
Swapnita et al./ SGVU Journal of Pharmaceutical Research & Education, 2026, 11(1), 1196-1213 

Review Article 

               SGVU Journal of Pharmaceutical Research & Education 

Journal homepage: http://www.gyanvihar.org/researchjournals/ 

Novel Drug Delivery Systems for Antidiabetic Therapy: Current Status and Future 

Perspectives 

Ms. Koli Swapnita Ashok, Dr. Neelam Singla  

Gyan Vihar School of Pharmacy, Suresh Gyan Vihar University, Jaipur, 

Rajasthan, India. 

Corresponding Author: Ms. Koli Swapnita Ashok 

E.mail: padwalss93@gmail.com 

ABSTRACT:  

Diabetes mellitus is a global metabolic disorder requiring long-term management, and conventional 

antidiabetic therapies frequently encounter difficulties like poor bioavailability, rapid degradation, 

frequent dosing, and low patient compliance. Novel Drug Delivery Systems (NDDS) have attracted 

a lot of interest for improving therapeutic outcomes through controlled, targeted, and efficient drug 

delivery. Nanocarriers including polymeric nanoparticles, nanocapsules, liposomes, and lipid 

nanoparticles enhance drug stability, prolong circulation, and facilitate better absorption, especially 

for peptide-based drugs like insulin. Glucose-responsive systems using phenylboronic acid or 

glucose oxidase further enable self-regulated insulin release, mimicking natural physiological 

mechanisms. Advances in oral insulin delivery, gene therapy, and stem-cell–assisted nanoplatforms 

offer promising alternatives to invasive treatments. Although NDDS show excellent potential in 

enhancing safety and efficacy, challenges remain regarding large-scale manufacturing, toxicity, and 

regulatory approval. Continued innovation is expected to transform diabetes management into a 

more precise and patient-friendly therapy. 
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INTRODUCTION 

Diabetes mellitus (DM) has become a global epidemic, ranking as the fifth leading cause of 

mortality in the majority of both developed and developing nations. A common metabolic illness 

and non-infectious endocrine ailment, DM is linked to hyperglycemia, or elevated blood glucose 

levels, which are brought on by the body's compromised capacity to metabolize glucose. Around 

693 million individuals are predicted to have DM between 2017 and 2045, as the number of DM 

cases continues to climb globally.[1] The increased prevalence of type 2 diabetes is the primary 

cause of this circumstance. One of the two primary forms of diabetes is type 2, while the other is 

type 1. Insulin shortage often results from the death of pancreatic beta cells in type 1 diabetes, an 

autoimmune illness. Type 2 diabetes is a common metabolic disease caused by several factors, 

including poor insulin production, insulin-sensitive tissue resistance, aging, and environmental 

factors including stress and obesity [2]. 

Weight loss, impaired eyesight, polyuria, and polydipsia are typical signs of diabetes. Growth 

retardation and susceptibility to some infections are common in people with persistent 

hyperglycemia. Long-term effects of DM on many bodily systems are seen in Individuals with high 

blood sugar levels. Blindness, neuropathy, exocrine gland insufficiency, renal failure, and foot 

amputation are examples of long-term consequences [3]. Additionally, diabetes raises the possibility 

of hypertension and cardiac failure and other cardiovascular conditions. Hyperglycemia, or 

persistently elevated blood sugar, is a hallmark of diabetes, a chronic metabolic disease brought on 

by deficits in either insulin production, insulin action, or both. Long-term issues that impact 

different organs may result from the compromised glucose metabolism [4]. Diabetes affects millions 

of individuals worldwide and necessitates continuous blood glucose monitoring, making treatment 

especially difficult. The primary therapeutic choices for the treatment of diabetes have always been 

traditional medication delivery techniques like oral tablets and injectable formulations [5]. 

While the main cause of type 1 diabetes is an absolute lack of insulin, type 2 diabetes is 

characterized by varying degrees of reduced insulin secretion, elevated insulin resistance, and 

glucose production [6]. 

Small endogenous, non-coding RNA molecules known as microRNAs (miRNAs) have the ability to 

alter the expression of the genes they target. Its biogenesis and pathogenic function have 

significantly progressed since its discovery, revolutionizing the study of molecular biology. 

Furthermore, persistent extracellular/circulating miRNAs that are shielded from the activities of 

endogenous ribonucleases have been discovered in tissues and biological fluids such as blood, 

according to current research [7]. A major global health concern is type 2 diabetes mellitus (T2DM). 

The previous ten years have seen a significant increase in incidence. T2DM has been diagnosed 
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using a variety of assays. However, the creation of biomarkers is crucial for early detection and 

development [8]. 

 

Fig 1: Types of Diabetes Mellitus 

TYPES 1 DIABETES MELLITUS 

T1DM can be identified long in advance of the onset of aberrant insulin production, with a 

consistent decrease beginning at least two years prior to diagnosis. Simultaneously, β-cell sensitivity 

to glucose decreases. The final insulin response increases as the initial insulin response falls, which 

may be a sign of a compensatory mechanism. The reduction in insulin sensitivity continues to 

accelerate in the early post-diagnosis phase [9]. Insulin secretion has been shown to fall biphasically 

in the initial years after diagnosis, with the first year being more difficult than the second. After a 

diagnosis is obtained, insulin secretion may continue to decline for years until little to no insulin is 

produced [10]. Even in the normal range, elevated glucose levels are indicative of type 1 diabetes. 

Significant glucose fluctuations occur when T1D manifests. Metabolic indicators, such as 

dysglycemia, may help predict the onset of diabetes in at-risk individuals more precisely. To further 

enhance prediction, risk Ratings can consider changes in glucose and C-peptide levels [11]. 

Idiopathic T1D 

"Idiopathic diabetes," a rare form of T1D that is less severe than autoimmune T1D and is not 

brought on by autoimmunity, has been documented. Both insulin insufficiency and episodic 
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ketoacidosis can occur in people with idiopathic diabetes. People with Asian or African ancestry are 

more likely to have this variation [12]. 

