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Kadsura coccinea fruit, a novel fruit resource, has attracted wide interest, but the
physicochemical characteristics and biological activities of its polysaccharides remain
unclear. This study investigated the physicochemical properties of a polysaccharide
extracted from K. coccinea fruit polysaccharide (KCFP) and evaluated its antioxidant
and hypolipidaemic activities in vitro and in vivo. KCFP is an amorphous, thermally
stable pectin heteropolysaccharide with an average molecular weight of 204.6 kDa that
is mainly composed of mannose, rhamnose, glucose, galactose, xylose, arabinose,
galacturonic acid (molar percentage >70%) and glucuronic acid. 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) and 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
free radical scavenging assays and an iron reducing antioxidant power assay showed
that KCFP has strong antioxidant capacity, while the bile acid binding assay showed
that KCFP has hypolipidaemic potential in vitro. The antioxidant and hypolipidaemic
activities of KCFP were further evaluated in high-fat diet-induced hyperlipidaemic
mice. KCFP significantly increased the activities of superoxide dismutase, glutathione
peroxidase and catalase, decreased the malondialdehyde content, significantly reduced
the total cholesterol (TC), triglyceride (TG) and low-density lipoprotein cholesterol (LDL-
C) levels, and increased the amount of high-density lipoprotein cholesterol (HDL-C).
These findings suggest that KCFP could be used as a functional food to remedy
oxidative damage and hyperlipidaemia.

Keywords: structural characterization, antioxidant activity, Kadsura coccinea fruit, polysaccharide,
hypolipidaemic activity

INTRODUCTION

Hyperlipidaemia is caused by abnormal lipid metabolism or transport, which leads to increases
in lipid levels in plasma and multiple tissues, is a major factor contributing to fatty liver
disease, hyperlipidaemia and diabetes (1). Dyslipidaemia is an important factor influencing
cardiovascular disease that has become a global health problem (2). In clinical practice, synthetic
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compounds used to treat hyperlipidaemia, including statins
and fibrates, cause many side effects (3). Therefore, research
and development on natural medicines for the prevention
and treatment of hyperlipidaemia and its complications are
urgently needed.

Polysaccharides are important natural macromolecules
with unique physicochemical properties and biological
properties, such as immunoregulatory, antitumour, antioxidant,
hypoglycaemic, antiglycation, and anti-fatigue activities. In
recent years, plant-derived polysaccharides have received
extensive attention from researchers (4).

Kadsura coccinea (Lem.) A. C. Smith is a vine that is mainly
distributed in southern and southwestern China, Vietnam and
Myanmar. The roots and stems of K. coccinea are traditional
medicines that are commonly and widely used among the Zhuang
and Yao populations in China. The peculiar, aggregate fruits of
K. coccinea consist of 30 to 70 separate carpels. Once ripe, the
fruits are red or dark purple and typically 6 to 10 cm in diameter.
As nonmedicinal parts of the plant, K. coccinea fruits have not
been well developed or utilized and are even discarded. Our
previous studies showed that K. coccinea fruits contain a variety
of nutrients, including important polysaccharides (5). To date,
there have been no published reports on the physicochemical
properties and biological activities of a specific K. coccinea fruit
polysaccharide (KCFP).

Hence, the purpose of this study was to elucidate the
physicochemical properties of water-extracted KCFP and
investigate its antioxidant and hypolipidaemic activities in vitro
and in vivo. This research will provide a reference for the
scientific utilization of K. coccinea plant resources.

MATERIALS AND METHODS

Materials and Chemicals
Kadsura coccinea fruit was collected from a research farm
in Guangxi, China. Monosaccharide standards and dextrans
with different molecular weights were purchased from the
National Institute for Food and Drug Control (Beijing,
China). 2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2′-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt (ABTS), cholic acid (CA), deoxycholic acid (DCA),
taurocholic acid (TCA) and glycocholic acid (GCA) were
purchased from Macklin (Shanghai, China). 1-Phenyl-3-
methyl-5-pyrazolone (PMP), pancreatin and cholestyramine
resin were purchased from Sigma–Aldrich (St. Louis, MO,
United States). High-fat chow and regular chow were purchased
from Beijing Keaoxieli Feedstuff Co., Ltd. (Beijing, China).
Assay kits for total cholesterol (TC), triglyceride (TG),
low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), glutathione peroxidase
(GSH-Px), malondialdehyde (MDA), total superoxide
dismutase (SOD) and catalase (CAT) were obtained from
the Nanjing Jiancheng Bioengineering Institute (Nanjing,
Jiangsu, China). All other reagents used in the present study were
of analytical grade.

