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INTRODUCTION 

Elevated blood glucose levels are a hallmark of diabetes 

mellitus, a chronic metabolic disease caused by either 

insufficient insulin synthesis, inefficient insulin 

utilization, or both. The pancreas secretes the hormone 

insulin, which is essential for controlling blood sugar 

levels and promoting the absorption of glucose by cells 

for energy synthesis.
[1] 

 

Type 1 diabetes, type 2 diabetes, and gestational diabetes 

are the three most prevalent forms of diabetes mellitus. 

In type 1 diabetes, the pancreatic beta cells that produce 

insulin are accidentally attacked and destroyed by the 

immune system, resulting in a complete lack of insulin. 

Usually developing in infancy or adolescence, type 1 

diabetes requires lifelong insulin treatment in order to 

survive. 

 

Conversely, insulin resistance, or the body's cells 

becoming less sensitive to the effects of insulin, is a 

hallmark of type 2 diabetes. As a result, blood sugar 

levels rise and cells absorb less glucose. Genetic 

predisposition, obesity, and sedentary lifestyles are 

frequently linked to type 2 diabetes. Type 2 diabetes is 

characterized by insulin resistance, but the pancreas may 

also gradually lose its capacity to generate enough 

insulin over time, which exacerbates the disease. 

 

Elevated blood sugar levels that develop or are initially 

detected during pregnancy are the hallmark of gestational 

diabetes, which happens throughout pregnancy. In 

addition to raising the risk of difficulties for both the 

mother and the unborn child, gestational diabetes may 

put women at risk for type 2 diabetes in the future.
[2,3] 

 

In order to avoid both long-term problems and acute 

issues like hyperglycemia (high blood sugar) and 

hypoglycemia (low blood sugar), the therapy of diabetes 

mellitus centers on obtaining and maintaining 

appropriate blood glucose levels. This usually entails a 

mix of pharmaceutical interventions, such as insulin 

therapy or oral drugs to reduce blood sugar levels, 
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together with lifestyle changes, such as dietary 

adjustments, frequent physical exercise, and weight 

control. To minimize variations in blood sugar levels and 

to alter treatment regimens, it is imperative to 

continuously monitor blood glucose levels using 

continuous glucose monitoring devices or self-

monitoring. To identify and treat problems early, 

diabetes treatment also includes routine medical exams 

and preventative care.
[4,5] 

 

IMPORTANCE OF INSULIN DELIVERY 

SYSTEMS 

Systems for delivering insulin are essential for managing 

diabetes mellitus, a long-term metabolic disease marked 

by high blood sugar. The pancreas secretes the hormone 

insulin, which is vital for controlling glucose metabolism 

and preserving appropriate blood sugar levels. But in 

people with diabetes, hyperglycemia results from either 

the pancreas' inability to generate enough insulin (type 1 

diabetes) or the body's cells' resistance to insulin (type 2 

diabetes). 

 

The main objective of insulin treatment is to replicate the 

body's natural insulin release in response to variations in 

blood glucose levels. This will help to achieve strict 

glycemic control and avoid problems related to diabetes. 

Insulin delivery systems are the means by which patients 

get exogenous insulin; they provide accurate dosage and 

timing of insulin administration to correspond with 

customized treatment plans. 

 

There are some important considerations that help 

explain the significance of insulin delivery systems: 

1. Glycemic Control: Preventing both short-term and 

long-term problems from diabetes requires maintaining 

appropriate blood glucose levels. Insulin delivery 

systems provide a consistent supply of insulin to manage 

blood sugar levels throughout the day, including during 

fasting, postprandial, and nocturnal periods, allowing 

persons with diabetes to achieve tight glycemic control. 

 

2. Adaptability and Personalization: Different diabetics 

require different amounts of insulin depending on their 

age, weight, level of physical activity, food preferences, 

and length of illness. Because insulin delivery systems 

provide for flexibility in dosage and mode of 

administration, medical professionals may customize 

treatment plans to suit the individual needs of each 

patient. This personalization enhances glycemic 

management. 

 

3. Patient Adherence: Reaching treatment objectives 

and averting complications need patient adherence to 

insulin administration. Convenient, user-friendly insulin 

administration devices that blend in well with everyday 

life might increase patients' adherence to treatment plans. 

For instance, the inconvenience of administering insulin 

can be lessened by using devices like insulin pens and 

patch pumps, which provide discrete and easy-to-use 

alternatives to traditional insulin injections. 

4. Lessened Difficulties: It has been demonstrated that 

effective insulin therapy lowers the risk of complications 

connected to diabetes, such as nephropathy, neuropathy, 

retinopathy, and cardiovascular disease. Insulin delivery 

systems assist lessen the negative consequences of 

chronic hyperglycemia on different organ systems by 

preserving stable blood glucose levels within goal 

ranges, which enhances overall health outcomes and 

quality of life for diabetics. 

