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ABSTRACT 

As a consequence of modern drug discovery techniques, lipid-based drug delivery systems are 

the most popular approaches usually used to improve the dissolution and oral bioavailability of 

hydrophobic drugs. Self-emulsifying drug delivery systems (SEDDS), as one class of these lipid-

based systems, are isotropic mixtures of oil, surfactants and co-surfactants where the drug is 

usually better soluble than in oil alone. The principal characteristic of SEDDS is their ability to 

form fine oil in water micro-emulsifying drug delivery systems (MEDDS) upon dilution by an 

aqueous phase through the gastrointestinal tract. SEDDS are considered promising strategy to 

improve the rate and extent of oral absorption of drugs. However conventional liquid SEDDS 

have some limitations, solid SEDDS are prepared by solidification of liquid self-emulsifying 

ingredients into powders or nanoparticles. This overview gives a particular emphasis on the 

solidification techniques and applications of liquid SEDDS in the pharmaceutical dosage forms to 

meet a wide range of the formulation requirements achieving reasonable routes of administration 

with efficient oral bioavailability. 
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INTRODUCTION 

Low oral bioavailability of drugs as a 

consequence of their low water solubility is a 

growing challenge to the development of 

new pharmaceutical products. One of the 

most popular approaches of oral 

bioavailability and solubility enhancement is 

the utilization of lipid-based drug delivery 

systems. Their use in product development is 

growing due to the versatility of 

pharmaceutical lipid excipients and drug 

formulations, and their compatibility with 

liquid, semi-solid and solid dosage forms 

(Cerpnjak et al., 2013). 

In fact, the most popular approach is the 

incorporation of the drug compound into 

inert lipid vehicles such as oils, surfactant 

dispersions (Nielsen et al., 2008), self-

emulsifying formulations (Balata et al., 

2016), microemulsions (Okur et al., 2017), 

liposomes (Bulbake al., 2017), niosomes 

(Ravalika and Sailaja, 2017), ethosomes 

(Bodade et al., 2013) and solid lipid 

nanoparticles (Stella et al., 2018) with 

particular emphasis on self-emulsifying drug 

delivery systems (SEDDS). 

Self-emulsifying drug delivery systems 

(SEDDS) are thermodynamically stable, 

isotropically clear dispersions of oils 

stabilized by an interfacial film of surfactant 

molecules. The surfactant may be pure or 

combined with other additives such as co-

surfactants. One characteristic of these 

systems is their ability to form fine oil-in-

water (O/W) micro-emulsifying drug 

delivery systems (MEDDS)  upon mild 

agitation when exposed to aqueous media 

(Figure 1). In addition, these systems are 

recently being used for improving the 

dissolution and absorption of lipophilic drugs 

(Porter et al., 2008; Cho et al., 2016). 
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Figure (1): Schematic diagram of SEDDS and MEDDS 

Self-emulsifying drug delivery systems, 

as an approach to improve the bioavailability 

of drugs, have many advantages such as: 

 Where, hydrophobic drugs can often be 

dissolved in SEDDS allowing them to 

be encapsulated as unit dosage forms 

for peroral administration (Pouton, 

2000). 

 When such a formulation is released 

into the lumen of gastrointestinal tract 

(GIT), it disperses to form a fine 

emulsion of small droplet size (<5 µm) 

with the aid of gastrointestinal (GI) 

fluids. This leads to in-situ 

solubilization of the drug that can 

subsequently be absorbed by lymphatic 

pathways, bypassing the hepatic first 

pass metabolism (Kohli et al., 2010). 

 For drugs subject to dissolution rate-

limited absorption, SEDDSs may offer 

an improvement in both rate and extent 

of the drug absorption and the 

reproducibility of plasma concentration 

profiles (Gershanik et al., 2000). 

Self-emulsifying formulations are 

normally prepared as liquids that produce 

some limitations such as: 

 Chemical instabilities of drugs and 

high surfactant concentrations in 

formulations (approximately 30-60%) 

which may irritate the GIT (Gursoy 

and Benita, 2004). 

 In-vitro/in-vivo correlations and 

therefore the lipid-based formulation 

needs to be developed and tested in-

vivo in a suitable animal model (Porter 

and Charman, 2001). 

 The precipitation tendency of drugs as 

a result of the dilution effect of the 

hydrophilic solvent (Kaukonen et al., 

2004). 

 Large doses, high production costs, 

low drug loading, few choices of 

dosage forms and difficulty in handling 

and portability (Czajkowska-Kosnik 

et al., 2015). 

