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A simple, sensitive and rapid spectrophotometric method was developed for the determination of olanzapine (OLP) in pure 
as well as tablet forms. The method is based on the oxidation of OLP by a known excess of cerium (IV) in H2SO4 medium 
followed by the determination of residual oxidant by reacting with p-toluidine and measuring the resultant red colour at 
525 nm. The amount of cerium (IV) reacted corresponded to the content of OLP. The calibration graph was linear over the 
range 3-36 μg mL-1 and the LOD and LOQ were calculated to be 0.41 and 1.24 μg mL-1, respectively. The calculated molar 
absorptivity was 1.3x104 l mol-1 cm-1 with a Sandel sensitivity of 0.0238 μg cm-2. The method was validated for accuracy, 
precision, ruggedness and robustness. The intra-day and inter-day RSD(%) values were within 2%. The method was applied 
to the determination of OLP in tablets and the % recoveries were in the range 97.58-102.6 with % RSD less than 3%. The 
accuracy of the method was also checked by performing recovery experiment via standard-addition method.
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Introduction
Olanzapine (OLP), chemically known as (2-methyl-
4-(4-methyl-1-piperazinyl)-10H-thieno-[2, 3b] [1, 5] 
benzodiazepine (Fig 1), is an atypical antipsychotic drug 
which after introduction in 1996 has been approved in 
over 84 countries for treating Schizophrenia and related 
disorders [1]. Reported methods for the determination 
of OLP in pharmaceuticals and biological fl uids include 
high performance liquid chromatography (HPLC) with 
ultraviolet [2-11], electrochemical [12-16] or mass 
spectrometric [17-21] detection, gas chromatography 
[22], capillary zone electrophoresis [23,24], UV-
spectrophotometry and non-aqueous titrimetry [25]. 
However, there are only three reports on the visible 
spectrophotometric [26-28] based on redox reaction using 
hexacynaoferrate (III), cerium (IV), N-bromosuccinimde 
(NBS) or potassium iodate. But, these methods suffer 
from one or the other disadvantage such as poor 
sensitivity, unstable colour and rigid experimental 
conditions (Table 1).

 The aim of the present work is to develop simple, 
sensitive and cost effective spectrophotometric method 
for the determination of OLP in pharmaceutical 
formulations. The method makes use of cerium (IV) 
sulphate as the oxidimetric reagent and p-toluidine as 
the colouring agent, and has been demonstrated to be 
superior to the existing spectrophotometric methods in 
terms of sensitivity, colour stability, working conditions, 
and accuracy and precision.

Experimental
Apparatus

A Systronics model 106 digital spectrophotometer 
provided with 1-cm matched quartz cells was used for 
absorbance measurements.

Reagents and Standards
All chemicals used were of analytical reagent grade and 
distilled water was used to prepare all solutions.

Cerium (IV) sulphate (8 mg mL-1): An approximately 
0.05M cerium (IV) sulphate was prepared by dissolving 
5.5g CeSO4.2H2O (Merck, Mumbai, India) in 0.5 M 
H2SO4 with the aid of heat, fi ltered with glass wool and 
diluted to 250 mL in a calibrated fl ask, and standardised 
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Fig. 1: Structure of olanzapin
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[29]. The solution was diluted stepwise with the same 
acid to get a working concentration of 8000 μg mL-1.

P-toluidine (1%): Prepared by dissolving 1 g of chemical 
(Loba Chemie, India) in 100 mL of 1:1 acetic acid.

Standard drug solution: Pharmaceutical grade OLP 
certifi ed to be 99.88% was received as a gift from Cipla 
India Ltd Mumbai; and it was used as received. A stock 
standard solution equivalent to 1.2 mg mL-1 OLP was 
prepared by dissolving exactly weighed 120 mg of pure 
drug in 0.1 M H2SO4 and diluted to 100 mL in a calibrated 
fl ask. The solution was kept in an ambered coloured 
bottle and stored in a refrigerator (4oC). The solution 
was diluted to 120 μg mL-1 OLP with 0.1 M H2SO4 as 
and when required.

Procedure
Preparation of calibration graph: Different aliquots (0, 
0.25, 0.5, 1.0…3.0 mL) of 120 μg mL-1 OLP solution 
were accurately measured and transferred into a series of 
10 mL calibrated fl asks and the volume was brought to 3 
mL by adding 0.1 M H2SO4. To each fl ask were added 1 
mL each of cerium (IV) sulphate (8000 μg mL-1) using a 
micro burette, the content mixed and the fl asks were let 
stand for 10 min with occasional shaking. Then, 1 mL 
of 1 % p-toluidine was added and immediately made up 
to the mark with 1 M H2SO4, mixed well and let stand 
for 10 min before measuring the absorbance of each 
solution at 525 nm against a water blank. The calibration 
graph was prepared by plotting the measured absorbance 
vs concentration of OLP in μg mL-1. The concentration 
of the unknown was read from the calibration graph or 

deduced from the regression equation derived using the 
Beer’s law data.

