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1 Introduction
Macrophages are immune cells that can response to stimuli 

and secrete inflammatory mediators, as well as proinflammatory 
cytokines (Han et al., 2021). LPS, is a main component of the 
outer membrane of gram-negative bacteria, which has become 
the common revulsive to induce inflammation (Xiao  et  al., 
2021). Therefore, LPS-stimulated macrophage is usually used 
to evaluate anti-inflammatory activities.

Inflammation is a biological response for protecting against 
and repairing damage from infections, injuries, chemical stimuli, 
and toxins (Hwangbo et al., 2021). However, recent studies have 
shown that acute and uncontrolled chronic inflammation is 
associated with multiple diseases, including rheumatoid arthritis, 
metabolic syndrome, inflammatory bowel disease, diabetes, 
and various types of cancer (Ahn et al., 2018; Xu et al., 2021a, 
b). Growing prevalence of these inflammatory-related diseases 
means they are now among the leading causes of morbidity 
worldwide (Hsieh  et  al., 2021; Wei  et  al., 2021). Therefore, 
finding effective and low-toxicity anti-inflammatory drugs to 
control inflammation is critical for the prevention or treatment 

of these diseases (Tang et al., 2021). Inflammation results in the 
production of proinflammatory cytokines and other inflammatory 
mediators such as tumor necrosis factor (TNF)-α, and IL-1β, 
and high mobility group box 1 (HMGB1) (Insuan et al., 2021). 
HMGB1 plays a critical role in the pathophysiology of inflammatory 
diseases like sepsis (Yang et al., 2021; Hur et al., 2021). It is a late 
inflammation factor that may enlarge inflammatory response by 
causing elevated levels of other cytokines through stimulating 
macrophages to synthesize pro-inflammatory cytokines, 
which induce and promote each other (Yang  et  al., 2021). 
Moreover, recently the inhibition of HMGB1 is considered to 
be a promising therapeutic target for attenuating inflammatory 
respond (Zhou et al., 2018; Ni et al., 2020; Wang et al., 2020; 
Hur et al., 2021). Nuclear transcription factor-κB (NF-κB) is a 
key transcription factor in inflammatory response (Luo et al., 
2020). Activation of NF-κB plays a central role in inflammation 
through its ability to induce production and release of multiple 
pro-inflammatory cytokines and chemokines (Lin et al., 2021). 
These factors mediate and amplify the inflammatory response 
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Abstract
Acanthopanax gracilistylus W.W.Smith (AGS) is an traditional Chinese medicine and its leaves that have rich biological activities 
has been long used as a fresh vegetable in Chinese folk. There are two lupane-type triterpenoids, 3α,11α-dihydroxy-23-oxo-
lup-20(29)-en-28-oic acid (1) and 3α,11α,23-trihydroxy-lup-20(29)-en-28-oic acid (2), were isolated as the active constituents 
from leaves of AGS. However, the anti-inflammatory effects and potential mechanisms of 1 and 2 on LPS-induced RAW264.7 
Macrophages have not been evaluated. In this study, the results shown that compounds 1 and 2 reduced the levels of early pro-
inflammatory cytokines TNF-α, IL-1β, the secretion of late pro-inflammatory cytokine HMGB1, as well as the activation of 
transcription factor NF-κB in RAW 264.7 macrophages induced by LPS. In conclusion, two lupane-type triterpenes (1 and 2) 
have anti-inflammatory activities in LPS-induced RAW264.7 cells through inhibiting expression of proinflammatory cytokines 
and NF‐κB activation and could be potentially used in treatment of inflammatory-related diseases in the future.

Keywords: Acanthopanax gracilistylus W.W. Smith; lupane-type triterpenes; RAW 264.7 macrophages; proinflammatory 
cytokines; HMGB1; NF-κB.

Practical Application: 1. Two lupane-type triterpenes inhibited the LPS-induced production of TNF-α, IL-1β and HMGB1 in 
the RAW264.7 cells. 2. It also suppressed NF‐κB activation in the RAW264.7 cells. 3. Two lupane-type triterpenes isolated from 
the leaves of Acanthopanax gracilistylus may be able to inhibit the inflammatory diseases. 4. This research provides a reliable 
theoretical and practical basis for application of the leaves of AGS as function food in the future.
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and are involved in the pathogenesis of many related disorders 
(Cao et al., 2021; Xiao et al., 2021).

