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Article Information  ABSTRACT 
Received: 15th August 2024  Background: Solids are physically and chemically more stable compared to liquid formulations. The 

Solid SEDDS form is preferred over the liquid SEDDS form to enhance the oral bioavailability of 

lipophilic medications. Solid SEDDS are isotropic mixtures of oil, surfactant, and co-solvent. 

Methodology: A liquid-solid compact approach is followed to convert liquid SEDDS into solid SEDDS. 

Melt granulation, melt extrusion, spray drying, adsorption to solid carriers, and freeze drying are some 

approaches to converting liquid SEDDS into solid SEDDS. Various solid self-emulsifying materials in 

several solid dosage forms, like solid dispersions, tablets, capsules, and powders. Result and 

discussion: Solid SEDDS results in solubility studies, particle size and polydispersity index (PDI), zeta 

potential, in vitro drug release, solid-state characterization (e.g., XRD, DSC), and stability studies. In 

summary, S-SEDDS seems to be a viable strategy for improving the distribution of poorly water-soluble 

drugs through enhanced bioavailability, stability, and administration simplicity. Conclusion: In this 

review, the research will be extended to the different approaches toward improving the bioavailability, 

stability, and solubility of poorly soluble drugs into solid SEDDS. All these components are intended to 

act as primary instructions for future development in SSEDDS. 
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INTRODUCTION 
The primary goal of this review work is to create a solid SEDDS 
to improve the bioavailability of poorly water-soluble drugs [1]. 
The oral route is the most convenient route for non-invasive drug 
administration. One of the main factors influencing oral 
bioavailability is solubility behaviour [2]. It is most convenient 
for administration due to their rather poor water solubility. In the 
oral administration of class II and IV absorption, some drugs 
have good clinical therapeutic effects and frequently have low 
systemic availability. The bioavailability of these drugs depends 
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upon their dissolution. The concept of drug delivery systems has 
surfaced to reduce the harmful effects of drugs [3]. The 
components of solid SEDDS isotropic mixtures are oils, 
surfactants, and co-solvents. This system's core idea is that a fine 
oil-in-water (o/w) emulsion forms instantly when the system is 
diluted with an aqueous phase while gently agitated. The active 
lipophilic component of SEDDS, inert lipid carriers like oils, and 
surfactant dispersions stimulate lipoprotein, resulting in micellar 
solubilization in the duodenum, and the drug becomes entrapped 
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in colloidal micelles. As a result, the drug becomes more soluble, 
improving its absorption. Each formulation approach has unique 
benefits and drawbacks. The concept of a drug delivery system 
was developed to reduce the negative impact of drugs and 
increase their absorption [4-6]. Solid self-micro emulsifying 
drug delivery systems (SSMEDDS) and solid self-nano 
emulsifying drug delivery systems (SSNEDDS) are two 
subcategories of solid self-emulsifying drug delivery systems 
(SSEDDS) based on particle size [7]. A microemulsion that is a 
transparent or translucent oil dispersion in water that is 
thermodynamically stable and has droplet sizes that typically 
range between 10 and 100 nm is known as a solid self-
microemulsifying drug delivery system. It has been possible to 
build solid self-nano emulsifying drug delivery devices that 
spontaneously form nano-sized emulsions when in contact with 
gastrointestinal fluids. Droplets typically range in size from 20 
to 1000 nanometers. Drug release can also be regulated or 
prolonged with a solid SEDDS design. Drugs that are susceptible 
to light, heat, or moisture can be made more stable with 
SSEDDS. Techniques including melt granulation, melt 
extrusion, spray drying, adsorption to solid carriers, and freeze 
drying are used to turn the liquid SEDDS into solid form [8].  
 

