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ABSTRACT  

The pharmaceutical industry faces a major challenge with 
orally administered drugs like poor aqueous solubility, 
resulting in poor dissolution, low bioavailability, high intra- 
and inter-subject variability, and a lack of dose 
proportionality. Approximately 35–40% of recently 
launched drugs have low aqueous solubility. A challenge in 
developing the best oral solid dosage form in terms of 
formulation design and bioavailability of new 
pharmaceutical products is that about 40% of new 
medication ideas possess limited solubility in water. These 
challenges have been rectified using a variety of techniques, 
such as altering the solubility or maintaining the medicine 
dissolved during the gastrointestinal transit time. Lipid 
solutions, emulsions, and emulsion pre-concentrates have 
received a lot of interest because they may be created as 
physically stable formulations suited for encapsulating such 
poorly soluble pharmaceuticals. Recently, self-micro 
emulsifying drug delivery systems (SMEDDS) in particular 
have been getting more attention. This is predominantly 
because these systems are physically stable, simple to 
manufacture, and capable of being filled in soft gelatin 
capsules. Once they reach the gastrointestinal tract, these 
systems will produce a micro-emulsion containing a drug 
with a major surface area. Self-micro emulsifying drug 
delivery system (SMEDDS) has emerged as a vital strategy 
to formulate poor water-soluble compounds for 
bioavailability enhancement. Due to the intestinal lymphatic 
system and pharmaceutical partitioning into the aqueous 
phase of intestinal fluids, the emulsions will further 
increase drug absorption. The oral bioavailability of such 
medications as well as an overview of SMEDDS, a significant 
technology for the formulation of lipophilic agents, both are 
discussed in this review. 
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INTRODUCTION  

The simplest and most practical method of non-invasive delivery is via the oral route. 

However, drug molecules with poor water solubility may be hampered by oral drug 

administration. A significant challenge to the current drug delivery system is presented by the 

about 40% of novel drug substances that have low water solubility, which results in poor oral 

bioavailability, substantial intra- and inter-subject variability, and a lack of dosage 

proportionality [1]. The Biopharmaceutical Classification System assigns these medications, 

which have a low water solubility and a high permeability, to class II drugs. More than 70% 

of human dosage forms are administered orally, which is attributed to its acceptance and 

convenience as a method of administering drug molecules to patients since it is associated 

with good patient compliance on the one hand and cost-effective and flexible dose 

formulation on the other [2,3]. Aqueous solubility, which is necessary for pharmaceutical 

molecules to be accessible for systemic absorption given that GIT fluid is aqueous in nature, 

is one of the most crucial needs. The drug molecules must next cross the biological 

membrane after becoming solubilized to enter the systemic circulation [4]. 

The Food and Drug Administration (FDA) classifies drug molecules into four groups 

according to how soluble they are in water and how permeable they are to biological 

membranes. The Biopharmaceutical Classification System (BCS) is the name of this 

classification scheme [5,6]. The low aqueous solubility of Class II drug compounds is the key 

factor affecting their bioavailability. The rate-limiting stage in this class is the dissolving 

process, therefore choosing the right drug delivery method and additives is essential to get 

over this significant barrier and increase the proportion of the drug that will enter the 

systemic circulation [7]. With varying degrees of success, several approaches were developed 

to solve the problem; among these strategies, the solid self-emulsifying drug delivery system 

(SSEDDS) has undergone significant testing. Out of all the techniques that are now 

accessible, SEDDS that use a lipid-based methodology has been shown to increase drug 

dissolving rates and aid in the development of soluble drug phases. These mixtures are simple 

to pour into both soft and hard gelatin capsules. [8,9]. The self-emulsifying formulation is an 

isotropic combination of the medication, lipids, surfactants, and co-solvent that, upon 

agitation in the gastrointestinal (GI) tract, produces a superfine emulsion [10]. Based on the 

size of the globules developed during dispersion, the SEDDS are divided into two types: 

SMEDDS and Self-Nanoemulsifying Drug Delivery Systems (SNEDDS) [11]. 
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The SEDDS form micro-emulsions known as SMEDDS. It produces optically clear emulsion 

and is thermodynamically stable. The size of the droplets in a micro-emulsion determines 

how they differ significantly from conventional emulsions. Typically, the size of the droplets 

of micro-emulsion created by the SMEDDS is between 2 and 100 nm, whereas that of the 

droplets of ordinary emulsion ranges between 0.2 and 10 m. The overall surface area for 

absorption and dispersion is substantially greater than that of a solid dosage form because of 

the tiny particle size, making it easier to enter the gastrointestinal system and be absorbed. 

The bioavailability of drugs is therefore improved [12].  

Mechanism of self-emulsification  

The mechanism by which self-emulsification happens is not yet fully understood. Taking 

everything into consideration, it has been suggested that self-emulsification occurs when the 

energy needed to grow the surface region of the dispersion to a higher level than the threshold 

of dispersion is the entropy change. A straightforward emulsion preparation's free energy is a 

direct working of the energy necessary to create the most recent surface between the water 

and oil phases. The system's free energy is completed when the two phases of the emulsion 

eventually separate to reduce the interfacial area.[13] 

When the energy required to expand the surface area of the dispersion is larger than the 

entropy change that favours dispersion, self-emulsification happens [40,79]. The following 

equation may be used to determine how much energy is needed to form a fresh surface 

between the water and oil phases in a conventional emulsion: 

∆G = ∑Ni πri
2 S 

Where, 

∆G is the free energy associated with the process (ignoring the free energy of mixing),  

N is the number of droplets of radius  

r represents the radius of the droplet 

S represents the interfacial energy. 

The above equation demonstrates that the interface that forms spontaneously between oil and 

water is thermodynamically stable. The self-emulsification of an emulsion, or the 
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spontaneous formation of an emulsion, occurs when the amount of free energy required to 

develop the emulsion is either very low, positive, or negative. [79] 

Advantages of SMEDDS 

SMEDDS formulation provides several benefits, including:  

1. Reducing disruption from GIT and gut wall interaction. 

2. Give peptides to the GIT that are susceptible to enzymatic hydrolysis. 

3. When a polymer is consolidated, a drug has a prolonged release. 

4. SMEDDS can be manufactured safely and easily. 

5. More predictable transient absorption characteristics of medicines. 

6. A specific drug focuses on a specific GI tract absorption site that replaces ingestion. 

7. Protection against drugs from potentially dangerous digestive illnesses. 

8. The novel technique will boost the lipophilic medication's capacity to dissolve in water and 

thus increase its accessibility. 

