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Abstract

Classical experimental designs have been popularly employed in establishing robust analytical methods while
achieving other advantages, viz., reduction in the number of experiments and hence lower reagent consumption and
less laboratory work. To achieve optimum chromatographic condition, a computer-aided Box-Behnken Design (BBD)
in ion-pairing stability-indicating RP-HPLC assay of quetiapinefumarate along with its stress related substances has
been investigated here, proving to be an invaluable tool in ascertaining a reliable method. The study includes forced
degradation of quetiapinefumarateunder acidic, alkaline, photo, oxidative and peroxide stress conditions followed by
separation of degradation products. Critical factors including buffer pH, % organic phase (acetonitrile) and
concentration of hexane sulphonate (ion-pairing reagent) susceptible to influence the separation (critical resolutions)
and total analysis time were investigated by response surface methodology. The best optimal separation condition
as obtained was observed on an enable C-18 column (250mm x 4.6mm i.d, 5µm particle size) using mobile phase
composed of Phosphate buffer (pH 2.0) containing 0.002mM hexane sulphonate and acetonitrile (74.4:25.6 v/v) at a
flow rate of 1.00ml/min. The eluents were observed at 220nm using a PDA detector. Further, the method was
validated to ensure its reliability and other regulatory criteria are met.
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Introduction
Quetiapine fumarate (Seroquel®, ICI204, 636) is a psychotropic

compound approved as a therapy to treat schizophrenia [1-6], acute
mania [7-10], and acute bipolar depression in adult Patients [11,12].
Chemically, quetiapine is a dibenzothiazepine derivative that is {2-(2-
(4-dibenzo [b,f] [1,4] thiazepine-11-yl-1-piperazinyl) ethoxy) ethanol}
(Figure 1) [13]. The literature review revealed that only few methods;
spectrophotometric, capillary zone electophoretic [14] and
voltammetric [15], were used for the assay of quetiapine in tablet
formulations. Several bio-analytical methods are also available. These
methods include HPLC with UV detection for the determination of
quetiapine either alone [16] or in presence of antipsychotics [17,18],
antidepressants [19], its metabolites [20] and its degradants [21]. Also,
HPLC-electrospray ionization mass spectrometry [22], UPLC-MS/MS
[23], HPLC-MS/MS method [24], and capillary zone electrophoresis
[25] methods have been reported recently for quantitative analysis of
quetiapine.

All of the above methods based on univariate approach (changing
one variable at a time, whilst keeping the others constant); seem to lack
systematic statistical optimization and are inefficient and time-
consuming. In the last years, there has been an increasing interest in
developing chemometric approaches for RP-HPLC determination of
all types of analytes. Chemometry on the basis of Design of
Experiments (DoE) is an emerging approach used for
chromatographic analysis that requires limited experiments, less
laboratory work and lower reagent consumption; hence relatively fast

and inexpensive than the traditional procedure. These methods
discover and screen the probable sources of variability that could
impair the RP-HPLC method performance; and facilitate to find the
optimum combination of factors and their levels. In the present work, a
HPLC method with PDA detection was employed for the analysis of
quetiapine in the presence of its stress degradation products. All the
influential HPLC parameters have been optimized to facilitate a rapid
and sensitive determination of those drugs with the aid of DoE. This
method can be applied for the quality control of quetiapine tablets, as
well as for the quantitative estimation of quetiapine in biological
samples.

Figure 1: Chemical structure of Quetiapine fumarate.
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In the present work, a HPLC method with PDA detection was used
for the analysis of quetiapine in the presence of its stress degradation
products. Ten degradation products were formed by forced
degradation of quetiapine fumarate under acidic, alkaline, photo,
oxidative and peroxide stress conditions. However, all the degradants
were difficult to resolve and tend to co-elute with each other. Ion-
pairing reagents improve resolution thereby affecting the retention
times of analytes due to their distinct hydro-affinity [26,27]. Influence
of hexane sulphonic acid as ion-pairing reagent, buffer pH and mobile
phase composition was investigated on the DoE platform to facilitate
an optimal separation and sensitive determination of the analyte and
its related substances. This method can be applied for the quality
control of quetiapine tablets, as well as for the quantitative
determination of quetiapine in biological matrices.

