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Abstract 
 

There is currently only literature that verifies through in vivo experiments in animals that uridine can increase the metabolic 
level in mice, lacking research and validation on the anti-aging mechanism of uridine. Using network pharmacology, 83 drug 
targets and 5758 disease targets were screened out, and 33 common targets between aging-related diseases and the selected 
uridine were determined, including key proteins (PLA2G2A, ADK, G6PD, and GLA). Ten core targets were screened out from 
the Protein-Protein Interaction network (TP53, INS, CASP3, MYC, ADA, SERPINE1, SLC2A4, DPP4, G6PD, and TYMS). Molecular 
docking provided further verification. The CCK-8 experiment demonstrated that uridine has a significant therapeutic effect 
on D-galactose-induced senescence in HT22, BV2, and PC12 cells. Biochemical index detection results indicated that uridine 
can reduce the content of Malondialdehyde (MDA) and the enzyme activity of Lactate Dehydrogenase (LDH) in senescent 
HT22, BV2, and PC12 cells, increase the enzyme activity of Superoxide dismutase (SOD), and lower the expression levels of 
inflammatory factors IL-1β and TNF-α, thereby reducing the damage to HT22, BV2, and PC12 cells caused by inflammatory 
factors. This study highlights the potential of uridine as a source of anti-aging activity and suggests that it can be developed 
into a new drug for treating aging-related diseases. 
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1. Introduction 

For many years, aging has been regarded as a pathological 

process that easily triggers many diseases.[1] Recently, the term 

"aging-related diseases" has emerged.[2,3] There are common 

mechanisms between aging and the onset of these diseases, 

including living environment,[4] safety of food,[5] stress 

adaptation, loss of protein homeostasis, stem cell exhaustion, 

metabolic disorders, macromolecular damage, epigenetic 

modifications, and inflammatory responses.[6-8] During the 

aging process in the human body, the accumulation of 

molecular, cellular, and organ damage can induce a series of 

diseases, such as cardiovascular diseases, metabolic diseases, 

and neurological diseases.[9-11] As researchers' attention grows, 

more and more aging markers[12] and anti-aging substances 

have been discovered.[13,14] 

In recent years, with the continuous increase in the elderly 

population, the problems caused by aging have become 

increasingly serious, and there is an urgent need to discover 

substances that can effectively delay or even treat aging-

related diseases.[15-17] Uridine is a small molecule nucleoside 

composed of uracil and a ribose (furanose) ring, which 

belongs to the category of nucleosides and their derivatives. 

Uridine is the precursor of lecithin, and lecithin is an important 

component of cell membranes. Therefore, uridine can provide 

materials for cell regeneration. In the mitochondria that supply 

energy to cells, a large amount of lecithin is also enriched. So 

uridine can also provide power for cell regeneration. Studies 
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have shown that cells (cancer cells, immune cells) can 

generally utilize uridine as a source of nutrition and 

energy.[18,19]  

Uridine has multiple biological functions and has been 

proven to have anti-aging effects in animal models, but the 

mechanism is still not comprehensive.[20,21] Therefore, this 

article will determine the anti-aging targets of uridine through 

network pharmacology and verify its binding ability through 

molecular docking, and further confirm the anti-aging ability 

of uridine through cell models. 

 

2. Research methods 

2.1 Venn diagram for target intersection and drug-active 

component-intersection gene network  

Firstly, enter the Venny website 

(https://bioinfogp.cnb.csic.es/tools/venny/index.htm), import 

the data corresponding to uridine and aging-related diseases to 

obtain the intersection targets of diseases and drugs. Input 

them into the drawing software DrawVenn Diagram to obtain 

the potential target points for uridine in the treatment of aging-

related diseases. Import the component target data of uridine 

and aging-related diseases into the Network file, and then 

screen the target genes based on the p-values (Probability 

values > 0) of the active components. Use the Tape file to 

select the genes of the main drug active components and 

diseases, and name the main component as mol, the gene as 

gene, and the drug as drug. Screen gene, mol, and drug, and 

on this basis, construct the network relationship between 

"drug-active component-target".[22] 

 

2.2 Construction of PPI network diagram-Protein-Protein 

interaction network 

Import the word file of the intersection targets of uridine and 

aging-related diseases into the STRING database 

(https://string-db.org), set parameters such as degree centrality 

and closeness centrality, and screen out the core targets of 

drugs and diseases. Input the gene targets collected in the 

Venny diagram into the STRING database, and set the 

interaction threshold between proteins to "highest confidence" 

(>0.9) to obtain the target interaction network diagram. 

