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UV is a potent factor in skin photoaging and photocarcinogenesis. Therefore, investigating the inhibiting
mechanisms of photoaging would be useful to enable development of agents to slow down the aging
process. UV-irradiation increased metalloproteinase (MMP)-1,3 and 9 and then causes collagen and elas-
tin degradation, leading to the formation of coarse wrinkles and sagging skin. Polyphenols, a group of
compounds, possessing a variety of biological activities including inhibition of MMP-1 and elastase,
are widely distributed in plants including Coffea arabica. In this study, Coffea arabica leaves extract
(CAE), its hydrolysates (CAH), chlororgenic acid and caffeic acid, are studied for their anti-photoaging
effect. Coffea arabica leaves were extracted with methanol, and the extract was hydrolyzed with different
concentrations of hydrochloric acid. The various concentrations of CAE, CAH, chlororgenic acid and caffeic
acid were subject to MMPs and elastase inhibition tests. The fibroblast was used for collagen synthesis
and MMP-1, -3, -9 inhibition tests on herbal extracts. The results showed that CAE stimulated type I
procollagen expression, inhibited MMP-1, -3, -9 expression and inhibited the phosphorylation of JNK,
ERK and p38. The results suggest that CAE can prevent photo-damage in skin through inhibiting MMP
expression and MAPK pathway.

� 2010 Published by Elsevier Ltd.
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1. Introduction

Skin aging is a progressive process, which can be divided into
two basic processes, intrinsic aging and photoaging (Chung,
2003). Intrinsic aging is characterized by smooth, dry, pale and fi-
nely wrinkled skin. Environmental factors involving UV irradiation
induce photoaging, which is characterized by severe wrinkling and
pigmentary changes, such as solar lentigo and mottled pigmenta-
tion on exposed areas such as the face, neck and forearm. UV irra-
diation induces the synthesis of matrix metalloproteinases (MMPs)
in human skin in vivo. UVB is known to induce the overexpressions
of MMP-1, -3, and -9 in the normal human epidermis in vivo (Fisher
et al., 1996). Some research has proposed that MMP-mediated
collagen destruction accounts, in large part, for the connective
tissue damage that occurs in photoaging (Rabe et al., 2006).

The most abundant structural protein in skin connective tissue
is type I collagen, which is responsible for conferring strength and
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resiliency (Gelse et al., 2003). Type I collagen is synthesized pri-
marily by fibroblasts residing within skin connective tissue (der-
mis). It is synthesized as a soluble precursor, type I procollagen,
which is secreted from fibroblasts and proteolytically processed
to form insoluble collagen fibers. Disorganization, fragmentation,
and dispersion of collagen bundles are prominent features of
photodamaged human skin.

Polyphenols are abundant in fruits, vegetables, green tea and
wine. Tea polyphenol, EGCG, showed skin photoprotection through
hampering collagen destruction and collagenase activation (Kati-
yar, 2003; Bae et al., 2008). Rubiaceae is rich in polyphenols, and
Coffea arabica belongs to Rubiaceae. It has been reported that cof-
fee extract inhibits hepatitis B virus expression (Utsunomiya et al.,
2008), enterobacteria (Almeida et al., 2006), super oxide free radi-
cals and lipid peroxidation (Namba and Matsuse, 2002). The com-
ponents of Coffea arabica involve diterpenoid alcohols (such as
cafestol and kahweol), alkaloid (caffeine) and organic acids (caffeic
acid and chlorogenic acid) (Ranheim and Halvorsen, 2005). Chlo-
rorgenic acid and catechin are polyphenols (Kim et al., 2006),
which would suggest the potential of Coffea arabica as an effective
protection against photoaging. In a previous study, caffeic acid
applied on abdominal skin suppressed the UVA-induced reactive
its constituents prevent photoaging by suppressing MMPs expression and
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oxygen species (ROS); caffeic acid existed in the skin after oral
ingestion (Yamada et al., 2006).

The aim of this study was to investigate the potential and mech-
anisms of CAE and CAH in counteracting UVB induced MMP-1, -3
and -9 secretion and UVB-induced type I procollagen reduction.

2. Materials and methods

2.1. Materials

The leaves of Coffea arabica were harvested in Yunlin County, Taiwan. Human
foreskin fibroblasts were obtained from Bioresource Collection and Research Center
(Hsinchu, Taiwan). Gelatin, agarose, hydrochloric acid, methanol, dimethyl sulfox-
ide (DMSO), doxycycline hyclate, caffeic acid, chlorogenic acid, calcium chloride
(CaCl2), propylene glycol (PG), DL-dithiothreitol, Folin–Ciocalteu reagent,
1,1-diphenyl-2-picrylhydrazy (DPPH) and 2,20-Azobis (2-methylpropionamidine)
dihydrochloride (AAPH) were purchased from Sigma–Aldrich Chemicals (St. Louis,
MO, USA). Fetal bovine serum (FBS), penicillin–streptomycin, trypsin–EDTA, and
Dulbecco’s Modified Eagle’s Medium (DMEM) were purchased from Gibco, Invitro-
gen (Carlsbad, CA, USA). Coomassie blue R-250, dibasic sodium phosphate, lgepal™
CA-630, tris, sodium dodecyl sulfate (SDS) and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) were purchased from USB (Cleveland, OH,
USA). Collagenase was purchased from Calbiochem, Merck (Darmstadt, Germany).
Fluorogenic Peptide Substrate I was purchased from R&D System (Wiesbaden, Ger-
many). Bradford Reagent was supplied by Bio-Rad Laboratories (Hercules, CA, USA).
Donkey anti-goat IgG-HRP, ERK 1 (C-16), JNK1 (G-13), MMP-1 (L-20), MMP-3 (1B4),
MMP-9 (6-6B), p38 (A-12), p-p38 (Thr 180/Tyr 182)-R, p-JNK (Thr 183/Tyr 185),
p-ERK 1/2 (Thr 202/Tyr 204) were purchased from Santa Cruz Biotechnology, Inc.
(CA, USA). Elastase substrate IV and porcine elastase were purchased from Calbio-
chem (San Diego, CA, USA).

