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ABSTRACT 

Lipid-based formulations known as self-emulsifying drug 

delivery systems (SEDDS) are intended to increase the oral 

bioavailability of medications that are poorly soluble in water. 

When these systems are exposed to gastrointestinal fluids and 

gently stirred, oils, surfactants, co-surfactants, and co-solvents 

spontaneously create fine oil-in-water emulsions. This 

procedure improves intestine absorption, medication solubility, 

and dissolution, which increases therapeutic efficacy. 

Excipients must be carefully chosen for SEDDS formulation 

based on the drug's physicochemical characteristics. Several 

solidification techniques, including capsule filling, spray 

drying, spray chilling, adsorption onto carriers, and 

Lyophilization, are utilized to create solid SEDDS in order to 

address stability and handling concerns related to liquid 

systems. To assure quality and performance, SEDDS are evaluated using droplet size 

analysis, zeta potential, thermodynamic stability tests, Dispersibility testing, viscosity 

measurement, and in vitro drug release studies. Lipid-based formulations known as self-

emulsifying drug delivery systems (SEDDS) are intended to increase the oral bioavailability 

of medications that are poorly soluble in water. When these systems are exposed to 

gastrointestinal fluids and gently stirred, oils, surfactants, co-surfactants, and co-solvents 

spontaneously create fine oil-in-water emulsions. This procedure improves intestine 

absorption, medication solubility, and dissolution, which increases therapeutic efficacy. 
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INTRODUCTION 

Self microemulsifying drug delivery systems are widely recognized as an effective strategy 

for improving the delivery of hydrophobic drugs. system offer an alternative approach for 

drugs with poor water solubility and low oral bioavailability, helping to enhanced their 

absorption and overall therapeutic effectiveness.
[3]

 SEDDS formulation may consist of simple 

binary system containing a lipophilic phase and the drug or ternary system that include a 

lipophilic phase, surfactant, and drug. In many cases, co-surfactant is added to facilitate the 

formation of a microemulsion. These formulations typically produce lipid droplets ranging 

from 200nm to 5µ during in vitro testing and SEDDS also composed of oils and surfactant 

usually in a isotropic mixture and may also contain co-solvents. When introduced into and 

aqueous medium under gentle agitation they spontaneously form the oil in water emulsion.
[6]

 

the oral delivery of many proteins and therapeutic peptides remains challenging because of 

enzymatic degradation in the GI tract and poor permeability across the intestinal membrane. 

To overcome these barriers, various drug delivery technologies have been explored. In recent 

year SEDDS have a gained significant attention as promising carrier for the oral 

administration of peptides and proteins.
[1] 

among lipid-based delivery system, SEDDS has a 

promising approach for enhancing the bioavailability of poorly water soluble drug(PWSD). 

Important for formulating lipophilic compound and improving their oral absorption and also 

increasing drug bioavailability.
[4]

 recent advances in in vitro screening techniques, such as 

combinatorial chemistry has led to the discovery of many potential chemical compound with 

significant therapeutic activity. However, nearly 40% of these compound exhibit poor water 

solubility. which limits their dissolution rate, reduce absorption and result in low oral 

bioavailability.
[2]

 

 

Components of SEDDS 

1. Drug 

Important factor in designing a SEDDS formulation is the drug’s lipophilic and hydrophilic 

nature. For effective formulation the drug should ideally have a lop p value greater than 2, 

which indicates good lipid solubility. It should also be effective at a relatively low dose and 

should not undergo extensive first-pass metabolism as these properties make it a suitable 

candidate for SEDDS delivery.
[1] 
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2. Oil 

Natural oils and fats are made up of mixtures of triglycerides that contain fatty acid with 

different chain length and varying levels of unsaturation. As the degree of unsaturation 

increases, these oils become more prone to oxidation. To improve their stability and modify 

their physical properties, triglycerides are often chemically hydrogenated, which reduce the 

level of unsaturation.
[3] 

 

3. surfactant 

Various compound with surfactant properties can be used in the formulation of self-

emulsifying system. However, the selection is limited because only a small number of 

surfactant are considered safe and suitable for oral use. Among these, non-ionic surfactant 

with a relatively high hydrophilic-lipophilic balance(HLB) are the most commonly preferred 

as they offer better emulsification and improve compatibility. Safety remains one of the most 

important factor when selecting a surfactant for formulation purpose.
[6] 

1. Anionic surfactant 

2. Cationic surfactant 

3. Ampholytic surfactant  

4. Non-ionic surfactant 

 

 
 

4. co-solvents 

Organic solvent such as ethanol, propylene glycol(PG) and polyethylene glycol(PEG) are 

commonly used in formulation to enhanced the solubility of hydrophilic surfactant and 

lipophilic drug. Their inclusion helps create a more stable effective system by improving the 

dissolution of formulation components.
[7]
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for self-emulsifying 

the exact mechanism behind self-emulsification is not yet fully understood. It has been 

proposed that the process occurs when changes in entropy provide enough energy to expand 

the surface area of the dispersion beyond its equilibrium state. 

