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Abstract  The self-nanoemulsifying drug delivery 
system is solitarily the most frequent dosage form for 
administering drug molecules towards the target region in 
the pharmaceutical industry. It has gotten a lot of interest in 
the current scenario because of its budding applications in 
various industries. In the pharmaceutical business, 
self-nanoemulsifying drug delivery systems have been 
used to distribute medications via oral, topical, and 
parenteral routes. SNEDDS are submicron-sized 
emulsions being researched as drug carriers to improve 
therapeutic agent delivery. Due to their tiny droplets, 
elevated solubility ability, broad interfacial region, reduced 
consistency, transparent or semi-transparent emergence, & 
remarkable kinetic constancy, self-nanoemulsifying 
medicines are meant for an extensive choice of application. 
Through a combination of a water-insoluble lipid phase 
with a high-stress aqueous phase, these emulsions may be 
manufactured in huge quantities quickly. These are created 
using surfactants, co-surfactants, and co-solvents. In BCS 
class II and IV drugs, the self nano emu1sifying drug 
delivery system is useful in favor of increasing the water 
solubility of water-soluble pharmaceuticals. In this review, 
various aspects of the self-nanoemulsifying drug delivery 
system are highlighted, including method of preparation, 
characterization techniques such as particle size, zeta 
potential, polydispersity, drug content, advantages, 
disadvantages, and a particular importance on various 
applications of SNEDDS in different areas, such as cancer 

treatment, drug targeting, and as a vehicle for transdermal 
drug delivery. 

Keywords  Self-nanoemulsifying Drug Delivery 
System, Co-solvent, Surface-active Agents, Emulsified Oil, 
Applications 

1. Introduction
In order to improve the permeability and bioavailability 

of hydrophobic medicines, lipid-based preparations have 
received much attention recently. With this in mind, a 
range of novel drug delivery systems has been used, with 
the self-nanoemulsifying drug delivery system playing a 
crucial part in getting the active medicinal ingredient to the 
target site. Self nano-emulsifying drug delivery system has 
shown more significant development in drug delivery 
systems, among other technologies. Nano emulsifying 
drug delivery systems are being explored as a superior 
alternative for enhancing the oral bioavailability of BCS 
(Biopharmaceutical drug categorization system) Class II 
and IV medications [1] (Figure 1). In pharmaceutical 
research, nanotechnology plays a significant role in the 
drug delivery system, which is putting out praiseworthy 
efforts and resulting in improved formulations. 
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Figure 1.  BCS Classification 

The nano emulsifying drug delivery system comprises 
two non-mixable phases: a dispersed phase that appears as 
droplets and has a low concentration, and a dispersion 
medium with a high concentration. There are two forms of 
emulsions: oil in water (o/w) and water in oil (w/o). 
Emulsions are classified as microemulsions (10–100nm), 
nano-emulsions (100–1000nm), and macroemulsions (0.5–
100mm) based on the size of the emulsion droplet. 
Nanopharmaceuticals are pharmaceuticals products that 
have been developed using nanotechnology. 
Nanosuspensions, nano-emulsions, nanocapsules, 
nanospheres, lipid nanoparticles, and dendrimers are some 
of the different nanomedicines that have been utilized or 
are currently being developed [2]. 

Nano-emulsions have particles that are 10 to 200 
nanometers in size, whereas traditional emulsions have 
particles that are 1 to 20 micrometers in size. Because of 
the increasing number of new drug discovery processes, 
formulation and development of drug candidates that are 
poorly water-soluble are a challenge for formulation 
scientists. The active ingredient is delivered to the target 
organ with minimum discomfort and adverse effects using 
a nano emulsifying drug delivery method. The stability of 
the nano emulsifying drug delivery system is based on its 
resistance to flocculation, creaming, sedimentation, and 
coalescence. It's made with a combination of medication, 
oil, surfactant, and co-surfactant that's FDA approved as 
non-irritant, non-toxic, and safe for human ingestion [3,4]. 

