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ABSTRACT 

Asensitive and simple spectrophotometric method has been developed for quantitative determination of fluoxetine using 
bromatometric method. The method is based on the addition of measured excess amount of bromate-bromide mixture to 
fluoxetine in hydrochloric acid medium. The residual bromine was determined by reacting with a fixed amount of-
methyl orange and absorbance was measured at 505 nm. The amount of bromine reacted corresponds to the amount of 
fluoxetine. Linear relationship between absorbance and fluoxetine concentration was found and Beer’s law was obeyed 
in the concentration range of 0.4 - 12 µg·mL–1. The molar absorptivity was found to be 3.8 × 104 L·mol–1·cm–1. The 
limit of detection and limit of quantification was calculated and found to be 0.32 µg·mL–1 and 1.0 µg·mL–1 respectively. 
The common excipients were investigated for their interferences effect in the assay. The validity of the developed 
method was checked through recoveries studies and successfully applied to the determination of fluoxetine in bulk 
powder, pharmaceutical formulations and spiked human plasma samples. The percent recoveries were found to be in the 
range of 97.0% - 101.0% for pharmaceutical formulations and from 97.0% - 99.0% for spiked human plasma. 
 
Keywords: Fluoxetine; Bromatometric Method; Methyl Orange; Spectrophotometry 

1. Introduction 

Fluoxetine hydrochloride, (±)-N-methyl-3-Phenyl-3-[(α, 
α,α-trifluoro-p-tolyl)] propylamine hydrochloride (Fig- 
ure 1), is an antidepressant drug used for the handling of 
unipolar mental depression. Fluoxetine (FLX) is the most 
widely prescribed selective serotonin reuptake inhibitor 
antidepressant drug [1]. FXT has been shown to have 
comparable efficacy to tricyclic antidepressants but with 
fewer cardiovascular and anticholinergic side effects 
[2,3]. It is also effective in treatment of the obsessive 
compulsive disorders [4]. Fluoxetine is extensively me- 
tabolized by N-demethylation in liver into its active me- 
tabolite norfluoxetine [5]. It is well absorbed after oral 
administration, and it takes 6 - 8 hours to reach the plas- 
ma peak.  

Since FXT is a compound of great pharmacological 
and analytical importance there has been an interest to 
develop accurate analytical method for the quantification 
of FXT in biological and pharmaceutical samples. Sev- 
eral instrumental methods developed for the determina- 
tion of fluoxetine in pharmaceutical formulation include 
titrimetric [6], nuclear magnetic resonance spectrometric  
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Figure 1. Chemical structure of fluoxetine. 
 
[7], potentiometric [8], and thin-layer chromatographic 
[9]. Similarly several other methods for fluoxetine de- 
termination in biological fluids have been reported in the 
literature. These methods include liquid chromatography 
with different detection system [10-14], gas chromatog- 
raphy [15-17], and capillary electrophoresis [18,19]. Un- 
fortunately, these methods are time consuming and re- 
quire complicated analytical procedures, particularly due 
to the laborious pretreatment of plasma sample and also 
not chemically precise. 

Comparatively limited number of spectrophotometric 
methods has been described in the literature for determi- 
nation of fluoxetine in pharmaceutical formulations and 
biological samples. These methods require lengthy pro-  *Corresponding author. 
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cedures, exploit expensive reagents, possess narrow lin- 
ear ranges and suffer from limitation of application to 
biological samples [20-23]. 

The aim of the present work was to develop simple, 
sensitive and economical spectrophotometric method for 
the quantitative determination of fluoxetine in pharma- 
ceutical formulations and biological samples. The me- 
thod is based on bromine-generated in situ as the bromi- 
nating agent and methyl orange as the spectrophotomet- 
ric reagent. 

2. Experimental  

2.1. Instrument 

UV/Vis spectrophotometer Sp-3000 plus Optima (To- 
kyo, Japan) with 1 cm matched quartz cells was used for 
all absorbance measurements. 

