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Abstract
Human cutaneous photodamage is a major medical problem that includes premature aging and
fragility of the skin. Non-xenografted animal models have not been comparatively evaluated for
how well they resemble the changes seen in human skin. Here, we sought to identify a suitable
mouse model that recapitulates key anatomic, cellular, and molecular responses observed in
human skin during acute UV exposure. Adult females from three strains of mice, C57BL/6J,
SKH-1, and Balb/c, were exposed to ultraviolet-B, and then evaluated 3h or 20h after the last
irradiation.

Skin from UVB-exposed C57BL/6J mice showed features resembling human photodamage,
including epidermal thickening, infiltration of the dermis with inflammatory cells, induction of
TNFα mRNA, accumulation of glycosaminoglycans (GAGs), particularly hyaluronan (HA) in the
epidermis, and loss of collagen. Hairless SKH1 mouse skin responded similarly, but without any
induction of TNFα mRNA or chondroitin sulfate (CS). Irradiated Balb/c mice were the least
similar to humans. Our results in C57BL/6J mice, and to a lesser extent in SKH-1 mice, show
cutaneous responses to a course of UVB-irradiation that mirror those seen in human skin. Proper
choice of model is critical for investigating cellular and molecular mechanisms of photodamage
and photoaging.

Introduction
UV irradiation initiates a complex sequence of molecular responses that damage skin.
Inflammation is a prerequisite for development of the changes seen in photoaging (23).
UVB induces cytokines such as tumor necrosis factor-α (TNFα) in human and mouse
epidermal keratinocytes (28, 37) and in dermal fibroblasts (10, 34). TNFα stimulates the
release of other cytokines, chemokines, and adhesion molecules, thereby contributing to the
chemotaxis of inflammatory cells into skin (15, 30). Inflammatory cells release additional
TNFα and proteases such as MMPs that can both inhibit Type I procollagen mRNA and
damage collagen fibers (8, 26). Studies show that different strains of mice vary in the
induction of TNFα after chronic UVB irradiation, suggesting variability among these strains
in UVB-induced effects on cutaneous photoaging (13). Several UV-induced molecular
pathways have important effects in skin, and we chose TNFα as one pathway known to have
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large effects, with the goal of determining the best animal model for studies of the effects of
inhibitors of this pathway on photodamage.

Most pertinent features of photoaged skin are the impairment of collagen fibers, excessive
deposition of abnormal elastin fibers, and increased glycosaminoglycans (9, 20). Dermal
fibroblasts synthesize extracellular matrix components such as GAGs that participate in the
response to UVB (5). In our acute study, we identified the molecular species of these UV-
induced GAGs as mainly CS in the dermis and hyaluronic acid (HA) in the epidermis of
human skin (33). Both CS and hyaluronic acid (HA) are regulated by cytokines and UV
light (6, 7, 33). Evaluation of UV effects GAGs in mouse models, given these GAG findings
in humans, was another goal of the current study.

The molecular mechanisms responsible for photodamage have been extensively studied
using cultured cells, experimental animals, and human subjects (4, 12). Studies in animals
have focused on the SKH1 mouse, largely because it is hairless. Nevertheless, it is not clear
that this model mimics key features of the human response to UV. As an example, this
mouse has been used to model the specific species of cutaneous GAGs in response to UV
exposure (14), but published reports are inconsistent, showing increases in chondroitin
sulfate (27), dermatan sulfate, HA (14), or heparan sulfate (HS) without an increase in DS
(17). Previous study in hairless mice reported no change in expression of HA in the dermis
after chronic UV exposure (18). Moreover, two recent studies indicate that dermal HA
actually decreases in response to acute and chronic UV irradiation (1, 7).

Systematic studies comparing features of the UV response in potential mouse models have
not been performed. The establishment of an animal model that mirrors the acute-term effect
of UV radiation in humans is important to the study of the role of specific cytokines,
inflammatory cell types, and different species of GAGs in the molecular and cellular
pathogenesis of photodamage.

In the current study, we compared three commonly used strains of mice to examine key
anatomic, cellular, and molecular responses that have been observed in human skin during
UV-irradiation. These acute changes in mouse model may have relevance for chronic
damage seen in photoaging of human skin. Our results indicate substantial overall
differences amongst the strains and point to one strain as particularly similar to humans in its
responses.

