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Abstract

Type 2 diabetes mellitus (T2DM) accounts for about 90-95% of total diabetic cases which can be sustainably maintained
by combined therapy. The goal of this study was to develop a bilayer tablet (BLT) that combines sustained release (SR)
vildagliptin and immediate release (IR) canagliflozin to improve the treatment outcomes. Nine canagliflozin and six
vildagliptin formulas formulas were tested. To determine the most appropriate formulations, the tablets’ physicochemical
characteristics—hardness, friability, disintegration, and dissolution—were assessed. The in-vitro drug release study of BLT
was conducted using 0.1 N HCI and pH 6.8 phosphate buffer (2 and 4 hours, respectively). For stability and compatibility
tests, DSC, FTIR, SEM, and TGA were employed. F4 (74.60% release within 60 minutes) and A5 (89.76% release over six
hours) were selected as IR and SR for BLTs. The physical parameters of the BLTs were within the permissible range, with
an average weight of 381 mg, weight variability of 4.93%, thickness of 5.40 mm, hardness of 6.2 kg, friability of 0.32%,
and a disintegration time of 18.2 minutes. The final bilayer tablet showed 81.34% release of canagliflozin within 1 hour and
>80% release of vildagliptin within 6 hours, while no instability cases were recorded. The designed formulations revealed
accepted in-vitro performance. Further development and in-vivo tests should be performed to ensure the desired outcomes.
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l. Introduction

Diabetes is a complicated, long-term and common illness in
the world that is responsible for numerous metabolic
abnormalities, and can harm the blood vessels, heart, and
other organs.'” Especially, type II diabetes mellitus
(T2DM) was recognized in around 462 million individuals
(6.28% of the world demographic) in 2017.> However, the
International Diabetes Federation estimated that it affects
more that 13 million people in Bangladesh.” Diabetes can
be managed by employing a variety of therapeutic choices,
such as DPP-4 (Dipeptidyl Peptidase-4) inhibitors, insulin
and its analogs, SGLT-2 (Sodium-Glucose Cotransporter-2)
inhibitors, and others.>®

Vildagliptin, a DPP-4 inhibitor, improved glycemic control
by raising incretin and action duration of glucagon-like
peptide 1 (GLP-1).”* on the Contrary, SGLT2 inhibitor,
canagliflozin, prevents the reabsorption of glucose from the
kidney.'""" They can be utilized as mono or combined
therapy in T2DM cases due to their low risk of
hypoglycemia and advantageous weight-neutral effect.®"'
They also reduces the risk of cardiovascular failure by
increasing water excretion.'"*'?

The conventional T2DM management such as lifestyle
adjustments, single or multiple medication (prescribing two
or more medicine concomitantly)," has several drawbacks,
including fluctuation on glycemic levels."* To overcome
these limitations, the combination therapy (two or more
medicine integrated in one single dosage form) can
facilitate sustained blood sugar control, aid in preserving 3-
cell function, and postpone the deterioration of glycemic
regulation as its drug release was controlled and rationally
designed.”"

Previously, bilayer tablets (BLT) of immediate release (IR)
dapagliflozin and sustained release (SR) vildagliptin was
developed by employing super-disintegrating and release-
retardant agents, respectively.'® Anti-diabetic BLT was also
established previous time, such as the BLT of metformin
(extended release) and pioglitazone (IR).'” Another BLT
was metformin and acarbose combination."® Binary mixture
of the two drugs somehow is not plausible because of
different release profiles.”” So, BLT was suitable because
two drugs layer in a single tablet will reduce the
interactions and can retain their distinct release profiles.'’

The current study goal was to create a BLT of the IR
canagliflozin and SR vildagliptin to achieve a synergistic
therapeutic effect. The observed synergism is facilitated by

*Author for correspondence. raihan.rezvi@du.ac.bd and nahidsharmin@du.ac.bd



128

the bilayer formulation through optimized release kinetics
rather than a direct physicochemical interaction between the
two drugs. These drugs are also approved for simultaneous
use by the FDA.**** Although, several marketed or
commercial formulations are available for both drugs, to the
best of our knowledge, no bilayer tablet combining
canagliflozin and vildaglipt in has been established to date
knowledge no bilayer of canagliflozin and vildagliptin was
established till now.