To address these problems, solid SEDDS 

have been investigated as an alternative 

approach. These solid systems require the 

solidification of liquid self-emulsifying (SE) 

ingredients into powders or nanoparticles 

which can be converted to various solid 

dosage forms. Thus, solid SEDDS have 

combined advantages of liquid SEDDS with 

those of solid dosage forms such as 

economical production, convenience of 

process control and higher stability, 

reproducibility and patient compliance 

(Czajkowska-Kosnik et al., 2015). 
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Components of SEDDS 

Gursoy and Benita, 2004 reported that 

self-emulsification has been shown to be 

specific to: the nature of the oil-surfactant 

pair, the surfactant concentration, oil-

surfactant ratio and the temperature at which 

self-emulsification occurs. Detailed list of 

the most popular excipients used in the 

SEDDS preparation for oral administration 

has been illustrated by Hauss, 2007 as 

follows: 

1. Drug candidates 

The use of SEDDS can be extended to 

solve the problems of all four drug categories 

of Biopharmaceutical Classification System 

(BCS) (Table 1) (Kawabata et al., 2011) 

especially class II drugs such as Coenzyme 

Q10 (Kommuru et al., 2001), Halofantrine 

(Holm et al., 2003), Ramipril (Shafiq and 

Shakeel, 2010), Ibuprofen (Sharma et al., 

2011), Indomethacin (Obitte et al., 2014), 

Paclitaxel (Cho et al., 2016), and Carvedilol 

(Ibrahim et al., 2018). 

 

Table (1): Biopharmaceutical Classification System (BCS) classes 

BCS 

classes 

Aqueous 

solubility 

Membrane 

permeability 

Absorption 

pattern 
Problems overcome by SEDDS 

Class I High High Well absorbed 
Enzymatic degradation and gut wall 

efflux 

Class II Low High Well absorbed Solubilization and bioavailability 

Class 

III 
High Low Variable 

Enzymatic degradation, gut wall 

efflux and bioavailability 

Class 

IV 
Low Low 

Poorly 

absorbed 

Solubilization, enzymatic degradation, 

gut wall efflux and bioavailability 

 

2. Oils 

The oil represents one of the most 

important excipients in the SEDDS 

formulation. Not only because it can 

solubilize marked amounts of the lipophilic 

drug or facilitate self-emulsification, but also 

it can increase the fraction of the lipophilic 

drug transported via the intestinal lymphatic 

system, thereby increasing the absorption of 

drug from the GIT. It also influences the SE 

ability of the formulation and drug 

precipitation in GIT (Cerpnjak et al., 2013). 

Examples of oils that may be used in the 

preparation of SEDDS are represented in 

Table (2). Long-chain triglycerides (natural 

edible oils) are not frequently preferred in 

SEDDS formulation owing to their poor 

ability to dissolve large amounts of lipophilic 

drugs. While, medium-chain mixed 

glycerides have become popular excipients 

having even greater solvent capacity and 

enhanced ability to promote emulsification 

and lack of susceptibility to oxidation 

(Porter et al., 2004). 

3. Surfactants 

In the context of oral lipid-based 

formulations, the surfactant is obligatory to 

provide the essential emulsifying 

characteristics to SEDDS. Surfactants of 

intermediate hydrophilic-lipophilic balance 

(HLB) (8-12) which adsorb strongly at oil-

water (O/W) interfaces are called ‘water 

insoluble surfactants’. These materials are 

insufficiently hydrophilic to dissolve in water 

and form micelles, but nevertheless are 

sufficiently hydrophilic to be capable of 

driving self-emulsification. These surfactants 

are sometimes described as ‘dispersible’ in 

water, meaning that they can form an 

emulsion if subject to shear. These materials 

typically are predominantly oleate esters 

such as Tween 85 (Zhang et al., 2015). 

The most commonly used surfactants for 

formulation of SEDDS are ‘water soluble 
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surfactants’ as shown in Table (2). Above 

their critical micelle concentration, these 

materials dissolve in pure water at low 

concentrations to form micellar solutions. 

They imply HLB values of approximately 12 

or greater (Pouton and Porter, 2008). 

The role of surfactants in SEDDS 

formulation is to reduce the interfacial 

tension and adjust the spontaneous curvature 

of the interface. This enables the dispersion 

process and provides the formation of a 

flexible film that can easily cover the lipid 

core of the emulsion droplets. This film can 

lead to spontaneous formation of a 

microemulsion (Figure 2) (Müllertz et al., 

2010). 
 

 
Figure (2): Composition of SEDDS 

Safety is a major determining factor in 

choosing a surfactant. Non-ionic surfactants 

are often used in pharmaceutical applications 

and SEDDS formulations because of their 

lower toxicity. They have greater stability 

towards the changes in the ionic strength and 

pH that are likely to be encountered in the 

biological environment (Zhang et al., 2015). 

Usually the surfactant concentration 

ranges between 30 and 60% w/w in order to 

form stable SEDDS. It is very important to 

determine the surfactant concentration 

properly because large amounts of 

surfactants may lead to reversible changes in 

the permeability of the intestinal lumen 

(Gursoy and Benita, 2004). 

4. Co-surfactants 

It has been assumed that co-surfactants 

can be included to improve the solubility of 

the drug in SEDDS and increase the solvent 

capacity of the formulation for drugs which 

dissolve freely in the co-surfactants. To 

enhance the solvent capacity, the co-

surfactant must be presented at high 

concentration (generally more than 30% 

w/w). This may constitute a problem since 

the polar co-surfactant will partition into the 

aqueous phase and reduce the solubilization 

capacity of the dispersed system resulting in 

precipitation of the drug compound (Pouton 

and Porter, 2008; Müllertz et al., 2010). 

Examples of commonly used co-surfactants 

are represented in Table (2). 

