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Development of functional food using
anticarcinogenic properties of procyanidin from

wild grape (Vitis amurensis)
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SUMMARY

In this study, we aimed to develop a functional food and/or functional food
material based on the cancer chemopreventive and antioxidant properties of
procyanidin from wild grape (Vitis amurensis). We first performed the
separation, purification and structure determination of procyanidins from wild
grape seeds wusing various chemical, chromatographic and instrumental
techniques. The isolated procyanidin was then examined for various biological
acitivities such as chemopreventive, antioxidant and anti—inflammatory
activities. The mode of actions of the biologically active procyanidin from wild
grape seeds were also analyzed in vitro cell culture models as well as in vivo
animal model systems. The procyanidin from wild grape seeds displayed
strong antioxidant, chemopreventive and anti—inflammatory potentials. The
antioxidant activity of wild grape seed procyanidin was better than those of
vitamin C and BHT. It also had potent antioxidant activity in cell culture
model. The cellular defense mechanism through Nrf2/antioxidant response
element(ARE) was strongly induced by the procyanidin. Moreover, the
procyanidin down—regulated inflammatory target proteins such as COX—2 and
INOS. Finally, the wild grape seed—based functional food product was

developed under various manufacturing processes.
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A3 E AN 8 W8 2 A

A1Ad (AIAFEZGA) AHF procyanidin 3], 3

A1 A A7 &5 4 3
A7 A A 2 procyanidin #2874
A -2 A =} N

A1y A= R TH

1. 4948 R A%

B Aol A} L3 AT (Vitis amurensis)N+E= 73y okt 9 Fd9t
< FAbA 04 ZFe AE FHE 30 (Ew)ste] 4TCodA Bastm AL

sk 3t}
A& o) AVg-3F 2 4,6—tripyridyl—s—triazine(TPTZ), 1,1 —diphenyl—2—picryldyldrazyl
(DPPH), folin—ciocalteu's phenol reagent 2N, sephadex LH—20 gel (25~100
tm), gallic acid(GA), (+)—catechin(CT), (—)—epicatechin, phloroglucinol , trolox,
vanillin®= Sigma Chemical Co.9] A|&=& A}838+% 1, HPLCE wWENSS J. T.
Baker (Phillipsburg, NJ, USA)¢] AlFS& AR&sIlom, 718 A%Re £48 5

= =
W OAloFS ARESESITH
2. A¥F AZHEY procyanidin 22 2L AA
Fig. 13} 2t Am& Ng Ax $

Kel
AbEsle] Al B 100 goll akS H718Fe] waring blender2 24]

A G AdE AA & 5 EXE 22l 10 WFe] 70% otAES



7Vstel 12417 23] F& 3 & o]3stal rotary vacuum evaporator (Evyela.
N—N-series, Tokyo, Japan)& A}&3le] F53le] olAlE 2FEES AT of
AE 23228 W34 Su2RE 340 Be uAN eAdeR 2539
o 5 10% WEHER 59 5 @il o EolA
nf 8 o5 7 S w55t o|AES A7 dEete] 4ToA HystHA
Aol A8,

1}. Chromatography®l] ¢]3} procyanidin®] £

1) Sephadex LH—20 column chromatography

o eol Ao E B3 EL sephadex LH—20 column chromatography® g
3t HEZo] 83| swellingdt sephadex LH—20 gel slurryE Zd (g
25x500 mm)ell FXslvt. 2§l Qbs o]t w XS & AlRE A iﬂ’\]
7131, o] 542 50% wets, 75% wgkE, 75% olAE o2 ZF 300 mLY

EAgon sisel §Esl 4 ARe AU

2) Preparative thin layer chromatography (TLC)
LR 3E Z o o EolAHOEZE 16.7 mgS E3F 8 TLC (silica gel 60 20

X 20 cm, 0.5 mm ,thickness, Merck, Darmstadt, Germany)®°| bandingdt &

toluene/acetone/formic acid (6:6:1, v/v/v) &3 &u& o]lsd oz o] &sto] A

M3kar AbAe] 70% hydrochloric acidel =91 1% vanillin £94S A2 ALE

skl W& Dlate"ﬂ ko] AlE B Rf A& grste] ALkE W=

o] silica gel& ok, 3 3] 4% silica gelol]l oA Eo]ES 71354

‘_L.
S A0 T Q010 B2 B39,

==
T

bl
NI

3. &3 AIHF A9 procyanidin TFZEA]
7}. TLC

Avrage] Hie] fRE R el % RYR FARE TLCE
gelatgitt. TLCO 7S Emile 5°Y9 WS w33gith TLC (silica gel 60

Fos, 20 x 20 cm, Merck, Darmstadt, Germany)°l] spot 3}4
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toluene/acetone/formic acid (6:6:1, v/v/v) Z&&wzE AN} FT 70%
hydrochloric acidoﬂ Ql 1% vanillin &9 T2 AFESFe] A 7|3 plateol

RS WA F REEH RE AZ 6w,

}. UV/Vis spectroscopy

BoE 7F Rl PREAS el WA A9H 2L NG EF
seEYe 2t Py 24 vekgel 100 ppme] FEZ S5 §

< stock solution@ % Fe] UV spectrophotometer (UV 1601 PC, Shimadzu CO.,
Kyoto, Japan)& ©]-&3t%] 200~600 nmel Ao FFHEE ZASHIATE

t}. MS spectrometry

AR AR RE 2t R AFEAMS 9ste] o]FAFRA T (API™
2,000 LC/MS/MS System, USA) ©] S cuntanin (CUR
800) 20, ion apaay uoltage 5,500, temperature 0°C, ion source gas 1< 20, ion

oo
_0|L

2
ST
N,
~

>

>
op

BN

Ay

source gas 2+ 0, declustering potential (DP) 50, focusing potential (FP) 400,
entrance potential (EP)= 10, deflector(DF)2 0, CEM& 21002 % 3o A5+
o},

4. 283 AW F K9 procyanidin E4

7}. Vanillin—HzSO4 assay

F2| g A K9] proanthocaynidin G H-E the-o] Wt em AFsin),
Vanillin—H:SO, assays A& U849 procyanidin®s w2 A A=sl7] ¢ 8]
7 ARk o2 AlgE = ol wEkgof =l AR 200 uLol] wEEol
Q1 1.2% vanillin &< 500 pLot #Het2o =< 20% H:SO4 €9 500 uLS 7}3}
of Zgste] 2087 HX g thS 500 nmoll A FFE=E SASST v A Ao
(+)—cateching o]&3t] A2 & FJAACE A 79 procyanidin®] =S
a3t

}. BuOH—HCI method
gl TRV HdsirE dEdes

ML
1%
_O|L
rlr
o
g
rlo
g

kn)
_>4
ki
Ll
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BuOH—HCI& N7} 95Co|A 71<d3sle] A
procyanidin®] di¥ dFZs FAHL + 3 =
shelth. & WlEkEe] 100 ppme] =2 &3t §9S stock solution® = g+ A
& 500 pLell BuOH/HCI (95:5)-& <} 3 uLQ} % FeSO, £ 100 uL& 7}ak of
Egste] 95C e 20| 40minTeH WX F F AT wgAe 2
3}

C

f

F{E HIO >, o _%

= anthocyaniding =% Tto
=
T

Nicolas 5%¢] we] u}e}

sto] BuOH—-HCl #9-5 UV-—Vis spectrophotometer (UV 1601 PC, Shimadzu
0., Kyoto, Japan)& ©o]&3}o] zpeld 9 7pA|Fde] FFuldds A8l

t}. Phloroglucinol reaction method
Procyanidin polymerd] w3l phloroglucinol ¥+$-S Rachid £°%¢] woz

HE A3}, procyanidin polymer (1 mg)2 phloroglucinol 0.5 mgS H &9
=9l 1% HCl 1 mLell 7}8te] A0 x 2417 %<t shakingS 3to}h. 28l &%
Q on S

o 1

= Ada 71E 3}011* FEA7 F FHF 1 mLE 71E g oEolA ol E
3 X 1 mb)=E FEHIH FEELS DA 7IF dtolA sFAA HAFAHom =0
S (1:1, v/v) &"ldl =2 ¥ 0.45 um membranes E3A7) F High
Performance Liquid Chromatograph (LC—10A, Shimadzu Co., Kyoto, Japan)&
ol g3te] ¥Astgict.

~

2}. High Performance Liquid Chromatography (HPLC)

A&l HPLCE Shimadzu LC—10A systemo]A ODS column (Thermo
Hypersil Gold , i.d.; 5uM, 250%4.6 mm)<S ©]€3% 1 mL/minY F&EO=
280nme] HE3GA £ Petgdom, HY 10 uLE FHsAT o) FFo =
= 1% aqueous formic acid (solvent A) ¢} W€ (solvent B)S F &1jZ o]
43 gradient ZHo® ¥Ason Zza:MzAL 33 Pl gradient :

(A:B) 100:0 — 70:30 (30min) — 40:60 (50min)
5. F ¥= IF 4
% =9 22 Folin—Ciocalteu H2” o 23te] =44} Al& 100uLol

2N folin—ciocalteur] ¢ 50ulLE 7}ste] WA 7132, 20% Na,COs; 300ulLE 7}5}1<]
15+ &9t AL A WAAIZY 28 WA & 1 mL /7578 ¥ ths 1250
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rpm @2 53 woF AR ¥ F Fstel Feoe FHES 725mmelA 54
Atk v AF Aol EF gallic acidE ©ol&3dte] €& T I AR AR

6. 13 &4 HA

7}. DPPH radical &4 &4
DPPH (1,1—diphenyl—2—picrylhydrazyl)+= A7} o -$- Sl free radical=
A 517nmell Al 54 FEFTE YERE B shekE O]dr DPPH: €43&

5o fr)&vo A wl$ ¢tdsle &kE 7)1 Z F proton—radical scavengerol] ¢
sto] EAlx 7] wZo kst A4S Setezw A #AES 5 Qe Aol
t = 78 SgUZS AAY ¢ e ARy 4 HAL vy tdsta AlS
ste] FHASHA o] &+l = DPPH ozt iﬂ %”\é‘?ém% AbgEelh &,

A5 100uL$} DPPHE HghEel 100uMe] &%= 2l DPPH &9 900uLE ¥

Egsle] Ao A 3087 B gk E]-T:r UV spectrophotometer(UV

1601 PC, Shimadzu CO., Kyoto, Japan)Z 517nmol A FF =& =A3stgc). 18

31 DPPH radical 27284 ¥]%& (% inhibition)& &3} o] AALS &4tk

ki

% Inhibition = [1— (Abs/Abc)] X 100

Abs : Absorbance of DPPH solution with sample at 517 nm
Abc : Absorbance of DPPH solution without sample at 517 nm

Y. Ferric ion reducing antioxidant power (FRAP)
WHe weste] Yol ol&staArh

&to] acetate buffer (pH 3.6, 23mM)=

FRAP assay:= Benzie S2V¢]
CoH3NaO29} acetic acid (CoH400)E o] &
WET) o] 3 40mM HCI¥ TPTZ(2,4,6—tripyridyl—s—triazine) S ©o]&3to] 10mM

TPTZ solutionS WHEATH 23S ¢33k ¥H-g-8-9 (cocktail solution)S acetate

buffer (pH 3.6, 23mM), 10mM<e] TPTZ(2,4,6—tripyridyl—s—triazine) % 20mM<]
S 19 HEE 4o BE & AY A7H 37CE fFAEH

FeCly 6H,05 10 : 1
NESAE A7 25 uL ¥ F

ATk 96 well vlo]aR Ze|o]Ed
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cocktail solution 175uLE &&33tt. Ao A 308X 3+ F Victord 1420
multiabel counter(PerkinElmer Inc., Boston, MA, USA)® 590nmolA SF=E
SAsoitr. A HS v A3 Al 5A3 trolox®] Fxe wWE FHEY W
3| A A T3 trolox equivalent value (uM)ZE JERN T}

7. BAAE
TE 8o 3uE =4 & Pyx9 TFEAAE Microsoft office Excel 2000
(Microsoft, USA)el 2]3}e] 313t}
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A2y 223 2 1%

1. AHFE BAE (W, dFgu9h)o=2XE procyanidin &8 , 7+REH @ E
A

7}. procyanidin ¥328 2 AA|

1) 2F2E A4 € &1 &3

1 }A4LS Fig. 1, 29 2ol AME Ao} 7y
Az F BAE AL ARgetel Al B 100 goﬂ glabs H7heted waring
blender® 2A17F #A3}E A7 vh& AAE A7 3 F @AE FEel 10 wiFe]
70% oA=L 718t 12417 23] FE 3 T o3stal rotary vacuum
evaporator (Eyela. N—N—series, Tokyo, Japan)Z A}&3le] TF3dto] oA E %3

S AT oMHE 2FEE2 HSA SUWEFH S 12 & &
[e)

AH oz R Z 10% MHSE % F, A, ALoldEolE ¥ BF
B ¥5se] oA5e 47 ARl

=
2 sAdow g B8 EH;— 7} g
A

o},
2) Chromatography®l €]3% procyanidine] £
7}) Sephadex LH—20 column chromatography

dEolA o] E E3EE& sephadex LH—20 column chromatography® 3}
G}, ek o] &313] swellingdt sephadex LH—20 gel slurryE Z+8 (¢ 25X500
mm)oll FXqTh AY kS o] o R Aeg & A RE Ao FHA|7|AL, 9]
EHOE 50% "R, 75% WEhE, 75% obAlE o2 ImL/min® F&Ho R 7}

300 mLAS w25 oz shate] S3ate] 7+ FHS A}
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}) Toyopeal HW—40F column chromatography

Sephadex LH—20 gel column chromatographyolA] 23t RS toyopearl
HW—40F gel& Z%13F column (@ 25X500 mm)< o] &3} A A A5t T}, o] =4
o0& 50% WEE, 100% WEE, 75% oME FO® ImL/min® F&Ho= 7}
300 mlAs  wAFeRE Trstel &Fstel &, AAl Stk
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Sample powder (0.1 kg)
‘ defatted with n—hexane

|

Residue (94.40 g) Water fr. (5.60 g)
extracted with 70% acetone

(12hr, 2time)
Acetone extract ( 7.52 g)

Water : Methanol (9:1, v/v)

\ n—hexane
Hexane fr. (0.24 g) Aqueous layer
\ ethyl acetate
Ethyl acetate fr. (0.55 g) Water fr. ( 5.02 g)

Sephadex LH—20 column chromatography

|
| | |

50% Methanol fr. 75% Methanol fr. 75% Acetone fr.
Fr. 1 Fr. 2 Fr. 3 Fr. 4 Fr.5 Fr. 6 Fr. 7 Fr. 8 Fr. 9
Prep—TLC
6—1 6—2

(2.2 mg) (4.2 mg)

Figure. 1. Procedure of extraction, isolation and purification from wild grape

(Vitis amurensis) seed.
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Sample powder (100g)

lextracted with 70% Acetone (12hr. 2time)
Acetone extract ( 11.64 g )

Water : Metanol (9:1, v/v)

‘ n—hexane
Hexane fr. (1.39 g) Aqueous layer
\ ethyl acetate
Ethyl acetate fr. ( 2.06 g ) Water fr. ( 7.45 g )

Sephadex LH—20 column chromatography

|
| | |

50% Methanol fr. 75% Methanol fr. 75% acetone fr.

