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The synergistic antioxidant effect and structure-activity

relationship of six flavonoids
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Abstract: In this study, the ABTS free radicals scavenging activity
was as an indicator, the Chou-Talalay method was used to investigate
the synergistic antioxidant effect and structure activity relationship of
six kinds of small molecules with different structures. The results
showed that the ABTS free radicals scavenging activity of the six
kinds of flavonoids was in following order, i.e., 5,6, 7-trihydroxy
flavone > 6-hydroxyl flavone > 3,7-dihydroxy flavone > 5-hydroxy
flavone > 3-hydroxy flavone > 7-hydroxyl flavone > ascorbic acid.
Among them, 5,6,7-trihydroxy flavone, 6-hydroxy flavone and 3,7-
dihydroxy flavone oxidation effect significantly, under different con-
centration and two flavonoid compounds on ABTS {ree radicals scav-

enging activity of the combined effect of CI values are quite different.,
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dihydroxy flavone and other five kinds of flavonoids have obvious
synergistic effect. It was also found that the synergistic antioxidant
effects of the six flavonoid compounds were related to the position
and quantity of the hydroxyl group., the main structural feature of
the synergistic antioxidant effect of 3,7-dihydroxy.
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HI R G YR —REMY AT Z0m. R ABm RN
PIAN IR CA SR B 3R 58 3 — A~ = B B AR 1 3% 45 i B Y 1k
AT M C3 A IR S H A AL RR R A B IR i B B
R RTR B IRAL AW A T AT R L 28 B L
i SR AR R R, KRBT R
WL B 20 ) BLAT 22 Fh A B R R 25 FEAA M i ATk
ARAP 0 T A8 BT B A A T 7 T AR 7 A S B R
SFLH PRSI AEH B REIUREN . RHGES 52
&5 e B AL &Y G BT /) B[R] %% 8 0] g 24
0 e B A P Y B R A

W2 A0 A W & AR LB AR A R R R AR
I 10 5 | A WL A AR A 45 1) 1y 3 R HL B ARk A S 4l
Gy BEM BB A AR IR . YT A B W K Sy
Hr 254 550 A AP 19 56 R L (R B R 2516 & 4 e W) 4 4 Ak
YER 5B RV TR B AT St — B WA RITE
Wb i B AL W B R BT AR AR A B ) R AR Y
AL 2G T 4% Pl A [] 1 95 71 =2 ] 40 £ & #4E B 8] 4 5 T A O 5
AR . ARG 4006 A 3-F0 B W L 5% L B L 6- R B
P 7-FE FE T L3, 7- R AR M RN 5.6, 7- = SR EE TN 6 Fh 4k
MIA R (/N 23 1 B A S B 28 %0 52 o RABL IR I 7R 9 ) B L 00 5
Hpr ATV R HF ST AS 7] 45 A4 2 T 19 9 42 I )5 b 4 Ak T 1k
14728 Al RSB RE S IE A RE 7 AR R IR B S AR ZBONE LA ER T A
P 5 8 A 2 Ak A v B R S 1 10 B B I N TETR R

17



AR

2017 &% 2

1 M 505
1.1 #E5iRH
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1.3.1 ABTS™ - i§BRFME  MR45CHLo]. Bk~
ABTS Fi 2.45 mmol/L i i B2 88 % W % %, Bid A% 7 mmol/L
ABTS i # W  7E B RGN # 8 12~16 h, #4E R
B ABTS" - ¥ W I 8% B2 & 28 v i (PBS, 10 mmol/L,
pPH7.OFBBEXEET 734 nm ARGk 0.704£0.02, B {5
F ABTS® « TAEWK . B 6 Fh & H6 F TC K £ WERC & e B 43 31
H5,10,15,20,30,40,50,60 pmol/L MW . M1 ZH,
F 10 mL L & dom A 1 mL R [6] ¥ BE A FE 57 A 3 mL
ABTS" « TR IR SE 30 ‘CAKIB B 6 min, LIATIR
IR g % B TEK 2B s 5 DU S N RALE 734 nm 4b F I
HAH R (D IFEAE S ABTS - W BRE, REITHE
HIE R 50% ABTS™ « [k BE(ICs) .,
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Table 1

