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Abstract 
Diabetes mellitus is one of the fastest-growing global health emergencies of the twenty-first 
century. Diabetes is a chronic metabolic disease (T2DM) that is characterized by a rapid increase 
in the incidence of hyperglycemia, hyperlipidemia, and pancreatic -cell destruction. Insulin plays 
a key role in the regulation of mitosis and cellular functions. It is also a major risk factor for the 
development of retinopathy, kidney disease, cardiovascular disease, and peripheral vascular 
diseases. Oral delivery of insulin via the gastrointestinal tract has been shown to be a viable 
alternative method for treating diabetes. However, there are a few obstacles to overcome, such 
as the high molecular weight of insulin, the mucin barrier's low diffusion rate, and the protein's 
vulnerability to enzymatic proteolysis. In addition, multifunctional delivery nano systems have 
a long way to go before they can be used in clinics, though. The agony of insulin injections may 
be eliminated for diabetics if insulin delivery nano systems are able to overcome these 
obstacles. 
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INTRODUCTION: 
Ranking among the top ten diseases in the world that 
pose a threat to human health, diabetes is also one 
of the fastest-growing global health emergencies of 
the twenty-first century.  
In 1921, JJR Macleod, Charles H Best, and Sir 
Frederick G. Banting made the initial discovery of 
insulin at the University of Toronto. James B. Collip 
then went on to further purify it (1,2). Insulin peptide 
hormone, which is composed of two peptide 
chains—the A-chain (21 amino acids) and the B-chain 
(30 amino acids)—is released by the β-cells of the 
pancreatic islets of Langerhans. Two disulfide 
connections join the two chains, while the A-chain 

has an extra disulfide linkage (3). Insulin makes sure 
that cells absorb glucose from the blood so that it can 
be used as fuel. Extra glucose is stored as glycogen. 
It controls the metabolism of proteins, lipids, and 
carbohydrates. Insulin promotes mitosis and 
supports cellular functions (4). When Insulin's ability 
to act normally is compromised, which leads to 
hyperglycemia—the main cause of diabetes mellitus 
and the group of metabolic illnesses. Weight loss, 
polyphagia, polyuria, and polydipsia are frequently 
observed symptoms of this illness]. Chronic 
hyperglycemia is linked to severe symptoms such as 
retinopathy, kidney, cardiovascular, and peripheral 
vascular diseases (5,6). 
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Diabetes mellitus, also known as type 1 or type 2 
diabetes, is a chronic metabolic disease (T2DM). 
Patients with T1DM experience decreased or absent 
pancreatic insulin production as a result of 

pancreatic β -cell destruction, while those with 

T2DM experience low cell sensitivity to insulin (7). As 
a result, changes in blood glucose homoeostasis are 
a feature shared by patients with T1DM and T2DM. 
Hyperglycemia results from elevated blood glucose 
concentrations caused by low or absent insulin levels 
(7).  
Insulin can be administered most conveniently and 
safely by oral means, which is also the most accepted 
mode of administration (11,12). One of its main 
benefits is that it can prevent problems and 
hypoglycemia at the site of administration. However, 
because of its high molecular weight, strong 
hydrophilicity, poor stability, and low tolerance 
against protease hydrolysis, oral insulin 
administration has a bioavailability of less than 2% 
(13,14,15,16). Furthermore, oral insulin can only 
function by crossing the gastrointestinal tract's 
physiological absorption barrier, which has made it 
more difficult for oral insulin to develop (17,18). 
However, the oral administration of insulin 
encounters significant challenges prior to entering 
systemic circulation. Once insulin travels through the 
stomach and intestine (9). 
By focusing on the lipid bilayers of the epithelial 
lining of the gastrointestinal tract to overcome the 
proteolytic enzyme barrier, excipients must be 
chosen to enhance the stability of absorption and 
permeability of protein drugs in the gas- trointestinal 
tract. However, limited studies have been per- 
formed to study the overall effectiveness of multiple 
approaches to enhance the bioavailability of orally 
administered insulin Nevertheless, few research has 
been conducted to examine the combined efficacy of 
various strategies for improving the bioavailability of 
insulin administered orally. Protein and peptide 
carriers, including liposomes, emulsions, 
nanoparticles, and microspheres, have been 
employed to enhance the physical stability of insulin 
formulations and shield them from digestive 
enzymes (9,10). 
 