 

2.3 GO functional enrichment 

GO enrichment analysis is an analytical method used to study 

specific drugs, and it is usually used to enrich the 

physiological mechanisms (Biological Process, BP), 

molecular mechanisms (Molecular Function, MF), and 

cellular components (Cell Component, CC) within them. 

Conduct GO functional enrichment analysis on the 33 

intersection targets through the Metascape platform. 

2.4 KEGG pathway analysis 

Conduct KEGG pathway enrichment analysis on the 33 

intersection targets through the Metascape platform, and draw 

bubble charts using the Bioinformatics Online Platform 

(http://www.bioinformatics.com.cn/). 

 

2.5 Molecular docking 

Based on the results of GO functional and KEGG pathway 

enrichment analysis, the top 10 are selected for molecular 

docking, and the top three are visualized. Collect the 2D 

structure information of small molecules through the 

PubChem database, optimize the structure of small molecules 

using ChemBio3D Ultra 14.0, and convert them into 3D 

structures. Search for the ID information of proteins through 

the Uniprot database, download the corresponding protein 

structure information from the Protein Data Bank (RCSB-

PDB), and remove water and small molecules from the protein 

using PyMOL 3.1. Then, use AutoDockTools-1.5.7 software 

to add hydrogen bonds to the protein and small molecules, and 

search for the docking pocket information of the protein. Use 

Vinna software for molecular docking of the protein and small 

molecules. Use PyMOL 3.1 to visualize the docking results 

and display the interaction between the protein and small 

molecules.[23]  

 

2.6 Protective effects of uridine on D-Galactose-induced 

senescence in cells 

2.6.1 Materials, reagents and equipment 

HT-22, BV2, and PC12 mouse hippocampal neuron cells: 

College of Chinese Medicinal Materials, Jilin Agricultural 

University; Fetal bovine serum (FBS), penicillin-streptomycin, 

PBS: Thermo Fisher Scientific, USA; DMEM high glucose 

medium: Gibco, USA; D-galactose, CCK-8: Shanghai Yuanye 

Bio-Technology Co., Ltd.; CB150 cell culture incubator: 

Binder, Germany; DH100-4 dry bath incubator, microplate 

reader: Hangzhou Ruicheng Instrument Co., Ltd. 

 

2.6.2 Cell culture 

Cell culture conditions: HT-22, BV2, and PC12 cells were 

cultured in a 37°C, 5% CO2 cell culture incubator with 

DMEM medium containing 10% FBS and 1% penicillin-

streptomycin. Cells were passaged when they reached 

approximately 86% confluence. 

 

2.6.3 CCK-8 assay 

2.6.3.1 Effects of different concentrations of D-Galactose 

on cell viability 

Cells in the logarithmic growth phase were collected and 100 

μL of cell suspension (approximately 6×104 cells per well) 
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was added to each well of a 96-well plate. The cells were 

cultured in a cell culture incubator for 24 hours. The 

supernatant was discarded, and 100 μL of medium containing 

different concentrations of D-galactose (10, 50, 100 mM) was 

added for incubation for 24 hours. Then, 10 μL of CCK-8 

solution was directly added, and the cells were further cultured 

for 1 hour. Absorbance was measured at 450 nm using a 

microplate reader. Cell viability (Z, %) was calculated by the 

following Eq. (1).  

𝑍 = (𝐴𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑏𝑙𝑎𝑛𝑘)/(𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑙𝑎𝑛𝑘) × 100%   (1) 

where Asample represents the absorbance of the treatment group 

(D-galactose, CCK-8, cells); Acontrol represents the absorbance 

of the blank control group (CCK-8, cells); Ablank represents the 

absorbance of the control group (CCK-8). 

 

2.6.3.2 Effects of Uridine on the viability of three types of 

cells 

The same cell culture method as described in “Effects of 

different concentrations of D-Galactose on cell viability” was 

used. After incubation with the same concentration of cells, 

the supernatant was discarded, and 100 μL of culture medium 

containing different concentrations of uridine (20, 30, 40, 50, 

60 μmol/L) was added and incubated for 24 hours. Then, 10 

μL of CCK-8 solution was directly added, and the cells were 

further cultured for 1 hour. Cell viability was determined using 

the CCK-8 assay. 

