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Abstract: In the present study, solid dispersion nanoparticles with a hydrophilic polymer and
surfactant were developed using the supercritical antisolvent (SAS) process to improve the disso-
lution and oral absorption of megestrol acetate. The physicochemical properties of the megestrol
acetate solid dispersion nanoparticles were characterized using scanning electron microscopy,
differential scanning calorimetry, powder X-ray diffraction, and a particle-size analyzer. The
dissolution and oral bioavailability of the nanoparticles were also evaluated in rats. The mean
particle size of all solid dispersion nanoparticles that were prepared was <500 nm. Powder
X-ray diffraction and differential scanning calorimetry measurements showed that megestrol
acetate was present in an amorphous or molecular dispersion state within the solid dispersion
nanoparticles. Hydroxypropylmethyl cellulose (HPMC) solid dispersion nanoparticles signifi-
cantly increased the maximum dissolution when compared with polyvinylpyrrolidone K30 solid
dispersion nanoparticles. The extent and rate of dissolution of megestrol acetate increased after
the addition of a surfactant into the HPMC solid dispersion nanoparticles. The most effective
surfactant was Ryoto sugar ester L1695, followed by D-at-tocopheryl polyethylene glycol 1000
succinate. In this study, the solid dispersion nanoparticles with a drug:HPMC:Ryoto sugar ester
L1695 ratio of 1:2:1 showed >95% rapid dissolution within 30 minutes, in addition to good
oral bioavailability, with approximately 4.0- and 5.5-fold higher area under the curve (024
hours) and maximum concentration, respectively, than raw megestrol acetate powder. These
results suggest that the preparation of megestrol acetate solid dispersion nanoparticles using
the supercritical antisolvent process is a promising approach to improve the dissolution and
absorption properties of megestrol acetate.

Keywords: bioavailability, megestrol acetate, dissolution, supercritical technology

Introduction

Megestrol acetate, 17-(acetyloxy)-6-methyl-pregna-4,6-diene-3,20-dione, a synthetic
steroidal progestin, is widely used to treat loss of appetite and weight loss in patients
with AIDS.! In addition, it is used as an antineoplastic agent to treat advanced breast
cancer or endometriosis.” As a Biopharmaceutics Classification System class I drug,
it is insoluble in water (2.0 pg/mL), with high permeability.* To improve its dissolu-
tion and bioavailability, various formulations, such as microparticles, nanoemulsions,
nanosuspensions, and solid dispersions, have been studied.*”

Amorphous solid dispersions are a well-established formulation system for poorly
water-soluble active pharmaceutical ingredients (APIs). APIs exist in an amorphous
form within solid dispersions that increase solubility and dissolution, thereby enhancing
their oral bioavailability.!*'> Amorphous solid dispersions with a hydrophilic polymer
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and/or surfactant can be prepared by solvent evaporation
and/or melting. In addition, supercritical fluid technol-
ogy, based on the principle of solvent evaporation, can be
applied to the preparation of amorphous solid dispersion
nanoparticles.'>'* Supercritical carbon dioxide (SC-CO,) is
widely used as an antisolvent in the supercritical antisolvent
(SAS) process, owing to its relatively low critical point
(critical pressure =7.38 MPa, critical temperature =31.1°C).
Amorphous solid dispersion nanoparticles prepared using the
SAS process have been utilized to improve the solubility,
dissolution, and oral bioavailability of poorly water-soluble
APIs, such as itraconazole, dutasteride, and valsartan.!>"’

The present study sought to develop solid dispersion
nanoparticles with a hydrophilic polymer and surfactant via
the SAS process to improve the dissolution and oral absorp-
tion of megestrol acetate. The physicochemical properties
of megestrol acetate solid dispersion nanoparticles were
characterized using scanning electron microscopy (SEM),
differential scanning calorimetry (DSC), powder X-ray dif-
fraction (PXRD), and a particle-size analyzer. In addition,
the dissolution and oral bioavailability of the nanoparticles
were evaluated in rats.

