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Two novel polysaccharides, Plumula nelumbinis (P. nelumbinis) polysaccharide I (LNP I) and P. nelumbinis
polysaccharide II (LNP II), were extracted and purified from P. nelumbinis, and a sulfated polysaccharide, P.
nelumbinis polysaccharide III (LNP III), with a substitution degree of 0.62 was prepared from LNPI. The
structures of the LNPs were preliminarily characterized using high performance size exclusion chro-
matography (HPSEC), gas chromatography-mass spectrometry (GC–MS), Fourier transformed infrared
spectrometry (FT-IR), and nuclear magnetic resonance (NMR) spectrometry. In addition, evaluation of
the antioxidant activity of the LNPs showed that they could significantly increase the proliferation of
RAW264.7 macrophages (P < 0.05) and improve the activity of superoxide dismutase (SOD) and glu-
tathione peroxidase (GSH-Px) based on cell model of H2O2-induced oxidative damage. This suggested that
these LNPs may be used as potential antioxidants.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Plumula nelumbinis (P. nelumbinis) (called ‘‘Lian Zi Xin” in Chi-
nese) is the embryo of the seed of Nelumbo nucifera Gaertn. P.
nelumbinis, is not only used for making tea in China, but has also
been widely used as a traditional Chinese medicine for hundreds
of years for the treatment of various diseases, especially mood dis-
orders, thirsty, spermatorrhea, and bleeding (Jiangsu New Medical
College, 1986). Modern pharmacological studies have revealed that
the P. nelumbinis extract ameliorates loss of pancreatic islets,
improves serum lipid profiles (Liao and Lin, 2013a), exerts cytopro-
tective effect against oxidative stress (Xie et al., 2013), possesses
anti-inflammatory (Liao and Lin, 2013b), suppresses angiotens in
II–induced fractalkine production (Cao et al., 2014), inhibits hep-
atic fibrosis (Liu et al., 2015), and shows anti-arrhythmic activity
(Wu and Xiao, 2006). A variety of chemical constituents with
different structural features have been reported from the extracts
of P. nelumbinis, such as alkaloids (Lin et al., 2013, 2014; Itoh
et al., 2011), flavonoids (Shao et al., 2016), phytosteroids (Lou
et al., 1995), and polysaccharides (Liao et al., 2011, 2012; Liao
and Lin, 2013a, 2013b).

Oxidation, induced by oxygen radicals, occurs in all organisms,
and contributes to the development of various diseases, including
cancer, rheumatoid arthritis, and atherosclerosis, as well as in
degenerative processes like aging (Finkel and Holbrook (2000)).
Reactive oxygen species (ROS), which includes various free radi-
cals, are produced during cellular metabolism and play a crucial
role in oxidation, cell signaling, apoptosis, gene expression, and
ion transportation (Vajragupta et al., 2004). The superoxide anion
radical (�O2�), hydroxyl radical (�OH), and hydrogen peroxide
(H2O2) are the main ROS, and their over-production can damage
DNA, RNA, proteins and lipids, resulting in an increased risk for
cardiovascular disease, cancer, autism, and other diseases (Lü
et al., 2010). Therefore, antioxidation play an important role in pro-
tection from ROS damage and may help in maintaining adequate
antioxidant status in the organism. It has reported that polysaccha-
ride is a potential antioxidant (Zhang et al., 2013; Varoni et al.,
2017; Huang et al., 2016; Liu et al., 2018).

Currently, polysaccharides have drawn increased attention
from researchers and consumers, due to their relatively low toxic-
ity and potent biological activity, such as anti-tumor, antioxidative,
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antidiabetic, and anti-hyperlipidemia effects. Several polysaccha-
rides have been isolated and characterized from P. nelumbinis
(Liao et al., 2011, 2012; Liao and Lin, 2013a, 2013b). Moreover,
activities of these polysaccharides have been evaluated for amelio-
ration of the loss of pancreatic islets and improvement of serum
lipid profiles in non-obese diabetic mice, anti-inflammatory activ-
ity via decrease in Toll-like receptor-2 and -4 expression in mouse
primary splenocytes, and decrease in the secretion ratios of pro-/
anti-inflammatory (IL-6/IL-10) cytokinesin LPS-stimulated
RAW264.7 macrophages (Liao et al., 2011, 2012; Liao and Lin,
2013a, 2013b). However, the monosaccharide composition of
polysaccharides isolated from P. nelumbinis in this study were dif-
ferent from the polysaccharides reported in literature (Liao et al.,
2011, 2012; Liao and Lin, 2013a, 2013b). In addition, the antioxida-
tive activity of the P. nelumbinis polysaccharides, especially the sul-
fated polysaccharide, has not been evaluated.

