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2 ok fA AL FFELS YA ol Aste] & 7HA] ELEY cofactor24 8 AEe BIsin, FA i ekl AA
248 zhe digdd FEEA del g8 Ao HY ALY FEL (6R)-5,6,7,8 tetrahydrobiopterin (]38} 6-BHy)Q 2
A3 #99 FHE FYe A Bl =2HUS A 44 A ¥y A9 6-BHLe 28 AR A A
#HE B 4 ‘QiéM‘ﬂ A8 223 59 40 glon, FP Aoz WakZe) gluh o= 6-BHe Weld
A Ao #RE AV YT Yt B AFAME 6-BHaot FEAC (6R)-5-methyl-5,6,7,8-tetrahydrobiopterin (]
3t methyl-BHy) Y 2418t 2% o9 5% % 294 &4 Wol 59 33 d72 £¥sidn. 8¢ 3859 DPPH 2z
2A% H7t An it £F 49 quercetin® FAM 8% 2 3AE B S Bolsigon, g8 AEFAY H4E
240l iy A BAYS st £ v 258 eyl fsted Ea FENAY tyrosinase B4 AT AXE
F24 M8 tyrosinase, TRP-1944 o] W& A3 &% & ZASATE In vivodl A vl &% Hyl 43 9A] £5F AT
I} vlmA oA BRHE Aol 1 gyl X7 dadle AE AT 4 stk Y gy & U g5ogA g
S 7O R Fe A &4 W] 2% 3 Ad, YA g8 FEHE cytokinesd) HEYS FaAZoed, Wwahd
9] L A Re AT ‘v‘— Ak ol2fd ABEZRE HY FPT9 Fad E4L F9 4 9tk

Abstract: (6R)-56,7,8-tetrahydrobiopterin (6-BHs) cofactor is essential for various process, and is present in probably every
cell or tissue of higher organism. 6-BHs is required for various enzyme activities, and for less defined functions at the
cellular level. And it is well known about the antioxidant effects as a non—protein compound. Recently, scientists proposed
another roles for 6-BHi in melanogenesis. 6-BHs is a well known tyrosinase inhibitor. In this study, we found that
methyl-BH; and 6-BHs have antioxidant activities and inhibitory activity for melanin synthesis. These pterin compounds
were not toxic in HaCaT and BI6F10 cells and showed scavenging activity against DPPH radicals. We also showed that
pterin  compounds decreased protein levels of tyrosinase and TRP-1. In a clinical test, pterin compounds showed the
significant skin whiteining effect after treatment for 3 weeks. Furthermore pterin compounds significantly suppressed the
UVB-induced expression of PGE; and IL-6 genes induced UVB in HaCaT and inhibited UVB-induced melanogenesis in
B16F10 cells. These results showed the effect of pterin compounds as a cosmeceutical ingredient.
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1. M = A% Hy 23 F M 34" FgEHA 6R)-
5,6,7,8-tetrahydrobiopterin (°}3} 6-BHy)¥ Akst=el e
g E2& 2-amino-4-oxo-pyrimidined 7|EFE2E 2l 6-biopterin®] EA|st8], T 78-dihydrobiopterin
AAE nHsREEA ke 2R S5x B T o e SFeEe] AT Hdd e
ATHE GTPE &9 EFZ sy wHEo)AH, 6-BH.S
, AFAel sepiapterin®] sepiapterin reductaseo] 28} 6-
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BH7F wheojdtH2]. 6-BHe 71 g2 444 7%
% e tyrosine hydroxylase®t phenylalanine hy-
droxylaseE® £ &sl+= 22 849 redox-active cofactor
22X 7]Fo|tH3l olE AAELE MAaE o83 /F
< AsA7lE )eE JHR AEgaselr) o] gAavks-
Al 6-BHs= BHy~4a-carbinolamine$ A # g-dihydro-
biopterin®. 2 A3} 1, g-dihydrobiopterine  dihydro-
biopterin reductase@}= &Aoo 9] A 6-BH.E -84
"ok o]g3 A He A o] AAXA HH
gy gaL7t dojuiA "Hokn G Ut45] =3
AR A LA depd AxvE APHE WNkE #Baie A
¢ A% AERH catalse EAY BE07 <3l HO,
7t 7o) HY, HoO:o 938 6-BH7 Ao 273
2.2 biopterin®] A HCH6). 6-BHS AFe] dojupd
phenylalanine hydroxylas®] Ao} AstsHo] o)
phenylalanine®] %7} $7IHx, 2 A3 FFAHA 9
weko] AatHo] Aulolrt s RAFY HUAELTS
(atypical phenylketonuria; PKU) d o] wr€ 4= qith
X3 tyrosine hydroxylase®t tryptophane hydroxylase:®
HoAd =yl AZEUY 2 AAAGEAEY] A
Qe 2832 =, 6-BH: 2¥ES oY /A AAHBE
et = it weElN 6-BHys AAZEo2A EHY
KU A& A5, A7EAH, $85, d23toy &
5o ALEE, daFe Ade] AF4oIT JHEA
£ Ve gl

