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Abstract

Bedaquiline fumarate is described in the thesis as a poorly water-soluble drug, creating a formulation challenge
for oral delivery. The study aimed to formulate and evaluate a bedaquiline-loaded nanoemulsion using poly(o-
decalactone) (PDL) as the polymeric oil phase and Pluronic F-68 as surfactant. Pre-formulation investigations
included organoleptic assessment, melting point determination, FTIR, X-ray diffraction, differential scanning
calorimetry, UV analysis, partition coefficient determination, calibration curves and solubility studies.
Nanoemulsions were prepared by a nanoprecipitation approach, followed by evaluation of particle size,
polydispersity index (PDI), zeta potential, drug content/entrapment, in-vitro release, release kinetics, stability
and in-vitro antibacterial activity. The thesis reports poor solubility of the drug in water compared with acetone
and methanol. The calibration curves showed reported R? values of 0.9969 and 0.9999 for the specified solvent
systems. In-vitro release data in PBS pH 6.8 showed greater cumulative release from the drug-loaded
nanoemulsion than from free bedaquiline at the reported time points. The zero-order model had the highest
reported correlation coefficient (R* = 0.9777). The thesis reports a zone of inhibition of 2.8 + 0.52 mm for
bedaquiline-loaded nanoemulsion and 1.56 = 0.06 mm for bedaquiline suspension. Storage observations
indicated better stability under refrigerated conditions than under the stated accelerated condition. Some
formulation identifiers and values differ across thesis sections; this article preserves the values and terminology
as presented rather than attempting to reconcile them.
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Introduction

Nanoemulsions are dispersions of nanosized
droplets of one immiscible liquid in another,
commonly oil and water, stabilized by surfactants
or emulsifiers. The thesis describes their
pharmaceutical interest in improving aqueous
solubility, bioavailability and delivery of drugs.
Their small droplet size provides a large interfacial
area and may support improved dispersion and

concentration, temperature, pH and preparation
conditions are therefore important formulation
considerations. High-energy techniques include
high-pressure homogenization and ultrasonication,
while low-energy approaches use system properties
or phase behavior to form small droplets.

Poor aqueous solubility and bedaquiline: The

drug delivery. Nanoemulsions can be developed in
several dosage forms and may be administered
through different routes, although the present work
focuses on oral delivery.

Nanoemulsions are kinetically stable rather than
thermodynamically stable systems. Their physical
stability can be affected by Ostwald ripening,
flocculation, coalescence, creaming and
sedimentation. Composition, surfactant
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thesis identifies poor aqueous solubility as a
limitation in oral drug delivery because dissolution
can affect drug absorption and bioavailability.
Bedaquiline  fumarate is described as a
diarylquinoline drug used in multidrug-resistant
tuberculosis treatment. The thesis emphasizes its
lipophilic character and low water solubility as the
rationale for investigating a nanoemulsion delivery
system.
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The study explores a polymeric nanoemulsion
containing bedaquiline fumarate, using poly(d-
decalactone) as the polymeric oil/carrier
component and Pluronic F-68 as surfactant. The
work combines pre-formulation assessment,
formulation development, physicochemical
characterization, in-vitro release and antibacterial
evaluation. The article below follows the study
structure and reports the experimental observations
available in the thesis without introducing outside
experimental data.

Aim and Objectives: The stated aim was to
formulate an oral-delivery nanoemulsion of
bedaquiline and to evaluate its potential advantages
over conventional delivery.

The objectives listed in the thesis were:

e  Preparation and optimization of bedaquiline-
loaded nanoemulsion.

o  Characterization and evaluation of the
bedaquiline-loaded nanoemulsion.

o  Evaluation of in-vitro antibacterial activity and
maximization of drug solubility.

e Design of a nanoemulsion-based delivery
system to encapsulate the drug and improve
drug stability, with lipid nanoemulsions
considered as  candidates for  oral

administration.
o Assessment of the antibacterial potential
against bacterial strains including

Mycobacterium tuberculosis.

e Evaluation of mean  particle size,
polydispersity index, zeta potential, zone of
inhibition and minimum inhibitory
concentration.

Study workflow: The plan of work comprised pre-
formulation studies; compatibility studies between
the drug, polymer and surfactant; formulation of
PDL  nanoemulsion by  nanoprecipitation;
optimization of formulation and process variables;
and  characterization of the drug-loaded
nanoemulsions.

