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A B S T R A C T

Background: Panax quinquefolius L, widely recognized for its valuable contributions to medicine, has aroused
considerable attention globally. Different from the extensive research has been dedicated to the root of
P. quinquefolius, its berry has received relatively scant focus. Given its promising medicinal properties, this study
was focused on the structural characterizations and anti-inflammatory potential of acidic polysaccharides from
the P. quinquefolius berry.
Materials and methods: P. quinquefolius berry was extracted with hot water, precipitated by alcohol, separated by
DEAE-52-cellulose column to give a series of fractions. One of these fractions was further purified via Sephadex
G-200 column to give three fractions. Then, the main fraction named as AGBP-A3 was characterized by
methylation analysis, NMR spectroscopy, etc. Its anti-inflammatory activity was assessed by RAW 264.7 cell
model, zebrafish model and molecular docking.
Results: The main chain comprised of α-L-Rhap, α-D-GalAp and β-D-Galp, while the branch consisted mainly of
α-L-Araf, β-D-Glcp, α-D-GalAp, β-D-Galp. The RAW264.7 cell assay results showed that the inhibition rates
against IL-6 and IL-1β secretion at the concentration of 625 ng/mL were 24.83 %, 11.84 %, while the inhibition
rate against IL-10 secretion was 70.17 % at the concentration of 312 ng/mL. In the zebrafish assay, the migrating
neutrophils were significantly reduced in number, and their migration to inflammatory tissues was inhibited.
Molecular docking predictions correlated well with the results of the anti-inflammatory assay.
Conclusion: The present study demonstrated the structure of acidic polysaccharides of P. quinquefolius berry and
their effect on inflammation, providing a reference for screening anti-inflammatory drugs.

1. Introduction

Panax quinquefolius L, a perennial araliaceous herb, has been one of
the most widely used medicinal herbs in the world [1]. P. quinquefolius
was successfully introduced in China and is now grown widely in many
areas, such as Shandong, Liaoning and Heilongjiang Province of China

[2]. Studies have shown that P. quinquefolius had positive effects due to
its wide range of biological activities and unique pharmacological ef-
fects [3,4]. Similar to P. quinquefolius, P. quinquefolius berry is a multiuse
fruit containing bioactive compounds such as ginsenosides, poly-
saccharides, flavonoids, volatile oils, sterols et al. [5,6]. However,
relatively few studies of practical purification methods for P.
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quinquefolius berry unitary active ingredient and their structural char-
acteristics and biological activities have been fully researched.

Literature reports have focused on the study of crude extracts of
P. quinquefolius berries. For example, berry extracts have shown anti-
cancer action in vitro and in vivo tests [7]. In addition, P. quinquefolius
berry extracts also provided protection against cardiac oxidaive stress
[8] and enhanced the chemopreventive action of 5-FU’s on the human
colorectal carcinoma cells [9]. Another study found that P. quinquefolius
berry extracts protected hepatocytes against APAP-induced hepatotox-
icity by suppressing oxidative stress and inflammatory responses
through TNF-α-mediated caspase-3/-8/-9 pathways [10]. The above
research emphasized the biological activities of P. quinquefolius berry
extract, but did not the specific components of the extract. As noted
above, P. quinquefolius berry contained polysaccharides. Poly-
saccharides are a kind of natural active substance existing in plants,
animals and microorganisms, etc. They are composed of many mono-
saccharide residues connected by α or β glycoside bonds, usually more
than 10 monosaccharides polymerized into polysaccharide. Its relative
molecular weight varies from tens of thousands to millions [11]. Thus,
polysaccharides have a complex structure and variable monosaccharide
composition. There are also vital factors in the broad-spectrum bio-
activities of polysaccharides. Extensive studies have shown that poly-
saccharides possessed biological activity, such as immunomodulatory
[12], antioxidant [13], anti-inflammatory [14], anti-cancer [15], etc. In
recent years, there are an increased numbers of reports on poly-
saccharides. As natural products, polysaccharides are good scaffolds for
the development of potent drugs. Moreover, natural products form the
basis for new chemical entities with different molecular structures and
have been shown to be highly relevant to drug find [16,17].

In the present work, the specific structure of a homogeneous acidic
polysaccharide from P. quinquefolius berry, were identified and analyzed
using molecular weight determination, methylation assay, mono-
saccharide composition assessment, FT-IR spectroscopy and 1D/2D
NMR. Moreover, the anti-inflammatory activity of P. quinquefolius berry
acidic polysaccharides were also evaluated using the zebrafish experi-
ments and in vitro inflammatory factors secretion level test. Molecular
docking was accomplished to further verify the AGBP-A3’s anti-
inflammatory effects.

