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Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyperglycemia 
resulting from impaired insulin secretion, insulin action, or both. It has emerged as one of the most 
serious global health challenges, with a rapidly increasing prevalence due to urbanization, 
sedentary lifestyles, dietary changes, obesity, and aging populations. According to the International 
Diabetes Federation, hundreds of millions of individuals worldwide are currently affected by 
diabetes, with Type 2 diabetes mellitus accounting for the majority of cases. Persistent 
hyperglycemia is associated with severe long-term complications including cardiovascular 
disease, nephropathy, neuropathy, retinopathy, and increased mortality. The management of 
diabetes requires a comprehensive approach involving lifestyle modification, dietary regulation, 
physical activity, and pharmacological therapy. Antidiabetic drugs play a crucial role in maintaining 
glycemic control and preventing disease progression and complications. Over the past few 
decades, significant advancements have been made in the development of antidiabetic agents 
targeting different pathophysiological mechanisms of diabetes. These include insulin 
preparations, insulin secretagogues, insulin sensitizers, incretin-based therapies, inhibitors of 
intestinal carbohydrate digestion, and agents that promote renal glucose excretion. Currently 
available antidiabetic drugs act through multiple mechanisms such as stimulation of pancreatic 
insulin secretion, enhancement of insulin sensitivity in peripheral tissues, inhibition of hepatic 
glucose production, delay of intestinal glucose absorption, and modulation of incretin hormones. 
Modern pharmacotherapy has also expanded to include novel drug classes such as sodium–
glucose cotransporter-2 (SGLT-2) inhibitors and glucagon-like peptide-1 (GLP-1) receptor agonists, 
which not only improve glycemic control but also provide additional benefits including weight 
reduction and cardiovascular protection.  This review provides a comprehensive overview of 
antidiabetic drugs including their classification, mechanisms of action, pharmacological 
properties, therapeutic applications, adverse effects, and recent advancements in diabetes 
management. Furthermore, emerging therapeutic approaches such as combination therapy, novel 
drug delivery systems, and innovative pharmacological targets are discussed. A better 
understanding of these therapeutic strategies may contribute to improved clinical outcomes and 
more effective management of diabetes mellitus. 
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Introduction 
Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyperglycemia resulting from defects in insulin 
secretion, insulin action, or both. The disease is associated with disturbances in carbohydrate, lipid, and protein metabolism 
and leads to progressive damage of various organs, particularly the eyes, kidneys, nerves, heart, and blood vessels. Due to its 
increasing prevalence and associated complications, diabetes mellitus has become a major global public health concern. 
Globally, the prevalence of diabetes has increased dramatically during the past few decades. According to international health 
estimates, hundreds of millions of individuals worldwide are currently living with diabetes, and this number is expected to 
increase significantly in the coming years due to factors such as urbanization, aging populations, sedentary lifestyles, 
unhealthy dietary habits, and rising obesity rates. Type 2 diabetes mellitus (T2DM) accounts for approximately 90-95% of all 
diabetes cases and is primarily associated with insulin resistance combined with progressive pancreatic β-cell dysfunction. 
Diabetes mellitus can be broadly classified into several categories including Type 1 diabetes mellitus (T1DM), Type 2 diabetes 
mellitus (T2DM), gestational diabetes mellitus (GDM), and other specific types of diabetes caused by genetic defects, 
pancreatic diseases, endocrine disorders, or drug-induced conditions. Type 1 diabetes is an autoimmune disorder 
characterized by destruction of pancreatic β-cells leading to absolute insulin deficiency. In contrast, Type 2 diabetes results 
from a combination of insulin resistance in peripheral tissues and inadequate insulin secretion by pancreatic β-cells [1,2]. 
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Chronic hyperglycemia associated with diabetes contributes to the development of both microvascular and macrovascular 
complications. Microvascular complications include diabetic retinopathy, nephropathy, and neuropathy, whereas 
macrovascular complications include cardiovascular diseases such as coronary artery disease, stroke, and peripheral vascular 
disease. These complications significantly increase morbidity and mortality among diabetic patients and impose a substantial 
economic burden on healthcare systems worldwide. Effective management of diabetes focuses on maintaining optimal 
glycemic control and preventing long-term complications. Current treatment strategies involve a combination of lifestyle 
modification, dietary management, regular physical activity, and pharmacological therapy. Antidiabetic drugs are essential 
components of diabetes management and act through various mechanisms including stimulation of insulin secretion, 
improvement of insulin sensitivity, inhibition of glucose absorption from the intestine, and increased excretion of glucose 
through the kidneys. Over the past few decades, remarkable progress has been made in the development of novel antidiabetic 
agents targeting different metabolic pathways involved in glucose homeostasis. In addition to traditional therapies such as 
insulin, sulfonylureas, and biguanides, newer drug classes including incretin-based therapies, sodium-glucose cotransporter-
2 (SGLT-2) inhibitors, and other emerging agents have significantly expanded the therapeutic options available for diabetes 
management. These modern drugs not only improve glycemic control but also provide additional benefits such as weight 
reduction, cardiovascular protection, and improved patient adherence. Therefore, a comprehensive understanding of the 
classification, mechanisms of action, pharmacological properties, and clinical applications of antidiabetic drugs is essential 
for effective diabetes management. This review aims to provide an in-depth overview of currently available antidiabetic drugs, 
their mechanisms of action, therapeutic benefits, adverse effects, and recent advances in diabetes pharmacotherapy [3,4]. 
 
