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Abstract: [3H] Arachidonic acid is released after stimulation of suspended and attached neutrophils.
The arachidonic acid release in attached cells is more than in suspended cells. This release is rapid with
the increase of incubation time and dose depended. The Fmet-Leu-Phe (FMLP) potentiates [3H]
arachidonic acid release in attached cells pretreated with LPS and serum. [3H] arachidonic acid release
was less in suspended cells in comparison to attached cells where the addition of low concentration of
LPS in presence of serum or platelet activating factor (PAF) to suspended cells produce increase in
arachidonic acid release, where lps in combination with PAF produce a large and significant increase
in arachidonic acid release. The potentiative effect of LPS is mediated via CD14 receptors. The
monoclonal antibodies against CD14 had no effect on arachidonic acid release in PAF treated cells
where it inhibited greatly the potentiation by LPS or LPS-serum complex with PAF.
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INTRODUCTION
The neutrophils release arachidonic acid (AA) in response to stimulation. The fatty acid is then metabolized
to generate one or more biologically active eicosanoids such as prostaglandins, prostacycline, thromboxanes and
leukotrienes (Astudillo et al., 2012).
Platelet activating factor (PAF) possesses multiple biological activities which encompasses the field of
allergic and inflammatory reactions as well as the regulation of the cardiovascular system. The effect of PAF on
neutrophils includes chemotaxis, degranulaion, aggregation, oxidative burst and superoxide release (Naccache et
al., 1986 and Michel Félétou 2011).
Lipopolysaccharide (LPS), from gram negative bacteria profound effects on the host immune system
(Aderem and Ulevitch 2000). The exposure of neutrophils to LPS primes the cells for enhanced release of
microbial metabolites. The increase in oxidative burst might permit resistance to bacterial infection yet
predispose the host to increased oxidative tissue damage and release of various inflammatory mediators. While
the generated inflammatory mediators are crucial to the host defense role of the neutrophils, they can cause
serve tissue damage when excessively generated. LPS-induced injury has been implicated in the pathogenesis of
many diseases processes such as septic shock, myocardial infarction and adult respiratory distress syndrome
(Rotnstein & Schrieiber 1988 and Roy et al., 2001).
Initiation of these responses depends on LPS interaction with a number of immune cells such as
mononuclear phagocytes and neutrophils. The neutrophils bind the LPS- lipopolysaccharide binding proteins
(LBP) complex through the CD14 receptor and thus mediate the release of a wide range of inflammatory
mediators. Release of these mediators appears to be beneficial but under certain circumstances may be harmful,
resulting in the systemic inflammatory response syndrome (Van Amersfoort et.al. 2003).
The present studies were undertaken to address two questions. First, if the release of arachidonic acid
following stimulation of human neutrophils with PAF is potentiated in cells pre-treated with LPS and if so is
this action mediated through CD14?. Second, is there a difference between the attached and suspended cells
when released arachidonic acid in response to the different agonists.
MATERIAL AND METHODS
Materials:
1- Lipopolysaccharide (LPS) [Difco laboratories, USA]
2- Platelet-activating factor (PAF) [Calbiochem, USA].
3- Anti-CD14 monoclonal antibody (MY4) [coulter Corporation, USA].
4- Biocoat cell ware human fibronectin 24 well [Collaborative Biomedical products, USA].
Methods:
A. Isolation of Human Neutrophils: Neutrophils were isolated from normal donors using a histopaque
gradient method described by (English and Anderson, 1974); then the contaminating red blood cells were lysed
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by hypotonic shock (Vuorte et al., 2001). Heparinized (10 ml) whole blood was obtained from healthy adult
donors. Neutrophils were isolated by the histopoque (LPS-free-sigma) gradient method as described by Aida
and Pabst (1990). The remaining red blood cells were lysed by hypotonic shock. The neutrophils were re
suspended in Hanks buffered salt solution (HBSS) without Ca++ or Mg++. The last supernatant of cell suspension
was checked for the presence of endotoxin by the limulus amebocyte lysate test.
