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Abstract: UV irradiation leads to distinct changes in skin connective tissue, which is degradation of collagen. Many of these
alterations in the extracellular matrix are mediated by matrix metalloproteinases. In this study, to develop a new anti-aging
agent, we screened the antioxidant activity of solvent fractions from ethanolic extract of Melothria heterophylla. Among the
four solvent fractions tested, the EtOAc fraction exhibited the highest antioxidant activity. It was investigated the inhibitory
effect of the EtOAc fraction on the expression and activity of MMP-1 in UVA-irradiated human dermal fibroblasts. The
EtOAc fraction inhibited the activity of MMP-1 in a dose dependent manner with the ICs values of 9 pg/mL. Also,
UVA-induced MMP-1 expression was reduced about 90% by 100 pg/mL of the EtOAc fraction but MMP-1 mRNA
expression was not inhibited. Therefore, we conclude that the EtOAc fraction significantly inhibits MMP-1 expression at the
protein level. From these results, we suggest that the EtOAc fraction from M. heterophylla could be used as a new
anti—aging agent for the photo-damaged skin.
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metalloproteinases (MMPs)E &4 #4134 o}
%%'E wd g Tﬁﬂﬁ*ii oF 2094F o]4e]
e Ao deA Utk 53, MMPst B
NIZEESEH 150 /‘1]&_9] 7] (extracellular
matrix)® 7] A =Hbasement membrane)S TAIdtE E
¥ ooz R gEHg fx3e
AgzAS SHste FE} #@EyAs 2 #F XA
Aol He= ﬁii %LE:]Z% °“4[56] Brennelsen 5

AuFe] Fepdl 53 22 Axy 7z %-"4 %
S U A, MMPs7t %x38lo] ol$- $a3% 9
AL B v 7]
Aok 2l —‘.‘i’;‘(Melothrza heterophylla (Lour.) Cogn.)
E}L:]/%l c%g—k} zioi O]b‘ZE. 75
4, ?:U]rdﬁ—’.J 18g, J8E7 5o a3t de A
o2 delx JoHyl FHd ‘ﬂv‘%’ NEtE FE5E ¥
g F3¢9 MMP-1 wd8 A3l :5{4] e Busk o
ZRHY), ¥ F&E9 &uid o tigt AT 24
7 w7t A gly Aol
ueba £ dA7dMe 98 FE5E e MMP-19
dA-& Adste sFEY FRE FHE] HT AER
4 F2E9 7 &upd 2o digt gikst g9 4
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4 Asjgad DL UVAY 9% human dermal fibro-
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Melothria heterophyila (1,000 g)
| Refluxed with 70% EtOH
Ethanolic extract (181.1 g)

| Suspended in H,O/Hexane

Aqueous Fraction Hexane Fraction (12.5 g)
l Suspended in H,O/CH:Cl;

I l

Aqueous Fraction CH,Cl, Fraction (1.7 g)
Suspended in H>O/EtOAc

I l

Aqueous Fraction EtOAc Fraction (5.8 g)
Suspended in H,O/BuOH

Aqueous Fraction aq BuOH Fraction (35 g)
Scheme 1. Extraction of Melothria heterophylla

3to] 125 g9 £8& At ¢ EF diste] wEA
F2glo]=(CHLCL) ¢ EtOAC, 33 F&&(aq BuOH)
& o]€3t n-hexane £ 2 WHoR g w5
3l Z+z} 17 g, 58 g, 35 g9 E&-& AAUtHScheme 1).

