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37%R, Z W BT 32 B3 AT PR SE I R AR AR L
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KT , 20 i rp [ BR A B B WY AR ) 1 90 T S
ENHAFHERHKS (Polygonatum kingianum Coll.
et Hemsl), TR Z T 5%,

D101 KALM G . 442K C (VC), mEms %
(MTT) 2" ,7' -~ 5B W L R (DCFH-DA) ,
- Sigma—Aldrich 23w ; A9 248 s (HepG2 48
JiL ), B WD 240 B P (b R A B R WD sh W SR T ) 5
HHR B8R S IRl (DMEM) , Gibeo 23 Al
(Grand Island ,NY);SOD i 7 & .GSH —px & 7
& MDA IR &, pE at dE A Y TR e
et A 3500 34 A [ 7 3 A A2
12 UHB5EF

Hei-VAP BUJig i 25 KA, S+ 20 Fai 2\ | S E-
poch 2 GLFLAREEARAX , 58 EAA IS A 7] ;ac2-6s1 7Y
TR R ccl1T0A-8 B CO, 1H IR B IR AR
FmyE ESCO 2~ A
1.3 REH*E
13,1 R[E AP Bl soRs AE il O i 45 718 AR
TR TR 25 100 g, 2 90% FF I 4%e R HE 1:10
7l BRI 3 YK (30 min/¥K ) o WA BREBUR , B 0
JE¥s FEE WA e 28 R AGE T, 153 IR 4
Y1214 g, 20 g W ERLEE W) 56 20 il T 2K 2R
FH D101 AL R R 284746 B R B0 (T8 o A
1 :20% ,40% ,60% ,80%F1 100%H ) . 43 513K A5
AN T B A M L JBE AR, 51 8 e e 7% R ANGR T W

Ji V& VR J A5 TEL RS 1 O R B R BERE B (20%,
40% ,60% ,80% 1 100% ' B2 B ) , AN [F) A% Pk B A
BIMEAEAE VKA (=20 C) i, DA E— 250 4l
1.3.2 RTRI R A B U 0K B i S I8 R 2R ) 7
S AR AR PR T N A M B A
i, ], T 80% P B A A il , 75 31 0.2 mg/
mL FIFE S IE RS 0.1 mL 48 AR BRI & O 1
min, il A 0.3 mL Na,CO5(20%)#1 1.2 mL #B 4l K .
TR EIR, 470 CKEIEA 10 min, TIK
765 nm AbINE WG . S5 T 75 SCAERIRY O vA )
SHETR )  R HEAT I E KK IA 0.6 mL FE 5
% (0.2 mg/mL) 1.9 mL 60% £ EEF1 0.15 mL 5%17)
NaNO, %W, S5-I G o M 8 min J& , il A 0.15
mL 10% AL(NOs); %W, FEMA 2.0 mL NaOH #1
0.1 mL 60% & B W, B RN 12 min J5 , 76
1+ 510 nm &b W B
1.3.3 A ) A M B VL 3RS A b 1R A1 Bt S Ak T
) 7
1.3.3.1 ABTS H HEEHRIGEEN & 2= s
46 SRSV J7 5 6 O[] A Pk B TR BEORS RE S HE AT
ABTS A i 25 BR AR e, A IR E A S
W A (D IFERAFES I ABTS A H L
BrRAETT .
Amsamgﬁﬁﬁmmzé%ﬁikmmn
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AL AR IR L IR R A, AR
i FL B IO FE AR
1.3.3.2 DPPH H MG BRIEEN & XA [6] 1%
P BEUECEORS AR B B AT DPPH A A 2 3 B 3k 56
FE BT RN E A S R, BN FE A DPPH
H B R R A ()15
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LBy AR AL WO E B, R
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1.3.4  AS[RIA% 1 B BORS B i X HepG2 4 Jifd 75
PEPEMY  HepG2 A0 R 1x10° A~/FL % B Hehp T
96 fL#, ¥ H 24 h, WH LR IFIRKBHI T, =5
4 :200 wL. DMEM #5332 ¥ 5 HepG2 # fifd 1%
3724 h, FE AR FRL 200 WL A [E) 5B R Y A ]
e BEJE RS A A (100 we/mL A1 200 weg/mL) , 4b
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H HepG2 4 24 h, AbFRZEH 5 , H1 0.5 mg/mL 1)
MTT %W (150 wl/AL) & 40 M 4 h, — 36 3 0
YER T4 )5 , R B AR AL AE P 570 nm A0 P 7
FALBIWOEEE . AR AR B AKX ()R

