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Melanin is a polymer substance that plays an important role in the determination of hair growth and
skin color in vivo. However, melanin, which is over-produced by reactive oxygen species, is known
to cause stains, freckles, and hypercholesterolemia, which are associated with aging. Previous studies
have shown that polyphosphate, one of the components of Rhynchosia Nulubilis, inhibits skin aging
induced by ultraviolet rays. The aim of this study is to investigate the direct effect of Rhynchosia
Nulubilis ethanolic extract (RNEE) on melanin synthesis. In this study, RNEE showed no antioxidative
effects on scavenging activity of DPPH radical in addition to reducing power. The cytotoxicity of
RNEE was increased in a dose-dependent manner in an MTT assay. In addition, RNEE increased ty-
rosinase activity and melanin synthesis in DOPA-oxidation experiments. RNEE did not promote the
conversion L-DOPA into melanin in live cells, but melanin production was promoted in the
RNEE-treated group after H202 pretreatment compared to the control group in which melanin pro-
duction was reduced by treatment with H202. In addition, RNEE increased the expression level of
tyrosinase related protein-2 (TRP-2) and increased the expression level of tyrosinase related protein-1
(TRP-1) at a concentration of 16 pg/ml. In particular, it was found that RNEE increased the expression
level of SOD-3, by which superoxide anion is converted to hydrogen peroxide, higher than the control
and a-MSH used as a positive control at a concentration of more than 16 ug/ml. The results suggest
that RNEE can induce melanogenesis related to black hair.
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S0 WAL EAANGE AFs FE5 AA oY, whebA
B T 248 ZAMZE BI6F] cellS o] &30 32 YA S
T 4 gle= debd EAo) digt RNEEY 449 &34E
el= Aol
TE U
AE TE
Az FE 4 Dulbecco’'s Modified Eagle’s Medium

(DMEM), Trypsm—EDTA penicillin (10,000 U/ml) / strepto-
mycin (10,000 pg/ml) / amphotericin (2,500 ug/ml), fetal bo-
vine serum (FBS) Al %2 Gibco BRL (Grand Island, NY,
USA)Z HE FY3t3Th BI6F1 cell line ATCC (American
Type Culture Collection, USA)ZHE T34t a-MSH,
Imatinib mesylate(IMAT), IBMX, MTT reagent$} 7] EfA] &2
Sigma Chemical Co. (St. Louis, MO, USA)25-E] T34t}
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DPPH radical scavenging assay

Brand-Williams [5] 4 &¥H-& H Y3} RNEE«]
phenyl-2-picrylhydrazyl (DPPH) radical 47 %59
Atk 2 ARE NPFEE A3t 102 ¢
o, Ao A 208 Ft BH3AZ F 525 nmol| A
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Reducing power Assay

Oyaizu [13]¢] ¥R o w2t S48kt RNEE 1 mlol pH
6.6% 200 mM 14+ $HE8-9 2 1% potassium ferricyanide
£ 74 1 mA A& 7hste] wwk & F 50T 84l A
20 ¥ FH WHEA AT 7)o 10% TCA €94 1 mlE 7kt
13,500 goll A 15% F<¢+ A Eelstel €& 459 1 ml®]
54 9 ferric chloride 24 1 mlE 7}8te £33 3 700
nmol A FFEE 43 d. A HERTLE vitamin C
100 pl& AHE3EATH AR9 #AE2 Ag Hrked gz
o 3= wE % goz st yehy ol

In vitro tyrosinase &4 £H

Ag el 01 M A4 &5 A (pH 6.5) 220 plgk A1 2% 2
ul 12 1 mushroom tyrosinase (1,500 U/ml)¥ 20 pl& f_‘/‘i
HE Yeth o] &9 1.5 mM tyrosine ¥ 40 plE ¥ 37T
oA 10~15% &< #WH&AZITh 28 A o2& ELISA reader
(ELISA processor II. Behring,Germany)E ©]-8-3}] 490 nm
AN FHEE ZA3AT AR tyrosinase HEE A S
At 2T FEE HE % goE St el
.

