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Coenzyme Q10(CoQ10)& 58 X33 2E FAZHo EAste 48 ¢3A xH4 0]
o ARAG)] #AsE A=Y LS AXANA JUAE A7 A W FLE JE
& 7t 3 Ytk CoQl0 & I oA FAARA ATFH fon, HZ AEAEZA =
A9 FEMAZLL] s Bag v Yok o]F RIEL CoQlo of FAFA=A 4
3-89 2L 53 R Yoyl FoT L Ivte F& ALY, dityes
3-8 QgL RN Ao 2HAE B JFE vAg. A £ dAFAE
2 CoQ10 ©] H¥9 MizAr5ol YA dotrux HPAh AA FG H2MEA
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CoQ10 € 0.05-0.5 mM A& g A3} 0.5, 025mM oA Aakde]l AFAHE & 50% A3}t
glon olx &R nMAY Kojic acid Y vitamin C &} FAHgH =FolAt}. & CoQl0
& AA A HAATAA ALHolYg XY cAMP F7F F=EZ A% detd B4
£ AL ). 22 Y tyrosinase inhibitor ¢ kojic acid 9= @8, in vitro tyrosine hydroxylase
9] A& HolA FUth CoQlo & AYA S E tanning & FXEAZ brown guinea pig
o 4 % =383 ¢ ¥ chromameter & ©|83t] v[WaHRE ST A, vehicle A
2o vla vgaHst USS FUT F AUt o4 AFHo|A coenzyme Q10 2 in

vitro' R invivool A Tl EFAE Ad EAYL FAT & JATh

1. A &

Atge] S RAL wHugd EA3ts dad, 7129 9 RIEENA T2 YA EI
o #H5HH, olF AEtde o] 7HF Ivn A Utk HFE BH F]AHF
EAd e AP A M E(melanocyte)l| A tyrosine ©] 3, 4-dihydroxyphenylalanine(DOPA)Z
hydroxylation ] & #}A3-& A2 22 dopaquinone, dopachrome ¢] #A & AA depdoz §
A dt}. Dopachrome & A}93] decarboxylation o] DHI 7} Hv ®W-2A At3} 5o indole-
5,6-quinone ©] ©Y. 28U EAFZ FHol2H} A4Vt AEEF carboxylated intermediate
{1 DHICA 7} %HE°]A ™ DHICA oxidase 2] 2-8-& ol indole-5,6-quinone-2-carboxylic acid
2 4139 ¥ eumelanin ©] A ET}E. L3} dopaquinone ©] cysteine ©]1} glutathione 3} 2
< SH compound & TH}A| HA cysteinyldopa 7} RHEO] X312 A9 pheomelanin ©] THE
o} Xt} ol gt Ao} AH = HEAE tyrosinase, TRP-1, TRP-2 = peroxidase 5 0] <& A
At} ol F AdE dpd2 LxeFo Ju2 Z- YA Al E(keratinocyte) 2 HEdrt. o]
23 Pdehde] FAAAL BF A3 AAoln mEtA olE 2HE F e EFL dg
do AL AAE 5 de 7Fedol ddxn & 5 Utk

&AJ 44 (Reactive oxygen species, ROS)T= A}&] Ao 2§ mFo] &AL djsisy, old
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Ay & ARGy Fx3E FIdth AL EAF FASAl(vitamin  C,
glutathione, tocopherol and ubiquinol)td &4}3} & A(superoxide dismutase, catalase, glutathione
peroxidase, glutathione reductase and thioredoxin reductase)&2 ©]2{ ¥ ROS 25F H{EE H
F§r}t Coenzyme QIO(Fig. 1) MRE ¥ EE AAZRF &Ast= dg ¢=HA
ZAAo|th CoQlo & HRoA iz eA AFH gon, A2 A FE
AZgol dis] 2ug v gitkl) A de] =28 HRoA QI0 9 FEI} HlxE F9
uo EobE 23T Qo) @) 329 AFARA AR AYAe) =2HQXL W A
02 IZHE FASFAZ BaFAH (3).

B dFAE UA AL YaAXe} FERIANA AYAT o3 fr=E dEkd
Ao g CoQlo o o i) Lolr gttt

o
H3CO CH3
H3CO [ AN :I\H
o
c

Figure 1. Structure of Coenzyme Q10 (n=10).

