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Abstract

It is known that solar ultraviolet (UV) radiation to human skin causes photo-aging, including increases in skin
thickness and wrinkle formation and reduction in skin elasticity. UV radiation induces damage to skin mainly by
superfluous reactive oxygen species and chronic low-grade inflammation, which eventually up-regulate the
expression of matrix metalloproteinases (MMPs). In this study, the super-critical carbon dioxide extract from
flowers and buds of Chrysanthemum indicum Linnén (CISCFE), which has been reported to possess free radical
scavenging and anti-inflammatory properties, was investigated for its photo-protective effect by topical appli-
cation on the skin of mice. Moreover, CISCFE effectively suppressed the UV-induced increase in skin thickness and
wrinkle grading in a dose-dependent manner, which was correlated with the inhibition of loss of collagen fiber
content and epidermal thickening. Furthermore, we observed that CISCFE could obviously decrease UV-induced
skin inflammation by inhibiting the production of inflammatory cytokines (interleukin-1b [IL-1b, IL-6, IL-10,
tumor necrosis factor-a), alleviate the abnormal changes of anti-oxidative indicators (superoxide dismutase,
catalase, and glutathione peroxidase), and down-regulate the levels of MMP-1 and MMP-3. The results indicated
that CISCFE was a novel photo-protective agent from natural resources against UV irradiation.

Introduction

Long-term exposure to sunlight or ultraviolet (UV)
radiation leads to premature aging of skin, so-called

photo-aging.1 The manifestations of photo-aged human skin,
including coarse wrinkles, laxity, and uneven pigmentation, are
associated with loss of elasticity and degradation of collagen in
the skin organizational structure.2,3 These abnormal alterations
can be ascribable to UV radiation–induced over-production of
reactive oxygen species (ROS) and multiple inflammatory
cytokines.4–6 Previous reports have confirmed that elevated
generation of ROS initiates oxidative damage to DNA, pro-
teins, and lipids in the skin, resulting in photo-damage, photo-
aging, and photo-carcinogenesis.7,8 In addition, increased ROS
productions can overwhelm endogenous anti-oxidant defense
systems via depleting anti-oxidative enzymes containing su-
peroxide dismutase (SOD), glutathione peroxidase (GSH-Px),
and catalase (CAT), leaving the skin vulnerable to attack from
ROS.9 In response to UV radiation–caused oxidative damage,
the mitogen-activated protein kinase (MAPK) signaling
transduction pathway is triggered.3,10 Therewith, inducible

nuclear factor kappa B (NF-jB) and associated protein-1 (AP-
1) signaling transduction pathways are activated, stimulating
the secretion of a large number of inflammatory mediators such
as interleukin-1b (IL-1b), IL-6, IL-10, and tumor necrosis
factor-a (TNF-a),11 which leads to skin inflammation charac-
terized by erythema, immunosuppression, and edema.12

Moreover, excessive oxidative stress and inflammation re-
sponses bring about the over-expression of a series of matrix
metalloproteinases (MMPs), which are responsible for photo-
damaged skin.13 Consequently, it can be concluded that an
agent exerting potent anti-oxidant and anti-inflammation ac-
tivities may be a promising photo-protective drug.

Chrysanthemum indicum Linnén (C. indicum), an oriental
traditional medicine, has been used to treat inflammation,
immune-related disorders, hypertension, and several infectious
diseases,14–17 with a high efficacy and minimal side-effect pro-
file.16 It was reported that the prominent constituents in
C. indicum, including flavonoids, terpenoids, and phenolic
compounds, could be responsible for its therapeutic properties.18

According to a series of previous studies, we found
that C. indicum inhibited the activation of MAPKs and
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NF-jB–dependent pathways to reduce the production of in-
flammatory mediators, such as nitric oxide (NO), TNF-a, and IL-
1b.19 In addition, there is a growing recognition that C. indicum
showed anti-oxidative effects attributed to excellent scavenging
activity on 2,2-diphenyl-1-picrylhydrazyl (DPPH) and hydroxyl
radical, thus attenuating free radical–induced DNA damage.17

