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Abstract 

The study aims to explore the molecular mechanisms of 5-Fluorouracil in the 

development of diabetes, specifically focusing on DNA hypermethylation. 

Previous research has suggested that 5-FU, a chemotherapeutic drug, induces 

hyperglycemia in patients. A network pharmacology-based approach was used 

to identify target proteins for 5-FU using STITCH, ChEMBL and Cytoscape 

databases. Docking studies were conducted on 5- FU against target proteins. In-

vivo studies were performed on Swiss albino mice, where the treatment group 

received 5-FU (20 mg/kg, intraperitoneally). Fasting blood sugar levels were 

measured at intervals of 4, 8, 12, 16, and 20 days. According to the network 

pharmacology result TXNIP, EGFR and DNMT1 were identified as validated 

targets for 5-FU in hypermethylation and hyperglycemia. In-silico docking 

studies revealed that 5-FU displayed a binding energy of -4.7 kcal/mol, -4.9 

kcal/mol, and -5.6 kcal/mol against target proteins TXNIP, EGFR and DNMT1 

respectively. In in vivo studies the treatment group showed a significant increase 

in fasting blood sugar levels compared to the normal control group. Where n=6, 

***p<0.001. Histopathological analysis confirmed the pancreatic degenerative 

response induced by 5-FU. The study suggests that 5-FU induces DNA 

hypermethylation, impacting glucose regulation through proteins like TXNIP, 

EGFR and DNMT1.  

 

Key Words: 5-Fluorouracil, DNA hypermethylation, hyperglycemia, fasting 
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Introduction 

Diabetes is a most common metabolic disease in worldwide. The incidence ratio of people 

affected with diabetes are increased and population itself accepting this disorder as a part of 

their life after certain age. (Ogle GD et al., 2022) reported that type I diabetes, with an estimated 

global incidence of 149,500 cases with the age range 0-19 diagnosed in 2021.  

(Li Y et al., 2011) detailed about the occurrence of   LADA (Latent Autoimmune Diabetes in 

Adult) which is a subgroup of type 1 diabetes, and associated with autoimmune destruction of β-

cells.  It was observed that there is a significant rise in genomic DNA methylation in CD4+ T 

cells of LADA patients.   LADA is also known as type 1.5 diabetes since this pathological 

condition shows symptoms of both type 1 and type 2 diabetes mellitus. Most of the patients are 

able to withstand while taking oral hypoglycemic drugs in first one year, later their blood sugar 

levels only can be controlled by insulin administration, may be due to β cell degeneration of 

pancreas results lack of secretion of insulin. 

(Santos DS et al., 2022) mentioned about DNA methylation, which is an epigenetic mechanism 

concerned with reversible changes in gene expression or silencing that do not involve changes in 

DNA base sequences, but this changes are inheritable. DNA methylation, which results from 

the incorporation of a methyl group to the cytosine carbon 5, mostly in cytosine followed by 

guanine (CpG) and leading to the formation of 5-methylcytosine (5mC) catalysed by DNA-

methyltransferase enzymes (DNMTs). 

 (Ruiz, 2015; Gaine, 2018 and Yu G, 2019) explained the essential role of epigenetic regulation 

for maintenance of basic life process. (Sapienza, 2016 and Picascia, 2015) reported that 

abnormalities in epigenetic regulations leads to disorders including cancers and autoimmunity. 

(Cerna 2019) mentioned that, gene expression was silenced in diseased conditions as a result 

of progressive increases in promoter methylation of selected genes. Since DNA 

hypermethylation induces T cell proliferation associated with autoimmunity, this epigenetic 

dysregulation also can be one of the reason behind type 1 diabetes or LADA. 

To reveal the association between DNA hypermethylation and hyperglycemic effect, we 

mainly focused upon a drug 5-Flurouracil, a chemotherapeutic agents especially used for 

treating colorectal cancer. (Nyce JW et al., 1997) explains how drug-induced DNA 

hypermethylation can contribute to both cancer development and acquired drug resistance 

during chemotherapy. It shows that certain chemotherapy drugs, such as cytosine arabinoside 

(araC), 5- fluorouracil, and methotrexate, induce hypermethylation of tumor suppressor genes, 
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particularly at toxic concentrations. This hypermethylation silences these genes, disrupting 

normal cell growth and apoptosis, allowing cancer cells to proliferate unchecked. As a result, 

cancer progression occurs, and these cells become resistant to chemotherapy, leading to 

treatment failure. (Bilian Jin et al., 2011) also was reviewed the role of DNA methylation in 

the development of cancer. 

