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Abstract:

Topical gels are widely used pharmaceutical formulations designed for localized drug delivery
through the skin or mucosal surfaces. These semi-solid preparations have gained popularity
due to their ease of application, non-invasive nature, and ability to provide controlled drug
release. This review explores the various aspects of topical gels, including their types,
mechanisms of drug release. Additionally, it discusses various evaluation parameters of gels,
their applications in dermatology and transdermal drug delivery, and recent advancements in
gel-based drug delivery systems. Special emphasis is placed on novel gel types, such as
thermoreversible, bioadhesive, and nano-based gels, which have expanded the scope of topical
therapies. By analyzing current trends and challenges, this review provides insights into the
future potential of topical gel formulations in pharmaceutical sciences.
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Introduction

Topical gels are semi-solid formulations
characterized by their ability to deliver
drugs locally or systemically through the
skin. The gel matrix, which consists of a
three-dimensional network of hydrophilic
or hydrophobic polymers, allows for the
encapsulation of active pharmaceutical
ingredients (APIs) [1]. The growing interest
in topical gels is attributed to their
versatility, non-invasive nature, and patient
compliance. Gels offer distinct advantages
over other topical dosage forms, such as
creams and ointments, by being non-greasy,
easily spreadable, and capable of sustaining
drug release. [2]

Types of Topical Gels

Hydrogels: Composed of water as the
primary solvent, these gels are ideal for
hydrophilic drugs and provide a cooling
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effect on application.

Organogels: Based on organic solvents,
organogels are used for hydrophobic drugs
and are known for their structural stability.

Emulgel: A hybrid gel combining the
properties of emulsions and gels, allowing
for better solubilization of hydrophobic
drugs. [3]

Thermoreversible Gels: These gels
transition between liquid and gel states
based on temperature, enhancing drug
retention at the application site.

Mechanism of Drug Release in Topical
Drug Delivery System

Topical drug delivery systems release drugs
onto or through the skin to achieve local or
systemic effects. The mechanism of drug
release involves several steps, influenced
by the drug's physicochemical properties,
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the formulation, and skin characteristics.
Below is a detailed explanation:

e Diffusion-Controlled Release

In diffusion-controlled systems, the drug
molecules diffuse through the carrier matrix
or membrane to reach the skin. This
mechanism is common in gels, creams, and
patches. The release rate is influenced by
the drug concentration gradient, the
diffusion coefficient, and the carrier
material's structure. Two subtypes exist:

Matrix Diffusion: The drug is dispersed in
an insoluble matrix, and release occurs as
the drug diffuses out of the matrix.

Reservoir Diffusion: The drug is contained
in a reservoir surrounded by a rate-
controlling membrane, allowing consistent
drug release. [4,5]

e Erosion-Controlled Release

In erosion-controlled systems, the drug is
released as the carrier material undergoes
degradation or erosion. This mechanism is
typical in biodegradable formulations such
as polymer-based gels. The erosion can be
surface-based or bulk erosion, depending
on the material. The release rate is
controlled by the rate of polymer
degradation and the solubility of the drug in
the surrounding medium.

e Swelling-Controlled Release

This mechanism involves hydrophilic
polymers in the formulation that swell upon
contact with biological fluids. As the
polymer swells, it creates pathways for the
drug to diffuse out. The swelling process
also controls the release rate. This method
is prevalent in hydrogel-based topical
formulations.

e Osmosis-Controlled Release

Osmosis-controlled  systems rely on
osmotic pressure to drive drug release. In
these formulations, the drug is housed
within a semi-permeable membrane, and
the ingress of water through the membrane
creates osmotic pressure that pushes the
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drug out. These systems are more common
in advanced transdermal delivery systems
but may be adapted for topical
formulations. [6]

e Partition-Controlled Release

Partition-controlled release occurs when
the drug partitions between the formulation
and the stratum corneum (the outermost
layer of the skin). The release depends on
the drug’s solubility and partition
coefficient, determining its ability to move
from the vehicle into the skin layers. This
mechanism is common in creams,
ointments, and emulsions.

e lon-Exchange Release

In ion-exchange systems, the drug is bound
to a resin or polymer through ionic bonds.
Upon application to the skin, the exchange
of ions (e.g., sodium or chloride from
sweat) facilitates the drug's release. This
mechanism is used for drugs that are ionic
in nature and allows for controlled,
sustained release.

e Thermal-Triggered Release

Some advanced topical formulations use
temperature-sensitive materials that release
the drug upon exposure to body heat. These
materials may undergo a phase change or
sol-gel transition, triggering drug release.
This mechanism is being explored in
thermosensitive gels for localized drug
delivery. [7]

e Enzyme-Triggered Release

Enzyme-triggered release occurs when
enzymes in the skin or the extracellular
matrix degrade the formulation, releasing
the drug. This method is particularly
relevant for prodrugs or formulations
designed to target specific enzymes,
enabling site-specific and controlled
release.