2.2, Mz L A2

Aot EuzA A Z2|gk human dermal fibro-
blasts (HDFs)+= Modern Tissue TechnologyAHKorea)=
FE FYank 7% HDFsE DMEM/FI2 (3:1) Hi
Aol 10% fetal bovine serum (FBS), 1% penicillin-
streptomycin® H7lsted 37T, 5% CO: Z7stol A vk
Sl trypsinization .2 Alt] w3t H 6 ~ 10M] AEE
A3 o]-&3l4th. Enzyme-linked immunosorbent assay
(ELISA)E #3 AH¥ MMP-19] wigk 14} A al-
kaline phosphatase’t A%® 23 A& Sigma Chemical
AFRZRE T3t AREEHA T In vitro MMP-1 274 A
e 548 8 AHEE FFEZo] EXE DQ gelatin,

- DQ collagen, collagenase, 1,10-phenanthroline< Molec~

ular probeAHUSA)E2HE FUste] Al&stgdr) 2 ¢ 2
ol AlgE BE AIGEL Sigma ChemicalAlo A 74
sto] A8k

2.3. DPPH Radical 2+ &1}

Free radical®] 47 282 Blois [10]7} AF&-3E WS
okt W¥ele] 4 A)89 1,1-diphenyl-2-picrylhydrazyl
radical (Aldrich, USA)ell g A F3E A5
01 mM DPPH H&-2 g&Ho] Fdwe] AlgE 718l
vortex mixer2 & T3 & 204 10 min E<¢F ¥k
$A]71t} o] spectrophotometer (ELx 800, BIO-TEK
Instruments, USA)Z 565 nmellA F32=E &A%
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Ng2 #Arsix) @ gza29 v wse] DPPH rad-
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2.4. Superoxide Radical &+ &1}

Superoxide radical®] 4A24-2 Furuno 52 W[11]
of Wt Z+ A|F ¢ xanthine-xanthine oxidase systemol
o3l AAA superoxide radicald 2AsE aHE &4
3l3th 0.05 M NaxCOs bufferel 3 mM xanthine, 3 mM
EDTA, 0.72 mM nitroblue tetrazolium (NBT), 0.15%
bovine serum albumin (BSA) sol'n¥ A&E 42 #H7}
sto] £ g, 5Co)A 10 mingt ¥Hg-3kAEy o F
z} tubeoll xanthine oxidase (0.25 U/mL) &9& t
of 25T 30 min?t ¥&3 F 565 r1m°ﬂ/‘1 £E=
ZA3ldch AEE HINEHA %%
superoxide radical £~AEAS WEEE UrEHH 1=

AE S 3-(45- dlmethythlazo 2-gl)-2-5-dipheny-
tetrazohum bromide ( ) MRS o] gsle] ME A&
2 ZAse Mosmann-gl wH12)8 wFste] 4Als
4t HDFS§ 2 % 10" cells/well =2 9%-well plated]
AET T 7 welldl AEE F8te] COy wWi%7]elA]
24 h #ieketgdet MTT £96 pg/mL)E AH715t3 4 h
T AAREslY Jede AASE 100 L acid-iso-
propanol (0.04 N HCl in iso-propano)E 73 & F &
Aol formazan®] €&5 %% 3t9] micro plate reader®
565 nmel A FAE=E ZAH AT

2.6. MMP-1 24 N3 =8

AlEe MMP-1 €4 A3l &% 542 Wang 5°
23 vhif6]S okt Wste] dAstgnh & whe
A 100 pLel 025 mg/mL=Z ¥hg FFMoj %'5}1“?} DQ
collagen 20 pLeF A& 40 ulLZ H7}sta, 05 UnitZ &
A4 collagenase 40 uL& H7betAh 4, 4 %01]/"1 20
min 43 § Luminescence Spectrophotometer (LS55,
PERKIN ELMER, USA)E °]&3t9 &3 49 nm,
W4 515 nm= FFHS %zéffbm- WxI1FeR
A ghd A S AFNE a4t T AUEY ¥

Brs 2439k A g A 3P A, a4
A A BAES
2.7. UVA Z=A} E;'-:'_A|§.9-l Xz

HDFs& 15 % 10° cellsymLe HE& 35 mm dishol

ok 80%9] confluencyel =2 uj7}x] wistAch UV
ZAMA AujAE AAR T PBSE M3t wiAY
serum ¥ AAS vhg, UV AR (FISTEBLB,

