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Abstract  
Since insulin was first used in 1922 for the treatment of diabetes, the 

inability to mimic normal physiological secretion has been a major limitation for 
achieving optimal glycemic control. Therefore, considerable research has been 
undertaken to develop insulin formulations that have more physiological time-
action profiles to cover basal and prandial needs. Although human insulin 
formulations produced by recombinant DNA technology were a significant 
advance over animal insulin isolated from pancreatic tissue, therapy still resulted 
in a delayed onset and prolonged duration of action of bolus insulin. To overcome 
these limitations, insulin and premixed insulin analogs formulations have been 
developed in an attempt to mimic the insulin secretion patterns found in 
individuals without diabetes. This interest has led to the development of insulin 
formulations that are characterized by flexible, predictable and physiological 
action profiles along with freedom from the fear of hypoglycemia. 
 
 
 
 
 
 
 
 
 
 

Introduction 
 
Insulin 

Insulin produced by the beta cells of the pancreas, 
which are located in the islets of Langerhans 
 
Biosynthesis  

Insulin participates in carbohydrate and fat 
metabolism. Along with insulin like growth factors (IGF1 
and IGF2), it regulates a variety of metabolic and growth-
related effects in target tissues, including stimulation of 
glucose transport, glycogen synthesis, lipogenesis, gene 
transcription, and deoxyribonucleic acid (DNA) synthesis. 
Moreover, the insulin/IGF signaling system promotes cell 
growth and survival, and is essential for normal 
reproductive capacity.  

Human insulin is composed of 51 amino acids with a 
molecular mass of 6000. It is synthesized from the 
proinsulin gene located on human chromosome 11 
(11p15.5). The proinsulin gene encodes a protein called 
pre-proinsulin, which is targeted to the endoplasmic 
reticulum where the amino-terminal signal peptide is 
removed to produce proinsulin. Proinsulin displays only 
10% of the biological activity of insulin. The A-chain and the 
B-chain that form insulin are produced by removal of the C-
peptide (residues 33–63) from the middle of proinsulin. 
The C-peptide facilitates proper folding of proinsulin so 
that three disulfide bonds form correctly between the A- 
and B-chains to stabilize the shape of insulin needed for 
biological activity. No biological function has been assigned 
to the C-peptide, although it is packaged and secreted with 
insulin in equimolar amounts. 
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Figure 1: Insulin biosynthesis. (a) Schematic diagram. Pre-proinsulin is synthesized from the insulin gene and directed into the endoplasmic 
reticulum by the signal sequence, where it folds into a proper conformation that is stabilized by three disulfide bonds (S S). The signal sequence 
is removed, and proinsulin is further processed in the Golgi apparatus, where the C-peptide is removed and packaged with insulin for secretion. 
(b) Primary amino acid sequence of human insulin and the C-peptide. (Adapted from [1]) 

 
Physiological activity 

The consumption of a carbohydrate meal causes an 
immediate rise in blood glucose concentration from 80 
mg/dl to 130 mg/dl. Immediate insulin secretion then 
lowers blood glucose to the original level within 90 min. In 
healthy people, the blood contains about 0.2–1 ng/ml 
insulin before a meal and 1–5 ng/ml after the ingestion of a 
carbohydrate meal. Antibodies that specifically bind to 
insulin are used to determine precisely the concentration 
of insulin in blood. Similar methods measure the 
concentration of C-peptide in blood, which is used as an 
indicator that insulin is being produced in the beta cells, 
especially in people receiving insulin injections. 
The blood glucose level is an important signal for insulin 
secretion. Glucose enters the pancreatic beta cells and 
increases the production of adenosine triphosphate (ATP), 
which directly stimulates insulin secretion. Other 
hormones released from cells in the small intestine during 
a meal travel to the beta cells to further promote insulin 
secretion. Upon secretion from the beta cells, insulin 
passes through the liver on its way to the peripheral 
tissues. Insulin-degrading enzyme is abundant in the liver, 
destroying about 50–60% of the secreted insulin as it 
passes through: the “half-life” of insulin in the body has 
been estimated to be 10–30 min. Insulin inhibits the 
production of glucose by the liver and increases the uptake 

of glucose by muscle and adipose tissues. Depending upon 
the tissue type, the glucose is used for energy (ATP 
production) or stored [1]. 
 
