Available online www.jocpr.com

Jour nal of Chemical and Phar maceutical Resear ch, 2022, 14(10):22-36

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Optimization of Immediate Release Newer Version of Aripiprazole 30 mg
Tablet using Box-Behnken Design

Anwar Khan'", Md Sabir Alam? Md Faheem Khan® Mohsin Ali Khan®, Rupa Gupta*

!Department of Pharmaceutics, ERA College of Pharmacy, ERA University, Lucknow, India
’Department of Pharmacy, SGT University, Gurugram, Haryana, India
*ERA Medical College and Hospital, ERA University, Uttar Pradesh, India
*Sushant College of Pharmacy, Sushant University, Haryana, India

Received: 04-Nov-2022, Manuscript No. JOCPR-22-79014; Editor assigned: 08-Nov-2022, PreQC No. JOCPR-22-
79014 (PQ); Reviewed: 22-Nov-2022, QC No. JOCPR-22-79014; Revised: 29-Nov-2022, Manuscript No. JOCPR-
22-79014 (R); Published: 06-Dec-2022, DO :10.37532/0975- 7384.2022.14(10).019.

ABSTRACT

The aim of the investigation is to design pharmaceutically equivalent and quality improved immediate release oral
dosage form of aripiprazole 30 mg tablet which is indicated for treatment of schizophrenia and related psychotic
disorders in adults and in adolescent’s aged 15-17 year of age. Objective was established using Qbd approach and
was systematically optimized using DoE, Box-Behnken design considering the effect of various independent
variables and its interaction effect if there & establishing its impact on CQA’s. Aripiprazole is BCS class IV drug
having low solubility and permeability with poor flow property and the level of drug substance was also kept around
10% w/w of core tablet which is very low, hence direct compression is not a suitable choice for manufacturing
method. To achieve better wettability leading to more dissolution, and reducing relative standard deviation
preferred manufacturing process was wet granulation process. Mathematical modelling was performed using linear
model and response surface analysis was done to understand the factor-response relationship. The optimised
formulation F-11 was found of high quality following the CQA’s within the specified limit, % drug release was
found to 91.25% and % RSD was found to be 2.45%. It was clearly observed that there is significant impact of all
three CMA’s (disintegrant, binder, diluent) on the quality attributes of the product (% release and content
uniformity). The design showed linear model which depicts that there is no significant interaction effect observed
and design space was plotted for working feasibility.

Keywords: Immediate release; BCS; Qbd; % Drug release CMA’s; Box-Behnken design; DoE; RSD

INTRODUCTION

Tablet is the most popular among all dosage forms existing currently because of its convenience of self-
administration [1], compactness and easy manufacturing [2]; however, in many cases immediate onset of action is
required than conventional therapy, Oral route of administration is the most versatile route for systemic effects due
to its ease of ingestion [3,4], convenience of self-administration, patient compliance, pain, compactness and easy
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manufacturing and most importantly versatility [5-8]. These formulations do not require sterile or aseptic conditions
and are therefore, less expensive to manufacture [5-9]. Patient compliance, high-precision dosing, and
manufacturing efficiency make tablets the solid dosage form of choice [10-15]. Oral administration of conventional
dosage forms normally dissolves in the stomach fluid or intestinal fluid and absorb from these regions of the GIT
depends upon the physicochemical properties of the drug that’s why it is regarded as the safest rote of administration
[16], as the criticality and severity of adverse effects are lesser determined [17]. For many decades various
pharmaceutical dosage form such as tablets, capsules, suppositories, creams, ointments, liquids, aerosols, and
injectables have been used for the delivery of drugs to the patients for the treatment of various diseases [18-20].
Even today conventional dosage forms are the primary pharmaceutical vehicles commonly seen in the prescription
and over the counter drug market [21-24].