Fr. 1 Fr. 2 Fr. 3 Fr. 4 Fr. 5 Fr. 6 Fr. 7 Fr. 8 Fr. 9
Toyopearl HW—40F

|
| |

50% Methanol fr. 100% Methanol fr. 75% acetone fr.

Figure. 2. Procedure of extraction, isolation and purification from wild grape

(Vitis amurensis) skin.
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T}) Preparative thin layer chromatography (TLC)

GujiE o] odolAH Ol EZ 16.7 mgs w3 & TLC (silica gel 60 20 X
20 cm, 0.5 mm ,thickness, Merck, Darmstadt, Germany)®oll banding3d}t
toluene/acetone/formic acid (6:6:1, v/v/v) €% &wls ol s o= o] &3}
M3kar AFAel 70% hydrochloric acidoll =<2 1% vanillin £9& A2 A}
sto] 7N plateo] E5-ste] @ E FEe] Rf A& Foto] AAbE W= RE
9] silica gelS & EQ}D}. w3 3149 silica gelol] dEolAEH O EE 7}al]
TS AN F Bzl EENS FFHTH
Sephadex LH—20 column< ato] ¥ #EE A= Table 13
2o}, Z; fraction & 75% ™EHE fraction (NO.5)9] &9 22%=2 7H =94t}
2o g 75% o}lAE fraction 8, 7 £ 2 =1, o] = fractiono] 7FF RSk
el tE, 2+ fractionES TLCO| spot 3Fe] &gtgujjo] Asfsr &
A5l BEsEth 1 A3E fraction 5 ~8 oA A3 AMS 1L}E}
Fraction 5(No.5)= 159 spot©], fraction 6-& 259 spot©], fraction 7,8
o] el spote] M HEHAG. HEH FFES F2E ] At
fraction 6(No.6)2 16.7 mgs 3-8 TLCZ A/ & F70¢] bandE FHoO)E S
silica gelS oEHolAMHo|ER F=39t) o714 dog= A A 772 band

Z1

FH 6-1, 6-22 As3lal, A7 2.2 mg, 4.2 mge] FHELL 3ot

op [ b

.

4>

=

Mo & = m
¥ 2
oN ot do

ol

Table 1. Yield of sephadex LH—20 fractions from ethyl acetate fraction of

wild grape (Vitis amurensis) seed

Fraction (No.) Yield (%)
1 (50% MeOH) 2.41
2 (50% MeOH) 4.13
3 (50% MeOH) 2.31
4 (75% MeOH) 2.80
5 (75% MeOH) 22.01
6 (75% MeOH) 10.32
7 (75% Acetone) 11.11
8 (75% Acetone) 19.07
9 (75% Acetone) 1.47
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2. 43 A FE R procyanidin T+FEA

AP 2 R o] o"HolAMHo]E ER o ZHE sephadex LH—20 columne ©o]-&
of AA S 9709 fraction® ZHE] UV—Vis absorption spectrum< #%3 4u+=
Fig. 33 7] (50% W& fr. 2, 3) 280, 275nm, (756% HEZ fr. 4, 5, 6) 268,
281, 280nm, (75% °FA= fr. 7, 8, 9) 277, 280, 277nmol A FF2~HEHAS HS)
t}. fraction 1(No.1)& HH3 FAdEgo] B&ER 4gkil, 2~8 fraction
spectrumo] A= 280nm ZE S 2 flavanol monomer?l (+)— catechin® L3k

typed] FH2FE-S HERAAH.

1.500

. (+)-catechin
1.000 |

L

0.000 : ! '
200.0 300.0 400.0 S00.0 600.0

wavelengt (man.)

Figure. 3.1. UV—Vis absorption spectrum of (+)—catechin.
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A 1.000 |

400.0 S00.0 GO0.0

wavelength (man.)

1.500
A 1.000 |
b
s

0.500 |

5 ey e
e L S
0.000 -
200.0 300.0 400.0 S00.0 S00.0
wavelength (.}

1.500
. 1.000 [
b

0000

200.0 300.0 4000 S00.0 G00.0

wavelength (man.)

Figure. 3.2. UV—Vis absorption spectra of sephadex LH—20 fractions from wild
grape (Vitis amurensis) seed. (1, A; 50% MeOH fr. 2, B; 50% MeOH fr, 3, C;
75% MeOH fr. 4, D; 75% MeOH fr. 5, E; 75% MeOH fr. 6, F; 75%Acetone fr.
7, G ;5 75% Acetone fr. 8 H ; 75% Acetone fr.9 )
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g, MS &4

A E M 9] ethyl acetate 380 ZHE sephadex LH—20 columns ©]-£3}
of AAs L, 9709 fraction % fraction 6(No.6)& #+H-E& TLCE 7] 3}
6-1, 6-22 bandE 3|33tk LC-MSE a8 A}, Fig. 43} o] 6-2% m/z
7F 289(M+1)ol B2 FAS 2900|A Tt o] & Hof, TLC “dollA fraction 6—29}
catechin®] 79 #& x4 spote] bgfom, MS 23 6—-29] Ex}ko] 29091

Ao 2 Ho} catechin 95 FAHT + Yo}

e 2880

B.0e8
5.5e8
01 2
5.008

4 5e8

4.0e8

551.5

Tnteraity, o6

4534 5455
5055
S07.7

630.7
E6T.6

i .
7L 55 12
W Tez3 5 |

; | 78,3 |
d"i?.ibfmbl&mm'h %{fmis “‘% TP mos sona oy 10060
450 00 550 600

750 m B50 800 50 1000

BE3E

677 7278

iz, Ay

Figure 4. LC—MS spectrum of 6—2 isolated from wild grape ( Vitis amurensis).
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o} 288 A9 Z K9 procyanidin B4
7F) Vanillin—H;SO4 assay

= 2E 98949 proantocyaniding W= A A5}
s 71g Aub o g AgEE W ol i Sephadex LH-200. 2 58 2|3k 4t
FS 5AT A3 Table 29 2 0.33 ~86.00 mg%
o]t 9709l 7t fractionS #2 FXoA 75% WI¥E fraction (NO.5)7} 7}
sk Mo g =0 Tteks Ao} a8la EE fractiony FFEEESLS HAo] L}

3]
o = e
W% al, o]+ procyanidin®] 553 wkS EX3 A X3 )

Vanillin—H2SO, assay

F M9 procyanidingt

Table 2. procyanidin contents of sephadex LH—20 fraction from wild grape
(Vitis amurensis) seed by vanillin—H:SO4 assay

( unit : mg/100g )
Fraction(No.) "’ procyanidin contents

0.33 £ 0.16
1.05 £ 0.04
86.00 £ 6.74
60.09 £ 3.88
50.82 = 1.44
64.70 £ 4.35
3.58 £ 1.126

© 00 3O O &~ W N+

Values present the means £ SD (n=3) ; " 1000 ppm of test concentration was
used.
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1}) BuOH —HCI method

Sephadex LH—20 column< o]&3te] AA AT K9 9709 fraction =l
A Fig. 59 o] 6, 7, 8 fractiono| A ©]E fractionE-& BuOH—HCI method®l A

35 BuOH-HCIS ] 54€ 89 & 4

T UAAT

Ao Vel UV—Vis absorption spectrum® 550nm HF-olA SH=E
aelsto] 5

<

1.500 R

1.000

0.500

0.000 :
2000 300.0

400.0 500.0 G00.0

wavelength (mun.)

Figure 5. UV—Vis absorption spectra for BuOH—HCl reaction of sephadex

LH—-20 fractions from wild grape (Vitis amurensis) seed. [ A, fraction 6 ; B,
fraction 7 ; C, fraction 8 (2 times diluted)]

t}) Phloroglucinol reaction method

Rachid 52V¢] 93] A< HPLC 249 23] phloroglucinol® #$ A7 &

280nmoll Al &3 3} fraction 8(No.8)& 5~45% Alolo]l 2 peak”} Wi, 280nm
oMol ARvEIME 879 3=l 483l terminal ¥ extension unitsS
el it Fig.6 (b)E phloroglucinols HHEA]

71 fraction 8 (No.8)o| tjsh



HPLC JdRvEI}o g (—)—epicatechin—4—phloroglucinol,
(4+)—catechin—4—phloroglucinol, (+)—catechin, (—)—epicatechins &<l & 4 U3
t}. Fig .6 (a)= phloroglucinolS WHA]7]A] & Aow IRufE 1
phloroglucinol Ak (—)—epicatechin—4—phloroglucinol,
(+)—catechin—4—phloroglucinol®] peaks7} 3¢l %] gkr}y 2e]a 7| o=
procyanidin® FRAE<l (+)—catechin®} W] L&A procyanidindHFS

t}. 553 559 fraction 8(No.8)¥} (+)—catechine 1:3.29] HAHZ TS
W o]: fraction 8(No.8)Z o= 31%9] procyanidin®] &&o] &3ttt

F 9k

%4349

al _ir;g 3}

A
=
a0
[t ]
<3
e
==
o>
>
—] 20
—
f——
<=
D
—
— = Mm\-’w‘.
o 20 40 &0
Retention times (mmin}
B
=
foom—]
[ ]
404
iy
=
a2
e
—]
=
= 204 5
= =] 3
—_ a4
—_— .
» 1
o

o 20 40 ©0

Retention times (1min}

Figure 6. HPLC chromatograms of sephadex LH—20 fractions from wild grape
(Vitis amurensis) seed. (a) unreacted(b) phloroglucinol adducts of 8 fr. 1,
(—)—epicatechin—4—phloroglucinol, 2, (+4)—catechin—4—phloroglucinol; 3,
(+)—catechin; 4, (—)—epicatechin.
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2 AHFE R F HE FF

% ¥E IS sephadex LH-200 2 HE 2|3k A MH A=A kg

5 %‘%% 549 A= Table 33 vk #H=4d seteo & S 1.89 ~

53.02 mg/100mL 2. & fraction 8(No.8)°] 53.02 mg/100mL= 7}% & ok, fraction
, 6, 7, o8 ko]l EuH

Table 3. Total phenolics contents of sephadex LH—20 fractions from wild
grape (Vitis amurensis) seed
( unit : mg/100mL)

franction(No.) "’ Total phenolics
1 1.89 £ 0.13
2 6.60 = 0.26
3 24.02 £ 0.61
4 24.98 £ 0.32
5 49.86 £ 1.09
6 41.66 £ 0.32
7 40.09 £ 1.73
8 53.02 £ 0.35
9 10.79 £ 0.50

Values present the means £ SD (n=3) ; ” 1 mg/mL concentration was used .

ul, AW E R itst &4 AA
7}) DPPH radical &4 &4

Sephadex LH—20 column chromatography S 3] d& Qv‘f‘gl DPPH &}tz
27 & dold Ay Fig. 7 2o #AEA e T I Adet npvt
AR 75% ofAEo R £=A7] fraction 8(No.8)°] 90% ] Aoz Jbd gkar,
fraction 5, 6, 7, =0 & 3dFzFo] Tl WIS o5 fractionES 100 uM gallic
acid, trolox¢} vlus] 2 O =& dilksl &S Bl oyt A= duby
© 2 catechino] ©FAZ A wrwtt tgFEFA 9 procyanidinl =z &3}
= A4S s gavh A AL nEd ot e s gie



procyanidin® =AY & TUEE AT = Y}

o
o

~ D (o)
o o o
T T T

inhibition (%)

1 2 3 4 5 6 7 8 9 Gallic  Trolox
acid

sample

Figure 7. DPPH radical scavenging activities of sephadex LH—20 fractions
from wild grape (Vitis amurensis) seed.; Test solutions were 100ppm.
Gallic acid and Trolox were 100 uM

) Ferric ion reducing antioxidant power (FRAP)

FRAP WO 2 sephadex LH—202.2 AAg b 2] gatslsAd S Table 40
Yehdth 5529 troloxe] 94 7l ddss @49 7|FA2 YERINE
tl, fraction 8(No.8)o] 7Fg #& gFo @ ol I o] ¢ S
t}. fraction 5, 6, = o2 greFo]l ok} o= oM F dE e, DPPH 2t
Z A &4 Ak Aol Al
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3. A F BRI Z ¥ procyanidin £ , +2EA € 54

7}, A F B3 25 procyanidin 3 2 AA|

I} Table 5¢F o Z} fraction & 75% ©FAl& fraction
34.66% =% 7} = 9kth. fraction 3-& 2 fraction 6.7.8 ZAY
ZNE Ao fraction 8] 7} 3 2L el ZF fractions
TLCol spot 3o &3+-&ufol] A73g & 70% hydrochloric acidel] =< 1%
vanillin &ML WA 2 ALL L] B35t o1 A= 2 E fractionoA] A9
sk A AS e AL, fraction 6 catechin@} H|S:3F band 9ol A &= AT
fraction 7,8 oA 5F o]/e] M| spotS &SI & ool wEe spot
< Zelskith

~ rlo
M
o
il
iy

Y. A2 39 9] procyanidin 4

7F) Vanillin—H:SO4 assay
Procyanidin@d&< =33t 23 Table 69 Zt} 2.81 ~49.35 mg%o]itt 9
Mol 7+ fractionS 2L FEoA 75% wWErE fraction 6(NO.6)o] 7} X3l

Moz =& ks AQr) 183 RE fractiond HFEEELS o] YL,
=
=
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Table 5. Procyanidin contents of sephadex LH—20 fraction from wild grape
(Vitis amurensis) skin by vanillin—H.SO, assay

( unit : mg/100g )

Fraction(No.) "’ procyanidin contents
1 2.81 £ 0.388
2 3.46 £ 0.482
3 31.81 £ 1.940
4 49.00 £ 4.381
5 23.62 £ 3.103
6 49.35 £ 2.753
7 33.35 £ 3.073
8 41.37 £ 3.061
9 34.74 £ 2.266

Values present the means = SD (n=3) ; Y1000 ppm of test concentration

was used.

Y}) BuOH—HCI method

Sephadex LH—20 columne o]&3teo] AAT A FE R 9709 fraction Fol A
Fig. 83} o] 1, 2& #1938 BE fractiono]l A 5318 BuOH-HCIHE< 5A4&
ol 8 4= 9t olE fractionEE BuOH—HCl methodoll A H Mo =2 el
al, UV—Vis absorption spectrum® 550nm Y<olA T3=E 32133}
fraction 47} 550nm FolA 7FE = 3 EE e S22 fraction
3,8,5, 7,9, 6 o]tk g vanillin—H.SOs assay$} PFZH7FA] 2 procyanidin

249 54% F9 @ F AUk
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1.000

0.800

-

0.600

0.400

=

4000

wavelength (nn.)

