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aBstract

Two simple, sensitive and extraction-free spectrophotometric methods have been developed for the determination of olanzapine 
(OLP) both in pure form and in pharmaceutical formulations. The methods are based on the formation of yellow coloured ion-pair 
complexes between OLP and two sulphonphthalein acid dyes, bromocresol purple (BCP) and bromothymol blue (BTB) with absorp-
tion maximum at 405 nm and 410 nm for BCP and BTB, respectively. The stoichiometry of the complex in either case was found to 
be 1: 1 and the conditional stability constant (KF) of the complexes has also been calculated. Reaction conditions were optimized to 
obtain the maximum colour intensity. Beer’s law was obeyed in the concentration ranges of 1.0 - 10.0 and 1.0 - 8.0 µg/mL with BCP 
and BTB, respectively. Various analytical parameters have been evaluated and the results have been validated by statistical data. The 
proposed methods have been applied successfully to the analysis of OLP in pure form and in its dosage forms and no interference 
was observed from common excipients present in pharmaceutical formulations.
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intrODuctiOn

Olanzapine (OLP), chemically known as 2-methyl-
4-(4-methyl-1-piperazinyl)-10H-thieno [2, 3-b] [1, 5] 
benzodiazepine, is an atypical antipsychotic drug used 
in the treatment of schizophrenia and other psychotic 
syndromes(1). Since its introduction in 1996 in over 
84 countries, several workers have reported HPLC 
methods for the determination of OLP in plasma, serum, 
human breast milk and rat brain(2-12). High perfor-
mance liquid chromatography (HPLC) has also been 
used for the assay of OLP in pharmaceutical formula-
tions when present either alone(13-15) or in combination 
with fluoxetine(16,17). Various other techniques including 
HPTLC(17), non aqueous titrimetry and UV-spectro-
photometry(18), derivative spectrometry(13,15), capil-
lary zone electrophoresis(13), cyclic voltammetry(15), 
differential pulse voltammetry(15), osteryoung square 
wave voltammetry(15) and linear voltammetry(13) have 
also been reported for the assay of OLP in pharmaceu-
ticals. There are only three reports on the use of visible 

spectrophotometry in the assay of OLP. Jasinska and 
Nalewajko(19) have developed one indirect and two direct 
flow-injection spectrophotometric methods using hexa-
cyanoferrate (III) and cerium (IV) sulphate as reagents. 
Recently, N-bromosuccinimide (NBS) and cerium (IV) 
sulphate have been suggested as the oxidimetric reagents 
for the sensitive determination of OLP by direct and 
indirect methods in conjunction with Celestine Blue(20). 
Mohamed, very recently, has reported two kinetic spec-
trophotometric methods for the determination of OLP in 
its dosage forms and spiked serum samples(21). However, 
the reported methods suffered from one or the other 
disadvantage such as poor sensitivity, complicated exper-
imental setup and meticulous control of experimental 
variables (Table 1).

The well-established spectrophotometric method 
employed ion-pair extraction. In this case, an ion-pair is 
formed between basic compounds and an anionic dye such 
as bromophenol blue, bromocresol purple (BCP), methyl 
orange, etc. At a specific pH, the ion-pair is extracted into 
an organic solvent, which is immiscible with water, and 
the concentration of the resulting ion pair in the organic 
phase is determined spectrophotometrically(22-24). The 
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ion-pair extraction technique has some difficulties and 
inaccuracies due to incomplete extraction or the forma-
tion of emulsions between the hydrocarbon solvent and 
the basic compound-containing solution. In response to 
the problems resulting from extraction of the ion-pair, 
few articles were published for the analysis of pharma-
ceutical compounds through ion pair formation without 
extraction(25-27).

This paper describes, for the first time, the applica-
tion of acidic dyes to the spectrophotometric determi-
nation of OLP. The formed ion-pair complexes between 
the OLP and two sulphonphthalein acid dyes, namely, 
BCP and bromothymol blue (BTB) require no extraction 

step and are measured directly in dichloromethane. The 
proposed methods have been demonstrated to be superior 
to the reported methods with respect to speed, simplicity, 
sensitivity, cost effectiveness and eco-friendliness, and 
can be adopted by the pharmaceutical laboratories for 
industrial quality control.

MatEriaLs anD MEthODs

I. Apparatus

A Systronics model 106 digital spectrophotometer 

table 1. Comparison of the existing visible spectrophotometric methods and the proposed methods

Sl.  
No. Reagent/s used Methodology lmax

(nm)

Linear range 
(µg/mL) and  
ε (L/mol/cm)

LOQ 
(µg/mL) Reaction time Remarks Ref.  

