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Abstract 

A spectrofluorimetric method for the determination of antidepressant drugs 

namely citalopram (CIT) and desvenlafaxine (DSV) in tablets has been 

developed. The method is based on native fluorescence of these drugs in micellar 

solution of sodium dodecyl sulfate (SDS). The wavelengths of excitation and 

emission were 240 nm and 595 nm for citalopram and 225 nm and 600 nm for 

desvenlafaxine. The method allows the determination of 0.8-8.0 μg mL-1 of 

citalopram and 0.4-4.0 μg mL-1 of desvenlafaxine in presence of 18 mM SDS, in 

an acetate-HCl buffer solution of       pH=5. The limits of detection (LOD) were 

0.043 and 0.034 μg mL-1 for CIT and DSV, respectively. The fluorescence 

properties of CIT and DSV in micellar media were also studied. This method has 

been successfully applied to determination of the two drugs in tablets with 

satisfactory results. 
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1. Introduction 

Citalopram, (CIT, Fig. 1a) 1-(3-dimethylaminopropyl)-1-(4-fluorophenyl)-1, 3-dihydroisobezofuran-5-carbonitrile [1], 

is a second generation antidepressant and one of the recently introduced SSRIs. It is used for managing depression, 

social anxiety disorder, panic disorder and obsessive-compulsive disorder [2-4]. Several methods have been devised for 

the determination of citalopram in pharmaceutical preparations and biological fluids. These include high performance 

liquid chromatography (HPLC) with UV detectors [5-7], HPLC with fluorescence detectors [8-10] HLPC/mass 

spectrometry [11-13], gas chromatography [14,15], electrophoretic methods [16-18] and spectrophotometric methods 

[19-21]. However, few spectrofluorimetric methods [22-24] have been reported in the literature, and most reported 

methods involve multistep procedures, and have poor selectivity's and sensitivities. Desvenlafaxine succinate is a newer 

antidepressant drug, which is chemically 1-[(1RS)-2- (Dimethylamino)-1-(4-hydroxyphenyl) ethyl] cyclohexanol 

succinate monohydrate (DSV, Fig. 1b). Desvenlafaxine succinate is a structurally novel SNRI (serotonin - 

norepinephrine reuptake inhibitor) useful for the treatment of MDD (major depressive disorder). Desvenlafaxine (O-

desmethyl venlafaxine) is the major active metabolite of the antidepressant venlafaxine, a medication used to treat major 

depressive, generalized anxiety and panic disorders. Literature survey reveals HPLC coupled to spectrophotometric [25-

28], spectrofluorimetric [29-32] or coulometric detection [33], capillary electrophoresis [34-38], adsorptive stripping 

voltammetric [39], HPLC-ESI/MS [40,41] and LC-MS/MS [42-46], have been used. Desvenlafaxine succinate is not 

official in any pharmacopoeia. In the present paper, the fluorescence characteristics of citalopram and desvenlafaxine 

succinate are investigated in micellar media. Based on obtained results, sensitive micelle-enhanced spectrofluorimetric 

method has been firstly developed for the determination of citalopram and desvenlafaxine succinate drugs in bulk and 

tablet samples.  

 

 

a- Citalopram 

 

 

 

b- Desvenlafaxine succinate 

 

Fig. 1. Chemical structure of the studied drugs. 

 

2. Materials and Methods 

2.1. Apparatus  
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Spectrofluorimetric measurements were carried out on a Shimadzu RF-5301 PC spectrofluorimeter (Kyoto, Japan), 

equipped with a 150 W xenon lamp and using 1.0 cm quartz cells. The excitation and emission monochromators were 

fixed with 1.5 mm slits. The pH values of buffer solutions were measured using Jenway instrument pH-meter (combined 

electrode). 

 

2.2. Reagents and Materials 

i. Preparation of standard solution: Pharmaceutical grade of CIT and DSV certified to be 99.85% pure was obtained as 

gift were kindly supplied from Egyptian International Pharmaceutical Industries Company (EIPICo), Egypt. Stock 

solutions of pure CIT and DSV were prepared separately by dissolving 10 mg (accurately weighed) of each drug in least 

amount of water and finally the volume was made up to 100 mL with distilled water (100 μg mL-1).  

ii. Series of buffer solutions of KCl-HCl (pH=1.0–2.2), potassium hydrogen phthalate-HCl (pH =2.2–4.0) and NaOAc-

HCl (pH = 3.2–6.8) were prepared by standard methods. 

iii. Solutions of 0.1M sodium dodecyl sulphate (SDS), sodium dodecyl benzene sulphonate (SDBS), cetyl 

trimethylammonium bromide (CTAB), cetyl pyridinium bromide (CPB), tween 80 and triton-X (TX-100) were 

separately prepared. 