Fulminant T1D 

Serum C-peptide levels, a measure of the endogenous production of insulin, are undetectable while 

blood glucose levels are high (288 mg/dL), and keto-acidosis happens soon after hyperglycemia 

begins. This disorder, which has been mostly described in East Asian countries, affects about 20% 

of Japanese individuals with acute-onset T1D (5000–7000 cases). It results in essentially no 

remaining insulin production due to the extremely rapid and nearly total death of β-cells. Hereditary 

and environmental factors are the primary causes of this illness. An antiviral immune response may 

result in the death of pancreatic β-cells through an enhanced immune response without observable 

autoantibody production against these cells. Reports of this kind of diabetes during pregnancy have 

also been made [13]. 

Type 2 Diabetes Mellitus 

To maintain appropriate glucose levels, insulin production fluctuates greatly in relation to insulin 

sensitivity. The curvilinear link between insulin secretion and sensitivity is measured by the 

disposition index. Additionally, people with type 2 diabetes have a low disposition index, which 

makes it difficult for them to effectively increase their insulin production in order to fight insulin 

resistance [14].Given the degree of their insulin resistance, even when insulin-resistant obese T2D 

patients have greater absolute insulin levels than insulin-sensitive lean control individuals, the levels 

are still too low. Glucose stimulation causes the initial phase of insulin production to be drastically 

decreased or abolished. Over time, hyperglycemia often gets worse and is harder to treat. Another 

characteristic of T2D development is the ongoing reduction in β-cell function [15]. 

Gestational Diabetes Mellitus  

Hyperglycaemia during pregnancy raises the possibility of negative effects for the mother, foetus, 

and baby. Whether the hyperglycaemia takes on the T2D form that was identified prior to or during 

pregnancy, there is still a risk. Adult diabetes is more likely to develop in newborns whose moms 

had gestational diabetes. Hyperglycaemia during pregnancy, which results in bigger neonates, is the 

main cause of the increased prevalence of pregnancy-related problems, including preterm birth, 

large-for-gestational-age births, macrosomia (birth weight > 4.5 kg), caesarean delivery, and 

preeclampsia [16]. Evaluation of fasting blood sugar levels, blood sugar levels following a 75-gram 

oral glucose load, and other pertinent indicators are among the criteria used to identify gestational 

diabetes [17]. 
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NOVEL DRUG DELIVERY SYSTEM (NDDS) 

Novel Drug Delivery Systems (NDDS) are methods, formulations, technologies, and systems for 

safely delivering a pharmaceutical chemical to the body in order to provide the intended therapeutic 

effects. In contrast to traditional drug delivery methods, NDDS is a drug delivery system. It 

combines cutting-edge methods with novel dosage forms that are superior to traditional dosage 

forms. Novel drug delivery systems provide several benefits, including optimal dosage at the ideal 

time and place, effective use of costly medications, lower manufacturing costs, patient benefit, and 

enhanced comfort and quality of life [18]. 

Novel drug delivery systems are a new area of pharmacy research and innovation that has been 

sparked by the pharmaceutical industry's growing need for improved therapeutic efficacy and fewer 

side effects. These methods are intended to overcome the drawbacks of traditional drug delivery, 

including short half-lives, poor targeting, limited solubility, and bioavailability. The development of 

effective and secure drug delivery methods, especially biopharmaceutical formulations, has attracted 

considerable attention both locally and worldwide as the fields of pharmacy, materials science, and 

biomedicine continue to progress and merge [19]. 

NANOMATERIAL USED IN THE MANAGEMENT OF DIABETES 

Polymeric Nanoparticle  

The normal size of polymeric nanoparticles (PNP), which are composed of polymers, ranges from 1 

to 1,000 nanometers. There are two types of these tiny particles: solid nanospheres and liquid or 

solid nano-capsules with a polymeric outer shell [20]. 

PNPs have unique properties, including the ability to encapsulate different medicinal compounds, 

tuneable size, and a very high surface area to volume ratio. PNPs are appropriate for drug 

administration, medical imaging, and other biological applications because of their characteristics 

[21]. 

Solvent evaporation, coacervation, and self-assembly procedures are some of the synthesis 

processes that have a substantial impact on the structure of PNPs. Amphiphilic block copolymers 

may self-assemble into structures known as micelles or vesicles, which are important for medication 

administration [22]. 

Stimuli-responsive compounds, which are activated by environmental changes like temperature or 

pH variations, can be included into PNPs for controlled drug release. This flexibility minimizes 

adverse effects while increasing their efficacy in targeting particular organs. PNPs can be surface 

modified using a variety of chemical techniques to enhance their targeting and biocompatibility. 

Because of their distinctive structural characteristics and capacity to be tailored for various uses, 
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these nanoparticles are unique. New therapeutic approaches to the treatment of diabetes and other 

disorders may be made possible by developments in the use of PNPs [23]. 

Polymeric Nanocapsule 

Polymeric nanocapsules are nanostructures with a core-shell structure, in which a polymeric shell 

encloses a liquid or solid core. They differ from polymeric nanospheres, which are made of a solid 

polymeric matrix without a core, due to their special structure. While the shell of polymeric 

nanocapsules is often formed of biocompatible polymers like poly(lactic-co-glycolic acid) and 

poly(alkylcyanoacrylate), the core can be made of a variety of materials, such as oils, medications, 

or other active chemicals. The selection of materials for the shell and core is essential since it affects 

the stability of the nanocapsule, the release kinetics, and the overall functioning in many 

applications [24].  

There are several ways to create nanocapsules, such as layer-by-layer assembly, interfacial 

polymerization, and Mini emulsion polymerization. For biomedical applications, the creation of 

nanocapsules with regulated sizes typically less than 100 nm is made possible by miniemulsion 

polymerization. The polymeric shell can serve as a diffusion barrier for the release of the 

encapsulated core material in controlled drug delivery systems, which is very advantageous. 

