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Skin aging has attracted much attention among the current aging population of society. The seeds of Cucurbita moschata possess a variety of potential biological activities as a healthy diet. However, limited information is available on the skin-antiaging properties of C. moschata seed protein and its hydrolysate. Herein, we developed a novel strategy for protecting human skin cells against oxidative stress-induced aging by C. moschata seed polypeptides. C. moschata seed polypeptides (CSPs) with different molecular weight distributions were successfully prepared by controlling the protease hydrolysis time. The proportions of < 1,000 Da polypeptides of P-1, P-2, and P-3 were 0.11, 20.26, and 92.72%, respectively. P-3 contained the highest proportion of polypeptides of size < 1,000 Da, which was observed to promote human skin fibroblast (HSF) growth by MTT assay, cell cycle, and morphology. P-3 has an efficient repair effect on the H2O2-induced aging of HSF cells. To explain this phenomenon, cell lifespan, intracellular ROS level, superoxide dismutase (SOD) activity, and glutathione (GSH) content were investigated to reveal the interactions between P-3 and antiaging. With the increase in P-3 concentration, the ROS level significantly decreased, and the SOD activity and GSH content significantly increased in H2O2-induced HSF cells. These findings indicated that CSPs have the potential to inhibit skin aging, which could be advantageous in the health industry for providing personal care.
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1. Introduction

With the emergence of an aging population and the gradual deepening of health consciousness in the minds of the current society, skin aging has attracted much attention (1). Skin aging manifests as wrinkles, loose skin, and decreased elasticity. From a microscopic perspective, skin aging is interpreted as cell senescence (2). Specifically, the number of human skin fibroblast (HSF) cells located in the dermal layer of the skin reduces, the cell growth stops, and the secretion of collagen and elastin reduces, thereby resulting in the formation of wrinkles. Therefore, maintaining the population of HSF cells is important both for preventing and for treating age-related skin changes.

Oxidative stress is considered an important mechanism of skin aging as it triggers the apoptosis of various cell types, especially HSF cells, which plays an important role in maintaining healthy young skin (3). It reduces the number of HSF cells by inducing apoptosis and decreasing their regenerative capacity, leading to increased skin sagging. Therefore, the suppression of oxidative stress-induced apoptosis of HSF cells is a prevention strategy for maintaining healthy, youthful skin. Currently, materials that can effectively inhibit oxidative stress-induced apoptosis include flavonoids (4, 5), polyphenols (6, 7), and so on. However, these materials are difficult to prepare and expensive, which limits their application in industry. Therefore, it is urgent to find materials that not only could inhibit oxidative stress-induced apoptosis but also are natural and accessible (8).

Protein-derived products, peptides, and protein hydrolysates from natural sources were reported to have a skin-lightening effect and are used to treat skin diseases (9–11). Enzymatic hydrolysis is a highly efficient and environment-friendly approach to cleave proteins to release biologically active peptide fractions (12–16). The polypeptides prepared by protease hydrolysis are mainly from animal and plant proteins (17). The polypeptides prepared by the hydrolysis of animal proteins have various functions, but they also have many disadvantages, such as unpleasant smell, high bacterial risk, and high price (18). The polypeptides from plant proteins have attracted a great deal of attention recently as they are relatively cheap, natural, safe, and abundant (19). In addition, the peptides prepared by hydrolyzing plant proteins showed good ROS scavenging ability (20, 21). Therefore, polypeptides from plants have been considered promising antiaging candidates. Unfortunately, most studies are focused on the separation and purification of polypeptides with high antioxidant properties and the identification of their structures. Furthermore, the determination of antioxidant performance is mainly based on in vitro chemical methods which cannot evaluate the bioactivity of polypeptides, especially the bioactivity of human cells. The relationship between the molecular weights of polypeptides and bioactivity is unclear (22, 23). Therefore, it is essential to investigate the effects of plant polypeptides with different molecular weights on the antioxidant properties of human cells, e.g., oxidative stress-induced aging.