All reagents used were of analytical reagent grade purity or of high grade purity.       

 

2.3. General Procedure and Calibration Graphs 

Into a set of 25 mL calibrated flasks, an aliquot of working standard solution of each drug was added and then following 

solutions were added in sequence: 2 mL of acetate buffer solution of pH=5 and 2 mL of 0.1M SDS solution. The resultant 

mixture was diluted to the mark with distilled water, mixed thoroughly by shaking and then allowed to stand for 10 

minutes. A blank sample containing all the reagents except the drug was also prepared. The fluorescence intensities of 

the sample and blank were then measured in a 10 mm path-length quartz cell.  

 

2.4. Procedure for Tablets 

At least ten tablets of the drugs were weight into a small dish, powdered and mixed well. A portion equivalent to 10 mg 

of CIT and DSV were weight and dissolved in distilled water, filtered into a 100 mL calibrated flask and diluted to 

volume with water. Solutions of working range concentration were prepared by proper dilution of this stock solution 

with water and followed the above procedure for calibration curves. The nominal content of the tablets was calculated 

either from a previously plotted calibration graphs or using the regression equation. 

 

3. Results and Discussion 

3.1. Fluorescence Spectra 

Both citalopram and desvenlafaxine show native fluorescence in an aqueous solution. The fluorescence spectra of both 

the drugs in aqueous solution and micellar medium were recorded (Figs. 2, 3). For citalopram, an excitation wavelength 

was 240 nm and an emission maximum was obtained at 595 nm (Fig. 2). For desvenlafaxine, an excitation wavelength 

was 225 nm and an emission maximum was obtained at 600 nm (Fig. 3). 

 

https://en.wikipedia.org/wiki/Cetyl_trimethylammonium_bromide
https://en.wikipedia.org/wiki/Cetyl_trimethylammonium_bromide
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Fig. 2. Emission spectra (a, a̍) and excitation spectra (b, b̍) of (8.0 µg mL-1) CIT: (a̍, b̍) in micellar medium of SDS and 

(a, b) in aqueous solution at pH = 5. 

 

 

Fig. 3. Emission spectra (a, a̍) and excitation spectra (b, b̍) of (4.0 µg mL-1) DVS:      (a̍, b̍) in micellar medium of SDS 

and (a, b) in aqueous solution at pH = 5. 

 

3.2. Effects of pH and Buffers 

The effect of pH on the enhanced fluorescence of drugs in micellar medium was studied. The results showed the 

optimum pH=5 for both citalopram and desvenlafaxine (Fig. 4). Different buffer solutions (acetate, phosphate and 

Britton Robinson buffer) were tested. NaOAc-HCl buffer solution was found to be most successful for both drugs. So 

NaOAc–HCl buffer (pH=5.0) is selected for the assay and the optimum volume of NaOAc–HCl buffer is 2 mL.   
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Fig. 4. Effect of pH values on the fluorescence intensity of a: (4 µg mL-1) CIT and b: (4 µg mL-1) DVS in SDS.   

 

3.3. Effect of surfactants 

Addition of a surfactant above its critical micelle concentration (CMC) increases the fluorescence intensity of many 

fluorophores. This fact has been used to develop improved methods for spectrofluorimetric determination of many 

compounds [47,48]. In the present paper, the effect of six surfactants; an anionic sodium dodecyl sulphate (SDS), sodium 

dodecyl benzene sulphonate (SDBS), a cationic cetyl trimethylammonium bromide (CTAB), cetyl pyridinium bromide 

(CPB), and a neutral surfactant tween 80 and TritonX–100 (TX–100) on fluorescence intensity of citalopram and 

desvenlafaxine were investigated. Figure 5 shows that the enhancement of the fluorescence intensity of both drugs was 

maxima in SDS solution and therefore SDS was chosen for further study.  

