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Abstract: To evaluate the potential anti-aging ability of Eucommia ulmoides, four characteristic components (chlorogenic acid, geniposidic acid, aucubin, quercetin) were selected to assess their effects on H2O2-induced oxidative damage model of human umbilical vein endothelial cell (HUVEC). Oxidative damage indexes, inflammatory factors, cell cycle, cell apoptosis, cell senescence, and their related proteins were analyzed by methyl thiazolyl tetrazolium (MTT) assay, enzyme-linked immunosorbent assay (ELISA), propidium iodide (PI) staining, annexin V-FITC/PI double staining, SA β-galactosidase staining, and western blotting (WB). The results showed that H2O2-induced cell growth inhibition rate decreased as supplementation with characteristic components when compared to H2O2 group. Meanwhile, the contents of antioxidant indexes (reactive oxygen species, lactate dehydrogenase, molondialdehyde, superoxide dismutase, glutathione), inflammatory factors (nuclear factor kappa-B, intercellular cell adhesion molecule-1, vascular cell adhesion protein 1), and functional factors (NO, Endothelin-1) in characteristic components treated groups improved if comparison with H2O2 group, suggesting the characteristic components of E. ulmoides could alleviate H2O2-induced oxidative damage. Moreover, cell cycle, cell apoptosis, cell senescence, and their related proteins under characteristic components treatment exhibited a better effect than under H2O2 treatment, implying the characteristic components could participate in anti-aging via multiple pathways. These results manifested that the characteristic components of E. ulmoides posses the capacity of anti-aging, which provided a basis for investigating the anti-aging ability of E. ulmoides itself.

Keywords: Anti-aging; Eucommia ulmoides; characteristic components; oxidative damage; cell senescence



1  Introduction

Free radical theory of aging, is a popular suggested hallmarks of aging [1], implicates the gradual accumulation of oxidative cellular damage as a fundamental driver of cellular aging [2]. Plenty of factors are responsible for free radical excessive production, such as genome instability, proteostasis failure, and environmental influence [3]. These factors can cause abnormal energy supply and metabolite production, which results in free oxygen radicals in vivo elevation. Reactive oxygen species (ROS) is one of the most important free oxygen radicals and can lead to numerous oxidative damages, such as carbonylation, oxidized methionine, glycation, aggregation of proteins, and DNA damage. Therefore, ROS extensively generation contributes to aging and age-related diseases (ARDs) occur, e.g., Alzheimer’s disease, cancer, atherosclerosis, and metabolic diseases [4].

In recent years, the molecular mechanisms relevant to age-related progression through external natural products intervention have attracted much attention. For instance, natural products can modulate cellular longevity through histone post-translational modification and can induce the up-regulation of autophagy [5]. Meanwhile, kinds of natural products have been reported to slow anti-aging progress and can extend lifespan of organisms, such as resveratrol, astaxanthin, and gallic acid [6–8]. To date, more than 300 compounds or clinical drugs are announced with anti-aging activity. Among them, 185 compounds and 55 complex or extracts belong to natural products [3]. In addition, some of these compounds receive popular interest and present anti-aging activities in multiple aging models under vigorous investigation, such as chlorogenic acid from Eucommia ulmoides reveals anti-aging activity in Caenorhabditis elegans aging model [9].

Eucommia ulmoides Oliv. is the unique medicinal plant of China, and a total of 138 kinds of natural active compounds are separated, purified, and identified from the barks and leafs [10], such as chlorogenic acid, geniposidic acid, and aucubin. Based on the rich material foundation, E. ulmoides has multiple pharmacological activities, such as anti-inflammatory and anti-hyperlipidemia [11,12]. Chlorogenic acid (CA) is the most important characteristic component of E. ulmoides. It is reported that CA can protect mice against Cd-induced hepatorenal injury [13]. Moreover, research shows that the serum levels of Immunoglobulin A (Ig A), immunoglobulin G(Ig G), and immunoglobulin M (Ig M) increase under the function of E. ulmoides treatment, which contributes to immunity enhancement in animals [14]. Except CA, there are other characteristic components with high contents in E. ulmoides, e.g., geniposidic acid (GPA), aucubin (AU), and quercetin (QU). These components possess the abilities of free radical scavenging, anti-inflammatory, and anti anti-cancer [15–17]. However, although literatures about the four characteristic components reveal good to excellent biological functions, there is no systematic study about their effect on anti-aging, especially for GPA and AU.

