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ABSTRACT

Background: Abiraterone acetate is an anticancer molecule indicated for prostate cancer. The
purpose of this study was to develop a nanosuspension of abiraterone acetate in order to improve
its solubility, dissolution properties and bioavailability. Materials and Methods: High speed
homogenization method was utilized to formulate the nanosuspension. Design of experiment
(DoE) was employed for the optimization of process and formulation variables. Nanosuspension
was evaluated for particle size, PDI, zeta potential, and in vitro drug release studies. Results:
Preliminary studies suggested amount of stabilizer and milling time as critical variables to be
taken for the optimization process. Regression analysis suggested influence of independent
variables on responses. Optimized batch obtained from desirability function yielded 140.25 nm of
particle size and 0.09 of PDI values. Characterization studies i.e. Differential Scanning Calorimetry
and X-Ray Diffraction studies illustrated decrease in crystallinity of drug which might be thereby
responsible for the dissolution enhancement of drug. The drug and formulation were found to
be stable over a 6-months period in accelerated stability testing. Conclusion: Using high speed
homogenization method, particle size of the formulation was reduced to nano-size which was
further responsible for the improvement in dissolution and bioavailability of drug.
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INTRODUCTION

One of the most difficult aspects of developing novel chemical
entities and generics is overcoming its poor aqueous solubility.
This unfavourable physicochemical characteristic is found in
the large majority of novel drug candidates. Many studies have
reported poorly water-soluble drugs, with the majority falling
into the Biopharmaceutical Classification System's class I or IV.!”?
When given orally, absorption and bioavailability are limited due
to the slow rate of dissolution of these drugs.* Solubility and/or
rate of dissolution improvement of the poorly soluble drugs has
been a key component in increasing their absorption rate and
extent, following their oral administration.>® Among the most
commonly used approaches to improve drug biopharmaceutical
characteristics includes particle size reduction,” crystallization,?
solid dispersion,” complexation,” other lipid-based drug
delivery such as self-emulsifying drug delivery systems' and
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nanoparticles.”? Wet milling methods have also been effectively
used for the development of nanosized drug delivery systems,
as they do not require the use of organic solvents or severe
environmental conditions, and they can be scaled up simply.”®
The dissolution profile and saturation solubility of hydrophobic
compounds are both increased in nanosuspensions generated
after drug nanosizing. Nanosizing increases the surface area
of the particles which thereby improves the solubility and
dissolution properties of drug particles. Nanosuspensions are
colloidal drug delivery systems that contain surface-active
compounds or polymeric stabilisers."*” Retaining particle
size distribution of pharmaceuticals in liquid form during
long-term storage is difficult due to instability.'® Consequently,
solidification of nanosuspensions to nanocrystals appear to be
a potent formulation tool for ameliorating the solubilization,
dissolution and bioavailability properties of drug.!”*® The
physical and chemical stability of nanosuspensions can be
improved by converting them to solid products.” Solidification
of nanosuspensions can be achieved by granulation, spray drying,

and freeze-drying techniques.**#

In the United States and Europe, prostate cancer is the second
highest cause of cancer death in males.” Abiraterone acetate is
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the medication indicated for the treatment of prostate cancer.
Abiraterone is a strong and selective irreversible inhibitor of
the androgen biosynthetic enzyme CYP17A1.** It works by
reducing androgen synthesis in tumour tissues such as the
testicles, adrenals, and prostate, resulting in a slower course of the
disease.”” Abiraterone acetate has poor aqueous solubility. It has
limited permeability and is classified under Biopharmaceutical
Classification System (BCS) category IV. This led to poor oral
bioavailability of less than 10%.* Furthermore, abiraterone
has a high melting point of 227.85°C and is weakly soluble in
many organic solvents.” Given the observed problem with
abiraterone acetate, only few works of solubility and dissolution
enhancement are reported.®®* However, the reported research
approaches employs use of organic solvents in the preparation of
nanoparticles of the drug. This could thereby lead the possibility
of residual solvent in the final formulation which can result into
toxicity.

