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ABSTRACT

Background: Telmisartan, an antihypertensive drug, exhibits poor aqueous solubility and low oral
bioavailability due to extensive hepatic first-pass metabolism. Buccal delivery offers a potential
alternative route to bypass first-pass metabolism and achieve sustained drug release for better blood
pressure control, particularly in nocturnal hypertension. The aim of the work was to formulate and
evaluate a Telmisartan mucoadhesive buccal patch for sustained drug delivery. Methodology:
Keywords Telmisartan solid dispersion with Kolliphor RH 40 was prepared by solvent evaporation, and

Telmisartan, Mucoadhesive
Buccal patch, HPMC E-15,
Xanthan gum, Kolliphor RH 40

mucoadhesive buccal patches (T1-T9) were formulated by solvent casting and optimized using a 32 full
factorial design with Xanthan gum (A) and HPMC E15 (B) at three levels each, followed by evaluation
of physicochemical properties, mucoadhesion, swelling, drug release, permeation, and drug—excipient
compatibility by FT-IR, DSC, and XRD. Results & Discussion: Based on statistical analysis, it was
observed that Xanthan gum and HPMC E15 significantly (p < 0.05) affected all the responses, and T9
was selected as the optimized formulation with a desirable swelling index of 331% and strong
mucoadhesive strength of 28.5 + 0.5 g. Optimized formulation T9 showed sustained drug release of
94.87%, and ex vivo permeation of 1.773 + 0.033 mg/cm?) with a flux of 0.221 mg/cm?#/h). Conclusion:
The optimized T9 patch exhibited enhanced swelling, adhesion, sustained release, and permeation,

suggesting its potential as an effective alternative for managing nocturnal hypertension.

INTRODUCTION
Hypertension, a chronic cardiovascular disorder, remains one of

the major contributors to global morbidity and mortality.
Uncontrolled hypertension predisposes individuals to severe
complications such as stroke, myocardial infarction, and renal
failure [1,2]. Long-term pharmacotherapy typically involves the
daily administration of antihypertensive agents; however,
challenges such as poor patient adherence, variable

gastrointestinal absorption, and first-pass hepatic metabolism
often result in suboptimal therapeutic control [3,4]. In addition,
maintaining consistent plasma concentrations is critical in
conditions such as nocturnal hypertension, in which blood
pressure remains elevated at night [5]. To overcome the inherent
limitations of conventional oral dosage forms, alternative drug
delivery systems have gained significant attention. Among
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these, the buccal route has emerged as a promising non-invasive
platform offering improved bioavailability and patient
compliance [6]. Buccal patches are thin, flexible, mucoadhesive
films designed to adhere to the buccal mucosa, enabling direct
drug absorption through the highly vascularized epithelial
membrane. This route effectively circumvents hepatic first-pass
metabolism and enzymatic degradation in the gastrointestinal
tract, thereby enhancing systemic bioavailability and allowing
for either rapid or sustained drug release, depending on
formulation design [7].

The buccal mucosa offers several advantages as a route for drug
delivery due to its high permeability, rich vascularization, and
relatively low enzymatic activity compared to other regions of
the gastrointestinal tract. These characteristics facilitate rapid
drug absorption and help bypass first-pass hepatic metabolism.
Formulations designed for buccal administration commonly
utilize bioadhesive polymers that promote close contact with the
mucosal surface, thereby enhancing mechanical stability and
enabling controlled drug release. Additionally, incorporating
permeation enhancers, plasticizers, and nanocarrier systems can
further improve drug permeability and prolong the formulation's
residence time at the site of absorption. These advancements
expand the potential of buccal delivery for a wide range of
therapeutic agents, including peptides, hormones,
antihypertensive drugs [8-12]. Furthermore, the ease of
administration and removal, along with the non-invasive nature
of this route, significantly contributes to better patient
compliance, particularly in the long-term management of
chronic diseases [13,14].

and

Angiotensin Il receptor antagonists like telmisartan are
frequently used to treat hypertension. Its oral bioavailability is
relatively low (42-58%) due to extensive first-pass hepatic
metabolism, despite its elimination half-life of around 24 hours,
which allows for a single dose. Buccal administration can
overcome this constraint by avoiding first-pass metabolism,
thereby increasing bioavailability, therapeutic efficacy, and
patient compliance. [15,16].

