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The color of mammalian skin and hair is determined by a number of factors. The most important factor is the degree
and distribution of melanin pigmentation. Melanin synthesis inhibitory compounds are useful not only for the material
used in cosmetics as skin-whitening agents but also as a remedy for disturbances in pigmentation. Tyrosinase (phenol
oxidase) is known to be a key enzyme for melanin biosynthesis in plants, microorganism and mammalian cells. Therefore,
many tyrosinase inhibitors have been tested in cosmetics and pharmaceuticals as a way of preventing overproduction
of melanin in epidermal layers. Also, various types of stimulation, including exposure to ultraviolet (UV) radiation,
induce lipid peroxidation in the skin, which might in turn cause damage to epidermal cells, leading to postinflammatory
hyperpigmentation. Considering the importance of counteracting oxidative stress caused by UV to prevent harmful skin
damage, it is important to design the multifunctional skin whitening agent with both antioxidant and anti-tyrosinase abilities.

A novel vitamin E derivative, (6"-hydroxy-2",5",7",8"-tetramethylchroman-2"-yl)methyl 3-(2'4'-dihydroxyphenyl)propionate
(TM4R) which has chromanoxyl ring and 4-substituted resorcinol moieties, was synthesized and its inhibitory effect on
tyrosinase, antioxidant ability and lightning effect of ultraviolet B (UVB)-induced hyperpigmentation were estimated. TM4R
showed potent inhibitory activity on tyrosinase, which is the rate-limiting enzyme in the melanogenesis. The scavenging
activities of TM4R on 1,1-diphenyl-2-picrylhydrazyl (DPPH) and hydroxyl radicals were found to be nearly the same as
those of o-tocopherol. Furthermore, an efficient lightening effect was observed following topical application of TM4R to
UVB-stimulated hyperpigmented dorsal skin of brownish guinea pigs. These results suggest that TM4R may be a candidate
for an efficient whitening agent, possibly by inhibiting tyrosinase activity and biological reactions caused by reactive oxygen
species.
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Fig.1 The chemical structures and ICs0 of active components from A.incisus.
The boxed part:4-substituted resorcinol skeleton.(substrate:L-tyrosine)
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Fig. 2 The chemical structure of artocarpin (16) isolated from A. incisus.

The boxed part: 4-substituted resorcinol skeleton

Table 1 Inhibitory activity of flavonoids and stilbenes on tyrosinase (substrate: L-tyrosine)
No. name R3 R5 R6 R7 R2' R3' R4 R5" (C2,C3) 1C,,(uM)
1 (%)-flavanone H H H H H H H H 2S,2R >200
2 (-)-pinocembrin H OH H OH H H H H 2S >200
3 (=%)-naringenin H OH H OH H H OH H 2S,2R >200
4 (+)-aromadendrin OH OH H OH H H OH H (2R, 3R) lag time decrease”
5 (%)-fustin OH H H OH H OH OH H (2R, 3R),(2S, 3S) lag time decrease”
6 (%)-taxifolin OH OH H OH H OH OH H (2R, 3R),(2S, 3S) lag time decrease”
7 (+)-dihydromyricetin OH OH H OH H OH OH OH (2R,3R) lag time decrease”
8 (+)-dihydromorin OH OH H OH OH H OH H (2R, 3R) 25
9 (+)-norartocarpanone H OH H OH OH H OH H 28 1.76
10 flavone H H H H H H H H >200
11 chrysin OH OH H H H H H H >200
12 apigenin H OH H OH H H OH H >185
13 kaempferol OH OH H OH H H OH H 103
14 quercetin OH OH H OH H OH OH H lag time decrease”
15 myricetin OH OH H OH H OH OH OH lag time decrease”
16 artocarpin Pr OH CHCHCH(CH,), OCH, OH H OH H >228
17 morin OH OH H OH OH H OH H >330
18 artocarpesin H OH Pr OH OH H OH H 13.5
19 isoartocarpesin H OH CHCHCH(CH,), OH OH H OH H 21.1
20 (-)-angolensin >200

R3 R4 R5 R2' R4

21 pinosylvin OH H OH H H >46
22 oxyresveratrol OH H OH OH OH 0.98
23 4-prenyloxyresveratrol OH Pr OH OH OH 0.66
24 chlorophorin OH Ger OH OH OH 0.26
25 artocarbene’ 245

“ means promotion effect which could act as cofactor like diphenol

“ See Fig. 3.

