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Abstract: ‘Zijia 1’ is a new variety of Acanthopanax senticosus bred by our team, its tender stems and leaves
characterized with gray-purple color and sweet taste. This study is aim to isolate and purify the polysaccharides from the
tender stems and leaves of ‘Zijia 1’ , and determine the monosaccharide composition and molecular weight of different
fractions obtained after separation, and the antioxidant activity of each fraction was evaluated. The crude Asenticosus
polysaccharides (ASPS) were obtained from the tender stems and leaves of ‘Zijia 1’ by water extraction and alcohol
precipitation,, which were then separated and purified by DEAE-Cellulose 52 ion column and Sephadex G-100 gel column
to obtain a uniform component. The ion chromatography and gel permeation chromatography-refractive index-multi-angle
laser light scattering method was exploited to determine the monosaccharide compositions and molecular weight of the
polysaccharides fractions. The hydroxyl radical ( - OH) , superoxide radical (O, - ) and 1, 1-diphenyl-2-picrylhydrazyl
radical ( DPPH) scavenging ability were determined to evaluate the antioxidant of each fraction in wvitro. Four
polysaccharides ASPA-1-1, ASPA-2-1, ASPA-3-1 and ASPN-1 were isolated and purified from ASPS, with molecular
weight of 8.10, 26.15, 0.91, 0.89 kDa, respectively, mainly composed of arabinose, rhamnose, galactose, glucose,
xylose, mannose, ribose, galacturonic acid and glucuronic acid in different proportions. The ASPA-1-1, ASPA-2-1,
ASPA-3-1 and ASPN-1 from ‘Zijia 1’ demonstrated significant scavenging activities on +OH, O,  + and DPPH free
+OH and DPPH is higher than ASPA-1-1, ASPA-3-1 and ASPN-1;
ASPA-3-1 has the strongest ability to scavenge O, - . Therefore, the purified polysaccharides from ‘Zijia 1’ has

radical, the ability of ASPA-2-1 to scavenge

obvious antioxidant activity, which provides a scientific theoretical basis for its further utilization.
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70 CHETZREE R0, R T AR R T
B TP N RGO AE

107 - AB-8 SR AL IR B A% i (b 503 3k R
AR T G EATAL[ U1 %5 3% (FE M) A R 5T
fE25 7l ] ; DEAE-Cellulose 52 . Sephadex G-100 & A
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B SEALEN 2R WRBLRR AR = EhiR 4EA R
C(Ve) K#R . Tris FEL IR W 4% 55 ¥ 0 [ 7= 4
Mradi

1.2 {425

DZF-6050 .25 T 48 ( i —fH R =AU AR A
BN 7)) LALPHA 1-2 LD plus EL25 W R TR AL (12
[ Marin Christ 2 7)), UV-61008 454 a] WL Y6 % i
T T ER A BRA A ) O XH-T e iR 1R & 4%
(= 1448) . Reacti-thermo X, "33 1% ( Thermo) .
1CS5000 & F {4 3% { ( Thermo) , OPTILAB T-rex 7~
LK #8 (Wyatt) .DAWN HELEOS- 1T 306 % i it
K% (Wyatt)

1.3 ik

1.3.1 Z4Ea94R B R HAOK & ik L B 2 4 (I
HEZNEF,2022) , FREUEE i 300 ¢, TA 5.0 L 4K
12 2.0 h J5 EA7 A5 A DB H ik 4 2 TR AR
W 1/5, T3 500 ¢ » min” FES.C> 5 min, B IS
W, 28 AB-8 KALMZBHA BEAE (10 cm x 30 em) B4
W R IMATCK LR E 95% ,4 CHREVL 12 h,
BUUTTE , -30 C HAS R TS 13 Z 4 ASPS,

