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Inonotus obliquus polysaccharides prevent UVB-induced skin photodamage by
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ABSTRACT: Inonotus obliquus, an edible and medicinal fungus, has proven to be beneficial for relieving body
aging. Previous research has shown that /nonotus obliquus polysaccharide (IOP) can effectively reduce oxidative
stress and alleviate photoaging in UVB-treated HaCaT cells. However, the underlying mechanism is still unclear. This
study aimed to investigate the mechanism through which IOP mitigates skin photodamage by modulating
mitochondrial autophagy through both in vivo and in vitro experiments. The results indicated that IOP alleviated the
thickening of the stratum corneum and inflammatory infiltration caused by UVB radiation. Moreover, IOP effectively
inhibited the mRNA expression of MMP1 and MMP3 to prevent collagen breakdown and decreased the expression of
aging-related proteins (P53 and P21) and inflammatory factors (TNF-a and IFN-y) in UVB-induced mice. Both in
vitro and in vivo studies demonstrated that IOP increased Sirt3 expression, activated the Foxo3a/PINK1-Parkin
pathway and enhanced mitochondrial autophagy to reduce photodamage. Additionally, IOP could regulate the gut
microbes in photodamaged mice and increase the relative abundance of Clostridium XIVa, Desulfovibrio, and
Barnesiella, which are important for protecting the intestinal barrier and alleviating intestinal dysfunction. These
results provide a theoretical foundation for the use of IOP as a natural component to reduce skin photodamage.
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1. Introduction

Long-term exposure to UVB radiation can lead to skin inflammation, DNA damage, oxidative stress, and
collagen fiber degradation, ultimately resulting in skin photodamage!!-*l. Mitochondria, which are organelles
responsible for aerobic respiration and cellular energy metabolism, play a crucial role in maintaining cellular
homeostasis* 3. UVB radiation disrupts the normal functioning of mitochondria in HaCaT cells, resulting in
decreased ATP levels, loss of mitochondrial membrane potential, and dysfunctional mitochondrial
aggregation!®.. Mitochondrial dysfunction induces cellular senescence, chronic inflammation, and an increase
in reactive oxygen species!”” ®. To maintain mitochondrial and intracellular homeostasis, cells selectively

remove damaged mitochondria through mitophagy . Research has demonstrated that inducing mitochondrial
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autophagy can enhance the collagen content and antioxidant capacity in the skin of aging rats!'%. These
findings suggested that restoring mitochondrial function is essential for reversing skin aging.

Sirtuin-3 (Sirt3) regulates mitochondrial metabolism, strengthens antioxidant defense, and contributes to
cellular aging and tumor development. It serves as a crucial target for the treatment of mitochondrial
dysfunction diseases!'" 121, Sirt3 deacetylates Forkhead box O3 (Foxo3a), leading to its activation!'3l. This
deacetylation of Foxo3a then activates the mitochondrial autophagy gene PTEN-induced putative protein
kinase (PINK1), which regulates mitochondrial autophagy!'¥l. The Sirt3-foxo3a/PINK1-E3 ubiquitin ligase
protein (Parkin) signaling pathway has been demonstrated to be involved in various diseases, such as
myocardial damage caused by diabetes, heart failure, and degenerative diseases!!>!”). Sirt3 is an important
target for treating mitochondrial dysfunction diseases, and its signaling pathway is a crucial component of
antioxidant stress and cytoprotective mechanisms!!® % 1) Regulating mitochondrial function through Sirt3 is
also expected to have a significant impact on the prevention and treatment of skin photodamage.

