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ABSTRACT: Diabetes mellitus is a chronic metabolic disorder characterized by
elevated blood glucose levels, with type Il diabetes mellitus being the most
prevalent form, primarily resulting from insulin resistance and/or insufficient
insulin secretion. Mucoadhesive buccal patches, which are designed to adhere to
the buccal mucosa for systemic effectiveness, offer a more effective option for
oral administration because they bypass the first pass metabolism. Linagliptin, a
dipeptidyl peptidase-4 (DPP-4) Inhibitor, is commonly used for the management
of type Il diabetes but suffers from limitations related to oral bioavailability and
patient adherence. The present study aims to formulate and evaluate a
Mucoadhesive buccal patch of linagliptin to provide sustained drug release and
improve therapeutic effects. The primary objective Includes assessing the
Mucoadhesive strength to ensure prolonged adhesion to the buccal mucosa,
evaluating the formulation for pharmaceutical Suitability, and creating an ideal
patch with desired physicochemical properties. The buccal patches were
successfully developed with polyvinylpyrrolidone K30 (PVP KB30) and
hydroxypropyl methylcellulose (HPMC) as polymers using the solvent casting
method, and the selected polymers and excipients ensured good flexibility,
mucoadhesive property, and compatibility with the buccal environment.
Evaluation parameters like physical properties, drug content uniformity, swelling
index, and In-vitro drug release profiles confirmed uniformity, sustained drug
release, and effective adhesion, all of which are essential for a reliable buccal
delivery system. This study highlights the potential of buccal patches as an
innovative alternative to conventional oral dosage forms, offering benefits such
as enhanced bioavailability, and improved patient compliance.

INTRODUCTION: One of the most chronic
disorders of metabolism and an increasing
worldwide health concern is diabetes mellitus
(DM). This disorder is caused by an imbalance in
the body's ability to regulate blood sugar levels,
which leads to persistently high blood glucose
levels.

QUICK RESPONSE CODE

DOI:
10.13040/1JPSR.0975-8232.16(12).3426-37

This article can be accessed online on
WWW.ijpsr.com

=ul Fhryt¢ Torcs)

DOI link: https://doi.org/10.13040/1JPSR.0975-8232.16(12).3426-37

International Journal of Pharmaceutical Sciences and Research

There are two primary forms of diabetes mellitus:
type 1 and type 2: (Type 1 diabetes) is the
autoimmune destruction of the pancreatic beta cells
that produce insulin, because their bodies are
unable to produce enough insulin. TLDM can strike
at any age. The more prevalent kind of diabetes,
known as type 2 diabetes (T2DM), typically
appears in adulthood *.

Insulin resistance, which occurs when the body's
cells are wunable to react to insulin signals
efficiently, is its main characteristic. T2DM is
frequently linked with increased hepatic glucose
synthesis and decreased pancreatic insulin
secretion. Poor diet and physical inactivity are two
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lifestyle variables that contribute significantly to
the development of type 2 diabetes. Yet the
development of it is also influenced by genetic
predisposition. The goals of diabetes mellitus
treatment are to control blood sugar levels and
lower the chance of complications. Lifestyle
changes are one of these strategies. As a result,
diabetes mellitus is linked to a higher risk of
consequences, such as renal failure, cardiovascular
disease, neuropathy, and vision impairment. Oral
and injectable treatments are among the various
pharmacological groups available for the treatment
of type 2 diabetes 2 Sulfonylurea, SGLT2
inhibitors, and metformin are examples of oral
drugs that assist control blood sugar levels. Insulin
is also used to treat type 2 diabetes, as are
injectable drugs such as pramlintide and GLP-1
receptor agonists.

A mucoadhesive buccal drug delivery system
(MBDDS) is a pharmaceutical formulation that
adheres to the mucosal lining of the cheek for
controlled drug release and absorption, bypassing
first-pass metabolism, enhancing drugs
bioavailability, potentially eliminating the need for
frequent dosing are some benefits of these systems.
Buccal patches are a novel and promising drug
delivery method that offers numerous benefits
These thin, flexible films are a popular option in
the pharmaceutical industry because they provide a
number of important advantages for buccal
administration.

A well-known feature of buccal patches is their
affordability.  Their effective  manufacturing
processes and the possibility of employing fewer
excipients frequently result in lower manufacturing
costs, which eventually allow patients to purchase
prescriptions at a lower cost. Another advantage of
buccal patches is patient compliance. Particularly
for people who might have trouble taking
conventional oral drugs, their convenience stems
from their simplicity of administration and lack of
water or swallowing requirements. Effectively
managing chronic diseases like diabetes requires
patients to stick to prescribed treatment regimens *
°>. The potential for both local and systemic
pharmacological effects is one of the most notable
characteristics of buccal patches. These films
escape the liver's first-pass metabolism by entering
the mouth cavity and possessing direct access
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through the internal jugular vein to the systemic
circulation. Given that a sizable amount of the
medication enters the bloodstream immediately,
medications administered by buccal patch can thus
attain high bioavailability. Especially helpful for
medications that need a quick need of action and
are poorly absorbed in the gastrointestinal tract, or
break down in the stomach region * * *
Administration of drug via buccal mucosa to the
systemic circulation designed to provide sustained
release of active ingredients. Within the oral
mucosal cavity, the Buccal region offers an
attractive route of administration through the
systemic circulation. The mucosa has a rich blood
supply and it is relatively permeable. Buccal
adhesive Patches adhere to the buccal mucosa to
buccal mucosa for the extended period of time.