Importantly, the super-critical carbon dioxide fluid extract
from flowers and buds of C. indicum (CISCFE) has been applied
extensively as a fine material in numerous traditional Chinese
medicinal preparations (e.g., C. indicum granules and cap-
sules), cosmetics (e.g., facial masks and creams), and toiletries
(e.g., toothpastes and mouth washes).20 Our previous studies
have revealed that CISCFE possessed an anti-inflammatory ef-
fect via increasing the activities of anti-oxidant enzymes (SOD
and GSH-Px) and decreasing the production of NF-jB, TNF-a,
IL-1, and IL-6.20 Currently, the commercial application of
CISCFE for a skin care and an anti-aging product is widely used
in southwestern China. However, scientific studies about its
efficacy against UV radiation–induced skin aging in vivo still
remained rare. Therefore, in this study, we aimed to investigate
the anti-aging effect of CISCFE in an experimental animal model
of photo-aging by detecting various anti-oxidant and anti-
inflammatory indicators.

Materials and Methods

Materials and chemicals

Lyoxyl 40 hydrogenerated castor oil (Cremophor� RH-
40) was purchased from BASF-SE (Ludwigshafen, Ger-
many). Phosphate-buffered saline (PBS) was obtained from
Thermo Fisher Scientific (Beijing, China). SOD, GSH-Px,
CAT, and malondialdehyde (MDA) were measured by using
commercial kits from Jiancheng Institution of Biotechnology
(Nanjing, China). Rat IL-10, IL-6, and TNF-a enzyme-linked
immunosorbent assay (ELISA) reagents were purchased from
eBioscience (San Diego, CA). Other commercially available
ELISA kits used for determination of IL-1b, MMP-1, as well
as MMP-3 were purchased from Wuhan Cusabio Biotechnol-
ogy Co. Ltd, China. All other chemicals and reagents were of
analytical grade.

Preparation of CISCFE

CISCFE was provided by the Institute of New Drug Re-
search & Development, Guangzhou University of Chinese
Medicine (Lot 20121104). The chemical compositions of
CISCFE were determined by combining gas chromatography
mass spectrometry (GC-MS) with high-performance liquid

chromatography with photodiode array detector (HPLC-
PAD) as our previous study described.20,21 According to our
previous report, 35 compounds were determined by GC-MS,
and five components were identified using HPLC-PAD (the
brief chemical profile of CISCFE is presented in Table S1)
(Supplementary Data are available at www.liebertonline
.com/rej/). In this study, the same extract was also used and
CISCFE was dissolved by RH-40 to yield three different
concentrations: 10 mg/mL, 30 mg/mL, and 100 mg/mL.

Grouping of animals

Sixty-three female Kunming mouse (20–22 grams) were
obtained from the animal center of Guangzhou University of
Chinese Medicine (GZUCM). All experimental protocols
were approved by the Institutional Animal Care and Use at
GZUCM. The mice were housed under conventional con-
ditions at a controlled temperature (23 – 2�C), humidity
(55 – 10%) and maintained under a natural light/dark cycle.
Mice had free access to standard laboratory diet and water
during this experiment. The experimental mice were ran-
domized divided into seven groups and transferred to cages
(nine mice per cage) (Table 1). After the mice were an-
esthetized using ether inhalation, the dorsal skin of the mice
was shaved with a safety razor for 2.5 · 2.5 cm2.

UV irradiation and CISCFE treatment

Simulated solar irradiation was provided by an array of
seven UVB lamps (285–350 nm) surrounding three UVA
lamps (320–400 nm, Waldmann UV800, Germany). The
mice were irradiated keeping the distance at 30 cm from UV
lamps five times a week for 10 weeks. The dose gradually
reached 4 minimal erythema doses (MED) by the end of the
fourth week of exposure, which was measured by a UV
meter (Waldmann Lichttechnik GmbH, Germany). This was
accomplished by increments of 1 MED per week from 1
MED (1 MED = 70 mJ/cm2) at week 1. Then the mice were
irradiated at 4 MED for further 6 weeks.

CISCFE at different concentrations or the vehicle (120 lL/
mouse) were applied topically to the shaved dorsal skin before
each exposure to UV irradiation. The final doses of CISCFE

were 1.2, 3.6, and 12.0 mg/ mouse, as shown in Table 1.