9. It shows that there are significant intra- and inter-subject variations in absorption that 

affect the plasma profile of solid or liquid dosage forms [6]. 

Factors affecting SMEDDS:  

1. Nature and dose of the API: generally, drugs having a low therapeutic dose are preferred 

for the formulation of SMEDDS. If a drug does not have very high solubility in at least one 

of the components of SMEDDS, especially the lipophilic phase, it is not appropriate for 

SMEDDS. The most challenging drugs to deliver through SMEDDS are those with poor 

solubility in water and lipids, often with log p values of around 2. The medication's solubility 

in the oil phase has a significant impact on SMEDDS's capacity to sustain the drug in the 

solubilized state. [12] 

 2. Concentration of Surfactant or Co-surfactant: There may be a danger of precipitation 

if the surfactant or co-surfactant is performing a larger role in the solubilisation of the drug 

since the dilution of SMEDDS will reduce the solvent capacity of the surfactant or co-

surfactant.14 
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3. Polarity of the Lipophilic phase: One of the variables influencing how drugs are released 

from micro-emulsions is the polarity of the lipid phase. The chain length and level of 

unsaturation of the fatty acid, the HLB, and the molecular weight of the micronized 

medication all influence the polarity of the droplet. The maximum polarity will improve the 

high degree of release of the drug into the aqueous phase. [14] 

SELECTION OF APPROPRIATE DRUG CANDIDATES FOR SNEDDS 

FORMULATION  

Solubilizing the medication in the GI system is one of the challenges a formulator has while 

creating an oral dosage form. Drug absorption is accelerated and broadened by SNEDDS. 

Drugs in BCS Class II that have poor water solubility and bioavailability are treated using the 

SMEDDS technique [15]. By avoiding the absorptive barrier of decreased water solubility 

and transitioning to the bile-salt mixed micellar phase, where absorption occurs quickly, the 

administration of these medicines as lipids increases their bioavailability [16]. The properties 

of the medication, such as its water solubility and log P, are insufficient since they cannot be 

used to anticipate the effects in vivo effects [17]. The amount of free energy required for the 

formation of an emulsion in the SNEDDS formulation might be small, positive, or even 

negative. As a result, emulsification occurs without warning. The interfacial structure must 

show no resistance to surface shearing so that emulsification can occur. Water's ease of 

penetration into various liquid crystalline or gel phases on the droplet surface may be the 

cause of emulsification's simplicity. [18-22] 

Formulation design 

Formulation of SMEDDS involves the following steps. 

1. Selection of active pharmaceutical ingredient (API) for self-micro-emulsifying drug 

delivery system (SMEDDS). 

2. Screening of surfactant for emulsifying ability. 

3. Selection of excipients for self-micro-emulsifying drug delivery system (SMEDDS).  

4. The solubility of a drug in oils, surfactants, and co-surfactant.  

5. Construction of pseudo ternary phase diagram.  

6. Preparation of self-micro-emulsifying drug delivery system (SMEDDS).  
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7. Factor that affects to self-micro-emulsifying drug delivery system.  

8. Characterization and evaluation of SMEDDS. 

Composition of Self-Emulsifying Drug Delivery System:  

Active Pharmaceutical Ingredient (API) 

Before developing a SMEDDS formulation, the primary factors to be considered are the 

drug's dosage and lipophilicity. BCS class II pharmaceuticals such as itraconazole, 

nifedipine, vitamin E, simvastatin, danazol, ketoconazole, mefenamic acid, naproxen, and 

carbamazepine are favoured because SEDDS are used to improve the solubility of poorly 

water-soluble medications. [23-24] 

A variety of physicochemical properties of the API, such as pKa, log P, atomic structure and 

weight, presence of the ionisable group, and quantity, have a substantial impact on how well 

SMEDDS work [25]. Low therapeutic dosage medications are considered typical drug 

applicants for SMEDDS. Keeping the active medicinal component soluble within the G.I.T. 

constant is one of the main challenges in developing oral preparation. The principal 

absorptive site of the gut is where medications that are supplied at extremely large doses are 

not acceptable for SMEDDS unless they have excellent solubilisation in at least one of the 

excipients of SMEDDS, ideally in the lipophilic phase. The drug must be physically and 

chemically stable throughout production, and the drug discharge rate design must continue to 

be stable during the SMEDDS's self-life [26]. 

Excipients used in SEDDS  

The choice of excipients is extremely important when pharmaceutical acceptability and 

toxicity concerns are taken into account. Therefore, there is a lot of limitation on 

which excipients may be utilised. The concentration and type of the oil/surfactant ratio, the 

surfactant/co-surfactant ratio, and the temperature at which self-emulsification takes place are 

all particular to the self-emulsification process. So, while choosing excipients for SMEDDS, 

this complete component must be taken into account. 

Oils  

Depending on the molecular structure of the triglyceride, oils can enhance the fraction of 

lipophilic drug carried via the intestinal lymphatic system, solubilize the necessary dosage of 
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lipophilic medication, facilitate self-emulsification, and solubilize the appropriate amount of 

lipophilic drug. [27]. The systemic circulation is directly reached by portal blood carrying 

medium chain triglycerides (MCT) with carbon atoms between 6 and 12. While intestinal 

lymphatics are used to transport long-chain triglycerides (LCT) with carbon atoms higher 

than 12. The development of self-emulsifying formulations has utilised both long and 

medium-chain triglyceride (LCT and MCT) oils with varying saturation levels. The regular 

MCT oils in the SMEDDS are being gradually and successfully replaced by novel semi-

synthetic MCTs, which can be described as amphiphilic compounds with surfactant 

properties. MCT is more soluble and has higher mobility in the lipid/water interfaces than 

LCT, which is associated with more rapid hydrolysis of MCT. 

In general, compared to MCT, a larger concentration of cremophor RH40 is needed when 

utilising LCT to create micro-emulsions. Due to their low capacity to dissolve significant 

doses of lipophilic medicines, edible oils are not usually used. Since these excipients create 

effective emulsification systems with a large variety of surfactants authorised for oral 

administration and display enhanced drug solubility qualities, modified or hydrolyzed 

vegetable oils have been frequently employed [28]. They have beneficial physiological and 

formulation properties, and the breakdown products they produce are similar to the organic 

by-products of intestine digestion. Therefore, the choice of oil represents a compromise 

between the ability to solubilize and the capacity to promote the development of micro-

emulsion. The solubility of the substance in the oil and the surfactant work together to 

increase drug solubility in SMEDDS (s). 

