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2
2.1
Waters 2695 + Waters 2998 PDA Waters Q-TOF premier
( Waters ); ( Thermo ); ( ) o
( );SDG SECO  ED( )
DPPH( Sigma-Aldrich ) N ( Merck ) o
2.2
2.2.1 Cig (150 mm x4.6 mm 5 wm) 30 C; : (A)  (B);
:0~5min 10% ~15% A; 5~15 min 15% ~25% A; 15 ~45 min 25% A; 45 ~50 min 25% ~70% A;
50 ~55 min 70% A; 55 ~60 min 70% ~90% A. 0.6 mL/min 10 L 280 nm.
2.2.2 - Waters ACQUITY
( UPLC) ACQUITY UPLC BEH C, (50 mm x2.1 mm 1.7 wm) o
(A)- (B); 0~5min 10% ~15% A; 5 ~15 min 15% ~25% A; 15 ~45 min
25% A; 45 ~S50min 25% ~ 70% A; 50 ~55 min 70% A; 55 ~ 60 min 70% ~ 90% A,
0.6 mL/min 10 pLo 1: 4 o Waters Q-TOF premier
o : ESI 150
C 300 C 400 L/h 3.0 kV
80V m/z 50 ~1200, ( Full scan)
25 ~35 eV, (m/2556.2771 M+H ) o
2.3
100 mg 2 mL 60 min
—4 C o
2.4
SDG SECO  ED 3 0.2 mg - (11 v/V) 1 mL
0.2 g/L 10 25 50 100 200 mg/L o
2.5
2.5.1 DPPH-HPLC DPPH 1: 1 . 30 min
200 ~600 nm, 2.2.1 3 o ( Scaven—
ging ratio of the antioxidant SRA) DPPH ;
SRA( %) = Stk = Sumpie 1000, (1)
Sblank
Shiank DPPH v S ample DPPH
- SRA DPPH o
2.5.2 0.2 mg SDG SECO ED  DPPH 0.2 g/L
—4 °C o 50 pL 96 517 nm 37 C
30 min 3 o, ( Scavenging ratio
SR)
SR(%) =1 - At = A 1004, (2)

control

DPPH 30 min DPPH o

sample control
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3
3.1
( 1.3 SDG SECO ED 10 ~200 mg/L
0. 995 (S/N) 3 10
SECO SDG  ED 5.4 ~7.7 mg/L 18 ~26 mg/L. 3
5.0% .

N o

1 SDG SECO ED
Table 1 Linearity LOD and LOQ of SDG SECO and ED

. Correlation . . . Limit of
ntioxidan Regression oefficien Linear range Limit of detection antitation
Antioxidants equation (Ozzflfag)e t (mg/L) (mg/L) qlzam;;c}t‘)
SDG y =1.879x —29. 640 0.995 10 ~200 7.7 26
SECO y =8.171x -90. 875 0.997 10 ~200 5.4 18
ED y=7.802x —69. 623 0.998 10 ~200 6.7 22
SDG: Secoisolariciresinol diglucoside; SECO: Secoisolariciresinol; ED: Enterodiol.
o 3 SDG SECO ED
DPPH 10 20 30 40 50 60 min 3
SRA (1), DPPH
SRA
7.9% SRA
3.2 DPPH-HPLC
0.1 mL 0.2 g/L 3 1 SDG SECO ED
(SECO.SDG-ED) 0.1 mL 0.2 g/L. DPPH
20 min Fig. 1  Free radical scavenging rate variation of SDG
e ® 0.1 g/L 3 (SECO SDG SECO and ED over time
ED) Sy o SRA 3
( 2). SRA :SDG > SECO >ED. 3
DPPH 2,
2

Table 2 Seavenging ratio of the antioxidant ( SRA) of SDG ED and SECO by 2 2-diphenyld -picrylhydrazyl ( DPPH) -HPLC

assay and microplate reader assay

2 2- A - Microplate reader assay

DPPH-HPLC assay( SRA %) (SR %)