Inonotus obliquus is a widely distributed medicinal and edible fungus found in North America, Asia and
Europe. It is commonly used in folk medicine due to its various biological activities, including antioxidant,
anticancer, anti-inflammatory, and immunoregulatory properties?” 2!, Polysaccharides are one of the main
biological components of Inonotus obliquus and exhibit antiviral, antioxidant, hypolipidemic, and
hypoglycemic effects!??). Our previous research demonstrated that /nonotus obliquus polysaccharide (IOP)
can effectively prevent UVB-induced skin photoaging!®* 24, These findings also suggested that IOP may have
a regulatory effect on mitochondria, although the specific mechanism involved is still unclear. In this study,
we aimed to investigate whether IOP can alleviate skin photodamage by modulating mitochondrial autophagy
through both in vivo and in vitro experiments. The results of this study will provide an experimental basis for

the further development and utilization of Inonotus obliquus in the functional food and cosmetics industries.

2. Materials and methods
2.1 Preparation of IOP

The Inonotus obliquus fruiting body was crushed and then subjected to water extraction and alcohol
precipitation to prepare the IOP. Purified polysaccharides were obtained by using the Sevage reagent
(chloroform: n-butanol =4:1) to remove protein impurities. High performance liquid chromatography (HPLC)
analysis revealed that the monosaccharide composition of IOP included Mannose, Glucosamine, L-rhamnose
monohydrate, Glucuronic acid, D-Galacturonic acid, Glucose, D-galactose, Xylose, L-Arabinose and

Fucosel?.

2.2 Animal treatment and UVB irradiation

Forty 8-week-old female C57BL/6 mice weighing 17-20 g were used in this study. The mice were
purchased from Vital River, Beijing and housed in IVC crates maintained at a constant temperature (20-26°C)

and humidity (40%-60%). All animal experimental protocols were approved by the Laboratory Animal
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Management and Animal Welfare Ethics Committee of Jiangnan University (Approval Number:
JN.NO20220930c0401230[399]).

After one week of adaptive feeding, the experimental animals were randomly assigned to eight groups:
the normal group, model group, Topical group (L-Topical, M-Topical, H-Topical), and Gavage group
(L-Gavage, M-Gavage, H-Gavage), each consisting of five mice. Beginning on the first day of UVB radiation,
the mice were treated with IOP according to the detailed administration schedule shown in Fig. 1.

The hairs on the dorsal skin of the mice were shaved, and the skin was exposed to UVB radiation using a
sealed box equipped with three 15 W UVB lamps (Sankyo Denki, Japan) for a duration of 6 weeks with a total
dose of 3000 mJ/cm?. The lamps were positioned 25 cm above the mice’s back, and the UVB intensity was
measured using a UV radiometer. As depicted in Fig. 1, the dose for the first week was 100 mJ/cm? for 7
consecutive days. For the second week, the dose was 200 mJ/cm? administered once every two days for a total
of 4 days. Starting from the third week, the dose was 150 mJ/cm? given once every three days for a total of 10
days.
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Fig.1 Establishment and administration of the mouse model of photodamage in vivo.

2.3 Organ index analysis

At the end of the experiment, the weights of each mouse's liver, spleen, and kidneys were recorded. The
organ index calculation formula was as follows:

Organ index = Organ weight (g)/Body weight (g)
2.4 Histological examination

The skin tissue was fixed with 4% paraformaldehyde, dehydrated, embedded in paraffin, and sectioned
into a 4 pum thick sample. After paraffin removal, hematoxylin-eosin (H&E) staining and Masson staining
were performed, and histopathological changes in the epidermis and collagen fibers were observed by a digital
slide scanner (3DHISTCH, Hungary).

2.5 Cell culture and treatment
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HaCaT cells, a human epidermal keratinocyte cell line, were purchase from the HAKATA cell bank.
HaCaT cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM, Sigma, D6429-500ML)
supplemented with 10% fetal bovine serum (FBS, Lonsera, S711-001S) and 1% penicillin-streptomycin
(Biosharp, BL505A) in an atmosphere of 5% CO: at 37°C.

