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Antimelanogenic effect and whitening of crude polysaccharide fraction
extracted from Perilla frutescens Britton var. acuta Kudo
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’Food Science Research Institute, Kongju National University

Abstract In this study, the inhibitory effects of crude polysaccharide fractions separated from Perilla frutescens Britton
var. acuta Kudo (PCP) on melanin synthesis and tyrosinase activity were observed. B16F10 melanoma cells were treated
with 125 and 250 pg/mL of PCP for 24 hours. Using these optimal concentrations, inhibition of melanin synthesis
inhibition was measured, and PCP treatment significantly reduced melanin synthesis induced by 3-isobutyl-1-methylxanthine
(IBMX). In addition, western blotting analysis on B16F10 melanoma cells showed that PCP inhibited tyrosinase,
microphthalmia-associated transcriptipn factor, tyrosinase related protein-1, and tyrosinase related protein-2 expression.
Therefore, these results indicate that PCP may have potential inhibitory activity against melanin synthesis and may be a
natural ingredient useful for the development of whitening materials in cosmetics and functional foods.
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Ao BHE E9e ALJAE Aldsls M40 thBertolotto 5,
1998). Melanin /32 on|i=ike] Rl tyrosines 712 E tyro-
sinase, tyrosinase related protein-1 (TRP-1), tyrosinase related
protein-2 (TRP-2) &40l 93] ZAE™, £3] tyrosinases -2
5 X3 §4AF 34-digydroxyphenylalanine (DOPAYS- AFSIAIA
DOPA quinone® 2 k|7 AFgAitslih-gat &4WHg-9 2 DOPA
chromes 72 372289 melanine] YA ETHSwan, 1974). 3]
tyrosine & 4~F melanocyteol| A Hzhd AAe] oA g o
Al 34=ZA eumelanin?} pheomelanin®] /ol HAujdoz Hg
3k Ao 7 UHA dti(Hearing and Tukamoto, 1991). Melanine
Aol x3E Uve W UAE Fste] uvel o3k 4o
ZHE 9 olste] HF /1AL Boske IS s, IF A
A ol AT Falita 9 {271 55 Folre IF f8id
ARRE HFE BIaFE F&3 AT st ey dapd
o] FEsHA FEHAY, =3t Tl oJsix mFe Adr]sel
oA L vheget MAart =] 7], F24E P45, o

722 WO RNE oyt IRkl ¢jle] E7]% FHrh(Choung
5, 2013). 2R ol A AF W4 WASL nuE
FE A7) fl8iA o9k e GAE AAste] dahd FAIA s
E 93 A3F &3] o]FojX 3 tk(Hearing and Tukamoto,

AL EE I (Labiatae)ol] &shs AN AE2A] WA}

, 22 894l ¥, g AUt A 9 &
o] #)7] Boln Fo] FrtEE EAE 7KL UtHByun, 2017).
ZHE sl I, 71BAYE, A3E Sl ARSEo] itk A
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romarinic acid, anthocyanin, caffeic acid, luteolin 5 WO Z X
H) A THPark and Lee, 2017). #HZ A&l =] U=
H| =] = (terpenoids), &3+ (phenolic compound) 5] 9%
9 gy 27] 2, Ak, ksl 5] ok 2hgo] Hojut
T3 B35 3 kKim 5, 2011b).

