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Purification of polyphenols from Korean pine cone lamella
by SephadexLH-20 and their antioxidative activities in vitro
LI Bo'’ ,BAO Yi-hong' ,GAO Feng' ,WANG Zhen-yu' *

(1.College of Forestry, Northeast Forestry University , Harbin 150040, China;
2.Department of Scientific Research Management , Heilongjiang Academy of Agricultural Sciences,Harbin 150086 , China;
3.Heilongjiang Academy of Agricultural Sciences,Harbin 150086, China)

Abstract: A polyphenols-rich extract from Korean pine cone lamella after the preliminary purification was further
purified by Sephadex LH-20 gel chromatography, and high purified polyphenol ( HPP) which purity reached
95.86% was obtained. In order to estimate the capacity of HPP to act as antioxidants, its DPPH radical, ABTS
radical, hydroxyl radical scavenging activity, ferric ions(Fe’* ) and cupric ions( Cu’* ) reducing ability, ferrous ions
(Fe’*) chelating activity, yelk peroxidation inhibiting effect were studied. HPP was found to exhibit remarkable
scavenging activity on DPPH- (ICy, 20.48ug/mL) ,ABTS* - (IC,, 86.59ug/mL),OH- (IC,, 045mg/mL) ,as well as a
high and dose - dependent Fe’*, Cu** reducing power. Moreover, it possessed good chelating activity ( IC,,
2.14mg/mL) and yelk peroxidation inhibiting effect(IC,, 0.33mg/mL).
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J& 35.07% ;Sephadex LH—20 Pharmacia 4\ %] ; DPPH
(2,2 - Di (4 - tert — octylphenl ) — 1 — picrylhydrazyl ) |
ABTS(2,2'-Azino—bis— (3—ethyl benzoth—iazoline—6—
sulfonic acid ) . BHT (2, 6 — Di — tert — butyl — 4 —
Sigma /A w3V, KRB R I
FIA RS A EDTA-Na, (Z R R —4h) Rk
RN R AL A2 50 o & LG B iR REET G
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& RIS A BRAF
1.2 WHE
1.2.1  ZWmE&aE R illE  LUEE TR bR
i, P B AN [R5 R b v T A VR, 25 IR 1L 320U
T 25mL RO, 43 BN AR AR 10 2mL, FE4)
PR e 0 3~4min, NI 10% B FR 44 1% W 10mL, 75
AR 2F, 50°C /K Th, M5 765nm Ab iy IEAE"
MASFRAERZe Jr #Eh 0 A =3.7955C +0.02, Hirfr A 5%
INSGE, C KON E TR (mg/mL) . & FES
(DA 2.
Z & (mg/mL) =N x (A'-0.02)/3.7955
(1)
v, N B B AL B, AT SR TmL i B8 W AN L
JEAH
.22 ZMaiErilE PRI TR 1Y 7R T8y If
2 mBAX (D) W Zmk s, ZRU2) iR 2
[T N
Ly JF (%) =V x (A”-0.02) x 100/
(3.7955m) H(2)
2orh, VR R TR S WO A F (mL) L A7
HET R SRS 1oL W OGAE, m R VR T4
Al Y B (mg) o
1.2.3 Sephadex LH-20 4fifkJ5¥E  HX 20g Sephadex
LH-20 BERE LB AL BRI | R FH & 25 DT B v 26 e,
EJFHEARA 72mL, Ho AR 36em, £ H AR 1.6em,
X 3mL e Bl SOmg/ mL {1 Z2 Iy A 5 W A, T A
MR AT ARG, 50% ZEEUENG 3 A5 A AR AR, Uil
W B 0.8 mL/min , £ Smin 4L 1 487, Hli gk 54
B XA WA W AT 5 A, B YE [ 200 ~
400nm , ¥ B AH W] sl AH R g 2 (1 i R v 5 01, 75 2
ANEVEIZE S5, R I I 5 5 20 43 4 B, 30k HR sy 40 32 7Y
Z Wy 2H 43 (High purity polyphenols, HPP) #4744} i
AALSES
1.2.4 HPP j§&k DPPH H HERE I E =75 Liu
AT Ty . R BUAS W] Mk B B9 HPP ORE R (10 ~
100pg/mL) ImL 3k & H, Jin A 3mL ¥ & 2
0.1mmol/L ) DPPH 2B, 37 RIIR 2, 218 T 't
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JECE: 30min, 517 nm PAAMNE W DCAE A, 5 Took ZEHAR
B HPP MR, IEROGIE A,y 5 JC/K 2820 DPPH 2,
W, M RE ROGAEL A, o F2IRE(3) THETE R

