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ABSTRACT 
Background: Neutrophils are the blood cells for which adhesion is one of the main functions. Neutrophils 
adhered to biological surfaces show different characteristics of activation compared with neutrophils in 
suspension. The respiratory burst in suspended neutrophils in response to a chemotactic factor is lower when 
compared with the cells attached to the surface. Objectives: This study aimed to study the role of arachidonic 
acid release in suspended and attached neutrophils following stimulation of human neutrophils with LPS and 
PAF. Materials and methods: The suspended and attached neutrophils were primed by LPS and PAF, and 
inhibited by Anti-CD 14 (MY4). Results: 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 arachidonic acid release in attached cells pretreated with LPS and serum. 
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. On the other hand 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. Conclusion: LPS 
or PAF alone produced small increase in arachidonic acid release in both suspended and attached human 
neutrophils, where LPS in combination with PAF induced significant arachidonic acid release in suspended 
and attached human neutrophils. 
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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 
(Gill et al., 2015).        

     Lipopolysaccharide (LPS), from gram 
negative bacteria, has profound effects on 
the host immune system (Moco et al., 
2014). 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 
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mediators. While the generated inflamma-
tory mediators are crucial to the host 
defense role of the neutrophils, they can 
cause severe 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 (Taddonio  
et al., 2014). 

    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 (Bozena 
2016).   

    The present studies aimed to study the 
role of arachidonic acid release following 
stimulation of human neutrophils with 
PAF. 

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]. 

    Isolation of human neutrophils: 
Neutrophils were isolated from 50 normal 
healthy adult donors. They were students 

from Al Azhar Faculty of Medicine 
(Assuit), with exclusion criteria of no 
history of any infectious disease and 
administration of antibiotic and common 
cold medicine for at least two weeks, 
using a histopaque gradient method 
described by English and Anderson 
(1974) and Aida and Pabst (1990). The 
contaminating red blood cells were lysed 
by hypotonic shock (Vuorte et al., 2001). 
The neutrophils were resuspended 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. 

Arachidonic acid release in suspended 
cells (DiPersio et al., 1988)  

Arachidonic acid in adherent cells was 
released and counted (Ashour, 1995).  

Written consents were obtained from the 
subjects after their information about the 
work. 

Statistical analysis: Data were analyzed 
using the statistical package for social 
science (SPSS) software version 20. Mean 
and standard deviation, and percentages 
were used for data summarization. P value 
< 0.05 was considered significant. 

RESULTS 

    The arachidonic acid release from pre-
labeled cells was stimulated with LPS, 
LPS+PAF. LPS only did not produce a 
significant increase in arachidonic acid 
release. However, LPS, in combination 
with PAF produced a significant increase 
in arachidonic acid release. The most 
appropriate time for the highest increase 
in arachidonic acid release was found 45 
minutes (Figure 1).  
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Figure (1): Time course of suspended neutrophils priming with LPS or LPS+PAF on 
arachidonic acid release. 

 
 
     LPS did not produce a large increase a 
large increase in arachidonic acid release. 
However, LPS in combination with PAF 
produced a significant increase in 
arachidonic acid release. A dose response 

of priming of neutrophils with LPS 
demonstrated that 100-200 ng/ml resulted 
in the maximum release of arachidonic 
acid (Figure 2). 

 
 
 

 
 

 
 
 

 
 

 
 

 
Figure (2): Effect of LPS concentration (dose- response) on potentiation of PAF induced 

on arachidonic acid. 
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     LPS, PAF and LPS=PAF in absence of 
serum caused a significant increase in 
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 (Figure 3). 

 

 
 

 
 

 
 

 
 

 
Figure (3): Effect of absence or presence of serum on LPS potentiating of PAF induced on 

arachidonic acid release. 
 
     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 after 
40 minutes (Figure 4). 
 

 
 

 

 

 

 

 

 

 

 
 

Figure (4): Time course of attached neutrophils. 
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      LPS alone, LPS with serum or LPS-FMLP 
did not produce 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 (Figure 5). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5): Effect of LPS concentration and its potentiation on FLMP on arachidonic acid 
release. 

     MY4 has no significant effect on 
arachidonic acid release in control, LPS, PAF 
or FMLP treated cells. It inhibited greatly the 

potentiation by LPS-serum complex of PAF 
induced arachidonic acid release (Figure 6). 

 

 

 

 

 
 

 

 

 

 

Figure (6): Effect of anti CD14 (MY4) on LPS potentiated of arachidonic acid from 
neutrophils stimulated by PAF. 
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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-ɑ) 
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). 

