
Xiang et al. 
BMC Complementary Medicine and Therapies          (2023) 23:437  
https://doi.org/10.1186/s12906-023-04264-6

RESEARCH Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Complementary
Medicine and Therapies

Ethanol extract of Paridis rhizoma attenuates 
carrageenan‑induced paw swelling in rats 
by inhibiting the production of inflammatory 
factors
Li Xiang1, Qinwan Huang2, Tao Chen1, Qingman He1, Huan Yao1,3* and Yongxiang Gao1* 

Abstract 

Context  Inflammation has been identified as a key factor contributing to the development of numerous diseases. 
Several anti-inflammatory drugs have been developed to treat inflammation-related diseases. However, some of such 
drugs are associated with varying degrees of side effects. Therefore, it is imperative to develop new anti-inflammatory 
drugs with reducing side effects for the treatment of inflammation-related diseases. Natural anti-inflammatory 
drugs have emerged as an important area of research in recent years. The study was to determine the anti-inflam-
matory mechanism of Paridis rhizoma extract (PRE) in rat models of acute inflammation induced by carrageenan 
and RAW264.7 cells models induced by lipopolysaccharide (LPS).

Materials and methods  PRE was investigated using the carrageenan-induced paw oedema model on rats in vivo. 
Histopathology examined the extent of inflammatory infiltration and tissue damage. The effect of PRE on the lev-
els of specific cytokines was determined using enzyme-linked immunosorbent assay (ELISA). The Cell Counting Kit 
(CCK)-8 assay evaluated the cytotoxic effects of PRE on Raw264.7 cells. The mRNA expression levels of cytokines 
were quantified using quantitative real-time reverse transcriptase polymerase chain reaction (RT-PCR). Western blot 
measured TNF-α, IL6, TLR4, p-P65, p-IKB, HO1, SOD1 and SOD2. Fluorescence measured the cellular levels of reactive 
oxygen species (ROS).

Results  PRE treatment reduced interstitial edema and structural damage in a dose-dependent manner in vivo. 
PRE inhibited inflammatory responses in vivo and in vitro, as evidenced by the decreased expression of inflammatory 
factors, production of ROS, and increased expression of SOD1, SOD2, and HO1. Moreover, PRE inhibited the activity 
of the nuclear factor kappa B (NF-kB) pathway.

Conclusion  The anti-inflammatory activity and potential mechanism of PRE were demonstrated according 
to the results. PRE reduced LPS-induced inflammation in RAW264.7 cells by inhibiting the NF-KB signaling pathway 
and ROS production in vitro. PRE alleviated interstitial edema and structural damage in the carrageenan-induced 
paw edema model on rats in vivo. This study provided an idea for future development of PR-based anti-inflammatory 
drugs.
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Introduction
Inflammation is an important immunological response 
induced by harmful stimuli such as pathogens, toxins, 
injury, infection, and/or irritation [1]. Therefore, it is an 
important defensive mechanism in the body [2]. Inflam-
matory processes are driven by several factors includ-
ing white blood cells, plasma, and fluid at the site of 
inflammation. Changes in levels of molecules released 
by immune defence cells and other signalling molecules 
such as histamine, prostaglandins, leukotrienes, oxygen- 
and nitrogen-derived free radicals, and serotonin con-
tribute to the occurrence of inflammation [3].

In a previous study, carrageenan stimulation increased 
the release of major indicators of inflammation. This 
outcome was characterized by the production of several 
pro-inflammatory factors such as bradykinin, histamine, 
prostaglandin, thrombin, and reactive oxygen species 
(ROS). These factors were produced at the site of injury 
or a large number of infiltrating cells [4–6]. The interac-
tion of inflammatory factors and mediators caused red-
ness, swelling, fever, pain, and loss of tissue function 
which were typical symptoms of local inflammation [7].

