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Abstract

Background: Ultraviolet (UV) irradiation is well known to
promote inflammation and pigmentation of skin. UVB main-
ly affects dermatitis and pigmentation. Coffee contains a
number of polyphenols, such as caffeic acid (CA) and chloro-
genic acid (CGA) but their in vivo bioactivity for photobiol-
ogy remains unclear. Methods: C57BL/6j male mice were ir-
radiated with UVB (1.0 kJ/m?/day) for 3 days. Five days after
the final session of UVB irradiation, the dorsal skin, ear epi-
dermis, and blood samples were analyzed to investigate the
inflammatory factors, melanogenesis factors and related
hormones. Results: After the oral administration of CA (100
mg/day) or CGA (100 mg/day) for 8 days, only CA was found
to inhibit dermatitis and pigmentation. The pathway by
which CA inhibits dermatitis is related to the mitogen-acti-
vated protein kinase (MAPK)/extracellular signal regulated
kinase (ERK)1/2/cAMP response element binding protein
(CREB) pathway. Otherwise, the pathway by which CA inhib-
its pigmentation is related to the activation of the
-endorphin-p-opioid receptor and suppresses the cAMP-
microphthalmia-associated transcription factor (MITF) path-

way. Conclusion: It is suggested that the oral administration
of CA prevented dermatitis and pigmentation after UVB ir-

radiation in mice. © 2017 S. Karger AG, Basel

Introduction

The danger of ultraviolet (UV) irradiation has become
a major societal problem, due to reports of a potential
increase of 30-35% in UV irradiation on the surface of
the earth in the coming years [1-3]. Caution must be ex-
ercised, as the increased irradiation will effect changes in
humans, other animals, and plants. Although the UVB
irradiation that reaches the surface represents only
4-10% of the total environmental UV light, it has a stron-
ger phototoxic effect than UV A irradiation because DNA
shows maximum absorption at approximately 260 nm,
with the absorption tail falling in the UVB region [4, 5].
UVB is the most important modifiable risk factor for in-
flammation, pigmentation, skin cancer, and many other
environmentally influenced skin disorders. The skin
covers the surface of the body and protects against envi-
ronmental stressors such as infectious pathogens, chem-
ical agents, and UV radiation. Its protection is therefore
vital.
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Fig. 1. The chemical structures and the UV absorbance spectra of CA, CGA, and EGCG. a CGA (5-0-caffeoylquin-
ic acid). b CA (3,4-dihydroxycinnamic acid). ¢ EGCG (epigallocatechin-3-gallate).

Coffee is a popular drink worldwide. In Japan, the
number of people who drink coffee on a daily basis is in-
creasing. Coffee contains a variety of chemical compo-
nents [6]. In the present study, we focused on 2 compo-
nents of coffee: caffeic acid (CA) and chlorogenic acid
(CGA), both of which are well-known antioxidants [7, 8]
(Fig. 1). While a number of reports have examined the
anti-inflammation and antioxidative stress properties of
these components [9-11], many of these studies were
conducted as cellular experiments (in vitro), and few re-
ports have been published on in vivo experiments.

We therefore investigated the protective effects of
orally administered CA (100 mg/kg/day) or CGA (100
mg/kg/day) against dermatitis and pigmentation after
UVB irradiation in an in vivo study. Epigallocatechin-
3-gallate (EGCG), the most active compound in the cat-
echin family of green tea extracts, has been shown to have
both anti-inflammatory and antioxidant properties on
multiple cell types in in vitro studies [12, 13]. We there-
fore decided to use it as a comparative group against our
CA and CGA groups.

Coffee and Ultraviolet

We herein reveal new effects of CA and CGA in the
skin, due to their protective effects against dermatitis and
pigmentation after UVB irradiation. If the chemical com-
ponents of coffee are found to have protective biological
effects, then these new beneficial effects of coffee con-
sumption may receive greater focus.