 

2.6.3.3 Protective effects of uridine on D-Galactose-

damaged cells 

The same cell culture method as described in “Effects of 

different concentrations of D-Galactose on cell viability” was 

used. After incubation with the same concentration of cells, 

HT22, BV2, and PC12 cells were cultured at an appropriate 

concentration of D-galactose as the model group. The 

supernatant was then removed, and 100 μL of culture medium 

was added and incubated for 24 hours at different 

concentrations of uridine (20, 30, 40 μmol/L). The blank group 

was normally cultured, and the model group was the D-

galactose aging model selected in“Effects of different 

concentrations of D-Galactose on cell viability”. Cell viability 

was determined using the CCK-8 assay. 

 

2.6.3.4 Biochemical index detection 

The same cell culture method as described in “Protective 

effects of uridine on D-Galactose-damaged cells” was used. 

The three types of cells were first modeled and then treated. 

After 24 hours of continued culture, the cells and supernatant 

were collected, and the activities of lactate dehydrogenase 

(LDH) and superoxide dismutase (SOD), the content of 

malondialdehyde (MDA), and the levels of cytokines 

interleukin-1β (IL-1β) and tumor necrosis factor-α (TNF-α) 

were determined according to the instructions of the kit. 

 

3. Results 

3.1 Venn diagram targets and main component 

intersection gene network 

3.1.1 Intersection of Venn diagram targets 

By searching the GeneCards database, a total of 5758 targets 

related to the treatment of age-related diseases and 83 uridine 

gene targets were obtained. Among them, the GeneCards 

database selects target points with a correlation score greater 

than the median, resulting in a final set of 33 intersection 

targets after merging and deduplication. A total of 33 are 

potential targets for the treatment of age-related diseases with 

uridine. Fig. 1 shows the Venn diagram of intersecting targets. 

 
Fig. 1: Venn diagram of the intersection of uridine-aging-related diseases.
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Fig. 2: Uridine-target-aging-related disease network. 

 

3.1.2 Construction of active ingredient drug target 

interactions 

Using Cytoscape 3.9.1 software to construct an "active 

ingredient target" graph for the treatment of age-related 

diseases with uridine. The green square mark represents the 

drug uridine, the blue arrow mark represents aging related 

diseases, the orange and yellow marks represent targets, and 

the gray connecting line indicates the interaction relationship 

(Fig. 2). 
 

3.2 PPI network construction co expression gene network 

diagram 

Using STRING database (https://string-db.org), the 33 

intersecting gene targets of uridine aging related diseases 

obtained from the Venn diagram were imported, and the 

unrelated proteins were hidden to obtain a preliminary 

network protein map with 30 nodes, 85 edges, and a 

confidence value of 0.4. In Fig. 3, there are 4 red targets; 8 

orange targets; and 18 yellow targets, sorted by degree in the 

following order: red targets > orange targets > yellow targets.

 

Fig. 3: Cytoscape, PPI network, potential target of uridine in the treatment of aging-related disease. 
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Fig 4: String, PPI network, potential target of uridine in the treatment of aging-related diseases. 

 

Conducting PPI network analysis, 10 core targets are 

identified in the PPI network (Fig. 4), which are TP53 (light 

green target), INS (light pink target), CASP3 (red target), 

MYC (yellow target), ADA (light blue target), SERPINE1 

(light orange target), SLC2A4 (light orange target), DPP4 

(yellow target), G6PD (light orange target), and TYMS 

(yellow-green target). 

 

3.3 GO enrichment analysis 

GO functional enrichment analysis was performed on 33 

intersecting targets using the Metascape platform, resulting in 

a total of 146 GO entries (P < 0.5). Among them, there are 55 

entries related to biological processes, mainly involving the 

process of leukocyte apoptosis, regulation of neuronal 

apoptosis, regulation of apoptosis signaling pathways, 

apoptosis of glial cells, positive regulation of neuronal 

apoptosis, etc; 50 entries related to cellular components, 

including vesicles, secretory granules, lysosomes, etc. There 

are 41 entries related to molecular functions, covering 

functions such as protease binding, cytokine receptor binding, 

and signal receptor regulatory activity (Fig. 5). 
 