Evaluation of the skin visual appearance, elasticity,
and thickness induced by UV irradiation

In this protocol, the appearance of skin in mice began to be
observed macroscopically in the dorsal region after the initiation

Table 1. Study Treatment Schedule

CISCFE (mg/mouse)

Group Shave UV radiation Vehicle 120 mL/mouse 1.2 3.6 12

Naı̈ve control (NC) - - - - - -
Sham control (SC) + - - - - -
Model control (MC) + + - - - -
Vehicle control (VC) + + + - - -
CISCFE low dose (CISCFE -L) + + + + - -
CISCFE middle dose (CISCFE-M) + + + - + -

CISCFE, C. indicum super-critical carbon dioxide fluid extract.
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of UV irradiation. Each mouse was anesthetized, and then the
UV-irradiated dorsal area was photographed. Skin macroscopic
visual score was estimated by blinded investigators in terms of a
grading scale based on the experimental model proposed by
Bisset et al.22 To test skin elasticity, a pinch test was carried out
weekly in accordance with the modified protocol described by
Tsukahara et al.23 Briefly, The dorsal skin at the midline of mice
was picked up with the fingers as much as possible until its feet
were just in touch with the table. After release, the time(s) until
the skin recovered to the original state was measured. The skin-
fold thickness after UV irradiation were measured every week
using a Quick Mini Caliper (Mitutoyo Co., Kanagawa, Japan).24

Histopathology studies

The dorsal skin samples removed at the end of tenth week
were fixed in 10% neutral-buffered formalin for 24 hr, em-
bedded in paraffin under vacuum, and sectioned at 5-lm
thickness. The degree of skin structure alteration and elas-
tosis were assessed visually using Hematoxylin & Eosin
(H&E) staining and Gomori’s Aldehyde Fuchsin staining.
After the same cross sections were selected from three slides
per sample, five different locations (magnification, 200·)
per slide were photographed. Histological alterations were
evaluated and quantified through the image analysis pro-
gram ImageJ 1.36 (Wayne Rasband, National Institutes of
Health, Bethesda, MD).25,26

The determination of total collagen

The total collagen synthesis in skin tissue after UV ra-
diation exposure was measured by total cutaneous hydro-
xyproline (Hyp) assay. Hyp usually can be converted to the
equivalent of collagen by multiplying the factor 7.46, be-
cause Hyp is the almost exclusive amino acid of collagen
and accounts for 13.4 – 0.24 percent of mammalian collagen
in previous studies.27,28

Determination of SOD, GSH-Px, CAT,
and MDA in the skin

The freshly removed skin tissue (0.4 gram) was homog-
enized (10,000 rpm, 20 sec) with an Ultra-Turrax homoge-
nizer (T18 Basic, IKA) in 9 volumes of cold normal saline
(4�C). Before centrifugation, 0.15 mL of the homogenate
was taken out for the MDA assay and the rest was centri-
fuged at 3000 · g for 20 min at 4�C. The total supernatant
was used for total (T)-SOD, GSH-Px, and CAT measure-
ments according to the manufacturers’ protocols.

Determination of IL-1b, IL-6, IL-10, TNF-a, MMP-1,
and MMP-3 in the skin

Another skin tissue (0.4 gram) was homogenized
(10,000 rpm, 20 sec) with an Ultra-Turrax homogenizer in 9
volumes of PBS (4�C) to collect the 10% homogenate. The
homogenate subsequently was centrifugated at 3000 · g for
20 min at 4�C. The supernatant was used to estimate the se-
creted IL-1bIL-6, IL-10, TNF-a, MMP-1, and MMP-3 using
ELISA kits according to the manufacturer’s instructions.

Statistical analysis

Experimental results are expressed as mean values –
standard error of the mean (SEM), as noted in the following

figures and tables. These data were analyzed by one-way
analysis of variance (ANOVA) followed by the Tukey test as a
post hoc comparison for multiple pairwise comparisons,
considered statistically significant at p < 0.05. All analysis
was performed with the software Statistical Analysis Soft-
ware (SPSS 17.0).

