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ABSTRACT: This study focused on improving the physicochem-
ical characteristics of aprepitant with poor water solubility by
preparing solid dispersion (SD). To prepare the SD with
HPMCAS-LF, the solvent evaporation method was applied.
Based on dissolution analysis, the dissolution rate of SD increased
by five times compared with aprepitant. In addition, scanning
electron microscopy (SEM), X-ray powder diffraction (XRPD),
and differential scanning calorimetry (DSC) results suggested the
presence of amorphous-form aprepitant inside SD. According to
Fourier transform infrared (FTIR) spectroscopy, intermolecular
hydrogen bonds were detected between polymer and aprepitant.
The Caco-2 cell experiment proved that SD did not lower the transepithelial electrical resistance (TEER) values but improved the
permeation amount of aprepitant. Additionally, the SD of aprepitant displayed excellent stability.

1. INTRODUCTION
Aprepitant is the nonpeptide antagonist of neurokinin 1(NK1).
The Food and Drug Association (FDA) approved the
application of aprepitant to prevent chemotherapy-induced
nausea and vomiting (CINV) over a decade ago. Aprepitant,
the selective human substance P/NK1 receptor antagonist,
shows high affinity and serves as the therapeutic target for
CINV, vomiting, and nausea after surgery.1−4 Aprepitant is the
fundamental compound, whose pKa value is 9.7 and the pH
value is 2−12. Within the pH range of 2−10, it has extremely
low solubility in free base solution (3−7 μg/mL).5,6 Aprepitant
cannot be applied as a systemic and effective therapy using
conventional formulations due to its low solubility.7 The
existing aprepitant formulation in the market is developed by
nanoparticle (NP) technology, where drug NPs increase
solubility. Nevertheless, NP technology has a complicated
processing process; as a result, it is necessary to investigate an
alternative technique to improve the solubility.8,9

Some technologies may be adopted for enhancing the
bioavailability and dissolution of drugs with low water
solubility, including surfactant use, size and particle size
decrease,10,11 complexation of cyclodextrin inclusions, for-
mation of salts,12,13 solid dispersion,14−17 adjustment of pH
value, emulsions,18 and application of drugs or prodrugs in the
lipid or polymeric formulations.19 According to the specific
drug physicochemical properties, most of the above methods
are utilized.20

Solid dispersions are considered one of the most efficient
methods, involving the mixture of a poorly water−soluble drug
in one or more hydrophilic carriers in the solid state.21,22 In

solid dispersion systems, a hydrophobic, poorly soluble drug is
molecularly dispersed in a hydrophilic polymeric matrix to alter
the crystalline state of the drug to an amorphous state, which
effectively improves its solubility and dissolution rate. Two
methods are mainly proposed for preparing solid dispersions:
the melting method and the solvent evaporation method.23,24

In the hot melt extrusion method, solid dispersions can be
prepared by melting the drug within a carrier, cooling the
mixture, and pulverizing the final product. The drug and the
carrier can be dissolved in a volatile solvent in the solvent
evaporation method. Subsequently, the solvent can be
evaporated using a vacuum or an oven. In the end, the
resulting film is pulverized.25,26

Hypromellose methylcellulose acetate succinate (HPMCAS)
is usually applied as a coating material for enteric products or
as a skeleton material for sustained-release formulations.
HPMCAS features an amphiphilic property since it consists
of acetic acid and succinic acid esters of hydroxypropyl methyl
cellulose. There are three types of HPMCAS on the market,
HPMCAS-LF, HPMCAS-MF, and HPMCAS-HF, which are
categorized by the varying ratio of acetyl and succinyl groups in
the polymer. Different types of HPMCAS have various
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interactions with drugs and prefer to dissolve at varying
pH.27−29 Because of the varying contents of acetyl and succinyl
groups of the polymer, the LF, MF, and HF types dissolve at
pH 5.5, 6.0, and 6.8, respectively. Moreover, it is described that
various kinds of solid dispersion have been prepared with
HPMCAS because it can highly hinder the crystallization of
drugs in supersaturated solutions.30,31

Therefore, this study focused on preparing the solid
dispersion (SD) for aprepitant to maximally increase its oral
bioavailability and dissolution using the least carrier amount.
Specifically, an in-depth evaluation of the binary SD of APT
with Soluplus (an amphiphilic copolymer) was recently
performed by several different research groups.32,33 Aprepitant
is absorbed in the intestine.34−36 The preparation of aprepitant
solid dispersions using enteric-soluble materials as carriers has
not been reported. An amphiphilic polymer LF was explored as
the carrier to prepare SD. The prepared SD was characterized
according to saturation dissolution, stability, X-ray powder
diffraction (XRPD), Fourier transform infrared (FTIR)
spectroscopy, scanning electron microscopy (SEM), and
differential scanning calorimeter (DSC).