To construct an in vitro photoaging cell model, HaCaT cells were irradiated with UVB at a dosage of 80
mJ/cm?. The cells were divided into five groups: the normal group, model group (exposed to UVB
irradiation), 0.2 pg/mL IOP group (UVB irradiation with 0.2 pg/mL IOP treatment), 2 pg/mL IOP group
(UVB irradiation with 2 pg/mL IOP treatment), and 20 pg/mL IOP group (UVB irradiation with 20 pg/mL
IOP treatment).

2.6 Western blot

Skin tissues and cells were subjected to ice bath conditions and treated with RIPA (Thermo Fisher,
87787) reagent for 45 min. After centrifugation (12000 r/min, 10 min at 4°C), the supernatant was collected as
a protein sample. The protein concentration was determined using a BCA kit (Beyotime Biotechnology,
P0006C). The proteins were separated by SDS-PAGE and transferred onto a preactivated polyvinylidene
fluoride membrane (PVDF, Shanghai Universal Biotech, 10600023). The PVDF membranes were blocked
with 5% BSA and incubated with the specific primary antibody overnight at 4°C. Subsequently, the PVDF
membrane was washed with TBST buffer and incubated with the corresponding horseradish
peroxidase-conjugated secondary antibody for 1 h at room temperature. Color development was achieved
using enhanced chemiluminescence (ECL) solution (Beyotime Biotechnology, PO018FM), and photographed
using a gel imaging system (Tanon 5200Multi). The total gray value of each band was quantified using ImageJ

software, and the results were normalized to that of the housekeeping protein GAPDH or ACTB.
2.7 Isolation of total RNA and RT-PCR

Total RNA was extracted from skin tissues using an RNAeasy™ Animal RNA Isolation Kit with a Spin
Column (Beyotime Biotechnology, R0027). Total RNA was isolated from HaCaT cells using Trizol reagent
(Sangon Biotech, B511311-0100). Complementary DNA synthesis was performed using BeyoRT™ III First
Strand cDNA Synthesis Master Mix (Beyotime Biotechnology, D7182M). PCR amplification consisted of 30
cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 1 min with Easy-Load™ PCR Master Mix (Beyotime
Biotechnology, D7255) and primer pairs (Table 1). The total gray level of each band was quantified by ImageJ

software. The mRNA expression levels were standardized to the expression of GAPDH.

Table 1. The sequences of primers used in the study

Gene Name Forward sequences Reverse sequences

TNF-a ACCCTCACACTCACAAACCA ACAAGGTACAACCCATCGGC
IFN-y GAGGTCAACAACCCACAGGT GGGACAATCTCTTCCCCACC
Collagen | TGAACGTGGTGTACAAGGTC CCATCTTTACCAGGAGAACCAT
MMP1 CTTCTTCTTGTTGAGCTGGACTC CTGTGGAGGTCACTGTAGACT
MMP3 CCCTGCAACCGTGAAGAAGA GACAGCATCCACCCTTGAGT
GAPDH CAGGTTGTCTCCTGCGACTT TATGGGGGTCTGGGATGGAA

2.8 ELISA
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The Sirt3 concentration in the serum was measured using a Mouse Sirt 3 Elisa Kit (CoiboBio,
CB15329-Mu). Briefly, 50 uL of different concentration standards and serum samples were added to a 96-well
plate. Subsequently, 100 pL of the enzyme conjugate was added to each well. The plate was then incubated at
37°C for 60 min. The plate was washed five times with wash solution. Substrate A and B solutions were added
to each well, and the plate was incubated in the dark for 15 min. Finally, 50 uL of Stop solution was added to

stop the reaction, and the optical density (OD) of each well was measured at a wavelength of 450 nm.
2.9 Autophagy assay

Autophagy was detected according to the instructions of an Autophagy Staining Assay Kit with MDC
(Beyotime Biotechnology, C3018M). The cells were washed twice with phosphate buffer (PBS). Next, 1 mL
of monodanyl cadaveramide (MDC) staining solution was added to each dish (35 mm). The cell culture dish
was placed in a cell culture incubator and incubated at 37°C for 30 min. Subsequently, each well was washed
three times with 1 mL of assay buffer, after which 1 mL of assay buffer was added. Green fluorescence was
observed under a fluorescence microscope (Leica), and fluorescence was detected using a fluorescence

microplate reader (Tanon, excitation wavelength 335 nm, emission wavelength 512 nm).
2.10 Gut microbiota analysis

