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Purpose: Plant polyphenols possess beneficial functions against various diseases. This study aimed to identify phenolic ingredients in
Camellia fascicularis (C. fascicularis) and investigate its possible underlying anti-inflammatory mechanism in lipopolysaccharide
(LPS)-induced human monocytes (THP-1) macrophages.
Methods: C. fascicularis polyphenols (CFP) were characterized by ultra-performance liquid chromatography (UPLC) combined with
quadrupole-time-of-flight mass/mass spectrometry (Q-TOF-MS/MS). The THP-1 cells were differentiated into macrophages under the
stimulation of phorbol 12-myristate 13-acetate (PMA) and then treated with LPS to build a cellular inflammation model. The cell
viability was detected by CCK-8 assay. The levels of reactive oxygen species (ROS) were assessed by flow cytometry. The secretion
and expression of inflammatory cytokines were tested by enzyme-linked immunosorbent assay (ELISA) and real-time polymerase
chain reaction (RT-PCR). In addition, the nuclear factor-kappa B (NF-κB) and mitogen-activated protein kinase (MAPK) signaling
pathways were analyzed by Western blotting.
Results: Twelve phenolic constituents including (–)-epicatechin, casuariin, agastachoside, etc. in CFP were identified. The CCK-8
assay showed that CFP exhibited no significant cytotoxicity between 100 and 300 μg/mL. After treated with CFP, the release of ROS
was significantly suppressed. CFP inhibited inflammation in macrophages by attenuating the polarization of LPS-induced THP-1
macrophages, down-regulating the expression of the pro-inflammatory cytokines IL-6, IL-1β and TNF-α, and up-regulating the
expression of the anti-inflammatory cytokine IL-10. Western blotting experiments manifested that CFP could markedly inhibit the
phosphorylation of p65, ERK and JNK, thereby suppressing the activation of NF-κB and MAPK signaling pathways.
Conclusion: These findings indicated that CFP exerted anti-inflammatory activity by inhibiting the activation NF-κB and MAPK
pathways which may induce the secretion of pro-inflammatory cytokines. This study offers a reference for C. fascicularis as the source
of developing natural, safe anti-inflammatory agents in the future.
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Introduction
Inflammation is a widespread, complex biological behavior and is a stress response of the organism to harmful
stimuli.1,2 However, persistent and excessive inflammation is harmful to the host and is closely associated with
diseases, such as rheumatoid arthritis,3 septic shock,4 inflammatory bowel disease,5 coronary artery disease,6

Parkinson’s disease,7 cancer,8 and even COVID-19, which is currently sweeping the world.9 Inflammation produces
toxic effects on the body with pro-inflammatory cytokines, caused by activating the nuclear factor-kappa B (NF-κB)
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and mitogen-activated protein kinase (MAPK) pathways.10 The administration of exogenous anti-inflammatory ingre-
dients is essential in curing inflammation diseases. Nevertheless, drug resistance and other side effects will occur due
to the overuse of synthetic anti-inflammatory agents.11 Hence, it is important to search for and exploit natural anti-
inflammatory drugs with low toxicity and no side effects from medicinal and edible biomaterials. Recently, studies
have shown that polyphenols from tea plants and some tea products, such as Camellia sinensis,12 Camellia sinensis
var. assamica,13 Camellia ptilophylla,14 Camellia nitidissima,15 oolong tea,16 green tea17 and black tea,18 possess
significant anti-inflammatory activity.

Plant polyphenols have exhibited valuable biological functions, containing antioxidant,19 prevention of cardiovascular
diseases,20 anti-inflammatory,21 anti-tumor,22 hypoglycemic23 and intestinal flora regulation.24 The activities of phenolic
components in inflammation response generally arise from restricting downstream pro-inflammatory cytokine synthesis
such as interleukin (IL)-1β, IL-6, IL-8, tumor necrosis factor-α (TNF-α), as well as promoting anti-inflammatory cytokine
synthesis like IL-10, thereby interfering with relevant signaling pathways as NF-κB and MAPK.12,25 It has been shown
that blue honeysuckle polyphenols could decrease the inflammatory responses and macrophage apoptosis by suppressing
the phosphorylation of phosphatidylinositol 3-kinase (p38) and c-Jun N-terminal kinase (JNK).26 Chlorogenic acid,
which is abundant in the blue honeysuckle polyphenols, may constrain inflammatory responses through regulation of NF-
κB pathway.27 Tiliroside separated from Rubus chingii displayed anti-inflammatory effect via restraining MAPK pathway
and pro-inflammatory cytokines released in macrophages.28

