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Purification and the effects on structure and bioactivity for polysaccharide from
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Abstract

Resin AB-8 was screened from seven resins with different polarity and particle size because of its better decoloration and
deproteinization efficiency to polysaccharide from the root of Actinidia valvata (AvPs), and then the optimized parameter
conditions were applied by the single-factor experiments and were shown as follows: a concentration of crude polysaccharide of
3 mg/mL, an adsorption time of 40 min, an initial pH of 7.0, a flow rate of 1.5 BV/h. In addition, the results of HPGPC, FT-IR,
PMP-HPLC-DAD, '"H NMR and Congo red test showed that the sugar chain, structural group, monosaccharide composition
and triple-helix conformation structure of AvPs were not broken during resin AB-8 treatment. Moreover, AvPs could keep the
stability of biological activity after the resin AB-8 treatment, and revealed an obviously antioxidant and anticancer activities in
vitro as well. This research suggests that this method is promising for the deproteinization and decolorization of AvPs which
could be explored as a potential antioxidant or anticancer agent for use in functional food or medicine.

Keywords: macroporous resin; decoloration; deproteinization; antioxidant and anticancer activities; polysaccharide from

Actinidia valvata dunn.

Practical Application: Purification and the effects on structure and bioactivity for polysaccharide from Actinidia valvata Dunn.

using macroporous adsorption resin.

1 Introduction

The genus Actinidia (family Actinidiceae) includes nearly
sixty species, and some of them are well known worldwide
for their delicious kiwi fruits, and some of them are used as
herbal medicines because of a significant clinical effect on some
diseases for a long time in China (Xiao et al., 2014). A. valvata
Dunn. affiliated to the genus Actinidia, family Actinidiceae.
The root of A. valvata Dunn. which is a shrub mainly growing
in eastern China, is known as “mao ren shen” in traditional
Chinese medicine, exhibits antitumor, anti-inflammatory
activity, antioxidant activity, immune boosting, and is being
increasingly used to treat a wide variety of clinical diseases, such
as gastric cancer, esophagus cancer, hepatoma, lung carcinoma
and myeloma (Feng et al., 2004; Wang et al. 2005; Xin et al.,
2008; Zhang et al., 2006).

Active components from medicinal herbs are effective for
research and development of new drugs (Jamshidi-Kia et al.,
2018). Polysaccharides, biological macromolecules, have a
variety of biological activities, such as antioxidant, antitumor,
immunoregulatory and anti-inflammatory activities without
toxicity (Braiinlich et al., 2018; Carnachan et al., 2019; Li et al,,
2020; Liu & Li, 2020; Yu et al., 2018). Previous researches had
shown that polysaccharides, as macromolecular compounds,
from the roots of the genus Actinidia had antitumor activity,

which might contribute to the clinical effect of antitumor.
For example, polysaccharide from A. chinensis planch could
protect against hypoxiainduced apoptosis of cardiomyocytes
in vitro (Wang et al., 2018). And the polysaccharide from the
roots of A. eriantha, could activate RAW264.7 macrophages
via TLRs/NF-kB signaling (Sun et al., 2015), and might induce
macrophage activation through regulating miRNAs expression
(Chen et al.,, 2019). However, ignorance of macromolecular
chemical constituents of A. valvata, although their effect on
cancer has been shown by long clinical experience, hampered its
turther study and more widespread agreement (Xu et al., 2009).
Therefore, the polysaccharides were extracted from the root of
A. valvata (AvPs) and found that the crude polysaccharides
contained many impurities such as proteins and pigments.