No.

1. a)  Potassium hexacyano 
ferrate (III)

Unreacted 
oxidant 
measured

425 2.5 - 40.0 
(ε = 2.59 × 103)

NA* 60 min Reaction requires 1:1 
mixture of H2SO4 
and H3PO4. Colour 
of the oxidation 
product is unstable
FIA assembly 
required

-do-

19

b)  Potassium hexacyano 
ferrate (III)

Radical cation 
measured 

540 0.5 - 250

c)  Cerium (IV) sulphate -do- 540 0.05 - 300

2. a) NBS Radical cation 
measured 

532 10 - 120 
(ε = 4.19 × 103)

6.99 Uses 1:1 mixture of 
H2SO4 and H3PO4 as 
the reaction medium, 
colour stable for only 
30s

20

b) NBS-Celestine blue Unbleached dye 
colour measured

538 0.5 - 6.0 
(ε = 6.41 × 104)

0.30 10 min High acidic condi-
tions required and 
NBS unstable in 
solution.c)  Cerium(IV)-Celestine 

blue
-do- 538 0.6 - 3.0 

(ε = 1.48 × 105)
0.37 35 min

3. a) KIO3 Initial rate of 
formation of 
radical cation 
measured

537 up to 4.0 NA Within 30s Scrupulous control 
of experimental 
variables and special 
equipment for 
kinetic measurement 
required  

21

b) KIO3 Maximum absor-
bance measured

537 Up to 7.0

4. a)  BCP in dichloromethane Absorbance 
of the ion-pair 
complex 
measured

405 1.0 - 10.0 
(ε = 2.80 × 104)

0.46 5 min Simple, fast, 
sensitive, extrac-
tion-free, no pH-
adjustment, only one 
reagent required

 Present 
methods

b)  BTB in dichloromethane -do- 410 1.0 - 8.0 
(ε = 3.33 × 104)

0.96 5 min

*NA: Not available.
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(Ahmedabad, Gujarat, India) equipped with 1 cm matched 
quartz cells was used for all absorbance measurements.

II. Reagents and Materials

All reagents used were of analytical reagent grade 
and HPLC grade organic solvents were used throughout 
the investigation. 

(I) 0.1% Bromocresol Purple (BCP)

One hundred milligrams of the chemical (Rolex 
Laboratory Reagent Ltd., India) was dissolved in dichlo-
romethane (Merck, Mumbai, India, Sp. gr. 1.32) and 
made up to 100 mL with dichloromethane. 

(II) 0.1% Bromothymol Blue (BTB)

One hundred milligrams of the chemical (Qualigens 
Fine Chemicals, Mumbai, India) was dissolved in dichlo-
romethane and made up to 100 mL with dichloromethane.

(III) Standard Drug Solution 

Pharmaceutical grade OLP which is reported to 
be 99.85% pure was received from Cipla Ltd., India. A 
stock standard OLP solution (100 µg/mL) was prepared 
by dissolving 10.0 mg of pure OLP in dichloromethane 
and diluting to the mark in a 100 mL calibrated flask 
with dichloromethane. The working standard solution 
(20 µg/mL) was then prepared by suitable dilution of the 
stock solution with dichloromethane. 

III. Methods

(I) Spectrophotometry Using Bromocresol Purple (BCP)

Different aliquots (0.25, 0.5, 1.0, 1.5, 2.0 and 2.5 mL) 
of a standard OLP (20 mg/mL) solution were transferred 
into a series of 5 mL calibrated flasks using a micro 
burette and to each flask was added 1 mL of 0.1%  BCP 
solution. The mixture was diluted to the volume with 
dichloromethane and mixed well. The absorbance of each 
solution was measured at 405 nm against a reagent blank 
after 5 min.

(II) Spectrophotometry Using Bromothymol Blue (BTB) 

Different aliquots (0.25, 0.5, 1.0, 1.5 and 2.0 mL) of a 
standard OLP (20 mg/mL) solution were transferred into a 
series of 5 mL calibrated flasks, as described above. Each 
flask was added 2 mL of 0.1% BTB solution and diluted 
to the volume with dichloromethane and mixed well. 
The absorbance of each solution was measured at 410 nm 
against a reagent blank after 5 min.

