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Black chokeberries (scientific name Aronia melanocarpa) have been reported to have major effects due
to anti-oxidant, anti-inflammatory, and anti-cancer capabilities. In this study, we investigated the an-
ti-wrinkle effects of A. melanocarpa, including collagenase inhibition effects and their molecular bio-
logical mechanisms, such as oxidative stress-induced matrix metalloproteinase (MMP), mitogen-acti-
vated protein (MAP) kinase, and activator protein (AP)-1 expression and/or phosphorylation. In colla-
genase inhibition activity, the ethyl acetate fraction of black chokeberry (AE) was 77.2% at a concen-
tration of 500 pg/ml, which was a significant result compared to that of Epigallocatechin gallate
(positive control, 83.9% in 500 pg/ml). In the reactive oxygen species (ROS) assay, the AE produced
78% of ROS in 10 pg/ml and 70% of ROS in 75 pg/ml, which was a much lower percentage than
the ROS production of HxO»-induced CCRF S-1801I cells. In the MTT assay, cell viability was increased
dose-dependently with AE in HyOx-induced cells. In protein expression by western blot assay, the AE
suppressed the expression and phosphorylation of MMPs (MMP-1, -3, -9), MAPK (ERK, JNK, and
p38), and AP-1 (c-Fos and c-Jun), and expressed the pro-collagen type I in HOz-induced cells. These
results suggest that black chokeberries have anti-wrinkle and collagen-production effects, and they
may be used in applications for material development in the functional food and cosmetic industries.
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T Fo| A A 2 9] 7] d (extracellular matrix)®] F& 74 A
£ ZF&Hl(collagen) > T Ho| A= FH & Fo 239
WN%E AL Utk FeHdle] Fa 74 Gde
type-Io] tj &2 22| 3}H collagen-type I, fibronectin, in-
tegrin, fibrillin, ZE2H 2223t To] A FTH10]. Al E9)7]
A& siste 9d Eo g4 Ad 9d Ze 22,
Azg dd Za 54

collagen

, matrix metalloproteinase (MMP)Z
Uz § tH4]. MMP group& collagease, gelatinase, stro-
melysin, membrane-type MMPE U= & 9101, o 204
THF €8A dT3]. ©] F collagenase group®ll= MMP-1,
8, -130] x3EH, T2 A 18, ¥, 13 Fepls gt
Gelatinase group®ll= MMP-2, -9°] 3 5™, MMP-1¢] 93]
2ilE A 274ES o 2A £33 9 F =8l 8%
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%, 2447 o]ujol collagen®] £ % F713te A%E By
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Al & 717

A E FS 98 CCRF S-18011 cell Korean Cell Line
Bank (KCLB, Seoul, Korea)ellA F<13}%3, Dulbecco’s
Modified Eagle 11 Medium (DMEM), Fetal bovine se-
rum(FBS), Penicillin/Streptomycin (Gibco BRL Co., Grand
Island, NY., USA), 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-
tetrazolium bromide (MTT), acrylamideQ} N,N’-bis-methyl-
ene-acrylamides Sigma Chemical Co. (USA)°ll Al 735
o
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gk el P38, p-p38, INK, p-JNK, ERK, p-ERK, c-JUN, p-c-
JUN, c-Fos, AP-1, MMP-1, MMP-3, MMP-9, Procollgen type
I, B-actin monoclonal antibodies¥} secondary antibody
Santa Cruz Biotechnology (Santa Cruz, CA, USA)ol A T4
sttt Aol A3 7]7] 2% UV/vis spectrophotometer
(Shimadzu Co., Japan), ELISA (Biotek Co., USA), Incubator
(Hanbeak Co., Korea), Low incubator (Hanbeak Co., Korea),
Hotplate (Young hanna Tech., Korea)E AH&3}% 1, CCD
camera system EZ-Capture 119} CS analyzer ver. 3.00 soft-
ware (ATTO & Rise Co., Japan)E ©|&3to] #5415 £4 2
A A5E Ao

AlZ2e £&

2 Ao A EFdxaEe A 57 Ak &4
o] ¥ % oF2Y o} FRAA FUFAL, A FHF 104)
o] 70% oNEH-E&S 7ate] A2 A 24*]7} A8t A A7}
AAES £Yste] 5¢ P2 33 W& FZ3 4. +
E2E2 99, Y E & wAARE £2E dleH, 9
Be FE2EY FHAE o] &5t AE g2 & H7EH
B3& AAEAT ERx T dee FEES FFY 10
9] FFFel =9 ¥, TFY n-hexane, ethyl acetate, n-bu-
tanol& £AH 02 Hylste] 7 3ulEG & AJZAL Ao
H, A de 4L water layerZ 3T o] F RYES
28 55 5 5AAx 9o, YARASIH A AL
AT

