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ABSTRACT 

SEDDS are used to poorly soluble, highly permeable, and low bioavailability compounds. In 

terms of orally administered drug solubility, the pharmaceutical industry faces a major 

challenge, as nearly 35-40% of newly launched drugs have low aqueous solubility, resulting 

in poor dissolution and low bioavailability. Salt forming, solid dispersion, and complex 

formation are some of the methods that can help with this. The Self-Emulsifying Drug 

Delivery System (SEDDS) is gaining popularity as a way to improve the solubility of 

lipophilic medications. After gentle agitation and dilution in aqueous media such as GI fluids. 

The current research provides an up-to-date summary of SEDDS advancements in terms of 

composition, evaluation, numerous dosage forms, and novel procedures for converting liquid 

SEDDS to solid, as well as a variety of applications. 

Keywords: Self-Emulsifying Drug Delivery System, Aqueous solubility, Isotropic mixtures. 

INTRODUCTION 

Due to their lack of considerable solubility in water, it is believed that 40% of active 

compounds found by combinatorial screening procedures are challenging to synthesize
1
. 
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Producing multiple salt forms is one of the conventional ways used to improve the solubility 

of a weakly water soluble molecule without compromising its biological activity. The use of 

a prodrug has also increased solubility. However, in the vast majority of situations, such 

efforts fail, and molecules must be abandoned during the development stage. It's possible that 

a product will be released with inferior qualities, such as low bioavailability or incorrect 

dosing
2
. Surfactants, permeation enhancers, micronization, nanoparticles, solid dispersions, 

and other techniques have been used to overcome these sub-optimal features
3
. Most weakly 

water-soluble medicines have had their solubility and oral bioavailability increased by 

SEDDs
4
. Though emulsion systems have proven to be effective for encapsulating poorly 

water-soluble pharmaceuticals, they do have several drawbacks, such as stability, which 

might cause issues during commercial production
5
. On modest agitation, they immediately 

form fine oil-in-water emulsions, which are then diluted with aqueous solution (for example: 

gastrointestinal fluid)
6
 When the formulation forms transparent microemulsions with oil 

droplets ranging from 100 to 250 nm, SEDDs are referred to as self-microemulsifying drug 

delivery systems (SMEDDs)
7
. SMEDDs are principally useful for oral delivery of lipophilic 

and poorly water-soluble drugs. This is due to their ability to spontaneously emulsify at a 

given temperature ability to be sterilised by filtration, their solubilizing property and high 

physical stability
8
. 

 Advantages 

 Improved patient compliance. 

 Reduced dosing frequency. 

 Ability to deliver active biomolecules along with GIT-sensitive peptides to enzymatic 

hydrolysis.  

 Unlike the other lipid-based drug delivery systems, no influence of lipid digestion 

process.  

 When polymer is incorporated into SMEDDS composition it provides prolonged 

release of medicinal products. 

 Disadvantages 

 Lack of good in-vitro predicative assessment models. 

 High surfactant concentrations (30-60%) irritate. 

 Lack of good IVIVC correlation and appropriate animal model for in vivo study. 

 Limitations of SMEDDS 

(1) Encapsulation in soft gelatin capsules:  
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The majority of SMEDDS formulations are sold as soft gelatin capsules. Gelatin capsules, on 

the other hand, have a few disadvantages. These issues have prompted a market need for a 

soft gelatin capsule alternative
36

. Capsules made from HPMC are currently the preferred 

alternative to animal gelatin capsules. The HPMC capsule shell has been investigated as a 

possible option to encapsulating supersaturable SMEDDS formulations
37

. 

(2) Storage and handling:  

Handling, storage, and stability issues plague liquid SMEDDS. As a result, developing 

reliable SMEDDS appears to be a natural answer to these issues
38

. 

(3) Limited targeting to lymphatic’s: 

Targeting lymphatics has two major advantages over traditional portal blood absorption. For 

starters, transport via the intestinal lymph bypasses pre-systemic hepatic processing, 

increasing the concentration of orally delivered medicines in the systemic circulation. 

Second, drug distribution to lymphatic organs could be site-specific. For lymphatic transport, 

high triglyceride solubility and a high log P are necessary
39-40

 

(4) Lack of good in vitro models:  

Traditional dissolve procedures are ineffective because these formulations may be dependent 

on lipid decomposition in the gut prior to medication release. In order to replicate this, an in 

vitro model of the duodenum's digestion processes was created
41

. Before the strength of this 

in vitro model can be assessed, it must be refined and validated
38

. 