Pathophysiology Of Diabetes Mellitus 
 Diabetes mellitus is a complex metabolic disorder characterized by chronic hyperglycemia resulting from abnormalities in 
insulin secretion, insulin action, or both. The pathophysiology of diabetes involves multiple metabolic and hormonal 
disturbances affecting glucose homeostasis. In Type 2 diabetes mellitus (T2DM), the disease develops progressively due to a 
combination of insulin resistance in peripheral tissues and impaired pancreatic β-cell function, leading to inadequate insulin 
production relative to metabolic demands. These metabolic abnormalities disrupt normal glucose metabolism and result in 
persistent elevation of blood glucose levels [5]. 
Glucose Homeostasis: Glucose homeostasis refers to the regulation of blood glucose concentration within a narrow 
physiological range, typically 70-110 mg/dL during fasting conditions. This balance is maintained through a complex 
interplay between several organs, primarily the pancreas, liver, skeletal muscles, adipose tissue, kidneys, and gastrointestinal 
tract, under the regulation of hormones such as insulin and glucagon. Insulin, a peptide hormone secreted by the pancreatic 
β-cells of the islets of Langerhans, plays a central role in lowering blood glucose levels. It facilitates the uptake of glucose by 
insulin-sensitive tissues such as skeletal muscles and adipose tissue through activation of glucose transporter proteins (GLUT-
4). Insulin also suppresses hepatic glucose production by inhibiting gluconeogenesis and glycogenolysis in the liver. In 
contrast, glucagon, secreted by pancreatic α-cells, acts as a counter-regulatory hormone that increases blood glucose levels. It 
stimulates hepatic glucose production through activation of glycogenolysis and gluconeogenesis pathways during fasting or 
hypoglycemic states. The balance between insulin and glucagon ensures stable glucose concentrations under both fed and 
fasting conditions. In individuals with diabetes, this regulatory mechanism becomes impaired. Reduced insulin secretion or 
decreased insulin sensitivity leads to inadequate glucose uptake by peripheral tissues and increased hepatic glucose 
production, resulting in chronic hyperglycemia [5,6]. 
 
Insulin Resistance  
Insulin resistance is a key pathological feature of Type 2 diabetes mellitus and refers to a reduced biological response of target 
tissues to normal circulating levels of insulin. It primarily affects skeletal muscle, liver, and adipose tissue, which are the 
major sites of glucose metabolism. In skeletal muscle, insulin resistance results in impaired glucose uptake due to defects in 
insulin signaling pathways and reduced translocation of GLUT-4 transporters to the cell membrane. Since skeletal muscle 
accounts for the majority of postprandial glucose disposal, impaired glucose uptake significantly contributes to elevated blood 
glucose levels. In the liver, insulin resistance leads to excessive hepatic glucose production due to continued gluconeogenesis 
and glycogenolysis despite elevated insulin levels. Normally, insulin suppresses hepatic glucose output; however, in insulin-
resistant states, this inhibitory effect is diminished, leading to increased glucose release into the bloodstream. Adipose tissue 
insulin resistance results in increased lipolysis and release of free fatty acids (FFAs) into circulation. Elevated FFAs further 
aggravate insulin resistance in liver and muscle tissues and contribute to lipid accumulation, oxidative stress, and chronic 
low-grade inflammation, which are important contributors to metabolic dysfunction in diabetes [7]. 
 
β-Cell Dysfunction  
Pancreatic β-cell dysfunction is another critical factor in the development and progression of diabetes mellitus. In the early 
stages of Type 2 diabetes, pancreatic β-cells attempt to compensate for insulin resistance by increasing insulin secretion. 
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However, over time, this compensatory mechanism becomes inadequate due to progressive deterioration of β-cell function 
and mass. Several factors contribute to β-cell dysfunction, including glucotoxicity, lipotoxicity, oxidative stress, mitochondrial 
dysfunction, and chronic inflammation. Persistent hyperglycemia impairs insulin gene expression and insulin secretion, a 
phenomenon known as glucotoxicity. Similarly, elevated free fatty acids can cause lipotoxic effects that damage β-cells and 
reduce insulin production. In addition, prolonged metabolic stress may lead to β-cell apoptosis and decreased β-cell mass, 
further reducing insulin secretion capacity. As β-cell function declines, insulin production becomes insufficient to overcome 
insulin resistance, leading to worsening hyperglycemia and progression of diabetes [8]. 
 
The “Ominous Octet” Concept in Type 2 Diabetes  
The modern understanding of Type 2 diabetes pathophysiology was significantly advanced by the concept known as the 
“Ominous Octet,” which describes eight major pathophysiological defects responsible for hyperglycemia in T2DM. [9] 
Diabetes involves multiple interconnected defects, including reduced insulin secretion from pancreatic β-cells and increased 
glucagon release from α-cells, along with elevated hepatic glucose production. It is further characterized by impaired brain 
regulation of appetite, increased lipolysis in adipose tissue, enhanced renal glucose reabsorption, a diminished incretin effect, 
and reduced glucose uptake in skeletal muscles. These interconnected abnormalities collectively contribute to the 
development of persistent hyperglycemia in Type 2 diabetes mellitus and form the basis for the development of modern 
antidiabetic drugs that target specific metabolic pathways involved in glucose regulation.  
Understanding these mechanisms is essential for developing effective pharmacological therapies aimed at correcting 
metabolic abnormalities and improving glycemic control in diabetic patients [5]. 
 
Classification of Antidiabetic Drugs  
 Antidiabetic drugs are pharmacological agents used to control hyperglycemia in patients with diabetes mellitus. These drugs 
act through different mechanisms targeting various metabolic pathways involved in glucose regulation, including stimulation 
of insulin secretion, enhancement of insulin sensitivity, inhibition of intestinal glucose absorption, modulation of incretin 
hormones, and promotion of renal glucose excretion. The development of multiple drug classes reflects the complex 
pathophysiology of diabetes and the need to target different metabolic defects involved in the disease. Antidiabetic drugs are 
broadly classified into insulin preparations and non-insulin antidiabetic agents, which include both oral and injectable 
therapies [10]. 
 
Insulin Preparations 
Insulin therapy is essential in the management of Type 1 diabetes mellitus and is also widely used in advanced stages of Type 
2 diabetes mellitus when endogenous insulin production becomes insufficient. Insulin is a peptide hormone produced by 
the pancreatic β-cells that regulates glucose metabolism by promoting glucose uptake in peripheral tissues and inhibiting 
hepatic glucose production [11]. 
Insulin preparations are classified based on their onset of action, peak activity, and duration of action, which allows clinicians 
to mimic physiological insulin secretion patterns. 
 
