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ABSTRACT 

 
The global prevalence of diabetes mellitus (DM) is increasing rapidly. Once considered a relatively minor disorder 

mainly affecting older adults, DM has now become a major cause of morbidity and mortality among middle-aged and 

younger populations. It is a chronic metabolic disorder characterized by insulin deficiency, insulin resistance, and 

persistently elevated blood glucose levels. Insulin sensitizers and secretagogues, two examples of conventional 

treatments, frequently have undesirable side effects that make treatment adherence difficult and pose other difficulties. 

To lessen the severity of symptoms, numerous pharmaceutical interventions and treatments have been developed. In 

contrast, a number of the most recent and well-established emerging therapies are currently in trials to determine the 

disease's underlying causes. The goal of this review is to look at all possible approaches, their benefits and 

disadvantages so that clinicians can select the most appropriate and efficient treatment options for their patients. 

 

Key-words:   

 

1. INTRODUCTION 

 

According to the Ebers Papyrus, the ancient Egyptians first identified diabetes as a condition characterized by 

excessive urination around 1550 BCE. The Greek physician Aretaeus coined the term "diabetes," which translates to 

"to siphon"(Devendra et al., 2015). Thomas Willis later introduced the full term "diabetes mellitus," which means 

"honey-sweet urine (Alam et al., 2014). DM is a chronic metabolic disorder that occurs when the pancreas produces 

insufficient insulin or when the body is unable to effectively utilize the insulin it produces. Both developed and 

developing nations face significant health challenges as a result of this condition (Kumari and R.Chitra, 2014). 

China (116.4%), India (77%), and the USA (31%) had the highest adult diabetes prevalence in 2019, with 

projections indicating that these percentages will remain at 140.5%, 101%, and 34.4 percent through 2030, 

respectively. For the year 2045, China is anticipated to lead with 147.2%, followed by India with 134.2 percent and 

Pakistan with 37.1 percent (Tiwari, 2015).The three main forms of DM are type 1 (T1DM), type 2 (T2DM), and 

gestational DM (GDM). T1DM is characterized by the body’s inability to produce insulin. This usually results from 

autoimmune damage to the beta cells, which store and release insulin. (Wallia and Molitch, 2014). In contrast, 

T2DM is characterized by insulin resistance, insufficient insulin production, or the body’s inability to use insulin 

effectively. (Swinnen et al., 2014). It is characterized by metabolic abnormalities like insulin resistance (IR), 

hyperlipidemia, and hyperglycemia. It includes gestational diabetes, which occurs during pregnancy, and is the most 

prevalent form of diabetes. Frequent urination, excessive thirst, and fatigue are symptoms. Diabetes can result in 

serious complications such as heart disease, kidney damage, and neuropathy if left untreated. (Olokoba et al., 2012). 

This review aims to discuss the progress of various techniques for treating DM. All treatment methods only 

provide symptomatic relief. Symptoms differ among patients. In advanced stages, it cannot be cured by a single 

method. Therefore, alternative methods are being tested and applied. New emerging therapies or treatments are 
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under trial to address the complications and severity of DM. The review will provide an overview of these 

techniques, their progress, effectiveness, side effects, and prospects. 

 
Fig. 1. Flow chart for the Treatment of diabetes mellitus. 

 

Treatments: 

2. Treatment by Drugs: 

2.1 Insulin  

In the endocrine pancreas, the islets of Langerhans are responsible for the production of various hormones. 

These hormones consist of insulin, an anabolic hormone synthesized by β- cells (glucagon), a hyperglycemic agent 

generated by α-cells (amylin), which assists in appetite regulation from β-cells; somatostatin, a universal secretion 

inhibitor produced by delta cells; and pancreatic polypeptide, which supports digestion from F cells. Among these, 

the β (insulin-producing) cells are the most prevalent (Petersen and Shulman, 2018). The most prevalent pancreatic 

disorder necessitating pharmacological intervention is DM, a condition defined by insufficient insulin production or 

action. There are a number of insulin formulations that can be injected, as well as non-insulin antidiabetic 

medications that can be taken orally or injected. To treat severe hypoglycemia, glucagon, a hormone that affects the 

liver, cardiovascular system, and gastrointestinal tract, can be used. There are four types of DM, T1DM, T2DM, 

other, and gestational GDM. (Olokoba et al., 2012). T1DM and II of diabetes will be the primary topics of this 

discussion. The autoimmune destruction of β-cells in the pancreas is the cause of T1DM, which typically manifests 

in childhood(Devendra et al., 2004). Increased insulin resistance and decreased insulin secretion are hallmarks of 