Extraction and Purification of Kadsura
coccinea Fruit Polysaccharide
The fruits were dried at 50◦C with hot air, crushed into a
powder, and passed through a 40-mesh sieve. One hundred
grams of dried fruit powder was degreased and decolorized
with 95% ethanol. The filtered residue was dissolved in distilled
water (1 L) and stirred at 95 ◦C under reflux for 4 h. The
reaction mixture was centrifuged (8000 g, 15 min) twice, and
the combined supernatants were concentrated to 200 mL with
a rotary evaporator. The solution was precipitated with a final
concentration of 80% ethanol, and the precipitate was washed
sequentially with absolute ethanol, acetone, and anhydrous ether
and then dissolved in water to remove free protein using
the Sevag method. The sample was then dialyzed (Mw cut-
off 3500 Da) and lyophilized to obtain KCFP (4.2 g). The
obtained KCFP was analyzed using high-performance liquid
chromatography with an evaporative light scattering detector
(HPLC-ELSD; Agilent 380ELSD, United States) in combination
with a TSKgel-G5000 PWXL gel chromatography column to
confirm homogeneity.

Analysis of the Physical and Chemical
Properties of Kadsura coccinea Fruit
Polysaccharide
Analysis of the Chemical Composition
The total carbohydrate content of KCFP was measured according
to the phenol−sulfuric acid method. The total protein content
was measured according to the Bradford method. The uronic
acid content was determined using the sulfuric acid-carbazole
method, using galacturonic acid (GalA) as the standard. The
sulfate content was determined with ion chromatography
(DIONEX ICS-90, United States). The contents of C, H, and
N were detected with a CHN628 elemental analyser (LECO,
United States), and the S content was determined with a Multi
EA4000 elemental analyser (Jena, Germany).

Determination of the Average Molecular Weight
The average molecular weight of KCFP was estimated using
gel permeation chromatography (GPC) (Waters-Alliance,
United States) with a TSK G5000 PWXL column, an e2695
separation module, and a 2414 refractive index detector. The
sample injection volume was 50 µL (2 mg/mL), distilled
water (pH 7.0) was used as the mobile phase, the flow rate
was 0.6 mL/min, and the column temperature was 60◦C. The
molecular weight was estimated by referring to a calibration
curve prepared from a standard dextran series (Mw values of
4.32, 12.6, 73.8, 126, 289, and 496 kDa).

Analysis of the Monosaccharide Composition
The monosaccharide composition was measured using HPLC
(Agilent 1260, United States) with PMP precolumn derivatization
as described in a previous study (6).

Thermogravimetry and X-Ray Diffraction Analysis
The thermal properties of KCFP were determined by
thermogravimetry and derivative thermogravimetry, and
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thermal analysis curves were obtained by simultaneous thermal
analysis with an STA449F5 instrument (NETZSCH, Germany).
KCFP (5 mg) was transferred to an alumina crucible for
thermogravimetry analysis under a nitrogen atmosphere at a
heating rate of 10 ◦C/min in the range of 30–800◦C.

X-ray diffraction (XRD) patterns were obtained on a D/max-
2500 diffractometer (Rigaku, Japan). The diffractometer had a
scanning angle of 5–90◦ and a scanning rate of 5◦/min.

Morphological Observations
The lyophilized polysaccharide powder was affixed to the
sample stage using double-sided conductive tape, and images
were captured at different magnifications using a Phenom
Pro scanning electron microscope (SEM, Phenom-World,
Netherlands). The KCFP sample was completely dissolved in pure
water at a concentration of 5 µg/mL, and 5 µL of the solution was
dropped on a freshly cleaved mica surface to acquire atomic force
microscopy (AFM) images. After air drying, the morphology was
observed using a Dimension Edge AFM (Bruker, Germany).

Fourier Transform Infrared Spectral Analysis
Kadsura coccinea fruit polysaccharide was mixed with dry KBr
(1:50) and pressed into transparent films. The films were scanned
using a Tensor II fourier transform infrared (FTIR) spectrometer
(Bruker, Germany) from 4000 to 400 cm−1.

