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Antimelanogenic Effect of Purpurogallin in Murine Melanoma Cells
Han-Hyuk Kim' and Tae Hoon Kim?®
!Advanced Medical Fusion Textile Center, Gyeongbuk Technopark Foundation
“Department of Food Science and Biotechnology, Daegu University
ABSTRACT Melanin is one of the most important factors affecting skin color. Melanogenesis is the bioprocess

of melanin production by melanocytes in the skin and hair follicles and is mediated by several enzymes, such as
tyrosinase, tyrosinase related protein (TRP)-1, and TRP-2. Convenient enzymatic transformation of the simple phenol
pyrogallol with polyphenol oxidase originating from pear to an oxidative product, purpurogallin, was efficient. The
structure of the pyrogallol oxidation product was identified on the basis of spectroscopic methods. The biotransformation
product purpurogallin showed significant inhibitory effects against both melanin synthesis and tyrosinase activity in
a dose-dependent manner in B16 melanoma cells. In addition, purpurogallin significantly attenuated melanin production
by inhibiting TRP-1, and TRP-2 expression through modulation of their corresponding transcription factors, and micro-
phthalamia-associated transcription factor in B16 cells. Consequently, purpurogallin derived from convenient enzymatic
transformation of pyrogallol might be a beneficial material for reducing skin hyperpigmentation.
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3} pyrogallol ¥¥0] A3}% 1 benzotropolone?d] A =&
T-ZZ 7}4 theaflavin®} 28 55 AAITHER). &
ATl M= o] d AFolA Hagh H=A = aint
5 A Ee] dEF AT HUHE At Ay sdet
B Q) o &2 v 219 polyphenol oxidaseE AU R
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Tyrosinase &4 &4 A3 AEE 935te] ALEd di-
methyl sulfoxide(DMSO), L-3,4-dihydroxyphenylalanine
(L-DOPA), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphen-
yltetrazolium bromide(MTT) % pyrogallol Sigma-
Aldrich Co.(St. Louis, MO, USA)oll A +9)3}ith. Al Zu)
45 93 DMEM(Dulbecco's modified Eagle's medium),
fetal bovine serum(FBS), penicillin/streptomycin, tryp-
sin 250, 0.4% trypan blue stain<= HyClone(LLogan, UT,
USA)o A -3} 22 Haemacytometer= Paul Marien-
feld GmbH & Co. KG(Lauda-Konigshofen, Germany) A
2 TYsle] A3 2™, microphthalamia associated
transcription factor(MITF), TRP-1, TRP-2, tyrosinase
primary antibody 9} mouse-anti-goat, rabbit-anti-mouse
s secondary antibody+ Santa Cruz(Texas, CA, USA)
A skl

HPLC+ LC-10A(Shimadzu, Tokyo, Japan)& A}-& 3}
qom, sgE FAAE 9lste] 'H, °C NMR¥ 'H-
"H COSY, NOESY, HSQC, HMBC £ E#-& CD;0D &
(& 3.35, & 49.00F °]&3te] 600 MHz FT-NMR
spectrometer(Varian VNS600, Varian, Palo Alto, CA,
USA)E =A% o, B4 9 column chromatography
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4 Sl SFAYS AFEEA Y. Column chromatog—
raphy& 173732 YMC gel ODS AQ 120S(YMC Co.,
Kyoto, Japan)& o|&3lo] &F=4d £dE 33t
Purpurogallin M=

73kl Al Ak (280 g)& =7 280 mLel g 7
A wpgt $ rAsteta 5] A=RRE oFe v o] ¥E

HEN (160 mL)ol F3(40 mL)Z <] pyrogallol(200
mg)S H7beta Aol A 3AIF EF WREA 71T, o] o] 3}
NG 10% #IEHE-(100 mL)oll AEAIZ] F EtOAcE &3}
o] EtOAc 7H&#3 205.1 mgs I3, 94 HPLCE #
Aate] sEtEe] S AT

