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Abstract
  Oxidative stress damage can cause aging. Keap1-Nrf2/ARE signaling pathway is an antioxidant pathway. Ginsenoside Rg1 is one of the saponins with biological activity in ginseng. It has the effects of anti-aging, anti-oxidation and strengthening immunity. However, the underlying molecular mechanism of Rg1 on brain aging remains unclear. The purpose of this study is to study the role of ginsenoside Rg1 in aging mouse models and to solve the molecular mechanisms of hippocampus aging and NSCs. D-gal was used to construct the aging model of mouse brain and NSCs. Rg1 treatment can improved brain function;reduce the structural damage of D-gal to hippocampal tissue and cells; reduced Ach neurotransmitter degradation; down-regulated the expression of aging-related protein P53; alleviated oxidative stress damage: increased SOD and CAT activities, decreased the content of MDA, 4-HNE and 8-OHdG ; down-regulated the expression of Keap1 protein and promoted Nrf2 dissociate from Keap1, and up-regulated the expression of Nrf2 and HO-1 proteins, activating the Keap1-Nrf2/ARE pathway. Up-regulated the expression of Nrf2/ARE pathway-related protective target genes (NQO1, GCLM, GSTM-1 and GCLC), thereby slowing down the aging caused by oxidative stress damage caused by D-gal. Conclusion: Ginsenoside Rg1 can reduce the oxidative damage of the hippocampus and NSCs of mice through Keap1-Nrf2/ARE pathway, and delay aging. It provides new ideas for the treatment of antioxidants, provides an important reference for the prevention and treatment of aging-related diseases, and adds new scientific connotations to the "Qi and Blood Theory" of Chinese medicine.
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1  Introduction
 Aging is one of the most basic natural laws in the biological world. Oxidative stress damage, degeneration, apoptosis and neuron loss are important causes of neurodegenerative diseases and brain aging.  Studies have shown that as the human body ages, stem cells gradually age, and their functions may decline with age [1]. The senescence of stem cells is closely related to the occurrence and development of many diseases [2]. The regenerative capacity of neural stem cells (NSCs) will decline with age, leading to brain aging and dysfunction. It can cause neurodegenerative diseases such as Alzheimer's disease (AD), Parkinson's disease (PD) [3-4]. The brain is closely related to the occurrence and development of NSCs, cognitive impairment and neurodegenerative diseases [5]. Therefore, it is of great significance to explore ways to delay the aging of hippocampus and NSCs.
     D-galactose (D-gal) is a recognized aging agent , and the aging model it causes is very similar to natural aging[6-10].At present, the mainstream theory believes that cell aging is usually caused by oxidative damage[11]. The theory believes that when the amount of reactive oxygen species (ROS) produced in cells exceeds the antioxidant defense mechanism and accumulates damage, oxidative stress will occur, which will promote the aging of organisms and cells [12,13].
   "Theory of Qi and Blood" is a classic traditional Chinese medicine theory. Ginseng is an important medicine for invigorating Qi in Chinese medicine. Ginsenoside Rg1 is the active ingredient of ginseng. Ginsenoside Rg1 has a significant anti-aging effect [14-17]. Our research team proved that ginsenoside Rg1 can antagonize D-galactose-induced rat brain aging, improve its behavior and enhance the neurogenesis of the entire NSC [18]. However, the molecular mechanism of Rg1 delaying the senescence of hippocampus and NSCs is still unclear.
Keap1-Nrf2/ARE signal transduction pathway is an important antioxidant pathway [19]. When stimulated by an oxidant, nuclear factor E2-related factor 2 (Nrf2) and Kelch-like ECH-related protein 1 (Keap1) decompose and combine with antioxidants in the response element (ARE) in the nucleus to initiate the transcription of cytoprotective genes, protecting cells from Oxidative damage and aging [20]. Studies have shown that Nrf2 plays a key role in resisting oxidative damage [21]. Therefore, We hypothesize that ginsenoside Rg1 delays the aging of the hippocampus and NSCs through anti-oxidative stress damage and is related to the activation of the Keap1-Nrf2/ARE signaling pathway.