Nuclear Magnetic Resonance Analysis
1H and 13C nuclear magnetic resonance (NMR) spectra of KCFP
were acquired using a 600 MHz NMR spectrometer (Varian,
United States). Briefly, after drying the KCFP at 50 ◦C to constant
weight, approximately 15 mg of sample was dissolved in 0.6 mL
of 99.98% D2O, and the 1H NMR spectrum was collected using
the PRESAT water signal suppression method described by the
manufacturer. In addition, approximately 30 mg of KCFP was
dissolved in 0.6 mL of 99.98% D2O for 13C NMR spectroscopy.
Each sample was scanned 1024 times for 1H NMR analysis and
70000 times for 13C NMR analysis.

Rheological Properties
The rheological properties of a 5 mg/mL KCFP aqueous solution
were determined at 25 ± 0.1◦C with a HAAKE MARS40
rheometer (Thermo, Germany) equipped with a P35 parallel plate
(35 mm in diameter, gap of 0.5 mm). For each measurement,
1 mL of sample solution was carefully loaded onto the Peltier
plate of the rheometer. The flow curve was obtained at 25 ◦C with
shear rates ranging from 0.1 to 1000 s−1. A frequency sweep from
0.1 to 10 Hz was conducted at 25◦C at a constant stress within the
region of linear viscoelasticity.

Antioxidant and Hypolipidaemic
Activities of Kadsura coccinea Fruit
Polysaccharide in vitro
2,2-Diphenyl-1-Picrylhydrazyl Radical Scavenging
Activity
The ability of KCFP to scavenge DPPH free radicals was analyzed
as previously described (7). Briefly, 0.1 mL aliquots of sample
solutions at different concentrations (0.05, 0.1, 0.25, 0.5, and

1.0 mg/mL) were transferred to a 96-well plate. Then, 0.1 mL
of DPPH in ethanol (0.1 mmol/L) was added to each well of the
plate, and the mixtures were stirred well. The plate was incubated
at room temperature for 30 min in the dark. Trolox served as the
positive control. The absorbance was measured using an Infinite
200 PRO microplate reader (Tecan, Switzerland) at 517 nm.
The DPPH radical scavenging activity was calculated using the
following formula:

Scavenging rate (%) =

(
1−

A2−A1

A0

)
× 100 (1)

where, A1 is the absorbance of the sample solution after reaction
with solvent (distilled water); A2 is the absorbance of the sample
solution after reaction with DPPH; and A0 is the absorbance of
the solution containing solvent (distilled water) and DPPH.

ABTS Radical Scavenging Assay
The ABTS radical scavenging activity of KCFP was assessed
using a reported procedure (8) with some modifications. ABTS
(7.4 mmol/L) was mixed with an equal volume of a 2.6 mmol/L
K2S2O8 solution to obtain an ABTS+ stock solution. The stock
solution was stored in the dark for 12–16 h and then diluted with
deionized water to obtain a working solution; the absorbance
of the working solution at 734 nm was adjusted to 0.70. Then,
0.05 mL of various concentrations of KCFP solution (0.05,
0.1, 0.25, 0.5, and 1.0 mg/mL) were added to 0.2 mL of the
ABTS+ working solution. After reacting for 6 min at 25◦C,
the absorbance was measured at 734 nm. Trolox was used as
the positive control. The ABTS radical scavenging activity was
calculated with the following equation:

Scavenging rate (%) =

(
1−

A2 − A1

A0

)
× 100 (2)

where, A1 is the absorbance of the sample solution after reaction
with solvent (distilled water); A2 is the absorbance of the sample
solution after reaction with the ABTS+ working solution; and
A0 is the absorbance of the solution containing solvent (distilled
water) and the ABTS+ working solution.

Ferric Reducing Antioxidant Power
The ferric reducing antioxidant power (FRAP) test was
conducted based on published methods (9, 10). A standard curve
was prepared using different concentrations (10–500 µmol/L) of
FeSO4·7H2O. The antioxidant capacity, based on the ability of
the sample to reduce ferric ions, was calculated from the linear
calibration curve and is reported as the concentration of sample
having a ferric reducing ability equivalent to that of 1 µmol/L
FeSO4·7H2O.

Bile Acid Binding Capacity
The in vitro bile acid binding capacity of KCFP was investigated
according to our previously reported method (4). Under
simulated gastrointestinal digestion conditions, the ability of
KCFP to bind CA, DCA, GCA and TCA was evaluated. The bile
acid binding ability of KCFP is expressed in µmol of bile acid per
100 mg of dry matter (DM).