DNA was extracted from feces collected from the colons of mice in three groups: normal, model and
H-Gavage groups. Thirty nanograms of genomic DNA samples with qualified quality and corresponding
fusion primers were configured with a PCR system, and the PCR parameters were set for PCR amplification.
The PCR amplification product was purified using Agencourt AMPure XP magnetic beads, dissolved in
elution buffer, and labeled, after which the library was constructed. An Agilent 2100 Bioanalyzer was used to
measure the extent and concentration of the fragments. The HiSeq platform was selected for sequencing

according to the size of the insert.
2.11 Statistical analysis

GraphPad Prism 9.0.1 statistical software (GraphPad, California, USA) was used to determine the
significance of the differences in the processed data. The experimental results were presented as the mean +

SD, and the test method was one-way ANOVA. Differences were considered significant at P < 0.05.

3. Results
3.1 Effect of IOP on the epidermis of UVB-irradiated mice

In vivo, the organ indices could provide insight into the potential toxic side effects of drugs on mice. In
this study, the liver, kidney, and spleen indices of the IOP treatment group were not significantly different
from those of the normal group (P > 0.05; Fig. 2A-C). To assess the effect of IOP on the epidermis, we
performed H&E staining of mouse skin tissue in the UVB-irradiated area (Fig. 2D). The model group
exhibited a thickened stratum corneum, an increased number of cell layers, and a significantly thickened

epidermis compared to those of the normal group. Moreover, the skin of mice in the model group exhibited
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inflammatory cell infiltration. However, compared with those in the model group, the epidermal thickness of
the mice in the IOP topical groups and gavage groups were significantly lower.
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Fig. 2 Effect of IOP on the epidermis of UVB-irradiated mice. (A) Organ indices of the liver. (B) Organ indices of the kidney.
(C) Organ indices of the spleen. (D) H&E staining was used to observe the histological changes in the epidermis of the mice
(100x and 400x). The data are expressed as the means + SDs; n=5.

3.2 Effects of IOP on collagen in the skin of UVB-irradiated mice

To investigate the potential inhibitory effect of IOP on collagen degradation caused by UVB radiation,
we conducted Masson staining on the skin of the mice (Fig. 3A). In the normal group, the collagen fibers were
evenly distributed and tightly arranged. In contrast, the model group exhibited sparse, denatured, and
unevenly distributed collagen fibers. However, in both the IOP topical group and the gavage group, the
collagen fibers in mouse skin tissue exhibited a significant increase in density, neat arrangement, and
relatively uniform distribution compared to those in the model group.

The expression of MMP1 and MMP3 plays a role in the regulation of Collagen I levels in the skin. The
mRNA expression of MMP1 and MMP3 in the skin tissue of mice in the model group was significantly greater
than that in the skin tissue of the normal group, while the mRNA expression of Collagen I was suppressed (P
< 0.001; Fig. 3B-C). Conversely, in the IOP treatment groups (both topical and gavage), the mRNA
expression of MMP1 and MMP3 was downregulated, and the expression of Collagen I mRNA was
significantly upregulated compared to that in the model group (Fig. 3B-C).
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Fig. 3 Effects of IOP on collagen in the skin of UVB-irradiated mice. (A) Skin sections were stained with Massone to observe

the distribution and content of collagen fibers in the dermal layer of mice (50% and 200x). (B) RT-PCR results for Collagen I,

MMP3 and MMP1. (C) The mRNA levels of Collagen I, MMP3 and MMP1 determined by real-time PCR and referenced to
the level of GAPDH. The data were expressed as the means + SDs; n=3. Compared with the normal group, ** P < 0.001;

compared with the model group, ™ P < 0.01, ™ P < 0.001.

