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Mucoadhesive drug delivery systems have gained significant attention in recent years
due to their ability to prolong drug residence time at the site of absorption and improve
therapeutic efficacy (1)(9). By adhering to the mucosal surfaces of the oral cavity, nasal,
ocular, vaginal, or rectal routes, these systems bypass hepatic first-pass metabolism and
enhance patient compliance (4). The development of mucoadhesive patches, in
particular, provides controlled drug release, improved bioavailability, and localized or
systemic therapeutic effects (5)(51). This review aims to provide a comprehensive
overview of the formulation strategies and evaluation techniques used in the design of
mucoadhesive patches. Various natural, semi-synthetic, and synthetic polymers such as
chitosan, sodium alginate, hydroxypropyl methylcellulose (HPMC), and carbopol have
been employed to achieve desired bioadhesion, flexibility, and controlled release
properties (7)(20). Common formulation methods include solvent casting, direct
compression, and hot-melt extrusion (14). Evaluation parameters such as swelling
index, folding endurance, surface pH, in vitro release, ex vivo permeation, and
mucoadhesive strength are essential for ensuring the quality and performance of the
dosage form (9)(16). In conclusion, mucoadhesive patches hold promise as a novel drug
delivery platform, with potential applications in both local and systemic therapy. Future
research should focus on polymeric innovations, patient-friendly designs, and clinical
translation to achieve optimized therapeutic outcomes (2)(12)(51) .

INTRODUCTION

Drug delivery systems have evolved significantly

dosage forms such as tablets, capsules, and
injections often face challenges including poor
bioavailability, rapid drug clearance, and

over the past few decades, aiming to enhance
therapeutic efficacy, improve patient compliance,
and minimize side effects (6). Conventional

extensive first-pass metabolism. To overcome
these limitations, novel drug delivery systems
have been developed, among which mucoadhesive
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drug delivery has emerged as a promising
approach (1)(9).

Mucoadhesive systems are designed to adhere to
mucosal membranes, such as those in the oral,
nasal, ocular, vaginal, and rectal regions (8)(5).
This adhesion prolongs the residence time of the
drug at the absorption site, enabling sustained and
controlled drug release. Additionally, these
systems can bypass hepatic first-pass metabolism,
thereby improving systemic bioavailability and
reducing dosing frequency (4).

Among various mucoadhesive formulations,
mucoadhesive patches offer distinct advantages
over conventional dosage forms. They are flexible,
easy to apply, and capable of delivering both local
and systemic therapeutic effects. Compared to
gels, ointments, or tablets, patches provide better
patient comfort, precise dosing, enhanced stability,
and reduced risk of dose dumping. Furthermore,
their unidirectional release properties minimize
drug loss and optimize therapeutic outcomes.

The objective of this review is to provide a
comprehensive overview of the formulation and
characterization of mucoadhesive patches. It
highlights different polymers employed, methods
of preparation, evaluation parameters, advantages,
limitations, and recent advances in the field, with
emphasis on their potential for future
pharmaceutical applications (7)(19).

History and Concept of Mucoadhesion

Definition of Mucoadhesion refers to the
phenomenon of adhesion between a polymeric
material and the mucosal surface. In
pharmaceutical sciences, it is defined as the ability
of a synthetic or natural polymer to interact with
mucin, thereby increasing the residence time of a
drug formulation at the site of application. This
property is especially useful in drug delivery
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systems, as it promotes intimate contact between
the dosage form and the absorption site, improving
drug bioavailability and therapeutic efficacy

(1)(52).
Historical Development

The concept of mucoadhesion emerged in the
1980s as an extension of the broader field of
bioadhesion. Initially, bioadhesion was studied in
the context of biological cell interactions and
wound healing. Later, researchers began applying
the principle to drug delivery, recognizing that
polymer—mucus interactions could prolong the
residence time of dosage forms on mucosal
membranes such as the oral cavity, nasal passage,
ocular tissue, vaginal wall, and rectal lining. Early
formulations focused on gels and ointments, but
advancements in polymer science led to the
development of more sophisticated systems such
as tablets, films, and patches (9)(20). Today,
mucoadhesive drug delivery is a well-established
area of research, especially for achieving
controlled release and bypassing first-pass
metabolism (1)(20)(51).

Two stages of mucoadhesion

Mucoadhesion generally occurs in two sequential
stages that are useful when designing patches:

1. Contact (or wetting) stage — the
formulation comes into intimate contact with
the mucosal surface (wetting and spreading of
the polymer or patch surface) (1)(20).

