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ABSTRACT 

The anti-inflammatory properties of the supercritical fluid extract of Ishige okamurae (SFEIO) on lipopolysac-
charide (LPS)-stimulated murine RAW 264.7 macrophages. The lipid profile of the SFEIO, reviled the presence 
of palmitic acid (220.2 mg/g), linoleic acid (168.0 mg/g), and oleic acid (123.0 mg/g). SFEIO was found to exert 
it’s anti-inflammatory effects through inhibiting nitric oxide (NO), prostaglandin E2 (PGE2), inducible nitric ox-
ide synthase (iNOS), cyclooxygenase-2 (COX-2), tumor necrosis factor (TNF)-α, interleukin (IL)-1β, and IL-6 
production in LPS-stimulated RAW 264.7 cells, without inducing cytotoxicity. SFEIO did not effect on the LPS-
induced p38 kinase phosphorylation, whereas it attenuated the extracellular-related signaling kinase (ERK) and 
c-Jun N-terminal kinase (JNK) phosphorylation. Furthermore, SFEIO inhibited the LPS-induced IκB-α degrada-
tion and p50 NF-κB activation. These results suggest that SFEIO exerts its anti-inflammatory effects in LPS-
activated RAW 264.7 cells by down-regulating the activation of ERK, JNK, and NF-κB. 
 
Keywords: supercritical fluid extraction, linoleic acid, Ishige okamurae, anti-inflammatory, NF-κB 
 
 
 
 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Eldorado - Ressourcen aus und für Lehre, Studium und Forschung

https://core.ac.uk/display/83041481?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


EXCLI Journal 2016;15:434-445 – ISSN 1611-2156 
Received: April 20, 2016, accepted: June 06, 2016, published: June 28, 2016 

 

 

435 

INTRODUCTION 

Inflammatory diseases have become one 
of the major health issues in many parts of 
the world having a considerable influence on 
the physiological well-being and health care 
costs. Inflammation can be defined as a non-
specific protective response of the body to 
defend the host from pathogens, toxins, and 
local injuries. Inflammatory reactions are 
typically characterized by the redness, swell-
ing, heat, and pain (Medzhitov, 2008). Path-
ogen- and host-derived molecules (lipopoly-
saccharide (LPS) and interferon-γ (IFN-γ)) 
can stimulate macrophages, thereby upregu-
late inflammatory mediators. These includes 
nitric oxide (NO), prostaglandin E2 (PGE2), 
inducible nitric oxide synthase (iNOS), and 
cyclooxygenase-2 (COX-2) (Korhonen et al., 
2005). These are considered as some of the 
major inflammatory mediators that regulate 
essential steps in inflammatory signaling 
pathways. Therefore, inhibiting the produc-
tion of these inflammatory mediators is an 
important target for the anti-inflammatory 
drugs to treat inflammatory diseases.  

Among a countless number of extraction 
methods in natural product chemistry, carbon 
dioxide (CO2) has gained much attention as 
an extraction solvent for natural products. It 
is a non-toxic, readily available and non-
explosive solvent that could easy to remove 
from the extract. The extraction can be 
achieved by the supercritical fluid extraction 
(SFE) methodology which utilizes low tem-
peratures, resulting in less deterioration of 
thermally labile components. In addition, 
SFE with CO2 can ensure that the active in-
gredients undergo minimal alterations, pre-
serving their curative properties (Nasser et 
al., 1992; Oszagyán et al., 1996). Thus, SFE 
with CO2 can be considered as an effective 
extraction method to obtain bio-actives.  

Marine algae have intensively been stud-
ied for their vast diversity of physiological 
effects, including whitening, anti-inflamma-
tory, anti-cancer, and anti-obesity activity (El 
Gamal, 2010; Li et al., 2011). Ishige okamu-
rae is an edible brown alga found along the 
coast of Jeju Island in South Korea. Several 

studies have reported the biological benefits 
of I. okamurae extracts, including its inhibi-
tory effects on HIV (Ahn et al., 2006) and 
bacterial phospholipase A2 activity (Cho et 
al., 2008), anti-inflammatory effects (Kim et 
al., 2010, 2009), and anti-oxidant effects in 
free radical-mediated oxidative systems (Zou 
et al., 2008). However, the anti-inflammato-
ry effects of the SFE from I. okamurae 
(SFEIO) remain unexplored. The main ob-
jectives of the current study were to evaluate 
the fatty acid composition of SFEIO and to 
investigate its anti-inflammatory activity in 
LPS-activated murine macrophage (RAW 
264.7) cells. 

