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Abstract: Deficiency of collagen regeneration, denaturalization of fibers, increased melanin synthesis and reactive
oxygen species are important factors inducing deterioration of healthy skin function. They induce freckles and de-
crease in skin elasticity. Vitamin C, vitamin A and their derivatives have been used as cosmetic ingredients for im-
provement of these problems but they have various problems. We have been developing the various derivatives of
these ingredients. In this study, we investigated whitening effect of 3-o-cetyl-L-ascorbic acid (VCCE), a new vita-
min C derivative. The VCCE inhibited melanogenesis in a dose dependent manner(44 % at 20 ug/mL) and ty-
rosinase expression. For 8 weeks, we also investigated skin brightening effect of VCCE on pigmented spots in UV-ir-
radiated human skin. In results, VCCE showed a statistically significant skin whitening effect by mechanical and vis-
ual evaluation. Taken together, our findings suggest that the VCCE has potential benefits as an active ingredient
for whitening cosmetics.
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S| 2 2 5E] 18 mouse melanoma (BI6F10)
MXEE 10 % fetal bovine serum (FBS), 1 % penicillin-
streptomycing 47}t Dulbecco’s Modified Eagle’s
Medium (DMEM) 2.2 10 cm cell culture dish®ll 10 mL
o] WA= 37 T, 5 % CO; w7 AEZ} 70 ~ 80
% confluency”} B =% wjFsith wiA= dFdel F
WA Zol=11, confluency®ll E23F A|¥+E= trypsin-
EDTAE AF&3F9 trypsinizationdt 3 At wjokste] &
2 gty Aok & 3- ¢ —cetyl-L-ascorbic acid (VCCE)
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£ 43 NIKKO chemicalAFZ 5B A9k ow [ -as-
corbic acid®} MTT (Sigma-aldrich, USA), trypsin-
EDTA (Invitrogen, USA), DPBS (WelGENE, Korea),
tyrosinase 2} actin &4 (Santa Cruz Biotechnology, USA),
protein Assay solution (BIO-RAD, CA, USA) #|Z&
AHE-3FSI T
22. NEZ=HM=H

Mouse melanoma (B16F10) A|XE 10 % fetal bo-
vine serum (FBS), 1 % penicillin-streptomycine 37}
3} Dulbecco’s Modified Eagle’s Medium (DMEM) 2.2
37 C. 5 % CO, vijF7]ellA wiekstet vieFE mouse
melanoma AXZE  96-multiwell plate] 2+2F 1 x 10*
cells/well= &3t 24 h v kst vkl Alae] wj
A5 2 % FBS WA= wAetal 2kt AR E A v%
Az wile] s]AMste] Mgt $ 48 h F<F COp incu-
batorof|A Bkttt ko] Tt A3l PBS (phosphate
buffered saline)°ll &3t MTT stock &4 (5 mg/mL)
< vl wlx] Fajo HFA R 1/108 Al H7hste] 37
CollA 4 h REGAIZITE BEg 5 i F s H& Al AL
7k} wellell DMSO 200 ulL. & 3 7Fske] Al ZeoflA A4
¥l MTT-formazan A AE €327 § ELISA reader
(Molecular devices, USA) % 540 nmolX 5355 574
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Mouse melanoma (B16F10) M35 10 % fetal bovine
serum (FBS), 1 % penicillin-streptomycine 3 7}st
Dulbecco’s Modified Eagle’'s Medium (DMEM) ®jA| =
6 well-plate®] well'd 1 x 10° cells/mL2 #E3 3 37
T. 5 % CO; stollA AT well vFEe] <k 80 % o]/
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KN
=
FHEE stk wi AL 94 29