The goal of this study was to look into the formulation possibilities
for abiraterone acetate nanosuspension employing high speed
homogenization technique without involving organic solvents in
the preparation process; for dissolution enhancement of the drug.
The study was designed to observe the influence of process and
formulation variables on mean particle size. Design of Experiment
(DoE) was employed to optimize the formulation on statistical
note. Furthermore, optimized formulation was lyophilized to
nanocrystals, which was then characterized for SEM, XRD, and
DSC studies. In vitro release studies were carried out. Accelerated
stability studies for period of 6 months was conducted on the
optimized nanocrystals of abiraterone acetate.

MATERIALS AND METHODS

Materials

Abiraterone acetate was a gift sample from Cadila Health care
Ltd., Wagle Ind. Estate, Thane, India. Pluronic F68, Pluronic F127
and Soluplus were obtained from BASF Ltd., Mumbai, India.
Polyvinyl Pyrolidone-PVP K30, PVP K90 and Polyvinyl Alcohol
(PVA) were purchased from JRS Pharma, Mumbai, India.
Polyethylene glycol-PEG 4000 and PEG-6000 were obtained
from Thomas Baker, Mumbai, India. Tween 80 was purchased
from Rajesh Chemicals, Vapi, India. Double distilled water was
used throughout the experiment. All the ingredients obtained
and used in the present investigation were of analytical grade.

Methods

Saturation solubility studies

Equilibrium solubility studies of drug was carried out using an
environmental shaker. Briefly, 10 mg of drug was added in 25
mL of buffer media; 0.25% SLS+56.5 mM Monobasic Sodium
Phosphate and the dispersion was shaken in the shaker at 25°C
for 48 hr. Further, dispersion was filtered using 0.2 p Whatman
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filter paper and analyzed spectrophotometrically at 267.20 nm
for drug concentration. Analysis was carried out in triplicate and
average result was noted.

Preparation of nanosuspension

Abiraterone acetate nanosuspension was prepared using a
high-speed homogenizer (D-500; High Speed Homogeniser,
Wiggens, Germany). Briefly, 100 mg of drug was added in 50
mL of water in presence of hydrophilic stabilizer and 0.1% w/v
Tween-80 as wetting agent. The dispersion was homogenized
at specific speed and for specific period of time. Formulated
nanosuspension was stored at refrigerated condition until further
use.

Screening of process and formulation variables

Various process and formulation variables were assessed for their
influence on the performance of the nanosuspension. Process
variables includes homogenization speed and homogenization
time, while formulation variables included type and amount
of hydrophilic stabilizer. Initially, stabilizer was scrutinized
by preparing nanosuspension employing various hydrophilic
stabilizers such as PVP K30, PVP K 90, PVA, PEG-4000,
PEG-6000, Soluplus, Pluronic F68 and Pluronic FI127 at
concentration of 1% w/v. Further, scrutinized stabilizer was
screened at various concentration such as 0.5, 1.0, 1.5, 2.0 and
2.5% w/v. Homogenization speed and time was kept constant to
15000 rpm and 30 min, respectively. Then, homogenization speed
was assessed at various levels such as 12500, 15000 and 17500
rpm. Lastly, homogenization time was evaluated for 10, 20, 30
and 40 min. All the prepared batches were subjected for particle
size analysis.

Application of Design of Experiments

On the basis of scrutinization trials, amount of stabilizer (X,)
and homogenization time (X)) were selected as independent
variables. Rotatable central composite design (3?) was employed
for the optimization of abiraterone acetate nanosuspension using
Design Expert Version 13. Particle size (Y,) and Polydispersity
Index (PDI) (Y,) were selected as dependent variables. The
responses were evaluated using a statistical model that included
interactive and polynomial elements.