Table 1:  Types of Insulin Preparations [12-16]. 

 
Type of Insulin Examples Onset of 

Action 
Peak Effect Duration Clinical Use 

Rapid-acting Insulin lispro, insulin 
aspart, insulin glulisine 

10–30 
minutes 

1–3 hours 3–5 hours Control of postprandial blood glucose 

Short-acting Regular insulin 30–60 
minutes 

2–5 hours 6–8 hours Routine glycemic control and emergency 
use such as diabetic ketoacidosis 

Intermediate-
acting 

NPH insulin 1–2 hours 4–12 hours 12–18 hours Basal insulin coverage 

Long-acting Insulin glargine, insulin 
detemir 

1–2 hours Minimal 
peak 

About 24 
hours 

Steady basal glucose control 

Ultra long-acting Insulin degludec 1–2 hours Minimal 
peak 

More than 24 
hours 

Prolonged basal control with reduced 
hypoglycemia risk 

 
Non-Insulin Antidiabetic Drugs 
Non-insulin antidiabetic drugs are primarily used in the management of Type 2 diabetes mellitus. These agents act through 
different mechanisms to improve glycemic control by targeting specific defects in glucose metabolism. 
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Insulin secretagogues 
These drugs stimulate pancreatic β-cells to increase insulin secretion. 
Sulfonylureas: Sulfonylureas are among the earliest oral antidiabetic agents used in clinical practice. They act by blocking 
ATP-sensitive potassium (KATP) channels in pancreatic β-cells, leading to membrane depolarization, calcium influx, and 
subsequent insulin release. Common examples include glibenclamide (glyburide), glipizide, gliclazide, and glimepiride. 
Although effective in reducing blood glucose levels, they are associated with adverse effects such as hypoglycemia and weight 
gain. Sulfonylureas effectively reduce blood glucose levels but may cause hypoglycemia and weight gain as major adverse 
effects [17]. 
Meglitinides: Meglitinides are short-acting insulin secretagogues that stimulate insulin release in a glucose-dependent 
manner. They primarily control postprandial hyperglycemia due to their rapid onset and short duration of action. Examples 
including Repaglinide, Nateglinide 
These drugs are often preferred in patients with irregular meal schedules because they can be taken before meals [18]. 
 
Insulin sensitizers  
Insulin sensitizers improve the responsiveness of peripheral tissues to insulin and reduce insulin resistance. 
Biguanides: The most widely used biguanide is metformin, which is considered the first-line pharmacological therapy for 
Type 2 diabetes mellitus. Metformin reduces hepatic glucose production by inhibiting gluconeogenesis and increases 
peripheral glucose uptake by activating AMP-activated protein kinase (AMPK). It also improves insulin sensitivity and may 
promote modest weight loss [19]. 
Thiazolidinediones (TZDs): Thiazolidinediones act by activating peroxisome proliferator-activated receptor gamma (PPAR-
γ), a nuclear receptor involved in regulation of glucose and lipid metabolism. Examples including Pioglitazone, Rosiglitazone 
These drugs enhance insulin sensitivity in adipose tissue, skeletal muscle, and liver, thereby improving glucose utilization. 
However, their use is associated with adverse effects such as fluid retention, weight gain, and increased risk of heart failure 
[20]. 
α-Glucosidase Inhibitors: α-Glucosidase inhibitors act in the gastrointestinal tract by inhibiting enzymes responsible for 
carbohydrate digestion. This slows the breakdown of complex carbohydrates into glucose, thereby reducing postprandial 
blood glucose levels. 
Examples including Acarbose, Miglitol, Voglibose. Common adverse effects include gastrointestinal disturbances such as 
flatulence, abdominal discomfort, and diarrhea [21]. 
 
Incretin-Based Therapies 
Incretin hormones play a crucial role in glucose metabolism by enhancing insulin secretion after food intake [22]. 
 
DPP-4 Inhibitors: Dipeptidyl peptidase-4 (DPP-4) inhibitors prevent degradation of incretin hormones such as GLP-1 and 
GIP, thereby enhancing insulin secretion and suppressing glucagon release. Examples including Sitagliptin, SaxagliptinL, 
Vildagliptin, Alogliptin. These drugs have a low risk of hypoglycemia and neutral effects on body weight [23]. 
GLP-1 Receptor Agonists: GLP-1 receptor agonists mimic the action of endogenous glucagon-like peptide-1. They stimulate 
insulin secretion, inhibit glucagon release, slow gastric emptying, and promote satiety. Examples including Exenatide, 
Liraglutide, Dulaglutide 
These agents often result in significant weight loss and improved glycaemic control.[24] 
Sodium-Glucose Cotransporter-2 (SGLT-2) Inhibitors: SGLT-2 inhibitors are a relatively new class of antidiabetic drugs 
that reduce blood glucose levels by inhibiting glucose reabsorption in the proximal renal tubules, leading to increased urinary 
glucose excretion. 
Examples including Dapagliflozin, Canagliflozin, Empagliflozin. These drugs also provide additional benefits including 
weight reduction, blood pressure lowering, and cardiovascular protection [25]. 
Miscellaneous Antidiabetic Drugs: Some drugs act through unique mechanisms and are used as adjunct therapies. 
Examples including Pramlintide - amylin analog that slows gastric emptying, Bromocriptine - dopamine agonist affecting 
metabolic regulation, Colesevelam - bile acid sequestrant that improves glycemic control [26]. 
 