Results

Suppressive effect of CISCFE on UV radiation–induced
visual skin lesions

The typical images in UV radiation–induced macroscopic
skin lesions of experimental mouse at tenth week were
shown in Fig. 1A. Mice in the model control (MC) and
vehicle control (VC) groups presented with deep wrinkles,
erythema, edema, and skin burns, which demonstrated that
the photo-aging model was established successfully and the
vehicle was of no use to relieve UV radiation–triggered skin
destruction. However, those mice in the non-irradiated
group (SC) showed no lesions but finely wrinkled skin, in-
dicating that the shaving operation had no damage to skin.
Similar skin conditions were also observed when a high
dose of CISCFE (CISCFE-H) was used. In addition, a few
shallow wrinkles were appeared in mice treated with a
middle dose of CISCFE (CISCFE-M) after 10 weeks. In the
low-dose CISCFE (CISCFE-L) group, the mice skin showed
coarse wrinkles as well as slight erythema. As shown in Fig.
1A, 10 weeks of UV radiation exposure induced a signifi-
cant increase in the total score (5.7 vs. 2.0 for the controls;
p < 0.01). The visual scores of the MC group and the VC
group were not different. Nevertheless, scores of CISCFE-M
and CISCFE-H groups were markedly decreased compared to
VC group (4.1 and 4.4 vs.5.4 for the VC group; p < 0.05),
revealing that CISCFE could effectively prevent UV radia-
tion–induced skin damages.

CISCFE improved the skin elasticity in the pinch test

The dorsal skin samples of various groups were photo-
graphed after being stretched for 1 sec, and the recovery
time taken by the pinched skin to return to its original shape
was measured weekly during the UV irradiation period (Fig.
1B). As shown in Fig. 1B, the recovery times of the mice
showed no prominent difference between the MC group and
VC group, but both values were significantly greater than
that in the SC group. By contrast, mean value of the re-
covery time was obviously decreased after the mice were
treated with CISCFE-M and CISCFE-H in comparison with
that in the VC group, although the group of CISCFE-L did not
reduce the recovery time markedly. These results did show
that, when treated with CISCFE (especially 3.6 and 12 mg/
mouse), the skin elasticity of the irradiated mice could be
enhanced.

Efficiency of the CISCFE on reducing epidermal
thickening

Epidermal thickness was examined in detail using trans-
mission electron microscopy (Fig. 2A). The data of epidermal
thickness were calculated in Fig. 2B. A significant increase
was observed in both the MC group and VC group compared
to the naı̈ve control (NC) group (Fig. 2). As a follow-up to our
observation in Fig. 2B, UV irradiation induced epidermal

ANTI-PHOTO-AGING EFFECT OF C. indicum 439



thickening was estimated to increase to 3.4-fold as compared
with the non-irradiated control skin. However, concomitant
application of CISCFE-M and CISCFE-H decreased the epi-
dermal thickening caused by UV radiation exposure by
30.94% and 41.38%. Besides, a quantitative measurement of
skin fold thickness also supported the preventive effects of
CISCFE on reducing skin thickness (Fig.2C).

Morphological and histological alterations
of the mice skin

The anti-photo-aging effect of CISCFE was further eval-
uated by histological analysis of the skin specimens after
routine H&E staining coupled with Gomori’s Aldehyde

Fuchsin staining. At the end of the 10-week period, mouse
skin in NC and SC groups (Fig. 3A) showed almost similar
features, displaying a complete and clear structure. The
epidermis was composed of a thin stratum corneum and
distinct stratum granulosum. The wavy dermal–epidermal
junction (DEJ) was seen beneath the basal layer of the
epidermis. The dermis is tightly connected to the epidermis
through a basement membrane. As shown in Fig. 3A in the
NC and SC groups, structural components of the superficial
dermis were orderly arranged collagen, large amounts of
elastic fibers, and extra-fibrillar matrix. Moreover, the dee-
per dermis also contained clusters of sebaceous gland ad-
hered to the regular hair follicles. Inflammatory infiltrations
were not observed in these two groups (Fig. 3A).

FIG. 1. Protective effect of C. indicum super-critical carbon dioxide fluid extract (CISCFE) on UV-induced visual skin lesions
and skin elasticity in the pinch test. (A) Macroscopic changes and results of the visual score with different treatments at the end of
study period of 10 weeks. (B) Pinch tests and results of the recovery time of mice in different treatment groups; the pinch test was
performed according to the method described by Tsukahara. Data shown are the mean values – standard error of the mean (SEM)
(n = 9). (#) p < 0.05 compared with the SC group; (*) p < 0.05 compared with the VC group. SC, non-irradiated; MC, model
control; VC, vehicle control; CISCFE-L low-dose CISCFE; CISCFE-M, middle-dose CISCFE; CISCFE-H, high-dose CISCFE. Color
images available online at www.liebertpub.com/rej
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The histopathological features of the MC and VC groups
were rather similar (Fig. 3A). UV radiation to cause skin
tissue changes, including thickened stratum corneum, epider-
mis, and flattened DEJ, were found in the skin of group MC
and VC mice. Meanwhile, there was a flattening of the rete
ridges beneath the epidermis, which is believed to make the
skin fragile and cause loss of nutrients. Particularly, the dermal
collagen fibers were degraded, sparse, and disorganized. At the
same time, the elastic fibers were reduced, tortuous, and even

fractured (MC and VC groups in Fig. 4). Furthermore, dense
inflammatory infiltrations as well as hemorrhage were evident
in the UV radiation–exposed skin specimen.

