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Abstract: Objective To separate and purify the main polysaccharide components from Panax notoginseng residues, analyze its
monosaccharide composition and compare its antioxidant activities. Methods The crude polysaccharides from P notoginseng
residues (PNPS) were extracted by water extraction and alcohol precipitation, and separated and purified by DEAE Fast Flow anion
exchange column and Sephadex G-50 column. The relative molecular mass was analyzed by HPGPC and the monosaccharide
composition and primary structure were preliminarily identified by scanning electron microscope (SEM), Fourier transform infrared
spectroscopy (FT-IR), HPLC of derivatizing method. The antioxidant capacity and the protective effect of polysaccharide
components on oxidative damage of RAW264.7 cells were explored. Results Three polysaccharide components (PNPS-0,

PNPS-0.2, and PNPS-0.3) were isolated and purified. There were differences in monosaccharide composition and proportion among
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the three: PNPS-0 was mainly composed of D-glucose (52.28%) and D-galactose (34.14%), PNPS-0.2 was mainly composed of
D-galactose (40.89%), D-arabinose (19.38%) and D-glucose (12.25%) and PNPS-0.3 was mainly composed of D-glucuronic acid
(40.43%), D-galactose (22.61%) and D-glucose (18.32%). The antioxidant results showed that PNPS-0.3 had the strongest total

reducing ability, the highest scavenging activity on DPPH free radical, OH™ free radical, ABTS free radical and superoxide anion free

radical, and the protective effect on oxidative damage of RAW 264.7 cells was the best in a concentration dependent manner.

Conclusion Three polysaccharide fragments with antioxidant activity were obtained from P. notoginseng residues. The antioxidant

activity was closely related to the structure and composition of polysaccharide. Therefore, this study provides a new research idea for

the secondary development and utilization of P. notoginseng resources.

Key words: Panax notoginseng (Burk.) F. H. Chen; polysaccharide; structure-activity relationship; monosaccharide composition;

antioxidant; resources; D-glucose; D-galactose; D-arabinose; D-glucuronic acid
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Fig.1 Extraction and purification process of PNPS and elution curve of PNPS using a DEAE Sepharose Fast Flow agarose gel

column
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Fig. 4 SEM image analysis of polysaccharide compositions (scale bar: 1 pm)
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Fig. 6 HPLC of monosaccharide composition analysis

F1 BPEERK
Table 1 Composition of monosaccharides
JE IR 53 KU %
B
Man Rham GIcUA GalUA Glc Gal Ara
PNPS-0 1.67 5.12 - 1.54 52.58 34.14 495

PNPS-0.2 500 7.80 698 7.70
PNPS-03 1.41 6.22 4043 1.83

12.25 40.89 19.38
18.32 22.61 9.18
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2.4 ZHEASEIMLENTESERR

DL VC RBHHEXTRE, KBSk o= o AT
N AT EATEEEA .
2.4.1 DPPH HHEFBRIEHENE 2 lERE ]
0~5 mg/mL WKERLEE R ZHERE N, 7% Fan 500
(1751, B 500 pL A£ &I 500 pL ¥ DPPH %3,
BEEIRBEIR ST, HUE 30 min, 5000 r/min (250245
N 6.3 cm) E0 10 mine L EJEWT 517 nm Tl 4
i, #% T4 DPPH HHEFERE.

DPPH H H3EIERRZE =1 — (41— A2)/43

SERWFR 2 FoR, FHMESTIR VC 7E 5 mg/mL i,
Xf DPPH H HIEEFIEREN 90.07%. PNPS-0.
PNPS-0.2. PNPS-0.3 7£ 1~5 mg/mL %} DPPH H
HEEEAE — e iERER ), HEHBREAMER
. MEFET, %N PNPS-0.3>PNPS-0.2>
PNPS-0. PNPS-0.3 &I 5@ ] DPPH H HHZEiH
B&AE 77, ICso HN 2.94 mg/mL. PNPS-0.3 (5 mg/mL)
X} DPPH H Hif#i%FrfE /1L PNPS-0.2. PNPS-0 4}
MRS 8.49%. 28.55% (P<<0.01).

