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3-O-cetyl-L-ascorbic acid (VCCE) 9] & /X3 ##%¥ F5 a3= H71skdtt VCCES in vitro A% A3} pro-
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shaith Ao R, VCCEx T8 MAdS Sg shdF 473024 52 8 7HAE #lAgitt

Abstract: Deficiency of collagen regeneration, denaturalization of elastic fibers, and promotion of reactive oxygen
species formation are important factors for deterioration of skin function. They induce wrinckle formation and de-
crease skin elasticity. Vitamin C and its derivatives have been used as cosmetic ingredients for anti-aging effects
but their chemical instability has been a major problem. In an attempt to develop a novel anti-aging agent with a
improved stability and bioactivity, the anti-wrinkle effect of 3-O-cetyl-L-ascorbic acid (VCCE), a new vitamin C
derivative, was investigated in this study. VCCE increased procollagen type-1 synthesis in a dose-dependent manner
(149 % at 0.002 %) in cultured fiboroblasts. Its potent anti-wrinkle effect was confirmed in vivo by analyzing human
skin replica by a visiometer and the PRIMOS system. It did not cause any irritation in human patch test. Taken
together, our findings suggest that the VCCE has potential benefits applicable to cosmetics for anti-wrinkle effects.
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3-O-cetyl-L-ascorbic acid (VCCE) 9 &5 73
t} ® 21319 A5l VCCEE procollagen peptide”} 7
A 02 foldingstA skt Tofshs AbolE Tz <]
3FQl heat shock rotein 47 (HSP47) 2] W ws =]
A E woE e Fee s ST EEE B

¥ 10]. webA 2 AT VCCE«] I 5 7N S

o

A% BgF AT FEANNL BAG &% - EHE 3
FFstsic

2 METE o Y

2.1, MEsHS 2 Alot

ATCC (USA)ZH-E] 7918+ CCD-1064sk AFgHAd-fof
MXEE 10 % fetal bovine serum (FBS), 1 % penicillin-
streptomycing % 7}3} Iscove’s modified Dulbeco’s me-
dium (IMDM) S & 37 C, 5 % CO, Bj7|o A M E7}
70 ~ 80 % confluency”} ¥ =5 vjeFsit} WX = A+
dof] F WA Zo}F31, confluencyol] EE3F A|EE=

thgkebdEetal A, Al 34 Al 4 F, 2008

trypsin-EDTAZS AM2-3}0 trypsinizationdt & Alth wjok
3fo]  FABE AJeFo & 3-O-cetyl-L-ascorbic  acid
(VCCE)+& ¥# NIKKO chemicalAb25-E] Al g8koke.
™ L-ascorbic acid, MTT, neutral red (NR), tyrosinase,
tyrosine> Sigma-aldrich (USA)A}, trypsin-EDTA:=
Invitrogen (USA)Al, DPBS+ WelGENE (Korea)A},
procollagen type I C-peptide EIA kit Takara (Japan)
A}, protein assay solutione BIO-RAD (Korea) Al A &S
AHE-3FA T
2.2. MIZEMEH
2.2.1. MTT Assay
ke ALk A-f-olAEE 96-well plateol] welld 1 x
10'709) AIEES #5813 5 % CO, 37 ColA 24 h &<t
wjjeksic} uﬂokﬂ AEZC] MAE 2 % FBS lX| 2 w4
31l Al E A & 24 h F<F CO; incubatoroll 4] Y
oFstt}, mjoko] £t Ao phosphate buffered saline
PBS)oﬂ §3llst MTT stock £-9(5 mg/mL) & M2
vl el 108 &1 skar, wiA]el 3]A€ MTT &5 A3
Z}z}e] wellell 100 uL& d7Fste] 37 CellA 4 h REGA]
ek 9 5wk e s AASkL Z2H2+e wellel] di-
methyl sulfoxide (DMSO)E 7}0}0% Qe F e S R
MTT formazan A& &3A1Z1 ¥ ELISA reader
(Molecular devices, USA) 2 formazan®] 3 %7F Hof
7} E& test filterd] 540 nme] ygelA ]l OD. @t
reference filter?l 630 nm 342 OD. #2 FH3t 1

o] kel W%Eg sielch s A¥be P + BT
A2FZE X758k Student’s t-test® EAZA /9943
(0.001 ¢ *p < 0,05, **p < 0.001)& st