Materials and Methods

Animals

All of the animals were treated in accordance with the animal
care regulations of Suzuka University of Medical Science. Specif-
ic-pathogen-free, 8-week-old male C57BL/6j mice (SLC, Hama-
matsu, Aichi, Japan) were used in the experiments. Under light
sevoflurane anesthesia, the dorsal fur of the mice was shaved us-
ing electric clippers. Then, the whole body of the mouse was ex-
posed to UVB irradiation (wave length range: 280-320 nm, the
wavelength of the light source peaked at 305 nm) using a sunlamp
(FL-20SE; Toshiba Co., Tokyo, Japan) for 3 days at a dose of 1.0
kJ/m? per day (irradiation time: 45 s/day), with the animals kept
under light anesthesia. We filtered out other wavelengths using
Kodaul cellulose film (Eastmann Kodak Co., Rochester, NY,
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USA). This dose was based on that used in our previous study and
the typical 1-h daytime doses received by humans in Osaka, Japan
[14].

Chemicals

CA was purchased from MP Biomedicals (Tokyo, Japan), CGA
was purchased from Cayman Chemicals (Ann Arbor, MI, USA),
and EGCG, a polyphenol found in green tea, was purchased from
Tocris Bioscience (Bristol, UK). In the oral administration experi-
ments, the concentrations of CA, CGA, and EGCG were all 100
mg/kg, as this is the concentration traditionally used in animal
experiments such as the experiments performed in the previous
study [15-17]. These chemical reagents were dissolved in 0.5%
(w/v) carboxymethyl cellulose solvent and administered by oral
gavage before UVB irradiation. The mice were divided into the fol-
lowing 6 groups: the control group (nontreatment), the UVB irra-
diation-only group, the UVB irradiation + 0.5% carboxymethyl
cellulose solution group, and the UVB irradiation + CA, CGA, or
EGCG groups. There were 6 animals in each group.

The Draize Score

For the analysis of dermatitis degrees 5 days after UVB irradia-
tion, the site was examined for erythema and edema using a mod-
ified version of the Draize scoring system, with scores ranging
from 0 to 8 [18, 19]. The degree of erythema and edema was deter-
mined based on the scores for erythema: index value; 0 = no ery-
thema, 1 = very slight erythema (barely perceptible), 2 = well-de-
fined erythema, 3 = moderate to severe erythema, and 4 = severe
erythema; and edema formation: index value; 0 = no edema, 1 =
very slight edema, 2 = slight edema, 3 = moderate edema, and 4 =
severe edema (extending beyond the area of exposure).

The Preparation and Staining of the Dorsal Skin and

Ear Epidermis

For the histological studies, the mice were sacrificed 5 days after
the final session of UVB irradiation, and dorsal skin and ear epi-
dermis samples were prepared. The dorsal skin was used for an
inflammatory analysis, and the ear epidermis was used for a pig-
mentation analysis, because numerous melanocytes are common-
ly found in the ear epidermis of mice, while few are found in the
dorsal skin. Thus, our examination of the ear epidermis of mice
was in line with the methods of previous skin pigmentation studies
involving mice [20]. To evaluate the inflammatory changes, the
dorsal skin samples were observed via hematoxylin-eosin staining.
For the analysis of pigmentation (melanogenesis), ear skin sheets
(0.5 x 0.5 cm) were prepared and incubated for 2 h at 37°C in
2 mol/L sodium bromide. The epidermis was then separated from
the dermis to obtain epidermal sheets. The staining for L-3,4-dihy-
droxyphenylalanine (DOPA)-positive melanocytes was performed
via the method of Jimbow and Uesugi [20]. Briefly, after washing
the epidermal sheets with phosphate-buffered saline (PBS), the
sheets were incubated at 37°C in PBS containing 0.1% DOPA (Sig-
ma, St. Louis, MO, USA). The sheets were then washed in PBS,
fixed overnight at 25°C in 10% formalin, dehydrated, and stained
for DOPA-positive melanocytes. All of the epidermal sheets were
examined under coded conditions by 1 investigator. Approximate-
ly 20 fields of view (magnification: 20x) were chosen for each of
the epidermal sheets, and a stack of approximately 30 optical sec-
tions was scanned with a z-increment of 0-4 pm. From each opti-
cal stack, extended focus projections (summation of all optical sec-
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tions in the stack with each section in focus) were performed, and
the areas of the cells were calculated using the software program
provided with the BioRad MRC500 instrument (BioRad, Hercules,
CA, USA). The number of DOPA-positive melanocytes per square
millimeter was determined by counting 15-20 fields.

