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ABSTRACT 

The worldwide health crisis caused by diabetes mellitus calls for novel therapeutic solutions because traditional treatments have shown their 
limitations. The review conducts an in-depth evaluation of nanoparticle-based technologies within diabetes care. For this, their functions in drug 
transport optimization and enhanced substance distribution, along with prolonged blood sugar stabilization capabilities, are examined and 
investigated. Different types of nanoparticle platforms, which include polymeric, lipid-based, inorganic, and natural nanoparticles, have shown 
excellent achievements in both preclinical research and clinical practice by delivering targeted drugs while minimizing adverse effects alongside 
glucose-triggered insulin release. The review explains how smart insulin delivery methods, along with anti-inflammatory care and personalized 
nanomedicine solutions, have progressed; however, it details the barriers that exist for biocompatibility and regulatory requirements and large-
scale production. Laboratory research shows that nanotechnology has great potential for diabetes treatment through independent glucose control 
systems and simplified drug delivery processes, leading to better healthcare results. Nanoparticles offer promise to achieve disease modification 
rather than symptom management, even though their production requires solutions, and their long-term effects need further investigation. 
Nanomedical research should concentrate on maximizing smart nanoparticulate development while creating scalable manufacturing processes and 
developing patient-customized therapy models to establish nanomaterials fully in diabetes treatment practice. 

Keywords: Nanoparticles, Diabetes mellitus, Insulin delivery, Glucose-responsive nanomedicine, Polymeric nanoparticles, Lipid-based carriers, 
Targeted drug delivery, Smart insulin, Preclinical studies, Clinical applications 

© 2026 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/) 
DOI: https://dx.doi.org/10.22159/ijcpr.2026v18i1.7075 Journal homepage: https://innovareacademics.in/journals/index.php/ijcpr 

 

INTRODUCTION 

Diabetes mellitus exists as a long-lasting metabolic condition that 
causes elevated blood sugar because patients demonstrate reduced 
insulin secretion and/or insulin resistance in their bodies. The 
uncontrolled condition progresses into multiple severe health 
complications that affect cardiovascular health and kidneys, nerves 
and eyesight [1]. The increasing number of diabetes cases around the 
world requires better treatment approaches which focus on improved 
drug administration methods alongside diminished adverse effects. 
Researchers have developed nanoparticle-based therapeutic methods 
that provide engineered glucose control abilities. The capabilities also 
strengthen drug durability and controlled drug delivery without the 
problems of traditional treatment options [2]. 

Background of diabetes mellitus 

Diabetes exists as a worldwide health problem that affects millions 
of individuals globally. The prevalence of adult diabetes cases 
keeps increasing rapidly in current times, and doctors predict 
similar or higher numbers will persist during the coming decades. 
Experts link this rising trend to multiple causes, which include 
inactive behaviours and unhealthy food choices and weight-
related problems and family history of disease [3]. Most people 
suffer from type 2 diabetes, but the rarer form of type 1 diabetes 
necessitates patients to depend on insulin therapy for their entire 
lives. Healthcare systems allocate large financial resources each 
year to treat and manage diabetes since there is an immediate 
necessity for better solutions that operate both effectively and 
with reduced costs [4]. Recent treatment developments for 
diabetes have not resolved the many persistent difficulties that 
therapy faces. The pharmaceutical agent’s metformin and SGLT-2 
inhibitors show reduced availability in the body while also causing 
adverse effects on digestion. Type 1 diabetes patients depend on 
daily insulin injections, but their effectiveness requires close 
medical supervision because mismanagement may cause 
dangerous hypoglycemic events [5]. Recent drug delivery systems 
cannot replicate insulin release patterns like the human body 

does, which affects poor blood sugar management. The present 
challenges identify why new solutions need to be developed to 
achieve better therapeutic results [6, 7]. 