3.3 Effects of IOP on inflammation and aging in UVB-irradiated mice

Inflammatory cell infiltration in the model group was observed through H&E staining, and the level of
inflammation in the skin tissue was measured. The expression of TNF-o and IFN-y mRNA in the skin tissue of
the model group was significantly greater than that in the skin tissue of the normal group (P < 0.001; Fig.
4A-C). However, in all IOP treatment groups except for the L-Topical group, TNF-a and IFN-y mRNA
expression was significantly inhibited (P < 0.001; Fig. 4A-C).

Subsequently, we examined age-related indicators in the skin tissue (Fig. 4D-F). After UVB irradiation,
the expression of the intracellular aging-related factors P53 and P21 in the model group increased significantly
compared to that in the normal group (P < 0.001), resulting in cell senescence and exacerbation of
photodamage. This finding indicates that cellular senescence worsens photoaging. However, after IOP
administration, the protein expression of P53 and P21 in the smearing group was significantly lower than that
in the model group (P < 0.001). Similarly, the protein expression of P53 and P21 in the M-Gavage group and
the H-Gavage group was significantly downregulated (P < 0.001).
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Fig. 4 Effects of IOP on inflammation and aging in UVB-irradiated mice. (A) RT-PCR results for IFN-y and TNF-a. The
mRNA levels of (B) IFN-y and (C) TNF-a determined by real-time PCR and referenced to the level of GAPDH. (F) Western
blot analysis of P53 and P21. The levels of (G) P53 and (H) P21 were presented as the ratio (in percentage) of the normal
group and were and referenced to the level of GAPDH. The data are expressed as the means + SDs; n=3. Compared with the
normal group, “* P < 0.001; compared with the model group, *** P < 0.001.

3.4 Effect of IOP on autophagy levels in UVB-irradiated mice

Sirt3 plays a crucial role in maintaining mitochondrial integrity!>]. To investigate the potential regulatory
effect of Sirt3 on IOP, we examined the serum Sirt3 concentration and the Sirt3 protein level in the bare skin
tissue (Fig. SA-C). Compared to those in the normal group, the serum Sirt3 content in the model group was
slightly lower, with a 59% decrease in Sirt3 protein expression. However, the other IOP treatment groups,
except for the L-Topical group, exhibited an upward trend in the expression of Sirt3 in both the serum and
skin. The expression of proteins related to the mitophagy pathway, Foxo3a, PINK1, and Parkin, in the skin of
mice in the model group was downregulated (Fig. 5D-E). Conversely, the H-Gavage group exhibited

significant upregulation of Foxo3a, PINK1, and Parkin protein expression in the UVB radiation region (P <

0.001).
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Fig. 5 Effect of IOP on autophagy levels in UVB-irradiated mice. (A) ELISA of Sirt3 in mouse serum. (B) Western blot
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3.5 Effect of IOP on gut microbes in UVB-irradiated mice
The alpha diversity indices were determined using the Chao 1, Shannon and Simpson indices. The Chaol
and Shannon indices were greater in the normal group and H-Gavage group than in the model group (Fig. 6A,

B). On the other hand, the Simpson index was lower in the normal group and H-Gavage group than in the

model group (Fig. 6C).
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Fig. 6 Effect of IOP on gut microbes in UVB-irradiated mice. (A) Chao 1 index. (B) Shannon index. (C) Simpson index.
Histogram of the gut microbial compositions at the (D) phylum and (E) family levels.

