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A B S T R A C T   

Photoaging is the main form of external skin aging, and ultraviolet radiation is the main cause. 
Long-term ultraviolet radiation can cause oxidative stress, inflammation, immune responses, and 
skin cell apoptosis. Therefore, it is necessary to explore active products from plants to treat skin 
photoaging. C57BL/6J mice were randomly divided into control, model, and purslane (Portulaca 
oleracea L.) extract-treated groups (150, 300, and 600 mg/kg). Ultraviolet (UV) radiation induces 
skin photoaging. Histopathological changes in the skin were observed by hematoxylin and eosin 
(H&E), Masson’s trichrome, and toluidine staining. Levels of hydroxyproline (HYP), hyaluronic 
acid (HA), collagen I (COL1), catalase (CAT), malondialdehyde (MDA), and total superoxide 
dismutase (T-SOD) were measured. UVB-induced BJ and HaCaT cells were used to evaluate the 
effects of the crude extract. The effects of the purslane extract on miR-138-5p/Sirt1 signaling 
were then tested. The results showed that the purslane extract significantly increased cell viability 
in UVB-induced cells and decreased oxidative damage and inflammation. In addition, the extract 
affected the miR-138-5p levels in vivo and in vitro, and increased the levels of the target gene Sirt1. 
In UVB-induced cells, purslane extract significantly altered the expression levels of genes or 
proteins associated with miR-138-5p/Sirt1 signaling. Inflammation and oxidative damage were 
significantly enhanced when miR-138-5p was overexpressed, and the expression levels of the 
genes and proteins were reversed by the extract. Co-transfection with the miR-138-5p inhibitor 
and si-Sirt1 showed the same effects as the extract on the signal. Similar results have been 
observed in mice. In summary, purslane extract showed potent protective effects against skin 
photoaging by regulating the miR-138-5p/Sirt1 axis and should be used as a natural product for 
skin care.   

1. Introduction 

The skin is the largest organ that protects the body from external damage. With improvements in people’s lives, attention paid to 
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skin aging is gradually increasing. Some factors including the environment, reactive oxygen species (ROS), telomere shortening, and 
hormonal changes can cause skin damage [1]. The primary condition may be caused by UV radiation, which induces skin photoaging 
[2]. After receiving excessive ultraviolet radiation, the cells in the skin tissue can produce oxidative stress and increase ROS levels, 
destroying the integrity of the cell membrane and antioxidant system and causing inflammation and apoptosis. At the same time, 
excessive ultraviolet radiation can degrade skin collagen, hyaluronic acid, and elastin, resulting in reduced skin elasticity, roughness, 
and wrinkles [3,4]. Therefore, the development of effective methods to combat skin damage is extremely important. 

Inflammatory response is one of the hallmarks of premature skin aging [5]. Ultraviolet radiation can produce a variety of in-
flammatory factors, inducing changes and damage to the skin tissue. UV-induced skin photoaging can activate nuclear factor kappa B 
(NF-κB), which plays a key role in inflammation cascade [6]. Organ damage can also stimulate the production of tumor necrosis factor 
alpha (TNF-α), interleukin-1alpha (IL-1α), and cycloxygenase-2 (COX-2) [7]. Studies have shown that IL-6 is closely associated with 
cell growth and skin [8]. Inflammation is often accompanied by ROS accumulation [9]. ROS play an important role in the progression 
of inflammatory disorders [10]. ROS also play a crucial role in the photoaging process as they can directly damage DNA, resulting in 
protein inactivation and skin aging [11]. Thus, the regulation of inflammation and ROS is an important method for improving skin 
photoaging. 

MiRNAs are small non-coding RNAs involved in post-transcriptional gene regulation that inhibit translation and destabilize mRNAs 
to regulate their targets [12]. miRNAs can degrade or hinder the translation of target genes and regulate their expression after 
transcription [13]. Several studies have shown that miRNAs play critical roles in skin damage. It has been reported that miR-138-5p 
induces cell invasion by targeting Trp53 expression in murine melanoma cells [14], which inhibits the survival of human melanoma 
cells [15] and regulates the proliferation and apoptosis of fibroblasts in scar tissues [16]. It has also been reported that miR-138-5p 
affects hypoxia/reperfusion-induced heart injury [17], pancreatic cancer [18], and other diseases by targeting the silent informa-
tion regulator Sirtuin 1 (SIRT1), a post-translational regulator with various biological effects [19]. SIRT1 can regulate inflammation by 
regulating NF-κB signaling [20] which could be an essential drug target against skin aging [21]. However, there are no reports on the 
role of the miR-138-5p/Sirt1 axis in skin damage. 