The listed pre-formulation procedures included
organoleptic evaluation, melting point, FTIR,
XRD, DSC, UV spectral analysis and calibration
curve preparation, partition coefficient and
solubility studies. The planned evaluation included
droplet-size analysis, PDI, zeta potential, pH, in-
vitro release and release-kinetics analysis. The
thesis also reports stability studies and in-vitro
antibacterial activity.

Materials and Methods

Drug and formulation components: Bedaquiline
fumarate was the active drug. The thesis identifies
poly(d-decalactone) (PDL) as the polymeric
carrier/oil component and Pluronic F-68 as the
surfactant.
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Solubility screening also included acetone,
methanol, phosphate-buffered saline (PBS) and
water. The drug—polymer—surfactant mixture was
assessed for possible interactions by FTIR.

Pre-formulation studies: Organoleptic properties
were recorded for the drug sample. The melting
point was determined by the capillary method.
FTIR spectroscopy was wused to examine
characteristic ~ functional-group  bands, X-ray
diffraction was used to assess crystalline
characteristics, and differential scanning
calorimetry  was included for  thermal
characterization. UV-visible spectroscopy was used
to identify the wavelength maximum and prepare
calibration curves.

The partition coefficient was determined by the
shake-flask method using n-octanol and water.
Solubility was assessed in selected solvents and
aqueous media. Calibration curves were prepared
in the solvent systems described in the thesis, and
absorbance was measured using a UV-visible
spectrophotometer.

Preparation and optimization: The thesis states
that bedaquiline-loaded nanoemulsions were
prepared using a nanoprecipitation/spontaneous
preparation approach with PDL and Pluronic F-68.
Formulation and process variables included the
drug: polymer:surfactant ratio, stirring speed and
stirring time. Six batches, RNE1 to RNE6, were
compared in the optimization table. The recorded
conditions ranged from 800 to 1300 rpm and from
1 to 6 hours, with different component ratios.

Because the thesis contains differing descriptions
of the best-performing batch in different sections,
this article does not silently assign a single
reconciled  batch  identity. Batch-specific
observations are reported in the results with their
corresponding thesis context.

Characterization of nanoemulsions: Particle size
and PDI were measured using a zeta sizer
(Malvern, UK), according to the thesis. Zeta
potential was also determined. Formulation pH was
measured using a digital pH meter.

Drug content was determined using a UV-visible
spectrophotometric method after diluting 10 pL of
bedaquiline  nanoemulsion  1000-fold  with
methanol; the thesis gives drug content as dissolved
drug divided by added drug, multiplied by 100.

FTIR compatibility and formulation analysis:
FTIR spectra of bedaquiline, PDL, Pluronic F-68
and their physical mixture were examined to
identify characteristic peaks and assess possible
drug—excipient interaction. The prepared placebo
and drug-loaded nanoemulsions were also
compared by FTIR.
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In-vitro drug release: In-vitro release was
assessed using a dialysis bag in PBS pH 6.8. The
method section specifies stirring at 37 + 0.5 °C and
100 rpm, with a dialysis membrane molecular-
weight cut-off reported as 12,000-14,000 Da.
Samples were evaluated over time and cumulative
drug release was calculated. The thesis compares
free  bedaquiline  with  bedaquiline-loaded
nanoemulsion.

Release-kinetics models: Release data were fitted
to zero-order, first-order, Higuchi, Hixson—Crowell
and Korsmeyer—Peppas models. The correlation
coefficients reported for these models were used to
compare the fit of the release data.

Stability and morphology: Stability was assessed
under refrigerated conditions reported as
approximately 3 + 5 °C and under 25 + 2 °C/60 +
5% relative humidity. Samples were examined at
intervals for particle size, PDI and zeta potential.
The thesis also describes centrifugation stress
testing and transmission electron microscopy
(TEM) for morphology.

In-vitro antibacterial activity Antibacterial activity
was evaluated by the agar-well diffusion method,

e-ISSN: 0976-822X, p-ISSN: 2961-6042

with the thesis describing testing against
Mycobacterium  tuberculosis. The zone of
inhibition was reported for bedaquiline-loaded
nanoemulsion, blank nanoemulsion, bedaquiline
suspension and normal control. Minimum
inhibitory concentration (MIC) values were also
reported.

Results

Organoleptic and physicochemical characterizat
ion: The drug sample was described as a whitish
crystalline powder, odorless and bitter. The
capillary-method melting point was reported as 175
+ 2 °C in the pre-formulation results.

The drug profile elsewhere in the thesis lists a
melting-point range of 158-163 °C; these values
are retained as separately reported in the source.