Regarding the richness of the microbial species, the dominant genera were Firmicutes, Bacteroidetes,
Proteobacteria, Verrucomicrobia, Candidatus Saccharibacteria, and Actinobacteria (Fig. 6D). Among the
gut microorganisms of mice in the normal group, the F/B ratio between the phylum Firmicutes and the
Bacteroides phylum was 5.45, and this ratio increased to 17.45 in the model group. In the H-Gavage group, the
ratio of the phylum Firmicutes to the phylum Bacteroides was 12.852, a decrease of 4.598 compared with that

in the model group. At the subordinate level, compared with that in the normal group, the richness of
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Clostridium_XlVa in the model group was reduced by 7%, the richness of Desulfovibrio was reduced by 6%,
and the richness of Barnesiella was reduced by 5%. Akkermansia richness was revised by 5%, and
Lactobacillus richness was revised by 5%. Compared to that in the model group, the richness of
Clostridium_XlVa in the drug group was increased by 20%, and the richness of Desulfovibrio was increased
by 19%. However, the richness of Lactobacillus was reduced by 7%, and the richness of Akkermansia was
reduced by 5%.

3.6 Effect of IOP on autophagy levels in UVB-irradiated cells

The protein expression of Sirt3 in the cells in the model group was significantly lower than that in the
normal group after UVB irradiation (P < 0.001; Fig. 7A-B). The protein expression of Sirt3 in each group
after drug administration basically showed an upward trend compared to that in the model group (Fig. 7A-B).
Additionally, compared with those in the normal group, the expression of FOXO3a, PINK1 and Parkin in the
model group was lower. However, in the IOP treatment group, the expression of the Foxo3a, PINK1 and
Parkin proteins increased in the 2 pg/mL IOP group, and these proteins were significantly upregulated (P <
0.001; Fig. 7C-D). In addition, the protein expression of Bnip3 (Bcl-2/adenovirus E1B 19-kDa-interacting
protein 3) reflects autophagy levels. Compared with that in the normal group, the protein expression of Bnip3
in the model group was downregulated. However, there was a clear upregulation trend of the Bnip3 protein in
the 2 pg/mL IOP group (Fig. 7E-F).

As shown in Fig. 7G, the normal group represents the baseline level of autophagy without UVB
irradiation. To inhibit autophagy, 3-Methyladenine (3-MA) was used. Compared to those in the normal group,
the 3-MA group exhibited a decrease in fluorescence intensity. Similarly, the Model group showed a reduction
in fluorescence spots and weakened autophagy intensity. In the 20 pg/mL IOP dose group, there was a

significant increase in the number of MDC-positive cells and a corresponding increase in fluorescence
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Fig. 7 Effect of IOP on autophagy levels in UVB-irradiated cells. (A) Western blot analysis of Sirt3. (B) Quantification of
Sirt3 was presented as the ratio (in percentage) of the normal group and referenced to GAPDH. (C) Western blot analysis of
Foxo3a, PINK1 and Parkin. (D) The Foxo3a, PINK1 and Parkin levels are presented as the ratio (in percentage) of the normal

group and referenced to the GAPDH level. (E) Western blot analysis of Bnip3. (F) Quantification of Bnip3 expression was
presented as the ratio (in percentage) of the normal group and referenced to the GAPDH level. (G) MDC-positive cells and

fluorescence intensity were presented as the ratio (in percentage) to that of the normal group. The data are expressed as the
means + SDs; n=3. Compared with those in the normal group, * P < 0.05, # P < 0.01, and ** P < 0.001; compared with those
in the model group, “ P < 0.05, “ P < 0.01, and ™™ P < 0.001.

4. Discussion

IOP possesses various biological activities, especially strong antioxidant and anti-inflammatory

26291 Qur previous study revealed that IOP can effectively prevent oxidative stress and apoptosis in

properties!
HaCaT cells caused by UVB radiation. In addition, UVB radiation led to a decrease in the mitochondrial
membrane potential of HaCaT cells and a decrease in the expression of genes associated with autophagy, such
as Beclin-1 and LC3. However, these detrimental effects were alleviated upon IOP treatment®*!. Based on
these findings, we propose that IOP can potentially alleviate UVB-induced mitochondrial dysfunction and
induce autophagy, suggesting that IOP is a promising approach for the treatment of skin photodamage.