2.2. Preparation of Coffee arabica leaves extract (CAE) and its hydrolysates (CAH)

The fresh coffee leaves were dried by oven at 50 �C. The dried leaves were
ground and then extracted twice with 30-fold volume of methanol ultrasonically
for 1 h. The supernatant was filtered and the filtrate was collected. The filtrate
was evaporated to dryness in vaccuo. The CAE was dissolved in DMSO, and then
2 mL of 1.2 N and 2.4 N HCl were added to hydrolyze at 80 �C for 30 min and
60 min, respectively. After hydrolysis, the solution was partitioned with ethyl ace-
tate (EA). The EA layer was evaporated to dryness in vacuo. The abbreviation and
hydrolytic conditions of Coffee hydrolysates are as follows: CAH1, 1.2 N HCl,
0.5 h; CAH2, 1.2 N HCl, 1 h; CAH3, 2.4 N HCl, 0.5 h; CAH4, 2.4 N HCl, 1 h. The CAE
and its hydrolysates were stored at �20 �C before use.

2.3. Total phenolic content of coffee preparation

Total phenolic content was determined by the Folin–Ciocalteu reaction (Ragazzi
and Veronese, 1973). A mixture of 100 lL of CAE and 200 lL of 10% Folin–Ciocalteu
phenol reagent was prepared and allowed to stand at room temperature for 5 min.
Then 800 lL of sodium carbonate (700 mM) was added to the mixture. The result-
ing blue complex was then measured at 760 nm. Gallic acid was used as a standard
for the calibration curve. The phenolic compound contents were calibrated using
the linear equation base on the calibration curve. The contents of phenolic com-
pounds were expressed as mg gallic acid equivalent/g dry weight. The dry weight
indicated was coffee leaves dry weight.

2.4. The antioxidant effects of CAE

2.4.1. DPPH radical scavenging activity
In this assay, ascorbic acid was used as a positive control. Reaction mixtures

containing a methanolic solution of 200 lM DPPH (100 lL) and serial dilutions of
sample ranging from 25 to 1000 lg/mL were placed in a 96-well microplate at room
temperature in the dark for 30 min. After incubation, the absorbance was read at
492 nm by ELISA reader (Tecan, Austria). Scavenging activity was determined by
the following equation:

% scavenging activity ¼ 1� Asample=Acontrol
� �� �

� 100

206
207
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209

210
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214
2.4.2. Preparation of erythrocyte suspensions and hemolysis assay
Blood was obtained from male SD rats via cardiopuncture, and the whole blood

was collected in an EDTA-containing tube. This animal study adhered to The Guide-
book for the Care and Use of Laboratory Animals (Published by The Chinese Society
for Laboratory Animal Science, Taiwan). The erythrocytes were isolated by centrifu-
gation at 3000g for 10 min, washed four times with PBS, and then re-suspended to
the desired hematocrit level using the same buffer. In order to induce free radical
chain oxidation in the erythrocytes, aqueous peroxyl radicals were generated by
thermal decomposition of AAPH in oxygen (Barclay et al., 1984). An erythrocyte
Please cite this article in press as: Chiang, H.-M., et al. Coffea arabica extract and
MAPK pathway. Food Chem. Toxicol. (2010), doi:10.1016/j.fct.2010.10.034
suspension at 5% hematocrit was incubated with PBS (control) and preincubated
with CAE (10–50 lg/mL) at 37 �C for 30 min, followed by incubation with and with-
out 25 mM AAPH in PBS at pH 7.4. This reaction mixture was shaken gently while
being incubated for a fixed interval at 37 �C. Two-hundred microliters of the reac-
tion mixture was removed and centrifuged at 3000g for 2 min, with absorbance
of the supernatant determined at 540 nm. Reference values were determined using
the same volume of erythrocytes in a hypotonic buffer (5 mM phosphate buffer at
pH 7.4; 100% hemolysis). The hemolysis percentage was calculated using the for-
mula [(Asample/Acontrol)] � 100.

