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Abstract: The treatment of central nervous system disorders presents a major clinical challenge,
primarily because the protective blood—brain barrier limits the entry of most conventional therapeutic
agents into the brain. To address this obstacle, microemulsion-based drug delivery systems have
emerged as a highly versatile and promising platform in modern pharmaceutics. Characterized as clear,
isotropic, and thermodynamically stable dispersions of oil and water, microemulsions utilize an
interfacial film composed of surfactants and co-surfactants to naturally self-assemble into droplets
within the 10-200 nm size range.

This review explores the structural mechanics, thermodynamic principles, and dynamic formulation
pathways—such as phase inversion, phase titration, and agitation methods—that facilitate the
spontaneous creation of these nanocarriers. By acting as super solvents, microemulsions drastically
enhance the solubility and bioavailability of both poorly soluble lipophilic and hydrophilic drugs.
Furthermore, alternative delivery pathways like intranasal administration allow these nanodroplets to
bypass systemic circulation and directly target brain tissues. This targeted approach holds massive
therapeutic potential for managing chronic neurodegenerative diseases like Alzheimer's disease,
epilepsy, and schizophrenia by improving drug permeability, ensuring a faster onset of action, and
minimizing systemic side effects. Ultimately, carefully balancing surfactant concentrations with
biocompatible components helps overcome physical limitations, making microemulsions an essential
evolutionary step toward highly effective, patient-compliant brain-targeted therapies.
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I. INTRODUCTION
Microemulsions represent a distinct class of dispersion systems that appear transparent or translucent to the naked eye.
They were first identified by Hoar and Schulman (1943) during their experimental studies on the titration of long-chain
fatty acid emulsions (soapy, milky emulsions) with short- or medium-chain alcohols. This process resulted in the
formation of a translucent or transparent emulsion system, marking the discovery of microemulsions.
The formulation and development of novel drug delivery systems aimed at enhancing the efficacy and bioavailability of
existing drugs is a continuous and essential focus in pharmaceutical research. Among these systems, microemulsions
have gained significant attention due to their unique physicochemical characteristics and versatile applications in drug
delivery.
The concept of microemulsions was first introduced in the 1940s by Hoar and Schulman, who successfully produced a
clear, single-phase solution by triturating a milky emulsion with hexanol. They prepared the first microemulsion by
dispersing oil in an aqueous surfactant solution and adding an alcohol as a co-surfactant, resulting in a clear and
thermodynamically stable formulation.
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Microemulsions are defined as clear, transparent, thermodynamically stable dispersions of oil and water, stabilized by
an interfacial film of surfactant, often in combination with a cosurfactant. Alternative terms used to describe these
systems include swollen micelles, transparent emulsions, solubilized oils, and micellar solutions.

Structurally, microemulsions are bi-continuous systems consisting of bulk oil and water phases separated by a
surfactant/co-surfactant-rich interfacial layer. These systems offer several advantages over conventional emulsions,
including thermodynamic stability, spontaneous formation, optical transparency, and high solubilization capacity. Such

properties make microemulsions promising candidates for a wide range of pharmaceutical and biomedical applications.
’
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Figure 1: Phase diagram of micro emulsion.

Difference Between Microemulsions and Emulsions:

The major difference between emulsions and microemulsions lies in the form and size of the dispersed phase within the
continuous medium. In general, the droplet size of microemulsions ranges between 10-200 nm, whereas that of
conventional emulsions typically lies between 1— 20 um. This significant size difference contributes to the distinct
physical and optical properties of the two systems.

Another notable distinction is their appearance: microemulsions are transparent or translucent, while conventional
emulsions appear opaque or cloudy due to the larger droplet size that scatters visible light.

Additionally, there are clear differences in their methods of preparation. Conventional emulsions require a high input of
mechanical energy, such as homogenization or sonication, to disperse one phase into another. In contrast,
microemulsions are formed spontaneously under suitable conditions without the need for external energy input, owing
to their thermodynamic stability and the presence of surfactants and co-surfactants that facilitate self-assembly.