Decoloration and deproteinization are necessary for
purification of AvPs since excessive impurities make the further
application of AvPs in pharmaceutical industry and other relevant
industries more difficult, and colored impurities also cause
severe pollution of Sephadex Gel during further purification,
resulting in high operating cost and interference in structural
and functional detection (Liang et al., 2019). The conventional
methods for decoloration, such as hydrogen peroxide, activated
carbon adsorption, are applied in laboratories and experiments
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in food or pharmaceutical industry (Jia et al., 2013; Xie et al.,
2011). However, the low selectivity coeflicient (Agudo et al.,
2002), high operation costs (Li et al., 2012), and changes of
biological activity (Yang et al., 2012) of those methods limit its
application in decoloration of AvPs. In addition, multiple methods,
such as Sevag method, the trichloroacetic acid method, sodium
chloride method, freeze-thaw treatment, proteases method and
part of these methods combined method, have been used for
deproteinization from crude polysaccharides (Huang et al., 2012;
Pan et al,, 2018; Sevag et al., 1938; Xing et al., 2013). However,
the deficiencies of these methods still limit their application for
most industrial applications. For example, the Sevag method
consumes a large amount of toxic organic reagents, and leads to
residual toxic organic reagents in the product (Shi et al., 2019),
and the freeze-thaw method takes a long time, and consumes
a lot of electricity to obtain pure polysaccharides (Shi et al.,
2019). The trichloroacetic acid method can result in the partial
hydrolysis of polysaccharide (Liu et al., 2010). Therefore, a safe
and efficient method of decoloration and deproteinization of
AvPs is indispensable. Macroporous resin has double functions
of simultaneous decoloration and deproteinization under
moderate and environmentally friendly conditions. Up to now,
macroporous resin adsorption was used to simultaneously
remove proteins and pigments in polysaccharides extracted from
several plants, such as Solanum nigrum L. (Huang et al., 2021);
Typha angustifolia (Shi et al., 2019), Cucurbita moschata Duch
(Liang et al., 2019), because of the simpler procedure, less labour
intensity, lower yielding cost, easier scale-up and high security.
Therefore, in the present report, macroporous resin adsorption
as a new method was used to develop for the deproteinization
and decolorization of crude AvPs.

2 Materials and method
2.1 Materials and reagents

The roots of Actinidia valvata Dunn. were collected in Qizhou
Medicinal Materials Market in Anguo City, Hebei Province, P.
R. China, in October 2018. The sample was dried at 60 °C, and
ground into a powder.

Macroporous resins (Types: S-8, X-5, HP-20, AB-8, D101,
HPD100, DM301) were provided by Donghong Chemical Co.,
Ltd., (Shandong, China). Standard monosaccharides with a
purity of at least 97% (D-(+)-mannose, D-ribose, L-rhamnose,
D-(+)-glucose, D-(+)-galactose, L-(+)-arabinose and L-(-)-fucose)
were purchased from BioDuly (Nanjing, China). 2,2-azino-bis(3-
ethylbenzthiazoline-6-sulfonic acid) (ABTS) was purchased from
Sigma-Aldrich (Shanghai, China). Congo red (>98.0% purity,
HPLC) was purchased from Aladdin (Shanghai, China). All
other chemicals and solvents were of analytical reagent grade.

2.2 General experimental procedures

pH value of the diluted molasses was measured by pH
meter (pH 700, Eutech Instruments, Singapore) fitted with a
temperature compensator. The desorption/regeneration of resins
was performed using 5% HCI, followed by washing with water to
remove the residual HCI, and then performed using 5% NaOH
with the similar process. Those resins were dried with absorbent

paper before using. Aqueous solution was concentrated by rotary
evaporation (EYELA N-1300, Shanghai Eyela Instrument Co.,
Ltd., Shanghai, China). Centrifugation of polysaccharide samples
was performed on an HDL-40B centrifuge system (Changzhou
Hongke Instrument Factory, China). Polysaccharides are dried on
a Telstar LyoQuest freeze drier (Azbil Telstar Technologies SLU,
Spain). The absorbance (Abs) was measured on a SpectraMax®
i3x fluorescence microplate reader (MOLECULAR DEVICES)
using 96-well plate method, and the wavelength was selected
according to experimental needs.

2.3 Extraction of crude polysaccharide.

The powder of A. valvata Dunn root was ultrasonically
extracted using 95% ethanol (EtOH) with a material-liquid ratio
of 1:10 (g/mL) for 2 h for three times. The filtered residue was
extracted using pure hot water (80+2 °C) with a material-liquid
ratio of 1:30 for 2 h. After filtering with 4 layers of gauze, the
filtrate was collected and concentrated to quarter of its original
volume, followed by soaking in 80% ethanol for overnight at
4°C. The precipitation (crude polysaccharide) was centrifuged,
dried, collected, weighed and named crude AvPs.