2. Consolidation  stage —  interfacial
interactions develop and strengthen (physical
and chemical bonding, interpenetration),
leading to measurable adhesive strength and
residence time. (1)(20)
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Figure No 01:- Two stages of mucoadhesion
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Theories of Mucoadhesion

Several theories have been proposed to explain the
mechanism of mucoadhesion:

1. Wetting Theory — Adhesion occurs when a
liquid spreads over a surface, determined by
the contact angle and interfacial tension
between polymer and mucosa (6).

2. Electronic Theory — Adhesion arises due to
electron transfer at the interface of polymer
and mucus, leading to the formation of an
electrical double layer (6).

3. Adsorption Theory — Involves formation of
secondary chemical bonds (van der Waals
forces, hydrogen bonding) between polymer
chains and mucin glycoproteins (6).

4. Diffusion—Interlocking Theory — Explains
adhesion as interpenetration of polymer
chains into the glycoprotein network of
mucus, creating a semi-permanent bond (20).

5. Fracture Theory — Describes the force
required to separate the two surfaces after
adhesion has occurred (6).

6. Mechanical Theory — Suggests that adhesion
is due to the physical interlocking of polymer
into the irregularities of the mucosal surface

(D).
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Figure No 02:- Theories of Mucoadhesion

e
-

Anatomy and Physiology of the Mucosal
Membrane

Mucoadhesive drug delivery systems rely on
intimate interaction between the dosage form and
the mucosal membrane. The human body presents
several potential mucosal sites, such as buccal,
nasal, vaginal, and rectal mucosa, each with
distinct anatomical and physiological
characteristics that influence drug absorption and

therapeutic outcomes.
1. Buccal Mucosa

The buccal cavity is lined with a stratified
squamous epithelium (approximately 500-800 pm
thick), beneath which lies a highly vascularized
connective tissue. The permeability of the buccal
mucosa 1s higher than that of keratinized
epithelium but lower than sublingual mucosa. Its
accessibility, large surface area, and avoidance of
first-pass metabolism make it an ideal site for
mucoadhesive patches aimed at systemic or local
drug delivery (8)(3)(52).
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Figure No 03:- Buccal Mucosa

2. Nasal Mucosa

The nasal cavity is lined with a ciliated,
pseudostratified columnar epithelium rich in blood
vessels, with a surface area of about 150-180 cm?.
The thin epithelial barrier (40-50 um) and high
vascularity enable rapid drug absorption and onset
of action. Mucoadhesive patches or films here can
bypass gastrointestinal degradation and hepatic
metabolism, but mucociliary clearance may limit

residence time (3).
3. Vaginal Mucosa

The vaginal mucosa is composed of non-
keratinized stratified squamous epithelium (200—
300 pm thick) supported by connective tissue and
rich in blood vessels. The vaginal route provides a
large surface area, avoids hepatic first-pass
metabolism, and is particularly useful for local
therapy (e.g., antifungal, antibacterial drugs) and
systemic delivery (e.g., hormones). Mucoadhesive
patches can prolong retention time and improve
therapeutic efficacy in this environment (3).

4. Rectal Mucosa
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The rectal epithelium is a single layer of columnar
epithelial cells with microvilli that increase
absorptive capacity. The rectum has a rich blood
supply, with partial avoidance of first-pass
metabolism depending on the site of absorption
(upper vs. lower rectum). Mucoadhesive systems
enhance drug contact time with rectal mucosa,
improving bioavailability and patient compliance
compared to conventional suppositories (3).

Formulation of Mucoadhesive Patches

The successful design of mucoadhesive patches
requires the careful selection of polymers, active
pharmaceutical ingredients (APIs), excipients, and
preparation techniques. Each component plays a
critical role in determining the bioadhesive
strength, drug profile,
properties, and therapeutic efficiency of the final
dosage form.

release mechanical

1. Polymers Used

Polymers are the backbone of mucoadhesive
patches, imparting adhesion, mechanical strength,
and controlled release. They are broadly classified
as:

e Natural Polymers: Chitosan, sodium
alginate, pectin, guar gum, xanthan gum.
Advantages: biocompatible, biodegradable,
non-toxic. Limitation: batch variability.

e Semi-synthetic Polymers: Hydroxypropyl
methylcellulose (HPMC), carboxymethyl
cellulose (CMC), methylcellulose, sodium
carboxymethyl cellulose. Advantages: better
swelling and flexibility.

e Synthetic Polymers: Polyvinyl alcohol
(PVA), polyvinylpyrrolidone (PVP),
carbopol, polyethylene oxide (PEO),

