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Abstract

Objective : Ultraviolet irradiation is the major externatfars that cause skin photoaging. Ultraviolet B @)V
irradiation induces the production of matrix medphoteinase (MMP) by activating cellular signaling
transduction pathways, which are responsible ferdigradation of collagen. The imbalance betwedagen
degradation and synthesis play a major role inftmeation of wrinkle of photoaging. BroccolBassica
oleracea L. var.italica Plenck) is a crucciferae group vegetables whahagreat amount of antioxidant.

The aim of this study is to prove whether brocfloliver extract (BFE) as an effective antiphotoagiggnt by a
MMP-1 inhibitor action in vitroMethods : An experimental (in vitro) study had been cortddcusing UVB
irradiated primary human skin fibroblast culture.eVétudied the MMP-1 inhibitory effects of BFE on
photoaging. The quantification of MMP-1 mRNA exgs®n was done by Realtime RT-PCR while the protein
expression assay was done by ELI$¥esults : Pretreatment with BFE decrease MMP-1 expresbiath at
MMP-1 mRNA and MMP-1 protein expression. There weignificant differences of mean value of MMP-1
mRNA and MMP-1 protein expression between everyugrbased on irradiation dose (p<0.05) and BFE
concentration (p<0.05). There were also interactietween irradiation dose and BFE concentratic®.(b).
We found there were negative correlation betweek BBncentration and either MMP-1 mRNA or protein
expression. There was positive correlation betwddiP-1 at mRNA level with protein levelConclusion :
BFE prevents UVB-induced MMP-1 expression both &NA and protein level, therefore BFE might be used
as a potential agent for skin photoaging.
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1. Introduction

Skin change is one of the most prominent signsgariga Skin can age in two ways, chronologic agamgl
extrinsic aging which occurs as a consequence pdsxe to environmental factors (Jenkins, 2000k Gfthe
most important external factor is sunlight irradiatwhich causes skin photoaging (Yaar & Gilchrg07).
Alterations and defficiencies of collagen, the majuctural component of the skin, have been ssiggl to be

a cause of the wrinkle of photoaging and naturaljjed skin. The expression of matrix metalloprotegna
(MMP)-1 and the down regulation of type 1 procolagynthesis play a major role in the process ofqaging
(Rittie & Fisher, 2002 ; Fowler, 2003).

It has been wellknown that chronic exposure of husian to UVB irradiation results in photoaging anduces
the production of MMPs (Brennan, et al., 2003). & studies have shown that hairless mice expased/B
developed wrinkled skin and significantly enhanc®R®1 mRNA expression (Takema, et al., 1999). In the
absence of a perfect repair, MMP-1 mediated cofladamage is accumulated with each successsive UV
exposure. However it has shown that the inhibibbMMP-1 activities by a specific MMP inhibitor spesses
UVB-induced wrinkle formation (Frei, 2004).

Broccoli Brassica oleracea L. var.italica Plenck) is a crucciferae group vegetables whichahgreat amount of
antioxidant (Fahey & Talalay, 1999). It has beeavpd in dermatology as antiinflammatoric (Talala@07)
and antimutagenic agents (Kern, et al., 2007).

2. Materialsand methods

2.1. Plant material

Broccoli flowers Brassica oleracea L. var. italica Plenck) were collected from a broccoli field atr&sagi,
North Sumatera, Indonesia. After processing to Baiep it extracted in 96% ethanol in the laborst@f
Faculty of Pharmacy University of Sumatera Utara.

2.2.Cell culture

The normal human fibroblast cells were asepticaédlylated from preputium circumcised skin. After the
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epidermis and dermis were separated mechanich#ydérmis was minced and attached on the surfatissog
culture flask. The cells were grown in Dulbecco’edified eagle’s medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) and 1% penicillin-strepyaim (GIBCO, Grand Island, NY USA). After 3 passage
the fibroblast were used for the experiment.

2.3. Ultraviolet irradiation

The UV light source originated from a Philips TL (12 RS fluorescent sun lamp) with an emissiorcspen

of 285-350 nm (peak at 310-315 nm). The cells wleee exposed to 50 and 100 m¥ctose of UVB light.

2.4. Broccoli Flower Extract (BFE) treatments

BFE was dissolved in DMEM. The BFE concentratioat thse for treatment comprise of 25, 50 and 10énj1g/
For treatment, the cells were maintained in cultmedia without FBS overnight, followed by treatmevith
BFE for 24 hour. The cells were rinsed twice wittopphate buffer saline (PBS) and UVB irradiatiopasure
were performed under a thin layer of PBS. Immedtljaafter irradiation, the cells were incubated émnsn-free
fresh culture media containing BFE. Every treatnvesis done triple.

