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ABSTRACT

Bosentan monohydrate (BM) is utilized for the treatment of pulmonary arterial hypertension, exhibiting poor
aqueous solubility and bioavailability. This study aims to enhance the dissolution rate of the drug using
Eudragit®EPO through spray drying. The drug and Eudragit®EPO were combined in ratios of 1:1, 1:2, 1:3, 1:4,
and 1:5 (w/w) to generate compositions SD1 to SD5. SD5, at a 1:5 drug-to-carrier ratio, demonstrated a statistically
significant increase in saturation solubility and drug content. Six tablet formulations (F1 to F6) containing SD5
and tableting excipients were developed and processed. Formulation F2, consisting of 26.36% HPMC K4M and
23.63% MCC, exhibited the highest dissolution and drug release. The probable mechanism underlying BM
dissolution in SD involves its amorphous form and the solubilizing effect facilitated by hydrogen bonding between
BM and Eudragit®EPO. The carrier's binding effect likely contributed to high tensile strength, low friability, and
extended disintegration time. Direct mixing of SD with HPMC might have improved the uniformity of SD within
the tablet matrix and the release profile. This study demonstrates the efficacy of spray drying in preparing SD of

BM with Eudragit®EPO, potentially enhancing its solubility and stability.
Keywords: Bosentan monohydrate, Eudragit®EPO, Solubility, Dissolution, Solid-dispersion, Spray drying.

1. INTRODUCTION

It is commonly recognized that approximately 40% of
recently developed medications exhibit low water solubility,
compromising absorption and increasing gastro mucosal
toxicity. Three primary criteria affecting a drug’s
bioavailability include its solubility, permeability, and
dissolution [1]. According to the Biopharmaceutical
Classification System (BCS), drugs are categorized based
on their solubility and permeability [2]. Drugs with poor
solubility belong to BCS class Il and V. The poor solubility
of drugs poses a challenge to bioavailability. In such cases,
strategies such as particle size reduction, polymorphism,
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molecular encapsulation, incorporation of surface-active
agents, and solid dispersion (SD) can be employed to
enhance solubility [3]. In the case of SD, the carrier
component dissolves upon exposure to aqueous solutions,
releasing drug molecules as tiny, dispersed particles [4]. The
bioavailability of weakly water-soluble drugs is ultimately
improved due to increased surface area and dissolution rate.
By reducing particle size and increasing particle porosity,
the drug in a soluble hydrophilic carrier enhances the rate of
dissolution [5]. Therefore, enhancing the bioavailability of
these medications and minimizing their negative effects by
altering their drug release profile is conceivable.

SD is a prominent technique used for dissolution rate
and solubility enhancement, as well as for improving the
oral absorption of weakly water-soluble drugs [2]. SD is a
composite mixture prepared by mixing one or more solid
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particles and dispersing them into an inert medium through
fusion, solvent evaporation, or the melting method. SD
contains a hydrophilic matrix for solubility enhancement
and a hydrophobic drug whose solubility is to be
improved, wherein the matrix can be either crystalline or
amorphous [6]. SD was originally used to create a eutectic
combination of pharmaceuticals with water-soluble
carriers to overcome the limited bioavailability of
lipophilic drugs [7,8]. Spray drying is a superior method
compared to other methods as it operates at comparatively
low temperatures, preventing most decomposition that
occurs during the fusion process in the melting method.
Spray drying has no solvent limitations and is most
suitable for large-scale production [9]. Previously, SD of
BM was made using hydroxypropyl B-cyclodextrin (HP -
CD) and polyethylene glycol (PEG) 4000 polymers, but
BM in such SD retained its crystallinity, limiting its
solubility [10]. Additionally, PEG 4000 exhibits an
uncontrolled rate of hydration, rheological changes during
shelf-life, and the possibility of microbial contamination
during use [6].
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Eudragit® EPO is a cationic polyelectrolyte belonging
to methacrylate copolymers. It is composed of
dimethylaminoethyl methacrylate, butyl methacrylate, and
methyl methacrylate in a molar ratio of 2:1:1 [11]. It
carries a positive charge, so when dissolved in an aqueous
medium, it forms a solid dispersion (SD) with a drug that
has a negative charge [12]. Samples containing coated
drug particles, as well as reference formulations with an
equivalent amount of this polymer, exhibited higher tensile
strength, lower friability, and longer disintegration times
[11]. These outcomes result from the binding effect
exhibited by Eudragit® EPO. Additionally, a modified
processing method, in which the molten drug-carrier mass
was directly mixed with hydroxypropyl methylcellulose
(HPMC), improved the uniformity of the drug in the tablet
matrix and the release profile [13].