Y=b +aX +bX +abX X +a> X *+b* X *eq 1

When Y is the dependent variable, b is the nine-run arithmetic
mean response, and bi is the factor X calculated coefficient.
The main effects of X, and X, shows the influence of increase
or decrease of either of the factors on the responses. Further,
the interaction effect i.e., X, X, shows the change in response in
relation to combined effect of independent variables. Optimized
formulation was prepared from overlay plot employing the
desirability function. Optimized batch was lyophilized and then
obtained solid nanocrystals were subjected to characterization
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studies such as SEM, XRD, and DSC, followed by 6 months
accelerated stability study.

Evaluation of the prepared nanosuspension

Particle size, PDI and Zeta Potential

Nanosuspensions were evaluated for particle size, PDI and
zeta potential employing Particle size analyzer (Malvern, UK).
Briefly, sample was diluted 100 times with water and particle size
measurement was carried out at room temperature.

In vitro drug release study

Drug release study was performed using 900 mL of 0.25%w/v
SLS+56.5 mM Monobasic Sodium Phosphate Bufter as dissolution
media, at speed of 50 rpm, temperature 37°C in USP II (Paddle)
dissolution apparatus. Sample (5 mL) was collected at specific
time period viz. 5, 10, 15, 30, 45 and 60 min. thereby, fresh media
(5mL) was added to maintain the sink condition. Sample was then
filtered, diluted and analyzed spectrophotometrically at 267.2 nm
for drug concentration. Study was carried out in triplicate and
average result was noted.

Differential Scanning Calorimetry (DSC)

DSC analysis of abiraterone acetate and lyophilized nanocrystal
of drug was carried out using Differential scanning calorimeter
(Shimadzu-Model 60, India). Sample of about 5 mg was sealed in

the aluminum pan and heated at rate of 5°C/min, under a nitrogen
flow of 25 mL/min from temperature range of 25 to 150°C.

X-ray Diffraction studies (XRD) studies

X-ray diffraction studies was carried out to study the influence of
nanosizing on crystallinity of drug. The analysis was conducted
using X-ray diffractometer (Shimadzu-Model 6000, Japan). In a
glass sample holder, the sample (drug/lyophilized nanocrystals)
was placed and scanned from 5 to 40; at 30 mA and 40 kV.

Scanning Electron Microscopy (SEM) studies

Lyophilized nanocrystals were subjected to scanning electron
microscopy analysis using Philips XL30 ESEM. Briefly, sample
was dispersed in water and the dispersion was mounted on
double-sided carbon tape, sputter coated with a thin layer of gold
and observed for morphology.

Accelerated stability studies

Lyophilized nanocrystals were subjected for short term stability
studies at accelerated conditions of 40 + 2°C/75+5% RH for 6
months. Sample was stored in glass bottle and kept in stability
chamber (Remi Instruments, India). Samples were evaluated at
interval of 3 months for particle size, PDI, zeta potential and drug
release analysis. Results were compared with the initial data using
student t-test.

Table 1: Screening of process and formulation variables.

Screening parameter  Screening Levels

Type of stabilizer PVPK30 348.13
PVP K90 431.25
PVA 267.91
PEG 4000 301.43
PEG 6000 519.52
Soluplus 150.32
Pluronic F68 163.84
Pluronic F127 165.48
Amount of stabilizer 0.5 219.65
(%ow/v) 1 150.32
1.5 164.11
2 198.19
2.5 231.25
Stirring speed (rpm) 12500 237.18
15000 150.32
17500 149.54
Milling time (min) 10 211.56
20 208.94
30 150.32
40 150.93
S160

Particle size (nm)

PDI Batch code
0.56 N1
0.31 N2
0.67 N3
0.24 N4
0.23 N5
0.12 N6
0.14 N7
0.16 N8
0.52 N9
0.12 N10
0.22 NI11
0.18 N12
0.31 N13
0.54 N14
0.12 N15
0.25 N16
0.23 N17
0.20 N18
0.12 N19
0.18 N20
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RESULTS
Saturation solubility study

Equilibrium solubility studies of abiraterone acetate was carried
out in the dissolution media i.e., 0.25% SLS+56.5 mM Monobasic
Sodium Phosphate buffer. Solubility of drug was observed to be
0.027+0.003 mg/mL.

