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ABSTRACT
The use of Nano emulsion in augmenting dermal and 
transdermal effectiveness of drugs has now well established. 
The development of Nano emulsion based semisolid dosage 
forms is an active area of present research. The thickening or 
liquid-to-semisolid conversion of the nano-emulsions provides 
opportunities to the formulation scientist to explore novel means 
of solving instability issues during transformation. Conventional 
dosage forms of the anti-diabetic drugs exhibit variable/less 
bioavailability and short half-life, demanding frequent dosing 
and causing increased side-effects resulting in ineffectiveness of 
therapy and non-compliance with the patients. Considering the 
chronic nature of diabetes, nanotechnology-based approaches 
are more promising in terms of providing site-specific delivery 
of drugs with higher bioavailability and reduced regimen. Many 
studies have hinted at the possibility of administering peptide 
drugs like glucagon like peptides orally by encapsulation into 
nanoparticles. Nanoparticles also allow further modifications 
including their encapsulation into micro-particles, polyethylene 
glycol (PEG)-PEGylation- or functionalization with ligands for 
active targeting.
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INTRODUCTION
Conventional delivery of anti-diabetic drugs faces many 
problems like poor absorption, low bioavailability, and 
drug degradation. Nano emulsion is a unique drug 

technology, which is very suitable for the delivery 
of anti-diabetic drugs. In recent years, the flaws of 
delivering anti-hypoglycaemic drugs have been 
overcome by choosing Nano emulsion drug technology. 
They are thermodynamically stable and also provide 
the therapeutic agent for a longer duration. Generally, 
Nano emulsions are made up of either oil-in-water or 
water-in-oil and the size of the droplets is from 50-1000 
nm. Surfactants are critical substances that are added 
in the manufacturing of Nano emulsions.[1] The blend 
of nanotechnology in the drug delivery system with 
the Nano emulsion (NE) formulations is widely noted 
as safe on account of its greater advantages such as 
good stability, bioavailability of drugs, and preventing 
the hydrolysis of drugs, which in turn acts as a good 
transporter of the drug particle.[2]

 An ideal drug delivery system fulfils the objective of 
maximizing therapeutic effect while minimizing toxicity. 
With the progress in time and advances in science and 
technology, dosage forms have evolved from simple 
mixtures and pills, to highly sophisticated systems, 
which are known as novel drug delivery systems. Nano 
emulsions are novel drug delivery systems consisting 
of emulsified oil and water systems with mean droplet 
diameters ranging from 50 to 1000 nm. Usually, the 
average droplet size is between 100 and 500 nm and can 
exist as oil-in-water (o/w) or water-in-oil (w/o) form, where 
the core of the particle is either oil or water, respectively.[3]

Several types of oils-natural semi-synthetic and synthetic 
are used in the formulation of nan emulsions. The 
capacity of Nano emulsions to dissolve large quantities of 
low soluble drugs along with their mutual compatibility 
and ability to protect the drugs from hydrolysis and 
enzymatic degradation make them ideal drug delivery 
vectors. The major advantages of Nano emulsions as 
drug delivery carriers include increased drug loading, 
enhanced drug solubility and bioavailability, and 
reduced patient variability, controlled drug release, 
and protection from enzymatic degradation.[4] Diabetes 
mellitus (DM) is a chronic lifelong metabolic disorder that 
alters the life of billions of people throughout the world 
.[5,6] It can be classified into two major forms, namely 
Type-1 DM (T1DM) and Type-2 DM (T2DM). In DM, 
constant hyperglycemia may result in chronic micro- and 
macro vascular effects such as nephropathy, retinopathy, 
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neuropathy, stroke and cardiovascular disease.[7-8] The 
number of diabetic patients is increasing tremendously 
worldwide, where a recent report has indicated the 
increase of 422 million patients in 2014 from 171 million 
in 2000, showing the sharp increase in the sufferers.[9] 