Collagenase Moff &4

Collagenase #1314 Z74-& Wiinsch 5[28]9 W&
gt b 2o FA&AY. & s 7= 01IM trlS-HCI
buffer (pH7.5)°ll 4mM CaCl,& #7}3t4, 4-phenylazobenzy-
loxycarbonyl-Pro-Leu-Gly-Pro-D-Arg (0.3 mg/ml)E =< 7]
AH 025 ml 2 AEEY 0.1ml9] EFH| collagenase (0.2
mg/ml) 0.15 mlE A7tste] A-LAA 2083 HAT F 6%
citric acid 0.5 ml& 9o} W83 AA A7 F, ethyl acetate
15 ml& H7kste] 320 nmel A FR=E FA AT Colla-
genase A &4 & A g &4 A7t} BN R =
Tag&E YA

M|ZZO| HHSF

Mouse 2] fibroblast cell lineQ] CCRFS-1801I cell & 10%
FBS$} penicillin/streptomycin 100 unit/ml®] &% DMEM
WA 2 A8t 37T, 5% CO, incubatorol A i 93} o H,
2399 & WA A wgFE APst

MIZL Reactive oxygen species (ROS) MM =
CCRF S-1801I cell& 2x10° cells/ml®] =& HGA A
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96well plated] F5-3}] 2447t 53t incubation 3} 3T}, W] #]
£ A A 20 yM DCFH-DAE 90 pl& A3 3 2083t
sy, EdxawE] BYES OJ—HEji A AEE 3 14
7+ 59 widsta, DCFH-DAE A A% %, PBSZ 3
washing 3t2 U1, H,O, 500 uM, 100 ul & & A 2|8t 308
oA e & FEE S48 DCF FFEE ex-
citation 485 nm, emission 530 mm¢| A4 Wallac 1420
VICTOR3 multi-label counter (PerkinElmer Life Science,
Turku, Finland)2 243} %t

MTT assay
AE YZEE ZHL Mosmann [22]9] Lol wa} =435}
9ith. CCRF S-180I1 cell & 24well platecl] 2x10° cells/well®]
HA 18 ml £F31, N8S FEHE 2489 02 ml 27}
3te] 5% CO, incubatoroll A 2442t kst of 7] 5
mg/ ml F=E AZF MIT &% 02 mlE H7tste] 4431
ot & AEAe A, AH formazand] ZH wellF
1 ml® DMSO &5 7hste] Aol A 2pgste] 3083t vh&
A7l F ELISA reader 540 nmolA F3 52 A3t

Western blotS S8t CHiZO| W £3

o g 2] 943k CCRF S-18011 cell& owell
culture plate®l cell seeding $ 24417+ &<k 3t cell&
FHFANAT. WAE AAT F FE2ES FEER 743]61
A2 2447 W R F HOE A AT A AL wj
Al HiA & A A S PBSE 28 Al A3t Cell lysate,o_i
Bradford assay W3 &2 Tl d Aeksto] 10 plo] 9 A
10%2] SDS-PAGEAIA #17] G&ste] Lejste] dat= 74
o] gel& &2} 347t F<F PVDF membraned| &7 o5 4T
ol A1 1417} blocking buffer (5% skim milk in TBST)®| Al in-
cubations} i t}. 12+ &A & 3|4 stef 4T A overnight 3t
o3, OA 308 7+4 02 TBSTZ 33 washingdlx 7749
27t A E 11,0002 3|43k A2 1AL F<t v et
% Th. 33] washing & ¥ Western imaging system 7] 7] & ©]
&ste] Wi &l gl sl

ANz

AdAFd gk FAAEE SPSS software package
(Version 22.0)F ©] &3t Ho3t FEUAEZ Yl &4
AT e fro g did A5 ANOVAE o] &5t 9
4 FAF F, p<0.05 5
ojgstef EA3Th

Z A Duncan’s multiple testE

Collagenase X3l &M
Collagen 3| Ho| A &8 Afo] T3 4TS sta

el ERAl 2o oid BajEase AEs WA g
collagenaseoﬂ of &l B H 7] whetA Collagenaset A Z 9
714 dd S Bajsts 42 9Ro FENYS WA
= 8%°] "o

Edzxad e Y 70% AgE FE=(A70)H L&
collagenase A8l &7 A= th3 2 h(Fig. 1). 500 pg/ml
o] FEAA, A702 F 49.8%°] A EIA}E H oM AES
AT 772%01%9 =2 Adase YL, pos1t1ve
control$l EGCG7} 500 ug/ml«] s A 83.9% A EFE
Holz A3} vlaste] vf¢ #o3 gHgk AFo|t}. o= Lee
[19] ¢ |FNA, Aok oﬂ%»%%%%ﬂ 500 pg/mldl A
F 0% A B Hel A3 vlasA frold e A3l
< AT F A