AEAZRE f2E 2o (polysaccharidesy> HY F7F
2 2 g9EA don, W Hgle] AR, T oA
5402 8l FERAL Q). ol2fdt thdF+ sulfate EHeE)
b, FEA L] sulfate 9], B o|EH R 7 Mxe] F
|75 FANA Fitst 2 AxE A g3 59 71T 2 A
@ EZZA ] A7t d] AL UATHWang 5, 2010).
A& 2o HA B FxAAE Fo &4 I AxE
3}, ARAY, 195X 9 FIaHE =4 TTHTIE Aoz
Hugojxw, gk AXAAAIL] 2HE B3l A WE TS
LEE 7= AAS=E 848 JUehlle 2oz 4EA
TH(Cho &, 2018). L&t} AkAigdollA] Feld thdfol &3 u|
Aol B3t AT oFF AR Aot}
mEba 2 A= ARageA 2elE oERy By 24
of #sle] olr 7] 25te] tyrosinase AA A E BI6F10
melanomaZ ©]-8-3}] melanin $4 A&7}, tyrosinase A1
g, dapd A Al tigk W AYZ(TRP-1, -2, MITF 2
tyrosiney& ARSI 7154 sPEE AAIEA S e VS A
szt skt
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Aol AL8-H A2 (Perilla frutescens Britton var. acuta
Kudo)yZ 2016'd 8¢ S oA HolA A s, 4TS 4
A 7Y B SAdske] s 3] AlASAL, dWEete] A
oA Byt Aol ARSI Jeddou F(2016)°] HWHEE &
5 Ayt BeEinh AxE AAHS APE 27I(INSG-
1002SS, Hanil, Seoul, Korea)2 25}, 7AZE2 100 g 900
mLe] distilled water (DW)S 7}t 100°CollA 24|17} FoF <
FZ 3. FEES AEFol(filter paper, No. 4, Whatman,
Maidstone, Kent, UK)Z &3} & ofsfole]] 70% o&er&-2S 7fs}
of 4°CollAl 12A17F E9F HAIEE -, 3200 pm 2 304 FF A
Al E-2](Combi 514R, Hanil, Seoul, Korea)dted =A@ =t
(Perilla frutescens Britton var. acuta Kudo crude polysaccharide;
PCP)E R, o8 $4 Axdte] Axy xrgos Y
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Tyrosinase inhibition assay

Tyrosinase A &3& tyrosinase?} L-DOPAS] 2H8-ZAx} 234
H& dopachromes HAHE& o]&sle] AFele WHow 24
3} 93 th(Flurkey, 1991). Mushroom tyrosinase (100 unit/mL, Sigma-
Aldrich Co., St. Louis, MO, USA) 02mL<} 71224 L-dihy-
droxyphenylalanine (DOPA, Sigma-Aldrich Co.) 04mL, 0.1M
potassium phosphate buffer (pH 6.8) 0.2 mLe] &E3tlol] F=® (1,
2, 5, 10mg/mL) A4 2oHg FEE3 Kojic acid (Sigma-Ald-
rich Co.) 2mg/mLe] FE= ZH7F 02mLE E9g F 37°Col|A
15%7F 9HgA1A 475 nmellX] 355 S48k, A€ dopach-

o] v g 7} 59
rome?] A& AFoz FSIAT) Tyrosinase A3l e Thae]
3haklel ofste] A=A

A—B)
D x100
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Melanoma M|Z=ZHH2¥

B16F10 melanoma cell (KCLB No. 80008) &t=4| 323}
(KCLB, Korea cell line bank, Seoul, Korea)ollx] Hiro} AL&-3a}
gom, AzudS 8] 100 unitmL FUAH 2 100 unit/mL 2=
EdEntolAlzt 10% AEjo}dHS E3s= Dulbecco’s modified
Eagle’s medium (DMEM) (Life Technology, Carlsbad, CA,
USA)E AHE3ton, AlEE 37°C, 5% ol4tslers v k7]
(Thermo, Carlsbad, CA, USA)°A wjekalict,

Melanoma M=Z=4 HI}

ALY 209 FEE XS #Aste] Golry] f]3fe]
k-2 FEl 2] melanocyteS! BIGF10 cell lines 3H=HA| £3-2-3)
o 2HE FYt] ALEIIATE AEFo] i MEEAPL 27}
o] MEFE 1x10* cellswelld 96 well plate (SPL, Pocheon,
Gyeonggi-do, Korea)oll 90 ul# #5-35t] =R (31.25, 62.5, 125
2 500 ug/mlL) A ZOF FEES 10 WA *28lska, 37°C,
5% CO, =7 3follAl 72417 <t wjdsted 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT, Sigma-Ald-
rich Co.) ¥41& B3l MEEAFS &35t MTT assays= MTT
SN (S mg/mL)yS 30 ul? 22 welldl H7Ested 2A17F F<t i
Gt F vt FEAE A AL A/dE formazan crystalS dim-
ethyl sulfoxide (DMSO, Sigma-Aldrich Co.)°ll =< 540 nmollA]
FEEE A5