A Western Blot Analysis of the Dorsal Skin and the Ear Skin

In the oral administration experiments, the dorsal skin and the
ear skin samples of the control group, UVB-only group, and UVB
+ CA group 1 day after UVB irradiation were separately homoge-
nized in a lysis buffer containing 0.5% Nonidet P-40, 10% glycerol,
137 mM NaCl, 2 mM ethylenediamine tetraacetic acid, and 50 mM
Tris-HCl buffer (pH 8.0). After centrifugation at 8,000 g for 10 min,
the supernatant fractions were separated and stored at -80°C until
analysis. After thawing, equal amounts of the protein (20.0 mg/
lane) were loaded onto a 4-12% BIS-TRIS Blot gel (Life Technolo-
gies, Carlsbad, CA, USA) and electrophoresed at 200 V for 20 min.
Following separation, the proteins were transferred to a nitrocel-
lulose membrane using an iBlot Western blotting system (Life
Technologies), which was subsequently blocked with 5% skimmed
milk at 4°C overnight. After blocking, the membranes were then
incubated at 25°C for 1 h with primary antibodies against p-MAPK
(phospho-mitogen-activated protein kinase; 1:1,000; Cell Signaling
Technology Inc., Danvers, MA, USA), p-ERK (phospho-extracel-
lular signal-regulated kinase; 1:1,000; Cell Signaling Technology
Inc.), p-p38 (phospho-p38; 1:1,000; Cell Signaling Technology
Inc.), p-AKT (phospho-58-kDa serine/threonine protein kinase; 1:
1,000; Cell Signaling Technology Inc.), p-CREB (phospho-cAMP
response element binding protein; 1:1,000; Cell Signaling Technol-
ogy Inc.), MCIR (melanocortin receptor-1; 1:1,000; Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA), cAMP (cyclic adenosine
monophosphate; 1:1,000; Santa Cruz Biotechnology Inc.), and
B-actin (1:5,000; Sigma). Immunocomplexes on the membranes
were then visualized using a horseradish peroxidase-conjugated
secondary antibody (Dako Cytomation, Glostrup, Denmark) and
immunoStar Zeta (Wako, Osaka, Japan). Images were acquired us-
ing the Multi-Gauge software program (Fujifilm, Tokyo, Japan).

The Quantification of a-Melanocyte-Stimulating Hormone,

Adrenocorticotropic Hormone and B-Endorphin in Plasma by

an Enzyme-Linked Immunosorbent Assay

In the oral administration experiments, blood samples were
taken from the heart 1 day after the final session of UVB irradia-
tion. The plasma was then fractionated, and the plasma levels of
a-melanocyte-stimulating hormone (a-MSH), adrenocortico-
tropic hormone (ACTH) and p-endorphin were determined using
a commercial enzyme-linked immunosorbent assay (ELISA) kit
(Phoenix Pharmaceuticals Inc., Hayward, CA, USA) in accordance
with the manufacturer’s instructions.

Statistical Analysis

All data are presented as the means + standard deviation (SD)
of the values for 6 animals in each group. The statistical analyses
were performed according to the SPSS Institute User’s Guide. The
analyses of variance (ANOV As) were performed using the ANO-
VA procedure. Significant differences (p < 0.05) between the means
were determined using the Tukey post hoc test. The SPSS software
program (version 20) was used for the statistical analyses. p values
of <0.05 were considered to indicate statistical significance.
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Fig. 2. The effect of the coffee compounds on dorsal skin dermati-
tis 5 days after UVB irradiation. a The representative macroscopic
images of dorsal skin in mice from each group 5 days after the final
UVB irradiation session. b The Draize scores of the dorsal skin
samples in mice 5 days after the final UVB irradiation session. The
data were expressed as the mean + SD of 6 animals per group. A
statistical analysis was performed using an ANOVA followed by
the Tukey post hoc test using the SPSS (version 20) software pro-
gram (biological replicates; * p < 0.05).

