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Abstract In this study, the whitening activity of Nymphoides
indica extract in B16F10 cells were measured. Inhibition rate of
tyrosinase from mushroom was 42% at 1,000 pg/mL. And
inhibition of tyrosinase and melanin biosynthesis in B16F10 cells
were 26 and 25% at 5 pg/mL, respectively. The expression levels
of cAMP and protein kinase A (PKA), which are higher levels of
melanin-related factors, were found to be decreased in a dose-
dependent manner. In addition, the expression rate of protein and
mRNA of tyrosinase, tyrosinase related protein 1 (TRP1), tyrosinase
related protein 2 (TRP2) and microphthalmia associated trans-
cription factor (MITF). In this study, it was confirmed that the N.
indica extract effectively inhibited the activity of tyrosinase,
TRP1, TRP2 and MITF as well as the activity of PKA by
effectively inhibiting cAMP. Therefore, it was confirmed that the
N. indica extract has high value as a functional material.
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i A9 B9 A 2 2 F RIe FHeZ el
AAEt BF BS 75 s ZAHEPPAER o] FolA] )
hKim 2016). 5 B0l Qlojx I G| &2 AiAt
3oM S7tehs dx 4 9 AREE AEHA 5o djlew
ofstelal 9lom olF sidalr] gk HALA il it A
7} o] WAHTL k. 53] Tol vjgk Bl Holol
we} webd A4 oo Beb ol 2
S7FskaL Sl

oA Wepde F5A A #E shed o)A d
SR ABAEIL st wWeidel U3t R0l weh A4
o, g depde Ao 2 RE RS HFsal o7
HAshs GAMAE AASI Mo &4 Zole 988 o)
71% FthKang 5, 2014). Hepde Uvel 2 9JH<l aql
o} sEds W sEE o YHedel o zdHn
(Yamaguchi®} Hearing 2009; Cho 5, 2011). Bk =9
9] 38t a-melanocyte stimulating hormone (a-MSH)9] & ko]
%83 (Kim 5, 2011), a-MSH+= melanocortin 1 receptor
(MCIR)®} A3tsled cyclic adenosine monophosphate (cAMP)
9} protein kinase A (PKAYE F3ll melanin AJ/del] FHE <1
Aes A depd 23 Aa STl dedste Ao
2 48A UrkPark 5, 2010; Park 5, 2011). Wapd A7}
FAHE RS dAlo] #ofsles E4AFE melanogenesise]
SEAATAR] 2793l 28-3= tyrosinase, 5,6-dihydroxy-
indole-2-carboxylic acid oxidaseQ! tyrosinase related protein 1
(TRP-1), 3,4-dihydroxyphenylalanine (DOPA) chrome tautomerase
2 EZ]E tyrosinase related protein (TRP-2)°] $iti(Jang 5,
2010; Chan -5, 2011; Gismondi &, 2013; Kim &, 2013).
Z Wahde tyrsoine©] tyrosinase] 23] DOPAZ 3=,
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THA] tyrosinaseol] 2]3] DOPA quinone® 2 Z3tz|o] wahds
A EA Ath(Hearing 1999; Hwang@F Lee 2007). Wt
tyrosinase®] &4 A= IR oA melaningEA] TS
BHHOE AT F JoBRE 8% 8% HFHOE AR
Ho]x] 3 9lt}(Jimenez-Cervantes &, 1994; NO %, 1999;
Woo 5, 2009). A arbutin, kojic acid, linoleic acidE *Z&
3l W2 tyrosinase AEAZE nMAT R FHSIAL ARS-S}
3 o}, W (hydroquinone), % (kojic acid) 59 F2-&
o7 ATHE ¥ AR EIZ JrHChun 5, 2002; Seo 5,
2003). TEHA tyrosinase ANAIE B vWESE T & F
A= 540l gl AAaA =4 uigt A5 ek Hoh
o2 A Z(Nymphoides indica (L) Kuntze)S ZEUEF}
(Menyanthaceae)ell &3l= thdAd, 794 FAAEEA T4
o} sgolA Aghs tEHQ FA4E|t(Oh 5, 2007).
WeE7]7b XE SolA Fom A Wy xRt ApfeR
HAH, 27|15 BSlA Ao E550) 13709] Yol g,
£o 7-899 AL} oM e 48 F2HsMERIbHETE )R oF
A2 2sd, 25S E94532 7149 237 Jdddeong 5,
2010). FLAAFCZE meliatin] LA AL 7)F0)| A4
= AFs Aol

wEts B Ao ofg|dEe] FEE v SAAx
(B16F10)E o]-&3f] dAzhd A A 7144 tyrosinase
A= gk v EHE AFlal WsPES] AR|EA ] 7t
A4S Eelsisi

