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ARTICLE INFO ABSTRACT

Editor Name: Dr. Quancai Sun Mesona chinensis Benth has been consumed as a functional food for many years. It is widely believed that storage

times affect its health benefits. In this study, Mesona chinensis Benth polysaccharides with two different storage

Keywords: times (fresh and storage for 1 year) were prepared, namely, FMP and AMP. The physicochemical properties and
Mesona Chmf’"“i-‘ Benth bioactivity were comparatively assessed. Results indicated that FMP was mainly composed of galacturonic acid,
i:(l)}[/;:icdcehsarldes galactose, and glucose with a molecular weight of 44.39 kDa. AMP was composed of galacturonic acid, galactose,
Antioxidant and fructose with a molecular weight of 64.34 kDa. However, the principal structural characteristics of poly-
Antitumor saccharides remained stable. Furthermore, assays of antioxidant activity showed that Mesona chinensis Benth

polysaccharide had an antioxidant effect against DPPH radical, ABTS radical cation, among which FMP was
stronger. Additionally, flow cytometry indicated that the apoptosis rate of FMP and AMP on HepG2 tumor cells
was 22.50 + 1.25% and 15.49 + 1.30%, respectively. In general, antioxidant and antitumor activities of Mesona
chinensis Benth polysaccharides were decreased as the storage for 1 year. The change of physicochemical
properties was responsible for the enhanced bioactivities. These results explained how polysaccharides

contributed to the decreased health benefits of Mesona chinensis Benth during storage.

1. Introduction

Mesona chinensis Benth is a well-known Chinese supplement and
medicinal plant also known as the Hsian-tsao. It is a popular supplement
with the function of detoxifying and heat-clearing use in Asia. It is used
to be processed into the popular tea, soup, black jelly (Tang et al., 2017).
There are several active components in the Mesona chinensis Benth
including polysaccharide, campesterol, apigenin, saponins and flavo-
noid (Lin et al., 2018). Mesona chinensis Benth polysaccharide (MP) as
the main bioactive substance of water-soluble Mesona chinensis Benth
extracts, has become a hot topic of research owing to its various bio-
activities. It is generally recognized that the bioactivity of Mesona chi-
nensis Benth is closely related to the storage time. The health benefits
and application of Mesona chinensis Benth are different depending on the
storage time. In the market, generally only sell Mesona chinensis Benth
within one year, and the price varies depending on the storage time.
However, why storage time can afford Mesona chinensis Benth bioac-
tivity remains unclear. As polysaccharides are important bioactive
components in Mesona chinensis Benth, they may contribute to the

changed bioactivity of Mesona chinensis Benth due to storage time.

There are some reports have shown that long-term storage will lead
to changes in the structure of the active ingredients in the raw material
(Nagarajan et al., 2021). For example, The longer Chachi is stored, the
more obvious the changes in the structure of its cell wall poly-
saccharides, and the better bioactivity it brings (Zhou et al., 2021). In
addition, the change of polysaccharide structure affects its application in
food processing. In Chinese folks, people utilize the gel-forming prop-
erties of the Mesona chinensis Benth by boiling its stems in water and
then combining with starch to make jelly (often called " herbal jelly "),
which is a popular food to quench heat and thirst (Ren et al., 2020a,b;
Tang et al., 2017; Wang et al., 2020a, 2020b). It is unknown whether the
storage time also affects the properties of the jelly produced by the
blending of jelly with polysaccharides.

Therefore, in this work, fresh Mesona chinensis Benth by hot air-dried
and Mesona chinensis Benth sample with storage times of 1 year were
selected. Their polysaccharides were obtained, and the physicochemical
characteristics and properties of these polysaccharides were compara-
tively discussed in this study. Various chemical methods such as high-
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performance anion exchange chromatography (HPAEC), fourier-
transform infrared spectroscopy (FT-IR), high-performance gel perme-
ation chromatography (HPGPC) were applied to analyze the physico-
chemical properties. The rheological and texture of polysaccharides
mixing with wheat starch (WS) were used to evaluate the gel feature of
the polysaccharides. The free radical scavenging ability and antitumor
activities of polysaccharides were also evaluated.