Adaptation of sedentary lifestyle and increasing 
in demographics with the age of >65 years suggesting 
this increased incidence of diabetes may be doubled, 
approximately 366 million in 2030.[10] Therefore, 
management is needed to control diabetes conditions 
and consequence complications. Monitoring programmes 
make people aware for effective management diabetic 
through adaptation of proper low carbohydrate 
diet, regular physical exercise, and adherence to 
medication therapy.[11] The conventional medications 
used now-a-days to control hyperglycaemic condition 
in DM are oral hypoglycaemic agents (OHA) and 
parenteral preparations of insulin and glucagon-like 
Peptide-1 (GLP-1) receptor agonists.The coordinated 
responses which stimulate glucose oxidation and inhibit 
gluconeogenesis simultaneously led to the hypoglycaemic 
action of insulin. The plasma glucose concentration 
decreases when insulin directs the glucose transporters 
(GLUT 4) into the cell membranes and increases glucose 
transport into target cells.[12] The aim of insulin therapy 
is to provide insulin replacement as close as possible in 
all patients. However, insulin resistance sometimes may 
happen during insulin therapy for the management of 
diabetic conditions.[13] Therefore, nano-size particles 
have comes out as for a more convenient, safe and non-
invasive route for insulin delivery in order to overcome 
such limitations in diabetes management.[14]

Latest Advancements In Diabetes Therapy
The most popular is the treatment via short interfering 
ribonucleic acid (siRNA) and clustered regularly 
interspaced short palindromic repeats (CRISPR)/
CRISPR associated protein (Cas9) system. siRNA unlike 
a traditional RNA molecule is double stranded and is 
used for knocking down the expression of a particular 
gene by binding to the complementary base pairs in 
the messenger RNA (mRNA). It can thus be used for 
silencing of genes responsible for progression of diabetes. 
RNA induced silencing complex (RISC) is responsible 
for converting it into single stranded siRNA, which 
then binds to the complementary mRNA and cleaves it 
thus preventing its further translation into the desired 
protein. This strategy is being widely studied to treat 
complications like DN, diabetic retinopathy (DR), delay 
the onset of diabetes and even to treat diabetes induced 
delayed wound healing. H. Yuan et.al. 2008, Cholesterol 
modified siRNA has also been investigated for silencing 

12/15-lipoxygenase (12/15-LO) which is known to be 
involved in the pathogenesis of DN. It has been reported 
that cholesterol can improve cellular uptake as well as in 
vivo pharmacological activities of siRNA without the use 
of any transfection agent. Inhibition of 12/15 LO resulted 
in reduction in renal structure damage, albuminuria, 
proteinuria, macrophage infiltration and glomerular 
meningeal matrix expansion.

Nano Drug Delivery Systems In Diabetes
Nano drug delivery systems intended for administration 
through oral route

Oral route for drug administration is the most 
preferred route, especially for chronic diseases, requiring 
repeated dosing. Better patient compliance, no pain 
and reduced risk of cross infection as well as needle 
stick injuries are some of the advantages offered by oral 
administration of the therapeutic agents.[15]

Lipid Based Drug Delivery Systems
Lipid based drug delivery systems (LBDDS) have been 
investigated in anti-diabetic therapy to enhance the 
solubility of hydrophobic drugs along with offering 
high degree of biocompatibility and versatility.[16] 
Lipids are also known to improve the drug absorption 
by alternating the composition as well as the character 
of the intestinal milieu. They can also alter the drug 
uptake, disposition, uptake and formation of metabolites 
by interacting with the enterocyte-based transport 
process. Further, recruitment of the intestinal lymphatic 
drug transport system can bypass the first pass 
metabolism and directly transport the drug into the 
systemic circulation.[17] These systems are commercially 
viable to formulate pharmaceuticals for topical, oral, 
pulmonary, or parenteral delivery. Lipid formulations 
can be modified in various ways to meet a wide range of 
product requirements as per the disease condition, route 

Figure: 1 Nano drug delivery systems in diabetes.
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of administration, and also cost product stability, toxicity, 
and efficacy. General Routes of LBDDS, Routes like oral, 
parenteral, ocular, intranasal, dermal/transdermal, and 
vaginal can be for the administration of the lipid-based 
drug delivery systems (LBDDS).[18]

