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TREER (ABTS) %, WL%% 4 46 25 it Xt DPPH [ £h 2 Al
ABTS H H1 3L 175 BR A8 1 B H 25 mi &R (259
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2.1.1 FIE A&k 08 &
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FE2 1IN Ty, B A6 25 ] URE A
T, i B8 0.05-0.80 mg-mL™" B AS 7] A= 24 Jo & vk B
B L AREER WA I mL, ZEE R AT, 53 mL
DPPH i PR R G, G R 4300 T 90 min P[]
B 10 min T 517 nm &b W 2 WG RE A SR R IO
Aso G S HBORF N VR B 1) 4 A6 25 AR A 5 U 1 mL, IITAC
TooK CBE3 mL, IR AT, A1 15 3825 FI OGBS Ab,
Bl mL A TEK OB, A 3 mL ) DPPH %53, TR TR
A [ 2 , 155 DPPH X BRI G BE Ac, THRRE A TG
BRI 58 (%) =[1-(As—Ab)/Ac|x100% .

222 REXEHRDPPH A &k 3h A F 6%

4 45 18 25 i £ TORR B 22 0.60 mg-mL, 43 1
B4y Z VW 1 mL 5 DPPH AW 3 mL, PRsiRS) , 43
SCE 7E 20,30 .40, 50°CHY 85 3246 4T RN, b
FF2E 90 min, BEFF 10 min ME 1RO EE As, I K
WA 517 nmo FH [FIFE Y 7 200 5 AH B 9 Ab 1 Ac, 1t
B DPPHVEBRR .

223 HiLEFHRDPPH A A FHRFHFRE
(1C,,) 4 2

FE“2.2.17 TR J7% , BOAS [RGB e J3 ) R il T T
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7 J RE SRV R T G E As, RS R 4 IR S Ik
JFE - BR AR AR 8 TS R DPPH [ H B 036 M
BEOHBRF(IC,,) -
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[ e B B AR S TR S 1 mL, ZE IR AT, 53 mL
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734 nm Ab [H] BF 10 min I 8 WO BE /R S FE 0O B2
Aso 43 BURF N vk J3E 1 4 A6 25 A SIS U 1 mL, fInAC
Te/K 13 mL,IRAT, [FVE DN A2, 159 3128 FHIROGEE Ab,
U1 mL g JCK S BEANA 3 mL i ABTS ¥ &, Pk 1
A, D2 WO B 15 3] ABTS X BB 6 B Ac, 2 18
2217 ARG EIE R
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AE 2 HC 4 0y 1 mL A9 2.4 mg-mL™" (% 4 16 25 %
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“2.17H R AR EIERR R
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53 mLAY ABTS W, IR &, il T ot |, )
1% 30 min, P 5E 734 nm A0 OB As, TR BR
B ol RE VR B - B R N O R TRV BR
ABTS H HH S IEPE R OEBR R (1C,,) o
2.4 FHEr5 DPPH A= ABTS BB AT & % 45 47 &
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Z MR Ry v A RS A Waters Atlantis™ T3
(4.6 mmx150 mm, 3 wm) @5 HE, 1 40°C, SERERFR
5 L, MBI NG (A) F10.5% BETREW (B) , B B2 Uk
JIii (0-4 min, 12% A ;4-5 min, 12%-20% A ;5-15 min,
20% Aj; 15-15.5 min, 20%-50% A; 15.5~18 min, 50%
A) ;i E 1.0 mL-min™, fM% KAK K% 5 0-9.5 min,
326 nm (MI&% 5 R BTk iR NHERR | P sk 52 ), 9.5-
12.5 min, 340 nm (I A 5 75 3% 48] 26 00 1 1 1 LK J o
1), 12.5-18.0 min, 326 nm (Il L8 A EZ A \B.C) .
242 FiLFErt RO AT AR IR 60 &