Diabetes 

Diabetes mellitus, often referred as diabetes, is 
caused by decrease in insulin secretion by pancreatic islet 
cells, leading to increase in blood glucose level 
(hyperglycemia). Diabetes mellitus is characterized by 
excessive weight loss, increased urge for urination 
(polyuria), increased thirst (polydipsia), and an excessive 
desire to eat (polyphagia) [2]. Diabetes mellitus has been 
classified as (i) type 1, or insulin-dependent diabetes, (ii) 
type 2, or non–insulin-dependent diabetes, and (iii) 
gestational diabetes. Type 1 diabetes mellitus is 
characterized by the loss of insulin-producing β cells of 
islets of Langerhans in the pancreas, thereby leading to 
deficiency of insulin. The main cause of this β-cell loss is T-
cell–mediated autoimmune attack. Type 1 diabetes in 
children is termed as juvenile diabetes. Type 2 diabetes 
mellitus is caused by insulin resistance or reduced insulin 
sensitivity combined with reduced insulin secretion. The 
defective responsiveness of body tissues to insulin almost 
certainly involves the insulin receptor in cell membranes. 
Gestational diabetes occurs in women without previously 
diagnosed diabetes who exhibit high blood glucose levels 
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during pregnancy. No specific cause has been identified, 
but it is believed that the hormones produced during 
pregnancy reduce a woman’s sensitivity to insulin, resulting 
in high blood sugar levels. Controlling the blood sugar level 
through modified dietary sugar intake, physical exercise, 
insulin therapy, and oral medications has been advised for 
control of type 1 diabetes mellitus. The goal of insulin 
formulation is to mimic the physiologic pattern of insulin 
secretion, which under normal conditions consist of a basal 
secretion and meal related short peaks and is discussed in 
the following sections [3]. 
The discovery of insulin in 1921 by Banting and Best was a 
quantum leap in terms of therapy for patients with type 1 
diabetes initially, and then for other types of diabetes. The 
use of insulin has proved life saving for many patients with 
diabetes. From the early attempts at isolating insulin from 
animal pancreatic extracts, great strides have been taken in 
terms of purification of insulin to the development of 
human short-acting soluble insulins, intermediate- and 
long-acting insulins, human premix insulins, and now 
analogue insulins in a variety of formulations including 
rapid-acting, long-acting and premixed insulins [4]. 
In non diabetic individuals, ingestion of food results in a 
rise of serum insulin concentration to a maximum after 30 
to 45min, followed by a decline to basal levels after 2 to 3h. 
The pharmacokinetic characteristics of the currently 
available rapid-, intermediate-, and long-acting 
preparations of human insulin make it almost impossible to 
achieve sustained normoglycemia. The onset of action of 
subcutaneous (s.c) injected regular insulin is too slow, and 
the duration of its action is too long to mimic the insulin 
secretion pattern of a healthy individual during a 
carbohydrate containing meal [5]. As a result, early 
postprandial hyperglycemia followed by an increased risk 
for hypoglycemia before the next meal are present. 
Similarly, the available intermediate/long-acting insulin 
preparations are unable to provide a stable, continuous 
baseline insulin level. Instead, they cause peak serum 
insulin levels at 3 to 4h after S.C. injection and show 
considerable inter-and intra subject variations in their 
bioavailability. The Diabetes Control and Complications 
Trial confirmed the link between glycemic control and the 
complications of diabetes (DCCT Research Group, 1993) 
[6].Therefore, to achieve improved glucose control, the 
need for new insulin preparations with a faster onset and 
shorter duration of action, and long-acting preparations 
with a more flat time-action profile and less variable 
bioavailability became apparent in the 1990s [7]. Until 
recently, however, improvements in insulin formulations 
were seriously limited, because advances were only 
achieved in insulin purity, species, and characteristics of 

the retarding agent. The availability of molecular genetic 
techniques opened new windows to create insulin analogs 
by changing the structure of the native protein and to 
improve the therapeutic properties of it. 

 
Figure 2: Insulin formulation and its multidisciplinary approach 
 

Factor considerations during insulin formulations 
A wide range of factors influence blood glucose 

and free insulin levels following insulin delivery.  These 
include: (1) Delivery site (inter- and intra-site variations). 
Insulin delivered in the abdomen is absorbed 86% faster 
than that delivered in the thigh and in turn the thigh is 30% 
faster than in the arm [8]. Duration of insulin action varies 
with delivery site. (2) Liver and kidney function [9] (3) Skin 
temperature and fat thickness at administered site [10] (4) 
Presence and degree of lipodystrophy. The prevalence of 
lipodystrophy in diabetic patients has been assessed at as 
high as 52% [11]. (5)Exercise: Absorption is affected in the 
region of an exercising muscle. (6)Temperature of 
administered insulin: Insulin peak also occurs earlier when 
the insulin is stored in a fridge [12].  
 
