Acta Pharmaceutica Sinica 2004 ,39(11) :869 - 875 e 869 -

DNA

( , 250012)

R . Diaion HP-20 , Toyopearl H W40
RP- HPLC R IR,MS,NMR,CD, X
, . \DPPH"* ( a, a diphenyl- g

picrylhydrazyl) , H, O, s
( SCGE ,single cell gel-electrophoresis) DNA
11 ( 3 ), A,B,C, , B4 .
, (10 pmol*L™" ;25 pymol*L™") DNA , 150
pmole L™ DNA . A, B,C
DNA s s 5
: R284 .1 ; R284 .2 A : 0513 - 4870(2004)11 - 0869 - 07

Isolation and structure identification of grape seed polyphenols and
its effects on oxidative damage to celluar DNA

FAN Pei-hong , LOU Hong- xiang

( College of Pharmacy , Shandong University , Jinan 250012 , China)

Abstract: Aim  To isolate polyphenols from grape seeds and to evaluate their antioxidant effects .
Methods Pure compounds were isolated by using Diaion HP20 , Toyopearl HW40 chromatography repeatedly
as well as semi preparative RP- HPLC, from ethyl acetate extract of grape seeds. IR, MS, NMR, CD, X Ray
crystal diffraction spectral analysis were used to identify the structures . The antioxidant effects of different type
of structures were screened by reducing power and DPPH ( a, @ diphenyl g picrylhydrazyl) free radical
scavenging tests . Then, SCGE (single cell gel-electrophoresis) technique was used to investigate the effects of
these potent antioxidant phytoche micals on cellular DNA oxidative damage with mice spleen cells , damage was
induced by H, O, . Results Eleven compounds were obtained including 3 novel structures , viniferones A, B
and C. Proanthocyanidin B4, catecin, epicatechin and gallic acid showed strong antioxidant power, and at
lower concentration (10 pmol*L™ ', 25 pmol*L '), they can prevent cellular DNA damage, while 150
pumol* L™ ' catechin induced damage by itself . Conclusion Viniferones A, B and C were reported for the first
time . That polyphenols investigated were shown to be good cellular DNA oxidative damage- preventing
phytoche micals at lower concentration , could be used to explain the nutrient effect of grape seed polyphenols at
certain degree . At the same time , higher concentration of polyphenols can induce oxidative damage , suggesting

that dose is one factor to determine the nutrient effects .
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Structures of compounds 2 - 4
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a, a diphenyl- g picrylhydrazyl ,
(LMP, low melting point agarose) ( NMP,
normal melting- point agarose) ,
( Tris) , Triton X100, ( EB, ethidium
bromide) Sigma
,18-22 g,

Waters 600-900 R
Eyela FD-1000 ,Nicolet- Nex us 470
,API 4000 ,Avance 500 Brucker

, Agilent 8450 s

Brucker P4 Kappa CCD ,DY-3A
, Olympus 1X70a
Kodak
10.52 kg ,
,  70% ,
153.5¢., >

Diaion HP20 (8 cmx 15 cm) , -
R Toyopearl HW40( F)
(5 cmx24 cm) , - - ,
6 (Fr.1 - 6),
Toyopearl HW40( F) R , Frl
1(430 mg) ,Fr.2  2(40 mg) ,3(64 mg) ,

4(22 mg) ,Fr.3 5(7.07 g) ,6(3.4¢g) . Fr.4 Fr.5

RP HPLC ,270 nm ,
2 HPLC , , Fr.4
8(167 mg) , 10(600 mg) ,  Fr.5 7(40 mg)
,9(38 mg) , 11(31 mg) .
(0-3 mmol*L™") , [7]

H O DNA ( )
[10]
DNA
(10,25,50,150 pmol* L") 37 C
5% CO, 30 min, 37 C
0.8 % LMP agarcse SCGE
SCGE DNA [11]
SAS e
1
IR, MS, NMR ,
, 1 (gallic acid) ,
5,6 ( catechin) .
(epicatechin)'"! | 7-11 Bl -
B5( procyanidin Bl - B5)!'*! .
2 ,mp 199.1 -