Figure 8. UV—Vis absorption spectra for BuOH—HCl reaction of sephadex
LH—-20 fractions from wild grape (Vitis amurensis) skin. ( A, fraction 4 ; B,

fraction 3 ; C, fraction 8)

Table 6. Yield of sephadex LH—20 fractions from ethyl acetate fraction of

wild grape (Vitis amurensis) skin

Fraction (No.) Yield (%)
1 (50% MeOH) 0.67
2 (50% MeOH) 19.47
3 (50% MeOH) 5.90
4 (75% MeOH) 5.88
5 (75% MeOH) 7.97
6 (75% MeOH) 12.63
7 (75% Acetone) 5.37
8 (75% Acetone) 34.66
9 (75% Acetone) 0.75
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o A2 A9 F AE FF

Sephadex LH—20 column chromatography S Z8E #23k At F 73 o d&=
A 3gtEe &= S SA3 Ay Table 73 2ot dHEA 3IgEo F I
2 448 ~ 50.80 mg/100mL2 & fraction 8(No.8)°] 50.80 mg/100mL= 7F& =3k

31, fraction 6, 9, 7 =S 2 &&o] =k},

Table 7. Total phenolics contents of sephadex LH—20 fractions from wild
grape (Vitis amurensis) skin
( unit : mg/100mL)

franction(No.) Total phenolics
1 6.91 £ 0.380
2 4.48 + 0.973
3 22.75 £ 0.680
4 32.99 £ 0.625
5 37.47 £ 0.293
6 44.04 £ 0.973
7 38.65 £ 0.588
8 50.80 £ 3.746
9 43.62 * 3.116

Values present the means = SD (n=3) ; Y1000 ppm concentration was used .

2. FAst 84 A3

7}) DPPH radical &2A&A4

DPPH =z &A @45 Yol
&

A} wpRAIMA 2 75% W]

-
%9kal, fraction 7, 8, &2

A= Fig. 99 &} d=d s S

ZA]7 fraction 6(No.6)°] 85%0]d o2 714+

sheFo] =kt E3k o]& fractiong 100 uM
Kol

Farst &S Btk
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80

60

40 |

inhibition (%)

20 1

1 2 3 4 5 6 7 8 9 Gallic Trolox
acid

sample

Figure 9. DPPH radical scavenging activities of sephadex LH—20 fractions
from wild grape (Vitis amurensis) skin.; Test solutions were 100ppm.
Gallic acid and Trolox were 100 uM

W) Ferric ion reducing antioxidant power (FRAP)

Sephadex LH—20 column chromatography &2 “gA| st At 3}3] o] &bzl

S Table 8o YJERHATE. fraction 4(No.4)7} 322. 539 ¥x =2 7} =& stk
Uebidch o822 fraction 6, 5, 7, 8 =O0 & ko] &kl

to ox
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Table 8. Trolox equivalent values of reaction with the FRAP assay of
sephadex LH—20 fractions from ethyl acetate fraction of wild grape (Vitis

amurensis) skin

(unit @ uM )
Fraction(No) "’ Con”’ Trolox equivalent
1 - 62.12 + 1.687
2 — 35.35 + 0.974
3 0.9 171. 41 + 10.349
4 2.1 322. 53 * 14.948
5 3.6 309. 80 £ 9.594
6 4.8 310. 81 £ 1.948
7 4.4 229.80 + 1.669
8 5.9 254. 34 £ 0.350
9 4.1 209.09 + 8.969
Standard
Gallic acid 137.20 £ 13.04
Quercetin 50 134.87 £ 4.55
Ascorbic acid 51.74 £ 1.05

Y Test solutions were 100ppm

2 Total phenolic concentration equivalent to 100 ppm of test solutoion.

WoATE AR RNE $5EA procyaniding Pelshe] o4 7
x9) 542 WAL, Uolrt AR B RS S FTeke ARISAE el Az
1o1@ AoE AztArh web dA 4§54 %n A AT YE AT
e e ohe Mo AFe PHE u oo BYBHET WM 0T BEW
2% Ayl oY % AR BLF /Y HF Ei oJopEoRs] el Ba
@ Zeleuld 27 B4 FAE B B, 3x 64 2 sl el
BE Fh4e A7k Aashd s
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A 2 A (RA2HAFHA) AHF procyaniding A
2 977t

A F-3hA) 72 ol Al o & w
MEZ D =82 galA oA A F procyaniding
A5 ZhA ° "
alol 7] 21y
A 720 9] 2} 4 % A

A1y AFAs 2 Py

W,
M
et

1L AHF A g dave 35

7F A&
A s AA A FEebe R AbeE 4 9 wguks Fakol F
Fol # H& XA Fste] 7|2 Zol HEE RFEAT

. Als

HPLC#A]el A8 BE &l (HPLC grape)™ 94t (DUKSAN, Korea)dl
A, (+)—Catechin, (—)—epicatechin, ascorbic acid, butylated hydroxyanisol (BHA)
+ Sigma (MO, USA) A& AHE-3tSith.

. &4 F& =4
(Vitis amurensis) A X rgdh
ol Btg wEQY B2 500 g& 70% acetoned] 24A]7F &<t
33 HtEslo] FE3A Y. 1 A NS rotary evaporatorg ©]%
F53to] 70% acetone FEES AATE 70% acetone FEES E9
—HexaneS =% X47}0}°4 FolZtu 7)o A1 n—Hexane (0.8897 g) 7}&4%
o, Zo g BEFEEL 70% acetone EEEo|H, F = A}l

interface #8EZ Y+ } (Scheme 1).
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2 A ZE R 70% acetone £ E ZH I=nETHY

AP Z R 9] 70% acetone F=E 20gY 5g S 50% MeOH} 66% acetone,
100% acetones £vlZ &lo] Z+Z} Toyopearl HW—40F (Tosoh, Tokyo, Japan)
Zd ARvtEaHE Fdste] 670eF 13709 subfractions 27 @A
(Scheme 2). 70% olAlE& FEE9 Z§ AZrtEIYIe 9482 A EF 3cm

15cm, 4ol 10eme] Zd F 7HAE o833

Aol 30 cm®]| ZHIH} AE ] o]
£ AR $AE N T ascheaddel A AF BTN dn
g %3 1y A WHor £PFAG. FEEHE I S0 A8
I F 7R o2 13k Z} fractiono] ] TLC ¥4 2 sotsAdS Hlw
A3,
Powdered seeds of V.amurensis
(5kg)
70% aq. Acetone (3X2.5L)
70% Acetone ext.
Hexane:H20=1:1
Hexane fr. 70% Acetone ext.
(0.99) (30.7 g)
209 59
Toyopearl C.C. Toyopearl C.C.
(50%MeOH, 66% Acetone, 100% Acetone.) (50%MeOH, 66% Acetone, 100% Acetone.)
| I N I B | I I N N U D D N D N N
F1 F2 F3 F4 F6 F1 F2 F3 F4 F5 F6 F7 F13
PCs fraction

PCs fraction

Scheme 1. Extraction and fractionation procedure of the powdered seed of
Vitis amurensis
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2. Ao %9 Y & 4 7% A7

7} ART 258 ATFE P &% L 18718 Ua vitro)

1) A=

AE v YA F—12 medium, 10% FBS, 100 units/ml penicillin, 100
rg/ml streptomycine HyClone (Logan, UT)%] A%< Dulbecco's Modified
Ealge Meduum (DMEM)- Gibco BRL (NY, USA)9 #AEFE A&aqich
Western blotting=S ¢3F Al2F2 BioRad (Hercules, CA, USA)olA Nrf2, NQO1
¢} B—actin primary antibody= Santa Cruz Biotechnology (CA, USA), HO—-1&
Calbiochem (Darmstadt, Germany)olA %3+ th. Anti—phospho—extracellular
signal—regulated protein kinase (ERK)1/2, phospho—JNK ,phosphor—p38
polyclonal antibodies®} LY294002 (PI3 kinase inhibitor)/U0126 (MEK1/2
inhibitor) Cell Signaling Technology (Beverly, MA)olA <13}t Horse
radish peroxidase (HRP) conjugated secondary antibody™ Santa Cruz
Biotechnology (CA, USA)olA 8]x chemiluminescent 7]Z&L supersignal
(Pierce, Rockford, IL, USA)olA T3k}

2) AIE g 2 Ag

HepG2 human hepatoma cell line2 ACTT(American Type Culture
Collection) oA T3t 2™ HepG2—C8 cell2 Kong, A.N. =2 B A FHEqkt},
37C, 5% CO, ZAstollA 10% FBS(Fetal bovine serum)® 100 units/ml
penicillin, 100xg/ml streptomycin, L—glutamin, amino acid’} H7}¥l F-12
medium®l] Bi4sA T AEXE 10mm dish Y 24—well plateol] FZHA1#A njjks)ar

overnight starvation A%l ¥ o8] sX¢ A& Attt

3) MTS assay

T 2 Ak wE S procyaniding FEEQ A3 F@ HepG2
hapatoma cellol ©3 =21  (cell proliferation) <A &EFHE MTS
[3—(4,5—dimethylthiazol—2—yl) —5—(3—carboxymethoxyphenyl) —2— (4 —sulfophenyl) —2
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H—tetrazolium, inner salt] assay (Promega Corporation, Madison, USA)E ©]-&
sle]  ZARAITE. HepG2 cell& 24—well plateo] 24A17F #l9F3}e]  overnight
starvation A7 H Z}7} 02 FLEE AZ Foslar 48A17F Eob wj%d FH
CellTiter 96 Aqueous nonradioactive cell proliferation assay kit (Promega

Corp.)E o] &3ty A E 24 A 3= microplate reader® 490 nmol A &

4) ARE-luciferase activity assay

A Z procyanidin®] antioxidant response element(ARE) gene W&ol w]X
= gGe A7) Yall HepG2 cellsol pARE—T1—luciferase reporter gene<
transfectionA] 7] stable cloneS €2 % 12—well plated] 24A|ZF v} L3}o]
overnight starvation A1Z1 ¥ & EX9 procyanidin FEES Fofsto] 1247+
Ay & FEE9 ARE-luciferase activitydl ®XE &3S FAMEATH
ARE —luciferase activity:= PromegaiF(Madison, USA)9] luciferase assay kitZ
AF&-3le] SIRIUS luminometer® 33] o]4 whE Aoy, i 1B Aks)

o specific activity #tS2 B A3

5) Western blot analysis
7}) Total protein &

AEZHE proteing st I AHOZ cell culture plateZH-E wjgaS
AABAL ice—cold PBSZE 23] A& &3t Plate® 45 9ol 22 & A cell
lysis buffer (50mM Tris—HCI pH 8.0, 150mM NaCl, 0.02% sodium acide, 0.1%
NP—40, 0.5% sodium deoxycholase, ImM PMSF)< Yo]F 11 cell scraper® =
ofFo] AIxE T olE 5 FEAA 1A B g $ 4T, 13,000rpmell

A 1083 AR 33

) A8 E

st =2 At HepG2E 3 U protein assay kit (Pierce,
Rockford, USA)9] "o e} gl Agks a3tk 40uge] @M A-E sodium
dodecyl sulfate—polyacrylamide gel electophoresis (SDS—PAGE)=® &&]3 t}&
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polyvinylidene fluoride membrane (PVDF)Z transferdtith. Transfer’} ¢45%
PVDF membrane 5% non—fat dry milkS %3k PBSTZ H]5o]% ohulzs.
At z] fleke] gk AZE A WA ZAT AlESke] Nrf2, B-actin, NQOI,
HO-1, p—JNK, p—ERK, p—p38° that &<} 3}y ut
Sk o] 2}&A Q1 anti—rabbit IgG B+ anti—goat IgGoll 1A]ZF WESAIHTE Z; HEg
Alo] PBST=E 582 5 washing 39t wx] 2 washingo] &4

3k - @A bandE Supersignal west pico chemiluminescent substrate
(Pierce, Rockford, IL, USA)E ©]&3te] HHA T}

olo
>,
)
i
e
ot
N
=
Ee)

6) RT—PCR (Reverse transcription—polymerase chain reaction)

Z RNA¥ Tri—reagent(Molecular Research Centre, Inc.)® FZ38}1L 2pg9]
total RNAZ SuperScipt'™ I First—Strand Synthesis System(Invitrogen)< ©]
&3}o] First strand cDNAE ®Eth 1/10 diluted first strand cDNA 2ul,
10xBuffer I 5pl, Z+2F 2.56mMe] dANTPs mixture 4ul, 212} 10mM$] primer set
luldp Taq DNA polymerase 0.4ulg ¥ & HF F97} 50l H2s 24+ oS
Thermocycler (Eppendorf Gradient PCR System)® PCRE 33t}
Amplification profile 94TCo|A 287 denaturation, 2Z+Z}e] annealing
temperature©] 4] 30%7} annealing, 72Col A 1E7F polymerization®] 30 cycles
T3t HAZE cycled e 72CoAA 10870 ¢ dAAs9ct PCR 23E 2%
metaphor agarose gelel PCR product 5ul3} loading dye 1ulS 2 A4S &
loading 3}z 50VelA A7]dE3 F ethidium bromide® GAstx
Gel—Documentation System (Gel—Doc EQ, Bio—Rad)E Al-&&to] 53 2 %}19
we S ottt B Ado] A3l primer sequence®} annealing temperature
= Table 101 #2133}
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Table 1. List of primer sequence and product size

Name Product size Sequence Annealing
(bp) (5'-3") temperature (C)
NQO1 235 F 5 —GCC TAG CAC AAG TAC CAC TCT TGG TC-3 57

R 5'=CTG AGG CAG GAG AAT TGC TGG AAC C-3’

F 5'=CAG GCA GAG AAT GCT GAG TTC-3
HO-1 555 57

R 5—=GAT GTT GAG CAG GAA CGC ACT-3'

B—actin F 5'—=AGA GAT GGC CAC GGC TGC TT-3'
446 60

R 5—ATT TGC GGT GGA CGA TGG AG-3

_46_



Y. A2 A procyanidind®] TE2Y I &3 (In vivo)

1) 48%E % A=
APEES AT 18~21g° 65% Balb/c mice, FHS &

(Daegu, Korea) 25 Fste] &3} 2o]o] o] A-F2g AejoA 1247
light/dark cycle®Z 7]9-H 253+ 3448717+ 7Y, 448717 &9t
AIN=76A dietE Fofst™ AMG3Flth. mices= 7215 (5 animals per group)<
o] Agstar, A F F2 procyanidine 50% PEG 40089 20 mg/mle]
FE® AZs 50,200mg/ked] FEE oral gavage®= Fo13}%th Control
group< vehicle (50% PEG 400 solution)%H& Folatar, W& vl 24417k nf

o} Folsty AMlE EE vehicle 7o 72A17F o] $of] S| AYA]ZA T

Apol 912

2) Ao] &4
B Ao ALE3k Aol= A ST e AIN-76A dietE 23 5=

A Fostd om Aolo] 24L& Table 2.9 YERHAT

Table 2. Composition of the experimental diets (%)

Ingredient g/kg

Casein 200.0
DL—Methionine 3.0
Cornstarch 150.0
Sucrose 500.0
Cellulose 50.0
Corn oil 50.0
Salt Mix 35.0
Vitamin mix 10.0
Choline Bitartrate 2.0
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3) A3

olg ol F W miced BRFC FAY BF] W Y]

A

=S o W A A7l & =glolololaR mpFH A 7]aL A ESte] F
o} AA 7FH(iver) % 100mgS # 3+ cell lysis bufferE Al-&3}o]
S Fd 3% $ BCA protein assayS o] &3lo] "z =15 Al
Z A4

protein®] W3 o] HZ Western boltS £ FASAT}

o

m
o

3. Am e FAF &% R 7|7 A7

7}, A E B3 Eo] RAW 264.7 murine macrophage cell linedlAd 3}aZF
i3 2 71& 79 ([ vitro)