It can be prepared in liquid form or encapsulated in a hard or soft 
gelatin capsule. Since soft gel formulations are more expensive, 
it is better to approach solid SEDDS [9]. Solid SEDDS forms 
have more stability and a longer shelf life than liquid 
formulations. Compared to liquid SEDDS, solid forms are made 
of powders or particles. These powdered forms are intended to 
dissolve or disperse within the gastrointestinal tract when they 
create an emulsion in vivo [10]. 
 
Objective of SSEDDS 
• To help render poorly soluble drugs more soluble, thus 

improving bioavailability for better therapeutic results. 
• Increase patient compliance by offering a more convenient 

and user-friendly dosage form [11].  
• To improve the dosage form's design for efficient use of 

drugs and to maximise the amount of drug loading in the 
solid dose form. 

• For delivery of drugs to some areas of the GI tract or other 
parts of the body. 

• Involves a regulated or prolonged release of drugs in a way 
that will prolong its therapeutic effects and reduce the need 
for conventional dosage [12].  

COMPOSITION 
Oil 
Oils are used for solubilising lipophilic (hydrophobic) drugs of 
low water solubility. The drug dissolves and is more readily 
absorbed by the digestive system once it has been emulsified. 
Oil increases the formation of microemulsions or nanoemulsions 
by reducing the interfacial tension between the oil and aqueous 
phases when the formulation interacts with water. Oil helps 
improve a drug's solubility and promote its dispersion into fine 
droplets after emulsification, increasing the surface area that 
may be absorbed in the GI tract. Examples of oil medium-chain 
triglycerides (MCTs) are aprylic/capric triglycerides. Long-
chain triglycerides (LCTs) are soybean, sesame, and corn. Fatty 
acid esters are isopropyl myristate, isopropyl palmitate, and 
ethyl oleate, as represented in Table 1.  Exotic oil, fish oil, and 
borage oil are commonly used [13].  

Table 1:  Selection of Oil Solid SEDDS 

Medium chain 
triglycerides (MCT) 

Long chain 
triglycerides (LCT) 

Fatty Acid 
Esters 

Miglyol® 812 Olive Oil Isopropyl 
Myristate 

Labrafac™ Lipophile 
WL 1349 

Corn Oil 
Isopropyl 
Palmitate 

Neobee® M-5 Sesame Oil Oleic acid 
Akoline MCM Soybean Oil Ethyl Oleate 

 
Surfactant 
Surfactants are very important for the formulation of 
microemulsions. In the case of surfactants, when a liquid self-
emulsifying system is converted into a solid, for example, by 
adsorption onto solid carriers or simply by spray drying, the 
emulsification properties are maintained, ensuring effectiveness 
after the solidification phase. It reduces interfacial tension and 
enhances drug solubilisation by increasing the solubility of 
lipophilic drugs in the aqueous phase. Combined with these 
compounds, a stable emulsion is formed by reducing the surface 
tension between the aqueous and lipid phases. It helps to 
disperse the emulsion in gastrointestinal fluids. The non-ionic 
surfactants are polysorbates (tween) and polyoxethylene glycol 
derivatives; anion surfactants are sodium lauryl sulfate and 
sodium dodecyl sulfate; and amphoteric surfactants are lecithin 
and phospholipids, as represented in Table 2 [14]. 
 
Co-surfactant 
Higher concentrations of surfactants in formulations cause 
gastrointestinal disturbances and irritation, which should be 
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avoided. This can only be accomplished by using co-surfactants 
to reduce the surfactant concentration. Due to the reduced 
interfacial tension among oil and water, co-surfactants improve 
emulsion formation, increase solubilisation, and reduce them. 
Also, co-surfactants may increase the permeability and solubility 
of poorly water-soluble drugs, increasing their bioavailability. 
Co-surfactants enhance the drug's rapid absorption by improving 
its dispersion in the gastrointestinal fluid.  
 