Antioxidants
SDG + ED  SDG +SECO SECO +ED SDG + SECO + ED

Individual standard Individual standard

SDG 73.38 66. 69 53.00 / 63.29 87.26

SECO 65.39 / 31.16 30.02 56.36 56.36

ED 37.23 11.68 / 8.43 11.75 43.15
SECO SDG ED DPPH (SR (2) ). 2

DPPH SDG > SECO > ED. DPPH
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HPLC
DPPH-HPLC o
3.3 DPPH-HPLC
SECO SDG  ED
3 DPPH 2
SECO
SDG ED  DPPH
DPPH
SDG > SECO > ED
3.4 DPPH-HPLC
2 (A) SECO SDG ED DPPH
(B) DPPH
280 nm
5 Fig.2 ( A) Liquid chromatogram before and after the reaction of
DPPH ( 2B). DPPH and the mixture of SECO SDG and ED; (B) Liquid chro—
5 matogram before and after the reaction of flax extractive and DPPH
3 o 4 5

m/z 704. 3100
m/z 363.2797 345.1663 327.1570
295.1361 221.1186  163.0747

4 5
SDG o
4  SDG 5 SDG o
1 M+ Na * 3 SDG.SECO.ED 5
m/z 575.2081 Fig.3 Structure of SDG SECO ED and five antioxidants of flax
m/z 413. 1533 162 Da seed
. 48 Da  CH,0 +H,0
m/z 365.1385, m/z 219 2- o
(7a— ( BD-glupyranosyl oxy) 4 -methoxyisola—riciresinol) . 2
M+Na * m/z 413. 1558 m/z269.1390 167.0713
2 4- o m/z139.0567  123.0432 2- o
2 (6R 7R 8S) 4 -Methox—
yisolariciresinol o 3 M +Na “m/z649. 1358,
m/z 487.0864  325.0331. ( Her—
bacetindiglucoside) 3
5 DPPH o 3 SDG
(5) >SDG (4) >7a— ( BD-glupyranosyl) oxy - -methoxyisolariciresinol (1) >(6R 7R 8S) 4 -Methoxy—
isolariciresinol (2) > (3) . 5 SDG SECO ED

SRA 3 o 1 24 5
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1 2 4 5
4 5 DPPH 1 2 DPPH
o SDG  SECO 1 2
SRA  :SDG > SECO 1> 2.
3 DPPH
Table 3 The scavenging ratio of antioxidant ( SRA) values of five lignans from flax seed extracts
Compounds Precusor ion ( +) Precusor ion ( -) Molecular weight Retention time SGRA
(m/z) (m/z) (Da) (‘min) (%)
1 575 551 552 2.01 35.0
2 413 389 390 2.38 32.9
3 649 625 626 6.19 6.5
4 704 685 686 10.13 60.6
5 704 685 686 11.89 74.2
3( The structure of compounds is the same as in Fig. 3) .
4
HPLC-DPPH 5
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Evaluation of Antioxidant Activity of Flaxseed Extracts by
2 2-Diphenyl-1-picrylhydrazyl-High Performance
Liquid Chromatography Assay

LIU MingYu LI Min CHEN JuanJuan®~ GUO Xian YAN Xiao-Jun
( School of Marine Sciences Ningbo University Ningbo 315211 China)

Abstract The free radical scavenging effect of flaxseed was screened by HPLC-DPPH (2 2-diphenyld -
picrylhydrazyl-high performance liquid chromatography assay) and colorimetric DPPH methods. To test the
effectiveness of the approach three Lignans ( secoisolariciresinol diglucoside ( SDG)  secoisolariciresinol
( SECO) and enterodiol( ED) ) with antioxidative properties were investigated both in monomer and mixture.
HPLC conditions were optimized using following methods: Waters XBridge C; was used as stationary phase
acetonil /H, O was used as mobile phase and detective wavelength was set at 280 nm. Antioxidant activity of
standards was investigated by reaction with or without DPPH radical for 20 min as sample and control
respectively. Both of them were analyzed by high performance liquid chromatography. According to the
changes of amount of sample and control the antioxidant activities of standards were calculated as following
order: SDG > SECO > ED. Based on above DPPH-HPLC assay and UPLC-Q-TOF-MS antioxidants extracted
from flaxseed were separated identified and screened. The radical scavenging activities were in the following
order: SDG isomer (5) > SDG (4) >7a- ( B-D-glupyranosyl) oxy - -methoxyisolariciresinol (1) > ( 6R
7R 8S) - -methoxyisolariciresinol (2) > herbacetindiglucoside ( 3) . It indicated that the HPLC-DPPH assay
could be successfully used for the antioxidant activity screening of complex flaxseed extract.
Keywords Antioxidant;  Flaxseed; High performance liquid chromatography; 2 2-Diphenyld -
picrylhydrazyl; High performance liquid chromatography assay; Lignan
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