Hodle dahd A FAAA 9 6-BHsS E & 7]
sol A" n Yk Wood 58 6-BHy7T tyrosinased]
allosteric sitedf] ZEFoZH o] Fie BAHE AA
1tk 34 om[7], Jung & 6-BHoll 23 tyrosinase
o gA4AHNE dehd 49 HAPFd FHEZSQ dopaqui-
noneS 6-BHy7F SYAIHoZH  dopachromed] A4&
A3 A 7)1, o)A tyrosinased] BAL AHA I &
AcH8l. T o9t FAMSE tyrosinase A4 A 7|Foz
amino—(3,4-dihydrophenyl)methy] phosphonic acid”} do—
paquinoned FAALLZH gihol TAHE AHIALG
A eIl

Wabd 3L melanocyte?] melanosomeo] A EHA
=™, melanosomeol]® WEtd-g A= gk Eo
el FAEL 631 Yrt Melanocyte= ¥ A& A
g 24 9 3E2E £8448 AU o A F9
2J8 ZHAout alpha-melanocyte stimulating hormone
(alpha-MSH) 5-¢ 3 2% endotherin® & cytokine}
ol Ao Hesk Eo]A §49l tyrosinase, tyro—
sinase related protein-1 (TRP-1), dopachrome tauto-
merase (DCT, TRP-2) 52 f4Eo] &35 o] gz
de A%} o] F tyrosinases HEtd A x4

T
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SERERE

A gAY #Agst= TAEAM0] tyrosined DOPAE
A= tyrosine hydroxylase &A% DOPAS dopa-
quinone2 g A&l DOPA oxidase 84L& 2T 7}1F
2 gtk TRP-1<& 56-dihydroxyindole-2-caroxylic acid
(DHICA)E indol-5,6-quinone-2-caroxylic acid® 4tz}a}
= &0ty DCTE &7]dl+= TRP-2E Egid Ik
24 dopachrome® DHICAZ o]Aslsts Aot}
[11-13). EehdelE eumelanin® pheomelanin®] 129,
tyrosinaset eumelanin® pheomelanin®] Ade] o,
TRP-1, TRP-2%& eumelanin® @4l © ®o] #Hojds
Aoz LA UcHi4]

HT 2E&29 AR A¥ AT AYHFY T2
RS 2 Frste] B sl FUMHT vk HE
= UVB (290 ~ 320 nm)oll :=&Hd g A3 g4
Fidol Fotete ARH R N REFAY T
ERAl "TH1516). deAle] THEgE Uo7
A5 oiAZE prostaglandin Bz (PGE)7F &4 ¢
o, o] Qo IL-1, IL-6, TNF-a 59 cytokine®] &
o), PGEr= COX-29] w28 AA= A= cy-
tokine2.2 HFA Aoz A5 HSdrMe FAE
uiZjA oI, -6 HA| FFoA tfFst A= sl A
Eo| 98] Z71EE cytokinel 2 IL-69 2HE A3}
A5 9] o] (&Aoo z o|FofAm JrH17]. ol
St Ao A5 W AL Mol 93] A E= reactive
oxygen species (ROS)ol 2]g Ao, ROS 2 2%
Ag AL AXA "o webs gidst EZo] A9)d
of ot F¥ &4 ZaAA £ 5 Ade A7 7
Hx 9lem alpha-tocopherol acetate (ATA), (-)-epi-
gallocatechin-3-gallate, resveratrolo] =L &%°] i
de A JH18-20).