2.4.2 OH HHAEBERAE TN E 43 5 H 6 I i

2 HHEHESX DPPH BHREREREESN (X£s,n=3)
Table2 DPPH free radical scavenging ability of polysaccharide compositions ( X £ S, n =3)

DPPH H HIFEE R/ %

e 1 mg-mL™! 2 mg-mL™! 3 mg-mL™! 4 mg-mL™! 5 mg-mL™
vC 82.77+0.97 84.08%+1.17 85.74%0.97 88.41%+1.92 90.07+2.33
PNPS-0 18.06+1.23 21.30£2.36 23.9240.75 28.68+2.10 36.47+1.07
PNPS-0.2 27.81+1.25™ 32.71+1.72" 40.58+1.16"" 47.57+2.76™ 56.54+1.04""
PNPS-0.3 33.28 £0.45"## 38.35+0.86"" 48.58+0.75""# 62.48+1.34"# 65.0241.39"#
5 PNPS-0 L% "P<<0.05 *P<<0.01 *"P<<0.001; 5 PNPS-0.2 ZHLb#:: *P<<0.05 *P<<0.01 **P<<0.001, KA
"P<0.05 *P<0.01 ""P<0.001vsPNPS-0 group; "P<0.05 *P<0.01 *#P<0.001 vs PNPS-0.2 group, same as below tables

0~5 mg/mL FiEKRERERIZ RN, 2% Xie
LUNT7y, B 500 pL FE&, AR SEAFT 6
mmol/L FeSO4 ¥+ 6 mmol/L /KME-To/K LB
i~ 8 mmol/L HaO2 ¥ R BN, 37 CKIHIN
#4460 min, T 510 nm lE A {H. 1% “2.4.17 A
MNP ERE A HERERE.

SE R 3 FoR, FHPEXTHE VC 7E 5 mg/mL B,
X OH™H HZ:1IEFRE N 96.09%. PNPS-0. PNPS-
0.2 PNPS-0.3 7E 1~5 mg/mL I} % OH™ H Hi3& %) A
H—ERTERFRE S, HEHBIREMIH. HE
N, &N PNPS-0.3>PNPS-0.2>PNPS-0.
PNPS-0.3 FRILH o Pt 8 iE 1, 1Cso ¥ 0.97
mg/mL. PNPS-0.3 (5 mg/mL) %I OH [ HiZE[1iE
FrfE /1L PNPS-0.2. PNPS-0 435l$2 5 22.23%-
53.59% (P<<0.01).

243 ABTS HHEBREENE % He &8
J7ik, K 0~5 mg/mL Ji &R A FE ) 2 B R 10
uL I 200 uL ABTS TAFW, ZEiRECHFE 6 min,
T 734 nm T A4 fi. #% “2.4.17 i ABTS H
T PR 2

ZERNER 4 B, BHMEXTE VC 7E 5 mg/mL B
T ABTS H HEE1IEFRZ 53758 98.73%. PNPS-0,
PNPS-0.2. PNPS-0.3 7E 1~5 mg/mL i} %} ABTS H
M2 B — MG R A 7, B2 BRIk A G .
FE R & R, 3% ¥~ PNPS-0.3 >PNPS- 0.2 >
PNPS-0. PNPS-0.3 FILH %) ABTS H HIALTH
B fE 71, ICs0 {9 2.15 mg/mL. PNPS-0.3 (5 mg/mL)
I ABTS H HEE1)IEFREE /I PNPS-0.2. PNPS-0
Oy B 2.07%. 34.48% (P<<0.01).
244 SILETINE 2% Huo FW 5L, 73

F=3 ZPEHESY OH BRENEMREN (Xts,n=3)

Table 3 OH™ free radical scavenging ability of polysaccharide compositions (X £ S, n =3)

OH H HEEHRZE/%

o
Fed 1 mg-mL™! 2 mg-mL™! 3 mg-mL! 4 mg-mL™! 5 mg-mL™!

vC 92.87%0.12 93.524+0.46 94.7610.31 95.6010.28 96.091+0.23

PNPS-0 17.70+0.91 18.93+0.40 27.39+1.88 28.27£1.03 28.67+1.47

PNPS-0.2 28.224+0.92"" 41.08+1.13"" 42.044+0.92"" 51.814+0.94™ 59.91+237"

PNPS-0.3 48.5940.42"## 62.3340.88"*## 71.63 10.94"## 80.36 £ 1.27 % 82.62+1.03##
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FT 4 ZFEESTT ABTS BEHERERMREN (XLs,n=3)

Table 4 ABTS free radical scavenging ability of polysaccharide compositions (X £ S, n=3)

ABTS H HEBERR/%

.
e 1 mg-mL™! 2 mg-mL™! 3 mg-mL! 4 mg-mL™! 5 mg-mL™!