1) Ax wg 2 A

RAW 264.7 murine macrophage cell line2 ACTT(American Type Culture
Collection) oA 443t ow, 37C, 5% COy, A3} A 10% FBS(Fetal bovine
serum)$ 100 units/ml penicillin, 100xg/ml streptomycin, L—glutaminZ} A 7Fg
DMEM(Dulecco's modified eagle medium)ol] vj¥stRth Al¥2E 10mm dish Y
24—well plateol] FZA]# vl %3}l overnight starvation A7l H o8 FE2] A
HEAEE Agsta 241z wjgst & Abskd &S fEstr] f8) LPS

(Lipopolysaccaride) 1lpg/mlE H7}star 12417 w3t o)

[e:

x2

2) NO formation

Nitric oxide(NO) A H7l= RAW 264.7 A¥XE 10% FBS7F
DMEM HiRA| & o]83}e] 1.5X105 cells/mL=Z Z43F 3 24 well plate 9l
i, FEE AgAYsta 243 o LPS(1 pg/mL)E  Agste] 1243

N
X
sl

4T o
L
ol
-

jud)
==
og

ol
-
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grr. A" NO9 42 Griess Al9F [1%(w/v) sulfanilamide,0.1% (w/v)
naphylethylenediamine in 2.5%(v/v) phosphoric acid]& ©]&3}o] A ¥EnjoFal =
of EAlst= NO2 o FHj=2 S8t AMEwG e 100 uLe} Griess Al oF
100 uL= =35l 96well platesoll Al 105 =<k vk-2A]71 & 550 nmoll A SF %=
s 4390 AAdE N0 42 sodium nitrite(NaNO2)E standard® W] 28}
AT,

3) ROS formation

Reactive oxygen species(ROS) A H7IE 317] €3l fluorescent probe
DCF—-DA (dihydrodichlorofluoresceindiacetate; Sigma, USA)E A3t
96—well plate°l cell& *ZA]7]31 20uM DCF-DA (dissolved in DMSO)E # 2]
k1l 37Col] 1A|7F viekstgitt. PBSTE washingdlal ofe] X9 A8E Ay
&ko] 1AIZE vl e¥stal Ho0.(ImM)E A glste] 2413 w3ttt 2413k $-0l media
A A PBSTZ 2¥ washingdttlh. A ¥ ROS+ fluorescence multi—detection
reader (Synergy HT ™ Multi—Detection Microplate Reader, BIO—TEK

Instruments, Inc, USA)oll A exicitation 485nm%} emission wavelength 528nmol|

A 243t

4. Ao Fo] FAa

) FAEY 53

Age BEEE il 3aks &A1& DPPH free radical®] &AFA (AA}+
o5)o 2 AAsY Tl DPPH radical &7 AdL FWslA 2Xol:= 1rdsta
?iﬂ? kst ZAo| wol Alg¥ET}y. 7+ Al&Ee] DPPH

Mshs 5 bty
=242 7} =¥ A3 MeOHO =] 160 ul F 3+
ol
o

1.5 X 107" M¢] DPPH MeOH & 40 uL¢} 2 &3t} o] wkg Egols 2
2o A 30+E3F WA$ &, microplate reader® 520 nmolA FFE=E F43HS)
NRE H7FekA] &2 ANz vt free radical 2AZAH S WESZE
YERN AL, 50% A&l 5%(ICs0)E Attt S8+ 33 whs Aol gt

o2 YER AT
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MeOH solution of sample at Methanolic solution of DPPH
various concentrations (1.5 X 107" M)
(160 uL) (40 pL)

Shaking vigorously (10~20 sec)

I
Standing at room temperature for 30 min

l

Measurement of optical density at 520 nm

Scheme 2. Measurement of DPPH radical scavenging activity

5. AH &9] procyanidin TZEA
7}) High pressure liquid chromatography$] 4]

TLCOA single spoto & Holi= ©d &&(Fraction 4)2 %5 Yolr”7] ¢
&, HPLCE Table. 33} & 7oz FA431% 0
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Table 3. Conditions of HPLC for Fraction 4 isolated from wild grape seed

[tem Condition

Phenomenex Gemini C18 Column

Stationary ph
ationary phase (5um, 4.6X 250 mm)

Mobile phase 50% Methanol

Detector Diode array detector (DAD)
Flow rate 1ml/min

Injection volume 510

Sample Fraction 4

W) £33 AHFE A9 procyanidin SA

1) Vanillin assay

Vanillin—H»S04 assay= A& 98] A9 procyanidin (for terminal unit)<
w2 A geFsty] 918l 7Pg ARt o m ARRy = Wy o|th, MeOHel| &<l ZHzt
9] sample®} glacial acetic acid® ¥ 1mlE WET}E o] sample solutiondl]
vanillin reagent (1% vanillin and 8% conc.HCI in glacial acetic acie (1:1, v/v)
5ml& ¥il 30C water batholl 2043t ¥H-3AZ1 % 510 nmollA] F3% 543

t}. Cateching positive control® A3t}

2) BuOH—HCI assay

A F =Z83 fractiono] A procyanidin (for interflavan units)S @olHE 7|
93] BuOH—HCl assayE ©]-83}9 ). glass screw capped test tubeol acidic
BuOH [5% (v/v) conc. HCl in n—BuOH] 6ml, Iron reagent [2% solution of
FeNH4(S04)212H,0 in 2N HCI] 200 nl, sample 1ml= ¥ 3 50C water bathel

507 RESAIL F A3 th2 550 nmell A FF = 543

3) Phloroglucinol reaction method

AP 5 procyanidin®] depolymerizatione €o}x 7] 93l phloroglucinolS Wb
SAA LC-MSZE X381t} (fig.1). Fraction 5 (5 mg), phloroglucinol (5 mg)
T} ascorbic acid (10 mg)S MeOH®| =<1 0.1N HCI 1mlel ¥ AH3] EE0]
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= o5 50C water bathol] 2023t ¥HSAIZATE W A7 $ ALTEAE o] &3
S| & SHA] Y-S SHS 500ule] Hojs=t}. o] solution ethyl acetate 1ml
E ol&3l 5W FET U AiTAE ol&d &ulE FUAIAT. FEAT]AL
Fe EAS 70% aqueous methanol 500uldl]l ol LC-MSE EA3t},
LC-MS ¥4 27L& Table 40 e

Table 4. Conditions of phloroglucinol LC—MS for Fraction 5

. Solvent A (%) Solvent B (%)
e -Water containing 1% acetic acid —Methanol
0 95 5
10 95 5
30 80 20
55 60 40
55.1 10 90
65 10 90
70 95 5

Detector: 280 nm, Flow meter: 1ml/min

6. procyanidin® 3t AEH A v

1) A
NO A Z 3| A} Product name
1 TRUNATURE Grape Seed with Whole Grape
2 GNC Herbal Plus GRAPE SEED EXTRACT
3 The Vitamin Shoppe Standardized Grape Seed 60mg
4 SOLGAR GRAPE SEED EXTRACT 100mg
5 NATROL Activin Grape Seed Extract 50mg
6 Nature's Plus GRAPE SEED
7 NATROL Grape Seed Extract 50mg
8 TwiNLAB Grape Seed EXTRACT

2) ¥

7}. ARE-luciferase assay: A%
1}. Nrf2 expression : A&



A2 4343 13

1. AWE A % gEde) 2227 39

AME A R gEdY 32 2 2y

A (Vitis amurensis) A 2 HaRNS FFo] & H& oA st &
A2 o)} Bz EPECH‘jr 4 500 g 70% acetone®l] 24A]7F F<F A5}
= S 33 wHEste] FE33T. 1 o NS rotary evaporatorE ©]-83ke] 4
0CelA &F3t] 70% acetone FEw=S DAY 70% acetone FE=ES £ 5
%l ¥ n—Hexanes &% F7tste] @A Zw7] oA n—Hexane (0.8897 g) 784
FEES Urdler, & Fd e 85 70% acetone 8 Eo|H, F F Al
o]o] E8A=2S interface FEEE UJFioh

U, A FE R 70% acetone ¥ EQ ZF A2vlETY

A Z M9 70% acetone FEE 20g 5g S 50% MeOH¥ 66% acetone,
100% acetone= 2wz 3}o] Z+Z} Toyopearl HW—40F (Tosoh, Tokyo, Japan)
Zrel gEutEadyE 88t 67019 13709 subfractions 2z vk

2}
(Scheme 1). 70% olAlE FEE2 Zd AZvtEagys dukdQl AEF 3cm,
Aol 30 cm®] ZAH I AEF 15cm, Aol 10cm®] ZH F 7 & o]&3at3lom o]
= AEAR] BAS A% 29 aRvtEade o A A5 iFgFEA9 A
E A58 B7] A% wHew FAHJT. FEEME FLF SvlE A
a F 7R WHo g B3 Zb fractiono] Wis] TLC &4 2 gtdAS vl
A5
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2. A F Fgas A 7 A+

7t AW E FZEo] HepG2 cell linedlA &¢tad 2 72 #9 (I
vitro)

1) A F Extracts

7 SAIE FA A

2P A 9] EtOH extractE B FE3ste] A5 a4k 70% acetone extract,
AP E A ethanol extract, 2FHF 3] 70% acetone fraction®] &% JFIA L
=294 a3=s #AAL AFAES Figure 19 YEFAUT AHF A 70%
acetone fractione 100 ug/mle] F% o]Aol A AAE F2 o4 3= e
Fom, AHFE Hauk 70% acetone FEE A= 25~300 pg/ml F =0l A
FLEYEAQ] FAAAENE YER AT

140 1

B con

55 ug/ml

525 pg/ml

150 pg/ml

5100 pg/ml
300 pg/ml

5500 pg/ml

Cell viability (%)

skin 70% acetone ext. seed 70% acetone ext. seed ethanol ext.

Figure 1. Effects of Vitis amurensis extracts on cell viability of HepG2

human hepatoma cells in the MTS assay.
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1) ARE-luciferase activity assay

A 2 FE B3 o] antioxidant response element (ARE) gened] 3ol w]
= A8k ZAE 7] Yl HepG2 cellel pARE—TI—luciferase reporter gene<
transfection A]7] stablely transfected cell line (HepG2—ARE—-C8)S 4& FH
6—well plateol]l 24A)7F i3}l serum—free media® overnight starvation A%
T o TR AR FEES Adst 12 AR AR & FEEC
ARE—luciferase activityel "= &35 BZ3ATH Ao FollA] =23 A F
gk, A E K 70% Acetone, AFHF A EtOH 7} fractions 25. 50. 100 p
g/mlz &3 T ARES WA S luciferase activity® A3 Ax RE
fraction?| /] ARES] ¥reA& HYom E3 1L AHgoA & A

= 2

Bl o]ej M2 Tk X cr FUhE = Ao® yERy (Fig. 2).

o

0 pg/ml
B 25 ug/ml
% 50 ug/ml

. 100 #g/ml

ARE—luciferase activity (fold)

Seed Seed
acetone ex. acetone ex. ethanol ex.

Figure 2. ARE—luciferase activity by Vitis amurensis (AFWF) extracts in
HepG2—ARE—-C8 cells. HepG2—C8 cells stably transfected with
pARE—TI—-luciferase reporter gene were treated with vehicle (DMSO, 0.1%)
or each extract for 12 hours. Luciferase activity was normalized with protein
content and expressed as fold induction against vehicle—treated control.

Values are means of two to four independent experiments®SD.
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o) Nrf2 23

ARE gene©l bindingd}e] AREZ &3 phasell detoxifying enzymes %
antioxidant enzymes®] WAE AFAOZ fFEste Ao=Z L HARIAL
(transcription factor) nuclear factor E2—related factor 2 (Nrf2)o]] o3l AbwF
FE29 9FE FAEA T HepG2 cellsoll 2T 58S v5 H2 A3
dd AZF F HNEZE 58389 whole cell lysateE® U ThE Nrf2
expression level2 Western blotting 7| 8-S o] &3} =A 3t}
Ao & b gul w2 3 70% Acetone, P15 A EtOH extractE 50, 300 pg/ml 2]
FX=Z 2 hr, 6 hr, 24 hr &<t A2 A3 A2t EE fractiono| A Nrf2e]
W vty § 5 Uellon, 53] 6 holl A& A 4 70% acetone extractol]

X Nrf2 protein expression®] 50 gg/mloA Z=7}sle= Ao = el (Fig. 3)

4

skin seed seed
DMSO acetone ext. acetone ext. ethanol ext.

Conc.(pg/ml)  0.1% 25 50 100 25 50 100 25 50 100

Nrf2 (2hr) [ S S ——
Nrf2 (6hr) [T - —"— - - -
N2 e —————
B —actin (2hr) [ce—————————————————————
B —actin (Bhr) [ ———— e c— e — —c—
B8 —actin (24hr) | = —— e ecer—————e——]

Figure 3. Nrf2 protein expression by Vitis amurensis extracts in HepG2 cells.
HepG2 cells were treated with vehicle (DMSO, 0.1%) or different
concentrations of extracts and then equal amount of proteins from whole cell

lysates were analyzed by Western blotting.
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Skin seed seed
Con acetone ext. acetone ext. ethanol ext.

0.1% 25 50 100 25 50 100 25 50 100
NQO1 (2hn)
e — — — - — — — —
§ ~actin (2hr) [ ———————

Figure 4. Effect of wild grape extracts on NQO1l, HO—1 mRNA gene

expression in HepG2 cells.
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=

o

-
X

B A

Vel o 50 pg/ml ©]4He] Exol A= 50~60%2] cell viability
o}, &3 Fr. 5g—1,2,4 (Fig. 5)¥} Fr. 20g—3 (Fig. 6)& #19]

5

=]

5 pg/ml &=l A

L

Figure 29} 39 242 YeEF AT, 66% acetoneo] A &

1

JE

7}

%3 fraction®! 5g—107 5g—11, 20g—5 fr.ol| A

=N

o
A

subfraction®l| A &

=

8

70% acetone fr.9] toyopearl Zr§l AZvEIHIE F3] A2 subfraction?]

