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Abstract

This preliminary investigation was aimed to optimize the fabrication of lornoxicam (LRX) loaded
buccal mucoadhesive tablets for local management of pain and inflammation in oral mucosa. The
direct compression method was used to produce buccal mucoadhesive tablets. Chitosan, HPMC and
sodium alginate were screened in preliminary study to find out requisite concentrations for
optimization purpose. Solid state characterization test, such as Fourier Transform Infrared (FTIR)
spectroscopy, was carried out to investigate drug excipient compatibility in physical mixtures of drug
and polymers. This was followed by further assessment of formulations at in-vitro, ex-vivo and in-
vivo levels to determine swelling index, matrix erosion, mucoadhesive strength and time, in-vivo
residence time and drug release. The findings deduced from preliminary investigations on
mucoadhesive buccal tablets showed that all sodium alginate containing formulations, except F8, did
not sustain drug release up to 6 h, and showed poor mucoadhesivity. The mucoadhesive character as
well as drug release pattern was influenced by the concentration of HPMC in mucoadhesive buccal
tablets. Chitosan containing formulations indicated lower values in terms of swellibility,
mucoadhesion and drug release as compared to HPMC containing formulations, due to the presence
of reduced hydrophilic interactions between chitosan particles. Additionally, it was noted that swelling
index values were greater for formulations containing sodium alginate as compared to formulations
containing HPMC, due to greater swelling capability of sodium alginate. The values of surface pH
ranged from 6.38 — 7.14 and fall within physiological salivary pH range. The matrix erosion data
revealed significantly higher values for sodium alginate containing formulations, whereas HPMC
containing formulations showed increased values for ex-vivo mucoadhesive strength, time, in-vivo
residence time and in-vitro drug release i.e. 9.55+ 1.84 g, 5.82 £ 1.11 h, 2.01 + 0.85 h and sustained
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drug release for 4 h, respectively, for F4. Thus, it is concluded that mucoadhesive tablet formulation
batch F4 was considered as an optimized formulation based on mucoadhesive strength and time and
could be subjected to main study.

Keywords: Lornoxicam, Direct Compression, Mucoadhesion, Sodium Alginate, /n-vitro drug release

1. Introduction

The buccal route of the oral cavity has been regarded as the most appealing and the most preferred
location for administering dosage forms, owing to the simplicity and comfort associated with this
route (1). Since the buccal mucosal lining provides a relatively gentle environment for drug
absorption, buccal administration safely protects medicinal substances from the harsh gastric
environment, preventing enzymatic as well as acidic degradation, like proteins and polypeptides (2).
The buccal mucosal delivery system comprises of buccal tablets, buccal gels and ointments. The
former is produced as either double layer matrix tablets or as a monolithic system. Monolithic tablets
are composed of drug and polymer blend and possess unidirectional drug release. Furthermore, they
may be either uncoated or coated with various polymers. Two layers make up double layered matrix
tablets. For locally acting dosage forms, the outside layer is generally composed of non-bioadhesive
agent, while for systemic release, outer layer is rendered inactive and inner layer is composed of active
moiety. Consequently, this approach supports the controlled drug release from the formulation (3).
Buccal gels and ointments are primarily composed of various polymers that increase gel viscosity and
provide controlled drug release (4).

Oral mucositis is referred to as an inflammatory disease of the oral mucosa, after radiation or
chemotherapy. Patients frequently experience considerable challenges in eating and drinking due to
the severe discomfort, ulceration and erythematous lesions linked to this condition. This ultimately
results in weight loss, exhaustion, and a decreased quality of life (5). Non-steroidal anti-inflammatory
drugs (NSAIDs) are frequently used to treat a variety of oral cavity pathologies, including stomatitis,
periodontitis, gingivitis and oral ulcers, and their administration requires the use of peroral route.
Several studies have conclusively shown that the risk of upper gastrointestinal (GI) problems rises
with increasing dosages and frequency of NSAID usage (6). The systematic management of oral
mucositis-related discomfort may exacerbate NSAID adverse effects. As a result, local therapy is
recommended since it allows for greater drug delivery to the target tissues while minimizing systemic
absorption.

Lornoxicam (LRX), a potent NSAID, is widely used to treat pain as well as inflammation. Its
conventional dosage forms have unequivocally shown greater risk of upper GI disorders with its
increased dose and frequency. Moreover, the drug exhibits poor water solubility (BCS class II),
substantial plasma protein binding (99 %) and short half-life (3-4 h), which is an excellent choice for
its local administration (7). Buccal mucosal drug administration is now regarded as the most viable
replacement for the oral route because it overcomes the majority of the problems with oral drug
delivery. There has only been a limited investigation carried out on the buccal delivery of LRX,
according to a systematic literature review from several database sources. Hence, the current
investigation is aimed at developing LRX loaded buccal mucoadhesive drug delivery system for
efficient and rapid management of pain and inflammation linked to oral cavity pathologies. The buccal
mucoadhesive drug delivery system of LRX is expected to favor improved drug solubility as well as
bioavailability and achieve a pattern of controlled drug release for superior analgesic and anti-
inflammatory effects.

2. Materials and Methods

2.1. Materials

Lornoxicam was kindly gifted by Wilshire Pharma Pvt Limited, Lahore, Pakistan; chitosan (low
molecular weight), sodium alginate, poly-vinyl pyrrolidone K30 (PVP K30) (Sigma Aldrich, USA),
hydroxy propyl methyl cellulose (HPMC K15M) (Dow Chemical Company, Washington, Midland,
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MI, USA), sucralose, talc, magnesium stearate and lactose (Sigma Aldrich, USA). Entirely, the
chemicals were seemed to ensure the analytical quality & utilized except additional purification.

2.2. Drug Excipients Compatibility Study

FTIR analysis was carried out to investigate any possible interaction between the drug and physical
mixtures with various polymers. FTIR spectrophotometer (Spectrum 100, Perkin Elmer, USA) was
utilized to measure FTIR spectra in the 4000-600/cm range. The infrared spectral examination for the
polymers, pure drug and physical combinations was conducted to determine the existence of normal
functional groups, in addition to finding any unusual or new peaks (8).

