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Abstract Camellia oleifera fruit hull has a variety of biological activities such as anti-oxidation, lipid regulation,
and anti-cancer etc, however the effect of C. oleifera fruit hull on inflammatory responses has not been clearly
elucidated. This study aimed to explore the effect of n-hexane extract of C. oleifera fruit hull on lipopolysaccharide
(LPS)-induced inflammatory responses in RAW264.7 cells using Griess assay, ELISA, western blotting analysis,
PCR and immunofluorescence technology. The results demonstrated that n-hexane extract of C. oleifera fruit hull
ameliorated the secretion of nitric oxide (NO), prostaglandin E2 (PGE2), tumour necrosis factor a (TNFa),
interleukin (IL)-1pB, and IL-6, inhibited the protein expression of inducible nitric oxide synthase (iNOS) and
cyclooxygenase 2 (COX2), downregulated the mRNA level of iINOS, COX2, TNFa, IL-1p, and IL-6, and improved
the cell viability in LPS-induced RAW264.7 cells. Moreover, the phosphorylation of ERK, P38, and JNK and
nuclear translocation of nuclear factor-kappa B (NF-kB) were restrained by the treatment of n-hexane extract of
C. oleifera fruit hull in LPS-induced RAW264.7 cells. Taken together, these data imply that n-hexane extract of
C. oleifera fruit hull alleviates the inflammatory response by regulating the activation of mitogen-activated protein
kinases (MAPKSs) and NF-«kB signaling pathways in LPS-induced RAW264.7 cells.
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1. Introduction

C. oleifera fruit hull, accounting for approximately 60%
weight of the single C. oleifera fruit, is the byproduct
produced by pressing seeds during traditional oil processing,
which contains several active components including lignin,
cellulose, hemicellulose, polysaccharides, flavonoids,
phenols and terpenes [1,2,3]. Several researchers have
reported that C. oleifera fruit hull has multiple biological
activities such as anti-oxidation, lipid regulation, and
anti-cancer [1,4]. Xie and co-workers have pointed out
that the extract of C. oleifera fruit hull could scavenge free
radicals, inhibit lipid peroxidation, and reduce the body
weight of mice induced by high fat diet [1]. Zhou et al.
and Zhang and Li have shown that the polysaccharide
from C. oleifera fruit hull had promising antitumor
activity and had strong antioxidant activity in vitro and in
vivo [4,5]. However, the anti-inflammatory effect of
C. oleifera fruit hull has not been well reported.

Macrophages existing in all tissues play a crucial role in
the inflammatory and immune responses to the invasion of
pathogenic microorganisms, and other foreign substances
by phagocytosis and secreting related molecules such as
NO, PGE2, IL-1B, IL-6, and TNFa [6,7,8]. NO and PGE2
are two inflammatory related factors involved in a variety
of physiological and pathological reactions [9,10]. TNFa,
IL-1B, and IL-6 are three proinflammatory mediators
regulating inflammatory responses [11,12,13]. LPS, a
major component of the cell wall of gram-negative bacteria,
continuously induces the activation of macrophages,
which was generally used as the cell model for anti-
inflammatory researches [8,14,15,16].

MAPKSs and NF-kB are two major signaling pathways
related to the activation of macrophages, which regulate
the secretion and maturation of several inflammatory
cytokines in macrophages [8,17,18]. MAPKSs presented in
most eukaryotes are serine/threonine protein kinases,
which contain three family members including P38, ERK,
and JNK, and can be activated by the transforming growth
factor-B (TGF-B)-activated kinase 1 (TAK1) [19]. The
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activation of MAPKs then promotes the nuclear
translocation of activation protein 1 (AP1) from the
cytoplasm, which regulates mMRNA transcription via binding
to the promoter region of related genes and ultimately
causes the secretion and maturation of related molecules
such as INOS, COX2, IL-1B, IL-6 and TNFa [20]. NF-xB
is an important transcription factor that regulates a series
of inflammatory responses by promoting the release of
related molecules and enhancing the phagocytosis ability
of macrophages [21]. NF-kB in the rest state remains in
the cytoplasm by binding to the IkB inhibitory protein.
Once the cells are stimulated by a foreign substance or
pathogen, the IkB inhibitory protein will be
phosphorylated by the IxB kinase (IKK), and dissociated
from the NF-xB complex, then degraded through
ubiquitination [22]. The dissociated NF-xB will be
activated and rapidly translocated into nuclear to regulate
the transcription of related genes by binding to the mMRNA
promoter region, which ultimately causes the release of
related molecules and activation of macrophages [14].