Mechanism of Action of Antidiabetic Drugs 
Antidiabetic drugs exert their therapeutic effects by targeting various physiological and molecular pathways involved in 
glucose metabolism. Since Type 2 diabetes mellitus is characterized by multiple metabolic abnormalities including insulin 
resistance, impaired insulin secretion, excessive hepatic glucose production, reduced incretin activity, and increased renal 
glucose reabsorption modern pharmacotherapy focuses on correcting these defects through diverse mechanisms. 
Understanding the molecular mechanisms of antidiabetic drugs is essential for optimizing therapeutic strategies and 
developing novel agents that improve glycemic control while minimizing adverse effects [27]. 
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Insulin Receptor Signaling Pathway  
Insulin exerts its biological effects by binding to the insulin receptor (IR), a transmembrane receptor belonging to the tyrosine 
kinase receptor family. This receptor consists of two extracellular α-subunits and two transmembrane β-subunits. Upon 
insulin binding, the receptor undergoes autophosphorylation of tyrosine residues, which activates intracellular signaling 
pathways responsible for glucose uptake and metabolic regulation [28]. 
 
Two Major Signaling Pathways are Involved 
PI3K-Akt Pathway: This pathway plays a crucial role in glucose metabolism. It begins with insulin binding to its receptor, 
which triggers receptor autophosphorylation and subsequent activation of insulin receptor substrates such as IRS-1 and IRS-
2. This leads to activation of phosphatidylinositol 3-kinase, followed by stimulation of protein kinase B. As a result, GLUT-
4 glucose transporters translocate to the cell membrane, facilitating increased glucose uptake in muscle and adipose tissue. 
Additionally, this pathway promotes glycogen synthesis and reduces hepatic glucose production [29]. 
MAPK Pathway: The mitogen-activated protein kinase (MAPK) pathway regulates cell growth, differentiation, and gene 
expression. This pathway contributes to the long-term metabolic and anabolic effects of insulin. In Type 2 diabetes, defects 
in insulin signaling pathways contribute to insulin resistance, which reduces glucose uptake and promotes hyperglycemia 
[30]. 
 
ATP-Sensitive Potassium Channel Mechanism (Sulfonylureas and Meglitinides) 
Sulfonylureas and meglitinides primarily act on pancreatic β-cells by stimulating insulin secretion. Under normal 
physiological conditions, glucose enters β-cells through GLUT-2 transporters and is metabolized to generate ATP. The 
resulting increase in ATP levels leads to closure of ATP-sensitive potassium (KATP) channels, causing membrane 
depolarization. This depolarization opens voltage-dependent calcium channels, allowing calcium influx, which ultimately 
triggers the exocytosis of insulin-containing secretory granules. Sulfonylureas mimic this natural process by directly binding 
to the sulfonylurea receptor (SUR1) component of the KATP channel, leading to its closure, subsequent membrane 
depolarization, increased calcium entry, and enhanced insulin secretion. Meglitinides act through a similar mechanism but 
have shorter binding duration, resulting in rapid and short-acting insulin release that mainly controls postprandial 
hyperglycemia [32]. 
 
AMPK Activation Pathway (Metformin)  
Metformin, the most widely prescribed oral antidiabetic drug, primarily acts by activating AMP-activated protein kinase 
(AMPK), a key cellular energy sensor that regulates metabolic pathways.[33] 
AMPK activation leads to multiple metabolic effects: 
In the Liver: Metformin suppresses hepatic gluconeogenesis, thereby reducing glucose production. This effect is mediated 
through activation of AMP-activated protein kinase, which inhibits key gluconeogenic enzymes and leads to a reduction in 
hepatic glucose output [34]. 
In Skeletal Muscle: Metformin enhances glucose uptake by increasing GLUT-4 translocation to the cell membrane. 
In Adipose Tissue: Metformin improves insulin sensitivity and reduces lipogenesis, leading to several beneficial metabolic 
effects. These include reduced hepatic glucose production, increased peripheral glucose utilization, enhanced insulin 
sensitivity, and decreased intestinal glucose absorption. This multi-target mechanism explains why metformin is considered 
the first-line pharmacological treatment for Type 2 diabetes. 
 
PPAR-γ Activation Mechanism (Thiazolidinediones) 
Thiazolidinediones such as pioglitazone and rosiglitazone act by activating peroxisome proliferator-activated receptor gamma, 
a nuclear transcription factor involved in glucose and lipid metabolism. These receptors are primarily expressed in adipose 
tissue, skeletal muscle, and the liver. Upon activation, PPAR-γ forms a heterodimer with the retinoid X receptor and binds 
to specific DNA sequences called peroxisome proliferator response elements, leading to changes in gene expression related 
to glucose uptake, lipid metabolism, and insulin sensitivity. As a result, there is increased expression of GLUT-4 transporters, 
reduced circulating free fatty acids, enhanced insulin sensitivity, and decreased inflammatory cytokines. However, excessive 
activation of PPAR-γ may cause fluid retention, weight gain, and an increased risk of cardiovascular complications, which 
can limit the clinical use of these agents [22]. 
 
Incretin Hormone Mechanism 
Incretin hormones are gastrointestinal peptides that enhance insulin secretion in response to nutrient intake, with the two 
major hormones being glucose-dependent insulinotropic polypeptide and glucagon-like peptide-1. These hormones are 
released from intestinal endocrine cells after food ingestion and play an important role in glucose regulation by stimulating 
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glucose-dependent insulin secretion, suppressing glucagon release, delaying gastric emptying, and increasing satiety. However, 
their activity is short-lived because they are rapidly degraded by the enzyme dipeptidyl peptidase-4 [36].  
 
Two drug classes target the incretin pathway 
DPP-4 inhibitors: These drugs block degradation of endogenous GLP-1 and GIP, thereby prolonging incretin activity [37]. 
GLP-1 receptor agonists: These drugs mimic the action of natural GLP-1 and stimulate insulin secretion while suppressing 
glucagon release. Both classes improve glycemic control with low risk of hypoglycemia.[38] 
 
Renal Glucose Transport Inhibition (SGLT-2 Inhibitors)  
In healthy individuals, about 90 percent of filtered glucose is reabsorbed in the proximal renal tubules by the sodium-glucose 
cotransporter-2 protein. SGLT-2 inhibitors lower blood glucose levels by blocking this transporter, leading to reduced glucose 
reabsorption, increased urinary glucose excretion, and a consequent reduction in plasma glucose concentration. In addition 
to glycemic control, these agents promote weight loss due to caloric loss, reduce blood pressure, and provide cardiovascular 
and renal protective effects. Since this mechanism is independent of insulin, SGLT-2 inhibitors remain effective even in 
advanced stages of Type 2 diabetes mellitus [21]. 
 