2.3. Dosage Form Fabrication

2.3.1. Mucoadhesive Buccal Tablet

The fabrication of optimized mucoadhesive buccal tablets was achieved through a preliminary study
during which the physical characteristics and polymers concentration were modified such that the
polymer concentration was determined to fulfill the criteria for sustained release of lornoxicam lasting
up to 6 h.

The drug was precisely weighed and manually blended with excipients using a spatula. Other
pharmaceutical constituents, such as mucoadhesive polymers (chitosan, HPMC-K15M and sodium
alginate) in various ratios were added to this mixture. The addition of sucralose as a sweetener, PVP
as a binder and lactose as a diluent was done in the quantities specified in Table 1. Ultimately, the
mixture was mixed slowly with magnesium stearate for 3-5 min before being compressed into tablets
using single punch tablet machine (AR 400, Erweka, GMBH, Germany) having flat faced punch (8
mm) at 2.5 tons force for 10 sec. The formulated compressed tablets were then subjected to various
characterization tests (9).

2.4. Characterization of Buccal Mucoadhesive Tablets
In the preliminary study, the methods used for evaluating buccal tablets comprised both physical &
physico-chemical characterization. The physical characterization tests included friability, diameter,
hardness, thickness and weight variation. Furthermore, matrix erosion, surface pH, swelling index,
ex-vivo muco-adhesive strength and time, in-vivo residence time and in-vitro release of drug are all
part of the physico-chemical characterization testing (10).

2.4.1. Physical Characterization

2.4.1.1. Physical Appearance

The buccal formulated tablets were evaluated to observed physical appearance. The surface
smoothness of these tablets was checked out and any intra batch variation was documented (11).

2.4.1.2. Dimensional Specifications

The tablets thickness and diameter were assessed for each formulation batch after randomly picking
the tablets samples. A digital vernier caliper (Erweka, Germany) having zero error was used and the
results were shown as an average of standard deviation (12).

2.4.1.3. Weight Variation

Digital electronic weighing balance (AX-200, Shimadzu, Japan) was used to measure the variability
in tablet weight for each formulation batch. The mean weight of each formulation was subsequently
determined in order to determine the level of variability in each formulation code, which is outlined
in official USP standards (13).

2.4.1.4. Hardness Test
The hardness of formulated mucoadhesive tablets was tested using an Erweka hardness tester
(Erweka, Germany), and the results were represented as mean = SD (14).
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2.4.1.5. Friability Test

Friability testing & evaluation were carried out according to the USP criteria (15), by using Roche
friabilator to estimate tablets friability. The speed of rotation was set to 25 rpm for duration of
four min. The tablets were taken out, de-dusted & then re-weighed after the specified interval. The %
age of particle loss resulted from friability was subsequently determined for all formulations
employing equation 4 and represented in terms of percentile loss.

Initial tablet weight—Final tablet weight "

Percent Loss = 100 (Equation 4)

Initial tablet weight

2.4.2. Physico-chemical Characterization

2.4.2.1. Surface pH

Buccal tablets from each formulation batch were placed in individual petri dishes containing PBS pH
6.8 (10 ml) and left undisturbed for 2 h. The pH was determined by slightly pressing the electrode of
pH meter (Accumet meter 21039, Denver, USA) to the tablet surface. The procedure was carried out
three times for each formulation batch (16).

2.4.2.2. Swelling Index & Matrix Erosion

For swelling analysis, tablets from all formulations were chosen, weighed (W1) and put on glass slides
dipped in petri dishes with PBS, pH 6.8 (10 ml). The entire system was kept in incubator oven
(BIOBASE, China) at 37.5 £ 0.5 °C. The weight which was achieved by individual formulation (W2)
over various time intervals i.e. 0.5, 1, 2, 4 and 6 h, was calculated by electric weighing balance.
Swelling index was then calculated using equation 5 as follows (17):

wa2-wi
w1

Swelling Index (%) = * 100 (Equation 5)

Similarly, to calculate matrix erosion, the swollen formulation at 6 h was maintained at 60 °C over 24
h unless uniform weight (W3) was obtained for assessing moisture loss by using equation 6 (18):

w1i-w3
wi

Matrix Erosion (%) = * 100 (Equation 6)

2.4.2.3. Ex-vivo Mucoadhesive Strength

A modified mechanical balance was utilized to calculate an ex-vivo mucoadhesive strength. The
experimental setup comprised customized balance, with one pan arm adjusted via a stage for assessing
detachment force. The tablet was soaked on both sides utilizing distilled water & gently pressed
against two glass slide surfaces. Previously, every single glass slide was attached to freshly excised
buccal mucosa of rabbit. The first glass slide was adhered to the base, while another one was linked
to moving pan thread, while fixation of tablet was done between two slides. Before conducting the
experiment, an ethical approval was granted by Ethical Review Board (ERB) (801/GCPS/GU, dated
09/06/2023)

Mucoadhesion force was measured on the basis of weight (g) needed to remove the tablet from either
buccal-mucosa, with the help of adding weight to the left arm of pan. The ex-vivo mucoadhesive
strength of the formulation was determined through the minimal weight needed for removing the
tablet from the mucosa. Triplicate readings were taken for each formulation (19).

2.4.2.4. Ex-vivo Mucoadhesive Time

This experiment required freshly excised rabbit buccal mucosa attached to glass slide with the help of
acrylate adhesive. The slide was submerged into a beaker having PBS, pH 6.8 (800 ml) in an inclined
position at 45° as previously reported (20). Prior to submerging the slide, the buccal tablet was
attached to it and the mucoadhesive time was recorded. A single side of each tablet was soaked using
PBS, pH 6.8 and carefully pressed over the buccal mucosal surface for 20 sec. The apparatus was
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rotated at 100 rpm through magnetic stirrer (VELP Scientifica, Italy) and the entire system was kept
at 37.5 °C during the course of the experiment. Mucoadhesion time was noted as time during which
tablets disintegrated, dissolved or removed from the attached site (21). This experiment was
performed three times, and results were averaged as mean + SD.

2.4.2.5. In-vivo Residence Time

In-vivo residence time of mucoadhesive buccal formulations was evaluated in healthy human
volunteers who agreed to participate in this investigation. For this purpose, five tablets without drug,
were taken and subjected to testing. The participants weren't allowed to take any food; however, they
were permitted to drink as long as the formulation was not dislodged. The tablet was cautiously
administered into the frontal gingival region and slightly compressed for 20 sec to start the
experimental process. The respondents received instructions to not disrupting the dosage form with
their tongues nor apply force to it. /n-vivo mucoadhesive residence time of the formulation was
defined as the period of time when the respective formulation disintegrated, degraded, or finished
(22).