In this study, we focused on the effect of n-hexane
extract of C. oleifera fruit hull on inflammatory responses
in LPS-induced RAW264.7cells. The results indicated that
n-hexane extract of C. oleifera fruit hull ameliorated the
secretion of NO, PGE2, IL-1B, IL-6, and TNFa, inhibited
the protein expression of iINOS and COX2, downregulated
the mRNA level of INOS, COX2, IL-1B, IL-6, and TNFa,
and improved the cell viability in LPS-induced
RAW?264.7 cells. Moreover, the phosphorylation of ERK,
P38, and JNK and nuclear translocation of NF-«xB were
restrained by n-hexane extract of C. oleifera fruit hull in
LPS-induced RAW264.7 cells. In conclusion, these data
suggested that n-hexane extract of C. oleifera fruit hull
alleviates inflammatory responses by regulating the
activation of MAPKs and NF-kB signaling pathways in
LPS-induced RAW264.7 cells.

2. Materials and Methods

2.1. Reagents

High Glucose DMEM medium was provided by
Biological Industries (Israel) and fetal bovine serum (FBS)
was obtained from Natocor (Argentina). Penicillin-
streptomycin (P/S) solution and RIPA lysis buffer (high)
were purchased from Solarbio (Beijing, China). And LPS
was from Sigma-Aldrich (USA). ELISA kits for mouse
IL-1B, IL-6, and TNFa were obtained from BIOSTER
(Wuhan, China), PGE2 kit was from R&D Systems
(Minneapolis, USA). BCA Protein Assay Kit was
provided by Beyotime (Jiangsu, China). Primary
antibodies were supplied by ABclonal (Wuhan, China) or
Bioworld Technology Inc (MN, USA). TransZol Up
reagent was purchased from TransGen Biotech (Beijing,
China) and Primescript™ First-Strand cDNA Synthesis kit
was provided by Takara (Beijing, China).

2.2. Preparation of n-Hexane Extract of
C. Oleifera Fruit Hull

C. oleifera fruit hull purchased from Jiangxi enquan
grease Co., Ltd (Shangrao, China) was thoroughly crushed

and passed through 100 mesh sieve. Then the powder of
C. oleifera fruit hull was immersed in distilled water
boiling for 2 h and repeated for 3 times. The supernatants
were combined and concentrated after filtration. And the
n-hexane extract of C. oleifera fruit hull was obtained
after extraction with n-hexane solvent, concentration and
lyophilization.

2.3. Cell Culture

RAW?264.7 cells obtained from Key Laboratory of
Pu-er Tea Science, Ministry of Education were purchased
from Kunming Institute of Zoology, Chinese Academy of
Sciences, which were cultured in High Glucose DMEM
medium with 10% FBS and 1% P/S at 37°C and 5% CO.,.
The cells were observed every day and the media was
changed every 2-3 days.

2.4. Griess Assay

RAW?264.7 cells (5x10* cells/well) were seeded in a
96-well plate and incubated overnight. The n-hexane
extract of C. oleifera fruit hull at concentration ranges
from 0 to 100 pg/mL was added for 2 h followed with
LPS at 1 pg/mL for 24 h. 100 pL of each supernatant
medium was transferred into a new 96-well plate and
mixed with an equal volume of Griess A and B at room
temperature in the dark for 10 min [8]. The absorbance
was measured at 540 nm using a microplate reader (Tecan
Infinite 200 Pro, Switzerland) immediately, and the
concentration of NO was determined through the
calibration curve.