5. Polymers 

Inert polymers representing from 5 to 

40% w/w of the composition are capable of 

forming a matrix used in the formulation of 

sustained release SEDDS preparations 

(Barthelemy and Benameur, 2001). Gao et 

al., 2003 developed a new supersaturable 

SEDDS of Paclitaxel by using hydroxyl 

propylmethyl cellulose (HPMC) polymer as 

a precipitation inhibitor. In another study, 

Wei et al. 2012 reported  that rapid 

precipitation of silybin drug from SEDDS 

formulation without HPMC was noticed 

resulting in low drug concentration in the GI 

fluids. 

Overview of SEDDS formation and phase 

behavior 

1. Theory of SEDSS formation 

According to Reiss, 1975, self-

emulsification occurs when the entropy 

change that favors dispersion is greater than 

the energy required to increase the surface 

area of the dispersion. The free energy of the 

conventional emulsion can express the 

formation of new surface between the oil and 

water phases. This can be described by the 

following equation: 
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DG = Σ N π r 2σ 

Where, DG: the free energy associated 

with the process (ignoring the free energy of 

mixing), N: the number of droplets of radius 

(r) and σ: the interfacial energy. 

2. Phase behavior 

The relationship between the phase 

behavior of a mixture and its composition 

can be determined by using the phase 

diagram. The phase behavior of simple 

microemulsion systems comprising oil, water 

and surfactant can be studied using ternary 

phase diagram in which each corner of the 

diagram represents 100% of that particular 

component. The diagram helps to determine 

the optimum concentration ranges of 

different excipients necessary to obtain 

SEDDS. 

More commonly, when the 

microemulsion contains additional 

components such as a co-surfactant, pseudo-

ternary phase diagrams are used where one 

corner typically represents a binary mixture 

of two components such as surfactant-

cosurfactant mixture (Figure 3) (Lawrence 

and Rees, 2012). 

 

Table (2): Components of SEDDS 

Component Examples Drug References 

Oils 

Long-chain triglycerides such as: 

Soyabean oil Cyclosporine (Odeberg et al., 2003) 

Castor  oil Ibuprofen (Sharma et al., 2011) 

Sesame oil Leflunomide (El-Sayyad et al., 2017) 

Medium-chain triglyceride oils such as: 

fractionated coconut 

and palm seed oils 
Cyclosporine (Odeberg et al., 2003) 

Miglyol
®

 Bifendate (Yanyu et al., 2013) 

Captex
® Atorvastatin 

(Czajkowska-Kośnik et al., 

2015) 
Medium-chain mixed glycerides such as: 

Maisine
®

 Glibenclamide (Nawale and Mehta, 2013) 

Peceol
® Lutein (Yoo et al., 2013) 

Capryol
®

 Rosuvastatin calcium (Kulkarni et al., 2015) 

Surfactants 

Tween 20 Celecoxib (Chavan et al., 2015) 

Cremophore
® Carbamazepine (Milović et al., 2012) 

Labrasol
® 

Lercanidipine HCl (Kallakunta et al., 2013) 

Co-

surfactants 

Polyethylene glycol Curcumin (Cui et al., 2009) 

Ethanol Ketoprofen (Nawale et al., 2015) 
Propylene glycol Resveratrol (Balata et al., 2016) 

Transcutol
® Carvedilol (Ibrahim et al., 2018) 

 

 

https://www.sciencedirect.com/science/article/pii/S0378517312006308#%21
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Figure (3): Pseudo-ternary phase diagram (Patel et al., 2014a) 

Factors affecting SEDDS 

1. Dose of drug 

Drugs which are administered at very 

high dose are not suitable for SEDDS, unless 

they exhibit extremely good solubility in at 

least one of the components of SEDDS 

(preferably the lipophilic phase). Drugs 

which exhibit limited solubility in water and 

lipids and posses low Log P value of 

approximately 2, are most difficult to be 

delivered by SEDDS (Pouton, 2000; Chime 

et al., 2014). 

2. The risk of precipitation 

The solubility of the drug in oil phase 

greatly influences the ability of SEDDS in 

maintaining the drug in solution state. When 

the drug is solubilized by the use of 

surfactant or co-surfactant, the dilution of 

SEDDS formulation with water can lead to 

lowering the solvent capacity of surfactant or 

co-surfactant. This may result in 

precipitation of the drug. This depends on the 

Log P of the drug and to what extent the 

surfactant is contributing to drug 

solubilization within the formulation 

(Pouton, 2000; Chime et al., 2014). 

3. Emulsion droplet polarity 

The emulsion droplet polarity is one of 

the most important factors in characterizing 

the emulsification efficiency. Hydrophilic-

lipophilic balance, chain length, degree of 

unsaturation of the fatty acid, molecular 

weight of the hydrophilic portion and 

concentration of the surfactant have an 

impact on polarity of the oil droplet. The 

polarity reflects the affinity of the drug for 

oil and/or water and the type of forces 

involved. The high polarity will enhance the 

drug release into the aqueous phase (Gursoy 

and Benita, 2004). This is confirmed by 

Kim et al., 2000 who observed that the 

release rate of Idebenone from SEDDS was 

dependent on the polarity of the oil phase 

used. The highest release was obtained with 

formulations that had highly polar oily phase. 