The range of CI and description in compound

combination studies

CI {E I [f] AR A (s
CI.,<<0.1 PR AR+ +
0.1<< Cl,,<0.3 b I 7 T 5 ++++
0.3<< CI,,<<0.7 AEEEE T + 4+
0.7<< CI,,<0.85 ir 4 P v 2 + +
0.85<C CI.,<<0.90  Pp[REIMEFIM +
0.90< Cl,<<1.10  HIfnfEH +
L10< Cl,<<1.20  $H$i/EF R
1.20<< Cl.<<1.45  $5$ifE % - -
1.45<C CI.,<<3.3 FEPUAE 0 - = =
3.3<C Cl.,<<10 EGEAR(SELH - =
10<< Cl WoERERR - - — = —
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B3, 7- % K ¥ B .5.6,7-= %I 6 fh R IL & W
ABTS™ « BRI E 45 R W B 1,3 IC i 43 51 H : 17.40,
14.82,9.39.35.11,10.79,9.05 pmol/L., X B8 5 Ht 5 i BR 1)
IC5, {2y 46.21 pmol/ L, W] H 3% P KAMKIR K : 5,6, 7-= 3
FH B > 6-0 FL W > 3, 7- 0 3k W R > 5- 0 3 i >3- 5%
BE AR > 7-5F Bk B W > P B, ICs A%, 3 WX
ABTS™ « {3 BRBE J7 MR, IR Z MBS . 25 & AL, 6 Fh i
FiAL & X ABTS' « W5BREEI 3. FHOIR AR, o p 5.6,
T- =R IL T BRGE ) R, 6 L MR B T 5.6, 7- =&
FLUEA L 3,7- R I L 5- BRI WO, 3 L W, TR 5
B R 5T 5,6, 7- =R SLHER Ko 7R AL e B

P EEHE AL SR R W 2 A 6 P b A I M
RN, W E A IR IR 5 . Cs— OHL3'—OH.4'— OH
ST 5 Al RN R AL .G — OH F G — OH 45 #9Be %
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Figure 1 ABTS radical scavenging rates (IC;,) of Six

Different Flavonoids
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Table 2 The relationship of ABTS' «

VOB AR P ROR ARG 3. 7- R BT Y 5.6, 7- = F I
A7) DR 0.5 CIC 50 ) e JBE T e B9 A5 1 T80 R et e o e 4 T

3R AU B A5 B WA 1R T 3 CT
fH AR 3 AT A W3, 7- TR AR AT 5 Fh s iR & 1
JH IR A S B A P [ 4 R A ) v 45 b ) B3 R
5 52 IR 632 3L B M 5,6, 7, = ¥R 3K R I A AR
W K CL 2 0.6~0.7, R A, 5 T-RE K S
YERI . CL, J 0.806, By v 48 Bp . 5 3-8 2 B R K 5 A
A CL, 2 0.850, R BN R F] . 6-FREEHE 5 5.6,7-
SREEEA AN CL, 2 0.9~ L1, A7 7R A AR 1 -5 1
BB (B 3, 7- — 32 B e R LA A0 36 5 4 I — i 3 BL 4 4t
BT 5 3- R W I RN RMAES . 5 - R E WM 75
LTI R B h AR T oAb R B T AR RS BUAE T e A
SRR T MR 5,6, 7- = F H WM P AF HE O, BT OB L.
DR E NN S S VA 90 N CIVE rof 7 3 | B ) N GV Foe N e R

PUA AL Ur R/ RTALEE 3 204 18 52 48 I T AR A L ik
AR TR R AR R R T 5 REDY . T EIFRE
5 20 B B SR TR IR A P SR A A R T B — it AL R Y
S FHRCRS AR IR BT A i B A TR A Tk — A
AR I 19 O [ R 3 A7 TR — BB 5 M R ZR . 0 3 Ji R oz A X 9
BEVROBAR RN L R Z R BT AE — AR E 1 He ] B [
BONL 5 B die s KT E L Y e AR T DA Ay B ] 1 B ) G
AT RETE AR AL R D IR R A B k. SR A LR
FE 5 N H T 55 U BT R A I 2 R S B TR T AR A 3 P L 2 W]
TE B B R A ] B 18 B0 R 23 S B B TR A 7 — & X A
H I BR AR D0 T 1R A 4 B H i DR AT R R e OB TE —
A SR I, L b A G W 2 S A R LSO BT A R 26 R 4
TR o MRS AT R A B IR A R R R 4 A X
AR A — R .

