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ABSTRACT

In this study, within the framework of Quality by Design which is a systemati-
cally scientific approach which enables to understand and control the production
and formulation variables during the process design and development, different
parameters in the formulation and production process were detected and criti-
cal process parameters and critical material attributes were determined via risk
evaluation methods. Then, different oral disintegrating tablet formulations were
prepared and tested by changing the usage of co-formulated disintegrating excipi-
ent and other disintegrant combined with sodium starch glycolate and mannitol.
Powder flow characteristics were examined. Suitable formulations compressed via
direct compression method at two different pressure levels. Compressed tablets
were tested physically and chemically. The results thus obtained were evaluated in
the Artificial Neural Network and Gene Expression Programming modules.

Keywords: Oral Disintegrating Tablets, Alfuzosin Hydrochloride, Quality by De-
sign, Artificial Neural Network, Gene Expression Programming

INTRODUCTION

Today, it is generally accepted that quality cannot be tested or inspected into a
finished product, but rather that quality, safety and effectiveness must be “de-
signed” and built into a product and its manufacturing process. In the traditional
approach, the production processes and process parameters are determined to
be unchanged in order to avoid any variety in the quality of the product. Thus,
required specifications are met and the product quality is measured by finished
product tests'. In order to design quality into a product, the requirements for the
product design and performance must be well understood in the early design
phase. In pharmaceuticals, these product requirements can be justified as Quality
Target Product Profile (QTPP) which is also defined as “a prospective summary of
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the quality characteristics of a drug product that ideally will be achieved to ensure
the desired quality, taking into account safety and efficacy of the drug product™.

On the other hand, Quality by Design (QbD) method identifies characteristics
that are critical to quality from the perspective of patients, translates them into
attributes that the drug product should possess, and establishes how the process
factors can be varied to consistently produce a drug product with the desired
characteristics. The QbD approach begins with a predefined target product pro-
file (TPP), and applies various principles and tools at different stages to better
understand the product. Quality risk assessment (QRA) tools, such as Failure
Mode Effects Analysis (FMEA) and Risk ranking and filtering, is applied to iden-
tify an initial list of potential Critical Quality Attributes (CQAs), Critical material
attributes (CMASs) and Critical Process Parameters (CPPs) with risk assessment
for each unit operation includes considering and documenting all parameters
that could affect outputs (CQAs)3+.

CQAs mainly refer to quality attributes of raw material, intermediate or final
products. CQAs are those physical, chemical, biological or microbiological prop-
erty or characteristic that should be within an appropriate limit, range or dis-
tribution to ensure the desired product quality. CQA assessment is an iterative
process of evaluating the drug product and drug substance attributes throughout
development to determine which have potential impact on the safety, efficacy, or
potency of the drug®.

The process and product design applied by QbD approach decrease the role of
finished product tests and so ensure to be able to control quality at the design
stage. When compared with traditional development approaches, formulation
and manufacturing process dynamics are better understood in QbD approach.
Moreover, the formulation contributes understanding the effect of production
processes on product reliability and efficacy’.

Design of Experiments (DoE) is a part of QbD and defined as a structured and
organized method to determine the relationship among factors that influence
outputs of a process. DoE results can help identify optimal conditions, the criti-
cal factors that most influence CQAs. Based on the acceptable range of CQAs, the
design space of CPPs can be determined?.

In ICH Q89, Design Space is defined as “the multidimensional combination and in-
teraction of input variables (e.g., material attributes) and process parameters that
have been demonstrated to provide assurance of quality”®. Working within this
space is not considered as a change and hence does not require regulatory approval.

The latest advances in mathematics and computer science have developed meth-
ods that may aid complex data analysis throughout DoE, optimisation with mod-
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elling and creating design space, and thus, different software products based on
mathematical models have been developed to help to better understand the rela-
tionship between formulation and process parameters, ensures quality of prod-
uct and to save time and money*. There are many computer software’s employ-
ing Artificial Neural Network (ANN), Gene Expression Programming (GEP) and
Neuro-Fuzzy Logic Modelling infrastructure for this purpose serving the phar-
maceutical industry". One of these software’s is INForm of Intelligensys Ltd.,
UK that employs multilayer perceptron neural networks.