NEDDS can be utilized to administer topically active 
medications because they are well tolerated both orally and 
through the skin and mucous membrane. Bacterial 
infections, fungal infections, herpes labialis, and vaginitis 
can all be treated with the use of NEDDS, a new drug 
delivery system. Drug compounds are carried by these 

colloidal particles. These carriers are solid spheres with a 
negative-charged surface that is amorphous, lipophilic, and 
amorphous. Magnetic nanoparticles can be used to help 
increase site specificity [5]. They improve the therapeutic 
efficacy of the drug while lowering side effects and 
dangerous responses when used as a pharmaceutical 
delivery method. Emulsification spontaneity determines 
the size and dispersion of droplets. Because it must account 
for the pace of emulsification and the capacity & globule 
sizedivision of the emulsion formed, the spontaneity of 
emulsification is challenging to quantify. The following 
variables significantly influence the emulsification process' 
spontaneity: surfactant structure and concentration, phase 
transition zone, interfacial tension, interfacial and bulk 
viscosity [6]. 

1.1. Types of Nano-emulsions 

Nano-emulsions are classified into three groups based 
on their composition. 
1. Nano-emulsions of oil and water 
2. Nano-emulsions of water and oil 
3. O/W/O & W/O/W nano-emulsions [3] 

1.2. Components of Nano-emulsions 

Nano-emulsions contain three main components: 
1. Oil (eg. Captex 200, Captex 355, Captex 8000, IPM, 

Myritol 318, Witepsol, etc.) 
2. Surfactant/co–surfactant (eg. Gelucire 44/14, 50/13, 

Capryol 90, Cremophor RH 40, Lauroglycol 90, PEG 
MW > 4000, Poloxamer 124 and 188, Softigen 701, 
767, Tween 80, TranscutolP, Glycerin, Propylene 
glycol, Ethanol, Propanol, etc.) 

3. Aqueous phase [7](Figure 2) 
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1.3. Advantages of Self-nanoemulsifying Drug Delivery 
System 

1. A nanoemulsifying drug delivery system intends to 
enhance the water so1ubility and bioavailability of 
lipophilic medications. 

2. It can transport medications that are both hydrophilic 
and lipophilic. 

3. Flocculation, aggregation, creaming, and coalescence 
are not feasible since this system is 
thermodynamically and kinetically stable [6]. 

4. It can be given through a variety of methods, 
including oral, topical, parenteral, and transdermal. 

5. The vast surface area of the nanodroplet boosts the 
rate of absorption and reduces variability, resulting in 
improved medication bioavailability. 

6. This technique provides the ability to distribute 
peptides that are susceptible to enzymatic hydrolysis 
in the gastrointestinal tract. 

7. They also improve drug absorption via the skin. 
8. They are safe for both human beings and veterinary 

utilization for the reason that they do not affect human 
or animal cells. 

9. They also have very little interfacial stress and a lot of 
oil in water interfacial regions. 

10. Because the medicine is encapsulated in an oildroplet, 
it is protected against hydrolysis and oxidation. It also 
acts as a taste masker [7,8]. 

1.4. Disadvantages of Self-nanoemulsifying Drug 
Delivery System 

1. Stabilization necessitates a high concentration of 
surfactants/co-surfactants. 

2. Temperature and pH have an impact on its stability. 
3. The Oswald ripening effect might induce instability. 
4. Expensive process owing to droplet size reduction 

[9]. 

 

Figure 2.  Commonly used excipients 
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2. Drug Delivery System with 
Self-nanoemulsifying Composition 

2.1. Oils 

The choice of a suitable lipid part is crucial because it 
determines the selection of additional nano-emulsion 
components, particularly in o/w nano-emulsions. In most 
cases, the oil with the highest solubilizing potential is used 
as the oily phase for nano-emulsion formulation. This aids 
in the achievement of maximum drug loading in 
nano-emulsions [6]. Triglycerides are fatty acids that have 
different series lengths & degrees of unsaturation are found 
in naturally occurring oils and fats. Synthetically 
hydrogenating short (5 carbons), medium (6-12 carbons), 
and long-chain (>12 carbons) triglycerides reduce the 
unsaturation degree and hence provides confrontation to 
oxidative deprivation. The ability to solubilize the drugs is 
also a factor in the choice of oily phase and the simplicity 
with which it can produce a nano-emulsion with the 
necessary qualities [10]. Modified vegetable oils, 
digestible or non-digestible oils, and fats like palm oil, 
olive oil, sesame oil, peanut oil, corn oil, Captex 355, 
Myritol 318, IPM, and wax of bees are some examples of 
acceptable oil phases. 

