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ABSTRACT

Introduction: Buccal films for anti-hypertensive drugs like losartan potassium can avoid hepatic
first-pass metabolism, improve bioavailability, and enhance patient compliance. Objective: The
purpose of this study was to develop and characterize buccal films of losartan potassium, to achieve
sustained and complete release and permeation of the drug over a reasonable period, without the risk
of the film being dislodged from buccal mucosa during use. Method: Buccal films with different
ratios of hydrophilic (HPMC K15M), hydrophobic polymers (Eudragit RL 100) (1:1, 2:1, and 3:1),
along with a fixed percentage of drug loading and mucoadhesive polymer Carbopol 934P, were
developed using the solvent casting technique. The films were subjected to in -vitro analyses and
tests to assess their physicochemical, mechanical, and pharmaceutical properties. Results: The films
were found to be satisfactory regarding handling characteristics, mechanical properties, swelling
index, mucoadhesivity, in -vitro release, and permeation. In vitro drug release and permeation
studies (across dialysis membrane) in simulated saliva (pH 6.8) using a Franz diffusion cell revealed
that films containing HPMC K15M and Eudragit RL100 in a ratio of 3:1 could sustain the release
of losartan potassium for 6 hrs, achieving a release of 95.39+0.37%, as well as a permeation of
98.38+2.08% drug occurred across synthetic membrane in 6 hrs. Interpretation of kinetic modeling
of release, permeation, and diffusional transport mechanism data indicates Higuchi kinetics, matrix
formation with non-Fickian transport, and a constant rate of permeation. The permeability
coefficient, steady-state flux values, and kinetics of release and permeation showed that the film is
the most suitable for further development and clinical application. Conclusion: HPMC K 15M and
Eudragit RL 100 in a ratio of 3 :1 could form a swellable matrix from which maximum release of
losartan potassium occurred within 6 hrs, and with a constant rate of permeation across the synthetic
membrane, attaining completion in 6 hrs. Thus, this composition is likely to produce similar results
in vivo and has a promising prospect for commercialization.

INTRODUCTION

patients, those who cannot swallow oral medications, patients
with vomiting tendencies, or patients experiencing severe pain

The World Health Organization (WHO) targets the control of
blood pressure with affordable and generic anti-hypertensive
agents. However, conventional formulations often fail to
manage erratic fluctuations in blood pressure in compromised
patients, which drives research into the development of more
efficient drug delivery systems using existing molecules
through economically viable and technologically feasible
processes [1,2].

Buccal films may serve as better alternatives to oral or
parenteral administration of anti-hypertensive drugs in geriatric
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due to serious health concerns [3]. They offer significant
benefits owing to their specific physicochemical and
pharmacokinetic attributes, allowing drugs to enter systemic
circulation directly. This results in a comparatively rapid onset
of action that can be sustained for the intended duration of
therapy, without being subjected to hepatic first-pass
metabolism. [4,5]. During the application of buccal films, the
film should be positioned under the tongue or behind the lower
lip with a dry finger and allowed to remain there until its action
is complete. The film adheres to the tissue due to bio-adhesive
polymers [6, 7, 8].
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Losartan potassium (MW:461), an angiotensin Il receptor (type

AT1) antagonist, is efficiently absorbed after oral
administration but is extensively metabolized during the
hepatic  first-pass, resulting in only 33% systemic
bioavailability [9]. Allergic reactions and side effects

associated with the oral administration of losartan potassium
can include swelling of the face, oral cavity, and throat, which
may cause difficulty in swallowing. Moreover, common
serious side effects include dizziness and sudden hypotension,
which are difficult to reverse if the medication is administered
orally [10]. However, if administered as a buccal film, the film
can be removed from the buccal cavity as soon as the patient
feels uncomfortable or experiences a sudden drop in blood
pressure. Buccal films of losartan potassium are thus expected
to mitigate the serious adverse effects and allergic reactions
mentioned above. They can be viable alternatives to tablets in
geriatric, unconscious patients, and those with nausea
tendencies. The molecule’s low molecular weight and
lipophilicity favour the fabrication of buccal films [11,12].
Several studies have reported that molecules with molecular
weights higher than 20 kDa fail to permeate efficiently through
the buccal mucosal epithelium. For polar molecules, there is a
correlation between the permeability coefficients of drugs and
their molecular weights. The penetration of high molecular
weight hydrophilic molecules is hindered due to the membrane-
coating granules liberating lipophilic molecules [13, 14, 15, 16,
17].