         LPS alone released 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 did not cause a significant 
increase in arachidonic acid release where, 
it has a priming effect on suspended 
neutrophils to release arachidonic acid, 
and their priming effects were 
concentration and time dependent. The 
suspended neutrophils need another 
agonist to prime the cells for arachidonic 
acid release (Lee et al., 2016).  

    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 (Sintsova et al., 2014).  

       MY4 in different concentration has no 
significant effect on the arachidonic acid 
release in control, LPS or PAF-treated 
cells, it inhibited greatly the potentiation 
by LPS-serum complex of PAF induced 
arachidonic acid release. 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. Thus LPS potentiated PAF-
induced arachidonic acid release through 
CD14 receptors, where DC14 boned LPS-
LBP complex on the surface of 
neutrophils to start the signal transduction 
cascade. Similar results were reported by 
(Marcos et al., 2010). It was reported that 
several effects of LPS (in the presence of 
serum) on neutrophils were inhibited by 
MY4 (Pieterse et al., 2016). 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 (Ilarregui 
et al., 2016)    

CONCLUSION 
     LPS or PAF alone produced small 
increase in arachidonic acid release in 
both suspended and attached human 
neutrophils, where LPS in combination 
with PAF induced significant arachidonic 
acid release in suspended and attached 
human neutrophils. This action was via 
CD14 receptor in neutrophils cell 
membrane. There was a difference in 
response between suspended and attached 
neutrophils, where the attached 
neutrophils released more arachidonic 
acid in response to LPS, PAF and FMLP. 



 
 

 ARACHIDONIC ACID CORRELATION WITH SUSPENDED AND... 

 

493 

REFERENCES 

1. Ashour, Y.M. (1995): Release of superoxide 
from human neutrophils by some agonist. 
Zagazig University Medical Journal, 10 (11): 
148-158. 

2. Aida Y and  Pabst J M (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, 145  (9): 3017-3025 

3. Astudillo, A.M., Balgoma, D., Balboa, M.A. 
and Balsinde, J. (2012): Dynamics of 
arachidonic acid mobilization by inflammatory 
cells. Biochim. Biophys. Acta, 1821: 249-256.  

4. Berry K. A. Z., Henso, P. M. and Murphy R. 
C. (2008): Effects of Acrolein on Leukotriene 
Biosynthesis in Human Neutrophils Chem Res 
Toxicol., 21(12): 2424–2432.  

5. Bozena FK (2016): Immune Response against 
Bacterial Lipopolysaccharide. J Mol Immunol., 
1:105-111.  

6. DiPersio, J F, Billing, P.,  Williams R and  
Gasson J C (1988): Human granulocyte-
macrophage colony-stimulating factor and 
other cytokines prime human neutrophils for 
enhanced arachidonic acid release and 
leukotriene B4 synthesis. The Journal of 
Immunology, 140 (12): 4315-4322. 

7. English D and Andersen BR. (1974): Single-
step separation of red blood cells. Granulocytes 
and mononuclear leukocytes on discontinuous 
density gradients of Ficoll-Hypaque. J Immunl 
Methods, 5 (3): 249–252.  

8. Gill P, Jindal NL, Jagdis A and Vadas P 
(2015): Platelets in the immune response: 
Revisiting platelet-activating factor in 
anaphylaxis. J Allergy Clin Immunol., 
135(6):1424-32.  

9. Ilarregui J M, Beelen A, Fehres C M, Bruijns 
S, Vallejo J and Kooyk Y (2016): New roles 
for CD14 and IL-β linking inflammatory 
dendritic cells to IL-17 production in memory 
CD4+ T cells. Immunology and Cell 
Biology, 94: 907–916. 

10. Lee GL, Wu JY, Tsai CS, Lin CY, Tsai 
YT, Lin CS, Wang YF, Yet SF, Hsu YJ and 
Kuo CC (2016): TLR4-Activated MAPK-IL-6 

Axis Regulates Vascular Smooth Muscle Cell 
Function. Int J Mol Sci., 24:17 (9): 30-37.  

11. Marcos V, Latzin, Hector A, Sonanini S and  
Hoffmann F  (2010): Expression, regulation 
and clinical significance of soluble and 
membrane CD14 receptors in pediatric 
inflammatory lung diseases Respiratory 
Research, 11:32-40 

12. Markiewski M. M.  and Lambris J. D.  
(2007): The Role of Complement in 
Inflammatory Diseases From Behind the 
Scenes into the Spotlight Am J Pathol., 171(3): 
715–727. 

