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Whitening and Anti-wrinkle Effects of Korean Native Dendrobium moniliforme
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ABSTRACT : Dendrobium moniliforme (DM) is a valuable and versatile herbal medicine with the anecdotal claims of anti-
oxidant and anti-inflammation. In the present study, we investigated the whitening and anti-wrinkling effects of DM under
various conditions with B16F10 melanoma cells and human dermal fibroblasts. The DM extract inhibited melanin contents
and tyrosinase activity in a dose-dependent manner, compared with untreated group. Treatment of the DM extract effec-
tively suppressed the o-MSH-stimulated melanin formation, tyrosinase activity and dendrite outgrowth. Moreover, the o-
MSH-induced mRNA expressions of tyrosinase-related protein-1 (TRP-1) and tyrosinase-related protein-2 (TRP-2) and
protein expression of tyrosinase were significantly attenuated by DM treatment. We also investigated the DM increased the
production of type I procollagen and inhibited TNF-o-induced mRNA expressions of MMP-1, -3 in the human dermal fibro-
blast. These results indicate that DM may be a great cosmeceutical ingredient for its whitening and anti-wrinkle effects.
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EZZM tyrosinase?} tyrosinase related protein-1 (TRP-1),
tyrosinase related protein-2 (TRP-2, DCT) 37]<¢] key &4
S o&] A=} Tyrosinase® tyrosineS 73] 51
3,4-dihydroxy-phenylalanine (DOPA), DOPA quinone® 2 1
=0l F2 AE9 eumelaninzt ZA4AE2] pheomelanin®]
3 E T} tyrosinase related protein-1 (TRP-1), tyrosinase
related protein-2 (TRP-2, DCT)= eumelanin ¥/dl Sa3
AT sh= AoE dHA o o] xdd Host= 4l
SHY AHZE Fol microphthalmia-associated transcription
factor (MITF)7} 23 Sd&S st} (Hemesath et al,
1998; Kim et al, 2011; Liu et al, 2010; Olivares et al.,
2009; Wu et al., 2000).
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o)z e] FAZ A% o] "t collagen] FAAA 975

7he AFEEAS AsAA FEe] dele] HAL AT (Lee
et al, 2003). WA collagen S EFXSHAY collagens
33t collagenasett THFSH 71 whald e g4l
matrix metalloproteinases (MMPs)2] & oL} S48 As)|gt
o2 FEANE AT S Ut} (Fisher et al, 1999).

S A A dEAel] £3F thddl 2Eo® uieiu
LEE flol] Zolrte AEA oEsidolEelr, 8 dTFEE
kg Zo 2 ARl AT (Dendrobium nobile Lindley)
o] gitksl asel Bk A9t H0.00 2fsl] &4 A73AM =2
Fo| thek Ry} Tl dhls), 39S, v, FEN &
5o ek B ok (Kim er al., 2005; Lo et al, 2004;
Min et al, 2010; Yoon et al, 2007). ZZ2]3L Dendrobium
& AEL HAxAg 7R E gy dAksl o vEY §

o] zkgo] iy EHA Ut} (Choi et al, 2002; Tzi et
al, 2012).

AR =, G, tivt SolM= oln] dest Aol A=
Dendrobium chysotoxum %= SP$E, Wi A& Hu5%)
€ 5 AR 715 B Al d-dE =A) 58E &4
St ThFE A} (Tea), 3PEE, 45 & A5 dd AFEC]
AL A=A Qe SRR vl A A= o
T e m d §5EH Jdon, Agsiel #HE V)
S A7t mEe AAoltt oo & AellMe A A=
(Dendrobium moniliforme) | FZ&5 &8st nj9f gl >

FH Bes Hrlete] 5ol FAE A= o8kt
skttt

1. 2 M2
St=+ A A= (Dendrobium moniliforme
O FRE AEXY Y AL )= HLo]. A3k 2
AN AEAA A, FH F Azsle] B
ol wdsh A3 the ¥R S0t MeOHE Al
SFAE] 1005 B3 SHFEZEO R 3AIZE, 33] wHEste] 3
52 AXsAT o] FEES AYEF7] (NE-10001V,
Eyela, Japan)2 &=3lo] 2hd3] S A|73 A|RS 23
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2. N