A= & Uy

A BAZ

B Ao ARSE ofg]dge Shlitez FFFAAlel S
FA3IER] F)REET-NA st AMgslG o, =9
AEALT BEADATLE AEA4d7e] 5322 (NIBRVP
0000592689)2.2 A& ZF I A|xdHe s AL} o
FAEe] dxe= 4% & A4 methyl alcohol ° 3Y
B HANTZIAL o] HH S 33] WSl B § T 7Axs)
o FEES AUk

A 2 7)7]

MEEA 2400 AMSE AXETFE vRg d2lent AlXZ2] BI6F10
©8 ATCC (Manassas, VA, USA)IA Fske] Algslglom,
mushroom tyrosinase, tyrosine, L-DOPA, 3-[4,5-dimethylthiazol-
2yl]-2,5-diphenyl-tetra  zolium-bromide (MTT)= Sigma (St.
Louis, MO, USAPIA 43I} AlEZuj2- 218l dulbecco’s
modified eagle medium, fetal bovine serum, penicillin/strepto-
mycin, trypsin 250, 0.4% trypan blue stain®} RIPA buffer=
Hyclone (Logan, UT, USA)IA sl ALESIATE cAMPS}
PKA kit= Enzo (Famingdale, NY, USA)llA Frjatglod, 1
%} & mouse anti-microphthalmia-associated transcription factor
(MITF), TRP1, TRP2, goat anti-tyrosinase®} mouse-anti-goat
IgG, rabbit-anti-mouse IgG 22} &A= Santa Cruz Biotechnology
Inc. (Dallas, TX, USA)lIA U319t mRNA =49 A|efel
Go Script™ Reverse Transcriptase, GoTaq® Flexi DNA

Polymerase:= Promega (Madison, WI, USA)IA F3te] A}
4319tk =8 AFEE =7%7]7]& ELISA reader (Tecan,
Minnedorf, Switzerland)E ©]-&-3}o] 43513t}

MTT assayoll & AX &g 24

AEZE 48-well platedl] 5x10* cells/well ©] A 500 ulL®
F313L, 5% CO, incubatorollx] 24x17F vk 3Tt vl
ogdE FEES TR AF & F 4817+ wigsisiTt. Hi
¥ & SmgmlLeEE AXI MTT &9 50 uLEs A71ske] 3
Al wFer & wjgels AASL 7t welld DMSO 500 uL
£ 7kt A2eA 1587 Wk A1Z1 5 microplate readerZ
540 nmollX FF=E =3

H
s
5
n

Tyrosinase A3 &4 = Melanin synthesis53
Tyrsosinase #3127 542 WMAFH] tyrosinase®t B16F10
A2l X 2] cellular tyrosinase As|&dS =435t WA
WAl 219 tyrosinase 352 0.175M sodium phosphate
buffer (pH 6.8) 100 uLell 10mM L-DOPAE ¢l 7]d
40uL 2 A58 20uLe] EFHo| mushroom tyrosinase
(125 U/mL) 40 uL.E 7kt 25°ColA 287 WESAIA vk
ol ZFo] AAdE DOPA chromeZ 475 nmolA] =433 o™
(Yagi 5, 1986), B16F100A4] f-2]¥ cellular tyrosinase #3ll€
AJL 5x10* cells/well®ll lysis buffer (67 mM sodium phosphate
buffer, 1% triton X-100, 0. mM phenylmethyl sulfonyfluoride)
80 pLE A7k & A5 WA T 13,200 rpmellA 1027¢
AR slo] Lozl AeAE TAgN0F AME3I] 67mM
phosphate buffer, pH 6.8° %1 8.0mM®| L-DOPA 160 uL
£ 7R, A SN 40uLs H7kste] 37°CoIM 607 Whe-
3l & AXE DOPA chrome?] %S 490 nmollA =331
depd g 242 43719 BI6FI0MEe] 94082 & e
pellets ©]&3ste] Hepd FHF Aol ARt Asol Al
A @ pellets 7% A2 H 1N NaOH 1 mLE go] 80°C
oAl IAIZE HEEAIZ] ¥ 405 nmollA SFHEE ST