Avripiprazole is an anti-psychotic drug for treating psychoses [25]. Abilify is indicated for the treatment of
schizophrenia and related psychotic disorders in adults and in adolescents aged 15 -17 years of age [26-30].
Aripiprazole is indicated for the treatment of moderate to severe manic episodes in Bipolar | Disorder and for the
prevention of a new manic episode in adults who experienced predominantly manic episodes and whose manic
episodes responded to Aripiprazole treatment [31-33]. Aripiprazole is indicated for the treatment up to 12 weeks of
moderate to severe manic episodes in Bipolar | Disorder in adolescents aged 13 -17 years of age [34-36].
Avripiprazole doses ranging from 0.5 mg to 30 mg administered once a day to healthy subjects for 2 weeks produced
a dose-dependent reduction in the binding of C-raclopride, a D2/D3 receptor ligand, to the caudate and putamen
detected by positron emission tomography [37]. It is marketed under the trade name Abilify by Bristol-Myers
Squibb Canada in Canada which is innovator of the product [38,39]. Like other anti-psychotic drugs, the mechanism
of action of Aripiprazole is unknown. Moreover, like other anti-psychotics [40-42], it blocks several receptors on the
nerves of the brain for several neurotransmitters (chemicals that nerves use to communicate with each other). It is
thought that its beneficial effect is due to its effects on dopamine and serotonin receptors. Since the formulation of
immediate release Oro tablet using BCS class IV molecule involves multiple factors, the idea of optimization of the
majorly influential factors on the IR dosage form using Design of Experiments (DoE) has been performed in the
present work [43-45]. Nowadays, DoE approach is used rigorously in different fields of science like in analytical
chemistry and formulation development for the optimization purpose to develop design space for producing quality
at first time and every time [46].

MATERIALS AND METHODS

Materials

Aripiprazole was obtained as a free sample from Ind-Swift Laboratories Ltd, Chandigarh, India (ISLL).
Microcrystalline cellulose was obtained from FMC biopolymer, Island, HPC-L was obtained from Nippon soda as a
gift sample from Mumbai, Maharashtra. Lactose monohydrate and Croscarmellose sodium were obtained from
signet excipient pvt, Itd, Mumbai, Maharashtra. Magnesium stearate was obtained as a free sample from Nitika
Pharmaceutical Specialties Pvt. Ltd, Nagpur.

Formulation of Aripiprazole Tablet

o  Geometrically mixed Aripiprazole and a part of Lactose Monohydrate (Granulac-200) through suitable sieve.

e Sift together, Croscarmellose sodium (Ac-di-sol), Microcrystalline cellulose (Vivapur 102) though suitable
sieve and mix with step 1.

e Dry Mixing- The materials of step no 2 is loaded into rapid mixer granulator and dry mixing for 10 minutes.
Binder Preparation.

o Sift Hydroxypropyl cellulose (HPC-L) through suitable sieve.

e Dissolve the sifted HPC-L in water. Filter the binder solution through 60 mesh.
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e Granulation: Add the binder solution in dry mix of Rapid mixer granulator with the help of peristaltic pump.

Granulate the dry mix.

e Drying: Dried the granules in Fluid Bed Processor, at inlet temperature 75+5°C until LOD (@ 100°C) NMT 2%

was achieved.

e Sifting and Milling-Pass the dried granules through sieve of mesh no 30 (ASTM). Collect the retained granules

over sieve & pass them through 1.0 mm screen using Multi mill.

e Extra granular materials sifting-Sift Colloidal silicon dioxide (Aerosil 200 Pharma), Croscarmellose sodium

(Ac-di-sol) through 30# and magnesium stearate sifted through #60 mesh.

e Blending: Load the sifted and milled dried granules and Colloidal silicon dioxide (Aerosil 200 Pharma),

Croscarmellose sodium (Ac-di-sol) in conta blender and blend for 10 min at 10 rpm.

e Lubrication-Load sifted magnesium stearate to the bended materials in conta blender and blend for 5 min at 10

rpm.

o Compression: The granules were compressed into tablets (Average weight 315 mg), using Oval concave punch

target hardness.

The systematic optimization of aripiprazole tablet was carried out using Box-Behnken Design (BBD) with the help
of Design Expert® ver. 9.0 software (Stat-Ease Inc., Minneapolis, USA). Three most influential factors including
disintegration concentration, binder concentration and diluent concentration were selected as independent variable
for optimization at 3 levels low (-1) medium (0) and high (+1) because as the molecule is categorised to BCS IV
where the solubility and permeability both are low, it become important to use super disintegrant in adequate
concentration to achieve its peak plasma concentration as the dosage form design is immediate release. Total of 13
experiments were suggested by selected design as shown in Table 1. % Drug release and % RSD were analysed as
dependent variable or responses. After putting the data in BBD, mathematical modelling was performed to analyse

the results (Table 2).

