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Abstract: Diabetes is a chronic illness that affects how the body converts food into energy. Numerous organs may be harmed as
a result of poor diabetes control. The primary goal of the research project is to prepare and assess mucoadhesive buccal tablets
of nateglinide for type 2 diabetes treatment, employing HPMC K100, Chitosan, and sodium alginate as mucoadhesive polymers
alone and in a mixture through direct compression. The assessment parameters include thickness, hardness, weight variation,
friability, drug content, swelling index, surface pH, in-vitro drug release, and ex-vivo mucoadhesive strength. FTIR analysis indicated
no drug-excipient interaction. Physical parameters (thickness, hardness, weight variation, friability) adhered to pharmacopoeia
standards, while drug content ranged from 83.65 to 99.76%. The swelling index varied from 100+7.64 to 147.5+2.89%. Formulation
F5 (Sodium alginate) exhibited the highest drug discharge (92.1+2.37%), while F8 (HPMC K100 and Sodium alginate) demonstrated
sustained discharge (79.1£2.13% at 8 h) and the highest mucoadhesive strength (33.0£2.00 g). Discharge kinetics followed zero-
order (FI, F3, F4, F7, and F9) and Korsemeyer Peppas models (F2, F5, and F6). The study concludes that the potential of these
formulations for controlled drug discharge and oral mucosal adhesion in diabetes management.
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1. INTRODUCTION

Diabetes mellitus (DM) is a multifaceted metabolic complaint
categorized by the body's inability to either produce adequate
insulin or successfully use the insulin it makes'. Insulin is a
crucial hormone that plays a pivotal role in converting the
sugar, carbohydrates, and other nutrients from our food into
energy that the body can use®. When this process is disrupted,
it leads to a build-up of excess sugar in the bloodstream. This
condition can have dire consequences, as it can result in
impairment to multiple organs and tissues within the body. In
recent times, DM has taken on the proportions of a global
epidemic, ranking as one of the primary causes of mortality in
both developed and developing nations®. There are two
primary types of DM viz,, type | (T1DM) and type 2 (T2DM).
TIDM is primarily characterized by a severe shortage of
insulin, often requiring lifelong insulin replacement therapy®.
On the other hand, T2DM is caused by a combination of
factors including insulin resistance (where the body's cells do
not reply effectively to insulin), compromised insulin secretion,
and increased production of glucose by the liver®. Effectively
managing DM is of utmost importance to prevent its
complications. This management includes various approaches
such as maintaining a healthy lifestyle with regular exercise and
a balanced diet. Additionally, medications play a vital role in
controlling blood sugar levels®. These medications can include
biguanides, thiazolidinediones, a-glucosidase inhibitors,
meglitinides,  sulfonylureas, and dipeptidyl peptidase
inhibitors’. One such medication that holds promise is
nateglinide, an amino acid derivative of D-phenylalanine®.
Nateglinide acts as a potent insulin secretagogue, meaning it
stimulates the discharge of insulin from the pancreatic beta
cells. This is achieved by nateglinide binding to and blocking
the ATP potassium channels within these cells, leading to an
increase in calcium influx. As a result, this initiates the release
of insulin, aiding in the regulation of blood sugar levels®. To
effectively administer such medications, the buccal region of
the mouth has emerged as an appealing pathway. Buccal drug
administration involves delivering medications through the
mucosal lining of the oral cavity'®. This strategy offers various
benefits, including swift absorption due to the abundant blood
supply in the oral mucosa, convenience, and the ability to
bypass the initial metabolic process that takes place in the liver.
Moreover, bioadhesive drug delivery systems have been
formulated, which, upon contact with saliva, become sticky
and adhere to the oral mucosa for an extended duration. This
facilitates the controlled release of medicinal components into
the oral cavity, aiding in their absorption into the systemic
circulation''. The primary objective of the current research
project is to develop and assess mucoadhesive buccal tablets
(MBT) containing nateglinide for the treatment of T2DM. This
involves incorporating mucoadhesive polymers like HPMC
K100, Chitosan, and Sodium alginate into the tablet
formulation. The main goal of these efforts is to extend the
duration of drug discharge, leading to less frequent
administration. By achieving sustained and controlled drug
discharge, the project goal is to enhance patient compliance
and contribute to more effective DM management.

