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ABSTRACT

Objective: Selective serotonin reuptake inhibitor (SSRIs) compounds are the most used compounds
in the treatment of depression. The determination of chromatographic separation and quantitative
determination of these compounds is very important in the clinical use of these compounds and the
success of biopharmaceutical studies. For this reason, this study, it was aimed to optimize the
chromatographic conditions for the quantitative determination of SSRIs in tablet formulation by
Reversed phase liquid chromatography method.
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Material and Method: The optimum separation condition for the studied compounds was
determined based on the relationship between the retention values of the compounds and the pH and
the content of the mobile phase. Chromatographic determination was made on the X Terra C18
column (250 x 4.6 mm 1.D., 5 um), which is widely used for the determination of hybrid-based and
basic compounds. The validation of the developed method was carried out based on the parameters
of linearity, precision, and accuracy.

Result and Discussion: The developed and validated method was successfully applied for the
determination of active ingredients in the tablet dosage form. The experimental results of the amount
of studied SSRIs in selected commercial tablets are in good agreement with the label claims. The
calculated percent recoveries show that the sample preparation techniques developed for the
quantification of the compounds studied are not affected by interferences. The evaluation of the
obtained results showed that the developed method is suitable for the routine use of studied
compounds.

Keywords: Antidepressant, method optimization, quantitative analysis, RPLC
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Amac: Secici serotonin geri alim inhibitérleri (SSRI) depresyon tedavisinde en cok kullamlan
bilesiklerdir. Bu bilesiklerin kromatografik ayrimlari ve kantitatif tayinlerinin belirlenmesi,
bilesiklerin klinik kullamimlarinda ve yapilan biyofarmasotik calismalarin basarisinda oldukca
onemlidir. Bu nedenle bu calismada tablet formiilasyonunda SSRI'larin kantitatif tayini icin
kromatografik kosullarin Ters faz sivi kromatografi yontemi ile optimize edilmesi amaglanmigstir.
Gerec ve Yontem: Calisilan bilesikler icin optimum ayirma kosulu, bilesiklerin alikonma degerleri
ile pH ve mobil faz bilesimi arasindaki iliskiye gore belirlenmistir. Kromatografik ayrim, hibrit bazl
ve bazik bilesiklerin tayini icin yaygin olarak kullanilan X Terra CI18 kolonu (250 x 4.6 mm I.D., 5
um) kullamilarak gerceklestirilmistir. Gelistirilen yontemin validasyonu; dogrusallik, kesinlik ve
dogruluk parametrelerine gore yapilmigtir.

Sonug ve Tartisma: Tablet formiilasyonlarindaki etken maddelerin tayini icin gelistirilen yontem
basariyla uygulanmis ve valide edilmistir. Elde edilen deneysel SSRI miktarlari, ticari
formiilasyonlarda belirtilen miktarlar ile uyumlu olarak bulunmustur. Hesaplanan geri kazanim
yiizdeleri, ¢alisilan bilesiklerin kantitatif tayini icin gelistirilen numune hazirlama tekniklerinin dig
etkenlerden etkilenmedigini gostermektedir. Elde edilen sonuglar degerlendirildiginde, gelistirilen
yontemin ¢alisilan bilegiklerin rutin analizlerine uygun oldugu goriilmiistiir.

Anahtar Kelimeler: Antidepresan, kantitatif analiz, metot optimizasyonu, RPLC

INTRODUCTION

Selective serotonin reuptake inhibitors (SSRIs) are frequently used in the treatment of psychiatric
disorders such as depression, obsessive-compulsive disorder, and anxiety [1,2]. SSRIs have advantages
over tricyclic antidepressants such as less pronounced anticholinergic side effects and no severe
cardiotoxicity [3]. These drugs inhibit the uptake of serotonin across the plasma membrane before it is
stored in specific organelles [4].

Sertraline, citalopram, and fluvoxamine, which belong to the SSRI group, are basic compounds
due to the basic functional group in their chemical structure (Figure 1). These compounds with primary,
secondary, and tertiary amine groups were apolar compounds with poor water solubility according to
the log P values of 5.15, 3.76, and 2.80, respectively [5].

