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Abstract— The most popular method of drug delivery for dermatological activity is topical. Some disadvantages of topical dose forms, such as
creams, ointments, gels, etc., include permeability, stickiness, poor absorption, and stability issues. It has drawbacks with regard to permeability,
lipophilicity, residence duration, and drug solubility. A unique microemulsion-based gel is created in order to get around this. The dual release
control method of microemulgel, a topical medication delivery technology, combines the advantages of gel and microemulsion. To enable the
drug particles to readily pass through the stratum corneum, the globule size of the emulsion is reduced to less than 200 nm in order to create the
microemulgel. Microemulgel has a number of benefits despite penetration, including being readily spreadable, non-grease, thixotropic, transparent,
and bio-friendly.Nowadays, a large number of medications from the antibacterial, antifungal, and non-steroidal anti-inflammatory classes are
being researched for topical administration using microemulgel formulation. In comparison to alternative topical medication delivery systems, the
microemulgel appears to be a more effective and efficient delivery system, according to the results of the brief study.

IndexTerms— Hydrophobic drug,Microemulsion based gel, Topical drug delivery.

INTRODUCTION

A microemulsion is a clear, thermodynamically stable fluid mixture that contains an oil phase, A water phase, a surfactant, and a
co-surfactant. A microemulsion that is thermodynamically stable, clear or translucent, low viscosity, and isotropic is developed by
the incorporation of a surfactant-co-surfactant mixture into a biphasic system [1]. At specific concentrations of oil, surfactant, cero-
surfactant, and water microemulsions—transparent medicinal formulations that twenty-third are isotropic and thermodynamically
stable—form on their own. Co-surfactants like alcohols, amides, and sulfoxides are the materials that give the proper fluidity of the
interface in microemulsion formulations. The usual droplet size of microemulsions sits somewhere between a range of 20 to 200
nm. The process of drug insertion to the carrier using microemulsions is based on the amphiphilicity of microemulsions. The
vehicle-Solubilization of lipophilic medications through microemulsions can be employed as a drug delivery method to the body.
Oral administration, intravenous administration, transdermal administration, as well as sustained and targeted administration are
the three possible methods of drug delivery packaging the medications into microemulsions. The problem of gel in its inability to
carry drugs of hydrophobic nature is solved by the use of microemulsion gel formulation [2].

TOPICAL DRUG DELIVERY SYSTEM:

External topical and internal topical are the two primary categories of topical medication delivery products. While internal topicals
are given to mucous membranes orally, vaginally, or on the tissues of the rectal region for local action, exterior topicals are
distributed, sprayed, or otherwise dispersed over the tissue to cover the diseased area. Among the primary benefits of topical drug
delivery systems are the avoidance of first-pass metabolism, the avoidance of gastrointestinal incompatibilities, site-specificity,
improved patient compliance, the possibility and ease of self-medication, the use of medications with short half-lives and narrow
therapeutic indices, and the ability to quickly stop medication when necessary.

Skin irritation from contact dermatitis, the potential for allergic reactions, the poor permeability of medications through the skin,
and the difficulty of absorbing large-particle pharmaceuticals through the skin are all drawbacks of topical drug delivery systems.
Skin has a complicated structure and is thick. The stratum corneum and any endogenous or foreign substance on its surface must
be penetrated by molecules traveling from the environment. They must then enter the bloodstream or lymph channels through the
viable epidermis, the papillary dermis, and the capillary walls. From there, they are extracted from the skin by the lymphatic or
blood flow (Figure 1). It is clear that moving across the skin membrane is a complicated phenomena that presents analytical
challenges. Physiological factors, such as skin thickness, hydration, inflammation, and pH, lipid content, hair follicle and sweat
gland densities, blood flow, etc., and physico-chemical factors, such as partition coefficient, molecular weight, degree of ionization,
vehicle effect, etc., can all have an impact on the topical drug delivery system Bl
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Figure 1: Layers and structure of human skin

MICROEMULGEL.:

The advantages of gel and microemulsion are combined in microemulgel, a topical drug delivery technique with dual release control.
The emulsion's globule size is decreased to less than 200 nm to produce the microemulgel, which facilitates the drug particles' easy
passage through the stratum corneum.

Topical drug delivery is the process of administering a formulation through the skin to treat an issue. It has the benefits of avoiding
the first metabolic step and increasing the medication's therapeutic efficacy.