2.4.2.6. In-vitro Drug Release

The in-vitro release of drug from buccal formulations was investigated utilizing USP type II
dissolution apparatus (PTWS-11/P, TPT Germany). In this study, the experimental parameters
involved a paddle speed of 50 rpm, PBS, pH 6.8 as dissolution medium and 37.5 + 0.5 °C temperature.
Samples of 5 ml were taken out at predetermined time intervals (0.5, 1, 2, 4 and 6 h) for analysis, and
equal volume of PBS, pH 6.8 was replenished immediately for the maintenance of sink conditions.
The quantitative estimation of LRX was performed using UV spectrophotometer (1601, Shimadzu,
Japan) by taking maximum wavelength of 376 nm. Triplicate readings were noted and results were
represented as mean £ SD (23).

2.5. Statistical Analysis

Each experiment was carried out in triplicate and the results were presented in the form of mean +
SD. The results were statistically analyzed utilizing ANOVA and Student's t-tests with level of
significance as p < 0.05 by GraphPad Prism (version 8.0.2).

3. Results

3.1. FTIR Analysis

FTIR spectral analysis of lornoxicam showed characteristic bands around 3065.60 cm™ that
corresponds to -CH stretching of heteroatomic ring. The peaks observed at 1593.56 cm™ and 1536.42
cm’! were attributed to the N-H bending vibrations of secondary amide. The sharp peaks at 1380.84
cm™ and 1325.15 cm™! were assigned to the C-S group and O=S=0 group stretching vibrations. The
peaks at 1145.99 cm™ and 1037.04 cm™ corresponded to C-N stretching vibration. The bending
vibration of C-CI group was observed at 788.34 cm™!. Similar peaks have been observed in literature
(24). FTIR spectrum of HPMC showed several characteristic sharp peaks at 3450 cm™!, 2896.5 cm’!,
1448.9 cm™, 1371.2 cm™, 1054.20 cm™ and 942.68 cm™ that were attributed to O-H stretching
vibration, C-H stretching vibration, CH> scissoring, asymmetric carbon bending vibration, C-O-C
stretching vibration and ring asymmetric stretching, respectively (25). FTIR spectrum of sodium
alginate displayed peak at 3359.10 cm™ due to -OH stretching vibration and another peak at 2879.7
cm’! that corresponds to -CH stretching vibration. Observed band at 1590.6 cm™! was attributed to
asymmetric COO- group stretching vibrations. The peak at 1027 cm™ was assigned to C-C stretching
vibrations (26). FTIR spectrum of chitosan showed a strong peak around 3312.86 cm that
corresponds to O-H stretching vibration, suggesting intermolecular H-bonding of chitosan,
overlapping N-H extension vibration in the same region i.e. 3300-3500 cm™'. The peak at 2914 cm’!
was assigned to C-H stretching vibration in methylene group. Additionally, the small sharp peaks at
1649 cm™ and 1570 cm™ correspond to carbonyl stretching of amide group and N-H bending of
primary amine. The absorption band at 1189 cm™ was attributed to C-N stretching of third amide
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group. Chitosan also presented sharp peak at 1020 cm™ that corresponds to C=O stretching vibration
(27,28).
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Figure 1. FTIR spectra of pure drug, polymers and drug polymers physical admixtures.

3.2. Preliminary Study Protocol

In the current study, both polymers (sodium alginate and HPMC) were mixed with chitosan in two
concentrations i.e. 2.5 % and 5 % in all possible combinations, as is evident in Table 1. As a result,
total eight formulations were fabricated (F1-F8). In preliminary study, the dose of lornoxicam was
decreased to half because drug release was determined to be approximately 3-4 h. Likewise, polyvinyl
pyrrolidone K30 (PVP) as binder, sucralose as sweetener and magnesium stearate as lubricant were
added in fixed amounts (29), as shown in Table 1.

Table 1. Composition of various mucoadhesive buccal tablets in preliminary study (F1-F8)

Ingredients (mg) | F1 F2 F3 F4 FS Fé F7 F8
LRX 4 4 4 4 4 4 4 4
Chitosan 5 7.5 5 7.5 5 7.5 5 7.5
HPMC 2.5 2.5 5 5 - - - -
Na-alginate - - - - 2.5 2.5 5 5
PVP 5 5 5 5 5 5 5 5
Sucralose 5 5 5 5 5 5 5 5
Mg stearate 5 5 5 5 5 5 5 5
Lactose 73.5 71 71 68.5 73.5 71 71 68.5

3.3. Physical Evaluation

Results showed that none of the formulations changed their color. On the surface of the tablets, there
were no pitted markings, cracks, stains, or abrasions. The tablet's surface had a near-off-white tint
with flat surface and rounded corners. According to the results of the current investigation, the
thickness of formulations ranged from 2.47 mm to 2.68 mm. The formulations F2 and F7 showed the
least amount of variation, 1.e. 0.05 and 0.04, respectively. Tablets diameter ranged from 8.02 mm to
8.17 mm, with the formulation F8 having the highest concentration of sodium alginate and chitosan,
showing the greatest variation from the mean diameter value. All of the tablets friability values fell
inside the specified USP limit of < 1 %. However, F5 and F7 exhibited maximum and minimum
Vol.31 No.3 (2024): JPTCP (1195-1208) Page | 1200
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friability values, which were 0.714 % and 0.389 %, respectively. The tablets had a 100 mg
predetermined weight. The United States Pharmacopeia (USP) states that this weight is within the
allowed deviation range of = 10 % (30). The mean weight of all the formulations, however, varied
from 91.12 mg to 104.21 mg. After conducting tests on the tablet's hardness, a final hardness value of
5 - 7 kg/em? was set (31). Results indicated that all formulations' hardness values fell within this
range. Table 2 provides detailed results of all physical characterization tests of mucoadhesive buccal
tablets.

Table 2. Physical characteristics of lornoxicam loaded mucoadhesive buccal tablets (mean + SD,

n=3)
Formulations | Thickness Diameter Friability | Weight Hardness
(mm) (mm) (%) Variation (mg) | (kg/cm?)