Bosentan monohydrate (BM) is used to treat
pulmonary artery hypertension (PAH) and possesses dual
endothelin receptor antagonistic characteristics [14]. The
structure of BM is shown in Figure 1.

pé

Figure 1. Structure of Bosentan Monohydrate

BM is prescribed at a daily dose of 125-250 mg for
treating pulmonary arterial hypertension (PAH). It exhibits
a plasma peak concentration between 3-5 hrs after
administration, with a biological half-life of 5.4 hrs [15].
The oral bioavailability of BM is 50%, with variability in

its absorption due to its poor aqueous solubility. The
aqueous solubility of BM is 1 mg/100 mL, categorizing it
as BCS class Il [16]. Hence, the present study aimed to
formulate BM-loaded Eudragit® EPO solid dispersion
(SD) microparticles with the primary objective of

- 715 -



Jordan Journal of Pharmaceutical Sciences, Volume 16, No. 4, 2023

achieving rapid drug release in the acidic pH of the
stomach. To enhance solubility, SD was attempted by
spray drying using polymers along with hydroxypropyl -
cyclodextrin (HP B-CD). Additionally, efforts were made
to formulate tablets of SD with hydroxypropyl
methylcellulose (HPMC) K4M, microcrystalline cellulose
(MCC) as binders, and talc and magnesium stearate as
glidant and lubricant to create an improved dissolution
profile for therapeutic effectiveness.

2. RESULTS AND DISCUSSION

Particles produced through spray drying have smaller
sizes, enhancing their surface area and expediting the
dissolution process.

The carrier incorporated in the solid dispersion (SD)
significantly improves the drug's solubility through
enhanced particle wettability, thereby increasing the drug's
bioavailability. Drugs formulated as SD exist as
supersaturated solutions in metastable polymorphic forms,
leading to increased solubility and availability in the
amorphous state [17, 18, 19]. Therefore, SD of the poorly
soluble Bosentan monohydrate (BM) was formulated to
enhance its solubility.

The well-known gastro-soluble polymer Eudragit®
E100 is available in powder form as Eudragit® EPO.
Tertiary amino groups in the polymer ionize at an acidic

pH, making Eudragit® E100 soluble in gastric fluid when
the pH is lower than 5. Researchers have utilized
Eudragit® E100 to prepare SD of hydrophobic drugs with
dissolution rate-dependent bioavailability due to its
excellent solubility in gastric fluids [20].

2.1 Preparation and optimization of SD

Improved bioavailability results from the increased
surface area achieved through small particle size. Spray
drying was employed to produce SD, as it allows for rapid
solvent evaporation, quickly converting the drug-carrier
solutions into solid particles. The prepared SD was further
evaluated for the following parameters.

2.2 Evaluation of SD powder:

SD compositions (SD1 to SD5) were optimized by
evaluating the prepared SD for drug content and saturation
solubility.

2.2.1 Flow properties and Heckel plot of SD powder:

The solid dispersion (SD) compositions were evaluated
for various flow properties, including the angle of repose,
Hausner’s ratio, and Carr’s index. The results are
displayed in the table below. The SD5 composition
exhibits an angle of repose of 27.32+0.2°, Hausner’s ratio
of 1.18+0.85, and Carr’s index of 14.7+0.47%, indicating
good flow and compressibility for the SD5 composition
[21].

Table 1. Flow properties of BM SD

Batch Angle of Bulk density Tap density Hausner’s Carr’s index

code Repose (°) (glcm?) (g/cm?®) ratio (%)
SD1 42.40+0.3 0.4718+0.019 0.6178+0.021 1.31+0.16 23.6+0.41
SD2 46.10+0.6 0.4627+0.017 0.5547+0.042 1.20+0.21 16.6+0.11
SD3 38.20+0.5 0.4579+0.036 0.5741+0.063 1.25+0.42 20.2+0.17
SD4 48.19+0.9 0.4905+0.085 0.5853+0.051 1.19+0.57 16.2+0.58
SD5 27.3240.2 0.4375+0.074 0.5131+0.011 1.18+0.85 14.7+0.47

(n= 3, meantSD)

The Heckel plot for the BM-loaded Eudragit® EPO
solid dispersion (SD) exhibited a Type C curve, indicating
particle rearrangement and fragmentation of large
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aggregates under low compressional pressure. As the
compression force increased, the curves became linear due
to plastic deformation. It can be inferred that the curved
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region at low pressures is associated with individual particle
movement in the absence of interparticle bonding. The
transition from curved to linear corresponds to the minimum
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pressure required to form a coherent compact, indicating the
formation of coherent compacts in this region.

