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Ssdgaanhlawaala (UVA) \usungiraynviliiimiasiaded (melanogenesis) Lﬁu%ﬂmﬂi:qu
MIAANIZLASEABaNTLATY (oxidative  stress) LLazﬁﬂﬁLﬁ@mmuﬂwiawadﬂavlﬂé'ﬁua%aﬁmz
(antioxidant  defense)  @vnsasdiadnuniiullonafianusunuinumaieussfmiiiawan luan
(malignant melanoma) LLazmiLﬁ@lﬁﬁ’mﬁu%% (hyperpigmentation) ﬁdfuﬁdﬁm’mﬁﬁﬁ@i%ﬁﬂﬂ’mﬂﬂé’f’mﬂgﬂa
Sas=lumssuds melanogenesis %omaﬁﬂﬂg&msﬁwmmsﬁ’mmm'&mLumﬁu (antimelanogenic agent) i
e ENTNINW Iﬂidﬂﬂi’iﬁ?ﬂﬁqﬁlﬁﬁnmqw'ﬁfmaamg‘uvlm 2 via A1 (Alpinia galanga) Waz MWW (Curcuma
aromatica) %aﬁqw'ﬁfﬁma%a'ém‘:LLa:Lﬂuaqu‘lm‘ﬁ'ﬁﬂiﬁamﬂ%‘tumﬁﬂmﬂ@mﬁmﬁ'm‘imﬁmaﬂ%ﬁwga

IAEGA a g; a o .
W7 Ed’)ﬁ]U%Gﬂ@lﬁ@ﬂﬂ‘ﬂﬁﬂ?%ﬂ?iNaﬂ‘Uﬂﬂﬁiguvl‘W?‘YN 2 Tua I(ﬂﬂ‘ﬂ@lﬁﬂ'ﬂﬂ’]‘SY]']G']%LLQZﬂ’]iLLﬁ@G@@ﬂ‘UEN tyrosinase

=

FawihilumInsawaniin LLazi'@ﬂ%mmﬂua\‘lmmﬁuﬁgﬂwa@lumaﬁ human melanoma (G361) #ild5ums
MBURY  UVA uanmnﬁf’uﬂ'sﬁms?mmuﬂumﬁwum&;&aﬁaiwmaqu‘lwﬂumiﬁugs melanogenesis  1@ag
ﬂ@]ﬁ@uq7]§5u§dﬂ’]’3$ oxidative stress VBILTAR LLaquﬁrm:Gju antioxidant defenses A mMIviauvas
catalase (CAT) Waz glutathione peroxidase (GPx) uazi3unms glutathione (GSH) meluioad uamﬂﬂ‘lfuﬁ'd
ﬁnmmiﬁ'}ﬁmﬂaoauquvlwﬂ@ﬂ%mﬂﬁﬂ thin layer chromatography (TLC)-densitometric analysis
MIANEANLY UVA (8 Jiem’) NEAWNNIVINNL UAZNIUEAI80NIEAL MRNA 284 tyrosinase UAZ

UVA (16 Jiem’) NIEdUMINEAAAUTITIR G361 ashavl,iﬁmwmguvlwsﬁy’d 2 gfemunInduds
melanogenesis A4NENlABAANTIFNNUULAZNILRAIDANDDI tyrosinase wazaamInaawa i lagldvilwiie
AudalTas uanmﬂﬁf’uaguvlwsﬁga 2 wfasansnduds UVA Aivnldifia cellular oxidative stress MIgaYLEe
Wifives CAT sz GPX WazmIanadzassunm GSH wazmsanunlawld TLC-densitometer wud1 eugenol
uaz curcuminoids szt dusnsdiayluanussiuwedn ausau

TassmsAssilanugndumsinnuues tyrosinae a9t UAzIWWISRN  BedlanuFuwusiugnien
auyadaTy waztdumsfneni linomonuannen lasgnssusannay oxidative stress WaznIzd antioxidant
defense mfaLﬂunavlnmiaaﬂqw%(ﬁé']ﬁtgmaaaquvl,mﬁgd 2 shialumsannsaiafiadfiinan UVA
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Abstract

Ultraviolet A (UVA) irradiation is suggested to contribute to melanogenesis through promoting cellular
oxidative stress and impairing antioxidant defenses. An overproduction of melanin can be associated with
melanoma skin cancer and hyperpigmentation. Therefore, developing effective antimelanogenic agents is of
importance. Alpinia galanga and Curcuma aromatica are traditional medicinal plants widely used for skin
problems. Hence, this study investigated the antimelanogenic effects of AG and CA extracts (3.8-30 fig/ml) by
assessing tyrosinase activity, tyrosinase mRNA levels and melanin content in human melanoma cells (G361)
exposed to UVA. The roles in protecting against melanogenesis were examined by evaluating their inhibitory
effects on UVA-induced cellular oxidative stress and modulation of antioxidant defenses including antioxidant
enzymes, catalase (CAT) and glutathione peroxidase (GPx), and intracellular glutathione (GSH). In addition,
possible active compounds accountable for biological activities of the extracts were identified by thin layer
chromatography (TLC)-densitometric analysis. Our study demonstrated that UVA (8 J/cmz)-induced both
tyrosinase activity and mRNA levels and UVA (16 J/cmz)-mediated melanin production were suppressed by
the A. galanga or C. aromatica extracts at non-cytotoxic concentrations. Both extracts were able to protect
against UVA-induced cellular oxidant formation and depletion of CAT and GPx activities and GSH content in a
dose-dependent manner. Moreover, TLC-densitometric analysis detected the presence of eugenol and
curcuminoids in AG and CA, respectively. This is the first report representing promising findings on A. galanga
or C. aromatica extract-derived antityrosinase properties correlated with their antioxidant potential. Inhibiting
cellular oxidative stress and improving antioxidant defenses might be the mechanisms by which the extracts

yield the protective effects on UVA-dependent melanogenesis.

KEY WORDS: Ultraviolet A; melanogenesis; antioxidant defenses; medicinal plants



Executive Summary

nesadiadiawmiin (melanogenesis)  fwnAaUnd  wia  hypermelanosis  nal#ifia
hyperpigmentation %uﬂuwﬂ'}%amwﬁﬁ%ﬁﬁ'@maaﬂ’mﬁ@ﬂ'] (melasma) %mﬂuﬁmummaﬁ’mﬁfumuL'%ya%'aﬁ
enluaas WONINTHH melanogenesis S3LAETaIdaMIARNLISIRIMITITRA malignant melanoma wn'laidl
msflasnurdalimssheetnanunzan

myAadATuT% (skin hyperpigmentation) Lﬂuﬂ@ﬂ’]ﬁﬁmﬂﬂi:ﬂu&iaﬁdqmnWWLLa:QﬂaﬂﬂWW%GLﬂu
mm@mﬁaﬁﬁﬂﬁﬂﬂwULﬂuﬁﬁmumﬂ@TaaL%ﬂ@iﬂ‘ﬁﬁhfJgalumisﬁaNamﬁwﬁﬂﬂﬁgoﬁammLLwammmaJs:mﬂ
I@ﬂﬁiuﬂa@ﬁuﬂ'ﬂajwm'ﬁﬁwa(ﬂﬁmmﬁlﬂﬁlﬁﬂizaw%mw’lumiﬂaaﬁ'mm:%’nmﬂﬂﬁamaLﬁuwa‘*ﬁ'@mu
wannuudImunatradssnmalidadmeiuadsann - dniudfienuimdylumsdnmuaditodie
WARIIAIBNINAALNANAL  (antimelanogenic  agent) mnmg‘uvl,wsvlmﬂ“?'iﬁﬁnsmwimmumsﬁﬂmma
Innmaasuaziinangunaivayuediniomanawihmltluan  uwazshlugmaiamnsiaimsian
agulwsitldnasgmlasfivsaniamuasanudssasdvsdedislnaluewinn  uenaniuiiemezasmsive
lun'ﬁﬁnmfﬁﬂuvlﬂfluumwmL?}mﬁ'uuT,Umm&oLa'%uﬂ'ﬁﬁ@uuwﬁ@ﬁmﬁmmﬂaag‘u"l,ws"tm%al,ﬂm%'wmmﬁﬁ
fnumnaessznalnedsnsldiumamiaunliifals:lonigoge é’afmﬁ%’ﬂ%uﬁummﬁﬁ@mm
m‘sﬁnmrm%(madm‘saﬁ?ﬂmnaqu"lmvlmmiamiﬂ'uﬂy'oﬂavl,nﬂﬁLﬁ@ hypermelanosis lwszduimas  F9aansn
naliiiaasdanulniwazihlddszgndlgldlunwissdeldluemaa

