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ABSTRACT 

Nearly 50% of newly developed drug candidates that progress to the formulation stage exhibit poor water solubility. Oral administration remains the 
most common route for the long-term treatment of many diseases. However, in numerous cases, the orally delivered drugs encounter obstacles due to 
their high lipophilicity. These poorly soluble in water face challenges such as reduced oral bioavailability, significant variability between and within 
subjects, and a lack of dose proportionality. The primary goal of this review is to compile and present detailed information on the design and assessment 
of self microemulsifying drug delivery systems (SMEDDS). This compilation aims to assist in improving the bioavailability of poorly water-soluble drugs 
administered orally. SMEDDS are isotropic mixtures of oils, surfactants, and co-surfactants. Upon mild agitation and dilution with water-such as 
gastrointestinal fluids-they form clear oil-in-water microemulsions. SMEDDS has become a key strategy for enhancing the bioavailability of poorly 
water-soluble drugs. Despite its benefits, SMEDDS faces several challenges, such as drug precipitation in the body, handling difficulties, limited uptake 
through the lymphatic system, the absence of reliable in vitro predictive tests, and the risk of oxidation of unsaturated fatty acids. These drawbacks can 
hinder its broader application. Converting SMEDDS into solid forms can also resolve issues related to the instability and handling of liquid formulations. 
This review thoroughly examines the challenges of SMEDDS and explores practical strategies to address them. 
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INTRODUCTION 

Self-micro emulsifying drug delivery systems (SMEDDS) are isotropic 
blends composed of natural or synthetic oils, solid or liquid surfactants, 
and one or more hydrophilic solvents and cosolvents/surfactants. These 
formulations have a distinctive ability to spontaneously form fine oil-in-
water (o/w) microemulsions upon gentle agitation and subsequent 
dilution in aqueous environments, such as gastrointestinal (GI) fluids. 
When administered, SMEDDS disperse quickly within the GI tract, where 
the natural motility of the stomach and intestines provides the necessary 
agitation for self-emulsification [1]. 

The key difference between self-emulsifying drug delivery systems 
(SEDDS), also referred to as self-emulsifying oil formulations, and 
SMEDDS lies in their droplet size and composition. SEDDS typically 
generate opaque emulsions with droplet sizes ranging from 100 to 
300 nm, whereas SMEDDS produce transparent microemulsions 
with droplet sizes below 50 nm. Additionally, SMEDDS contain less 
than 20% oil, whereas SEDDS formulations include between 40% 
and 80% oil [2]. 

Although various techniques can be employed to enhance the solubility 
of poorly water-soluble drugs and improve their bioavailability, SMEDDS 
are particularly advantageous due to their physical stability and ease of 
manufacturing. These systems are especially beneficial for lipophilic 
drugs with dissolution rate-limited absorption, as they can enhance both 
the rate and extent of drug absorption, leading to more consistent blood 
concentration profiles [3]. 

The oral route is the simplest and most convenient method for non-
invasive drug administration. Due to its cost-effectiveness, oral drug 
delivery systems have consistently dominated the global drug 
delivery market. However, this route poses challenges for drug 
molecules with poor aqueous solubility. For a drug to be absorbed 
after oral administration, it must first dissolve in gastrointestinal 
(GI) fluids before permeating through biological membranes. Nearly 
40% of newly developed chemical entities have low aqueous 
solubility, making their absorption a significant challenge in modern 
drug delivery. The primary factor limiting the absorption of these 
drugs is their dissolution in the GI tract. According to the 
Biopharmaceutical Classification System (BCS), such drugs fall under 

Class II, characterized by low solubility but high permeability. 
Various formulation strategies, including micronization, solid 
dispersion, and complexation with cyclodextrins, have been 
explored to enhance solubility. While these approaches have shown 
success in some cases, they also present certain limitations. 