Improved drug dispersion and solubilisation result from the 
formation of smaller, more homogeneous droplets during 
emulsification, which is made possible by this reduction. This 
preserves the self-emulsifying characteristics in the solid form. 
Some commonly used co-surfactants in SSEDDS include 
polyethylene glycol, transcutol HP, ethanol, sorbital, and 
mannitol, which are represented in Table 3. Co-surfactants are 
essential for SSEDDS, and obtaining the intended drug delivery 
result depends on these molecules' careful selection and 
optimisation [15].  
Table 2:  Selection of surfactants for Solid SEDDS 

Chemical name Trade name 

Glycerol monooleates Peceol™ 

Lauroyl macrogol-32 glycerides Gelucire® 44/14 

Polysorbate 20 Tween® 20 

PEG-60 hydrogenated castor oil Cremophor® RH 60 

Glyceryl caprylate Capmul® MCM 

Propylene glycol monocaprylate Capryol® 90 

Sorbitan monopalmitate Span 40 

Polysorbate 80 Tween® 80 

Sorbitan monooleate Span® 80 
Polyethylene glycol (15)-
hydroxystearate 

Solutol® HS 15 

Polyoxylglycerides Labrafil® M 2125 
 
Table 3: Selection of co-surfactants for solid SEDDS 

Alcohols & 
polyols 

Esters Amides 

Transcutol Triacetin Pyrrolidone 
Benzyl alcohol Ethylene oleate N-alkylpyrrolidone 
Sorbitol, 
mannitol 

Acetyl triethyle 
citrate 

Polyvinyl pyrrolidone 

Glycerol Propylene glycol 
diacetate 

N,N-
Dimethylacetamide 

 

Other Excipients used in SSEDDS 
Polymers 
Subsequently, after the liquid self-emulsifying system is 
transformed into a solid form, polymers help to stabilise the 
mixture of oils and surfactants. They may include co-surfactants 
to ensure the performance and stability of S-SEDDS while being 
handled and stored.  SSEDDS include various polymers like 
hydroxypropyl methylcellulose, ethylcellulose, eudragit 
(methacrylic acid copolymers), polyvinylpyrrolidone, 
carbomers, chitosan, polycarbonate, etc [16].  
 
Lubricants and Glidants 
Stearic acid, talc, magnesium stearate, and colloidal silicon 
dioxide are widely utilised lubricants and glidants that enhance 
the flow ability of the solid dosage form during its manufacture, 
prevent the product's adhesion to machinery, and ensure proper 
powder flow during manufacturing [17].  
 
PSEUDOTERNARY PHASE DIAGRAMS 
Solid SEDDS are developed and optimised using a graphical 
representation called a pseudo-ternary phase diagram. The 
method of water titration was employed to produce a pseudo-
ternary phase diagram. Phase diagram construction involves the 
use of oil, surfactants, and co-surfactants. Appropriate oils that 
could solubilise the drugs were chosen based on the solubility 
studies of the drug. Based on their ability to stabilise the 
emulsion and HLB value, surfactant and cosurfactant are chosen. 
Each group's surfactant and cosurfactant (Smix) were combined 
in various weight ratios.  Oil and Smix are combined in various 
vials or tubes at varying ratios for every phase, progressively 
declining the oil concentration and elevating the water content. 
Water was added to the mixtures dropwise until an easily 
flowable o/w microemulsion with a clear or slightly bluish 
colour formed. An emulsion was a little less transparent system 
that appeared bright white or bluish-white. These values were 
utilised to determine the limits of the microemulsion region. The 
oil, surfactant, co-surfactant mixture (Smix), and water are the 
three components that each triangle axis represents. The phase 
diagram was constructed using Central Composite Design 
Software, CHEMIX school software, and Matlab software [18].  
 
Advantages 
• It provides a clear graphical representation of the phase 

behaviour of mixtures with three key components: oil, 
surfactant, and co-surfactant or solid matrix. This will help 
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formulators understand how different ratios between these 
three components can affect system performance. 

• It will thus systematically screen many formulations with 
different oil, surfactant, and co-surfactant/solidifying agent 
ratios. Therefore, it reduces the number of trial-and-error 
experiments and quickly identifies the optimum 
formulation.  