VC 94.45+1.82 95.794+0.43 97.621+0.45 98.1440.55 98.731+0.29

PNPS-0 14.271+0.59 17.89+1.03 24.44+1.60 30.61+1.69 33.96+0.13

PNPS-0.2 26.65+0.70"" 43.02+1.16™ 58.19£0.51* 63.561+2.70"" 66.731+0.34"

PNPS-0.3 29.06+0.51""# 47.71+1.13"% 64.98+1.37""# 66.94+2.15™" 68.8010.69"###

WL 0~5 mg/mL J5f 5 FE o 52 1) 22 W A VA TR
250 puL, MOANFEARFRHBERR $h22 M (0.2 mol/L,
pH 6.6) F 1%ERFAHEM, 16 50 CHKAMFTIEE
20 min, FfJEIIA 250 uL 10% =% 28, 4000 r/min
CELF42EN 6.3 ecm) B0 10 min, HU_EE# 500 pL,
IR 0.1% =F A8k, 7E 700 nm B AL A
AME. RMERASH A4 EE NIRRT

SRR S Fron, MEFIET, S ZHN
MR JE BE S PNPS-0.3>PNPS-0.2>PNPS-0, 5k
AhE ARSI A —E.
2.4.5 g AR A il 22 6% 4H 73 % DPPH. OH
A7 H RS )) BSHr 2R E
% 5 mg/mL ¥, 7% Romanet SR 751k, &

*®5 ZREADHDIEREEN (Xts,n=3)

BN BURAHIRNE S, BHEME RIS RIR
B MANAEE ERARE RS LA R
5,5- 2 HJE -1- ik ms bk -N- S AL ) (5,5-dimethyl-
1-pyrroline N-oxide, DMPO) SAXFHE, XJ#F fhiEAT
1%, 31 EPR % Bl 4 %47 Z XS DPPH H H
K. OH HHZE. HAMET 8 HEEMERRGE
EPR 455 EoR (K 7), %4 ZF% DPPH H
A, OH H A, @AY ST B HIEAE—Em
TERRAE ), Horh PNPS-0.3 RIS IR 6E i s, Sik4h
H 35 R A —
2.4.6 FARLEE N FTHEIEM X £5 FoR,
SPSS 19.0 #4347 ANOVA FLK &7 200, P<
0.05 N EMZ5; (i GraphPad Prism 8.0 % fF

Table 5 Total reducing power of polysaccharide compositions (X + S, n =3)

SICIRAES ()

Ff
1 mg-mL™! 2 mg-mL™! 3 mg-mL™! 4 mg-mL™! 5 mg-mL™!
VvC 3.7440.06 4.521+0.01 52740.17 5.33%0.10 5.56+0.04
PNPS-0 0.8440.01 0.8340.02 0.8740.01 0.884+0.01 0.884+0.01
PNPS-0.2 0.9440.03" 0.974+0.01"" 1.00+0.01""" 1.0740.01"" 1.104+0.01"
PNPS-0.3 0.9640.03" 0.9940.01""# 1.0240.01""# 1.134+0.02"*# 1.1740.02"##
DPPH [ HiZE OH™ [ Hidk AR RS T 1 H
DMPO
DMPO DMPO
W PNPS-0
. A PNPS-0
__ﬂ/\/\/\/\/lw PNPS-0.2 W
ST Wy e et VAVANVA
34'60 ‘ 35|00 ' 35I40 ‘ 34IGO T 35I00 ' 35I40 34'60 35l00 35I40
Filed Filed Filed

7 BESLHE EPR AL S

Fig. 7 EPR antioxidant analysis of polysaccharide compositions



FED 2023F 18 $54% B 1 Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 1

* 107 »

X SIS HARIEAT ¢ AT

2.5 SHELAHIT RAW264.7 HBEE LIRGIRIFAME
AR

2.5.1 RAW264.7 HEMIRTFE RAW264.7 HUARLE 5
A 10%M64- M7 1%7 5 = -55 5 2 1 DMEM
By, T 37 CHI 5% CO, IS 3R 40 i 95
252 ZHEN H,0, 1S RAW264.7 i 4% 1 4
PHYER 2% Wang SR, Bfa Bk KM
RAW264.7 4L LA 1X 104 AN/FLIEEFITE 96 FLAR .
12 h J54525 (ZHELEIREEN 0~200 pg/mL),
R 9% 24 h J5 BFLII 10 pL HaO0 TR (R 800

