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Effects of the Grapevine Shoot Extract on Free Radical Scavenging Activity
and Inhibition of Pro-inflammatory mediator Production
in RAW264.7 Macrophages
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Abstract — Free radical scavengers or quenching agents for reactive oxygen species (ROS) present in con-
sumable fruits, vegetables, and beverages have received considerable attention as potential antioxidants, and
thus uses for treatment of several human diseases. In this study, grapevine shoot extract (GSE) containing high
concentration of resveratrol and viniferine was evaluated for antioxidant potential and inhibition of pro-inflam-
matory mediator production. Utilizing 1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging activity and xanthine
oxidase (XOD) inhibition assay the GSE showed inhibitory effects of DPPH radical scavenging and XOD
activity with the IC,, values of 34.5 and 155 pg/ml, respectively. In addition, GSE also exhibited the inhibition
of prostaglandin E, (PGE,) and nitric oxide (NO) production in lipopolysaccharide (LPS)-induced mouse mac-
rophage RAW264.7 cells with the IC,, value of 6.4 and 14.5 pg/ml, respectively. This result suggests that
grapevine shoot extract has the potential activity as a patural antioxidant or antiinflammatory agent.

Key words [] Grapevine shoot extract (GSE), Antioxidant activity, Prostaglandin E,, Nitric oxide, Antiin-

fammatory agent

=2 53| Ak F(reactive oxygen species,
ROSY- b3}, ézﬁa o oje] 71| 254 zlske] A
of] Zo] T3l A2 PRI ¢)rh(Fischer-Nielsens,
1994; Cerutti$} Trump, 1991; Halliwells, 1992; Amess,
1993). 3, 95 0d g M Z ARkl $-=A cyclooxy-
genase(inducible COX)ll 913l AAHE T2 ela8dR{
(prostaglands, PGsy} F-83F 3% 3= 7oz oA
gl (Huangs, 1998; Shengs, 1998; Tsujirs, 1998), COX
B COX-13 COX-22) 5 717 o)A EA(isozymeyt &
HAZ 93, AN ele}7]EAb(arachidonic acid)} 2
Fe| PGs A Fodqrl(Vanes, 1998). COX-1-& o
7 ﬂ°] AR ZA M dAHFEL R g 7‘4”7-101 =
AL FAeR=d " R3F PGs Al Tl LB o
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AR 9 LrHAmiranrs-, 1988), COX-2% 4yt 34|

dde o RR) Awo} u Rou @54 AR A
AL, B, FPSALES 2—}«%1] Sfeled W23
AHes Yuse Gow PebA el 93 R P
A Z9% 98 wﬁu 2% Ao oz s
(Deanrg-, 1991; Akaraseleenonto, 1995: Subbaramaiahs,
1996). Wk o] QATelME COX-29 AgA<) A4
A2 S Fale] 33?3%‘-21] 9 el g o] T332}
sl 77} elSo| T (Oshimas, 1996). =&k DAk 4
(nitric oxide, NO)®] 7%= Fgk A2 15 vhgo] o
3}, b3}, oA g WA Ade] sly HeE AR
T gle], NO AAdel| Fheds}a g)3= = nitric oxide synthase
(inducible nitric oxide synthase, iINOS) B4 A= 5}

924 9 lAZE) 7Psol WEHT Yk Oshimash
Bartsch, 1994; Yuns, 1996). BAAAE 2 PGs, NO &



LS IR] FEEe] ZRR | A7

o] 9% 1 3} Aol Zo] Fealal glge] AL 9l
o] F o|E A WHIAEL 2AY 4 sl TR &
Ao] ghs] AP T glor 53] A, Ab, 58S AF
FE vIEE AolEaNy &% BAL 8 aAshs =Y
£ 71&0| T glet. o1& vl A4 T EusAERE &
AHEHA) (polyphenolic antioxidantsy’} AFSA~E#|2 o 4
0 BRE Agte] ok 9l ARA 2] s o] HZE]
AFollA FAL TS g h(Dragsted, 1998; Mukhtare}:
Agarwal, 1996). L & EX(Vitis viniferay|X =5&
= HA3E ] AgataAzMe Hd3te] A4 HFrsz
o}, =2 Alo]od®d (procyaniding), SFEAFe]oP (anthocy-
arins), BIW=# (viniferine) & 2wEl B E(resveratrol)
9] Edo| x9] F-83F A=A P4 84 o
A AL glow) BF] Axdy] Alde] dvzlEEL) ke B
5 W S NFEALGA 9 el F5 EARAM
7¥sAd A7 Byt T wel R givk(JangE, 1997).
#ametE g f-84o] AR} 1 AR AR F
To) 739 FegA] wWol BRI 9lor] ExAldf wis]
XA F1EAR] olER Fo) Sle] AA =zl B
B4 §-EolA o3 AL alelsiet meb B drelMe
FEEgAe FE AR FARE A AsAdsgEe ¥
3 = G dRe] Fuel -84 Fue) d3eER ¥
vhFe] JRIIR e 5T FEERHE HamBEES
wEgk A=A ES 52 3EE IRES A= 4=
o Wated AEEAE A7) Siste] At o vl
22 A ikl A5 uheat DAY BRAde] e ¥
2w eIxke] A v o8ks A Esld.