F1 247+0.13 | 8.02+0.04 0.592 93.65 +1.63 532+1.22
F2 2.53+0.05 |8.09+0.03 0.643 91.12+1.48 5.65+0.56
F3 2.58+0.19 | 8.11+£0.04 0.501 103.43 +2.89 6.23 +1.36
F4 261+0.13 |8.13+£0.04 0.643 90.29 +£2.23 5.97+0.99
F5 2.53+0.09 |8.15+0.03 0.714 98.13 +4.89 5.88 +0.89
F6 2.63+0.20 | 8.07+0.06 0.512 93.78 £1.23 7.13+1.24
F7 2.60+£0.04 |8.17£0.05 0.389 89.18 +3.02 6.59 + 1.66
F8 2.68+0.18 | 8.15+0.07 0.619 104.21 £ 0.41 6.73 +£1.58

3.4. Physico-chemical Evaluation

3.4.1. Swelling Index

The figure 2 showes the swelling index results of various formulations. The formulation, FS8,
composed of chitosan (7.5 %) and sodium alginate (5 %) exhibited greatest swelling tendency.
Additionally, it was noted that after 6 h, a decrease in swelling index was observed for all formulations
(F1-F8). Even though chitosan had little effect on swelling behavior (32), more research is needed to
compare the effects of the polymeric combination to those of the individual polymers.

250
-o- F1
200 = F2
E’\i —-— F3
& 150 - F4
=]
= F5
(e>]
= 1004 o F6
g o F7
@ 8
50 A F
o}
o} 2 4 6
Time (h)

Figure 2. Swelling indices of mucoadhesive buccal tablet formulations (F1-F8) in preliminary study
(mean + SD, n=3)

3.4.2. Surface pH

Table 3 illustrates the results of surface pH of mucoadhesive buccal tablets. The lower and higher
limits for pH values ranged from 6.38 — 7.14 for F5 and F2, respectively. These readings fall within
the range of normal pH of saliva. It follows that the mucoadhesive formulation's pH was determined
to be imitating physiological pH.
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3.4.3. Matrix Erosion

Table 3 demonstrates matrix erosion values that fall between 35.22 to 80.59 %.The significant
hydration loss in the mucoadhesive buccal tablets may be explained by the polymers' lower
concentration (33). The formulation, F4, composed of greater concentrations of chitosan (7.5 %) and
HPMC (5 %) exhibited lowest matrix erosion. Formulations containing sodium alginate, on the other
hand, were likewise exposed to significantly higher matrix erosion values.

3.4.4. Ex-vivo Mucoadhesive Strength

According to the results, as HPMC concentration increased from F2 to F4, an increased trend in
mucoadhesive force was observed (34). As opposed to formulations containing HPMC, those
containing sodium alginate gave lower values of mucoadhesive strength (35). The greater
concentration of sodium alginate (5% in F7 and F8) did not significantly affect the mucoadhesion
values, which were low compared to formulations containing similar concentration of HPMC (5 % in
F3 and F4). The formulation, F7, which contained chitosan and sodium alginate in 5 % concentration
each, had the lowest value of mucoadhesive strength. On the contrary, greater force of mucoadhesion
i.e. 9.55 g, was obtained for formulation F4, composed of 7.5 % chitosan and 5 % HPMC, as shown
in Table 3.

3.4.5. Ex-vivo Mucoadhesive Time

The values of mucoadhesive time were observed to rise from approximately 3 h to > 4 h with
increasing concentration of HPMC from 2.5 % to 5 %, as depicted in Table 3. The values of
mucoadhesive time for all formulations (F1-F8) ranged from 0.68 to 5.82 h. Formulation F4,
containing chitosan and HPMC in concentrations of 7.5 % and 5 %, respectively, showed maximum
mucoadhesive time of 5.82 h. The values of mucoadhesive time for formulations containing sodium
alginate (F5-F8) ranged from 0.68 to 2.61 h. There was slight increase in mucoadhesive time values

for these formulations due to increase in concentration of chitosan from 5-7.5 % and sodium alginate
from 2.5-5 %.

3.4.6. In-vivo Residence Time

Table 3 presents the findings of in-vivo residence time for all formulations which was found to be
approximately 2 h. Upon administration into buccal mucosa, mucoadhesive tablets gradually
disappeared from their site of administration. Moreover, 5 % HPMC containing formulations i.e. F3
and F4, were able to persist in the buccal mucosa for more than 1 h as compared to the rest of
formulations. On the contrary, formulations composed of sodium alginate (F5-F8) disintegrated in
less than 1 h and shed off in the form of particulate gel at the administration site (36).

Table 3. Physico-chemical characterization tests of mucoadhesive formulations (F1-F8) (mean +

SD, n=3)

F.Codes | Surface pH | Matrix Ex-vivo Ex-vivo In-vivo
Erosion (%) | Mucoadhesive | Mucoadhesive | Residence

Strength (g) Time (h) Time (h)
F1 6.99+1.22 | 65.69 6.44 +1.56 3.65+0.58 0.20 £0.04
F2 7.14+1.56 | 69.23 6.12+1.89 3.74 £0.43 0.48+£0.10
F3 6.89+1.04 | 59.14 823 +2.11 481 +1.20 1.75+0.36
F4 6.41+£0.59 | 35.22 9.55+1.84 5.82+1.11 2.01 +£0.85
F5 6.38£0.88 | 70.18 6.08 £1.51 1.87 £0.62 0.32 £0.06
F6 6.78 £1.36 | 73.94 6.19 +£2.03 0.68 +0.08 0.25+0.09
F7 7.13+1.47 | 80.59 5.23 £0.66 1.98 £0.43 0.41+0.11
F8 6.84 £0.56 | 55.63 6.01 £1.25 2.61 +£1.09 0.13£0.01
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3.4.7. In-vitro Drug Dissolution Studies

Results demonstrated that, with the exception of F8, all other formulations containing sodium alginate
released LRX before 2 h, as depicted in Figure 3. The formulations composed of 5 % HPMC (F3 and
F4) sustained LRX release for 4 h, while with 2.5 % HPMC, complete LRX release was accomplished
in approximately 2 h. As a result, it implies that more HPMC must be incorporated for sustained action
if the formulation is intended to release the drug over a longer duration. The sustained release action
of HPMC is well-defined (37). Compared to HPMC, chitosan exhibits negligible sustained drug
release in powdered state (38).
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Figure 3. In-vitro drug release from mucoadhesive buccal formulations (F1-F8) in preliminary study
(mean = SD, n=3)