Experimental

Apparatus
A binary gradient HPLC system equipped with two LC-20AD

pumps, a SPD-M20A diode array detector with a manual injector (all
from Shimadzu, Kyoto, Japan) was used throughout the experiment.
Reverse-phase Enable C18 G (P/N: A8-ST5 C18G 120-98; S/N:
J12-052) analytical column (250 × 4.6mm; 5μm) was used for
chromatographic separation of the Quetiapine fumarate and
degradation related impurities.

Materials and reagents
Quetiapine fumarate was procured from Sris Pharmaceuticals,

Hyderabad, Telangana, India. HPLC grade water was used throughout
the study (acquired from Nanopure, Bransted, USA). All other
solvents, chemicals and reagents used were of HPLC grade (all from
Merck, Mumbai, India).

Preparation of standard solutions
Stock solution (standard) was prepared by suspending 100 mg of

Quetiapine fumarate in 100 ml of acetonitrile. Further dilution to stock
solution was made to get the working standard solution of 100µg/ml.

Preparation of buffer
The aqueous phase of the HPLC solvent system consists of an

equimolar mixture of sodium dihydrogen o-phosphate dihydrate and
disodium hydrogen o-phosphate dihydrate buffer (10mM). Different
amount of hexane sulphuric acid (0.001-0.003M) as ion-pair reagent
was added according to the study designs. The final volume was made
up with HPLC grade water to get the desired buffer following pH
adjustment to 2.0 and 4.0 with orthophosphoric acid. The prepared
buffer was filtered through 0.25µm membrane filter and degassed for
30min in an ultrasonic bath.

Calculations and software
Chromatographic date analysis and simulation was done by LC-

Solution software (Shimadzu, Kyoto, Japan). The experiment was
designed employing design-expert software (version: 9.0.3; Stat-Ease
Inc.). Execution of experimental trial runs and subsequent statistical
evaluation of factorial effects were performed according to the
software. MS-Excel was utilized for construction of a calibration plot

and other calculations like mean, standard deviation (SD), %RSD
during validation.

Method optimization
Use of experimental designs (DOE) and their benefits in HPLC

method development is very well known. In contrast, traditional (One
Factor at a Time (OFAT)) strategy in HPLC is not only exaggerated in
terms of time, money, and labour, but also critical to fix true optimal
conditions. As mentioned, the main objective of this study is to use
DOE for HPLC optimization and separation of quetiapine fumarate
from its degradation products. During optimization, the critical
method parameters whose variability is known to influence the
separation were identified. As in this case, a Response Surface Method
(RSM) based BBD was employed to evaluate the impact of three
critical variables (buffer pH, % organic phase (acetonitrile) and
concentration of hexane sulphonate) on critical resolutions and total
analysis time. During RSM computations, polynomial models were
generated and factorial effects from interaction and quadratic terms for
all the responses were evaluated using Multiple Linear Regression
(MLR) analysis (Eqn. 1).� = �⌢0+ �⌢1�1+ �⌢2�2+ �⌢3�1�2+ �⌢4�12+ �⌢5�22+ �⌢6�1�22+ �⌢7�12�2  (1)

Where, ȃ0 is the intercept representing the average of quantitative
results of all the experimental runs; â1 to â7 are the coefficients from
the observed response values of Y; X1 (buffer pH), X2 (%ACN) and X3
(HSA concentration) are the independent variables; and the terms
X1X2, X1X3, X2X3 and Xi

2 (i=1-3) represent the interaction and
quadratic terms, respectively.

Developing the experimental design

Preliminary experiments by OFAT approach were conducted to
check the criticality of the factors on the desired separation. From this
investigation, the critical (upper and lower) levels of the variables were
finalized. Subsequently, an efficient design space was chosen that could
award the optimal condition with minimum experiments. In
optimization study, a 33 BBD experimental design was used for
evaluation of Δbuffer pH (3 ± 1), Δ% organic phase (30 ± 5%) and
Δhexane sulphonate concentration (0.002 ± 0.001mM) under a set of
17 experimental runs. BBD allowed different combinations of the three
factors to bring significant changes in critical resolutions (RS1-RS10)
and total analysis time. The coded levels of the three factors are
portrayed in Table 1. The experiment runs were processed on the
chromatographic system and the second order polynomial equation
was generated by ANOVA to present the response surface. The p-value
of less than 0.05 was regarded as statistically significant.