1. Methods and Materials
Material source

Canagliflozin, vildagliptin, sodium starch glycolate (SSG),
mannitol, cross povidone, croscarmellose sodium (CCS),
magnesium stearate, colloidal anhydrous silica, avicel
101(MCC), hypromellose, and methocel KI15M were
obtained from Healthcare Pharmaceuticals Ltd. (Bangladesh)

Compatibility and stability experiment of drug and
polymers

Fourier transform infrared (FTIR) Spectrometry. The
IR Spirit Infrared Spectrophotometer (Shimadzu, Japan)
was used for FTIR analysis. About 300 mg of KBr was
finely ground, then mixed with 1 mg of pure drug or drug-
excipient blend. The mixture was compressed into a tablet
using an IR press at 8 tons.”**’

Compatibility and stability testing of the raw materials by
FTIR Spectroscopy

API and excipient blends were stored in a stability chamber
(30 days) at 25+2°C and 30-65% RH to assess interactions
and degradation. FTIR analysis was performed on day 1 and
day 30 to detect changes and evaluate formulation stability
(scanning range 4000-600 cm™), and results were com7pared
with literature and initial FTIR peaks (before 30 days).?
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Thermal analysis (TGA and DSC) studies.
Thermogravimetric analysis (TGA) and Differential
Scanning Calorimetry (DSC) were employed using a
thermal analyzer (NETZSCH STA 449 F5) under a
nitrogen-rich environment with a heating rate of 10 K/min.
The sample was positioned in and enclosed within a typical
aluminum pan and examined between 25°C and 300°C.%*
Graphs of thermal analysis were generated by NETZSCH
Proteus Software.

Study of surface morphology by scanning electron
microscopy (SEM). Field Emission SEM (FESEM, JSM
7610F, Joel Ltd., Japan) captured microscopic images® of
IR, SR, and bilayer surfaces before and after dissolution.
Samples with different excipients were analyzed at 15 kV
to examine surface morphology.® Dried samples were
mounted on a stub with conductive tape or epoxy and
vacuum-coated with gold in an argon environment before
inspection.

Formulation of IR canagliflozin and SR vildagliptin tablets

A full factorial design (3%3 = 9) was used to assess IR
canagliflozin tablets by varying super-disintegrants (CCS,
SSG, crospovidone) (Table 1). Similarly, a 3x2 = 6 design
evaluated SR vildagliptin tablets by adjusting release
retardants (Hypromellose, Methocel K15M) (Table 2). API
mass remained constant at 50 mg, with tablet weight
adjusted using Avicel 101. Tablets were produced via wet
granulation. Avicel 101 was mixed with water to form
mucilage, then blended with other ingredients (excluding
glidant and lubricant). The slurry was passed through a 40-
mesh screen, dried at 30-45°C until LOD <5%, and
blended with lubricants sieved through a 20-mesh screen
for uniform granule size.'®**

Table 1. For the immediate release canagliflozin tablets formulation

Materials Justifications F1 F2 F3 F4 F5 F6  F7  F8 F9
Canagliflozin API 50 50 50 50 50 50 50 50 50
Crospovidone Disintegrating agent 6 8 10
Sodium Starch Glycolate Disintegrating agent 10 12 14
Croscarmellose Sodium Disintegrating agent 4 8 12
Magnesium Stearate Lubricant 2 2 2 2 2 2 2 2 2
Colloidal Anhydrous Silica Glidant 2 2 2 2 2 2 2 2 2
Mannitol Filler 60 60 60 60 60 60 60 60 60
Avicel 101(MCC) Binder/Filler 80 78 76 76 74 82 82 78 74
Total 200 200 200 200 200 200 200 200 200
Table 2. For the sustained release vildagliptin tablets formulation.*®
Materials Justifications Al A2 A3 A4 A5 A6
Vildagliptin API 50 50 50 50 50 50
Hypromellose Release Retardant 50 75 100
Methocel K15M Release Retardant 50 75 100
Magnesium Stearate Lubricant 2 2 2 2 2 2
Colloidal Anhydrous Silica Glidant 2 2 2 2 2 2
Avicel 101 (MCC) Filler/Binder 96 71 46 96 71 46
Total 200 200 200 200 200 200