Since poorly water-soluble drugs are hydrophobic and highly 
lipophilic, lipid-based drug delivery systems are considered ideal for 
their formulation. SMEDDS are generally developed in liquid dosage 
forms and are often administered using soft gelatin capsules. 
However, these capsules present certain challenges, such as 
difficulties in manufacturing and compatibility issues with the 
gelatin shell. To address these drawbacks, solid-SMEDDS have been 
introduced, offering greater commercial potential and improved 
patient compliance. Several techniques have been developed to 
convert liquid SMEDDS into solid forms, including adsorption onto 
solid carriers, spray drying, spray cooling, melt extrusion, 
nanoparticle technology, and supercritical fluid-based processes. 

Studies suggest that SMEDDS not only enhance drug absorption in 
the gastrointestinal (GI) tract but may also improve absorption 
through rectal and vaginal routes for poorly water-soluble drugs. 
Research has found that SMEDDS formulations containing long-
chain triglycerides resulted in better drug absorption compared to 
those using medium-chain triglycerides [4]. SMEDDS offer multiple 
advantages, such as spontaneous self-emulsification, 
thermodynamic stability, increased bioavailability, and ease of 
formulation. Their ability to enhance solubility and drug absorption 
makes them a valuable approach in advanced drug delivery systems. 

Need for SMEDDS 

One approach to enhancing the oral delivery of poorly water-soluble 
compounds is to pre-dissolve the drug in a suitable solvent and 
encapsulate the formulation. The primary advantage of this method 
is that it eliminates the initial rate-limiting step of drug particle 
dissolution in the aqueous environment of the gastrointestinal tract 
(GIT) [5]. If a drug can be dissolved in a lipid-based system, the 
likelihood of precipitation upon dilution in the GIT is reduced, as 
partitioning kinetics favor the drug remaining within lipid droplets. 
Another technique for improving solubility involves formulating the 
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drug as a solid solution using a water-soluble polymer. This helps 
enhance drug solubility; however, a major drawback is the tendency 
of the drug to transition into a more thermodynamically stable state, 
potentially leading to crystallization within the polymer matrix. 
Considering these challenges, SMEDDS offer an effective solution by 
ensuring the drug remains in a solubilized state, thereby improving 
its dissolution, absorption, and overall bioavailability [6-8]. 

Advantages of SMEDDS 

 Enhances oral bioavailability by improving drug solubility and 
facilitating efficient transport [9, 10]. 

 Simplifies manufacturing and scale-up compared to other lipid-
based dosage forms. 

 Minimizes variations in drug absorption between individuals 
and reduces the impact of food intake [11]. 

 Enables the delivery of peptide-based drugs that are susceptible 
to enzymatic degradation in the gastrointestinal tract (GIT) [12]. 

 Unlike other lipid-based drug delivery systems, SMEDDS are not 
affected by lipid digestion processes [13]. 

 Incorporating polymers into SMEDDS formulations can enable 
sustained drug release [14-17]. 

Disadvantages of SMEDDS 

 There is a lack of reliable in vitro models for accurately assessing 
SMEDDS formulations [18]. 

 Existing in vitro models require further refinement and 
validation to establish their predictive reliability. 

 The development of SMEDDS formulations relies on establishing 
in vitro-in vivo correlations, necessitating extensive testing in 
appropriate animal models [19]. 

 Potential chemical instability of drugs and the high surfactant 
content (typically 30-60%) may cause gastrointestinal irritation. 

 Conventional self-microemulsifying formulations containing 
volatile co-solvents may migrate into the shells of soft or hard 
gelatin capsules, leading to drug precipitation [20]. 

 Upon dilution, the hydrophilic solvent effect may increase the 
risk of drug precipitation, impacting formulation stability. 

Composition of SMEDDS 

Oil (Lipid phase) 

Role 

Acts as a solvent for the lipophilic drug, facilitates drug dissolution, and 
forms the oil core of the microemulsion. The oil phase also promotes 
lymphatic transport, bypassing hepatic first-pass metabolism. 