2.5. RNA extraction and Realtime Reverse Transasg Polymerase Chain Reaction (RT-PCR)

To assay the MMP-1 mRNA, cell was isolated usingpwp DNA/RNA/protein (Qiagen) kit. RNA
concentration was quantified by spectrophotomet&®68 nm and the purity was determined using A 280/
ratio. All samples were reverse transcribed by 3captor First Strand cDNA synthesis kit (RocheheTRT-
PCR assay was specifically quantify mRNA level.dlh assays cDNA was amplified using a standardized
programme (30 seconds denaturing step %980 seconds annealing step &{G®BO seconds elongated step at
72°C). The expression on MMP-1 mRNA was determineddaftime PCR using Light cycler 1,2 (Roche) and
the SYBR Green (Applied Biosystem Roster City, CAhe primer were human MMP-1 sense primer, 5’ —
AAG CGT GTG ACA GTA AGC-TA 3’; anti sense primer5”"AAC CGG ACT TCA TCT CTG-3'. The
absolute quantification of primers had been dors=td@n fluorescence signal from samples.

2.6. ELISA

The supernatant from the culture was collected tandMMP-1 protein expression was quantified by Homa
MMP-1 ELISA kit ( Boster Biological technology Lt€hina ) at 450 nm using a microplate reader.

2.7. Statistical Analysis

Data were expressed as the mean value and andbyzeaalysis of variance (Anova) 2 ways. Statistica
significance was set a prior at p<0.05. Correlabietween BFE concentration and MMP-1 expressithreeat
mRNA or protein level were analyzed by Spearmanisetation test. Correlation between MMP-1 at mRNA
level and protein level was analyzed by Spearmeoreelation test.

3. Result

3.1. Effect of BFE on UVB-induced MMP-1 mRNA exps&m

To study the effect of BFE on UVB-induced MMP-1 mRMNxpressions, we performed Realtime RT-PCR in
human dermal fibroblast. It revealed that UVB iigin either at 50 or 100 mJ/énncreased the level of
MMP-1 and the BFE blocked UVB-induced up regulatafgMMP-1 (Fig.1). Anova two ways showed there
were significant differences of mean value of MMPARNA between every group based on UVB irradiation
dose (p<0,05) and BFE concentration (p<0,05) (Tapl€ontinued by multiple comparison test (LSDywhd
significant differences (p<0,05) between every griwased on irradiation dose and BFE concentrafibese
result indicated that BFE is a potent inhibitor dMP-1 on photoaging in UVB-irradiated human skin
fibroblast.
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Figure 1. Effect of BFE on UVB-induced MMP-1 mRNXpression
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Table 1. MMP-1 mRNA expression based on irradiatiose and extract concentration with Anova two ways

test

Sources Sum of squares Df Mean square F P
Irradiation dose 1086,760 1 1086,76 28767,187 (1,000
Extract concentration 25016,831 3 8338,944 22073®,0001*
Dose/concentration 2719,058 3 906,353 23991,688000:0
Error 0,680 18 0,038 0,0001*
Total 189648,830 27 0,0001*
Corrected Total 33225,274 26 0,0001*

*statistically significant

3.2. Effect of BFE on UVB-induced MMP-1 protein egpsion

To study the inhibitory effect of BFE on UVB-induteMMP-1 at the protein level, ELISA analysis was
performed. UVB-induced MMP-1 protein expression s@mificantly inhibited by the action of BFE. Ttaznt

of BFE with 25, 50 and 100 pg/ml inhibited MMP-Iotein expression in UVB-irradiated human skin
fibroblast (Fig. 2). By Anova two ways analysis feeind there were significant differences of meatlueaf
MMP-1 protein expression between every group basedVB irradiation dose (p<0.05) and BFE concerdrat
(p<0.05) (Table 2). Continued by multiple companidest (LSD) there were significant differences qid5)
between every group based on irradiation dose dte &ncentration. These result indicated that Bbird
regulated MMP-1 expression on photoaging in UMBdiated human skin fibroblast culture.
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Figure 2. Effect of BFE on UVB-induced MMP-1 prateixpression
Table 2. MMP-1 protein expression based on irréaiatlose and extract concentration with Anova twaysv

test
Sources Sum of squares Df Mean square F P
Irradiation dose 0,468 1 0,468 114912,7 0,0001*
Extract concentration 72,631 3 24,210 5942502 @60
Dose/concentration 22,006 3 7,335 1800,464 0,00017
Error 7,33x160 18 4,07x10
Total 805,667 27
Corrected Total 180,389 26

*statistically significant

3.3. Correlation between BFE concentration with RHY mRNA and MMP-1 protein expression

By Spearman’s correlation test we found there wgagrificant negative correlation between BFE comicgion
with MMP-1 mRNA expression at 50 mJ/citdVB irradiation dose (r=-0.972, p<0.01) and 80 ImJ/cr
UVB irradiation dose (r=-0.972, p<0.01), as wellBSE concentration and MMP-1 protein expression5&t
mJ/cnf UVB irradiation dose  (r=-0.973, p<0.01) and.@0 mJ/crAUVB irradiation dose (r=-0.972, p< 0.01)
(Table 3).
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Table 3. Correlation between BFE concentration WiMP-1 mRNA and MMP-1 protein expression

n r p

Extract concentration MMP-1 mRNA (50) 12 -0,972 (Do
MMP-1 protein (50) 12 -0,973 0,0001
MMP-1 mRNA (100) 12 -0,972 0,0001
MMP-1 protein (100) 12 -0,972 0,0001