 Intestinal Carbohydrate Digestion Inhibition (α-Glucosidase Inhibitors) 
α-Glucosidase inhibitors exert their effect in the small intestine by inhibiting enzymes responsible for the breakdown of 
complex carbohydrates into absorbable glucose. This results in delayed carbohydrate digestion, reduced glucose absorption, 
and attenuation of postprandial hyperglycemia. Common agents in this class include acarbose, miglitol, and voglibose. 
However, the presence of undigested carbohydrates in the intestine may lead to gastrointestinal adverse effects such as 
flatulence and abdominal discomfort [39]. 
 
Pharmacological Profile of Major Antidiabetic Drug Classes  
Antidiabetic drugs differ significantly in their pharmacological properties, including pharmacodynamics, pharmacokinetics, 
therapeutic efficacy, and safety profiles. Selection of appropriate therapy depends on several factors such as the severity of 
hyperglycemia, presence of comorbidities, risk of hypoglycemia, body weight considerations, and patient tolerance. 
Understanding the pharmacological characteristics of different drug classes is essential for optimizing diabetes management 
[40]. 
 
 
 
 
 
Table 2. Comprehensive Pharmacological Profile of Major Antidiabetic Drug Classes [41-48]. 
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Drug Class Examples Mechanism of Action Pharmacokinetics Therapeutic Uses Advantages Adverse Effects Contraindications / 

Notes 
Biguanides Metformin Reduces hepatic 

gluconeogenesis, 
enhances insulin 

sensitivity, increases 
peripheral glucose 

uptake, and decreases 
intestinal glucose 

absorption through 
activation of AMP-

activated protein kinase. 

Absorbed from the small 
intestine with a 
bioavailability of 

approximately 50–60 
percent. It is widely 

distributed in body tissues, 
undergoes minimal 

metabolism, and is excreted 
unchanged by the kidneys. 
The half-life is 4–8 hours. 

Type 2 diabetes 
mellitus, 

prediabetes, 
polycystic ovary 
syndrome, and 

metabolic 
syndrome. 

Considered first-
line therapy, does 
not cause weight 

gain, and 
improves insulin 

sensitivity. 

Gastrointestinal 
disturbances 

including nausea, 
diarrhea, and 

abdominal 
discomfort. Rarely 

associated with lactic 
acidosis. 

Contraindicated in 
severe renal 

impairment, hepatic 
disease, heart failure, 

and conditions 
associated with 

hypoxia. 

Sulfonylureas Tolbutamide, 
Chlorpropamide, 

Glipizide, 
Glibenclamide, 

Glimepiride, 
Gliclazide 

Stimulate insulin 
secretion from pancreatic 
beta cells by binding to 
sulfonylurea receptors 

and closing ATP-sensitive 
potassium channels. 

Well absorbed from the 
gastrointestinal tract, highly 
protein bound, metabolized 

in the liver, and excreted 
through urine and bile. 

Type 2 diabetes 
mellitus in patients 

with functional 
pancreatic beta 

cells, often used in 
combination with 

metformin. 

Effective in 
reducing blood 

glucose levels and 
widely used in 

clinical practice. 

Hypoglycemia, 
weight gain, 

gastrointestinal 
disturbances, and 

skin reactions. 

Increased risk of 
hypoglycemia in elderly 
patients and in those 

with renal impairment. 

Meglitinides Repaglinide, 
Nateglinide 

Stimulate rapid insulin 
secretion by acting on 

ATP-sensitive potassium 
channels in pancreatic 
beta cells with a shorter 

duration of action. 

Rapidly absorbed with onset 
of action within 15 to 30 

minutes and short duration 
of approximately 3 to 4 
hours. These drugs are 

metabolized in the liver. 

Control of 
postprandial 

hyperglycemia in 
type 2 diabetes 

mellitus. 

Rapid onset of 
action, flexible 

dosing schedule, 
and lower risk of 

prolonged 
hypoglycemia. 

Mild hypoglycemia 
and weight gain. 

Should be 
administered before 
meals due to short 
duration of action. 

Thiazolidinediones Pioglitazone, 
Rosiglitazone 

Activate peroxisome 
proliferator-activated 

receptor gamma, leading 
to improved insulin 

sensitivity and regulation 
of glucose and lipid 

metabolism. 

Well absorbed after oral 
administration, extensively 

metabolized in the liver, and 
have a half-life of 

approximately 16 to 24 
hours. 

Type 2 diabetes 
mellitus associated 

with insulin 
resistance. 

Improve insulin 
sensitivity and 
lipid profile. 

Weight gain, fluid 
retention, edema, 

and increased risk of 
heart failure. 

Contraindicated in 
patients with heart 

failure. 

Alpha-glucosidase 
inhibitors 

Acarbose, Miglitol, 
Voglibose 

Inhibit intestinal alpha-
glucosidase enzymes, 

delaying the breakdown 
of complex 

carbohydrates and 
reducing postprandial 

glucose absorption. 

Act locally in the 
gastrointestinal tract with 

minimal systemic 
absorption. 

Management of 
postprandial 

hyperglycemia in 
type 2 diabetes 

mellitus. 

Minimal systemic 
effects and useful 

for post-meal 
glucose control. 

Flatulence, 
abdominal 

discomfort, and 
diarrhea. 

Gastrointestinal 
intolerance is common 

and may limit use. 

DPP-4 inhibitors Sitagliptin, 
Saxagliptin, 
Linagliptin, 
Vildagliptin, 
Alogliptin 

Inhibit the dipeptidyl 
peptidase-4 enzyme, 
thereby increasing 

incretin levels, enhancing 
insulin secretion, and 

reducing glucagon 
secretion. 