Table 2. Heckel plot of BM SD

Weight In
Pressure | Thickness | Diameter | Radius £t Elt Volume Density Hardness | Relative | 1/1- an
of table -
(Tons) (cm) (cm) (cm) (nr?h) (mg/ml) (Kg/cm?) | density RD
(mg) RD)
0.5 0.31+0.3 0.8 0.4 200+0.1 | 0.1557+0.4 | 1284.52+0.7 4+0.1 0.7739 442 | 1.4861
1 0.30+0.1 0.8 0.4 200+0.7 | 0.1507+0.2 | 1327.1440.1 5+0.3 0.7996 | 4.99 | 1.6074
1.5 0.29+0.2 0.8 0.4 200+0.5 | 0.1456+0.1 | 1373.62+0.2 7+0.2 0.8276 5.80 | 1.7578
2 0.27+0.5 0.8 0.4 200+0.4 | 0.1356+0.3 | 1474.9240.1 8104 0.8886 8.97 | 2.1938
25 0.24+0.4 0.8 0.4 200+0.6 | 0.1205+0.6 | 1659.75+0.5 9+0.5 1 -
3 0.24+0.6 0.8 0.4 20040.2 | 0.1205+0.5 | 1659.75+0.4 9+0.1 1 -
(n=3, mean+SD)
Heckel Plot y =0.9319x+0.4772
R*=0.7842
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Figure 2. Heckel plot of BM-loaded Eudragit® EPO SD

2.2.2 Scanning Electron Microscopy (SEM):

SEM studies were conducted to qualitatively examine
the shape and surface morphology of the BM-loaded
Eudragit® EPO solid dispersion (SD), and the obtained
images are presented in Figure 3. According to Lee H et
al., the pure bosentan drug exhibited irregular, non-
spherical morphology, a polydisperse size range, and a
crystalline particle state. In contrast, the BM-loaded
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Eudragit® EPO SD revealed irregularly folded and
flocculated round morphology with a smooth surface and
monodisperse size range.

The differences in particle morphology between the
pure drug and the spray-dried formulations suggested the
conversion of the drug from a crystalline form to an
amorphous form, consistent with the XRPD results [22].
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Figure 3. SEM of BM-loaded Eudragit® EPO SD

2.2.3 Particle size: further formulation [22].

The particle size of the spray-dried dispersions is
presented in Table 3. The SD5 composition has the smallest Table 3. Particle size of BM SD5
particle size of 213.4 nm, which enhances the surface area of Batch code | Particle Size (nm)
smaller particles, promoting better wetting and faster SD5 213.4+0.6
dissolution. This, in turn, leads to improved drug solubility (n= 3, mean+SD)

and bioavailability. Consequently, SD5 will be utilized for
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Figure 4. Particle size of BM-loaded Eudragit® EPO SD5
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2.2.4 Drug content:

The spray-dried dispersions were solid, free-flowing,
fine powder with a drug content of 74.2% and 94.4%, as
shown in Table 4. SD5 exhibited a drug content of 94.4 +
0.9% with uniform drug distribution, good flowability, and
compressibility, as observed in the flow properties.

2.2.4 Saturation solubility:

Saturation solubility showed statistically significant

Sayali Raut et al.

improvements in solubility, increasing from 55.54+0.21 to
138.16+0.47 pg/mL. BM was formulated into SD
employing a carrier Eudragit® EPO at a 1:5 ratio, as
detailed in Table 4. In SD, the saturation solubility of BM
increased to 138.16+0.47 pg/mL. Based on the overall
evaluation, especially the saturation solubility and drug
content, the composition SD5 was selected for preparing
tablet formulations.