LPS-stimulated macrophages produced pro-inflam-
matory cytokines, including the tumor necrosis factor-α 
(TNF-α), interleukin-6 (IL-6), and IL-1β, as well as pro-
inflammatory mediators, such as, nitric oxide (NO), pros-
taglandin E2 (PGE2), and ROS [8–10]. Toll-like receptors 
(TLRs) were transmembrane proteins which were 
expressed in immune cells. The recognition of LPS by the 
extracellular N-terminal region of TLRs was considered 
a key process that mediated the induction of inflamma-
tory response [11]. LPS-induced activation of TLR had 
been found to activate the nuclear factor-kappaB (NF-kB) 
signaling pathways [12], which then regulated the devel-
opment and progression of inflammation [13], promoted 
the production of iNOS, cyclooxygenase (COX)-2, and 
pro-inflammatory cytokines (TNF-α, IL-1β, IL-6, and 
IL-8) [14].

Non-steroidal anti-inflammatory drugs (NSAIDs) are 
among the most commonly prescribed drugs for decreas-
ing pain and inflammation. However, long-term use of 
NSAIDs may result in clinically severe complications of 
the gastrointestinal tract, cardiovascular, liver, kidney, 
brain, and lungs [15]. Therefore, the search for natural 
anti-inflammatory drugs with fewer side effects have 
become an important direction of research.

Paridis Rhizoma (Chonglou), is the dried root and rhi-
zome of Paris polyphylla var yunnanensis (Franch.) Hand. 
-Mazz, or Paris polyphylla Smith var. chinensis (Franch.) 

Hara of Lilaceae family. Phytochemical and pharmaco-
logical studies had shown that PR was rich in steroidal 
saponins with significant anti-cancer, anti-inflammatory, 
haemostasis, immune regulation, and antioxidant prop-
erties [16–18]. Qian confirmed that PRE had significant 
anti-tumor and anti-angiogenic effects in a mouse model 
[19]. Polyphyllin I (PPI), which was the main compo-
nent of Paridis Rhizoma, inhibited vasculogenic mimicry 
formation in hepatocellular carcinoma lines and trans-
planted hepatocellular carcinoma cells [20]. At present, 
there are few researches on the anti-inflammatory mech-
anism of PR. In this study, the anti-inflammatory effect 
and potential mechanism of PR extract were investigated.

Materials and methods
Reagents
The H&E staining kit was purchased from BaSO (Zhuhai, 
China). Carrageenan was brought from Solarbio (Beijing, 
China).

Preparation of PRE
PRE was generously donated by Dr Huang from the 
School of Pharmacy, Cheng du University of traditional 
Chinese medicine. The details were as follows: Paridis 
rhizoma was ground and sifted through a 65-mesh 
(250  μm) sieve. The resulting powder was weighed to 
approximately 0.5 g and placed in a conical bottle with a 
cork. Then, 25 mL of 70% ethanol was added to the bot-
tle. The contents were heated and refluxed at a specific 
temperature for 30  min. After cooling, the bottle was 
weighed again, and the lost weight was compensated 
by adding 70% ethanol. The mixture was shaken thor-
oughly and centrifuged at 12,000 × g·min-1 for 15  min. 
The resulting supernatant was filtered through a 0.22 μm 
microporous filter membrane to obtain the PRE.

Cell culture
RAW264.7 cells were purchased from Procell Life Sci-
ence and Technology Co., Ltd. (Wuhan, China) and incu-
bated at 37  °C in 5% CO2 humidified air in Dulbecco’s 
Modified Eagle Medium (DMEM; Gibco, USA) supple-
mented with a mixture of 1% penicillin/streptomycin and 
10% fetal bovine serum (FBS).

Cell viability assay
The Cell Counting Kit (CCK)-8 assay (Biosharp, China) 
was used to evaluate the cytotoxic effects of PRE on 
Raw264.7 cells. Briefly, the cells were seeded into 96-well 
plates at a density of 4 × 103 /ml and cultured for 24 h at 
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37  °C in an atmosphere of 5% CO2.The cells were then 
treated with different concentrations of PRE (0, 10, 25, 50, 
100, 200, 400, 800 ng/ml) for 24 h. The viability of cells 
after the treatments was evaluated by addition of 10μL of 
CCK-8 solution (Beyotime, Shanghai, China) to each well 
and incubated at 37 °C for 2 h. The final absorbance was 
read at a wavelength of 450 nm using a microplate reader 
(Molecular Device, Shanghai, China).