2. MODELS AND METHODS
2.1. Materials. Aprepitant (purity, 99%) was provided by

Wuhan Kailun Chemical & Advanced Materials Co., Ltd.
(China). HPMCAS-LF was obtained from Shin-Etsu Chemical
Co., Ltd. (Japan). The analytically pure acetone and
chromatographically pure acetonitrile were provided by
Yuwang Industrial Co., Ltd (China). In the current experi-
ment, deionized water (DW) was utilized. The remaining
chemicals were analytically pure.

2.2. SD Preparation. This study prepared SD for
aprepitant using HPMCAF-LF by solvent evaporation. Briefly,
aprepitant was mixed with HPMCAS-LF (weight ratios of
drug/HPMCAS-LF, 1:3, 1:4, 1:5) in 10 mL of acetone.
Subsequently, we heated the mixture to evaporate the solvent
under constant stirring. The solution was stirred at 100 rpm,
and the temperature was held at 70 °C. Later, SD was
preserved overnight under vacuum. Afterward, a pestle and
mortar were utilized to grind the mixture. Next, the mixture
was filtered with the 50-mesh sieve. Thereafter, the resultant
products were preserved within a desiccator for subsequent
analysis.

2.3. Dissolution Study. A dissolution study was
performed in line with the Chinese Pharmacopeia (2015
ED) Method II. Therefore, the current work utilized the ZRS-
8L dissolution equipment (Tianda Tianfa, China) using the
paddle approach. SD equating with 25 mg of pure aprepitant
was positioned in PBS 6.6 (250 mL) that contained 0.1%
sodium dodecyl sulfate under stirring at 50 rpm and 37 ± 0.5
°C. Later, a 0.6 mL sample was gathered at the predetermined
time points, and an equivalent medium was added to maintain
an unchanged volume. Thereafter, the collected sample was
filtered with a 0.45 μm membrane filter. In addition, the
approved HPLC approach was utilized to determine the
dissolved drug amounts at specific time points.
The HPLC system, which consisted of an SPD-10A VP UV

detector and an LC-10A VP pump (Shimadzu, Japan), was
adopted for analysis. The Phenomenex C8 column (150 × 4.6
mm2, 5 μm) was utilized to separate the sample. The mobile
phase consisted of acetonitrile and 0.05% phosphate (40:40, v/
v), with the flow rate being 1.0 mL/min. In addition, the

column temperature and the UV detector were 30 °C and 210
nm, respectively.

2.4. Differential Scanning Calorimetry (DSC). We
adopted a differential scanning calorimeter (DSC-1, Mettler,
USA) for adopting thermograms for SD, aprepitant, and
physical mixtures. Thereafter, an approximately 3 mg sample
was collected, examined within pierced Al crucibles, and
heated from 30 to 300 °C at a 10 °C/min heating rate in a
nitrogen atmosphere.

2.5. X-ray Powder Diffraction (XRPD) Analysis. This
study employed a universal diffractometer (X′Pert PRO,
PANalytical, Holland) for XRPD analysis, with Cu Kα
monochromatic radiation (λ = 1.540598 Å). X-ray in the
anode tube ran at 40 mA and 40 kV. Thereafter, the sample
was placed into the aluminum sample port; then, X-ray
deflection was detected within the range of 5−60°, and the size
was set at 0.01670° 2θ.

2.6. Fourier Transform Infrared (FTIR) Spectroscopy.
An infrared spectrophotometer (EQUINOX55, Bruker,
Germany) was adopted for FTIR analysis at ambient
temperature. To this end, in this study, we ground
HPMCAS-LF, aprepitant, SD, and PM samples and blended
them sufficiently using potassium bromide before any
measurement. The following parameters were set: resolution,
1 cm−1 and scanning range, 400−4000 cm−1.

2.7. Scanning Electron Microscopy (SEM). To observe
SD and PM morphologies, a scanning electron microscope
(Inspect50, FEI, USA) was applied. First, a vacuum evaporator
was utilized to coat samples with palladium and gold.
Subsequently, samples were explored at a 10 kV accelerating
voltage.