2. Material and method

2.1. Material and chemical

P. quinquefolius berry were purchased from Shandong Baicaotang
Chinese Herbal Pieces Co., Ltd. Monosaccharide standards, including
arabinose, fructose, fucose, galactose, galacturonic acid, glucose,
glucosamine hydrochloride, guluronic acid, glucuronic acid, galactose
hydrochloride, mannose, N-acetyl-D-glucosamine, ribose, rhamnose and
xylose, used for ion chromatography were procured from Yuanye Bio
Technology (Shanghai, China). BoRui Saccharide Biotech (Yangzhou,
China) was the supplier of Sephadex G-200, diethylaminoethyl (DEAE)-
Sepharose Fast Flow resin and the carbohydrate methylation kit used in
this study. Tg (lyz: DsRed2) strain zebrafish and RAW 264.7 cells were
provided by the Institute of Drug Research, Shandong Academy of
Medical Sciences’. All other reagents were analytical grade.

2.2. Extraction of polysaccharide

The crude polysaccharide was obtained by slightly modifying earlier
research methods [18]. The smashed P. quinquefolius berry was extrac-
ted with distilled water (1:30, v/w) twice for 1.5 h at 80 ◦C. The com-
bined solution was concentrated at 65 ◦C to get rid of parts water. The
concentrated sample was centrifuged at 6000 r/min for 10 min to pro-
duce a clear solution. The supernatant was then diluted with 95 %
ethanol (1:4, v/v) and the mixture was left to stay at 4 ◦C for overnight.
The precipitates were then collected by centrifugation to get the crude

polysaccharides from P. quinquefolius berry. The crude polysaccharides
were then diluted with distilled water, deproteinated by using the sev-
age reagent (chloroform/n-butanol, 4:1, v/v) [19], dialyzed for 48 h in a
3500 Da dialysis bag, and lyophilized to yield the deproteinated crude
polysaccharides for further analysis.

2.3. Isolation and purification of polysaccharide

Crude polysaccharides were dissolved, centrifuged and then loaded
on a pre-equilibrated DEAE-52-cellulose column at a flow rate of 1.5
mL/min, followed by an elution step with distilled water, 0.2 M, 0.5 M,
1.0 M NaCl solution. A rotary vacuum evaporator was utilized to
concentrate the fraction at 65 ◦C, followed by 48 h dialysis in a 1000 Da
dialysis bag and subsequent freeze-drying. Four elution fractions were
obtained. The fractions eluted with 0.2 M NaCl were further purified on
a Sephadex G-200 column. The NaCl solution (0.2 M) was eluent at a
flow rate of 0.2 mL/min. The resulting solution was dialyzed for 48 h in a
1000 Da dialysis bag followed by freeze-drying. The polysaccharide
fractions (AGBP-A3) obtained were used for further analysis [20].

2.4. Structural analysis of AGBP-A3

2.4.1. Molecular weight determination
The molecular weight of AGBP-A3 was determined by the high-

performance gel-permeation chromatography [21]. Samples and stan-
dards were accurately weighed, a 5 mg/mL solution was prepared,
centrifuged, filtered, and transferred to a 2.0 mL feed vial. The Shimadzu
LC-10 A system was utilized, which was equipped with a RI-502 dif-
ferential detector and 8 mm × 300 mm BRT105-104-102 column. The
standard curve was plotted using the commercial dextran standards with
different molecular weights (5.0, 11.6, 23.8, 48.6, 80.9, 148.0, 273.0,
409.8, 670.0 KDa). The molecular mass of AGBP-A3 was estimated
based on the standard curve. NaCl solution (0.05 M) was used as the flow
phase, with a flow rate of 0.6 mL/min; the injection volume and column
temperature settings were 20 μL and 40 ◦C separately.

2.4.2. Monosaccharide composition determination
The monosaccharide composition was assessed as per a prior pro-

cedure [22]. First, AGBP-A3 (5 mg) was hydrolyzed for 3 h at 120 ◦C
with 2 M trifluoroacetic acid (TFA 2 mL) in a sealed ampoule bottle. The
resulting hydrolysate was dried under nitrogen flow to remove residual
TFA and then dissolved in 5 mL of distilled water. The above sample
solution was used 50 μL and added 950 μL of deionized water. An
ICS5000 ion chromatograph was utilized to examine the hydrolyzed
product AGBP-A3, coupled to a 3 × 150 mm DionexCarbopacTMPA20
column and an electrochemical probe. Uronic acids reduction was per-
formed using uronic acid reduction apparatus supplied by BoRui
Saccharide Biotech (Yangzhou, China). The mobile phases were A
(H2O), B (15 mM NaOH), and C (15 mM NaOH & 100 mM NaOAc) with
flow rates of 0.3 mL/min; the column temperature and injection volume
were set separately at 30 ◦C and 5 μL.