Class Il medications, according to the Biopharmaceutics
Classification System, have high permeability and low water
solubility [17,18], with absorption primarily governed by the
dissolution rate [19]. Solid dispersion is an effective approach
for increasing drug solubility and dissolution by dispersing the
drug in hydrophilic carriers, resulting in smaller particle sizes,

improved wettability, and partial or total amorphization. These
impacts help to increase bioavailability [20-22].

Xanthan gum (XG) is a mucoadhesive polymer known for its
bioadhesion strength, biocompatibility, and non-toxicity. XG, a
high-molecular-weight polysaccharide,
hydroxyl and carboxyl groups that form strong hydrogen bonds
with mucin glycoproteins on the buccal surface, ensuring
prolonged residence time and sustained drug action. Upon
hydration, XG swells to form a gel-like matrix that regulates
drug diffusion, improves patch uniformity, and provides
mechanical stability [23]. Hydroxypropyl methylcellulose
(HPMC E-15) is a film-forming and release-modifying polymer.
Its film-forming capacity, transparency,
mechanical integrity ensure uniform, controlled hydration,
leading to predictable, sustained drug release. Furthermore,
HPMC exhibits synergistic mucoadhesion when combined with
polysaccharides such as XG, improving both mechanical and
adhesive characteristics [24,25]. Polyvinyl alcohol (PVA) serves
as a supporting polymer that enhances the film's flexibility,
tensile strength, and elasticity. It is a biocompatible, non-toxic
polymer that can be combined with other polymers to maintain
patch integrity and achieve a consistent release profile [26].
Understanding the importance of polymers discussed above, the
present mucoadhesive buccal films of telmisartan were
developed using natural polymer Xanthan gum in combination
with HPMC and PVA, and evaluated for their in vitro and Ex
vivo performance.

contains abundant

excellent and

MATERIALS AND METHODS
Materials

Telmisartan was obtained as a gift sample from Micro Labs Ltd,
Bengaluru, India. Xanthan gum and dialysis membrane 50 were
sourced from HiMedia Lab Pvt. Limited, Mumbai. HMPC E-15,
PVA, and other materials were purchased from S.D. Fine-Chem
Ltd., Mumbai, India. All chemicals and reagents for this study
met analytical-grade requirements.

Methods

Phase Solubility Study

Phase solubility studies were carried out by preparing a series of
phosphate-buffered saline (PBS) solutions (pH 6.8) containing
increasing concentrations of the carriers Soluplus, Gelucire
44/14, Kolliphor RH 40, B-cyclodextrin, mannitol, polyethylene
glycol 6000, and citric acid. Carrier concentrations were
prepared at 0.1%, 0.25%, 0.5%, 0.75%, and 1% w/v. An excess
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amount of telmisartan (TLM) was added to each solution to
ensure saturation. The mixtures were vortexed and kept under
continuous agitation at 60 rpm for 24 hours to reach equilibrium.
After incubation, the samples were centrifuged at 10,000 rpm for
30 minutes to separate the supernatant. The clear supernatant
was collected, suitably diluted, and analyzed using a UV-Visible
spectrophotometer at 296 nm. The concentration of TLM in each
sample was determined using a previously prepared calibration
curve, with PBS containing the respective carrier concentrations
serving as the blank [27,28].

Preparation of Telmisartan Mucoadhesive Buccal Patches

Mucoadhesive buccal patches were prepared by the solvent
casting method. Initially, Xanthan gum and polyvinyl alcohol
were dispersed in hot distilled water with continuous stirring
until a clear solution was obtained. The solution was allowed to
cool to room temperature, after which HPMC E15 and propylene
glycol were incorporated and stirred until fully dissolved,
yielding a uniform polymeric matrix. Separately, Telmisartan

solid dispersion was dissolved in 5 mL of methanol and then
added gradually to the polymeric solution under continuous
stirring. The resulting mixture was sonicated to eliminate
entrapped air bubbles and poured onto a glass Petri plate. The
cast films were dried in a hot air oven at 50 °C for 5 hours. After
drying, the films were carefully peeled off and stored in a
desiccator at room temperature until further evaluation. [29].