 
MATERIAL AND METHODS 

Reagents 
Fetal bovine serum (FBS), Dulbecco's 

modified Eagle's medium (DMEM), antibiot-
ics (penicillin and streptomycin were ob-
tained from Invitrogen-Gibco (Grand Is-
land,NY). Dimethyl sulfoxide (DMSO) , lip-
opolysaccharide (LPS; from Escherichia coli 
strain) and phosphate buffered saline (PBS) 
were purchased from Sigma Chemical Co(St. 
Louis, MO, USA). The ELISA kits for TNF-
α, PGE2, IL-1β, and IL-6 were obtained from 
BD Biosciences (San Diego, CA, USA) and 
R&D Systems, Inc. (St. Louis, MO, USA). 
Anti-bodies that includes: iNOS, COX-1, 
COX-2, IκB-α, ERK, JNK, p38, p-ERK, p-
JNK, p-p38 and β-actin were purchased from 
Cell Signaling Technology (Beverly, MA, 
USA). The secondary antibodies were ob-
tained from Cell Signaling Technology. 

 
Supercritical fluid extraction  
of I. okamurae 

The marine alga I. okamurae was col-
lected off the Jeju Island, South Korea in 
March 2011 and was identified by Dr. Dong-
Sam Kim. The sample was dually washed 
using tap water to remove salt, epiphytes, 
and other debris attached to the surface, 
rinsed carefully in fresh water, and dried at 
room temperature for 2 weeks. The dried 
sample was ground into a powder prior to 
extraction. A supercritical extraction system 



EXCLI Journal 2016;15:434-445 – ISSN 1611-2156 
Received: April 20, 2016, accepted: June 06, 2016, published: June 28, 2016 

 

 

436 

(ILSHIN Autoclave Co., Daejueon, Korea) 
with a 500 mL extraction cell was used to 
perform SFE on I. okamurae. The extraction 
cell was filled with 300 g of powdered I. 
okamurae. The extraction was conducted at 
40° C for 2 h, providing an extraction pres-
sure of 400 bars.  

 
Fatty acid analysis  

Fatty acid profile of the sample was de-
termined using a modified fatty acid methyl 
ester (FAME) method (Morrison and Smith, 
1964). Initially, 18.38 mg of the sample was 
weighed into a 30 mm × 110 mm Pyrex 
tubes fitted with a Teflon-lined cap. Undeca-
noic acid in dichloromethane was added as 
the internal standard. A volume of 1.5 mL of 
0.5 N NaOH in methanol was introduced to 
the tubes, vortexed and incubated at 100° C 
for 5 min. After the incubation, 2 mL of bo-
ron trifluoride (14 %) in methanol was intro-
duced and incubated at 100° C for 5 min. 
Tubes were then removed and cooled to 
room temperature before adding hexane 
(1 mL) to extract the FAMEs. A solution of 
saturated sodium chloride (5 mL) was added, 
and the mixture was shaken briefly and kept 
undisturbed allowing the phase separation. 
The hexane phase was then transferred to a 
conical tube. The tube remains were again 
partitioned with hexane (1 mL). The hexane 
phase was filtered through a silicon-treated 
Whatman filter paper to remove any residual 
water. 

A Shimadzu GC-2010 plus gas chroma-
tographic (GC) system, equipped with an 
SP-2560 fused silica capillary column 
(100 m × 0.25 mm i.d. and 0.2 μm film 
thickness) (Supelco, Inc., Bellefonte, PA, 
USA) coupled to a flame ionization detector 
(FID) was used to analyze the FAMEs. Heli-
um was used as carrier gas at a continuous 
flow rate of 2.41 mL/min, given a head pres-
sure of 403.1 kPa and a 1:100 split ratio. 
Both the injector and detector temperatures 
were held at 260° C. The oven temperature 
was increased from 100 to 240° C at a rate of 
4° C/min and then held constant for 20 min. 
GC retention time and the fragmentation pat-

terns of FAMEs were used to identify the 
components. Quantitative measurements 
were taken using their response factors cal-
culated by comparing the peak areas of the 
standards to the internal standard, undecano-
ic acid.  