2.4 Analytical methods

Determination of decoloration ratio

The decoloration ratio was measured using the method
described by Liang and Wang (Liang et al., 2019; Wang et al.,
2012). In short, the absorbance (Abs) of polysaccharide solution
was determined at 420 nm. The decoloration ratio (Dcr%) of
crude polysaccharide treated by the resins was calculated as
follows in Equation I:

MXIOO% (1)
Aco

the decoloration ratio (Dcr%) =

where A and A_ were the Abs of the sample solutions at
420 nm before and after decoloration using resins, respectively.
All experiments were performed in triplicate.

Determination of deproteinization ratio

The protein content was determined using the Bicinchoninic
acid (BCA) assay as described by Walker (2009). And the
deproteinization ratio was calculated as follows in Equation 2:

(ApO'Apl)

the deproteinization ratio (Dpr%) = x100% 2

PO

where A and A | were the Abs values of the sample solutions
before and after deproteinization using resins, respectively. All
experiments were performed in triplicate.

Determination of recovery ratio

The content of carbohydrate in solution was determined by the
previously reported phenol-sulfuric acid method (Masuko et al.,
2005) with some modifications, and using glucose as a reference.

Food Sci. Technol, Campinas, v42, 99721, 2022



Original Article

Pan et al.

Sample solution (100 pL) was mixed with 200 uL 5% phenol
solution, then 1.0 mL sulfuric acid was added and hold for 5
min at 95 °C. 100 pL post-reaction solution was transferred to
the 96-well microplate and measured at 490 nm. The recovery
ratio (R_%) was calculated as follows in Equation 3:

the recovery ratio (Rrr%) =

Arl L 100% (€))
Ao

where A and A were the Abs values of the sample solutions
before and after adsorption using resins, respectively. All
experiments were performed in triplicate.

Comprehensive adsorption effect index (&)

The weighted sum of D_%, D % and R % was calculated
to represent the comprehensive adsorption effect index
£(0<&<1)(Shietal,2019). A larger value of § indicates a better
comprehensive adsorption effect. The value of § was calculated
as follows in Equation 4:

3
gi_;(X,»ijj);j—l,m, @

Where X, corresponded to the D_% (j = 1), D_% (j = 2) and
R % (j= 3) and Wj corresponded to the weightsof D_% (j=1),
D % (j=2)and R % (j=3). And the values of W , W and W,
were set to 0.3, 0.3 and 0.4, respectively, due to R % w1th the
most important index in this work, as the described by Shietal.
(2019). All experiments were performed in triplicate.

2.5 Optimization of resin types and adsorption conditions
by static adsorption

To screen the best resin types and processing parameters, the
effects of adsorption time, the concentration and initial pH of AvPs
solution were investigated using single-factor experiments. The
value of  served as the indicator of adsorption. All experiments
were performed in triplicate.

Resin types

Static adsorption tests of polysaccharides using different resins
with different polarity and particle size (S-8, X-5, HP-20, AB-8, D101,
HPD100 and DM301) were performed. In each time, 2 g of pretreated
resins and 20 mL of crude polysaccharide solution (5.0 mg/mL,
dissolved in distilled water) were added into a 50 mL centrifuge tube,
followed by shaking at 250 rmp at 37 °C for different adsorption
time (10, 20, 30, 40, 50, 60, 70 and 80 min). After centrifuging at
3600 x g for 5 min, the D_%,D % and R % of the supernatant was
determined according to ' the above method. And deproteinization
and decolorization efficiency depend on the value of €.

Concentration of solution

Two g of pretreated optimized resin and 20 mL of crude
polysaccharide solution with different concentrations of 1.0,
3.0,5.0,7.0,9.0 and 12 mg/mL dissolved in distilled water were
added into a 50 mL centrifuge tube, and then executed in the
same procedure as resin types test.

Food Sci. Technol, Campinas, v42, 99721, 2022

Initial pH of AvPs solution

Two g of pretreated optimized resin and 20 mL of crude
polysaccharide solution with the optimized concentration
dissolved in water with different pH values of 4.0, 5.0, 6.0, 7.0,
8.0, 9.0 and 10.0 were added into a 50 mL centrifuge tube, and
then executed in the same procedure as resin types test.