NEHE

NEEH o Ao}

E T F7HA] FEE-(grapevine shoot extract, GSE)2] ]
9 B EEE oA AEE 1keell oME 7 B
E 71RIaL Aol absE A 2087 57 F S35l
2 NS FERAA T FEAEE 25 g0l ke 50%
oS 250 mie- VIR F Ad2eM Y kel v 9
A Helsle] AASE #sle] EHAFE AFIALE Actichem.,
Inc.(Montanban, France)ellA] A-ggrom] A2 488 9
o] 2A HPLCEY A BB 02 regveratrole] 10%,
viniferinee] F 12% A= AT FHeA AL AF
(Batch # R 10151, A5 WO 01/03713 A= P&
Bsled AHA DMSO Fed ARg3iedct.

1,1-Diphenyl-2-picrylhydrazyl(DPPH), xanthine, xanthine
oxidase, lipopolysaccharide(1LPS), N-(1-naphthyl)ethylenedi-
amine, sulfanilamide, sulforhodamine B(SRB), sodium
nitrite $-2] A]2F2 Sigma Chemical Co.(St. Louis, MO,
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USAPIA 435149}, Dulbecco's modified Eagle's medium
(DMEM), minimal essential medium with Earles' salt
(MEME), fetal bovine serum, non-essential amino acid
solution(10 mM, 100X), trypsin-EDTA solution(1X), andbiofic-
antimycotic solution(PSF) s GIBCO-BRL(Gaithersburg,
MD, USA)llA F4Ustedv}. Prostaglandin E,(PGE,) &
PGE,-acetylcholinesterase’™ Cayman Co.(Ann Arbor, MI,
USAPIA F9s8lson, 8-PCGE, 81 G led
T2 RE Al

1,1-Diphenyl-2-picrylhydrazylDPPH) =2| ZlC|Zh 2718
&3

AEZF DMSOY 10 mg/ml FEE Hojal sujd oI
Boz BMFed 5 WE Fsled 96-well platedl 21 HE
=57} 300 uMe] H%F DPPH solution(95 ulyE 7ksh
31 37°Cel A 3082 ¥FSAIZl F 515 nmeld FEES
243159, W22 DMSOF AMEIE.em, % 2%
2 29| 717 DMSO AEF#e] wlmke 25E 7315
HLee 5, 1998a).

Xanthine oxidase(XOD) N &5 &4

Xanthine -8-4(100 uM), xanthine oxidase(0.04 units),
AlE S8 F348F 0.1 M 1Ak (pH 7.8)y% A-2elA
5874 wieksbdAl 8AMEA (uric acid formation) ABZS
295 nmeflA SR80 HE2ECRE DMSOS -3k -8
2] OD. 7o) H3lel AR MAFAM2] 0D W=k
L2HE XOD oA &S A 4 AR
duplicate® E4 e} rHLee 5, 1998a).