Cucurbita moschata seed (CS) is an important industrial crop. It has been used as a protein-rich food ingredient and nutritional health agent in many countries for thousands of years (24, 25). CS is recognized as an excellent medicinal and edible plant seed that helps reduce hypertension and treat prostate hyperplasia and diabetes (26–28). In our previous study, CS protein was found to have a high-quality protein containing beneficial amino acid composition. Thereby, CS protein showed the potential to be investigated as an alternative ingredient in cosmetic and nutraceutical industries. Unfortunately, there is limited literature on skin antiaging by using C. moschata seed polypeptides (CSPs).

Herein, a novel strategy to protect HSF cells against oxidative stress-induced aging by the CSP was developed. First, polypeptides with different molecular weight distributions were obtained by tuning the time of protease hydrolysis. Subsequently, we established an H2O2-induced oxidatively damaged HSF cell model to screen oxidative stress inhibitory CSP. Finally, the effects of CSP on the cell population doubling level (PDL), the intracellular ROS level, intracellular superoxide dismutase (SOD), glutathione (GSH), and senescence-associated β-galactosidase staining were systematically investigated. This study attempted to understand the effects of CSP on protecting HSF cells from oxidative stress-induced aging and revealed its contribution to skin antiaging.



2. Materials and methods


2.1. Materials

Defatted C. moschata seed meal was obtained from Anyang Jingsen Biotechnology Co., Ltd. (Henan, China). Alcalase (200 U/mg) and trypsin (250 U/mg) were obtained from Solarbio (Beijing, China). Dulbecco's Modified Eagle Medium (DMEM), streptomycin, and fetal bovine serum (FBS) were obtained from BNCC (Beijing, China). Hydrogen peroxide (H2O2) and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were purchased from Sigma Biochemicals (St. Louis, MO, USA). 2′,7′-dichlorodihydrofluorescein diacetate (DCFH-DA), superoxide dismutase (SOD) assay kit, and GSH assay kit were purchased from Beyotime (Nanjing, China). Other chemicals used in the study were of analytical grade.



2.2. Extraction of Cucurbita moschata seed protein

CS protein was extracted from defatted C. moschata seed meal and prepared according to the method of Wang et al. (29) with slight modifications. Briefly, defatted CS obtained after air-drying overnight at room temperature was added to deionized water in a ratio of 1:30 (w/v). Then, the pH was adjusted to 9.5 using 0.5 M NaOH. After extraction in an ultrasonic bath (KQ-300DE, Kunshan Ultrasonic Instruments Co., Ltd., China) for 3 h at room temperature, the samples were centrifuged at 5,000 × g for 20 min to prepare the supernatant. The supernatant was adjusted to pH = 4.3 with 1 M HCl and then centrifuged at 10,000 g for 20 min. Finally, the precipitation was washed with distilled water and freeze-dried at −30°C at 39 Pa for 72 h by using a vacuum freeze dryer (10N/C, Scientz, China) to obtain the CS protein powder.



2.3. Preparation of CSP with different molecular weights

CS protein powder was hydrolyzed by both Alcalase and trypsin at different time periods (as shown in Supporting information Supplementary Table S1) to obtain P-1, P-2, and P-3, respectively. CS protein powder was dispersed in distilled water to obtain a 0.05 mg/ml dispersion. Then, the dispersion was incubated with Alcalase (0.025 mg/ml, enzyme/substrate) at pH 9.0 and 50°C for 10 min and 120 min for P-2 and P-3, respectively. Later, the obtained dispersion was immersed in boiling water for 10 min to inactivate the enzyme. After cooling down to room temperature, the obtained dispersion was incubated with trypsin (0.025 mg/ml, enzyme/substrate) at pH 7.5 and 37°C for 10 min and 120 min to obtain P-2 and P-3, respectively. The control (P-1) was prepared under the same incubation conditions but without enzyme addition. The obtained dispersion was immersed in boiling water for 10 min to inactivate the enzyme and then cooled down to room temperature and adjusted to a neutral pH. Finally, the dispersion was centrifuged at 5,000 × g for 20 min and then freeze-dried at −30°C at 39 Pa for 72 h using a vacuum freeze dryer (10N/C, Scientz, China) to obtain the CSP powder. The amount of enzyme/substrate ratio is based on the freeze-dried sample prepared as described in the “Extraction of Cucurbita moschata seed protein” section. The CSP powder was then stored in a refrigerator at −20°C.