Simple insulin formulations 

Until 1996, soluble formulations of “regular” 
human insulin, such as Humulin® R (human insulin [rDNA 
origin] injection), Novolin® R (human insulin [rDNA origin] 
injection), were the most rapid-acting formulations 
available and were used as bolus insulin before meals. 
Unfortunately, regular human insulin crystallizes in a 
hexameric form, which is physiologically inactive (cannot 
enter circulation) until it dissociates into monomers or 
dimers following subcutaneous injection. The required 
dissociation into monomers is slow and delays the 
absorption of insulin from the subcutaneous site of 
injection [13]. 
 
Regular insulin 

Regular insulin is available as a clear solution at 
neutral pH. 0.4% of zinc is added to allow the insulin 
molecules to self associate into hexamers. For the 
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prevention of growth of micro-organisms phenol or m-
cresol is added. Regular insulin has its onset of action 
within 15-30 min after subcutaneous injection, maximum 
activity peaks at 120-150 min while the action lasts for 6-8 

hours. In order match the peaks of glucose and insulin, 
subcutaneous injection is advised to be taken 30-40 min 
prior to meals [14]. 

 

Table 1: Physical and chemical characteristic of some insulin formulations (Adapted from [15]) 
 

 
 
NPH or isophane insulin 

Isophane insulin is known as NPH insulin as it was 
developed in Denmark at the Hagedorn Laboratory in 
1940s. In order to prolong the action of insulin, a positively 
charged protein, protamine is added in a molar ratio of 1:6 
to regular insulin. It binds with the negatively charged 
insulin at neutral pH. Neutral pH value is achieved by use of 
phosphate buffer. Zn and m-cresol are also added. NPH 
insulin is slowly absorbed from subcutaneous tissue with 
peak at 5-7 hours and the action lasts for 12-15 hours. This 
insulin is most commonly used at bedtime to control 
fasting blood sugar [14].  
 
Lente insulin  

If zinc is added in excess amount (10 times that 
added in NPH), at neutral pH and if acetate is used as a 
buffer instead of phosphate, it forms insoluble insulin-zinc 
complexes [16]. This property is exploited for the production 
of lente insulins. The action profile of these preparations 
depends upon the physical conditions of insulin. Semilente 
is amorphous and has biphasic absorption kinetics with 
short duration of action.  Ultralente is long acting 
crystalline suspension. These insulins cannot be mixed with 
regular insulin due to their zinc content and are not very 
popular. 
 
Premixed formulations  

Regular and NPH insulin are available in a premixed 
formulation with 30:70, 50:50, 25:75 proportions. These 
preparations are very popular as there is no mixing 
involved. Patients of type 2 diabetes on split mix regime 
may be shifted to premixed preparation if they are on 
approximately similar proportion [17].  
 
 
 
 
 

Table 2: Premixed fixed-combination insulins (Adapted from [4]) 
 

 

 
 

Figure 3: Activity of insulin preparations (Adapted from [18]) 
 

 
Development of insulin analogs formulations 

It has become apparent that the pharmacokinetics 
of insulin formulations can be altered by bioengineered 
modifications of the natural amino acid sequence to 
produce “insulin analogs.” Selective modifications of the 
native insulin molecule alter insulin pharmacokinetics 
following subcutaneous injection. This can either decrease 
(rapid-acting insulin analogs eg, aspart, glulisine, lispro), or 
increase (long-acting insulin analogs eg, detemir, glargine) 
the absorption time from the subcutaneous tissue with the 
corresponding changes in the time-action profile [19]. 
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NovoLog® (insulin aspart [rDNA origin] injection) 
is a human insulin analog that is a rapid-acting, parenteral 
blood glucose-lowering agent. NovoLog is homologous with 
regular human insulin with the exception of a single 
substitution of the amino acid proline by aspartic acid in 
position B28 which introduces an additional negative 
charge within the insulin molecule. The change removes an 
important bond site between 2 insulin monomers, making 
the molecule less likely to self-associate. The aspart 
analogue has a slightly lower affinity for the insulin 
receptor compared to regular human insulin; however, this 
does not appear to affect potency, and is produced by 
rDNA technology utilizing Saccharomyces cerevisiae as the 
production organism. Insulin aspart has the empirical 
formula C256H381N65079S6 and a molecular weight of 5825.8. 
NovoLog is a sterile, aqueous, clear, and colorless solution, 
that contains insulin aspart (B28 asp regular human insulin 
analog) 100 Units/mL, glycerin 16 mg/mL, phenol 1.50 
mg/mL, metacresol 1.72 mg/mL, zinc 19.6 µg/mL, disodium 
hydrogen phosphate dihydrate 1.25 mg/mL, and sodium 

chloride 0.58 mg/mL. NovoLog has a pH of 7.2-7.6. 
Hydrochloric acid 10% and/or sodium hydroxide 10% may 
be added to adjust pH [21-22].  
 

