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Effect of Curcuma longa L. Extract on the Melanin Accumulation
and Expression of Skin Fibril Proteins

Hae Ok Kim”'i

Department of Nursing, Kyungnam University

ABSTRACT

Objectives : In this study, various biological effects of Curcuma longa L. have been studied, however, beneficial
effect of Curcuma Ionga L. in skin health remain still unclear, In this study, Curcuma longa L, water extract (CLE)
was prepared, Inhibitory effect of CLE on melanin accumulation of B16F10 cells and expression levels of skin
fibril—related proteins of human skin fibroblasts (HSF) were evaluated.

Methods : The cytotoxic effect of CLE in B16F10 cells and HSF were examined by MTT assay. Inhibitory effect of
CLE on the a—MSH- and IBMX—induced melanin accumulation and tyrosinase activity were evaluated in B16F10
cells. The expression levels of connective tissue growth factor (CCN2), Smad2, procollagen 1a2, collagen 102, and
fibronectin in CLE—treated HSF were analyzed by western blotting,

Results : The CLE treatment (concentrations 10 to 400 pg/ml) for 72 h did not affect to the B16F10 viability.
However, 200 and 400 pg/ml of CLE treatment for 24 h showed cytotoxic effect in HSF, Therefore, the concentrations
10, 50, and 100 pg/ml of CLE were chosen in this study. The CLE treatment for 72 h dose dependently and
significantly suppressed melanin accumulation and tyrosinase activity of B16F10 cells, In addition, the CLE
treatment up—regulated expression levels of skin fibril—related proteins such as CCN2, Smad2, procollagen 1a2,
collagen 1a2, and fibronectin,

Conclusions : In conclusion, these results suggest that the CLE could be used as a natural material for skin health,
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Aol wne) 720 welg fAek: b 9ol Fag o
e 3o, @, oo o EA5t= collagen TF
AZ 9 7149 20 FHRLRA 2 FYS fA5tE
qag s, AT AT RATo) elg) paw
procollagen] &8 E2He] Za7} S7HH 0] ©Eo] Ha
93 F8340] FUANT BIYY), NB YgPz
2 7452 collagend A4} Blg FA8ks ol 3]
fibronectin®] & X3t £93}tt Fibronectine AlE <
A R F S mre B g, WAy 9 24 B
Yol q FaT dTE she Ao dA A,

Connective tissue growth factor (CCN2) TH 2.2 A&
o] Bz}t o]% AAH3IE, extracellular matrix (ECM)S &
Aota §Ashet Fad 4TS dotm g o A2
AT TIRAIES] AT Z4l0] ECMo) B33} WHsh
o] ggol EuEgn”, CCN2 Tl AL transforming
growth factor—8 (TGF-g) AZAGAA FAFE E3
ECMe)] 4ol Bolalil glom, S sEsi AgolE
WA BRI go] & A, ¢A Bu® A7AT
L W% AE SASHeT CON2 SR AT B34
29 A%, #3383 AAIE Fo =80] 2 5 USS
AAFRIE

2 (Curcuma longa L,)& AY7Fate] &3t Q1= n|Qkap
)3 Seletl s AEZAA A= g 2FL
olftE] = FHE AAT FEHE AAY T AR, @
A grerA, AR, S8, 2L I T2 oF AgolA] o
FHA EEH Utk ST FaT BB A& AF
W(curcumin) 22 LA Qo ofFe] gaksl’, et
a3 et E41Y Fol B uh glout, Wi AT
AT &5 A7 AU or FE3 Ao\t

2 dAtolMe &5 & FEE(CLE)Z Alxste B16F10
A|3zo) A melanin 4 A /43 tyrosinase A3 4=
43519}, § Yolrt CLE A 2]7} human skin fibroblasts
(HSF)oll A 98 A5 g9l CCN2, Smad2, procollagen
1a2, collagen 1a2, 18] fibronectin, collagen, 7121l
fibronectin®] Wa o] H3FL ujx=xr] LolH 13} g o,
o2 B3 Bulg £A2A 0 01§ THsAel tha) masa