INMIANWIWLIITIF UVA Lﬂummqmmuanﬁﬁﬁﬁzyﬁqmia melanogenesis  witilunalnfidgdany fa
UVA ﬂi:(?jum‘il,ﬁ@ oxidative stress ‘T;dLﬂuﬂﬂz"uadmiLaﬂamgmﬁ:‘v\dw reactive oxygen species (ROS) LLaz
antioxidants Vo9LTASAIMGS laufl oxidative stress SINAMLTASETARTINNITAS melanocytes WAz
melanoma AMsHAALNATAY (melanin) NnRaUndLazyinlAiAa hyperpigmentation Waz malignant melanoma
auIn aenumsanena lnmIsengnivesssitgns antioxidant §amssuss melanogenesis  anailn
lamalumsnamansasnanalunmssnsnih

aquﬂwsﬁa:ﬁﬂmﬁnma%@ﬁﬁ 2 siiafa 21 (Alpinia galanga) WaxINWWNA1 (Curcuma aromatica) %0
atlwied Zingiberaceae Aflszsansldneduianisaoudadia nMsAnwdae Thin layer chromatography
(TLC) analysis Waz Folin-Ciocalteau (FC) assay Wuiﬁmguvl.wa‘ﬁzo 2 w9a Usznaueiuans phenolics ﬁﬁq"n§
duauyadasz (antioxidant) ldun eugenol (iluaidiilsznaulu A. galanga) uaz curcuminoid (1{Juasdsznay
1w C. aromatica) wenannuusanuin UVA aaNInNIzGuli tyrosinase Invhauuaziimiusasaanizay
mRNA Lﬁluﬁuuazﬁﬂﬁﬁmwa@ melanin L‘ﬁlugﬁulu human melanoma (G361) cell lines miﬁﬂw’lﬁwudﬂmi
8NN A. galanga \\ae C. aromatic mmsnﬁufﬁi melanogenesis ﬁLﬁ(ﬂmﬂ UVA laganansaaamsyinauiay
MILEAIaaNIUIZAU mMRNA 284 tyrosinase WazaaUIunmh melanin 1 G361 cells 'l

nnmIdnsnalndueuyadaszuasmIsnaan A galanga uaz C. aromatica fanmssuds
melanogenesis 2841 T8 melanoma G361 ﬁvlﬁﬁ?umimml,ad UVA Wuiﬁaﬁiaﬁmﬁoaaaaﬂwﬂ‘snLﬁwﬂ%mm
a3 glutathione (GSH) ﬂi:ﬁumiﬁﬁmumad antioxidant enzymes ldun catalase (CAT) uaz glutathione
peroxidase (GPx) Wazfiusanaz oxidative stress UaILTAS A é‘aifu’?ioaﬁ;ﬂhﬂavl,ﬂnﬁﬂ’uﬂga melanogenesis
maaagﬂwsﬁuammmﬁ‘miaaﬁ'um‘m@m’;: oxidative stress LLa:ﬂ’mﬁwﬂi:aﬂ%n’lwmm antioxidant defense

Turag



1. Jagiszavdzaslasons
11 #nwnalnmseangnivesmsana A. galanga uas C. aromatica #emsiusa melanogenesis Twiaad
melanoma “?'igﬂﬂimjuﬁ’m UVA
1.2 @nwrfiauazUSunne antioxidant phenolics ﬂ‘fmmmﬁLﬂumiéwﬁtgmaamiaﬁ'@ A. galanga uaz C.
aromatica
1.3 Vlé'f%’uadﬁmwwj’lumﬁ%‘ﬂLLa:ﬁwmmﬁnnmgiu"lwﬂumiﬂadﬁuua:ﬁuﬂg\‘immﬁﬂﬂﬂ@“ﬁaamwﬁmﬁ@%
Wwanfiufitianan  UVA Tuszauiaaduazluana %aawmmﬁﬂﬂ;jmsﬁnmlm:é’ué’@lfﬂ@amLLaﬂu

aERIAAa b
= Aada v
sufiguisivy

Part 1. Ms@nszRaLazdSu1mwuadans antioxidant phenolics Twarvana A. galanga \\a¢ C. aromatica
1.1) Preperation of the extracts of A. galanga and C. aromatica
WiukIad A. galanga wa C. aromatica 7 l@3UMIATIVEOUEN ﬂﬁuﬂﬂmjﬁwmmmiﬁmwmw

MRATHANGIE  95% ethanol Huan 72 Talas  wazniednewiinldszimsanifeuuisdiaadas rotary

evaporator under reduced pressure i 60 °C nnuin lszinaidunsuisdauaas lyophilizer uaziAuansana

'
a

ﬁqmvmu —20 °c Aawinluneasau

U

1.2) n13@nsBRAYava1s phenolics laa35 thin layer chromatography (TLC) analysis

mMIAnsThaved phenolics lugnsanaved A. galanga @78 vanillin sulfuric staining 1w solvent system “7]
132naua28 toluene: ethyl acetate: formic acid (24:16:3.2) lawld eugenol Lflumsmmgm

msansTRaves phenolics luansanaved C. aromatic é1¢ fast blue salt (FBS) staining 1w solvent
system ﬁﬂizﬂauﬁw chloroform: ethanol: acetic acid (47.5:2.5:0.5) laelt curcuminoid L‘l‘flumimmgﬂu

1.3) n1s@nw1Su1ms2a9a1s phenolics lag35 Folin-Ciocalteau assay

Folin-Ciocalteau (FC) reagent faTnaRadinim phenolics °uadmsaﬁ'@mﬂaquvlwnﬁmmﬂmi
phenolics 0N oxidise lay FC reagent (phosphotungstic acid H;PW,;,0,, LL&Z phosphomolybdic acid
H;PMo,,0,0) luﬁm’l’sz@hﬂ@ﬁﬂ%miﬁﬁ’lﬁuﬁa complex molybden-tungstic blue

FC reagent 100 z4 (16383370 H,0 1 ml waz 15% Na,CO; 500 ) Wwnviufisedussnasey 50 g4
WK 120 WA ﬁqm‘m{}ﬁﬁao LLazi'@ms@@nﬁmmﬁ 765 nm USNNtW8981T phenolic  ANRITENAGIWID be

91nN3MA1 OD (optical density) 71la &3 phenolic 4517 gallic acid tuaIuasgIn

Part 2. M3ANBIGNEVEIETENA A. galanga waz C. aromatica danstiuia melanogenesis 'ﬁ'nizﬁu
@28 UVA Tstoad human melanoma (G361)

2.1) Cell culture

Human melanoma cells (G361) %Ggm'gmi@ U%'ﬁmmgﬂu (Dulbeco modified Eagle’s medium ﬁﬁ
guilsznavuwal fetal bovine serum/FBS 15%, penicillin G 100 unit/ml, streptomycin 100 Aa/ml) L'gmlﬁnaﬂu
incubator 71 37 °C, humidified atmosphere, 5% CO, AuLTASWIax (subconfluent) 39¥nannasaLdInssania
mgluvl,wﬁazmﬂﬁ’m 80% ethanol LLaiﬂaa@]L%ﬂIﬂ&lﬂ’ﬁﬂiad 1u‘rqmmsmmamzﬁmi incubate LTARGBENT

gnatduiian 15 wih



2.2) Measurement of cell viability lagld MTT reduction assay Lﬁaﬁﬂm:

" g NRURBEIERIA NN NI asETENALAzMTINAAHdalTAs  melanoma  (dose-response
relationship)

" pavad UVA lutiedneg (0-32 Jlem?) 6iam3Lfia cytotoxicity waziianta9 UVA Amanzanlunsinm
daly

Incubate cells aeslu 96-well plate samsana (30 wifiriowldy UVA radiation wia 24 52 luswin
Vl&i"lﬁ%‘um‘smml,aa) —> 819 cells ¢28 PBS 200 M —> 1@y MTT reagent (final concentration = 0.5 mg/ml)
—> incubate 71 37° ¢ 11 5% CO, win 1 T1lus —> &19¢28 PBS 200 44, L&y DMSO 200 24 UAziBENWIH 15-

20 w1l — @ 550 nm lag spectrophotometer plate reader
2.3) Tyrosinase activity assay

&9 cells (8 x 10" cells) 1 incubate AuaNIER® 15 Wifinaua1uuas UVA (8 Jicm’) a8 phosphate-
buffered saline/PBS (0.05 mol/L, pH 6.8) —> 1 1% Triton X-100 (45 L) a8 cells —> sonicate cells —>
\in 20 mM %38 1% L-DOPA (5 £4) uazfisly 1 93las A 37° ¢ — 3@ OD 71 475 nm lawld

spectrophotometer wazdwImAlasUSouiauny standard curve b purified mushroom tyrosinase (50000
units/mg)
2.4) Melanin content assay