Role of nanotechnology in medicine 

Modern medicine has experienced a revolution through 
nanotechnology, which allows customised medication delivery and 
good control over drug release durations while increasing 
therapeutic outcomes. The drug delivery system known as 
nanoparticles exists between 1 and 100 nanometers in dimension 
and functions by protecting drugs and proteins along with genetic 
material while enhancing their ability to move throughout the body 
properly [8]. Research specialists have investigated polymeric lipid-
based and inorganic nanoparticles for diabetes treatment 
applications because of their adjustable characteristics and exclusive 
properties. Nanocarriers possess the ability to react to biological 
triggers which including glucose levels,to deliver smart insulin 
therapy that functions like human insulin production [9, 10].  

Nanoparticles surpass traditional drugs by providing multiple medical 
benefits, which include reduced medication schedules and lessened 
adverse effects and more stable pharmaceutical substances. 
Nanoparticles containing oral insulin operate successfully through the 
digestive system, thus improving both drug absorption and 
bioavailability. The insulin release function of glucose-sensitive 
nanoparticles enables precise drug delivery to lower the chances of 
insulin-related low blood sugar events. Nanotechnology provides the 
capability for delivering multiple treatment medications at once to 
treat diabetes, along with its associated complications. There is strong 
promise that nanomedicine will establish itself as a leading technology 
for treating diabetes [11]. 

Literature selection criteria 

Search strategy 

A systematic search strategy involving various high-impact 
databases was put into practice to perform a complete, unbiased 
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review of existing literature. Four primary databases used for this 
review were PubMed, together with both Scopus and Web of Science 
and ScienceDirect because they cover the Biomedical and 
Nanotechnology fields extensively. Google Scholar helped locate 
other types of grey literature, which included preprint articles, 
conference proceedings. Journals that conducted peer reviews 
formed the basis of the search to guarantee both academic strength 
and reliability [12]. 

The selected keywords specifically targeted every possible research 
related to diabetes treatment using nanoparticles. The research 
strategy combined both Medical Subject Headings (Mesh) 
terminology with free-text keywords, which consisted of 
"nanoparticles," "nanomedicine," "diabetes treatment," "insulin 
delivery," "glucose-responsive nanoparticles," and "polymeric 
nanocarriers." Boolean operators (AND, OR) operate sequentially in 
the search to optimise the accuracy ratio between inclusive results 
and specific criteria. The PubMed database utilised the search string 
("nanoparticles" OR "nanocarriers") AND ("diabetes" OR 
"hyperglycemia") AND ("drug delivery" OR "insulin therapy"). The 
inquiry produced numerous articles that researchers evaluated for 
suitability. 

A selection process streamlining approach based on PRISMA 
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines was employed. After importing the search 
results to reference management software (EndNote or Zotero), 
duplicate materials were removed from the system. The screening 
process was conducted in two stages, starting with title and abstract 
evaluation, followed by complete document assessment [13].  

Inclusion and exclusion criteria 

The selection criteria established requirements for studies that 
investigated nanoparticle applications in diabetes medical treatments 
specifically. The research evaluated only original studies that conducted 
experiments in vitro or in vivo or performed clinical trials while using 
empirical evidence to establish their findings. This review omitted 
review articles and non-English publications except for cases in which 
they supplied essential background information. The research 
evaluation excluded investigations that produced nanoparticles yet 
lacked proof of their therapeutic utility in diabetic treatment [14]. 

The researchers applied a strict period from 2015 to 2025 because 
nanotechnology has developed quickly throughout this recent era. 
Essential research from earlier than 2015 received consideration 
when it introduced baseline concepts such as the initial glucose-
sensitive insulin delivery methods [15]. The study only included 
English-language articles as a language restriction measure to 
prevent translation mistakes. Scientific validity was the basis for 
excluding studies which either omitted proper control groups or 
presented insufficient methodological detail. 