Surfactants  

In addition to the oily drug carrier vehicle, the self-emulsifying features of the formulation 

need the inclusion of rather high levels of surfactant. The intestinal membrane's permeability 

may be increased or its attraction to lipids may be enhanced by the surfactants. The lipid 

bilayer's structural order is disrupted by surfactants when they partition into the cell 

membrane, increasing the permeability and enhancing penetration. [29] Thus, the passive 

transcellular pathway is used by most medications to enter the body. Additionally, they speed 

up the drug's disintegration to further their effects on absorption. 

For the development of SMEDDS, the selection of surfactant is also critical. HLB value and 

surfactant safety must be taken into account when choosing a surfactant for SMEDDS 

formulation. A surfactant's HLB contains crucial information on how it should be used when 
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creating SMEDDS. To permit quick and simple dispersion in the aqueous GI fluid as a very 

thin oil-in-water emulsion, the surfactant/emulsifier used in the formulation of SMEDDS 

should have a reasonably high HLB and hydrophilicity. This will result in good self-

emulsifying performance. [30] It has frequently been demonstrated that using surfactant 

blends to attain the necessary HLB for emulsification offers better self-emulsifying 

capabilities than using a single surfactant with the same HLB. [31] 

Numerous vegetable oil derivatives, such as Acrosyl (a castor oil derivative), continue to be 

discovered to provide the best self-emulsification46. Because they exhibit superior emulsion 

stability across a wider pH and ionic strength range and have lower toxicity than their ionic 

counterparts, non-ionic surfactants are often selected. However, they may hurt intestinal 

lumen permeability, which might make it easier for the co-administered medication to be 

absorbed. Membrane fluidity and permeability can alter as a result of hydrophobic surfactants 

penetrating the membrane. [32] 

Surfactants help to facilitate the dispersion process by forming the interfacial layer and 

reducing the interfacial tension to a low value. When selecting a surfactant, it is important to 

take into consideration the HLB value and surfactant concentration. 

The orally acceptable surfactants have a stronger hydrophilic-lipophilic balance and are non-

ionic (HLB). Ethoxylated polyglycolyzed glycerides and polyoxyethylene oleate are two 

common emulsifiers. [33] Natural emulsifiers are regarded as being less dangerous than their 

synthetic counterparts, however, surfactants have only partial self-emulsifying capabilities. In 

contrast to ionic surfactants, non-ionic surfactants are less harmful and increase intestinal 

lumen permeability. 

Co-Surfactants/ Co-solvents 

High surfactant concentrations (up to 50%) are often needed for the formulation of an 

effective SMEDDS, and the inclusion of co-surfactants promotes self-emulsification. 

Typically, co-surfactants with HLB values of 10 to 14 are combined with surfactants to lower 

the oil-water interfacial tension, fluidize the interfacial film's hydrocarbon region, boost drug 

loading into SMEDDS, and enable the spontaneous generation of micro-emulsions. [34] 

Therefore, amphiphilic solubilizers and/or surfactants (hydrophilic or lipophilic) are 

employed in this process. A growing self-micro-emulsification zone in the phase diagrams 

may be the consequence of the co-emulsifiers or solubilizers being added to SMEDDS. For 
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oral administration, organic solvents like ethanol, PEG, and PG work well as co-solvents 

because they make it possible to dissolve substantial amounts of either the hydrophilic 

surfactant or the medication in the lipid base. SMEDDS are created by a lipid mixture with 

increased ratios of surfactant and co-surfactant to oil. [35] 

The development of an ideal SMEDDS necessitates rather high concentrations of surfactants 

(often more than 30% w/w), yet this produces GI discomfort. Therefore, co-surfactant is 

utilised to lower surfactant concentration. The co-role, surfactants in conjunction with the 

surfactant, is to reduce interfacial tension to a very tiny, momentary negative value. When 

this value is reached, the interface would enlarge to produce finely dispersed droplets and 

then absorb additional surfactants and surfactant/co-surfactants until their bulk condition is 

sufficiently diminished to restore interfacial tension to its original positive value. The 

"spontaneous emulsification" approach generates microemulsions. Although alcohol-free 

self-emulsifying microemulsions have also been described in the literature, large amounts of 

either the hydrophilic surfactant or the drug in the lipid base may help dissolve in the organic 

solvents, suitable for oral administration, such as ethanol, propylene glycol (PG), polyethene 

glycol (PEG), etc. and can act as co-surfactant in the self-emulsifying drug delivery systems 

3. When used in capsule dosage forms, such systems may have some advantages over other 

formulations because alcohol and other volatile co-solvents in traditional self-emulsifying 

formulations are known to migrate into the shells of soft gelatin or hard-sealed gelatin 

capsules, precipitating the lipophilic drug. [36,37] On the other hand, the alcohol-free 

formulation may have a reduced capacity to dissolve lipophilic drugs. Therefore, competent 

judgement must be used while choosing the components. Table 1 provides a list of the 

surfactants utilised in commercial SMEDDS. 
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Oil Surfactant Co-surfactant 

Olive oil Tween 80 Ethanol 

Oleic oil Labrador Butanol 

Corn oil Labrafac ethanol 

Labrafil M 2125 CS Tween 80 Transcutol HP 

Mineral oil Tween 40 Propylene glycol 

Ceol 218 Tween 20 Ethylene glycol 

Soyabean oil Cremophor EL polyethene glycol  

Captex 355 Caprol 90 PEG 4000 

Sunflower oil Chromophore RH 40 Monitor 988 

Cotton seed oil PEG 400 Capmul MCM 

Acryl K 140 PEG 200 Glycerol 

Sesame oil Sorbitol Tetraglycol 

Castor oil Span 80 Plurol Oleique 

Coconut oil Span 20 Sorbitol 

Miglyol 812 N Kolliphor RH  

Captex 300 poloxamer 407  

 

Viscosity Enhancers: Incorporating extra substances like acetyl alcohol, tragacanth, 

beeswax, and stearic acids, among others, might change the viscosity of the emulsions. 