Acanthopanax gracilistylus W.W.Smith is deciduous shrub 
of the Araliaceae family which is widely distributed in China 
(Chinese Pharmacopoeia Commission, 2015). Its dried roots 
and stem barks, named wujiapi, are listed officially in the 
Chinese Pharmacopoeia as Acanthopanacis Cortex, and used 
commonly to treat arthritis, rheumatism, paralysis, sinew, 
bone pains, lameness, and liver disease for many centuries 
in China (Shan et al., 1999). Its leaves have been used usually 
as a vegetable (State Administration of Traditional Chinese 
Medicine, 1999) in China and the previous pharmacological 
study on the leaves of AGS reported hepatoprotective effect 
(Zhang et al., 2011), antidiabetic effects (Lu et al., 2018) and 
anti-inflammation (Liu et al., 2017). In our previous studies. 
We researched its phytochemical constituents and obtained some 
lupane-triterpenoids (Liu et al., 2002, 2004, 2017; Yook et al., 
2002; Zou et al., 2011, 2017). However, the anti-inflammatory 
activity and the mechanism of action of the biologically active 
components 1 and 2 of the leaves of AGS were seldom studied 
until now. Here, we used LPS-induced RAW264.7 murine 
macrophages cell line as an appropriate biological model to 
investigate the inhibitory effects of two lupane-type triterpenes 
(1 and 2) on the production of inflammatory mediators TNF-α, 
IL-1β, and HMGB1. To elucidate their potential mechanisms, 
the expression of TNF-α, IL-1β, HMGB1, and the translocation 
of NF-κB have also been studied.

2 Materials and methods
2.1 Plant material

The leaves of AGS were collected in Changsha, Hunan province 
of China, in September 2016 and were botanically identified by 
Prof. Chang-Soo Yook, Kyung Hee University, South Korea.

2.2 Chemicals and reagents

RAW264.7 cell line was purchased from Shanghai Institute 
of Biochemistry and Cell Biology, Chinese Academy of Sciences 
(Shanghai, China). Lipopolysaccharide (LPS) and dimethyl 
sulfoxide (DMSO) were purchased from Sigma Chemicals (St. 
Louis, MO, USA). EZ4U cell proliferation and cytotoxicity 
assay kit was obtained from Biomedica (Vienna, Austria). Anti-
HMGB1 antibody was ordered from Abcam (Cambridge, UK), 
secondary antibody conjugated with horseradish peroxidase-
conjugated goat anti-rabbit IgG was purchased from Beyotime 
Institute of Biotechnology (Jiangsu, China). Commercially available 
ELISA kits TNF-α and IL-1β were obtained from Invitrogen 
Corporation (Camarillo, CA, USA). RPMI 1640 medium and 
fetal bovine serum (FBS) were purchased from Gibco-BRL 
(Grand Island, NY, USA). The other materials under study were 
endotoxin free. These chemicals and reagents were based on our 
previous report (Liu et al., 2017).

2.3 Extraction and isolation

The isolation of lupane-type triterpenes (1 and 2) was 
described previously (Zou et al., 2011). Briefly, the dried leaves of 

AGS (1000 g) were extracted for three times with hot methanol. 
The combined methanol extract was evaporated under reduced 
pressure to obtain a residue (140 g), which was dissolved in water 
and partitioned with petroleum ether, ethyl acetate, and n-butyl 
alcohol successively. A part of the residue of the ethyl acetate 
soluble fraction (60 g) was chromatographed on silica gel (2.5 kg), 
eluted with chloroform, with the polarity gradually increased with 
methanol (25:1, 20:1, 15:1, 10:1, 5 L for each gradient) to give four 
fractions (Fr.1-Fr.4). Fr.2 was chromatographed on silica gel and 
ODS column again to give compounds 1 and 2. The chemical 
structures of 1 and 2 were identified by analyzing the signals of 
spectral data (1H- and 13C-NMR, HMQC, HMBC, COSY, ROESY, 
and MS) and were shown in Figure 1. The purity of compounds 
1 and 2 were checked by HPLC analysis (> 98% pure).