Physicochemical characterization of 

SEDDS 

1. Percent transmittance 

The primary means of self-emulsification 

assessment is visual evaluation. To avoid 

any subjective variations, the percent 

transparency obtained on 

dilution/reconstitution of the SE 

formulations is measured using Ultraviolet-

visible (UV-VIS) spectrophotometer at λmax 

ranged between 630–650 nm (Gupta et al., 

2013). 
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2. Droplet size 

The droplet size of the emulsion is a 

crucial factor in self-emulsification 

performance because it determines the rate 

and extent of the drug release and 

absorption. It has been reported that the 

droplet size distribution is one of the most 

important characteristics of the in-vivo fate 

of drug emulsion. The globule size is most 

commonly measured based on the principle 

of dynamic light scattering (DLS) or photon 

correlation spectroscopy (PCS) (Yang et al., 

2004). 
3. Robustness to dilution 

Robustness to dilution is the ability of 

the emulsion formed to maintain similar 

properties at different degrees of dilutions in 

order to achieve uniform drug release 

profile. Also, it is important to ensure that 

the drug will not get precipitated at higher 

dilutions in-vivo which may significantly 

retard the absorption of the drug from the 

formulation (Gupta et al., 2013). 

4. Zeta potential 

Zeta potential is used to identify the 

surface charge of the oil droplets which is 

usually negative due to the presence of free 

fatty acids (Creţu and Şolea, 2017). 

Generally, zeta potential helps to predict the 

stability and flocculation effect in the 

emulsion systems where a high zeta potential 

value (more than ± 30 mV) maintains a 

stable system. If the zeta potential falls 

below this level, the colloid will aggregate 

due to the attractive forces (Kosnik et al., 

2015). 

5. Determination of self-emulsification time 

The rate of self-emulsification is usually 

determined by adding a dose of the SEDDS 

(preferably in a capsule) to an amount of 

water or biorelevant media. By visual 

observation or by monitoring the change of 

turbidity in emulsion using a UV-VIS 

spectrophotometer, the rate of emulsification 

is determined (Müllertz et al., 2010). The 

mechanism of emulsification involves the 

erosion of a fine cloud of small particles 

from the surface of large droplets, rather 

than a progressive reduction in droplet size 

(Kohli et al., 2010). 

6. Thermodynamic stability studies 

The physical stability of the lipid-based 

formulation is also crucial to its performance 

which can be adversely affected by 

precipitation of the drug in the excipient 

mixture. In addition, poor physical stability 

can lead to phase separation of the excipients 

affecting not only the formulation 

performance, but the visual appearance as 

well. The three following cycles have been 

used to examine the stability of the selected 

SEDDS formulations (Subramanian and 

Siddalingam, 2017): 

a) Heating and cooling cycles: Six cycles 

of cooling and heating between 

refrigerator temperature (4°C) and 

elevated temperature (45°C) with 

exposure at each temperature for not 

less than 48 hr can be carried out. The 

formulations, which were stable, were 

then subjected to centrifugation test. 

b) Centrifugation: Formulations that 

passed the heating and cooling cycles 

were centrifuged at 15000 rpm for 15 

min. Those formulations that did not 

show any phase separation were taken 

for the freezing and thawing test. 

c) Freezing and thawing cycles: Three 

freezing and thawing cycles between 

freezing temperature (-18°C) and room 

temperature (25°C) with storage at each 

temperature for not less than 48 hr can 

be performed. Those formulations that 

passed this test, showed good stability 

with no phase separation, cracking or 

creaming. 

7. In-vitro dissolution studies 

In-vitro dissolution studies are carried 

out to study the drug release behavior and to 

predict the in-vitro assessment of 

bioavailability. USP dissolution apparatus 

type II using simulated gastric fluid (pH 1.2) 

maintained at a temperature of 37 ± 0.5ºC is 

usually used (Khedekar and Mittal, 2013). 
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To improve the accuracy of in-vivo 

dissolution, several studies have developed 

and defined modified dissolution media that 

more accurately reflect the solubilization 

power of the in-vivo GI tract. Although 

solubility of poorly water-soluble 

compounds in the stomach is not sufficient 

for appreciable dissolution before gastric 

emptying, the stomach is the principal site of 

dissolution. Hence, simulated gastric fluid 

can be used to simulate gastric conditions 

(Kohli et al., 2010). Dressman and 

Reppas, 2000 have compared the dissolution 

profiles of several poorly water-soluble 

compounds using different dissolution 

media. 

Solidification techniques for transforming 

liquid or semisolid SEDDS to solid 

SEDDS 

Solid SEDDS technology is a novel 

particle technology that provides an effective 

alternative strategy to the conventional 

liquid SEDDS for formulating drugs with 

poor aqueous solubility (Abdalla and 

Mäder, 2007). These solid SEDDS 

formulations are prepared by the 

incorporation of liquid or semisolid SE 

ingredients into powders or nanoparticles by 

different solidification techniques such as: 

1. Capsule filling  

Capsule filling is the simplest and the 

most common technology for the 

encapsulation of liquid or semisolid SE 

formulations for the oral route (Gupta et al., 

2013).  