Materials and methods

Megestrol acetate was kindly donated by LG Life Sciences
(Seoul, South Korea). Hydroxypropylmethyl cellulose
(HPMC; 2910) was purchased from Shin-Etsu Chemical
Co Ltd (Tokyo, Japan). Polyvinylpyrrolidone (PVP; K30),
PVP vinyl acetate (PVP VA64), and poloxamer 407 were
kindly obtained from BASF Co Ltd (Ludwigshafen, Ger-
many). D-o-Tocopheryl polyethylene glycol 1000 succinate
(TPGS; Eastman Chemical Company, Kingsport, TN, USA),
Gelucire 44/14 (Gattefossé, Saint-Priest, France), and Ryoto
sugar ester L1695 (Mitsubishi-Kagaku Foods Corporation,
Tokyo, Japan) were used as surfactants. Medroxypro-
gesterone acetate (internal standard [IS]), polyethylene
glycol 6000 (PEG 6000), and sodium lauryl sulfate were

purchased from Sigma-Aldrich Co Ltd (St Louis Co, MO,
USA). High-performance liquid chromatography (HPLC)-
grade acetonitrile, ethanol, and methanol were used in all
experiments.

Preparation of megestrol acetate solid

dispersion nanoparticles

Solid dispersion nanoparticles containing megestrol acetate
and hydrophilic polymers/surfactant were produced via the
SAS process using Thar SAS200 equipment (Thar Process
Inc, Pittsburgh, PA, USA). First, megestrol acetate was
dissolved in a mixture of methylene chloride and ethanol
(45:55, w/w) containing hydrophilic polymers and/or sur-
factant at a concentration of 5% solute (w/w). The detailed
formulae of solid dispersion nanoparticles are given in
Table 1. The SAS process was performed under the following
conditions, based on our previous work.'”" The drug solution
was delivered through a nozzle at a flow rate of 1 mL/min
using an HPLC pump into a high-pressure vessel that was
filled with SC-CO,. This SC-CO, continued to flow at a rate
of 11 g/min through the vessel to maintain the steady state.
The temperature and pressure in the vessel were kept constant
at 40°C and 15 MPa, respectively. After the drug solution
had been sprayed, pure SC-CO, was flushed through the
high-pressure vessel to remove any trace of residual organic
solvent on the solid dispersion nanoparticles or within the
vessel. The solid dispersion nanoparticles were recovered on
the walls and bottom of the vessel following slow depressur-
ization of the system conditions to atmospheric pressure.

Characterization of megestrol acetate
solid dispersion nanoparticles

Megestrol acetate content within solid dispersion nanopar-
ticles was assessed by dissolving approximately 20 mg solid
dispersion nanoparticles in 100 mL mixture of methylene
chloride and ethanol (45:55, w/w). Mixtures were filtered
through a 0.45 um syringe filter, and the concentration was

Table | The formulation, particle size, and specific surface area of the megestrol acetate solid dispersion nanoparticles prepared using

the SAS process

Formulation

Drug content (%)

Mean particle size (hnm)  Specific surface area (m?/g)

Megestrol acetate:HPMC =I:2 95.1+2.6
Megestrol acetate:PVP K30 =I:2 95.9+3.7
Megestrol acetate:HPMC:Gelucire 44/14 =1:2:0.5 96.112.1
Megestrol acetate:HPMC:poloxamer 407 =1:2:0.5 95.842.3
Megestrol acetate:HPMC:Ryoto sugar ester L1695 =1:2:0.5  97.1£2.0
Megestrol acetate:HPMC:TPGS =1:2:0.5 97.7£1.9
Megestrol acetate:HPMC:Ryoto sugar ester L1695 =1:2:1 98.9+1.8

135.8+18.2 96.16x1.69
310.9£30.3 40.21+1.33
245.9+35.9 49.22+1.09
229.7+21.6 51.13£1.03
155.3+20.1 69.31+1.25
495.2+65.3 33.111.19
180.3+29.1 57.22+1.35