H.020
a7 23

DCFH-DAE A AZ9S 3 AE gto 2 Fatxof A
3 9k esterasedl] 23] ¥FES 92 DCFHE 71&3] 51
o] % ROS7} £AstE AN & A4S «l—t— DCFZ uﬂ}
27 4stgt el DCRe 3% 4=
3} v# g},
dzame 28E 03 ROS AP ATE e 2
ChFig. 2). 500 tM H:02& A 2] # ROS9| AA #EL AEV
FE 92402 FHYNLE B2AAOT, 75 pg/mld) 5=
AAM F 70%=E 7H B& S ATE AL FH AT Lee [18]
Z9] Ao A, HaCaT celle] UVB 100 mJ/cm’E ZAHS
g 232 500 pg/mle] F=AA oF 40%2] ROS7E A4 =
Aty Bu% 9lon, Hwang [12] 59 AF9A, 300 tM

TE=E MZEQ| Reactive Oxygen Species AM
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HA70 wAE mAH EAB mAW = EGCG

Fig. 1. Collagenase inhibition ability of Aronia melanocarpa ex-
tracts. A70:70% Ethanol extract of A.melanocarpa, AH:n-
Hexane fraction of A.melanocarpa, AE:Ethyl acetate frac-
tion of A.melanocarpa, ABmn-Butanol fraction of A. mela-
nocarpa, AW:Water fraction of A.melanocarpa, EGCG:
Epigallocatechin gallate (Positive control), Results are
means + S.D. of triplicate data.



Blank  Con 10 25 50 75 100 150 200
concentration (ng/ml)
mBlank = Con WAE mAB mAW

AE (ug/ml) - - + + + + + +
H;0; (500pM) - + + + + + + + +

Fig. 2. Reactive oxygen species ability of Aronia melanocarpa
extracts. The cells were treated for 24 hr with the in-
dicated concentrations of Aronia melanocarpa fractions.
AE:Ethyl acetate fraction of A.melanocarpa, AB:n-Butanol
fraction of A.melanocarpa, AW:Water fraction of A. mela-
nocarpa, Results are means + S.D. of triplicate data.

HOE 7o & Hdx F22 AN €5E% 50 ug/ml
9 s=ol A ROS7F o 50% H= AT Hargh 23}
Hlaste] frof g ek Aol

NZ MEg =8 2o}

Yellow tetrazolium salt MTT+= B34 7| A2 4] Ao}l &
AZo nEZ=g o} U9 reductased] 23] FHLF for-
mazans AAstEt Fol8le AZoA e FAHA g1 &
ol E MEO 7} &+ E formazang] YA T WolA| AL
AEY ARe SAT & AoH11].

AES A E AE&S FAF A, Fig. 3014 HE vig}
2ol 75 ug/mle] =4 843%9 AEES FUT F AN
a1, 11 o] %‘ o 1_‘::_ RHEEL 80% °l3t=2 XA ¢
Utk 2¥ 3 Fig. 49 A5, A X HO & FERE AFS
A& o 500 M) FEAA BEL0] 80% olstE SOl
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100 - b b b b
< 80
E 60
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concentration (ug/ml)
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Fig. 3. Cell viability assay on CCRF S-180 II cells from ethyl

acetate fraction of A. melanocarpa. The cells were treated
for 24 hr with the indicated concentrations of Aronia mel-
anocarpa ethyl acetate fraction.
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Fig. 4. H,0, induced-cell viability assay on CCRF S-180 II cells.
The cells were treated for 24 hr before treatment with
indicated concentrations of H,O, for 24 hr.
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A9 90%E AL e Fehll L
0L IV 283 V7F 9o, AlZ Yol A pro-collagen©] 2t
ATEAZ FHE & AZ J2 FHH collagen A2
TEED o] T F& 72 9L collagen type I0] -
olH10]. MEL7AE Faliste FNA L a4 MMP
group®ll & °F 20 Fo] 9121, collagen group (MMP-1, -8,
-13), gelatinase group (MMP-2, -9), stromelysin group
(MMP-3, -10, -11)°] ATH3]. L 5 MMP-1& F 2 type I, ¥
S £33t collagenase©] 1 MMP-3& collagen type IVE
Eo]H o2 B33 pro-MMP-1& &4 3 A 7] MMP-92
gelatinase B collagenasedl 9J3] 3 € 2H&S o &A 7}
T3 TS 9714 = MMP-L, -3, 9] & A ¢ pro-col-
lagen type 19| A4 <& &8k, Ao tha3} 2o (Fig.
6). HO, A=< & A Xl AEE H7FstA S o pro-collagen
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MAPKS| &8 & Qlits} Mol gt

