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Whitening Effect of the Extracts from
Juglans mandshurica
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Abstract Juglans mandshurica belongs to the family Juglandaceae is known to contain a wide range of pharmacological

activities including anti-cancer, anti-inflammation, astringent, and anti-human immunodeficiency virus-type 1 (HIV-1).
Melanogenesis refers to the biosynthesis of melanin pigment in melanocytes. In this study, to investigate the
whitening activity of the extracts from Juglans mandshurica, we measured effects on a tyrosinase activity, a
melanogenesis, and a tyrosinase synthesis in the B16/BL6 melanoma cells and an antioxidant activity. The extracts
significantly scavenged a 1,1-diphenyi-2-picrylhydrazyl (DPPH) and a superoxide anion radicals in a dose-dependent
manner with a SCs value of 20 pg/mL and 25 ug/mlL, respectively. Also, the tyrosinase activity and melanogenesis
were significantly inhibited by the extracts. Furthermore, the synthesis of tyrosinase protein was significantly decreased
by the extracts in enzyme-linked immunosorbent assay. Double blind study on the clinical efficacy of a cream containing
2% of the extracts showed that the extracts have a significant skin whitening effect. Therefore, this study
demonstrates that the extracts from Juglans mandshurica may be useful as a potential agent for skin whitening.
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24 PEPeAlo]E (melanocyte)] Beld2A] (melanosome)
ke A7|#o A DA (cascade) EAHRE-0 o3l A
Hr} [6]. A} AL A= 7P & X P
b ALre dehealolEd dehd 3T, AEAllE
(keratinocyte) 2 o8 WepdAA Y] 43 11 ek, EA)
FAel m} Qg whe} mRao] o7k v RAeg &
A Ut [7]. Depd e o7 SF o2 RE AFAEZE B
SafFe qEe AT Aol =2 9 g5 =312 U3
AE)71s0] oA =A dipdo] 4802 ks
HA 95 e FA&Eo] Jin|, F2] B ohkst
ArAZS YA AsHAlE F5GE fde Aes
A STt 8]
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[11], hydroquinone [12] 5ol T3l olFA sEE Lol
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e S aEste] HAES o] 83 vy} gt
3] o]Fo|A|ar Utk [13,14].

£ Aelxe 71U 259 EJZAUA (tyrosinase)
A3 244, depd A dA g9 9 El2A YA 34 A
3 AaE FAsta, o] FEEL IHse AFY d4A
FE AAet m s A2 A 7FsAde] A
EAE HESATh
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£ A3 A}-8-3 7= Juglans mandshurica
Maximowicz®] T Z & FA1E Ul9] dtek Az ol
A Fste] ARtk AxE JHuR-g 245k 70%
NESE &F FE31] AsE 4 sA0RT F 1 &
Z-& dimethyl sulfoxide (DMS0)ol| 315} AM&31Th

M E vl AL Eagle’s minimum essential medium
(EMEM), penicillin-streptomycin, phosphate buffered saline
(PBS) ¥ fetal bovine serum (FBS)E LonzaA} (Basel,
Switzerland) AIF-S TR 3-(4,5-dimethy-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT), DMSO, 1,1-
diphenyl-2-picrylhydrazyl (DPPH), vitamin C, 3-z-butyl-
4-hydroxy anisole (BHA), bovine serum albumin (BSA) =
nitroblue tetrazolium (NBT)< Sigma-AldrichA} (St. Louis,
Mo, USA)oll A Zkzy Fdsted Abgetdnt o 9 AT
of ARSE 8vl B Aok g B B Aok 73t

ARE-BEAH
Mi=Zui2t

B Agol A3 AXe vl Heker) (melanoma)
A EZF20 B16/BL6ZA] 32 M X238 (Seoul, Korea).2
2HE Fgtol A3

B16/BL6 d&lcr} AM¥E= EMEM HjA]o) 10% FBS,
1% penicillin-streptomycing 7}t 37C, 5% CO.Z27
st X widstich

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
2 &3t 3™

Free radical®] 27 Z&-& Blois [15]7} AH&-§F BPA-&
okzt W@ ste] z+ A|29) DPPH radicalol] o3& &7
H53E =Xt 0.1 mM DPPH methanol §9Ro)| &k
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104 B2t WHEAIHTE ©]& micro plate reader (ELx800,
BioTek Instruments, Winooski, VT, USA)S- ©]-&3}4] 565 nm
X FBEE SGSATh ASE VKA @& dx2aF

3} H]w3led DPPH radical®] AAEAES HEEE VERY
et ok dFZ 120 ZE vitamin CS ARSI Y, %
W2 2]2]ata] DPPH radical 2 50% AASR= F% (SCso)
g T3l Alset 84S Hluskn