In this study, the potential anti-aging activities of the four characteristic components from E. ulmoides were investigated. The antioxidant indexes, inflammatory factors, cell cycle, cell apoptosis, cell senescence, and their related proteins were analyzed. We hypothesis that the four characteristic components of E. ulmoides can alleviate H2O2-induced cell senescence based on their pharmacological activities. Our study will provide a theoretical foundation for evaluating the anti-aging ability of E. ulmoides itself, which contributes to the actually application of E. ulmoides in the field of functional foods and medicals.

2  Materials and Methods

2.1 Cell Material and Treatment

Human umbilical vein endothelial cell (HUVEC) was provided by Jiangsu KeyGEN BioTECH Co., Ltd., Nanjing, China, and incubated in F-12K medium (90%) with adding fetal bovine serum (FBS, 10%). The culture condition was under saturation humidity, 37°C, and 5% CO2. The oxidative damage model of HUVEC was established by culturing 70% HUVEC in vitro containing 100 μM H2O2. Four major characteristic components of E. ulmoides, including chlorogenic acid (CA), geniposidic acid (GPA), aucubin (AU), and quercetin (QU), were adopted to access their potential anti-aging abilities. A negative control was prepared without adding H2O2 and characteristic components. Therefore, six groups were generated and divided into Control group, H2O2 group, H2O2 + CA group, H2O2 + GPA group, H2O2 + AU group, and H2O2 + QU group. Meanwhile, the groups inclusion H2O2 were denoted as H2O2 treated groups. The HUVEC of each group was treated for 24 h and these treated cells were used for anti-aging evaluation unless otherwise specified.

2.2 Methyl Thiazolyl Tetrazolium (MTT) Cell Proliferation Assay

The cell suspension (100 μL) was added to each well (96-well plates) at a cell density of 5 × 104 /mL and incubated at 37°C, 5% CO2 for 24 h. Meanwhile, medium alone (100 µL) was prepared as negative control and incubated at the same condition. After incubation, 5 mg/mL MTT solution (20 µL) was added to each well and incubated for another 4 h. When incubation completed, the medium of each well was subsequently removed. DMSO (150 µL) was added to each well and mixed thoroughly with the pipette. The optical density (OD) value of each well was recorded at 490 nm.

2.3 Intracellular ROS/Anti-Oxidation Indexes Detection

The intracellular ROS level was assayed with 2,7-dichlorodi-hydrofluorescein diacetate (DCFH-DA) fluorescent probe. The treated HUVEC of each group was washed with phosphate buffered saline (PBS) and collected at 1000 rpm for 5 min. The cell density was adjusted to 1 × 106 /mL. Then, the cells were resuspended in DCFH-DA and incubated at 37°C for 20 min with vibrating every five minutes. Loaded cells were washed three times by serum-free cell culture medium. The fluorescence intensity of each group was determined by using a fluorescence microscope with an excitation wavelength of 488 nm and emission wavelength of 530 nm. The intracellular anti-oxidation related indexes were determined by using relevant detection kit, including lactate dehydrogenase (LDH), malondialdehyde (MDA), superoxide dismutase (SOD), and glutathione (GSH) (Jiangsu KeyGEN BioTECH Co., Ltd., Nanjing, China). The pertinent details of detection was followed the instruction of each kit.

2.4 Functional and Inflammatory Factors Detection by Enzyme-Linked Immunosorbent Assay (ELISA)

Two functional factors (NO, ET-1) and three inflammatory factors (NF-κB, ICAM-1, VCAM-1) of the treated HUVEC from each group were determined by using relevant detection kits. The NO content was assayed by chemical method and the ET-1, NF-κB, ICAM-1, and VCAM-1 contents were monitored by ELISA. All of the kits were purchased from Jiangsu KeyGEN BioTECH Co., Ltd, Nanjing, China. The pertinent details of detection was followed the instruction of each kit.