In the CISCFE-L group, there were some similar features
with the MC or VC group, but a more regular dermal col-
lagen and elastic fibers were distributed compared to the MC
mice (Fig. 3A and Fig. 4). As shown in Fig. 3A, when
CISCFE (3.6 or 12 mg/mouse) was applied topically, UV
radiation–induced skin structure damage was apparently

FIG. 2. Efficiency of the C. indicum super-critical carbon dioxide fluid extract (CISCFE) in reducing epidermal thickening.
(A) Photographs of epidermal thickness based on Hematoxylin & Eosin (H&E) staining (original magnification, 200·).
Epidermal thickness was observed by the double-headed black arrows. (B) Results of mean epidermal thickness of different
groups. (C) Changes in skin fold thickness (SFT) of different groups. SFT was measured from week 3 to week 10 using a
Quick Mini Caliper. Data are expressed as mean values – standard error of the mean (SEM) of nine mice in each group. (#)
p < 0.05 compared with the SC group; (*) p < 0.05 compared with the VC group. NC, naı̈ve control; SC, non-irradiated; MC,
model control; VC, vehicle control; CISCFE-L low-dose CISCFE; CISCFE-M, middle-dose CISCFE; CISCFE-H, high-dose
CISCFE. Color images available online at www.liebertpub.com/rej
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ameliorated. First, the marked decrease in epidermal thick-
ness as well as the curving dermal ridges were found; sec-
ond, an ordered arrangement of abundant collagen bundles
was displayed and the elastic fibers presented as normal in
nature; finally, inflammatory infiltration and hemorrhage
were absent in and underneath the fatty dermis. As a whole,
there was an inhibitory effect of CISCFE on UV radiation–
induced morphological and histological alterations in mice.

CISCFE inhibited the decrease of collagen content
in photo-aged mice

Collagen is a main structural element in the skin that
could provide support and strength.29 Figure 5 shows that
similar amounts of collagen content were detected in the NC
and SC groups, whereas the collagen in the VC and MC
groups was decreased compared with that in the NC and SC

FIG. 3. Representative photographs of Hematoxylin & Eosin (H&E) staining for routine examination of the skin tissue and the
effect of C. indicum super-critical carbon dioxide fluid extract (CISCFE) on the expression of matrix metalloproteinase-1 (MMP-1)
and MMP-3. (A) Histological Images of mice skin based on H&E staining. NC group (magnification, 100·), representing a normal
and clear structure; SC group (magnification, 100·), showing almost similar features with that in the in the NC group (magnifi-
cation, 200·); MC group: (a) an abnormal structure (magnification, 200·); (b) inflammation cell gathering in and underneath the
dermis (magnification, 200·); (c) disorganized and even fractured collagen bundles with hemorrhage (magnification, 400·); VC
group, having similar characteristics of MC group (magnification, 200·); CISCFE-L group (magnification, 200·); CISCFE-M
(magnification, 200·); CISCFE-H group (magnification, 200·). ED, epidermis; DR, dermis; ST, subcutaneous tissue; HF, hair
follicle; DEJ, dermal-epidermal junction; SC, stratum corneum; IF, inflammation infiltration; HR, hemorrhage. (B) Results of the
MMP-1 and MMP-3 expression in experimental groups. Data shown are the mean values – standard error of the mean (SEM)
(n = 9). (#) p < 0.05 compared with the SC group; (*) p < 0.05 compared with the VC group. NC, naı̈ve control; SC, non-irradiated;
MC, model control; VC, vehicle control; CISCFE-L low-dose CISCFE; CISCFE-M, middle-dose CISCFE; CISCFE-H, high-dose CISCFE.
Color images available online at www.liebertpub.com/rej
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groups. In the CISCFE-L group, the mean value of collagen
production was close to that in VC group. For the CISCFE-M
and CISCFE-H groups, the collagen contents were statisti-
cally elevated by 33.3% and 50.1%, respectively, as com-
pared with the VC group ( p < 0.05). These results proved
that UV radiation led to an obvious decrease in collagen
content, whereas the reduction of collagen was significantly
suppressed by pre-treatment of CISCFE.