2.2.2. NR Assay

ANRE AHstz wiko] B Aol neutral red
(Sigma-Aldrich, USA) 50 ug/mLE #7Fstal 3 h =<
HEAIZTE RES & s s AASH, AEE 1.0 %
formalin / 1.0 % CaClgE 2738 2 1.0 % acetic acid
/ 50 % ethanol solutione % 7}0}01 neutral red& %
8FIth %% neutral redE ELISA readerg ©]-835F%]
MTT assay 9} 22 o2 OD. @& S48l &34
S5 Teisith A Ao Bt + SEAAE 278
%3 Student’s t-test® FAA F24(0.001 < *p <
0.05, **p € 0.001)& TSIt
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2.3. Collagen sl &3
24 well-platee] welld 1 x 10°70¢] AFobAZE 5 %
COy, 37 CollA 24 h &<F wiFsteh vk vl o 34
A=2E AP 3tar 24 h e vk O 2 H-¥ procolla-
gen type I C-peptide EIA kit (MK101, Takara Bio Inc,,
Japan) & ol §-3to] ekl & ZYsgch Feka =
d kitel] 22 EEENS AR F 450 nmelA F3F
Hotol BF HE FAL A0, 2 HiA
oFS Bradford assay S 28] B
ozA el ‘%?ﬂ“%% skl A9 A=
+ %10 Student's t-test® F7
p < 0,05, **p € 0.001)& AT

2.4. VCCE ordM =0l Al

HPLC+ Water alliance system (Waters co., USA) &
o] &atqlth Al &8l 2478 Al¥S 7HA AL VCCES:
L-ascorbic acid©. 24 °F 5 mg TGS AHstA o}
olT4E Yol o] H&3] 50 mLE 3+ %, 10 min <t
Z5uE BAA7)AL 045 um A7) HE (MILLIPORE,
USA)Z o33ty VCCE®} L-ascorbic acid ZF%
oF 25 mgs U3HA Fot o]E el o] FEks] 50 mL
A gk o] of oF 10 mL-& &3] F3l olE’d= Eol
AesHA 50 mLE sl o]& HFAOZE 3} SAHL
Z}z2y 10 uLE 7HA 3L AA| Az etE T 28 S A A
dslst Ayt A& Fdst d6S AMgsiglen z4hzt
246 nm, 260 nmellAl STk, 247+e] o5 9 {7
< VCCE+ o]"ﬂEHEaE : HEZSto] ERFEE 1 04
% Uit E3FH(74 : 1) 1.0 mL/min, L-ascorbic
acid= 2.5 mM O‘lﬂ‘olff‘iﬁ'%‘(pH 2.5) 1.0 mL/min®]
o7 AAFRETH I wet At I3
H2 Ar W AsE SAS3I

VCCE (CpHiOn) 2] ®Hmg) = VOCE F5%9] oHmg % )

2.5. IF oMY B0l AlY

5 dxt A5g Frkehr] % A HE AEE
CTFA guideline®ll ¢¥zre] WEE Falo] AAssict
(111, zA7Fst Ad<l e 309 (FAk 159, o2k 15%) <]
A PFAE Yo R o spuel 1A JE AP
AT S A @A) A
T T 1 F-9lell AlE
24 h F] HAEAZTE 24 h

Olt

HAE 70 % ethanolZ 2
25 vFE test chamber®
o] test chamberE #| A3}

s
ﬂﬂﬂ oot

-101'

aL A= i) JEE MRS 7PEA ot AlAT H

. %7h= ICDRG®] &7

o] 4 h, 24 h, 48 ho] A¥%
7]l whet o AR o 2 HE AN Bt e ® st
Atk
Grade x No. of response x 100 x 1/3
Mean score =

3 (Maximum grade) x 30 (Total subjects)

Grade score

-++ 0 : No reaction

+-4+ 05 : Weak positive reaction (erythema)

+++ 1 : Moderate positive reaction (erythema)

+++ 2 : Strong positive reaction (erythema,
edema)

+++ 3 : Severe positive reaction (erythema,

edema, vesicles)