Buccal dose form types are categorized according
to their design and structure. They are matrix and
reservoir types. When using a matrix-type buccal
patch, the medication, adhesive, and additives are
combined * 2. A buccal patch containing a cavity
for the drug and any additives that are discrete from
the adhesive is the reservoir type. An impermeable
backing is employed to control the direction of
drug distribution. In diabetes management, they
offer an exciting avenue for delivering diabetes
medications more effectively and improving patient
compliance. For a condition like diabetes, where
precise medication timing and dosage are critical,
buccal patches provide a convenient and reliable
option >*,

Type 2 diabetes (T2DM) can be treated with
linagliptin, an inhibitor of dipeptidyl peptidase-4
(DPP-4). Linagliptin is a xanthine-based dipeptidyl
peptidase-4 (DPP-4) inhibitor distinct from other
DPP-4 inhibitors due to its unique pharmacokinetic
properties unlike others in its class, which are
primarily eliminated through the kidneys, and
linagliptin is mainly excreted via a biliary/hepatic
route. This characteristic allows for its use in
patients with varying degrees of renal function,
including those with severe chronic kidney disease,
without the need for dose adjustments. (DPP-4),
works by increasing the body's production of in
cretin hormones. In cretin hormones, such as
glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulin tropic polypeptide (GIP), are
released by the intestine in response to food
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consumption. They greatly help in the regulation of
blood sugar ° **.

e By stimulating the production of glucose-
dependent insulin by the pancreas

e By suppressing the release of glucagon from
the pancreas

e By rapidly breaking F hormones

Linagliptin has a high affinity for DPP-4 and a long
terminal half-life (up to 184 hours), allowing for
once-daily dosing. Linagliptin is primarily excreted
unchanged through the enter hepatic system (bile
and gut), with minimal renal excretion * .

Patients with renal impairment can utilize
linagliptin without changing their dosage because
of its unique excretion profile. It has been shown
that linagliptin has a wide therapeutic window and
is well tolerated even at dosages well over the
therapeutic threshold. In contrast to other ant-
diabetic drugs like sulfonylureas, linagliptin has a
low risk of hypoglycemia.

Linagliptin could contain intrinsic antioxidant
properties due to its chemical structure, which
might help in heart protection. Preclinical study
suggests that linagliptin may improve cognitive
function and protect neurons % 8. Its anti diabetic
properties, when combined with diet and exercise,
can assist people with type 2 diabetes improve their
glycemic control. It can be used either alone or in
combination with other oral anti-diabetic drugs.
Additionally, it has anti-inflammatory and
cardiovascular protective effects > .

Linagliptin has shown effectiveness in reducing
fasting glucose, fasting plasma glucose, and HbAlc
in a number of clinical investigations. Pioglitazone
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combination therapy, metformin combination
therapy, Metformin plus sulfonylurea combination
therapy, add-on therapy to basal insulin, and
monotherapy all have been studied.

MATERIALS AND METHODS:

Materials: Linagliptin was purchased from
Dermactect Pharma and consultants, India, HPMC,
PVPK30, DMSO, and Glycerin were purchased
from Loba Chemie Pvt Ltd, Pearl Chemicals &
Akshar Chemicals Pvt Itd India.

Method: Formulation of Linagliptin
Mucoadhesive Buccal Patches: The
mucoadhesive buccal patches were prepared using
solvent casting method, employing hydroxypropyl
methylcellulose ~ (HPMC) as the primary
mucoadhesive polymer in all formulation trials.
Polyvinylpyrrolidone K30 (PVPK30) was
incorporated as a film stabilizer, while propylene
glycol and glycerin served as plasticizers. Initially,
HPMC was dispersed in distilled water and allowed
to hydrate for 1-2 hours with occasional stirring.

Separately, the remaining excipients, along with
linagliptin  dissolved in dimethyl sulfoxide
(DMSO), were added to the polymer-excipient
blend with gentle mixing to avoid air entrapment.
The final formulation was cast into 1xlinch
silicone molds. The patches were dried either by air
drying for 24-48 hours at room temperature or by
oven drying at 45°C for 6-8 hours. Once dried, the
patches were carefully removed from the molds
and stored in aluminum foil pouches or airtight Zip
lock bags until further evaluation.

The effect of individual polymers and their
compositions at different ratios has been studied
considering the % of drug release.

TABLE 1: PILOT BATCHES BLANK AND DRUG LOADED

Sr. no. Ingredient F1 F2 F3 F4 (Drug + PEG) F5 (Drug + PVP) F6 (Drug + PVP)

1 Linagliptin — — — 3mg 3mg 3mg

2 Carbopol 940 0.5% — — — — —

3 HPMC K4M 15%  1.5% 2.25% 1.5% 2.25% 2.25%

4 PVP K30 1.0% — 1.0% — 1.0% 1.0%

5 PEG 400 — 1.33% — 1.33% — —

6 Propylene Glycol 1.0% 1.33% 1.5% 1.33% 1.5% 1.5%

7 Glycerine 1.0% 1.33% 1.5% 1.33% 1.5% 1.5%

8 DMSO — — — 2.5% 2.5% 2.5%

9 Distilled Water  g.s.to .. to g.s. to g.s. to 100% g.s. to 100% g.s. to 100%

100% 100% 100%
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Sr. no. Ingredient % wiv Role of Ingredients
1 Linagliptin 3mg Anti diabetic agent (API)
2 HPMC K4M 2.25% Film former, mucoadhesive
3 PVP K30 1.35% Binder, film stabilizer
4 Propylene Glycol 1.50% Plasticizer
5 Glycerine 1.50% Plasticizer, softener
6 DMSO 2.50% Drug solvent
7 Distilled Water 94.50% Main solvent

Evaluation of Mucoadhesive Linagliptin Buccal
Patches:

Organoleptic Test: This test evaluates the physical
characteristics of the buccal patch, such as its color,
texture, appearance, flexibility, and odor. The
method involves examining the patch visually for
uniformity in color and appearance, looking for
cracks, air bubbles, or particles, sniffing for any
disagreeable scent, and gently stretching the patch
to evaluate its flexibility and smoothness.