Characteristics 

Typically, non-polar lipids with good drug solubility; medium-chain 
triglycerides (MCTs) or long-chain triglycerides (LCTs) are preferred 
for their stability and emulsification properties [21]. 

Examples 

Medium-chain triglycerides: Capmul MCM, Miglyol 812, Labrafac 
Lipophile WL 1349 

Long-chain triglycerides: Olive oil, soybean oil, sesame oil 

Modified oils: Labrafac CM10, Maisine 35- 

Concentration: Typically 10–30% w/w, depending on the drug’s 
solubility and emulsification requirements. 

Surfactant 

Role 

Reduces interfacial tension between oil and water, enabling 
spontaneous microemulsion formation. Surfactants stabilize the 
emulsion and enhance drug solubilization. 

Characteristics 

Non-ionic surfactants with high Hydrophilic-Lipophilic Balance 
(HLB) values (12–18) are preferred for safety and effective 
emulsification [22]. 

Examples 

Tween 80 (Polysorbate 80), Cremophor EL (Polyoxyl 35 castor oil) 
Labra sol, Kolliphor HS 15 

Concentration 

Typically 30–60% w/w, as higher concentrations ensure fine droplet 
size and stability, but must balance toxicity concerns. 

Co-surfactant (Co-solvent) 

Role 

Enhances the emulsification process by further reducing interfacial 
tension and improving the flexibility of the surfactant film. It also 
aids in solubilizing the drug and preventing precipitation in the 
gastrointestinal tract. 

Characteristics 

Short-to medium-chain alcohols or polar solvents that integrate into 
the surfactant layer to optimize microemulsion formation [23]. 

Examples 

Polyethylene glycol (PEG) 400Propylene glycol, Transcutol HP 
(Diethylene glycol monoethyl ether), Ethanol 

Concentration 

Typically 10–30% w/w, adjusted to achieve optimal phase 
behaviour and drug solubility. 

Drug (Active pharmaceutical ingredient) 

Role 

The therapeutic agent incorporated into the SMEDDS, typically a 
poorly water-soluble drug (BCS Class II or IV) that benefits from 
enhanced solubility and bioavailability [24]. 

Examples 

Fenofibrate, methotrexate, telmisartan, 3,3'-diindolylmethane (DIM), 
carbamazepine. 

Considerations 

The drug must have sufficient solubility in the oil, surfactant, or co-
surfactant mixture to ensure effective loading and stability. 

Optional components (for solid SMEDDS) 

Solid Carriers/Adsorbents 

Used to convert liquid SMEDDS into solid SMEDDS (S-SMEDDS) for 
improved stability and ease of administration (e. g., in capsules or 
tablets) [25]. 

Examples: Calcium silicate, Neusilin US2, Aerosil 200 

Limitations of SMEDDS 

Although SMEDDS formulation has several advantages, there are 
certain limitations associated with this system represented in fig. 1. 

Drug precipitation on dilution 

Diluted SMEDDS undergo precipitation of drug in gastrointestinal 
fluid. A common requirement for the lipid formulations is that they 
should be able to keep the drug in the solubilized form in the 
gastrointestinal tract (GIT). Precipitation of the drug from the 
system nullifies the advantage offered by the lipid-based 
formulation system [26, 27]. 

The precipitation tendency of the drug on dilution is higher due to the 
dilution effect of the hydrophilic solvent. It thereby requires 
incorporation of polymers to minimize drug precipitation in vivo [28]. 
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Fig. 1: Challenges in SMEDDS formulations 

 

Encapsulation in soft gelatin capsules 

Most of the marketed SMEDDS formulations are available as soft 
gelatin capsule. However, gelatin capsules are associated with few 
drawbacks. Manufacturing cost, transmissible spongiform 
encephalopathy (TSE) and consumer prefer-Ence/religion are the 
few issues associated with animal gelatin. Volatile co-solvents in 
self-microemulsifying formulations are known to migrate into the 
shells of soft or hard gelatin capsules, resulting in the precipitation 
of the lipophilic drugs. These problems drive the market 
requirement to find substitute for soft gelatin capsules. The current 
alternative material of choice to animal gelatin capsules are those 
prepared from HPMC. The HPMC capsule shell has been explored as 
an alternative approach for encapsulating super-saturable SMEDDS 
formulation [29]. 