2.6. ZAHE XM=k 2 VisiometerE 0| &8t I|F
x| 24

A @A} 22 H& tF e VCCE 05 %E gHrohe
2ol skl FEANA Eatel v E-e BoESHI
S5 W SR 4F 85, 125 A9 F 2AR A4
visiometer (Skin-Visiometer SV600, Courage & Khazaka,
Germany) & °©]-8-38o] 2310t} Visiometerg ©] -3t
& parameter?] placebo®} VCCE I A|F2] Ha
S HA FE ¥FAE A7 - Rl: skin roughness,
F5e AFH o 5 AL Bkl 47 RIS T F
T2 5 FoA 7FE 2 Rl #F - R2: maximum
roughness, 5712 #&3sto] A2 R1 ke HA - R3:
average roughness, R4: smoothness depth, R5: arith-
metic average roughness® %< WslE #4319 4
7} 222 visiometerg ©]4-$t 75 parameter?! place-
bo} VCCE Z#A1#2] R1, R2, R3, R4, R5e]l gk 742}
] AR1, AR2, AR3, AR4, AR5 k& paired t-testE
&3l placebos} VCCE A®ANFE 112 f2ol/doli-5 7H4d
Bt A5 % (Fp € 0.05)Z IS

& ol0]

2.1. PRIMOSE o|8¢t I|#F& & % 3D 0[0|X| &4

A PAF 138-S t’d 22 VCCE 05 %-‘é— ke
A diste] FEMA Ao dst 858 Frekel
o A7 F 8FE st IRFES AR A A=
T7F FE5 F-9 ol th3}o] Phaseshift rapid in vivo meas-
urement of skin (PRIMOS, GFMesstechnik GmbH,
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Figure 1. Chemical structure of vitamin C (Figure 1A) and
VCCE (Figure 1B).
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Figure 2. Cell viability of vitamin C and VCCE. Cells were
treated with various concentrations and cell viability meas-
ured by MTT assay (Figure 1A) and NR assay (Figure 2B)
as described in Materials and Methods. All experiments were
done in triplicate. Bars represent the mean + S.D. 0.001 < *p
< 0.05, **p < 0.001 versus control.
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Figure 3. The effect of vitamin C and VCCE on the production
of pro-collagen type I in fibroblast cell lines. Cells were treated
with various concentrations of vitamin C and VCCE for 24 h.
All experiments were done in triplicate. Bars represent the
mean = SD. 0.001 < *p < 0.05, **p < 0.001 versus control.
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3.1. VCCEe 7= % M=E==SM &3 20

HEF C 3}8H4 % (Figure 1A) 9} T2 A Z-¢ ]
BVl C F24Q1 VCCES] 38h4] 43 542 Hlel C
o] 3HA G790 cetyl”?] 7} ether A= oF F-30]t}
(Figure 1B). HIE}Y] Co} U8 F+x4 5HE Hol=
VCCEZ} 3133 23205 AFSH S o ebd st &A1Y
< 1] flete]l ME 54 AIPOE MTT assay
(Figure 2A) % NR assay (Figure 2B) & o]&-3lo] =74
stk AbgRe] AfrolAl ol tiste] % Wsle] wpE
VCCES} HIEFYI Co| MlE=7d5 vlal F7Fs A3 0.05
% ~ 0.0005 %] "2l HelA VCCE= ICs kel 0.005
% ool e, vlEFT C2] ICs k2 2F 0.004 %= M)
Rl C =419l VCCEZF A5 0] nekshs 2¢l3}
Ak NEZEY AHANE ulgO R o]F AL A3 o
A= Fdl 0.002 %7k Aelste] VCCES] 5 71 &
s F7He AAEIT
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Table 2. Investigation of Skin Irritation by Patch Test

Test materials Mean score of skin irritation

Placebo cream 0.72 + 0.04
VCCE cream
05 %) 0.70 £ 0.05

Sample VCCE peak Vitamin C peak
area ratio area ratio
Period (% of STD) (% of STD)
0.500 0.500
STD (100.00) (100.00)
0d 0.499 + 0.002 0.489 = 0.002
as (99.96) (97.81)
204 0498 + 0,003 0440 + 0,001
ays (99.66) (83.08)
90 d 0.493 + 0.003 0.412 = 0.003
ays (98.73) (82.43)
0483 + 0,004 0367 + 0,002
180 days (96.53) (7343)
Condition VCCE Vitamin C
Prodigy ODS Prodigy ODS
Colum (46 mm x 250 mm, (4.6 mm x 250 mm,
5 um) 5 um)

74 025 11
Eluent (CHsCN : THF : 04 %
Phosphoric acid: v/v/v)

KHyPO4 2.5 mM
(pH 2.5)

Eluent speed

(mL/min) L0 L0

Injection

volume (uL) 10 10

Detector
wavelength 260 260
(nm)