Table 4. Drug content and saturation solubility of BM SD

Batch code BM : Eudrz.agit® Solubility in Drug Saturation solubility
EPO ratio water (mg/mL) | content (%) (mg/mL)

Pure drug - 0.009 - 50.61+.043
SD1 1:1 0.085 74.2+0.5 55.54+.021
SD2 1:2 0.091 82.7+0.7 88.72+0.19
SD3 1:3 0.098 83.9+0.4 104.33+0.36
SD4 1:4 0.099 91.5+0.1 123.63+.058
SD5 1.5 0.103 94.4+0.9 138.16+0.47

(n= 3, meantSD)

2.3 Formulation of tablets:

The composition SD5 was selected for the formulation of
tablets among various compositions. The wet granulation
technique was employed in this instance for tablet creation.
HPMC K4M and MCC were used as binders, while talc and
magnesium stearate served as glidant and lubricant. The
choice of HPMC K4M was based on its ease of usage, better
compressibility, high drug loading capacity, good stability
over a wide pH range, and quick swelling [23]. MCC was

selected for its ability to hold water, aiding in uniform
granulation [24]. Talc was included to reduce interparticulate
friction, van der Waals forces, and electrostatic charges,
improving powder flow properties [25]. Magnesium stearate,
an affordable and chemically stable lubricant, was used for its
high lubrication power and high melting point [26]. Six tablet
formulations, F1 to F6, were designed using SD5 and other
tableting excipients, as detailed in Table 5.

Table 5. The formulation composition of BM SD tablets

Compoenents (mg) F1 F2 F3 F4 F5 F6
SD5 powder 90 90 90 90 90 90
HPMC K4M 56.74 | 52.73 | 48.75 | 44.74 | 40.73 | 37.75
MCC 43.26 | 47.27 | 51.25 | 55.26 | 59.27 | 62.25
Talc 7 7 7 7 7 7
Magnesium stearate 3 3 3 3 3 3
Total weight 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0

2.4 Evaluation of Tablets:

evaluated to determine an optimized tablet formulation.

Six tablet formulations (F1-F6) were prepared and
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2.4.1 Thickness:

Tablet thickness is crucial for administration comfort
and therapeutic efficacy [27]. It influences disintegration
and dissolution behavior. The thickness of tablet
formulations (F1-F6), measured by digital vernier caliper,
ranged from 2.85+0.42 to 3.92+0.05 mm, as shown in Table
6. This falls within the pharmacopoeial limit for thickness,
which specifies that the tablet diameter should be 8 mm or
less.

2.4.2 Hardness:

Tablet hardness should be within an optimal range, as
both excessively high and low hardness can impact
disintegration. The hardness of the tablets was determined
using the Monsanto hardness tester. The hardness of all
tablet formulations was in the range of 3.7+£0.47 to 5+0.31
kg/lcm2, as detailed in Table 6. This falls within the
pharmacopoeial specifications of 3-6 kg/cm?.

2.4.3 Friability:
Tablet friability measures the resistance of compressed
tablets against coating and packaging during

manufacturing and shipping. The pharmacopoeial limit for
friability is less than 1% of the tablet mass. The % loss of
tablets for formulations F1-F6 ranged from 0.38+0.02 to
0.54+0.03%, as indicated in Table 6. The friability test
results suggest compliance with the official limits,

ensuring sufficient tablet strength.

2.4.4 Weight variation:

Tablet weight variation is crucial for verifying dosage
consistency and supporting tablet strength, safety, and
identity. The weight variation of tablets in each batch was
assessed using an analytical balance, as detailed in Table
6. The % weight variation for batches F1-F6 ranged from
4.18+0.07 to 7.54x0.8%, in compliance with
pharmacopoeial specifications of £7.5%.

2.4.5 Disintegration time:

Disintegration time reflects the duration needed to
break down a tablet into smaller pieces, creating a larger
surface area for faster dissolution. In vitro disintegration
time was determined using a disintegration tester, and the
results for formulations F1 through F6 ranged from 325
to 45+1 sec, as presented in Table 6. These values align
with pharmacopoeial standards of 3 minutes.

2.4.6 Drug content:

The drug content of all prepared tablet formulations was
assessed using a UV-visible spectrophotometer. The drug
content in formulations ranged from 93.15+0.2 to
95.41+0.05%, as shown in Table 6. Formulation F2 exhibited
the highest drug content at 95.41+0.05%, surpassing the
values obtained for other formulations.

