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The purpose of this study was to investigate activities as functional cosmetic materials, focusing on
Rhododendron brachycarpum (RB) and Rhododendron fortunei (RF). The tyrosinase inhibitory effect,
related to skin-whitening, was 32.6% and 39.3% respectively at the concentration of 1,000 pg/ml.
The elastase inhibitory effect, related to skin anti-wrinkling activity, was 30% and 36.2% at 1,000
pg/ml concentration. Collagenase inhibitory activity showed 77.7%, and 80.2% respectively at 1,000
pg/ml concentration, which demonstrated excellent inhibitory activity. For a cell viability test, that
measured on fibroblast cells by RB and RF extracts. Furthermore, the cell viability test showed 100.9%
and 98.9% with cell viability at 100 pg/ml concentration in CCD-986Sk. The protein expression in-
hibitory effect of RB and RF extracts was measured by western blot at 25, 50, and 100 pg/ml concen-
trations, and the fB-actin was used as a positive control. As a result, western blot of RB and RF extracts
was measured by the expression inhibition rate of the MMP-1, MMP-2, MMP-3 protein, and was
decreased by 67.2%, 65.5%, 13.6%, and 89.1%, 85.0%, and 62.7% at 100 pg/ml concentration. The
mRNA expression inhibitory effect of RB and RF extracts was measured by RT-PCR at 25, 50, and
100 pg/ml concentrations, and the GAPDH was used as a positive control. According to the results
of RT-PCR of RB and RF extracts, the expression inhibition rate of the MMP-1, MMP-2, and MMP-3
mRNA was decreased by 70.1%, 9.1%, 37.9%, and 38.2%, 8.3%, 57.3% at 100 pg/ml concentrations.
So, RB and RF extracts showed the anti-wrinkle effectiveness as a functional cosmetic material.
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A E A9 dol A fobilEe} g Az f3l

g FFe v|AA =Hw o] 2 A& ME Wl hydrogen per-
oxide (H>0,), hydroxyl radical (HO-), superoxide anion radi-
cal (-Ox) 2 singlet oxygen ('O)S BHIE3 ThF3 ROSS
LYAA A2 2Ef2E FETFOEA AL Z
S E3|3l= matrix metalloproteinases (MMPs)2] & o]
Z 7150 collagen ! elastin®] AJ/do] JA = I H ML
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XM S0 F Q3 A= 9 ¥R w-3l= bz Ak
3 & 42 dF< mitogen-activated protein kinase (MAPK)
Zgsto)] o) A HADE AAH AP-1 AARIAS] B3-S

E?P’/} AP-1& A3 o] A7, 23} g Al ZAPE o] #H

= Ao o] #ofstn MMPse] EHS -3
E}. Matrix metalloproteinases (MMPs)= A XE2] 7@ & &
dote FEEMARN L FHOR zine® 2 FEA en-
dopeptidase= 7|12 E-o]d ol w2} collagenase, gelatinase,
matrilysin, stromelysin % membrane-type MMP 5 o2 &
FETH20, 33]. L F collagens E3st= &4 F 713
@o] &z MMP-1- collagenase 122 type I 3} I col-
lagens 7| A Z 3T} MMP-2 (gelatinase-A, 72 kDa type
IV collagenase)+= stromelysin 191 MMP-30l] 2]3} &3} =]
zymogen?! proMMP-1& &3¢t} o] 59| Hopdd &
AegFogn MExLr)d Fxo oA E 43t FE
RS AAS L 97 g8 BAE NAAAZE F AT,
11, 33].