(5) Rational for Self-Micro Emulsifying Drug Delivery System 

When delivered orally to the gastrointestinal tract, BCS class II or class IV substances are 

often dissolution rate limited. Currently, there is no one or simple answer to the problem. For 

this, a variety of formulation methodologies can be used. In certain circumstances, these 

tactics have shown to be effective. These solutions, however, have their own set of 

restrictions. Reduction of particle size may not be desirable in situations where very fine 

powders experience handling difficulty and poor wettability. 

Table 1: Basic Difference and Similarities between SEDDS and SMEDDS
9, 12

 

SMEDDS SEDDS 

DIFFERENCES 

1. SMEDDS are thermodynamically stable in 3. SEDDS are not thermodynamically stable 
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Water or physiological fluid. in water or physiological fluid. 

2. Concentration of oil <20%. 4. Concentration of oil is 40-80% 

3. Optimization of SMEDDS require Pseudo 

ternary phase diagram. 

5. Optimization of SEDDS require ternary 

Phase diagram. 

SIMILARITIES 

Form fine oil-in-water dispersion in contact with GIF 

 

 Mechanism of self-emulsification  

Emulsions are created by stirring two immiscible liquids, such as water and oil, with the 

addition of surfactants, which causes the surface area of the two phases to expand. Surface 

active agents generate a layer surrounding the internal phase of the emulsion droplet, which 

helps to stabilise it. The excess surface free energy in this scenario is determined by particle 

size and interfacial tension
14

. SMEDDS self-emulsification is linked to free energy. They 

generate thermodynamic spontaneous emulsification because they have a positive and very 

low free energy, or even a negative free energy. This could be due to the mild agitation 

during the procedure allowing water to penetrate the Liquid Crystalline (LC) phase. Water 

penetration comes to a halt at a particular point and forms droplets. This phase is suitable for 

the emulsions' great stability. The three key parameters that influence SMEDDS are drug 

concentration, phase polarity, and drug solubility. The polarity of the lipid phase controls 

drug release from the micron emulsion. For SMEDDS, drugs that are poorly soluble and 

taken at greater doses are not recommended. The drug's solubility is a crucial parameter for 

SMEDDS
16

. Certain combinations of pharmaceutical excipients are required for the process 

to work. The concentration of surfactant, as well as the temperature at which self-

emulsification occurs, all depend on the surfactant pair and oil ratios. The discovery of 

specific combinations of excipients and the construction of a phase diagram that shows 

various concentrations are the first steps in the formulation process
17

. 

 Appropriate drug candidates for SMEDDS  

SMEDDs improve the pace and extent of absorption of lipophilic/hydrophobic medicines 

with dissolution-limited absorption.18 This could lead to repeatable time patterns. The 

SMEDDS technique, on the other hand, may be applied to all medications in the 

biopharmaceutical categorization system (BCS) 7.
 
Table 2 highlights the numerous challenges 

that SMEDDs can tackle. Drug properties like aqueous solubility and/or log P may not be 
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enough to determine the feasibility of a lipid-based formulation because they can't accurately 

predict potential in vivo effects
6
.  

 Formulation of SMEDDS 

SMEDDS formulation containing following components: 

1. Oil phase 

SMEDDS systems must be produced with non-toxic and safe components in order to be 

pharmaceutically acceptable. Natural oil and its derivatives are regarded environmentally 

safe. In model studies and for use in industrial goods, the generation of bicontinuous 

microemulsions with mineral oils has been extensively researched
20

. In general, the extension 

of a microemulsion region depends on the nature of the oil. This is because of differences in 

the penetration of oil into the surfactant layer
21

. 

2. Surfactants 

Surfactants generate an interfacial coating and reduce interfacial tension to a low level, 

making the dispersion process easier. When choosing a surfactant, the HLB value and 

surfactant concentration must be taken into account
22

. 

3. Co-surfactants 

Co-surfactants of a medium chain length (C3–C8) are often used
23

. 

