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ABSTRACT 

Obesity and diabetes mellitus (DM) are interrelated global health crises, jointly termed diabesity, that arise from 
complex metabolic, genetic, and behavioral factors. Both conditions promote insulin resistance, oxidative stress, 
and systemic inflammation, predisposing patients to cardiovascular and hepatic comorbidities. Conventional 
pharmacotherapy is hampered by low bioavailability, off-target toxicity, and poor compliance, creating an urgent 
need for innovative modalities. Nanotechnology offers transformative potential by improving drug solubility, 
stability, and targeted delivery while enabling precise glucose monitoring and metabolic regulation. Nanoscale 
carriers such as liposomes, dendrimers, solid lipid nanoparticles (SLNs), and polymeric nanostructures facilitate 
controlled drug release, enhance intestinal permeability, and enable tissue-specific accumulation in adipose or 
pancreatic tissues. Metallic nanoparticles and quantum dots have also advanced biosensing applications, 
allowing real-time detection of glucose and insulin biomarkers. Moreover, nanotheranostic systems integrate 
diagnostic and therapeutic capabilities, aligning with personalized medicine paradigms. Despite promising 
preclinical data, translational challenges, including immunogenicity, scalability, and regulatory uncertainty, 
impede clinical adoption. This review outlines recent advances in nano-enabled antidiabetic and anti-obesity 
therapies, highlighting mechanistic insights, nanotoxicological considerations, and the roadmap toward safe 
clinical translation. Nanotechnology thus emerges as a convergent frontier for addressing diabesity through 
precision, biocompatibility, and multifunctional design. 
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INTRODUCTION 

Obesity and diabetes mellitus (particularly type 2 diabetes, T2DM) represent synergistic pandemics with shared 
pathophysiology centered on energy imbalance, adipocyte dysfunction, and insulin resistance[1–4]. Both 
conditions stem from sedentary lifestyles and high-calorie diets that induce lipid accumulation in adipose and 

ectopic tissues. Adipocyte hypertrophy triggers chronic low-grade inflammation characterized by TNF-α, IL-
6, and MCP-1 secretion, disrupting insulin receptor signaling and promoting hepatic steatosis[5–7]. The 
resulting diabesity syndrome underlies cardiovascular disease, neuropathy, and non-alcoholic fatty liver disease, 
collectively burdening global healthcare systems. 
Conventional management, dietary control, exercise, oral hypoglycemics, and insulin offer only partial 
remission. Most antidiabetic agents (metformin, sulfonylureas, GLP-1 analogs) suffer from low bioavailability 
or systemic side effects[8–11]. Likewise, anti-obesity drugs (orlistat, liraglutide) often cause gastrointestinal 
intolerance or rebound weight gain. Hence, novel delivery systems that enhance drug stability, reduce dosing 
frequency, and ensure tissue selectivity are urgently required[12, 13]. 
Nanotechnology, manipulating materials at the 1–100 nm scale, enables molecular precision in drug design[14–
16]. Nanocarriers can protect labile molecules from enzymatic degradation, cross biological membranes, and 
release cargo in response to pH, redox, or enzymatic stimuli. In metabolic disease therapy, nanoplatforms 
improve pharmacokinetics and site-specific delivery of insulin, metformin, or lipase inhibitors. For instance, 
polymeric nanoparticles (NPs) encapsulating metformin enhances intestinal absorption, while chitosan-coated 

NEWPORT INTERNATIONAL JOURNAL OF RESEARCH IN MEDICAL 

SCIENCES (NIJRMS)  

Volume 7 Issue 1 Page 81-86, 2026 

https://doi.org/10.59298/NIJRMS/2026/7.1.8186
kiu.ac.ug


                                                                                                                                                          OPEN ACCESS  
©NIJRMS                                                                                                                      ONLINE ISSN: 2992-5460 
Publications 2025                                                                                                          PRINT ISSN: 2992-6041 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited 

 