LPS %210 9|8+ PGE, 444 Mo 24 =1

ol A EFC) RAW264.7 A E(American Type
Culture Collection, Rockville, USAYE- 10% FBS-DMEM
off &etale] 10X10° cells/miE g F, o] Hstado] 2F
57} 500 uMe} HE2 aspirind A7) AlE) A=}
+ cyclooxygenase(COX) E49] A4S wi7lgHes o
A ssdvh. MFEEDN-S 96-well plate®] ZF wellell 200 pl
H Zlsha 4x)7F BRF wieksle] ¥ v, BAE A
EE PRSZ 23] MAELT 2 welld) 1 pug/mi® LPSE ¥
fk 10% FBS-DMEM 200 pd-& 7isiidt. o4, bl
Tole LPS7} i wiAlE Zislseh. LPS/ E3kE wiA)
2 a3g F 2 AN ASEF Hesled 2047 B4t
wieFst = 1 NS Heled #=)¥ prostaglandin®FS-
Famyag o2 Aekslglv), 8--PGE, A7} F-21= o]
A plate?] ZF welle] 33 A4 37 PCE,-
acetylcholineesterase tracerE o] Aol 184|7F Wik
R wellel] dol 3lx 418 Mo W F, 0.05% Tween
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20-phosphate buffer solution® = 2z} wellS- 53 A& &
Ellman Al 200 piE Zb wellel]l 718 § 7217 HH"J—“%PE}
+ 405 el FF=E £A4315vl. PGE, F5Eo2 7
FE 23k 7 Al A= ka9 PGE, *E*éﬂ&
< Tokvk 100% X2 LPSS A=lgt &3 AzlsA|
i’%ff = W AAH PGEH Aol g 7lEL sl 7 A8
2] AAEE TRk

% FAE = [1 - AIEAXTS) PGEH/
Sulxe] 272 PGE,3)1X 100

LPSOl|l 2[&t nitric oxide(NO) M4 X3l A &H

HEZ phenol red7} £¢1 A & 10% FBS-DMEM
L2 8X10° cellymlZ 3 wh2- 24-well plate?] Z} well
& 1ml A 7Rk 4AZE Fo) wiokaled R-FA)ZAS LPS
Lug/mts P A2 LBl FAe] ARE 7lsled
20417} Hleksl F Ar=elg “]—,—E}CE] 96-well plateel] 7+
well 7 wieked 100w Y3 Griess A2k 150 pid 7}
3 1082} 7PA £Ee] £ 3 ELISA readers ©]-435)
570 nmoll A FHEF 24519} NaNOS F5F 073}
of FAFES A 4 A B2 AR ﬂH"M %2 NO
AEE T8 B 2 2N 4 AR AR FelA 9
A& 24 SAseoh

% AR)E& = [1 - NEAATL] NOZ/
LA 3272 NO=H]X 100

2ME &80 olXl= Y¥g =™

FEA | v A= 38k SRBH.C.E. 2351t (Lee 5
1998b). A FEF-(A549, human lung carcinoma; Col2,
human colon carcinoma)®- 10% FBS, 1% PSF 5-2 3-8-3
MEME ®iZ]of|A] Al wiokgl M EE 96-well plater~] zr
wellol] 10% DMSQ¢] Zolele A& 10 el M 3t
190 pl(5X10* cellymDE P2 347t wieksladet, 24 16
wellel] Ao A3} FA3 A E3H=] 190 B YT 308
Zb wjeFsled zero-day control® 8133}, wiekal Al Eol| thEled]
TCAZ T4 A|Z] ¥ SRB -£°]02 ¢85} & Tris-base® 4
RS L7 TR 515 mell N FRES EA3Ec A
E2] AEEE 10% DMSOF 7o 2sled 7+ A3 83
Aol W2 AEEE ol Ao me} Akl

OD(sample)-OD(0—day)
0OD(10% DMSOQ)—-0D(0—day)

RN

% survial = x100

7t A EAA ARE Al 2 HETE 100%
Z 392 | ABAAZS S DMSO AA w2zl

g WE-EE Jehhgen dazed HAxFe Hol
Student's r-test®. W]0L8}3 0w, P27} w)HEbe] p<0.05
d @ FATHLE Folale] v BAslgen, 7 A
¥EHA = duplicate £ triplicate A ¥ 8] g7k +
SEM2.2. -75gint.

A

DPPH =2| 2lC|& A &4y

GSEY] Zz] )7 £A%S Udoliy] $5)e] 44440
1} oofjeke So) goluelja vl wA QFAE =) S 5
& R[5} 9l DPPHZ AR&sle] slzk 5\_7_]1_ o =
Aot A9 2= GSEx= Fig. 1A B2 vl Z o] &
selEx o2 DPpH e Bz 4] B BRS Bylo
™ SCyp Fhel oF 34.5 pg/mlz vepgo},

XOD &4 o9y &=

Xanthine oxidase(XOD)h hypoxanthine2- xanthine<
A uric acid A ¥RS Zasl= AlE E52A] AR
EAslel A=l superoxide anion THZHO, )& AR
AlZ1T}. wakA GSES] &4 ¥R wlkE 2l aAse
ofol®7] flsled XOD Al E5-2 S8} A R4
Fig. 2014] M= wle} Zhe] Al€ 3% 4500 pg/mlellA
FTEYEH SR XOD G4 e Bglom tmgte) v
TZHE 1Cs, Fhe] &F 155 pg/mle vehfgld).

