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ABSTRACT

Objectives: This design study was implemented within the scope of the quality by design approach, which included the “International Conference
on Harmonization” guidelines. We evaluated the quality of a modified-release tablet formulation of quetiapine fumarate, which was designed using
artificial neural networks (ANN), and determined a new formulation that was similar to the reference product.

Materials and Methods: Twelve different formulations were produced and tested. The reference product’s results and our experimental results
were used as outputs for the training of the ANN programs of Intelligensys Ltd.

Results: Dissolution tests were performed with the new formulation (F13) suggested by the INForm V.4 ANN program in three different pHs of the
gastrointestinal system. The compliance of this formulation was confirmed by comparing the results with an f2 similarity test.

Conclusion: Use of these programs supports research and development processes with multiple evaluation methods and alternative formulations
may be determined faster and at lower cost.
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OZ |

Amag: Bu tasarim galismasi “International Conference on Harmonization” rehberleri kapsamindaki tasarimda kalite yaklasimi gergevesinde
uygulanmistir. Yapay sinir aglari (ANN) kullanilarak ketiapin fumaratin degistirilmis salimli tablet formulasyonunun kalitesi degerlendirilmis ve
referans Urlne benzer olan yeni bir formilasyon tespit edilmistir.

Gereg ve Yontemler: On iki farkli formdl Uretilmis ve test edilmistir. Referans trtinin analiz sonuglari ve deneysel sonuglarimiz giktr olarak
Intelligensys Ltd. sirketine ait programlarinda ANN'nin egitimi i¢in kullanilmistir.

Bulgular: INForm V.4 ANN programi tarafindan 6nerilen yeni bir formulasyon (F13) ile gastrointestinal sistemdeki tg farkli pH da ¢ézinme testleri
yapilmistir. Bu formilasyonun uygunlugu da f2 benzerlik testi sonuglari karsilastirilarak dogrulanmistir.

Sonug: Bu programlarin kullanilmasi, goklu degerlendirme yodntemleri ve daha dusik maliyetle Ar-Ge sureglerini desteklemekte ve alternatif
formilasyonlar daha hizli tespit edilebilmektedir.

Anahtar kelimeler: Ketiapin fumarat, tasarimda kalite, yapay sinir aglari, bulanik mantik, uzatilmis salim tabletler, yas grantlasyon
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INTRODUCTION

Quetiapine fumarate, a Biopharmaceutics Classification System
class 2 drug, has been used in the treatment of schizophrenia.
Its conventional and extended-release (ER) preparations are
available on the market. Its ER formulations ensure safe,
clinically effective treatment within accepted therapeutic
intervals due to the decreased adverse effects and increased
patient treatment adherence!

ER formulations of quetiapine fumarate are prepared as
membrane or matrix delivery systems. Mostly hydrophilic
polymers are used in the formulation of ER systems. In
particular, semi-synthetic cellulose derivatives, acrylic acid
derivatives (carbomers), and natural polysaccharides are
preferred.

Carbopol 974P, an acrylic acid derivative, is used as a binding
agent, which increases viscosity, film coating, and acts as a
suspension agent material due to its capability of forming a gel
at high viscosity. In addition, it controls the release rate of the
drug through hydration and swelling mechanisms. Xanthan gum,
a microbiologic polysaccharide, is produced by Xsanthomonas
campestris with pure culture fermentation. It is also widely used
as a stabilizer, suspension agent, viscosity increaser®, and as a
matrix agent in ER formulations” due to its capability to form a
strong matrix structure.

The wet granulation method for the preparation of ER tablets is
a common process in the pharmaceutical industry.® Decreasing
the time and cost of industrial scale production are the most
important parameters inthe development of ER tablets.” Inrecent
years, neural networks, fuzzy-logic programs, and multiple
evaluation techniques have been used for the optimization
of pharmaceutical formulations due to their advantages over
classic formulation development strategies, such as being time
saving and having lower cost. In addition, efficiency and quality
are other important parameters in pharmaceutical development
and production. There are some tools for these objectives such
as faster analysis of data, efficient use of incomplete data banks,
training of newly developed networks, exploring independent
design areas away from complicated designs, finding the most
useful choice, establishing restrictions in optimization, and
producing useful norms.!°

An artificial neural network (ANN) is an artificial intelligence
tool that identifies arbitrary non-linear multi-parametric
distinguishing  functions directly from dependent and
independent complex variables. Thus, it can separate signals
and noise from experimental data!'? These programs evaluate
dissolution profiles®™ and take into account the physicochemical
properties of products, such as friability and disintegration, and
other consequential parameters that affect the release rate of
drugs (particle size, type and amount of polymer, granulation
technique, compression force, amount and type of lubricant).”