Weight Uniformity: The weight uniformity test
ensures that the same amount of formulation is
used in each buccal patch, which is essential for
precise dosing. Ten individual patches are weighed
using a digital analytical scale, and the weights of
each patch are compared to the average to make
sure they are within acceptable limits.

Thickness Measurement: Patch consistency is
evaluated in this test, which affects mucosal
adherence and drug release. The thickness of each
patch is measured at several points using a
micrometer screw gauge. Calculating the average
thickness ensures consistency in the formulation.

Swelling Index: The swelling index measures the
patch's ability to absorb moisture, which is
necessary for mucoadhesion. The patch is first
weighed before being immersed in phosphate
buffer (pH 6.8) for a set amount of time at 37°C.

After swelling, surplus moisture is wiped away and
the final weight is recorded. The swelling index is
determined by calculating the percentage increase
in weight.

Folding Endurance: This test evaluates the patch's
flexibility and mechanical strength. Until a patch
fails or exhibits obvious fissures, it is folded
repeatedly in the same location. Its folding
endurance refers to the amount of folds it can
withstand before breaking.

International Journal of Pharmaceutical Sciences and Research

pH Evaluation: This test establishes the buccal
patch's surface pH to make sure it is in harmony
with the buccal mucosa and does not irritate it. To
record the pH value, a few drops of distilled water
are added to the patch, which is then held in contact
with the electrode of a pH meter.

Content Uniformity: The consistency of content
guarantees that the medication is dispersed equally
across the patches. A spectrophotometric technique
Is used to measure the amount of medicine present
in a single patch after it has been dissolved or
extracted in an appropriate solvent. To ensure
uniformity, this procedure is performed for several
patches.

Calibration Curve: In order to quantify drug
content in subsequent tests, this test establishes the
link between drug concentration and absorbance. A
calibration curve is generated after standard
solutions of the medication at different known
doses are made and their absorbance is assessed
with a UV spectrophotometer.

FTIR: FTIR analysis determines the functional
groups and looks for potential drug-excipient
interactions. An FTIR spectrophotometer is used to
record the spectra of the formulation and the pure
medicine, and the distinctive peaks are compared to
determine compatibility.

In-vitro Dissolution Studies: The rate and degree
of medication release from the patch over time are
ascertained by this test. Samples are taken at
prearranged intervals, the patch is submerged in a
dissolving media (usually phosphate buffer), the
drug content is evaluated, and the cumulative
release vs. time is shown.

Kinetic Modeling: The drug release mechanism
from the patch is examined using kinetic modeling.
Numerous kinetic models, including zero-order,
first-order, Higuchi, and Korsmeyer—Peppas
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equations, are fitted to the in vitro drug release
data. By analyzing the correlation coefficient (R2)
values, the best-fitting model is identified.

Mucoadhesive Strength Test: This test measures
the adhesion strength of the patch to the mucosal
surface, which is crucial for retention at the
application site. The patch is adhered to a
biological membrane (Goat buccal mucosa), and
the force required to detach it is measured using a
weighing balance

RESULT AND DISCUSSION: The solvent
casting process was successfully used for
developing the mucoadhesive buccal patch of
linagliptin. This procedure produced a constant and
stable film by improving the drugs even
distribution across the patch. Two blank batches
were first made in order to check compatibility
with proper film formation. Later, after the patch
was successfully prepared, the medication
(linagliptin) was added. Quality control in patch
manufacturing necessitates close monitoring of
critical components, such as the API's temperature
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sensitivity, mechanical qualities like folding
endurance and tear resistance, and its performance
attributes like uniformity, impurity level, and
dissolution rates, in order to guarantee the final
product's safety and effectiveness.  This
investigation ensures the buccal patches' quality
and effectiveness.

Analytical Test:

Organoleptic Test: The technique is visually
assessing the patch for uniform color and look,
checking for cracks, air bubbles, or particles,
smelling for any unpleasant odor, and gently
stretching the patch to assess its smoothness and
flexibility. According to the formulation design, the
patches had a smooth Texture, light or no smells,
and a uniform Color ranging from white to off
white and translucent. Visual inspection confirmed
that the surface was consistently level and free of
air bubbles, cracks, and particulate matter. The
final formulation (F7) showed good flexibility,
bending easily without breaking or cracking,
making it most appropriate for buccal application.

TABLE 3: PHYSICAL CHARACTERISTICS OF FORMULATIONS (F1-F7)

Formulation code Color Odor Texture Appearance Flexibility
F1 White Odorless Rough Air bubbles present Poor
F2 White to off-white Odorless Rough Air bubbles present Poor
F3 White to off white Odorless  Slightly rough Air bubbles present Poor
F4 Translucent Odorless Smooth Transparent, no air bubbles Good
F5 Translucent Odorless Smooth Uniform, flat, no air bubbles Good
F6 Translucent Odorless Smooth Uniform, flat, no air bubbles Good
F7 Uniform & Translucent ~ Odorless Smooth Uniform, transparent & flat, Good

no air bubbles

Weight Uniformity: Ten patches are weighed
separately with a digital analytical scale, and their
weights are compared to the average to ensure they
fall within permissible ranges.

TABLE 4: WEIGHT UNIFORMITY
Sample no.

