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This study was designed to compare the in vitro skin penetration, skin distribution and physiological
activities of kojic acid laurate (ester) with those of kojic acid. Kojic acid penetrated across the rat skin
much faster than the ester, but the amount of ester distributed in the epidermis was relatively much
compared with that of kojic acid. The ester inhibited tyrosinase activity to the same extent as kojic acid did.
Enhancers enhanced the penetration of kojic acid much more than that of ester. In addition, the penetration
of melatonin through rat and human skins and the effect of melatonin on lipid peroxidation and UVB-induced
erythema were estimated. Melatonin facilely penetrated across both skins. Melatonin, in concentrations of 5
and 10 mM, significantly reduced lipid peroxidation and enhanced the photoprotective effect.
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Fig.1  Structures of kojic acid and kojic acid ester
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2.1 AYTEOIIYI CEBRIZXTIVOEK

a7 VEE3g (21.11mmol) ¥ ¥ ¥ 50mL 2
BRBKE TICT YY) VB2 1Y) K 5.37mL %%
T L7 24h BUSHE, USSP OEY ¥ ¥ % )T
ML LT BikZ = — 7V 100mL (#7214,
Wil A L7z, T—7 V% 5% HCl 10mL T
3 [HPEEE = — T VB % MgSO + Tzl AL
7eo T—TIVEREREE R 7 00k LIHER
K, YUBFIVA T LA LTz, BBIVALEC



Freakva iy /= (G0 1) BHW,

MR EER Lz HohibdhE ¥
AFH Y (20 3) THMMSEZ, TAT VK
DOYFRIE 1.52g (22.2%) Td o720 AmDERIE
IR, 'H-NMR, BC-NMR THEAL 720

2.2 FIERBEOHRASR

Hiviswako 104 Z/K T3, i1V
TuR ) =T I Y OKEREMA ALz, 3
T UBELF ATV TAE L V) =)L
B L720 W73 & 4 0861E d-limonene & &
BICIEIR L 720 W5 & 6 TlE OTG & KICIESR
LCEANIMA 20 RO DT <420, KE
MR 720 W57 & 8 G FRBRICHHEL 720

2.3 KBORHELE in vitro BIRIREER

AT VAT v hFEIE Wistar 7 v MEEEHE
BRAT HICBRTE L7z RO HBEEREZRE (3 % 3cm) %
CIBR L. T OMRIALMRSE 2 I ) B &, 0.85%
NaCl-10mM Y ~Eg#EERE (pH 7.4, 7 ¥~ A4
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FaR—h L7z Uy N—i % R ISR L
720 & PEZRFIZ OV TIZKAIE TS BRI HEER L

726 AT M2V OEBRFEEBETIIFVIKE 0.1g %
0.78cm? [Z#H L. U — /=12 0.5mM O
Na:S:05 %Mz 720
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L. BRI OWRE 23L& o 720 BHERALO B
AR o720 BEOFEIZIZ, 7TVIFETL
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V25 AREDFA X L7z btk Bk
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Y OB NI 0.1M #IEHRE (4mL) T
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M L7z
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a7 VEREREOPFBEEYE (s) 3 Faf
VoA VBIATIVO IS G T b oRe v
W7z, HPLC ® %1 F 1% Inertsil ODS % vy, il
ELRM IR 223nm. #FE 20C. BEjfI.
I VBOWEE T =MbYV KD VR
(2:97: 1, v/v)\ TAFVTIET7TEr=}Y
VK @B0:T700 v/v) BRIV, AT P2V OE

Table 1 Composition of kojic acid, kojic acid ester, and melatonin gel ointments

Composition (g) Rp. 1 Rp. 2 Rp. Rp. 4 Rp. 5 Rp. 6 Rp. 7 Rp. 8
Hiviswako 104 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Propylene glycol 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Ethanol - - - - - - 15.0 15.0
Diisopropanolamine 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
d-Limonene - - 5.0 5.0 - - - 4.0
n-Octyl-g-D- - - - 1.5 1.5 - -
thioglucoside
Kojic acid 1.5 - 1.5 - 1.5 - - -
Kojic acid ester - 3.4 - 3.4 - 3.4 - -
Melatonin - - - - - - 3.0 3.0
Gentamicin sol. 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
The gel formulations were prepared by adding dist. water to give a total weight of 100.0 g.
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#121d, Inertsil ODS C18 7 F A, ¥ 278 nm.
BEAIE 50mM FEER T ) 7 A — 100mM FifE -
0.1lmM EDTA : 72 F=FYJL (80 :20. v/v),
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300mM il 1 8:0.1mL. 20mM Tris- HCl #%
i (pH7.4) £7213 X5 b= Y# 0.4mL %N
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Fig.2 Penetration profiles of kojic acid through hairless rat skin
Each value represents the mean =+ S.D. (n=3-4) A 0.25g/2.01cm? of gel oinment was applied.
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Table 2 In vitro percutaneous penetration parameters of kojic acid ant its ester through rat skin
Parameter Rp. 1 Rp. 2 Rp. 3 Rp. 4 Rp. 5 Rp. 6
Js (ug/h.cm?)  7.36%1.66  2.60%0.25 34.7020.662) 8.21£3.102)72.70+16.782)9,0121.112)
Kp (x10=°cm/h) 0.49£0.11  0.17£0.02  2.31:0.443) 0.55:0.212) 4.85:1.123) 0.60+0.073)
Lag time (h)  1.69:0.67 3.66%1.42 0.51%0.14 0.97:0.253) 2.06+0.55 5.54%1.00
D (x10-7cm?/h) 4.51%1.99  2.010.66 13.90+4.118) 7,312.128) 3.41£0.90 1.23+0.25
Kp 2.46x1.16  1.92%0.86  3.52+0.92 1.47%0.15 29.105.672)10,.13+2.892)

