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A b s t r a c t 

A novel, precise, and accurate reverse-phase high-performance liquid chromatography (RP-HPLC) method was developed 

and validated for the estimation of citalopram in tablet dosage forms. The method utilized an Agilent Eclipse XDB C18 

column (150 x 4.6 mm, 5 µm) with a mobile phase consisting of acetate buffer (pH 4.5) and acetonitrile in a 65:35 v/v ratio, 

pumped at a flow rate of 1.0 mL/min. Detection was carried out at 240 nm, and the retention time for citalopram was found to 

be 3.727 minutes. The method demonstrated excellent linearity in the concentration range of 25, 150 µg/mL (r² = 0.999). 

Validation studies confirmed the method's precision, accuracy, specificity, and robustness, with recovery values ranging from 

98.65% to 101.72%. The limits of detection (LOD) and quantification (LOQ) were determined to be 1.125 µg/mL and 3.375 

µg/mL, respectively. The method was successfully applied to quantify citalopram in commercial tablet formulations, with 

results showing 100.1% recovery of the labeled claim. Forced degradation studies under acidic, basic, oxidative, thermal, 

photolytic, and neutral conditions revealed that the method could effectively separate citalopram from its degradation 

products, indicating its stability-indicating capability. The proposed method offers advantages over existing methods, 

including shorter analysis time (8 minutes), higher sensitivity, and a wider linearity range. It is concluded that this RP-HPLC 

method is suitable for routine quality control analysis of citalopram in pharmaceutical formulations. 
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1. Introduction 

High-Performance Liquid Chromatography (HPLC) is one 

of the most widely used analytical techniques in 

pharmaceutical, chemical, environmental, and biological 

research. It is a powerful tool for separating, identifying, 

and quantifying components in complex mixtures. 

Among the various HPLC modes, Reversed-Phase HPLC 

(RP-HPLC) is the most commonly employed due to its 

versatility, robustness, and wide applicability. This 

document provides a comprehensive introduction to HPLC 

principles, instrumentation, and method development, with 
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a special focus on RP-HPLC method development. The 

discussion spans 40 pages, covering: 

Fundamentals of HPLC 

RP-HPLC: Principles, Advantages Method Development 

Strategies Optimization and Validation. Applications in 

Pharmaceutical and Analytical Chemistry. 

 
Fig.1 

 

2. Methodology 

Instrumentation 

A Waters Alliance liquid chromatograph (Model 2695) 

equipped with an Eclipse employed for the study. Sample 

injections were done with an automatic injector. Empower2 

software was used for data handling. Solubility of the 

substances was enhanced by sonication on an ultrasonicator 

(Ultrasonics 3.51). A Sartorius balance (Model CPA225D) 

was used for weighing different substances. 

Drugs, chemicals and solvents 

A pure sample of citalopram (purity-99.2%) obtained from 

Aurobindo Pharmaceuticals, Hyderabad, India was used as 

the reference standard. The commercial tablet formulation 

of citalopram “Celepra” (10 mg) manufactured by Micro 

Labs Ltd., Bangalore, India was used in this study. 

Ammonium acetate, glacial acetic acid, triethylamine, 

HPLC grade acetonitrile and HPLC grade methanol were 

purchased from Rankem Fine Chemicals Ltd., Mumbai. 

HPLC grade water was prepared by using Millipore Milli-Q 

system. 

Preparation of the buffer solution (pH 4.5) 

0.385 g of ammonium acetate and 0.5 mL of triethylamine 

were transferred into a 1000 mL beaker containing about 

800 mL of water. The contents were mixed well and the 

volume was made up to 1000mL. The pH of the solution 

was then adjusted to 4.5 with glacial acetic acid. The 

solution was then filtered through a 0.45μ membrane filter. 

Preparation of the mobile phase 

A mixture of the above acetate buffer (pH 4.5) and 

acetonitrile in the ratio of 65:35 v/v was prepared by mixing 

650 mL of buffer with 350 mL of acetonitrile in a one liter 

flask. It was degassed in an ultrasonic bath for 5 min and 

then filtered through a 0.45 µ membrane filter. This mixture 

was used as the mobile phase in the chromatography. 

Stock and working standard solution of citalopram 

About 50 mg of citalopram reference standard was 

accurately weighed and transferred into a 50 mL volumetric 

flask. To this, 25 mL of acetonitrile was added and 

sonicated for 5 min. The volume was made up with a 

further quantity of acetonitrile and mixed well. This 

solution was used as the stock solution. The working 

standard solution was prepared by transferring 1.0 mL of 

the stock solution into a 10 mL volumetric flask and 

diluting to volume with the diluent. This solution (100 

μg/mL) was used as the working standard solution of 

citalopram. 