1.3.2 $ 84262 RARE -6 E N
RS 2R R (T ASF,2019) , FREUCEK
HI I BEARE L 10 mg, ¥ T 100 mL fyB 2K 4K
W HL 0.0.3.0.6.0.9.1.2.1.5.1.8 mL R 1ER
T RE Bk ERE 2 mL, ARK A 6% 4
By 1 mL FIHEARIER 5 mL, ¥22) J5 & 5 min, B 7K
R 15 min, @ 2 Z I, W E 490 nm A9 O
BE o LUFCRMREE (g - mL™) 9B AR bR O
G\ A b 2z b o R bR E I R IR Ry =
0.014 1x+0.005 6, R* = 0.999 5, JC /K i % ¥ 1
15~90 pg - mL' ALt R i,

FREUASPS 10 mg, #B4LK KM HERZE S mL,
B2 mL TR, A EIRAETR AR, 7E 490
nm A0 RE WG RE 38 3 AR A S 2 &

m XV, XN
my, X Vg x10° *

K m A AR HE & A B 0 2 HE R (pg) ;
V, RRE SRR R (mL) 5 Ve R I SE B R AR R
(mL) ;N AR BEREE ABFSEE 15100 1 g=10°
ug;moﬂﬂ#rﬁrﬁﬁi(g)o
1.3.3 340 B4 (1) ZHNEFRHmt%
AR VR BE 20 B7 - FREX 10 mg ASPS ¥ f# T 10 mL
Ha/K P AE 4 °C 3500 r - min”! £ TFEL 10

FH(%)= 100,

min, B _F 35 7, LA 2 DEAE-Cellulose 52 & T
(2.5 em x 45 em) KR HBLEKF 0.1 ~1.0
mol + LY NaCl W HFAT VRN, A 55 - d7,
R WCAE R 5 mL, B W H 1 mL R R ) -
TR L TE 490 nm bW 7 WO BE, DA AS 550h i A
i, WO B R A B AR TR T 2k

(2) ZH B T2 3 AE 2 AT 45 PRI 10 ¢ ASPS
7T 200 mL LK ARIH] 4.0 L 4K HN 0.3
0.6.0.8 mol - L[} NaCl ¥V v Bt , 158 72 Wik Ky 5
s o WCHE VR BV, DR VR 4 JE AR B o T R
3.5 x 10’ Da HENTASRR L RO R R T & H .

(3) ZH ) Bk B Ao 8 )2 B 1 5 - PR BB i LR
ZERE SV T 4K £E10 000 1 -
ZUTEO, B EWE, FEEMST Sephadex G-100 %
JEAE (1.5 em x 100 em) H, PEBEHB B 21K | i
F10 s - d7, R WCAE PENLE 10 mL, R348 W HX 1
mL FHZR I - B BRI 7E 490 nm AT 58 WG | LLAE
BB AR OB EE AR AR 2 I pE B M e, B
VeI | e U TR A7, BN glifb J5 i 38— 20
1.3.4 o F a2 RHBEROIE-RE-ZME
WO (3% R G0t 20 4+ a5 24700 2 (5
TBAF,2020), FRHGE & Z B S HT 0.1
mol + L #J NaNO, I WA 1.0 mg - mL™, 58
VR L 0.45 wm (U8 BT U8 7B = R AR
P HEATAG I, SR Astra 6 B0 AT A FEBCHE

7R 22K 4% : Optilab T-rEX ( Wyatt technology,
CA, USA) ; #O6OGHS K2 I £ . DAWN HELEOS
I (Wyatt technology, CA, USA) ; &E i HE BH {4 i+
[ OHpak SB-805 HQ (300 mm X 8 mm) ,OHpak SB-
804 HQ (300 mm x 8 mm ), OHpak SB-803 HQ
(300 mm x 8 mm) ] ;3 s0IAH:0.1 mol - L' NaNO,;
PEFEE . 100 Wl i # : 0.4 mL - min™ 5 325 B A6 B .
S 100 min, #3145 °C,
1.3.5 #4855 H KM Thermo 1CS 5000 & f
G R, 456 A 22 R I g E 1T SOE 2 R
(SRARIRAE 2021 ) , LA BE0E  BTRLATmE | B2
EZUNE AN RWE CH R R OB R FLRE
TR | il BTN | A 7] W T R PN 8 W T 1R Oy A
W o FREUZ BERE S 5.0 mg T @3S, mA 1
ml 2 mol - L' = LB (TFA) %W T 121 CF
KA 2.0 h, B, KT IR A B B Ve T,
B VER T R 2~ 3 IR B SE 4R TFA, N
I i TC TR K 220 e A B R R

