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Water-separated part of Chloranthus
serratus alleviates lipopolysaccharide-
induced RAW264.7 cell injury mainly by
regulating the MAPK and Nrf2/HO-1
inflammatory pathways
Shuping Sun1,2,3* , Yunyan Du2,3, Chuanliu Yin2,3, Xiaoguo Suo2,3, Rui Wang2,3, Rongping Xia2,3 and
Xiaoping Zhang1*

Abstract

Background: Chloranthus serratus (Chloranthaceae) has been used to treat bruises, rheumatoid and bone pain.
However, the anti-inflammatory mechanisms of C. serratus in vitro have not been fully elucidated. The present study
aimed to explore the anti-inflammatory activity and potential mechanisms of C. serratus’s separated part of water
(CSSPW) in lipopolysaccharide (LPS)-induced RAW264.7 cells.

Methods: The concentrations of CSSPW were optimized by CCK-8 method. Nitric oxide (NO) content was detected
by one-step method. The levels of inflammatory cytokines were determined by enzyme-linked immunosorbent
assay (ELISA). Gene expression of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) was detected
by real-time quantitative PCR (qPCR). Immunofluorescence and DCFH-DA fluorescent probes were used to detect
p65 nuclear translocation and reactive oxygen species (ROS) content, respectively. Western blotting was used to
assay the protein expression of mitogen-activated protein kinases (MAPK), nuclear factor-kappa B (NF-κB) and
nuclear transcription factor E2 related factor 2/haem oxygenase-1 (Nrf2/HO-1) pathways.

Results: The final concentrations of 15 ng/mL, 1.5 μg/mL and 150 μg/mL were selected as low, medium and high
doses of CSSPW, respectively. CSSPW treatment significantly reduced the generation of NO, tumour necrosis factor-
α (TNF-α), interleukin-6 (IL-6), prostaglandinE2 (PGE2), iNOS mRNA and COX-2 mRNA in response to LPS stimulation.
Furthermore, the protein expression of the MAPK and NF-κB pathways was suppressed by CSSPW treatment, as well
as p65 nuclear translocation and ROS production. In contrast, the protein expression of the Nrf2/HO-1 pathway was
markedly upregulated.

Conclusions: CSSPW exerts its anti-inflammatory effect via downregulating the production of pro-inflammatory
mediators, inhibiting the activation of NF-κB and MAPK pathways, as well as activating Nrf2/HO-1 pathway in LPS-
induced RAW264.7 cells.
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Background
Inflammation is a defence response against a variety of
harmful stimuli (e.g., tissue injury, infection and stimulants),
which is also the most common pathological process in hu-
man diseases [1, 2]. Inflammation is generally divided into
acute and chronic inflammation, which can lead to a series
of inflammatory diseases such as rheumatoid arthritis and
gastritis. If not treated in time, inflammation may further
develop into various cancers [3, 4].
The occurrence of inflammation is accompanied by

the production of inflammatory mediators such as pros-
taglandin E2 (PGE2), interleukin-6 (IL-6), tumour necro-
sis factor-α (TNF-α) and nitric oxide (NO). The over-
expression of these inflammatory mediators may cause
serious damage to cells and tissues, even resulting in
organ failure [3, 5]. Moreover, two pro-inflammatory en-
zymes, inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2), play synergistic roles in in-
flammatory diseases, and drugs with dual inhibitory ef-
fects on iNOS and COX-2 mRNA have great anti-
inflammatory potential [6]. Hence, inhibiting the over-
expression of related inflammatory mediators is an ef-
fective method to control inflammation.
At present, there are many anti-inflammatory chemical-

based drugs, such as indomethacin, prednisone, ibuprofen
and aspirin. However, these drugs can damage the kidneys
[7]. Fortunately, traditional Chinese medicine (TCM) pro-
vides an alternative or better options for patients with in-
flammation. TCM has good anti-inflammatory and
immunological activity, which is used to treat inflamma-
tion with multi-component, multi-link and multi-target
characteristics [8]. Therefore, it is of great significance to
develop natural anti-inflammatory drugs.
Chloranthus serratus (Thunb.) Roem. et Schalt (Chlor-