(Feng JP et al., 2013), highlights the important side effect of 5-fluorouracil   chemotherapy. 

The research found that non-diabetic patients with colorectal cancer treated with 5-FU often 

developed new-onset diabetes. This chemotherapy not only affected cancer but also 

significantly increased blood sugar levels, leading to symptoms of hyperglycemia. The study 

underscores the importance of closely monitoring blood glucose levels in patients undergoing 

5-FU treatment to manage this side effect and help prevent diabetes. 

Epigenetic modifications influence the pathogenesis of diabetes. Knowledge about epigenetic 

changes in diabetes is essential to find potential biomarkers for prevention, diagnosis and 

individualized treatment of the disease. DNA methylation is an important epigenetic 

mechanism. Hypermethylated genes are found to be present in patient with autoimmune disease 

like T1DM. 5-FU is a chemotherapeutic agent mainly used for treating colorectal cancer. The 

major adverse drug reaction reported for 5-FU is the increased blood sugar level or 

hyperglycemia. Even though 5-FU used as an anti-cancer agent, this drug is also responsible 

for DNA hypermethylation. Therefore our study targeting 5- FU for revealing its molecular 

pathways relating DNA hypermethylation and diabetes. 

Materials and Methods 

 Validation of targets of 5-FU (Network Pharmacology Approach)  

The network pharmacology approach utilized for the study of 5-Fluorouracil (5-FU) followed 

a systematic and structured methodology aimed at identifying and validating the drug's 

potential targets and biological pathways. The initial step involved obtaining the canonical 

SMILES (Simplified Molecular Input Line Entry System — O=c1cc(F)[nH]c(=O)[nH]1) 

notation of 5-FU from databases such as PubChem and ChEMBL (CHEMBL ID: 4854670). 

This notation provided a simplified representation of the molecule’s structure, forming the 

basis for subsequent computational analysis of the chemical properties of the drug. The second 

step involved the identification of genes interacting with 5-FU using the STITCH database. In 

the third step, Venn diagram software was employed to compare the gene lists from humans 
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and mice to identify common genes between the two species. Among these common genes 

identified the genes for 5-FU associated with DNA hypermethylation and hyperglycemia by 

literature survey (Miller, 2023; Orofiamma, 2022 and Gunes, 2018). Identified TXNIP and 

EGFR that are genes influencing the respective biological pathways. Since mechanism of 5-

FU behind DNA hypermethylation was not well studied, we also considered molecular 

pathways associated with DNMT1 protein which are the important DNA methyl transferase 

enzyme which regulating DNA methylation (Jin and Robertson 2011). Biological pathways 

related to these genes were confirmed by using Cytoscape data base. After entering the genes 

into Cytoscape software and analyzed them using the NDEx integrated query, we successfully 

identified several pathways linked to hypermethylation and hyperglycemic effects. This 

analysis provided a deeper understanding of the molecular mechanisms involved, highlighting 

specific genes and interactions that may play a critical role in these processes. After identifying 

the common genes the PDB (Protein Data Bank) database was used to extract their 

corresponding PDB IDs. The PDB IDs provided three-dimensional structures of the proteins, 

which were essential for visualizing and analysing protein-drug interactions. 

In-silico investigation on 5- Fluorouracil  

3D ligand preparation  

5-FU was selected as a ligand molecule based on data obtained from network pharmacological 

approaches and analyzed for compatibility with the proteins TXNIP and EGFR. The 3D 

structures of these ligands were prepared using Chem-Draw Pro 12.0 (Mendelsohn 2004). The 

computed structures were subsequently optimized to reach minimal geometric configurations 

using PyRx 1.0 software (Dallakyan and Olson 2015). Docking studies were conducted using 

these minimized structures. Protein Selection and Preparation Standard protein structures were 

sourced from the Research Collaboratory for Structural Bioinformatics (RCSB) Protein Data 

Bank (PDB) in the .pdb format (Sussman 1998). The proteins TXNIP, EGFR and DNMT1, 

identified by PDBId 4GEI, 1M14 and 3PTA respectively, were chosen for docking studies. 