2.2. Materials and Reagents 

All reagents used were of analytical grade purity or of 
high grade purity. Potassium bromide, potassium bro-
mide, hydrochloric acid, methanol (Merck KGaA 64271 
Darmstadt, Germany) and methyl orang (BDH Labora-
tory Supplies Poole, England) were used in this work. 
Standard reference fluoxetine was provided by Libra 
Pharmaceutical Industry pvt. Ltd., Peshawar, Pakistan. 
Commercial formulations of fluoxetine (Dopex capsules 
20 mg, manufactured by Merck (Pvt) Ltd, Quetta, Paki-
stan), Flux capsules 20 mg (manufactured by Hilton 
Pharma (pvt) Ltd, Karachi, Pakistan), Depricap capsules 
20 mg (manufactured by Pharma Nabi Qasim industries 
(Pvt) Ltd, Karachi Pakistan were purchased from local 
market. 

2.3. Preparation of Reagents Solutions 

The bromate-bromide mixture (3.0 mM KBrO3 - 30 mM 
KBr) was prepared by dissolving 0.025 g of KBrO3 and 
0.1785 g of KBr in distilled water and diluting to 50 mL 
with the same solvent. The solution was diluted to obtain 
0.11 mM solutions with respect to KBrO3 for further use. 
Methyl orange solution (300 µg·mL−1) was prepared by 
dissolving 0.03 g of methyl orange dye and diluted to 
100 mL with distilled water. Hydrochloric acid solution 
(5.0 M) was prepared by diluting 20.8 mL of 36% hy- 
drochloric acid to 50 mL with distilled water. 

2.4. Preparation of Standard Fluoxetine Solution 
(1000 µg·mL−1) 

Standard stock solution of fluoxetine (1000 µg·mL–1) 
was prepared by dissolving 0.05 g of authentic standard 
in 0.5 mL methanol and diluted to 50 mL with distilled 
water. Working standard solutions were freshly prepared 

by diluting proper volume of the stock solution. 

2.5. General Recommended Procedure 

Bromate-bromide mixture of 1.0 mL (0.089 mM with 
respect to KBrO3) was taken in a set of 25 mL calibrated 
flasks. Then 1.0 mL of 4 M HCl solution was added. 
Fluoxetine standard solution in the range of 1 - 5 
µg·mL−1 was added to each flask. The contents of the 
flasks were mixed thoroughly and allowed to stand for 20 
minutes with occasional shaking. After equilibration, 1.0 
mL of methyl orange solutions (300 µg·mL−1) was added 
to each flask and diluted to the mark with distilled water. 
The absorbance of all solutions was measured at 505 nm 
(Figure 2) using Optima SP-3000 Spectrophotometer 
against a reagent blank prepared by the same method 
except addition of drug. 

2.6. Application to Pharmaceutical Formulations  

Contents of 5 capsules and tablets containing 20 mg of 
active ingredient were mixed, weighted and average 
mass of the powder in one capsule was calculated. An 
accurately weighed amount of the powder equivalent to 
0.01 g of fluoxetine was dissolved in 0.5 mL methanol 
and diluted with distilled water. The solution was filtered 
to separate any suspended particles and finally the vol- 
ume of filtrate was adjusted to 100 mL with distilled wa- 
ter. Sample solution (10 µg·mL−1) was prepared from 
stock sample solution by dilution of the required volume 
with distilled water and treated according to the general 
recommended procedure.  

2.7. Application to Spiked Human Plasma  
Sample 

In a set of 15 mL centrifugation tubes; 3 mL aliquots of 
plasma was taken and 2.5 mL of 100 µg·mL−1 of fluoxet- 
ine solution was added. It was then deproteinized by 
mixing with 9 mL of acetonitrile and centrifuged for 5 
min at a rate of 3000 rpm. The supernatant was trans- 
ferred to 50 mL volumetric flask and diluted to the mark  
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Figure 2. Absorption spectra of fluoxetine using broma-
tometric method. 
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3 2 2BrO +5Br+6H 3Br +3H O+ ⎯⎯→

3.1. Effect of Reagents Concentration with distilled water. Different volumes from deprotei- 
nized solution were analyzed according to the general 
recommended procedure.  

The concentrations and volume of different reagents af- 
fecting the bromination reactions were carefully studied 
and optimized. The effect of concentration of bromate 
solution in the presence of excess of bromide was studied 
in the range of 0.029 mM to 0.179 mM. It was observed 
that absorbance increases with increase in concentration 
up to 0.089 mM of bromate (Figure 3). The effect of 
volume of bromate solution (0.089 mM) in the presence 
of excess of bromide was also investigated and found 
that maximum absorbance was obtained when 1.0 mL of 
0.089 mM bromate solution was used. 