   This experiment combines traditional Chinese medicine, stem cells and aging regulation theory. Established an aging model through D-gal, and explored that ginsenoside Rg1 could delay the aging of hippocampus and NSCs by reducing oxidative stress damage, and is regulated by the Keap1-Nrf2/ARE signaling pathway. In order to explore the mechanism and related targets of ginsenoside Rg1 delaying the aging of hippocampus and NSCs, this study aims to provide a new direction for the prevention and treatment of neurodegenerative diseases.
2  Materials and methods
2.1  Reagents
Ginsenoside Rg1 (RSZD-121106, Purity = 98.6%) was purchased from Jilin Hongjiu Biological Technology Co, Ltd (Jilin, China), was dissolved directly in PBS at a concentration of 20mg/mL, and sterilized by ultrafiltration. OriCell/C57BL/6J mice NSCs complete medium (MUBNF-90011) was obtained from Cyagen Biosciences Inc. (Guangzhou, China). D-galactose (SG8010, purity≥98%) was obtained from Solarbio Science&Technology Co, Ltd (Beijing, China). SOD (A001-3-2), MDA (A003-1-2), CAT (A007-1-1), 4-HNE (H268) and 8-OHdG (H165). ChAT assay kit was purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). AChE kits were purchased from Solarbio LIFE SCIENCES?. BCA kit (P0012S), mouse monoclonal anti-Nestin antibodies (AN203), trypan blue staining kit (C0011) and SA-β-gal staining kit(C0602)was purchased from Beyotime Institute of Biotechnology (Nanjing, China). The antibody against P53(#ab26) was purchased from Abcam(United Kingdom),Nrf2 (#12721), Keap1 (#7705) and HO-1 (#86806) were purchased from Cell Signaling Technology Inc. (USA). Trizol reagent (B511311) was purchased from Sangon Biotech (Shanghai, China). cDNA Reverse Transcription Kit (RR047A) and TB Green® Premix Ex Taq™ II (RR820A) were obtained from Takara Biotechnology (Dalian, China).
2.2  Animal treatment
[bookmark: _GoBack]Two months old C57BL/6J mice were purchased from the Laboratory Animal Center of Chongqing Medical University and housed in a temperature, humidity, and light-controlled room with free access to water and food. All animal procedures and experiments complied with the approved guidelines and were approved by Laboratory Animal Ethics Committee of Chongqing Medical University(Animal Certificate of Conformity:SYXK(Chong Qing) 2018-0003). 48 mice were randomly divided into four groups, 12 mice/group. In the D-gal group, D-gal (120 mg/kg/day) was injected subcutaneously into mice daily for 42 days. In the D-gal+ Rg1 group , the same treatment as D-gal group, intraperitoneal injection of Rg1 (20mg/kg/day×28d) on the 15th day.In the Rg1 group, the same amount of normal saline was injected subcutaneously for 14 days,intraperitoneal injection of Rg1 (40mg/kg/day×28d) on the 15th day.in the Control group,normal saline were injected subcutaneously with an equal volume at the same time.
[bookmark: OLE_LINK2]2.3 Morris water maze 
After the 42-day treatment, we conducted the Morris water maze test to evaluate the spatial learning and memory ability of mice[22] .Place navigation test:once a day for 6 days, the mouse face the pool wall, and take turns to enter the water from 4 water entry points. Record the time to find the platform within 60s. If the platform is not found for more than 60s, the latency is recorded It is 60s, and guide the mouset on the platform and stay for 10 s. Spatial probe test: on the 7th day, the invisible platform is removed, the mouse is launched from a certain entry point, and the swimming track of the mouse within 60s after entering the water is recorded, and the latency period of the mouse’s escape, the number of times that the rat crosses the position of the original platform and the original platform are calculated percentage of residence time in the quadrant.