anthaceae family), mainly produced in Anhui, Zhejiang,
Guangxi, Yunnan and other provinces of China, can pro-
mote blood circulation, prevent inflammation and other
diseases [9]. According to the records in the Modern
Chinese Pharmacy Dictionary, C. serratus can relax mus-
cles and joints, reduce swelling, relieve pain, treat
bruises, fractures, rheumatism, etc. [10]. Its root is often
used as medicine and has obvious anti-inflammatory ac-
tivity in vivo [11]. Our previous study has shown that C.
serratus’s separated part of water (CSSPW) has anti-
inflammatory activity in rats. However, the anti-
inflammatory mechanisms of CSSPW in lipopolysac-
charide (LPS)-induced RAW264.7 cells remain unclear.
This study aimed to investigate the anti-inflammatory

effects and potential mechanisms of CSSPW on LPS-
stimulated RAW264.7 cells. We determined the produc-
tion of corresponding inflammatory factors and mRNA
levels of pro-inflammatory mediators. Finally, the levels
of related signal pathways were detected to clarify the
anti-inflammatory mechanisms.

Methods
Reagents
The RAW264.7 cells (TCM13) were purchased from the
American Type Culture Collection (Rockville, MD,
USA). LPS was obtained from Beijing Solarbio Co., Ltd.
(Beijing, China). CCK-8 kit was purchased from Jiangsu
Kaiji Biotechnology Co., Ltd. (Jiangsu, China). NO was
obtained from Jiancheng Biotechnology Co., Ltd. (Nan-
jing, China). TNF-α, IL-6 and PGE2 enzyme linked im-
munosorbent assay (ELISA) kits were provided by
Shanghai Youchu Trading Co., Ltd. (Shanghai, China).
Nuclear transcription factor E2 related factor 2 (Nrf2),
p65 and β-tubulin antibodies were obtained from Pro-
teintech Group, Inc. (USA). P-p65 and p-p38antibodies
were obtained from Affinity Biosciences (USA). ERK1/2,
p-ERK1/2, p38, p-JNK, JNK antibodies and DCFH-DA
kit were purchased from Beyotime Biotechnology Co.,
Ltd. (Shanghai, China). β-actin, heme oxygenase-1 (HO-
1) and IgG antibodies were purchased from Boster Bio-
logical Engineering Co., Ltd. (Wuhan, China). GAPDH,
iNOS and COX-2 primers were obtained from Service-
bio Biotechnology Co., Ltd. (Wuhan, China), etc.

Sample preparation
C. serratus was harvested in Yulin (Guangxi, China).
Referring to the Modern Chinese Pharmacy Dictionary
[10], it was determined to be genuine by Professor Zhu
JH of Wannan Medical College, and a voucher specimen
of the plant (ANUB14096) was deposited in the Herbar-
ium Centre, Anhui Normal University, China. After
washing and drying naturally, the root was separated
and crushed to coarse powder, which was stored at
room temperature.
The coarse powder of the C. serratus root was immersed

into 12 times 75% ethanol for 0.5 h and refluxed for 1.5 h,
then extracted with 10 times and 8 times 75% ethanol for
1 h, respectively. The tertiary filtrate was combined and
the solvent was recovered at low pressure until alcohol
free, then extracted successively with an equal amount of
chloroform, ethyl acetate and n-butanol for three times.
The residual phase after extraction by n-butanol was the
aqueous phase. Subsequently, the aqueous phase was con-
centrated, dried and crushed to obtain the water-
separated part, which was stored at room temperature in a
desiccator. Extraction rate (%) =mass of the water-
separated part (g) / mass of coarse powder from the root
(g) × 100%, which was 1.94%.

Cell culture and viability assay
RAW264.7 cells were cultured in high glucose Dulbec-
co’s modified Eagle’s medium (DMEM) containing 10%
(v/v) foetal bovine serum (FBS, HyClone, USA) and 1%
penicillin-streptomycin at 37 °C in a humidified atmos-
phere with 5% CO2. The medium was replaced every 2
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days. Cells in their logarithmic growth stage were chosen
for follow-up experiments.
Cell viability was detected by CCK-8 method. The cells

were seeded in 96-well culture plates (2 × 104 cells/well)
and treated with 100 μL of different concentrations of
CSSPW (0, 11.5, 23, 46, 92, 184, 368, 736 and 1472 μg/
mL) and LPS (0, 0.5, 1.0, 1.5 and 2.0 μg/mL) for 24 h.
Then 10 μL of CCK-8 solution was added to each well
except the blank group. Next, the 6-well plates were
placed in the incubator and cultured for 2 h. OD values
were measured at 450 nm wavelength and 600 nm refer-
ence wavelength with a microplate reader (Shenzhen
Sante Electronics Co., Ltd., Shenzhen, China). Cell via-
bility (%) = (ODdrug group - ODblank group)/(OD control group

- OD blank group) × 100%.