 Polymers: At physiological pH, a polymer matrix (inert) that is present in concentrations 

between 5 and 40% by weight but is not ionisable can form a matrix. Examples include ethyl 

cellulose, hydroxypropyl methylcellulose, etc. 

Antioxidant Agents: The oily component of SMEDDS formulations is stabilised by 

lipophilic antioxidants (such as tocopherol, propyl gallate, and ascorbic palmitate). 

Other components 

Flavours, antioxidants, and pH adjusters are just a few examples of components. Unsaturated 

lipids, which make up the majority of lipid products, exhibit peroxide materialisation with 

oxidation, it is true. Free radicals can injure the medicine and cause toxicity, such as peroxyl 

(ROO), alkoxide (RO), and hydroxyl (OH). Lipid peroxides may also be created as a result of 

auto-oxidation, which rises with the lipid's degree of unsaturation. Due to the pH of the 
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solution or from the processing energy needed, such as ultrasonic radiation, the hydrolysis of 

the lipid occurs at a rapid rate. In this way, lipophilic antioxidants (such -tocopherol, propyl 

gallate, and BHT) may be necessary to preserve the oily content of the SMEDDS. [14] 

CHARACTERIZATIONS AND EVALUATION OF SMEDDS  

The various ways to characterize SMEDDS are compiled below;  

Visual assessment  

Visual evaluation is the main self-emulsification assessment technique. This might reveal 

important details regarding the mixture's ability to micro- and self-emulsify as well as its 

final dispersion. [38,39] 

Equilibrium phase diagram  

By employing equilibrium phase diagrams, it is possible to compare various surfactants and 

their interactions with co-solvents. One may quickly determine visually where one phase 

region's borders are. A ternary phase diagram can show how a three-component system 

behaves during phase transitions. To produce uniform pre-concentrates, self-emulsifying 

ability, and drug loading, the best concentrations of various excipients must be determined. 

[40] This is done using a phase diagram. When more than three components are employed, 

those that are closely connected are considered as one component and shown as such in the 

diagram at each corner of the phase diagram. 

Turbidity measurement  

Determining if the dispersion approaches equilibrium quickly and within a predictable period, 

this establishes the effectiveness of self-emulsification. Turbidity metres are employed in the 

execution of these measurements. [41,42] 

Droplet size  

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

spectroscopy, or a Coulter Nanosizer is often utilised. Because it affects both the stability of 

the micro-emulsion and the pace and amount of drug release, droplet size is a crucial 

component of self-emulsification performance. [43] PCS (photon correlation spectroscopy) or 

SEM (scanning electron microscopy), which can detect sizes between 10-5000 nm, are used 

to determine the globule size of the microemulsion. 
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The polydispersity index (PDI) 

The ratio of the standard deviation to the mean droplet size uniformity is known as the 

polydispersity; the higher the polydispersity, the less uniform the droplet size is. [44]. 

Refractive index and per cent transmission:  

The transparency of preparations is revealed by the refractive index and % transmittance. The 

SMEDDS’ refractive index (RI) is calculated using a refractometer and distinguished using 

water one. [45-48] 

Differential scanning colourimetry 

The evaluation of micro-emulsions created by the dilution of self-micro-emulsifying drug 

delivery systems (SMEDDS) in the designation of peaks equivalent to water often uses this 

method. [49,50] 

NMR techniques.  

After adding self-micro-emulsification systems to the prepared micro-emulsion, the NMR 

method was used to determine the micro-emulsion structure. [38] 

Electron microscopic studies  

Freeze-fracture electron microscopy is used to examine the surface characteristics of micro-

emulsion. [51] 

Small angle x-ray and neutron scattering methods: 

This sort of method is useful for estimating the structures that result from the dilution of 

SMEDDS. Evaluation of the fluid crystalline structures produced by the dilution of SMEDDS 

is important because these regulate the stability of drug preparation, self-emulsion, and drug 

discharge quantity. examination of X-ray scattering on preparations with different water 

content ratios. [52-55] 

Zeta potential measurement  

The zeta potential analyzer or zeta meter system is often used to determine zeta potential. It is 

used to determine the droplets' charge. The zeta potential analyser’s evaluation of the 

consistency of the emulsion after suitable dilution displays. [56-60] A higher zeta potential 
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indicates that the formulation is more consistent. Due to the free unsaturated fats yet positive 

when cationic lipids, the zeta meter system value is often negative. 

Determination of emulsification time  

This method is used to estimate how long emulsification will take. In this experiment, the 

effectiveness of emulsifying different surfactant and lipid compositions is measured in a 

crude nephelometer with a revolving paddle. [61] 

Stability  

(a) Temperature stability:  

The shelf life as a function of time and storage temperature is determined by visual 

perception of the SMEDDS system at various time intervals. To assess the temperature 

soundness of tests, preparations are diluted with distilled water and stored at a varied range of 

temperatures (room temperature, 2-8°C or lower). Additionally, any evidence of phase 

separation, flocculation, or precipitation is often observed. [62,63] 

(b) Centrifugation: The improved SMEDDS system is diluted with distilled water to 

evaluate the metastable system. Micro-emulsions are now centrifuged for 15 minutes at 0°C 

at 1000 rpm to check for any changes in the homogeneity of small-scale emulsions. [64-66] 

Particle size distribution 

 The measurement of the micro emulsion's particle size distribution using dynamic light 

scattering methods. The Brownian diffusion velocity and, by extension, the dispersed droplet 

velocity is measured using the variation in scattered light intensity. [67] Cryogenic 

transmission electron microscopy can be used to further confirm particle size distributions 

(cryo-TEM). The benefit of being able to see the particle sizes and shapes is provided by 

cryo-TEM. 

Conductivity measurements  

The point at which the system transitions from having an oil continuous phase to a water-

continuous phase may be identified by conductivity measurements. It also assists in the 

observation of phase inversion or percolation processes. [68] 
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In vitro release. 

To evaluate the in-vitro drug discharge, the USP dissolution testing mechanical assembly 

type II (paddle type) should be used [69-71]. A suitable dissolving media is used in the 

dissolution test at a temperature of 37±5 °C. 

In-vivo studies.  