Eudragit®. Advantages: high reproducibility,
good mechanical strength.
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Often, polymer blends are used to balance
adhesion, flexibility, and controlled drug release

(7)(19).
2. Active Pharmaceutical Ingredients (APIs)

A wide range of APIs can be incorporated into
mucoadhesive patches for local or systemic action:

e Analgesics: Lidocaine, diclofenac.

e Antifungals/Antibacterials: Clotrimazole,
miconazole, metronidazole.

e Cardiovascular drugs: Propranolol,
captopril, nifedipine.

e Hormones: Estradiol, progesterone,

testosterone.

e Other systemic drugs: Ondansetron, insulin,
nicotine, buprenorphine.

The choice of drug depends on molecular weight,
solubility, dose requirement, and intended
therapeutic effect (4).

3. Excipients in Mucoadhesive Patches

e Plasticizers: Glycerol, propylene glycol,
polyethylene glycol (PEG), dibutyl phthalate
— improve flexibility, elasticity, and prevent
brittleness.

e Permeation Enhancers: Dimethyl sulfoxide
(DMSO), oleic acid, menthol, bile salts —
increase drug permeability across mucosal
membranes.
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e Solvents: Water, ethanol, isopropanol,
chloroform — aid in dissolving polymers and
APIs during formulation.

e Other additives: Sweeteners (sorbitol,
mannitol), flavoring agents (peppermint oil,
vanillin), and coloring agents for patient
acceptability (10)(12).

Methods of Preparation of Mucoadhesive
Patches

Mucoadhesive patches can be prepared by various
techniques depending on the type of polymer, drug
properties, and desired drug release profile. The
most commonly used methods are:

1. Solvent Casting Method
Process:

e Dissolve the selected polymer(s) in a suitable
solvent (water, ethanol, or a mixture).

e Add plasticizers (e.g., glycerol, PEG) to
improve flexibility.

e Disperse or dissolve the drug uniformly in the
polymer solution.

e Pour the solution onto a flat surface such as a
Petri dish or Teflon-coated mold.

e Allow the solvent to evaporate at controlled
temperature, forming a uniform thin film.

e Peel off the dried film and cut into patches of
desired size.
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Figure No 04:- Solvent Casting Method

Advantages:
e Simple and cost-effective.

e Suitable for thermolabile drugs since no heat
is applied.

e Can produce uniform, thin films with
controlled thickness.

Limitations:

e Residual solvent may remain, requiring

careful drying.

¢ Time-consuming for large-scale production.

e Possible variability between batches (14).

2. Hot-Melt Extrusion (HME)
Process:

e Mix drug, polymer, and plasticizer uniformly.

e Feed the mixture into a heated extruder, where
it melts and forms a homogeneous mass.

e Extrude the molten mass through a die to form
sheets or strips.

e Cool the extrudate at room temperature and
cut into patches.

of materials

Feoder

Mixing and melting
of the components

Hot-melt extrusion process

Different zones
for injection

NS

Collection of semi-solid product

Figure No 05:- Hot-Melt Extrusion (HME)

Advantages:

e Solvent-free, environmentally friendly.
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e Produces with

distribution.

patches uniform  drug

e Suitable for sustained-release formulations.
e Scalable for industrial production.
Limitations:

e Not suitable for thermolabile drugs due to
high temperatures.

e High energy consumption.

e Equipment cost is higher than solvent casting

(2)(16).
3. Direct Compression / Milling Method
Process:

1. Blend the drug with powdered polymer(s) and
excipients (plasticizer, fillers).

2. Compress the mixture into thin films or
patches using a tablet press.

Advantages:

e Solvent-free; avoids residual solvent issues.
e Simple and rapid.

e Environmentally safe and easily scalable.
Limitations:

e Limited to polymers that can form coherent
films under compression.

e May not achieve very thin patches.

e Not suitable for drugs that require polymer
dissolution for uniform dispersion (2)(16).
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4. Lyophilization (Freeze-Drying) Method
Process:

1. Prepare a solution  or

dispersion.

polymer-drug
2. Pour into molds or trays and freeze at low

temperature.

3. Subject the frozen mixture to vacuum drying
(sublimation) to remove water.

4. Obtain a porous, spongy mucoadhesive patch.
Advantages:

e Produces fast-dissolving patches with high
porosity.

e Suitable for thermolabile drugs.

e Allows high drug loading.
Limitations:

e Expensive and time-consuming.

e Fragile patches that may require careful
handling (16).