2.4 Brain organ index
Weigh the body weight of the mouse. The mouse is anesthetized with pentobarbital and the neck is severed to death. The whole brain is taken out, and the surface PBS liquid is absorbed with filter paper, and the wet weight of the brain is weighed. The brain index is obtained by calculating the wet brain weight/weight of the mouse.
2.5 HE staining
The mice were anesthetized with pentobarbital, and the entire brain tissue was quickly extracted by decapitation. Fixed with 4% paraformaldehyde for 24 hours, dehydrated with ethanol, transparent with p-xylene, embedded in paraffin, coronal section, stained with hematoxylin and eosin (HE) [23]. The histopathology of hippocampal CA1 area was observed under optical microscope.
2.6 Nissl staining
Nissl staining is used to observe the functional status of hippocampal neurons.Brain tissue were fixed with 4% paraformaldehyde for 24h，ethanol dehydration, paraffin embedding, coronal section, deparaffinized, putting into 1% toluidine blue solution for 40min, washing three times with distilled water, ethanol dehydration, transparent with xylene and neutral resin sealing. Observe the Nissl body in the CA1 area of the hippocampus with an optical microscope.
2.7 SA-β-gal staining
The accumulation of endogenous lysosomal galactosidase is a characteristic of aging cells, so we determined the senescence-related β-galactosidase (SA-β-gal)(Fig.1F), which is widely used in mammalian cells for senescence Biomarkers[25].The frozen section of the coronal hippocampus of the brain tissue was prepared by the Leica cryostat. The section and the third-generation neurosphere were fixed with the kit fixative solution at room temperature for 30 minutes, washed with PBS for 3 times, and stained with β-galactosidase staining working solution. Incubate overnight at 37°C. Observe the hippocampal CA1 area and NSCs under an optical microscope. The blue-stained cells are senescent cells, that is, they are positive.
2.8 Transmission electron microscope observation of the ultrastructure of hippocampal nerve cells
   The mice were anesthetized with pentobarbital, the mice were perfused with normal saline and 4% paraformaldehyde, and the brain tissues were taken out. Cut the hippocampus into a cube with a side length of about 1 mm, put it in glutaraldehyde, and observe with an electron microscope. 
2.9 Analysis of cholinergic function. 
   According to the manufacturer's agreement, the determination of ChAT uses acetyl-CoA and choline as substrates,Under the action of ChAT, the reaction product is combined with a color reagent, and the absorbance at 324nm is measured to calculate the activity of ChAT. AChE catalyzes the hydrolysis of ACh to choline,Choline reacts with DTNB to generate TNB, TNB has an absorption peak at 412nm,The activity of AChE is calculated by measuring the rate of increase in absorbance at 412nm [24].
2.10 Measurement of oxidation-related biomarkers
 After treatment hippocampus and NSCs were lysed with RIPA Lysis Buffer (Beyotime, China), centrifuged and collected supernatant. According to the instruction of manufacturer, determination of SOD,CAT, MDA activity in hippocampal homogenate and NSCs by chemical colorimetric analysis.8-OHdG and 4-HNE activity in hippocampal homogenate and NSCs by ELISA. 
2.11 Western blotting analysis
The hippocampus and NSCs proteins were extracted, and the protein concentration was determined by BCA method. The proteins were separated by SDS-PAGE, transferred to PVDF membrane, and blocked with TBST of skimmed milk powder for 1 hour. Incubate the primary antibody overnight at 4°C, and incubate the secondary antibody for 1 hour at warm temperature. Use the ECL light-emitting system to develop colors. Quantitative analysis was performed with Image Lab software.