Polymeric Nanoparticles-Based Drug Delivery 
System
NPs are colloidal drug delivery systems that encompass 
particles in the size range of 10–1000 nm in diameter. 
They can be in the form of a reservoir system in which the 
drug is confined in a cavity surrounded by a polymeric 
membrane known as Nano capsules, or as a matrix 
system in which the drug is dispersed throughout the 
particles known as Nano sphere.[24-25] The polymer-based 
delivery systems where anticancer drugs are chemically 
encapsulated by covalent linking to polymers have 
attracted much attention because of their biocompatible, 
no immunogenic, biodegradable nature and controlled 
drug release into targeted cancer cells or tumour tissues. 
Furthermore, polymer-drug conjugates can facilitate 
higher drug payloads, lower systemic toxicity, prolong 
drug circulation time, and improve drug solubility and 
targeting.[22-23] In this respect, negatively charged poly 
(L-glutamic acid) is an ideal drug carrier, and several poly 
(L-glutamic acid)-drug conjugates have been developed 
and used in various stages of clinical trials.[20-21] The 
simultaneous imaging and therapeutic capabilities 
of these systems is advantageous over conventional 
chemotherapy in improving the therapeutic outcome of 
drug therapy. Very recently, several conjugated polymers 
have been prepared for live-cell imaging because of their 
high fluorescence brightness, good photo stability, and 
lower toxicity.[19] 

Micro- And Nano-Emulsions
Micro emulsions/Nano emulsions are isotropic mixtures 
composed of surfactant, oil, water and co-surfactant 
or co-solvent.[31] A number of different colloid-based 
delivery systems have been shown to be particularly 
suitable for this purpose, including micro emulsions, 
Nano emulsions, and emulsions. These colloidal 
systems differ in their compositions, physicochemical 
properties, and thermodynamic stabilities, which lead 
to differences in their functional performances.Colloidal 
delivery systems can be fabricated entirely from food-
grade ingredients using simple processing operations. 
[27-28] Each type of colloidal delivery system has specific 
physicochemical properties that may give it advantages 
or disadvantages for particular applications. Emulsions 
contain droplets with mean radii between about 100 
nm and 100 μm. They are thermodynamically unstable 
systems because the contact between oil and water 
molecules is unfavorable, and so they will always break 
down over time.[29-30] Emulsions tend to be optically 
turbid or opaque because the droplets have a similar size 
to the wavelength of light and so strongly scatter light. 
Nano emulsions can be considered to be emulsions that 
have relatively small droplet sizes, i.e., mean radii<100 
nm.The relatively small size of the droplets compared 
with the wavelength of light means that Nano emulsions 
tend to be either transparent or only slightly turbid.[26]

Juber Akhtar et.al.2016, Nano emulsion of repaginate 
reported a quicker drug release in 24 h, with maximum 
cumulative drug release of 98.22%, when compared 
with the commercially available tablet (REGAN). In vivo 
studies in diabetic rats reported a 38%, 67% and 68% 
decrease in BGL upon administration of 0.5 mg/kg, 1 
mg/kg and 2 mg/kg of the formulation, as compared to 
64% decrease in BGL by marketed preparation (2 mg/kg). 
Optimized formulation reported plasma concentration 
for 12 h. Authors concluded that the decrease in BGL by 
1 mg/kg of the formulation was similar to that by 2 mg/ 
kg of commercial preparation. Small globule size coupled 
with low viscosity and low polydispersity contributed to 
the faster drug release and better absorption.[32]

Solid Lipid Nanoparticles (Slns) And 
Nanostructured Lipid Carriers (Nlcs)
Among numerous types of nanoparticles, solid lipid-
based nanoparticles (SLBNs) showed many advantages 
such as biocompatibility, production scalability, organic 
solvent-free preparation process, and wide application 
spectrum. Moreover, one fundamental advantage of 
SLBNs over other lipid based colloidal drug delivery 
systems such as liposomes and nano-emulsions are 
their rigid morphology. Therefore, SLBNs have been 

Figure: 2 Illustration of an insulin patch and stimuli-responsive 
mechanism for transdermal insulin delivery (reproduced with 