5. 3D Printing (Advanced/Experimental)
Process:

1. Prepare a polymer-drug “ink” suitable for 3D
printing.

2. Print patches layer by layer with precise
geometry and thickness.

Advantages:

e Personalized dosage forms with exact drug
content.
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A piece of excised animal mucosa (e.g.,
porcine or rabbit buccal mucosa) is mounted
on a support.

e Allows complex shapes for targeted delivery. 1.
e Flexible control over drug release profile.

Limitations: 2. The patch is applied with a fixed weight for a

. specific time to ensure contact.
e Expensive technology.
o o 3. A force is gradually applied using a texture
* Limited polymer/drug compatibility (18). analyzer or modified balance until detachment

occurs.
Evaluation of Mucoadhesive Patches

4. M hesive strength (i i .
1. Physicochemical Characterization ucoadhesive strength (in g or N) is recorded

o Significance: Determines the ability of the
patch to remain at the site of application for
the desired duration (16)(51).

o Thickness:

o Measured using a digital vernier calliper at

Itipl int th tch.
muitiple points on the pate 3. Swelling Index and Surface pH

o Ensures uniformity of film thickness, which Swelline Index:
affects drug release and adhesion. welling X

o Measures the ability of the patch to absorb

o Weight Variation:
€1 artation fluid and swell, which influences drug release.

Patches are individually weighed using an
analytical balance, and mean #+ standard
deviation is calculated.

Critical for uniform dosing.

Procedure:
Initial weight of the dry patch is recorded.

Patch is immersed in simulated saliva or

hosph ffe °C.
e Folding Endurance: phosphate buffer at 37°C

3. Weight is measured at regular intervals until

A flexibility and hanical strength.
° soesses Tex biily anc mechafiival Siteng equilibrium swelling is achieved.

o A patch is repeatedly folded at the same place

. 0/ _
until it breaks. 4. Swelling index (%) = [(Wt— WO0)/W0] x 100,

where Wt = weight at time t, WO = initial

o The number of folds tolerated indicates the weight.

durability of the patch (14)(16). Surface pH:

2. Mucoadhesive Strength .
o Ensures patch does not irritate the mucosa.

e Purpose: Evaluates the force required to

Procedure:
detach the patch from the mucosal surface. °

1. Patch is moistened with distilled water.
e Procedure:
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2. Surface pH is measured using a pH meter or
pH-sensitive paper.

3. Optimal surface pH should be near neutral
(=67 for buccal mucosa) (16)(20).

4. In-vitro Drug Release and Diffusion Studies

e Purpose: Determines the release profile and
diffusion kinetics of the drug from the patch.

e Procedure (Franz Diffusion Cell Method):

1. Patch is mounted on a dialysis membrane or
excised mucosa.

2.

Receiver compartment is filled with
phosphate buffer or simulated saliva
maintained at 37°C.

Samples are withdrawn at regular intervals
and analyzed using UV-Vis spectroscopy,
HPLC, or other suitable methods.

Cumulative drug release is plotted against
time to study kinetics (zero-order, first-order,
Higuchi, Korsmeyer—Peppas models) (16).

I

Parch

/
/] Drug flu

Water inlet —e-

Water outlet —» m

N\

7

Sheep boccal mucoss

Membrance allocation ————» r—\. —

<—Receptor chamber

Donor chamber

Sampling port

Figure No 06:- Franz Diffusion Cell Method

5. Ex-vivo and In-vivo Studies
o Ex-vivo Studies:

o Use excised animal mucosa to study drug
permeation and mucoadhesion under
simulated physiological conditions.

o Provides data on bioadhesion, swelling, and
drug diffusion before in-vivo studies.

¢ In-vivo Studies:

o Conducted in animal models or human
volunteers to evaluate bioavailability,
residence time, therapeutic effect, and safety.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

o

@)

Parameters include plasma drug concentration
(pharmacokinetics), irritation testing, and
local tissue compatibility.

Non-invasive imaging or labeling techniques
may be used to track patch retention and drug
release in real time (16).

Applications of Mucoadhesive Patches

Mucoadhesive patches have emerged as versatile
drug delivery systems due to their ability to adhere
to mucosal surfaces, prolong residence time, and
provide controlled drug release. Their applications
span systemic, local, and targeted therapy
depending on the site of application.
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1. Buccal Delivery

Overview:

The buccal mucosa is a highly vascularized
tissue suitable for systemic drug delivery,
bypassing first-pass metabolism and reducing
gastrointestinal degradation.