Table 1: Design matrix showing trial runs performed for optimization of Aripiprazole 30 mg tablet-using

Box-Behnken Design

Factor 1 Factor 2 Factor 3 Response 1 Response 2
A: Croscarmellose sodium | B: HPC-L ¢ Mié:(:ltl)ﬁlrgss;alline Dissolution uncig‘)g:ﬁ:iiy
std | Run % wiw % wiw % wiw NLT 85%n 30 | NmT 596 RSD
11 1 2 1 375 88 4.9
10 2 2 4 12,5 81.73 3.27
3 3 0 4 25 77.47 2
4 4 4 4 25 85 2.95
5 5 0 2.5 12,5 75.11 4.7
6 6 4 2.5 12.5 93.21 6.3
7 7 0 2.5 375 67.44 3.09
2 8 4 25 92.27 4.3
12 9 2 4 375 78.4 2.9
1 10 0 25 79.98 4.5
13 11 2 2.5 25 91.25 2.45
12 2 1 12,5 93 7.5
13 4 2.5 37.5 88.49 2.97
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Table 2: Percent w/w bill of material of formulation F1-F13

Aripiprazole 30 mg Tablet Optimization

% W/W Formulation

Ingredients
F1\F2\F3\F4\F5\F6\F7\F8 \ F9\F10\F11\F12\F13
Intra-granular
Avripiprazole | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 20.00 | 10.00 | 10.00 | 10.00 | 10.00
Lactose 48.50 | 70.50 | 60.00 | 56.00 | 74.00 | 70.00 | 49.00 | 59.00 | 45.50 | 63.00 | 59.50 | 73.50 | 45.00
monohydrate

Croscarmellose
sodium

2.00 | 2.00 | 0.00 | 400 | 0.00 | 400 | 0.00 | 400 | 2.00 | 0.00 | 2.00 | 2.00 | 4.00

Binder

HPC-L

1.00 | 400 | 400 | 400 | 250 | 250 | 250 | 1.00 | 4.00 | 1.00 | 250 | 1.00 | 2.50

Purified water

QS QS QS QS QS QS QS (O QS QS QS QS QS

Extra-granular

Microcrystalline

37.50 | 12.50 | 25.00 | 25.00 | 12.50 | 12.50 | 37.50 | 25.00 | 37.50 | 25.00 | 25.00 | 12.50 | 37.50

cellulose

Lubricant
Magnesium | 4 49 | 100 | 1.00 | .00 | 2.00 | 1.00 | £.00 | 1.00 | 1.00 | 1.00 | .00 | 1.00 | 1.00
stearate

Note: QS: Quantity Sufficient

Linear model was selected and the data-fitting with the model was analysed by ANOVA along with other
parameters like p-value, coefficient of correlation (r2), adjusted r2, predicted r2 and predicted residual sum of
squares. Optimized concentrations required for development of aripiprazole tablet were identified by the numerical
desirability function and graphical optimization technique (Figures 1A and 1B).

Predicted vi. Actual Predicted vs. Actua

Preducted

Dizssslution Content uniformity

color points by value of Color points by value of
Dissoluticm: Content uniformity:

&7.2< N <=0

Figure 1A: Model diagnostic plot depicting, predicted vs actual, residual vs run and perturbation chart for

response variable i.e dissolution (NLT 85%b)
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Figure 1B: Model diagnostic plot depicting, predicted vs actual, residual vs run and perturbation chart for
response variable content uniformity (NMT 5%b).