In recent years, the identification of drug candidates has often faced the problem that many new
molecules in drug discovery are less water-soluble and more lipophilic. This problem can be solved by
using water-organic solvent binary mixtures. In addition to the discovery and design of a compound
used as a drug in pharmaceutical chemistry, it is important to develop effective analytical methods for
chemical analysis and quality control. There are studies in the literature for the determination of
sertraline, citalopram, and fluvoxamine alone or together with their degradation products in various
samples [6-8]. Among these methods, reverse phase liquid chromatography (RPLC) is mostly preferred
due to its advantages such as accuracy, precision, and repeatability of the measurements taken [9-12].
The primary purpose of RPLC studies is to ensure that the studied compounds are separated from each
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other as soon as possible or to make simultaneous determinations provided that certain validation
conditions (ICH parameters) are met [13].
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Figure 1. Chemical structure of studied compounds (A) fluvoxamine, (B) citalopram, and
(C) sertraline [5]

In the HPLC method, the parameters known to affect the retention factor (k) values of the
compounds are changed individually or randomly to determine the optimum separation condition in
most studies. While this situation causes unnecessary time and material loss, in some cases, it is
insufficient in determining the separation condition [14-18]. To determine the chromatographic working
conditions, instead of this trial-and-error method, the chromatographic conditions (column temperature,
mobile phase pH and organic solvent concentration, etc.) should be optimized in the developed method
[15-19]. In this study, studies were found for the determination of the selected SSRIs sertraline,
citalopram, and fluvoxamine by the RPLC method for the determination of the compounds alone or
simultaneously [20-22]. In addition, there are few studies on the determination of optimum conditions
of compounds with the experimental design method related to this group [23-25]. For the qualitative
determination of the selected compounds in this study, the optimum chromatographic condition was
determined by examining the change in k values depending on the mobile phase pH at the constant
column temperature and the organic modifier concentration in the mobile phase. With this type of study,
the simultaneous determination of compounds could be made in the shortest time possible. In addition,
the method developed was validated according to International Conference on Harmonization (ICH)
parameters and then quantitative determinations in drug formulations were performed.

MATERIAL AND METHOD
Apparatus

In this study, the qualitative and quantitative analyses of the compounds were made with a high-
performance liquid chromatography device (Shimadzu Technologies, Japan). The system used consists
of a UV detector (SPD-20A), pump (LC-20AD), column oven (CTO-20A), and degasser unit (DGU-
20A3). Mobile phase pH measurements prepared for chromatographic determination were made using
a Mettler Toledo pH/lon analyzer (Schwerzenbach, Switzerland) and In Lab 413 Ag / AgCl pH
electrode. Ultrapure water was supplied from the Direct-Q®3 UV (Millipore, Bedford, MA, USA) water
purification system.

Chemicals

In this study, sertraline, citalopram, fluvoxamine, and uracil were obtained from Sigma-Aldrich
(USA). Acetonitrile was used as an organic solvent in the preparation of the mobile phase, o-phosphoric
acid, sodium hydroxide, ammonium bicarbonate, and ammonia were used as buffer components in the
mobile phase, and potassium hydrogen phthalate was used as the primary standard reference in electrode
calibration were supplied from Merck (Darmstadt, Germany). All chemicals used in the study are of
analytical purity.
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Chromatographic Study

In this study, the acetonitrile-water binary mixture containing 50% (v/v) acetonitrile was prepared
as a mobile phase for the chromatographic determination of the compounds. o-phosphoric acid (85%,
w/w) was added to the mobile phase medium at 25 mM and 1 M NaOH solution was added to reach the
desired mobile pH. The pH values of the mobile phases were prepared between 6.0 and 10.5. o-
phosphoric acid-sodium hydroxide and ammonia-ammonium bicarbonate were used as buffer
compositions for the mobile phases. These solutions were used after degasification in an ultrasonic
mixer. This work was carried out on an X Terra C18 column (250 x 4.6 mm 1.D., 5 um, Waters, USA),
which is suitable for the analysis of hybrid-based and basic compounds. Separation was carried out at a
column temperature of 30°C and a flow rate of 1.0 ml/min. The maximum absorbance wavelength of
the studied compounds was determined as 210 nm with a UV detector.