4. Discussion

This preliminary trial was carried out to optimize the strength of the constituents based on the dosage
form performance for the local drug release. The mucoadhesive buccal tablets were fabricated in
which the optimization of quantities of various formulation constituents was performed. The FTIR
spectra of physical mixtures of drug and polymers was done to investigate the presence of any new
peak. The characteristic peaks of drug and polymers were still present, and no new or unusual bands
appeared in the physical mixtures of drug and polymers, suggesting the absence of any chemical
reaction between lornoxicam and polymers. In case of mucoadhesive buccal tablets, preliminary study
consisted of preparing either mono polymer formulations or formulations composed of polymers
blended with chitosan. The selection of chitosan was based on its anti-microbial and pharmaceutical
attributes (39). Its properties were, however, more prominent in gel and film dosage forms. Therefore,
initially chitosan was employed at less than 10 % concentration with HPMC and sodium alginate. In
the beginning, mannitol, as diluent, was incorporated into the formulations which was later replaced
by lactose because of poor friability and compression problems. Lactose helped in improving physical
attributes and making the tablet weight to 100 mg (40).

Lornoxicam loaded mucoadhesive buccal tablets' surface and degree of smoothness were evaluated
on the basis of their physical appearance. Although, the formulation F8 having the highest
concentration of sodium alginate and chitosan, showing the greatest variation from the mean diameter
value, however, this deviation was regarded as insignificant because it was less than 5 %. The friability
parameter is a crucial factor in determining the formulation's physical resistance to mechanical stress
during transportation (41). The significance of the weight variation test lies in the fact that if this value
falls beyond the compendial limits, it indicates that there is considerable fluctuation in the amount of
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the active ingredient present in the unit dosage form (42). All formulations weight variation values
fell within Pharmacopeial guidelines, and none of the weight variation value exceeded the compendial
deviation limit. The formulation F8 showed the least amount of variance.

The physicochemical characteristics of a dosage form are crucial because they greatly influence
swellibility, irritation extent, mucoadhesion and drug release from the dosage form (43). Swellibility,
also termed as swelling index, is a measurement of water absorption by the formulation with respect
to time. It is crucial because as water enters the formulation, the active moiety might travel out of
mucoadhesive system (44). The values of swelling index of all the formulations have been recorded
for 6 h and presented in Figure 2. It was observed that all formulations tend to swell with the passage
of time, but swelling was lowered till 6 h. Additionally, it was noted that swelling index values were
greater for formulations containing sodium alginate (F5-F8) as compared to formulations containing
HPMC (F1-F4). This was attributed to the greater swelling capability of sodium alginate as compared
to HPMC (45). As the concentration of sodium alginate increased in the formulations, swelling index
also increased correspondingly, as shown in Figure 2.

The mucoadhesive buccal tablets come into contact with the buccal mucosal membrane directly,
therefore, surface pH is a crucial parameter. Pathological irritation can result from very acidic or basic
pH levels. Theoretically, it is better to accept a value that is close to the normal range (46). Saliva's
pH typically ranges between 6.2 to 7.6 and is roughly 6.7 (47). The evaluation of matrix erosion was
performed for the estimation of disrupted matrix of swelled tablets at the end of 6 h. This parameter
also indicated the extent of swelling loss by polymers in dosage form when exposed to high
temperatures in an unsaturated oven (48). . The greater matrix erosion values of sodium alginate
containing formulations might be due to the fact that formulations with higher swelling capacities
show higher values of matrix erosion (49).

The magnitude of force needed to attach and separate the mucoadhesive formulation from mucosal
surface is estimated using the mucoadhesive strength (50). A modified balance was employed for ex-
vivo mucoadhesion experiment in a laboratory setting with ambient conditions. Fresh rabbit buccal
mucosa was isolated and attached to glass slides surface. In the present investigation, chitosan has
been employed as mucoadhesive polymer owing to its biocompatibility and biodegradability.
However, it exhibits somewhat weaker mucoadhesion characteristics and needs certain conditions for
effective swelling (51). Thus, poor results of polymer mucoadhesion were obtained. Therefore, it is
necessary to include greater polymer concentrations for the adjustment of constituents desirability
that could ultimately result in achieving more suitable outcomes for mucoadhesive strength. The
evaluation of mucoadhesive time is significant because it corresponds to the length of time needed for
drug release into buccal mucosa (52). An increasing trend has been reported in mucoadhesion time
upon incremental rise in the HPMC concentration that could be attributed to the water soluble nature
of HPMC due to OH™ groups availability to for the formation of hydrogen bonds and electrostatic
association with mucin (53). According to the results of mucoadhesive strength, the mucoadhesion
was correlated with concentration of HPMC and formulations comprising sodium alginate had lower
values than those containing HPMC. Similar display was found with formulations containing sodium
alginate and the possible reason for increased mucoadhesive time of formulations could be greater
swelling capability of sodium alginate along with its disintegrant effect between 2.5 to 10 % . Much
higher values of time may be possible if the concentration of polymer is raised beyond the above-
mentioned range (54).

In-vivo residence time was determined for all mucoadhesive formulations lacking active ingredient
fabricated at preliminary stage. An approval was taken from committee to conduct experiment in
volunteers for calculation of in-vivo residence time by evaluation of polymers safety. Thus, it could
be inferred that greater HPMC concentrations are required to demonstrate in-vivo effects, owing to
the fact that HPMC is sustained release polymer (55).
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All mucoadhesive buccal formulations were subjected to in-vitro drug dissolution studies for
determination of percent drug release from the dosage form. The predetermined criteria for drug
release were set up to 6 h or if the quantitative result was greater than 95 %, the sampling was halted
for that formulation. Samples of the dissolution medium elutes were taken out in order to
quantitatively measure LRX using UV-spectrophotometric technique. It is recommended to employ
greater polymer concentrations for more sustainability of dosage form. Out of the developed
formulations, formulations F3 and F4 were chosen as optimum formulations based on drug release
data. However, both these formulations were further evaluated on the basis of highest swelling
behavior and greater mucoadhesive characteristics for the selection of optimized formulation. F4
formulation outperformed F3 formulation in terms of mucoadhesive strength as well as time, thus
chosen as optimized formulation.