Artificial neural networks are calculation models inspired by biology that consist
of hundreds of units and artificial neurons connected by factors (weights) that
establish the neural network without any linear relationship. Nonetheless, the
most important factor in deciding to use neural networks to solve a problem
concerns whether the data represent the solution of the problem®™.

On the other hand, GEP is a transactional process producing best fitting integral
solutions based on the principle of the most powerful survives (natural selection)
in the complicated and multidimensional research fields and by mapping com-
plex neural networks of different shapes and sizes (phenotype) in this process,
they use linear chromosomes (genotype)*.

Orally Disintegrating Tablet (ODT) is a solid unit dosage form, which disintegrates
or dissolves rapidly in the mouth without chewing and water. This type of property
in dosage form can be attained by addition of different excipients, from which dis-
integrating excipient is the key adjuvant'®. ODTs are appreciated by a significant
segment of populations particularly who have difficulty in swallowing. It has been
reported that Dysphagia (difficulty in swallowing) is common among all age groups
and more specific with paediatric, geriatric population along with psychiatric pa-
tients and patients with nausea, vomiting, and motion sickness complications®.

Formulation properties and process parameters affect the disintegration time
of ODTs. In this kind of tablets, direct compression is the most common used
technique that requires the integration of disintegrants into the formulation to
achieve the fast disintegration of tablets. To decrease the disintegration time of
the tablet, it is necessary to avoid increasing the mechanical strength of ODTs.
The mechanical strength of a tablet is related to its compression pressure and
friability is inversely related to compression pressure. To ensure the quality of an
ODT, these two properties should be properly balanced. ODTs can be soft, fragile
so unsuitable for packaging in conventional blisters or bottles because of their low
compression pressure, it is therefore necessary to develop a strategy to increase
the tablet’s mechanical strength without sacrificing its porosity or requiring spe-
cial unit dose packaging, which may add to the cost of handling fragile tablets®.

Alfuzosin hydrochloride is an alpha-adrenoreceptor blocker used in the manage-
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ment of hypertension and it also relieves symptoms of urinary obstructions in
benign prostatic hyperplasia®®. The concept of formulating orally disintegrating
tablets containing alfuzosin offers a suitable and practical approach in serving
desired objective of rapid disintegration and dissolution characteristics with in-
creased bioavailability. In this study, alfuzosin hydrochloride was chosen as the
model medication because of its low-dosage active ingredient and its indication.

In our study, different formulations were tested by changing the ready to use co-
formulated disintegrant excipient (Ludiflash or combined sodium starch glycolate
and mannitol), disintegrant % rate (30-80 %) and tablet compression pressure
(500 or 1000 psi). Thereafter, the relationships between the formulation and pro-
cess parameters and the target product properties (tablet hardness, friability, wet-
ting time, water absorption ratio and disintegration time) and the pharmaceuti-
cally acceptable ODT formulation were determined using ANN and GEP models.

METHODOLOGY

Materials

Alfuzosin hydrochloride was obtained from Generica Drug Company (Turkey)
as a gift. Avicel PH 101 (microcrystalline cellulose NF) was from FMC Biopoly-
mer (Brussels, Belgium), and Ludiflash® was from BASF (Germany), Sodium
stearyl fumarate was from SPI Pharma (U.S.A.), sodium starch glycolate was
from DFE Pharma (Germany) and Mannitol was from Merck Co. (Germany). All
other solvents and chemicals used were of analytical grade.

Methods

Creating Knowledge Space

First step of QbD framework starts with definition of CQA and application QbD
by unit operation, working backwards from Drug Product after definition of

QTPP. Subsequently, it continues with risk assessment on each unit operation
and conduct designed experiments.

Quality Target Product Profile (QTPP)

The QTPP is derived from the desired labelling information that describes an-
ticipated indications, contraindications, dosage form, dose, frequency, pharma-
cokinetics, and so on, for a new product®®. There are various ways to represent a
QTPP for ODT and one of them was given in Table 1.

