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2, 5,10, 20,50, 100, 200, 300 ug « . 'DPPH A &
B, Fie BRALES TAESRME , L DPPH B J iR
BEARBR, XN ) W T AU AR BR SEATERME Rl 25
R, DPPHbRIUERZAELMETE R 1~100 pg « L
PR A O R B 0.999 7, 1~200 pg = L™ 'Y B9 A
e RBH0.997 9, 1~300 pg+ L "N 1A E R B
$70.9929, Hop1~100 pg+ L 'Ryt L R
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Tab.1 Results of method comparison
DPPH H BTG5 BR = / %0

P/ (mg L")

LZaRIEES UHPLC-Q-TOF-MS
8 —12.5942.52 1.1440.07
40 —8.75+3.82 4.6540. 06
100 5.68+1.07 9.68+0. 04
200 8.7641.78 17.7640. 12
500 37.2542. 09 42.2541. 28
1000 62.81%1. 61 76. 6472 74
5000 81.7542. 37 85. 5642, 81
10 000 71.9443.75 95. 0943. 07
25 000 72.5645. 13 96. 4642. 97
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Fig. 1 Total ion chromatograms of the sample solution before and after reacting with DPPH
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2.4 DPPH R FTEE I B #1328

DPPH 5 it S A 16 74 1 43 J g Je . DPPH K
SN ) S T B R o 2R DL 4

i & 4 740 : DPPH #1 DPPH, G5 & v H 3 24~
FREE R m/z 226,196 B T4, 4 DPPH il DPPH,

B R B s DPPHAEEST # F AHi &
AR T 1 1853 27 I S A G B2 1 348 S5 7= ) DPPH,
HHEDPPHAR 2] T — A1+ FIH +, IF7Em/z 394
AR TR LB B T 1 B P, DPPH, B M3 a8, 75
DPPH [ 0 , 76 m/z 392, 439 404> B I 42 85 s
FEAR ) 24~ 85 70, /T ] Rk i DPPH, i s e 75
2RI 2SR AR, J5 3 vTRE i DPPH, liide
2 AL 2RI B m/=2 227 RE I B ] Rg
DPPH #33 F 0 A Ak 16 2 A 8 S5 A B AY 43- i 7
YITCDL, DA Lg550iH , 775 BR DPPH A 3t 2
1, DPPH B2 G IE A R A1) DPPH, | 43+ ™
Az 5 DPPH ™ 143 fif 7= 4 TCDI, 3% F1 SCHik [ 18] B AF
FRAER—E Bg EdOVALE, i 5 R .

X2 FNDPPH KN BIEH&AB &P 18 FiEER S . DPPH Kk E & M= #HI{E B

Tab.2 Information of 18 active ingredients as well as DPPH and its reaction products in sample solution before and after