Materials and Methods
Animals

SKH-1 and Balb/c mice were purchased from Charles River Laboratories, Inc. (Wilmington,
MA) and C57BL/6J mice were purchased from Jackson laboratory (Bar Harbor, Maine). All
mice were 6-8 weeks old female and housed in Philadelphia VAMC animal resources
facility, under the supervision of certified Laboratory Animal Medicine veterinarians. These
mice were treated according to a research protocol approved by the Institutional Animal
Care and Use Committee.

Reagents
Chloramin-T, 4-hydroxyproline, 4(Dimethyamino)-benzyldehyde and other chemicals were
purchased from Sigma-Aldrich (St. Louis, MO).
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UVB-irradiation
A UVB source was two FS-40 UV-B sunlamps (Light of America, Walnut, CA) with a peak
irradiance of 313 nm, and a cellulose triacetate filter that removes wavelengths below 290
nm. UVB doses were measured with a UV IL-443 UVB meter (International Light,
Newburyport, MA). The filtered UVB light source was measured by spectroradiometric
measurement at the time of the experiments. The mice were shaved on the dorsal side to
remove hair. Animal cages covered with a cellulose triacetate filter were kept under the
UVB lamp. Mice were allowed to move freely in the cage during exposure. For each
condition 4 mice were irradiated with UVB (100 mJ/cm2/day) for 5 days receiving a total
dose of 500 mJ/cm2. They were sacrificed at either 3h or 20h after the last exposure to UVB.
One group of 4 mice served as unirradiated control, and was exposed only to the room light
from the covered non-UV emitting fluorescent tubes. UVB-exposed and control skin were
harvested from the dorsal surface of the mouse and snap frozen in liquid nitrogen. For
histologic studies, skin was fixed in 10% formalin.

Extraction of total RNA
Total RNA was extracted by Trizol (Invitrogen, CA), followed by isopropanol precipitation
and 70% ethanol wash. The RNA pellets were dissolved in DEPC-treated water. The RNA
was quantified and purity evaluated by measuring the optical density at 260 nm, with
260/280 (ratio >1.8).

Real-time Polymerase Chain Reaction
Total RNA (2 μg), from sham- or UVB-exposed mice, was used for cDNA synthesis. cDNA
was synthesized using SUPERSCRIPT First-Strand Synthesis for RT-PCR kit with random
hexamers (Invitrogen, CA). Oligonucleotide sequences and target-specific fluorescence-
labeled DNA probes were purchased from Applied Biosystems. 2 μL of cDNA were
amplified by PCR, in which 50 nM each of the forward and reverse gene-specific primers
for mice TNFα and GAPDH were used. All PCR assays were performed in triplicates and
read using an ABI PRISM 7000 sequence detection system. The cycle number was
predetermined so that the products formed fell within the linear portion of the amplification
curve.

Histology
Skin samples were fixed in 10% formalin buffered saline and embedded in paraffin using
routine procedures. The 4-μm sections were stained with hematoxylin and eosin (H&E) stain
and examined by light microscopy for inflammatory cells recruitment in the dermis of UVB-
irradiated mice. For glycosaminoglycans, sections were stained for acid
mucopolysaccharides using a modification of Mowry's colloidal iron stain (Hale stain)
which gives a blue color to mucopolysaccharides (31).

Histochemical staining for HA, CS
Briefly, skin sections were deparaffinized, followed by rehydration in a series of aqueous
alcohol solutions of decreasing alcohol content. The localization of HA was determined
using the biotinylated HABP (Associates of Cape Cod, East Falmouth, MA), according to a
modified, previously reported technique (21). Biotinylated HABP was used at a dilution of
1:100 and developed by the immunoperoxidase method. Negative control sections were pre-
treated first with 100mM Na acetate buffer pH 5 for 15 minutes in a 37°C water bath and
then with 100 TRU/ml Streptomyces hyalurolyticus hyaluronidase (Sigma, St. Louis, MO)
in 100mM Na acetate buffer pH 5 prior to staining. CS was evaluated using the monoclonal
mouse antibody CS-56 (Sigma, St. Louis, IL), which binds chondroitin A and chondroitin C.
CS-56 antibody was used at a dilution of 1:400 to stain the skin sections. Negative controls
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with mouse IgM isotype control antibody substituted for anti-CS were performed
concurrently (Sigma, St. Louis, IL). All antibodies were visualized with the
immunoperoxidase method using the Dakocytomation LSAB+ HRP system from DAKO
(Carpinteria, CA).