 

In conventional emulsion free energy represent the energy required to create a new interface 

between the oil and water phase. Since system naturally tends to minimize free energy, the 

emulsion eventually separates into two distinct phase in order to reduce the interfacial 

area.
[12] 

 

 

Figure 1: Mechanism Of Self-Emulsifying Drug Delivery System. 

 

Solidification of self-emulsified formulation 

1. Encapsulation of liquid and semi solid self-emulsified  
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widely use method for incorporating low doses of highly potent drugs involves filling capsule 

with liquid self-emulsifying formulation. Technique such as a micro-spraying and banding 

are commonly applied for this purpose. 

 

For semi-solid self-emulsifying preparation, the excipients are heated to around 20°C above 

their melting point. Once melted the drug is mixed thoroughly into the molten base. This 

warm mixture is then filled into capsule shells and allow to cool at room temperature where it 

solidifies. Finally, the capsule is sealed using bending or micro-spray technique to prevent 

leakage and ensure product stability.
[1]

 

 

2. Spray cooling 

The molten formulation is sprayed as tiny droplets into a cooling chamber, where the droplets 

rapidly solidify and recrystallized into a spherical particle. These solid particle settle at the 

bottom of the chamber and are collected as a fine powder. 

 

The resulting powder can be sued to prepare solid dosage form or filled directly into hard 

gelatin capsule. various type of atomizing equipment is available to convert the liquid 

mixture into droplets, including rotary, pressure, two fluid and ultrasonic atomizer.
[3] 

 

3. Adsorption on solid carriers 

Formulation can be adsorbed onto suitable carrier material at high concentration, often up to 

about 70%. Drug formulation containing gentamicin and erythropoietin have also been 

successfully prepared using labrasol as an excipient.
[9] 

 

4. Spray drying:  

 

Figure 2: spray drying. 
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Spray drying is a commonly used continuous manufacturing process in pharmaceutical 

industry that convert liquid formulation into the fine solid particle. It is considered one of the 

most efficient technique for transforming liquid SEDDS in to solid dosage form the process 

generally, consist of 4 key stage: atomization, hot air, solvent evaporation and product 

collection.  

 

In this method liquid SEDDS is mixed with solid carriers in suitable solvent usually ethanol 

to prepare sprayable solution. For poorly water soluble drug, organic solvent is often required 

and the process may be carried out under an inert nitrogen atmosphere for safety and stability. 

 

The prepare solution is passed through a spray nozzle, where it is converted into a tiny 

droplet. This droplet exposed to hot drying gas, causing the solvent evaporate quickly and 

leaving behind dry solid particle. Finally, the powder is separated from the gas steam and 

collected using a cyclone separator.
[14] 

 

5. Lyophilization technique 

A lyophilized molecular dispersion is prepared by dissolving both the drug and carrier in a 

common solvent, followed by freezing the solution through sublimation during freeze-drying. 

 

Improve stability during the Lyophilization of oil in water emulsion has been reported when a 

slow and control cooling rate is used. The addition of antifreeze agents also helps protect the 

formulation and maintain its stability throughout the freeze-drying process.
[9]

 

 

Evaluation of SEDDS 

1. Drug content  

The drug is extracted from pre-weighed SEDDS by dissolving it in an appropriate solvent. A 

suitable analytical method is used to determine the drug content in the solvent extract.
[8] 

2. Droplet size analysis particle size measurement 

Using a Zetasizer that can measure sizes between 10 and 5000 nm, photon correlation 

spectroscopy—which examines variations in light scattering caused by Brownian motion of 

the particles—determines the droplet size of the emulsions.
[6] 

3. Thermodynamic stability studies 

Formulations are tested for stability via freeze-thawing. Three to four freeze-thaw cycles—

freezing at -4°C for 24 hours and thawing at 40°C for 24 hours—are applied to the 

formulations. For five minutes, centrifugation is carried out at 3000 rpm. Phase separation is 
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then detected in the formulations. For additional research, only formulations that are resistant 

to phase separation are chosen.
[14] 

4. Cloud point determination 

The stability of the optimized HME S-SEDDS formulation was assessed after it underwent 

thermal treatment. Using a tiny magnetic stirrer, the HME-S SEDDS was first added to 

0.14% SLS (1000X dilution) at 25 °C and 50 RPM. The glass beaker containing the emulsion 

was put on a hot plate after it had formed, and the temperature was raised at a pace of five 

degrees Celsius per minute. Cloud point was the first indication of turbidity or phase 

separation.
[21]

 

 

5. Zeta potential 

The Zeta potential, which gauges the physical stability of systems, is calculated by measuring 

the particle's surface-level electrical charge using a Zeta sizer. This is based on the 

electrophoretic mobility (m/s) of the particle, which was converted into the zeta potential.  