In Vitro Evaluation of Bilayer Tablets Comprising Immediate Release Canagliflozin and Sustained Release Vildagliptin 129

Formulation of BLTs

A BLT was formulated by combining canagliflozin IR 200
mg layer and vildagliptin SR 200mg vildagliptin layer.
Both blends were precisely weighed and compressed
separately. The SR vildagliptin layer was first placed into
rotary tablet dies and lightly compressed to form a uniform
layer. The IR canagliflozin mix was then added, and
compression force was increased using a Minipress
(4B+4D) machine. Tablets measured 14.60 x 7.60 mm, had
an oblong shape with embossing or debossing, and
maintained a weight of 400 + 20 mg. Hardness ranged from
4to 10 kg.'"*

Physical parameters

Weight Variation. The mean weight of ten tablets was
measured, and individual tablet weights were recorded to
calculate the standard deviation.

Thickness. A Mitutoyo digital vernier caliper was used to
measure the thickness of ten randomly selected tablets.

Hardness. Monsanto hardness tester was employed to
determine the tablets’ hardness.*’

Friability. A total of ten tablets were randomly selected
and placed in the drum of a tablet friabilator, which
remained upright and completed 100 rotations within four
minutes. The tablets stayed still until they were properly
balanced. The percentage of weight reduction was
determined using the following equation.*

4%
%F = (1 _W) X 100

Where, Wt = weight of the tablets after rotation, % F =
friability, W= primary weight of tablets

In vitro disintegration test. Disintegration testing
(Electrolab ED-2L) was performed in distilled water (37 +
2°C, 30 strokes/minute). Tablets were tested until fully
disintegrated or non-disintegrable fragments remained. IR
and SR tablets were evaluated in 0.1 N HCI, (as IR layer
will be disintegrate at stomach) and pH 6.8 phosphate
buffer, respectively as SR layer absorbed at the intestine.
The acceptable disintegration time was 3—5 minutes for IR
tablets and up to 30 minutes for SR tablets.”'

In vitro dissolution study. A standard curve for both
canagliflozin and vildagliptin were constructed. As
dissolving media, 0.1 N HCI media for IR canagliflozin and
pH 6.8 phosphate buffer for SR vildagliptin were employed.
For standard curve, 50 mg of both APIs were diluted by
adding specified media up to 100 ml. Different
concentrations of the canagliflozin including 0, 2, 4, 8, 12,
16, and 20 pg/ml were prepared through serial dilution
approach (absorbance at 291 nm).** Moreover, vildagliptin

solution was appropriately diluted with pH 6.8 phosphate
buffer to obtain concentrations of 0, 2, 4, 8, 12, 16, and 20
ug/mL (absorbance at 210 nm).'**

In-vitro  dissolution study was conducted for IR
canagliflozin by employing USP apparatus II (0.1N HCI as
it mimics the stomach pH). Samples for the IR layer were
taken at 5, 15, 30, 45, and 60 minutes (absorbance at 291
nm).**

The in-vitro dissolution study for SR vildagliptin was
conducted using USP apparatus II (pH 6.8 phosphate buffer
as it mimics the intestine pH). Samples were collected at 5,
10, 15, 30, 45, 60, 90, 120, 180, and 360 minutes,
(absorbance at 210 nm).”

In-vitro dissolution study of the BLTs was conducted using
both 0.IN HCIl and pH 6.8 phosphate buffer media by
employing USP apparatus II using 100rpm at 37°C as both
canagliflozin and vildagliptin in the BLT absorbed at the
intestine. Samples were withdrawn at 5, 15, 30, 45, and 60
minutes at acidic media (0.1N HCI) and analyzed for both
IR canagliflozin and SR vildagliptin at 291 nm and 210 nm,
respectively. Other samples for vildagliptin only were
collected at 5, 10, 15, 30, 45, 60, 90, 120, 180, and 360
minutes employing pH 6.8 phosphate buffer media
(absorbance at 210 nm).