Purpurogallin?| £2|

EtOAc 7F&#3 100 mgS YMC gel ODS AQ 120S(1.1
cm i.d.X37 cm)E o] &3 ZHI 2 E 95 F-e 3}
50% MeOH &3] Mo A purpurogallin(83.5 mg; & 11.0
min)& £F w3 AthFig. 1. o4 &vi== 0.1%
HCOOH(solvent A)¢} acetonitrile(solvent B)S Al-&3}4
gradient elution® 3 o] 4335t} 0~1 min,
100% A; 95% B2 &4 &4 8 22 & sh3len o5/l
42 1.0 mL/ming F%*3t¢13L 280 nmelA SHHES
AE3FG e HPLC 48 292 YMC-Pack ODS A-302
column(4.6 mm i.d.x150 mm; YMC Co., Ltd.)S A}-&3}

o gAshe.
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AF&s o, 37°CollA 5% COz incubatorel] 2-5-A1A 7|
o) ) k3t Tk Melanoma(B16F10) Aol Al &-8919] of
2 ¥=(2.5, 5, 10, 25 pM/mL) & ¥ hZ2ES 143
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Fig. 1. HPLC chromatograms of oxidative product by pear polyphenol oxidase and structures of pyrogallol (1) and purpurogallin
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MTT assayOl 2§t MZMES EH

A EBEE F54L Carmichael(10)2] ol ufgl 54
&tk Al X5 melanoma(B16F10)E 96 well platedl] 5%
10" cells/welle] 7] 0.18 mL £33}, A RS FEHR
ZA5F] 0.02 mL ®7}8F & 37°C, 5% CO. incubator®l] 4]
24N 2 mi ettt xS A5 Y SRTE AUt
ato] FUe o= Mgl o710l 5 mg/mL FER
Az MTT &< 0.02 mLE F7ete] 4A17F gt 5
vl A AL ZF welld DMSO 0.15 mLE 7}8ke] 2
171 % ELISA reader® 540 nmel A
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Melanoma cell(B16F10)0|A2] melanin A&t X{5HE
=3
v B delynl ANEZEE S tyrosinase A =AH LS

Martinez-Esparza(11)2] W ol we} 73} th. DMEM
WA 2 wjokE Melenl AI¥XE 100 mm culture dishol
2x10° cells/dish7} §A] BF38}a 2447F v & A 52
TR A8 2 mL F7hskaL, 48417 Fo Q1AktE
AM(pH 7.4)0.2 A2 3} Lysis bufferE 200 plL.¥ &5
g F AEE S DolA 301t lysis AlFT

Western blot2 0|28t MITF, TRP—1, TRP-2, tyrosinase
ol &d =3

v 4 mechanism¢l MITF, TRP1, TRP2, tyrosi—
nase &4 ®7] $18}°] melanoma cellql B16F10 cell
suspensiong 100 mm culture disho] 7+ welld 2x10"
cells/mLZE 718k § 24A17F 52t #l g3l cells QFASIA|
Aok vlAE AA F PP-1& F5H(2.5, 5, 10, 25 uM)
2 A A= 48417 e T T thA] wiA & A A3
I PBSE 2 A2 8}SIt}. Lysis buffer 100 pL=Z &-3)|
4] 4°C 12,000 rpmell A 2023+ 94 Eelste] 4S5 Aqs
ot g4 Esle] & A5 NS Bradford assay®
AeFate] 20 Lo M A-E 10%<) SDS-polyacrylamide
of 7] g3t EEetart. wEld 9 E LS transfer
cell(Bio Rad, Seoul, Korea)S ©]$&3&}%] PVDF mem-
brane] &7 t& A-29]A 1A%} blocking buffer(5%
skim milk in TBST)el A incubation A1 %t} 108 3+A o
= TBST= 33] washing s}a2 MITF(Santa Cruz, 1:1,000),
TRP-1(Santa Cruz, 1:1,000), TRP-2(Santa Cruz, 1:
1,000), tyrosinase(Santa Cruz, 1:1,000), B-actin(Santa
Cruz, 1:1,000) 12} 8|S 343} 4°Coll A over night
3 ok, thA] 108 7H4 02 TBSTE 33] A48kl mouse
anti-rabbit IgG HRP, bovine anti—goat IgG HRP2] Z+Z}
o] 22} AE 1:1,0000.% 34 ate] Ao A 247F H<t