Results

The Preventive Effect of CA against Skin

Inflammation after UVB Irradiation

In the oral administration experiments, the dorsal skin
of mice showed marked dermatitis, inflammation, and
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erythema 5 days after UVB irradiation (Fig. 2a). Howev-
er, these skin inflammation symptoms were strongly in-
hibited in the UVB irradiation + CA group, although sim-
ilar effects were not observed in the UVB irradiation +
CGA group. Furthermore, the Draize score, which de-
scribes the degree of erythema and edema in skin, was
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Fig. 2. The effect of the coffee compounds on dorsal skin dermatitis 5 days after UVB irradiation. ¢ The histo-
logical analysis of the dorsal skin samples in mice 5 days after UVB irradiation using hematoxylin-eosin staining.
The data reflect 1 typical experiment with 6 animals per group. Scale bar = 100 pum.

significantly decreased only in the UVB irradiation + CA
group in comparison to the UVB irradiation group, the
UVB + solvent group and the UVB + CGA group (Fig. 2b).
The dorsal skin samples were stained for our histological
analysis using hematoxylin-eosin (Fig. 2¢). Five days after
UVB irradiation, the dorsal skin epidermis in the UVB
irradiation group was thicker than that in the control
group, and many inflammatory cells were found to have
invaded the dermis and edema of the dorsal skin. In con-
trast, these changes were markedly inhibited in the UVB
irradiation + CA group. Of note, however, no such inhi-
bition was noted in either of the groups receiving CGA or
EGCG administration. These results indicate that the oral
administration of CA was more effective for inhibiting
skin inflammation than CGA or EGCG.
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The Preventive Effect of CA against Skin

Melanogenesis after UVB Irradiation

In the oral administration experiments, the ear epider-
mal sheets were prepared and stained using L-DOPA 5
days after UVB irradiation (Fig. 3a), and the number of
DOPA-positive melanocytes was counted using a confo-
cal laser scanning microscope (Fig. 3b). In the UVB irra-
diation or UVB + solvent groups, the numbers of DOPA-
positive melanocytes were markedly increased compared
with the control group. This increase was subsequently
inhibited in the UVB irradiation + CA group but not in
the groups receiving CGA or EGCG administration.
These results indicate that the oral administration of CA
was more effective in inhibiting skin melanogenesis after
UVB irradiation than CGA or EGCG.
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Fig. 4. The biochemical analysis of the mechanism underlying the
dorsal skin inflammation 1 day after UVB irradiation. a The ex-
pression levels of p-MAPK, p-ERK1/2, p-p38, p-AKT, p-CREB,
and B-actin were determined by Western blot analysis in the dorsal
skin samples of each group. Equal protein loading was assessed us-
ing mouse B-actin. b Each band was quantified via densitometry.

The Mechanism Underlying the Preventive Effect of

CA against Skin Inflammation after UVB

To investigate the mechanism underlying the preven-
tive effect of CA against skin inflammation after UVB ir-
radiation, we prepared dorsal skin samples 1 day after the
final UVB irradiation session, when skin inflammation
signals are commonly observed following UVB irradia-
tion. We hypothesized that the skin inflammation might

30 Skin Pharmacol Physiol 2017;30:24-35
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The densitometry data were normalized for 3-actin. The results are
shown as the mean + SD derived from 6 animals per group. A sta-
tistical analysis was performed using an ANOVA followed by the
Tukey post hoc test using the SPSS (version 20) software program
(biological replicates; * p < 0.05).