T2DM, a progressive condition. A mild autoimmune variant that affects 10–15% of people with T2DM diabetes is 

called latent autoimmune diabetes of adulthood (LADA). T2DM is significantly more prevalent than T1DM and is 

frequently linked to obesity. Despite the fact that it typically begins in adulthood, its prevalence is rapidly rising 

among children and adolescents, mirroring the rise in obesity among this demographic (Alam et al., 2014). The 

clinical history and course of these two types are vastly distinct. However, in order to treat either form, careful 

monitoring of diet, fasting, postprandial blood glucose levels, and serum hemoglobin A1c concentrations is 

necessary. This glycosylated hemoglobin is a blood sugar level indicator. (Olokoba et al., 2012). Insulin therapy is 

necessary for T1DM. Non-insulin antidiabetic medications are typically used to manage type 2 diabetes in its early 

stages. However, patients with T2DM frequently find that they need to include insulin in their treatment plan as the 

disease progresses. 

  

(a) Physiology 

Proinsulin, a 86-amino-acid single-chain polypeptide prohormone, is the form of insulin that is made. The two-

chain, 51-peptide insulin molecule and a 31-amino-acid residual C-peptide are the results of proinsulin's cleavage 
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and cross-linking. C-peptide is not known to have any physiological function, despite the fact that proinsulin may 

have a slight hypoglycemic effect. 

 

(b) Effects 

Nearly all of the body's tissues depend on insulin. The insulin receptor, a transmembrane tyrosine kinase, 

undergoes autophosphorylation and phosphorylates several intracellular proteins upon hormone activation. The most 

important organs that insulin acts on are. 

 

1. Liver— Insulin makes it easier for glucose to be converted into glycogen, which is stored in the liver. This 

mechanism boosts the production of enzymes like pyruvate kinase, phosphofructokinase, and glucokinase while 

inhibiting various other enzymes. It also involves the incorporation of additional GLUT2 glucose transport proteins 

into the cells' plasma membranes. Additionally, insulin aids in the synthesis of triglycerides and the formation of 

VLDL as well as reducing protein degradation. 

 

2. Skeletal muscle—Glycogen and protein synthesis are aided by insulin. The incorporation of GLUT4 transporters 

into the cells' plasma membranes enhances the glucose transport into muscle cells. 3.  Adipose tissue: Insulin 

reduces intracellular lipolysis, increases glucose transport into cells via GLUT4 transporters, and activates plasma 

lipoprotein lipase, all of which contribute to the storage of triglycerides (Iyer et al., 2010). 

Utilizing bacterial recombinant DNA technology, human insulin is produced. There are four distinct rates of 

onset and durations of action in the various forms, ranging from rapid to long-acting. The prevention of 

hypoglycemia and the regulation of both basal and postprandial (after-meal) glucose levels are the primary goals of 

insulin therapy. To achieve these goals, insulin formulations with varying onset and effect rates are frequently 

combined. 

 

 
Fig. 2. Chemical structures of drugs for DM treatment. 
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2.2 NONINSULIN ANTIDIABETIC DRUGS  
In the treatment of T2DM, multiple classes of oral antidiabetic medications are frequently used. Insulin 

secretagogues, biguanide metformin, thiazolidinediones, incretins, -glucosidase inhibitors, and renal glucose 

reuptake inhibitors make up these categories.  

 

A. Insulin Secretagogues for DM treatment 

1. Mechanism and effects: Insulin secretagogues make it easier for endogenous insulin to be released by facilitating 

the closure of potassium channels in the membrane of pancreatic cells. Cell depolarization is caused by this closure, 

which in turn causes insulin release.  It's important to remember that insulin secretagogues don't work for people 

with T1DM, who don't have working pancreatic cells.  The sulfonylurea class of chemicals includes the majority of 

insulin secretagogues (Kahn et al., 2013).   Second-generation sulfonylureas like glyburide, glipizide, and 

glimepiride are more potent than older drugs like tolbutamide and chlorpropamide and are used more frequently. 

