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HR FHL LR SAEMNEIRY AR DPPH A b8 69 F 8375 R (IC,) 2 A1 4 (312.2 £ 10.29)pg / mL. (3. 21 £ 0. 05) pg / mL.
(40. 60 + 1.73)png / mL.(254. 85 + 3. 65)pug / mL.(114.57 £ 3. 75)pg / mL, # M ABTS B d 2 69 IC,, %% % (112. 05 + 2. 00) ug / mL.
(19.56 +0.92)pg / mL.(24.03 + 0. 77)ug / mL.(88. 13 + 3.26) pg/ mL.(53.78 + 1. 19) pg/ mL. % FH 6. Lik 5 FEfl R Ry oh X%
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In Vitro Antioxidant Activity of Extracts from Chrysanthemum Indicum Flos in Different Solvents
SU Xiaojing ,WANG Zhidan,CHEN Zhaoyang,ZHANG Ting
(West China Hospital ,Sichuan University ,Chengdu, Sichuan,China 610041)
Abstract: Objective To investigate the in wvitro antioxidant activity of extracts from Chrysanthemum Indicum Flos in different
solvents, and to determine the content of total flavonoids by the aluminum nitrate colorimetric method. Methods The scavenging
abilities of petroleum ether, ethyl acetate, n — butanol, residue extraction, and original extract on 1, 1 - diphenyl - 2 -
picrylhydrazine (DPPH) free radicals and 2,2’ — hydrazine — (3 - ethylbenzothiazoline — 6 - sulfonic acid) diamine salt
(ABTS) free radicals were detected to evaluate the antioxidant activity of extracts from Chrysanthemum Indicum Flos in different
solvents. With rutin as a reference substance, the content of the total flavonoids of each extract was determined by the aluminum
nitrate colorimetric method. Results The half maximal inhibitory concentrations (ICy,) of the extracts from Chrysanthemum Indicum
Flos in the above five solvents for scavenging DPPH free radicals were (312.2 + 10.29) pg / mL,(3.21 + 0.05) pg / mlL,
(40.60 + 1.73) pg / mL,(254.85 + 3.65) ug / mL,and (114.57 = 3.75) upg / mL, respectively; the ICy, values for clearing
ABTS free radicals were (112.05 + 2.00) pg / mL,(19.56 + 0.92) pg / mL,(24.03 + 0.77) pg / mL,(88. 13 + 3.26) pg / mL,and
(53.78 + 1.19) pg / mL, respectively. The contents of total flavonoids of the extracts from Chrysanthemum Indicum Flos in the
above five solvents were (14.08 + 0.42)% , (42.43 + 1.63)% , (18.13 + 0.58)% , (5.17 + 0.085)% , and (16.26 =+
0.71)% , respectively. Conclusion Extracts from Chrysanthemum Indicum Flos in different solvents have strong antioxidant activity,
among which ethyl acetate extract has the strongest antioxidant activity,and the content of total flavonoids of ethyl acetate extract
is also the highest. Flavonoids in Chrysanthemum Indicum Flos may be the main active ingredients with antioxidant activity. This
study provides a reference for the extraction of natural antioxidants from Chrysanthemum Indicum Flos.
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b BUIIEE -5 TR B AL TR R R G A 2 A
T, TR TE X A PR B BT B
SRR AR HE 4G A BT AT T ST
FEE PTG A FHRBOTEC RSBt
S TR T R 43 B, T T A4 A6 AS [ 3 70 45 O B b AL Ak
T P g R B TR et ) A DG M 5 R LR IR R
Y A5 A6 PR TG P Y 3 B T R A X DA 2 46
P A BB ORISR TP R T 1L 1 - 0K -
2 - {EEIF(DPPH) A H3EIEM 2,2 - B - (3 - &K
FRuEmkmk — 6 — AR ) — 2 (ABTS) H Hy JE7AI 7 7 44
P AN T A0 P 3 710 2 BB ) e AR A T 1 IR RS TR 4
LALNO ), i Al ARy S B o i A AT T
1 UFE5KH

1.1 {s8

FA2004 HL 74381 RO (g5 TSR 22U A
BN F) RS E 0. 01 mg) s PS — 40A U 75 I i R (I
T [R) R A= W H AR e A6 BR S W], TR0 240 W, 45RO
40 kHz) ; SHHW21. 600A I %1 = F e APE 1R K A6 7K 75 5
(R 2R IR A PR A F] ) ; UV - 2600 AU 28 4h — 7]
9656 A ( H 48 Shimadzu A 7)) ; Hei — VAP BUfig%4
Z& KA (5 [F] Heidolph 23 ) .

