were detected ex
vivo. In contrast to the findings in vitro, however, levels of LTB,,
20-OH-LTB,, and 20-COOH-LTB, were unaltered by the
dietary intervention. 8 Thus, in vitro, but not ex vivo, addi-
tion of eicosapentaenoic acid, and subsequent formation of
LTB;, impeded catabolism of proinflammatory LTB,.— ven
Schacky, C., C. Fahrer, and 8. Fischer. Catabolism of leuko-
triene Bs in humans. J. Lipid Res. 1990. 31: 1831-1838.
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Polymorphonuclear leukocytes isolated from volunteers
who ingested eicosapentaenoic acid (EPA) form LTB;
(1-3). LTB; is one order of magnitude less biologically ac-
tive than LTB,, the potent neutrophil chemotactic and
chemokinetic compound, derived from arachidonic acid
(4-9). Binding of LTB;5 to human neutrophil LTB, high
affinity binding sites is lower than that of LTB, (8, 10). In
vitro, with exogenous EPA or 12S-hydroxy-EPA, neu-
trophil formation of LTB, can readily be reduced dose de-
pendently (1, 11-13). Thus, arachidonic acid, EPA, and its
platelet-derived metabolite 12S-hydroxy-EPA compete for
5-lipoxygenation in stimulated neutrophils. Enrichment
of human neutrophils with EPA, by dietary supplementa-
tion for at least 3 weeks, reduces their formation of L'TB,
ex vivo (14). By the mechanisms cited, and by suppression
of monocyte cytokine formation (15), EPA is thought to
mediate the antiinflammatory effects, observed in epi-
demiologic and some animal studies (14). In dietary in-

tervention studies with fish oils in patients with chronic
polyarthritis, asthma, or chronic inflammatory bowel dis-
ease, some benefit has been reported after 4-12 weeks of
dietary n-3 fatty acid supplementation (14, 16-19).

In human polymorphonuclear neutrophils, LTB, is
catabolized, and thereby largely inactivated, to 20-OH-
LTB, by a cytochrome P-450 enzyme system (20-26).
Arachidonic acid and a number of lipoxygenase products
therefrom are also subject to 20-hydroxylation by cyto-
chrome P-450 enzyme system(s) (26-28). 20-OH-LTB, is
further catabolized to an even less biologically active
20-COOH-LTB, (20, 21, 24) via the aldehyde interme-
diate 20-CHO-LTB, (29). Preliminary evidence for for-
mation of 20-OH-LTB; has recently been obtained in
vitro (30). Further catabolism of 20-OH-LTB; is yet un-
known. Qualitative differences between cellular metabo-
lism of EPA in vitro and ex vivo have been described (31,
32). Catabolites of LIB;, however, have not been
demonstrated ex vivo.

LTB; seems to inhibit 20-hydroxylation of LTB, in a
purified enzyme preparation (26). Competition for 20-
carboxylation between 20-OH-LTB, and a 20-OH-LTB;,
if formed, is likely. These interactions at each catabolic
step might very well affect levels of the biologically highly
active LTB,, and remain to be studied. Moreover, catabo-
lism of LTB, during ingestion of n-3 fatty acids has not
yet been investigated.

Therefore, we studied simultaneous formation and
catabolism of LTB, and LTB; in human neutrophils in
vitro and ex vivo. Neither LTB, nor LTB; has been quan-
tified in this manner in the presence of exogenous or en-
dogenous EPA.

Abbreviations: EPA, eicosapentaenoic acid; leukotriene (LT) B,,
58,12R-dihydroxy-6-cis-8,10-trans-14-cis-eicosatetraenoic  acid; 20-OH-
LTB,, 5S8,12R,20-trihydroxy-6-cis-8,10-trans-14-cis-eicosatetraenoic acid;
20-COOH-LTB,, 58,12R-dihydroxy-20-carboxy-6-cis-8,10-trans-14-cis-
eicosatetraenoic acid; LTB;, 58,12R-dihydroxy-6-¢is-8,10-trans-14,17-cis-
eicosapentaenoic acid; 20-OH-LTB;, 5S,12R,20-trihydroxy-6-cis-8,10-trans-
14,17-cis-eicosapentaenoic acid; 20-COOH-LTB;, 58,12R-dihydroxy-20-
carboxy-6-¢is-8,10-trans-14,17-¢is-eicosapentaenoic acid; HPLC, high per-
formance liquid chromatography; RP-HPLC, reverse-phase HPLC.
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MATERIALS AND METHODS