3} @47 Matrix Metalloproteinase-1 2@ Al &2 105

Table 1. Sequence of Primers and Fragment Sizes of
the Investigated Genes in RT-PCR

Fragment

Gene Primer .
sequences size (bp)

o F 5'-AAAGGGAATAAGTACTGGGC-3' %7
R 5'-AATTCCAGGAAAGTCATGTG-3'

goney 3 -ATGCAGAAGGAGATCACTGCS
- m
" R 5-CTGCGCAAGTTAGGTTTTGT-3

Sankyo Denki, Japan)Z UVA (63 J/cm)E& ZA}st4icth
UVA ZAS wjokulx)= FBSE #7184 ¢& DMEM/
FI2 (3:1) wizld] ## FZE9] EtOAc #8& 593
of 24 h wistsith

-

2.8. MMP-1 & Msli ZH(ELISARD

UVA ZAb 93 fF=He MMP-1 #2d% 3
Dunsmore %°] AR&3 Wi[13]& ozt WEste] AAIS)
otk WA HDFsol UVAE A 3 A|88 HEsy 24
h kst wixE 96 well platec] F3Fske] 4TolA
overnight3te] coating3tith. PBS-T (phosphate buffered
saline + 0.05% Tween 20)2 331 AHstx 3% BSA/
PBS-TZ 37CelA 1 h &< blocking?dt ¥, 12 &4
(monoclonal anti-MMP-1)& blocking buffer® 1: 3,000
o7 Al Hylsla 37CoNA 90 min?t §FEAATH
PBS-TZ A& 3%k v} 22 34| (alkaline phosphatase con—
jugated Goat anti-mouse IgG)E blocking bufferol 1:
300022 FA4sle] Aglshal, 37TA 90 mingt §H&-Al
71 & PBS-TZ M A3 t}2 alkaline phosphatase 7]2
£9(1 mg/mL, p-nitrophenyl phosphate in diethanola-
mine buffer)& H7}sted A4 30 min7t ¥H-&A1H
3 N NaOH=Z 4¥hg-Z 943 FXA71 £ micro plate
reader® AHE3l 405 nmolA F4EE A5}

3

flo
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2.9. BNA 22| ¥ Reverse Transcription-
Polymerase Chain Reaction (RT-PCR)

Total RNAF%2 RNeasy mini kit (Qiagen, Germany)
2 oj23tgrt. (DNAZA L 1 ugd total RNAE oligo
(dT) 15 primer, dNTP (0.5 mM), 1 unit RNase inhibitor
283 4 unit Omniscript reverse transcriptase (Qiagen,
Germany)2 37ColA 60 min, 93°C°l4 5 min heating
ANFdoezH W& FAANZHY. PCRES cDNAZHH
MMP-1, B-acting F%3}7] ¢85} 1 4L cDNA, 05 mM
9] 53 3'primer, 10 X buffer (10 mM Tris-HCl, pH
83, 50 mM KCl, 0.1% Triton X-100), 200 mM dNTP,
25 mM MgCly, 25 unit Taq polymerase (Qiagen, Ger-
many)E 41 SFSTE AANE 25 uLZ EFE us A4
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Table 2. Antioxidant Activity of Various Fractions Ob-
tained from the EtOH Extract of M. heterophylia

SCx” values (ug/mL)

Samples

DPPHY Superoxide anion®
EtOH ext. 13 20
n—Hexane fraction > 300 > 900
CH:Cl2 fraction > 200 > 600
EtOAc fraction 10 30
aq BuOH fraction 15 40
Vitamin C’ 11 ND”
BHA ND? 32

Concentration giving a 50% decrease of DPPH and superoxide anion
racdicals. The values are the means of triplicate experiments with
S

" 1.1 diphenvl-2-picrylhydrazyl radical

" Superoxide anion radicals were produced from xanthine/xanthine
oxidase oxidation system,

