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Eugenol prevents fMLF-induced 
superoxide anion production in 
human neutrophils by inhibiting 
ERK1/2 signaling pathway and 
p47phox phosphorylation
Amina Chniguir1,2, Coralie Pintard3,4, Dan Liu3,4, Pham My-Chan Dang3,4, Jamel El-Benna3,4 & 
Rafik Bachoual1,2*

Eugenol is a polyphenol extracted from Syzygium aromaticum essential oil. It is known to have 
anti-inflammatory and chemoprotective properties as well as a potent anti-oxidant activity due 
the presence of its phenolic group. In this study, we examined the effects of eugenol on neutrophil 
superoxide production, a key process involved in innate immunity and inflammation. Superoxide anion 
generationin human neutrophils was measured by cytochrome c reduction assay. Western blotting was 
used to analyze the phosphorylation of, p47phox, MAPKinases (p38 and ERK1/2), MEK1/2 and Raf, 
key proteins involved in the activation of NADPH oxidase. Pretreatment of neutrophils by increasing 
concentrations (2.5 µg/mL–20 µg/mL) of eugenol for 30 min, inhibited significantly (p < 0.001) 
superoxide anion generation induced by the chemotactic peptide formyl-Met-Leu-Phe (fMLF) with an 
IC50 of 5 µg/mL. Phorbolmyristate acetate (PMA)-stimulated O2− production was affected only at the 
highest eugenol concentration (20 µg/mL). Results showed that eugenol decreased the phosphorylation 
of p47phox onSer-345 and Ser-328, the translocation of p47phox to the membranesand the 
phosphorylation of Raf, MEK1/2 and ERK1/2 proteins. Taken together, our results suggest that eugenol 
inhibits the generation of superoxide anion by neutrophils via the inhibition of Raf/MEK/ERK1/2/
p47phox-phosphorylation pathway.

Natural exogenous molecules have been used as alternative therapeutic approaches for treating oxidative 
stress-related health problems, such as atherosclerosis, diabetes, cancer and inflammatory diseases1. These mol-
ecules are mainly derived from food and medicinal plants. A wide range of non-enzymatic antioxidants can be 
produced by plants and they have the ability to attenuate ROS-induced oxidative damage2. These natural mol-
ecules are especially polyphenols and carotenoids, exhibit various biological activities3. Eugenol (C10H12O2), a 
phenolic compound, is the major constituent of Sysygium aromaticum (L.) Merr. & L.M. Perry, Myrtaceae), it 
represents between 45 and 90% of the essential oil4. Eugenol is a colorless or a light yellowish fluid, slightly sol-
uble in water and soluble in organic solvents5. As a natural product, eugenol has gained a great deal of attention 
in topical applications. Many reports indicate that it is endowed with many pharmacological activities including 
anti-bacterial6, anti-fungal7, local-anesthesic8, anti-tumoral9 and anti-inflammatory effect10. However, the effect 
of eugenol on inflammatory immune cells is less documented.

Polymorphonuclear neutrophils (PMN) are the first cells recruited to sites of infection or inflammation 
attracted by chemoattractants such as the complement fraction C5a, Interleukin-8, platelet activating factor and 
the bacterial peptide N-formyl-methionyl-leucylphenyl-alanine (fMLF)11. Their essential activity is the phago-
cytosis and subsequent killing of microorganisms12. Stimulated neutrophils producehigh amounts of reactive 
oxygen species (ROS) through the activation of NADPH oxidase complex13. This activation occurs through a 
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complex series of protein interactionsleading to the assembly of membrane proteins (gp91phox, p22phox) and the 
cytosolic components (p40phox, p47phox, p67phox). Thus, catalyzing a rapid electron transfer from the NADPH 
via the complex to oxygen generating superoxide anion (O2−)14. Superoxide acts as the precursor of other reac-
tive oxygen species (ROS) such as hydrogen peroxide (H2O2) and hypochlorous acid (HOCl) generated by heme 
enzyme myeloperoxidase15. At physiological concentrations, ROS are involved in the host defense response and 
acts as signaling molecules that regulate cell growth, adhesion toward other cells, differentiation, senescence, 
and apoptosis16. Further, enhanced ROS generation is considered central to the progression of inflammatory dis-
eases17. The mechanisms implicated in the activation of NADPH oxidase are complex and diverse. However, two 
major steps are well established to be required for NADPH oxidase activation, the phosphorylation of p47phox 
on several serines and the translocation of the cytosolic subunits to the membrane18. In this context, our work 
aimed to study the effect of eugenol on neutrophil superoxide production and the signaling pathways implicated 
in this process.

