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ABSTRACT

Objectives: Aprepitant is a poorly soluble BCS Class IV NK.i receptor antagonist that causes chemotherapy-induced
nausea and vomiting (CINV). The purpose of this research was to develop and optimize Aprepitant mouth dissolving
tablets (MDTSs) to improve its dissolution and compliance, especially in cancer patients with dysphagia.

Methods: Preformulation studies such as solubility, FTIR, and DSC were conducted to understand the drug-excipient
compatibility. A 32 full factorial design was used to optimize the formulations (KF1-KF9) of MDTs, considering
Kollidon® VA64 (A) and Crospovidone XL-10 (B) as independent variables and disintegration time (Y1) and in vitro drug
release after 15 min (Y2) as responses. Following direct compression, tablets were tested for pre- and post-compression
features, dissolution (PBS pH 6.8) and accelerated stability (40 = 2 °C / 75 £ 5% RH, 90 days).

Results: Powder blends showed good flowability (Carr's index < 13.5%). All batches had post-compression parameters
within pharmacopoeial limits. Quadratic polynomial was the optimal model for both responses (R> = 0.9982 for Yi; R? =
0.9991 for Y2). Kollidon® VA64 had the greatest impact on both responses. Batch KF9 with the highest excipient
concentrations was identified as the optimal formulation due to the shortest disintegration time (37.2 sec), highest Qs
(93.4 £+ 2.6%) and almost complete drug release (99.3 = 2.9%) within 45 min. Stability tests revealed no significant drug
loss (98.63 + 0.74%) or change in dissolution for up to 90 days.

Conclusion: The KF9 formulation had short disintegration time and enhanced dissolution, providing clinically relevant
benefits for CINV treatment in dysphagia patients. These results suggest the clinical feasibility of developing Aprepitant
MDTs and its in vivo pharmacokinetics should be evaluated.
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INTRODUCTION Current antiemetic approaches, such as 5-HTs receptor

Nausea and vomiting induced by chemotherapy (CINV)
continues to be one of the most distressing and common side
effects experienced by cancer patients receiving treatment.
Cancer is a major source of morbidity and mortality
worldwide, with more than 19 million new cancers reported
each year ['l. CINV is reported in 70-80% of patients treated
with moderately to highly emetogenic chemotherapy in the
absence of, or due to suboptimal management of, antiemetic
prophylaxis ) The syndrome negatively affects quality of
life, impairs treatment adherence and leads to unexpected
hospital admissions, thus increasing the financial health-
care burden globally Bl The estimated cost burden
associated with CINV globally is in the billions of dollars
annually, both in direct and indirect costs, and places
significant financial burdens on individuals and institutions.

antagonists and steroids, are ineffective in tackling delayed
CINV, which occurs 24-120 hours after chemotherapy .
Moreover, the oral solid forms of currently available
antiemetics pose difficulties due to dysphagia, low patient
compliance (especially in frail cancer patients), and
unpredictable absorption from the gastrointestinal tract.
These continuing challenges highlight the critical need for
new, patient-friendly approaches to drug delivery that more
effectively combat CINV B,

The potent and selective neurokinin-1 (NKi:) receptor
antagonist Aprepitant has become a key anti-emetic in the
prevention of both acute and delayed CINV. Also known as
5-[[(2R,3S)-2-[(1R)-1-[3,5-
bis(trifluoromethyl)phenyl]ethoxy]-3-(4-fluorophenyl)-4-
morpholinyl]methyl]-1,2-dihydro-3H-1,2,4-triazol-3-one,
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Aprepitant is highly lipophilic (log P = 5.0), poorly soluble
in water (BCS Class IV), with an oral bioavailability of 59-
67% due to significant first-pass metabolism by CYP3A4
[, The drug competitively inhibits binding of substance P
at central and peripheral NK: receptors found in the
vomiting centre and gastrointestinal tract, thus blocking the
emetic signalling pathway triggered by cytotoxic drugs [
.The potent antiemetic efficacy of Aprepitant compared to
conventional 5-HT: antagonists has been consistently
demonstrated in preclinical and clinical studies for complete
response in acute and delayed phases of CINV Bl But its
poor physicochemical characteristics such as poor
wettability, hydrophobicity and dissolution-dependent
absorption require novel formulation strategies to improve
its bioavailability and achieve plasma therapeutic levels
upon oral administration (1.

Mouth dissolving tablets (MDTs) are a technologically
advanced oral solid dosage form that rapidly disintegrates
in the mouth (within 60 seconds) in the presence of saliva,
eliminating the need for water. This feature makes MDTs
particularly suitable for elderly, paediatric and cancer
patients who often suffer from dysphagia, nausea, or
weakness ). The fast disintegration of MDTs enables pre-
gastric absorption through the buccal and sublingual routes,
thus bypassing first-pass hepatic metabolism, and
potentially enhancing drug bioavailability '), The choice of
superdisintegrants (e.g. crospovidone, sodium starch
glycolate, and croscarmellose sodium), diluents and
flavours determine the disintegration profile and palatability
of MDTs. Recent developments in direct compression and
sublimation technologies have also facilitated MDT
production while maintaining tablet strength ['!1. The use of
MDT technology for enhancing the oral delivery of BCS
Class IV drugs such as Aprepitant, therefore, offers a
scientifically sound and clinically relevant approach to
overcoming current bioavailability and compliance issues
[12]

The current study intends to develop and optimise mouth
dissolving tablets of Aprepitant via design-of-experiment-
based approaches, with the main goal of improved
dissolution and compliance. The secondary objectives
include physicochemical characterization, in vitro drug
release studies and accelerated stability studies according to
ICH QI1A(R2) guidelines, which, in turn, justify the
therapeutic promise of the optimized formulation in the
treatment of CINV.

MATERIALS AND METHODS

Materials

Aprepitant (pharmaceutical grade, purity > 99.5%, MW
534.43 g/mol) was procured from Sciquaint Innovations
Pvt. Ltd., Pune, India. Kollidon® VA64 (pharmaceutical
grade, vinylpyrrolidone-vinyl acetate copolymer, viscosity
25-35 mPa-s) and Crospovidone XL-10 (USP/NF grade,
cross-linked polyvinylpyrrolidone, particle size < 50 um)
were procured from Sciquaint Chemicals, Pune, India.
Microcrystalline cellulose PH 102 (NF grade, particle size
100 pm) and mannitol (USP grade, directly compressible
grade) were procured from Research Lab Fine Chem

Industries, Mumbai, India. Magnesium stearate (BP grade,
lubricant grade) and talc (IP grade, purified) were obtained
from Research Lab Fine Chem Industries, Mumbai, India.
Potassium dihydrogen phosphate and disodium hydrogen
phosphate (for preparation of phosphate buffer saline pH
6.8) were procured from Research Lab Fine Chem
Industries, Mumbai, India. Methanol, acetone, ethanol and
dimethyl sulfoxide (DMSO) of analytical grade were
obtained from Research Lab Fine Chem Industries,
Mumbai, India. Hydrochloric acid (analytical grade)
required for preparation of 0.1 N HCI solution was procured
from Research Lab Fine Chem Industries, Mumbai, India.
Other chemicals and reagents used were of analytical grade
obtained from commercial sources.