Camellia fascicularis (C. fascicularis) H. T. Chang, a Camellia plant resource unique to Yunnan, belongs to the genus
Camellia29 and has been used traditionally as food and medicine. C. fascicularis leaves are rich in nutrients, including
amino acids, unsaturated fatty acids and mineral elements, among which polyphenols are present in higher levels than
other active components, such as polysaccharides and saponins.30 Optimization of the extraction process, purification and
antioxidant activity assays of polyphenols were carried out, and it was found that the polyphenols in C. fascicularis
leaves exhibited obvious in vitro antioxidant activities.31 Nevertheless, to our knowledge, there are no studies on the
activities of C. fascicularis polyphenols (CFP) in inflammation response and their action mechanism. Hence, it is
important to investigate the anti-inflammatory activities of CFP. In the present study, CFP were obtained and their
main active ingredients were identified and characterized. Furthermore, the activity of CFP in inflammation and their
possible mechanism were explored with human monocytes (THP-1) stimulated by lipopolysaccharide (LPS).

Materials and Methods
Materials and Chemicals
C. fascicularis leaves were collected in Daweishan Nature Reserve in Yunnan (103.95°N, 22.66°E), where the climate of
the north is tropical and that of the south is subtropical, and its average annual rainfall is 1700–2200 mm. C. fascicularis
were dried at 45°C, crushed using a 60-mesh sieve and kept dry in the shade until use. Acetonitrile with chromato-
graphical purity (>99.9%) was purchased from Merck (Darmstadt, HD, Germany). Phorbol 12-myristate 13-acetate
(PMA) and LPS were purchased from Gibco (Grand Island, NY, USA). Phosphate buffer solution (PBS) was purchased
from Hyclon (Logan, UT, USA). (–)-Epicatechin was purchased from Tianjin Fengchuan Chemical Reagent Co., Ltd.
(Tianjin, China). Ethanol and formic acid were purchased from Chengdu Desite Biotechnology Co., Ltd. (Chengdu,
China). Other chemicals were presented in particular experimental approach.

Preparation of CFP
The extraction and purification process of polyphenols from C. fascicularis was described in our earlier research.31

Firstly, polyphenols were extracted using a microwave apparatus (Ningbo Xinzhi Biotechnology Co., Ltd, Zhejiang,
China) under optimized conditions. The liquid-solid ratio was 32 mL/g, ethanol concentration was 50%, microwave
power was 160 W and microwave time was 20s. Secondly, the extract was filtered, concentrated and lyophilized. Finally,
crude polyphenols were purified through HP-20 macroporous adsorbent resin. After adsorption, the sample was eluted
with ethanol at 2 mL/min. The eluate was collected, concentrated and lyophilized to yield CFP, which was stored near to
4°C before use.
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Component Identification
A method based on a previous study with slight modifications was used to characterize the phenolic acid compounds and
flavonoids of CFP.32 Ten milligrams of CFP were dissolved in 10 mL of methanol, filtered, and further analyzed using
ultra-performance liquid chromatography (UPLC; Agilent Technologies Inc., CA, USA) combined with quadrupole-time
-of-flight mass/mass spectrometry (Q-TOF-MS/MS) coupled with electrospray ionization (ESI). A Waters BEH C18
column (50 mm × 2.1 mm, 1.7 μm) was used at 30°C. The mobile phase consisted of 0.1% formic acid aqueous solution
(A) and acetonitrile (B). A gradient elution procedure was shown below: 0–1 min, 5% B; 1–9 min, 5–95% B; 9–12
min, 95% B; 12–12.1 min, 95–5% B; 12.1–13 min, 5% B. The injection volume was 2 µL with the mobile phase at
0.3 mL/min, as well as flow rate sheath gas of 12 L/min at 350°C. The full-scan mass spectra were performed between 50
and 1000 m/z at a voltage of 3200 V under negative ion mode.