RESULTS AND DISCUSSION
Selection of Dissolution Media Conditions and Quality Control Release Media

pH Solubility and Sink Condition- Aripiprazole API is insoluble in water. To understand the solubility of drug in the
gastrointestinal pH range of 1-7.5, saturation solubility studies were carried out in various media using shake flask
method at constant temperature (37°C = 2°C). The solubility of Aripiprazole Crystalline Crystal B was examined in
0.1 N Hydrochloric acid, 0.01 N HCI, 0.001 N Hydrochloric acid, Acetate buffer pH 4.5, Phosphate Buffer pH 6.0,
Phosphate Buffer pH 6.8 and Phosphate Buffer (pH 7.5). The saturation concentrations found and based on this, sink
condition, minimum volume and sink factors are presented in Table 3.

As per this, sink condition (minimum volume) and sink factor (target: > 3) are achieved in 0. N HCI, 0.01 N HCI
and 0.001 N HCI but not achieved in Acetate buffer pH 4.5, phosphate buffer pH 6.0, pH 6.8 and pH 7.5. It indicates
that this API is sufficiently soluble in 0.1 N HC1 dissolution media. As per CPMP guidelines on Bioavailability and
Bioequivalence, CPMP/EWP/QWP/ 1401/98 Rev. 01, three different dissolution media {0.I N HCI (pH 1.2),
Acetate Buffer 4.5 and Phosphate Buffer pH 6.8} have to be used for dissolution testing. Preliminary dissolution
apparatus type, volume of media, RPM and dissolution time point were selected as per below selection criteria. And
after that three multimedia dissolutions are selected in whole physiological pH range.
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Table 3: Saturation concentration, sink condition, Minimum volume and Sink factor of Aripiprazole in
various dissolution media.

Aripiprazole, Medium
Saturation Minimum Sink
Concentration Calculation for volume Calculation for sink Factor
Media (Solubility After sink condition (ml) factor (900
24 Hrs.) mL)
0.1 N HCI 0.360mg/ml 1/0.360 x 30 x 3 250 0.360 x 1000/30 12
0.01 N HCI 0.357 mg/mi 1/0.357 x 30 x 3 252.1 0.357 x 1000/30 11.9
0.001 N HCI 0.126 mg/ml 1/0.126 x 30 x 3 714.29 0.126 x 1000/30 4.2
Ace(’gal‘_tf 4bg;fer 0.043mg/ml | 1/0.043x30x3 | 2093.02 0.043 x 1000/30 1.43
Phosphate
buffer (pH 6.0) 0.0012 mg/ml 1/0.0012 x 30 x 3 75000 0.0012 x 1000/30 0.04
Phosphate
Buffer (pH 6.8) 0.001 mg/ml 1/0.0011 x30x 3 | 81818.18 0.0011 x 1000/30 0.04
Phosphate -
Buffer (pH 7.5) 0.00 mg/ml 1/0.00 x 30 x 3 Infinite 0 x 1000/30 0

Aripiprazole in Various Dissolution Media

Dissolution apparatus: Dissolution apparatus type Il is selected as generally acceptable apparatus Type Il is
selected for rapidly dissolving tablets and as per recommendations from USFDA OGD dissolution
recommendations.

Volume of dissolution media: Dissolution media is selected 900 ml for the study as per standard volume and as per
recommendations from USFDA OGD dissolution recommendations. RPM of Dissolution Apparatus-Paddle rotation
speed was taken to access complete release of Abilify 30 mg innovator sample. The dissolution profile of Innovator
Abilify 30 mg using paddles rotation speed of 60 rpm was acquired and compared to the data obtained with 50 rpm.

Table 4: Comparative % Release of Innovator Abilify at Different RPM.

Dissolution Conditions
Method: Paddle Media: 0.IN HCI (900 ml)
(MTir']rSfeS) Abilify 30 mg
RPM: 60 rpm RPM: 50 rpm
Release %RSD Release %RSD
10 85.43 4.98 80.2 9.32
15 93.41 2.62 84.46 7.93
20 96.55 1.19 89.87 6.46
30 98.62 1 92.66 3.45
45 99.3 1.01 94.68 25
60 99.49 0.98 95.47 2.55
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Release is incomplete in 60 minutes with 50 rpm. Based on this, 60 rpm is chosen for further dissolution. Moreover,
the 60 rpm speed is in accordance with FDA proposed dissolution conditions.

Dissolution time: As target product is rapid dissolving tablets hence it was decided to keep 30 min dissolution time
point.