.1 .
min~ X 5 min
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6, 3% 4% 1F . Dionex™ CarboPac™ PA20 (150
mm X 3.0 mm, 10 pm) P& F @ik, dEkEE .S
L FBhAH A S8 0.1 mol - L' NaOH, i 5 4H B
0.1 mol - L NaOH;0.2 mol + L' NaAc; it #.0.5
mL + min” ;EI_?J]EI‘L:?)O C.
1.3.6 AAFE LM Z (1) - OHIEFRAE S 5E .
K K A B2 2 0 5E £ B X - OH 5 B AE 11, AR 95
Fenton i ;=4 1)« OH 5 /K45 88 I i, 7€ 510 nm
b HE A T, ST AR A AR B A €40 TR
/0 AT 3E O BE A RN R W BR - OH Y fig
H1, B EBEBEE(2021) W05, RINE S, FREL
R A Tl s Ak BCRAR R BT iR (0.1,
0.3.0.5.0.7.0.9.1.0 mg - mL™") FIVAT, 43 FI W 2
mL T T, A 9 mmol - L7 AY B R V4% %5
WA 8.8 mmol - L At AL H W (3%, V/V) £ 1
mL, #2251 mL 9 mmol - L /KR — £ 5
W, FHR AT 37 CF R 1.0 h, £ K 510 nm
AT W ERE , ALK FNZEAE 28 C(Ve) TR
25 AN IR AIBH X IR A 3 WK,

XF - OHA I BRI 1 .

. Ay =4,

HERE (%)= (1- A

Ky A AR RS OGRS A INA
FE VG 5 A AN e 480 Ak 00 A g
TR

(2)0,” - WEBRAE I 2E - R AR R =T A 4
LI e Z X0, - 5 BRBE T, S 2K = M 7
PEZF TR A EA R0, - INABTEAF &
PO R A R I gk e AR O ¥ A, 7E 325 nm
T aE W OGRE B /N R HI PR T, 2%
WvEAE (2018) W5 ¥, IR A & 2le ., FR L 2 0 6y
AT Al K E A T BT i RE (0.1,0.3
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mL ?lﬁ%tp,j]ﬂ/\ 4.5 mL 50 mmol + L' {4 Tris-
HC1 28 wPi (pH 8.2) , 15 25 °C 45F F ¥ 20 min,
B 0.5 mL 25 mmol - L™ 487K = WA, [ 5
min A 1 mL 10 mmol « L3 HCl I & IF
N, T 325 nm 20D E R OEE . DL Ve AR BH
XTHR 10 mmol - L' HCl % W /E 25 A X IR, & 42
3K,

XFO,™ « B BRI

S A 2% _ _AZ_A3
HERFE (%)= (1 1

) x 100,

) x 100,

1

Kby A CHEKARERE S OB ; AN IA
FE S B OGE 5 A, A 80 R — I 7 T 4l /K AR
Bt

(3)DPPH {5 BRAE S0 %€ . R F DPPH 3£ % £
GRS T 2 R AR B Y B DS 7 M = W A o P e
B, DPPH ¥ HH IR 55 (48 IR B4 76 517 nm |
W' FE ARG, WO BE 19 AR Ak 5 2 27 i B0 E
WRR, AR AT T, 2% E Ak
A5 (2019) W77 IFRIINME S, FRERZ B K | ¥
Tl gl K B RN [R5 R (0.1,0.3.,0.5,
0.7.0.9.1.0 mg - mL™") AUV, 20 9 B 2 mL F
WA A 2 mL 2 mmol - L") DPPH-TC/K 2,1
VBT ,25 C Y 30 min, 7F 517 nm 2 52 T
JERE . LA Ve IR BH X R 4tk ka8 A xR,
wHE 3K,