" Not determined

= Used as a positive control

39tk PCR £%2 94T 05 min, 50C 05 min, 72T 1
min, 25 cyclesZ WH3-A|ZTh PCRY 93t A= 4HE
£ 15% agarose gelolA A7)195S 2AE1L ethidium
bromideZ G448t EA bandS #QI33t) B 439
RT-PCRel| AH&-# primer: Table 1o A48}t

2.10. A2 A SAXE]

=
BE A94%: BT+ EFAAR 71993, 54

=2 0
2 FoA AAL Student’s t-test® AAltRen p gk

Y B REE E E

DPPH % superoxide radicals o]&3} =
7 gvipd RBEe ks anE A%y, 1 2
Table 291 YeRl Sty DPPHE free radicale] ¢4
a2 dkg = DPPHY A E free radical®] AAHS-
APEE & 5 3, AN 27]9g2o] AAA
£ d =3 4 It} Xanthine/xanthine oxidased] <}&] A
A5 & superoxide anion radical® A& 2H-8-2 superoxide
radical 271&-83 xanthine oxidase® &4 @A A &4
o vehdti14]. 44 wERaFeRE gatal g
e AR dHA vitamin C¢ 3-t-butyl-
anisole (BHA)E o|&-8ld W& F&F9| 7
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Figure 1. Effect of the EtOAc fraction from M. he-
terophylla on the viability of human dermal fibroblasts.
The cells were cultured in the presence of various con-—
centrations of the EtOAc fraction for 24 h. The wviability
of the cells was measured by MTT assay. The results
were expressed as the average of triplicate samples with
SD.

Hof sHitst avtg vwstdek 1 23 vitamin C+ 11
ug/mL"ﬂH 50%9] DPPH radicalg A718t9iew, BHA
= 32 pg/mLAlA 50%9] superoxide radicalS: 4_7ﬂ )
th W 2259 7 fuid 28 Fols EOAc 8 >
BuOH 3% >CHCl: £3% > Hexane ¥8 <22 EtOAc
o] 7 & aitst 245 JeERIT

32, A-||£E/\‘|
713 s dts 244 ral EtOAc
pg/mLol A 200 pg/mL7bA] thekst B2
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Figure 2. Inhibitory effects of the EtOAc fraction from
M. heterophylla on MMP-1 activity. Fluorometic assays
for the activities of MMP-1 was performed as detailed
under the Materials and Methods in the presence of
increasing concentrations of 1, 10-phenanthroline (-[1-),
the EtOAc fraction (-O-). The results were expressed as
the average of triplicate samples with SD. #*p <0.05, **p
<0.01 compared with control.

140 4
120 4
100 -
80 4
60 -

40

(% of control)

20 4 %2

Contents of MMP-1

Non-UVA UVA ATRA 1 10 100
Concentration (ng/mL)

Figure 3. Effects of the EtOAc fraction from M. he-
terophylla on the production of MMP-1 in UVA-irradiated
human dermal fibroblasts. The cells were treated with
various concentrations of the EtOAc fraction for 24 h.
The MMP-1 contents in culture media were determined
by ELISA as detailed under the Materials and Methods.
The results were expressed as the average of triplicate
samples with SD. *p <0.05, *+p <001 compared with
UV A-irradiated control.
492 FA%IL F5Y Y4S 4¥T & A= Aew
#HA dribl wEkAd #wYW FEE9 EtOAc 9
MMP-1 &4 A azs dolrr] A3 FJFEZH]
AE DQ-gelatin, DQ-collagens o] &3} MMP-1 &
A&z S ¢ dxIFoE MMP-1 84
A Zgo] = Aoz &¢#HF 1,10-phenanthrolinel6]
& o] &3t} EtOAc 89 MMP-1 84 AEanE o

re
pa
O mg

ox H

(b

O

140 o

120

100 4

mRNA level of MMP-1
(% of control)

r
S
i

Non-UVA UVA ATRA 1 100

Concentration (ng/mL)