For semisolid formulations, it is a four-step 

process:  

 Heating of the semisolid excipient to 

20°C (at least) above its melting point. 

 Incorporation of the active drug 

substances with stirring.  

 Filling of the molten mixture in 

capsules.  

 Cooling to room temperature (25
o
C).  

For liquid formulations, it involves two-step 

process:  

 Filling of the formulation into the 

capsules.  

 Sealing of the body and cap of the 

capsule, either by banding (depositing 

a gelatin band) or by microspray 

sealing. 

A primary consideration in capsule 

filling is the compatibility of the excipients 

with the capsule shell. The advantages of 

capsule filling method are simplicity of 

manufacturing; suitability for low-dose 

highly potent drugs and high drug loading 

(up to 50% w/w) (Jannin et al., 2008). 

2. Spray drying 

Essentially, spray drying technique 

involves the preparation of the formulation 

ingredients such as drug, lipids, surfactants 

and solid carriers. The solubilized liquid 

formulation is then atomized into a spray of 

droplets. The droplets are introduced into a 

drying chamber where the volatile phase 

(e.g. the water contained in an emulsion) 

evaporates forming dry particles under 

controlled temperature and airflow 

conditions. Such particles can be further 

prepared into tablets or capsules. The 

atomizer temperature, airflow pattern and 

drying chamber design are selected 

according to the drying characteristics of the 

product and powder specification (Yi et al., 

2008). Oh et al., 2011 focused on the effect 

of different types of solid carriers such as 

dextran and colloidal silica on the 

formulation of solid SEDDS of flurbiprofen 

using spray drying technique. 

3. Adsorption to solid carriers 

Free flowing powders may be obtained 

from liquid lipid formulations by adsorption 

techniques. The adsorption process is simple 

and involves addition of the liquid 

formulation onto the carrier of choice by 

mixing in a blender. The carriers used for 

this purpose include microporous calcium 

silicate (Florite
®
 RE), magnesium 

alminometa silicate (Neusilin
®
 US2) or 
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silicon dioxide (Sylysia
®

 320) (Ito et al., 

2005; Ahuja and Pathak, 2007). 

The carriers should be selected for their 

ability to adsorb a great quantity of liquid 

excipients achieving high drug loading, high 

lipid exposure and good flowability of the 

mixture after adsorption. The resulting free 

flowing powder may then be filled directly 

into capsules or alternatively mixed with 

suitable excipients before compression into 

tablets (Shrestha et al., 2014). A significant 

benefit of the adsorption technique is the 

good content uniformity and the possibility 

for high lipid exposure of SEDDS (up to 

70% w/w) adsorbed onto suitable carriers 

(Jannin et al., 2008). 

An alternative method of solid SEDDS 

preparation was adopted by Agarwal et al., 

2013 in their study. Where, the powdered SE 

lipid formulation of meloxicam was obtained 

by simple trituration of liquid SEDDS with a 

solid adsorbent (mixture of silicon dioxide 

and magnesium aluminum silicate 1:1) until 

a homogenous blend was formed. The 

powdered SEDDS formulation showed 

higher bioavailability in beagle dogs when 

compared with that of commercially 

available tablets. In another study, solid 

SEDDS of fenofibrate was formulated by 

solidification of the molten solution of the 

oily phase, surfactant, co-surfactant and drug 

mixture with PEG 6000 polymer. Where, the 

solid SEDDS formulation with 10% w/w 

fenofibrate loading showed as much as 20-

fold increase in the dissolution profile 

(Kanaujia et al., 2014).  

On the other hand, Kang et al., 2011 

pointed out that strong adsorption and 

physical interaction of the drug with the 

carriers may cause retarded or incomplete 

release of the drug from the solid SEDDS 

formulations. 

4. Melt granulation 

Melt granulation or pelletization is a 

single step-process that allows the 

transformation of the powder mixture 

containing the SE liquid drug into granules 

or spheronized pellets. This technique 

necessitates a high shear mixing with a 

presence of a meltable binder which may be 

sprayed in molten state onto the powder 

mixture. The melted binder forms liquid 

bridges with the powder particles which can 

be shaped into small agglomerates and 

transformed to spheronized pellets 

(Shrestha et al., 2014). The main 

parameters that control the granulation 

process are the impeller speed, mixing time, 

binder particle size and viscosity of the 

binder (Seo and Schæfer, 2001). 

A wide range of solid and semisolid 

lipids can be applied as meltable binders 

such as Gelucire
®
 that is able to increase the 

dissolution rate of drugs owing to its SE 

property (Seo et al., 2003). Also, the melt 

granulation process may be used for 

adsorbing SE systems on solid neutral 

carriers such as Neusilin
®
 US2 (Gupta et al., 

2002). 

5. Melt extrusion/extrusion spheronization 
Extrusion is a process of converting the 

raw material with plastic properties into a 

product of uniform shape and density. This 

can be achieved by forcing it through a die 

under controlled temperature, product flow 

and pressure conditions. Melt extrusion is a 

solvent-free process that allows high drug 

loading as well as content uniformity 

(Breitenbach, 2002; Jannin et al., 2008). 