Weight (g)
0.15
0.18
0.17
0.18
0.15
0.14
0.18
0.19
0.17
0.16

Boovoorwnrk

The weights ranged from 0.14 g to 0.19 g, with a
mean of 0.167 g. The minimal variation between
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samples indicates the formulation was dispersed
evenly throughout the preparation process. Since
the results meet the accepted requirements for
weight consistency, they ensure precise dosage for
each patch.

Thickness Measurement: A micrometer screw
gauge is used to measure thickness at various
positions on each patch. The average thickness is
calculated to guarantee consistency in the
formulation. Five randomly chosen patches were
measured for thickness using a micrometer screw
gauge. The observed thickness values ranged from
1.92 mm to 2.00 mm, with an average thickness of
1.956 mm. Based on the measurement the patches
are consistently thick, which is required to offer
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mucoadhesive properties and
release.

sustained drug

TABLE 5: THICKNESS MEASUREMENTS

Sample no. Thickness (mm)
S1 1.95
S2 2.00
S3 1.92
sS4 1.98
S5 1.93

Swelling Index: The patch is first weighed before
being immersed in phosphate buffer (pH 6.8) for a
set amount of time at 37°C. After swelling, surplus

TABLE 6: SWELLING INDEX
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moisture is wiped away and the final weight is
recorded. The swelling index is determined by
calculating the percentage increase in weight. The
swelling index was determined by calculating the
percentage increase in patch weight after
immersion in phosphate buffer (pH 6.8) at 37°C.
The swelling percentage ranged from 261.58% to
275.28%, indicating a strong capability for water
absorption. Such swelling behavior is needed to
facilitate mucoadhesion and controlled drug
release. Sample B5 exhibited the greatest swelling
index at 275.28%.

Sample Initial Weight (g) Final Weight (g) % Increase
B1 0.176 0.656 272.72%
B2 0.175 0.650 271.42%
B3 0.174 0.630 262.06%
B4 0.177 0.640 261.58%
B5 0.178 0.668 275.28%

Folding Endurance: This test evaluates the patch's
flexibility and mechanical strength. Until a patch
fails or exhibits obvious fissures, it is folded
repeatedly in the same location. Its folding
endurance refers to the amount of folds it can
withstand before breaking.

The patches' adequate mechanical strength and
flexibility were demonstrated by the folding
endurance values, which ranged from 305 to 317
folds. This quality is essential for long-lasting
handling during use and application. The folding
endurance of all the patches was found satisfactory.

TABLE 7: FOLDING ENDURANCE

Sample no. Folding endurance
Sample 1 305
Sample 2 310
Sample 3 317
Sample 4 312
Sample 5 308

pH Evaluation: To record the pH value, a few
drops of distilled water are added to the patch,
which is then held in contact with the electrode of a
pH meter.

TABLE 8: PH EVALUATION

Sample no. pH
S1 7.46
S2 7.49
S3 741
S4 7.45
S5 7.47
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Mucosal compatibility was assessed by measuring
the patches' surface pH. The pH values fell between
7.41 to 7.49, which is nearly neutral and matches
the pH of the buccal mucosa. This reduces the risk
that the buccal mucosa will become irritated.

Content Uniformity: A  spectrophotometric
technique is used to measure the amount of
medicine present in a single patch after it has been
dissolved or extracted in an appropriate solvent. To
ensure uniformity, this procedure is performed for
several patches. In order to make sure Linagliptin
was dispersed evenly, the medication contained
within five patches was examined. The content as a
percentage varied from 95.67% to 114.33%. The
majority of patches demonstrated constant drug
loading throughout the formulation and fell within
the allowed limits specified by pharmacopeia
recommendations.

TABLE 9: CONTENT UNIFORMITY

Sr. no. Percentage content (%)
109.33%
114.33%
111.67%
98.67%
95.67%

OB wWwN -

Calibration Curve: In order to quantify drug
content in subsequent tests, this test establishes the
link between drug concentration and absorbance. A
calibration curve is generated after standard
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solutions of the medication at different known
doses are made and their absorbance is assessed
with a UV spectrophotometer A calibration curve
for Linagliptin was established by preparing
standard solutions of known concentrations and
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measuring their absorbance using UV-visible
spectroscopy. The data exhibited a strong linear
correlation between concentration and absorbance,
confirming the validity of the analytical method
used for drug quantification in the patches.

Absorbance

Q.49

Calibration Curve

0.0 2.5 5.0 7.5

Concentration (ag/mL)

10.0 12.5 15.0 17.5 20.0

FIG. 1: CALIBRATION CURVE

FTIR: FTIR analysis determines the functional
groups and looks for potential drug-excipient
interactions. An FTIR spectrophotometer is used to
record the spectra of the formulation and the pure
medicine, and the distinctive peaks are compared to
determine compatibility. FTIR spectra of pure
Linagliptin and the formulated buccal patches were
recorded to investigate any potential chemical

interactions between the drug and excipients. The
characteristic peaks corresponding to functional
groups of Linagliptin were preserved in the
formulation spectrum with minor shifts, indicating
no significant chemical incompatibility and
Confirming the successful incorporation of the drug
into the patch matrix.
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Functional Group

Linagliptin (Pure Drug)

B-1 (In-Situ Formulation)

C—Cl Stretching
Aromatic C-H Bending
C-N/ C-0O Stretching
C—H Deformation (CH./CHs)
CH: Bending
C=C / C=N Stretching
C—H (sp?) Stretching
N—H / O—H Stretching

758.02 cm™
948.98 cm™!
1128.36 cm™!
1290.38 — 1346.31 cm™
1435.04 cm™!
1651.07 — 1697.36 cm™
2852.72 —2931.80 cm™!
3373.50 - 3726.47 cm™!

