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Abstract:

Two direct, simple, sensitive and rapid extraction-free spectrophotometric methods have been developed for the
determination of quetiapine fumarate (QTF) in pure form and in its dosage forms. The methods are based on the
formation of ion-pair complex between the drug and two sulphonthalein acidic dyes, namely, bromophenol blue
(method A) and thymol blue (method B), followed by the measurement of absorbance at 410 and 380 nm, respectively.
Conformity to Beer’s law enabled the assay of the drug in the range 1-20 and 1.5-30 ug mL" in method A and method
B with apparent molar absorptivities of 2.97 x 10* and 1.97 x 10* L mol'cm™, respectively. The Sandell sensitivity
values, limits of detection (LOD) and quantification (LOQ) values have also been reported for both the methods. The
stoichiometry of the reaction in both cases was accomplished adopting the limiting logarithmic method and was
found to be 1:2 (drug:dye). The accuracy and precision of the methods were evaluated on intra-day and inter-day
basis; the relative error (%RE) was < 3.5% and the relative standard deviation (RSD) was < 3%. The methods were
successfully applied to the determination of drug in tablets without interference by the common co-formulated
substances. Statistical comparison of the results with the reference method showed good concurrence and indicated
no significant difference in accuracy and precision.
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INTRODUCTION

Quetiapine fumarate (QTF) — chemically known as {2-
(2-(4-dibenzo[b,f] [1,4]thiazepine-11-yl-1-piperazinyl)eth
oxy)ethanol, fumaric acid (1:2 salt; formula C,;H,,N,O,/S;
molecular weight: 615.66)} —a dibenzothiazepine derivative
is one of the most recent ‘atypical’ antipsychotic drugs [1].
It is a selective monoaminergic antagonist with high affinity
for the serotonin Type 2 (5HT,) and dopamine type 2 (D,)
receptors. QTF is prescribed for the treatment of schizophrenia
and other psychotic or schizoactive disorders [2-4]. QTF was
approved by the FDA for the treatment of Bipolar I (Bipolar
IT) disorder as a monotherapeutic agent [5].

QTF is not officially recognized in any pharmacopoeia.
Several analytical methods, such as HPLC [6-13],
chemiluminescence spectrometry [14], electrospray ionization
MS [15-18], tandem MS/MS detection [19-22], UPLC with
tandem MS detection [23, 24], GC[25, 26] and voltammetry
[27], are found in the literature for the determination of
QTF in biological materials. Different techniques, such as
polarography [28], capillary zone electrophoresis [29, 30],
HPTLC [31-33], HPLC [34-37], UV-spectrophotometry [29,
38] and visible Spectrophotometry [39], have been used earlier
for the determination of QTF in pharmaceuticals.

Ion-pair extractive spectrophotometry is commonly used
for the assay of pharmaceuticals [40-42] due to its sensitivity
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and selectivity and has received considerable attention for
the quantitative determination of many organic compounds
[43-48]. In these cases, an ion-pair is formed between a
basic compound and an anionic dye (e.g., bromophenol blue,
bromocresol purple, methyl orange, etc.). At a specific pH,
the ion-pair, which is immiscible with water, is extracted
into an organic solvent and the concentration of the drug
is determined spectrophotometrically. Though, ion-pair
extractive spectrophotometry has several advantages, it has
some difficulties and inaccuracies arising from incomplete
extraction or the formation of emulsions between the organic
solvent and the basic compound containing solution. In
response to the problem resulting from extraction of the
ion-pair, a few articles have been published for the analysis
of pharmaceutical compounds through ion-pair formation
without involving extraction [49-52].

In this paper, we describe the application of acidic dyes to
the spectrophotometric determination of quetiapine fumarate
without using buffers. The ion-pair formed between the
drug and two sulphonthalein dyes, namely, bromophenol
blue (method A) and thymol blue (method B), requires no
extraction and is measured directly in dioxane and acetone in
method A and method B, respectively. The proposed methods
were applied successfully for the determination of the drug,
either in pure or in dosage forms, with good accuracy and
precision. Also, the methods were demonstrated to be both
robust and rugged, and found to be free from interference by
co-formulated substances when applied to dosage forms.

Experimental. Apparatus: All absorption measurements
were made using a Systronics model 106 digital



spectrophotometer (Systronics Ltd, Ahmedabad, India) with
1 em path length quartz cells.

Materials and reagents. Chemicals used were of analytical
reagent grade. 1,4-Dioxane and acetone (spectroscopic grade)
were purchased from Merk (Mumbai, India).