2.4. Determination of the molecular weight distribution of CSP

The molecular weight distribution of CSP was determined by using a dextran gel column [Waters 1525EF with TSK gel 2000 SWXL (300 × 7.8 mm)] equipped with a UV 220 nm detector. Glycine-Glycine-Glycine (MW189), Glycine-Glycine-Tyrosine-Arginine (MW451), Bacitracin (MW1450), and Cytochrome C (MW12400) were used as standard compounds for calibrating the molecular weights of the samples. The injection volume was 20 μl of the 10-mg/ml sample in ultrapure water. The mobile phase consisted of acetonitrile, water, and trifluoroacetic acid (40:60:0.1, v/v), and its flow rate was 0.5 ml/min.



2.5. Human skin fibroblast cell cultures and cell viability assay

Human skin fibroblasts (Normal Human Skin Fibrotic Cell Line (HSF), BNCC353686) were purchased from BNCC (Beijing, China). HSF cells were cultured in DMEM containing 10% FBS and 1% penicillin-streptomycin and grown in a 5% CO2 incubator set at 37°C. The tested cell lines were observed with an inverted microscope (OLYMPUS CKX41) and photographs were taken.

The effects of CSP on the viability of HSF cells were investigated by 3-(4,5-dimethylthiazol-2-yl)-2 and 5-diphenyltetrazolium bromide (MTT, Sigma Aldrich) assay. The HSF cells were seeded in 96-well plates at 2 × 105 cells/ml and immediately placed in an incubator for 24 h. DMEM was used as a solvent to prepare P-1, P-2, and P-3 solutions of concentrations 0.2–1.0 mg/ml with 0.2 mg/ml increments. Then, the sample solutions were added to the well and incubated with cells for 24 h. After that, MTT was added to the plates and incubated for another 4 h at 37°C in a 5% CO2 incubator. Finally, DMSO was added to the 96-well plates, and the absorbance of each well at 490 nm was tested using a Varioskan LUX (Thermo Fisher). The cell viability was examined by MTT assay and reported as percent viability compared to the control wells (containing cells without any peptide treatments). All evaluated samples were conducted under non-toxic conditions against cell lines.



2.6. Cell cycle assay

Human skin fibroblast cells were seeded in 6-well plates at 2 × 105 cells/ml and placed in an incubator for 24 h. DMEM was used as a solvent to prepare P-1, P-2, and P-3 solutions with different concentrations, and then the sample solutions were added to the well and incubated with cells for 24 h. After that, we collected the cells by following the steps in the cell cycle kit. Briefly, the cells were collected and washed with PBS buffer two times. Then, the cells were resuspended in 500 μl of binding buffer (containing 1% propidium iodide) and incubated for 30 min at 37°C in the dark. A flow cytometer (BD FACSArica III) equipped with three lasers, namely, 405 nm, 488 nm, and 633 nm was used for detection. The ModFit analysis was used based on the obtained data.



2.7. Measurements of CSP on repair effects of HSF cells by H2O2 stress
 
2.7.1 Cell culture and cell viability

First, we established an oxidative stress model by treating the HSF cells with different concentrations (1.0, 1.2, 1.4, and 1.6 mM) of H2O2 and for different times (1, 2, 3, and 4 h). HSF cells were seeded in a 96-well plate, and after 24 h of incubation, the solutions in the wells were removed. To determine the appropriate H2O2 concentrations and treating times, different molar concentrations of H2O2 solutions were prepared with DMEM as the solution. Notably, 100 μl of the sample solution was added per well for 1 h, and 100 μl of DMEM was used instead of the sample as the control group. As shown in Supplementary Figure S1, HSF cells treated with 1.4 mM H2O2 for 1 h were chosen for the subsequent oxidative damaging experiment. After establishing this model, the cell viability of HSF cells after incubation with 0.6 mg/ml CSP for 24 h was examined. The cell viability was determined according to the “Human skin fibroblasts (HSF) cell cultures and cell viability assay” section.