2.4.3. FT-IR analysis
AGBP-A3 (2 mg) was mixed with 200 mg of dried KBr and pressed

into sheets. The KBr powder was used as a blank control. FT-IR 650
(Tianjin Gangdong Sci. &Tech. Co., Ltd.) spectrometer (range: 4000-
400 cm− 1) was utilized to perform the FT-IR analysis [22].

2.4.4. Methylation analysis
Dried AGBP-A3 (2–3 mg) was dissolved in anhydrous DMSO (2 mL).

After adding reagent A (aqueous alkali solution), the samples were
quickly sealed and subjected to ultrasound treatment, then incubated for
30 min at room temperature. The samples were then mixed with reagent
B (methyl iodide) for methylation purpose, and stirred for 5 h under N2
protection at 30 ◦C. This reaction was discontinued by adding 2 mL of
ultrapure water. The resulting solution was dialyzed for 48 h at 4 ◦C
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against ultrapure water. The methylated polysaccharides were then
extracted thrice extraction with dichloromethane, dried over sodium
sulfate and evaporated to dryness. After 2 h of hydrolysis with 3 mol/L
TFA (2 mL) at 120 ◦C, ultrapure water (1 mL) and NaBH4 (100 mg) were
utilized to evaporate and reduce the methylated samples for 12 h.
Subsequently, the reduced polysaccharide was subjected to neutraliza-
tion with acetic acid, evaporation, drying at 100 ◦C and acetylation with
acetic anhydride. Finally, GC-MS system was used to examine the
acetylated products [18].

GC-MS experiment was used an RXI-5 SIL MS column with a size of
30 m × 0.25 mm × 0.25 μm. The temperature protocol was an initial
adjustment to 120 ◦C, increased at 3 ◦C/min to 250 ◦C, and held for 5
min. High purity helium (99.999 %) was used as the carrier gas, with
constant flow rate of 1.0 mL/min. The temperatures of the injection port,
ion source and transfer line were all set at 250 ◦C.

2.4.5. NMR analysis
AGBP-A3 (50 mg) was dissolved in 99.9 % D2O (0.5 mL) and freeze-

dried. Dissolution and freeze-drying were repeated three times, resulting
in a full exchange of active hydrogen. Then 1H and 13C NMR spectra
were recorded on a Bruker-600 MHz NMR spectrometer at room
temperature.

2.5. Anti-inflammatory activity based on RAW264.7 cell model

2.5.1. Cell culture
Murine macrophage-like RAW264.7 cells, provided by the Pharma-

ceutical Institute (Shandong Province, China), were cultured at 37 ◦C in
RAW264.7 cells specific medium under a humidified 5 % CO2 atmo-
sphere. The cells were incubated overnight and used in subsequent
experiments.

2.5.2. Assessment of cell viability
Cells viability was assessed by the methyl thiazolyl tetrazolium

(MTT) reduction colorimetric assay [23]. Firstly, 1 × 105 cells were
seeded per well of a 96-well microplate. AGBP-A3 was then added at
different concentrations (78, 156, 312, 625, 1250, 2500, and 5000
ng/mL) at 37 ◦C. After 24 h of incubation, 1.0 mg/mL MTT was added to
the cells in each well and allowed to stand for 4 h. The supernatants were
then discarded, and the formazan crystals were solubilized with
dimethyl sulfoxide (DMSO; 100 μL). A Tristar2 S LB 942 microplate
reader was utilized to determine the absorbance at 570 nm.

2.5.3. Determination of inflammatory factors levels
After culturing, 1 × 105 RAW264.7 cells were seeded into each well

of 96-well microplates and grown to confluence. The drug was admin-
istered according to the LPS (1 μg/mL) model, the control, and the drug
+ LPS groups. The administration concentrations of AGBP-A3 were set
at 156, 312, 625 and 2500 μg/mL. After 24 h treatment, the cells were
removed from the incubator and the cell culture supernatant was
collected for assay according to the kit operating instructions. IL-6, IL-
1β, and IL-10 inflammatory factors were included.

2.6. Anti-inflammatory activity based on zebrafish model

Zebrafish were placed in a mating tank in a 2:2 male to female ratio.
Male and female fish were isolated. They were also kept at a fixed
temperature of 28 ± 0.5 ◦C under a 14 h light/10 h dark photocycle.
After 24 h, male and female zebrafish mate and reproduce, obtaining
fertilized eggs. After washing, these fertilized eggs were transferred into
tanks filled with methylene blue-involving embryo medium. Finally,
these embryos were cultured at 28 ◦C for later experiments [24]. The
zebrafish experiment compiled with the National Research Council’s
Guide for the Care and Use of Laboratory Animals and was approved by
the Animal Ethics Committee of the Biology Institute of Shandong
Academy of Sciences (protocol No: SWS20230615).

