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i EUAHRRRTHMALNRMA, B EHY MK ERIRASL S (Ginseng polysaccharides, GPS) ,
LEEM kKR A & AR, B DEAE-S2 4 F A BAT ) BANF I FASL S (GPS-1) o @& Atk
Bk ik, IR AR RSN T GPS-1 A o TR E . EAEMRALEMAFIE, FINFRT GPS-1 2
ANk 4 4 4 B2, (Human skin fibroblasts, HFF-1) # & % 4= HFF-1 ¥ &M & (Reactive oxygen, ROS) . 7 =g
( Malondialdehyde, MDA) . % Bt Ak if & L 4 8 ( Glutathion peroxidase, GSH-Px) . A28 # 1L 4% 5 L 5%
(Superoxide dismutase, SOD) . £ /&% & 1 (Metalloproteinase I, MMP-1) #+4 /%% @8 9 (Metalloproteinase 9,

MMP-9) 8%k, 4R AW, GPS-1 A¥—W 24, SHBLEA 95.13%, EH5TE 4 2.104kDa, & a-D-# H4E,

a-D-FFUAEEEER . a-D-FT42/a48. o-D-% #EAE. o-D-H#E. p-D-H EHefe f-D-IT £ fa4EH . GPS-1 7T k47 UVB
AT T 69 HFF-1 mfeE e, M= KEH 200 ug/mL &9 GPS-1 &% Bf 7T 2 F #p4) MMP-1 = MMP-9 #9%& 3% (P<0.01)

2 %7 SOD #= GSH-Px #94 % (P<0.01) , £F[4& ROS #= MDA #4 % (P<0.01) , AASSAEM > &bl
AR AT RIRRHZ F Sty B AR T HF2IRIE.
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Separation and Purification of Ginseng Polysaccharide and
Its Protective Effect on Skin Damage by UVB

NIE Mei'?, LI Peng"?, TANG Jingjie'?, ZHANG Pingjun'?, HUANG Dongting'>"

(1.Institute of Biological and Medical Engineering, Guangdong Academy of Sciences, Guangzhou 510316, China;
2.Guangdong Province Engineering Research Center for Green Technology of Sugar Industry, Guangzhou 510316, China)

Abstract: Ginseng polysaccharide (GPS) was obtained from ginseng, a traditional Chinese medicinal material, through an
efficient extraction method in this work. Namely, the extracts of ginseng were first collected by ultrasonic assisted
extraction of hot water, then purified through enzymolysis to remove the starch and protein, and finally refined by DEAE-
52 cellulose column chromatography to get the desired ginseng polysaccharide (GPS-1). The molecular weight, mono-
saccharide composition and structure of GPS-1 were determined by high performance gel permeation chromatography,
infrared spectroscopy and nuclear magnetic resonance spectroscopy. In addition, the role of GPS-1 in human skin
fibroblasts (HFF-1) survival rate and the effect on reactive oxygen species (ROS), malondialdehyde (MDA), glutathione
peroxidase (GSH-Px), superoxide dismutase (SOD), metalloproteinase 1 (MMP-1) and metalloproteinase 9 (MMP-9) were
studied. The results showed that GPS-1 was a homogeneous polysaccharide with a purity of 95.13% and an average
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molecular weight of 2.104 kDa, which was composed of a-D-glucose, a-D-galacturonic acid, a-D-arabinose, a-D-fucose, a-

D-ribose, f-D-mannose and S-D-arabinose. Moreover, the cell experiments confirmed that GPS-1 could protect HFF-1 cells
from UVB irradiation, and the expression of MMP-1 and MMP-9 could be significantly inhibited by GPS-1 solution at the
concentration of 200 pg/mL (P<0.01). Further study revealed that GPS-1 could also significantly increase SOD and GSH-
Px content (P<0.01) and decrease the contents of ROS and MDA (P<0.01). These results would provide a scientific basis
for the isolation and purification of ginseng polysaccharide and its application in the development of anti-aging products.