 

Fig. 5: GO enrichment analysis of key targets of uridine in anti-aging-related diseases. 
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Fig. 6: KEGG enrichment analysis of key targets for uridine anti-aging-related diseases. 

 

3.4 KEGG pathway enrichment analysis 

The enrichment analysis of KEGG pathway was carried out on 

the Metascape platform for 33 intersection targets, and the 

results included 103 signal pathways (P < 0.5). TP53, or tumor 

protein p53, primarily functions by responding to cellular 

stress responses such as DNA damage, hypoxia, and metabolic 

stress, regulating the expression of various downstream genes. 

TP53 is involved in cell cycle regulation, DNA damage repair, 

apoptosis, and senescence processes. Mutations in TP53 are 

related to the occurrence and progression of various human 

cancers, and these mutations can impair its tumor-suppressive 

function.[24] CASP3 (Caspase-3) is a cysteine-aspartic protease 

that plays a key role in the apoptosis process and is widely 

used as a biomarker for apoptosis; it is involved in the 

cleavage of amyloid precursor proteins and is associated with 

neuronal death.[25] Insulin has the function of lowering blood 

glucose concentration; it increases the permeability of cells to 

monosaccharides, amino acids, and fatty acids, and it can also 

accelerate glycolysis, the pentose phosphate pathway, and 

glycogen synthesis in the liver.[26] KEGG pathway enrichment 

analysis has also confirmed this conclusion. The results 

included 103 signal pathways (P<0.5). According to the P 

value, it mainly focused on cancer related pathways, 

Parkinson disease related pathways, lipid and atherosclerosis, 

P53 signal pathways and other pathways closely related to 

aging related diseases (Fig. 6). 

 

3.5 Molecular docking 

Molecular docking validation was performed on uridine with 

10 core targets (TP53, INS, CASP3, MYC, ADA, SERPINE1, 

SLC2A4, DPP4, G6PD, and TYMS), as shown in Fig. 7. The 

lower the binding energy, the stronger the affinity between the 

ligand and the receptor, and the more stable the 

conformation.[27] All docking results have binding energies 

less than -2 kcal/mol, indicating good binding between the 

core target and key components, as shown in Fig. 8). G6PD, 

SERPINE1, and ADA were selected for visualization (Fig. 7). 

 

3.6 Protective effect of uridine on aging HT22, BV2, and 

PC12 cells 

3.6.1 CCK-8 detection of cell viability and toxicity 

3.6.1.1 Effects of different concentrations D-galactose on 

three cell activities 

Compared with the control group, when the concentration of 

D-galactose was 10-100 mM/mL (P < 0.01), the viability of 

HT22, BV2, and PC12 cells showed a significant decrease 

trend, reaching the lowest at 100 mM/mL.[28] Among them, the 

cell viability decreased to around 50% at 50 mM/mL, and the 

cell viability remained around 50% at both 50 mM and 100 

https://www.espublisher.com/


Engineered Science                                                                                                                                                                                Research article        

 

Engineered Science Publisher                                                                                                                                    Eng. Sci., 2025, 35, 1572 | 7  

 

Fig. 7: ADA, G6PD, SERPINE1 visualized with uridine. 

 

 

Fig. 8: Molecular docking binding energy heat map. 

 

 

Binding energy（kcal/mol） 
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Fig. 9: Survival of HT22, BV2, and PC12 cells after modeling at different concentrations of D-galactose. Note: Compared with the 

control group, ##P < 0.01. 

 

mM concentrations of D-galactose, with little change. 

Therefore, the modeling concentration for subsequent 

experiments was selected as 50 mM/mL (P < 0.01) (Fig. 9).  

