
FH in combination with OZ is used in treatment of 
depressive episodes associated with bipolar disorder[18].  This 
combination of FH and OZ produce robust and sustained 
increases of extracellular levels of dopamine and 
norepinephrine, which were significantly greater than with 
either drug alone[19].  This combination drugs are available in 
tablet dosage form in the market.  The combination of FH and 
OZ is not official in any pharmacopoeia.  HPLC[20-23] and 
HPTLC[22,23] methods were reported in the literature for 
simultaneous determination of FH and OZ from combined 
dosage forms. However, the methods reported for simultaneous 
determination of these two drugs are found to be comparatively 
expensive and time consuming.  No spectrophotometric method 
has been reported for the simultaneous determination of FH and 
OZ from combined dosage form.  In the present investigation an 
attempt has been made to develop rapid and cost-effective 
procedures for simultaneous determination of FH and OZ in 
tablet dosage forms.  The developed procedures are based on 
Vierodt's simultaneous equation and absorbance ratio methods. 
The proposed procedures were successfully applied for 
simultaneous determination of FH and OZ in tablet formulations 
that are available in market.

ls of 1 cm path length was used for 
spectral measurements.  

Fluoxetine hydrochloride (gift sample from Cadila 
Healthcare Pvt. Ltd., Ahmedabad, INDIA) and olanzapine (gift 
sample from Mangalam Organic Pvt. Ltd., Vapi, INDIA), 
hydrochloric acid (AR Grade, Finar Chemicals (India) Pvt. Ltd., 
Ahmedabad, India) and distilled water were used for the present 
study.

FH powder (100 mg) was accurately weighed and 
transferred to a 100 mL volumetric flask.  It was dissolved and 

2. EXPERIMENTAL
2.1 Instrumentation

2.2 Chemicals and reagents

2.3 Preparation of stock solutions

A double beam HEλIOS α UV/Visible spectrophotometer 
with two matched quartz cel
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ABSTRACT
Fluoxetine hydrochloride (FH) and Olanzapine (OZ) combined tablet dosage form is used for the treatment of depressive 
episodes associated with bipolar disorder, called as manic depressive illness. Two spectrophotometric procedures for 
simultaneous estimation of FH and OZ from two component tablet dosage form have been developed.  In the present 
investigation an attempt has been made to develop rapid and cost-effective procedures for simultaneous estimation of FH and 
OZ in pharmaceutical formulation. The first method is based on Vierodt's simultaneous equation method in which selected 
wavelengths are 225 nm and 258 nm, the wavelength maxima of FH and OZ, respectively. Additivity principle for the 
absorbances of FH and OZ at these selected wavelengths was validated. The second method is absorbance ratio method, wherein 
selected wavelengths are 236 nm and 258 nm, iso-absorptive point of both drugs and wavelength maximum of OZ, respectively. 
The adherence to Beer's law for both the drugs was checked by validating the linearity range at the selected wavelengths. The 
proposed methods were successfully applied to the estimation of FH and OZ in tablet formulations. The results suggested that the 
proposed procedures can be used for routine quality control of tablets containing FH and OZ.

simultaneous equation, absorbance ratio, fluoxetine hydrochloride, olanzapine, tabletsKey words:  

1. 
Fluoxetine hydrochloride (FH) is a selective serotonin 

reuptake inhibitor which is one of the commonly prescribed 
drugs for treating depression [1]. Chemically, it is 

, ,
A survey of literature revealed that 

spectrophotometric [2,3],  spec trofluor imetric [4,5],  
electrochemical[6], gas chromatography[7] and liquid 
chromatography [8-10] methods are reported for determination 
of FH from pharmaceutical formulation. Olanzapine (OZ), 2-
m e t h y l - 4 - ( 4 - m e t h y l - 1 - p i p e r a z i n y l ) - 1 0 H [ 2 , 3 -
b][1,5]benzodiazepine, is an antipsychotic medicine[11].  
Spectrophotometric[12-16] , linear voltametric[15], HPLC[15-
17], capillary zone electrophoresis[16] methods are reported for 
determination of OZ from pharmaceutical dosage form. The 
chemical structures of FH and OZ are shown in Figure 1.

d,l-N-methyl-
3-phenyl-3-[α α α-trifluoro-p-tolyl)oxy]propyl amine 
hydrochloride. 
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Figure 1 :  Chemical structures of fluoxetine hydrochloride
and olanzapine



diluted to 100 mL with 0.1 N hydrochloric acid solution to 
obtain a stock solution of FH with final concentration of 1 
mg/mL.  