• This diagram helps identify regions where the drug is 
maximally solubilised in the lipid phase and, hence, better 
absorbed upon oral administration. 

• The phase diagram guides the selection of solidifying 
agents, allowing the S-SEDDS to remain solid at room 
temperature while being effective at self-emulsification 
with the necessary integrity of the solid form [19].  

 
Disadvantage 
• Ternary diagrams are constructed for three-component 

systems comprising oil, surfactant, and co-surfactant or 
solid matrix. Many formulations, however, may contain 
other excipients (e.g., stabilisers, co-solvents) that cannot 
easily be represented in a ternary system. 

• This may be time-consuming and labor-intensive, 
especially when unavailable high-throughput techniques.  

• In most cases, the pseudo-ternary phase diagram is plotted 
without a drug. However, the drug can have some 
substantial effects on phase behaviour, especially when the 
drugs have poor solubility. Its exclusion may mean that it 
doesn't fully represent the behaviour of the final drug-
containing formulation [20]. 

 
Significance of SSEDDS 
Spontaneous self-emulsification within the GIT [21] results in 
the formation of oil in water emulsion; the small size of globules 
formed upon dilution in GIT offers a large surface area, which 
improves the drug absorption of class II & IV drugs [22]. To 
address the stability and high manufacturing cost of liquid 
SEDDS, that was converted into solid SEDDS [23]. This model 
improves the gastric residence time [24], controlled release of 
drug [25], improved solubility and bioavailability [26], and ease 
of handling and targeting drugs to specific regions of GIT [21]. 
  
METHOD OF SOLID SEEDS 
 A graphical representation of different methods of formulation 
of solid SEDDS is shown in Figure 1. 
 

1.  Spray Drying: 
The liquid SEDDS is atomised into small droplets using a 
pressure nozzle, two-fluid nozzle, or rotary atomiser. The 
atomised droplets are exposed to hot air before they reach the 
drying chamber. Solid particles are left behind as the solvent 
evaporates, and dried powder is collected from collecting 
chambers and cyclone separators. Such particles are prepared 
into tablets and capsules, as shown in Figure 2 [27].  

 
Figure 1: Various methods to formulate solid SEDDS 

   

 

Figure 2: Conversion of liquid SEDDS into solid SEDDS by 
spray drying method 
 
2.  Melt extrusion 
Melt extrusion is also known as hot-melt extrusion (HME). The 
extruder feeds lipids, drugs, and surfactants into its barrel. There 
are two types of feeding: batch and continuous feeding. The 
mixture is heated to its processing temperature inside the 
extruder. The components melt due to the combination of heat 
and mechanical shear caused by revolving screws. A 
homogenous melt is produced when the drug is dissolved or 
distributed throughout the molten mixture. To create extrudates, 
the molten liquid is forced through a die. On a cooling roller or 
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conveyor belt, the extrudates are rapidly cooled to solidify them. 
The solidified extrudates are ground or milled into smaller 
particles, granules, or pellets, as shown in Figure 3 [28].  

 
Figure 3: Conversion of liquid SEDDS into solid SEDDS by 
hot melt extrusion method 
 
3. Adsorption to solid carrier: 

The preparation of S-SMEDDS involved combining liquid 
SMEDDS with solid carriers. In short, liquid SEDDS was added 
to the solid carrier under continuous stirring. To avoid clumping 
or agglomeration, ensure the liquid SEDDS is spread equally 
across the solid carrier’s surface. High-shear is used for mixing 
if necessary to improve homogeneity. The finished product 
needs to be a powder that flows freely and shows no evidence of 
being liquid. Powder being directly filled into capsules or 
compressed into tablets is shown in Figure 4. The frequently 
used carriers in solid SEDDS include lactose, microcrystalline 
cellulose, neusilin US2, malto dextrin, fujicalin, calcium silicate, 
syloid 550, and aerosil 200 [29].  