M7 35 (%)= CoC 100 (3)

K€ N FER AL WOE A . C, s AL
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1.3.5 AN R A 1 B VL RS A 5 Xt HepG2 4 i Y
ROS 7K F-HI 52 4N ROS & & ille, 2
Yang SEP 77 1% AL 7E 6 FLAR (1x10° A~/4L) h
WEE 24 h, K32 70%~80% @l 45 i, 25 FH 4L Al
TR0 2 20 M 44k 2 T DMEM 58 42 55 35 W85 55, B
Hrf VC T DMEM 58 @85 37, VC 2819 i
K O 200 we/mL, BE 5L AR S R T
DMEM 5¢ @ 1532 W, FF it e 24109 Jon 52 Wk JE oy 200
we/mL, DL EAEAR RS 5 24 h )5, 25 4L
DMEM 5¢ 4 85 32 W, H A4 m A 0.8 mmol/mL
H,0, #55% 6 h, WAL #5045 95 | FHY% PBS BE¥%
HepG2 4 fifg, H 1 mL. DCFH-DA (10 pmol/L)7E 37
CHLG AR F 30 min, Wive PBS PEc40M 2 ¥, H
Tt 2K 200 LS S 240 i P A R DR
1.3.6 AN [l A M B U v 05 A i X HepG2 40 i 4
Pt A AL B K2 40 9 SOD .GSH-PX |
MDA 7K 5, 1ot 56 43 41 A 40 B 15 77 5 40 i
ROS & il e 356 7 vk — 3, A5 32 db 3
SE UG, R AL S, B0 3 5 L, A R
PBS 1 mL Wk — i J5 FH 4 i 5 2 8 A4S0 e O
WCAE 0 i, 00 % 2 Y SOD . GSH—px \MDA 7K,
1.4 HIFEAERKITHH

R ZE R E R 3 W, Bds i i SPSS 20.0,0-
rigin 8.5 HHE A 43T b 3 FL AR /N 25 5 (P<0.05)
BB # B, SR TR bR 22",

2 HRESMH
21 FAEAMMEREEBHERNEE

1.3.1 95 1 20 g 1B 48 ) 48 20% ,40%
60% ,80% F11 100% M B YR Bk I 5 43 591 745 1) L B
ki 20% ,40% ,60% ,80% F1 100% H B (1) AN [W) B 14
BoREdh o LA b S AN TR R B 0 R T 43 S
H2.2,44,6.3,2.0,1.6 g, e KA M) 20% H BB

FdRe /R 1009 B BORE il 453 R B2, 60%
PP It BOAT: b A5 0 iy, LUl 409 1 B B il o
2.2 AEMMEREHEBERNSEHESEIRNE

I YL R A ) A P BB it o S P A T
FR 5, RN | I 3 2 Ry A v SR )
HEE TR Y& (Gallic acid equivalent, GAE,
mg GAE/g ¢ ¥ ), BBy T 4&
(Rutin equivalent, RE, mg RE/g #2H4r), 2558
N 1 TR, 40% 1 60% H B A it G 19 | 6 I
i B, HOW RO O W22 =, o 60%
it S T T A B 5 A, 209 I B R T
SVHT IR  R RA, ATE B SH E EAONRE R 2.6
i, ENHCA S 20 5 A 3.0 A TE RS A
B ity v S T R S B A 52 B I ) PR A AR
3 B 35 5 W (P<0.05) , Bl T 1B 77 Y A AR
3 BSCH BG T JE T R S TN el N
AT AR P R 8 209% R Tt B R PR /N 1009%
B ot v S Py 5 R A, PR R Y 60%
P BRIy SR S R, IR B TR AR Bk b
22 Wy 411 ) ) AR
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Table 1 Contents of total phenolic (TPC) and total
flavonoids (TFC) in different polar samples

of Polygonatum kingianum

L A B/ BEIAE
i (mg GAE/g #£341)  (mg RE/g 3214)
20% 7 & 20.08 = 1.04° 8.10 + 0.61°
4097 5 4027 + 0.59" 23.95 +1.73"
60% 7 51.34 = 2.08* 24.97 +2.75°
80% F B 24.04 + 0.58° 23.54 £ 0.76"
100% ¥ B% 21.51 £0.48¢ 19.08 + 0.48"