Neutrophil preparations

After an overnight fast, venous blood was obtained
from healthy male volunteers via a free flow technique
through a 17-G needle. Neutrophils were prepared as
described previously (13, 28, 33). The preparation
resulted in platelet-free suspensions, in which 99% were
polymorphonuclear neutrophils; 3 x 107 were used for
each experiment. Neutrophils were stimulated with the
model compound ionophore A23187 (10 uM) (Sigma,
Munich, FRG) or carrier (13, 28, 33).

Experiments with exogenous EPA

In vitro studies. EPA (Sigma, Munich, FRG) was freshly
prepared as sodium salt in ethanol (13). Two sets of ex-
periments were carried out four times with blood from
different donors: a) time course: neutrophils or buffer
were incubated for 0, 20, 40, 60, 80, 100, or 120 min in
the presence or absence of 15 uM EPA; 4) concentration
curve: neutrophils or buffer were incubated for 80 min in
the presence of 0, 0.6, 1.5, 3.0, 6.0, 15, 30, or 60 uM EPA.

HPLC analysis. Incubations were stopped by addition of
1.5 vol acetone, and 500 ng PGB, was added as internal
standard. Samples were extracted as described previously
(33). Analysis was carried out using a Waters 5x Bon-
dapak C18 RP-HPLC-column (30 cm, 3.9 mm id.).
Samples dissolved in methanol-water 50:50 (by vol) were
injected. As solvent a 45-min gradient, curve 6 on a
Waters 660 solvent programmer, from 50:50:0.01 to
80:20:0.01 (by vol) methanol-water-acetic acid, pH ad-
Jjusted to 5.7 with ammonia, was used at 1.4 ml/min. The
eluate was monitored at 280 nm with a Waters 490 UV-
detector, and the chromatogram was recorded on a Fre-
senius BD9 recorder. LTB,, 20-OH-LTB,, and
20-COOH-LTB, were identified by comparison with
retention times of synthetic standards (Paesel, Frankfurt,
FRG). The peaks were measured manually and quant-
fied by peak area comparison with the internal standard,
assuming identical absorbance at 280 nm for all com-
pounds quantified.

Gas chromatography-mass spectrometry. HPLC-eluates be-
lieved to contain 20-OH-LTB; or 20-COOH-LTB; were
collected, pooled, acidified to pH 3.5 with H,PO,, fol-
lowed by extraction (34, 35). Gas chromatography-mass
spectrometry was performed as described previously (13).
Briefly, a Finnigan MAT44s equipped with a DB 1 fused
silica capillary column (30 m, 0.25 mm internal diameter,
J+W Scientific, Inc., distributed by ICT, Frankfurt,
FRG) was used. A portion of 20-OH-LTBs; was hydro-
genated in methanol using PtO, as catalyst. All samples
were esterified in methanol with ethereal diazomethane.
Trimethylsilylethers were generated with BSTFA (1 h,
20°C) (13).
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Experiments with endogenous EPA

Volunteer study. Six healthy male volunteers, as judged by
a routine clinical examination and normal laboratory
screening tests, gave informed consent, and supplemented
their otherwise unaltered Western diet with 50 ml of cod
liver oil (Peter Moller, Oslo, Norway), containing 11.3%
16:0, 22.8% 18:1, 9.4% EPA, 0.9% 22:5n-3, and 13.8%
docosahexaenoic acid (36), per day for 7 days. Volunteers
were questioned for side effects. Two hundred ml blood
was taken, before and after the dietary intervention, as
described. Routine laboratory tests were repeated, and
neutrophils were prepared as described above.