IV. Assay Procedure for Tablets

Ten tablets were weighed accurately and ground 
into fine powder. An amount of the powder equivalent to  
20 mg of OLP was weighed into a 100 mL calibrated 
flask containing about 60 mL of dichloromethane. The 
solution was shaken thoroughly for about 15-20 min, 
diluted to the mark with dichloromethane, and filtered 
using a Whatman No. 42 filter paper. First 10 mL portion 
of filtrate was discarded and subsequent portions were 
subjected to analysis by the procedure described above 
after dilution to 20 µg/mL with dichloromethane.

rEsuLts anD DiscussiOn

I. Absorption spectra

The absorption spectra of the ion-pair complexes, 
formed between OLP and each of BCP and BTB, were 
recorded at 360 - 480 nm against the blank solution and 
are shown in Figure 1. The yellow ion-pair complexes 
showed maximum absorbance at 405 and 410 nm for 
OLP-BCP and OLP-BTB, respectively. The measure-
ments were thus made at these wavelengths for bulk and 
tablet samples.

II. Reaction Mechanism

Olanzapine forms ion-pair complexes with dyes such 
as BCP and BTB, since it contains tertiary amino group 
which is protonated. In the ring of 1H-[1, 4] diazepine, 
protonation is very difficult due to resonance and steric 
effects. Therefore, the only site in OLP vulnerable for 
protonation is the nitrogen bonded to electron donating 
methyl group in the piperazine ring(23). BCP and BTB are 
dyes of sulphonphthalein type. The colour of such dyes is 

Figure 1. Absorption spectra of ion-pair complexes of OLP (6 µg/mL) 
with BCP and OLP (6 µg/mL) with BTB against reagent blank.
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due to the opening of lactoid ring and subsequent forma-
tion of quinoid group(24). It is supposed that the two tauto-
mers are present in equilibrium but due to strong acidic 
nature of the sulphonic acid group, the quinoid body must 
predominate. Finally the protonated OLP forms ion-pairs 
with the dyes. The possible reaction mechanisms are 
proposed and illustrated in Schemes 1 and 2. 

III. Optimization of Reaction Conditions

The effect of the dye-concentration on the intensity of 
the colour developed at selected wavelengths was studied 
by measuring the absorbances of solutions containing 

a fixed concentration of OLP (8 µg/mL) and different 
amounts of the respective dye of 0.1% BCP solution 
(0.25 - 2.5 mL) and of 0.1% BTB (0.5 - 3.0 mL) solution. 
Maximum color intensity of the complex was achieved 
with 1 mL of BCP and 2 mL of BTB solution and excess 
dyes did not affect the absorbance of the complex. The 
addition of the dye solution resulted in an immediate full 
color development at room temperature and the formed 
ion pairs were stable for at least 1.5 h and 1 h with BCP 
and BTB, respectively. The reaction was found complete 
and quantitative when the reaction mixture was allowed to 
stand for 5 min and any delay in the absorbance measure-
ments of the yellow ion pair complexes up to 1 hour had no 

scheme 1. The possible reaction mechanism of formation of OLP-BCP ion-pair complex.
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effect on the reaction stoichiometry which is determined 
to be 1: 1 (OLP: dye) for the ranges studied.

IV. Composition of the Ion-pair Complexes

The composition of the ion-pair complex formed 
between OLP and BCP/BTB was established by applying 
Job’s method of continuous variations. In this method, solu-
tions of 6.4 × 10-5 M standard OLP and  6.4 × 10-5 M dye 
(BCP/BTB) were mixed in varying volume ratios in such 
a way that the total volume of each mixture was kept the 
same. The absorbance of each solution was plotted against 

the mole fraction of the drug, 
dyeOLP

OLP

VV
V

+
 (Figure 2). The

plot reached a maximum value at a mole fraction of 0.5 
which indicated the formation of 1: 1 (OLP: dye) complexes. 
The conditional stability constants (KF) of the ion-pair 
complexes were calculated(28) from the data of continuous 
variations method and found to be 9.45 × 105 and 2.05 × 106 
for OLP-BCP and OLP-BTB complexes, respectively.

V. Method Validation

(I) Analytical Parameters

Under optimum experimental conditions for OLP 
determination, the standard calibration curves for OLP 
with BCP and BTB were constructed by plotting absor-
bance versus concentration. The regression parameters 
calculated from the calibration graphs data, along with 
the standard deviations of the slope (Sb) and the inter-
cept (Sa) are presented in Table 2. Beer’s law was obeyed 
over the concentration ranges given in Table 2, and the 
linearity of calibration graphs was demonstrated by 
the high values of the correlation coefficient (r) and the 

small values of the y-intercepts of the regression equa-
tions. The apparent molar absorptivities of the resulting 
colored ion-pair complexes and Sandell sensitivities were 

Figure 2. Job’s Continuous - variations plots (a) OLP + BCP; (b) OLP + BTB.