OZ powder (100 mg) was accurately weighed and 
transferred to a 100 mL volumetric flask.  It was dissolved and 
diluted to 100 mL with 0.1 N hydrochloric acid solution to 
obtain a stock solution of OZ with final concentration of 1 
mg/mL.

Stock solution of FH (10 mL) was transferred to a 100 mL 
volumetric flask and diluted to 100 mL

mL.
Stock solution of OZ (10 mL) was transferred to a 100 mL 

volumetric flask and diluted to 100 mL with 0.1 N hydrochloric 
ac

mL.

The standard solutions of FH (10 µg/mL) and OZ (2.5 
µg/mL) were scanned in the range of 200 to 400 nm to record the 
spectra.  The wavelength maxima of FH and OZ were 
determined from the spectra recorded.  

Aliquots of working standard solution of FH (4, 8, 16, 24 and 
30 mL) were transferred to series of 100 mL volumetric flask.  
The volume was made up to the mark with 0.1 N hydrochloric 
acid solution to obtain final concentration of 4, 8, 16, 24 and 30 
µg/mL, respectively.  The absorbance of each resulting solution 
was measured at 225 nm against 0.1 N hydrochloric acid 
solution. Calibration curve was constructed by plotting 
absorbance of FH against respective concentration. Regression 
equation for FH was calculated from calibration curve of FH.

Aliquots of working standard solution of OZ (1, 2, 4, 8 and 
12 mL) were transferred to series of 100 mL volumetric flask.  
The volume was made up to the mark with 0.1 N hydrochloric 
acid solution to obtain final concentration of 1, 2, 4, 8 and 12 
µg/mL, respectively.  The absorbance of each resulting solution 
was measured at 258 nm against 0.1 N hydrochloric acid 
solution. Calibration curve was constructed by plotting 
absorbance of OZ against respective concentration. Regression 
equation for OZ was calculated from calibration curve of OZ.

Working standard solutions of FH (16, 20, 24, 16, 20 and 
24 mL) and OZ (4, 5, 6, 8, 10 and 12 mL) were transferred in 
series of 100 mL volumetric flasks, respectively.  The mixture 
was shaken for 2 min and volume was made up to mark with 0.1 
N hydrochloric acid solution.  The absorbance of the resulting 
solutions was measured at 225 nm and 258 nm against 0.1 N 
hydrochloric acid solution.  The observed values of absorbance 
were compared with values calculated from regression 
equations derived from calibration curves of FH and OZ at 225 
and 258 nm, respectively.

2.4 Preparation of working standard solutions

2.5 Procedure I – Simultaneous equation method
2.5.1 Wavelength selection

2.5.2 Calibration curve for FH 

2.5.3 Calibration curve for OZ 

2.5.4 Validation of additivity principle

 with 0.1 N hydrochloric 
acid solution to obtain working standard solution of FH with 
final concentration of 100 μg/

id solution to obtain working standard solution of OZ with 
final concentration of 100 μg/

2.6 Procedure II – Absorbance ratio method
2.6.1 Wavelength selection

2.6.2 Calibration curve for FH

2.6.3 Calibration curve for OZ

2.7 Analysis of sample

3.1 Simultaneous equation method

3.1.1 Wavelength selection

3.1.2 Linearity of FH and OZ 

The zero order spectra of FH and OZ were overlaid in 
spectrum SCAN mode.  The iso-absorptive point was 
determined using TRACK function.

Aliquots of working standard solution of FH (8, 16, 20, 24 
and 30 mL) were transferred to series of 100 mL volumetric 
flask.  The volume was made up to the mark with 0.1 N 
hydrochloric acid solution to obtain final concentration of 8, 16, 
20, 24 and 30 µg/mL, respectively.  The absorbance of each 
resulting solution was measured at 236 and 258 nm against 0.1 N 
hydrochloric acid solution. Calibration curve was constructed by 
plotting absorbance of FH at selected wavelengths against 
respective concentration. Regression equations for FH were 
calculated from calibration curves of FH at 236 and 258 nm.