 

Fig. 5. Effect of different surfactants on fluorescence intensity. 

 

3.4. Effect of SDS Concentration 

 The effect of SDS concentration on fluorescence of both the drugs was studied. With increase in SDS concentration, 

the fluorescence intensity increased and reached a stable value at 14 mM concentration of SDS which is above the CMC 

value of 6 mM for SDS (Fig. 6). Further increase in concentration of SDS produced little variation in fluorescence 

https://en.wikipedia.org/wiki/Cetyl_trimethylammonium_bromide
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intensity. Therefore, 18 mM concentration was selected as the optimum concentration of SDS for carrying out further 

investigations. 

 

 

Fig. 6. Effect of SDS concentration on the fluorescence intensity of a: (4 µg mL-1) CIT and b: (4 µg mL-1) DVS, at 

pH=5. 

3.5. Effect of Diluting Solvents 

Effect of diluting solvent was also tested using different solvents such as, water, ethanol, methanol, acetonitrile, butanol 

and DMF (Fig. 7). Using water as diluting solvent gives the highest fluorescence intensity value. Other solvents as 

butanol and DMF showed a distinct sharp decrease in the fluorescence intensity. 

 

 

Fig. 7. Effect of different solvents on fluorescence intensity. 

 

3.6. Sequence of Addition   

A series of solutions were prepared by changing the sequence of addition of reagents while keeping the same 

concentration and fluorescence intensity was measured. It was observed that change in sequence of addition of the 
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reagents produced little variation in fluorescence intensity. The optimal order of addition of reagents selected was: drug, 

buffer and SDS. 

 

3.7. Effect of Temperature 

The effect of temperature on the fluorescence intensity of the CIT and DSV in micellar medium was carried out at 

different temperature settings (room temperature, 40, 60, 80, and 100°C) using a thermostatically controlled water bath. 

Maximum and constant fluorescence intensity was obtained at room temperature. This effect can be explained by higher 

internal conversion as temperature increases, facilitating non-radiative deactivation of excited singlet state [49]. A 

temperature of 25 °C, close to room temperature, was selected for carrying out further experiments. The induced 

fluorescence intensity was found stable for more than 3 h. 

 

3.8. Luminescence Mechanism 

Citalopram and desvenlafaxine are hydrophobic drugs having low polarity. In the presence of micellar medium of SDS 

the solubility of the drug in the micellar medium is greatly increased. Due to change in microenvironment of the drug, 

there is decrease in non-radiative energy loss through molecular collisions and quantum efficiency of fluorescence is 

greatly increased [50]. The optimum concentration of SDS is above the CMC value (18 mM) which indicates that 

formation of micelles greatly increases the fluorescence intensity of the system. 

 

4. Validation of the Method 

Validation of optimized proposed method was done with respect to following parameters.  

 

4.1. Linearity and Range   

 Under the described experimental conditions, the fluorescence intensity-concentration plot was rectilinear over the 

range of 0.8-8.0 μg mL-1 for CIT and over the range of 0.4-4.0 μg mL-1 for DSV (Table 1). The dependence of the 

relative fluorescence intensity on the concentration of CIT and DSV shown in Fig. 8. The relative fluorescence intensity 

increased with the increase of drugs concentration. 
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Fig. 8. Emission spectra in micellar system with different concentration of CIT and DSV at pH=5.  

 

Table 1. Statistical and analytical parameters of the proposed method. 

 

Parameters 
Drugs 

CIT DSV 

em (nm) 595 600 

ex (nm) 240 225 

Beer’s law limit (µg mL-1)    0.8-8.0 0.4-4.0 

Correlation coefficient ( r ) 1.000 0.9997 

Linear regression equation   

Sy/x 5.933 3.273 

Intercept (a) 60.933 27.446 

Slope (b) 120.857 170.121 

S.D of slope (Sb) 1.772 1.956 

S.D. of intercept (Sa) 5.523 3.047 

Detection Limits (µg mL-1) 0.0439 0.0344 

Quantitation Limits (µg mL-1) 0.1466 0.1149 

     F = a + bC, where F is the fluorescence intensity and C is the concentration of drug in µg mL-1  

 

4.2. Limit of Detection and Limit of Quantitation 

The detection and quantification limits as defined by IUPAC [51], LOD =3Sb/m and LOQ =10Sb/m (where Sb is the 

standard deviation of the blank and m is the slope of the calibration graph) were found to be 0.0439 and 0.0344 μg mL-

1, 0.1466 and 0.1149 μg mL-1 for CIT and DSV, respectively (Table 1). The slope of the calibration graph (m) is the 

calibration sensitivity according to IUPAC definition. 