U Z(Rhododendron bracyhcarpum)e A2 Z
&€ (Rhododendron)ll 43}H[23], T EZ 02 WX,
W Z(Rhododendron brachycarpum var. roseum), =
Z(Rhododendron aureum) 5 °] -2yt AA3}HaL
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B AT Az wieF R Az 54 A AR
fibroblast cell line! CCD-986Ski= American Type Culture
Collection (ATCC, USA)oll A F3te] A3+ T} Dul-
becco’s Modified Eagle Medium (DMEM), penicillin/strep-
tomycin, fetal bovine serum (FBS), trypsin, phosphate buf-
fered saline (PBS)+= Thermo Fisher Scientific (HyCloneTM,
USA) ¥ GIBCO BRL Co. (Grand Island, USA)o| A 43}
of Al mjFol] A8

AleF & 717
)] 5A =4 A]9FQ] tyrosinase from mushroom, 3,4-

dihydroxy-L-phenylalanine (L-DOPA) -5 Sigma Chemical
Co. (USA)ollA Fdste] Aol Agstde. FE71d &
A FA o A-gE A2 elastase from porcine pancreas,
collagenase from clostridium histolyticum, N-succinyl-L-ala-
ala-ala-p-nitroanilide= Sigma-Aldrich Corp. (St. Louis, MO,
USA)N A T38RI Pz-Pro-Leu-Gly-Pro-D-Arg-OH  tri-
fluoroacetate saltv~ Bachem Holding AG (Bubendorf,
Switzerland)oll A T4 &ko] AR-g-sFAt
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Mz BEE S A AR A2k 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT)+
Sigma-Aldrich Corp. (St. Louis, MO, USA)°l A T3+ 1L
dimethylsulfoxide (DMSO)+= BioShop Inc. (Ontario,
Canada)oll A T3t ARt F5 714 &40l o
g oeld 4y &8 AP ARS8 primary antibody$l
B-actin, MMP-1, MMP-2, MMP-39} secondary antibody=
AF8-3F anti-mouse= Santa Cruz Biotechnology, Inc. (Dallas,
TX, USA)oll A 743t o™ mRNA L& Z4 A3 A
€% primerd] GAPDH, MMP-1, MMP-2, MMP-3&
BIONICS Co. (Seoul, Korea)oll A 438+ 3L GoScript' ™
Reverse Transcription system< Promega Corp. (Madison,
WI, USA)l A F43+ T (-)-Epigallocatechin  gallate
(EGCG)+= Sigma Chemical Co. (St. Louis, MO, USA)°l A
T3te] T o2 AEE AT

Aol A% 7]7]= autoclave (JS Research Inc., Ko-
rea), rotary vacuum evaporator (EYELA, Japan), freeze drier
(IIShinBioBase Co., Ltd., Korea), pH meter (Mettler-Toledo
AG, Switzerland), vortex (Scientific Industries, Inc., USA),
microplate reader (TECAN, Austria), ELISA (Biotek Co.,
USA), UV/VIS spectrophotometer (Hitachi, Japan), CO; in-
cubator (Vision Scientific, Korea), centrifuge (Hanil Science
Inc., Korea), microcentrifuge (Gyrozen, Korea), digital shaker
(Daihan Scientific, Korea), microscope (Olympus, Japan),
microvolume spectrometer (Colibri, Germany), Mini Trans-
Blot” Cell (Bio-Rad, USA), Mini-PROTEAN" tetra cell (Bio-
Rad, USA), Davinch-Chemi™ Imager CAS-400SM System
(Davinch-K Co., Korea), PCR (ASTEC Co., Japan), UV
transilluminator (BioTop, Switzerland)E A}-&3} %3t

Tyrosinase Mai&y =3

9 2} (melanin) A EA F 2ol #Ast= T3 &4
QI tyrosinase A3l &4 —3—7‘3 = 28 Yagi 5[37]1¢
WRoll whet skt w5 AlE89 40 ploﬂ 67 mM
sodium phosphate buffer (pH 6. ) 80 pl 10 mM2] 3,4-di-
hydroxy-L-phenylalanine (L-DOPA)E =<1 40 ple] 7] 4
< H7Hs Aol 200 U/ml tyrosinase from mushroom
40 plE H71ste] 37C 2704 1083 ¥ESAHT
& 9 Fol A% DOPA chromes 492 nme] §3%
oA Z7d3FA T} Tyrosinase A3 &> Al 58N H7}
ToF FHNT] FRE FAEE YERAATH