Aliquots of working standard solution of OZ (2, 4, 8, 12 and 
16 mL) were transferred to series of 100 mL volumetric flask.  
The volume was made up to the mark with 0.1 N hydrochloric 
acid solution to obtain final concentration of 2, 4, 8, 12 and 16 
µg/mL, respectively.  The absorbance of each resulting solution 
was measured at 236 and 258 nm against 0.1 N hydrochloric acid 
solution. Calibration curve was constructed by plotting 
absorbance of OZ at selected wavelengths against respective 
concentration. Regression equations for OZ were calculated 
from calibration curves of OZ at 236 and 258 nm.

Twenty tablets were accurately weighed and finely 
powdered. Tablet powder equivalent to 5 mg of OZ was 
accurately weighed and transferred to 100 mL volumetric flask 
and 20 mL of 0.1 N hydrochloric acid solution was added.  The 
mixture was sonicated for 30 min, diluted to 100 mL with 0.1 N 
hydrochloric acid solution and filtered through Whatman filter 
paper No. 41. The absorbance of resulting solution was 
measured at 225 and 258 nm for simultaneous equation method 
and at 236 and 258 nm for absorbance ratio method.  The 
concentration of FH and OZ were found by fitting values of 
absorbance in the corresponding equations of simultaneous 
equation method and absorbance ratio method.

In this method, both the components (FH and OZ) were 
quantified using simultaneous equation to resolve the 
interference due to spectral overlapping of two components.

Wavelength maxima ( max) of FH and OZ in 0.1 N 
hydrochloric acid solution was selected for generation of 
simultaneous equation. max of FH and OZ were found to be 
225 and 258 nm, respectively (Figure 2).

The linearity of FH at 225 nm was found to b
mL. The co-relation co-efficient was found to be 

3.  RESULTS AND DISCUSSION

λ

 The λ

e in the range 
of 4-30 μg/

Table 1 : Linearity data for FH at 225 nm and OZ at 258 nm (n=5)
FH OZ  

Concentration 
(µg/mL) 

Absorbance 
(Mean± S.D.) 

%  C.V. Concentration  
(µg/mL)  

Absorbance  
(Mean± S.D.)  

%  C.V.  

4 

8 
16 
24 
30 

0.165±0.005 

0.319±0.004 
0.616±0.005 
0.919±0.003 
1.135±0.003 

2.68 

1.15 
0.84 
0.31 
0.31 

1  

2  
4  
8  

12  

0.081±0.006  

0.153±0.008  
0.299±0.006  
0.593±0.007  
0.849±0.003  

4.82  

4.00  
1.88  
1.11  
0.32  
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0.9999. 
mL. The co-relation co-efficient was found to 

be 0.9996. The average linear regressed equations for the 
corresponding curves were y=0.0373x+0.0183 (FH) and 
y=0.0703x+0.0153 (OZ).  The linearity data for FH at 225 nm 
and OZ at 258 nm are shown in Table 1. 

The linearity of OZ at 258 nm was found to be in the 
range of 1-12 μg/

Table 2 : Results of checking additivity principle for FH and OZ at 225 and 258 nm (n=5)

Concentration (µg/mL) Observed absorbance  Calculated absorbance  

FH OZ At 225 nm At 258 nm  At 225 nm  At 258 nm  
16 
20 
24 
16 
20 
24 

4 
5 
6 
8 

10 
12 

0.759 
0.941 
1.128 
0.991 
1.246 
1.495 

0.349  
0.437  
0.512  
0.635  
0.814  
0.962  

0.767  
0.959  
1.151  
0.979  
1.224  
1.469  

0.360  
0.450  
0.540  
0.667  
0.834  
1.001  

Table 3.  Absorption coefficients of FH and OZ 3.1.3 Additivity principle

3.1.4 Simultaneous equation

Validation of additivity principle for the absorbances of FH 
and OZ at 225 nm and 258 nm was performed by measuring the 
absorbances of mixed solution of FH and OZ in th

mL mL, 
respectively.  The observed absorbances were found to be closer 
to the calculated value (Table 2).