Preparation of the diluent 

A 50:50 v/v mixture of the acetate buffer (pH 4.5) and 

acetonitrile was used as the diluent for preparing    drug 

solutions. 

Optimization of Chromatographic Conditions and 

Method Development: After a number of trails a mixture 

of acetate buffer (pH 4.5) and acetonitrile in 65:35 v/v ratio 

was selected as the mobile phase for the separation of 

citalopram. The solvent was pumped at a flow rate of 1.0 

mL/min. The injection volume was 10 µL and the column 

temperature was maintained at 30°C. The detector 

wavelength was set at 240 nm for monitoring the analytes. 

Prior to injection of the drug solution, the column was 

equilibrated for at least 20 min by pumping the mobile 

phase through it. Typical chromatogram of the working 

standard solution of citalopram is shown in Fig. 2. 

 

 
Fig. 2. A representative chromatogram of the working 

standard solution of citalopram. 

 

3. Results and Discussion 

Linearity 

Solutions of citalopram at different concentration levels 

including the working standard concentration were prepared 

in the diluent. Each concentration was injected three times 

into the HPLC system (n=3). The response was read at 240 

nm and the corresponding chromatograms were recorded. 

From these chromatograms, the mean peak areas at the 

different concentration levels were calculated and the 

linearity plot of the mean peak areas over concentration was 

constructed. Linearity data for citalopram is presented in 

the Table 2. Linearity plot for citalopram is depicted in the 

Fig.3. 

 

 
Fig.3. Linearity plot for citalopram 
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Precision 

Repeatability and intermediate precision were assessed by 

analyzing standard solutions of citalopram on the same day 

(n=6) and on two consecutive days, respectively. The 

results of repeatability and intermediate precision studies 

are depicted in the tables 3 and 4. 

Accuracy 

The accuracy of the method was determined by analyzing 

in triplicate a known concentration of the drug 

corresponding to 50, 100 and 150 % levels of citalopram 

(50, 100, 150 µg/mL). The percent recovery was calculated. 

The results are incorporated in the table 5. 

Limit of detection (LOD) and Limit of quantitation 

(LOQ): LOD and LOQ were calculated by using residual 

standard deviation of the response and the slope of the 

regression line. The LOD and LOQ of citalopram was 

found to be 1.125 and 3.375 μg/mL respectively. 

Robustness study 

The robustness of the method was determined as per ICH 

guidelines under three conditions i.e. flow rate, temperature 

and mobile phase composition. The results obtained by 

deliberate variation in method conditions are summarized 

showed in table.6. 

Specificity of the proposed method 

The specificity of the method was evaluated with regard to 

interference due to presence of excipients in tablet 

formulation. The HPLC chromatograms recorded for the 

drug matrix did not show any interfering peak within 

retention time ranges. Fig.4 show the representative 

chromatograms obtained from the analysis of citalopram 

from working standard solution and the formulation sample 

solution. The figures show that the selected drug was 

clearly separated. 

System suitability 

For finding out system suitability, six replicates of the 

working standard sample were injected and the parameters 

like peak retention time, tailing factor, number of 

theoretical plates (N), HETP of the peak were generated. 

These results are shown in Table 7. 

Estimation of the drug from tablet dosage forms 

Fifteen tablets of “Celepra” were crushed into a fine 

powder. A quantity of tablet powder equivalent to 100 mg 

of citalopram was accurately weighed and transferred into a 

100 mL volumetric flask. 70 mL of the diluent was added to 

it and sonicated for 25 min. Then, the volume was made up 

with the diluent and the contents filtered through a 0.45μ 

nylon filter. From the filtered solution, 1.0 mL was 

transferred into a 10 mL volumetric flask and diluted to 

mark with the diluent and mixed well to get a final 

concentration of 100µg/mL. This solution was 

chromatographed six times. From the chromatograms 

obtained, the average drug content in the formulation was 

calculated. A typical chromatogram obtained from the 

analysis of Celepra tablet is shown in the fig.4. 

 

 
Fig.4. Representative Chromatogram obtained from 

analysis of citalopram from formulation sample solution 

 

Method suitability 

The commercial tablet formulation, “Celepra” was analyzed 

by the proposed method and the results are shown in Table 

4.9. The values were found to be in good agreement with 

the labeled amounts, which confirms the suitability of the 

method for the analysis of the drug in pharmaceutical 

dosage forms. 