Identify CQAs
CQAs are derived from QTPP and scientific rationale for CQAs should be ex-

plained. Table 2 summarizes the quality attributes of ODTs and indicates which
attributes were classified as drug product CQAs.
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Table 1: Quality Target Product Profile (QTPP) for ODT.

Quality Target Product Profile (QTPP) for 0DT

QTPP Element Target Justification
Dosage form oDT Patient compliance
Route of administration Oral Patient compliance
Dosage strength 2,5 mg Maximum effect

Physical Attributes (hardness, friability)

Disintegration time

Wetting time

Water Content

Pharmaceutical limit

Content Uniformity

requirement

Drug Release

Microbial Limits

Table 2: Critical Quality Attributes (CQAs) of ODTs.

Critical Quality Attributes (CQAs) of ODTs

Quality Isita
Attributes of the Target CQA? Justification
Drug Product ;
Colour and shape Col h d t directl
acceptable to the o?fur,ts afp? an dapf;f)garancT(eharefno t|hrec y
. . affect safety and efficacy. Therefore, they
Appearance patient. No visual No are not critical. . The target is set to ensure
tablet defects atient acceptability.
observed. P p '
Size <20 mg (amount of Yes Size is critical as it affects wetting time and
active ingredient) disintegration
No unpleasant odour Odour and taste are critical in 0DTs owing
Odour, taste and taste ves to patient convenience
Friability <% 1 Yes High friability causes decrease in size
Pharmacopeia Hardness affect disintegration time
Hardness acceptability Yes and drug efficiency
D|S|nttier3]g1;(raatlon < 3 minutes Yes Disintegration time affects efficiency
Wetting time Minimum Yes Wetting time affect disintegration time
. When the water absorption capacity is
Watecraat;sé%rptlon Minimum Yes high more saliva is required to
pactty disintegrating ODT in mouth
Pharmacopeia Drug release affects drug efficiency
Drug release acceptability ves and safety
) Variability in content uniformity will
Uﬁic;gtr?gitt P;g??:&ﬂf'a Yes affect safety and efficiency. Content
y P y uniformity of ODTs is critical.
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An overall risk assessment of the drug product formulation components was
performed to determine which formulation components have a high risk of im-
pacting the drug product CQAs. Table 3 shows us risk assessment results for
formulation component effect on powder blend as a sample.

Table 3: Risk assessment of the formulation components.

Formulation Components
Drug Product CQAs

Powder Blend

Size No

Taste, odour

Friability

Hardness
Disintegration time Medium
Wetting time Medium
Water absorption capacity Medium

Drug release

Content uniformity

Since the detailed production processes were not set up during the risk assess-
ment stage of the formulation development, risk analysis has been carried out on
each and every formulation characteristic to achieve the optimized production
process. Formulation variables of the powder mixture have been determined
and effects of these variables on the critical quality parameters have been deter-
mined by the risk assessment (Table 4).

Table 4: Risk assessment of formulation variables.

Formulation Variables
Powder blend

CQAs Dispersant Dispersant Lubricant
Type Amount Amount

Sweetening Particle

Taste Medium Medium Medium

Bulk Density Low Low

Tapped Density Low

Hausner ratio

Carr’s Index
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Applying QbD by Unit Operation

The purpose of each unit operation should guide evaluation of critical attributes
(CQAs) with defining unit operations by specific output required and considering
the order of unit operations. Figure 1 shows the unit operation steps, quality at-
tributes of input and output materials and also all process parameters for all steps.

_ Quality Attributes of

Muximg time Excipient type Comtent unilermity
The addmion onder of the materials Mobsture content Bulk densiny
Mixer fype Bulk demsity Fhow alslity
Minimg rate & dme Compressabiliny
Sheve ivpe Sieving Agglomeration
Sheve size (umwanted)
Uniformity of the mixhure Welght Varisilon
Particle size distribution Taste, smetl
Bulk dessity Friability
Flowability Hardneas
Compressability Disintegration time
Weiting time
:;:ﬂm of tablet compressing tool Wates abesigdon satlo
Type & rate of the Feeder Dissolation role
I}ﬂlg.uml'rrl bopper & Ming rale Content Uniformity

Figure 1: Unit operations map.