Results
Eugenol strongly inhibits fMLF-induced superoxide anion production by neutro-
phils.  Cyochrome c reduction assay is a specific technique for measuring the amounts of superoxide anion, 
first product of the NADPH oxidase. To investigate the effect of eugenol on superoxide anion production by 
human neutrophils, cells were incubated with increasing concentrations of eugenol for 30 min at 37 °C, then 
stimulated with fMLF or PMA and superoxide anion production was detected in the presence of cytochrome c 
by a spectrophotometer at 550 nm. Results showed that eugenol dose dependently (2.5 µg/mL–20 µg/mL) inhib-
ited superoxide anion production by neutrophils stimulated by fMLF (Fig. 1A,B and supplementary file). This 
inhibition was statistically significant at low concentration of 2.5 µg/mL (p < 0.001) with IC50 value of 5 µg/mL. 
However, the inhibition was less important in neutrophils stimulated with Phorbolmyristate acetate (PMA), an 
activator of neutrophils functions via direct action on PKC (Fig. 1C,D). Results showed that superoxide anion 
production, by PMA-stimulated neutrophils, was reduced significantly (17%) with the highest concentration of 
eugenol (20 µg/mL).

Figure 1.  Eugenol strongly inhibits superoxide production by fMLF-stimulated human PMN. Human PMN 
(106/ml) were incubated in the presence or absence of increasing concentrations of EUG for 30 min at 37 °C, 
then stimulated with fMLF (10−6 M) or with PMA (100 ng/mL). Superoxide anion production was measured by 
cytochrome c reduction assay at 550 nm. (A,C) Kinetics of cytochrome c reduction in the presence of increasing 
concentrations of EUG by fMLF- and PMA-stimulated PMN, respectively. (B,D) The initial velocity of the 
reaction from several experiments was expressed as percentage of control (PMN stimulated by fMLF or PMA). 
Data are expressed as mean ± SEM of 3 experiments: p < 0.005 as compared to control (EUG untreated cells; 
100%). R: Resting cells.
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Figure 2.  Cytotoxicity of eugenol. Human PMN were incubated in the presence or absence of increasing 
concentrations of eugenol for 30 min at 37 °C. Cell viability was assessed by trypan blue exclusion and results 
expressed as percentage of control untreated cells. Data are expressed as mean ± SEM of three or more separate 
experiments. p < 0.005 as compared to control (EUG untreated cells; 100%).

Figure 3.  Effect of eugenol on p47phox phosphorylation in fMLF-stimulated neutrophils. Cells were 
incubated for 30 min at 37 °C either without or with increased concentrations of EUG (0, 2.5, 5, 10, 20 µg/
mL), followed by fMLF-stimulation for 15 s. Cell lysates were analyzed by SDS-PAGE and western blot using 
anti-phospho-Ser-328 p47phox, anti-phospho-Ser-345 p47phox and anti-p47phox antibodies. (A) Western 
blots from different experiments were scanned and the intensity of bands was expressed relative to the total 
p47phoxamount. The cumulated data of phospho-Ser-328 (B) and phospho-Ser-345 (C) is shown in the 
histogram as percentage to control (fMLF alone 100%). Data are expressed as mean ± SEM of three or more 
separate experiments. p < 0.005 as compared to control (EUG untreated cells; 100%).
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Eugenol is not toxic for human neutrophils.  Cytotoxic effect of eugenol was determined by the decrease 
of viability of neutrophils using trypan blue dye test. As shown in Fig. 2, cell viability was not affected in different 
tested concentrations even at the highest dose of 100 µg/mL.

Eugenol reduces p47phox-phosphorylation on Ser-328 and Ser-345.  Superoxide anion is the 
precursor of other toxicreactive oxygen species (ROS) which are involved in microbial killing. ROS generation 
requires the activation of NADPH oxidase via phosphorylation of p47phox on various residues. Phosphorylation 
of serines Ser-328 and Ser-345 of p47phox subunits is critical for the activation of neutrophils NADPH oxi-
dase and its ability to mount a potent oxidative burst in response to activating signal. For this, we examined the 
effect of eugenol on this process. Neutrophils were incubated with increasing concentrations of eugenol (2.5 µg/
mL–20 µg/mL) and then stimulated with fMLF or PMA. The phosphorylation of p47phox residues (Ser-345, 
Ser-328) were detected by western blotting using specific antibodies. Results showed that eugenol decreased the 
phosphorylation of Ser-328 and Ser-345 in neutrophils stimulated by fMLF (Fig. 3A–C) and at lesser extent in 
PMA-stimulated cells (Fig. 4A–C and Supplementary file).

Eugenol decreases translocation of p47phox from the cytosol to the membranes.  The phos-
phorylation of p47phox on several serines induces its translocation from the cytosolic compartment to the mem-
branes a keyprocess for NADPH oxidase activation. We thus examined the effect of eugenol on this process. 
Neutrophils were incubated with eugenol at concentration of 20 µg/mLand then stimulated with fMLF or PMA, 
neutrophils were lysed and cytosol and membranes were separated by ultracentrifugation. The translocation of 
p47phox was detected by western blotting using specific antibodies. Results showed that eugenol decreased sig-
nificantly the translocation of p47phox subunit in neutrophils stimulated by fMLF (Fig. 5A,B) without having an 
effect on PMA-stimulated cells (Fig. 5C,D and Supplementary file). To the best of our knowledge this is the first 
report describing the effect of eugenol on p47phox translocation.

