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ABSTRACT

Objectives : The various grape extracts derived from grape pulp, seed and skin, containing various types of polyphenols
and flavonoids, have been known to have anti—inflammatory, antioxidant and improve cardiovascular condition as well
as sun's damaging effects, However, there have been rare reports of various beneficial effects of grape fruit stem
extract (GFSE), one of the waste products of grapes. We investigated anti—inflammatory and melanogenesis inhibitory
effects of GFSE,

Methods : One—hundred gram of grape fruit stem was extracted with 80% ethanol at room temperature for 3 days.
After filtration, the ethanol was removed using vacuum evaporator, then lyophilized to obtain the dry extract which
was stored at —20°C until used, NO levels were measured by using Greiss reagent. Prostaglandin Es (PGE2) production
was measured by ELISA assay. The expression levels of iNOS, COX—-2, TRP—1 and TRP—2 were evaluated by western
blot analysis,

Results : GFSE reduced the level of nitric oxide and prostaglandin E; (PGEs) production in a dose—dependent manner,
compared to control, Expressions of cyclooxygenase—2 (COX—2) and inducible nitric oxide synthase (iNOS) protein
were also effectively inhibited by the GFSE, In a tyrosinase inhibitory activity, GFSE significantly reduced the tyrosinase
activity and melanin content in a dose dependent manner, compared to control, GFSE also decreased the expression
of tyrosinase related protein—1 (TRP—1) and tyrosinase related protein—2 (TRP—2), known as a melanocyte—specific
gene product involved in melanin synthesis,

Conclusions : Therefore, these results indicated that GFSE had powerful anti—inflammatory and anti—melanogenic

effects.
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I.A &
X% (Vitis vinifera L.)= ZWUFEE(Rhamnales) E%&
T(Vitaceae)oll 43He YA FZAER 8000W ARE <l
Zho] Ajufgt @ 2fE HdolH, H MAH R An7} ufg W2
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uJ—S_ aFo] 2] A o] 7<1-A]7]- =2 A A3 giAdstez
olojA WRAE A, Fofo] WA S wapde
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2 HAY, 3 ES T YR A=800 T2E, E§F
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Aol A5t ALEHAT HEAQ] ndA 2= dRET 3
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o]¢] Tt HALAE o8 vHE] dA47F B Ha
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At Aol whgsto] of ] Ao BT 2 HEA
frEste] HATS AARE?, o2t whgo] =

slo] T=F FFukgol e o iNOSe o3
nitric oxide (NO)Q} COX-2°] <&J3)A J}Ek
PGE, 53 Z& 4% 3 JAE0] TEojx o,
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webd B AFoAE 2 4H] FAA HEAE RS
% 312l Ex=$o|7kR] £EE(GFSE ! grape fruit stem)<
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1. A= 9 Ao

Dulbecoos modified Eagle's medium (DMEM), fetal
bovine serum (FBS)& InvitrogenA}l (Carlsbad, CA, USA)
oA £¢] kAT potassium persulfate, sodium bicarbonate,
Ascorbic acid, 2—mercaptoethanol, lipopolysaccharide
(LPS), prostagladin Ez (PGEg)+= R&D systems (Minneapolis,
MN, USA)oJA FY3t4Ett.  Penicillin—streptomysin,
cyclooxygenase—2 (COX-2)2} inducible nitric oxide
synthase (i—NOS)&A|+= Cayman chemicalA} (Ann Arbor,
MI, USA), Cell Signaling (Danvers, MA, USA), tyrosinase
related protein—1 (TRP—1), tyrosinase related protein—2
(TRP-2) ¥A= Santa Cruz BiotechnologyAHSanta Cruz,
CA, USA)olA FAstA. oAt A€ g-actind Santa
Cruz BiotechnologyA} (Santa Cruz, CA, USA), 7]} Aok
Sigma—AldrichA} (St. Louis, MO, USA)Z25¥ L3Rt