Quantitation of epidermal thickness, inflammatory cells and staining
Epidermal thickness was measured using Image Pro Plus version 3.0 Software
(MediaCybernetics, Bethesda, MD). Three high power fields from H & E stained skin
sections of each mouse were used. In each high power field, 10 different locations of
epidermis were selected and values were presented as Mean ± SEM. Inflammatory cells
were counted using ImageJ software (NIH, Bethesda, MD) in 10 high power fields of 3
sections for each mouse. Hale, CS and HA staining intensity was quantified using Image Pro
Plus. Four high power fields per section from each mouse were analyzed for epidermal and
dermal staining.

Collagen quantification by assay of hydroxyproline content
Equal amount of protein (100 μg) from each sample of skin homogenate was mixed with an
equal volume of 4N NaOH and hydrolyzed by autoclave for 20 min. The autoclaved sample
was neutralized by an equal volume of 2N HCl. Chloramine T (0.056M in 10% n-propanol
and acetate citrate buffer) was added to oxidize the hydrolyzate for 25 min at room
temperature. Ehrlich's aldehyde reagent (1M p-dimethylaminobenzaldehyde in n-propanol/
perchloric acid 2:1 v/v) was freshly prepared and added to develop the chromophore by
incubating the samples at 65°C for 20 min. Hydroxyproline content was read at 550 nm. The
assay was carried out in duplicate for each sample. The amount of hydroxyproline was
determined by comparison with a standard curve prepared from known concentrations of
hydroxyproline (24).

Statistics
Comparisons of several groups simultaneously were performed by initially using analysis of
variance (ANOVA). When the ANOVA indicated differences amongst the groups, pairwise
comparisons of each experimental group versus the control group were performed using the
Dunnett q′ statistic. Unless otherwise indicated, summary statistics are reported as Mean ±
SEM, n=4. Absent error bars in graphical displays of summary statistics indicate SEM
values smaller than the drawn symbols.

Results
To facilitate comparison of the three mouse strains with each other and with reported effects
in humans, key anatomic, cellular and molecular responses to a course of UVB-irradiation
are summarized (Table 1).

Anatomic and inflammatory changes induced by UVB irradiation in the skin of C57BL/6J,
SKH-1 and Balb/c

In C57BL/6L and SKH-1 mice, wrinkles and redness was apparent on the dorsal skin. In
Balb/c mice there was no change in the visible appearance of the skin after UVB-irradiation.
Skin thickness was determined by microscopic examination of H & E-stained sections
(Figure 1a-1c). The epidermal thickness was measured by ImagePro. In both C57BL/6J and
SKH-1 mice, epidermal thickness was significantly increased 3h and 20h after the last dose
of the 5-day course of UVB irradiation (p<0.05) (Figure 1d). In Balb/c mice, the epidermis
was not signficantly thickened after the course of UVB-irradiation, as compared to non-
irradiated controls (p=ns) (Figure 1c, d).
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UVB exposure induced an inflammatory response in the dermis of all three mouse models at
both 3h and 20h after the last dose of irradiation. A significant increase in numbers of
inflammatory cells was found in the dermis of C57BL/6J, SKH-1, and Balb/c mice, as
compared to non-irradiated controls (Figure 1e). When the difference in inflammatory cells
response was compared among these strains 3h and 20h after UVB exposure, Balb/c mice
showed significantly fewer inflammatory cells 20h after UVB compared to SKH-1 mice
(p<0.05) (Figure 1e).

UVB induces TNFα mRNA expression in the skin of C57BL/6J mice, but not in irradiated
SKH1 and Balb/c mice

UVB irradiation of C57BL/6J mice significantly increased cutaneous levels of TNFα
mRNA over the values from non-irradiated controls, by 7-fold at 3h and by 2-fold at 20h
after the last UVB dose (p<0.001). In contrast, irradiated SKH-1 mice showed a 50%
decrease in cutaneous levels of TNFα mRNA levels 3h after the last exposure to UVB,
compared to non-irradiated controls (p<0.01). Levels in irradiated SKH-1 skin recovered to
control values by 20h after the final UVB exposure. In Balb/c mice, UVB did not alter the
TNFα mRNA levels at either time point (Figure 2). Thus, C57BL/6J mice are the only ones
that parallel the UVB-induced changes in TNFα expression seen in human skin.