permission.
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intensively explored for drug delivery in the last decade. 
[33-34] SLBNs provide a lipophilic matrix in which drugs 
can be incorporated. Their particle sizes are mainly 
between 150 and 300 nm, and small sizes less than 
100 nm or larger sizes up to 1,000 nm can be obtained 
as well. Two generations of SLBNs are distinguished: 
the first generation is solid lipid nanoparticles (SLNs); 
the second generation is nanostructured lipid carriers 
(NLCs). SLNs are prepared from lipids which are solid at 
room temperature as well as at body temperature. There 
are several advantages of SLNs formulations such as 
the protection of photosensitive, moisture sensitive and 
chemically labile drugs, biocompatibility and versatility 
of lipids used in SLNs, and cost-effective scale-up process. 
[35] SLNs prepared from one highly purified lipid can 
crystallize in a perfect crystalline lattice that allows 
smaller space for the incorporation of drugs, which may 
lead to a limited drug-loading capacity and stability 
problems including drug expulsion, particle growth 
and gelation. NLCs, spatially different lipid molecules 
are mixed to create a lipid particle matrix as imperfect 
as possible.[36] Generally, solid and liquid (oil) lipids 
are mixed to produce NLCs that are still solid at room 
temperature as well as at body temperature.[37]

Nano Emulsion-Based Delivery System: Types 
And Properties

Self-Emulsifying Formulations (Sefs)
Self-emulsifying formulations (SEFs) are mixtures of 
oil, surfactant, co-surfactant, and cosolvents (absence of 
external phase water) and forms a transparent isotropic 
solution, which emulsify under gentle agitation similar 
to those which would be encountered in gastro intestinal 
tract (GIT). It has been recognized that this formulation 
when administered orally undergo spontaneous 
emulsification in aqueous GI fluids.[40] This emulsified 
oil (triglycerides) stimulates bile secretion and drug 
containing oil droplets are further emulsified by bile 
salts. Lipid droplets are then metabolized by lipases 
and co lipases, secreted from the salivary gland, 
gastric mucosa and pancreas, which also hydrolyse the 
triglycerides into di-and monoglycerides and free fatty 
acids. Further, solubilisation of these molecules occurs 
during the passage through the GI tract and eventually 
forms a range of emulsion droplets, vesicular structures 
and mixed micelles containing bile salts, phospholipids 
and cholesterol.[40] Upon mixing with water the system 
SEFs have an ability to form fine colloidal droplets with 
very high surface area. In many cases, this accelerates the 
digestion of the lipid formulation, improves absorption, 
and reduces food effect and inter-subject variability.[41] 
Self emulsifying formulations distribute readily in the 

GI tract, the digestive motility of the stomach and the 
intestines provides sufficient agitation enough for the 
spontaneous formation of emulsions.[42,43] SEFs prepared 
using surfactants of HLB < 12 possess high stability and 
improved dissolution (for poorly soluble drugs) due to 
enhancement in surface area on dispersion.[40]

Self-Emulsifying Drug Delivery Systems (Sedds):
Self-emulsifying drug delivery system (SEDDS) is a 
strategy that has drawn wide research interest, basically 
due to its distinct capacity to solubilize and improve the 
bioavailability of hydrophobic drugs. This it does by 
ensuring aqueous solubility of the lipophilic drug.[44] The 
presence of oil makes SEDDS unique and distinguishes 
them from ordinary surfactant dispersions of drugs 
.[45] SEDDS are isotropic combination of drug, lipid/oil, 
solvents and surfactants.[44] On dilution by an aqueous 
phase they form fine stable oil-in-water (o/w) emulsions 
or fine lipid droplets which is the characteristic feature of 
these systems. When such a formulation is released into 
the lumen of the GIT, it disperses to form a fine emulsion 
generally o/w emulsion. SEDDS are generally formulated 
with triglyceride oils and ethoxy‐ latednonionic 
surfactants. In general, the concentration of surfactant is 
greater than 25% in the formulation. The size of droplets 
ranges approximately less than 100 nm.[44]