Dulbecco’s modified eagle’s medium (DMEM)3} fetal
bovine serum (FBS), penicillin, streptomycin, Medium 106,
Low Serum Growth Supplement= Gibco/BRL (Eggenstein,
Germany)ollX 43I, 3-(4,5-dimethylthiazol-2-yl)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium
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(MTS, CellTiter 96AQueous One Solution Cell Proliferation
Assayy= Promega (Madison, WI, USA)IA FU3IAT} a-
MSH®} L-DOPAE Sigma Chemical Co. (St. Lousi, MO,
USA)ol A Y38t 3L, Tyrosinase antibody= Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA, USA), Gapdh antibody
+= Cell Signaling Technology, Inc. (Danvers, MA, USA)°l
A FYsEARTE Procollagen type 1 C-prtide EIA kit=
Takara Bio, Inc. (Otsu, Shiga, Japan)ollA] protein “gaFell A}
43}l Bradford A]%F2
CA, USAYIAN TS

Bio-Rad Laboratories (Hercules,
< Skt
3. MIEZZ U MUl

B16F10 melanin AXF+= =AM X328 (KCLB, Seoul,
Korea)oll 4] £<F Hlo} 10% fetal bovine serum (FBS)°] %
7F& Dulbecco’s modified eagle's medium (DMEM)S A&
3} 3L, Human Dermal Fibroblasts, neonatal (HDFn) A3
= Gibcooll Al TY43t] Medium 106 ¥iZ]oll Low Serum
Growth Supplement (LSGS)E %X COMI¥7] (MCO-
17A1, Sanyo, Japan)ollA 2% 37C, 5% COZ7oA vl
Elpit=

4 HZ =M =X

BI6F10 A EZ 96 wello] 5x 1038 AFES BF31] 244
7Hset HEZ oby3t 271 H°ﬂ V@ A3 A] BES 5%

A2 E St 2407wk
g gl 1108 M7k & 37Coﬂ*1 ML
ELISA microplate reader (Infinite 200 pro, TECAN Ltd.,

Mannedorf, Switzerland)E ©]-8-3}] 490 nmoM FFE=E =
Asisirt.

5. MIZU Ttyrosmase Activity FZ

BI6F10 A|EZS 6 wellol] 5x 104%1 AEE EF3le] 244]
et AlEE W@} AZL FHoll A MFAIRE sEERE
10, 50, 100, 200 zg/ml M) A7 1A17F ol @-MSHE
100 nMo] A H2S & Fol| 72417+ F<t 12 ba— skt
PBSZ 23] A& 3}aL RIPA protein lysis buffers *E|&
3} Zofl 4Co)A 308 %<t incubationS 3FITH L o
4C 13000 rpm 305t AAERE Fa Tl € 45
AHS 7RR| 3L tyrosinase activityS 43It TEld S

Bradford =% (Bradford, 1976)2 &3l 595 nmZ ELISAS
A4S ol FY3 A S o] 834 L-DOPAE A& st
o] 540 nm S4 =2 AW tyrosinase activitys =79 5} th.
6. Melanin & Y 2z

B16F10 A|Zo) 60 mm dishol] 5 x 108 M| EE EF3lo] =}
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Table 1. Tagman gene-specific probes.