Western blotting
Protein was isolated from cells using a radioimmuno-
precipitation assay buffer and quantified using a Bicin-
choninic Acid Protein Assay Kit (Beyotime, Jiangsu, 
China). The proteins were separated using 10% sodium-
dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred onto polyvinylidene difluoride 
membranes. The membranes were blocked with 5% 
skimmed milk in Tris-buffered saline for 1  h and were 
incubated with anti-phospho-p65 (Affinity, USA), anti-
p65 (Affinity, USA), anti-phospho-IKB alpha (Affinity, 
USA), anti-IKB alpha (Affinity, USA), anti-IL-6 (Pro-
teintech), anti-TNF alpha (Proteintech), and anti-β-actin 
(Proteintech) at 4  °C overnight. They were then washed 
with Tris-buffered saline Tween-20, and incubated with 
horseradish peroxidase-conjugated secondary antibody 
for 1 h at room temperature. Proteins blots were detected 
with enhanced chemiluminescence reagent (Beyotime, 
Jiangsu, China).

Quantitative real‑time reverse transcriptase polymerase 
chain reaction
Total RNA was isolated from cells using TRIzol™ (Solar-
bio, Beijing, China) reagent according to the manufac-
turer’s instructions. The cDNA was synthesized using 
reverse transcription kit of the first strand using the Syn-
Script® III cDNA Synthesis Mix. The mRNA levels were 
analysed by qRT-PCR (Bio-ER) in a total volume of 20μL 
using 2 × TSINGKE® Master qPCR Mix (SYBR Green I, 
Tsingke, China). Relative mRNA expression was calcu-
lated using the 2‑ΔΔct method after normalization to the 
expression level of GAPDH expression. The gene-specific 
primers used are listed in the Table 1.

Measurement of reactive oxygen species
RAW264.7 cells were cultured overnight in 6-well plates 
at a density of 1 × 106 cells/well and then exposed to 
different concentrations of PRE and LPS (200  ng/ml) 
alone or in combination. The intracellular ROS level in 
Raw264.7 cells was determined using 2′,7′-Dichlorodi-
hydrofluorescein diacetate (DCFH-DA; Yeasen). Simply, 
Raw264.7 cells were incubated with 10 µM DCFH-DA 
in DMEM without FBS at 37  °C for 20 min and washed 
three times with DMEM. The 2′,7′-dichlorofluorescein 

(DCF) fluorescence was observed using an inverted fluo-
rescence microscope. The average fluorescence intensity 
was assessed using ImageJ.

Animals
Adult male Sprague–Dawley rats (8–10 weeks old, 180–
200  g) were purchased from SPF Laboratory Animal 
Technology Co., Ltd. (Beijing, China) and acclimatized 
for 1  week before experimentation. All animal proce-
dures were performed in compliance with the National 
Institutes of Health Guidelines for Care and Use of Labo-
ratory Animals. The protocol for this study was approved 
by the Bioethics Committee of Chengdu University of 
Traditional Chinese Medicine (2022–65). 

Carrageenan‑induced rat paw edema model
According to Winter et  al. [21], the paw edema was 
induced by carrageenan. Rats were randomly divided into 
6 groups each comprising 10 rats. They were pretreated 
orally for a week with the vehicle (0.9% saline, control 
group, n = 10), model (untreated group, n = 10), PRE low 
dosage (PRE-LD) (low dose, n = 10), PRE medium dos-
age (PRE-MD) (medium dose, n = 10), PRE high dose 
(PRE-HD) (high dose, n = 10) and indomethacin (INDO) 
(5 mg/kg, po) [22]. Rats in the low-, medium-, and high-
dose PRE groups received 0.315 g, 0.63 g, and 1.26 g/kg 
PRE daily, respectively. Edema was induced 30 min after 
the last treatment, by injection of 0.1 mL of carrageenan 
(100 µg/paw) in saline into the right hind paw while the 
control received 0.9% saline (0.1  ml). Inflammation was 
quantified by measuring the volume (mL) displaced by 
the paw using plethysmometer (Tai Meng Software Co., 
Ltd, Chengdu, China) at 0, 0.5, 1, 1.5, and 2 h after carra-
geenan injection. All rats were anesthetized by intraperi-
toneal injection of 3% pentobarbital sodium (50  mg/kg) 
[23].