B. Arachidonic Acid Release in Suspended Cells as Described by (DiPersio, et al., 1988): The isolated
neutrophils cells were resuspended in modified HBSS, pH 7.35 containing 0.1% BSA (1X107cells/ml). Fifteen
ml of the same buffer were added to 7 ml of suspended cells and the centrifuged at 1400 rpm for 5 minutes. The
supernatant was discarded and the pellet was resuspended in 700 l of the same buffer. Specific amount (70 l)
of [3H] arachidonic acid was transferred into a plastic tube and dried by nitrogen gas carefully. The dried
radioactive arachidonic acid was then dissolved in 700 l of the same buffer. The neutrophils cells suspension
was mixed with the solution of [3H] arachidonic acid and incubated at 37oC for 1 hour on water- bath shaker.
The cells were washed in the same buffer 3 times for 5 minutes each at 1400rpm and resuspended in 1.4ml of
modified HBSS containing BSA. The suspended cells were mixed with 26.6 l of warm buffer with BSA
(2.5x106cells/ml. 5 ci/ml final concentration). The cells were split into small aliquots (500 l) in small screw
cap Eppendorf tubes and stimulated by different agonists (LPS, PAF OR LPS+PAF) for the appropriate time at
37oC. the mixtures were centrifuged in tabletop Eppendorf 3200 centrifuge for 1 minute, the supernatant
(400 l) was withdrawn and added to 3 ml of Bdget solvent (scintillation liquid) in special plastic tube
(scintillation tubes). The radioactivity of these samples and control were counted using a scintillation counter.
C. Arachidonic acid release in adherent cells is released and counted as described by Ashour 1995.
Results:
1- [3H] Arachidonic Acid Release in Suspended Human Neutrophils:
The [3H] arachidonic acid release from prelabeled cells stimulated with LPS, LPS+PAF, serum has been
measured and the results are summarized in (fig. 1).
LPS only did not produce a significant increase in [3H] arachidonic acid release. However, Lps in
combination with PAF produce a significant increase in [3H] arachidonic acid release. The most appropriate
time for the highest increase in [3H] arachidonic acid release was found 45 minutes (fig. 1).
LPS did not produce a large increase a large increase in arachidonic acid release. However, LPS in
combination with PAF produced produced a significant increase in arachidonic acid release. A dose response of
priming of neytrophils with LPS demonstrated that 100-200 ng/ml resulted in the maximum release of
arachidonic acid (fig. 2).
LPS, PAF and LPS=PAF in absence of serum caused a significant increase I arachidonic acid release as
LPS and PAF in presence of serum. However, LPS+PAF in presence of serum caused a large significant
increase in arachidonic acid release (fig.3).
2- [3H] Arachidonic Acid Release in Attached Human Neutrophils:
LPS alone did not produce significant increase in [3H] arachidonic acid release. However, LPS+serum
produced a slight increase in [3H] arachidonic acid release, where LPS+SERUM+FMLP produced a significant
increase in [3H] arachidonic acid release. The most appropriate time for the highest increase in [3H] arachidonic
acid release was found at 40 minutes (fig. 4).
LPS alone, LPS with serum or LPS-FMLP did not produced a large increase in arachidonic acid release
from attached cells. However, LPS in combination with serum and FLMP produced a significant increase in
arachidonic acid release. It was found that a dose response a dose response of neutrophils to LPS has a
maximum release of arachidonic acid with 100-200 ng/ml of LPS (fig. 5).
While MY4 has no significant effect on [3H] arachidonic acid release in control, LPS, PAF OR FMLP
treated cells, it inhibited greatly the potentiation by LPS-serum complex of PAF induced [3H] arachidonic acid
release (fig. 6).
Discussion:
Many different cell types, including neutrophils, release arachidonic acid in response to various stimuli.
Neutrophils stimulated with granulocyte-macrophage colony – stimulating factor (GM-CSF) and tumor necrosis
factor alpha (TNF- ) primes neutrophils for arachidonic acid release induced by FMLP, PAF and LTB4 (Berry
et al., 2008).
In response to certain infections, the human body initiates various complex reactions to fight the bacteria.
These reactions activate arachidonic acid cascade and generate several biologically active substance
(Markiewski and Lambris 2007).
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Fig. 1: Time course of suspended neutrophil priming with LPS or LPS+PAF on [3H] arachidonic acid release.

Fig. 2: Effect of LPS concentration (dose- response) on potentiation of PAF induced on [3H] arachidonic acid.

Fig. 3: Effect of absence or presence of serum on LPS potentiating of PAF induced on [3H] arachidonic acid
release.