2.6 Optimization of flow rate by dynamic adsorption

Pretreated optimized resin was packed in a lab scale glass
column (30 x 120 mm) where the dynamic adsorption experiments
were carried out. The resin column was flushed thoroughly with
deionized water of 5 BV. The optimized concentration solution
of AvPs dissolved in water with optimized pH value was loaded
onto the resin column with a constant flow velocity of 1, 1.5, 2.0,
3.0 BV/h. For each flow velocity, the column was reloaded using
new resin. The effluent (5 mL/tube) was collected by auto-partial
collector (BS-100A Shanghai Huxi Instrument Equipment Co.,
Ltd, Shanghai, China). The D_%,D_%andR_% in the effluence
were detected by the same method mentioned above, and the
value of £ was calculated mentioned above.

2.7 Characterization of AvPs before and after adsorption

D_%,D_%andR_% of AvPs before and after adsorption were
determined using the method mentioned above. Then, molecular
weight distribution, the monosaccharide composition, conformation
structure, and the characteristics of ultraviolet (UV) /vis spectroscopy,
Fourier-transform infrared (FT-IR) spectra, "H-nuclear magnetic
resonance spectroscopy (‘H NMR) and Congo-red analysis were
tested to reveal whether structure characteristics changes was
happened during the resin adsorption process.

Molecular weight distribution analysis

The polysaccharide molecular weight distribution was
estimated by high-performance gel permeation chromatography
(HPGPC) (Liu et al., 2015). The HPGPC instrument was equipped
with a Daojing LC-20AT HPLC system (Shimadzu, Kyoto,
Japan), TSK-gel GMPW  column (7.8 mm x 30 cm) and ELSD
detector (Alltech, Deerfield, Illinois, USA). The temperature
of the detector drift tube and the nitrogen pressure were set to
115 °C and 350 kPa, respectively. The sample injection volume
was 10 pL. The column was calibrated with deionized water as
the mobile phase at a rate of 0.7 mL/min. The sample was then
eluted with deionized water as the mobile phase at the same rate.

Ultraviolet analysis

UV/vis full-wave spectra (230-800 nm) and FT-IR
(400-4000 cm™) of the samples were measured respectively by
UV/vis spectrophotometer mentioned above.

Monosaccharide composition analysis

The monosaccharide composition was analyzed using the
method of Pan et al. (2018), with minor modifications. The
polysaccharide (approximately 3.0 mg) was hydrolyzed in 0.5 mL
of 3 M trifluoroacetic acid (TFA) at 90 °C for 6 h in a sealed 10-mL
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ampoule filled with N,. The sample was then cooled, transferred
to a 1.5-mL Eppendorf (EP) tube, and centrifuged at 12000 x g
for 2 min. The excess acid in the supernatant was completely
removed by co-distillation with methanol. The hydrolysis
products were dissolved in 0.3 M aqueous NaOH (400 pL) and
derivatized with PMP (1-phenyl-3-methyl-5-pyrazolone, 200 uL)
to improve UV absorption. After incubation at 70 °C for 1 h, the
solution was cooled to room temperature and neutralized with
400 pL of 0.3 M HCI. The resulting solution was extracted with
1:1 (v/v) chloroform 3-4 times. The aqueous layer was collected
and passed through a 0.22 um membrane for HPLC analysis.
An Agilent 1260 series instrument (Agilent, USA) equipped
with a Xtimate ® C18 column (250x4.6 mm i.d., 5 um, Welch
Materials Inc., Shanghai, China) was used. The derivatives
were eluted with a mobile phase of water with acetonitrile (A),
0.01M PBS (pH7.2) (B) at a flow-rate of 1.0 mL/min with the
following gradient program: 0-22 min, linear gradient 18-18%
A (v/v, similarly hereinafter); 22-30 min, 20-30% A. The eluent
was monitored at 245 nm. The injection volume was 10 uL.

FT-IR analysis.

FT-IR spectroscopy was performed using a Varian
1000 FT-IR spectrometer (Scimitar series, Varian Inc., USA).
The polysaccharide was analyzed using the KBr disc method in
the range of 4000-400 cm™.