Scrutinization of independent variables

Various nanosuspension batches were prepared for the selection
of critical process and product variables for further optimization
of formulation. Firstly, scrutinization of hydrophilic stabilizer
was done from the pool of selected stabilizers. Particle size data
of the prepared nanosuspension as shown in Table 1 suggested
Soluplus as best hydrophilic stabilizer for the preparation
of nanosuspension. Further investigation was carried out to
check the influence of concentration change on the particle
size of nanosuspension. Results from Table 1 demonstrated
higher particle size at lower concentrations of stabilizer in
nanosuspension. Likewise, higher particle size was observed
at higher concentration of stabilizer. Later, impact of different
homogenization speed was evaluated on the performance of
nanosuspension in terms of particle size. From the results (Table
1), it was observed that as homogenization speed was increased,
particle size was found to be decreased. However, there was
no remarkable difference among the batches N15 and N16.
Thus, homogenization speed of 15000 rpm was kept constant
for further optimization process. Then, influence of milling
time was investigated on the particle size of nanosuspension.
Results (Table 1) exhibited decrease in particle size with increase
in homogenization time. However, there was no remarkable
difference in the particle size after 30 min of homogenization
time.

Optimization of nanosuspension by DoE

The central composite design was used to generate parameters
for subsequent trial runs based on the estimated optimized

set of attributes. Table 2 lists the derived parameters and their
matching experimental responses. Response surface plots
including contour plots and 3d surface plots were produced to
show interaction effects among variables on the response (Figure
1). The effects of amount of stabilizer (X|) and homogenization
time (X,) on particle size (Y,) are demonstrated to be opposite,
with increase in homogenization time resulting in decreased
particle size. Similarly, effects of X, and X, on PDI were observed
to be opposite in nature. Zeta potential of design batches was
found to in range of -11.23 to -15.91 mV. It was clear from the
polynomial data that all primary variables, including X, and X,
have a considerable impact on particle size. Positive sign of X,
showed increase in value of particle size with increase in amount
of stabilizer, while negative value of X, showed decrease in particle
size with increase in homogenization time. Whereas X, and X,
had negative sign showing decrease in PDI with increments in
amount of stabilizer and homogenization time. The results of
the multiple regression analysis as tabulated in Table 3 revealed
that both factors influenced both dependent variables statistically
significantly (p<0.005). Two-way ANOVA was used to determine
the quantitative role of different amounts of each variable (Table
3). The dependent variable's correlation coefficient (R*=0.9865
(Y,)and 0.9810 (Y,)) suggests a satisfactory fit of the mathematical
model. The findings of the statistical analysis demonstrate that
the independent variable has a considerable effect on dependent
variable with p<0.01, hence reduce model was not generated.

Desirability constraints were kept minimum for both particle
size and PDI. Desirability function of 0.948 was obtained with
predicted values of 137.584 nm and 0.093 for particle size and
PDI respectively (Figure 1). Optimized batch was prepared
employing the obtained values of independent variables (Figure
1). Experimental results of optimized batch for particle size
(140.25 nm) and PDI (0.09) were found to be in concordance
with theoretical values with lower % relative error of 1.74 and
3.22 respectively. Zeta potential of optimized batch was found to
be -14.32 mV.

Table 2: Responses of design batches.