In vitro L-DOPA &t2l0]| O|& melanin Y& &3

ANgde] 01 M J4rEZ A (pH 6.5) 480 plgk 3 mM
L-DOPA 20 plE #7133 Ags= HA RNEE 5 &
Y, vpx et o 2 2,000 U/ml mushroom tyrosinase 40 ul&
A7hee o) £ S 37CAA 1413 Tk AT 18
L ELISA reader (ELISA processor II. Behring, Germany)
o] &3ted 490 nmA FFE=E FA3A A9 L-DOPA
Arstell o melanin A4 E & A5 H7hr ok 2T &3
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MNIZHi ¥

B16F1 Al 2+ 5% COE 37T A 5% o4 55 4
G k710l A 10% fetal bovine serum, 2 mM glutamine#}
100 pg/ml penicillin-streptomycing 233+ Dulbecco’s
modified Eagle’s medium (DMEM) Hj A o] A ulj eka} 1 ot

MTT assay

Hansen [4]¢] ® ¢l wet RNEEY] Al Z54& S48
o Al ZEAH 7= MTT (3-(4,5-dimethythiazol-2-y1)-2,5-di-
phenyltetrazolium bromide, Sigma-Aldrich, St. Louis, MO,
USA) Aofs AH&3ste] A3s APt S4H7 e
melanoma cell?l B16F1S A3t o, 75x10° cells/well
gkl MEE 96-well plated] FHE & 3HF T vl LA
o 31F H WA E AASY AY TEE /\] S5 200 plgt
T Fostal CO, Wi g7lolA ThAl 3 W 2447 F ok vl kgt



ok 2473 3 A s ARE AAS L, MTT $945 200 ng/
mle] FEZ 34 96-well plated] H7}sty H& Aee |
37°Col A 3AIZF gt 3A17F H PBS buffer® A4 g 5
DMSOE 7 welldll 200 ul ¥H8 9438+ 202 £ microplate
reader® 570 nm9| AN FHEE SAHAT

DCF fluorescence assay

DMEM Hj#| o] DCFH-DAE 20 M ¥ =2 A %3}<] Bl6F1
Azol Agg & 37T A 208 WX3te] DCFH-DAE A X
W2 AEANZY 7)o S ZT2 vitamin C 1,000 pl9}
RNEEE NP5 == 147 5 At At PBSE 49 Al %
3 Harsleag 250 M FEE S-S HBSS ¢5-49 100
WE Az Agstint. ME WA 3itste 2= DCFH-
DAS} #H-33te] §3-& = DCFE A4 dth. °] 8 multi-de-
tection microplate reader (SynergyHtx)& ©]&3}] ex-
citation: 488 nm, emission: 530 nm A4 FFATE =4

rsleA Z2X F20 M2 B16F10IA Melanin 44
£3

6-well platedl] 3x10°cells/well 2 H L2 EF3to] 3}4ks}
T4 EA friof wet 4gE& APkt J%E}#i A
gl A 250 M HAaFstrAE AP T 2447 A &
NEE At 147 Fo] L. DOPAZ melanin B4 & A=
T 48N F AZE W AT A RE AP 143
Fo] L-DOPAZ melanin A& A5 & 48X 7 B AZE
ek At MEZE £t 1,200 rpmoll A 527 AA &

glat] AW 3 £, 1 ml homogenization buffer (50 mM so-
dium phosphate pH 6.5, 1% Triton X-100, 2 mM phenyl
methyl sulfonyl fluoride)Z &3] Al AT o714 D& pelletol
1N NaOH (10% DMSO) 200 & #H7}8taL vortex ¥ 405 nm
AA FEEE 34 33t} melanin ¥FF (Sigma, USA) 2
2 A2 EE AFAAE o8t 7 wello] A A" Ad
de S A Z(10° cells)ol 4 o] Bekd

Western blot analyses

B16F1 Ao &% €589 (50 mM Tris - HCl, pH 7.5,
0.4% Nonidet P-40, 120 mM NaCl, 1.5 mM MgCl,, 2 mM
phenylmethylsulfonyl fluoride, 80 nug/ ml leupeptin, 3 mM
NaF and 1 mM DTT)& #7Fste] 4Tl A 308 &2 A E3k5
o 10 ugd AE §ZF9E& 10% Tris - HCl gell A 719 &
T dAe A7 F O F nitrocellulose membrane. 2 7 0]
AZ T 1 T 10% skim milkE nitrocellulose membrane®]]
AA st 54 Dl do] tf g 12} A (anti-tyrosinase, an-
ti-TRP -1, anti-TRP -2, anti-SOD -3, anti-catalase, anti-beta-
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actin (Santa Cruz Biotechnology Inc., Santa Cruz, USA))E
A& i 22k A E A F, chemiluminescent ECL kit
(Amersham Pharmacia Biotech, Piscataway, USA)E A}-&3f
of EAGWAdS AZSATt. Western blot®] bande
LAS3000 ®image analyzer (Fuji film Life Science, Tokyo,
Japan)E o] -&stef #Z3T