Figure 4.  Effect of eugenol on p47phox phosphorylation in PMA-stimulated neutrophils. Cells were incubated 
for 30 min at 37 °C either without or with increased concentrations of EUG (0, 2.5, 5, 10, 20 µg/mL), followed by 
PMA-stimulation for 8 min. Cell lysates were analyzed by SDS-PAGE and western blot using anti-phospho-Ser-
328p47 phox, anti-phospho-Ser-345 p47phox and anti-p47phox antibodies. (A) Western blots from different 
experiments were scanned and the intensity of bands was expressed relative to the total p47phox amount. The 
cumulated data of phospho-Ser-328 (B) and phospho-Ser-345 (C) is shown in the histogram as percentage to 
control (PMA alone 100%). Data are expressed as mean ± SEM of three or more separate experiments. p < 0.005 
as compared to control (EUG untreated cells; 100%).
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Eugenol strongly inhibits ERK1/2 phosphorylation with less effect on p38MAPK phosphoryl-
ation.  To investigate whether the inhibition of superoxide anion generation by eugenol is mediated through 
modulation of MAPKs pathway, we further examined its effects on phosphorylation of ERK1/2 and p38MAPK. 
We found that fMLF-(Fig. 6A,B) and PMA-(Fig. 7A,B) induced phosphorylation of ERK in stimulated neu-
trophils was decreased by pretreatment with eugenol at different concentrations. The inhibitory effect is dose 
dependent and significant at low dose of 2.5 µg/mL. The effect of eugenolon p38 MAPK (Figs. 6C and 7C) was 
significantonlyat high concentrations (10 µg/mL and 20 µg/mL).

Eugenol inhibits MEK1/2 and Raf phosphorylation.  As eugenol inhibited ERK1/2 phosphorylation, 
we investigated the effect on the phosphorylation of the upstream kinases MEK1/2 and Raf in human neutrophils 
using SDS-PAGE and Western Blot. Results show that compared with the control, the phosphorylation levels of 
MEK1/2 and Raf were dramatically decreased in Eugenol-treated neutrophils. The inhibition was significantly 
dose dependent from a concentration of 2.5 µg/mL in fMLF- (Fig. 8A–C) and PMA- (Fig. 9A–C) stimulated 
neutrophils.

Discussion
Neutrophils are the most abundant white cells in humans. They are the first line of host defense in organisms. 
During infection, they play a key role in destroying infectious agent by oxidative and non oxidative mechanisms19. 
Excessive ROS production and accumulation seem to play a pivotal role in tissue injury and development of 
inflammatory diseases20. Thus, the inhibition of ROS over production and neutrophils hyperactivation repre-
sent a major research interest. Phytochemicals such as flavonoids, present in several plants, have been reported 
to have antioxidant and immunomodulatory propreties21. Clove (Syzygiumaromaticum) a well known spice, is 
characterized by several biological activities especially antioxidant and anti-inflammatory effects. Its biological 
activities have been attributed to eugenol (EUG), the most abundant constituent of essential oil (45–90%) of 
Syzygium aromaticum22. Several studies have recently demonstratedthe importance of eugenol as abioactive mol-
ecule with various pharmacological properties. In this work, we showed that eugenol inhibits significantly and 
dose dependently the strong fMLF-induced superoxide anion production by human neutrophils with IC50 of 
5 µg/mL. The inhibitory effect of eugenol on superoxide anion production by PMA-stimulated neutrophils, was 
observed with 20 µg/mL (p < 0.05), the highest concentration used in this study. The difference in the inhibitory 