9% ¥ N

L \)6—\ (- the

% 8

umol/L), #kZERi: 2 h, ZH Yuzbasioglu 2521
JHEHAT MTT A2ll, S5 LA 8. 455R HL0: AbBE
HAMMAFTE RN 50.27%, WK 6 fion, FH 72 hE
X Ha02 7S 4H i 3 B — IRy 1E
1M EL S I R A O o JoH PNPS-0.3 X 4 Ak i 45
PRI R, AE45 25 TR FE 200 pg/mL I,
H M AE TS 2 L PNPS-0.2. PNPS-0 23 4w 7
9.98%. 32.29% (P<<0.05).

2,53 ZHEXT RW264.7 40P BEE 1 15
% RAW264.7 4Hilg (2 X 104 ANFL) R F] 96

N/ ;
3 a8 ey
e l 3 o

PNPS-03

4475 24 h ARRES (EBIR 40 pm)

Fig. 8 Cell state of after administration 24 h (scale bar: 40 pm)

£ 6 SHEN H0: EIREG RAW264.7 ARIFMER (X£s,n=3)
Table 6 Protective effect of polysaccharide on oxidative damage of RAW264.7 cells by H2O2 (X £ S, n=3)

o AU HAT I /%
ih
12.5 pg'mL™! 25 ug'mL™! 50 pg'mL™! 100 pg-mL™! 200 pg'mL™!
PNPS-0 49.554+0.51 52.10+0.49 52.59+0.67 56.00+1.83 60.56+0.51
PNPS-0.2 52.851+0.53" 62.97+0.63™ 70.08+0.72"" 77.34%0.62"" 83.8540.85""
PNPS-0.3 68.300.53""### 69.94+1.10™"# 75.16+0.84™# 81.5041.50""# 92.8540.85""*

100, 200 pg/mL), 4kZEE57E 24 h, FH H.0, (400
umol/L) ¥53% 2 h. SRAJFUEERFRE LG, &%
Zhou ZEPPT7 i, M A+ SOD. CAT. GSH-
Px &r&. 4R+ SOD. CAT. GSH-Px 3 Ff
PUEAEE KT 2 N AR AL B4 : (7.1340.21)U/mL
(14.8740.21) U/mL- (62.62+0.10) pmol/mL; H,0,
PR (2.4740.21) U/mL. (6.85+0.24) U/mL.
(29.97+1.81) pmol/mL.

W 7 Fw, ZHEH R85 3R T A0 M
SOD. CAT. GSH-Px 3 Ffit s LB /KF-, k2 H20,
X RAW264.7 A S84k 40 5 I FR B2 Pl iRk
RZZ I N PNPS-0.3>PNPS-0.2>PNPS-0, Jf £ i B
SRR, FUEIKE 200 ug/mL I, PNPS-0.3 4t
PRI AAMO T SOD. CAT. GSH-Px 3 A fLii
7KF-EE PNPS-0.2 41453 5380 5.26% 7.42%- 4.99%
(P<<0.05); Ltk PNPS-0 ZH4) 513400 32.7%- 15.76%-

R ZRASI RAW264.7 FAHETH SOD. CAT. GSH-Px ZEKIFM (Xts,n=3)
Table 7 Effects of polysaccharide components on SOD, CAT, GSH-Px contents in RAW264.7 cell fluid (X £ S, n =3)

bp SOD/(U'mL™) CAT/(U-mL™) GSH-Px/(umol-mL™")
HA

50 ugmL™" 100 ug'mL™" 200 pgmL™! 50 ugmL™ 100 pg'mL™" 200 pg'mL™t 50 pg'mLt 100 ug'mL' 200 pgrmL!
PNPS-0 2.55%0.09 3.05%0.07 3.61£0.15  7.56+0.24 8.21+0.11 11.124+0.13 29.23+0.81  35.62+0.85 41.14+1.47
PNPS-0.2 3.10£0.15" 42240.16™" 5.5740.18"™ 838+0.32"  10.09£0.09"" 12.36+£0.10"" 34.89£1.19" 39.4840.45" 48.55£0.61"

PNPS-0.3 3.10+0.11" 5.16 20.13"* 5.84£0.17" 9.69£0.05""# 11.53£0.21"" 13.46 £0.18""# 38.64 +1.22""% 43.50+1.32"% 51.67+ 1.36"*
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16.83% (P<<0.05), ULBAFHJRILH B UFHudm s
ThAnf R