These proteins were selected based on their x-ray diffraction resolution, absence of mutations, 

and Ramachandran plot criteria (Khare 2020). The protein structures were refined and 

optimized, structures were saved in .pdb format (Madhavi, 2013 and O’Boyle 2011). Docking 

Procedure Molecular docking of 5-FU with the proteins was performed using PyRx 1.0 

software, which combines AutoDock 4.2 and AutoDock Vina (Dallakyan and Olson 2015). 

The proteins TXNIP, EGFR and DNMT1 were loaded into PyRx, and their formats were 
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converted to .pdbqt using the "make macromolecule" option. Each 3D ligand was uploaded 

individually, converted to .pdbqt format. Both ligands and proteins were selected 

simultaneously to determine grid parameters covering the binding pocket. Docking was 

conducted using default software commands, and results were visualized using Discovery 

Studio 4.0 software (Dassault Systèmes BIOVIA, Discovery Studio Visualizer 2020). 

In Vivo Animal Study 

 The experiment was carried out according to the guidelines of CCSEA, New Delhi, India and 

approved by the Institutional Animal Ethical Committee (IAEC) of Acharya & BM Reddy 

College of Pharmacy with approval no. Ref. IAEC/ABMRCP/2024-2025/37.  

 Swiss albino mice weighing 22-25 g were used for the experiments. The Animals were kept 

at a constant room temperature of 27 degree Celsius and fed with free access to water. Fasting 

blood sugar level was determined for all 12 animals, minimum of 12 hrs of fasting. Fasting 

blood sugar level was determined by using glucometer, consist of glucose chip, commonly 

known as test strip. Collected blood by cutting off 1 to 2 millimeters of the tail tip. Placed a 

drop of this blood on the glucose chip and recorded the baseline blood sugar level. Next day (0 

day) each animals in the treatment group were administered with 20 mg/Kg of 5-FU 

intraperitoneal route. This was repeated for every day in the first week of study and alternative 

day drug administration for second and third weeks of the study. Control group was treated 

with normal saline in respective days. The fasting blood sugar level was determined in an 

intervals of 4th , 8th , 12th , 16th and 20th day until we observed elevated FBS level in treatment 

group. At the end of the study animals were sacrificed and pancreases were collected for 

histopathological examination. 

Results and Discussion 

Identification of Molecular Targets for 5-FU 

The SMILES notation of 5-FU, sourced from PubChem and ChEMBL, was utilized to perform 

initial computational analyses. This provided a simplified molecular structure for further 

investigation of the drug’s chemical properties and interactions. Using the STITCH database, 

we identified key genes interacting with 5-FU in both humans and mice.(Fig.1 and 2).This 

revealed the drug’s mechanisms, potential therapeutic effects, and side effects, helping us 

understand how 5-FU affects biological pathways in both species. 
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   Fig 1. Interactions of 5-FU in human                           Fig 2. Interactions of 5-FU in mice 

 

By comparing the gene interaction lists between humans and mice with Venn diagram 

software, we identified common genes. This was essential for ensuring the relevance of 

mouse model findings to human biology, aiding in the translation of preclinical results to 

clinical applications. TXNIP and EGFR were the gene identified as interlinked with 5-FU 

in DNA hypermethylation and hyperglycemia. Apart from that molecular pathways of 5-

FU associated with gene DNMT1 also was explored while using Cytoscape data base.  

 

 

 

(a) 
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                (b)                                                                                    (c) 

 

Fig  3: (a) Biological pathways associated with EGFR; (b) Biological pathways associated 

with TXNIP; (c) Biological pathways associated with DNMT – Cytoscape data base 

generated pathways. 