Conclusion

This preliminary study explored LRX optimization as mucoadhesive buccal drug delivery system for
local sustained action. Various concentrations of polymers in mucoadhesive tablet formulations were
tested. The results of swellibility showed direct relationship with sodium alginate concentration;
greater polymeric concentration gave higher values of swelling index. The ex-vivo mucoadhesive
strength as well as time were linked to greater HPMC concentration. Thus, the outcomes of the study
conclude that mucoadhesive buccal formulation F4 was chosen as an optimized formulation and could
be subjected to main study.

References

1. Jacob S, Nair AB, Boddu SHS, Gorain B, Sreeharsha N, Shah J. An Updated Overview of the
Emerging Role of Patch and Film-Based Buccal Delivery Systems. Pharmaceutics [Internet].
2021 Aug 5 [cited 2023 Feb 19];13(8):1206. Available from: https://www.mdpi.com/1999-
4923/13/8/1206/htm

2. Nicolini MM, Morales JO. Overview and Future Potential of Buccal Mucoadhesive Films as
Drug Delivery Systems for Biologics. AAPS PharmSciTech [Internet]. 2017 Feb 1 [cited 2023
Feb 19];18(1):3—14. Available from: https://link.springer.com/article/10.1208/s12249-016-
0525-z

3. Samanthula KS, Satla SR, Bairi AG. Bioadhesive polymers, permeation enhancers and types of
dosage forms for buccal drug delivery. J Drug Deliv Ther [Internet]. 2021 Jan 15 [cited 2023 Feb
19];11(1):138-45. Available from: http://jddtonline.info/index.php/jddt/article/view/4495

4. Targhotra M, Chauhan MK. An Overview on Various Approaches and Recent Patents on Buccal
Drug Delivery Systems. Curr Pharm Des. 2020 Jun 14;26(39):5030-9.

5. Singh V, Singh AK. Oral mucositis. Natl J] Maxillofac Surg [Internet]. 2020 [cited 2023 Feb
19];11(2):159. Available from: /pmc/articles/PMC8051654/

6. McEvoy L, Carr DF, Pirmohamed M. Pharmacogenomics of NSAID-Induced Upper
Gastrointestinal Toxicity. Front Pharmacol. 2021 Jun 21;12:1302.

7. Thriveni R, Rukhsar I, Ramesh DNSV, Patil SS, Byatnal AR, Nair D. Development and clinical
evaluation of transmucosal mucoadhesive patch of lornoxicam for the odontogenic pain
management: A preliminary study. J Nat Sci Biol Med [Internet]. 2020 [cited 2023 Feb
19];11:12—6. Available from:
https://www.proquest.com/openview/f4{fa8400c46ab8dda25683d4954e779/1?pq-origsite=
gscholar&cbl=2035653

8. Amin MJ, Patel KS, Patel DR, Patel ZP, Bajag J V. FORMULATION AND EVALUATION OF
SUSTAINED-RELEASE PELLETS OF LORNOXICAM. Int J Appl Pharm. 2021;13(4):221-7.

9. Hanif S, Syed MA, Igbal Z, Sarfraz RM, Ali S, Shakir R. Formulation and Evaluation of
Chitosan-Based Polymeric Biodegradable Mucoadhesive Buccal Delivery for Locally
GREENESS of HPLC method for ecological safety View project Solubility & Permeation
Enhancement View project. Lat Am J Pharm [Internet]. 2021 [cited 2023 Feb 19];40(4):670-81.

Vol.31 No.3 (2024): JPTCP (1195-1208) Page | 1205


https://jptcp.com/index.php/jptcp/issue/view/79

Development And Evaluation Of Lornoxicam Based Buccal Mucoadhesive Tablets: A Preliminary Study

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Available from: https://www.researchgate.net/publication/350621269

Peddapalli H, Bakshi V, Boggula N. Formulation, in vitro and ex vivo characterization of
mucoadhesive buccal tablets for antihypertensive drug. Artic Asian J Pharm Clin Res [Internet].
2018 [cited 2023 Feb 19];11(8):402—11. Available from:
http://dx.doi.org/10.22159/ajpcr.2018.v11i8.26126

Naseem F, Shah SU, Rashid SA, Farid A, Almehmadi M, Alghamdi S. Metronidazole Based
Floating Bioadhesive Drug Delivery System for Potential Eradication of H. pylori: Preparation
and In Vitro Characterization. Polymers (Basel) [Internet]. 2022 Jan 27 [cited 2022 Jan
28];14(3):519. Available from: https://www.mdpi.com/2073-4360/14/3/519/htm

Ashish D, Vibhu S. Formulation and Evaluation of Floating Tablet of Thiocolchicoside. Curr
Res Pharm Sci [Internet]. 2022 Apr 6 [cited 2022 Oct 21];12(1):59—67. Available from:
http://www.crpsonline.com/index.php/crps/article/view/299

Moganti M, Nanjappa SH. Formulation and optimization of gastroretentive bilayer tablets of
calcium carbonate using D-optimal mixture design. E-Polymers [Internet]. 2021 Jan 1 [cited 2023
Jan 3];21(1):057-71. Available from: https://www.degruyter.com/document/doi/10.1515/epoly-
2021-0008/html

Novac M, Musuc AM, Ozon EA, Sarbu I, Mitu MA, Rusu A. Design and Evaluation of Orally
Dispersible Tablets Containing Amlodipine Inclusion Complexes in Hydroxypropyl-&beta;-
cyclodextrin and Methyl-&beta;-cyclodextrin. Materials (Basel) [Internet]. 2022 Jul 28 [cited
2023 May 3];15(15):5217. Available from: https://www.mdpi.com/1996-1944/15/15/5217/htm
Baviskar KD, Baviskar RD, Kanke PK, Patil KD. Formulation and Evaluation of Mouth
Dissolving Tablet of Lornoxicam Using Novel Natural Superdisintegrants. Am J PharmTech Res
[Internet]. 2020 [cited 2023 Apr 11];10(01):44-54. Available from: www.ajptr.com

Zewail MB, F.Asaad G, Swellam SM, Abd-allah SM, K.Hosny S, Sallah SK. Design,
characterization and in vivo performance of solid lipid nanoparticles (SLNs)-loaded
mucoadhesive buccal tablets for efficient delivery of Lornoxicam in experimental inflammation.
Int J Pharm. 2022 Aug 25;624:122006.