2. MATERIALS AND METHODOLOGY
2.1. Materials

The nateglinide drug in its pure form was procured from
Dhamtec Pharma and Consultants, Mumbai. The research
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employed analytical-grade chemicals from SD Fine Chemicals,
Mumbai.

2.2. Pre- formulation studies

The obtained nateglinide sample was identified by the following
tests

2.2.1. Solubility analysis

Determination of the solubility was made by adding solvent in
small incremental amounts to a test tube containing a fixed
quantity of solute. After each addition, the system is vigorously
shaken and examined visually for any undissolved solute
particles Following the established protocol, the solubility of
Nateglinide was assessed in various solvents, including water,
ethanol, methanol, chloroform, ether, phosphate buffer at pH
6.8, and phosphate buffer at pH 7.4'2,

2.2.2. Melting point

The melting point of nateglinide was resolute utilizing Thiel's
tube method. In this procedure, finely powdered nateglinide
was introduced into one end of a capillary tube, which was
subsequently sealed at the other end. This capillary tube was
affixed to a thermometer and submerged in a Thiel's tube
containing liquid paraffin. The temperature at which the
Nateglinide substance transitioned from solid to liquid state
was then recorded after subjecting the tube to heat'?.

2.3. Determination of Standard Curve and Maximum
wavelength of nateglinide

A standard solution of nateglinide with a concentration of 10
pg/ml was subjected to absorbance scanning using a UV
double-beam spectrophotometer. The scanning covered the
wavelength range of 200 to 400 nm'%. A precisely measured
amount of 100 mg of nateglinide was introduced into a 100 ml
volumetric flask and dissolved in 100 ml phosphate buffer
solution with a pH of 6.8. This resulting solution was then
subjected to further dilution to produce multiple variations
using the same phosphate buffer with a pH of 6.8. The optical
absorbance of these prepared solutions was gauged using a
UV-visible spectrophotometer, specifically at a wavelength of
247 nm, where the phosphate buffer with a pH of 6.8 was
employed as the reference or "blank" solution. Following this,
the data points generated from the absorbance-concentration
(ug/ml) chart were subjected to analysis via linear regression's.

2.4. Drug-Excipient compatibility by FTIR studies

FTIR (Fourier-transform infrared) investigations were
conducted on both pure nateglinide and the excipients to
ascertain the compatibility of the drug with the excipients
employed in the formulation. This analysis is expected to
examine any potential interactions between the drug and the
selected polymers. The peaks observed in the spectra were
compared with those of pure nateglinide and the peaks
generated from the polymer mixtures'®.

2.5. Flow properties assessment

The flow properties and compressibility of the powder
mixture were assessed by measuring the angle of repose, bulk
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density, tapped density, Hausner's ratio, and compressibility
index using the fixed funnel technique'’.

2.6. Mucoadhesive buccal tablet preparation

MBT of nateglinide was fabricated using the direct
compression technique, incorporating the mucoadhesive
polymers HPMC K100, Chitosan, and Sodium alginate'®. The
precise weights of the drug, polymers, and excipients were
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measured according to the specified batch formula'’.
Thorough mixing of all components was achieved by using a
mortar and pestle for a consistent duration of |5 min.
Subsequently, the lubricant and glidant were added to the
powder blend, and further blending ensued for an additional 2
min?. The equivalent quantity of the resulting powder for a
single tablet was meticulously weighed and subsequently
molded using a multi-station rotary punching machine (Table

1).