2.5 Cell Cycle Detection by Propidium Iodide (PI) Staining

The most commonly used dye for cell cycle analysis was propidium iodide (PI) staining. After digested with 0.25% trypsin and washed twice with PBS, cells were harvested at a density of 5 × 105/mL. The prepared single cell suspension was fixed with 70% ethanol at 4°C for 2 h. Then, the cell suspension was mixed with a solution containing 100 μL RNase A (37°C, 30 min ) and 400 μL PI, and incubated in the dark at 4°C for 30 min. The red fluorescence of each group was recorded at 488 nm.

2.6 Cell Apoptosis Detection by Annexin V-FITC/PI Double Staining

The cell apoptosis rate of the treated HUVEC from each group was determined by using annexin V-FITC/PI double staining detection kit (Jiangsu KeyGEN BioTECH Co., Ltd., Nanjing, China). After digested with 0.25% trypsin and washed twice with PBS, cells were harvested at a density of 5 × 105/mL. The prepared single cell suspension was mixed with 500 μL Binding Buffer, 5 μL Annexin V-FITC, and 5 μL PI completely. Then, the cell suspension was incubated in the dark for 15 min. The cell apoptosis rate was detected on a flow cytometer (FCM).

2.7 Cell Senescence Detection by SA β-galactosidase Staining

The treated HUVEC of each group was inoculated in a 6-well plate and washed with PBS. A working solution of β-galactosidase (1 mL) stain was then added, mixed well, and incubated at 37°C for 15 min. After incubation, the β-galactosidase stain solution was removed and washed with PBS for three times every three minutes. Then, the PBS was draw out and 1 mL β-galactosidase stain solution was added to each well. The senescence of cells in each group was observed under microscope.

2.8 Western Blotting (WB) Analysis

Ten inflammatory, apoptosis/senescence, and DNA-repair process related proteins were selected for western blotting (WB) analysis. The detail information of the ten proteins is shown in Table S1. The total protein of the treated HUVEC from each group was isolated by using Whole Cell Lysis Assay kit (Jiangsu KeyGEN BioTECH Co., Ltd., Nanjing, China). Protein quantitation for the isolated whole protein was carried out by using BCA Protein Quantitation Assay kit (Jiangsu KeyGEN BioTECH Co., Ltd., Nanjing, China). Then, the total protein (30 μg) of each group was separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), which was prepared by SDS-PAGE Prepare kit (Jiangsu KeyGEN BioTECH Co., Ltd., Nanjing, China). The band of target protein was transferred to a nitrocellulose (NC) membrane at 200 mA for 2 h and subsequently sealed in 5% nonfat-dried milk for another 2 h. Then, the NC membrane was saturated in a plate inclusion primary antibody at 4°C overnight. The next day, the NC membrane was washed three times (10 min/time) with Tris Buffered Saline Tween (TBST) and saturated in a 5% nonfat-dried milk inclusion secondary antibody (Goat Anti-Rabbit Ig G-HRP) for 2 h. After incubation, NC membrane was washed three times (10 min/time) with TBST and detected by electrochemiluminescence (ECL). The imaging of selected proteins were photographed by BOX Chemi XR5 (SYNGENE, Cambridge, United Kingdom) and the relative expression of target protein was analyzed by Gel-Pro32 software.

2.9 Statistical Analysis

All data were analyzed by using Microsoft Office and SPSS 19.0, and were expressed as the mean ± SD. One-way analysis of variance (ANOVA) and the least significant difference (LSD) tests were performed to identify significant differences among the tested groups. Tukey test was used to correct multiple comparisons.