2, REFO|7HA A=

A3 o] ARg3E L =$0]7}%|(Muscat Bailey A grape fruit
stem) 9] 2= AGEE A AHAS FAAPHA
FA AL AT oA S & LA ste gho|atdf )
ExiAstuA AE5E wolA A5 Felsigle, 1 22
(#GF2016-06-14)2 A=oigtn 2AT sk} G rile) B3
stEth AxE Ledo|7tA = 45t 100geE X*E*o}oq
80% EtOH 2000mLE {2 A2o)|A 7247 A & o
oA 2EES ADVANTEC 5A(Tokyo, Japan) ZEZ 13,
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ADVANTEC 2 ZE 2 23] o3} g § 3H17F557](Eyela
A—10008, Tokyo Rikakikai Co., Tokyo, Japan)Z Zs
3] eSS AAStL SZAX7(EYELA FDU-2100,
Tokyo Rikakikai Co., Tokyo, Japan)ol|A] AZRste] By
HE 23g2 I55tant. I FE2E2 207 ColA B
shelA Aglo] At

3. Al =zu

oho- 2 wjololl A it RAW264.7 M EFE= American
Type Culture Collection (ATCC, Rockville, MD, USA)A}
2HE FJste] ARSI, Ax|F 2 B16/F10 melanoma
NEF= F=HZF2H (Seoul, Korea) 258 FFEUT
B16/F10 A2} RAW264.7 A2 10% FBSL} 1% antibiotics
(penicillin & streptomycin)”} 3+-3-% DMEMH|R| S A&-5}o]

S=7F FE3 37T FAEE 5% CO2 v~ A vljoF
sttt

Z E3 9] gallic acid (reference)% 0~
1000 ug/m¢9] F=RE 3|Aste] 100 wE Z2M UE=2x
EHo| 93} Folin & Ciocalteu’s phenol2 100u! g9
58 ZoF 220 4] ¥F-2-A]7] 1L sodium cabonate (NaCOsz)S

=
=
7}7to)

1 m¢¥ FYUAIA ThA] 3087 A20A grgAIZ & B33
=7 (ELISA reader) 750 molA 3= =3& }gﬂ;u},

5. % R kxolE FF FA

% Zatu ol g S Morenoso” W] ulat
EZxFo|7HA] 2&E} Querceting ZF EEHE U3 &
10% aluminum nitrate 0.1 m¢, 1 M potassium acetate
0.1 me ¥ EtOH 4.3 ml= A= E3to] A4 402
S HAAA 450 mol A FF=E ST

6. DPPH g}tjz 47 84 2%

DPPH gtz 274 4L Blois9)™ Wi oz 24stqt,
A 2E EtOHZ %o} 2F X271 25, 50, 75, 100 ug/meo]
E =2 st 96 well plateo] Z+ A|lEE 100 WS F¢
sta, Ao 0.3 mM DPPH 100 W& do] Zeo] 200 w7}
H=Z stk A2oa 1087 §H3-A1Z] 3 ELISA reader
(Tecan Group Ltd., Mannedorf, Swizerland)2 540 nm
ﬁ]—XT—o]]}\—] 6‘3’4—55:‘-_ 3.7(4;‘5]_0‘11;} DPPH E]-E]W' /\7_1 %A—]o
A& g A7ty FHTE Atole] FFE o 2ol E Wi
€2 Yehyi Q.

DPPH ) &4 &4 (%)
= (1-(N& J7H SF=/A 2 FH7ME E3=)F x 100
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7. ABTS 2 &7 84 54

o5t &4
&ttt ABTS 7.4 mM3¥} potassium persulphate 2.6 mM=
st the AL Ao A 2447 B¢t HHAEtY g dS
B4 o2 ABTS €45 AP 732 mol A FF=7}
+ 0.04 (£ EZ22A)o| HEZ EtOHZ 3]435te] AMgstsict,
FEEY AF =71 100 wg/ml HESF Awgste] 50 wiol

H|E ABTS €% 950 W& F7lste] oA 30&7t ¥t

AR % 732 moll A FFEE SASHAT ABTSS &A%
2 A7 §H Hrltdt BT AbelY =Y XpolE
EE&E U,

°l° Ay 4

1 ox

ABTS &tz &7 &4 (%)

= 1-(GI7= ¥ =/F37 3= x 100
8. a1y &4
e Oyalzu—4 Parge ozt MEste] Z4stgth

FEES 25 ~ 100 ug/ml o2 A}
2% (0.2 M sodium phosphate buffer (pH
.6) 500 uﬂa 7z} 12\‘}0}01 50 C°ﬂ*1 HREAIZ] & Aol A
t = 7hel 9
1900 rpm 941023t 94 st A F
, 1% ferric chlorideE 7}3to] 33t wkgoo] =
< 700 moll A &5k