Applications:

Peptides and Proteins: Insulin, calcitonin,
and other peptide drugs are delivered via
buccal patches to improve bioavailability, as
they are otherwise degraded in the GI tract.

Cardiovascular Drugs: Propranolol,
nitroglycerin, and captopril patches enable
sustained plasma

levels for chronic

management of hypertension and angina.

Analgesics/Antipyretics: Buccal patches

containing lidocaine or diclofenac provide
rapid pain relief and local action.

Advantages:
Non-invasive and patient-friendly.
Enables controlled or sustained release.

Reduces dosing frequency and improves
compliance (8)(4).

2. Periodontal Patches

Overview: Designed specifically for the
treatment of periodontal diseases, these
patches are applied directly into periodontal
pockets.

Applications:

Delivery of antibiotics such as tetracycline,
doxycycline, or metronidazole for localized
therapy.
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o

Anti-inflammatory drugs to manage gingivitis
or periodontitis.

Advantages:

Maintains high local drug concentration
without systemic exposure.

Reduces side effects associated with oral
administration of antibiotics.

Prolonged retention in the periodontal pocket
ensures sustained drug action (5)(51).

3. Vaginal and Rectal Patches

Vaginal Patches:

Used for local therapy (antifungal,
antibacterial, or contraceptive agents) and
systemic delivery (hormones like estradiol
and progesterone).

Prolonged retention due to mucoadhesion
ensures controlled release and improved
efficacy.

Reduces dosing frequency and enhances
patient comfort.

Rectal Patches:

Administered for local treatment
(hemorrhoids, infections) or systemic delivery
of drugs like antiemetics or cardiovascular
agents.

Partially avoids hepatic first-pass metabolism
depending on site of absorption.

Advantages of Vaginal/Rectal Patches:
Improved drug bioavailability.

Targeted and sustained drug release.
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Minimally invasive and well-tolerated (17).

4. Targeted Drug Delivery

Overview: Mucoadhesive patches are
increasingly being explored for site-specific
and targeted delivery in various therapeutic
areas.

Examples:

Cancer Therapy: Buccal or vaginal patches
delivering chemotherapeutic agents directly to
tumor sites to minimize systemic toxicity.

Antiviral Therapy: Delivery of drugs like
acyclovir to oral or genital mucosa for
localized antiviral effect.

Hormone Replacement: Targeted delivery
via vaginal patches ensures steady systemic
absorption with minimal fluctuations.

Advantages:

Localized therapy reduces systemic side
effects.

Controlled release

outcomes.

improves therapeutic

Potential for personalized medicine based on
patient-specific requirements (18)(34)(35).

Advantages of Mucoadhesive Patches

1.

Improved Patient Compliance

Patches are non-invasive, easy to apply, and
discreet.

Eliminate the need for frequent dosing,
improving adherence, especially in chronic
therapy.
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o

Taste-masking and minimal interference with
daily activities enhance patient acceptability.

Bypass of First-Pass Metabolism

Drugs delivered via mucosal routes (buccal,
nasal, vaginal, rectal) bypass hepatic first-pass
metabolism.

Increases systemic bioavailability for drugs
that are extensively metabolized in the liver
when administered orally.

Sustained and Controlled Release

Polymers in the patch matrix allow prolonged
drug release over several hours.

Maintains steady plasma drug
concentrations, reducing  peak-trough
fluctuations.

Useful for drugs with short half-lives or those
requiring continuous therapeutic levels.

Localized Therapy

Targeted delivery at the site of action reduces
systemic exposure.

Minimizes side effects while improving
therapeutic outcomes, e.g., periodontal or
vaginal patches.

Flexibility in Formulation

Compatible with a wide range of drugs:
peptides, hormones, analgesics, antivirals,
and antimicrobials.

Can incorporate excipients like plasticizers,
permeation enhancers, and flavoring agents to
improve efficacy and patient acceptability

(D))
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Limitations of Mucoadhesive Patches
1. Potential for Mucosal Irritation

o Some polymers or permeation enhancers may
cause local irritation or discomfort.

o Surface pH mismatch or prolonged adhesion
may lead to redness, burning, or ulceration.

2. Limited Drug Load

o The small size and thin nature of patches
restrict the amount of drug that can be
incorporated.

o High-dose drugs may not be feasible for this
delivery system.

3. Limited Absorption Area

o Mucosal surfaces have a limited surface area
(e.g., buccal cavity ~50 cm?).

o Only drugs that can be absorbed in small
quantities or are potent at low doses are
suitable.