2.5. The screening of MMP and elastase inhibition

2.5.1. Gelatin digestion assay (Kim et al., 2006)
Agarose solution (1%) was prepared in a collagenase buffer (50 mM Tris–HCl,

10 mM CaCl2, 0.15 M NaCl, pH 7.8) with 0.15% porcine gelatin (Sigma Aldrich,
Cat. G-2500) and allowed to solidify on plates (8 � 6 cm) for 1 h at room tempera-
ture. Various concentrations of CAE and CAH (10 lL) dissolved in 50% PG were incu-
bated with 10 lL of bacterial collagenase-1 (0.1 mg/mL) in 80 lL of collagenase
buffer for 1 h at room temperature (doxycycline hyclate as a positive control).
The samples (40 lL) were loaded onto paper disks placed on gelatin-agarose gel
and incubated for 18 h at 37 �C. The degree of gelatin digestion in agarose gel
was visualized by Coomassie Blue staining after removal of the paper disks. Follow-
ing destaining, the area of light translucent zone over blue background was deter-
mined by a densitometric program to estimate gelatinase activity.

2.5.2. MMP activity assays by fluorescent gelatin
The assay was followed Kim et al. (2006) with modification. Enzyme activity as-

says were performed in a 50 mM tris buffer (pH 7.8), 0.15 M NaCl and 10 mM CaCl2.
Various concentrations of CAE and CAH were tested for their ability to digest a syn-
thetic fluorogenic substrate (a general MMP substrate). Each concentration of CAE
and CAH was incubated with 1 lM substrate at 37 �C for 20 h. Fluorescence inten-
sity was measured at 328 nm (excitation) and 393 nm (emission) with a fluores-
cence reader (Thermo Electron Corporation, Vantaa, Finland).

2.6. Measurement of elastase activity

The elastase inhibition test on CAE and CAH was investigated using elastase
from porcine pancreases. This assay was modified from Kim et al. (2007). Five hun-
dred units of elastase were dissolved in 5 mL of 10 mM tris buffer solution (pH 6.0),
and 5 mg of elastase substrate IV was dissolved in 5 mL of 100 mM tris buffer solu-
tion (pH 8.0). To measure elastase activity, 100 mM tris buffer solution (pH 8.0)
100 lL, elastase substrate IV solution 25 lL, sample solution 50 lL and elastase
solution 25 lL were dispensed into each well of a 96-well plate and then preincu-
bated for 20 min at room temperature. The elastase activity was quantified by mea-
suring light absorbance at 405 nm by ELISA reader (Tecan, Austria). Each assay was
carried out in triplicate.

The inhibition rate of elastase was calculated by the following equation:

Inhibition ð%Þ ¼ 1� ðC � DÞ
ðA� BÞ � 100

where A means the absorbance with enzyme but without sample, B means the absor-
bance without enzyme and sample, C means the absorbance with enzyme and sam-
ple, and D means the absorbance without enzyme but with sample.

2.7. Cell culture

Human foreskin fibroblasts (Hs68) were maintained in DMEM supplemented
with 10% FBS, 100 U/mL penicillin, and 100 U/mL streptomycin at 37 �C in 5% CO2

humidified air. The cells were subcultured following trypsinization, and cells were
used in the 20th to 35th passages.

2.8. UVB irradiation dose

Prior to UV irradiation, cells were washed with PBS twice and covered with PBS.
A UV lighter (302 nm, CL-1000 M, UVP, USA) was used. The UVB irradiation doses
were 80 mJ/cm2 (exposure time was 30 s) according to preliminary study. At this
UV dose, the cell viability would not significantly reduce and the expression of
MMPs and MAPKS were induced (data not shown). After UVB irradiation, PBS was
replaced with a serum-free medium and then incubated for 24 h for the thiazolyl
blue tetrazolium bromides (MTT) and MMP assay.

2.9. The protection effect and mechanism of coffee preparations on photoaging

2.9.1. Cell viability test
The fibroblasts were plated at a density of 104 cells/well in 96 well plates per

100 lL medium. The cells were allowed to attach overnight and were treated with
50 lL of various concentrations of CAE and CAH dissolved in DMEM with few DMSO
for 24 h (the final concentration of DMSO was lower than 0.1%). The cytotoxicity of
its constituents prevent photoaging by suppressing MMPs expression and

http://dx.doi.org/10.1016/j.fct.2010.10.034
Original text:
Inserted Text
Folin-Ciocalteu 

Original text:
Inserted Text
1,1-Diphenyl-2-picrylhydrazy 

Original text:
Inserted Text
2,2’-Azobis 

Original text:
Inserted Text
Sigma-Aldrich 

Original text:
Inserted Text
penicillin-streptomycin, trypsin-EDTA, 

Original text:
Inserted Text
lgepalTM 

Original text:
Inserted Text
Arabica 

Original text:
Inserted Text
50°C. 

Original text:
Inserted Text
80°C 

Original text:
Inserted Text
vaccuo. 

Original text:
Inserted Text
hydrolysats 

Original text:
Inserted Text
-20°C 

Original text:
Inserted Text
Folin-Ciocalteu 

Original text:
Inserted Text
Folin-Ciocalteu 

Original text:
Inserted Text
Radical Scavenging Activity

Original text:
Inserted Text
37°C 

Original text:
Inserted Text
37°C. 

Original text:
Inserted Text
[(A

Original text:
Inserted Text
/A

Original text:
Inserted Text
×100.

Original text:
Inserted Text
Tris-HCl, 

Original text:
Inserted Text
cm×6 

Original text:
Inserted Text
37°C. 