In this study, we performed preliminary profiling of the chem-
ical characteristics of polysaccharides I and II (LNP I and LNP II,
respectively) isolated from P. nelumbinis, and prepared a sulfated
polysaccharide (LNP III). Furthermore, the antioxidant activities
of LNP I, LNP II, and LNP III were assayed in vitro.
2. Materials and methods

2.1. Materials and chemicals

Standard monosaccharides and dextran standards were
obtained from Pharmacia Co., Ltd. (Uppsala, Sweden). N,O-bis(tri
mesilyl)trifluoroacetamide (BSTFA) and pyridine were purchased
from Sigma-Aldrich (USA). All other reagents were of analytical
grade unless otherwise stated. The RAW264.7 macrophages were
obtained from the cell center of Xiangya Hospital, Central South
University, China. DEAE-52 cellulose and Sephadex G-200 were
purchased from Amersham Pharmacia Co. (Sweden). The dried P.
nelumbinis was purchased in August 2013 from the culture field
in Xiangtan, Hunan Province, China. Plant identity was verified
by Professor Rong Zeng (Central South University, Changsha,
China). A voucher specimen was deposited at the author’s labora-
tory (ID: 2013001).
2.2. Extraction and purification

The dried P. nelumbinis (510 g) was extracted in 3.5 L distilled
water at 100 �C three times for 2 h. After centrifugation, the super-
natant was collected and concentrated in a rotary evaporator
under reduced pressure. The concentrated extract was precipitated
Fig. 1. Elution curve of crude P. nelumbinis polysacchar
with 80% ethanol (final concentration) for 24 h and further depro-
teinised using the combined method of Sevage and Papain. After
removing the solvent (CHCl3 and n-butanol) in a rotary evaporator
under reduced pressure, the deproteinised extract was precipitated
using 80% ethanol (final concentration) for 24 h. The crude polysac-
charide (2.5 g) obtained after lyophilization was precipitated and
washed twice with acetone and anhydrous ethanol. Then, the
crude polysaccharide (1.0 g) was loaded onto a DEAE-52 cellulose
chromatography column (2.6 cm � 40 cm). The column was
sequentially eluted using distilled water and gradient eluted with
0.1 M and 0.5 M sodium chloride, and 10 mL eluted fractions were
collected. The small fractions combined into three fractions accord-
ing to the sugar content, as determined by the phenol–sulfuric acid
method (Fig. 1). Furthermore, two major fractions were purified
using a Sephadex-G200 column (2.0 cm � 60 cm), eluted with dis-
tilled water, and sequentially discolored by activated carbon, H2O2,
and macroreticular resin D315. The two polysaccharides, LNP I
(280.8 mg) and LNP II (200.4 mg), were obtained after dialysis
(molecular weight cut off 3000 Da) and were lyophilized (Fig. 1).
2.3. Preparation of sulfated derivatives

The sulfation agent and anhydrous pyridine (30 mL) were pre-
pared by dropping HClSO3 (10 mL) dropwise for 1 h under agita-
tion in a 100 mL three-necked flask maintained under cooling
conditions in an ice water bath. LNP I (150.0 mg) was added in
anhydrous formamide (20.0 mL) at room temperature with stirring
to form a suspension. Then, the suspension was added into the sul-
fation agent with stirring for 2 h at 70 �C. After reaction, the mix-
ture was cooled down to room temperature and neutralized with
2.5 mol/L NaOH solution. Then, the mixture was precipitated using
80% ethanol (final concentration) for 24 h. The precipitate was col-
lected and washed with anhydrous ethanol, dissolved in distilled
water, and dialyzed against distilled water for 72 h. The sulfated
LNP I derivative (LNP III) was obtained by concentrating under
reduced pressure at 60 �C.