PROCEDURES AND TECHNOLOGIES 
How to make tablets of insulin: 
The study employed the wet granulation process to 
prepare coated and uncoated insulin tablets. The 
active component was powdered human 

recombinant insulin (Sigma-Aldrich, St Louis, MO, 
USA). Additional excipients used in the tablet 
formulation were of standard pharmaceutical grade 
and included sodium glycocholate (Sigma-Aldrich), 
meta cresol (Sigma-Aldrich), lactose (Sigma-Aldrich), 
glycerin (Pharma Scope, Welshpool, WA, Australia), 
5% polyvinylpyrrolidone (Thermo Fisher, Malaga, 
WA, Australia), and Avicel (Sigma-Aldrich). 
The formula which displays the quantity and purpose 
of the selected excipients, was followed in the 
production of the coated and uncoated insulin 
tablets. Insulin and the powdered excipients were 
combined using a mortar and pestle to create a 
uniform mixture. 5% polyvinylpyrrolidone was then 
gradually added and triturated. Put well into this 
mixture. To extract the necessary grains, the wet 
mass was sieved through a 1016-lm sieve and placed 
into a metal tray. The resulting wet granules were 
dried in a stability chamber for fifteen minutes at 40 

% humidity and 10 °C. After that, the dry grains 

were sieved using a 711-lm sieve, after which it was 
put into a magnesium container Prior to 
compression, stearate and combine for 15 minutes. 
The granules with a Manesty F3 single-punch 
compressor tablet press (United Kingdom, 
Manchester). The blows delivered throughout the 
process of compression were typically concave and 
flat just 3.97 mm deep. Setting the eccentric lever to 

24 gave Each pill has a 4–6 kg/cm2 average hardness. 

On average, the tablet that was obtained weighed 
94.75 mg. Likewise, coated There were 
tabletsModes:2 prepared using appropriate 
quantities of ingredients (Table 1), followed by 
manual spraying of cellulose acetate hydrogen 
phthalate solution (Sigma-Aldrich) to form consistent 
enteric coated layers. Each layer was dried for 2 min 
before a new layer was sprayed on the tablet 
manually. The tablets were coated by rolling on the 
sieve manually throughout the process, and drier 
was used at the end. Each layer was dried for 2 min 
before a new layer was coated on the table formed 
with the proper constituent amounts and then 
manually sprayed with cellulose acetate hydrogen 
phthalate solution (Sigma-Aldrich) to create uniform 
enteric coated layers. Before applying a fresh coat 
manually to the tablet, each layer was allowed to dry 
for two minutes. Throughout the process, the tablets 
were coated by physically rolling them on the sieve, 
and drier was applied at the conclusion. Before 
applying a fresh layer on the table, each layer was 
allowed to dry for two (19). 
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Formulation used in the production of coated and 
uncoated insulin tablet: 
Analysis of the insulin tablet: 
The tablets were assessed using a number of 
common British Pharmacopeia tests, such as weight 
variation, friability, disintegration, and hardness, to 
make sure a satisfactory quality was met (20). By 
choosing twenty tablets at random, the weight 
variation was examined, and the average weight was 
determined. The official British Pharmacopeia limit 
of percentage deviation for all tablets is two tablets 
maximum.no tablets may be more than 5% off from 
the mean, and the mean cannot be more than 10% 
off in (20). Using an Erweka friabilator (Erweka, 

Heusenstamm, Germany), tablets were also assessed 
for friability, with a 2 g drum rotation speed. First, 
the fragment-free tablets were weighed together, 
and then the dust-free tablets were weighed again 
together. The tablets must have lost no more than 
1% of their original weight and show no signs of 
obvious cracks in order to meet British Pharmacopeia 
guidelines. In order to pass the test, all six tablets had 
to dissolve within 15minutes, according to British 
Pharmacopeia criteria, which were applied to the 
disintegration test. In The Monsanto hardness tester 
(Singhla Scientific, Haryana, India) was used to 
measure resistance to crushing, and a 4–8 kg limit 
was established (20). 

 
Evaluation techniques: 
1.Weight variation.  
2.Friability.  
3.Disintegration.            
4.Hardness.  
5.Weight variation. 

Erweka friabilator. 
 