Insulin secretagogues also include the meglitinide repaglinide and the D-phenylalanine derivative nateglinide. These 

agents have a rapid onset and short duration of action, which makes them particularly suitable for administration 

before meals to control postprandial blood glucose levels. 

 

Toxicities— Insulin secretagogues, especially those with high potency like glyburide and glipizide, can cause 

hypoglycemia, but the risk is lower than that of insulins. Tolbutamide and chlorpropamide, two of the older 

sulfonylureas, are strongly bound to serum proteins. Drugs that compete for these binding sites may amplify their 

hypoglycemic effects. Rashes and other allergic reactions may occasionally result from these medications. 

Additionally, weight gain is a frequent occurrence, which is particularly concerning for the substantial number of 

patients with type 2 diabetes who are already overweight. 

 

B. Biguanides  
1. Mechanism and effects: Metformin, the main representative of the biguanide class, lowers both postprandial and 

fasting glucose levels. 

 

Fig. 3. Chemical and 3D structure of Metformin. 

 

Biguanides suppress gluconeogenesis in the liver and kidneys. They also enhance glucose uptake and glycolysis 

in peripheral tissues, reduce glucose absorption from the gastrointestinal tract, and lower plasma glucagon levels 

(Papanas and Maltezos, 2009). The reduction in hepatic glucose production by biguanides is believed to occur 

through activation of AMP-activated protein kinase (AMPK). In individuals with insulin resistance, metformin also 

decreases endogenous insulin levels. likely due to improved insulin sensitivity. In comparison to insulin, 

secretagogues, and thiazolidinediones, metformin is increasingly regarded as the preferred medication for 

overweight patients with T2DM due to its insulin-sparing effect and lack of weight gain (Davidson and Peters, 

2015). Metformin may reduce diabetes risk in patients at high risk, according to recent clinical studies. In addition, 

an ovulatory women with polycystic ovary disease (PCOD) and insulin resistance are treated with metformin to 

regain fertility(Vigneri and Goldfine, 2018).  

 

2. Toxicities—Biguanides, in contrast to sulfonylureas, do not cause hypoglycemia. Gastrointestinal discomfort, 

which includes symptoms like nausea and diarrhea, is the most common side effect. In addition, they have the 

potential to cause lactic acidosis, especially in people who are alcoholic, have kidney or liver problems, or have 

other conditions that make it more likely that tissue anoxia and the accumulation of lactic acid will occur, like 

chronic cardiopulmonary dysfunction. 
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C. Thiazolidinediones  
1. Mechanism and effects: By activating the peroxisome proliferator-activated receptor-gamma nuclear receptor 

(PPAR-f receptor), the thiazolidinediones rosiglitazone and pioglitazone increase insulin sensitivity in the target 

tissues. The transcription of genes encoding carbohydrate and lipid metabolism-related proteins is controlled by this 

nuclear receptor. The enhancement of glucose uptake in both muscle and adipose tissues is one of the main effects 

of the thiazolidinediones. They also affect lipid metabolism and the distribution of body fat as well as inhibit hepatic 

gluconeogenesis. Both fasting and postprandial hyperglycemia can be effectively reduced with the help of 

thiazolidinediones. They can be used alone or with insulin or other oral antidiabetic medications. 

Thiazolidinediones, like metformin, have been shown to lower the risk of DM in high-risk patients. Additionally, it 

is known that pioglitazone raises HDL and lowers triglyceride levels. 

 

2. Toxicities— Hypoglycemia is extremely uncommon when these medications are taken by themselves. 

Thiazolidinediones may lead to fluid retention, which manifests as mild anemia and edema, potentially heightening 

the risk of heart failure. Recent studies have associated rosiglitazone with an elevated risk of myocardial infarction. 

The first thiazolidinedione, troglitazone, was withdrawn from the market in various countries due to hepatotoxicity 

concerns. Although rosiglitazone and pioglitazone have not been connected to significant liver dysfunction, they still 

necessitate regular monitoring of liver function. Female patients using thiazolidinediones seem to face a heightened 

risk of bone fractures. Both pioglitazone and troglitazone stimulate cytochrome P450 activity (notably the CYP3A4 

isozyme) and may lower the serum levels of medications that are processed by these enzymes (for instance, oral 

contraceptives and cyclosporine). 