 
Figure 4: Conversion of liquid SEDDS into solid SEDDS by 
solid carrier method 
 
3. Melt granulation 

Melt granulation is a method that produces powder 
agglomeration by adding a binder that softens or melts at 
comparatively low temperatures. Fill the hot granulator with the 
solid carriers, and slowly add the liquid SEDDS formulation 
while continuously mixing it with the solid carrier. Because of 

the equipment's heat, allow the binder to melt, then keep mixing 
until the drugs, carriers, and melted binder are all evenly mixed. 

Optimizing the temperature is necessary to prevent the 
degradation of drugs or excipients. Once there has been 
sufficient development of granules, turn off the heat source and 
allow the system to cool down gradually. After removing excess 
moisture from the granules using a fluid bed dryer, once the 
granules are formed, they can be mounted into hard gelatin 
capsules or consolidated into tablets, depending on the required 
dosage form, as shown in Figure 5 [30].  

 

Figure 5: Conversion liquid SEDDS into solid SEDDS by 
melt granulation method 
 
3. Freeze drying / lyophilisation: 

During the process, liquid SEDDS are converted to solid 
SEDDS. The liquid SEDDS is added to liquid nitrogen or a 
freezer, where a temperature normally between -40°C and -80°C 
is maintained. At this point, heat is applied at regulated low 
temperatures while the pressure is decreased. This results in a 
direct sublimation of the formulation's frozen solvent (usually 
water), leaving behind a porous, dry solid matrix. There may still 
be bound water in the formulation after the sublimation or 
primary drying. The prepared SEDDS were placed at low 
pressure and high temperature to remove any residual moisture, 
called secondary drying. This stage improves the finished 
product's shelf life and stability, as shown in Figure 6 [31]. 

 

Figure 6: Conversion of liquid SEDDS into solid SEDDS by 
freeze-drying method 
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APPLICATION OF SSEDDS 
Enhancing stability 
S-SEDDS enhances drug stability. S-SEDDS enhanced the 
stability of tocotrienols using a solid carrier and a simple 
adsorption method [13]. 
Improved controlled or sustained Release 
Research on furosemide S-SEDDS showed enhanced and 
predictable therapeutic responses with controlled release [32]. 
Enhanced bioavailability and solubility 
S-SEDDS are particularly suitable for controlled substances in 
classes II, as per the BCS, which are typically weakly soluble in 
water but have good membrane permeability. Solid 
supersaturate self-emulsifying cilostazol tablets significantly 
improve drug solubility and absorption [33]. 
In the delivery of peptides and proteins 
S-SEDDS provide good delivery systems for lipophilic peptides 
and proteins while protecting the entrapped agents from 
breakdown by enzymes in the GI tract. This was proven by 
developing a solid self-emulsifying drug delivery system for 
lysozyme to enhance its stability and oral bioavailability [34]. 
Drug targeting and delivery of hydrophobic compounds 
 S-SEDDS solubilise hydrophobic drugs in the gastrointestinal 
system and hence help in their more effective delivery for 
improved absorption. It significantly enhanced Ibuprofen and 
Cyclosporin A, solubility, permeability, and bioavailability [35].  
Transport of lymphatic drugs 
By promoting the lymphatic transport of drugs, S-SEDDS can 
ideally bypass the first-pass processing by the liver, which, in 
most cases, increases the bioavailability of some drugs. For 
example, paclitaxel-loaded S-SEDDS significantly enhanced 
bioavailability and lymphatic targeting and offered a promising 
approach for improving oral paclitaxel delivery [36]. 
Cancer therapy 
S-SEDDS has high potential in cancer treatment. Paclitaxel S-
SEDDS enhances drug oral bioavailability, cellular uptake, and 
anti-tumour efficacy by inhibiting P-gp and utilising lymphatic 
transport, showing improved apoptosis and tumour reduction in 
vivo studies [37]. 
Protection against degradation 
SEDDS can deliver macromolecules like enzyme substrates, 
inhibitors, peptides, and hormones and protect them from 
enzymatic degradation [38-39]. 
Pediatric and geriatric drug delivery 
The S-SEDDS benefit pediatric and geriatric patients who may 
find conventional capsules or pills challenging to swallow. The 

systems can also be included in readily dissolved pills or 
powders administered as carrier-based compositions. 
Dolutegravir sodium was designed to focus on ease of 
administration [29]. 
 