UVB irradiation of all three mouse strains increases the total GAG content of skin
UVB exposure of mice resulted in an increase in cutaneous GAG content at 3h and 20h, as
assessed by Hale stain (Figure 3, blue color). In all 3 strains of mice, the epidermis showed
no real change in Hale stain intensity after UVB. Hale staining was increased in the dermis
at both 3h and 20h in C57Bl/6 mice (p<0.05) (Figure 3a, b). In SKH-1 mice the dermis of
UVB-irradiated skin showed an increase in Hale staining at 3h (p<0.05) relative to sham-
irradiated skin (Figure 3c, d). In Balb/c mice, UVB increased the GAG expression in the
dermis at 3h and 20h (p<0.05) (Figure 3e, f). Thus GAGs as measured by Hale stain
increased in all 3 models in response to UVB, but there are clear differences in time course
and amount of induction of GAGs.

UVB irradiation significantly induces the accumulation of CS in the dermis of Balb/c mice
UVB irradiation of C57BL/6J mice increased only epidermal staining for CS, with a 3-fold
increase at 20h after the last UVB dose, (p<0.01 compared to controls). There was a non-
statistically significant increase in CS in the dermis of C57BL/6J mice (Figure 4a, b). In
contrast, in SKH-1 mice, UVB-irradiation did not increase epidermal or dermal CS
accumulation (Figure 4c, d). In Balb/c mice CS expression declined in the epidermis 3h after
the last exposure to UVB, and returned to baseline at 20h. The CS is increased in the dermis
of Balb/c mice 20h after the last exposure to UVB. The quantitation of stain intensity
showed a 2-fold increase of dermal CS over control (p< 0.05) (Figure 4e, f). Therefore,
given that CS increases in the dermis in human skin in response to UVB, in this regards
Balb/c mice paralleled findings seen in human skin.

UVB irradiation significantly increases HA content in the epidermis of all three mouse
strains

UVB irradiation of all three mouse strains increased epidermal HA at 3h after the last
exposure to UVB (p<0.01) (Figure 5a-f). This increase persisted at the 20h time point only
in the SKH1 mice (p<0.01) (Figure 5c, d). In the dermis, UVB irradiation caused a 2-fold
increase in HA content at the 3h time point in C57BL/6J mice (p<0.01), which returned to
the control value by 20h (Figure 5a, b). SKH1 and Balb/c mice showed no significant
changes in dermal HA at either time-point after the course of UVB irradiation (Figure 5c-f).
Thus, the increase in epidermal HA in all mouse models is similar to the changes in the
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epidermis seen in humans. The changes in all mouse models in dermal HA at early time
points do not show the decrease shown in the upper dermis in more chronically irradiated
human skin.

UVB irradiation significantly decreases dermal collagen content in C57BL/6J and SKH-1
mice

Hydroxyproline content, an indicator of the amount of collagen, was significantly decreased
in the dermis of C57BL/6J mice at 3h and 20h after the last exposure to UVB compared with
the unirradiated control group UVB (both P <0.05) (Figure 6). A similar UVB-induced
decrease in dermal collagen was also observed in SKH-1 mice at both time points (both P
<0.01). In contrast, Balb/c mice showed no change in hydroxyproline content at either time
point after the course of UVB-irradiation (P = ns) (Figure 6). There was no evidence of
elastosis in UV-irradiated skin from any of the three mice species, as determinined by luna
stain (data not shown).

Discussion
In the present study, we compared three strains of mice to select a suitable animal model for
acute photodamage that mirrors the cutaneous changes seen in human photoaged skin. We
selected C57BL/6J black pigmented mice, assuming these mice may be the least susceptible
to UVB-irradiation because of their pigmentation, SKH-1 hairless mice, the most commonly
used animal model for UV-induced photoaging, and non-pigmented Balb/c mice, which
might be more susceptible to UVB exposure due to lack of pigmentation in the skin. We also
compared the amount of TNFα produced in response to UVB, to evaluate the potential
correlation of TNFα with more severe pathogenesis of photoaged skin. Our results
demonstrated that in C57BL/6J mice UVB increased the expression of TNFα after 3 and 20
h, similar to that seen in human UV-irradiated skin, suggesting these mice are closely related
to humans in terms of TNFα expression in response to UVB (2). Conversely, in SKH-1 and
Balb/c mice skin, UVB exposure did not induce TNFα expression, suggesting these mice are
not responding similarly to that seen in human skin in response to UVB. Our results are in
agreement with previous reports demonstrating that Balb/c mice do not exhibit UVB-
induced TNFα (13, 28). Thus in terms of TNFα induction, C57BL/6J mice give results most
similar to humans.