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

A
bs

or
ba

nc
e

Mole fraction of drug

(a)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

A
bs

or
ba

nc
e

Mole fraction of drug

(b)

0.0 0.2 0.4 0.6 0.8 1.0

table 2. Analytical and regression parameters

Parameter BCP method BTB method

lmax, nm 405 410

Beer’s law limits (µg/mL) 1.0-10.0 1.0-8.0

Concentration of the dye 0.02% 0.04%

Molar absorptivity (L/mol/cm) 2.80 × 104 3.33 × 104

Sandell sensitivity* (µg/cm2) 0.0111 0.0094

Limit of detection (mg/mL) 0.15 0.32

Limit of quantification (mg/mL) 0.46 0.96

Regression equation, Y**

Intercept (a) -0.0072 -0.0133

Slope (b) 0.0923 0.1124

Correlation coefficient (r) 0.9998 0.9998

Standard deviation of intercept (Sa) 0.0060 0.0059

Variance (Sa
2) 3.61 × 10-5 3.43 × 10-5

±tSa / n 6.31 × 10-3 7.28 × 10-3

Standard deviation of slope (Sb) 0.00099 0.00119

±tSb / n 1.04 × 10-3 1.48 × 10-3

* Limit of determination as the weight in µg per mL of solution, 
which corresponds to an absorbance of A = 0.001 measured in a 
cuvette of cross-sectional area 1 cm2 and l = 1 cm. 

**  Y = a + bX, where Y is the absorbance and X is the concentration 
in µg/mL; ±tSa / n = confidence limit for intercept, ±tSb / n = 
confidence limit for slope.
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also shown in Table 2. The detection and quantification 
limits(29) were calculated from the standard deviation of 
the absorbance measurements in a series of 6 and 5 blank 
solutions for BCP and BTB methods, respectively.

(II) Accuracy and Precision

The accuracy of an analytical method expresses 
the closeness between the reference value and the found 
value(29). Accuracy was evaluated as percentage relative 
error between the measured concentrations and taken 
concentrations for OLP (Bias %). The results, compiled 
in Table 3, show that the accuracy is good for both 
methods. The precision of the methods was calculated in 
terms of intermediate precision (intra-day and inter-day)
(30). Three different concentration of OLP (within the 
working limits) were analysed in seven replicates during 
the same day (intra-day precision) and five consecutive 
days (inter-day precision). The RSD (%) values of intra-
day and inter-day studies showed that the precision was 
good for both methods, too (Table 3).

(III) Selectivity

 The proposed methods were tested for selectivity by 
placebo blank and synthetic mixture analyses. A placebo 
blank containing talc (50 mg), starch (40 mg), lactose 
(30 mg), calcium carbonate (20 mg), calcium dihydrogen 
orthophosphate (20 mg), methyl cellulose (30 mg), 
sodium alginate (25 mg) and magnesium stearate (20 mg) 
was extracted with dichloromethane in both methods and 
solutions were made as described above under “assay 
procedure for tablets”. A convenient aliquot of solution 
was subjected to analysis by both methods according to 
the recommended procedures. In both methods, there 
was no interference from the inactive ingredients. 

A separate test was performed by applying the 
proposed methods to the determination of OLP in a 
synthetic mixture. To the placebo blank of similar 
composition, 10 mg of OLP was added and homoge-
nized. The solution of the synthetic mixture equivalent to  
200 µg/mL of OLP was prepared as described above for 
tablets. The filtrate was collected in a 50 mL flask and  

table 3. Evaluation of intra-day and inter-day precision and accuracy

Method* OLP taken  
(µg/mL)

Intra-day (n = 7) Inter-day (n = 5)

OLP founda 
(µg/mL) Precisionb Accuracyc OLP founda 

(µg/mL) Precisionb Accuracyc

BCP 3.0
6.0
9.0

3.06
5.98
8.82

1.97
1.99
1.35

2.00
0.33
2.00

3.07
6.08
9.28

2.65
3.12
2.76

2.33
1.33
3.11

BTB 2.0
4.0
6.0

2.04
4.07
6.13

1.86
2.18
2.24

2.00
1.75
2.17

2.04
4.09
6.19

2.56
3.09
2.42

2.00
2.25
3.17

aMean value of n determinations.
bRelative standard deviation (%).
cBias (%):  (found – taken / taken) ×100. 

table 4. Comparison of assay results of proposed and reference methods

Tablet brand name** Nominal amount (mg)