2.12 Detection of related gene expression by real-time PCR
   Follow the manufacturer’s instructions to extract total RNA from hippocampus and NSCs with Trizol,check the quality of RNA by the ratio of A260/A280, and use samples with A260/A280 = 1.8~2.0 for further analysis. Real-time reverse transcription-quantitative PCR (RT-qPCR) was carried out by using the QuantiFast SYBR green RT-PCR kit (Takara,Japan), the conditions are 95°C for 1 minute, 60°C for 1 minute, and 65°C for 2 minutes for 40 cycles. Use Primer3 software (http://simgene.com/Primer3) to design specific primers. The primer sequence is as follows:
Primer sequences of NQO1
Forward: 5’-CAGCCAATCAGCGTTCGGTA -3’
Reverse: 5’-CTGGAAATGATGGGGTTGAAGT -3’
 
 Primer sequences of GSMT-1
Forward: 5’-GGACTTTCCCAATCTGCCTTACT -3’
Reverse: 5’-TCTCCATCCAGGTGGTGCTTT -3’
 
 Primer sequences of GCLM
Forward: 5’-TGTGATGCCACCAGATTTGACT-3’
Reverse: 5’-CCAATCCTGGGCTTCAATGTC-3’
 
 Primer sequences of GCLC
      Forward: 5’-TCAATGGGAAGGAAGGGGTAT-3’
Reverse: 5’-TCCACCTGGCAACAGTCATTAG-3’

2. 13 Separation, purification and grouping of NSCs
 Take C57BL/6J fetal mice, extract whole brain tissue, separate, purify and culture cells, culture them in serum-free medium to the third generation, identify NSCs with Nestin immunofluorescence, and divide them into four groups randomly . In the Rg1 group, NSCs was treated with PBS and incubated for 24 hours, and then treated with Rg1 (20 μg/mL) and incubated for 24 hours. In the D-gal group, NSCs was treated with D-gal (10 mg/mL) and incubated for 48 hours. In the D-gal + Rg1 group, the NSCs were treated with D-gal (10 mg/mL) and incubated for 24 hours, and then treated with Rg1 (20μg/mL) and incubated for 24 hours. The Control group was treated with the same amount of PBS and incubated for 48 hours. Relevant indicators can be detected on the second day after 
Modeling.
2.14 Immunofluorescence identification of Nestin protein expressed by NSCs
Take the 3rd generation neurosphere cultured NSCs, fix with 4% paraformaldehyde for 20 min, break the membrane with 0.3% TritonX-100 for 15 min, block with 10% goat serum for 60 min at room temperature, add Nestin antibody (1:100), and incubate at 4℃ Overnight, add fluorescent secondary antibody, incubate at 37℃ for 1h in the dark, add DAPI working solution dropwise, drop anti-fluorescence quenching solution 5 minutes later, mount the slide with neutral gum, and observe the Nestin expression of NSCs under a fluorescence microscope.
2.15 CCK-8 assay
 The cell counting kit (CCK) 8-test is used to detect cell viability. Incubate neural stem cells (1×104 cells per well) in culture medium. Add the CCK-8 solution (10 μL) to the cell culture medium and incubate at 37°C for 4 h. The absorbance was measured at 450 nm with a 96-well multi-scanner automatic reader .
2.16 Trypan blue staining
 Using centrifuge tubes collect NSCs, and staining with Trypan Blue for 3 min. Counting 500 NSCs with optical microscope. Cell survival rate=(the total number of cells-the number of trypan-blue-stained cells)/the total number of cells*100%.
2.17 Statistical analysis
 All experimental data are presented as the mean±standard deviation (SD), and were analyzed by one-way analysis of variance (ANOVA) followed by the GraphPad Prism  statistical software.Differences were judged to be statistically significant when the P < 0.05.
3 Results

3.1 Rg1 protects the hippocampus against D-gal induced aging 
The biological dynamics of aging in mice:with the increase of D-gal injection time and cumulative dose, the hair of the mice in the aging model group was gradually dull, the activity was reduced, the eating was reduced, the stool was not formed, the weight gain was slow, and the typical signs of natural aging was shown. There were no obvious signs of aging in the other three groups.