Incubate cells J dish 60 mm (5 x 10" cells/ml) FI8FITFRAWIN 15 WIT HauaLUEI UVA (16 Jicm’)
—> §19¢78 PBS — trypsinization #7¢ trypsin 0.05% lu EDTA 0.53 mM fi 37 °C wu 5-7 w1t —>1h cells

1 centrifuge "71 1500 rpm W% 5 WIN—> 1 pellet “?'ivl,ﬁmazmzﬂu 0.1% Triton X-100-PBS Llas sonicate —>
’3'@1"7% 475 nm lavld spectrophotometer LazAT%IKAIAIN standard curve a4 synthetic Melanin
2.5) Quantitative real-time reverse transcriptase-polymerase chain reaction (RT-PCR) for studying

tyrosinase mRNA expression

Total RNA aﬁ’ﬂiﬂwg@ illustra RNAspin mini RNA isolation kit (GE Healthcare, UK) uazld Improm-I|
reverse transcriptase (Promega, Medison, USA) &1%3U polymerase chain reaction ﬂﬁﬂ’ﬁmu@'ﬁa (ﬁ’df:; LGy
cDNA 5 ul 11 reaction mixture 25 M (Master Mix 12.5 44, sense primer L8z antisense primer 10 4M LAaZ 1,{1
5.5 ) sl,%m%aa ABI Prism 7500 Real Time PCR System (Applied Biosystems, USA) uazd3U conditions @T\‘J‘f:;
amplification cycles 40 a33, 10 Wl A 95 °C, 15 3urf A 95 °C uaz 40 3wl A 72 °C —> Specific PCR
product Qﬂﬂ@aauﬁ’m FastStart universal SYBR Green Master (ROX)

mRNA sequences U84 primer sets of human tyrosinase W8z GAPDH (5'-3' direction) ‘T;\‘ILﬂu internal
control (housekeeping gene mRNA) ﬁl“ﬁ’ﬁ’m%ﬂ polymerase chain reaction fa
Tyrosinase (product size = 114 bp)
Sense primer: TCT TCT CCT CTT GGC AGATTG TC
Antisense primer: TGT CAT GGT TTC CAG GATTAC G
GAPDH (product size = 124 bp)
Sense primer: GAAATCCCATCACCATCTTCC
Antisense primer: AAATGAGCCCCAGCCTTCTC

Amplification 183 product JaTzilag melt curve analysis lagfuipnsuaadiaanvad tyrosinase
mRNA 271N¢1 mean Ct a4 tyrosinase expression \WSsULABuAY mean Ct 289 GAPDH lu cDNA 284 sample

AN LAz1iNAT Ct ¥1ILATIH fold change 284 gene expression



2.6) Measurement of intracellular glutathione contents
fLTARAIY ice-cold PBS wazaansiwaslaslt 6.5% (w/v) trichloroacetic acid LLae incubate U
l{WLLi‘J 10 w1l dan LN TCA 7.5 yzi 1w 96-well plates ﬁﬁ buffer (100 mM KH,PO,, 10 mM EDTA and 1 mM
NaOH) 277.5 LAl uazi@iy o-phthaldehyde (1 mg/ml) 15 £A fsludidadunm 25 wfl uaziarSunm
flurorescence (Ex 350nm, Em 420 nm)
2.7) Measurement of intracellular oxidant formation lae dichlorofluorescein diacetate (DCFDA)
assay
WAd9IN treatment WAz@NBLEI UVA %82 Q@ phosphate buffer Wazi@ia medium Twwadidesln 24-
well plates 0aaLd@N DCFDA probes Wa¢ incubate \Jwaan 60 Wil wazIaU3unm flurorescence (Ex 485 nm,
Em 530 nm) N0 5 wfiiduiaan 20 wfl
2.8) Antioxidant enzyme assay
2.8.1) Catalase

‘ﬂﬁﬂ%%ﬁi:qlu protocol 984 Catalase (CAT) assay kit (Cayman, Ann Arbor, M) laglgUgA5en;

- . .. Caralase . ,
{Caralyric Activity) 2H,0, — 0, +2H,0

_ . Caralase .
(Peroxidaric Activity) H,0, 4 AH; ————— A 2H,0

Cell lysate/formaldehyde standard/catalase azanglu assay buffer — @1 H,0, 20 y7 L‘ﬁlaféu
reaction —> 1AANUDI formaldehyde ‘ﬁgﬂm'ﬁ@] uazdl Purpald chromogen —> “7‘1 540 nm law
spectrophotometer LazAT%IHA1AN standard curve

1 W8V CAT activity (nmol/min/mg of protein) A wIMaINN1ILAA formaldehyde 1.0 nmol 68
protein 1 mg Tu 1 Wi

2.8.2) Glutathione peroxidase

mn’i%ﬁs:qlu protocol 184 Gluthione peroxidase (GPx) assay kit (Trevigen, Gaithersburg, MD) lag

I jisen;

GP
2GSH + Ha0y —= GSSG + 2H.0

GR
GSSG + NADPH + H® —> 2GSH + NADP™

Oxidation w849 NADPH il NADP" vinl#iiamiaassuas OD # Agyo UBZEAIINNIRABIIZULITRUAN
NN3¥iN9UL84 glutathione peroxidase 1% sample

LG assay buffer lu sn38zans reaction mix (glutathione reductase, reconstituted GSH + NADPH) —>
L@d cell lysate/standard glutathione peroxidase lu 96 well-plate —> L& tert-butyl hydroperoxide 20 M Lﬁ'aﬁl&l

reaction —> 1@@1# 340 nm law spectrophotometer LazAIWITLAIAIN standard curve
1 %UIBV8I GPx activity (unit/mg of protein) du3IINMITAAYAILN oxidation 390 NADPH 1ilu
NADP" 15314 1.0 nmol @a protein 1 mg
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Part 1. M3@AnsBRALAzUSN1MYIAS antioxidant phenolics Twansana A. galanga waz C. aromatica

1.1) N13ANHITRAVDIAT phenolics I35 thin layer chromatography (TLC) analysis
a1y ndn rRf (Fig. 1 waz Table 1) WU eugenol envazilluansienlussana A. galanga uas

curcuminoid \lusssanluansana C. aromatica (band 7 2 uag 3 397U band M1 WAz M2 1a4 curcuminoid

aNENAL) (Fig. 2 Waz Table 2)

A. galanga Eugenol

o]

Fig. 1. Sample of densitometer analysis of A. galanga extracts and eugenol.

C. aromatica Curcuminoid

10z 13& 170 E04 E38 ETE
10z 136 170 204 238 272

3]
[1:]

34
34

a

1]

Fig. 2. Sample of densitometer analysis of C. aromatica extracts and curcuminoid.



Table 1 R; and rRF value of A. galanga (3 lots) using eugenol as reference compound.

Band RfIrRF Mean# SD Accepted % CV
Lot 1 Lot 2 Lot 3 range
Rf 0.82 0.81 078 080 +0.02  0.64-0.96 25
band 1
RF 0.99 1.0 0.94 097 +0.03  0.78-1.16 3.1

Table 2 R; and rRF value of C. aromatica (3 lots) using curcuminoid as reference compound (shown as M1

and M2).
Lot
Band Rf/IrRF mean Accepted range % CV
1 2 3

Rf 0.31 0.27 0.32 0.30 + 0.015 0.24 - 0.38 8.82

1. band 1 rRF (M1) 0.44 0.38 0.43 0.41 +0.017 0.33-0.52 7.71
rRF (M2) 0.38 0.33 0.39 0.37 + 0.018 0.30 - 0.46 8.77

Rf 0.72 0.65 0.73 0.70 + 0.025 0.56 - 0.88 6.23

2. band 2 rRF (M1) 1.01 0.92 0.97 0.97 + 0.029 0.77 - 1.21 4.66
rRF (M2) 0.89 0.80 0.89 0.86 + 0.029 0.69 - 1.08 6.04

Rf 0.83 0.79 0.82 0.81 + 0.012 0.65 - 1.02 2.56

3. band 3 rRF (M1) 1.17 1.11 1.09 1.13 + 0.023 0.90 - 1.41 3.71
rRF (M2) 1.02 0.98 1.00 1.00 + 0.014 0.80 - 1.25 2.00

Rf 0.88 0.87 0.87 0.87 + 0.003 0.70 - 1.09 0.66

4. band 4 rRF (M1) 1.24 1.23 1.16 1.21 + 0.024 0.97 — 1.51 3.60
rRF (M2) 1.09 1.07 1.06 1.07 + 0.007 0.86 — 1.34 1.42

R¢ 0.93 0.91 0.91 0.92 + 0.007 0.73-1.15 1.26

5. band 5 rRF (M1) 1.31 1.28 1.21 1.27 + 0.029 1.01 - 1.59 4.05
rRF (M2) 1.15 1.12 1.11 1.13 + 0.011 0.90 — 1.41 1.85