Ex vivo studies. Neutrophils were stimulated with 10 uM
ionophore A 23187 for 0, 10, 20, 40, 60, 80, 100, and 120
min. Samples were extracted and analyzed as described
above; 3 x 107 unstimulated neutrophils were extracted
(37) and subjected to fatty acid analysis as described
previously (13).

The study was approved by the Ethics Committee of
the faculty of Medicine of the Ludwig-Maximilians
Universitat, Munich.

Student’s two-tailed paired f-test was used.

RESULTS

Experiments with exogenous EPA

In wvitro studies. When 15 yM EPA was incubated with
human neutrophils, LTB; was formed (Fig. 1). A new
peak was observed on HPLC, eluting prior to 20-OH-LTB,,
representing a compound more polar than LTB;. An even
more polar peak was noted prior to 20-COOH-LTB,.
Retention times in min ( + SD), n = 10, were: 20-COOH-
LTB,, 10.5 (+0.4); 20-OH-LTB,, 14.8 ( +0.4); PGB,,
25.1 (+0.4); LTBs, 26.9 (+0.5); LTB,, 31.8 (+0.4). In
control incubations, without ionophore or in the absence
of cells, only the internal standard was detected at 280 nm.

Gas chromatography—mass spectrometry. The less polar peak,
with a retention time ( + SD) of 12.3 ( + 0.5) min was char-
acterized by gas chromatography-mass spectrometry as
20-OH-LTB;s. The mass spectrum demonstrated inter-
fering fragments from biological background not separ-
ated by gas-liquid chromatography. As a methylester-
trimethylsilylether derivative 20-OH-LTB; displayed the
following prominent ions: m/z 580 = (M)*, the character-
istic molecular ion of the derivative of 20-OH-LTBs, m/z
490 = (M-90(Me;SiOH))" had two mass units less than
m/z 492, detected from 20-OH-LTB, (20, 23), consistent
with the additional double bond at C17. (M-(197 + 90
(-CHy-CH = CH-CH,-CH = CH-CH,-CH,-0OSi
(CHs;),))" at m/z 293 was an ion also obtained from LTB,,
20-OH-LTB,, 20- COOH-LTB, and LTB; (1, 20, 24).
When 20-OH-LTB; was hydrogenated, and the methylester-
trimethylsilylether derivative was injected, prominent ions
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Fig. 1. Human polymorphonuclear neutrophils (3 x 107) were stimulated with the ionophore A23187 (10 um, 80

min), in the absence (left), and in the presence of 15 uM eicosapentaenoic acid (middle), and after addition of 50
ml/day cod liver oil to an otherwise unchanged diet for 7 days (approximately 5 g eicosapentaenoic acid/day, right).
The reaction was terminated by extraction and products were analyzed with a gradient system on RP- HPLC

(Methods). Therefore, the baseline is ascending. Absorbance was monitored at 280 nm.

were m/z 575 = (M-15(CHj))" and m/z 203 = (M-(Ce-
C10))". They were identical to those detected from hydro-
genated 20-OH- LTB, (24) after the same derivatization
procedure.

The other new peak on HPLC, now identified as 20-
COOH-LTBs, eluted with a shorter retention time
(£ SD) or 5.8 ( + 0.4) min, and was therefore more polar.
The mass spectrum obtained from this peak also con-
tained interfering biological background material (Fig.
2). Prominent ions detected were: m/z 446 = (M-90
(Me;SiOH))", two mass units less than the corresponding

i (CH
03 SiCH3l g

fragment m/z 448 of 20-COOH-LTB, (20, 23), consistent
with the additional double bond at C17. Fragments m/z
415 = (M-(90 +31) (OCHy)), m/z 383 = (M-153
(- CH,-CH=CH-CH,-CH,=CH-CH,-COOCHj))",
and m/z 293 = (M—(153 + 90))" were identical to fragments
from LTB,, 20-OH-LTB,, 20-COOH-LTB,, and LTB;
(1, 20, 24). Fragment (m/z 255 = (M-281(CH;O0C-
(CH,);-CHOSI(CH3);-(CH), - ))* had two mass units
less than the corresponding ion m/z 257 of 20-COOH-
LTB, (20, 24), consistent with the additional double bond
at C17.