The extrusion-spheronization process 

requires the following steps (Newton et al., 

2001):  

 Mixing of the active SE drug and 

excipients to achieve a homogeneous 

powder. 

 Wet massing with a binder. 

 Extrusion into a spaghetti-like 

extrudate. 

 Spheronization from the extrudate to 

uniform size spheroids.  

Serratoni et al., 2007 prepared SE 

controlled release pellets by incorporating 

methyl and propyl parabens into a SE system 
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followed by coating the pellets by 

extrusion/spheronization method. In 

addition, SE pellets of progesterone and bi-

layered cohesive SE pellets have been 

prepared by Tuleu et al., 2004; Iosio et al., 

2008. 

Various dosage forms of SEDDS 

1. Dry emulsions 

Dry emulsions are powdery, lipid-based 

formulations from which an O/W emulsion 

can easily be reconstituted when exposed to 

an aqueous solution and thus they present a 

potential for drug delivery system 

(Gallarate et al., 2009). From a 

pharmaceutical point of view, dry emulsions 

are attractive due to their physical strength 

and ease of administration as capsules 

(Hansen et al., 2005) and tablets (Salama et 

al., 2018). They are generally prepared by 

drying liquid O/W emulsions containing a 

soluble or an insoluble solid carrier in an 

aqueous medium. Afterwards, the aqueous 

phase is removed causing the solid carrier to 

encapsulate the dispersed lipid phase. 

Lactose, maltodextrin (Calvo et al., 2010), 

sucrose (Monica and Shital, 2014), gelatin 

(Bertoldo et al., 2016), mannitol (Niczinger 

et al., 2017), etc are examples of solid 

carriers that are more commonly used. Also, 

insoluble carriers like colloidal silica can be 

used (Sucheta et al., 2012). 

Dry emulsions have a spongy powder 

appearance and can be considered as an 

actual emulsion being constituted of a 

hydrophilic phase which is eliminated by 

rotary evaporation (Myers and Shively, 

1992), freeze drying (Choi et al., 2007) or 

spray drying (Monica and Shital, 2014). 

2. Self-emulsifying capsules 

After oral administration of the 

conventional liquid SE formulations in form 

of capsules, microemulsion droplets are 

formed and subsequently disperse in the GI 

tract to reach the sites of absorption. 

However, if the irreversible phase separation 

of the microemulsion occurs, an 

improvement of drug absorption cannot be 

expected (Itoh et al., 2002). The SEDDS 

can be designed using a small quantity of 

polymers such as HPMC in the formulation 

to prevent precipitation of the drug by 

generating and maintaining a supersaturated 

state in-vivo. This system contains a reduced 

amount of surfactant, thereby minimizing the 

GI side effects (Gao et al., 2003). 

Ansari et al., 2014 developed an 

efficient and convenient SE system of 

felodipine where the SEDDS formulations 

were filled in hard gelatin capsules due to 

their anhydrous nature enabling the 

administration of the drug as unit dosage 

form. The hard gelatin capsules were coated 

with a polymer in order to achieve a rapid 

drug release after a desired time lag in the 

management of hypertension. In another 

study, to enhance the solubility and 

permeability of hydrochlorothiazide via 

SEDDS, the SEDDS formulation was 

transformed into a free flowing powder and 

non-effervescent floating capsules 

containing solid SEDDS of the drug were 

prepared (Jagdale and Phargade, 2017). In 

addition, oral administration of SE capsules 

solidified using different kinds of adsorbents 

has been found to enhance patient 

compliance compared with the parenteral 

route (Ito et al., 2006). 

3. Self-emulsifying sustained/controlled 

release tablets 

The SE tablets consist of solidified liquid 

SEDDS either compressed or molded into 

tablets. These preparations offer many 

advantages because these tablets can liquify 

at body temperature under agitation due to 

the peristaltic movement of GIT that will 

lower the liquification time, resulting in 

faster emulsification with increased drug 

plasma concentration (Wagh et al., 2014). 

In order to reduce the amount of 

solidifying excipients required for 

transformation of SEDDS into solid dosage 

forms, a gelled SEDDS has been developed. 

Where, Carbopol (Zhang et al., 2002) and 

Aerosil 200 (Patil et al., 2004) were selected 
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as gelling agents which helped in slowing 

down of the drug release. Patil et al., 2016 

prepared orodispersible sustained release 

tablets of domperidone which were useful 

for paediatric and geriatric patients or 

patients having disrupts in swallowing 

ability or dysphagia. 

The newest advance in the research field 

of SE tablets is the SE osmotic pump tablets. 

Where, the elementary osmotic pump system 

was chosen as the carrier of SEDDS. This 

system has outstanding features such as 

stable plasma concentrations, controlled 

release rate and enhanced bioavailability of 

drugs (Wei et al., 2007; Shriniwas et al., 

2014). 