13. Moço N P , Martin L F , Polettini J , Pereira 
A C and Peraçoli J C (2014): Expression of 
Toll-Like Receptor-2 and -4 in Amniochorion 
Membranes of Preterm Delivery in the 
Presence of Histologic Chorioamnionitis. 
Journal of Obstetrics and Gynecology, 4 (14): 
105-112. 

14. Sintsova A. , Sarantis H , Islam E A.,  Sun C 
X, Amin M,   Clifford P.,  Glogauer M.  
and Scott D. G (2014): Global Analysis of 
Neutrophil Responses to Neisseria gonorrhoeae 
Reveals a Self-Propagating Inflammatory 
Program. PLoS Pathog., 10 (9): 4341-4347. 

15. Vuorte J., S., Jansson E. and Repo H. 
(2001): Evaluation of red blood cell lysing 
solutions in the study of neutrophil oxidative 
burst by the DCFH assay. Cytometry, 43 (4):  
290–296.  

16. Pieterse E,  Rother, N  Yanginlar, C.,  
Hilbrands L B. and  Vlag J. van der (2016): 
Neutrophils Discriminate between 
Lipopolysaccharides of Different Bacterial 
Sources and Selectively Release Neutrophil 
Extracellular Traps Front. Immunol., 4, 200-
210. 

17. Taddonio M A.,  Dolgachev V ., Bosmann 
M., Ward P.A., Grace S., Wang S C. and 
Hemmila M R. (2015): Influence of 
Lipopolysaccharide Binding Protein on 
Pulmonary Inflammation in Gram-negative 
Pneumonia. Shock, 43(6): 612–619. 



 
 

MAHER ABD AL-SHAKOUR et al. 

 

494 

یا النیتروفیل علاقة حمض الأراكیدونیك فى خلا 
  والمعلقة ةالملتصق

  الله أحمد جاد -  سامح سلطان - ماھر عبد الشكور شعبان

  كلیة طب الأزھر (أسیوط) -قسم الفسیولوجى
  

خلایا النیتروفیل ھي واحدة من خلایا الدم و یعتبر التصاقھا بأسطح خلایا الجسم  واحدة : خلفیة البحث
ھر خصائص مختلفة من المھام الرئیسیة. وعندما تلتصق النیتروفیل  بأسطح الخلایا البیولوجیة تظ

فى محلول، وعلى وجھ الخصوص فى ظاھرة النشاط التنفسى فى  ةنیتروفیل المعلقلمقارنة بخلایا ا
  الخلایا 

حمض الأراكیدونیك من إستثارة خلایا النیتروفیل  إنتاجدراسة العلاقة بین الھدف من البحث: 
  الملتصقة والمعلقة.

ل بي اس نتى سیدي فورتین علقة بمواد إخلایا النتروفیل  الملتصقة والم : تم استثارةمواد وطرق البحث
  .فور  ى مادة ام واى

اكیدونیك بعد التحفیز من خلایا النیتروفیل الملتصقة والمعلقة. تم خروج حمض الأرنتائج البحث: 
كان اكثر من  الخلایا المعلقھ، وھذا الناتج من  ةملتصقوخروج حمض الأراكیدونیك من الخلایا ال

اف الحمض یكون اكثر مع زیادة فترة الحضانھ، وكذلك زیادة كمیة المواد التى تستخدم فى الإستثارة (
 ةحمض من خلایا النیتروفیل الملتصقتسبب خروج ال اف ام تىوقد وجد أن مادة  )ل بي اس -ام تى 

و  ل بي استركیز منخفض لكل من إ إضافة. وعند ةن الخلایا المعلقأكثر م ل بي اسالمعاملة ب 
على حمض  سیدي فورتین. فلم یكن ھناك أي تأثیر للأجسام المضادة ضد سیدي فورتین، وباف

  الأراكیدونیك. 

ي إس: إصةالخلا ض   ل ب ي اطلاق سراح حم ة ف ادة طفیف ھ زی تج عن ده ین ى ح ا عل اف كل منھم و وب
ي إس، لكن عند إضافة إةوالملتصق ةمن خلایا النیتروفیل المعلق الأراكیدونیك في كل م  ل ب اف ت ى وب إل

ة كب روج كمی قخ ا الملتص ن الخلای ض م ن الحم رة م تقبلات  ةوالمعلق ةی ق مس ن طری ك  ع یدي وذل س
      في غشاء خلایا النیتروفیل. ینفورت