2.5.4 ZHEL RAW264.7 40 S AL BG RIT 1I 5% 6
EME R ERSNT 5% Zhao ZDINJTE, KA
“2.437 LUTEACTEANM, BEE AT CL LR,
37 ‘CH$HE 30 min, FH PBS ¥t 3 i, 4%% 5 HIE[E
%€, JFF DAPI 4t 10 min. 2R 18 EOE LR 4
S, EEORIEK 570 nm N MEEAS [E AL FE A1
AR R, DR (FED 4, H0;,

B D ARSI, o tEadr. % iy
%, AR FRAE AR 96 FLARH, 14 FH 2 Thig BbrAX
XA R R 4 QORI 570 nm, R 5T
B 585 nm) HEAT 98 B HT o R RER (4
) FRic Ho0,20, ZEREIR, SAHEZ RS,
@fﬁ%#ﬁ&ﬁﬁ %} i > PNPS-0>PNPS-0.2 >PNPS-
03>7H (K9, #—PIEHZHEE H0, 15 311
%%bhﬁk?%ﬁﬁ%%%ﬁ%

—, BN A (R 8), PNPS-0.3

: .....

E .....

X HE

PNPS-0

PNPS-0.2 PNPS-0.3

+H202 (400 umol L I)

9 BB ZHEX RAW264.7 BREWHRGRIPTIEM ST EEHIR 20 pm)

Fig. 9 Fluorescence qualitative analysis of protective effect of polysaccharides on oxidative damage of RAW264.7 cells (scale

bar 20 pm)
#8 T BHEN RAW264.7 M E IR IRIPAIRAE
E7H (Xxs,n=3)
Table 8 Fluorescence quantitative analysis of protective
effect of polysaccharides on oxidative damage of RAW264.7
cells (Xts,n=3)
Ao X SERREE % | A FEXS 62 E /%

=H 254741.18"" | PNPS-0.2 4527+ 1.51""##

PNPS-0.3 27.4341.10"##AaA

Pagiel 100.00£3.72
PNPS-0  89.25+2.74*

xS "P<0.05 ""P<0.001; 5 PNPS-0 4lHi#: #p<
0.001; 5 PNPS-0.2 #HFu#%: 244P<<0.001

P<0.05 " P<0.001 vs control group; #*P < 0.001 vs PNPS-0 group;
AMP < (0,001 vs PNPS-0.2 group

TELE PR 200 pg/mL I, 28 G5RE AN Con
) 27.43%, 5 Blank LG HH2=E R, HARGT
o6 B S AR L PNPS-0.2. PNPS-0 7 Wil [E1K T
17.84%. 61.82% (P<<0.05).
3 g
B ol ML 0 H B2 eE Rk, =B MR
B H N, HEEk, w7 X
kA, Iz AR O TIEFERE AN I,
=AM TARIE LA R AR ZIA R %, =1
G TR I I KRR =B R 4 3 G
TR, WURAEE = LR AL PR =2
PR A F=2E, WIBERE L = LR 254 - = L 25 - 24
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H D-2 U 4 Fh s pE 2 i, WF 7038 B P e 22 B
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FUNE 5 PR ALK, TR IZ 2 MRS R
&P SOD F1 GSH-Px & &, FilbidE i s,
AW TG, Zoit BEva A R S B B S 1 25,
PR 2 R B P s, Ui EE R 2 A
MRS = L2 M R =L 2R . (R
BRI = L2 PE 2 R Ak, IXFR 8- 2 i
Z A 2 A AR R

ARG RFH, =L 2 R EeE
2904 3%. WUt gt, SEREE R
—=H#ELIN 1000 t, FHAFEAY, 2730t E
I PE 2 Bl R 7204, R, X = L2 s 1
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R R R TOEE R R .