Histopathological examination
The paws were fixed overnight in 4% paraformal-
dehyde containing in 0.1  M PBS and embedded in 

Table 1  Primers used for qPCR

Forward (5′-3′) Reverse ((5′-3′)

TNF-α CCC​TCA​CAC​TCA​GAT​CAT​CTTCT​ GCT​ACG​ACG​TGG​GCT​ACA​G

COX2 TGT​GAC​TGT​ACC​CGG​ACT​GG TGC​ACA​TTG​TAA​GTA​GGT​GGAC​

PGE2 CGC​GGT​GGC​TGT​CATCA​ AGG​GTT​GGG​TCC​CAG​GAA​T

IL-6 GGA​TAC​CAC​TCC​CAA​CAG​ACC​ TTC​TGC​AAG​TGC​ATC​ATC​GT

CD86 ATG​GAC​CCC​AGA​TGC​ACC​AT CGG​CAG​ATA​TGC​AGT​CCC​AT

GAPDH CCC​TTC​ATT​GAC​CTC​AAC​TAC​
ATG​G

CAT​GGT​GGT​GAA​GAC​GCC​AG
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paraffin. Slides with a 5-μm thickness were prepared, 
deparaffinized and stained with Haematoxylin/eosin 
(H&E).

Enzyme‑linked immunosorbent assay (ELISA)
The concentrations of tumor necrosis factor-α (TNF-
α) (Jianglai Biotechnology, JL13202), prostaglandin E2 
(PGE2) (Jianglai Biotechnology, JL12636), cyclooxyge-
nase-2 (COX-2) (Jianglai Biotechnology, JL21044) and 
interleukin-6 (IL-6) (Jianglai Biotechnology, JL20896) 
in sera were detected using ELISA following the manu-
facturer’s instructions.

Statistical analysis
The statistical analyses were performed with Graph-
Pad prism 8.0. Data were presented as means ± stand-
ard error of the mean (SEM). Comparisons among 
multiple groups were performed by a one-way analy-
sis of variance (ANOVA). If one-way ANOVA yielded 
a significant F ratio, Bonferroni post-hoc analysis or 
Tamhane’s T2 was conducted between the groups. P 
values < 0.05 were considered statistically significant.

Result
The effect of PRE on carrageenan‑induced paw edema 
in rats
The injection of carrageenan into the sub-plantar region 
of the right hind paw rapidly induced paw edema. After 
120 min of modeling, the right hind paws of rats in each 
group showed varying degrees of edema (Fig. 1a). Com-
pared with the model group, PRE treatment reduced 
paw edema in a dose-dependent manner. The INDO 
group reduced foot edema significantly compared with 
the model group. And the INDO group showed lower 
foot swelling compared with the PRE-HD. These results 
suggested that PRE alleviated the foot swelling effects 
induced by carrageenan in rats. Further histopathologi-
cal analysis indicated that the plantar tissue structure of 
the vehicle group was perfect and orderly, without vis-
ible inflammation, edema, bleeding, and tissue injury 
(Fig.  1c). Histopathologic symptoms such as interstitial 
edema, inflammatory exudation, vascular injury, mas-
sive exudation of red blood cells, and tissue organization 
disorder were observed in the model group. Compared 
with the model group, the aforementioned pathological 
changes were improved in the low-dose and medium-
dose PRE groups. The PRE-HD and INDO groups had 

Fig. 1  Effect of PRE on paw edema induced by carrageenan in rats. a Representative images of foot swelling in each group 120 min after modeling. 
b Quantitative statistics of foot swelling in each group at 30, 60, 90, and 120 min after modeling. c Representative image of H&E staining of rat paw. 
Data are presented as the mean ± SEM (n = 10). *p < 0.05, **p < 0.01
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significantly reduced interstitial edema and structural 
damage. These results showed that PRE reduced edema, 
haemorrhages and inflammatory infiltration in rat plan-
tar tissue induced by carrageenan.