v kst 33 washing 3 ¥ Aol A ECL(Amersham
Pharmacia, Buckinghamshire, UK) £ 02 d-3-A]7] 31
LAS4000 chemiluminescence detection system(Fuji,
Tokyo, Japan)< ©]-&3le] WMMEE 2913} 3 densityS =
A=

SAXz|

A& Ay SPSS package program(version 20.0,
SPSS Inc., Chicago, IL, USA)S o|&-3slo] Hytd B+
-5 Fetglem Ay 7F Apole] {42 one-way
ANOVAS®} Student t—testell &3to] /X0.05 =4 A5
skt

Znt 3 o,
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Polyphenol oxidaseOl| 2|gt pyrogallol2] ME Met 2
purpurogallin®| X ZAXN

A=A SFES Agte] HHs= HY, ofA E F2,
zk, A9, 9l Fo] g5l FH3H EAEE A Fatkst
EA@oly, 159 A pyrogallole WAl A 7]¢] $=Al7]=
M= v HmE 2 A Jrk12). H2e ATl A=
2 2 Ao EA3}= gallic acid?} Aol Al #3351
pyrogallole] A EH o] & &0 d4tst &S e
Y= Ao HuEo] 9l o1(13), pyrogallold] At3}uks
o gigk a5l e JdTE F53 Aot} £ AT
M Aol FHAsHAl EA8H= 4420 pyrogallolel o
&4 i 2] polyphenol oxidaseZ &-&35}e] 7HI G4 %
AFeab-S-S F 5% & 1% formic acid ® MeCN2 o] 54+
° 2 3} 280 nmell Al 97 HPLCE &-8-3}¢] #2413 A7
pyrogallol®] 3.34 minoll A A&% % 2™, polyphenol ox—
idaseol| 93l WH-g-3to AE H3he g3HE<] 11.04 minol
Al gl = A THFig. 1).

Polyphenol oxidase®l] 2]3] A A 3tgE] +2&E 2
Aat7] fste] SRS ES EtOACE # s
k3L ODS gelS ©]£-3F column chromatography s
sto] g EAS 4o, dojzl sitEe] & AA e
9Jate] 'H, Cel 1D NMR¥} DEPT, 'H-'H COSY, HMBC,
HMQC 59] 2D NMR& 5743l dd &4 725 2A
33T,

Purpurogallin(2): Orange-red powder; positive FAB-
MS: m/z 221 [M+H]"; "H-NMR(600 MHz, CD30D) &
7.27(1H, d, /~11.0 Hz, H-3), 7.05(1H, d, /9.0 Hz, H-
5), 6.83(1H, s, H-6), 6.70(1H, t, /~10.2 Hz, H-4); C-
NMR(150 MHz, CDsOD) & 183.8(C-1), 156.2(C-2), 152.8
(C-7), 152.6(C-9), 135.9(C-5a), 135.6(C-5), 135.2(C~
8), 124.6(C-4), 116.8(C-3), 116.3(C-9a), 111.4(C-6).

ShtE 2 LU A H& B2dd EEE dojxon,

FAB-MS =4 A% m/z 221 [M+H] oA ion peakE &
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stel £a449) CuHsOs% F43H3ith 'H-NMR 22 =
Hol| A= aromatic proton 9 & 6.83(1H, s, H-6)°l A
DHE WFEH St AREPeH, & 7.27(1H, d, F