I11. Results and Discussion
Stability test through FTIR, DSC, TGA, and SEM

The bands of pure canagliflozin are seen at 1002 cm™ (-
C=0), 1076 cm™* (etheral linkage), 1506 cm™ (N=0), 1651
cm™ (C=C), and 3321 cm (N-H),”*>* which were also
observed at the same wavelengths after 1 month (Figure 1
a&b). The observed peaks of canagliflozin blends before
and after 1 month were seen at 1462 cm™, 2916 cm™, and
3344 cm! (Figure lc & d). For the pure vildagliptin, the
typical bands are seen at 1250-1000 cm™, 1076 cm™*, 1725-
1705 em™, 1550-1350 cm™, 2260-2220 cm™, 3000-2840
em™, and 3500-3060 cm™.* Peaks of Pure vildagliptin
were at 1657 cm™, 2242 cm™!, 2914 cm™, and 3294 cm™!
(Figures le & f), which were similar after 1 month. The
blend peaks of vildagliptin before and after 1 month were at
1657 ecm™, 2914 cm™, and 3297 cm™ (Figure 1g & h).
From these data, it was clear that no potential interactions
occurred between the APIs and the additives. Figure 2a
shows IR canagliflozin peaks at 100°C (moisture loss) and
160°C (melting point), confirming crystallinity. Figure 2b
displays SR vildagliptin peaks at 65°C (moisture loss) and
150°C (melting point).
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Fig. 1. FTIR spectrum of (a) canagliflozin raw material (b) canagliflozin raw material after 1-month (C) canagliflozin Blend (d)
canagliflozin blend after 1-month (€) vildagliptin raw material (f) vildagliptin raw material after 1-month (g) vildagliptin blend (h)
vildagliptin blend after 1 month. *°
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Fig. 2. (a) DSC data immediate release of formulation of canagliflozin. (b) DSC data sustained release formulation of vildagliptin. (c) DSC
data of the bilayer formulation of canagliflozin and vildagliptin. '®
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The BLT thermogram (Figure 3c) shows transitions at 86°C
and 165°C, indicating excipient interactions. The absence
of significant interactions or degradation confirms thermal
stability for pharmaceutical use. TGA analysis (Figure 3a-c)
displayed excellent thermal stability up to ~200°C. IR
canagliflozin has minimal moisture loss, with degradation
between 200-300°C (Figure 3a). SR vildagliptin remains
stable up to 200°C, with moisture loss at 72.1°C and
degradation at 240.5°C (Figure 3b). The bilayer formulation
shows minor moisture loss (~1.00%) and controlled
degradation beyond 200°C (Figure 3c). These results
confirm the formulations' suitability for pharmaceutical
processing and storage. The SEM analysis revealed distinct
microstructural characteristics. The IR canagliflozin tablet
(Figure 4a) has a porous, irregular surface for rapid
disintegration and dissolution, though microstructural

e (a) sormn  1om (0)

110

defects may affect mechanical strength. The SR vildagliptin
formulation (Figure 4b) features a structured polymeric
coating with controlled porosity, enabling sustained drug
release.'® The BLT (Figure 4c) shows a dual-layer system.
The compatibility studies of the formulations by FTIR,
DSC, and TGA methods exhibited no discernible
interaction between the API, and excipients. Together, this
is the first time that a BLT with IR canagliflozin and SR
vildagliptin meets all the physicochemical requirements and
offers enhanced therapeutic efficacy. Surface morphology
of the formulated tablets analyzed through SEM revealed
that the IR formulations exhibited a porous surface, which
is feasible for faster disintegration into gastric media.
Contrary, the SR formulations exhibited a compact,
uniform surface structure, which assists in controlling the
release of vildagliptin over a longer period.
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Fig. 3. (a) TGA of immediate release canagliflozin formulation (b) TGA of Sustained release Vildagliptin formulation (¢) TGA of bilayer
canagliflozin and vildagliptin formulation.'®

Fig. 4. Scanning electron microscope study of the (a) immediate release (IR) canagliflozin, (b) sustained release (SR)

vildagliptin formulation'® and (c) the bilayer tablets.
IR canagliflozin formulations and SR vildagliptin

All the formulations showed average weight between
194+3.00 mg to 207+3.50 mg. For IR canagliflozin and SR
vildagliptin, the prepared tablet demonstrated hardness (4.5-
6.9 kg/em® and 4.6 to 6.4 kg/cm’, respectively). The
friability of all the tablets was found to be less than 1%,
except for Al formulation (1.05%) for SR vildagliptin.
Formulation F4 displayed the lowest disintegration time,