Experimental design
The cells were inoculated into a 6-well plate and divided
into control (Con) group, model (LPS) group,
dexamethasone-positive (Dex) group, and low-dose,
middle-dose and high-dose CSSPW groups. After 1 h of
adherent growth, the drug solution was individually
added to the corresponding wells and cultured for 0.5 h.
Then, 1 mL of LPS solution was added to the wells, ex-
cept those of the Con group. After inoculation for 24 h,
the cell morphology was observed and photographed
with an OLYMPUS inverted microscope (Kunshan Nuo-
pusen Laboratory Products Technology Co., Ltd., Kun-
shan, China).

Determination of the inflammatory factors NO, TNF-α, IL-
6 and PGE2
The cells were co-treated with CSSPW (15 ng/mL,
1.5 μg/mL and 150 μg/mL) and LPS (1 μg/mL) for 24 h.
After centrifugation, cell-free supernatants were col-
lected for assaying NO, TNF-α, IL-6 and PGE2 produc-
tion. The NO content was measured by one-step
method in accordance with the manufacturer’s instruc-
tions. The levels of TNF-α, IL-6 and PGE2 were deter-
mined by ELISA using the automatic biochemical
analyser (Hitachi, Japan) according to the protocols of
commercial assay kits.

Real-time quantitative PCR analysis
The expression of COX-2 and iNOS mRNA was de-
tected by real-time fluorescence quantitative PCR. The
medium was removed, and the cells were reserved for
RNA extraction. The purity of the RNA was determined
with a NanoDrop 2000 Ultramicrospectrophotometer
(Thermo Fisher Scientific, USA).
The reverse transcription was as follows: RNA solution

(2 μL), oligo (dT) 18 (1 μL), and deionized water (9 μL)
were added and incubated at 65 °C for 5min. Then, 5 × re-
action buffer (4 μL), 10mM dNTP mix (2 μL), Ribo Lock

RNase inhibitor (1 μL) and RevertAi M-MuLVreverse
transcriptase (1 μL) were added. The final solution was in-
cubated at 42 °C for 60min and then at 70 °C for 5min to
reverse transcribe RNA into cDNA.
The iNOS primers used were 5′-CACCTTGGAAGAGG

AGCAACTAC-3′ (Forward) and 5′-GAGCAAAGGC
GCAGAACTGA-3′(Reverse). The COX-2 primers used
were 5′-ATAGACGAAATCAACAACCCCG-3′ (Forward)
and 5′-GGATTGGAAGTTCTATTGGCAG-3′ (Reverse).
GAPDH was used as a positive control and the primers used
were 5′-CCTCGTCCCGTAGACAAAATG-3′ (Forward)
and 5′-TGAGGTCAATGAAGGGGTCGT-3′ (Reverse).
PCR was performed as follows: 95 °C for 10 min; 95 °C

for 15 s and 60 °C for 60 s for 40 cycles and 72 °C for 1
min. Finally, the melting curve was obtained. Ct values
of the output were quantitatively analysed by the 2-ΔΔCt

method.

Western blotting analysis
The RAW264.7 cells were inoculated in 6-well plates,
and the culture medium was discarded after treatment
with CSSPW (15 ng/mL, 1.5 μg/mL and 150 μg/mL) and
LPS (1 μg/mL) for 24 h. The cells were lysed with lysate
(RIPA:PMSF:phosphatase inhibitor = 100:1:1) for 10 min
on ice, followed by centrifugation at 12,000 r/min and
4 °C for 20 min. The target proteins were collected and
isolated by electrophoresis (Bio-Rad, USA) with 8 and
10% SDS-PAGE, then transferred to nitrocellulose (NC)
membranes. After blocking with 5% skim milk at room
temperature for 2 h, the NC membranes were incubated
with the primary antibodies specific to Nrf2, HO-1, p65,
p-p65, ERK, p-ERK, p38, p-p38, JNK, p-JNK, β-actin and
β-tubulin at 4 °C overnight, subsequently incubated with
the corresponding HRP-conjugated secondary antibodies
at room temperature for 1 h. Then the ECL developer
was added to expose the bands by Amersham Imager600
Ultra-sensitive Multi-function Imager (General Electric
Co., Ltd., USA). Grey values were obtained by ImageJ
software to quantitatively analyse protein expression.