ZHE N KRR B TIHEY, HEVETS
My K/ B REI 22 57 DA S B pR (9 20 i S e 4 7 o0
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B, EAASS R 2 Bh 2 bE, BE A PERA TR
TR, MEMEIERAE . R E
fET: —J7H, PR & RSN T KEAEE
R ILTE 5 T Sk AR 75 B AR e R Bo-401,
7 TH, R AT Ik 5 0 [0 4 Y I 41 2R AR
By (CHO-1). 75 % 2 - I 2 2 0% 122 T 1 o I &
(GCLC) VL EHiamgmRIA, s 5 1 -
ZLYRM 2 p4s MHRT 2 (Nrf2), HI EWE4R iR
B PR RRE#142), You ZE431R1 Sun ZEHI7E 4 A
A My Z AT PR LR s, B FRCR
My RS My, Z 181 2 05 BA o i s s .
— K, My £E 3000~ 100 000 i 22 BT A AL 1% 1
BAEMS, HATREARN T My K AKS SFEEEEA SR
5y eiig, MM PR HPUALIEE; A& My K

AN, WAFERE I E RERIRAD, N flifta it

AN 146-471
KRN =B A3 3 i —4

4% B PNPS-0. PNPS-0.2. PNPS-0.3. 4:#T L p2H

BCATRL, B2 WEH YIS D-H S hE . L-BREHE

D-HEHE D-2LFME L-FTRAARE. PNPS-0 JLFA

S IR, Mo~ 29 152; PNPS-0.2 1 PNPS-0.3

NERVEZRE, &H D-EIANERERRA D-H € IR ,

My 53124 173 876 1104 201. A1, PNPS-0.3 [f]

WS IR & B iR e, L7 B L PNPS-0.2 5 5 27.58%.

L, & M, FE B R & & 5 3

PNPS-0.3 I i {f T PNPS-0.2 1 PNPS-0 ({1 Fi 41k

Wk AHETER Y, R BB B LR » PNPS-0.3

XEANFIRRSEH) B 2k B RIS ERIEYE,  HigER

8 /11T PNPS-0.2 fil PNPS-0. it — DR 40l /K

by ARSI 30 A I A B A A Bl R AR A AT

S M, A3 AR A S5
gi BRIk, AR LA IR OO R AR VI

Mo R =B ZRESIEET TIRANSZ Y,

T 1 HPUAARE ST, FFHIE W T SR AE 12 (8]

WAESCHK, ] A 24 B T RS 0T RN F S B

(RRIE e SE B NI SRR A
FlBAR PAEABPARGEEABYR

SE 3k

[1] Guo Q Q, Li J, Chen G Y, et al. A comprehensive
comparison study: The impacts of gasifying agents and
parameters on Chinese herb medicine residue gasification
[J]. Waste Biomass Valorization, 2021, 12(6): 3059-3073.

[2] Li XM, Chen F, Wang X K, et al. Innovative utilization
of herbal residues: Exploring the diversity of mechanisms
beneficial to regulate anaerobic fermentation of alfalfa
[J]. Bioresour Technol, 2022, 360: 127429.

[3] /R, BIEZE, SR, &, ME#RE-LEH)5HE/
HEVEFH) H9c2 LWL E AL 1405 RO AE L[],
o IR R 25 B 22 2% 35, 2022, 38(2): 113-117.

[4] Lei W, Li X, Li L, et al. Compound Danshen Dripping
Pill ameliorates post ischemic myocardial inflammation
through synergistically regulating MAPK, PI3K/AKT and
PPAR signaling pathways [J]. J Ethnopharmacol, 2021,
281: 114438.

[5] LiuYH,LiS, PuM D, et al. Structural characterization
of polysaccharides isolated from Panax notoginseng

medicinal residue and its protective effect on
myelosuppression induced by cyclophosphamide [J].

Chem Biodivers, 2022, 19(1): €202100681.



« 110 -

FED 2023F 18 $54% B1  Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 1

(6]

[7]

(8]

4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Qi H Y, Zhang Z P, Liu J Q, et al. Comparisons of
isolation methods, structural features, and bioactivities of
the polysaccharides from three common Panax species: A
review of recent progress [J]. Molecules, 2021, 26(16):
4997.

T, B, w2, & HERILLH GCP-1 M55
gifl . BERRAE KT RIE AT (7], ThEg, 2021,
52(3): 635-642.

Jia X J, Ding C B, Yuan S, et al. Extraction, purification
and characterization of polysaccharides from hawk tea
[J]. Carbohydr Polym, 2014, 99: 319-324.

Qin X M, Fan X P, Zhang L Y, et al. Extraction,
purification, and  structure  characterization  of
polysaccharides from Crassostrea rivularis [J]. Food Sci
Nutr, 2018, 6(6): 1621-1628.

Fan Y J, Lin M C, Luo A X. Extraction, characterization
and antioxidant activities of an acidic polysaccharide
from Dendrobium devonianum [J]. J Food Meas Charact,
2022, 16(1): 867-879.