490 nmel|A] S
dehd s Tebr] flske] Sl el skl 7t



3-0-Cetyl-L-Ascorbic Acid®] ®|® 7§41 &z} 93

7t ol thetol MTT assayE Fasto] AlE 44 =
7 dehd S TSIt

2.4. Western Blot Analysis

Z}23 o] A2 E 48 h 2|3t B16 melanoma A& ly-
sis buffer (20 mM Tris, pH 7.4, 150 mM NaCl, 1 mM
EDTA, 1 mM B -glycerolphosphate, 1 mM NasVO,, 1
mg/mL leupeptin, 1 mM PMSF)Z £33t 944 &
SFGATE o] 7]e A B2 FFHE 12 % SDS-PAGEE ©]
|3 A7k E2lskal ©]E& nitrocellulose mem-
brane (0.2 mm, Amersharm, Arington Heights, IL, USA)
2 o]AAIHY. Membranes 5 % skim milk %
TBS-TE ©]&3}°] blocking3dt & 1z} 4 2%} &5 vt
2 A AT BFe 3 ECL™ Western Blotting Detection
Reagents (Amersham, UK) & ©]-8-3}o] s}shitg & b
Are el
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u) 2 7HH 23 52t B7HE flsko] 2279 HAAE
Ao g7 HA Fuleke JAsk Tof ol MA AHzS
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3-0O-cetyl-L-ascorbic acid
(VCCE)
Figure 1. Chemical structure of 3-o-cetyl-L-ascorbic acid
(VCCE).
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3.1. VCCEQ| = ¥ M=Z=Y =X A3t

MZL BEP C F-EA41Q1 3- 0 —cetyl-L-ascorbic acid
(VCCE) 9] &}sta] 432 542 vlekl Co] 394 4
2719 cetyl7]7} ether A3S 3 FFo|tH(Figure 1).
HIER C&} thE %4 545 Hol= VCCES in vitro
e g3= grtelr] 943]'04 UAA O 2 AE A&
Ao 7|%] ¢k= VCCEY] s WSE B71sk3it) BI6F10
mouse melanoma A 3ol "413} o] % Wgle] W
VCCE®} ascorbic acid®] MAESAHS H7hst A3, 20
pg/mL °]ste] FE M Al MEBEEC] 95 % oL
2 AEATO] §laS GRISHIAINE 21 0]78] oA
= AlZ AEEo] AstE th(Figure 2). o] $h AlZ =
A AyE vRCRE o] in vitro A A E FHu
20 pug/mL E=7HA] Aglste] VCCES m# 734 &%
H7He AAlEdTh

32. M= L "epd Mehkd XMof =1t

VCCE® #ehd el vx= JaFs H7hghozm
uje ) G35 dotr 7] $18ked B16F10 mouse mel-
anoma A|3EE o]g3ate] Hebd A oA s 54
stk Ao VCCEE s=™EE 5, 10, 20 ug/mLS
gstal A2 E FYste] depd s ST A, v
o)A o dAehd Mol Holl 20 pug/mLellAl  oF 44
% epd Aol AAES & USTE AiFo®
Aoz 0 2 AFE-8F ascorbic acidi= 20 ug/mLollA oF
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Figure 2. Cell viability of 3-o-cetyl-L-ascorbic acid
(VCCE) and ascorbic acid. BI6F10 mouse melanoma cells
were treated with various concentrations and cell viability
measured by MTT assay described in Materials and
Methods. The results are represented as mean standard
deviation (SD) of three independent experiments. Bars
represent the mean + S. D. *0.01 { p < 0.05, **0.005 { p
< 0.01 versus control.
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Figure 3. The effect of 3-o-cetyl-L-ascorbic acid (VCCE)
and ascorbic acid on melanin production in B16 mouse
melanoma cells. B16 melanoma cell treated with melaniza-
tion inducer (0.2 uM «@-MSH, 2 mM theophylline) for
melanin synthesis. B16 melanoma cells were treated with
indicated concentration and compared with arbutin. The
results are represented as mean standard deviation (SD)
of three independent experiments. Bars represent the
mean £ S. D. *0.01 { p < 0.05, **0.005 < p < 0.01 versus
control.
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Figure 4. Inhibtion of tyrosinase by 3-o-cetyl-L-ascorbic
acid (VCCE) and ascorbic acid in B16 mouse melanoma
cells. B16 melanoma cell treated with melanization inducer
(0.2 uM @ -MSH, 2 mM theophylline) for tyrosinase ex-
pression. Cells were lysed in lysis buffer and subjected to
Western blot for the detection of tyrosinase expression as
described in Materials and Methods. B16 melanoma cells
were treated with indicated concentration and compared
with arbutin. Western blot bands were subjected to densi-
tometric scanning using the Scion image NIH image
software. The results are represented as mean standard
deviation (SD) of three independent experiments. Bars
represent the mean + S. D. *p < 0.01 versus control.