Melanin EH2HL7}

BI6F10 M 3EZ 0]-&3 melanin &4 A AAlI5S H7kel7)
215+ phenol red’} 1= DMEM B S A1-8-314] 6 well plate
(SPL)°| 3x10* cellsymLE EF3}L 24|7k0] At & A|E7} plate
o] ¢hds] BE S IRIT v ALY 2Hd FE=S F
3125 % 250 pgmL)E A 3L 12417F § melanin 4378
< EH37] $13ke] 200 UM 3-isobutyl-1-methylxanthine (IBMX,
Sigma-Aldrich Co.)2 *2]3}] melanin A4 W8-S ZZIA|F T
72X 7¢ viF F 1% Triton X-100 (Sigma-Aldrich Co)yS -3t
10 mM phosphate buffer (pH 6.8)5 100 uL. 7}t 5E7F it
g & AAlEE] 31 cell pellets Hahd 3ol AMESALE &
of 84S vehlie Hapide] d3is do7|r] st 10%
DMSO7} ¥ 1N NaOHE AATE YL 65°CAA 117 &
QF W2 A7l F 405mmelA =S A 2eEid §

=
Fe detd FEHFFAL ol 8ste] A=

MIZLH tyrosinase inhibition assay

BI6F10 MZEE ©]-&3F tyrosinase A A4S H71sh7] 915t
o] phenol red”} §1& DMEM HiA S AL&-3te] 6 well plate
(SPL)°| 3x10* cellsymLE EF3}L 24|7k0] At & A|E7} plate
of ghds] F2E AS IRIT v A4E 2ud FEES F
=125 2 250 pg/mL)E A3 12478 & melanin A4
< EFZ357] 918t 200 uM IBMX2 #2]3t] melanin A§4 wE
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S FSANATE 27 Bl & MEE FASHA lysis buffer
(1% Triton X-100, 0.1 M PMSF)2 H7}ste] 4oColA 147+ wk
S AA AZES 171 % zﬁ sty dEde ¢35t

Sk e oy ;‘] S Aol & L-ihydroxyphenylanin (DOPA,
mgmLyS H7Hek 5 37°CelA P R
AlZE E9t AEsElEA 420 nmellA FREE SA ST

Western blot analysis

B16F10 melanoma M3ZZE 6-well plated] 2x10° cells/well®] &
=2 BEsle] 12470 59 98] E2A17]3 IBMX (200 uM)
9} A4 2o FEES 125 ¥ 250 ugmlLe] T2 HE A
ZEa) wjgo] B NEE SHste] PBSE 33] AFHE F
NP40 cell lysis buffer (Biosource, Seoul, Korea)S Z7}3+ %
13,000 pmol| A 1587+ FAEE] 3 o cell lysateE F2]3HATH
o Ule] BuAe Belas) slale] A7 S0E Azel A7
4ZA[10mM HEPES, pH 7.9, 1.5mM magnesium chloride,
10 mM potassium chloride, 0.5 mM dithiothreitol (DTT), 1uM
leupeptin} 0.2mM phenyl methyl sulfonyl fluoride (PMSF)]<
208 7F A3 3 12,000xgol A 187F G sto] Alxds}
S Eejsisleon, Eud o g &% 820 mM HEPES,
pH 7.9, 25% glycerol, 420 mM ethylene diamine tetra acetic
acid, 0.5mM DTT, 1M leupeptin, 0.2 mM PMSF] & *{&]3}
10,000xgolA 203 7F 2] st Iad S FEs3ch &
)% cell lysate= BCA protein detection kit (Thermo Scientific,
Rockford, 1L, USAYS AH8-8te] Tl Ao HAASIAAL, well
20 pg®] cell lysateE 10% polyacrylamide gel®ll Z}Z} loading
3te] SDS-PAGEZ WAd#E] 3ISth ©]& polyvinylidene difluo-
ride (PVDF) membrane (Millipore Merck KGaA, Darmstadt,
Hessen, Germany)®- 2 transfer 3}$13., membrane antibody2] H]
Eolx AS WAS7] $18] blocking solution (skim milk 5%)
20mLol A 1A1ZF WAk el ©]F TBST (20nM  tris-HC,
150 mM NaCl, 0.05% Tween-20, pH 7.5)2 10524 33] A|&3}%
o TRP-1, TRP-2, MITF % Tyrosine®] T ZFS =H317]
3l 12} SA(Cell Signaling, Danvers, MN, USA)E 1:2,0002Z
8|AJ3te] 4A17E SF HEEAIZ1AL, TBSTRE 5w 7+ 33] 412313
t}. o]% 2%} &A|(goat-anti rabbit 1gG Calbiochem, La Jolla,
CA, USAYE 1:500002 3]43tod 2A17F B3t WHSAI7| 2, dX