'H NMR analysis

The polysaccharide sample (approximately 20 mg) was
dissolved in 0.6 mL D,O for 'H NMR analysis. Spectra were
recorded at room temperature on Agilent-400 M spectrometer
(Agilent, USA). The spectrograms were processed and analyzed
using the MestReNova® software (Mestrelab Research Inc.)

Conformation structure

The conformation structure of AvPs was analyzed using the
Congo-red method as described by Pan et al. (2018).

2.8 Partial biological activities of AvPs before and after
adsorption

Total antioxidant capacity

Total antioxidant capacity of AvPs before and after treatment
was determined using the improved ABTS method proposed
by Tao et al. (2016) with a few modifications. ABTS radical
solution (100 pL) was added to different AvPs concentrations
(3.000, 1.500, 0.750, 0.375, 0.188, 0.094 and 0.047 mg/mL), and
incubated for 10 min at 25 °C. Butylhydroxytoluene (BHT) was
used as the positive antioxidant. The Abs was measured against
awater blank at 734 nm. The antioxidant capacity was calculated
using the following formula in Equation 5:

1-Abs,

ABTS radical cation inhibition (%) = b x100% %)

S0

Where Abs and Abs, were the Abs values of the ABTS radical
solution in the absence of a sample and in the tested sample at

the end of the reaction, respectively. And the measurements
were performed at least in triplicate.

Anticancer assays in vitro

Anticancer activity in vitro against SMMC-7721 and SK-Hep1
celllines which were obtained from the Shanghai Genechem Co
(Shanghai, China) was assessed using Sulforhodamine B (SRB)
assay (Orellana & Kasinski, 2016). SMMC-7721 and SK-Hepl
cells were cultured in RPMI-1640 medium, supplemented
with 10% fetal bovine serum (Gibco, Carlsbad, CA, USA), 1%
penicillin and streptomycin (Invitrogen, Carlsbad, CA, USA)
at 37 °C in an atmosphere of 5% CO,. SMMC-7721 and SK-
Hepl cell lines from logarithmic growth phase (approximate
6000 cells/well in a sterile 96-well plate) were treated with AvPs
(100 pL) before and after adsorption at different concentration
(1.0, 2.0, 4.0 and 8.0 mg/mL), kept in an incubator (5% CO,)
at 37 °C for 48 h. After 48 h and removing the medium in the
microtiter plates, assay was terminated by the addition of cold
10% TCA and incubated for 1 h at 4 °C, followed by removing
the TCA solution by washing with deionized water for 5 times.
After drying at room temperature, 100 pL 0.4% SRB was added
to each of the wells and stood for 10 min at room temperature,
followed by washing with 0.1% acetic acid solution to remove the
SRB dye for 5 times which was not bound to cellular proteins,
drying at room temperature, and dissolving at 100 pL 10 mM
Tris buffer. The Abs was read on a plate reader at a wavelength of
530 nm. 100 uL medium replaced the AvPs solution was added
to the test system as control. Tumor cell growth inhibition rate
of SMMC-7721 and SK-Hep1 cell lines was calculated using the
following formula in Equation 6:

OD¢ -OD7
TO

growth inhibition rate (%)= x100% 6)
where OD, OD_ and OD, were the Abs values of the control, the
tested sample at the beginning and end of cultivation, respectively.
And the measurements were performed at least in triplicate.

2.9 Statistical analysis

All the results were expressed as the average + standard
deviation of triplicate determinations. An analysis of statistical
significance was performed according to the one-way analysis
of variance. Data analysis was performed with Microsoft Office
Excel 2010 software or OriginPro 8 software.

3 Results and discussion

The yield of the AvPs extracted from Actinidia valvata Dunn
roots was approximately 2.04%.

3.1 Selection of optimal absorption resin

There are many types of commercial macroporous resins.
And the adsorption functions of resins are determined by surface
adsorption, sieve classification, surface electrical property
and hydrogen bonding interactions (Shi et al., 2017). Since
the pigment and free protein are impurities which need to be
removed form crude polysaccharide, and the polysaccharide