Accepted range = 80 x (Rf or rRf)/100 — 120 x (Rf or rRf)/100

%CV = SD/mean x 100



1.2) n1s@ns1USu106289815 phenolics lag35 Folin-Ciocalteau assay
NNMIANHLUIN MV total phenolics lusnsanazad A. galanga and C. aromatica @28 FC method
laglt gallic acid 1uaInnasgin wudrasananisaslosdisznauaay phenolics LazWUINEIIFNAIIN C.

aromatica JU3NN V4 total phenolic ANNNINENIENAAN A. galanga (Fig. 3)

500+
=
= 400-
=
5 - . aromatica
g 300- —a— /. galanga
Y
=
2
= 200-
¥
=
2
-]
2 1004
®
O

0 T r ' r ' Concentration
0 100 200 300 400 500 (ng/ml)

Fig. 3. Determination of total phenolics contents in A. galanga and C. aromatica extracts by FC method.
Statistical significance was evaluated using student’s unpaired t test. Results were measured
spectophotometrically at 760 nm. Results are expressed as Mean+SD of 3 experiments and reported at Gallic

Acid Equivalent, GAE.
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Fig. 4. Cytotoxicity of the rhizome extracts and of UVA irradiation on G361 cells. (a) The cytotoxic effects of
AG and CA extracts were evaluated after treatment of cells (3.8-60 f/g/ml) with the extracts without UVA
irradiation. (b) The dose-dependent effects of UVA irradiation on cell viability were assessed after exposure of
cells to UVA (4-64 J/cmz). Unirradiated or untreated cells were used as control. Cell viability determined by
MTT reduction was expressed as a percentage of control (100%) using a microplate reader. Values given are
meantSEM. The statistical significance of differences between the control and the UVA-irradiated groups or

the plant extracts-treated groups was evaluated by one-way ANOVA followed by Dunnett's multiple

comparison post-test. *p < 0.05; **p < 0.01; ***p < 0.001.
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Fig. 5. Inhibitory effects of AG and CA extracts on UVA irradiation-mediated melanogenesis in G361 cells. (a)
Tyrosinase activity determined as absorbance of dopachrome formation was measured spectrophotometrically
at 475 nm for 1 h at 37 °C. (b) Melanin content was spectrophotometrically determined at 475 nm using
synthetic melanin as a standard. The tyrosinase activity and melanin production induced by a single dose of
UVA at 8 or 16 J/cmz, respectively, related to the protein concentration were expressed as a percentage of
control (100%, unirradiated and untreated cells). Values given are meantSEM. The statistical significance of
differences between the control and UVA irradiated cells and between UVA irradiated and plant extracts-
treated cells was evaluated by one-way ANOVA followed by Dunnett's multiple comparison post-test. *p

<0.05; **p <0.01; ***p <0.001.



13

T 15- [ A galanga
E (1 C. aromatica
<
G 12+ TT ] _
0B T
[ m) ]
23 o x*
5¢ - T
T O gl
S B
=
I 34
b~ Ahk
o
© o0 .I Concentrations
Control 0 7.5 15 30 {pgfml)
UV (8 Jiem?) - + + + +

—AA
Fig. 6. Quantitative gene expression of tyrosinase in G361 cells analyzed by real-time PCR with the 2 “

method. The data presented as the fold change in gene expression normalized to GAPDH and relative to the
control sample. For the control (unirradiated and untreated cells), AACt equals zero and 2° equals one, so
that the fold change in gene expression relative to the control equals one, by definition. For the treated cells,
evaluation of 2 Afer indicates the fold change in gene expression relative to the control. Values given are
mean®SEM. The statistical significance of differences between the UVA-irradiated and the control groups and

the plant extracts-treated groups was evaluated by one-way ANOVA followed by Dunnett's multiple

comparison post-test. *p <0.05; **p <0.01; ***p <0.001.
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2.3 Measurement of antioxidant enzyme activity and intracellular glutathione (GSH) contents
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Fig. 27 The effects of AG and CA extracts on antioxidant defense system in G361 cells exposed to UVA (8
Jicm’). (a) The CAT activity detected as formaldehyde produced was determined spectrophotometrically at
540 nm in a plate reader with purpald as the chromogen. (b) The GPx activity was determined indirectly by a
coupled reaction with GR and the reaction followed the oxidation of NADPH to NADP+, detected as an
absorbance decrease at 340 nm (c) Intracellular GSH content was assayed using the fluorescent OPA
reacting specifically with GSH and fluorescence was measured at 350 nm excitation and 420 nm emission.
The CAT and GPx activities and GSH content related to the protein concentrations were expressed as a
percentage of control (100%, unirradiated and untreated cells) using a microplate reader. Values given are
meantSEM. The statistical significance of differences between the UVA-irradiated and the control groups and
the plant extracts-treated groups was evaluated by one-way ANOVA followed by Dunnett's multiple
comparison post-test. *p < 0.05; **p < 0.01; ***p < 0.001.
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Fig 8. The effects of AG and CA extracts on intracellular oxidant formation in G361 cells irradiated with UVA
(16 J/cmz). ROS produced in the cells oxidized DCFH-DA to fluorescent DCF, which was measured at 485
nm excitation and 530 nm emission. Intracellular oxidant levels were expressed as a percentage of control
(100%, unirradiated and untreated cells) using a microplate reader. Values given are meantSEM. The
statistical significance of differences between the UVA-irradiated and the control groups and the plant
extracts-treated groups was evaluated by one-way ANOVA followed by Dunnett's multiple comparison post-

test. *p < 0.05; **p < 0.01; ***p < 0.001.
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Abstract

Ultraviolet A (UVA) irradiation is suggested to contribute to melanogenesis through
promoting cellular oxidative stress and impairing antioxidant defenses. An overproduction of
melanin can be associated with melanoma skin cancer and hyperpigmentation. Therefore,
developing effective antimelanogenic agents is of importance. Alpinia galanga (AG) and
Curcuma aromatica (CA) are traditional medicinal plants widely used for skin problems.
Hence, this study investigated the antimelanogenic effects of AG and CA extracts (3.8-30
ug/ml) by assessing tyrosinase activity, tyrosinase mRNA levels and melanin content in
human melanoma cells (G361) exposed to UVA. The roles in protecting against
melanogenesis were examined by evaluating their inhibitory effects on UV A-induced cellular
oxidative stress and modulation of antioxidant defenses including antioxidant enzymes,
catalase (CAT) and glutathione peroxidase (GPx), and intracellular glutathione (GSH). In
addition, possible active compounds accountable for biological activities of the extracts were
identified by thin layer chromatography (TLC)-densitometric analysis. Our study
demonstrated that UVA (8 J/cm?®)-induced both tyrosinase activity and mRNA levels and
UVA (16 J/cm®)-mediated melanin production were suppressed by the AG or CA extracts at
non-cytotoxic concentrations. Both extracts were able to protect against UVA-induced
cellular oxidant formation and depletion of CAT and GPx activities and GSH content in a
dose-dependent manner. Moreover, TLC-densitometric analysis detected the presence of
eugenol and curcuminoids in AG and CA, respectively. This is the first report representing
promising findings on AG and CA extract-derived antityrosinase properties correlated with
their antioxidant potential. Inhibiting cellular oxidative stress and improving antioxidant
defenses might be the mechanisms by which the extracts yield the protective effects on UVA-
dependent melanogenesis.

KEY WORDS: Ultraviolet A; melanogenesis; antioxidant defenses; medicinal plants



Introduction

Ultraviolet (UVA) irradiation is a crucial environmental factor in aggravating melanogenesis,
contributing to skin disorders including hyperpigmentation, a common cosmetic problem, and
melanoma, the most severe type of skin cancer. Although melanogenesis is essential for the
prevention of UV-mediated DNA damage, the process of melanin synthesis can be
biologically detrimental and melanin excess can be associated with melanoma (Eller et al.
1996; Kvam and Tyrrell 1999; Slominski et al. 2004). Melanin production in melanocytes
and/or melanoma cells, a particular target for UV radiation, is responsible for melanogenesis,
regulated by tyrosinase, the key and the rate-limiting enzyme for melanin synthesis (Riley
2003). Mechanisms associated with the regulation of melanogenesis have thus been
extensively explored in order to understand pigmentation of the skin and develop effective
antimelanogenic agents. A number of reports have shown that UVA exerted a strong
influence on skin melanogenesis through an oxidative stress pathway involving generation of
reactive oxygen species (ROS), in particular hydrogen peroxide (H,O,) (Schallreuter et al.
2008). Thus, improving capacity of antioxidant defenses to cope with oxidative insults is
proposed to be beneficial in melanogenesis mediated by UVA irradiation. It was
demonstrated that promotion of intracellular glutathione (GSH) synthesis inhibited
melanogenesis in melanoma cells (Kim et al. 2008).