Table I: Various formulations of Nateglinide buccal tablets

Ingredients FI F2 F3

F4 F5 F6 F7 F8 F9

(mg)
Nateglinide 60 60 60 60 60 60 60 60 60
HPMC K100 20 10 - - - - I5 I5 -
Chitosan - - 20 10 - - I5 - I5
Sodium Alginate - - - - 20 10 - 15 15

Mannitol 90 100 90 100 90 100 80 80 80
Talc 5 5 5 5 5 5 5 5 5
Magnesium stearate 5 5 5 5 5 5 5 5 5
Ethylcellulose 20 20 20 20 20 20 20 20 20
Total 200 200 200 200 200 200 200 200 200

2.7. Evaluation of MBT
2.7.1. Tablet thickness

Ensuring uniform tablet size, the thickness of the tablets holds
importance. To measure this, vernier calipers were employed,
allowing precise measurement of the tablet thickness?'.

2.7.2. Hardness

The purpose of the hardness test was to evaluate the tablet's
ability to withstand chipping or breakage during storage,
transportation, and handling. Five tablets were randomly

chosen, and their hardness was measured using a Pfizer
hardness tester. Hardness is usually expressed in kg/cm? This
test provides insights into the tablet's structural integrity?.

2.7.3. Friability test

To assess tablet durability, a Roche friability tester was
employed, quantified as a percentage (%). Initially, ten tablets
were weighed (Wiisa) and placed into the friabilitor. The
friabilitor was set to operate at 25 rpm for a duration of 4 min
or until it reached 100 revolutions®. Following this, the tablets
were reweighed (Wisn). The percentage friability was
subsequently computed using the designated by e.q.1.

Winitial — Wfinal

F = —
W initial

X100-— (1)

2.7.4. Weight Variation test

Twenty tablets were chosen randomly and weighed individually. The mean weight was determined, and the standard deviation was
calculated. A tablet is considered to pass the assessment if a maximum of two tablets exceed the percentage limit specified in the

pharmacopoeia, and furthermore, none of the tablets deviate by more than double that percentage *.

2.7.5. Swelling studies

Single buccal tablets from every batch were weighed separately as W, and put into individual Petri dishes with |5 ml of pH 6.8
phosphate buffer. At designated time intervals (I, 2, 3, 4, 5, 6, 7, and 8 h), the tablets were cautiously extracted from their
respective Petri dishes. Any surplus surface moisture was delicately eliminated using filter paper 2. Subsequently, each expanded
tablet's weight was re-measured as W, and the swelling index (SI) was determined using the e.q.2%.

w2 -wi
w1

Swelling index = X100--- (2)

Where W, = Initial weight of the tablet; W,= Weight of the tablet after a specific time interval.
2.7.6. Surface pH Subsequently, the surface pH of the swollen buccal tablets was
ascertained using pH paper at intervals of |, 2, 3,4, 5, 6, 7, and
The buccal tablets were introduced into | ml of water and left 8 h?’,
to swell for a duration of 2 h at room temperature.
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2.7.7. Drug content uniformity

For assessing the drug content of the buccal tablets, a random
selection of 5 tablets was made and pulverized using a mortar
and pestle. A predetermined quantity of powder, equivalent to
a single dose, was carefully measured out. Subsequently, the
powder was dissolved in pH 6.8 phosphate buffer using
sonication for a duration of 30 min. The resultant solution was
then filtered using Whatman filter paper. The concentration of

the drug within the solution was  examined
spectrophotometrically at 247 nm using a UV-
spectrophotometer?®,

2.7.8. Mucoadhesion strength

To assess the mucoadhesion strength of the tablets, a modified
physical balance approach was adopted. Fresh sheep buccal
mucosa obtained from a nearby slaughterhouse, within 2 h of
slaughter, was used. The mucosal membrane was cleansed
with distilled water and treated with pH 6.8 phosphate
buffer”. A dual-arm physical balance was arranged, and a
strong thread of appropriate length was suspended from the
left arm®’. A glass stopper with a uniform surface was attached
to the end of the thread. The buccal mucosa was securely