We next investigated other features of photodamage, including increases in epidermal
thickness, inflammation, and GAGs, as well as decrease in collagen content, all changes
reported in human skin in response to acute and chronic UV exposure (16, 19, 29). Previous
studies have shown that chronic exposure of UV-irradiation in different strains of mice
induced photoaging (4, 13). Our histological study revealed that acute UVB exposure is
sufficient to increase the epidermal thickness in C57BL/6J and SKH-1 mice, consistent with
human photoaged skin findings (36). Our findings are similar to previous studies that
demonstrate that chronic UV exposure increases the epidermal thickness in SKH-1 mice
(22). In contrast, we did not observe any significant change in epidermal thickness of Balb/c
mice skin, further suggesting that these mice demonstrate fewer features of UVB effects at
the doses used in these studies.

Inflammatory cell infiltrates were seen in the dermis of C57BL/6J, SKH-1 and Balb/c mice
3h and 20h post-irradiation with UVB. The numbers of inflammatory cells were overall less
in Balb/c mice than that seen in the other two mice strains. In our study, the most significant
increase in inflammatory cells was seen in the C57BL/6J model, which also had the largest
UVB-induced increase in TNFα. It is reported that TNFα facilitates inflammatory cell
migration to the site of inflammation in human skin, at least partially through upregulation
of adhesion molecules (11). UV-irradiation alters the immune function and migration of
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Langerhans cells and dermal dendritic cells in human skin and these cells produce high level
of TNFα, IL-1β, IL-6, and IL-8 (3).

Extracellular matrix in skin is comprised of elastin, collagen, and GAGs that, among other
functions, provides viscosity to cell surface. Hyaluronan, CS, and dermatan sulfate are the
most abundantly present GAGs in the skin. In humans, an increase in total GAG expression
was observed after UV-irradiation (5). Chronic UV exposure to mice skin alters the dermal
matrix components (7). In agreement with these findings, acute exposure of C57BL/6J,
SKH-1, and Balb/c mice to UVB induced GAG expression in the dermis, as measured by
Hale staining, suggesting their similarity to human photodamaged skin.

Furthermore, we investigated which specific GAG species contributes to an increase of total
dermal GAGs. The CS expression was increased, as seen in human UVB-exposed skin, only
in the Balb/c mouse dermis 20h after the last exposure to UVB (33). Many studies have
demonstrated that CS suppresses the TNFα-induced inflammation in the different cells types
(35). It is possible that the increase in CS in the UVB-irradiated Balb/c mice seen here
suppresses the TNFα production and protects these mice from photodamage. The exact role
of CS is currently unclear, and there is also the possibility of an immunostimulatory role for
CS (35).

Hyaluronan, abundantly present in skin, showed an increase in the epidermal and decrease in
dermal compartments of human skin after UVB-irradiation (1). The skin sections stained
with HABP showed that all the three strains of mice irradiated with UVB have large
increases of HA in the epidermis (SKH>Balb/c> C57BL/6J), a finding seen in human skin.
C57BL/6J mice showed increased HA expression in the dermis at 3h, but not at 20h,
suggesting that HA contributes to the increase of total GAGs seen in that model at 3h. The
content of HA at a 3h time point in human skin is unknown. In contrast to our findings, a
much longer-term study demonstrated that chronic UVB irradiation of C57BL/6J mice for
182 days for 3 times a week at a dose of 210 mJ/cm2 causes loss of hyaluronic acid from the
dermis, with downregulation of hyaluronic acid synthases (7). This study is much longer
than our one-week study, and thus our acute-term findings cannot be compared to their study
(7).