  

3.6.1.2 Screening of safe concentration range for uridine 

Compared to the blank control group (the blank control group 

consists of culture medium + cells), as the concentration of 

uridine continued to increase (20-60 μM/mL), the cell viability 

of HT22, BV2, and PC12 cells increased. This indicates that 

uridine has almost no cytotoxicity, is relatively safe, and has a 

significant proliferative effect. As shown in Fig. 10, compared 

with the control group, the cell survival rates of HT22, BV2, 

and PC12 cells increased slightly when the uridine 

concentration was 20 μM/mL. Increasing the uridine  

 

Fig. 10: HT22, BV2, and PC12 cell viability after administration of different concentrations of uridine. Note: Compared with the 

control group,**P<0.01. 
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concentration to 30 μM/mL resulted in a more significant 

proliferation effect and the highest cell survival rate was 

reached at 40 μM/mL. Continuing to increase the uridine 

concentration resulted in a decrease in cell survival rate. 

Therefore, 20 μM/mL, 30 μM/mL, and 40 μM/mL were 

designated as the low-dose group (L), medium dose group (M), 

and high-dose group (H) of uridine (P < 0.01). 

 

3.6.1.3 Therapeutic effect of uridine on aging cells 

50 mM/mL D-galactose was selected for modeling, and after 

24 hours of modeling, 20 μm/mL, 30 μm/mL, and 40 μm/mL 

uridine were added for treatment. The therapeutic effect is 

shown in the following figure. In HT22, BV2, and PC12 cells, 

compared with the blank group, the cell survival rate of the 

model group decreased significantly to below 50%, proving 

the successful establishment of the model. After modeling, 

treatment with low, medium, and high doses of uridine was 

given. The low-dose and medium dose uridine groups could 

restore the cell survival rate to 70%, while the high-dose 

uridine group could restore the cell survival rate to 80% 

(P<0.01). This proves that uridine has a significant therapeutic 

effect on D-galactose-induced aging of HT22, BV2, and PC12 

cells (Fig 11). The results showed that pre-treatment with 

uridine increased the cell viability of HT22, BV2, and PC12 

cells induced by D-galactose, reduced cell damage, and 

inhibited D-galactose-induced cell senescence. Uridine has a 

significant therapeutic effect on D-galactose-induced aging of 

HT22, BV2, and PC12 cells. 

 

3.6.2 Biochemical index detection results 

3.6.2.1 Uridine on the levels of MDA, LDH, and SOD in 

HT22, BV2, and PC12 cells 

As shown in Figs. 12-14, HT22, BV2, and PC12 cells 

stimulated with D-galactose showed a significant increase in 

MDA content and LDH enzyme activity compared to the blank 

group (P<0.05), while SOD enzyme activity decreased 

significantly (P<0.05). After 24 hours of treatment with low, 

medium, and high doses of uridine, compared with the model 

group, the MDA content and LDH enzyme activity of the three 

types of cells significantly decreased (P<0.01), and the SOD 

enzyme activity significantly increased (P<0.05).

 
Fig. 11: Cell viability of HT22, BV2, and PC12 cells after 50 mM/mL D-galactose modeling and uridine treatment. Note: Compared 

with the model group,**P<0.01. 

 

Fig. 12: Effect of uridine on MDA levels in HT22, BV2, and PC12 cells. Note: Compared with the model group,*P<0.05, 

**P<0.01.
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Fig. 13: Effect of uridine on LDH levels in HT22, BV2, and PC12 cells. Note: Compared with the model group,*P<0.05, **P<0.01. 

 

Fig. 14: Effect of uridine on SOD levels in HT22, BV2, and PC12 cells. Note: Compared with the model group,*P<0.05, **P<0.01. 

 

Fig. 15: Effect of uridine on IL-1β content in HT22, BV2, and PC12 cells. Note: Compared with the model group,*P<0.05, **P<0.01. 

 

Fig. 16: Effect of uridine on TNF-α content in HT22, BV2, and PC12 cells. Note: Compared with the model group,* P<0.05, 

**P<0.01 
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3.6.2.2 The levels of TNF-α and IL-1 β in HT22, BV2, and 

PC12 cells 

Compared with the blank group, HT22, BV2, and PC12 cells 

stimulated with D-galactose showed a significant increase in 

TNF-α and IL-1 β levels. After 24 hours of treatment with low, 

medium, and high doses of uridine, the levels of TNF-α and 

IL-1 β in the three types of cells significantly decreased 

compared to the model group. Uridine can reduce the 

expression levels of IL-1 β and TNF-α inflammatory factors, 

and reduce the damage of HT22, BV2, and PC12 cells to 

inflammatory factors (P<0.05) (Figs. 15 and 16). 