METHODS

Calibration Curve of Aprepitant

A calibration curve was developed and used to calculate the
Aprepitant concentrations in all analytical studies. A stock
solution of Aprepitant (I mg/mL) was prepared by
dissolving 10 mg of accurately weighed Aprepitant in 10 mL
of methanol (Research Lab Fine Chem Industries, Mumbai,
India). The solution was serially diluted with phosphate
buffer saline (PBS) pH 6.8 to prepare the working
concentrations of 2, 4, 6, 8, 10, 12, 14 and 16 pg/mL. The
absorbance was measured at Amax 264 nm using a UV-Vis
spectrophotometer. PBS pH 6.8 was used as a blank. The
Beer-Lambert law was validated and the calibration curve
was drawn as a plot of absorbance vs concentration. The
coefficient of determination (R?) was used to determine
linearity. Triplicate readings (n = 3) were taken and results
reported as mean + SD [13:14)

FTIR Analysis

Fourier transform infrared spectrometry (FTIR) was used to
detect functional groups of Aprepitant and to evaluate any
physical and chemical interactions between drug and
excipients in the physical mixture. About 2 mg of pure
Aprepitant and the physical mixture (Aprepitant: Kollidon®
VA64: Crospovidone XL-10 in ratio corresponding to
formulation composition) were mixed with IR-grade
potassium bromide (KBr) at a ratio of 1:100 (w/w) and KBr
pellets were prepared by pressing the powder mixture in a
hydraulic KBr press at 10 tonnes for 2 min. Spectra were
obtained using an FTIR spectrophotometer in the
wavenumber range from 4000-400 cm™ at 4 cm
resolution, scanning 32 times. The comparison of pure
Aprepitant and physical mixture spectra was made to
ascertain the presence or shift of characteristic bands.
Triplicate measurements (n = 3) were made ['>16)

DSC Analysis

DSC analysis was carried out to assess the thermal
characteristic of Aprepitant and to determine any thermal
interactions and/or changes in crystallinity state in the
physical mixture with excipients. Accurately weighed
amounts (5 £ 0.5 mg) of pure Aprepitant and a physical
mixture were loaded into sealed aluminum pans. DSC
thermograms were obtained using a differential scanning
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calorimeter (DSC 60 Plus, Shimadzu India Pvt. Ltd.,
Bengaluru, India) at a scan rate of 10 °C/min from 30-300
°C under a flow of nitrogen (30 mL/min). An empty sealed
aluminum pan was used as the reference. The onset of the
melting endotherm and the enthalpy of fusion (AH, J/g)
were measured. Preservation or loss of the Aprepitant
endothermic peak in the physical mixture was considered as
compatibility or interaction, respectively. The studies were
carried out in triplicate (n = 3) ['"}

Solubility Study

Preformulation solubility profiling of Aprepitant was
performed in different solvents. Aprepitant (excess) was
added to 10 mL each of distilled water, phosphate buffer pH
6.8, phosphate buffer pH 7.4, 0.1 N HCI, and methanol in
tightly sealed vials. The vials were kept in a thermostated
orbital shaker and shaken at 25 + 0.5 °C at 100 rpm for 72
h for equilibrium solubility. Aliquots were filtered through
a 0.45 pm nylon membrane filter (Neeta Chemicals, Pune,
India), suitably diluted with the same medium and the
absorbance was measured at 210 nm on the UV-Vis
spectrophotometer mentioned in Section 2.1. Concentration
of drug was calculated from the standard curve. All
experiments were carried out in triplicates (n = 3) and the
results reported as mean + SD (pg/mL) (18191

Experimental Design

The effect of two independent variables on the properties of
Aprepitant mouth dissolving tablet (MDTs) was studied
using a 32 full factorial design. The factors were: X1,
concentration of Kollidon® VA64 (vinylpyrrolidone-vinyl
acetate copolymer; BASF Corp., Germany), a new excipient
that has not previously been used as a functional
disintegrant-enhancing polymer in Aprepitant MDTs and
X2, concentration of Crospovidone (Polyplasdone XL-10;
Ashland Inc., USA), a common crosslinked
superdisintegrant. Three levels of each factor were
investigated: low (-1), medium (0) and high (+1). The
responses (dependent variables) were: Y1, disintegration
time (DT in seconds) with a goal of minimum, and Y2,
cumulative percentage drug release at 15 min (Qis, %) with
a goal of maximum. Nine formulations (F1-F9) were
obtained from the 32 factorial design. The general response
polynomial equation is:

Y = bo + biX1 + b:2X2 + b12X1X2 + buX12 + b22X2?

where Y is the measured response (Y1 or Y2), bo is the
intercept, b: and b2 are the coefficients for the main effects
of Kollidon® VA64 and Crospovidone XL-10, bi is the
interaction coefficient, and bi, b:: are the quadratic
coefficients. Design-Expert® software (v13.0, Stat-Ease
Inc., USA) was used for design generation, coefficient
estimation, ANOVA, and graphical analysis of response
surface plots (20211

Table 1: Independent and Dependent Variables for 3* Full Factorial Design

Variable Type Low (—1) | Medium (0) | High (+1)

X1: Kollidon® VA64 (mg/tablet) Independent 10 20 30

X2: Crospovidone XL-10 (mg/tablet) Independent 4 8 12
Y1: Disintegration Time (sec) Dependent - - Minimize
Y2: Cumulative drug release at 15 min (%) | Dependent - - Maximize

Table 2: Formulation Table for Aprepitant MDTs (KF1-KF9) per Tablet (300 mg)

Ingredient KF1 | KF2 | KF3 | KF4 | KF5 | KF6 | KF7 | KF8 | KF9
Aprepitant (mg) 80 80 80 80 80 80 80 80 80
Kollidon® VA64 (mg) 10 20 30 10 20 30 10 20 30
Crospovidone XL-10 (mg) 4 4 4 8 8 8 12 12 12

Mannitol DC (mg) 148 | 144 | 140 | 138 | 134 | 130 | 128 | 124 | 120
Microcrystalline Cellulose PH 102 (mg) | 40 40 40 40 40 40 40 40 40
Aspartame (mg) 5 5 5 5 5 5 5 5 5
Magnesium Stearate (mg) 3 3 3 3 3 3 3 3 3
Aerosil 200 (mg) 2 2 2 2 2 2 2 2 2
Peppermint flavor (mg) 8 8 8 8 8 8 8 8 8

Total (mg) 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300

Preparation of Aprepitant Mouth Dissolving Tablets

Aprepitant MDTs (KF1-KF9) were manufactured using
direct compression. All ingredients were separately
screened through sieve #60 (250 um) and dried at 40 °C for
30 min before mixing. Aprepitant (80 mg) was
geometrically mixed with Kollidon® VA64 and
Crospovidone XL-10 as per Table 2 followed by addition of
mannitol DC (Pearlitol 200SD) and MCC PH 102 and
continued mixing for 10 min using a laboratory-scale
blender (V-cone blender, Electrolab, Mumbai, India).

Aerosil 200 (colloidal silicon dioxide) was added as a
glidant and blended for 5 min followed by aspartame and
peppermint flavor. Pre-screened (sieve #60) magnesium
stearate was added as a lubricant and blended for 2 min. The
powder blend was compressed into a 300 mg target weight
tablet using a 10-station rotary tablet machine (Rimek Mini
Press-II, Karnavati Engineering Ltd., India) using 10 mm
round flat-faced punches at a compression pressure of 5-7
kN. The blend was characterized for pre-compression
attributes (angle of repose, bulk density, tapped density,
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Carr's index, Hausner's ratio) before compression 22!

