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Effects of Grape Extracts on Free Radical Scavenging Activity
and Inhibition of Pro-Inflammatory Mediator Production
in Mouse Macrophage Cells

Hye-Young Min, Eun-Jung Park, Sang-Kook Lee and Yong-Jin Cho"*

College of Pharmacy, Ewha Womans University
'Korea Food Research Institute

Antioxidant and anti-inflammatory potentials of various grape extracts were evaluated. Extracts from Kyho seed,
Kyho stem, and Campbell seed showed potent 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging
activities compared to resveratrol (IC,,=16.9, 21.5, 21.9, 34.6 pg/mL, respectively), among which, antioxidant
effect of Kyho seed extract were similar to that of vitamin C (IC,,=12.2 pg/mL). These extracts also exhibited
inhibitory activities on lipopolysaccharide (LPS)-induced prostaglandin E, production and nitrite formation in
mouse macrophage RAW 264.7 cells at 50 pg/mL. Kyho stem and seed extracts showed growth inhibitory
activities in human lung and colon cancer cells. These results suggest the potential roles of grape extracts as

antioxidants and anti-inflammatory agents.
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A F4d A 2 AE 42E A (signal transduction)ol]
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A717kell A% DNA, Al X7 & vl S4o] dojubA H
A ZE 9% 2% ¢ HIA ZE 55 fdste fdel
Ao}, w3k pGse A EY A ARQl arachidonic acidS

7142 8l cyclooxygenase(COX)EHe &dol o8 A=
t}. COX+= cyclooxygenase-1(COX-1) ¥ cyclooxygenase-2
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isoflavone, curcumin, sulforaphane,
resveratrol 5 4F ¥ HAE § EFEC] oA EA
AAF A Fofl A HZe HAXE=FI) B9 il 7
2 A7 ool g3t Qltie BRI 5ASHM 2x 2
2 IE AFE e F2E2E tske] 3ol oA it
o]#]g <ke]-8-2 procyanidin, anthocyanin, vin-
iferine, resveratrol & T/} A=A 2 (polyphenolics)? <}t
Ao g IHAT Ak T oA resveratrol stilbene 7l
e EdEM = AR F= FXsp, A RS o
A 2 free radical &4 71F3 7Ze Faksl AL COX A
3} 5o FET 4L, X G AdA 2 LW TF5 5
theket AHEAS VG QJojls TieAd AE 3 ojeRt
o] AB2A JRAZF Avka & 4 Qv s 2% 4™
HEe $£5F0] Wil &0 B A7ke] 22HEE X%
AAANMEH S FHslE dole olg ol vt wet
A I HAAREE resveratroly ¥ FEE
S AABE IH 3 AP v sk B
T7F A= )

olgfgt WAL HEe R dlof, B =RAME S I=
A ke axsle] 7dslr) Yty FulelA] Alts=
E22 A, 43 9 Fo|FT 2R FE2H FEE iy
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g = 0.04 kW)
227 YA E 387 rlete] F=E3aL, Y4781(10,000X
g 158) & AFde g5 F2ES Azsdy

Al

Dulbecco’s modified Eagle medium(DMEM), minimum
essential medium with Earle’s salttMEME), fetal bovine
serum, non-essentiall amino acid solution, L-glutamine,

trypsin-EDTA 5 GIBCO-BRL(Gaithersburg, MD, UsA)el
A T8t 1,1-Diphenyl-2-picrylhydrazyl(DPPH), vitamin
C, lipopolysaccharide(LPS), N-(l-naphthyl)ethylenediamine,
sulfanilamide, sodium nitrite, MTT, sulforhodamine B(SRB)
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5& Sigmark(St. Louis, MO, USA)AIA FU43IA Tt Pros-
taglandin E,(PGE,)?} PGE,-acetylcholinesterase tracer= Cay-
man Chemical*H(Ann Arbor, ML, USA)IA #4342, -
PGE, A= EIR Y edT+4omRE Algiol AMgst
AT

MIZE HiQF

ul 22 A EFO RAW 26472 10% FBS/) $R-2
Dulbecco’s modified Eagle medium(DMEM)ell Al 37°C, 5%
CO, 27 slollA At wiFstlar, AbE HlA 27 A549
9 gt 39 Cole 10% FBS7F Z8HE minimum
essential medium with Earle's saltMEME)E ©]-83}o] 72
Z7604 A BTt