The use of medicinal plants in the Zingiberaceae family for curing various skin
ailments and for skin care has been reported (Saikia et al. 2006). Alpinia galanga (AG) and
Curcuma aromatica (CA), Thai medicinal plants in Zingiberaceae family, have traditionally
been used for medicinal purposes against skin problems and as herbal care, although their
biological activities have not yet been clarified. The extracts of several Alpinia and Curcuma

species including AG and CA extracts were demonstrated to possess antioxidant (Morikawa



et al. 2005), anti-inflammatory (Eguchi et al. 2007; Matsuda et al. 2003) and anti-cancer
effects (Kang et al. 2006). Terpenoid derivatives (e.g., eugenol), the major constituents of the
essential oils, and curcuminoids isolated from the rhizomes of the genus Alpinia and
Curcuma, respectively, were quantified and proposed as their active ingredients responsible
for their pharmacological activities against skin disorders (Darshan and Doreswamy 2004;
Pisano et al. 2007; Surh 1999). It is postulated that antioxidant properties of the active
components including eugenol in several medicinal plants may play an essential role in
protecting skin against melanogenesis (Choi et al. 2007; Hasegawa et al. 2008, Kim et al.
2008; Marongiu et al. 2007). However, little is known regarding the mechanisms by which
the antioxidant properties inhibit UVA mediated-melanogenesis.

While there is a rising demand for antimelanogenic agents and several promising
natural compounds are under intensive development, they remain challenging because there
is no entirely satisfactory outcome and many agents cause adverse effects. Hence, elucidating
the roles of antioxidant-rich medicinal plants in inhibiting UVA-induced melanogenesis is
significant not only for cosmetic benefit but also for melanoma prevention. Hence, this study
aims to evaluate the antimelanogenic effects of AG and CA, Thai medicinal plants, on human
melanoma cells (G361) exposed to UVA and to identify active constituents, probably
accountable for the effects of the extracts studied. The antimelanogenic properties of AG and
CA extracts may be attributed to either their antityrosinase effects or to cytotoxic effects
mediated by a decrease in the number of the cells. Melanoma cell culture has been previously
used as a model to study mechanism of melanogenesis and its inhibition (Choi et al. 2007,
Hasegawa et al. 2008; Oka et al. 2000). Cytotoxicity of the rhizome extracts and the UVA on
melanoma cells was thus determined by  3-(4,5-dimethylthiazoyl-2-yl) 2,2
diphenyltetrazolium bromide (MTT) reduction and lactic dehydrogenase (LDH) release

assays. Inhibitory effects of the rhizome extracts on up-regulation of tyrosinase mRNA by



UVA were also investigated using real-time reverse transcriptase-polymerase chain reaction
(RT-PCR). Additionally, this study explored the mechanisms involved in the antimelanogenic
effects of the rhizome extracts against UVA irradiation-induced: (a) depletion of antioxidant
enzyme [catalase (CAT) and glutathione peroxidase (GPx)] activities and intracellular GSH

content and (b) oxidative stress with respect to cellular oxidant formation.

Materials and methods

Materials

Human melanoma cell lines (G361) from American Type Culture Collection (ATCC,
Rockville, Md, USA) was a kind gift from Assoc. Prof. Tengamnuay, Faculty of
Pharmaceutical Sciences, Chulalongkorn University. Dulbecco’s modified Eagle medium
(DMEM) and all cell culture reagents were purchased from Invitrogen (NY, USA).
Chemicals and reagents used were of the highest quality available. Tyrosinase was obtained
from Fluka (Germany). All other chemicals were purchased from Sigma-Aldrich (St Louis,
MO), unless otherwise indicated. The assays using a microplate reader were done using a
spectrofluorometer Synergy TM from Biotek (Vermont, USA). Reagents used with thin layer
chromatography (TLC) analysis were from Merck (Darmstadt, Germany). TLC plate imaging
to identify the fingerprints of the herbal extracts was performed by TLC combined with video
scanning TLC (Camag Video Documentation System connected with Reprostar 3

transilluminator cabinet).

Preparation of AG and CA rhizome extracts



Rhizomes of AG and CA were obtained from Assoc. Prof. Laohapand, Center of Applied
Thai Traditional Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University. The
dried rhizome pieces (200 g) were extracted by maceration with 1 L of 95% ethanol at room
temperature for 72 h as previously described (Ahmad and Beg 2001). After being filtered
through Whatman filter paper (Whatman, England), the ethanolic filtrates were evaporated
under reduced pressure in a rotatory evaporator (Rotavapor R110, BUCHI, Flawil,
Switzerland) at 60 °C. The ethanolic extract of each plant was then lyophilized (Lyovac
lyofilizer, Cologne, Germany) to dryness and kept at -20 °C until further analysis. In
preparing test concentrations, each extract was diluted in 80% ethanol at indicated

concentrations.

Cell cultures

G361 melanoma cells were cultured in Dulbecco’s modified Eagle medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) and antibiotic solution [1% penicillin (100
units/ml)-streptomycin (100 xg/ml)] and maintained at 37 °C in humidified air containing 5%

CO; (Pco2 =40 Torr) (a Forma Scientific CO, Water Jacketed Incubator).

Treatment of cells with the rhizome extracts and UVA irradiation

The rhizome extracts of AG and CA dissolved in 80% ethanol were used for cell treatment
and the final concentration of ethanol in each treatment was less than 0.1% (v/v). G361 cells
were treated with each rhizome extract (3.8, 7.5, 15, 30 xg/ml) for 30 min in culture medium.

Then cells were washed and medium replaced with phosphate buffered saline (PBS) to avoid



production with medium-derived toxic photoproducts prior to irradiation of UVA (320-400
nm). The culture plates were placed 20 cm from the lamp and exposed for 5 min 43 s or 11
min 26 s to achieve a single dose of 8 J/em® or 16 J/cm?, respectively. The UVA doses used
in our study are equivalent to about 25-min and 50-min exposure to the midday sunlight in a
highly sunny area and able to reach melanocytes at the epidermal-dermal junction (Kadekaro
et al. 2003). Cells and supernatants were then harvested for the assays following UV
irradiation. Non-UV A-irradiated and non-treated cells were used as a control. A UVA dose of
8 J/em® was applied for evaluation of tyrosinase activity, antioxidant enzyme activities and
GSH content. A dose of 16 J/cm® was selected to assess melanin content and cellular oxidant
formation, which were not significantly changed in G361 cells irradiated with UVA at a dose
of 8 J/em®. The source of UVA was a xenon arc lamp (Dermalight ultrAl; Hoenle,

Martinsried, Germany).

Preparation of total cell lysate

Cells were harvested, pelleted by centrifugation, and lysed in ice cold extracted buffer
containing 50 mM Tris-HCI, 10 mM ethylene diaminetetraacetic acid (EDTA), 1% (v/v)
Triton X-100, phenylmethylsulfonyl fluoride (PMSF) (100 mg/ml) and pepstatin A (1 mg/ml)

in DMSO, and leupeptin (1 mg/ml) in H,O, pH 6.8. The cells were then centrifuged at 12,000

x g for 2 min and the total cell lysate was collected, aliquoted and stored at -80 °C.

Cell viability assay



Cell viability was determined by measuring MTT reduction and LDH release in order to
assess cytotoxic effect of the rhizome extracts tested and dose-dependent effect of UVA

irradiation.

Measurement of MTT reduction

The reduction of MTT to the purple formazan product, largely by the mitochondrial complex
I and II and also involving NADH- and NADPH-dependent energetic processes in the cytosol,
was measured to identify metabolically active cells (Lobner 2000). Cells were incubated with
medium containing MTT (0.2 mg/ml) at 37 °C for 1 h. Then DMSO was used to solubilize

the purple formazan and the optical density was measured at 595 nm by a spectrophotometer.

Measurement of lactic dehydrogenase release

Early membrane damage causing LDH release is commonly used as a marker of cell necrosis

(Lobner 2000). LDH released into the cell culture medium was determined using a

commercially available kit from Cayman chemical (Ann Arbor, MI, USA).

Cell viability determined by MTT reduction was expressed as a percentage of control (100%,

unirradiated and untreated cells) and by LDH release as Units/Liter.

