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SUMMARY
Background
Ultraviolet B (UVB) irradiation induces serious damage to the skin. Collagen
hydrolysate and collagen-derived peptides have effects on skin function in vivo
and in vitro. However, few studies have investigated changes in the epidermal
barrier or dermal elasticity caused by UVB. Here, we investigated the loss of
epidermal barrier function and skin elasticity induced by UVB irradiation in
hairless mice fed collagen hydrolysate.
Methods
Mice were orally administered collagen hydrolysate, in a single dose (20 mJ/
cm2) or repeated doses (10–30 mJ/cm2, 3 times/week for 6 weeks), and the
dorsal skin was exposed to UVB. Skin measurements and histological and
analytical studies were performed.
Results
In control mice, a single UVB irradiation induced epidermal barrier dysfunction including an increase in transepidermal water loss (TEWL), epidermal
hyperplasia, and a decrease in stratum corneum water content. Administration of collagen hydrolysate significantly decreased TEWL and epidermal
thickness and increased stratum corneum water content. Repeated UVB irradiation decreased skin elasticity and dermal hyaluronic acid (HA) content in
control mice, whereas collagen hydrolysate significantly suppressed both the
increase in TEWL and the decrease in stratum corneum water content and
improved skin elasticity and dermal HA content.
Conclusions
Collagen hydrolysate administration affects epidermal barrier function and
dermal skin elasticity.
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Ultraviolet B (UVB) irradiation is the major environmental factor that affects the structure and function of the skin.
Transient strong UVB stimulation initiates an inflammatory response in the epidermis, resulting in the induction
of rough skin and barrier dysfunction (1). Long-term
exposure to UVB radiation, called photoaging, damages
both the dermal and epidermal skin and leads to laxity (2),
wrinkling (3), thickening (4), and pigmentation (5).
Dietary supplements have demonstrated beneficial
effects on skin health. Oral supplementation with food
ingredients, such as vitamins and polyphenols, helps
modulate skin function (6–8). Collagen is well known as a
major constituent of connective tissues, such as the dermis,
bone, cartilage, and tendons. Gelatin, a denatured form of
collagen that is prepared from animals, birds, and fish on
an industrial scale (9), is popularly used in foods. Collagen
hydrolysate is manufactured by the hydrolysis of gelatin
with a protease. Recent reports have shown that collagenderived peptide, which is detected in blood after the
ingestion of collagen hydrolysates (10, 11), stimulates
chemotaxis (12), cell proliferation (13), and expression of
the hyaluronic acid (HA) synthase gene (14) in human
dermal fibroblasts. In addition, collagen hydrolysate intake
increases skin collagen expression and suppresses matrix
metalloproteinase 2 activity in normal rats (15). These
findings led us to speculate as to whether intake of collagen
hydrolysate may have a beneficial effect on UVB-induced
decrease in epidermal barrier function and skin elasticity.
Tanaka et al. (16) recently reported that collagen peptide
ingestion suppressed decrease in skin hydration and
increase in epidermal thickness after repeated UVB irradiation of the skin of hairless mice. However, there is only
limited information on whether collagen hydrolysate
intake reduces UVB irradiation-induced loss of epidermal
barrier function and skin elasticity in humans or animals.
Therefore, the objective of the present study was to
examine the effect of collagen hydrolysate intake on transepidermal water loss (TEWL), stratum corneum water
content, and skin elasticity after either a single dose or
repeated doses of UVB irradiation in hairless mice.

METHODS
Animals
Nine-week-old female Hos:HR-1 hairless mice (Nippon
SLC Inc., Shizuoka, Japan) were used in this study. All
mice were housed in plastic cages (four mice/cage) in a
temperature- and humidity-controlled room (24 ⫾ 1°C
and 50 ⫾ 10% humidity) under a 12-h light–dark cycle.
Mice were allowed free access to a standard AIN-93G diet
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(Oriental Yeast Co., Ltd, Tokyo, Japan) and water. All of
the animal experiments in this study were carried out in
accordance with the Guiding Principles for the Care and
Use of Laboratory Animals approved by Meiji Co., Ltd.