XuYQ,CaiF, YuZY, et al. Optimisation of pressurised
water extraction of polysaccharides from blackcurrant and
its antioxidant activity [J]. Food Chem, 2016, 194:
650-658.

Duan S Y, Zhao M M, Wu B Y, et al. Preparation,
characteristics, and antioxidant activities of
carboxymethylated polysaccharides from blackcurrant
fruits [J]. Int J Biol Macromol, 2020, 155: 1114-1122.
Zhu R G, Zhang X Y, Wang Y, et al

oligosaccharides from hawthorn (Crataegus pinnatifida

Pectin
Bunge var. major): Molecular characterization and
potential antiglycation activities [J]. Food Chem, 2019,
286: 129-135.

Lv Y, Yang X B, Zhao Y, et al. Separation and
quantification of component monosaccharides of the tea
polysaccharides from Gynostemma pentaphyllum by
HPLC with indirect UV detection [J]. Food Chem, 2009,
112(3): 742-746.

Qiao D L, Liu J, Ke C L, et al. Structural characterization
of polysaccharides
Carbohydr Polym, 2010, 82(4): 1184-1190.

Fan J, Feng H B, Yu Y, ef al. Antioxidant activities of the

from Hyriopsis cumingii  [J].

polysaccharides of Chuanminshen
Carbohydr Polym, 2017, 157: 629-636.
Xie J H, Wang Z J, Shen M Y, et al. Sulfated

modification, characterization and antioxidant activities

violaceum  [J].

of polysaccharide from Cyclocarya paliurus [J]. Food
Hydrocoll, 2016, 53: 7-15.
He J Z, Xu Y Y, Chen H B, et al. Extraction, structural

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

characterization, and potential antioxidant activity of the
polysaccharides from four seaweeds [J]. Int J Mol Sci,
2016, 17(12): 1988.

Huo S H, Wang H Y, Chen J, et al. A preliminary study on
polysaccharide extraction, purification, and antioxidant
properties of sugar-rich filamentous microalgae
Tribonema minus [J). J Appl Phycol, 2022: 1-13.

Romanet R, Sarhane Z, Bahut F, et al. Exploring the
chemical space of white wine antioxidant capacity: A
combined DPPH, EPR and FT-ICR-MS study [J]. Food
Chem, 2021, 355: 129566.

Wang L B, Li L Y, Gao J Y, et al. Characterization,
antioxidant and immunomodulatory effects of selenized
polysaccharides from dandelion roots [J]. Carbohydr
Polym, 2021, 260: 117796.

Yuzbasioglu D, Mamur S, Avuloglu-Yilmaz E, et al.
Evaluation of the genotoxic and antigenotoxic effects of
exopolysaccharide pullulan in human lymphocytes in
vitro [J]. Mutat Res Genet Toxicol Environ Mutagen,
2021, 870/871: 503391.

Zhou T Y, Xiang X W, Du M, et al. Protective effect of
polysaccharides of sea cucumber Acaudina leucoprocta
on hydrogen peroxide-induced oxidative injury in
RAW2647 cells [J]. Int J Biol Macromol, 2019, 139:
1133-1140.

Liu M, Li S S, Wang X X, et al. Characterization,
anti-oxidation and anti-inflammation of polysaccharides
by Hypsizygus marmoreus against LPS-induced toxicity
on lung [J]. Int J Biol Macromol, 2018, 111: 121-128.
Zhao B Z, Summers F A, Mason R P. Photooxidation of
Amplex Red to resorufin: Implications of exposing the
Amplex Red assay to light [J]. Free Radic Biol Med,
2012, 53(5): 1080-1087.

Chakraborty S, Hill A L, Shirsekar G,
Quantification of hydrogen peroxide in plant tissues using
Amplex Red [J]. Methods, 2016, 109: 105-113.

Y], BB, KRS (Lt =t AlH kK
& [J]. PEIMCEHZ, 2018, 20(3): 247-252.

Liu C X, Cheng Y Y, Guo D A, ef al. A new concept on
quality marker for quality assessment and process control
of Chinese medicines [J]. Chin Herb Med, 2017, 9(1):
3-13.

RIS, YRR, dkitie, & BT R E ARSI
24 i B hr B (Q-Marker) ) R BL SR MG K S [7].
24,2021, 52(9): 2557-2565.