Al

o)
Ho|x

2) XA FE R 70% acetone seed Toyopearl column fraction
-

7hH EAE SA9A

Al
=
=

Holx 3t}

=
=

Al

M

180 1
160

o
=
—

m100 pg/ml
B200 pg/ml
B400 pg/ml

E
=

=
o
)
=

Fr.13

Fr.12

Fr.ll

[z zzzzzzzzzzzzz;z;zzzza

Frd Fr5 Fr.6 Fr.7 Fr8 Fr9  Frl0
- 58 -

Fr

Fr.2

Fr.l

LI 1 L L 22222

Figure 5. Effects of wild grape 70% Acetone 5g—fraction on cell viability of

HepG2 human hepatoma cells in the MTS assay.
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Figure 6. Effects of Vitis amurensis (A2F™5) 70% Acetone 20g—fraction on
cell viability of HepG2 human hepatoma cells in the MTS assay.
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) ARE-luciferase activity
A E R 70% Acetoned A FE3 13 F2 sub—fraction 5g¥ 2
ARE W34 frEss 2ARS A3 729 fractionel Al ARE °l gk
S Yo E3] 5gol A= 910,114 28] o] 4] ARE ®FS-A]
& AAH(Fig. 7). 20gol = 504 28] o] o] ARE wHsA
AJ Tt (Fig. 8).
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Figure 7. ARE-luciferase activity by Vitis amurensis 70% Acetone 5g
toyopearl fration in HepG2—ARE—C8 cells. HepG2—C8 cells stably transfected
with pARE—TI-luciferase reporter gene were treated with vehicle (DMSO,
0.1%) or each extract for 12 hours. Luciferase activity was normalized with
protein content and expressed as fold induction against vehicle—treated control.
Values are means of two to four independent experiments®SD.
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Figure 8. ARE—luciferase activity by Vitis amurensis (AF™ )% 70% Acetone
20g toyopearl fration in HepG2—ARE—C8 cells.
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o) Nrf2 23&d

Nrf2+ ARE7} &4 3}% =4 transcriptional activator® 2ZF-&3c), duk%
O 7 Nrf2= cytosol -8 A= Keapld A&3st 9o}, inducerel] 93] Nrf2
7} Keapl®d} &= Nrf27F & W2 A5 o]83 Nrf2¥ ARE promotor$}t
A%rsle] phase 2 detoxifying/antioxidant &9 @3S FE3dleE HAo® WL
Al k. A FE M 70% acetone FEE 9 toyopearl column fractionol] 3|
Nrf2 @ 2 Fegdds 2ARE 23 6A17F A8 Al procyanidine] F= 3
H 5o 9+ fractions 9, 10, 11 (Fig 9) ¥} fraction 5 (Fig 10)9} &2 66% o}A
= fractionoll Al 7bg ZFsk fregdo] vEbstth Bgk AP A fraction©] Nrf2
of I YE s Feste=AE FAMEE A3, Fig 113 #Zo] F594 Nrf2¢]
gz Fo4& F7HET ¢ fractionE9] Nrf2 F2842 71 =g Nrf2
inducer‘ﬂ sulforaphane® fAFEE Gieolm, wepA A EZW7] & DA SIA7]=

T3 AAGAA R o] 7|hE T}

seed 70% acetone 5g fraction (50 ¢ g/ml)

Con F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11F12 F13 SFN

B—actin (6 hr)

Figure 9. Nrf2 protein expression after 6 h treatments of Vitis amurensis
Toyopearl column fractions(5g loading) in HepG2 cells. HepG2 cells were
treated with vehicle (DMSO, 0.1%) or fractions (25ug/ml) and then equal
amount of proteins from whole cell lysates were analyzed by Western blotting.
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(A) Wild grape seeds fractions (25 ¢ g/ml)

Con F1 F2 F3 F4 F5 F6 SFL
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©) Procyanidin fraction F5 (25 xg/ml)
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_— 1

B—actin e e e |
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Figure 10. Nrf2, p—Akt protein expression (A)

6 h treatments of Vitis

amurensis Toyopearl column fractions(5g loading) (B) 6 h treatments of F5

dose—dependent (C) F5 time—depentdent in HepG2 cells. HepG2 cells were

treated with vehicle (DMSO, 0.1%) or fractions and then equal amount of

proteins from whole cell lysates were analyzed by Western blotting.
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seed 70% acetone
DMSO Toyopearl subfractions (25 pg/ml)

0.1% F2 F3 F4 F5 F6

F1

B

Figure 11. Effect of Vitis amurensis 70% acetone Toyopearl subfractions on
nuclear translocation in HepG2 cells. Nuclear translocation of Nrf2 by Vitis

amurensis was determined by western blot.

2}) Phase 2 detoxifying/ antioxidant enzyme expression
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(A) Wild grape seeds fractions (25 ¢ g/ml)

Con F1 F2 F3 F4 F5 F6 SFL
NQOl [CH SN S S B T S8 o
HO—1 [ = e s sage wme s owe S|

B-actin

(B) Wild grape seeds
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NQOL [ e s e b S sl o |
HO-1 [ s = = 55

B —actin [ s s s s omw ow—" oo |
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(©) Procyanidin fraction F5 (25 ¢ g/ml)

(hr) Con % 1 2 6 12 24 SFL
NQO1 [w e W -
HO-1
B-actin |« v S W S W e .

Figure 12 .Wild grape seeds induced HO—1 and NQO1 protein expression in

HepG2 cells. Protein expression was detected by western blot. (A) HepG2
cells were exposed to the 25 pg/ml of wild grape seeds column fractions
(F1~F6) for 6 hr. (B) To test the dose—response, the cells were exposed to
the indicated concentration of wild grape procyanidins fraction for 6 hr. (C)
To investigate the time course, the cells were exposed to 25pg/ml of wild

grape procyanidins fraction for 30 min ~ 24 hr
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seed 70% acetone
DMSO Toyopear] subfractions (25 xg/ml)

NQO1 (2hr)

HO-1 (2hr)

R—actin(2hr)

Figure 13. Effect of wild grape seed column fractions on NQO1l, HO-1

mRNA gene expression in HepG2 cell for 2 hr.
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ul) Up—stream signaling pathway

Nrf2¢} phase 2 detoxifying/antioxidant enzyme2 A& dAG
MAPKs¢l p—ERK, p—JNK, p—p38¢ 2aS &<l 3 A3} fraction & F59
MAPKs W@& FEgon Foi wEoE40r MAPKs Wdo] Z7/18S

F Atk wEbA AYAsAEZ MAPKsel 9@ Nrf2, HO—13 NQO19]
AE = e Aor FS5E
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(&) Wild grape seeds fractions (25 ¢ g/ml)
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Figure 14. Phosphorylation of MAPKs (A) wild grape seeds column

fractions (B) dose—dependent effects of procyanidins fraction.

_67_



Hh) A F procyanidindl 93 fFEEHE dHFAESY A3AG FE 74

F59 93 HO—13} Nrf2¢] ¥& o] PI3K inhibitorg! LY2940029 2]&] <
AFS Bt (Fig. 15). o] HO—13 Nrf29] & o] Akt/PI3K pathwayE &
d =d9e oustth. g, F5ell 9k HO—-13} Nrf2e] @& F717F MEK
1/2 inhibitordl A& JAHA ke oz YElt HO-1¥ Nrf2e] o]
ERK/MEK1/2 pathwayel sixE 93-S @4 &&= oz Yewt (Fig.
15).

_68_



= F5(254M) — + — + — +

LY294002 (mM) — — 50 50 10 10

B-actin [ s S — |

P—ERK |G e e G w
p-Akt [ee— ]
HO-1 [ —

Nri2 [ o o o wn o]

(B) F5(25uM) — + — +
U0126 (10mM) — — + +
p—ERK |« S
p—Akt [ - -
p—p38 [ e |
p—INK -

NQO1 [ S W]
Nri2 [ -

Boactin | S s s

Figure 15. Effects of the MAPK inhibitors (A) LY294002 (PI3 kinase inhibitor)
(B) U0O126 (MEK1/2 inhibitor) induced wild grape procyanidins fractions on
HepG2 cells. LY294002 and UO126 were added as lhr pre—treatment at the
indicated concentrations. Cells were then treated with 25ug/ml of wild grape

for 6 hr and examined by western blot.
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(A) con acetone ext. F5
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Figure 16. Effect of wild grape seed extract and procyanidin fraction on

Nrf2, NQO1l, HO—1 and B—actin protein expression in Balb/c mice for 3

weeks.
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3. AvRel ¥9F 2 % /AT

z ﬁ—‘r‘-‘:—. Tz A7ALY] THEA XD NEold A=e A &
4 oz oﬂ?w& 239

7}. Nitric Oxide (NO) &7 A

LPS®E bsta ~Eg2g F2AZ] RAW 264.7 celldl A 4F# 5 & Fraction
57F NO A4l Ul As 9 A Ao AskA 2EA f el FS

= NO RS Ex o&zxow ATt (Fig. 17).
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Figure 17. Effect of procyanidin on LPS—induced nitric oxide formation. RAW
264.7 cells were treated with various doses of wild grape seeds procyanidin

fraction for 1 hr and then treated with LPS (lug/ml) for 6 hr more.
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. ROS A4 YA

Hydrogen Peroxide (H202)= +2A17] HepG2ol A A F A column fractions
°] ROS AAdoll v A= dFS &Ast A} Fl, F2, F4, F5ollA] ROS A4 <
Azds BHom (Fig. 18) F55 ROS AAS = &Hor oAss &2

T U
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Figure 18. Effect of (A) wild grape seed column fractions (B) wild grape
procyanidin fraction on H202—induced reaction oxide species(ROS) formation.

HepG2 cells were treated with wild grape seeds for 1 hr and then treated

with H202 (1mM) for 12 hr.
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t}. iNOS, COX—2 expression

LPSZ 4t} ~EHXE W 264.7 cellolA] 45 A Fraction 5
S AEdS o LPSel 9al 7k IS ase] iNOSe COX-2 protein
HE S Aeellar, dzatel vd fFeder skt (Fig. 19)

1

F5 (zg/ml - 0

LPS (1 zg/m) - + + + + + + +

COX-2 (24hr)

iNOS (24hr)

B—actin (24hr)

Figure 19. Effect of procyanidin on LPS—induced expression of iNOS, COX—2
and HO—1. Cells were treated with LPS (1 pg/ml) alone (positive control) or
LPS with various concentrations of wild grape seeds procyanidin fraction for
24 hr. Equal amount of proteins from whole cell lysates were analyzed for
COX—2, INOS and HO—1 proteins as a normalization control by Western blot.

The data shown are representative of three independent experiments with

similar results.
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4. g3 a3

7}. DPPH radical 24 &4
A Z M9 EtOH extractE H|FE3d}e] 4t F whgul 70% acetone extract,
A A 70% acetone FEES b3 ¥
FAME G xRl Vitamin Col a3d +#3sl= DPPH AAF
2t} (Fig. 20). Column chromatographyE Z3a] <& i o] DPPH tt]z
A dol B A= Fig. 219 Zt} 70% acetone fr.2] Toyopearl Z#
ME 1YY E E 9& subfraction® DPPH radical 27A%5H& 20g—-3 fr.o
5g—1 fr.& A&star Hojd dikstd S 7Hs & F AT 53] 66% acetone
o2 &F9 fraction?! 20g—5 fr.¥ 5g—9~11 fr.olX = FAA =R vitamin C
Bt} Hojut A2 Bgon (Fig. 21), o] procyanidins®] 7113} radical A A
G ow AZbET, e 5g—6 fr.? 5g—7 fr.olME w2 245 HER AL =
o]+ condensed tannin® @A Q1 catechin®} 7]E} flavonoidsel] 7|13 &

= Azher,

ox, 1]

o
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Figure 20. Antioxidant activity of wild grape extracts. Several tannins were
incubated with DPPH solution for 30 min at room temperature. Each value

is the meantSD (n=4)
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Figure 21. Antioxidant activity of (A) wild grape seed column fractions
(20g) (B) wild grape seeds column fractions (5g). Several tannins were
incubated with DPPH solution for 30 min at room temperature. Each value

is the mean*SD (n=4)
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5. AW & procyanidin®] TZF £4]

7}. F49] flavan—3—o0l monomers &%l

dabsta#tel AREZAo] =4 U2 F47F Efste 528 dolry]
98] HPLCZ ¥A13F A3 ZFE 4l catechin® epicathechin® peak®t #9
o} F42 5 #2849 procyanidin® monomeric units catechin®} epicathine >
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Figure 22. HPLC chromatograms detected by UV at 280nm of of monomeric
units isolated from wild grape seeds eluted from the Sephadex LH-20
column — (A) monomeric units of procyanidins from wild grape; (B)

standard mixture of catechin and epicatechin; (C) catechin; (D) epicatechin.
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Y. A F procyanidin®] EAJ&<Q1

1) A F2E

Vanillin assay®} BuOH—HCI assay¥ procyaniding w2 A A =sl7] 9 sl
7} dubA o 2 A8 %= Wb o|th =, vanillin assays catechin, epicatechin
728 terminal unitS BuOH—HCIl assay:E interflavan unitE =#st= W
ok A 32559 procyaniding ¥EFS 543 A= Fig. 23 oF #rh
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Figure 23. Determination of procyanidins from wild grape extracts (a)
presence of terminal units (b) presence of interflavan units obtained from

the HySO,4 assay and the BuOH—HCI assay.

_78_



2) A F A column subfractions
Ab S A column subfraction (F1~F6)2] procyanidine $t&S =43 2
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Figure 24. Determination of procyanidins from wild grape extracts (A)
presence of terminal units (B) presence of interflavan units obtained from

the HySO,4 assay and the BuOH—HCI assay.
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3) Procyanidins fraction (F5) 4]

Procyanidin fraction?! F59 A procyanidin(condensed tannin)® &A1& <&
ol 7] 98] Phloroglucinol®} ¥HEA|Zl & HPLC® EA3¥Y.  Acidic
condition®l 4] phloroglucinol®} ¥Fg-&¥ procyanidin< interflavan bonde 7
o] A il phloroglucinol adductE HFETHE o] 2o A3 A3} Fo=
polymeric procyanidin®]”7] wWj&o] ¥ peak’} YA &k (fig. 25(A))
interflavan bondZE 717] 93l phloroglucinol®} HFZAIZTE Fig. 25(B)E
ploroglucinol& ¥+ A|Z1 F5¢] o3k  HPLC HA=EvEIHO=Z
Catechin—phloroglucinol adduct, catechin, catechin gallate—phloroglucinol

adduct, epicatechin, epicatechin gallatE <18 4 ¢l )
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(B)

o

AN
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Figure 25. HPLC chromatograms measured with a UV detector at 280nm of
(A) procyanidin fractions from wild grape seeds (B) procyanidin fractions after
phloroglucinol reaction (1) catechin—phloroglucinol adduct; (2) catechin; (3)

catechin gallate—phloroglucinol adduct; (4) epicatechin; (5) epicatechin gallate.
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6. Procyanidin® 33t FAFTH &4 v

7}. ARE-luciferase activity

&3 8719 procyanidin®# A FE=3} ARE-—luciferase &S Hlws) =
A procyanidin fraction (F5)v AZF F 7F¢ & dA4L H No.8 (
Grape Seed EXTRACT, TwiNLABAN S} vl w3l R kS o} 95%0]4e] FALE
35 skl (Fig. 26).

ARE-luciferase activity (fold)

Figure 26. Comparison of ARE—luciferase activity between wild grape seed

procyanidin fraction (F5) and foreign grape seed products.
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1}. Western blot analysis

AEstE 87012l =r9] procyanidin¥® ¥ A|E3 Nrf2 protein W&-S W] a3
¥ A3} procyanidin fraction (F5)9F No.2, No.6, No.7, No.87} ozl H]sf

Nrf29] & w3dS W} (Fig. 27).