Original text:
Inserted Text
37°C 

Original text:
Inserted Text
equation:Inhibition (%) = 1 - × 100where 

Original text:
Inserted Text
37°C 

Original text:
Inserted Text
20th 

Original text:
Inserted Text
35th 

Original text:
Inserted Text
CL-1000M, 

Original text:
Inserted Text
seconds) 

user
Cross-Out

user
Replacement Text
vacuo

user
Cross-Out

user
Replacement Text
μg gallic acid equivalent/mg dry weight

user
Cross-Out

user
Replacement Text
Scavenging activity (%)

user
Cross-Out

user
Replacement Text
MAP kinases

user
Cross-Out

user
Replacement Text
MAP kinase



215
216
217
218

219
220
221
222
223
224
225

226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246

247

248
249
250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

100

120

H.-M. Chiang et al. / Food and Chemical Toxicology xxx (2010) xxx–xxx 3

FCT 5700 No. of Pages 11, Model 5G

11 November 2010
CAE and CAH was evaluated in the cells cultured for 3 h using the MTT solution, and
75 lL of 10% SDS in 0.01 N HCl was added to the cell culture overnight. Metabolic
activity was quantified by measuring light absorbance at 570 nm (Tecan, Austria).
Each assay was carried out in triplicate.
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2.9.2. The measurement of total collagen
The total collagen synthesis of fibroblast after UVB exposure was measured by

Sircol™ soluble collagen assay kit (Biocolor Ltd., UK) following the manufacturer’s
protocol. Briefly, the sample was mixed with Sircol dye reagent and incubated in
room temperature for 30 min. After centrifugation, ice-cold acid-salt wash reagent
was added to the precipitate and then centrifuged. The precipitate was dissolved
with Alka reagent and the absorption was determined at 555 nm (Tecan, Austria).
Conc. (µµg/mL)

CAE-25

CAE-50

CAE-100

CAE-200

CAE-250

CAE-500

CAE-1000

Asco
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- 1
2.5 

I

0

20

Fig. 1. Antioxidant effect of CAE on DPPH radical-scavenging (n = 6). CAE exhibited
the activity of DPPH radial scavenging activity when the dose was higher than
50 lg/mL. The IC50 of CAE on DPPH radical-scavenging was 9.8 lg/mL.

100
control
CAE 10 ug/mL 
CAE 25 ug/mL 
2.9.3. Western blot analysis
Cells were harvested and homogenized with lysis buffer (50 mM tris pH 7.4,

150 mM NaCl, 1 mM DL-dithiothreitol, 0.5% sodium deoxycholate, 1 mM EDTA,
1% lgepal CA-630, 0.1% SDS, 0.1 mM Na3VO4, 0.02 mg/mL leupeptin and 0.1 mM
PMSF (phenylmethanesulfonyl fluoride). The lysates were centrifuged at 12,000g
for 10 min at 4 �C, and protein content was determined using a Bradford reagent
(Bio-Rad, Hercules, CA, USA). Equal amounts of protein (30 lg) were separated on
a 10% SDS–PAGE and then transferred to a PVDF membrane (Hybond ECL, Amer-
sham Pharmacia Biotech Inc., Piscataway, NJ, USA). Blots were blocked for 2 h at
room temperature with 5% (w/v) non-fat milk in TBS buffer (10 mM Tris–HCl, pH
7.5, 150 mM NaCl) containing 0.05% Tween 20 (TBST). The membrane was incu-
bated overnight at 4 �C with specific antibodies. One is goat polyclonal antibodies
against MMP-1 (1:500) and type I procollagen (1:500). Another is mouse polyclonal
antibodies against MMP-3 (1:500), MMP-9 (1:500), ERK (1:500), JNK (1:500), p38
(1:500), p-ERK (1:500), p-JNK (1:500) and p-p38 (1:500), respectively (Santa Cruz
Biotechnology, Inc.). The membranes were washed with TBST for 40 min. The blot
was then incubated with the corresponding conjugated anti-immunoglobulin
G-horseradish peroxidase (Santa Cruz Biotechnology Inc.). Immunoreactive pro-
teins were detected with the ECL Western blotting detection system (Fujifilm,
LAS-4000). Signal strengths were quantified using a densitometric program (multi
Gauge V2.2).
io
n 

(%
) 60

80
CAE 50 ug/mL 
2.10. Statistical analysis

Differences between groups in experiments were analyzed for statistical signif-
icance by ANOVA followed by Scheffe’s test. P < 0.05 was considered statistically
significant.
Time (hr)
1 1.5 2 3 4

In
hi
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t

-20

0

20

40

Fig. 2. The time course inhibition of CAE on AAPH-induced lysis of rat erythrocyte.
The CAE provided a strong inhibitory effect and in a dose-dependent manner (10–
50 lg/mL) against erythrocyte hemolysis. The IC50 of CAE on AAPH-induced lysis of
rat erythrocyte was 33.5 lg/mL.
3. Results