671.23 cm™
950.91 cm™
1014.56 cm™!
1292.31 - 1317.38 cm™
1435.04 cm™!
1651.07 cm™!
2922.16 cm™
3352.28 — 3855.70 cm™!

Pharmacological:

In-vitro Dissolution Studies: The rate and degree
of medication release from the patch over time are
ascertained by this test. Samples are taken at
prearranged intervals, the patch is submerged in a
dissolving media (usually phosphate buffer), the
drug content is evaluated, and the cumulative
release vs. time is shown. The drug release profile
of the patches was studied over a period of 300
minutes. An initial lag phase was observed with 0%
release at time zero, followed by a gradual increase.
At 5 minutes, approximately 4.83% drug release
was observed, which increased to 91.16% by 300

minutes. The sustained release profile indicates
effective drug delivery from the patch over an
extended period.

TABLE 11: (F7) IN-VITRO DISSOLUTION STUDY

Time (min) % Drug Release

0 0.00
5 4.83

30 18.00
60 33.66

120 55.83

180 70.00

240 81.83

300 91.16

—e— Converted Concentration from %Drug Release

Concentration (ug/mL)

Drug Release Profile (Converted from % Drug Release)

[i] 50 100 150 200 250
Time (min}

300

FIG. 4: DRUG RELEASE PROFILE FOR LINAGLIPTIN

Kinetic Modeling: The drug release mechanism
from the patch is examined using kinetic modeling.
Numerous Kkinetic models, including zero-order,
first-order, Higuchi, and Korsmeyer—Peppas
equations, are fitted to the in-vitro drug release
data.

By analyzing the correlation coefficient (R2)
values, the best-fitting model is identified. To
clarify the drug release process, the in-vitro
dissolution data were fitted to a number of kinetic
models. The zero-order model (R2 = 0.9965) was
closely followed by the Korsmeyer—Peppas model,
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which had the highest correlation coefficient (R2 =
0.9985).The release exponent (n = 0.9318)
indicates anomalous transport, implying that
diffusion and polymer relaxation mechanisms
operate together to limit drug release.

TABLE 12: RELEASE KINETICS
Parameter F7

Zero-order (R?) 0.9965
First-order (R?) 0.9067
Higuchi model (R?) 0.9889
Korsmeyer—Peppas (R?) 0.9985
Release exponent (n) 0.9318
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Concentration (pg/mL)

Drug Release Kinetic Models

0 50 100

150 200 250 300
Time (min)

FIG. 5: DRUG RELEASE KINETIC MODELS

Mucoadhesive Strength Test: This test measures
the adhesion strength of the patch to the mucosal
surface, which is crucial for retention at the
application site. The patch is adhered to a
biological membrane (Goat buccal mucosa), and
the force required to detach it is measured using a
weighing balance. The mucoadhesive strength of
the patches was evaluated by measuring the force
required to detach the patch from a mucosal
surface. The readings, which varied from 51 to 54
g, indicate that the patches had enough adhesive
power to stick to the buccal mucosa for the
duration of the application.

TABLE 13: MUCOADHESIVE STRENGTH

Sample Mucoadhesive Strength (g)
S1 51
S2 53
S3 52
S4 54
S5 52

CONCLUSION: Development and evaluation of
mucoadhesive buccal patches of linagliptin for the
efficient treatment of Type Il Diabetes Mellitus
was the main goal of the current project.
Linagliptin, a DPP-4 inhibitor with good
pharmacokinetics, was chosen for buccal
administration in order to improve therapeutic
efficacy and patient compliance. The solvent
casting method was effectively used to create the
patches, and the chosen excipients and polymers
guaranteed good flexibility, = mucoadhesive
properties, and compatibility with the buccal
environment. A safe buccal administration method
requires consistency, sustained drug release, and
good adhesion, all of which were validated by
evaluation measures.

International Journal of Pharmaceutical Sciences and Research

This study demonstrates how buccal patches could
be a novel Alternative to traditional oral dose
forms, including advantages such as increased
bioavailability, better patient compliance, and
avoiding first-pass metabolism. The results
encourage more research and development of these
technologies for improved diabetes care.

Future Scope: Optimizing the composition of
polymers to improve retention time, drug release,
and mucoadhesion. Examining several
mucoadhesive polymers to enhance formulation
stability and patient comfort. Using penetration
enhancers, drug permeability through the buccal
mucosa is improved. Potential use of similar
formulations  for  additional anti  diabetic
medications or combination treatments;
enhancement of formulation scalability for
commercial production; and patient-friendly dosage
formats.

ACKNOWLEDGEMENTS: The authors are
thankful to our guide Mrs. Karthika Gouthaman
Assistant Professor, Department of pharmaceutics,
AIKTC, School of Pharmacy for her invaluable
support and guidance throughout the project
research work and we are also thankful to Dr
Sharig Syed, Dean, AIKTC, School of Pharmacy,
for providing advice and valuable guidance.

CONFLICT OF INTEREST: Authors declare no
conflict of interest.

REFERENCES:

1. Doijode S, Mahalingan K, Ahad HA, Kumar P & Dhamala
P: Formulation and evaluation of linagliptin buccal films.
Department of Pharmaceutics, R.R College of Pharmacy,
Bangalore, Karnataka, India 2024.

3434



Shaikh et al., IJPSR, 2025; Vol. 16(12): 3426-3437.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

International Journal of Pharmaceutical Sciences and Research

Salman B, Firdouse A, Agsa I, Furgaan S, Talha S &
Tousif S: Formulation and evaluation of ondansetron
loaded oral thin films. Department of Pharmaceutics,
School of Pharmacy, Anjuman-I-Islam's Kalsckar
Technical Campus, Khanda Gaon, New Panvel, Navi
Mumbai 2024.