2117 W0F 1 mL A9 45 48 258 i i i A T
A3 mLIYICAK OB, SRR 08, IS8 A E R
DPPH F1 ABTS 0 i ) HPLC A3 it 75
243 FHILErF R SR b5k 6 &
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Jei W 2 08 W AE Ry 48 A =25 v BN ) HPLC 4t 3
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HROAR R B A R R 28 A 2 W T R 1 D IR
SRR MMERR BRER IR AR IR A SRR B A
SEERIR IR CHl i W B RE , FHJC/K SR fif , IF e il
B 1 mL 0 355 A AR B 0.04 mg\*ﬁgg—%%
BE B R 1 0.329 mg. 2% J7 2 0.577 mg. #7 &% Ji TR
0.028 mg  MIMERR 0.019 mg . Fa &% 52 0.04 mg ., 545
iz A 1.118 mg, 5 2% J5 i B 0.066 mg. 53 &% JiL i C
0.39 mg TR AR A TR A5 X BT S TR o
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R AR B RAT SRR B Ak IR R W R | B R R
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FABTS J S 25 053 I TH AR IR AE R (%) =[ (R
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3 XRS5
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3.1.1 RERET#F%R DPPH B Wik 3h 5 564 %w

125 R R, AN TR 32 1 42 O 7 [ DPPH H
B A WA 25 55 o AR R BsF (] ), it 5 2 4 25 i B R
Yy BERE N, DPPH 1 B AR N 48 5 5 W] — W B, Bifi
& N B[R] A B 4 48 25 S BGR XT DPPH [ pH 2
IR BREE I WA BB B . BIFOE R 3, AN ) vk B 1 2 46
ZEMH R BOR A Bh S 2R IR AE— e 2 . L
e B AR, ¥ o 23 B IS ] i A8 Ak i 2 80722, Wk
JEE 58 1o B 35 o SR I B () ) A Ak RS S I g k2R
ik B A 0.80 mg-mL! B, d 5 T BR R AT ik F)
84.383%.
3.1.2 BEEHRDPPH A w133 /1 369 %k

ZERANE 2 R AR R BT 0 28 AL ZE A o B
SN sk FE P S v RS g B[] ) ZE S, X DPPH. i 2
AR BRI Wb e . Hoh 7 40°C A 50°CHY IR B2 5%
PR, KW 70 min Ji5 45 AEZE X DPPH H FH A& 1 7 R
FIANE TP AR 15 55 = 18 B 7T 35 90.06% o
3.1.3 #HiZE s DPPH A s X 69 E M F A Th R
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13 45 SR B, Bifi 5 48 A6 25 R il ok B2 A 185
S st ] f4) HE K X6 ABTS 7 Bk 228 i 48 0, 25 9 e
7624 mg-mL™ LA B I ABTS [ H 3 6 4 B3 28 11 I
TARHE (0.4.0.8.1.2. 1.6 F12.0 mg-mL™") , 24554 2%
M B N 3.0 mg-mL B, B ® ABTS ¥ B R 0l ik
97.18%.
322 BEENRABTS 8 WA A FHHh

Kl 4 25 R ZEAR IR BT, Bl S0 et 1) 7
o R [R] (2 K, 28 76 25 i B U X ABTS 5 B A
WA
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XoJ Y [63% 2 A 2 8 I e R A T R 0 A5 21 [
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B+ 4 /min
E4 MR ZER R AR A T8 ABTS Bt
TE R R RS B 3h ) S #h 2k

50% I, TF 5 HY B 44 A6 25 i 2 JBOBURE o 19 Jo1 1 vk 3
(IC4,) 4 2.039 mg-mL™",
33 FHit%rt5 DPPH ABTS LR #T /6 8 % 35474 %
| 2

FV RS AEZE I TP B RS S AR R R R AR
R 2 W 2 R 7 % 12 49901 R 326.08 pg-mL™'
670.07 pg-mL" . 4.78 wg-mL™", M) R 2 Al 43 2% J5 R
ek IR PR e ER BOALC & w5
gl A 72115 pgemL™, 5.76 pg-mL™", 63.90 pg-mL™,
2.043 mg-mL™", 787.79 pg-mL" Il 68.74 pg-mL™" ( I
Fl5). 2462505 DPPH R ABTS 0 J5 & i I FER
W1,
34 AFIHEBFHMN