3. Results and Discussion 

The present method deals with the spectrophotometric 
determination of fluoxetine using bromate-bromide mix- 
ture as the oxidimetric reagent. The proposed spectro- 
photometric method is based on the determination of 
unreacted bromine (in situ generated) after bromination 
reaction of fluoxetine in acidic media with a measured 
excess amount of bromate-bromide mixture via electro- 
philic substitution reaction. The excess bromine was de- 
termined by reacting it with a known amount of methyl 
orange dye. The method based on bleaching action of 
bromine on methyl orange due to the oxidative destruct- 
tion of methyl orange (Scheme 1). 

For acidity of solution, different mineral acids like hy- 
drochloric acid, nitric acid, perchloric acid and sulphuric 
acids were used. Among the acids, hydrochloric acid was 
found to be the suitable medium for bromination of 
fluoxetine by in situ generated bromine due to accurate 
and precise results. Effect of hydrochloric acid concen- 
tration was studied in the range of 1M to 6 M solution. 
The absorbance increases with increase in concentration 
of hydrochloric acid up to 4 M after which a slight de- 
crease in absorbance was observed (Figure 4). The effect 
of volume of HCl was also studied and it was found that 
1.0 mL of 4 M HCl give maximum absorbance. 

Bromine was generated in situ using a mixture of po- 
tassium bromide and potassium bromate in acidic media 
(5 M HCl). Fluoxetine when added to a constant amount 
of in situ generated bromine, the bromine consumed pro- 
portionately with increase in concentration of fluoxetine 
and a concomitant fall in the amount of bromine occurred. 
When a fixed amount of methyl orange was added to the 
decreasing amounts of bromine resulted in a simultane- 
ous increase in the methyl orange concentration. Conse- 
quently, a proportional increase in the absorbance at the 
respective λmax was observed with increasing concentra- 
tion of fluoxetine, as shown by the correlation coeffi- 
cients of 0.9956. 

Effect of methyl orange concentration was also investi-
gated in the range of 200 - 450 µg·mL−1 and the absorb-
ance increased with increase in concentration of methyl 
orange up to 300 µg·mL−1 after which it remain constant 
(Figure 5). The effect of volume of methyl orange was 
also investigated and it was observed that 1.0 mL of 300  
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Scheme 1. Proposed reaction scheme for the reaction of fluoxetine with bromine.  
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Figure 3. Effect of KBrO3 concentration on the bromination 
reaction. 
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Figure 4. Effect of hydrochloric acid concentration on bro-
mination reaction. 
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Figure 5. Effect of methyl orange concentration on bromi-
nation reaction. 
 
µg·mL−1 methyl orange produced maximum absorbance. 

3.2. Stability of the Reaction Product 

The stability of the reaction product was studied by 
measuring the absorbance at regular interval up to 120 
min (Figure 6). It was observed that no change in ab- 
sorbance of the colored product was produced. Thus the 
colored product is stable and will not affect the results of 
analysis even if the absorbance is measured after 2 hours  

 

Figure 6. Effect of time on stability of bromination reaction. 
 
of the dilution.  

3.3. Effect of Interferences 

To evaluate the selectivity of the developed method, the 
interferences effects of common excipients like starch, 
glucose, sucrose, talc, sorbitol, lactose, and magnesium 
stearate were tested for the determination of fluoxetine in 
pharmaceutical formulations. To a fixed amount of fluo- 
xetine solution one of the excipients in ratio of 1:2, 1:4 
and 1:8 were added and analyzed by the proposed 
method. No interferences were observed in the analysis 
of fluoxetine in the presence of these excipients. The per- 
centage recoveries obtained were in the range of 97.11% 
to 103.84% (Table 1). 

3.4. Method Validation  

The proposed bromatometric method was validated ac- 
cording to the guidelines of ICH [24]. Under the opti- 
mum experimental conditions of the proposed method, a 
linear correlation was found between absorbance at λmax 
and fluoxetine concentration. Beer’s law was obeyed in 
the concentration range of 0.4 - 12 µg·mL−1 with a good 
correlation 0.9956 (Figure 7). The limit of detection 
(LOD) and limit of quantification (LOQ) values were 
found to be 0.32 µg·mL−1 and 1.0 µg·mL−1 respectively. 
The linear regression equations, correlation coefficients, 
intercepts, slope and molar absorptivity are given in Ta- 
ble 2. 

