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ok §-2H(Citrus junos Sieb ex TANAKA) = FgobAlo} 2| Aof|A] Aulj== Z&F/ Foln, et C, Zdhuol=
Rxo|lEg F53] st Slok shellA Auiss fabe A SAEFCE ARSI, FARER] A8} Hu=
% #)7]= 32 Stk o] AFelXe 4 FAkES 71 s 2AIZA o 7HeAdE %718 }Oﬂq ’3‘]9} 3 of gk
FZEof|A] DPPH (2.2-diphenyl- 1 picrylhydrazyl) 2z 2ASA g3k 2] kA vE 1155 %9] phenolic compounds
= g3t ok A EA M E(HaCaT Keratmocyte ) 9} A3-4-0}H 3 (Normal Fibroblast) ol UVBE 242} 12.5 mJ/cm?,
15 mJ/cm’*E ZAFst 3 3k9 & 79} Collagen 3435, Collagen #3291 MMP-1 (matrix metalloproteinase) 2] 23
Fe G5tk By FE=CNA UVBAl g T7Hd TNF-e & A3F Eo50h Az 33 FE288
MMP-19] 2 &S £33 Collagen®] $AFE F7A A 3 21 FEE2] «-MSH (Melanocyte stimulating
hormone) A #el o8l FE¥ Hebd 4 AAEsH E}O]E/‘]‘/Pﬁ] G A IRl d8For 44
FAME O] oeke FZ2EAL dng) n)w V%A SAE AR 7R 7L gt

Abstract: Yuza (Citrus junos Sieb ex TANAKA) is a citrus fruit that is cultivated in northeast Asia. Citron is
known for containing abundant antioxidants such as vitamin C, flavonoids, for example hesperidin and hesperetin,
and terpenoids such as limononin. When mature citron is processed for tea or other beverage food products in Korea,
massive amounts of seeds and pericarp are remained as waste. This study aimed to exploit the processed remnant
of Citron for developing functional cosmetic applications. Ethanol extracts of Yuza seed and pericarp did not show
significant radical scavenging activities measured by DPPH (2,2-diphenyl-1-picrylhydrazyl) method. But they
contained significantly high phenolic compounds. Cultured human dermal fibroblasts and HaCaT keratinocytes were
irradiated with 25 mJ UVB and the citron extracts were added to the medium of each culture. Cellular damages
caused by UVB irradiation were prevented by the addition of the Yuza extract. In addition, the reduction of the
enhanced MMP-1 expression after irradiation of UVB in human dermal fibroblasts was observed. Also the increased
level of pro-inflammtory TNF-« in the UVB irradiated HaCaT cells was decreased. The collagen expression was
enhanced by the extract. Yuza extract markedly inhibited melanin production from «-MSH treated B16F1 melanoma
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cells. Melanin assay, tyrosinase zymography results indicated that Yuza extract had strong depigmenting activity.
In conclusion, Yuza ethanol extracts have good anti-photoaging and strong anti-melanogenic efficacies.
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I gt UiQ =SK(intrinsic aging) $F =3}
g% 8= 994 =3H(photo-aging) T+ 7HAE
= 4k YA w3k o) 7t Sojgtef ukel v
Ty 9} W3] Alo|o] Agto] oka=| 1, ¥ R7HA A AL
4 5ol AstEm AAYPY o] WX A Hrt
QW A AA wER Q3 Dojuks 94 w3k
Q) Ho] TuE Eale] AuZ7kA] 7lo] AEdo 7 H
&S FAA7]= 219 Y9 collagent O“E}/\El(E}v?ﬂ
A8)S 2AAA YJERITH12]. Ak g o= lF)
3] H-3= superoxide anion, peroxide 5= ¥ 8sl= -8l 3t
FAIAAF(ROS, Reactive Oxigen Species) S 7] 284