Bahri-Najafi R, Tavakoli N, Senemar M & Peikanpour M:
Preparation and  pharmaceutical  evaluation  of
glibenclamide slow release mucoadhesive buccal film.
Research in Pharmaceutical Sciences 2022; 9(3): 213-223.
Jillani U, Mudassir J, Arshad MS, Mehta P, Alyassin Y &
Nazari K: Design and evaluation of agarose-based buccal
films containing zolmitriptan succinate: Application of
physical and chemical enhancement approaches. Journal of
Drug Delivery Science and Technology 2022; 69: 103041.
Shojaei AH: Buccal mucosa as a route for systemic drug
delivery: A review. Journal of Pharmacy & Pharmaceutical
Sciences 2022; 1(1): 15-30.

Wollmer E, Ungell AL, Nicolas JM & Klein S: Review of
paediatric gastrointestinal physiology relevant to the
absorption of orally administered medicines. Advanced
Drug Delivery Reviews 2022; 181: 114084.

Shipp L, Liu F, Kerai-Varsani L & Okwuosa TC: Buccal
films: a review of therapeutic opportunities, formulations
& relevant evaluation approaches. Journal of Controlled
Release 2022; 352: 1071-1092.

Doijode S, Mahalingan K, Abdul Ahad H, Kumar P &
Dhamala P: Formulation and Evaluation of Linagliptin
Buccal Films. Int J Life Sci Pharma Res 2024; 14(1): 12—
22.

Elena Dinte: In-vitro and in-vivo characterisation of a
mucoadhesive buccal film loaded with doxycycline
hyclate. Pharmaceutics 2023; 15(2): 580.

AlMulhim FM, Nair AB, Aldhubiab B, Shah H, Shah J,
Mewada V & Sreeharsha N: Design, development,
evaluation, and in-vivo performance of buccal films
embedded with paliperidone-loaded nanostructured lipid
carriers. Pharmaceutics 2023; 15(11): 2530.

Suprith M. Shahidullah, Nadia Ilyas & Nagma Fatima:
Mucoadhesive buccal films: an innovational drug delivery
system. Journal of Community Pharmacy Practice 2023;
3(05): 393-413.

Yuktha HJ, Gururaj SK & Padmaa M. Paarak:
Mucoadhesive Buccal Films. Journal of Community
Pharmacy Practice 2023; 3(05).

Kempwade: Buccal Film of Piroxicam Co-Crystals2022.
Gobel A & Breitkreutz J: Concept of orodispersible or
mucoadhesive “tandem films” and their pharmaceutical
realization. Pharmaceutics 2022; 14(2): 264.

Pamlényi K, Krist6 K, Sovany T and Regdon G:
Development and evaluation of bioadhesive buccal films
based on sodium alginate for allergy therapy. Heliyon
2022; 8(8): 10364.

Miller L, Rosenbaum C, Krause J and Weitschies W:
Characterization of an in-vitro/ex -vivo mucoadhesiveness
measurement method of PVA Films. Polymers (Basel)
2022; 14(23): 5146.

Salehi S & Boddohi S: The development of eletriptan
hydrobromide immediate-release buccal films using
central composite design: an in-vivo and in-vitro approach.
Polymers 2022; 14(22): 3981.

Giordani B: A mucoadhesive bio-dissolvable thin film for
localized and rapid delivery of lidocaine. Int J Pharm
2022; 612: 121288.

Pamlényi K: Formulation and characterization of
pramipexole-containing buccal films for Parkinson's
disease. Eur J Pharm Sci 2023; 187: 106491.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Remya PN, Divya R and Damodharan N: Formulation and
Evaluation of Mucoadhesive Buccal Tablets using
Nimodipine Solid Lipid Nanoparticles. Nanofabrication
2023; 8: 296.

Ahmad AS: Almust mucoadhesive film-forming spray for
buccal drug delivery: a review. Al Mustansiriyah J Pharm
Sci 2023; 23(1): 105-116.

Miiller L: Determination of mucoadhesion of polyvinyl
alcohol films to human intestinal tissue. Pharmaceutics
2023; 15(6): 1740.

Avrslan D: Development and evaluation of combined effect
buccal films for oral candidiasis. AAPS Pharm Sci Tech
2022; 24(1): 23.

Alopaeus JF: Development of buccal film formulations
and their mucoadhesive performance in biomimetic
models 2022 PMID: 34710543.

Halah T. Sulayman: Insights into medicated films as
attractive dosage forms. Al Mustansiriyah J Pharm Sci
2023; 23(1).

Dubashynskaya NV & Skorik YA: Patches as Polymeric
Systems for Corticosteroid Delivery: Advances &
Perspectives. Int J Mol Sci 2022; 23(21): 12980.
Abouhussein D, elNabarawi MA, Shalaby SH & El-Bary
A: A Cetylpyridinium chloride chitosan blended
mucoadhesive buccal films for treatment of pediatric oral
diseases. Journal of Drug Delivery Science and
Technology 2020; 57: 101676.

Ali J, Lee JB, Gittings S, lachelini A, Bennett J & Cram A:
Development and optimisation of simulated salivary fluid
for biorelevant oral cavity dissolution. European Journal of
Pharmaceutics and Biopharmaceutics 2021; 160: 125-133.
Ashri LY, Abou El Ela AESF, Ibrahim MA, Alshora DH
& Naguib M: Optimization and evaluation of chitosan
buccal films containing tenoxicam for treating chronic
periodontitis: In-vitro and in-vivo studies. Journal of Drug
Delivery Science and Technology 2020; 57: 101720.