Recently, many plants, including Zizania latifolia [22] and Cistus [23], have been used to treat skin photoaging. Portulaca oleracea L. 
(purslane) belongs to the Portulacaceae family [24] and is widely distributed in tropical and subtropical areas in the world [25]. In 
Chinese folklore, purslane is described as a "vegetable for prolonging life,” and confirmed as an ancient herbal remedy [26]. It has been 
reported that purslane extract protects mice from acute liver injury and regulates skin barrier function in acute eczema model rats [27]. 
In UVB-induced lung injury in rats, purslane suppressed lung inflammation by reduction of IL-β, IL-6, TNF-α, TGF-β, and IL-10 levels 
[28]. However, the effect of purslane extract on skin photoaging has not been reported. 

In the present study, UV-induced skin injury in mice and UVB-induced BJ and HaCaT cells were used to evaluate the pharmaco-
logical effects of the extract and the possible mechanisms of action of miR-138-5p/Sirt1 were tested. 

2. Materials and methods 

2.1. Chemicals and materials 

Hydroxyproline (HYP), hyaluronic acid (HA), and collagen type I (CoL I) detection kits were purchased from Nanjing Jiancheng 
Institute of Biotechnology (Nanjing, China). Philips PL-S 9W/01 was purchased from Philips (Netherlands). An immunohistochemistry 
kit was purchased from ZSGB-Bio (Beijing, China). RIPA buffer, PMSF, and the BCA Protein Assay Kit were purchased from Beyotime 
Biotechnology (Jiangsu, China). TransDetect® Double-Luciferase Reporter Assay Kit, TransZolTM, TransScript® All-in-One First- 
Strand cDNA Synthesis SuperMix for RT-PCR (One-Step gDNA Removal) and TransStart® Top Green RT-PCR SuperMix were obtained 
from Beijing TransGen Biotech Co., Ltd. (Beijing, China). miR-138-5p mimic, inhibitor, and their negative control (NC) oligos, wild- 
type Sirt1 (Sirt1-WT), 3′UTR-mutated Sirt1 (Sirt1-MUT) luciferase, Sirt1 siRNA, lipofectamin2000, and FISH fluorescent probe were all 
constructed by GenePharma Company (Suzhou, China). The miRNA extraction, first-strand cDNA synthesis, and quantitative PCR kits 
were provided by Sangon Biological Engineering Technology & Services Co., Ltd. (Shanghai, China). 

2.2. Preparation of the extract 

The purslane extract was obtained from the aboveground part of the purslane plant. Professor Haiyang Liu identified purslane 
collected in Kunming, Yunnan Province, China in May 2020 (No. 20200518 from the Kunming Institute of Botany, Kunming, China). A 
purslane voucher specimen (No. 20200518) was deposited in the herbarium of Shanghai Jiyan Bio-Pharmaceutical Development Co. 
Ltd., Shanghai, China. For the study, 100.0 g of purslane was ground and placed in a 2 L flask with 1000 g of 20 % ethanol reflux 
extraction for 60 min. After centrifugation, type 767 activated carbon (5.0 g) was added to the supernatant and stirred for 30 min. The 
total extract was collected and dried to obtain 3.24 g solid powder. 

2.3. Analysis of bioactive compounds of purslane extract 

The main bioactive compounds in the purslane extract have been confirmed in a previous study [29]. In brief, the contents of 
organic acid and polysaccharide in the extract were 20%–30 % and 25%–35 %, respectively. The extract was thinned to 4.71 mg/mL 
and examined using high-performance liquid chromatography [30]. The adenosine content of the extract was 1.46 mg/g. 
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2.4. Animals 

Male C57BL/6J mice (8–9 weeks weight 20 ± 2 g) were obtained from Experimental Animal Center at Dalian Medical University, 
Dalian, China (SCXK (Liao) 2013-0003). The study was approved by Dalian Medical University ethics committee (approval no. 
AEE21009). During the study, the mice were kept in groups of 8–10 per cage on a 12-h light/dark cycle in a temperature-controlled (25 
± 2 ◦C) room with 55–65 % humidity at a special pathogen-free level. They had unlimited access to food and water. The tests were 
conducted by researchers blinded to the group assignments of each animal. Animal studies were performed in accordance with ARRIVE 
guidelines [31]. 