11.0 Hz, H-3), 7.05(1H, d, .~9.0 Hz, H-5), 6.70(1H, t,
JF10.2 Hz, H-4)°1 A 3709] olefinic 4 Alz1do] #2T
Aot 91e] 'H-NMR 2 Ed 3} 37 C NMR 23 E3 9
éc 183.8(C-1)oll A 3+ 719 carbonyl ¥4, & 156.2(C-
2), 135.6(C-5), 124.6(C-4), 116.8(C-3)olA d 7§2]
olefinic &47} #&AFH Qo™ & 152.8(C-7), 152.6(C-
9), 135.9(C-5a), 135.2(C-8), 116.3(C-9a), 111.4(C-6)
oA wlAlfref o] wATE HEE STt o] 1D NMR 4%
s} 37 2D NMR('H-'H COSY, HMQC, HMBC)S =438}
of B 53&EL pyrogallol ¥ A7 43t =9 py-
rogallol fTEAAS AIALEITE. o] ko] A7 9 F3 X (14)
9} wlusle] B 3E-2 purpurogallin® 2 A3}t
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o7 AT X s vetd = 9lrh WA pyrogallol
9] polyphenol oxidase®l] <3} Y= 7‘“*% EPH]’%C’J pur—
purogallin®] 2|3+ melanoma A|3¥2] A& -2l

£ Fig. 29} o] eI Purpurogallma 2.5, 5, 10,
25, 50 uM 9] Fx=E A3 23} 50 pM2] F=olA 60%
AZRAEES el 548 Yl AAR 2.5, 5, 10,
25 uMelA = 80% ©o]/d9] E& AXEREES YEAUT
)} A purpurogalhnt B16F10 cellol A &2 X
M= s Gl & SEe] v 2%
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Fig. 2. Cell viability of purpurogallin (2) on melanoma cell
(B16F10). Results were expressed as % of control and data were
mean+SD of at least three determinations. P<0.05 vs. control.
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AlZHETH(16). & Aol = pyrogallol= 58 4Fs}t 53t
A7 ¥ purpurogallinel] thaliA ol2]gt A4S AS3H7] ¢
3le] melanoma A XA tyrosinase &4 S A3 A3}
Fig. 3% #o] YErsth. Purpurogallin® A-$- 2.5, 5, 10,
25 pMell 5% 9JF£4 0 & tyrosinase &40 7HAd= A
golslitt. =3k 25 pMe] 45 20% ©]749] tyrosinase

o}L 01

E

g4 A& sS YElY, purpurogallin® tyrosinase? &
He AMA T Aoz Wl F4S A4 5= 2
o7 fddrc

Melanoma cell(B16F10)0lA2] melanin MEtM =X
Wald e AlE el &7]#2 ribosome®l A tyrosinase
Zhgofl oA FAdHT, o] i Fgo R ofu| ikl
tyrosine= 2 TS A4S AX IF 7| A Fo] AP A
T EMAFE FH HAEte] A A ZHE melanin
AR FAAEGAT7). ¥ ] e Aslaas &8
3+ pyrogallol 2F3} A &2 purpurogallinel tjs] @zhd
M E A Aehd el eSS 543 tHFig. 4). Purpur-
ogallin® 7% 2.5, 5, 10, 25 uMoll &= 9JFA 0 2 mela-
nin A3do] Faske AL EASAAT). e 25 pMe] &
oA purpurogallin® A% 20% ©]742] melanin A A
A& &4dS YET, o] &2 kojic acid”} 2.5 uM
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Fig. 3. Tyrosinase activity of purpurogallin (2) on melanoma
cell (B16F10). Results were expressed as % of control and data
were mean+SD of at least three determinations. P<0.05 vs.
control.
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Fig. 4. Melanin contents of purpurogallin (2) on melanoma cell
(B16F10). Results were expressed as % of control and data were
mean+SD of at least three determinations. P<0.05 vs. control.
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MITF, TRP—1, TRP-2, tyrosinase &4 =%
dald A AsdE AAE vg- gds Aesdg
&