PGE, ¥ H3l| &=
PGE;E Y53 prostaglandin F=o AlFEelr] 9=

T

100 4

[ax] o
[a] (=]
L L

S
o
|

{% of control)

b3
=]

DPPH free radical scavenging activity

1 10 100 1000
Concentration of GSE (ug/ml)

Fig. 1, Effect of GSE on 1,1-diphenyl-2-picrylhydrazyl (DPPH)

free radical scavenging activity. Each value represents mean &

SEM (n=3 determinations). DPPH free radical scavenging

activity for test sample was determined with 300 uM DPPH

ethanolic solution.
#*p<0.05, **p<0.01 compared to control.



| ESURIW| $E20] ZRRICR 49 N8 U 95 U8 0Pt da o &I 19t

1001
= 80 A
=
ks
55
25 80
@ O
™ w
28
85
e 404
£
=
© *n
X 20
0

1 T 100 1000
Concentration of GSE (ug/mi)

Fig. 2. Dose-dependent inhibitory effect of GSE on xanthine
oxidase activity. Xanthine oxidase activity was monitored by
uric acid formation determining absorbance at 295 nm. Incubation
mixtures consisted of 0.1 M phosphate buffer (pH 7.8), xanthine
(100 pM), xanthine oxidase (0.04 units), and GSE (indicated
concentrations) to yield a final volume of 1.0 ml. Reactions
were initiated by the addition of xanthine oxidase. Data represent
mean £ SEM of duplicate determinations.

*p<0.05, **p<0.01 compared to control.
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Fig. 3. Suppressive effect of GSE on LPS-induced PGE,
production in RAW264.7 cells, RAW264.7 cells were incubated
with LPS (1 ug/ml), and DMSO, or with test sample dissolved
in DMSO as the indicated concentratons for 20 h. The PGE,
levels were determined using & commercial experimental kit
{Cayman Co., Ann Arbor, ML, USA). Results are mean = SEM
of triplicate determinations relative to DMSO-treated control
groups.

*p<0.03, #*p<0.01 compared to control.

W di7fshe 2R deH T glo] GSEY 4R &
S dolir] 2Jsle] exogenous LPSAH ] wlel COX
FI-S fEAZ] v dia] Al ZelA] PGE, A4l vl
T S AESIHC. Fig. 3o viehd wlel o] GSE A
o me} PGE, o] FEojEden dAge o4 4 9

T o
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Fig. 4. Inhibitory effect of GSE on LPS-induced nitric oxide
{(NO) generation in RAW264.7 cells. RAW264.7 cells were
treated with LPS (1 ptg/mi), and test sample dissolved in DMSO
at the indicated concentrations. After 20 h, the nitric oxide
levels were measured by the Griess reaction in culture medium.
All values represent mean £ SEM of triplicate determinations
relative to DMSO-treated control groups.
*p<0.05, **p<0.0] compared to control.
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Fig. 5. GSE inhibited the growth of cancer cells. Cells (A549,
human lung carcinoma; Col2, human colon carcinoma) were
plated at 10,000 cells/well in 96-well plate. Cultures were
treated with DMSO or GSE at the concentrations of 1-200 pg/
ml of medium. After 3 day incubation, the viable cells were
determined by SRB dye staining method. Data represent mean
L SEM of tiplicate determinations relative o DMSO-treated
control groups.

ger, AEEE 30 ugmllM 95% olike] <A E:-g
RBalew IC;, 3ol 64 pg/mis WEhisict.
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L & 4 A2 Gy Fho] 145 pemis helic

