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Abstract 

Quetiapine (QTF) is a potent serotonin and dopamine receptor antagonist used to treat 

major depressive disorders and schizophrenia. A simple, precise, accurate and cost-

effective titrimetric method for the determination of QTF in bulk drug and in its dosage 

forms has been developed and validated. The method is based on the potentiometric 

titration of QTF in glacial acetic acid with acetous perchloric acid using a modified 

glass-saturated calomel electrode system. The method is applicable over the range of 2.0 

– 20.0 mg of QTF. The proposed method was successfully applied to the determination 

of QTF in its pharmaceutical dosage forms. The results obtained were favorably 

compared with those obtained using a reference method. The precision results, 

expressed by intra-day and inter-day relative standard deviation values, were 

satisfactory (RSD ≤ 1.2%). The accuracy was satisfactory as well (RE ≤ 1.33%). 

Excipients used as additives in pharmaceutical formulations did not interfere in the 

proposed procedures, as shown by the recovery study via standard addition technique 

with percentage recoveries in the range 98.25-101.0 %, with a standard deviation of ≤ 

0.62-1.52%. 

 

Keywords: quetiapine fumarate, determination, dosage form, non-aqueous titrimetry. 

 

 

Introduction 

Quetiapine fumarate (QTF), chemically known as 2-(2-(4-dibenzo[b,f] 

[1,4]thiazepine-11-yl-1-piperazinyl)ethoxy)ethanol, fumaric acid (1 : 2 salt), is an 

atypical antipsychotic drug [1] used for the treatment of schizophrenia, acute 

manic bipolar disorder. Recently, it was approved by the FDA for the treatment 

of depressive episodes associated with Bipolar I (Bipolar II) disorder as a 

monotherapeutic agent. 
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Owing to its use as an antipsychotic drug, it has attracted the attention of many 

analysts. QTF is not official in any pharmacopoeia. Methods based on several 

techniques including HPLC [2-10], LC-ESI-MS-MS [11], UPLC [12, 13], GC 

[14], and voltammetry [15] have been applied for its determination in biological 

materials. Different methods have been employed for the determination of QTF 

in pharmaceuticals. These include UV-spectrophotometry [16, 17], polarography 

[18], capillary zone electrophoresis [17, 19], high-performance liquid 

chromatography [20-22] and high-performance thin layer chromatography [23, 

24]. 

Although chromatographic methods offer high degree of specificity, yet, sample 

clean up, sample pre-treatment and the instrument limitations preclude their use 

in routine analysis of pharmaceutical samples. Potentiometric method with glass 

electrode can provide very accurate and sharp end points, valuable and 

straightforward means of assaying drug in pharmaceutical formulations because 

of the possibility to determine directly the active basic nitrogen containing 

moiety. The instrument used is low-cost, easy to use and maintenance. Simplicity 

and speed of assay procedure, and the reliability of the analytical information 

make the technique very attractive for the assay of pharmaceutical products. 

Literature survey revealed that no titrimetric method has ever been reported for 

the analysis of QTF in pharmaceutical preparations. In the present paper, a 

validated potentiometric procedure is described for the determination of QTF in 

pharmaceuticals and its formulations without applying any sample pre-treatment 

or clean up procedures. The method is based on the basic property of the drug 

molecule, in which the solution of drug in glacial acetic acid was titrated directly 

with acetous perchloric acid potentiometrically, using a modified glass-saturated 

calomel electrode system. The method, in addition to being rapid, sensitive and 

precise, gave satisfactory results when applied to formulations containing QTF. 

The reported potentiometric procedure has the distinct advantages over the 

previously reported methods in terms of simplicity of technique and ease of 

performance, and does not need expensive and highly sophisticated equipment or 

high-cost organic solvents which are required for HPLC technique. Therefore, 

the proposed method can be used in laboratories where modern and expensive 

instruments are not available. 
 