 

Fig. No 4. Chemical and 3D structure of Thaizolidinediones. 

 

D. Pramlintide  
Pramlintide is a synthetic analog of amylin that is administered via injection. This hormone, consisting of 37 

amino acids, is produced by the beta cells of the pancreas. Amylin plays a role in glycemic regulation by activating 

high-affinity receptors that are involved in both glycemic control and bone formation. Pramlintide works within the 

central nervous system to reduce appetite, delays gastric emptying, and inhibits the release of glucagon. It is rapidly 

absorbed following subcutaneous administration and has a brief duration of action. It is used to control postprandial 

glucose levels alongside insulin. Hypoglycemia and gastrointestinal issues are pramlintide's most common side 

effects. 

 

E. Canagliflozin 
When the sodium-glucose transporter 2 (SGLT2) is inhibited, people with T2DM experience glycosuria and 

lower glucose levels. SGLT2 is responsible for 90% of the reabsorption of glucose by the kidneys. Clinical use of 

the SGLT2 inhibitors, including empagliflozin, canagliflozin, and dapagliflozin, has been approved. A higher rate of 

genital and urinary tract infections are the primary negative effects. Osmotic diuresis can also cause hypotension and 

a reduction in intravascular volume. 
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Fig. 8. Chemical structure of Canagliflozin. 

 

F. Sulfonylurea 
Sulfonylureas are a class of DM medications used to treat T2DM (Groop, 2015).  Their mechanism involves 

increasing insulin secretion from pancreatic β-cells. According to (Zimmerman, (2013).These medications cause the 

pancreatic β-cells to produce additional insulin. They attach to sulfonylurea receptors located on these cells, which 

results in the closure of potassium channels.  As a result, the cell membrane becomes depolarized and calcium 

channels open, allowing calcium ions to enter the cell. Insulin secretion is boosted when intracellular calcium levels 

rise 

 

 

Fig. 9. Chemical and 3D structure of Sulfonylurea. 

 

Role of Sulfonylureas in Diabetes Management 

Mechanism of Action: 

Stimulate Insulin Secretion: Sulfonylureas function by attaching to particular receptors on pancreatic  β-cells, 

which causes the potassium channels to close (Del Prato and Pulizzi, 2006) .This action leads to the opening of 

calcium channels and an influx of calcium ions, subsequently triggering insulin release. The rise in insulin levels 

aids in lowering blood glucose concentrations by promoting glucose uptake in tissues and decreasing glucose 

production in the liver (Zimmerman, 2019).  Sulfonylureas specifically bind to sulfonylurea receptors (SUR1) found 

on the surface of pancreatic  β-cells. These receptors are components of the ATP-sensitive potassium 

(KATP_{ATP}ATP) channels. 

 

3. Novel Treatment for Diabetes: 
3.1. Plants and their antidiabetic properties: 

Table 1 shows antidiabetic properties of some plants. Wheras in figure 10. Some plants/ herbs used for diabetes 

treatment which include bitter-melon, berberine, curcumin, ginger, ginseng, onion, garlic, cinnamon, aloe vera, 

cluster beans etc. 
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Table 1. Plants and their antidiabetic properties. 
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Fig. 10. Plants/ herbs for diabetes treatment that include bitter-melon, berberine, curcumin, ginger, ginseng, onion, 

garlic, cinnamon, aloe vera, cluster beans etc. 

 

3.2 Artificial pancreas systems: 
One promising field is the advancement of artificial pancreas systems, which integrate continuous glucose 

monitors with insulin pumps to automatically regulate insulin delivery, thereby maintaining near-normal blood sugar 

levels. This system essentially comprises glucose sensors, insulin pumps, and a pump control system(Dermawan and 

Kenichi Purbayanto, 2022). The sensor, which is a wire inserted beneath the skin, measures blood glucose levels 

every minute. The monitor displays the data collected. Infusion pumps adjust the insulin supply to the subcutaneous 

tissues. Advanced closed-loop artificial pancreas systems utilize rapid-acting insulins such as aspart, glulisine, and 

lispro to ensure insulin availability every minute, thus eliminating the need for long-acting insulins. The 

development of smart insulin—insulin whose activity changes in response to glucose levels—could further improve 

day-to-day management. Emerging technologies, including artificial pancreas systems and sophisticated glucose 

monitoring devices, provide innovative methods for managing blood sugar with increased (Chatterjee et al., 2017).  