2.2. Surfactants 

The surfactant should be able to micro-emulsify the lipid 
part & as well have high solubility properties for 
non-aqueous medicinal molecules. The surfactant use 
within the nano-emulsion preparation is crucial. 
Surfactants with a low HLB value (such as sorbitan 
monoesters) are hydrophobic and produce a water in oil 
nano-emulsion, while surface-active agents with an 
elevated HLB (>10) are water loving and produce an oil in 
water nano-emulsion [11,12]. The hydrophobic core 
increases the drug's solubility by increasing its trapping. 
Surfactants give attention to the oil/water boundary when 
the oil concentration is high, generating emulsions in 
which the medication is soluble in the interior lipid part. 
However, as soon as the oil level is reduced, 
nano-emulsions are formed, which are minute 
oil-entrapped surfactant globules [13]. Ionic or non-ionic 
surfactants can be employed to make nano-emulsions, but 
ionic surface-active agents are not favored due to toxic 
concerns. Surface active agents like ploxomers, lecithins, 
and polysorbate 80 are commonly employed. Surfactant 
concentrations that are too elevated can cause 
gastrointestinal impatience, so it's critical to find it 
correctly. There is a link between the mass of the droplet 
and the amount of surface-active agent used. Raising the 
surfactant concentration can result in smaller droplets in 
some cases, such as when using a combination of saturated 

C8-Cl0 po1yglycolized g1ycerides.On the contrary, 
increasing surfactant concentrations might cause the mean 
globule dimension to rise in some instances [14]. 

2.3. Co-surfactants 

Surfactant alone is frequently insufficient to sufficiently 
reduce the oil in water interfacial force to form a 
nano-emulsion, necessitating adding a co-surfactant to 
reduce the surface tension to near zero. When the 
surfactant film is overly rigid, co-surfactants enter the 
monolayer, adding flowability to the interfacial film and 
preventing the formation of liquid crystalline phases [15]. 
To alter the total HLB of a system, a very low HLB 
co-surfactant is typically utilized in conjunction with a 
high HLB surfactant. The co-surfactant, unlike the 
surfactant, may not be capable of self-associating 
structures such as micelles on its own. Hydrophilic 
co-surfactants like hexano1, pentano1, and octano1 have 
been shown to reduce oil/water contact and facilitate the 
spontaneous formation of nano-emulsions [11]. 

2.4. Co-solvents 

Surfactants must be present in relatively large amounts 
(often more than 30% w/w) to create the finest 
nano-emulsions. Natural vehicles like ethyl alcohol, 
propylene glycol, glycerol& polyethylene glyco1 (PEG) 
are suitable for enteral deliverance because they allow 
large amounts of water-loving surfactant or drug to 
dissolve in the lipoidal base due to co-solvency and by 
creating the surrounding more hydrophobic by lowering 
the dielectric constant of water [15]. 

2.5. Aqueous Phase 

The globule dimension &constancy of nano-emulsions 
are affected with the aqueous component's composition. As 
a result, when making nano-emulsions, the aqueous phase's 
pH and ionic concentration should be considered. The 
physiological system has pH levels that range from 1.2 (in 
the stomach) to 7.4 and higher (pH of blood and intestine). 
Nanoemulsion properties such as globule dimension and 
material constancy are well recognized to be influenced by 
electrolytes. As a result, testing the nano-emulsion and its 
characteristics in aqueous phases with various pH and 
electrolyte concentrations is a good idea (depending upon 
the type of application). Ringer's solution, simulated 
stomach liquid (pH 1.2), simulated intestinal liquid (pH 
6.8), & phosphate buffered saline, in addition to plain 
water, can be used to evaluate spontaneous nano 
emulsification of SNEDDS. These data imply that the pH 
of the aqueous partbe able to include a big impact on the 
system's phase behavior, especially when there's a drug 
with a pH-dependent solubility [16]. 
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3. Classification of Surface Active 
Agents 

1. Anionic Surfactant: for example, potassium and 
sodium stearate, calcium and aluminum stearate, 
ethanolamine, and so on. 