3.1. The extraction rate, quantitaion and total phenolic content of
coffee leaves

The extraction yield of coffee leaves was 10.4%. The amount of
chlorogenic acid was 48.3 ± 0.4 mg/g but caffeic acid was below
lower limit of quantitation, and in CAH1, the chlorogenic acid
was 8.1 ± 0.4 mg/g and caffeic acid was 4.2 ± 0.3 mg/g. The amount
of total phenols in the extract was determined by the Folin–
Ciocalteu method. The total phenolic content expressed as lg gallic
acid equivalents per mg of dry weight (coffee leaves) is
26.7 ± 1.6 lg/mg.
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3.2. The antioxidant effect of CAE

3.2.1. Scavenging of DPPH radicals
Fig. 1 shows the free radical scavenging activity of CAE

(25–1000 lg/mL) and ascorbic acid (12.5 lg/mL). Our results indi-
cated that CAE exhibited the activity of DPPH radial scavenging
activity when the dose was higher than 50 lg/mL.
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3.2.2. Erythrocyte hemolysis assay
The influence of the CAE on in vitro erythrocyte hemolysis was

examined by incubating rat erythrocytes in the presence of 25 mM
AAPH as an initiator of oxidation. The CAE provided a strong inhib-
itory effect and in a dose-dependent manner (10–50 lg/mL)
against erythrocyte hemolysis when treated time over 1 h (Fig. 2).
Please cite this article in press as: Chiang, H.-M., et al. Coffea arabica extract and
MAPK pathway. Food Chem. Toxicol. (2010), doi:10.1016/j.fct.2010.10.034
3.3. The screening of MMPs and elastase inhibition

3.3.1. Inhibitory effect of CAE and CAH on bacterial collagenase-1
assessed by gelatin digestion assay

For visual investigation of the inhibitory effect of CAE and CAH
on MMPs, an indirect assay was developed using bacterial collage-
nase-1, as described above (Kim et al., 2006). Following incubation
of bacterial collagenase-1 with various concentrations of CAE and
CAH, the inhibition of enzyme activity was compared with enzyme
activity of the control group. As shown in Fig. 3, the control group
treated with reaction products of bacterial collagenase-1 and 5% of
PG exhibited the highest gelatinolytic activity in the discrete zone,
representing no enzyme inhibition. Gelatinolytic activity was de-
creased following dose-dependent treatment of CAE and CAH.
its constituents prevent photoaging by suppressing MMPs expression and
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Fig. 3. The inhibition of CAE and CAH, caffeic acid and chlorogenic acid on
collagenase activity. (a) CAE and CAH 1000 lg/mL, (b) CAE 50–1000 lg/mL, and (c)
CAE (1000 lg/mL), chlorogenic acid and caffeic acid (1000 lM). CAE significant
reduced collagenase activity in gelatin digestion but the collagenase inhibitory
ability of CAH was less than which of CAE (hydrolysate 1, hydrolyzed by 1.2 N HCl
for 30 min; hydrolysate 2, 1.2 N HCl for 60 min; hydrolysate 3, 2.4 N HCl for 30 min;
hydrolysate 4, 2.4 N HCl for 60 min) (*P < 0.05; **P < 0.01; ***P < 0.001).
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The inhibition of gelatin digestion by collagenase of CAE, CAH, caf-
feic acid and cholorogenic acid is shown in Fig. 3a–c. The inhibition
of doxycycline (100 lg/mL, as positive control) and 50% PG (as
blank) was 97.3 ± 0.02% and 0.4 ± 0.92%, respectively. A significant
reduction in gelatin digestion was observed with 100 lg/mL or
higher concentrations of CAE, representing inhibition of bacterial
collagenase-1 activity more than 50%. However, the collagenase
inhibitory ability of CAH was less than that of CAE. The inhibition
of CAE (1000 lg/mL), CAH1, CAH2, CAH3 and CAH4 was 100.0 ±
0.05%, 99.5 ± 0.06%, 96.7 ± 0.08%, 97.0 ± 0.07% and 95.1 ± 0.23%,
respectively. In addition, the results of 100 lM caffeic acid and
chlorogenic acid are shown in Fig. 3c; the inhibition rates were
26.1 ± 0.5% and 35.9 ± 0.9%, respectively.

3.3.2. Fluorometric analysis of inhibitory effect of CAE and CAH on
bacterial collagenase-1

In order to elucidate the inhibitory effect of CAE on bacterial
collagenase-1, fluorescence-conjugated gelatin was used and com-
pared with the positive control-doxycycline hyclate. In this study, a
fluorescence-conjugated substrate was incubated with bacterial
collagenase-1 for 20 h in the presence of different concentrations
of CAE and CAH and doxycycline hyclate in 37 �C, respectively.
CAE exhibited a significant inhibitory effect on bacterial collage-
nase-1 even at a low concentration (10 lg/mL). The inhibition rate
was 80% of that of the control. The hydrolysates in high concentra-
tion showed similar inhibition on collagenase but poor inhibitory
ability in low concentration. The inhibition of CAE and CAH (10–
500 lg/mL) was dose-dependent (Fig. 4). The inhibition of CAE
and CAH at high dose (500 lg/mL) was higher than 95%, but the ef-
fect was decreased as the concentration was reduced. In addition,
the inhibitions of CAH decreased as the concentration of acid and
the hydrolysis time increased.