A literature survey indicates few studies on buccal films of
losartan potassium for fast/rapid action or controlled release
[18,19, 20, 21, 22, 23]. However, several studies on the
development and characterization of transdermal patches of
losartan potassium have been reported [24, 25, 26]. In most
cases, maximum drug release from buccal films was found to
be 93-98% within 4-8 hrs when studied in vitro [20, 21]. Ex
vivo permeation studies using animal buccal mucosa showed
permeation of a maximum of 80% of the drug in 6-8 hrs [20,
21]. Since the gap between two consecutive food intakes is
typically 4 hrs, it is desirable to avoid the risk of dislodgement
of the buccal films. Buccal films with drug release and
permeation completed within 4 hrs should be the most
preferable. In none of the reported studies did the buccal films
could release more than 90% of payload within 4 hrs. Only 80%
of the released drug could permeate in 6-8 hrs, leading to drug
wastage, therapeutic inefficacy, and an economic burden on
patients.

In an attempt to develop buccal films that can release their
maximum load of losartan potassium within 4 hrs, the present
investigation focuses on the development and characterization
of losartan potassium buccal films to leverage the potential
benefits and alleviate the limitations of oral, and parenteral
routes, thus filling the lacunae in existing studies.
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Materials

Losartan potassium, Carbopol 934P, and propylene glycol were
procured from Yarrow Chem Products and Loba Chemie Pvt.
Ltd., Mumbai, India, respectively. Hydroxypropylmethyl
cellulose (HPMC) K15M, and Eudragit RL 100 were procured
from Colorcon, USA, and Evonik, Germany, respectively.
Ethanol (95%) was purchased from Changshu Hongsheng Fine
Chemical Co. Ltd., China. All chemicals and reagents used in
the study were of the highest purity.

Preparation of losartan potassium-loaded buccal film

HPMC of varying grades and different commercial varieties of
Eudragit were employed in combination with other polymers
and plasticizers by solvent casting [27, 28, 29]. Carbopol 934P
was employed as a buccoadhesive polymer. Preformulation
drug-free trial batches were developed using HPMC K 15M (5%
wi/v ethanolic dispersion) and Eudragit RL 100 in the ratios of
1:1, 1:2, 2:1, 1:3, 3:1, and Carbopol 934P (1.67% wi/w). The
polymer ratios were selected based on outcomes from previous
investigations on buccal or transdermal patches of drugs like
rivastigmine, flurbiprofen, or ocular inserts of azithromycin [27,
28, 29]. In these studies, the HPMC-Eudragit RL 100 blend was
used as the rate-controlling polymers. The HPMC
concentration was fixed at 5% wi/v to facilitate homogeneous
dispersion, pourability, spreading, and efficient drying of the
films. The use of dibutyl phthalate as a plasticizer at 30% and
22.5%w/v of the polymer weight resulted in highly oily films
[30, 31, 32] and was thus substituted with propylene glycol
(1.5%w/v) [18, 23, 33, 34]. HPMC K 15M and Eudragit RL
100 weighed, and the drug was added and dispersed in ethanol
(95%) with stirring. The HPMC-Eudragit-drug dispersion was
added to Carbopol dispersion, followed by addition of
plasticizer, stirred magnetically at 25°C to ensure complete
solvent removal. The viscous dispersion was then poured into
the mould and set aside for drying overnight at 25°C. The dry
films were peeled off and stored in a desiccator for future
evaluation [27, 35, 36]. The composition of the losartan
potassium-loaded buccal film is given in Table I.