Variables
Levels

-1 0 1

Buffer pH 2 3 4

% ACN 25 30 35

% HSA 0 0 0

Table 1: Coded levels of variables and their values.
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Method validation
To check its suitability for routine use, the method was validated for

various parameters as per ICH guideline at the optimal combination of
the factor levels (obtained from the mathematical model). A series of
dilutions (0.1-100ppm) of the standard solution was chromatographed
so as to ascertain the linearity and range of the method. The resulted
peak areas were plotted against their corresponding concentrations to
obtain the calibration curve. In the precision study, three individual
QC samples (10, 50 and 100ppm) within the linearity range were
analyzed in triplicate. Method sensitivity was determined by analysing
standard solutions ranging from 0.01-20ppm and Limit of Detection
(LOD) and Limit of Quantification (LOQ) were calculated from signal
to noise ratio (S/N).

Forced degradation studies
Stock solution of 1mL was used to perform all stress degradation

studies. For acid and alkaline hydrolysis, the drug solution was heated
in 1mL each of HCl and NaOH (1N) at 60°C for 30min. Stress testing
under neutral condition was studied by heating the drug dissolved in
water at 60°C for 6h. For study in oxidative condition, the drug
solution was kept at 60°C in 1mL of 20% hydrogen peroxide for 30min.
For photolytic study, the drug solution was exposed to UV Light (200-
Watt hours/m2) for 7 days. Additionally, the drug solution was exposed
to dry heat at 105°C for 6h in a hot air oven to perform the thermal
degradation study. After the stipulated time, equal quantity of samples
from each stress conditions was mixed, filtered, sonicated and
subjected to HPLC analysis soon after suitable dilution (100µg/mL)
and neutralize.

Results and Discussion

Method goals
The primary goal of developing the RP-HPLC method is to improve

the separation efficiency, which ensures that the method is capable of
separating all the analytes with good resolution (RS>1.5). Other
significant necessities for instance short analysis time (<30min) and
good peak shapes were also taken into consideration.

BBD-aided method optimization
The BBD aided set of 17 experimental runs was executed to evaluate

the significant impact of different combinations of the said 3-leveled
factors in critical separation (resolutions (RS1-RS10) and total analysis
time. The chromatographic data was depicted in Table 2 and resulted
chromatograms in Figure 2.

Formation of the second order model and analysis of variance
(ANOVA)

The corresponding chromatographic responses from the 17 runs
were subjected to statistical analysis by ANOVA (analysis of variance).
The regression model was found significant and valid for each response
since the p-values for all variables are less than 0.05. The resulted p-
values and degree of freedom were enumerated in Table 3. The
insignificant terms were excluded. The magnitudes of effects of the
three variables and their interactions on each response were studied
from the polynomial regression Eqn. 2-5.

RS1=+11.84+3.11A+0.98B+1.65C+2.17AB+2.81AC
+0.65BC-1.56A2-0.08B2-5.98C2  (2)

RS8=+2.82+0.36A-0.41B-1.02C+0.45AB-1.44 AC-0.56 BC-0.59
A2-1.13 B2+0.77C2  (3)

RS10=+1.26-1.63A-0.094B-1.26C-3.76AB-0.25AC-0.055BC
+5.64A2-0.39 B2+1.93C2  (4)

TAT=+20.15+2.41A-8.39B+2.01C-0.60AB+1.16 AC-3.22 BC
+0.91A2+1.39B2-0.84C2  (5)

Where, A is buffer pH, B is % acetonitrile and C is hexane
sulphonate concentration in the mobile phase.

The values of the coefficients define the magnitude of factorial
effects and the positive and negative sign on them describe the kinds of
effects (positive: synergistic; negative: antagonistic) on the related
response. Eqn. 2-5 concludes that buffer pH (variable-A) had the most
profound effect on RS 1 and RS 10, whereas RS 8 varies significantly due
to factor C (HSA concentration). Unlike others, factor B (% ACN) had
a significant effect on total analysis time.