Key words: ginseng polysaccharide; separation and purification; ultraviolet radiation b (UVB); anti-aging; human skin
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Je RS AR B N2 3B, IR ) B A R 4h
2R 3 R . AR DA AR, SRR AT LS h
UVA(320~400 nm), UVB(280~320 nm), UVC (100~
280 nm) . KA REJENT UVC A E5R R ILRE
J1, FGAHBER R 1 Y £ Ak FEE UVA F UVBHY,
UVB B3 K AT DNA FIEE 5 A9 WIS g F T,
BRI R O e BN HR B 1 B 43, 15 & I R AETE
S pReEAb T EZ OERP Y, R UVB RS
B R LU 1 ROS B R, #E A T WA
R HE 71, S S04 A REE Az 461, AR At Ak AR o A
MDA, BT gu L gs - i 5 | e a4k ik, I+
KA RERIN ST BRI T 258 . ] UVB X 52
FRAGI S SR U 2 A2 BRI 22 A5G

NSHER—Fg 2 T IIL T2 by
M, B ROR S FE AT . 2 hE . R R LR
SEO R RURSY NS BT IS bR e sk, Hzk
HIDIREC & T R I SE B AR FERA U, SR 1T,
NSRS PR E B2 0 (A 5 B R 40%) 8%
AIFRNFETIWESE, LRI A S 2T R4 p
EHBAPURARE Y, T BRI 2 U S AR B,
LY B sz S Akt BHATiR = A=
ZHETE S RP T Z T TS . DB IE T,
AN AR AN S P R HR AT il . AR g sy
T UVB 3 HFF-1 iR, 25 58 Bz b /K S22 ) %F
UVB S R AT AR R, 45 SRR B s /K
YA B T B AN s i AR 13, IR B HELR 5
BHIIIRL . TERU EE sy o E A SRS A
Pk U048 PN B2 AN 55 S ) o S AR AR 2 0, 2 2208
T anie L N B2 22-1 (Endothelin-1, ET-1) | i
50— 4 1k & & B (Inducible nitric oxide synthase,
iNOS) . ROS & A%, PN E2 B—4{b A& i (Endo-
thelial nitric oxide synthase, eNOS )& 1=, DNMT1 |
EZH2. Bmi-1 ZE 1 5 R EFT L& . 400 DNA H 5L
AAKPBAS R T YET, FRIATE S Z20E T DAKESE N 41
fosess . X AAS A0 3 s ali A A 3K B AT it 22 0,
DA IN BT oA ), iP5 T e et ilindbc
TEEAEH, S5 RERVI R AR 20 n) LA 2 K T
B s i 3, X iR A AN e A R e A —
FIHRIEVE FH o ARG F] FH 75 Tl BaoF 2R B ASE HRufff
ST RLI R R U AR, SCge 2 BH AR 2L
AR REIE R LR e A5 1, BRI AR N R H R AH

5, P AERLAA T b TRE J1 A AR N b4 Lk
HifE 1, BAT B i i

X B alifbfa A S ZWEE R RbiE 207
T ST A /D UL, DRI, AR SCHil A T NS 28, Xt
HEAT I — PRI A2 | I3 FRAE M I S% B R 2 DAL
PR, S NS ZZHE0 5 B Al M A SIS R IR 7 T
IR SRR AR
1 #R55E%
1.1 MRS

ANS TR MEARZE Wb L ET 258 T
Y5 a-VER B (BFRE J7 4000 U/g) . AJRNAE - i (RIS
713000 U/g)  4i#ral, 22 se il AR AT TR
Al K EE TR, S3rbali; 4803 a 22 2R
i HAS Shodex 2\ F]; Cell Counting Kit-8(CCK-8)
RFNE . AFEFIEMEE(ROS)ELISA =57 & . AR
N (MDA)ELISA 56 . AR B H A 4R
TPt (GSH-Px) 37 & . A 3L 5T S AL i B AL iy
(SOD)ELISA ikl &  IRINFRAEM R A R
"l A4 REEEE 1 (MMP-1)ELISA &7 &. A
R4 B S 9O(MMP-9)ELISA )& A
BHEYIEAR RN B F] o

TDZ4-WS BL0HL g S MCGE DU RS A
BRZS ]l ; DNM-9602 FfffR4r#ri  dbat 3 B iR
A PR F]; BHC-130011B2 A= 2eAi TR 4o
1154522 F]; Thermo Forma 3111 CO, [EIREEFF=4H
Z£[E Thermo 2y H]; XDS-500C Bikts  #ggREG
AL BT RN T3 UV-1750 £240-1] W 435656)08 3.
GPC-20A EEBEIE AL . RID-20A 7= 2547 5GA
% HAHEAT] iS10 Z/MFT-IR) JGREY. 25
JE & J143 7] ; AVANCE 111 400M AZ G TR e 384X
15E BRUKER; TSKgel GMPWXL /K AHEEIE (A 14

AR () ZE YR A BRATF .