AMZ ME 9N &5

GSES SHIE AAel njXe o33ks dolBr) A3l &
AFEFQ] A H S (A549) E AA(Col2) H|3E wl ool A
SRBYL R &4t AE £33 A wjel x| Ee] A
S FEEHoR QAEE o4 5 ddem Al 24
% 40 pg/miolA HgHE= B2 Blsted oF 40%,
ARG Fo)| sled oF 44%9] AL B2 (Fig. 5),
A FES 200 pg/mlel e 95% o] AR Q&g
ERfjoict,

o #

F gl EAlElE FAlsd 4o ookt o] &
A7} R A, AL, S8 Sl FE B 7
9 85 U AAE wish &Al Apde] Fs] ofFeA]
31 9o}, B3] 59 AS HTe] dHY ATl FHRE
ool EIr YHAT Yr Ad ADZ shiold
“French Paradox"#FilE YA o)A AMAZe] shis =t
2ol M= nZH B 4] Y GFTE AHlE AR
wovt Alabge e)gt AlEe] o FER| Yol w)alsle
2L AL AxTR| AF e T @S ALE o4AA
T glen, AAE HEeaTt EEAADY (LDLRAE 3
A7t 2377] 9lvh(Frankets-, 1993; Kondos-, 1994).
g% B2 #Tel polyphenold E3¢] #HHEES
(vesveratrol)e] FH3+ ALY ALE oAXIL gle=d, ¥
2HPESS x| go] ghige] glew, o9 &t
=, &, BEFH 5 700352 AEFE FFES o
AECE e 47 A8 5o Slo] of= TAASet
r3tel FE AgelE B0 9l A= AR gl
(Nonomuras, 1963). €3] | w|2tE S ] g4k} 28 1
A% FI), ka5 oloksl ofeiERge] Rusal gl
o] o]5 Sl Aol vla sl 2ol 44
o Wiz 7154 AF 9 FAE AR EAL] S84 g3
o] A7} L) AAE I g} B Al 22X
Tegae) sz 22 84941 4381 (Chans,
2000; Waffo-Tenguos, 2001) ¢}5 ks orleleAd
AL v 48 4 Ay Ry shiEA 2Ry
M7 A 2 HE -2 FZEE(grapevine shoot extract,
GSE)¢) r&teke) @) wetEE 2 w|v)= ¥ (viniferine)e
Fehe AL Al ol FE35 744 Wrle] o4
o7z gz A% 9 95 24 IR Al 713
= 8595 AAsigic). =2 gleZ(free radical), 53] 24
Ab4~Z:(reactive oxygen species, ROS)2 A|3E2] DNA,
RNA, $hijao] 2h83le] Al 2B XE 71302 74

F falA w3 f AR oA F83) olzle]r] 5]
v} A% A¥) GSE: 38k == fv]7q] DPPH &7)%
o] glem(Fig. 1), XODE Asilgre2 XODe] 2J# =7}
== #8XAE]) superoxide anion(Q, 7)Y A|A EFE
AL 9lE-& & 5 olvhFig. 2). =3, AW 3= wge
F Q012 A 2 AERFER (prostaglandins, PGs)F 2 <
AbEFA A2 (nitric oxide, NO)2| d&e] dFHx v}, B3]
A5l A= v A A L Hdsle
% Fao] 95 AAE PGs @ NOE= 95 9% of7]A]
712 k3 AL FAEE ARE AART gle] o]E £
4= AA|A L] Fpie] ghdFAl 2 stAHiA] e} WAt o
el sl PGs g FAefshs B4R cyclooxy-
genase(COX)E £ 4 2™ 95 wildlle =ity
COX-27} 9E =351, NO A=} B8l iINOS7}
Za)) J3H& Fedsia ok weEkd COX-2 E iNOS &A)
A iz et gl skdubA] Afke] £ targeto] FI
o= Al ole} AFEZlQ] GSE= LPSe &8 f59 &
4] Wele] w2 PGE, ¥ NO A4S AAel= &98
HYLBM(Fig. 3 & 4) 95 DA JAlsl 43 A
£ A3t = 9l ALE A% Bl Ee] GSEF HE
AL Ak Zlo2 eldrlel (Fig. 5) SelliAl 219l
TPAE g ALE AIEEY oo} FIH g7 Ho
Zol ol A7l dadel fFs

olake] FztzMHE] T }T oI 2HE] HanEtE
2, v Ee] HeHehEe] REHES AlZ3 GSE
2 AR A EH AL by 95 W3 AR QAR
AE AL dAsts G558 RYez A dasEEs
SollA 7=l E AB|AERAN EF Wehiut 3AEEE
e AnEr S22 AR E2 39EA 2 SeliA)
2A9) 7PsAlo] 9l ARBATORE AR, wlelr 7]
54 AE, BAE S0 dEERAMe) B4 1 loE
AEE e

TNCRE

£ g7 47 9¥E FEEeE 47 0002
sa)sgom o)o] A} Euict
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