Fig. 4: Time course of attached neutrophils.
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Fig. 5: Effect of LPS concentration and its potentiation on FLMP on [3H] arachidonic acid release.

Fig. 6: Effect of anti CD14 (MY4) on LPS potentiated of [3H] arachidonic acid from neutrophils stimulated by
PAF.
As shown in Fig. (1), LPS alone release arachidonic acid from suspended neutrophils but not too much as in
case of LPS+PAF which caused significant increase of arachidonic acid release, and the main appropriate time
was found 45 minutes. It was found also that most appropriate dose of LPS to prime neutrophils to release
arachidonic acid in suspended cells was 100-200 ng/ml, and these results showed clearly that LPS alone does
not cause a significant increase in arachidonic acid release where, it has a priming effect on suspended
neutrophils to release [3H] arachidonic acid, and there priming effects were concentration and time dependent.
These results and others (DiPersio, et al., 1988 & Conndliffe, et al., 1998 and Sun et al., 1994) showed that the
suspended neutrophils need another agonist to prime the cells for arachidonic acid release.
It was found that LPS alone reduced non significant increase in arachidonic acid release from attached
neutrophils, but it primed FMLP and PAF to produce a significant increase in [3H] arachidonic acid release. This
[3H] arachidonic acid release were concentration and time dependent, where the most appropriate time of
incubation was 45 minutes and the most appropriate dose was 100-200 ng/ml. these results showed that [3H]
arachidonic acid was more in attached neutrophils than in suspended neutrophils.
The basis for the difference in response to the addition of GM-CSF, LPS or TNF- between suspended and
fibronectin attached, human neutrophils is not known. These agents, unlike FMLP do not cause a rise in the
intracellular concentration of free calcium when added to human neutrophils. It is generally known that
attachment of human neutrophils to surfaces produce significant changes in the behavior of these cells, e.g.
adherence of neutrophils to surfaces caused an increase in F-actin, a rise in the intracellular concentration of free
calcium, an increase in affinity of TNF- receptors, up regulation of adhesion molecular concentration of cyclic
nucleotides (Subrahmanyam et al., 2001).
While MY4 has no significant effect on the [3H] arachidonic acid release in control, LPS or PAF-treated
cells, it inhibited greatly the potentiation by LPS-serum complex of PAF induced [3H] arachidonic acid release.
The experiment was repeated several times using different concentrations of MY4 and the results were almost
the same. Inhibition of the potentiation was observed at an antibody concentration of 1 g/ml but the inhibition
of the potentiation at 10 g/ml was greater. This means that LPS potentiates PAF-induced arachidonic acid
release through CD14 receptors, where DC14 binds LPS-LBP complex on the surface of neutrophils to start the
signal transduction cascade. Similar results were reported by (Le Barillec ET AL., 2000). It was reported that
several effects of LPS (in the presence of serum) on neutrophils were inhibited by MY4 (Weingarter et al.,
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1993). It is also established that the LPS-LBP complex binds to membrane CD14 on human monocytes. Soluble
CD14 seems to play a role in the LPS- mediated activation of 14- negative cells (Wright et al., 1990)
The data presented in these studies made two distinctly important points:1-LPS or PAF alone produce small increase in arachidonic acid release in both suspended and attached human
neutrophils, where LPS in combination with PAF induced significant [3H] arachidonic acid release in suspended
and attached human neutrophils. This action was via CD14 receptor in neutrophils cell membrane.
2-There is a difference in response between suspended and attached neutrophils, where the attached neutrophils
release more [3H] arachidonic acid in response to LPS, PAF and FMLP.
REFERENCES
Ashour, Y.M., 1995. Release of superoxide from human neutrophils by some agonist. Zagazig University
Medical Journal, 10(11): 148-158.
Aderem, A. and R. J. Ulevitch, 2000. Toll-like receptors in the induction of the innate immune response
NATURE | VOL 406.
Aida, Y. and J. Pabst, 1990. Priming of neutrophils by lipopolysaccharide for enhanced release of
superoxide. Requirement for plasma but not for tumor necrosis factor-alpha. The Journal of Immunology
November 1, 145(9): 3017-3025.
Astudillo, A.M., D. Balgoma, M.A. Balboa and J. Balsinde, 2012. Dynamics of arachidonic acid
mobilization by inflammatory cells. Biochim. Biophys. Acta, 1821: 249-256.