=Mz 20l2 2|2 (Superoxide anion radical)
27| Szt £

24K} gole #rjzte] AAHZR-S Furuno 5 [16]9)
PHol w2} ZF A)5.9] xanthine-xanthine oxidase system
o AAE A ol S sk aXE
Z2319th 0.05 M NayCO; bufferol] 3mM xanthine, 3 mM
EDTA, 0.72 mM NBT, 0.15% BSA £33} A &85 Z}z}
el &3 The, 25CllA 1087 vh&sikrk 1 %
7} tube®l xanthine oxidase (0.25 U/mL) §4-8 7}sl
25°CollA] 3087k ¥E&3F & 565 nmollA] =S S48
act A 8E YA @2 tE21E Hlaste) 2418
Sol2 S 2AFEE WEEE eG4 tix
1F0 2= BHAE AHE3I9lon, FdE Asle] 24t
3} Fol2 HUZE 50% 27shs T (SCs)E 731
A9} E4L vwEHHTh
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M= M=g 59

AEEALS MIT AokS o83t AE AEEE 54
3= Mosmann [17]¢] WS W&l SAHSITE 96-well
plate®]] B16/BL6 Raker} AEZ 2 x 10* cells/well 52
HES F 7 welloll A5E Tt CO, vl Y7 10lA 244
Zr wjFEttE MTT &9 (5 pg/mL)S F718kaL 4AF &
QAR 3l F5AS AASIIL 100 pl acid-isopropanol
(0.04 N HCI in isopropanol)& 3713t & 2409 formazan
o] 85 T2 3} micro plate reader (USA)Z 565 nmel|
A F3EE 43 d21EH vkt

M= El2AIHH #Y Mel &2t 53

AEY ElZANA As) 42 Matinez-Esparza [18]9]
WS A A 243 6-well platedl] 5 x 10° cells/
well 2 MES B3l 3k Ft Wit F AIRE AT
SHATE 48417 W ¥, AEE SRS 1% (W/V)
Triton X-1002 -3+ 0.1 M sodium phosphate buffer
(pH 6.5)Z 100 uL 713} 83l8lith 1 & A4liEesie
DL AN E|ZAVA 47 g Grkol o]-gstaL,
cell pellet-e Hehd Aol &3k th 96-well plate©l]
AE A & Ao AFd 40 uLE BF331 0.2 pg/mL
3 ,4-hydroxyphenylalamine (DOPA)7} 37} 0.1 M sodium
phosphate buffer (pH 6.5)5 200 uL? ¥ i1 37 Col|A] 1A]
Zr v TR 490 nmelld FREE SAS AT 2F e
2 33] o)t Atk
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E|ZAIA] 848 S48k 3004 A& pelletol] 10%
DMSOE 7% 1 N NaOH £ 100 uL} 5575 200 pL
£ 718IaL 60CollA] 1A17 vidsle] dapde 9hA3] 23
A2 F 405 nmollX FHEE S8k Rapd gL
A depd s AMgsle] AAE BF AR e,
AEIF] Behd %2 tizage) depd o gk o
&2 ARt daphd e 7} wellol X 2331 o
A FTE 7|FO2E ugmg protein®E X 715IFTk

E|2A|LA]| & X8l &at 53

EjZAVA] 9% 2L Fuller 5 [19]°] A3 enzyme-
linked immunosorbent assay (ELISA) %8 k7t ¥}
o AABIATE 96-well plateol] 1 x 10* cells/well 2 HES
Tl o7 Bt Bijdst T A'E st 24470
st &, MEE 3-8k 1% (W/V) Triton X-100-&
&3 0.1 M sodium phosphate buffer (pH 6.5)S 75 pL2
7hled 8317 F AAResle] AL Asae g
Al FF SAl AHE3IATE 96-well plated] A =)
F AL 35 75 UL FH coating buffer (0.159%
Na,COs, 0.293% NaHCO;, 0.02% NaNs, pH 9.6)2 Ztz}
BB 4TN 24417 L HREAIATE 7 welle] S
=2 AA & F A28 954 (wash buffer)2 A2 74
< 33] REESITE 7} wellol] 3% BSAS &hirak 24 gt
SAE ¥ 37ColA 241 B whEAATE Z wellS
AHE SSAR 33 A3 F 24 e s49 13} 34
(anti-tyrosinase)E 150 pL4 3kl 904 B2 WA
o ZF well& AHE A5AR 33) AHF T Y w22
3]49 22} A (Goat anti-rabbit IgG conjugated horse
radish peroxidase)E 150 pL¥ BF3sla 90% =9t wkg
AAE 7 well & A28 AFAE 53] AHE & 7)1 g
< 150 pLA B8543 4087 §RSAATE e A=) gl
< 50 pLA 231 308 el micro plate reader (USA)S
o83l 490 nmoA FFE=E ZAsH)