Experimental 

Apparatus 
An Elico 120 digital pH meter provided with a combined glass-SCE electrode 

system was used in the titration. The KCl of the salt bridge was replaced with 

saturated solution of KCl in glacial acetic acid. 

 

Materials and reagents 

All chemicals used were of analytical reagent grade. All solutions have been 

made in glacial acetic acid (S. D. Fine Chem, Mumbai, India) unless mentioned 

otherwise. 
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Materials 

QTF pure drug was kindly provided by Cipla Ltd, Bangalore, India, as a gift, and 

used as received. Qutipin-200 and Qutipin-100 (both from Sun Pharmaceuticals 

Ltd, India) tablets were purchased from local market. 

 

Reagents 

Perchloric acid ( 0.01 M): The stock solution of (~0.1 M) perchloric acid (S. D. 

Fine Chem, Mumbai, India) was diluted appropriately with glacial acetic acid to 

get a working concentration of 0.01 M and standardized with pure potassium 

hydrogen phthalate (S. D. Fine Chem, Mumbai, India) [25]. 

Crystal violet indicator (0.1 %): Prepared by dissolving 50 mg of dye (S. D. Fine 

Chem, Mumbai, India) in 50 mL of glacial acetic acid. 

 

Standard drug solution 

A stock standard solution containing 2 mg mL
-1

 QTF was prepared in glacial 

acetic acid. 
 

Procedure 
General analytical procedure 

An aliquot of the standard drug solution equivalent to 2.0-20.0 mg of QTF was 

measured accurately and transferred into a clean and dry 100 mL beaker and the 

solution was diluted to 25 mL by adding glacial acetic acid. The combined glass-

SCE (modified) system was dipped in the solution. The contents were stirred 

magnetically and the titrant (0.01 M HClO4) was added from a microburette. 

Near the equivalence point, titrant was added in 0.05 mL increments. After each 

addition of titrant, the solution was stirred magnetically for 30 s and the steady 

potential was noted. The addition of titrant was continued until there was no 

significant change in potential on further addition of titrant. The equivalence 

point was determined by applying the graphical method. The amount of the drug 

in the measured aliquot was calculated from  

 
Amount (mg) = VMwR/n 

where V = volume of perchloric acid required, mL; Mw = relative molecular mass 

of the drug (615.66), R = molarity of the perchloric acid and n = number of moles 

of perchloric acid reacting with each mole of QTF. 

 

Analysis of tablets 

Twenty tablets were weighed accurately and pulverised. A weighed quantity of 

the tablet powder equivalent to 200 mg QTF was transferred into a clean and 

dried 100 mL volumetric flask. The flask was shaken for 20 min with 60 mL of 

acetic acid, the volume was brought to 100 mL with the same solvent. After 5 

min, the solution was filtered through a Whatman No. 42 filter paper. First 10 

mL of the aliquot was discarded. A suitable aliquot was next subjected to 

analysis as described earlier. 
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Validation study 
The optimized titrimetric methods were completely validated according to the 

procedures described in ICH guidelines Q2(R1) for the validation of analytical 

methods [26]. 

 

Linear regression 

A standard calibration curve was obtained with six QTF solutions, 2, 4, 8, 12, 16 

and 20 mg. Volumes of 1, 2, 4, 6, 8 and 10 mL of the standard QTF stock 

solution (2 mg mL
-1

) were transferred to 100 mL beakers and total volume was 

brought to 25 mL by adding glacial acetic acid. Each sample was titrated to a 

potentiometric end point as described earlier, and each calibration point was 

performed in triplicate. The linearity between the amount of QTF in mg versus 

volume of titrant (0.01 M HClO4) consumed was estimated by linear regression 

analysis by the method of least square regression. 

 

Precision  

The intra-day precision was evaluated by analyzing pure QTF solution at three 

different levels (6, 12 and 18 mg) using the described procedure. Similarly the 

inter-day precision was evaluated on five consecutive days (n=15). QTF content 

and the relative standard deviations (RSD) were calculated in each case. 