(M-153-90)*
267 293 307 [¢]
c”? M=536
~N
100 /0—1 (CH3)3S| 383 OCH3
279
50 %o
- 3 383(M-153)°  446(M-90)"
321 {M-90-31)*
355 JL 415 ll
ll,h ali g JI§ ) T )
250 350 450 550 m/z

Fig. 2. Mass spectrum of the methylester-trimethylsilylether derivative of 20-carboxy-leukotriene Bs.
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Fig. 3. Human neutrophils were stimulated with ionophore (10 um)
for 20-120 min in the presence of 15 pM EPA. Depicted is the mean
amount of product formed (+ SEM) in four sets of experiments with
blood from different donors.

Time course in vitro. Fig. 3 depicts the results of neutro-
phil stimulations for 20-120 min in the presence of 15 uM
EPA. Maximum amounts of LTB;s can bé detected at 60
min, when levels of LTB, decrease to a nadir. Large and
equivalent amounts of 20-OH-LTB; and 20-OH-LTB,
were detectable at 20 min, with 20-OH-LTB; remaining
quantitatively unaltered, whereas 20-OH-LTB, decreased
with time. Amounts of 20-COOH-LTB; increased more
slowly than quantities of 20-COOH-LTB,.

Concentration curve in vitro. In Fig. 4, results of neutro-
phil stimulation for 80 min in the presence of 0-60 uM
EPA are shown. Dose-dependently, addition of EPA in-
creased formation of LTB;s from undetectable levels in
controls and at 0.6 uM EPA to 350 ng/3 x 107 cells. In-
terestingly, levels of LTB, increased moderately up to 6
M exogenous EPA, whereas at 15 uM, LTB, started to
decline. 20-OH-LTB; was detectable in small amounts in
control incubations, and increased up to 15 gM EPA, and
declined at 30 and 60 puM. Levels of 20-OH-LTB, were
depressed depending on the dose of exogenous EPA.
20-COOH-LTB; was undetectable in controls and at 0.6
uM exogenous EPA, then increased up to 15 pM, and
declined to low levels at 30 and 60 pM. 20-COOH-LTB,
roughly parallelled 20-OH-LTB,.

1834 Journal of Lipid Research Volume 31, 1990

Effect of endogenous EPA

Dietary intervention. The addition of 50 ml/day of cod
liver oil to an otherwise unaltered diet was well tolerated.
No side effects, except “fishy hiccups,” were reported. A
detailed routine laboratory check showed no alterations,
except a decrease of triacylglycerols (+SD) from
13117 + 65 to 77.17 1 24.3 mg/dl (2P<0.05), which is
consistent with previous reports (14). EPA, 22:5n-3, and
docosahexaenoic acid increased in neutrophil phospho-
lipid fatty acids at the expense of linoleic and arachidonic
acids (Table 1). Interestingly, 16:0, which is contained in
cod liver cil at 11.3%, increased, whereas 18:0 decreased
in equivalent amounts.

Ex vivo studies. Whereas LTB; and 20-COOH-LTB;
were not observed prior to dietary intervention, 20-OH-
LTB; was detectable in small amounts, comparable to
small amounts of EPA in neutrophil phospholipid fatty
acids. 20-OH-LTB; increased, and LTB; and 20-COOH-
LTB; became visible upon addition of EPA to the
volunteers’ diet. A representative HPLC tracing, demon-
strating 20-OH-LTB; and 20-COOH-LTB; ex vivo, is
shown in Fig. 1, right.

ng
420
380
LTBg
340 1
300
260
220
20-OH-LTBg
140

100

60

20

D 06 15 3 6 15 30 60uMEPA

Fig. 4. Human neutrophils were stimulated with ionophore for 80 min
in the presence of 0-60 uM eicosapentaenoic acid. Depicted is the mean
amount of product formed { + SEM) in four sets of experiments with
blood from different donors.
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TABLE 1. Neutrophil phospholipid fatty acid composition before
and after 7 days of 50 ml/day cod liver oil, containing 9.4%
eicosapentaenoic acid (C20:5n-3) and 13.8% docosahexaeonic acid
(C22:6n-3), in healthy human volunteers