2. Materials and methods
2.1. Materials and reagents

Mesona chinensis Benth was purchased from Yichun, Jiangxi, China.
Coomassie brilliant blue G250, bovine serum albumin, ascorbic acid and
the standard monosaccharides including mannose, fructose, rhamnose,
xylose, glucose, galactose, arabinose, ribose, and fucose were purchased
from Sigma-Aldrich (Sigma, USA). Wheat starch was purchased from
Enmiao Food Co., Ltd. (Henan, China). Human hepatocellular carci-
noma cell lines (HepG2) were purchased from the Chinese Academy of
Sciences (Shanghai, China). CCK8 was purchased from Meilunbio
(Dalian, China). The ultrapure water was utilized from a Milli-Q water
purification system (Millipore, USA). DMEM medium was purchased
from Solarbio (Solarbio, China). All other chemicals and reagents were
of analytical grade.

2.2. Preparation of polysaccharides

Fresh Mesona chinensis Benth by hot air-dried and Mesona chinensis
Benth sample with storage times of 1 year were soaked with 95%
ethanol overnight at room temperature, and extracted with distilled
water for 2 times at 100 °C. Then the supernatant was precipitated by
the 80% ethanol overnight. polysaccharides were obtained after dialysis
and lyophilization, namely FMP and AMP.

2.3. Physicochemical properties of polysaccharides

2.3.1. Chemical analysis

The sulfuric acid-carbazole method (Blumenkrantz and
Asboe-Hansen, 1973), phenol-sulfuric acid method (Dubois et al., 1956),
and Coomassie brilliant blue method (Bradford, 1976) were used to
measure the contents of uronic acid, total sugar and protein of FMP and
AMP, respectively.

2.3.2. Molecular weight (Mw) determination

The Mw was analyzed using high-performance gel permeation
chromatography (HPGPC) method (Tang et al., 2017) on a Waters e2695
system coupled with a Waters Ultrahydrogel™ Linear column (7.8 mm
x 300 mm). The Dextrans were applied as standard to establish a
standard curve. Dextran standards (Mw: 10000 Da, 40000 Da, 70000
Da, 500000 Da, 2000000 Da) were used for calibration.

2.3.3. Monosaccharide composition

Monosaccharide composition of FMP and AMP was analyzed using
high-performance anion exchange chromatography equipped with
pulsed amperometric detection (HPAEC-PAD) (Xie et al., 2013). Briefly,
under ice bath conditions, 5 mg sample was hydrolyzed with 0.5 mL of
sulfuric acid (12 M). Then hydrolyzed for 4 h at 105 °C and then made up
to 50 mL with deionized water. The FMP and AMP were determined by
the Dionex ICS-2500 ion chromatography system (Dionex, USA) coupled
with a CarboPAC™ PA10 column (2.0 x 250 mm) analytical column.

2.3.4. FT-IR spectra determination

FT-IR spectra of the FMP and AMP were obtained using fourier
transform infrared spectroscopy as a film between two potassium bro-
mide (KBr) plates on a Nicolet 5700 FT-IR spectrometer (Sheikh et al.,
2021) (Thermo Nickolet Nexus-870, USA).
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2.3.5. UV absorption peak determination

The UV-Vis spectrum of AMP and FMP was obtained using a spec-
trophotometer (TU-1900, Pgenenal, Beijing, China) in the wavelength
range of 200-500 nm.

2.3.6. Microstructure

FMP and AMP were scanned using a scanning electron microscopy
SEM (Jeol, Japan) at 5.0 kV and atomic force microscope (AFM), then
the microstructure and surface morphology of polysaccharides were
observed.

2.4. Biological activities of polysaccharides
2.4.1. Antioxidant assays

2.4.1.1. DPPH assay. The DPPH radical-scavenging capabilities of FMP
and AMP were determined in the 96-well plates according to the pre-
vious method with some modifications (Shao et al., 2014). 100 pL of 0.1
M DPPH dissolved in 95% ethanol was mixed with 100 pL of poly-
saccharide samples. Then the mixture reacted for 30 min in the dark at
room temperature. The absorbance was recorded at 517 nm. The result
was expressed by the following equation (Xie et al., 2010):

DPPH radical scavenging rate (%) = [1 - (A} - Ap)/Ag] x 100%

Where A is the absorbance of the blank (ethanol instead of the sample),
A, is the absorbance of samples, A, is the absorbance of background
(ethanol instead of DPPH).