Evaluation Parameters of Topical Gel
Preparation

e Physical Appearance
The physical appearance of the gel,
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including its  color, clarity, and
homogeneity, is visually inspected to
ensure uniformity and absence of any phase
separation or particles. A good gel should
have a consistent texture, appropriate
translucency or opacity (depending on
formulation design), and no visible
contamination.

e pH Measurement

The pH of a topical gel is measured to
ensure it is within a range compatible with
the skin, typically between 4.5 and 6.5. This
minimizes irritation and maintains the
stability of both the gel and the active
ingredients. A pH meter is commonly used
for this evaluation. [8]

e Spreadability

Spreadability measures the ease with which
the gel spreads on the skin. This is assessed
by applying a fixed amount of gel between
two glass slides under specified weight and
recording the time or distance of spreading.
Good  spreadability  ensures  even
application and effective drug delivery.

e Viscosity

The viscosity of the gel determines its
consistency and flow properties, which are
critical for handling, application, and
stability. It is measured using instruments
like a Brookfield viscometer. An optimal
viscosity ensures the gel is neither too
runny nor too stiff.

e Extrudability

Extrudability refers to the ease with which
the gel can be expelled from its container,
such as a tube or pump. This parameter is
evaluated by applying a standard pressure
and observing the quantity of gel released.
It reflects both the gel's consistency and its
packaging design.

e Drug Content Uniformity

Drug content uniformity ensures the active
pharmaceutical ingredient (API) is evenly
distributed throughout the gel. Samples are
analyzed using suitable analytical methods,
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such as UV spectrophotometry or HPLC, to
verify that the gel meets the specified
dosage requirements.

e InVitro Drug Release

This parameter measures the rate and extent
of drug release from the gel using a
diffusion apparatus or Franz diffusion cell.
It simulates how the drug would release and
diffuse through the skin, providing an
estimate of therapeutic performance. [9]

e Stability Studies

Stability studies evaluate the gel’s ability to
maintain its physical, chemical, and
microbiological properties over time under
various storage conditions. Parameters like
appearance, pH, viscosity, and drug content
are monitored during accelerated and long-
term stability testing.

e SKkin Irritation Testing

Skin irritation testing assesses the safety of
the gel by applying it to animal or human
skin and observing for adverse reactions
like redness, swelling, or itching. This is
essential for ensuring the product is
dermatologically safe for use. [10]

e Bioadhesion

Bioadhesion measures the gel's ability to
adhere to the skin or mucosal surfaces,
which is crucial for prolonged contact and
effective drug delivery. It is typically
evaluated using specialized equipment or in
vitro models.

e Microbial Testing

Microbial testing ensures the gel is free
from harmful microbial contamination and
meets the pharmacopeial standards for
microbial limits. This involves testing for
pathogens like bacteria and fungi and
verifying the effectiveness of preservatives
used in the formulation. [11]

Application of Topical Gel Preparation
e Dermatological Conditions

Topical gels are widely used in treating
various skin disorders such as acne,
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psoriasis, eczema, and dermatitis. For
example, gels containing benzoyl peroxide
or salicylic acid are commonly used for
acne, while corticosteroid-based gels help
reduce inflammation and redness in
psoriasis and eczema.

e Pain Relief and Inflammation

Gels are commonly formulated with non-
steroidal anti-inflammatory drugs
(NSAIDs) such as diclofenac or ibuprofen
for localized pain relief in conditions like
arthritis, muscle sprains, and joint injuries.
Their rapid penetration through the skin
ensures fast and  effective  pain
management. [12]

e Antifungal and  Antimicrobial

Applications

Topical antifungal gels, such as those
containing clotrimazole or miconazole, are
effective against fungal infections like
athlete’s foot, ringworm, and candidiasis.
Similarly, antimicrobial gels with agents
like mupirocin are used to treat bacterial
skin infections.

e Wound Healing

Gels are often formulated for wound
healing due to their ability to maintain a
moist environment, which promotes faster
recovery. Examples include hydrogels
loaded with growth factors, silver
nanoparticles, or antibiotics for chronic
wounds, burns, or cuts.

e Cosmetic and Aesthetic Applications

Topical gels are commonly used in the
cosmetic industry for anti-aging treatments,
skin brightening, and moisturization.
Ingredients like retinoids, hyaluronic acid,
and vitamin C are delivered through gels to
improve skin texture, reduce wrinkles, and
enhance hydration. [13]

e Transdermal Drug Delivery

Gels are utilized in transdermal drug
delivery systems to facilitate the systemic
absorption of drugs through the skin.
Examples include hormone replacement
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therapy (e.g., estrogen gels) and nicotine
replacement therapy for smoking cessation.

e Ophthalmic Gels

Gels designed for ophthalmic use are
applied to the eye for conditions such as dry
eye syndrome or ocular infections. They
provide prolonged retention time compared
to eye drops, allowing for sustained drug
release and improved therapeutic outcomes.
[14]

e Oral and Dental Care

Topical gels are also used in oral care to
treat mouth ulcers, gingivitis, and oral
thrush. Examples include gels containing
lidocaine for pain relief or chlorhexidine for
its antiseptic properties. [15]

e Hair and Scalp Treatments

Gels are employed in treating scalp
conditions  like dandruff, seborrheic
dermatitis, or alopecia. They can deliver
active ingredients such as ketoconazole
(antifungal) or minoxidil (hair growth
stimulant) directly to the affected area.

e Local Anesthesia

Topical anesthetic gels, such as those
containing lidocaine or prilocaine, are used
for numbing specific areas of the skin or
mucous membranes before minor surgical
procedures, injections, or tattooing.

e Antiviral Therapy

Gels containing antiviral agents like
acyclovir are effective in treating localized
viral infections such as herpes simplex
virus (cold sores) or varicella-zoster virus
(shingles).

e Psoriasis and Seborrheic Dermatitis

Specialized medicated gels are used to
control and treat flare-ups of chronic skin
conditions like psoriasis. Coal tar or
salicylic acid-based gels are common for
these purposes.

e Anti-Scarring Treatments
Gels containing silicone or onion extract
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are often used to reduce the appearance of
scars, including post-surgical scars and
stretch marks. [16]

Conclusion

Topical gels offer a promising platform for
localized and systemic drug delivery,
combining flexibility, patient acceptability,
and effectiveness. Recent advancements in
polymer science and nanotechnology have
further expanded their therapeutic potential.
However, challenges such as limited drug
permeability and stability issues must be
addressed to maximize their clinical
efficacy. Future research should focus on
developing innovative gel systems with
enhanced functionality and broader
application in pharmaceuticals.
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