1.2 iK%

P45 (BRI T EP 2k R ABRA AL S R
190801) , £ 38 X = Bl K 24 T SCH BB 48 R IE i
DPPH F & (ABTS Al 2 44K C(Ve) (AT
AL(NO;) (¥ 2 SR AE AR R A BRA ) 5 L BE A7
fik \ ZTR S IR IF T P R (43 Ar 4, AR i B R Ak T
) s glifbAK (A .

2 FESER
2.1 HERANESREFERNE

HUEF 2546 (L5 190801) , 45, By wk = KL KY , B2y
500 g, 7E =i T FH 80% Jo/K L3R 12 h, 80 “CHE
(L34 240 W, J51 %4 40 kHz) 2B 60 min , Fl17E , 1§ i
FEARE3 UK, & I U - B0 J5 7 65 ~ 85°CAc 1 T ek 7%
KRGS AR T AHRE 84. 92 o, iRAE AT E
15 07 25 16 0 L2 ) BB 4R LR Ol 16. 98% . £ R
(%) = (REFThE / 258 i) x 100%.

FHA I 2R TR IE T BES) B0 BT 2 1612 5 F
FIREB, APR38R A 3B A, BIVRE D 1 BE AR 2.
R 3, 2 BUG B BRI AE A a4, BUEF 35 A0 IR 8 ¢
VENHFEGL 5, Y8 4 "CORFEIRAT , s T HLER IR F =

52

76. 92 o, ME A TR B 45 46 4 U v W AR U=
PR ED (%) = (RERE/ HZYRE
i) X 100%.

®1 HHERERRYMBAREIRFIR

Tab.1 Yield of extracts from Chrysanthemum Indicum Flos solution

P I F) ZFRE(g) 7= 5(%)
P | % i Bk 15. 94 20.72
P ) [ 4 2.11 2.74
&3 AT A 3.95 5. 14
Hon 4 K 31.15 40. 50

2.2 DPPH iEZMERALEME

DPPH i ] i £ : B DPPH 4. 30 mg, K5 % #k 5 , &
100 mLAZ R, H] SR A O 5 25, 5ot i vk 22
0. 043 mg / mL % DPPH 2] , fift H i A6 RS 40 1% , B
A7

Ve X B8 ST 28 - B Ve 10. 00 mg, K5 255 FR 2, H
LB R IFE A 2 25 mL, A3 RN 0. 40 mg / mL
B Ve X BRI, B 4 CORRRBDL R, BLC B

PRI PEIE - 2% 3k 101, 20 B B2, 1 350 F
5FRE AL A IS B, ORI OTE A, il 55 5 R RE i i
B A JE e B (L3 2) o 2.2, 1 IR DPPH i ¥
3.90 mL, 73 A INA S FE AL 0. 10 mL, R $E, =R B
HEE 5,30 min' ' LATE K SR AR SV VR AR S S
P X R, 5 R el RO IR B (A) £ 0.7 + 0. 05 7
P o LA Ve £ S B X IR, 75 517 nm K40 5E 1O
JE (A ) AT 30, O R AR IR 2 X (D 3
Ak DPPH [ HJE A TE BR A, IR 2 2k, AR 6 2tk
[ 19 J5 F2 31 55 7 Bk DPPH [ ¢ 35 A4 2= B0 i vk i
(ICs0) o [)—Ff ity H 2 10 3 U, 2R 2
x2 HERRBMBRHOGEREZREDPPHENESER

(g /mL)

Tab.2 Determination results of the gradient mass concentration

of extracts from Chrysanthemum Indicum Flos by the DPPH
method (pg / mL)

