FIRPEEIN G 5 FF & Nat Prod Res Dev 2015 ,27 :645-650

X E4RS :1001-6880(2015)4-0645-06

JLEE ECCC 5 H % H Mtk CCC f
LB M R R S R R TR

INZE, &, AHE,KAW, x|
AL B B A BRSE R B 310008

BN T ONILAER ECCC MHZSMIFHR GCG [ i g BRIEPEM 25 5%, 76 6-311 + + G(d,p) /K TR H
W S ) BILYP J7¥A T EGCG M1 GCG Ry Bt fi 25 iE ( BDE) (RS RE (IP) (LT 2R A3 (EA) |
Eyoro T E o BER L ILRER 2E E,,, FFVETT . S5 KW EGCG F1 GCG 1Y [ oy KL B S ML A7 ol BE A& A2 75 B 3R,
X EEE R T B ER AR AR R 2 6] 1455 S S T P AR A SR BRRRE 1 5 AT YR R B, GCG L EGCG £
JE , (H P AT ARTR] 95 T U T e R ML (HAT) F1HL 758 B8 B A A= 7 12 B AL (SPLET) (9 [ ¢h 2375 Bk
ko

KRR R BRI LR R [l R BRI R AE
HE5SES:0641.12 HRFRIRAD : A DOI:10. 16333/j. 1001-6880. 2015. 04. 018

Density Functional Theory Study on the Antioxidant
Activity of EGCG and Its Stereisomer GCG
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Abstract : In order to estimate the activity of scavenging free radicals of EGCG and its stereisomer GCG,the hybrid den-
sity functional theory B3LYP method at 6-311 + + G(d,p) level has been used to calculate O-H bond dissociation ener-
gies (BDE) ,ionization potentials (IP) ,electronic affinities (EA) ,E;,, energies and E,;,,, energies. Results showed
that the B ring of EGCG and GCG was the most active site and the free radical reaction was most likely to occur on the
B ring on the basis of stability of dehydrogenated EGCG and GCG radicals. This relatively high activity could be attribu-
ted to weak hydrogen-bond interactions between two nearby hydroxyls in the B ring of EGCG and GCG. Moreover, GCG
was more stable than EGCG and has the same activity of scavenging free radicals as EGCG based on the HAT mecha-

nism and ET-PT mechanism.
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(-)-epicatechin(EC) in-3-gallate(GCG) ; in-3-gallate(EGCG)
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Fig. 1 The molecular structure of the catechins
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Fig.2  Three formation routes of the catechin radical
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Fig. 3 Relative energy profiles of EGCG obtained from rota-
tion of the dihedral angle C(12)-C(11)-C(2)-0
(1) around bond C(11)-C(2)
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Fig. 4 Relative energy profiles of EGCG obtained from rota-
tion of the dihedral angle C(17)-0(2)-C(3)-C(2)
around bond 0(2)-C(3)
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Fig. 5 Relative energy profiles of EGCG obtained from rota-
tion of the dihedral angle H(5)-0(5)-C(13)-C
(12) around bond O(5)-C(13)
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Fig. 7 The optimized geometries of EGCG and GCG

F1 ILEZEHTHSHH B3LYP/6-31G(d) BAHKFE LIS H (pm)
Table 1  The theoretical and experimental geometric parameters of the catechins( pm)

Bond EC™P EC GCG EGCG
(C2-C3) 159.9 154.5 153.6 153.6
C(2)-C(11) 150.6 150.9 151.2 151.3
C(3)-C(4) 151.9 153.5 153.1 153.2
C(4)-C(10) 149.8 151.4 151.2 151.3
C(5)-C(6) 138.6 139.3 139.2 139.2
C(5)-C(10) 140.5 140.6 140.9 140.8
C(6)-C(7) 138.6 139.9 139.6 139.6
C(7)-C(8) 138.9 139.2 139.5 139.5
C(8)-C(9) 138.7 140.0 139.7 139.7
C(9)-C(10) 139.6 140.1 140.1 140.2
C(11)-C(12) 139.4 140.1 140.3 140.2
C(11)-C(16) 138.9 139.8 139.7 139.6
C(12)-C(13) 137.8 139.6 138.9 139.3
C(13)-C(14) 139.1 139.1 140.5 139.5
C(14)-C(15) 138.1 140.4 139.2 139.8
C(15)-C(16) 138.5 139.1 139.6 139.6
0(1)-C(2) 144.5 144.6 143.1 142.9
0(1)-C(9) 138.6 137.3 137.2 137.2
0(2)-C(3) 142.9 142.2 144.0 143.9
0(3)-C(5) 136.6 136.9 136.9 136.9
0(4)-C(7) 137.1 136.7 136.7 136.7
0(5)-C(14) 137.6 137.9 137.9 136.2
0(6)-C(15) 137.3 136.5 136.3 137.4