2.4.1.2. ABTS assay. ABTS radical-scavenging capabilities of poly-
saccharides were determined according to previous method with some
modifications (Shi et al., 2016). Various concentrations of poly-
saccharides (0.05, 0.1, 0.25, 0.5, 1 mg/mL) reacted with ABTS working
liquid at room temperature for 10 min in the dark followed by absor-
bance determination at 734 nm. The ABTS radical scavenging rate was
expressed by the following equation (Gu et al., 2020):

ABTS radical scavenging rate (%) = [1 - (A} - A2)/Ag] x 100%

Where Ag: the absorbance without sample, A;: the absorbance of sample,
Ay: the absorbance without ABTS-+-solution).

2.4.2. Antitumor assay

2.4.2.1. Cell and cell culture. HepG2 cells were adherently grown in
media containing DMEM with 10% (v/v) FBS, 100 IU/mL penicillin and
100 pg/mL streptomycin. The cells were cultured in 5% (v/v) CO; hu-
midified incubator at 37 °C.

2.4.2.2. Assessment of cell viability. The cell viability of FMP and AMP
on HepG2 cells was measured. Cells (2 x 10° cells/mL) were cultured in
96-well plates for 12 h and next treated by two samples with different
concentrations (50, 100, 200, 400 pg/mL). After 24 h, these cells were
pulsed with 10 pL of CCK8 solution, and the absorbance at 450 nm was
assessed by a microplate reader.

2.4.2.3. Assessment of cell apoptosis by flow cytometry. To measure the
antitumor activity of FMP and AMP, HepG2 cells (2 x 10° cells/mL)
were grown in 6-well plates for 12 h. Then cells were exposed to FMP
and AMP (400 pg/mL), respectively. After 24 h, the cells were resus-
pended in binding buffer (500 pL), FITC Annexin-V (5 pL) and propi-
dium iodide (PI) (5 pL) in dark at room temperature for 10 min. The
percentages of cells apoptosis were analyzed on the flow cytometer.

2.5. Gel properties of polysaccharides with wheat starch (WS)

Mesona chinensis Benth is a significant edible and medicinal plant
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resource, which has the functions of clearing heat, relieving heat,
cooling blood, and detoxifying. In Chinese folks, people utilize the gel-
forming properties of the Mesona chinensis Benth by boiling its stems
in water and then combining with starch to make jelly (often called "
herbal jelly "), which is a popular food to quench heat and thirst (Ren
et al., 2020a,b; Tang et al., 2017; Wang et al., 2020a, 2020b).

FMP (0.05, 0.1 and 0.2, w/v)-WS (6%, w/v) and AMP (0.05, 0.1 and
0.2, w/v)-WS (6%, w/v) mixtures (FMP-WS and AMP-WS) were prepared
as follows. The polysaccharides and WS were added in distilled water
while constantly stirring at 95 °C for 30 min to get FMP-WS and AMP-WS
suspension.

2.5.1. Gel strength

The gel strength of FMP-WS and AMP-WS was analyzed via applying
the texture analyzer (TA-XTplus, Stable Co., England) coupled with a P/
0.5R probe (Ren et al., 2020a,b). FMP-WS and AMP-WS gel were ob-
tained as the method described in Section 2.5. The FMP-WS and
AMP-WS were placed for 1 h at room temperature, then remove to 4 °C
to stabilize gel (12 h). The parameters were set as followed: the test
distance was 10.0 mm, the pre-test, the test, and the latter test speed
were all set as 2.0 mm/s, the trigger type was automatic, and the trigger
force was 5 g.

