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 ABSTRACT 

Poor aqueous solubility of many therapeutic agents is one of the major challenges in pharmaceutical drug 

development, as it often results in low dissolution rate, poor absorption, and reduced bioavailability. To 

overcome these limitations, microemulsion systems have emerged as a promising and innovative drug delivery 

platform for poorly water-soluble drugs. Microemulsion systems (MES) represent a thermodynamically stable, 

isotropic, and nanostructured drug delivery platform designed to overcome the critical challenges of poor 

aqueous solubility, low dissolution rates, and suboptimal bioavailability inherent in many therapeutic agents. 

Composed of an optimized blend of oil, water, surfactants, and co-surfactants, these systems spontaneously 

form droplets in the nanometer range, providing a high solubilization capacity and a vast interfacial surface 

area that facilitates enhanced drug permeability and absorption. The development of these formulations 

involves rigorous strategies, including solubility screening and the construction of pseudo-ternary phase 

diagrams to identify the stable microemulsion region, followed by comprehensive characterization through 

droplet size analysis, viscosity, pH, drug content, and in vitro release studies. Ultimately, the ease of 

preparation combined with superior physical stability makes microemulsions a highly effective and versatile 

approach for the oral delivery of hydrophobic drugs in modern pharmaceutical research. 

Keywords: Microemulsion, Poorly water-soluble drugs, Bioavailability enhancement, Pseudo-ternary phase 

diagram, Nanotechnology, Solubilization, Thermodynamic stability. 

INTRODUCTION 

One of the biggest problems in the pharmaceutical drug development is poor aqueous solubility. Almost 40 

percent of the new drugs that are discovered have poor water solubility that translates to low rate of dissolution, 

low absorption rate, and low bioavailability through the oral route. This has made enhancement of solubility 

and dissolution properties of such drugs a significant goal of formulation science. (1,6,14)  

Microemulsion systems are a recent emerging novel drug delivery system to address solubility constraints of 

hydrophobic drugs. Microemulsions are thermodynamically stable, isotropic mixtures of oil, water, surfactant 

and usually a co-surfactant which spontaneously form droplet dispersion of a mean size that is usually between 
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10-100 nm. The nano-sized droplets augment the surface area of interfaces, drug solubilities, and drug 

absorption across biological membranes (6,13,15). 

The microemulsions have developed an interest in the pharmaceutical research literature due to their capability 

to carry a wide range of lipophilic and hydrophilic drugs because of the advantages of being able to access 

better bioavailability of poorly soluble drugs in water. (1,8,16)  

Microemulsion systems have emerged as a promising novel drug delivery platform to overcome solubility 

limitations of hydrophobic drugs. Microemulsions are thermodynamically stable, isotropic dispersions of oil, 

water, surfactant, and often a co-surfactant that form spontaneously with droplet sizes typically ranging from 

10–100 nm. These nano-sized droplets increase interfacial surface area, enhance drug solubilization, and 

improve drug absorption across biological membranes.(6,13,15) 

Due to their ability to incorporate both lipophilic and hydrophilic drugs, microemulsions have attracted 

considerable attention in pharmaceutical research as a versatile system for improving the bioavailability of 

poorly water-soluble drugs. (1,8,16) 

Concept of Microemulsion Systems 

Microemulsion refers to a thermodynamically stabilized, clear, and dispersive mixture of oil and water that 

consist of surfactants and co-surfactants with a nanoscale-sized droplets. Microemulsions are spontaneously 

formed as opposed to the traditional emulsions that are formed by low interfacial tension and the interfacial 

film is high-flexibility. (6, 9, 13) 

Advantage and Disadvantage 

Advantage  

1. These are thermodynamically stable. 

2. Require minimum energy for formation. 

3. Easy manufacturing. 

4. Wide application in colloidal drug delivery system. 

Disadvantage  

1. Use of a large concentration of surfactant and co-surfactant. 

2. Limited solubilizing capacity for high melting substance. 

3. Microemulsion stability is influenced by environmental parameters such as temperature and pH. 

Characteristics of Microemulsions 

 Particle size 10-100 nm 

 Thermodynamically stable (long shelf-life) 

 Optically clear 
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 High surface area (high 

solubilization capacity) 

 Small droplet size 

 Enhanced drug solubilization 

 Ease formation (zero interfacial 

tension and almost 

spontaneousformation) 

 Ability to be sterilized by 

filtration 

  Long-term stability 

 High solubilization capacity for 

hydrophilic and lipophilic drugs 

 Improved drug delivery 

                  

 

 

 