Spearman’s correlation test; Correlation is sigaifit at the 0,01 level (2-tailed); 50: UVB irradtiat dose
50 mJ/cr;100: UVB irradiation dose 100 mJ/ént: correlation coefficient
3.4.Correlation between MMP-1 mRNA level with piiatevel

By Spearman’s correlation test we found there veigeificant positive correlation between MMP-1
mRNA with protein level at 50 mJ/@YUVB irradiation dose (r=0.911, p=0.0001) and 100/anf UVB
irradiation dose (r=0.972, p=0.0001) (Table 4). S¢heesult indicated BFE inhibit UVB-induced MMP-tLthe
primary regulation (MRNA level) and also at theragellular protein regulation step.
Table 4. Correlation between MMP-1 mRNA level wittotein level

MRNA Protein n r p
MMP-1 (50) MMP-1 (50) 12 0,911 0,0001
MMP-1 (100) MMP-1 (100) 12 0,972 0,0001

Spearman’s correlation test; Correlation is sigaifit at the 0,01 level (2-tailed); 50 : UVB irraiia dose 50
mJ/cnt; 100 : UVB irradiation dose 100 mJ/&m : correlation coefficient

4. Discussion

Recent evidence indicates that chronologically aaysdl UV-irradiated skin share important molecutatfires
including altered signal transduction pathways fratmote MMP expression, decrease procollagen sgigh
and connective tissue damage (Brenneisen, et@02;2Choi, et al., 2006; Fisher, et al., 2009; Vigrat al.,
2000).

It is known that the mechanism for skin photoagmglue to the production of reactive oxygen spe@ReS)
induced by UV irradiation. The activation of RO@des to a series of signal transduction and stitmule gene
transcription of matrix-degrading enzymes, sucMd&P-1 (collagenase) (Yamamoto, 2001), which isniegor
collagenolityc enzyme responsible for collagen dgena UV-irradiated human skin (Brennan, et alQ20

The increasing of age will induce the rise up d#lMlevels and the decrease of collagen syntif¥sisani, et
al., 2000). Hence, the development of MMP inhilsites considered to be a promising strategy for qéging
(Hu, et al., 2000). In recent years, the develogmémrompounds with MMP inhibition activities fromatural
plants has received a great deal of attention (Meoral., 2005; Choi, et al., 2007; Kim, et al.0Z0Hsu &
Chiang, 2009). The antioxidant capable to inhib& tnitogen activated protein kinase (MAPK) pathwiagt
produce MMP-1, therefore premature aging inducetl¥%$3 irradiation may be inhibited (Frei, 2004). Bl
flower extract Brassica oleracea L. var. italica Plenck) contains of multiple antioxidants and witas such as
sulforaphane, indole, vitamin A C, E, beta carofepercetine, kaempfaerol, gluthatione and selerfipteknet,
2005; Jeffery & Araya, 2009).

We studied the MMP-1 inhibitory effect of BFE asew potential anti-photoaging substance by varioustro
experiments. UVB can induce MMP-1 expression amatfon of dose, similarly as shown in our studhei at
UVB irradiation dose of 50 or 100 mJ/&nThe time after UV exposure in vitro directly deténes the extent of
damage that is inflicted on MMP-1 expression (Biem et al., 2003). MMP-1 expression increases bsth
function of time and dose in cultured cells in @sge to UV exposure (Moon, et al., 2009; Moon,| et2908).
We found that pretreatment with 25, 50 and 100 idBFE concentration, inhibited UVB-induced MMP-1
expression either at mRNA or protein level comparethe UVB-only irradiated group. PretreatmenthwBFE
decrease MMP-1 expression both at mMRNA and prdésiel. There were interaction between UVB irradiati
dose and BFE concentration to the expression of MMMR means that UVB irradiation dose and BFE
concentration together influence the mean valudP-1 expression both at mMRNA and protein level. &l&o
found there were negative correlation between BBicentration with MMP-1 mRNA and MMP-1 protein
expression, thereby the increasing of BFE conctotrdeads the MMP-1 expression decline. There were
positive correlation between MMP-1 expression atNARevel and protein level at 50 mJ/émnd 100 mJ/cf
UVB irradiation.

This study demonstrates the inhibitory effect oEBéh the MMP-1 expression via mRNA and proteiragsa
skin photoaging process that induced by UVB imoviTherefore, we suggest that BFE should be vieagd
potential therapeutic agent for preventing andtimgaskin photoaging in the near future.

5. Conclusion
BFE had MMP-1 inhibitory effects either at mRNA protein level on the process of photoaging in UVB
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irradiated human fibroblast culture. Therefore BR& been proved as an antiphotoaging agent by MMP
inhibitor action in cellular as well as moleculawél in vitro.

Finally it is suggested that further investigatmmBFE involving animal and human subjects sha@atarried
out.
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