2.4 Cell culture and stimulation

Macrophages were cultured in Dulbecco Modified Eagle’s 
medium (DMEM) supplemented with 10% FBS, 100 units/mL 
penicillin and 100 units/mL streptomycin in tissue culture dishes 
at 37 °C, in a humidified atmosphere of 5% CO2 in air. For most 
experiments, cells were plated at a density of 1×106 cells/well on 
12-well plates in 200 μl DMEM. Adherent RAW264.7 cells in 
12-well culture plates were gently washed, and cultured in serum-
reduced OPTI-MEM I medium 8 h before treating with vehicle 
or various concentrations of IA (5-100 μM, dissolved with 0.1% 
DMSO). One hour after treatment with various concentrations of 
compound or vehicle alone, LPS was added to a final concentration 
of 100 ng/mL at varying time intervals at 37 °C until further analysis.

2.5 Cytotoxicity assay

The cytotoxicity of compounds 1 and 2 was assessed in 
RAW264.7 cells by an MTT-based test (EZ4U, Biomedica, 

Figure 1. Chemical structures of lupane-type triterpenes (1 and 2). 
3α,11α-dihydroxy-23-oxo-lup-20(29)-en-28-oic acid (1), 3α,11α,23-
trihydroxy-lup-20(29)-en-28-oic acid (2).
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Vienna, Austria) following the manufacturer’s instructions. 
1×103 cells/well were seeded in triplicate in 96-well micro 
plates and cultured with various concentrations of compounds 
1 and 2 (5, 25, 50, 75, and 100 μM) for 48 h at 37 °C with 5% 
CO2. Then 20 µL EZ4U (MTT-based dye) reagent was added 
to each well and incubated for 4 h at 37 °C. The absorbance 
was measured using a microplate reader (Perkin Elmer Cetus, 
Foster City, CA, USA) at 450 nm using an empty well with 
culture medium as reference. Values obtained from control 
wells containing cells and media alone were set to 100% 
proliferation. The relative cell viability (%) related to control 
wells was calculated by [A] test/ [A] control × 100.

2.6 Detection of TNF-α and IL-1β production

Macrophages were pretreated with various concentrations (10, 
20, 30, 40, and 50 μM) of compounds 1 and 2 or Dexamethasone 
(positive control, 10 μM) for 1 h then exposed to LPS (100 ng/
mL) for 6 h. Culture media was collected and assayed using 
commercially available sandwich ELISA kits according to 
the manufacturer’s instructions (Invitrogen Corporation, 
Camarillo, CA, USA). Briefly, 50 µL of the incubation buffer, 
50 µL standard diluent buffer, 50 µL standards, controls, or 
samples were added in triplicate to anti-TNF-α or anti-IL-1β 
coated ELISA microplates, and 50 µL biotin conjugate solution 
to the appropriate anti-mouse monoclonal antibody coated 
microtiter wells except the chromogen blank successively. 
After incubation, the supernatant was collected and applied 
to the cytokine ELISA kits for measuring the concentrations 
of TNF-α and IL-1β.

2.7 Western blot analysis

Approximately 15 micrograms total proteins cellular 
extracts or 25 μL per lane were loaded onto a 12% SDS-PAGE 
gel. After electrophoretic separation, proteins were transferred 
to a polyvinylidene fluoride membrane. The membrane was 
blocked with 5% fat-free skim milk in Tris buffered saline with 
tween-20 buffer at room temperature for 1 h, and then incubated 
with mouse monoclonal HMGB1 antibody (1:1,000; Abcam, 
Cambridge, UK) or mouse monoclonal β-actin antibody (1:1,000; 
Santa Cruz Technology, Santa Cruz, CA) respectively at 4 °C 
overnight. After being washed, the membrane was incubated 
with goat anti-mouse secondary antibody conjugated with 
horseradish peroxidase at 1:5000 for 1 h, then followed by 
an extensive wash. The signal was visualized with enhanced 
chemiluminescence (GE Healthcare) and quantitated by 
densitometry through using Quantity One software. The expression 
level of HMGB1 proteins in total proteins cellular extracts was 
normalized by β-actin levels.

2.8 Reverse transcription-polymerase chain reaction 
(RT-PCR) analysis

The detailed procedures of RT-PCR and the primer sequences, 
which were used in this research were reported in our previous 
investigations (Liu et al., 2017; Zou et al., 2017). The analysis 
was conducted three times independently.