TagMan gene

Experimental  Gene Gene . Reference
. expression assay
purposes  symbol description number sequence
MITF  microphthalmia-associated transcription factor MmO00434954_m1 nm_001113198.1
TRPT  tyrosinase-related protein 1 MmO00453201_m1 nm_001282014.1
Whitening DCT
(TRP2) dopachrome tautomerase MmO01225584 m1 nm_010024.3
HPRT  Hypoxanthine guanine phosphoribosyl transferase (reference gene)  Mm01545399_m1 nm_013556.2
Ant MMP1  matrix metallopeptidase 1 Hs00899658 m1  nm_001145938.1
wrinnklli-ng MMP3  matrix metallopeptidase 3 Hs00968305_m1  nm_002422.3
GAPDH  glyceraldehyde-3-phosphate dehydrogenase (reference gene) Hs03929097 g1 nm_001256799.1
A MFEES a-MSH (100 nM)ETE [l A& & sl = & ARSI 48t} sl 1302 5014 gene

3L 2NZFERE MRS Sl L $ol PBSE 23] Al skaL
Trypsin-EDTAS *2|5le] MEE =8kt F 3000 rppmo]] 555
S AEE BOT FTHS AAT T 10% dimethylsulfoxide
(DMSOY’} 71l IN NaOHES *2]3le] 80Tl 147+
ot HFS AT melanin A FE A melaning ©]-&-3}e]
ELISA microplate reader® 410 nmol|A] Zzke] S35 =4
b=

7. O]
L
60 mm disholl 1 x 10°7)%)
AEFEES TS 558 14
(100 nM)Z melanin A3/3-&
PBSZ 23] A3 & AZ2E +3
T3k 5 A fAA 2w
60 mm dishell 2 x 10714

Ay A the

S

Real-Time PCR

ITE
=

—5—]_37_ == 0

ST eEea

35t M|3E= Tripure Isolation Reagent (Roche Diagnostics,
Mannheim, Germany)Z ©]-&3l] RNAS a3tk 5 g2
mRNAE High Capacity ¢cDNA Reverse Transcription Kit
(Applied Biosystem, Foster City, CA, USA)E ©]&3}4
cDNAZE S siaict. A2 Az wirdol vkt s3st
Atk &4 E cDNA 14, tagman primer 1 /£, Tagman
Universal Master Mix II (Applied Biosystem, Foster City,
CA, USA) 10 4, 32} S5 85 ¥ Real-time PCR”|
7] (ABI7500, Applied Biosystem, Foster City, CA, USA)S
o]gat PCRE T AF T Th whgol 221
TagMan gene-> http://www. lifetechnologies.com/kr/ko/home/

life-science/per/real-time-per/real-time-per-assays.html o] A] - 73 28
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9] AR+ Table 1914 YERNAT} B8+ Real-time PCR 55
2702 50Tl 2% 95CeA] 104 B3t 13] Fastar, WA
L% 95CoM 15% oJdd &% 60TColA 15%2 Alo]E&&
403] WHE el

8. Immunoblotting &43

Western blotS ©]-8-5}0] tyrosinase TH 2] Ud A2
A3t PAD AlEE FEHZ AT Agay gz
S 24X 7F i <F 62.5mM Tris-HCl (pH 6.8), 2%
SDS, 5% 2mM phenyl-methylsulfonyl

fluoride, protease inhibitors (completeTM, Roche Diagnostics,
Mannheim, Germany), 1 mM Na;VO,, 50mM NaFZ} 10 mM
EDTAS ¢Hsle ¢5A1E ARgsto] Al2E Ssirzit Al
LN 15,000 g2 4ColA 3087 L4 Helste] Thdnt
FI8aL e ATAvhe Ak FEe lE 20 pgs
10% SDS-PAGE®] %71 9&A1%1 ¥ PVDF (polyvinylidene
difluoride) membrane (Bio-Rad Laboratories, Hercules, CA,
USA)e. 2 &tk 23 membrane®] blockingS 5%
bovine serum albumin (BSA)°] &-f-¥ TTBS (0.1% Tween
20+ TBS) &S 2ol 247 s A v
Tyrosinase, Gapdholl tigt 12} &A19} WESAIZ] 3 23} A2l

—
EE

vy AT e

F A

o
T

[-mercaptoethanol,

horseradish peroxidase-conjugated anti-rabbit anti-mouse
IgGE WHEA]Z]AL ECL detection reagents (Millipore, Billerico,
MA, USA)E AH&-ste] Thlze] wag =g gl