Risk Assessment

FMEA (failure modes and effects analysis) or use of a prioritization matrix (cause
and effect matrix) is helpful in identifying the process inputs that impact on qual-
ity attributes. In some cases, a deeper dive into the driving forces at critical control
points in the manufacturing process can yield a more fundamental understanding
of sources of variation'®. A risk assessment was performed and ten process param-
eters were evaluated using FMEA as a risk assessment tool to quantify the degree
of risk associated with these materials and the design and process variables. As a
part of the assessment, a system of ranking named risk qualification was estab-
lished. The three rankings were severity (S), probability (P) and detectability (D)
and are shown in Table 5. Severity (S) assesses the implications of a failure and
how this failure may affect the quality of a product. The possibility of a failure
is called the probability of occurrence, whereas detectability is the capability to
detect failure modes. The S, P and D scores are multiplied to calculate a risk pri-
ority number (RPN) to list each risk according to its rank. Each score is given an
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assessment point from one to five, and the multiplied RPN scores are classified as
follows: Low (1-45), Moderate (46-90) and High (91-125). For a high RPN, the po-
tential risks were deemed to have a critical adverse effect on the product quality®.

Table 5: Ranking of severity (S), probability (P) and detectability (D).

SEVERITY
Score Definition Description
Predicted to have no impact on product quality
1 Very low (quality within specifications).
2 Low Predicted to have a minor impact on product quality
(failure to meet specifications).
Predicted to have a noticeable impact on product quality,
3 Moderate but can be recovered.
4 Hiah Predicted to have a definite impact on product quality that
g may require rework.
5 Extreme Predicted to have a severe impact on product quality and
cause batch failure that is not recoverable.
OCCURRENCE
Score Definition Description
1 Unlikel Failure is unlikely to occur. Failure has never been seen
v but it is theoretically possible.
2 Rare Failure is rare but has a remote probability.
Failure has been seen once or twice.
: Failure infrequently occurs. Failure has been observed in
8 Occasional several experiments.
4 Moderate / Failure potential is low. Failure has been observed in several
Probable experiments and may require in-process controls.
5 High/ Failure is expected to occur regularly. Failure potential is high
Frequent V. )
DETECTABILITY
Score Definition Description
1 Always Failure can be detected in all cases. Failure is clearly visible.
2 Regular Failure can be detected almost every time.
3 Likel Failure cannot be detected occasionally.
v Failure may be missed sometimes.
4 Low Failure is probably not detected. Failure may be missed often.
5 Very low/ Failure cannot be detected/Failure cannot be detected
no detection with the available equipment or method.
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Table 6 shows the risk score matrix, which is a part of FMEA.

Table 6

Risk assessment with FIMEA.
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The potential CQAs of excipients required for development of ODTs were identi-
fied to have minimum disintegration time, water absorption capacity and wet-
ting time with maximum hardness at friability not greater than 1%, also sweat
taste for patient convenience.

In this study, CMAs (disintegrant type and amount) and CPPs (tablet compression
pressure) were considered the inputs, and QTPP properties (hardness, friability,
wetting time, water absorption ratio and disintegration time) were the outputs.

Evaluation of the Granulations and ODT Tablets

Alfuzosin hydrochloride granulations were prepared according to the following
independent variables: disintegrant type (Ludiflash® or combination of manni-
tol and sodium starch glycolate (SSG)), disintegrant excipient % rate (30-80%)
and tablets were pressed at pressures 500 or 1000 psi). The formulation vari-
ables and tablet compression pressures used are given in Table 7.

Table 7: Composition and compression pressure of ODT formulations.