Figure 5.  Eugenol inhibits p47phox translocation in fMLF-stimulated neutrophils. Membranes and cytosolic 
fractions were prepared from fMLF- and PMA-stimulated neutrophils as described in methods section. (A,C) 
SDS PAGE and western blotting were used to detect p47phox amounts in the sections. (B,D) Bands were 
quantified using Image J softwere. Values are expressed as ±SEM of three separate experiments.
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effect of eugenol on fMLF- and PMA-stimulated superoxide anion production could be explained by the different 
mechanisms of neutrophil activation. Thus, we can suggest that low concentrations of eugenol had no effect on 
PKC activity. Our findings are in agreement withKim et al., whostudied the antioxidant activity of eugenolusing 
ABTS and DPPH free radicals. At concentration of 20 µg/mL, eugenol performed the elimination of 76.9% and 
90.8% of ABTS and DPPH free radicals, respectively23. Superoxide anion, the precursor of other reactive oxygen 
species, is frequently produced byactivated neutrophils through the NADPH oxidase complex24. The activation 
of this enzyme requires the phosphorylation of its cytosolic component p47phox on serines located between Ser-
303 and Ser-37925. It is known that stimulation of neutrophils by high concentrations of the chemotactic peptide 
fMLF or by the PKC agonist PMA induces complete phosphorylation of p47phox14. In the current study, we 
haveshown that eugenol, at concentration of 5; 10 and 20 µg/mL, reduceddose dependentlythe phosphorylation 
of both Ser-328 and Ser-345 residues in neutrophils stimulated by fMLF and PMA. A pronounced inhibition was 
observed withSer-345 for both fMLF and PMA studies. Since, the same amount of p47phox was loaded into each 
well, these results suggest that the inhibition of superoxide anion production by stimulated neutrophils is due in 
part to reduced phosphorylation of p47phox. Moreover, it is known that the NADPH oxidase is tightly regulated 
by the translocation of p47phox from the cytosol to the membranes, we demonstrated that eugenol at 20 µg/
mL reduces the translocation of p47phox to neutrophils membranes and prevented the assembly of a functional 
NADPH oxidase enzyme. To the best of our knowledge this is the first report describing the effect of eugenol on 
p47phox translocationThese results all together suggest that eugenol reduce the phosphorylation of p47phox on 
specific serines, and consequently reduce its translocation to the membrane and the assembly of active NADPH 
oxidase

The activation of NADPH oxidase via the phosphorylation of p47phox subunits is performed by kinases 
such as protein kinases C (PKC) andMitogen-activated protein kinases (MAPK)26. MAPKinaseis a family of 
Mitogen-activated protein kinases implicated in many biological processes. Extracellular signal-regulated kinase 
(ERK) 1/2, c-Jun N-terminal kinase (JNK) and mitogen-activated protein kinases p38 are the most studied 

Figure 6.  Effect of eugenol on MAP Kinases activation in fMLF-stimulated neutrophils. Cells were incubated 
for 30 min at 37 °C either without or with increased concentrations of EUG (0, 2.5, 5, 10, 20 µg/mL), followed by 
fMLF-stimulation for 15 s. Cells lysates were analyzed by SDS-PAGE and western blot using anti-phospho-ERK 
1/2, anti-phospho-p38 and anti-β-actine antibodies. (A) Western blots from different experiments were scanned 
and the intensity of bands was expressed relative to β-actine amount. The cumulated data of phospho-p38 
(B) and phospho-ERK1/2 (C) is shown in the histogram as percentage to control (fMLF alone 100%). Data 
are expressed as mean ± SEM of three or more separate experiments. p < 0.005 as compared to control (EUG 
untreated cells; 100%).
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families of MAPKs27. ERK1/2 and p38 MAPK are activated in neutrophils in response to a wide variety of 
pro-inflammatory stimuli including growth factors, phorbol esters, fMLF and cytokines. They are implicated 
in the respiratory burst, adherence, exocytosis and priming28. Ourresult showed that eugenol inhibits phospho-
rylation of ERK1/2 dose dependently as low as 2.5 µg/mL. However, the phosphorylation of p38 MAPK was 
decreased significantly at the two highest tested concentrations, 10 µg/mL and 20 µg/mL. p38 MAPK and ERK1/2 
are required for the phosphorylation of p47phox on Ser-345. This phosphorylation is critical for NADPH oxidase 
hyperactivation and priming29. On the basis of our observations, we can suggest that the inhibition of phospho-
rylation of Ser-345 and Ser-328 is due to the decrease of MAPKs phosphorylation and activities. Similar data were 
reported by Deepak et al., in a model of osteoclastogenesis where by a pretreatment of RAW264.7 macrophages 
with 200 µM of eugenol, for 4 hours, inhibited the phosphorylation of ERK, JNK and p3830. Another in vitro 
study showed that two synthetic derivates of eugenol, glyceryl-isoeugenol and eugenolol, attenuated LPS-induced 
phosphorylation of ERK, p38 MAPK and JNK in macrophages31. Phosphorylation and activation of ERKs is 
accomplished by MEK1 and MEK2, two relevant specific MAPKs, which are, to date, the only validated physio-
logically substrates of Raf serine/threonine kinases32. Several studies reported the implication of Raf and MEK in 
many diseases essentially in cancer development33. For this, Target-based therapies are considered as advanced 
approaches of cancer treatment and there isstrong interest in developing pharmacological inhibitors of Raf and 
MEK as a means to block ERK signaling34. Our results show clearly that eugenol inhibits the phosphorylation of 
Raf and MEK in fMLF and PMA stimulated neutrophils. These results suggest that eugenol could be a promising 
inhibitor of Raf/MEK/ERK cascade.