 

5. Improved Quality of Life: Diabetes is a chronic 

illness that needs constant attention and self-care. The 

quality of life for people with diabetes can be improved 

by insulin delivery devices that reduce treatment-related 

difficulties and expedite treatment administration. These 

devices let patients to live more active, meaningful lives 

by lowering the frequency of injections, streamlining the 

insulin dosage, and providing useful features like dose 

reminders and data recording.
[6,7,8]

 

 

HISTORY OF INSULIN AND INSULIN DELIVERY 

SYSTEMS 

The development of insulin and insulin delivery devices 

is a narrative of scientific advancement, human 

inventiveness, and the never-ending search for new 

diabetes therapies. Let's examine the significant turning 

points in the evolution of insulin delivery technologies 

and the development of insulin: 

1. Discovery of Insulin 

 The discovery of the pancreas' function in glucose 

metabolism at the beginning of the 20th century marked 

the beginning of the insulin saga. A ground-breaking 

discovery was made in 1921 by Canadian researchers Sir 

Frederick Banting and Charles Best when they separated 

insulin from the pancreas of dogs and showed that it 

could reduce blood sugar levels. This groundbreaking 

discovery made it possible to produce insulin, a life-

saving medication for diabetes, which was once thought 

to be an incurable illness. For their groundbreaking 

study, Banting and his associates were granted the 1923 

Nobel Prize in Physiology or Medicine.
[9,10]

 

 

2. Early Techniques for Insulin Delivery 

 The next issue after insulin's discovery was figuring 

out how to give it to patients in a way that worked. 

Originally, insulin was purified for injection by 

removing it from the pancreases of animals. Reusable 

needles and glass syringes were frequently used to 

administer insulin. These early insulin delivery 

techniques did have several drawbacks, though, 

including as the requirement for repeated injections, the 

fluctuation of insulin potency, and the possibility of 

injection site infections. Despite these difficulties, insulin 

therapy represented a major breakthrough in the 

treatment of diabetes, allowing individuals to live 

healthy lives despite their illness. 

 

3. Introduction of Insulin Pens 

 During the 1980s, pens for administering insulin 

became a more practical and user-friendly option than 
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conventional needles and vials.  Insulin pens provide 

benefits including precise dosage, increased portability, 

and less risk of needle stick injuries. Insulin pens are 

prefilled with insulin cartridges and include disposable 

needles, making them easier to use and carry. They 

became well-liked by patients and medical professionals 

right away, and many diabetics chose them as their 

preferred insulin administration system.
[11,12]

 

 

4. Development of Insulin Pumps 

 The development of insulin pumps is a noteworthy 

achievement in the history of insulin delivery systems. 

Over time, programmable basal rates, bolus calculators, 

and integrated continuous glucose monitoring (CGM) 

systems have become features of insulin pump 

technology. The first insulin pump was introduced in the 

1970s and offered continuous subcutaneous insulin 

infusion to mimic the physiological secretion of insulin 

by the pancreas. These developments have enhanced the 

precision and adaptability of insulin administration, 

improving patients' quality of life and glucose 

management.
[13]

 

 

5. Developments in Insulin Delivery Technology 

 With the advent of cutting-edge gadgets like patch 

pumps, closed-loop systems, and smart insulin pens, 

insulin delivery technology has undergone further 

advancements in recent times. While closed-loop 

systems automate insulin dosing based on real-time 

glucose monitoring data, patch pumps provide discrete 

and convenient insulin delivery; smart insulin pens with 

Bluetooth connectivity and dose tracking capabilities 

allow patients to track treatment adherence as well as 

insulin usage. These gadgets easily link with digital 

health systems, giving patients and medical professionals 

access to insightful data.
[14,15]

 

 

STRUCTURE OF INSULIN 
The pancreatic beta cells generate insulin as a 

preprohormone precursor, which then travels through a 

number of processing stages to become the mature 

insulin molecule. Two polypeptide chains, referred to as 

the A and B chains, are joined by two interchain 

disulfide bonds and further stabilized by an extra 

intrachain disulfide bond to form the mature insulin 

molecule. 

 

Thirty amino acids make up the B chain compared to 

twenty one in the A chain. The configuration of disulfide 

bonds and amino acid residues is essential for preserving 

insulin's structural integrity and pharmacological action. 

The N-terminal region of the B chain's alpha-helical 

domain and the remaining B chain and the whole A 

chain's beta-sheet domain are the two domains that fold 

together to form the three-dimensional structure of 

insulin. 

 

Insulin takes on a tight, spherical shape that isolates its 

hydrophobic core from the surrounding aqueous 

medium. Because of its structural characteristics, insulin 

may selectively bind to its receptor and start intracellular 

signaling cascades that control the absorption, use, and 

storage of glucose in target organs.
[16,17] 

 

 

Structure of Insulin 

 

SYNTHESIS OF INSULIN 
The transcription of the insulin gene (INS) in pancreatic 

beta cells initiates the manufacture of insulin. Many 

exons and introns make up the insulin gene, which is 

translated into a precursor mRNA molecule. A mature 

mRNA molecule encoding the preproinsulin protein is 

produced by splicing the precursor mRNA in order to 

eliminate the introns. 