3  Results and Discussions

3.1 Inhibition Rate of HUVEC

The inhibition rates of the four characteristic components against HUVEC are shown in Fig. 1A. At the threshold of inhibition rate < 10%, the selected optimum concentrations of CA, GPA, AU, and QU were 0.78, 3.13, 50.00, and 6.13 μM, respectively. Meanwhile, the inhibition rate of H2O2 against HUVEC was greater than 50% (Fig. 1B), suggesting the HUVEC under 100 μM H2O2 treatment was the desirable oxidative damage model for anti-aging analysis. Significant decrease in inhibition rate was observed when H2O2 supplementation with characteristic component treatment (p < 0.05, Fig. 1B). However, the inhibition rates of HUVEC revealed no significant difference among the four characteristic components added groups (p > 0.05).
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Figure 1: The inhibition rate (%) of HUVEC. (A) Inhibition rate of HUVEC under four characteristic components treatment; (B) Inhibition rate of HUVEC of the six tested groups. CA, GPA, AU, and QU represent chlorogenic acid, geniposidic acid, aucubin, and quercetin, respectively

3.2 Contents of ROS/ROS-Related Indexes

Cell injury is tightly related to oxidative stress, which induces amount of ROS generation and cause oxidative damage as well as cell dysfunction [18]. As a strong oxidant, H2O2 can induce lipid peroxidation and promote ROS production [19]. In our study, the ROS contents in all H2O2 treated groups were higher than that of in control group (Fig. 2, Fig. S1). Compared to H2O2 group, the characteristic component added groups revealed lower ROS contents, especially in GPA and AU added groups, indicating the characteristic components of E. ulmoides could reduce the H2O2-induced oxidative damage.
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Figure 2: The intracellular ROS content among the six tested groups. CA, GPA, AU, and QU represent chlorogenic acid, geniposidic acid, aucubin, and quercetin, respectively

It is reported that LDH activity and MDA content can reflect the effect of H2O2 on cell membrane integrity and the degree of lipid peroxidation [20]. Besides, intracellular SOD activity and GSH content can positively take part in cell damage response via scavenging free radical [21]. Hence, these four ROS-related indexes are explored. The MDA exhibited the similar profile with ROS and its content was significantly higher in H2O2 group, followed by CA, AU, and QU added groups, and was significantly lower in control and GPA added group (p < 0.05, Table 1). The GSH content and SOD activity in GPA and AU added groups were significantly higher than in other H2O2 treated groups, but were significantly lower than in control group (p < 0.05, Table 1). On the contrary, the energy-related LDH activity in GPA and AU added groups were significantly lower than that of in other H2O2 treated groups, but were significantly higher than that of in control group (p < 0.05, Table 1). According to these results, it was easily to summary that the characteristic components of E. ulmoides could enhance the antioxidant ability of cells and had advantages in maintaining cell function as normal, especially in GPA and AU added groups.
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3.3 Contents of Functional and Inflammatory Factors

Because the H2O2-induced oxidative damages inevitably occur, the consequent inflammatory response in HUVEC is therefore explored. Three typical inflammatory factors were investigated in our study, including NF-κB, ICAM-1, and VCAM-1 (Table 2). The contents of NF-κB, ICAM-1, and VCAM-1 increased in H2O2 group and significantly decreased in characteristic components added groups (p < 0.05). Apart from the effect of QU on ICAM-1, the overall effects of supplementation with GPA and AU on NF-κB, ICAM-1, and VCAM-1 contents were better than CA and QU. Previous researches have indicated the three inflammatory factors are well associated with HUVEC inflammation and can promote the migration and adhesion of white blood cell (WBC) to HUVEC [22]. Among these factors, NF-κB dominates the key position as its activation is ROS-dependent [23] and many ARDs are coordinated by increasing NF-κB levels [24]. For instance, ICAM-1 and VCAM-1 are tightly involvement with NF-κB based on their expressions are regulated by NF-κB activation in HUVEC [25]. Thus, our results revealed that the characteristic components of E. ulmoides could alleviate H2O2-induced inflammation.
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Together with the inflammatory factors, the proteins related to NF-κB activation were also analyzed, including p65, P-Rb, and P-ERK (Table 3, Fig. 3, Table S2). Functioned as the subunit of NF-κB, p65 comprises a powerful transcriptional activation domain [26]. Simultaneously, P-Rb and P-ERK positively participate in regulation the expression of NF-κB activation [27,28]. Interestingly, no significant difference was observed for the expressions of p65 among H2O2 treated groups (p > 0.05). However, the relative expressions of P-Rb and P-ERK were induced significantly up-regulation under H2O2 treatment (p < 0.05) and would decrease as supplementation with characteristic components, especially in GPA and AU added groups. Based on above-mentioned points, we thus speculated that the characteristic components of E. ulmoides contributed to inflammation remission.
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Figure 3: Effects of H2O2 and characteristic components on the expression levels of selected proteins. CA, GPA, AU, and QU represent chlorogenic acid, geniposidic acid, aucubin, and quercetin, respectively

