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Role of K*-Cl'-cotransporter in the Apigenin-induced Stimulation of Melanogenesis

in B16 Melanoma Cells

Yong Soo Lee”
College of Pharmacy, Duksung Women’s University, Seoul 132714, Korea

Abstract — Apigenin, a natural flavonoid found in a variety of vegetables and fruits, has been shown to possess many bio-
logical functions. In this study we found that apigenin stimulated melanin synthesis in a dose-dependent manner in B16
murine melanoma cells. Since in our previous study K*-CI-cotransport (KCC) has been shown to mediate the mechanism
of action of apigenin in neuronal cells, we further investigated the role of KCC in the melanogenesis-stimulating effect of
apigenin in B16 cells. At nontoxic concentrations apigenin induced CI-dependent K* efflux, a hallmark of KCC activity,
which was markedly prevented by a specific KCC inhibitor R-(+)-[(2-n-butyl-6,7-dichloro-2-cyclopentyl-2,3-dihydro-1-oxo-
1H-inden-5-yl)oxylacetic acid (DIOA). These results indicate that KCC is functionally present, and activated by apigenin in
the B16 cells. In addition, the apigenin-induced stimulation of melanogenesis was also significantly inhibited by DIOA. N-
Ethylmaleimide (NEM), a known KCC activator, induced Cl efflux and stimulated melanogenesis in a concentration-depen-
dent fashion. Both effects of NEM were significantly inhibited by DIOA. Taken together, these results suggest that apigenin
can modulate melanogenesis through the activation of a membrane ion transporter, KCC in B16 cells. These results further
suggest that apigenin may be a good candidate in the therapeutic strategy for hypopigmentation disorders, such as vitiligo.
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Dulbecco’s modified Eagle’s medium(DMEM), 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide(MTT),
apigenin, NethylmaleimideNNEM) %! 7} €fje} 5+ Sigma
Chemical Co.("]=D)elA G918k 32, R-(+)-[(2-n-butyl-6,7-
dichloro-2-cyclopentyl-2,3-dihydro-1-oxo-1H-inden-5-
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Fig. 1 - Effect of apigenin on cell viability in B16 melanoma cells.
Cells were incubated with or without each concentration of
apigenin for 48 hr. Cell viability assay was done by the
MTT staining method. Results are expressed as percent
change of control condition in which cells were grown in
medium without apigenin. Each point represents the mean
value of four replications with bars indicating SEM.
*p<0.05 compared to control.
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Fig. 2 — Effects of apigenin on the production of melanin in B16
melanoma cells. Melanin content was measured by the
method described in the Method section. The cells were
initially grown for 12 hr in order to attach them to the
bottom of the culture flasks. Then, the cells were incubated
with or without apigenin at each designated concentration
for 48 hr. Each column represents the mean value of four
replications with bars indicating SEM. *p<0.05 compared
to control.

° T B16 MXE 38t
2hd & Z%‘Jéf‘} éi} O}u]xﬂbl z]a]:rloﬂ/q wrolEAoR W
Zhd o] ST 20 uM % ATrellA] izl Bl
3 ok 22817} =Vkste] EAIAC R Fo)3k =X 3= vEhY
AcHFig. 2). A &G Sehn o)t 33ESo] Wehd S

J- Pharm. Soc. Korea



opAde] e 9Md Sxlaat 71

503

ASFERE QAR o] MEA et A o]
Wl LA B Fehicelti osle] WeRd YA 5
PRtk AT ATHE MEHET D B AT AT ol
oblANe) Wehd BYSAEL Tl Lok A
v2g Asjolt Fekriwols SihEe) T2Y Sy dek
3Pl vIxI= ok Alolel of® ekl EAlshs Ao e
AT ARG Agola I F vl AR A7} B A

==
o% Alsdr)

©

rT ol

[‘

>

OfN[lol ofst HEk B SXI0)| 0[Xl= ZE-H240l25EA12|
&t

E AT AHHEFE ]85 AEolA] oA do]
FANATS BAAT)AL T2 ZE7 Aol Mlazete]] EAlshs 2
F-zol2rEAr) AFEo] Jrks ARLS ®udt v 9ok
mEbA] $45ATE 2 ATelA] gl depd dAERIEgol
WX ZE-PaolegEAY ol uist A4S A=Atk
AgAzo)A olAIIS B16 AN ZE-Fho|5A &
4 55 AHshE AEQ daole W Lol fEE F
LojEAo® JEPYIIL(Fig. 3), o] A8 AE-HAioleTE
AZ Aeim o oshia ¢zl okE}l DIOA® <&
oA A A 2lch(Figs. 4A 2 4B). 50 pM o} Ad-S o
e v Jehi= ZHF 75 2 30 uM iAol n]dl] FHu)
FE2 9 S7RIARE F ¢ =gla gvket FEs B AtkFig.
3B). oA S Hol= o]frol disiAe WEs] & ¢ gloy
Tt ORE olgAld e st ZHE-AAolEAle] E4d3) 7]
o] e wiiEd 7Fs/de] Stk skt o] 58 WE3] )
M= & A AAA] A77F 2R3 ot} aHel% &7

A Apigenin
1.00
10 uM
w 075 20 uM
">
- | eeremnriomtnresgrstiionsy 30 LM
0.50
b 50 pM
0.25

300 sec.