A& (%) = (1-AEH7HY F3=/F3H7H9

FHE) <100

ol

Elastase N3t =H
g5 F5 WA dde® AE3H= clastase®] A S
A4S Cannell 5219 Wl wet 243Gt 94 &

=7t HEE Z AEEYES I3 T 40 ply 96-well
plate®ll 33}, 50 mM2] tris-HCl buffer (pH 8.6)°l =<!
2.5 U/ml elastase from porcine pancreas LB 40 p= 7+
% 37CelA 283 WEEAIZ T 2L F 50 mM tris-HCI buf-
fer (pH 8.6)° =<1 N-succinyl-L-ala-ala-ala-p-nitroanilide
0.5 mg/ml) 712 4 80 ulS 75t FLI L= A
303 WH-3-A1AH A A E = ponitroanilide2] S 445 nmoll
A 573 Elastase A3 242 A58 e] 79}
TR FFE AAEE JERUTH

A &%) = (-ASZ7FFY F3=/FH7H9
FF =) x100

Collagenase Msi&s £

J 7o) wAHRE A B8R collagens E3) 5}
= &4 collagenase A3l &4 =42 Wiinsch E9} Hein-
drich HGS] ¥ [35]° whet SA3d 2 558 A Y
|-A 50 W}t 0.1 M tris-HCI buffer (pH 7.5)° 4 mM calcium
chloride (CaCl,)E %718}l Pz-Pro-Leu-Gly-Pro-D-Arg-OH
trifluoroacetate salt (0.3 mg/ml)E =< 71& 4 125 we]
TFAE ST E A A2 A 20823 RESAIHA
ok I & 9kg AR AFOE 6% citric acid 250 plE YL
1.5 ml9] ethyl acetateE 3 7}38}e] UV/VIS spectroscopy =
o] &3] 320 nmol A FFEE SA3H T Collagenase A
e NEEHe AUtk FRVMTO FEE A4
&= YA

A &%) = (1-ABH7TFo TR/ FH7FT9]
F345) x100

M= B

B AFolM AHEE AFobHIER] CCD-986Sk= 10%
FBS$} 1% npenicillin/streptomycin (100 U/ml)< 3 7}gk
DMEM HJA| & ALg351e] 37C 9] %9} 5% CO, =719
incubator®] Z-&AlAH Ath wvjFstR ).

MTT assayOll 2§t ME MEE ZF
Aldgl 2o W& AE =L =% L Carmichael
o] w310l whet A AISFA T 96-well plateel] CCD-986Sk
cellS 1x10° cells/wello] B %2 200 pl& EF3}e] 37C,
5% CO; incubatorol| Al 24A1%tF vl k61 al, T EEE 3]
g A BEAS 20 WA AUt Y Z700 A 2443
Sk Wkttt o1 7)ol MTT €9< 2.5 mgmle] &5
2 A zsto 40 WA Hrrste] 3A7F Wit 1 F
A S A AT FAH formazano] DMSO 100 mw
ZF wellell 7}ste] A& zAdNA 1087 ¥1¢ /\]7 k=)
ELISA readerE ©]-&3l 540 nmol A §F =&

A AEE S ANEE APsHA &2 79 —ér%E%
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Western blotS &8 CHEEIO| WH £X