Force of Adhesion (N) =

Mucoadhesive strength x 9.8
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placed with the mucosal side upwards, and fastened with
thread over the base of an inverted 50 ml glass beaker. This
assembly was immersed in a 500 ml beaker filled with pH 6.8
phosphate buffer, maintained at 37°C to ensure the buffer kept
the mucosal membrane moist’. Using adhesive
(Cyanoacrylate glue), a buccal tablet was fixed to the glass
stopper and positioned on one side of the mucosal membrane.
Before starting the experiment, equilibrium between both
sides of the balance was achieved by adding weights to the
right pan. Subsequently, a 5 g weight was removed from the
right pan, causing the glass stopper along with the tablet to
descend across the mucosal membrane 2. This arrangement
was maintained for 3 min. Following that, weights were added
to the right pan until the tablet detached from the mucosal
membrane. The surplus weight on the right pan (total weight
minus 5 g) was used to compute the mucoadhesive strength
3, For each formulation batch, the average of three trials was
taken into consideration. To ensure consistent results for each
formulation, the tissue was thoroughly rinsed with phosphate
buffer after each measurement and allowed to rest for 5 min
before introducing a new tablet (Figure ). Following the
determination of mucoadhesion strength, the adhesive force
was calculated using the provided e.q.3%*.

@)

1000

=

e

Fig. I: Modified balance method for the determination of mucoadhesive strength

2.8. In vitro drug discharge study

The USP Il apparatus employing the rotating paddle method
was utilized to evaluate the drug discharge from buccal tablets.
The dissolution medium consisted of 900 ml of phosphate
buffer at pH 6.8, maintained at a constant temperature of
37+0.2 °C. The paddle was set to rotate at a speed of 50 rpm.
The tablet's backing layer was affixed to a glass slide using
adhesive. This slide was positioned at the bottom of the vessel,
facilitating unidirectional drug discharge from the buccal

tablet®®. At specified and predetermined time intervals, a 5 ml
sample was withdrawn from the dissolution medium, while an
equivalent volume of fresh buffer was introduced to maintain
the volume. The collected sample was then filtered using
Whatman filter paper before being subjected to analysis with
a UV spectrophotometer, following appropriate dilution. This
process allowed for the measurement of drug concentration
over time and facilitated the evaluation of the discharge profile
from the buccal tablets.
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3. RESULTS phosphate buffer at pH 6.8 (Figure 2). The melting point of

pure nateglinide was resolute to be approximately
3.1. Drug Identification 139.5°C+2.12°C.
The drug displays high solubility in methanol, ethanol, and
chloroform, while also showing solubility in ether and
0.35
0.3
= 0.2s
=
)
= 0.2
£
= 0.15
=
@ 0.1
0.05
]
Phosphate Methanol Ethanol Chloroform Diethyl ether
Buffer (pH 6.8)
Formulation

Fig. 2: Solubility of Nateglinide in various solvents

3.2. Compatibility outcome

The FTIR spectra obtained by analyzing the drug along with the excipients used in the formulation exhibited distinct peaks
corresponding to the drug at their respective wavelengths. Notably, there were no significant shifts observed, indicating the

compatibility of the drug with the excipients employed in the formulation (Figure 3).
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Fig.3: A) FTIR spectra of pure drug (nateglinide); B) Nateglinide with excipients

3.3. Calibration curve

When the standard solution of nateglinide (10 pg/ml) was
subjected to scanning in the wavelength range of 200 — 400
nm, the highest absorbance was observed at 247 nm (Figure 4
A). Using Microsoft Excel, the standard calibration curve of
nateglinide in Phosphate buffer at pH 6.8 was plotted, including
its slope and regression coefficient. The results demonstrated
linearity, evident by an R? value of 0.991, confirming
compliance with the Beers-Lambert rule (Figure 4B).