Characterization of Aprepitant Mouth Dissolving
Tablets

Pre-Compression Evaluation

Angle of Repose

The angle of repose of the powder blend was measured to
evaluate the flow properties of the powder blend/granules
before compression. The powder blend was slowly poured
through a funnel set at a height of 10 cm above a horizontal
surface and a cone of powder was formed. The radius (r) and
height (h) of the cone were measured and the angle of repose
(0) was determined by the equation:

tan@=h/r

The powder blends with angle of repose < 30° were
classified as having good flowability, while between 31-35°
were classified as having fair flowability, according to the
pharmacopeial classification. Triplicate samples (n = 3)
were studied and the results were reported as mean + SD (23}

Bulk Density

Bulk density of the various formulation blends (KF1-KF9)
was measured by filling a 100 mL graduated glass
measuring cylinder, without tapping, with a pre-weighed
amount of powder (W). The volume of powder (Vbulk) was
measured and bulk density was calculated as:

Bulk Density (g/mL) = W/ Vbulk

Measurements were performed in triplicate (n = 3) and
results expressed as mean + SD in g/mL 24

Tapped Density

Tapped density was determined using a tap density tester
(Electrolab ETD-1020, Electrolab India Pvt. Ltd., Mumbai,
India). The same powder sample used for bulk density
determination was subjected to mechanical tapping at a rate
of 300 taps/min. The tapped volume (Vtapped) was
recorded after 500 taps, and tapped density was calculated
as:

Tapped Density (g/mL) = W / Vtapped

All measurements were performed in triplicate (n = 3) and
expressed as mean = SD 2%,

Carr's Compressibility Index

Carr's compressibility index (CI) was calculated from the
bulk and tapped density values as an indirect measure of
powder compressibility and flowability using the following
equation:

CI (%) = [(Tapped Density — Bulk Density) / Tapped
Density] x 100

Values of CI < 15% were interpreted as excellent
compressibility, 16-20% as good, and > 26% as poor
compressibility, as per USP classification. All calculations
were performed in triplicate (n = 3) 261,

Hausner's Ratio

Hausner's ratio was calculated from bulk and tapped density
values as an additional indicator of powder flow and
interparticulate friction using the equation:

Hausner's Ratio = Tapped Density / Bulk Density

A Hausner's ratio of < 1.25 indicates good flow, while values
> 1.25 indicate poor flowability. All measurements were
carried out in triplicate (n = 3) and results expressed as mean
+SD 27,

Post-Compression Evaluation

Tablet Appearance and Organoleptic Evaluation

The tablets of all formulations (KF1-KF9) were examined
visually for surface appearance, colour, capping,
lamination, chipping or other physical defects. The
organoleptic evaluation also included shape, colour, odour
and taste of tablets. At least 20 tablets of each batch (KF1—
KF9) were visually inspected for any physical defects under
sufficient light. Tablet Thickness and Diameter (28],

Tablet Thickness and Diameter

The thickness and diameter of ten tablets from each batch
(KF1-KF9) were measured individually using a digital
Vernier caliper (Mitutoyo Corporation, Japan) having least
count 0.01 mm. Tablets were measured at the centre of the
tablet face. The results were expressed as mean + SD in mm
(n = 10). Thickness uniformity is important for packaging,
filling into blister and for appearance %)

Hardness

Hardness, as a measure of tablet strength, was evaluated
using a tablet hardness tester (Electrolab EH-01P, Electrolab
India Pvt. Ltd., Mumbai, India). Six tablets from each batch
were each placed between the two anvils of the tester and
the load required to fracture the tablets diametrically was
measured. The results were reported in kg/cm? as mean +
SD (n = 6). Hardness for MDTs is usually between 2-4
kg/cm? to provide sufficient mechanical strength and allow
for quick disintegration %311

Friability

Friability of tablets was evaluated by using a friabilator
(Electrolab EF-2, Electrolab India Pvt. Ltd., Mumbai, India)
to assess the resistance of tablets to mechanical shocks
during manufacturing, packaging and shipping. A total of 20
tablets were weighed and rotated 100 times at 25 rpm for 4
min. The drum was carefully brushed to remove dust from
the tablets before weighing again. % Friability was
determined using the formula:

% Friability = [(Wo— W) / W] x 100

where Wo = weight of tablets before rotation test; W =
weight of tablets after rotation. The acceptable friability
value is < 1.0% as per USP <1217>. All experiments were
done in triplicate (n = 3) B2133],

‘Weight Variation

Dose consistency (uniformity) was measured by weight
variation. A sample of 20 tablets from each batch (KF1-
KF9) were weighed individually with an analytical balance
(Shimadzu AUWI120D, Shimadzu India Pvt. Ltd.,
Bengaluru, India) and the average weight was determined.
The weight of each tablet was compared to the mean weight,
and the percentage deviation was determined for each tablet.
The test was assessed as per the USP standard, which allows
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up to +7.5% deviation from the average weight for tablets
weighing 200-300 mg. The data were reported as mean
weight + SD (n = 20) B4

Drug Content Uniformity

Drug content uniformity was done to ensure the required
quantity of Aprepitant was present in each tablet. Ten tablets
of each batch (KF1-KF9) were powdered individually and
exactly weighed powder of 80 mg Aprepitant was taken in
a 100 mL volumetric flask. The powder was dissolved in 10
mL methanol, sonicated for 30 min using an ultrasonicator,(
Labline Stock Centre Mumbai, India), volume made up to
100 mL with phosphate buffer (pH 6.8) and filtered through
a 0.45 um nylon membrane filter. It was further diluted and
the absorbance was measured at 264 nm by a UV-Vis
spectrophotometer (Jasco V-730  Spectrophotometer,
Japan). The drug content was determined from the
calibration curve and expressed as percentage of label claim
(n = 10). The range is 90-110% as per USP 35

Disintegration Time

In vitro disintegration time was measured using a tablet
disintegration test apparatus (Electrolab ED-2L, Electrolab
India Pvt. Ltd., Mumbai, India) with 6-tube assembly. Water
(distilled) at 37 £ 0.5 °C was used as the disintegration
medium as per IP/USP monograph for orally disintegrating
tablets. A single tablet was placed in each tube of the basket,
and the disintegration tester was started. The time from the
tablet's placement in the apparatus to the time when it
disintegrated, with no remnant left on the mesh screen other
than starch granules and coating fragments, was considered
as disintegration time. In the case of MDTs, a disintegration
time of < 30 seconds is acceptable according to the
pharmacopeia. Six tablets (n = 6) were measured per batch,
and results reported as mean = SD (seconds) B!,

Wetting Time and Water Absorption Ratio

Wetting time and water absorption ratio (WAR) were
measured as representative  parameters for the
hydrophilicity and porosity of the tablet matrix, which are
in turn related to the disintegration and dissolution of MDTs.
A1 cm x 1 cm piece of tissue paper (folded twice) was
immersed in a 10 mL Petri dish of distilled water containing
Amaranth dye (0.1% w/v). After that one tablet was gently
placed at the centre of wetted tissue paper without any
external force and the time taken for the upper surface of the
tablet to be wetted completely, as indicated by the uniform
distribution of dye through the tablet, was measured as
wetting time with a stopwatch. As soon as the tablet was
fully wetted, it was removed, surface water was absorbed
using tissue paper, and the tablet was weighed again. Water
absorption ratio (R) was calculated using the following
equation:

R =[(W.— W)/ W] x 100

Where W, = weight of tablet after wetting and Wo = weight
of tablet before wetting. The measurements were carried out

in triplicate (n = 3) and the results presented as mean + SD
[37]

In Vitro Drug Release

The in vitro release of Aprepitant from MDTs (KF1-9) was
determined by the USP Type II (paddle) apparatus
(Electrolab TDT-08L, Electrolab India Pvt. Ltd., Mumbai,
India). Phosphate buffer saline (PBS) pH 6.8 as dissolution
medium was used at a temperature of 37 = 0.5 °C and a
paddle speed of 50 rpm. A single tablet was immersed in the
dissolution medium in each vessel at the start of the study.
Samples of 5 mL were withdrawn at predetermined time
points of 2, 5, 10, 15, 20, 30 and 45 min and replaced with
freshly prepared dissolution medium at the same
temperature to ensure sink conditions. The withdrawn
samples were filtered through a 0.45 pm nylon membrane
filter, diluted with PBS pH 6.8 as required and the
absorbance was measured at 264 nm in a UV-Vis
spectrophotometer  (Jasco V-730  Spectrophotometer,
Japan). The cumulative percentage drug release was
determined using the calibration curve. The drug release
data were fitted to zero-order, first-order, Higuchi, and
Korsmeyer-Peppas models, and the model with the highest
coefficient of determination (R?) was deemed to fit the data
best. The release exponent n (Mt/Meoo = Ktn) was
determined from the Korsmeyer-Peppas model to determine
the release mechanism: n < 0.45 suggests Fickian diffusion,
0.45 <n <0.89 suggests anomalous (non-Fickian) diffusion
and n > 0.89 suggests Case-II transport. Dissolution
experiments were conducted in triplicate (n = 3) and results
presented as mean + SD B8

In Vitro Dispersion Time

In vitro dispersion time was evaluated in a separate test from
disintegration to determine how long it took for a tablet to
completely disperse and form a uniform suspension when
placed in a small volume of medium (simulating the oral
cavity). A single tablet was added to a 10 mL beaker
containing 2 mL of distilled water at 37 £ 0.5 °C, and the
time taken for the tablet to completely disperse and form a
homogeneous suspension without visible aggregates was
measured. Triplicate measurements (n = 3) were made and
the results were reported as mean + SD in seconds. This is
an important consideration in MDT performance where
quick oral dispersion for convenience and ease of use is
required )

Surface pH Measurement

The pH of the surface of the prepared MDTs was determined
to predict mucosal irritation after oral administration. The
tablet was swollen for 2 min by placing it on a flat surface
in contact with 0.5 mL of distilled water. The pH of the
swollen tablet surface was measured by putting the flat
surface pH electrode (Lab India, Mumbai) in contact with
the swollen tablet surface. The pH of the surface was
measured. Triplicate measurements (n = 3) were taken and
the results are presented as mean + SD. The surface pH of a
tablet should be in the range of 6.5-8.0 for compatibility
with human oral mucosa 1%
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RESULTS AND DISCUSSION

Results

Calibration curve determination

For Aprepitant, a calibration curve was prepared in
phosphate buffer saline (PBS) pH 6.8 at the desired

0.6
0.5
0.4

0.3

Absorbance

0.2

0.1

0 2 4 6

concentrations. It was described by the equation y = 0.0431x
+ 0.0014 and R? of 0.9999, indicating a linear dependence
of absorbance on concentration. The UV spectrum in PBS
pH 6.8 showed a Amax of 264 nm (Fig. 1) used for all
spectrophotometric studies.

y = 0.0431x + 0.0014
R? = 0.9999

8 10 12 14

Concentration (ug/mL)

Figure 1: UV absorption spectrum of Aprepitant in PBS pH 6.8 showing Amax at 264 nm.

Solubility profile of Aprepitant

The solubility profile of Aprepitant in different solvents and
aqueous solutions (25 + 0.5°C) is shown in Table 3.
Aprepitant had low solubility in water, with values of 4.18
+0.21 pg/mL and 5.32 + 0.34 pg/mL in distilled water and
0.1 N HCI (pH 1.2), respectively, considered as slightly

classified as sparingly soluble. On the other hand, improved
solubility was observed in organic solvents, with the highest
value in DMSO (612.45 = 9.73 pg/mL), followed by
methanol (483.60 + 8.12 pg/mL), ethanol (78.42 + 2.09
pg/mL) and acetone (52.37 + 1.84 pg/mL), exhibiting freely
soluble or soluble properties. This data confirmed the

soluble according to IP/USP guidelines. There was a slight lipophilic behaviour of Aprepitant and hence, its
increase in solubilities in phosphate buffer pH 6.8 (18.74 £ classification as a BCS Class IV drug.
0.62 pg/mL) and pH 7.4 (14.53 + 0.47 pg/mL), which were
Table 3. Solubility profile of Aprepitant in various solvents and aqueous media at 25 + (0.5 °C
Solvent / Medium Solubility (ug/mL) | Classification (IP/USP)
Distilled water 4.18 £ 0.21 Slightly Soluble
0.1 N HCI (pH 1.2) 5.32+0.34 Slightly Soluble
Phosphate buffer pH 6.8 18.74 £ 0.62 Sparingly Soluble
Phosphate buffer pH 7.4 14.53 £ 0.47 Sparingly Soluble
Methanol 483.60 + 8.12 Freely Soluble
Acetone 52.37+1.84 Soluble
Ethanol 78.42 +£2.09 Soluble
DMSO 612.45+9.73 Freely Soluble
Values are expressed in mean + SD, (n=3)
FTIR analysis which is typical for the trifluoromethyl groups in

The FTIR spectra of pure Aprepitant and its physical
mixture with Kollidon® VA64 and Crospovidone XL-10 are
shown in Fig. 2, along with their peak assignments. The
FTIR spectrum of pure Aprepitant showed all characteristic
absorptions of functional groups, such as N-H/O-H stretch
at 3365.05 cm™1, aromatic C—H stretch at 3110.10 cm™1,
aliphatic C-H stretch at 2980.00 cm—1 and C=O stretch
(lactam/amide) at 1703.23 cm™1. Distinct C—F stretching
absorptions were present at 1510.46 cm™ and 1154.76 cm™!,

Aprepitant's structure. All major absorption bands of
Aprepitant were present in the spectrum of the physical
mixture with minor differences in their wavenumber values
(N-H/O-H at 3370.00 cm™, C=0 at 1701.07 cm™, and C-F
at 1509.00 cm™ and 1157.14 cm™, respectively). The
physical mixture did not show any new peak formation or
merging of bands into a broad band, as well as
disappearance of peaks, revealing no chemical interaction
between Aprepitant and the excipients. Preservation of all
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characteristic peaks in the near-original positions indicated
a good physicochemical compatibility of Aprepitant with
selected excipients, Kollidon® VA64 and Crospovidone

XL-10, and confirmed the suitability of this excipient mix
for further formulation.
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Figure 2: FTIR spectrum of (A) pure Aprepitant and (B) physical mixture of Aprepitant with Kollidon® VA64 and
Crospovidone XL-10\