K K AF Origin 2022 Fi1 IBM SPSS Statistics 21 X
B AL LN TR A4k 2 B4 5 DPPH R ABTS 2B 431 €
BRAR AT RE b AR WE 6 MK 7. HEl 67
RO AT G R 3284 | R FE ek e | Fask
SRR 2R TR B 4% R R RN S 2R R R C5 56 1 2 4E
AR TR A5 o M 2S04 AR R 2 R ) A M T R 1 K R
FFFFINMERR , 5 & 7 BB 45 R — 2
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El5 #HEEH#HSS DPPH M ABTS [k M A5 5 HPLC %X b E
EARASN BB AL E TSRS DPPH R B a1 /G 094X & C. B E v o 5 ABTS R AT )5 694K 5 1 9T 4R R BR ;2 R R B8 ;3. TR 2R R BR 5
4ok R 5 KRR 6: KB AR BABRE ;7 FRRIEB;8: F 4RI A9 FEREC,

4 HiEEHR

4.1 FErHRIN BN E RIS ) AR

i H 2 5 2R W R i i o sl AR 1 B4 A AR ALK
AL, R ECE AR B IE 5 R AE RE AL L
I eE 45 Z2 R, W BRI N 22 09 3 e X0
AH PR BIR YT B 2 X, ASCR A DPPH
TR ABTS ¥ X6 45 46 25 - I Bt AT M A 3l g 24004 7
WIWEIE . S5 R, AR 25 0 B BAr R S i 4R
A% M, X DPPH AT ABTS [ Fi 3 ) d5 5 5 R T ik
F80% Lk I o X B AR IS BR R 4 L 22 R Y
AV B 52 I k88 RS2 g B[] 45 A4 A 7 0 4 A el
1, B A ZE X H T bR e D) 2 I 2 AR, /D
2 150 2 A6 25 2 JUY) 0% o 1 VR R RGN S PR B R
JE EA S B[] 34 0] LA4E 55 DPPH FTABTS H B 2SR
HERRET -
42 FIEr T % I5AR RS 89 HPLC 0 2 A= 30 B AL
R 0 2R T ik

FESCHE SR HPLC 3543 5 e T 25 A6 25 042
) 5 DPPH 1 ABTS B2 i Jim A9 T A 8 B 28 A
2 R TS T R o D A5 O P 5 ek v 1 T R i 2%
B PR T S 5T A AR RN R _E IR

F1 FHEEMHESDPPH.ABTS R OFR S HIEER (%)

PRA DPPH ABTS
kR B 83.30 76.56
R 81.67 7823
T4 4% R B 83.93 75.72
ook 55 73.44 7871
REZH 75.98 79.92
RBEZ R A BB 66.27 79.70
4R B 81.61 74.67
FER BB A 71.89 62.06
F+4R BB C 80.96 68.07