3.4. Pre- compression assessment

The pre-compressional parameters applied to the powder
blend for formulations FI to F9 were analyzed. The angle of
repose ranged from 33.67°+0.92 to 38.34°+0.09, indicative of
favorable flow characteristics. The compressibility index varied
from 6.92+0.25 to 14.81+1.12, while Hausner’s ratio ranged
from 1.07£0.02 to 1.17+0.01 (Table 2).
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Table 2: Pre-compression evaluation parameters of the powder blend

Formulation Angle of repose Bulk density Tapped density Carr’s index Hausner’s
code © (glcm?) (gm/cm’®) (%) ratio
Fl 35.92+0.25 0.290+0.02 0.325+0.03 10.65+0.37 1.12+0.07
F2 36.57+0.52 0.278+0.02 0.308+0.02 9.90+0.77 1.11£0.01
F3 33.77£0.82 0.286x0.01 0.319+0.02 10.35£1.01 1.14£0.06
F4 38.34£0.09 0.278+0.01 0.313+0.01 11.27£0.38 1.12£0.06
F5 35.24+0.54 0.2810.01 0.302+0.02 6.92+0.25 1.07£0.02
Fé 33.67£0.92 0.295+0.02 0.339+0.01 13.07+0.73 1.15+0.01
F7 35.16£0.66 0.279+0.01 0.314+0.01 10.93+0.44 1.12£0.06
F8 35.19£0.84 0.276x0.01 0.310+0.03 10.74+0.87 1.12+0.05
F9 37.50£0.53 0.291+0.02 0.342+0.01 14.81£1.12 1.17£0.01

Values in mean+SD

3.5. Post-compression assessments

The tablet thickness remained consistent across all formulations, ranging from 3.93+0.06 to 4.01£0.03 (within the specified
pharmacopeia limit of +7.5%). Formulations exhibited friability between 0.33+0.02 and 0.73+0.01 (accepted range of 1%).
Formulations demonstrated hardness spanning from 4.80+0.20 to 5.9310.15, adhering to the official standards of more than 4
kg/cm?. The surface pH values of all batches ranged from 6.70+£0.02 to 7.13%0.02, closely approximating neutrality and affirming
the formulation's oral cavity friendliness. The drug content across all formulations spanned from 83.65+0.19 to 99.76£0.39,
maintaining compliance with the pharmacopoeia standards (Table 3).

Table 3: Post-formulation parameters of nateglinide tablets

Post- Thickness Hardness Weight variation  Friability Surface Drug content
formulation (mm) (kg/lcm?) (mg) (%) pH (%)
Fl 4.00£0.02 5.60+0.15 197.6+3.43 0.72+0.05 7.04+0.01 99.58+0.33
F2 4.01£0.03 5.60+0.20 197.243.61 0.39£0.03 6.87+0.04 94.41£0.30
F3 3.93+0.06 4.90£0.26 196.5+4.09 0.45+0.03 6.92+0.05 90.58+0.25
F4 3.94+0.09 4.80£0.20 196.5+3.64 0.33+0.02 6.83+0.03 83.65£0.19
F5 4.00£0.02 5.93+0.15 198.0£2.90 0.56£0.01 6.98+0.02 99.76+0.39
Fé 4.00£0.08 5.83+0.05 196.5+£3.97 0.63+0.02 7.03+0.01 95.49+2.36
F7 3.96+0.08 5.23+0.31 194.9+3.81 0.42+0.02 6.70+0.02 85.08+0.16
F8 3.96+0.06 5.16+0.25 197.1£3.02 0.73+0.01 7.13+0.02 98.98+0.28
F9 4.00£0.05 5.70+0.20 196.5+3.67 0.69+0.01 6.89+0.03 91.73£2.35

Values in meanxSD

3.6. Swelling index properties

Notably, among all the formulations, F5 containing Sodium
alginate as the polymer exhibited the highest swelling index of
147.5% *2.89, whereas F4 containing Chitosan displayed the
lowest swelling index of 100.0% +7.64 (Figure 4C).