1.2 SLWHE
1.2.1 ASHIZHE(GPS) AUl S 3k [18] il
FASHZEZM . FRICT R S SRR, B T3
FEBEAR Y, B HE 1:30(g/mL) I A EE FIK, 78
70 °C iE . 60 Hz #7523 F2EL 30 min, FRATR
RHNE B0 (6000 r/min), B RI1HW . 1 _LiEw b
AL A ST TICK B TR, BB TE—20 °C A5
FEEDL 24 he G BEICAEUTTE, B HO A BLas TR A
(70 CHH RS, RIS ASHZHE(GPS), & H.
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1.2.2 GPS zlift. =2 3CHk [19] X GPS #174lifb.
FIH o-TEMBGF IS bR FREEILAY GPS MITER . K%
FREL 10.0 g GPS, H/b @& X B F/KBEMIEHEE
1000 mL ZEEJiH, 2B F/KES, 192 10 mg/mL
B GPS IHF W . MIFELHILT A4 GPS IF W H in A 800 U
a-TERE, 50~60 °C EEf#: 30 min, SRJGHAL B KIS
A 5 min 2R FE N . SRR B A RS B0
(4000 r/min, 10 min), WA 15U -

FFHA TN AR IR ERHUY GPS i ER
JBio ¥ 200 U ARJRE HEFIA_FIREEE T, 30~40 C
i 2 h, SRIGHAL BB /K I IR 5 min £ 1k i
RV o TR 2R S 1R B0 (4000 r/min, 10 min), Y&
S Y 7 2

B EIERANFAZE 70 °C DIZE RIS 200K,
HWe4E %2 50 mL, [MIHRAE NI 200 mL Jo/K LB, 7
5], =20 °C vKFGURIFERE 24 h, i 3815 3] 5 6 B4R,
TR L as A TP LT (60 C) FEEE, 57 4.8 ¢ Hi
fi# /5 1 GPS.

B f# 5 B0 GPS 4.0 g, BEfil 5% 10 mg/mL AO%
W o VWH DEAE-52 14 2= BRI TAE 2TV,
VAFSES TR Ui, o R e, S5 14E 10 mL.
SR PR3 -Gt iR v X R ATV TRZE. 490 nm Ab 'Y J3 3F
ARG, o HH 2 AT s ()4 TR EA TR, R IR i
WS TR THE(—40 °C), 155 2.5 g ASKGZHE(GPS-1).,
1.2.3 GPS-1 B3 —~H2 0 B ARXT o7 &
SR R B B B AR I 2. GPS-1 BYAHXT 435
R4 . R TSKgel GMPWXL 7K AHEE Iz (5 3%
#E, L 0.1 mol/L NaNO,+0.06% NaN, (5 535§ 7k
R BIAH, W 0.6 mL/min, KR 35 G, ¥
FEAARFR 20 pLo SRR ZEPTCRINIER, 245 50 2
ZMERRUE S AT ST IR, X GPS-1 195> T HE 0 A 4T
M
1.2.4 GPS-1 FIWIHEHIRAE R ik
%7 GPS-1 #f i 34T FT-IR I3k, ¥ 238 Bl - 400~
4000 cm !, YGIHEITHER 4 em !, {5 BEEE 50000 1, 3
5 64 IR RAZBEHARETE ('H NMR) FliZ iR
3% (PC NMR) X GPS-1 IR L5 E A7 Ak : FR
HX GPS-1 Fffh 5 mg, FAERERS, INA 1 mL 5 Gistir)
(EEIK) FEAF AR, R S '"H NMR #1°C NMR
%,
1.2.5 dUMEER3R . 400G 1k SRS 10% fqd-
175 1 1% XHT (75 85 23R (10000 U/mL) 5 #5555 R
(10 mg/L)IR-& W) ) DMEM ¥ 3730 5% HFF-1 44
Jit, B HE T 37 °C, 5% CO, BIRGFRAAH . BiEE
EE HFF-1 4R A G EELI AL

g Ak T XoF B0 T O 4 i 2 P B A T AR,
B BRI 3x10* AN4i/L AR ER .. 57
HEL 100 pL 2 96 FLIFHFEAR, F5Fh 41 i 4 e pig 142 e
3 NEFL, 3x10° /AL, SRIGEIN 100 pL AS[E] R
BN GPS-1 M, [T 100 L 35 3Ewifdas 3