Advantages of micro emulsion:

e  Microemulsions are easily prepared and do not require external energy input during their formation. This is
attributed to their thermodynamic stability, which allows the spontaneous self-assembly of oil, water, and
surfactant components into a stable system.

e  Microemulsions are reversible systems that may temporarily lose stability under extreme temperature
conditions. However, when the temperature returns to the optimal stability range, the microemulsion
spontaneously re-forms, restoring its original structure and properties.

e  Microemulsions are thermodynamically stable systems that enable spontaneous self emulsification, resulting
in the formation of a uniform and stable dispersion without the need for external energy input.
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e  Microemulsions exhibit significantly lower viscosity compared to conventional emulsions, owing to their
smaller droplet size and thermodynamically stable, uniform dispersion.

e  Microemulsions act as super solvents for drugs, capable of solubilizing both hydrophilic and lipophilic
(hydrophobic) compounds, including drugs that are otherwise insoluble in conventional aqueous or oily
solvents.

Disadvantages of micro emulsion:
e  Microemulsions possess a limited solubilizing capacity for substances with high melting points, as such
compounds often exhibit low molecular mobility and reduced solubility within the microemulsion matrix.
e  Microemulsions require a relatively high concentration of surfactants (often in combination with co-
surfactants) to stabilize the dispersed droplets and maintain thermodynamic stability of the system.
e  The stability of microemulsions is influenced by environmental parameters such as temperature and pH, which
can affect interfacial tension and disturb the equilibrium between the oil, water, and surfactant phases.

Types of micro emulsions:
e Oil in water microemulsion (Winsor 1).
e  Water in oil microemulsion (Winsor 2).
e Bio-continuous microemulsion (Winsor 3).
e Single phase homogeneous mixture (Winsor 4).
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Figure 2: Types of micro emulsion.
Oil in water microemulsion:
In oil-in-water (O/W) type microemulsions, oil droplets are surrounded by a surfactant film, forming the internal
dispersed phase within water, which serves as the continuous phase. This type of microemulsion exhibits a larger
interaction volume compared to water-in-oil (W/O) microemulsions.
Water in oil microemulsion:
In water-in-oil (W/O) type microemulsions, droplets of water are dispersed within a continuous oil phase. These
systems are also referred to as “reverse micelles,” wherein the polar head groups of the surfactant molecules orient
toward the aqueous droplets, while the non-polar hydrocarbon tails extend into the surrounding oil phase. However,
when administered orally or parenterally, water-in-oil microemulsions may become destabilized upon contact with the
aqueous biological environment, leading to phase separation or loss of structural integrity.
Bio-continuous microemulsion:
In water-in-oil (W/O) type microemulsions, droplets of water are dispersed within a continuous oil phase. These
systems are also referred to as “reverse micelles,” in which the polar head groups of the surfactant molecules orient
toward the internal aqueous droplets, while the nonpolar hydrocarbon tails extend into the surrounding oil phase.
Although W/O microemulsions may become destabilized when exposed to the aqueous biological environment during
oral or parenteral administration, they are particularly useful for the topical delivery of drugs, as their composition
allows enhanced penetration of lipophilic substances through the skin.
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Single phase homogeneous mixture:
In a single-phase, homogeneous system known as Winsor IV, the oil, water, and surfactant components are completely
miscible, forming a uniform and isotropic mixture without any phase separation.