Experiment 1 (single dose of UVB radiation)
The experimental design followed a procedure modified
from Hirotsune et al. (17) and Takagi et al. (18). Twentyfour mice were randomly divided into three groups (n = 8/
group) according to body weight, TEWL, and stratum
corneum water content. All three groups were given deionized water at 10 ml/kg body weight, and two groups were
additionally given protein hydrolysate at 2.0 g/kg body
weight; one of these was given casein hydrolysate as the
control protein hydrolysate, and the other was given fish
scale collagen hydrolysate. Fish scale collagen hydrolysate
was purchased from Nitta Gelatin Inc. (Osaka, Japan).
Casein hydrolysate was hydrolyzed to approximately
uniform molecular weight using protease. Mice were given
the experimental diet orally for 11 days, from 1 week
before UVB irradiation (day -7) until 4 days after irradiation (day 4). At 1 week after initiation of the experimental
diet, the dorsal skin was exposed once to 20 mJ/cm2 of
UVB (GL20SE, Sankyo Denki Co., Ltd, Tokyo, Japan)
under isoflurane anesthesia. TEWL and stratum corneum
water content were measured 7 days before and 0, 1, 2, 3,
and 4 days after irradiation.
Another set of mice were also administered water or
collagen hydrolysate as described above. Four days after
irradiation, all mice were sacrificed, and the dorsal skin
was excised quickly and fixed in 10% neutral buffered
formalin solution for at least 24 h for histological analysis.

Experiment 2 (repeated doses of UVB radiation)
Twenty mice were allowed free access to food and water for
7 weeks. Mice were assigned randomly to two groups
(n = 10/group) according to their body weight, TEWL,
stratum corneum water content, and skin elasticity. The
control group was fed the control diet (AIN-93G), and the
collagen group was fed the collagen diet (a mixture containing 2 g of collagen hydrolysate per 100 g of the control
diet). Fish scale collagen hydrolysate was purchased from
Nitta Gelatin Inc. The composition of the experimental
diets is shown in Table 1. Food intake and body weight
were measured once weekly for all groups. After the mice
had received 1 week of their assigned diet, the dorsal skin
of each was exposed to UVB irradiation three times a week
for 6 weeks. The doses of UVB per irradiation were
increased gradually (19, 20). The dose was set at 10 mJ/cm2
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Table 1. Composition of the experimental diets

Casein
L-Cystine
Collagen hydrolysate
Cornstarch
Pregelatinized cornstarch
Sucrose
Cellulose powder
Soybean oil
Mineral mixture1
Vitamin mixture1
Choline bitartrate
tert-Butylhydroquinone

Control
group (%)

Collagen
group (%)

20.0
0.3
–
39.75
13.2
10.0
5.0
7.0
3.5
1.0
0.25
0.0014
100.0

20.0
0.3
2.0
39.75
13.2
10.0
5.0
7.0
3.5
1.0
0.25
0.0014
102.0

1

Reeves et al. (30)

Histological analysis and measurement of
epidermal thickness
The dorsal skin sections were stained with hematoxylin
and eosin (H&E). The thickness of the epidermis (the distance from the bottom of the basal layer to the top of the
granular layer) was measured with a BX-2 biomicroscope
(Olympus, Tokyo, Japan) and a DP-72 CCD camera
(Olympus). It was digitally assessed by image measurement and analysis with WinROOF software (Mitani Corporation, Tokyo, Japan). The average of 20 random
determinations was considered the representative value for
each individual mouse.

Extraction and quantification of HA

TEWL and stratum corneum water content were assessed
under standardized conditions (external temperature
24 ⫾ 1°C and humidity 50 ⫾ 10%). TEWL and stratum
corneum water content were measured with a Tewameter
MPA580 (Courage and Khazaka Electronic GmbH,
Cologne, Germany) and a SKICON 200-EX skin surface
hygrometer (IBS Co., Shizuoka, Japan), respectively.

HA was extracted based on a modified method (21, 22).
The samples were treated with a solution of Dulbecco’s
modified Eagle’s medium containing 0.1% dispase overnight at 4°C and separated into the epidermis and
dermis. The separated dermis was frozen and milled in
liquid N2. The powder was recovered in 0.3 ml of a buffer
containing Tris (0.1 M) and CaCl2 (4 mM) (pH 8.6). The
suspension was centrifuged at 10 000 g for 10 min at 4°C.
The supernatant was decanted, and the pellet was treated
with 1.2 ml of chloroform/methanol (2 : 1) and shaken
gently for 30 min at room temperature. The suspension
was centrifuged at 10 000 g for 20 min at 4°C, and the
chloroform layer was extracted. This extraction was
repeated twice. The defatted skin was vacuum-dried for
3 h at 30°C, and 1 ml of protease from Streptomyces
griseus (Sigma-Aldrich Japan, Tokyo, Japan) was added.
This solution was incubated for 24 h at 50°C and boiled
for 10 min at 100°C. The suspension was centrifuged at
14 000 g for 10 min at 4°C. The supernatant was stored at
-80°C until analysis. Dermal HA quantification was performed by enzyme-linked immunosorbent assay with a
hyaluronic acid measurement kit (Seikagaku Corp.,
Tokyo, Japan).