2. Cationic Surfactant: Quaternary Amm0nium 
Compounds like Cetrimide and Benza1konium 
Chloride, for example. 

3. Surfactant that is ampholytic, such as lecithin or 
N-dodecylalnine. 

4. Glycer0l and glyco1 esters, such as glycerol 
monostearate and propylene glycol monostearate, are 
examples of non-surfactants [17] 

4. Self-nanoemulsifying Drug Delivery 
System Preparation 

The formulations were made by mixing a suitable 
amount of surfactant and cosurfactant, then adding the oil 
and mixing the mixture until it was entirely dispersed at 
room temperature. The required amount of medicine was 
then added, and the finished combination was vortexed 
until it became a translucent solution [18]. Formulations 
were made and analysed (Figure 3). 

 

Figure 3.  SNEDDS mechanism 
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5. Methods of Preparation of 
Self-nanoemulsifying Drug Delivery 
System 

In the direction of practicing nano-emulsion, various 
approaches have been available. However, the creation of a 
nanoemulsifying system necessitates a significant amount 
of energy. Automatic equipment or the element perspective 
inside the constituent can both be used to obtain this energy. 
The following are some of the approaches utilised to make 
a self-nanoemulsifying drug delivery system: 

5.1. High Pressure Homogenizer 

This approach works by providing an elevated amount 
of stress to a structure that includes an aqueous phase, oil 
phase, surfactant, or co-surfactant. The homogenizer is 
used to apply the elevated stress. Reduced output and 
material fall owing towards excessive warmth production 
are some of the issues associated with homogenizers. 
Solitary oil in water (o/w) fluid nano-emulsions with a 
lesser amount of 20% oil phase may be made using this 
method, and cream nano-emulsions with a mean droplet 
diameter of less than 200 nm cannot be made using this 
method [19]. 

5.2. Sonication Method 

By means of using a sonication mechanism, the droplet 
dimension of a typical mixture is compacted in this process. 
This process can only create a limited number of batches of 
nano-emulsion [18]. 

5.3. Ultrasound Production with High Amplitude 

This is a low-pressure homogenization method that can 
be used instead of high-pressure homogenization. 
Ultrasonic cavitations, which produce fiercely and 
irregularly imploding vacuum bubbles and shrink globule 
dimension towards nano scale, provide the high shear 
forces required for nanoemulsification. This technology 
has been successfully used in the manufacturing of 
nano-emulsions on a limited scale [2]. 

5.4. Phase Inversion Method 

Chemical energy can be used to produce fine dispersion, 
resulting in phase changes via the emulsification method. 
Enough stage transition is formed by altering the 
composition at an invariable temperature or changing the 
temperature at invariable composition. The response to 
temperature is the basis for the phase inversion temperature 
(PIT) approach. As the temperature rises, the dehydration 
of the polymer chain leads this surfactant to become lipid 
soluble. The surfactant monolayer exhibits a substantial 
positive spontaneous curvature at low temperatures, 

resulting in an oil-swollen micellar solution phase [20]. 

5.5. Micro-fluidization 

A device known as a "MICRO FLUIDIZER" is used in 
micro-fluidization technology. The product is pumped into 
the interaction chamber, which is made up of microscopic 
channels, using a high-pressure positive displacement 
pump (500-200 PSI). Before impinging on a surface, the 
product travels via microscopic channels, resulting in 
submicron particles. The two solutions (aqueous phase and 
oily phase) are combined and homogenised in an inline 
homogenizer to make a coarse emulsion. The coarse 
emulsion is subsequently treated in a microfluidizer to 
form a stable nano-emulsion [22]. 