2. AdAs L uy

2-1. A|Euje
VA B MEMXE AAole) 2 HH Fa8ATHE). 0.25% trypsin & A E]std X1

22 0 2 HE epidermis & #E T F, 7.5 mg/ml bovine pituitary extract, 1 pg/ml human
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fibroblast growth factor, 10 pg/ml phorbol myristate acetate, 0.5 mg/ml hydrocortisone, 50 mg/ml

gentamicin, 50 pg/ml amphotericin & F7}¥ MCDB-153 WA 2 vortex 3t} AEE £,

wj gt

222, dad APAA 54

Mgd AEHZE 6-well MFE710) well B 2 x 10° cells =2 ¥3L 24 AT wjFste]
AE 2L BAF F, APEHo] 78 MR oz a3t 4 AL F PHB4-
dihydroxyphenylalanine 2 2.5 pCi/well ©] S X5 A7}sta 48 A7t gt depd A
FA9 4L wWYdL AASL HNEE 58T 08, [’H]34-dihydroxyphenylalanine ©]
=99 AadS glass filter o] ZA|A radioactivity £  liquid scintillation counter 2 &3
LA THS). Ado] AL43 isobutyl-1-methylxanthine(IBMX, Sigma) % dibutyladenosine 3’5;-
cyclicmonophosphate(dbcAMP, Sigma)= 100 uM 9] X2 7SR, AEEZS FAl

A2 sk

2-3. YA ZAL

294 F9L  Philips UVB 1amp(280-350nm)E AM&3F 3, FFL  Waldman UV
meter(Waldmann, Germany)2 SA st AL ZARIA #WgdE AAs2
phosphate buffered saline(PBS)2.2 H AT ¥ wjYE7]9 F74& 43 25miiem’ 0] HEE
ZALEAT 24 AN A T 2L PHoE FFY AYHE FAstn AFERH
[’H]3,4-dihydroxyphenylalanine & 3713} 24 A| wigg F d2pd APE S AF s

on, A3 ANFEZS AYsA ¥ HxTH Hwi

2-3. E|ZAIYA EAFA
E|2AUA §48AL PH)tyrosine ©] &AW ols] DOPA 2 ABHWA HIAHE

H,0 ) radioactivity & SR 2H A2uTHe). Adol ASE HEAGAZE A
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MM FE FE2EE o] E3A WIALE AAT YALAHXE PBS A F3}3L tyrosinase
buffer(80mM phosphat buffer, 1.0% Triton X-100)2 A ¥& 48319t} Sonicator & ©]-& 3}
A EE T3l tyrosinase & F&E 948l 4TolAM 1 AZFEQL BX &3t QRS
53 AAES AASZ AFAL J5dd EPYSAL AY G2FEFA2E o] 43H
o 7 BAWNS AL 520p g EAFER, AGF] AFER E 712 PHltyrosine 7%
DOPA 2 FAEH, 37TolA 1A ¥HEAH )

Hk-g ¥ BSA ¢ TCA € 718t wbg-& AAAII L dAEEsd 35L& £28 o
charcoal & Wil A-&A 1 A AU F AL EA AAsD, FEAS AP F,
WAL FE SAAT old WAL Fol ALFF HEAUA Y dE dAaHI E A
o2 B

2-4. Brown guinea pig & ©| 8% "9 FE4Y

1) -F 4 A vh(artificial tanning spots)2] A} 2t

2 AUVB)ell % AF A9l A 2L, 4 vld] 9] female brown guinea pig(Z ERE,
Tortoiseshell guinea pigs) 599 & AAY 5, HFo] A7 Iem 9 Y943 FE) &
4 ¢F1F foil & FIAAIY F, Waldmann UV 800(Herbert Waldmann GmbH&E, Philis TL/12
lamp emitting 280-305nm)2. 2 A2 4 & FAFSIAY. 1 3] RAFL 500mi/em’ 2. & 3o,

F 18,3 F30 944 A8 FXAEE0] 1,500ml/em? 0] F A 3L THT).