Batch Amount of Milling time (min)
stabilizer (%w/v) X
X, :
AN1 -1.41421 0
AN2 1 -1
AN3 -1 1
AN4 -1 -1
ANS5 0 1.41421
ANG6 1 1
AN7 1.41421 0
ANS8 0 -1.41421
AN9 0 0
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Particle size (hm)  PDI Zeta Potential
Y, Y, (mV)
204.57 0.27 -15.91
201.11 0.19 -11.46
150.32 0.12 -15.24
211.56 0.23 -14.59
137.15 0.08 -13.76
198.19 0.18 -11.23
215.93 0.24 -12.55
187.54 0.15 -14.65
152.18 0.13 -13.98
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In vitro drug release study attributed to nano-size of drug particles in nanosuspension
In terms of cumulative percentage release, an optimized along with a hydrophilic stabilizer assisting in amelioration of
batch of nanosuspension was compared to a pure drug coarse drug dissolution.”**! In addition, parameters like f, and f, were
suspension. In vitro drug release profile is shown in Figure 2. calculated; non similarity of in vitro release profile of drug
The graph suggested that drug release was remarkably increased ~nanocrystals was obtained as compared to its pure form with f,

by preparing nanosuspension of the pure drug. This could be value higher than 15 and f, value lower than 50.*2
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Figure 1: Graphs showing Response Surface plot: 3D Surface plots and Contour plots; Desirability function and overlay plot.

Table 3: Multiple Regression Analysis and ANOVA.

Term Coefficient forY, P value Coefficient forY, p value
X, 6.69 0.0439 -0.0028 0.6120
X, -16.93 0.0034 -0.0274 0.0118
XX, 14.58 0.0140 0.0250 0.0379
X? 30.03 0.0028 0.0612 0.0050
X} 6.08 0.1629 -0.0087 0.3661
R? value 0.9865 0.9810
ANOVA
Source of  Degree of Freedom Sum of Squares Mean Square F Value p Value
variation
Particle size (Y )
Regression 5 6954.63 1390.93 43.80 0.0053
Residual 3 95.27 31.76
Total 8 7049.90
PDI (Y,)
Regression 5 0.0306 0.0061 31.01 0.0087
Residual 3 0.0006 0.0002
Total 8 0.0312
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Differential Scanning Calorimetry (DSC)

DSC analysis of pure drug and lyophilized nanocrystals were
carried out to characterize thermal transitions of drug. Figure 3a
shows melting point of pure drug at 144.52°C. DSC thermogram
(Figure 3b) of lyophilized nanocrystal depicted drug peak at
143.26°C with reduced intensity.”

X-ray Diffraction (XRD)

Figure 4 depicts X-ray diffraction patterns of pure drug and
lyophilized nanocrystals of abiraterone acetate. The Figures 4a,
4b depicted variations in the crystal structure of the drug. The
X-ray patterns of the pure drug exhibited the existence of number
of distinct peaks at 5.833°, 12.071°, 14.840°, 15.113¢, 17.229° and
21.696°, suggesting crystalline nature of drug.** Nanocrystals
showed similar peaks but with lower intensity suggesting decrease
in crystalline nature of drug leading faster dissolution rate.*

Scanning Electron Microscopy (SEM)

SEM image of pure drug and lyophilized nanocrystal is shown
in Figure 5. SEM images of nanosuspension formulation
demonstrated a change in the look of the surface after the
nanosuspension was created. Particle size of drug is reduced in
nano-crystallization.

Accelerated Stability Studies

The formulation revealed no significant differences in particle
size, PDI, zeta potential, or in vitro drug release results after

120
100

80

60 —— Coarse suspension
—@— Optimized Nanosuspension

40

%Cumulative drug release

20

0 10 20 30 40 50 60
Time in min

Figure 2: Dissolution profile of optimized nanosuspension and coarse
suspension containing abiraterone acetate.

completing the 6-months accelerated stability trial. There was
no substantial change in nanosuspension stability, as observed
values were in concordance with the initial values (Table 4).

