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ABSTRACT

Objectives : Thymol (2—isopropyl—5—methylphenol), a natural monoterpenoid phenol, is one of the major odorant
constituents found in natural essential oils of various herbal plants, such as 7Thymus quinquecostatus and Thymus
vulgaris, Multiple biological activities of thymol, including antioxidative, antimicrobial, and anti—inflammatory
effects, have been reported in numerous in vitro studies, and recently it was suggested that thymol may could
inhibit oxidization of L—dihydroxyphenylalanine (L—DOPA) to dopaquinone required in melanogenesis pathway, as
an antioxidant.

Methods : MTT assay was performed to test the cytotoxic effect of thymol in B16F10 cells. Inhibitory effect of
thymol to tyrosinase activities were examined using both mushroom tyrosinase and intracellular tyrosinase,
Expression level of tyrosinase in B16F10 cells were investigated by western blot analysis.

Results : The cell viability was decreased by thymol treatment in dose—dependant manner, leading significant
cytotoxicity in 500 and 1000 xM thymol—treated groups. In the alpha—melanocyte stimulating hormone (@—MSH)
—induced melanogenesis, administration of thymol significantly decreased extracellular (secreted) melanin content
in dose—dependent manner, Cellular tyrosinase activity assay and western blot analysis of intracellular tyrosinase
showed that thymol has a strong anti—melanogenic effect by inhibition of tyrosinase activity and by decreasing
expression of tyrosinase that contribute to melanin synthesis in the B1610 cells,

Conclusions : As the first functional study that prove anti—melanogenic effect of thymol and its underlying mechanism
in the living cells, our study suggests the applicability of fragrance as the functional materials of cosmetics or health

supplement, not as just an additive,
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I. As 4y

1. AeF

H Ao A AMEH thymol (T0501) ¥ alpha melanocyte
stimulating hormone (e—MSH, M4135), dimethyl sulfoxide
(DMSO), arbutin (A4256), 3—(4,5—dimethylthiazol—2—yl)
—2,5-diphenyltetrazoliumbromide (MTT), mushroom
tyrosinase (T3824), L—3,4—dihydroxyphenylalanin (L—
DOPA, 333736), L—tyrosine (T3754) & sigma (St.Louis,
MO, USA)oA FY3}ct. Ethylenediamine tetraacetic
acid (EDTA) & hyclone (Logan, UT, USA) A& A3}
L, tyrosinase FA= abcam (Cambridge, MA, UK)ojA],
22} 84|21 Goat anti—rabbit IgG HRP conjugate antibody
+= cell signaling (Danvers, MA, USA)o|A 43Tt

2, Nl Wi

ok A ZAE (mouse melanoma, B16F10) AlZ& &
etn AeFE aed AFAZRE B dhop ALgEtglon,
10% fetal bovin serum (FBS), 1% penicillin/streptomycin
(100 U/m@)2& 3§83t Dulbecco” s modified Eagle” s medium
(DMEM) wj=]o| A 837C, 5% COy 27 3}o] incubatorof Al
HjFst AT

3. NZ =74 37}

B16F10 AIZZ 96 well plateo] 5X10° cells/wello] H=2
EF5k] 24417 <t vjeke & DMSO°) FEHE 3] A%
thymol< HiA] 23]9] 0.1% =2 &3} 37T, 5% COq
incubatorof| Al 48A17F &<t it NE HEE TS
A3l 5 mg/ml B2 A23 MTT £ ZF welld 10ul¥
H7ksto] W AT A E 2417 B HORRE T, oS
AA st ZF welld DMSOE 100 w® 9o formazan
crystal JAES SaAH T, 2HS 943 =< & EPOCH
microplate reader (BioTek Instruments, Inc, Winooski,
VT USA)Z 570nm 3ol SF=E Z43ct
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B16F10 AlZE 6well platedl] 4X10° cells/wello] HE=2
H5t 24A17F F<F vl R F phenol red free DMEM OS2
HiR S wAEl] thymolS FEHE A2 stgich 1417t Hol
a—MSHE 200 nME A7}t 48A)17F F¢t vjoFsle] dabd
FAEL FES F, HiAE 2o 96well plateo] 100 wH &
Z3}e] EPOCH microplate reader® 475nm 373 ol A dz}
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5. Mushroom tyrosinase A3} &4 &A