3.4. Measurement of elastase activity

As Fig. 5 shown, the effect of CAE and CAH on elastase activity
was not significant, and the inhibition of CAE was similar to the po-
sitive control (2 mM elastase inhibitor I) at high concentration
(500 lg/mL), but the efficacy of CAH was not obvious.
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Fig. 4. The inhibition (%) of CAE and CAH on the activity of bacterial collagenase.
CAE exhibited a significant inhibitory effect on bacterial collagenase-1 even in low
concentration (10 lg/mL). The hydrolysates in high concentration showed similar
inhibition on collagenase. The inhibition of CAE and CAH (10–500 lg/mL) were
dose-dependent manner. The IC50 of CAE, CAH1, CAH2, CAH3 and CAH4 were 3.2,
15.3, 5.6, 10.6 and 32.9 lg/mL, respectively.
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3.5. Effect of CAE and CAH on the cell viability

Hs68 cells were treated with various concentrations of CAE and
CAH, and cell viability was measured using the MTT assay. As
shown in Fig. 6, the resulting survival curve indicated that CAE
(1–1000 lg/mL) and CAH (1–1000 lg/mL) did not exhibit cytotoxic
effects on the proliferation of cells. In addition, the preparations at
high concentration (>100 lg/mL) stimulate cell growth (120%).
Caffeic acid and chlorogenic acid (5–80 lM) did not have cytotoxic
effects on the proliferation on fibroblasts (Fig. 7) and these concen-
trations were applied for the following experiments.
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3.6. Effects of coffee preparation and its constituents on UVB induced
photoaging

3.6.1. Effect of CAE, CAH, caffeic acid and chlorogenic acid on MMP
expression

According to the preliminary study, UV irradiation induced
photodamaged fibroblasts at an exposure dose of 80 mJ/cm2 has
been shown to increase MMP secretion level and to decrease type
I procollagen synthesis (data not shown). The cell viability is
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Fig. 6. Cell viability (%) of CAE and CAH on human foreskin fibroblasts. CAE (1–
1000 lg/mL) and CAH (1–1000 lg/mL) did not exhibit cytotoxic effects on the
proliferation of cells. In addition, the preparations at high concentration (>100 lg/
mL) stimulate cell growth (120%) (*P < 0.05; **P < 0.01; ***P < 0.001).
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98 ± 0.8% of control after 80 mJ/cm2 UVB exposure (data not
shown). This dose equates to about 45 s exposure at the noontime
on July in Middle Taiwan measured by a UV meter (UVP, USA). This
dose was chosen as the exposure dose in the following experiment.
CAE pre-treated cells before UVB (80 mJ/cm2) irradiation showed
significant inhibition of MMP-1, -3, -9 at 5 lg/mL, but CAH did
not present the same effect.

In Fig. 8, MMP-1 expression was increased after UVB irradiation,
and CAE (5–25 lg/mL) pretreatment diminished the effect. In addi-
tion, the effect of CAE on MMP-1 expression was dose-dependent.
The results of MMP-3 and -9 resembled those of MMP-1. Caffeic
acid (5–50 lM) inhibited UVB-induced MMP-1 and -9 overexpres-
sion, but not MMP-3 (Fig. 9). Chlorogenic acid (5–50 lM)
pretreated would inhibit UVB-induced MMP-1 and -3 overexpres-
sion but not MMP-9. And chlorogenic acid showed an inhibitory
effect on MMP-3 (50 lM) at a high dose.
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3.6.2. Effect of CAE, caffeic acid and chlorogenic acid on type I
procollagen expression

The fibroblasts were pretreated with CAE (5–25 lg/mL) for
15 min, exposed to UVB, and treated with CAE for 24 h. The expres-
sion of type I procollagen is shown in Fig. 8; 10 lg/mL of CAE
would restore the type I procollagen to 60% of that of the control
group. Caffeic acid and chlorogenic acid would not restore UVB-
inhibited type I procollagen expression (Fig. 9).
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3.6.3. Effect of CAE, on total collagen
The fibroblasts were pretreated with CAE (5–50 lg/mL) for

15 min, exposed to UVB, and treated with CAE for 24 h. The synthe-
sis of collagen is shown in Fig. 10; UVB exposure will significantly
suppress the total collagen and CAE will restore that when concen-
tration was higher than 10 lg/mL (Fig. 10).
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3.6.4. Effect of CAE, caffeic acid and chlorogenic acid on MAP kinase
expression

As Fig. 11 shown, UV (80 mJ/cm2) will induce the phophoryla-
tion of p38, ERK and JNK. The inhibition effect of CAE (5–25 lg/
mL) on JNK phosphorylation was dose-dependent (Fig. 11), and
the effect was significant when the dose higher than 10 lg/mL.
ERK activation was suppressed at a CAE dose of 25 lg/mL. CAE at
a low dose (5 and 10 lg/mL) inhibited p38 phosphorylation, but
did not do so at 25 lg/mL. Caffeic acid and chlorogenic acid did
not inhibit MAP kinase expression (data not shown).
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Fig. 8. Effects of CAE on the UVB-induced expression of MMP-1, 3 and 9 and type I procollagen in human foreskin fibroblasts. MMP-1 expression was increase after UVB
irradiation, and CAE (5–25 lg/mL) pretreatment would diminish the effect. The results of MMP-3 and -9 resembled to MMP-1. CAE would restore the type I procollagen to
60% of the control group (*P < 0.05; **P < 0.01; ***P < 0.001).
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4. Discussion