Materials. Phramaceutical grade QTF was procured from
Cipla Ltd, Bangalore, India, and certified to be 99.5% pure.
It was used without further purification. Qutipin-200 and
Qutipin-100 tablets (both from Sun Pharmaceuticals Ltd,
India) were purchased from a local market.

Reagents. A 0.1% bromophenol blue (Loba Chemie Ltd,
Mumbai, India, 98% pure) and 0.05% thymol blue [Thomas
Bakers (Chemicals) Ltd, Mumbai, India, 99% pure] stock
solutions were prepared freshly in acetone.

For method A, a stock solution of QTF (50 pg mL™') was
prepared by dissolving 5 mg of pure drug in 1,4-dioxane
followed by gentle warming for 5 min, and the final volume
was made up to mark in a 100 mL volumetric flask using the
same solvent, whereas for method B, a 50 ug mL"' QTF stock
solution was prepared in acetone.

General procedures for the construction of calibration
curves.

Method A. Varying aliquots of standard QTF solution
equivalent to 1-25 pg mL*' (0.1- 2.0 mL of 50 pg mL?)
were accurately measured by means of a microburette and
transferred into a series of 5 ml calibrated flasks, and the
total volume in each flask was brought to 2 mL by adding
1,4-dioxane. After the addition of ImL of 0.1 % BPB solution
diluted to mark with 1,4-dioxane, the content was mixed well
and the absorbance was measured at 410 nm against a reagent
blank similarly prepared without adding QTF solution.

Method B. Into a series of 5 ml calibration flasks, aliquots
(0.15-3.0 mL) of standard QTF solution (50 pg mL") equivalent
to 1.5-30.0 ng mL* QTF were accurately transferred, and to
each flask 1 mlof 0.05% TB solution was added and the mixture
was diluted to 5 ml with acetone. After 2 min, the absorbance
of the yellow-coloured ion-pair complex was measured at 380
nm against the reference blank similarly prepared.

Standard graph was prepared in each case by plotting the
absorbance vs. QTF concentration, and the concentration of
the unknown read from the calibration graphs or computed
from the respective regression equation derived using the
absorbance-concentration data.

Procedure for tablets. Twenty tablets were weighed and
pulverized. Weighed amount of tablet powder equivalent to
5 mg of QTF was transferred into a 100 mL volumetric flask
containing ~70 mL of 1,4-dioxane followed by heating for
5 min (method A) or acetone (method B). After shaking the
content for 20 min, the solution was diluted to the mark with
the same solvent. This was filtered using Whatman No 42 filter
paper. The first 10 mL portion of the filtrate was discarded and
asuitable aliquot was used for the assay by applying procedures
described earlier.

Procedure for the analysis of placebo blank and synthetic
mixture. A placebo blank containing starch (10 mg), acacia
(15 mg), hydroxyl cellulose (10 mg), sodium citrate (10 mg),
talc (20 mg), magnesium stearate (15 mg) and sodium alginate
(10 mg) was made and its solution prepared as described for
tablets and then subjected to analysis.

A synthetic mixture was prepared by adding pure QTF
(100 mg) to the above- mentioned placebo blank and the
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mixture was homogenized. The synthetic mixture containing
5 mg of QTF was weighed and its solution in a 100 mL
volumetric flask was prepared as described under the procedure
for tablets. Three different aliquots were subjected to analysis
by the general recommended procedure. The concentration
of QTF was found from the calibration graph or from the
regression equation.

RESULTS AND DISCUSSION

Chemically, the structure of QTF features its basic nature.
This structure suggests the possibility of utilizing an anionic
dye as chromogenic reagent. In 1,4-dioxane/acetone, QTF
does not absorb in the visible region; the dye employed has
insignificant absorbance. In contrast, when a solution of
BPB/TBin 1,4-dioxane/acetone is added to the drug solution,
an intense yellow-coloured product —measurable at 410 nm or
380 nm, in method A or method B — is immediately produced
(Fig 1 and Fig 2). This is due to an opening of the lactoid ring
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Figure 1 Absorption spectra of QTF-BPB ion-pair complex and blank.
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Figure2 Absorption spectra of QTF-TB ion-pair complex and blank.
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and subsequent formation of quinoid group [53]. Itis supposed
that the two tautomers are present in equilibrium, but due
to the strong acidic nature of the sulphonic acid group, the
quinoid body must predominate. Finally, protonated QTF
forms ion-pair with the dye. The possible reaction mechanisms
are shown in Schemes 1 and 2. Anionic dye, such as BPB or
TB, forms an ion-pair complex with the positively charged
drug. Each drug-dye ion-pair complex molecule, with two

oppositely charged ions, behaves as a single unit held together
by an electrostatic force of attraction.