Spectral and solid-state studies: The FTIR
description identifies bands attributed to O-H
stretching at 3350-3200 cm™, aromatic C-H
stretching at 3050-3010 cm™, aliphatic C-H
stretching at 2950-2850 cm™, and a fumarate
carbonyl band near 1725-1700 cm™. Bands were
also described for aromatic C=C, C-N, C-O and
aromatic C—H bending.
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Figure 1:

The XRD description reports distinct peaks around 20 values of 13—14°, 16-20°, 23-24° and 27-29°, interpreted
in the thesis as confirming crystalline character. The DSC discussion describes a melting endotherm near 160

°C, alongside other thermal features described in the thesis.
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UV analysis and partition coefficient: The UV
maximum for bedaquiline in acetone was reported
at 324 nm. The shake-flask determination gave a
partition coefficient/log P value of 7.3 + 0.02 for n-
octanol/water, which the thesis interpreted as
evidence of the drug’s lipophilic nature.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Calibration curves: For bedaquiline in PBS pH
6.8 and water (70:30), the thesis reports an R? value
of 0.9969. For PBS pH 6.8 and methanol (70:30),
the reported R? value was 0.9999. The tables
identify measurements at the stated wavelengths
and report mean + SD for n = 3.

Asorbance (A.u.)

0.5 y = 0.0366x + 0.0405
R* = 0.9969

6 8
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=

=
< 0.8 -
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2
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Figure 3:

Solubility: The reported solubility values were 100 + 5 mg/mL in acetone, 30 + 2.52 mg/mL in methanol, 9 + 2
mg/mL in PBS pH 7.4, and 0.8 + 0.0025 mg/mL in water. These results show the lowest reported solubility in
water among the listed media and form the basis for selecting a formulation approach intended to address the

drug’s aqueous-solubility limitation.
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Figure 4:

Excipient solubility and compatibility: The thesis
reports  bedaquiline  solubility in selected
formulation excipients as 100 + 1.21 mg/mL in
poly(d-decalactone), 89.84 =+ 1.84 mg/mL in
Pluronic F-68 and 85.73 + 3.01 mg/mL in Tween.

The thesis notes that surfactant concentration needs
consideration because high amounts may cause
irritation. FTIR analysis of the drug, polymer,
surfactant and physical mixture was used to assess
compatibility. The presence of characteristic drug
peaks in the physical-mixture spectra was
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interpreted in the thesis as indicating no chemical
interaction between the drug, surfactant and
polymer. Comparison of placebo and drug-loaded
nanoemulsion FTIR spectra showed no significant
differences, which the thesis interpreted as
consistent with drug incorporation in the
formulation.

Formulation batches: The optimization table lists
six batches. The table reports the following drug:
polymer:surfactant ratios, stirring speeds, times and
batch values:
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Table 1:
Batch | Ratio Speed Time Globule size | PDI | Zeta potential | Entrapment
(rpm) (h) (nm) (mV) (%)
RNEI | 1:1:10 | 800 1 140.5 0.233 | 4.11 71.32
RNE2 | 1:3:20 | 900 2 130.1 0.148 | -4.00 79.4
RNE3 | 1:5:30 | 1000 3 101.5 0.124 | -3.96 99.95
RNE4 | 1:7:40 | 1100 4 170.8 0.178 | -4.02 92.15
RNES | 1:9:50 | 1200 5 189.5 0.232 | -4.15 76.2
RNE6 | 1:11:60 | 1300 6 210.8 0.255 | -4.08 70.03

The thesis text elsewhere identifies RNE3 as
optimized based on a combination of particle size,
PDI and zeta potential, while the batch table reports
the highest entrapment value for RNEIL. The
summary also reports RNE3 particle size of 116.6 +
6.35 nm, PDI of 0.347 + 0.05, pH of 7.1 £+ 0.03 and
entrapment of 99.95 + 1.35%. These discrepancies
are preserved rather than resolved by adding
assumptions.

Particle size, PDI and zeta potential: The thesis
reports average globule sizes for selected
nanoemulsion formulations in the range of 78.00 to

describes the drug-loaded formulation as having a
PDI of 0.347 + 0.05 in the summary, and reports a
PDI of 0.242 for the blank formulation and 0.347
for the drug-loaded system in the results discussion.
The thesis interprets the PDI values as indicating a
relatively narrow size distribution.

The zeta-potential values listed in the formulation
table were between -3.96 and -4.15 mV.