Preparation of Standard and Calibration Solutions

Stock solutions of the analyzed compounds (100 ug/ml) were prepared by dissolving them in the
mobile phase. For the calibration of the pH electrode, 0.05 mol/kg potassium acid phthalate solution
was prepared in the working mobile phase binary mixture. The prepared solutions were protected from
sunlight and stored at +4°C.

Calibration solutions of citalopram, fluvoxamine, and sertraline, whose linear working range was
determined, were prepared in the optimum hydro-organic mixture at concentrations of 2-12 pg/ml, 4-32
ug/ml, and 1-10 ug/ml, respectively. The internal standard method was used for the calibration graph.
The internal standard imipramine chosen for this was kept constant at 1 pug/ml throughout the entire
study.

Analysis of Tablet Solutions

For quantitative determination of citalopram, fluvoxamine and sertraline tablet analysis was
performed. In this method, ten tablets were finely powdered and weighed in an equivalent amount to 1
tablet. Then, the powder in the amount of one tablet was put into the volumetric flask and by adding the
mobile phase, its volume was made up to 100 ml. To dissolve the active ingredients of the drugs
determined in the prepared sample solutions, the solutions were kept in an ultrasonic bath for 20 minutes.
The insoluble part in the prepared solution was removed by filtration. Finally, the solution obtained was
prepared at different dilution rates according to the concentration in the calibration range specified for
each compound [16,26,27].

Recovery Experiment

A recovery study was conducted to determine the accuracy of the proposed method. Samples were
analyzed by adding a known amount of pure standard and selected internal standard to the tablet sample
containing a fixed amount of active ingredient. The percent recovery was calculated using the
concentrations of the active ingredient in the sample and the added standard solution.

RESULT AND DISCUSSION

In general, the analysis of basic compounds is difficult due to peak asymmetry arising from
secondary interactions between column residues of silanols and the ionized form of the compound. In
addition, compounds with apolar properties cause higher retention times, peak broadening, and
unnecessary mobile phase consumption because they interact more strongly with the apolar column. For
this reason, suitable columns should be preferred considering the chemical properties of the compounds
in RPLC analysis [28,29]. In this study, an X Terra column with a wide pH working range (pH 1-12)
suitable for the analysis of basic compounds from the new generation columns was selected.

A mobile phase optimization study was performed to determine the optimum separation condition
in the quantitative determination of sertraline, citalopram, and fluvoxamine used in the treatment of
depression by the RPLC method. With knowing the pK, values of the compounds, it is possible to
determine the pH values at which they are in molecular or ionized form. For this, pH values above and
below 1.5 units of pK, value are determined as working pH ranges. For this, by keeping constant
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chromatographic conditions and the acetonitrile concentration in the mobile phase, the effect of pH
change on the k values of the compounds was investigated. The to value was determined by using the
standard solution of uracil, which was used as the non-retained species in the column. The k values at
each pH value (6.0-10.0) studied were calculated by using the tr and to values of the studied compounds
in the hydro-organic mixture containing 50% acetonitrile. When the k values of the compounds are
plotted against the mobile phase pH values, the sigmoidal behavior belongs to the basic functional group
(Figure 2).
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Figure 2. Sigmoidal behavior of studied compounds

In the optimization studies, it was aimed to determine the best chromatographic conditions in
which the compounds were separated. The most basic method to find the optimum separation conditions
for compounds containing ionizable functional groups in their structures is to examine the sequential
change of chromatographic conditions. In particular, the effect of the pH of the mobile phase and the
organic modifier concentration on the k value should be determined. Since compounds containing
ionizable functional groups in their structure have different forms at different pH values, the affinity of
these forms is different due to the second equilibrium requirement in the RPLC method. Therefore, the
retention of these forms is also different. Furthermore, since the polarity of the mobile phase changes
with the amount of organic modifier in the mobile phase, there are changes in the solvation of the
compound. Because of the changes in the solvation of the compound, its affinity for the stationary phase
changes, so the retention of the compound in the chromatographic column also changes [9,30,31].