Components of micro emulsion:
Various components are employed in the formulation and development of microemulsions. Among these, oils and
surfactants play a crucial role in determining the stability and performance of the system. The selected components
should be biocompatible, non-toxic, and clinically acceptable to ensure safety and suitability for pharmaceutical
applications. The main components of microemulsions are:

e Oil phase.

e Aqueous phase.

e  Surfactant.

e Co-solvent.
Qil phase:
Oil is one of the most important components of a microemulsion, as it plays a key role in solubilizing the required dose
of lipophilic drugs and enhancing their transport through the intestinal lymphatic system. Oils are generally defined as
liquids with low polarity and limited miscibility with water. Common examples of oils used in microemulsion
formulations include cyclohexane, mineral oil, toluene, and various vegetable oils. The choice of oil phase significantly
influences the drug solubilization capacity, droplet size, and overall stability of the microemulsion system.
Aqueous phase:
The aqueous phase of a microemulsion typically contains hydrophilic active ingredients and preservatives to ensure
formulation stability and microbial safety. In some cases, buffer solutions are used as the aqueous phase to maintain a
constant pH and improve the physicochemical stability of the formulation.
Surfactant:
The term surfactant refers to a substance that exhibits surface or interfacial activity and is used to lower the surface or
interfacial tension between two immiscible phases. Surfactants possess affinity for both polar and nonpolar solvents.
Structurally, surfactant molecules contain a polar head group and a nonpolar tail. Surfactant molecules tend to self-
associate due to various inter- and intra-molecular forces as well as entropy-driven effects. When a surfactant is mixed
with oil and water, the molecules accumulate at the oil-water interface because this arrangement is thermodynamically
favourable. Depending on their concentration and environmental conditions, surfactant molecules can organize into
different structural forms such as spherical micelles, lamellar (sheet-like) phases, rod-shaped micelles, hexagonal
phases, reverse micelles, or hexagonal reverse micelles. At low concentrations of the dispersed phase, microemulsions
typically contain spherical, isolated droplets. The different types of surfactants commonly used in the formulation and
development of microemulsion systems include:
Cationic surfactants:
A cationic surfactant in microemulsions is a surface-active compound whose hydrophilic head group carries a positive
charge, enabling it to orient itself at the oil-water interface and significantly reduce interfacial tension. By doing so, it
promotes spontaneous droplet formation and helps stabilize the dispersed phase. The positive charge also generates
electrostatic repulsion between droplets, minimizing coalescence and phase separation. In addition, cationic surfactants
can influence the microemulsion’s conductivity, zeta potential, interfacial film rigidity, and even interactions with
charged drugs or excipients, making them important components for tailoring the physicochemical behaviour and
stability of the system.
Anionic surfactants:
An anionic surfactant in microemulsions is a surface-active agent whose hydrophilic head group carries a negative
charge, allowing it to position itself at the oil-water interface and substantially lower interfacial tension. This reduction
in tension facilitates the spontaneous formation of fine droplets and supports the thermodynamic stability of the system.
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The negative charge also creates electrostatic repulsion between droplets, limiting coalescence and enhancing long-
term physical stability. Beyond basic stabilization, anionic surfactants can influence parameters such as zeta potential,
viscosity, solubilization capacity, and interactions with ionizable drugs or excipients, making them crucial for tuning
the structural and functional properties of microemulsion formulations.
Non-ionic surfactants:
A non-ionic surfactant in microemulsions is a surface-active molecule whose hydrophilic head group carries no charge,
allowing it to stabilize the oil-water interface primarily through hydrogen bonding and steric effects rather than
electrostatic interactions. By lowering interfacial tension, it promotes the spontaneous formation of small, uniformly
dispersed droplets. Non-ionic surfactants generally offer excellent compatibility with a wide range of excipients and
drugs, exhibit low sensitivity to changes in pH and ionic strength, and help maintain stability in formulations where
charged surfactants may fail. Their ability to form flexible interfacial films and accommodate high surfactant—co-
surfactant ratios make them especially valuable in developing robust, biocompatible microemulsion systems.
Zwitterionic surfactants:
A zwitterionic surfactant in microemulsions is a surface-active molecule that contains both a positively charged and a
negatively charged group within the same structure, resulting in an overall neutral charge. At the oil-water interface, it
reduces interfacial tension and stabilizes droplets through a combination of mild electrostatic interactions and strong
hydration effects. Co-solvent:
It has been observed that single-chain surfactants alone are often insufficient to reduce the oil— water interfacial tension
to the level required for the formation of a stable microemulsion. The incorporation of a co-surfactant provides
additional flexibility to the interfacial film, allowing it to adopt various curvatures necessary for the formation of
microemulsions across a wide range of component compositions. If a single surfactant system is used, the lipophilic
chains of the surfactant should be relatively short or contain fluidizing groups such as unsaturated bonds to maintain
film flexibility. Common co-surfactants include short-chain alcohols (such as ethanol, propanol, and butanol), glycols
(such as propylene glycol), medium-chain alcohols, amines, and organic acids. The primary function of a co-surfactant
is to disrupt the formation of liquid crystalline or gel-like structures that may otherwise form in place of the desired
microemulsion phase.
Method of formulation:
Microemulsions are typically prepared under conditions where the interfacial tension between the oil and water phases
is maintained at an extremely low level. The interfacial film must remain sufficiently flexible, which is achieved
through the appropriate selection and concentration of surfactants and co-surfactants. A high concentration of surfactant
ensures adequate stabilization of the dispersed droplets by forming a dynamic and flexible interfacial layer, thereby
enabling the formation of a thermodynamically stable microemulsion system. Some basic methods used are:

e Phase inversion method.

e  Phase titration method.

e  Agitation method.
Phase inversion method:
In the phase inversion method, the formation of microemulsions occurs through the inversion of phases, which is
typically induced by the addition of an excess amount of the dispersed phase. During phase inversion, rapid physical
changes take place, including alterations in droplet size and structure, which can significantly influence the drug release
profile both in vivo and in vitro. For systems utilizing non-ionic surfactants, phase inversion can be achieved by
varying the temperature. This process involves a transition from an oil-in-water (O/W) microemulsion at lower
temperatures to a water-in-oil (W/O) microemulsion at higher temperatures, a phenomenon referred to as transitional
phase inversion. This technique is commonly known as the Phase Inversion Temperature (PIT) method. Additionally,
altering the water volume fraction can induce a change in the spontaneous radius of curvature of the surfactant. When
water is gradually added to the oil phase, the system initially forms water droplets dispersed in a continuous oil phase
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(W/O microemulsion). As the water content increases, the spontaneous curvature of the surfactant changes, leading to
the transformation of the system into an oil-in-water (O/W) microemulsion at the inversion point.
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Figure 3: Phase inversion.

Phase titration:

Microemulsions can be formulated using the spontaneous emulsification, or phase titration method, which is often
illustrated through the construction of phase diagrams. In this technique, a mixture of fatty acid and oil is added to an
alkaline (caustic) solution to initiate microemulsion formation. The system is then titrated with a co-surfactant,
typically an alcohol, until the mixture becomes optically clear, indicating the formation of a stable microemulsion.
During this process, various self-assembled structures such as emulsions, micelles, lamellar, hexagonal, cubic phases,
gels, and oily dispersions may form depending on the chemical composition and concentration of each component. It
has been observed that increasing the chain length of the surfactant Favors the formation of microemulsions with higher
optical transmittance when used with longer-chain oils. Furthermore, the type of alcohol used as a cosurfactant
significantly affects the formation and stability of microemulsions
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Figure 4: Phase titration.

Agitation:

The drug is first dissolved in the lipophilic phase of the microemulsion, typically the oil component. The aqueous phase
is then mixed with the surfactant, and the co-surfactant is added gradually with continuous stirring until a transparent
and homogeneous system is obtained. The optimal concentrations of surfactant, co-surfactant, and the proportion of the
oil phase to be incorporated are determined using a pseudo-ternary phase diagram, which helps identify the
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microemulsion region. Finally, an ultrasonicate may be employed to achieve the desired droplet size range and ensure
uniform dispersion of the globules within the system.
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Phase 5: Agitation method.