Decrease in oxidative stress status through
the administration of CISCFE

As depicted in Fig. 5, exposure to UV radiation induced
suppression of the release of anti-oxidant enzyme production.
Additionally, the levels of SOD, GSH-Px, and CAT did not

differ between the NC group and the SC group, whereas the
levels were significantly lowered after UV irradiation in the
MC and VC group. Interestingly, the treatment with CISCFE-H
and CISCFE-M could effectively reverse the reduction of
GSH-Px, CAT, and SOD. These anti-oxidant enzyme con-
tents in the CISCFE-H group were increased by 19.1%, 38.7%,
and 54.2%, compared to that in the VC mice, respectively.
However, there was only a slight augmentation in these en-
zyme contents in the CISCFE-L mice. These results indicated
that CISCFE improved the activities of SOD, GSH-Px, and
CAT to suppress oxidative stress following 10 weeks of
chronic UV radiation exposure.

CISCFE inhibited skin MDA production

MDA is considered to be one of the most widely used
indexes to reflect lipid peroxidation. As shown in Fig. 5,
lipid content in MC and VC mice was significantly in-
creased by 83.2% and 79.5%, compared to that in NC mice
( p < 0.05). Meanwhile, no significant difference in the level
of MDA was observed between NC and SC mice or MC and
VC mice skin. Treatment with CISCFE-L had no apparent
influence on the MDA level in the skin. In contrast, treat-
ment with CISCFE (3.6 and 12 mg/mouse) resulted in sup-
pression of MDA production to 0.66% and 0.63% in
comparison with the VC mice, respectively. Therefore,
CISCFE alleviated lipid peroxidation as a result of UV ra-
diation damage in mice skin tissues, and the effects of
CISCFE-M and CISCFE-H were much better than CISCFE-L.

The effect of CISCFE on the production
of inflammatory cytokines

The production of inflammatory cytokines (IL-1b, IL-6,
IL-10, TNF-a) were quantified by ELISA (Fig. 6). In gen-
eral, the levels of these cytokines in the VC group were
elevated significantly when compared with that in the SC
group, in which IL-1b was increased by 1.40-fold, IL-6 by
1.41-fold, IL-10 by 1.60-fold, and TNF-a by 1.34-fold.
However, in CISCFE-H group, these levels were highly de-
creased to approximately 75.5%, 80.9%, 73.6%, and 76.4%
compared to that in VC group. The application with CISCFE-
L did not show significant inhibition. These data provided
evidence that CISCFE (especially 12 mg/mouse) could ef-
fectively inhibit the release of the inflammatory cytokines
induced by UV radiation exposure.

CISCFE prevented the increase of MMP content
from UV radiation–induced damage

To determine whether CISCFE inhibited UV radiation–
induced MMPs expression, MMP-1 and MMP-3 expression
was measured after 10 weeks irradiation. Figure 3B shows
that excessive UV radiation exposure of skin distinctly ele-
vated MMP-1 and MMP-3 content by 1.37-fold and 1.12-fold,
respectively, than that in the SC mice. CISCFE significantly
prevented the increase of MMP-1 in a dose-dependent man-
ner. Meanwhile, CISCFE-M and CISCFE-H also dramatically
reduced MMP-3 content in skin tissues ( p < 0.05, vs. VC
group). However, the mean content of MMP-3 in the CISCFE-
L group was no longer significant when compared to that in
the VC group. Overall, these data supported the preventive
effect of CISCFE on UV radiation–induced MMP expression.