%hEy MRl He2  He3 Hmd4 RS Ve

R 200.0 10.0 30.0 75.0 62.5 3.0
K2 250.0 20.0 37.5 150.0 87.5 4.0
RIE3 300.0 25.0 42.5 225.0 112.5 5.0
K4 375.0 37.5 47.5 300.0 137.5 6.5
KIES5 450.0 50.0 52.5 375.0 162.5 7.5
FRFE(%) = [(Ag—Ay) 1 Ay] X 100% (1)

T, Ag A ARTMARE il (925 X B8 Al B IROEJEE L A gy
SR I RE S WS 5 DPPH R AR RO IS Y IR
JERENS AR 3, AT UL, A A DPPH [ Hh AT
BRI % 25 55 (P> 0. 05) (HAHE 545 A NI EE Y
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THPRF2Z 7B E (P <0.05) 63 3 i g it 11 vk
1S, H 4 2Pk 10 )3 5 BT S P 2 AL S $E U 5 Ve T
Bk DPPH [ 1 JE (9 B 1 (] 28 PE e R S5 R I, &5 4
U XT DPPH F 2 935 R e 77 5 0T v B2 i et ¢
R R, HPE X R SRR IC, H LI 1 Fisk 4,
Al L, WP A5 46 4 3R LY DPPH [ ph SE 34 TR 58 (0775 1%
fiE 1 Mg B B AL TE PR, B 2R SR (BR 5 2)
FPT AR I M B 3 T AR U (P < 0. 05) , L IC,
{ER Ve ICs, fH I 6. 53 1%

#£3 HHZIEWW DPPH EHEMFRZE(X £5,%,n=3)

Tab.3 The scavenging rates of extracts from Chrysanthemum
Indicum Flos on DPPH free radicals (X + s,%,n = 3)

B KEI KR KE3 K4 KES

ol 30.07:0.99  38.58+1.84  48.14£2.05%  63.08£3.16 T 74£L74
B&) o 898265 25.55+2.61°  346+7.84  60.76:2.99  83.03£2.99"
BRY 30.57:458  B35£5.00  B.47:217 6420277 75.5745.37
Bod 10.48:0.85  4A7+115 4L61£0.61"  6264£0.2° 77034285
B&S 2392386 36.87+0.8¢  S0.46+1.88  59.88:4.19 7406236

E B RBESERE AP < 0.05; 5 KEERIRE2ILE,
P < 0.05; 5 RAEFSRIRE3ILE,P < 0.05; 5 KAAEmRE 410
#,'P < 0.05.%6F,

Note: Compared with concentration 1 of this sample,*P < 0.05;
Compared with the concentration 2 of this sample, P < 0.05; Com-
pared with the concentration 3 of this sample, ‘P < 0.05; Compared
with the concentration 4 of this sample,'P < 0.05 (for Tab.3 and 6).

DPPH [ HEE R E 1 %

100
8o f
A Ve
60 [) O FEfi 1
A FER2
40 x Hh3
o Fiih4
20 o HEHLS
0 . . . " , C/ pg-mL-!
0 100 200 300 400 500

1 FHHERNYERS VeiBER DPPH B HER
HEXRE (n=3)
Fig.1 Linear relationship between extracts from Flos Chrysanthe-

mum Indicum and Ve scavenging DPPH free radicals (n = 3)

2.3 ABTS EMEREMLEME

ABTS * 257 il % - U ABTS(38. 40 + 0. 05) mg B iR
B (K,8,04) (6. 62 + 0. 05)mg, K2 FRE , 435 Al LK %
R EZSZ 10 mL, A9 R 7. 0 mmol / LAY ABTS %
FIH T M 2. 45 mmol / L 1Y K,S,04 I, F-J0 1) B S5 44
AR EAT 1RGSR T EOEEA 12 h DL B IS
WeFE 4 3.5 mmol / L ABTS* TAEM RIS HTH 2. 64 mL
ABTS * TAEWL , H S BER BT 45 2 100 mL, BIA5- ¥
9°0.092 5 mmol / L it ABTS * {5 , 4 FH i ¢ 31 4%,
BEOCEAE, R

x4 HHAERDWS Ve R DPPH B HEMNLMEXR
KIC,(n=3)
Tab. 4 Linear relationship between extracts from Flos Chrysan-

themum Indicum and Ve scavenging DPPH free radicals (n = 3)