AXE Y cAMP ¥ PKA ¥& 24

MEZ WY cAMP %=+ CaymanAl®] cAMP immunoassay kit
(Ann Arbor, MI, USA)E AMg3te] ZA stk 5x10°71 9]
BI6F10 AIZE 0.1 M HCIl| &3l5to] phosphodiesterase 24
= AT AFdE Robx F3F AI7IAL EAste] g E
cAMP conjugates ©|-83t] HWES AFOH, cell lysates
o]8-3l4] PKA conjugate?t HIWHg- A|ZiT}. Z}7ke] HARkg
HEE - substrate solution ¥ol ZAed aiel & H=S
450 nmollA SHEE 45

Western blotg ©]4-3 Aald A4 I8 Gz 4dd =4
dzhd A4 B 1A} tyrosinase, TRP-1, TRP-2, MITF &3
o HXE JYS B7] 95ke] BI6F10 AIES 6-wellol] 1x10°
cells/wello] =2 B335 24417 FoF vigsIict v =
AAT & o-MSH (10nM)E A2Ist F ZF wellol] og]|dZE
FEES WA B AE H cold PBSE 2 AHE|FS
t}. RIPA buffers ©]-&3l] BI6F10 AlES &3)A17]a, 4 °C
12,000 rpmoll A 1087 44 E2] stk 94 Eelsie] 4

rlo
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Table 1 The sequences of the primers of the MITF, TRP-1, TRP-2, 120 +
tyrosinase and GAPDH for BI16F10 cells
100 -
Gene Primer Sequence (5' 3") 2
. Forward  AGC GTG TAT TTT CCC CAC AG % 807
Reverse TAG CTC CTT AAT GCG GTC GT 2 60 -
]
TRP-1 Forward ~ ACT TCA CTC AAG CCA ACT GC z 40 4
) Reverse ~ AGC TTC CCA TCA GAT GTC GT S
TRPA Forward ~ GCT CCA AGT GGC TGT AGA CC 20
) Reverse ~ AAT GCA GTG GCT TGG AAA TC 0 ‘
Torosi Forward ~ GAC GGT CAC TGC ACA CTT TG Cont 5 25
JIOSIIASE " Reverse  GCC ATG ACC AGG ATG AC Concentration (ug/ml)
Forward  ACC ACA GTC CAT GCC ATC AC Fig. 1 Cell viability of methanol extract from Nymphoides indica in
GAPDH Reverse TOC ACC ACC CTG TTG CTG TA Bl?FlO. Bars indicate Mear'l ﬂ:'standard' dfeviation of triplicate. Bars
indicate Mean + standard deviation of triplicate. *p <0.01, **p <0.001
compared with control group. Cont: treated with a-MSH
3F N> BCA assay® A #Fste] 25puge] @HES 10%2]

SDS-PAGE gelolA] 17|19 % st E2latait. Eed ol
2 PVDF membranedl| &7 ths A-20)A] 127}k blocking
buffer (5% skim milk in TBST)°I4] incubation AlZ T} 2+t
o 12} FAE 1:100022 3|43k 4 °CollA] over nightdh T}
2, oA 108 7FF o2 TBSTE 33 washingdt:l mouse
anti-rabbit IgG HRPL] ZtZte] 221 AE 1:1,0002F 3|43}
of AoA A7 FF Eola, 33 AlF § LAS 4000
image analyzer (Fugifilm life science, Tokyo, Japan)7]”7]&
olgstel WE el I FF s,

RT-PCRE |43 #zhd A4 A8 mRNA 23 33
og]dE FEE9] tyrosinase, TRP-1, TRP-2, MITF S22}
Tl viAle 9% 371 93] BI6F10 AEE 6-wellol
1x10° cells/wello] H|== FF3aL 244)7F <t HH%%}%E}. Ll
g AAT F AEE .Jé e BiR 2 w33l 484
7k FeF A2]e F cold PBSE AlHaiFUTE Total RNAE
PBSZ 3WH M3 MEE XS U trizol reagent
(Biosesang, Seongnam, Korea)S ©]&3}e] H&]5}9th Total
RNA 0.8 ug3 PCR primer oligonucleotideE RT-PCR mixer
9} EF3la PT-PCRS Al33]th. Tyrosinase, TRP-1, TRP-2,
MITFS] 714 ge Table 13+ 2tk PCR 27 94 <A 30
Z(denaturation), 50 °ClA] 45%(annealing), 72°CellA] 90%
(extension)-J HkS-S- 30-353] HHEsl= AL 7]E_i target
cDNA F7ol| uel FFe dew =4 0]_0:11;} =22 cDNA
= 1.5% agarose gel& AME-SH A7|PFoz FEslal LAS
4000 image analyzer® = 2H15}ST}.