meld B AfelMe Hd AZE 3dE<l 6-BH4,
6-(5-methy)-BH; (°]8} methyl-BHs)(Figure 1) ©]9
T B3 &4 WA 35S Lol uzl
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2. M2 3 4y

2.1. A [z

F9 Aekel 6-BHsE Sigma (St. Louis, MO, USA)ell
A T893, 6-(5-methyl)-BHys= Schircks Labora-
tories (Jona, Switzerland)old F433 vl Mushroom
tyrosinase, 3-(45-dimethyl thiazol-2-gel)-2,5-diphenyl
tetrazolium bromide (MTT), 1,1-diphenyl-2-picrylhy-
drazyl (DPPH), quercetin® Sigma (St. Louis, MO,
USA)llA Fdstgn). Tyrosinase, TRP-1, TRP-2, actin
9] anti-body @ 2 anti-body® Santa Cruz Biotech-
nology (USA)IM TRt o™, PGE:¢ 1L-69 2@ A
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T9) 4L R&D system (USA)Q] AES AM&819itL

2.2.7. M= dlet

Ao F2 AlRE AEEE HaCaT (Human Kera-
tinocytes cell line), BI6F10 (Mouse melanoma cell line)
£ AE3g o HaCaT AEXFe ZAddigtn Aysisha
AWdE WFZHE BIGFI0S 3= AEXF 23 (Korean
Cell Line Bank: KCLB)A|X &Fitol AME-31%Th 10%
fetal bovine serum, penicillin (100 units/mL), strepto-
mycin (100 units/mL)°] #H7F¥ DMEM (Dulbecco’s
modified Egale’s medium) WA Z 5% CQOo, 37T A H)
Falgon, WiAE 3 ~ 4 FHHo2 wA T ML

o 90% o’ AekA Hw A wikale] ALgSlch

2.2.2. DPPH Radical 27 &d

v ghgo] &siA)71 0.1 mM DPPH €9 05 mLoll A
58 7 vxdE g4Il FHE dolFn & ¥
o FAh A2 A 10 min?t ¥H-8-A17]12 ELISA reader
g o] &3t 565 nmell A R =5 A TH21

2.2.3. M= A ©7}

96 well plates] 1 x 10° mL¢] HaCaTA %<} BI6F10
AZ7} Eoode F59 100 yLE 932 24 h #%3sich
g £ WAE AA L, A3 v=(0 ~ 100 uME
sl o)l Alg7F Hrtd FEA wiAoA 24 h sl %gs)
Atk wWYF = MTT Alekg #zksta, 2 h §< 327
oA ¥EEAIZI F MTT Aleke] &f-8 wAE AASIA
o 100 puLe acid iso-propanol (0.04 N HCl in iso-
propanol)& H7Fsled 30 min?t mukste] F3, ELISA
reader® ©|-€3t4] 570 nmellq &4 g3 A2l

2.2.4. Tyrosinase A =3
Mushroom tyrosinased] #Z =7} 40 U/mLEA ¥

AFn 7t AREE AW FEs A YelFA. 7]

@)

A9 tyrosined}t dopas #HZ ¥3 1 mLo] HEE 01 M
KPi buffer (pH 74)2 J¥YF F ELISA readerE ©]4
sto] 480 nmellA &3 A9

2.2.5. Melanogenesis 2+ cizlo| at H

%l 9|

B16F10S 6-well iAo 1 x 10° cells/well® %
1 24 h WMFEAT ANEE dAGd w52 Fg43d
YolE ¥ 48 h F7} slYstd o, wjek & HXE PBS
2 Al#H38tT radio immuno precipitation assay (RIPA)
buffers #H74ste] AEE BAAY 12% SDS-PAGE
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(6R)-5,6,7,8-Tetrahydro-L -biopterin (6R)5 -Methyl 56,7 8-tetrahydro -L-biopterin

Figure 1. Sturcture of Pterin compounds (6-BHs, Methyl-
BH,).