2.5.2. Gel texture analysis

The samples were placed for 12 h at room temperature to stabilize
gel and the rheological properties were measured using an ARES
rheometer (TA Instruments, New Castle, DE, USA) fitted with a parallel
plate (500 pm gap, 40 mm diameter). The MP-WS were removed to the
parallel plate. The steady shear was determined with a shear rate range
from 0.01 to 10 s~ ! at 25 °C. The relationships of shear rate and apparent
viscosity were tested via a continuous shear test. The dynamic oscilla-
tory rheological properties of MP-WS were determined via the frequency
sweep test at the 1% strain within the frequency range from 0.1 to 25 Hz.
The values of complex viscosity storage modulus (G'), loss modulus (G"),
and loss tangent (tans = G”/G') were obtained.

2.6. Statistical analysis

All experiments were performed at least in triplicate and data were
expressed as mean + standard deviation (SD). Differences among data
mean values were tested for statistical significance at the p < 0.05 level
using analysis of variance and Duncan’s multiple range test followed by
SPSS 20.0 (IBM, USA).

3. Results and discussion
3.1. Chemical characterization

The extraction yields and the chemical composition of the FMP and
AMP are listed in Table 1. The resulting yields of the two samples were
2.58% for AMP and 0.84% for FMP. Apparently, the yield of AMP was
higher than FMP, which suggested the AMP has high production.
However, FMP had the higher uronic acid and total sugar, which were
higher than AMP. On the contrary, the content of protein of AMP is
higher than FMP. Polysaccharides from diverse origins have been found
to possess few protein substances that may be present as a pollutant
during the co-precipitated and extraction in the polysaccharides (Ola-
wuyi et al., 2020). However, the protein content of the separated com-
ponents was applied to assess the purity of obtained polysaccharide. The
discrepancies in polysaccharide content reflect structural changes
caused by the raw materials and purity of the polysaccharides. There-
fore, it can be observed from the results of low protein contents and
significantly higher polysaccharide content that Mesona chinensis Benth
polysaccharides of higher purity could be extracted from fresh Mesona
chinensis Benth.
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Table 1
Chemical composition, molecular weight and monosaccharide composition of
two polysaccharides.

Samples AMP FMP
Yield (%) 2.59 0.84
Chemical composition (Weight percentage)
Total sugar (%) 17.08 + 6.17 30.69 + 6.98
Uronic acid (%) 11.85 + 0.28 20.86 + 1.31
Protein (%) 36.22 + 1.92 25.30 + 5.77
Molecular weight (Weight-average, Da)
64.34 kDa 44.39 kDa
Monosaccharide composition (Amount ratios)
Ara 0.24 0.30
Fru 1.98 0.66
Fuc N.D. N.D.
Gal 1.42 1.97
GalA 1.50 1.69
GlcA N.D. N.D.
Glu 0.64 1.12
Man N.D. 0.50
Rha 0.30 0.42
Rib N.D. N.D.
Xyl N.D. N.D.

N.D.: Not detectable or lower than the limit of quantification.
Values are mean + SD, n = 3.

3.2. Mw and monosaccharide composition analysis

According to Table 1, The average Mw of the main fraction of AMP
and FMP was 64.34 kDa and 44.39 kDa respectively. Obviously, the
molecular weight of Mesona chinensis Benth increased after storage.

HPAEC-PAD is a common method used to analyze the mono-
saccharide composition via comparisons of retention times with stan-
dards (Xie et al., 2016). Based on the retention times with the standards,
the results are summarized in Table 1. AMP has six types of mono-
saccharides, whereas FMP contained seven monosaccharides. These
results showed that two samples had different monosaccharide types,
which reconfirmed that FMP and AMP possessed different structural
characteristics. The monosaccharide compositions results indicated that
the monosaccharides of FMP consisted of arabinose, fructose, galactose,
glucose, mannose, rhamnose and galacturonic acid, while AMP is an
acidic heteropolysaccharide containing arabinose, fructose, glucose,
galactose, galacturonic acid and rhamnose, which is consistent with
chemical characterization. Furthermore, galactose, galacturonic acid
and glucose were the main monosaccharides of FMP with the ratios of
1.97:1.69:1.12. And galactose, galacturonic acid and fructose were the
main monosaccharides of AMP ratios was 1.42:1.50:1.98 (Table 1).
Apparently, the monosaccharide compositions and content differed be-
tween the two samples. Compared with AMP, the contents of galactur-
onic acid and galactose of FMP were higher (Tang et al., 2017). reported
that MP extraction thought different methods were mainly composed of
glucose, galactose and galacturonic acid with ratios of 1.00:2.49:0.19,
1.00:2.95:0.84 and 1.00:1.34:0.25, which was discrepant with our dates
possibly for the different extraction methods and raw material origins.
The monosaccharide compositions can even be influenced via the
growth stage of plants (Yan et al., 2019). Thus, raw materials may also
be an important factor in the monosaccharide compositions of MP.