Measurement of skin elasticity

Statistical analysis

Skin elasticity was recorded with a Cutometer SEM575
(Courage and Khazaka) as described previously (19). The
kinetics of skin displacement (2-mm-diameter probe) in
response to 2 s of 300-mbar suction followed by a 2-s
relaxation period were measured. The key parameter of
skin elasticity (R2, total recovery from deformation
divided by total deformation) was calculated from the
distension kinetics. Measurements were performed in
triplicate.

All data are presented as mean ⫾ standard error. Differences in the data between time zero and each time point
were analyzed with Student’s paired t-test (SPSS 14.0J,
SPSS Inc., Chicago, IL, USA). Differences in the data for
the three groups were analyzed by one-way ANOVA, with
post hoc analyses being carried out using Tukey’s test,
while comparisons between the control and collagen
groups were performed with Student’s t-test. Differences
were considered to be significant at P < 0.05.
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for the first week, 15 mJ/cm2 for the second week, 20 mJ/
cm2 for the third week, and 30 mJ/cm2 for the remaining
weeks. TEWL, stratum corneum water content, and skin
elasticity were measured each week. At 6 weeks after initiation of UVB irradiation, all mice were sacrificed, and the
dorsal skin was excised quickly and stored at -80°C until
analysis.

Measurement of TEWL and stratum corneum
water content

Collagen intake reduces UVB-induced skin damage

b. Remarkable parakeratosis (indicated by the arrow in
Fig. 2a), thickening of the prickle-cell layer, and an
increase of epidermal cells were observed only in the
control group. Epidermal thickness was significantly lower
in the collagen group as compared with the control group.

RESULTS
Experiment 1
TEWL and stratum corneum water content are shown in
Fig. 1a and b. TEWL was significantly higher in the control
and collagen groups on days 1, 2, 3, and 4 after irradiation
than on day 0. A significant increase in TEWL was
observed in the casein group on days 2, 3, and 4 compared
with day 0. TEWL decreased in the collagen group as compared with the control group on days 2, 3, and 4. A significant increase in TEWL was observed in the casein group on
days 3 and 4 as compared with the collagen group. The
stratum corneum water content was significantly lower in
all groups on days 1, 2, 3, and 4 after irradiation than on
day 0. Collagen hydrolysate administration caused a significant increase in the water content as compared with
control and casein on days 1, 2, 3, and 4.
H&E-stained dorsal skin sections and epidermal thickness 4 days after UVB irradiation are shown in Fig. 2a and

Experiment 2
Body weight and food intake were similar between
groups (data not shown). Each mouse in the collagen
group was fed 2.56 ⫾ 0.03 g/kg body weight/day of collagen hydrolysate.
TEWL and stratum corneum water content are shown in
Fig. 3a and b. TEWL was significantly higher in the control
group at weeks 2, 4, and 6 than at week 0. A significant
increase in TEWL was found in the collagen group at
weeks 4 and 6 compared with week 0. TEWL was significantly lower in the collagen group than in the control
group at weeks 4 and 6. The stratum corneum water
content of both groups at all time points after initiation of
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Fig. 1. Effects of collagen
hydrolysate on transepidermal
water loss (a) and stratum
corneum water content (b) after a
single dose of UVB irradiation.
The values are shown as
mean ⫾ SEM (n = 8). **P < 0.01
(vs. the collagen group). #P < 0.05,
##P < 0.01 (vs. day 0).
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DISCUSSION
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Fig. 2. H&E-stained dorsal skin sections (a) and epidermal
thickness (b). The values of epidermal thickness 4 days after
UVB irradiation are shown as mean ⫾ SEM (n = 8). *P < 0.05
(vs. the collagen group).

UVB irradiation was significantly lower than at week 0.
Collagen ingestion significantly increased the water
content at weeks 2, 4, and 6.
Skin elasticity is shown in Fig. 3c. The R2 value was
significantly lower in the control group at all time points
after initiation of irradiation than at week 0, while the
value in the collagen group at week 2 was significantly
lower than at week 0. Skin elasticity increased significantly
in the collagen group compared with the control group at
week 6. Dermal HA content 6 weeks after initiation of UVB
irradiation is shown in Fig. 4. HA content was significantly
higher in the collagen group than in the control group.
208