2.5. MTT Assay

RAW?264.7 cells were treated as in the Griess assay.
The remained cells in the 96-well plate with 100 pL media
were exposed to 10 pL MTT (5 mg/mL) at 37°C for 4 h in
the dark. The supernatant was removal from the wells, and
150 pL DMSO was added for the dissolution of formazan
crystals. The absorbance of each well was read at 492 nm
through the microplate reader and the proportional cell
viability was calculated and normalized to the control

group.

2.6. Enzyme-Linked Immunosorbent Assay

RAW?264.7 cells (1x10° cells/well) were inoculated in a
6-well plate overnight. The n-hexane extract of C. oleifera
fruit hull at treatment concentrations of 25, 50, 100, and
200 pg/mL was pretreated for 2 h and LPS at a final
concentration of 1 pg/mL was added for 24 h. The cell
culture supernatants were assessed using ELISA kits. Each
sample was tested in triplicate.

2.7. Western Blotting

RAW264.7 cells (1x10° cells/well) were treated as in
the enzyme-linked immunosorbent assay or seeded in
dishes with a diameter of 60 mm overnight and pretreated
with n-hexane extract of C. oleifera fruit hull at
200 pg/mL for 2 h following treated with LPS at 1 pg/mL
for indicated time (1 h, 2 h and 6 h), respectively. Cells
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were harvested and lysed on ice for 30 min with RIPA
lysis buffer (high). Protein concentrations were quantified
using BCA Protein Assay Kit (Beyotime, Jiangsu, China).
Equal amounts of total proteins (40 ug) were separated by
10% SDS-PAGE gel and then transferred onto PVDF
membranes (Millipore, CA, USA). The membranes were
blocked in 5% skim milk at room temperature for 1h and
then incubated at 4°C overnight with primary antibodies
specific for INOS (A4771, ABclonal), GAPDH (AP0066,
Bioworld Technology), COX2 (BS90326, Bioworld
Technology), JNK1/2/3 (A4867, ABclonal), p-JNK
(BS9939M, Bioworld Technology), P38 (A4771,
ABclonal), p-P38 (BS6381, Bioworld Technology), ERK1/2
(A4782, ABclonal) and p-ERK1/2(AP0485, ABclonal).
The membrane was then incubated for an additional 60
min with a secondary antibod (Goat Anti-rabbit IgG/HRP,
bs-0295G-HRP, Bioss). Immunoreactive bands were
developed using Super ECL plus kit (4A biotech, Beijing,
China) and imaging with ChemiScope 3000 mini (Clinx,
Shanghai, China).

2.8. RNA Isolation and PCR Analysis

RAW264.7 cells (1x10° cells/well) were treated as in
the enzyme-linked immunosorbent assay, and the total
RNA was isolated using TransZol Up reagent according to
the instructions from the manufacturer and quantified with
a microplate reader (Tecan Infinite 200 Pro, Switzerland).
The cDNA was synthesized using Primescript™ First-
Strand cDNA Synthesis kit and amplified by rapid PCR
reagent (Vazyme, Nanjing, China). The mRNA levels
were detected by agarose gel electrophoresis and the
relative expressions of mMRNA were normalized to
GAPDH using Image J analysis software. The specific
primers are shown in Table 1.

Table 1. PCR primer sequences

Primer name Primer sequences (5°-3’)

iNOS-F CCCTTCCGAAGTTTCTGGCAGCAGC
iNOS-R GGCTGTCAGAGCCTCGTGGCTTTG
COX2-F AGAAGGAAATGGCTGCAGAA
COX2-R GCTCGGCTTCCAGTATTGAG
TNFo-F TGTCCCTTTCACTCACTGGC
TNFo-R CATCTTTTGGGGGAGTGCCT
IL-1B-F AGCTTCAGGCAGGCAGTATC
IL-1B-R AAGGTCCACGGGAAAGACAC
IL-6-F GAGTGGCTAAGGACCAAGACC
IL-6-R AACGCACTAGGTTTGCCGA
GAPDH-F CACTCACGGCAAATTCAACGGCA
GAPDH-R GACTCCACGACATACTCAGCAC