 

4.3. Accuracy and Precision 

 In order to determine the accuracy and precision of the recommended procedure five replicate determinations at three 

different concentrations of the studied drugs were carried out. Precision and accuracy were based on the calculated 
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relative standard deviation (RSD, %) and relative error (RE, %) of the found concentration compared to the theoretical 

one, respectively (Table 2) and indicate that the proposed method is highly accurate and reproducible. 

 

Table 2. Evaluation of accuracy and precision of the proposed method.  

 

aRelative error. bRelative standard deviation. cMean value of five determinations. 

 

4.4. Selectivity  

The selectivity of the proposed method was checked by investigating the interference effect of common excipients such 

as talc, sucrose, lactose, starch and magnesium stearate on the analysis of CIT and DSV. No interferences were observed 

in the determination of the investigated drugs in the presence of the common excipients (Table 3) and average recoveries 

obtained were found in the range of 99.94 to 99.99%. 

 

Table 3. Determination in CIT and DSV in pharmaceutical preparations.  

 

       

aRelative error. bRelative standard deviation. cMean value of five determinations. 

dCipramax tablets (copad egypt for trade and pharmaceutical industries, Egypt). 

ePrismaven (rameda for pharmaceutical industries, 6th of october city, Egypt).  

Drugs 

Drug 

Taken 

µg mL-1 

Drug 

Found 

µg mL-1 

Recoveryc, 

 % 

 

REa 
RSDb, 

 % 
SE 

CIT 

1.6 
 

1.5993 
99.96 -0.044 1.663 2.049 

4.0 
 

3.9992 
99.98 -0.021 0.826 2.274 

6.4 
 

6.3961 
99.94 -0.061 0.510 2.049 

DVS 

0.8 
 

0.7995 
99.94 -0.063 4.443 3.563 

2.0 
 

1.9998 
99.99 -0.010 1.744 3.134 

3.2 
 

3.1987 
99.96 -0.041 1.349 3.791 

Drugs 

Drug 

Taken 

µg mL-1 

Drug 

Found 

µg mL-1 

Recoveryc, 

 % 

 

REa 
RSDb, 

 % 

CIT 

(Cipramaxd 

40 mg) 

1.6 
 

1.599 
99.96 -0.044 1.881 

4.0 
 

3.998 
99.96 -0.040 1.171 

6.4 
 

6.397 
99.96 -0.041 0.824 

DVS 

(Prismavene 100 

mg) 

0.8 
 

0.799 
99.99 -0.013 4.797 

2.0 
 

1.998 
99.94 -0.060 1.216 

3.2 3.198 99.94 -0.063 1.433 
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4.5. Analysis of Marketed Formulations 

The proposed method was applied to the determination of the studied drugs in conventional tablets. The results obtained 

are satisfactorily accurate and precise as indicated by the excellent % recovery as shown in (Table 3). The statistical 

analysis of the results detected no significant difference in the performance of the proposed methods and the reported 

methods by the Student’s t-value and variance ratio F-value. The results of this study are given in Table 4. 

 

Table 4. Analysis of tablets containing CIT and DVS using the proposed method and reported methods  

Drug Drug 

 formulation 

Labeled 

amount  

%Recovery±SDa 

Proposed        Reported 

t-testb  F-testb Ref.  

 

       

CIT Cipramax  40 mg/tab 99.96±0.092 100.03±0.101 1.701 1.205   20 

DVS Prismaven  100 mg/tab 99.96±0.887 99.56±1.095 2.520 1.523   41 

aAverage of five determinations.  

bTabulated values at 95% confidence limit are t=2.306, F=6.338. 

 

5. Conclusion 

 A simple and non-extractive spectrofluorimetric method was developed for the determination of CIT and DSV in a 

micellar medium. The method is fast, sensitive and has low detection limit and can be applied to the determination of 

the studied drugs in dosage forms. 
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