sttt S7Fe ROS+= DNAC| damages 511 F2WH3H
signalS S7MA A 522402 AP-1 (Activator protein 1)
transcription factorg S7F A7tk UV AHHo=
DNA mutagenesis®| #13} nuclear factor-kB (NF-
kB)E T7F A171aL TGF- 85 AAAZIG3-5). ol2fdt
71252 collagen®] A F&, T3t inflammatory
cytokine AANE TS vk zxpejAef s AE
AlO] & A 9-+= A9 collagen} elastin®] Ao 74
sto] theFst 71 A Pl a40] o] SxlHnh
olgfgt 7]& iAol Aye Fresle] QlojA 7 F
&5& Axpetar @ 4 H6-81
15 mEslel FEate] S AR E Walde Al
/‘ﬂ Q1 melanocyteol| A A3 =™ melanocyte®| 4] melanin
o] 4=+ TAAQ S melanogenesisgl - mel-
anocytet I 3239 71 ofgSel YAt 9]. T
F-o] M AIFEQ] melanocytoZ F-E] €44 H+= dehde
Eoll 7] 9w S Aol 54 gz Ao
lom ZhAEA M ES] keratinocyteS Sl HY 2 o]F
sto 33 ZHAlo] A Hr o]elsh Hehd A
Y3t ZFd FAL AW e fAZQl gl o] 2
A tyrosinase B2 AFs) 2RE-of ol&] LR
Ft} Tyrosinases phenylalanine?] 3t 721 tyrosine<
DOPA-quinone™ DOPA-chrome 2. & AF3lA|A 2z} 2
2hd 9] 7<) eumelanin, pheomelanin® 2 42 &4
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s} A7) &ao]tH10]. Tyrosinase$} 22 HEbd 3H4
T G40 &do] FHaste] "ehd o o] oA|E =
g vWagole} gtal o gt oS YE= EEE
+ kojic acid, arbutin 5°] & &&A AcH11]. o]t
2F8-717 2]l melanocyte®l 4] ¥4 ¥ melanin®] mela-
nosome?] ¥ YAIZ keratinocyteE E3l I T
0 7 o]%3h= 3} oA melanocyte} keratinocyte 7+2]
melanosome transfers AF@shi= 2FE GA] v g &
veRd = Qo121

S Citrus junos SIEB ex TANAKA) = Hoj skz}
Eo0 AnE AUP g =2 38 1 3y E AE59]
Ao R Alxso] fFAAFRE AnlE Al glom[13,14]
FHAF A frAb el ok 10 ~ 15 % A= Ao
Ul[15] o= FA 2 fAF 259 Al § i
o] 1%k 1,800 #H7]= o7t} FHolrJop A A F=
A= 2L = AR vitamin C9} —a—ﬂwﬂaﬂ 3~
de, g5 dy 22 Zekn wo)= ARo] tEk shity
ol Aoz defA ik o]t EE}ELO]E e
=2 39955, antioxidant 72 21 radical scavenging ac-
tivity 7} S ot °L34Z1 Atk Citrus FollA FE9
SR ol E A, 53] sladEd, i, =l
d=, grdy é% %é’ < tumor necrosis factor- @,
inerleukin-1, inerleukin-62} 2 inflammatory cytokine
EHES Z29FE Zoz HuHEArH16,17]. uehA
 AFolAE H7 A= §AE] FAHES o] &3t
o]¢] A= 3} collagen A L nMES =S HU}
sto] Fregtel v a5 2= 76 S AR
A9] o] & ThsAE dotr it el

2. M2 o AH

2.1. 717] A Alk

A AepdE 15 AR f2E o) &5 fAH
7t FAES SHIAE (Y %) S ZHE AFntol
AHEEFATE UV/Vis spectrometer (DU730, Beckman
Coulter, USA) &) A& ARSI, % 4vllQl Hexane,
Ethanol DaeJung (Korea) Al3%-2 ARE-3lITh vleF Al
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¥+ normal keratinocyte®} normal human dermal fi-
broblasts, B16F1 melanomas AHE3F 2™ vk wjj=]
+ GIBCO (USA) A2 AHEeR3ith TNF-o 5745
$%F ELISA kiti= BIO-SOURCE (USA) A& A
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&= @7t 34 A Azl ek 97 ene] Aste] 9lo]
sd1x 5 volwddFAo] = (Dimethyl sulfoxide) °l

o] W skl

T A= AdE 59 95 vl F& Az
27d =45 A'd phenolic compounds®] $&& 4%tk
Folin-Denist {187l W&} 1 N Folin-ciocalteau solution,
EES solution, AR 28 && 22H1 1 1 ¢ 1% 50 min
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1%