 
 Cell culture 

Murine macrophage RAW 264.7 cells 
were obtained from the American Type Cul-
ture Collection (ATCC, Manassas, VA, 
USA). The cells were maintained at 5 × 
105 cells/mL in DMEM medium supple-
mented with 10 % FBS, Each 100 units/mL 
of antibiotics, penicillin and streptomycin 
were incubated at 37° C in a humidified at-
mosphere containing 5 % CO2. 

 
Determination of NO production 

The nitrite concentration in the medium 
was measured as an indicator of NO produc-
tion using the Griess reagent. For this, RAW 
264.7 cells (2 × 105 cells/ml) were pre-incu-
bated for 24 hours at 37° C following the 
treatment of SFEIO and LPS (1ug/ml), the 
quantity of nitrite accumulated in the culture 
medium was measured as an indicator of NO 
production. The evaluation was done by 
mixing equal volumes of culture medium 
and Griess reagent (1 % sulfanilamide in 5 % 
phosphoric acid and 0.1 % naphtylethylene-
diamine dihydrochloride in distilled water). 
The mixture was allowed to reach the equi-
librium at room temperature for 10 min, and 
the absorbance was determined at 540 nm 
with a microplate reader . Fresh culture me-
dium was used as the blank in every experi-
ment. Nitrite levels in samples were deter-
mined using a standard sodium nitrite curve. 

 
Lactic dehydrogenase (LDH) cytotoxicity 
assay 

Sophocarpine-induced cytotoxicity was 
measured using the cytotoxicity detection kit 
(LDH) (Nanjing Jiancheng Co.). RAW 264.7 
cells (1.5 × 105 cells/ml) were plated in 96 
well plates and pre-incubated for 24 hours. 
Then the samples and LPS (1 μg/ml) were 
treated to the plates following an incubation 



EXCLI Journal 2016;15:434-445 – ISSN 1611-2156 
Received: April 20, 2016, accepted: June 06, 2016, published: June 28, 2016 

 

 

437 

period of 24 h at 37° C. The medium was 
then collected, and the amount of LDH re-
leased by cells was determined using an as-
say kit according to the manufacturer’s in-
structions. Finally, the absorbance of each 
well was measured at 490 nm using a micro-
plate reader. 

 
Determination of pro-inflammatory  
cytokines (TNF-α, IL-1β, and IL-6) and 
prostaglandin E2 (PGE2) production 

Macrophages were cultured in 24 well 
plates allowing 24 hours of post-incubation 
and treated with different concentrations of 
SFEIO (SFE from I. okamurae) followed by 
LPS (1 μg/ml) and further incubated for an-
other 24 hours at 37° C. Finally, the cyto-
kines and PGE2 concentrations in the culture 
medium were quantified using a competitive 
enzyme immunoassay kit (R&D Systems, 
Minneapolis, MN, USA) according to the 
manufacturer’s instructions.  

 
Immunoblotting 

RAW 264.7 macrophages were cultured 
at a concentration of 5 × 105 cells per dish 
and incubated at 37° C for 24 h. Then the 
cells were treated with different concentra-
tions of SFEIO (SFE from I. okamurae) and 
incubated for 24 h. The cells were lysed us-
ing a RIPA buffer [50 mM Tris-HCl pH 7.4, 
150 mM NaCl, 1 mM EDTA, 1 % Triton X-
100, 1 % sodium deoxycholate, 0.1 % sodi-
um dodecyl sulfate (SDS)]. Protein concen-
trations were determined using a Bio-Rad 
protein assay kit (Bio-Rad, CA, USA) using 
bovine serum albumin (BSA) as the calibra-
tion standard. Cell lysates were electro-
phoresed in SDS–polyacrylamide gels (8–
12 %), and the separated proteins were trans-
ferred to PVDF membranes (Bio-Rad). The 
immunoblot was kept in the blocking solu-
tion (Tris-buffered saline/Tween 20, TBST) 
containing 5 % skim milk (w/v) for 3 h un-
der gentle shaking conditions at room tem-
perature. Then the membranes were incubat-
ed with primary antibodies, iNOS,COX-2, 
IκB-α, p-p50, p-ERK, ERK, p-JNK and 
JNK(cell signaling; 1:1000) in 5 % BSA in 

TBST for 24h at 4° C. After the removal of 
the primary antibodies, the membranes were 
washed three times with TBST buffer at 
room temperature, and incubated with perox-
idase-conjugated secondary antibodies in 
5 % BSA in TBST (diluted 1:5000; Cell sig-
naling) for 2 h at room temperature. Follow-
ing the addition, signals were developed us-
ing ECL western blotting detection kit ex-
posed to Biorad Chemidac system. 