TS‘

9. NO assay
Alzajerdl e NO= NO2| Ealj4HE2] nitrite (NO2—)E
SATOEN NOY & HHHLez FHdk= Criess

reagent HHH*? 02 2A3519tt Raw 264,74 E] LPS (1
ug/m)et NBEE st 16X <k ikt Mg A
SN} Z2 F9 griess reagentE Aol A2 oA 102
FoF W & BB} A(ELISA reader) S 8319 540 mm
ol FF=E

10. PGE; assay
PGE»2] &4-2 R&D systemsAtZ AlZst= @l what
APt AFYHS RAW 264.7 AEo| EZEHo|7}HX]|
22895 A7 AA st LPS (lipopolysaccharide)E A
g5te] 16A17F Wi & AS5HE PGE; SH ol AHE3FFTH
goat anti—mouseZ ZHE 96 well plateo]] Ztz+o] vjjoFolS
100 wg® FY3FY AL, primary antibody solution 50 ugT}
PGE2 conjugate 50 ug® 37}ste] Ao A ¥-gAIXIth, vE
714 9L 200 ug AHFste] §EAIXL £, 50 ug9
stop solutione 2|3} 450 mo|A SF=E ZHsIH

11. B16/F10 @zdA|3Z 9] Tyrosinase &%
B16/F10A1Z 2] tyrosinase L Yagiso® uf



74 KRR AR EE g3k —

g3to] 24545t BI6AIZE well F 4% 10 cell/mE A4
3t 6 well plated] HE3AT HE F «~MSH (1uM)E
Ap=Fste] 1617 Hjekstal EEFo|7tA] FEES TTH
(25, 50, 75, 100 ug/mé)= A =3t 48A|7F vjFstct. Bl
S HNEE= PBSEHORE 23] A& & 0.2% trypsine X
sto] =ASIE T AAE AZE= PBSEHE AREsh] 1,500
rpml 2 23] YA AT NP—-40 lysis buffer (St. Louis,
MO, USA) & 100 ul FY3tiL 4CoAlA 3087 HA|& &
12,000 rpm o2 208 F¢F 94 Easte] A2He Agih
Bradford method® @iz Aekslg 1w, 22-] AL
well & 100 w0 96 well plateo] FU3t T 7)o QAAket
Z9(pH 6.8)°] 0.1% L—dihydroxy phenylalanine (L—DOPA)
%—HE 100 wE ThA] st &t 37Tl 6087
% 405 mm ELISA readerE ARty &4 :E =3

12, dhdg 54

B16/F10 ®ahd N ZE 6 well platesol 4 x 10* cells/m¢
N2 BEFste] wjoFeict, wiekd M2 «—MSH (1uM)E 2}
Sato] WA & EEHo7bA 2EEL Azate] 48A7 )
oFatch, wjoF & HiRE A ASHL 1 N NaOHE 500 ul %<
BFIl 24A|17F AIZE =< o3 100TAA 2087 71838t
405 mo A FFE=E SHSHAT

=2 =
=2

13. Western bolt analysis

B16/F10 Al ZE 6 well plateso] 4 x 10" cells/m¢7j= &
Fshel 24012 WIS o~ MSH (L) AH-3ste] W3] &
EEFo|7HA] FEES A5t 48A17F vt B16/F10 Al
EZE phosphate buffered saline (PBS)Z A& &t1L, NP-40
1 ysis bufferg &3t d-SHolA ¥-&A1Z1 & 12000 rpm
oM 53 G4l Bl AFolg Baeloln, Bl BEE
Bradford protein assay reagent® ARE3lS] 595 mmol|A]
FH=g 24ot] Aetalch A% To FAT T ool
Z+ A]&E SDS—polyaclylamide gel (7.5 ~ 12%)& AF&-3}
HA B3t 100VE 24175 PVDF (polyvinylidene
difluoride) membrane (Bio—Rad)?l]l transferd}$it}.
Membrane2 5% skim milk7} % Tris buffered saline©]
Al 20 A blockingd}H 2™, primary antibody® anti —
COX—2 polyclonal antibody®} anti - iNOS polyclonal
antibody Z18]3 anti — TRP—1 polyclonal antibody, anti
— TRP—2 polyclonal antibodyZ ZtZ} 1 : 200 2.2 3|45}
At & 47TColA wREAIRTE ®BEEE  TBS-T(Tris—
buffered saline and 0.1% tween 20)2 1084 33
washingd} 1, secondary antibody (goat anti—rabbit IgG
HRP)E 5% skim milkel] Z+Z} 1 : 500022 3]4]3le] A&
oA 1A et ¥HAIZ] § oAl 1084 33] washingstT
27182 239 SNEe 9BY 4 dt 243 BHEA
3215t Tl Band density:= Imaged gel analysis software
(National Institutes of Health, Maryland, USA) 271
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2A54 v nEA /H