3.3. UV-vis and FT-IR spectrum analysis

FMP and AMP were recorded at 200-500 nm in UV-vis spectro-
photometer. In Fig. 1A, compared with the FMP, AMP shared similar
maximum absorption peaks, which indicates that the substances were
relatively single and confirm that AMP still retained their nature main
material component during the storage.

The data of FT-IR spectra (Fig. 1B) indicated two samples have
similar structural features suggesting that the functional group confor-
mation of Mesona chinensis Benth polysaccharide did not be affected
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Fig. 1. UV-vis and FT-IR spectra of AMP and FMP. (A) UV-vis spectra were
recorded in the range of 200-400 nm. (B) FT-IR spectrum.

after storage for 1 year. The broad band around 3400 cm™ and small
band appeared around 2960-2855 cm™ assigned to the O-H stretching
vibration, methylene group and methyl group respectively, which are
typical absorption band areas of polysaccharides (Li et al., 2020; G. Liu
et al., 2020). The absorptions in the range of 1610 cm™ and 1260 cm™!
attributed to the C=0 and O-H of COOH, respectively, which suggested
the occurrence of the uronic acid (Tang et al., 2017). The band at 730
cm! shown that the existence of a-linked glycosyl residues. The bands
near 1038 cm™ and 500-800 cm™ showed the existence of pyranose
rings (Y. Liu et al., 2020). The results confirmed that FMP and AMP may
be polysaccharides with a-type glycosidic linkages and pyranose rings.
The results of FT-IR band assignments of FMP and AMP are consistent
with previous research of MP (Huang et al., 2019; Tang et al., 2017).

3.4. Microstructure analysis

Microstructure images can be applied to observation of the surface
morphology of polysaccharides to reveal the molecular morphological
features of polysaccharides (Qin et al., 2018). The SEM analysis was
carried out to check for the differences, if any, from the microstructures
of AMP and FMP. The micrographs of AMP and FMP at various magni-
fications such as 500 x and 2000 x are shown in Fig. 2. FMP was diverse
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appearances, such as rod-like, sheet-like and thin slice shapes with a
smooth surface. Compare with FMP, AMP exhibited a different
appearance consisting of lump-like particles with a rough surface in
different sizes and the surfaces of these structures were even with
bead-like or blistered structures thereon. This distinction can be ascribed
to the different monosaccharide composition and the content of uronic
acid (Romdhane et al., 2017), which well confirmed the above results
and is consistent with other studies (Ma et al., 2019). The AFM analysis
revealed the aggregation extent of the two samples. In general, sugar
chains of different compositions always tend to form the conformation
with the lowest free energy. The bulk structure of AMP is more irregular
compared to that of FMP. This suggests that the inter- and intra-
molecular aggregation caused by hydroxyl group interactions on the
polysaccharide chains may have occurred as a disordered spontaneous
self-assembly process during the storage of the raw material (Lin et al.,
2020). These results are consistent with the results of Section 3.2 (Mo-
lecular weight increase after raw material storage). The difference in the
microstructure of the two samples indicates that the storage of Mesona
chinensis Benth for one year has an effect on the surface morphology of
the macromolecules, which may have changed the polysaccharides with
physical properties that could determine their applications in cosmetics
and medicine (Lin et al., 2018, 2020; Olawuyi et al., 2020; Zhu et al.,
2014).