Taken together, this study demonstrates that eugenol may suppress fMLF-mediated production of superox-
ide anion by down regulating the activity of NADPH oxidase via the inhibition of Raf/MEK/ERK cascade and 
the phosphorylation of p47phox on activators residues (Ser-345 and Ser-328). Our findings demonstrate the 

Figure 7.  Effect of eugenol on MAP Kinases activation in PMA-stimulated neutrophils. Cells were incubated 
for 30 min at 37 °C either without or with increased concentrations of EUG (0, 2.5, 5, 10, 20 µg/mL), followed by 
PMA-stimulation for 8 min. Cell lysates were analyzed by SDS-PAGE and western blot using anti-phospho-ERK 
1/2, anti-phospho-p38 and anti-β-actine antibodies. (A) Western blots from different experiments were scanned 
and the intensity of bands was expressed relative to β-actine amount. The cumulated data of phospho-p38 
(B) and phospho-ERK1/2 (C) is shown in the histogram as percentage to control (PMA alone 100%). Data 
are expressed as mean ± SEM of three or more separate experiments. p < 0.005 as compared to control (EUG 
untreated cells; 100%).
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molecular basis for the antioxidant proprieties of eugenol and show its potential therapeutic role in the treatment 
of oxidative stress-related diseases.

Methods
Reagents.  Eugenol, Hank’s Balanced Salt Solution (HBSS), Phosphate Buffered Saline (PBS), Phorbolmyrisate 
acetate (PMA), formyl-methionyl-leucyl-phenylalanine (fMLF), mouse monoclonal anti-β-actin antibody, phos-
phatase and proteases inhibitors were from Sigma Aldrich (Saint Quentin Falavier, France). Dextran T500 and 
Ficoll were purchased from GE healthcare (Orsay, France). SDS-PAGE and western blot reagents were from 
Bio-Rad Laboratories (Hercules, CA, USA). Anti-phospho-Raf, Anti-phospho-MEK1/2, Anti-phospho-p38 and 
Anti-phospho-ERK 1/2 antibodies were from cell signaling Technology (Boston, MA, USA). The anti-phospho-
p47phox antibodies (Ser-328 and Ser-345) were generated by our lab as previously described35. HRP-conjugated 
goat anti-rabbit, HRP-conjugated goat anti-mouse, AP-conjugated goat anti-rabbit antibodies and ECL (enhanced 
chemiluminescence) reagent were from Santa Cruz Biotechnology Inc (Heidelberg, Germany).

Ethics statement and neutrophils isolation from human blood.  The clinical Research Committee at 
the Xavier Bichat hospital (Paris, France) approved all methods, performed in accordance with the internationals 
guidelines and regulations. Venous blood was collected from healthy volunteersafter obtaining written informed 
consent. The density gradient separation method was used to isolate human neutrophils from whole blood using 
2% Dextran (T500) and ficoll centrifugation36. Red blood cells were removed by hypotonic lysis. To prevent acti-
vation, isolated neutrophils were resuspended in HBSS without Ca2+/Mg2+. A cell count was performed and cell 
viability was determined using the trypan blue exclusion method.

Cytotoxicity of eugenol.  Isolated neutrophils (1 × 106 cells) were incubated in absence or presence of 
increasing concentrations of eugenol (0–100 µg/mL) for 30 min at 37 °C. The trypan blue dye test is used to 

Figure 8.  Effect of eugenol on MEK1/2 and Raf phosphorylation in fMLF-stimulated neutrophils. Cells were 
incubated for 30 min at 37 °C either without or with increased concentrations of EUG (0, 2.5, 5, 10, 20 µg/
mL), followed by fMLF-stimulation for 15 s. Cell lysates were analyzed by SDS-PAGE and western blot using 
anti-phospho-MEK 1/2, anti-phospho-Raf and anti-β-actine antibodies. (A) Western blots from different 
experiments were scanned and the intensity of bands was expressed relative to β-actine amount. The cumulated 
data of phospho-MEK 1/2 (B) and phospho-Raf (C) is shown in the histogram as percentage to control (FMLF 
alone 100%). Data are expressed as mean ± SEM of three or more separate experiments. p < 0.005 as compared 
to control (EUG untreated cells; 100%).
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determine the number of viable cells. Results are presented as the percentage of viable cells compared to untreated 
cells.