AE W A5ALA F, MAPKsE AlZ SAHEH 4K
g 0gd AEsE 715& 243 Pawson T[24] ¥
o] MAPK®] #4138} 34 AP-19] d&4< ditstz o] F
oItk Histglth ERKY 14st= AP-1 @32 Z c-Fos
o W& F7A 7= [9], Fig. 7914 o]# @ ERK, JNK %
p-389 4tE AstE vE itk AEE ERKS Q43S &
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Fig. 5. Cell viability assay on HyO»-induced CCRF S-180II cells from ethyl acetate fraction of A.melanocarpa. The cells were treated
for 24 hr with the indicated concentrations of A.melanocarpa ethyl acetate fraction before treatment with 500 yM H,O, for

(A) 24 hr and (B) 48 hr.

Pro-collagen

typel
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B-actin

- -
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m pro-collagen type | MMP-1 = MMP-3  mMMP-3
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Fig. 6. Expression levels of pro-collagen type I and MMPs on H,O»induced CCRF S-180Icells from ethyl acetate fraction of
A.melanocarpa. The cells were treated for 24 hr with the indicated concentrations of Aronia melanocarpa ethyl acetate frac-
tion before treatment with 500 tM H,O: for 24 hr and subjected to Western blot analysis using phospho-specific anti-
bodies to MMP-1, -3, -9, and pro-collagen type 1. Bands are representative of three or four experiments. The percentage
indicated the MMP-1, -3, -9 ratios relative to the HxO, group and the pro-collagen type I ratio relative to the control

condition.

AP-19| &8l 3l QIASL XMali &t

AP-12 Jun3 Fos family @22 o] Fo]x HAARIAZ
c-Jun c-Fos9| heterodimer FEZ EA|E w] AALEA o]
7 o5 A5 A G A E c-Fosé JunDY
olFA =z EAsY, A doly oY A= Foll 98t c-Jun
7 c-Fos Bl o] g o] Z7}atA HIA cJund JNKS p38
of o gt ¢tstel ofste] &4 stATHI] ol FHA F7HE c-Jun
& Hh UANT T4 ALEHY cFosdt oA E FA4 A2

AP-1& Aﬂ&ﬂ ARa 3t #EEE B FAA4Y BEE
ZA3 1 29 MMPse 23S g3 A%

AEE HzOz°ﬂ +5% CCRF S-1801I celloll A c-Fos¢] 23
S FYsA ZAaAZHoH, 53] 50 ng/mld sENA o
412%9 AN EHE BAT £ cJun Q143 3 AP-19)
FEE 10, 25 pg/mle] lr:‘:Oﬂ A& F7FES o, 50 ng/ml
FERHE o3 428 7E %E}. ool AFE F3t
o, AEE AP-1 family9] %3 FaE AN oH, o]
3 A= MMPse] 1S 9 l?l% 2489 3 Aoz Kol
t}h(Fig. 8).
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Fig. 7. Effects of MAPK expression on HyO,-stimulated CCRF S-1801I cells from ethyl acetate fraction of A.melanocarpa. The cells
were treated for 24 hr with the indicated concentrations of Aronia melanocarpa ethyl acetate fraction before treatment with
500 uM HyO, for 2 hr and subjected to Western blot analysis using (B) phospho-specific antibodies to (A) ERK, JNK,
and p38. Bands are representative of three or four experiments. The percentage indicated the p-ERK/ERK, p-JNK/JNK,

and p-p38/p38 ratios relative to the H,O, group.
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Fig. 8. Effects of AP-1 expression on HyOp-stimulated CCRF S-180II cells from ethyl acetate fraction of A.melanocarpa. The cells were
treated for 24 hr with the indicated concentrations of Aronia melanocarpa ethyl acetate fraction before treatment with 500
M HyO; for 1hr and subjected to Western blot analysis using primary antibodies raised against c-Jun, p-c-Jun, c-Fos, and
AP-1. B-actin was used as an intrnal control. Bands are representative of three or four experiments. The percentage indicated
the p-c-Jun/c-Jun, c-Fos/B-actin, AP-1/B-actin ratios relative to the H,O, group.
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o) Mz 7GR A, 24 9 DNA 4E0] 7|53
o5 & A l%—% AstA 7, thekd Aol Ao
2 R JoH26]. BAALE AZ Y MAPK familyE
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zﬁﬂr ARE 5 A 2 AR 59 =37t FEA Aok
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ERK, JNK % p384 A4+s}, 283 AP-1
TEE drty Adst=AE Sdstel 1
dotr .zt 5.

stream pathway <!
family®] ¢14+3} g
AR ESE MY E S ¢

TS B2y F2E 9 £YE< o83 colla-
genase A3 274 A& ROS assays & 23, AE7} 500 ng/
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