Differential Scanning Calorimetric analysis (DSC)

DSC was employed to record the thermograms of pure losartan
potassium, individual polymers, and physical mixture of
losartan potassium-HPMC K15M/Eudragit RL 100/Carbopol
934 P) (heating rate: 40° C/min; temperature range:30 - 300 °C;
nitrogen flow rate: 20 ml/min) using Perkin EImer DSC 4000
(USA) [37].
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Organoleptic and visual characteristics of buccal films

The buccal films were manually observed for organoleptic
characteristics and visual appearance, including colour,
transparency, odour, smoothness, stickiness, presence of air
bubbles, and wrinkles at the edges [38].

Physicochemical properties of buccal films

A digital micrometer screw gauge, Vernier calipers, and digital
weighing balance (Mettler Toledo, India; Model: ME204) were
utilized to determine the film thickness, diameter, and weight
from each batch (n=3). An average of the three values for each
composition was recorded [38, 39].

To determine the surface pH, buccal films (n=3) of each
composition were soaked in simulated saliva (1 ml,pH 6.8) for
15 minutes at 25 °C to facilitate swelling. The electrode was
then placed on the buccal film surface and allowed to
equilibrate for 1 minute, after which the surface pH was
determined using a pH meter (Systronics/Indian Instrument,
India; Model: L1 120) [38, 39].

For the drug content assay, a methanolic solution of the buccal
film was prepared, filtered through Whatman filter paper
(grade 4), diluted appropriately, and absorbances were
estimated  spectrophotometrically using a  UV-vis
spectrophotometer (Shimadzu, Japan; Model: UV-19001) at
207 nm. The drug loading efficiency (%) was calculated using
Equation I. Studies were done in triplicate [40, 41].

Equation I:

Drug loading ef ficiency (%)
_ Amount of drug liberated into methanol x 100

Amount of drug theoretically added
Mechanical properties of buccal films

Folding endurance was evaluated by repeatedly folding a
single film along the same line at 180° until it broke [42].
Other parameters assess for the film’s mechanical strength
included tensile strength, percentage elongation at break, and
peel strength [Equations II-1V] [42, 43]. Studies were done in
triplicate for each formulation.

Equation II:

Tensile strength
Force at break

" Initial cross — sectional area of the film (sq.mm.)
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Equation III:

. Change in length (mm)
% elongation at break = Initial length (mm) x 100

Equation IV:
Force required to peel (kg)

Width of the film (mm)

Peel strength (kg/mm) =

Pharmaceutical characterization of buccal films
Swelling study

The buccal film (W; gm) was kept in the simulated saliva (pH
6.8). The hydrated film was weighed (W gm) at predetermined
intervals until a constant value was attained [37]. The
percentage swelling index was computed using Equation V.

Equation V:
w2 -wi

— x 100
w1

% Swelling index =

Determination of ex vivo mucoadhesive property

The mucoadhesive property (strength) of the buccal films was
estimated using a Texture Analyser (TA. XT Plus, Stable Micro
Systems, Surrey, UK), equipped with a 5-Kg load cell and
fitted with a mucoadhesive test rig. Porcine buccal mucosa was
employed, and work-of-adhesion (WOA) (mJ/cmy) was
recorded. For each buccal film, experiments were repeated
thrice. Measurements were done at 25°C and a relative
humidity of 75% [44, 45].

Characterization of in vitro release behaviour of losartan
potassium-loaded buccal films

The release profile of losartan potassium from buccal films was
studied in a Franz diffusion cell in simulated saliva (pH 6.8). A
buccal film (1x1 cmj) (containing 0.42 mg of drug/cm;) was
used. The temperature was controlled at 37+0.5° C, and the
stirring rate was set at 100 rpm for 8 hrs. Sink conditions were
maintained throughout this period. Aliquots of 5 ml were
withdrawn, replenished with fresh simulated saliva, filtered
through Whatman filter paper, and assayed
spectrophotometrically at 224nm [46]. Studies were done in
triplicate. Cumulative percentage release (CPR) was calculated
from observed absorbance values and plotted against. time
(minutes).