2.9 minutes and A6 showed the highest disintegration time,
26 minutes (Table 3). All the physical properties of the
tablets, such as average weight, hardness, disintegration
time, and friability were observed within the permissible
limit. The in vitro dissolution study revealed the complete
dissolution of the IR layer within the first hour in acidic
medium, while the SR layer consistently delivered
vildagliptin in pH 6.8 phosphate buffer medium (over 6-
hours).
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Table 3. Physical characteristics of the Canagliflozin immediate release and vildagliptin sustained release tablets.'®

Formula Average weight Hardness (kg/cm?) Friability (%) Disintegration time (minutes)
(mg+SD)
Physical parameters of the canagliflozin tablets
F1 195+2.50 4.5 0.59 3.5
F2 196+2.00 5.2 0.57 3.6
F3 201+0.50 6.1 0.49 4.4
F4 198+1.00 6.2 0.49 2.9
F5 201+0.50 6.6 0.47 3.5
F6 203+1.50 6.9 0.43 4
F7 204+2.00 4.8 0.69 3.3
F8 205+2.50 5.2 0.62 33
F9 207+3.50 5.6 0.57 3.7
Physical parameters of the vildagliptin tablets

Al 194+3.00 4.6 1.05 13.2
A2 195+2.50 5.6 0.92 15.6
A3 198+1.00 6.2 0.83 15.9
A4 201+0.50 5.9 0.72 18.7
A5 203+1.50 6.7 0.57 20.1
A6 203+1.50 6.4 0.62 26

Dissolution analysis of the canagliflozin IR and vildagliptin
SR formulations

In the acidic medium (0.1N HCI), pure canagliflozin,
showed a 44.30+1.0% drug release within 60 minutes. The
F4 formulation, containing SSG as a super-disintegrating
agent, demonstrated the utmost drug release profile, 74.60%
in 60 minutes, compared to other formulations. The drug
release profile of other formulations was, F1 (44.30% =+
1.3), F2 (44.37% + 0.7), F3 (56.61% = 1.0), F5 (54.48% +
0.9), F6 (57.43% + 1.2), F7 (60.51% =+ 1.1), F8 (54.36% +
0.8), and F9 (41.72% =+ 1.3) (Figure 5A, 5B). The
comparative dissolution evaluation between the preferred

Cumulative % of drug release

(A)

formulation and commercially available canagliflozin,
revealed that the F4 formulation had an identical drug
release profile.

In phosphate buffer medium (pH 6.8), the pure vildagliptin
demonstrated 100% drug release within 60 minutes, similar
to our previous study.'®’ Dissolution profiles of the
formulations after 6 hours were Al (92.40%), A2 (93.11%),
A3 (89.07%), A4 (85.07%), AS (89.76%), and A6
(62.04%), respectively (Figure 5B, 5C, 5D). Due to the
unavailability of the commercial SR vildagliptin,
comparison was not possible.
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Fig. 5. The graphs illustrated the cumulative percentage of drug release (Zero Order kinetics) and calibration curve of (A), (B) immediate

release canagliflozin tablet, (C), (D), (E) sustained release vildagliptin table; (F), (G) the percentage of release of the bilayer tablet

in 0.1 N HCl and 6.8 pH phosphate buffer, respectively.'®
Characterization and dissolution study of the BLTs

Based on the observed physicochemical characteristics, the
BLT was formulated and prepared using the F4 and A5
formulations. The average weight, thickness, hardness,
friability and disintegration time of bilayer formulation
were 381mg, 540 mm, 6.2 kg/cmz, 0.32% and 18.2
minutes, respectively (Table 4). In acidic media, the IR
layer released 81.34% of its drug within 1h, while only
26.20% of vildagliptin was released from the SR layer
within 2h (Figure 5F). Vildagliptin continued to release in
pH 6.8 phosphate buffer over the next 4h because of release
retardants properties (Figure 5G). At the end of 6 hours, a
cumulative 80.52% of vildagliptin was released from the
bilayer (Figure 5G). Traditionally, the management of
T2DM follows lifestyle changes, and employing mono or
combined therapy.”” These methods help to achieve
glycemic control but have drawbacks that leading to a
transition from mono to BLT." Due to these constraints,
early initiation of BLT promotes sustained hyperglycemia
control and enhanced P-cell function preservation.'>’
Canagliflozin is formulated as IR layer due to its long half-
life (10.6 hours for 100 mg).***" In contrast, vildagliptin is
designed as SR layer, as it has a shorter half-life (3 hours
and 69% of vildagliptin is eliminated).***** Direct
compression was preferred for its cost-effectiveness and
efficiency in tablet formulation. The dissolution order of
immediate-release (IR) canagliflozin followed F4 > F7 > F6
> F3 > F5 > F8 > F2 > F1 > pure drug > F9 within 60
minutes. Interestingly, disintegration and dissolution times