FormRules V3.32, a neural network-fuzzy logic program,
INForm V.4 ANN, and V.4 gene expression programing (GEP)
programs were used in the research and development studies.”®
FormRules is a hybrid technology that is a very effective tool to
obtain understandable rules from complex and non-linear data.®

The INForm programs use neural network-fuzzy logic and can
perform optimization. Optimization is a mathematic method that
searches for an “optimum” and most advantageous solutions to
solve problems. As for INForm V.4 GEP, it is based on genetic
algorithms, searching for the best holistic solutions according
to the principle of ‘survival of the fittest’ in the multidimensional
search space.”

Quality by Design (QbD) is included in the International Council
for Harmonisation of Technical Requirements for Registration
of Pharmaceuticals for Human Use (ICH) Q8 guideline and, by
enabling the use of data observed throughout the life cycle,
it provides more scientific data regarding the product quality
and to critical process knowledge® In the pharmaceutical
industry, QbD is a very important contributor and emphasizes
comprehension of process control, and quality products may be
achieved more quickly with a systematic approach.”*2

In this study, ER formulations of quetiapine fumarate were
prepared with xanthan gum or Carbopol 974P as matrix
agents at their different ratios and an optimum formulation
was developed that would be similar to the reference drug
(Seroquel 200 mg XR tablet, AstraZeneca) in the market. In
this context, the effect of granule size of bulk was investigated
on the dissolution profiles of drug from formulated ER tablets.
Critical quality characteristics and process parameter inputs
were determined as polymer type-concentrations and sieving
mesh sizes of dried granules, respectively. Then, a design study
was conducted to follow the changes of the obtained outputs of
the formulations and evaluated using FormRules V3.32, INForm
programs.

EXPERIMENTAL

Equipment

The equipment used included the following: tablet press
machine (Rimek-Minipress-Il, Karnavati-India), dissolution test
apparatus (Distek Syringe Pump-Evolution 4300 Dissolution
Sampler - USA), friability machine (Caleva FT-15, UK),
hardness test apparatus (Caleva THT-15, UK), magnetic stirrer
(Hei-standard, Heidolph MR), pH meter (Seven Easy, Mettler
Toledo-Switzerland), HPLC (Waters e2695 PDA detector,
Waters-USA), ultrasonic bath (RK 1028 CH, Bandelin Sonorex
Super), wet stoker (Mettler LP16, Mettler), oven (Nuve) KD
200, balance (Mettler PM100, Mettler-Switzerland), mechanical
stirrer (Stirrer LH, Velp Scientifica), FormRules V3.32, INForm
V.4 ANN, and INForm V.4 GEP softwares (INtelligent Ltd-UK).

Ingredients

Quetiapine (fumarate salt) (Aurobindo Pharma Limited,
Unit-XI- India), MCC 101 (FMC Biopolymer, Newark, USA),
lactose monohydrate (DMV, Netherlands), sodium citrate
(Merck, Germany), Carbopol 974P (Lubrizol, USA), xanthan
gum (JUNGBUNZLAUER, Switzerland), Mg stearate (FACI,
Genoa, Italy) were pharma grade and all other chemicals were
analytical grade.

Data set
In this study, polymer type, polymer concentrations, and sieving
mesh size parameters were described as independent variables
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(inputs); tablet weight, tablet hardness, friability, assay and
dissolution percentage (%) at all of the time points used in the
dissolution tests (30 minand 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18,
20, 22, and 24 hours) were described as dependent variables
(outputs). Therefore, two different polymer types (xanthan gum
and Carbopol 974P), three different concentrations for each
polymer [according to the preliminary study findings for xanthan
gum; 16%, 24.5%, and 31% (w/w), for Carbopol 974P; 10%, 23%,
and 50% (w/w)], and two different sieving mesh sizes (0.8 and
1.4 mm) for dry granules were suggested.