Page | 82 

insulin nanocapsules survive gastric acidity, allowing oral administration. Such systems minimize hypoglycemic 
risk and patient discomfort associated with injections[17–19]. 
Beyond therapeutics, nanotechnology revolutionizes diagnostics. Glucose nanosensors based on graphene, gold, 
or carbon nanotubes detect minute fluctuations in blood glucose with high sensitivity, enabling continuous 
glucose monitoring (CGM). Integration with wearable electronics and wireless data transfer supports real-time 
feedback and personalized insulin titration[20, 21]. Emerging nanomedicine concepts extend to theranostics 
hybrid platforms combining therapeutic delivery and diagnostic imaging[22–25]. For diabesity, this translates 
to nanoparticles simultaneously releasing insulin while tracking glucose levels or inflammation markers through 
optical or magnetic signals. Moreover, nanostructures can modulate metabolic pathways: iron-oxide NPs 

stimulate brown adipose thermogenesis, while cerium-oxide NPs reduce oxidative stress in pancreatic β-cells. 
Despite the promise, challenges persist. Nanoparticle biocompatibility, long-term biodistribution, and potential 
accumulation in the liver or spleen raise safety concerns. Regulatory frameworks lag behind technological 
advances, complicating clinical approval. Nonetheless, as interdisciplinary collaborations expand, 
nanotechnology is poised to transform diabesity management from symptomatic control to mechanistic 
precision, heralding a new era of metabolic medicine. 
2. Nanocarrier Systems in Antidiabetic Therapy 
Nanocarrier systems have reshaped antidiabetic pharmacology by optimizing drug delivery and enhancing 
therapeutic index. Polymeric nanoparticles (e.g., PLGA, chitosan, PEGylated systems) offer controlled release 
and protection of bioactive molecules[26–28]. Encapsulation of insulin in chitosan-PEG nanoparticles increases 
mucosal adhesion and allows absorption through intestinal Peyer’s patches, effectively mimicking parenteral 
delivery. Similarly, metformin-loaded PLGA nanoparticles prolong systemic exposure, improving glycemic 
control with lower doses[26, 27, 29]. 
Liposomes like spherical phospholipid vesicles, improve the solubility of hydrophilic and hydrophobic drugs. 
Insulin liposomes coated with bile salts exhibit enhanced intestinal permeability and enzymatic resistance, a key 
milestone toward oral insulin. Dendrimers, with their branched architecture and tunable surface groups, 
facilitate covalent attachment of glucose-responsive moieties or cell-penetrating ligands[30–33]. PAMAM 

dendrimer conjugates have been shown to target pancreatic β-cells selectively, enhancing insulin secretion 
without systemic toxicity. 
Solid lipid nanoparticles (SLNs) and nanostructured lipid carriers (NLCs) provide high drug loading and 
stability for lipophilic antidiabetic compounds such as pioglitazone and glibenclamide[3, 34]. Their lipid matrix 
offers biocompatibility and sustained release, maintaining steady plasma concentrations. Hybrid nanocarriers 
combining polymeric and lipid features further improve pharmacodynamics and minimize burst release. 
Nanocarriers can also co-deliver synergistic drugs[8, 9, 12]. Dual-loaded systems containing insulin and GLP-
1 analogs achieve glucose-responsive co-release, addressing multiple diabetic targets simultaneously. Moreover, 
surface modification with lectins, antibodies, or peptides enhances intestinal and hepatic targeting, reducing off-
target deposition[35]. 
Importantly, these nanoformulations reduce dosing frequency and improve patient adherence. However, large-
scale production remains difficult due to stability and reproducibility challenges. The translation of laboratory 
prototypes into clinical products demands harmonized quality-by-design protocols and detailed toxicity 
profiling. Nonetheless, nanocarrier-mediated antidiabetic therapy marks a paradigm shift toward precision 
glycemic control. 
3. Nano-Based Strategies for Obesity Management 
Nanotechnology also enables novel anti-obesity strategies targeting adipogenesis, lipid absorption, and energy 
expenditure[36]. Nanoemulsions carrying lipase inhibitors such as orlistat enhance intestinal localization and 
reduce systemic side effects. Encapsulation improves drug solubility, enabling lower doses with equivalent 
efficacy. Similarly, micellar systems transporting appetite-suppressing peptides or cannabinoid receptor 
antagonists prolong their stability and central nervous system penetration[37]. 
Thermogenic nanoplatforms that activate brown adipose tissue (BAT) or induce “browning” of white adipocytes 
are gaining traction[38]. For instance, gold or iron-oxide nanoparticles functionalized with thermogenic 
ligands increase mitochondrial uncoupling protein 1 (UCP1) expression, boosting caloric expenditure. 
Photothermal nanoparticles responsive to near-infrared light can locally stimulate lipolysis, offering non-
invasive fat-reduction potential[38]. Nanocarriers also assist in modulating gut microbiota, an emerging 
determinant of obesity. Delivery of probiotics, polyphenols, or short-chain fatty acid precursors through 
protective nanocapsules ensures viability through gastric passage and controlled release in the colon, thereby 
restoring microbial balance and improving metabolic signaling via GLP-1 and PYY pathways[38]. 