Optimisation of Variables and Method Development.
The experimental conditions were studied separately by
measuring the absorbance of the final solution resulting from
the reaction mixtures containing a fixed concentration of QTF
and various amounts of the dyes.

QTF

QTF2H™ + 2BPB ——> [QTF2H 2BPB ]

Protonated QTF
QTF2H™"

1:2 ion-pair complex
measured at 410 nm

Scheme 1

Possible reaction pathway for the formation of QTF-BPB ion-pair complex.

T8 Quinoid form
of TB

QTF2H™ + 278" — = [QTF2H 2787

Anionic form of dye
TB-

1:2 ion-pair complex
measured at 380 nm

Scheme 2 Possible reaction schemes for the formation of QTF-TB ion-pair complex.
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Effect of solvent. In order to select a suitable solvent for the
formation of the ion-pair complex, the reaction of QTF with
BPB or TB was studied in different solvents. Better results
were obtained when QTF was dissolved in 1,4-dioxane and
acetone in method A and method B, respectively, than other
solvents like chloroform, 1,2-dichloroethane, acetonitrile or
carbon tetrachloride. In the case of dyes, acetone was preferred
to chloroform, dichloromethane, acetonitrile, 2-propanol,
dichloroethane, 1,4-dioxane, methanol and ethanol, because
the complex formed in these solvents had very low sample
absorbance values or higher blank absorbance values.
Therefore, 1,4-dioxane and acetone were chosen as solvents.

Effect of dye concentration, reaction time and stability of the
ion-pair complex. It was found that 1 mL of 0.1% BPB or 1 mL
0f 0.05% TB solution was sufficient to produce maximum and
reproducible absorbance (Fig 3a and Fig 3b) at 410 or 380 nm.
The reaction time or standing time after the addition of dye
was also examined. It was found that 5 min standing time was
sufficient for the complete formation of the ion-pair complex
in both the methods. The absorbance of the formed ion-pair
complex was observed to be stable for 2.5 and 1.5 h, in method
A and method B, respectively, at room temperature.

Investigation of composition of ion-pair complex.
The composition of the ion-pair complex was established
by adopting the limiting logarithmic method [54]. Two
sets of experiments were carried out employing the general
recommended procedures described above for method A and
method B. The first set of experiments was carried out using
increasing QTF concentrations (4.06 x 10¢-3.25 x 10°M
and 8.12 x 10° —4.17 x 10° M, in method A and method
B, respectively) at fixed reagent concentration (1.5 x 10° M
BPBor 1.1 X 10> M TB in a total volume of 5 mL). The second
set of experiments were carried out using increasing reagent
concentrations (BPB: 3.7 x 10° - 1.9 x 10* and TB: 2.2 x
107 - 1.3 x 10° M) at fixed QTF concentration (1.04 x 10~*
and 1.56 x 10~* M for method A and method B, respectively).
The log absorbance values were plotted as a function of the
log of the QTF concentration and reagent concentration
in the first and second sets of experiments, respectively, in
each method (fig 4 and 5). The ratios of the slopes of two
straight lines were 1.95 and 2.01, for method A and method
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B, respectively. This means that the reaction proceeds in 1:2
(QTFE:dye) stoichiometric ratio.

Method Validation. Linearity, sensitivity, limits of detection
and quantification. A linear correlation was found between
absorbance at A and concentration of QTP in the ranges
given in Table 1. The graphs are described by the regression
equation:

Y =a-+bX

(where'Y = absorbance of 1-cm layer of solution; a = intercept; b
= slope and X = concentration in uyg mL"). Regression analysis
of the Beer’s law data using the method of least squares was
made to evaluate the slope (D), intercept (a) and correlation
coefficient (r) for each system and the values are presented in
Table 1. A plot of log absorbance and log concentration, yielded
straight lines with slopes equal to 1.07 and 0.96 for method A and
method B, respectively, further establishing the linear relation
between the two variables. The optical characteristics, such

Table 1 Sensitivity and regression parameters.

Parameter Method A Method B
A, M 410 380
Colour stability, h 2.5 1.5
Linear range, pug mL? 1.0-20.0 1.5-30.0
Molar absorptivity(e), L mol'cm” 2.97 x 10* 1.97 x 10*
Sandell sensitivity*, ug cm? 0.0207 0.0314
Limit of detection (LOD), pg mL" 0.21 0.54
Limit of quantification (LOQ), pg mL’ 0.62 1.24
Regression equation, Y**

Intercept (a) 0.0182 -0.0053
Slope (b) 0.0461 0.0321
Standard deviation of a (S)) 0.0239 0.0194
£tS /A 0.0296 0.0194
Standard deviation of b (S,) 0.0017 0.0009
£tS,/4n 0.0021 0.0009
Variance (S ) 0.0006 0.0004
Regression coefficient (r) 0.9980 0.9987

* Limit of determination as the weight in pg per ml of solution,
corresponding to an absorbance of A = 0.001 measured in a cuvette of
cross-sectional area 1 cm?and | =1 cm.