DISCUSSION

Nanosuspension prepared using Soluplus as hydrophilic
stabilizer exhibited smaller particle size as compared to other
stabilizers. Further, concentration of Soluplus was varied for the
preparation of nanosuspension to check the impact on particle
size. Table 2 shows that lower stabilizer concentrations resulted
in larger particle sizes in nanosuspension. This could be due
to an insufficient amount of stabilizer being used to nano-size
the medication particles. Similarly, with higher stabilizer
concentrations, larger particles were detected, which could be
attributable to an increase in dispersion viscosity, resulting in
more friction for homogenization. The homogenization speed
and homogenization time were examined to find their influence
on particle size of nanosuspension. Initially speed was kept 12500
rpm followed by increment of 2500 rpm for other batches. Particle
size reduction was observed with increase in the homogenization
speed. However, no significant decrease in particle size was
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Figure 3: DSC thermograms (a) Pure drug and (b) Lyophilized nanocrystal.

Table 4: Accelerated stability studies.

Time (month) Particle size (nm) PDI
0 140.25 0.09

140.63 0.10
6 140.98 0.11
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Zeta Potential (mV) Drug release at 60 min

(%)
-15.27 99.55+1.16
-15.11 98.27+0.91
-15.16 99.31+1.03
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Figure 4: XRD graphs (a) pure drug and (b) lyophilized nanocrystals.

Figure 5: SEM graphs (a) pure drug and (b) lyophilized nanocrystals.

observed after 15000 rpm. Then, milling time was varied from
10, 20, 30 and 40 min. Particle size of nanosuspension was
reduced with increase in homogenization time. However, no
significant decrease in particle size was observed after 30 min
homogenization. From the scrutinization trials, two independent
variables viz. amount of stabilizer and homogenization time were
selected for further optimization process. Central composite
design was employed for the optimization of nanosuspension.
Particle size and PDI were taken as independent variables.

Design batches showed strong influence of independent
variables on responses. Zeta potential of design batches was
found to in range of -11.23 to -15.91 mV. It was clear from the
polynomial data that all primary variables, including X, and X,
have a considerable impact on particle size. Positive sign of X,
showed increase in value of particle size with increase in amount
of stabilizer, while negative value of X, showed decrease in particle
size with increase in homogenization time. Whereas X, and X,
had negative sign showing decrease in PDI with increments in
amount of stabilizer and homogenization time. The findings of

S164

the statistical analysis demonstrate that the independent variable
has a considerable effect on dependent variable with p<0.01,
hence reduce model was not generated. The desirability function
was used to perform statistical optimization for dependent
variables i.e., Y -Particle size and Y -PDI. A low percentage error
(less than 5%) suggests that the theoretical and actual values are
in concordance. It also demonstrates the mathematical model's
resilience of formulation and excellent predictive power.

In vitro drug release of nanosuspension illustrated enhanced drug
dissolution rate as compared to pure drug coarse suspension.
This could be attributed to increase surface area due to nano-size
of particles. In addition, presence of hydrophilic stabilizer also
contributed dissolution enhancement of drug from prepared
nanosuspension. Further the optimized nanosuspension was
converted to solid form employing lyophilization technique
using mannitol as cryoprotectant in ratio of 1:1. The obtained
lyophilized nanocrystals were further characterized for DSC,
XRD and SEM analysis. DSC thermogram indicated decreased
in intensity of drug peak in the formulation. XRD graph showed
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decreased in drug crystalline peaks in the formulation. This
demonstrates decrease in drug crystallinity which could thereby
be responsible for the dissolution enhancement of drug. SEM
graphs showed amalgamation of drug in hydrophilic stabilizer
which could also be responsible improvement in drug release.
Lastly, accelerated stability studies were carried out for 6 months
period. Particle size, PDI, Zeta Potential and Drug release analysis
was done. Results indicated stability of formulation.

CONCLUSION

Abiraterone acetate nanosuspension was prepared using high
speed homogenization method. Various process and formulation
variables were screened for further optimization process. Central
composite design was employed for optimization of formulation.
The optimized nanosuspension had particle size of 140.25 nm and
PDI of 0.09. Nanosized abiraterone acetate dissolves at faster rate
than its coarser form. Characterization studies exhibited decrease
in drug crystallinity. Accelerated stability studies concluded
stability of formulation for period of 6 months.
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