Experimental Design (32 Factorial Design)

The buccal films were formulated using a 32 full factorial design.
The two independent variables are Xanthan gum concentration
(factor A) and HPMC E15 concentration (factor B). Each
variable was studied at three levels. For Xanthan gum (A), the
levels were 0.1% (low), 0.2% (medium), and 0.3% (high). For
HPMC E15 (B), the levels were 1% (low), 1.5% (medium), and
2% (high). The dependent responses are swelling index (Y1),
film thickness (Y2), and in vitro drug release (Ys). The design
generated nine experimental formulations based on the
combinations of the selected factor levels (Table 1)

Table 1: Composition of Telmisartan mucoadhesive buccal patches

Ingredients T1 T2 T3 T4 T5 T6 T7 T8 T9

TS (mg) 15 15 15 15 15 15 15 15 15

KH (mg) 15 15 15 15 15 15 15 15 15

XG (%%wliv) 0.1 0.2 0.3 0.1 0.2 0.3 0.1 0.2 0.3
HPMC E 15 (%wi/v) 1 1 1 1.5 1.5 1.5 2 2 2

PVA (Y%w/v) 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 | 0.75
PG* 35 35 35 35 35 35 35 35 35

Water (ml) 40 40 40 40 40 40 40 40 40
Methanol (ml) 60 60 60 60 60 60 60 60 60

*Amount of PG in terms of %w/w of the total dry polymer weight.
XG: Xanthan gum, TLM: Telmisartan drug, KH: Kolliphor RH 40.

EVALUATION OF TELMISARTAN MUCOADHESIVE
BUCCAL PATCHES
Thickness and Weight of Patches: The buccal patch was

divided into 2 cm x 2 cm sections and accurately weighed on a
digital balance. The thickness of the patches was measured at
three different locations using a Vernier caliper. The above
procedure was repeated for all the trials [30].

Drug Content Uniformity: UV spectrophotometric analysis
was performed to assess uniformity of drug content across the
patches. Three different locations on the cast patches were
selected, and 1cm 2 sections were cut. Each patch was dissolved
in 100 mL of PBS at pH 6.8. The solution is filtered, and the
absorbance is measured at 296nm. This procedure was repeated
for 3 patches of each formulation, and the drug content was
determined [31,32].

PG: Propylene glycol, HPMC: Hydroxypropyl methylcellulose,

Measurement of Folding Endurance

Folding endurance was assessed to evaluate the mechanical
strength of T-SD-containing buccal patches. Each patch was
manually folded at the same position and in the same direction
until it broke, and the number of folds required for breakage was
recorded [33].

Measurement of Moisture Content

Moisture content of the MBPs was evaluated by weighing the
patches, then storing them in desiccators containing anhydrous
calcium chloride. The patches were reweighed after three days,
and the percentage moisture loss was calculated using the
following equation. [34]:

Initial Weight—Final Weight
Initial weight

x100

Moisture Content (%) =
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Surface pH Measurement

To measure the MBP surface pH. The patches were placed in
Petri dishes with 5 mL of distilled water and allowed to swell
fully for an hour. Each patch's pH was measured using a digital
pH meter by touching the wet patch surface with the pH probe.
The average pH value was obtained after this procedure was
performed three times [35].