 

Biological pathways reveals that EGFR (epidermal growth factor receptor) responsible for 

cell growth and survival in biological system, over expressed or mutated during cancer 

progression. 5-FU induced DNA hypermethylation may influence the overexpression of 

EGFR, which results high risk of metastasis recurrence and also develops 5-FU resistance 

in human. Cancer cells demands higher aerobic glycolysis for rapid proliferation by PI3k 

– Akt (phosphatidylinositol 3‑kinase) mediated phosphorylation which results degradation 

of TXNIP (thioredoxin interacting protein). Gene TXNIP regulating glucose uptake in 

human skeletal muscle. Akt phosphorylation of TXNIP leads to dissociation of TXNIP 

from GLUT1 which results enhancement of glucose influx. Tumor suppressor properties 

of TXNIP was studied in thyroid cancer. Longer metastasis-free intervals in breast cancer 

patients are associated with TXNIP expression compared those with low TXNIP 

expression. These data implicate TXNIP as a tumor suppressor in a variety of cancers. 

Pharmacology network studies reveals that hypomethylation TXNIP leads to increased 

blood sugar level. Therefore preserving hypermethylation level of TXNIP gene may hold 

promise as a potential preventive tool against T2DM. The exact molecular interaction 

behind 5-FU and TXNIP was not clear.   But biological pathways reveals that DNA 

hypermethylation property of 5-FU can be leads to over expression of EGFR, which causes 

silencing of TXNIP. Degradation TXNIP protein results 5-FU resistance in cancer patients 

and hyperglycemia. 
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Fig 4. Overview of molecular pathways associated with 5-FU 

 

Docking Study 

The outcomes of the docking studies for 5-FU is detailed in Table 1. The 2D and 3D 

configurations of the ligand-protein interactions were illustrated using Discovery Studio 

Visualizer software. Hydrogen bond analysis considered distances up to 4 Å. 

5-Fluorouracil displayed a binding energy of -4.7 kcal/mol with protein TXNIP, stabilizing 

the docking complex by forming two hydrogen bonds with Asp831 and Glu738. The 

binding energy was -4.9 kcal/mol for 5-fluorouracil with the target protein EGFR, forming 

four hydrogen bonds with Leu78, Thr83, Pro82, and Tyr99. 5-FU displayed a highest 

binding energy of -5.6 kcal/mol with protein DNMT1 forming hydrogen bonds with 

Ser1146, Gly1150, and Leu1151. 
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Fig. 5 2D & 3D images of 5-FU with TXNIP 

 

 

Fig. 6 2D & 3D images of 5-FU with EGFR 
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Fig. 7 2D & 3D images of 5-FU with DNMT1 

Table 1 : Docking results of 5-FU with key target molecules 

Compound Gene PDB ID Docking 

Score 

(Kcal/mol) 

Hydrogen 

Bond 

Amino 

Acid 

Involved 

 

 

 

 

 

 

 

5-FU 

 

 

TXNIP 

 

4GEI 

 

 

-4.7 

 

 

 

2 

Asp831

Glu738 

 

 

 

 

 

EGFR 

 

 

 

1M14 

 

 

 

-4.9 

 

 

 

 

 

4 
 
 

Leu78 

Thr83 

Pro82 

Tyr99 

 

 

 

DNMT1 

 

  

  

3PTA 

 

 

-5.6 

 

 

3 

Ser1146  

 

Gly1150 

 

Leu1151 

 

 

 

 

Animal Study 

Table 2: Fasting blood sugar level (FBS Level) 

Sl.

No 

Group Drug and Route 

of 

administration 

BLOOD SUGAR LEVEL (in mg/dl) 

4th 

day 

8th 

day 

12th 

day 

16th 

day 

20th 

day 

 

  1. 

      

 

Control 

 

 

Normal saline 

(10 ml/Kg – PO) 

 

81.50

±0.99 

 

83.17

±1.62 

 

81.33±

2.08 

 

83.17±

1.08 

 

82.17±

1.48 

 

  2. 

    

     

  Test 

 

5FU 

(20 mg/Kg – IP) 

 

82.83

±0.95 

 

90.17

±0.95 

 

99.50±

1.52 

 

113.70

±2.12 

 

122.70

±2.32 
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The result was expressed as Mean±SEM values. Where n=6, ***p<0.001; compared with 

control group. Data was analysed using unpaired student t test. Values ranging from p<0.05 

were considered to be statistically significant compared to normal control.  