o HE B IO 37 °C. 5% CO, B IRFE 597
B, ST BALFRAHIAE 0. 48 h )&, % 1:10 {RFH L
1RA CCK-8 FITCIMLIE s FaA KT 73, 451 100 uL
JINASFMFLA, 7E 37 °C. 5% CO, {53547 H 1 h,
FAEARSONRE 450 nm A FIREFEMRAFLIROGEE, id
S
1.2.6 2RI ST e S RESCHR [14]
FEST SR AR AR . SRR A ORI R A X
AN HFF-1, 8RB 3x10% /L, #2257 S0
S, BEHVEE 3 DE L. A5 HXTERLZH: ANREST UVB,
AN GPS-1 7, AIMIE R 153% 72 h; UVB JES)2H: 40
MEIEH15FE 48 h &, TETIREE 68 pW/em?, FEETER
B 10 cm 141, UVB 5888 100 s J5 4 HE 55357 24 h;
GPS-1 & IFHIE4H (200, 500 F1 800 pg/mL): 4HAE
IEHRESE 24 h o, YSHN GPS-1 WA IR 3L 441 F
B35 24 h, SRIGTEDIPRERE 68 uW/em?, FEEHIEES 10 cm
24, UVB 4818 100 s J&, PO T4niEs 5% 24 he
1.2.7 GPS-1 X} SOD . MDA . MMP-1,MMP-9 ,ROS.
GSH-Px sz 5355, RN 3, #2108 ELISA
HFE XS SOD,. MDA . MMP-1, MMP-9, ROS
GSH-Px & HiEA T E o
1.3 HIELE

K H SPSS statistics 24X 85 34T One-way
ANOVA K5, BAEEEH Ligts For, LA*P<0.05 Jy3=
SAGETEE X, **P<0.01 2E SRR
2 HBRESH
2.1 GPS-1 MWEE RHEN 7 FRED

aifb)5 I NS 285 GPS-1 19 HPGPC 4558 ok,
SrF A B (E 1D A A, Hodping 1 g mEfl
95.13%, ILIEHE 53T (Mn) iy 1.079 kDa, FE )53
F i (Mw) & 2.104 kDa, 4370 9 £ 45 0 PD(Mw/
Mn) >k 1.95. W 2 WAL b 4.87%, B34 5> T =
(Mn) >4 0.055 kDa, ¥4+ (Mw) A 0.072 kDa,
SR SEEFEEL PD(Mw/Mn) Ny 1.29., 455 GPS-1
Sy TS ATARNT Y —, Z2HELIEE N 95.13%, A%+
J AR

300000

200000
i
H

e

100000

9}

00 2 4 6 8 1.0 1.2 1.4 1.6 1.8 20 2.2
PR WIE] (min)
Kl 1 GPS-1 By TR BER (1 4]
Fig.1 GPC chromatogram of GPS-1 for molecular weight
determination
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2.2 GPS-1 WI¥RLEIFRAE

2.2.1 GPS-1 W£IMGEFRNIE K 2 iy GPS-1 14 FT-
IR 3% &, 1215 P 22 30 H Z2 0 1 R AE W IBe e, 50 53 7
3385.2928.1632.1594.1413.1364.1153.1079.1024,
931 Fil 850 cm ™' &b H ERAFNEM SIS, 7 3385 cm ™! [ff
T HE B X 2 e A 5 I A, 2 PR A TRl B 4T N

M O-H M&a P sh 51 i), R BHFE S & 2P 3L

2928 cm ' T AYJE I, J&H C-H 1% O-H MIfHhEEdRsh
5T AAFIEISIERY . 1632 cm ! J& C=0 AEXIFRHSE
Prshig, B RERIL BRI R R ILAFNEIER; 1413 om ™!

Abhr C-H BIASTER IS . HE 1200~1000 cm™ ' X [H] [
ZHHEENR SIS R C-O-C F C-O-H YHi45HEshE |
AT, FE 1024, 1079 F1 1153 cm™' AR535I4G =il
MRS TIE I A0, 28 BHIZARE it ZE MBS A4 A sl B R
LK o o-BUBY, p- YN IR A A B H AE 960~730 cm™!
PN AR Wi, Hor, 7E 8448 em ' AbAa Wi Ny
o= SR, FE 891+7 ecm ™' AMA W SId Sy p-TR T4
AR, IZAE S IILTAMEEIAE 891 em™' AT A4, #£
850 cm™' Ak H B EH k(1 Iz (A 06s, FREBHAFALE a-D-NLIEG
WEBES, AN ERE T EE R GPS-1 FTE a-
D-NIENHg A AR AR Y

100
80 -
60

40

B (%)

20

3385
L

1024
0 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
WEEL (em™)
K2 GPS-1 BILAMEEE
Fig.2 FTIR spectra of GPS-1

2.2.2 GPS-1 By RERAE PRk & Y'H NMR
HE5— AT 6 4.2~5.8 ppm YL, HiP, o- OB
L EFALT 6 4.8~5.8 ppm JEEI, B-BUHTFAYSL
JEFAET 6 4.2~4.8 ppm JEEPY, & 3 IR, 6 4.7 ppm
SRHEIREEFIE, 6 3.2~4.0 ppm A NS HEHEER Y