Mushroom tyrosinase @4 &A< 93 tyrosinase?
7149l L—tyrosine® 0.1M potassium phosphate buffer
(pH 6.8)°o] ImM 22 9A3] 0], mushroom
tyrosinase= 1000 U/m¢E Z¥]3}Hch 0.1M potassium
phosphate buffer (pH 6.8) 550 u¢°]] mushroom tyrosinase
50 WS A7Ht & F% =71 2 50 4M, 100 xM, 200 xMo]
HEE HE¥EE thymol 50 WS A7IE &, 23T oA 10
BE7F g AF T o] Fof 1 mM L—tyrosine 100 WS 37}
3t 23T oA 3EZF HES-A1Z] F 96well plateo] 100
H2335le] EPOCH microplate reader® 475 nm IHAHof A
dopachromee®] tjt FFE=E 45t

6. NlZ Y tyrosinase A3 &4 &A

B16F10 NJZE 6well plated] 4X10° cells/wello] =2
B235to] 24X]17F E9F voFst & phenol red free BIXZ 1L
At thymol& F=HE A stEth AP F 1A7F F el
a—MSHE 200 nMZ H7}5}al 48417 2k vt b2, Hl
FMS AA stz 1X PBSE 2¥ A|F3tATh 2T cell
lysis buffer (2.5mM sodium pyrophosphate, 1% triton,
1mM EGTA)E welld 100 uf A8 3t 3 scraperE ©]-835}o]
A|ZE ®o} 13,000 rpm 22 2587 YAEE T T A4S
80 u¢ol 10 mM L—-DOPAE 20 ul H7}ste] 37°ColA 1A1ZF
¢ i gstAtt. dopachromed]| tiet S3%E+= 475 mm I
o4 245kt

7. Western blot= ©]-8-3} tyrosinase'™@d 74

Thymol ¥ ¢—MSHE A3 & 48A7F vjFg B16F10
N EZZE 2718 1X PBSE 2¥ A|A3tch Cell lysis bufferE
o] &3t AZE &aA7]L, 4T 13,000 rpmoA 3087+
0_]/\1 =k 5].@] /kl—z‘:on_o_ odo %, BCA assay® £ = r)runzl.g.
AFsHAS. AR 20 ug %ﬂﬂé‘ < 10% SDS—PAGE gel

o H7|ds 3dted £ F, ©o]& nitrocellulose
membrane®]| =71 2 Ar2oA 1A]7F B2t blocking
buffer (5% skim milk in TBS—T)olA incubation A|Z T}
Tyrosinase©] th3t 1X} A S blocking buffero] 1:1000
© 2 3|4ste] 4CollA oF 1247 BREAIZ] o, TBS-TE
o] g3t 587t 33 AlE & anti-rabbit IgG HRP
conjugate 22} FAE 1:10000.2 3]AJ5}o] AlLojA] 147t
ot Bke AT} oF 33] A& £ enhanced chemiluminescent
(ECL) detection o2 Z& chuhz o] WS &Qlslg o
o, olu|x] FFL invitrogenA}l iBrightCL1000 &2 43
SHETh
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AZL student t—test(FESHAA)S /\}-—9—0]-0:] 2gPom,
p—value7} 0.05 o]}l Ztel &l G238k Aoz Aosigc),
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Thymole] "ebdel g4 % 2o n|x& JFS A
710 A, A NEZEALAES YR g= AoA e 24
thymol A8 =& AA517] Yot A2 E& P A8S

28519t} B16F10 M=ol Z+2+ 1, 10, 50, 100, 200, 500,
1000 xM2] thymolZ& 48A17F AHE]gt &, A== formazan
crystal?] & SFEE SHsto] 1F 7F S-S A
HE yEL= A v meant Thymolg A estA] e o
279 AZ PYEES 100%2 1A 39S o, 1 .M AYZ
B 27 98.52%, 94.15%, 94.52%, 86.13%, 82.74%,
76.36%< UEten, 53] FisE 1000 ¢ M A2t
AE 22.96%9) Zobdl A JEES B AcH(Fig. 1),
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Fig 1. Effects of thymol on cell viability in B16F10 cells. Cell
viability was measured by the MTT assay. Cells were incubated
with 1, 10, 50, 100, 200, 500 and 1000 M of thymol, respectively.
The results expressed as the relative percentage of the control
(untreated with thymol) group. *~{0.05, **£{0.01 and ***~{0.001
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Fig 2. Anti-melanogenic effects of Thymol in B16F10 cells.
Extracellular melanin levels between thymol-treated and
non—treated cells. The result shows that thymol significantly
inhibited a—MSH-induced melanin production in B16F10 cells.
The values represent mean = SD. *£<0.05, **~<0.01 and
*xx < 0.001.