2] procyanidin ## A|FE

Con 1 2 3 4 5 6 7 8 Fb

iz [ A

B—actin (6 hr)

Figure 27. Comparison of ability to induce Nrf2 expression between wild

grape seed procyanidin fraction (F5) and foreign grape seed products.
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procyanidin fraction (F5)¢}e] ARE—luciferase &4 Fx%5#H S vlus] 2 Ay}
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Figure 28. Comparison of ARE—luciferase activity between wild grape seed

procyanidin fraction (F5) and wild grape seed products.
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U BRAZ 2734 A3

AT FEH N BEddlo) AlgH BT Z7])= disk—type spary dryer (L—8,
Okawara Kokohki, Japan)Z A}€3F3 11 (Fig. 1) EFFAL inlet =&+ 180T,
olwj 9] outlet %+ 95~110C% 2™ atomizer &%= 10,000 rpm©] AL flow
ratex 20 mL/min® 3dto] &2 % sH3iTh

A R A7) o) B A SRR wigie] 2 E5-x 230 Table 13 2t
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Bx7} HA SHFE A7k 16,000 rpmol A 383 awkale] 314 ).
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Figure 1. 1. Inlet Filter System, 2. Inlet Supply, 3. Heater Fuel Train, 4.
Heater Unit, 5. Temperature Probe, 6. Liquid Feed Transfer Pump, 7. Batch
Feed Tank, 8. Booster Pump, 9. High Pressure Feed Pump, 10. Feed Line
Pressure Monitor, 11. Atomiser Assembly, 12. Inlet Air Header, 13. Drying
Chamber, 14. Powder Conveying Line, 15. High Efficiency Cyclone Collector
/Bag Filter Options Available, 16. Rotary Valve / Blow Seal, 17. Fuel Control
Valve, 18. Temperature Controller, 19. Exhaust Temperature Probe, 20.

Exhaust Air Fan



Table 1. Spray drying conditions for extract of Vitis amurensis.

Equitment condition Formular

A E59 60 °Bx 200 g
F3HA4 0.5% (PGMO)

Inlet Temp. 180T ) ) )
coating material (corn starch, gelatin, karaya

Outlet Temp. 95C — 110T

) gum, dextran) 50 g
Atomizer speed 18,000 rpm)

HH#) 20 g (matodexrine D.E = 16—20)
Water 200 g

Final concentration 40 °Bx

Flow rate 20 mL/min

o. SD &2 F2 54
1) SD £29 J=E4
Al A7)~ SD BEo] A EE= particle analyzer(Analysette 22, frisch,
[e)

Japan)& AHE3te] ARG U BILE THY

2) SD £%9 vAF=

SD o wui FxE= o] A" 7|(lon—Sputtering Device : JEOL,
JEC1100E) & Fo]2 #¥7|(id—2, eikoeng., Japan) & ¥& 3 & FALHAR} &1
74 (SEM, Scanning Electronic Microscopy, JSM—5400, JEOL Co., Japan) 2. % 10
kvel 7F&E A stel A 200, 50082 Stfisto] Alge] FHFEE ESGIH
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4) SD % N
AW E - dl7las SD BEde] AMiel 19 8ol M= AAA(Color

difference meter, Color QuestII HunterLab, USA)E A}&3ted ®H=(L,

lightness), A% (a, redness), M= (b, yellowness)E A3t Mo WH3E =
Absladtt. ol ARgH FoEwAgte] W AAn SAw = 7h7E 92,68, 0.81,

0.86°] A T}

N o]
71229 H7bE, B A HAUMES AAsiglon, AdE gt 2ANE AAS]
th M= HElE oblong typel®E Alo] = 142 Ho+ WEE S 0.709-0.863

i} " &% procyanidin ¥FS 5783 A= Table
29t 2t FEEvEE dEs, T0% dEE, 70% oHAES
HCI# 4 N NaOE ol&ste] 7b EafjAzivh. & F=
(6.08%)>70% OFAI=(5.49%)>¥H2(4.60%) =0l At 4ty}, 47tE] & o] 43514
ZhEiaet A g SUHE tASE, 2okel HEY A 12.6%9 FES
Hof 74 #A yERstth

Procyanidin $FH2 70% oFAE FEEA 66.9 mgw= 7FE =doH, 70%
o & (43.4 mg%), Ne(18.6 mg%) At F= T =4 W& A 4ok
7VEEE] FEE A procyanidin %] 247 10.6 mg%, 2.4 mghE FE
Fol nlste] W& s HolTh

Procyanidin 32 70% olHME F& Al 7HY =4 YEgoy, FE5757 4

xS
flo
ﬂ
(e)
R
=
o,
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wOomA e o] &7t AS e W 70% deES ARESk= Aol
=

[e)
°
B GF )2 A% A FEEUE 70% ABLE ol g

Table 2. Yields and procyanidin contents of Vitis amurensis extracted with

various solvents

Yields(%) procyanidin content(mg%)

EtOH 4.60%+0.8 18.6%x0.7

70% EtOH 6.08%1.2 43.4%+1.9

70% Acetone 5.49+1.1 66.9+3.4

Acid Hydrolysis 7.43+0.6 10.6x0.7

Alkali hydrolysis 12.6%+1.3 2.440.3
Y. & 3Fd 2 F& &

A FE A7) 2] 25 Sl E FE &S 2 23 Fig 29 2 AR
of 2089 &ujE 7lste] 4AITF B3t 18] 5 Al FEFTES 600l A] 120+ AF
olo| X FEFFo] 543 TV AFES HJoH, 1508 FF Al 5% o9 F
= TE5 B F 2408 7= FEF g0 A9 Tk Ut AHE 23]
FE AoE 1208 7|2 5 589 I/ YEgA &Skt Al E 9
g AS 13 FF Al AA FE2Y9 85% ool FEHH, 23] F& A oF
10% =7t FE25+= Aoz e

_91_



Yields(%

0 30 60 0 120 150 180 210 240
Time(min)

—— 1st —m— 2nd
Figure 2. Extraction yields of Vitis amurensis. according to extraction time using

70% ethanol.
2. A procyanididing® %% 34 &H

7t &3 Aol & procyanidin 53

A E gel 709% AeHE 25 E procyanidin®] RS =o|7] ko] Au|ge] S
A& o]g3dte] B4E9 A E procyanidin TS =43 A7t= Table 38 2t} 70%
FTE 7kl HEEEE 10 °BxE

ek FE5 AWsFs dies AAS & 5

J SAME AANES 1%, 5%, 10%(V/V) H7lske] 243F &<t
shakingdle] o]3} 3+ & ZAjoll F&e] 70% eSS 7lsle] &SI o N3} 5
9] procyanidin HS = :

Stock soltion®] procyanidin® &%+ 0.43 mg/mLojlon, EXAEr g ofHe] AL
0.012-0.109 mg/mL o™, 3|55 &FH 749 0.007-0.010 mg/ge® e
procyanidin 3}et=o] Eete] oJsf Fo] ¥ F &Fo] HA &2 o Ueuith
SgmE Azl Al oldle] A9 0.075-0.259 mg/mLylom, 3FF gEdle] AFE
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0.066—0.075 mg/gl. & 59| procyanidin 3}3H=0] 50—-80% A= G2to] X1, S2HF
procyaniding 10% AL g2y e Aoz Ueiwth AAME Xg Al ofdo)
0.019-0.043 mg/mLA o™, 3|d &0 75 0.024-0.072 mg/go= i+
procyanidin 88HEo] 90% AE E2bo] i, S& % procyanidine 20% Hx E
Ao = UEbsT.

uebs, 5% SHWES AT 7

[e)
°
procyanidin 5% &37F = Aoz Yehy 71

ol

TE 25%% 1T u oA 4u] 7o)
7} £ Ao sk,

f
folr

Table 3. Procyanidin content after removal of impurity

Eluent Recovery
Procyanidin Procyanidin
content Yields(%) content Yields(%)
(mg/mL) (mg/mL)
1% 0.012 20.2 0.007 5.7
Activated
5% 0.015 17.3 0.009 6.3
carbon
10% 0.019 10.3 0.010 4.8
1% 0.075 28.1 0.066 10.3
Activated
5% 0.259 25.3 0.075 12.4
clay
10% 0.089 29.3 0.073 10.8
1% 0.043 26.4 0.072 12.1
Acid
5% 0.019 26.8 0.024 10.3
clay
10% 0.048 23.6 0.070 14.1
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Y. Cis catridgeE ©]€-3 procyanidin &3

, 10, 20 mL(procyanidin &=
0% NFES o]-8-ato]
3473k &N (recovery) @ &3 procyanidin &S 54T A= Table 491 2ot 7zt
A5 o9 SEe 28.4-32.4%9 01, &ZFN ] IS 3.4-7.05%%t. o] 75-
AlEH Apel7h A9 gldlon, &Fo] A9 1 mL& AMEE B9-5 Agstae 2 At
S Holx &Uurh N9 procyanidin FEFE 1 mLe AME

7ol B o] Fao] o] Folyon, thE AuTe] Aol 85% ol FAe] o]Fof
Bk &Foe] A9 1 mL A2l Al A diyte] 22 2 Hyou &% £3 10%
nRko & yERom], 5 mL¥} 10 mL A Al 27 50%% 25%°] &EFS HS
S5 &S #Adstd 5 mL A2 Al HZE stock solution®Th 10u]  ©]/de]

procyanidin $FS 71 595 S F e Aoz YERT

Cis catridge(1,000 mg)ZE o]-&3lo] A F FFAS 1,

5
0.43 mg/mL) A &2 ZFH5E MHste] oJA(eluent) S & =

f
my ol

Table 4. Recovery of Vitrs amurensis extract prepared with Cis catridge

Eluent Recovery
procyanidin procyanidin
content Yields(%) content Yields(%)
(mg/mL) (mg/mL)
Cis 1mL 0.004 30.2 0.014 3.4
Cis 5 mL 0.013 28.4 0.259 5.5
Cis 10 mL 0.071 32.4 0.111 6.7
Cis 20 mL 0.035 31.8 0.057 7.9
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t}. SPE(Solid phase extraction) diskE ©]-&3F procyanidin 5%

SPE diskE ©]&3 2FHF FF9 F procyanidin FEFS Fol7] sk 10
°Bx(procyanidin 3%, 4.3 mg/g) 35NS SPE diskel] 23 & Z/HFE AF sl &
BT & A F2E procyanidin 70% olghES 7hske] v AR 43] kS
A7 A= Table 59 2tk SPE diskol F2HH4] &3l elution® 27 &l < &

< °F 66%% 2™, 70% oleEol oJste] 1.77%7} 3lH it 3482 1
, 43] 82 A= 0.04%9] 3585 Bl

Procyanidin®] %L%L% =438 Ao e diskol] E2HEA] & procyanidin &5Fo] 0.48
mg/gO® disk®] FZso] e Aow AZAHW, = A% 0.17 mgls = &=
HAoh v, 70% EEE 13]8EA] FEs skl vl 56.35 mg/g®] procyanidin

© Zlo® Yepsith 23]9F 33] 39 Al 2} 8.93 mg/g,
NE dEF 919;12E1 43] 84| 80.36 mg/ge] FHNE
Zgo 7 0] ke Ao Prigr)
A SPE diskE AMHEE A9 70% A= 23] &FA] 80% ©)de] ITES 4

T dom, ol %7] FHNKHY procynidin S 158 AL 553 5 Tk

ot

&

g 7 HE

=
17.59 mg/g®] procyanidin 5%
s F Uley &=

S
([«)
=
S
jules
o
N
N
2
ol
ol
s
1:01

Table 5. Yields and procyanidin contents of Vitis amurensis concentrate prepared

with solid phase extraction system

Yields(%) procyanidin content(mg/g)
Eluent 20.92 0.48
Water 46.52 0.17
70% Ethanol —1 0.78 56.35
70% Ethanol —2 0.63 8.93
70% Ethanol —3 0.32 17.59
70% Ethanol —4 0.04 80.36
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Figure 3. Photography of procynidin rich recovery solution using SPE system.
A: eluent, B: washing with water, C: 1st recovey solution with 70% ethanol,
D: 2ndcovey solution with 70% ethanol, E: 3rd recovery solution with 70%

ethanol, F: 4th recovey solution with 70% ethanol.
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3. A F dAy)x9] SD B3}

A F 5% ol7]2(procyanidin IS 50mg/g ©1H)E L 7] 91ate]
coating material® corn starch, gelatin, karaya gum, dextrans AF83}] spray
drygt 87 o5 1% FE&He 192 Fig. 49 2l AF8¥  coating

material> SD A Aoz Byl s540] 9435 Aoz gotHET)

A B C D A B C D

Figure 4. Photograph of powder and 1% solution of Vitis amurensis

A: corn starch, B: gelatin, C: karaya, D: dextran
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7t. SD €29 Y= £4

A

==l

3N coating materiale] W& SD o] A= HAT
59} &tk WA corn starch® A9 0.1 = 1.03 ym, d 0.5 = 4.94 um,
13.80 ym= H Y=+ S5um FEE ZAH AT Gelatin®] 45 =

0.1 = 0.85 um, d 0.5 = 3.61 um,
0.1 = 0.82 um, d 0.5 = 2.91 um,

A% d0.1 =498 um, d 0.5 = 69.21 um,
o Watel & o]z malnh

Cumuilative values ) £ %

Q3{(

1%

Q3 { Curnulative valuas )

n volume { undersizs

00
% { Dismeter ) / mu

(Corn starch)

P
&,

2,

) Ll
T g

D

i FAE Dismete.'l-ri:u
(Karaya gum)
Figure 5. particle

In volume f undersize

&g
S
=
2 |
5wl IH |
£ |
2
Z T
=
= | |
(&} !
= | H b
a | |
20 LUl
|
1t T
[ |
B |
1 I P 1 I‘:
o 10 0.0 000
seee o x { Diameter )/ mu
00 eI volume / undersize
H @,
|
= |
‘I; ‘
o
2 @ |
o i
z |
2 |
I 2
E | |
| (5} | |
ikt g i T | il
Lt il LU
T i It
L o iid ‘ | 11l
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size distribution
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d 0.9 = 10.41 yum 2o, dextran?
d 0.9 = 8.41 umo|At}. HFH karaya gum9]
d0.9 =121.89 ym= t& =

_Involume/undersize

(Dextran)

of Vitis amurensis powder.

5000

g =4



. SD £2¢ nlAT=

Corn strach Dextran

Gelatin

Gelatin Karaya gum

Figure 6. Micrograph of powder prepared various coating materials

(A: %200, B: x500)
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t. SD £¢ A%

A H SD B Mg 1% 8N MEE 54T A Table 6
I gl B3] L 3 46.04~46.41, a #kS 11.27~11.68, b < 16.60~17.89%
45 L #tol

.

=
coating materialdll ©}g} 2|7} Q= Aoz YElHY. 1% 489
24.46~25.99, a gk°] 35.91~36.67, b ko] 38.75~41.09% YEHTt

Table 6. Color value of powder and 1% solution of Vitis amurensis

Powder 1% Solution
L a b L a b
Karaya 46.04 11.32 16.79 24.70 35.91 39.32
Gelatin 46.34 11.59 17.76 25.99 36.67 41.09
Dextran 46.41 11.68 17.89 24.96 35.72 39.60
Corn
46.20 11.27 16.60 24.46 36.00 38.75
starch
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2} SD £%¢] #5371

AT 559 SD 2] #EEIME 1% FEAS Axste] g &, A, dAvkA
A 7Z=E AR AI= Table 794 2ok Bre] A9 ol A<l Abel= gle
U con starch® ¥53 5 7HF w2 s Ao, & Ao 7 karaya
gumO 2 53¢ SD we] 7 w2 #e AFE AU AAAR] VEE ®
gk karaya gume AR F97F 7HE 2 AeE A

Table 7. Sensory evaluation of 1% solution prepared from Vitis amurensis

Overall
Group Taste Flavor Color
acceptance
Karaya 4.3 + 1.337* 6.1 £ 1.524* 6.0 =+ 1.247* 5.1 + 1.287°
Gelatin 4.1 + 0.994* 5.5 + 1.179° 5.7 £ 1.059® 4.3 + 1.252°
Dextran 4.0 £ 1.247* 5.1 + 1.524° 5.6 £ 1.350® 4.3 + 1.636°

Corn Starch 3.5 £ 1.841* 5.1 + 1.101* 5.5 + 1.581° 4.2 + 1.476°

1) Mean *S.D.