Different polymer mixes can be used to chemically modify nanocapsules in order to improve their 

performance. Polymeric nanocapsules' structural features are essential to their operation because 

they offer a safe environment for the contents they contain. In response to particular stimuli, such 

pH or temperature changes, this may allow the responsive systems to release their contents. Because 

therapeutic chemicals may be released in accordance with the physiological state of the target areas, 

this responsiveness is very useful in targeted medication delivery. Additionally, their characteristics 

can be changed to enhance their targeting and biocompatibility for greater therapeutic effectiveness 

[25]. 

Liposomes 

Liposomes are spherical vesicles made of lipid bilayers that are used in biomedical applications such 

as drug delivery. Lipid content determines the structure of these nanoparticles and affects their size, 

charge, fluidity, stability, and other physicochemical characteristics. Phospholipids, which are 

frequently altered with different components to improve their function, normally make up the lipid 

bilayer. According to a recent study, adding cholesterol to liposomes has a major impact on 

membrane fluidity and permeability, which affects medication release rates [26]. Lipids are arranged 

into bilayers in an aqueous environment during the self-assembly process that creates liposomes. 

Numerous variables, including temperature, the concentration of lipids, and the presence of other 

chemicals, might have an impact on this process. Recent research has demonstrated that some 
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methods, including micromixing in acoustic fluids, may precisely manipulate the sizes and forms of 

liposomes, enabling them to be specially designed for targeted drug administration [27]. 

Designing liposomes also depends on how they interact with biological systems. Liposomes change 

their biodistribution when biological fluids penetrate them and create a protein corona. The 

liposomes' hydrophobicity, surface charge, and surrounding proteins all affect the corona. 

Depending on the particular interactions with the target cells, cationic liposomes can either facilitate 

or prevent cellular absorption by attracting negatively charged proteins [28]. 

These nanoparticles are added to liposomal structures in research, which has been shown to improve 

their functioning. They can be included into the liposomal bilayer, which offers further 

characteristics like photothermal or magnetic responsiveness. For instance, magneto-liposomes, 

whose magnetic characteristics allow for regulated liposome movement, have been developed to 

target medication delivery and imaging applications. Liposome nanoparticles have a complicated 

structure, and their size, surface, and lipid content all affect how well they carry drugs [29]. 

Lipid Nanoparticle 

Lipid nanoparticles (LNP) are recognized as versatile drug delivery vehicles, particularly for genetic 

material and medicinal chemicals. Although LNPs and liposomes have a similar shape, LNPs differ 

from liposomes in that they have a single phospholipid layer as opposed to liposomes' several layers 

[30]. 

LNPs have inverted micelles inside their core, which is made of a lipid center surrounded by a lipid 

bilayer. To improve the stability, encapsulation effectiveness, and bioavailability of enclosed 

medications, this structure can be altered. These nanoparticles' ability to interact with biological 

systems and deliver drugs effectively depends on their core-shell structure [31]. 

Phospholipids in water spontaneously form bilayer vesicles known as lipid nanoparticles (LNPs). 

Based on their internal liquid composition, LNPs are classified as either lipid core liposomes 

(LLNP) or aqueous core liposomes (ALNP). And based on their internal characteristics, LLNP are 

further divided into solid lipid nanoparticles (SLNs), liquid lipid core (lipid nanoemulsion (LNE), 

lipid nanoencapsulation (LNC)), and nanostructured lipid nanocarriers (NLCs)[32]. 

Additionally, studies show that the elasticity of nanoparticle cores may be changed by varying the 

hydrogel core's crosslinking density, which can then draw proteins from the biological environment. 

The circulation lifespan of LNPs and their interactions with biological barriers are significantly 

influenced by their physical properties, including their dimensions and flexibility [33]. 

Glucose sensitive drug delivery 

The management of diabetes has significantly improved because to glucose-sensitive medication 

delivery systems, especially for the delivery of insulin. These devices can imitate the pancreas' 
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natural production of insulin by reacting dynamically to variations in blood glucose levels. Changes 

in the hydrophilicity of the drug delivery vehicle are made possible by the introduction of 

phenylboronic acid (PBA), a glucose-sensitive component that forms reversible covalent bonds with 

glucose. When blood glucose levels rise, the delivery system swells or disassembles, making it 

easier for medications to be released. PBA-based micelles, for example, have shown improved 

glucose response at physiological pH, which qualifies them for insulin administration [34]. PBA's 

incorporation into polymeric structures has also shown promise in developing self-regulating 

systems that effectively control insulin release with little patient intervention. It has also shown 

promise to include glucose oxidase into medication delivery systems. The oxidation of glucose is 

catalyzed by glucose oxidase, which also generates hydrogen peroxide. Drugs may be released by 

pH-sensitive carriers as a result of the local pH being lowered. This glucose-triggered insulin release 

mechanism is dual-responsive, which can improve the treatment's therapeutic effectiveness. 

Combining glucose oxidase with other substances, such PBA, also showed a multifunctional system 

that can successfully combine medication release and glucose sensing activities [35]. 

The development of glucose-sensitive medication delivery systems has been greatly aided by the use 

of nanotechnology. Higher drug loading and improved release under typical physiological settings 

have been made possible by the creation of nanocarriers, such as hybrid nanogels and 

supramolecular vesicles. A recent research showed significant potential for the practical application 

of glucose-responsive supramolecular vesicles in the treatment of diabetes by engineering them to 

release insulin in a regulated manner. These devices may be made to respond to particular bodily 

cues, increasing their efficacy and lowering the frequency of injections [36]. 

DRUG DELIVERY USING NANOPARTICLES IN ORAL ADMINISTRATION 

Insulin is typically difficult to administer orally because of low absorption and gastrointestinal tract 

instability. Recent developments in nanotechnology have demonstrated interesting solutions, 

employing different nanoparticles to improve pharmacokinetics, preserve insulin, and increase 

absorption. These developments are intended to improve the bioavailability of insulin taken orally. 