Food Sci. Technol, Campinas, v42, 99721, 2022
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is the useful ingredient, which should have weak or no affinity
with the resins. In order to screen optimal decoloration and
deproteination resin, 2 g of seven preprocessed resins (S-8, X-5,
HP-20, AB-8, D101, HPD100, DM301) and 20 mL of 5 mg/mL
AvPs solution (pH 7.0) were added to a 50 mL centrifuge tube.
The AvPs solutions were shaken at 250 rmp at 37 °C for different
time (10, 20, 30, 40, 50, 60, 70 and 80 min) by static absorption
experiments. As shown in Figure 1a and 1b, the decoloration ratio
and deproteination ratio for the tested resins were in the range of
15% to 30%, 25% to 50% in the adsorption time range of 10 to 80
min, respectively, while the recovery ratio of polysaccharide for
the tested resins were almost more than 80% in the adsorption
time range of 10 to 80 min in Figure 1c. Those results indicated
that the tested resins showed moderated decoloration and
deproteination efficacy and a weak polysaccharide loss under
the preliminary purification protocol. As the Figure 1d, although
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Figure 1. Comparison of decoloration ratios (a), deproteinization
ratios (b), polysaccharide recovery ratios (c) and comparison of
comprehensive adsorption effect index (§) (d) of AvPs using different
resins for adsorption time (10-80 min). Values with different letters
(a-f) are significantly different (P < 0.05) for the different resins at the
same adsorption time.

Food Sci. Technol, Campinas, v42, 99721, 2022

the comprehensive adsorption effect index (§) of each resin
changed over time, AB-8 and S-8 had significantly higher § value
(p > 0.05) at most time points. Finally, macroporous resin S-8
was selected since it provided the highest absolute  value at a
short time among all resins. Its § values were 61.91 + 3.43 and
62.36 + 1.95 at 40 and 50 min, respectively.

3.2 Selection of optimal initial concentration on resin AB-8

The initial concentration of AvPs affects the comprehensive
adsorption effect index since the functional groups of resin
have different adsorption efficiencies for pigment, protein and
polysaccharide. Due to insufficient functional groups of the
resin, the high initial concentration of AvPs mixed with the
constant dosage of resin didn't completely adsorb pigments
or proteins. Also, too low initial concentration of AvPs didn’t
increase the value of . However, the adsorbable ingredients in
the AvPs solution with a moderate initial concentration can
be fully absorbed because of more functional groups of resins
on the basis of the constant dosage of resins (Shi et al., 2017),
thus it leads to a higher decoloration, deproteination and a
low recovery of polysaccharide. To optimize the proper initial
concentration of AvPs, the static adsorption experiments with
different initial concentration of AvPs (1, 3, 5,7,9 and 12 mg/mL)
were performed. 2 g of AB-8 preprocessed resin and 20 mL of
AvPs dissolved in deionized water were mixed and shaken at
250 rpm at 37 °C for 40 min. As shown in Figure 2a, resin AB-8
showed weak adsorption activity for the polysaccharide, and this
could be the reason for adding less resin. The values of § showed
a maximum value at the initial concentration of 3.0 mg/mL. The
results suggested the initial concentration of 3.0 mg/mL should
be used in following test.

3.3 Selection of optimal pH value on resin AB-8

The pH value determines the extent of ionization of adsorbed
molecules (Al-Futaisi et al., 2007). And it was found in our
preliminary experiments that pH affects the resin adsorption
efficiency. Hence, the effects of pH values on the decoloration,
deproteination and recovery rate of polysaccharide were investigated.
The static adsorption experiments with different initial pH value
of AvPsat 3 mg/mL (pH=4,5,6,7,8,9,and 10) were performed.
And the other parameters were the same as above. As shown in
Figure 2b, too low pH was beneficial to remove pigments and
proteins, but it also reduced the recovery rate of polysaccharide;
too high pH not only did not improve the efficiency of removing
pigments and proteins, but also reduced the recovery rate of
polysaccharide. The values of § showed a maximum value at the
initial pH value of 7 in the Figure 2b, and suggested the initial
pH value of 7 should be used in following test.