Nigusse B, Gebre-Mariam T, Belete A. Design, development and optimization of sustained
release floating, bioadhesive and swellable matrix tablet of ranitidine hydrochloride. PLoS One
[Internet]. 2021 Jun 1 [cited 2023 Feb 14];16(6):€0253391. Available from:
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0253391

Kim B, Byun Y, Lee EH. Doe-based design of a simple but efficient preparation method for a
non-effervescent gastro-retentive floating tablet containing metformin hcl. Pharmaceutics
[Internet]. 2021 Aug 1 [cited 2023 Feb 3];13(8):1225. Available from:
https://www.mdpi.com/1999-4923/13/8/1225/htm

Baus RA, Zahir-Jouzdani F, Diinnhaupt S, Atyabi F, Bernkop-Schniirch A. Mucoadhesive
hydrogels for buccal drug delivery: In vitro-in vivo correlation study. Eur J Pharm Biopharm.
2019 Sep 1;142:498-505.

Sharma D, Sharma A, Garg R. Design, Development and In vitro/Ex vivo Evaluation of
Mucoadhesive Buccal Film of Benzydamine Hydrochloride for the Effective Treatment of
Aphthous Stomatitis. Recent Pat Drug Deliv Formul. 2019 Jan 30;12(4):277-94.

Chappidi SR, Bhargav E, Marikunte V, Chinthaginjala H, Jyothi MV, Pisay M, et al. A Cost
Effective (QbD) Approach in the Development and Optimization of Rosiglitazone Maleate
Mucoadhesive Extended Release Tablets —In Vitro and Ex Vivo. Adv Pharm Bull [Internet].
2019 [cited 2023 Jun 20];9(2):281. Available from: /pmc/articles/PMC6664114/

Celik B. Risperidone mucoadhesive buccal tablets: Formulation design, optimization and
evaluation. Drug Des Devel Ther [Internet]. 2017 Nov 27 [cited 2023 Jun 20];11:3355-65.
Available from: http://dx.doi.org/10.2147/DDDT.S150774

Eswaraiah M, Jaya S. Design and in Vitro Characterization of Floating Tablets of Metronidazole.
Asian J Pharm Clin Res. 2019;12(3):539-44.

Jassim ZE, Mohammed MF, Sadeq ZA. Formulation and evaluation of fast dissolving film of
lornoxicam. Asian J Pharm Clin Res. 2018;11(9):217-23.

Vol.31 No.3 (2024): JPTCP (1195-1208) Page | 1206


https://jptcp.com/index.php/jptcp/issue/view/79

Development And Evaluation Of Lornoxicam Based Buccal Mucoadhesive Tablets: A Preliminary Study

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Liu X, Ji Z, Peng W, Chen M, Yu L, Zhu F. Chemical mapping analysis of compatibility in
gelatin and hydroxypropyl methylcellulose blend films. Food Hydrocoll [Internet]. 2020 [cited
2023 Jun 9];104:1-6. Available from:
https://sci-hub.st/https://doi.org/10.1016/j.foodhyd.2020.105734

Badita CR, Aranghel D, Burducea C, Mereuta P. CHARACTERIZATION OF SODIUM
ALGINATE BASED FILMS. Rom J Phys. 2020;65(602):1-8.

Ren L, Xu J, Zhang Y, Zhou J, Chen D, Chang Z. Preparation and characterization of porous
chitosan microspheres and adsorption performance for hexavalent chromium. Int J Biol
Macromol. 2019 Aug 15;135:898-906.

Agarwal M, Agarwal K, Shrivastav N, Pandey S, Das R, Gaur P. Preparation of Chitosan
Nanoparticles and their In-vitro Characterization. Int J Life Sci Sci Res [Internet]. 2018 [cited
2023 Jun 9];1713-20. Available from: www.ijlssr.com

Shah H, Jain A, Laghate G, Prabhudesai D. Pharmaceutical excipients. In: Remington: The
Science and Practice of Pharmacy. Academic Press; 2021. p. 633-43.

Khaled SA, Alexander MR, Wildman RD, Wallace MJ, Sharpe S, Yoo J, et al. 3D extrusion
printing of high drug loading immediate release paracetamol tablets. Int J Pharm. 2018 Mar
1;538(1-2):223-30.

Wang Z, Ren X, Feng H, Luo D. Research on the counter-force calibration method of tablet
hardness tester. Meas Sensors. 2021 Dec 1;18:100233.

Budianto E, Amalia A. Swelling behavior and mechanical properties of Chitosan-Poly(N-vinyl-
pyrrolidone) hydrogels. J Polym Eng [Internet]. 2020 Aug 1 [cited 2023 Jun 21];40(7):551-60.
Available from: https://www.degruyter.com/document/doi/10.1515/polyeng-2019-0169/html
Esim O, Savaser A, Ozkan CK, Bayrak Z, Tas C, Ozkan Y. Effect of polymer type on
characteristics of buccal tablets using factorial design. Saudi Pharm J. 2018 Jan 1;26(1):53-63.
Zhang Q, Li X, Jasti BR. Role of physicochemical properties of some grades of hydroxypropyl
methylcellulose on in vitro mucoadhesion. Int J Pharm. 2021 Nov 20;609:121218.

Pamlényi K, Krist6 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 [Internet]. 2021 Apr 26 [cited 2023 Mar 18];13(5):619.
Available from: https://www.mdpi.com/1999-4923/13/5/619/htm

Rahim SA, Al-Zoubi N, Khader H, Alwaraydat R, Al-Akayleh F. Ethanol-induced dose dumping
from sodium alginate matrix tablets: Investigation of the effects of medium viscosity and pH. Int
J Pharm. 2023 Feb 5;632:122568.