A systematic scientific approach was applied to control tablet
production variables in the process design. For this purpose, a
study design was formed by determining the critical parameters
for the formulation within the framework of the QbD approach.
Thesevariableswerealsoformedasthecritical quality attributes.
The main goal of our study was to be able to understand the
possible effects of these parameters on the release profiles of
ER quetiapine fumarate tablets. Then, training of the FormRules
V.3.32 and INForm programs was conducted with the observed
test results. The results showed that formulation F1 was the
most similar formulation to the reference product chosen by the
programs. In addition, formulation F13 was suggested as a new
formula after optimization from INForm programs. Afterwards,
F1 and F13 dissolution profiles were tested at three different
pH values, as proposed by the ICH Q6 guidelines (pH 1.2, 4.5,
and 6.8).

The dissolution profiles of F1 and F13 were compared with
the reference product to determine whether it adhered to
the compliance criteria.?* The critical quality and process
parameters (inputs) and quality target product profiles
(outputs) in the process design are shown in Table 1, and the
visualizations of the interactions between these properties are
shown with their positions in a fishbone diagram in Figure 1.

Tablet formulation and manufacturing

Alltablet formulations containing 230 mg of quetiapine fumarate
were prepared with the wet granulation method (Table 2). A
flow diagram of the production method is shown in Figure 2. In
brief, quetiapine fumarate, lactose monohydrate, sodium citrate,

microcrystalline cellulose 101, and the polymer (xanthan gum or
Carbopol 974P) were weighed and sieved as the internal phase
and mixed in a mechanical mixer for 10 min. Granulation was

Table 1. Dependent and independent variables of formulations in

process design

Critical quality and proses parameters
(Inputs)

Quality target product
profile properties (Outputs)

Polymer type

(Xanthan gum or Carbopol 974P)
Polymer concentration

Xanthan gum: (16-24.5-31%; w/w)
Carbopol 974P: (10-23-50%; w/w)
Sieve size

(0.8 or 1.4 mm)

Tablet weight (mg)
Hardness (n)

Friability (%)

Assay (%)

Dissolution

Amount of dissolved (%) in
all time points

(30 min, 1,2,3,4,5,6, 8,10,
12,14,16,18, 20, 22, 24 h)

Sieve size
Polymer type Dissolved %
, Friability Hardness
Hardness« Assay Jriability
Dissolved % « Tablet weight Assay
Tablet weight
Optimized tablet
Tabletweight ., Dissolved%
Friability, 'Hardness
» Assay
Polymer Concentration

Figure 1. Critical characteristics of extended-release tablet formulation in

fishbone model

Table 2. Unit formula ingredients of tablets

Ingredients (mg) F1* F3* F5* F7* F9* F11*
F2x* F4** F6** Fg** F10** F12**
g%eéfgp;‘: gﬂgﬁ;ﬁe cquivalent 230.0 230.0 2300 2300 2300 2300
Microcrystalline cellulose 101 100.0 100.0 100.0 100.0 100.0 100.0
Lactose monohydrate 52.63 52.63 52.63 52.63 52.63 52.63
Sodium citrate 88.86 88.86 88.86 88.86 88.86 88.86
Carbopol 974P - - - 53.05 143.2 47748
Xanthan gum 93.0 155.0 217.0 - - -
Mg stearate 6.0 6.0 6.0 6.0 6.0 6.0
Tablet weight 570.49 632.49 694.49 530.54 620.69 954.96

*F1, F3, F5, F7, F9, and F11 were sieved through 0.8 mm mesh screen; **F2, F4, F6, F8, F10, and F12 were sieved through 1.4 mm mesh screen
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achieved by slowly adding distilled water to the dry mixture;
when the granules reached the desired consistency, they were
sieved with a 4-mm mesh screen. The wet granules were dried
in an oven at 45°C and then divided into two parts; one part
was sieved through a 0.8 mm mesh screen and the other was
sieved through a 1.4 mm mesh screen. Magnesium stearate
was sieved and added to the granules as the outer phase. The
product was mixed in a mechanical mixer for 5 min and tablets
were compressed using a tablet compressor (Karnavati Tablet
Compression Machine, India).

Tests for prepared tablets

Weight variation

For all formulations, 10 tablets were weighed one-by-one on
a precision scale (Mettler-Switzerland), and average weight,
standard deviation, and relative standard deviation values were
calculated.