3.5. Antioxidant activity

3.5.1. DPPH assay

DPPH free radical scavenging model is a common antioxidant assay
to assess the scavenging ability of free radical scavengers (Yuan et al.,
2020). Polysaccharides that could deliver hydrogen have been shown to
decrease the stabilized DPPH radical to yellow diphenylpicrylhydrazine
(Qin et al., 2018). The effects of AMP and FMP on the DPPH scavenging
capability are shown in Fig. 3A, the DPPH scavenging assay of two
samples exhibits a concentration-dependent scavenging activity against
DPPH. When the concentration of polysaccharides up to 1000 pg/mL,
the scavenging effects of AMP and FMP were 75.59 + 0.13% and 86.78
=+ 0.15% respectively, which exhibited an excellent capability against
DPPH free radicals. Previous studies have exhibited MP had excellent
antioxidant activity (Tang et al., 2017). Interestingly, among the two
samples, FMP showed higher scavenging activity than AMP in all con-
centrations. Therefore, this result implies that the polysaccharide
extracted from fresh Mesona chinensis Benth might have better antioxi-
dant activity.

3.5.2. ABTS assay

ABTS free radical scavenging assay is commonly used to assess
antioxidant activity owing to its convenience, rapidity and sensitivity
(Yuan et al., 2020). In the ABTS free radical test, antioxidants can supply
electrons or hydrogen atoms to transform the color of the ABTS and the
antioxidant capacity of the sample is calculated by determining the
absorbance at 734 nm (Ma et al., 2020). The results of the ABTS assay
showed AMP and FMP to exhibit ABTS radical scavenging activities in
an obvious dose-dependent manner (Fig. 3B). Previous studies have
shown that polysaccharides exhibit changes in structure owing to
changes in storage time (Ren et al., 2020) and MP to exhibit remarkable
antioxidant activity as well as important differences in structure, have
been observed due to their extraction methods (Tang et al., 2017). The
ICsp value of FMP (280.54 pg/mL) was lower than that of AMP (332.34
pg/mL), which exhibited an excellent capability against ABTS free
radicals. The AMP shows the lower antioxidant activity may be a result
of longer storage time. Therefore, combined with the result of DPPH, the
FMP may have indeed better antioxidant activity. Furthermore, the
mechanism of the polysaccharide’s antioxidant activity may be owing to
the released hydrogen ions HY binding to ABTS radicals, it could form
more stabilized radicals, thus ceasing the free radical chain reaction.
Besides, the antioxidant activity of polysaccharides has also depended
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Fig. 2. Microstructure images of AMP and FMP. SEM images of AMP (A: x 500, B: x 2000) and FMP (C: x 500, D x 2000); AFM images of AMP and FMP.
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Fig. 3. Biological activities of AMP and FMP. (A) DPPH assay; (B) ABTS assay; (C) Cell viability assay; Effects of polysaccharide treatment on the apoptosis in HepG2
cells (D) Quantitative presentation of apoptosis; (E) Blank (untreated) cells; (F) cells treated with 400 pg/mL AMP; (G) cells treated with 400 pg/mL FMP). Values

~ 9%
A | —
z ™
2 so0f
23
«®
on
g
2 70
)
>
]
<9
w2
60 |
50 [
50 100 250 500 1000

Concentration (pg/mL)

Current Research in Food Science 5 (2022) 392-400

80

60

Scavenging activity (%)

50

100 250 500 1000
Concentration (png/mL)

@

Cell Viabi_l‘ity (%)
[
=)

90

85

80

20

15

10

Pecentage of apoptotion cells (%)

107

[ IBlank
I Amp
I rvp

0 400 400
Concentration (ng/mL)

1]

108

PIPE-A
108

Q1-UL(2.46%)

Q1-UR(0.73%)

AMP

1)

104

@1-LL(80.55%)

1A

Q1-LR{16.26%)

2
o
-—

10°

10* 10° 108 107
Annexin V-FITC FITC-A

100

107

108

108

PIPE-A

10¢

108

107

[ERERTT

108

PIPE-A
108

104

<
o
-

200 400

Concentration (pg/mL)

Q1-UL(3.25%) Q1-UR(0.20%)

Blank

Q1-LL(94.38%)

Q1-LR(2.17%)
10% 104 108 108 107
Annexin V-FITC FITC-A

Q1-UL(2.35%) Q1-UR(0.35%)

FMP

Ll

Q1-LL(74.49%) Q1-LR{22.81%)

10°

104 10° 108 107
Annexin V-FITC FITC-A

are expressed as means + SD (n = 3), different letters indicated a different significance (p < 0.05) among all the groups.