Oral delivery of insulin: 
There are a number of benefits to taking insulin orally 
as opposed to other systemic delivery methods. For 
instance, there are no needle stick injuries, local 
pain, discomfort, or irritation, nor is there any risk of 
skin infections from Staphylococcus aureus and 
Mycobacterium chelone, which are common with 
injections (21). According to normal human 
physiology, the pancreas detects an increase in blood 
glucose levels following a meal and secretes insulin 
to keep blood sugar levels within normal ranges. 
Thus, the primary advantage of oral insulin 
administration over traditional injection insulin 
delivery, which can cause the injection site to swell 
and become sensitive over time, is that the former 
can be less painful (22). For insulin, hepatic first-pass 

metabolism is advantageous. While parenteral 
insulin administration increases the risk of 
hypoglycemia and an immunological reaction in 
peripheral tissues, oral insulin can lessen these 
effects even though it is more easily metabolized by 
the liver. Reducing insulin exposure in the peripheral 
system minimizes the risk of weight gain, among 
other benefits (23). 
Difficulties in delivering oral insulin through the GIT 
and potential solutions: 
At the moment, less than 1% of oral protein-based 
medications, including insulin, have oral 
bioavailability. Therefore, increasing the 
bioavailability of protein-based medications to 30–
50% is the primary goal of their oral delivery (24). 
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--There are several obstacles to overcome, such as 
the 
1. High molecular weight of insulin  
2. The mucin barriers low diffusion rate 
3. The protein's vulnerability to enzymatic 

proteolysis to enzymatic proteolysis. 
4. Bioavailability and non-erratic absorption. 

--Enzymatic and pH degradation of insulin in the GI:  
In the stomach and the gastrointestinal tract (GIT), 
enzyme activity and acidic pH cause insulin to break 

down quickly. The GIT breaks down insulin due to the 
action of pepsin and pancreatic proteolytic enzymes 
like trypsin and α-chymotrypsin (25). Insu-lin is 
broken down by the stomach's acid catalysis, the 
intestine's luminal degradation, and the cells 
themselves. Furthermore, first-pass hepatic insulin 
extraction causes the liver to break down half of the 
insulin that gets there. These mechanisms result in 
low systemic circulation bioavailability of Insulin (26).  

 

 
 
Therapeutic activities: 
Uncontrolled hyperglycemia can result in a number 
of negative outcomes for people with T1DM as well 
as T2DM. It is imperative to maintain long-term 
blood glucose control in order to minimize the risks 
associated with both macro and microvascular 
complications (28). Reducing the incidence of 
hyperglycemia and the complications it causes is the 
primary treatment objective for diabetes. 
Diabetic ketoacidosis can occur in T1DM patients 
who purposefully or unintentionally stop taking 
insulin, particularly the long-acting kind. A significant 
loss of water and electrolytes from the extracellular 
and intracellular fluid compartments is a hallmark of 
diabetic ketoacidosis (29). With respect to patients 
with T2DM, insulin is normally administered at a 
later. Stage. At the initial stage or early onset of 
symptoms, cells in the body cannot utilize or respond 
to the normal production of insulin effectively. 

People with T2DM are usually asymptomatic initially, 
and patients with diabetes may be unaware of their 
conditions (30). 
The first-line treatment currently used is lifestyle 
modification, which is followed by the therapeutic 
introduction of metformin (31).When metformin is 
unable to control blood glucose levels, it is combined 
with other anti-diabetic medications such as sodium-
glucose cotransporter 2 inhibitors, thiazolidinedione, 
sulphonyl urea’s, glucagon-like peptide-1 (GLP-1) 
receptor agonists, dipeptidyl peptidase-4 inhibitors, 
and alpha-glucosidase inhibitors(32,33).In the event 
that the patient is experiencing ketoacidosis, the 
initial HbA1c is elevated (≥9.0%), or there is evidence 
of oral combination medication failure after three to 
six months, insulin may be necessary in these specific 
circumstances(33).A specialized multidisciplinary 
team should manage T2DM patients in order to 
increase adherence to glycemic control. 

 

Oral insulin Parenteral insulin 

Ease and convenience Safe and easy route 
The pain and chance of skin infection associated with 
injection is absent 

Reduces severe hypoglycemic episodes 
including nocturnal hypoglycemia 

Improves the portal levels of insulin and curtails to the 
peripheral hyperinsulinemia 

Mimics physiological secretion of insulin as 
closely as technological possible 
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Minimize the risk of hypoglycemia and immune 
response 

Reduces TDD of limit 

An early initiation of insulin therapy improvement in 
beta cell function with 1year 

Slow and sustained absorption. Reduces 
glycemic variability 

Reducing the insulin exposure in the peripheral system, 
to minimize the incidence of weight gain. 