2) Ede] =¥

A RAte] & FHE TN ] VYEDS =X AFS AP A7 Ma
Ao WA a7} & olv P MaFAFe] 7] AAEARE Fotry] 84, WA
o8 ML AL dSEREH AJEDAE =X =EXxHFE= 19 2 8, 4 F3H
A&son, A& 53 vehicle(8)ol FHAFo] HEIUR FE 1%EEE 7 £
AlAH d8ez =¥
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3) B ES e ¥R
Agdl 9% udase H7E sty o AZA $HE AMRST

@ %97t
T vehicle EEFSS AR EXHIE wusel YRy vMEse FFHRCH,

VR g YEHE AR BEFT.

@ 7171& ol &% 7}
A 2} Al (Chromameter CM2002, Minolta)E ©]&3le], A8 =¥AF} 4 F TXF9 L
value(brightness parameter)®] W3& £33t Ul did]A 3 3 WESH 2

HdEke Tota B uEY.

CEZLEET!
475 NEE EES ATAANE 37 8mm 9 biopsy punch & ol &5l AFHAL, 2
%3 10% neutral buffered formalin solution © 2 A3t dzldo] ¥v)s}gict. g
ZAE 5 vlolaRuH FAR section & TS, Ao P4 W¥IE BFEI] 3
Fontana-Mason Q4& +@stgon, dalwalo|Es] $£Hust 2 Fusts AZs7)
5t HeElAlojEo] EolH oz EAsl= S100 S digh A& FHsUtt

©.

3. A3}
3-1. QA A MAA XA dAZd A JA &S
A B¢ M2AFAA Babd Fol wIAE P tha) Fotr et

CoQ10, vitamin C, kojic acid & A&7} F71E A &L z2FF v 23ty 0.5 mM 9 Fxo
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A 50%AES] dEhd AP AETHT dRen, FHA SR arbutin & 20%E A&
#7h B kthFig. 2). CoQ10 & 0.5mM I 025mM 9} FEA 50% AEQ dehd BFA
AAEZF}E UEiloen], T o)3te FEAAE Dabd AFAS dAaFAI YA
o 3koh(Fig. 3).

3-2. UV-induced melanogenesis o ¥ A&7}

AA BPALME 25mifem’ 9] UV & A&3t9 2 9F¢ AN (F 50ml/em?) ,
CoQ10 0.5mM & H718 F 48 A7t wigste] dahd A9 AHNAEE 54 A
2ol d ZAl o3 ded QA ol 50%BE F7FALoH, CoQl0 AZA UV o 93
7t d2hd AR L 943 JASAKFig. 4).

3-3. cAMP-induced melanogenesis o & A &%}

AZU cAMP & F7M71E RoZ 23R IBMX 9 dbcAMP & 22 100pM o] 22
Absta dad AP ARE Y LH, CoQ10(0.5SmM)L FAol F7HEA
cAMP Z7tel 9@ daid ARA F7tol AT CoQlo 9 FFE =333} IBMX o}
dbcAMP & H7}3H é@{féﬂfﬂ-‘e datd AgAol-F 20% AE F7Mste Ao Ugy
o CoQ10 & FAlol A7te AGFNANE CoQlo Tt HA T NPT wsd £29 40%

FEe dad A dAaAE HeEAckFig. 5).

3-4.CoQ10 9] tyrosine hydroxylase & A| & 7}

MEFd QA BY H2AME AH AL 0] 83tY tyrosinase B AAEAE A
CoQi0 & in vitro °|A tyrosine hydroxyalse 4 AE A/t vehix F& W,
tyrosinase inhibitor 2 ¥¢# %] arbutin 7} kojic acid & 1mM ¢] FXoA A|ZE ¥x &L o

ZTH vadte] F 40%FEY A EAE JERYQTKFig. 6).
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3-5. FEAEAH

1) AFY2ule] hg W a3}

© %<7t

CoQl0 & =X F¥ ¥rE R34 o] glo] 43T v as7} Yebstet. Vitamin C =
¢ dYdE 2F8S Aoy vasE vesilt. WA Kojic acid i redness R
keratolysis & EWr& w97} et (Fig. 7).

@ L-value W3}

CoQl0 & E=X3 B9 714 ¥L delta-L value(Fig. 8) UeliEd), ol 4 F0e =X
o g3 AFYauke] MzZo) A3 Yozt A& v . ¥, Kojic acid %

vitamin C = A9 Z7}7} vepyicl

2) ZA%H 23

Aehd Yo T Fontana-Mason F4Z7}E HAHET, CoQl0 & EXF F-99 dhd
3Fo] vehicle TXF- ol vE] 433 FAIASS FAY = AATHFig. 9A).