2.5. Animal experimental design 

After one week of adaptation, the mice were randomly divided into the following groups: control, model (UV radiation), low dose 
treatment (UV radiation + 150 mg/kg purslane extract), medium dose treatment (UV radiation + 300 mg/kg purslane extract), high 
dose treatment (UV radiation + 600 mg/kg purslane extract), and positive treatment (UV radiation + 100 mg/kg Vitamin E); 8 mice 
were allocated to each group [32]. A UV-induced skin injury model was established using a UV light box. The self-made ultraviolet 
irradiation box was equipped with six UVA tubes (15 W each, wavelength range 320–400 nm) and three UVB tubes (40 W each, 
wavelength range 290–320 nm) with an irradiation height of 30 cm. Two days before the experiment, the mice were depilated, forming 
an exposure area of approximately 4 cm × 3 cm; the fluff on the back of the mice was shaved off with a baby hair clippers and then 
depilated again with a depilatory cream. The mice in the model, purslane treatment, and positive treatment groups were established as 
light damage models using ultraviolet irradiation. The modeling conditions were as follows: UVA irradiation intensity 160 μW/cm2, 
UVB irradiation intensity 680 μW/cm2, irradiation time 8 weeks, 3 times/week, 20 min per irradiation in the first week, 40 min per 
irradiation in the second week, 60 min per irradiation in the third week, and 80 min per irradiation in the fourth to eighth weeks. To 
prepare the purslane extract gel (VE gel), we dissolved 2 g of carbomer 940 powder in 100 mL water and left it at 4 ◦C overnight to 
obtain 2 % carbomer. The next day, an appropriate amount of purslane extract (VE) was dissolved in 10 mL of water, and 30 g of 2 % 
carbomer was added. The final concentrations of the purslane extract gel were 15 mg/mL, 30 mg/mL and 60 mg/mL for the low-, 
medium-, and high-dose groups, respectively. The final concentration of VE gel was 10 mg/mL. Triethanolamine was used to adjust the 
pH until the gel became transparent. Before UV irradiation, 0.2 mL of purslane extract (VE) gel was applied to the shaved area of the 
mice for 0.5 h, three times a week, for eight weeks [33,34]. 

2.6. Biochemical analysis 

The contents of hydroxyproline (HYP), hyaluronic acid (HA), collagen I (COL1), catalase (CAT), malondialdehyde (MDA), and total 
superoxide dismutase (T-SOD) were measured using kits. 

2.7. Histopathologic examination 

Skin tissue fixed with 4 % paraformaldehyde was embedded in paraffin, cut into 5-μm slices, and stained with hematoxylin-eosin, 
Masson’s trichrome, and toluidine blue. Staining was observed, and images were captured using a Nikon TE2000U microscope (Tokyo, 
Japan). 

2.8. Cell culture and model establishment 

BJ and HaCaT cells were purchased from Wuhan Procell Life Science & Technology Co., Ltd. (Wuhan, China) and grown in DMEM 
supplemented with 10 % fetal bovine serum. Cells were seeded in 96-well plates at a density of 1 × 106 cells/mL. After washing 2–3 
times with PBS buffer, 100 μL PBS buffer was added to cover the cells, which were then placed under a UVB light source for irradiation. 
In our pre-experiment, we examined the effects of different light intensities (10, 20, 30, 40, 50, 60, 70, 80 mJ/cm2) on cell toxicity, and 
the results showed that the tested light intensities all produced cytotoxicity. Based on the cell vitality under different light intensities 
and the report [35], 30 mJ/cm2 was set as the intensity for UVB model in vitro. After irradiation, the waste liquid was discarded and the 
cells were cultured under standard conditions for 24 h. Then, 100 μL of incomplete medium containing 10 % MTT (10.0 mg/mL) was 
added. After shaking for 10 min, absorbance was measured at 490 nm using a microplate analyzer (Multifunctional microplate reader, 
Thermo, USA). 

2.9. Cytotoxicity and protective effect of purslane extract 

The cells were seeded into 96-well plates at a concentration of 1 × 106 cells/mL (100 μL). Different concentrations of purslane 
extract (75, 150, 300, 600, 1200, 2400, and 4800 ng/mL) were used at 6, 12, and 24 h. To determine the effect of the extract on the 
viability of cells induced by UVB, the cells at a concentration of 1 × 106 cells/mL were seeded in 96-well plates for 24 h. Different 
concentrations of the purslane extract (150, 300, and 600 ng/mL) were used for 12 h, followed by UVB. MTT assay was used to detect 
cell viability. 
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2.10. ROS assay 

Cells were seeded in a 24-well plate at a concentration of 1 × 105 cells/mL. After 24 h of culture, 10 μm/mL of DCFH-DA was added 
and then the cells were incubated for 20 min at 37 ◦C. Finally, fields were randomly selected using an inverted fluorescence microscope 
(TE2000U; Nikon, Tokyo, Japan). 

2.11. FISH assay 

A fluorescent probe was designed based on the miR-138-5p sequence. Cells (5 × 103 cells/mL) were seeded. After 24 h of culture, 
fluorescent probes, negative controls, and positive controls were introduced into the cells and cell localization was detected using a 
confocal laser imaging system after transfection (TCS SP5II, Leica, Germany). 

2.12. Immunofluorescence assay 

The cells were seeded in a 12-well plate. After 24 h of culture, the cells were treated with different concentrations of the purslane 
extract for 12 h. They were then irradiated with UVB. The samples were fixed with 4 % formaldehyde, blocked with 2 % BSA followed 
by adding primary antibody Sirt1 (1:50 dilution) and incubated overnight at 4 ◦C. On the next day, the cells were treated with 
fluorescein-labeled secondary antibody (1:100), stained with DAPI (5 μg/mL), rinsed with PBS, and photographed with an inverted 
fluorescence microscope (TE2000U, Nikon, Japan). 