Apidra® (insulin glulisine [rDNA origin] injection) 
is human insulin analog that is a rapid-acting, parenteral 
blood glucose lowering agent. Insulin glulisine is produced 
by rDNA technology utilizing a non-pathogenic laboratory 
strain of Escherichia coli (K12). Insulin glulisine differs from 
human insulin in that the amino acid asparagine at position 
B3 is replaced by lysine and the lysine in position B29 is 
replaced by glutamic acid. It has the empirical formula 
C258H384N64O78S6 and a molecular weight of 5823. APIDRA is 
a sterile, aqueous, clear, and colorless solution. Each 
milliliter of APIDRA contains 100 IU (3.49 mg) insulin 
glulisine, 3.15 mg m-cresol, 6 mg tromethamine, 5 mg 
sodium chloride, 0.01 mg polysorbate 20, and water for 
injection. APIDRA has a pH of approximately 7.3. The pH is 
adjusted by addition of aqueous solutions of hydrochloric 
acid and/or sodium hydroxide [23]. 

 

Table 3: Pharmacokinetic profiles of some insulin formulations (Adapted from [20]) 
 

 
 

 

Lispro® Mix50/50™ is a mixture of insulin lispro 
solution, a rapid–acting blood glucose–lowering agent and 
insulin lispro protamine suspension, an intermediate–
acting blood glucose–lowering agent. Chemically, insulin 
lispro is Lys (B28), Pro (B29) human insulin analog, created 

when the amino acids at positions 28 and 29 on the insulin 
B–chain are reversed. This change alters the 3-dimensional 
structure of the insulin protein and hinders formation of 
dimers in solution .Affinity of lispro for the insulin receptor 
remains similar to that of regular insulin despite these 
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structural changes. Affinity for the insulin-like growth 
factor insulin receptor is slightly higher for lispro compared 
to regular insulin; however, regular insulin and lispro have 
the same effect on cell growth. Insulin lispro is synthesized 
in a special non–pathogenic laboratory strain of Escherichia 
coli that has been genetically altered to produce insulin 
lispro [24]. Insulin lispro protamine suspension (NPL 
component) is a suspension of crystals produced from 
combining insulin lispro and protamine sulfate under 
appropriate conditions for crystal formation. Insulin lispro 
has the empirical formula C257H383N65O77S6 and a molecular 
weight of 5808, both identical to that of human insulin. 
Each milliliter of Humalog Mix50/50 injection contains 
insulin lispro 100 units, 0.19 mg protamine sulfate, 16 mg 
glycerin, 3.78 mg dibasic sodium phosphate, 2.20 mg 
Metacresol, zinc oxide content adjusted to provide 0.0305 
mg zinc ion, 0.89 mg phenol, and Water for Injection. 
Humalog Mix50/50 has a pH of 7.0 to 7.8. Hydrochloric acid 
10% and/or sodium hydroxide 10% may have been added 
to adjust pH [25]. 

Levemir® (insulin detemir [rDNA origin] injection 
Insulin detemir is long-acting basal insulin analog, with up 
to 24 hours duration of action, produced by a process that 
includes expression of rDNA in Saccharomyces cerevisiae 
followed by chemical modification. Insulin detemir differs 
from human insulin in that the amino acid threonine in 
position B30 has been omitted, and a C14 fatty acid chain 
has been attached to the amino acid B29. Insulin detemir 
has a molecular formula of C267H402O76N64S6 and a 
molecular weight of 5916.9 [26]. LEVEMIR® is a clear, 
colorless, aqueous, neutral sterile solution. Each milliliter 

of LEVEMIR® contains 100 U (14.2 mg/mL) insulin detemir. 
Each milliliter of LEVEMIR® 10 mL Vial contains the inactive 
ingredients 65.4 mcg zinc, 2.06 mg m-cresol, 30.0 mg 
mannitol, 1.80 mg phenol, 0.89 mg disodium phosphate 
dihydrate, 1.17 mg sodium chloride, and water for 
injection. Hydrochloric acid and/or sodium hydroxide may 
be added to adjust pH ~7.4 