DSC Analysis

Pure Aprepitant exhibited a distinct melting endotherm at
254.06 °C (onset: 250.81 °C; AH: —149.69 J/g), confirming
its crystalline form and polymorphic purity, which is in
agreement with the reported melting point of 254-256 °C
(Fig. 3A). The physical mixture thermogram (Fig. 3B)
revealed two endothermic peaks at 146.06 °C (AH: —26.10

J/g) and 159.58 °C (AH: —29.95 J/g) corresponding to the
melting of Kollidon® VA64 and Crospovidone XL-10,
respectively. The lack of Aprepitant's melting endotherm in
the physical mixture indicated partial amorphization or
molecular dispersion of the drug within excipients. No
exothermic transitions were observed, indicating thermal
stability of the mixture.
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Figure 3: DSC thermogram of (A) pure Aprepitant and (B) physical mixture

Characterization of Aprepitant MDTs

The pre-compression properties of all nine powder mixtures
(KF1 to KF9) are shown in Table 4. The angle of repose for
all nine powder blends ranged from 25.4 £ 0.6° (KF9) to
27.4 £ 0.6° (KF1), all of which are lower than 30 degrees,
suggesting good to excellent flow properties of all
formulations. Bulk density values ranged between 0.412 +
0.008 g/mL (KF1) and 0.431 £ 0.008 g/mL (KF9), while
tapped density ranged from 0.476 + 0.009 g/mL to 0.494 +
0.009 g/mL across the same formulations. The Carr's index
for all the formulations ranged between 12.75 + 0.38% and
13.44 £+ 0.42%, which indicated good compressibility
according to the classification system. Hausner's ratio
values ranged between 1.146 + 0.013 (KF1) and 1.155 =
0.012 (KF9), within the acceptable range of < 1.25, further
suggesting good flow characteristics of powder blends. An
improvement in flow and compressibility indices was
observed with increasing excipient concentrations from
KF1 to KF9, but remained within acceptable limits.

Table 5 shows the post-compression evaluation results for
KF1-KF9. Tablets were observed as white, flat-faced tablets
with uniform thickness (3.20 = 0.05 mm to 3.24 = 0.05 mm)

and diameter of about 10.01-10.02 mm in all batches due to
the same tooling and compression parameters. Tablet
hardness ranged from 3.26 + 0.19 kg/cm? (KF9) to 3.47 +
0.20 kg/cm? (KF7) with all batches demonstrating friability
values less than 1% (KF9: 0.49 + 0.03% and KF7: 0.65 +
0.05%), showing good mechanical strength. Tablet weight
variation for all formulations was in the range 299.4 £+ 1.8
mg - 300.6 £ 1.9 mg (within + 5% of IP/USP limits) and
drug content varied from 98.37 + 0.83% to 99.47 £ 0.61%,
suggesting uniform distribution of drug throughout the
tablet. The wetting time decreased progressively from 48.3
+ 1.6 sec (KF1) to 274 + 1.1 sec (KF9), with a
corresponding increase in water absorption ratio from 62.4
+2.3% to 84.6 +2.8%, respectively, due to increasing levels
of Kollidon® VA64 and Crospovidone XL-10. The surface
pH of all batches ranged between 6.72 + 0.08 and 6.78 +
0.07, well within the physiologically tolerable range (6.5-
7.5), suggesting negligible risk of irritation to oral mucosa.
In vitro dispersion time was found to decrease from 52.6 +
2.1 sec (KF1) to 29.8 + 1.4 sec (KF9), with the fastest
dispersion observed for KF9 batches, in line with its highest
water absorption ratio and lowest wetting time.
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Table 4. Pre-compression evaluation of powder blends for Aprepitant MDTs (KF1-KF9)

Parameter KF1 KF2 KF3 KF4 KF5 KFé KF7 KF8 KF9
Angle of 274+ 26.8 + 26.2 + 27.1+ 26.5+ 259+ 26.8 26.1 + 254+
repose (°) 0.6 0.5 0.7 0.6 0.5 0.6 0.7 0.5 0.6

Bulk density 0412+ | 0418+ | 0424+ | 0415+ | 0421+ | 0427+ | 0417+ | 0423+ | 0431+
(g/mL) 0.008 0.007 0.009 0.007 0.008 0.007 0.008 0.009 0.008
Tapped density | 0476+ | 0481+ | 0486+ | 0478+ | 0484+ | 0490+ | 0480+ | 0487+ | 0.494+
(g/mL) 0.009 0.008 0.010 0.009 0.008 0.009 0.010 0.008 0.009
Carr's index 1344+ | 13.10+ 12.76 = | 13.18+ | 1298+ | 12.86+ | 13.12+ | 13.14+ | 12.75«

(%) 0.42 0.38 0.45 0.41 0.39 0.43 0.44 0.40 0.38
Hausner's ratio 1.155+ | 1.150+ 1.146+ | 1.152+ | 1.149+ | 1.148+ | 1.151« | 1.152+ | 1.147 =+
0.012 0.010 0.013 0.011 0.010 0.012 0.013 0.011 0.010

Values are expressed as mean = SD, (n=3)
Table 5: Post-compression evaluation parameters of Aprepitant MDTs (KF1-KF9).

Parameter KF1 KF2 KF3 KF4 KF5 KF6 KF7 KF8 KF9
White, White, White, White, White, White, White, White, White,

Appearance flat- flat- flat- flat- flat- flat- flat- flat- flat-

faced faced faced faced faced faced faced faced faced

tablet tablet tablet tablet tablet tablet tablet tablet tablet

Thickness 321+ 323+ 324+ 322+ 321+ 323+ 320+ 322+ 324+

(mm) 0.04 0.03 0.05 0.04 0.03 0.04 0.05 0.03 0.04

Diameter 10.01 £+ 10.02 + 10.01 = 10.02 £+ 10.01 + 10.02 + 10.01 + 10.02 + 10.01 +

(mm) 0.02 0.03 0.02 0.03 0.02 0.02 0.03 0.02 0.02
Hardness 342+ 338+ 331+ 345+ 336+ 329+ 347+ 333+ 326+
(kg/em?) 0.18 0.21 0.17 0.19 0.22 0.16 0.20 0.18 0.19
Friability (%) 0.61+ 0.58+ 0.54+ 0.63 £ 0.57+ 052+ 0.65+ 0.56 = 049+
0.04 0.03 0.05 0.04 0.03 0.04 0.05 0.04 0.03
ng;%gtn 299.4+ | 3002+ | 299.8+ | 300.6+ | 299.7+ | 300.1+ | 299.5+ | 3003+ | 299.9+
1.8 2.1 1.6 1.9 2.0 1.7 1.8 22 1.6
(mg)
Drugcontent | 98.42+ | 98.86+ | 99.12+ | 98.54+ | 99.03+ | 9931+ | 9837+ | 9894+ | 9947+
(%) 0.74 0.81 0.68 0.79 0.72 0.65 0.83 0.70 0.61
Wetting time 48.3 + 41.7+ 352+ 43.6 £ 37.4+ 31.8+ 389+ 33.1+ 274+
(sec) 1.6 1.4 1.3 1.5 1.2 1.4 1.7 1.3 1.1
ab:gi;’iron 624+ | 687+ | 743+ | 668+ | 725+ | 791+ | 703+ | 768+ | 84.6=
. 2.3 2.1 2.6 2.4 22 2.5 2.7 2.3 2.8
ratio (%)
Surface pH 6.72+ 6.74 + 6.76 £ 6.73 6.75+ 6.77+ 6.74 + 6.76 £ 6.78 £
0.08 0.06 0.07 0.09 0.07 0.08 0.06 0.09 0.07
diI:pZ;tsri‘(’m 526+ | 453+ | 387+ | 472+ | 408+ | 341+ | 424+ | 362+ | 298+