The best condition that satisfies the desired chromatographic conditions is determined as the
optimum separation condition. In addition, if the k values of the compounds are in the range of 1< k <5,
the selectivity factor («) is greater than 1.15, and the peak resolution (Rs) value is greater than 1.5,
optimum chromatographic separation occurs when these favorable conditions are met. The selectivity
factor is calculated by dividing the retention factor (k2) of the second peak by the retention factor of the
first peak (k).

When the experimental data obtained are examined, the k value of the compounds under pH 8 is
below 1. At pH 8 and 8.5, compound pairs have a values below 1.15 and Rsbelow 1.5. At pH 9, k values
for peak pairs are above 1, and « and R values for peak pairs are above 1.15 and 1.5, respectively (Figure
3).
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Figure 3. Variation in a values for compound pairs with mobile phase pH

For this, the pH value of the mobile phase was determined as pH 9.0 in the binary mixture
containing 50% acetonitrile. The Purnell equation shows the relationship between the selectivity factor,
peak resolution, and retention factor. For this reason, the Rs value between the two peaks must be
calculated using this equation in the qualitative determination. The values calculated according to the
Purnell equation under this mobile phase condition are given in Table 1.

Table 1. Calculated data of compounds at optimum separation condition

Compounds k; a ky/ky+1 | (a—1)/a (i)m R,
Fluvoxamine/citalopram 1.784 | 1.246 0.641 0.198 22.020 | 2.789
Citalopram/ imipramine (1.S) | 3.713 | 2.082 0.788 0.520 24.477 | 10.022
Imipramine (1.S)/ sertraline 5.130 | 1.381 0.837 0.276 23.286 | 5.381

After the optimization of the liquid chromatographic method developed in the study, method
validation was performed for the quantitative determination of the compounds. Analysis with the
addition of an internal standard (IS) is common to eliminate systematic errors in analytical
measurements [32,33]. The IS method is preferred to exclude systematic and random errors such as
additives in drug formulations and volume errors during sample injection. When the internal standard is
selected, it must be chromatographically separated from the compounds determined under optimal
separation conditions. In this study, imipramine was selected as the 1S. Under the selected optimal
separation conditions, imipramine could be retained in this column because it was present in its
molecular form. The chromatogram obtained under the optimal separation conditions is shown in Figure
4.

Once the optimal separation conditions were determined, the stability of the chromatographic
system was determined according to the ICH guidelines [34]. For this purpose, chromatographic
parameters were calculated by injecting the compounds into the HPLC system (Table 2).

The system suitability parameters results (Table 2) showed that the developed chromatographic
method was suitable for the analysis and analytical method validation part.

A calibration curve was prepared to determine the linearity of the developed method. The
regression parameters calculated when the peak area ratios of the compounds were plotted against the
concentrations of the studied compounds are presented in Table 3.
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A good correlation coefficient (0.999) from the graphs shows the appropriate linear concentration
range for the three compounds. The precision of the developed method was determined by calculating
the relative standard deviation (%RSD) of the compound concentrations calculated using the peak area
ratios of five repetitive injections of the standard solution. For this purpose, intraday and interday studies
were carried out. These studies were performed at two different concentrations for each compound and
the results are shown in Table 4. It is seen that %RSD values calculated from Table 4 are less than 2%.
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Figure 4. Chromatogram of standard mixture: 1) fluvoxamine, 2) citalopram, 3) imipramine (1.S),
4) sertraline

Table 2. System suitability parameters for studied compounds

Parameters Fluvoxamine | Citalopram | Imipramine | Sertraline | Recommended
(1.S) Value
Retention time (tr) 6.299 7.678 12.695 16.513
Retention Factor (k) 1.437 1.798 3.721 5.170 > 1
Tailing Factor (Ty) 1.250 1.176 1.389 1.682 <2
Selectivity Factor () 1.575 1.248 2.212 > 1
Theoretical Plates (N) 6631.992 7950.845 9586.248 8640.986 >2000
Resolution (Rs) 2.875 9.971 9.971 >2
RSD% (for retention 0.216 0.590 0.141 0.885 <l
time)
RSD% (for peak area) 0.872 0.178 0.743 0.455 <l
Table 3. The calibration data of studied compounds
Sample Linearity Slope Intercept Correlation Detection Quantitation
Range Coefficient | Limit (LOD) | Limit (LOQ)
(ng/ml) (r) (ng/ml) (ng/ml)
Fluvoxamine 4-32 0.265(0.003") | -0.059(0.043") 0.999 0.773 2.343
Citalopram 2-12 0.768(0.004) | -0.065(0.032) 0.999 0.147 0.446
Sertraline 1-10 2.916(0.011) | -0.085(0.065) 0.999 0.094 0.286