£ o] &3ty wzg AH/MAZ] & polyvinylidene flu-
oride (PVDF) 9ol o]ldAZH. o ¥ 13 A<
peroxidase conjugated o1 Sl& 23 IAE o] &3l
Dulme EASL western blot ¢l AJ<km} Kodak
(Chalon sur Saocne Cedex, France)Al2] BioMax XAR #

22 o8t A Belstqnh

2.2.6. In vivoollMe| otk &5 HIt

F#de 2949 20 ~ 30 of g
7t ARG ME 3 F FL 7 <
3t Mexameter (MXI8)E o] &3}
Fo| wad 28 wusRth olme} &=

o Mo Jo
fr & Ko

2.2.7. UVB Aelo| 28t Cytokine &8l £

HaCaT AEZ 2 x 10° /well®] $E2 35 mm W)
AAl] 258 24 h wiekstsith PBSE A4 ¥
PBS 1 mLg ¥X UVBE 10 mJ/em’e] ¥E2 HoF
Aok FEA wiRo] AMBRE HGEErt HEE 545
Agsle] 3 24 h Wi T vgAS o] &3ld PGE,,
IL-69 #38%E Hrletac24] PGE #d LS com-
petitive binding technique® €& ©]-£3t] 96-well Hj
oF HAlel AE wiek wixl 100 pLet PGE: conjugate,
PGE; antibody &8 z} 50 yuL Yol & & 2 h B A
2ol RREAIFT 8 § 7 wellE AlF st pNPP
substrate2 200 yL ¥o}F1 30 min?t WHEAIF1 D 9HS
< SAATZ] Y319 1 N HSOE 50 uly WolE &
406 nmellA  EFFHe SAHAG IL-69 TEYL
sandwich ELISAS] d2l& o]&3to] FA3l%lan, X
Hj kel 100 uLE IL-6 antibody”} pre-coated ¥ plate?]
¥3 2 h A2oA BEAHTY ¥hs F well& AFHd T
HRP7} A% 4 IL-6 conjugates 100 pL¥ €51 2 h
Aol wrgAZor WS & gubstrate solutions ¥
o33 30 min7t BHEAIATE ¥EEE FAA1717] Y3t
1 N ILSOsE 50 pld EojF F 406 nmolA F334s
=i =g
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Table 1. DPPH Radical Scavenging Activity (%) of
Pterin Compounds. Quercetin was Used as a Positive
Control. The Data are Expressed as the Mean Value
(+ SD.) of Three Experiments

Concentration (uV) ICso
— ] values
> 10 2 (M)

Quercetin | 2419 + 1414542 + 115)5369 £ 249) 151
Methyl-BHs | 17.79 + 256 | 3442 + 4485794 £ 2571 158
6-BH; |27.37 = 1405549 £ 098 | 7474 = 279| 92

2.2.8. UVB Helo| /st Melanocyte e Melanin
sz 53

BI6F102 35 mm ¥k A o] 2 x 10° cells/well & 3
Z3l1 24 h wjekslch PRSE M E T PBS 1 mLg
Y3 UVBE 30 mf/em’® $52 o33, A7 ¥
HolA e WiRE golF T 48 h HgeEh AxE
trypsin-EDTAZ 338t 10,000 rpm22 10 minzt €
AR st F5AE AA F pellets 66CoA 1 h A%
Az34h 1 M NaOH F89 100 uLE #H7bstn 66C
A 1 h ¥H2AA AZW] melaning AT T F %
well plated] lysateE ZHz} 100 pL¥ ¥eol& ¥, ELISA
reader® 490 nmel A FR=E 24T melanin®E =
Atgon, vl AT A TP melanindFS

HAste] FIAT

2.2.9. EAIXE]

BE 49 A% BT : ZFARE AR, B
A 4942 one-way ANOVAZ st5oH, p gtol 0.05
Ao EAHCE Fofsivta FEEIT

3.1. DPPH Radical &5 &3

6-BH; 2 S=A¢ methyl-BH o) a4t} 842 DPPH
o) BAYAE o] g3ty ANge DPPH @iz 2A&FHE
24890 Methyl-BH,® 6-BHE FEEE A2ldiol
B A3} methyl-BHSF 6-BHse] DPPH &l &A%l
et ICozke] 4zF 158 uM, 99 uME Biom ¢4
xFoz AHREE quercetin® [Co#te 151 pMLZ
quercetin® 53 & 0 5% o 2FE 2
A& & AUAKTable 1.