Frontiers in Nutrition | www.frontiersin.org 3 May 2022 | Volume 9 | Article 903218

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/
https://www.frontiersin.org/journals/nutrition#articles


fnut-09-903218 May 12, 2022 Time: 15:57 # 4

Long et al. Novel Polysaccharide From Kadsura coccinea

Antioxidant and Hypolipidaemic
Activities of Kadsura coccinea Fruit
Polysaccharide in High-Fat Diet-Induced
Hyperlipidaemic Mice
Animal Experimental Design
The in vivo antioxidant and hypolipidaemic activities of KCFP
were further evaluated in high-fat diet-induced hyperlipidaemic
mice. All experimental procedures were performed in accordance
with the “Guidelines for the Care and Use of Laboratory Animals:
Eighth Edition.” Eighteen male C57BL/6N mice aged 5–6 weeks
were purchased from Beijing Vital River Laboratory Animal
Technology Co., Ltd. After 1 week of adaptive feeding, the mice
were divided into two groups: 6 mice in the normal control group
(NC) were fed a basal diet, and 12 mice in the high-fat diet group
were fed a high-fat diet. After 8 weeks of feeding, the mice in
the high-fat diet group were randomly divided into two groups
(n = 6), named the model control (MC) group and the KCFP
group. Both the MC group and the KCFP group continued to
be fed a high-fat diet, and the KCFP group was administered a
daily dose of 300 mg KCFP/kg body weight. After 8 weeks of
feeding, serum and liver samples from the experimental mice
were collected for analysis.

Histopathological Examination of Liver Tissues
Liver tissues were cut into 5 µm thick sections and stained
with haematoxylin and eosin (H&E). The stained samples
were assessed for histopathological changes using a BX43 light
microscope (Olympus, Tokyo, Japan).

Biochemical Measurements of the Serum and Liver
Samples
The relevant antioxidant parameters (SOD, GSH-Px, CAT and
MDA) and hypolipidaemic parameters (TC, TG, LDL-C and
HDL-C) were measured using assay kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China).

Data Processing
The experimental data were processed using SPSS software
and are presented as the means ± standard deviation. Data
were further analyzed using one-way analysis of variance
(ANOVA) and Tukey’s multiple comparison tests. Differences
were determined to be significant at p < 0.05.

RESULTS AND DISCUSSION

Analysis of the Physical and Chemical
Properties
Analysis of the Chemical Composition of Kadsura
coccinea Fruit Polysaccharide
Kadsura coccinea fruit polysaccharide was composed of
60.42 ± 1.76% carbohydrates, 2.30 ± 0.26% proteins and
0.48 ± 0.08% sulfate. The elemental N and S contents were
analyzed and were found to be consistent with the protein and
sulfate contents, respectively. As shown in Figure 1A, the average
molecular weight of KCFP was approximately 204.6 kDa. The

monosaccharide composition analysis showed that KCFP was a
heteropolysaccharide consisting of mainly mannose, rhamnose,
glucose, galactose, xylose, arabinose, GalA and glucuronic acid
at a molar ratio of 1.00:3.56:1.03:2.01:7.81:10.11:3.67:72.10
(Figure 1B). The molar percentage of GalA exceeded 70%,
which is consistent with the uronic acid content test results
(79.80 ± 1.98%). The polysaccharides of Schisandra fruits of the
same genus were previously reported to be mainly composed of
GalA and xylose (11). These results suggested that KCFP is an
acidic heteropolysaccharide composed of homogalacturonic acid.

Thermal and X-Ray Diffraction Analyses of Kadsura
coccinea Fruit Polysaccharide
The thermogravimetry curves showed that KCFP underwent
two major mass loss processes (Figure 1C). The first mass loss
occurred at 60–190◦C and was attributed to the loss of both free
water and bound water absorbed in KCFP. The second mass loss
occurred at 210–400◦C, which was the mass loss caused by KCFP
decomposition. When the temperature increased above 600 ◦C,
the mass loss was gradual, and the mass of the remaining residue
at 800 ◦C was 28.6%. Under a nitrogen atmosphere, this material
is mainly carbon residue (12).

The derivative thermogravimetry curve (Figure 1C) showed
two peaks in the range of 210–400◦C. The peak with the highest
intensity was observed at 232.3◦C, indicating that the mass loss
rate of KCFP was greatest at this temperature (4). In addition,
the derivative thermogravimetry peak at 283.0◦C may be due
to the fact that KCFP consists of two main structural units.
As the temperature increased, one of the polysaccharide units
decomposed first at 231◦C, while the other polysaccharide unit
decomposed at 283◦C (13). The thermal analysis results indicated
that KCFP should not be subjected to temperatures greater than
210◦C; otherwise, it will decompose.