Determination of hardness

Ten tablets were taken from all formulations. Tablet hardness
was measured using a hardness testing instrument (Caleva,
UK). Average hardness, standard deviation, and relative
standard deviation values were calculated.

1-Dry mixture

MCC 10
Do mixtured with mechanic stirrer|
mo noh yd ratet

n10min.)
Carbopol §748
or
Xanthan gum
2-Wet granulation with
distilled water and sieved
4mm

l

3-Dryed in owen at 45 °C

Sieved
(0.8 or 1.4 mm)
4-Dry mixture (mixtured

with mechanic stirer in 5
min)

Magnesum
Stearxe

5-Pressed the tablets

Figure 2. Process flow chart of extended-release tablets prepared

Friability test

From all formulations, 10 tablets were weighed and placed in a
friability tester (Caleva, UK); the instrument was run, a test was
conducted at 25 rpm for 4 min, and the tablets were weighed
after the procedure. Percentage weight loss was calculated
according to Equation 1%

(Wi-Wf)

(Equation 1)

F(%) = x100

Where,
Wi = initial weight of tablets
Wf = weight after friabilityv

Assay

HPLC (Waters) was used for quetiapine fumarate analysis.?
Method parameters are summarized as follows;

Detector: PDA

Mobile phase: pH 6.5 phosphate buffer-acetonitrile (60:40; v/v)
Column: Cromasil 100, C,, (250x4.6 mm), 5 pm

Wavelength: 225 nm

Flow rate: 1.5 mL/min

Retention time: 4 min

The determination of active substance amount in ER tablets
containing 230 mg of quetiapine fumarate and dissolution
rate test method validation (accuracy, precision, specificity,
linearity, range, detection limit, quantitation limit, robustness,
system suitability testing) were performed according to the ICH
Q2 guidelines.?

Dissolution tests

For the similarity between the developed ER formulations of
quetiapine fumarate and reference product, a dissolution test
was performed in the medium (0.1 N HCI, 900 mL) registered
in the literature. USP apparatus Il with the paddle method was
used for this test at 37°C+0.5 at 50 rpm.?® The experiments
were performed six times. The analysis of samples, which
were taken from the dissolution medium at the determined time
intervals (at the end of 30 minand 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16,
18, 20, 22, and 24 hours) was performed and fresh dissolution
medium was added. Dissolution tests were also conducted
under the same conditions using different dissolution media
including buffered solutions at pH 1.2, pH 4.5, and pH 6.8.

Evaluation of dissolution data

The similarity of dissolution profiles of ER quetiapine fumarate
tablet formulations and that of the reference ER product were
determined using the f2 test (similarity factor)?® given in
Equation 2:

1
fo =50xlog x 100

W Ty

(Equation 2)



OZCELIK et al. Design of Quetiapine Fumarate Extended-release Tablet Formulations 217

Where Rj and Tj are the cumulative percentages dissolved at
each of the selected “n" time points of the reference and test
product, respectively. For similarity of the formulations, this
factor should be between 50 and 100.

Software tools

Commercial artificial intelligence software tools were used
to interrogate the production data generated in the studies.
FormRules V3.32*° and INForm programs are software
packages developed by Intelligensys Ltd., UK.

RESULTS

Analytical validation results

Linearity concentrations range between 10-120%. The limit of
detection value was 5.0 mg/mL and the limit of quantification
value was 16.667 mg/mL. The other validation procedure results
are shown in Table 3.

Physical tests results

Physical tests of the formulations were performed. The
average diameter of the tablets was between 17.88-17.99 mm
for formulations composed of both polymers, and the thickness
values were between 5.36-6.01 mm for tablets prepared with
xanthan gum, and between 5.21-8.20 mm for the Carbopol 974P
series. The assay results of the tablets were between 98.07-
102.00%. Other physical tests results are shown in Table 4. All
parameters were within the Pharmacopoeia limits.®%

Dissolution tests results
The dissolution profiles of all formulations were compared

with that of the reference product. All dissolution studies were
performed in the best-dissolved medium of quetiapine fumarate
for 24 hours (pH 1.2) (Figure 3). The similarity factor (f2)
values for all formulations were calculated and are shown as a
histogram in Figure 4. The f2 similarity values of formulations
coded with F1, F2, F3, F4, F6, and F12 were calculated as 69, 52,
63, 68, 68, and 55, respectively. The formulations coded as F1,
F4, and F6 were highly similar to the reference product.