#a @ R EEE IC,(X 5,
(pg/mL) pg/mL)
HH1 Y=1.6696X-0.0402 0.9988  200.0~450.0  312.2+10.29
B2 Y=19.884X-0.1495 0.9969  10.0~50.0 32.07£0.55"
HH3 V=22.902X-0.4081 0.9966  30.0~52.5 40.60+1.73
Hfd4 Y=2.3337X-0.0868 0.9959  75.0~375.0  254.85+3.65
H&HS Y=5.4192X-0.1095 0.9952  62.5~162.5  114.57+3.75
Ve o Y=148.66X-0.2684 0.9991 3.0~7.5 4.91£0.24

E: B AR LE P < 0.05; 5 Vel & ,'P < 0.05,
K THEBF .

Note: Compared with other samples,*P < 0.05;Compared with Ve,
bP < 0.05 (for Tab.4 and Tabh.7 — 8).

Ve X B8 S IR T 4 - B Ve 3. 01 mg, K B 7k 2,
F VA T E X 2 10 mL, A3 R E R E R 0. 3 mg / mL 1)
Ve X BRI, O RTAE T 4 "CORA, BIC B

PUAAALTE PRI 52 - 275 SCHR [ 14 ] BT 52071k, 43l
W2, 1IUT 5 Ffoke al 258 1, 2B AL A il O 2 2, 1l
AR RE VR B (UL 5) , B B ORA7 , #5 o i AT
S R ERE R AT S0 L, B 4 mL EPE T, Fi4y
BIMA L5 mL ABTS * 187, 580045 50, & B OGSz
30 min, 75 RO (734 nm) 20 I & WG RE o Sy ik
SRR T, BB A I IR ) — R AT I E 3K,
WO A AR 22 30 (2) TR i 6 ABTS [ i 1 75
B, IRl M2 AR LM MR D7 B3T3 1 Cso 0 [R]—HE
st B ST 3 U, RS {1 e
®5 HRERBMBRAGEREABTS EUELR (ng/mL)
Tab.5 Determination results of the gradient mass concentration

of extracts from Chrysanthemum Indicum Flos by the ABTS
method (g / mL)

%5 Heel  Hee2 M3 w4 HFRS5 0 Ve
REA 80. 65 9.68 6.45 29.03 38.71 0.97
W2 96.77 14.52 12.90 58.06 51.61 1.94
WJE3 112.90  19.35 19.36 87.09 64.52 2.90
WE 4 129.03 24.19 25.81 116.13 77.42 3.87
WRIES  145.16  29.03 32.26 145.16 90.32 4.84
FRE(%) = [(A4,-A) 1 A,] X 100% (2)

T, Ag 9 ARMIAKE il B 28 16 BRSO RO E , A
A TINAS [l e BEAE Wl A TROT-55 ABTS * 357 B2 I I 19 1
JCIE AR ILFE 6, 0] UL, 254 i (B X ABTS [ H 2 1
BRI T 22 5 (P> 0. 05) (HAHE 45 A R [RIVR
[E] {43 B R 22 5 1 25 (P < 0. 05) X 26 6 H B i 1 7
LN [T U, AR A R (0] )9 5 R TS B A AR A S U S
ViR ABTS H i ZERE I A AL & C 4 R LW, 4%
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FE Y ABTS H H 5 0915 BR 68 1 5 ot 2 K BB A Ze
KRB, VLR S AERM IC, [E WK 2
T AU BPAGAEAS SR BT ABTS [ R 3L 4 R 5R Y
B BRAE T A P AL TR, B TR L BRI EUY) (FE
it 2) AU BT A AR T 1 I i T AR O (P < 0. 05) , H:
[CsyfHN Ve IC, fHI 6. 7945

#x6 BHHHERMABTSBEEEMNFRE(X+5,%,n=3)

Tab. 6 The scavenging rates of extracts from Chrysanthemum

Indicum Flos on ABTS free radicals (X = s,%,n = 3)