Procedure for tablets: Twenty tablets were weighed 
accurately and ground into a fi ne powder. An amount of 
powder containing 120 mg OLP was accurately weighed 
and transferred into a 100 mL calibrated fl ask, 60 mL of 
0.1 M H2SO4 was added and the content shaken for 15-20 
min; diluted to the mark with the same acid and mixed 
well, and fi ltered using a Whatman No. 42 fi lter paper. 
The fi ltrate was appropriately diluted with 0.1 M H2SO4 
before analysis using the procedure described above.

Results and Discussion
Cerium (IV) has earlier been used for the assay of OLP 
[28] based on its property to oxidize OLP to the transient 
radical cation measurable at 532-540 nm. However, 
the coloured product is reported to be highly unstable 
forcing the measurement to be made within 30 s of 
its formation [28]. Our attempt to stabilize the radical 
cation using different acid media and organic solvents 
was not successful. Further, p-toluidine has been used 
as an indicator in cerimetric titration [30]. These two 
observations were successfully utilized by the authors to 
develop a sensitive method which would overcome the 
diffi culty arising out of the instability of the radical cation 
[28]. The present method is based on the oxidation of OLP 
with a measured excess of cerium (IV) in H2SO4 medium, 
and after the reaction was ensured to be complete, the 
unreacted oxidant was reacted with p-toluidine and the 
resulting red coloured product measured at 525 nm. The 
decrease in absorbance of product with respect to the 

Table 1: Performance characteristic of the existing spectrophotometric methods and the proposed methods

S.No. Reagent/s used Methodology λ−max Linear range LOQ
   (nm) (μg mL-1) (μgmL-1) Remarks Ref.
1. a) Hexacyano ferrate (III) Unreacted oxidant measured 425 2.5-40.0 – Reaction requires  26
      1:1 mixture of H2SO4 
      and H3PO4, FIA 
      assembly required 
 b) Hexacyano ferrate (III) Radical cation measured  540 0.5-250  -do- 
 c) Cerium (IV) sulphate -do- 540 0.05-300  -do- 

2. a) KIO3 Initial rate of formation of  537 0.4-7.0  Scrupulous control of 27
  radical cation measured    experimental variables 
      and special equipment 
      for kinetic measurement 
      required.   
 b) KIO3 Maximum absorbance  537 0.4-7.0
  measured    
3. a) NBS Radical cation measured 532 10-120 7.0 Uses 1:1 mixture of 28
    (ε = 4.2x104)  H2SO4 and H3PO4 as 
      the reaction medium, 
      colour stable for only 
      30 S. 
 b) NBS-Celestine blue Unbleached dye colour 538 0.5-6.0 0.30 High acidic conditions
  measured  (ε = 6.41x104)  required 
 c) Cerium(IV)-Celestine blue -do- -do- 0.6-3.0
    (ε = 1.48x105) 0.37  
4. a) Cerium-p-toluidine Coloured product formed 525 3.0-36.0 1.24 Coloured product stable, Present
  between oxidant and PT   (ε = 1.3x104)  mild acidic conditions, method.
  measured.    wide linear dynamic ranges. 
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reagent blank was found to be linearly dependent on the 
concentration of OLP which served as the basis for the 
quantifi cation of the drug.

Method Development
Preliminary experiments were performed to determine 
cerium (IV) using p-toluidine spectrophotometrically, 
and under the described experimental conditions, the 
upper Beer’s law limit was fi xed at 800 μg mL-1 cerium 
(IV) sulphate. Hence, different concentrations of OLP 
were reacted with 1 mL of 8 mg mL-1 cerium(IV)sulphate 
before determining the residual oxidant by reacting with 
p-toluidine. The acid present in OLP and cerium (IV) 
solution was found adequate to cause the oxidation 
of OLP to its colourless sulphoxide in 10 min; though 
higher acid concentration was required to stabilize the red 
coloured product formed after adding p-toluidine. Hence, 
1 M H2SO4 was used as the diluent. The coloured species 
was stable upto 50 min once formed, under the optimized 
conditions. Two blanks were prepared in this study. The 
reagent blank which contained optimum concentration 
of all reactants except OLP gave maximum absorbance 
(equal to intercept). The second blank was prepared 
in the absence of OLP and cerium (IV) to determine 
the contribution of other reactants to the absorbance 
of the system. Since the second blank had negligible 
absorbance, measurements were made against a water 
blank.

Method Validation
Analytical data: A linear correlation was found between 
absorbance and concentration of OLP in the range 3-36 
μg mL-1 and the Beer’s law is obeyed in the inverse 
manner. Linear regression analysis of the Beer’s law data 
gave the equation A = (0.8713 ± 0.00464) –(0.0173 ± 
0.00175) C (r = -0.9998; n= 7) where A is the absorbance 
and C concentration in μg mL-1. The limit of detection 
(LOD) and quantifi cation (LOQ) calculated according 
to the current ICH guidelines [31] were 0.41 and 1.24 
μg mL-1, respectively. The calculated molar absorptivity 
was 1.3x104 l mol-1cm-1 and the Sandel sensitivity was 
0.0238 μg cm-2.