. 2.1 1.8 1.6 2.0 1.7 1.5 1.9 1.6 1.4

time (sec)

Values are expressed as mean + SD, (n=3)

Cumulative percentage in vitro drug release

The in vitro drug release profiles of Aprepitant MDTs (KF1-
9) in PBS pH 6.8 at 37 = 0.5 °C are shown in Fig. 4. The
order of drug release was consistent across all time points,
with KF9 consistently showing the fastest release and KF1
the slowest, over the 45-minute experiment duration. After
2 minutes, drug release varied between 18.4 + 1.2% (KF1)
and 36.5 £ 1.8% (KF9), suggesting an early burst release
effect. At 10 minutes, KF9 had released 81.4 + 2.4% of the
drug while KF1 had released 52.3 + 1.8%, indicating that
the concentration of excipients has a significant impact on
the early release characteristics of the drug. By 15 minutes,
the drug release ranged from 68.7 £ 2.1% (KF1) to 93.4 +

2.6% (KF9), with formulations with higher concentrations
of both Kollidon® VA64 and Crospovidone XL-10 showing
higher drug release. Similarly, at 20 and 30 minutes, KF9
showed 97.1 £ 2.7% and 98.7 + 2.8% release, whereas KF1
achieved only 77.2 + 2.3% and 86.4 + 2.4% release,
respectively. At 45 minutes, all formulations reached drug
release greater than 92% with KF9 showing near-complete
drug release of 99.3 +2.9% and KF1 releasing 92.6 + 2.6%.
This gradual increase in drug release from KF1 to KF9
highlighted a positive correlation between the concentration
of the solubilising carrier and superdisintegrant and
improved dissolution, as visually observed in the release
profiles in Fig. 4.
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Figure 4. Cumulative percentage in vitro drug release (%) of Aprepitant MDTs KF1-KF9 in PBS pH 6.8 at 37 +
0.5 °C, 50 rpm.

Table 6. Factorial design response data showing quadratic response pattern for Y1: disintegration time and Y2:
cumulative drug release at 15 min (Q:s) for Aprepitant MDTs KF1-KF9.

X2: Y1: Disintegration
Batch | X1: Kollidon® VA64 (mg) Crospovidone - Y2: Q15 (%)
XL-10 (mg) Time (sec)
KF1 10 (-1) 4(-1) 743+£2.4 68.7+2.1
KF2 20 (0) 4(-1) 58.6+2.1 78.4+23
KF3 30 (+1) 4 (-1) 524+19 83.1+24
KF4 10 (-1) 8 (0) 63.7+£22 74.2+22
KF5 20 (0) 8 (0) 46.2 + 1.8 84.6+2.3
KF6 30 (+1) 8 (0) 41.8+1.6 89.3+2.5
KF7 10 (-1) 12 (+1) 57.4+2.0 79.8+2.3
KF8 20 (0) 12 (+1) 403+ 1.7 89.1+24
KF9 30 (+1) 12 (+1) 372+ 1.4 93.4+26

Values are expressed as mean + SD, (n=3)

Optimization of Aprepitant Mouth Dissolving Tablets
Effect of variables on Disintegration Time (Y1)

The Design-Expert fit summary statistic for disintegration
time (Y1) is shown in Table 7. The quadratic model was
chosen from the models tested due to a sequential p-value
of 0.0035, adjusted R? of 0.9953, and predicted R? of
0.9791. The adjusted and predicted R? values were close to
each other and within the acceptable range (0.2), indicating
good agreement. While the linear model was significant
(sequential p = 0.0005), it had an adjusted R? and predicted
R? of 0.8966 and 0.8341, respectively, suggesting a lack of
fit to the curvature in the response. The two-factor
interaction model had a sequential p-value of 0.8509,
suggesting little gain over the linear fit. The cubic model
was aliased and has not been considered due to a lack of
degrees of freedom.

The results of the ANOVA for the quadratic model (Table 8)
showed that the model was significant (F = 337.01, p =
0.0003). The largest contribution to Y: was made
individually by factor A (Kollidon® VA64) with an F-value
0f 961.13 (p <0.0001) and factor B (Crospovidone XL-10)
with an F-value of 596.05 (p = 0.0002). The linear terms
thus had a strong and significant effect on disintegration
time. The quadratic terms A% (F = 104.78, p = 0.0020) and
B2 (F=22.08, p=0.0182) were also significant, suggesting
the presence of curvature in the trend of the response within
the experimental region. The interaction term AB (F = 1.02,
p = 0.3875) was not significant, suggesting that the effects
of the two factors on Y1 were independent. The adequacy of
the model was confirmed by the R? (0.9982), an adequate
precision of 55.42, and a low coefficient of variation of
1.61%, indicating high signal-to-noise ratio and high
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reproducibility of the experiment. The polynomial equation
for Y1 was:

Y1=46.50 —10.67A — 8.40B + 0.425AB + 6.10A2 + 2.80B>
(D)

The negative signs of A (-10.67) and B (-8.40) coefficients
showed that the increase in concentration of Kollidon®
VA64 and Crospovidone XL-10, respectively, decreased
disintegration time. The larger absolute value of the
coefficient associated with A compared to that of B
suggested a greater effect of Kollidon® VA64 on Y:. The
positive coefficients for the quadratic terms (A? (+6.10), B2
(+2.80)) indicated an upward parabolic curve, implying that
after reaching a certain concentration, increasing the
concentration of either excipient resulted in a deceleration
in the rate of reduction in disintegration time. The contour
plots (Fig. 5A) and response surfaces (Fig. 5B) (two-
dimensional and three-dimensional plots, respectively)
illustrated this relationship. The elliptical contours of the
contour plot converged towards lower disintegration time at
increasing levels of both variables. The response surface
showed the smooth curved decrease of Y: with increasing
levels of both variables, with the largest gradient along the
A-axis, as predicted by the largest coefficient in the
regression equation.

Effect of variables on In vitro Drug Release at 15 min
(Y2)

The results for in vitro drug release at 15 min (Y2) are shown
in Table 7. The quadratic model was determined to be the
best fit, with a sequential p-value of 0.0054, an adjusted R?
of 0.9975 and predicted R? of 0.9893. The absolute
difference between the two R? values of 0.0082 confirmed
the suitability of the model to predict the release within the
concentration range. The linear model, although significant
(sequential p < 0.0001), had an adjusted R? of 0.9595 and a
predicted R? of 0.9365, which were high but not sufficient
to describe the response behaviour. The two-factor
interaction model did not significantly improve the fit
(sequential p = 0.8260), and the cubic model was aliased

and so was removed from consideration.