2.9 Determination of nuclear translocation of NF-κB

Macrophages were pretreated with compounds 1 and 
2 (10, 20, 30, 40, or 50 μM) for 1 h then exposed to LPS 
(100 ng/mL) for 2 h, respectively. After the stimulation period, 
the RAW264.7 cells were harvested and washed 3 times with cold 
PBS. The cytoplasmic and nuclear extracts were prepared using a 
nuclear/cytosol fractionation kit (Biovision, Inc., Mountain View, 
CA, USA) according to manufacturer’s instructions. Cytoplasmic 
and nuclear fractions were measured for levels of NF-κB using 
a commercially available NF-κB p65 ELISA kit (Cell Signaling 
Technology, Inc.), according to the manufacturer’s instructions.

2.10 Statistical analysis

All continuous data were expressed as the mean ± SD. 
Comparisons between groups were performed by one way-
ANOVA analysis or Student’s t-test. Statistical significance was 
defined as a P < 0.05. All statistical analyses were performed by 
using SPSS 16.0 for Windows.

3 Results
3.1 Cell viability

To investigate the cytotoxicity of compounds 1 and 2 on 
RAW264.7 macrophage cells, the viability of RAW264.7 cells were 
determined through an MTT-based EZ4U assay. The cytotoxicity of 
compounds 1 and 2 at different concentrations (5, 25, 50, 75, and 100 μM) 
are shown in Figure 2. No obvious cytotoxicity was observed up to 
50 µM but significant cytotoxicity was observed in RAW264.7 cells 
when being treated with compounds 1 and 2 at concentrations 
that higher than 50 µM, respectively. The subsequent experiments 
were therefore performed at concentrations that not higher than 
50 µM for these two isolates.

3.2 Effects of compounds 1 and 2 on production of TNF-α 
and IL-1β in LPS-stimulated RAW264.7 macrophages

LPS-induced RAW264.7 macrophages were used to evaluate 
the inhibitory action of compounds 1 and 2 on the production 
of TNF-α and IL-1β. Cells were preincubated with various 
concentrations (10, 20, 30, 40, and 50 μM) of compounds 1 and 
2 respectively prior to LPS (100 ng/mL) treatment, then the 
TNF-α and IL-1β levels in the cell culture medium were measured 
by ELISA assay. As shown in Figure  3A, compounds 1 and 
2 inhibited TNF-α production in a concentration-dependent 
manner (P<0.05). In case of IL-1β production, all these two 
compounds displayed concentration-dependent inhibitory effects 
(P<0.05, Figure 3B). To confirm whether the inhibition of TNF-α 
and IL-1β production was due to the decreased gene expression, 
we examined the mRNA levels of IL-1β and TNF-α in the LPS-
stimulated RAW 264.7 cells. As presented in Figure 3C and 3D, 
the pretreatment with compounds 1 and 2 suppressed the mRNA 
expression of TNF-α and IL-1β, coincident with the TNF-α and 
IL-1β protein levels in the cell culture medium. These results 
showed that compounds 1 and 2 inhibited the expression of IL-1β 
and TNF-α at the transcriptional level, which, in turn, reduced 
the production of IL-1β and TNF-α in the LPS-stimulated RAW 
264.7 cells.
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Figure 2. Cell viability in RAW264.7 macrophages treated with lupane-type triterpenes (1 and 2). RAW264.7 cells were exposed to 1 and 2 at 
the indicated concentrations for 48 h and evaluated by MTT-based EZ4U test. Cell viability of treated samples was expressed as a percentage 
of surviving cells compared with that in the vehicle control. Values are expressed as mean±S.D. of three individual experiments performed in 
triplicate. CON stands for vehicle control. *P<0.05 vs. the control group.

Figure 3. Effects of lupane-type triterpenes (1 and 2) on LPS-induced TNF-α and IL-1β production and mRNA expression in RAW264.7 cells. (A, B) 
Effects of 1 and 2 on LPS-induced TNF-α (A) and IL-1β (B) production. The concentration of TNF-α and IL-1β secreted by RAW264.7 was measured 
by commercially available sandwich ELISA kits. Control (CON) values were obtained in the absence of LPS and compounds 1 and 2. LPS values were 
obtained in the presence of LPS (100 ng/mL) and absence of compounds 1 and 2. The positive control (DEX) was obtained in the presence of LPS 
(100 ng/mL) and Dexamethasone (10 μM). Three independent experiments were performed with similar results. Data is expressed as mean±S.D. 
Student’s t-test was used to determine significant differences between two groups. #P<0.05 vs. negative controls (CON); *P<0.05 vs. 100 ng/mL LPS-
treated cells; (C, D) Effects of lupane-type triterpenes (1 and 2) on mRNA expression of TNF-α and IL-1β in LPS-stimulated macrophages. RAW 
264.7 cells were pre-incubated with various concentrations of lupane-type triterpenes 1 and 2 for 1 h and were then treated with 100 ng/mL LPS for 
an additional 2 h. mRNA expression of TNF-α (C) and IL-1β (D) was analyzed by real-time RT-PCR and β-actin was used as the internal control.
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3.3 Effects of compounds 1 and 2 on secretion of HMGB1 in 
LPS-induced RAW264.7 macrophages