Except the inflammatory factors, the HUVEC secretion related vascular active factors are studied in tandem, including NO and ET-1, which participate in physiological and pathological reactions of vasoconstriction and vasodilatation [29]. As shown in Table 2, NO content significantly decreased in H2O2 group, whereas the content increased in characteristic components added groups, especially in GPA and QU added groups (p < 0.05), which was in accordance with E. ulmoides extract could activate NO production in Dahl salt sensitive rats [30]. Opposite of NO content, up-regulation of ET-1 content was observed in H2O2 group and the content would significantly decrease as supplementation with characteristic components (p < 0.05). Consequently, we obtained that the characteristic components of E. ulmoides could reduce H2O2-induced inflammation and keep the normal cellular function of HUVEC.

3.4 Cell Cycle

Previous research has certified that H2O2-induced DNA-damage can lead to cell cycle arrest [31]. Since natural active components possess the ability of radical scavenging, these components reveal excellent protective effects against H2O2-induced DNA-damage, such as phenolics oleuropein and hydroxytyrosol from olive oil [32]. In this study, the cell cycle under H2O2 as well as under characteristic component treatments was determined (Fig. 4, Fig. S2). The proportion of G1 phase in H2O2 group was higher than that of in control group, accompanied with lower proportion of S phase, indicating that HUVEC got arrested in the G1 phase under H2O2 treatment. Although the proportion of G1 phase in characteristic components added groups decreased to the same level with control group, the proportion of S phase revealed obviously difference. Compared to control group, the proportion of S phase was higher in GPA and AU added groups, but was lower in CA and QU added groups, implying GPA and AU could facilitate HUVEC progress through to the S phase (stage of DNA synthesis) to avoid the H2O2-induced DNA-damage. DNA-damage response (DDR) is responsible for the coordination of DNA-damage cell cycle–checkpoint activation with DNA-repair processes. The DDR is a kinase-based signaling network that controls various effector proteins to achieve the coordination of the DNA-repair process, including p16, p21, and p53 [33]. Hence, the relative expressions of p16, p21, and p53 were investigated (Table 3). The expressions of p16, p21, and p53 significantly increased in H2O2 group and significantly decreased as supplementation with characteristic components (p < 0.05), especially in GPA and AU added groups. Therefore, it could infer that the characteristic components of E. ulmoides positively participated in the DNA-repair processes and ensued DNA synthesis as normal.
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Figure 4: The cell cycle of HUVEC among the six tested groups. CA, GPA, AU, and QU represent chlorogenic acid, geniposidic acid, aucubin, and quercetin, respectively