The sulfur contents of LNP III were determined using a reported
method (Li et al., 2014). A calibration curve was constructed using
potassium sulfate as a standard. The linear regression equation of
the standard curve was as follows:
Y ¼ 134:42X� 0:0213; R2 ¼ 0:9944
Where Y represents the concentration (lg/mL) of sulfur, and X rep-
resents the UV absorbance at 360 nm.
ide on DEAE-52 cellulose chromatography column.
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The degrees of substitution (DS) was calculated from the sulfur
content according to the equation DS = (1.62 � S%) � (32 � 1.02 �
S%) (Xu et al., 2016).

2.4. Determination of carbohydrate, sulfuric radical, protein and
uronic acid content

The carbohydrate content in crude LNP and its purified fractions
were determined using phenol–sulfuric acid method (Dubois et al.,
1956) with glucose as the standard. The sulfate radical content was
determined according to a reported method (Li et al., 2014) using
K2SO4 as the standard. The protein content was determined using
Bradford method (Bradford, 1976) with bovine serum albumin as
the standard. The uronic acid content was determined per car-
bazole–sulfuric acid method (Xu et al., 2016) using D-glucuronic
acid as the standard.
Fig. 3. FT-IR spectr

Fig. 2. UV spectra
2.5. Determination of the molecular weight of LNP I and LNP II

The molecular weights of LNP I and LNP II were determined
using high performance size exclusion chromatography on Agilent
1200 system (Agilent Technologies, CA, USA) equipped with a Sho-
dex Ohpak SB-804HQ gel column (30 cm � 8.0 mm, Thermo Fisher
Scientific., Massachusetts, USA) and a refractive index detector. The
column was eluted with 0.1 M sodium chloride at 35 �C using a
flow rate of 0.5 mL/min. Dextrans of different molecular weights
(D0, D1, D2, D3, D4, D5, D6, D7, D8, and D2000) were used to estab-
lish a standard curve. Each dextran standard solution was prepared
by dissolving 10.0 mg sample in 1.0 mL 0.1 M sodium chloride. The
solutions of LNP I and LNP II were prepared in the same way. Then,
dextran standard solutions were separately injected into the col-
umn and a linear regression standard curve of log molecular
a of the LNPs.

of the LNPs.
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weight versus HPSEC retention time was calculated. The linear
regression equation of the standard curve was as follows:

logMw ¼ �0:7920tR þ 12:1438; R2 ¼ 0:9761

Where Mw represents the molecular weight, and tR represents
retention time. Afterwards, LNP I and LNP II solutions were injected
into the column and the molecular weight of LNP I and LNP II were
determined according to the above standard curve.

2.6. Analysis of the monosaccharide composition of LNP I and LNP II

Polysaccharides of LNP I (1.0 mg) and LNP II (1.0 mg) were com-
pletely hydrolyzed with 200 lL trifluoroacetic acid (2.0 mol/L) at
110 �C for 4 h. Excessive acid was removed by co-blowing with
200 L methanol to dryness in N2 thrice. Briefly, the derivatives of
hydrolysate were derivatized using the BSTFA method (Hsu et al.,
2007) and the aldononitrile acetate method (Liang et al., 2010;
Lv et al., 2014). Next, the monosaccharide composition of LNP I
and LNP II were determined using gas chromatography-mass spec-
trometry analysis on an Agilent 7890A-5975C instrument with a
HP-5MS column (30 m � 0.25 mm � 0.25 mm) and a NIST08 mass
spectral library. The temperature was programmed as follows:
120 �C for 3 min, then rise to 200 �C at 10 �C/min, and finally rise
from 200 �C to 240 �C at 5 �C/min.
Fig. 4. 1H NMR spectra of the LNPs
2.7. Spectroscopic analysis

2.7.1. UV absorption peak detection
LNP I, LNP II, and LNP IIIwere dissolved in distilledwater to a final

concentration of 5% and were analyzed on ultraviolet–visible (UV–
vis) Agilent Cary 60 spectrophotometer. The UV absorption spec-
trum of the sample was recorded in the wavelength range of 200–
800 nm.
2.7.2. FT-IR spectrometric analysis
Three milligrams of each sample (LNP I, LNP II, and LNP III) was

mixed with 100 mg KBr powder, thoroughly ground, and com-
pressed in a mold for FT-IR measurement at the frequency range
4,000–400 cm�1. IR spectra were recorded on a Bruker Alpha-T
spectrometer (Bruker, Rheinstetten, Germany)
2.7.3. NMR spectrometric analysis
LNP I, LNP II, and LNP III (3.0 mg) were dissolved in 0.6 mL 99.9%

D2O respectively. Spectra were recorded using Bruker AV-500 spec-
trometer (Bruker Co., Germany) with 500 MHz frequency for 1H
NMR. The spectra were observed at 25 �C from 120 scans. Data pro-
cessing was performed using standard Bruker Topspin-NMR
software.
(A: LNP I, B: LNP II, C: LNP III).