FE A3 FHd" MMPs (MMP-1, MMP-2, MMP-3)
o g FF 84S LolR 7] 93l Western blot2 53
il B =g doprgktt A frobAl £ CCD-986
Sk cell S 100 mm tissue culture disholl 1x10° cells/dish7}
FH = F seeding?t F 37C, 5% CO, incubatorol A 2447k
R HH Fata o, A& AAT & 7+ %—%%Q =
B2 A3 wiA 2 2442 v ksl L &
A&tal PBSE 23] A A3t thg A S
Complete mini 1 tabg radio-immunoprecipitation assay
(RIPA) buffer 10 mlol] 718+ 8§94 80 plE 2t disholl &3}
of MAEE lysistt & centrifuges ©]-8&3] 4C, 13,200 rpm
oA 2083 94 EElsH Y. 1 ¥ BCA protein assay
kits AH&el S-S et or, 20 W HE-E 10%
SDS-PAGE 7ol A Zd7]g&ste] Eelstaitt. £e2d &
w22 polyvinylidene fluoride (PVDF) membrane®l| transfer
3k % blocking buffer (5% skim milk in TBST)oll 1413t &<k
blockingS F 33} Th. Primary antibodyE 1:5002] H]-&
2 3% skim milk in TBST)| 3|43} 4°Coll A over night3t
T 108 7HH S = tris-buffered saline and tween 20 (TBST)
= 3Q M| A 3% T}, Secondary antibody+ 1:2,0002.2 3]
Aate] d2olA 9083t WHSAIZ o1 T TBSTE 10
A 33] AA3ste] Davinch-Chemi™ Imager CAS-400SM
3t ME=E gl

lo rﬂ

Hj A& A

Ao,

systemS ©]-&

RNA & % cDNA &4

A Frol A Q1 CCD-986Sk+= 100 mm tissue culture dish
ol 1x10° cells/dish® seedingdle] 24412 5 vl 3} 2L
FEES TEEE A3 24413t vl wlA A
T HE AASA trizol lysis bufferE disholl 1 ml¥ £3}

Table 1. Sequence of the primers used for RT-PCR
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o] ZZte] MEE lysis§t 5 lysates e-tubeoll 9—74—214 t}.
A% lysate®l chloroformS 200 ¥ #H7hgk & 30x3F
inverting 31532 centrifuges ©]-83l 4TolAl 13,200
pm O = 2087 A4 3T 45 400 wE A2
e-tube®ll &7 isopropanol 400 plE 1:19] ¥ &2 &33td
inverting$t ¥ -20C oAl B3} over nightdh & <]
HAF BUs A0 2 JA RIS A=HS A AS)
o tube B}l precipitation® RNA pelletS & 5315t
75% EtOH-diethylpyrocarbonate (DEPC) waterE Z} tube®ll
1 mi¥ EF38te] AH3 & FL 2004 sEIF 44
g st 1 F AFde mEbal Ao BE S
A% ¥ DEPCE A &3 waterS 50 pl® £33} RNA
pelletg o FATH A260/A2809] 1SS AF83l] 1.8~
2.0 <==9] total RNAE FE3}% 2™ microvolume spec-
trometerS ©]-8-3)] total RNA #t-& =43 Th

Reverse transcription-PCR

gFE I A MMP-1, MMP-2, MMP-32] mRNA
BHALFES Z4317] 93 reverse transcription-ploymerase
chain reaction (RT-PCR)= AAI3FH T A A-8-H pri-
mer2] sequencesi= Table 12} 2T} PCR tubeol] A3+
cDNA$} primer, 5x green buffer, MgCl,, 10 mM PCR nu-
cleotide mix, G()Taq® DNA polymerase, nuclease free water
£ H7bsted £¥3 & PCRS st

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)+
96 CollA 10%, 64TANA 30%, 72ColA 602ZE F 30
cycles, MMP-]—O— 96 CollA 10%, 58 CollA 30%, 72°C A
6022 % 40 cycles, MMP-2 96C ol A 10, 63C oA
30%, 72 Coﬂ A 60ZE F 40 cycles, MMP-3E 96°C ol A
10z, 55ColA] 30x, 72Col A 602= F 40 cycles® T
dated il om, PCRE FAE AR & 0.002% ethi-
dium bromide (EtBr)= #7}3F 1.5% agarose gel®ll 10 pl#)
100 Vol A 3023t 217]19F F UV transilluminatorE ©]-8
3 MEE glste] 4 AFstATh

lon

Gene Primer Sequence (5° —3’)