Notes: The drug content (%) = weight of the loaded drug/weight of the feeding drug x100. Data are expressed as mean = standard deviation (n=3).
Abbreviations: SAS, supercritical antisolvent; HPMC, hydroxypropylmethyl cellulose; PVP, polyvinylpyrrolidone; TPGS, D-c-tocopheryl polyethylene glycol 1000

succinate.
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analyzed using a Waters HPLC system (Milford, MA, USA).
The HPLC apparatus consisted of a pump (model 600),
column oven (steel column heater 600), autosampler (model
717 plus), ultraviolet detector (model 486 tunable absorbance
detector), and chromatographic data processor (Empower
Pro). Separations were performed on a Capcell Pak C18
MG (4.6x250 mm, 5 um) reverse-phase column (Shiseido
Fine Chemicals, Tokyo, Japan) eluted under isocratic con-
ditions with a mobile phase consisting of acetonitrile and
water (65:35 v/v). Using a 20 UL injection, chromatography
was performed at 30°C with a flow rate of 1.0 mL/min. An
ultraviolet detector was used at a wavelength of 280 nm.
SEM images of solid dispersion nanoparticles were obtained
with a JSM-7000F (JEOL, Tokyo, Japan). The specimens
were sputter-coated with gold-palladium. The mean par-
ticle size and particle-size distribution of the nanoparticles
were analyzed with a laser particle-size analyzer (BI-9000;
Brookhaven Instruments Corporation, Holtsville, NY, USA).
Prior to being sized, the solid dispersion nanoparticles were
suspended in mineral oil and sonicated. Measurements were
made in triplicate. The specific surface area of the nanopar-
ticles was measured by nitrogen adsorption in a Quantasorb
gas-adsorption apparatus (Autosorb-1; Quantachrome Instru-
ments, Boynton Beach, FL, USA). Nitrogen surface areas
were automatically calculated by a system software based on
the Brunauer—Emmett—Teller method. PXRD images were
obtained at 25°C with an AXS D8 Discover using a general
area diffraction detector-system diffractometer (Bruker AXS
Inc, Madison, WI, USA). All samples were exposed to Cu
Ko radiation (40 kV, 40 mA). Data were collected over an
angular range from 5° to 60° 20 in continuous-scan mode
using a step size of 0.009° 26. DSC measurements were
carried out using a Sinco S-650 (Sinco Co Ltd, Seoul, South
Korea). Approximately 4-6 mg of solid dispersion nanopar-
ticles were sealed in an aluminum pan. The DSC curves were
recorded by heating from 25°C to 250°C at 5°C/min under
nitrogen purge (20 mL/min). The characteristics of the mege-
strol acetate dissolution from solid dispersion nanoparticles
were investigated using the US Pharmacopoeia dissolution
apparatus 2 (paddle method; Electrolab, Mumbai, India) at a
stirring rate of 50 rpm and temperature of 37°C+0.5°C. The
dissolution media contained 900 mL of simulated gastric
fluid (pH 1.2, without pepsin) containing 0.1% sodium lauryl
sulfate (w/v). Solid dispersion nanoparticles equivalent to
160 mg megestrol acetate were placed in the dissolution
vessel. At appropriate intervals, 3 mL samples were with-
drawn and immediately filtered through a 0.45 um syringe
filter, followed by dilution with methanol. The concentration
of megestrol acetate was determined by HPLC analysis.

All dissolution tests were performed in quadruplicate for
each formulation.

Measurement of megestrol acetate

solubility in surfactant solution

The solubility of megestrol acetate was measured in various
surfactant solutions at 1% concentrations (w/v). Gelucire
44/14, poloxamer 407, Ryoto sugar ester L1695, and TPGS
were tested as surfactants. Approximately 10 mg megestrol
acetate was added to 10 mL surfactant solution, following by
sonication for 2 hours in an ultrasonic bath. The suspensions
were allowed to equilibrate by incubation in a shaking water
bath at 37°C for 24 hours. After equilibrium was reached,
each sample was filtered using a 0.45 um syringe filter and
diluted with methanol. The concentration of megestrol
acetate was determined by HPLC analysis.