5.6. Solvent Displacement Method 

This procedure involves dissolving the oily phase with 
watermiscible organic solvents such as acetone and ethanol. 
The organic part is blended into an aqueous part containing 
surface active agents via fast organic solvent, resulting in 
nano-emulsion. The organic solvent in the nano-emulsion 
is isolated via vacuum evaporation[21]. 

6. Characterization of Nanoemulsion 

6.1. Particle Size Analysis 

In most cases, the Dynamic Light Scattering (DLS) 
technique is utilised to determine particle size and 
dispersion in nano-emulsions [24]. 

6.2. Polydispersity 

Po1ydispersity is defined as the ratio of standard 
deviation to mean droplet size, and it demonstrates globule 
dimension homogeneity contained by the preparation. The 
smaller the regularity of the globule dimension in the 
formulation, the higher the polydispersity. Malvern 
Zetasizer is a polydispersity measurement system based on 
dynamic light scattering [23]. 

6.3. Zeta Potential 

To test zeta potential, the Zeta PALS apparatus is 
employed. In a nano-emulsion, it's utilised to figure out 
how much charge is on the droplet's surface. Emulsifiers 
serve as surface charge generators as well as mechanical 
barriers. The zeta potential can inhibit coalescence by 
creating repelling electrical forces between approaching oil 
droplets. The lower the zeta potential, the higher the 
droplet net charge and the more stable the emulsion. Zeta 
potentials of less than -30 mV are typically used to 
demonstrate physical stability. The Malvern Zetasizer is a 
tool for determining dynamic light scattering. 
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6.4. Transmission E1ectron Microscopy (TEM) 

The appearance and structure of the nano-emulsion can 
be examined using transmission electron microscopy 
(TEM). 

6.5. Viscosity 

A Brookfield viscometer can be used to determine the 
consistency of a self-nanoemulsifying drug delivery 
system's formulation. 

6.6. Percent Drug Loading 

The pre-weighed nanoemulsion is isolated by mixing it 
in 25 ml of an appropriate vehicle and comparing the 
extract to the drug reference solution using 
spectrophotometry/HPLC. The drug amount is determined 
using a reversephase HPLC technique with varying 
porosity columns [25]. 

6.7. In-vitro Drug Release 

In-vitro release studies of nano-emulsions contain 
pharmaceuticals capable of investigation using a 
semi-permeable film in a dissolving device. A cylindrical 
glass tube (2.5 cm diameter and 6 cm length) is placed in a 
place of the basket and should be tightly covered with the 
semi-permeable membrane. The cylindrical tube is filled 
with a drug-loaded nano-emulsion that is applied to the 
semi-permeable membrane surface. The cylindrical tube 
should be dipped in 100 ml buffer while maintaining the 
pH to establish the sink conditions and sustain permanent 
solubilization. The released research can be done for 24 
hours at 32°C. The stirring shaft should achieve one 
hundred rotations per minute. To maintain a consistent 
volume, one-milliliter aliquots of the release medium are 
taken, diluted, filtered, and replaced with an equivalent 
volume of the buffer solution at predefined intervals (1, 2, 
4, 6, 8, 12, 20, 24 hours). The absorbance of the obtained 
materials can be determined using a UV spectrometer [26]. 

6.8. Freeze-Thaw Cycle 

Freeze-thaw is a method of testing the constancy of 
SNEDDS, in which formulations are frozen for 24 hours 
and then thawed for 24 hours at 40 degrees Celsius. For 5 
minutes, centrifugation was carried out at 3000 rpm. For 
phase separation, the formulation was used. 