Variable Formulation

F1 F2 F3 F4 F5 F6
Compressive strength 500 500 500 1000 1000 1000
Alfuzosin HCI (mg) 2,5 2,5 2,5 2,5 2,5 2,5
Ludiflash® (mg) 60 120 160 60 120 160
Avicel® (mg) 1351 75,1 35,1 135,1 75,1 35,1
SSF* (mg) 24 2,4 2,4 2,4 2,4 2,4
Total weight (mg) 200 200 200 200 200 200
F7 F8 F9 F10 F11 F12
Compressive strength 500 500 500 1000 1000 1000
Alfuzosin HCI (mg) 2,5 2,5 2,5 2,5 2,5 2,5
Mannitol+ SSG (mg) 60 120 160 60 120 160
Avicel® (mg) 135,11 75,1 35,1 135,1 75,1 35,1
SSF* (mg) 2,4 2,4 2,4 2,4 2,4 2,4
Total weight (mg) 200 200 200 200 200 200

*Sodium stearyl fumarate

After blending all ingredients, bulk density, tapped density, Carr’s index and
Hausner ratio tests of prepared granulation formulations were carried out ac-
cording to Eur. Pharm.2°' requirements.
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The granules were compressed into tablets by using a single tablet punch press
machine (Korsch, EK-0, Germany) using two different compression pressures
(500 or 1000 psi). All the formulated ODTs were subjected to the following qual-
ity control tests.

Weight Variation

The weight variation test is carried out in order to ensure uniformity in the
weight of tablets. The total weight of 20 tablets from each formulation is deter-
mined and the average is calculated. The individual weight of the each tablet is
also determined to find out the weight variation.

Tablet Hardness

The hardness of tablet is an indication of its strength. Measuring the force re-
quired to break the tablet across tests it. Tablet hardness was measured, mean
value and standard deviation was calculated (n=10).

Friability
Friability is the loss of weight of tablet in the container due to removal of fine
particles from the surface. Tablets were weighed and placed in a standard Er-

weka® friabilator. The friabilator was operated at 25 rpm for 4 min, and the fri-
ability was then calculated as the percent loss in weight after the run22.

Wetting Time and Water Absorption Ratio

For this purpose, a tablet was placed on a piece of tissue paper folded twice and
kept in a small Petri dish (ID = 6.5 cm) containing 6 ml of water, and the time
for complete wetting was measured. The wetted tablet was then reweighed to
evaluate water absorption ratio. Water absorption ratio %, R was determined
according to the literature2s-24,

In Vitro Disintegration Test

The in vitro disintegration test was performed according to the European Phar-
macopoeia at 37+2°C in 900 mL of distilled water. One tablet was placed in each
of the six tubes of the apparatus containing distilled water. A disk was added to
each tube. The time required for the complete disintegration of the tablet until
no mass remaining in the tube was measured. The disintegration time of three
tablets in a single batch was determined, and the mean value and standard de-
viation was calculated?.

Modelling and Optimisation

Design space can be described in terms of ranges of material attributes and
process parameters, or through more complex mathematical relationships. It is
generally determined through statistically designed experiment such as Design
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of Experiment (DoE). This enables maximum information with minimum ex-
perimental trials. Design space is only for CPP or critical material attributes that
has direct impact to product CQA. It can be established for each unit operation
or spans a few unit operations or the entire process°.

Experimental study data performed to create design space were evaluated with
ANN and GEP modules in INForm program.

Software Tools

In this study, INForm V.5 ANN and INForm V.5 GEP (Intelligensys Ltd., UK)
programs were used to develop predictive models and optimizes these models?.
Whereas the task of establishing a central model is undertaken by the neural
network element, genetic algorithms embedded in the software are used for op-
timization?®. The Gene Expression Programming was used as an alternative to
ANN for generating models to describe the linkages between the input and out-
put parameters.

In our study, disintegrant type and amount and compression pressure were con-
sidered the inputs, and hardness, friability, wetting time, water absorption ratio
and disintegration time were the outputs.

Training Software Tools Parameters

CPP and CMAs defined as variable factors and ANN and GEP modelling exe-
cuted in INForm program by using the CQA results of the trials performed with
these variable factors. Experimental data were analysed with the GEP and ANN
to determine how to identify the optimum properties to achieve the optimum
desired properties of the product formulation and/or treatment variables. In
the programs, disintegrant type, disintegrant amount, Avicel® amount and com-
pression pressure were considered the inputs; hardness, friability, wetting time,
water absorption ratio and disintegration time were considered the outputs.
Twelve formulations were used for model training. The test data selection was
made using the “Smart Selection” method. The criterion for judging the models,
fitness type was selected as Mean Square Error (MSE).