In the stability table, initial values are reported as -
5.61 £ 0.1 mV for blank nanoemulsion and -11.1 +
0.21 mV for bedaquiline-loaded nanoemulsion. The
thesis discusses zeta potential as a parameter

166.1 nm in one characterization section. It relevant to resistance against droplet aggregation.
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In-vitro drug release: The cumulative drug-
release data in PBS pH 6.8 are summarized below.
At 2 hours, free bedaquiline release was 13.66%
and bedaquiline-NE release was 18.97%. At 4
hours, the respective values were 22.64% and
37.23%. At 6 hours, values were 31.02% and
51.37%; at 8 hours, 39.36% and 58.76%. The thesis
additionally reports bedaquiline-NE release of

e-ISSN: 0976-822X, p-ISSN: 2961-6042

90.11% at 14 hours. The thesis states that free
bedaquiline reached 39.36% cumulative release at
the reported 8-hour table point, while the narrative
describes 39.36% at 14 hours.

This internal difference is not reconciled here.
Across the tabulated common time points, the
reported cumulative release for bedaquiline-NE
was higher than for free bedaquiline.

68.071% at 10 hours, 81.67% at 12 hours and

150

In-Vitro drug release * BQF
= BQF-NE
o
0 5 10 15
Time (h)

Figure 6:

Release kinetics: The reported correlation coefficients (R?) were 0.6410 for first-order, 0.9777 for zero-order,
0.9685 for Higuchi, 0.7094 for Hixson—Crowell and 0.8369 for Korsmeyer—Peppas. Zero-order had the highest
R? among the models listed in the thesis, and the thesis describes the result as indicating a controlled-release
pattern.

A 150 "
2.5+ -
! First Order § ] Zero-order
E203 . - I veanwxezaes
5 » * .3 * ¢ < 1 ®Pe0 9777
S 100 .
£ s vt g 100 .
g . 't 6410 b 3 F3
H
/ 7 L d
E 1.03 i E .
3 g sof .
S E
os] 3 :
*x =l
0. T T U ° v T 1
o 5 10 15 o 5 10 15
Time (h) Time (h)
el
150° Higuchi Model Hixon-crowell model
Yo K- T34 3 ) .
. e ; L 4 > 4
100 700408 =4 ) 3 *
S . 4 s > ™ ¥ = 0.2000°X = 1,889
5 - S ps n'eo.7004
£ s L 2
: . 3
B } -
S o= T T T 1
Ve T T 1
o 1 2 3 4 0 s 10 18
SQRT Time (h)
50
E
3 2.5 Korsmeyer-peppas model
3
S 2.0 e
3 P
> =3
2 1.5 ) ¥ = 1.465°X + 0.4304
= > R%e0.8300
E 1.0 /
3 /
gos //
== /
/
0.0-Yv—v—v—v—r—v — . .
0.0 0.5 1.0 1.5
LogT
Figure 7:

International Journal of Current Pharmaceutical Review and Research

633

Bansal et al.



International Journal of Current Pharmaceutical Review and Research

Stability studies: The thesis reports no visible
phase separation, creaming or sedimentation after
centrifugation for samples stored under refrigerated
conditions, while such signs were reported under
25 £2 °C/60 + 5% RH after centrifugation. During
three months of storage, particle size, PDI and zeta
potential were monitored. At the end of three
months under the stated refrigerated condition, the
table reports blank nanoemulsion size of 150.1 +
9.1 nm and drug-loaded nanoemulsion size of
163.2 £ 7.56 nm. Under 25 + 2 °C/60 + 5% RH, the

e-ISSN: 0976-822X, p-ISSN: 2961-6042

9.13 nm and 310.2 £ 6.2 nm. The PDI values at
three months under the latter condition were
reported as 0.48 £ 0.025 for blank nanoemulsion
and 0.592 + 0.016 for drug-loaded nanoemulsion.

The thesis concludes from these observations that
the formulations were more stable under
refrigerated conditions than under the stated
accelerated condition. It also notes an increase in
size and PDI under the warmer condition, which it
discusses in relation to coalescence and