DIFFERENT BETWEEN LIQUID AND SOLID SEDDS 
Liquid SEDDS have many drawbacks, such as being chemically 
and physically unstable compared to solid SEDDS. Soft gel 
capsules or liquid solutions fill liquids. Solid forms, such as 
tablets or capsules, are simpler to handle, store, and administer 
than liquid systems. Figure 7 shows the differences between 
liquid and solid SEDDS [40-42]. 

 
Figure 8: Distinctive features of liquid and solid SEDDS 

 
EVALUATION OF SSEDDS 
1. Solubility studies 
Determining the drug's solubility in various lipid excipients is a 
foundational step in S-SEDDS formulation. Equilibrium 
solubility studies involve mixing an excess amount of the drug 
with different oils, surfactants, and co-surfactants, followed by 
agitation and equilibrium at a controlled temperature. After 
centrifugation, the supernatant is analysed, typically using high-
performance liquid chromatography (HPLC), to quantify the 
dissolved drug concentration. These studies guide the selection 
of appropriate excipients that maximise drug solubility. 
 
2. Self-emulsification efficiency 
The ability of S-SEDDS to spontaneously form emulsions upon 
dilution is critical. This efficiency is assessed by diluting the 
formulation in aqueous media under mild agitation and 
observing the resultant emulsion. Parameters such as 
emulsification time, appearance (clarity or turbidity), and the 
tendency to form a stable emulsion are recorded. Efficient self-
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emulsifying formulations rapidly produce fine, uniform 
emulsions, indicating potential for enhanced drug absorption. 
 
3. Droplet size and polydispersity index  
The size of the emulsion droplets significantly impacts drug 
absorption and stability. Dynamic light scattering (DLS) or laser 
diffraction techniques are commonly used to measure droplet 
size and polydispersity index (PDI). A smaller droplet size (<200 
nm) with a low PDI (<0.3) indicates uniform dispersion and 
enhanced drug absorption. 
 
4. Zeta potential analysis 
Zeta potential measures the surface charge of the emulsion 
droplets, which influences the formulation's physical stability. A 
high zeta potential value (>±30 mV) suggests strong repulsion 
between droplets, preventing aggregation and improving 
stability. Zeta potential measurements are conducted using 
electrophoretic light scattering techniques. 
 
5. Solid-state characterisation 
Transforming liquid SEDDS into solid forms necessitates 
thorough characterisation to ensure the drug's stability and 
performance. Key techniques include: 
• Differential scanning calorimetry (DSC) Assesses thermal 

transitions to determine the drug's crystalline or amorphous 
nature within the formulation. 

• X-ray powder diffraction (XRPD) identifies the drug's 
physical state, detecting any changes in crystallinity post-
formulation. 

• Fourier transform infrared spectroscopy (FTIR): Detects 
potential chemical interactions between the drug and 
excipients by analysing characteristic functional group 
vibrations. 

• Scanning electron microscopy (SEM): Visualizes the 
surface morphology of solid particles, providing insights 
into particle size, shape, and surface characteristics [23]. 