 

A signal peptide located at the N-terminus of the 110-

amino acid polypeptide preproinsulin directs the 

developing polypeptide to the endoplasmic reticulum 

(ER) for translocation. Proinsulin, an 86-amino acid 

precursor protein made up of the A chain, B chain, and 

C-peptide section, is created in the ER when the signal 

peptide is cleaved. 

 

After being delivered to the Golgi apparatus, 

prohormone convertases (PC1/3 and PC2) proceed to 

further process proinsulin in order to eliminate the C-

peptide section and produce the mature insulin molecule. 

Insulin and the C-peptide are produced during this 

processing phase by the particular breaking of peptide 

bonds at the intersections of the A and C-peptide and B 

and C-peptide segments. 

 

Within the pancreatic beta cells, mature insulin 

molecules are encapsulated into secretory granules, 

where they await release in response to various stimuli, 

including rising blood glucose levels. Insulin attaches to 

its receptor on target cells after it is secreted into the 

circulation, starting a series of intracellular signaling 

processes that control the absorption, use, and storage of 

glucose.
[18,19] 

 

MECHANISM OF INSULIN ACTION 
The mechanism of insulin action is a highly orchestrated 

process that begins with insulin binding to specific 

receptors on target cells. This interaction triggers a 
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cascade of intracellular signaling events, ultimately 

leading to various metabolic effects. Insulin promotes 

glucose uptake into cells, enhances glycogen synthesis, 

inhibits gluconeogenesis, and regulates lipid and protein 

metabolism. Dysfunction in insulin signaling pathways 

can lead to insulin resistance and metabolic disorders 

such as diabetes. Understanding the mechanism of 

insulin action is essential for developing targeted 

therapies and interventions to manage these conditions 

effectively.
[20,21] 

 

Step Description 

1. Insulin Binding 
Insulin binds to insulin receptors (IR) on the surface of target cells, primarily muscle, adipose, 

and liver cells. 

2. Activation of IR Binding of insulin to its receptor activates the tyrosine kinase activity of the insulin receptor. 

3. Phosphorylation of IRS 
Activated insulin receptors phosphorylate insulin receptor substrates (IRS), such as IRS-1 and 

IRS-2. 

4. Activation of PI3K Pathway 
Phosphorylated IRS proteins activate phosphoinositide 3-kinase (PI3K), leading to the 

production of PIP3. 

5. Generation of PIP3 
PIP3 serves as a second messenger that recruits and activates protein kinase B (Akt) at the cell 

membrane. 

6. Activation of Akt 
Akt activation promotes various cellular processes, including glucose uptake, glycogen 

synthesis, and more. 

7. Translocation of GLUT4 
Activated Akt phosphorylates proteins that facilitate the translocation of glucose transporter 4 

(GLUT4) to the cell membrane. 

8. Glucose Uptake into Cells 
GLUT4 allows the uptake of glucose from the bloodstream into the cell, where it can be 

utilized or stored. 

 

TYPES OF INSULIN 

Type of Insulin Onset of Action Peak Action 
Duration of 

Action 
Examples 

Rapid-Acting Insulin 15 minutes 1-2 hours 3-4 hours 
Insulin lispro (Humalog), insulin aspart 

(NovoLog), insulin glulisine (Apidra) 

Short-Acting Insulin 30 minutes - 1 hour 2-3 hours 6-8 hours Regular insulin (Humulin R, Novolin R) 

Intermediate-Acting 

Insulin 
1-2 hours 4-8 hours 12-16 hours NPH insulin (Humulin N, Novolin N) 

Long-Acting Insulin 1-2 hours 
Steady over 24 

hours 
18-24 hours 

Insulin glargine (Lantus, Basaglar), insulin 

detemir (Levemir), insulin degludec 

(Tresiba) 

Premixed Insulin 
Varies depending 

on composition 

Varies depending 

on composition 

Varies depending 

on composition 

70/30 (70% NPH insulin, 30% regular 

insulin), 75/25 (75% insulin lispro 

protamine, 25% insulin lispro) 

Ultra-Rapid-Acting 

Insulin 
5-15 minutes 2-3 hours 2-3 hours Insulin lispro-aabc (Lyumjev) 

Inhaled Insulin Rapid Varies 

Shorter than 

subcutaneous 

insulin 

Afrezza 

 

TRADITIONAL METHODS IN INSULIN 

DELIVERY 
For many years, traditional insulin administration 

techniques have been the mainstay of diabetes care, 

offering vital ways to provide people with diabetes 

exogenous insulin. Despite their effectiveness, these 

techniques have developed throughout time to provide 

greater patient adherence, ease, and accuracy. 

Comprehending the conventional techniques of insulin 

administration is essential to grasping the past 

background of diabetes treatment and the basis on which 

contemporary insulin delivery systems have been 

constructed. 