397



X. Chen et al.

on their structure and purity (Olawuyi et al., 2020; Tang et al., 2017).

This could be attributed to higher molecular weight tending to
exhibit greater steric hindrance and poorer water solubility. In addition,
High-molecular-weight polysaccharides have a dense structure and
stronger intramolecular hydrogen bonds, which limits the activity of
hydroxyl and amino groups (Chen et al., 2021). Therefore, the increase
in molecular weight of Mesona chinensis Benth after storage may be the
main reason for the decrease in its antioxidant activity. These results are
similar to previous researches (Yuan et al., 2020).

3.6. Antitumor activity

Liver cancer was the most commonly seen of all cancer cases and is a
major cause of cancer deaths around the world. The finding of effective
drugs has been a crucial challenge for decades (Zhang et al., 2019).
Polysaccharide is a natural product that is currently drawing much
attention owing to its antitumor activity without obvious side effects
(Yuan et al., 2019).

3.6.1. Cell viability

To test the potential cytotoxicity of AMP and FMP, CCK8 assay was
used to detect the inhibitory effect of AMP and FMP at different con-
centrations on the proliferation of human hepatoblastoma HepG2 (Liu
etal., 2018). As shown in Fig. 3C, after HepG2 cells were incubated with
AMP or FMP from 0 pg/mL to 400 pg/mL, the cell viability decreased
from 100% to 89.86% and from 100% to 81.46%, respectively,
demonstrating that AMP and FMP had a prominent inhibiting effect on
HepG2 cells in dose-dependent manners. Interestingly, among the two
samples, FMP showed higher growth inhibition of HepG2 cells than
AMP. In addition, the maximum inhibitory ability of AMP and FMP both
were reached at a concentration of 400 pg/mL. Moreover, when the
addition of polysaccharide is 400 pg/mL, FMP showed significant (p <
0.05) stronger cells cytotoxicity than AMP.

3.6.2. Cell apoptosis

To better quantify the apoptosis caused by FMP and AMP on HepG2
cells, the apoptosis levels were measured using the concentration that
works best in section 3.6.1 (400 pg/mL) by flow cytometry. As shown in
Fig. 3D-G, after cells were treated with FMP and AMP, the numbers of
apoptotic cells were significantly increased (p < 0.05) as compared to
the cells without treatment of polysaccharides. Interestingly, among the
two samples, FMP showed a higher apoptosis rate of HepG2 cells than
AMP. These results indicated that FMP showed better antitumor activity
than AMP.

3.7. Gel strength

Gel strength is an important index of food texture and is chiefly
useful for predicting the physical properties of foods (Ren et al., 2020a,
b). As shown in Fig. 4A, the Gel strength of the WS gel was very low
(12.14 g), the addition of FMP was significant for improving the gel
strength of FMP-WS gel (20.95-34.47 g) (p < 0.05), and the improve-
ment was a concentration dependent. This result indicated that FMP
could promote the formation of FMP-WS gel networks, which may be
owing to Mesona chinensis Benth polysaccharides is an anionic poly-
saccharide that has a negative charge (Wang et al., 2020a, 2020b). After
FMP was added, hydrophobic, hydrogen bonding, and electrostatic in-
teractions were enhanced in the FMP-WS system (Wang et al., 2020a,
2020b). As a result, WS and FMP form a dense network structure via
these interactions, leading to an enhance in the gel strength of the
FMP-WS gel, which is consistent with other studies (Ren et al., 2020a,b;
Wang et al., 2020a, 2020b). On the contrary, AMP not only didn’t in-
crease the gel strength of WS, but also resulted in the weakening of WS
gel-forming ability. This may be caused by changes in the internal
structure of the raw material and its surface potential during storage for
one year, which reduces the interaction strength between
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all the groups.

polysaccharides and WS (Fama et al., 2007; Wang et al., 2020a, 2020b).