Measurement of superoxide anion production.  Neutrophils (1 × 106 cells) were suspended in 1 mL 
of HBSS containing 1 mg/mL cytochrome c in the presence or absence of increasing concentration of eugenol 
(2.5 µg/mL–20 µg/mL). After incubation in the thermostated chamber of a spectrophotometer (Uvikon, Villebon, 
France) for 30 min at 37 °C, cells were stimulated with fMLF (10−6 M) or PMA (100 ng/mL). Changes in absorb-
ance were measured at 550 nm for 10 min.

p47phox translocation to plasma membranes.  The experiment was performed as previously 
described37. Isolated neutrophils (50 × 106 per mL) were incubated for 30 min at 37 °C in the absence or pres-
ence ofeugenol at 20 µg/mL. Cells were then stimulated by fMLF (10−6 M) or PMA (100 ng/mL). The stimulation 
was stopped by addition of ice cold PBS, followed by centrifugation at 400 × g for 10 min. The cell pellet was 
resuspended and sonicated on icein the described relaxation buffer37, then centrifuged at 400 × g for 10 min. 
The lysates were then ultracentrifuged at 150 000 × g for 45 min at 4° on a sucrose gradient. The cytosolic and 
membrane fractions were collected and washed in the same lysis buffer, denaturated in Laemmli sample buffer 
and storedat −80 °C until use.

SDS-PAGE and western blotting analysis.  Human neutrophils were treated or not with increasing con-
centrations of eugenol (2.5 µg/mL–20 µg/mL) for 30 min at 37 °C and subsequently stimulated with fMLF (10−6 M 
for 15 seconds) or PMA (100 ng/mL for 8 min). The reaction was stopped by adding 5× concentrating Laemmli 
sample buffer supplemented by 12.5 mM Na3VO4, 25 mMNaF, 6.25 mM p-NPP, 12.5 mM EDTA, 12.5 mM EGTA, 
50 µg/mL pepstatin and 50 µg/mL aprotinin. Samples were vortexed immediately and denaturated for 3 min at 
100 °C. Following sonication, the lysates were subjected to sodium dodecyl-sulfate polyacrylamide (SDS-PAGE) 
(10%) to separate the proteins. The proteins separated through electrophoresis were transferred onto nitrocellu-
lose membranes followed by blocking the membranes with 5% non fat dry milk in a mixture of tris-bufferd saline 

Figure 9.  Effect of eugenol on MEK1/2 and Raf phosphorylation in PMA-stimulated neutrophils. Cells were 
incubated for 30 min at 37 °C either without or with increased concentrations of EUG (0, 2.5, 5, 10, 20 µg/
mL), followed by PMA-stimulation for 8 min. Cell lysates were analyzed by SDS-PAGE and western blot using 
anti-phospho-MEK 1/2, anti-phospho-Raf and anti-β-actine antibodies. (A) Western blots from different 
experiments were scanned and the intensity of bands was expressed relative to β-actine amount. The cumulated 
data of phospho-MEK 1/2 (B) and phospho-Raf (C) is shown in the histogram as percentage to control (PMA 
alone 100%). Data are expressed as mean ± SEM of three or more separate experiments. p < 0.005 as compared 
to control (EUG untreated cells; 100%).
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and tween-20. The membranes were incubated overnight at 4 °C in solution containing specific relevant primary 
antibodies; anti-phospho-S328-p47phox (1:2500), anti-phospho-S345-p47phox (1:10000), anti-phospho-Raf 
(1:1000), anti-phospho-MEK1/2 (1:1000), anti-phospho-ERK1/2 (1/2000), anti-phospho-p38 (1:2000) and 
p47phox (1:5000), following by incubation in horseradish peroxidase conjugated secondary antibodies (Santa 
Cruz, Heidelberg, Germany). An enhanced chemilumiscence solution ECL (Santa Cruz Biotechnology Inc. 
Heidelberg, Germany) was added to the membranes and proteins were detected and quantified using the bio-
spectrum imaging system (Amersham Imager 600).

Statistical analysis.  All experiments were performed in at least triplicates per group and data are reported 
as mean ± SEM. One way analysis of variance followed by Newman-Keuls multiple comparisons test was used for 
statistical analysis. p values less than 0.05 were considered as statistically significant.

Data availability
All relevant data are within the paper.

Received: 26 June 2019; Accepted: 20 November 2019;
Published: xx xx xxxx

References
	 1.	 Thomford, N. et al. Natural products for drug discovery in the 21st century: Innovations for novel drug discovery. Int J Mol Sci. 19, 

1578 (2018).
	 2.	 Kasote, D. M., Katyare, S. S., Hegde, M. V. & Bae, H. Significance of antioxidant potential of plants and its relevance to therapeutic 

applications. Int J Biol Sci. 11, 982–991 (2015).
	 3.	 Xu, D. P. et al. Natural antioxidants in foods and medicinal plants: Extraction, assessment and resources. Int J Mol Sci. 18, 96 (2017).
	 4.	 Kamatou, G. P., Vermaak, I. & Viljoen, A. M. Eugenol—from the remote Maluku Islands to the international market place: a review 

of a remarkable and versatile molecule. Molecules. 17, 6953–6981 (2012).
	 5.	 Vinod, T. K., Craine, L. E. Lab Manual for Organic Chemistry: A Short Course, 13th. Cengage Learning (2011).
	 6.	 Marchese, A. et al. Antimicrobial activity of eugenol and essential oils containing eugenol: A mechanistic viewpoint. Crit Rev 