2.9. NF-xB Activation and Nuclear
Translocation Assay

RAW264.7 cells (1x10° cells/well) seeded in a 6-well
plate were pretreated with n-hexane extract of C. oleifera
fruit hull at 200 pg/mL for 2 h following treated with LPS
at 1 pg/mL for 6 h. The supernatants were discarded and
the immunofluorescence test was performed according to
the instructions from the manufacturer of Cellular NF-xB
Translocation Kit (Beyotime, Jiangsu, China). Cells were
fixed with the stationary liquid for 15 min and blocked

with blocking solution for 1 h at room temperature. The
cells were then incubated overnight at 4°C with the
primary antibody NF-kB p65 and future incubated with a
Cy3-conjugated secondary antibody for 1 h, and then
stained with DAPI for 5 min before determination. The
red and blue images were captured using a TS2-FL
microscope (Nikon, Tokyo, Japan).

2.10. Statistical Analysis

Three replicates were performed for all experiments,
and the results were expressed as mean + standard
deviation. The statistical test was performed using
GraphPad Prism, version 8.0.1 (GraphPad Software, San
Diego, CA, USA) and the significance analysis was
performed by t-test.

3. Results

3.1. Effects of n-Hexane Extract of C. Oleifera
Fruit Hull on NO Production and Cell
Viability in LPS-Induced RAW?264.7
Cells

In the study, the effects of n-hexane extract of
C. oleifera fruit hull on NO production and cell viability
in LPS-induced RAW264.7 cells were initially evaluated
using Griess assay and MTT method. The results showed
that n-hexane extract of C. oleifera fruit hull inhibited
the production of NO in a concentration-dependent
manner (Figure 1a) and improved the cell viability and
morphology (Figure 1b and c¢)) in LPS-induced
RAW264.7 cells which suggested that n-hexane extract of
C. oleifera fruit hull may play an inhibition role in
LPS-induced inflammatory responses in RAW264.7 cells.

3.2. Effects of n-Hexane Extract of C. Oleifera
Fruit Hull on the Secretion of
Proinflammatory Factors in
LPS-Induced RAW?264.7 Cells

The release of proinflammatory cytokines including
PGE2, TNFa, IL-1pB, and IL-6 is one of the significant
markers of LPS-induced inflammatory responses in
RAW264.7 cells. In this study, the effects of n-hexane
extract of C. oleifera fruit hull on the secretion of PGE2,
TNFo, IL-1B, and IL-6 were detected using ELISA
method. The results showed that high concentration of
n-hexane extract of C. oleifera fruit hull at 100 and
200 pg/mL decreased the release of PGE2 (Figure 2a) and
IL-6 (Figure 2c), and the release of IL-1p was presented in
a decreasing tendency with the increasing concentration of
n-hexane extract of C. oleifera fruit hull in LPS-induced
RAW?264.7cells (Figure 2d).