Theory of microemulsion formulation:
The formulation of microemulsions is guided by several theoretical models that explain their thermodynamic stability,
phase behaviour, and mechanisms of formation. These frameworks help predict how surfactants, co-surfactants, oils,
and aqueous phases interact to generate a stable, low-interfacial-tension system. The major theories commonly
referenced in microemulsion science include:

e  Thermodynamic theory.

e Solubilisation theory.

e Interfacial theory.
Thermodynamic theory:
The formulation and stability of microemulsions can be explained using a simplified thermodynamic approach. The
formation of a microemulsion depends on the extent to which the surfactant reduces the interfacial tension between the
oil and water phases, as well as the entropy change associated with the system. The free energy of formation (AGf) of a
microemulsion can be represented by the following equation:

AGf=vyAA — TAS

Where:
AGf = Free energy of formation y = Surface tension at the oil-water interface
AA = Change in interfacial area during micro emulsification
AS = Change in system entropy (dispersion entropy)
T = Temperature
During microemulsion formation, the interfacial area (AA) increases substantially due to the creation of a large number
of very small droplets. Although the value of y (surface tension) is positive, it remains small and is counterbalanced by
the favourable entropic contribution (AS). The dominant positive entropic contribution arises from the dispersion
entropy associated with the mixing of one phase into another in the form of numerous fine droplets. Additional
favourable entropy changes may also result from dynamic molecular processes such as monomer—micelle exchange and
surfactant diffusion within the interfacial film. When the reduction in interfacial tension and the increase in entropy is
sufficiently large, the overall free energy of formation becomes negative, indicating that micro emulsification occurs
spontaneously. Under these conditions, the system is thermodynamically stable, and the resulting microemulsion
remains clear and uniform over time.
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Solubilisation theory:

The formation of a microemulsion begins with the spontaneous arrangement of surfactant and co-surfactant molecules
at the oil-water interface, where they markedly reduce interfacial tension and create a highly flexible interfacial film.
Under these energetically favorable conditions, the system can form either normal micelles (oil droplets dispersed in
water) or reverse micelles (water droplets dispersed in oil), depending on the relative proportions of the oil and aqueous
phases. As additional amounts of the dispersed phase become solubilized, these initial aggregates expand, reorganize,
and eventually transition into stable, nanoscale droplets. The continuous accommodation of the dispersed phase—
combined with ultra-low interfacial tension and a dynamic interfacial film—drives the system toward a
thermodynamically stable microemulsion, characterized by uniform droplet size, high clarity, and long-term stability.

Interfacial theory:

According to the interfacial film theory—also known as the negative interfacial tension theory—microemulsions form
spontaneously because the combined action of the surfactant and co-surfactant generates an interfacial film with
extremely low, and in some cases effectively negative, interfacial tension. This interfacial film behaves as a fluid,
twodimensional “third phase” that establishes equilibrium between the oil and water phases by continuously adjusting
its curvature and elasticity. The film can exist as a duplex layer, exhibiting different structural and physicochemical
characteristics at the oil side compared to the water side, which further stabilizes the nanodroplets. Under these
conditions, the ultralow interfacial tension (yT) of the system can be described by the following general relationship: yT
=y(O/W)—=n

Where: y(O/W) = Interfacial tension between the oil and water phases © = Reduction in interfacial tension caused by
the presence of the co-surfactant (commonly alcohol)

In practice, the interfacial tension y(O/W) in the presence of an alcohol-based co-surfactant is dramatically lower than
the interfacial tension observed in its absence. Alcohols penetrate the surfactant monolayer, increase interfacial fluidity,
and reduce the bending rigidity of the film, allowing it to adopt the curvature required for stable droplet formation. This
pronounced decrease in interfacial tension enables the system to spontaneously generate nanoscale droplets with
minimal energetic cost, ultimately promoting the formation of a thermodynamically stable microemulsion.