Detection of p65 nuclear transcription
Cover slips were placed in the wells to allow the cells to
adhere to them. RAW264.7 cells were inoculated in a 6-
well plate, then the medium was discarded after treatment
with CSSPW (15 ng/mL, 1.5 μg/mL and 150 μg/mL) and
LPS (1 μg/mL) for 24 h. The stimulated RAW264.7 cells
were fixed with 4% paraformaldehyde for 30min, and then
permeabilized with 0.2% Triton X-100 for 10min. After
incubation with the blocking solution for 2 h, the cells
were incubated with the p65 antibody at 4 °C overnight
and then incubated with FITC-labelled goat anti-rabbit
IgG at 37 °C for 1 h. Nuclei were stained with DAPI stain-
ing agent for 5min in the dark. Then, the cells were
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sealed, observed and photographed with a TCSSP8 Laser
Confocal Microscope (Leica, Germany).

Determination of ROS levels
ROS levels were detected by fluorescent probes. DCFH-
DA was diluted (1:200) in serum-free medium to a final
concentration of 50 μmol/L. After the cells were co-
cultured for 24 h with CSSPW (15 ng/mL, 1.5 μg/mL
and 150 μg/mL) and LPS (1 μg/mL) in a six-well plate,
the cell culture medium was removed, and 1mL/well of
the diluted DCFH-DA was added and incubated at 37 °C
for 1 h in the incubator. The cells were washed with
serum-free cell culture medium for 3 times to suffi-
ciently remove the DCFH-DA that did not enter the
cells. Then, 1 mL PBS was added, and using an excita-
tion wavelength of 488 nm and an emission wavelength
of 525 nm, the fluorescence intensity was observed and
photographed under an inverted fluorescence micro-
scope. Then the generation rate of ROS was obtained by
ImageJ software and analysed quantitatively.

UV fingerprint analysis
The solution of the sample was obtained by accurately
weighing 0.05 g of CSSPW and dissolving it to 1mg/mL
with distilled water. Using Hitachi U-5100 spectropho-
tometer (Hitachi High-Tech Science Corporation, Japan),
blank correction with distilled water, scanning under the
following spectral conditions: data mode: Abs; scanning
range: 190–500 nm; scanning speed: 400 nm/min; delay-
ing: 0 s; response: fast; sampling interval: 1.0 nm; cycle
time: 1.0 min; slit width: 5.00 nm.

Statistical analysis
For statistical analysis, SPSS17.0 software was employed.
All data were expressed as mean ± SD, and one-way ana-
lysis of variance was used to compare the means of mul-
tiple samples, then, LSD was performed for the post hoc
test. p < 0.05 indicated a significant difference.

Results
Cell viability
As shown in Fig. 1, the cell viability was almost 100% at
CSSPW concentrations of 0–184 μg/mL and LPS con-
centrations of 0–0.5 μg/mL. The CSSPW concentration
in the range of 368–1472 μg/mL and LPS concentrations
in the range of 1.5–2.0 μg/mL both had obvious effects
on cell viability (p < 0.01). CSSPW did not obviously
affect cell viability up to 184 μg/mL in the medium.
Based on the preliminary results, the experimental con-
centrations of CSSPW were finally determined to be 15
ng/mL, 1.5 μg/mL and 150 μg/mL, and the experimental
concentration of LPS was 1 μg/mL [12].

Effects on cell morphology
Cell morphology can reflect the health of cells, which is
considered one of the noteworthy characteristics of the
anti-inflammatory effect. Figure 2 shows that LPS-
challenged cells formed more pseudopods of irregular
shapes and more cellular vacuoles than those of the Con
group, which indicated that LPS stimulation was suc-
cessful. However, after treatment with CSSPW (15 ng/
mL, 1.5 μg/mL and 150 μg/mL), the number of pseudo-
pods, irregular shapes and vacuoles was significantly re-
duced. The effect was more pronounced at higher
concentrations.