 

 

 

Fig. 11. Artificial pancreas systems:  that include automatic blood glucose detection by sensor, continuous insulin 

delivery by insulin pump every minute, a monitor or smart phone to display the readings (Dermawan and Kenichi 

Purbayanto, 2022). 
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3.3 Gene Therapy:                       
Non-viral methods like calcium phosphate co-precipitation, lipofection, direct microinjection, electroporation, 

and biolistic techniques to suppress autoreactive T-cells and prevent islet destruction are used in gene therapy to 

replace defective genes. It also uses viral vector techniques to transfer genes(Wong et al., 2010). The primary 

objective of gene therapy is to correct the disease(Kaufmann et al., 2013).-causing gene, replace it with a healthy 

gene, or deactivate the defective gene(Chellappan et al., 2018).Insulin-like growth factor 1 (IGF1) regulates immune 

function and enhances survival factors necessary for -cell maturation and function. For the first time, Reg3g 

overexpression in pancreatic islets has been shown to be able to regenerate the islet-derived protein 3 gamma gene, 

protecting the cells from autoimmune damage (Xia et al., 2016). In patients with  (TIDM), inducing the expression 

of the gene glucose-6-phosphatase (G6Pase) regulates blood glucose levels (Chen et al., 2001).Insulin, which 

directly regulates blood glucose levels, is encoded by the Insulin Gene (INS). In order for gene therapy to become a 

viable DM treatment option, additional research in this field is necessary. With the discovery of the Klotho gene, an 

anti-aging gene expressed in the kidneys and brain, gene therapy for T1DM made significant progress Its deficiency 

can adversely affect the development of T1DM, leading to β-cell apoptosis. However, when a viral vector was 

utilized to deliver the Klotho gene alongside a β-cell-specific promoter (rAAV-mKL), the overexpression of Klotho 

was achieved, successfully protecting β-cell function (Lin and Sun, 2015).Furthermore, FOXA2 and MAFA are 

involved in regulating β-cell maturation and insulin production. 

 

 

Fig. 12. Gene Therapy by viral and non-viral vector, non-viral method utilizes direct injection of plain DNA 

wrapped into coat of fatty molecules liposomes (lipofection), direct microinjection, electroporation and biolistic. 

While viral vector uses specific human cells like bone marrow derived dendritic cells, where gene of interest is 

infected by viral vector, genetically altered cells are programmed and processed in labs and finally, infused back to 

the recipient (Akil et al., 2021; Chellappan et al., 2018). 

 

3.4 Stem cell treatment: 

Cell-based treatments, such as beta-cell regeneration or insulin-producing cell transplants, offer the potential for a 

cure or more effective long-term management, especially for T1DM. Stem cells are used to replace damaged β-cells. 

Bone marrow stem cells produces low level of insulin as compare to adipose derived stem cells plus it is easy to 

isolate. Research on human placenta derived stem cells revealed significant decrease in glycosylated haemoglobin 

and higher level of insulin and C- peptide but no improvement is attained in side effects like chills, fever, liver 

damage, immune rejection as well as cardiac and renal functions (Tan et al., 2019; Wong et al., 2010). 
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Fig. 13. Stem cell treatment for diabetes mellitus and their goals (Ezquer, 2014). 

 

 3.5 Gut Microbiota 

Diabetes is linked to dysbiosis of the gut microbiota, which leads to pro-inflammatory responses, heightened 

intestinal permeability, endo-toxemia, compromised β-cell function, and the onset of insulin resistance (Bielka et al., 

2022) .Research into gut microbiota and its role in diabetes has led to experimental treatments involving probiotics 

or fecal microbiota transplants to restore healthy gut balance. While some of these approaches show promise, they 

should be pursued under medical supervision to ensure they complement standard treatments and align with 

individual health needs. In addition, probiotic or microbiome-modulating therapies that increase insulin sensitivity 

are being made possible by current research into the role that the gut microbiome plays in diabetes. In the near 

future, more individualized and efficient treatment options will be available thanks to these innovations and ongoing 

advancements in personalized medicine. 