DNA .« 871

201.6 C,CD( MeOH, ¢ 4E - 4 g'mL ') : A&y on
- 2.56, Ay am +0.695 .
CsH, O * H, O, monoclinic, P2, , a=5.3527(7) ,b=
15.024(2) ,c =8.988 0(13) U, g=96.697(10)° ,V=
717.89(17) U,z =2, F  SIR97 R=
0.042 2, wR2=0.098 8 , 'HNMR  §5.98(1H,d,] =
2.8 Hz,}k6)  55.92(1H,d, ] =2.8 Hz,H8)
,54.61(1H, dd, ] =8.4,1.2 Hz,
H2),3.87 - 3.92(1H, m, H3),3.02(1H, dd,

J]=16.0,5.5 Hz, Her4) 2.53(1H, dd, ] =16.0,

9 Hz, Hb4) -3 C , 2
-3 A,C ,
JHE'H COSY  HMBC
( 1). ¢ENMR 6 S 5171.8(s) ,
171.0(s) ,173.4(s) ,117.0( d) ,80.7(d) ,37.4(t) ,
-3 B 537.4

§3.13(1H,dd, ] =16.3,5.5 Hz,
HaS') ,2.58(1H, dd, ] =16.3, 8.5 Hz, H»S
) (

—_

Table 1 NMR data of compound 2 (600 MHz for 'H and 150 MHz for ¢, &, CD, OD)
Position S Sy 'H'H COSY HMBC( H~ C) NOESY
2 76.0 4.61 dd(8.4,1.2) H3,H4 G4,63,¢2 ,¢4 ,¢3 ,¢9 Hy4 H5 W3 B2 H4
3 67.0 3.87-3.92 m H4,H2 ¢3 ,¢l10 H4,H2, 14
4 28.9 a:3.02 dd(16.0,5.5) Hy4 13 G5,G9,CG10,G3,CG2 Hy-4 ,H3
b:2.53 dd(16.0,9.0) H,-4 ,H3 G5,G9,CG10,G3,CG2 H,-4 ,H3 ,H2
5 156.6
6 96.0 5.98 d(2.8) H8 G5.CG10,G8,G7
7 157.1
8 94.5 5.92 d(2.8) H6 ¢7,G10,G6
9 154.5
10 99.4
¥ 173. 4
2 117.0 6.19 brs H4 B2 cd ¢l ,¢3 ,c2 H3,H2 14
3 171.0
4 80.7 5.73-5.75 m w5 B2 ¢s ,¢3 ,¢6 ¢4 W5 H3,H2
s 37.4 a:3.13 dd(16.3,5.5) Hy-5 B4 c6 ,c3 ¢4 Hy-5 ,H3 ,H2,H4
b:2.58 dd(16.3 ,8.5) Hi-5 B4 c6 ¢4 H-5 K4 H2
6 171.8
Table2 NMR data of compounds 3 and 4 (600 MHz for 'H and 150 MHz for ¢, &, CD, OD)
3 4
Position
& S NOESY & S NOESY
2 76.2 4.95 brs Hi-4 15 13,102, B4 76.2 4.95 brs Hi4 ,H,-5 13,12 14
3 66. 1 4.28 - 4.31 m H4,H2,H4 66.0 4.34- 4.36 m H4,H2
4 28.5 a:2.85 dd(16.0,5.0) Hy4,H3,H2 28.5 a:2.86 dd(16.0.,5.0) Hy-4 ,H3 ,H2
b:2.52 dd(16.0,5.0) H-4 ,H3 b:2.57( overlapped with Hy-5')  Hi-4,H3
5 158.4 158.4
6 97.4 5.95 d(3.0) 97.4 5.95 d(3.0)
7 158.6 158.4
8 96.1 5.90 d(3.0) 96.1 5.91 d(3.0)
9 155.9 156.0
0 100.2 100.2
¥ 174.7 175.0
2 119.1 6.05 brs 3,02, 14 118.7 6.07 brs H3,H2
3 172.1 172.6
4 81.2 5.59-5.61 m S H3,H2 81.9 5.61 - 5.63 m 5 3,2
5 39.0 a:3.12 dd(16.0,3.4)  Hy5 ,H2 H4 40.6 a:2.98 dd(16.0, 4.5) Hy-5 ,H2,H4
b:2.60 dd(16.0,8.3) H;-5 ,H4 H2 b :2. 60( overlapped with Hy-4) Hi-5 04
6 173. 4 174.9
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Figure 2 Important correlations of compound 2 ( bold