This study evaluated the effect of collagen hydrolysate
ingestion on skin damaged by UVB irradiation, especially
on the epidermal barrier and on dermal elasticity defects,
in hairless mice. We showed for the first time that the
ingestion of collagen hydrolysate significantly reduced
both epidermal barrier and skin elasticity abnormalities
induced by UVB irradiation.
In this study, a single dose of UVB irradiation significantly increased TEWL and decreased stratum corneum
water content. In addition, in this animal model, epidermal hyperplasia was observed 4 days after a single dose of
UVB irradiation. Haratake et al. (23) also observed a
barrier alteration 72 h after UVB irradiation in hairless
mice. This delay in the barrier abnormality depends on
cellular or metabolic changes in underlying skin layers.
This earlier study also showed that UVB exposure
increases DNA synthesis and prostaglandin E2 levels as a
consequence of epidermal hyperplasia. Furthermore, the
UVB-induced barrier defect was linked to a hyperproliferative response in epidermal keratinocytes. In our study,
administration of collagen hydrolysate significantly suppressed not only the increase in TEWL and decrease in
the stratum corneum water content after a single dose of
UVB irradiation but also the resulting epidermal hyperplasia, although Tanaka et al. (16) found the same
effects after repeated irradiation. It is possible, therefore,
that intake of collagen hydrolysate suppresses UVB
irradiation-induced proliferative responses in the stratum
corneum, although the mechanism of this action remains
unclear.
Furthermore, the current study also demonstrated that
ingestion of the collagen hydrolysate reduced the loss of
epidermal barrier function and skin elasticity induced by
repeated UVB irradiation and increased the HA content in
dermis. It is possible that dermal HA may have an important role in both epidermal barrier function and skin
elasticity.
Skin elasticity is affected by repeated UVB exposure.
Chronic UVB exposure can result in alterations in dermal
structure and elasticity (19, 24). Elasticity is closely associated with the dermal components, especially the extracellular matrix. The extracellular matrix is a dense meshwork
of collagen and elastin, embedded in a viscoelastic ground
substance composed of proteoglycans and glycoproteins,
such as HA (25). It has been shown that exposure of skin to
chronic UVB irradiation damages the basement membrane and decreases the dermal HA content, owing to the
suppression of mRNA expression of HA synthase (26).
Therefore, increasing dermal HA content may reduce the
Photodermatol Photoimmunol Photomed 2013; 29: 204–211
© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Fig. 3. Effect of collagen
hydrolysate on transepidermal
water loss (a), stratum corneum
water content (b), and skin
elasticity (c) after repeated
irradiation with UVB. The values
are shown as mean ⫾ SEM
(n = 10). *P < 0.05, **P < 0.01 (vs.
the collagen group). #P < 0.05,
##P < 0.01 (vs. day 0).

UVB-induced degradation of dermal matrix components,
thereby increasing skin elasticity in mice fed collagen
hydrolysate.
HA also acts as a kind of huge water storage system; it
is essential for maintaining skin water retention as well as

skin elasticity. A recent study demonstrated that exogenous HA plays a beneficial role by interacting with
fibroblasts to enhance epidermal morphogenesis,
improving basement membrane assembly and formation of the epidermal lipid barrier in an organotypic
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Fig. 4. Hyaluronic acid content in the dermis 6 weeks after
initiation of UVB irradiation, shown as mean ⫾ SEM (n = 10).
*P < 0.05 (vs. the collagen group).

keratinocyte–fibroblast coculture model (27). Okawa
et al. (28) also reported that collagen hydrolysate intake
increased the expression of HAS as a consequence of a
reduction in acetone-induced skin dryness in model
mice. Thus, an increase in dermal HA may have a beneficial role in epidermal homeostasis, resulting in an
increase in stratum corneum water content.
It is known that collagen has a high concentration of
hydroxyproline compared with other dietary protein
sources. Our previous reports showed that not only amino
acids but also di- and tripeptides, such as prolylhydroxyproline (Pro-Hyp), alanyl-hydroxyproline, and
prolyl-hydroxyprolyl-glycine, were detected in human

blood after the intake of collagen taken together with
hydrolysate (10, 11). The major dipeptide, Pro-Hyp,
induced cell proliferation and HA synthesis in human
dermal fibroblasts (14). Maximal stimulation of cell proliferation and hyaluronan synthesis by Pro-Hyp was
achieved at doses of 200 nmol/mL, which is similar to
physiological concentrations because the concentration of
collagen-derived hydroxyproline containing peptides in
plasma 2 h after oral ingestion of collagen hydrolysate is
reported to be approximately 140 nmol/mL plasma. Furthermore, our preliminary study also showed that the peak
concentration of collagen-derived Hyp-containing peptides in mouse plasma was the same level as in human
plasma (data not shown). In addition, orally administered
C-labeled Pro-Hyp was distributed in skin partly as the
intact form in rats (29). It is possible, therefore, that the
active components in collagen hydrolysate stimulated
dermal fibroblasts and activated signaling for HA synthesis, resulting in an increase in dermal HA content.

CONCLUSIONS
In summary, our study demonstrated that oral intake of
collagen hydrolysate reduced not only skin barrier abnormalities but also skin elasticity dysfunction induced by
UVB. Collagen hydrolysate administration may have a beneficial effect for the reduction of loss of epidermal barrier
function and skin elasticity induced by UVB irradiation.
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