Another avenue involves gene-silencing nanotherapies. siRNA-loaded lipidoid nanoparticles targeting PPAR-γ 
or FABP4 downregulate adipogenesis and lipid storage in adipose tissue. These gene-specific approaches 
exemplify nanomedicine’s capacity for molecular precision[39]. 
Despite encouraging preclinical outcomes, obesity nanotherapy faces translational hurdles, particularly in long-
term safety and off-target thermogenic activation[39]. Nevertheless, the capacity of nanosystems to deliver 
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multifunctional, tissue-targeted interventions positions them as key tools for next-generation obesity 
therapeutics integrated with metabolic disease management. 
4. Nanodiagnostics and Biosensors in Glucose Monitoring  
Continuous glucose monitoring (CGM) remains central to diabetes management [40]. Nanotechnology 
enhances biosensor sensitivity, miniaturization, and biocompatibility[41]. Enzyme-based nanosensors utilize 
glucose oxidase immobilized on conductive nanomaterials such as gold nanoparticles, carbon nanotubes, or 
graphene sheets to generate electrochemical signals proportional to glucose concentration. These systems detect 
micromolar glucose levels with rapid response times[41]. 
Graphene-oxide platforms exhibit a large surface area and excellent electron mobility, enabling wearable, non-
invasive sensors integrated into smartwatches or skin patches[42]. Quantum-dot-based optical sensors emit 
fluorescence modulated by glucose concentration, facilitating continuous readouts without blood sampling. 
Magnetic nanoparticles have been applied in magneto-elastic biosensors, translating magnetic resonance shifts 
into digital glucose data[42]. Beyond glucose, nanodiagnostics target insulin, glycated hemoglobin, and 
inflammatory biomarkers. Dual-analyte nanosensors combine glucose oxidase with catalase to mitigate oxygen 
dependence, improving accuracy under variable physiological conditions. Integration with wireless 
microelectronics supports real-time data transmission to smartphones and cloud-based monitoring platforms, 
enabling personalized therapy algorithms[43]. 
Recent efforts explore theranostic nanosensors, nanostructures that not only detect glucose but also trigger insulin 
release upon hyperglycemia. For example, phenylboronic-acid-functionalized nanoparticles swell in response to 
elevated glucose, releasing encapsulated insulin autonomously. Such feedback-controlled nanosystems emulate 

pancreatic β-cell physiology[43]. Challenges include sensor fouling, immune response at implantation sites, and 
long-term stability of nanomaterials in biological fluids. Nevertheless, nanodiagnostics offer transformative 
potential for closed-loop diabetes management, merging detection, decision, and delivery within a unified 
nanoscale framework. 
5. Mechanistic Insights: Cellular and Molecular Interactions 
The efficacy of nanomedicine in metabolic disorders depends on its cellular and molecular interactions. 
Nanoparticles enter cells mainly via endocytosis, clathrin-mediated, caveolae-mediated, or macropinocytic 
routes depending on size, charge, and surface chemistry[44]. Once internalized, they interact with subcellular 
organelles, influencing metabolic signaling. 