9. Procollagen type | C-peptide 24ghd =&

Collagen A3 ¥ =72 procollagen type I C-peptide
EIA kit (Takara Bio, Inc., Otsu, Shiga, Japan))E ©]-83}
kit W7ol wet AE35FUTE. Human Dermal Fibroblasts,
neonatal (HDFn) Al2E Medium 106 #j#]o] LSGSE ¥
Hjok3hE], 24 well platedl] 2 x 10712 EFEate] 244171 Foj)

gl Aol NF AR §4L FE WE Hed
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24X7F Foll Al EnfFelS 2jF3ske] procollagen type 1 C-
prtide EIA kit ©]83l% collagen AFFHFS 73T

HA 12} collagen IA7F HL3HAl =XF 96 well plateol]
AN A Fd 20 4 F 2FA 100 L E Ao AL,
37C @ezollx 3417 ukg Al ¥ PBSE 43] A|l2¢ ot
& "AIA ELISA reader (Infinite 200 pro, TECAN Ltd.,
Mannedorf, Switzerland)E 450 nm 9|4 FF=S =739}

10. SAXZ
2 AFelN 4L Aol deiM e " + ZEHA
(Mean + SD)E VEhllon, A3 ko] froids sl

$]3ke] SPSS (18.0, Statistical Package for Social Science,
Inc., Chicago, IL, USA) B4 #7|x] Z2a3-8 &-83}o
LYHFEA] (One way ANOVAYS AASIATE Folido] 2
735, p<0.05 =14 Duncan’s Multiple Range Test

(DMRT)E AA| 31t}

=
L
-

2 5
1. 8= XY Mz oiels
=M "t

MEZsd °

BI6F10 A|2ZFolA 28 A3 wgks F5E9]
AFst7] S8, MTS AES Fastsith. 2Ht B16F10 Al
EEE (10, 50, 100, 200, 500 zg/mb)E AAY A
AL 240 7F Fol MTSE A2)3t 43} (Fig.
FEQl 500 pg/ml 2 °F 80 %o MENEES
20% AEZA0] YeREATE Y=] 10, 50, 100, 200 zg/ml
At FrAME 54¢] flE 2AoE Yyt

BAT

F==9| B16F10 MIZZ0ll thst

u(J

. gk Kp

A4 A

0

M3 ol FE29| Melanin 244 Xfoll g1}
FZEE9] BI6F10 HEFoA melanin Aol
A FFS glsh] s, A A FE= (10, 50,
100, 200 zg/mb)y} 21 Arbutin 100 pg/ml S A28
IX7F Holl a-MSHE A28l melanin A4S F=3 &
T2X7F wFsted A melanin S WlwskiTh L A3t
a-MSHE ©=02 X2|§h AlZol| vl3)] A AFFZEA
EE AP oM % 9EHOZ melanin FFo] A
AE & F UAT (Fig. 2). T3 A HF528
100, 200 pg/mé A2t ZFeXe fFolid A i
S IR = A%k
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Cell viability (% of control)

10 50 100

DM (pg/me)

Effect of DM on cell viability in melanoma
(B16F10) cells. Cell viability was evaluated with
the MTS assay. Data represent the mean +SD of
triplicate determinations from three separate
experiments. Different letters are significantly dif-
ferent at p <0.05 by Duncan’s DMRT.
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- - 0 100 200
The effect of DM on melanin contents in
melanoma cells. Cells were seeded at 1 x 10°cells/
well. After 24 hours, cells were treated with
several concentrations of DM and o-MSH
(100 nM) cultured for 72 hours. Then, melanin
contents were measured as described in Materials
and Methods. Data are mean+SD of three
experiments per-formed in triplicate. Different

letters are significantly different at p <0.05 by
DMRT.
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Fig. 2.
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Relative tyrosinase activity
(L-DOPA oxidation % of control)
s
=

Arbutin 10 50 100 200

DM (pg/ml)

a-MSH (100nM)