3.4 Selection of optimal flow rate of AvPs solution on resin AB-8

The process of adsorption involves the diffusion of adsorbate
and the interaction between the adsorbate molecules and the resin,
including hydrogen bonding, simple stacking, or hydrophobic
interactions. Resins can easily adsorb the molecules due to their
large surface area and highly porous structure (Allen et al., 2003;
Liu et al,, 2010). Proper flow rate can give a full adsorption to
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Figure 3. The effects of flow rate on deproteinization (a), decolorization (b), polysaccharide recovery (c) and comprehensive adsorption (d) of
resin AB-8 column in dynamic adsorption experiment.

pigments or proteins, and a minimal loss of polysaccharides.In ~ (pH 7.0) was loaded at different flow rate (1.0, 1.5, 2.0 and
order to investigate the effect of flow rate on the decoloration, ~ 3.0 BV/h) to a glass resin AB-8 column (3.0 x 12.0 cm). As
deproteination and the recovery rate of polysaccharide, 100mL  shown in Figure 3, both the decoloration and deproteination
of 3.0 mg/mL crude AvPs solution dissolved in deionized water  efficiency were the best, and the recovery rate of polysaccharide
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was more than 95% after collecting the 7" tube. And the &
values of samples at 1.5 BV/h were the highest than the others
in Figure 3c. In addition, in the dynamic adsorption process,
the loading solution first contacts the resin on the upper part
of the column, the first reaches the saturated saturation state,
and then this saturated adsorption state gradually moves down
to form a chromatographic band. When adsorption reaches the
breakthrough point, the adsorption stops. In order to investigate
the breakthrough point, 500 mL of 3.0 mg/mL crude AvPs
solution was loaded at the optimal flow rate of 1.5 BV/h on the
same protocol as above. The decoloration and deproteinization
ratios still kept relatively stable reached 5 BV. Therefore, 1.5 BV/h
was selected as the optimal flow rate of AvPs solution on resin
AB-8 in the following test.

3.5 Characterization of AvPs

Resin AB-8 significantly removed impurities in AvPs, while
retained as much polysaccharides as possible. As shown in
Figure 4a, the color of AvPs solution changed from brown to
very pale yellow after resin AB-8 treatment, and based on the
Abs at 420 nm, more than half of the pigment has been removed.
Most proteins were also removed from the solution of AvPs using
resin AB-8 treatment (Figure 4b). In addition, the total contents
of polysaccharide increased by 18.75% after treatment of resin
AB-8 (Figure 4c). This result showed that resin AB-8 not only
had a weak affinity for the polysaccharide, but also increased
the polysaccharide content by removing impurities. As shown
in Figure 4d, no significant absorption at 260-280 nm was
observed in the UV spectrum after the treatment of resin AB-8,
and indicated that most of proteins were removed by this resin.

In order to further analyze whether the structural
characterization changes during the resin treatment, HPGPC,
FT-IR, PMP-HPLC-DAD and 'H NMR were used in the present
work. As shown in Figure 5a, there was no significant change on
retention time (RT) base on the HPGPC chromatogram before
and after adsorption, which suggested that no sugar chain was
broken during resin AB-8 treatment. As shown in Figure 5b, the
FT-IR spectroscopy characteristics before and after adsorption
were almost the same, indicating that the characteristic groups
of AvPs were adequately retained after resin AB-8 treatment. As
shown in Figure 5c¢, the contents of the major monosaccharide
before and after adsorption was unchanged, and mannose (RT,
9.7 min), galactose (RT, 23.9 min), arabinose (RT, 24.17 min)
and fucose (RT, 28.00 min) were the major monosaccharide of
AvPs in both samples before and after adsorption. As shown in
Figure 5d, the proton nuclear magnetic resonance response signals
before and after adsorption were similar, which also indicated
there was no degradation during the resin AB-8 treatment.
And one major signal (5.1 ppm, Figure 5d) indicates that the
configurations of the AvPs pyranose residues were primarily
the a-form (Pan et al., 2019). Based on the results of primary
structure obtained above, the structural characteristics of AvPs
remained unchanged using resin AB-8 adsorption.