 

Accuracy 

The accuracy of the method was checked by calculating the found QTF in each 

case and for each level of QTF found, the percentage relative error was 

calculated by using the following formula: 

 

100% ×

−

=

taken

foundtaken

QTF

QTFQTF
RE  

Discussion 

The present method is based on the neutralization reaction involving the basic 

property of QTF and employs a potentiometric based procedure.  

Acetic acid displays acidic properties in dissociating to produce protons [27]: 

 
CH

3
COOH CH3COO-   +   H+

 

But in the presence of perchloric acid, a far stronger acid, it will accept a proton: 

 
CH

3
COOH  +  HClO

4 CH3COOH2
+ +  ClO4

-

 

2CH3COOH2
+   +   2CH3COO- 4CH3COOH

 

The CH3COOH2
+
 can very readily give up its proton to react with a base, so basic 

properties of a base are enhanced and hence, titration between weak base and 

perchloric acid can often be accurately carried out using acetic acid as solvent. 

Since, QTF is having 3 basic nitrogen atoms in its molecular structure, the 

enhanced basicity of QTF in acetic acid medium is due to non-lavelling effect of 
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acetic acid and the determination of QTF is much easier. The procedure involves 

the titration of QTF with perchloric acid with potentiometric end point detection. 

A steep rise in the potential was observed at the equivalence point (Fig. 1).  

 

  
Figure 1. Typical potentiometric titration curves for 10 mg of QTF vs. 0.01 M HClO4. 

 

A reaction stoichiometry of 1:3 (drug:titrant) was obtained, serving as the basis 

for calculation. Using 0.01 M  perchloric acid, 2.0-20.0 mg of QTF were 

conveniently determined. The relationship between the drug amount and the 

titration end point was examined. The linearity between both the parameters is 

apparent from the correlation coefficient of 0.9985 obtained by the method of 

least squares. From this it is implied that the reaction between QTF and 

perchloric acid proceeds stoichiometrically in the ratio 1:3 in the range studied. 

Based on the above study the following reaction pathway is postulated. 
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+

O

OH

QTF 3H+

3(CH3COOH)

 

+ 3ClO4 QTF 3H+.
 3ClO4QTF 3H+

 

Scheme 1. Possible reaction for the neutralization. 

 

Results 

Validation of the proposed analytical procedure 
Linearity 

A linear curve was constructed by plotting the volume of perchloric acid in each 

concentration and the milligrams of QTF taken (n = 3). The linear regression 

analysis showed good linearity for the QTF range of 2.0 to 20.0 mg, with a 

regression coefficient over 0.9985 (Table 1). 
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Table 1. Linear regression analysis result for standard QTF solutions 

Regression equation
a 

Y = 0.4884 X – 0.013 

Regression coefficient (r)  0.9985 

Standard deviation of Y-axis (Sy) 0.0935 

Standard deviation of slope (Sb) 0.0059 

Standard deviation of slope (Sa) 0.0728 
a
Y = volume of 0.01 M HClO4; X = milligrams of QTF. 

 

Intra-day and inter-day accuracy and precision 

The precision of the methods was evaluated in terms of intermediate precision 

(intra-day and inter-day). Three different amounts of QTF within the range of 

this study were analysed in seven and five replicates during the same day (intra-

day precision), and five consecutive days (inter-day precision). For inter-day 

precision, each day analysis was performed in triplicate and a pooled-standard 

deviation was calculated. The RSD values of intra-day and inter-day studies for 

QTF showed that the precision of the method was good (Table 2). The accuracy 

of the method was determined by the percent mean deviation from known 

concentration, and results are presented in Table 2. 
 

 

Table 2. Intra-day and inter-day accuracy and precision data. 

 

Intra-day accuracy and precision 

 

Inter-day accuracy and precision  

QTF taken, mg 
QTF found, mg RE, % RSD, % 

QTF 

found, mg 
RE, % RSD, % 

6.0 

12.0 

18.0 

5.92 

12.01 

18.02 

1.33 

0.04 

0.11 

0.82 

0.34 

0.27 

6.08 

11.99 

17.98 

1.33 

0.10 

0.11 

1.20 

0.85 

0.56 

RE: relative error; RSD: relative standard deviation. 