Arbutin(ug/ml) - -

2 A o-MSHE A3e Webde] Bujeke gizzol
vl oF 2 238 Z7MAHLH, o]F 100%2 FAEIES
7129 Bag v &4 E421 arbutin 25, 50, 100 ug/me
9] sZ oA Z+zk 88.02%, 76.26%, 58.53%<] Hatd EH]
=S BAh(Fig. 2). o9 Blwstge o, thymolS 50 M
oA 113.42%2 Eujg Wabde] o] 2Z Z7l5t AoR
BT, 100 pM F=oA 89.18%, 11 200 pMoA =
37.19%2 Wehd EHjEFe]l 50% ol TASFAL, ole
P-value 0,001 o|g}2 - {-odo] & A, oahA,
o]& thymolo] a—MSH #}of| o3t Waldgid s a0
2 JAIst g Ynlgict,

3. Thymol9] tyrosinase 84 *|3] &4

Thymol®] Hztd EH| A azmrt dzid@dasel
tyrosinase®] &/d1t o] Q=R &7 Hste, 271419
A¥E £33 thymol? tyrosinase A3 T4 =43t
WA L-tyrosines 7]3Z 3} mushroom tyrosinase®]
9J3t dopachrome®| BAHSE FF=E 59 SATL=H, 9]
TG A thymold] A FFo] WE dopachrome?] FJ%F
ztolE vlmalgrh 713 (L-tyrosine)¥ &4 (mushroom
tyrosinase)§ A5 AMSSHA] ¥ ST FL=E
100%2 st o, FdhzTolA 7181 540 ghgof o
dopachrome?] AAHF-E 314.83% %t ol7]o] vHEH
arbuting 50, 100 ug/m{L 2 25} well= dopachrome
Aol 2k 222.33%, 190.01%2 #A3HF 2w, 50, 100,
200 pM9 thymolS AR woll= 285.72%, 269.47%,
258.719%= FXZ7F 7kt wat dopachrome?] AJAdTFo]
A Aadte AE ek (Fig. 3). ol2gt Zfol= 100,
200 M FEZoA FAAHLE {KstGon, £ AHY
mushroom tyrosinase Aol A= 7]£9 arbutin 2t}
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g
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L-tyrosine(1mM) - + + + + + +
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Fig 3. Inhibitory effects of thymol on mushroom tyrosinase activity.
Mushroom tyrosinase activity was determined by measuring
formation of dopachrome. The results shows that thymol inhibited
tyrosinase oxidative activity in 200 uM, suggesting that the anti—
melanogenic effect of thymol was mediated by direct inhibition
of tyrosinase activity. The values represent mean + SD. * p<0.05,
** p{0.01, ™* p{0.001,

th2o 2= AA| B16F10 AIE Yol A L&A= intracellular
tyrosinaseoll gt thymol®] &4 AsEHS SHsH3Tt.
Arbutin®} thymolS 2z} 582 AA s}l a—MSH=Z
dAatd & =% F AlZ U tyrosinaseE ZFE T
WS 2&3ho] 7| A2l L-DOPAS} ¥H-3-A1Z] © 24 thymol
=l @& dopachrome®] =S Skt 1 At
arbutin A Z]ZolA= 100 wg/ml A ZFoAE 91,59%=
a3t tyrosinase As| /o] vERA @t wHH
thymolS A &gt 3%, 200 x MoJA 75.58%Z tyrosinase
2ol ZA FaFsol FUHLH, o= FAHLE 79
3l tH(Fig. 4). 94l mushroom tyrosinase @449 2
Tol= th2 A AA B16F10 AlE U tyrosinased] tiajA=
thymol®] arbutin 2t} G953 E4A8 A4S 7HA= AL
2 Uest
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Fig 4. Inhibitory effects of thymol on cellular tyrosinase activity.
Thymol inhibited cellular tyrosinase activity in 200 uM. This result
suggests that thymol inhibited melanogenesis by interrupting
cellular tyrosinase activity. The values represent mean + SD. *
00.05. ** p{0.01. ** p{0.001.
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orA E9lE thymolQ] M U tyrosinase A3 &4 uf
B O 2 thymol?] tyrosinase® &4 #ul olyzt o—MSH
Z=Zof| 93t tyrosinase® Wd o digt A 7= 7}
A= &2l5l7] 95ty western blote $=3stgct, Aatd
A ARANA 7H FAEA 9L dh= tyrosinases= a—
MSHE| A2 o] 1 o] FXEHEZ, thymold] A9
D2 tyrosinase? LAHFS v T O ZH thymolo] a—
MSHO| ¢J3] €43t=l= AT H2E dAst= 7|62 7=
A g1staz} sk, 7|0l ezl Hiep o], B A
23} ¢—MSHO] A= tixof H]3 tyrosinase?d] TdS
T S| A oF 240% Z7FNFHLH, 100 ug/mée] arbutin
Ao AE tyrosinase Wdo] oF 162%2 HXTHTI=
EAT o-MSH Aol vlal §-2stA F48t 3 th(Fig. 5).
£3] thymol& HZ|3t5& o, 50 uMol|lA] 200%, 100 pMelAl
187%, 200 uMONA 97%Z tyrosinasel] T@Ho] X|&LHo0 2
Zrasith= AL 818 22 9T, 200 M AL EAH
2= {93 Id A advt vebgth @EbA, thymolol
a—MSH A=o] 2J3t tyrosinase? Hd £2S JAFo =
A detd S drevha ggE