Zebrafish embryos were incubated up to 3 dpf. Screening of normally
developed zebrafish in six-well plates with a total volume of 5 mL per
well, male to female ratio 1:1, 30 strips/well. Then ten zebrafish/group
were randomly selected for the experiment. In addition to the copper
sulfate model, ibuprofen-positive drug and blank control groups, various
concentrations (10, 20, 50 and 100 μg/mL) of experimental sample
groups were also set. After 6 h of pre-protection, all groups except the
blank control were added with 3.2 g/L copper sulfate mother solution (5
μL). The inflammatory response was observed and photographed.
Fluorescent microscope was used to observe the neutrophil distribution
in zebrafish. The number of neutrophils migrating to and above the
lateral line neuromast was also statistically analyzed.

2.7. Molecular docking

Using Molecular Operating Environment (MOE, 2008), the com-
pounds were subjected to molecular docking analysis against the COX-2
target. The amino acid sequences of COX-2 exhibited inter-species
conservation, with a similarity range of 85–90 %. The structure of
human COX-2 was anticipated to very similar to that of the mouse
enzyme, as the two structures are conserved strictly at the active site and
share an 87 % identity [25]. Protein Data Bank (http://www.rcsb.org)
was the source of data concerning the COX-2’s crystal structures with
PDB ID 1CX2. After the removal of water molecules and other ligands,
hydrogen atoms were introduced and protein crystal structures were
minimized and optimized. Protonation states were assumed to be the
most common at pH 7. The active sites were displayed in the set finder
by MOE. Prior to the completion of relative docking, the target poly-
saccharides and ibuprofen were prepared by converting the Chem3D
and ChemDraw files into the SDF ones. The alpha triangle was selected
as the placement index. London dG was chosen to score the results.
Ligand interaction was used to check out the connections between
COX-2 and polysaccharides. H bonds had pronounced effect on the
biomolecular functionality and structure, and the analysis of actual
ligand-receptor interactions was based on the H bonding.

2.8. Data analysis

Data were reported as means ± standard deviations. Differences
were assessed for significance using one-way analysis of variance
(ANOVA) using Graphpad Prism 8.0Differences were considered sig-
nificant at p < 0.05 and high significant at p < 0.01.

3. Results and discussion

3.1. Isolation and purification

The whole process is schematically shown in Fig. 1A. Crude poly-
saccharides were extracted from P. quinquefolius berry, using hot water
followed by ethanol precipitation and deproteinization. The crude
polysaccharide had a yield of 6.32 % (31.6 g from 500 g dried
P. quinquefolius berry). Four polysaccharide fractions of were acquired
after separation on a glass column of DEAE-Sepharose Fast Flow. Ul-
trapure water was utilized to elute the neutral fraction, while 0.2, 0.5
and 1.0 M NaCl were used separately to elute the rest 3 acidic fractions
(Fig. 1B). The yields of the four components (neutral fraction, 0.2, 0.5
and 1.0 M NaCl fractions) were 9.3 %, 10 %, 4.1 % and 0.9 %, respec-
tively. This fraction was further purified on a Sephadex G-200 column
(Fig. 1C). Three peaks were observed. The symmetrical parts of the three
peaks were collected and named AGBP-A1, AGBP-A2, and AGBP-A3. The
respective yields were 3.2 %, 8.2 %, and 17.0 %. AGBP-A3 was further
investigated as the main polysaccharide fraction.

Z. Zhang et al.
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Fig. 1. Extraction, isolation and purification of AGBP-A3. (A) whole process (extraction, separation, purification); (B) Elution curve of AGBP-A3 on DEAE-Sepharose
Fast Flow column; (C) Elution curve of AGBP-A3 on Sephadex G-200 column.

Fig. 2. Structure analysis of AGBP-A3. (A) HPGPC elution curve of AGBP-A; (B) Monosaccharide composition analysis of AGBP-A3; (C) FT-TR spectrum of AGBP-A3.
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3.2. Structure elucidation of AGBP-A3

3.2.1. Molecular weight analysis
The relative molecular mass was evaluated via the HPGPC system. As

displayed in Fig. 2A, a sharp symmetrical peak appeared in the elution
profiles of AGBP-A3’s, suggesting its homogeneity. In addition, the peak
in 47.0 min was signal of the flow phase. The standard curve was
calculated as follows: lgMw= 12.602–0.2001t, lgMn= 11.858–0.1856t,
where Mw and Mn are the weight and number-average molecular
masses respectively, and t is the retention time, with correlation co-
efficients of 0.9947 and 0.9941. The Mw and Mn of AGBP-A3 were
calculated as 24060 Da, 17100Da, and a retention time of 41.083 min.
The dispersion index (Mw/Mn) was 1.407.