Cell Culture
THP-1 cells, provided by Cell Bank of Typical Cultures Preservation Committee in Shanghai, China, were cultivated
using the previously published method with slightly modified.33 THP-1 cells were hatched at 37°C and 5% CO2 using
Dulbecco’s Modified Eagle Medium with 10% (v/v) fetal bovine serum. Before experimental treatment, the differentia-
tion process of THP-1 cells to macrophages was performed in stimulation for 48 h by 5 ng/mL of PMA.

Cell Viability
The assay was carried out using cell counting kits (CCK-8, Wanleibio Co., Ltd., Shenyang, China) to estimate the
cytotoxicity of CFP against the THP-1 macrophages. After inoculation in a 96-well microplate at densities of 1 × 105/
mL, the macrophages were incubated with 100 μL CFP (100–500 μg/mL) for 24 h. Incubation was continued with the
addition of 10 μL CCK-8 solution. Four hours later, the cell viability, expressed as absorbance percentage, was
determined at 450 nm by a microplate reader (BioTek, Winooski, VT, USA), compared against the untreated control
macrophages. Furthermore, the morphological images of THP-1 macrophages including control, LPS and LPS+CFP
group were viewed under a microscope (Nikon, Tokyo, Japan).

Inflammatory Stimulation
The inflammatory stimulation assay was carried out based on Zhao’s method with slight modifications.33 THP-1
macrophages were inoculated in a 96-well microplate with 1 × 105/mL cell density and cultivated until cells adhered
to the wall. Then cells were pretreated with CFP (100, 200, 300 μg/mL), stimulated by LPS (1.0 μg/mL) and hatched for
24 h. Sample group included macrophages treated with CFP alone. LPS group included macrophages treated with LPS
alone. Control group included macrophages not receiving CFP or LPS treatment.

Detection of Reactive Oxygen Species Levels
This assay was performed following Wang’s method with slightly modified.34 After inflammatory stimulation, THP-1
macrophages were resuspended in a culture medium. After hatched 30 min at constant temperature and 5% CO2, with
shaking several times during the period, the macrophages were collected and centrifuged. Then the macrophages were
resuspended with the same amount of PBS after discarding the supernatant. Finally, the fluorescence intensities were
measured using flow cytometry (Becton, Dickinson and Company, Franklin Lake, NJ, USA), and the reactive oxygen
species (ROS) values were represented as mean fluorescence intensity values (MFI).

Determination of Inflammatory Cytokines
After inflammatory stimulation, the cell cultures of each well were centrifuged and the production of IL-6, IL-1β, TNF-α
and IL-10 in supernatants was tested using enzyme-linked immunosorbent assay (ELISA). Results were presented as
concentration changes of the inflammatory cytokines compared to the control group.
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Real-Time Polymerase Chain Reaction
The assay was carried out based on Zhao’s method with slight modifications.33 After inflammatory stimulation, the
total cellular RNA in THP-1 macrophages was separated using the RNAzol RT RNA Isolation Reagent, following the
manufacturer’s protocol. And cDNA was synthesized using Eastep® RT Master Mix kits (Shanghai Promega
Biological Products, Ltd., Shanghai, China), following the manufacturer’s protocol. Expression levels of inflamma-
tory cytokines were standardized with GAPDH selected to be the reference gene, which was detected using SYBR®

Premix Ex Taq™ II kit (TaKaRa Biotechnology Co., Ltd., Dalian, China). Real-time polymerase chain reaction (RT-
PCR) primers are presented in Table 1. The results were expressed as changes in the gene expression versus control
group.