• Micromeritic properties: The micromeritic parameters of S-
SEDDS, including bulk and tapped density, Hausner ratio 
(HR), compressibility index, and angle of repose, can be 
determined by the following methods.  

a) Bulk density: The powder is placed into the measuring 
cylinder, and the apparent volume is determined. The 
following formula is used to determine bulk density. 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =
𝑀𝑀𝑀𝑀𝑑𝑑𝑑𝑑 𝑜𝑜𝑜𝑜 𝑝𝑝𝑜𝑜𝑝𝑝𝑑𝑑𝑑𝑑𝑝𝑝
𝑉𝑉𝑜𝑜𝐵𝐵𝐵𝐵𝑉𝑉𝑑𝑑 𝑜𝑜𝑜𝑜 𝑝𝑝𝑜𝑜𝑝𝑝𝑑𝑑𝑑𝑑𝑝𝑝

 

b) Tapped density: The ratio between tapped volume and 
weight is used to calculate tapped density. 

𝑇𝑇𝑀𝑀𝑝𝑝𝑝𝑝𝑑𝑑𝑑𝑑 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =
𝑀𝑀𝑀𝑀𝑑𝑑𝑑𝑑 𝑜𝑜𝑜𝑜 𝑝𝑝𝑜𝑜𝑝𝑝𝑑𝑑𝑑𝑑𝑝𝑝

𝑇𝑇𝑀𝑀𝑝𝑝𝑝𝑝𝑑𝑑𝑑𝑑 𝑣𝑣𝑜𝑜𝐵𝐵𝐵𝐵𝑉𝑉𝑑𝑑 𝑜𝑜𝑜𝑜 𝑝𝑝𝑜𝑜𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑𝑝𝑝
 

c) Hausner ratio 
The flowability of a powder is determined using the Hausner 
ratio. The ratio of tapped density to bulk density is called the 
Hausner ratio. The formula for determining the Hausner ratio is 
as follows:  

𝐻𝐻𝑀𝑀𝐵𝐵𝑑𝑑𝑑𝑑𝑑𝑑𝑝𝑝 𝑝𝑝𝑀𝑀𝑑𝑑𝑑𝑑𝑜𝑜 =
𝑇𝑇𝑀𝑀𝑝𝑝𝑝𝑝𝑑𝑑𝑑𝑑 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

 

d) Compressibility Index: 
Carr's compressibility index is used to evaluate the granules 
compressibility. 
𝐶𝐶𝑀𝑀𝑝𝑝𝑝𝑝´𝑑𝑑 𝑐𝑐𝑜𝑜𝑉𝑉𝑝𝑝𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝐵𝐵𝑑𝑑𝑑𝑑𝑑𝑑 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑖𝑖(%)

=
𝑇𝑇𝑀𝑀𝑝𝑝𝑝𝑝𝑑𝑑𝑑𝑑 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 − 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝑇𝑇𝑀𝑀𝑝𝑝𝑝𝑝𝑑𝑑𝑑𝑑 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
× 100 

e) Angle of repose: 
 The angle of repose can be determined using the fixed funnel 
method. The funnel is filled with the samples until a smooth 
mound forms. The powder can freely flow down the funnel and 
onto the surface. A graded scale is used to measure the height 
and diameter of the heap. The angle of repose can be calculated 
using the formula below.  

𝑑𝑑𝑀𝑀𝑑𝑑ɵ = ℎ/𝑝𝑝   
where ɵ=angle of repose, h=heigh, r=average radius of the 
power cone  [43]. 
 
6. In vitro dissolution studies 
Dissolution testing is performed to compare the drug release 
profile of S-SEDDS with that of the pure drug or conventional 
dosage forms. This test uses a USP dissolution apparatus in 
various simulated gastrointestinal fluids. The drug release rate is 
determined using UV-visible spectroscopy or HPLC analysis. 
An enhanced dissolution rate indicates the efficiency of S-
SEDDS in improving drug solubility. 
 