Difference and Similarity Factor

Results obtained from the dissolution profile were fitted into equations (1) and (2) to determine the difference and
similarity factors of the various batches compared to standard. Difference and similarity factors are model
independent approach used to estimate the dissimilarity factor (f1) and similarity factor (f2) to compare the
dissolution profile of optimized formulation (F5) with innovator product. The difference between the reference and
test curve at each time point and is a measurement of the relative error between two curves. The FDA suggested that
two dissolution profiles were declared similar if f2 value between 50-100 and f1 was 0-15.

f1={(3 t=In |Rt-Tt]) / _t=In Rt]) X100 -- Equation (1)
f2=50-log {(1+InXt=In (Rt—Tt) 2)-0.5x100} -- Equation (2)

Where, f1: Difference factor; f2: Similarity factor; n: time points; Rt: cumulative percentage dissolved at time t for
the reference; Tt: cumulative percentage dissolved at time t for the test.

in-vitro Comparative drug release of different formulation
in 0.IN HCI, Volume 900ml RPM- 60 USP ApparatusMethod:
007 Paddle Media
20 |
0 el
70 J 2
2 2
S e “
E 5
w0 4
= 5
5 <0 4 —a— 7
s » | —e—12
—a—f9
20 —a—T10
—a—fl1
10 4
—a—f12
0 —a—Tf13
o] 5 10 15 20 25 20 S
Time Point

Figure 2: Comparative dissolution profile of aripiprazole 30 mg, F1-F13 in 0.IN HCI, Volume 900 ml RPM-
60 USP Apparatus-Paddle

Content Uniformity

Results obtained from the dissolution profile were fitted into equations (1) and (2) to determine the difference and
similarity factors of the various batches compared to standard. Difference and similarity factors are model
independent approach used to estimate the dissimilarity factor (f1) and similarity factor (f2) to compare the
dissolution profile of optimized formulation (F5) with innovator product. The difference between the reference and
test curve at each time point and is a measurement of the relative error between two curves. The FDA suggested that
two dissolution profiles were declared similar if f2 value between 50-100 and f1 was 0-15.

f1= {Ct=In |Rt-Tt|)/ (Ct=In Rt)} x100 -- Equation (1)
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f2=50-log {(1+In t=In (Rt—Tt) 2) —0.5%x100} -- Equation (2)

Where, f1: Difference factor; f2: Similarity factor; n: time points; Rt: cumulative percentage dissolved at time t for
the reference; Tt: cumulative percentage dissolved at time t for the test.

As the % of aripiprazole in aripiprazole tablet is less than 25% content uniformity analysis is mandatory rather than
weight variation as the active ingredient is potent in nature. Mobile phase was prepared using Acetonitrile,
methanol, Solution A, and glacial acetic acid in ratio (33:11:56:1) the internal standard solution of 0.33 mg/mL of
USP Propylparaben RS in Mobile phase Standard, stock solution of 1 mg/mL of USP Aripiprazole Reference
Standard in Mobile phase, Standard solution of 0.2 mg/mL of USP Aripiprazole Reference standard prepared-
Transfer 10.0 mL of Standard stock solution and 10.0 mL of Internal standard solution to a 50 mL volumetric flask,
and dilute with Mobile phase to volume. Sample solution: Nominally 0.2 mg/mL of aripiprazole from Tablets
prepared as follows. Powder NLT 20 Tablets and transfer a suitable portion of the powder to an appropriate
volumetric flask. Add 40% of the final flask volume of Mobile phase and 20% of the final flask volume of internal
standard solution. Shake for 10 min, and dilute with Mobile phase to volume. Centrifuge, if necessary, and pass the
supernatant through a suitable filter of NMT 0.5 pum pore size, discard the first 1 mL of filtrate, and use the
subsequent filtrate (Figure 3).

Mode- HPLC was used, detecting wavelength of UV 254 nm, Column: 4.6 mm x 25 cm; 5 um packing L1, Flow
rate of 1 mL/min, Injection volume of 10 pL, run time of NLT 2 times the retention time of aripiprazole calculation
of content uniformity was done using equation no 3.