Topical drugs have localized effects because they work by penetrating deeper layers of the skin or mucous membranes. It gives you
the freedom to more successfully distribute drugs to a location. It enables medications with a limited therapeutic window and short
biological half-life to have their duration of action prolonged. Through the ocular, rectal, vaginal, and cutaneous routes, the topical
medication can be topically applied to any area of the body. The kind and severity of the ailment dictate the administration method.
To offer the medicine's localized effects, a formulation can be delivered directly to the skin via a drug delivery system. Topical
drug delivery systems offer a number of advantages since they deliver drugs more precisely to a specific location. Topical
application is utilized to reduce metabolic degradation and Gl intolerance caused by oral dosage. Based on the physicochemical
characteristics of the drug and the carrier, topical distribution also provides a consistent and enhanced bioavailability of the
medication from the topical dose form.

In the 1940s, Hoar and Schulman came up with the concept of a microemulsion. A thermodynamically stable and optically isotropic
mixture of liquids is called a microemulsion. It has amphiphilic, oil, and water in it. The microemulsion makes it possible for many
drugs to be administered more efficiently and with greater bioavailability. The term "microemulsion™ refers to a clear,
thermodynamically stable mixture of two immiscible liquids, such as water and oil, that is stabilized by surfactant molecules by
creating an interfacial layer. A micro-emulsion is a kinetically stable liquid dispersion of a surfactant, an aqueous phase, and a lipid
phase. The dispersed particles range in size from 5 to 200 nm, and the oil/water interfacial surface tension is moderate.
Microemulsions are translucent due to their small globule size (less than 25%). It takes very little energy to form the micro-emulsion.
The aqueous phase, the lipid phase, and the surfactant are commonly combined with a co-surfactant. The micro-emulsion structure
described below is depicted in Fig. 2. Three types of microemulsions can be distinguished based on their composition:

1. Oil in water micro-emulsions, where the oil is a dispersed phase and the water is a continuous aqueous phase.
2. Water in oil microemulsions, where a water phase is blended with the continuous oil phase;
3. Bi-continuous emulsions, where the lipid and aqueous microdomains of the system are interposed.

Combining the characteristics of microemulsion and gels, microemulgels exhibit both. Microemulgel facilitates the distribution of
hydrophobic drugs by forming an oil-in-water microemulsion and adding it to the gel foundation. The lipid component improves
medication penetration, which raises bioavailability, and they provide a larger surface area for drug absorption. Additionally, the
gel foundation has increased the stability of the micro-emulsion. Compared to micro-emulsions, microemulgels have a stronger
degree of elegance and are simpler to clean if needed “!
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Figure 2: Microemulsion Structure
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IDEAL PROPERTIES OF MICROEMULSION BASED GEL:P!
It should be compatible with other additives and inert.
Must be devoid of microbiological contamination.
It must not be harmful.
It should be cost-effective.
All of the gel's rheological characteristics ought to be preserved.
Needs to be cleaned with water and devoid of any stains.
Its application and management should be convenient.
It should remain steady while being stored.
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ADVANTAGES OF TOPICAL DRUG DELIVERY SYSTEMS:[

1.Steer clear of first-pass metabolism.

2. Practical and simple to use.

3. Preventing various conditions of absorption, such as pH fluctuations, the presence of enzymes, and the time it takes for the
stomach to empty, as well as the hazards and hassles of intravenous therapy.

4. When necessary, stop taking the drugs with ease.

5. Deliver the medication to a certain location more precisely.

6. Preventing incompatibility with the gastrointestinal system.

7. Enabling the use of medications with a limited therapeutic window and a short biological half-life.
8. Better adherence from patients.

9. Make self-medication appropriate.

10. Continuous drug input leads to effectiveness with a lower daily total dose of medication.

11. Prevents intra- and inter-patient fluctuations in medication levels.

12. Compared to the nasal or buccal cavities, a sizable application area.

13. The capacity to administer medications to a certain location more precisely.

DISADVANTAGES OF MICROEMULSION BASED GEL:F!

1. Drugs with bigger particle sizes are more difficult for the skin to absorb.

2. Some medications have poor skin permeability.

3. Only works with medications that need a very low plasma concentration to work.
4. The potential for allergic responses.

5. The medications may be denatured by an enzyme in the epidermis.

MECHANISM OF DRUG ABSORPTION:B!
Drug permeation involves the following processes:

*Absorption through the stratum corneum.
*The ability of drugs to pass through healthy skin.
* The capillary network of the dermal papillary layer absorbs drugs.