A stk

I. Az 949y

1. A=

1) Alef

2 A7 AHEE £ HgNS Ao A e Ao
2 Ja™bE(Pochun, Korea)olld F+dsto] ARG8T
Dulbecco's modified Eagle's medium (DMEM), antibiotics
(penicillin—streptomycin cocktail), phosphate—buffered
saline (PBS)= Welgene Inc. (Daegu, Korea)o|A -3}
%tt. Fetal bovine serum (FBS)Z GE Healthcare Bio—
Sciences Co. (Piscataway, NJ, USA)o| A F15te] A3}
Att. 3—isobutyl-1-methylxanthine (IBMX), 3-(4,5—

=k — Vol, 34 No. 2, 2019

dimethylthiazol—2—yl)—2, 5—diphenyltetrazolium bromide
(MTT), chloroform2 Sigma—Aldrich Co, (St. Louis, MO,
USA)o| A Fd3te] A3 T, Isopropanol®} dimethyl
sulfoxide (DMSO)+ Junsei (Tokyo, Japan)oA] S+¢i3}o]
AR 2 Ade] AH8E A CCN2 (SC-101586),
Smad2 (SC—133098), Pro—collagen Ia2 (SC—166572),
collagen (SC—376350), fibronectin (SC—69681), 181
B—actin (SC—517582)+ Santa Cruz Biotechnology (Dellas,
TX, USA)ONA FFot AHEsH ATt

2) 23 2 FES(CLEY M=E
T B3 &F 1.0 kgoll 10,0 LY FHSE 715t
% oj& H autoclaveo ] 121 TR 1587 I &34
2F B FEEL 9HAA(Whatman No.1)Z o33t
z28te] -70CoAA BEstm o]F EA o] AHg-s}
&= & FEE(CLE)Y &2 17.6%(w/w—dry basis)

32 38 i w
of
it
A

2. ¥

1) MIZZHHE

B16F10 AJ3%9} human skin fibroblasts (HSF)=
American Type Culture Collection (ATCC; Rockville,
MD USA)oll A ZoFito} ARg-3H¢it}h B16F102 HSF Al 2=
10%(v/v) FBS2} 100 unit/ml®] penicillin—streptomycin
o] £3tg DMEM HJX| S A}&3}o] 37°C. 5% COy S o)A
2~3Y F712 A E LA FHA vttt

2) B16F10 X HSFOIAl MZ=E4 H7t

B16F10 ¥ HSFoA CLEQ AEZ=A2 MTT assays ©]
g3to] B39t B16F10 MZ9} HSF7 confluent AFE]
7} " & T AlEZ9| CLEE 10, 50, 100, 200, 283 400
pg/mLe] =2 AT stEHBI6F10 AlEE 72A]7F, HSF=
24X17H. CLES A 2%t & phosphate buffered saline (PBS,
pH 7.4)°] 5 mg/mL¢] == &A1 MTT §H4& 1A%t
B¢ F7IE Attt A2 & DMEM #iAE A|AsL
37¢Cel 2 €Y 1 mLe PBSE AZE 13] o] 4
o} 400 pL2 DMSOE o] &3t AZY el MTT formazan
2 &9 %, DMSO9| &3] ¥ MTT formazang 96—well
platee]l 200 pL/well A A microplate reader (VersaMax;
Molecular Devices, Sunnyvale, CA, USA)E ©]-&3d}o] 570
nmoA FF=E SHT CLEE AeskA &2 B16F10
9 HSF MZE 2F o2 o] AZYEE(cell viability,
% of control)< AAFstE T