Run

Factors Responses

A:pH
B:%

ACN
C:HSA
Concentration RS1 RS8 RS10 TAT

1 3 30 0.002 11.63 2.82 1.167 20.2

2 3 30 0.002 10.9 2.85 1.272 20.01

3 3 30 0.002 11.47 2.8 1.184 20.23

4 2 25 0.002 7.966 1.97 4.066 27.97

5 3 35 0.003 6.382 0.28 0.681 11.88

6 2 30 0.001 8.633 1.68 11.17 17.58

7 3 25 0.001 0.479 3.5 4.797 23.08

8 4 30 0.001 2.995 6.41 9.699 20.13

9 2 30 0.003 8.042 2.47 8.463 17.98

10 4 25 0.002 7.453 0.66 7.024 33.96

11 4 35 0.002 10.78 1.12 1.434 15.73

12 3 35 0.001 4.106 3.39 2.602 13

13 2 35 0.002 2.63 0.65 13.52 12.13

14 3 30 0.002 11.89 2.78 1.338 20.11

15 4 30 0.003 14.22 1.44 5.982 25.17

16 3 30 0.002 13.34 2.83 1.324 20.19

17 3 25 0.003 0.156 2.64 3.097 34.83

Table 2: Experimental runs as said by BBD for the two variables (3
levels) and their observed responses.
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Figure 2: Represented chromatograms obtained from the investigated trial runs.

Appraisal of response sensitiveness by perturbation plots

Perturbation plots generated by the model elucidate the factorial
effect on a specific response, when the others kept constant at a
reference point. A steepest slope or curvature analogous to a particular
factor indicates that it has significant influence on the response. The
plots show and concludes that buffer pH (variable-A) had the most
profound effect on RS1 and RS10, whereas, RS8 varies significantly due
to factor C (HSA concentration). Unlike others, factor B (% ACN) had
a significant effect on total analysis time (Figures 3a-3d).

Formation of 3D response surface plots

Three-dimensional (3D) response surface plots allow visual
interpretation of the model. The 3D plots were formed to assess the
factor-response relationship and changes in the response surface.
Figure 4 shows the collective influence of the three variables on the
responses RS1; RS8; RS10 and total analysis time (min). Since, some of
the observed response surfaces formed hillsides with tiny or no
curvatures; both the factors appeared to have an independent
contribution towards the elution of the compounds.
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Source

RS1 RS8 RS10 TAT

F Value
p-value

F Value
p-value

F Value
p-value

F Value
p-value

Prob>F Prob> F Prob> F Prob> F

Model 6.78 0.0097 8.1 0.0058 14.35 0.001 155.1 < 0.0001

A-pH 12.54 0.0095 2.48 0.1594 11.23 0.0122 92.36 < 0.0001

B-% CAN 1.25 0.3005 3.31 0.1115 0.037 0.8532 1115.47 < 0.0001

C-HSA Concentration 3.52 0.1026 20.04 0.0029 6.63 0.0368 64.01 < 0.0001

AB 3.05 0.1243 1.92 0.2082 29.71 0.001 2.82 0.1367

AC 5.11 0.0582 20.13 0.0028 0.13 0.7257 10.66 0.0138

BC 0.27 0.6166 3.05 0.124 6.41E-03 0.9384 82.05 < 0.0001

A2 1.66 0.2388 3.49 0.1041 70.46 < 0.0001 6.88 0.0343

B2 6.48 0.0383 13.09 0.0085 0.34 0.5795 16.21 0.005

C2 24.49 0.0017 6.03 0.0438 8.22 0.0241 5.89 0.0456

*Values closer to 1 show perfect fit to quadratic mathematical model for the three independent factors.
**Adequate precision (signal to noise ratio) greater than 4 indicates adequate signal and the model is useful to navigate the design space.

Table 3: Analysis of variance for the screened chromatographic responses (insignificant terms are excluded).

It was observed that RS1 varied in a curvilinear order due to %ACN
and nonlinearly ascending due to buffer pH. RS8 was observed to have
negligible impact by AB interaction. RS10 varies in an ascending linear
order by %ACN while the effect was curvilinear due to buffer pH. Total
analysis time also varied in a linearly descending manner by %ACN,
whilst linearly descending order by buffer pH.

Figure 3: Perturbation plots displaying the effects of buffer pH (A),
% ACN (B) and HSA concentration (C) on the responses: (a) RS1;
(b) RS8; (c) RS10; and (d) total analysis time (min).

