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ABSTRACT: 

The escalating dominance of Diabetes Mellitus poses a dual challenge with increased 

vulnerability to infections due to hyperglycaemia induced immune dysfunction. This study 

dwells into correlation between the underlying pathophysiology of Diabetes Mellitus and 

Microbial infection and the dual potential of drugs like Metformin, Thiazolidines and Quercetin 

in tackling both the diseases. Metformin mitigates effects by reducing ROS, improving cellular 

immunity and inhibiting biofilm formation. Thiazolidines modulate macrophage activation and 

reduces pro inflammatory cytokines to enhance insulin sensitivity and exhibits antimicrobial 

activity by inducing the breakdown of bacterial cell wall. Quercetin, a natural flavonoid 

improves insulin sensitivity, beta cell function and exhibits antimicrobial effects by membrane 

disruption and inhibition of microbial enzymes. This dual mechanism builds a foundation for 

innovative strategy in reducing medication burden by improving patient outcomes and in 

management of diabetic complications associated with infection. 
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INTRODUCTION: 

Diabetes mellitus is a global health concern, characterized by chronic hyperglycaemia due to 

impaired insulin secretion or action. This condition not only leads to long-term complications 

like cardiovascular disease and neuropathy but also increases susceptibility to infections, owing 

to compromised immune defences. The hyperglycaemic state disrupts innate and adaptive 

immunity by impairing neutrophil activity, reducing phagocytosis, and altering cytokine 

profiles, which collectively weaken the body's resistance to pathogens. Furthermore, elevated 

glucose levels create a favourable environment for microbial growth, particularly increasing 

the virulence of bacteria like Staphylococcus aureus and Candida albicans. Recent studies have 

shown that certain antidiabetic drugs may possess antimicrobial properties, potentially 

providing dual benefits in managing both hyperglycaemia and infections. This review aims to 

explore the intricate link between the pathophysiology of diabetes and antimicrobial resistance, 

examining molecular pathways that can be targeted for novel therapeutic strategies. 
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PATHOPHYSIOLOGY OF DIABETES MELLITUS:  

Diabetes mellitus is primarily characterised into two types- Type 1 Diabetes Mellitus (T1DM) 

and Type 2 Diabetes Mellitus (T2DM). While T1DM is an auto-immune condition where the 

immune system attacks and destroys insulin-producing beta cells in the pancreas, T2DM is a 

disorder of insulin resistance, with a relative insulin deficiency that develops over time and is 

closely associated with obesity, physical inactivity, and genetic predisposition. 

In T1DM, the main defect is the autoimmune destruction of the insulin producing B cells in the 

islets of Langerhans. This mechanism usually is triggered by a number of environmental factors 

such as viral infections and genetically predisposed individuals. As the beta cells keep getting 

destroyed, the insulin production becomes low and in the absence of insulin, the cells cannot 

intake glucose and the glucose remains in the bloodstream. Therefore, it results in the inability 

of the body to maintain adequate blood glucose levels.  

In T2DM, insulin resistance coupled with beta-cell dysfunction results in relative insulin 

deficiency. In this condition, the body tissues do not respond to insulin activity and therefore 

cannot intake glucose. Following this, the beta cells secrete more and more insulin to which 

the body tissue cells still remain unresponsive. This subsequently leads to beta cells fatigue and 

also elevated blood glucose levels. Such hyperglycaemic conditions result in immunity 

dysfunction. Metabolic irregularities and also some inflammatory effects. Chronic low-grade 

inflammation is common in T2DM. Inflammatory cytokines (e.g., TNF-α, IL-6) produced by 

adipose tissue contribute to insulin resistance and beta-cell dysfunction.  