Pharmacokinetic study in rats

The animal-study protocol was complied with the institutional
guidelines for the care and use of laboratory animals and
approved by the ethics committee of Kyungsung University
(Busan, South Korea). Fifteen male Sprague Dawley rats
(250+10 g) were acquired from Orient Bio Inc (Seongnam,
South Korea) and divided into three treatment groups (n=5 per
group). Rats were fasted for 1 day prior to pharmacokinetic
investigations, but allowed free access to water. Rats were
orally administered raw megestrol acetate powder or the solid
dispersion nanoparticles at a dose of 20 mg/kg megestrol
acetate. Both treatments were dispersed in 1 mL water imme-
diately prior to oral dosing. Blood (approximately 0.30 mL)
was sampled from the retro-orbital plexus into heparin-treated
tubes at preset time-points and centrifuged at 10,000 rpm at
4°C for 10 minutes. The resulting plasma was collected and
stored at —70°C until analysis by LC with tandem mass spec-
trometry (MS/MS) method. The concentration of megestrol
acetate and the IS (medroxyprogesterone acetate) in the plasma
samples was analyzed using LC-MS/MS.? Briefly, 100 uL
plasma was mixed with the IS (100 ng/mL) and 1.9 mL of
acetonitrile for protein precipitation. After the mixture was
vortex-mixed briefly, the organic phase was separated from the
aqueous phase by centrifugation at 13,000 rpm for 5 minutes.
The supernatant (10 uL) was analyzed by LC-MS/MS. The
1100 series LC system (Agilent Technologies, Santa Clara,
CA, USA) consists of a solvent degasser, binary pumps, and
autosampler. Megestrol acetate was separated on Pursuit XRs
Ultra C18 columns (50x2.0 mm, 2.8 wm). The mobile phase
consists of acetonitrile/S mM ammonium acetate (65:35, v/v)
and was pumped at a flow rate of 0.3 mL/min. An API 4000
triple-quadrupole mass spectrometer (AB Sciex, Framingham,
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MA, USA) with a TurbolonSpray interface operating in
positive-ionization mode was used for multiple-reaction
monitoring: m/z 385.3-267.2 for megestrol acetate, and m/z
387.3-327.2 for the IS. The ion-spray voltage and nebulizer
gas were set at 5,500 V. For the pharmacokinetic study, the
maximum concentration (C__ ), time to C__, and area under
the concentration-time curve for hours 0-24 (AUC ,,) were
determined. C__ andtimetoC__were directly obtained from
the original data set, and AUC ,,
ear trapezoidal rule. Pharmacokinetic parameters were calcu-

was calculated using the lin-

lated by noncompartmental analysis using WinNonlin standard
edition software, version 5.3 (Pharsight Corporation, St Louis,
MO, USA). Statistical analysis was performed using one-way
analysis of variance, followed by the Student-Newman—Keuls
and least squares difference tests with SPSS 21.0 (IBM
Corporation, Armonk, NY, USA).

PVP K30 soLict%'s’persion handpa licles
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HPMC solid dispersion nanoparticles
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Results and discussion
Preparation and characterization of
megestrol acetate solid dispersion

nanoparticles

In the present study, solid dispersion nanoparticles were
manufactured using the SAS process with SC-CO, as the
antisolvent to enhance the dissolution and oral bioavailability
of megestrol acetate. To select a hydrophilic polymer, mege-
strol acetate solid dispersion nanoparticles were fabricated
using HPMC, PEG 6000, PVP K30, and PVP VA64 at a
drug:polymer ratio of 1:2 (w/w) with a methylene chloride—
ethanol mixture as a solvent. Both PEG 6000 and PVP
VA64 solid dispersion produced irregular microparticles and
had <20% production yields. PVP K30 and HPMC resulted
in the formation of spherical nanoparticles with >70%
yields, as shown in Figure 1 and Table 1. The megestrol
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Figure | Scanning electron micrographs (A), differential scanning calorimetry thermograms (B), powder X-ray diffraction patterns (C), and dissolution profiles (D) of

megestrol acetate solid dispersion nanoparticles prepared using the SAS process.