Administered orally and 
generally well tolerated, with 
pharmacokinetic properties 
varying among agents in the 

class. 

Type 2 diabetes 
mellitus. 

Low risk of 
hypoglycemia and 
neutral effect on 

body weight. 

Mild adverse effects 
with rare cases of 

pancreatitis reported. 

Dose adjustment may 
be required in renal 

impairment depending 
on the agent. 

GLP-1 receptor 
agonists 

Exenatide, 
Liraglutide, 
Dulaglutide 

Mimic glucagon-like 
peptide-1, leading to 
glucose-dependent 

insulin secretion, delayed 
gastric emptying, and 

reduced appetite. 

Administered by injection 
with varying durations of 
action depending on the 

formulation. 

Type 2 diabetes 
mellitus and 

obesity 
management. 

Promote weight 
loss and have a 

low risk of 
hypoglycemia. 

Nausea, vomiting, 
and gastrointestinal 

discomfort. 

Injectable therapy 
which may affect 

patient compliance. 

SGLT-2 inhibitors Dapagliflozin, 
Canagliflozin, 
Empagliflozin 

Inhibit sodium-glucose 
co-transporter 2 in the 
renal tubules, reducing 

glucose reabsorption and 
increasing urinary 
glucose excretion. 

Administered orally and 
primarily dependent on 

renal function for efficacy. 

Type 2 diabetes 
mellitus. 

Promote weight 
reduction, lower 
blood pressure, 

and provide 
cardiovascular 

benefits. 

Genital infections 
and dehydration. 

Not recommended in 
severe renal 
impairment. 
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Combination Therapy in Diabetes Management 
The progressive nature of Type 2 diabetes mellitus often necessitates the use of combination therapy to maintain adequate 
glycemic control. Although lifestyle modification and monotherapy with an oral antidiabetic agent may initially be sufficient, 
many patients eventually require multiple medications because of progressive β-cell dysfunction and worsening insulin 
resistance. Combination therapy allows simultaneous targeting of multiple pathophysiological defects responsible for 
hyperglycemia, thereby improving therapeutic efficacy while minimizing adverse effects. 
Modern diabetes management follows a patient-centered treatment approach, taking into consideration factors such as 
glycemic targets, risk of hypoglycemia, weight considerations, cardiovascular disease, renal function, cost, and patient 
preferences [49]. 
 
Rationale for Combination Therapy  
Combination therapy in diabetes offers several important advantages by addressing multiple underlying mechanisms of the 
disease at the same time. It leads to better glycemic control while allowing the use of lower doses of individual drugs, which 
helps reduce the risk of adverse effects. Additionally, it contributes to the preservation of pancreatic β-cell function, thereby 
slowing disease progression. Compared to monotherapy, combination therapy also lowers the chances of treatment failure, 
making it a more effective and sustainable approach for long-term diabetes management. Combination therapy is typically 
considered when glycated haemoglobin (HbA1c) levels remain above target despite lifestyle modification and single-drug 
therapy.[50] 
 
Table 3: Combination Therapy in Diabetes Management [51-61]. 

 
Category Combination Mechanism Key Benefits Limitations 

Dual Therapy Metformin with 
Sulfonylurea 

Reduces hepatic glucose and 
increases insulin secretion 

Effective glycemic 
control 

Risk of hypoglycemia 
and weight gain 

Dual Therapy Metformin with DPP-4 
inhibitor 

Enhances incretin activity and 
reduces glucose production 

Low hypoglycemia risk, 
weight neutral 

Generally well 
tolerated 

Dual Therapy Metformin with SGLT-2 
inhibitor 

Increases urinary glucose 
excretion 

Weight loss and 
cardiovascular benefit 

Risk of urinary 
infections 

Dual Therapy Metformin with GLP-1 
receptor agonist 

Increases insulin, reduces 
glucagon, delays gastric 

emptying 

Strong control and 
weight loss 

Injectable and costly 

Triple Therapy Three-drug combinations Targets multiple mechanisms Improved glycemic 
control 

Increased complexity 

Insulin 
Combination 

Basal insulin with oral 
drugs 

Provides basal insulin support Effective in advanced 
diabetes 

Risk of hypoglycemia 

Insulin 
Combination 

Basal-bolus regimen Mimics physiological insulin 
secretion 

Tight glucose control Complex regimen 

Fixed Dose 
Combinations 

Metformin with other 
agents 

Combines drugs in single 
formulation 

Improved adherence Limited dose flexibility 

Patient-Centered 
Approach 

Individualized therapy Based on patient factors Optimized outcomes Requires monitoring 

Special Preference SGLT-2 inhibitors or 
GLP-1 receptor agonists 

Provides cardiovascular and 
renal benefits 

Preferred in high-risk 
patients 

Cost considerations 

 
Adverse Effects of Antidiabetic Drugs 
Table 4: Adverse Effects & Safety of Antidiabetic Drugs [62-74]. 

 
Category Drugs Adverse Effects Mechanism 

Hypoglycemia Insulin, Sulfonylureas Sweating, confusion Excess insulin 
Metformin, DPP-4 inhibitors, SGLT-2 inhibitors Minimal risk Insulin-independent action 

Weight Insulin, Sulfonylureas, Thiazolidinediones Weight gain Increased fat storage 
GLP-1 receptor agonists, SGLT-2 inhibitors, 

Metformin 
Weight loss Increased satiety, glucose loss 

Gastrointestinal Metformin Nausea, diarrhea Dose-related 
Alpha-glucosidase inhibitors Flatulence Carbohydrate fermentation 

Cardiovascular Thiazolidinediones, Sulfonylureas Heart failure risk Fluid retention 
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SGLT-2 inhibitors, GLP-1 receptor agonists Cardioprotection Reduced cardiovascular events 
Renal Metformin Lactic acidosis 

(rare) 
Accumulation in renal 

impairment 
SGLT-2 inhibitors Urinary infections Increased glucose excretion 

 
Recent Advances in Antidiabetic Drug Therapy 
Over the past two decades, significant progress has been made in the development of novel antidiabetic therapies aimed at 
improving glycemic control while reducing adverse effects and preventing long-term complications. Advances in molecular 
biology, pharmacology, and metabolic research have led to the discovery of new drug classes that target specific metabolic 
pathways involved in the pathogenesis of diabetes mellitus. These innovations not only improve blood glucose regulation 
but also offer additional benefits such as cardiovascular protection, weight reduction, and renal protection. 
Recent developments in antidiabetic drug therapy include incretin-based therapies, sodium glucose cotransporter inhibitors, 
dual receptor agonists, ultra long-acting insulin analogues, and novel biological therapies. These advances have significantly 
expanded the therapeutic options available for managing diabetes [75,76]. 
 