Oral insulin delivery methods based on chitosan nanoparticles—a naturally occurring 

polysaccharide that is hydrophilic, biocompatible, and biodegradable—have been extensively 

studied. In diabetic research, these nanoparticles have demonstrated potential in regulating blood 

sugar. According to research, after administering 100 IU/kg of insulin, chitosan-pentasodium 

tripolyphosphate nanoparticles may maintain stable blood glucose levels for up to 11 hours [37]. 

To improve the stability and absorption of insulin, researchers have also looked at the use of other 

natural polymers, such as alginate and hyaluronic acid. For example, hyaluronic acid-coated 
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chitosan nanoparticles have shown improved transcellular insulin delivery, which can successfully 

get beyond the intestinal mucosa's barriers [38]. 

Another innovative approach to oral insulin administration is provided by pH-responsive 

nanoparticles. Researchers have produced poly(ester amide) microspheres, which have been shown 

to interact with intestinal epithelium due to their hydrophobic nature and biodegradability. This 

interaction can enhance the absorption of insulin and extend its presence in the stomach [39]. 

Drug delivery methods using oral nanoparticles have demonstrated significant potential in 

increasing bioavailability and effectiveness. The improved efficacy of nanoparticles in insulin 

administration is demonstrated by research on these nano-formulations, which shows that 

nano-encapsulated insulin has a much greater oral bioavailability than free insulin. Research has 

demonstrated that insulin-loaded nanoparticles may decrease blood sugar levels in diabetic animal 

models for an extended period of time, indicating their potential for human application [40]. 

DIABETES THERAPY USE IN FOLLOWING DRUG 

Metformin 

The French doctor Jean Sterne initially documented the use of metformin to treat diabetes in 1957 

after seeing its capacity to reduce blood glucose. Despite clear pharmacological distinctions, 

metformin's image was damaged by its affiliation with other biguanides (buformin, phenformin), 

which were linked to severe lactic acidosis episodes and, as a result, were withdrawn in the majority 

of nations in the late 1970s. Metformin is an oral antidiabetic drug and the first-line medication used 

in the management of Type 2 Diabetes Mellitus (T2DM). It belongs to the class of biguanides and 

helps to control blood glucose levels, primarily by improving the body's sensitivity to insulin [41]. 

Sulfonyl urea 

In the late 1950s, SUs became the first pharmacological class of oral antidiabetic medications to be 

commercialized. They are linked to an increased risk of hypoglycemia because they function as 

insulin-secreting agents regardless of plasma glucose levels. They were discovered in France by 

Auguste Loubatières and his colleagues. SUs have long played a crucial part in the treatment of type 

2 diabetes as a substitute for or addition to metformin. Sulfonylureas are oral antidiabetic drugs used 

mainly in the treatment of Type 2 Diabetes Mellitus (T2DM). They help to lower blood glucose by 

stimulating insulin secretion from the pancreas. 

These drugs are effective only if β-cells (insulin-producing cells) in the pancreas are still functional. 

Sulfonylureas are effective, affordable oral agents for controlling blood glucose in Type 2 diabetes. 

They act by stimulating insulin release from the pancreas but carry risks like hypoglycemia and 

weight gain, so they must be used carefully, especially in elderly patients [42]. 

Thiazolidine 
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PPAR-gamma agonists known as thiazolidinediones (TZDs, "glitazones") function as insulin 

sensitizers. The introduction of TZDs (rosiglitazone, pioglitazone) in the 1990s sparked a lot of 

interest since insulin resistance is a major component of the pathogenesis of type 2 diabetes and is 

also regarded as a CV risk marker (factor?), with the goal of improving the CV prognosis of T2DM 

patients. However, a number of side effects, including weight gain and fluid retention, quickly 

prompted concerns about TZDs' safety profile [43]. 

Alpha-glucosidase inhibitors 

Alpha-glucosidase inhibitors (AGIs: acarbose, miglitol, and voglibose) are oral anti-diabetic 

medications that lower blood sugar levels by inhibiting the breakdown of carbohydrates (like 

starch), which reduces the quantity of monosaccharides that the intestines can absorb. Without an 

increased risk of hypoglycemia, the effects of AGI medication on glycaemic management and 

bodyweight loss were demonstrated to be superior to placebo; nonetheless, there was an increased 

incidence of gastrointestinal problems [44]. 

DPP-4 inhibitors 

When DPP-4is (gliptins) were introduced shortly after 2000, they were seen as a significant 

advancement in the treatment of type 2 diabetes. These substances block the DPP-4 enzyme, which 

renders GLP-1 inactive. Oral antidiabetic medications are referred to as "incretin potentiators" 

because GLP-1 raises insulin (and decreases glucagon) release in a glucose-dependent way. They 

are not linked to an increased risk of hypoglycemia or weight gain when compared to SUs the first 

reduction in blood sugar levels [45]. 

GENE THERAPY USING NANOSCALE MATERIAL 

The use of nanoparticles in gene therapy for the treatment of diabetes has been investigated, and in 

several studies, they have proven to be a crucial technique. The goal of gene therapy is to either 

repair damaged genes or replace them with healthy ones so that the body can fend off illness. It 

shows promise in treating a variety of illnesses, including diabetes. Enhanced transport efficiency, 

less toxicity, and the capacity to target certain tissues or cells are just a few benefits of using 

nanoparticles in gene therapy. Because of their special therapeutic potential, researchers have used a 

variety of nanoparticles in antidiabetic gene treatments. 

One benefit of utilizing nanoparticles for gene delivery is that they may encapsulate genetic 

material, such as plasmid DNA and short interfering RNA, which can change the expression of 

certain genes associated with diabetes. Tumor necrosis factor α, a protein important in the healing of 

diabetic wounds, may be suppressed by lipid nanoparticles [46]. 