Abbreviations: SAS, supercritical antisolvent; HPMC, hydroxypropylmethyl cellulose; PVP, polyvinylpyrrolidone.
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acetate-HPMC formulation produced spherical nanoparticles
with a mean particle size of 135.8 nm, resulting in a high spe-
cific surface area: >90 m*/g. The mean particle size (310 nm)
was greater for PVP K30 than the mean particle size of HPMC
nanoparticles. The crystalline state of megestrol acetate
within the solid dispersion nanoparticles was evaluated by
PXRD and DSC measurements. As shown in Figure 1, the
PXRD pattern and DSC curve of crystalline megestrol acetate
exhibited characteristic diffraction peaks at 26 =12.11°,
13.64°,14.61°,15.82°,16.66°, and 22.71°, and an endother-
mic peak at approximately 218°C (melting point). However,
characteristic diffraction peaks and endothermic peaks were
not observed in either HPMC or PVP K30 solid dispersion
nanoparticles prepared by the SAS process. This indicated that
megestrol acetate was present in an amorphous or molecular
dispersion state within the solid dispersion nanoparticles.?'-*
Dissolution tests were performed for raw megestrol acetate,
PVP K30, and HPMC solid dispersion nanoparticles. As
shown in Figure 1, the dissolution of megestrol acetate was
dramatically increased by the solid dispersion nanoparticles.
Interestingly, 50% megestrol acetate from HPMC solid dis-
persion nanoparticles, compared with 9.3% raw megestrol
acetate, dissolved in 30 minutes. Furthermore, HPMC solid
dispersion nanoparticles significantly increased the maximum
dissolution when compared with PVP K30 solid dispersion
nanoparticles (P<<0.05). Therefore, HPMC was chosen as the

SEl__3.5kV

£ S

SEl 5.0kV_x10,000 1um

SEl 3.5kV

hydrophilic polymer for the fabrication of megestrol acetate
solid dispersion nanoparticles using the SAS process.

Solid dispersion nanoparticles with ternary compositions —
drug:HPMC:surfactant — were fabricated using the SAS
process to further enhance dissolution. The effect of the
hydrophilic additives Gelucire 44/14, poloxamer 407, Ryoto
sugar ester L1695, and TPGS on particle formation, physi-
cochemical properties, and dissolution of megestrol acetate
was investigated at a ratio of 1:2:0.5 (drug:HPMC:surfactant).
As shown in Table 1, HPLC analysis indicated that the drug
content of each solid dispersion nanoparticle was approxi-
mately equal to the theoretical value, indicating that megestrol
acetate was not degraded during the SAS process. All solid
dispersion nanoparticles had a spherical shape, with particle
sizes ranging from 150 to 500 nm, as shown by SEM (Figure
2). The particle size increased upon the addition of surfactant,
resulting in decreased specific surface area. In particular,
megestrol acetate-HPMC-TPGS particles exhibited some
aggregation and had a specific surface area of 33.1 m?/g owing
to the low melting temperature of TPGS (approximately
37°C), as previously reported.'>¥23 Nonetheless, the mean
particle size of all solid dispersion nanoparticles that were
prepared was <500 nm. The major characteristic crystalline
peaks and an endothermic peak at approximately 218°C of
megestrol acetate were not observed for any solid dispersion
nanoparticles, as evaluated by PXRD and DSC measurements

PELT ek LY E,
SEl 3.5kV_x10,000 1pm

Figure 2 Scanning electron micrographs of megestrol acetate solid dispersion nanoparticles prepared using the SAS process.

Notes: (A) Megestrol acetate:HPMC (1:2); (B) megestrol acetate:HPMC:Gelucire 44/14 (1:2:0.5); (C) megestrol acetate:HPMC:poloxamer 407 (1:2:0.5); (D) megestrol
acetate:HPMC:TPGS (1:2:0.5); (E) megestrol acetate:HPMC:Ryoto sugar ester L1695 (1:2:0.5); (F) megestrol acetate:HPMC:Ryoto sugar ester L1695 (1:2:1).
Abbreviations: SAS, supercritical antisolvent; SEl, secondary electron imaging; HPMC, hydroxypropylmethyl cellulose; TPGS, D-0-tocopheryl polyethylene glycol 1000

succinate.
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Megestrol acetate:HPMC:Ryoto sugar ester L1695 (1:2:1)

Megestrol acetate:HPMC:TPGS (1:2:0.5)