Table 6. Evaluation of bosentan tablets

Batch Thickness Hardness Friability Weight Disintegration time | Drug content

code (mm) (kg/cm?) (%) variation (%) (sec) (%)
F1 2.91+0.21 4.5+0.23 0.39+0.05 4.5610.10 36+2 93.55+0.21
F2 3.92+0.05 5.0+0.31 0.54+0.03 7.54+0.8 45+1 95.41+0.05
F3 2.85+0.42 4.4+0.73 0.38+0.02 5.22+0.12 38+3 94.85+0.75
F4 3.75+0.81 4.5+0.99 0.45+0.08 4.18+0.07 4014 93.15+0.12
F5 2.94+0.58 3.9+0.93 0.39+0.09 3.17+0.5 33+6 94.32+0.32
F6 2.86+0.65 3.7+0.47 0.45+0.04 2.45+0.20 3215 94.62+0.89

(n=3, mean+SD)

Based on the data analysis of the evaluated tablet
characteristics, including a thickness of 3.92+0.05 mm,
hardness of 5.0+0.31 kg/cm2, friability of 0.54+0.03%,
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weight variation of 7.54+0.8%, disintegration time of 45+1
sec, and drug content of 95.41+0.05%, Formulation F2
was concluded to be the optimized one.
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2.4.7 In vitro drug release:

In vitro drug release from plain BM and the optimized
F2 BM SD was studied using USP XXII type |1 dissolution
test equipment. The results of in vitro drug release were
plotted as cumulative percent drug release vs. time, as
illustrated in Fig. 1. At the end of 9 hours, Formulation F2
exhibited the highest dissolution rate of 98.21%, while for
the same duration, the release from plain BM was 38.7%.
Comparisons with previously reported work concluded
that BM could be successfully formulated with HPMC
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K4M and HPMC K15M. Formulation containing BM:
HPMC K4M in the ratio 1:0.5 was optimized, maintaining
a drug release of 96.3 £ 0.53% for 12 hours. Furthermore,
the cumulative drug release obtained through the
dissolution study of BM formulated with Eudragit® EPO
was 98.21%, sustaining drug release up to 9 hours.
Therefore, the BM tablet formulation containing
Eudragit® EPO appeared as an effective polymer that
enhanced the drug's dissolution ability.

—— Plain BM
——BM SD

8 10

Figure 5.A plot of Cumulative % Drug Release versus Time of Plain BM and BM SD

2.4.8 XRPD Analysis:

The X-ray powder diffraction pattern of pure BM and
Formulation F2 is presented in Fig. 2. The drug's
diffractogram pattern was indicated by the existence of
sharp peaks at 21.8° and 27.8°, confirming its crystallinity.
In Formulation F2, in addition to a decrease in the

sharpness of peaks, the multiple sharp peaks that were
present with the plain drug were statistically decreased,
suggesting amorphization of the drug. This physical
change demonstrates that the BM was dissolved to a
molecular level in a SD, which further controls the drug's
ability to effectively dissolve in the medium [28].
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Figure 6. XRPD Analysis of (A) Bosentan monohydrate and (B) F2 formulation

2.49FTIR Analysis:

The FTIR distinctive peaks in BM, Fig. 3, appeared at
2960.73 cm for CHs-stretching, 3493.09 cm? for OH-
stretching, 1080.14 cm for C-O stretching in ether, and
1384.89 cm? for S=O stretching. The CH; and OH

Transmittance (%)

stretching peaks at 2927 cm™ and 3383 cm? for
formulation F2 showed only a minor change. It reflects
intermolecular hydrogen bonding potential of F2
formulation. These findings were close to results reported
by Hajare et al. (2020) for clobetasol propionate [29].

W\MMM[\[W (A)
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W ©
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Figure 7. FTIR spectra of (A) Bosentan monohydrate and (B) HPMC K4M (C) Eudragit EPO (D) MCC (E) F2 formulation

2.4.10 DSC Analysis:

A popular thermal analysis method known as
differential scanning calorimetry (DSC) provides accurate
data on a material's physical and energetic properties. The
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melting point endotherm of BM was found to be at 104.2
°C, whereas that of the F2 batch was found at 68.8 °C. The
DSC thermogram of formulation F2 showed reduced and
diffused endothermic peaks, as seen in Figure 7. The
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diffused DSC pattern of the formulation indicated that the
endothermic peak had shifted, and its strength had
decreased, indicating that the drug had changed from being
crystalline. The drug's dissolving rate statistically
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increased as a result of its conversion from the crystalline
to the amorphous state, as the latter has high internal
energy and is thought to be in a highly disordered
condition [30].