3.8. Rheological measurements

The results of rheological tests can provide the information of
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solution state, solution phase and fluid type transition (Wang et al.,
2020a, 2020b). For better application and development of poly-
saccharides in food industries, it is of great importance to study the
rheological properties of polysaccharides affecting other substances (Bai
et al., 2020). In this work, the rheological properties of the MP-WS gel
were measured. The relationship between the WS mixing with MP
(different concentrations) and apparent viscosity was systematically
researched. The apparent viscosity of the MP-WS gel reduced as the
shear rate increased, demonstrating that these gels showed
shear-thinning behavior (Fig. 4). It can be noticed that the apparent
viscosity of FMP-WS gel was increased in dose-dependent manners with
FMP was added compared with WS gel. At low levels of shear rate,
polysaccharide molecules usually exist as aggregates. When the shear
rate increased, the aggregates progressively dissociate as a result of
shear forces, and the individual molecules are rearranged in the form of
disordered coils (Ghebremedhin et al., 2021). High concentrations of
FMP could enhance the entanglement and aggregation of the macro-
molecule chains. Thus, the apparent viscosity enhances as the entan-
glement increases. However, when AMP was added at a concentration
greater than 0.1%, the apparent viscosity decreased in contrast. Previous
studies have shown that apparent viscosity is closely related to the side
chains of polysaccharides (Xu et al., 2019). Thus, this result means that
the raw materials after a certain storage time may affect the structure of
the polysaccharide and the MP-WS interaction.

Cox-Merz rule is an empirical relationship between steady shear
viscosity and dynamic complex viscosity (Bai et al., 2020; Wang et al.,
2019). It was observed that steady shear viscosity was always lower than
that of the complex viscosity at the equivalent shear rate and angular
frequency (Fig. 4). The steady shear viscosity and complex viscosity
curves could not superimpose with each other, indicating the failure of
the Cox-Merz rule. This result indicated that AMP-WS and FMP-WS
might have a rigid and ordered chain conformation in water (Wang
et al., 2019).

The dynamic rheological properties of MP-WS gel were researched in
the frequency around 0.1-25 Hz. The G, G” and tan & of MP-WS gel were
shown in Fig. 5. The values of G’ were higher than G” within the oscil-
lation frequency range, it was suggested that MP-WS gel exhibited a
solid-like behavior (Ren et al., 2020a,b). For FMP-WS, the values of G
and G’ enhanced with increase of frequency, indicating that strong in-
teractions between WS and FMP and significant frequency dependence.
Tand value was less than 1 and enhanced with the enhance of the
angular frequency for all MP-WS. With addition of FMP, the value of
tand of FMP-WS gel was reduced, suggesting that FMP could increase the
interaction in FMP-WS system and solid-like behaviors. However,
AMP-WS didn’t exhibit this property. Our previously study found that
Mesona chinensis Benth polysaccharides has excellent gelling perfor-
mance and can be coated on the surface of starch granules to establish a
stable gelling network and improvement of gel system (Lin et al., 2018).
The results showed that FMP can dramatically improve the viscoelas-
ticity of the hybrid gel system of FMP-WS. Compared with FMP, AMP
has a weaker gelling performance capability and prevents the interac-
tion between WS molecules to forming gelation, which well confirmed
the results of gel strength.

4. Conclusion

In this study, two kinds of crude polysaccharides (FMP and AMP)
were prepared from Mesona chinensis Benth, and their physicochemical
properties, antioxidant and antitumor were systematically investigated
and compared. The physicochemical analyses indicated that FMP had
functional groups to AMP, while difference in monosaccharide compo-
sition, Mw and surface morphology. In addition, FMP was characterized
by the lower yield and protein content, as well as higher total sugar and
uronic acid content, compared to AMP. Furthermore, FMP exhibited
better antioxidant and antitumor bioactivity, as well as gel-forming
properties than AMP, which attributed to their distinctive structure
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Fig. 5. Rheological properties of AMP-WS and FMP-WS. (A) Storage modulus
G’; (B) Loss modulus G’’; (C) The phase angle (tand).

characteristics. In summary, the results indicated that the storage time
affect the structure and function of the polysaccharide. Thus, this study
provided a basis for the utilization of polysaccharide in Mesona chinensis
Benth. Further studies will focus on investigating the underlying
mechanism of action and explore the feasible methods of Mesona chi-
nensis Benth preservation.
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