*Standard error

For the quantification of sertraline, citalopram, and fluvoxamine in tablet formulations, tablet
solutions were prepared as described in the "Experimental™ section, and the ratio of the peak area of the
analyzed compounds to the peak area values of imipramine because of the analysis was evaluated in the
corresponding calibration functions. Then, the amount of active compounds contained in the tablets was
calculated (Table 5). Recovery studies were also performed to determine the accuracy of the method
developed in the study. The calculated % recovery values are also shown in Table 5. Chromatograms
showing the analysis of the tablet samples were given in Figure 5 for fluvoxamine, Figure 6 for
citalopram, and Figure 7 for sertraline.
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Table 4. Precision data of the developed method

Compounds | Theoretical Intraday RSD Bias Interday RSD Bias
concentration measured (%0) (%0) measured (%) (%)
(ng/ml) concentration, concentration,
mean (ug/ml) mean (ng/ml)
Fluvoxamine 6 6.054 0.637 -0.894 6.083 0.787 | -1.390
16 16.036 0.689 -0.222 16.123 1.154 | -0.768
Citalopram 4 4.019 0.752 -0.478 4.090 1.468 | -2.247
10 10.048 0.362 -0.482 9.946 1.493 | 0.540
Sertraline 2 2.016 0.645 -0.800 2.042 1.397 | -2.075
8 8.090 0.393 -1.126 8.213 0.447 | -2.665
Table 5. Recovery results in drug formulation
Parameters Fluvoxamine Citalopram Sertraline
Labeled claim (mg) 100 20 50
Amount found (mg)? 100.05143.144° 20.341+0.327 49.919+0.938
RSD (%) 1.283 0.650 0.757
Bias (%0) -0.052 -1.706 0.162
Recovery (%) 100.051+1.137 101.705+2.006 99.838+0.755
RSD (%) of recovery 0.675 0.645 0.524
aEach value is the mean of 5 experiments, ® confidence interval
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Figure 5. Chromatograms showing A) Faverin® tablet sample containing fluvoxamine (1)
fluvoxamine (6 pg/ml) and (2) imipramine (1.S.) (1 ug/ml) B) tablet spiked with fluvoxamine (1)
fluvoxamine (12 pg/ml) and (2) imipramine (I.S.) (1 pg/ml)

The experimental results of the amount of fluvoxamine, citalopram, and sertraline in selected
commercial tablets are in good agreement with the label claims. The calculated percent recoveries show
that the sample preparation techniques developed for the quantification of the compounds studied are
not affected by interferences.

This is the first study of mobile phase optimization under specified chromatographic conditions.
The retention time of the citalopram, fluvoxamine, and sertraline and the suitability of other
chromatographic parameters were determined based on the combined effect of the percentage and pH
of the organic solvent on the retention behavior of the compounds in RPLC. Moreover, the sufficient
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reproducibility and good shapes of the peaks obtained throughout the liquid chromatographic study
indicate the suitability of the selected column for this study. Method validation and quantitative
determination of compounds in tablet formulations were performed under the determined optimal
chromatographic conditions. The evaluation of the obtained results showed that the developed method
is suitable for routine use.
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Figure 6. Chromatograms showing A) Citol® tablet sample containing citalopram (1) citalopram
(4 ng/ml) and (2) imipramine (I.S.) (1 ug/ml) B) tablet spiked with citalopram (1) citalopram (8 ug/ml)
and (2) imipramine (I.S.) (1 pg/ml)
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Figure 7. Chromatograms showing A) Lustral® tablet sample containing sertraline (1) imipramine
(I.S.) (1 pg/ml) and (2) sertraline (2 pg/ml) B) tablet spiked with sertraline (1) imipramine (1.S.)
(1 pg/ml) and (2) sertraline (4 ug/ml)
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