Jss penetration rate; Kp, permeability coefficient through skin; Knr partition coefficient;

D, diffusion constant within skin. Each value represents the mean:S.D. (n=3-4). a) p<0.05

compared with the Rp. 1 or Rp. 2.
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Fig. 3 Comparoson of amount remaining in stratum cor-
neum with that in full-thickness of skin
Application ; Kojic acid ointment (n=4-6). FS, Full-thick-
ness skin ; epidermis.
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Fig. 4 Comparison of amount remaining in stratum cor-

neum with that in full-thickness of skin
Application : Kojic acid ester ointment (n=3-4) .
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Table 4 127" F X912, Rp. 1 & Rp. 2 (X5 )V

Table 3 Tyrosinase inhibitory activity of kojic acid and its ester

Inhibition (%)

Compound mM

Kojic acid 0.02
0.05
0.2
0.5

Kojic acid ester 0.02
0.05
0.2

61.8%6.3
70.4%3.5
77.6%5.6
85.1£2.7
61.3%3.9
60.0+3.92)
b)

a) The medium was slightly cloudy. b) Not determined, because the

ester was not dissolved in the medium. Each value represents

the mean*S.D. (n=3-4).

Table 4 Evaluation of skin reaction by kojic acid and kojic acid ester gel ointments

Score
Rp. 1 2 3 4 5 6
Erythema and 1.0 1. 1.7 1.3 0.7 0.7
eschar formation
Edema formation 0 0 0 0 0 0

Gel ointment (0.2 g/3.14 cm®) were applied on the back skin of rabbits

for 24 h. Each value represents the mean (n=3).
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Fig. 5 Penetration profiles of melatonin through Wistar rat (A) and human skins (B)
Each value represents the mean+S.D. (n=3-4). A 0.1g/0.785cm? of gel ointment was applied.

Table 5 In vitro percutaneous penetration parameters of melatonin through rat and human skins

Parameter Rat skin Human skin
Rp. 7 Rp. 8 Rp. 7 Rp. 8

Jg (ug/h cm?) 14.19 + 2.85 45.56 = 7.132) 6.77 = 1.07 2.98 + 0.762)
Ky (x 10-%cm/h)  4.73 £ 0.95 15.19 + 2.382) 2.26 + 0.36 0.99 * 0.252)
Lag time (h) 1.70 £ 0.36 0.81 + 0.252) 12.71 + 1.06 13.46 = 1.47
D (x 10‘7cm’/h) 4.05 = 0.75 8.98 + 2.97 0.53 = 0.05 0.50 = 0.05
Kn 2.37 + 0.43 3.54 + 0.68 8.59 + 1.40 4.01 + 1.132)
Each value represents the mean * S.D. (n=4). a) P<0.05 compared with Rp. 7.
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Fig. 6 Amount of melatonin remaining in rat skin
Each bar represents the mean£S.D. (n=4).
a) p<0.05 compared with Rp. 7.

Table 6 Protecting effect of melatonin on lipid peroxidation

9000xg _EiEE G IOWT AT b= v oRiEl %
W Lze ZOfER% Table 618 L72, AT b
= OGS R 5 KU 10mM T 70% P Lo
FALRT I E 2 7R L72e S OFEHIZ S Tl &
NTWwb A5 b= ? lipid peroxidation D] &
—HT 59, ZFIZOWTIZIIHERERIESN
Bhrolzh EETH AT b= VIRE AR %
Bl LT\ free radical i & %4865 5 B8 OMIiE
AETHEEZOND,

3. 2.4 HFIBHFIER

UVB BSHC X BAIBECR 2 2 5 b= > ol
ER 2B L F / — Vo ZFi L I L7z, UVB i
BHI X DA (R 37 1.33£0.58) A5k bz
D AT U FIVIRE OB L) AR R
L7z (Ra70)e ZORMPRIEREL T/ —VDE
M (A3 7 0.33+0.58) 1B L7z, & DEER
Tld 7y VOBIED A o7 (n=3) DT,
DT v xR 2 LEEdH 505
AT M= VIIHBEEIHITE B LS N5,

4 %% 1A

Y VERIATIVOR &R, BN K
CFua v —YHE RS2y VRRE L
oo AT VRO T v ML EBEEIE T A TV
AL D D 3REREN o725 @ 6 KU 24h
DN P BL R T A T OVERE AYH GG L B
L. [FEENGIEZEi#w] ONIET A7 VIKE
2RV LR ol a7 VBRI AT IVEKIC
Fu ¥ — Ui EEH
VRO LNz TNHDZ

Concentration MDA Inhibition Eb, I VMBI AT
(mM) (nmol/mg protein) (%) B L F
° 0-450 #0020 - P B S < T % 0
1 0.457 = 0.020 0 T REKBTOAS =
1.5 0.386 = 0.038 14.2 FEOEBIHIZEH T 5
5 0.085 = 0.015 73.0 Yz LN, WIUEHEH]
10 0.065 = 0.011 79.4

I VBRI ATV (K

Each value represents the mean * S.D. (n=3).
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