3.2. In Vitro EP“ g &Y 23

VCCE®] 5 7N &7 F7HE fl8te] Akt Aot
AZE o] 83 }0% ZeHll Fdad APs AAsdh
HIER CE d2r o2 sto] A o el 34 vl
A3 A3 VCCEE 5% &30 7 0002 %7 et
A e Hd 149 % S7H71= ATE Ak 1Y
 HIEF Ci= 0.001 %ollA] 145 %°] Feba 57}
TS BHIAN H 1S oM Hadhs A9E
AAH(Figure 3).

pi

3.3, VCCES OINE Hlm AR Z3f

shdgel e vlEkY Co] F=A1Q1 VCCE d++9]
W% 378 faje] 212} wER C9} VCCERH 05 %
FHE SRS AP PRI AT ksl o) oy

T G7hE AAskeith s E o vlERT C2 VCCE /3
2o ¥ % vlw 7 A3} 05 % VCCEZ}F g9 3}

Mean score of skin irritation measured by evaluation criteria
of skin reactions as described in materials and methods

2 o] 79 180 A7FA| 95 9% o]Ako & VCCES] oF
FEE SIS Blal 180 F e HlERY
05 %% e shdmel B k73 % JEe] ¢
= gRlstint. o] 9} @2 A= g ol dAdl
LA ol thete] QYT Z7FAI7) HIERI C G54
S 21519t Table 1).

o

HE me bl

oZiF

34. CIH| HME AlEol| o8t UF A= LIt ZAut

VCCE®] 5 7M. adfe tigt AAAIYH F7he] oF
Al daA o2 VCCEZF 9 F-Ab=5 faksh=A] dhots
7] fl3to] AE wellA A=t vle} 2ol Q1A HE A
& ANt A8 A3 05 % VCCES g3t ¢
< placebo$} Blaste] fo)gt k& YRl A ¥4
02 VCCET IHHFA=FS FsHA] ¢ ebd st v
< RIS TH Table 2).

3.5, ZAHE XM|ZH 2 Visiometerofl 2|8t Ol XME IS
& O|0|X] 24 Azt
In vitro A& elA VCCES Z&H 4
HAAA o8 AFEe] T FF JfAe] JF
QI5l7] ¢85k VCCEE 05 % &3t a9
A AL NS AR dApA Q] Q1A A
ZA BARE A2 9 visiometerE ©
n A #A-& S3ske] VCCEE 05 % &t
N &g S38H3Ich Visiometerel €] gt
A Al o] 8-ste] Visiometer*“ o]-& FF pa-
7

R2, 4R3, AR4, AR5 kS paired t—test% H placebo
AE I A FAFTE 848 AN-E THAEA 25 %R
g1l Alg A3 VCCE 05 %7F 38 A8 A%
of tiate] 45, 85, 12770 AA AME § EARE 3P
Al W3t A3 A9 125 § placebos} VCCE A ¥ A&
Zre] B AT A R, R4, REeIA BAIHCZ {23
T (*p € 0.05) 9] zfol& FRlste] VCCE A¥ AlFol
placebo®ll H]sto] FE/HA E37h vk A& &l &
T A (Figure 4).
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Figure 4. Analysis of skin replica by visiometer as described
in Materials and Methods. The results are expressed as 0.05

{ *p versus control.

3.6. PRIMOSE 0|E¢t L& =5 £d 2 3D IF FE
O|O|X| 24 AL}
5 PRIMOSE o|4-3 95 =5 574 9 3D o]q]
A #4& ol-g-3ko] VCCE 05 %% i3k shdnel =
5 A 535 543899t PRIMOSE o] &3t &

parameter?! Ra 3t A& paired t-test® E3l VCCE
A AE AFe] fFod oFE M Hat A5 %
(*p € 0.05)Z &1 & A3} VCCE 05 %7} E3He A3
A AHE 85 5 PRIMOS®l| 23t 5 w3} AujoA
FE= Jjgo] 8F F ok 159 %7}t fAEQ o o=
A8 AE AME & BAR 07§23 2to](*p  0.05)=
YeRH A tH(Figure 5A). 3 PRIMOSE ©]-&-3F ]+

thgkebdEetal A, Al 34 Al 4 F, 2008
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Figure 5. Skin analysis of PRIMOS software (Figure 4B) as
described in Materials and Methods and representative pho-
tograph on wrinkle analysis. The results are expressed as

0.05 < *p versus control.
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