Selectivity
The method selectivity was evaluated by placebo 
analysis. A solution of the analytical placebo (containing 
all excipients but without OLP) was prepared following 
the sample preparation procedure and was analysed using 
the developed procedure. The absorbance measured 
was nearly the same as the reagent blank indicating that 
the change in absorbance with respect to the reagent 
blank was caused only by the analyte. To determine the 
interference by the excipients, a synthetic mixture with 
the composition: OLP (10 mg), talc(30 mg), starch (40 
mg), gum acacia (10 mg), calcium gluconate (20 mg), 

lactose (20 mg), sodium alginate (10 mg) and magnesium 
stearate (10 mg), was prepared and quantitatively 
transferred into a 100 mL calibrated fl ask and shaken 
with 60 mL of 0.1 M H2SO4 for 20 min; the volume was 
diluted to the mark with 0.1 M H2SO4, mixed well and 
fi ltered using a Whatman No. 42 fi lter paper. Two mL of 
the fi ltrate was subjected to analysis as described earlier. 
Since the difference between the measured absorbance 
of this solution and that of the standard OLP solution 
of the same concentration (20 μg mL-1) was less than 
2.5%, it was concluded that the usual tablet excipients 
did not interfere in the determination. Further, the slope 
of the standard calibration curve was compared with 
that obtained with the synthetic mixture extract prepared 
above. There was no signifi cant difference between the 
slopes indicating the absence of interference from tablet 
excipients.

Precision and Accuracy
The precision of the method was evaluated in terms of 
intermediate precision (intra-day and inter-day). Pure 
OLP solution at 6.0, 18.0 and 30 μg mL-1 levels was 
analysed in seven 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 the pooled standard deviation 
was calculated. The intra-day RSD values were 1.8, 1.2 
and 2.4% whereas the inter-day values were 2.6, 3.4 
and 2.9% for 6.0, 18.0 and 30.0 μg mL-1 concentrations, 
respectively. Accuracy, expressed as relative error (%) 
between the measured concentration and taken OLP 
concentrations was evaluated for three concentrations 
indicated above. The intra-day percent relative error 
values were –2.16, 2.59 and –0.75 whilst the inter-day 
values were –3.58, 3.72 and –2.64 for 6.0, 18.0 and 30.0 
μg mL-1 OLP levels.

Robustness and Ruggedness
To determine the method robustness, the most important 
experimental variable, reaction time, was varied 
deliberately and the analysis was performed at 10, 15 
and 20 min reaction time, taking 20 μg mL-1 OLP. The 
capacity of the method was found to remain unaffected 
by small deliberate variations as shown by the RSD of 
1.78%. Method ruggedness was expressed as the RSD 
of the same procedure applied by four different analysts 
as well as using three different instruments. The inter-
analysts RSD for 20 μg mL-1 OLP was 0.85% whereas the 
inter-instruments RSD for the same OLP concentration 
was 2.42% suggesting that the developed method was 
rugged.

Application to Analysis of Tablets
The developed method was applied to the determination 
of OLP in two brands of tablets OLEANZ (5 mg) and 
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OLANEX (10 and 15 mg) and the % found varied 
from 98.56 to 102.34 with a standard deviation of 0.48-
1.56%. The same batch tablets were also analysed by 
the literature UV-spectrophotometric method [25] for 
comparison. The results were statistically compared 
by applying the Student’s t-test for accuracy and 
F-test for precision. The calculated t-test and F-values 
did not exceed the tabulated values of 2.77 and 6.39, 
respectively for four degrees of freedom and at the 95% 
confi dence level, suggesting that the proposed method 
was comparable to the reference method with respect to 
accuracy and precision. In order to confi rm the accuracy 
of the method, recovery experiment was performed via 
standard-addition procedure. Pre-analysed tablet powder 
(Oleanz, 5mg and Olanex, 10 mg) was spiked with pure 
OLP at three different levels (50, 100 and 150% of the 
quantity present in the tablet powder) and the total was 
found by the proposed method. The percent pure OLP 
recovered ranged from 97.26-104.5% with a standard 
deviation of 0.64-1.62% for two degrees of freedom at 
each level. This indicated that the tablet excipients did 
not interfere in the determination.

Conclusions
A simple, rapid and cost-effective spectrophotometric 
method was developed and validated as per the current 
ICH guidelines. Though the method is less sensitive 
compared to some existing methods (Table 1), it has 
wide linear dynamic range of applicability and requires 
mild experimental conditions compared to many existing 
methods. The method is based on the measurement of 
a stable species which is refl ected in high accuracy and 
precision. The method can thus be useful in the quality 
control of bulk drug and tablet dosage forms.
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