Fig. 3. Effect of DM and o-MSH on tyrosinase activity in
melanoma cells. Cells were seeded at 1 x 10°cells/
well. After 24 hours, cells were treated with several
concentrations of DM, arbutin 100 ng/m¢ and o-
MSH (100 nM) cultured for 72 hours. Then,
tyrosinase activity were measured as described in
Materials and Methods. Data are mean £SD of
three experiments performed in triplicate. Dif-
ferent letters are significantly different at p < 0.05

by DMRT.
- - - 10 50 100 200 DM (pg/me)
- - - - - - Arbutin (100 pg/me)

L

e b S BAAS -

Fig. 4. Effect of the water extracts of DM on a-MSH induced
tyrosinase protein expression in B16F10 cells. B16F10
cells were seeded at 1 x 10°cells/dish. After 24 hours,
cells were treated with several concentrations of the
water extracts of DM and a-MSH (100 nM) cultured for
72 hours. Then, expression of tyrosinase protein were
measured as described in Materials and Methods. Data
are mean=SD of three experiments performed in
triplicate.

+ + + + + a-MSH (100 nM)
‘ - Tyrosinase

ASIATH (Fig. 3). ol A AIFFZEE AF7} tyrosinase
e HEoEM mwree & F USS AlAKE
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4. B16F10 MIZZ0lIM

9|5t Tyrosinase THHZAIC| W5

Tyrosinase= melanin Aol 242U 42 dHA
A

f
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= R A ES 20
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ot A HFFEE0 I8l tyrosinase THYA ol ofu 3k
FEFS vA=A ERIs] 3, B16F10 ATl s

(10, 50, 100, 200 nh)AE & F 72213 W% St
7 A3} tyrosinase WHAS] Jo] FEHAM A4 HREE

W ) ®B)

MITF mRNA
n
Relative expression of
TRP-1 mRNA
-

Relative expression of

50 00 200 0 w2
DM (pg/ml) DM (g/mi)

« MSH (10003M) @ MSH (100uM)

—_

[»]

-~
-
"

Relative expression ol
TRP-2 mRNA

0 100 200

DM gz

Fig. 5. Effect of DM on expression of MITF (A), TRP-1 (B) and
TRP-2 (C) mRNA in melanoma cells. Cells were seeded
at 1 x 10° cells/well. After 24 hours, cells were
treated with several concentrations of DM and a-
MSH (100 nM) cultured for 24 hours. Then,
expression of MITF, TRP-1 and TRP-2 mRNA were
measured as described in Materials and Methods. Data
are mean £SD of three experiments performed in
triplicate. Different letters are significantly different at
p <0.05 by DMRT.

160%

140%

a
a
b

120% b b

80%

60%

40%

20%

0% : : . s

- 10 50 100 200

DM (pg/ml)

Fig. 6. Effect of DM on grocollagen synthesis of
human dermal fibroblast. Cells were seeded at
1 x 10°cells/well. After 24 hours, cells were treated
with several concentrations of DM cultured for 24
hours. Data are mean £SD of three experiments
performed in triplicate. Different letters are signifi-
cantly different at p <0.05 by DMRT.
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5. B16F10 MIZF0IAM sk XPd M= Dletg F=20l
o5t TRP1, MITE TRP2 mRNA & 24

TRP1Z+ TRP2= MITFS] ZARIA| ofs)] Wade] F7lsl=
o2 dHA UL, melanin AP FAsl= 7HeR &
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HA k. A HZAFEI} o]y e AR ] W) ojufsl
FS nHE=A] Felslr] $18] BI16F10 HXESol| o-MSHS}
A A= XNBEE A7 sle] 24X]7F o] Reatime-PCRE &

AATES Rl 1 A9 A AFAFEE a-MSHY
9J8f =7}¢l MITF, TRP1, TRP2¢] mRNA levelS FEo|&

How 2N (Fig. 5).