2) Values within a column with different superscripts are significantly
different at p<0.05 by Duncan’s multiple range test. (NS: not significant)
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4 ANT FEHAL 088 A A& AZ

Z A (procyanidin 50 mg/g °1’)S o]&3te] AAMES A=xs7] 9
_]

=
[e) =
g WEEY F5EAe] vfsid]E Table 83 Zth 2 AdoA 4F 44 A
P

#°] e oblong FERE Ato]= 14xpol= Glow YEEF FEA] FHFS
77k 660 mg¥ 310 mgl 2 NP THS 970 mgol k. AHFE AHS 95t
HHEAZ 775 AFEslon, 559 FFeS 250 mgoZ 3=, w5
FFE Y A5 AFAUR o] FAAXA & Ax ¥4 T FEHE ddol #

< =49 |
Atk W Ao A xE A WL 170 10 mgol’de] procyaniding R
%

=
st A4 e Ax ¥4 Fig. 83 2

Figure 7. Photograph of Vitis amurensis extract soft capsule.
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Table 8. Formular for Vitrs amurensis concentrate soft capsule

g (mg) g (%)
A 5 o 250.14 37.9
o 314.16 A7.6
AT 66 10
eE D) 297.7 4.5
A 660 100
Aetel 215 69.355
A 66.7 21.447
D-%uE 24.5 8.064
ol eud el 0.65 0.161
o) Ak 51 E] EFig 1.04 0.347
e 5
A& AN 1S 0.11 0.047
A g A 55 0.5 0.128
A A 40% 1.5 0.451
7 310 100
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Figure 8. Procedure for manufacturing of Vitis amurensis concentrate soft capsule
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A4d 28

2 AFoNM = AT (Vitis amurensis)®] X ZF-E ZZAJolYtlS F2]3ld]
Nrf2/ARE B =25 52 F4ads A s = did A A=z
= ZZo] o7 Ze] U3t o 2 hemeoxygenase 1 (HO—1)3 NAD(P)H:quinone
oxidoreductase 1 (NQO1)5 9 A24} =34 (phase 2 detoxifying enzymes)
2 3AE A (antioxidant enzymes)9] ¥ T FA I 93k JdS §)
v s dEA dom ol g4 WY xde 1 ZERHAIC e
ARE (antioxidant response element) sequence®] ZAFQIA}F Nrf2(nuclear factor
E2-related factor 2)7} A% =4 wf7fE o},

AT ATANF-BA (3 procyanidin®] #2], 24 2 FEREA: 13hd
AEd)ol = AMFE AE FE columng o]&38fe] T EAjopydl &
AT 7 FE F 75% WEE F5e] &l 7MY wdal TLCAA = 1%
spoto] F62 2%2] spot= YWERAT. 9709 fractionoZ5F-E UV/Vis E‘Fi-—‘ﬂ
ERS A 23 260~280nme] F5-2HEHS B flavonoid #d 3=

AL} F2~8 ~HAEH M= Tupgdo] (4)—catechin? 5L 3 280nm 2 Ur
F/} +T}.  Vanillin assayS ©| &3} procyanidin@ %S =43 A3 9719 &
Z F50] 7} A3k Aoz =2 &S A, Fraction 82 phloroglucinol
whgske]l HPLC 243 A3t 280nmelM o] A=vtEae 87]9 gtgtao] e
terminal®} extension units< YEFHRAT}F. Catechin¥ B3| A procyanidin
S S5 on, 558 %21 F83} (+)—catechin® 1:3.2¢] HAH|E 3
mem o= Img/mlfel= 31% procyanidin®] $HFo] EAgtta F53 4= )
T} 3k F8o| DPPH etz A&7 &Ao] 7Md w%om xF=4< trolox] 4
3
=

=
7b ddsks 249 71X 2 deEbd FRAP W% 7h3

>
o
ele
flo

3

t

A2 A -2 A (A 5 procyanidin®] el 7]#d g 1.220d = QA oA = &
23k 2t ) ZZAjoly e ARE—luciferase gene®] stabled}#l transfection
¥ MEZ(HepG2—C8 cells)ol Al ARE—luciferase &4& ZAA FE3lon, =
HepG2 cellol A Nrf2 ©@+282 2 NQO1, HO—1 mRNA 23S Z=HsA4 239

3L HepG2 celld] &4& sroEHoR AA ST T3 In viveo Ao =

rf
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Balb/c micedl] AP F ] FEES oral gavageEZ F4 A7 3 mice 7t protein
oA Nrf2 23 g35 A A3, AT A FEEA dijde] 23s &
15k3lth. DPPH testE &l &obd AbwF A zzAjoldo] ibst 24
vitamin C¢} BHARTF 5383ict. A5 4 T 2Ajolyde LPSE fkd
Mouse macrophage cellsolA] HSHFEEAQ cyclooxygenase—2(COX—2)%}
inducible nitric—oxide synthase(iNOS) w& A &3E YelHA 2™ nitric
oxide?] AL ExoEHo g 7FAAAY. T2 AU EA 5= vanillin
assay®} BuOH—HCI testE ©]&3le] &R1%F A3} FsollA 74 %2 procyanidin
S 5349131, phloroglucinol WFEAFES LC-MSE EASozZxH Hia £ =
9 FTAGLE =AY A FE ¥ TR A oYY & catechin, epicatechin 2
epicatechin gallateZ terminal unit2 = (epi)catechin % (epi)catechin gallateZ
extension unitC. 2 FAE Y Aoz EAFHAC. & Yol AEsE

ltl e

procyanidin & AF3 &4 vl A3, 95904 A4S BT 2YE F
& At E N R2HE AL ZzAlolYde &aksl kot dd Sy Fe thekd A

ggds Ada glon Ad Fgedre &8o] AA 7iddEn.

A 3A -3 A (4FH - procyaniding ©]-&F A7 AF A 22 d %, g2
FATFD) oAM= &l FE5EL 70% oNeh2(6.08%)>70% oFAIE(5.49%) >0
2 (4.60%) oItk 4t drkeE ol &eto] Tt Ay &Y SUHE
ZhA gk, 2k HEle] AS 12.6%2 &S Bl Mg E=A YEE T §HA
W procyanidin 8 70% olAME F& A M =4 HER oY, FEFE
2F o g o] 87l eAS s u) 70% eSS ALEEE Aol fEld Ao
2 Jgyo] FF AV~ Az A FEEUE 70% oNEES o] &3ttt A F
171 9ate] Anjg-e] FAAE o8

&

gt 70% o EFEREEE procyaniding TS =o

dto] BE9 AA 2 procyanidin S =43 Ay 59 SHNES AT H F
& 25%5 LHE o ofNellA 4u) 7FEO] procyanidin FF &3t e Ao® yEh
P a3 £2 Jlo® HoH o™ Cig catridge(1,000 mg)E ©]-&3dto] AT sFds
1, 5, 10, 20 mL(procyanidin 3% 0.43 mg/mL) & &2 ZF52 AA st of A(eluent)
S e T 70% deEs o8t 3)4e &EMN(recovery)®] &7} procyanidin
S SA AngEAo] =8-S 7ekehd 5 mL g A #HZ stock solution®.t} 101] o]
A

¥ procyanidin S 7H 559 A& F AT A0E YT SPE diskE AHE-

- 106 -



S A9 70% olerE= 23] 8FA] 8 T
MR Th procynidin TS 159 A% 5% 4 vk AHF FF 7] ~(procyanidin
S 50mg/g o) E B3 d17] 98] coating material® corn starch,
gelatin, karaya gum, dextrans AF£35 11
Mo w Fudn S50 e oR 3

o] nAF 25 SEME o|&35te] ##s Aut= 35 EZAZ gelatin¥ karaya
gume AHEE A5 Bl fd3 Jdx=E Tt

starch®} dextrane AF&-8H A9+ ¢
2 odddEd. g Zr] =1 oA 9
gelatin® 497} karaya gumX.t} %

1
mg¥ 310 mglo = /NG FTHFS 970 mgol k. A F
HFFE ARgsdon, B AYdA Axd Ad Y
2 =

procyaniding -3}

()
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- | T =
H 4 &2 EeMdz 3 zidZ2okole] 7|0{ =
1. 1IxPAE A4 E¥EAE
9 E
T AN 3R 7% (%)
(o)
O AFH 3 procyanidin F%,
=g, 4A
— &u]E ©o]&3} procyanidin
At F procyanidin®] F=3 Column
2y, 24 2 chromatographyS  ©]&3F
TEEA =g 2 A
S B 100%
AP EE FE55 | O 2 F procyanidin &4 %
3153} procyanidin FEA
x4, 7x g — HPLC, LC—MS, NMR %59
71718 & s
procyanidin®] FAEA, T
li}‘{jE = :Q'?l Uﬁ] Eo:‘;g
(2006d)
O A3 procyanidin® A3
T FAAAAA
=AM SAgA G A
A procyanidin®]
ok oA 712 A5 | O AFHF procyanidin®] Al XE
— b= g Hlo] &% @ o]y 2 o 7
T T Le] T = O =1 100%

procyanidin®] <¢Fof =}
714 As

ZRER)

—ARE/Nrf2 59 fAdx2da
of M= FFgA
—Phasell ¥ 3
Sy 2
REACEEE
942 14

2

3lg a7

r

PAZSTIDN

o L
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2. 22 = FA BEREHE

—in vivo E @A <]

O%d<s a4 = A& #AY

% v
—AlZW NO, ROS 44 <A

9 E
T AN =i 7]l =
(%)
O AMF 71E FAEZ5EH
procyanidin® Wz 3 &
4 93
—A] =Z2zA 3
A RS AR Lo e
’ _o = =] o B
wzalS o] 43t fra Adwe u® =y Al
[ ) B BE=1 o 1l — ]—
. _ A N
procyanidin aLgH-
274715 AFe 7N
e OProcyanidin 128 #|3% 7
—ANE, LEdE din 188 o17] 20 100%
va3A 39 procyanidin L& A7)~
din T30 SD #u3
ro
i I F O E R E
AEe Ay <
7bEAAd A
JLZAE o] E A TE3B
- ONgAES F4 wzoh
—Procyanidin oligomer &
(20073) . v
=]
1 O
OsErds o83t Aaxnto]
712 #E A AGAZ
A= J3F AR
A procyanidin®] ° "
L. —Nrf2/ARE % phase 2
in vivo <t 7] 2 o o
ot detoxifying/antioxidnat
v enzymeol 3 3k 3ol 150%

- 109 -




o417
et njo| &2 A

X 5 &

¢ y
o <2 o m
o) i oK~
o A oy N N~ oo
T — ) g o
N o= TR T R
T o= = oK 5 L TE ~
Gl ~ RS <) Gl T - -
oz FEIDEE A
= JJo T B FE =3 % N - o { S
m,mo i ~ of zr " L ° | 9 WL o _MAE bSS oo o ‘|€ f o~
% aﬁ%%mamyg @c%mww&
7o RS < = 5 B 0 Mo SRR
2 o T BT L o o
— X0 NO W o hry I )
N o) - H o = e Hin S T° 1H i = o}
- o e Y = 5 S on Box T o9 X
o = N I g3 TR =K mH X = = R
- o o i - K H N © P =z N
o o = 7 U X0 i i~ iy Fox
= U ™o T o = T = <
el W _— T ~n i o] — T No = F o= = < el
Wl Wby S AJ I/‘_ 0 m e ~ BV Ww w0 Ny ._ri o m ) unu%u
S R K n o n i won N XK OE
& ¥ bijfiiiwaa 5z 3
o~ ‘Nﬂ © o = o T q o = o W 3E W oF o
N 2 ﬁﬁ ﬂa ~N HE 0 W ] —_— ‘;lo,ﬂ
‘_Q_l —_ ﬂL m k ,aﬁ [ae) m . .:L \Alvﬂ AL X N . ﬁo
N g 0 © 5 2 "
3 Hin X B = my Mo T oy
o Lmﬂo%ﬂ Lﬁoam%a%%ﬂ%a
o| E _HL 2 RS Mu 2 = o] Hﬂp\o W err il N oHE o Lox 0
T = SO, o w5 <2 i w = o A N
{ R or Jjo o = = i — X T ,*o 1F
P p@oﬂ,]mmqpougf I
T = T IS T 5 2 = ¥ T x o T <
Vié e %%cmm [ %ggmomo
T 0 % o o° e e =& g o° o o K oy
T o og “_MME z,ﬂ ) alt oo ﬂvu .m W ey ElTu o =
T o " %) F op ° 2 = ok £ < o Te = )
Ly = o 5 & . ® S e a o
L T q R .mﬂiﬁiyl R
SO — L o T S v o] B £} :]o - w
o £ AR . = 3 5 ™ W N = o D wm a°
= % @gwﬂ@@%z; - 2
" g o —_ | H;I bo OME m_x " ET p u:.ﬂ ™ Nﬂ
2 2 N o RN T T - = B
N g T on S X
5 X "HR o <!
aloyoigw,i}ow%
0 T B =T N 7o ™
G T
0 o
;OU

- 110 -

T A=
Xﬂ—l—omj jﬂig} 7]

]

=
1__}‘\_‘

TC

s B

2 Alg"c



A2d B ATERE 89 95

1L 34 - & AESeA =8 €%

7}. Min—Ji Park, Hye—Sook Kang, Kyong—Suk Jin, Young—Hun Kim, Sun
Ok, Jae—Han Jeong, Hye—Ryun Lee, Ho—-Jin Lim, Wan—Keun Jo,
Young—Chan Kim, Shin—Kyo Chung, Woo—Sik Jeong. Chemopreventive
Properties of Wild Grape (Vitis amurensis) Extracts. Journal of Clinical

Biochemistry and Nutrition. 2008 (AA&A, E3=)
2. 3 - ¢ S=d3 I =F

A. Fegtedd FRER

7}, Min—Ji Park, Kyong—Suk Jin, Hye—Sook Kang, Young—Hun Kim,
Ho—Jin Lim, Wan—Keun Jo, Young—Chan Kim, Shin—Kyo Chung, Woo—Sik
Jeong. Induction of Nrf2/antioxidant response element pathway by
procyanidins from wild grape (Vitis amurensis) seeds. International

conference on Food Factors for Health Promotion. Kyoto, Japan (2007)

B. T3 7FLE

7F 492 kst 2 &gk 1A EFARAZAY procyanidin. Korea, $Ha2)

C. sHsted3dE

7} olEld, el AAN A2, AT (Vitis amurensis) 2 3o A
proanthocyanidin®] 27 9w kst EA ( Isolation and Antioxidant
Properties of Proanthocyanidin from Wild Grape (Vitis amurensis Skin) (3F

2R E08Es| A 74 2 sHeUlS], 2007 0622, FAF, 22 p207)

- 111 -



Y. Hye—Ryn Lee, In—Wook Hwang, Min—Ji Park, Woo—Sik Jeong,
Young—Chan Kim, Shin—Kyo Chung. Isolation of proanthocyanidin from the
seed of wild grape (Vitis amurensis) and their antioxidative activities. 2006
International Symposium and Annual Meeting of the Korean Society of Food
Science and Nutrition (2006)

9. oldld, FAS, A

O 1= T 1o

ol

4, AGW. AT MERE R

4
d

)

o,

procyanidin® 543} 413 2006 SH=rAlEA RS EE] ST EA 2

(3]
.

t

3. A3 7t
7boolal|, s, A, A, AAlaul AWMF (Vitis amurensis) A ol A
a3 ZRAolde gatstd 54, 2007 o A% dyulo] o

20070518

- 112 -



20009 procyaniding F 9EZ g v Xk XA FEFE AL

whdele] ol Ao FJAHNLW, MAFFAL Auy AE FE
procyanidin =9 AZ7tA ZH AL 9 procyaniding ¥B5E 3 7|54
e A% oo FA| wjel o]& Ao FAGT A oA AL
U procyanidin FEE A7 sAAAFE B AUHEEAEFS oY F/77F A
o A AoRZE @D Vitis vinifera EXNA F%F3 Grape Seed
Extract %= Grape seed OPCs(oligomeric procyanidins)® X A #dl o}y
2 AA, Z7) SAAE FZo] Ha 93, o]ggl e} Indenart] Leucoselect™,
vl InterHealth Nutraceuticals IncAFe] ActiVin (GSPE) @ ZAu5 (Pinus
maritima) A2 @9 Pycnogenol® (X2 14 Jacques Masquelierel] ]3|
Wke]o] d= Horphag Ltd of GuernseyAlellAl Al3) 59 Aol Aol v
Sk ok ey AW FRRE & procyaniding ©]&3 A7 S AT |l

o] A3 procyanidin A|E9] &kl ko] & Qsltial AR

¢

- 113 -



M7y #oIzZd

1. Li, H, Z. Wang, and Y. Liu, [Review in the studies on tannins activity of
cancerprevention and anticancer]. Zhong Yao Cai, 2003. 26(6): p.444-8.