**Y =a+ bX, where Y is the absorbance, X is concentration in ug/ml, a is
intercept, b is slope, + tSB/xE= confidence limit for intercept, + tSb/\m=
confidence limit for slope.
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Figure3 Effect of volumes of (a) BPB and (b) TB solution on the absorbance of QTF-dye ion-pair complex and blank.
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Figure 4 Limiting logarithmic plots to evaluate the stoichiometry of QTF-BPB ion-pair complex in method A: (a) variation of [QTF] and (b) variation [BPB].
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Figure 5 Limiting logarithmic plots to evaluate the stoichiometry of QTF-TB ion-pair complex in method B: (a) variation of [QTF] and (b) variation [TB].

as Beer’s law limits, molar absorptivity and Sandell sensitivity
values [55] of both the methods are also given in Table 1. The
limits of detection (LOD) and quantitation (LOQ) calculated
according to ICH guidelines [56] using the formulae:

LOD = 3.3S/band LOQ = 10 S/b, (where S is the standard
deviation of blank absorbance values, and b is the slope of the
calibration plot) are also presented in Table 1. The high values
of € and low values of Sandell sensitivity and LOD indicate
the high sensitivity of the proposed methods.

Precision and accuracy. The assays described under “general
procedures” were repeated seven times within the day to
determine the repeatability (intra-day precision) and five
times on different days to determine the intermediate
precision (inter-day precision) of the methods. These assays
were performed for three levels of analyte. The results of this
study are summarized in Table 2. The percentage relative
standard deviation (%RSD) values were < 2.66% (intra-day)
and < 2.86% (inter-day) indicating high precision of the

Table 2 Evaluation of intra-day and inter-day accuracy and precision.

Method QTF taken, ug mL' Intra-day accuracy and precision, (n=7) Inter-day accuracy and precision, (n=5)
QTF found+CL, ug mL" %RE %RSD QTF found+CL, pg mL? %RE %RSD
5.0 4.87+0.12 2.63 2.40 5.08+0.14 1.60 2.15
A 10.0 10.32+0.27 3.20 2.66 10.28+0.36 2.80 2.86
15.0 15.15+0.27 1.00 1.80 15.25+0.37 1.67 1.98
10.0 10.22+0.26 2.20 2.53 10.35+0.27 3.50 2.1
B 20.0 20.30+0.38 1.50 1.85 20.35+£0.47 1.75 1.88
30.0 30.98+0.39 3.27 1.25 30.58+0.81 1.93 2.14

S = standard deviation;
n = number of measurements.

% RE. Percent relative error, %RSD. relative standard deviation and CL. Confidence limits were calculated from: CL = + tS//n.
The value of tis 2.45 and 2.77 for 6 and 4 degrees of freedom respectively, at the 95% confidence level;
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methods. Accuracy was evaluated as percentage relative error
(RE) between the measured mean concentrations and taken
concentrations for QTP. Bias {bias % = [(Concentration found
—known concentration) x 100 / known concentration|} was
calculated at each concentration and these results are also
presented in Table 2. Percent relative error (%RE) values
of < 3.5% demonstrates the high accuracy of the proposed
methods.

Selectivity. The results obtained from placebo blank
and synthetic mixture analyses revealed that the inactive
ingredients used in the preparation did not interfere in the
assay of active ingredient. The absorbance values obtained
from the placebo blank solution were almost equal to the
absorbance of the blank which revealed no interference from
the adjuvants. To study the role of additives added to the
synthetic sample, 2 mL of the resulting solution prepared by
using synthetic mixture (50 ug mL" in QTF from method A
and method B) was assayed (n = 4). The percentage recoveries
of 96.34 —104.15 with %RSD values in the range 1.92-2.83
demonstrated the accuracy as well as the precision of the
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proposed method and complement the findings of the placebo
blank analysis with respect to selectivity.

Robustness and ruggedness. The robustness of the methods
was evaluated by making small incremental changes in the
volume of dye and contact time, and the effect of the changes
was studied on the absorbance of the ion-pair complex systems.
The changes had negligible influence on the results as revealed
by small intermediate precision values expressed as %RSD
(< 2.14%). Method ruggedness was demonstrated having the
analysis done by four analysts, and also by a single analyst
performing analysis on four different instruments in the same
laboratory. Intermediate precision values (%RSD) in both
instances were in the range 2.02-3.05% indicating acceptable
ruggedness. The results are presented in Table 3.