Lantus® (insulin glargine [rDNA origin] injection) is 
produced by rDNA technology utilizing 
a strain of Escherichia coli (K12) as production organism. 
Insulin glargine differs from human insulin in that 
the amino acid asparagine at position A21 is replaced 
by glycine and two arginines are added to the C-terminus 
of the B-chain. These modifications shift the isoelectric 
point from a pH of 5.4 to 6.7 and make the molecule 
soluble in acidic solutions. However, when insulin glargine 
is injected into a neutral environment, such as SC tissue, 
the molecule is no longer soluble and forms micro-crystals. 
The amino acid sequence changes in insulin glargine also 
promote more stable hexamers in solution [27].These 
processes prolong absorption from the injection site and 
result in a basal supply of insulin similar to the normal 
basal release patterns of insulin from the pancreas. It has 
the empirical formula C267H404N72O78S6 and a molecular 
weight of 6063.Lantus consists of insulin glargine dissolved 
in a clear aqueous fluid. Each milliliter of LANTUS contains 
100 IU (3.6378 mg) insulin glargine. Inactive ingredients for 
the 10 mL vial are 30 mg zinc, 2.7 mg m-cresol, 20 mg 
glycerol 85%, 20 mg polysorbate, and water for injection. 
The pH is adjusted by addition of aqueous solutions of 
hydrochloric acid and sodium hydroxide. pH~4[28].

 

 
 

Figure 4: Modification in the insulin chain for the analogue formulations. (Adapted from [29]) 

http://www.rxlist.com/script/main/art.asp?articlekey=5247
http://www.rxlist.com/script/main/art.asp?articlekey=15255
http://www.rxlist.com/script/main/art.asp?articlekey=3327
http://www.rxlist.com/script/main/art.asp?articlekey=2222
http://www.rxlist.com/script/main/art.asp?articlekey=22821
http://www.rxlist.com/script/main/art.asp?articlekey=22826
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Velosulin BR is a clear solution of insulin in a 
phosphate buffer. The concentration of this product is 100 
units of insulin per milliliter. This human insulin is 
structurally identical to the insulin produced by the 
pancreas in the human body.  This structural identity is 
obtained by rDNA technology utilizing Saccharomyces 
cerevisiae as the production organism. When a U-100 
insulin syringe is used to deliver the insulin, the effect of 
Velosulin BR begins approximately 1 / 2 hour after the 
injection. The effect lasts up to approximately 8 hours with 
a maximal effect between the 1st and 3rd hour [30]. 

 

 
 

Figure 5: Some insulin formulations (Adapted from [31]) 
 

Formulations based on different routes of insulin delivery 
The most unpleasant thing about insulin is that it 

needs to be given through an injection repeatedly which 
involves lots of pain and hence patient compliance is not 
there. Therefore there is a search for a non-injectable 
preparation of insulin, which could be administered by 
oral. This is the most preferred route & most of the drugs 
available today are in the form of tablets or capsule. But 
insulin’s tablet is still a dream. The basic problem with 
insulin administration via oral route is its inherent 
instability in the harsh condition of the gastrointestinal 
tract (pH; Enzymes; adsorption to solids) and also 
absorption through GIT [Gastro Intestinal Tract] is not 
guaranteed [32]. Therefore for improved oral absorption, it’s 
important to protect the formulation from degradation and 
increase its absorption through GIT [Gastro Intestinal 
Tract].  
 
Solid oral formulations 
a) Micro spheres as oral delivery system for insulin  

Microspheres prepared with Eudragit L-100, 
sodium glycocholate and aprotinin. Eudragit L-100 was 

used as carrier for micro spheres to give a site-specific 
release of insulin in the upper intestine; sodium 
glycocholate was used as penetration enhancer and 
aprotinin as a protease inhibitor. The in-vivo hypoglycemic 
effect study carried out using alloxan induced diabetic rats 
showed that the micro spheres prepared with Eudragit L-
100, 1% aprotinin and 1% sodium glycocholate showed 
prolonged hypoglycemic effect for 4hours which was not 
even observed with subcutaneous bovine insulin injection 
[33]. 

 
b) Chitosan capsules for insulin delivery 

Colonic drug delivery has gained increased 
importance not just for the delivery of the drugs for the 
treatment of local diseases associated with the colon but 
also for its potential for the delivery of proteins and 
therapeutic peptides such as insulin. In vitro drug release 
experiments from chitosan capsules containing 5(6)-
carboxyfluorescein (CF) were carried out by rotating basket 
method with slight modifications. The intestinal absorption 
of insulin was evaluated by measuring the plasma insulin 
levels and its hypoglycemic effects after oral administration 
of the chitosan capsules containing insulin and additives. 
Little release of CF (5(6)-carboxyfluorescein) from the 
capsules was observed in an artificial gastric juice (pH= 1), 
or in an artificial intestinal juice (pH= 7). However, the 
release of CF was markedly increased in the presence of rat 
caecal contents [34]. Cyclodextrin, which has the unique 
properties of solubilization and reducing enzymatic 
degradation, was used to increase the bioavailability of 
insulin in an alginate–chitson microsphere formulation. 