Effect of PRE on the expression of inflammatory cytokines 
in paw edema rats
The results of ELISA showed the levels of inflamma-
tory cytokines IL-6, TNF-α, PGE2, and COX2 (Fig.  2a-
d). Compared with the vehicle group, the above indexes 
were significantly higher in the model group (P < 0.001). 
PRE-MD and PRE-HD had lower levels of IL-6, TNF-
α, COX2, and PGE2 compared with the Model group 
(P < 0.01). The levels of IL-6, TNF-α, PGE2, and COX2 in 
the INDO group were significantly lower compared with 
levels in the model group (P < 0.01), and the levels of IL-6, 
TNF-α, PGE2 and COX2 in the INDO group were better 
than those in the PRE-HD group (P < 0.05). These results 
revealed that PRE inhibited acute inflammation induced 
by carrageenan in rats.

Effect of PRE on the expression of inflammatory cytokines 
in Raw264.7 cells induced by LPS
The effect of PRE was evaluated using the monocyte-
macrophage Raw264.7 cell line induced by LPS. The opti-
mal PRE concentration was determined using the CCK-8 
assay (Fig.  3a). Treatment with 400  ng/mL PRE caused 
significant cytotoxicity on RAW264.7 cells. Cells were 
exposed to a range of PRE concentrations (50 to 200 ng/
mL). RT-PCR assay showed that PRE group (without 
LPS) had no effect on mRNA transcription of inflam-
matory cytokines, including TNF-α, COX2, PGE2, and 
IL-6 (Fig.  3b-e). However, PRE inhibited the expres-
sion of these genes in a dose-dependent manner after 
LPS (200  ng/mL) [24] treatment. This confirmed the 

inhibitory effect of PRE against LPS-induced inflamma-
tion. RT-PCR results revealed that the changes in CD86 
were consistent with those of the above inflammatory 
factors. Macrophages are the critical effectors and regu-
lators of inflammation. Pathogenic stimuli have been 
shown to activate macrophages. Based on these find-
ings, we concluded that PRE inhibited pro-inflammatory 
activation and lowed the expression of inflammatory 
cytokines and mediators.

Inflammatory response is related to oxidative stress
Raw264.7 cells were activated by LPS to induce inflam-
matory response in vitro. Western blotting showed vari-
ations in the levels of SOD1, SOD2, and HO1 proteins 
in Raw264.7 cells (Fig.  4a). LPS inhibited the expres-
sion of SOD1, SOD2, and HO1, but those expression 
levels increased in a dose-dependent manner after PRE 
treatment (Fig.  4b-d). Immunofluorescence results cor-
roborated these findings. After treatment of Raw264.7 
cells with LPS, mean DCFH-DA fluorescence intensity 
increased significantly and decreased in a dose-depend-
ent manner after PRE treatment (Fig.  4e-f ). Therefore, 
these observations demonstrated that LPS induced oxi-
dative stress damage leading to inflammation, and PRE 
exerted a therapeutic effect.

PRE suppressed NF‑kB pathway activation in vitro
To investigate the mechanism of PRE inhibiting acute 
inflammation, we examined the effect of PRE on the 
NF-kB pathway. The upstream signal of NF-kB, TLR4, 
was activated after LPS treatment with the release of 
inflammatory cytokines (Fig.  5a). Compared with the 
Vehicle and PRE (without LPS treatment) groups, LPS-
treated cells had significantly higher levels of TLR4 
(Fig.  5b). Thus, we explored the effect of PRE on the 