z
2 +94 9}1“: ARz et

ATk,
2 3
RNEEQ| & E2| o= &2
AEH FAFEEERH 48 8% UEll = RNEE
o & ZydsgEFS 34890 Fg. 1A*~ gallic acid& ©]
£ £F FA4ES BT Fig. 1BAA B& niep 2o
A 035
0.3 F .
y=oA0003xoO-M05/
0.25 + R* =0.9912
0.2 F
=)
= 0.15 /
01 /
0.05 }
0
0 50 100 150 200 250 300

Gallic acid (pg/ml)
700 ¢
600 |
500 |
400 +
300 |
200 +

100 +

polyphenol contents (ug/ml) ©

o

Blank 1 2 4 8 16 32 64
RNEE (mg/ml)

Fig. 1. Standard curve and total polyphenol content of RNEE.
(A) Standard curve was plotted using gallic acid as a
standard. (B) Total polyphenols of RNEE at 1, 2, 4, 8,
16, 32 and 64 mg/ml were measured.



334 BB ULRIX| 2018, Vol. 28. No. 3

FAE ol vls] RNEES 3 59 64 mg/mlol A 621.25
ng/mle] Z s =o] FFHo} Sl
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DPPH radical 47 %3 reducing power 43 334
o}, Fig. 2A9 A B H}9} o] DPPH radical®] 47 % ¥ of
tj3te] RNEES &3#E 2AFeH% T DPPH radical 47 %<
kst E4 o 23 DPPH radical?] 4 W8S 53 /&ﬁ}cﬁ Al
RAEE o 28 5 9 %A 2702 ALEF vitamin C=
100 pg/mlol Al AP vl wst & v 78%°] AAZE S
Uebl o1, RNEEA 2] 71 A= DPPH radicaloll t¢ 47

5ol UERA ehgtth. Fig. 2Bol A B w9} 2Ho] RNEEY
Sd¥e A7) 93l potassium ferricyanide$t ferric
chloride® o] &3te] &4 S AT ¢4 HxT o
AH4-8 vitamin C 100 pg/mlol A 2644%<) #9982 el
W k) RNEE A 22 H 1559 64 pg/miolstol A $¢l
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Fig. 2. Antioxidant activity of RNEE. (A) DPPH Radical scav-
enging activity was measured in the presence of RNEE.
Vitamin C at 100 pg/ml (Vit. C) was used as a positive
control. (B) Reducing power was evaluated in the pres-
ence of RNEE. Vitamin C at 10 ug/ml was used as a
positive control. Data are given as means of values +
S.D. from three independent experiments. Level of sig-
nificance was identified statistically using Student’s t test
(***p<0.001).
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Fig. 3. Effect of RNEE on tyrosinase activity and melanin pro-
duction by L-DOPA oxidantation. (A) Tyrosinase activ-
ity was measured in the presence of RNEE. Arbutin at
2,000 ug/ml was used as a negative control. (B) The ef-
fect of RNEE on melanin production by L-DOPA oxi-
dantation was evaluated in the presence of RNEE. Vita-
min C (Vit. C) 1,000 ug/ml was used as a negative
control. Data are given as means of values + S.D. from
three independent experiments. Level of significance
was identified statistically using Student’s t test (*p<0.05,
9<0.01).
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A S7HE B7He ¢ Qo 1A 239 32“3—% %7187
93t melanin A 715 B7ksk7] A &4 dxzwo®
vitamin C 100 pg/ml7} AH&-5 At} Fig. 3Bell A H & nhe}
2ol 4 ET2 tyrosinase A& A ¢ ¥ o] RNEE
© 16 ug/mlol’d9 F=AHLE 15% &4 24 X8 RE
UER AT

ME =4 2 ME Lf 1paks
RNEES| A&t

RNEE7} B16F1 A%
93t MIT assayE TH3t AT Fig. 4A0A E& vhe} 2o
gz 02392 ¥ RNEEE 32 pg/ml 0|49 550 A
12%9] =4 ZA7F Jest o, 80% o) A=7t AEsSTh