e

SHULEE £ AlEe oYy 2t ot

THIGE FE2EE 2% 73 2 AR tis v
= NP7 209 VGO E Ty 22E 237}
Y AE 2AFLZ 314 o|F WA (double-blind
test) 2.2 H7F3IGATE FAIHAR= 25415E] 55419 IS
o2 7158E a4 B} rlol=akle HAg
A Al wet Agsigok JAERe) HE age
3554101027, A4 22} (1.0 minimum erythemal dose
(MED))& $I3+ 13] ZA} B (m)/em?)-& FH 29.80|%)
o} FAIEAL] 5ol 1,000 W xenon arc lamp7t A2 <l
& A2) WE7] (Oriel solar UV simulator 91294, Oriel

Instrument, Stratford, CT, USA)E 1 MED?Y] 3|g3sl=
Be] A4S 19 138 F 3U7E ZARINTE A3
o] AAtEE iRt AL M ZAF 15U FRE] FRAME
A @R HZAFD AEAFES 35 284 F 853
SR AL AL R 15 (AEAME 09), 35F (Al
FARE 29, 55 (AIBARS 49, 77 (AFARE 6), 95
(AEALE 8575) A3 Fd) 24zt 4214 (Chromameter
CR-400, Konica Minolta, Tokyo, Japan)Z AF&-3}e] L', a,
b’ value HIE & 53] 3} v EAS BrisigTk
(L" : Lightness (L" = 0 yields black and L™ = 100 indicate
diffuse white), a : Green to red spectrum, b’ : Blue to
yellow spectrum).

A=Y A SAHRE]

BE ¥4 B + IFEEAE TRIeH, 4 7
7o) BAA 94 AL Student’s ttest2 3], pZlo]
0.05 PRt o) BAH o= Fosicty BastHh A%
AE 0143 71714 B71= SPSS 12.0 2139 paired
ttest2 A|FAIFEH tl2AEL ] FroAde AFsIEeH,
pike] 0.05 T w) SAIH o2 fFolsitia Aalgith
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DPPH radical &+ &a}

DPPH< free radical®] SHJH Zdg dhg =
BAE free radical®] A WRS-o] APES &4 5= a1, A
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Fig. 1. Scavenging effects of the extracts from Juglans
mandshurica on DPPH radical. 0.1 mM DPPH solution
in methanol was gently mixed with an aliquot of the
extracts for 10 min and the absorbance was measured
at 565 nm. The results were expressed as the average
of triplicate experiments with S.D. The SCsp of vitamin
C, a positive control, showed 11 ug/mL. * p < 0.05
compared with control.
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d ugaE ﬂ*é ]- ﬂrﬂo} 7] wjiol] &
= % A3
7R %%“4 Satel a9E dolr 7] 943 DPPH

£ olgsl g4ibsl FE-S STt VR FEE
& Bo Fr 9202 DPPH radical &A% L}E}K‘i

o} (Fig. 1) %, 7FIUE 282 10, 100, 1,000 pug/mL
9 e g 4SS 247ke] DPPH radical £H%E
40%, 70%, 90%= YERGTh 9 tix 1§02 s}
Zg-o] $8F Aow AR vitamin CE o838k 7}
LP? F2Eo] sl avel nlwstgrt. 1 2% vitamin

£ 11 pg/mLolA 7y 3282 20 pg/mLolA] 22t
DPPH radical- 2 50% AASHATE & A3oxes 7levy-
F259] free radical 2AHEI7} & A2 vlEM Coll
HAAA b= wlg- s a8 7Xe AoE HEHTh

=3t 0|2 alclg &7 &7

Z213} 2ol grjbe] ARl 2AkE) Lol g
Z+ 2~AZMET) xanthine oxidased] &4 %}/‘4 Aol <l5)
yehdoha geix ik [20]. 5§ oo WE Tkt FR
o] ABAE % FEE 93 gaks) Z}Quol H31E]o] 9]
o} [21,22]. WA TRV F5259) 13l ads o}
37] %3] xanthine/xanthine oxidaseol 2J3] YA == FAF
3t S0l o] AA%S S TR 285
9] xanthine oxidase®] 2|3} A== 24k8) ol
Zre} 2A AP Fig. 20] UERRSICH