Western Blotting
The assay was carried out based on Zhao’s method with slightly modified.33 Briefly, after inflammatory stimulation,
THP-1 macrophages were treated with trypsin, phenylmethylsulfonyl fluoride, phosphatase inhibitor cocktail and RIPA
lysis buffer, and then homogenized with a Vortex Mixer (DLAB Scientific Inc., Locust St, CA, USA) twice. The proteins
in cell lysate were gathered by centrifugation, segregated using the SDS-PAGE Gel Kits (Solarbio Science & Technology
Co., Ltd., Beijing, China), and transferred onto PVDF membranes. After obstructed by tris-buffered saline with bovine
serum albumin and Tween 20, 1:2000 dilution of primary and secondary antibodies (Cell Signaling Technology, Danvers,
USA) were added successively onto the membranes for incubation. Subsequently, the Western blots were visualized
using the Super ECL Plus kits (Suzhou Yuheng Biotechnology Co., Ltd., Suzhou, China) and quantified using a gel
image analysis system (Tanon 2500R, Tanon Science & Technology Co., Ltd., Shanghai, China). The expression levels
of the target protein were determined as protein band intensity ratio relative to GAPDH and expressed as changes
compared to control group.

Statistical Analysis
Data analyses were performed using GraphPad Prism 8.3.0 software (GraphPad Software, San Diego, CA, USA). The
concentration of inflammatory cytokines and expression of target gene and protein were presented with mean ±
standard deviation. One-way ANOVA was used for statistical differences with significant differences indicated as
p < 0.05.

Results
Identification of Bioactive Constituents of CFP
The possible structures of phenolic components were identified and characterized through retention times, molecular
weight, as well as MS/MS fragmentation compared with literature information. The phenolic components in CFP,
identified under negative ion modes, are listed in Table 2. The possible fragmentation pathway of (–)-epicatechin in
negative ion modes was taken as a representative example for identifying phenolic constituents based on MS/MS
fragmentation pattern. As shown in Figure 1, one molecular ion with 289.0719 m/z and two debris ions with
125.0243 m/z [C6H6O3]– and 203.0717 m/z [C12H12O3]− were displayed in the MS and MS/MS data, which represented
the two possible fragmentation pathways of (–)-epicatechin, respectively. In comparison to the standard substance, the
constituent was identified as (–)-epicatechin.

Table 1 RT-PCR Primer Sequences

Genes Forward (5’- 3’) Reverse (5’- 3’)

IL-6 TACTCGGCAAACCTAGTGCG GTGTCCCAACATTCATATTGTCATT
IL-1β CCATGGAATCCGTGTCTTCCT GTCTTGGCCGAGGACTAAGG

TNF-α GGGGATTATGGCTCAGGGTC CGAGGCTCCAGTGAATTCGG

IL-10 ACCAAGACCCAGACATCA TTCACAGGGAAGAAATCG
GAPDH TTTGTCAAGCTCATTTCCTGGTATG TGGCATAGGGCCTCTCTTGC

https://doi.org/10.2147/JIR.S349981

DovePress

Journal of Inflammation Research 2022:15854

Gao et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Cell Viability
The potential cytotoxicity of the CFP to THP-1 macrophages was evaluated using CCK-8 assays after 24 h pretreatment with
CFP (100–500 μg/mL). As shown in Figure 2, no important differences in viability were detected when CFP treatment
concentration was 100–300 μg/mL. In addition, the morphological alterations of macrophages after LPS and CFP treatment
are displayed in Figure 3. Normal cultured macrophages were round with clear borders. After LPS stimulation, macrophages
exhibited obvious morphological alterations, such as increased volume, irregular roundness, extended pseudopods and
indistinct borders. Nevertheless, the morphological changes in THP-1 macrophages were suppressed with CFP pretreatment,
demonstrating that CFP treatment could attenuate the cell polarization induced by LPS.

CFP Suppresses ROS Production in THP-1 Macrophages
Influences of CFP on ROS production were detected using flow cytometry. As shown in Figure 4, the sample group did
not have increased ROS release versus control group, yet ROS release in THP-1 macrophages stimulated with LPS
increased significantly (P < 0.001), possibly relevant to an increase with IL-6 and IL-1β.34 Nonetheless, CFP pretreat-
ment observably and dose-dependently inhibited this increase (P < 0.001).