Measurement of Swelling Index

To determine the swelling index (SI) of the T-SD MBP, a PBS
solution at pH 6.8 was used. Each patch was divided into 2 cm
X 2 cm sections, and its initial weight (wl) was recorded.
Subsequently, the patches were immersed in PBS, and at specific
time intervals (10-60 min), they were removed, filtered, and
weighed again (W2). The following formula was used to

determine the swelling index percentage [36,37]:

_ finalweight — initial weitht

Swelling Index (%) = inital weight x 100

Fourier Transform Infra-Red (FT-IR) Spectroscopy
Infrared spectrophotometry was performed using a Jasco 460
Plus (Japan) for the drug & excipients used in the formulation.
The drug was mixed with the polymers; to check for any possible
drug-excipient interactions, the IR spectrum of the pure drug,
excipients, Telmisartan solid dispersion T-SD, and Physical
Mixture PM were examined [38].

Differential Scanning Calorimetry (DSC)

A differential scanning calorimetry (DSC) experiment was
conducted using a DSC-60 instrument (Shimadzu, Japan) by
placing the samples weighing 2-10 mg into aluminum pans and
sealing them. The samples were then heated to a temperature
between 25 and 300°C at a rate of 10 °C/min while a nitrogen
atmosphere was maintained [39].

Powder X-ray Diffraction

XRD of pure TLM, excipients, powdered PM, and T-SD were
recorded using Rigaku Miniflex 600(5th gen). The samples were
analyzed using Ni-filtered Cu ka radiation at 40kV/15mA with a
26 range of 5-80[40,41].

In vitro Drug Release

In vitro drug release from the TLM-containing mucoadhesive
buccal patches (MBP) was evaluated using a USP dissolution
apparatus Type | (basket method) under sink conditions. The
study was conducted in 900 mL of pH 6.8 phosphate buffer
solution at 37 + 0.5 °C with a rotation speed of 50 rpm. A 2 cm

x 2 cm patch was attached to the dissolution basket using
double-sided adhesive tape, ensuring that the mucoadhesive
layer remained in contact with the dissolution medium.
Although the volume of dissolution medium exceeds the
physiological volume of saliva present in the buccal cavity, this
larger volume was used to maintain sink conditions and ensure
consistent drug diffusion and accurate quantification during the
release study. At predetermined time intervals, 5 mL samples
were withdrawn and replaced with an equal volume of fresh
dissolution medium to maintain constant volume. The collected
samples were analyzed using a UV-visible spectrophotometer at
296 nm to determine the amount of TLM released from the
patches [42,43].

Kinetics of Drug Release

Different kinetic models, including zero-order, first-order,
Higuchi, and Korsmeyer-Peppas, were used to study the release
pattern of TLM from the buccal patch matrix. These models
were applied to the best formulation, based on in vitro drug
release data, to determine the release mechanism. The model
with the highest correlation coefficient was considered the best
fit [44].

Ex vivo Mucoadhesive Strength

The modified two-arm balance technique was followed to
determine mucoadhesive strength. The buccal mucosa of a goat
was obtained from a nearby slaughterhouse. The mucosal
membrane, 2 mm thick, was prepared after removing fat and
loose tissue, then washed with distilled water and PBS (pH 6.8)
at 37°C. Using cyanoacrylate glue, a piece of buccal mucosa was
attached to the bottom of a smaller beaker. A buccal patch was
attached to the left-hand side pan of the balance, brought into
contact with the mucosa, and covered with adhesive tape. After
holding the balance in place for five minutes, the right-side pan's
weight was steadily increased until the patch detached from the
mucosal surface. Mucoadhesive strength, reported in grams,
represents the weight required to separate the mucosa from the
patch. Three duplicates of each experiment were run, and
average results were reported [45].

Ex vivo Permeation Studies

The Ex-vivo permeation study of the MBP formulation was
conducted using the Franz diffusion cell method. Each patch was
shaped into a circle with a diameter of 1.2 cm and a diffusion
area of 0.75 cm2. PBS at pH 6.8 was used to fill the receptor
chamber, which was then heated to 37 °C using a water jacket
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and stirred with a magnetic stirrer. The setup was then carefully
adjusted to put the freshly cut goat buccal mucosa between the
donor and receptor chambers. The goat mucosal membrane was
subsequently covered with the patch formulation. During the
experiment, at regular intervals, 1 ml samples were obtained and
replaced with identical volumes of fresh PBS. The drug
concentration in the samples was measured using a UV
spectrometer at 296 nm. The permeation results were presented
as the cumulative amount per area (mg/cm?) plotted against time
(hours), and the steady-state flux (mg/cm?/h) was calculated by
determining the slope of permeation by area of diffusion [46].