Patients with diabetes may benefit from our altered nanoparticles' improved targeting and 

biocompatibility. Additionally, studies demonstrate that therapeutic genes supplied by nanoparticles 
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can efficiently control glucose metabolism. Oral administration of insulin plasmid-loaded 

nanoparticles to diabetic mice maintained therapeutic gene expression and markedly decreased 

hyperglycaemia [47]. 

The encapsulating properties of lipid-based nanocarriers were also studied, and they were used in 

gene therapy to counteract inflammatory cytokines during the chronic wound healing process in 

diabetic patients. The use of polyplex nanoparticles containing certain genes to functionalize 

gene-activated collagen scaffolds has also demonstrated promise in improving the regeneration 

ability of human adipose-derived stem cells in diabetic patients. Silver nanoparticles' therapeutic 

promise in the treatment of diabetes has also been acknowledged in a recent research [48]. 

Nanoparticle in stem cell therapy 

A potential area of diabetes treatment is cell therapy. The main goals of stem cell treatment are to 

promote wound healing, lower complications, and repair and enhance the function of β-cells, which 

produce insulin. Stem cell treatment can be used to regenerate these β-cells that produce insulin. 

Research has demonstrated that mesenchymal stem cells may successfully differentiate into cells 

that secrete insulin. These mesenchymal stem cells have the potential to treat diabetes since they are 

generated from organs like bone marrow and adipose tissue [49]. 

CURRENT STATUS OF ANTI-DIABETIC DRUG 

Oral insulin: big progress in preclinical and early clinical work, but no widely approved oral insulin 

yet. Multiple technologies (nanoparticles, enteric coatings, permeation enhancers, carrier-mediated 

systems) show promising injection-comparable bioavailability in animals; several oral insulin 

candidates are in Phase 1–2 trials or advanced preclinical development. The field is maturing but 

still faces reproducibility, safety and manufacturing scale-up hurdles [50]. 

Long-acting/extended-release GLP-1 and depot biologics clinical success: long-acting depot and 

microsphere formulations for GLP-1 receptor agonists (weekly/monthly dosing) are an established 

success story (examples include PLGA microsphere depots). Newer depot platforms and 

sustained-release technologies are actively being developed for broader indications (diabetes + 

obesity) [51]. 

Weekly insulin (injectable) very active clinical pipeline but regulatory caution: companies (e.g., 

Novo Nordisk, Eli Lilly) have weekly long-acting insulins in late-stage development. Regulators 

and advisory panels have flagged hypoglycaemia risk and require careful dosing/monitoring data 

before approvals — so timing to market depends on safety data and advisory outcomes [52]. 

Nanocarriers / nanoparticles for small molecules and peptides (metformin, insulin, GLP-1): intense 

preclinical work shows improved bioavailability, targeting, and reduced side effects. Examples 

include metformin-loaded nanoparticles and engineered nanoplatforms for GLP-1R targeting — 
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most are at preclinical to early clinical stages. Safety (toxicity, immunogenicity) and consistent 

manufacturing remain the main barriers [53]. 

Sustained-release microspheres, implants, and combination drug-device systems: these platforms 

(biodegradable microspheres, implants, long-acting injectables) are moving from concept to clinic 

for incretins and insulin analogs; some are already commercially used (exenatide long-acting 

formulations), while newer platforms aim at monthly or multi-month dosing [54]. 

FUTURE PROSPECTIVE OF ANTIDIABETIC DRUG​  

The landscape of antidiabetic therapy is shifting from simply lowering blood glucose toward safer, 

more convenient, and disease-modifying strategies. Several converging trends are likely to shape the 

next decade: 

1.​ Oral and non-invasive peptide delivery: Overcoming the gastrointestinal and enzymatic 

barriers that have historically restricted peptide drugs will remain a priority. Advances in engineered 

carriers, permeation enhancers, and protective coatings aim to make oral insulin and other peptide 

therapies (GLP-1 analogues, dual agonists) feasible without injections. Parallel work on inhaled, 

nasal, and transdermal routes seeks to offer patient-friendly alternatives that preserve efficacy while 

reducing treatment burden [55]. 

2.​ Long-acting and depot formulations: Sustained-release platforms including biodegradable 

microspheres, implants, and novel depot chemistries will expand the interval between doses 

(weekly, monthly, or longer). These formulations can improve adherence, smooth pharmacokinetic 

fluctuations that cause hypoglycaemia, and enable combination delivery (for example, insulin plus 

an incretin) from a single device or injection [56]. 

3.​ Precision delivery and targeting: Nanocarriers and ligand-directed systems will 

increasingly be used to direct drugs to specific tissues (pancreas, liver, adipose) or cell types 

(β-cells, hepatocytes). Targeted delivery promises to enhance potency, lower systemic exposure and 

side effects, and open opportunities for lower-dose or combination regimens tailored to patient 

phenotypes [57]. 

4.​ Combination biologics and multi-agonists: Drugs that engage multiple metabolic 

pathways simultaneously (e.g., GLP-1/GIP/ glucagon multi-agonists) show potential to produce 

greater weight loss and glycemic control than single-target agents. Future delivery systems will 

focus on stabilizing and co-delivering these complex biologics while maintaining favorable safety 

profiles [58]. 

5.​ Smart and responsive systems: Closed-loop and glucose-responsive formulations that 

release drug in response to blood glucose or other biomarkers are an active direction. Integrating 
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sensing technologies with drug reservoirs chemically (glucose-sensitive polymers) or electronically 

(sensor-controlled pumps) could sharply reduce hypoglycaemia risk and improve glycaemic 

time-in-range. 

6.​ Personalized and phenotype-driven therapies: As genetic, metabolic and behavioural 

profiling become cheaper and more common, choice of agent and delivery format will be 

increasingly personalized. For example, therapies may be matched to residual β-cell function, 

insulin resistance phenotype, or comorbidity profile (cardiovascular, renal), and dosing schedules 

adapted to lifestyle and adherence patterns [59]. 