Kaur N, Kumar M. Formulation and evaluation of theophylline sustained release matrix tablets
using synthetic polymers. J Appl Pharm Res [Internet]. 2022 Jun 30 [cited 2023 Jun
21];10(2):24-31. Available from: https://japtronline.com/index.php/joapr/article/view/255

Kaur M, Sharma A, Puri V, Aggarwal G, Maman P, Huanbutta K, et al. Chitosan-Based Polymer
Blends for Drug Delivery Systems. Polymers (Basel) [Internet]. 2023 Apr 25 [cited 2023 Jun
21];15(9):2028. Available from: https://www.mdpi.com/2073-4360/15/9/2028/htm

Ke CL, Deng FS, Chuang CY, Lin CH. Antimicrobial Actions and Applications of Chitosan.
Polymers (Basel) [Internet]. 2021 Mar 15 [cited 2023 Jun 21];13(6):904. Available from:
https://www.mdpi.com/2073-4360/13/6/904/htm

Morkhade DM. Comparative impact of different binder addition methods, binders and diluents
on resulting granule and tablet attributes via high shear wet granulation. Powder Technol. 2017
Oct 1;320:114-24.

Almotairi N, Mahrous GM, Al-suwayeh S, Kazi M. Design and Optimization of Lornoxicam
Dispersible Tablets Using Quality by Design (QbD) Approach. Pharmaceuticals [Internet]. 2022
Nov 25 [cited 2023 Jun 21];15(12):1463. Available from: https://www.mdpi.com/1424-
8247/15/12/1463/htm

Snick B Van, Holman J, Cunningham C, Kumar A, Vercruysse J, De Beer T, et al. Continuous
direct compression as manufacturing platform for sustained release tablets. Int J Pharm. 2017
Mar 15;519(1-2):390-407.

Vol.31 No.3 (2024): JPTCP (1195-1208) Page | 1207


https://jptcp.com/index.php/jptcp/issue/view/79

Development And Evaluation Of Lornoxicam Based Buccal Mucoadhesive Tablets: A Preliminary Study

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Sanap SN, Bisen AC, Kedar A, Yadav KS, Krishna A, Akhir A, et al. Chitosan/HPMC-based
mucoadhesive film co-loaded with fluconazole and ofloxacin for management of polymicrobial
keratitis. Int J Biol Macromol. 2022 Dec 1;222:2785-95.

Pilicheva B, Uzunova Y, Marudova M. Polyelectrolyte Multilayer Films as a Potential Buccal
Platform for Drug Delivery. Polymers (Basel) [Internet]. 2022 Feb 14 [cited 2023 Apr
11];14(4):734. Available from: https://www.mdpi.com/2073-4360/14/4/734/htm

Ballester NMS-, Bataille B, Soulairol I. Sodium alginate and alginic acid as pharmaceutical
excipients for tablet formulation: Structure-function relationship. Carbohydr Polym. 2021 Oct
15;270:118399.

Gawai N, Zaheer Z. Formulation and evaluation of 5-fluorouracil buccal mucoadhesive buccal
tablet. J Pharmacogn Phytochem [Internet]. 2018 Sep 1 [cited 2023 Jun 21];7(6S):19-23.
Available from: https://www.phytojournal.com/special-issue/2018.v7.16S.6616/formulation-
and-evaluation-of-5-fluorouracil-buccal-mucoadhesive-buccal-tablet

Noiphung J, Nguyen MP, Punyadeera C, Wan Y, Laiwattanapaisal W, Henry CS. Development
of Paper-Based Analytical Devices for Minimizing the Viscosity Effect in Human Saliva.
Theranostics [Internet]. 2018 [cited 2023 Jun 21];8(14):3797. Available from: /pmc/articles/
PMC6071535/

Chaiya P, Rojviriya C, Pichayakorn W, Phaechamud T. New Insight into the Impact of
Effervescence on Gel Layer Microstructure and Drug Release of Effervescent Matrices Using
Combined Mechanical and Imaging Characterisation Techniques. Pharmaceutics [Internet]. 2022
Nov 1 [cited 2023 Jun 21];14(11):2299. Available from: https://www.mdpi.com/1999-
4923/14/11/2299/htm

Herbada RS, Carballido AF, Blanco JA, Slowing K, Retama JR, Cabarcos EL, et al. Controlled
Release of Highly Hydrophilic Drugs from Novel Poly(Magnesium Acrylate) Matrix Tablets.
Pharmaceutics [Internet]. 2020 Feb 19 [cited 2023 Jun 21];12(2):174. Available from:
https://www.mdpi.com/1999-4923/12/2/174/htm

Bayer IS. Recent Advances in Mucoadhesive Interface Materials, Mucoadhesion
Characterization, and Technologies. Adv Mater Interfaces [Internet]. 2022 Jun 1 [cited 2023 Jun
211;9(18):2200211. Available from:
https://onlinelibrary.wiley.com/doi/full/10.1002/admi.202200211

Bakshi PS, Selvakumar D, Kadirvelu K, Kumar NS. Chitosan as an environment friendly
biomaterial — a review on recent modifications and applications. Int J Biol Macromol. 2020 May
1;150:1072-83.

Sharma D, Garg R. Review on Mucoadhesive Drug Delivery System with Special Emphasis on
Buccal Route: An Important Tool in Designing of Novel Controlled Drug Delivery System for
the Effective Delivery of Pharmaceuticals. J Dev Drugs. 2017;6(1):1-12.

Mustafa WW, Fletcher J, Khoder M, Alany RG. Solid Dispersions of Gefitinib Prepared by Spray
Drying with Improved Mucoadhesive and Drug Dissolution Properties. AAPS PharmSciTech
[Internet]. 2022 Jan 1 [cited 2023 Jun 21];23(1):1-12. Available from:
https://link.springer.com/article/10.1208/s12249-021-02187-4

Hanif S, Sarfraz RM, Syed MA, Mahmood A, Minhas MU, Irfan M. Development and
optimization of tibezonium iodide and lignocaine hydrochloride containing novel mucoadhesive
buccal tablets: a pharmacokinetic investigation among healthy humans. Drug Dev Ind Pharm
[Internet]. 2022 [cited 2023 Jun 21];47(8):1209-22. Available from:
https://www.tandfonline.com/doi/abs/10.1080/03639045.2021.1988095

Guarve K, Kriplani P. HPMC- A Marvel Polymer for Pharmaceutical Industry-Patent Review.
Recent Adv Drug Deliv Formul. 2021;15(1):46-58.

Vol.31 No.3 (2024): JPTCP (1195-1208) Page | 1208


https://jptcp.com/index.php/jptcp/issue/view/79