Study authors applied additional refinement to their inclusion and 
exclusion standards according to research design and outcome 
measures. In vitro studies included in the review would incorporate 
nanoparticle-drug interaction mechanism understanding as their 
main criterion, while in vivo studies needed to show therapeutic 
effects within diabetic animal models. Clinical trials received priority 
status when they presented information about human participant 
safety as well as pharmacokinetics and glycemic control [16]. The 
following table presents the exact evaluation standards: 

  

Table 1: Inclusion and exclusion criteria 

Category Inclusion criteria Exclusion criteria 
Study type Original research (in vitro, in vivo, clinical trials), peer-reviewed articles Reviews, editorials, non-research articles 
Time frame 2015–2025 (except for landmark studies) Studies published before 2015 without novel contributions 
Language English Non-English publications without official translations 
Relevance Direct focus on nanoparticles for diabetes treatment Nanoparticles unrelated to diabetes or drug delivery 
Methodology Clear experimental design, appropriate controls, and statistical analysis Poorly described methods, lack of controls 

 

The stringent selection procedure validated that the reviewed 
literature consisted of premium-quality research, leading to an 
organized examination of nanoparticles serving diabetes treatment 
purposes [17]. 

Literature review 

Types of nanoparticles used in diabetes treatment 

The research conducted by Javed et al. (2021) outlined the delivery 
of drugs through polymeric nanoparticles stands out as a top 
therapeutic platform for diabetes treatment, thanks to their good 
biodegradability, together with their biocompatible nature, 
alongside their ability to manage drug release profiles. The FDA-
approved polymers PLGA and chitosan create nanoparticles which 
function to protect the therapy drugs insulin and oral hypoglycemics 
by defending them against degradation within the harsh stomach 
conditions. Drug delivery nanoparticles become more effective by 
integrating targeting ligands such as lectins or transferrin, since 
these ligands direct the nanoparticles toward specific absorption 
sites or pancreatic β-cells [18]. The gradual breakdown 
characteristics of these polymers create specific drug delivery 
control mechanisms which preserve therapeutic drug amounts 
throughout periods and reduce the necessary dosing schedules. 
Modern research indicates that polymeric nanoparticles 
demonstrate oral delivery capabilities which result in insulin 
bioavailability levels almost reaching 15-20%, marking significant 
progress since traditional oral delivery methods [19]. 

Furthermore, Wang et al. (2022) outlined that the diabetes therapy 
benefits from lipid-based nanoparticle systems such as liposomes and 
solid lipid nanoparticles (SLNS) because they exhibit both excellent 
biocompatibility and dual hydrophobic and hydrophilic therapeutic 
agent encapsulation capabilities. The oral, pulmonary, and 

transdermal drug routes employ liposomes as a delivery system 
because they consist of bilayer vesicles made from natural or synthetic 
phospholipids [20]. Enhanced stability aspects from solid lipid 
nanoparticles supported by surfactants surrounding solid lipid cores 
have demonstrated effective improvements for the oral bioavailability 
of poorly soluble drugs, metformin and glibenclamide. Because of their 
lipidic composition, these carriers demonstrate natural membrane 
fusion properties, which lead to enhanced cell entry and delivery 
within cells [21]. Drugs presented with bile salts and permeation 
enhancers show recent progress in intestinal absorption that leads to 
substantial drug bioavailability improvement, totalling a 10-fold boost 
compared to typical dosage forms [22, 23]. 