Diab M, Sallam AS, Hamdan I, Mansour R, Hussain R and
Siligardi G: Characterization of insulin mucoadhesive
buccal films: Spectroscopic analysis and in-vivo
evaluation. Symmetry 2021; 13(1): 88.

Pamlényi K, Kristo K, Jojart-Laczkovich O & Regdon G:
Formulation and optimization of sodium alginate polymer
film as a buccal mucoadhesive drug delivery system
containing cetirizine dihydrochloride. Pharmaceutics 2021,
13(5): 619.

Amaral BR, Saatkamp RH, Enumo A, Kroth R, Argenta
DF & Rebelatto ERL: Development and characterization
of thermopressed polyvinyl alcohol films for buccal
delivery of benznidazole. Materials Science and
Engineering: C 2021; 119: 111546.

Hu S, Pei X, Duan L, Zhu Z, Liu Y & Chen J: A mussel-
inspired film for adhesion to wet buccal tissue and
efficient buccal drug delivery. Nature Communications
2021; 12(1): 1689.

Robles-Kanafany CM, del Prado-Audelo ML, Gonzalez-
Torres M, Giraldo-Gomez DM, Caballero-Floran IH &
Gonzalez-Del Carmen M: Development of a guar gum
film with lysine clonixinate for periodontal treatments.
Cellular and Molecular Biology 2021; 67(1): 89-95.
Tejada G, Lamas MC, Svetaz L, Salomon CJ, Alvarez VA
& Leonardi D: Effect of drug incorporation technique and
polymer combination on the performance of biopolymeric
antifungal buccal films. International Journal of
Pharmaceutics 2018; 548(1): 431-442.

Jovanovi¢ M, Tomi¢ N, Cviji¢ S, Stojanovi¢ D, Ibri¢ S &
Uskokovi¢ P: Mucoadhesive gelatin buccal films with
propranolol hydrochloride: Evaluation of mechanical,

3435



Shaikh et al., IJPSR, 2025; Vol. 16(12): 3426-3437.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

International Journal of Pharmaceutical Sciences and Research

mucoadhesive, and  biopharmaceutical
Pharmaceutics 2021; 13(2): 273.

Adrover A, di Muzio L, Trilli J, Brandelli C, Paolicelli P
& Petralito S: Enhanced loading efficiency and
mucoadhesion properties of gellan gum thin films by
complexation with hydroxypropyl-B-cyclodextrin.
Pharmaceutics 2020; 12(9): 819.

Batista P, Castro PM, Madureira AR, Sarmento B &
Pintado M: Preparation, characterization and evaluation of
guar films impregnated with relaxing peptide loaded into
chitosan microparticles. Applied Sciences 2021; 11(21):
9849.

Nnamani P, Nnadi O, Ibezim E, Ayogu E, Reginald-Opara
J & Onoja S: In-vivo antiplasmodial potential of
carrageenan and Prosopis africana buccal films of
artemether on malariogenic mice. Journal of Drug
Delivery and Therapeutics 2020; 10(1): 114-125.
Karakiiciik A & Tort S: Formulation, optimization, and in-
vitro evaluation of hyaluronic acid buccal films containing
benzydamine hydrochloride. Diizce Universitesi Saghk
Bilimleri Enstitlisti Dergisi 2021; 2: 325-330.

Senel S: An overview of physical, microbiological and
immune barriers of oral mucosa. International Journal of
Molecular Sciences 2021; 22(15): 7821.

Ibrahim HM, Mady MM and Basalious EB: Development
and optimization of linagliptin loaded mucoadhesive
buccal films: in-vitro and ex-vivo evaluation. Drug Dev
Ind Pharm 2020; 46(9): 1434-1442.

Baloglu E, Karavana SY and Arslan M: Buccal drug
delivery systems: recent advances and future prospects. Int
J Pharm 2020; 582: 119307

Ansari M, Sadarani B & Majumdar A: Optimization and
evaluation of mucoadhesive buccal films loaded with
resveratrol. Journal of Drug Delivery Science and
Technology 2018; 44: 278-288.

Dekina S, Romanovska I, Ovsepyan A, Tkach V &
Muratov E: Gelatin/carboxymethyl cellulose
mucoadhesive films with lysozyme: Development and
characterization. Carbohydrate Polymers 2016; 147: 208-
215.

Gayathri D & Jayakumari LS: Evaluation of commercial
arrowroot starch/CMC film for buccal drug delivery of
glipizide. Polimeros 2019; 29(4).

He WS, Xiong HW, Xi D, Luo TT, Lu H and Li MH:
Buccal transmucosal delivery system of enalapril for
improved cardiac drug delivery: Preparation and
characterization. Tropical Journal of Pharmaceutical
Research 2016; 15(1), 13.

Konda M, Chinnala KM, Samineni L, Naznin Y, Avirneni,
J & Kondamalla KC: Formulation and characterization of
nicotine thin films for smoking cessation through buccal
delivery. Research Journal of Pharmacy and Technology
2016; 9(12).

Meher JG, Tarai M, Patnaik A, Mishra P & Yadav NP:
Cellulose  buccoadhesive film bearing glimepiride:
Physicomechanical characterization and biophysics of
buccoadhesion. AAPS Pharm Sci Tech 2016; 17(4): 940—
950.

Nair AB, Al-ghannam AA, Al-Dhubiab BE & Hasan AA:
Mucoadhesive film embedded with acyclovir loaded
biopolymeric nanoparticles: In-vitro studies. Journal of
Young Pharmacists 2017; 9(1): 100-105.