Deliver precise dose of insulin, and basal rate 
can be adjusted throughout the day 

 
Barriers: - 
While oral delivery of insulin is a great substitute 
administration method for diabetic patients, there 
are a few obstacles that need to be addressed. 
Insulin must pass through the stomach and intestine 
with its complete structure, integrity, and 
conformation before it can enter systemic 
circulation. Due to its high molecular weight, low 
diffusion rate across the mucin barrier, and 
susceptibility to gastrointestinal enzymes, intact 
insulin has a low oral bioavailability when 
administered orally (34). It is a protein medication. 
Nutrient uptake may occur through paracellular or 
transcellular processes. In the gastrointestinal tract, 
simple diffusion and carrier-mediated transport both 
control transcellular absorption (35). Lipophilic 
molecules penetrate the epithelial membrane by 
means of the simple diffusion mechanism. The 
molecular weight of insulin is 5800 Daltons. The 
gastrointestinal tract's columnar mucous membrane 
absorbs it poorly. The membrane structure of the 
gastrointestinal tract is hydrophobic on the outside 
and hydrophilic inside (35).  
Mucin barrier: 
The glycoprotein mucin layer is a crucial barrier that 
needs to be broken down. The goblet cells' secreted 
mucus serves to shield the exposed epithelial 
surfaces by encasing pathogens and foreign particles 
(36). Unfortunately, the layer's viscous nature makes 
it function as a physical diffusion barrier, limiting the 
rate of absorption and bioavailability of oral drug 
delivery, including protein (36,37). 
In this investigation, hyaluronidase was used to 
remove the mucous layer without compromising the 
integrity of the cells in the gastrointestinal system 
(36). When comparing the hyaluronidase-treated 
segment to the untreated intestinal treatment, the 
absorption rate and the apparent permeability 
coefficient (Papp) of insulin are higher (38). 
Additionally, this study showed that Papp increased 
in the same order for rats in the hyaluronidase-
treated and untreated control groups (ileum < 
jejunum < duodenum) (38). 
Metal Organic Frameworks (MOFs): 
A three-dimensional ordered porous material made 
up of inorganic clusters connected by organic ligands 
is called a metal organic framework (MOF), also 
referred to as a porous coordination polymer. Drug 

delivery makes extensive use of their programmable 
structures and chemical functions, which are 
characterized by their regular three-dimensional 
structure and stable porosity (Figure 2D). Poly 
(ethylene glycol-b-lactide) is an amphiphilic polymer 
that can stabilize insulin in the acidic environment of 
gastric juice. Zhou et al. synthesized iron-based 
MOFs that could load insulin by physical adsorption 
(39). The insulin-loaded MOFs could be coated with 
plastic. Insulin with a molecular size of 1.3 nm × 3.4 
nm was able to be loaded into a mesoporous 
zirconium-based MOF (pore size: 3.2 nm; loading 
capacity: 40%) that Li et al. pepsin molecules larger 
than 4 nm were unable to pass through the pores 
[40). As a result, the loaded insulin was degradable 
by pepsin. Moreover, this MOF's structural stability 
in acidic environments prevented the insulin from 
releasing in gastric juice; in contrast, the MOF's 
structure could dissolve in PBS, releasing the loaded 
insulin. These drug delivery materials, however, 
released their contents too quickly. Under 
physiological conditions, about 80 percent of the 
insulin was released in 40 minutes, which could 
cause adverse effects like hypoglycemia. Currently, 
medication release must be optimized and regulated 
gradually. Furthermore, the metabolism pathway 
and degradation profile are still unknown, which 
could have detrimental effects on 
Premium Label. 
Structure of insulin: 
Insulin production is a complex process that occurs 
inside the pancreatic beta cells and is a critical 
hormone involved in glucose management. Initially, 
a single chain of the large precursor molecule known 
as pre-proinsulin is made up of three distinct 
peptides, A, B, and C. Pre-proinsulin undergoes a 
series of enzymatic cleavages to yield proinsulin, an 
intermediate form. By cleaving certain peptide bonds 
at two separate locations, proinsulin is transformed 
into mature insulin and the core C-peptide is 
released. Proteolytic enzymes, notably prohormone 
convertases PC1, PC2, and mature insulin, aid in this 
process.  
happens by cleaving certain peptide bonds at two 
different locations, allowing the core C-peptide to be 
released. The resultant mature insulin is made up of 
two chains, an A-chain and a B-chain, each of which 
has 21 and 30 amino acids, respectively, totaling 51 
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amino acids. Two covalent disulfide connections, 
CysA7 to CysB7 and CysA20 to CysB19, join these two 
chains. Furthermore, the A-chain contains an 

intrachain disulfide bond from CysA6 to CysA11. 
(41),(42),(43),(44),(45). 