4. Self-emulsifying sustained/controlled 

release pellets 

Although the application of SEDDS is 

primarily intended for improvement of the 

absorption of poorly water soluble drugs, it 

would also be desirable to provide sustained 

release action in the case of drugs having 

short biological half-life with low and 

frequent dosing. For this reason, the 

combinations of SEDDS with control release 

agents have been studied in order to develop 

a matrix type controlled release solid 

SEDDS. Matrix type spherical pellets of 

solid SEDDS have been developed offering 

the benefits of both absorption improvement 

and sustained release (Zhang et al., 2012). 

Thus, it is very appealing to combine the 

advantages of pellets with those of SEDDS 

by SE pellets. 

Self-emulsifying (SE) pellets as multiple 

unit dosage forms can be filled easily into 

capsules or processed into tablets. Due to the 

spherical shape, smooth surface and narrow 

size distribution of pellets, SE pellets are 

particularly suitable for sustained release 

formulations. These formulations are 

prepared either by application of a sustained 

release coating from a polymeric dispersion 

or solution onto the drug containing pellets, 

or by employing mixtures of pellets forming 

powder excipients such as microcrystalline 

cellulose (MCC) with sustain release agents 

to form a sustained release matrix 

(Nikolakakis and Partheniadis, 2017). 

These excipients are usually gel-forming 

hydrophilic polymers such as cellulose 

ethers like HPMC (Liu et la., 2017) and 

methacrylic acid based polymers like 

carbopol or colloidal silicon dioxide 

(Podczeck, 2008). 

Experiments with colloidal silicon 

dioxide in mixtures with MCC using SEDDS 

added as emulsions-binders in 

extrusion/spheronization process showed 

that good quality pellets can be formed. 

Therefore, colloidal silicon dioxide serves a 

multi-purpose; as a pellet forming powder, a 

strong adsorbent and gelling agent that 

provides a controlled release of drugs (Patel 

et al., 2014b; Agrawal et al., 2015). 

5. Self-emulsifying solid dispersions 

Self-emulsifying solid dispersions are 

efficient techniques that successfully 

improve the solubility and oral 

bioavailability of many lipophilic drugs with 

classical polymers or solubilizers (Ansari et 

al., 2016). Preparation of SE solid 

dispersions is an economic way to improve 

wettability, increase surface area, reduce 

agglomeration and convert the drug to its 

amorphous state leading to higher rate of 

solvation (Craig, 2002). Melting method 

and solvent method are the major 

conventional techniques employed to 

prepare SE solid dispersions (Eloy and 

Marchetti, 2014). Where, the melting 

method involves the melting and rapid 

cooling of the drug-polymer mixture to 

obtain the supersaturation. The solvent 

method involves the solubilization of the 

drug and carrier in a common volatile 

solvent system followed by evaporation. 

The key to the success for the previous 

methods is the conversion of drug to its 

amorphous form which enjoys higher 

solubility. Since the amorphous drug in the 

solid dispersions is thermodynamically 

unstable and can recrystallize during storage 
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leading to decrease in the solubility, it can 

hinder the benefits of the amorphous 

approach (Shah et al., 2012). Hence, 

polymer carriers in SE solid dispersion 

preparations can be used to retard 

recrystallization and improve stability of the 

amorphous drug. Highly water soluble semi-

crystalline polymers including gelucires
®
 

and poloxamers
®
 are commonly used in the 

preparation of SE solid dispersions. Swain 

and Subudhi, 2018 studied the 

crystallization behavior of nateglinide in SE 

solid dispersions and the influence of these 

polymers on stability of its amorphous state 

in order to improve its solubility and oral 

bioavailability. 

6. Self-emulsifying beads 

It was hypothesized that using capillary 

forces SEDDS can be developed to 

transform the SE formulation into a solid 

form with minimum amounts of solidifying 

aids and avoid leaking and leaching 

problems of conventional liquid SE 

formulations. These capillary forces SEDDS 

can be loaded into the microchannels of 

preformed porous polystyrene beads (PPB) 

typically produced by copolymerizing 

styrene and divinyl benzene (Patil and 

Paradkar, 2006). Porous polystyrene beads 

(PPB) are inert and stable over a wide pH 

range and extreme conditions of temperature 

and humidity. They consist of hydrocarbon 

backbone with benzene rings and are devoid 

of any functional groups (Rigby et al., 

2004). Porous polystyrene beads have also 

been used as controlled release carriers for 

liquid biocides that are added before 

copolymerization (Patil and Paradkar, 

2006). 

7. Self-emulsifying sustained-release 

microspheres 

In order to design a sustained-release 

formulation of an oily drug, the sustained-

release microspheres with SE capability has 

been prepared. You et al. 2006 developed 

sustained-release microspheres containing 

zedoary turmeric oil by the emulsion–

solvent–diffusion method of the spherical 

crystallization technique in order to improve 

the bioavailability of the drug. In another 

study, Li and Yi, 2013 prepared SE 

microspheres by membrane emulsification 

technology with the solid carrier in a gel 

state formed by sodium alginate and calcium 

chloride. 

8. Self-emulsifying suppositories 

Rectal administration is often sought as 

an alternative route of administration to 

overcome the gastric irritation, nausea and 

vomiting that may be associated with oral 

administration. Furthermore, drugs are 

administered rectally to achieve ease and 

safety of administration when the oral route 

is not convenient as in infants and elderly 

patients (Cetinkaya, 2012). 