In addition, n-hexane extract of C. oleifera fruit hull
had a slightly reducing effect on TNFa release, although
the reducing effect presented significant differences at
100 pg/mL (Figure 2b). In summary, these data indicated
that n-hexane extract of C. oleifera fruit hull ameliorated
the secretion of proinflammatory cytokines to a certain
degree.
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Figure 1. Effects of n-hexane extract of C. oleifera fruit hull on NO production and cell viability in LPS-induced RAW264.7 cells. Cells were
pretreated with the indicated concentrations of n-hexane extract (0, 12.5, 25, 50, and 100 pg/mL) for 2 h following treatment of LPS (1 pg/mL) for 24 h.
Cell supernatants were collected for the detection of NO production by Griess assay (a). Cell viability was evaluated by MTT reagent (b). Cell
morphology and density were pictured and identified through microscope (c). The data are presented as means + SD of three separate experiments.
****n<0.0001 compared with control group, ####p<0.0001 compared with LPS group
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Figure 2. Effects of n-hexane extract of C. oleifera fruit hull on the release of proinflammatory factors in LPS-induced RAW264.7 cells. Cells were
pretreated with the indicated concentrations of n-hexane extract (0, 25, 50, 100, and 200 pg/mL) for 2 h following treatment of LPS (1 pg/mL) for 24 h.
Cell supernatants were collected and the releases of PGE2 (a), TNFa. (b), IL-6 (c), and IL-1p (d) were determined using ELISA. The data are presented
as means + SD of three independent experiments. *p<0.05, ****p<0.0001 compared with control group, #p<0.05 compared with LPS group
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Figure 3. Effects of n-hexane extract of C. oleifera fruit hull on the expression of inflammatory proteins in LPS-induced RAW264.7 cells. Cells were
pretreated with the indicated concentrations of n-hexane extract (0, 25, 50, 100, and 200 pg/mL) for 2 h following treatment of LPS (1 pg/mL) for 24 h.
Cell lysates were obtained and the protein expressions of iINOS, COX2, and GAPDH were analyzed by western blotting. (a). The representative results
of western blotting bands. (b-c). The relative protein expressions of iNOS (b) and COX2 (c) were quantified using image J and normalized to GAPDH.
The data are presented as means + SD of three independent experiments. ****p<0.0001 compared with control group, ##p<0.01, ###p<0.001,

####p<0.0001 compared with LPS group

3.3. Effects of n-hexane Extract of C. Oleifera
Fruit Hull on the Expression of
Inflammatory Proteins in LPS-Induced
RAW264.7 Cells

iNOS and COX2 are two enzymes responsible for the
synthesis of NO and PGE2 in LPS-induced RAW264.7
cells. In this study, the effects of n-hexane extract of C.
oleifera fruit hull on the protein expression of iNOS and
COX2 were evaluated by western blotting analysis. The
result demonstrated that the protein expression of iINOS
and COX2 were at a low level in RAW264.7 cells before
treatment, while they were markedly increased after
LPS treated in RAW264.7 cells. And pretreatment with
n-hexane extract of C. oleifera fruit hull suppressed the
protein expression of iINOS and COX2 in LPS-induced
RAW264.7 cells, especially at high concentrations 100
and 200 pg/mL (Figure 3). This data suggested the
anti-inflammatory effect of n-hexane extract of C. oleifera
fruit hull in LPS-induced RAW?264.7 cells.

3.4. Effects of n-Hexane Extract of C. Oleifera
Fruit Hull on the Mrna Level of Related
Inflammatory Molecules in LPS-Induced
RAW264.7 Cells

To further explore the anti-inflammatory effect of
n-hexane extract of C. oleifera fruit hull, the effect of
n-hexane extract on the mRNA levels of inflammatory
related molecules in LPS-treated RAW264.7 cells were
quantified using PCR analysis. In Figure 4, the result
showed that n-hexane extract of C. oleifera fruit hull
dramatically reduced the mRNA level of iNOS (Figure 4b)
and IL-1p (Figure 4e), however the inhibition effect of
n-hexane extract of C. oleifera fruit hull on the mRNA
level of COX2 (Figure 4c) and TNFa (Figure 4d)
was relatively slight in LPS-induced RAW264.7 cells.
Moreover, n-hexane extract of C. oleifera fruit hull played
a reducing effect on the mRNA level of IL-6 at
concentration ranges from 25 to 100 pg/mL, but increased
the mRNA level of IL-6 at 200 pg/mL in LPS-treated
RAW264.7 cells (Figure 4f). In conclusion, these data
implied the downregulatory effect of n-hexane extract
of C. oleifera fruit hull on the mRNA level of

proinflammatory molecules in LPS-induced RAW264.7
cells, although the regulating mode may be complicated.