represents 'H'H COSY correlation, arrows represent
HMBC correlation)

Figure 3

ORTEP structure of compound 2
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Figure 4  Spectrophotometric analysis of the phenolic

phytoche micals for reducing power. Catechin ( Cat) ,
epicatechin ( Epi) , viniferone B ( Vin) , gallic acid
( Gal) , proanthocyanidin B 4 ( Pc B 4) , as well as the
control , Vit C, were reacted with ferricyanide ion , the
reduced product then complexed with ferric chloride . The
absorbance of the resulting solution was measured at 706
nm. The increase of reflected more
ferricyanide ion was reduced. Data represent the mean of
three experimental determinations. The SEM was very
small and not shown in figure to keep it distinct enough

3 SCGE (Comet assay)

absorbance
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, gallic 2007

b

acid , catechin procyanidin B 4 DNA 150 . I
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. 5 .
-1 50
50 pmol*L™ H, O, comet score
180 8, 15 3, comet o
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Comet score

score ( 3. H:0, Cat pe B4 Gal
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> Figure 6  Inhibitory effect of 10 pmol*L ' catechin

, 10 pmol* L™ ( Cat) , procyanidin B4 (Pc B 4) and gallic acid ( Gal)
,  procyanidin B 4 , 25 umol‘L'l on hydrogen peroxide-induced oxidative damage to DNA
10 pmol* L. DNA ,DNA in mice spleen cells. Cells were preincubated with 10

pumol* L™ " of compound at 37 C for 30 min before being

Migration « 3. 1
challenged with 50 pmol*L"" H, O, at 4 Cfor 20 min.
. i The extent of oxidative damage to DNA was assessed by
catechin( 10,25 ,50 150 pmol*L™ ")
comet assay . Data represent the mean = SEM of three

+4 39 +
, comet score 30 14,39 *6, experimental determinations . Values not sharing the same
79 *16 183 *11, 15%2. letter are significantly different from one another

10,25 pmol+ L™ ,50 pmol- L' ( P<0.05)

, 150 pmoleL"'
( P<0.05) . , B B
ts) 3
234, . )

Figure 5  Representative photomicrographs of comet image in experiments ( A: 10 pmol*L™' catechin; B: H, O,
treatment ; C: Protection against H, O,-induced damage by 10 pmol® L' catechin)

Table 3 Inhibitory effect of catechin, procyanidin B4 and gallic acid on hydrogen peroxide induced oxidative
damage to DNA in mice spleen cells . The extent of oxidative damage to DNA was assessed by comet assay and
was expressed by comet score and averaged tail length ( migration of DNA from the head of nuclei) . Data
represent the mean *SEM

C ! 50 ymole L~ Catechin/ pmol* L™ Procyanidin/ ymol® L™ Gallic Acid/pmol* L~ !
ontrol

H, 6, 10 25 10 25 10 25
Comet score 15 %3 180 £8 120 £25 93 12 87 t16 106 £18 114 £7 157 %11

Tail length /pm 32%5 903 £47 691 £40 320 £15 315 24 397 £15 707 £34 410 £16
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°

, procyanidin B 4,

catechin  gallic acid H, O,
DNA . 10 pmol* L'
procyanidin B 4 catechin ,
,10 pmol* L™ procyanidin B 4 56 %
, 25 pmol*L' 40 %,
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(o171 , catechin
,150 pmol*L™" catechin
50 pmol* L' H, 0, ,
. [18]
Fe’” e ’
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