Collagen, the main component of the extracellular matrix (ECM), is susceptible to degradation due to UV
radiation, which can accelerate the skin aging process. This degradation is caused by the upregulation of the
MMP1 and MMP3 proteins!**-32, Prolonged exposure to UVB radiation also leads to increased expression of
aging markers, such as p53 and p21, in human keratinocytes. These markers further contribute to the secretion
of aging-related factors such as TNF-a/*}]. In our study, we discovered that IOP can mitigate the degradation
of collagen fibers caused by UVB radiation. This effect is achieved by inhibiting the expression of MMP1 and
MMP3. Furthermore, IOP also suppresses inflammatory factor and senescence-related protein expression.
These findings suggest that IOP has a potential role in alleviating skin photodamage.

Autophagy is a cellular process that maintains homeostasis and eliminates damaged cellular components
to promote cell survival and adaptive responses. Dysfunction in autophagy contributes to UV-induced skin

cell damage, leading to photoaging and photodamage!**

. Previous studies have indicated that increasing
autophagy can alleviate skin photodamage #4371, Sirt3, a mitochondrial deacetylase enzyme, plays a role in

regulating mitochondrial quality and mitophagy by modifying protein acetylation. Increased expression of
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Sirt3 has been shown to activate key proteins involved in mitochondrial autophagy, including FOXO3a,
PINK1, and Parkin!®*®*1. By activating the Foxo3a/Parkin pathway, Sirt3 stimulates cellular mitochondrial
autophagy, thereby improving TNF-a-induced psoriasis in HaCaT cells!*”). Considering that UVB radiation
can also induce mitochondrial dysfunction, we hypothesized that the Sirt3-PINK1/Parkin pathway could
alleviate skin photodamage. Through in vivo and in vitro experiments, we demonstrated that UVB radiation
reduces the expression of Sirt3 and its downstream proteins. As expected, IOP increased the expression of
Sirt3 and activated the Foxo3a/PINKI1-Parkin signaling pathway, thereby enhancing mitophagy. These
findings suggest that Sirt3 could serve as a potential target for treating photodamage.

The intestine and skin are organs that are rich in blood vessels and nerves, and they have important
effects on the immune system and neuroendocrine system!*!). These organs are closely connected to each

S[42

other through a pathway known as the gut-skin axis!*?). Recent studies have shown that various skin diseases,

such as acne, specific dermatitis, and psoriasis, are associated with an imbalance of the intestinal floral**-],
The F/B ratio, which is often used as an indicator of microbial imbalance, is linked to intestinal
dermatology!*’!. In the present study, we observed that exposure to UVB radiation caused dysregulation of gut
microbes, an increase in the F/B ratio, and a decrease in gut microbial diversity. The relative abundances of
Clostridium_XlVa, Desulfovibrio, and Barnesiella, which are important for protecting the intestinal barrier
and alleviating intestinal dysfunction, were significantly reduced in the photodamage model™*® *°1. Our study

proved that IOP can regulate gut microbes in photodamaged mice.

5. Conclusions

In our study, we investigated the effects of UVB radiation on the skin and evaluated the potential benefits
of IOP treatment. We found that UVB radiation caused several changes in the skin, such as epidermal
thickening, inflammation, aging, and collagen fiber degradation. However, when the mice in the IOP
treatment group were exposed to UVB radiation, we observed that their skin epidermis became thinner and
that the number of collagen fibers increased. Moreover, the expression of genes related to inflammation and
aging decreased in the IOP treatment group, suggesting a decrease in the photoaging process. Additionally,
IOP treatment showed promising results in alleviating dysbiosis of the intestinal flora in mice with
photodamage. Both in vitro and in vivo experiments revealed that IOP increased the expression of Sirt3 after
UVB radiation and activated the Foxo3a/PINK1-Parkin pathway, which enhanced mitochondrial autophagy
and provided protection against UVB damage.
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