s

3.2. Tyrosinase 84 Z%&

Tyrosinaser Wehd FA4 HANA dtgETE AH
A= oA Agsts gaolw Wed {9 Fo X%

hetalgEstelAl, & 338 A 1 &, 2007

Ul - Hals
A
0.2
016 |
E
£ 012}
@®
=
2 008 a: __ Control
< b — Methyl-BH,
004 + ¢: — 6-BH,
o .
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B Time (s)
025
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E o5 |
L=
Q
=
2 04 ¢t
< a: ~ Control
005 | b: — Methyl-BH,
’ ¢: — 6-BH,
0 —_— Cx 1 —_— I L )

[ 200 400 600 800 1000 1200 1400
Time (s)
Figure 2. Dopachrome formation by tyrosinase using
tyrosine (A), dopa (B) as the subsirate is inhibited by
pterins compounds (100 uM).

Ao Bejstes EioltH23] AR P¥ Edtel tf
3 g2 FFEAM9 EFE ey $8k9] tyrosinase
o) &4 AssL H7istith. DOPAY tyrosine F 7HA
714e BE Abgstgen, ¥ 7ixle 712 i@ 54
o) @447t 6-BHs > methyl-BH:2) o2 2 UE
HFigure 2). DOPAE 7|42 AM&3l91S o 6-BHS
< tyrosinase? &4< WhE %7 9 100 s A= A3
= AL #9939 methyl-BHS 34 60 s 3
a4 BAHL Afste Aoz & At Tyrosine
7142 < 9 tyrosinased] 93 dopachrome® A
2T dopad 7122 e durn ¥k HE7F =9
A 9}, o= uB gAY & (mettyrosinase) 7t tyro-
sine?} BH8-3) dead-end complexE BA37] WiEolth
OlAL tyrosineS 71ZEZ L dwnt YehyEs diol
o] A< lag phasezt Fch. lag phase’t A ¥ 84%
Ao mAE g3k 6-BHsel 7% tyrosinase® E4E
e %7 ok 200 s AR Adske HAeE JERIA
methyl-BEL9] 2% F 100 s A= &2 49& Adste
Ro 2 3tErh
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Figure 3. Cytotoxicity of the pterin compounds to HaCaT
(A), BI6F10 (B) cells by MTT assay. The data are

expressed as the mean value (x S.D.) of three ex-
periments.

3.3. Melanogenesis 243 cledZlio] vty £H

He AQ 3FEY T4 £FNAY tyrosinase B4
A E &stn AEFEAMY 55 AR} ty-
rosinase A2 WL western blotting® 2 W7} st
How, ole} e Wl TRP-1, TRP-2 ©¥lde]
HE AA 2 UHE o]f3te] UG T AR
Ag FEE 50 uM ~ 100 M-S AHgslgioed, o] %
o 4] HaCaT, BI6F10 7 AXol 545 YepilA] &2
golst A thFigure 3). Methyl-BHy AH@TolA 5%
ZE2 0 2 tyrosinase?t TRP-1 @zl w8 7hAax
o ol FHUETeR AMREHAZ arbutind} F4
554 YepEE #lst9 tHFigure 4). 6-BH; A
tyrosinase @A o] LS ALA Y| S ¢ F
onj TRP-13 TRP-2 ©¥dd= 482 ve
&4 st tHFigure 3). ¥ A3 A& &% TRP-
chillz o] Mo = GgFS T4 ¢

olf
t

Ul

- =

Yo my
P A A (I 1
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dlo
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3.4. In vivoolMe| o|e &5 mW7}
Methyl-BH:&t 6-BH,2l tl®l &% B718 #3ke] 20
~ 30 EH ”Li 20 Mg AMutste] JAF A FEy

g AT 57

rhl

Arbutin Methyl-BH, 6-BH,
control 50 70 100 50 70 100 50 70 100 uM

Imummwwmmmm’ TRP-2

" | Tyrosinase

P

o o> > w> o> ww > om| Bactin

Figure 4. Effect of pterin compounds on tyrosinase, TRP-
1, TRP-2 expression in Bl6F10 by western blotting.
B16F10 cells were treated for 48 h with pterin compounds.

Arbutin was used as a positive control.