4. Variability in Adhesion and Retention

o Factors like saliva, mucosal turnover, or
patient movement may reduce residence time.

o Adhesion strength must be carefully
optimized for consistent therapeutic effect.

5. Formulation Complexity and Stability

o Requires careful selection of polymers and
excipients to balance adhesion, drug release,
and mechanical properties.

o Storage and packaging must prevent patch
drying, brittleness, or degradation.

Recent Advances and Future Prospects

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

The field of mucoadhesive patches is evolving
rapidly due to innovations in polymer science,
nanotechnology, and personalized medicine.
These advancements aim to overcome the
limitations of conventional patches, enhance drug
bioavailability,
specific therapy.

and enable targeted, patient-

1.  Nanotechnology-Based = Mucoadhesive

Patches

e Overview: Incorporation of nanocarriers such
as nanoparticles, nanofibers, liposomes, and
solid lipid nanoparticles into mucoadhesive
patches has revolutionized drug delivery.

e Advantages:

o Enhanced Drug Solubility: Nanocarriers
improve the solubility of poorly water-soluble
drugs.

o Controlled and Sustained Release:
Nanoparticles within the polymer matrix
allow precise modulation of drug release
kinetics.

o Improved Permeation: Nanosized drug
carriers can penetrate the mucosal layer more
efficiently.

o Targeted Therapy: Functionalized
nanoparticles can deliver drugs selectively to
specific tissues or cells.

o Applications: Delivery of  peptides,
anticancer drugs, antivirals, and vaccines
through buccal, nasal, or vaginal routes

(18)(13).
2. Combination with Permeation Enhancers

e Overview: Permeation enhancers are
substances that transiently increase mucosal
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membrane permeability to improve drug
absorption.

Common Enhancers: Fatty acids (oleic
acid), surfactants (sodium lauryl sulfate), bile
salts, cyclodextrins, and menthol.

Advantages:

Facilitate the delivery of high molecular
weight drugs (e.g., peptides, proteins) across
mucosa.

Improve bioavailability =~ while
maintaining patch adhesion and integrity.

systemic

Considerations: Selection of safe and
biocompatible enhancers is crucial to avoid
mucosal irritation or long-term toxicity.

3. Personalized Medicine Approaches

Overview: Advances in 3D printing,
microfabrication, and computational
modeling allow the development of

customized mucoadhesive patches tailored to
individual patient needs.

Advantages:

Patient-Specific Dosage: Precise control of
drug content and release rate based on patient
age, weight, or disease state.

Customized Shape and Size: Patches can be
designed for difficult-to-access mucosal sites
or pediatric/geriatric populations.

Combination Therapy: Multiple drugs can
be incorporated in a single patch with
controlled release profiles (16).

Future Prospects: Integration of biosensors
or stimuli-responsive polymers may enable
“smart patches” that release drugs in response
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to physiological signals (pH, temperature, or
enzymatic activity) (16).

CONCLUSION

Mucoadhesive patches have emerged as a versatile
and promising drug delivery platform, offering

advantages over conventional dosage forms such
as enhanced patient compliance, bypass of first-
pass metabolism, sustained drug release, and
targeted/localized therapy. This review highlights
the key findings in the field, including:

1.

Formulation Strategies: A variety of natural,
semi-synthetic, and synthetic polymers are
used to achieve desired adhesion, flexibility,
and controlled drug release. Plasticizers,
permeation enhancers, and suitable solvents
are critical excipients, while methods like
solvent casting, hot-melt extrusion, direct
compression, lyophilization, electrospinning,
and 3D printing allow customization of patch
properties.

Evaluation Parameters: Comprehensive
characterization—including physicochemical
tests (thickness, weight variation, folding
endurance), mucoadhesive strength, swelling
behavior, surface pH, in-vitro drug release,
and ex-vivo/in-vivo studies—is essential for
ensuring patch quality, efficacy, and safety.

Applications: Mucoadhesive patches have
wide-ranging applications for
delivery (e.g., peptides, cardiovascular drugs),
localized therapy (e.g., periodontal, vaginal,
rectal), and targeted drug delivery,
demonstrating their potential across multiple
therapeutic areas.

systemic

Recent Advances: Innovations such as
nanotechnology-based patches, combination
with permeation enhancers, and personalized

3727 |Page



Komal More, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 4, 3715-3731 |Review
REFERENCES

medicine approaches are expanding the scope
of mucoadhesive drug delivery, enabling
controlled, targeted, and patient-specific
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