 
Fig: structure of insulin. 

Insulin has a charge of -2 to -6 and an isoelectric point 
of 5.3 in a pH range of 7–11. When the concentration 
of insulin in the blood is low, less than 10−3μm, it 
exists in the bloodstream as a monomer and is 
physiologically active. However, biosynthesized 
storage insulin is of crystalline zinc-bound hexamers 
and is released in response to elevated blood glucose 
levels in the vesicles of pancreatic β-cells. 
(46),(47),(48). 
Oral insulin delivery: 
The oral route is the most advantageous of the well-
known insulin administration routes because it most 
closely resembles the endogenous insulin system. 
(49) 
Following oral administration, the insulin is absorbed 
from the intestinal lumen and travels via the portal 
circulation to the liver, where first-pass metabolism 
commences. After that, the insulin mimics the 
physiological insulin pathway by entering the 
peripheral circulation at very modest levels. In 
contrast, the subcutaneous route is linked to a 
number of problems, including obesity and 
peripheral hyper-insulinemia (50),(51) 
Nonetheless, the oral delivery of insulin is typically 
associated with low bioavailability (<2%) for a variety 
of reasons, including inadequate stability at GI tract 
pH variations, enzymatic breakdown, and a reduced 
rate of permeability through intestinal biological 
membranes (52),(53),(54),(55),(56),(57),(58),(59) 
 
CONCLUSION:  
The field of oral insulin delivery has shown great 
promise in research and could significantly transform 
the treatment of diabetes mellitus. A number of 
studies have produced encouraging findings, and 
some delivery systems are nearing the end of their 
development.  But despite all the efforts undertaken 
since the 1980s, nothing seems to have changed 
because the delivery methods that have been 
developed have not demonstrated a definite clinical 

advantage over the subcutaneous insulin route. 
There are several issues that must be appropriately 
resolved.  It is necessary to show long-term safety 
and efficacy through sufficiently powered studies in 
various patient populations throughout the diabetes 
spectrum.  Moreover, knowing how the drug is 
absorbed during meals and achieving a repeatable 
absorption are crucial objectives for creating a 
medication that must be taken continuously.  
Bioactive Metal-Organic Frameworks (MOFs) are a 
recent development being investigated for the 
delivery of insulin orally. Recently, zeolitic-
imidazolate framework-8 was used to create a 
glucose-responsive insulin delivery system of gold 
nanoparticles (AuNPs) in a single step using a 
continuous-flow microfluidic mixing system. There 
may be advantages to administering insulin 
preparations orally as opposed to through other 
systemic routes. It can prevent negative effects like 
weight gain and hypoglycemia. There are several 
obstacles to overcome, such as the high molecular 
weight of insulin, the mucin barrier's low diffusion 
rate, and the protein's vulnerability to enzymatic 
proteolysis. Bioavailability and non-erratic 
absorption are the key to the development of oral 
insulin in the future. An insulin tablet that contains 
suitable and compatible excipients, such as an 
enzyme inhibitor, an acid-resistant enteric coating, 
an absorption enhancer, and a mucoadhesive 
polymer, may be one way to deliver the medicinal 
ingredient to the colon, boost insulin bioavailability, 
and eliminate the small intestine absorption 
variation that Eigen® and IN-105 encountered. One 
of the most difficult but potentially effective non-
invasive methods for treating diabetes is oral insulin 
delivery via the gastrointestinal tract. The primary 
goals of research on oral insulin delivery are to 
prevent insulin degradation and improve the 
gastrointestinal tract's ability to absorb it. Additional 
issues like insulin degradation mediated by 
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receptors, dosage form stability, and insulin stability 
in dosage form are also being worked on. Businesses 
have shown interest in improving patient compliance 
with oral insulin. Because of the high number of 
people with diabetes and the drawbacks of insulin 
injection, research on oral insulin is undoubtedly 
ongoing. In addition to offering a viable method for 
delivering insulin orally, the multifunctional delivery 
nano systems can significantly increase the oral 
bioavailability of insulin. Oral insulin delivery nano 
systems have a long way to go before they can be 
used in clinics, though. More focus on material 
safety, accurate drug dosage control, preparation 
process viability, and storage stability should be the 
focus of future research. The agony of insulin 
injections may be eliminated for diabetics if insulin 
delivery nano systems are able to overcome these 
obstacles. 
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