BAAE

2 Aol EAAE= SPSS 12.0& ARRsITh 7+ AdEEe
A= HEA et ZTFEAR b}EMi’iOtﬂ zt *‘fﬂﬁzﬂ
A= ttestE ARSI BASI FolFel Aolrt e
of thalAvt AA AT AdF 7H X}OL 95%
(*p<0.01, **p<0.001)eld o4 = Aoz AT}

s 09_5 N
AN I o

A3 9 3F
BIGF10M XV of2]|9E F&E9] &L W7}

oE|AE FEE NEFAAE H7B] $18] MTT assays 3
7vek A3 Fig. 13} o] eIt #5229 $&=E 5, 10,
25, 50, 75, 100 pg/mLE ] & AT =4S % a Az} 5,
10, 25 pg/mLe] FE7A] 90%e)de] Al AEES YER]L
o 50, 75, 100 pg/mLe] FEoNME 80% ¥ “J«l we A|E
AEES YepIQIth i B A3oA] BIGFI0 AZE ©]
23} tyrosinase, Wk A, njulgE ASHY vy @
mRNA #d A3 odE FEE 25pgml o3k & ]
A Age s

ol AE FEE9 Tyrosinase &
Tyrosinase A3iAl= w]#5}7-
Ao oty A Ao #AHE= vy X8 f1
Sk o2 dEA dtk(Yang 5, 2008). WA B AFoM =
A WA FE9] tyrosinaseE ARE3SEd 5, 10, 50, 100, 500,
1,000 pg/mL o] JYdE FEES AHest] TagHE H
3 A3k 1,000 ug/mLe] FxEoNA 52%2]
um NHA GEFEES 5U3 FLolA 46.67% (Lee 5,
2009)% T e A EHE HIFRT) 3 BIGF10 AlE

L d2d A Ase

Zol 2q 7)1 Aoz A

o A2l cellular tyrosinase &4 HJAshs dolrr] $lste]
BI6F10 AlZe] of2]dE F&5& 5 10 25 ug/mLe] i}i 2]
23k A3k 27+ 10, 18, 35% & oA Adlss ek
At oE"ﬂ/ﬂ

16.2% (Ryu 5, 2007), 942 FE2EL 5Y F=olA 262%
(Han 5, 2010)% Tha 5 Asiad e Reiaglnh dehd A
S AellsS 243 A7 25 pgmLolA 33%2] AslsS
ERfIATHFig. 2). WA A ogkd FEE] 4§ FYd ¥
ol 19.8% (Chang % A S HAFAUT. o]
#3t A3z Hol o]z BI6F10 Al 3ZU]oll A <]
tyrosinase &3-S A OH"]%—EW depd g Aafell &5l

olell sl A2jxx ]L—% —_ré%% 25 pg/mLe]
‘I, [e]
q

r&
—lNl
e
2 e
rlo
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Fig. 2 Effect of Nymphoides indica on inhibition of tyrosinase and melanin synthesis. (A): mushroom tyrosinase activity, (B): cellular tyrosinse activity,
(C): melanin synthesis rate. Bars indicate Mean + standard deviation of triplicate. *p <0.01, **p <0.001 compared with control group. Nor: non-treated.

Cont: treated with o-MSH

)
120
100 - L
£ 80
s
=
£
E
Z 40
-
20
0 .
Nor Cont 5 10 25 Arbutin 100

Concentration (pug/ml)

120
~ 100 >
&
£ w *
z w
=
2 40
-
i
&~ 20

0

Nor Cont 5 10 25 Arbutin 100

Concentration (pg/ml)

Fig. 3 Decreased cAMP levels in B16F10 cells by methanol extract Nymphoides indica treatment. Bars indicate Mean + standard deviation of triplicate.
*p <0.01 compared with control group. Nor: non-treated. Cont: treated with o-MSH

o
o

S Bl T F AT o] R Aol odAE F
E& AlZWNA tyrosinase”’t Z-E-8hs AFSIHAl A o
g A 4 JAIG ol F8=o] cAMP/PKA =9
AFE0] vl gl {3z i As)5g SAIT

ol e ¥,

o

¢

B16F10 Al¥Y oj2]a% 289 cAMPS PKA A3E4 573
a-MSH®] 8-> MCIR®] &4dsts 3l olFojxm = A}
AIZ W cAMPE] FE7} Z71513 cAMPE] 319] QIA1 PKA
o] F=% 7k} ©]ojA] melanocyte®] A1’ E71, tyrosinase
g4 g dad Aol Z71slA BrkBusca?t Ballotti 2000;
Kim %5, 2011). w&hr] o2]9g F5E9 sk w2 cAMP
o} PKAS| B& 43 AxE Fig 3% 2o] vepidch o
29E FEE 5, 10, 25 pgml FEE AT A TE o
ZOoZ cAMPS} PKAS] 2ol Asl s As 2Rlsigion,
53] PKAY & A3) 84S g & Ao