39 % Aehd s A aFE {523 Y A S
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3- 0 cetyl-L-ascorbic acid (VCCE)9] uj¥! g3}=
S8zl $18te] melanocyte®] Wepd /el QlojA
tyrosineS dopa®} dopaquinonel. 2 HAZAATE= F2
3t 22 dAlo] BoJdh= tyrosinase?] BE A av=
ZAaTE, VCCESF 94 tlZ++¢] ascorbic acidE ]
2t Az Ax) dMAS dof tyrosinase FAE o1&
sto] western blots 333ttt A3 A3} VCCES) &
At 2] ascorbic acide BEbd AJAd ol #ofdh= ty-
rosinase &S §-9)3 o7 A tHFigure 4).

3.4. VCCEE
k=t

In vitro A& A 3- 0 —cetyl-L-ascorbic acid (VCCE)

9] tyrosinase & W debd A9 oA aIrF AAA

o7 Abgh 952 ujdl A 58 FEA] gl

ol

[Ret S2lo| Kot Wtol /5 0] HA

—



3-0O-Cetyl-L-Ascorbic Acid®] w]® 7§ &3} 95

AD1 =4 -0weeks
AD2=6-0weeks
AD3=8—-0weeks

-0.4

Delta visible score

I Placcho
I AVCCE Cream H

Figure 5. Whitenig effect of cream containing 3-o-ce-
tyl-L-ascorbic acid (VCCE) by visual evaluation. we in-
vestigated skin bright value during 8 weeks after in-
duction of pigmentation in human skin from UV irradi-
ation as described in Materials and Methods. The results
are expressed as *p < 0.05 versus placebo.
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AlAAES o ® A Z F-231o] VCCES X33
sPgE el otk o2 shdm e Rk AelE
3o paired t-testZ E3l 95 % A7kl p  0.05%
Fo7d o5& gRlst A3 FAHoE f23h njH
a¥3= Ye 3o (Figure 5).
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3.5. VCCEE &=st
M =3t

et B7FE Tt SASTH LR F27F 3- 0 cetyl-
L -ascorbic acid (VCCE) 9] u|¥ 7| a3 d¥&E o=
gelsl7] 9ste] 71712 Hrtol| o3k vl A gy
ZAFsATh St F7F W Y8 VCCES 05 %
gl s sl tiste] QIAl A8 AlHS AAISHITh
2o Z/‘]'Oﬂ oJgt wpAu; Q1 A4 =7 A+,
ANE BEX 47, 67, 87 A F APAES o=
chromameter CR-400& ©]-&3fo] M4 Hzbg Hojo
W) MBS F 43 S5kl Baghe Aol Askt
VCCEE X3t shdwel Edahx] o2 3= 7149
H1 gk ZFolE paired t-testE B3l 95 % AF Tkl A
p C 0.05%Z oA 55 gRIst A7 % =3 85
5 BAA O R Fogt o] v g s JERSIT
(Figure 6).
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Figure 6. Whitenig effect of cream containing 3-o-ce-
tyl-L-ascorbic acid (VCCE) by mechanical evaluation. we
investigated skin bright value using chromameter CR-400
after induction of pigmentation in human skin from UV
irradiation as described in Materials and Methods. The re-
sults are expressed as *p < 0.05 versus placebo.
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