< 93] Electrochemiluminescence (ECL, Millipore Merck

KGaA) reagents AHE-3te] 138t

84 24

oo AgelA BoF A= Statistical Package for Social
Sciences (SPSS, 10.0, IBM, Chicago, IL, USA) softwareZ ©|-&
3lod One Way ANOVA test2 #41319om™, A5 7ke] 9]
£ Duncan’s multiple range testZ p<0.05 =04 BIW3FH L,
Student’s t-tests® *p<0.05, **p<0.01, ***p<0.001 F=<=olA] B
sttt

Aot % nE

Tyrosinase X3l &
2ehd S AT tyrosinase As &gl st} F7h
SFATHFig. 1). FAENEZTL kojic acid 2 mgmL)S A3t
A 220G F2E5S FEEE XYY tyrosinase?] A &
AL W7k A3 s27F F71E) w422 tyrosinases

60
;\? a
c
9
S 40-
= b
£
[}
0
©
£ 204 G
8 d
)
e e
0l—=—

Con Kojic 1 2 5 10
acld PCP Conc. (mg/mL)

Fig. 1. Tyrosinase inhibition activity of crude polysaccharide
fraction separated from Perilla frutescens Britton var. acuta
Kudo (PCP). Each experiment was conducted in triplicates, and the
results are expressed as means=SD (n=4). Statistical analysis was
performed using Duncan’s multiple range test with a significance
level of p<0.05. Different letters (a-e) above the bars indicate a
significant difference.

AT = FoE #E HTh A L 2o FEE
A2 melanin G4l ]Xé oz FoI3h= tyrosinase T2 T
e AAFeEN v S 7loste Aog ddd

A2y =ciet X2l0 (M2 B16F10 M= MESHIL

24 209 FEE9 X271 melanoma Al3E2] BI6F10 Al
329 H]E%Q%C’ﬂ nX= Gl Hste] Hrisidh Alx AE
£S5 A= MTT assay © TS 5l 584 E28A4 1)
EZ=ol] reductasedl] 2J3l] =oll A = H2ME9] formazan
o] P2 HYF R} vEZEZ]ok] reductase= A= Al
x| EAEIEZ AX MTT A2 x2|T
HA L3 o=

)R}

739 formazan©®]
T DMSOZ A543} A17]W Belalo] Yeps
HjAH O 2 =3I THGross) Lapiere, 1962; Park 5, 1987). &
IBMX7} A2 &g vXe 9T Yol flo}@l MTT
shdem 25, 50, 100, 200 uMe] FE=olA] AHXE AlEol| F3F
n2)A] = Ag &9l sIthFig. 2). A4E 2ud F=
31.25, 62.5, 125, 250 ug/mLe] F== AP 39S W =T
100% ©]’d AEES B 548 A &2 218 Ik
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Fig. 2. Cell viability of IBMX and crude polysaccharide fraction separated from Perilla frutescens Britton var. acuta Kudo (PCP) in
B16F10 melanoma cells. Each experiment was conducted in triplicates, and the results are expressed as means+SD (n=4). Statistical
significance (*p<0.05, **p<0.01, and ***p<0.001) is indicated for treatments versus control (CON) group.
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Fig. 3. The difference of melanin octents in B16F10 mouse
melanoma cells treated with crude polysaccharide fraction
separated from Perilla frutescens Britton var. acuta Kudo (PCP).
1: control, 2: IBMX, 3: IBMX+PCP (125 pg/mL), 4: IBMX+PCP
(250 pg/mL)
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Fig. 4. Effect of crude polysaccharide fraction separated from Perilla frutescens Britton var. acuta Kudo (PCP) on cellular melanin
contents and tyrosinase activity in B16F10 cells. Cells were treated with 200 uM IBMX and polysaccharide fraction crude polysaccharide
fraction separated from Perilla frutescens Britton var. acuta Kudo (PCP). The results are expressed as means£SD (n=3). Statistical analysis was
performed using Student’s two tails #-test with a significant level of ***p<0.001, compared to control (CON) group.
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Fig. 5. Inhibitory effect of fractions from crude polysaccharide fraction separated from Perilla frutescens Britton var. acuta Kudo (PCP)
on TRP-1, TRP-2, MITF, Tyrosine. Fractions were treated with IBMX. Cell lystates were examined by western blotting analysis using TRP-1,
TRP-2, MITF and Tyrosine. The results are expressed as means+SD (n=4). Statistical analysis was performed using Student’s two tails #test