7.​ Manufacturing, safety and regulatory innovation: Widespread adoption of novel delivery 

technologies depends on scalable manufacturing, predictable long-term safety, and regulatory 

frameworks that can evaluate complex platforms. Expect more emphasis on reproducible production 

methods, standardized toxicity testing for nanomaterials, and adaptive clinical trial designs that 

measure meaningful patient-centered outcomes. 

8.​ Broader public-health integration: Beyond individual drugs, delivery innovations will be 

linked with digital health (telemedicine, adherence apps), supply-chain improvements, and 

cost-reduction strategies to make advanced therapies accessible in diverse healthcare settings [60]. 

CONCLUSION  

The development of novel drug delivery systems has opened a new era in the management of 

diabetes mellitus. Conventional antidiabetic therapies often face limitations such as poor 

bioavailability, frequent dosing, and patient non-compliance. NDDS approaches—such as 

nanoparticles, liposomes, microspheres, transdermal patches, oral and nasal systems—offer 

improved therapeutic outcomes by enhancing drug stability, prolonging release, and providing 

targeted delivery. These systems not only improve glycaemic control but also reduce adverse effects 

and dosing frequency, thereby enhancing patient adherence. 

Recent advances in nanotechnology, biodegradable polymers, and smart drug carriers have made it 

possible to design controlled and site-specific formulations for insulin and other antidiabetic agents. 

Although challenges like large-scale production, long-term safety, and regulatory approval still 

remain, continuous research and innovation promise a future where diabetes management becomes 

more effective, convenient, and personalized. Thus, NDDS holds great potential to revolutionize 

antidiabetic therapy and significantly improve the quality of life for diabetic patients. 

ACKNOWLEDGEMENT 

I am grateful to Suresh Gyan Vihar University for their insightful guidance and constant motivation 

during the development of this review article. Their expertise and thoughtful feedback greatly 

improved the clarity and depth of this work. I would also like to thank my colleagues and friends for 

 



Swapnita et al./ SGVU Journal of Pharmaceutical Research & Education, 2026, 11(1), 1196-1213 

their helpful discussions and support. I acknowledge all the authors and scientists whose research 

contributions have been cited in this paper, forming the backbone of this review. Their dedication to 

advancing scientific knowledge made this work possible. 

DECLARATION OF CONSENT: 

We, the authors of the manuscript titled Insights into the Novel Drug Delivery Systems for 

Antidiabetic Therapy: Current Status and Future Perspectives declare that the work is original, 

has not been published or submitted elsewhere, and that all authors have read and approved the final 

version of the paper. All authors consent to the publication of this manuscript in the journal and 

accept responsibility for its content. 

CONFLICT OF INTEREST: We the authors declare that they have no conflict of interest. 

FUNDING SOURCE: This review received no specific grant from any funding agency in the 

public, commercial, or not-for-profit sectors. 

REFERENCES:  

1. Hossain MJ, Al-Mamun M, Islam MR. Diabetes mellitus, the fastest growing global public health 

concern: Early detection should be focused. Health Sci Rep. 2024;7(3):e2004. 

doi:10.1002/hsr2.2004 

2. Antar SA, Ashour NA, Sharaky M, Khattab M, Ashour NA, Zaid RT, Roh EJ, Elkamhawy A, 

Al-Karmalawy AA. Diabetes mellitus: classification, mediators, and complications; a gate to 

identify potential targets for the development of new effective treatments. Biomed Pharmacother. 

2023;168:115734. doi:10.1016/j.biopha.2023.115734 

3. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care. 

2008;32(Suppl 1):S62–S67. doi:10.2337/dc09-s062 

4. Chakraborty S, Verma A, Garg R, Singh J, Verma H. Cardiometabolic risk factors associated with 

type 2 diabetes mellitus: a mechanistic insight. Clin Med Insights Endocrinol Diabetes. 

2023;16:11795514231220780. doi:10.1177/11795514231220780 

5. Kluemper JR, Smith A, Wobeter B. Diabetes: the role of continuous glucose monitoring. Drugs 

Context. 2022;11:1–18. doi:10.7573/dic.2021-9-13 

6. Ojo OA, Ibrahim HS, Rotimi DE, Ogunlakin AD, Ojo AB. Diabetes mellitus: from molecular 

mechanism to pathophysiology and pharmacology. Med Nov Technol Devices. 2023;19:100247. 

doi:10.1016/j.medntd.2023.100247 

7. O’Brien J, Hayder H, Zayed Y, Peng C. Overview of microRNA biogenesis, mechanisms of 

actions, and circulation. Front Endocrinol. 2018;9:402. doi:10.3389/fendo.2018.00402 

 



Swapnita et al./ SGVU Journal of Pharmaceutical Research & Education, 2026, 11(1), 1196-1213 

8. Reed J, Bain S, Kanamarlapudi V. A review of current trends with type 2 diabetes epidemiology, 

aetiology, pathogenesis, treatments and future perspectives. Diabetes Metab Syndr Obes. 

2021;14:3567–3602. doi:10.2147/dmso.s319895 

9. Abel ED, Gloyn AL, Evans-Molina C, Joseph JJ, Misra S, Pajvani UB, Simcox J, Susztak K, 

Drucker DJ. Diabetes mellitus-progress and opportunities in the evolving epidemic. Cell. 