X-Ray Diffraction is often used to determine the crystalline or
amorphous properties of polymers. The pattern of KCFP had a
broad diffraction peak at approximately 2θ = 22◦ and a shoulder
peak at 2θ = 13◦ (Figure 1D), indicating an amorphous nature.
The XRD pattern showed no sharp peaks, which indicated that
KCFP does not contain crystalline impurities (14).

Observations of Kadsura coccinea Fruit
Polysaccharide Morphology Using Scanning Electron
Microscope and Atomic Force Microscopy
Scanning electron microscope micrographs of KCFP at different
magnifications are shown in Figures 2A–C. At a magnification of
500×, KCFP generally displayed a sheet-like structure with some
filament-like, rod-like and pebble-like features (Figure 2A). At
a magnification of 2000×, the edges of the various shapes and
structures were rounded (Figure 2B). When the magnification
increased to 10000× (Figure 2C), dense and small convex
features were clearly visible on the KCFP surface. KCFP has
a rough surface and filamentous structure, which is probably
related to the presence of various hydroxyl and carboxyl groups
in the polysaccharide (15).

Atomic force microscopy is a powerful tool for observing
the morphology of polysaccharides at the nanometre scale (16,
17). As shown in Figures 2D,E, KCFP was evenly distributed
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FIGURE 1 | GPC analysis (A), monosaccharide composition (B), thermogravimetry analysis (C), and XRD analysis (D) of KCFP. PMP,
1-phenyl-3-methyl-5-pyrazolone; Man, mannose; GlcNAc, N-acetyl-glucosamine; Rha, rhamnose; GlcUA, glucuronic acid; GalUA, galacturonic acid; GalNAc,
N-acetyl-galactosamine; Glc, glucose; Gal, galactose; Xyl, xylose; Ara, arabinose; Fuc, fucose; GPC, gel permeation chromatography; XRD, X-ray diffraction; KCFP,
Kadsura coccinea fruit polysaccharide.

in the field of view, which allowed for easy observation of its
morphology and structure. KCFP is composed of a main chain
and multiple side chains, and these side chains exhibited clear
irregular flexible extensions and a high degree of branching.
The side chains are also cross-linked in places. These cross-links
form a longer molecular chain, which increases the chain length
and forms an irregular network structure that is similar to the
simulated structure of pectin (18, 19). The 3D image in Figure 2F
shows the roughness of KCFP, which is consistent with the results
from the SEM observations.

Fourier Transform Infrared and Nuclear Magnetic
Resonance Spectroscopy
The structural characteristics of KCFP were further analyzed
using FTIR and NMR spectroscopy (Figure 3). The strong
peaks observed in the FTIR spectrum at 3401 cm−1 and
2934 cm−1 might be attributed to the stretching vibrations of
O-H and C-H, respectively. In addition, the strong peak at
1020–1150 cm−1 was due to the stretching vibrations of the
C-O-H and C-O-C moieties contained in rings (4). These peaks
are the characteristic absorptions of carbohydrates, indicating

that KCFP is a carbohydrate. The sharp peaks at 1743 cm−1

and 1651 cm−1 were assigned to the C = O stretching
vibrations of methylesterified carboxyl groups and free carboxyl
groups, respectively, which are characteristic peaks of pectic
polysaccharides (20–22). Moreover, absorption bands at 1147,
1103, 1078, 1049, 1020, and 970 cm−1 were also observed in
the previously reported pectin spectrum (23). Together, these
findings suggest that KCFP is a pectin-like polysaccharide. In
addition, the peak at 917 cm−1 suggested the presence of a
glucopyranosyl moiety with a nonsymmetric ring (24), and the
peaks at 830 cm−1 and 890 cm−1 suggested the presence of both
α- and β-linkages (25, 26).