Statistical evaluation

Statistical analysis of the experimental data was performed using
Design-Expert® software. Analysis of Variance (ANOVA) was
applied to assess the significance of the developed model and the
effect of individual factors.

RESULTS AND DISCUSSION
Phase Solubility Study

As telmisartan (TLM) belongs to the BCS Class Il drug, solid
dispersion was explored as a strategy to improve its solubility
[47]. Phase-solubility studies were carried out in a pH 6.8
phosphate buffer using different carriers. Solubility increased
with increasing carrier concentration (Fig. 1). At 1% wlv,
Kolliphor RH 40 showed the highest solubilizing capacity
(38.2pg /mL), followed by Gelucire 44/14 (19.45ug/mL), citric
acid (22.419ug/mL), Soluplus (21.75 pg/mL), mannitol
(16.31pug/mL), PEG-6000 (13.161pg/mL), and B-cyclodextrin
(9.405png/mL). Based on these results, Kolliphor RH 40 was
selected for preparing TLM solid dispersions. The dispersions
were obtained by solvent evaporation using a 1:1 drug-to-carrier
ratio & the dried product exhibited markedly improved solubility
in both pH 6.8 buffer and water compared to the pure drug.

40 @ Soluplus ® Gelucire
= Kolliphur @ 3-cyclodextrin
) Mannitol PEG-6000
= @ Citric acid
= 30
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Figure 1: Phase solubility studies
Evaluation of Telmisartan Mucoadhesive Buccal Patches

The thickness of the TLM buccal patches for formulations T1 to
T9 ranged from 0.60+0.03 mm to 0.77+0.005 mm, as shown in
Table 2. An increase in patch thickness was observed as the
concentrations of xanthan gum (XG) and HPMC E-15 increased.
This can be attributed to the higher viscosity of xanthan gum,
which forms a denser polymeric matrix during casting, resulting
in thicker films. The weight of the prepared buccal patches
ranged from 80.2+1.2 mg to 97.50.5 mg (Table 2). All
formulations showed acceptable weight variation and complied
with the limits reported for buccal patches in the current
literature [48].

Folding endurance values for formulations T1-T9 ranged from
302 to 364. A proportional increase in folding endurance was
noted with higher concentrations of HPMC E-15 and xanthan
gum. This indicates that the patches possessed good flexibility
and mechanical strength. The improved folding endurance can
be attributed to the film-forming ability of HPMC E-15 and the
plasticizing effect of propylene glycol, which together reduce
brittleness and enhance the structural integrity of the patches.
The DC uniformity values for formulations T-1 to T-9 ranged
from 0.92+0.023mg to 1.11+0.001mg, as shown in Table 2.
These values fell within the desired range, indicating that the
formulations exhibit satisfactory uniformity of drug content
[49].

Surface pH Measurement

All patches were determined by the surface pH to be within the
range of 7 -6.9 (Table 2). Therefore, no mucosal irritation was
anticipated from these prepared patches [33,34].

Moisture Content

The moisture content of the prepared TLM MBP was
determined, and the results ranged from 1.08 + 0.005% to 1.78
+0.27% (Table 2). The lesser moisture content observed in these
patches is significant as it helps prevent microbial
contamination. Moreover, it plays an important role in
maintaining patch stability and preventing patches from
becoming dry and brittle [50].

Percentage Swelling Index

The degree of swelling in mucoadhesive polymers plays a
crucial role in mucoadhesion and prolonged release of the drug.
The water absorption percentage (% swelling) of patches was
evaluated to predict the polymer's hydration behavior. Overall
results showed that at 37°C, the swelling percentages after 1h
increased from 196.6% to 331% with increasing concentrations
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of Xanthan gum and HPMC-E15. This can be attributed to the
hydrophobic and ionic properties of xanthan gum, which result
in greater affinity for water & form a gel due to hydrogen

bonding with water [51]. It shows the SI of TLM buccal patches
from T1to T9.