GAPDH Sense ACC ACA GTC CAT GCC ATC AC
Anti-sense TCC ACC ACC CTG TTG CTG TA

MMP-1 Forward AGC GTG TGA CAG TAA GCT AA

) Reverse GTT TTC CTC AGA AAG AGC AGC AT

MMP-2 Forward TTG CCA TCC TTC TCA AAG TTG TAG G
Reverse CAC TGT CCA CCC CTC AGA GC

MMP-3 Forward TTG TTC TTT GAT GCA GTC AGC

Reverse

GAT TTG CGC CAA AAG TGC
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Tyrosinase Mall&d &8 At

A 9 4kskd ~Ed 2o o3 ®3] 7R Foll EA)
3H= melanocyte”} &4 845 ™ tyrosine©] 4F&t= I mela-
nin FAYH 2 7)), F27 T M o] DY H,
Aepd A A 71l AAHJA TS sk a4
tyrosinase= tyrosines 4F3}A|A L-3,4-dihydroxy-phenyl-
alanine (L-DOPA) A4 ¥ DOPA-quinone2. 2 733}
melanin®} Y] & &L FA3th o] QU3 tyrosinase &
Ay AP A5 w5 1] g A Akl 1o
83 FrPHo R JAAEHI T4, 6, 26].

al
259 &3 Wz oehe 2ZE9) tyrosinase A3l

o oX

[e]

= gl
24 24 A3E Fig. 13 2ol et At A g ol
S oEHoR 218 A8 BUT 5 AN 1000

pgmlol A 2% T2 E 32.6%, 5 THEE 39.3%
2 40%° 77k AAEAE S HERH AT Kwak [21]9]
ATFNA B E FEET 2L 1,000 pg/mle] F= A
3} By 2ZE0] 14.9%, Han S[8]°1A Z =4 methanol
FEEL 18%9] tyrosinase A3]&A S YElAT Y By

T=
Fol we} $FE9} &3 W B F2E FoI
At

Elastase Malig&Md =& ZHu}

Am 22 &0 A7 EE FAstT e}
71z F 23 A2 elastin [25]S #3135} 2
tase= WM Y FA F SUE B Eo|A 75
FaoltH14]. A7 W IEF T2 229 clastaseo]] o] 3f
s En g8 EAZ e FE7E AL FE A
2RI Uil i w3 MR R o5 A
A R FE S AAE F A2, 28]

T = =
559 F W E A EE FEE0] elastase EA ol

Hir
rlo
oX,
tlo

R
ol

rr

ela-

2

Lo fe
:Og

10 oX

o
=

ERB ©RF
s ¥ I
% I
E 30 —]
-]
£
= I I
2 10 -
0 T ﬁ T i
5 10 50 100 500 1000

Concentration (ug/ml)

Fig. 1. Inhibition rate of extracts from Rhododendron brachy-
carpum on tyrosinase. ll RB: Rhododendron brachy-
carpum, [~ RF: Rhododendron fortunei. Result are
means £ SD of triplicate data.
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Fig. 2. Inhibition rate of extracts from Rhododendron brachy-
carpum on eclastase. Wl RB: Rhododendron brachy-
carpum, I~ RF: Rhododendron fortunei. Result are
means + SD of triplicate data.