Advanced Incretin-Based Therapies 
Incretin-based therapies represent one of the most important modern approaches in diabetes treatment. These therapies 
exploit the physiological actions of incretin hormones, particularly glucagon-like peptide-1 (GLP-1), which enhance insulin 
secretion in a glucose-dependent manner. 
Modern GLP-1 receptor agonists have improved pharmacokinetic properties, allowing once-daily or once-weekly 
administration. These drugs not only improve glycemic control but also promote weight loss and reduce cardiovascular risk. 
Examples of advanced GLP-1 receptor agonists including Liraglutide, Dulaglutide, Semaglutide. 
These agents stimulate insulin secretion, suppress glucagon release, delay gastric emptying, and promote satiety. As a result, 
they improve glycemic control while reducing caloric intake and body weight [77]. 
 
Dual Incretin Receptor Agonists 
A major recent advancement in diabetes pharmacotherapy is the development of dual incretin receptor agonists, which 
simultaneously target multiple metabolic pathways. One of the most promising agents in this class is Tirzepatide, which acts 
on both glucagon-like peptide-1 and glucose-dependent insulinotropic polypeptide receptors. Activation of these pathways 
enhances insulin secretion, suppresses glucagon release, improves insulin sensitivity, and promotes significant weight 
reduction. Clinical studies have shown that dual incretin receptor agonists produce greater reductions in HbA1c and body 
weight compared with traditional GLP-1 receptor agonists [78]. 
 
Next-Generation SGLT-2 Inhibitors 
SGLT-2 inhibitors have gained considerable attention due to their multiple metabolic and cardiovascular benefits. Recent 
studies have demonstrated that these drugs not only reduce blood glucose levels but also improve outcomes in patients with 
cardiovascular disease and chronic kidney disease. 
Examples of widely used SGLT-2 inhibitors Including Empagliflozin, Dapagliflozin, Canagliflozin. 
These drugs reduce plasma glucose levels by promoting urinary glucose excretion and also provide additional benefits such 
as reduction in body weight, decrease in blood pressure, Protection against heart failure, Slowing progression of diabetic 
kidney disease. Because of these benefits, SGLT-2 inhibitors are now recommended for patients with Type 2 diabetes and 
established cardiovascular or renal disease [79,80]. 
 
Ultra Long-Acting Insulin Analogues 
Advancements in insulin therapy have led to the development of ultra long-acting insulin analogues that provide more stable 
glycemic control and reduce the risk of hypoglycemia. Examples including Insulin degludec, Insulin glargine U-300. These 
insulin formulations have prolonged duration of action, exceeding 24 hours, which allows once-daily administration and 
provides more consistent basal insulin levels. Ultra long-acting insulin analogues also reduce fluctuations in blood glucose 
levels and decrease the incidence of nocturnal hypoglycemia [81]. 
 
Smart Insulin and Glucose-Responsive Insulin 
One of the most innovative approaches in diabetes therapy is the development of glucose-responsive insulin, commonly 
known as “smart insulin.” This formulation is designed to release insulin only when blood glucose levels exceed a defined 
threshold, thereby mimicking physiological insulin regulation and minimizing the risk of hypoglycemia. Current research 
focuses on glucose-sensitive polymer systems, glucose-binding nanoparticles, and enzymatic glucose-responsive insulin 
formulations. 
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Although these technologies are still under investigation, they have the potential to revolutionize diabetes management in 
the future [82]. 
 
Gene Therapy and Stem Cell Approaches 
Emerging biological therapies are exploring the possibility of restoring insulin production through gene therapy and stem 
cell-based approaches. Gene therapy strategies aim to introduce genes responsible for insulin production into non-β cells, 
enabling them to produce insulin in response to glucose. Stem cell therapy involves the differentiation of pluripotent stem 
cells into insulin-producing pancreatic β-cells, which may eventually be transplanted into diabetic patients. Although these 
approaches are still experimental, they represent promising strategies for the long-term treatment of diabetes [83]. 
 
Artificial Pancreas Systems 
Technological innovations have significantly advanced diabetes management through the development of artificial pancreas 
systems. These systems integrate continuous glucose monitoring devices, insulin pumps, and computer algorithms that 
automatically adjust insulin delivery based on real-time glucose levels, thereby improving glycemic control and reducing the 
risk of complications. The artificial pancreas system continuously monitors blood glucose levels and delivers insulin 
accordingly, providing automated glycemic control and reducing the burden of diabetes management for patients [84,85]. 
 