Characterization of in vitro permeation behaviour of losartan
potassium-loaded buccal films

In the permeation studies, a synthetic membrane (Dialysis
membrane HIMEDIA, MWCO: 12000-14000 Daltons) was
used in the Franz diffusion cell. Other experimental conditions
and analyses were done identically to the in vitro drug release
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studies. Cumulative percentage permeation (CPP) was
calculated similarly.

Analysis of release and permeation behaviours of buccal
films containing losartan potassium

To identify the processes governing the release of the drug from
the buccal film, the data were fitted into zero-order, first-order,
Higuchi, and Korsmeyer-Peppas equations using Microsoft
Excel 2019 [42]. The kinetics of drug permeation across buccal
mucosa was estimated by fitting the permeation data across the
synthetic dialysis membrane to the equations for zero-order and
first-order Kinetics. The Kkinetic rate constant values were
tabulated. The Korsmeyer-Peppas equation was used to obtain
the value of the diffusion exponent (‘n”), which indicated
Fickian or non-Fickian diffusion [47].

For model-independent characterization of release and
permeation profiles, the time taken for 50% of the drug to be
released and permeated (tso) was calculated and compared. For
permeation data, drug flux, J(SSau) (Mmg/cm2.min) at steady-
state was estimated from Equation VI, and the permeability
coefficient K, was obtained by dividing the flux by the drug
content [48].

Equation VI:
SSflux =dQ/dtx1/A

(where dQ/dt is the slope of the truncated linear portion of the
curve, i.e., cumulative amount of permeated drug per unit time
(mg/minute), and A is the area available for diffusion (cm?).

Statistical analysis

Experimental data were processed and analyzed using
GraphPad Instat 3 statistical software (GraphPad, San Diego,
CA, USA). Data were expressed as means + SD (standard
deviation) of triplicate repetitions. For each study and result
obtained, P<0.05 denoted statistically significant values.

RESULTS
Drug-polymer compatibility study

In preliminary scanning of drug-polymer compatibility by
FTIR spectrophotometry, no interaction or incompatibility was
detected (data not shown) [49, 50, 51]. The DSC thermogram
of pure losartan potassium showed an onset and end of melting
at 272.8°C and 291 °C, with another less prominent
endothermic peak. The endothermic peaks of HPMC K 15M,
Eudragit RL 100, and Carbopol 934P matched with the
reported values [50, 51, 52] (Figure I). In the physical mixture,
an endothermic peak at 265.41°C was visible, closely matching
that of pure losartan potassium [37].
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PHYSICAL MIXTURE
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Figure I. Drug-polymer compatibility study: Overlaid DSC thermograms
of losartan potassium, HPMC K15M, Eudragit RL100, Carbopol 934P
and their physical mixture in the ratio of 1:1:1:1.

Pre-formulation study outcomes

During preformulation studies, only the buccal films with
HPMC K15M and Eudragit RL 100 in the ratios of 1:1, 2:1,
and 3:1, containing 1.67% w/v Carbopol 934P and 1.5% w/v of
propylene glycol, produced peelable films with satisfactory
mechanical properties and aesthetic appeal. Thus, these
compositions were considered optimized formulations for the
loading of losartan potassium at 1.0% w/w of the total polymer
weight. The proposed ratios of HPMC K 15M and Eudragit RL
100 are likely to achieve zero-order constant release or form a
matrix-type film from which drug release may occur by Fickian
or non-Fickian diffusion [27, 28, 29].

Table 1. Composition of losartan potassium-loaded buccal films.

Composition Formulation

F1 F2 F3

Losartan potassium (Yow/w) 1.0 1.0 1.0
HPMC K15M (% w/v) 5.0 6.6 7.5
Eudragit RL100 (% w/v) 5.0 33 2.5
Carbopol 934P (% w/v) 1.67 1.67 1.67
Propylene glycol (% w/v) 1.5 1.5 1.5
Ethanol (ml) 15 15 15
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Organoleptic, physicochemical, mechanical, and
pharmaceutical characteristics of buccal films containing
losartan potassium

The organoleptic, visual characteristics, physicochemical,
mechanical, and pharmaceutical characteristics of buccal films
containing losartan potassium are tabulated in Table I1.