Figure 4. Effects of the EtOAc fraction from M. he-
terophylla on MMP-1 mRNA expression in UVA-irradiated
human dermal fibroblasts. (A) After irradiated UVA, HDFs
were treated with various concentrations of the EtOAc
fraction for 12 h. Total RNA extracted from HDFs was
analyzed by RT-PCR and each band, which is quantitated
by a densitometer using A —actin transcripts as references,
in Figure (A) corresponds to each bar in Figure (B). Lane
I, UVA non-irradiated cells, lane 2 UVA (63 J/em®)
irradiated cells, lane 3; UVA+1 ug/mL of all-frans re-
tinoic acid (ATRA) treated cells, lane 4, UVA +1 ug/mL of
the EtOAc fraction treated cells, lane 5, UVA + 100 pg/mL
of the EtOAc fraction treated cells. The results were
expressed as the average of triplicate samples with SD.
*p < 0.06 compared with UVA-irradiated control.

wstgch 2 A3 110-phenanthroline® 24 pg/mLolA
MMP-1¢] €4& 50% As3tg o™, EtOAc &89 4
$ Fo] FE gE oz MMP-19 #4& AddE 3
o2 vebdckFigure 2). &, EtOAc 23& 2, 20, &0,
100 yg/mLe =2 Add 4$ MMP-1¢9 248 7
7 13%, 783%, 93.3%, 98.3% A &aE Ao® Erte
W, [Cp 9 ug/mLz %A thz21E< 1,10-phenanthro-
linelth ok 270) A= & MMP-1. 84 Asjaze 7t
e Aoz Ak

3.4, UVAY &gt MMP-1 && Xslignt

grel sl o Fad 9IS WL Qi
MMP-19] W8 UVAS 93] AEoA JNK/pd 24
=7b Fobeka AARAA AP-lel BHEZ F7hse
A 2% £3) MMP-1 $8& Z707 33504
mede AWe zdPtn deA Aoiisl ol
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UVAo°l 23] @do] F7tsE MMP-19] A& 93 3
Z59 EtOAc 289 93 dolx 12 HDFsol UVA
(63 J/em)E ZAMEIT EtOAc 28-S A7k 24 h w)
¥ 3 MMP-1 2d As] 835 ELISAZ A3t
A7 EtOAc £8& s& &EFHo2 MMP-19] 24
A st Aoz YelytchFigure 3). &, EtOAc &3
1, 10, 100 pg/mLe F=2 Hdd HA$ MMP-19
88 747 455%, 655%, 90.0% Adete Aoz LE
on UVl 98 S7tEE MMP-1¢] 2dE& A#ste
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=11 pg/mL°ﬂ/‘1 5% AE A3 o}: Z\Qi Ve

o M. ¥ ru;E tio mlo I

01'17] A3 RT-PCR= —rﬁgb']' Az} °k"4 EHZE:L =
A}%El ATRAZ} 1.1 pg/mLolA 385%2] &a A& &z
2 UEd w6, EtOAc £3e e Asade U
:L!
EE

o u{m

bl [o
o

E}LH A Fahe Ao Ve tiFigure 4). AEH o2
F2E9 EtOAc BHe oA Afoa nuH9]
detE F2ER v E dild sFo ARt MMP-
Seg AN Aos BN, b, 97 &
9] EtOAc £82 UVAS 22 o8 7k 97 21l
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e
e Agdrt 53 §}3an T2FEL 98 va

sges 22 - BA Foll 3

ot o

—
o,

o

4. 8 E
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o3 o] Z7tEE MMP-19] njx& 3ks #zsl
Aot ey FE2E9 7 &uid F89 DPPHS super-

oxide radical A~A &= EtOAc ¥ >BuOH #2 >
CHCl, 8 > Hexane +8 22 EtOAc 80| 714
=2 ksl 248 Jehddh EtOAc 89 MMP-1
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