I : (-) -Epicatechin STU#cdR 31 [ Sciik™!

note ; Experimental data of (-)-Epicatechin from ref

2.2 ILEEZESFRRNZESWH
1 EGCG f1 GCG Ak #a 7Y i) JE Ak L, v FH 6-
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Table 2 The Conceptual DFT reactivity indices of the catechins(eV)

RE R

Compound Ewr Fvonn g MEB o goREE wetHgn o0 TRaF BE O RO
i AEn Ale HERE 1P A EA
GCG -5.67 -1.08 4.59 -3.38 1.24 0.16 6.91 7.29 0.65
EGCG 6.05 -1.57 4.49 -3.81 1.62 0.05 7.67 7.23 0.61
E yono : the highest occupied molecular orbital(HOMO) energy , E;yy : the lowest unoccupied molecular orbital (LUMO) energy, E,,, : the gap between

E om0 and E ;30 o : chemical potential , 7 ; chemical hardness ,  ; electrophilicity index, AEn :nucleofugality, AEe: electrofugality ,IP:ionization potential ,

EA :electronic affinity.

MF2 ALLE 1, EGCG ,GCG [ HOMO #i1 LU-
MO z 2 Egapﬁ;}‘%l]ﬂ»j 4.49 eV f14.59 eV, HHEE
iE TP 4351 7.23 eV F17.29 eV, 3 B HL T 3 Fl 3
435k 0.61 eV F10.65 eV, X 5| A B &, P M
S FRIGBE S, v] LIHEN EGCG 5 GCG kAT
Bk A F 5L QR fE 7 JCHA S X 5
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AT LA ¥4 55 1Y) i 23 fiE ( BDE) 1 280k 3k
TEAS R B 1 % L 1 & B B aE . By R pE
BDE # /I, 75 Z e iR SR e A EH A
FH 2, T R E R RGP R

EGCG 1l GCG /A [A] v ' i ¥2 5L f# 25 fE ( BDE )
MRS R IR 3, I B Al AR TG 52 59 5040
PRSI SHH R B2 B B B AR R
SCYG AR L A AR, B
SEOEVREN

M3 3 ATLIA H, EGCG 731 A 37y 3-OH F14-
OH Y B REfL S , 4391 342. 18 kJ/mol F1 355. 38
kJ/mol, D ¥R 8-OH ,9-OH FI 10-OH [ fif £ fi H:
UK, 435010 332. 42 kJ/mol 331. 44 kJ/mol Fil 332.45
kJ/mol, B 31y 5-OH ,6-OH F1 7-OH ) fift & RE R 1K,
S5 322.38 kJ/mol \323. 67 kJ/mol F1321.48 kJ.,
GCG 5 EGCG 1 BLAL, 2 A BR L 3 5 14 it 7
AEf s, D PRI, B AL,

B IRA1 D 3F E AL A R BSRE L A SRAYAR,
JEFT B AT D BR b B i BN SR Ll — 3,
v — AR R S A A SR AR A R R A7
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%3 B3LYP/6-311 + +G(d,p) FEHEREANIIFZZARMERZEREMFEBE (K /mol)
Table 3 O-H bond dissociation energies derived from B3LYP/6-311 + + G(d,p) (kJ/mol)

compound 3-OH 4-OH 5-OH 6-OH 7-OH 8-OH 9-OH 10-OH
GCG 344.69 355.45 320.61 320.84 320.34 332.31 328.59 334.99
EGCG 342.18 355.38 322.38 323.67 321.48 332.42 331.44 332.45

3 WA LLE 1, EGCG [ B 31 I iy i ¥2 3
(B B RES KT GCG AN A B b ) Ty 5 3k 1) e
fi B RE, A HAH 22 2 kI/mol, X I AN B 5, PRI A
BDE J3#7, il LI EGCG 5 GCG &Lk A th 3t
S ORIFE 7 IEEA 5 X 5]
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EGCG 1 GCG [WHi £ o + $iE WK 89, — 3%
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ez P ARG RO AL Se R AHE D 3R, 45 LT 1Y

BN R AETE A 31 B 31 H C 3, JLZR R TE R A
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(-)-gallocatechin-3-gallate(GCG) (-)-epigallocatechin-3-gallate(EGCG)
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Fig. 8 The HUMO of EGCG and GCG
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(-)-gallocatechin-3-gallate(GCG)

(-)-epigallocatechin-3-gallate(EGCG)
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Fig.9  The LUMO of EGCG and GCG
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