 

3.6 Peptide and Protein based Therapies 

Peptides and proteins are necessary for a variety of bodily processes and conditions. As a result, it is thought 

that using proteins and peptides as therapeutic agents is a promising approach for treating a variety of diseases, such 

as DM and cancer (Deb et al., 2019). In adults with type 2 diabetes, for instance, the approved glucose-dependent 

insulinotropic polypeptide tirzepatide is linked to a decrease in glycated hemoglobin and body weight (De Block et 

al., 2023).These agents play an even more significant role because obesity is closely linked to insulin resistance, 

which is linked to hypertension, dyslipidemia, and non-alcoholic fatty liver disease. Due to their glucose-lowering 

capabilities, insulin-stimulating effects, glucagon-suppressing properties, and effectiveness in managing other 

cardiovascular risk factors in the treatment of T2DM, glucagon-like peptide-1 (GLP-1) receptor agonists, which are 

peptide hormones released from the gut, vary in their pharmacokinetic characteristics, duration of action, and 

clinical efficacy(Nauck and Meier, 2019). Pramlintide is a promising addition to insulin therapy that has the 

potential to delay gastric emptying and inhibit glucagon secretion. It has also shown synergistic effects on glycemic 

control when combined with mealtime insulin (Feng et al., 2024). 

 

3.7 Lifestyle modifications, including diet and exercise 
 DM management and the prevention of related complications are greatly aided by lifestyle modifications, 

particularly those related to diet and physical activity. Whole grains, legumes, fruits, and vegetables, all of which are 

high in fiber and help regulate blood sugar levels by slowing the absorption of glucose, are at the center of a well-

rounded diet. Healthy fats derived from nuts, seeds, avocados, and olive oil, in addition to lean protein sources such 
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as poultry, fish, tofu, and low-fat dairy, promote overall health without causing spikes in blood sugar. In order to 

maintain stable glucose levels, it is essential to keep an eye on the amount of carbohydrates consumed and to choose 

complex carbohydrates over simple sugars. In addition, it is important to practice portion control and to adhere to 

consistent meal times. By enhancing insulin sensitivity and the body's capacity to efficiently utilize glucose, regular 

exercise complements dietary changes(Anderson and Auslander, 2012). There are significant advantages to 

performing aerobic activities like walking, jogging, cycling, swimming, and resistance training like weightlifting or 

bodyweight exercises. Individuals are advised to participate in at least 150 minutes of moderate-intensity aerobic 

exercise each week, along with strength training sessions on two occasions weekly.  The foundation of successful 

DM management is a set of modifications that, when applied consistently and tailored to each person's needs, form 

the basis. 

 

3.8. Integration of machine learning in diabetes management 

By improving prediction, diagnosis, and individualized treatment, machine learning (ML) is revolutionizing 

diabetes treatment. 

(a). Diagnosis: Using predictive models trained on patient data (such as glucose levels, BMI, age, and family 

history) to classify individuals as diabetic or non-diabetic, diabetes can be diagnosed using machine learning (ML). 

By looking at things like blood pressure, HbA1c levels, and lifestyle, ML models help predict the risk of diabetes 

complications like retinopathy and cardiovascular problems. This allows for early intervention. By analyzing genetic 

and lifestyle data, ML can determine a person's likelihood of developing diabetes during diagnosis, facilitating early 

treatment for those at risk 

(b). Monitoring: To predict fluctuations in blood glucose, machine learning (ML) algorithms look at extensive 

datasets like CGM readings, patient histories, and information about lifestyle factors. This enables patients to make 

proactive adjustments to avoid high or low sugar levels. (Singla et al., 2019). 

(c). Devices: This is seen in closed-loop insulin pumps that automatically adjust insulin delivery based on predicted 

trends and smartphone apps and wearables that provide real-time blood glucose forecasts. Additionally, ML aids in 

the creation of individualized treatment plans by optimizing insulin and medication doses to meet individual 

requirements and minimize side effects. 