SFHIEAER . BRI, 25 6255 DPPH Al ABTS J2
JOE S, BT A B G AR TR 3R A W A R Y R R BT
RT3 T 25 8 A R SR TR BT S TR | B o T TR
SERJER A B CAE I E F8 bR 1 3 1 28 Hh AN [ R
MR, xR Bk ¥ 2S5 T i B DPPH Al
ABTS [ p1 3 521, 480 1 3 B 4 S 46 46 25 i Hh T 4
FETEPE R Ar o XF 3 A3 B T RE SR HEA T 40 BT A
R kB, £S5 DPPH F1 ABTS [ i 3k 2 b7 i 72
o, £ AT B R I B 22 5, SRR R A TR R S
B 7E 5 DPPH SV HE FE 55 =, 1A R 2 A 4
T P2 1 55 B 2 B 53 W #E 5 ABTS S o i A Hh I R
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LB BRI % LR AN TR o 35 425 rp A 2
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A A58 4 v, % 5 — A (SRR 7)) 1Y)
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S W) P 1121 AL T 5 56 245 2R T 68 TG vk v A 1 g
Wz RSN SRR TG R . AR SCHR R T 4G 1250
PEHC I R A BB B ) 2 R PR Y A5 R R W 2 A
KX H S TE BRI e g5 R AR R e S
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T XTI 07 5 2 58 v B A 2 43 B AT 0, 4 0
SHZ A B TSR BT AT M RSy, X R RIES T
LN e L3 M R i 2 5 it SR AR R 8 T 1 AT
A 5% 38 F HPLC I 7 44 46 25 it $2 U4 5 DPPH i
ABTS I i Z2 R Ak i TH AR, T e 1 2 5 I
N ) FE BN AY, TR A I T R T 2 ) (B R AR =)
BT LA P oy T e PR AL 4
4.4 N

ARSCHIA B T 2 A 25 0 AR S A A TR M RN
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PEY) T FE R 58 R 256 I R R S A S B il
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AT . WAL R K 2E A (A SRR AR, 2022, 40(4):385- 25 REERE, AR, RiEE, & KRB ZmIMLE Y et kb E
390, 406. TEPE L B, 2023, 42(4):973-983.
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Antioxidant Kinetic Characteristics and Online Identification of Active Compounds in

Chrysanthemi Flos Stems and Leaves

TU Wangian', LU Xin®, ZHANG Liuji"?, LIU Yifei', WANG Jianxia’, LI Xiangyang®, CHEN Jingjing’
(1. Henan Integrated Hospital of Traditional Chinese Medicine and Western Medicine, Henan Engineering
Center of Genuine Medicinal Materials Comprehensive Development, Zhengzhou 450004, China ;2. Henan
University of Chinese medicine, Zhengzhou 450008, China ;3. Henan Health Care College, Zhengzhou 450008,
China ;4. Henan Institute for Drug and Medical Device Inspection, Henan Vaccine Issuance Center, NMPA Key
Laboratory for Quality Control of Traditional Chinese Medicine, Chinese Materia Medica and Prepared Slices,
Zhengzhou 450018, China)

Abstract: Objective To study the antioxidant activity and free radical scavenging kinetics of Chrysanthemi flos stems
and leaves, and online screen the active components related to free radical scavenging. Methods ~ Using DPPH method
and ABTS method the antioxidant activity of extracts from Chrysanthemi flos stems and leaves was observed, and the
effects of different influencing factors, such as drug concentration, reaction temperature and reaction time on free radical
scavenging rate were compared, the half scavenging rate (IC,) was determined. The flavonoids, such as luteolin
glucuronic acid, luteolin, and caffeic acid, phenolic acids such as chlorogenic acid, neochlorogenic acid,
cryptochlorogenic acid, isochlorogenic acid A, B, and C in the samples before and after the reaction were chosen as
indexes, and their contents were determined by HPLC. Results The drug concentration, reaction temperature and
reaction time could affect the scavenging rate of DPPH free radical and ABTS. The IC,, of DPPH and ABTS were
0.395 mg-mL™" and 2.039 mg-mL™" respectively. After reaction with DPPH and ABTS, the contents of the analytes above
all decreased significantly, which suggested that, the components above might be the antioxidant components in
Chrysanthemi flos stems and leaves. Conclusions  Chrysanthemi flos Stems and leaves have good free radical

scavenging activity. In this study, the kinetic characteristics of scavenging DPPH and ABTS free radicals in
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Chrysanthemi flos stems and leaves were preliminarily clarified, and the active components were found out. It provides
an experimental basis for the future comprehensive development of Chrysanthemi flos stems and leaves.

Keywords: Chrysanthemi flos stems and leaves, Free radical, Kinetic characteristics, Antioxidation, Active compounds,

HPLC
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