3.5. n-Hexane Extract of C. Oleifera Fruit
Hull Downregulated the Phosphorylation
of Mapks Signaling Pathway in
LPS-Induced RAW264.7 Cells

MAPKSs signaling pathway played a crucial regulatory
role in LPS-stimulated inflammatory responses in RAW264.7
cells. In the study, to evaluate the anti-inflammatory
mechanism of n-hexane extract of C. oleifera fruit hull,
the effect of n-hexane extract on the phosphorylation of
MAPKSs including ERK, P38 and JNK in LPS-induced
RAW264.7 cells were analyzed using western blotting.
The results demonstrated that n-hexane extract of
C. oleifera fruit hull markedly restrained the
phosphorylation of ERK and P38 in LPS treated
RAW264.7 cells for 2 h, and reduced the phosphorylation
level of P38 and JNK in LPS treated RAW?264.7 cell for 6
h (Figure 5). These data indicated that the regulatory
effect of n-hexane extract of C. oleifera fruit hull on the
phosphorylation of MAPKSs was closely related to the time
course and the inhibition effect was marked at a certain
time point in LPS-induced RAW?264.7 cells.

3.6. n-Hexane Extract of C. Oleifera Fruit
Hull Prevented the Activation and
Nuclear Translocation of NF-kB in LPS-
Induced RAW?264.7 Cells

NF-kB is a classical signaling pathway involved in the
activation and inhibition of macrophages. Here, the nuclear
translocation and activation of NF-xB in RAW264.7 cells
was examined through immunofluorescence technique to
evaluate the anti-inflammatory mechanism of n-hexane
extract of C. oleifera fruit hull. In Figure 6, NF-xB
remained in the cytoplasm in RAW264.7 macrophages in
the resting state, then it was translocated into the nuclear
after treated by LPS for 6 h. And the pretreatment of
n-hexane extract of C. oleifera fruit hull surely prevented
the nuclear translocation and activation of NF-xB in
LPS-induced RAW264.7 cells. This data suggested that
n-hexane extract of C. oleifera fruit hull played a
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regulatory effect on the restriction of the activation and cells, which may be related to anti-inflammatory effect of
nuclear translocation of NF-xB in LPS-induced RAW264.7 n-hexane extract of C. oleifera fruit hull.
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Figure 4. Effects of n-hexane extract of C. oleifera fruit hull on the mRNA level of proinflammatory genes in LPS-induced RAW?264.7 cells. Cells were
pretreated with the indicated concentrations of n-hexane extract (0, 25, 50, 100, and 200 pg/mL) for 2 h following treatment of LPS (1 pg/mL) for 24 h.
Cell lysates were obtained for RNA extraction and the mRNA levels of iNOS, COX2, TNFa, IL-1p, IL-6, and GAPDH were analyzed using fast PCR.
(a). The representative results of agarose gel eletrophoresis bands. (b-f). The relative mRNA levels of iNOS (b), COX2 (c), TNFa (d), IL-1p (e), and IL-
6 (f) were quantified using image J and normalized to GAPDH. The data are presented as means + SD of three independent experiments. *p<0.05,
**p<0.01, ****p<0.0001 compared with control group, ##p<0.01, ###p<0.001, ####p<0.0001 compared with LPS group
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Figure 5. Effects of n-hexane extract of C. oleifera fruit hull on the phosphorylation level of MAPKSs in LPS-induced RAW264.7 cells. Cells were
pretreated with n-hexane extract (200 pg/mL) for 2 h following treatment of LPS (1 pg/mL) for the indicated times (1, 2, 6 h). Cell lysates were
collected and protein expression and phosphorylation of ERK, P38, and JNK were analyzed using western blotting. (a). The representative results of
western blotting bands. (b-d). The relative phosphorylation levels of ERK (b), P38 (c), and JNK (d) were quantified using image J and normalized to
that of the unphosphorylated form. The data are presented as means + SD of three independent experiments. *p<0.05, ****p<0.0001
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Figure 6. Effects of n-hexane extract of C. oleifera fruit hull on the activation and nuclear translocation of NF-kB in LPS-induced RAW264.7 cells.
Cells were pretreated with n-hexane extract (200 pg/mL) for 2 h following treatment with LPS (1 pg/mL) for 6 h. Cell supernatants were discarded and
cells were used for the detection of NF-kB nuclear translocation via immunofluorescence. The representative graphs of immunofluorescence were