R (%) =[1-(A4,-4,) /4, ] x100 K (3)
1.2.5  HPP 35 ABTS [ fhEEgE hillE =%

Marino 257 ({7 15 o FRHC— %2 f 19 ABTS Flis i 5
B, 43 50 e Ak B SRy 7.4mmol/L Al 2.6mmol/ L (1) %5
W, AR 1:1 IRE, SR BOCHE B 12h, Hl 15
ABTS A HILAEA W , T 4°C KA T ORAF, I FH RUHG B
2 —EUWRBEAE S TAEW, K AE 734nm 5 A4k 19 1
JEAE K 0.700 +£0.020, A UK [7 ¥k B 19 HPP R
Wi (20~200pwg/mL)0.1mL, Jii A ABTS H /3£ T/EW
2.9ml, ZE i R BV R Y 6min J5 , M52 734nm 3 K 4k
I SGAE A, s 2818 /KA HPP FEWE, T2 TR OGAE A,
ZEVRKACE ABTS H B B AR, M OGIE A, o F%
AR 3) M R R

1.2.6 HPP 355 [ HILRE T E B H s
MR TS OB AR I A 6mmol/ L (1) B 192 V. 42k
W 1mL Fll 6mmol/L {3 E AL B W 1mL, IR 5 )5
JINAAS R 19 HPP AEE (0.1~ 1mg/mL) 1mL, # &
10min J& , i A 6mmol/L (7K 4 BRI W 1mL, #2351y
A1 )5 T 37°C /K 30min, 4R 7 5000r/min Z5.0> 10min,
B WS W 510nm 3 K AR 2 e G E A, 5 2248 kAR
B HPP FEWR, DI A2 WROGAH. A, 5 2818 KA KA 18R , T
EWIAE A, . FHAZ(3) I EERE,

1.2.7 HPPRJFEE FREME  SRAHEE AT
Bk EEBURAME ) HPP £ (30~300 g/ mL)
0.5mL FE.LE P, 3 hn A pH A 6.6 0.2mol/L #
WEAR 3k 22 vh Mk (PBS) 1.25mL . 1% 1 2k 50 AL 81 7 W
1.25mL, {5 T 50°C /K ¥ 20min, B HI /5 A 10%
=40 2 BRIE W 1.25mL, 75438 % /5 50001/ min B
0> 10min, HRES.LE B9 _ LIS W 1.25mL KR IN A Z€18
7K 1.25mL 0.1% ) =&AL ERIE W 0.5mL R 5] Jm # &
10min, F 700nm P < 40 58 HK S6AE A, 5 22K AR
B HPP Py, I e 6 A, B (4) it AT
77,

WH T =A -A, =K (4)