HESAI7]11 Aidie] § e S 33 5A 760 nmeollA
=43t A% 4L 2 A gallic acid) S AHE3FI T

2.4. M=Z &4 sl=20

wjeFo] 4 & plateol| A WA E AASFL MTT sol-
ution (0.33 g/L)& wlul=x] e} 22 <F vk dolFar
w93t} 90 min & MTT solutions A3k 1 mLo]
IsopropanolS ©]€-3l 20 min 5<F 224 shakingdt
F A5 NE 347381 13,000 rpmellA] 5 min F<F 94
8] gtk 540 nmeld FHEE 543 F U= Al

AEES vlassith

2.5, B AOIEFtl AKX SBH(ELISA)

12well plateol] welld 1 x 10° cells®] HaCaT Kerati-
nocytes® A58 F 10 % FBS®H1 % AA7F H7he
DMEM ®i#] & o] §3te] 24 h F<t vlst $ 312 nm,
125 mJ/em®e] UVBS 2AFIITE A} 5 FBS7)F 37}
9] 94> DMEMell 14} F+&55S =87 37tsto]
24 h &< F7} AeFskelth. HaCaT Keratinocyte®] Hl
ol By 3]st mjofFd-S o]8-3ko] ELISA kit (Bio-
Source, USA)E o]&3slo] vt oz Bul® TNF-«a 9
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2.6. CHHE 954 ZAKWestern blot)

Normal fibroblastsS 6 well plated] well @ 2 x 10°
cellss &3kl FBS7F 3 7Fe DMEM #4224 h -5<F
wjeksla FBS7F H7FE A ¢ DMEM HiX| =2 24 h
&<k starvation AJZ k. 2 % 15 mJ/em®e] UVBE %
AFskal FBSS} phenol red”t 3854] ¢-2 DMEM HlA]
of 2t =¥ FAFEES F7ekaL 72 h st F71 vl
¥} At} Normal Fibroblast2] HjoFo] £t & njofdl s

3430 bradford assay WH el whet D AS AEF
g ¥ SDS-PAGES 1 sk3itt. W79s § s

5
k3

gelolll PVDF membrane 2.2 transferdt ¥ 1%} anti-

body$} 22} antibodyE ©]&3to] ©HAS wA|sI

X-ray 5ol 73ste] gz vty Yo & #4549

2.7. Wetd gh2F ZAK(Secreted Melanin assay)

datbd JA AlxF9] el BI6F1 melanomas 1
% penicillin-streptomycin® 10 % Fetal bovine serum
< 3233t Dulbecco’s modified essential mediumS- ©]-%-
3ko] 37 C, 5 % CO, incubatorol| A ¥lFat3ich 5 nM2]
@ -MSH (Melanocyte stimulating hormone) &} 3] A
BE WAl R A]sto] 48 h §F F7t vjtst
%It}. Secreted melanin assayi= Bhatnagar, V., et al
WS MAste] #FaekglvH19]. FEES A2letal 48 h
&}k wjeko] Tk & A& 3|5rate] 10,000 rpmeof| A
10 min?+ G2 5 45NS 96well plateel &7
microplate reader (Perkin Elmer, USA)E ©]-&3}] 405
nmolA FFTE FH3AT)