Effects of CFP on Production and Gene Expression of Inflammatory Cytokines
The anti-inflammatory effect of CFP was appraised using the inflammation model of THP-1 macrophage stimulated with
LPS. ELISA and RT-PCR were utilized for the detection of production and gene expression of inflammatory cytokines,
respectively. LPS-induced overproduction of IL-6, IL-1β and TNF-α was dramatically and dose-dependently suppressed by
CFP compared to control group. Simultaneously, the low production of IL-10 was greatly ameliorated and dose-dependent by
CFP (Figure 5A–D). With 300 μg/mL of CFP treatment, the liberation of IL-6, IL-1β and TNF-α was restored similar to
those of control group. The secretion of inflammatory cytokines might undoubtedly be affected by their gene levels. As
shown in Figure 5E–H, mRNA overexpression of IL-6, IL-1β and TNF-α was down-regulated, and low-expression of IL-10
was up-regulated by CFP. These results demonstrated that inflammation might be inhibited by affecting the gene levels of
inflammatory cytokines. Under the treatment of CFP (300 μg/mL), the secretion of IL-6, IL-1β and TNF-α was completely
restrained, on account of their expression levels presenting not much difference from control group.

Table 2 The Identification of Phenolic Constituents by UPLC-Q-TOF-MS/MS in CFP

No RT
(Min)

Proposed
Formula

[M-H]–

(m/z)
MS/MS Fragments
(m/z)

Identified Compounds Ref

1 1.569 C34H24O22 783.0704 300.9993 Casuariin [35]

2 2.358 C7H6O3 137.0246 108.0205 3,4-Dihydroxybenzyl aldehyde [36]

3 3.233 C30H26O12 577.1353 579.1396, 161.0247 Apigenin-7-O-(6”-(E)-p-coumaroyl)-β-
D-galactopyranoside

[37]

4 3.609 C45H38O18 865.1975 289.0714 Robinetinidol-(4α->8)-catechin-(6->4α)-robinetinidol [38]

5 3.693 C15H14O6 289.0719 203.0717, 125.0243 (–)-Epicatechin [39]
6 3.749 C15H16O6 337.0925 173.0461, 93.0361 8-Acetyl goniofufurone [40]

7 4.132 C27H30O15 593.1500 473.1088 Vitexin Glucoside [41]
8 4.133 C27H30O15 593.1517 473.1061, 383.0749,

353.0636

Apigenin-6,8-di-C-glucoside [42]

9 4.842 C21H18O13 477.0689 300.9939 Mingjinianuronide A [43]
10 4.882 C32H38O20 741.1889 301.0349 Saluenin [44]

11 4.965 C24H24O11 533.1317 353.0670 Agastachoside [45]

12 5.038 C21H20O12 463.0886 300.0245 6-Hydroxykaempferol-7-O-glucoside [46]
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Effects of CFP on LPS-Induced Activation of NF-κB and MAPK Pathways
The relative expression of p-p65/p65, p-ERK/ERK and p-JNK/JNK were detected by Western blot in THP-1 macro-
phages to investigate the inhibition of NF-κB and MAPK Pathways by CFP. As shown in Figure 6, LPS stimulation
resulted in a remarkable enhancement of p65 phosphorylation compared to control group (P < 0.001), whereas CFP
significantly and dose-dependently suppressed the phosphorylation of p65 (P < 0.01), and thus may restrain the
translocation of p65. Of note, the promotion of p65 expression levels by LPS was restored near to control group by
300 μg/mL of CFP treatment. In addition, both ERK and JNK phosphorylation stimulated by LPS were remarkably
enhanced versus control group (P < 0.001). Nevertheless, CFP treatment could dramatically and dose-dependently inhibit
the ERK phosphorylation (P < 0.01), and also strongly and dose-dependently inhibit the JNK phosphorylation (P < 0.01).
Also noteworthy is that treated with 300 μg/mL of CFP could restore the expression level promotion of ERK and JNK.

Discussion
As an endotoxin related to pathogens and infections, LPS could trigger NF-κB and cause inflammation.33 In this study,
the model of LPS-stimulated THP-1 macrophages was chosen for the determination of the anti-inflammatory capacity of
CFP. The influence of CFP on NF-κB and MAPK pathways was investigated.