 

 

 

1. Insulin Injections 

 Insulin injections entail the subcutaneous injection 

of insulin with the use of a needle and syringe. Insulin is 

normally injected into the subcutaneous fat, where it 

enters the bloodstream and is absorbed. Insulin pens can 

be used to make insulin injections more convenient, or 

the patient or caregiver can deliver the shot by hand. 

 

 Different insulin formulations, such as rapid-acting, 

short-acting, intermediate-acting, and long-acting insulin, 

can be administered via injection. The demands of each 

patient, including mealtime coverage, basal insulin 

requirements, and blood glucose control objectives, 

determine the kind and schedule of insulin to use. 
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 Advantages 

 Easily accessible and reasonably priced. 

 Permits accurate dosage modifications in accordance 

with each person's unique insulin needs. 

 It is compatible with all insulin formulations 

 

 Challenges 

 Manual injection is necessary, which some patients 

may find frightening or uncomfortable. 

 May cause bruising, soreness, or discomfort where 

the injection was made. 

 The possibility of needle stick injuries and using the 

wrong injection method. 

 

2. Insulin Pens 

 Insulin pens are pen-shaped devices that come with 

a disposable injection needle and an insulin cartridge. 

They provide an easy-to-use, discrete substitute for 

standard syringe and needle injections, enabling accurate 

dosage. Insulin pens with features like dosage memory, 

dose modification, and dose increments to make insulin 

administration easier can be purchased prefilled or 

reusable. 

 

 There are many different kinds of insulin pens on 

the market, including reusable, disposable, and smart 

pens with cutting-edge features like dosage tracking, 

reminders, and connection to mobile apps. 

 

 Advantages 

 It is portable and easy to use, making it ideal for 

administering insulin while on the road 

 It allows for accurate dosage and dose 

modifications, especially for individuals with poor 

dexterity or visual acuity. 

 Promotes better patient adherence and lessens the 

stigma attached to insulin shots. 

 

 Challenges 

 The initial outlay could be more than with 

conventional syringes and needles. 

 Needs pen cartridges and needles to be changed on a 

regular basis. 

 Less formulation and type flexibility than vials of 

insulin. 

 Possibility of pump-related problems, such as 

blockages in the infusion set, infections at the site, 

or difficulties with the pump. 

 For certain patients, adoption may be hampered by 

the initial expense and learning curve.
[22,23,24,25,26]

 

 

ADVANCED DELIVERY SYSTEMS IN INSULIN 

DELIVERY 
Modern insulin delivery systems provide creative ways 

to improve accuracy, convenience, and adherence to 

insulin administration, which is a major advancement in 

the treatment of diabetes. These systems make use of 

state-of-the-art technology to improve glycemic control, 

optimize insulin delivery, and improve the quality of life 

for people with diabetes. A thorough explanation of a 

few cutting-edge insulin delivery devices is provided 

below: 

 

1. Insulin Pump Therapy 

 Description: Insulin pump treatment, often referred 

to as continuous subcutaneous insulin infusion (CSII), is 

a method of delivering insulin continuously throughout 

the day by means of a tiny electronic device called an 

insulin pump. This mimics the basal insulin production 

that occurs naturally. Insulin pumps are programmable 

devices that provide accurate control of mealtime boluses 

and basal insulin rates according to lifestyle variables 

and individual insulin requirements. 

 

 Features: A reservoir to store insulin, a pump to 

administer insulin, a programmable interface to set bolus 

dosages and basal rates, and a catheter or infusion set to 

inject insulin subcutaneously are the standard 

components of insulin pumps. Other aspects of certain 

sophisticated insulin pumps might be automated insulin 

delivery (closed-loop systems), predictive algorithms, 

and integration with continuous glucose monitoring 

(CGM) 

 

 Advantages: Insulin pump therapy has a number of 

advantages over conventional insulin injection 

techniques, including as better glycemic control, a lower 

risk of hypoglycemia, increased flexibility in when to eat 

and exercise, and easier insulin delivery. Those with type 

1 diabetes, those with unstable glycemic control, and 

those in need of intense insulin therapy benefit most 

from insulin pumps. 

 

2. Patch Pumps 

 Description: Adhesive to the skin, patch pumps are 

wearable insulin delivery devices that give continuous 

subcutaneous insulin infusion. Patch pumps have an 

integrated design with a self-contained reservoir and 

infusion mechanism, in contrast to typical insulin pumps, 

which require tubing and infusion sets. Patch pumps 

provide more mobility and discretion while 

administering insulin since they are covert, lightweight, 

and waterproof. 

 

 Features: Typically, patch pumps have an adhesive 

backing to stick to the skin, an infusion mechanism to 

distribute insulin, and a reservoir to store insulin. 

Automated insulin administration algorithms, 

touchscreen interfaces, and Bluetooth connectivity are 

additional features that some sophisticated patch pumps 

may have. 