1,1-Diphenyl-2-picrylhydrazyl(DPPH) Xt&7 2iC|gdh A7
of ofst sl &3 EIt

ABE %57} 10mgml’t XS dimethyl sulfoxide
(OMSOyll =<1 thE sulY Agzos BAfsle] 747+ 96
well plated] ¥t 2 o &5% JJ&-&o] =< DPPH
SAE HF F=rk 300uMe] HES FHRA olF 37C
oA 308 HSF WHE-A1Z]3L microplate reader(Bio-Rad)E ©]
gsto] 515nmelld F¥EE FHs0 HELS 2 DMSO
Z ARSI en % inhibitond UlRT] FEESH AR
Aeg "asle] eIy AgARE 1, B T
&t 2+ Alge §¥g Hrskth

Lipopolysaccharide(LPS)0ll 2[5 |{ZE cyclooxygen-
ase-2(COX-2) Maff &4 &M

RAW 2647 NEZ 1mL & 5X 10702 X3t 96 well
plated] FZAZch ojw) A Eo] EE= cyclooxygenase
(COX) &Ae] 4L AAs] st AF FX7F 500 uM
o] HEZ aspirind 2M7F BF MBI 24417F ERF W)
oF3t & A AEZE phosphate-buffered saline(PBS)SE 2
W A HEl3 5% FBS-DMEMS 7F8kal LPS(1 pg/mL)ot 7
A A8 B MEssieh o] o ti&eels LPSE A
8kA &gton gz 2 LPS g tEFols DMSOE
7YsldTh Al A7 T 20A7b0) A O SRS 3
alo] Abzolel] f-2]d prostaglandin E,(PGE,)9] 4 th2|
FaEdEdyog At &, ¥-PGE, FA7F FHH
o] & plae?] ZF wellol] 358 4F A3 PGE,-acetylcho-
linesterase tracers ¥ol oA 18A17F o wRFSE The,
7V wellS 0.05% tween-20-PBSE 53] A& 313L Ellmann
NG 7hte] TAIZE E]F ekt 405 nmellA FEEE
Attt PGE, #5F02 A3AE st 7+ A&
2ol o) PGE, B4 % Tasiow, LPSE Hd di=
3 LPSE AEskA] &2 tixZolx AA4E PGE, ¥
Aolg 71Eor st 7+ A|89] PGE, A7 AA&s T8t
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inducible nitric oxide synthase
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DMEMO| 1mL % 5X10°707F H = el 24 well
platecl] 24x17F <t F2A T £2E M EE PBSE 23]
AFE o FBS7F +rEo Al &2 DMEMS 718l
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ZS 180yl 7Heked 1087 7PHA 80 £ o 540
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o FEEA et A, LPSE Mg gz
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71Ee st} 7+ A5 NO A4 A 848 itk
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< 515N FF=E 238U 10% DMSOS 223
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243t YA HE2FLEE vitamin CE ©] &3 1
A7 Table 1 2 Fig. 19 Yehd uie} o] ARz7], 94
7], iy 8 ARH FEESS 500 ugmlolA 70~80%
Axe] = HuF £2A%S Yepiith o] F ARE7],
AN, AFH FZEEL IC, #°] 20ugmL AF2 e}
1 resveratrol(IC,, = 34.6 pg/mL)Et}h dHts} 2pgo] 4319
3, 53] AR F2ELS vitamin C9F A9 fAE FES
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Table 1. Effect of various grape extracts on 1,1-diphenyl-2-
picrylhydrazyl (DPPH) free radical scavenging activity

Free radical
Sample scavenging activity” IC,, (ug/mL)
(% Inhibition)

Kyho stem 89.9+02 215

Kyho seed 729+23 16.9

Kyho skin 41.7+3.1 >500
Campbell stem 719+ 14 873
Campbell seed 76.9+0.7 219
Campbell skin 541+ 14 446.7

Resveratrol 77.5£0.1 34.6

Vitamin C 89.9+0.2 12.2

UFree radical scavenging activity of test sample was determined
relative to DMSO-treated control groups. Each value represents
mean + SEM (n=2).

100 B 500 pg/mle
Fees 100 pg/mb
S 20 ugimi
T 4ug/mie
R 0.8 pg/mb

% Inhibition
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Fig. 1. Effect of various grape extracts on 1,1-diphenyl-2-
picrylhydrazyl (DPPH) free radical scavenging activity.

Grape extracts were incubated with DPPH ethanolic solution (300
uM) at 37°C. After 30 min, absorbance was measured at 515 nm.
Free radical scavenging activity of each sample was determined
relative to DMSO-treated control groups. Each value represents
mean + SEM (n=2).