Optimization

The optimum HPLC condition was accomplished based on the
following desired separation criteria: (i) maximum resolution between

critical pair of peaks, and (ii) minimum analysis time. Desirability
criteria for optimizing individual responses including upper and lower
limits were mentioned in Table 4. The optimal method condition was
predicted using a mathematical method (Eqn. 6). Condition among
the three checkpoint solutions with least prediction error denotes the
optimal combination of variables for desired separation.�������������������� ����� (� .� . ) = �������� − Pr�������Pr�������× 100  (6)

Consequently, phosphate buffer (pH 2.0) containing 0.002mM
hexane sulphonate and acetonitrile (25.6: 74.4v/v) at a flow rate of
1.00mL/min was considered as optimal HPLC condition to achieve the
desirable responses. In this condition, RS1 of 17.839, RS8 of 1.611, RS10
of 4.344 and total analysis time of 26.023 were observed. The
chromatogram obtained from the above condition is revealed in Figure
5.

Method validation
The summary of method validation data is shown in Table 5. From

the system suitability test results, it has been confirmed that the system
was found to be suitable as it complies with the limits of peak
parameters. Resolution (>2) and peak asymmetry (<1.4) for all the
analytes confirm the good selectivity of the method. Peak areas for
drug samples were precisely linear in the concentration range between
25-200µg/mL. The data were analyzed by least squares linear
regression indicating good linearity for quetiapine fumarate
(R2=0.999). The obtained LOD (1.47µg/mL) and LOQ (4.45µg/mL)
results demonstrate that the method is adequately sensitive. The data
attained from precision study for intra-and inter-day precision
experiments.
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Figure 4: Response surface plots showing interaction effects of
variables on RS (QF1-DP1); RS (DP6-DP7); RS (DP8-DP9); and
total analysis time (min).

Figure 5: Typical chromatogram of stressed quetiapine fumarate at
optimal condition.

The calculated % R.S.D. values for inter-day and intra-day precision
study were <2.0% proving that the method was suitably precise. The
mean percentage recovery from the accurate study was calculated for
fortified and unfortified solutions. Excellent recoveries were obtained
(>99.62%) at each added concentration.

Responses Goal Lower Limit Upper Limit

RS1 Maximize 0.865 2.038

RS8 Maximize 1.602 2.286

RS10 Maximize 0.878 1.545

Total analysis time In range 15.553 27.387

Table 4: Desirability criteria for optimizing individual responses.

Parameters Quetiapine fumarate

System suitability

RT (min) 3.485

As 0.984

N 4563

Linearity

Range (µg/mL) 25-200

R2 0.9989

Slope (mean ± SD) 4295.4 ± 34.34

Intercept (mean ± SD) 5261.4 ± 9.32

Sensitivityb

LOD (µg/mL) 1.47

LOQ (µg/mL) 4.45

Precision (%RSD)a

Intra-day 0.42

Inter-day 0.93

Accuracy

At 50 % levelb

Amount added (µg/mL) 50

%Recovery(mean ± SD; %RSD) 99.73 ± 0.3458; 0.346

At 100 % levelb

Amount added (µg/mL) 100

%Recovery (mean ± SD; %RSD) 99.62 ± 0.260; 0.261

At 150 % levelb

Amount added (µg/mL) 150

%Recovery (mean ± SD; %RSD) 99.7 ± 0.193; 0.193

aAverage of the three determinations. bAverage of six determinations. RT:
Retention time; As: Tailing factor; N: Number of the theoretical plates; r2:
Correlation coefficient.

Table 5: Method validation summary.
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Conclusion
A chemometric design of experiment was exercised for isocratic RP-

HPLC determination of Quetiapine fumarate and its related
substances. A response surface methodology with the aid of Box-
Behnken design was employed to study the factorial influence on
desired separation criteria. Phosphate buffer (pH 2.0) containing 0.002
mM hexane sulphonate and acetonitrile (74.4:25.6 v/v) at a flow rate of
1.0mL/min was recognized as the optimal condition to facilitate the
desired chromatographic elution of the drug along with its degradation
products. As a consequence, it will be a valuable tool for routine quality
control of the analyte.
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