Fig.3 The chemical structures of 1-24
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Table 2 Inhibitory activity of 4-substituted resorcinols on
tyrosinase (substrate: L-tyrosine)

No. Substituent (R) 1C5, (uM)
26 CHO >200
27 COCH;, >200
28 COOH >200
29 CONHCH,CH,0H >200
HO OH HO OH 30 COC4H; >200
HO Q. I j — o
HO O\*:©/ T 31 N=N \ 436
R N
HO O OH O 32 H 227
o 18: R=Pr, IC50=135uM
9:1Cg0=1.7611 19: R=CHCHCH(CHy)s, [C5g=21. 1yl N
33 N=N—( J 185
S
HO OH HOT[:j/OH HO
HO 0 \\©/ Ra O 34 580
OH
Rz
OH O 35 Cl 130
e 16: Ry=Pr, Rp=CHCHCH(CHs)s, 36 CH, 12.0
8: [Cso=25u Rg=OCHg, ICao=250M 37 CH,CH, 280
ic hi [ ] 2 2)100H3 .
Steric hindrance IC50>330u 40 CH,CH, 1.10
41 CH,CH,CH, 091
Fig.4 The effect of the introduction of C3 substituent of flavonoids wich havel
4-substituted resorcinol skeleton tyrosinase (substrate: L-tyrosine) R
OH
OH
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Fig. 5 The chemical structures and ICso of 4-substituted resorcinols.
(substrate: L-tyrosine) Glu: glucose moiety.
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Fig.6 Summarized structure-activity relationship of compounds with 4-substituted resorcinol skeleton
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Trolox ™ Antioxidant Tyrosinase
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Fig. 7 Structure and synthesis of TM4R
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Fig.8 The chemical structures of Trolox, TM, TM4R and DPPacidO
The boxed part with shadow: 4-substituted resorcinol skeleton
The boxed part without shadow: chromanoxy! ring moiety
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Fig.9 Lineweaver-Burk plots of mushroom tyrosinase and p IDOPA
in the absense or presence of TM4R0O
+ Control, m 1.88uM, 43.75uM

Table 3 Effects of Compounds on Mushroom Tryosinase

Compound Substrate

L-Tyrosine DL-DOPA

1Cso (UM) ICso (LM) Ki (uM) Type of inhibition
TM4R 0.325 23 2.74 Competitive
DPPacid 3.02 62 11.5 Competitive
™ >423 n.d. n.d. n.d.
Trolox >400 n.d. n.d. n.d.
&-tocopherol >232 n.d. n.d. n.d.
kojic acid 8.66° 17° 11.8° Mixed *
arbutin 306 104000 n.d. n.d.

n.d.: Not determined. ®:Obtained from data of Ref. 7.
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Table 4 Antioxidant Activity of the Compounds

Compound Hydroxyl radical (%)? DPPH [ICso(uM)]"
1.0 mM 10 mM

TM4R 91 100 3.9

™ n.d. n.d. 3.2

Trolox n.d. n.d. 3.3

&-tocopherol 70 93 3.9

DPPacid n.d. n.d. No activity at 50 uM

n.d.: Not determined.

“Hydroxyl radical scavenging activity was expressed as % inhibition concentration of hydroxyl
radicals generated by Fe (ll) and H,O, (Fenton reaction).

"The ICs, values were caluculated from regression lines where the abscissa represented
the concentration of tested compound and the ordinate the average percent reduction of

DPPH radical from three separate tests.
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FIG.10 The degree of pigmentation (L* value) before and after daily topical applications
(five times per week) of base solution [propylene glycol/ethanol (1/6)](control,O),
TM4R (0.25M in base solution, ), kojic acid (0.25M in base solution,m), or
arbutin [0.25M in base solution,a). The applications were continued for 35 days.
Data are expressed as mean L values®=SEM (n=8). L* valuse atday 0 are
49.91+2.7(control), 48.91+3.4 (TMR), 50.1%2.9 (kojic acid) and 49.9+2.8
(arbutin). Student's t-test was used for the statistical analysis of the data. (*

P<0.05, vs control)
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