Fatty Acid Control Cod Liver Oil P Value
16:0 20.6 (+1.4) 22.6 (£0.5) 0.032
18:0 17.3(£0.7) 15.0 (£ 1.5) 0.028
18:1n-9 27.1 (£ 1.8) 24.7 (£1.7) 0.557
18:2n-6 10.3 (£ 1.8) 7.6(x1.1) 0.0001
20:4n-6 149 (+1.8) 12.3 (£1.0) 0.006
20:5n-3 09(+£0.4) 3.3(+£04) 0.0001
22:5n-3 2.0 (+0.5) 3.4 (£0.5) 0.0001
22:6n-3 1.3 (£0.5) 26(+0.4) 0.0001

Values are relative % mean (+ SD), n =6, of total fatty acids set as
100% . Student’s two-tailed paired #-test was applied. Remaining fatty acids
were not significantly altered.

The time course of ex vivo formation of LTB,, 20-
OH-LTB,, 20-COOH-LTB, and LTB;, 20-OH-LIB;,
and 20-COOH-LTB; before (left) and after (right) the
dietary intervention is depicted in Fig. 5. LT'B, rapidly
decreased from its 10 min value to a nadir at 40 min, fol-
lowed by a small increase at 60 min, and a slow decrease
to the 120 min value. 20-OH-LTB, remained in the
vicinity of 440 ng/3 x 107 neutrophils throughout the in-
cubation period. From 10 to 60 min 20-COOH-LTB, in-
creased time-dependently from 157 to a plateau around
350 ng/3 x 107 cells. The kinetics of 20-COOH-LTB, re-
mained unaltered by the addition of cod liver oil to the
volunteers’ diet. Levels of LTB; were maximal with 33 ng
at 10 min and decreased slowly to 17 ng/3 x 107 cells.
Before dietary cod liver oil, 20-OH-LTB; was in the
vicinity of 40 ng/3 x 107 cells; it increased about twofold
after the addition of cod liver oil to the diet.
20-COOH-LTB; increased slowly from 16 to 42
ng/3 x 107 cells.

DISCUSSION

We studied human catabolism of LTB;, a compound
that is formed by stimulated neutrophils after enrichment
of the diet with EPA (1-3). For the first time, we present
definite evidence for formation of 20-OH-LTBs and
20-COOH-LTB; in vitro and ex vivo.

Proofs of structures of 20-OH-LTB; and 20-COOH-
LTB; were based on four independent lines of evidence.
£) 20-OH-LTB; and 20-COOH-LTB; absorb UV light at
280 nm, as does LTBs, indicating that the intrinsic triene
structure remained intact. i) Our HPLC system
separated compounds according to polarity and their
number of double bonds. More polar compounds eluted
first, as evidenced by retention of 20-COOH-LTB, < 20-
OH-LTB,<LTB,. This was paralleled by retention of
20-COOH-LTB; <20-OH-LTB; <LTB; (Fig. 1). More-

over, retention times of these EPA derivatives were con-
sistently shorter than those of the respective arachidonic
acid derivatives. Interestingly, 20-OH-LTB; and
20-COOH-LTB; appeared at retention times as anti-
cipated in comparison with retention times of LIB,,
LTB;, and 20-OH-LTB, or LTB,, LTB;, and 20-COOH-
LTB,, respectively. ##7) Human neutrophils possess en-
zyme systems necessary for the metabolic conversion:
neutrophils 20-hydroxylate LTB, (20, 24), 12-hydroxy-
eicosatetraenoic acid (38), 12-hydroxy-EPA (13), and a
number of mono- and di-hydroxyeicosapolyenoic acids
(26). LTB; seems to competitively inhibit 20-hydroxyla-
tion of LTB, in a neutrophil enzyme preparation (26).
Neutrophils also have been shown to 20-carboxylate 20-
OH-LTB, (20, 24), and 12,20-dihydroxyeicosatetraenoic
acid (33). The metabolic conversions mentioned have
largely been found to be catalyzed by cytochrome P-450
enzyme system(s) (22, 23, 25-28). Therefore, in the for-
mation of 20-OH-LTBs; and 20-COOH-LTB;, cyto-

Before After 7 days
cod liver oil cod tiver oil

ng ng
\
460 wot M
\
420 ol !
Y
(i
380 380 T .
‘ 20-COOH-LT8;
. . : /
340 ,T TTW 340 I /.
! .