be controlled at the point of the signal system where CA
was located and therefore analyzed the dorsal skin after
oral administration of CA using Western blotting
(Fig. 4a). The intensities of these data are shown in graphs
of Figure 4b. Because we considered that the important
groups for observation were the control group, UVB ir-
radiation group, and UVB + CA group, we therefore ana-
lyzed only these 3 groups’ samples.
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Fig. 5. The biological analysis of the mechanism underlying the ear
epidermal pigmentation after UVB irradiation. a The plasma levels
of ACTH, a-MSH, and B-endorphin 1 day after UVB irradiation
were determined by ELISA. The results were shown as the mean +
SD derived from 6 animals. A statistical analysis was performed us-
ingan ANOV A followed by the Tukey post hoc test using SPSS (ver-
sion 20) software (biological replicates; * p < 0.05). b The expression
levels of the MC1R and p-opioid receptor were determined by West-
ern blot analysis of the ear epidermal skin samples. Equal protein
loading was assessed using mouse B-actin. The results were shown

Coffee and Ultraviolet

as the mean + SD derived from 6 animals per group. A statistical
analysis was performed using an ANOVA followed by the Tukey
post hoc test using the SPSS (version 20) software program (bio-
logical replicates; * p < 0.05). ¢ The expression levels of cAMP and
p-MITF were determined by Western blot analysis in the ear epider-
mal skin samples. Equal protein loading was assessed using mouse
B-actin. The results were shown as the mean + SD derived from 6
animals per group. A statistical analysis was performed using an
ANOVA followed by the Tukey post hoc test using the SPSS (version
20) software program (biological replicates; * p < 0.05).
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Although a number of mechanisms may be involved
in the up- and downregulation of skin inflammation,
members of the MAPK family, including ERK1/2, c-Jun
N-terminal kinase, and p38 kinases to CREB activity, are
known to be involved in common signaling pathways me-
diating skin inflammation after UVB irradiation [21-23].
If these proteins are not involved, then the phosphoino-
sitol 3 (PI3)-AKT pathway is an alternative major path-
way mediating CREB activity and skin inflammation after
UVB irradiation [23]. CREB is a downstream target of
MAPK or AKT kinase. Then we investigated which path-
way was responsible for the inhibition of dermatitis by
orally administered CA. We analyzed the phosphoryla-
tion of MAPK, ERK, p38, AKT, and CREB in dorsal skin
samples by Western blotting (Fig. 4a, b). Our findings for
Western blotting revealed that no signals through the
p-p38 or p-AKT systems participated in the inhibition of
the inflammatory response by CA. In the UVB irradiation
+ CA group, the expression of p-MAPK, p-ERK and p-
CREB were significantly suppressed in comparison to the
UVB irradiation group.

The Mechanism Underlying the Preventive Effect of

CA against Skin Melanogenesis after UVB

One day after the final UVB irradiation session, the
concentrations of ACTH, a-MSH, and B-endorphin in
the plasma were markedly increased by UVB irradiation
exposure in mice (Fig. 5a). The level of a-MSH in the
UVB irradiation + CA group was decreased in compari-
son to the UVB-only and UVB + solvent groups. How-
ever, the level of B-endorphin in the UVB irradiation +
CA group was significantly increased in comparison to
the UVB-only and UVB + solvent and UVB + EGCG
groups. With respect to the concentration of ACTH, little
difference was noted among all UVB-irradiated groups.
These hormones are all produced from the proopiomela-
nocortin precursor protein by prohormone convertase.
In order to analyze the proteins related to pigmentation,
ear epidermal sheets were prepared from each group of
mice 3 days after UVB irradiation. The expression of the
MCIR, p-opioid receptor, cAMP, and microphthalmia-
associated transcription factor (MITF), all of which are
related to skin pigmentation, in the ear epidermis for each
group was examined by Western blotting (Fig. 5b, ¢). The
MCIR, a member of the G-protein-coupled receptor
family, is expressed by all cutaneous cell types and is re-
sponsive to a-MSH. The MCI1R regulates the amount and
type of melanin production and the number of melano-
cytes after UVB irradiation. In this study, the expression
of the MCIR in ear skin was markedly increased by UVB

32 Skin Pharmacol Physiol 2017;30:24-35
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irradiation, but levels were unchanged in the group ad-
ministered CA (Fig. 5b). These data showed that the ad-
ministration of CA inhibited pigmentation by a different
pathway from the a-MSH-MCIR pathway. Thus, we next
investigated the B-endorphin-p-opioid pathway.