The conformation structure of the sugar chain is not only
affected by the primary structure, but also by the environment of
the sugar chain. In order to define the 3D structure characteristics
of AvPs during resin AB-8 treatment, Congo-red analysis
was investigated, since Congo red can combine with helical
polysaccharides, resulting in a large red shift of A __ (Dengetal.,
2019; Shang et al.,, 2017), therefore, the shifts in the visible
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Figure 4. The absorbance at 420 nm (a), protein content (b), carbohydrate content (c) and UV-vis spectrogram (d) of AvPs solutions before and
after adsorption by resin AB-8. A, the photograph of AvPs solutions before adsorption by resin AB-8; B, the photograph of AvPs solutions after

adsorption by resin AB-8.
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maximum absorption of the polysaccharide’s complexes with
Congo red recorded on a UV-Vis spectrophotometer could be the
conformation structure of AvPs. As shown in Figure 6, The A
values of the polysaccharide AvPs-Congo red complexes before
and after resin AB-8 adsorption at various NaOH concentrations
of 0-0.5 M were similar, which suggested that AvPs holed the
triple-helix conformation structure by comparison with the
Congo red solution, and that the triple-helix conformation
structure was not destroyed during the resin AB-8 treatment.

Base on the results obtained above, the structural characteristics
of AvPs remained unchanged, and suggested that resin AB-8 was
a proper material to purification of crude AvPs.

3.6 Partial biological activities
Total antioxidant capacity

The total antioxidant capacity was determined by a modified
version of the improved ABTS method proposed by Tao et al.
(2016). As shown in Figure 7, the antioxidant activities of AvPs
before and after adsorption showed obvious dose-response
curves at the concentrations below 1.0 mg/mL, and all reached
at 100% to ABTS radical scavenging ability at 1.5 mg/mL. This
result indicated AvPs after adsorption still had good antioxidant
activity. In addition, the antioxidant activity of AvPs before
adsorption with the IC, value of 0.188 mg/mL was stronger than
that of AvPs after adsorption with the IC, value of 0.370 mg/mL,
and which might due to removing of some active impurities by
resin AB-8. Although the antioxidant activity of the sample was
reduced after adsorption, the activity did not change substantially,
and the AvPs activity before and after adsorption was still strong
compared to the positive control BHT.

—=— AvPS before adsorption+Congo-
red
—— AvPS after adsorption+Congo-red

Absorption maximum / nm
” ,
(=]
.

0.10 0.20 0.30 0.40 0.50

NaOH concentration / mol/L
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Figure 6. The maximum absorption wavelengths of AvPs -Congo red
complexes before and after absorption by resin AB-8 over the NaOH
concentration range of 0-0.5 mol/L.
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Figure 8. The survival rate of the SK-Hep1 (a) and SMMC-7721 (b) human hepatocellular carcinoma cells treated by AvPs before and after

absorption by resin AB-8.

Anticancer capacity

Liver cancer is one of the major threats to human health, and
currently common chemotherapeutic drugs have great toxic and
side effects (Sullivan et al., 2018). Some polysaccharides, as low-
toxic macromolecular compounds, show good antitumor activity
(Carnachan et al,, 2019; Pan et al., 2019; Zheng et al., 2020). In the
past report, low molecular weight compounds from A. valvata
Dunn exhibited a good antitumor and anti-inflammatory activity
(Xinetal,, 2011). In the present report, anti-liver cancer activity was
investigated by SRB assay against SMMC-7721 and SK-Hep1 cell
lines. As shown in Figure 8, the AvPs before and after adsorption
showed a good growth inhibitory activity in vitro to SMMC-7721
and SK-Hep1 cell lines, and the activity was similar. For example,
the IC_ values of AvPs before and after adsorption were almost the
same to SK-Hep1 (approximately 4.0 mg/mL). Those result suggested
that the treatment of resin AB-8 to AvPs did not significantly lose its
anti-liver cancer activity, and it also further confirmed that AvPs had
the potential to further develop into an anti-liver cancer adjuvant.

4 Conclusion

Resin AB-8 showed a good comprehensive adsorption
effect index to polysaccharide from the root of Actinidia valvata
(AvPs) under the optimized parameter conditions as follows: a
concentration of crude polysaccharide of 3 mg/mL, an adsorption
time of 40 min, an initial pH of 7.0, a flow rate of 1.5 BV/h. The
structural characteristics of AvPs remained unchanged after
resin AB-8 adsorption. Moreover, AvPs can keep the stability
of biological activity after the resin AB-8 treatment, and show
obviously antioxidant and anticancer activities in vitro as well.
This research suggests that this method is promising for the
deproteinization and decolorization of AvPs which could be
explored as a potential antioxidant or anticancer agent for use
in functional food or medicine.
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