CU= (peak response ratio of aripiprazole to the Sample solution)/(peak response ratio of aripiprazole to the Standard
solution) x (concentration of RS in the Standard solution)/(concentration of aripiprazole in the Sample solution) x
100

Content uniformity = (RU/RS) x (CS/CU) x 100

COMPARITIVE %RSD DATA FOR BATCH F1-F13

5 f6
TRIALNO

Figure 3: Comparative % relative standard deviation of formulation F1-F13.
Optimization of Aripiprazole 30 mg Tablet

The optimization of aripiprazole tablet was systematically optimized using BBD by Design Expert® ver. 9.0
software (Stat-Ease Inc., Minneapolis, USA). Dissolution (NLT 85%) and content uniformity (RSD NMT 5%) of
tablets were optimized as responses. And the impact of disintegrant concentration, binder concentration and diluent
concentration as independent variables (factors) at three different levels, viz., low (-1), medium (0) and high (+1)
was established. A total of 13 experimental trials were suggested by BBD by Design Expert® ver. 9.0 software. The
obtained data was subjected to fitting with the linear model and fitting analysis was performed using various
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statistical parameters. Equation 1 and 2 were obtained as the equations generated after the data modelling, which
indicates that there is no interaction effect and curvilinear effect for both the response variables analysed
(dissolution and content uniformity). The parameters like coefficient of correlation were found good in the range
between 0.78 (for dissolution) and 0.70 (for content uniformity), along with The Predicted R? in reasonable
agreement with the Adjusted R? i.e., the difference is less than 0.2, Adequate Precision ratio greater than 4 is
desirable and achieve with linear model showing significant model for use. Hence, this model can be used to
navigate the design space. Moreover, the model diagnostic plots for the responses are illustrated Figure 1 indicating
good fitting of the data with the selected model.

Dissolution = +83.95* A+ 7.37 *B -3.83*C-2.59 ..cciiiiiiiiiiiiiiini, Eq1l
Content uniformity =+3.99* A+ 0.2787 *B-1.26*C-0.9888 .......ccevvivnnnnen Eq 2

By default, the high levels of the factors are coded as +1 and the low levels are coded as -1. The coded equation is
useful for identifying the relative impact of the factors by comparing the factor coefficients.

Factor-response Relationship and Response Surface Methodology

Response surface analysis was carried out using 3D response surface plots and 2D contour plots, which explained
the absence of interactions among the independent variables and their influence(s) on the response variables. The
response surface analysis plots for dissolution Figure 2. The relationship between concentration of HPC-L and
concentration of croscarmellose is shown in Figure 4A. This indicated that there is no interaction effect as the plots
are straight line in 3D response surface and has a significant impact on dissolution, where increase in the
concentration of disintegrant and decrease in concentration of HPC-L increases the drug release of tablet. However,
impact of concentration of croscarmellose is much more significant that the impact of HPC-L on % drug release as
the p-value of croscarmellose is 0.0009 as compare to p-value of HPC-L 0.0329, in Figure 4B concentration of
HPC-L have inversely proportional effect on % drug release as the concentration is reduced, release of the drug is
enhanced but in combination with concentration of MCC it has very mild effect as the impact of mcc on % drug
release is not significant p value for mcc is 0.1229 which is not significant very slight impact or noise effect can be
observed for mcc on % drug release, same as in Figure 4C shows a sharp increase as the concentration of
disintegrant is increase with a mild synergistic effect as the concentration of mcc is reduced.
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Figure 4.1: 3D response surface plots showing the impact of independent variable on disintegrant
concentration
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Dissolution (NLT 85% in 30 min)
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Figure 4.2: 2D contour plots showing the impact of independent variable on disintegrant concentration
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Figure 4.3: 3D response surface plots showing the impact of independent variable on binder concentration
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Figure 4.4: 2D contour plots showing the impact of independent variable on binder concentration
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Dissolution (NLT 85% in 30 min)

3 32,5 € Microcrystaline cellulose (%)
A: Croscarmellose sodium (%) )

Figure 4.5: 3D response surface plots showing the impact of independent variable diluent concentration on
dependent variable dissolution of aripiprazole 30 mg tablet