Megestrol acetate:HPMC:Ryoto sugar ester L1695 (1:2:0.5)

Megestrol acetate:HPMC:poloxamer 407 (1:2:0.5)

Megestrol acetate:HPMC:Gelucire 44/14 (1:2:0.5)

Megestrol acetate:HPMC (1:2)

Raw megestrol acetate

50 100 150 200 250
Temperature (°C)

Figure 3 The differential scanning calorimetry thermograms of megestrol acetate
solid dispersion nanoparticles prepared using the SAS process.
Abbreviations: SAS, supercritical antisolvent; HPMC, hydroxypropylmethyl cellu-
lose; TPGS, D-oi-tocopheryl polyethylene glycol 1000 succinate.

and depicted in Figures 3 and 4, respectively. Moreover,
megestrol acetate was present in an amorphous or molecular
dispersion state within the solid dispersion nanoparticles.

In vitro dissolution

To select an optimal formulation, the dissolution profiles
were obtained for raw megestrol acetate powder and solid
dispersion nanoparticles (Figure 5). The dissolution data were
analyzed with respect to dissolution efficiency (DE ), maxi-
mum drug dissolved (percentage), and relative dissolution

Megestrol acetate:HPMC:Ryoto sugar ester L1695 (1:2:1)

Megestrol acetate:HPMC:TPGS (1:2:0.5)

Megestrol acetate:HPMC:Ryoto sugar ester L1695 (1:2:0.5)

Megestrol acetate:HPMC:poloxamer 407 (1:2:0.5)

Megestrol acetate:HPMC:Gelucire 44/14 (1:2:0.5)

Megestrol acetate:HPMC (1:2)

Raw megestrol acetate

A

MAA VIV .SV : r .

20 40 60
20

Figure 4 Powder X-ray diffraction patterns of megestrol acetate solid dispersion
nanoparticles prepared using the SAS process.

Abbreviations: SAS, supercritical antisolvent; HPMC, hydroxypropylmethyl cellu-
lose; TPGS, D-o-tocopheryl polyethylene glycol 1000 succinate.
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—— Megestrol acetate:HPMC:Ryoto sugar ester L1695 (1:2:1)

Figure 5 The dissolution profiles of megestrol acetate solid dispersion nanoparticles
prepared using the SAS process.

Note: Data expressed as mean + standard deviation (n=4).

Abbreviations: SAS, supercritical antisolvent; HPMC, hydroxypropylmethyl cellu-
lose; TPGS, D-o-tocopheryl polyethylene glycol 1000 succinate.

rate at (RDR) 30 minutes (Table 2). The DE , values for the
raw megestrol acetate powder and solid dispersion nanopar-
ticles were calculated according to the method defined by
Khan and Rhodes.?* The extent and rate of dissolution of
megestrol acetate increased after the addition of surfactant
into the HPMC solid dispersion nanoparticles. In particular,
the extent of megestrol acetate dissolution from the drug/
HPMC/Ryoto ester L1695 (1:2:0.5) nanoparticles was
approximately 12.6- and 1.7-fold greater, respectively, than
the dissolution from raw megestrol acetate powder and drug/
HPMC (1:2) nanoparticles, respectively. The DE_ ranked
by the Student—Newman—Keuls test increased as follows:
poloxamer 407<< Gelucire 44/14< TPGS < Ryoto ester
L1695 (Table 2). In this study, we found that the most effec-
tive surfactant was Ryoto ester L1695, followed by TPGS.
The most effective surfactant tested was also Ryoto sugar
ester L1695, followed by TPGS, as measured using a solubil-
ity test (Table 3). Megestrol acetate exhibited the greatest
solubility (123.2 pg/mL) in the Ryoto ester L1695 solution,
which was approximately 50-fold greater than its solubility
in water without surfactant (2.5 pg/mL). Ryoto ester L1695
comprises >80% sucrose laurate, which acts as a surfactant
for solubilization via micelle formation. Lerk et al reported
that poorly water-soluble drugs could be incorporated into the
hydrophobic 12-carbon atom chain core of micelles, formed
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Table 2 The dissolution data of megestrol acetate solid dispersion nanoparticles prepared using the SAS process