COMPONENTS OF MICROEMULSION BASED GEL

1. Oil phase: The kind of medication and the method of administration are considered while choosing an oil. The drug should
dissolve in the screening oil. The oil can change the surfactant's curvature and cause its tail group to swell. The distinct properties
of saturated and unsaturated fatty acids enhance permeation. Oleic acid is one of the unsaturated fatty acids that greatly improves
skin penetration. Because they are more stable than their natural counterparts, semi-synthetic oils have become more and more
popular in recent years. Drugs that are poorly soluble in water must be soluble in the dispersed oil phase for an o/w microemulsion
system to work. The size of the droplets grows even when the oil concentration in the o/w microemulsion increases.

2. Aqueous phase: Preservatives and active substances that are hydrophilic may be present in the aqueous phase. The most widely
utilized aqueous phase is water.

3. Surfactants: The main function of surfactants is to reduce the interfacial tension to a very low value, which will aid in the
dispersion process when the microemulsion is being prepared. They also produce a flexible film that is easily able to deform around
the droplets and has the right lipophilic character to give the interfacial region the proper curvature. It is possible to use surfactants
to stabilize microemulsion systems. 111. Cationic, IV. Anionic, Il. Zwitterionic, or . Non-ionic The stabilizing contacts of the
hydrophilic end of the surfactant with the aqueous phase are determined by the surfactant's ionic or non-ionic nature during
microemulsion production. Therefore, an ionic surfactant is further stabilized by the electrical double layer, whereas a non-ionic
surfactant is stabilized by dipole and hydrogen bond interactions with the hydration layer of water on its hydrophilic surface. As a
result, ionic surfactants are more sensitive to the effects of salt concentration on emulsion or microemulsion stability than non-ionic
surfactants. lonic surfactants are not recommended for use in pharmaceutical applications, though, because of toxicological issues.
In general, non-ionic surfactants are regarded as suitable for use in pharmaceutical production. It is widely acknowledged that
surfactants with low HLB (3-6) are more suited for creating w/o microemulsions, whereas those with high HLB (8-18) are better
suited for creating o/w microemulsions. In order to lower their effective HLB to a value within the range needed for microemulsion
production, surfactants with an HLB more than 20 frequently need cosurfactants.
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4. Co-surfactants: It has been found that the o/w interfacial tension cannot be sufficiently reduced by single-chain surfactants alone
to enable the development of a microemulsion. Co-surfactants provide the interfacial film with the pliability required to absorb the
different curvatures required to produce microemulsions across a wide variety of compositions. If a single surfactant film is needed,
the lipophilic chains of the surfactant should be appropriately short or contain fluidizing groups (such unsaturated bonds). In order
to further reduce interfacial tension and enhance interface fluidity, short to medium chain length alcohols (C3-C8) are commonly
used as co-surfactants. Common co-surfactants include short-chain alcohols (ethanol to butanol), medium-chain alcohols, amines,
acids, and glycols such as propylene glycol.

METHODS OF PREPARATION OF MICROEMULSIONE!:

1. Phase Titration Method:

Phase diagrams can be used to illustrate microemulsions, which are made using the spontaneous emulsification method (also known
as the phase titration method). A helpful method for examining the intricate sequence of interactions that may arise when several
components are combined is to construct a phase diagram. Depending on the chemical makeup and concentration of each
component, microemulsions and different association structures (such as emulsions, micelles, lamellar, hexagonal, cubic, and
various gels and oily dispersion) are generated. Delineating the phase boundaries and comprehending their phase equilibrium are
crucial components of the research. The pseudo ternary phase diagram is frequently created to identify the various zones, including
the microemulsion zone, where each corner of the diagram represents 100% of the specific component, because the quaternary
phase diagram (four component system) is time-consuming and challenging to interpret Figure (3). By merely taking into account
the composition—that is, whether it is water-rich or oil-rich—the region can be divided into w/o or o/w microemulsions. In order
to exclude metastable systems, rigorous observations must be undertaken.
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Figure 3: Pseudoternary phase diagram of oil, water and surfactant showing microemulsion region

2. Phase Inversion Method:

When too much of the dispersed phase is added, or when the temperature changes, the microemulsion undergoes phase inversion.
Significant physical changes, such as modifications in particle size, take place during phase inversion and can impact drug release
in vitro and in vivo. These techniques utilize altering the surfactant's spontaneous curvature. This can be accomplished for non-
ionic surfactants by altering the system's temperature, which will force a transitional phase inversion—the change from an o/w
microemulsion at low temperature to a w/o microemulsion at high temperature. A point of zero spontaneous curvature and low
surface tension is crossed by the system during cooling, which encourages the development of finely distributed oil droplets. Phase
inversion temperature (PIT) is the name given to this technique.Other parameters, such the pH level or salt concentration, could be
taken into account in place of the temperature. Altering the water volume fraction can also result in a change in the spontaneous
radius of curvature. Water droplets are first created in a continuous oil phase by gradually adding water to oil. The surfactant's
spontaneous curvature shifts from initially stabilizing a w/o microemulsion to an o/w microemulsion at the inversion locus as the
water volume percent is increased. At the o/w interface, short-chain surfactants create flexible monolayers, which at the inversion
point produce a bicontineous microemulsion.