2.8. In Vitro Permeation Tests. Caco-2 cells were
provided by ATCC (USA) as the model gastrointestinal
epithelial cells; cultured with DMEM consisting of 10% fetal
bovine serum (FBS, after heat inactivation), 1% nonessential
amino acids, and 0.1% gentamicin; and then incubated with a
humid incubator under 5% CO2 and 37 °C conditions.
Thereafter, cells were collected at passages 60−80 and
inoculated (4.5 × 105/cm2) onto the polycarbonate filter
inserts (area, 4.9 cm2; pore size, 2 cm; Trans well, Coning,
NY). Later, cells were cultured for 23−28 days within the
medium prior to permeation tests. Thereafter, a Millicell-ERS
(Millipore, MA) was adopted for measuring transepithelial
electrical resistances (TEERs) to assess the quality of the
monolayer grown on permeable membranes. In this study, the
TEER value was ≥350 Ω/cm2.
Aprepitant (10 mg), SD, and Emend (10 mg as aprepitant)

were mixed into 1 mL of PBS that contained 0.5% CMC-Na
(pH 7.4). Thereafter, 300 μL of suspension was immediately
added to the upper surface of Caco-2 cell monolayers. Later,
600 μL of DMEM (pH 7.4) was treated as the basolateral side
solution and replaced every 30 min for 2 h. Additionally, TEER
pre- and postpermeation tests were conducted according to a
previous description. HPLC analysis was adopted for
determining aprepitant contents with the basolateral side
solution according to the previous description. Results were
displayed in the form of permeated aprepitant amount. Then,
the permeation rate was divided by saturated solubility within
the suspension used for Caco-2 cell monolayers, aiming to
determine the apparent permeation clearance.

2.9. Stability Test. The as-prepared SD was preserved
within an artificial climate box under 60% relative humidity
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(RH) and 40 °C conditions for 6 months. Then, the
dissolution degree was detected in 0, 1, 3, and 6 months.

3. RESULTS AND DISCUSSION
3.1. Dissolution Study. Figure 1 compares the diverse

aprepitant SD release rates in pure drug and PBS (pH 6.6),

including 0.1% SDS. Obviously, each SD increased the
aprepitant dissolution rate, conforming to the increased drug
solubility in such formulations. The pure drug showed poor
dissolution, and the release rate was 11.02 ± 1.36% in 30 min
and 20.87 ± 1.88% in 180 min. Moreover, there was a distinct
trend between aprepitant dissolution and LF ratios as expected.
The release rate of 1:5 SD formulation was 86.69 ± 5.03%
within 30 min, suggesting that the drug dissolution increased
by eight times during this period. By contrast, the release rates
of 1:4 and 1:5 SD formulations were 87.51 ± 4.19 and 86.69 ±
5.03%, respectively, and they displayed greater dissolution rates
and close release curves compared with those of 1:3 SD
formulations. Faster dissolution of aprepitant in solid
dispersions might be explained by improved drug wetting in
the dissolution medium and the conversion of the drug from
crystalline to the amorphous state. The drug was already
amorphous in 1:4 SD; therefore, 1:4 and 1:5 SD had similar
dissolution rates. Therefore, this study selected the 1:4 SD
formulation for subsequent analysis.

3.2. DSC. Figure 2 presents the thermal behaviors of
HPMCAS-LF, pure aprepitant, SD, and physical mixtures.
Clearly, the melting endothermic peak of the pure drug was
detected at 253.2 °C, which was not found in SD, suggesting
that aprepitant had no melting endotherm. The peak position
of physical mixing was shifted, suggesting that the drug and
excipients interact at high temperatures. Based on the above
results, aprepitant existed in the amorphous form in the as-
prepared SD.

3.3. XRPD. XRPD images for aprepitant, HPMCAS-LF, SD,
and physical mixtures can be observed in Figure 3. The pure
drug showed intense and sharp peaks within the 2θ = 5−60°
range, suggesting the presence of aprepitant in the crystalline
state. For aprepitant, its main typical crystalline peaks were
distinctly detected within the PM diffractograms. However, its

discriminatory peaks disappeared in SDs (1:4), suggesting the
existence of aprepitant in the amorphous form, which was in
consistence with DSC findings.