2.13. Dual-luciferase reporter assay 

Sirt1 3′UTR sequence was constructed and cloned into PMIR-RB-Report dual luciferin reporter vector to obtain Sirt1-WT and Sirt1- 
MUT plasmids. After co-transfection of the two Pmir-Sirt1 plasmids with the miR-138-5p mimic into BJ and HaCaT cells for 24 h, the 
fluorescence intensity of the reporter gene was detected. 

2.14. miR-138-5p mimic transfection 

The miR-138-5p mimic and mimic negative control were dissolved in serum-free medium and allowed to equilibrate for 5 min at 
room temperature. Each solution was then mixed with Lipofectamine2000. The solution was gently mixed for 20 min and left to form 
the mimicking liposomes. BJ cells were transfected with the transfection mixture in serum-free medium. After 6 h, the medium was 
replaced with fresh medium at 37 ◦C. The effects of the purslane extract on the mRNA and protein levels of the genes after transfection 
were measured. 

2.15. miR-138-5p inhibitor and Sirt1 siRNA co-transformation test 

Transfection solutions containing the miR-138-5p inhibitor and Sirt1 siRNA were obtained. The two solutions were gently mixed at 
25 ◦C for 20 min. BJ cells were transfected with the transfection mixture in serum-free medium. The effects of the purslane extract on 
the mRNA and protein levels of the genes after co-transfection were measured. 

2.16. Agomir transfection of miR-138-5p in mice 

Twenty-eight mice were randomly divided into four groups (n = 7 each): agomir negative control (NC), agomir, agomir + UV 
radiation, and agomir + UV radiation + purslane extract (Pur). Mice in the agomir + UV radiation and agomir + UV radiation + Pur 
groups were exposed to UV light. Mice in the agomir and NC groups were administered an intradermal injection of miR-138-5p agomir 
(2.5 nmol/g/day) or the same dosage of agomir NC twice a week for 8 weeks. After modeling, the serum, tissue, and gene expression 

Table 1 
Sequences of RNA primers used in the real-time PCR assay.  

Genes Forward primer (5′-3′) Reverse primer (5′-3′) 

GAPDH GCCACCCAGAAGACTGTGGAT GGAAGGCCATGCCAGTGA 
U6 CGCTTCGGCAGCACATATACTA GGAACGCTTCACGAATTTGC 
miR-138-5p GGGAGCTGGTGTTGTGAATCAG CCAGTGCAGGGTCCGAGGT 
Sirt1 TTAAGGCTGTTGGTTCCAGTACTG CCGTGGAATATGTAACGATTTGG 
TNF-α ACAAGGCTGCCCCGACTAC TGGGCTCATACCAGGGTTTG 
IL-1 CTTTCCCGTGGACCTTCCA CTCGGAGCCTGTAGTGCAGTT 
IL-6 ACCACTCCCAACAGACCTGTCT CAGATTGTTTTCTGCAAGTGCAT 
ICAM-1 CATGGGAATGTCACCAGGAAT CCTGATCTTTCTCTGGCGGTTA 
NQO1 AGCCCTGATTGTACTGGCCC CCGTTGTCGTACATGGCAGC 
GCLM GAGTTCCCAAATCAGCCCCGA TGCAACTCCAAGGACGGAGC 
GCLC GCAGCTTTGGGTCGCAAGT TGGTCTCCAGAGGGTCGGAT  
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levels in the signal were tested. 

2.17. RNA extraction and RT-PCR detection 

miRNA and mRNA samples were extracted according to the manufacturer’s instructions. The purity and content of extracted RNA 
samples were calculated, and the samples were packaged and stored at − 80 ◦C. Subsequently, the miRNA was synthesized, and the 
relative level of miR-138-5p was normalized to that of U6. For mRNAs analysis, cDNA was synthesized, and the relative levels were 
normalized to those of GAPDH. The relative quantification of miR-138-5p and mRNAs was performed using the 2− ΔΔCq method. The 
corresponding primer sequences are listed in Table 1. 

2.18. Western blotting assay 

Protein samples were extracted according to the manufacturer’s instructions and quantified using the BCA protein assay kit. The 
samples were loaded onto an SDS- PAGE gel for separation. The proteins were then transferred onto polyvinylidene fluoride mem-
branes (Millipore, USA). The membranes were incubated with primary antibodies of Sirt1, p-65, Cox2, HMGB1, Nrf2, Keap1, SOD, HO- 
1, and GAPDH overnight, and then incubated with an HRP-conjugated secondary antibody. Protein levels were detected using a 
ChemiDoc™XRS Imaging System (Bio-Rad Laboratories, USA) and enhanced chemiluminescence. GAPDH was used as a loading 
control to normalize the relative protein levels. The corresponding antibody information is listed in Table 2. 