 

Before being placed in the single-use cell, each test sample was diluted 100 times in distilled 

water.
[9] 

 

6. In vitro release 

Based on the USP XXIV dissolving procedure, the quantitative in vitro release test is carried 

out in 900 milliliters of purified distilled water. To compare the release profile with a 

traditional tablet, SMEDDS is placed in a dialysis bag during the release period. At 

prearranged intervals, 10 ml of the sample solution is taken out, filtered through a 0.45μ 

membrane filter, appropriately diluted, and subjected to spectrophotometric analysis. As soon 

as the test sample is removed, an equal volume of new dissolving medium is added. The Beer 

Lamberts equation was used to determine the percentage of medication dissolved at various 

time periods.
[17] 

 

Characterization of SEDD 

1. Visual evaluation 

The evaluation of self-emulsification is aided by visual observation. After diluting SEDDS 

with water, the presence of a clear, isotropic, transparent solution indicates the formation of 

micro emulsions, whereas an opaque, milky white appearance shows the generation of macro 

emulsions. The formulation may be stable if there is no precipitation or phase separation.
[1] 
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2. Chemical and physical stability 

For up to six months, liquid self-emulsifying drug delivery systems were kept in a 

refrigerator between 4 and 8 degrees Celsius and at 25 degrees Celsius to evaluate their 

chemical and physical stability. After that, the samples were collected at predetermined 

intervals for a maximum of six months. The physical compatibility of the substance in the 

system was evaluated by looking at phase separation, zeta potential, and particle size 

following dilution by distilled water at a ratio of one to one hundred.
[9] 

 

3. Turbidity measurement 

By determining if the dispersion approaches equilibrium quickly and in a consistent amount 

of time, effective self-emulsification can be identified.  

 

Nepheloturbidimetric assessment is used to track the development of emulsification. A 

turbidimeter is used to measure the rise in turbidity when a fixed amount of self-emulsifying 

system is added to a fixed quantity of suitable medium (0.1N hydrochloric acid) on a 

magnetic plate at room temperature while being continuously stirred at 50 rpm.
[3] 

 

4. Dispersibility test:
[3,7] 

The self-emulsification efficiency of oral nano or microemulsion systems is commonly 

assessed using the conventional USP XXII dissolution apparatus II. In this method, 1 mL of 

the formulation is introduced into 500 mL of water maintained at 37 ± 0.5°C. Gentle agitation 

is provided using a standard stainless-steel paddle rotating at 50 rpm. 

 

The in vitro performance of the formulations is then visually evaluated and classified 

according to the following grading system. 

 

Grade A: A nano emulsion forms rapidly within 1 minute and shows a clear or slightly bluish 

appearance.
[3] 

Grade B: The emulsion forms quickly but is slightly less transparent, with a bluish-white 

appearance.
[7] 

Grade C: A fine milky emulsion develops within 2 minutes.
[3,7] 

Grade D: The emulsion appears dull, greyish-white, and somewhat oily, requiring more than 

2 minutes for emulsification.
[3] 

Grade E: These formulations show poor emulsification, with large oil droplets visible on the 

surface.
[7] 
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Generally, Grade A and Grade B formulations are considered ideal, as they are likely to 

remain as nano emulsions after release in the gastrointestinal tract. Grade C formulations may 

also be acceptable for use in SEDDS preparations. 

 

5. viscosity measurement 

The viscosity of diluted SMEDDS formulations that are micro emulsions is measured using a 

rheometer, a Brookfield viscometer with a cone and plate with a revolving spindle.
[1] 

 

Advantage of SEDDS
[3,6,7,8,18] 

1. SMEDDS provides the same benefit as emulsions in that it makes hydrophobic 

medications more soluble. While macro emulsions cream over time, SMEDDS can be 

preserved with ease due to their thermodynamic stability.  

2. Increased bioavailability when taken orally. 

3. The lipid digesting process has no effect. 

4. the capacity to transport peptides that are vulnerable to GI tract enzymatic hydrolysis. 