Storage and handling 

Liquid SMEDDS exhibit problems in handling, storage and stability. 
Thus, formulating solid SMEDDS seems to be a logical solution to 
address these problems [29]. 

Limited targeting to lymphatics 

Targeting lymphatics confers two primary advantages over 
conventional absorption via the portal blood. First, transport 
through the intestinal lymph avoids pre-systemic hepatic 
metabolism and thereby enhances the concentration of orally 
administered drugs reaching the systemic circulation. Second, site-
specific drug delivery to lymphatic organs could be achieved. 
Normally, high triglyceride solubility and high log P is required for 
lymphatic transport (Caliph et al.,) [30]. However, the amount of 
drug transported into lymphatics is variable from drug to drug. 
Hence, lipophilicity and triglyceride solubility of drug in correlation 
with lymphatic transport needs to be completely understood and a 
more adequate predictive model is required [31]. 

Lack of good in vitro models 

Another obstacle in the development of SMEDDS and other lipid-
based formulations is the lack of good predicative in vitro models for 
the assessment of the formulations [32]. Traditional dissolution 
methods do not work, as these formulations potentially are 
dependent on digestion of lipid in the gut, prior to release of the 
drug. Although to mimic this, an in vitro model simulating the 
digestive processes of the duodenum has been developed [33]. This 
in vitro model needs further refinement and validation before its 
strength can be evaluated. Further, development can be based on in 
vitro–in vivo correlations and therefore, different prototype lipid-
based formulations need to be developed and evaluated in vivo in a 
suitable animal model [34-35]. 

Oxidation and polymorphism of the lipids used in formulating 
SEDDS/SMEDDS  

Lipid excipients containing unsaturated fatty acids and its 
derivatives are prone to lipid oxidation [36]. This requires inclusion 
of lipid-soluble antioxidant in capsule formulation [37]. 
Polymorphism associated with thermo-softening lipid excipients 
requires specific process control in their application, in order to 
minimize polymorphic changes of the excipient matrix [38]. 

Handling issues of liquid smedds 

SMEDDS are usually administered in the form of hard or soft gelatin 
capsules, with viscous liquids inside the lipid formulation into and 
interaction with the capsule shells is a possibility. This may lead to 
capsule shell softness or brittleness, leakage of the content, and drug 
or excipient creating a solid SMEDDS merge the advantages of solid 
materials with advantages of SMEDDS, e. g., increased solubility and 
bioavailability. Thus, the dosage forms (e. g., enhanced patient 
compliance, increased stability and reproducibility, simplicity of 
process control, low cost of manufacturing) [39-40]. 
Correspondingly, formulating liquid SMEDDS in solid dosage form 
produces a more consistent and stable form at a lower cost of 
manufacturing [41]. 

Dosing forms for solid SMEDDS 

Dry emulsions 

Dry emulsions are solid dosage forms that are in powder form and 
emulsify spontaneously when water is introduced. Spray drying, 
freeze drying, and rotary evaporation are ways of preparing dry 
emulsions. Spray drying is more frequently used when preparing dry 
emulsions for making dry emulsions. The o/w emulsion is made and 
then spray-dried to remove the aqueous phase [42]. 

Capsules 

Solid SMEDDS can be filled into capsule shells using a range of 
technologies, such as spray drying and solid carrier adsorption. This 
prevents physical incompatibility. Liquid SMEDDS's ease of 
interaction with the capsule shell [43]. 