2.19. Statistical analyses 

Data obtained in this study were expressed as the mean ± standard deviation (SD). GraphPad 5.0 was used for analyses, and the 
significance level was set at p < 0.05. To determine whether there were significant differences among multiple groups, we used one- 
way ANOVA and Newman-Keuls methods for multiple comparisons. An unpaired t-test was used to compare two groups. 

3. Results 

3.1. Protective effect of purslane extract on UVB-induced cell damage 

The results in Fig. 1A showed that Purslane extract at the concentration of 4800 ng/mL produced cytotoxicity to the cells, which 
showed no toxicity to BJ and HaCat cells at the concentrations of 150–600 ng/mL. Therefore, extracts at concentrations of 150, 300, 
and 600 ng/mL were selected for subsequent experiments. UVB irradiation was used to establish a cellular photoaging model. Under 
these conditions, purslane extract significantly reversed UVB-induced cell injury (Fig. 1A). As shown in Fig. 1B, the green fluorescence 
in UVB-induced model groups was significantly increased, which was markedly attenuated by the extract. As shown in Fig. 1C, 
compared with control groups, the mRNA levels of ICAM-1, IL-1, IL-6, and TNF-α in UVB groups were markedly raised, and these were 
also reversed by the extract. 

3.2. Protective effect of purslane extract on skin photoaging in mice 

Compared to the control group, the mice in the model group showed visible wrinkles, pigmentation, skin keratinization, dilated 
capillaries, and dry skin, all of which were improved by the purslane extract, and the increased pigment spots caused by UV radiation 
were also improved (Fig. 2A). HE staining (Fig. 2B) showed that the epidermis and dermis of mice in the model group were swollen and 
thickened compared to those in the control group. Compared with the model group, the dermal fibers in the positive control group and 
medium- and high-dose purslane extract groups were closely arranged to improve abnormal epidermal thickening. Masson’s trichrome 
staining demonstrated that the collagen fibers in the dermal tissue of the model group were loose with uneven distribution and local 
collagen fibers, which were reverted to nearly normal by the extract. Toluidine blue staining (Fig. 2B) showed that mast cells were 
clearly observed in the model group, and were decreased by the extract. The data in Fig. 2C show that the serum HYP, HA, CoLI, CAT, 

Table 2 
Antibody information.  

Antibody Source Dilutions Manufacturer 

Sirt1 Rabbit 1:1000 Zenbio 
p-65 Rabbit 1:1000 Proteintech 
Cox2 Rabbit 1:2000 Proteintech 
HMGB1 Rabbit 1:1000 Proteintech 
Nrf2 Rabbit 1:1000 Proteintech 
Keap1 Rabbit 1:1000 Zenbio 
SOD Rabbit 1:1000 Proteintech 
HO-1 Rabbit 1:1000 Proteintech 
GAPDH Rabbit 1:5000 Proteintech 
HRP-conjugated goat anti-rabbit Affinipure IgG (H + L) 1:6000 Proteintech  
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and T-SOD levels in the model group were markedly decreased, and MDA levels were increased compared to those in the control group, 
which were all significantly reversed by the purslane extract. Concurrently, the levels of HA, COLI, CAT, MDA, and T-SOD in the high- 
dose group were comparable to those in the VE group. Due to its strong antioxidant capacity, VE protects against skin damage caused 
by UV radiation. These results showed that high doses of the purslane extract had antioxidant capacities comparable to those of VE. 

Fig. 1. Effects of purslane extract on protecting against UVB-induced BJ and HaCat cell injury. (A) Cytotoxicity of the extract on UVB-induced 
injury and the effects of the extract on cell viability. (B) Effects of purslane extract on ROS levels in UVB-induced BJ and HaCat cells. (C) Effects of 
purslane extract on ICAM-1, IL-1, IL-6, and TNF-α levels in cells. #p < 0.05 and ##p < 0.01 compared with control groups; *p < 0.05 and **p < 0.01 
compared with control or model groups (n = 6). 
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3.3. Purslane extract regulates miR-138-5p/Sirt1 signal in vitro 

The FISH results showed that miR-138-5p was highly expressed in the cytoplasm. The expression levels of miR-138-5p increased 
and Sirt1 levels decreased in UVB-treated cells (Fig. 3A–B), and these effects were reversed by the extract. The data in Fig. 3C show that 
the levels of miR-138-5p were significantly increased in UVB- induced cells and decreased by the extract. The protein levels of p-65, 
Cox2, HMGB1, and Keap1 were significantly increased in UVB-treated cells, whereas the protein levels of Sirt1, Nrf2, HO-1, and SOD 
were significantly decreased, all of which were reversed by the extract. The mRNA levels of GCLC, GCLM, and NQO-1 were decreased 
in UVB-treated cells and were significantly increased by 600 ng/mL of the extract (Fig. 3D–E). 