3.2.2. Analysis of monosaccharide composition
Ion chromatography was employed to identify the monosaccharide

composition of AGBP-A3 by comparing retention times with standard
monosaccharides. As shown in Fig. 2B, the results indicated that AGBP-
A3 consisted of Rha, Ara, Gal, Glc, GalA, in molar ratios of 0.137: 0.136:
0.225: 0.175: 0.327. The molar ratio of Rha/GalA indicated the contri-
bution of RG-I to polysaccharide population. The (Ara + Gal)/Rha re-
flected the average length of RG-I side chains [26,27]. Rha/GalA was
0.42 and (Ara + Gal)/Rha was 2.64, suggesting that the AGBP-A3 has
abundant RG-I structural domains with long Ara and Gal side chains.
After uronic acids reduction, Rha, Ara, Gal, Glc, GalA were detected
respectively. The molar ratios were 0.118: 0.123: 0.551: 0.163: 0.045,
the amount of GalA was significantly reduced.

3.2.3. FT-IR analysis
As shown in Fig. 2C, the FT-IR spectra of AGBP-A3 showed typical

bands characteristic of polysaccharides. The absorption peak at 3386
cm− 1 was assigned to the O–H stretching vibration of the constituent
glucose residues, which was the characteristic peak of sugars [19]. The
absorption peak at 2929 cm− 1 was attributed to the stretching vibration
of C–H in the sugar ring, while the peak at 1637 cm− 1 corresponded to
the asymmetric C––O stretching vibration [28]. This indicates that
AGBP-A3 is an acidic polysaccharide. The strong absorption peaks
appearing at 1421 cm− 1 and 1081 cm− 1 were probably attributed to the
stretching vibration of C–O [29]. The peak 1240 cm− 1 represented the
S––O stretching vibration of sulfate groups [30]. In addition, the ab-
sorption peak at 865 cm− 1 was attributed to a feature of the pyranose
hypomethyl deformation vibration [31]. Taken together, it might be
deduced that AGBP-A3 was an acidic polysaccharide and the exact
structure needs to be further combined with methylation and NMR.

3.2.4. Methylation analysis
Peak identification for the partially methylated alditol acetates in the

GC-MS data was made according to their retention times and by
comparative analysis with the Complex Carbohydrate Research Center
database. The ratio of each sugar was determined from the peak area in
the GC-MS data. Table S1 shows the molar ratios, mass fragmentation
profiles, as well as glycosyl linkage patterns. There were thirteen types
of glycosidic bonds in AGBP-A3, namely Araf-(1→, →2)-Rhap-(1→, →5)-
Araf-(1→, Glcp-(1→, Galp-(1→, →3,5)-Araf-(1→, →2,4)-Rhap-(1→,
→3)-Galp-(1→, →4)-Galp-(1→, →4)-Glcp-(1→, →6)-Galp-(1→, →3,4)-
Galp-(1→, →3,6)-Galp-(1→ at molar ratios of 0.0354: 0.0843: 0.0607:
0.0333: 0.1199: 0.0757: 0.0765: 0.1297: 0.2335: 0.0320: 0.0156:
0.0792: 0.0242.

3.2.5. NMR analysis
Further structural elucidation of AGBP-A3 was carried out by the

NMR spectrum. In the 1H NMR spectrum (Fig. 3A), the primary range of
1H spectrum signals were δ 3.50 to δ 5.70 ppm. For anomeric 1H protons,
their chemical shift positions were within δ 4.80 to δ 5.80 ppm, sug-
gesting that the sugar residues existence α configuration. The chemical
shift positions were within δ 4.30-δ 4.80 ppm, suggesting that the sugar

residues exist in β configuration. The 1H NMR spectrum pinpointed the
main signals of anomeric protons at δ 5.70, 5.22, 5.17, 5.16, 5.04, 5.01,
4.97, 4.96, 4.83, 4.55, 4.55, 4.52, 4.46, 4.45, 4.44 ppm, corresponding
to H-1 of F, M, A, L, D, C, E, B, G, J, K, O, H, N, I. The main range of
signals in the 13C NMR spectrum (Fig. 3B) was from δ 60 to δ 120 ppm.
Signals were seen for 15 anomeric carbons at δ 110.62, 108.90, 108.88,
108.77, 108.18, 105.39, 104.90, 104.48, 104.30, 104.20, 103.84,
101.34, 100.38, 99.88, 99.80 ppm which corresponded to C-1 of A, D, C,
B, F, J, I, N, K, O, H, G, E, M, L.