Fig. 1 Effects of different concentrations of CSSPW (a) and LPS (b) on cell viability. All data were represented as mean ± SD (n = 6); *p < 0.05, **p <
0.01 vs. the 0 μg/mL
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Effects on the production of inflammatory factors
It is accepted that the inflammatory process leads to the
production of considerable inflammatory factors. Thus,
to investigate the anti-inflammatory activity of CSSPW,
we examined the effects of CSSPW on the levels of NO,
IL-6, TNF-α and PGE2 in LPS-induced RAW264.7 cells.
As presented in Fig. 3a-d, treatment with LPS signifi-
cantly promoted the production of NO, TNF-α, IL-6
and PGE2 (p < 0.05 or p < 0.01), whereas CSSPW
treatment particularly suppressed this increase in a
concentration-dependent manner. In particular, the
increased production was inhibited more effectively at
150 μg/mL than at 15 ng/mL (p < 0.05 or p < 0.01);
however, there were no significant differences at
1.5 μg/mL.

Effects on the expression levels of COX-2 and iNOS mRNA
Furthermore, we determined whether the inhibition of
PGE2 and NO by CSSPW was due to downregulating
the expression of COX-2 and iNOS mRNA. As expected,
the expression levels of COX-2 and iNOS mRNA were
obviously increased due to LPS stimulation (p < 0.01).
Different concentrations of CSSPW caused a decrease in
the expression of COX-2 and iNOS mRNA to varying
degrees. The 1.5 μg/mL and 150 μg/mL groups had more
significant effects on the expression levels of COX-2 and
iNOS mRNA compared to those of the 15 ng/mL group

(p < 0.01), especially those of the 150 μg/mL group
(Fig. 4). These results indicated that CSSPW may sup-
press LPS-induced PGE2 and NO production by down-
regulating COX-2 and iNOS mRNA expression in
RAW264.7 cells.

Effects on protein expression
Nrf2/HO-1 pathway
RAW264.7 cells exposed to LPS had increased expres-
sion of Nrf2 and HO-1 (p < 0.01). Interestingly, CSSPW
at 1.5 μg/mL and 150 μg/mL further increased the ex-
pression levels of Nrf2 and HO-1 proteins (p < 0.01),
whereas no obvious difference was found in the 15 ng/
mL group (p > 0.05, Fig. 5).

MAPK pathway
Treatment with LPS resulted in a significant increase
in the phosphorylation of p38, JNK and ERK com-
pared to that of the Con group (p < 0.01). The differ-
ent concentrations of CSSPW greatly reduced the
expression levels of these proteins (p < 0.01). The ef-
fects in the 1.5 μg/mL and 150 μg/mL groups were
more significant compared to those of the 15 ng/mL
group (p < 0.01), especially those of the 150 μg/mL
group (Fig. 6).

Fig. 2 Cell morphology in each group (400 ×). Cells were incubated with CSSPW (15 ng/mL, 1.5 μg/mL and 150 μg/mL), Dex (0.13 mg/mL) and
LPS (1 μg/mL) for 24 h. The morphology of cells in the 1.5 μg/mL and 150 μg/mL groups was more regular than that in the LPS and 15 ng/mL
groups. These results indicated that CSSPW could alleviate LPS-induced formation of pseudopods, irregular shape and cell vacuoles in a
dose-dependent manner
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NF-κB pathway
Figure 7 showed that LPS stimulation resulted in an ex-
treme increase in the phosphorylation of p65 compared
to that of the Con group (p < 0.01), which was attenu-
ated by CSSPW at different concentrations (p < 0.01).
Moreover, CSSPW (150 μg/mL) treatment markedly
suppressed the phosphorylation of p65 in LPS-
stimulated RAW264.7 cells compared to that of the 15
ng/mL group (p < 0.01); however, there was no signifi-
cant difference in the 1.5 μg/mL group (p > 0.05).

Effects on p65 translocation into the nucleus
Under normal conditions, p65 was mainly distributed in
the cytoplasm. After LPS stimulation, significant green
fluorescence was observed in the nuclear region. As

shown in Fig. 8, correspondingly, the proportion of p65
in the nucleus following LPS treatment was greatly in-
creased compared to that of the Con group. Interest-
ingly, the addition of CSSPW inhibited the nuclear
translocation of p65 with increasing concentrations of
the drug, the proportion of p65 into nucleus was
decreased.