Tyrosinase activity assay

Cellular tyrosinase activity was determined by measuring the rate of L-DOPA oxidation as

previously described (Englaro et al. 1999). 90 i of each lysate were placed to a 96-well plate



and the enzymatic reaction was started by adding 10 zl of 20 mM L-DOPA as the substrates
at 37 °C. The tyrosinase activity determined as absorbance of dopachrome formation was
measured spectrophotometrically at 475 nm every 10 min for 1 h at 37 °C by a microplate
reader. The activity was calculated by comparing with standard curves produced by the same
methods using known concentrations of tyrosinase activity (2034 U/mg). The data are
expressed as a percentage of the tyrosinase activity (unit/mg of protein) of unirradiated and

untreated control cells (100%).

Melanin content assay

This assay was previously described to correlate with uptake of '*C-DOPA, an alternative
evaluation of melanin synthesis (Carsberg et al. 1994). To evaluate the effects of UVA
irradiation on melanin content in G361 cells, a dose of UVA at 16 J/cm® was applied. Total
melanin contents were determined by solubilizing cells in 1 M NaOH. 200 1 of each lysate
were placed to a 96-well plate and spectrophotometrically determined at 475 nm. The
melanin contents per mg of protein were determined from a standard curve derived using

synthetic melanin (0-250 pg/ml). The results are expressed as a percentage of the melanin

contents (xg/mg of protein) of unirradiated and untreated control cells (100%).

Cell culture treatments for RNA preparation and quantitative real-time reverse

transcriptase-polymerase chain reaction

G361 cells were treated with or without AG or CA extracts (7.5, 15 and 30 xg/ml) for 30 min

before UV A irradiation (8 J/cm2). Cells were washed with PBS and incubated with DMEM
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with 10% FBS for 4 h at 37 °C. Total RNA was then extracted using the illustra RNAspin
mini RNA isolation kit (GE Healthcare, UK). Reverse transcription was performed with 1 ug
of total RNA using the Improm-II reverse transcriptase (Promega, Medison, USA) under the
conditions described in the kit manual. Briefly, 25 4l reaction mixtures contained 5 x1 cDNA
template, 12.5 gl Master Mix, 10 4M forward primer (1 zl), 10 M reversed primer (1 l)
and 5.5 ul water. Real-time PCR was performed in triplicate for each sample on the ABI
Prism 7500 Real Time PCR System (Applied Biosystems, USA). The reactions were run with
the following amplification conditions: 95 °C for 10 min, 40 cycles of 95 °C for 15 s, 60 °C
for 40 s, and 72 °C for 40 s. Detection was obtained using FastStart universal SYBR Green
Master (ROX). Primers for PCR were designed based on strict criteria using the Primer
Express version 3.0 software (Applied Biosystems, USA). Sequences of PCR primer sets of
tyrosinase and GAPDH (in 5'-3" direction) were as follows:
Tyrosinase (product sizes = 114 bp)

Sense primer: TCT TCT CCT CTT GGC AGATTG TC

Antisense primer: TGT CAT GGT TTC CAG GATTAC G
GAPDH (product size = 124 bp)

Sense primer: GAAATCCCATCACCATCTTCC

Antisense primer: AAATGAGCCCCAGCCTTCTC
The melt curve analysis was performed to verify that a single product was amplified. The
mRNA level was normalized with reference to the amount of housekeeping gene transcript
(GAPDH mRNA). To determine tyrosinase expression, the mean Ct from tyrosinse
expression in cDNA from each sample was compared with the mean Ct from GAPDH
determinations from the same cDNA samples. Ct values were then used to calculate fold

change in gene expression.
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Antioxidant enzyme assay

Measurement of catalase activity

CAT activity was assessed by following the kit protocol from Cayman chemical (Ann Arbor,
MI). The method is based on the reaction of the enzyme with methanol in an optimal
concentration of HO,. The CAT activity detected as formaldehyde produced was determined
spectrophotometrically at 540 nm with 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole
(Purpald) as the chromogen. To each well on the 96-well plate, 100 zl of assay buffer with 30
4 methanol and 20 gl standard or either sample or positive control CAT was added. The
reaction was initiated by adding 20 gl of 0.035 M H,O,. The formaldehyde concentrations of
the samples were obtained from the standard curve. One unit of CAT activity is calculated as
the amount of enzyme generating the formation of 1.0 nmol of formaldehyde per min/mg of
protein at 25 °C. The data are expressed as a percentage of the CAT activity (mmol/min/ug of

protein) of the unirradiated and untreated control cells (100%).

Measurement of glutathione peroxidase activity

GPx activity was measured by spectrophotometric assay according to the manufacturer’s
instruction from Trevigen (Gaithersburg, MD). The activity was determined indirectly by a
coupled reaction with glutathione reductase (GR) and the reaction followed the oxidation of
NADPH to NADP", detected as an absorbance decrease at 340 nm (Nakamura et al. 2000).

20 g of a reaction mixture containing 10 mM NADPH reagent, 100 mM GSH and GR (0.025
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unit/pl) in 140 gl assay buffer were added to 20 gl sample or GPx and mixed thoroughly.
After adding 20 1 of tert-butyl hydroperoxide solution, increases in absorbance at 340 nm
were recorded at 0.5 and 1 min intervals for 10-15 min. The GPx activity was calculated from
the linear portion of the curve and expressed as a percentage of the GPx activity (units/mg of
protein) of the unirradiated and untreated control cells (100%). One unit of GPx activity was
defined as the amount of enzyme causing the oxidation of 1 nmol of NADPH to NADP" per

min at 25 °C.

Measurement of intracellular glutathione content

Intracellular reduced glutathione (GSH) content was assayed using the fluorescent reagent 0-
phthalaldehyde (OPA) reacting specifically with GSH at pH 8 as previously described
(Ketsawatsakul 2007). Cells were pre-treated with the rhizome extracts in a 24-well plate,
exposed to UVA (8 J/em®) and lysed with 6.5% (w/v) trichloroacetic acid (TCA). Then, the
TCA extracts were added to 96-well plates together with buffer (100 mM KH,PO,4, 10 mM
EDTA and 1 mM NaOH) and OPA (1 mg/ml in methanol) was added. Fluorescence was
measured at 350 nm excitation and 420 nm emission using a spectrofluorometer. The GSH
levels were calculated by comparing with standard curves using known concentrations of
GSH. The results are expressed as a percentage of the GSH content (nmol/mg of protein) of

the unirradiated and untreated control cells (100%).

Determination of protein content
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The protein content was measured using the Bio-Rad Protein Assay Kit (Bio-Rad, Germany)

with BSA as the standard. Values for each sample are means of triplicate measurements.

Determination of intracellular oxidant formation

The effects of each rhizome extract on intracellular redox status of G361 cells exposed to
UVA were measured using 2', 7'-Dichlorofluorescein diacetate (DCFH-DA), a stable and
non-fluorescent dye. DCFH-DA was hydrolyzed in the cells to DCFH, further oxidised by
oxidants (e.g., H>O;) in the cells to fluorescent 2,7-dichlorofluorescein (DCF). Thus the
fluorescence reflected the overall oxidative stress and oxidant formation in cells. After
treatment of cells with the rhizome extracts in a 24-well plate, cells were exposed to UVA
(16 J/cm?), then washed and incubated with phenol red-free DMEM containing DCFHDA (5
M) for 1 h. DCF fluorescence was measured for 20 min at 485 nm excitation and 530 nm
emission using a spectrofluorometer. The data are expressed as a percentage of intracellular

oxidant formation (relative fluorescence units/RFU) of the unirradiated and untreated control

cells (100%).

Thin layer chromatography (TLC)-densitometric analysis

TLC-densitometry with UV detection, a simple and sensitive analytical method, has been
used for identification and screening of various compounds and for quality control of herbal
substances (Poole 1999). Stock solutions containing AG (50 mg/ml) and CA (15 mg/ml)
extract and standard markers using eugenol (1 mg/ml) for AG and curcuminoids (0.25 mg/ml)

for CA were prepared in 80% ethanol. Each sample (5 gl for the extract and 8 ul for the
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standard marker), was loaded on TLC plate (silica gel 60 F254, Merck) using toluene:ethyl
acetate:formic acid 24:16.5:3.2 (v/v/v) and chloroform:ethanol:ethyl acetate 94:5:1 (v/v/v) as
solvent system for analysis of AG and CA, respectively. The plate was scanned using
CAMAG TLC scanner III at a wavelength of 254 nm and then sprayed with specific vanillin-
sulfuric acid and fast blue salt/FBS reagents to detect the presence of terpenoids and
phenolics, respectively (Zoecklein et al. 1997). The migration distances of components
separated by TLC were determined as Rf (retention or retardation factor) values using a

densitometer (Image Master 1D Prime).

Statistical analysis

In all cases the values are given as means + standard error of the mean (SEM) calculated from
data taken from at least 3 separate experiments performed on separate days using freshly
prepared reagents. Where significance testing was performed, an independent t-test
(Student’s; 2 populations) and an analysis of variance (ANOVA) were used. The significance
of the control and individual treatment groups in comparison to the UV-treated groups was
determined with Dunnett’s multiple comparison post-test at 95% confidence intervals. Values

of p <0.05 were considered significant.