In the 1H NMR spectrum of KCFP, we observed signals
for 8 anomeric protons at 5.80, 5.26/5.22, 5.19/5.16, 5.10, 5.04,
4.97, 4.60, and 4.47 ppm, implying the presence of 8 types of
monosaccharide residues, which is consistent with our analysis of
the monosaccharide composition. In addition, both α-type and β-
type glycoside residues have been found in KCFP (27). The peaks
at 3.82, 1.97–2.25 and 1.23/1.30 in the 1H NMR spectrum indicate
the presence of methoxy groups, O-acetyl substituents and the C-
6 methyl protons of rhamnose, respectively (28–30). Similar to
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FIGURE 2 | SEM and AFM images of KCFP (A–C) SEM images captured at 500×, 2000×, and 10,000× magnification, respectively. (D–F) AFM 2D, phase and 3D
images, respectively. SEM, scanning electron microscopy; AFM, atomic force microscopy; KCFP, Kadsura coccinea fruit polysaccharide.

the 1H NMR spectrum, certain structural characteristics of KCFP
were also observed in the 13C NMR spectrum. For example,
the signals with chemical shifts of 19.41 and 90–110 ppm were
attributed to the methyl carbons of rhamnose and anomeric
carbons, respectively (29, 31). The signal at 55.79 ppm was
assigned to the O-methyl group, and the peak at 173.6 ppm
was ascribed to the carboxy carbon (32). Moreover, some new
structural characteristics were identified in KCFP from analysis of
the 13C NMR spectrum. For example, the signal at ∼103.31 ppm
was assigned to C-1 of GalA (29). In addition, the signal at
110.42 ppm was derived from C-1 of arabinose, indicating that
arabinose is the main neutral sugar in KCFP (33). Taken together,
these results show that KCFP is a typical pectin polysaccharide.

Rheological Properties of Kadsura coccinea Fruit
Polysaccharide
The relationship between the storage modulus (G′) and loss
modulus (G′′) of a 5 mg/mL KCFP solution over the oscillation
frequency range of 0.1 to 10 Hz is shown in Figure 4A.
In the oscillation frequency range of 0.1–7.66 Hz, G′ > G,′′
indicating that the solution exhibited weak gel properties. When
the oscillation frequency was greater than 7.66 Hz (G′ < G′′), the
solution displayed fluid properties. The plots in Figure 4B show
the relationship between the viscosity and the shear rate of the
5 mg/mL KCFP solution. At shear rates of 0.01–1000 s−1, the
viscosity of the KCFP solution decreased with increasing shear
rate, showing characteristics of shear thinning, which is typical
of pseudoplastic fluids. When the shear rate was greater than

100 s−1, the characteristics of the solution approached those of
a Newtonian fluid.

Antioxidant and Hypolipidaemic Activity
in vitro
2,2-Diphenyl-1-Picrylhydrazyl Radical Scavenging
Activity
Different concentrations of KCFP were used to scavenge
DPPH free radicals, and the results are shown in Figure 5A.
In this experiment, Trolox served as the positive control.
At KCFP concentrations ranging from 0.05 to 1.0 mg/mL,
the KCFP concentration and DPPH free radical scavenging
activity were positively correlated; that is, as the KCFP
concentration increased, the scavenging rate increased. Trolox at
a concentration of 0.05 mg/mL had a scavenging rate of 91.6%,
while the DPPH free radical scavenging rate of KCFP at this same
concentration was very low at only 26.7%.

The concentration of KCFP required to obtain 50% of the
maximum effect (IC50 value) determined from the DPPH free
radical scavenging experiments was 0.150 mg/mL, which was
calculated with GraphPad Prism 8.0 software (United States).
This result is much lower than those of other pectin
polysaccharides, such as the pectin extracted from jackfruit
peel (IC50 = 1.1 mg/mL) (34), the pectic polysaccharide in
apple pomace (IC50 = 4.69 mg/mL), commercial apple pectin
(IC50 = 6.50 mg/mL) (35) and the pectin polysaccharide extracted
from Guara fruits (IC50 = 10.8 mg/mL) (36). These data show that
the DPPH free radical scavenging ability of KCFP is superior to
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FIGURE 3 | FTIR and 1D NMR spectra of KCFP (A,B) Infrared spectra. (C,D) 1H NMR and 13C NMR spectra, respectively. FTIR, Fourier transform infrared; NMR,
nuclear magnetic resonance; KCFP, Kadsura coccinea fruit polysaccharide.

FIGURE 4 | Rheological properties of KCFP (A) Frequency sweep (B) Flow curve. KCFP, Kadsura coccinea fruit polysaccharide.

those of pectin polysaccharides from other sources; thus, KCFP
presents potential antioxidant application value.