 
Statistical analysis 

All data in this study are expressed as 
means ± S.D. Significant differences among 
the groups were determined using the un-
paired Student’s t-test. A value of *p < 0.05 
was considered to be statistically significant. 

 
RESULTS 

Fatty acid profile of SFEIO  
Table 1, summarize the results of the fat-

ty acid analysis for the SFEIO and the Figure 
1 represents the corresponding chromato-
grams for the fatty acid composition in 
SFEIO and the used standard. A total of 37 
fatty acids were investigated, and 17 of them 
were identified in SFEIO. Palmitic acid 
(30.2 %) was the most abundant constituent 
in SFEIO, followed by linoleic acid (23.1 %) 
and oleic acid (16.9 %). Total fatty acid con-
tent in SFEIO calculated as the sum of the 
individual fatty acids, was 728.4 mg/g ex-
tract wt; the total saturated and the unsaturat-
ed fatty acid content was 292.4 and 436.0 
mg/g extract wt, respectively contributing to 
40.1 % and 59.9 % of the total fatty acid 
content.  

 
Effect of SFEIO on production of NO and 
PGE2 in LPS-stimulated RAW 264.7 cells 

The effect of SFEIO on LPS-stimulated 
NO and PGE2 production in RAW 264.7 
cells were assessed by treating the cells with 
LPS except for the control following the 
treatment of SFEIO (25, 50, or 100 μg/mL). 
Nitrite and PGE2 levels in unstimulated 
RAW 264.7 cells were negligible; however, 
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Table 1: Fatty acid composition in SFEIO 

No Fatty acid name Abundance (%) mg/g extract 

1 C4:0 Butyric acid - - 

2 C6:0 Caproic acid - - 

3 C8:0 Caprylic acid - - 

4 C10:0 Capric acid - - 

5 C11:0 Undecylic acid - - 

6 C12:0 Lauric acid - - 

7 C13:0 Tridecylic acid - - 

8 C14:0 Myristic acid 7.0 51.2 

9 C14:1 Myristoleic acid - - 

10 C15:0 Pentadecylic acid 0.6 4.6 

11 C15:1 Cis-10-pentadecenoic acid - - 

12 C16:0 Palmitic acid 30.2 220.2 

13 C16:1 Palmitoleic acid 2.4 17.4 

14 C17:0 Heptadecanoic acid 0.3 2.2 

15 C17:1 Cis-10-heptadecenoic acid - - 

16 C18:0 Stearic acid 2.0 14.2 

17 C18:1(n-9),trans Elaidic acid - - 

18 C18:1(n-9),cis Oleic acid 16.9 123.0 

19 C18:2(n-6),trans Linolelaidic acid - - 

20 C18:2(n-6),cis Linoleic acid 23.1 168.0 

21 C20:0 Arachidic acid 0.3 2.3 

22 C18:3(n-6) Gamma-linolenic acid 0.6 4.2 

23 C20:1(n-9) Eicosenoic acid - - 

24 C18:3(n-3) Alpha-linolenic acid 2.4 17.6 

25 C21:0 Heneicosylic acid - - 

26 C20:2(n-6) Eicosadienoic acid 1.7 12.4 

27 C22:0 Behenic acid - - 

28 C20:3(n-6) Dihomo-gamma-linolenic acid 0.4 3.0 

29 C22:1(n-9) Erucic acid - - 

30 C20:3(n-3) Eicosatrienoic acid 0.3 2.1 

31 C23:0 Tricosylic acid - - 

32 C20:4(n-6) Arachidonic acid 7.9 57.7 

33 C22:2(n-6) Docosadienoic acid 0.3 2.4 

34 C24:0 Lignoceric acid - - 

35 C20:5(n-3) Eicosapentaenoic acid  3.6 25.9 

36 C24:1(n-9) Nervonic acid - - 

37 C22:6(n-3) Docosahexaenoic acid - - 

Total saturated fatty acid 40.1 292.4 

Total unsaturated fatty acid 59.9 436.0 

Total fatty acida 100 728.4 
aAbundance % is the proportion of individual fatty acid to the sum of the total fatty acids identified and determined 
through GC-MS. 
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Figure 1: Chromatogram of the FAME of the (A) standard (C4:0-C22:6 methyl esters) and (B) SFEIO  