S100 @ Ao g ARG Ao, datcatolEe P & 3 ¥H3E g A
o2 BaHn, AP ZE APEDAA HOE HgE A R HFig 9B).

4. 28 3 1F

2 AFAELS detd A G A0 HE CoQl0 2 AIE invitro L invivo P& T3
BT CoQlo & G AA M MEAA Hetdo AL AARAL, A} A
Ul cAMP 3710l 93 FEd H2AHGA A AT 3, guinea pig & o] §F F

EAYANAN AU g8 fdE A2AFY) AHNEAE $FEFE AFAAT. B9, in

- 156—



vitro tyrosine hydroxylase J A E#E fle ALE YElon, o] 53 CoQlo 9 Hehd
A AN 280l tyrosinase inhibition ol AF Aol obd& & F AAUT. AF7A CoQl0 & F
A2 HRxg JAEIR gol A UANen, vdSHEgN d7E A5E A
gx 4Aole. |

o9 AFAolA CoQlo & MAHFS] WA 9 sfAel EAUE YEZHA o
T8 AMEE F & AeE AZHY, §F Clei)' o dapd A4 oA 71F o
g 477t o 9eddn Atsdch
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Abstract

Coenzyme Q10 is found in all tissues including skin and it is the well-known coenzyme for
mitochondrial enzymes. The electron and proton transfer functions of the quinone ring are of
fundamental importance for the oxidative phosphorylation pathway to generate energy in the cells.
Coenzyme Q10 has been studied as a potent antioxidant molecule in the skin. It is involved in the
skin’s response to UVR irradiation. The concentration of this antioxidant in UVR exposed skin is
higher than in non-exposed skin. However, recent studies have also shown that coenzyme Q10 is one
of the first antioxidants to be depleted when skin is UVR-irradiated. This indicates that coenzyme Q10
is primarily involved in defense mechanisms of the skin. Therefore, we questioned whether coenzyme
Q10 shows regulatory effect of melanogenesis. Here we report that coenzyme Q10 inhibits melanin
neosynthesis of normal human melanocytes grown in culture, and lightens UVB-induced
hyperpigmentation of the guinea pig skin in vivo. We treated human melanocytes with 0.05mM to
0.5mM of coenzyme Q10 for a total of two days. This inhibited melanin neosynthesis of cultured
human melanocytes dose-dependently. The inhibitory effects of coenzyme Q10 was as effective as
kojic acid or vitamin C on cultured human melanocytes. CoQ10 didn’t have direct inhibitory effect
on tyrosinase activity in in vitro tyrosine hydroxylase activity. To further clarify the effect of
coenzyme Q10 on the melanogenesis, we established UVB-induced hyperpigmentation on the shaved
backs of brownish guinea pigs. The UVB intensity was 500mJ/cm’ and the total energy dose was
1,500 mJ/cm®. The animals were exposed to UVB radiation one times a week for three consecutive
weeks. Coenzyme Q10, kojic acid, Arbutin, vitamin C(1% in vehicle) or vehicle alone as a control
were then topically applied daily to the hyperpigmented areas twelve times per week for four
successive weeks. The lightening effect was evaluated by visual scoring, chromameter and
immunohistochemistry. Coenzyme Q10 had lightening effect on the UVB-induced hyperpigmentation
without any other side effects, whereas another compounds showed weak lightening efficacies.
Therefore, these results suggest that coenzyme Q10 may be useful for solving physiological
hyperpigmenting problems for cosmetic purposes.
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ormal human melanocytés.(NHM)

Figure 2. Inhibition of melanin synthesis by CoQ10 in n
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|0JJU0D 94

Figure 3. Dose-dependent inhibition of melanin synthesis by CoQ10
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Figure 4. Inhibition of UV-induced melanin synthesis by CoQ10 in NHM.

NHM by CoQ10

Figure 5. Inhibition of c-AMP induced melanin synthesis in
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Figure 6. In vitro Tyrosine hydroxylase activity
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Figure 8. Depigmenting effects of CoQ10 in brown guinea pigs.
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