Pushpakom S, lorio F, Eyers PA, Escott KJ, Hopper S and
Wells A: Drug repurposing: Progress, challenges and
recommendations. Nature Reviews Drug Discovery 2019;
18(1): 41-58.

properties.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Trastullo R, Abruzzo A, Saladini B, Gallucci MC,
Cerchiara T and Luppi B: Design and evaluation of buccal
films as paediatric dosage form for transmucosal delivery
of ondansetron. European Journal of Pharmaceutics and
Biopharmaceutics 2016; 105: 115-121.

Laurén P, Paukkonen H, Lipidinen T, Dong Y, Oksanen T,
Raikkonen H: Pectin and mucin enhance the bioadhesion
of  drug-loaded nanofibrillated  cellulose  films.
Pharmaceutical Research 2018; 35(7): 145.
Wannaphatchaiyong S, Heng PWS, Suksaeree J, Boonme
P & Pichayakorn W: Lidocaine loaded gelatin/gelatinized
tapioca starch films for buccal delivery and the irritancy
evaluation using chick chorioallantoic membrane. Saudi
Pharmaceutical Journal 2019; 27(8): 1085-1095.

Alopaeus JF, Hellfritzsch M, Gutowski T, Scherlie,
Almeida A & Sarmento B: Mucoadhesive buccal films
based on a graft co-polymer — A mucin-retentive hydrogel
scaffold. European Journal of Pharmaceutical Sciences
2020; 142: 105142.

Alrimawi BH, Chan MY, Ooi XY, Chan SY & Goh CF:
The interplay between drug and sorbitol contents
determines the mechanical and swelling properties of
potential rice starch films for buccal drug delivery.
Polymers 2021; 13(4): 578.

Alves TFR, Rios AC, Pontes K. da Silva, Portella DL,
Aranha N & Severino P: Bilayer mucoadhesive buccal
film for mucosal ulcers treatment: Development,
characterization, and single study case. Pharmaceutics
2020; 12(7): 657.

Ammanage A, Rodriques P, Kempwade A & Hiremath R:
Formulation and evaluation of buccal films of piroxicam
co-crystals. Future Journal of Pharmaceutical Sciences
2020; 6(1): 16.

Boateng J & Okeke O: Evaluation of clay-functionalized
wafers and films for nicotine replacement therapy via
buccal mucosa. Pharmaceutics 2019; 11(3): 104.

Xu F, Laguna L & Sarkar A: Aging-related changes in
quantity and quality of saliva: where do we stand in our
understanding? Journal of Texture Studies 2019; 50(1):
27-35.

Malallah OS, Garcia CMA, Proctor GB, Forbes B &
Royall PG: Buccal drug delivery technologies for patient-
centred treatment of radiation-induced xerostomia (dry
mouth). International Journal of Pharmaceutics 2018;
541(1-2): 157-166.

Boegh M & Nielsen HM: Mucus as a barrier to drug
delivery understanding and mimicking the barrier
properties. Basic & Clinical Pharmacology & Toxicology
2015; 116(3): 179-186.

Bierbaumer L, Schwarze UY, Gruber R & Neuhaus WL:
Cell culture models of oral mucosal barriers: A review
with a focus on applications, culture conditions and barrier
properties. Tissue Barriers 2018; 6(3): 1479568.

Xu F, Laguna L & Sarkar A: Aging-related changes in
quantity and quality of saliva: where do we stand in our
understanding? Journal of Texture Studies 2019; 50(1):
27-35.

Kumar B, Goyal R and Kesharwani S: Buccal drug
delivery: a promising approach for systemic drug delivery.
Int J Pharm Sci Res 2017; 8(7): 2887-2896.

Suresh B, Lakshmi PK and Raju K: Formulation and
evaluation of mucoadhesive buccal patches of carvedilol.
Int J Pharm Sci Res 2017; 8(4): 1677-1686.

Ramesh P, Kumar S and Srinivasan V: Buccal films as an
alternative route for systemic drug delivery. Int J Pharm
Sci Res 2018; 9(9): 3656-3666.

3436



Shaikh et al., IJPSR, 2025; Vol. 16(12): 3426-3437.

68.

69.

70.

Mandal U, Pramanik R and Sarkar P: Formulation and
characterization of mucoadhesive buccal films containing
metformin hydrochloride. Asian J Pharm Sci 2017; 12(2):
148-155.

Jain D, Rathi M and Agarwal V: Preparation and
characterization of mucoadhesive buccal patches for
systemic delivery of diltiazem hydrochloride. Int J Pharm
Sci 2015; 7(6): 162-167.

Vasudevan M, Gnanamani A and Thomas S: Formulation
and evaluation of mucoadhesive buccal patches of
propranolol hydrochloride for systemic delivery. Int J
Pharm Sci Res 2016; 7(3): 1154-1162.

71.

72.

73.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Patel N, Patel M and Patel R: A review on mucoadhesive
buccal drug delivery system. Asian J Pharm Clin Res
2017; 10(9): 25-29.

Lingam M, Singh J and Nagpal M: Formulation and
evaluation of mucoadhesive buccal patches for the
treatment of type 2 diabetes. J Diabetes Metab 2019;
10(2): 1-8.

Basak SC, Maiti S and Ghosh B: Buccal mucosal drug
delivery: a review on formulation and evaluation
strategies. J Pharm Sci Innov 2017; 6(3): 112-121.

How to cite this article:
Shaikh AAN, Shaikh HGN and Gouthaman K: Formulation and evaluation of linagliptin mucoadhesive buccal patch. Int J Pharm Sci &
Res 2025; 16(12): 3426-37. doi: 10.13040/1JPSR.0975-8232.16(12).3426-37.

All © 2025 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

3437