3.7. In-vitro drug discharge and kinetic data

Drug release studies were conducted over an 8 h period using
the USP paddle method, with phosphate buffer at pH 6.8 as
the dissolution medium. Among the formulations, F5, which
included Sodium alginate as a mucoadhesive polymer,
exhibited the highest drug release rate of 92.10%. Meanwhile,
Formulation F8, which combined HPMC K 100 and Sodium
alginate, achieved a drug release rate of 79.11% at the end of
the 8 h period. This indicates a sustained and controlled drug

release compared to the other formulations (Figure 4C). To
analyze the drug release pattern, the in-vitro release data were
fitted to various kinetic models, including zero-order, first-
order, Higuchi, and Korsemeyer-Peppas equations. Among the
formulations, Fl, F3, F4, F7, F8, and F9 followed zero-order
kinetics, with corresponding R? values of 0.9849, 0.9877,
0.9771,0.9903, and 0.9788 (as detailed in Table 4). This implies
that the drug release rate in these formulations is not
dependent on concentration. On the other hand, formulations
F2, F5, and Fé6 displayed R? values of 0.9841, 0.9814, and
0.9942, respectively, indicating that their drug release is
influenced by both diffusion and erosion mechanisms.
Additionally, the diffusion exponent (n) for the solute
exceeded 0.89, indicating a super case |l transport mechanism
for drug release in these specific formulations (Figure 4D to
Figure 4H).
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Fig.3: A) Absorbance maxima of nateglinide; B) Standard calibration curve of nateglinide; C) Swelling index of
nateglinide buccal tablets (F1- F9); D) In- vitro dissolution profile of nateglinide tablet formulations; E) Zero
order plot of nateglinide tablet formulations; F) First order plot of nateglinide tablet formulations; G) Higuchi
model plot of nateglinide tablet formulations; H) Korsemeyer- Peppas model of nateglinide tablet formulations

Table 4: Kinetic modeling plot of nateglinide tablet formulations (FI1-F9)

Fl 0.9849 0.9683 0.9322 0.9303 1.0846
F2 0.9841 0.9647 0.9597 0.9847 1.2833
F3 0.9877 0.9566 0.8874 0.9584 1.0344
F4 0.9771 0.9495 0.9035 0.9650 1.1423
F5 0.9814 0.8872 0.9451 0.9934 1.1924
Fé6 0.9942 0.9064 0.9462 0.9983 1.1532
F7 0.9903 0.9256 0.9060 0.9898 1.0302
F8 0.9920 0.9383 0.9007 0.9885 1.0177
F9 0.9788 0.9651 0.8536 0.9541 1.0076
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3.8. Ex-vivo mucoadhesive strength results
The mucoadhesive strength of prepared MBT were studied

and the results were shown in Figure 5 and 6). The maximum
of 33+2 g of mucoadhesive strength was shown by the
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formulation F8 containing a combination of HPMC K100 and
Sodium alginate as mucoadhesive polymers. The lowest of
20.6x1.55g of mucoadhesive strength was shown by
formulation F4 because of a lower tendency to swell.
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Fig.5: Mucoadhesive strength of nateglinide tablets (FI- F9)

0.4

0.35

&
»

=]
(o]

Force of adhesion (N)
th

=
=

0.25
0.1
0.05
0
F1 F2 F3 F4 FS Fo F7 F8 F9

Formulation

Fig.6: Mucoadhesive force for the prepared tablets

4. DISCUSSION

The drug displays high solubility in methanol, ethanol, and
chloroform, while also showing solubility in ether and
phosphate buffer at pH 6.8. However, its solubility is
somewhat reduced in phosphate buffer at pH 7.4, and it
remains insoluble in water. These solubility profiles across
different solvents are crucial factors to consider when
formulating the drug for its intended applications. Pandey et
al, 2016 also observed the free solubility of nateglinide in
ethanol.** The melting point of a compound is a unique physical
property that is often used to identify and assess the purity of
a substance. A pure compound will generally have a sharp
melting point range, whereas impurities or mixtures can lead
to a broadening or depression of the melting point. The
nateglinide was shown melting point as per its monograph
specifications. Such identification was also practiced by Bruni
et al, 2009*’. UV-visible spectrophotometric analysis of