(A) Tvrosi
yrosinase [ s S e B |
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Thymol(uM) - - - 50 100 200
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Fig 5. Effects of thymol on a—MSH-induced tyrosinase expression
in B16F10 cells. (A) Expression levels of tyrosinase were analyzed
by western blot. (B) Relative ratio of tyrosinase expression, The
expression levels of tyrosinase in each group were normalized
to f—actin. Tyrosinase expression was significantly reduced in the
200 uM thymol—treated group. *P{0.05, **P{0.01 and ***P(
0.001,
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Wehd g A ZeIA e Bkl AL AeldoRyY Tne

B3t e a3 7)Foln, ookt RS0 Bojshe
B3| ol R, UVE 2 9% A3
ZAGPYAEZR stolg DAAFPAZ A5 T2EQ o
MSHE #4854 stal, 272 dadI Az 299 =&
A ¢l melanocortin 1 receptor (MC1R)Q} Agstcl, o] 23
AZE adenylyl cyclase? A= E3) AlZ Y cyclic
adenosine monophosphate (CAMP)E Z7[A17| 1'% &
Aol a4 X3S 53] AAFIAS microphthalmia—
associated transcription factor (MITF)2] &&-& &X3%tc}
FFTH o2 S43tE MITF= dabd Aol 4 98-S o=
tyrosinase®} tyrosinase—related protein 1, 2 (TRP1,
TRP2) F-3AF 9 1 ghdid ol it S F7pA 0 o2 Hatd
o F4L ol Z38HA Dot B3] tyrosinase Wetd
Aol BhHOoR QI EE AAE, tyrosinased] &3 7]
A9l tyrosineo] 4+4ts B ARELES] FIF AHEQ
dopaquinone® WEOIW o 24 Wahd FAS HuwTr,
E A9 AF}, thymol2 HIAMEZA AFo|A mushroom
tyrosinase®d] &4 E4S AHH o R QTS ¥k opyz},
B16F10 A3 WollA W&ESH= tyrosinased] /44 t% 24
AqAstl= Ao] F¢lE et E intracellular tyrosinase
A 24 2AE F3 €L F U= A2 F AT A
t} A WA= intracellular tyrosinase’} 713 Abslsi=
AZ thymolo] AZPAH R AT 7teoln, F ¥A=
cell lysateoll &A3t= tyrosinased] %¥o] ASHE A7
2o 71& Absh G-go] 7HasteE 7HeAdolth AA 1999
| g § AolAe= thymolo] AEA LUolA HAIE
triacylglycerols®| 4t8HS EHZH O = WA|ste F4ket B4
o] gtz Bastgom™, E o2 AFo|AE thymolo] 3
849 B4 EPFHoF L-DOPA7} dopaquinonel &
AStE= RS JAIS: RS 7Rt dEsH T
*_o]& thymolo] tyrosinased] 50|29l 45242 3|
B BYE A Brbe, ohefet &9 Akskakgof His)
7143 FAF o2 ZgFo 2N dF| FASEZAY 9T
o £ UeS Yujett
T WA 715AL, western blot& S3f tyrosinase?] &
HILE v BATO R Q3| RIS, «—MSHe| o3 4
Zd Fol F=HUE o tyrosinased] T o] Tl &
oA ZA 71 A= HERA SR, thymol& AT A=
ANH= a—MSHE| A== £} tyrosinased] W&ol
2N 553 A2 445K o= intracellular
tyrosinase &4 ZAL 93 NZ Y UL S =&
sttty stEEte, 1 49 tyrosinase? o] o—MSH
Aol B3 RokE AYE Yudtt, webA thymolo] a—
MSHel &J8li 8/43}e|= tyrosinased] W@ £7 25 A
SHEaL, JZ0] AAHe g WdE a4 G4 o2 UEhd Aol
& 4 Stk APH gAY &4 55 58 S0l
8% £k YR, B Ao AF A 9 A ALE
vl o 2 3 33 2o webk, thymold] &H4Hst /gt
tyrosinase ‘U@ A 7|50 BFH O R Axzof -gsto] ujdy
55 Yl 9S Aol "adEn Yoyt AlZ W cAMP
level % 9 CREB (cAMP response element—binding
protein), MITF % tyrosinase? @& &A3t= A 24
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