3.5 Cell Apoptosis Rate

Accompany with cell cycle arrest under H2O2 treatment, the cell apoptosis rate will increase [31]. In the present study, the cell apoptosis rate in control group was 6.49% and was apparently lower than that of in H2O2 group (40.66%) (Table 4, Fig. S3), indicating that H2O2 treatment caused oxidative damage. A slightly reduction in cell apoptosis rate was observed in characteristic component added groups. Among the four characteristic components added groups, GPA added group revealed the best result and its apoptosis rate decreased to 36.64%, followed by CA (37.94%) and AU (37.99%) added groups, and was higher in QU added group (38.94%). Meanwhile, GPA and AU mainly reduced the early apoptosis of HUVEC and their apoptosis rates were 26.09% and 27.51%, respectively, which were lower than in CA (30.90%) and QU (30.07%) added groups. Cell apoptosis is closely related to cell senescence in DNA-damaged cells and there are kinds of proteins function in DDR-associated pathways, such as Sirt1, Bcl-2, Survivin, and Bax. Former study has indicated that Sirt1 is necessary for p53 deacetylation and its loss promotes cell apoptosis [34]. Meanwhile, Bcl-2 acts as anti-apoptotic factors in the mitochondria apoptotic signaling pathways, whereas Bax acts as an pro-apoptotic factor. These two factors can regulate apoptosis via controlling mitochondrial membrane permeability to release apoptosis activators [35,36]. Moreover, Survivin is an inhibitor of apoptosis (IAP) family protein, which is involved in various protein-protein interactions (PPIs) and thereby regulates cell apoptosis [37]. Therefore, Sirt1, Bcl-2, and Survivin take function in anti-apoptosis, whereas Bax takes function in pro-apoptosis. Accordance with the profile of apoptosis rate alteration, the relative expressions of Sirt1, Bcl-2, and Survivin significantly decreased under H2O2 treatment, but the decreasing amplitude would be suppressed as characteristic components supplemented (Table 3). Besides, the relative expression of Bax would be induced significant up-regulation under H2O2 treatment and its expression in GPA added group significantly decreased (p < 0.05). These results suggested that the characteristic components of E. ulmoides could inhibit cell apoptosis.
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3.6 SA β-gal Staining

Apart from the results of cell cycle and cell apoptosis, the senescence-associated SA-β-gal activity analysis is conducted to reflect the senescent cells in culture [38]. Compared to control group, the SA β-gal stained positive cells increased in all H2O2 treated groups with squamous cell emerging (Fig. 5), suggesting that H2O2 treatment accelerated cell senescence. However, the SA β-gal stained positive cells in characteristic components added groups were lower than that of in H2O2 group, indicating the characteristic components of E. ulmoides possessed the ability of protecting cells and could alleviate the H2O2-induced cell aging. Consistent with former results, the GPA added group revealed the least stained positive cells among the four characteristic components added groups, followed by AU added group. Moreover, at the threshold of cell inhibition rate < 10%, the optimum concentration of the four characteristic components ranked as CA (0.781 μM) < GPA (3.125 μM) < QU (6.125 μM) < AU (50 μM). Therefore, the dosage of GPA was kept at a relative low level. Combine the above-mentioned points together, it could get that GPA had a great promise in anti-aging research.
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Figure 5: The SA β-gal staining of HUVEC among the six tested groups. CA, GPA, AU, and QU represent chlorogenic acid, geniposidic acid, aucubin, and quercetin, respectively

4  Conclusion

Comprehensive the above-mentioned points, it can conclude that the four characteristic components of E. ulmoides reveal the ability of facilitating DNA synthesis, inhibiting cell apoptosis, and alleviating cell senescence, and these results may further certify E. ulmoides possess the ability of anti-aging. The conclusions from the preliminary data and discussion can be summarized as follows:

1.    The H2O2-induced cell growth inhibition rate as well as the contents of ROS related antioxidant indexes (LDH, MDA, SOD, GSH) improve as supplementation with characteristic components, indicating the four characteristic components of E. ulmoides can alleviate H2O2-induced oxidative damage.

2.    Typical inflammatory factors (NF-κB, ICAM-1, VCAM-1) and functional factors (NO, ET-1) are investigated to reflect the impacts of characteristic components on cells. The four selected characteristic components of E. ulmoides contribute to inflammation remission and have advantages in maintaining cellular function as normal.

3.    The cell cycle, cell apoptosis, and cell senescence of H2O2-treated HUVEC ameliorate under characteristic components treatment. Meanwhile, DNA biosynthesis processes are activated by characteristic components, suggesting the characteristic components of E. ulmoides facilitate cell division to slow the aging process.