 
 

their levels were increased substantially fol-
lowing the LPS stimulation (Figure 2). 
Treatment of RAW 264.7 cells with SFEIO 
significantly and dose-dependently inhibited 
LPS-stimulated NO and PGE2 production 
(Figure 2). To examine whether the inhibito-
ry effects of SFEIO on production of pro-
inflammatory mediators in LPS-stimulated 
RAW 264.7 cells were due to cytotoxicity 
(Figure 2A). Based on the results, SFEIO did 
not induce cytotoxicity in RAW 264.7 cells 
at the evaluated concentrations.  

 

Effects of SFEIO on iNOS and COX-2  
protein expression in LPS-stimulated  
RAW 264.7 cells 

iNOS and COX-2 are two of the most 
important signaling molecules that regulate 
inflammatory reactions. Western blot analy-
sis was used to determine the effects of 
SFEIO on iNOS and COX-2 protein expres-
sion in RAW 264.7 cells upon treatment with 
different concentrations of SFEIO (25, 50, or 
100 μg/mL) as SFEIO was found to inhibits 
NO and PGE2 production in LPS-stimulated 
RAW 264.7 cells. According to the results, 
iNOS and COX-2 protein expression were 
almost undetectable in unstimulated  
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RAW 264.7 cells. Whereas, treatment with 
1.0 g/mL LPS significantly increased the 
iNOS and COX-2 protein expression. How-
ever, the treatment of SFEIO significantly 
and dose-dependently downregulated the 
iNOS and COX-2 protein expression in LPS-
stimulated RAW 264.7 cells (Figure 3). 
Therefore, the inhibition of NO and PGE2 
production in LPS-stimulated RAW 264.7 
cells is attributed to the inhibition of iNOS 
and COX-2 expression. 

 
Effects of SFEIO on pro-inflammatory  
cytokine expression in LPS-stimulated 
RAW 264.7 cells 

Tumor necrosis factor (TNF)-α, interleu-
kin (IL)-1β, and IL-6 are some of the pro-
inflammatory cytokines that play important 
roles in immune responses variety of in-
flammatory stimuli (Bertolini et al., 2001; 
Lind, 2003). Therefore, the inhibitory effects 
of SFEIO on LPS-stimulated TNF-α, IL-1β, 
and IL-6 production were dually examined to 
identify the expression levels. These levels 
were measured in culture supernatants using 
enzyme-linked immunosorbent assay (ELI-
SA) kits. Treatment of RAW 264.7 cells 
with LPS significantly up-regulated the cy-
tokine production, compared to the non-
treated group. However, TNF-α, IL-1β, and 
IL-6 levels were significantly and dose-
dependently reduced relative to the positive 
control treated with LPS (Figure 4). 

 
Effect of SEIO on LPS-induced NF-κB and 
mitogen-activated protein kinase (MAPK) 
activation 

NF-κB plays an important role in the 
transcription of pro-inflammatory mediators 
following LPS stimulation (Henkel et al., 
1993; Rhee et al., 2007). Therefore, western 
blot analysis was performed to assess the ef-
fect of SFEIO on IκBα and p50 NF-κB 
phosphorylation. As shown in Figure 4A, 
treatment with LPS induced IκBα degrada-
tion, which was significantly blocked by 
SFEIO. SFEIO also dose-dependently inhib-
ited LPS-induced p50 NF-κB activation 
(Figure 5A).  

 

Figure 2: Effects of SFEIO on (A) NO and (B) 
PGE2 production in LPS-induced RAW 264.7 
cells. Cells stimulated with LPS (1 μg/ml) in the 
presence of SFEIO (25, 50, and 100 μg/ml) for 
24 h at 37° C. (A) Cytotoxicity was determined 
using the LDH method. Values are expressed as 
means ± S.D. of triplicate experiments. *P < 0.05 
indicate significant differences from the LPS-
stimulated group.  
 