-
-
o

g 1.00
s : :
E £3 *
g 0.90 "
c
=
&
e 0.80
£
13 —— 6-BH,
g 0.70 —a— Methyl-BH,
E —— DW

8.60 +

0 1 2 3

Weeks
Figure 5. Evaluation of pigmentation during 3 weeks by
Mexameter for pterin compounds (50 pM). The data are
expressed as the mean value (= SD.) of twenty ex-
periments. * p < 0.05 compared with control.

Y A& MexameterE 01%6}04 233590} 34 Y
o Ad W §F 3 A= Hol7l 24 =
sloz O F 2o Haid P%L’;—;z]a 12 EASlY 7

YoiE 7t St 4*@4-‘54 Aoluttd Ao
O NREX & FFF ATIAE 3 F F
FA7F ASA UEbton, 6-BH,SH methyl-
3 F & 2ad FA7} %,ﬁ\_ﬂ% ol skt

=4

e %
o7} 9}
dahd
BH; 2%
(Figure 5).

3.5. UVB HMzlofl o8t Cytokine &8 &

AFY Aao] ofdt &4 wo] B35S Hrtetax &
93} ZAGAYHEL HaCaT AEE o]-gst] Hrlslich
Ao ZM 320 nmé HFE 7HAe UVBE AHESHA
or, 10 mJ/em’e] ¥o2 Adte] FUrh AlEel UVB
A2 Al ROS7F AAE I ROSH 23t AEAg o] A
AdA o 7k 954 cytokineo] EwjHTh I F
PGE:¢} IL-69] 2dY4S Frbetditt. UVB AEAl UVB
AsA] ek izl vlgted PGES W6 ZAZ 75,
60% 5389 .om™. 6-BH S methyl-BHy AelA] tiz7 3
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Figure 6. Effect of the pterin compounds on UVB (10
mJ/cmz) induced PGE;, IL-6 synthesis in HaCaT. The
data are expressed as the mean value (£ S.D.) of three
experiments. * p < 0.05 compared with control.

AR LR Tadte AE FAstFigure 6).

3.6. UVB Xziof oigt datd M £H

UVB H7 glo] 5 Al89 BIGFI0 AlZdlA e @ahd
AR Asls H7HA 100 pMe] sEAAM F AR EF
10% A= vvg dz2hd A4 Ades JYedd
(data not shown). UVB A ¥ F A5 Hahd A4
A% B7F A3 methyl-BHiel 39 UVB A& o]d9
59 w7 E 10% A5 2% yehilen, 6-
BH,9 7% 20% A9 Hihd AQ AHE AT
A tHFigure 7). 6-BHs& AX el Ael debd g4 A
&= UVBel 93] melanogenesis Fl7lUEo] #Axdstd
Az A Fol FUlete AL AT F Uk
4.4 B

Tyrosinasex= Wehd A Ao ot T3 &
A28 7] debd A NA dopadt tyrosineS do-
paquinone .2 AEA71E H¥L M ol dHpd &
Aol Aol && AAGA R o] Fa XHZ
53 dapd *&’/‘é Aol A e A7t HolH frh
Ha Ag 33dE F 6-BHLE AH Ee =
tyrosinase®] 4E& Adgrte dFEC] F=olH
B @ AE oleld 6Bl FEA £42 methyl-
BH,¢] &4k3} 53 oo} HHE U]H“, Fx3l &4 %
X] 52 AHngrt Z Ag9 FE¥ DPPH radical

=5 AR Az s 55 B4 quercetind

wA}?fP 5o o S48 2%¢ Yehley, nwg s
3 g4 FEdAe AEE Yated did FAI4A
FQ FA9 tyrosinased Y AdeE AHEIITH
tyrosinase &4¢ 7]2¢ DOPA%} tyrosines AH&3H3

DO
< 4 F AR ZF 27 g dAE AdAE AE

i

-

av

EagEetaAl, A 338 A1 &, 2007

120
100
80
60
40
20

Melanin production (% of UVB)

uvse 50 uM 100 uM 50 um 100 uM

Methyl-BH, 6-BH,
Figure 7. Effect of the pterin compounds on UVB (30
mJ/emt®) induced melanin synthesis in B16F10. The data
are expressed as the mean value (+ SD.) of three
experiments. * p < 0.05 compared with control.
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