Table II. In vitro organoleptic, physicochemical and mechanical
characterisation of losartan potassium buccal films.

Properties F1 F2 F3
Color White White White
Transparency Translucent  Translucent  Translucent
Stickiness Non-sticky Non-sticky ~ Non-sticky
Wrinkles Wrinkle free  Wrinkle free  Wrinkle free
Smoothness Smooth Smooth Smooth
Odor No Odor No Odor No Odor
Mean thickness (mm) 0.7+0.01 0.8+0.01 0.6+0.02
Diameter (cm) 5.97+0.1 6.00+0.2 6.00+0.1
Weight variation (mg)* 30.26+2.38 33.39+2.11  37.54+1.45
Surface pH at 25 °C* 6.65+0.03 6.72+0.02 6.68+0.04
Drug loading efficiency (%)* 95.75+0.56 93.56+1.61  98.23+0.89
Folding endurance >150 >150 >150
Tensile strength (Kg/mm?)* 2.12+0.021 1.93£0.047  1.71+0.035
Elongation at break (%)* 80.21+2.35 71.4842.26  62.36+1.73
Peel strength (Kg/mm)* 1.99+0.06 1.86+0.08 1.69+0.07
Swelling index(%)* 74.09 £8.43  87.09 +2.68 111.14+ 9.81
Work of adhesion* (mJ/cm?)  62.46 £4.38  64.96+5.08  61.73+5.26

*(Data represented as mean * standard deviation; n=3. For all the studies,
p <0.05)

In vitro release and permeation profiles of losartan potassium

The highest release of 95.39+0.37% losartan potassium was
observed with F3 in 6 hrs. F2 released 93.32 +4.43% % in 7
hrs, while F1 released 66.71+2.23% in 8 hrs (p< 0.05) (Figure
II(a)). In vitro permeation through the artificial dialysis
membrane followed patterns identical to the drug release data,
with the highest permeation of 98.38+2.08% occurring in 6 hrs
from F3 and the least permeation of 59.08+0.47% from F1 in 8
hrs. From F2, 95.39+3.96% of drug permeated in 7.5 hrs (p<
0.05). A graphical representation of permeation profiles can be
seen in Figure II(b).

Kinetic modeling of drug release and permeation data

The buccal films followed Higuchi kinetics, indicating matrix
formation by HPMC K 15M, Eudragit RL 100, and Carbopol
934P. The highest value of the Higuchi rate constant of
45945 %.min% was obtained for F3, while the least of
3.0569 %.min%5was observed F2 (Table Il1).
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Model-independent analysis of drug release data revealed that
F3 had the least ts value of <150 minutes, while F1 had the
maximum tso value of >220 minutes (Table I11).

Permeation followed zero-order kinetics. The steady-state flux

of F3 was 0.1623 mg/cm?/min, with a Kp value of 0.1745
mg/cm? (Table I11).
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Figure II(a). In vitro release profiles of losartan potassium from HPMC
K15M-Eudragit RL 100-Carbopol 934P buccal films in simulated saliva
(pH 6.8).
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Figure II(b). In vitro permeation profiles of losartan potassium from
HPMC K15M-Eudragit RL 100-Carbopol 934P buccal films in simulated
saliva (pH 6.8).

Table III. Model dependent and independent value from release and
permeation data.

Release Data Formulation
F1 F2 F3
Higuchi rate constant (mg.min_s) 3.0569 3.9585 4.5945
Diffusional exponent (n) 0.526 0.520 0.620
tso (minutes) 222 196 147

Permeation Data Values Of Model-Dependent and

Independent Parameters

Zero order rate constant (mg.min™') 0.1697 0.2294 0.2885
tso (min) 316 220 165

Jss (mg/cm?. minutes) 0.1114 0.1246 0.1623

Kp 0.1197 0.1339 0.1745
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Figure III. Correlation between in vitro drug release and permeation
profiles of losartan potassium-loaded buccal films with HPMC K 15M
and Eudragit RL 100 in the ratio of 3:1.