Fig. 2. Effects of purslane extract on protecting against UV-induced skin injury in mice. (A) Purslane extract improved UV-induced skin 
appearance in mice. (B) Effects of purslane extract on UV-induced skin injury based on HE, Masson’s and toluidine blue sections. (C) Effects of 
purslane extract on the levels of HYP, HA, COLL, CAT, MDA, and T-SOD of mice induced by UV radiation. #p < 0.05 and ##p < 0.01 compared with 
control group; *p < 0.05 and **p < 0.01 compared with model group (n = 6). 
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Fig. 3. Effects of purslane extract on miR-138-5p and Sirt1 levels in cells. (A) Effect of the purslane extract on the levels of miR-138-5p and 
Sirt1 in BJ cells based on Fish and immunofluorescence assays. (B) Effect of purslane extract on the levels of miR-138-5p and Sirt1 in HaCat cell 
based on Fish and immunofluorescence assays. (C) The expression levels of miR-138-5p in BJ and HaCat cells after administration based on real-time 
PCR assay. (D–E) Effect of purslane extract of on the protein and/or mRNA levels of Sirt1, p-65, Cox2, HMGB1, Nrf2, Keap1, SOD, HO-1, IL-1, IL-6, 
ICAM-1, TNF-α, GCLM, GCLC, and NQO1 in BJ and HaCat cells (the original bands were shown in Figs. S1 and S2 in supplementary material). (F) 
Relative luciferase expression with Sirt1 3′-UTR after co-transfection with miR-138-5p mimic or NC in BJ and HaCat cells. #p < 0.05 and ##p < 0.01 
compared with control group; **p < 0.01 compared with Sirt1-WT + mimic NC or model group (n = 3). 

Fig. 4. Effects of purslane extract on miR-138-5p and Sirt1 levels in mice. (A–B) Effect of purslane extract on the levels of miR-138-5p and Sirt1 
in mice based on Fish and immunofluorescence assays. (C) Effect of purslane extract on the protein and/or mRNA levels of sirt1, p-65, Cox2, 
HMGB1, Nrf2, Keap1, SOD, HO-1, IL-1, IL-6, ICAM-1, TNF-α, GCLM, GCLC, and NQO1 (the original bands were shown in Fig. S3 in supplementary 
material). **p < 0.01 compared with model group (n = 3). 
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3.4. miR-138-5p directly targets Sirt1 

The binding site between Sirt1 3′UTR mRNA and miR-138-5p is shown in Fig. 3F. Dual-luciferase reporter assay confirmed that the 
relative fluorescence intensity of the Sirt1-WT + mimic group was significantly lower than that of the Sirt1-WT + mimic NC group. 
However, this effect was not observed in the mutated Sirt1 group, indicating that Sirt1 has a specific binding site for miR-138-5p. 

3.5. Purslane extract regulates miR-138-5p/Sirt1 signal in vivo 

The fluorescence intensity of miR-138-5p was significantly increased in model mice and was decreased by the extract, indicating 
that the extract reduced miR-138-5p expression in mouse skin under UV radiation (Fig. 4A). The fluorescence intensity of Sirt1 was 
downregulated in the model group and was significantly increased by the extract (Fig. 4B). Subsequently, the mRNA levels of ICAM-1, 
IL-6, IL-1, and TNF-α were significantly increased in model group, and were significantly downregulated in treatment group. In 
addition, the mRNA levels of GCLM, GCLC, and NQO-1 in the model mice significantly decreased and were gradually reversed after 
treatment administration. The protein levels of p-65, Cox2, HMGB1, and Keap1 were significantly increased, whereas the protein levels 
of Nrf2, HO-1, and SOD were significantly decreased, all of which were reversed by the extract (Fig. 4C). 

Fig. 5. MiR-138-5p mimic affected the effect of purslane extract in UVB-induced cell damage. (A) Effects of purslane extract on miR-138-5p 
expression level after miR- 138-5p mimic transfection (n = 6). (B) Expression levels of ROS in cells treated with purslane extract after transfection of 
miR-138-5p mimic (n = 3). (C–D) Expression levels of Sirt1, p-65, Cox2, HMGB1, Nrf2, Keap1, SOD, HO-1, IL-1, IL-6, ICAM-1, TNF-α, GCLM, GCLC, 
and NQO1 in the cells treated with the extract after transfection of miR-138-5p inhibitor (n = 3), (the original bands were shown in Fig. S4 in 
supplementary material). Data are expressed as the mean ± SD. **p < 0.01 compared with UVB + mimic group. 
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3.6. Overexpression miR-138-5p affects the effects of the extract on UVB-induced cell damage 

As shown in Fig. 5A, compared to the UVB + mimic group (miR-138-5p mimic transfection), miR-138-5p levels were significantly 
decreased, and ROS levels were significantly downregulated in the UVB + mimic + Pur group (Fig. 5B). Compared to the NC group 
(mimic negative control transfection), the protein levels of Sirt1, Nrf2, HO-1, and SOD were significantly downregulated, and the levels 
of COX2, p-65, HMGB1, and Keap1 were significantly upregulated in the UVB + mimic group, which was gradually reversed in the 
UVB + mimic + Pur group (Fig. 5C). As shown in Fig. 5D, compared with UVB + mimic group, the mRNA levels of IL-1, IL-6, ICAM-1, 
and TNF-α were significantly downregulated, whereas the levels of NQO1, GCLC and GCLM were significantly upregulated by the 
extract in UVB + mimic + Pur group. 