  

3.9. Nanotechnology: 
Nanotechnology and drug delivery systems that target specific tissues may also enhance the precision of 

treatments, reducing side effects and improving effectiveness. The aim of nanotechnology in T2DM treatment is to 

ensure the bioavailability of drug in the blood circulation after initial absorption in gut by protecting GPL1 from 

DPP4 enzymatic digestion, to maintain the drug dose, to minimize the potential side effects of drugs like 

hyperglycemia, weight gain, increased insulin resistance β-cell destruction, renal and cardiovascular problems 

(Simos et al., 2021). Nanoparticles (NPs) offer a promising approach to enhance the oral absorption of anti-diabetic 

peptides due to their characteristics such as size, surface charge, and rigidity, which facilitate mucus penetration (Liu 

et al., 2021). 

 

3.10. Hormonal replacement and modulators 

Hormonal replacement and modulators in diabetes treatment focus on restoring hormonal balance and 

improving metabolic control. Key therapies include insulin replacement, essential for Type 1 diabetes and 

advanced T2DM, delivered via injections, pumps, or artificial pancreas systems. GLP-1 receptor agonists (for 

example, semaglutide) enhance glucose-dependent insulin secretion, reduce appetite, and promote weight loss, 

while DPP-4 inhibitors prolong incretin activity to aid glycemic control(Manwaring et al., 2010). The 

cardiovascular and renal systems benefit from SGLT-2 inhibitors' modulation of glucose handling in the kidney. 

Pramlintide, for example, is an amylin analog that works in tandem with insulin to slow down gastric emptying and 

suppress glucagon. Leptin replacement therapy (metreleptin) improves insulin sensitivity and lipid metabolism in 

cases of leptin deficiency, such as lipodystrophy (Bitoska et al., 2016). Dual/triple agonists that target GLP-1, GIP, 

and glucagon are new treatments, as are novel methods like hormone restoration with stem cell-derived beta cells. In 

addition to improving outcomes, these treatments address the complex hormonal interaction that occurs in diabetes. 

 

3.11 Leptin replacement therapy 

In particular diabetes contexts, primarily in leptin-deficient states like generalized lipodystrophy, leptin 

replacement therapy, primarily using recombinant leptin like metreleptin, targets metabolic dysregulation (Oral et 

al., 2012). Leptin lowers appetite, increases insulin sensitivity, decreases glucagon secretion, and reduces hepatic 

gluconeogenesis by acting on hypothalamic receptors. This improves glycemic control (Ebihara et al., 2015). By 
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addressing hyperglycemia through non-insulin-dependent pathways and lowering insulin requirements, it works in 

conjunction with insulin therapy in T1DM. Due to leptin resistance, its use in T2DM is limited, but when combined 

with other therapies to overcome resistance, it shows promise. (Ebihara et al., 2007). High costs, a limited number 

of indications, and effectiveness primarily in genuine leptin-deficient cases are obstacles 

 

3.12 Oxytocin Analogues. 

Due to their influence on metabolism, energy regulation, and insulin sensitivity, oxytocin analogues are 

emerging as a potential treatment option for diabetes (Zhang et al., 2013). It has been demonstrated that oxytocin, a 

hormone that is most well-known for its roles in childbirth and social bonding, has an effect on glucose homeostasis 

by enhancing glucose uptake and insulin action in peripheral tissues. Additionally, by controlling appetite and 

energy expenditure, oxytocin may aid in weight loss, addressing a crucial aspect of T2DM management. (Plante et 

al., 2015). Early research suggests that oxytocin analogues or treatments that target the oxytocin system could help 

improve insulin sensitivity, reduce hyperglycemia, and combat metabolic dysfunctions linked to obesity, providing a 

novel and multifaceted approach to DM management. (McCormack et al., 2020). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14. Leptin is a multifunctional cytokine-like hormone that plays an important role in regulating energy balance, 

neuroendocrine activity, immune responses, and lipid and glucose metabolism. 

 

 
Fig. 15. Role of Pancreas. Pancreas has two functions. Endocrine function is associated with the production of 

hormones, like insulin and glucagon. Insulin regulates blood glucose level. Exocrine function involves the 

production of enzymes that helps to break down proteins, starches and fats.  B-cell dysfunction may leads to the 

insulin production and hyperglycemia (Olokoba et al., 2012). 
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