2 20-0H-LTB;

300 l 300
/
260 280 /
/ /
220 / 220 . /

140 1 140

\L,L_Li

N 20-oH-L1Bs

601 sot {

.4 20-COOH-LTBg
" '“‘\_’4—_-";’\‘ LB,
e LTBs

10 40 60 80 100 120 timn) 0 40 60 80 100 120 t(min}

Fig. 5. Formation of leukotrienes B during stimulation for 10-120 min
in human neutrophils from six volunteers (mean + SEM). Neutrophils
were prepared from the same volunteers before (left) and after (right) in-
gestion of 50 mi/day cod liver oil for 7 days in addition to a regular diet.
20-COOH-LTB; and LTB; were not detectable before cod liver oil in-
gestion. 20-OH-LTB; was significantly elevated after cod liver oil,
P< or < <0.05, two-tailed paired ¢-test.
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chrome P-450 enzyme system(s) may also be involved. )
Final evidence is derived from the fragmentation pattern
of a mass spectrum obtained by gas chromatography-
mass spectrometry of 20-COOH-LTB; purified by HPLC
and derivatized as methylester trimethylsilylether (Fig. 2).
Due to interfering biologic background material, not
resolvable by gas chromatography, characteristic frag-
ments, but no mass spectrum, of 20-OH-LTB; were ob-
tained. In conjunction with the mass spectrum of its
derivative 20-COOH-LTB;, we consider the structure of
20-OH-LTB; established.

A 20-hydroxylated metabolite of the EPA-derivative
PGE; cannot be detected in urine after supplementation
of the human diet with fish oil (39, 40). In the same
samples, however, PGE; and the arachidonic acid der-
ivative PGE,, as well as its 20-hydroxylated catabolite,
can be detected (39, 40). Thus, 20-hydroxylation does not
appear to be a universal form of catabolism in the human
eicosanoid system.

20-OH-LTB, is catabolized to 20-COOH-LTB, via the
aldehyde intermediate 20-CHO-LTB, (29). We did not
detect an aldehyde intermediate that can be postulated for
conversion of 20-OH-LTB; to 20-COOH-LTB,;. When
investigating neutrophil 20-carboxylation of 12,20-dihy-
droxyeicosatetraenoic acid to 12S-hydroxyeicosatetraen-
1,20-dioic acid, no evidence for an aldehyde intermediate
was obtained (33). The assumed aldehyde intermediate,
20-CHO-LTB;, may undergo rapid conversion to
20-COOH-LTBs;.

We did not attempt to investigate the enzyme systems
involved in great detail. However, some alterations in
metabolism of LTB, are interesting to note. Exogenous
EPA (15 pM) “shifted” levels of LTB,, lowered levels of
20-OH-LTB,, and slowed formation of 20-COOH-LTB,,
as compared to control (Fig. 3 and Fig. 5 left). Exogenous
EPA (0.6-6 uM) increased levels of LTB, at 80 min,
whereas levels of 20-OH-LTB, decreased (Fig. 4). These
findings are in accord with delayed catabolism of I'TB,
being caused by competition for neutrophil 20-hydroxy-
lase (26), as an explanation for increased levels of LTB,
in the presence of exogenous EPA in vitro. The sum of
20-OH-LTB, and 20-OH-LTB;s remained in the vicinity
of 500 ng/3 x 107 cells at all time points in vitro and ex
vivo (Figs. 3, 5), and at 0-15 uM exogenous EPA (Fig. 4).
Ex vivo, levels of LTB, were not increased by the adminis-
tration of n-3 fatty acids. Thus, ex vivo, neutrophil 20-
hydroxylase seems to have a limited, but sufficient,
capacity to inactivate the amounts formed of both LTB,
and LTB;. Competition for 20-carboxylation between
20-OH-LTB; and 20-OH-LTBs is also likely to occur, and
merits further study.