Effects on ROS production
ROS content was detected by the fluorescent probe
DCFH-DA. As demonstrated in Fig. 9, ROS was in-
creased in LPS-treated macrophages (p < 0.01), whereas
LPS-induced ROS generation was significantly inhibited
by CSSPW treatment (p < 0.01). Moreover, the effects in
the 150 μg/mL and 1.5 μg/mL groups were better than

Fig. 3 Effects on inflammatory factors in LPS-induced RAW264.7 cells. Cells were incubated with CSSPW (15 ng/mL, 1.5 μg/mL and 150 μg/mL),
Dex (0.13 mg/mL) and LPS (1 μg/mL) for 24 h. The CSSPW could decrease the level of NO (a) to varying degrees. Similarly, LPS-induced increase
in IL-6 (b), PGE2 (c) and TNF-α (d) contents were also inhibited after administration with CSSPW, especially at 150 μg/mL. All data were
represented as mean ± SD (n = 6). *p < 0.05, **p < 0.01 vs. the Con group; #p < 0.05, ##p < 0.01 vs. the LPS group; $p < 0.05, $$p < 0.01 vs. the
15 ng/mL group
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that in the 15 ng/mL group (p < 0.01), especially that in
the 150 μg/mL group.

UV fingerprint analysis
As could be seen from the full-wavelength scanning
spectrum of the sample (Fig. 10), the main absorption
range was 200–400 nm. CSSPW had absorption peaks at
367 nm, 359 nm, 323 nm, 301 nm, 280 nm and 259 nm.
That was, it had absorption at characteristic wave-
lengths, and there was no interference in the range of
visible light.

Discussion
Inflammation can occur in tissues and organs in differ-
ent parts of the body, due to conditions such as pneu-
monia, hepatitis and nephritis. Excessive inflammatory
factors produced during inflammation can damage the
body directly or indirectly [13]. In this study, RAW264.7
macrophages were used as the research object to eluci-
date the effect of CSSPW on inflammatory factors and
mediators as well as related proteins, thus confirming
the anti-inflammatory effect of CSSPW.
Activated RAW264.7 macrophages are involved in

many inflammatory responses in the body. Inflammation
serves a key role in the host defence system. The bacter-
ial endotoxin LPS stimulates a powerful inflammatory
signal that contributes to increased monocyte/macro-
phage activation and expression of pro-inflammatory cy-
tokines (NO, TNF-α, IL-6, PGE2, iNOS and COX-2) and

pathways (NF-κB, MAPK and Nrf2/HO-1) [14], thereby
mediating inflammatory responses [15].
COX-2 and iNOS are key enzymes that promote the

generation of PGE2 and NO, respectively, and both can
be induced by LPS or other cytokines [16]. The expres-
sion levels of COX-2 and iNOS mRNA reflect the degree
of cell damage and play synergistic roles in a variety of
inflammatory diseases [17]. PGE2 is a classic inflamma-
tory mediator, and its increase leads to the continuation
of inflammatory reactions [18]. Inhibiting COX-2 mRNA
expression inhibits the production of PGE2, thereby re-
ducing inflammatory damage [19, 20]. NO changes the
permeability of the cell membrane to promote the re-
lease of inflammatory factors such as TNF-α, IL-6 and
PGE2, which plays a key role in the occurrence and de-
velopment of inflammation [21, 22]. TNF-α, IL-6 and
PGE2 are common inflammatory factors that reflect the
severity of inflammation [23]. It has been reported that
LPS promotes the synthesis and release of TNF-α, IL-6
and PGE2, thereby aggravating the inflammatory re-
sponse [24]. Therefore, reducing the levels of inflamma-
tory factors (such as NO, TNF-α, IL-6 and PGE2), as
well as inhibiting the expression of COX-2 and iNOS
mRNA, are important measures to prevent inflammatory
response [6]. The present study demonstrated that
CSSPW could significantly reduce the production of
NO, TNF-α, IL-6 and PGE2, as well as the expression
levels of COX-2 and iNOS mRNA in a dose-dependent
manner, suggesting that CSSPW may exert an anti-