Fig. 5. The proliferation ability of cells treated with LNPs on H2O2-treated RAW264.7 cells at different concentrations (0.125, 0.5, 2.0 lg/mL). Data were presented as mean ±
standard deviation: (a) *P < 0.05, differ significantly from the model control.

Fig. 6. The proliferation ability of cells treated with LNPⅠand LNP III on H2O2-
treated RAW264.7 cells at different concentrations (0.125、0.5、2.0 lg/mL). Data
were presented as mean ± standard deviation: (a) *P < 0.05, differ significantly from
the LNPⅠgroup.
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2.8. Cell culture

The mouse macrophage cell line RAW264.7 was incubated at
37 �C in a humidified atmosphere with 5% CO2 and 95% air. Cells
were cultured in Dulbecco’s modified Eagle medium (DMEM) sup-
plemented with 10% fetal bovine serum (FBS), 100 lg/mL strepto-
mycin and 100 U/mL penicillin (Life Technologies). Cells seeded on
96-well culture plates at 1.0 � 104 cells/well before polysaccharide
treatment.
2.9. In vitro antioxidant activity assays

2.9.1. Proliferation assays for RAW264.7 macrophages
The antioxidative activities of the samples (LNP I, LNP II, LNP III

and vitamin C) were evaluated against H2O2-induced oxidative
stress in RAW264.7 cells using the MTT [3-(4,5-dimethylthiazol-2
-yl)-2,5-diphenyltetrazolium bromide] assay (Tang et al., 1999).
Briefly, RAW264.7 cells (1 � 104 cells/well) were seeded on 96-
well culture plates and incubated for 24 h in the presence of differ-
ent concentrations (0.125, 0.5, 2.0 lg/mL) of these samples, fol-
lowed by treatment with 0.658 mM H2O2 for 12 h (Jin et al.,
2014). After renewal of the media, 20 lL MTT (5.0 mg/mL) was
added to each well incubated for 4 h. One hundred and fifty micro-
liters dimethyl sulfoxide (DMSO) was later added into each well to
solubilize the formazan crystals. Absorbance was measured using a
microplate reader (Bio-Tek Elx-800, USA) at 490 nm. The inhibition
of cell growth was calculated using the following formula: Inhibi-
tion (%) = (1 � OD/ODm) � 100, where OD and ODm indicated the
absorbance of treated and model groups, respectively.
2.9.2. Measurement of the SOD and GSH-Px activity
The RAW264.7 cells were cultured and treated with samples

and H2O2 as mentioned above. After collection and washing with
PBS, the treated cells were disrupted using ultrasonic waves on
ice and centrifuged at 1000 r/min for 10 min. The supernatant
was used to measure the SOD and GSH-Px activities using SOD
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and GSH-Px kits (Nanjing Jiancheng Institute, China) according to
the manufacturer’ instructions.
2.10. Statistical analysis

Values are expressed as means ± standard deviation (SD) of
three replicated measurements. Data was analyzed statistically
using one way analysis of variance (ANOVA) and Student’s t-test
of SPSS 16.0 (SPSS, Inc., Chicago, IL, USA). P-values < 0.05 were con-
sidered statistically significant.
3. Result analysis and discussion

3.1. LNP I and LNP II were isolated and purified from P. nelumbinis

Approximately 4.4% crude polysaccharide was extracted and
isolated from P. nelumbinis after precipitation, deproteinisation,
and lyophilization. The protein concentration in the crude polysac-
charide analyzed using the Bradford method (Bradford, 1976) was
lower than 0.1%, which was further confirmed by UV–vis spec-
trometry. The results of preliminary chemical analysis showed that
the neutral sugars and uronic acid contents in crude polysaccha-
ride were 79.10% and 10.82%, respectively. The three fractions
Fig. 7. The antioxidant enzyme of SOD treated with the LNPs on H2O2-treated RAW264.
mean ± standard deviation: (a) *P < 0.05, differ significantly from the model control.
polysaccharide fractions, LNP-1, LNP-2, and LNP-3 isolated from
the crude polysaccharide by DEAE-52 cellulose column chromatog-
raphy, were sequentially eluted using deionized water, 0.1 M NaCl,
and 0.5 M NaCl solution (Fig. 1). Then, two major fractions, LNP-1
and LNP-2, were further purified using a Sephadex-G200 column,
decolored, dialyzed and lyophilized to obtain two dry polysaccha-
ride white powders, LNP I and LNP II, respectively.