Figure 1 Mass spectra and possible fragmentation pathway of (–)-epicatechin.
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In order to characterize the molecular basis of the anti-inflammatory effects exerted by CFP, the phenolic components
of CFP were identified by UPLC-Q-TOF-MS/MS. As the result exhibited, twelve phenolic constituents in CFP were
identified by combining the MS, MS/MS data, and literature information.35–46 The phenolic constituents detected in CFP,
such as (–)-epicatechin, casuariin and agastachoside, have been considered as potential medicinal constituents.47–49 This
is the first identification of the phenolic constituents in C. fascicularis using UPLC-Q-TOF-MS/MS. This approach could
be applied for obtaining potentially active substances more quickly than other analytical methods.50 The results indicated
that C. fascicularis possesses potentially medicinal constituents and offered a basis and orientation for further studies of
the monomer constituents of C. fascicularis.

It is necessary to ensure that CFP produces no harmful effects on cell metabolism before conducting bioactivity
studies. According to the toxicology assays, three dose groups of 100, 200 and 300 μg/mL CFP were selected for the
subsequent study. Moreover, the polarization of inflammatory macrophages was found to be involved in the inflammatory
response by observing the morphological changes of LPS-stimulated THP-1 macrophages, which was consistent with
previous findings.51 Therefore, the debilitation effect of CFP on cell polarization may be of considerable significance in
treating inflammatory diseases.

Figure 2 Effects of CFP on cell viability. THP-1 macrophages were pretreated by CFP at various concentrations. a,ab,bValues with different lowercase letters are significantly
different between groups at P < 0.05.

Figure 3 Effects of CFP on cell morphology of THP-1 macrophages. Representative morphological images are shown in each group (200X magnification). The treatment for
cells was performed with control, LPS and LPS+CFP group.
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ROS are chemical substances that possess an unpaired electron generated by molecular oxygen.52 Metabolism
dysregulation of ROS would lead to inflammation.53 Former study demonstrated that JNK signaling related to pro-
inflammatory cytokines release could be activated by ROS.26 In this study, CFP mediated the metabolism of LPS-induced
intracellular ROS. The results indicated that CFP pretreatment could regulate LPS-induced ROS metabolism under an
oxidative stressful physiological environment, and might further modulate the inflammatory response.

Previous studies have shown that pro-inflammatory cytokines, which are rapidly released under inflammatory
conditions, are closely related to multiple inflammatory processes. These increased pro-inflammatory cytokine levels
were strongly related to multiple diseases, including septic shock, coronary artery disease, chronic liver diseases, cancer
and diabetes.26,51,54 Therefore, the restraint of pro-inflammatory cytokines would be essential to reduce the inflammatory
response. IL-10, released primarily from T cells, is one of the anti-inflammatory cytokines and conducive to inhibiting
overactive inflammatory responses.33,55 IL-10 could inhibit NF-κB activation by suppressing IκB kinase (IKK)
activity.56,57 Fortunately, CFP could inhibit the LPS-induced IKK activation through up-regulating IL-10 production

Figure 4 Inhibitory effects of CFP on ROS release in THP-1 macrophages. After inflammatory stimulation, ROS levels in THP-1 macrophages were visualized using
fluorescence microscope and represented by mean fluorescence intensity values (MFI). Data represent the average of the three replicates. ###P < 0.001 vs control group;
***P < 0.001 vs LPS group.
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and gene expression. Due to their ability to interfere with the release of inflammatory cytokines, natural ingredients
possess considerable potential as anti-inflammatory drugs for treating inflammatory responses. In the present study, CFP
suppressed the LPS-induced gene expression of IL-6, IL-1β and TNF-α, as well as enhanced the gene expression of IL-
10. These results indicated that CFP possesses the potential used as bioactive ingredients for treating inflammation.