FIG. 4. Gomori’s Aldehyde Fuchsin staining of back skin
from experimental mice (magnification, 400·). NC group,
exhibiting large amounts of organized elastic fibers; SC
group, resembling the similar characteristics of NC group;
MC and VC groups, showing abnormal, tangled and de-
graded elastic fibers. EF, elastic fibers; NC, naı̈ve control;
SC, non-irradiated; MC, model control; VC, vehicle control;
CISCFE-L low-dose CISCFE; CISCFE-M, middle-dose CISCFE;
CISCFE-H, high-dose CISCFE. Color images available online
at www.liebertpub.com/rej
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Discussion

UV irradiation responses have been revealed to cause
premature skin aging (photo-aging), which is photo-damage
superimposed on the aging process, characterized by sagging,
wrinkling, coarseness, and erythema.2,30 The photo-aged skin,
through the findings in previous studies, might be attributed to

increased MMPs production as a result of UV radiation–in-
duced ROS and the resulting accumulation of inflammation
cytokines.3 Currently, it has been widely proved that naturally
occurring products exert protective photo-aging activity.
CISCFE, a well-known agent bearing obvious anti-oxidant and
anti-inflammatory activities, may be a promising effective
therapeutic natural material to protect skin against photo-

FIG. 5. Effect of C. indicum super-critical carbon dioxide fluid extract (CISCFE) on the activities of anti-oxidant enzymes
and the levels of malondialdehyde (MDA) in photo-aged mice skin. Data are shown as mean values – standard error of the
mean (SEM) of nine mice in each group. (#) p < 0.05 compared to the SC group; (*) p < 0.05 compared to the VC group. NC,
naı̈ve control; SC, non-irradiated; MC, model control; VC, vehicle control; CISCFE-L low-dose CISCFE; CISCFE-M, middle-
dose CISCFE; CISCFE-H, high-dose CISCFE.
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aging.16 In this study, we investigated the anti-photo-aging
property of CISCFE.

As shown in Fig. 1, chronic exposure of the skin to UV
radiation caused increases in wrinkle formation and skin
thickness and the reduction of skin elasticity, which is clo-
sely accordance with the decreased total collagen levels and
evident elastosis in the upper dermis. These data were
consistent with the previous reports.31,32 However, in com-
parison with the VC group, the treatment of CISCFE inhibited
the formation of wrinkles, the appearance of laxity and
leathery epidermal thickening in the skin. Moreover, CISCFE

(especially CISCFE-M and CISCFE-H) not only markedly
prevented UV radiation–induced collagen reduction by in-
creasing Hyp content, but also repaired the integrity of
collagen structure and the elastic fibers. These findings
suggested that CISCFE prevented mice skin from wrinkles
and laxity, mainly by fixing collagen and elastic fibers and
enhancing the collagen synthesis.

Fibrillar collagens and elastic fibers are two major constit-
uents of dermal extracellular matrix (ECM) in connective skin
tissues. The functional properties of the skin are highly de-
pendent on collagen and elastic fiber integrity to confer tensile
strength and resilience.33 However, various UVB-induced

MMPs (such as MMP-1 and MMP-3) in dermal fibroblasts are
responsible for the breakdown of dermal interstitial collagen
and other connective tissue components, and therefore lead
to cutaneous photo-aging.34 Thus, MMPs inhibition has been
used to prevent UV radiation–induced photo-damage photo-
aging.35 In this study, we found that the topical treatment
of CISCFE suppressed the increase of MMP-1 and MMP-3
expression caused by chronic UV irradiation, and this was
correlated with the inhibition of the degraded elastic fibers
and reduced collagen density. This result indicated that the
reduction of MMPs might contribute to remodeling of ECM
structures in the tissue treated with CISCFE.

Additionally, several investigations have described that
up-regulation of MMPs resulted from UV radiation–induced
ROS and inflammation responses.3 Excessive ROS stimulate
membrane-dependent MAPK signaling pathways and acti-
vate c-Jun and c-Fos (AP-1 protein), thus resulting in the
increased MMP expression.36 In a healthy condition, the
production of ROS is constantly balanced by the anti-
oxidant defense system. But if the excessive increase of
ROS was induced by UV irradiation in mice skin, the de-
fense of the endogenous anti-oxidant enzymes (SOD, CAT,
and GSH-Px) is overwhelmed and then the oxidative stress