(A)

XS Wer

\ A
200.0 4200 200.0

Figure 8. DSC Thermogram of (A) Bosentan monohydrate and (B) F2 formulation

2.4.11 Drug release kinetics study:

To estimate the mechanism of drug release from SD,
the in vitro release data was fitted to multiple drug release
kinetics models. The findings showed that the formulation
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was best explained by Higuchi release kinetics (square root
kinetics), as depicted in Figure 6, indicating that the drug
diffuses at a slower pace as the distance for diffusion
increases.
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Figure 9. Comparative plots of (a) zero-order release kinetics, (b) first-order release kinetics, (¢) Higuchi
(SQRT) release kinetics, and (d) Korsemeyer-Peppas model for the selected SD formulation

2.4.12 Stability study:

According to ICH guideline requirements, stability
tests of the optimized formulation F2 were performed for
three months at 40°C and a relative humidity of 75%. After
90 days, the sample was removed and tested for drug

content and percent drug release, as shown in Table 7. At
the end of the 3 months, the drug content was within the
pharmacopoeial limit (95.32%), indicating that the
prepared solid dispersion of BM was stable.

Table 7. Drug content and release data for stability study

Sr. No. Drug content (%) Drug release (%)
0" Day 90" Day 0" Day 90" Day
1 95.41 95.35 98.21 98.12
2 95.48 95.21 98.30 98.21
3 95.35 95.40 98.28 98.31
Mean | 95.41+0.053 | 95.32+0.080 | 98.26+0.038 | 98.21+0.077

(n= 3, meantSD)

3. CONCLUSION

BM, classified as a BCS Class Il drug, poses challenges
due to its poor water solubility. Eudragit® EPO, a newly
introduced polymer, has been investigated for its ability to
enhance solubility and dissolution of BM. The preparation
of solid dispersion complexes of the drug with Eudragit®
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EPO using spray drying has proven effective in enhancing
the drug's solubility and dissolution. The likely mechanism
behind the improved dissolution of BM involves a physical
change in the state of the solid dispersion and the
solubilizing effects facilitated by hydrogen bonding
formed between Eudragit® EPO and the drug molecules.
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Further exploration of Eudragit® EPO in extensive
research, encompassing various model drugs, stability
studies, and clinical testing, is warranted.

4. MATERIALS AND METHODS
4.1 Materials

Bosentan monohydrate was provided by Megafine
Chemicals Pvt. Ltd., Mumbai, India. Evonik Industries
Pvt. Ltd., Mumbai, supplied Eudragit® EPO. HPMC K4M
was purchased from Loba Chem Ltd., Mumbai, India.
Analytical-grade chemicals were utilized for all
compounds and reagents.

4.2 Preparation and optimization of solid
dispersion:

Solid dispersion (SD) was created via spray drying
because it enables speedy solvent evaporation, resulting in a
quick transformation of the drug: carrier solution into solid
particles. Different drug carrier ratios of BM were dissolved
in methanol (10% wi/v) with Eudragit® EPO (1:1, 1:2, 1:3,
1:4, and 1:5). To obtain a clear solution, the liquids were
thoroughly mixed. Using a spray drier (Labultima, Mumbai,
India), the clear solutions were dried at an inlet temperature
of 80 °C, output temperature of 55 °C, feed pump rate of 8
mL/min, aspiration rate of 45 mbar, and atomization air
pressure of 2.5 kg/cm2. To remove any remaining solvents,
the resultant SD was vacuum desiccated for 24 h. The dried
bulk was then triturated and passed through mesh 80 to
ensure a consistent particle size and kept in a tightly sealed
container until it was used [31]. Furthermore, the prepared
compositions were evaluated for drug content and saturation
solubility to optimize the composition of BM SD.

4.3 Evaluation of prepared solid dispersion:

4.3.1 Flow properties and Heckel plot of SD powder:

A. Angle of repose

The angle of repose is a measurement of a powder's or
granules' flowability. The powder is carried freely through
the fixed funnel to create a heap of specified height, and
the angle formed by the powder with that of the base is
determined, from which the flow type of the sample is
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identified. The powder's angle of repose was calculated
using the fixed funnel free-standing cone technique using
the formula [21]:
0= tan‘l% ....... (Equation 1)

Where, h: Height between the lower tip of a funnel and
the base of a heap of granules, r is the radius of the base of
heap formed.