Several models are used to carry out in vivo experiments. Animal ethical committees must 

give their approval for any in vivo animal experiments, and the study is required to abide by 

those rules. With three groups of six animals each, the study was separated into three groups 

for control. [72-74] 

Bioavailability study in the rat 

The SMEDDS formulation including medication and the free standard drug solution is used 

to randomly segregate male rodents into two groups [75]. The rats are kept for 72 hours 

before the analysis so they may become acquainted with the lab environment and have free 

access to water. A comparable dosage was administered to the two groups [76]. Blood 

samples are taken at various intervals of time. The samples are centrifuged for 5–10 minutes 

at 10,000 rpm. HPLC is a tool that may be used to measure medication concentration. [77,78] 

CONCLUSION  

Self-micro emulsifying drug delivery systems are designed to increase the oral bioavailability 

of drugs that are poorly soluble and have limited bioavailability. It is the most effective way 

to boost a drug's solubility and bioavailability when taken orally. The aqueous medium is 

diluted after the oil, surfactant, and co-surfactant combination has been gently stirred. It 

creates a transparent oil/water microemulsion. To assist the researchers in selecting the best 

component for their research, numerous SMEDDS preparation components are examined in 

this review. SMEDDS are evaluated using a variety of assessment parameters, including the 

size of particles, degree of crystallinity, and charge in the formulations. Additionally, 

included in this review are numerous in vivo and in vitro models for characterising 

SMEDDS. This review paper will provide as a starting point for researchers studying 

SMEDDS, its advantages, mechanism of SMEDDS, methods for improving bioavailability, 

and drug solubility in water. 

 



www.ijppr.humanjournals.com 

Citation: Vishal R. Rasve et al. Ijppr.Human, 2022; Vol. 26 (1): 206-224. 220 

ACKNOWLEDGEMENT 

The authors are very great full to Dr Rajendra Jain and DR. Neetesh Kumar Jain for valuable 

guidance.  

FUNDING  

Nil 

CONFLICT OF INTEREST  

The authors declare e that they have no conflict of interest, financial, or otherwise. 

 AUTHOR CONTRIBUTIONS 

 All authors contributed equally. 

REFERENCES 

1. Haritha B. A review of the evaluation of tablets. Formulation Sci Bioavailability 2017; 1:1-5. 

2. Stegemanna S, Leveillerb F. When poor solubility becomes an issue: From early stage to proof of concept. 

Eur J Pharm Sci 2007; 31:249-61. 

3. Hetal PT, Jagruti LD. Influence of excipients on drug absorption via modulation of intestinal transporters 

activity. Asian J Pharm 2015; 9:69-82. 

4. Kunde SD, Bhilegaonkar SH, Godbole AM, Gajre P. Biopharmaceutical classification system: A brief 

account. Int J Sci Res Methodol 2015; 1:20-46. 

5.  Benet LZ. The role of BCS (biopharmaceutics classification system) and BDDCS (biopharmaceutics drug 

disposition classification system) in drug development. J Pharm Sci 2013; 102:34-42. 

6.  Ghadi RR, Dand N. BCS class IV drugs: Highly notorious candidates for formulation development. Drug 

Deliv Transl Res 2017; 248:71-95. 

7. Thakare P, Mogal V, Borase P, Dusane J, Kshirsagar S. A review on self-emulsified drug delivery system. J 

Pharm Biol Eval 2016; 3:140-53. 

8. Mistry R, Sheth NS. Self-emulsifying drug delivery system. Int J Pharm Sci 2011; 3:23-8.  

9. Martin A. Solubility and Distribution Phenomena. 6th ed. Philadelphia, PA: Lippincott Williams and Wilkin; 

2011.  

10. Fatouros DG, Karpf DM, Nielsen FS, Mullertz A. Clinical studies with oral lipid-based formulations of 

poorly soluble compounds. Ther Clin Risk Manag 2007; 3:591-604.  

11. Kale AA, Patravale VB. Design and evaluation of self-emulsifying drug delivery systems. (SEEDS) of 

nimodipine. AAPS Pharm SciTech 2008; 9:191-6. 

12. Shukla J B, et al: Self micro emulsifying drug delivery system pharma science monitor. Journal of Pharmacy 

and Pharmaceutical Sciences 2010; 1(2): 13-33. 

13. Patel, M. J., Patel, S. S., Patel, N. M., Patel, M. M. (2010). A self-micro emulsifying drug delivery system 

(SMEDDS). International Journal of Pharmaceutical Sciences Review and Research, 4 (3), 29–35. DOI: 

http://doi.org/10.14843/jpstj.70.32. 

14. Kalamkar, P., Pawar, K., Baddi, H., Thawkar, B., Yevale, R., Kale, M. (2016). A Review on “Self-Micro 

Emulsifying Drug Delivery System (SMEDDS). Indian Journal of Drug, 4 (3), 361–373. 

15. Pouton CW. Lipid formulations for oral administration of drugs non-emulsifying, self-emulsifying and self-

micro emulsifying drug delivery systems. Eur J Pharm Sci 2000; 11:93-182. 

http://doi.org/10.14843/jpstj.70.32


www.ijppr.humanjournals.com 

Citation: Vishal R. Rasve et al. Ijppr.Human, 2022; Vol. 26 (1): 206-224. 221 

16. Kohli K, Chopra S, Dhar D, Arora S, Khar RK. Self-emulsifying drug delivery systems. An approach to 

enhance oral bioavailability. Drug Discov Today 2010; 15:958-65.  

17. Dabros T, Yeung A, Masliyah J, Czarnecki J. Emulsification through area contraction. J Colloid Interface 

Sci 1999; 210:222-4.  

18. Sagar Savile. A Review-Self Nanoemulsifying Drug Delivery System (SNEDDS). Int J Chem Pharm Rev 

Res. 2015; 4:385-397.  

19. Bangia JK, Om H. Nanoemulsions, a versatile drug delivery tool. Int J Pharm Sci Res 2015; 6:1363-72.  

20. Patel D, Sawant KK. Self-micro-emulsifying drug delivery system: formulation development and 

biopharmaceutical evaluation of lipophilic drugs. Curr Drug Deliv 2009; 6:419-24.  

21. Singh B, Bandopadhyay S, Kapil R, Singh R, Katare O. Self-emulsifying drug delivery systems (SEDDS). 

Formulation development characterization and applications. Crit Rev Ther Drug Carrier Syst 2009; 26:427-521. 

22. Craig DQ, Barker SA, Banning D, Booth SW. An investigation into the mechanisms of self-emulsification 

using particle size analysis and low-frequency dielectric spectroscopy. Int J Pharm 1995; 114:103-10. 