On the other hand, Ponnanikajamideen et al. (2019) argued that 
diabetes treatment utilizes three types of inorganic nanoparticles, 
which include gold nanoparticles alongside silver nanoparticles and 
mesoporous silica nanoparticles, because of their unique 
characteristics. Engineers designed gold nanomaterials for insulin 
delivery based on the functional integration of glucose oxidase and 
insulin molecules over their surfaces, which triggers insulin release 
under hyperglycemia conditions. The pore structures of mesoporous 
silica nanoparticles provide excellent drug storage capabilities and 
fine-grained control for drug delivery because they possess 
organized structures together with vast surface areas. The 
diagnostic features built into these inorganic carriers allow them to 
support combined treatment and diagnostic functions known as the 
agnostic. The study of surface modification technologies emerged to 
increase the compatibility and ease of breakdown of these materials 
because researchers expressed worries about their accumulation 
within body organs. Scientific studies demonstrate that controlling 
nanoparticle size together with shape characteristics and surface 
modifications enables substantial improvement of safety standards 
without compromising therapeutic strength [24]. 
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The authors Rabiee et al. (2022) said that the emerging field of 
diabetes nanomedicine focuses primarily on natural nanoparticle 
technology that includes exosomes alongside plant-derived 
extracellular vesicles. Exosomes function as naturally secreted 
nanoscale vesicles from cells because they display native targeting 
functions alongside minimal immunological responses that qualify 
them for drug delivery purposes. Researchers have shown tissue-
homing properties of these biological nanoparticles in their 
preclinical research after loading them with insulin and GLP-1 
analogues or nucleic acids as therapeutic agents [25]. The drug 
delivery capacity of plant-derived nanoparticles produced from 
edible plants such as grapes and ginger demonstrates antidiabetic 
properties by letting them serve as active antioxidants and anti-
inflammatory agents simultaneously. The natural nature of these 
nanoparticles helps lessen toxicity risks; yet, more work needs to be 
done regarding large-scale production and quality consistency for 
regulatory approval. Modern advancements in isolation methods 
and loading procedure optimization enhance the drug cargo 
capacity, together with stability of natural nanocarriers, thus making 
them near clinical readiness. 

Mechanisms of action 

The nanoparticle-based delivery approach for insulin therapy uses 
complex processes to provide solutions for current insulin 
treatment difficulties. The delivery system shields insulin from 
gastrointestinal enzymes until it reaches the intestinal epithelial 
membranes, where it moves through transcellular or paracellular 
trafficking paths. Modern formulations of oral insulin contain 
mucoadhesive polymers, which extend drug stay time in critical 
absorption areas, and permeation enhancers, which briefly damage 
tight junctions to boost drug absorption. Engineers design these 
nanoparticles to react through the detection of biological ph and 
enzymatic activities for gradual drug delivery, which follows natural 
insulin secretion patterns. The insulin delivery method through 
intranasal administration provides better physiological glucose 
control, together with a lower risk of unwanted hypoglycemic 
episodes than standard subcutaneous insulin injections. The recent 
advancement of oral insulin nanoparticles has achieved 
pharmacological availability greater than 20% in animal tests, 
leading to clinical trial evaluations of these formulations [26]. 

In a similar manner, research has shown that the development of 
glucose-responsive nanoparticle systems provides essential 
progress for establishing automated insulin delivery systems which 
do not require external monitoring. The smart systems function by 
utilizing one of three core methods, which include glucose oxidase-
based systems generating acidic substances which activate ph-
sensitive release, along with phenylboronic acid-containing 
polymers that alter their structure when they bind to glucose or 
competitive displacement mechanisms that enable insulin to bind to 
glucose [27]. The highest-performing glucose-responsive systems 
demonstrate physiological response times through mechanisms that 
verify changes in glucose concentration at speeds as quick as 20-30 
min in preclinical models. Modern research aims at enhancing 
system response sensitivity and achieving stable responses that last 
week’s inside the body, and maintaining reversibility. The 
therapeutic options show significant potential to assist with type 1 
diabetes care by potentially doing away with regular glucose 
measurements and insulin delivery [28]. 