A good correlation was found between in vitro release and
permeation profiles (r> = 0.9897) for F3, and for the other two
formulations, the r? was above 0.98 (Figure III).

DISCUSSION

The physical mixture of losartan potassium with HPMCK15M,
Eudragit RL100, and Carbopol 934P did not reveal any
incompatibility. The thickness and diameter of the buccal films
were found to be acceptable for easy handling before and
during administration. The surface pH (at 25 °C) values
matched the reported values of 6.28+0.25 to 6.98 + 0.01 [53,
54, 55] and were thus physiologically compatible, posing no
risk of irritation, discomfort, or inflammation of the buccal
mucosa [16]. In healthy humans, the pH of the saliva lies
between 6.3 and 7.3 [36,54].

Drug loading efficiency was identical to the values for ramipril
buccal patches [39, 42]. The low standard deviations in drug
loading efficiency values indicates a homogeneous distribution
of the drug in the formulations [56].

Analysis of the buccal films’ mechanical characteristics
revealed tensile strength, percentage elongation at break, and
peel strength depended on the amount of Eudragit RL 100. The
percentage elongation at break values of the films varied
between 62-80%. In a study on terbinafine hydrochloride
buccal films of HPMC-PVP K30, the percentage elongation at
break values was found to depend on changes in the
percentages of HPMC or PVP [57]. Since the percentage of
HPMC in the films was fixed in the present investigation, slight
variations in the parameter might be attributed to variation in
the percentage of Eudragit RL 100. The greater the amount of
Eudragit in the films, the better the mechanical strength and
stability of the film. Eudragit RL 100-based bioadhesive
buccal patches of tizanidine demonstrated a folding endurance
value of 91, while in the present case, the value (>150) is much
higher, indicating the positive impact of HPMC on the film
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flexibility [58, 59]. Folding endurance (>150) was found to be
acceptable imparting a satisfactory degree of flexibility to the
film. This is extremely preferable, as it would prevent easy
dislodging of the films from the site of application or rupture
of film during positioning in the buccal cavity [58]. Tensile
strength values were slightly higher than those for buccal films
of losartan potassium made from hydrophilic polymers[42]. In
the literature, wide variation in the mechanical parameters
could be attributed to differences in the film composition.
Reported values of peel strength were found to be much lower
in transdermal patches made of polyvinylpyrrolidone-
ethylcellulose-HPMC-chitosan than the observed values [24].

For a buccal film to work efficiently, the film must be hydrated
and swell to adhere to the buccal mucosa. The swelling of films
was affected by the proportion of hydrophilic HPMC and
hydrophobic Eudragit and was reduced by Eudragit-RL100
[59]. Similar observations were made in the present study. The
swelling index values for the films of three different
compositions indicates a decrease with an increase in the
amount of hydrophobic Eudragit from F3 to F1. In the literature,
the swelling index values of mucoadhesive films with HPMC-
chitosan-Carbopol 934P, HPMC K15M-Carbopol-PEG 6000,
and HPMC-sodium alginate-Carbopol 934P were found to lie
between 10-33 [60, 61, 62, 63, 64, 65]. However, the HPMC
K15M-Eudragit RL 100 films exhibited much higher swelling
index values. The rapid imbibition of aqueous medium by
HPMC is likely to make the film porous, facilitating the influx
of bulk medium and ultimately accelerating the dissolution of
losartan potassium molecules followed by their diffusion out of
the film [59]. Therefore, F3, with a significantly higher
swelling index, should adhere strongly to the mucosal surface
and exhibit the desired release profile. Statistically
insignificant differences in the work of adhesion values might
have resulted from the same percentage of Carbopol 934P in
the films. The mucoadhesive strength has been reported as
3760-5617dynes/cm? or 9-12g [59, 62, 63, 64]. However, the
values for the films under investigation were low, although the
swelling index was better.