RERE, AN, BREH, & AT TR MR
24 b S (Q-marken) I LR 42 [J]. HHELZY, 2018,
49(1): 1-13.

et al.



FED 2023F 18 $54% 1 Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 1

=111

(31]

[32]

[33]

(34]

[35]

(36]

[37]

(38]

[39]

XEZFE, Bk, B, & R REREY
(Q-Marker): H 27 fin 5L PSS HUHE S (7], ThEE2y,
2016, 47(9): 1443-1457.

Pan J J, He S Y, Shao J Y, et al. Critical pharmaceutical
process identification considering chemical composition,
biological activity, and batch-to-batch consistency: A case
study of notoginseng total saponins [J]. Chin Herb Med,
2020, 12(1): 29-35.

Feng S L, Cheng H R, Xu Z, et al. Antioxidant and
anti-aging activities and structural elucidation of
polysaccharides from Panax notoginseng root [J]. Process
Biochem, 2019, 78: 189-199.

Wang C X, Zheng L Y, Liu S N, ef al. A novel acidic
polysaccharide from the residue of Panax notoginseng
and its hepatoprotective effect on alcoholic liver damage
in mice [J]. Int J Biol Macromol, 2020, 149: 1084-1097.
Tang Z J, Huang G L. Extraction, structure, and activity
of polysaccharide from Radix Astragali [J]. Biomed
Pharmacother, 2022, 150: 113015.

XuJ Q, Zhang J L, Sang Y M, et al. Polysaccharides from
medicine and food homology materials: A review on their
extraction, purification, structure, and biological activities
[J]. Molecules, 2022, 27(10): 3215.

Chen H X, Zhang M, Xie B J. Quantification of uronic
acids in tea polysaccharide conjugates and their
antioxidant properties [J]. J Agric Food Chem, 2004,
52(11): 3333-3336.

He P F, Zhang A Q, Zhang F M, et al. Structure and
bioactivity of a polysaccharide containing uronic acid
from Polyporus umbellatus Sclerotia [J]. Carbohydr
Polym, 2016, 152: 222-230.

Wu H, Min T, Li X F, et al. Physicochemical properties
and antioxidant activities of acidic polysaccharides from

wampee seeds [J]. Int J Biol Macromol, 2013, 59: 90-95.

[40]

[41]

[42]

(43]

[44]

[45]

[46]

[47]

Wang Y F, Yang Z W, Wei X L. Antioxidant activities
potential of tea polysaccharide fractions obtained by ultra
filtration [J]. Int J Biol Macromol, 2012, 50(3): 558-564.
Cho Y C, Park J, Cho S. Anti-inflammatory and anti-
oxidative effects of luteolin-7-O-glucuronide in LPS-
stimulated murine macrophages through TAK1 inhibition
and Nrf2 activation [J]. Int J Mol Sci, 2020, 21(6): 2007.
Loboda A, Damulewicz M, Pyza E, et al. Role of Nrf2/
HO-1 system in development, oxidative stress response
and diseases: An evolutionarily conserved mechanism [J].
Cell Mol Life Sci, 2016, 73(17): 3221-3247.

You R X, Wang K P, Liu J Y, et al. A comparison study
between different molecular weight polysaccharides

derived from Lentinus edodes and their antioxidant

activities in vivo [J]. Pharm Biol, 2011, 49(12):
1298-1305.
Sun X Y, Wang J M, Ouyang J M, et al. Antioxidant

activities and repair effects on oxidatively damaged HK-2
cells of tea polysaccharides with different molecular
weights [J]. Oxid Med Cell Longev, 2018, 2018: 5297539.
Xu Z, Li X, Feng S L, et al. Characteristics and
bioactivities of  different molecular weight
polysaccharides from Camellia seed cake [J]. Int J Biol
Macromol, 2016, 91: 1025-1032.

Zhang X F, Luo Y Y, Wei G, et al. Physicochemical and
the

polysaccharides from Dendrobium officinale and their

antioxidant  properties  of degradations  of
suitable molecular weight range on inducing HeLa cell
apoptosis [J]. Evid Based Complement Alternat Med,
2019, 2019: 4127360.
Liu S, Zhuang X, Zhang X, et al. Enzymatic modification
of rice bran polysaccharides by enzymes from Grifola
frondosa: Natural killer cell cytotoxicity and antioxidant
activity [J]. J Food Sci, 2018, 83(7): 1948-1955.
[Friesmst ALl