A further structural assessment of AGBP-A3 was accomplished by 2D
NMR including NEOSY, HMBC, 1H–13C HSQC and 1H–1H COSY. The
spectra were shown in Figures C–F. For the analysis of the 1H and 13C
signals of the glycosyl residues’, the HSQC spectra (Fig. 3C), COSY
spectra (Fig. 3D), monosaccharide composition, methylation data, and
NMR data reported in the literature were utilized. For instance, over the
residue →4)-α-D-GalAp-(1→ (E), an anomeric carbon signal of δ 100.3
ppm can be observed in the HSQC spectrum, corresponding to an
anomeric proton signal of δ 4.97 ppm. In the 1H–1H COSY spectra, the
cross peaks at δ H1/H24.97/3.67, δ H2/H33.67/3.93, δ H3/H43.93/4.32, δ
H4/H54.32/4.68, indicate that the signals at δ 4.97, 3.67, 3.93, 4.32 and
4.68 ppm correspond respectively to H-1, H-2, H-3, H-4 and H-5. In
addition, the corresponding C1–C5 carbon signals were 100.3, 69.4,
70.0, 79.1, and 72.6 ppm [32]. Similarly, further information can be
deduced about additional residues: residue α-L-Araf-(1→(A, B),
→5)-α-L-Araf-(1→(C), →3, 5)-α-L-Araf-(1→(D) [13,33]; residue
α-D-GalAp-(1→(F), →3,4)-α-D-GalAp-(1→(G) [34,35]; residue
β-D-Galp-(1→(N), →6)-β-D-Galp-(1→(I), →3)-β-D-Galp-(1→(J), →3,
6)-β-D-Galp-(1→(K) [36,37]; residue →2,4)-α-L-Rha-(1→(L),
→2)-α-L-Rha-(1→(M) [38]; residue β-D-Glcp-(1→ (O),
→4)-β-D-Glcp-(1→(H) [39]. The attribution of all glycosidic bond sig-
nals is shown in Table S2.

Polysaccharide substitution sites, backbone, and glycosyl residues
were analyzed by NOESY (Fig. 3E) and HMBC spectra (Fig. 3F). The
master chain was analyzed as follows. NOESY (δ H/H) and HMBC (δ H/C)
spectra exhibited correlated peaks M(H-1)/L(H-2) at δ H/H 5.22/4.06, L
(H-1)/E(C-4) at δ H/C 5.16/79.1, E(H-1)/E(H-4) at δ H/H 4.97/4.32, E(H-
1)/G(H-4) at δ H/H 4.97/4.48, G(H-1)/G(H-4) at δ H/H 4.83/4.48, G (H-
1)/K(C-6) at δ H/C 4.83/70.6, K(H-1)/I(H-6) at δ H/H 4.55/3.89. As a
result, several structural inter-residual sequences were conjectured to be
the occurrence of →2)-α-L-Rhap-(1 → 2,4)-α-L-Rhap-(1→[4)-α-D-GalAp-
(1]2 → 3,4)-α-D-GalAp-(1 → 3,4)-α-D-GalAp-(1 → 3,6)-β-D-Galp-(1 →
6)-β-D-Galp-(1 → . In the light of the above correlations, α-L-Rhap, α-D-
GalAp and β-D-Galp was likely connected and formed the poly-
saccharide backbone. The branched chain was analyzed as follows.
HMBC spectrum correlations between A(H-1)/C(C-5) at δ H/C 5.17/68.2,
C(H-1)/D(C-5) at δ H/C 5.01/67.80, B(H-1)/D(C-3) at δ H/C 4.96/83.6
and D(H-1)/L(C-4) at δ H/C 5.04/76.8 implied the occurrence of a non-
linear side chain as T-α-Araf-(1 → 5)-α-Araf-(1 → 5)[T-α-Araf-(1 → 3]-
α-Araf-(1 → . This branch is linked to C-4 of L. The correlations between
O(H-1)/H(H-4) at δ H/H 4.52/3.64, H(H-1)/H(H-4) at δ H/H 4.46/3.64, N
(H-1)/J(H-3) at δ H/H 4.45/3.77 indicate the existence of the linkage β-D-
Glcp-(1→[4)- β-D-Glcp-(1]2, β-D-Galp-(1 → 3)-β-D-Galp-(1. In addition,
additional HMBC (δ H/C) and NOESY (δ H/H) correlated peaks were
assigned to H(H-1)/G(C-3) at δ H/C 4.46/82.55, F(H-1)/G (H-3) at δ H/H
5.70/4.09, J(H-1)/K(H-3) at δ H/H 4.55/3.81, which indicated that the H
residue in the side chain was directly boned to the C-3 position of the
residue G’s, and that F, J were separately bonded to the C-3 of the G, K
residues C.