As expected, F3, with minimum Eudragit and maximum
HPMC, offered the least hindrance to the absorption of
simulated saliva and exhibited maximum in vitro drug release.
The incorporation of hydrophobic Eudragit in the composition
retarded the release of glipizide from bio-adhesive films [59].
Meher et. al. (2013) reported 71-75% release of carvedilol in
12 hrs from HPMC K15M: Eudragit RSPO: Carbopol 934P:
methylcellulose films [36]. Films made with different
proportions of HPMC K 15M and Eudragit RL 100/Carbopol
934P released 72-96% anti-hypertensive drugs in 3-24 hrs [21,
38, 39, 40, 66, 67]. In the case of losartan potassium, more
than 90% release was observed from buccal films of HPMC
K15M-Eudragit RL 100 and Eudragit E 100-PVP K30 [21, 22].
No loss in the structural integrity of the buccal films could be
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detected during the in vitro dissolution test, indicating
swelling- and diffusion-controlled drug release [56]. Ex vivo
permeation studies of losartan potassium and other anti-
hypertensives from buccal films of hydrophilic polymers
revealed 76-99% in 6-24 hrs [20, 34, 38, 39, 67, 68, 69]. In the
present study, faster permeation might have been due to the
use of artificial dialysis membrane instead of animal buccal
mucosa.

The polymeric combination resulted in a matrix type of buccal
film, as evident from compliance with Higuchi kinetics.
Kinetic modeling of drug release data from films made of
Eudragit E 100-PVP K 30 and HPMC-PVP-Carbopol 940
suggested matrix formation [21, 70].

Drug release occurred by Fickian diffusion from F1 and F2
and by non-Fickian or anomalous diffusion from F3 (Table I11).
Non-Fickian diffusion suggests the involvement of polymer
swelling and chain relaxation due to swellable HPMC. Both
Fickian and non-Fickian diffusion have been reported to occur
from films made of HPMC-Eudragit [27, 28, 29]. Zero-order
kinetics of drug permeation across dialysis membrane
indicates a constant rate of permeation, an ideal and desirable
behavior for buccal films. Higher values of steady-state flux
indicate permeation of a greater amount of the drug at a faster
rate through the same unit area of films with comparable
properties. Since the goal of the present investigation is to
fabricate buccal films through which drug release occurs in a
controlled manner and released drug permeates through the
buccal mucosa at a constant rate, the selection of optimum film
depends significantly on magnitudes of steady-state flux and
apparent permeability coefficient. With piroxicam cocrystal-
loaded buccal films, the flux values were relatively lower than
in the present case with F3, and with atenolol films, the
reported value of steady-state flux was quite higher, which
might be due to the presence of sodium alginate instead of any
hydrophobic polymeric film former [62, 71, 72].

Future prospects

Further formulation development is necessary to improve
mucoadhesive strength, controlled and complete release, and
permeation of losartan potassium at a constant rate within 4 hrs.
Since the time gap between two consecutive food intakes is
usually 4 hrs, this is considered an important criterion. Before
conducting in vivo studies in suitable animal models, ex vivo
permeation studies and in vitro stability studies should be
planned. Lastly, studies to assess the irritation and toxicity

potential of the film on the buccal mucosa need to be conducted.
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CONCLUSION

Fabrication of buccal films with varying ratios of HPMC
K15M and Eudragit RL 100, while loading of fixed percentages
of losartan potassium and Carbopol 934P, indicates a
significant effect of the relative amounts of hydrophilic and
hydrophobic polymers on in vitro drug release, permeation
profiles, and drug diffusion mechanism. In summary, it can be
concluded that the optimum ratio of HPMC K15M-Eudragit
RL 100 (3:1) can lead to buccal films with satisfactory
organoleptic, physicochemical, and mechanical properties,
achieving sustained release and permeation of losartan
potassium for the management of aberrant and fluctuating
problems hypertension. This formulation could be particularly
beneficial for ambulatory patients, bedridden patients, or those
with serious health issues that preclude the administration of
frequent oral doses or injections.
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