FormRules program results

Training of programs was conducted using the physical and
chemical test results of all formulations, and the results were
evaluated. The r? value was 0.99 for the average weight data
and the polymer concentration was the dependent variable.
Polymer concentrations and hardness values can influence
each other moderately, as such, the dependent variables and
models also have influence.

100 -+ Seroquel 100 -+ Seroquel

0 a+ F1 0 « 7
g PR g + 8
E + R E + 9
o 50 - F4 o 50 -+ F10
5 -5 z ™
~ + F6 N -+ F12

o8 T T T T J 0

0 5 10 15 20 25 0 5 10 15 2 %

Time (hour) Time (hour)

Figure 3. Dissolution profiles of all formulations developed and reference
product at pH 1.2 (n=6)

Table 3. Results of analytical validation procedure

Validation characteristics Results

Specificity

There was no peak observed at the time of active substance retention time from the

solvent or placebo.

System repeatability

RSD %: 1.989

Linearity Rz 1
Range RSD %: 1.72 (10%)
RSD %: 0.65 (120%)
No deviation observed in the specified range
Accuracy Xanthan gum Carbopol 974P
Yield %: 98.11-100.27-98.93 Yield %: 99.71-100-100.75
Precision RSD %: 1.918-91.50% RSD %: 1.921-94.47%

Intermediate precision

RSD %: 0.748
Contrast %: 3.83

RSD %: 1.838
Contrast %: 3.46

Robustness

Mobil phase flow rate

1.35 mL/min: Contrast %: 1.88

1.65 mL/min: Contrast %: 2.03

1.35 mL/min: Contrast %: 0.19
1.65 mL/min: Contrast %: 4.59

Column temperature

20°C: Contrast %: 0.25
30°C: Contrast %: 0.82

20°C: Contrast %: 0.81
30°C: Contrast %: 0.52

Solution stability

Standard and sample solutions were stable at 25°C and +5°C for 48 hours

RSD: Relative standard deviation
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Table 4. Tablet weight, hardness, friability (%) results of all

formulations

Formula Tablet weight Hardness Friability
(mg) SD@® SD )
F1 560.20 2.05 187.00 2102 0.030
F2 57158  2.22 13310 16.44 0140
F3 62340  0.81 207.00 3141 0.030
Fa 63470  1.08 23900 1912 0.42
F5 69320 076 22700  14.68 0.050
Fé 69335 4.8l 16900  28.07 0.068
F7 53141 513 13130 37.86 0190
F8 53479 332 15790  44.07 0.260
F9 62395 332 24250  19.63 0.063
F10 62278 333 25470 424 0.061
F11 960.64 312 25540 070 0120
F12 96232 156 25630 216 0120

SD: Standard deviation
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Figure 4. Similarity factor (f2) values of all tablet formulations

The dependent variables of polymers are highly important for the
dissolution rate of drugs. If the polymer type and concentration
change, the drug dissolution profiles would also change.
When Carbopol 974P was used, the dissolution percentage of
drug was high, and the dissolution behavior of drug was not
affected due to the particle size.®® When xanthan gum was
used as the polymer, the dissolution percentage of drug was
decreased.®**® The change in drug release by polymer type
observed in this study complies with the literature. The release
of active substance from hydrophilic matrix tablets is related
to a product’'s own behavior, and the typical characteristics
of the drug together with the properties of the polymer, i.e.,

molecular weight, hydrophilicity, and degree of cross-linking.>
An inverse proportionality was detected between polymer
concentration and dissolution percent of drug. Therefore, it was
suggested that in vitro release behavior of drug was related to
polymer concentration. Increased polymer concentration led to
decreased diffusion of drug in the dissolution medium. Thus,
the types and concentrations of polymers are crucial factors
that affect dissolution of drugs.®”

The similarity values were obtained using the FormRules
program. Formulation F1 was found as the most similar to the
reference product (100%). This formulation also showed the
highest similarity to the reference product (69%) in terms of
f2 similarity factor when the dissolution study was performed
at pH 1.2.

INForm program results

All results were also evaluated using the INForm programs. It
was observed that the r? values ranged from 74.31 to 99.97 for
weight, hardness, friability (%), assay, and dissolution rates (%)
of tablets.