Fig. 2  Effect of PRE on the expression of inflammatory cytokines in rats with foot swelling. a-d Serum levels of IL-6, TNF-α, COX2 and PGE2 
in the indicated group. Data are presented as the mean ± SEM (n = 3). *p < 0.05, **p < 0.01, ***p < 0.001
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phosphorylation of NF-kB p65 and IKBα in LPs-stimu-
lated RAW264.7 cells. LPS stimulation induced NF-kB 
p65 phosphorylation, which increased its transactivation 
potential [25]. PRE had no effect on the overall NF-kB 
p65 protein level, but decreased its phosphorylation level 
(Fig.  5e-f ). In addition, PRE significantly inhibited LPS-
induced phosphorylation of IKBα. These results sug-
gested that PRE inhibited the phosphorylation of NF-kB 
and IKBα, hence sequestering NF-kB in the cytoplasm 
and inhibiting it transactivation potential. Therefore, PRE 

might down-regulate inflammatory response by inhibit-
ing NF-kB activation in RAW264.7 cells stimulated by 
LPS. We confirmed that PRE treatment inhibited the 
activation of inflammation-related signaling pathways to 
attenuate inflammation in vitro.

Discussion
Steroidal and non-steroidal anti-inflammatory drugs 
are currently used to treat inflammation-related dis-
eases. However, several side effects and complications 

Fig. 3  Effect of PRE on the expression of inflammatory cytokines in LPS-treated Raw264.7 cell line. a The viability of RAW264.7 cells was determined 
by the CCK-8 assay. Values of the treatment groups were normalized to those of the control group (representing 100% cell viability). b-e Relative 
mRNA expression of TNF-ɑ, COX2, PGE2, and IL-6. f The CD86 mRNA level of M1 phenotype. Data are presented as the mean ± SEM (n = 3). *p < 0.05, 
**p < 0.01, ***p < 0.001
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associated with such drugs had been reported [26]. The 
search for natural and plant-derived anti-inflammatory 
drugs emerged as an important area of research in recent 
years. Since inflammation was involved in the onset and 
progression of many diseases, targeting the inflamma-
tory response period could yield good treatment out-
comes. Various inflammatory mediators, such as PGE2, 

TNF-α and IL-6, were involved in the development of 
inflammatory diseases [9]. Thus, effectively inhibiting the 
production of these pro-inflammatory mediators might 
prevent the initiation and progression of inflammatory 
diseases. In this study, PRE significantly inhibited acute 
inflammation induced by carrageenan. Carrageenan-
induced inflammation was characterized by increased 

Fig. 4  Effects of PRE on oxidative stress level in Raw264.7 cells treated with LPS. a Representative Western blot images showing changes 
in SOD1, SOD2, and HO1 protein levels in cells. b-d Quantification of HO1, SOD1, and SOD2 levels using ImageJ. e Representative DCFH-DA 
images of Raw264.7 cells treated with 200 ng/mL LPS for 12 h. F Relative ROS levels as quantified using ImageJ software. Data are presented 
as the mean ± SEM (n = 3). *p < 0.05, **p < 0.01, ***p < 0.001
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polymorphonuclear neutrophil leukocyte infiltration and 
prostaglandin production, leading to the release of hista-
mine, serotonin and bradykinin [27].

Prostaglandin E2 (PGE2) was a major physiologically 
active lipid that was synthesized from arachidonic acid 

by the cyclooxygenases (COX-1 and COX-2) and PGE 
synthases. PGE2 did not readily circulate throughout 
the body, and its activity was limited to the cells near the 
PGE2-producing cells [28]. Our results demonstrated 
that PRE reduced edema in rat paws (Fig.  1a-b). Thus, 

Fig. 5  PRE inhibited the activation of the NF-kB pathway in vitro. a Representative western blotting images showing TNF-ɑ, IL-6, p-IKB, IKB, p-P65, 
P65 and TLR4 expression levels. b-d Quantification of TLR4, TNF-α, and IL-6 by ImageJ. e The mean fold change of p-IKB/IKB ratio. f The mean fold 
change of p-P65/P65 ratio. Data are presented as the mean ± SEM (n = 3). *p < 0.05, **p < 0.01, ***p < 0.001
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we postulated that local edema might be associated with 
the release of PGE2. Furthermore, the results of ELISA 
(Fig.  2) and pathology (Fig.  1c) revealed that inflamma-
tion was regulated by several cytokines, which were the 
key determinants of the cellular structure at the site of 
injury and modulate systemic responses to inflamma-
tion [3, 29, 30]. Compared with the model group, PRE 
treatment groups reduced tissue concentrations of IL-6 
and TNF-α, and this effect was dose-dependent. Related 
studies had shown that IL-6 and TNF-α play crucial roles 
in the regulation of inflammatory response, including the 
activation of vascular endothelial cells, edema formation, 
inflammatory pain, and increased expression of specific 
chemokines and adhesion molecules. As a result, they 
promoted the direct recruitment of leukocytes to the site 
of inflammation [31–33].