The ANOVA table for the quadratic model of Y: (Table 8)
indicated significant model fit (F = 650.03, p < 0.0001).
Factor A (Kollidon® VA64) was the most influential term,
recording an F-value of 2028.94 (p < 0.0001), followed by
factor B (Crospovidone XL-10) with an F-value of 1125.45
(p < 0.0001). Thus the linear terms were extremely
significant in drug release. The quadratic term A? (F = 89.74,
p = 0.0025) reached statistical significance, while B? (F =
4.98, p=0.1117) and the interaction term AB (F = 1.05, p =
0.3812) did not. The high R? (0.9991), adequate precision
(78.59) and low coefficient of variation (0.47%) ensured a
good fit of the model, with low experimental variation. The
regression equation for Y2 was:

Y: = 84.44 + 7.18A + 5.35B — 0.20AB — 2.62A* — 0.62B*
... (2

The positive coefficients for A (+7.18) and B (+5.35)
indicated that increasing amounts of Kollidon® VA64 and
Crospovidone XL-10 respectively, resulted in increasing in
vitro drug release at 15 min. The magnitude of the
coefficient for A was again greater, confirming its greater
influence over factor B on Y2. The negative coefficient for
A? (—2.62), suggested a plateau effect at higher
concentrations of Kollidon® VA64, where the improvement
in drug release slowed down. In contrast, the coefficient for
B? (—0.62) was relatively low and not statistically
significant, implying a linear response between
Crospovidone XL-10 concentration and Y2, within the range
investigated. The contour and response surface plots in Fig.
5C and 5D depicted these effects. The contour plot clearly
showed a gradual shift towards higher drug release values
with increasing concentrations of both variables, with a
steeper slope along the A-axis. The 3D response surface
showed a plateauing effect at high Kollidon® VA64
concentrations, consistent with the negative coefficient for
the quadratic term in the regression equation, and also
confirmed a more or less linear increase in Y. with
increasing Crospovidone XL-10 concentration.

Table 7. Fit summary of the 3* full factorial design for disintegration time (Y1) and in vitro drug release at 15 min
(Y2) responses.

Model | Sequential p-value | Lack of Fit p-value | Adjusted R* | Predicted R* | Remark
Response Yi: Disintegration Time
Linear 0.0005 - 0.8966 0.8341
2F1 0.8509 - 0.8769 0.6236
Quadratic 0.0035 - 0.9953 0.9791 Suggested
Cubic 0.3083 - 0.9986 0.9692 Aliased
Response Y:: In vitro drug release at 15 min
Linear <0.0001 - 0.9595 0.9365
2F1 0.8260 - 0.9519 0.8706
Quadratic 0.0054 - 0.9975 0.9893 Suggested
Cubic 0.3449 - 0.9991 0.9800 Aliased

2FI: Two-factor interaction; - : Not applicable for the respective model type.
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Table 8. Analysis of variance (ANOVA) for the quadratic regression models of disintegration time (Y1) and in vitro

drug release at 15 min (Y:) with corresponding fit statistics.
Source Sum of Squares | df | Mean Square | F-value | p-value | Significance
Response Y:: Disintegration Time
Model 1196.85 5 239.37 337.01 0.0003 Significant
A —Kollidon® VA64 682.67 1 682.67 961.13 | <0.0001
B — Crospovidone XL-10 423.36 1 423.36 596.05 0.0002
AB 0.7225 1 0.7225 1.02 0.3875
A? 74.42 1 74.42 104.78 0.0020
B? 15.68 1 15.68 22.08 0.0182
Residual 2.13 3 0.7103 - -
Cor Total 1198.98 8 - - -
Response Y:: In vitro drug release at 15 min
Model 495.95 5 99.19 650.03 | <0.0001 Significant
A —Kollidon® VA64 309.60 1 309.60 2028.94 | <0.0001
B — Crospovidone XL-10 171.74 1 171.74 1125.45 | <0.0001
AB 0.1600 1 0.1600 1.05 0.3812
A? 13.69 1 13.69 89.74 0.0025
B? 0.7606 1 0.7606 4.98 0.1117
Residual 0.4578 3 0.1526 - -
Cor Total 496.41 8 - - -

df: degrees of freedom; C.V.: coefficient of variation; Adeq. Precision: adequate precision; Cor Total: corrected total; —:

not applicable. p < 0.05 considered statistically significant.

B: Crospovidone XL-10 (mg)

B Crospovidone XL-10 (mg)

Disintegration Time (sec)

AcKolidong VAB4 (mg)

(A)

In vitro drug release at 15 min (%)

AcKolidon@ VAG4 (mg)

©)

(D)

Figure 5. Influence of Kollidon® VA64 (A) and Crospovidone XL-10 (B) concentrations on critical quality
attributes of Aprepitant mouth dissolving tablets. (A) Two-dimensional contour plot and (B) three-dimensional
response surface plot illustrating the combined effect of independent variables on disintegration time (Y1); (C)

two-dimensional contour plot and (D) three-dimensional response surface plot depicting the combined effect on in
vitro drug release at 15 min (Y:).
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Validation of statistical model

Validation of the optimized formulation (KF9) showed a
good correlation between predicted and observed values,
which validated the statistical model (Table 8). The
predicted disintegration time (36.76 seconds) was found to
be very close to the observed value (37.2 + 1.4 seconds) with
a very low bias of 1.19%. Likewise, the predicted drug

release at 15 minutes (93.54%) was very similar to the
actual value of 93.4 + 2.6%, with a bias of 0.15%. The
desirability value (1.000) also shows that the optimum
formulation achieves the desired criteria. In conclusion, the
close agreement between the predicted and observed results
confirms the validity of the model.

Table 9. Statistical model validation: comparison of experimental and predicted values for optimized batch KF9

Parameter Kollidon® VA 64 Crospovidone XL-10 Disintegration Time Qs (%) | Desirability
(mg) (mg) (sec)
Predicted 30 12 36.76 93.54 1.000
. 93.4+
Experimental 30 12 372+ 1.4 26 -
% Bias - - 1.19 0.15 -

Accelerated Stability studies

The accelerated stability data for the optimized Aprepitant
MDT formulation (batch KF9) stored at 40 =2 °C/ 75+ 5%
RH for 90 days as per ICH Q1A(R2) guidelines are shown
in Table 10. Visual observations of the tablets showed no
change in appearance, with no discolouration, cracks or
erosion of the surface at any stage of the study. Hardness
increased slightly from 3.26 + 0.19 kg/cm? to 3.31 £ 0.20
kg/cm?, while friability increased from 0.49 = 0.03% to 0.54
+ 0.04%, both of which are within the pharmacopoeial
limits. Weight variation and drug content remained
essentially unchanged over 90 days, with drug content at 90

days at 98.63 + 0.74% versus initial drug content of 99.47 +
0.61%, suggesting good chemical stability. Disintegration
time increased modestly from 37.2 £ 1.4 sec to 39.4 = 1.7
sec, and wetting time from 27.4 £+ 1.1 sec to 29.1 £ 1.4 sec,
while water absorption ratio declined marginally from 84.6
+2.8% to 83.2 £2.9%. Drug release at 15 min (Q1s) and 45
min showed no appreciable change, with 92.3 + 2.9% and
98.5 + 3.0% respectively at 90 days, compared to 93.4 +
2.6% and 99.3 + 2.9% at the initial time point, confirming
that dissolution performance was unaffected by accelerated
storage conditions.