presented from three separate experiments

4. Discussion

C. oleifera fruit hull contains several active components
including lignin, cellulose, hemicellulose, polysaccharides,
flavonoids, phenols, and terpenes, which have various
biological activities such as anti-oxidation, lipid regulation
and anticancer [1-5,23]. Recent studies indicate that the
extract of C. oleifera fruit hull had the ability of
scavenging free radicals, inhibiting lipid peroxidation, and
reducing the body weight of mice induced by high fat diet
[1,4,23,24]. However, the anti-inflammatory effect and
mechanism of C. oleifera fruit hull has rarely been
reported. In this study, the effects of n-hexane extract of
C. oleifera fruit hull on the inflammatory responses in
LPS-induced RAW264.7 cells were investigated via
Griess assay, ELISA, western blotting analysis, PCR, and
immunofluorescence technology, etc.

NO and PGE2, as the two major inflammatory markers
synthesized and secreted by macrophages, were mainly
derived from L-arginine and arachidonic acid by the
action of iNOS and COX2, respectively [8,20,25,26]. In
this study, the production of NO and PGE2, as well as the
protein and mRNA expression of iINOS and COX2 were
evaluated. The results showed that n-hexane extract of
C. oleifera fruit hull suppressed the production of NO and
PGE2, reduced the protein and mRNA levels, and
improved the cell viability in LPS-induced RAW264.7
cells, which suggested that the n-hexane extract of
C. oleifera fruit hull may have the ability of
anti-inflammation at protein and mRNA levels.

Proinflammatory cytokines such as TNFa, IL-1p, and
IL-6 were released by activated macrophages, which are
considered the major mediators in several cell processes
including immune reaction, inflammatory response, cell
proliferation and cell apoptosis [11,12,13]. In the study,
the secretion and mRNA expression of TNFa, IL-1f, and

IL-6 were detected. The results demonstrated that
n-hexane extract of C. oleifera fruit hull decreased the
release of TNFa, IL-1B, and IL-6 in a certain degree and
had some inhibition effect on the mRNA expression of
TNFa, IL-1B and IL-6 in LPS-induced RAW264.7 cells.
These data indicated that the anti-inflammatory activities
of n-hexane extract of C. oleifera fruit hull may be
manifested by inhibiting the production of inflammatory
markers and suppressing the release of proinflammatory
cytokines at the protein and mRNA levels.

MAPKs and NF-kB signaling pathways have been
proved to play a significant role in LPS-induced
inflammatory responses by regulating the secretion and
maturation of related cytokines in macrophages
[8,14,16,18,25,27,28]. Park and colleagues have pointed
out scutellarein inhibits LPS-induced inflammation
through inactivating NF-xB/MAPKs signaling Pathway in
RAW?264.7 macrophages [14]. Islam et al. reported that
decursinol angelate inhibits LPS-induced macrophage
polarization through modulation of the NF-xB and MAPK
signaling pathways [16]. Alam and colleagues proved
that cerevisterol alleviates inflammation via suppression
of the activation of MAPK/NF-kB/AP-1 and Nrf2/HO-1
signaling Cascades [25]. In the study, the phosphorylation
of MAPKSs including ERK, JNK, and P38 and the
activation and nuclear translocation of NF-kB were
investigated. The results indicated that the n-hexane
extract of C. oleifera fruit hull downregulated the
phosphorylation levels of ERK, JNK, and P38 at
different time points with different degree and restrained
the activation and nuclear translocation of NF-kB in
LPS-induced RAW264.7 cells, which implied that
n-hexane extract of C. oleifera fruit hull may play an
anti-inflammation activity via preventing the activation of
MAPKs and NF-«kB signaling pathways in LPS-induced
RAW?264.7 cells.
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5. Conclusions

In this study, the effect of n-hexane extract of
C. oleifera fruit hull on inflammatory responses in
LPS-induced RAW?264.7 cells were explored. The results
indicated that n-hexane extract of C. oleifera fruit hull
alleviates inflammatory responses by regulating the
phosphorylation of MAPKs and nuclear translocation of
NF-«B in LPS-induced RAW264.7 cells.
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