 

 Advantages: Compared to standard insulin pumps, 

patch pumps provide a number of benefits, including as a 

discreet and small design, ease of application and 

removal, a lower risk of problems from the tubing (such 

kinking or disconnection), and better adherence to 

insulin administration. For those who would like a more 
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covert and convenient way to administer insulin, patch 

pumps are a great choice. 

 

3. Smart Insulin Pens 

 Description: Pen-shaped gadgets that incorporate 

cutting-edge technology to improve insulin delivery and 

tracking. More accurate and convenient insulin dosage is 

made possible by the capabilities that these devices often 

incorporate, such as dose memory, dose tracking, 

Bluetooth connectivity, and smartphone compatibility. 

 

 Features: To record insulin dosages, time stamps, 

and injection locations, smart insulin pens may include 

built-in memory. This information is useful for diabetes 

control and insulin dose titration. Some sophisticated 

smart pens can also manage insulin dosages, check blood 

glucose levels, and give customized information for 

medical professionals by syncing with smartphone apps 

or cloud-based systems. 

 

 Advantages: Compared to conventional insulin 

pens, smart pens provide a number of benefits, such as 

increased adherence to insulin therapy, better dosage 

precision, real-time data recording and analysis, and 

interaction with digital health platforms. With the help of 

smart pens, people with diabetes may participate more 

actively in their care and give medical professionals 

useful information for tailoring treatment plans. 

 

4. Closed-Loop Systems 

 Description: Closed-loop systems, sometimes 

referred to as artificial pancreas systems or hybrid 

closed-loop systems, automate the supply of insulin in 

response to real-time glucose readings by combining 

insulin pump therapy with continuous glucose 

monitoring (CGM) technology. These devices attempt to 

maintain stable blood glucose levels without the need for 

personal intervention by using algorithms to modify 

basal insulin rates and provide automatic correction 

boluses. 

 

 Features: In closed-loop systems, an insulin pump 

delivers insulin, a control algorithm modifies insulin 

administration based on glucose readings, and a CGM 

sensor measures interstitial glucose levels. To improve 

glucose management and reduce the risk of 

hypoglycemia, certain sophisticated closed-loop systems 

may also include configurable settings, adaptive 

learning, and predictive algorithms. 

 

 Advantages: Compared to traditional insulin 

therapy, closed-loop devices have a number of benefits, 

including as better glycemic control, a lower risk of 

hypoglycemia, easier insulin administration, and more 

flexibility with regard to meal planning and physical 

activity. Closed-loop systems are especially helpful for 

those with type 1 diabetes, those whose blood sugar 

levels fluctuate, and people who want to make managing 

their diabetes easier.
[27,28,29,30,31]

 

 

EFFICACY OF INSULIN DELIVERY 

TECHNOLOGIES 

 The goal of insulin delivery systems is to give the 

appropriate quantity of insulin at the appropriate time to 

provide optimal glycemic control. The ability of these 

technologies to keep steady blood glucose levels within 

the desired range serves as a proxy for efficacy. 

 

 Compared to conventional techniques, accurate 

insulin dosage is made possible by advanced delivery 

devices such insulin pumps and closed-loop systems, 

which enhance glycemic control. According to studies, 

using insulin pumps for continuous subcutaneous insulin 

infusion can lower HbA1c levels and lessen the risk of 

both hyperglycemia and hypoglycemia. 

 

 Targeted and sustained insulin administration, which 

reduces blood glucose swings, is a potential 

improvement for implantable devices and insulin 

formulations based on nanotechnology.
[32.33]

 

 

SAFETY OF INSULIN DELIVERY 

TECHNOLOGIES 

 The safety of insulin delivery systems is crucial in 

order to reduce the possibility of hypo- or hyperglycemia 

as well as other unfavorable outcomes. It is important to 

deliver insulin treatment with the least amount of risk of 

problems or adverse effects. 

 

 By modifying insulin administration based on 

glucose patterns, advanced delivery systems with 

features like automated dosing algorithms and real-time 

glucose monitoring help prevent hypoglycemia. When 

compared to traditional insulin administration, closed-

loop devices have been demonstrated to lessen the 

incidence and severity of hypoglycemia episodes. 

 

 Dose-tracking smart insulin pens improve safety by 

encouraging patients to follow their insulin regimen and 

avoiding missing doses. 

 

PATIENT CONVENIENCE OF INSULIN 

DELIVERY TECHNOLOGIES 

 In terms of overall diabetes control and adherence to 

insulin treatment, patient convenience is crucial. 

Technologies for delivering insulin should be portable, 

easy to use, and flexible enough to fit into patients' daily 

routines. 

 

 More flexibility in insulin dose schedules and 

mealtime bolusing is provided by advanced delivery 

devices like as insulin pumps, which let patients to tailor 

their treatment plans to their daily routines and eating 

preferences. 

 

 Bluetooth-enabled smart insulin pens and mobile 

app integration facilitate smooth data management and 

remote monitoring, improving patient and healthcare 

provider comfort. 
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COST-EFFECTIVENESS OF INSULIN DELIVERY 

TECHNOLOGIES 

 When making decisions about healthcare, cost-

effectiveness is very important, especially when 

managing chronic illnesses like diabetes. Technologies 

for delivering insulin should add value by enhancing 

patient outcomes and reducing medical expenses. 