nateglinide reveals its highest absorbance at 247 nm. A
standard calibration curve constructed using Microsoft Excel
demonstrates linearity with an R? value of 0.991, validating
adherence to the Beers-Lambert law. This technique allows
for accurate quantification of nateglinide levels in
pharmaceutical applications. Kanapura et al., 2016 found
absorption maxima for Nateglinide at the same wavelength. In
the FTIR analysis, distinct peaks corresponding to the drug and
excipients were observed at their specific wavelengths.
Importantly, no significant shifts were noted, indicating that the
drug is compatible with the excipients used in the formulation.
The consistency in these pre-compressional parameters
across formulations FI to F9 is encouraging. The favorable
flow properties, as evidenced by the angle of repose and
Hausner's ratio, suggest that the powder blends are suitable
for efficient and reproducible tablet manufacturing. The range
of compressibility index values indicates that the powders
possess a range of compressibility, allowing for flexibility in
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adjusting tablet hardness and disintegration characteristics.
The observed favorable flow characteristics, compressibility,
and Hausner's ratio within the powder blends for formulations
FI to F9 highlight their potential as suitable candidates for
tablet formulation. These parameters collectively contribute
to the efficient and reliable production of tablets with
consistent quality, which is pivotal for successful
pharmaceutical manufacturing and delivery of effective
medications. The collective data on tablet characteristics
demonstrates the formulations' quality, consistency, and
suitability for their intended use. The results indicate that the
manufacturing processes have been well-controlled, leading to
tablets with uniform properties, adequate mechanical strength,
and desirable oral compatibility. This information is crucial for
regulatory compliance, patient safety, and successful
pharmaceutical product development. The swelling behavior
of a material refers to its capacity to absorb fluids and increase
in volume. It's a crucial parameter for various applications,
especially in pharmaceuticals where controlled discharge,
dissolution, and stability are of concern. The observed
progressive increase in swelling over time suggests that the
formulations are absorbing the surrounding fluid, which could
have implications for drug discharge, dissolution, and stability.
The differences in swelling behavior among the formulations,
with F5 (containing Sodium alginate) showing the highest and
F4 (containing Chitosan) the lowest swelling index, indicate
the varying influence of different polymers on the water-
absorbing capacity of the formulations. This can be attributed
to the specific chemical and physical properties of the
polymers, such as their molecular weight, crosslinking, and
interactions with water. Patel et al., 201537 observed 54.6% of
swelling using Compritol ATO 888 and Precirolwere.
Venaktesh et al., 2020*° observed good swelling using xathan
gum. The exceptionally high drug discharge of 92.10%
observed in Formulation F5 (Sodium alginate) suggests that the
mucoadhesive nature of Sodium alginate could contribute to
rapid and efficient drug discharge. Mucoadhesive polymers can
interact with mucous membranes, prolonging drug contact and
potentially enhancing absorption. Formulation F8, containing a
blend of HPMC K 100 and Sodium alginate, demonstrated a
sustained drug discharge of 79.11% over 8 h. This sustained
discharge could be attributed to the combination of polymers,
which might have influenced the discharge kinetics. HPMC K
100 is known for its ability to form gel matrices, slowing down
drug diffusion and promoting sustained discharge. Sharma et
al, 2013 observed sustained drug release using HPMC and
eudragit*'. The comparison of drug discharge profiles among
formulations helps identify the influence of different polymers
and their combinations on drug discharge behavior.
Formulation F5's rapid discharge and Formulation F8's
sustained discharge highlight the versatility of polymers in
tailoring drug discharge kinetics for specific therapeutic
requirements. Ryakala et al., 2015 found sustained release
from the tablets using natural gums (guar gum & xanthan gum)
2 Formulations Fl, F3, F4, F7, F8, and F9 displayed a good fit
to zero-order kinetics, as evidenced by high R? values ranging
from 0.9771 to 0.9903. This implies that the drug discharge
rate in these formulations remains constant over time,
regardless of the drug level. Such kinetics might be
advantageous for achieving consistent drug levels for