2.8. EIO|ZA|LtH| &iZF Z=AKZymography)
Tyrosinase zymography + Kim, K.S., et al 9] W<
WHEgstol FaskicH20]. 552 A8kl 48 h &<t
o] wi%F § RIPA bufferg ©]-8-3k] cell& lysis 3kt
Bradford assayE %3l 4 -mercaptoethanols 3 715HA]
%2 laemmli sample buffers ©]&3 @ ARS 75
FAsHA BT S-S rHdehe S sl
8 % SDS-PAGE (Sodium Dodecyl Sulfate Poly Acrylamide
Gel Electrophoresis) & 3F $-°] gel2 0.1 M SPB (Sodium
phosphate buffer, pH 6.8) 2 30 min &<} shaking sHAA]
equilibration s3It ¥ W] equilibrations F71=E
HEE- 8 30 staining= 5 mM L-DOPAE SPBe] ¢
37 CollA 2k 1 h &<k EAlo] vepd wj7h+] A 7T
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Table 1. Total Polyphenol of the Etanol Extract from
Yuza By-product

Total polyphenol
(mg G.A equivalents/g d.w)

Seed EtOH extract 1091 + 0.12
Pericarp EtOH extract 3453 = 0.37
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Figure 1. Protection effects of the citron extracts on cell
damage induced by UVB (MTT assay).
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A} FAHE-2] phenolic compounds«] % 32 Table 1
¥ Aok A FEEThRE %3] FEell4 phenolic com-
pounds T-3=9] AJito] ThEF -7—%5] 3lt}. DPPH assay®ll
o)k A AapollA Arett]Zd A HoluA] ¢
O Al Ae]E4d-S 7141+ phenol 7322 A&
& 7% Total phenol assay X+ &37F Sl &

9k

i

3.2. XkIM(UvB)oll oSt M= &4 3|55 0t

2ol el ost AaE &4 88 GarkE dotry] 99
29 AL & A3 X %"% Z
FEE 2%7H0.001 ~ 001 % FEo1A }Wﬂoﬂ 4
AEZ APES AT B9 2859 A5 001 %
FLolM tEF 15 %9 AE &4 8 gt S B
Ak WA FEEY] A AEAPE S WAA Y=
aol Jom, 3 FEE] A vAS AE S &
o

o] 9= o7 AlgATHFigure 1).
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Figure 2. Anti-inflammatory activity of citron extracts on
UVB-induced TNF-«.

33 E3Y AOIETFtl AXM| =3t

HaCaT-keratinocyte®] A2]AS ZARSE & A8 &
SRR AEshal 24 h 2t v
sto] AFA AlIETRIS -
TNF-a 84S 2F30 %35 247+ 3S & & Qlth
] F2EE2] ZA9E 5% dependantdH] 46 %714 Zo]
5] dexamethson®.t} O] =2 &52 HAHFigure 2).
upebA] 2 FAHE EE 0,001 0005 0.01 % s=elA
ko) del o=l Hu7E SUbEE A5 Y Akl BRI
(pro-inflammatory cytokine) Q! TNF- ¢« & FH]E &9
T a7 d5s &

3.4. Collagenglhsd ztzd THEHEAL 85
MMPs+ matrix components #3fol Q3 g
aﬂr £3] MMP—I% collagenase-1°]2}al % & colla-
n wale] Fo dAlow dulA vy 1HEE #xt
4 Z50] MMP-19] H# &3S Fo5=x glich
Normal FibroblastE 6 well plate©l] 24 h wj%3s}a. FBS
7} Z3HEA] 942 DMEMOZ 24 h starvations il
UVBE 15 mJ/cm® ZAFSISITE 72 h 7 kst
W% = 3]=8}o] western blot WS o] &3 MMP-12
DAGFS st A3 FAbe] ob=F 23Eo] Qlrka
e s} gl2do] 5 uMa} 10 uMellA] MMP-1
o ko] ot AS B 4 9l 53] dAd
Y E-& Ascorbic acid®.th Hold &3S R} mhxk
ZTHA R AR A, 2] FEE 0.0025 %. 0.005 %9
FEoAE MMP-12] &3l gko] 7HA4sd= AL &l o
T lom 53] 73] FEENA Hold a7E Bt
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+UVE (3120m, 15m)/cm®)
Hesperetin Hesperidin Limonin
SUM 10pM SpM 10pM SpM 10pM

MMP-1 . . Seed Shell Pericarp
VATV AS G025% 0.005% 0.0025% 0.005% 0.0025% 0.005%

Figure 3. Effect of citron extracts on the production of
MMP-1. AS : Ascorbic acid 25 uM.