B KA ) K3 R4 KES

BEl o 38.50:0.85  4419:148  50.32£2.000  5392+5.11°  59.75+2.96'
BE) O AL:L1) 3848:1.02  49.78:1.45  60.64£3.03  72.36+6.47
BR300 1613250 20.81:0.26  42.53:0.66°  52.41:2.16  65.68+1.29’
Bmd o 20.39:1.25  33.78:239  49.88:2.78  64.75:4.38 7860213
RS 3857038 4878136 5866150 66.78£0.5° 76264452
ABTS F HIFHETHBR / %
100
s0/]
N /
® Ve
o FERLL
40 & B2
x FEGh3
20 A FEfh 4
o Bl S
0 L L ' C/ pgrmL™!
0 50 100 150

B2 HRELREYSE VeiBERR ABTS B HER
ZMXRE(n=3)

Fig.2 Linear relationship between extracts from Flos Chrysanthe-
mum Indicum and Vc scavenging ABTS free radicals (n = 3)
R7 TRARDWE VCERABTS BEHENLMEX R
RIC,(n=3)

Tab.7 Linear relationship and IC,, between extracts from Flos
Chrysanthemum Indicum and Ve scavenging ABTS free

radicals (n = 3)

& B35 A R &REE(pg/ml) Xz,
g/ mlL)
A&l V=3.6494X+0.0933 0.9927  80.65~145.16  112.05 +2.003
AB2 V=21.964X+0.066 0.9990 9.68~29.03 19.56 +0. 92
%3 V=18.564X+0.0674 0.9989 6.45~32.26 24.03+0.77
Hdmd Y=5.1917X+0.0618 0.9978  29.03~145.16 88.13+3.26
&S Y=7.0038X+0.1237 0.9953  38.71~90.32 53.78£1.19
Ve Y=191.71X-0.0614 0.9978 0.97~4.84 2.88+0.26

2.4 BEMESENE

VA VR £ JBOMT T R, R A, CTEL AR K 30 mg,
F# PR E , 2 N QBRI E 45 2 100 mL, 45 1 &
WM 0.30 mg / mL B & T FR VA WL, 15 64T BE R
B, A5 R 439 R 30,70, 110, 150,190,230 wg / mL
B 2R T R AEE IR, & o 40 B 2. 130 5 R

54

B, SRR VA T B2 mg KRS 1, Z B i 2
KR 2 mL, 4R R 1 mg/ mL A FR &A1 B
3.5 mg M 2, QAR T 2 25 2 10 mL, 15 BT s Wk FE
0. 35 mg / mL ARG IR 25 B2 mg #F0 3, HH C B
R ERZE 2 mL, AR 1 mg / mL RS AE 35
B2 mg B 4, F L AN % T 2 25 2 2 mL, 7595
WA 1 mg/ mL IFES IS 45 02 megHESH 5, H 4
PES T E A 2 2 mL, A5 BT WK B 1 mg / mL BYFE i
TS o LA FE i i W P AT 45 3 00 BRC BT

FT A o il 2 ST c Ayl B VR B SR 10% 1)
ALNOS) 5 4% 1) NaOH VA ORTHR B Ry 5% 11
NaNO, W , = AR A UL o 43 B 2. 4. 130
T AR BORRE S A4S 800 pL, ARVCE 2 mL B,
JA 5% NaNO, %5 W 40 pL, $2 5], # & 6 min, F il A
10% A1(NO), ¥ 40 pL, $24] , B & 6 min, FEIIA 4%
NaOH % 320 pL, fieJ5 A gifb /K AR FLE 2 mL, 78
AyHRAT  #E 10 min; JH 800 pL 4l Ak K4S B = T hr ik v
IR S VU, T3 i) B 2 10 0T BRI o T B R W AT i
K (734 nm) ZE I WG RE , [l —4% P47 00 e 3 K, B
P EE o 2 T bR o 2R O TSR S b R R R 1)
(g /g, VP T3H) o AT &R EE (C) R AR A WO B
(A) A A bR AT AR 52 T RH A =
0.0034C +0.0397(R?2=0.991,n=06) . 45 FFLKH], 2
TR AE 30 ~ 230 pg / mL YT N5 WG Lk
KR RE, ] T 550