3.5. Precision and Accuracy  

The inter-day precision (repeatability) of the proposed 
method was checked by evaluating fluoxetine in pure 
form and pharmaceutical preparations at three different 
concentrations in triplicate with in the Beer’s law range 
at the same day. The results are summarized in Table 3 
for pure form and Table 4 for dosage form. The per- 
centage recoveries obtained in the range of 99.5% to 
100.0% for pure form and 96.3% to 101.0% for dosage  
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Table 1. Determination of fluoxetine (1.0 µg·mL−1) in the 
presence of excipients. 

Excipient 
Excipient 

added 
(µg·mL−1) 

Drug:Excipient %Recovery ± %RSD

2.0 1:2 101.75 ± 1.76 

4.0 1:4 102.63 ± 3.05 Sorbitol 

8.0 1:8 101.75 ± 2.00 

2.0 1:2 100.89 ± 3.17 

4.0 1:4 98.21 ± 2.65 Glucose 

8.0 1:8 101.78 ± 0.52 

2.0 1:2 101.73 ± 2.55 

4.0 1:4 100.00 ± 3.02 Lactose 

8.0 1:8 101.73 ± 1.53 

2.0 1:2 100.00 ± 3.27 

4.0 1:4 103.77 ± 2.15 
Magnesium 

Stearate 

8.0 1:8 100.94 ± 0.96 

2.0 1:2 100.97 ± 0.69 

4.0 1:4 101.94 ± 2.09 Starch 

8.0 1:8 102.91 ± 1.93 

2.0 1:2 103.84 ± 2.84 

4.0 1:4 102.88 ± 0.59 Talc 

8.0 1:8 97.11 ± 1.31 

2.0 1:2 101.96 ± 2.21 

4.0 1:4 99.01 ± 2.42 Sucrose 

8.0 1:8 100.00 ± 1.95 

Each result is the average of separate triplicate analysis. 
 
Table 2. Quantitative parameters for spectrophotometric 
determination of fluoxetine. 

Parameter Value 

λmax (nm) 505 

Beer’s law limit (µg·mL−1) 0.4 - 12 

Molar absorptivity (L mol−1·cm−1) 3.80 × 104 

Limit of detection (µg·mL−1) 0.32 

Limit of quantification (µg·mL−1) 1.0 

Regression equation (y) Y = 0.073X – 0.002 

Slope (b) 0.073 

Intercept (a) 0.002 

Correlation coefficient (r) 0.9956 

Relative standard deviation (%) 2.04 

Table 3. Evaluation of precision of the proposed method for 
Fluoxetine determination in pure form. 

Amount 
taken 

(µg·mL−1)

Amount 
found 

(µg·mL−1) 
%Recovery ± %RSD 

Confidence 
limit 

1.0 0.996 99.6 ± 4.4 99.6 ± 0.10 

1.5 1.50 100.0 ± 2.0 100.0 ± 0.07

2.0 1.99 99.5 ± 4.0 99.5 ± 0.19 

X'= 99.70% 

±SD= 0.264 

t-test= 1.96 (4.303) 

 
 
 
 

Each result is the average of separate triplicate analysis. 
 
Table 4. Evaluation of accuracy and precision of the pro-
posed Spectrophotometric method for Fluoxetine determi-
nation in dosage form. 

Pharmaceutical 
preparations 

Amount 
taken 

(µg·mL−1) 

Amount 
found 

(µg·mL−1) 
Recovery ± %RSD

1.0 1.0 100.0 ± 3.0 

2.0 2.0 100.0 ± 2.0 
Dopex capsules 

20 mg 

3.0 2.91 97.0 ± 2.5 

1.0 1.05 101.0 ± 1.0 

2.0 2.01 100.5 ± 2.3 
Depricape  

capsules 20 mg

3.0 2.96 98.7 ± 3.1 

1.0 0.96 96.7 ± 2.3 

2.0 1.97 98.5 ± 2.3 
Faxetine tablets 

20 mg 

3.0 3.01 100.4 ± 2.9 

1.0 0.99 99.0 ± 2.5 

2.0 1.98 99.0 ± 3.0 
Flux 

capsules 20mg

3.0 2.89 96.3 ± 3.7 

Each result is the average of separate triplicate analysis. 
 