 

            Fig 8. Graphical representation of fasting blood sugar level of animals 

Group I: normal control- Normal saline (10 ml/Kg – PO), Group II: treatment- 5FU (20 

mg/Kg –IP) 

Treatment group showed significant rise in FBS level on 12th, 16th and 20th day compared 

to normal control group. 

 

Histopathology Result 

Histopathological examination showed that, in mice treated with 5-FU the acinar cells were 

notably swollen, with small vacuoles present in nearly all of them. The interlobular ducts 

displayed a lining of flattened epithelial cells. There was a near-total loss of islet β-cells. 

Alterations in fatty acid composition could play a crucial role in explaining the destruction 

of pancreatic β-cells. 

The pancreatic antioxidative enzyme activities (GPx and SOD) are reduced in the islet cells 

of diabetic animals, as β-cells have low antioxidant defenses and are vulnerable to oxidative 

stress. The pancreatic islets in these animals exhibited degeneration, with shrunken cell 

sizes, β-cell hyperplasia, and a reduction in the number of islets, indicating the presence of 

latent autoimmune diabetes in the mice. Normal pancreas with β cells and acinar cells were 

observed in normal control group. 
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Table 3: Histopathological examination of pancreas 

Group Histopathological evaluation of Pancreas  Gradation/ 

Scoring  

 

Normal saline 

(10 ml/Kg -PO) 

Mice Pancreas showing islets & β cells with 

acinar cells - normal                 

NAD+     

normal 

 

5FU 

(20 mg/Kg - IP) 

Arterial fibrosis with inflammation & 

Congestion - moderate 3+  

In Islets - vacuolar changes* 

Shrunken islets with beta cell hyperplasia  

 - It is a degenerative response*- moderate 3+      

 

 

Moderate 3+       

  

 

Fig 9. Normal Control group: Pancreas showing-normal Architecture of acinar cells & 

   islets of Langerhans NAD +    (X50) 
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Fig 10. Normal Control group: Pancreas showing islets & beta cells with acinar cells  

normal   NAD +    (X100) 
 

 

 

Fig 11. 5-FU Treated – Mice Pancreas: showing: shrunken islets with congestion 

- it is a degenerative response*- moderate 3+   (X50) 
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Fig 12. 5-FU Treated – Mice Pancreas: showing: shrunken islets with congestion & 

arterial fibrosis - it is a degenerative response* - moderate 3+   (X100) 
 

 

Fig 13.  5-FU Treated – Mice Pancreas: arterial fibrosis & Congestion with vacuolar changes* 

in islets with beta cell hyperplasia - it is a degenerative response*- moderate 3+ (X100) 

 

This study reveals that 5-FU acting on non-cancerous animals may increase blood sugar 

level by DNA hypermethylation of gene EGFR followed by silencing of TXNIP proteins 

through DNMT enzymes. Therefore this type of hyperglycemic condition may develop 

LADA (Latent Autoimmune Diabetes in Adult) in patients. The extent of hyperglycemic 

effect needed to be compared with cancerous animals, since the expression of genes may 

vary in both cases. DNA sequencing/RT-PCR of samples are required for the future studies 

to confirm the epigenetic changes occurs in DNA of mice treated with 5-FU. 
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Conclusion 

The study results concluded that 5-fluorouracil induced DNA hypermethylation can be 

one of the etiology behind hyperglycemia. The molecular pathways of drug associated 

with TXNIP, EGFR and DNMT proteins are responsible for elevated blood sugar level. 

The molecular targets are validated by network pharmacological studies. In silico 

investigation results the interaction of 5-FU with DNMT1, which is DNA 

methyltransferase enzyme. Hypermethylated EGFR gene may causes silencing of TXNIP 

leads to increased glucose influx. Since TXNIP is a tumor suppressor gene, it can be one 

of the reason behind 5-FU induced cancer resistance. 5-Flurouracil induced 

hyperglycemia was confirmed by animal studies using Swiss albino mice. Degeneration 

β cells of pancreas in 5-FU treated animals reveals the chances of occurrence of LADA. 
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