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______________________________________________________________________________________________________________  

 Abstract: Poor water solubility remains a significant challenge in the pharmaceutical development of many active 
pharmaceutical ingredients (APIs). To address this issue, self-emulsifying drug delivery systems (SEDDS) have 
emerged as a promising formulation approach to enhance the bioavailability of poorly water-soluble drugs. SEDDS 
are isotropic mixtures of oils, surfactants, and sometimes co-solvents that spontaneously emulsify upon contact 
with gastrointestinal fluids, forming fine oil-in-water emulsions that improve drug dissolution and absorption. This 
review explores the formulation design, mechanisms, advantages, and applications of SEDDS in improving the 
bioavailability of hydrophobic drugs. By incorporating an appropriate polymer into the formulation, SEDDS can be 
explored for the development of a sustained-release drug delivery system. Enhancing this technology could open 
new avenues in the field of medication delivery. SEDDS has proven to be highly effective in improving the oral 
bioavailability of lipophilic drugs. It represents a promising approach for optimizing the delivery of drugs that are 
otherwise unsuitable for oral administration. Additionally, SEDDS can be formulated into various solid dosage 
forms, making them suitable for both oral and parenteral administration. 
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Introduction 

Oral drug delivery is the most preferred route for 

administering therapeutic agents due to its 

convenience, patient compliance, and cost-

effectiveness. However, the effectiveness of oral 

drug delivery, especially for poorly water-soluble 

or lipophilic drugs, is often hindered by their low 

solubility, poor dissolution rate, and limited 

bioavailability. To overcome these challenges, 

emulsions and self-emulsifying drug delivery 

systems (SEDDS) have been developed to enhance 
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Table 1: Composition and Formulation of SEDDS 

Component Role in SEDDS Typical 
Composition 

Ratio 

Types/Example Key Notes 

Oils Solubilize lipophilic drugs 
and form the oil phase; 
influence emulsification and 
drug absorption 

 
 
 

20–80% 

Long-chain triglycerides 
(LCTs): Soybean oil, sesame 
oil 
Medium-chain triglycerides 
(MCTs): Caprylic/capric 
triglycerides (Miglyol 812) 
Exotic oils: Fish oil, essential 
oils. 

MCTs generally form 
smaller droplets and 
enhance emulsification 

Surfactants Reduce interfacial tension; 
enable formation of O/W 
emulsions 

 
 

30–60% 

Non-ionic: Tween 80, 
Cremophor RH 40, Span 80 
Ionic: Sodium lauryl sulfate 
(SLS) 

Surfactants with HLB 12–
16 preferred for O/W 
emulsions 

Co-surfactants Further reduce interfacial 
tension; improve flexibility of 
interfacial film; help form 
microemulsions 

10–30% Ethanol, propylene glycol, 
PEG 400, Transcutol P 

Promote smaller, more 
stable droplets 

Co-solvents 
Improve solubility of poorly 
soluble drugs; enhance self-
emulsification 

10–30% Ethanol, propylene glycol, 
PEG 

Modify formulation 
properties and improve 
API solubilization 

Active 
Pharmaceutical 
Ingredient (API) 

Drug incorporated into 
SEDDS, typically poorly 
water-soluble/ lipophilic 
 

Variable Cyclosporine (Neoral) 
Fenofibrate 
Itraconazole (Sporanox) 
Tadalafil 

SEDDS improves 
solubility, stability, and 
oral absorption of 
lipophilic drugs 

 

the solubility and absorption of such drugs in the 

gastrointestinal (GI) tract (Salawi, 2022). 

 An emulsion is a biphasic system consisting of 

two immiscible liquids, typically oil and water, 

with one phase dispersed as droplets in the other. 

Emulsions enhance the solubilization of lipophilic 

drugs by dissolving them in the oil phase, which 

then forms fine droplets in the aqueous 

environment of the GI tract. This increases the 

surface area for drug dissolution and absorption. 

Emulsions are categorized into: 

 Oil-in-water (O/W) emulsions, where oil 

droplets are dispersed in an aqueous phase, 

often used for hydrophobic drugs. 

 Water-in-oil (W/O) emulsions, where water 

droplets are dispersed in an oil phase, typically 

used for hydrophilic drugs. 