T2 44 2910 0|x=

40 9Fe FE FEE 2
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Fig. 4. The Effect of RNEE on cell viability and scavenging activ-
ity of intracellular H202. (A) The viability was evaluated
in cells treated with RNEE at 1, 2, 4, 8, 16, 32 and 64
ug/ml. (B) B16F1 cells were loaded with 20 uM DCFH-
DA for 20 minutes. The cells were pre-treated with RNEE
at concentrations indicated for 1 hr, and were exposed
to H202 in HBSS buffer for 1 hr. The fluorescence in-
tensities were measured with 488 nm and 530 nm of ex-
citation and emission frequencies, respectively. Data are
given as means of values + S.D. from three independent
experiments. Level of significance was identified statisti-
cally using Student’s t test.
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DCFH-DAZ} M oA #itstaeiet wEstA HHA
DCFE A43tH d3< HA "ot 43S 53 RNEEZL Al
EIHQI ﬂwﬁk%g %ukb} A2AGEAE Fld Hoo.
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27 59& Yo
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5A°A B wheh Zo] St 2l vitamin C 1,000 pg/ml
T FA T Wl 80% o1 A AZth RNEEE L-DOPA
o o3& melanin £ &3& gle ACE YEFROY, Fig.
5Bell Al B uhel o] #AbslgAE A E]5te] melanin A
& 22N dzxwo vlste] 3t WA e & RNEES
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Wk
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Melanin 443 9] 583 F4< tyrosinase®} melanin 4§ 4
As A 71A 3 #EE tyrosine hydroxylase, tyrosinase re-
lated protein-1 (TRP-1), tyrosinase related protein-2 (TRP-2)
o kst A4 FollA 7HE F83 catalase®t superoxide
dismutase (SOD) % 3k}<¢l SOD-39] @ d WHE & xAbetG
th Fig. 60l A H& el 2o] o tfxz o2 AHEE o-MSH
9 IBMX= 53] TRP-29] = S7H171= o2 Lepy
o} RNEEE tyrosine®] Al DOPAZ &3l tyrosine hy-
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tein2 (TRP-2)9] ¥ & tjx79 ¥ate] F= 8 ug/ml 0%
ol A g Hlgstel A SHANTIE ASR YENT
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Fig. 5. Effect of RNEE on melanin production in B16F1 treated
without or with 250 uM H202. (A) The amount of itra-
cellular melanine were analyzed in B16F1 cells treated
with RNEE. (B) The amount of itracellular melanine
were analyzed in B16F1 cells treated with RNEE after
H202 stimulation. Vit.C 1,000 pg/ml was used as a pos-
itive control. In these experiments Data are given as
means of values * S.D. from three independent experi-
ments. Level of significance was identified statistically
using Student’s t test (*p<0.05, **p<0.01, **p<0.001).

Zr pa 2 g B2A8 A= p8z 2otk 18y A
el EEFHAANM M= B4 44 F(reactive oxygen spe-
cies, ROS)°ll 23l Wehde] HxsiA A4Hd wstel #dd
7], F2A 9 AL AFZE 5L ob/|ANT7]. EF, A3

A 2EY 2R A AxY 718E E3NA &, das 22

A S FEAITT RaFHAT20] & A& =319 A9l
% 371A 9 ROS A AA 239 melanin 4 3 &35
ZAE AEZHF SR 202N HL75SAE 2AE
Aot FFoA A melaning /3 3FE melanocyted] d F <l
BI6F1 cell& o] &35l om FA0] §le sRollA A=t

RNEE®] &7 4F4-F (reaction oxygen species, ROS) &7 7]
& ZAg A3 RNEE2 DPPH radical assay® reducing
power testoll A= 348 A 35 UERW A gfgtou, AlE W
Fastrs e FHT ¢ e DCE-DA AFdAMe
RNEE7} b8t a0 A& A A0 2 vegor,
olg] ¢ ditE A5 RNEEO] FfHol e &2 dEo

Positive control RNEE (ug/ml)
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. 6. Effect of RNEE on protein expressions of TRP-1, TRP-2,
tyrosinase, SOD-3 in B16F1 cells. The cells were treated
with RNEE at 4, 8, 16 and 32 ug/ml. Western blot analy-
sis of cell lysates was performed using antibodies as
indicated. Level of significance was identified statisti-
cally using Student’s t test (*p<0.01, ***p<0.001).
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AR O dFdA d4 dzxToR /\}%% a-MSH7}
TRP-29] 4d& FXAZTGE dF Ha7b AAL[L, 14],
Kaempferia galanga®] 34} FZ2E9 defd A4 £ &%
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