3.7. Co-transfection of miR-138-5p inhibitor and si-Sirt1 affects the effects of the extract on UVB-induced cell damage 

As shown in Fig. 6A, compared to the UVB group, the miR-138-5p level was significantly decreased in the UVB + inhibitor group, 
which was significantly upregulated in the UVB + inhibitor + siRNA group and downregulated by the extract. ROS levels also showed 
the same trend in each group (Fig. 6B). As shown in Fig. 6C, compared to the UVB group, the expression levels of Sirt1, Nrf2, HO-1, and 
SOD were significantly upregulated and the levels of p-65, HMGB1, and Keap1 were significantly downregulated in the UVB + in-
hibitor group. These levels were significantly reduced in the UVB + inhibitor + siRNA group. However, compared with the UVB +
inhibitor + siRNA group, the protein levels were significantly reversed in the UVB + inhibitor + siRNA + Pur group. As shown in 
Fig. 6D, compared with UVB group, the mRNA levels of IL-1, IL-6, ICAM-1, and TNF-α were significantly downregulated in UVB +
inhibitor group, and the levels of NQO1, GCLC, and GCLM were significantly upregulated. These effects were reversed when miR-138- 
5p and Sirt1 were co-inhibited. However, the expression levels of genes and proteins were reversed after administration of the purslane 
extract. 

3.8. Overexpression of miR-138-5p aggravates UV radiation-induced skin photoaging and affects the effectiveness of purslane extract in 
mice 

Based on these observations, the mice in the Agomir and Agomir + model groups had significant folds and severe skin thickening 

Fig. 6. MiR-138-5p inhibitor and Sirt1 siRNA affected the effects of purslane extract in UVB-induced cell damage. (A) Effects of purslane 
extract on miR-138-5p expression level after miR-138-5p inhibitor and Sirt1 siRNA transfection (n = 6). (B) Expression levels of ROS in the cells 
treated with purslane extract after transfection of miR-138-5p inhibitor and Sirt1 siRNA (n = 3). (C–D) Expression levels of Sirt1, p-65, Cox2, 
HMGB1, Nrf2, Keap1, SOD, HO-1, IL-1, IL-6, ICAM-1, TNF-α, GCLM, GCLC, and NQO1 in cells treated with purslane extract after transfection of 
miR-138-5p inhibitor and Sirt1 siRNA (n = 3), (the original bands were shown in Fig. S5 in supplementary material). Data are expressed as the mean 
± SD. ##p < 0.01 compared with UVB + inhibitor group; **p < 0.01 compared with UVB + inhibitor + sirt1 siRNA group. 
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compared to those in the NC group. Mice in the Agomir + model group showed pigmentation, rough and dry surfaces, telangiectasia, 
and evidence of skin damage, which were reversed by the extract (Fig. 7A). Fig. 7B shows that the mice injected with Agomir and UV 
radiation had characteristics of dermal injury, collagen fiber distortion and fracture, and the skin barrier injury of mast cells was 
increased, which was improved by the extract. Fig. 7C shows that compared to the Agomir + Model group, the levels of HA, HYP, and 
COL1 in the Agomir + Model + Pur group were significantly increased. Western blotting results showed that, compared to the Model +
Agomir group, the expression levels of Sirt1, Nrf2, HO-1, and SOD were significantly increased, and the levels of P65, COX2, HMGB1, 
and Keap1 were significantly downregulated in the Model + Agomir + Pur group (Fig. 7D). As shown in Fig. 7E, compared with the 
Model + Agomir group, the mRNA levels of IL-1, IL-6, ICAM-1, and TNF-α were downregulated, and the levels of NQO1, GCLC, and 
GCLM were significantly upregulated in the Model + Agomir + Pur group. 

4. Discussion 

The skin, as a necessary interface between the internal and external environments, also ages with time, similar to other organs [36]. 
Fighting skin photoaging, which is a type of skin damage induced by UV radiation [37], has become a major focus of research in recent 
years. Exposure to ultraviolet light can trigger the production and accumulation of ROS in skin cells, thereby increasing oxidative stress 
and leading to photoaging [3]. In addition, ROS play an important role in the progression of inflammatory disorders [10]. 
Mitochondrial-derived ROS (MtROS) can contribute to the UVB-mediated production of pro-inflammatory cytokines [38]. In the 
present study, UVB-induced BJ and HaCat cells showed ROS accumulation and the levels of ICAM-1, IL-1, IL-6, and TNF-α were 
increased in model cells. In addition, we found that the skin of UV-treated mice showed significant skin barrier damage and loose 
collagen fibers. HA and COLI, as indicators of skin aging, and HA, which keeps the skin moisturized, smooth, and delicate, were also 
detected. UV irradiation increased the number of mast cells with abnormal levels of HYP, HA, and COLI, as confirmed in a previous 
report [39]. 