 While emulsions offer advantages such as 

enhanced drug solubility and stability, they 

require energy (e.g., shaking, stirring) to form, and 

their stability can be a concern due to phase 

separation  or   droplet   coalescence.   To   address  

 

these limitations, self-emulsifying drug delivery 

systems    (SEDDS),    which    use   self-emulsifying 

agents, have been introduced as a more efficient 

approach (Patel et al., 2008; Solanki and Prajapati, 

2012; Chouhan et al., 2015). 

 Many modern therapeutic compounds exhibit 

poor water solubility, which limits their 

bioavailability and therapeutic efficacy. Over 40% 

of new chemical entities identified through drug 

discovery are poorly water-soluble, which poses 

significant challenges for drug delivery and 

absorption. In such cases, enhancing solubility is 

critical to improving the bioavailability of these 

drugs. 

 SEDDS are lipid-based formulations that form 

emulsions when exposed to aqueous 

environments, such as the fluids in the GI tract, 

without the need for external mechanical energy. 

They are composed of oils, surfactants, and co-

surfactants that self-emulsify upon mild agitation, 

such as the natural movements of the stomach. 

These systems have emerged as a promising 

solution  for  the  oral  delivery  of  poorly  water- 
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Table 2: Types of SEDDS (Kohli  et al.,2010;  Singh et al., 2013) 

 

 

 

 

 

 

                    

 

 

 

     

 

 

 

Fig. 1: Mechanism of self-emulsifying drug delivery systems (SEDDS). 

soluble drugs, improving both the rate and extent 

of drug absorption. 

 Self-emulsifying agents, which include 

surfactants and co-surfactants, are critical for the 

success of SEDDS in oral drug delivery. Their role 

is to facilitate the spontaneous formation of 

emulsions or microemulsions upon contact with 

aqueous environments, thereby improving drug 

solubilization and absorption (Revathi and Raju, 

2012; Reza, 2013; Singh et al., 2014; Thakare et al., 

2016). 

 Tables 1 and 2 depict the composition and 

formulation of SEDDS and types of SEDDS, 

respectively. 

Type 
 

Droplet 
Size 

Appearance Key Features Example 
Drug/Formulation 

Advantages Limitations 

SEDDS 100–300 
nm 

Turbid Forms O/W 
emulsions;  oil + 
 surfactant (+co-
surfactant) 

Cyclosporine 
(Neoral®) 

Improves 
solubility and 
bioavailability; 
simple 
formulation 

Larger 
droplets → 
lower 
absorption 
surface 

SMEDDS < 50 nm Clear/slightly 
 opalescent 
 

Thermodynamically 
 stable 
microemulsions;  
high surfactant 
content 

Itraconazole 
(Sporanox®) 

High surface 
area → better 
absorption 

May cause GI 
irritation due 
to high 
surfactant 
 

SNEDDS 20–50 nm 
(generally 
<100 nm) 

Transparent/ 
translucent 

Nanoemulsion 
formation;  
optimized for tiny 
droplets 

Fenofibrate 
(Triglide®) 

Faster 
absorption; 
enhanced 
solubilization 

Higher 
complexity 
and cost 

S-SEDDS 20–50 nm 
(generally 
<100 nm) 

Solid dosage 
form 
 

Converts liquid  
SEDDS to 
powders/tablets  
using solid carriers 
 

Tadalafil solid 
SNEDDS 

Better 
stability, easy 
handling, 
patient-
friendly 

Complex 
formulation; 
carrier 
compatibility 
issues 

SDEDDS Larger 
than 
SEDDS 

Milky W/O/W system; 
 encapsulates 
hydrophilic +  
lipophilic drugs 

Protein/peptide 
encapsulation 

Enables 
controlled 
release; 
protects 
sensitive 
drugs 

Stability 
issues; 
complex dual 
emulsification 

Drug Lipid 

Emulsifier Lipidic solution Co-Emulsifier (optional) 

SEDDS 

Micro/Nano-Emulsion 
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Table 3: Methods of prepration of SEDDS (Rawat  et al., 2014; Chouhan et al., 2015; Salawi, 2022) 

 

Method Description Equipment Used 
Microemulsification - Process: Combine oil, surfactant, and co-surfactant 

using high shear mixing to form a microemulsion. 
- Characteristics: Produces very fine droplets 
typically less than 100 nm, leading to stable 

microemulsions. 