Morris Water Maze: In the place navigation test (Fig.1 A), the escape latency of the mice in the D-gal group was significantly longer than that of the Control group and D-gal+Rg1 group ; in the spatial exploration test (Fig.1 B,C),the number of times the mice in the D-gal group crossed the original platform position and the percentage of stay time in the original platform quadrant were significantly lower than the Control group and D-gal+Rg1 group. 
the Brain Organ Index（Table.1）:D-gal group is lower, but D-gal + Rg1 group is higher.
HE staining(Fig.1 D):Compared with the D-gal+Rg1 group, the cells in the D-gal group were arranged disorderly, with different sizes, uneven staining, and obvious neuronal  necrosis, which showed increased cytoplasmic eosinophilia. There were no obvious signs of aging in the other three groups.
Nissl staining(Fig.1 E) :Nerve cells and Nissl body decreased in D-gal group, but increased in D-gal + Rg1 group.
Transmission electron microscope (Fig.1 F): In the D-gal group, the intracellularorganelles were vacuoles, the RER was expanded and vesicles were present(*), mitochondria were swollen, and the edges of heterochromatin were obvious , and the perinuclear space expands(#). While other groups have no obvious changes.
   SA-β-gal staining(Fig.1 G):The blue-stained senescent cells in the D-gal group increased, while the senescent cells in the D-gal + Rg1 group decreased.
P53 protein(Fig. 1 H.I):The expression of P53 protein increased in D-gal group,but decreased in D-gal + Rg1 group.
   The activity of ChAT(Fig.1 J) and AChE (Fig.1 K) was measured with the supernatant of hippocampal homogenate. Compared with the control group, the ChAT activity of the D-gal group decreased, and the activity of AChE increased . Compared with the D-gal group, the ChAT activity in the D-gal+Rg1 group was increased, and the AChE activity in the Rg1 group was decreased .
3.2 Rg1 protects the hippocampus on oxidative stress damage induced by D-gal  
   Compared with the control group, the SOD(Fig.2 A) and CAT(Fig.2 B) activities of the D-gal group decreased, but the content of MDA(Fig.2 C),4-HNE(Fig.2 D) and 8-OHdG(Fig.2 E) increased . Compared with the D-gal group, the SOD and CAT activities of the D-gal + Rg1 group increased, but the content of MDA, 4-HNE and 8-OHdG decreased . 
3.3 The protective mechanism of Rg1 against oxidative stress damage is related to the Keap1-Nrf2/ARE pathway
  The results showed that the level of protein expression of Nrf2(Fig.3 B) and HO-1(Fig.3 D) in D-gal group were significantly lower than control group and D-gal + Rg1 group, but the expression of Keap1(Fig.3 C) protein was significantly higher than control group and D-gal + Rg1 group.Compared with control group ,the expression level of mRNA of NQO1(Fig.3 E),GCLM(Fig.3 F),GSTM-1(Fig.3 G) and GCLC(Fig.3 H) greatly reduced in D-gal group ,the expression level of these mRNA considerably increased in D-gal +Rg1 group compared with D-gal group .  
3.4 Immunofluorescence identification of Nestin protein expressed by NSCs
Observed the under microscope, the NSCs grew into neurosphere(Fig.4 A). NSCs were observed by Nestin immunofluorescence staining(Fig.4 B),observation green fluorescence represents the positive NSCs by fluorescence microscope (×100). 
3.5 Rg1 delays the aging of NSCs
A CCK-8 assay(Table.2) : the cell proliferation ability in the D-gal +Rg1 group was significant improvement compared with cells in the D-gal group . Compared with cells in the control group, the cell proliferation ability of D-gal group was significant inhibition .
SA-β-gal (Fig.5 A,B) : the percentage of senescence nerospheres in the D-gal group was increased as compared to the control group,the percentage of senescence nerospheres were considerably decreased in the D-gal group compared with the D-gal +Rg1 group .
Trypan blue staining( Fig.5 C):Compared with cells in the control group, the cell survival rate of D-gal group was significantly reduced. However, compared with cells in the D-gal group, the cell survival rate of D-gal +Rg1 group was significant improvement . 