T R ] — S AN A 7 B R 22 57 1 %5 (P<0.05)

2.3 AEHRMEREERBEREIMIELEE
WE 1R, 18 ABTS Fl DPPH A i L 1 bk
R, 60% H L BRE Sh X ABTS Ail DPPH [ H %
(R PR ASCR B i, HE U A 40% H BEBERE &, Hodp,
60% H % B: ABTS Al DPPH [ i 3% 75 bk 68 /1 10
ICso {H %3 %1 M (289.55+2.46 ) wg/mL 1 (190.94 +
2.28) wg/ml.,40%H 7K Be ABTS #il DPPH H i 5&
THERBE 11 ICs 2004 (431.60+2.64) wg/mL Fl
(242.58+2.39)wg/mL, Fl 4 20% ,80% F1 100% H
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The different polar sample of Polygonatum kingianum
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HepG2 4 fifd Z2 #£ i (100 pg/mL 1 200 pug/
mL) A R B MTT 32530 % 240 I35 232, — e
Y0 M AF 15 R AE 90% S LA b, WIS o X 400 it G
BT 2, EER S AR RS S
HepG2 41 Jif 2 15 5% 5 , 76 f5 = I it Wk (200 g/
mlL) AFRSAET  HepG2 40 LAF 16 R4 7E 90% L)
b BRI ELEORS 5 S IR BORE L AE 200
we/mL [T BE R % HepG2 4 I Jo# 1:
25 AEMEREEEHERI HO, FSH
HepG2 48 a8 M i& 14 & (ROS ) I %2 M

HepG2 4t g 5 H1 T4 B A 365 F1 24 99 35 14 #F
58, B AACRRE 5 NS TR 40 A AR, Sy
T BIFSEAS TR B BT RS A i B AR A P B A
MLORAVE R, 3 H,0, 857 HepG2 4 il 4 £k 1
AR SR DCFH-DA 2 SYE T 75 g A6 il
T g gt =X A SR D 40 L N ROS . 181 T 3¢
o A BT e VAR B 0 D 0, R B L T R R EE R 200
wg/ml AN [R] 4 1 B U RS A o e S A 3 R A
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ABTS and DPPH free radical scavenging ability of different polar samples of Polygonatum kingianum
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The different polar sample of Polygonatum kingianum
2 AREMERBEEBERI HepG2 A S 1EIER
Fig.2 The toxic effects of the different polar samples
of Polygonatum kingianum on HepG2 cells

A0 AR B FH BT . 45 A8 3a i, 5 a5 1
Xt BRZHAH LE , 40 i 4 H,0,(0.8 mmol/mL) 1% 5 )5,
MO ES IR AR (P<0.05), U W4 i 7E
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0.05),ROS #HXF & i & ik (176.00+£4.00)% , FH 7
XfHR 28 VC (200 pe/mL) 4b 3 i 40 L 4 ROS 7K -
B H,0, 2 11 B FEAK (P<0.05) , 41 i P ROS A &
N (129.2242.17) %, T BORE £ B M BORE i s
HREAR T M ROS KF (P<0.05), FHorf 60%F1
40% FF 15t B A i Ak B2 200 JEL DY ROS A 37 4 43031
9 (130.17£3.66) % 1 (136.93+3.27 )% , %F 4 g
ROS [ 410 ] %50 SR 42230 PHASE X B4 VC (P>0.05)
20% H B BE , 80% H s B Al 100% H it B R i b P