ABTS Free Radical Scavenging Ability
The ABTS radical scavenging abilities of KCFP and Trolox at
concentrations ranging from 0.05 to 1.0 mg/mL are shown in

Figure 5B. As shown in Figure 5B, the ABTS free radical
scavenging abilities of both KCFP and Trolox increased with
their increasing concentration. At concentrations ranging from
0.05 to 0.25 mg/mL, the ABTS free radical scavenging ability of
KCFP was significantly greater than that of Trolox. When the
sample concentration reached 0.5 mg/mL, the scavenging rates

Frontiers in Nutrition | www.frontiersin.org 7 May 2022 | Volume 9 | Article 903218

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/
https://www.frontiersin.org/journals/nutrition#articles


fnut-09-903218 May 12, 2022 Time: 15:57 # 8

Long et al. Novel Polysaccharide From Kadsura coccinea

FIGURE 5 | Antioxidant activity and bile acid binding capacity of KCFP (n=3; ns: not significant, *p < 0.05, **p < 0.01, and ***p < 0.001). (A) DPPH free radical
scavenging ability. (B) ABTS free radical scavenging ability. (C) Total antioxidant capacity. (D) Bile acid binding capacity. DPPH, 2,2-Diphenyl-1-picrylhydrazyl; ABTS,
2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt; CA, cholic acid; DCA, deoxycholic acid; GCA, glycocholic acid; TCA, taurocholic acid; KCFP,
Kadsura coccinea fruit polysaccharide.

of both compounds were close to 100%. The IC50 value of KCFP
in the ABTS free radical scavenging experimental system was
0.121 mg/mL, showing strong free radical scavenging ability.

Ferric Reducing Antioxidant Power
A FRAP assay was used to estimate the ability of the tested
samples to withstand the transformation of Fe3+ to Fe2+ in the
presence of tripyridyltriazine (TPTZ). At concentrations ranging
from 10 to 500 µM, the concentration of FeSO4·7H2O showed
a linear relationship with the absorbance of the sample. This
linear equation was C = 420.0A–13.101, and the correlation
coefficient (R2) was 0.9989. The antioxidant capacities of the
KCFP samples were calculated from this equation and are
reported as the concentration of FeSO4·7H2O standard solution
(µM FeSO4·7H2O) (Figure 5C). The FRAP experiment showed
that the total antioxidant capacities of different concentrations of
KCFP and Trolox were different and increased with increasing
concentration. Notably, when KCFP and Trolox were analyzed
at the same concentration, the antioxidant capacity of KCFP was
inferior to that of the positive control Trolox. This trend is similar
to the trend reported by Liu et al. (10).

Bile Acid Binding Capacity
Cholic acid, DCA, GCA and TCA are the main bile acids
synthesized in the human body. Many studies have shown that

polysaccharides and soluble dietary fiber lower blood lipid levels,
especially serum TC and LDL-C levels (37). Figure 5D shows
the bile acid binding capacity of KCFP with cholestyramine (CT)
serving as a positive control. On an equal DM basis, the bile
acid binding capacity of CT was significantly higher than that of
KCFP. Under the same experimental conditions, the abilities of
KCFP to bind CA, DCA, GCA and TCA were 32.78, 20.59, 41.31,
and 44.15% those of CT, respectively. CT, a lipid-lowering drug,
interacts with bile acids to facilitate intestinal excretion, which in
turn stimulates the conversion of cholesterol into bile acids in the
liver, reducing TC and LDL-C levels. The mechanism by which
polysaccharides lower blood lipid levels may be similar to that
of CT (38).

The biological activity of polysaccharides is closely related to
their structural characteristics, including monosaccharide
composition, molecular weight, glycosidic linkages and
polysaccharide conformation (10). Uronic acid content is
generally considered an important indicator of the antioxidant
capacity of polysaccharides; namely, polysaccharides containing
high contents of uronic acid usually exhibit robust antioxidant
activities (10, 39, 40). The mechanism by which pectin
polysaccharides scavenge free radicals is that the hydrogen
atom of the hydroxyl group of GalA reacts with the electron
of the free radical through electron transfer. A stronger
interaction between the hydrogen atoms and electrons results
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FIGURE 6 | Effects of KCFP on high-fat diet-induced hyperlipidaemia in C57BL/6N mice (n = 6; ns: not significant, ∗: p < 0.05, ∗∗: p < 0.01, and ∗∗∗: p < 0.001).
(A) H&E-stained sections of liver tissue (200×). (B) Hepatic antioxidant enzyme activity. (C) Liver lipid levels. (D) Serum lipid levels. NC, normal control; MC, model
control; KCFP, Kadsura coccinea fruit polysaccharide; TC, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; GSH-Px, glutathione peroxidase; SOD, superoxide dismutase; CAT, catalase; MDA, malondialdehyde.