Application. The proposed methods were applied for the
quantification of QTF in commercial tablets. The results
obtained were compared with those obtained using a
conventional UV spectrophotometric method [29], where the
absorbance of the methanolic solution of QTF was measured
at 246 nm. Statistical analysis of the results did not detect

Table3 Method robustness and ruggedness expressed as intermediate precision (% RSD).

Method QTF taken, pg mL? Robustness Ruggedness
Parameters altered Inter-analysts (%RSD), (n=4)  Inter-instruments (%RSD), (n=4)
Volume of dye* Reaction time"
5.0 1.85 1.02 2.22 3.00
A 10.0 1.26 0.89 2.16 2.55
15.0 0.98 0.91 2.02 2.86
10.0 1.45 211 2.15 291
B 20.0 2.14 1.87 2.18 2.56
30.0 1 1.54 295 3.05

*Volumes of BPB or TB added were 1+0.2.
¥ Reaction times were 5+1 min.

Table 4 Results of analysis of tablets by the proposed methods and statistical comparison of results with the reference method.

Tablet brand name¥ Nominal amount (mg/tablet)

Found* (Percent of label claim + SD)

Reference method Method A Method B
Qutipin-200 200 100.8+0.64 101.2+0.87 101.4+0.54
t=0.84 t=1.61
F=1.85 F=1.40
Qutipin-100 100 99.38+0.72 100.8+1.09 98.68+1.26
t=2.48 t=1.11
F=2.29 F=3.06
*Mean value of 5 determinations.
Tabulated t-value at the 95% confidence level and for 4 degrees of freedom is 2.77.
Tabulated F-value at the 95% confidence level and for 4 degrees of freedom is 6.39.
¥ Marketed by Sun Pharmaceuticals.
Table5 Results of recovery study via standard-addition method.
Tablets studied Method A Method B

QTFintablet, Pure QTFadded, Totalfound, Pure QTFrecovered QTFintablet, Pure QTFadded, Total found, Pure QTF recovered
pg mL! pg mL! pg mL! (Percent+SD¥) pg mL! pg mL- pg mL! (Percent£SD*)

Qutipin-200 5.0 2.50 7.47 98.80+1.58 10.0 5.00 14.89 97.8+1.01

5.0 5.00 10.23 104.6+1.25 10.0 10.00 20.19 101.9+1.31

5.0 7.50 12.63 101.7+0.88 10.0 15.00 25.84 105.6+2.11
Qutipin-100 5.0 2.50 7.56 102.4+1.11 10.0 5.00 15.12 102.4+0.89

5.0 5.00 9.89 97.80+1.45 10.0 10.00 20.13 101.3+1.22

5.0 7.50 12.48 99.73+1.22 10.0 15.00 25.88 105.9+0.89

* Mean value of 3 determinations.
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any significant difference in the performance of the proposed
method to the reference method with respect to accuracy and
precision, as revealed by the Student’s t-value and variance ratio
F-value [57]. The results of this study are given in Table 4.

Recovery study. To further assess the accuracy of the
proposed methods, the recovery experiment was performed by
applying the standard-addition technique. The recovery was
assessed by determining the agreement between the measured
standard concentration and added known concentration to the
sample. The test was performed by spiking the pre-analysed
tablet powder with pure QTF at three different levels: 50,
100 and 150 % of the content present in the tablet powder
(taken), and the total was found by the proposed method. Each
test was repeated three times. From this test the percentage
recovery values were found to be in the range of 97.8-105.6,
with standard deviation values from 0.88-1.58%. Closeness
of the results to 100% showed the fairly good accuracy of the
method. These results are shown in Table 5.

CONCLUSIONS

Two spectrophotometric methods for the determination of
quetiapine fumarate in bulk drug and in pharmaceuticl dosage
forms were developed and validated for accuracy, precision,
linearity, robustness and ruggedness. The methods employ
normal conditions rather than those previously reported,
and rely on well-characterised ion-pair formation reactions.
Besides, the methods have the advantages of simplicity without
involving heating or extraction steps and high sensitivity.
The proposed methods are rapid, simple, and in addition,
offer advantages in determining QTF, (in pharmaceutical
preparations), when difficulties arise with the reported visible
spectrophotometric method [39] and the separation techniques
such as HPLC, and include reduced cost, and speed with high
accuracy. Hence, the proposed methods could be adopted for
quality control in the pharmaceutical industries.
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