3.2. Molecular weight and chemical composition of LNP I, LNP II, and
the sulfur contents of LNP III

The molecular weights of LNP I and LNP II were determined to
be 11.75 � 104 Da and 41.19 � 104 Da by HPSEC on Agilent 1200
system. After completed acid hydrolyzed of LNP I and LNP II, the
hydrolysates were derivatized using the BSTFA method and the
aldononitrile acetate method, respectively. The result of BSTFA
method showed that LNP I and LNP II contained few ketoses. In
addition, analysis of the monosaccharide composition by the two
methods showed that LNP I consisted of 17.4% mannose, 6.6% ara-
binose, 45.7% xylose, and 30.3% galactose, whereas LNP II consisted
of 12.7% mannose, 9.5% arabinose, 50.2% xylose, and 27.6% galac-
tose. LNP III was prepared successfully, and the sulfur content of
LNP III determined to 90.85 lg/mL by a reported method (Li
et al., 2014). The DS of LNP III was calculated to be 0.62.
7 cells at different concentrations (0.125、0.5、2.0 lg/mL). Data were presented as
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3.3. Spectroscopic analysis of LNPs

3.3.1. UV–vis spectra analysis of LNPs
The purity of the polysaccharide was confirmed by UV–vis spec-

trophotometry as shown in Fig. 2. The absence of peaks between
260 and 280 nm indicated that the LNP I and LNP II are pure or free
of nucleic acid and proteins, which confirm the results mentioned
above.
3.3.2. FT-IR spectra analysis of LNPs
FT-IR spectra of LNPs were recorded in the region of 4,000–400

cm�1. As shown in Fig. 3, the spectra of LNPs showed similar char-
acteristic absorption peaks apart from a peak at 1225 cm�1 in LNP
III, and displayed typical absorption peaks for polysaccharides. The
spectra of the three polysaccharides showed a strong and broad
absorption peak at around 3442 cm�1 for OAH stretching vibra-
tions (Xu et al., 2012) and a weak peak at approximately 2930
cm�1 for CAH stretching vibrations (Xu et al., 2012). The absorp-
tion peaks in all spectra at approximately 1638 cm�1 were caused
by the bending mode of bound water, and the absorption peaks at
approximately 1400 cm�1 was the CAO stretching vibration (Chen
et al., 2016). Moreover, the weak small absorption band at approx-
imately 860 cm�1 was attributed to be characteristic of a-
glycosidic linkages in the polysaccharide chains (Chen et al.,
2016). In addition, the peak appeared at approximately 1077
cm�1 was the result of the glycosidic linkage stretch vibration of
CAOAC bond (Sellimi et al., 2014). In addition, a weak peak at
1225 cm�1 in the LNP III spectrum (Fig. 3), which is more intense
than the peak observed in LNP I spectrum, was assigned to asym-
Fig. 8. The antioxidant enzyme of GSH-Px treated with the LNPs on H2O2-treated RAW264
mean ± standard deviation: (a) *P < 0.05, differ significantly from the model control.
metric O@S@O stretching vibration of sulfate esters (Xu et al.,
2012; Sellimi et al., 2014), indicating the success of the sulfation
reaction.

3.3.3. NMR spectra analysis of the LNPs
As shown in Fig. 4, a set of wide and complex signals between

dH 3.2 and 5.3 ppmwas characteristic of typical polysaccharide sig-
nals (Wang et al., 2017). Based on literature, the signal peaks
between 3.20 and 4.50 ppm were identified to be CH2AO and
CHAO groups on sugar rings (Ktari et al., 2017). Therefore, the
signal peaks between 3.35 and 4.40 ppm were assigned to protons
of CH2AO and CHAO groups on sugar rings. Apart from the signals
might be overlapped with the intense signal of the solvent signal
peak, signals between 5.00 and 5.50 suggested that the three
polysaccharides contained a-configuration of saccharide residues
(Wang et al., 2017) which corroborated the results of the FT-IR
spectra.