Advantages of SEDDS include more consistent 
drug absorption, selective targeting of drug(s) toward 
specific absorption window in GIT, protection of drug(s) 
from the gut environment, control of delivery profiles, 
reduced variability including food effects, enhanced 
oral bioavailability enabling reduction in dose and high 
drug loading efficiency.[46] These systems advantageously 
present the drug in dissolved form and the small 
droplet size provides a large interfacial area for the drug 
absorption. SEDDS are prepared in two forms: Liquid 
and solid SEDDS (S-SEDDS). S-SEDDS are prepared by 
solidification of liquid self-emulsifying components into 
powder. This powder is then used to produce various solid 
dosage forms, for example self-emulsifying pellets, self-
emulsifying tablets etc.[44] S-SEDDS do not suffer with the 
problems like liquid SEDDS (L-SEDDS).the advantages 
like low manufacturing cost, more stability and is more 
patient compliance, because they are available as solid 
dosage form in tablets or pellet form. In many studies it 
have been reported that SEDDS are used for delivering 
and targeting hydrophobic drugs such as coenzyme Q10, 
halofantrine, vitamin E and cyclosporine-A.[44] The solid 
SEDDS focus on the incorporation of liquid/semisolid 
ingredients into powders employing diverse solidification 
techniques like spray drying, melt granulation, moulding, 
melt extrusion, and nanoparticle technology.The idea of 
blending the potential SEDDS with that of the pellets 
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through the inclusion of a self-emulsifying mixture into 
microcrystalline cellulose, and the production of pellets 
using extrusion-spheronization was first introduced 
by Newton et al.[47] Different dosage forms of S-SEDDS 
include the dry emulsions, self-emulsifying capsules, 
self-emulsifying sustained/controlled-release tablets, 
self-emulsifying sustained/controlledrelease pellets, 
self-emulsifying solid dispersions, self-emulsifying 
beads, self-emulsifying sustained-release microspheres, 
self-emulsifying nanoparticles, self-emulsifying 
suppositories and self-emulsifying implant.[48-51]

ADVANTAGES OF SEDDS
•	 Improvement and reduction in the variability of GI 

absorption of poorly water soluble, lipophilic drugs.
Food does not interfere with the absorption of drug 
by use of such systems.

•	 Relative ease of manufacture using readily available 
equipment.

•	 The dose ranging from less than 25 mg to greater than 
2000 mg can be administered by using these systems. 

•	 These systems enhance oral bioavailability due to 
bypass of hepatic metabolism and delivers drug 
directly into systemic circulation. 

•	 Inhibition of p-glycoprotein mediated drug efflux and 
pre-absorptive metabolism by gut membrane bound 
cytochrome enzyme. 

•	  Protection of sensitive drug substances High drug 
payloads. Liquid or solid dosage forms. Reduced 
energy requirement for emulsion formation. 

•	 They enhance absorption of lipophilic drugs by 
stimulating pancreatic and biliary secretions and by 
prolongation of gastric residence time.[52]

Disadvantages Of Sedds
•	 Lack of good predicative in vitro models for 

assessment of the formulations. 
•	 Traditional dissolution methods do not work, because 

formulations are independent on digestion prior to 
release of the drug. 

•	 Different prototype lipid based formulations 
needs to be developed and tested in vivo. • 
Chemical instabilities of drugs and high surfactant 
concentrations in formulations (approximately 
30-60%) may irritate GIT. 

•	 Volatile co solvents may migrate into the shells of soft 
or hard gelatin capsules, resulting in the precipitation 
of the lipophilic drugs.[52-53]

Self-Nano Emulsifying Drug Delivery Systems 
(Sneddss)
Self-Nano emulsifying drug delivery systems (SNEDDS) 
are isotropic mixtures of oil, surfactant, co-surfactant 

and drug that form fine oil-in-water Nano emulsion 
when introduced into aqueous phases under gentle 
agitation. SEDDSs typically produce emulsions with 
turbid appearance, and droplet size between 200 nm 
to 5 μm, while self micro-emulsifying drug delivery 
systems (SMEDDSs) form translucent micro-emulsions 
with droplet size of less than 200 nm. However, self-Nano 
emulsifying drug delivery systems (SNEDDS) produce 
clear or transparent emulsion with droplets size less than 
100 nm.[54] Successful formulation of SNEDDS depends 
on the thorough understanding of the spontaneous nano-
emulsification process and also on the physicochemical 
and biological properties of the components used for 
the fabrication of SNEDDS.SNEDDS offer a reduction in 
bioavailability and can offer reproducibility in plasma 
profiles of drugs. The ability of the SNEDDS in improving 
Cmax and oral bioavailability or therapeutic effect has 
been established for various hydrophobic drugs. The 
improvement in bioavailability can be translated into 
reduction in the drug dose and dose-related side effects 
of many hydrophobic drugs, such as antihypertensive 
and antidiabetic drugs. SNEDDS are used for enhancing 
the solubility of anti-inflammatory drugs such as 
indomethacin.[55] Fibrinolytic drugs such as simvastatin, 
atorvastatin, valsartan, gemfibrozil were also formulated 
as SNEDDS for improved bioavailability. Super-SNEDDS 
of simvastatin show increased bioavailability compared 
to the conventional SNEDDS due to the increased drug 
loading.[56]

Advantages Of Snedds
•	 Protection of sensitive drug substances. 