To examine the effect of compounds 1 and 2 on the 
production of HMGB1, the RAW264.7 cells were incubated 
with compounds 1 and 2 respectively and then exposed to 
LPS (100 ng/mL). The HMGB1 protein levels from the culture 
medium of macrophages or whole cell lysate were analyzed 
by western blot assay. The protein levels were significantly 
increased in the culture medium of RAW264.7 cells after LPS 
stimulation as shown in Figure 4A and 4B, compounds 1 and 
2 effectively attenuated LPS-induced HMGB1 release (P<0.05), 
in a dose dependent manner. However, compound 1 displayed 
the better inhibitory effect on the LPS-induced HMGB1 release. 
No significant change in levels of HMGB1 protein from whole 
cell lysates was observed at the presence of these triterpene 
compounds (Figure 4C). Thus, compounds 1 and 2 attenuated 
endotoxin-induced HMGB1 secretion from macrophage into 
extracellular milieu, without changing the HMGB1 protein 
levels inside the RAW 264.7 cells.

3.4 Effects of compounds 1 and 2 on transcriptional activity 
of NF-κB in LPS-stimulated RAW264.7 macrophages

Activation of macrophages leads to the translocation of 
NF-κB to nucleus and gene expression. The levels of nuclear NF-
κB were measured by ELISA assay to assess the transcriptional 
activity of NF-κB. As shown in Figure 5, the protein levels of 
NF-κB (p65) in the nucleus of the LPS-stimulated cells were 
significantly increased compared with the control group. Lupane-
type triterpenes 1 and 2 significantly reduced the NF-κB activity 
in LPS-stimulated RAW264.7 cells in a dose-dependent manner 
(Figure 5A and 5B).

4 Discussion
The inhibition of inflammatory mediators and cytokines is 

considered as an effective therapeutic strategy for the treatment 
of inflammatory diseases. 3α,11α-dihydroxy-23-oxo-lup-20(29)-
en-28-oic acid (1) and 3α,11α,23-trihydroxy-lup- 20(29)-en-28-
oic acid (2) were considered as the active components of AGS. 
However, the effect and underlying mechanism of 1 and 2 on 
inflammatory progress have not been fully assessed. In this 
study, we demonstrated that compound 1 and 2 suppressed the 
expression of inflammatory cytokines including TNF‐α, IL‐1β, 
and HMGB1 mediated through NF‐κB signaling pathway in 
LPS-stimulated RAW264.7 cells in vitro.

Numerous publications have demonstrated the key player 
of proinflammatory cytokines in the inflammation (Jia et al., 
2017). Overexpression of TNF-α and IL-1β, as common early 
inflammatory cytokines, leads to a variety of chronic and acute 
inflammatory diseases, including rheumatoid arthritis, Crohn’s 
disease, sepsis (Gil et al., 2016; Xiao et al., 2021). In this study, 
LPS significantly enhanced the expressions of TNF‐α and IL‐1β 
in RAW264.7 macrophages. Simultaneously, treatment with 
1 and 2 markedly decreased the expressions of TNF‐α and 
IL‐1β, suggesting that the anti‐inflammatory effects of 1 and 
2 were related to the inhibition of early inflammatory cytokine 
expressions.