20-OH-LTB; and 20-COOH-LTB; possess the same
rigid structure in the C17-C18 region of the molecule as
does LTB;. This rigidity, due to the n-3 double bond, has
been thought to interfere with the active site specificity of
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LTB; to a substantial degree (41). Moreover, LTB, is se-
quentially inactivated by transformation to its 20-OH and
20-COOH derivatives (20, 24). LTB;, which has little
proinflammatory activity (8, 9), might very well be inac-
tivated further along the same route. Although biological
properties not as yet characterized may be attributable to
LTB;, we speculate that 20-OH-LTB; and 20-COOH-
LTB; may not be biologically active.

Assuming that catabolism of leukotrienes B occurred
after formation, and formation was completed within a
limited time, we used a 2-h time-frame for neutrophil sti-
mulations. Unexpectedly, both leukotrienes B and all
their respective catabolites were detectable in con-
siderable amounts at all timepoints studied. Therefore,
rather than peak levels, overall amounts of leukotrienes B
formed may be of biologic significance.

Neutrophil phospholipid fatty acid composition was
altered dramatically by the dietary intervention. EPA in-
creased fourfold, and docosahexaenoic acid doubled in
the neutrophil membrane. Importantly, incorporation of
n-3 fatty acids occurred at the sole expense of n-6 fatty
acids (Table 1). 22:5n-3 is present only in trace amounts
in the cod liver oil used. 22:5n-3 increased in phospho-
hpid neutrophil fatty acids. Presumably 22:5n-3 is de-
rived from EPA by endogenous chain-elongation (42); its
biological properties however, remain to be elucidated in
humans (43, 44).

Our 1 week supplementation of cod liver oil reduced
the amount of arachidonic acid in neutrophil membranes
to the same degree as was observed In much longer
dietary intervention studies (14). In our study, the amount

H_,OH

Ci\/icjj__/\_/\
7
OH H LEUKOTRIENE Bg

; w - Hydroxylase

[ N=" =" “0oH
OH H 20-OH-LEUKOTRIENE Bg

’ Dehydrogenase

== “COOH
OH H 20-COOH- LEUKOTRIENE Bg

Fig. 6. Catabolism of leukotriene B; in human polymorphonuclear
neutrophils.
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LTB, formed ex vivo was unaltered (Fig. 5). In 4-6 week
studies, formation of LTB, was reduced under com-
parable assay conditions (2, 3, 14, 16-19). In vitro, inhibi-
tion of LTB, formation can only be induced by large
amounts of exogenous EPA leading to ratios of LTB, to
L'TB; not attained ex vivo (Figs. 4 and 3, refs. 1, 2, 11, 12).
Labeled human neutrophils (2) or platelets (32) release a
lower percentage of radioactive arachidonic acid upon sti-
mulation during long-term dietary n-3 fatty acids than in
control periods. Thus, reduced production of LTB, by hu-
man neutrophils during long-term ingestion of n-3 fatty
acids cannot simply be explained by reduced arachidonic
acid content or competition for 5-lipoxygenase.

We investigated human neutrophil catabolism of LTB;,
as it occurs in vitro, and ex vivo after a diet rich in EPA.
LTB, is catabolized to 20-OH-LTBj;, which in turn is
metabolized to 20-COOH-LTB; (Fig. 6). Presumably the
same enzyme systems are involved in the catabolism of
LTB; that are responsible for catabolism of LTB,.
Although we present evidence for competition of LTB,
and LTB; for catabolism to their respective 20-OH-
derivatives, and of these to their respective 20-COOH-
derivatives in vitro, ex vivo catabolism of proinflamma-
tory LTB, was not impeded. Bl
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