120

Superoxide radical scavenging acivity (% of control)

control BHA 10 100 1000

Conc.of J. mandshurica (ugfmi}

Fig. 2. Scavenging effects of the extracts from Juglans
mandshurica on superoxide anion radicals. Superoxide
anion radicals were generated by a xanthine/xanthine
oxidase system and measured by NBT reduction
method as described in the Materials and Methods.
The results were expressed as the average of triplicate
experiments with S.D. The SCs of BHA, a positive
control, showed 32 pg/mL. * p < 0.05 compared with
control.
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2418} Fole BT AARNE v 11 A 7))
L —%%%% o] BE FHoE 248 Fol2 gy
7 2ARE-S VERY 10, 100, 1,000 pg/mLA 52 A
g+ 73 W—M Z418} Fole HriZ AT 30%, 70%,
90%5 uEP«*C% SFA thZT1E-Q] BHAE 32 pg/mLolA
TRV 25 25 pg/mLolA ZH 2443} Sol& g
Yqzhe 50% AT 4719 292 2 W 7kt
%" &+ tﬂd_rli"l BHAEK} T 228} FolR
Aoz yeATh

MIZLH EIZALH] 8 Al =3t

H2A Al deld 34 Fgo0M SRaP9AR] &

7] kgl Bshe Faolm dapd 9] Fag 2H
2 gAS JEhE 842 HZAE DOPAR 3kl
tyrosine hydroxylase /3 DOPAE DOPAquinone 2.5
2k8l8lE DOPA oxidase B438 71413 itk [6]. 7HAUS
F2E0| A EZAIVA 84 Al aRE S 23
- ojEHo T E]gz\]q;q],] HAE Al AR v
Wk (Fig. 3). &, 7FhUE $28-8 30, 100, 300 pg/mL
o] F&= x%al A EEALA %f‘* Asll= 217} 15%,
30%, 40%2 VERRTE F4 HEIFCE ARE 9Rd
(400 pg/mL)ET} o e sxoA v A3E Hels
o 4 Stk

Tyrosinase activity (% for control)

Ctrt 30 100 300 Arbutin

Conc. of J. mandshurica {ug/ml}

Fig. 3. Effects of the extracts from Juglans mandshurica on
the activity of tyrosinase. The lysates of B16/BL6
melanoma cells containing tyrosinase were incubated
with DOPA for 1 h. Tyrosinase activity was measured
as described in the Material and Methods. The results
were expressed as the average of triplicate experiments
with S.D. The inhibitory effects of arbutin, a positive
control, showed 40 + 5% at concentration of 400 pg/mL.
* p < 0.05 compared with control.
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300 pg/mLe] =2 bzt 2jgshar 48417 vkt ohe
dzhd AgeRe: 4319 Fig. 404 B nle} o] A
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Fig. 4. Inhibitory effects of the extracts from Juglans mandshurica
on the melanin synthesis in B16/ BL6 melanoma cells.
The cells were cultured in the presence of the extracts
at concentration of 30, 100, 300 ug/mL for 48 h. The
concentration of arbutin was 400 yg/mL. The determination
of melanin content (m) was measured as described in the
Materials and Methods. Cell cytotoxicity was measured
by the MTT assay (@). The viability of cells was expressed
as a percentage. The results were expressed as the
average of triplicate experiments with S.D.

* p < 0.05 compared with control.
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i o HEAIVA S S8tk Fig. 5914
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o2 Hol HEA AL depd Aol #oldke Fa3
402 2A85E & 4 Stk ol2g AM2 Englaro [23]
Fol Hug @7 YAIske ARdolk

wepd FlibR 3582 Wepd A3 299 upstream
of Ag3He BZAA Sulde] B4 AsFoEA,
downstream .29} 23S A Aslo B16/BL6 HEkcw}
A BZAA 2 Wepd B4 oA Estel] HHFos
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Fig. 5. Inhibitory effects of the extracts from Juglans mandshurica
on the tyrosinase synthesis in B16/BL6 melanoma cells.
The cells were cultured in the presence of the extracts
at concentration of 30, 100, 300 pg/mL for 24 h. The
tyrosinase synthesis was determined by the ELISA as
detailed under the Materials and Methods. The results
were expressed as the average of triplicate experiments
with S.D. * p < 0.05 compared with control.
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Fig 6. The whitening effect of the extracts from Juglans mandshurica.
The placebo cream without and the test cream with 2%
of the extracts were used for 8 weeks. The change in skin
brightness (AL value) was measured by Chromameter
as detailed under the Materials and Methods. The results
were expressed as the mean + S.D. (n=5). * p < 0.05
compared with placebo.
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