Formulation Maximum dissolution (%) DE,* (%) RDR?® (30 minutes)
Megestrol acetate:HPMC =|:2 49.5+1.9 46.0 5.6

Megestrol acetate:PVP K30 =1:2 35.6%1.6 323 4.0

Megestrol acetate:HPMC:Gelucire 44/14 =1:2:0.5 61.5+2.1 55.6 6.9

Megestrol acetate:HPMC:poloxamer 407 =1:2:0.5 53.9+2.1 49.5 6.0

Megestrol acetate:HPMC:Ryoto sugar ester L1695 =1:2:0.5 81.5+£2.5 76.0 9.3

Megestrol acetate:HPMC:TPGS =1:2:0.5 69.3£3.2 65.0 8.0

Megestrol acetate:HPMC:Ryoto sugar ester L1695 =1:2:1 97.3£2.3 924 .1

Raw megestrol acetate 9.31£0.6 7.3 1.0

Notes: *Dissolution efficiency was calculated from the area under the dissolution profile at 60 minutes, and is expressed as the percentage of the area of the rectangle
described by 100% dissolution within the same period of time; relative dissolution rate is the ratio between the amount of drug dissolved from the solid dispersion
nanoparticles and that dissolved from raw megestrol acetate after 30 minutes. Data expressed as mean + standard deviation (n=4).

Abbreviations: SAS, supercritical antisolvent; DE, dissolution efficiency; HPMC, hydroxypropylmethyl cellulose; PVP, polyvinylpyrrolidone; TPGS, D-o-tocopheryl

polyethylene glycol 1000 succinate; RDR, relative dissolution rate.

via self-assembly, which can result in the solubilization of a
poorly water-soluble drug.? In addition, drug/HPMC/Ryoto
ester L1695 (1:2:1) nanoparticles had >95% maximum dis-
solution within 30 minutes. Taken together, these data show
that the dissolution of megestrol acetate was significantly
increased by solid dispersion nanoparticles with HPMC and
Ryoto ester L1695 prepared using the SAS process.

Pharmacokinetic study in rats

The increased dissolution of megestrol acetate by solid dis-
persion nanoparticles directly increased the oral absorption
of megestrol acetate. We investigated the oral absorption
of megestrol acetate following oral administration of raw
megestrol acetate powder, drug/HPMC (1:2) nanoparticles,
and drug/HPMC/Ryoto sugar ester L1695 (1:2:1) solid
dispersion nanoparticles in Sprague Dawley rats. As shown
in Figure 6, solid dispersion nanoparticles exhibited a rapid
drug-absorption rate and had significantly higher plasma
concentration than the raw megestrol acetate powder. The
C, .. ranked by the Student-Newman-Keuls test increased
as follows: raw megestrol acetate powder < drug/HPMC
(1:2) nanoparticles < drug/HPMC/Ryoto sugar ester L1695
(1:2:1) solid dispersion nanoparticles (Table 4). Furthermore,
the oral bioavailability of the drug/HPMC/Ryoto sugar ester

Table 3 The solubility of megestrol acetate in various surfactant
solutions at 1% concentration (w/v)

Surfactant Solubility (ng/mL)
No additive 2.54+0.13

Gelucire 44/14 44.83+2.31
Poloxamer 407 19.18x1.11

Ryoto sugar ester L1695 123.21+1.83

TPGS 82.28+1.01

Note: Data expressed as mean * standard deviation (n=3).
Abbreviation: TPGS, D-a-tocopheryl polyethylene glycol 1000 succinate.