4. Co-solvents 

High surfactant concentrations (usually more than 30%) are required for optimal SMEDDS 

formation. During the oil phase, organic solvents allow considerable amounts of either the 

hydrophilic surfactant or the medication to be dissolved. Ethanol, butanol, and propylene 

glycol are examples, as are esters like ethyl propionate and tributyl citrate, and amides like 2-

pyrolidine, caprolactum, and polyvinyl pyrollidine
24-25

. 

 Method of Preparation
26

 

1. Phase Titration Method 

The process of spontaneous emulsification (phase titration method) is used to make 

microemulsions, which can be represented using phase diagrams. Microemulsions are 

generated with diverse association structures depending on the chemical content and 

concentration of each component. 
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Fig-1: Phase Diagram 

2. Phase inversion Method 

When the dispersed phase excess is added or when the temperature is changed, phase 

inversion of microemulsions occurs. Rapid physical changes, such as changes in particle size, 

occur during phase inversion,. 

 Release mechanism:
29-30 

 

 

Fig-2: Absorption mechanism of lipid-based system i.e. SMEDDS 

When triglyceride droplets reach the upper region of the small intestine, pancreatic lipase 

breaks them down into free fatty acids and 2-monoglycerides, the latter two of which aid 

digestion by acting as emulsifiers
25

. 

 Characterizations of SMEDDS
31-46

 

The various forms of characterization of SMEDDS are summarized below; 

1. Visual assessment 
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Visual inspection is the most common method of determining self-emulsification. This could 

reveal important details regarding the mixture's self-emulsifying and micro-emulsifying 

properties, as well as the dispersion that results. 

2. Turbidity measurement 

This evaluates self-emulsification efficiency by determining if the dispersion finds 

equilibrium quickly and in a repeatable time. Turbidity metres are used to make these 

measurements (Hach turbidity metre and the Orbeco-Helle turbidity meter). 

3. Droplet size 

To assess the droplet size of an emulsion, microscopic methods, photon correlation 

spectroscopy, or a Coulter Nanosizer are commonly utilised. 

4. Determination of emulsification time 

This method is used to estimate the amount of time required for emulsification. The 

effectiveness of emulsification of various surfactant and lipid compositions is measured in a 

nephelometer utilising a revolving paddle to induce emulsification. 

5. Particle size distribution 

The particle size distribution of the microemulsion is measured using dynamic light scattering 

techniques. The velocity of Brownian diffusion and, as a result, the dispersed droplets are 

measured using the fluctuation in scattered light intensity. Cryogenic transmission electron 

microscopy can be used to confirm particle size distributions (cryo-TEM). The advantage of 

cryo-TEM is that it allows you to see the particle sizes and shapes
32

. 

6. Conductivity measurements 

The point at which the aqueous process is introduced and the system transitions from 

receiving continuous oil to receiving continuous water will be determined by conductivity 

measurements. It also aids in the detection of percolation or phase inversion
33

. 

7. Refractive index and percent transmission 

The correctness of the formulation is demonstrated by the refractive index and percentage 

transmittance. A refractometer is used to determine the SMEDDS refractive index, which is 

then compared to that of water. Transmittance is transparent in nature > 99 percent, according 

to this formula
35-39

. 

8. Zeta potential measurement 

In triplicate samples, the zeta potential for microemulsion can be calculated using an effective 

Zetasizer
40-44

. 

9. Centrifugation  

Centrifuged thaw cycles between 21°C and +25°C are performed, with storage for at least 48 
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hours at 3500 rpm for 30 minutes at each temperature. The formulations that do not show any 

phase separation will be used in the freeze-thaw stress test
45-50

. 

10. In vitro release study 

The dialysis method, dissolution equipment II, and diffusion layer were used to examine 

SMEDDs formulation in vitro drug release. The drug release test was carried out in a 200 mL 

buffer solution with a pH of 6.8 and a modified diffusion layer. The beaker was continually 

swirled with a magnetic stirrer, and samples were removed at various time intervals and 

examined using a UV Spectrophotometer
51-56

. 

CONCLUSION 

Drug, lipid phase, emulsifier, and/or co-solvent mixes make up self-emulsifying drug 

delivery systems. SEDDS are a promising strategy for medications with low aqueous 

solubility, and as a result. The larger surface area of the finer droplets allows the drug to 

dissolve or penetrate into the surrounding medium. Solid SEDDS (tablets, capsules, beads, 

microspheres, etc.) are favoured over liquid SEDDS because they are easier to handle, 

transport, and have better stability. 
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