Xt DPPH 7 BTG % «

A,-A,

HERFE (%)= (1- A,

Aoy A AR ARG OGRS s A A
FEAIE TR W ICRE 3 A, DPPH-TG/K £ B i T 4
4l K AR I OB
1.4 #HEL IR

fdi Ff Excel 2010 #F2: 1 L) e SPSS 21.0 #
AT I 22538 o

2 HEREAH

2.1 SFERNMESENE

U2 hn 150 FEAL 300 g 2BOK &g B
Ut AB-8 FCFL WL AR A ok 2 Mot €, vie 4 1 0 J 45 31
MMM AK 59.19 ¢, 155K 19.73% , ZHE S &N
(8.41£0.09) %,

2.2 Fi DEAE-Cellulose 52 #| &S E &

W& 1 fit7s, ASPS 76 DEAE-2F 4 24 | 14k
PEVERG 5Bt 4 N0 43 0% R 27K (0.3
mol « L' NaCl.0.6 mol - L' NaCl 1 0.8 mol - L
NaCl ¥E9 . MKUCH 4 L R Ve 4> 85 ASPS, Uk
J R 2 ek R v 4 B T S R TR R AR R 4 A
4% 44l ASPA-1, ASPA-2 ASPA-3 I ASPN, 15
BRI 7.41% 4.87% 4.07%H1 3.29%

2.3 Z¥EH) Sephadex G-100 ITiEEHER

ik 4 421 43 48 Sephadex G-100 #E i 4 40 1k

GERNE 2 froR, ZBERAE SIS 1 205 B —

) x 100,
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W I BH EG Sk 43 o E — 2 1 R 1 3 — 44y, IR
EVERLIE 15 B R [ 950 1) 28, A 44 1 ASPA-1-
1.ASPA-2-1, ASPA-3-1 fI ASPN-1, 153 K K Ky
1.49% 2.13% .6.24% 1 2.43% ,
24 HFENE

FERB 3 (0 | 2 A0 B2 WO OGO R 4% 5
TN ZE PRI B BT 22 W 43 0 A 5 R
%21 i/x, ASPA-1-1  ASPA-2-1 Fil ASPN-1 £ 43k
FREHET 1.0, Uk B AR X 43 03 5 43 A1 B H 43 K
PE, ASPA-3-1 Z 43 WU 48 Bl K, 45 41 70 19 e e
12 5 H 4 5 B RN A — B
2.5 BIEAD S

RO WA 8 vl R OR U N ST R
A R 3 FR SO bR 3 B TR SRR
Ul B A B o £ 3 0 0 B A SR TN B R 0
PR ATE B R I OB R S S L A AE B
S, UNE 4 FER 2 s, o ASPA-1-1 hp 2L bR
FEE TR & B e i, ASPA-3-1 H ) 8 A S TR &
B, ARG I D A% s ASPA-2-1 AL BE
B a2 FUMBE BRI 2 ; ASPN-1 4 4 2 B
5, oA D OB T R, RS R T BT R AR bR S
Wb 5 4 A Z 05 S RGN B BRI R | H BR b
TR T2 PSR