Mice exposed to chronic UV light displayed elevated
plasma B-endorphin levels and an increase in opioid re-
ceptor signaling. B-Endorphin strongly binds to the
-opioid receptor on the membrane of melanocytes. In
this study, the levels of f-endorphin in plasma and the
expression of p-opioid receptor were both increased in
the UVB-only group compared with the control group
(Fig. 5a, b). However, these levels were increased even
more in the UVB irradiation + CA group. In contrast, the
expression of cAMP and p-MITF, which are located
downstream of the MCIR and p-opioid receptors, was
decreased in the UVB irradiation + CA group compared
with the UVB-only group (Fig. 5¢). These data suggest
that the inhibitory effect of CA administration on pig-
mentation after UVB irradiation may be due to the
B-endorphin-p-opioid receptor activation suppressing
the cAMP-MITF pathway.

Discussion

In this study, the oral administration of CA exerted
preventive effects against dermatitis and epidermal pig-
mentation after UVB irradiation in mice (Fig. 6). UVB
irradiation is known to activate several signal pathways,
including the MAPK pathway and the PI3K/AKT path-
way, which have been implicated in UVB-induced skin
inflammation and carcinogenesis [21-23]. MAPKs be-
longing to a family of serine/threonine protein kinases
are activated by UVB radiation both in vitro and in vivo
[24, 25]. The MAPK family includes ERK1/2, c-Jun N-
terminal kinase, and p38 kinase, which play important
roles in cellular functions, such as proliferation, differen-
tiation, and inflammation [26, 27].

In this study, we investigated the phosphorylation of
ERK1/2 and p38, as these signals are primarily responsi-
ble for skin inflammation after UVB irradiation. How-
ever, the PI3K/AKT pathway is also known to be activat-
ed by UVB radiation [23, 28]. In UVB-exposed skin, the
PI3K/AKT signaling promotes the transcriptional activa-
tion of cyclooxygenase-2 via CREB phosphorylation, re-
sulting in prostaglandin E,-mediated inflammation [29-
31]. CREB, or CRE-binding protein/activating transcrip-
tion factor 1, is located downstream of ERK1/2, p38, and
AKT and binds to the E-box sequences in promoter re-

Yamate/Hiramoto/Sato
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Fig. 6. Diagrams summarizing the bio-
chemical pathways by which CA exerts its
protective effects. a The pathway by which
orally administered CA inhibits skin in-
flammation after UVB irradiation. The
skin keratinocytes of mice are shown. The
thick gray indicator shows the effect point
of CA. The inhibited pathway is surround-
ed by a dotted line. PI3K, phosphoinositol-
3-kinase; PIP2, phosphoinositol-2-phos-
phate; PIP3, phosphoinositol-3-phosphate;
ROS, reactive oxygen species; MEK,
MAPK/ERK kinase; CRE, cyclic AMP re-
sponsible element; COX-2, cyclooxygen-
ase-2; iNOS; inducible NO synthase. b The
pathway by which orally administered CA
inhibits skin pigmentation after UVB irra-
diation is shown in the right illustration.
The skin melanocytes of mice are shown.
The normal pigmentation pathway after
UVB irradiation is shown in the left illus-
tration. The thick gray indicators and ar- b
rows show the effect points of CA. f-END,
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gions, triggering the transcription of numerous inflam-
matory genes [32, 33].

In this study, only the UVB irradiation + CA group
showed a protective effect against dermatitis by oral ad-
ministration after UVB irradiation (Fig. 2). To investigate
the mechanism of this effect, we prepared dorsal skin
samples 1 day after the final UVB irradiation session and

Coffee and Ultraviolet

then analyzed the phosphorylation of MAPK, ERK1/2,
p38, AKT, and CREB. We hypothesized that the skin in-
flammation might be controlled at the point of the signal
system where CA was located and therefore analyzed the
dorsal skin after oral administration of CA using Western
blotting (Fig. 4a, b). These data revealed that no signals
through the p-p38 or p-AKT systems participated in the
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inhibition of the inflammatory response by CA. In the
UVB irradiation + CA group, levels of p-MAPK, p-
ERK1/2, and p-CREB were significantly lower than in the
UVB irradiation group. Taken together, these findings
suggest that the suppression of skin inflammation by the
oral administration of CA may proceed through the fol-
lowing mechanism: UVB irradiation — p-MAPK - p-
ERK — p-CREB - inflammation.