 

PATHOPHYSIOLOGY OF MICROBIAL INFECTIONS: 

Following the infection and invasion by a microbial pathogen, our body follows certain 

pathways to trigger an immunological or inflammatory response in order to eliminate the 

pathogen. In cases of bacterial infections, the body initially responds with inflammation, 

involving neutrophils, macrophages, and dendritic cells. The release of cytokines (e.g., TNF-

α, IL-1) leads to fever, tissue swelling, and recruitment of more immune cells to the infection 

site. If the infection persists, the adaptive immune system (T cells, B cells, and antibodies) is 

activated to provide a more targeted response. 
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CORRELATION BETWEEN THE PATHOPHYSIOLOGY OF DIABETES AND 

MICROBIAL INFECTIONS:  

The correlation between the pathophysiology of diabetes mellitus and microbial infections 

primarily occurs on three levels- Immunological, Metabolic and Inflammatory.  

This mutual interlink is observed right at the conception of diabetes wherein the T-cell mediated 

immune response lead to the destruction of pancreatic β- cells causing T1DM. The presence of 

one or more risk factors in diabetes result in a series of immune reactions. These include the 

loss of tolerance to the pancreatic β-cell antigen, production of antidiabetic antibodies by 

plasma β-cells and activation of harmful CD4 and CD8 T cells. This leads to gradual damage 

of pancreatic β-cells. This autoimmune process often goes unnoticed until significant damage 

to the pancreatic islets occurs at which point high blood sugar develops and the person becomes 

insulin dependent.  

On the other hand, it can also be observed that the gut microbiota plays an undeniable role in 

many metabolic disorders such as diabetes and certain immunological responses. Some gut 

microbiota members such as Ruminococcus, Fusobacterium, Balutia and Firmicutes, have 

been linked to poor glucose regulation and a higher risk of obesity and diabetes. At the genus 

level, Roseburia, a butyrate-producing bacterium crucial for maintaining gut health and insulin 

sensitivity, is consistently less abundant in T2DM patients. Conversely, Lactobacillus spp., 

associated with immunomodulatory roles and higher blood glucose levels, is enriched in these 

individuals. This dysbiosis is linked to an altered immune response, as Gram-negative bacteria, 

capable of activating toll-like receptors (TLRs), are more abundant in T2DM. Increased TLR 

activation, especially TLR-4 and TLR-5, has been shown to exacerbate insulin resistance in 

both animal and human studies. 

 

Patients diagnosed with diabetes mellitus exhibit 4 different irregularities that lead them to be 

susceptible to microbial infections. They are; 

A) Immune dysfunction 

B) Chronic Inflammation 

C) Metabolic dysregulation 

D) Microbiome alteration 
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 In individuals with hyperglycaemia, characterised by elevated blood glucose levels, a 

significant decline in their immunity can be observed. This dysfunction is manifested 

by impaired activity of neutrophils, macrophages, lymphocytes. Additionally reduced 

phagocytosis and altered cytokine production can also be observed. 

 Chronic inflammation can be observed in DM patients due to the triggering of 

proinflammatory pathways. These pathways lead to creation of a pathological feedback 

loop characterised by increased insulin resistance which further perpetuates metabolic 

dysregulation and increases risk of complications. 

 In DM conditions, due to activation of the polyol pathway, the antioxidant activity 

decreases leading to the cells facing oxidative stress. This stress creates a significant 

damage to the cells thereby compromising tissue integrity and making the diabetic 

individuals vulnerable to infections. 

 Diabetes is frequently associated with delayed wound healing primarily due to poor 

blood circulation and neuropathy. These factors lead to reduced tissue healing capacity 

making them an easy target for any infections such as UTIs, skin and respiratory 

infections. 

 Due to increased permeability of intestinal barrier in diabetic conditions, it causes 

significant alterations in the gut microbiome. These changes result in heightened 

systemic inflammation, contributing to pathogenesis of various secondary 

complications such as gum infections. 

 

POTENTIAL DUAL ACTION OF ANTIDIABETIC DRUGS: 

 Metformin: 

It is the first-line of pharmacotherapy for type 2 diabetes mellitus (T2DM). Metformin works 

by reducing insulin resistance and causes significant reduction in plasma fasting insulin levels. 

Metformin primarily reduces the amount of glucose produced by the liver by inhibiting the 

mitochondrial respiratory chain which activates AMPK (Adenosine Monophosphate- activated 

Protein Kinase) and reduces expression of gluconeogenic enzymes. Subsequently, it also 

reduces the amount of glucose absorbed from food and increases the body’s response to insulin. 