2.7.2 Morphology

HSF cells were seeded in 6-well plates at 2 × 105 cells/ml according to the above methods. The morphology of the HSF cells was observed using an inverted microscope.



2.7.3 Cell population doubling level

PDL refers to the multiplication times of the cell group from the beginning of culture till measurement, which could directly reflect the life span of cells. The living cells were stained with a trypan blue stain solution. The total number of cells was recorded every time the cells were passaged. During the culture, fresh P-3 solution was added continuously.



2.7.4 Intracellular ROS measurements

Intracellular ROS were measured using a DCFH-DA fluorescent probe kit. H2O2-induced HSF cells were treated with 0.6 mg/ml P-3 for 24 h. The HSF cells only treated with DMEM for 24 h were used as the blank. The control group was treated with 1.4 mM H2O2 for 1 h. HSF cells were seeded in black 96-well microplates at 20 × 103 cells/ml. The cells were labeled with DCFH-DA (10 μM/L) for 30 min in the dark. At the end of the incubation time, the cells were washed with PBS water (2 × ). Then, Varioskan LUX (Thermo Fisher) and a laser confocal microscope (Leica SD) were used to detect the fluorescence intensity of the HSF cells.



2.7.5 Intracellular SOD and GSH measurements

SOD could catalyze the superoxide anion disproportionation reaction and generate H2O2 and a molecule of oxygen. GSH is a tri-peptide that is composed of glutamic acid, glycine, and cysteine, and it is an intracellular free radical scavenger. Both SOD and GSH can remove intracellular free radicals, and hence, they can play an antiaging role. The SOD and GSH contents of the cells were measured according to the instructions in the kit.



2.7.6 Senescence-associated β-galactosidase staining

Cell senescence-associated β-galactosidase is used for identifying senescent cells based on the increase in senescence-related β-galactosidase activity during cell senescence. The kit used 5-bromo-4-chloro-3-indolyl β-D-galactopyranoside (X-GAL) as a substrate and produced a dark blue product under the catalysis of aging-specific β-galactosidase. Finally, we observed the staining using an optical microscope.




2.8. Statistical analysis

Data were expressed as means ± the standard error of the mean, and the results were derived from at least three independent experiments. All data were analyzed by Tukey's multiple comparison post-hoc test using the GraphPad Prism software (version 7). ** and *** indicate the differences in p-values of < 0.05 and < 0.001, respectively.




3. Results and discussion


3.1. Preparation of CSP with different molecular weight distributions

Initially, we obtained CSP with different molecular weight distributions by controlling the hydrolysis times of both Alcalase and trypsin. The molecular weight distribution of CSP was analyzed using a dextran gel column (Figure 1). Due to the special network structure of the dextran gel, polypeptides with a large molecular weight flow out from the gel column first, and with the increase in retention time, the molecular weights of the polypeptides decrease. Peak area integration was performed to obtain the polypeptide content in different molecular weight ranges (Table 1). We named the samples P-1, P-2, and P-3 according to the proportions of < 1,000 Da polypeptides. The proportions of < 1,000 Da polypeptides of P-1, P-2, and P-3 were 0.11, 20.26, and 92.72%, respectively. The difference among P-1, P-2, and P-3 was the hydrolysis time; for P-2 and P-3, the hydrolysis time was 20 and 240 min, respectively. As a control, P-1 was C. moschata seed protein without hydrolysis. The proportions of polypeptides < 1,000 Da increased with the increase in hydrolysis time, and the proportion of sample P-3 was the highest (~92.72%).


