
INFECTION AND IMMUNITY, Sept. 1991, p. 3316-3318
0019-9567/91/093316-03$02.00/0
Copyright © 1991, American Society for Microbiology

Vol. 59, No. 9

Production of Leukotriene B4 and 5-Hydroxyeicosatetraenoic Acid
by Human Neutrophils Is Inhibited by Pseudomonas aeruginosa

Phenazine Derivatives
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Pyocyanin, a phenazine pigment produced by Pseudomonas aeruginosa, and its metabolite 1-hydroxyphena-
zine inhibited leukotriene B4 and 5-hydroxyeicosatetraenoic acid production by up to 70% in human
neutrophils stimulated with the calcium ionophore A23187 (5 ,uM). This potential anti-inflammatory effect was
dose dependent and occurred at low concentrations (10 to 50 ,uM) that did not inhibit neutrophil viability.

Pseudomonas aeruginosa, although normally nonpatho-
genic for humans, is a significant opportunistic pathogen in
the immunocompromised host (9, 14) and is associated with
chronic, localized infection of the respiratory tract in indi-
viduals with cystic fibrosis and bronchiectasis (12).
The initial point of contact for bacteria with the host

cellular defenses is the phagocytic cell, particularly the
polymorphonuclear leukocyte (PMNL). Human PMNL
have been shown to produce the proinflammatory mediators
leukotriene B4 (LTB4) and 5-hydroxyeicosatetraenoic acid
(5-HETE) in response to various stimuli (16). LTB4 is
rapidly metabolized by PMNL to 20-hydroxy-LTB4 and 20-
carboxy-LTB4 (17). PMNL are also involved directly in the
clearance of foreign organisms from the host (11).

Virulence factors of P. aeruginosa include exotoxin A,
heat-stable hemolysin (a glycolipid), phospholipase C, alka-
line protease, elastase, a cytotoxin, and exoenzyme S (13,
18). Phospholipase C at close to cytotoxic concentrations
stimulates release of eicosanoids from PMNL in vitro (6). In
vivo, pseudomonal extracellular enzymes are probably im-
portant in the pathogenesis of acute tissue damage. How-
ever, the role of these extracellular enzymes in chronic
disease is uncertain, because their effect may be neutralized
by the ability of the host to mount a specific antibody
response (3). Pyocyanin (5-methyl-1-hydroxyphenazine), a
phenazine pigment of low molecular weight, is produced in
abundance by clinical isolates of P. aeruginosa and is
present at sites of chronic pseudomonal infection (20). The
effects of this pigment and its decomposition product, 1-
hydroxyphenazine (1-OHP), on superoxide generation and
other parameters of human PMNL function were investi-
gated recently (7, 10, 15). We now present evidence that
pyocyanin and 1-OHP cause the inhibition of products of the
5-lipoxygenase pathway.
Normal PMNL were separated from 25 ml of anticoagu-

lated venous blood by centrifugation at 250 x g for 45 min
through 20 ml of Mono-Poly resolving medium (Flow Labo-
ratories, Australia). The PMNL layer was removed and
washed with calcium- and magnesium-free Hanks balanced
salt solution (HBSS). Contaminating erythrocytes were re-
moved by hypotonic lysis. PMNL (93% purity or greater)
were washed, resuspended in Hanks balanced salt solution
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at a concentration of 5 x 106 cells per ml, and labeled with
[5,6,8,9,11,12,14,15-3H]arachidonic acid (0.5 ,uCi/ml; Amer-
sham) at 37°C for 1 h. Excess label was removed, and the
cells were resuspended in Hanks balanced salt solution
containing calcium and magnesium.
Pyocyanin was prepared by the photochemical method of

Knight et al. (5), and 1-OHP was prepared by the method of
Armstrong et al. (1). The final purification of each was
achieved by thin-layer chromatography on silica gel G with
chloroform-methanol (9:1, vol/vol). Pyocyanin and 1-OHP
were stored in methanol in the dark at -80 and -20°C,
respectively. Before use, purified pigments were subjected
to thin-layer chromatography on silica gel G with chloro-
form-methanol (1:1 and 9:1, vol/vol, respectively). Each
pigment migrated as a single band in these systems. The UV
spectra and extinction coefficients, measured in methanol
with a Shimadzu UV-265 scanning spectrophotometer, were
in good agreement with established values (19).
Pyocyanin or 1-OHP was preincubated with 1 ml of cell

suspension at 37°C for 20 min with shaking. Both pyocyanin
and 1-OHP were freely soluble at 37°C. After incubation
with pyocyanin or 1-OHP (0 to 50 ,uM) for 30 min at 37°C,
more than 95% of PMNL were shown to be viable by the
trypan blue exclusion test. The PMNL were then stimulated
for 5 min with the calcium ionophore A23187 (5 ,uM;
Boehringer Mannheim). All reactions were terminated by
the addition of 1 volume of ethanol.