6. HDFn MIZZ0IM s AP M= DIEkg FE30 ot
Procollagen 48k St

Collagen (type I, II, I, IV and V)& Al XA
procollagen®]2he ATEAR FHE T AR EH|= o
collagen A-F-= FFHATE A AFAIE7}F A 219 Ad-fot
M229] procollagen F30l FIX= FE2 Ak S8t &b
Al AFAIEE 50, 100, 200 pgmd FE=2 A28t 2477+

o

R

(A]' 8 r a a
= 7t a
(-]
S« 6 b
Z z
% s |
L E
g 4r
2= 31
=
g [ ¢
1 L
0
50 100 200
DM (pg/ml)
TNF-a (10ng/ml)
(B) 3
a a a
s 25
=
=i b
s c
z =
R
&
0.5

100

50 200

DM (pg/ml)

TNF-a (10ng/ml)

Fig. 7. Effect of DM on expression of MMP-1 (A)
and MMP-3 (B) mRNA in HDF cells. Cells
were seeded at 1 x 10°cells/well. After 24
hours, cells were treated with several
concentrations of DM and TNF-a (10 ng/ml)
cultured for 6 hours. Then, expression of
MMP-1 and MMP-3 mRNA were measured
as described in Materials and Methods.
Data are mean+SD of three experiments
performed in triplicate. Different letters are
significantly different at p < 0.05 by DMRT.
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Tob

T A

I F procollagen F2 ZARSIIT 2 A A 4
58 AHEsk] & izl Hsk procollagen 873
T oEHog ZaAeH, HEe 7P 72 200 g/l
FrollA FxjElel vls] procollagen /g0l F 49% Z7t
s9tt (Fig. 6).

hus)

7. HDFn MIZZ0IM S AP M= OER2 FE20 8
2 [EIRL Ys oA

Z7F MMPE2 71930 collagens &A1 S 2ZH
FEEAM WS T8I JTS oL Uk ol #AHAY
AE7F QA 73] dfrolM L] collagen 3ol HHE
MMP el wX= S AR f18te] A AFAls
50, 100, 200 pg/ml FE= A2 stal 1A1ZF Fol TNF-a
A2lgt 7 6AIZE BlYget S MMPES] XA HES
sith 2 A} A A FEES TNF-0E %
of H]gle] MMP-1, -3 82 BdS T o&EHo=

3
A
A

b o

o]

BN o et
o,

-

(Fig. 7).

kd

Melanine z2jX o 2RE CAE HE357] 98] melanin
A AxolM == Aoz AFE melanine ZHHAM|EZ
olEste] ATt ZAHEAMETL ol vt o oF-E Ui
Ft}. Melanin® eumelanin?} pheomelanin®] 2FFZ TH5
=4, 3,4-dihydroxy-phenylalanine ~ (DOPA),
DOPA quinoneE A melanin®] A Hoiar A
olmj TRPI, TRP2 w¥jdo] AAITIEL LdHA ot
(Schiaffino et al., 2010). Melanind|¥= A4 (UV)dl o]
3l a-MSH (melanocyte stimulating hormone)9} 4133
A}=3% 2#  (adrencorticotropic hormone, ACTH)3} 7
melanocortin peptides #H|5}A €Tt (Thody and Graham,
1998). ®EIAE = melaninAl 24 (UV)elut pro-
inflammatory cytokine3} 22 A=l 93] MSHE A3
melanocortin receptors 1 (MCIR)} Agsle] BIAH| L] F
23 G, AaAe] "exd aea 7P FHYOR s
melanin A& 5 et A 715 FAtt (Park er
al., 2009; Slominski et al., 2004; Choung et al, 2013;
Kim et al., 2013).

oo e} A4 A

eumelanin&

3T
Xt =

X3 FEE0] melanin FAA EF00 A
melanin A/ V= FEFE Gotr7] 95t o-MSHE A
gste] depd S =g A3 A A3 FEE0A 5
= 9EH O = melanin F4S IASIAL 200 pgml FE=O|

e FANZRTEOZE ARESE arbutin 100 g/ml x2])3F A=}
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