In pancreatic β-cells, certain nanoparticles (e.g., cerium oxide or selenium NPs) scavenge reactive oxygen species 
(ROS), protecting cells from oxidative stress-induced apoptosis and preserving insulin secretion[44, 45]. In 

adipocytes, polymeric nanoparticles delivering AMPK activators or PPAR-α agonists enhance fatty acid 
oxidation and thermogenesis, reversing insulin resistance. Similarly, hepatic delivery of siRNA via lipid 
nanoparticles modulates gluconeogenic genes such as G6Pase and PEPCK, improving glucose homeostasis. 
Surface modifications dictate tissue tropism[45]. For instance, mannose-decorated nanoparticles target 
hepatocytes through the asialoglycoprotein receptor, while RGD-peptide ligands enhance endothelial 
uptake[46]. PEGylation reduces opsonization, extending circulation time and minimizing immune clearance. 
At the molecular level, nanoparticle interaction with cellular membranes can alter ion channels and 
mitochondrial potential, occasionally triggering autophagy or apoptosis if concentration thresholds are 
exceeded. Understanding these dose-dependent effects is vital to optimizing the therapeutic index[46]. 
Nanoparticle shape also influences function: rods exhibit higher cellular uptake than spheres, while smaller (< 
50 nm) particles penetrate deeper into adipose and hepatic tissue. Hence, nanosystem design must integrate 
physicochemical parameters with target-specific biology to achieve safe and effective metabolic modulation. 
6. Safety, Toxicity, and Regulatory Challenges  
Despite therapeutic promise, nanotechnology faces scrutiny over safety and regulation. Nanoparticles may 
induce cytotoxicity through oxidative stress, DNA damage, or immune activation, depending on composition 
and surface reactivity[47]. Metallic nanoparticles, such as silver or titanium dioxide, can generate ROS and 
disrupt mitochondrial function, necessitating surface passivation or biopolymer coating to mitigate 
toxicity[47]. 
Biodegradable polymers (PLGA, chitosan) generally exhibit favorable safety profiles, but long-term 
accumulation in the liver, spleen, or kidneys remains a concern. Pharmacokinetic profiling and chronic toxicity 
studies are mandatory for clinical translation. Moreover, the protein corona formed when nanoparticles contact 
plasma can alter biodistribution and immune recognition, complicating predictability[48]. 
Regulatory pathways for nanomedicines are still evolving. Agencies such as the FDA and EMA lack 
standardized guidelines for nanoparticle characterization, batch reproducibility, and safety thresholds[49]. 
Each nanocarrier must be evaluated for particle size distribution, zeta potential, dissolution kinetics, and in vivo 
metabolism. Ethical considerations include potential environmental accumulation and inequitable access to 
costly nano-therapeutics[49]. 
Toxicological evaluation increasingly relies on high-throughput in vitro assays and computational modeling to 
predict nano-bio interactions. Still, translating preclinical safety data to human outcomes is challenging due to 
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interspecies variability[49]. Therefore, multidisciplinary collaboration between chemists, toxicologists, and 
clinicians is essential to establish evidence-based regulatory frameworks ensuring both innovation and patient 
safety. 
7. Future Perspectives  
The convergence of nanotechnology with endocrinology heralds a new era in metabolic medicine. Future 
research focuses on smart nanotheranostics systems capable of sensing metabolic cues and releasing drugs 
accordingly, thereby achieving autonomous homeostatic control. Integration with artificial intelligence (AI) will 
accelerate nanocarrier design through predictive modeling of pharmacokinetics, toxicity, and target binding. 
Advances in biodegradable and stimuli-responsive materials promise improved safety and clearance. For 
example, pH- or glucose-responsive hydrogels encapsulating insulin may enable fully closed-loop delivery 
systems. Nano-enabled tissue engineering could regenerate pancreatic islets using nanofibrous scaffolds, 
releasing growth factors in situ. 
Personalized nanomedicine guided by genomic, metabolomic, and microbiome data will tailor formulations to 
individual metabolic profiles. Furthermore, hybrid nanocarriers combining synthetic polymers with natural 
compounds (curcumin, resveratrol) may synergize metabolic and antioxidant effects. 
Collaboration between academia, industry, and regulatory agencies is critical to transition from bench to 
bedside. Transparent safety databases, standardized testing, and cost-effective, scalable synthesis will determine 
clinical viability. 

CONCLUSION 
In conclusion, nanotechnology provides a versatile and integrative platform to address the dual burden of 
obesity and diabetes. By bridging therapy and diagnostics, enhancing drug efficacy, and enabling personalized 
control of metabolism, nanomedicine stands as a cornerstone of future diabesity management, transforming 
reactive treatment into proactive, precision-guided care. 
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