LPS, as a stimulus that caused inflammatory responses 
in vivo and in vitro by activating the blinding of nuclear 
factor-kB (NF-kB) to the cell surface receptor toll-like 
receptor 4 (TLR4) [34]. This in turn enhanced the pro-
duction of multiple inflammatory cytokines, thereby 
aggravating inflammation. Incubation of LPS with 
Raw264.7 cells increased the production of inflamma-
tory cytokines and mediators (Fig.  3). Compared to the 
model group, treatment groups significantly reduced the 
levels of IL6 and TNF-ɑ. M1 macrophages were activated 
in vitro via the induction of LPS and IFN-γ to mimic the 
real environment [35]. Activation of macrophages by 
LPS triggered rapid polarization towards the M1 pheno-
type which secreted large amounts of pro-inflammatory 
cytokines and chemokines, and recruited more circulat-
ing neutrophils, monocytes, and mast cells such as IL-1β, 
IL-6, TNF-α, IL-12, ROS and inducible nitric oxide syn-
thase (iNOS) [36, 37]. In this study, CD86 was signifi-
cantly increased in LPs-stimulated macrophages (Fig. 3f ), 
suggesting that the phenotypic shifted from M0 to M1 
macrophage polarization characterizing the transition 
from normal to inflammation state. The inflammatory 
response mediated by toll-like receptor agonists might 
be linked to changes in macrophage phenotype. TLR4 
was the principal sensor of LPS-induced macrophage-
mediated inflammatory response. It was the only TLR 
that signalled through the myeloid differentiation pri-
mary reactive Protein 88 (MyD88) and TRIF signalling 
pathway to activate NF- kB and nuclear translocation to 
induce inflammation [36]. TLR4 overexpression activated 
the downstream NF-kB pathway (Fig. 5b). Before activa-
tion, NF-kB bound to IKBα, a cytoplasmic inhibitor of 
NF-kB. In LPS-stimulated macrophages, IKBα was phos-
phorylated by the IKBα kinase IKK and was degraded 
independently from NF-kB via the ubiquitin–protea-
some pathway. The phosphorylation levels of several key 
signalling molecules of the NF-kB pathway was detected 

by Western blot to determine whether the LPS-induced 
polarization of macrophage M1 affected the activation of 
the NF-kB pathway. The results showed that PRE reduced 
the TNF-α, and IL-6 levels (Fig. 5c, d) and suppressed the 
phosphorylation levels of p65 and IKBα in LPS treated 
cells (Fig. 5e, f ).

The level of ROS influenced the progression of many 
inflammatory diseases. It functioned as both a signal-
ling molecule and an inflammatory mediator. It was pro-
duced by cells involved in the host defence response [38]. 
Inflammation and macrophage infiltration were linked to 
increased production of ROS [39]. LPS stimulation could 
promote the production of ROS in macrophages [40], and 
ROS could act as a secondary messenger that regulated the 
expression of pro-inflammatory cytokines [41]. Our results 
showed that PRE reduced ROS accumulation in LPS-
treated RAW264.7 cells (Fig. 4e, f ). In addition, antioxidant 
genes were significantly reduced following LPS treatment, 
whereas PRE treatment reversed this effect (Fig.  4a-d). 
Finally, PRE alleviated the LPS-induced oxidative damage 
in RAW264.7 cells and was thus a potential agent for pre-
venting inflammatory responses by reducing ROS levels.

Conclusion
In this study, PRE was evaluated the amelioration of 
inflammatory effects and could play anti-inflammatory 
role by affecting the NF-kB signaling pathways. As a natu-
ral anti-inflammatory drug, Paridis rhizoma, may be of 
great significance in the exploration of anti-inflammatory. 
The native potential drugs with the least side effects could 
be suitable to improve the health quality of patients.
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