 

Figure 3: Effects of SFEIO on LPS-induced iN-
OS and COX-2 protein expressions in RAW 
264.7 cells. Cells stimulated with LPS (1 μg/ml) 
in the presence of SFEIO (25, 50, and 100 
μg/ml) for 24 h at 37° C. iNOS and COX-2 pro-
tein level were determined via Western blotting.  
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Figure 4: Inhibitory effects of SFEIO on the pro-
inflammatory cytokine production in RAW 264.7 
cells. The production of (A) TNF-α, (B) IL-6, and 
(C) IL-1β were assayed in the culture medium of 
cells stimulated with LPS (1 μg/ml) for 24 h in the 
presence of SFEIO (25, 50, and 100 μg/ml). Su-
pernatants were collected, and the TNF-α, IL-6, 
and IL-1β concentration in the supernatants were 
determined by ELISA. Values are expressed as 
means ± S.D. of triplicate experiments. 
*P < 0.05.  

 

 

 

 

 

MAPK are known to regulate the expres-
sion of inflammatory enzymes and cytokines 
(Hommes et al., 2003). To determine wheth-
er the inhibition of inflammation was medi-
ated via the MAPK pathway, phosphoryla-
tion of p38, extracellular-signaling related 
kinase 1/2 (ERK1/2), and c-Jun N-terminal 
kinase (JNK) in LPS-induced cells were ex-
amined by western blot. As shown in Figure 
4B, LPS-stimulation markedly increased 
p38, ERK1/2, and JNK phosphorylation. 
However, SFEIO significantly inhibited 
LPS-stimulated ERK and JNK phosphoryla-
tion. Importantly, the levels of non-
phosphorylated MAPK isoforms did not vary 
significantly among groups (Figure 5B). In 
contrast, SFEIO treatment did not affect the 
LPS-stimulated p38 protein phosphorylation 
(data not shown). 

 

 

Figure 5: Inhibitory effects of SFEIO on LPS-
induced phosphorylation of (A) IκB-α, NF-κB 
p50, (B) JNK, and ERK. Cells were treated for 
15 min with LPS (1 μg/ml) alone or with LPS 
(1 μg/ml) coupled with different concentrations 
(025, 50, and 100 μg/ml) of SFEIO. Cell lysates 
were extracted, and protein levels of p- IκB-α, p-
p50 p-ERK, ERK, p-JNK, and JNK were ana-
lyzed by Western blot. 
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DISCUSSION 

SFE has several advantages over conven-
tional solvent extraction, as it shows in-
creased selectivity, decreased time consump-
tion, and it is environmentally friendly (Shu 
et al., 2004). However, I. okamurae has not 
previously been extracted using SFE for bio-
activity screenings. Thus, we investigated 
the anti-inflammatory effects and fatty acid 
constituents of I. okamurae extracts by using 
SFE technology. 

Fatty acids from seaweeds can be ob-
tained by using SFE as extensively reported 
(Cheung, 1999; Herrero et al., 2006). There-
fore, we first measured the fatty acids com-
position of SFEIO. The major fatty acid 
components in the extract were palmitic acid 
(30.2 %), linoleic acid (23.1 %) and oleic ac-
id (16.9 %). Unsaturated fatty acids contrib-
uted to 59.9 % of the total fatty acid content. 
Fatty acids such as phospholipids play a key 
role in maintaining the structural integrity of 
the cell membrane and play important roles 
in maintaining various cellular functions in-
cluding metabolism and immune responses 
(Basu et al., 2006; Cabral, 2005; Natali et al., 
2007). The dietary intake of mono- and pol-
yunsaturated fatty acids is associated with 
reduced risk of cardiovascular diseases in-
cluding hypertension and atherosclerosis 
(Basu et al., 2006). Polyunsaturated linoleic 
acid inhibits COX-1 and COX-2 in vitro 
(Ciaraldi et al., 2002; Ringbom et al., 2001) 
and decreases the expression levels of NF-
κB and TNF-α genes in human THP-1 mon-
ocytic cells, leading to a decreased produc-
tion of IL-6, IL-1β and TNF-α levels (Zhao 
et al., 2005). Recently, the monounsaturated 
oleic acid was found to inhibit LPS-induced 
iNOS and COX-2 expression through block-
ing p38 and NF-κB signaling pathways in 
BV2 murine microglia (Oh et al., 2009). 
Palmitic acid has been shown to trigger in-
flammation in cultured human macrophages 
(Laine et al., 2007) and increasing TNF-α 
and IL-6 production via p38 and ERK acti-
vation in astrocytes cells (Gupta et al., 2012). 
However, ω-3 fatty acids could act in a dose-
dependent manner preventing the palmitic 