[image: Figure 1]
FIGURE 1
 Molecular weight distribution of CSP. (A) P-1: hydrolyzed by Alcalase–trypsin for 0 min. (B) P-2: hydrolyzed by Alcalase–trypsin for 10 min. (C) P-3: hydrolyzed by Alcalase–trypsin for 120 min.



TABLE 1 Molecular weight distribution of CSP (%).
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3.2. Effects of CSP on cell viability and cell cycle

To investigate the effects of molecular weight distributions of CSP on cell viability, MTT assays were conducted using HSF cell lines. In living cells, MTT can be reduced to water-insoluble formazan and deposited in cells, but dead cells have no such function. Therefore, an MTT kit can evaluate both cell survival rate and cell proliferation ability. As shown in Figure 2A, when the CSP concentration was 0.2–1.0 mg/ml, the cell viability of HSF increased with increasing P-3 proportions. Furthermore, after the HSF cells were treated with 0.2–1.0 mg/ml P-3 and P-2 for 24 h, the cell viability was higher than 100% and slightly < 100%, respectively, indicating that P-3 can but P-2 cannot promote HSF cell proliferation. For P-1 samples, the cell viability was lower than 75%, indicating that P-1 had a certain toxic effect on HSF cells in the concentration range of 0.2–1.0 mg/ml. The higher the proportion of small molecular weight (< 1000 Da) CSPs, the better the ability to promote the cell viability of HSF cells. It also has been reported that the polypeptides produced by the enzymatic hydrolysis method can promote cell growth (30).


[image: Figure 2]
FIGURE 2
 (A) Cell viability determined by the MTT assay of HSF cells exposed to 0.2–1.0 mg/ml of P-1, P-2, and P-3 for 24 h. The data were reported as percent viability compared to the control group. (B) Cell cycle of HSF cells determined by a flow cytometer exposed to 0.6 mg/ml of P-1, P-2, and P-3 for 24 h. HSF cells only treated with DMEM medium for 24 h were used as the control group. *** indicates differences at a p-value of <0.001.


Furthermore, the effects of molecular weight distributions of CSP on the cell cycle were investigated. Cell proliferation can be explained by examining the proportion of cells in the G1, S, and G2/M phases. As shown in Figure 2B, compared to the control group, the addition of 0.6 mg/ml P-3 reduced the proportion of cells in the G1 phase from 84.95 to 72.34% and increased the proportion of cells in the S phase from 12.88 to 16.20% and the G2/M phase from 2.18 to 11.46%, indicating that P-3 can promote HSF cell proliferation.



3.3. Effects of CSP on the repair of H2O2-induced oxidatively damaged cells

Normal cultured cells cannot naturally undergo oxidative damage and enter the senescence period (31). Therefore, oxidative agents were used to induce cellular damage and enter senescence early. The addition of H2O2 can cause oxidative stress and induce senescence in HSF cells (32). To investigate the repair effects of CSP, H2O2 was used as an oxidative stress model. As shown in Supplementary Figure S1, the intracellular ROS levels were significantly increased compared to the blank group after 1 h of 1.4 mM H2O2 treatment, indicating that the oxidative stress-induced premature senescence model was successfully fabricated. As shown in Figure 3A, CSP with different molecular weight distributions showed significantly different repair effects on oxidative stress cells. Cell viability with P-1 was lower compared with the control group. P-2 addition showed no significant effect on the cell viability of H2O2-induced HSF cells. However, the addition of 0.6 mg/ml P-3 could significantly increase the cell viability by 15.80% compared to the control group. It indicated that P-3 can efficiently prevent the cell death of oxidatively damaged cells.


[image: Figure 3]
FIGURE 3
 (A) Cell viability of the 1.4 mM H2O2-induced HSF cells after treatment with 0.6 mg/ml of P-1, P-2, and P-3 for 24 h. The data were reported as percent viability compared to the control. (B) Morphological observation of H2O2-induced HSF cells after treatment with 0.6 mg/ml P-1, P-2, and P-3 for 24 h. Control was treated with 1.4 mM H2O2 for 1 h. HSF cells only treated with DMEM for 24 h were used as the blank. ** indicates the differences at a p-value of < 0.05.