In recent years, the cosmetics industry has been interested in identifying naturally occurring bioactive compounds that protect 
against skin damage. Luteolin, an active natural ingredient with antioxidant and anti-inflammatory properties, protects against skin 
damage induced by UV radiation [40]. Previous studies have shown that pterostilbene inhibits UVB-induced keratinocyte photo-
damage [41]. Neochlorogenic acid regulates the production of MMP-1 and procollagen type I and protects fibroblasts and keratino-
cytes from UVB irradiation [42]. Therefore, in this study, we aimed to identify herbal extracts with anti-inflammatory and 
anti-oxidative activities to improve skin photoaging caused by UV radiation. 

Purslane has antioxidant and anti-inflammatory activities that can significantly reduce CCI-induced neuropathic pain in rats [43]. 
In UV-induced mouse models, the purslane extract significantly reversed the UV-induced changes in MDA, T-SOD, and CAT levels, 
which are indicators of oxidative stress. T-SOD plays a crucial role in the balance between oxidative and antioxidative processes and 
can remove superoxide anion radicals to protect cells from damage. MDA levels reflect the degree of lipid peroxidation and cell damage 
in the body. CAT is an enzyme scavenger that removes hydrogen peroxide from the body and is a key enzyme in biological defense 
systems. The pathological profile also showed that the extract was effective in improving abnormal epidermal thickening caused by UV 

Fig. 7. Effects of purslane extract on protecting UV-induced skin injury in mice after Agomir transfection. (A) Effects of purslane extract on 
UV-induced skin appearance after Agomir transfection in mice. (B) Effects of purslane extract on skin injury based on HE, Masson’s and toluidine 
blue staining after Agomir transfection. (C) Effects of the extract on levels of HYP, HA, and COLI of mice induced by UV after Agomir transfection. 
(D) Expression levels of Sirt1, p-65, Cox2, HMGB1, Nrf2, Keap1, SOD, and HO-1.(E) Expression levels of IL-1, IL-6, ICAM-1, TNF-α, GCLM, GCLC, 
and NQO1 in mice treated with purslane extract after transfection of Agomir. **p < 0.01 compared with model + Agomir group (n = 3), (the 
original bands were shown in Fig. S6 in supplementary material). 
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radiation, reducing mast cells, and aligning collagen fibers in the skin tissue. HYP, HA, and COL1 were also restored. In vitro, the levels 
of ICAM-1, IL-1, IL-6, and TNF-α were decreased after administration of the extract in UVB-induced cells. Therefore, the purslane 
extract showed significant antioxidative and anti-inflammatory effects against UV-induced skin damage. 

It has been shown that reducing the expression level of miR-138-5p can induce OVA-induced airway hyperreactivity and 
inflammation, as well as improve lung inflammatory infiltration and mucus [44]. Sirt1, a member of the silent information regulator 
protein complex family, plays a vital role in inflammation by regulating nuclear factor kappa B (NF-κB) and activator protein 1 (AP-1) 
[45]. We observed high levels of miR-138-5p and low levels of Sirt1 in UVB-treated cells and mice. Subsequently, we demonstrated that 
miR-138-5p can target 3′UTR of Sirt1 to inhibit its expression. The expression of miR-138-5p was significantly reduced by the extract. 
When miR-138-5p was overexpressed, oxidative stress and inflammation worsened. When purslane extract was administered, 
miR-138-5p levels were reduced to improve oxidative stress and inflammation. These results were confirmed both in vivo and in vitro. 
We inhibited the expression of miR-138-5p in UVB-induced BJ cells, and the results showed that UVB-induced damage was signifi-
cantly improved. When Sirt1 was simultaneously inhibited, UVB-induced damage was aggravated, indicating that the damage was 
caused by the inhibition of Sirt1 through the overexpression of miR-138-5p. Interestingly, when miR-138-5p and Sirt1 were 
co-inhibited, the purslane extract still reduced miR-138-5p as well as the indices of oxidative stress and inflammation, suggesting that 
the purslane extract had regulatory effects by regulating the upstream genes of miR-138-5p. 

Purslane is a highly nutritious plant with significant nutraceutical and pharmacological potentials. This study showed the potent 
protective effects of purslane extract against UV-induced skin photoaging via regulation of the miR-138-5p/Sirt1 axis, as summarized 
in Fig. 8. However, further investigations on purslane and its additional pharmacological activities and mechanisms are needed. 
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