in increased antioxidant activity of the pectin polysaccharides
(41). Therefore, the great antioxidant activity of KCFP has
a close relationship with its high GalA content (79.8%).
A bile acid binding experiment was conducted to evaluate
the potential hypolipidaemic activity of KCFP. The bile acid
binding capacity of polysaccharides is related to their molecular
weight, characteristic groups, rheological properties, solution
conformation and other factors (4, 38). The results of this study
showed that KCFP has the ability to bind bile acids. Although
KCFP could not bind bile acids as well as the positive control (CT
resin), KCFP still shows certain potential hypolipidaemic effects.

Hyperlipidaemia is one of the main risks of cardiovascular
disease (42). Research has shown that polysaccharides generally
exert both antioxidant and hypolipidaemic effects (43, 44).
Recent studies have suggested that hyperlipidaemia occurs due

to oxidative stress and that the hypolipidaemic activity of
polysaccharides is attributable to their antioxidant capacity (45).
KCFP was shown here to have better antioxidant activity than
most polysaccharides in addition to its good ability to bind
bile acids in vitro. Therefore, the in vivo antioxidant and
hypolipidaemic effects of KCFP are worthy of further study.

Antioxidant and Hypolipidaemic
Activities of Kadsura coccinea Fruit
Polysaccharide in High-Fat Diet-Induced
Hyperlipidaemic Mice
A high-fat diet causes oxidative damage in the body (46),
increases serum and liver levels of TC, TG, and LDL-C, and
reduces HDL-C contents, which may lead to cardiovascular
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disease (47, 48). Thus, the antioxidant and hypolipidaemic
activities of KCFP were investigated by analyzing liver
tissue sections, liver antioxidant enzymes, and liver and
serum lipid levels.

Histopathological examination of the mouse liver tissue
showed that KCFP intervention significantly reduced the
symptoms of liver injury, fat accumulation and inflammation
induced by a high-fat diet, as shown in Figure 6A. The effect
of KCFP on the hepatic antioxidant enzyme activity in high-fat
diet-fed mice is shown in Figure 6B. Compared with the NC
group, the activities of SOD, CAT and GSH-Px were significantly
decreased in the liver tissue from the mice in the MC group
(p < 0.001). After KCFP intervention, the activities of SOD, CAT
and GSH-Px were significantly increased compared with those
in the MC group (p < 0.01). In addition, the MDA level in the
MC group was significantly higher than that in the NC group
(p < 0.001). Although KCFP intervention decreased the MDA
concentration, a significant difference was not observed between
the KCFP and NC groups (p > 0.05).

The effects of KCFP on liver and serum lipid levels are shown
in Figures 6C,D. In this study, the levels of TC, TGs and LDL-
C in the mice in the MC group were significantly higher than
those in the NC group (p < 0.01), while the HDL-C level was
significantly lower than that in the NC group (p < 0.01). After
8 weeks of KCFP intervention, the serum and liver levels of
TC, TG and LDL-C in the mice in the KCFP group decreased
significantly compared with those in the MC group (p < 0.05),
and the level of HDL-C increased significantly (p < 0.05). The
serum TC and TG levels in the mice in the KCFP group were
restored to those in the NC group; similarly, the TC, TG, LDL-
C and HDL-C levels in the livers of the KCFP group of mice
also returned to those of the NC group (p > 0.05). These results
fully indicate that KCFP possesses significant hypolipidaemic
activity in vivo, which is consistent with previous reports on the
hypolipidaemic activity of pectin polysaccharides (41, 44, 49).

Previous studies have shown that polysaccharides can correct
the disorder of free radical metabolism, maintain the dynamic
balance of oxidative and antioxidant systems, reduce the toxic
side effects of free radicals, and decrease the damage to the body
caused by lipid peroxidation (50). Therefore, the hypolipidaemic
effects of KCFP may be achieved by regulating antioxidant
enzyme activity.

CONCLUSION

Our results suggested that KCFP exhibited the characteristics
of a pectin-like polysaccharide. In addition, KCFP showed

strong antioxidant and hypolipidaemic activities both in vitro
and in vivo, which may be related to its high uronic acid
content and highly branched structure. Our study extends
the understanding of the physicochemical characteristics and
antioxidant and hypolipidaemic activities of KCFP, but its exact
structure and mechanism of action should be investigated in
further studies.
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