therapeutic efficacy. Formulations Fl, F3, F4, F7, F8, and F9
displayed a good fit to zero-order kinetics, as evidenced by
high R? values ranging from 0.9771 to 0.9903. This implies that
the drug discharge rate in these formulations remains constant
over time, regardless of the drug level. Such kinetics might be
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advantageous for achieving consistent drug levels for
therapeutic efficacy. Waidya et al., 2019 observed such release
in repaglinide buccal tablets®*. The diffusion exponent (n)
greater than 0.89 observed for formulations F2, F5, and Fé6 is
indicative of a super case Il transport mechanism. This suggests
that the drug discharge process in these formulations is
influenced by factors beyond traditional Fickian diffusion,
possibly involving swelling, relaxation, or other complex
mechanisms. Understanding these transport mechanisms is
important for predicting and controlling drug discharge
accurately. Koirala et al, 2021 saw a similar release in
mucoadhesive buccal tablets of aceclofenac*. The diffusion
exponent (n) greater than 0.89 observed for formulations F2,
F5, and F6 is indicative of a super case Il transport mechanism.
This suggests that the drug discharge process in these
formulations is influenced by factors beyond traditional Fickian
diffusion, possibly involving swelling, relaxation, or other
complex mechanisms. Understanding these transport
mechanisms is important for predicting and controlling drug
discharge accurately. Palem et al., 201 | found fickian diffusion
from their prepared bioadhesive buccal tablets®.
Understanding the drug discharge kinetics is critical for
optimizing therapeutic outcomes. Zero-order kinetics can be
beneficial for maintaining consistent drug levels, which might
be crucial for drugs with a narrow therapeutic window.
Formulations exhibiting diffusion and erosion mechanisms
might provide tailored discharge profiles for specific
therapeutic needs. Boyapally et al, 2010 observed
concentration-independent release from theophylline buccal
tablets*®. Mucoadhesive strength is a critical parameter in
buccal drug delivery systems as it determines the tablets' ability
to adhere to mucosal surfaces in the oral cavity. This adhesive
property is essential for achieving prolonged drug discharge,
enhancing therapeutic efficacy, and improving patient
compliance. Nafee et al., 2004’ found good mucoadhesive
strength. Formulation F8, which incorporates a combination
of HPMC KI00 and Sodium alginate as mucoadhesive
polymers, exhibited the highest mucoadhesive strength of
33+2 g. This high strength implies strong interaction with
mucous membranes, potentially resulting from a synergistic
effect between the polymers. This formulation could offer
improved retention and prolonged drug discharge within the
buccal cavity. Such observation was found by Alur et al,
1999*%. In contrast, Formulation F4 showed the lowest
mucoadhesive strength of 20.6£1.55 g. This lower strength can
be attributed to the formulation's lower tendency to swell
upon contact with mucous membranes. Mucoadhesion often
relies on the ability of the formulation to swell and create an
effective contact area with the mucosa. The reduced swelling
tendency could have led to weaker adhesion in this case.
Gowthamarajan et al.,, 2012 found good mucoadhesion with
the cashew nut tree gum®. The observed variation in
mucoadhesive strength among formulations underscores the
influence of polymer choice and formulation design on the
adhesive properties. Mucoadhesive strength directly impacts
the tablets' residence time in the oral cavity, which in turn
affects drug discharge kinetics. Patel et al, 2007 found
appreciable mucoadhesion with sodium alginate and
carbopol®.

5. CONCLUSION
The study concludes that the promising potential of

mucoadhesive buccal tablets containing a combination of
HPMC K 100, Chitosan, and Sodium alginate as a novel
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approach for managing Diabetes mellitus. The significant
mucoadhesive strength and sustained drug release over 8
hours, as well as the unique release kinetics observed, set
these formulations apart from others. These findings suggest
that such formulations could lead to more effective and
convenient therapeutic options for diabetes patients. The
extended drug release may help reduce dosing frequency and
improve patient adherence to treatment protocols, ultimately
enhancing the overall management of this chronic condition.
Further research and clinical trials are warranted to validate
these promising results and bring these innovative
formulations closer to clinical application.
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