 

 Research has demonstrated that, despite their higher 

initial costs, modern delivery systems like as insulin 

pumps and closed-loop systems can result in long-term 

cost benefits by lowering the rate of hospitalizations and 

problems associated with diabetes. 

 

 As an affordable substitute for separate glucose 

monitors and a significant source of data insights to 

enhance insulin therapy, smart insulin pens are a great 

option for administering insulin.
[34,35]

 

 

ADHERENCE ISSUES OF INSULIN DELIVERY 

TECHNOLOGIES 

• Maintaining stable blood glucose levels and 

avoiding complications from diabetes depend on 

adherence to insulin therapy. However, poor glycemic 

control might arise from adherence problems, which are 

frequent among diabetics. 

 

• The inconvenient nature of administering insulin, 

injection anxiety, and trouble sticking to complicated 

dosage schedules are all factors that lead to low 

adherence. Furthermore, psychological variables that 

affect adherence include anxiety, sadness, and suffering 

connected to diabetes. 

 

• Adherence problems may be made worse by insulin 

administration methods that are difficult to use or need 

frequent modifications. If patients feel that the 

technology is obtrusive or onerous, they may be less 

inclined to stick with their treatment plan. 

 

DEVICE-RELATED COMPLICATIONS OF 

INSULIN DELIVERY TECHNOLOGIES 

• The use of insulin delivery systems, such as insulin 

pumps, infusion sets, and injectable devices, may result 

in issues associated to the device. Insulin pump 

problems, infusion site reactions, and site infections are 

common consequences. 

 

• Poor cleanliness habits, insufficient site rotation, and 

incorrect device insertion or positioning can all raise the 

risk of problems. Problems with the device might cause 

disruptions in the supply of insulin, which would cause 

fluctuations in blood sugar levels and make people more 

vulnerable to hypo- or hyperglycemia. 

 

• To reduce the chance of issues, education and 

training about the correct use and maintenance of devices 

are crucial. In order to address any worries or issues 

patients may have with insulin delivery devices, 

healthcare practitioners should collaborate closely with 

patients. 

 

AFFORDABILITY CONSTRAINTS 
• In low- and middle-income nations where access to 

healthcare resources may be restricted, affordability 

restrictions represent a substantial obstacle to the use of 

insulin delivery systems. Individuals and families 

impacted by diabetes may find it financially difficult to 

pay the high out-of-pocket expenses for insulin, insulin 

pumps, and related supplies. 

 

• Wide variations in insurance coverage and 

reimbursement policies result in unequal access to 

insulin delivery technologies among various populations. 

Individuals without sufficient insurance coverage may 

find it difficult to pay for necessary diabetic supplies, to 

the point where they ration insulin or stop taking their 

medication entirely. 

 

• Financial limitations also apply to the continuous 

upkeep and replacement of insulin delivery systems. 

Insulin treatment may be interrupted if patients have 

trouble getting timely replacements for damaged or 

broken equipment.
[36,37]

 

 

NOVEL DRUG DELIVERY SYSTEMS FOR 

INSULIN DELIVERY 
Significant progress has been achieved in the creation of 

innovative drug delivery methods for the administration 

of insulin in recent years. These devices address issues 

with conventional insulin administration techniques and 

seek to increase the convenience, safety, and 

effectiveness of insulin therapy. Novel medication 

delivery systems, which make use of cutting-edge 

technology, present new ways to improve glycemic 

control and maximize diabetes care. A thorough 

explanation of a few recently developed innovative 

insulin delivery medication delivery systems may be 

found below. 

 

1. Oral Insulin Delivery Systems 

 Description: These systems seek to provide insulin 

orally, obviating the requirement for subcutaneous 

injections. These systems make use of a variety of 

techniques to improve insulin absorption into the 

bloodstream and shield it from deterioration in the 

digestive system. Methods include co-administration 

with protease inhibitors or permeability enhancers, 

formulation with absorption enhancers, and 

encapsulation in polymer matrix. 

 

 Advantages: There are a number of possible 

benefits of oral insulin delivery, such as non-invasive 

administration, enhanced patient adherence, and a lower 

risk of injection-related problems. Additionally, oral 

insulin may more closely resemble physiological insulin 

production, resulting in improved glucose control and 

more physiologic insulin action. 
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 Challenges: Poor oral bioavailability, variable 

absorption, and vulnerability to breakdown by digestive 

enzymes are issues with oral insulin administration. 

Innovative formulation techniques, efficient delivery 

methods, and thorough preclinical and clinical testing are 

needed to overcome these obstacles. 

 

2. Transdermal Insulin Delivery Systems 

 Description: By avoiding the need for subcutaneous 

injections, transdermal insulin delivery devices allow for 

the non-invasive administration of insulin via the skin. 