After extraction by the method of Bligh and Dyer (2),
arachidonic acid metabolites were separated by high-perfor-
mance liquid chromatography with an Ultrasphere C18 5 pm
column (250 by 4.6 mm; Beckman Instruments, Sydney,
Australia). Metabolites were identified by comigration with
authentic standards (Amersham). The mobile phase con-
sisted of methanol-water-acetic acid (75:24.95:0.05, vol/vol/
vol) (pH 5.4), and the flow rate was 1 ml/min. Fractions of 1
ml were collected, dried, and counted in a Packard scintil-
lation counter.
The uptake of [5,6,8,9,11,12,14,15-3H]arachidonic acid by

PMNL was 86.5 + 4.7% (n = 5) after 1 h of incubation with
the label. Production of LTB4 and 5-HETE by PMNL
incubated with either pyocyanin or 1-OHP was inhibited in a
dose-dependent manner. With each pigment, the relative
decreases in total LTB4 (Fig. 1), w-oxidation products (Fig.
2), and 5-HETE (Fig. 3) were comparable. This suggests that
pyocyanin and 1-OHP act at a common point in the arachi-

3316



NOTES 3317

100

z * 80

;- ,_-

0

60o U. 60
cc o
0IL

z

-w-JPt

20

0 5 10 15 20 25 30 35 40 45 50

CONCENTRATION ("M)
FIG. 1. Effect of pyocyanin and 1-OHP on LTB4 production by

PMNL stimulated for 5 min with A23187. Results are expressed as
percentages of control values (means + standard deviations of five
experiments).

donic acid metabolic pathway, before or at the site of
5-lipoxygenase, and that either free arachidonic acid or
5-hydroperoxyeicosatetraenoic acid becomes the limiting
substrate. Consequently, LTB4 would become limiting and
lead to the decreased production of w-oxidation products. If
the site of action of the phenazine pigments is at the
5-lipoxygenase step in the pathway, the observed inhibition
may be due to inactivation of the enzyme by free radicals
generated during the interaction of reduced phenazine pig-
ments and molecular oxygen. Pyocyanin in the presence of
NADH and molecular oxygen can generate superoxide (4).
PMNL-derived superoxide dismutase may then convert the
superoxide to hydrogen peroxide, which is known to irre-
versibly inactivate 5-lipoxygenase (8).

Substantial amounts of P. aeruginosa phenazine pigments
have been identified in sputum samples from patients with
either cystic fibrosis or bronchiectasis (20). The concentra-
tions of phenazines used in this study were within the range
detected in sputa from such patients and comparable to
concentrations used in other studies. Pyocyanin has been
described as proinflammatory due to its ability to stimulate
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FIG. 2. Inhibition of the w-oxidation products of LTB4 from

PMNL exposed to either pyocyanin or 1-OHP. PMNL were stimu-
lated for 5 min with A23187. Results are expressed as percentages of
control values (means + standard deviations of five experiments).
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FIG. 3. Effect of pyocyanin and 1-OHP on 5-HETE production

by PMNL stimulated for 5 min with A23187. Results are expressed
as percentages of control values (means + standard deviations of
five experiments).

superoxide production in human PMNL (15), although such
stimulation has not been a consistent finding (7, 10). Al-
though free radicals of PMNL origin are thought to be
implicated in the progressive lung damage characteristic of
cystic fibrosis, their influence may be offset by the anti-
inflammatory effect of reduced LTB4 production. LTB4 is a
major endogenous chemotaxin and hence is a potent proin-
flammatory mediator. Our data indicate that phenazine pig-
ments have the potential to reduce the accumulation of
PMNL at sites of pseudomonal infection. Such a reduction
in PMNL numbers with a consequent reduction in phago-
cytic capacity may be relevant to the pathogenesis of chronic
infection with P. aeruginosa in patients with cystic fibrosis
or bronchiectasis.

This work was supported by Merck, Sharp and Dohme (Austra-
lia), Pty. Ltd.
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