3.6 Rg1 reduces oxidative stress in NSCs by increasing antioxidant capacity
   Compared with the control group, the activities of SOD(Fig.6 A) and CAT(Fig.6 B) in the D-gal group decreased, but the contents of MDA(Fig.6 C), 4-HNE(Fig.6 D) and 8-OHdG(Fig.6 E) increased . Compared with the D-gal group, the SOD and CAT activities of the D-gal +Rg1 group increased, but the contents of MDA, 4-HNE and 8-OHdG decreased . 
3.7 The protective mechanism of Rg1 against oxidative stress damage is related to the Keap1-Nrf2/ARE pathway
the level of protein expression of Nrf2(Fig.7 B) and HO-1(Fig.7 D) in D-gal group were lower than control group and D-gal +Rg1 group, but the expression of Keap1(Fig.7 C) protein was higher than control groupand D-gal +Rg1 group.Compared with control group ,the expression level of mRNA of NQO1(Fig.7 E),GCLM(Fig.7 F),GSTM-1(Fig.7 G), and GCLC(Fig.7 H) reduced in D-gal group,the expression level of these mRNA  increased in D-gal +Rg1 group compared with D-gal group .                                         
4  Discussion

   There is no doubt that the aging of the world’s population is increasing. Neurodegenerative diseases have become a major disease threatening the health of elderly people worldwide. However, as the age increases, it will lead to the aging and degeneration of NSCs, thereby reducing the repair and protection of the nervous system, leading to cognitive impairment [26]. The aging damage of nerve cells is an important factor leading to neurodegenerative diseases. So far, there is no effective method to prevent and treat neurodegenerative diseases. The hippocampus is composed of nerve cells, which have the functions of memory and spatial positioning. Therefore, delaying the aging damage of nerve cells is an effective method to prevent and treat neurodegenerative diseases. The previous research report of our research team pointed out that Ginsenoside Rg1 is the main component of ginseng, which can reduce the aging damage of D-gal to the brain and NSCs [27]. However, this mechanism needs further exploration.
   A small amount of D-gal in the body can be converted into glucose and participate in cell metabolism, but a large amount of D-gal will cause cell metabolism disorders and produce a large amount of oxidation products, which will lead to cell oxidative damage and senescence [28]. So our research team established an animal model. A water maze experiment was carried out to detect the brain function of mice.,the results showed that D-gal has obvious damage to the cognitive function and spatial memory of mice, and Rg1 can restore the cognitive and spatial memory impairment caused by D-gal; HE staining showed that D-gal increased the necrosis of hippocampal neurons, and Rg1 could alleviate this situation; Nissl staining results indicate that D-gal weakens the functional state of neurons, and Rg1 can alleviate this state;SA-β-gal staining indicate that Rg1 can alleviate the senescence of hippocampal neurons caused by D-gal;Transmission electron microscopy results show that D-gal increases neuronal damage, and Rg1 can reduce this damage;P53 protein is an important aging-related protein,the expression of P53 protein in the D-gal group was significantly higher than that in the D-gal + Rg1 group, indicating that Rg1 down-regulated the expression of aging-related proteins.;The cholinergic test result Rg1 can reduce the degradation of Ach neurotransmitter by D-gal. The above results indicate that D-gal causes hippocampus aging in mice, and Rg1 delays the aging caused by D-gal
In order to further understand the causes of this aging damage, we continue to do related experiments, SOD, CAT, MDA, 4-HNE, 8-OHdG are related indicators of oxidative stress. Compared with the D-gal group , the activities SOD,and CAT were higher than the control group and the D-gal + Rg1 group, but the contents of MDA, 4-HNE and 8-OHdG increased . These results indicate that aging is related to oxidative stress damage, D-gal can induce oxidative stress damage in the hippocampus, and Rg1 can antagonize the oxidative stress damage caused by D-gal to delay hippocampus aging. 