Table 2: Thickness, weight variation, folding endurance, DC, moisture content, surface pH, Mucoadhesive Strength, and SI

Parameters T1 T2 T3 T4 T5 T6 T7 T8 T9
T'(‘r'rf'r‘nr;iss 0.60+0.03 | 0.61+0.01 | 0.71+.005 | 0.61+.005 | 0.73+.01 | 0.75+.005 | 0.63+.005 | 0.74+0.01 | 0.77+.005
WV (mg)* | 80.2+1.2 81.3+1.5 | 90.3+1.1 | 86.6+.57 | 92.3+1.1 | 88.6+1.15 | 95.6+0.57 | 96.1+1 | 97.5+0.5
FE 302 301 295 316 306 310 321 340 364
DC*(mg) | 0.92+.023 | 0.976+.005 | 1.03+.03 | 0.93+.002 | 0.90+.001 | 0.96+.005 | 1.18+.001 | 1.03+.001 | 1.11+.001
MC* (%) | 1.08+.005 | 1.11+.002 | 1.30+.09 | 1.37+0.1 | 1.25+0.8 | 1.56+0.1 | 1.61+0.4 | 1.72+0.2 | 1.78+0.2
SurfacepH* | 7 +0.05 7+0.05 6.9+t0.1 | 6.8+0.05 | 6.5+0.1 | 6.5+.057 | 7.1+0.16 | 6.9+0.11 | 6.9+0.11
MS *(gm) 21.2+1 22.06+1 | 20.3+1.4 2241 | 22.1+1.01 | 23.53+.5 | 25.9+0.8 | 27.2+0.2 | 28.9+0.5
Sl (%) 196.6 198 2015 249 264.7 270 2775 318 331

*All values are mean = SD, n=3

In Vitro Drug Release Study

As shown in Figure 2, the in vitro drug release of TLM buccal
patches (T1-T9) ranged from 30.5%£1.14% to 94.87+1.23%.
Higher levels of HPMC E-15 and xanthan gum produced
sustained release due to their hydrophilic swelling behavior.
Patches T1-T7 disintegrated between 2 and 5 hours, while T8
and T9 remained intact for more than 6 hours, showing
cumulative release of 90.86+0.80% and 94.87+1.23%,
respectively, confirming the enhanced release from solid
dispersion containing Kolliphor RH 40 [52].
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Figure 2: In vitro drug release profile of patches from T1 to T9

Optimization and Model Validation

Using a 32 factorial design, nine experimental runs were
performed to evaluate the effects of two independent variables,
Xanthan gum (A) and HPMC E15 (B), on the swelling index
(Y1), thickness (Y2), and % in vitro drug release (Y3). The
experimental results are summarized in Tables 3 and 4, and the

response surface plots are shown in Figure 3. From the
regression analysis, the swelling index (Y1) followed a two-
factor interaction (2FI) model, whereas thickness (Y2) and in
vitro drug release (Y3) followed linear models. All models were
statistically significant. Statistical significance of factors was
evaluated using ANOVA, where p-values < 0.05 and higher F-
values denote significant model terms. The high R2 values (Y1
=0.9861, Y2 = 0.8657, Y3 = 0.9841) and the close agreement
between Adjusted R2 and Predicted R2 confirmed good model fit
and reliability. Table 3 shows that Xanthan gum (A) and HPMC
E15 (B) significantly influenced all responses (p < 0.05). The
interaction term (AB) was significant only for the swelling
index, confirming the combined effect of the two polymers on
swelling behavior.