3.4. FTIR Spectroscopy. FTIR spectroscopy is extensively
adopted for investigating the potential drug−polymer inter-
actions within the SD systems. To assess the potential solid−
solid interactions between carriers and the drug, the FTIR
spectra for aprepitant, SD, and physical mixtures were
obtained, as presented in Figure 4a,b.
From the FTIR spectra of aprepitant, typical peaks were

detected at 1704, 1132, and 1500−1600 cm−1, respectively,
caused by C�O, C−F, and C−H stretching. LF spectra
revealed that peaks were detected at 1740 and 1641 cm−1,
which resulted from C�O stretching. Meanwhile, an OH peak
was also detected at 3447 cm−1. Aprepitant, physical mixtures,
and HPMCAS-LF showed similar FTIR spectra to aprepitant
and HPMCAS-LF.

Figure 1. Aprepitant and SD dissolution profiles under diverse
aprepitant/HPMCAS-LF ratios (1:5, 1:4, 1:3). All points stand for
mean ± SD (n = 3).

Figure 2. DSC curves for (A) aprepitant, (B) HPMCAS-LF, (C) 1:4
physical mixture, and (D) SD.

Figure 3. XRPD spectra for (A) aprepitant, (B) HPMCAS-LF, (C)
1:4 physical mixture, and (D) 1:4 SD.
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For SD (1:4) formulation, a weak peak was detected at 3444
cm−1 on the spectrum, which was attributed to the −OH
stretching vibration. At the same time, the peak of SD shifted
from 1704 cm−1 (C�O) (crystal drug) to 1710 cm−1. The
above results indicated the interaction between aprepitant and
HPMCAS-LF, probably due to the hydrogen bonding.

3.5. SEM. SEM was conducted to examine PM and SD
morphologies. Figure 5 shows the photographs. Obviously,
aprepitant powders were platelike crystals that had smooth
surfaces. However, SD were particles with an irregular shape.
On the contrary, aprepitant did not show any crystal structure
within SD, which indicated that aprepitant transformed to the
amorphous state, conforming to DSC and XRPD results.

3.6. In Vitro Permeation Experiments. The amounts of
aprepitant permeating via the Caco-2 cell monolayers using
aprepitant, Emend, and 1:4 SD are presented in Figure 6. The
permeated amount of aprepitant increased after aprepitant
addition at all time points. Amorphous aprepitant had higher
solubility and dissolution rate, which therefore made it easier
for it to pass through the Caco-2 membrane. However, the
superior permeating amount of Emend (an aprepitant
commercial capsule) was interpreted from the effects below.
Initially, smaller drug particles with greater surface area and
lower thickness of the diffusion layer might be quickly
absorbed via the gastrointestinal wall. Second, there were
surfactants within the formulations, enhancing aprepitant
absorption and dissolution into the gastrointestinal tract.31

For the Caco-2 cell monolayers, their TEER values pre- and
postpermeation tests can be found in Figure 7. Therefore,
there existed no significant differences in TEER after
permeation experiments.

3.7. Stability Study. As shown in Figure 8, the long-term
stability of the aprepitant SD was studied. After 6 months,
differences in dissolution rate were not statistically significant
among the three samples, namely, pure drug, 1:4 SD, and 1:5
SD formulations, indicating the amorphous status of aprepitant
in the latter two formulations. The dissolution rate of 1:3 SD
was significantly reduced by 42.4 ± 3.5% within 30 min, and
that for 1:4 SD was 82.5 ± 4.3%. Therefore, it was concluded
that a specific aprepitant/HPMCAS-LF ratio must be acquired
to obtain stable SD.

4. CONCLUSIONS
To conclude, this study prepared and analyzed aprepitant SD
using HPMCAS-LF. According to our results, SD technology
markedly enhanced the aprepitant dissolution rate. FTIR
spectroscopy showed that there were intermolecular hydrogen
bonds between LF and aprepitant. Additionally, DSC, XRPD,
and SEM results suggested that the drug existed in an
amorphous state in SD. HPMCAS-LF did not reduce the
Caco-2 TEER values, whereas HPMCAS-LF increased the
amount of aprepitant in Caco-2 cells. In addition, the SD of
aprepitant had excellent stability.

Figure 4. FTIR spectra of (A) aprepitant, (B) HPMCAS-LF, (C) 1:4
physical mixture, and (D) 1:4 SD.

Figure 5. SEM photomicrographs of 1:4 PM (A), 1:4 SD (10000X) (B), and 1:4 SD (50000X) (C).
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