Anti-inflammatory properties observed in specific nanoparticle 
formulations provide significant benefits to diabetes 
pathophysiology because they address inflammatory processes that 
promote insulin resistance, together with β-cell dysfunction in 
patients with type 2 diabetes. Anti-inflammatory agents, including 
curcumin and resveratrol, together with cytokine inhibitors, are 
delivered through various nanoparticle structures directly to 
affected tissues while preventing their systemic spread [29, 30]. 
Nanoparticles demonstrate native anti-inflammatory properties 
which become activated by their building materials and surface 
structure while not requiring any drug contents. The delivery 
systems offer targeted inhibition of diabetes-related pathways, such 
as NF-κB signaling, by avoiding essential immune responses. 
Modern research shows therapeutic nanoparticles help patients 
achieve better glucose management and demonstrate the ability to 

stop or reverse neuropathy and nephropathy symptoms in animals 
during recent trials [31]. 

Antioxidant nanoparticles prevent oxidative stress, which functions 
as both a cause and a developmental factor for diabetes. Modern 
nanotechnology creates nanoparticles which either include traditional 
antioxidant agents, such as α-lipoic acid, or utilise new nanomaterial 
antioxidants like cerium oxide nanoparticles, which replicate 
endogenous antioxidants [32]. The use of nanoparticles as 
antioxidants presents various benefits versus ordinary antioxidants, 
which include defense against degradation, together with site-specific 
delivery capabilities as well as extended release duration. Some 
antioxidant formulations operate according to oxidative stress levels 
to activate their activity depending on reactive oxygen species 
concentrations in the environment. The targeted method enables the 
effective destruction of oxidants that cause damage but prevents 
unwanted disruption to essential cellular signaling mechanisms [34]. 

Applications in different diabetes types 

Nanoparticle-based therapies for type 1 diabetes concentrate on two 
major aspects, which include enhanced insulin replacement methods 
together with management of the autoimmune components of the 
disease. Preclinical studies indicate that insulin-loaded 
nanoparticles show equal blood glucose management to 
subcutaneous delivery without requiring invasive needle injections 
because of their effective design. Sophisticated absorption-
enhancing strategies that employ either mucus-penetrating designs 
provide additional functionality [34]. The development of 
immunomodulatory nanoparticles focuses on blocking the 
autoimmune attack against pancreatic β-cells. The formulations 
include antigens and immune-modulating drugs which support β-
cell tolerance to immune acceptance while preserving typical 
immune operation [35]. The combination therapy delivering insulin 
and immunomodulators holds specific promise for keeping 
remaining β-cell functions intact in patients who have just received 
their diagnosis [36]. The latest discoveries in medicine have 
demonstrated glucose-responsive immunomodulatory nanoparticles 
which activate or deactivate their functions through monitoring 
blood glucose amounts for combined autoimmune management and 
metabolic control in one product. 

The applications of nanoparticles in type 2 diabetes treatment 
involve more diverse therapeutic strategies, which align with the 
multiple factors affecting the disease pathophysiology. The delivery 
of oral hypoglycemic drugs gets improved through metformin and 
sulfonylureas, and thiazolidinediones nanoparticle formulations, 
which increase their bioavailability while decreasing their side 
effects. Researchers have developed nanoparticles which attack 
multiple diabetic pathways simultaneously through the merger of 
insulin sensitisers together with GLP-1 receptor agonists and other 
pathways. Scientific research explores liver-targeted nanoparticles 
which supply drugs to hepatocytes as a method to control glucose 
production, together with lipid metabolism regulation [37-38]. The 
field has introduced research about nanoparticles aimed at the 
intestine, which modify microorganism activity together with 
incretin mimetic medications directed toward intestinal L-cells 
while leveraging the pancreatic-enteric connection. Multifunctional 
nanoparticles stand out as the most promising innovation because 
they manage blood glucose levels and defend against diabetic 
complications by carrying dual antidiabetic drugs and 
nephroprotective agents for diabetic kidney disease therapy. 