Metformin has a very complex mechanism of action and usually works by inhibiting hepatic 

GPD2 activity, blocking the synthesis of endogenous fatty acids and regulating mTOR 

pathway.  
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Recent research suggests that the gut and its microbiome may play a pivotal role in the drug's 

effects, especially given that metabolic disorders, including T2DM, are often associated with 

gut dysbiosis. Metformin can increase the production of Short chain Fatty acids which can help 

in regulating the balance of intestinal microbiota, improve intestinal immune function and 

maintain electrolyte balance. Studies indicate that metformin not only affects glucose 

metabolism directly but also alters the gut microbiota composition, providing new insights into 

its therapeutic potential. Metformin can be an effective drug during microbial infections as well 

through the below activities- 

 It disrupts the outer membrane of bacteria or their cell wall making it easier for the 

penetration of antibiotics. 

 It reduces the inflammatory response caused by the microbial infection. 

 It can improve the phagocytic function of immune cells and reduce the neutrophil-

lymphocyte ratio. 

 It can increase the expression of antimicrobial peptides such as RNase 7 

Cathelicidin LL-37, which can act both intracellularly and extracellularly. 

Metformin and the Gut Microbiota - 

Rodent studies suggest mechanisms through which metformin improves glucose metabolism 

via the microbiome, including increased production of short-chain fatty acids (SCFAs), 

enhanced intestinal barrier integrity, and modulated bile acid metabolism. SCFAs, such as 

butyrate and propionate, improve insulin sensitivity and reduce systemic inflammation, 

mitigating insulin resistance. Clinical studies corroborate these findings, demonstrating a 

significant increase in SCFA-producing bacteria and improved glycemic control in metformin-

treated T2DM patients. 

 

 Thiazolidines:  

Thiazolidines like pioglitazone, rosiglitazone etc. shows anti diabetic activity by 

transactivation of PPAR (Peroxisome proliferated activated receptor-gamma). PPAR binds 

with thiazolidine and reacts with retinoid X factor (RXR) to form the PPAR-RXR complex, 

which binds with PPRE’s (Peroxisome proliferator response elements) along with histone 

acetylase activity containing co activator in the target gene which in turn aid the transcription 

of gene in cellular differentiation and glucose, lipid metabolism causing improved insulin 
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resistance and therefore lowers blood glucose levels in type-2 diabetes disease.

 

On the other hand, the antimicrobial activity of thiazolidines can be manifested by its ability to 

inhibit the bacterial cell wall formation. Bacterial cell wall plays a major role in cell protection 

and maintaining shape of the cell. It consists of peptidoglycan as major constituent. Cell death 

occurs due to inhibition of its biosynthetic enzymes like penicillin binding proteins which are 

membrane bound extracellular enzymes or Mur enzymes which are cytoplasmic. 4 cytoplasmic 

ATP dependent enzymes known as Mur ligases (Mur C-F) are involved in peptidoglycan 

peptide stem biosynthesis. Addition of Mur C (L-alanine), Mur D (D-glutamic acid) or Mur E 

(L-lysine) and Mur F (dipeptide D-Ala-D-Ala) to D-lactoyl group of UDP-N-acetylmuramic 

acid forms UDP-MurNAc pentapeptide which helps in peptidoglycan biosynthesis. 

Thiazolidines inhibit these ligases leading to inhibition of peptidoglycan synthesis causing cell 

death thereby showing antibacterial activity. 

 Quercetin: 

Among 4000 variations in Flavonoids present in nature, the class Flavanols contain Quercetin  

(chemically, 3,5,7,3',4'- Pentahydroxy flavone) which has potential dual action as Antidiabetic 

and Antimicrobial. 