Accordingly, the structure information of AGBP-A3, the structure
was postulated as illustrated in Fig. 3G, taking into account the
comprehensive outcomes of monosaccharide composition, NMR and
methylation assays. Depending on the results of the molecular weight
determination, the n value is 8 or 9.
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Fig. 3. NMR spectra of AGBP-A3. (A)1H spectrum; (B) 13C spectrum; (C) HSQC; (D) 1H–1H COSY; (E) NOESY; (F) HMBC; (G) Putative structure of AGBP-A3.
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3.3. In vitro and in vivo anti-inflammatory activity of AGBP-A3

3.3.1. Cell viability effects of AGBP-A3
In order to verify the toxicity of AGBP-A3 against RAW264.7 cells,

the MTT assay was conducted to evaluate the cell viability. The results
showed a lack of cytotoxicity against RAW264.7 cells at doses of 78,
156, 312, 625, 1250, 2500, and 5000 ng/mL of AGBP-A3 (Fig. 4A).
Survival rates were greater than 95 % in the control and all treatments,
suggesting that the polysaccharide samples did not cause cytotoxicity at
tested doses. Hence, the range of these concentration was selected for
future anti-inflammatory experiments.

3.3.2. Secretion levels of IL-10, IL-6, and IL-1β
Numerous diseases and pathologies, including neurodegenerative

disorders, diarrhea, sepsis and respiratory infections, are associated with
the lipopolysaccharide (LPS)-induced inflammation [40]. As a physio-
logical response, inflammation involved a series of complex interactions
between immunocytes and soluble factors. Research showed that
excessive release of pro-inflammatory cytokines (IL-10, IL-6 and IL-1β)
and mediators (NO) was closely linked to the pathogenesis of inflam-
mation [41]. Therefore, in our research, 1 μg/mL LPS was used to pro-
duce the cell inflammation model, and IL-6, IL-1β and IL-10 secretion
levels were measured after the addition of different concentrations of
AGBP-A3.

As sown in Fig. 4B, the IL-6 levels secreted by the RAW264.7 cells
were significantly increased by LPS in contrast to the control (p < 0.01).
This suggested that LPS successfully induced inflammation in
RAW264.7 cells. The IL-6 secretion was reduced by AGBP-A3 treatment
in contrast to the model group. There were statistically significant dif-
ferences at AGBP-A3 concentrations of 156, 312, and 625 ng/mL
compared to the model group (p < 0.01). The inhibition was 24.83 % at
625 ng/mL. As indicated in Fig. 4C–D, the pro-inflammatory cytokine
discharges were significantly higher in the model group than in the
control group (p< 0.01). When the LPS-stimulated RAW264.7 cells were
treated with AGBP-A3, the IL-1β and IL-10 discharges were reduced to
some extent. In Fig. 4C, there was statistical difference at 625 ng/mL

when compared to the model group (p < 0.05). The inhibition rate was
11.34 %. As presented in Fig. 4D–a significant difference from the model
group (p < 0.01) was observed for AGBP-A3 at 312 ng/mL. The inhi-
bition rate was 70.17 %. The above results indicate that AGBP-A3 in-
hibits LPS-induced inflammation in RAW 264.7 cells at a range of
concentrations.

3.3.3. Zebrafish model
Despite being a micronutrient in a particular concentration range,

copper can be harmful to many types of cells if its intracellular con-
centration is unbalanced. In zebrafish, excessive environmental copper
disturbed the Cu balance, triggers inflammatory reactions mediated by
oxidative stress [42]. The progression of inflammation and oxidative
stress was accompanied by the activation of neutrophils and macro-
phages and the overproduction of reactive oxygen species (ROS). As a
type of innate immunocytes, neutrophils were the first cells in tissues to
be recruited to sites of inflammation [43]. In the present study, the
zebrafish inflammation model was established using CuSO4 to test the
effects of AGBP-A3’s effects on the neutrophils numbers y and migration
of upon Cu2+ stimulation of the zebrafish.

As shown in Fig. 5A, in the absence of CuSO4 stimulation, localiza-
tion of almost whole neutrophils was observed in the posterior
abdominal and tail hematopoietic tissues of the blank control. There was
migration of the neutrophils to the site of inflammation when stimulated
with CuSO4, with cluster formation at the lateral line neuromast. Neu-
trophils migration was attenuated and the number of fluorescent spots
was reduced after AGBP-A3 treatment. According to the quantitative
outcomes, the copper sulfate model group exhibited significantly
different amount of migrated neutrophils from the ibuprofen-positive
drug group. After treatment with different concentrations of AGBP-A3,
a decrease in the number of migrated neutrophil counts was observed.
Compared to the model group, the 50, 100 μg/mL was significantly
different (p < 0.01). There was no statistical difference at 10, 20 μg/mL
(Fig. 5B). The inhibition rates were 23.77 % and 27.81 % for AGBP-A3
concentrations of 50 and 100 μg/mL, respectively. The results indicate
that AGBP-A3 at certain concentrations can reduce the number of

Fig. 4. The effect of AGBP-A3 on the secretion of IL-6, IL-1β, IL-10. (A) cells viability; (B) IL-6; (C) IL-1β; (D) IL-10. Data were presented as mean ± standard
deviation (n = 5). LPS model group vs con (untreated group), ##P < 0.01. Data vs LPS model group, *P < 0.05, **P < 0.01.
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migrated neutrophil and thereby suppress the CuSO4-induced inflam-
matory response to some extent.