2024;187(15):3789–3820. doi:10.1016/j.cell.2024.06.029 

10. Skyler JS, Bakris GL, Bonifacio E, Darsow T, Eckel RH, Groop L, et al. Differentiation of 

diabetes by pathophysiology, natural history, and prognosis. Diabetes. 2016;66(2):241–255. 

doi:10.2337/db16-0806 

11. American Diabetes Association Professional Practice Committee. Classification and diagnosis of 

diabetes: standards of medical care in diabetes-2022. Diabetes Care. 2021;45(Suppl 1):S17–S38. 

doi:10.2337/dc22-s002 

12. Piñero-Piloña A, Raskin P. Idiopathic type 1 diabetes. J Diabetes Complications. 

2001;15(6):328–335. doi:10.1016/s1056-8727(01)00172-6 

13. You W, Yang J, Liu Y, Wang W, Zhu L, Wang W, et al. Fulminant type 1 diabetes mellitus. 

Medicine (Baltimore). 2019;98(5):e14319. doi:10.1097/md.0000000000014319 

14. Arreola EV, Hanson RL, Bogardus C, Knowler WC. Relationship between insulin secretion and 

insulin sensitivity and its role in development of type 2 diabetes. Diabetes. 2021;71(1):128–141. 

doi:10.2337/db21-0416 

15. Wondmkun YT. Obesity, insulin resistance, and type 2 diabetes: associations and therapeutic 

implications. Diabetes Metab Syndr Obes. 2020;13:3611–3616. doi:10.2147/dmso.s275898 

16. McIntyre HD, Fuglsang J, Kampmann U, Knorr S, Ovesen P. Hyperglycemia in pregnancy and 

women’s health in the 21st century. Int J Environ Res Public Health. 2022;19(24):16827. 

doi:10.3390/ijerph192416827 

17. Tripathi R, Verma D, Gupta VK, Tyagi S, Kalaivani M, Ramji S, et al. Evaluation of 75 g 

glucose load in non-fasting state as a diagnostic test for gestational diabetes mellitus. Indian J Med 

Res. 2017;145(2):209–214. doi:10.4103/ijmr.ijmr_1716_15 

18. Chinthaginjala H, Repollu M, Bhukya BN. Novel drug delivery systems: an effective platform 

for enhanced therapy. Asian J Pharm Technol. 2024:257–263. doi:10.52711/2231-5713.2024.00042 

19. Chen Q, Yang Z, Liu H, Man J, Oladejo AO, Ibrahim S, et al. Novel drug delivery systems: an 

important direction for drug innovation research and development. Pharmaceutics. 2024;16(5):674. 

doi:10.3390/pharmaceutics16050674 

 



Swapnita et al./ SGVU Journal of Pharmaceutical Research & Education, 2026, 11(1), 1196-1213 

20. Zielińska A, Carreiró F, Oliveira AM, Neves A, Pires B, Venkatesh DN, et al. Polymeric 

nanoparticles: production, characterization, toxicology and ecotoxicology. Molecules. 

2020;25(16):3731. doi:10.3390/molecules25163731 

21. Bhardwaj H, Jangde RK. Current updated review on preparation of polymeric nanoparticles for 

drug delivery and biomedical applications. Next Nanotechnol. 2023;2:100013. 

doi:10.1016/j.nxnano.2023.100013 

22. Eltaib L. Polymeric nanoparticles in targeted drug delivery: impact of polymer characterization 

and fabrication. Polymers. 2025;17(7):833. doi:10.3390/polym17070833 

23. Islam S, Ahmed MMS, Islam MA, Hossain N, Chowdhury MA. Advances in nanoparticles in 

targeted drug delivery. Results Surf Interfaces. 2025;19:100529. doi:10.1016/j.rsurfi.2025.100529 

24. Deng S, Gigliobianco MR, Censi R, Di Martino P. Polymeric nanocapsules as nanotechnological 

alternative for drug delivery system. Nanomaterials. 2020;10(5):847. doi:10.3390/nano10050847 

25. Romio AP, Sayer C, Araújo PHH, Al-Haydari M, Wu L, Da Rocha SRP. Nanocapsules by 

miniemulsion polymerization. Macromol Chem Phys. 2009;210(9):747–751. 

doi:10.1002/macp.200800593 

26. Nakhaei P, Margiana R, Bokov DO, Abdelbasset WK, Kouhbanani MAJ, Varma RS, et al. 

Liposomes: structure, biomedical applications, and stability parameters. Front Bioeng Biotechnol. 

2021;9:705886. doi:10.3389/fbioe.2021.705886 

27. Nsairat H, Khater D, Sayed U, Odeh F, Bawab AA, Alshaer W. Liposomes: structure, 

composition, types, and clinical applications. Heliyon. 2022;8(5):e09394. 

doi:10.1016/j.heliyon.2022.e09394 

28. Mojarad-Jabali S, Fatahi Y, Dinarvand R. Influence of protein corona on liposomal delivery 

systems. Eur J Pharm Sci. 2025;212:107166. doi:10.1016/j.ejps.2025.107166 

29. Gao W, Hu CJ, Fang RH, Zhang L. Liposome-like nanostructures for drug delivery. J Mater 

Chem B. 2013;1(48):6569. doi:10.1039/c3tb21238f 

30. Alfutaimani AS, Alharbi NK, Alahmari AS, Alqabbani AA, Aldayel AM. Lipid nanoparticles 

types and biological sources. Int J Pharm X. 2024;8:100305. doi:10.1016/j.ijpx.2024.100305 

31. Mehta M, Bui TA, Yang X, Aksoy Y, Goldys EM, Deng W. Lipid-based nanoparticles for 

drug/gene delivery. ACS Mater Au. 2023;3(6):600–619. doi:10.1021/acsmaterialsau.3c00032 

32. Sodimanage CI, Schneider M. Role of nanoparticle elasticity on hydrogel penetration. 

Pharmaceutics. 2025;17(6):760. doi:10.3390/pharmaceutics17060760 

33. Zhao R, Lu Z, Yang J, Zhang L, Li Y, Zhang X. Drug delivery system in treatment of diabetes 

mellitus. Front Bioeng Biotechnol. 2020;8:880. doi:10.3389/fbioe.2020.00880 

 



Swapnita et al./ SGVU Journal of Pharmaceutical Research & Education, 2026, 11(1), 1196-1213 

34. Boakye-Yiadom KO, Roy D, Zafar H, Raza F. Phenylboronic acid derivatives in 

glucose-responsive delivery. RSC Pharm. 2025;2(5):962–981. doi:10.1039/d5pm00083a 