Found (% of nominal amount ± SD)*

Reference method Proposed methods

BCP method BTB method

Oleanz1

Oliza2

5

10

98.56 ± 1.14

100.3 ± 1.28

99.12 ± 1.64
t = 0.64
F = 2.07

101.1 ± 1.74
t = 0.84
F = 1.85

99.72 ± 1.85
t = 1.23
F = 2.63

99.36 ± 2.05
t = 0.89
F = 2.56

*Mean value of five determinations. 
**Marketed by: 1Sun pharmaceuticals Industries Ltd., Mumbai, India. 2 Intas Pharmaceuticals, Dehradun, India; 
Tabulated t-value at the 95% confidence level is 2.78; Tabulated F-value at the 95% confidence level is 6.39.
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1.5 mL of the resulting solution was assayed (n = 5) by 
BCP method which yielded a% recovery of 103.4 ± 2.47 
and 1.0 mL of the resulting solution was assayed (n = 5) 
by BTB method which yielded a % recovery of 96.44 ± 
2.53. These results complemented the findings of the 
placebo blank analysis with respect to selectivity.

(IV) Application to Formulations 

The proposed methods were applied to the determi-
nation of OLP in two representative tablets oleanz-5 and 
oliza-10. The results in Table 4 showed that the methods 
are successful for the determination of OLP and that the 
excipients in the dosage forms do not interfere. A statis-
tical comparison of the results for determination of OLP 
from the same batch of material by the proposed and 
reference method(18) is shown in Table 4. The reference 
method consisted measurements of the absorbance of the 
methanolic extract of the tablets at 226 nm. The results 
agreed well with the label claim and also are in agree-
ment with the results obtained by the reference method. 
Statistical analysis of the results using Student’s t-test for 
accuracy and F-test for precision revealed no significant 
difference between the proposed and reference method at 
the 95 % confidence level with respect to accuracy and 
precision (Table 4).

(V) Recovery Study

To ascertain the accuracy and validity of the 
proposed methods, recovery experiment was performed 
via standard addition technique. To a fixed and known 
amount of OLP in tablet powder (pre-analysed), pure 
drug was added at three levels (50, 100 and 150% of the 
level present in the tablet) and the total was found by the 
proposed methods. Results of this study presented in 
Table 5 indicated that the commonly added excipients 
such as talc, starch, lactose, sodium alginate, magne-
sium stearate, calcium gluconate and calcium dihydrogen 
orthophosphate did not interfere in the assay.

cOncLusiOns

Unlike GC and HPLC techniques, spectrophotom-
etry is simple and inexpensive. The importance of the 
technique also lies in the chemical reactions upon which 
the procedures are based rather than upon the sophisti-
cation of the instrument. This aspect of spectrophoto-
metric analysis is of major interest in analytical phar-
macy since it offers distinct possibility in the assay of a 
particular component in complex dosage formulations. 
The proposed methods require only dyes as reagents 
which are cheaper and readily available; no pH-adjust-
ment is required and the procedures do not involve any 
critical reaction conditions or tedious sample prepara-
tion. Moreover, both methods are simple, fast, accurate, 
extraction-free, adequately sensitive and free from inter-
ference by common additives and excipients. The present 
methods are superior to the reference method with 
respect to both sensitivity and selectivity. The calculated 
e values of the proposed methods are 2.80 × 104 and 3.33 
× 104 L/mol/cm whereas that of the reference method is 
2.37 × 104. Further, in the reference method, the absor-
bance is measured at 226 nm where the interference from 
excipients particularly with unsaturation is very serious 
and the present methods are free from such interference. 
Moreover, the reference method uses methanol, a toxic 
solvent, as the medium whilst the present methods use 
a non-toxic solvent, one of the characteristic features of 
green analytical chemistry. The wide applicability of the 
new procedures for routine quality control is well estab-
lished by the assay of OLP in pure form and in pharma-
ceutical preparations. 
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table 5. Results of recovery study by standard-addition method 

Formulation
studied

BCP method BTB method

OLP in tablet
(µg/mL)

Pure OLP
added

(µg/mL)

Total found,
(µg/mL)

Pure OLP 
recovered*

(Percent  ± SD)

OLP in tablet
(µg/mL)

Pure OLP
added

(µg/mL)

Total found
(µg/mL)

Pure OLP 
recovered*

(Percent ± SD)

Oliza, 
10 mg

4.04
4.04
4.04

2.0
4.0
6.0

6.16
8.32

10.33

106.0 ± 0.03
107.0 ± 0.07
104.8 ± 0.17

1.99
1.99
1.99

1.0
2.0
3.0

3.03
4.13
4.85

104.0 ± 0.10
107.0 ± 0.14
95.33 ± 0.16

*Mean value of three determinations.
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