with a significant level of ***p<0.001, compared to control (CON) group.

MITF, Tyrosinase, TRP-1 % TRP-2 CHHE Hi5]
WA Al AGA AN melanocyte?] AlEEHol] =)
3= melanocortin 1 receptor (McIR)S F3 Wapbd dAS F %=
e Aoz deiA 9tk 2 F cAMPPKA Z=7t Wahd &
Ao Fo ARREA uvel IETF =& HAS W dapd AlX
9] cAMP7} S71EAL AEZ S Z protein kinase A (PKAYS &
ZJs} A7 CREBE 71* microphthalmia-associated transcriptipn
factor (MITF)2] L&-E Z7F AlZItk. MITFE Eahd 934l
A Fa3 HAF 24" AAE TRP-1, TPP-2 ¥ tyrosinae®] ZA}
£ ZZ%tKBusca?} Ballotti, 2013; Saha 5, 2006). TRP-13}
TRP-2+= tyrosinase related protein® = LA U= THEZA
5,6-dihydroxyindole-2-carboxylic acid (DHICA)S Z7Z-4S8 JehY
= indole-5,6-quinone-2-carboxylic acidZ 4¥s}sl= G40l TRP-
2& DCTEFZE 3 DOPA chromeS DHICAZE oA 3lsteE &
AZA, MITFS] &A= tyrosinase B TRP-1, TRP-29] && A
£ E3lo] wapd A S oA 4= tk(Jimenez 5, 2001;
Lin 5, 2008). & A7elXe Ao 203 FE522 dehd A
A AAEFE B8] 18] TRP-1, TRP-2, tyrosinase 2 MITF
o] AR WE S FFSIES wl, Feid A4 Adskes
chala kS oA A& FRISIATHFg. 5). o2 Bd=

12 2d= 1

ol
ﬂF m

MITF @& JAE 53 tyrosinase, TRP-1, TRP-29] thild &
= ARk EA m 28-S sl Zlo® AZMEE Ye 5 (2010)
o] AFo] wEw WE ERH ek ;] TFFZEo] uw
7 gl GAAEE BHY B Ayl e PR MITFS)
tyrosinase®] WS A OEA WEhd M AYE A &

Aol AdAE 5 A
o ®Busigch “35} Yoon & (2009)L A ATTE

Eo] ERKE3= Zisﬂs]'_EW tyrosinase2} TRP-19] &S A
8]]6]{; 48 7R S-S HAEYL, Kim 5 (2011a)

}_;\]—’H o] A==
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, FZE 2 bifidobacterium bifidums ©)
g olE UE FEEL daid A HAHHeR #Adsle B
¢l tyrosinase @ TRP-1, TRP-22] W3S JA|ste] depd g
< ATy Bt oo AE Hol Ais xohd
ZE2 dald A FoIs= MITF, tyrosinase, TRP-1,
TRP-2 ] ©hild S AA|etnR 5 Hdd v
Z8o] 7ks & AoE HAohd)
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N A2 2T FEEL MY B4E
3] tyrosinase S A E4J 3} melanocyte Al EollA
Aepd g o By ‘”Xﬂ%% Tkt =
FZEE2 tyrosinase A 5S #EA3 A3 AALH 2 =
9] FE7F SUHE %"401 frojgoz 57}3]}; 7“°i et
woh. o3 d v §37} melanoma Al ES! BIGF10 /H]_,_ IH ol
A% Qojui=x] Belaly] 9lake] Al uwap/] 3 2 tyro-
sinase AT AHETY ALY 2T FEES B16F10 A
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0 ooft w2 Ao

4)1
L
1
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