In the literature, it has been reported that UV-induced inflam-
mation and the resulting accumulation of ROS play an important
role in chronologically aged and photoaged skin in vivo (Kawaguchi
et al., 1996). Increased ROS production alters gene and protein
structure and function, leading to skin damage (Rittié and Fisher,
2002). UV irradiation also enhances collagenase activity and con-
tributes to wrinkle formation through degradation of the collagen
in dermal extracellular matrix (Brenneisen et al., 2002; Dong et al.,
Please cite this article in press as: Chiang, H.-M., et al. Coffea arabica extract and
MAPK pathway. Food Chem. Toxicol. (2010), doi:10.1016/j.fct.2010.10.034
2008; Uitto, 2008). Collagenase inhibitors have been identified as
potential therapeutic candidates for anti-photoaging and preven-
tion of wrinkle formation (Inomata et al., 2003). Polyphenols are
predominantly present as glycosides in Chinese herbs, while it
has been reported that the aglycone’s activity was superior to that
of glycones (Kim et al., 2004). Aglycone was hydrophobic and more
easily penetrated through the skin and then absorbed. In the liter-
ature, it has been reported that numbers of plant-extracts sup-
pressed collagenases (Leu et al., 2006; Lim and Kim, 2007), but
studies about the activities of aglycones on collagenase are rare.
its constituents prevent photoaging by suppressing MMPs expression and
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Fig. 9. Effects of caffeic acid and chlorogenic acid on the UVB-induced expression of MMP-1, 3, 9 and type I procollagen in human foreskin fibroblasts. Caffeic acid (5–50 lM)
would inhibit UVB-induced MMP-1 and -9 overexpression, but not MMP-3. Cholorogenic acid (5–50 lM) pretreated would inhibit the UVB-induced MMP-1 and -3
overexpression, but not MMP-9. Caffeic acid and cholorogenic acid would not restore the UVB-inhibited type I procollagen expression (*P < 0.05; **P < 0.01).
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This study attempted to investigate the collagenase inhibition of
CAE before and after acid hydrolysis.

The results in Fig. 3 indicate that the collagenase inhibition of
CAE and CAH at 1000 lg/mL were higher than 90%, and the inhi-
bition was 84% at 10 lg/mL of CAE. As Fig. 4 shown, the activities
of CAH on collagenase inhibition varied with the condition of
hydrolysis time, temperature and hydrochloric acid concentra-
tion, and the activities were not comparable to extract. While
the content of aglycones would elevate after hydrolysis because
of the cleavage of glycosides, acid and heat may damage agly-
cones suppressing the inhibitory effect of CAH on collagenase
activity.
Please cite this article in press as: Chiang, H.-M., et al. Coffea arabica extract and
MAPK pathway. Food Chem. Toxicol. (2010), doi:10.1016/j.fct.2010.10.034
Previous studies on natural products have reported that a high
content of polyphenols is responsible for some biological activities
observed in these plants. The water-soluble extract of Rosmarinus
officinalis L. suppresses UV-induced MMP-1 through IL-1a and IL-
6 modulation, causing MMP-1 translation inhibition in human skin
(Martin et al., 2008). Flavonoids like quercetin, kaempferol, apige-
nin and wogonin inhibit mammalian collagenase, MMP-1, MAP ki-
nase activity, and AP-1 activation (Pillai et al., 2005).

UV irradiation induces MMP-1, MMP-3 and MMP-9 expression
(Pillai et al., 2005; Dong et al., 2008). MMP-1 initiates the degrada-
tion of types I and III fibrillar collagens, MMP-9 further degrades
collagen fragments generated by collagenases, and MMP-3 acti-
its constituents prevent photoaging by suppressing MMPs expression and
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vates proMMP-1 (Rittié and Fisher, 2002). Melothria heterophylla
extract and esculetin isolated from Fraxinus chinensis with anti-oxi-
dative activity and inhibiting UVB induced the expression of MMP-
Please cite this article in press as: Chiang, H.-M., et al. Coffea arabica extract and
MAPK pathway. Food Chem. Toxicol. (2010), doi:10.1016/j.fct.2010.10.034
1 mRNA and protein. Our results indicated that CAE protects
against the photoaging induced by UVB through inhibition of
MMP-1 and MMP-9 expression even at a low dose (5 lg/mL) and
showed the same effect on MMP-3 (10 lg/mL) (Fig. 8). In the liter-
ature, the working dose of natural products on MMP expression
inhibition was higher than 10 lg/mL (Kim et al., 2006, 2007; Tana-
ka et al., 2007). Our study indicated that not only was CAE a potent
MMP inhibitor, it also possessed diversity on MMP inhibition,
which could inhibit MMP-1 on the degradation of types I and III
collagens. In addition, CAE could inhibit MMP-9 to prevent it from
degrading collagen fragments generated by MMP-1 and further-
more inhibits MMP-3 to reduce the secretion of proMMP-1.