Table 10. Accelerated stability study results of optimized Aprepitant MDT batch KF9 at 40 + 2 °C /75 £ 5% RH

for 90 days.
Parameter Initial (0 days) 30 days 60 days 90 days
Appearance White, flat-faced White, flat-faced White, flat-faced White, flat-faced
PP tablet, no defects tablet, no defects tablet, no defects tablet, no defects
Hardness (kg/cm?) 3.26+0.19 3.28+0.21 3.29+0.18 3.31+0.20
Friability (%) 0.49 +0.03 0.51+0.04 0.52+0.03 0.54+0.04
We‘gh(tgg‘a“on 299.9+ 1.6 300.1+ 1.8 3002+ 1.7 3004+ 1.9
Drug content (%) 99.47 £ 0.61 99.21 £ 0.68 98.94 + 0.72 98.63 +£0.74
Dlsmtefsr:gon time 372+ 1.4 38.1+ 1.6 387415 3944 1.7
Wetting time (sec) 27.4+1.1 282+1.3 28.6 1.2 29.1+1.4
Water absorption 84628 84.1£2.6 83727 832429
ratio (%)
Surface pH 6.78 £0.07 6.77 £ 0.08 6.76 £ 0.07 6.74 £ 0.09
Qis (%) 934+26 931+27 927+28 923+29
Drug “Fleafe at4s 99.3+2.9 99.1 +2.8 98.8+2.9 98.5+3.0
min (%)

Values are expressed as mean = SD, (n=3)

DISCUSSION

The study has been designed to develop and optimize mouth
dissolving tablets of Aprepitant, a BCS Class IV NKi
receptor antagonist with low solubility and dissolution rate
limited oral bioavailability. The preformulation studies
provided the physical properties of the drug and its
suitability for MDT formulation. The drug's solubility

(Table 3) indicated that Aprepitant solubility was found to
be 4.18 £ 0.21 pg/mL in distilled water and 18.74 + 0.62
pg/mL in PBS pH 6.8, reflecting its hydrophobicity and
BCS Class IV status 2] These results are in agreement
with previous reports on Aprepitant's solubility, which have
recorded a solubility of less than 20 pg/mL in water across
physiological pH values 3. FTIR spectra (Fig. 2) showed
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that all the characteristic functional group absorptions of
Aprepitant were retained in the physical mixture, with no
new peaks or major shifts in peak position (beyond slight
wavenumber shifts), confirmed drug-polymer (Kollidon®
VA64 and Crospovidone XL-10) compatibility. DSC
analysis (Fig. 3) showed the loss of Aprepitant's sharp
endothermic melting peak at 254.06 °C in the physical
mixture, indicative of partial conversion to an amorphous
form and molecular interaction with the matrix “4. This
behaviour has been reported by Vasconcelos et al. in drug-
polymer physical mixtures containing Kollidon® VA64,
where the loss of crystallinity was explained by the
formation of hydrogen bonds between the drug and the vinyl
pyrrolidone-vinyl acetate backbone of the polymer,
justifying the choice of Kollidon® VA64 as the main carrier
in this formulation ™3,

Pre-compression analysis (Table 4) demonstrated that all
powder blends had acceptable flow and compressibility
with Carr's index values of 12.75-13.44% and Hausner's
ratio values of 1.146-1.155. formulations containing
Kollidon® VA64 and superdisintegrants invariably resulted
in powder blends with acceptable flow indices for direct
compression. Post-compression indices (Table 5) were
satisfactory with all batches, having drug content values
between 98.37% and 99.47% and friability less than 1% for
all formulations 1. The gradual decrease in wetting time
(48.3 sec for KF1 to 27.4 sec for KF9) and corresponding
increase in water absorption ratio (62.4% to 84.6%) were in
line with the increasing amounts of Crospovidone XL-10,
which is known to be an efficient superdisintegrant due to
capillary action. Similarly, Mohanachandran et al. found
that the wetting time was significantly decreased and the
water uptake was enhanced as the concentration of
superdisintegrant  increased in MDT formulations,
consistent with the values observed in this study 7

The optimization using a 32 full factorial design showed that
the best fitting model was quadratic (Table 7) for both
responses, with R? values of 0.9982 and 0.9991 for Y: and
Y- respectively, signifying high predictability of the model.
ANOVA (Table 8) further revealed that Kollidon® VA64
was the main factor affecting disintegration time (F=961.13)
and in vitro drug release at 15 min (F=2028.94), followed
by Crospovidone XL-10. These trends are reflected in the
response surface plots (Fig. 1), with KF9 identified as the
optimal formulation with a disintegration time of 37.2 sec
and Qis of 93.4 £ 2.6% [48]. These findings are consistent
with the results of MDT formulations of poorly soluble
drugs reported by Pahwa et al., in which Kollidon® VA64-
based  formulations  consistently = showed  faster
disintegration and higher early drug release in comparison
to the conventional tablet systems. In vitro drug release
profiles (Fig. 4) also showed that KF9 formulations released
993 £ 29% at 45 min, significantly higher than
formulations with lower concentrations of excipients such
as KFl (92.6 + 2.6%), confirming the concentration-
dependent improvement in dissolution performance %,
Accelerated stability testing at 40 £ 2 °C / 75 + 5% RH for
90 days (Table 10) confirmed that the optimal KF9
formulation maintained its physical attributes, drug content

(98.63 + 0.74% at 90 days), and drug release (Qis = 92.3 +
2.9% at 90 days) over time, with all critical quality attributes
(CQAs) within pharmacopoeial specifications. These
observations are in line with stability studies of Kollidon®
VA64-based oral solid dose forms, in which the moisture-
and amorphous-stabilising properties of the polymer have
been reported to maintain drug release performance under
humid conditions [*%). But there are some limitations to the
present study. The in vitro drug release experiments were
carried out only in PBS at pH 6.8 and do not mimic the
changing pH encountered in the gastrointestinal tract after
oral dosing. The in vitro dissolution improvement of
Aprepitant MDTs following formulation optimization was
not evaluated in vivo in appropriate animal models and
therefore may not translate to improved bioavailability.
Moreover, the formulation was optimized using only two
independent variables within a 32 factorial design, and the
effects of other potentially significant factors like binder
type, tablet compression force, and tablet coating have not
been investigated. These issues should be explored in future
studies by performing dissolution testing in biorelevant
media, in vivo pharmacokinetic studies and a broader design
space to better understand the performance of Aprepitant
MDTs B,

CONCLUSION

The current research successfully established and optimized
Aprepitant mouth dissolving tablets through a 32 full
factorial design considering Kollidon® VA64 and
Crospovidone XL-10 as key formulation factors.
Compatibility studies of all ingredients were successfully
conducted and a series of optimization experiments
identified KF9 as the formulation with the best critical
quality attributes, disintegration time of 37.2 sec, Qis of
93.4%, and almost complete drug release (99.3%) in 45 min.
Stability studies of the optimized formulation over 90 days
at accelerated conditions showed no considerable changes
in physical and chemical attributes. The fast disintegration
and improved dissolution of KF9 are of significant clinical
importance for cancer patients suffering from dysphagia or
chemotherapy-induced nausea and vomiting, in whom the
conventional oral formulations are not well tolerated. These
encouraging in vitro results need to be further validated on
the basis of biorelevant dissolution and in vivo
pharmacokinetic studies to confirm enhancement in
bioavailability and development of a meaningful in vitro-in
in vivo correlation.
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