reacting with DPPH
2= S £ R Y m R TR W TEF AR A ST (B ] /min TR AR
m/z m/z N i SR
1 BEFR gallic acid C,HO; 169. 01 125. 02 2.27 2.14x10"  1.02x10*
2 FHEFE B mudanoside B CisH,, 0y, 463. 09 300. 03 2. 60 3.47X10"  2.04X10"
3 P mudanpioside F CisH,,05 343. 14 181. 09 2.93 1.06<10"  0.75X10"
4 T FRFEA R 4-hydroxybenzoic acid C,HO4 137.02 93.03 3.30 1.97X10"  3.83X10°
5 WETRERE methyl gallate CHsO; 183. 03 125. 99 6.41 7.35%x10°  4.91x10°
6 AT oxypaconiflorin CoHO, 495, 14 465. 13 7.38 4.08X10"  9.07x10°
7 I E mudanpioside E CpHy O 525. 15 363. 11 7.98 2.99X10°  4.74X10°
8 PR R apiopaeonoside CoHyO, 459.18 293. 09 9.49 4.79x10°  6.15X10°
9 PREA RS paeonolide CaoHo01, 459.15 293. 09 10. 20 3.21X10°  5.36X10°
10 FAH 581. 18 459. 15 10. 36 2.05X10°  6.45%x10°
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" o EATET HERAET o i I
K5 PR YK TR T S P fRER A /min ‘
m/z m/z F2 7 B KRG
11 KA 479.15 311. 07 10. 51 1.23X10°  2.24X10°
12 PR 509. 16 463. 22 11.45 5.47X10°  3.22X10"
13 WETEA galloyl-paeoniflorin CyHypOp5 631. 16 449. 14 12.11 7.59%x10"  3.31x10°
14 P H mudanpioside H CyH,,0,, 615.16 477.14 12.29 5.69x10°  3.18X%10°
A AL 25 benzoyloxypaeoniflorin 4 4
g a = = [
15 N e CoHpOp  599.17 477. 14 13.23 3.95%10°  1.05X10
16 EPELEMAATZH"  benzoyloxypaeoniflorin CyHas045 599. 17 447.14 13. 44 7.42x10*  1.86x10
17 FHEBIRS Sk paconol isomer CH,,0, 165. 05 137.02 14. 90 2.79%X10°  7.41X10°
18 FHp s paconol CH,,0, 165. 05 122. 03 16. 14 1.28x10°  9.59x10°
1, 1-diphenyl-2-(2,4,6- . 5
19 DPPH, . , CHuNO,  439.06 225. 99 21.39 3.62X10°
trinitrophenyl)hydrazine
. 1, 1-diphenyl-2- . 5
20 DPPH N ) CHuN,Op 394,08 225. 99 20. 89 5.52X10
trinitrophenylhydrazine
2,4, 6-trinitrocyclohexa- 5
21 TCDI R CHN,O;  227.00 180. 00 15.93 1. 25X 10
2,5-dien-1-imine
125.024 463.086
343.137
OH
300.026 151075 181:086
169.014 109.065
151.003 271.024| 331175 [463.130 101.02
L L N | N | C " " " uLJ.l Lll L L n l’.
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Fig. 2 Secondary mass spectra and possible fragmentation patterns of compounds corresponding to No. 1-6
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Fig. 3 Secondary mass spectra and possible fragmentation patterns of compounds corresponding to No. 7-9 and No. 13-18
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Mass spectra of DPPH and its reaction products
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Fig. 5 Possible reaction mechanism of scavenging DPPH free radical
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Detection of Antioxidant Active Components and Their Antioxidant Ability from
Moutan Cortex by Ultra-High Performance Liquid Chromatography-Tandem
Quadrupole Time-of-Flight Mass Spectrometry

XIE Yanfu, YA Huiyuan, LI Yuejia, LIU Pei
(School of Food and Drug, Luoyang Normal University, Luoyang 471934, China)

Abstract: In order to accurately detect the antioxidant active components and their antioxidant ability in Moutan Cortex
samples with complex matrix, the title study was conducted, and the reaction mechanism of 1, 1-diphenyl-2-trinitrophenylhydrazine
(DPPH) free radical elimination process was speculated. Extraction was conducted twice on the sample by ultrasound with 70%
(volume fraction, the same below) ethanol solution. After filtration, the filtrate was collected, concentrated, and centrifuged.
The supernatant was diluted to prepare 200 g * 17! sample solution, and further diluted to prepare sample solution series with
mass concentrations of 8, 40, 100, 200, 500, 1 000, 5000, 10 000, 25 000 mg « .1, 300 plL. of the prepared sample solution
series mentioned above (sample control group without sample addition) and 600 pl. of anhydrous ethanol, together with 600 pl.
of 50 mg « L' DPPH solution were added. The mixed solution was vortexed for 1 min, reacted in dark for 30 min, and diluted
200 times with 70% ethanol solution. The solution obtained was passed through a 0.22 pm filtrate membrane, and the filtrate was
analyzed by ultra-high performance liquid chromatography-tandem quadrupole time-of-flight mass spectrometry (UHPLC-Q-TOF-
MS), to measure the peak areas P, and P of DPPH reference molecule ions before and after sample addition, and calculate the
DPPH free radical scavenging rate using 100% X (P,—P)/P,. Various antioxidant active components were identified by combining
their own spectrum library, reference substance spectra, and relevant literatures on Moutan Cortex. It was shown that linear
relationship between values of the mass concentration of the sample and the DPPH free radical scavenging rate was kept in the
range of 8—1 000 mg « .!. The proposed method was less affected by the interference of the sample matrix and color compared
to the enzyme-linked immunosorbent assay method. The results of the DPPH free radical scavenging rate were consistent with
those given by the enzyme-linked immunosorbent assay method. 18 antioxidant active components were significantly identified from
Moutan Cortex, including 15 identifiable components (containing two pairs of isomers) and 3 unknown components. Among them,
oxypaeoniflorin, paeonol, mudanpioside H, galloyl-paeoniflorin, methyl gallate, mudanpioside F, and 4-hydroxybenzoic acid were
the main antioxidant active components in Moutan cortex.

Keywords: 1, 1-diphenyl-2-trinitrophenylhydrazine(DPPH); ultra-high performance liquid chromatography-tandem
quadrupole time-of-flight mass spectrometry (UHPLC-Q-TOF-MS); Moutan Cortex; antioxidation

* 667 -