3) B16F10 MIZOIA melanin £& x| 24

B16F10 Al*Z9] melanin &2 1 uM9] alpha melanocytes
stimulating hormone (a—MSH) ¥ 100 M IBMXE 724
7+ Bt Aty f=stqth. CLEE 10, 50, 283 100
pg/mL =2 o—MSH 2 IBMX$} B3l X gste] B16F10
A2 A melanin 2 A 4& H78HATH CLEE A
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g%t &, B16F10 AlZ= 200 pL9) trypsin—EDTA €4S
F7kste] R A|ZE ®lof 381t} EoZ B16F10 Al Z+=
18,472xgoll Al 10& &<+ A28t H4l&2g B16F10
HEZE= 200 L2 1 N NaOH®} 10%(v/v) DMSOE #7138}
o 100CellA 1023t 7+Este] A2y £24H melaning
&3t 2 5 thA] 18,472xgoll A 108 FoF YA R &
A5 M-S 96—well plate]] 200 pl/well & %A microplate
reader (VersaMax; Molecular Devices, Sunnyvale, CA,
USA)E ©]&3t9] 405 nmollA FF=E S35ttt CLEY
melanin %% A 842 CLEE A2]3H4] g2 B16F10 AlE
2 Y2222 519 melanin 23 o8] B4L BrlelAct,

4) B16F10 MIZL0|A] tyrosinase Xalf &4

B16F10 A|3Zoj|A tyrosinase?] A AL 1 uM9 a—
MSH, 100 M IBMX, 18|12 =¥ CLEZ 72A17F St
Agstat, 1 & WA E AAG ¥ PBSE AlFstL 1%9]
Triton X—1000] -5 PBSE Yol& H cell scraperZ Al
EZZ gojuio] 1.5 ml tubed]] 2o} 1087} sonicatione &
& AlZeke F3stgct 1 F 18,000xgolA 108 St ¢
AE@sle] AFZME tyrosinase BA Ao o]g3stqrt
Tyrosinase &4 &AL 200 uxl9 L-DOPA (10 mM)<}
500 xLe] 0.1M PBS ¥ A&l 300 plLE& & 33t 5 37T
oA 1A1Z7F ¥hg & 475 nmollA FBEE SASHAT. CLES
B A &2 B16F10 MZE YZF O 2 319 tyrosianse
A8l 244F Bkl

5) Western blot

HSFo|A RIPA lysis buffer (1 mM PMSF, 50 mM
Tris—HCI, NP—40, 0.5% sodium deoxycholate, 150 mM
NaCl, phosphatase inhibitor cocktail)& ©]-&3l] cell
extract® M2 F SDS/PAGEE &3 thulzae Ba)dlal of
£ polyvinylidene fluoride (PVDF) membrane® 2 transfer
39k 1%(w/v) bovine serum albumin (BSA) SN o2

(A)

PVDF membranes blockingdtxl ¥2 gzl o 3t EF
A S vr-SAA T ©]2 TBST (10 mM Tris, pH 7.5, 150
mM NaCl, )3 0,05% NP—40)2 ol @ &3 oo
horse radish peroxidase (HRP)Q} ZAgst 2%} a4 9} v
Al7]aL ECL& o83t £ Tl Z-& ChemiDoc Molecular
Imager (Bio—Rad, Hercules, CA, USA)olA &elslict,

6) SAEA

2E folHes HF+EEFHXNE FHSH oM, dolgY
EA 8= Statistical Package for Social Science (SPSS,
Chicago, USA)& ol-&3to] BT, A& p 059
A BHEHE dE 4L AScHAnh 4 FES Al
X BAFE X (one—way ANOVA)2 A3l 2o ™, Student
t—test ol o5ty z+ F71e] {94 zpolE HSsHAT
("€0.05, 7¢0.01, "7<0.001),

m 2 I

1. CLE®] Al2=74

B16F10 Al|3Zof z}Z} 1, 50, 100, 200, 400 pg/mL2] CLE
£ 72X7F 23 T B16F10 A2 YEES MTT £44
< 53 dotEgtt. B16F10 AlZo] 1, 50, 100, 200, 400
pg/mLe] =2 CLES Ag A3}, B16F10 A2 A&
2 27 97.64%, 103.79%, 102.94%, 101.66%2 2|2
A AEEYL wEEA Fdh(Fig. 1A). HSFol CLEE 1,
50, 100 pg/mLe] =2 2|3t 23}, HSFo NX Q=S
2 95.18%, 96.01%, 97.70%% MEL] 3| FFE 1A
2 kot 200, 400 pg/mLe HEZ CLES H3tH<S
o NZ Q2L 89.54%, LTI 78, 47%=2 Jo)HoR 7t
23t ch(Fig, 1B). wEhA o]F AYE F AlLofx F40]
UelbA] 98 100 pg/mL |59 CLES AM&sHth