HMGB1 is a DNA binding protein that maintains 
nucleosomal structures and regulates gene transcription, which 
is characterized by highly conserved proteins (Fu & Nishibori, 
2019; Yun et al., 2021). Recent studies have suggested that it 
exhibits a pronounced proinflammatory effect in the inflammatory 
response, which is involved in the process of development of 

Figure 4. Effects of lupane-type triterpenes (1 and 2) on the expression 
of HMGB1 protein in LPS-induced RAW264.7 cells. (A) Effect of 
different concentrations of compound 1 on the expression of HMGB1 
protein in the supernatant and quantitative densitometric analysis of 
HMGB1 protein in LPS-treated RAW264.7 cells. (B) Effect of different 
concentrations of compound 2 on the expression of HMGB1 protein 
in the supernatant and quantitative densitometric analysis of HMGB1 
protein in LPS-treated RAW264.7 cells. Mean values ± SD (n = 3). *P 
< 0.05 compared with the LPS-treatment group; (C) Effects of 1 and 2 
on the expression of HMGB1 protein in intracellular of LPS-induced 
RAW264.7 cells. The expression level of HMGB1 protein in cellular 
extracts was normalized by β-actin levels.
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sepsis (Okamoto et al., 2016; Zhou et al., 2018; Ni et al., 2020), 
as well as the important inflammatory mediators for the late 
period (Kang et al., 2014; Wang et al., 2014). Previous studies 
about the pathogenesis of inflammatory diseases like sepsis have 
only highlighted the early inflammatory mediators in the course 
of sepsis (Tracey et al., 1987; Tracey & Lowry, 1990). However, 
clinical trials of drugs with inhibitory effects on early cytokines 
such as TNF‐α and IL‐1β failed to improve survival in septic 
patients (Abraham et al., 1995; Sundén-Cullberg et al., 2005). 
Unlike the early release and disappearance of TNF‐α and IL‐1β, 
the serum concentrations of HMGB1 increase within 8 to 32 hours 
and maintain high levels for at least 96 hours (Wang et al., 2011). 
Moreover, HMGB1 appears to activate macrophages leading to 
the secretion of multiple cytokines, which in turn cause extensive 
inflammatory responses, including TNF‐α and IL‐1β (Luan et al., 

2013; Guzmán-Ruiz et al., 2014; Liu et al., 2017). Based on these 
findings, HMGB1 may be considered as a potent therapeutic 
target in inflammatory diseases like sepsis in clinical practice 
(Wang et al., 2015). Our results also show that compounds 1 and 
2 significantly reversed elevated HMGB1 protein levels after 
LPS stimulation in the RAW264.7 cell supernatant. Since these 
compounds didn’t change the protein levels of HMGB1, so the 
downregulation caused by them may through the inhibition 
of HMGB1 secretion. As a result, triterpenes 1 or 2 may be 
promising agent for reducing HMGB1-inducing inflammation.

A large number of evidences suggest that NF‐κB is a 
key transcription factor for the production of inflammatory 
cytokine in a variety of diseases. In this study, we found that 
LPS led to a significant elevation of nuclear level of NF-κB in 
RAW264.7 cells, which indicated that LPS induced the nuclear 
translocation of NF-κB. At the same time, treatment of isolates 
1 and 2 significantly decreased the nuclear level of NF-κB. These 
research results, along with our findings in this work, indicate 
that 1 and 2 inhibits NF-κB activation via targeting various 
signaling molecules in diverse factor-induced inflammatory 
conditions. In the further study, the detailed description for 
natural products 1 and 2 on LPS‐induced NF-κB activation in 
macrophages and the potential signal transduction pathways 
should be done.

5 Conclusion
Altogether, the present study shown that two lupane-type 

triterpenoids, 3α,11α-dihydroxy-23-oxo- lup-20(29)-en-28-oic 
acid (1) and 3α,11α,23-trihydroxy-lup-20(29)-en-28-oic acid 
(2), relieved the inflammatory response induced not only by 
early pro-inflammatory mediators such as TNF-α, IL-1β, and 
NF-κB but also by late proinflammatory cytokine HMGB1. 
These results warrant that the further studies would concerning 
the candidate therapy for inflammatory diseases like sepsis 
of lupane-type triterpenoids containing in the leaves of AGS. 
In addition, the leaves of AGS contains abundant lupane-type 
triterpenoids and saponins, which were also found to have 
significant anti-inflammatory activity in our previous reports 
(Liu et al., 2002, 2004, 2017; Yook et al., 2002; Zou et al., 2011, 
2017). This research provides a reliable theoretical and practical 
basis for application of the leaves of AGS as function food and 
the development of drugs for inflammatory-related diseases in 
the future.
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