+EZHA(mean + SD)E EAFIHL
I M SPSS statistics 22 (IBM, New
York, NY, USA)‘E L3191 7 A7) ¥ one—
way analysis of variance (ANOVA) 2 AHEstgeoH, 4
SEate] SOIRHE orobuy] Slak ChEHI MO 2 Duncan's
multiple range test RS AAFIAT. HA Fo== P
o] €0.05 =Y W& 7|Eo = s

I, 23 9 33
1. Z=EFOI7HA] FEEY F
wol= g 9 st B2
ZLFo|7kA] FEEY FAE AEES S5 Hdl &
Evsdt & EgEkolE AFE B4 & dy 47 o
7990 + 32mg/100g¥} 9110 =+ e}
Wok(Table, 1). MakrisS9 A3 ZMoA ZTx BAE &
9 slel =g F ZEjgled F SR ot dEFol
3625+ 290mg/100g3} 3587 + 323mg/100gl2 B %H 2
et vz P @Y TEHo7iA] &8 F ZY s
EtE rolE FRFo] Y3 =2 ALE YEYT ES
DPPH®} ABTS free radical &7 4ol £2 Ao 2 &7zl
A TSl AEY AL 2 nEZE ot ARG H 9
242 Wofstel Wby 0 S| Zaleh BAHol Husln
ATH?. wEba 2 Aol A DPPHS ABTSES o] g3t T=
Fol7kA] F2E 9| e} &4 H7IgH 3}, DPPHSF ABTS
free radical £AA%L XL Ho|7lR] 2EE0] H%(25, 50,
75, 100 wug/mp) SJEHOE @A SHA F7Istct AL
Ascorbic acid®} B|wd}eo] H1LElH T Zil= Table 49} Zo]
25 ug/mlE=oA 0.13 £ 0.01%2 F2 &Aool RFX|Tt
100 ug/miE=olA 0.29 + 0.01%=2 ZHAW &Alo] ZF713t
A2 g 0 BEv} Z/RS BAo] Z7EE AL L 5
Ak, o] A At Ao 95t EEFol7tR] FEE FAHSH
Aol 5T JaHgESe] o FRE U, T &
Hzol 1g o 8 mgol Y AR HIFGAW?, 2 &
ToldE1g 3 oF 79.9 igo= ¢F 108 A= 2 Ao=
Uelgth 3 Jeong SV Muscat Bailey A (MBA) £
FolE7|E HTIete] A2 =T HAHIEE FFol
=& Bk olygl, A4S 8% EIF 4% Ao ey
ot mEk 2 dAFdAoA YEid 552 =2 Z9g=s ¢
EgEolE R g ACR AIREY, £ dFAHA
71 A48 58 AE £42 I8 S Sl

Table 1. Total polyphenol and Total flavonoid contents of GFSE

Extract Total polyphenol ) Total flavonoid®

GFSE 7990 + 32° 9110 + 117

" GAE : mg gallic acid equivalent/100g dried grape fruit stem extract
(GFSE)

% QE : mg quercetin/100g dried grape fruit stem extract(GFSE)

3 Mean values + SD of determinations were made in triplicate experiments,



Table 2. DPPH Radical scavenging activity of GFSE
DPPH Radical scavenging activity (%)

GFSE or compound” (ug/mf)

25 24.6 + 0,12

50 57.6 + 0.5

75 69.9 + 0.6”

100 86.3 + 0,129
1¢50” 44,4 £ 0.2

BHT (100ug/mt) 53.1 £ 0,17

" Reference compound : BHT (butylated hydroxyanisole).