 
c) Water-in-oil type of emulsion  

Human insulin was incorporated into a w/o 
emulsion by high-pressure homogenization [35]. A fine 
stable dispersion of the aqueous phase was achieved and 
the emulsion was able to protect insulin against gastric 
degradation in vitro without further encapsulation. 
 
d) Biocarrier insulin 

In this system insulin was first en trapped in 
Liposome’s. The preparation was developed using ghost 
erythrocytes as bio carriers for intra duodenal 
administration of insulin because proteolytic enzymes in 
duodenal region break erythrocytes. From such a system 
insulin was absorbed and showed its glucose lowering 
effects [36, 37]. 
 
e) Nanocapsules for insulin delivery  

Nanocapsules using biodegradable Polymer Poly 
(isobutyl / Cyanoacrylate) [mean size 220nm] were 
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developed. When ad-ministered orally by force-feeding to 
diabetic rats, insulin nanocapsules (12.5, 25, and 50 U/kg) 
decreased fasted glycemia 50-60% by day 2. This effect was 
maintained for 6 or 20 days with 12.5 or 50 U/kg, 
respectively. Only the dose of 100 U/kg decreased fed 
glycemia by 25% in diabetic rats. In normal rats, 
hyperglycemia induced by an oral glucose load was 
reduced by 50% with the same dose of oral insulin 
nanocapsules [38]. 

Insulin in ceramic nanoparticles prepared from 
hydroxyapatite and encapsulated these particles in sodium 
alginate. In vitro release profile of insulin was carried out in 
simulated gastric (pH 1.2) and intestinal fluids (pH 7.4). 100 
mg of insulin loaded nano particle was introduced into 10 
ml of respective medium. 0.1 ml of sample was withdrawn 
at various time intervals and evaluated for insulin using 
Lowry's method for protein estimation [39]. Present 

investigation show that insulin loaded HA (hydroxyapatite) 
nanoparticle encapsulated in sodium alginate can 
effectively release almost 100 % of the drug in SIF 
[Simulated Intestinal Fluid] during a period of 2 hours. 
However, during the same period only 24-28 % of insulin 
was released in SGF [Simulated Gastric Fluid] 

The protease inhibitors that improved insulin 
absorption in the intestine were, in order of increasing 
improvement, leupeptin, sodium glycocholate, bacitracin, 
bestatin, and cystatin. Novel strategies were used as 
covalently attached inhibitors (Bowman–Birk inhibitor–
carboxymethylcellulose and carboxymethylcellulose–
elastinal) was developed in which the enzyme inhibitors 
(Bowman–Birk inhibitor and elastinal). The use of these 
continuous protein inhibitors often showed a disturbance 
in digestion. 

  

Table 4: Many companies have been trying to develop solid oral forms of insulin (Adapted from [40]) 
 

 
Chitosan, sodium salicylate, polyoxyethylene-9-lauryl 
ether, some synthetic polymers like sodium carboxymethyl 
cellulose, polyacrylic acid, natural polymers like alginate, 
pectin, lectin, Gelatin etc., these are known to have good 
bio-adhesive properties & showed a good influence in 
enhancing the absorption of insulin. 
 
f) Entrapment in liposomes 

Liposomes prepared from phosphatidylcholine and 
cholesterol (1:9). No change in blood glucose levels was 
noted in normal animals but a significant reduction was 
obtained with diabetic rats with the maximum effect 
observed within 3 hrs [41]. 

 
Nasal formulations 

Clinicians have attempted to administer insulin 
through the nasal mucosa. However, the bioavailability of 
nasally administered insulin was <10 % [42-44], a value that 

could only be achieved with the help of "absorption 
enhancers"[42-47]. Such agents increase the absorption rate 
of relatively large peptide such as insulin through the 
epithelial barrier. Only few of the many agents studied, 
increased the absorption rate without irritating the nasal 
mucosa or having other side effects [47, 48] .Absorption 
enhancers reported for transmucosal insulin delivery 
include saponins, sodium caprylate,  sodium laurate,  
polyacrylic acid,  fusidic acid and bile salts [49]. 
The pH of a nasal formulation is important for the following 
reasons: 
• To avoid irritation of nasal mucosa; 
• To allow the drug to be available in unionized form for 
absorption; 
• To prevent growth of pathogenic bacteria in the nasal 
passage; 
• To maintain functionality of excipient such as 
preservatives; and 
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• To sustain normal physiological ciliary movement.        
Lysozyme is found in nasal secretions, which is responsible 

for destroying certain bacteria at acidic pH. Under alkaline 
conditions lysozyme is inactivated and the tissue is 

susceptible to microbial infection. It is therefore advisable 
to keep the formulation at a pH of 4.5 to 6.5 keeping in 
mind the physiochemical properties of the drug as drugs 
are absorbs in the unionized form. Most nasal formulations 
are aqueous based and need preservatives to prevent 
microbial growth. Parabens, benzalkonium chloride, phenyl 
ethyl alcohol, EDTA and benzoyl alcohol are some of the 
commonly used preservatives in nasal formulations. 