When the r? values were high, the model was well-built, and the
program was conditioned. F1 was the most similar formulation
to the reference product according to the INForm data.

DISCUSSION

ER oral tablets are required to meet similar behaviors in the
gastrointestinal tract in which physiologic fluids are at different
pH values. Thus, in vitro dissolution studies are needed to
be performed at three different pH values that mimic in vivo
conditions. Following the evaluation of all dissolution studies
and assessment of program data, formulation F1 was determined
as the most similar to the reference product. The dissolution
tests were performed in dissolution media at pH 1.2, 4.5, and
6.8. Although formulation F1 satisfied the ICH guideline? limits
at pH 1.2 and pH 6.8 (f2 values were 69 and 95, respectively),
the f2 value for this formulation was calculated as 23 in pH
45 dissolution medium. Therefore, the formulation was not
assessed as similar to the reference product.

Furthermore, the INForm programs recommended a new
optimized formulation, which had the highest similarity to
the reference product. However, the two formulations were
very similar in terms of drug dissolution rates. Therefore, we
chose the formula recommended by the ANN program, and the
tablets were prepared according to this proposed formula (F13)
in which xanthan gum was used as the polymer matrix agent
[20.35% (w/w)] and the granule size was 1.0 mm.

To prove the similarity of the F13 formulation to the reference
product, in vitro dissolution studies were performed using the
dissolution method as explained above. The dissolution profiles
of drug performed at three different pH values are shown in
Figures 5-7. F2 similarity values of formulation F13 at pH 1.2,
4.5, and 6.8 were calculated as 76, 50, and 62, respectively.

The formulation selected by the FormRules (F1) and the INForm
programs (F1) that showed the most similarity to the reference
product did not show the expected performance in in vitro
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Figure 5. Dissolution profiles of F13 and reference product at pH 1.2 (n=6)

pH 4.5
100 -

50 - FZT

% Drug release

—4—F13

o ‘Seroquel

0 - T T \
0 500 1000 1500

Time (min)

Figure 6. Dissolution profiles of F13 and reference product at pH 4.5 (n=6)

release studies. However, tablets with required performances
were obtained in a shorter time with fewer trials due to the
optimized formula suggestion of the INForm programs.

Similar programs have been used for the controlled-release
formulation of clopidogrel using a matrix agent (Methocel
K100M).*® In another study, the formulation components
(diluent, binder, and their concentrations) and operation
variables (type of the granulator and addition of the binder)
of caffeine were evaluated and optimized formulas were
obtained.®* In addition, the controlled-release tablets of
theophylline were developed using a study of simultaneous
optimization technique.“° All these studies indicated that these
programs performed better estimation than those of current
statistical methods.
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—*+—FI13
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Figure 7. Dissolution profiles of F13 and reference product at pH 6.8 (n=6)

It also should be kept in mind that these programs have some
disadvantages. The most important is that models can be
over-trained. In that case, the value of r? might reach 0.95 or
higher, and the background color turns to red. In such a case,
model parameters are needed to be reviewed, checked, and
retrained.

In our study, a release tablet formulation of quetiapine fumarate
using a different polymer than that of its marketed product was
optimized with lower cost and fewer trials, and in a shorter
time by using ANN programs.

CONCLUSION

The greatest benefit of the FormRules program was
understandable models, impressive experimental results and
clearly described mathematical concept data. The program
generated a rule base and contained all observations,
experiences, and mathematical connections related to the
subject, i.e., all information. The better and broader the rule
base was prepared, the more precise and correct results
were obtained. It presented data visually as three-dimensional
graphs, which allowed us to extract the information quickly
and easily, therefore enabling us to see which input was really
effective on our formulation and also facilitating our decisions
on how to obtain the most efficient results.

Using these programs, we attained information that tablets
composed of xanthan gum were more successful than those
that consisted of Carbopol 974P in extending the release of
quetiapine fumarate from an ER tablet formulation. We evaluated
the parameters including polymer concentration and mesh
size of granules. A genetic algorithm-based optimization was
performed and an optimized formula similar to the reference
product was recommended. Without genetic algorithm-
based optimization, more formulation trials would have been
necessary to obtain the optimum formula. Consequently, it
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has been shown that an ER tablet formulation of quetiapine
fumarate could be optimized quickly and at a lower cost.
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