3.4. In vitro antioxidant activity analysis

3.4.1. Effects of LNPs on the proliferation ability of H2O2-treated
RAW264.7 cells

Antioxidants could prevent RAW264.7 cells death through the
suppression of H2O2-induced ROS formation. In this study, the
antioxidant activity of LNPs was evaluated by assessing the prolif-
eration of RAW264.7 cells induced H2O2 after treated with differ-
ent concentrations (0.125, 0.5, 2.0 lg/mL) of LNP I, LNP II, and
LNP III (Jin et al., 2014). Compared to the model group (treatment
with 0.658 mM H2O2 for 12 h alone), normal control group showed
.7 cells at different concentrations (0.125、0.5、2.0 lg/mL). Data were presented as



Fig. 9. The antioxidant enzyme of SOD treated with LNPs on H2O2-treated
RAW264.7 cells at different concentrations (0.125、0.5、2.0 lg/mL). Data were
presented as mean ± standard deviation: (a) *P < 0.05, differ significantly from the
vitamin C group.

Fig. 10. The antioxidant enzyme of GSH-Px treated with LNPs on H2O2-treated
RAW264.7 cells at different concentrations (0.125、0.5、2.0 lg/mL). Data were
presented as mean ± standard deviation: (a) *P < 0.05, differ significantly from the
vitamin C group.
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a significant increasing proliferation level (P < 0.05), and middle
dose (0.5 lg/mL) and high dose (2.0 lg/mL) group of LNP I, LNP
II, and LNP III had a significant increasing proliferation of
RAW264.7 cells (P < 0.05) (Fig. 5). Moreover, the proliferation of
the LNP I, LNP II, and LNP III treatment groups were similar to that
of vitamin C control group at the concentration of 0.50 lg/mL and
2.0 lg/mL concentration. However, compared to the LNP I group,
the LNP III (sulfated LNP I) group did not show any significant
increase in proliferation except for at the concentration of 0.125
lg/mL (Fig. 6).

3.4.2. Effects of the LNPs on the antioxidant enzyme activity of H2O2-
treated RAW264.7 cells

SOD and GSH-Px are two important antioxidant enzymes that
prevent cellular damage from the superoxide anion and hydrogen
peroxide. Our results indicated that 0.5 lg/mL and 2.0 lg/mL of
LNP I, LNP II, and LNP III each significantly increased the concentra-
tions of SOD and GSH-Px compared to that in the model group (P <
0.05) (Figs. 7 and 8). In addition, there were no statistically (P >
0.05) significant increase in the level of the two antioxidant
enzymes in these experimental groups (LNP I, LNP II, and LNP III)
compared to the vitamin C control group (Figs. 9 and 10) except
for the level of GSH-Px at a concentration of 0.125 lg/mL of LNP
III group. Moreover, compared to the LNP I group, the LNP III (sul-
fated LNP I) group did not show any significant increase in the con-
centrations of SOD and GSH-Px.

4. Conclusions

In this study, two natural polysaccharides (LNP I and LNP II)
were isolated from P. nelumbinis and one sulfated polysaccharide
(LNP III) was prepared. The structures of the LNPs were preliminar-
ily characterized using HPSEC, GC–MS, FT-IR, and NMR spectrome-
try. Compared to these polysaccharides have been isolated from P.
nelumbinis (Liao et al., 2011, 2012; Liao and Lin, 2013a, 2013b) and
other polysaccharides have been reported in online database, the
two novel polysaccharides (LNP I and LNP II) possessed exclusive
monosaccharide composition and molecular weight. Moreover,
analysis of the antioxidant activities of the three polysaccharides
showed that they significantly (P < 0.05) increased the prolifera-
tion of H2O2-treated RAW264.7 macrophages, and enhanced the
level of SOD and GSH-Px compared to that in the model group.
Studies show that sulfation of polysaccharides improves antioxi-
dant activity (Zhang et al., 2015; Chen et al., 2015). However, in
this study, the sulfated polysaccharide (LNP III) did not show any
significant improvement of antioxidant activity compared to the
unsulfated polysaccharide (LNP I). Nonetheless, these results
demonstrated that these polysaccharides possessed moderate
antioxidant activity and might be responsible for the healthcare
function of P. nelumbinis. Further studies on their structure and
function are underway.
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