4.    Among the four characteristic components, GPA reveals the most potential capacity in anti-aging, followed by AU. These two compounds of E. ulmoides possess tremendous application foreground in drug field and provide a scientific basis for E. ulmoides itself serving as a anti-aging material.
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Figure S1: The spectrum of intracellular ROS content among the six tested groups. CA, GPA, AU, and QU represent chlorogenic acid, geniposidic acid, aucubin, and quercetin, respectively
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Figure S2: The spectrum of PI staining among the six tested groups. CA, GPA, AU, and QU represent chlorogenic acid, geniposidic acid, aucubin, and quercetin, respectively
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Figure S3: The spectrum of Annexin V-FITC/PI double staining among the six tested groups. CA, GPA, AU, and QU represent chlorogenic acid, geniposidic acid, aucubin, and quercetin, respectively
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Table 1: The intracellular anti-oxidation indexes contents among the six tested groups

Group Control H,0, H,O, + CA H,O, + GPA H,O, + AU

H,0, + QU

LDH (U/L) 2266 £1.00e 5839+1.00a 3943+1.64c 33.77+1.00d 3203 +1.31d
MDA (nmol) 742+042 ¢ 2496 £1.70a 1333 £045b 8.32+0.30c¢ 13.96 £ 048 b
GSH (gGSH/L) 437.94+9.11a 15422+8.70e 271.24+£2787c 37605+£7.15b 378.13+196Db
SOD (U/ml) 5995+0.70a 25.89+224d 27.76+258cd 3962+146b 3659+1.28b

4532+£1.00Db
13.70 £0.36 b
236.65+17.45d
29.56 £1.40 ¢

Note: CA. GPA. AU. and OU renresent chlorogenic acid. geninosidic acid. aucubin. and auercetin. resnectivelv.
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Table 3: The relative expression of inflammatory, apoptosis/senescence, and DNA-repair process related
proteins among the six tested groups

Group Control H>0, H,O, + CA H,O, + GPA  H,0, + AU H,O, + QU
DNA-repair pl6 006 +£001d 061+£0.03a 041+£002b 035+£004c 033+£0.03c 044+£0.03Db
PrOCESS p21 0.14+0.03c 042+0.04a 039+006a 025+£004b 024+006b 036=0.03a

p53 0.04+£001le 028+£0.02a 0.16£00lc 011+£0.01d 0.12+£0.01d 020£0.01b
Inflammatory p65 005+£001b 022£002a 024+£0.02a 025+£0.02a 025+£004a 024+0.02a
P-Rb 006+£001d 025+£0.02a 0.16£002b 011+£0.01c 0.12+£001c 0.18£0.02b
P-ERK  045+002c 0.75+£0.04 a 0.71£005a 059+£001b 0.60+£0.02b 055+£0.05b
Apoptosis/ Bax 0.08+0.0lc 028+0.02a 029+0.02a 023+£001b 028+£002a 028+0.02a
Senescence Gt 020+£001a 002+£0.01d 004+£00lc 007£001b 0.05+£0.0lc 004=£001c
Bcl-2 0.10£0.01a 0.02+£0.002cd 0.04£0.01bc 0.04+0003b 0.04+£0.002b 0.02+0.01d
Survivin  0.26 £0.02a 0.14+0.01 bc 0.16£0.02b 0.14£0.01bc 0.14+0.02bc 0.11 £0.01 ¢

Note: CA. GPA. AU. and OU renresent chlorogenic acid. geninosidic acid. aucubin. and auercetin. resnectivelv.
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Table S2: The fluorescence value of inflammatory, apoptosis/senescence, and DNA-repair process related
proteins among the six tested groups. CA, GPA, AU, and QU represent chlorogenic acid, geniposidic acid,
aucubin, and quercetin, respectively