Microbiol. 43, 668–689 (2017).
	 7.	 Rana, I. S. et al. Evaluation of antifungal activity in essential oil of the Syzygiumaromaticum (L.) by extraction, purification and 

analysis of its main component eugenol. Braz J Microbiol. 42, 1269–1277 (2011).
	 8.	 Chung, G., Oh, S. B. Eugenol as local anesthetic. Natural Products. 4001–4015 (2013).
	 9.	 Fangjun, L. & Zhijia, Y. Tumor suppressive roles of eugenol in human lung cancer cells. Thoracic cancer. 9, 25–29 (2018).
	10.	 Barboza, J. N. et al. An Overview on the Anti-inflammatory Potential and Antioxidant Profile of Eugenol. Oxidative medicine and 

cellular longevity (2018).
	11.	 Rosales, C. Neutrophil: a cell with many roles in inflammation or several cell types? FRONT PHYSIOL. 9, 113 (2018).
	12.	 Teng, T. S., Ji, A. L., Ji, X. Y. & Li, Y. Z. Neutrophils and immunity: from bactericidal action to being conquered. J Immunol Res. 

(2017).
	13.	 Winterbourn, C. C., Kettle, A. J. & Hampton, M. B. Reactive oxygen species and neutrophil function. AnnuRevBiochem. 85, 765–792 

(2016).
	14.	 El-Benna, J., Dang, P. M., Gougerot-Pocidalo, M. A., Marie, J. C. & Braut-Boucher, F. p47phox, the phagocyte NADPH oxidase/

NOX2 organizer: structure, phosphorylation and implication in diseases. Exp Mol Med. 41, 217–225 (2009).
	15.	 Turrens, J. F. Mitochondrial formation of reactive oxygen species. J Physiol. 552, 335–344 (2003).
	16.	 Birben, E., Sahiner, U. M., Sackesen, C., Erzurum, S. & Kalayci, O. Oxidative stress and antioxidant defense. WAO Journal. 5, 9–19 

(2012).
	17.	 Mittal, M., Siddiqui, M. R., Tran, K., Reddy, S. P. & Malik, A. B. Reactive oxygen species in inflammation and tissue injury. 

Antioxidredox signal. 20, 1126–1167 (2014).
	18.	 El‐Benna, J. et al. Priming of the neutrophil respiratory burst: role in host defense and inflammation. Immunol rev. 273, 180–193 

(2016).
	19.	 Quinn, M. T., DeLeo, F. R., Bokoch, G. M. Neutrophil methods and protocols. Methods Mol Biol. 412 (2007).
	20.	 Nita, M. & Grzybowski, A. The role of the reactive oxygen species and oxidative stress in the pathomechanism of the age-related 

ocular diseases and other pathologies of the anterior and posterior eye segments in adults. Oxid Med Cell Longev (2016).
	21.	 Stark, T., Mtui, D. & Balemba, O. Ethnopharmacological survey of plants used in the traditional treatment of gastrointestinal pain, 

inflammation and diarrhea in Africa: future perspectives for integration into modern medicine. Animals. 3, 158–227 (2013).
	22.	 Barakat, H. Composition, antioxidant, antibacterial activities and mode of action of clove (Syzygiumaromaticum L.) buds essential 

oil. Br J ApplSciTechnol. 4, 1934–1951 (2014).
	23.	 Kim, D. Y. et al. Chemical Composition, Antioxidant and Anti‐melanogenic Activities of Essential Oils from Chrysanthemum 

boreale Makino at Different Harvesting Stages. Chembiodivers. 15, e1700506 (2018).
	24.	 Beckhauser, T. F., Francis-Oliveira, J. & De Pasquale, R. Reactive oxygen species: physiological and physiopathological effects on 

synaptic plasticity: supplementary issue: brain plasticity and repair. J Exp Neurosci. 10, 23–48 (2016).
	25.	 Belambri, S. A. et al. Phosphorylation of p47phox is required for receptor-mediated NADPH oxidase/NOX2 activation in Epstein-

Barr virus-transformed human B lymphocytes. Am J Blood Res. 2, 187–193 (2012).
	26.	 Page, C. P., Banner, K. H. & Spina, D. Cellular Mechanisms in Airways Inflammation. Springer Science & Business Media (2000).
	27.	 Pearson, G. et al. Mitogen-activated protein (MAP) kinase pathways: regulation and physiological functions. Endocr Rev. 22, 

153–183 (2001).
	28.	 Roux, P. P. & Blenis, J. ERK and p38 MAPK-activated protein kinases: a family of protein kinases with diverse biological functions. 