Method of preparation of microemulsion based gel:

Step 1: Involves creating a microemulsion, either O/W or W/O.
Step 2: Gel base formulation.

Step 3: Continuously swirling the microemulsion into the gel base.
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EVALUATION OF MICROEMULSION[:

Droplet size microemulsion:
A particle size analyzer is used to set the microemulsion's globule size distribution.

Zeta potential measure:
The charge on the drop is ascertained using zeta potential. Due to the presence of fatty acids, oil droplets in an extremely standard
emulsion have a negative charge.

Viscosity:
The Brookfield viscometer is used to measure the prepared microemulsion's viscosity.

Centrifugation:

It is used to visually assess the creaming and phase separation values and the physical stability of microemulsion centrifuges at
5000 rpm for 10 minutes at a near temperature. The conductivity measure provides a plan for the type of microemulsion that can
be created, including whether it is visibly an oil in water or water in oil emulsion.

EVALUATION OF MICROEMULGEL

Physical Examination:
The physical characteristics of the generated microemulgel formulations, including color, texture, phase separation, homogeneity,
and pH, are visualized.

Spreadability Study:

The efficacy of microemulgel depends on spreading. The spreading help in the application of gel to the skin, therefore the prepared
microemulgel should have good spreadability.

A required amount of gel is placed within a circle of 1cm diameter which is premarked on a glass plate, above which another glass
plate is placed, to estimate the spreadability. A weight of 500 gm is permitted to rest on the upper glass plate for 5 min. The increase
within the diameter spreading was noted and calculates using formula:

S=MxL/T

M — Weight tied on upper slide;

L — Length of glass slide

T — Time in seconds

Extrudability Study:

It is the capacity of microemulgel to be continuously squeezed out of a nozzle from a collapsible tube. A clamp is used to prevent
any rollback once a closed, collapsible tube carrying microemulgel is forcibly pushed at the crimped end. After removing the tube's
closure, the microemulgel was extruded out. The amount of gel that has been extruded out is next measured and computed.
extrudability = weight applied to produce microemulgel om tube (gm)/area (cm?)

Drug content determination:

By dissolving a known amount of microemulgel in an appropriate solvent and sonicating to thoroughly mix, a spectrophotometer
may determine the drug concentration of the microemulgel. At a specific wavelength, the absorbance of the sample and the standard
are measured.

Drug content= concentration x dilution issue x volume taken x conversion factor

In-vitro diffusion study:

The Franz diffusion cell (diffusion area 3.14 cm2 and cell volume 15.5 ml) enforces in-vitro drug release. The membrane's surface
is uniformly coated with microemulgel. Between the donor and, consequently, the receptor chamber, the membrane is compressed.
A appropriate solvent is poured into the receptor chamber. After suitable dilutions, the samples are collected and subjected to an
ultraviolet light spectrophotometer at the appropriate wavelength to determine the drug content. As time passes, the total amount of
drug release across the membrane is calculated.

Stability studies:

For three months, the created microemulgel is put through stability tests at the following temperatures: 5°C, 25°C/60% RH,
30°C/65% RH, and 40°C/75% RH. At 15-day intervals, samples are taken out and evaluated for their physical characteristics, pH,
rheological characteristics, drug content, and drug release profiles.

CONCLUSION:

Because of improved patient compliance, topical medication delivery systems have been increasingly popular in recent years. One
of the greatest methods for topical drug administration of hydrophobic medications is emulgel, which is also a very effective method
for delivering a combination of hydrophilic and hydrophobic medications. Because the microemulsion-based gel approach
incorporates both oil and water (i.e., gel base), it may primarily be used to generate hydrophobic medication formulations; hydrogel,
on the other hand, is not appropriate for hydrophobic pharmaceuticals.Because microemulsion-based gel combines the qualities of
gels and microemulsions, it can be used to regulate the pace at which medications with short half-lives are released. Although there
aren't many commercially available microemulsion-based gel formulations at the moment, there is a large area for study and
development. Nonetheless, emulgels have many benefits and promise for the future in the field of dermatology. It exhibits superior
drug release and may be the preferred formulation for a number of dermatological conditions because it contains fewer excessively

greasy bases and excipients.
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