4.88
/4.57
\4.56

< %
na = o
<

JEFAE% . ASZHEREE R T IhA2 0 B TE o
4.5~5.4 ppm JEFEIN, XHEA o-BI p-RIPISSHHF
B TEREFEEE R THEIRIX 5 4.2~5.8 ppm L FEIPY HEL
7 A, FRIARES 7 PR, MRYE SR [25]
HEHEWT SIS - 7 ~E5 6 5.31 ppm. 5 5.27 ppm,
0 5.14 ppm. J 5.13 ppm. 0 4.88 ppm. J 4.57 ppm. o
4.56 ppm 23 BB N o-D-F2HE . a-D-FZUPHRERR |
a-D-BAIHAFINE . o-D-25 30 . a-D-4%0E . p-D-H#Z50E.
B-D-B R T -

C NMR & i, SRS S R X TE 6
95~110 ppm YEFEIN . MRHEE 4 ATHI, § 100.33 ppm.
099.94 ppm. 6 99.69 ppm. 6 99.58 ppm, 6 98.57 ppm,
5 98.25 ppm, J 95.75 ppm 43X - R BB
fie, 2 GPS-1 & LRl sy, 5 H'H NMR 45
R, PR Ie2A B —AE 6 50~85 ppm Y
7N, Hirp, SRR A BURHY C6 7E 6 60~63 ppm FHiT, 2
BB 5 — PR ALY Co 4 REMEH BAE 6 65~70 ppm
BT HEER I C2. C3. C4 B AR AL ABURIHIFIES
FUELE 5 70~77 ppm YL FEIN, HEEF_E C2. C3. C4 fif
BRI FEAS S UETE 6 77 ppm DL EPY, 5] 4
1 GPS-1 15 5 1F 6 68~69.5 ppm T4 [Fl P A FRAF 14,
Vil C6 7 A& B 7E 6 70~77 ppm i PN H B
ARG, BT ISR GPS-1 7E C2. C3. C4 ¥R
KA,

2.3 GPS-1 MIEF4 K HFF-1 4ApatE5E 9520

ARSI AR FH AT PR v S R0 0 241 4 B A 44T
MuBEME Y CCK-8 I &, F%¢ GPS-1 X IEHE A K
HFF-1 4RI 5E 5 AL A 5E ) o A0 HEA7 s 0% vl B
LIRS LH AR AS I FE AR, TS WA A B 75 0., 40
TE10 S s Ud I 40 R Sk BT I s mT L 5
XHIRLHAHLEE, 2% GPS-1 BT/ NFAST 800 pg/mL
B, X HFF-1 40 M A7 15 300 W 355200 (P>0.05) . Y4
GPS-1 HFEH T 800 ug/mL iF, HFF-1 4Hfif0fF
RN, GPS-1 TR A 2 2000 pg/mL B, 41
W RE S 87.1%(P<0.01) . HZ#EHL 200, 500 F
800 pg/mL =TTk B T/ 225050
2.4 GPS-1 xf UVB ¥ HFF-1 4AREH5ARYIRIP1ER

A 6 AT, 28 UVB R4t Is, S5 X 4l Ad L,

_ 5000
~ ‘ ’ 6000 [ 4500
4000
3500
3000
2500

14.57
4.56

575655545352515049484.7464544

L 2000
L1500
L 1000
L 500

| 0

f1 (ppm)

K3 GPS-17F 400 MHz 251 F 1'H NMR &[4

Fig.3

'"H NMR spectrum of GSP-1 recorded at 400 MHz
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2000
. 1500
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Kl 4 GPS-17E 400 MHz /4 T 19"°C NMR %

Fig.4
120 -
100 { = FE N *x
80 -

60 A

MG (%)

40 1

20 A

0

&‘& SENESROESES %QQ\QQQ\%QQ’&QQ

GPS-1FT R (ng/mL)
Rl
K5 GPS-1 XFIEH AR HFF-1 40 15200
Fig.5 Effect of GPS-1 on the viability of normal growing
HFF-1 cells

TE: 55X HREIAE L, ##P<0.01,

UVB B2 AMAENGT R TR T 20.1%, diAEnG 5
I B (P<0.01), Uil UVB 3t HFF-1 40 i 45145
ARy T . T4 GPS-1 %4 Ti)5, 5 UVB
PR ST ZH AH b, GPS-1 J5T £ ¥k B 43 51 2 200, 500 Fi
800 png/mL B, HHIAAE R HIEHNTT 1.9%(P<0.05) .
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