Evaluation parameters:

Physical appearance:

Microemulsions are initially assessed through visual inspection to evaluate key physical characteristics such as
uniformity, fluidity, and optical clarity. This examination helps identify signs of phase separation, turbidity, or
sedimentation, which can indicate instability or improper component ratios. Observing the flow behavior also provides
insight into the system’s internal structure and viscosity. Overall, this preliminary evaluation serves as a quick and
essential screening step before conducting more detailed physicochemical analyses.

Scattering techniques:

Scattering techniques such as small-angle neutron scattering (SANS), small-angle X-ray scattering (SAXS), and
dynamic or static light scattering are widely employed to investigate the internal structure of microemulsions. These
methods are especially powerful for characterizing dilute systems with monodisperse spherical droplets, where
parameters like droplet size, interfacial thickness, and spatial organization can be extracted with high precision.
Nevertheless, advances in data-modelling and instrument sensitivity have extended their applicability to more complex
formulations, including polydisperse and highly concentrated microemulsions. Such systems are frequently
encountered in real-world applications, and scattering techniques now provide reliable insights into their structural
heterogeneity, aggregation behavior, and interactions between dispersed droplets.

Limpidity test:

Scattering techniques—such as small-angle neutron scattering (SANS), small-angle X-ray scattering (SAXS), and
various light-scattering methods—are widely employed to elucidate the internal structural features of microemulsions.
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These approaches are highly effective for resolving parameters such as droplet size, shape, polydispersity, and inter-
droplet interactions. While they are traditionally favored for dilute systems containing monodisperse spherical droplets,
their utility extends well beyond these ideal conditions. Advances in data modeling and instrument sensitivity have
enabled successful characterization of more complex microemulsion systems, including those that are polydisperse,
highly concentrated, or contain intricate internal morphologies. As a result, scattering techniques remain essential tools
for gaining quantitative insight into real-world formulations that deviate from simple, idealized structures.

Drug stability:

The optimized microemulsion is evaluated through accelerated and real-time stability studies by storing samples at
multiple conditions, including refrigeration (4-8°C), ambient temperature, and elevated temperature (50 £ 2°C). At
two-month intervals, each batch is examined for indicators of both physical and chemical stability. Key parameters—
such as phase separation, percentage transmittance, globule size distribution, and assay content—are monitored to
detect any structural breakdown, loss of clarity, droplet growth, or degradation of the active ingredient. This systematic
assessment provides a comprehensive understanding of the formulation’s robustness and its ability to maintain
performance throughout storage.

Globule size and zeta potential measurements:

The globule size and zeta potential of the microemulsion can be determined using dynamic light scattering (DLS)
techniques with the help of an instrument such as a Zetasizer HSA 3000. This method provides information on the
average droplet size distribution and surface charge, which are critical parameters for assessing the stability and
uniformity of the formulation.

Assessment of the Rheological Properties:

The rheological properties of microemulsions play a critical role in determining their stability and structural behaviour.
These properties can be measured using a Brookfield digital viscometer. Variations in rheological characteristics help
in identifying the microemulsion region and distinguishing it from other colloidal systems. BI continuous
microemulsions, in particular, exhibit dynamic structural behaviour, with continuous fluctuations occurring between BI
continuous networks, swollen reverse micelles, and swollen normal micelles.