[ 240 f N ROS AHXT & 1 43 00 o (161.07£1.75) %,
(153.66+6.07)% , (158.18+1.79)% , 4 L H ROS #
Xt & BT 0, BRI, W5 VC BHIEAA 8%
225 (P<0.05) , %} ROS WMl A G B . B3
i 25 WP BERE S X2 L9 ROS 940 14 F 5 4
A T A B R AR O, B R N R S S
FIRE i, A N ROS B AR 5 /b | 409 Y st B
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ROS & s Rt fe B
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FTEBREREEEFERNY HO, BSEH

W RR H0, A 52 A BAT B35 M 25 5 (P<0.05) 5 " R ke i
B3 FAEHMEEEEREM HO, FSH HepG2 48 ROS 1R ZRI &1

ROS X & i
ROS relative content/%
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The different polar sample of Polygonatum kingianum
(b) 4l A ROS & &

nH 5 H0, 4 BA B M2 5 (P<0.05)

Fig.3 The effects of different polar samples of Polygonatum kingianum on ROS accumulation
in H,0, — induced HepG2 cells
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T H AR A8 Ak 0 A A 0 R R AR S ST
JE T HepG2 4122 H,0, 155, 40 i N 1 S AL iy o
(SOD ,GSH—-px) {975 73 A1 MDA Y &2, 45 R K
4 Jion, BERLZH 2 H0, Kb F S, 40N SOD Fl
GSH-px {ifi J1 7K V-4 25 1 41 18 3 B A% , MDA & &
0] & 3 190 (P<0.05) , 3% $d B HL0, 51 T 20 Jfl 1)
AL, IF IR T 20 B P AR DG Bt e AL S 4 . BH
PEXT IR AR 22 VC (200 wg/mL) 4B )5 40 i 79
SOD #1 GSH-px 1 J1 43 514 (263.69£9.99)U/mg
R (105.77+2.56) Ulmg 3 11, 50040 Lo e
T4 T+ (P<0.05) o TEAS [F) A% P B L 380KG ¥ b The different polar sample

of Polygonatum kingianum

LB, 4 SOD . GSH-px 1 J1 {6 5 24 o (2)SOD i 71
A ¥ 3 TR (P<0.05) , Hirt 60% HY i B A i _I_
XoF 44 v 40 P Tl 3 A5 B B B, SOD 3 7 (B B T
R AR T 91.1% , GSH—px i J1 {8 A5 0 4 32 w55
68.3% , It 77 (B H30 BV X BRZH VG, /) Al M B
bt ] 4 v 20 R N R S D, S5 AR RS T 60%
BB, BEME AT B4 VC A B A 40 Y S o 4R
B4 MDA 7K 545 78 41 A Fb i 35 1K (P<0.05) ,
49(2.99+0.03 ) umol/mg  Prot, 75 I 4 4% 1k B b n
il 1, 60% F B BEAE & Ab R A 40 L P9 MDA & 2 i 0

E2H H,0, VC  20% T EE 40% T BY 60% 1 B¥80% ' KY 100% I BX
i, M (3.59+0.44 ) umol/mg  Prot , 32 3T BH ¥4 XF i 21 S TRV P B 1 TR RS B
VC A BERIARIE Y MDA Bk, HCA 4 bk BORE o e bl e
A0 40 LN MDA 7K P IR TR 7 — o 2 or (b)GSH-PX 1 /3
B AR T 40N MDA (97K SF- | TECEORS 454t B sk
FE 640 P SOD, GSH—px 7% 1 Al MDA 7K - 1)
YL S5 40 P ROS 7K SF-— i, 8 718 6 1 3% -

il
6 _l_ . .
SRR R R A R R AR« 5 ] | o
AU A B E ARG TS ) IR AIME P MDA 19k S o} N
¥ i |
27 BELBHI | |
VPR EORE AR R AL B S 2 1 | R 2 3
i ABTS 1 DPPH F iy %3 Bk 2% H,0, % F 1 0 —

. H0,  VC zo%ﬁiié40-'/0'1‘&60%&‘&%30%'?35100%?‘@

3
=3
=3

600 =

SOD i 1

SOD activity/ (U/mg Prot)

400 - #

200 -

100 -

80 |

60 |

40 |

GSH-PX i 7
GSH-PX activity/(U/mg Prot)

A
MDA content/(mol/mg Prot)

HepG2 il ROS & & Hi A B 3G 7 & 1 2% R L
e ditterent polar sample

Bl , 3647 F 53 53 BT (Principal component anal- of Polygonazun[i kingiansm

. e . =k s (c)MDA ¥ kit

ysis, PCA) RIS Jros, Horr PCL Uik VE L #7 R H0, 4578 AL TE B2 M 25 5 (P<0.05) ;

87.6% ,PC2 STHRHE N 8.8%, —# Rt sTmk=l R B AL S H,0, ALTE B HEE 5 (P<0.0S) .