23. Kumar S, Malviya R, and Sharma P K: Solid Dispersion: Pharmaceutical Technology for the Improvement 

of Various Physical Characteristics of Active Pharmaceutical Ingredient; African Journal of Basic and Applied 

Science 2011; 3(4): 116- 125.  

24. Kumar S, Gupta S and Sharma P K: Self-Emulsifying Drug Delivery Systems (SEDDS) for oral delivery of 

lipid-based formulations. African Journal of Basic & Applied Science 2012; 4 (1): 07-11. 

25. Singh, B. et al. Self-emulsifying drug delivery systems (SEDDS): formulation development, 

characterization, and applications. Crit. Rev. Ther. Drug Carrier Syst. 2009; 26:427–521. 

26. O’Driscoll, C.M. and Griffin, B.T. Biopharmaceutical challenges associated with drugs with low aqueous 

solubility – the potential impact of lipid-based formulations. Adv. Drug Deliv. Rev. 2008; 60:617–624. 

27. Nigade P M, Patil S, Tiwari S S: Self Emulsifying drug delivery system (SEDDS): A review. International 

Journal of Pharmacy and Biological Sciences 2012; 2(2): 42-52.  

28. Sharma V, et al: SMEDDS: A novel approach for lipophilic drugs. International Journal of Pharmaceutical 

Science and Research 2012; 3(8): 2441-2450. 

29. Swenson ES, Milisen WB, Curatolo W, “Intestinal permeability enhancement: efficacy, acute local toxicity, 

and reversibility,” Pharmaceutical Research, vol. 1994; 11(8):1132– 1142.  

30. Hauss DJ, “Oral lipid-based Formulations-Enhancing the Bioavailability of Poorly water-soluble drugs,” in 

Drugs and Pharmaceutical Sciences, 2007; 170:1–339, Informa Healthcare, NC, USA.  

31. Wang L, Dong J, Chen J, Eastoe J, Li X, “Design and optimization of a new self-nano emulsifying drug 

delivery system,” Journal of Colloid and Interface Science, 2009; 330(2):443–448.  

32. Shah SR, Parikh RH, Chavda JR et al., “Self-nano emulsifying drug delivery system of glimepiride: design, 

development, and optimization,” PDA Journal of Pharmaceutical Science and Technology, 2013; 67(3):201–

213. 

33. Constantinides PP, Lipid for improving drug dissolution and oral absorption: physical and biopharmaceutical 

aspects, Pharm. Res. 1995; 12:1561–1572; microemulsions DOI: 10.1023/A: 1016268311867. 

34. Ozawa K, Olsson U, Kunieda H, Oil-induced structural change in nonionic microemulsions. J. Dispersion 

Sci. Technol., 1986; 22:119-124. CrossRef | Direct Link  

35. Meinzer, A. et al. Microemulsion: a suitable galenical approach for the absorption enhancement of low 

soluble compounds? BT Gattefosse 1995; 88:21–26. 

36. Kumar S, Malviya R, and Sharma P K: Solid Dispersion: Pharmaceutical Technology for the Improvement 

of Various Physical Characteristics of Active Pharmaceutical Ingredient; African Journal of Basic and Applied 

Science 2011; 3(4): 116- 125.  

37. Kumar S, Gupta S and Sharma P K: Self-Emulsifying Drug Delivery Systems (SEDDS) for oral delivery of 

lipid-based formulations. African Journal of Basic & Applied Science 2012; 4 (1): 07-11. 

38. Akula, S., Gurram, A. K., Devireddy, S. R. (2014). Self-Microemulsifying Drug Delivery Systems: An 

Attractive Strategy for Enhanced Therapeutic Profile. International Scholarly Research Notices, 2014, 1–11. 

DOI: http://doi.org/10.1155/2014/964051. 

39. Wei, Y., Ye, X., Shang, X., Peng, X., Bao, Q., Liu, M. et. al. (2012). The enhanced oral bioavailability of 

silybin by a supersaturate self-emulsifying drug delivery system (S-SEDDS). Colloids and Surfaces A: 

Physicochemical and Engineering Aspects, 396, 22–28. DOI: http://doi.org/10.1016/j.colsurfa.2011.12.025.  

http://doi.org/10.1155/2014/964051
http://doi.org/10.1016/j.colsurfa.2011.12.025


www.ijppr.humanjournals.com 

Citation: Vishal R. Rasve et al. Ijppr.Human, 2022; Vol. 26 (1): 206-224. 222 

40. Pouton, C.W. et al. Self-emulsifying systems for oral delivery of drugs. International Symposium on Control 

Release Bioactive Materials pp. 1987; 113–114. 

41. Gursoy, N. et al. Excipient effects on in vitro cytotoxicity of a novel paclitaxel self-emulsifying drug 

delivery system. J. Pharm. Sci. 2003; 92:2411–2418.  

42. Palamakula A. Khan M.A. Evaluation of cytotoxicity of oils used in coenzyme Q10 self-emulsifying drug 

delivery systems (SEDDS). Int. J. Pharm. 2004; 273:63–73. 

43. Goddeeris C. Et al. Light scattering measurements on microemulsions: estimation of droplet sizes. Int. J. 

Pharm. 2006; 312:187–195. 

44. Obitte NC, Rohan LC, Adeyeye CM, Esimone CO. Optimized artemether-loaded anhydrous emulsion. 

British Journal of Pharmaceutical Research. 2014 Jan 1;4(1):37 

45. Joyce, P., Dening, T. J., Meola, T. R., Schultz, H. B., Holm, R., Thomas, N., Prestidge, C. A. (2019). 

Solidification to improve the biopharmaceutical performance of SEDDS: Opportunities and challenges. 

Advanced Drug Delivery Reviews, 142, 102– 117. DOI: http://doi.org/10.1016/j.addr.2018.11.006. 

46. Goyal, U., Gupta, A., Rana, A. C., Aggarwal, G. (2012). Self-micro emulsifying drug delivery system: A 

method for enhancement of bioavailability. International Journal of Pharmaceutical Sciences, 3 (1), 66–79.  

47. Milović, M., Djuriš, J., Djekić, L., Vasiljević, D., Ibrić, S. (2012). Characterization and evaluation of solid 

self-micro-emulsifying drug delivery systems with porous carriers as systems for improved carbamazepine 

release.International Journal of Pharmaceutics, 436 (1-2), 58–65. DOI: 

http://doi.org/10.1016/j.ijpharm.2012.06.032.  