Tablets 

Various liquid SMEDDS ratios may be adsorbed onto porous carriers. 
Other suitable excipients are then blended with the surface-
adsorbed liquid SMEDDS. A compression machine is then employed 
to compress the blend. The irreversible precipitation of the drug 
inside the formulation was avoided by employing eutectic-based 
self-emulsifying tablets. 
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Encapsulation of liquid and semi-solid SMEDDS  

It is simple to fill capsules with liquid SMEDDS and seal them using a 
banding technique or micro spray. The process of encapsulation of a 
semisolid SMEDDS involves four steps:  

(1) Heating the semisolid excipients to a minimum of 20 ℃ above the 
melting point;  

(2) Incorporating the drug while stirring in the molten blend;  

(3) Filling the capsule shell with the drug-loaded molten blend; and  

(4) Cooling the product to room temperature. SMEDDS 
encapsulation in capsules allows for high drug loading and is 
suitable for low-dose, very potent drugs [44, 45]  

Spray drying 

It is a widely adopted method for transforming liquid self-
microemulsifying drug delivery systems (SMEDDS) into solid 
formulations. In this technique, the liquid SMEDDS is first mixed 
with a solid carrier dissolved in a suitable solvent. The mixture is 
then atomized into fine droplets and introduced into a drying 
chamber, where controlled temperature and airflow conditions 
promote rapid solvent evaporation. This process results in the 
formation of dry, free-flowing particles, enhancing the stability and 
handling of SMEDDS in solid dosage forms. 

Adsorption on solid carriers 

This involves incorporating the liquid formulation into porous 
powders or bead-like substances that possess a large surface area, 
capable of absorbing significant amounts of lipid material. According 
to Ito et al. [46], certain adsorbents can retain up to 70% of their 
own weight in liquid SMEDDS, making them highly efficient for this 
purpose. Materials such as Florite® and various grades of 
Neusilin®—including Neusilin US2 and UFL2-are commonly used 
due to their excellent oil-adsorbing capacities. This method not only 
stabilizes the formulation but also improves powder flow, making it 
suitable for subsequent processing into tablets or capsules [47]. 

Techniques for solidification in transforming liquid or semi-
solid SMEDDS into SMEDDS 

Spray drying 

In this process essentially involves formulating a product by mixing 
lipids, solid carriers, drugs, and surfactants, and then dissolving the 
mixture before spray drying it. The dissolved liquid composition is 
then atomized to produce a droplet spray. The droplets are dried in 
a drying chamber with controlled airflow and temperature, where 
the volatile phase (e. g., water of an emulsion) is driven off through 
evaporation to form dry particles. 

These particles can be processed further to form capsules or tablets. 
Product drying characteristics and powder requirements are 
considered while selecting the atomizer, temperature, optimal 
airflow pattern, and drying chamber configuration. 

Adsorption on solid carriers 

Formulations into free-flowing powders is through adsorption onto 
solid carriers. The procedure is simple you just mix the liquid 
formulation with a carrier material in a mixer. The powder that is 
formed can be filled directly into capsules or blended with other 
materials to form tablets. 

One of the strengths of this approach is that it provides good 
uniformity in drug content. For example, a liquid SMEDDS 
formulation can be converted to a solid one by using maltodextrin as 
the carrier and the SMEDDS can be loaded on carriers at relatively 
high concentrations-up to 70% w/w. 

The solid carrier materials that may be employed are microporous 
inorganic material, high-surface-area colloid material, cross-linked 
polymer, or nanoparticles. Silica, silicates, magnesium trisilicate, 
magnesium hydroxide, talc, crospovidone, aerosil 200 and cross-
linked derivatives of sodium carboxymethyl cellulose or polymethyl 
methacrylate are some examples.  

Cross-linked polymers are particularly beneficial as they serve to sustain 
drug dissolution over a period of time and minimize the likelihood of the 
drug re-precipitating. Nanoparticle carriers may consist of substances 
such as porous silicon dioxide, carbon nanotubes, carbon nano horns, 
fullerenes, charcoal, or even bamboo charcoal [48]. 