Future Perspectives in Diabetes Treatment 
Despite significant advances in the pharmacological management of diabetes mellitus, the global burden of the disease 
continues to increase. Current therapies primarily focus on controlling blood glucose levels and preventing complications; 
however, they do not completely cure the disease. Therefore, ongoing research is directed toward developing innovative 
therapeutic strategies that target the underlying causes of diabetes and provide long-term disease control. Future approaches 
in diabetes treatment involve advances in precision medicine, microbiome research, immunotherapy, regenerative medicine, 
and next-generation pharmacological agents. These emerging strategies aim to improve treatment outcomes, reduce 
complications, and potentially restore normal glucose metabolism. 
Precision Medicine in Diabetes: Precision medicine represents a personalized approach to diabetes management that 
considers individual genetic, metabolic, and environmental factors. Unlike traditional generalized treatment strategies, it 
recognizes the significant variability among patients in disease progression, therapeutic response, and risk of complications. 
This approach aims to tailor treatment based on a patient’s genetic profile, metabolic characteristics, lifestyle factors, and 
associated comorbid conditions, thereby improving therapeutic outcomes and safety. Advances in genomic technologies have 
identified several genetic variants associated with diabetes susceptibility and drug response. Understanding these genetic 
factors may help clinicians select the most effective antidiabetic drugs for individual patients and minimize adverse effects 
[86]. 
Microbiome-Based Therapies: Recent research has revealed a strong relationship between gut microbiota and metabolic 
diseases, including diabetes mellitus. The human gut microbiome plays a crucial role in regulating energy metabolism, glucose 
homeostasis, and inflammation. Alterations in gut microbial composition, referred to as dysbiosis, have been associated with 
insulin resistance and metabolic dysfunction. As a result, therapeutic strategies targeting the gut microbiome are being 
explored as potential approaches for diabetes management. These include probiotic supplementation, prebiotic dietary 
interventions, fecal microbiota transplantation, and the development of microbiome-targeted pharmaceuticals. Modulating 
gut microbiota may improve insulin sensitivity, reduce inflammation, and enhance glucose metabolism [87]. 
Immunotherapy for Diabetes: Immunotherapy is particularly relevant for Type 1 diabetes mellitus, which is an autoimmune 
disorder characterized by immune-mediated destruction of pancreatic β-cells. Researchers are exploring various 
immunomodulatory strategies to prevent or slow the autoimmune processes responsible for pancreatic β-cell destruction. 
These approaches include the use of monoclonal antibodies targeting specific immune cells, antigen-specific immunotherapy, 
and techniques aimed at inducing immune tolerance. These strategies aim to preserve residual β-cell function and delay 
disease progression [88]. 
Regenerative Medicine and Stem Cell Therapy: Regenerative medicine offers a promising approach for restoring insulin 
production by regenerating or replacing damaged pancreatic β-cells. Stem cell research has demonstrated the possibility of 
differentiating pluripotent stem cells into insulin-producing β-cells. These cells may potentially be transplanted into diabetic 
patients to restore endogenous insulin production. Several experimental studies have shown encouraging results in 
generating functional β-cells from stem cells, although challenges such as immune rejection and long-term cell survival 
remain to be addressed [89]. 
 Artificial Pancreas and Closed-Loop Systems: Technological advancements have enabled the development of artificial 
pancreas systems, which integrate continuous glucose monitoring with automated insulin delivery to improve glycemic 
control. These systems consist of three key components: a continuous glucose monitoring sensor to track glucose levels, an 
insulin infusion pump to deliver insulin, and a control algorithm that automatically adjusts insulin dosing based on real-
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time glucose data. Closed-loop systems automatically regulate insulin administration based on real-time glucose 
measurements, closely mimicking physiological insulin regulation. These technologies significantly improve glycemic control 
and reduce the risk of hypoglycemia, particularly in patients with Type 1 diabetes [90,91]. 
Development of Next-Generation Antidiabetic Drugs: Ongoing research is focused on identifying novel pharmacological 
targets involved in glucose metabolism. Several emerging therapeutic strategies are under investigation, including dual and 
triple incretin receptor agonists, glucagon receptor antagonists, fibroblast growth factor-21 analogues, and mitochondrial-
targeted therapies. These innovative drugs aim to address multiple metabolic pathways simultaneously, providing more 
effective glycemic control and reducing the risk of complications [92, 93]. 
 
Conclusion 
Diabetes mellitus is one of the most prevalent and challenging metabolic disorders worldwide, characterized by chronic 
hyperglycemia resulting from impaired insulin secretion, insulin resistance, or both. The increasing global incidence of 
diabetes has created a significant burden on healthcare systems and has highlighted the urgent need for effective therapeutic 
strategies. Persistent hyperglycemia associated with diabetes leads to serious complications such as cardiovascular disease, 
nephropathy, neuropathy, and retinopathy, which significantly increase morbidity and mortality among affected individuals. 
Over the past several decades, substantial progress has been made in the development of pharmacological agents for the 
management of diabetes. A wide range of antidiabetic drugs is now available, including insulin preparations, insulin 
secretagogues, insulin sensitizers, incretin-based therapies, sodium–glucose cotransporter-2 inhibitors, and other novel 
agents. These drugs act through different mechanisms to correct metabolic abnormalities involved in the pathophysiology 
of diabetes and improve glycemic control. Among currently available therapies, metformin remains the first-line treatment 
for Type 2 diabetes mellitus due to its efficacy, safety profile, and beneficial metabolic effects. In recent years, newer drug 
classes such as GLP-1 receptor agonists and SGLT-2 inhibitors have gained considerable attention because of their additional 
benefits beyond glucose control, including weight reduction and cardiovascular protection. Combination therapy strategies 
have further improved treatment outcomes by targeting multiple metabolic pathways simultaneously. 
In addition to conventional pharmacological therapies, advances in biotechnology and pharmaceutical sciences have 
introduced innovative approaches such as novel drug delivery systems, incretin-based therapies, dual receptor agonists, and 
ultra long-acting insulin formulations. Furthermore, emerging research in areas such as precision medicine, microbiome 
modulation, regenerative medicine, and artificial pancreas technologies offers promising possibilities for the future 
management of diabetes. Despite these advancements, diabetes remains a complex and progressive disease that requires 
continuous monitoring and individualized treatment strategies. Future research should focus on identifying novel 
therapeutic targets, improving drug safety profiles, and developing treatments that address the underlying causes of the 
disease rather than merely controlling blood glucose levels. 
In conclusion, antidiabetic drugs play a vital role in the management of diabetes mellitus, and continued research and 
innovation are essential for improving therapeutic outcomes and reducing the global burden of this disease. A comprehensive 
understanding of the pharmacology, mechanisms of action, and clinical applications of antidiabetic agents is crucial for the 
development of effective treatment strategies and the advancement of diabetes care. 
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