Discussion  

This study aimed to develop a precise, accurate, and 

sensitive HPLC method for analyzing citalopram in bulk 

and pharmaceutical dosage forms. The optimal mobile 

phase was acetonitrile and acetate buffer (pH 4.5) in a 

35:65 v/v ratio, using an Agilent Eclipse XDB C18 column, 

which provided sharp, well-resolved peaks with minimal 

tailing. The retention time was consistently 3.727 minutes 

across replicates, with reproducible peak areas and a strong 

linearity (r = 0.999), described by the regression equation 

  

Y = 15390X + 48483 

 

The method showed excellent precision, accuracy, and 

recovery, with no interference from excipients. Tablets 

contained an average of 100.1% of the labeled citalopram 

content, and system suitability parameters were within 

acceptable limits. Robustness was confirmed through 

consistent performance under varied conditions, while low 

LOD and LOQ values indicated high sensitivity. Compared 

to existing methods, the proposed technique offers 

advantages such as shorter retention time, higher 

quantitation limit (150µg/mL), and reduced run time. 

Overall, this HPLC method is reliable and efficient for 

routine analysis of citalopram in dosage forms. 

 

Table 1: Optimized chromatographic conditions of the proposed method 

Stationary phase Agilent Eclipse XDB C18 (150 x 4.6 mm, 5µm 

Mobile phase acetate buffer (pH 4.5) : acetonitrile - 65:35 v/v 

Flow rate  1.0 mL/min 

Column temperature 30°C 

Injection volume 10 µL 

Detection wavelength 240 nm 

Run time 8 min 
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Table 2: Linearity data for citalopram 

 

 

Table 3: Repeatability data 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Intermediate precision data 

 

 

 

 

 

 

 

 

Table 5. Recovery data of citalopram 

Concentration 

(µg/mL) 

 

Peak area 

 

Recovery 

Mean 

recovery 

SD of 

recoveries 

 

% recovery 

 

50 

810256 49.50  

49.60 
 

0.34 

99.00 

817609 49.98 99.95 

807628 49.33 98.65 

 

100 

1604278 101.09  

101.40 
 

0.31 

101.09 

1609057 101.40 101.40 

1613907 101.72 101.72 

 

150 

2350967 149.61  

149.57 

 

0.10 

99.74 

2351414 149.64 99.76 

2348610 149.46 99.64 

 

 

Conc. of citalopram  

(µg/mL) 

Peak area Mean peak area SD %RSD 

 

                     25 

           431987  

             431258 
 

     654.62 
 

           0.15 430721 

431065 

                   

                   50 
793675  

             791900 
 

     2124.66 

 

            0.27 792480 

789546 

 

75 

1237854  

           1233089 
 

   4478.96 

 

          0.36 1232449 

1228965 

 

100 

1604278  

           1609081 
 

     4814.54 
 

          0.30 1609057 

1613907 

 

125 

1959731            

           1955447 
 

3915.40 
 

          0.20         1954555 

        1952054 

 

150 

        2350967            

            2351414 

 

     1506.52 

              

             0.06         2351414 

               S. No. Peak areas of citalopram 

1 1617890 

2 1621056 

3 1612908 

4 1603209 

5 1603742 

6 1617460 

Average 1612711 

SD 7612.93 

%RSD 0.47 

Day Average peak areas of citalopram (n=6) 

1 1609002 

2 1610545 

Overall average 1609774 

SD 5108.73 

%RSD 0.32 
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Table 6. Robustness data 

Chromatographic 

condition 

Value Retention 

time (min) 

Tailing 

factor 

Number of 

theoretical plates 

 

Flow rate (mL/min) 

0.9 4.703 1.11 4934 

1.0 (O) 3.727 1.07 4385 

1.1 2.979 1.04 3842 

 

Temperature (°C) 

23 3.433 1.03 2852 

30 (O) 3.727 1.07 4385 

35 3.361 1.08 4285 

Mobile phase composition 

(acetate buffer : acetonitrile (% 

v/v)) 

66:34 3.143 1.03 4242 

65:35 (O) 3.727 1.07 4385 

64:36 3.972 1.11 4304 

 

Table 7. System suitability parameters of the proposed method 

S. No. Parameter Result 

1 Retention time (min) 3.727 

2 Tailing factor 1.07 

3 Number of theoretical plates 4385 

4 HETP 0.0177 

 

Table 8. Recovery of the drugs from the tablet dosage form “Celepra” 

Drug Labeled amount (mg) Amount recovered (mg) 

(n=6) 

% Recovery 

Citalopram 10 10.01 100.1 

4. Conclusion 

The proposed RP-HPLC method is precise, accurate, 

sensitive, and robust for the quantitative analysis of 

citalopram in pharmaceutical formulations. Its advantage 

include a short analysis time (8 minutes), wide linear range, 

and minimal interference from excipients or degradation 

products. The method complies with ICH validation 

guidelines and offers a reliable alternative for routine 

quality control and stability testing of citalopram in bulk 

and dosage forms. 
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