Is Rg1's resistance to oxidative stress damage related to oxidation-related pathways? So we explored the molecular mechanisms related to oxidation and found the Keap1-Nrf2/ARE pathway, which is an antioxidant pathway. Firstly, we explored the expression of pathway-related proteins. Nrf2, Keap1 and HO-1 are pathway-related proteins. Compared with the D-gal group,the expression of Nrf2 protein and HO-1 protein were higher than the control group and the D-gal + Rg1 group, but the contents of Keap1 was increased .The results suggest that Rg1 can down-regulate the expression of Keap1 protein, promote the dissociation of Nrf2 and Keap1, and at the same time up-regulate the expression of Nrf2 and HO-1 proteins, activate this pathway, thereby slowing down the aging caused by D-gal. Then we tested the expression levels of related genes in this pathway. NQO1, GCLM, GSTM-1 and GCLC are related target genes of the Nrf2/ARE pathway. Compared with the D-gal group, the mRNA expression level of each gene were higher than the control group and the D-gal + Rg1 group.The results suggest that Rg1 can activate this pathway, promote the combination of Nrf2 and ARE sequence and the transcription of related target genes, thereby alleviating the senescence caused by D-gal. The above results indicate that the protective mechanism of Rg1 against oxidative stress damage is related to the Keap1-Nrf2/ARE pathway, thereby delaying hippocampal aging.
   In order to prove the above results, we continue to do relevant in vitro experiments to verify. Our research team successfully extracted, cultured, purified and identified NSCs by immunofluorescence, the cells were Nestin (green fluorescence) positive, and established an in vitro model. CCK-8 results show that D-gal inhibits cell proliferation, while Rg1 can promote cell proliferation. The results of trypan blue staining showed that D-gal reduced cell survival rate, and Rg1 increased cell survival rate. The results of SA-β-gal staining show that Rg1 can antagonize the aging effect of D-gal on NSCs and effectively reduce the senescence level of NSCs. The above experimental results show that D-gal can induce the aging of NSCs, and Rg1 can antagonize the senescence damage of NSCs by D-gal. In order to further understand what causes this aging, we also conducted the same oxidative stress related experiments as the animal model, and determined the contents of SOD, CAT, MDA, 4-HNE, 8-OHdG in NSCs. Compared with the D-gal group , the activities SOD,and CAT were higher than the control group and the D-gal + Rg1 group, but the contents of MDA, 4-HNE and 8-OHdG increased . 
These results indicate that the aging of NSCs caused by D-gal is related to oxidative stress, and Rg1 can resist oxidative stress. Finally, we used NSCs to measure the indicators of proteins and genes related to the Keap1-Nrf2/ARE pathway, and obtained the same results as the animal model. The results indicate that Rg1 can reduce the oxidative damage of NSCs through Keap1-Nrf2/ARE pathway to delay aging.
   Ginseng is widely used in traditional Chinese medicine. Among more than 30 kinds of ginsenosides, Rg1 is considered to be the main active ingredient, responsible for the proper method attributes of multi-target pharmacological effects. Previous studies have confirmed that Ginsenoside Rg1 has anti-aging, anti-oxidation, promote hematopoiesis, improve immunity, protect liver and other functions.;Ginsenoside Rg1 can enhance antioxidant activity by regulating Wnt/β-cateninpathway signaling pathway [29];Rg1 plays an anti-aging effect by regulating the p19-p53-p21 pathway [30];Rg1 can protect the body through autophagy. However, we still need to do more experiments to study the mechanism of Rg1 delaying aging.

5  Conclusions

   We successfully established an aging model of hippocampus and NSCs through D-gal. The mechanism of ginsenoside Rg1 delaying the aging of mouse hippocampus and NSCs is related to the activation of Keap1-Nrf2/ARE pathway, which increases the expression of related antioxidant enzymes and genes, thereby reducing the level of oxidative stress. Further experiments are needed to study how Rg1 protects the hippocampus from damage.
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