We observed the cell morphology to intuitively evaluate the effects of CSP with different molecular weight distributions on the repaired oxidatively damaged cells, as shown in Figure 3B. The blank group (without H2O2) exhibited aggregated and fibrous cells. The number of cells in the culture dish decreased significantly after treatment with 1.4 mM H2O2 for 1 h. After incubation with 0.6 mg/ml P-1 and P-2 for 24 h, the cell morphology and number did not change significantly compared with the control group (oxidative damage group). However, after the addition of 0.6 mg/ml P-3 for 24 h, the cells became fibrous, and the cell number increased significantly compared with the control group. These observations were consistent with cell viability, which further demonstrated the capability of P-3 in repairing oxidatively damaged HSF cells.



3.4. Effects of CSP on the lifespan of H2O2-induced HSF cells

According to the aforementioned results, P-3 exhibited an effective repair effect against H2O2-induced oxidatively damaged cells. Therefore, P-3 was selected for further investigation of its effects on cell lifespan. The PDL can directly reflect the cell lifespan. Hence, the PDL was investigated using the H2O2-induced oxidatively damaged cells. Since the HSF cell line is more sensitive to H2O2, it was used in subsequent experiments. The PDLs of HSF cells treated with different concentrations (0.4, 0.6, and 0.8 mg/ml) of P-3 are shown in Figure 4. After treatment with 1.4 mmol/L H2O2 for 1 h, the PDL value of HSF cells was only 14.85. After adding 0.4, 0.6, and 0.8 mg/ml P-3 to H2O2-induced HSF cells for 24 h, the PDL values were 17.28, 24.31, and 18.88, respectively. These results suggested that P-3 notably prolonged the mean lifespan of H2O2-induced HSF cells.


[image: Figure 4]
FIGURE 4
 PDL of the 1.4 mM H2O2-induced HSF cells after treatment with 0.4, 0.6, and 0.8 mg/ml of P-3 for 24 h, respectively. Control was treated with 1.4 mM H2O2 for 1 h. ** and *** indicate the differences in the p-value of < 0.05 and p-value of <0.001, respectively.




3.5 Effects of CSP on H2O2-induced intracellular ROS level in HSF cells

“Aging free radical theory” states that intracellular ROS plays a vital role in the aging process (33). When there are too many free radicals in the cells, the intracellular antioxidant system cannot remove the excessive free radicals, which results in oxidative damage to the cells and premature aging (34). The ROS levels were measured to further understand the repair effects of CSP, as shown in Figure 5. The intracellular ROS level reduction was observed in all HSF cells with 0.4, 0.6, and 0.8 mg/ml P-3. The P-3 addition showed potential ROS scavenging activity and concentration dependence. The low molecular weight (1–3 kDa) peptides derived from sorghum grain have been reported to be effective antioxidants (in vitro), as they can scavenge free radicals (35, 36). These findings indicate that the repair activity of P-3 and its inhibition of cell damage mainly depend on its intracellular ROS clearance ability in HSF cells.


[image: Figure 5]
FIGURE 5
 The time-scan of the relative fluorescence intensity for ROS levels of the 1.4 mM H2O2-induced HSF cells after treatment with 0.4, 0.6, and 0.8 mg/ml P-3 for 24 h, respectively. The HSF cells only treated with DMEM for 24 h were used as blank. Control was treated with 1.4 mM H2O2 for 1 h.