OoE|AE FEES HWid A4 FAHE duild o
A ast

Wbl A AsHG AAE okt AsdgEde] e
slal om Fa3 AX U AsAY AZE= cAMP/PKA 7F
ZZX, cAMP= PKA, cAMP resposive element binding
protein 12 7338le] MITFS] &dS FXIs}. E2dslke MITF
= dad A A F88 HAF 2E JAAE tyrosinase,
TRP-19} TRP-2 HALE EA4st Al7le Ze2 4eid AUoh
(Eipper?} Mains 1980; Thody %, 1983). ool ojg|dA% =2
o] dapd A T QA vhild gl §1x #E HAxE
SAsA). WA depd A I il o] A9 of
AL FZEo] ¥x oEFoT WS AN AL E3
tyrosinase®] 73 25 ug/mLolAl 40% o)Are] WS A3 st
714 =& AdlsS Yehden, MITFE 38%, TRP-12
33%, TRP-2& 35%2| @& Aslss YepUThFig. 4). ¥4

A4 23
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Fig. 4 Inhibition effects Nymphoides indica extract on whitening related proteins of melanogenesis in BI6F10 cells. Protein were detected by western
blotting analysis with their own antibodies. Graph showed normalization of proteins. All signal of proteins except tyrosinase, MITF, TRP-1 and TRP-2
were divided by B-actin’s signal. *p <0.01, **p <0.001 compared with control group. Nor: non-treated. Cont: treated with a-MSH

A) a-MSH(10 nM) B)
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100 p
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mRNA expression rate (%)
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NIE Arbutin
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Fig. 5 Inhibition effects Nymphoides indica extract on whitening related mRNA of melanogenesis in B16F10 cells. Melanin related mRNA was
detected by reverse transcription PCR. Graph showed normalization of proteins. All signal of proteins except tyrosinase, MITF, TRP-1 and TRP-2 were
divided by GAPDH’s signal. *p <0.01, **p <0.001 compared with control group. Nor: non-treated. Cont: treated with a-MSH

o Fh}F £ FEFELS FUT FTolA MITFE, tyrosinase,
TRP-1, TRP-28] &AMZ 747t 247, 42.6 194, 1.8%% KT}
o AEdS RAFck(Jang? Park 2017). EgE ofg]dE
FZE9] tyrosinase, MITE, TRP-1, TRP-22| F&AxP&& o] ]
e TS sk Ay dWapd g B el wrE A3
T AR A9 Jepidnh of2ldE FEES TR 25

22, TPR-1, TRP-2¢] mRNA & As|edo] wHg-g Il
StAThFig. 5). 718 ®Had vy BdF HE FEE
tyrosinase & MITF mRNA A& 5 F=olA zt=zt 10,
20%= YERY} B Aaldds HAFSlth(Lee 5, 2015).

olde] AFE Fal ofgldE FEE°] cAMP/PKA =
A ¢cAMP, PKAS] & A& T3l dahd g d- QAR]
tyrosinase, TRP-1, TRP-2, MITF i3 2 {AxIS9] WS
gHHo=z Asfste] dapd S AAFRE soE AlEH.
e ofEAE FEEL 7154 1 A e 88 ¢
UE T A7 2 Folnt.

B
Ju

2 AolMe oejdE FE=2] BI6F10 Al ] vuigh
3L Z7gslleh. HAlRelel tyrosinase 2 Adls A}
1,000 pgmLo] FEellA 42%°] Ad &S e Ao,
BI6F10 Al 9] tyrosinase, Wehd A Asls2 5 pugmL
oA 26, 25%¢] A5 LRItk Wekd A #A o4
% 49 WA cAMPS} PKAS] B8 Z4% A% S o
Moz wige] Foltt AL WAL EH ofLluF
F2E9 wwls} BHE tyrosinase, tyrosinase related protein
(TRP) 1, TRP2, microphthalmia associated transcription factor
(MITF)e] & 5l f2dzp ddo] haghs yepliich &
AFE Fate] ofgdE FEE0] cAMPE EFHOFE AT
o224, PKAS 248 A8l AHLeH, o]& T3l tyrosinase &
7J#at ollg} TRPI, TRP2 2|3 MITF 2&S aspzo=
Aol gtk AR g]lste] 71eA MY ST A=A
28 7S AsaA gk

N
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AlolA]
A 2 B ATE BAEAR i ad R el Mg olst
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