1.2.8 HPPRJFHIE T-AEIIE 2% Gilgin 251
BT 5. T A O W] M BE 1 HPP A 3 (50 ~
500pwg/mL) 0.5mL, 4K KAl A 10mmol/L 7 F% 4 %5 W
0.1mL . 7.5mmol/L Fi4iiF] 0.1mL, % J5 in A& /K
Z AR 3mL, =R T XA 30min 5 F 450nm
A0 5 W DGR, LA IR SGAE (Aysgn, ) 3R 725 340 JBL 40 25 T~
eI,
1.29 HPP B S WERE FRE M E SH kg
M ETTE . THES O TR IO AR R e i) HPP
BEW (0.3 ~3mg/mL) ImL FlI 0.05% 1 7 B MV 42k ¥4 W
2mL, ¥R % 5] )5 T 37°C /K # 30min, FINA 0.1% ()
SBIE %k 0.5mL, IR 2) )5 T 37°C /K ¥ 10min, 4K J5
5000r/min &5.0> 10min, B _E{E W T 510nm 37 1 461
REWICAE A, 5 ZEIBARARIE HPP B, I R Y61E Ay s
FEABARACHE SBIED ke, I B WM A, o 3B (3) 1
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1.2.10 HPP | 5 25 jg Biad A fb e Uil e =35
SKRIRWEEE P Ik . F 0.1mol/ L pH7.4 (B IR 5 22
R (PBS) TE il 442 FH 53 £ 4% 1 B W B MR . B HR
0.2mL B 85 Bk T8, I AN [R] ¥k 3 i) HPP A
W (0.1 ~1mg/mL) 1mL 25mmol/L &% Big V. %k ¥ WK
0.2mL, F§ PBS & sp i #h 5% 2 2mL, iR 5] 5 37°C K%
Y% 15min, PO J5 DA 1mL T & 573K 10% 19 =44
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ImL BT 540 0.8% A% B L2218 , i 2E, 8k /K AR
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TRARARE HPP FEVE , I 5 WOGAE A, s ZE0R/KA DY B
B, ME RO A, B (3) THA I,
2 ZHERE5HH
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I AL I FE 240nm Fl 280nm PR VT, ZH43 1 FILH 4> 2
HT)E R () A sl S5RFRH, 01 1
4l 30.01% , WAL F oI Llifb i sl i (B ZH 55 2 19
A T BENIREE AR T 95.86% , R IEREL Sy
2 (High purity polyphenols,, HPP) 3F47 J5 L5256
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REW L FAPEXT R V. Al BHT X%F DPPH [ 305 KR Bk
JirE g . HE 2 7T LA, BHT X DPPH H
rh SIS BRVE FHAR 55 , 76 S 50 MR B2 VS Bl P9, 78 5k 38 i
Fi AR 20.34% s HPP £V, T DPPH [ i ZE3R I
H AR SR (75 ISRV R, B 6 5 TR B B 85 0, 35 IR SR
2 4 Er, 2 HPP 0V, ¥ BE 53 5] 35 3] 50pg/ mlL Al

30pg/mL J5 , W BRR M TS, NAEFHE . A L

= ,HPP (IC,, =20.48ug/mL) A 75 BR2 SR ZAK T V.

(1IC5, =12.76 ug/mL.)
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Fig.2 DPPH radical scavenging activity
of HPP, V. and BHT
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ABTS 75 Miller 45 A 32, H T & 2E 49
RSB AEMLEE J1 . HAT,ZIE T T M H TEi e,
I = R R N DR | IPREANE i = Aot 7 B il
B BBy ABTS 2836 M S AL S e fs 2k A e
B PH S 7 A i 2, B ABTS® -, F it & 6g 0y
P ALTFIVE TN, ABTS " - 938 I JE 2 119 ABTS
& 3 i if2& HPP V. 1 BHT Xt ABTS [ i 3L 38 5k
BT E BS I . A5 SR W, WG He BE g B8 i, HPP |
V. F1 BHT X} ABTS [ i EE BRAE A HG 58, 2 AR 4
MEROCHR ., FHFEFMT, Ve MIERFCR U (1C;,
=66.79wg/mL) ,HPP(1Cy, = 86.59pug/mlL) ¥ 2, BHT
(IC,, =146.11 pg/mL) F: 55,
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Fig.3 ABTS radical scavenging activity
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FEAE YR A B3, MK A IR T IAE SR R 932 A
FEIAE A B n W) BT, i) B TE 510nm KA A
B R, 24 I AR Z& hohin A B W B % A SRR
FAIRE S BT 122 OSGAE R, 38 3o I e S Rz A4 38 %S
{H W ARA AT LU S8 A 5 BT BRAVE T . (& 4 FroR )2
HPP V. A1 BHT XJ %8 A rh &35 B B8 J7 0990 &2 45 2R .
HE AT LUA B, PR MR AR ET , HPP X% 32 B B AL 193
BRECR IS S F Ve, 8253k &8 i 0.3mg/mL J5, V,
MG RREE T W A T HPP, BUASKRTE , HPP X% H
HZERTEERBE JJ (1Cs, = 0.45mg/mL) AN V. (1C,, =
0.31mg/mL) ,{H{F BHT(IC,, =0.86mg/mL) ,
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Fig4 Hydroxyl radical scavenging activity
of HPP,V and BHT
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B EE T Ve (R JEHE JIAHVT , B 5 85 7 BHT,
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Fig.5 Fe’ " reducing ability of HPP,V and BHT
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Cu”" FEAPUAEALFIAAAE R, B JF AL Cu” |, S5 34
RSB AR R A2 B L 285 W, IR S W R Y
B2, UG A AR Y I R RE R . 18] 6 B
HYJE HPP V. Al BHT ifs J5UHR 255 68 J1 19 2 45 28 .
FH TR LAFR H AR S B0 He B2 Y BB Y, BHT JEAR 3 ik
SR S RO RE J , T HPP AN BL T AR &5 538 J5USCR
{E G U B8 T B RE J1 I8 AR 2255 T Vo
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Fig.6  Cupric ion—reducing ability
of HPP,V and BHT
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WAERE T BE 5 4R 9E & Mk e A= 4% & I N, A A
LISy, HE R R 5 N AR Z 0 25 1 S 2R
BT EraE A G, Ht, RN A &R B Rk R D
HA 3 B A P 4 B Tk /b, BDRE B A 25 5 BE T ke
7 s it 2 HPP BE M FHPE XS B8 EDTA—Na, 24
WERE F M E S5 R, SRR, & W E K,
HPP Z 5 WA= 1 B 1 g o, R B T AR 4719
HROKC R, IC,, =2.14mg/mL, {H HAE FI R A B PH
%t B8 EDTA — Na, ( IC,, = 0.67mg/mL ), 7E ¥ B
1.2mg/mLAT , HPP 9% FI R AL Ky 24.75% , 1fif EDTA—
Na, WZEG R E AT 94.80% |, Bifi 25 FF W M 5 1) 4k &5
nc, HPP [ 25 & K /iy 32.59% ¥4 N3] 74.15% , i
EDTA- Na, [WZ G5 — HAE 9% A£4 .