Absorption coefficients were calculated for FH and OZ at 
225 and 258 nm, the wavelength maxima of FH and OZ, 
respectively (Table 3). The simultaneous equations derived for 
determination of concentration of FH and OZ are (Equation-1) 
CFH = ( OZ1 × A225 – OZ2 × A258) / ( FH2 × OZ1 – FH1 × 
OZ2 ) and (Equation-2) COZ = ( FH2 × A225 –  FH1 × A258) / 

( FH2 × OZ1 – FH1 × OZ2 ), respectively, where, CFH = 
Concentration of FH in mol/lit, COZ = Concentration of OZ in 
mol/lit, A225 = Absorbance of mixture at 225 nm, A258 = 
Absorbance of mixture at 258 nm, FH1  = Absorption 
coeffici FH2  = 

OZ1 = 
OZ2 = Absorption coefficient of OZ at 258 nm.

e 
concentration ranges of 16-24 μg/  and 4-12 μg/

ε ε ε ε ε
ε ε ε
ε ε ε ε

ε
ent of FH at 225 nm, ε Absorption coefficient of 

FH at 258 nm, ε Absorption coefficient of OZ at 225 nm, 
ε

Table 4 :  Linearity data for FH at 236 nm and 258 nm (n=5)

FH at 236 nm FH at 258 nm  Concentration 
(µg/mL) Absorbance 

(Mean± S.D.) 
% C.V.  Absorbance  

(Mean± S.D.)  
% C.V.  

8 

16 
20 
24 
30 

0.099±0.003 

0.195±0.004 
0.245±0.006 
0.296±0.004 
0.367±0.006 

3.096  

2.065  
2.388  
1.472  
1.680  

0.020±0.003  

0.040±0.002  
0.051±0.002  
0.065±0.004  
0.078±0.003  

4.782  

4.330  
4.035  
6.153  
3.846  

Absorption coefficient (ε)  In Lmol-1cm-1  In mLg-1cm-1

ε at 225 nm for FH  
ε at 236 nm for FH

 ε at 258 nm for FH
 ε at 225 nm for OZ

 ε at 236 nm for OZ

ε at 258 nm for OZ

12000.77  
4244.86

 1152.89
 16582.50

 17585.16

24000.00

347.00

122.76

33.30

530.60

562.83

768.00

Table 5 : Linearity data for OZ at 236 nm and 258 nm (n=5)

OZ at 236 nm OZ at 258 nm  Concentration 
(µg/mL) 

Absorbance 
(Mean± S.D.) 

% C.V.  Absorbance  
(Mean± S.D.)  

% C.V.  

2 

4 
8 

12 
16 

0.115±0.006 

0.227±0.004 
0.449±0.005 
0.659±0.005 
0.898±0.003 

4.702  

2.018  
1.225  
0.888  
0.340  

0.140±0.005  

0.278±0.002  
0.552±0.005  
0.810±0.009  
1.102±0.008  

4.052  

0.903  
1.028  
1.172  
0.726  
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3.2 Absorbance ratio method

3.2.1 Wavelength selection

In Absorbance ratio method, absorbances were measured 
at the iso-absorptive wavelength and maximum absorption 
wavelength of one of the drugs.

The iso-absorptive point, wavelength at which FH and OZ 
show similar absorbance, was found to be 236 nm (Figure 2). 
The wavelength maximum of OZ, 258 nm, was selected as 
another wavelength for spectral measurement in absorbance 
ratio method.

Figure 2 : Overlain spectra of FH and OZ
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3.2.2 Linearity of FH and OZ at selected wavelength

3.2.3 Absorbance ratio equation

3.3 Analysis of Marketed Formulations

Regression analysis for the Absorbance ratio method was 
carried out and the linearity of the calibration graph and 
adherence of the method to Beer's law was validated for FH and 
OZ at selected wavelengths (236 nm and 258 nm).  The linearity 
data for FH at 236 nm and 258 nm are shown in Table 4. The co-
relation co-efficient was found to be 0.9999 and 0.9979, 
respectively.  The linearity data for OZ at 236 nm and 258 nm are 
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0.9998 and 0.9998, respectively.

The absorptivity coefficients of each at both wavelengths 
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with the labeled amount of FH and OZ in (Table 6).

The proposed two procedures were developed and validated for 
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olanzapine in tablets. The developed methods were found to be 
simple, rapid and economical.  Results obtained for the analysis 
of marketed combined dosage forms were in good agreement 
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4.  CONCLUSION

#SE = Simultaneous equation method
$AR = Absorbance ratio method

Table 6 : Assay of FH and OZ from combined tablet formulations
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(% Label claim)  
Content of OZ  

(% Label claim)  
Tablet  

Formulation 
FH OZ SE#  AR$  SE  AR  
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20 
20 
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99.87  
97.64  
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