Summary to the above date, AGBP-A3 showed significant anti-
inflammatory activity with the monosaccharide composition of arabi-
nose and galactose et al., and the branch chain of α-L-Araf, β-D-Glcp,
α-D-GalAp, and β-D-Galp. Rod-in et al. [44,45] found that the main
polysaccharides in P. quinquefolius berry was rhamnose (14.1 %),
arabinose (26.8 %), glucose (26.7 %), and galactose (24.5 %), which was
similar to the present research of AGBP-A3. Pharmacological studies
showed that the polysaccharides composed of galactose and arabinose
had the significant anti-inflammatory activity. Ye et al. [46] founded
that high contents fucose and galactose in sulfated fucoidan of Saccha-
rina japonica possessed the high anti-inflammatory activity. Gong et al.
[47] reported that high contents of arabinose and galactose significantly
improved the anti-inflammatory activity of the Lycium barbarum poly-
saccharide fraction by increasing NO levels, phagocytosis, and acid
phosphatase in RAW 264.7 cells. Sanjeewa et al. [48] demonstrated that
sulfated polysaccharides with high contents of fucose and galactose
isolated from Sargassum horneri could markedly reduce the production of
inflammatory cytokines and prostaglandin E2 in LPS-stimulated RAW
264.7 cells and protecte zebrafish embryos from LPS-induced NO pro-
duction and death. Therefore, the high content of arabinose and galac-
tose in AGBP-A3 may contribute the anti-inflammatory activity in acidic
polysaccharide from P. quinquefolius berry.

3.4. Molecular docking analysis

According to the docking results, AGBP-A3 displayed diverse binding

interactions and a satisfactory binding score. In contrast to the poly-
saccharide, the 1CX2 binding energies of ibuprofen were lower
(Table S3), indicating that it was more affinitive towards the selected
protein. The results of the docking predictions were correlated well with
in vitro experimental finding. The lowest binding energy of AGBP-A3 at
the active site was − 11.33 kcal/mol. The ligand formed strong hydrogen
bonds with Thr118 (2.87 Å), Gln370 (1.22, 1.88 and 2.46 Å) and weak
hydrogen bonds with Thr118 (3.34 and 3.82 Å), Gln370 (3.48 Å)
(Fig. 6). The strong hydrogen bonds suggest considerable binding ca-
pacity, which could influence and interact with COX-2. The weak
hydrogen bonds may modify docking stabilities and structural packing
models.

Prostaglandin is a latent inflammatory mediator [49]. In inflamma-
tory cells, endotoxins, cytokines and mitogens can induce COX-2, which
is responsible for the elevated prostaglandins production during
inflammation. In fact, molecular docking studies have further supported
the inhibitory action of polysaccharides’ and facilitated better under-
standing of various interactions between the enzyme active sites and
ligands. One potential to alleviate the inflammatory response is to
decrease the level of COX-2’s activity [50].

4. Conclusion

In this study, the P. quinquefolius berry were extracted with hot
water, precipitated with alcohol and separated on a DEAE-52-cellulose
column to obtain a series of fractions. One of the fractions was further
purified by Sephadex G-200 column to obtain three polysaccharide
fractions. The purified major polysaccharide fraction was then further

Fig. 5. The effect of AGBP-A3 on CuSO4-induced zebrafish inflammation model. (A) The observation of neutrophil migration; (B)The quantitative results of
neutrophil migration. Data were presented as mean ± standard deviation (n = 10). CuSO4 model group vs Con (untreated group), ##P < 0.01. Data vs CuSO4 model
group, *P < 0.05, **P < 0.01.
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analyzed. Structural analyses showed that AGBP-A3 primarily consisted
mainly of α-L-Rhap, α-D-GalAp and β-D-Galp while the branch consisted
mainly of α-L-Araf, β-D-Glcp, α-D-GalAp, and β-D-Galp. The anti-
inflammatory activity of P. quinquefolius berry acidic polysaccharide
was also evaluated using the zebrafish experiments and the inflamma-
tory factors secretion level test. The results of molecular docking assays
were highly correlated with in vivo and in vitro activity assays. All results
showed excellent anti-inflammatory activity, which may due to its
monosaccharide composition, complex structure, etc. This requires
further research structure-activity relationship.
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