2. Cos, P., et al, Proanthocyanidins in health care: current and new trends.
CurrMedChem, 2004. 11(10): p.1345-59.

3. Bagchi, D., et al., Cellular protection with proanthocyanidins derived from
grape seeds. Ann N 'Y Acad Sci, 2002. 957: p.260-70.

4. Stoner, G.D. and H. Mukhtar, Polyphenols as cancer chemopreventive agents. I
Cell Biochem Suppl, 1995. 22: p.169-80.

5. Damianaki, A., et al.,, Potent inhibitory action of red wine polyphenols on
human breast cancer cells. J Cell Biochem, 2000. 78(3): p.429-41.

6. Yang, C.S., et al., Tea and tea polyphenols inhibit cell hyper proliferation, lung
tumorigenesis, and tumor progression. Exp Lung Res, 1998. 24(4): p.629-39.

7. Dell'Agli, M., A. Busciala, and E. Bosisio, Vascular effects of wine
polyphenols. Cardiovasc Res, 2004. 63(4): p.593-602.

8. Vinson, J.A., et al., Polyphenol antioxidants in citrus juices :in vitro and in
vivo studies relevant to heart disease. Adv Exp Med Biol, 2002. 505: p.113-22.

9. Bode, AM. and Z. Dong, Targeting signal transduction pathways by
chemopreventive agents. Mutat Res, 2004. 555(1-2): p.33-51.

10. Keum, Y.S., W.S. Jeong, and A.N. Kong, Chemoprevention by isothiocyanates
and their underlying molecular signaling mechanisms. Mutat Res, 2004.
555(1-2): p.191-202.

11. Surh, Y.J., Cancer chemoprevention with dietary phytochemicals. Nat Rev
Cancer, 2003. 3(10): p.768-80.

12. Jeong, W.S.,, M. Jun, and AN. Kong, Nrf2: apotential molecular target for

cancer chemoprevention by natural compounds. Antioxid Redox Signal, 2006.

- 114 -



8(1-2): p.99-106.

13. Prochaska, H.J. and P. Talalay, Regulatory mechanisms of mono functional
and bifunctional anticarcinogenic enzyme inducers in murine liver. Cancer Res,
1988. 48(17): p.4776-82.

14. Hayes, J.D. and M. McMahon, Molecular basis for the contribution of the
antioxidant responsive element to cancer chemoprevention. Cancer Lett, 2001.
174(2): p.103-13.

15. Ttoh, K., et al, An Nrf2/small Maf heterodimer mediates the induction of
phase 1II detoxifying enzyme genes through antioxidant response elements.
Biochem Biophys Res Commun, 1997. 236(2): p.313-22.

16. Kong, AN., et al., Induction of xenobiotic enzymes by the MAP kinase
pathway and the antioxidant or electrophile response element(ARE/EpRE). Drug
Metab Rev, 2001. 33(3-4): p.255-71.

17. Chen, C., et al., Induction of detoxifying enzymes by garlic organosulfur
compounds through transcription factor Nrf2: effect of chemical structure and
stress signals. Free Radic Biol Med, 2004. 37(10): p.1578-90.

18. Obata, T., G.E. Brown, and M.B. Yaffe, MAP kinase pathways activated by
stress: the p38 MAPK pathway. Crit Care Med, 2000. 28(4Suppl): p.N67-77.
19. Murakami, A. and H. Ohigashi, Targeting NOX, INOS and COX-2 in
inflammatory cells: chemoprevention using food phytochemicals. Int J Cancer,

2007. 121(11): p.2357-63.

20. Chen, I.X., et al., Glutathione mediates LPS-stimulated COX-2 expression via
early transient p42/44 MAPK activation. J Cell Physiol, 2003. 197(1): p.86-93.
21. Moncada, S., Palmer, R.-M., Higgs, E.-A.,, Nitric oxide: Physiologym

pathophysiology and pharmacology, Pharmacol. Rev., 1991. 43: p.109-142.

22. MacMicking, J., Q.W. Xie, and C. Nathan, Nitric oxide and macrophage

function. Annu Rev Immunol, 1997. 15: p.323-50.

- 115 -



23. Vane, JR., et al., Inducible isoforms of cyclooxygenase and nitric-oxide
synthase in inflammation. Proc Natl Acad Sci USA, 1994. 91(6): p.2046-50.

24. Wink, D.A., et al., DNA deaminating ability and genotoxicity of nitric oxide
and its progenitors. Science, 1991. 254(5034): p.1001-3.

25. Miura, T., et al., dpple Procyanidins Induce Tumor-Cell Apoptosis through
Mitochondrial Pathway Activation of Caspase-3. Carcinogenesis, 2007.

26. Bagchi, D., et al., Mechanistic pathways of antioxidant cytoprotection by a
novel IH636 grape seed proanthocyanidin extract. Indian J Exp Biol, 2002.
40(6): p.717-26.

27. Faria, A., et al, Procyanidins as antioxidants and tumor cell growth
modulators. J Agric Food Chem, 2006. 54(6): p.2392-7.

28. Llopiz, N., et al., Antigenotoxic effect of grape seed procyanidin extract in
Fao cells submitted to oxidative stress. ] Agric Food Chem, 2004. 52(5):
p.1083-7.

29. Joshi, S.S., et al., Amelioration of the cytotoxic effects of chemotherapeutic
agents by grape seed proanthocyanidin extract. Antioxid Redox Signal, 1999.
1(4): p.563-70.

30. Karthikeyan, K., B.R. Bai, and S.N. Devaraj, Cardioprotective effect of grape
seed proanthocyanidins on isoproterenol - induced myocardial injury in rats. Int
J Cardiol, 2007. 115(3): p.326-33.

31. da Silva Porto, P.A., J.A. Laranjinha, and V.A. de Freitas, Antioxidant
protection of low density lipoprotein by procyanidins : structure/activity
relationships. Biochem Pharmacol, 2003. 66(6): p.947-54.

32. Chang, W.C. and F.L. Hsu, Inhibition of platelet aggregation and
arachidonate metabolism in platelets by procyanidins. Prostaglandins Leukot
Essent Fatty Acids, 1989. 38(3): p.181-8.

33. Sharma, S.D., S.M. Meeran, and S.K. Katiyar, Dietary grape seed

- 116 -



proanthocyanidins  inhibit UVB-induced oxidative stress and activation of
mitogen-activated proteinkinases and nuclear factor-kappa B signaling in in vivo
SKH-1 hair less mice. Mol Cancer Ther, 2007. 6(3): p.995-1005.

34. Terra, X., et al., Grape-seed procyanidins act as anti inflammatory agents in
endotoxin-stimulated RAW264.7 macrophages by inhibiting NFkB signaling
pathway. J Agric Food Chem, 2007. 55(11): p.4357-65.

35. Ugartondo, V., et al., Comparative antioxidant and cytotoxic effect of
procyanidin fractions from grape and pine. Chem Res Toxicol, 2007. 20(10):
p-1543-8.

36. Agarwal, C., Y. Sharma, and R. Agarwal, Anticarcinogenic effect of a
polyphenolic fraction isolated from grape seeds in human prostate carcinoma
DUI45 cells: modulation of mitogenic signaling and cell-cycle regulators and
induction of Gl arrest and apoptosis. Mol Carcinog, 2000. 28(3): p.129-38.

37. Shao, Z.H., et al, Cytotoxicity ~ induced by  grape  seed
proanthocyanidins.roleofnitric oxide. Cell Biol Toxicol, 2006. 22(3): p.149-58.

38. Jorgensen, EM., A.B. Marin, and J.A. Kennedy, Analysis of the oxidative
degradation of proanthocyanidins under basic conditions. J Agric Food Chem,
2004. 52(8): p.2292-6.

39. Igartuburu, J.M., et al., Structure of a hemicellulose A fraction in dietary fiber
from the seed of grape variety Palomino (Vitis vinifera cv. palomino). J Nat
Prod, 1998. 61(7): p.876-80.

40. Igartuburu, J.M., et al., Structure of a hemicellulose B fraction in dietary fiber
from the seed of grape variety Palomino (Vitis vinifera cv.palomino). J Nat
Prod, 1998. 61(7): p.881-6.

41. Fitzpatrick, D.F., et al, Isolation and  characterization of
endothelium-dependent vasorelaxing compounds from grapeseeds. J Agric Food

Chem, 2000. 48(12): p.6384-90.

- 117 -



42. Lee, E.O., et al, Potent inhibition of Lewis lung cancer growtFh by
heyneanol A from the roots of Vitis amurensis through apoptotic and
anti-angiogenic activities. Carcinogenesis, 2006. 27(10): p.2059-69.

43. College, I.N.M., Dictionary of Chinese Traditional Medicine Shanghai Science
and Technology Press, Shanghai, China, 1997. 2: p.2315.

44, Huang, K.S., M. Lin, and G.F. Cheng, Anti-inflammatory tetramers of
resveratrol from the roots of Vitis amurensis and the conformations of the
seven-membered ring in some oligostilbenes. Phytochemistry, 2001. 58(2):
p-357-62.

45. Jang, M.H., et al, Resveratrol oligomers from Vitis amurensis attenuate
beta-amyloid-induced oxidative stress in PCI2 cells. Biol Pharm Bull, 2007.
30(6): p.1130-4.

46. MS, B., Antioxidant determinations by the use of as table firee radical.
Nature, 1958. 181: p.1199-1200.

47, Porter LJ, H.L., Chan BG, The conversion of procyanidins and prodeplhinidins
to cyanidin and delphinidin. Phytochemistry, 1986. 25(1): p.223-230.

48. Kennedy, J.A. and G.P. Jones, Analysis of proanthocyanidin cleavage products
following acid-catalysis in the presence of excess phloroglucinol. J Agric Food
Chem, 2001. 49(4): p.1740-6.

49. Creaser, C.S., M.R. Koupai-Abyazani, and G.R. Stephenson, Gas
chromatographic-massspectrometric characterization of flavanones in citrus and
grape juices. Analyst, 1992. 117(7): p.1105-9.

50. Yu, R, et al, Role of a mitogen-activated protein kinase pathway in the
induction of phase II detoxifying enzymes by chemicals. J Biol Chem, 1999.
274(39): p.27545-52.

51. Souquet JM, C.V., Brossaud F, Moutounet M, Polymeric proanthocyanidins
from grape skin. Phytochemistry, 1996. 43: p.504-512.

- 118 -



52. Kusuda, M., et al, Polyphenolic constituent structures of Zanthoxylum
piperitum fruit and the anti bacterial effects of its polymeric procyanidin on
methicillin-resistant  Staphylococcusaureus. Biosci Biotechnol Biochem, 2006.
70(6): p.1423-31.

53. Shahat, A.A., et al., Antiviral and antioxidant activity of flavonoids and
proanthocyanidins from Crataegussinaica. PlantaMed, 2002. 68(6): p.539-41.

54. Aldini, G., et al., Procyanidins from grape seeds protect endothelial cells from
peroxynitrite  damage and enhance endothelium-dependent relaxation in
humanartery: new evidences for cardio-protection. LifeSci, 2003. 73(22):
p.2883-98.

55. Ray, S.D., M.A. Kumar, and D. Bagchi, 4 novel proanthocyanidin IH636
grape seed extract increases in vivo Bcl-XL expression and prevents
acetaminophen-induced programmed and unprogrammed cell death in mouse
liver. Arch Biochem Biophys, 1999. 369(1): p.42-58.

56. Erlejman, A.G., C.G. Fraga, and P.I. Oteiza, Procyanidins protect Caco-2 cells
from bile acid-andoxidant-induced damage. Free Radic Biol Med, 2006. 41(8):
p.1247-56.

57. Schmidt, B.M., et al.,, Effective separation of potent antiproliferation and
antiadhesion components from wild blueberry (Vaccinium angustifolium Ait.)
fruits. J Agric Food Chem, 2004. 52(21): p.6433-42.

58. Ye, X., et al, The cytotoxic effects of a novel I[H636 grape seed
proanthocyanidin extract on cultured human cancer cells. Mol Cell Biochem,
1999. 196(1-2): p.99-108.

59. Khan, N., et al., Targeting multiple signaling pathways by green tea
polyphenol (-)-epigallocatechin-3-gallate. Cancer Res, 2006. 66(5): p.2500-5

- 119 -



L ct.

F

| AFE DMt

S

4 Of

[e:

=13
21

o
=

H 2| &

O O
[

Lo

ol

7l ZIEwAo 2R

F

S
=

3. =7tz

oM = ot E H et

o
- 120 -




	산머루 유래 procyanidin의 항암성을활용한 기능성식품 개발
	요 약 문
	목 차
	제 1 장 연구개발과제의 개요
	제 2 장 국내․외 기술개발 현황
	제 3 장 연구개발 수행 내용 및 결과
	제 1 절 (제1세부과제) 산머루 procyanidin 분리, 동정
	제 2 절 (제2세부과제) 산머루 procyanidin의 항암성및 항암기작
	제 3 절 (제3세부과제) 산머루를 이용한 기능성제품개발
	제 4 절 결 론

	제 4 장 목표달성도 및 관련분야에의 기여도
	제 5 장 연구개발결과의 활용계획
	제 1 절 활용에 대한 건의
	제 2 절 본 연구로부터 발생된 업적

	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제 7장 참고문헌