L1695 (1:2:1) solid dispersion nanoparticles was significantly
greater than the oral bioavailability of raw megestrol acetate
powder and drug/HPMC (1:2) nanoparticles, with approxi-
mately 4.0- and 1.5-fold increases in AUC_ ,,, respectively
(P<<0.05). To further evaluate the correlation between the
in vitro dissolution and in vivo pharmacokinetic parameters,
a linear regression analysis was performed. As shown in
Figure 7, DE,  was strongly correlated with the in vivo C__
and AUC_,,
strol acetate increased with enhanced in vitro dissolution,

X

(R*>0.98). In fact, the oral absorption of mege-

as has been previously reported for poorly water-soluble
drugs.?2® The oral absorption of poorly water-soluble
drugs, such as Biopharmaceutics Classification System
class II, can be controlled by the solubilization and disso-
lution processes as a rate-limiting step.? In this study, the
enhanced dissolution and rate of megestrol acetate uptake

1,750 —m— Raw megestrol acetate
) —8— Megestrol acetate:HPMC (1:2)
1,500 1 —A— Megestrol acetate:HPMC:Ryoto
) sugar ester L1695 (1:2:1)

1,250 1
1,000+
750

500 4

2504

Plasma concentration (ng/mL)

0 4 8 12 16 20 24
Time (hours)

Figure 6 The plasma concentration-time profile of megestrol acetate in rats
after oral administration of raw megestrol acetate powder or solid dispersion
nanoparticles.

Note: Data expressed as mean + standard deviation (n=5).

Abbreviation: HPMC, hydroxypropylmethyl cellulose.
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Table 4 Pharmacokinetic parameters of megestrol acetate solid dispersion nanoparticles prepared using the SAS process
AUC,,(ng'h/mL) C... (ng/mL) T, .. (hours)
Raw megestrol acetate 2,029.7+407.5 234.8142.5 2.0+0.6
Drug:HPMC =1:2 5,305.6%1,172.3 805.7+82.5° 1.1£0.4
Drug:HPMC:Ryoto sugar ester L1695 =1:2:1 8,175.9+1,130.1>® 1,288.2+198.0>° 1.0+0.4

Notes: P<<0.05 versus raw megestrol acetate; °P<<0.05 versus drug:HPMC =1:2. Data expressed as mean + standard deviation (n=5).

Abbreviations: SAS, supercritical antisolvent; AUC, area under the concentration—time curve; C

cellulose.

induced by the solid dispersion nanoparticles increased the
driving force on the gastrointestinal epithelial membrane,
thereby enhancing the oral absorption of megestrol acetate.
Furthermore, the megestrol acetate content within drug/
HPMC/Ryoto sugar ester L1695 (1:2:1) solid dispersion
nanoparticles was 97.6%22.2% after 3 months at 25°C+2°C
and 60%x3% relative humidity, and there were no significant
changes compared to the drug content of the initial sample
(98.9%=*1.8%, P>0.05). We have demonstrated that the
dissolution and oral absorption of megestrol acetate can be
enhanced by formulating it as amorphous solid dispersion

A 10,000+
T 7.5001
<
{e]
£ 5000
3
o R?=0.9919
2 2,500
0 20 40 60 80 100
DE (%)
B 15004 i
1,250
-
1,000
E
()]
£ 750
x
02 5004 R?=0.9899
250
0 . . . . ;
0 20 40 60 80 100

DE (%)

Figure 7 Correlation between in vitro dissolution efficiency and in vivo
pharmacokinetic parameters.
Notes: (A) AUGC; (B) C_ .
Abbreviations: AUC, area under the concentration—time curve; C

, peak
max
concentration; DE, dissolution efficiency.

, peak plasma concentration; T timeto C__;HPMC, hydroxypropylmethyl

‘max’

nanoparticles with HPMC and Ryoto sugar ester L1695 by
using the SAS process.

Conclusion

In the present study, megestrol acetate solid dispersion
nanoparticles were developed using the SAS process
with a hydrophilic polymer and a surfactant. The dis-
solution and oral bioavailability of megestrol acetate
significantly increased via this approach. Nanoparticles
with a drug:HPMC:Ryoto sugar ester L1695 ratio of 1:2:1
showed rapid dissolution of up to 95% within 30 minutes,
in addition to higher oral bioavailability than raw megestrol

acetate powder. AUC, ,, and C__ increased approximately

0-24
4.0- and 5.5-fold, respectively. Taken together, these data
suggest that the preparation of megestrol acetate solid dis-
persion nanoparticles using the SAS process is a promising
approach to improve the dissolution and absorption proper-

ties of megestrol acetate.
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