Fig. 4 Effects of CSSPW on mRNA expression levels of COX-2 (a), iNOS (b) in LPS-induced RAW264.7 cells. Cells were incubated with CSSPW (15
ng/mL, 1.5 μg/mL and 150 μg/mL), Dex (0.13 mg/mL) and LPS (1 μg/mL) for 24 h. COX-2 and iNOS mRNA expression levels were detected by
qPCR. Data were represented as mean ± SD (n = 6). **p < 0.01 vs. the Con group; #p < 0.05, ##p < 0.01 vs. the LPS group; $$p < 0.01 vs. the
15 ng/mL group
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inflammatory effect by inhibiting pro-inflammatory cyto-
kines and mediators. However, we cannot exclude the
involvement of other pro-inflammatory cytokines as a
possible factor.
Inflammation promotes ROS production, and the over-

expression of ROS leads to lipid peroxidation, which may
cause serious cell damage. An increase in ROS content is
often considered an important indicator of body damage
[25]. This study found that CSSPW could inhibit the LPS-
induced formation of ROS in a dose-dependent manner,
indicating that CSSPW has an anti-inflammatory activity.
ROS can also trigger the NF-κB and MAPK pathways, as
well as promote the expression of inflammatory factors
such as NO, TNF-α, IL-6 and PGE2, thus exacerbating the
inflammatory response [26].
The NF-κB pathway is generally considered to be a

key inflammatory signalling pathway, which is involved

in immune and inflammatory responses in vivo, includ-
ing apoptosis, cell adhesion, cytokine production, etc.
[17]. Growing evidence suggests that the NF-κB pathway
mediates inflammatory processes by regulating the ex-
pression of the inflammatory response genes (COX-2
and iNOS mRNA) and various pro-inflammatory cyto-
kines [27]. p65, a member of the NF-κB protein family,
is activated to p-p65 under LPS stimulation, resulting in
nuclear translocation and the production of various pro-
inflammatory factors (TNF-α, IL-6, COX-2, iNOS, etc.),
thereby accelerating the inflammatory process [28, 29].
Hence, the expression of p65 and p-p65 can effectively
reflect the degree of NF-κB activation, and inhibiting the
activation of the NF-κB pathway can exert anti-
inflammatory effects [30, 31]. In this study, CSSPW
inhibited LPS-induced p65 protein expression and p65
nuclear translocation in a dose-dependent manner,

Fig. 5 Effects of CSSPW on the expression of Nrf2/HO-1 pathway in LPS-induced RAW264.7 cells. Cells were incubated with CSSPW (15 ng/mL,
1.5 μg/mL and 150 μg/mL), Dex (0.13 mg/mL) and LPS (1 μg/mL) for 24 h. a and c Western blotting results of Nrf2 and HO-1 proteins. Graphs
represented relative expression of Nrf2 (b) and HO-1 (d). Data were represented as mean ± SD (n = 3); **p < 0.01 vs. the Con group; ##p < 0.01 vs.
the LPS group; $$p < 0.01 vs. the 15 ng/mL group
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suggesting that anti-inflammatory effects may be exerted
by mediating the NF-κB pathway.
The MAPK pathway can regulate the synthesis or re-

lease of pro-inflammatory factors (NO, TNF-α and IL-6)
and plays an important role in the inflammatory re-
sponse [32]. The JNK, p38 and ERK pathways are the
three main pathways of the MAPK pathway family and
are involved in the inflammatory response; these pro-
teins can be activated and phosphorylated by LPS, thus
regulating the downstream inflammatory cytokines [33].
Thus, inhibiting the activation of the MAPK pathway
can inhibit the production of NO, TNF-α and IL-6, as
well as the expression of COX-2 and iNOS mRNA, fur-
ther exerting anti-inflammatory effects [34]. In this
study, a certain concentration of CSSPW significantly
inhibited LPS-induced activation of the p38, JNK and
ERK pathways, indicating that CSSPW has anti-
inflammatory activity. Furthermore, in a certain concen-
tration range, higher concentrations of CSSPW exerted

more obvious anti-inflammatory effects. These results
suggest that the MAPK pathway may be involved in the
inhibitory effect of CSSPW on LPS-stimulated
RAW264.7 cells.
The Nrf2/HO-1 signalling pathway also plays a vital role