Challenges and limitations 

The implementation of diabetes treatments based on nanoparticles 
faces substantial hurdles before becoming clinically available. The 
safety issues pose the greatest challenge, especially since they focus 
on nanoparticle side effects that appear after patients receive 
continuous treatment. A majority of investigative materials qualify 
as biocompatible, but researchers continue to analyse potential 
build-up in the liver and spleen organs and recurrent injection-
induced inflammatory reactions [39]. Scientific researchers need to 
study nanoparticle materials to determine how these components 
and their decay products break down and affect the body, especially 
for synthetic polymers and inorganic substances. Immunological 
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aspects must be understood well for diabetic patients because their 
condition changes immune responses and affects how the body 
removes foreign substances. Recent medical research focuses on 
expanding toxicology evaluation through assessments of long-lasting 
exposure scenarios, together with the effects of successive 
generations and diabetic condition interactions. A major obstacle to 
clinical translation exists due to production difficulties and 
scalability issues. The production methods for many nanoparticle 
formulations become complicated when developers must integrate 
numerous manufacturing stages that prevent successful mass 
production and consistent batch outcomes. Nanoscale 
pharmaceutical systems make the quality control process 
challenging since performance depends heavily on size-related and 
surface charge effects, together with drug loading requirements. A 
thorough evaluation needs to address stability problems, such as 
drug release before and during storage, for every formulation. 
Complex nanoparticle development presents both affordability 
challenges as well as financial barriers that limit their 
implementation in low-income communities showing rapid diabetes 
growth [40]. The developing nature of nanomedicine product 
regulatory pathways creates uncertainties that present barriers to 
their development process. The existing regulatory frameworks 
intended for other purposes than nanoparticle therapies create 
approval uncertainties due to their inadequate design for these 
substances. The development of nanomedicine faces three main 
regulatory questions about safe product development 
characteristics, alongside adequate proof of effectiveness and robust 
quality standards. The behavioral patterns of nanoparticles within 
biological systems, together with their numerous possible 
interactions with living organisms, make it difficult to conduct 
traditional pharmacokinetic and pharmacodynamic evaluations. The 
worldwide development of nanomedicine product guidelines 
requires the need for careful evaluation from regulatory agencies, 
but takes an extensive amount of time. Despite the good preclinical 
data, nanoparticle treatments face delays in clinical translation since 
regulatory ambiguity causes potential investors to hold back their 
support. The below mentioned diagram represents the process of 
using nanoparticles for diabetes diagnosis [41].  

One must pay attention to how diabetes itself alters nanoparticle 
performance because it represents a biological challenge affecting 
products in diabetic conditions. Physiological changes caused by 
diabetes affect the behavior of nanoparticles because they alter 
gastrointestinal motility and impact vascular permeability and 
modify immune system responses when compared to standard 
healthy animal preclinical research. The therapeutic response to 
nanoparticle therapy should involve personalized strategies because 
each individual possesses distinct variations in gut microbiota 
composition and metabolic status, and complication status [42]. 
Development of reliable biomarkers must occur to predict how 
individuals will respond to nanoparticle treatments because this will 
lead to optimized treatment results. A systematic evaluation must 
occur to determine the safe application of nanoparticle therapies 
with conventional diabetes drugs and medication for complications. 

The current field needs to solve multiple practical issues as they 
relate to how patients accept treatment methods and how these 
methods can be effectively implemented in everyday healthcare 

settings. Patients alongside healthcare providers express hesitance 
toward using novel nanoparticle-based therapies mainly because of 
their unfamiliar nature. The public needs to become aware of 
nanomedicine safety alongside its advantages, while developers 
must create easy-to-use delivery methods suitable for self-
administration during necessary times. Cost-effectiveness analyses 
will play a critical role in displaying the valuable proposition behind 
therapies which normally cost more than standard treatment 
modalities. The inclusion of nanoparticle-based therapies into 
current diabetes care protocols demands meticulous preparation 
and possibly needs additional monitoring systems [43]. 