120
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Fig. 1. Cytotoxic effect of CLE treatment in B16F10 and HSF. (A) B16F10 cells were exposed to 1, 50,
100, 200, and 400 pg/mL of CLE treatment for 72 h (B) HSF were treated with 1, 50, 100, 200, and
400 pg/mL pg/mL CLE for 24 h, Significant differences were analyzed by one—way ANOVA followed

by t—test (*(0.05, **¢0.01 vs control, untreated cells).

2. Melanin &3 A &4

B16F10 Aol 1 M9 a—MSH ¥ 100 uM IBMXZ 72
A7t B¢t A2)8te] melanin 84S FE5192H, melanin
FA {= 7|17k 22+ 10, 50, 100 pg/mLe CLES A3}
o] melanin 7 A AL B4ttt CLEE 72+ 10,
50, 100 pg/mLe] =2 A2st%E wf =< thH] melanin
22 JAGAHL 7+t 52.34%, 44.33%, 8.32%= LyERETH,
CLE @& B16F10 AlZoA & 9EZ 02 melanin &
AL JAstAeH, A A7 FEol|A CLEE BI6F10 Al
9] melanin $4& §oH o2 F2AHHFig, 2).

120

3. Tyrosinase A3 &4

B16F10 Aj2o) 1 pM2] o«—MSH, 100 M IBMX¢} CLE
£ 27} 10, 50, 100 pg/mLe F==2 Agsto] 72X &
tyrosinase A& 4L Hristgct. CLES z+z 10, 50, 1
2|3 100 pg/mle] F=2 742 HYstEs o 2 diH|
tyrosinase &A-2 Z+z} 85.92%, 48.70%, 17.07%% Y E;
et & CLEE 10, 50, 100 pg/mlo] =2 AZstdS
o] tyrosianse A& 14.08%, 51.30%, 82.93%F oW,
50, 283 100 pg/mLe =9 CLE= B1610 A|XZoA|
2142l tyrosinased] E44-& A cHFig. 3).

g
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-
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Fig. 2. Inhibitory effect of CLE treatment on the melanin accumulation in B16F10 cells. Significant
differences were analyzed by one—way ANOVA followed by ¢—test (***¢{0.001 vs control, untreated

cells).
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Fig. 3. Inhibitory effect of CLE treatment on the tyrosinase activity in B16F10 cells. Significant
differences were analyzed by one—way ANOVA followed by f—test (***(0.001 vs control, untreated

cells).

4. HSF AZ9) 3% 472 Bd gy
Ao v|X)= 4F

99 i ez A g Hde nio g
94 AEFT2E A=Y Tt Zrgsitta dEA QU
wtEkA] B Ao A= CLE A&7} fibroblast AlZE2] o & 4
2 2] I oyt F3FS v X]=A] B4stz;
stict, HSFol 54 YehiA] g2 10, 500, 100 pg/mL
9] CLEE 24A17F B¢t AHEstr mf Ha7x gl
CCN2, o]9] a19] AlsdAdA| A2l Smad2, procollagen 1a2,
collagen Ia2, fibronectin® TH& WHL-FS BA5HY
o}, Z+Z+ 10, 500, 100 pg/mLe] CLE A& »3 CCN2
4 ditz g Hd S 5 EFoZ JFUMAH

th(Fig. 4). ©]&= CLE A7} CCN2E &3 collagen ¥
fibronectin 59| oF H{57x dHAE A3} A7l= A
o= Azt