Aqueous solubility of drug is always a limitation for 
nasal drug delivery in solution conventional solvents such 
as glycols, small quantities of alcohol, Transcutol 
(diethylene glycol monoethyl ether), medium chain 
glycerides and Labrasol (saturated polyglycolyzed C8-C10 
glycerides) can be used to enhance the solubility of drugs. 
Other options include the use of surfactants or 
cyclodextrins such as HP-β-cyclodextrin that serve as a 
biocompatible solubiliser and stabilizer in combination with 
lipophilic absorption enhancers. 

Recently, chitosan, a polysaccharide, has been 
investigated to increase insulin absorption with no 
evidence of toxic manifestation [50]. Both liquid and powder 
systems have been evaluated in humans. Chitosan is a 
bioadhesive material and therefore slows mucocilliary 
clearance allowing more time for the therapeutic material 
to be absorbed. Chitosan also causes a transient and 
reversible effect whereby the tight junctions of the nasal 

mucosal cells open to allow the passage of insulin [51].  
Increasing the time of contact with the nasal mucosa can 
increase the nasal absorption of insulin. The clearance half- 
life can be increased from 15 min with nasal solution to 
240 min using starch micro spheres (SMS) [52].  

When a surfactant such as saponin, sodium 
glycocholate or BL-9 was added to the preparation, the 
absorption of insulin from the nasal mucosa was enhanced 
independent of pH. The effect of different bile salts at 
various concentrations on intranasal insulin absorption in 
man was studied [53]. Maximum increase in serum insulin 
was obtained using deoxycholate followed by chenodeoxy- 
cholate and cholate at 1% w/v. Blood glucose 
concentration reduced by approximately 50% with 
deoxycholate and peak serum insulin concentration was 
reached in 10 min after administration of the spray [54]. 
Absorption enhancing effect of different cyclodextrins on 
intranasally administered insulin in rats and rabbits were 
determined. Dimethyl-beta-cyclodextrin was found to be 
most potent [55, 56]. Nasal absorption is also promoted by 
medium chain fatty acid salt [57] glycyrrhetinic acid 
derivatives in rat [58] sodium tauro-24, 25-dihydrofusidate 
in sheep [59] .The blood glucose remained low for 3 h after 
lunch when insulin was used intranasally with 1% 
deoxycholate in type1 diabetics[60]. 

 
Nasal insulin gel 

The gel consisted of Carbopol 934P (0.7%) and 
HPMC (1.3%). Required quantities of polymers were 
weighed and blended thoroughly. The polymers were then 
suspended in insulin solution and allowed to swell. 
Triethanolamine was added drop wise with gentle stirring 
till a clear, smooth, and translucent gel was obtained at a 
pH of 7.2 to 7.4. Sodium deoxycholate (1%) was added to 
the gel and mixed until a complete blend was obtained. 
Sodium metabisulphite (0.01%) and methylparaben 
(0.05%) were finally incorporated and mixed well to obtain 
a uniform gel. The insulin content of the gel was 100 IU/g. 
 
Pulmonary formulations 

Delivery of medication to the respiratory tract for 
the localized therapy of respiratory diseases has been 
practiced for several decades. The lungs are an attractive 
site for the systemic delivery of insulin because lung has 
some inherent advantages for insulin administration. These 
includes, 

 a vast (in humans 50-140 m2, ~500 millions of alveoli) 
and well-per fused absorptive surface (~5 l blood/min, 
pulmonary capillary blood volume ~0.25 l), 

  the absence of certain peptidases that are present in the 
gastrointestinal tract 

 no immediate degradation of the absorbed insulin by 
the liver ("first pass metabolism") 

 a thin alveolar-capillary barrier 

 marginal variance in the amount of mucus production [61] 

 
Figure 6: Pulmonary insulin-delivery devices: a) The Inhale Therapeutic 
Systems/Pfizer/Aventis Exubera inhalation system. b) The Novo 
Nordisk/Aradigm delivery system. c) The Aerodose/Aerogen delivery 
device. (Adapted from [62]) 
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Table 5: Nasal absorption promoting systems (Adapted from [51]) 

 

The pharmacodynamic effects of insulin 
formulations administrated via the lung are comparable to 
or even faster than, those of subcutaneously injected 
regular insulin or rapid acting insulin analogues [63]. The 
relative biopotency of inhaled insulin in most cases is 
approximately 10% i.e. the dose of insulin administered 
must be tenfold higher than with subcutaneous application 
[64]. Most experience with inhaled insulin has been 
obtained using either dry powder formulation in the Nektar 