B. Bulk density

The bulk density of all batches of S-SNEDDS was
assessed by gently pouring 5g of powder through a glass
funnel into a 10 mL graduated cylinder and recording the
volume filled by the sample. The following formula was
used to compute the bulk density [21]:

. g\ _ Weight of samplesing
Bulk density (E) — Volume occupied by sample

(Equation 2)

C. Tapped density

A glass funnel was used to pour 5 g of powder into the
10 mL graduated cylinder. A consistent volume was attained
by tapping the cylinder from a distance of 2 inches. After
recording the volume of powder occupied after tapping, the
tapped density was obtained as follows [21]:

Weight of samples (g)
Tapped volume occupied by sample

(Equation 3)

Tapped density (ﬁ) =

D. Hausner’s ratio

The Hausner ratio was calculated to characterize the
flow of a powder blend. When the Hausner ratio exceeds
1.25, it is regarded to be a sign of poor flowability. The
following was the formula [21]:

Tapped bulk density

Hausner’s ratio = (Equation 4)

Loose bulk density

E. Carr’s Compressibility Index (CCI)
Carr's compressibility index was calculated with the
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formula as follows [21]:

TBD-LBD

%CCI = sy X 100............ . (Equation 5)

Where, TBD = Tapped bulk density, LBD= Loose bulk
density.

F.  Heckel plot

A single punch machine (KBR Manual Hydraulic
Press) equipped with a round flat-faced stainless steel die
cavity with a diameter of 10 cm was used for the
preparation of the compacts. In advance of the
compression, the punch faces and the die wall were
lubricated with a 2% magnesium stearate suspension in
acetone. Six tablets of 200 + 3 mg weight were prepared at
each of the 6 different compression pressures (0.5, 1, 1.5,
2, 2.5, and 3 tons). Compact weight, hardness, diameter,
and thickness of out-of-die tablets, and radius, were
measured. Compact density was calculated using its
weight (w), diameter (d), and thickness (t). Out-of-die
tablet relative density at any compression pressure was
calculated as the ratio of compact density to true density.
The negative natural logarithm of tablet porosity was taken
as its densification. Finally, the graph of In (1/1-Rd) versus
pressure was plotted to analyze the compression properties
of the powder compacts [21].

4.3.2 Scanning Electron Microscopy (SEM):

Morphological analysis was performed using Scanning
Electron Microscopy (JEOL JSM-6360, Japan). The
samples were fixed on a brass stub using double-sided
adhesive tape and made electrically conductive by coating
in a vacuum (6 Pa) with platinum (6 nm/min) using a
Hitachi lon Sputter (E-1030) for 120 s at 15 mA. The SEM
images were analyzed using an image analysis system
(Imagelnside Ver 2.32) [32].

4.3.3 Particle size determination:

The particle size of all freshly prepared BM-SD
formulations was determined by using Zetasizer version
11(Malvern Instruments, Worcestershire, UK) with the

manufacturer’s software [32].
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4.3.4 Drug content determination:

The percentage of drug content in SD was estimated by
dissolving the SD equal to 10 mg of BM in 100 mL of
methyl alcohol. This solution was further diluted with
phosphate buffer (pH 6.8) and the absorbance of each of
these solutions was measured at 273 nm [32].

Percentage drug content =
Actual amount of drug
Theoretical amount of drug

(Equation 6)

4.3.5 Saturation solubility studies:

To the glass vials holding 5 mL of phosphate buffer
(pH 6.8), each SD was introduced individually. These vials
were shaken in the orbital shaker cum incubator at 20 rpm
for 24 h at 37£0.5 °C. Samples were filtered using
Whatman filter paper (No. 41), and relevant dilutions with
phosphate buffer (pH 6.8) were prepared, and finally
evaluated spectrophotometrically by detecting absorbance
at 273 nm [33]. Depending on the results of drug content
and saturation solubility studies, one composition was
optimized and used to prepare tablets.

4.4 Formulation of tablet:

The optimized SD (SD5) was passed through # 80
followed by the addition of calculated amounts of each
tableting ingredient o form a uniform blend. This blend
was gradually supplemented with an appropriate amount
of the granulating agent to support tablet formation. The
resulting granules were passed through #22/44 and dried
at 40 °C for 12 h. On completion of drying, binders HPMC
K4M, and MCC were incorporated, followed by the
addition of talc as glidant and magnesium stearate as
lubricant. The tablets were prepared by the direct
compression and evaluated for several pharmacopoeial
tests to optimize the formulation [34].