48. Hyma, P., Abbulu, K. (2013). Formulation and characterisation of self-micro emulsifying drug delivery 

system of pioglitazone. Biomedicine & Preventive Nutrition, 3 (4), 345–350. DOI: 

http://doi.org/10.1016/j.bionut.2013.09.005. 

49. Djekic, L., Jankovic, J., Čalija, B., Primorac, M. (2017). Development of semisolid self-micro emulsifying 

drug delivery systems (SMEDDSs) filled in hard capsules for oral delivery of aciclovir. International Journal of 

Pharmaceutics, 528 (1-2), 372– 380. DOI: http://doi.org/10.1016/j.ijpharm.2017.06.028. 

50. Čerpnjak, K., Pobirk, A. Z., Vrečer, F., Gašperlin, M. (2015). Tablets and minitablets prepared from spray-

dried SMEDDS containing naproxen. International Journal of Pharmaceutics, 495 (1), 336–346. DOI: 

http://doi.org/10.1016/j.ijpharm.2015.08.099. 

51. Vyas S.P., Khar R.K. Submicron emulsion. In Targeted and Controlled Drug Delivery Novel Carriers 

Systems. CBS Publishers and Distributors, 2002; pp. 291–294. 

52. Čerpnjak, K., Zvonar, A., Vrečer, F., Gašperlin, M. (2015). Characterization of naproxen-loaded solid 

SMEDDSs prepared by spray drying: The effect of the polysaccharide carrier and naproxen concentration. 

International Journal of Pharmaceutics, 485 (1-2), 215–228. DOI: http://doi.org/10.1016/j.ijpharm.2015.03.015.  

53. Garg, V., Kaur, P., Singh, S. K., Kumar, B., Bawa, P., Gulati, M., Yadav, A. K. (2017). Solid self-nano 

emulsifying drug delivery systems for oral delivery of polypeptide-k: Formulation, optimization, in-vitro and in-

vivo antidiabetic evaluation. European Journal of Pharmaceutical Sciences, 109, 297–315. DOI: 

http://doi.org/10.1016/j.ejps.2017.08.022. 

54.  Gupta, S., Chavhan, S., Sawant, K. K. (2011). Self-nano emulsifying drug delivery system for adefovir 

dipivoxil: Design, characterization, in vitro and ex vivo evaluation. Colloids and Surfaces A: Physicochemical 

and Engineering Aspects, 392 (1), 145– 155. DOI: http://doi.org/10.1016/j.colsurfa.2011.09.048. 

55.  Kumar, B., Garg, V., Singh, S., Pandey, N. K., Bhatia, A., Prakash, T. et. al. (2018). Impact of spray drying 

over conventional surface adsorption technique for improvement in micrometric and biopharmaceutical 

characteristics of self-nano emulsifying powder loaded with two lipophilic as well as gastrointestinal labile 

drugs. Powder Technology, 326, 425–442. DOI: http://doi.org/10.1016/j.powtec.2017.12.005. 

56. McConville, C., Friend, D. (2013). Development and characterisation of self-micro emulsifying drug 

delivery systems (SMEDDSs) for the vaginal administration of the antiretroviral UC-781. European Journal of 

Pharmaceutics and Biopharmaceutics, 83 (3), 322–329. DOI: http://doi.org/10.1016/j.ejpb.2012.10.007. 

57.  Qureshi, M. J., Mallikarjun, C., Kian, W. G. (2015). Enhancement of solubility and therapeutic potential of 

poorly soluble lovastatin by SMEDDS formulation adsorbed on directly compressed spray dried magnesium 

aluminometasilicate liquid loadable tablets: A study in diet-induced hyperlipidemic rabbits. Asian Journal of 

Pharmaceutical Sciences, 10 (1), 40–56. DOI: http://doi.org/10.1016/j.ajps.2014.08.003.  

http://doi.org/10.1016/j.ijpharm.2012.06.032
http://doi.org/10.1016/j.bionut.2013.09.005
http://doi.org/10.1016/j.ijpharm.2017.06.028
http://doi.org/10.1016/j.ejps.2017.08.022
http://doi.org/10.1016/j.colsurfa.2011.09.048
http://doi.org/10.1016/j.ejpb.2012.10.007
http://doi.org/10.1016/j.ajps.2014.08.003


www.ijppr.humanjournals.com 

Citation: Vishal R. Rasve et al. Ijppr.Human, 2022; Vol. 26 (1): 206-224. 223 

58. Gu, M., Gong, M., Qian, Y., Yan, G. (2013). Development of a self-microemulsifying drug delivery system 

to enhance oral bioavailability of β-elemene in rats. Journal of Drug Delivery Science and Technology, 23 (5), 

485–491. doi: http://doi.org/10.1016/s1773-2247(13)500700.  

59. Niederquell, A., Völker, A. C., Kuentz, M. (2012). Introduction of diffusing wave spectroscopy to study 

self-emulsifying drug delivery systems concerning the liquid filling of capsules. International Journal of 

Pharmaceutics, 426 (1-2), 144–152. DOI: http://doi.org/10.1016/j.ijpharm.2012.01.042. 

60. Abdulkarim, M., Sharma, P. K., Gumbleton, M. (2019). Self-emulsifying drug delivery system: Mucus 

permeation and innovative quantification technologies. Advanced Drug Delivery Reviews, 142, 62–74. DOI: 

http://doi.org/10.1016/j.addr.2019.04. 

61. Pouton CW. Formulation of self-emulsifying drug delivery systems. Adv Drug Deliv Rev. 1997; 25:47– 58. 

62. Dhumal, D. M., Akamanchi, K. G. (2018). Self-micro emulsifying drug delivery system for camptothecin 

using new bicephalous hydrolipid with tertiary-amine as a branching element. International Journal of 

Pharmaceutics, 541 (1-2), 48–55. DOI: http://doi.org/10.1016/j.ijpharm.2018.02.030.  

63. Mekjaruskul, C., Yang, Y.-T., Leed, M. G. D., Sadgrove, M. P., Jay, M., Sripanidkulchai, B. (2013). Novel 

formulation strategies for enhancing oral delivery of methoxyflavones in Kaempferia parviflora by SMEDDS or 

complexation with 2-hydroxypropyl-βcyclodextrin. International Journal of Pharmaceutics, 445 (1-2), 1–11. 