Pigmentation is a protective response of the skin
against UV-mediated damage, where melanin is pro-
duced in melanocytes in the epidermis after UV irradia-
tion to the skin [34]. Melanin production induced by UV
irradiation is regulated by several intermediary factors,
such as a-MSH. a-MSH secreted by the keratinocytes
binds to the MC1R on melanocytes, leading to upregula-
tion of cAMP, which stimulates expression of MITF [35,
36]. MITF then transcriptionally activates expression of
the enzymatic machinery, including tyrosinase and tyros-
inase-related protein 1, which are critical to the synthesis
of melanin within melanosomes. Chronic UV exposure
has been reported to lead to an endogenous opioid-de-
pendent state, and mice exposed to chronic UV light dis-
played elevated plasma P-endorphin levels and an in-
crease in opioid receptor signaling [37].

Inthe presentstudy, both the expression of the p-opioid
receptor in skin and the plasma levels of f-endorphin
were increased by UVB irradiation (Fig. 5). However,
these changes were even further exacerbated in the UVB
irradiation + CA group than in the UVB-only group, sug-
gesting that the oral administration of CA induced an in-
crease in the levels of B-endorphin and the expression of
the p-opioid receptor. In contrast, the expression of the
MCI1R was not markedly changed between the UVB-on-
ly and the UVB irradiation + CA groups. Given these
findings, we considered that the increase in expression of
B-endorphin due to CA administration induced the sub-
sequent expression of the p-opioid receptor, which may
be involved with the decrease in the expression of cAMP.

B-Endorphin is an opioid peptide cleaved from
the precursor prohormone proopiomelanocortin, from
which other peptides such as ACTH, B-lipotropin hor-
mone, and a-MSH are also derived. B-Endorphin has
been reported to exert an anti-inflammatory effect on the
skin [38] and to participate in the inhibitory action of
UVB-induced melanocyte activation [39]. A previous
study found that a-MSH and p-endorphin have opposing
biological activities, with a-MSH stimulating adenylate
cyclase inducing an increase in cAMP while 3-endorphin
decreases this a-MSH-generated cAMP accumulation
[40]. Given these previous findings, we considered that
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the inhibitory effect of pigmentation by oral administra-
tion of CA might have been exerted via a p-endorphin
pathway.

However, some conflicting findings have also been re-
ported regarding the biological activity of p-endorphin.
For example, another study found that f-endorphin in-
duces pigmentation [41], which differs from the results of
the present study. We believe that this discrepancy in the
findings between these studies may be due to various in-
fluences, such as differences in the degree of the incre-
ment in B-endorphin and the degree of UV irradiation
applied. Further studies to clarify these issues will be
needed in the future.

In the present study, in contrast to findings in the UVB
irradiation + CA group, the UVB irradiation + CGA
group showed no preventive effect against dermatitis and
pigmentation after UVB irradiation. This lack of any pos-
itive effect may be because CGA undergoes metabolic
changes deeper within the body, and so its concentration
has been diluted by the time it reaches the skin surface.
Future studies should investigate the difference in activ-
ity within the human body between CA and CGA after
UVB irradiation.

Collectively, our results revealed that CA exerted a
preventive effect against dermatitis and pigmentation af-
ter UVB irradiation in vivo. We showed that, at the con-
centrations evaluated in the present study, oral adminis-
tration of CA exerted a remarkable inhibitory effect
against skin inflammation and pigmentation (melano-
genesis) after UVB irradiation. We therefore suggest that
CA, which can be found in coffee, might be a good can-
didate compound for use in treating dermatitis and pig-
mentation (melanogenesis) after UV irradiation expo-
sure.
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