These devices improve the penetration of insulin across 

the skin barrier by utilizing a variety of technologies, 

including ultrasound, iontophoresis, and microneedles. 

Specifically, microneedle patches have become a viable 

method for transdermal insulin administration that is 

both painless and effective. 

 

 Advantages: Potential benefits of transdermal 

insulin delivery include painless administration, a lower 

chance of needle stick injuries, and better patient 

acceptability and adherence. In comparison to 

subcutaneous injections, transdermal administration 

offers a more regulated and prolonged release of insulin, 

which results in more stable blood glucose levels. 

 

 Challenges: The use of transdermal insulin 

administration presents several difficulties, such as the 

requirement for an ideal patch design, improved skin 

penetration, and exact control over insulin release 

kinetics. It will take interdisciplinary cooperation, 

creative materials science, and thorough preclinical and 

clinical testing to overcome these obstacles. 

 

3. Inhalable Insulin Delivery Systems 

 Description: Insulin may be delivered non-

invasively to the lungs by inhalable devices, which 

facilitate quick absorption of the insulin into the 

circulation. These methods use insulin formulations that 

are either aerosolized or dry powder and are inhaled via 

specialized equipment. When it comes to lunchtime 

insulin administration, inhalable insulin provides a 

simple and needle-free substitute for subcutaneous 

injections. 

 

 Advantages: There are several possible benefits 

associated with inhalable insulin delivery, such as quick 

start of action, ease of administration, and enhanced 

patient acceptability and adherence. When compared to 

subcutaneous injections, inhalable insulin may 

potentially offer more physiological insulin kinetics, 

simulating the sharp peak and fall of natural insulin 

production. 

 

 Challenges: Optimizing pulmonary deposition, 

maintaining constant dosage precision, and lowering the 

risk of pulmonary consequences are among the 

difficulties in using inhalable insulin administration. To 

tackle these obstacles, sophisticated aerosolization 

techniques, meticulous formulation development, and 

comprehensive safety assessment in clinical trials are 

necessary. 

 

4. Implantable Insulin Delivery Systems 

 Description: Implantable insulin delivery systems 

allow for the long-term, regulated release of insulin by 

inserting insulin-releasing devices or reservoirs into the 

body. These methods can administer insulin 

intraperitoneally or subcutaneously using biodegradable 

polymers, osmotic pumps, or microfluidic devices. Long-

term insulin administration without the need for frequent 

injections is a benefit of implantable devices. 

 

 Advantages: There are several possible benefits 

associated with implantable insulin delivery devices, 

including as continuous insulin administration, decreased 

treatment burden, and enhanced patient compliance. In 

order to maximize glycemic control, implantable devices 

can deliver insulin continuously or pulsatilly, imitating 

the rhythm of natural insulin production. 

 

 Challenges: The risks of device-related 

consequences including infection or mechanical failure, 

as well as biocompatibility and foreign body reaction, are 

challenges that come with implanted insulin delivery 

devices. Innovative materials engineering, biocompatible 

coatings, and strong implanted device design are 

necessary to overcome these obstacles. 

 

5. Smart Insulin Delivery Systems 

 Description: To improve insulin dose and 

administration in real-time, smart insulin delivery 

systems incorporate cutting-edge technology such 

sensors, microcontrollers, and feedback control 

algorithms. These devices constantly check blood sugar 

levels and modify insulin dosages according to a person's 

specific needs, food consumption, amount of physical 

activity, and other pertinent variables. The goal of 

intelligent insulin delivery systems is to minimize the 

chance of hypoglycemia while maintaining strict 

glycemic control. 

 

 Advantages: The use of smart insulin delivery 

systems has several potential benefits, such as tailored 

insulin therapy, flexible dosage algorithms, and 

instantaneous glucose monitoring. By using predictive 

algorithms to alter insulin dosage proactively, these 

systems can lessen the strain of managing diabetes and 

enhance patient outcomes. 

 

 Challenges: Smart insulin administration systems 

have several challenges, such as sensor accuracy, 

algorithm improvement, and user acceptability. Human 

factors engineering, comprehensive clinical validation, 

and interdisciplinary cooperation are necessary to 

integrate various components into a smooth and user-

friendly system.
[38.39,40,41,42]
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Future Prospects and Innovations in Insulin Delivery 
The field of insulin administration is constantly changing 

due to developments in engineering, technology, and 

medicine. Looking ahead, a number of exciting 

opportunities and cutting-edge discoveries are set to 

revolutionize the insulin delivery industry and open up 

new paths for bettering patient outcomes and diabetes 

treatment. Below is a thorough analysis of several 

significant upcoming opportunities and advancements in 

insulin delivery. 

 

1.  Targeted Insulin Delivery Systems 

 Prospects: Localized insulin administration to 

certain tissues or organs is a potential benefit of targeted 

insulin delivery systems, which also minimize systemic 

exposure and lower the possibility of adverse 

consequences. Targeted insulin administration to the 

liver, muscle, or adipose tissue may be helpful in 

disorders including type 1 diabetes, insulin resistance, 

and diabetic complications. These devices may find use 

in these settings. 