100 * = - < > <

90
80
70
60
50
40
30

20
10

BHH (%)

——EDTA-Na,
—=— HPP

0 . . . . . . . . ,
03 06 09 12 15 1.8 21 24 27 3
FE i< (mg/mL)

7 HPP #l EDTA-Na, 24 W45 FRE S

Fig7 Fe’* chelating activity of
HPP and EDTA-Na,

2.8 HPP #I5I DR ERE BT R AIBE
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(PUFA) TERR S THAL T, 9% , fieids & o &k, 77
ARSI (LO - ) Aildsead 4038 (LOO - ), -5 | & ik =
B MERA S5 F R, 3k Sk 77 W AT SRR AR b 2 R
(TBA) R AR 4T (g™ o U b eI (e
A, i 2 2 7 0 BEL KT , 21 €6 28 45 40 114 2 1l v /0>, 3l
Ao 90 s L 2 R B TT AR A i 00 ) B i T A 4R
e ST . [ 8 T R i J HPP RERE A BH M X BE v
F1BHT 417151 5P 5 1 ot i S AL BE J7 B9 I 2 45 56 .l (&
8 W] LAt , HPP Xof O 8% B S S8 A A AR 4 1 410 i
FH L, HAE R (1G5, = 0.33mg/mL) £ T V (1C, =
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0.66mg/mL) , {H 18] & A~ & BHT., BHT & ¥ &N
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Fig.8 Inhibiting yelk peroxidation ability of HPP, V. and BHT
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T Bk S PR LN B BR 8 i 22 W 4 I 09 gt Ak Ty
B, SRR A R R R RS

HPP %} DPPH H i3 ABTS H i 3L f1¥5 B h 3t
PRIV BRAE JI#ROLT BHT ,{HHI55F V. H 1C,, 4331 K
V. 19 1.61 1% . 1.30 {%F1 1.45 % ; HPP i J& Fe'* il
Cu’" FYREST I W5l T BHT, HiA i Fe' BB )15 V. 4
L, )5 Cu’* E SIS AIRT Vo HPP Z5 & Fe’" BURE )
% EDTA—Na, , H: IC,, 25y EDTA—Na, [1 3.19 {% ; HPP
00+ UP 25 NG BT A Ak Y BE T AR AR B2 BHT, {H H15%
F V., HIC, ok V, 19 0.5 £,

PRI AL T2 B8 25 SR R WY, HPP A AR If 19 W B
B LR T A R GE 7, Be A 300 40 i U 25 A8 B ok
FAb, B —Fh B A I R 10 KRR PUE AR .
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