The coded equations for the responses were:

Y1=256.26 -13.23 A +55.07 B + 12.15 AB

Y2 =-0.6833 +0.0650 A + 0.0367 B
Y3=6473+9.19 A+25.07B

The response surface plots (Figure 3) support the statistical
findings. The swelling index increased with increasing polymer
concentrations, showing an interaction between A and B. The
thickness increased linearly with polymer concentration, with
Xanthan gum showing a slightly greater contribution. In vitro
drug release increased markedly with increasing HPMC E15
concentration, indicating its dominant role in controlling drug
release. Overall, Xanthan gum and HPMC E15 significantly
affected the measure responses, with HPMC E15 exerting a
stronger influence on swelling and drug release, while Xanthan
gum contributed more prominently to thickness. T9 was selected
as the optimized formulation and subjected to further evaluation
following statistical evaluation.
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Table 3: Fit model summary statistics of responses

()
Figure 3: Surface response Plot for the (A) Swelling index, (B) Thickness, (C) In-vitro drug release

ars

Xanthan gum (%)

Y1 Y2 Y3
Factors
CE F-value P-value CE F-value | P-value CE F-value P-value
A 13.23 18.85 0.0074 0.0650 29.34 0.0016 9.19 44.08 0.0006
B 55.07 326.39 <0.0001 0.0367 9.34 0.0223 25.07 327.91 <0.0001
AB 12.15 10.59 0.0226 - - - - - -
Table 4: Coefficients and ANOVA for the model of all the responses
Response Model p-value SD R2 AR2 PR2
Y1 2FI 0.0226 7.47 0.9861 0.9778 0.9247
Y2 Linear 0.0024 0.0294 0.8657 0.8210 0.7386
Y3 Linear <0.0001 3.39 0.9841 0.9788 0.9630

formulation is IR spectrophotometry [53]. The IR spectra were
recorded for the pure drug, XG, HPMC E-15, PM (Physical
mixture), and T-SD. Spectra are depicted in Figure 4 (a-e) and

Fourier Transform Infra-Red (FT-IR) Spectroscopy
A useful analytical method for examining the chemical
interactions between the drug and other excipients used in the
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were compared with each other for any possible drug excipient
interactions. As depicted in the IR spectrum, T-SD and PM

retained all functional group peaks, as in the pure drug. These
results indicate no interaction between TLM and excipients.
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Figure 4: FTIR of drug, excipient, physical mixture, and solid dispersion, where A is telmisartan, B is XG, C is HPMC E15,
D is the physical mixture of A, B, and C, and E is the TLM Solid dispersion

Differential Scanning Calorimetry (DSC)

The DSC analysis of TLM, T-SD, excipients HPMC E-15 and
XG, and PM (drug and excipients) is done to understand the
interaction of the drug and the excipient. The DSC thermograms
shown in Figure 5 (a) indicate that pure TLM exhibits a sharp
endothermic peak at approximately 270 °C, confirming its
characteristic melting point and crystalline nature.

In physical mixture (Figure d), the slight shift in the TLM
melting peak from 270.16°C to 267.21°C suggests melting point
depression, which typically occurs when one component is
mixed with another. Additionally, the reduced intensity of the
drug peak in the PM indicates the absence of significant drug—
excipient interaction.

In the thermogram of the T-SD formulation (Figure €), a
decrease in the intensity of the drug peak around 262 °C was
observed, which may be attributed to the partial transformation
of TLM from a crystalline to an amorphous state. This result
suggests that the solid dispersion system may enhance drug
dispersion within the polymer matrix without causing chemical
incompatibility, thereby enhancing the solubility of the poorly
soluble drug [46,49,54].

Powder X-ray Diffraction

The XRD pattern of the pure drug TLM exhibited a strong and
intense peak at diffraction 20 of 20.198°C, 21.319°C at a range
of 24°C, indicating its crystalline nature (Figure 6a). The
diffractogram of the excipient XG and HPMC E15 (Figure 6 b,
c) displayed no sharp peaks but exhibited a large and broad peak,
indicating its amorphous characteristics.

The XRD pattern of the physical mixture (Figure 6 d) displayed
sharp and intense peaks, similar to those observed in the pure
diffractogram. This indicates the absence of drug—excipient
interaction in a physical mixture. XRD pattern of the solid
dispersion (Figure 6 e) showed sharp peaks with decreased
intensity, indicating a change from crystalline to amorphous
form, which is responsible for enhanced solubility of TLM in 6.8
pH phosphate buffer.

