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Structure-activity relationship of anthocyanin phytochemicals in inhibiting oxidized-

stress injury of vascular endothelial cells
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Abstract: Objective To investigate the structure-activity relationship for 21 anthocyanins in inhibiting
oxidized injury of endothelial cells, and explore the structural characteristics of anthocyanins closely related to
their effects. Methods Endothelial cells were treated by ox-LDL at different concentrations of 50, 100, 150 or
200 pg/ml, and MTT assay was used to determine ICy,. After pre-incubated for 2 h with different concentrations
(50, 100 or 200 wmol/L) of anthocyanins and then treated with 100 pg/ml ox-LDL for another 24 h in endo-
thelial cells, MTT assay was used to detect the cellular viability. After pre-treated for 2 h with different anthocy-
anins with 100 pmol/L and treated with ox-LDL for another 24 h, MDA and NO level in the culture media were
both measured according to the methods of assay kits. Structure-activity relationship was analyzed according to
the respective cellular viability, MDA and NO level. Results Cellular viability was significantly inhibited by

ox-LDL in a dose-dependent manner, and the ICy, was 100 pg/ml. A significant correlation was observed
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among the effect of anthocyanins on cell viability, MDA production and NO release. The inhibitory effects of

anthocyanins in ox-LDL-injured endothelial cells were positively related to the total number of hydroxyl groups

and hydroxyl substitutions in B ring. 3’,4'-ortho-dihydroxyl substitution on B-ring and a 3-hydroxyl group on

C-ring significantly enhanced the inhibitory effect of anthocyanins, yet methoxylation or glycosylation significantly

decreased the effect. 6-hydroxylation substitution might attenuate the inhibitory effect of anthocyanins, while

substitution at C5 or C5' showed no significant influence on the effect of anthocyanins. Anthocyanin with

monosaccharose substitution was much stronger than that with disaccharose substitution, while there was no

significant difference between anthocyanins with glucoside and that with galacotoside substitution. Delphinidin

and delphinidin-3-glucoside were respectively the most effectual anthocyanidin or anthocyanin. Conclusion

3’ ,4'-ortho-dihydroxyl substitution on B-ring and a 3-hydroxyl group on C-ring are the main structural require-

ments for anthocyanins in suppressing ox-LDL-induced injury in endothelial cells.
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F1 FEMELEEFWHEMEES MDA £ NO BN (x £s)
M) (%)
Tk MDA A& il 3 (% ) NO BEHHR(% )
50 pmol/L 100 pmol/L 200 pmol/L

Cyanidin 68.46 £6.60 73.88 £3.332 75.52 £5.49 62.38 £2.442 86.28 +6.49°
Peonidin 48.47 £6.55 54.11 £5.87 58.38 +4.98 46.93 £1.95 62.68 £7.26
Malvidin 47.70 +8.02 50.41 £7.19 52.62 £5.25 49.78 +1.38 60. 18 £7.85
Pelargonidin 54.53 £6.33 58.13 £6.69 58.63 £3.92 52.41 £2.06 67.56 £4.99

Delphinidin 71.19 £4.09 75.64 £5.03? 80.80 +5.34 66.58 £3.10? 90.87 +7.33*

Petunidin 65.95 +12.46 69.93 +10.20? 62.21 £4.74 59.32 +3.57? 79.08 +3.30°
Cyanidin-3-gle 50.24 £6.54 61.81 +8.88" 65.61 £7.09 40.94 £1.35 65.40 £2.07
Peonidin-3-gle 47.43 £2.40 47.83 +£5.06 55.33+£5.95 16.04 £1.65 55.48 £5.37
Malvidin-3-gle 48.20 +2.46 50.38 £2.99 51.97 £7.43 16.77 £7.50 55.15 £9.69
Pelargonidin-3-glc 49.14 +3.18 51.50 £1.39 57.81 £7.91 19.98 +5.27 53.21 £9.39

Delphinidin-3-gle 52.20 £2.25 64.76 £5.45? 69.11 £11.02 53.30 +2.05? 68.87 £10.45"

Petunidin-3-gle 49.17 £5.99 55.23 £6.97 62.21 £6.35 33.38 £3.40 60.89 +£8.01
Cyanidin-3-gla 51.58 £7.78 55.97 £5.14 64.19 +11.56 39.60 +4.75? 62.42 +8.17
Malvidin-3-gla 48.85 +4.06 50.48 +7.08 52.37 £5.21 12.55£5.92 53.73 £7.18
Cyanidin-3,5-digle 48.94 £3.13 53.22 +£6.93 61.24 £10.22 28.64 £5.54 47.43 £7.12

Cyanidin-3-rut 52.45 +£6.52 55.20£7.08 62.58 +7.24 39.61 +4.41 48.84 +13.10
Luteolinidin 57.04 £4.97 65.76 £6.30? 66.25 +£5.61 59.96 +3.41? 73.19 +4.53°

Fisetinidin 59.95 £5.76 68.93 +8.08? 67.44 £3.66 56.49 +3.232 76.51 £1.842
Diosmetinidin 48.13 £2.96 51.60 +5.41 55.65 £3.74 28.37 +14.46 49.29 £2.71
Apigenindin 48.49 £2.77 52.35+3.46 56.39 +6.00 49.26 +4.82 49.59 £2.58
Quercetagetinidin 64.86 £2.70 55.20 £2.30 36.90 +8.31 13.44 +2.25¢ 26.03 +5.83°¢