did not correlate with the concentration of disintegrants. For
example, F4, with the lowest disintegration time (2.9
minutes), contained only 10 mg of SSG, whereas F3 had a
higher disintegration time (4.4 minutes) despite containing
14 mg. No clear relationship was observed between
friability, hardness, and disintegration time. The superior
drug release of F4 was attributed to the rapid swelling and
disintegration properties of SSG, making it the optimized
IR formulation. The BLT was formulated using the
optimized IR canagliflozin (F4) and SR vildagliptin (AS5)
formulations. Previous studies reported 89.59% in vitro
release of IR canagliflozin within 10 minutes and 82.19%
release from bilosomes in 1 hour.** The current IR
formulation (F4) showed a comparable drug release of
81.34% in 1 hour, facilitated by SSG. Rapid dissolution
supports quick attainment of therapeutic plasma levels. The
SR vildagliptin layer exhibited controlled release, with
minimal drug release in acidic media (2 hours) and a
gradual release over 6 hours in pH 6.8 phosphate buffer.
This sustained release was attributed to matrix-forming
polymers, ensuring prolonged therapeutic effects. An
extended-release vildagliptin (HPMC KI15M containing)
showed 98.43% drug release in 10 h of dissolution test.*’
Another in vitro drug release study was formulated with
pectin and HPMC (75 mg + 75 mg) showed the same
efficacy at the SR test (95.1% at 12 hours).*” Furthermore,
prior investigation of a formulation that contained HPMC
exhibited release of 98.84% within 24 hrs.*® In this study,
although HPMC was used to prepare the SR layers, their
drug release rate was greater than methocel K15M.
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Table 4. Physical parameters of the bilayer tablets

Criteria Observation

Appearance Smooth, oblong shaped bilayer tablet with grayish canagliflozin part and white vildagliptin
part with no break lines

Average weight 381 mg

Thickness 5.40 mm

Weight Variability 4.93%

Hardness 6.2 kg

Friability 0.32%

Disintegration 18.2 minutes

In a previous study on BLTs with IR dapagliflozin and SR
vildagliptin, the optimized formulations achieved 80.50%
and 81.76% drug release within 30 minutes and 6 hours,
respectively. In this study, six SR vildagliptin formulations
using Hypromellose and Methocel KI15M as release
retardants were evaluated. The dissolution order was A2 >
Al > A5 > A3 > A4 > A6 within 6 hours. While Al and A2
showed the highest drug release rates, they failed to meet
required physical parameters due to high friability and low
hardness. A5 emerged as the optimized formulation,
achieving 89.76% drug release while maintaining
acceptable physical properties. Compared to the previous
study, A5 is the best candidate for the SR layer.

The study lacks in vivo performance which is needed to
establish an in-vitro-in-vivo correlation. Differences in
tablet design, excipients, or other factors could affect
results, limiting their applicability to other formulations.
Future studies will address these variables. In addition,
while the study examined IR and SR drug release, it did not
assess extended release over 8—12 hours, which is crucial
for evaluating long-term drug effectiveness. Furthermore,
3-6 months stability testing under accelerated conditions are
required for robust assessment of stability.

1V. Conclusions

This study developed a BLT containing IR canagliflozin
and SR vildagliptin. The optimized formulation met
standard physicochemical criteria (SEM, FTIR, DSC, TGA,
hardness, thickness, and friability). In-vitro testing showed
81.34% drug release within one hour for the IR layer, while
the SR layer released 80.52% of vildagliptin over six hours
in pH 6.8 phosphate buffer. This formulation could help
reduce the dosage regimen for T2DM patients by providing
both immediate and extended drug release. Further in-vivo
studies are needed to confirm bioequivalence and long-term
efficacy.
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