% Each value is the result of mean = SD of three independent experiments.

31C50 : Sample concentration (ug/md) was 50% activity loss.

@ Means in the same row not sharing common superscripts are
significantly different by Duncan's multiple range test (P {0.05).

Table 3. ABTS Radical scavenging activity of GFSE
ABTS Radical scavenging activity (%)

GFSE or compound” (ug/mt)

25 15.2 + 0,17

50 25 + 0,12

75 34,1 + 0,127

100 50.8 + 0,37

1c50” 108.9 + 0.8
Trolox (100ug/me) 75.9 * 0.5

" Reference compound : Trolox (6—hydroxy—2,5,7,
8—tetramethylchroman— 2—carboxylic acid).
2 Each value is the result of mean = S, D of three independent experiments,
9 1C50 : Sample concentration (ug/md) was 50% activity loss.
@) Means in the same row not sharing common superscripts are
significantly different by Duncan's multiple range test (P {0.05).

Table 4. Reducing power of GFSE
GFSE or compound® (ug/mf)

Reducing power (0.D.)

25 0.13 % 0.01?%
50 0.15 + 0,017
75 0.21 + 0,012
100 0.29 + 0.017
Ascorbic acid (100ug/me) 1.07 + 0,0129

" Reference compound: Ascorbic acid.

2 Ezch value is the result of mean + S. D of three independent experiments.

@ Means in the same row not sharing common superscripts are
significantly different by Duncan's multiple range test (P {0.05).
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Figure 1. Inhibitory effects of GFSE on NO and PGE. production
in LPS—stimulated RAW 264.7 macrophages.
(A) : NO production,
(B) : PGE» production. RAW264.7 Cells (2 X 10° cell/md) were
pretreated with or without extract at indicated concentrations for
2 hour, and then incubated with or without 11g/md LPS for 16 hours.
NO released by cells was measured by the method of Griess.
Data were means + SD of three independent experiments.
# p<0.001: compared to control group.
* p€0.05 and **p{0.01 and ***p{0.001

treated group.

: compared to the LPS

3. ZEFo|71A] F&E0] COX-2, iNOS T3

|z %

B Ao Ae ExHo|7kR] £E&E9] iNOs, COX-2 &
AR IE g4 a3E ot iz}l western blotS 333t
ot A AN ZFQ RAW 264.7 HZ3 LPSE X3}

L 4= o F xrPpol7ix] FEEE AF o A
iNOs¢t COX—2 fAA HdL 5= o9& o2 {olstA 7
2FAh(Fig. 2). °o]He A= NO A Aot FARE A
S BT NOMA &9l iNOS & PGE.9] A oo
3= BAQ COX-29 HEE dA gt AL g5 =
Asl=d) W9 F23 ai0]H iINOSE HEUY R3]
o} A=) o3 F=7F W NOE A5t AA4E NOE
A, *ﬂ:‘“ﬁiﬂ ZA &I e 282 5ty d52 A
3N 7)E Aoz IHA 9tk NOAA A= iNOS T
4 #s} 7] 4% 3t Aoz AR

E
[e]
7C_J]‘IT\_
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Figure 2. Inhibitory effects of LPS—induced iINOS and COX-2
protein expression on GFSE in RAW264.7 cells.

(A) INOS and COX—2 protein expression. The expression levels
of COX—2 were determined by western blotting as described in
Materials and Methods.

(B and C) The density of each band in an immunoblot was
analyzed using the ImageJ gel analysis software,
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Figure 3. Inhibitory effects of GFSE on tyrosinase activity and
melanin contents in B16/F10 cells.
(A) tyrosinase activity.
(B) melanin contents. Cells were seeded at 4% 10° cell/md.
After 16 hours, a—MSH was treated and followed by treating with
several concentrations of GFSE for 48 hours. Then, melanin contents
were measured as described in Materials and Methods.
Means * SD of determinations were made in triplicate experiments.
# p{0.01: compared to control group. * p<0.05 and **p<0.01
and ***p<0.001 : compared to the a—MSH treated group.
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