 

 Innovations: Targeting tissue-specific insulin 

receptors, microencapsulation technologies, and 

nanoparticle-based carriers are some of the novel 

techniques to tailored insulin delivery. By maximizing 

insulin bioavailability, extending insulin action, and 

reducing off-target effects, these tactics hope to provide 

more accurate and efficient insulin administration. 

 

2. Gene Therapy for Insulin Production 

 Prospects: By facilitating the direct synthesis of 

insulin in the body's cells, gene therapy presents a 

promising new avenue for the administration of insulin. 

To encourage endogenous insulin production and release, 

gene therapy procedures entail introducing insulin-

producing genes into target cells, such as muscle or 

pancreatic beta cells. 

 

 Innovations: Viral and non-viral vectors, as well as 

genome editing tools like CRISPR-Cas9, have recently 

been used in gene therapy to produce insulin. These 

methods seek to increase insulin sensitivity, repair 

pancreatic beta cell function, and provide diabetics a 

long-term insulin therapy option. 

 

3. Biomimetic Insulin Delivery Systems 

 Prospects: Biomimetic insulin delivery methods 

provide improved biocompatibility, stability, and 

efficacy by imitating natural mechanisms of insulin 

production and action. The intricate interactions between 

insulin and glucose in the body are replicated in these 

systems, improving glycemic control and resulting in 

more physiologic insulin kinetics. 

 

 Innovations: Insulin microspheres, glucose-

responsive insulin formulations, and insulin analogs with 

altered pharmacokinetic profiles are examples of 

innovations in biomimetic insulin delivery systems. By 

imitating the dynamic control of insulin production in 

response to variations in blood glucose levels, these 

technologies seek to improve the accuracy and 

adaptability of insulin therapy. 

 

4. Personalized Insulin Delivery Strategies 

 Prospects: The goal of personalized insulin delivery 

techniques is to adjust insulin dosage based on the needs, 

preferences, and metabolic profiles of each patient. In 

order to maximize therapy results and enhance patient 

adherence, these techniques include variables such 

insulin sensitivity, glucose variability, meal patterns, 

levels of physical activity, and comorbidities. 

 

 Innovations: Patient-specific insulin formulations, 

integrated decision support systems, and algorithm-based 

insulin dosage algorithms are examples of novel methods 

to customized insulin administration. With the help of 

these technologies, patients may take charge of their 

diabetes treatment and receive personalized insulin 

therapy based on data from wearables, digital health 

platforms, and continuous glucose monitoring. 

 

5. Using Nanotechnology to Deliver Insulin 

• Prospects: Innovative approaches to improving 

insulin's stability, effectiveness, and tailored 

administration are provided via nanotechnology. 

Utilizing nanoparticles and nanoscale devices to get 

around the drawbacks of conventional insulin 

formulations and improve treatment results for diabetics 

is how nanotechnology in insulin administration will 

develop in the future. 

 

• Innovations: Nanoparticle-Based Formulations: By 

improving insulin stability, bioavailability, and tissue 

specificity, nanoparticle-based insulin formulations will 

allow for more accurate and prolonged insulin 

administration. Glucosensors Enabled by 

Nanotechnology: These glucose sensors will monitor 

blood glucose levels continuously and in real time, 

allowing for customized insulin dosage and improved 

glycemic control. Nanofiber-Based Delivery Devices: 

Providing a continuous and regulated release of insulin 

via the skin, nanofiber-based insulin delivery devices 

will provide a non-invasive and painless substitute for 

conventional injection techniques.
[43 to50]

 

 

CONCLUSION 

Finally, a thorough overview of both the state-of-the-art 

and the bright future prospects in the field of insulin 

delivery systems has been presented by the systemic 

review. We have looked at how insulin administration 

has changed over time, from simple syringes to 

sophisticated closed-loop devices, emphasizing the cost-

efficiency, patient convenience, safety, and effectiveness 

of each approach in the management of diabetes. 

 

This study has shown that, with to developments in 

technology, research, and patient-centered care, insulin 

delivery methods are still being rapidly innovated. The 

development of smart insulin pens and implantable 
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devices, together with the incorporation of 

nanotechnology and tailored therapy, present enormous 

opportunities for optimizing patient outcomes and 

glycemic control in the future of insulin administration 

 

But these developments also bring with them new 

difficulties, such problems with adherence, 

complications from the device, and financial limitations, 

which need to be resolved to provide fair access to and 

the best possible use of insulin delivery systems. The 

availability and acceptance of these technologies are 

significantly shaped by regulatory factors, market trends, 

and accessibility concerns, highlighting the significance 

of ongoing innovation and stakeholder engagement. 

 

In conclusion, we can further develop the area of insulin 

administration and enable people with diabetes to better 

control their disease and lead healthier lives by adhering 

to current trends, embracing innovation, and placing a 

high priority on patient-centered care. 
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