Active research and development of nanoparticle-based diabetes 
therapies persist since their potential therapeutic benefits remain 
compelling factors. Enhanced technological developments are 
helping to reduce current barriers that stand in the way of achieving 
top performance for nanomedicine in diabetes therapies. Progress in 
diabetes nanoparticle therapy will continue in the following years by 
tackling safety issues and enhancing production methods and 
regulatory requirements for diabetic patient solutions. The solution 
of existing challenges will enable nanoparticle-based therapies to 
revolutionise diabetes management by providing more efficient and 
custom-made treatment solutions for better systemic control and 
lifestyle quality of patients who have diabetes [44, 45]. 

RESULTS AND DISCUSSION 

Efficacy of nanoparticles in preclinical studies 

Studies on nanoparticles in diabetic patients have shown 
outstanding potential for treating diabetes because multiple 
formulations outperform traditional therapy approaches. 
Laboratory tests show that insulin-containing polymeric 
nanoparticles delivered orally can maintain stable blood sugar for 
24 continuous hours while lowering blood glucose effectively 
without hypoglycemic side effects. Research demonstrates that 
nanoparticles made from lipids improve GLP-1 analogue delivery so 
they stay in the bloodstream longer, thus triggering enhanced 
insulin response and β-cell protection in diabetic rodent subjects. 
Experimental tests involving cultured cells demonstrate that 
nanoparticles which respond to glucose reveal quick insulin release 
in high-glucose solutions but maintain stability under regular 
conditions [46]. 

The preclinical sector uses gold nanoparticles together with silica-
based systems because these inorganic nanoparticles show distinct 
advantages in research. A single dose of insulin-releasing gold 
nanoparticles containing glucose oxidase released insulin to high-
glucose conditions after thirty minutes, exactly like human insulin 
signaling does. Laboratory tests revealed that oral antidiabetic drugs 
contained within mesoporous silica nanoparticles absorbed into the 
intestine at heightened levels of 3-5 times superior to existing 
pharmaceutical forms. Dose-dependent toxicity in liver and kidney 
tissues has been observed during inorganic nanoparticle testing, 
although researchers need to optimize their dosage levels better 
(Debele and Park, 2022). 

The table below summarizes key findings from recent preclinical 
studies:

  

Table 2: Summary of preclinical studies on nanoparticles for diabetes treatment 

Nanoparticle type Model system Key findings 
PLGA-Insulin NPs Type 1 diabetic rats 18-24h glycemic control after a single oral dose 
GLP-1 liposomes db/db mice Improved β-cell function, reduced Hba1c by 2.1% 
Glucose-responsive AuNPs In vitro glucose challenge Insulin release within 30 min of hyperglycemia 
Metformin-Silica NPs Caco-2 cell monolayer 5× increased permeability vs. free metformin 

 

Clinical trials and human applications 

The shift from laboratory research success into medical practice 
delivery has shown both positive and negative results. Multiple 
phase I/II clinical trials investigated oral insulin nanoparticles and 
produced statistically meaningful evidence that type 1 diabetes 

participants showed decreased night-time blood glucose levels using 
ORMD-0801. The exenatide nanoparticles in this study released the 
drug for continuous 7 days, which decreased injection requirements 
while preserving blood sugar management. The absorption rates 
differ between patients because of their distinct gastrointestinal 
physiological characteristics in various trials focusing on oral insulin 
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nanoparticles. Trials that have been completed demonstrate most 
nanoparticle formulations deliver good safety outcomes since their 
adverse effects remain consistent with standard treatment side 
effects. The success rates differ between platforms although glucose-
responsive systems performed best in a certain trial where this 
innovation reached 75% target glycemic control level with a smart 
insulin patch. Patient feedback demonstrates better quality of life 
because people experience fewer doses and no more injection 
discomfort and concerns about needles. Phase III trials currently test 
large-scale production processes and long-term safety. 