3.6 Effect of CSP on SOD and GSH levels in H2O2-induced HSF cells

Endogenous antioxidants are the products of human metabolism and play an important role in the first line of defense against ROS (37). It includes enzymatic and non-enzymatic antioxidants. Among them, SOD, a kind of enzymatic antioxidant, can remove O2-• in cells. When H2O2 breaks the cell redox balance, the activity of the SOD enzyme would decrease. Another important antioxidant in the cells is the GSH. The main role of GSH in the antioxidant defense system is to directly scavenge free radicals, act as a cofactor for several antioxidant enzymes, and regenerate some antioxidants. As shown in Figure 6A, after the HSF cells were treated with 1.4 mM of H2O2, the SOD activity was 3.58 U/ml, which was significantly lower than the enzyme activity of the untreated HSF cells (6.73 U/ml). Upon adding 0.4, 0.6, and 0.8 mg/ml P-3, the SOD activity increased to varying degrees and showed a concentration-dependent behavior. The SOD activity was observed to reach up to 6.00 and 6.15 U/ml after adding 0.6 and 0.8 mg/ml P-3, respectively. As shown in Figure 6B, the effects of different concentrations (0.4, 0.6, and 0.8 mg/ml) of P-3 on the GSH content were investigated. The GSH content of HSF cells treated with 1.4 mM H2O2 was 0.0156 g/L, which was lower than that of 0.0202 g/L of blank (non-damaged) HSF cells. The GSH contents of H2O2-induced HSF cells with 0.4, 0.6, and 0.8 mg/ml P-3 were 0.0182, 0.0181, and 0.0169 g/L, respectively. The highest GSH content was observed in H2O2-induced HSF cells with 0.6 mg/ml P-3. These results suggested that the addition of P-3 increased the SOD activity and the GSH content. Thus, the excess active oxygen in HSF cells can be eliminated, thus alleviating oxidative stress and inhibiting premature aging of cells.


[image: Figure 6]
FIGURE 6
 (A) SOD activity and (B) GSH content of 1.4 mM H2O2-induced HSF cells after treatment with 0.4, 0.6, and 0.8 mg/ml P-3 for 24 h. The HSF cells only treated by DMEM for 24 h were used as blank. Control was treated with 1.4 mM H2O2 for 1 h. ** and ***indicate the differences between P-3 and the control at p-values of <0.05 and <0.001, respectively. ###indicates the differences between blank and control at a p-value of <0.001.




3.7 Effects of P-3 on premature senescence of H2O2-induced HSF cells

Finally, the morphology of H2O2-induced cells was further observed. The cell senescence-related β-galactosidase staining kit uses X-Gal as a substrate, which can produce a dark blue substance such that the stained senescent cells or tissues can be observed under an ordinary optical microscope. As shown in Figure 7, some cells in the control group were observed to be blue, indicating that the addition of 1.4 mM H2O2 successfully induced premature cell senescence. With the addition of P-3, the number of blue cells decreased significantly, indicating that the number of senescent cells decreased. Therefore, P-3 can effectively inhibit the premature senescence of HSF cells induced by H2O2.


[image: Figure 7]
FIGURE 7
 Optical microscope image of cell senescence-associated β-galactosidase staining of 1.4 mM H2O2-induced HSF cells after treatment with 0.6 mg/ml P-3 for 24 h. The HSF cells only treated by DMEM for 24 h were used as blank. Control was treated with 1.4 mM H2O2 for 1 h.





4. Conclusion

In the present study, CS was used as raw materials, and polypeptides with different molecular weight distributions were successfully prepared by controlling the hydrolysis time. Among them, P-3 had the highest proportion of < 1,000 Da molecule polypeptides (92.72%). CSP promoted HSF cell growth, and the higher the proportion of small molecular weight CSP, the better the cell growth performance. It was found for the first time that CSP with a higher proportion of < 1,000 Da polypeptides could effectively inhibit oxidative stress-induced HSF premature senescence and increase the cell lifespan. The SOD enzyme activity and GSH content of HSF cells upon the addition of P-3 were higher than those of the model group. Therefore, the repair effect and premature aging inhibition of P-3 were possibly due to its high ROS scavenging properties by increasing the SOD enzyme activity and GSH content in the redox system of human skin cells. Our results demonstrated that CSP with smaller molecular weight polypeptides was a potential and effective antiaging agent in vitro, which could be exploited as an antiaging additive to improve skin health.
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