AL(NOg) 5 388 75 0 7 5 26 ] 5 1 - 78 de KW WS
1 (510 nm) 420300 7 A A i VR IO B2 (AD) |, 2l A i
TR R R B R E E (w) 0 = my [ my X
100% (X my A7 T B, my A RF 2 AL FR I T i) o
g RRFAGIE A LI b, LR LTS CRE b 2) 1Y
TR e , B0 T AR O (P < 0.05) L TF
L3 8,

*8 BHFEREDYEEMIEBNELER(n=3)

Tab. 8 Results of the content determination of total flavonoids in

extracts from Flos Chrysanthemum Indicum (n = 3)

i m,(mg) m, 2% (%) FHhHez
T 2 03 (mgy 12 3 (X%
B0 1099 11161 116,39 800 13.75 13.95 14.55 14.08+0.42

B2 114.42 118.48 123.54 280 40.86 42.31 44.12 42.43+1.63
H#&m3 139.72 147.06 148.66 800 17.46 18.38 18.58 18.13+0.58
B4 40.87 41.14 42,14 800 S.11 5.14 5.27 5.17+0.08
Ba&S 124.32 130.26 135.57 800 15.54 16.28 16.95 16.26+0.71
2.5 HEERNYRESLFESEEMSENHEXNE

B35 18 4% 2 HUWD R B DPPH [ 2% L ABTS [ %
B E 1 5 BT i R AR A OC, SRR RE S b, BRI Y
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B 1EG  1Cso UL/ AL I Pt B i . R 4 2R 7
R 8 TTHN, LR C TR % Oy CRF il 2) 1A B 7 e
1 1Cso BRI BTSRRI VA 58 BONS BF 4 AR P U 1Y
PUEAMHE P ()5 LA 75 (X)) B A Ak HEA T 4R ]
JAL BRI 9, RIS R KA
F9 BEALRBMARLEES BEMEBNEMXR
ERER(n=5)
Tab.9 Results of the linear relationship between antioxidant

activity and content of total flavonoids of extracts from Flos

Chrysanthemum Indicum (n = 5)

B Wik ERES R’

DPPH Y=-0.6239 X+0.270 8 0. 466 9

ABTS Y=-0.1998 X+0.0979 0.4773
3 itig

3G MGG 2y, B Z RGBS
TR ABESE T B 2 AL AN [ M S U B AR AP B A8 AL T
PE,E T H SR 5 5, 7500 7B A AR S U B AR
AT 5 R B S B G RR

AWFsEd, EE R T DPPH [ H1 3£ H1 ABTS A H
FENG BRI, X 2 Fh O AR Y, AT SRR S M R
e 4 SR R W, WY 48 46 45 £ HUY) X DPPH [ HR 3
ABTS H H B A — @ 5BREE T, Hh R CTREE )
H I8 B R e i, 5 Ve i B DPPH A 2L 19 B8 ) A1 22 B
I, HER MR RAF, R 4 QR HAT o i
B e 1 N A BT AR TS Ve A RS IN , O TR S TR $2
gy v v T IS | b P s bk 1R 2 A A A3 1) B AR A TS
;rigﬁ[IS—ZO]O

AW LU T S br 1 WA B A i th 2 78
MO N A 2 S, $0 3 45 H IUY) 1 dc ik vk i
A O BE | AR G B B it o e 3R 8 AT, B A A%
PP h 1 B 2 Ny, b SR TR BRI 1 S
B B e, IR TIE TR A A6 PR Y R P AR A TS v
AL B T o EL A — B R R e, B Ak
T P S B i o AT 45 R S SR (20 - 21 J 9T 458
AT

Zi Bk B G A6 52 Y A B A 0K R DPPH A
FEFNABTS H i3, ¥ R AF i P s b s vk, B &
M 28 B4y, e B 38 46 2 TR 20 TR 4 U () Bt B AL T
o ST S i AR e, BT A AR O B BOR SR B A AR 1
A SRR IR A5 Sy B 28 4 R OR 7 W TR AT K R
AR R T RIS SRR
RN
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