35. Liu J, Yi X, Zhang J, Yao Y, Panichayupakaranant P, Chen H. Advances in glucose-responsive 

drug delivery systems. Pharmaceutics. 2024;16(10):1343. doi:10.3390/pharmaceutics16101343 

36. Wang M, Wang C, Ren S, Pan J, Wang Y, Shen Y, et al. Oral insulin delivery nanosystems. Int J 

Mol Sci. 2022;23(6):3362. doi:10.3390/ijms23063362 

37. Sarkar Z, Sartaj A, Nehal N, Baboota S, Ali J. Innovative approaches in insulin delivery. Lett 

Drug Des Discov. 2025;22(7):100103. doi:10.1016/j.lddd.2025.100103 

38. He P, Liu H, Tang Z, Deng M, Yang Y, Pang X, et al. Poly(ester amide) microspheres for oral 

insulin delivery. Int J Pharm. 2013;455(1–2):259–266. doi:10.1016/j.ijpharm.2013.07.022 

39. Caturano A, Nilo R, Russo V, Santonastaso E, Galiero R, Rinaldi L, et al. Advances in 

nanomedicine for insulin delivery. Pharmaceuticals. 2024;17(7):945. doi:10.3390/ph17070945 

40. Triggle CR, Mohammed I, Bshesh K, Marei I, Ye K, Ding H, et al. Metformin: is it a drug for all 

reasons? Metabolism. 2022;133:155223. 

41. Duhault J, Lavielle R. History of oral therapy in diabetes. Diabetes Res Clin Pract. 

1991;14:S9–S13. doi:10.1016/0168-8227(91)90003-v 

42. Cariou B, Charbonnel B, Staels B. Thiazolidinediones and PPARγ agonists. Trends Endocrinol 

Metab. 2012;23(5):205–215. doi:10.1016/j.tem.2012.03.001 

43. Kashtoh H, Baek K. Phytoconstituent alpha-glucosidase inhibitors. Plants. 2022;11(20):2722. 

doi:10.3390/plants11202722 

44. Saini K, Sharma S, Khan Y. DPP-4 inhibitors for T2DM. Front Mol Biosci. 2023;10:1130625. 

doi:10.3389/fmolb.2023.1130625 

45. Sarthi S, Bhardwaj H, Jangde RK. Nucleic acid delivery strategies for diabetic wound therapy. J 

Clin Transl Endocrinol. 2024;37:100366. doi:10.1016/j.jcte.2024.100366 

46. Li Y, Zhang W, Zhao R, Zhang X. Oral peptide drug nanoparticles. Bioact Mater. 

2022;15:392–408. doi:10.1016/j.bioactmat.2022.02.025 

47. Kandregula B, Narisepalli S, Chitkara D, Mittal A. Lipid-based nanocarriers in diabetic foot 

ulcer. Mol Pharm. 2022;19(7):1977–1998. doi:10.1021/acs.molpharmaceut.1c00970 

48. Weir GC, Cavelti-Weder C, Bonner-Weir S. Stem cell approaches for diabetes. Genome Med. 

2011;3(9):61. doi:10.1186/gm277 

49. Balasubramaniyam S, Rathinam T, Srinivasan M, Jayarani S. Nanocarrier-based insulin delivery. 

Nano TransMed. 2025;4:100093. doi:10.1016/j.ntm.2025.100093 

50. Ruan S, Gu Y, Liu B, Gao H, Hu X, Hao H, et al. Long-acting GLP-1 microspheres. Mol Pharm. 

2018;15(7):2857–2869. doi:10.1021/acs.molpharmaceut.8b00344 

 



Swapnita et al./ SGVU Journal of Pharmaceutical Research & Education, 2026, 11(1), 1196-1213 

51. Zeng J, Tang X, Qin D, Yu L, Zhou X, Feng C, et al. GLP-1R-targeting nanoplatforms. J 

Nanobiotechnol. 2025;23(1):682. doi:10.1186/s12951-025-03677-4 

52. Xu Y, Drucker DJ, Traverso G, Beloqui A. GLP-1-based therapies innovations. Endocr Rev. 

2025. 

53. Xiao W, Jiang W, Chen Z, Huang Y, Mao J, Zheng W, et al. Peptide-based drug development. 

Signal Transduct Target Ther. 2025;10(1):74. doi:10.1038/s41392-024-02107-5 

54. Larrañeta E, Domínguez-Robles J. Long-acting drug delivery systems. Drug Discov Today. 

2025;30(9):104447. doi:10.1016/j.drudis.2025.104447 

55. Li J, Wang Q, Xia G, Adilijiang N, Li Y, Hou Z, et al. Targeted drug delivery in oncotherapy. 

Pharmaceutics. 2023;15(9):2233. doi:10.3390/pharmaceutics15092233 

56. Goldney J, Hamza M, Surti F, Davies MJ, Papamargaritis D. Triple agonism therapies for 

obesity. Curr Cardiovasc Risk Rep. 2025;19(1):18. doi:10.1007/s12170-025-00770-z 

57. Webber MJ, Anderson DG. Glucose-responsive drug delivery. J Drug Target. 

2015;23(7–8):651–655. doi:10.3109/1061186x.2015.1055749 

58. Padrela L, Mouras R, Killackey D. Nanopharmaceutical innovation testbeds. Drug Discov 

Today. 2025;30(8):104433. doi:10.1016/j.drudis.2025.104433 

59. Reuters. US FDA panel votes against use of Novo Nordisk’s weekly insulin for type 1 diabetes. 

2024. Available from: 

https://www.reuters.com/business/healthcare-pharmaceuticals/us-fda-panel-votes-against-use-novo-

nordisks-weekly-insulin-type-1-diabetes-2024-05-24/ 

60. Webber MJ, Anderson DG. Smart approaches to glucose-responsive drug delivery. J Drug 

Target. 2015;23(7–8):651–655. doi:10.3109/1061186x.2015.1055749 

 

 