form. The relative standard deviation was found to be 
satisfactory (RSD ≤ 3.0) specifying better reproducibility 
of the proposed method. Accuracy of the developed 
method was evaluated by standard addition method using 
four different brands of capsules (Dopex 20 mg, Depri- 
cape 20 mg, Faxetine 20 mg and Flux 20 mg) and spiked 
plasma sample. The percent recoveries were in the range 
of 97.0% to 103.0% for pharmaceutical formulations 
with a %RE ≤ 3.0 (Table 5) and from 97.0% to 99.0% 
for spiked plasma samples with a %RE ≤ 3.0 (Table 6). 
Good percent recovery with a small %RE indicates high 
accuracy of the developed method for the quantification 
of fluoxetine in pharmaceutical preparations and spiked 

lasma samples.  p 
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Figure 7. (a) Beer’s Law range; (b) Calibration curve for determination of fluoxetine by the proposed method. 
 
Table 5. Recoveries test of fluoxetine in commercial formulations (capsules, tablet) by the proposed method (standard addi-
tion method). 

Pharmaceutical preparation 
Amount added 

(µg·mL−1) 
Amount found 

(µg·mL−1) 
RE % %Recovery ± %RSD 

1.0 0.97 3.00 97.0 ± 2.05 

1.5 1.49 0.67 99.3 ± 1.57 
Dopex capsules 

20 mg 

2.0 2.02 −1.00 101.0 ± 1.16 

1.0 0.98 2.00 98.0 ± 1.02 

1.5 1.46 2.67 97.3 ± 2.60 Depricape capsules 20 mg 

2.0 2.04 −2.00 102.0 ± 0.49 

1.0 0.97 3.00 97.0 ± 2.37 

1.5 1.48 1.34 98.7 ± 2.83 Faxetine tablets 20 mg 

2.0 1.98 0.67 99.3 ± 2.12 

1.0 1.03 −3.00 103.0 ± 2.91 

2.0 1.98 1.00 99.0 ± 1.76 
Flux 

Capsules 20 mg 

3.0 2.99 0.34 99.7 ± 1.20 

Each result is the average of separate triplicate analysis. 
 

Table 6. Recovery test of fluoxetine from Plasma (standard addition method). 

Amount added (µg·mL−1) Amount found (µg·mL−1) %RE %Recovery ± %RSD 

1.0 0.97 3.0 97.0 ± 2.03 

2.0 1.98 2.0 99.0 ± 2.76 

3.0 2.97 3.0 99.0 ± 3.12 

Each result is average of the separate triplicate analysis. 
 
4. Application interference. The results were also compared statistically 

using student’s t-test for accuracy. The calculated value 
of “t” found less than the tabulated value for three de- 
grees of freedom.  

The proposed method has been successfully applied for 
the determination of fluoxetine in four different brands of 
capsules and tablets (Dopex 20 mg capsules, Depricape 
20 mg capsules, flux 20 mg capsules, Faxetine 20 mg 
tablets). The result showed good recoveries and close 
agreement with the label claims (Table 7) without any  

5. Conclusion 

A sensitive, accurate and simple spectrophotometric  
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Table 7. Determination of fluoxetine in pharmaceutical 
formulations by the proposed method. 

S.No. 
Pharmaceutical 

preparation 

Active ingredient 
Labeled Value 
(mg/cap or tab) 

Found Value
(mg/cap or tab)

(t = 4.303) 

1. 
Dopex 

20 mg/capsule 
20 

19.80 ± 1.5 
t = 1.65 

2. 
Depricape 

20 mg/capsule 
20 

20.01 ± 1.8 
t = 2.0 

3. 
Faxetine 

20 mg/tablet 
20 

19.85 ± 0.98 
t = 1.88 

4. 
Flux 

20 mg/capsule 
20 

19.90 ± 1.2 
t = 1.26 

Each result is average of the separate triplicate analysis. 
 
method has been developed and validated for the analysis 
of fluoxetine in pure form and in its capsules and tablets 
according to the guidelines of ICH [24]. The main ad- 
vantage of the bromatometric method is the use of non- 
toxic bromate-bromide instead of hazardous liquid bro- 
mine reagent which is easily available and environment 
friendly. The proposed method does not involve tedious 
sample preparation, heating or extraction like other non- 
spectrophotometric methods [10-14]. 
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