 

Ruggedness of the method 

Method ruggedness was expressed as the RSD of the same procedure applied by 

four different analysts as well as using four different burettes. The inter-analysts 

RSD were within 1.65% whereas the inter-buretts RSD for the same QTF 

amounts was less than about 1.08% suggesting that the developed method was 

rugged.  The results are shown in Table 3. 
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Table 3. Method ruggedness expressed as intermediate precision (% RSD). 

Ruggedness 
QTF taken, mg

 

Inter-analysts (%RSD), (n=4) Inter-instruments (%RSD), (n=4) 

6 1.65 1.08 

12 1.55 0.99 

 

Application 

The described potentiometric procedure was applied to the determination of QTF 

in its pharmaceutical formulations (Quitipin tablets of 200 and 100 mg 

QTF/tablet). The results obtained (Table 4) were statistically compared with 

those obtained using a conventional UV spectrophotometric method [17], where 

the absorbance of the methanolic solution of QTF was measured at 246 nm. The 

results obtained by the proposed method agreed well with those of the reference 

method and with the label claim. The results were also compared statistically by 

Student’s t-test for accuracy and by variance F-test for precision [28] with those 

of the reference method at 95 % confidence level, as summarized in Table 4. The 

results showed that the calculated t-and F-values did not exceed the tabulated 

values inferring that proposed method is as accurate and precise as the reference 

method. 

 
Table 4. Results of assay in tablets and comparison with official method. 

 

 

 

 

 

 

 

 

*
Average of five determinations. 

Tabulated t value at the 95% confidence level is 2.77. 

Tabulated F value at the 95% confidence level is 6.39. 

 

Recovery study 

Accuracy and the reliability of the method were further ascertained by 

performing recovery experiments. To a fixed amount of drug in formulation (pre-

analysed): pure drug at three different levels was added, and the total was found 

by the proposed method. Each test was repeated three times. The results 

compiled in Table 5 show that recoveries were in the range from 98.25 to 

101.0% indicating that commonly added excipients to tablets did not interfere in 

the determination. 
 

Found
*
 (Percent of label claim ± SD) 

 

Brand name 

Label 

claim, 

mg/tablet  
Reference 

method 
Proposed method 

Quitipin 200 200 99.1±1.39 

100.2±1.03 

t = 1.44 

F = 1.82 

Quitipin 100 100 98.7±1.55 

99.8±0.85 

t = 1.45 

F = 3.33 
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Table 5. Results of recovery study using standard addition method. 

Tablet 

studied 

QTF in tablet 

extract, mg 

Pure QTF 

added, mg 

Total QTF 

found, mg 

Pure QTF 

recovered
* 

% 

Quitipin 

200 

8.02 

8.02 

8.02 

4.0 

8.0 

12.0 

12.06 

15.99 

20.05 

101.0±1.52 

99.63±0.85 

100.3±0.62 

Quitipin 

100 

8.01 

8.01 

8.01 

4.0 

8.0 

12.0 

11.94 

16.06 

19.98 

98.25±1.46 

100.6±0.82 

99.75±1.04 
            *

Mean value of three determinations. 

 

 

Conclusion 

A simple, rapid, cost-effective and rugged method was developed and validated 

for the determination of QTF in bulk drug and in tablets. The proposed 

potentiometric method could be successfully applied to the determination over 2-

20 mg of QTF. Considering the results obtained, it is possible to affirm that the 

method is rapid, selective, both accurate and precise and hence suitable for the 

determination of QTF in tablets. The proposed method has the distinct 

advantages over the existing methods in terms of simplicity of technique and 

ease of performance and does not need expensive and highly sophisticated 

equipment or high-cost organic solvents which are required for HPLC technique. 

Hence, the method can be used in routine analysis in pharmaceutical quality 

control laboratories. 
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