Increase in insulin 
sensitivity, reduced 

hepatic glucose 
production, 

enhanced glucose 
uptake, improved 
insulin resistance

Modulation of gene 
expression, 
influencing 

adepogenesis, 
glucose and lipid 

metabolism

Bind to Peroxisome 
Proliferator 

activated Receptor 
Gamma

Thiazolidines 
(Pioglitazone, 

Rosiglitazone)
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Quercetin class of flavonoids exhibit Antidiabetic action by blocking protein kinases & 

cyclooxygenases (COX) enzymes which in turn inhibits Apoptosis & Cell proliferation. In 

addition to it, Quercetin also promotes beta cell regeneration in pancreatic islets which 

upregulates insulin & normalizes blood sugar levels. Quercetin present in Prunus persica 

(Peach) through in vitro studies produced Antidiabetic action along with Antioxidant & 

Antiadipogenic effects. Ethyl acetate leaf extract of doses 100 & 20 mg/kg per oral when given 

to Streptozotocin (STZ) induced diabetic rat models, revealed that there is reduction in 

Hyperglycemic levels & also improvement in lipid profile and body weight. 

In an investigation of 2 enzymes expression in glucose metabolism namely Glucose -6- 

phosphatase & Glucokinase when experimented on 24 adult Wistar Rats divided into 3 groups 

(Control, Streptozotocin - induced diabetic rats & Quercetin treated groups) given 15 mg/ kg 

through peritoneal route. On the 21-day treatment period this investigation revealed a 

significant decrease in blood glucose and malondialdehyde levels in the Quercetin treated 

group. 

Furthermore, Quercetin produces antibacterial activity by inhibiting beta- ketoacyl carrier 

protein synthesis which are involved in bacterial fatty acid synthesis & also by removal of the 

biofilm. Antifungal activity is produced by decreasing the cell adhesion & inhibition of biofilm 

formation, by disrupting the plasma membrane, inhibition of cell wall, cell division, inhibition 

of efflux system. 

Invitro studies against the S. aureus using various organic extracts & In silico studies in 4 

different bacteria (Gama Hemolysins, DNA primases, Peptide deformylase & Undecaprenyl 

pyrophosphate synthase) with the aid of AutoDock Vina 1, has confirmed that the metabolic 
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extracts of 20 mg/ml of Quercetin inhibits the complete growth of S. aureus. In silico studies 

concludes that Quercetin is found to be the auxiliary metabolite which hinders the proteins of 

S.aureus ( Peptide deformylase, Undecaprenyl pyrophosphate & DNA primases). 

Microdilution Method determination of MIC values revealed the inhibition of biofilm 

formation & Antibacterial Properties of Quercetin in the species of S.aureus, S.sapropyticus 

etc. Another study reveals that Quercetin along with 6 organic acids (Rosamaric acid, Citric 

chlorogenics, Salicylic acid, Quinic acid, Malic acid) exhibits antimicrobial activity to a greater 

extent against Gram negative bacteria than Gram positive bacteria. 

 Probiotics and Microbiota Transplantation: 

Probiotics have shown potential in reducing systemic lipopolysaccharide (LPS) levels and 

improving insulin sensitivity in T2DM patients. Additionally, fecal microbiota transplantation 

(FMT) from healthy donors has been reported to increase Roseburia abundance and enhance 

insulin sensitivity in recipients with metabolic disorders. 

 

CONCLUSION: 

In conclusion, the intricate relationship between the pathophysiology of Diabetes Mellitus and 

Microbial infections underscores the significant impact between of hyperglycemia on immune 

dysfunction, chronic inflammation, metabolic dysregulation and microbiome alteration, all of 

which contribute to increased susceptibility to infections in diabetic patients. Research has 

demonstrated that in individuals with diabetes, immune cell function is impaired, neutrophils 

exhibit reduced phagocytic activity and inflammation is often exacerbated, creating a 

pathological cycle that worsens glucose control and increases infection risk. Through this 

review, understanding the above mechanisms has highlighted the potential of certain 

antidiabetic drugs such as metformin, thiazolidines and quercetin, to not only manage blood 

glucose but also offer antimicrobial benefits. By targeting both metabolic and immune 

pathways, these therapies may provide a dual approach to addressing the challenges of diabetic-

related infections, paving the way to more comprehensive treatment strategies that not only 

control blood glucose but also protect against infections, thereby improving patient outcomes. 
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