Fig 1:  Diagram Of Microemulsion System 

Microemulsions are classified into three main types 

1. Oil-in-Water (O/W) microemulsion – In oil-in-water microemulsions, the small oil droplets are 

uniformly dispersed in an uninterrupted aqueous phase. The droplet size tends to be between 10-100nm 

and the system is normally clear or slightly opaque because of nanoscale size of the droplets. Here, the 

drugs which are not soluble in water are dissolved in the oil phase and the surrounding water phase 

helps them to be easily dispersed into the biological fluids. The interface between oil and water is 

stabilized by surfactants to ensure that the droplets are not aggregated and the system does not become 

unstable. O/W microemulsions can be employed specially in oral, topical and parenteral drug delivery, 

as the external aqueous phase increases compatibility with physiological fluids, and absorption is 

improved. These systems have a large influence in enhancing dissolution and bioavailability of drugs 

by increasing the surface area of drug release. (1,6) 

2. Water-in-Oil (W/O) microemulsion – In water-in-oil microemulsions, water droplets are suspended 

in a homogeneous oil droplet. External phase is formed by the oil phase and surfactants stabilize the 

droplets of water at the interface. This kind of microemulsion is applicable in the case of solubility of 

water-soluble drugs in the internal droplets of aqueous but not in the surrounding environment of oil. 

W/O microemulsions have been applied to topical and transdermal preparations since the continuous 
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phase of oil increases the penetration into the skin layers that are composed largely of lipids. The 

interfacial tension is lowered by the addition of surfactants and co-surfactants, which provides a 

flexible interfacial film and stabilizes the dispersed droplets, which remain stable in the long term and 

offers a homogenous distribution of the drug. (15) 

3. Bicontinuous microemulsion – Bicontinuous microemulsions contain a special structure where the oil 

and water phases are continuous interpenetrating networks. In contrast to O/W and W/O systems, in 

which one phase is dissolved in another, bicontinuous systems are made up of interlaced domains of oil 

and water and a surfactant film. Both lipophilic and hydrophilic drugs can be included in the same 

structure and therefore at the same time. Bicontinuous microemulsions offer greater interfacial surface 

area and solubilizing capacity and, therefore, are very effective in providing improved drug delivery 

across a biological membrane. The systems are extensively explored in terms of advanced drug delivery 

uses where they can be used to increase drug penetration, to increase drug loading, and generally to 

increase the overall efficacy of the therapy(1,16). 

These systems provide a microenvironment that enhances solubilization of poorly soluble drugs and facilitates 

their transport across biological membranes. 

Components of Microemulsion Systems 

1. Oil Phase 

o Solubilizes lipophilic drugs and enhances drug loading capacity. 

o Examples: medium-chain triglycerides, oleic acid, isopropyl myristate. 

2. Surfactant 

o Reduces interfacial tension between oil and water phases. 

o Common surfactants include Tween 80, Span 20, and Cremophor EL. 

3. Co-surfactant 

o Improves flexibility of interfacial film and aids microemulsion formation. 

o Examples: ethanol, propylene glycol, polyethylene glycol. 

4. Aqueous Phase 

o Usually purified water or buffer solution used to disperse the formulation. 

These components collectively produce a stable nano-dispersion capable of improving solubilization and drug 

delivery efficiency.(6,13,14) 

Design of Microemulsion Systems 

Designing a microemulsion formulation involves systematic selection of formulation components and 

optimization of their ratios. Key steps include: 
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1. Solubility Studies 

Determination of drug solubility in various oils, surfactants, and co-surfactants to select suitable 

components. 

2. Construction of Pseudoternary Phase Diagram 

Phase diagrams are used to identify the region where microemulsions are formed by varying ratios of 

oil, water, and surfactant mixture. 

3. Preparation of Microemulsion 

Microemulsions may be prepared by methods such as: 

o Phase titration method 

o Phase inversion method 

o Self-emulsifying systems 

4. Optimization of Formulation 

Formulations are optimized for stability, droplet size, and drug release characteristics. 

These design approaches help achieve stable microemulsions with high drug loading and improved dissolution 

profiles.(3,11) 

Method of Preparation Of Microemulsion 

1. Phase Titration Method 

2. Phase Inversion Method 

1. Phase Titration Method (Water Titration / Oil Titration) – Microemulsion regions are identified by 

constructing phase diagrams. Oil, water, surfactant, and co-surfactant are mixed in different ratios, and the 

clear microemulsion region is determined by gradual titration. 

2. Phase Inversion Method – Involves changing the composition (adding water/oil) or temperature to cause 

phase inversion between O/W and W/O systems. It uses two approaches: 

o Phase inversion composition (PIC) – gradual addition of one phase into another. 

o Phase inversion temperature (PIT) – heating/cooling alters surfactant affinity. 

Evaluation of Microemulsion Systems 

Microemulsion formulations are evaluated using various physicochemical and performance parameters: 

(11,14,15) 
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1. Droplet Size and Polydispersity Index (PDI) 

The Dynamic Light Scattering (DLS) is used to determine the droplet size to ensure the system is nanometric 

and in most cases, the size lies between 10 and 100 nm. Polydispersity Index (PDI) is a measure of uniformity 

of the droplet distribution with a value nearer to zero indicating a highly monodisperse system. Smaller 

droplets increase the surface area and therefore the dissolution rate and uptake of low solubility drugs is 

increased significantly.  