DEAE-Cellulose 52 gradient elution curve of ASPS

2.6 MALFHENE

2.6.1 -OHAWAFREES WE S iR, A FRZL
WELH X - OHH H 2R TEFRACR 5 20k 5
BOCR,IF HIEBR BT HPEXT IR Ve, B
WM 1.0 mg - mL"' i}, ASPA-1-1, ASPA-2-1,
ASPA-3-1 fil ASPN-1 X} - OH % ¥ B % 43 B 4
48.94% 96.07% 48.22% 1 67.81% , %} + OHTH [
AE 114 1C 5, fEMKIK N ASPA-2-1(0.17+0.008 ) mg -
mL"  ASPN-1(0.36+0.033) mg - mL" ASPA-1-1
(1.35+0.336) mg - mL"  ASPA-3-1(2.01£0.050)
mg - mL" 1C, {8 /N R B ) SE 05 B fig ) B o
Hor  ASPA-2-1 35 K% - OHRE J1 Bk

2.6.20, - awAFRIES WK 6 PR, M
BERYE I, A 7] 22 0 40 43 %0, - 1Y BR A 1
SR, I —E BV BE OB OF BV BRI AR T
FHPEXT I Ve, M@K E N 1.0 mg + mL" B,
ASPA-1-1, ASPA-2-1, ASPA-3-1 HI ASPN-1 X%}
0, - BIEBRRD 5N 34.30% ,46.84% .48.31% Al
16.58% ; %70, « THFRAE T I 1C, (AKX Ky ASPA-
3-1(1.29£0.037) mg - mL"', ASPA-2-1 ( 1.49 +
0.045)mg + mL"', ASPA-1-1(5.03+0.253) mg -
mlL" [ ASPN-1(7.56+0.160) mg - mL", IC, {E #& /)
T A B RRAE IR, ASPA-2-1 il ASPA-3-1
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THERO,™ - ey aeum , 1 H ) % W T 1R RN~ ZLOpE
2.6.3 DPPH A wAF RS WK 7 iR, AFRZ
BE2H 53 %7 DPPH [R)35 BR RE 1 a3 — 25, S BE 5 ik B
A 1E I 28 ST RG 0, I EL T R 238 4 208 T BH P % AR
Ve, MR EWE N 1.0 mg - mL"' B}, ASPA-1-1,
ASPA-2-1 ASPA-3-1 Il ASPN-1 %} DPPH )7 k5 %
WK K 89.17% . 89.02% . 89. 07% 1 76. 18% , Xf
DPPH ¥ BRBE 71 1Y 1C,, fEAR K ASPA-2-1(0.01 =
0.003)mg - mL" ASPA-1-1(0.14+0.002) mg - mL" |
ASPA-3-1(0.15+0.017) mg - mL" , ASPN-1(0.50 +
0.002) mg - mL", A FHA/NG5IHBR A B 2 fE
LIRS, ASPA-2-1 % DPPH HT5RERAE 1 fiesi

3 W54 n

A 3 A 7K HRE BT A5 2 30 0 R A AR ¢ 5%
hn 15 ML Z 4 (ASPS) , ASPS 4 DEAE-Cellulose
52 It Sephadex G-100 2 #7435 4lifk , 15 3 4
A% B 4H 4 ASPA-1-1, ASPA-2-1, ASPA-3-1 #l
ASPN-1, H rft ASPA-1-1,ASPA-2-1 F1 ASPN-1 £
SR B 1.0, Ul B AR X 43 5T 4 3 A B R
Sy HCHE 2 B Z2 B8 A X 2 - B A AV LA AR
4 BE 7 ( Hu et al.,2017) , ASPA-3-1 £ /4380 PE+E
Bk, T RE R H Ay 85K 4 o0 A AN 40, NI 3
Hr TR ( Liu et al. ,2019) ;5 H2ER
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x1 AESEASTHNSTFERSHS
Table 1  Molecular weight and distribution of different polysaccharide components
o/ w7 Eig 8% B iR
EZ2 2y . . o . ;
Polysaccharide component Weight average molecular weight Polydispersity Radii of gyration
(kDa) (Mw + Mn™) (nm)