in the process of inflammatory response. LPS can activate
Nrf2 through a series of signalling molecules, as well as
oxidative stress, and regulate the expression of down-
stream target proteins (such as HO-1) [32, 35]. The upreg-
ulation of Nrf2 can downregulate the production of ROS,
thus inhibiting inflammatory responses [36]. HO-1 is a
key molecule that regulates the inflammatory response
and inhibits the production of pro-inflammatory media-
tors such as TNF-α and IL-6 [33, 37]. A typical response
of cells and tissues to oxidative stress is upregulating the
expression levels of Nrf2 and HO-1. For example, ginkgo-
lide exerts its anti-inflammatory activity by upregulating
the expression of Nrf2 and HO-1 [38]. In this study,
CSSPW at doses of 1.5 and 150 μg/mL could further

Fig. 6 Effects of CSSPW on the expression of MAPK pathway in LPS-induced RAW264.7 cells. Cells were incubated with CSSPW (15 ng/mL, 1.5 μg/
mL and 150 μg/mL), Dex (0.13 mg/mL) and LPS (1 μg/mL) for 24 h. a, c, e Western blotting results of MAPK pathway. Graphs represented relative
expression of p-p38/p-38 (b), p-JNK/JNK (d), p-ERK/ERK (f). Data were represented as mean ± SD (n = 3); **p < 0.01 vs. the Con group; ##p < 0.01 vs.
the LPS group; $$p < 0.01 vs. the 15 ng/mL group
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Fig. 8 Effects of CSSPW on the activation of p65 into the nucleus in LPS-induced RAW264.7 cells (× 630). Cells were incubated with CSSPW (15
ng/mL, 1.5 μg/mL and 150 μg/mL), Dex (0.13 mg/mL) and LPS (1 μg/mL) for 24 h. The nuclear translocation of p65 was detected by
Immunofluorescence. Nuclei were stained by DAPI (blue). The low proportion of p65 into the nucleus represented a better
anti-inflammatory effect

Fig. 7 Effects of CSSPW on the expression of NF-κB pathway in LPS-induced RAW264.7 cells. Cells were incubated with CSSPW (15 ng/mL, 1.5 μg/
mL and 150 μg/mL), Dex (0.13 mg/mL) and LPS (1 μg/mL) for 24 h. a Western blotting results of NF-κB pathway. b Graphs represented relative
expression of p-p65/p65. All data were represented as mean ± SD (n = 3);**p < 0.01 vs. the Con group; ##p < 0.01 vs. the LPS group; $$p < 0.01 vs.
the 15 ng/mL group
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significantly increase the expression of Nrf2 and HO-1 to
exert an anti-inflammatory effect; in contrast, the effect of
15 ng/mL CSSPW was insignificant, suggesting a dose-
dependent effect.

Conclusions
In summary, the current study demonstrated that
CSSPW may exert anti-inflammatory activity in a
dose-dependent manner by suppressing the NF-κB
and MAPK inflammatory pathways and activating the
Nrf2/HO-1 pathway to reduce the release of inflam-
matory factors such as NO, TNF-α, IL-6 and PGE2 in

LPS-stimulated macrophages. To the best of our
knowledge, this is the first report of the anti-
inflammatory activity of C. serratus in LPS-induced
cells. These results provide evidence for the clinical
treatment of inflammatory diseases, indicating that it
is possible to develop CSSPW into an effective anti-
inflammatory medicine. Furthermore, we will test the
phosphorylation level of IκB protein in the NF-κB
pathway and the phosphorylation of Nrf2 protein in
the Nrf2/HO-1 pathway. In the future, we expect to
isolate the anti-inflammatory active monomer com-
position of C. serratus.

Fig. 10 UV fingerprint of CSSPW from C. serratus. It had absorption at characteristic wavelengths

Fig. 9 Effects of CSSPW on the expression of ROS in LPS-induced RAW264.7 cells (200 ×). Cells were incubated with CSSPW (15 ng/mL, 1.5 μg/mL
and 150 μg/mL), Dex (0.13 mg/mL) and LPS (1 μg/mL) for 24 h. a ROS expression result. b Graphs represented ROS expression rate. Fluorescent
probe was used to detect the expression level of ROS. Data were represented as mean ± SD (n = 3). **p < 0.01 vs. the Con group; ##p < 0.01 vs. the
LPS group; $$p < 0.01 vs. the 15 ng/mL group
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