BHA 65.09 £6.78 69.01 £4.57? 74.27 £8.46 57.89 £3.52% 80.98 +5.19*

«-Tocopherol 63.47 £8.01 67.00 +4.03° 74.10 £6.85 50.42 +£3.35? 79.72 +7.14*

*t BB 48 40 it 7 F7 A= NO Bk % 4 100% , MDA 2 & F74) % 4 (12.34 £1.25) % ; ox-LDL(100 pg/ml) 422 28 2m it 7 71 4 (46. 16 +6.41) % ,NO #
K& A (27.46 £2.55)% ; a; P<0.01, b: P<0.05, 5 ox-LDL(100 pg/ml) 4328345 ; ¢: P <0.01, 5 BHA(100 wmol/L) 42248 1b4k
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*XFR EAIESFE A S-OH BE M43 (A B .C )
FILR R, 45 HXF AN MOG f1 \ MDA Az AT NO BRI 5 i g
FT53AT G5 R o, A €0, T 00 ) 1 A5 PR g 400 L Ak I 8t 4 1
JH5H B -OH %t 5 B ¥7-OH £ ¥ A 7E W W EAHCPE, 2
& 5 4~-OH (1 Delphinidin /£ 58 T &4 6 ~-OH (1) Quercet-
agetinidin( P <0.05) , IFE{UTE A 21 6 (VAF7E 1 > OH 25,
$EIRBR-OH o, B BEth R EZE RN,
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B IEH (-OH) 55 78 £ 40 il PN Bz 20 i 40 A0 L 3 452 40 6 T ¢
FRIHFSR &, 5-0OH X468 1 mAE T & 52 ma (P >0.05) ,
T 6-OH i BH & 3 55 46 f6 17 X N B A0 L i R R (P <
0.05), WItkE: A4 5-OH (1 Cyanidin 5J¢ 5-OH [ Fisetinidin
TS 7 MDA B FT NO {520 , J 30 5 %5 P9 12 240 B A 4
FAXGE %25 5 (P >0.05) 5 Mi{LA 6-OH 22 514 Cyanidin 5
Quercetagetinidin 432, & A 6-OH A4 Quercetagetinidin [ifi &b 3 ¥
JEE PRI HE SR TI XoF PN Rz At LT 7 A AR R RS I, ELAS BE I 55 ox-
LDL 5311 MDA A= 8 i NO B szl , #8578 Quercetagetini-
din A gE LA —& WA EEVE ], AT B 5 6-OH BYAFATEA G,
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R AN 35,37 45 57 (19-OCH, fig W ik | 55 76 (415 19
BRI o AT 6 FhREAS [ ST AN LAY 6 b A< 14
TR SR ROV R R AT RS R R, B 37,47 AR R R
ZEF 1 Delphinidin , Cyanidin , Petunidin Az FAH B (%) 45 25 B 5
ANEA M LEF Y Pelargonidin , Peonidin , Malvidin Kz H:AH N7 (19 7
BT LA, W LU S A S R SR A T ) A0 ] MDA R
FHAEHE NO B (P <0.05) o ARSI EE Rda 37,4748
ORI GE A AT BE S S AL (1T N B PR AP Y EEAE A ARAE
2.3.4  C ¥ 3-OH 57661 30 i) i 55 P e 240 1 410 v i £
EHR X C 3 3-OH 576 a0l i 38 Py Bz 240 B Ak i
B0 C R INTFFE 45 5 7R, 3-OH (1 77 46 G 6% B i 1 28 75 (0, 15
X PR R AN AR VR o E R 6 RS A A €t T 5 A I Y
3BT B 32 FUBE X 40 B 15 7 . MDA (NO JKF-F 520,
SRR AR OTVE I 0 58 T AR A AL (8 (P <0.05) o
X Cyanidin 1 Luteolinidin, 1 } Pelargonidin FI Apigeninidin [t
BWFIRAL I, 3-OH 177 7E RE W I 398 T 40 €10 X0 P 1z &4 e )
RAPER (P <0.05) .
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(I RS 9 26 (S PN B 240 i 4 17 48 3 4 52 ),
TSROV O 2 B 0 A, A R R B B R
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HRFEYT AS VAT H 2L RRAE ; 1T 6 37-OH 177

FE AT BEH 55 46 (51 % N B2 4 ORAFAE T o AR SR 4
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JCHIAE AT

O R TR &, W& (450 |+ HAAH
RIPE X B P A0 56 T H Al B R 2 A6 5 W AS AR
HIO R TIPS A T4 1 37,4748
KRR 5 HAT AS 1 R UIAH SC I U AL s
HUREERA™ JEATFI A (B I C FRATJE KA P-1T
PR R, A I Fr /R, I B R R AL
TR RZ T, G R At h 7, 5 3 R,
T A 68 78 490 1 P Bz 40 480 Ak 7 384 1 b ke O B A
Y i ks B B, B B 37-0H Y- T
BT SN WO K A B B BE ) SR, 1T 47-OHL [ 77
FE AT ASER SEPO IR R R A~ ST L = 53 A B 3
AT AL AR RS E 09 A B Rk, R,
3'-OH 555 5 4" fi A 2L 4-0H AN Lo
T EE, iR 37, 47-8F R R SR A X T H
P ARG E R o A5 T BEIE A 45 e 20 B R T
1t AL B A0 B VS B i ROS Az 0T A& 45400 ]
PN B A0 i AR A A A O VR L T 37, 47RO R
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