 

4. Discussion 

Aging is a physiological process in which the body's ability to 

adapt decreases with age, ultimately leading to its failure or 

even death.[29,30] Aging is influenced by various comprehensive 

factors such as genetics, environment, and nutrition, and is 

usually manifested as skin aging, decreased digestive function, 

decreased metabolic capacity, and accompanied by various 

symptoms such as decreased brain cognitive ability.[31-33] In 

recent years, with the progress of social development and 

continuous economic growth, people's daily lives have 

become increasingly fast-paced, and the birth rate has been 

decreasing year by year. The problem of population aging has 

become more and more serious.[34,35] More than 78% of elderly 

people suffer from at least one chronic disease, and the number 

of disabled elderly people continues to increase.[36,37] The 

continuous increase in the elderly population has brought great 

burden to social healthcare. Currently, there are still limited 

strategies and intervention methods for delaying aging, and it 

is urgent to explore and develop new anti-aging drugs.[38,39] 

Uridine is a small molecule monomer of nucleoside, with 

a high content of 0.6557 mg·g-1 in nucleoside components. 

Uridine is a type B monoamine oxidase inhibitor with anti-

aging effects.[40,41] Uridine can regulate enzymes and 

intermediates in uridine metabolism, thereby affecting 

intracellular glucose homeostasis, lipid metabolism, and 

amino acid metabolism.[42,43] Uridine, as a key metabolite in 

anti-aging, can restore the vitality of aging human stem cells 

and promote the regeneration of various tissues in the 

body.[44,45] 

Then GO functional enrichment analysis was performed on 

33 intersecting targets, and the relevant entries obtained 

mainly involved the process of leukocyte apoptosis, regulation 

of neuronal apoptosis, regulation of apoptosis signaling 

pathways, glial cell apoptosis, positive regulation of neuronal 

apoptosis, vesicles, secretory granules, lysosomes, protease 

binding, cytokine receptor binding, and signal receptor 

regulatory activity, all of which are related to aging.  

The KEGG pathway enrichment analysis results mainly 

focus on cancer related pathways, Parkinson disease related 

pathways, lipid and atherosclerosis, P53 signaling pathways 

and other pathways closely related to aging related diseases. 

Subsequently, uridine was validated by molecular docking 

with 10 core targets (TP53, INS, CASP3, MYC, ADA, 

SERPINE1, SLC2A4, DPP4, G6PD, and TYMS). The lower 

the binding energy, the stronger the affinity between the ligand 

and the receptor, and the more stable the conformation. All 

docking results have binding energies less than -2kcal/mol, 

indicating good binding between the core target and key 

components. Then, the anti-aging effect of uridine was 

verified through cell experiments. Due to the fact that the 

nervous system is one of the most affected systems by aging 

in the human body, we selected three types of cells, HT-22, 

BV2, and PC12, for validation. Using D-galactose to induce 

an aging cell model, treatment with uridine significantly 

improved cell survival rate. After uridine treatment, the MDA 

content and LDH enzyme activity in HT22, BV2, and PC12 

cells were significantly reduced, while SOD enzyme activity 

was increased, and the expression levels of IL-1β and TNF-α 

inflammatory factors were reduced. Therefore, this article 

verifies the anti-aging effect of uridine through network 

pharmacology, molecular docking, and cell experiments. 

 

5. Conclusion 

The research results show that uridine can exert anti-aging 

effects by regulating multiple targets and signaling pathways, 

especially demonstrating significant protective effects in 

nervous system cells. Firstly, 33 gene targets are potential 

targets for uridine treatment of age-related diseases. 

Subsequently, a coexpressed gene network diagram-PPI 

network diagram was constructed, and 10 core targets were 

screened in the PPI network. GO functional enrichment 

analysis was performed all of which are related to aging. The 

KEGG pathway enrichment analysis results mainly focus on 

pathways closely related to aging related diseases. This 

provides a theoretical basis and experimental support for the 

development of new anti-aging drugs. This study 

comprehensively employed a variety of technical means, from 

network pharmacology to molecular docking and then to cell 

experiments, to systematically verify the anti-aging potential 

of uridine. In the future, the possibility of its clinical 

application can be further explored to provide new ideas for 

addressing the health challenges brought about by population 

aging. 
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