Comparative analysis with conventional therapies 

Disease management through nanoparticle-based therapeutic 
approaches provides better results than traditional diabetes 
treatment methods. The specific drug delivery systems enhance 
medication concentration within targeted treatment areas and 
minimise contact with systemic components, thus reducing 

undesirable side effects from hypoglycemia and gastrointestinal 
issues [47]. Controlled release formulations extend the duration of 
therapeutic drug levels, so patients need to take their medication 
less frequently and can use weekly instead of daily dosing as their 
method. The drug delivery system using nanoparticles shows 
potential for reversing insulin resistance, combined with preserving 
β-cell mass, which is not easily achieved through currently available 
medications.  

Nanoparticle therapies encounter different obstacles which 
constrain their universal acceptance. The creation of nanoparticle 
formulations is at least five times more expensive than traditional 
preparations, making them both hard to afford and challenging to 
cover through insurance. A few nanoparticle formulations need 
specific storage conditions, which makes distribution and patient 
use processes more complex. A direct comparison between 
nanoparticle drugs and conventional medications appears in this 
table.

  

Table 3: Nanoparticle vs. conventional diabetes therapies 

Parameter Nanoparticle therapies Conventional therapies 
Dosing frequency Weekly/Monthly Daily/Multiple daily 
Side effect profile Generally reduced More frequent 
Production cost 5-10× higher Lower 
Stability Often requires special handling Generally stable 
Therapeutic effects Potential disease modification Primarily symptomatic relief 

 

Future perspectives 

Smart insulin delivery nanoparticles of the following generation 
strive to achieve self-operating glucose control, while multiple 
development groups create systems that monitor blood glucose and 
execute real-time insulin delivery autonomously. The "artificial 
pancreas" nanoparticles represent a potential breakthrough for type 
1 diabetes management since they can remove the current 
requirement for continuous glucose monitoring and manual insulin 
control. The initial animal-based testing indicated that beta-cell 
performance levels can be achieved within 15 min response times 
using these prototypes. The development of personalized 
nanomedicine represents an effective solution for dealing with 
differences between patients in therapeutic reactions. Researchers 
continue to develop biomarker profiling and nanoparticle 
improvement approaches for personalized medicine solutions based 
on individual biological characteristics and medical conditions. 
Theragnostic systems based on single nanoparticles allow for 
continuous treatment monitoring and automatic adjustment 
through the combination of diagnosis and therapeutic functions. 
These treatment methods show special advantages in the 
management of patients who have brittle diabetes or complications 
from their condition. 

CONCLUSION 

The extensive review showcases the radical potential of 
nanoparticle-based treatments for diabetic medical care. Studies 
both before clinical trials and within clinical settings show that 
nanoparticle-based approaches lead to enhanced bioavailability and 
targeted delivery methods and fewer side effects as well and 
possibly disease-altering outcomes. The pathophysiology of diabetes 
receives targeted treatment through different nanoparticle 
platforms that include polymers, lipids, inorganic and natural 
materials. Researchers focus on designing glucose-responsive 
systems which provide great potential for autonomous insulin 
delivery through closed-loop technology. 

These technologies possess significant clinical potential by 
transitioning diabetes care from symptom treatment to disease 
transformation through their use. Successful implementation of 
these systems would combine reduced requirements for testing and 
injection with enhanced blood sugar control and minimized 
complications. The healthcare industry will decrease future diabetes 
complication costs through nanoparticle therapy while accepting 
greater initial expenses. The most important potential outcome from 

nanoparticle treatment benefits patients through a better quality of 
life with fewer treatment requirements and superior results. 

Research efforts must concentrate on addressing obstacles which 
stand in the way of mass production and long-term safety 
assessments, and regulatory authorization. Scientists should develop 
nanoparticle treatments personalized for individual patient 
metabolic profiles. Innovations with smart and responsive 
technology systems will likely create the ultimate diabetes 
treatment solution, which is an autonomous artificial β-cell in the 
future. Prolonged research funding and inter-field cooperation will 
drive nanoparticles toward transforming diabetes medicine within 
the next ten years. 
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