- EREMRENXR

clearance and concentration of two compounds in combination

ABTS" « {EBRR/ %

p=]
p=nf

\

0.10ICs,  0.25IC5  0.50ICs,  0.75IC5,  1.00ICs,  1.25ICs,  1.50ICs,
35 e W+ 555 5 5 5.87 7.83 10.43 18.48 21.30 23.04 29.57
3-FR HL TR + 6- 7% AL BT 5.77 7.21 20.43 25.48 43.51 44,71 48.32
35 L W TR+ 7- 5 e 5 TR 2.30 7.13 9.43 13.79 19.54 20.23 20.92
3-FR B R 43, 7- R AL MR 1.35 9.89 20.22 31.24 42.70 52.36 60.45
3-FRFLWH +5,6,7-= 3L W i 3.26 7.39 8.48 14.78 20.65 24.78 30.87
5-F5 FL B + 675 5 1 R 3.10 9.29 17.26 27.21 34.51 40.49 45.13
55 e B T +- 7- 50 5 4 1.57 10.11 12.36 19.10 26.74 30.11 38.88
5-F2 B R 43, 7- 0 L 3.65 13.01 29.91 45.21 54.79 67.81 79.68
5-F2FE A 45,6, 7- = R I W 1.89 6.50 13.63 21.80 26.62 36.69 41.09
6- 2 J5 4 T + 7- 50 S5 45 ] 9.46 14.64 18.47 26.80 31.08 43.02 45.05
6-F3 L + 3, 7- — F JE 7.38 15.66 31.77 51.23 65.10 76.51 87.70
6- R R +5.6,7- = B KL W 7.59 14.48 22.30 31.72 40.69 53.33 60.23
T-¥3R LR 3, 7- R L H R 7.61 14.13 28.26 40.00 48.04 58.91 64.31
T-FFL W 5,6, 7-= 35 3k W 2.57 4.07 4.93 11.35 17.99 21.20 28.05
3. 7- R IEWE 45,6, 7-= R I TR 4.12 13.17 31.89 39.71 53.50 63.17 74.49
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Table 3 The CI Value of two compound combinations on scavenging ABTS" «

PR Cl{E ., HHEAEH
ECs ECy; ECy, ECgs H &
3-8 B R - 5 B BT 2.637 2.218 1.907 1.882 2.032 - = =
3-8 Hk B TR + 655 Kk B 1.412 1.234 1.077 1.066 1.138 —
355 Bk B TR + 7%k 3.302 2.686 2.436 2.408 2.561 - — —
3-FEHL W - 3, 7- T R L #E R 1.210 1.048 0.764 0.724 0.850 +
3-FEHL W 5.6, 7- = F 3L WA 2.509 2.237 1.563 1.502 1.768 - =
5% B R - 6- 5 AL BT 1.562 1.311 1.246 1.230 1.284 - —
5-3% Bk B TR + 7- 3% 5 B 1.974 1.525 1.509 1.487 1.550 - — —
5-FRELEEER +3.7- R AL TR 0.913 0.768 0.616 0.584 0.663 + + +
5-YR I AEE 45,6, 7-= R HL W 1.781 1.518 1.162 1.115 1.276 - —
635 Tk B TR + 735 K B 1.598 1.335 1.346 1.334 1.364 - —
6-FF KL TR + 3. 7- R R TR 0.804 0.714 0.587 0.560 0.623 + + +
637 HL W 45,6, 7-= 2k H 1 1.210 1.102 0.870 0.840 0.938 +
T- R R+ 3. 7- R BB 1.069 0.894 0.763 0.728 0.806 + +
TG 45,6, 7- = R L W 2.800 2.314 1.870 1.799 2.024 - = =
3, T- R +5,6, - = B AL H R 0.968 0.879 0.573 0.526 0.655 + + +
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Xt CAA REE, St tb, 2%F IR A 9 /) U R 1 S0 T
WA e R O E 2%, Hidalgo %A Ry ¥ R & 9
PR AL 3 7 P 5 35 B R, nl B S B R 2 18] 0 S 4
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Figure 2 The structure of six flavonoids
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