Dissolution (NLT 85% in 30 min)

C: Microarystaline cellulose (%)

T T
o 1 2 3 4

A: Croscarmellose sodium (%)

Figure 4.6: 2D contour plots showing the impact of independent variable diluent concentration on dependent
variable dissolution of aripiprazole 30 mg tablet

The relationship between independent variable as concentration of disintegrant, binder and diluent on dependent
variable content uniformity is explained in Figure 5A where the of binder has significant impact on content
uniformity as the p-value is 0.0064 as the concentration of binder is increased % RSD is reduced and uniformity of
tablets are achieved whereas concentration of croscarmellose sodium has very mild or noise effect on response.
There is no interaction effect observed as the response curve plotted is linear, whereas in both Figures 5B and 5C
plot it was observed that major significant effect on response was observe because of concentration of HPC-L and
concentration of microcrystalline cellulose. As the p-value for HPC-L is .0064 and p-value for mcc is 0.0217 both
are having significant impact on response. As the concentration of mcc is increased %RSD is reduced.

Content uniformity (NMT 5% RSD)

B: HPC-L (%)

Figure 5.1: 3D response surface plots showing the impact of independent variable on disintegrant
concentration
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Content uniformity (NMT 5% RSD)
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Figure 5.2: 2D contour plots showing the impact of independent variable on disintegrant concentration
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Figure 5.3: 3D response surface plots showing the impact of independent variable on binder concentration
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Figure 5.4: 2D contour plots showing the impact of independent variable on binder concentration
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Figure 5.5: 3D response surface plots showing the impact of independent variable Diluent concentration on
dependent variable dissolution of aripiprazole 30 mg tablet
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Content uniformity (NMT 5% RSD)

C: Microcrystaline cellulose (%)

B: HPC-L (%)

Figure 5.6: 2D contour plots showing the impact of independent variable Diluent concentration on dependent
variable dissolution of aripiprazole 30 mg tablet

Prediction of Optimized Formulation

The optimized formulation of aripiprazole 30 mg tablet identified by numerical optimization with desirability
function value closer to 1. The target goals for each of the response variable were provided, which included
enhancing of % drug release NLT 85% in 30 min and reducing % RSD NMT 5%. The overlay plot indicated the
yellow colour region as the optimized region that working within this region will be considered to have response
within specified limit along with the flagged point representing concentration of croscarmellose, concentration of
HPC-L and finally concentration of microcrystalline cellulose, this also provide that the response specification of

NLT 85% dissolution and NMT 5% RSD for content uniformity would be achieved when working in yellow region
of design space (Figure 6).

Design-Expert® Software Overlay Plot
Factor Coding: Actual 375

Overlay Plot
Dissolution
Content uniformity

@ Design Points 325 _|

X1 = A: Croscarmellose sodium
X2 = C Microcrystaline cellulose

Actual Factor
B: HPC-L = 2,49996

275

225 4

C: Microcerystaline cellulose (%)

175 |

A: Croscarmellose sodium (%)

Figure 6: Overlay plot indicating yellow colour region as the optimized region and flagged point as the
composition of aripiprazole tablet

CONCLUSION
In the current study, optimised stable aripiprazole 30 mg immediate release tablet were formulated by using wet

granulation technique using disintegrant in intra-granular part and diluent microcrystalline cellulose in extra granular
part. The immediate release aripiprazole tablet was systematically optimized using Box-Behnken design considering
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the effect of various independent variables (factors) like concentration of croscarmellose (disintegrant),
concentration of binder (HPC-L) and concentration of diluent (microcrystalline cellulose) temperature on the
responses like dissolution (% drug release) and content uniformity (%RSD) of immediate release tablet were
optimized. Formulation no 1,4,6,8,11,12, and 13 are following 1% criteria of dissolution should be more than 85%
but when % RSD is compared of the batches only f-4, -8, f-11 and f-13 are within specification limit of % RSD, f-
11 is well suited optimized formulation showing release of 91.25% and % RSD of 2.45%. Further f-11 was moved
forward for validation. The design showed linear model which depicts that there is no significant interaction effect
observed and design space was plotted for working feasibility.
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