5. Because SMEDDS only needs basic and affordable manufacturing facilities, like a mixer 

with an agitator and volumetric liquid filling equipment, it may be produced on a wide 

scale. 

6. Rapid Start of Action. 

7. No impact on the process of lipid digestion. 

8. Variability within and between subjects as well as the impact of food. 

9. The biggest benefit is that it is simple to scale up and manufacture. 

10. This avoids sluggish drug disintegration, which is its primary advantage over alternative 

solid dose formulations. 

11. The capacity of lipid-based formulations to carry macromolecules including peptides, 

hormones, enzyme substrates, and inhibitors as well as to provide protection from 

enzymatic hydrolysis is one distinctive feature that sets them apart from other drug 

delivery systems. 

12. Consistent medication absorption temporal profiles. 

13. It shields the medications from the gut's hostile environment. 

 

Disadvantage of SEDDS
[1,3,6,7,8,18] 

1. In gastrointestinal fluid, diluted SMEDDS experience drug precipitation. The ability of 

lipid formulations to maintain the medicine in its solubilized form in the gastrointestinal 
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tract (GIT) is a common need. The benefit of the lipid-based formulation technique is 

eliminated if the drug precipitates out of the system. 

2. Handling, storage, and stability issues are present with liquid SMEDDS. Therefore, 

developing sound SMEDDS appears to be a sensible way to deal with these issues. 

3. One of the obstacles to the development of SEDDSs and other lipid-based formulations is 

the lack of trustworthy predictive in vitro models. 

4. Drug chemical instability. 

5. One major challenge is the absence of reliable prognostic in vitro models for formulation 

evaluation. 

6. Only in vitro-in vivo correlations are used to guide further formulation development. 

7. Because these formulations may depend on digestion before the medicine is released, 

traditional dissolving techniques are ineffective. 

8. GI adverse effects may result from adding more surfactants to the SEDDS formulation. 

9. Manufacturing it might be costly. 

10. Formulations need to be developed and tested in vivo in a suitable animal model. 

11. Because these formulations rely on digestion before the medicine is released, the standard 

in-vitro dissolving approach is ineffective. 

12. Validating the formulations with several components is debatable. 
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Example of marketed product formulated as self-emulsifying system.
[3] 

 

Application of SEDDS
[6,7,14,17] 

Control the drug release 
 

1. Various formulation strategies have been used to boost bioavailability, achieve sustained 

release, and reduce the Making matrix pellets of nanocrystalline ketoprofen, sustained 

release ketoprofen microparticles, and floating oral Transdermal and ketoprofen systems 

of ketoprofen. Getting ready and stabilizing forms with enhanced solubility or 

nanocrystals of medicines may present issues with stability, processing, and finances. 

2. When ketoprofen is included in SEDDS, this issue can be effectively resolved. 

formulation. This formulation reduced gastrointestinal discomfort and improved 

bioavailability by increasing the drug's solubility. Additionally, adding a gelling agent to 

SEDDS maintained the release of ketoprofen. 

3. Lipophilic medications can be administered orally thanks to SEDDS. 

4. Surfactant side effects can be mitigated by super saturable SEDDS (S-SEDDS). 

Compared to the conventional SEDDS formulation, the S-SEDDS formulation has an 

improved toxicity and safety profile. 
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5. SEDDS primary function is to improve the absorption of hydrophobic medications by 

creating an oil-in-water emulsion that is nanoscale. 

6. SEDDS can also be used to transport proteins and peptides, which are challenging to take 

orally because of their high hydrophilicity and poor stability. 

7. The viability of solid SEDDS for oral protein and peptide administration has been shown 

by recent research. When lysozyme was complexed with sodium dodecyl sulfate and 

adsorbed onto solid carriers, it maintained its bioactivity and self-emulsification 

characteristics, resulting in a stable powder that could be taken orally. 

8. is a rate-limiting step in the drug's dissolution and bioavailability, however SMEDDS can 

present the drug to the GIT in globule sizes ranging from 1 to 100 nm. Due to the small 

oil droplets' quick emptying from the stomach, the medication is widely distributed 

throughout the digestive system, lessening drug-related discomfort. SMEDDS improve 

the drug's bioavailability, allowing for a dose reduction. 

 

CONCLUSION 

self-emulsifying drug delivery systems (SEDDS) are a useful method for enhancing the oral 

bioavailability, solubility, and dissolving of medications that are poorly soluble in water. 

They improve therapeutic responsiveness, increase medication absorption, and give 

formulation design flexibility. Solid SEDDS are a viable and useful lipid-based drug delivery 

system despite certain drawbacks such stability and precipitation problems, as well as 

ongoing improvements in evaluation methods. 
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