7. Nano-emulsion Applications 
Medicinal preparations are capable of using 

nano-emulsions containing active pharmaceutical 
ingredients. A nano-emulsion consists of an active 
ingredient and a carrier appropriately designed for 
remedial delivery. If necessary, a specific galenical 

structure can be added to the mix. Ampoules, especially 
sterile injection and infusion solutions; solutions, 
especially eye drops, nose drops, and oral liquids, which 
can include diverse secondary substance in addition to the 
nano-emulsion; aerosols without metering features, as well 
as dosing aerosols, which is capable of close propellant gas 
and stabilisers moreover the nanoemulsion; hydrophilic 
and hydrophobic gels &ointments contain the 
nano-emulsion; oil in water and water in oil [33]. 

7.1. Drug Administration as SNEDDS through Nasal 
Route 

The nasal transmits have received a lot of interest since it 
offers much compensation above parenteral and enteral 
delivery, particularly because it avoids the liver. 
Nano-emulsions improve absorption by dissolving the 
medicine in the emulsion's inner phase and increasing the 
amount of time the emulsion droplets are in contact with 
the nasal mucosa. Insulin and testosterone are two 
medications that can be administered through the nose 
[27]. 

7.2. Drug Administration as SNEDDS through Ocular 
Delivery 

For enhanced topical lipoidal medication releaseen route 
for the eye, o/w emulsions are being employed. Lipophilic 
drug-loaded o/w ocular emulsions, such as pilocarpine, 
indomethacin, piroxicam, and cyclosporine A, provide an 
improved compromise among ocular bioavailability 
expansion and patient ease after topical application into the 
eye [27]. 

7.3. Antimicrobial Self-nanoemulsifying Drug Delivery 
System 

Oil-in-water droplets with diameters ranging from 200 
to 600 nanometers make up antimicrobial nano-emulsions. 
The thermodynamic fusion of lipid-containing organisms 
with nano-emulsion particles is achieved. When a 
sufficient number of nanoparticles bind to viruses, some of 
the emulsion's energy is released. The active ingredient and 
the energy released destabilize the lipid membrane of the 
pathogen, resulting in cell death and lysis. Microbes, (HIV, 
Herpes Simplex) enveloped viruses, (Candida, 
Dermatophytes) fungi, and spores are all susceptible to 
nano-emulsions (e.g. anthrax) [28]. 

7.4. Use of SNEDDS in Cosmetics 

Self-nanoemulsifying Drug Delivery System has lately 
gained prominence as prospective carriers for regulated 
cosmetic delivery and optimal distribution of active 
substances in the specific dermal layer. Nanoemulsions are 
better than liposomes used for transporting lipid loving 
substances because of their lipophilic character [29,30]. 
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They work in a similar way to liposomes in that they help 
active substances penetrate the skin, and so boost their 
concentration. Another benefit is the undersized droplet, 
which allows for effective active transport to the skin due 
to its large surface area. Nano-emulsions are also becoming 
more popular as a result of their bioactive capabilities. This 
could improve the skin's barrier function by reducing 
transepidermal water loss. Nano-emulsions are suitable for 
cosmetics because macroemulsions do not have creaming, 
sedimentation, flocculation, or coalescence [31,32]. 

8. Conclusions 
The self-nano emulsifying drug delivery system has a 

number of features that make it a popular drug carrier for 
increasing active medicinal ingredient delivery. They can 
be used in almost any distribution channel and have the 
potential to impact a wide range of industries, including 
medicine, biotechnology, and cosmetics. This innovative 
approach is being developed to overcome the poor 
absorption and miscibility of several drugs with cell 
membrane lipid contents. Traditional methods for 
enhancing bioavailability are not up to the task of dealing 
with the growing number of insoluble medications [34]. 
The efficacy of a self-nanoemulsifying system-based drug 
delivery system in solving current bioavailability 
difficulties is established in-depth in this study. This 
reassessment describes the existing techniques & concerns 
in favour of flourishing self-nanoemulsifying base drug 
administration to establish the framework for even more 
success in the field. Nanoemulsion's applicability is limited 
by its instability. Surfactant and co-surfactant type and 
concentration, type of oil phase, procedures used, process 
factors, and addition of adjuvant used over the interphases 
of nanoemulsion formulation can all help to increase 
formulation stability [35,36,37,38]. 
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