It is well established that longer exposure to UV irradiation reduces collagen in human skin
by decreasing collagen synthesis, as well as enhancing degradation. Specifically, type I
collagen synthesis is blocked by the TGF-β/Smad pathway, thereby reducing type I
procollagen synthesis (25). It is known that matrix metalloproteinases in skin are induced by
UV and can enhance degradation of collagen. The degraded collagen may inhibit the
synthesis of Type I procollagen in photoaged skin (32). Similarly to humans, chronic UVB-
exposure alters the expression of collagen content in the cutaneous matrix of different strains
of mice (22). Given these findings, it is intriguing that SKH-1 and C57BL/6J, but not Balb/c
mice, mice showed a decrease in the collagen contents in UVB-irradiated mice skin. We did
not observe elastosis in any strain of mice after UVB-irradiation. However, none of these
mice showed exactly similar changes to that seen in photoaged skin of humans in terms of
TNFα induction, increase in epidermal thickness, skin inflammation, GAG expression, and
decrease of collagen content. The most closely related mice strain to humans in terms of
these parameters is the C57BL/6J mice. These mice differ from human in the expression of
HA and CS in the dermal compartment. Balb/c mice are closely related to humans in their
expression of CS in the dermis. It is likely that different strains of mice vary in their
photosensitivity (minimal erythema dose) to UVB. Previous reports indicate that SKH-1
mice developed erythema at 90 mJ/cm2 of UVB (Berton et al 2001). The other two strains,
C57BL/6J and Balb/c mice, showed an erythematogenic dose of UVB at 36 mJ/cm2 and
200mJ/cm2 respectively (Sumiyoshi and Kimura 2010, Goettsch et al 1999). This suggests
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that Balb/c mice require a higher dose of UVB to develop erythema and the changes seen in
the dermal connective tissue. Further study is required to determine the molecular
mechanisms for these differential effects of UVB in various mouse models of acute
photodamage, and to correlate them with findings in humans to optimize choice of model for
future studies.
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Figure 1. UVB exposure increased the thickness of epidermis and inflammatory cells influx in
the dermis
Epidermal thickness was measured in H & E stained skin sections (200×) using imagePro
Plus software. (a) C57BL/6J; (b) SKH-1; (c) Balb/c; bar size = 50 μm; (d) Mean±SEM (four
animals/condition); (e) Inflammatory cells were counted in 10 high power fields for each
skin section. P values were obtained by analysis of variance, followed by Dunnett and
Bonferroni's post-test. ***=p< 0.001, ** =p< 0.01, * =p< 0.05, †= p<0.05.
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Figure 2. Expression of TNFα mRNA in UVB-irradiated mice
Mice were irradiated and sacrificed 3h and 20h after the last UVB exposure. RNA samples
were collected at the indicated times and analyzed by real-time PCR. TNFα mRNA cycle
numbers were normalized to GAPDH. Expression levels of TNFα mRNA are indicated as
“fold change” compared to control animals (a) C57BL/6J; (b) SKH-1; (c) Balb/c mice. **
=p< 0.01, * =p< 0.05.
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Figure 3. UVB exposure increased the total GAGs in UVB-irradiated mice
Histochemical staining of total GAGs was performed using Hale stain (200×). The blue
color stains GAGs and red color stains collagen fibers. Hale staining was quantitated using
ImagePro program. (a) C57BL/6J; (b) C57BL/6J Hale quantitation; (c) SKH-1; (d) SKH-1
Hale quantitation; (e) Balb/c mice; (f) Balb/c Hale quantitation; bar size = 50 μm. *= p<
0.05.
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Figure 4. Chondroitin sulfate was increased in the dermis of Balb/c mice 20h after the last
exposure to UVB, similar to humans
Immunohistochemical staining of CS was performed using biotinylated antibody and
visualized using streptavidin-horseradish peroxidase and DAB complex (200×). Staining of
CS was quantified in epidermis and dermis using ImagePro software and presented in
graphical form. (a) C57BL/6J; (b) C57BL/6J CS quantitation (c) SKH-1; (d) SKH-1 CS
quantitation; (e) Balb/c mice; (f) Balb/c CS quantitation. bar size = 50 μm. **= p< 0.01, *=
p< 0.05.
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Figure 5. UVB increased the expression of hyaluronic acid in the epidermis of all strains of mice,
but only in the dermis of C57BL/6J mice 3h after the last exposure to UVB
Immunohistochemical staining of HA was performed using biotinylated hyaluronan binding
protein and visualized using streptavidin-horseradish peroxidase and DAB complex (200×).
Staining of HA was quantified in the epidermis and dermis using ImagePro software. (a)
C57BL/6J; (b) C57BL/6J HA quantitation; (c) SKH-1; (d) SKH-1 HA quantitation; (e) Balb/
c mice; (f) Balb/c HA quantitation. bar size = 50 μm. ** =p< 0.01.
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Figure 6. Collagen content decreased in C57BL/6J and SKH-1 mice, while no change was
observed in Balb/c mice
Collagen content was measured using hydroxyproline level in the skin homogenates. ** =p<
0.01, *= p< 0.05.
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