96.4% ., PC1 IEMIA A L R BRAHG 40% H s B Fil B4 EHERARRERI HO, %58 HepG2 44 i

60% I B B b it AR i v S 1 5 R R mELEETHNE

ABTS H1 DPPH [ 1 5t 775 15 1% Mo | 7] i 40 e 9 48 Fig.4 The intracellular antioxidant enzymes activities

L. SOD Fl GSH-px TE I 80% B RE of different polar samples of Polygonatum kingianum

on H,O,—induced HepG2 cells
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[ J o/ il
20% 1 ' e L
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RO [ ] GSH-px
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o
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®
80% 7

-4 -2 0 2 4
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B5 AEBERNEERBERED.SEWN
ML FE MR PCA 51
Fig.5 PCA analysis of TPC, TFC, and antioxidant

activities in different polar samples

of Polygonatum kingianum
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The Antioxidant Activities and Cell Protective Effects of Different Polar Samples

of Polygonatum kingianum

Chen Kaiyan', Fang Yuwen', Zhang Meng', Cheng Guiguang', Liu Yaping"”, Zhou Wenbing”
(Faculty of Food Science and Engineering, Kunming University of Science and Technology, Kunming 650500
’Engineering Research Center for Biological Control of Tobacco Diseases and Insect Pests, Yuxi 653100, Yunnan)

Abstract Polygonatum kingianum, belong to the genus Polygonatum (Liliaceae), mainly distributed in subtropical in the
southwest of China, including Guizhou, Sichuan, and Yunnan. The dried rhizomes of P. kingianum have been used as a
famous homologous plant of medicine and food for thousands of years. The paper was investigated the antioxidant activi-
ties and cell protective effects of Polygonatum kingianum. Using D101 macroporous resin, the methanol extract was eluted
by different volume fraction of methanol water (20%, 40%, 60%, 80%, 100%) to obtain the different polar samples.
The contents of total phenolic (TPC) and total flavonoids (TFC) in different polar samples were determined. The antioxi-
dant activities were evaluated by 2,2-diphenyl-1-picryhydrazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzothiazoline—6-sul-
fonic acid) (ABTS) methods. Furthermore, the cytoprotective effects of different polar samples were performed on hydro-
gen peroxide (H202)-induced oxidative stress in HepG2 cells. The intracellular ROS production, the content of lipid
peroxides (MDA) and the activity of enzymes (superoxide dismutase (SOD), glutathione peroxidase (GSH-px)) were
measured. Principal component analysis (PCA) was used to analyze the correlations among the TPC and TFC, antioxidant
activities (DPPH and ABTS), the contents of intracellular ROS and MDA, and the activities of intracellular oxidase
(SOD, GSH-px). The results showed that the antioxidant capacities of different polar samples were positively correlated
with TPC and TFC. The antioxidant capacity of the sample increased with the increasing of total phenolic and flavonoids
content. The TPC of the 40% and 60% methanol samples were (40.27+0.59) mg GAE/g extract and (51.34+2.08) mg
GAE/g extract, respectively. While TFC were (23.95£1.73) mg RE/g extract and (24.97+2.75) mg RE/g extract, respec-
tively. The 40% and 60% methanol samples exhibited the highest phenolic and flavonoid contents, and displayed signifi-
cantly free radical scavenging activities in vitro. Additionally, these samples markedly inhibited intracellular ROS produc-
tion, enhanced SOD and GSH -px levels, and reduced MDA content. In conclusion, different polar samples of P.
kingianum had certain antioxidant activities and cell protective effects, and 40% and 60% methanol samples displayed
the best antioxidant activities and cell protective effects.

Keywords Polygonatum kingianum; different polar samples; antioxidant activities; cell protective effects