V. x #

WRL o8 2o gL AFeis 9B 29l s
ol 2o|To| BEy|THoR Fetd, Balx, YEIH
A 7)5g sasta Qo 44 S B 5 ok 7
oM, 2EHA, JE3 egEH 5L wR NEY AT
ArEe gEstT TR B At FEAA 59 5ies
2 7143 A Melaning $29] 53, 254 2 wg

CLE (pg/ml) CLE
0 10 50 100

100
CCNZ 216.2:24.7"
Smad2 276.1:18.9"
Pro-coflagen ITa2 305.5:12.5""
Cﬂ‘”ﬂ‘ﬂ'ﬂﬂ fal2 148.6:10.4"""
Fibronectin 467.2-29.4""

B-Actin

Fig. 4. The effect of CLE treatment on the expression levels of skin fibril-related proteins in HSF. B8—Actin was

used as a control.
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7t Sofl EAlske MagH A o Roi= 2 2A
ol &gt 97 &4 tadshe 71Zre® Aol
oH?. Melanin®] A% P4 HRE Roee FIHHY
#e 23 glont HEshA AXE melaning F5e] 7u,
AWM, F20, 293 HR B 5L fUee © vopr)
WAL AHE A w Rt Ao HAE I E T,

Melanin& AZ W9 &7|32l 2B & A tyrosinaseo]
o3 A Hot, #1399 7| A Fo EA3k= melanocytes®l
A tyrosine®] tyrosinase £49 Zgoa o7 dAE A
A melanin®] F4Htt BAE melanine AN EZ o]F
ol mRo Maa 9 dehd AFEAS] o3t 24
fEETH?. A2 AFEFT vjagel ¥ So s ¥
I RS oo tigt wAlo] F7t AL oo tigt =87t &
As| F7kstal o mRel JAE At s Y=
Qek? ol 715y BA3 BANME AR SR A
oA 7 ZEA AR EHI Yoy HEskA AR FS o
5 AR AENAA g 2] Bh 9 WEkE 5o Sl B
1E 2 o], kiAol 948 HAE fao) vy 2o
et A e gl aqH

B AFolA &F B 25 CLEE BI6F10 A= z+z
10, 50, 100, 200, 400 ug/mLo] HE 7247t Hejd T
BI6F10 MlZ9 BE&L B4 23 10-400 pg/mLe
CLE: BI6FI0 AlZol 542 Gt gigkeh Ea HSF
o $AT FEO] CLES 244 5ok A3kl uf 10-100
pg/mLe] CLE A= HSFol| §22A20 54 HolA &%
o, webd B Aol A B16F103} HSF AlZoA 2% =
o] YehtA] k2 %2l 100 pg/mL ©]5te] CLEE AH
o] 83}t B16F10 A|Zo| CLEE X 2]5l9& 1 melanin
FHE FoHo|n T EHOF st o)A A
w2 W Ak, Fuk 23 9] Fof EAste SR koE
2 497 fisetin®] B16F10 A|ZoJA CCN2 &L 53
melanin AL $ojHo2 At SS Bu sty A
¥ F&E°| BI6F10 AlZo)A CCN2 &id Ids 53
melanin £3& JAFtn 218 vt goH?, o] CON2
A o] Eo] melanin® B4 R 2EI WAL Y=
Hoj3= A3z A7, % CCN2 @ A3} dopachrome
tautomerase &4 9] A, microphtalmia—associated
transcription factor (MITF)2] &, tyrosinase related
protein—1 (TRP—1), Z18]1 tyrosinase related protein—2
(TRP-2) Sl e] A5atgol ojs) 271om Ba5o] &
a5 F2EY vy &g tigt 7ol fFEjor & AR
Addd. & d79M &5 FE& CLEE B16F10 Al29
A tyrosinase A& £33 melanin FAAS S F o2 %]
stel o) olg =AY FHsAS ek