Berry, K.A.Z., P.M. Henso and R.C. Murphy, 2008. Effects of Acrolein on Leukotriene Biosynthesis in
Human Neutrophils Chem Res Toxicol., 21(12): 2424-2432.
Conndliffe, A.M., Kitchen and E.R. Chilvers, 1998. Neutrophil priming: pathophysiological consequences
and underlying mechanisms. Clinical Science, 94: 461-471.
DiPersio, J.F., P. Billing, R. Williams and J.C. Gasson,1988. Human granulocyte-macrophage colonystimulating factor and other cytokines prime human neutrophils for enhanced arachidonic acid release and
leukotriene B4 synthesis. The Journal of Immunology June 15, 140(12): 4315-4322.
English, D., B.R. Andersen, 1974. Single-step separation of red blood cells. Granulocytes and mononuclear
leukocytes on discontinuous density gradients of Ficoll-Hypaque. J Immunol Methods, 5(3): 249-252.
Le Barillec, K., D. Pidard, V. Balloy and M. Chignard, 2000. Human neutrophil cathepsin G downregulates LPS-mediated monocyte activation through CD14 proteolysis Journal of Leukocyte Biology, 68.
Michel Félétou, 2011. The Endothelium, Part I: Multiple Functions of the Endothelial Cells -- Focus on
Endothelium-Derived Vasoactive Mediators. Colloquium Series on Integrated Systems Physiology: From
Molecule to Function.
Markiewski, M.M. and J.D. Lambris, 2007. The Role of Complement in Inflammatory Diseases From
Behind the Scenes into the Spotlight Am J Pathol., 171(3): 715-727.
Naccache, P.H., M.M. Molski, M. Volpi, J. Shefcyk, T.F. Molski, L. Loew, E.L. Becker, R.I. Sha'afi, 1986.
Biochemical events associated with the stimulation of rabbit neutrophils by platelet-activating factor. J Leukoc
Biol., 40(5): 533-48.
Subrahmanyam, Y.V.B.K., S. Yamaga, Y. Prashar, H.H. Lee,N.P. Hoe, Y. Kluger, M. Gerstein, J.D.
Goguen, P.E. Newburger and S.M. Weissman, 2001. RNA expression patterns change dramatically in human
neutrophils exposed to bacteria. blood.V97.8.2457 Blood April 15, 97(8): 2457-2468.
Sun, X., M.S. Caplan, W. Hsueh, 1994. Tumour necrosis factor and endotoxin synergistically activate
intestinal phospholipase A2 in mice. Role of endogenous platelet activating factor and effect of exogenous
platelet activating factor. Gut., 35: 215-219.
Roy, D.L., F.D. Padova, Y. Adachi, P. Michel, T. Calandra and D. Heumann, 2001. Critical Role of
Lipopolysaccharide-Binding Protein and CD14 in Immune Responses against Gram-Negative Bacteria. The
Journal of immunology, 167(5): 2759-2765.
Rothstein, J. and H. Schreiber, 1988. Synergy between tumor necrosis factor and bacterial products causes
hemorrhagic necrosis and lethal shock in normal mice. Proc. Natl. Acad. Sci. USA, 85: 607-611.
Van Amersfoort, E.S., T. J.C. Van Berkel and J. Kuiper, 2003. Receptors, Mediators, and Mechanisms
Involved in Bacterial Sepsis and Septic Shock Clin Microbiol Rev., 16(3): 379-414.
Vuorte, J.S., E. Jansson and H. Repo, 2001. Evaluation of red blood cell lysing solutions in the study of
neutrophil oxidative burst by the DCFH assay. Cytometry, 43(4): 290-296.
Weingarten, R., L.A. Sklar, J.C. Mathison, S. Omidi, T. Ainsworth, S. Simon, R.J. Ulevitch and P.S.
Tobias, 1993: Interactions of lipopolysaccharide with neutrophils in blood via CD14. Journal of Leukocyte
Biology, 53(5): 518-524.
Wright, S.D., R.A. Ramos, P.S. Tobias, R.J. Ulevitch, J.C. Mathison, 1990. CD14, a receptor for complexes
of lipopolysaccharide (LPS) and LPS binding protein Science 21. 249(4975): 1431-1433.

250