Control H>0, H,O, +CA H,O,+GPA H,O,+AU H,0,+ QU
Sirtl 519 62.928 131.28 210.67 135.09 108.57
504.33 56.33 118.66 231.97 149.67 98.84
533.67 69.53 143.9 189.37 120.51 118.3
p53 95.589 768.81 461.97 338.26 336.33 549.93
101.38 827 446.39 302.75 307.17 566.5
89.8 710.61 477.55 373.77 365.49 533.36
p21 380.4 1161.4 1144.4 750.99 685.29 991.19
299.81 1039.49 1318.25 626.91 529.91 1075.36
460.99 1283.31 970.55 875.07 840.67 907.02
pl6 150.16 1662.9 1204.8 1044 937.49 1199.8
162.97 1750.565 1145.004 1151.51 862.293 1106.75
137.35 1575.235 1264.596 936.49 1012.687 1292.85
GAPDH-1 2650 2733.5 2940.8 3019.1 2803.1 2750
P-Rb 185.32 834.97 554.34 410.51 414.43 657.26
211.56 897.7135  650.26 373.914 380.982 716.128
159.08 772.2265  493.69 447.106 447.878 598.392
Bcl-2 345 81.226 128.48 152.93 132.61 87.654
391.35 73.49 155.99 141.58 124.56 121.87
298.65 88.97 100.97 164.28 140.66 53.43
Bax 267.28 945.5 1022 866.14 970.84 1034
307.65 1016.462 1092.29 824.012 1025.178 1121.95
226.91 874.538 951.71 908.268 916.502 946.05
p65 172.5 748.25 909.81 10154 998.49 879.61
151.94 693.239 806.21 894,598 895.21 820.462
193.06 803.261 801.79 875.34 754.41 975.262
GAPDH-2  3287.3 3356.95 3527 3726.6 3473.6 3650.4
P-ERK 960.77 1549.6 1550.6 1357.6 1444.012 1301
915.28 1624.769 1653.43 1353.29 1384.359 1178.06
1006.26 1474.431 1447.77 1361.91 1342.686 1423.94
Survivin 566.13 294.58 392.39 323.71 330.47 268.46
607.18 322.246 327.7 355.63 276.007 234.904
525.08 266.914 313.25 291.79 384.933 302.016
GAPDH-3  2152.5 2052.7 2193.8 2310.7 2299.7 2362.8
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Table 4: The cell apoptosis rate among the six tested groups

Group UL (%) UR (%) LL (%) LR (%) Apoptosis (%)
Control 2.06 2.38 9145  4.11 6.49
H,0, 2.79 7.77 56.55 32.89 40.66

H,O, + CA  2.97 7.04 59.09  30.90 37.94
H,O, + GPA 3.31 10.55 60.04  26.09 36.64
H,O, + AU  3.12 10.48 5890  27.51 37.99
H,O, + QU  3.10 8.87 57.97 30.07 38.94

Notes: CA, GPA, AU, and QU represent chlorogenic acid, geniposidic acid, aucubin, and quercetin,
respectively. UL, UR, LL, and LR represent upper left, upper right, lower left, and lower right
quadrant in the spectrum of Annexin V-FITC/PI double staining, respectively.
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Table 2: The functional and inflammatory factors contents among the six tested groups

Group Control H,O, H,O, + CA H,O, + GPA  H,O, + AU H,O, + QU
NO (uM/L) 3237+£199a 1447+183d 1656+045cd 24.80+2.02b 1945+207c 2781+124D
ET-1 (pg/mL) 182.00 £ 759 ¢ 25495+ 12.38a 22044 +6.77b 223.61 £6.78b 221.15+590b 21488 £7.90Db
NF-xB (ng/ml) 1021 +1.61d 3517+267a 2030+222bc 21.39+1.93bc 1949+064c 23.62+1.52Db
ICAM-1 (ng/ml) 8.44 +£0.55¢ 2651+£1.09a 14.62+0.75b 12.68+081 ¢ 13.82+083bc 11.03+093d

VCAM-1 16352 £13.78d 34246 +£12.44a 307.33£9.54b 282.79 £8.55¢ 265.23+14.08¢c
(pg/ml)

31425 £15.53b

Note: CA. GPA. AU. and OU renresent chlorogenic acid. geninosidic acid. aucubin. and auercetin. resnectivelv.
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Table S1: The detail information of the ten selected proteins for western blotting (WB) analysis

Protein Molecular weight (kDa) Dilution rate Gel concentration for SDS-PAGE
pl6 16 1:1000 12%
p21 21 1:1000 12%
pS3 53 1:200 10%
P65 65 1:1000 10%
P-Rb 106 1:1000 10%
P-ERK 44 1:1000 10%
Bax 21 1:1000 12%
Sirtl 110 1:20000 10%
Bcl-2 26 1:1000 12%
Survivin 16 1:5000 12%
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