Ex vivo Mucoadhesive Strength

The mucoadhesive strength of the T1-T9 formulations was
evaluated, and the results are shown in Figure 7, ranging from
21.2+1 to 28.9+0.5 g. Formulations T8 and T9 exhibited the
highest mucoadhesive strengths, 27.2+0.2 g and 28.9+0.5 g,
respectively, which can be attributed to their greater swelling
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capacities of 318% and 331%, respectively. As the swelling HPMC E-15 also influences the mucoadhesion strength due to

index increases, mucoadhesion strength also increases, ensuring  its physical nature. [55].
patch adherence at the site of administration. Along with XG,
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Figure 5: DSC of drug, excipient, physical mixture, and solid dispersion, where A is telmisartan, B is XG, C is HPMC E15,
D is the physical mixture of A, B, and C, and E is the TLM Solid dispersion
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Figure 6: XRD of drug, excipient, physical mixture, and solid dispersion, where A is telmisartan, B is XG, C is HPMC E15,
D is the physical mixture of A, B, and C, and E is the TLM Solid dispersion
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Figure 7: Ex vivo mucoadhesive strength

Ex vivo Drug Permeation Study

Ex vivo drug permeation studies of mucoadhesive buccal patches
containing pure drug (TLM) and formulation T9 were conducted
using goat buccal mucosa, and the results are depicted in Figure
8. Permeation was evaluated in terms of cumulative amount
permeated per unit area and steady-state flux. Formulation T9
exhibited a cumulative permeation of 1.773 mg/cm?2 over 8 hours
with a steady-state flux of 0.221 mg/cm#h. In comparison, the
pure drug showed a significantly lower cumulative permeation
of 1.378 mg/cm2. The higher permeation observed with
formulation T9 was statistically significant (P < 0.0001) and can
be attributed to the presence of Kolliphor RH 40, which
enhances drug permeation across the buccal mucosa [56]. Ex
vivo permeation flux of formulation T9 at 1.77 mg/cm2 over 8
hours may be sufficient to achieve the required therapeutic
plasma concentration of Telmisartan in humans. Still, in vivo
pharmacokinetic studies are necessary to confirm clinical

relevance.
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Figure 8: Ex vivo permeation of optimized formulation T9

Release Kinetics

The in vitro drug-release profile of the T9 formulation was
analyzed using various kinetic models, including the Zero-order,
Higuchi, and Korsmeyer—-Peppas models. The release data
(Table 5) showed the best fit to zero-order kinetics, as indicated
by the highest correlation coefficient (R2 = 0.9954). Further
evaluation using the Korsmeyer—Peppas model yielded an ‘n’
value of 1.503, which corresponds to a Super case Il transport
mechanism, suggesting that drug release is governed by both
erosion and relaxation of the polymer chains [57].

Table 5: Release kinetics of formulation T9

Release Model T9
Zero Order R? 0.9913
First Order R? 0.9482

Higuchi Matrix R? 0.9596

R? 0.9954

Peppas Order n 1503

CONCLUSION

The study successfully developed a telmisartan mucoadhesive
buccal patch to overcome limitations related to poor solubility
and first-pass metabolism. A 32 factorial design was used to
optimize formulations, and ANOVA confirmed the significance
of the developed models. Solid dispersion using Kolliphor RH
40 improved drug solubility and supported effective patch
formulation. Compatibility studies confirmed the absence of
drug—excipient interactions. The optimized formulation (T9)
exhibited a high swelling index (331%), strong mucoadhesive
strength (28.5 + 0.5 g), sustained drug release (94.87%), and
enhanced ex vivo permeation (1.773 = 0.033 mg/cm?2) with a flux
of 0.221 mg/cm?/h. Overall, the optimized patch shows promise
for managing nocturnal hypertension. Further stability and in
vivo studies are required to confirm long-term efficacy and
clinical applicability.
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