Melt granulation 

A Less Complex Method of Producing Granules Melt granulation is a 
process that involves converting powders into granules by the 
incorporation of a binder that softens or melts upon gentle heat. The 
beauty of this process lies in the fact that it bypasses the traditional 
steps of incorporating liquid and drying-it is all one step. It is 
therefore quicker, cleaner, and an ideal solution when you don't 
wish to use solvents. 

The process's success relies on several contributing factors such as 
the mixer speed, for how long you mix the ingredients, the particle 
size of the binder, and how sticky or thick the biner becomes when it 
melts. 

There are also different solid and semi-solid lipids that have the 
ability to function as binders in melt granulation. One commonly 
utilized group is Gelucire®, which is a mixture of glycerides and 
PEG-based fatty acid esters. It's particularly good because, in 
addition to aiding in the formation of granules, it enhances the rate 
at which the drug is absorbed, due to its self-microemulsifying 
(SME) character. 

Other lipid-based excipients such as lecithin, partial glycerides, and 
polysorbates have also been employed in this process. In most cases, the 
molten formulation (comprising the drug, lipids, and surfactants) is 
adsorbed onto inert solid carriers such as silica or magnesium alumina 
metasilicate to form a stable, solid SMEDDS formulation. 

Melt extrusion 

Melt extrusion is a neat, solvent-free technique that’s often used in 
pharmaceuticals. It’s especially useful because it can handle a high 
amount of drug (up to 60%) while keeping the mixture evenly 
distributed. The basic idea behind extrusion is to take a material that 
can be softened and shape it by pushing it through a die, kind of like 
squeezing toothpaste from a tube. This process is done under 
carefully controlled conditions, temperature, pressure, and flow to 
ensure consistent results [50]. 

The opening size of the die (or extruder) will influence how big the 
resulting pellets or spheroids turn out. One of the common ways this 
is used is in a method called extrusion spheronization, which is 
popular for making evenly sized pellets in drug manufacturing. The 
process involves several steps and they are 

Blending 

The L-SEDDS (which contains oil, surfactant, and drug) is mixed with 
solid carriers like polymers (e. g., PEG, PVP) or adsorbents (e. g., 
silica, magnesium aluminometasilicate). These carriers help solidify 
the liquid without compromising its ability to form microemulsions. 

Heating and extrusion 

The mixture is passed through a hot-melt extruder. Inside, heat 
softens the mixture, and mechanical force pushes it through a 
shaped die. 

Cooling and shaping 

As the extrudate exits the machine, it’s cooled and cut into pellets, 
granules, or filled into capsules, depending on the intended final 
dosage form. 

Final product 

The resulting solid SMEDDS can disperse in the gastrointestinal 
fluids to form a microemulsion, improving drug solubility and 
absorption just like the original L-SEDDS [51]. 

Benefits of using melt extrusion for S-SMEDDS 

 Avoids solvents (a solvent-free process) 

 Suitable for heat-stable drugs 
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 Scalable for industrial production 

 Provides better stability and handling compared to liquid forms 

CONCLUSION 

Self-Microemulsifying Drug Delivery Systems (SMEDDS) are 
increasingly being employed to enhance the bioavailability of poorly 
water-soluble drugs. Despite their promise, a significant gap remains 
between the demand for effective lipid-based drug delivery systems 
and the currently available SMEDDS formulations. Most existing 
SMEDDS are formulated as liquid-filled soft gelatin capsules, which 
can lead to handling challenges, higher production costs, and 
stability concerns. To address these issues, there has been a growing 
focus on developing solid SMEDDS. Converting liquid SMEDDS into 
solid dosage forms can reduce handling difficulties, lower 
manufacturing costs, and improve product stability. Furthermore, it 
is essential that these formulations are designed to be compatible 
with the physiological environment to ensure optimal drug release 
and absorption. Continued research and development in this area 
will facilitate the broader application of SMEDDS, making this 
advanced drug delivery method more viable especially for drugs 
with poor aqueous solubility. 
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