High-shear mixer, Ultrasonicator, 
Homogenizer 

Self-Homogenization - Process: Use mechanical shear forces to mix the 
components to form a self-emulsifying system. This 

method relies on the natural tendency of the mixture 
to emulsify upon contact with aqueous media. 

- Characteristics: Results in spontaneous formation of 
emulsions or microemulsions when diluted in water. 

Homogenizer, High-speed stirrer 

Solvent Evaporation - Process: Dissolve the drug and other components in 
an organic solvent, then evaporate the solvent under 

reduced pressure. 
- Characteristics: Produces a dry residue that, upon 

hydration, forms an emulsion or microemulsion. 

Rotary evaporator, Drying oven 

Spray Drying - Process: Spray a solution of the drug and SEDDS 
components into a hot gas stream to rapidly 

evaporate the solvent, forming a dry powder. 
- Characteristics: Converts liquid SEDDS into a solid 
form that can be reconstituted into emulsions upon 

contact with water. 

Spray dryer 

Melt Extrusion - Process: Melt the lipid phase and mix with the drug 
and surfactants using a high-temperature extrusion 

process. 
- Characteristics: Produces solid dispersions that can 

form self-emulsifying systems when mixed with 
aqueous media. 

Extruder 

High Pressure 
Homogenization  

- Process: The formulation is subjected to high 
pressure forces to break down the droplets into 

nanoscale sizes, enhancing stability and reducing 
droplet size. 

- Characteristics: Results in a fine and stable 
nanoemulsion. 

High-pressure homogenizer 

Hot Melt extrusion - Process: Melt the lipid phase with the drug and 
other excipients, extrude the molten mixture, and 

cool to form solid pellets. 
- Characteristics: Useful for creating solid self-

emulsifying systems that release the drug upon 
contact with aqueous fluids. 

Hot melt extruder 
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Mechanism of Action 

Self-Emulsifying Drug Delivery Systems (SEDDS) 

enhance the bioavailability of poorly water-

soluble drugs by forming fine micro- or nano-

emulsions (Fig. 1) when they come in contact with 

gastrointestinal fluids. Their components—oils, 

surfactants, and co-surfactants—lower interfacial 

tension and produce tiny oil droplets that keep 

lipophilic drugs dissolved (Rawat et al., 2014; 

Chouhan et al., 2015; Salawi, 2022). 

 The small droplet size increases the drug’s 

surface area, leading to faster dissolution and 

more efficient interaction with the intestinal 

membrane. This improves both permeability and 

absorption, often through transcellular pathways. 

Together, these effects overcome solubility and 

dissolution barriers, resulting in higher and more 

consistent bioavailability. 

Conclusion 

Self-emulsifying drug delivery systems (SEDDS) 

have emerged as an effective strategy for 

improving the oral bioavailability of medicinal 

compounds with poor water solubility. These 

systems have proven to significantly enhance the 

delivery of hydrophobic drugs when administered 

orally. However, the formulation of SEDDS is 

highly specific to the drug being used, 

necessitating careful evaluation of its composition. 

A key consideration in SEDDS formulations is the 

high surfactant content, which can lead to toxicity 

concerns. Therefore, a balance between the 

surfactant’s emulsification efficiency and its 

potential toxicity must be achieved before clinical 

application. 

 Additionally, two crucial factors influencing 

gastrointestinal absorption are the charge and size 

of the oil droplets formed during emulsification. In 

response to the challenges of traditional SEDDS, 

alternative formulations have been developed, 

including self-microemulsifying systems, freeze-

dried emulsions, surfactant dispersions, micro-

encapsulated emulsions, self-emulsifying pellets, 

solid self-emulsifying systems, and lipid/ 

polymeric matrices. Upon dilution in water, these 

formulations produce fine oil droplets or micellar 

dispersions. 

 Currently, several pharmaceutical products 

formulated as SEDDS, such as cyclosporine A, 

ritonavir, and saquinavir, are commercially 

available. Given that approximately 40% of new 

drug candidates exhibit poor water solubility, it is 

anticipated that the development of SEDDS-based 

drug products will continue to grow in the 

pharmaceutical industry. 
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