Because the training parameters influence the structure of the neural networks
during the training process, the parameters in INForm V.5 was manipulated to
optimize the predictability of the trained networks™. After trying various pa-
rameters, it was found that the parameters suggested in the ANN and GEP were
suitable®. The ANN program study conditions are given in Table 8 and GEP
program study conditions are given in Table 9. To validate the predictability of
trained models, the nonlinear coefficient of determination was computed against
the validation data set.
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Table 8: INForm ANN study conditions for ODTs.

INForm ANN study conditions
INPUTS/
OUTPUTS
Model type: Training
Neural Network parameters . Inputs
Number of hidden layers 1 Back-propagation Dis. Exp. Type
(HL) parameters DIS.. Exp. Rate
Current hidden layer 1 Momentum 0.7 Avicel Amount
(CHL) Learning rate 1000 Comp. pressure
Number of nodes (NN) 3 Targets Outputs
Transfer function Asymmetric |  Target epochs | 0.0001 Hardness
Sigmoid | Target MS error | 1000 _ Friability
Output transfer function Linear Random seed Disintegration time
Wetting time
Water abs. ratio

Table 9: INForm GEP study conditions for ODTs.

INForm GEP study conditions
Model type: Fitness type:
Gene expression Mean Squared Error (MSE) INPUTS/OUTPUTS
Inputs
Dis. Exp. Type
Dis. Exp. Rate
No. of populations 10 Avicel Amount
Population size 1000 | Node weighting factor | 0.5 Compression pressure
No. of generations 200 Minimum operator 3 Outputs
Headlength 7 nodes Hardness
Number of genes 3 Friability
Disintegration time
Wetting time
Water absorption
Optimisation

After the training was completed, ANN and GEP recommended a set of condi-
tions (formulation) at which the optimum levels for the quality attributes could
be achieved.

Optimisation of ODTs was performed in this study using the INForm V.5 ANN
and GEP. When the INForm ANN and GEP model were trained, the model was
optimized with target values based on pharmacopeial and in-house specifica-
tions. Then, to find the formulation with the closest match to the optimised for-
mulation, the best match feature of the program was used.

During optimization stage, each property weight value was specified as 10 to
evaluate the importance of each critical parameter on a scale of 0 to 10, with 10
being the most important.
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Optimisation parameters are:
Number of Populations: 1
Population Size: 100
Number of Iterations: 100
Mutation SD: 0.1

Random Seed: 1

RESULTS AND DISCUSSION
Evaluation of Alfuzosin Hydrochloride Orally Dispersible Tablets
-Evaluation of blends before compression

Results that belonged to the pre-compressing tests required for determination
of flow properties such as bulk density, tapped density, Carr’s (Compressibility)
index and Hausner ratio of powder blends of ODT formulations are given in Ta-
ble 10.

Table 10: Flow characteristics of powder blends of ODT formulations.

Powder Blend

Parameter

F1/F10
F2/F11
F3/F12
F4/F13
F5/F14
F6/F15
F7/F16
F8/F17
F9/F18

Bulk density (g/mL) 042 043 052 0.

[$)]

3 05

iy

0.

[

0 05

iy

0.