Kim and Ku, 2000 examined the 

SEDDS as a potential vehicle for enhancing 

the absorption of indomethacin where the 

SEDDS formulation containing the drug was 

administered orally or rectally to rats. 

Where, the area under the curve (AUC0–12 hr) 

increased significantly (41% increase) after 

rectal administration of gelatin hollow type 

suppositories filled with SEDDS containing 

indomethacin to rats. Also, Gugulothu et 

al., 2010 developed SE suppositories of β-

artemether as an alternative dosage form to 

overcome the gastric irritation, nausea, and 

vomiting that may be associated with oral 

administration.  

9. Self-emulsifying ocular delivery systems 

Ocular drugs are usually formulated as 

eye drops in solutions or suspensions. The 

major problem in ocular therapy is low 

topical absorption of drugs caused by 

relative impermeability of cornea and short 

residence time of the ocular preparation. 

This problem may result from precorneal 

events such as tear turnover, tear dilution or 

blinking. The drug bioavailability from eye 

drops is typically less than 5%. On the other 

hand, recommended frequent dosing at high 

concentration can result in several side 
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effects and decreased patient compliance 

(Gaudana et al., 2009). 

For ophthalmic administration, dilutable 

nanoemulsions are potent drug delivery 

because of their numerous advantages such 

as sustained effect and high ability of drug 

penetration into the deeper layers of the 

ocular structure and the aqueous humor 

(Lallemand et al., 2012). Mangiafico et al., 

2011 developed a new self-emulsified, 

transparent and stable nanosystem for 

delivering lipophilic topical ocular drugs 

such as betamethasone dipropionate, 

latanoprost and cyclosporine A. 

 

Marketed preparations of SEDDS 

Table (3): Marketed preparations of SEDDS (Hauss, 2007; Savla et al., 2017) 

No. Drug  Trade name Company Type of formulation Indication 

1 
Cyclosporin 

A  

Sandimmune
®
 

Novartis 
Oral solution Immuno-

suppressant Neoral
®

 Soft gelatin capsule 

2 Sirolimus Rapamune
®

 
Wyeth-

Ayerst 
Oral solution 

Immuno-

suppressant 

3 Tipranavir Aptivus
®
 

Boehringer 

Ingelheim 
Soft gelatin capsule  HIV antiviral 

4 Ritonavir Novir
®

 Abbott Soft gelatin capsule  HIV antiviral 

5 Isotretinoin Accutane
®

 Roche Hard gelatin capsule  
Treatment of 

nodular acne 

 

CONCLUSION 

From the present review, SEDDS have 

been shown to substantially improve the 

solubility, dissolution and oral 

bioavailability of poorly water soluble drugs. 

With future development of this technology, 

SEDDS will continue to enable novel 

applications in drug delivery and solve 

problems associated with the delivery of 

hydrophobic drugs. As alternatives of 

conventional liquid SEDDS, solid SEDDS 

are superior in reducing the production cost, 

simplifying the industrial manufacture and 

improving the stability and patient 

compliance. Moreover, solid SEDDS are 

very flexible to formulate various solid 

dosage forms with different routes of 

administration and controlled/sustained 

release of drugs. 
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 الأنظمة ذاتية الاستحلاب الناقلة للعقار
حنان النحاس, ناجية المجراب , مروة عبدالله , طارق ابراهيم   

 
 

في اكتشاف الأدوية, يعد استخدام الأنظمة الدهنية الناقلة للعقار أحد الطرق الأكثر شيوعا لتحسين معدل في ظل التقنيات الحديثة 

فالأنظمة السائلة ذاتية الاستحلاب كواحدة من هذه الأنظمة الدهنية هي عبارة . الذوبانية و الإتاحة الحيوية للعقاقير المحبة للدهون

نشاط السطحي و المواد المساعدة و التي يظُهر فيها العقار أفضل ذوبانية مقارنة بوجوده عن مخاليط من الزيوت و المواد ذات ال

ا علي تكوين مستحلبات الزيت و الصفة المميزة الرئيسية للأنظمة السائلة ذاتية الاستحلاب تتمثل في قدرته. في الزيوت بمفردها

كما تعتبر هذه الأنظمة بمثابة استراتيجية واعدة لتحسين . في الماء و ذلك عقب وصولها إلي السوائل الموجودة في القناة الهضمية

 و علي الرغم من أن الأشكال السائلة لهذه الأنظمة التقليدية تعانى من بعض. معدل و مدي امتصاص العقاقير عن طريق الفم

هذا المقال يلقي نظرة مفصلة . العيوب , فإنه يمكن تحويلها إلي جرعات صلبة في شكل مساحيق أو جزيئات متناهية الصغر

حول الطرق المختلفة لتحويل الأنظمة السائلة ذاتية الاستحلاب إلي جرعات صلبة و تطبيقاتها في تكوين الجرعات الصيدلية 

.ولة  في إعطاء العقار بالإضافة إلي تحقيق إتاحة حيوية فعالة عن طريق التناول بالفمالمختلفة, و ذلك بهدف توفير وسائل مقب  