g Fate] F4EH, 2% cAMP/PKA % &7} melanin
o] F8 ARE AL FA{ It =wE2EHUAS A5 W
HAIZ] cAMP7} S7bste] sk e @& 4] PKAS
g4 34478, cAMP-response element-binding pro-
tein(CREB)& 71 MITF¢] 2&& F7HA 71t MITF=
Aty Ao A Faogh HALRHERIAREA tyrosi-
nase, TRP-1, TRP-2¢] HAE £3130H(18,19). Pur-
purogallin®] melanin Aol TAE &< tyrosinase©l
nX= GES dolr 7] $8+e B16F10 mouse melanoma
A3 purpurogalline 2.5, 5, 10, 25 pMe] s=2 g3t
T 48AI17F F o] MITF, TRP-1, TRP-2, tyrosinase pro—
tein W3S western blotting . & <13} t}. o|uf AlE 2]
oA ol E 2 FF Jro Zfo]7} 719 gl house
keeping gene®l B-acting positive control® A}R&-31%1
t}. Fig. 5914 Hi= vkl o] purpurogalling @] 344

o - o

Bactin W - - -

oo Ny

o a
o O N
o o o

MITF protein
expression rate (%)
B O
o o

N
o

0 4
a-MSH - + + + + + +
Purpurogallin (uM) - - 25 5 10 25 -
Kojic aicd (uM)  _ - - - - R 25

e

Facll - — - —— - -

120 1

-
o
o

80 A

60 A

40 A

TRP-2 protein
expression rate (%)

20 A

0 4

a-MSH - + + + + + +
Purpurogallin (M) - - 25 5 10 25 -
Kojic aicd (uM) - - - - - - 25

Fig. 5. Purpurogallin (2) caused a dose-dependent inhibition of whitening related protein B16F10 cells. After B16F10 cells (1 X 10°
cells) were starred in serum free medium for 1 h the cells were treated with 2.5, 5, 10, 25 pM of acetone and purpurogallin
for 48 h. Protein was detected by western blotting analysis with their antibodies, respectively.
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&L BI6F10w ol A= 2k dArQIAke] el b o] 57}
39 A9k purpurogalling 2.5, 5, 10, 25 uM9] =& A
2] 8t B16F10 A& tyrosinase protein®] W& o] A g
314 e H v} 7H43F ) Purpurogallin®] 74-$- 25 uM
o] B A tyrosinased] T E WHZS 10% 7lrto] A
#at o, TRP-1, TRP-2 H3F oF 25%9} 20% A= A
a5ttt =3 purpurogallin® m = @ " ARSI ARSI
MITFE 25 uM %=X oF 15%9] A 45 yehdo
24 & e vl A-fE AR Wdo kg3
UebdS glatdnt. o] o] A3 2 5H purpurogallin
wald Ao Aoz #oJsl= G492l tyrosinase
TRP-1, TRP-2¢] ¥&-& A8}l melanocyte A3
FolA e A4S AlEte] melanin F4 S A= A
o 2 UERRT

=2}9] polyphenol 4t3t @45 &-83 catechinfr
o] FEAZE 35} o] quinone 52 TZFE 7} A9
FESo] AAHET s 1em(20,21),
# catechin o]#A] 3FEL S22 P
T 848 veEdlE AS ERlsith22). & AT
frefe] ZeElols Atstasrs &-83te] phenyl-
propan01d 313 9] AFsNkS-& F3) lignan 3H3HES A
Al al o] & At 3}3HE2] cyclooxygenase—29] o 3k
Al Ao AdE HAsArh9). & ATelA= vl fee]
polyphenol oxidase& &-83}4 pyrogallol?] 4F38}= st
< A EQl purpurogalling 7154 3AE A=A 9] 7}
A5 gt} v GAS Grkeigivh v 95 S
&t7] 91ate] whg-2= SAAEZF cell line?! B16F10 cell
ol g3te] FE=9 AX 54 &2 % melanin A AZ,
W@l Aol HEo] e AAF AAFRI MITF, TRP-
1, TRP-2, tyrosinase?] ¢z 23S =A3}o] mju] &
A s e AR A &8 7 gkl 33T
F7F4 9 A2 purpurogallin® v
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