At 5= Hx FEELS H3 F=E 1,000 pg/miol
Al 30%0l 77 AdlleS BiloH, &5 T E FEE
L e TR 362%2 AT S
S1519 ATl A AbS EtOAc B8 EA = AsE
o] JebA gkgtom, Angda 44 FEE°] 1,000
pg/mle] FEolA 16.3%2] A4S BPttay Bis
Lee 5[29]1¢] A9} HlustlS v 559 &5 W x
ZEL2 o] HIF| FL elastase A3 TS e+
<

=
=
e &g F A

7l

Collagenase Mafigd =5 2}

A3 A3 229 collagenS 35 ) 23] F2] 80%
oS AR Qe TR UHAER vy 9 HEU|5 S
3kt}, o] 2] o| = elastin, fibronectin, laminin 5©] A 3Z2]7]
A& FA3A 5] AA=ste) 22 v a1l 9
& AN collagen A o] TrAadtal, Ao o5 &4
AaF S7F R QR A o7 2E# 2o 98 colla-
gen 3171 7H&53lE o) 7 7] o] STt T3 colla-
genase®| 2]3)| collagen©] T2 A2 71A 3 7fn A3 S
o] RA XA EHo| F&, ©go] TAs FFo] A7)
Al Ak, o] 24 372 FF Aol o] collagenase 73
= Asfste AL PRI E NdTel Ao w$ FL3)
oH13, 19].

E 42 collagenase AN Aol &
= Eo| vX= IS golrgk
™, Fig. 3% o] YAt & & o= A5
FEAAE 50%° 717he A A

Btk F1 %590 1,000 pgmlolA €259 &3 1t
=2 2 77.7%, 80.2%2] collagenase A &3}

o

oot o o
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Fig. 3. Inhibition rate of extracts from Rhododendron brachy-
carpum on collagenase. ll RB: Rhododendron brachy-
carpum, [~ RF: Rhododendron fortunei. Result are
means + SD of triplicate data.

FEL 1,000 pg/mloll A 33.44%2] A&l FAlo] RiE
, MBS 71F E4 FEE] 1,000 pg/mlol A 34.62%
S 53212 Ao} vlwEtd &5 =9 27

Bgk
2 FZEL o] nla oF 28] &2 collagenase A3l
o

MTT assayOll 28t MZ WZEE £F 21}

ME F2] D APE =743l tetrazolium saltE ©]-&
o g AT = Astro vl A gk ¥
o] T}31]. Tetrazolium salt<= dehydrogenase ¥ 393 13+
E 59 " o AA U= formazans B4 ET
nEZEgole] AAAGA HA4-& T3 L9T A
2 3t e AlEE AU AE AAeH, ARG A o

EA = EFAE AT} tetrazolium saltS 3531 for-

g b

=

=
_O_
=

100 -
—_—
)
S

. 80
£
=
=

= 60 -
i
-

= 40
)
@)

20

0 4
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Concentration (ug/ml)

Fig. 4. Cell viability of extract from Rhododendron brachycar-
pum on fibroblast cell (CCD-986Sk). CCD-986Sk cells
were incubated for 24 hr in DMEM containing 10%
FBS, were treated with various concentrations of Rho-
dodendron brachycarpum for 24 hr and cell viability
was measured by MTT reagent. Each values represents
mean + SD of three individual experiments.
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mazanSs Aot TS =] =84 MTT tetrazo-
liume A Z o Ag3td, 243 thAAA o] 7k AlE
o] mEZ=gole = BFagio 23 tetrazolium®]
ring 727} A HAA AFAE g= 884 9 MTT
formazan 24 02 A= A o|th[34].

STE xR &5 T E FEEO| Afrot =z
CCD-986Sk cell®] S2}ol P& F&FS &AskA7] 25t
o MTT assays °©l-&3t FAHHTh A&
4, Fig. 59} 2o°] 5, 10, 50, 100, 500, 1,000 pg/mie] &
Aglate] SHI 23 5 o|EHOE YEEo 7”\3}

JFS

< Flg.

A4S AT F Y 55 Ex FEES BE

=AM 90% ©1, &5 X FEELS 80% ol
o] AEEES U e o]ste] APdAs FEECI
A F2oll TS Ao WAA ol AFEE] 100%]
7V HE21 25, 50, 100 pg/mlE AH8-3te] &Ykt

i3 g 5 NaE -‘n’*]fsﬂf“]% collagen, elastin, fi-
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