Microbiol Mol Biol Rev. 68, 320–344 (2004).
	29.	 Dang, P. M. et al. A specific p47phox-serine phosphorylated by convergent MAPKs mediates neutrophil NADPH oxidase priming 

at inflammatory sites. J Clin Invest. 116, 2033–2043 (2006).
	30.	 Deepak, V., Kasonga, A., Kruger, M. C. & Coetzee, M. Inhibitory effects of eugenol on RANKL-induced osteoclast formation via 

attenuation of NF-κ B and MAPK pathways. Connect Tissue Res. 56, 195–203 (2015).
	31.	 Yeh, J. L. et al. Eugenolol and glyceryl-isoeugenol suppress LPS-induced iNOS expression by down-regulating NF-κB AND AP-1 

through inhibition of MAPKS and AKT/IκBα signaling pathways in macrophages. Int J ImmunopatholPharmacol. 24, 345–356 
(2011).

	32.	 Yoon, S. & Seger, R. The extracellular signal-regulated kinase: multiple substrates regulate diverse cellular functions. Growth Factors. 
24, 21–44 (2006).

https://doi.org/10.1038/s41598-019-55043-8


1 1Scientific Reports |         (2019) 9:18540  | https://doi.org/10.1038/s41598-019-55043-8

www.nature.com/scientificreportswww.nature.com/scientificreports/

	33.	 Shields, J. M., Pruitt, K., McFall, A., Shaub, A. & Der, C. J. Understanding Ras: ‘it ain’t over ‘til it’s over’. Trends Cell Biol. 10, 147–154 
(2000).

	34.	 Sebolt-Leopold, J. S. & Herrera, R. Targeting the mitogen-activated protein kinase cascade to treat cancer. Nat Rev Cancer. 4, 
937–947 (2004).

	35.	 Boussetta, T. et al. The prolylisomerase Pin1 acts as a novel molecular switch for TNF-α–induced priming of the NADPH oxidase in 
human neutrophils. Blood. 116, 5795–5802 (2010).

	36.	 El-Benna, J. & Dang, P. M. Analysis of protein phosphorylation in human neutrophils. Methods Mol Biol. 412, 85–96 (2007).
	37.	 Boudiaf, K. et al. Thymoquinone strongly inhibits fMLF-induced neutrophil functions and exhibits anti-inflammatory properties in 

vivo. Biochem. Pharmacol. 104, 62–73 (2016).

Acknowledgements
We thank Dr. Jean-Claude MARIE for reviewing the manuscript.

Author contributions
Amina Chniguir performed the experiments; Amina Chniguir and Rafik Bachoual analyzed data and wrote the 
manuscript. Coralie Pintard, Dan Liu and Pham My-Chan Dang provided technical support. Jamel El-Bennaand 
Rafik Bachoual interpreted the results and supervised the entire study. All authors contributed to manuscript 
revision and approved the submitted version.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-019-55043-8.
Correspondence and requests for materials should be addressed to R.B.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-55043-8
https://doi.org/10.1038/s41598-019-55043-8
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Eugenol prevents fMLF-induced superoxide anion production in human neutrophils by inhibiting ERK1/2 signaling pathway and p ...
	Results

	Eugenol strongly inhibits fMLF-induced superoxide anion production by neutrophils. 
	Eugenol is not toxic for human neutrophils. 
	Eugenol reduces p47phox-phosphorylation on Ser-328 and Ser-345. 
	Eugenol decreases translocation of p47phox from the cytosol to the membranes. 
	Eugenol strongly inhibits ERK1/2 phosphorylation with less effect on p38MAPK phosphorylation. 
	Eugenol inhibits MEK1/2 and Raf phosphorylation. 

	Discussion

	Methods

	Reagents. 
	Ethics statement and neutrophils isolation from human blood. 
	Cytotoxicity of eugenol. 
	Measurement of superoxide anion production. 
	p47phox translocation to plasma membranes. 
	SDS-PAGE and western blotting analysis. 
	Statistical analysis. 

	Acknowledgements

	Figure 1 Eugenol strongly inhibits superoxide production by fMLF-stimulated human PMN.
	Figure 2 Cytotoxicity of eugenol.
	Figure 3 Effect of eugenol on p47phox phosphorylation in fMLF-stimulated neutrophils.
	﻿Figure 4 Effect of eugenol on p47phox phosphorylation in PMA-stimulated neutrophils.
	﻿Figure 5 Eugenol inhibits p47phox translocation in fMLF-stimulated neutrophils.
	Figure 6 Effect of eugenol on MAP Kinases activation in fMLF-stimulated neutrophils.
	Figure 7 Effect of eugenol on MAP Kinases activation in PMA-stimulated neutrophils.
	Figure 8 Effect of eugenol on MEK1/2 and Raf phosphorylation in fMLF-stimulated neutrophils.
	Figure 9 Effect of eugenol on MEK1/2 and Raf phosphorylation in PMA-stimulated neutrophils.