2. Zeta Potential 

Zeta potential measures the charge on the surface of the droplets that is considered to be a major predictor of 

the colloidal stability of the microemulsion. When the absolute zeta potential value is large (usually > 30| mV) 

this forms repulsive forces, which prevent aggregation and coalescence of the droplets with time. Stability can 

also be obtained through steric hindrance in systems stabilized with non-ionic surfactants although the charge 

is low. 

3. Viscosity Measurement 

The flow properties and rheological values are determined by viscosity and play an important role in the 

handling, packaging and administration of the formulation. It aids in determining the structural orientation of 

the microemulsion because O/W systems are usually less viscous to a bicontinuous or W/O structure. 

Measurement is normally done through Brookfield viscometer or cone-and-plate rheometer at a given shear 

rate.   

4. pH Determination 

The pH of the microemulsion is determined using a digital pH meter to ensure the formulation is compatible 

with the target physiological environment. Maintaining an appropriate pH is vital for preventing irritation at 

the site of administration (e.g., nasal, oral, or topical) and for ensuring the chemical stability of the drug. 

Significant shifts in pH during stability testing can indicate the degradation of surfactants or the active 

pharmaceutical ingredient.  

5. Drug Content and Encapsulation Efficiency 

Drug content analysis quantifies the total amount of drug present in the formulation, ensuring dose uniformity 

across different batches. Encapsulation efficiency specifically measures the percentage of the drug 

successfully incorporated within the oil droplets versus the amount remaining in the continuous phase. This is 

usually determined by separating the free drug via ultra-centrifugation and analyzing the supernatant using 

HPLC or UV spectroscopy.  
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6. In-vitro Drug Release Studies 

These studies simulate the release profile of the drug from the nanostructured vehicle into a physiological 

medium using a dissolution apparatus or Franz diffusion cells. A dialysis membrane is often employed to 

separate the microemulsion from the receptor medium, allowing only the released drug molecules to pass 

through. The data helps in understanding the release kinetics, such as whether the system follows Zero-order, 

First-order, or Higuchi models.  

7. Stability Studies 

Stability studies evaluate the formulation's resistance to phase separation, drug precipitation, and chemical 

degradation under various environmental conditions. Accelerated stability testing involves exposing samples 

to high temperature and humidity (e.g., 40°C/75% RH) as per ICH guidelines. Additionally, thermodynamic 

stability is tested through centrifugation and freeze-thaw cycles to ensure the system remains isotropic and 

clear.  

Such evaluations ensure the quality, stability, and therapeutic effectiveness of the microemulsion 

formulation. 

Applications of Microemulsion Systems 

Microemulsion-based drug delivery systems are applied in several pharmaceutical areas: 

 Oral delivery of poorly soluble drugs 

 Topical and transdermal drug delivery 

 Nasal drug delivery systems 

 Targeted drug delivery systems 

 Controlled drug release formulations 

These systems significantly enhance drug solubility, permeability, and therapeutic performance. (1,6) 

CONCLUSION 

Microemulsion systems represent an innovative and efficient platform for improving the solubility and 

bioavailability of poorly water-soluble drugs. Their unique physicochemical properties, including nanoscale 

droplet size, thermodynamic stability, and enhanced solubilization capability, make them highly suitable for 

advanced drug delivery applications. With ongoing research and development, microemulsion-based 

formulations are expected to play a significant role in modern pharmaceutical technology, particularly for 

drugs with poor aqueous solubility and limited bioavailability. 
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FUTURE OUTCOMES 

Microemulsion systems are expected to play a significant role in the future development of advanced drug 

delivery technologies, particularly for poorly water-soluble drugs. With continuous progress in pharmaceutical 

research, these systems may provide improved therapeutic efficacy, enhanced bioavailability, and better 

patient compliance. The application of microemulsion technology is likely to expand in various routes of drug 

administration such as oral, topical, transdermal, nasal, and parenteral delivery. In the future, microemulsion 

formulations may also contribute to targeted and controlled drug delivery, allowing drugs to reach specific 

sites of action with minimal side effects. 

Advancements in formulation techniques, nanotechnology, and characterization methods are expected to 

further improve the stability, safety, and performance of microemulsion systems. Additionally, the integration 

of microemulsions with novel carriers and biodegradable materials may open new possibilities for delivering 

complex therapeutic agents such as peptides, proteins, and anticancer drugs. Therefore, microemulsion-based 

drug delivery systems hold great potential as an innovative platform for enhancing the solubility, permeability, 

and overall therapeutic effectiveness of poorly water-soluble drugs in future pharmaceutical applications. 
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