Selective targeting of drug(s) toward specific 
absorption window in GIT.Enhanced oral bioavailability 
enabling reduction in dose. 
•	 High drug payloads. 
•	 It can be easily stored since it belongs to a 

thermodynamics stable system. 
•	 Fine oil droplets would pass rapidly and promote 

wide distribution of the drug throughout the 
GIT, thereby minimizing the irritation frequently 
encountered during extended contact between bulk 
drug substance and the gut wall.[58]

Disadvantages Of Snedds
•	 Lack of good predicative in vitro models for 

assessment of the formulations because traditional 
dissolution methods do not work, because these 
formulations potentially are dependent on digestion 
prior to release of the drug. To mimic this, an in 
vitro model simulating the digestive processes of the 
duodenum has been developed. 

•	 Need of different prototype lipid-based formulations 
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to be developed and tested in vivo in a suitable 
animal model.[58]

Factors Affecting Snedds
•	 Drugs which are administered at very high dose 

are not suitable for SNEDDS, unless they exhibit 
extremely good solubility in at least one of the 
components of SNEDDS, preferably lipophillic phase. 
The drugs exhibit limited solubility in water and 
lipids are most difficult to deliver by SNEDDS. 

•	 The ability of SNEDDS to maintain the drug in 
solubilized form is greatly influenced by the 
solubility of the drug in oily phase. If the surfactant 
or co-surfactant is contributing to a greater extent 
for drug solubilisation, then there could be a risk 
of precipitation, as dilution of SNEDDS will lead 
to lowering of solvent capacity of surfactant or 
co-surfactant.[58]

Advantages, Disadvantages Nanoemulsions As 
Drug Delivery Systems
•	 The small size of the droplets allows them to deposit 

uniformly on substrates. 
•	 The very small droplet size causes a large reduction 

in the gravity force and the Brownian motion may be 
sufficient for overcoming gravity. This means that no 
creaming or sedimentation occurs on storage.

•	 The small droplet size also prevents any flocculation 
of the droplets. Weak flocculation is prevented and 
this enables the system to remain dispersed with no 
separation.

•	 Nano emulsions are suitable for efficient delivery of 
active ingredients through the skin. The large surface 
area of the emulsion system allows rapid penetration 
of actives.

•	 Unlike micro emulsions (which require a high 
surfactant concentration, usually in the region of 
20 % and higher), Nano emulsions can be prepared 
using reasonable surfactant concentration. For a 20 
% o/w Nano emulsion, a surfactant concentration in 
the region of 5 – 10 %may be sufficient.

•	 Nano emulsions can be formulated in numerous 
dosage foam such as creams, liquids, sprays and 
foams.

•	 Various routes like topical, oral and intravenous can 
be used to deliver the product.

•	 Possibilities of controlled drug release and drug 
targeting, and the incorporation of a great variety 
of therapeutic actives.[59-60]

CONCLUSION& SUMMARY 
Nano-emulsion systems offer several distinct advantages 
that outweigh their limitations. Although they are prone 

to storage-related problems such as Ostwald ripening, 
these issues can be effectively minimized by optimizing 
formulation components and processing parameters. 
Despite being relatively fragile, nano-emulsions 
have demonstrated wide applicability—ranging from 
disinfectants and drug-delivery systems to food-grade 
formulations and cosmetics—and have proven more 
efficient than traditional systems due to their higher 
entropy, increased surface area, and reduced adverse 
effects. Among various preparation techniques, high-
pressure homogenization remains the most successful 
and commercially viable method for producing nano-
emulsions. However, limited industrial acceptability 
persists because of an incomplete understanding of nano-
droplet formation mechanisms and stability challenges 
in final semisolid dosage forms. A deeper insight into 
droplet surface charge, skin interaction, and interfacial 
behaviour could significantly enhance therapeutic 
performance. Overall, nano-emulsions represent a 
highly promising alternative to conventional topical 
and transdermal delivery systems and possess strong 
potential for future application in delivering existing and 
novel therapeutics more effectively, with considerable 
commercial and societal value. 
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