+UVE (312nm, 15mJ/cm?)
Seed Pericarp
UV +UV As 1 2 3 1 2 3

collagen b‘ ——

B-Actin

1:0.0005% 2:0.001%  3:0.005%

Figure 4. Collagen synthesis effect by citron extracts after
UVB irradiation. AS : Ascorbic acid 25 yM.
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(Figure 3). 22 “ﬁ ©=F collagen A
MMP-1 T2 -9 A g} sojofa &5
O} collagen /3= H5 Ao

loading®¥e] ZFolell sl st Aas
T o] A9

=
THIE F7ksHe 2

Nlm r_Q

Foi' o

%% ]’\1 ’\]EPJ

olst7] of
2T I} Z7)Ek) U}ﬂ- collagen®]
S ¥l & 4 QIS

35. 2H|E detd szl £

B16F1 melanoma celll @ -MSH®} €7 A|2E x|
of #% HE Asto] 48 h &<t F7F wikste] wuld
Aophd ke S A3 fA 225 0.01 0.02 %
SEeA @-MSHe 9gk Al f )8 ko] o]}

Ao A 4TS & Tk 53], 0.02 %2 sEelA
X729 kojic acidRtF £ S LERYSITE nfEbA
A FakE F Al Ao FEES depd FHE A
sh= ZE gt njulgdo] Qli= Ao ® AbREtH(Figure 5).
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3.6. EJO|2A|LIO}A| gtsdzt =X

SDS-PAGEE F&ll gel ol AlE W] tyrosinase”}
L-DOPA$} RH-3-8}] staining ¥ ] WEF= tyrosinase
zymography Az}, A} FAHES A2 $t %9 tyrosinase
o wHglo] & Z o7 A}, wEbA FAb BAES
X}iﬂ"* 9l tyrosinase?] &L AAA 7= G117} 9SS
& 5 SUtH(Figure 6).
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Figure 5. The Down-regulation of secreted melanin by citron
extracts.

- + B00pAL SuM S0pM SuM S0pM
Kojic acid Limonin Hesperidin
+ a-MSH 5nM
- + S00pM 0.01 0.02 %% 0.01 0.02 %%
Kojic acid Pericarp Seed
+ a-MSH 5nM

Figure 6. Staining of tyrosinase on electrophoresis by
L-DOPA.

®ATE AR Az Al H7)E = FAkEo] dAks)
3t g v S A EA S Y s A
2] kol 7] $]3}] total phenol assay, MTT (A}F£]4d o]
ot M &4 315), A (TNF-a), A4 collagen
A, MMPs 2 oA a3}, wr)E dehd oA 9l Elo]
ZAobA] Al gatel] sl dobriizt xlsgw i),
A% EAF 2743 hesperidin, hesperetin, limonin®] &
= wEfEl ARt FAMES] FEE] F a9 ¢
Tttt ol fF FakE U o A &4l oSt
AoF o =3t 2 9lom FkE A WEA tfat 24 1l
ais 1640] ;(]611 Zo]l:]_ U}A}Q, Jq_JJrE ﬁg } ] _'4

total phenolic assaylA FAF F-Ate 5 39 F5&
30.53 + 0.37 (mg G.A equivalents/g d.w)2] ¥ phe-
nolic compound ¥H-f%2 LebISlth 39 &3 53
A FAHE B5 UV-induced pro-inflammatory cytokines
I TNF-e & 40 % ©1’ 9950 &zl as°] A

o Helom 2ol def oJst AlaE &l oisl e st

Mo r01'
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