Pulmonary Inhaler/Exubera device (Nektar Therapeutics 
Inc., San Carlos, CA, Aventis, Bridge- water, NJ, Pfizer, NY) 
or a liquid aerosol formulation in the AERx Insulin Diabetics 
Management System (AradigmCorp. Hayward, CA, 
NovoNordiskA/S, Copenhagen, Denmark). EXUBERA® 
consists of blisters containing human insulin inhalation 
powder, which are administered using the EXUBERA® 
Inhaler. EXUBERA blisters contain human insulin produced 
by recombinant DNA technology utilizing a non-pathogenic 
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laboratory strain of Escherichia coli (K12). Chemically, human insulin has the empirical formula C257H383N65O77S6

and a molecular weight of 5808. 1 milligram of blister 
contains insulin human, sodium citrate, mannitol, glycine 
and sodium hydroxide [64]

 

Table 6: Pulmonary route insulin formulations (Adapted from [65]) 
 

 
 
 
Transdermal route formulations 

The skin of a man provides a good barrier. Novel 
approaches to “driving” Insulin across the skin, such as 
iontophoresis and ultrasound have been explored but 
clinical trials have been disappointing [66, 67]. A possibility is 
studied of the transdermal delivery of insulin by using a 
mixture of synthetic analogues of phosphoglycerides (SAP); 
as a potential activator of insulin diffusion through the skin. 
Experimentally in vitro; it was proven that the diffusion of 
insulin through the skin of two types of transdermal 
therapeutic form (TTF)-matrix-type and matrix- hydrogel-
type is possible only in presence of activator SAP-M-99[68] . 
The detected optional composition of insulin matrix TTF 
with the area of 40 sq cm collagenous sponges enabled to 
increase the insulin diffusion upto 0.54 units/hour[69]. 
Transferosomes are ultra-flexible liposomes with low pore 
resistance (Cevc) [69]. Insulin incorporated in this system 
transported therapeutic amounts of peptide across intact 
mammalian skin. Ethosomes are noninvasive delivery 
carriers that enable drugs to reach the deep skin layers 
and/or the systemic circulation [70].  
 
Buccal route formulations 

By buccal delivery drugs are absorbed rapidly into 
the reticulated veins, which lie under the oral mucosa and 

enter the systemic circulation directly, by passing the liver 
[71]. A mucosal adhesive delivery system was developed for  
the buccal delivery of insulin. It was found that the 
systemic delivery of insulin through the buccal mucosa was 
significantly affected by the formulation composition used 
[71]. Insulin could not be effectively absorbed by a simple 
disk-shaped dosage form prepared by direct compression 
of insulin in a mixture of hydroxypropyl-cellulose [HPC] and 
carbopol-934 [72]. Buccal absorption was achieved using a 
dome shaped, two phased mucosal adhesive device 
prepared by dispersing insulin crystals with sodium 
glycocholate, an absorption promoter, in an oleaginous 
core and then overlapping the medicated core with an 
adhesive dome [73]. 
 
Rectal formulations 

Insulin can be absorbed through this route in the 
presence of absorption enhancers, the co-administration of 
absorption enhancers such as sodium glycholate; has been 
reported to enhance the rectal absorption of insulin [74]. 
The effectiveness of insulin administration by rectal 
suppository was examined in normal and non-insulin-
dependent non obese diabetic subjects. A 100-U insulin 
suppository (mean 1.8 U/kg) given to the diabetic subjects 
caused four times as great a fall in plasma glucose 
compared with the normal subjects given the same dose 
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(mean 1.6 U/kg). Diabetic subjects given a 100-U insulin 
suppository  (mean 1.7 U/kg) 15 min after meals three 
times daily showed a significant (P less than 0.05) 
improvement in postprandial hyperglycemia accompanied 
by a reduction  of urinary glucose from 26+/-5.9 to 2.0+/-
1.0g/day [75].  
 
Conclusion 

The advanced methods of insulin delivery systems 
would gradually progress toward physiological insulin 
replacement and reduce the long-term complications of 
diabetes mellitus. Thus feasible alternative formulations 
for insulin are likely to emerge in the future. This new 
millennium promises a revolutionary change in the insulin 
formulations, which is not too far off for billions of 
sufferers who are reliant on subcutaneous administration. 
The approaches that seem to hold potential must be 
consolidated and converted to a working protocol. Among 
the various emerging formulations, each has their own set 
of favourable and unfavourable properties. Some 
unfavourable aspects have to be circumvented to make the 
alternative insulin formulation a reality and make them to 
reach the market. 
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