DOI: http://doi.org/10.1016/j.ijpharm.2013.01.052. 

64. Kheawfu, K., Pikulkaew, S., Rades, T., Müllertz, A., Okonogi, S. (2018). Development and characterization 

of clove oil nanoemulsions and self-micro emulsifying drug delivery systems. Journal of Drug Delivery Science 

and Technology, 46, 330–338. DOI: http://doi.org/10.1016/j.jddst.2018.05.028.  

65. Ishak, R. A. H., Osman, R. (2015). Lecithin/TPGS-based spray-dried self-micro emulsifying drug delivery 

systems: In vitro pulmonary deposition and cytotoxicity. International Journal of Pharmaceutics, 485 (1-2), 249–

260. doi: http://doi.org/10.1016/ j.ijpharm.2015.03.019. 

66. Vasconcelos, T., Marques, S., Sarmento, B. (2018). Measuring the emulsification dynamics and stability of 

self-emulsifying drug delivery systems. European Journal of Pharmaceutics and Biopharmaceutics, 123, 1–8. 

DOI: http://doi.org/10.1016/j.ejpb.2017.11.003. 

67. Fatouros DG et al. Morphological observations on a lipid-based drug delivery system during in vitro 

digestion. Eur J Pharm Sci 2007; 31:85–94. 

68. Greiner RW, Evans DF. Spontaneous formation of a water continuous emulsion from water-in-oil 

microemulsion. Langmuir 1990; 6: 1793–1796. 

69. Silva, L. A. D., Almeida, S. L., Alonso, E. C. P., Rocha, P. B. R., Martins, F. T., Freitas, L. A. P. et. al. 

(2018). Preparation of a solid self-micro emulsifying drug delivery system by hot-melt extrusion. International 

Journal of Pharmaceutics, 541 (1-2), 1–10. DOI: http://doi.org/10.1016/j.ijpharm.2018.02.020.   

70. Parmar, N., Singla, N., Amin, S., Kohli, K. (2011). Study of the co-surfactant effect on nano emulsifying 

area and development of lercanidipine loaded (SNEDDS) self-nano emulsifying drug delivery system. Colloids 

and Surfaces B: Biointerfaces, 86 (2), 327–338. DOI: http://doi.org/10.1016/j.colsurfb.2011.04.016.  

71. Inugala, S., Eedara, B. B., Sunkavalli, S., Dhurke, R., Kandadi, P., Jukanti, R., Bandari, S. (2015). Solid self-

nano emulsifying drug delivery system (S-SNEDDS) of darunavir for improved dissolution and oral 

bioavailability: In vitro and in vivo evaluation. European Journal of Pharmaceutical Sciences, 74, 1–10. DOI: 

http://doi.org/10.1016/j.ejps.2015.03.024.  

72. Christiansen, M. L., Holm, R., Abrahamsson, B., Jacobsen, J., Kristensen, J., Andersen, J. R., Müllertz, A. 

(2016). Effect of food intake and co-administration of placebo self-nano emulsifying drug delivery systems on 

the absorption of cinnarizine in healthy human volunteers. European Journal of Pharmaceutical Sciences, 84, 

77–82. DOI: http://doi.org/10.1016/j.ejps.2016.01.011.  

73. Kauss, T., Gaubert, A., Tabaran, L., Tonelli, G., Phoeung, T., Langlois, M.-H. et. al. (2018). Development of 

rectal self-emulsifying suspension of a moisture-labile water-soluble drug. International Journal of 

Pharmaceutics, 536 (1), 283–291. DOI: http://doi.org/10.1016/j.ijpharm.2017.11.067.  

74. Kadu, P. J., Kushare, S. S., Thacker, D. D., Gattani, S. G. (2010). Enhancement of oral bioavailability of 

atorvastatin calcium by self-emulsifying drug delivery systems (SEDDS). Pharmaceutical Development and 

Technology, 16 (1), 65–74. doi: http://doi.org/10.3109/ 10837450903499333.  

http://doi.org/10.1016/s1773-2247(13)500700
http://doi.org/10.1016/j.ijpharm.2012.01.042
http://doi.org/10.1016/j.ijpharm.2018.02.020
http://doi.org/10.1016/j.colsurfb.2011.04.016
http://doi.org/10.1016/j.ejps.2015.03.024
http://doi.org/10.1016/j.ijpharm.2017.11.067


www.ijppr.humanjournals.com 

Citation: Vishal R. Rasve et al. Ijppr.Human, 2022; Vol. 26 (1): 206-224. 224 

75. Truong, D. H., Tran, T. H., Ramasamy, T., Choi, J. Y., Lee, H. H., Moon, C. et. al. (2015). Development of 

Solid Self-Emulsifying Formulation for Improving the Oral Bioavailability of Erlotinib. AAPS PharmSciTech, 

17 (2), 466–473. doi: http://doi.org/10.1208/s12249-015-0370-5.  

76. Xu, Y., Wang, Q., Feng, Y., Firempong, C. K., Zhu, Y., Omari-Siaw, E. et. al. (2016). The enhanced oral 

bioavailability of [6]- Gingerol-SMEDDS: Preparation, in vitro and in vivo evaluation. Journal of Functional 

Foods, 27, 703–710. doi: http://doi.org/10.1016/ j.jff.2016.10.007.  

77. Mahmood, A., Bernkop-Schnürch, A. (2019). SEDDS: A game-changing approach for the oral 

administration of hydrophilic macromolecular drugs. Advanced Drug Delivery Reviews, 142, 91–101. DOI: 

http://doi.org/10.1016/j.addr.2018.07.001. 

78. Kazi, M., Al-Swairi, M., Ahmad, A., Raish, M., Alanazi, F. K., Badran, M. M. et. al. (2019). Evaluation of 

Self-Nanoemulsifying Drug Delivery Systems (SNEDDS) for Poorly Water-Soluble Talinolol: Preparation, in 

vitro and in vivo Assessment. Frontiers in Pharmacology, 10. doi: http://doi.org/10.3389/fphar.2019.00459. 

79. Reiss, H. Entropy-induced dispersion of bulk liquids. J. Colloid Interface Sci. 1975; 53:61–70. 

 

 

http://doi.org/10.1016/j.addr.2018.07.001