(S

0 055
Tapped density (o/mL) | 0.57 062 07 073 07 065 072 067 0.75
Hausner ratio 136 144 135 138 137 130 141 134 136

Carr’s index 26 31 26 27 27 23 29 25 27

-Post compression evaluations

Results of the test applied to the tablets prepared are given in the Table 11.
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Table 11: The characteristics of ODT tablets prepared.
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F1 10.8 | 0.46 | 4.29 | 0.15 | 0.2001+0.001 | 1.02 0.08 0.32 555
F2 | 11.7 | 0.51 432 | 0.19 | 0.1993+0.0016 | 1.20 | 0.03 0.27 54.6

F3 | 8.02 | 1.01 | 1253 | 0.55 | 0.1991+0.0009 | 0.43 | 0.03 0.17 477
F4 | 982 | 0.82 | 8.37 | 0.41 | 0.2005+0.0011 | 0.30 | 0.02 0.35 59.0
F5 | 87 | 025 | 2.87 | 0.37 | 0.2017+0.0011 | 0.22 | 0.03 0.18 56.0
F6 | 89 0.1 1.08 | 0.55 | 0.2016+0.0012 | 0.34 | 0.04 0.28 57.8
F7 | 16.5 | 1.36 | 8.24 | 0.12 | 0.1995+0.0011 | 4.02 | 0.12 0.58 24.7
F8 | 155 | 045 | 2.91 | 0.16 | 0.2016+0.0016 | 1.52 | 0.05 0.41 45.0
F9 | 1458 | 0.22 | 1.49 | 0.21 | 0.2019+0.0009 | 1.25 | 0.10 0.44 40.4
F10 | 17.95 | 093 | 518 | 0.34 | 0.2009+0.0012 | 3.05 | 0.20 1.10 41.6
F11 | 1642 | 081 | 492 | 0.31 | 0.2013+0.0015 | 1.50 | 0.09 0.49 38.1
F12 | 169 | 1.03 | 6.09 | 0.40 | 0.2012+0.0014 | 3.07 | 0.08 1.10 40.0

Optimisation with GEP and ANN Programs
Models having been derived based on the ANOVA test results of the program
were tested (See Table 12 and 13).

Table 12: The R?values calculated between ODTs included alfuzosin hydrochloride and
anticipated values.

INForm ANN - ODT Attributes / R? values
Outputs R?

Hardness (N) 96.32
Friability (%) 97.51
Wetting time (s) 91.65
Water absorption ratio (%) 97.38
Disintegration (s) 96.92
Dissolution (%) 98.19
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Table 13: The R? values calculated between ODTs included Alfuzosin hydrochloride and

anticipated values.

INForm GEP - ODT Attributes / R?values
Outputs R?

Hardness (N) 0,97
Friability (%) 0,98

Wetting time (s) 0,99

Water absorption capacity (%) 0,92
Disintegration (s) 0,97
Dissolution (%) 0,98

ANN model gave information about which formulation is similar to the opti-
mised formulation. Formulation 2 has the highest similarity to the optimised
formulation at the rate of 60.01% (Table 14).

Table 14: The comparison of optimised Formulation and Formulation 2, the best match

formulations according to the ANN model.

Optimised Formulation | Formulation 2

Superdisintegrant type Ludiflash® Ludiflash®
Superdisintegrant (%) 30.00 60.00
Avicel® amount (mg) 35.00 75.00
Compression pressure (psi) 604.67 500.00
Hardness (N) 11.13 11.70
Friability (%) 0.16 0.19
Wetting time (s) 27.19 27.00
Water absorption ratio (%) 44.40 54.60
Disintegration (s) 48.78 80.00
Dissolution (%) 74.77 49.57

GEP model gave information about which formulation is similar to the opti-

mised formulation. Formulation 3 has the highest similarity to the optimised
formulation at the rate 89.64% (Table 15).
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Table 15: The comparison of optimised formula and Formulation 3, the best match
formulations according to the GEP model.

Optimised Formulation Formulation 3
Disintegrant type Ludiflash® Ludiflash®
Disintegrant amount (%) 69.36 80.00
Avicel® amount (mg) 35.00 35.00
Compression pressure (psi) 547.00 500.00
Hardness (N) 9.45 8.20
Friability (%) 0.34 0.55
Wetting time (s) 21.91 17.00
Water absorption ratio (%) 48.62 47.70
Disintegration (s) 42.46 43.00
Dissolution (%) 84.87 93.97

With respect to the FMEA result and prior knowledge and experiences, taste, fri-
ability, hardness, disintegration time, wetting time and water absorption ratio
were classified as CQAs, blending time and rate, sieve size and compression pres-
sure were classified as CPPs. Disintegrant type (Ludiflash® or combination of
mannitol and sodium starch glycolate), disintegrant % rate (30% - 80%) deter-
mined as CMAs. Whereas certain risk scores state that the appearance were not
considered CQAs.