Results

Cytotoxicity of the rhizome extracts and of UVA irradiation on G361 cells

MTT reduction and LDH release assays indicating mitochondrial function and cell membrane

integrity, respectively, were used to assess cytotoxic effects of the rhizome extracts and of
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UVA irradiation on G361 cells. Our data show that the rhizome extracts at indicated
concentrations (up to 60 pg/ml) did not induce cytotoxicity (Fig. la). In addition, whereas
UVA irradiation at 32 or 64 J/cm® was cytotoxic to G361 cells, the UVA doses (8 and 16

J/em?) applied in this study did not substantially affect cells (Fig. 1b).

The effects of AG and CA extracts on UVA irradiation-mediated melanogenesis in G361

cells

Inhibition of tyrosinase activity and melanin synthesis

Induction of tyrosinase activity and melanin content is suggested to be the hallmark of UV-
induced melanogenesis (Lin and Fisher 2007). To evaluate the inhibitory effects of AG and
CA extracts on tyrosinase activity and melanin synthesis, G361 melanoma cells were treated
with different concentrations (3.8-30 ug/ml) of each extract prior to UVA irradiation. The
tyrosinase activity of 0.29+0.02 units/ug of protein and melanin content of 3.4+0.1 ng/ug of
protein were observed in the unirradiated and untreated control cells. A UVA dose of 8 or 16
J/em® resulted in 55.7+8.1% (p <0.001) and 29.63+4.2% (p <0.05) increases in tyrosinase
activity and melanin content, respectively. Pretreatment of cells with AG or CA extracts
inhibited UV A-induced melanogenic response in a concentration-dependent manner. As
shown in Fig. 2a, AG (7.5-30 pg/ml) and CA (3.8-30 ug/ml) extracts were capable of
inhibiting UVA-mediated induction of tyrosinase activity (p <0.01, p <0.001). Moreover,
melanin contents aggravated by UVA exposure were significantly reduced by pretreatment of
cells with AG and CA extracts at concentrations of 15-30 pg/ml (p <0.05, p <0.01) (Fig. 2b).

Table 1 highlights the differences in concentrations of the extracts required to achieve 30%
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inhibition (ICsp) of UVA-dependent aggravation of tyrosinase activity in G361 cells. CA
extracts were shown to exert greater antityrosinase effects than AG extracts (p <0.05) as
higher concentrations of AG extracts were required to achieve 30% inhibition of increased

tyrosinase activity.

Inhibition of tyrosinase mRNA expression

The quantitative analysis of gene expression changes in G361 cells was performed to
investigate the effects of AG and CA extracts (7.5, 15 and 30 ug/ml) on UVA-induced
melanogenesis at 4 h after irradiation. UVA irradiation was shown to cause an induction of
tyrosinase mRNA expression in G361 cells (12+0.86-fold increase, p <0.001). However, as
demonstrated in Fig. 3, down-regulation of tyrosinase expression was observed in the cells

pretreated with AG or CA extracts at the concentration of 30 xg/ml (p <0.05).

The effects of AG and CA extracts on melanogenesis induced by UVA irradiation:

modulation of antioxidant enzyme activity and glutathione content

The effect of UVA irradiation in modulating cellular antioxidant defenses including CAT and
GPx activities and intracellular GSH content was confirmed in our study. Our data
demonstrated that CAT activities of 10.33+0.5 mmol/min/ug of protein, GPx activities of
9.8+0.2 units/mg of protein and GSH content of 10.57+0.4 nmol/mg of protein were detected
in unirradiated and untreated cells. However, exposure of G361 melanoma cells to UVA
radiation (8 J/cm?) markedly reduced the CAT activities by 36.24+5.9% (p <0.05), GPx

activities by 35.5443.4% (p <0.05) and GSH content by 33.12+5.2% (p <0.05) compared to
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non-UV A-irradiated cells (Fig. 4). Nevertheless, UVA-dependent depletion of CAT activities
was significantly blocked by pretreatment with AG or CA extracts at the concentrations of
15-30 pg/ml (p <0.05, p <0.01; Fig. 4a). AG (3.8-30 pg/ml; p <0.001) or CA (7.5-30 pg/ml; p
<0.01, p <0.001) extracts were also shown to significantly protect cells from depletion of
GPx activities induced by UVA (Fig. 4b). Additionally, pretreatment with the extracts of AG
(7.5-30 pg/ml) or CA (15-30 wg/ml) prior to UVA irradiation not only prevented UVA-
induced reduction of GPx activities but also improved its activities compared to non-UVA-
irradiated cells (Fig. 4b). Moreover, both extracts (3.8-7.5 ug/ml; p <0.05 and 15 pg/ml; p
<0.01) were shown to significantly inhibit depletion of intracellular GSH content following
UVA irradiation and the GSH levels in the extracts-treated cells remained constant (Fig. 4c).
However, pretreatment with high concentrations (30 wg/ml) of both extracts exerted no

significant change in the GSH content compared to UV A-exposed cells without extracts.

The effects of AG and CA extracts on melanogenesis induced by UVA irradiation:

inhibition of intracellular oxidant formation

Intracellular oxidant measured in terms of relative fluorescence intensity of DCF was
assessed as a marker of UVA-induced oxidative stress. Exposure of G361 melanoma cells to
a UVA dose of 16 J/cm® markedly caused a 40.78+7.7% (p <0.001) induction of intracellular
oxidant formation compared to non-UV A-irradiated cells producing intracellular oxidant of
18.92+1.1 RFU. As shown in Fig. 5, pretreatment of cells with AG or CA extracts (3.8-30
ug/ml; p <0.001) exhibited a significant dose-dependent reduction of cellular oxidant
formation in response to UV A irradiation. The data demonstrated that both extracts possessed

antioxidant properties capable of inhibiting UVA irradiation-mediated cellular oxidative
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stress. Additionally, as indicated in Table 1, greater concentrations (12.3+0.5 ug/ml) of AG
extracts than those (8.8+0.5 pg/ml) of CA extracts were required to achieve 30% inhibition of
oxidant formation aggravated by UVA, indicating that the ability of CA extracts to inhibit

cellular oxidative stress was markedly higher than that of AG extracts (p <0.01).

Identification of the presence of eugenol in AG and curcuminoids in CA extracts

TLC-densitometry illustrated the presence of eugenol in AG extracts and curcuminoids
[curcumin and its two derivatives, demethoxycurcumin (DMC) and bisdemethoxycurcumin
(BDMC)] in CA extracts. Since Rf values are the primary parameter for identification of
components separated by TLC, they were used to compare with those of reference
compounds. Eugenol was detected in AG extracts with Rf = 0.81 (Fig. 6a) and curcuminoids
in CA extract with Rf = 0.49, 0.37 and 0.26 (curcumin, DMC and BDMC, repectively) (Fig.

6b).

Discussion

The crucial impact of UVA on melanogenesis or pigment production of the skin is widely
explored since pigment excess represents a sign of cell response to stress associated with skin
problems including skin hyperpigmentation and melanoma skin cancer. Targeting strategy for
prevention of such skin disorders therefore includes development of effective
antimelanogenic agents.

Recently, underlying mechanism of melanogenesis involved in oxidative stress has

been proposed (Marrot and Meunier 2008) and attempts have thus been made to investigate
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the inhibitory effects of natural products-derived antioxidant properties on melanogenesis
(Gomez-Cordoves et al. 2001). Among several medicinal plants studied, those of the genera
Alpinia and Curcuma rich in essential oils and curcumin, respectively, have been attractive
for dermatology research to explore their use and antioxidant properties, which might be
responsible for their pharmacological effects (Choi et al. 2007; Fang et al. 2003). This is the
first study to demonstrate the inhibitory effects of AG and CA extracts on UVA-induced
melanogenesis in relation to recovery of antioxidant enzyme activities and intracellular redox
state, indicated by intracellular GSH levels and oxidant formation, using the G361 melanoma
cell culture model.