ASPA-1-1 8.10 1.254 19.0

ASPA-2-1 26.15 1.055 33.8

ASPA-3-1 0.91 3.474 23.2

ASPN-1 0.89 1.484 32.6

x2 AEZHEAIHBVEHR
Table 2 Monosaccharide composition of different polysaccharides

EA H UL 5 H 43 e Percentage of each composition
Polysaccharide
component Fue A Rha  Gal Gle Xyl  Man  Fru Rib  Gal-UA  Gul-UA  Gle—-UA Man-UA
APSA-1-1 1.27 16.76  13.75 14.27 1.86 2.14 2.121 0.00 0.00 45.76 0.00 2.07 0.00
ASPA-2-1 1.31 9.07 2.81 11.37 8.37 4.57 2.31 0.00 36.01 22.47 0.00 1.70 0.00
ASPA-3-1 5.50 1.28 0.00 13.89 14.17 10.61 5.58 0.00 0.00 16.31 0.00 32.65 0.00
ASPN-1 0.45 0.00 5.06 16.69  46.92 7.22 21.85 0.00 0.00 0.60 0.00 1.21 0.00

B2 53 B BORE B | e 7 21 A% 18 /N U8 B RE & 1 R
SN (TR ,2019) | HIR S A AL 1 e G 21
&5 F I 43 i K/NIT AN — B, 33X 0] e 2
ZWERE S AEER VAW P R A TR R AR A 4 T S 2
S FRANEAR (B D5 ,2020) , ASHF5E U4
AT LS B 2 ASPN-1 2 4 B B
o7 H B R A D R T TR TR M 2 B ASPA-
1-1. ASPA-2-1 Fll ASPA-3-1 v A 5 2 1 7 25
BRI IR BT o7 LA 45 5, 3X 5 1 A W45 (2015 ) DR
FOINARZE 43 B th 2 UM RS R 5 S S AR AL, A
A2 Bl 15 v 2 B I R B, OF HL
TR T A SR K T 1.10%, ASPA-1-1 FI ASPA-
3-1 50 F 43504 8.10 kDa 1 0.91 kDa,/NF H W
BHAE (2015 ) M 0 o 4 85 0 R 1k 22 0 oy F i
10.0~48.0 kDa, Jii K 0] g f2& P i Fr 7= b 46
RN 5E T3 B AN [ AN ]

KHEBE - OH,0,” + 1 DPPH —F H 311
J5 2 VA I 1 W 0 AR S SRR R D0 R DL
o ARG RNW 4 D2 HEH X - OH 0, - Al
DPPH ¥4 W1 A3 BrVE T, OF Hayr A b he 01 5 bk
TR 2R KOG R RV o 22 vk B A 3 4
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ZBHAESY T 10~ 50 kDa BB S84 BE 7 B s A
B A (2022) I 2 LB R & & 5 Y
WOJP-AVEFR - OHMYREJT58 T WOJP-N FHALL, it K]
Al BE SRR 7 it = HL T 5 K 2 B Re 6% FH Wy
A A T N0k — R 51 [ oy 585 0, I
RS2 5 /R i W h Y ke B A, k2> T
FRFEHE AL (Fan et al.,2019) , 5t [R] A, ASPA-
2-1 %I DPPH 9785 B v] BE 2 0% 8 1% nT LA 16 5 3k
W L EJRF, 5 A RS A R E ) DPPH-H
Zi4h T2 1k A H 3 S 0 (BRI 55,2021 5 2547
F5 4 ,2022) , HIL AT T, 2285 0 BT R AL T T S
Ao BT R e BB 4 R A IR R AH OC (Xie
et al., 2016) , #ECHRIGE R S RHERNZ
WA 50 B A AL B8 77 ( Yan et al., 2019),
ASPA-3-1 75 BRO,” - BB JJ A ii, IC, fH R (1.29=
0.037) mg - mL™, FCE 5 7 % B B R ( 16.31% ) Al
LRI R (32.70% ) , Ji PR AT RE 2 4 I 12 T DA 3
T 5 S b i R R S0 R AR 2 A AL
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