Inflammation has been recognized by the research community as a hallmark and cause of multiple diseases. The
underlying molecular regulatory mechanisms of inflammation are complex and diverse.58 NF-κB, composed of the

Figure 5 Effects of CFP on the production and gene expression of inflammatory cytokines. After LPS stimulation, the contents of IL-6 (A), IL-1β (B), TNF-α (C) and IL-10
(D) were performed using ELISA, and mRNA levels of IL-6 (E), IL-1β (F), TNF-α (G) and IL-10 (H) were measured by RT-PCR. Data represent the average of the three
replicates. #P < 0.05, ##P < 0.01 and ###P < 0.001 vs control group; *P < 0.05, **P < 0.01 and ***P < 0.001 vs LPS group.
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p50 subunit and trans-activating subunit (p65), is an influential nuclear transcription regulatory factor closely related
to the modulation of inflammation and a major signaling pathway associated with pro-inflammatory cytokine
regulation.51,59 Under normal conditions, NF-κB and IκB exist as a compound in the form of p65–p50 heterodimer
tangled with IκB in cytoplasm. Upon stimulation by agents, such as LPS, inhibitor of NF-κB alpha (IκBα) will be
phosphorylated and degraded by IKK under ubiquitination. Simultaneously, phosphorylated (p)-p65 enters nucleus
from cytoplasm along with NF-κB liberation, thus activates gene transcription and induces the secretion of pro-
inflammatory cytokines.57 The p65 release is intimately associated with IκBα degradation, and p-p65 levels are vital
for p65 translocation. Hence, the prevention of p-p65 formation is essential for blocking NF-κB pathway. Herein, the
results suggested that CFP might suppress the pro-inflammatory cytokine secretion via attenuating the p65 phosphor-
ylation in NF-κB pathway. Meanwhile, MAPK is also a critical signaling pathway that regulates pro-inflammatory
cytokines60 and also associated with cell proliferation, differentiation, apoptosis and other physiological processes.
The MAPKs, containing extracellular regulated protein kinase (ERK), JNK and p38 pathways, are vital in regulating
inflammatory cytokine production in macrophages stimulated by LPS.33 Upon stimulation by agents, such as LPS, the
MAPK signaling pathway is activated and phosphorylated, which could be contributed as transcriptional activators
for NF-κB.61 In the present study, the findings suggested that CFP may suppress MAPK pathway by blocking both
ERK and JNK phosphorylation, thereby inhibiting pro-inflammatory cytokines release. Taken together, CFP could
exert anti-inflammatory effects by remarkably suppressing the activations of NF-κB and MAPK.

The inflammation signaling pathways are complex and diverse. NF-κB and MAPK are the main pathways controlling
liberation and expression of inflammatory cytokines in inflammatory response.60 Previous studies have revealed that
paeonol restrained pro-inflammatory cytokines release in mice macrophages and microglia by blocking NF-κB and

Figure 6 Effects of CFP on the LPS-induced activation of NF-κB and MAPK pathways. (A) Represents the Western immunoblots for p-p65, p65, p-ERK, ERK, p-JNK, JNK
and GAPDH. After inflammatory stimulation, relative expression of p-p65/p65 (B), p-ERK/ERK (C) and p-JNK/JNK (D) were tested by Western blotting in THP-1
macrophages. Data represent the average of the three replicates. #P < 0.05, ##P < 0.01 and ###P < 0.001 vs control group; **P < 0.01 and ***P < 0.001 vs LPS group.
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MAPK pathways.62,63 Inflammatory cytokine regulation by CFP in THP-1 macrophages stimulated with LPS is probably
related to obstructing the MAPK and NF-κB pathways. The suggested anti-inflammatory mechanism by CFP in LPS-
induced THP-1 macrophages is illustrated in Figure 7.

Conclusion
CFP were obtained by microwave-assisted extraction and HP-20 macroporous resin purification. Twelve phenolic
constituents of CFP were identified using UPLC-Q-TOF-MS/MS. CFP exhibited beneficial regulation effects on the
secretion and gene expression of inflammatory cytokines in LPS-induced THP-1 macrophages. These findings were
further demonstrated to achieve anti-inflammatory activity, CFP suppressed NF-κB pathway by restriction of p65
phosphorylation and inhibited MAPK pathway through restraint of both ERK and JNK phosphorylation. This study
offers a reference for C. fascicularis as the source of developing natural, safe anti-inflammatory agents in the future.
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