Evaluation of tyrosinase activity and melanin contents was suggested as a standard
model for assessing regulators of melanogenesis (Virador et al. 1999). Our findings suggested
that reduction of tyrosinase activity and melanin content in the cells was possibly not due to
the cytotoxic effects of the rhizome extracts. Real-time RT-PCR confirmed up-regulation of
tyrosinase by UVA and the presence of AG or CA extracts resulted in a decrease in the levels
of tyrosinase mRNA. Additionally, it is important to identify active ingredients of the extracts
studied in order to explain the biological activities of medicinal plants. Our study using TLC-
densitometry was able to detect the presence of eugenol and curcuminoids in AG and CA
extracts, respectively. Previous in vitro studies indicated that terpenoid derivatives (e.g.,
eugenol), the major components of the essential oils of the Zingiberaceae family including
Alpinia spp., showed antityrosinase activity and an ability to inhibit melanin formation
(Marongiu et al. 2007). Moreover, the biological effects of curcumin, the principle
curcuminoids, present in Curcuma spp. and the antioxidant role have also been investigated
in a wide range of skin disorders including photocarcinogenesis or melanoma (Baliga and
Katiyar 2006). Thus, they could be active components responsible for the antityrosinase

effects of the rhizome extracts studied.
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UVA irradiation-mediated alterations in antioxidant defense system and redox state is
postulated to play a vital role in melanogenesis (Xiao et al. 2007). H,O, was recently
demonstrated to up-regulate tyrosinase and an increase in its production was involved during
melanin formation in response to UV irradiation (Mastore et al. 2005; Schallreuter et al.
2008). Moreover, such melanogenic response was inhibited by the presence of CAT (Mastore
et al. 2005). Down-regulation of GPx activity and GSH levels was also shown to be
accountable for tyrosinase aggravation in melanoma cells (Benathan 1997). Hence, an
improved capacity of antioxidant defense system to neutralize oxidants (e.g., H>O,) could be
beneficial for a reduction of melanogenesis.

In order to illustrate the antioxidant mechanisms underlying antimelanogenic effects
of the extracts studied, our study confirmed the correlation between oxidative stress and
melanogenesis in G361 cells exposed to physiological doses of UVA (8 and 16 J/cm?). The
extracts’ abilities to potentiate cellular antioxidant defense capacity in accordance with their
antimelanogenic effects were observed. GSH is crucial for maintaining intracellular redox
balance and is capable of protecting cells against oxidative stress damage, for example, by
detoxifying ROS and/or toxic products generated during the process of melanogenesis (Riley
2003). Our study detected the correlation of melanogenic response of G361 cells to UVA
irradiation with a rise in intracellular oxidant formation and depletion of cellular GSH
concentrations, although the antimelanogenic effects of the extracts were inversely associated
with GSH levels. Furthermore, CAT and GPx, as major endogenous antioxidant enzymes
involved in the detoxification of H,O, (Masaki et al. 1998), were able to suppress UVA-
induced H,O, accumulation in dermal models (Han et al. 2004). We also demonstrated that
both extracts studied were able to promote activities of CAT and GPx in the cells irradiated
with UVA. Moreover, in agreement with previous studies showing an inverse regulation of

tyrosinase and GPx in melanoma cells, our data indicated that dose-dependent reduction of
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tyrosinase activity was associated with dose-dependent induction of both CAT and GPx
activities (Benathan 1997). Consistent with antityrosinase and antioxidant actions of the
extracts, there was a higher antityrosinase effect in CA extracts providing greater abilities
than AG extracts to inhibit intracellular oxidant formation as indicated by ICsy values
obtained in our study. Nevertheless, further study of the antimelanogenic effects of the
rhizome extracts on melanogenesis in melanocytes is needed since the antioxidant defense
network and melanin biosynthesis are most likely different in melanoma cells.

In summary, AG and CA extracts exhibited inhibitory effects on UVA-mediated
melanogenesis in G361 melanoma cells, probably via modulation of cellular antioxidant
defense capacity. The antityrosinase effects of the extracts also appeared to correlate with
their antioxidant potential. The biological activities of the AG and CA extracts may be

attributed to eugenol and curcuminoids, respectively.
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Table

Table 1. ICsp values of the AG and CA extracts for the inhibition of UVA-mediated
aggravated tyrosinase activity and intracellular oxidant formation in G361 melanoma cells.
ICsy values represent the concentration of the rhizome extracts required to achieve 30%

inhibition. Data are presented as the mean + SEM of triplicate determinations.

IC30 (ug/ml)

Assay AG CA p-value

Tyrosinase activity 185+ 1.7 8.9+1.9 <0.05

Cellular oxidant formation 12.3+0.5 8.8+0.5 <0.01
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Figure legends

Fig. 1. Cytotoxicity of the rhizome extracts and of UVA irradiation on G361 cells. (a) The
cytotoxic effects of AG and CA extracts were evaluated after treatment of cells (3.8-60 wg/ml)
with the extracts without UVA irradiation. (b) The dose-dependent effects of UV A irradiation
on cell viability were assessed after exposure of cells to UVA (4-64 J/cm?). Unirradiated or
untreated cells were used as control. Cell viability determined by MTT reduction was
expressed as a percentage of control (100%) and by LDH release as Units/Liter using a
microplate reader. Values given are meantSEM. The statistical significance of differences
between the control and the UV A-irradiated groups or the plant extracts-treated groups was
evaluated by one-way ANOVA followed by Dunnett’s multiple comparison post-test. *p <

0.05; **p < 0.01; ***p < 0.001.

Fig. 2. Inhibitory effects of AG and CA extracts on UVA irradiation-mediated melanogenesis
in G361 cells. (a) Tyrosinase activity determined as absorbance of dopachrome formation
was measured spectrophotometrically at 475 nm for 1 h at 37 °C. (b) Melanin content was
spectrophotometrically determined at 475 nm using synthetic melanin as a standard. The
tyrosinase activity and melanin production induced by a single dose of UVA at 8 or 16 J/cm?,
respectively, related to the protein concentration were expressed as a percentage of control
(100%, unirradiated and untreated cells). Values given are meantSEM. The statistical
significance of differences between the control and UVA irradiated cells and between UVA
irradiated and plant extracts-treated cells was evaluated by one-way ANOVA followed by

Dunnett’s multiple comparison post-test. *p <0.05; **p <0.01; ***p <0.001.
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Fig. 3. Quantitative gene expression of tyrosinase in G361 cells analyzed by real-time PCR
with the 27*““" method. The data presented as the fold change in gene expression normalized
to GAPDH and relative to the control sample. For the control (unirradiated and untreated
cells), AAC; equals zero and 2° equals one, so that the fold change in gene expression relative
to the control equals one, by definition. For the treated cells, evaluation of 2 AAC indicates
the fold change in gene expression relative to the control. Values given are meant=SEM. The
statistical significance of differences between the UV A-irradiated and the control groups and
the plant extracts-treated groups was evaluated by one-way ANOVA followed by Dunnett’s

multiple comparison post-test. *p <0.05; **p <0.01; ***p <0.001.

Fig. 4. The effects of AG and CA extracts on antioxidant defense system in G361 cells
exposed to UVA (8 J/em?®). (a) The CAT activity detected as formaldehyde produced was
determined spectrophotometrically at 540 nm in a plate reader with purpald as the chromogen.
(b) The GPx activity was determined indirectly by a coupled reaction with GR and the
reaction followed the oxidation of NADPH to NADP", detected as an absorbance decrease at
340 nm (c) Intracellular GSH content was assayed using the fluorescent OPA reacting
specifically with GSH and fluorescence was measured at 350 nm excitation and 420 nm
emission. The CAT and GPx activities and GSH content related to the protein concentrations
were expressed as a percentage of control (100%, unirradiated and untreated cells) using a
microplate reader. Values given are meantSEM. The statistical significance of differences
between the UV A-irradiated and the control groups and the plant extracts-treated groups was

evaluated by one-way ANOVA followed by Dunnett’s multiple comparison post-test. *p <

0.05; **p < 0.01; ***p < 0.001.
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Fig 5. The effects of AG and CA extracts on intracellular oxidant formation in G361 cells
irradiated with UVA (16 J/em®). ROS produced in the cells oxidized DCFH-DA to
fluorescent DCF, which was measured at 485 nm excitation and 530 nm emission.
Intracellular oxidant levels were expressed as a percentage of control (100%, unirradiated and
untreated cells) using a microplate reader. Values given are meantSEM. The statistical
significance of differences between the UV A-irradiated and the control groups and the plant
extracts-treated groups was evaluated by one-way ANOVA followed by Dunnett’s multiple

comparison post-test. *p < 0.05; **p < 0.01; ***p < 0.001.

Fig. 6. The separation of A. galanga and C. aromatica extracts by TLC-densitometric
analysis using mobile phase, toluene:ethyl acetate:formic acid 24:16.5:3.2 (v/v/v) and
chloroform:ethanol:ethyl acetate 94:5:1 (v/v/v), respectively. (a) Eugenol isolated from AG
extract visualized with vanillin-sulfuric spray reagents producing a band at Rf = 0.81. (b)
Curcuminoids isolated from CA extract visualized with FBS spray reagent producing bands
of curcumin (C) and its derivatives, demethoxycurcumin (DMC) and bisdemethoxycurcumin

(BDMC) at Rf = 0.49, 0.37 and 0.26, respectively.
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