Electric conductivity:

The aqueous phase is added dropwise to a pre-mixed combination of oil, surfactant, and cosurfactant to prepare the
microemulsion. The electrical conductivity of the formulated samples is then measured using a conductometer at
ambient temperature and at a constant frequency of 1 Hz. Conductivity measurements help in identifying the type of
microemulsion (oil-in-water, water-in-oil, or bi-continuous) and in monitoring phase transitions during formulation.
Drug solubility:

To determine the solubility of the drug, an excess amount of the drug was added to the optimized microemulsion
formulation as well as to each individual component of the formulation. The mixtures were continuously stirred for 24
hours at room temperature to reach equilibrium. After this period, the samples were withdrawn and centrifuged at 6000
rpm for 10 minutes. The concentration of soluble drug in the supernatant was determined by subtracting the amount of
undissolved drug in the sediment from the total quantity of drug initially added. The solubility of the drug in the
optimized microemulsion was then compared with its solubility in the individual formulation components to evaluate
the solubilization efficiency of the system.

In-vitro drug release:

The diffusion study can be performed using a modified Franz diffusion cell with a receptor compartment capacity of 20
ml. The receptor compartment is filled with an appropriate buffer solution to simulate physiological conditions. A
cellophane membrane is fixed between the donor and receptor compartments, with the donor compartment containing
either the microemulsion formulation or a plain drug solution for comparison. At predetermined time intervals, samples
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are withdrawn from the receptor compartment and analysed for drug content using a UV—Visible spectrophotometer at
a specific wavelength corresponding to the drug’s maximum absorbance (Amax).

Limitation of micro emulsion:

There are several factors that limit the widespread application of microemulsion systems in pharmaceutical
formulations:

Phase instability:

Phase instability refers to the tendency of microemulsions to undergo structural changes over time, such as phase
separation, turbidity, or droplet growth. Even though microemulsions are thermodynamically stable in theory, real
formulations may lose stability due to shifts in temperature, pH, ionic strength, or component ratios. These changes
disrupt the interfacial film, leading to breakdown of the system and compromising the uniformity, clarity, and
performance of the formulation.

High surfactant load:

High surfactant load refers to the requirement of using large amounts of surfactants and co-surfactants to achieve the
ultra-low interfacial tension necessary for microemulsion formation. While this enables spontaneous droplet generation,
it also raises safety concerns, as excessive surfactant levels can cause irritation, cytotoxicity, and poor biocompatibility.
This limitation often restricts the choice of surfactants and complicates the development of formulations intended for
sensitive routes of administration such as oral, ocular, or parenteral delivery.

Toxicity of components:

Toxicity of components arises because many surfactants, co-surfactants, and solvents used in microemulsions can
irritate tissues, disrupt cell membranes, or trigger cytotoxic effects at even moderate concentrations. Their chemical
nature—especially for organic solvents and certain ionic surfactants—can limit biocompatibility and restrict use in
sensitive routes like ocular, nasal, or parenteral administration. As a result, every component must undergo strict safety
assessment, which narrows formulation choices and complicates pharmaceutical development.

Environmental sensitivity:

Environmental sensitivity refers to the tendency of microemulsions to undergo structural or phase changes when
exposed to variations in temperature, pH, or ionic strength. Even slight shifts in these conditions can disrupt the
interfacial film, alter droplet size, or trigger phase transitions, leading to loss of clarity or phase separation.
Solubilization limits:

Solubilization limit refers to the fact that, despite their high solubilizing capacity, microemulsions still cannot
accommodate drugs with extremely high hydrophilicity or lipophilicity. Once the system reaches its maximum ability
to incorporate the drug, further addition leads to precipitation, phase separation, or destabilization of the
microemulsion. This restricts the range of drug candidates that can be effectively formulated and limits flexibility in
dose loading.