acid-induced inflammatory responses in as-
trocytes (Gupta et al., 2012). Moreover, oleic 
acid is able to reverse the saturated fatty acid 
palmitate-induced insulin resistance and in-
flammation in skeletal muscle cells (Coll et 
al., 2008). Accordingly, we expected the 
SFEIO, which contained unsaturated fatty 
acids, to exhibit anti-inflammatory activities. 

Macrophages play a key role in immune 
responses during inflammation. Activation 
of macrophages by LPS releases inflamma-
tory mediators, including NO and PGE2, 
which are generated via the oxidation of the 
terminal guanidine nitrogen of L-arginine by 
iNOS and the conversion of arachidonic acid 
by COX-2 (Posadas et al., 2000). Both NO 
and PGE2 are involved in the progression of 
inflammation and carcinogenesis (Claria, 
2003). IL-1β, IL-6, and TNF-α are some of 
the major pro-inflammatory cytokines, 
which are produced by monocytes and mac-
rophages which play a crucial role in the 
progression of the initial steps in the 
inflammatory response (Tao et al., 2009; 
Young et al., 2002). Thus, reducing the lev-
els of NO, PGE2, IL-1β, IL-6, and TNF-α 
could be an effective strategy to inhibit in-
flammation. Current results suggest that 
SFEIO could inhibit the production of NO 
and PGE2 by the suppression of iNOS and 
COX-2 expression. Additionally, SFEIO re-
duced the production of IL-1β, IL-6, and 
TNF-α in LPS-induced RAW 264.7 cells. 

NF-κB-mediated regulation of pro-
inflammatory gene expression is controlled 
by transferases belonging to the IκB family. 
The transcription factor NF-κB could regu-
late the expression of pro-inflammatory me-
diators, including COX-2, iNOS, IL-1, IL-
6, and TNF-α (Kim et al., 2010; Rhee et al., 
2007). indicate that the degradation and 
phosphorylation of IκB, a cytoplasmic inhib-
itor of NF-κB, could induce inflammatory 
stimuli, resulting in the translocation of the 
activated p65/p50 heterodimer from the cy-
toplasm to the nucleus. Current results indi-
cate that SFEIO suppression the LPS in-
duced IκB-α phosphorylation and degrada-
tion, and the activation of NF-κB p50. These 
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results reveal that the effects of SFEIO on in-
flammatory mediators and cytokine produc-
tion are mediated via the inhibition of NF-κB 
pathway. 

Additionally, SFEIO could attenuate 
LPS-stimulated phosphorylation of JNKs 
and ERK, whereas it did not affect p38 
MAPK. MAPKs include ERKs, JNKs, and 
p38 kinase (Shao et al., 2013), and the phos-
phorylation of these proteins promotes the 
pro-inflammatory cytokine production in 
LPS-induced macrophages (Kim et al., 2013; 
Yoon et al., 2012). In particular, activation 
of ERK and JNK could regulate the respons-
es in LPS-stimulated macrophages, inducing 
increased pro-inflammatory cytokine and 
iNOS production (Ajizian et al., 1999; Uto et 
al., 2005). These results demonstrate that the 
anti-inflammatory effect of SFEIO could 
down-regulate LPS-stimulated phosphoryla-
tion of JNK and ERK in RAW 264.7 cells. 

In conclusion, the present study revealed 
that SFEIO treatment inhibited LPS-
stimulated NO and PGE2 production in mac-
rophages by suppressing iNOS and COX-2 
expression, respectively. SFEIO also signifi-
cantly inhibited the release of IL-1β, IL-6, 
and TNF-α in LPS-stimulated RAW 264.7 
cells. These effects occurred due to inhibi-
tion of NF-κB signaling and JNK and ERK 
phosphorylation. These findings indicate that 
SFEIO may have potential anti-inflammatory 
activity. 
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