For the study of the major components of MMP inhibitor, caffeic
acid and chlorogenic acid were investigated. The results indicated
that caffeic acid inhibits MMP-1 and -9 but not MMP-3 (Fig. 9).
However, cholorogenic acid inhibits MMP-3 at 50 lg/mL, but not
MMP-1 and MMP-9. It has been reported that caffeic acid selec-
tively suppresses MMP-2 and -9 expression of HepG2 cells induced
by PMA (phorbol 12-myristate 13-acetate) by inhibiting the func-
tion of NF-jB, but not AP-1 (Chung et al., 2004). However, it has
been also reported that chlorogenic acid inhibits the MMP-9 activ-
ity of the hepatocellular carcinoma cell line (Hep3B) (Jin et al.,
2005). On the other hand, caffeic acid has been reported showing
far weaker collagenolytic activity (Kusano et al., 2001). These two
components may partly contribute to the anti-photoaging ability
of CAE and CAH, and the other constituents in CAE may be involved
in MMP inhibition. In animal study, caffeic acid (0.2 mg) signifi-
cantly inhibited the UVB-induced (4000 J/m2) activation of c-Jun
and p38 mitogen-activated protein kinase in mouse (Staniforth
et al., 2006). Besides, caffeic acid could inhibit Fyn kinase activity
and UVB-induced COX-2 expression in mouse skin epidermal cells
and mouse skin (Kang et al., 2009). Chlorogenic acid could inhibit
12-O-tetradecanoylphorbol-13-acetate induced NF-kappaB, iNOS
and COX-2 activation in mouse epidermis (Cichocki et al., 2010).
Furthermore, chlorogenic acid could protect humans against oxi-
dative damage of macromolecules (Hoelzl et al., 2010). In this
study, the MMPs inhibition and of type I procollagen enhancing ef-
fect of CAE was superior to caffeic acid and chlorogenic acid, there-
fore, CAE could be potential in developing of anti-photoaging
agents.

Extracellular matrix was the skeleton of skin in dermis. Besides
collagen, elastin also responded to skin plasticity (Labat-Robert
and Robert, 1988). UV irradiation enhances the secretion of elas-
tase and degrades elastin causing sagging of the skin (Getie et al.,
2005; Seite et al., 2006). Some plant extracts have been reported
to suppress elastase activity (Kim et al., 2007; Tsukahara et al.,
2006), but our results indicated that CAE did not have this effect.
UV irradiation would reduce the production of collagen which
was the major composition of the dermis and cause an imbalance
between MMP synthesis and degradation (Scharffetter-Kochanek
et al., 2000; Chung et al., 2003; Ichihashi et al., 2003; Rabe et al.,
2006; Bae et al., 2008). The results of this study indicated that
CAE prevents UVB-induced type I procollagen damage and en-
hances the total collagen synthesis even at low dose (10 lg/mL),
while caffeic acid and chlorogenic acid do not. It had been reported
that the caffeic acid and its derivatives will distributed in the skin
after oral administration (Yamada et al., 2006). We supposed that
the active components of CAE will be absorbed to exhibit induced
collagen synthesis in the skin. The percutaneous absorption of CAE
and its active components needed further study.

MAP kinase activation is not only one of the photoaging path-
ways but also a factor in MMP production in fibroblasts. It has been
reported that caffeic acid inhibits UVB-induced IL-10 mRNA
expression and MAP kinase activation (Staniforth et al., 2006). If
caffeic acid inhibits MAP kinase activation, then it would inhibit
MMP expression. The results indicate that CAE inhibited JNK, ERK
its constituents prevent photoaging by suppressing MMPs expression and
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and p38 activation. We speculate that the inhibition of collagen
degradation of CAE was related to antioxidant activity, since the
direct injury of UVB on skin was due to ROS. Polyphenols would
be good ROS scavengers based on their numbers of OH group
(Sim et al., 2007). Previous studies have reported that the phenolic
content of the plants contributes to the antioxidant activity
(Javanmardi et al., 2003; Nazaruk, 2008; Hodzic et al., 2009).
UVB irradiation induced ROS production promoted downstream
signal transduction in the dermis, causing skin damage and photo-
aging (Ho et al., 2005). Thus, inhibition ROS production would pre-
vent the skin from photoaging. In this study, CAE containing high
total phenolic content (26.7 lg/mg) showed good DPPH radical
scavenging activity and protection for AAPH-induced erythrocyte
hemolysis (Figs. 2 and 3), indicating that CAE is a potential candi-
date for the prevention of photoaging.

CAE inhibits MAPKs phosphorylation and causes modulation of
c-Fos expression. JNK and p38 modulate c-Fos expression, and
c-Fos accompanied by c-Jun would synthesize the translation fac-
tor, AP-1. CAE inhibiting ERK, JNK and p38 expression may sup-
press c-Fos and c-Jun expression and then inhibit AP-1, MMP and
type I procollagen expression. We speculate that CAE and its active
components may stimulate the proliferation of fibroblasts and
TGF-b secretion, activate signal transduction pathway of collagen
synthesis and suppress UVB-induced AP-1 activation.

CAE and its constituents, chlorogenic acid and caffeic acid,
diminished UVB irritation induced photoaging by inhibiting MMPs
and elevating type I procollagen production through ROS scaveng-
ing and down-regulation of MAPKs pathway. CAE could be a prom-
ising agent for the prevention of cutaneous photodamage.
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