4.5 Evaluation of tablets:

4.5.1 Weight variation:

All 20 tablets from the optimized tablet formulation
batch were separately weighed individually. The weight of
each tablet was compared against the average weight of
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tablets. The following formula was then used to calculate
the percent weight variation [35].

Individual weight

%Weight variation = x 100  (Equation 7)

Average weight

4.5.2 Thickness:

To measure the thickness and diameter, a digital
vernier caliper was used. This test was done to examine the
uniformity in tablet size and thickness. It was determined
by arbitrarily picking 5 tablets from each formulation and
measuring with a vernier caliper to calculate the mean
thickness [35].

4.5.3 Hardness:

The hardness of the tablet depends on the quantity of
material filled in the die and the amount of compressional
force applied. Tablet hardness affects the resistance offered
by them during handling, transportation, or storage before
use. Tablets' hardness was determined by employing a
Monsanto hardness tester [36]. The top plunger was pushed
against a spring by spinning the threaded bolt while the
lower plunger was kept in contact with the tablet, and the
reading recorded was zero. A hardness test for tablets was
conducted on randomly selected 5 tablets from the
optimized batch. This force applied continued until the
tablet broke. The fracture force was measured and
subtracted from the zero-force value [37].

4.5.4 Friability:

The Veego friabilator was used to test friability.
Normally, a pre-weighed tablet sample from each created
batch was placed in a friabilator and rotated 100 times.
After a subsequent reweigh, the tablets were measured
again, and the following formula was used to determine the
% loss [35].

Initial weight — Final weight

0 iabilitv =
/oFI‘lablllty Initial weight

x 100  (Equation 8)

4.5.5 In vitro disintegration time:
The USP disintegration tester was used to conduct a
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disintegration test, (Model ED-2L, Electrolab, Mumbai). In
order to perform this test, the disintegration medium used
was phosphate buffer (pH 6.8) kept at 37 +2 °C. A total of 6
tablets were put in the tubes of a tester, and the amount of
time it took for each tablet to disintegrate and dissolve in the
medium without leaving any residue was noted [37].

4.5.6 Drug content:

The weight of randomly selected 5 tablets was
recorded individually and the average weight was
calculated. These tablets were powdered in a mortar using
a pestle. The powder weight equivalent to 40 mg of BM
was transferred into a volumetric flask containing
phosphate buffer (pH 6.8) and the volume was made up to
100 mL. Further, the solution was kept aside for a day to
allow for the complete dissolution of the drug. This
solution was then diluted to obtain a solution of strength
10 pg/mL. This diluted solution was filtered, and
absorbance was recorded at 273 nm on a UV-visible
spectrophotometer [36].

4.5.7 XRPD Analysis:

XRPD analysis of powdered samples was
accomplished by using an X-ray diffractometer (Bruker,
Germany). It was used to measure the angle of diffraction
in the range of 4 - 40° within the reproducibility limit of
+0.001. The rate meter's scanning speed of 2°0/min was
used to record the XRPD pattern automatically. The XRPD
patterns of pure drug and formulation were recorded and
analyzed [38].

4.5.8 FTIR Analysis:

A Diffuse Reflectance Fourier Transform Infrared
Spectroscopy (DRS-FTIR) (Bruker, Germany) was used to
obtain the FTIR spectra of BM and tablet formulation. Dry
KBr was mixed with 2 to 3 mg of samples, and the spectra
were scanned throughout a wave number in the range of
4000 to 400 cm! [39].

4.5.9 DSC Analysis:

The DSC thermogram of the BM and its tablet
formulation was used obtained using Hitachi 7020 to
assess its thermal behavior. The sample was heated at a
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constant rate of 10 °C/min throughout a temperature range
of 25 - 350 °C while being hermetically enclosed in
aluminum pans. An inert atmosphere was maintained by
purging with nitrogen at a flow rate of 60 mL/min [40].

4.5.10 Dissolution study:

In vitro drug release studies provide information about
the amount of drug released from the formulation. The
dissolution of the tablets was examined using USP XXII
type Il dissolution test equipment (Electrolab-TDT 08L).
These paddles are placed in a vessel containing the
dissolution medium in the dissolution test apparatus,
rotating at 50 r.p.m. Aliquots were taken out at scheduled
time intervals of up to 9 hrs and evaluated
spectrophotometrically using a UV-visible
spectrophotometer (Jasco V630) at a maximum
wavelength of 273 nm [35].
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