Uses of micro emulsions in Neurogenerative disorders:

Alzheimer’s disease (AD) is a chronic, progressive neurodegenerative disorder primarily affecting the elderly
population. It is clinically characterized by symptoms of dementia such as memory loss, impaired cognitive function,
disorientation, language difficulties, and changes in behaviour and personality that interfere with normal daily
activities. The progression of the disease is gradual, with symptoms worsening over time and ultimately leading to
severe cognitive impairment, dependency, and premature death. Epidemiological studies indicate that only about 5—
10% of Alzheimer’s disease cases are associated with hereditary or familial factors, while the remaining cases are
classified as sporadic, resulting from a complex interplay of genetic predispositions, environmental exposures, and
lifestyle-related factors such as diet, physical inactivity, and oxidative stress. Mutations in genes such as APP, PSENI,
and PSEN2 have been linked to familial forms of AD, whereas the APOE ¢4 allele is considered a major genetic risk
factor for the sporadic form. The exact pathogenesis of Alzheimer’s disease remains incompletely understood, but
several hypotheses have been proposed. Among these, the amyloid cascade hypothesis is the most widely accepted. It
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suggests that abnormal processing of amyloid precursor protein (APP) leads to the overproduction and accumulation of
B-amyloid (AP) peptides in the brain, resulting in the formation of extracellular amyloid plaques. These plaques disrupt
neuronal communication, trigger inflammatory responses, and initiate a cascade of neurotoxic events that contribute to
neuronal loss. Another hallmark of the disease is the formation of neurofibrillary tangles (NFTs) composed of
hyperphosphorylated tau protein, which impairs axonal transport and further accelerates neurodegeneration. In addition
to amyloid and tau pathology, oxidative stress, mitochondrial dysfunction, metal ion imbalance, and cholinergic neuron
loss have also been implicated in disease progression. From a therapeutic perspective, Alzheimer’s disease poses a
major challenge due to the blood-brain barrier (BBB), which restricts the entry of most drugs into the central nervous
system. Recent research has therefore focused on the development of advanced drug delivery systems, such as
microemulsions, to enhance the bioavailability and targeted delivery of therapeutic agents to the brain. Microemulsion-
based formulations offer advantages like increased solubilization of lipophilic drugs, improved permeability across
biological membranes, and controlled release, making them promising candidates for the treatment of
neurodegenerative disorders such as AD.

AMYOLID-BETA INEURAL
DISSOLUTION REGENERATION
-

ALZHEEIMER THERAPY

Figure 5: Treatment of Alzheimer’s disorder by micro emulsion.

II. CONCLUSION
Microemulsions represent an advanced and versatile drug delivery system offering significant potential for improving
the solubility, stability, and bioavailability of both hydrophilic and lipophilic drugs. Their thermodynamic stability,
ease of preparation, optical clarity, and ability to enhance drug permeation make them valuable carriers for a wide
range of pharmaceutical applications. The successful formulation of microemulsions depends on the careful selection
and optimization of key components such as oil, surfactant, co-surfactant, and aqueous phase, as well as on maintaining
an appropriate balance between interfacial tension and entropy during formation.
Comprehensive characterization studies, including evaluations of droplet size, zeta potential, viscosity, electrical
conductivity, and stability, are essential to ensure the uniformity and robustness of the formulation. The use of
advanced analytical techniques, such as light scattering and spectrophotometric analysis, further aids in understanding
their physical properties and long-term performance.
Microemulsions have demonstrated promising results in the delivery of drugs for central nervous system disorders such
as Alzheimer’s disease, epilepsy, and schizophrenia. Their ability to bypass biological barriers, particularly the blood—
brain barrier through intranasal administration, provides a significant advantage over conventional formulations. This
targeted delivery minimizes systemic side effects, enhances therapeutic efficiency, and ensures a faster onset of action,
which is especially beneficial in neurological conditions requiring rapid intervention.
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Despite their advantages, certain limitations—such as the requirement for high surfactant concentrations, potential
toxicity, and sensitivity to environmental conditions—must be addressed through careful formulation design and the
use of biocompatible excipients. Continuous research and innovation in this area are expected to overcome these
challenges and further expand the clinical applicability of microemulsion-based systems.

In conclusion, microemulsions stand as a promising and evolving platform in modern pharmaceutics, offering
improved therapeutic outcomes, better patient compliance, and the potential to revolutionize drug delivery, particularly
for poorly soluble and brain-targeted drugs.
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