PBFI Fluorescence Ratio

&1L o)5 AT HE B16 AEolE ZE-G40) 5547 7
FHoFE EAEka glom Zrkr o) xRl olmlAlde] ol &
AsfEivhs AMLS & ST AR Ao]aEAe] EAfell
gt 55 2l ZE-aol2reAE AHA R s
7tk e okl NEMPO)| o5t 250l e5540 &
35t 28-S FRlskglnt. Aojellr] NEMe] 100 uM &5k &
A3t Aol FES JeR oM (Fig. 44), ©] 2H-2 100 uM
DIOA®] 2J3f SAH 0= freld Al A= SrkFig. 4B). B3,
NEM=2 “so]Ed oz dehd M-S X319 50 WM -
SoflA] diztell vl 2l Al 7 IZCHFig. 4C). NEMe|
ost A FRAEE ZE-GAo| 275 A
DIOA(100 uM)ell €13l -F-2l2d Al 2P| 3irk(Fig. 4D). )¢} 1
=0 50 uM opAIde] ol F7ke dWehd 3% DIOA(100
pMell oJsl e d Al Ahd= Slvk(Fig. 4D). S84 o= o] &
IR= B16 AlEEelA] ofujAdel e)gh dehd M X128 2
F-AolerEAe] GSE FeiA dofdthe ARS AR

Aahd 2 Al oy 2% dY ARE Fste] dojut
 Aehd A AN £3] ARgEE A iET st
$hE91 a-melanoyte stimulating factor(o-MSH)el| €]38t izl
W FHZE-L cAMP AEE Fsto] dojdtia geA it
Wzld Aol Qlo] &-ZuhA|o] Boldl= tyrosinase?] WS
cAMPel| )3 Z7}] 11, 01213t tyrosinase Aol AR
microphthalmia-associated transcription factor(MITF)2] o]
o& zAEtty & Ak £E MITFE extracellular
signal-regulated kinase(ERK)ol] 2J&l] Q1Aksle =1 wkao] %]
SEch? web 2 ATe] Aujell wojz olulAlde] oJ%

Mok Y EAEE BE-GholerEAl) BYE BE

B Apigenin
\l/ 10 uM
20 uM
3.0 4 30 uM
2.0
50 uM
1.0 -
300 sec.

Fig. 3 —Effects of apigenin on the CI' (A) and K* (B) fluxes in B16 melanoma cells. In figure (A) the data show changes in intracellular CI
concentration as a function of time, measured by using the Cl-sensitive indicator MQAE. In the data, Fo/F values are directly
proportional to intracellular CI” concentration. The arrow shows the time point for addition of apigenin at a designated concentration.
In figure (B) the data show changes in intracellular K* concentration as a function of time, measured by using the K*-sensitive
indicator PBFI/AM. In the data, PBFI fluorescence ratios are directly proportional to intracellular K* concentration. The arrow shows
the time point for addition of apigenin at a designated concentration.
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Fig. 4 — Effects of DIOA, a specific KCC inhibitor, on the apigenin and NEM, a KCC activator-induced CI efflux (A and B) and melanin
production (B) in B16 melanoma cells. In figure (A) the data show changes in intracellular CI" concentration as a function of time,
measured by using the Cl-sensitive indicator MQAE. In the data, Fo/F values are directly proportional to intracellular CI
concentration. The arrow shows the time point for addition of apigenin (50 uM) and NEM (100 uM). In figure (C) melanin content was
measured by the method described in the Method section. The cells were initially grown for 12 hr in order to attach them to the
bottom of the culture flasks. Then, the cells were incubated with or without NEM at each designated concentration for 48 hr. Each
column represents the mean value of four replications with bars indicating SEM. *p<0.05 compared to control. Quantitative changes
(figures B and D) were expressed as percent changes of the maximum decease in Fo/F values (B) and of melanin content (D) induced
by the drug compared to control condition in which the cells were treated with a drug-free vehicle. In these experiments apigenin
(50 uM), NEM (100 pM) and DIOA (100 uM) were used. Each column represents the mean value of four replications with bars

indicating SEM. *p<0.05 compared to apigenin alone.
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