FIG. 6. Effect of C. indicum super-critical carbon dioxide fluid extract (CISCFE) on the expression of inflammation
cytokines. Data are expressed as mean values – standard error of the mean (SEM) of nine mice in each group. (#) p < 0.05
compared to the SC group; (*) p < 0.05 compared to the VC group. NC, naı̈ve control; SC, non-irradiated; MC, model
control; VC, vehicle control; CISCFE-L low-dose CISCFE; CISCFE-M, middle-dose CISCFE; CISCFE-H, high-dose CISCFE.
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occurs.9 Oxidative stress could cause oxidative damage to
cellular components, aggravate MMPs expression and lipid
peroxidation, and finally lead to skin pathologies.37 There-
fore, the removal of ROS is one of the strategies to protect
skin from solar UV irradiation. In this study, topic appli-
cation of CISCFE could prevent the decrease in the activities
of SOD, CAT, and GSH-Px and attenuate the augmentation
of MDA content in tissue, which is generally used as a
reliable laboratory biomarker to evaluate the level of lipid
peroxidation. This leads to inhibition of MMP-1 and MMP-
3 levels and prevention of ECM degradation. Similar to our
observation, Sun et al. revealed that aqueous extracts from
C. indicum reduced photo-aging–related MMPs and strongly
attenuated the elevated ROS level by UV irradiation.38

These results revealed that the anti-photo-aging property of
CISCFE was due to its protective effects on anti-oxidant
enzymes, by which the ROS level could be decreased.

UV-induced erythema, edema, epidermal hyperplasia,
and the production of inflammatory mediators are thought to
be inflammatory responses.39 Inflammation induced by UV
irradiation plays a vital part in the development of skin
photo-aging by up-regulating the expression of MMPs and
damaging the cellular and molecular integrity of the dermis
and the epidermis through pro-inflammatory cytokines.40

Studies have suggested that UV radiation–induced ROS
production could activate AP-1 and NF-jB to induce the
production of pro-inflammatory cytokines in the skin tis-
sue.11 Accordingly, inhibition of UV-induced inflammatory
responses is important to protect skin from photo-aging. As
depicted in Fig. 1 and Fig. 3, we captured an intense in-
flammatory infiltrate in the photo-aged skin specimen.
However, our findings showed that the levels of these cy-
tokines (IL-1b, IL-6, IL-10, and TNF-a) were markedly
reduced when treated with CISCFE. Histological results also
revealed that a concentration of inflammatory cells was
absent in the CISCFE-M and CISCFE-H groups, which was
proved by the satiny skin shown in Fig. 1. Therefore, we
concluded that CISCFE may have a photo-protective effect
on the basis of its significant anti-inflammatory activity via
inhibiting the excessive inflammatory cytokine production
by UV irradiation.

Furthermore, with respect to chemical study of CISCFE,
we hypothesized the anti-photo-aging activity of CISCFE

in the present study could be due to the bioactivities of
its chemical compounds. Our previous study showed that
d-camphor, caryophyllene oxide, endoborneol, b-caryophyllene,
eucalyptol, thymol, and bornyl acetate were the principal
components of CISCFE according to the GC-MS analysis.18

Among them, eucalyptol, thymol, d-camphor, and endo-
borneol were reported to effectively decrease inflammatory
response in a dose-dependent manner via inhibiting pro-
inflammatory mediators such as TNF-a, IL-1b, and IL-6.41,42

By HPLC-PAD analysis, we quantified five components—
chlorogenic acid, luteolin-7-glucoside, linarin, luteolin, and
acacetin.18 Wen and Chiu et al. have suggested that chloro-
genic acid (phenolic acid) in Ixora parviflora was the major
contributor to the anti-oxidant activity and it could be applied
to ameliorate the incidence of photo-aging owing to signifi-
cantly decreased ROS generation in UV radiation–exposed
fibroblasts.43 It was demonstrated that flavonoids (luteolin-7-
glucoside, linarin, luteolin, and acacetin) have marked anti-
inflammatory activity by suppressing NF-jB and MAPKs

activation.14,17,39 In addition, previous studies have revealed
moderate inhibitory activities of luteolin against UVA-
triggered MMP-1 production by interfering with MAPKs and
AP-1 signaling.44 Hence, compounds of CISCFE, which pos-
sess potential anti-oxidant and anti-inflammatory effects, are
crucial for CISCFE’s anti-photo-aging effect, and the specific
chemical compounds responsible for anti-photo-aging effect
of CISCFE need to be further identified.

Summarizing, this is the first time that the anti-photo-
aging effects of CISCFE have been established in an animal
model, and the inhibition was ascribed to elevated collagen
production via the down-regulation of MMPs, which may be
mediated by the inhibition of anti-oxidant enzymes activities
and inflammatory protein expression. However, further in-
vestigation is warranted for the specific chemical com-
pounds answering for anti-photo-aging effect of CISCFE and
more studies particularly related to the signaling pathways
are needed to clarify the underlying mechanism of CISCFE

on anti-photo-aging.
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