EZ FEEE9 lipopolysaccharide(LPS) X{2[0l 28t
PGE, dd Xall &4

Table 2 2 Fig. 20 UEld vle} Zo], X% FEEEL
50 pg/mLe] FZo1A cyclooxygenase-2(COX-2)° &3+ pros-
taglandin E,(PGE)®] A& At Ae&7], AsH,
AR FE2EE 50 ug/mLelA 60~70% 8= PGE, 44
oA HE YeRNAIL, AEEY] FEFEL 40% = 9
AeS Y. A thxZzez AE-E celecoxib 2
resveratrol & IC,,©] 7+ 09ng/mL¥ 1.9ug/mLZ e}
PGE, #4< 402 A8t

LPS xzlofl 2/dl {=E inducible nitic oxide synthase
(NOS)| Ligt == FHEE0| Mal &4
¥% FZ£EE0°] inducible nitric oxide synthase(NOS)el €]



Table 2. Effect of various grape extracts on LPS-induced
prostaglandin E, (PGE,) production in RAW 264.7 cells
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Table 3. Effect of various grape extracts on nitrite formation in
LPS-stimulated mouse macrophage cells

Sample % égh:&fﬁ at ICy, (ug/mL) Sample & ;‘(;h:g/ﬁ?i’ at IC,, (ug/mL)
Kyho stem 720+33 NTY Kyho stem 57.7+09 NT?
Kyho seed 613+ 13 NT Kyho seed 50.8+735 NT
Kyho skin 112+ 11.1 >50 Kyho skin 170+ 46 >50
Campbell stem 41908 >50 Campbell stem 11.0+3.8 >50
Campbell seed 594x08 NT Campbell seed 455+2.6 >50
Campbell skin 00+14 >50 Campbell skin 284+12 >50
Resveratrol 100.0 + 0.1" 1.9 Resveratrol 89.5+0.7Y 21
Celecoxib 100.0+0.3" 0.9 Each value represents mean * SEM (n=4).
Each value represents mean + SEM (n=3). "% Inhibition at 10 ug/mL.
19, Inhibition at 10 pg/mL. Not tested.
2 Inhibition at 100 ng/mlL.
Not tested.
“Concentration: ng/mL.
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Fig. 2. Effect of various grape extracts on lipopolysaccharide
(LPS)-induced prostaglandin E, (PGE,) production.

RAW 264.7 cells were stimulated with LPS (1 ug/mL) in the
presence or absence of test samples. After 20 hr, the amount of
PGE, in the supernatants was determined by enzyme immunoassay.
Each value represents mean  SEM (n=3).
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AIES] RAW 264.7 celts ol-gale] FRlste] Wit AF 4
3}, Table 3 ¥ Fig. 3014 & & 5ol AEE719 HEH4
FZEEL 50ugmLolA NO A4S 50% A% Assta,

My FEET Rkl NO A Asl 28-S JERSIT
o] APz7AA resveratrol 1C,©] 2.1 pg/mLE YEPE
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4 Fig. 4004 vehd 2} 7o), 50 ug/mlollA AEE7] 2
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Fig. 3. Effect of grape extracts on nitrite accumulation in LPS-
stimulated RAW 264.7 cells.
RAW 264.7 cells (5 X 10° cells/mL) were plated in 24 well plate
for 24 hr and then incubated with LPS (1 ug/mL) and test samples
simultaneously. After 20 hr, the nitrite accumulation of cultured
media was determined by Griess reaction. Each value represents
mean = SEM (n=4).
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Table 4. Effect of grape extracts on cancer cell proliferation

FTAEA) A 35 DA 15 2003)

Cell line AS549Y Col2?

Sample %o Survival at 50 pg/mlL EC,, (lug/mL) % Survival at 50 pg/mL EC,, (ng/ml)
Kyho stem 67.1+£22 >50 720112 >50
Kyho seed 70634 >50 743+0.7 >50
Kyho skin 909+ 34 >50 876+ 84 >50

Campbell stem 863+ 1.0 >50 91.2+34 >50

Campbell seed 76.7+£25 >50 852427 >50

Campbell skin 889+19 >50 874+28 >50
Resveratrol 68.2+6.67 >207 81.8+147 >207
Ellipticine 00+03% 0.2 00+13% 0.8

Human cancer cells were incubated with or without test samples for 72 hr. Cell viability was determined by sulforhodamine B (SRB) dye staining
method and calculated relative to DMSO-treated control groups. Data represent mean £ SEM (n=3).

YA549: Human lung carcinoma.
2Col2: Human colon carcinoma.
9% Survival at 20 pM.

% Survival at 10 pg/mL.
dConcentration: M.
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Fig. 4. Effect of Kyho stem and Kyho seed extracts on
proliferation of A549 (A) and Col2 (B).

A549 (human lung carcinoma) and Col2 (human colon carcinoma)
cells were incubated in the presence or absence of test samples for
72 hr. Then, cells were fixed by 10% TCA and stained with 0.4%
SRB solution. Dye was dissolved with Tris base (pH 10), and the
absorbance was measured at 515 nm. Cell viability was determined
relative to DMSO-treated control groups. Each value represent
mean £ SEM (n=3).
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