corresponding three-month values were 280.1 =+ aggregation.
Table 2:
B-NE BQF-NE
Storage Storage | Size (nm) PDI Zeta Size (nm) PDI Zeta
Condition | Time (Mean+ (Mean£SD) | Potential | (Mean+SD) | (Mean+SD) | Potential
(Month) | SD) (Mean£SD)
3+5°C 0 78.00+9.1 0.242+0.014 | -5.61+ 116.1£8.16 | 0.347+0.011 | -11.1+
0.1 0.2
1 140.249.1 0.26+0.013 | -3.98+ 152.248.1 0.17+0.02 -3.78+
0.13 0.2
2 146.449.1 0.284+0.012 | -5.18+ 159.14£7.1 0.19+0.02 -4.28+
0.14 0.25
3 150.149.1 0.28+0.018 | -6.22+ 163.247.56 | 0.192+0.012 | -5.81=+
0.21 0.22
25+2°C 0 78.00+9.1 0.242+0.014 | -5.61+ 116.1£8.16 | 0.347+0.011 | -11.1+
60+5%RH 0.1 0.21
1 160.2+6.13 0.3+0.013 -6.98+ 170.248.13 | 0.27+0.021 -7.78+
0.13 0.28
2 185.448.1 0.424+0.012 | -8.18+ 210.1£9.15 | 0.49+0.025 | -8.28+
0.58 0.25
3 280.14£9.13 0.48+0.025 | -10.22+ | 310.2+6.2 0.592+0.016 | -11.81+
0.25 0.21
S B
__'g 4004 25+20C/60+5 RH = BQF
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g
k=
3
=
=
S
= 1 2
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A
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Morphology: Transmission electron microscopy
was described as showing spherical morphology
and a uniform size distribution for B-NE and
bedaquiline-loaded nanoemulsion. The thesis
reports no visible aggregation or Ostwald ripening
in the images and interprets this as supporting
physical integrity of the observed formulation.

In-vitro antibacterial activity: The zone-of-
inhibition table reports 2.8 + 0.52 mm for
bedaquiline-loaded nanoemulsion, 0.81 + 0.68 mm
for blank nanoemulsion, 1.56 + 0.06 mm for

©

Zone of inhibition(mm)

1

Time (week)
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bedaquiline suspension and 0.0089 £ 0.0059 mm
for normal control. The accompanying narrative
describes the drug-loaded nanoemulsion as
showing the greatest zone among the listed
preparations. The MIC table reports 50.4 ng for
pure bedaquiline, 20.34 pg for bedaquiline-NE and
1 mg for B-NE. The paragraph in the thesis
mentions four values while the displayed table lists
three formulations; this article reports the tabulated
values and notes the source inconsistency rather
than inferring the missing category.

BQF-NE
BQF-Suspension
B-NE

Normal control

Figure 9:

Discussion

Taken together, the thesis results indicate that the
investigated  polymeric  nanoemulsion  was
developed to address the poor aqueous solubility of
bedaquiline fumarate. The reported solvent-
solubility results support the formulation rationale.
The FTIR discussion did not identify a major drug—
excipient interaction, and the in-vitro release table
shows higher cumulative release from the
nanoemulsion than from free drug at the shared
reported time points.

The release-kinetics analysis gave the highest R?
for the zero-order model among those compared.
Antibacterial testing reported a larger zone of
inhibition for bedaquiline-loaded nanoemulsion
than for the bedaquiline suspension and blank
nanoemulsion.  Stability observations favored
refrigerated storage over the stated accelerated
condition. However, batch identity and some
numerical  descriptions differ between the
optimization table, results narrative and summary.
These discrepancies limit the ability to state a
single unambiguous optimized-batch profile from
the thesis alone.

Conclusion

The thesis describes the preparation and evaluation
of a bedaquiline fumarate-loaded polymeric
nanoemulsion using PDL and Pluronic F-68. Pre-
formulation studies characterized the drug and
documented low solubility in water relative to the

Bansal et al.

other tested media. The formulation was evaluated
for physicochemical properties, drug—excipient
compatibility, particle size, PDI, zeta potential,
drug release, release kinetics, stability, morphology
and in-vitro antibacterial activity. The reported in-
vitro release results show higher cumulative release
for bedaquiline-loaded nanoemulsion than for free
bedaquiline at the common time points presented.
Zero-order kinetics had the highest reported
correlation coefficient among the evaluated models.
The bedaquiline-loaded nanoemulsion showed the
highest reported zone of inhibition among the listed
test preparations, and the tabulated MIC was lower
for bedaquiline-NE than for pure bedaquiline.
Stability results favored refrigerated storage
compared with the stated 25 + 2 °C/60 + 5% RH
condition. These findings are limited to the
experiments and reporting contained in the supplied
thesis. They do not establish clinical efficacy or
safety. Several internal inconsistencies are present
in the source, including different descriptions of the
optimized batch, particle-size and entrapment
values, and the time associated with one
cumulative-release value. No attempt has been
made to invent missing values or reconcile these
differences.

Declarations: Funding, conflicts of interest, author
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establish those declarations.
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