A total number of nine formulations were prepared and their powder blend char-
acteristics were evaluated. For the flow characteristic of a powder mixture to be
considered good, the Hausner ratio should be less than 1.252°. As shown in Table
10, the Hausner ratio for all the formulations was greater than 1.25, that’s why
the flow properties were considered as not so good. According to results formula-
tions that were prepared had bed compressibility. In order to decide which for-
mulations could be eliminated, formulations (Table 7) were compressed at 500 or
1000 psi and disintegration time was evaluated.

The disintegration time varied depending on the formulation components and
the compression force, although all the formulations except F7, F10 and F12 com-
plied with the European Pharmacopoeia limits?. The hardness values and com-
pression forces of tablet formulation were directly proportional, as expected and
F7, F10 and F12 formulations having the highest hardness value and the longest
disintegration time. The friability values of tablet formulations were below 1%.

All the tablets from each formulation passed weight variation test, as the %
weight variation was within the pharmacopoeia limits of +7.5% of the weight.
The weight variation in all the prepared formulations was found to be 201+0.9
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and 199+0.9 mg, which was in pharmacopoeia limits3'.

According to analyses conducted on tablets, experimental data was formed then
evaluated via software uses artificial intelligence to perform mathematical mod-
elling and optimization studies.

Based on the evaluation of the ANN data, an ODT formulation was recommend-
ed. The suggested “optimised formulation” contained 2.5 mg alfuzosin hydro-
chloride, 30% Ludiflash®, and 35 mg Avicel® and with a compression force of
605 psi. The program also provided “outputs” for the formula that it suggested.
Accordingly, the predicted formulation properties of the optimised formula were
48.7 s for disintegration time, 11.1 N for hardness, 27 s for wetting time, 44% for
water absorption ratio and 0.16% for friability.

The ANN model also provides us information about which formulation best fit
the optimized formula. F2 was found to be the most similar to the optimized
formula with a 60 % similarity by the ANN model.

Based on the evaluation of the GEP data, an ODT formulation was recommend-
ed. The suggested “optimised formulation” contained 2.5 mg alfuzosin hydro-
chloride, 69% Ludiflash®, and 35 mg Avicel® with a compression force of 547 psi.
The program also provided “outputs” for the formula that it suggested. Accord-
ingly, the predicted formulation properties of the optimised formula were 42.4 s
for disintegration time, 9.45 N for hardness, 21.9 s for wetting time, 48.6% water
absorption ratio and 0.33% for friability.

The GEP model also provides us information about which formulation best fit
the optimized formula. F3 was found to be the most similar to the optimized
formula with an 89.6% similarity by the GEP model.

It has been shown that both models proffer using Ludiflash®, which contains
Crospovidon, a polymer used in other studies 3 33 as disintegrant within the
ODT formulations and found suitable, in the tablet formulation to better quality
properties and using it even in low amounts like 30 % of total tablet weight will
provide sufficient effect to maintain convenient disintegrating time and other
quality attributes.

Even though there are several studies3? 34 conducted to show the convenient of
using co-processed disintegrant or different disintegrant polymer forms, in this
study using Artificial Intelligence Modelling methods aided to develop formula-
tion with a novel approach.

CONCLUSION

Through our study, multiple experiments with direct compressed alfuzosin hy-
drochloride ODT were evaluated in order to understand relationships between
input attributes and outputs were obtained.
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In these experiments, data was acquired on how the formulas and processes
inputs affect output variables. Evaluating experimental results via GEP and/or
ANN modelling software show the multivariate and complex relations among
all the variables that determined as critical before, at the same time. Formula-
tion and process knowledge on how the critical parameters affect the quality at-
tributes were increased. Also, these modelling studies helped to develop models
based on the known data results to estimate the unknown results for the data
sets by optimization ability.
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