7. In vitro lipolysis studies 
Since S-SEDDS formulations contain lipids, they undergo 
digestion in the gastrointestinal tract. In vitro, lipolysis studies 
simulate the enzymatic digestion process to assess the potential 
precipitation of the drug upon lipid digestion. The formulation is 
incubated with digestive enzymes (pancreatic lipase) in a 
simulated intestinal environment, and the extent of drug 
precipitation is analysed [44]. 
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8. Stability studies 
Stability assessment is crucial to determine the shelf-life of S-
SEDDS. These studies evaluate the impact of temperature, 
humidity, and light on the formulation over time. Stability 
studies include: 
• Accelerated stability testing: Formulations are stored at 

elevated temperatures and humidity (e.g., 40°C/75% RH), 
and physical and chemical stability is analysed. 

• Long-term stability studies: Monitoring formulation 
changes under standard storage conditions over extended 
periods. 

• Physical stability: Observing phase separation, 
precipitation, or changes in droplet size over time. 

 
9. In vivo bioavailability studies 
In vivo, studies are conducted in animal models or human 
subjects to confirm the enhancement in drug absorption and 
bioavailability. These studies involve administering S-SEDDS 
and measuring pharmacokinetic parameters such as: 

• Maximum plasma concentration (Cmax) 
• Time to reach maximum concentration (Tmax) 
• Area under the concentration-time curve (AUC) 

 An increase in Cmax & AUC values compared to conventional 
formulations indicates improved bioavailability [43]. 
 
10. Permeability studies 
Assessing the drug's permeability from S-SEDDS formulations 
provides insights into its potential absorption in the 
gastrointestinal tract. Techniques such as Caco-2 cell monolayer 
assays or ex vivo intestinal perfusion studies evaluate the drug's 
transport across intestinal barriers. Enhanced permeability 
indicates the formulation's effectiveness in facilitating drug 
uptake [45]. 
 
11. Excipient compatibility studies 
To ensure the long-term stability and efficacy of S-SEDDS, 
drug-excipient compatibility studies are conducted using 
techniques like DSC, FTIR, and HPLC. These studies help 
identify potential interactions that might affect the drug’s 
stability [46]. 
 
CONCLUSION  
Solid SEDDS are a significant development in drug delivery 
technology, especially for improving the bioavailability of drugs 
that aren’t water-soluble. Solidifying liquid SEDDS will bring 

several advantages, including enhanced stability, better patient 
compliance, ease of handling, and a wider range of dosing forms, 
such as capsules and tablets. Solid SEDDS resolves most of the 
drawbacks associated with liquid formulations, including 
leakages and degradation, while maintaining the all-important 
self-emulsification features for improved solubilisation and 
absorption of drugs in the GI tract. Solid self-emulsifying drug 
delivery systems, in contrast to liquid SEDDS, are a promising 
and attractive approach for delivering lipophilic drugs in terms 
of consistency and efficiency, long-term stability, ease of 
processing, and versatile formulation. Their manufacture may, 
however, be more complex. 3D printing technology is one of the 
leading technologies explored in the pharmaceutical 
manufacturing sector to develop self-nano-emulsifying tablets 
[47]. Solid SEDDS will greatly expand the application of self-
emulsifying systems in pharmaceutical product development. 
Studies have shown that developing or formulating BCS class II 
and IV drugs as SEDDS increases oral bioavailability. Liquid or 
semi-liquid SEDDS are formulated or converted into tablets, 
capsules, pellets, powders, and other forms of SEDDS. The 
mentioned SEDDS can be converted into SSEDDS using 
techniques such as melt granulation, melt extrusion, spray drying 
and cooling, adsorption to solid carriers, and lyophilisation. 
Consequently, more research in this area is needed to develop a 
wide range of preparations using self-emulsification that could 
be commercially available. Selecting excipients is a principal 
task, or objective, in developing SSEDDS with the help of main 
directions. All these constituents shall work as principal 
directions in the future development of SSEDDS. Researching 
current trends, designing studies, and analysing data to 
demonstrate SSEDDS potential in improving bioavailability. 
Their collaborative efforts ensured comprehensive insights and 
innovative solutions to drug delivery challenges. 
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