£ A7olA CLE Ael7h w3 A950) J47a whua
o] oW AL VA=A Lohw] Sfste] HSFE o] §
3lo] CLEE 2|8k CCN2, procollagen 1a2, collagen 1a2,
12| fibronectin 59 A{7t2 DAY UE HIE &
A5}, Collagen A2 AA7HA] type I, I, I, IV,
a2|a X19] 5714 FH ¢ collageno] & A glow g
o] Ay, A&, Aot, T W Fof EAste] 22| TS
S A3l=y] 298 9IS st= Aoz BuEYT Collagen
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& AFA2 procollagen 22X E A= 1] Q] fibroblast
oA FE HAHt

Fibronectin2 A|Z ¢] matrix Alo]e] FAEQ 18R}
il Ao|t}, Fibronectine extracellular matrix (ECM)®]
A collagend} fibrin®] Z3to] Fa3F LA AZ Z-g-3ic}
E3] fibronectin T #9] T2 E FX]5ld FEIAZS 9
stal AR 3o WHsHA =] ok, wEhA collagen
9 fibronectin TS B {ES {AoH= A2 WA 1
BE FAsHE o] Fag asolm'? £ d7o4 CLE
o] 9%t collagen ¥ fibronectin @] Q] Wy Z7}
£ CLEZ} 919 &g 9 fL2& FA 8=t 7198 5= ¢
25 Yugth, Iy S d7ZAdde] gE2" HYEE
(hypertrophic scar) ¥ keloids®] A4 X|-f-HE-g-of| A T3k
fibronectin®] Y& Hct= B 17} 310119), %F% normal skin
fibroblasts®} hypertrophic scar & 2@o|A CLE ]9
w2 fibronectin IFE@E] thtk vl A7 TR AoR
A, B3 2 AN &5 FEEY 9A s ¥
7¥ste] &4 FE2E AAY & a3 53
HE 7ML Utk 5 dtoA o] 7
APAI7E aFHY, ol A4e &7 FEEO "y &
4 9 9 itz dd o BAFIHE B3l 7154 vE
2R E8d £ e 7HeAEE AN, B3 &5
FEE 93t mEey 9 d{tx WA dd3ve
CCN29] Aol gt 7FedS At &FF & A+
o] A= &Fo| TEAAH QR BExA, XA, IFE
9 u-87]54F e Qo] {83 AEE AHEE = S
Aozt Atz Hrt,

V.2 &
27 2 2E2(CLDY nMey 2 Aw Yo v
Fol VY UYL AW AW b2 2L ARG AL

—

. BI6F10 AlZoA CLEE 72A1RF A&3t%e o 400 pg/mL
O] FEAA FH Y AlZFAo] HHEA] gken, HSF
AZf CLEE 2441 A=stEE w 100 pg/mLo] &%=
7HA] 22 Q1 Ml E=/do] WA T

2. AlZEFAo] YR 2 w2199 CLEE 1 MY a—
MSH ¥ 100 M IBMXE 72417t 5%t 2 23l4] melanin
FAAS =3 =, 22 10, 50, 283 100 pg/mle] CLE
£ Ag% 23 CLE= 9342 E melanin £33 94
sgon, e Enoa CLE: X3 BI6F10 HZ9|
tyrosinase® ool Hk EH 02 AA5tA Tt

3. HSFo| CLEZ 10, 50, 282 100 pg/mLe] =2 A
23t 23, CLEE= 2199 {72 @@l CCN2, Smad2,
procollagen 1a2, collagen 1«2, Z18]3l fibronectin ©
o] wag 27h 7 et ulghEE (hypertrophic
scar) 2 keloids®] A 2]-gHH2-of A I=FQ] fibronectin
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o] Wt Hh= B 17} Qlo] % CLE] 2J3t fibronectin

Td Rage] tiet 37 A7t WaF o= AztE

o},

£ ATE 27 B F2B(CLE)O] v 24 % A9 4
A S U Gl S 9 S8 olgse s

== AAsHAT. F5 AAH 7]
CLE_J 53} 7| do] EREHH
A=A, FE A v87154E A

T S Aolzk AzE.

Al 2

o] AT ATHZE 20168 AdTista shaE AT
9ol €3k Holu, olo] R4 0.2 FAE YU
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