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Abstract: TLC combined with densitometry was used, and chromatographic conditions were devel-
oped to determination both fluoxetine and sertraline in pharmaceuticals. The mobile phase with
the composition of acetone, chloroform, and ammonia (10:5:1, v/v) allowed separation of the most
degradation products of sertraline and fluoxetine from all nineteen used in the study of mobile phases.
Therefore, this mobile phase was selected as optimal for the analysis of sertraline and fluoxetine in
pharmaceutical formulations. The RF values of sertraline and fluoxetine differ from the degradation
products of fluoxetine and sertraline. Therefore, the developed chromatographic conditions can be
used for the simultaneous determination of fluoxetine and sertraline. Confirmation of the identity of
the active substance can be made on the basis of the compliance of the RF values and the spectroden-
sitograms of the substance from the pharmaceutical preparation and the standard of fluoxetine or
sertraline, respectively. The developed method was simple, economical, specific, precise, accurate,
sensitive, and robust, with a good range of linearity for the quantification of fluoxetine and sertraline
in pharmaceutical preparations. TLC in combination with densitometry can be recommended for the
analysis of fluoxetine and sertraline in the absence of HPLC in the laboratory or to confirm results
obtained with other analytical techniques.
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1. Introduction

Depression is an affective disorder. It manifests itself in emotional changes and
changes in the patient’s activity. The disease affects about 3–5% of the world’s population,
and more often it affects women, but the mechanism of its development has not been fully
understood [1]. At the same time, the presence of a somatic disease such as Parkinson’s
disease, pain syndromes, malignant tumors, thyroid diseases, diabetes, heart attack, stroke,
ischemic heart disease, AIDS, and Alzheimer’s disease, may increase the likelihood of a
depressive episode [2–9].

Various groups of drugs are used in the pharmacotherapy of depression, e.g., tricyclic
antidepressants (TLPDs), selective serotonin reuptake inhibitors (SSRIs), selective nore-
pinephrine reuptake inhibitors (SNRIs), receptor drugs, and MAO-A inhibitors. Fluoxetine
and sertraline belong to the SSRIs, and in addition to the treatment of depression, they also
find a number of other applications, including in the treatment of anxiety disorders, eating
disorders, and alcoholism [1]. Fluoxetine and sertraline may also be administered as an
adjunct to cancer pain management together with essential pain relievers [1–3]. Fluoxetine
is a frequently prescribed antidepressant and is also used in bulimia nervosa, where it
reduces bulimic and depressive symptoms [10]. Sertraline is indicated in the treatment of
most depressive disorders and prevents them from coming back, as well as in the treatment
of alcohol addiction [11].

The key aspect in the pharmacotherapy of depression is the selection of the type of
active substance, as well as the dose of the drug for the existing disorders. Therefore, there
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is a need to determine the concentrations of fluoxetine and sertraline in pharmaceutical
preparations (ensuring the accuracy of dosing) or in biological material (effectiveness of
therapy, dose matching to the patient’s metabolism, and post-mortem examination exclud-
ing or confirming drug overdose). The development of analytical methods is particularly
important, especially since the therapy is burdened with the risk of side effects. There are
reports in scientific journals about the use of various analytical methods for the determi-
nation of antidepressants, including fluoxetine and sertraline. The tests were carried out
on various types of samples, such as pharmaceutical preparations, whole blood, plasma,
and others, using, among others, thin layer chromatography (TLC) or high performance
thin layer chromatography (HPTLC) [12–22], high performance liquid chromatography
(HPLC) [16,17,23–33], ultra-performance liquid chromatography (UPLC) [34–40], and gas
chromatography—mass spectrometry (GC/MS) [41–47], in addition to spectrophotome-
try [48–50], spectrofluorimetry [51], capillary electrophoresis [52,53], differential impulse
voltammetry [54,55], and ion mobility spectrometry [56]. Fluoxetine can metabolize to
fluoride ions [57]. Fluoride ions may also be formed as a result of fluoxetine degrada-
tion [58,59]. The concentration of fluoride ions coming from fluoxetine was determined
potentiometrically using a fluoride ion-specific electrode (Orion) and an Ag/AgCl reference
electrode [57], by ion chromatography (IC) with an electrical conductivity detector [58],
and by 19F nuclear magnetic resonance spectroscopy (19F NMR) [59].

The aim of this study was to propose a new validated thin layer chromatography
method in combination with densitometry for the determination of sertraline and fluoxetine
in the presence of their potential impurities. The developed chromatographic conditions
were used for the qualitative and quantitative determination of sertraline and fluoxetine in
pharmaceutical preparations.

2. Materials and Methods
2.1. Pharmaceutical Reference Standards, Drugs, and Chemicals

Fluoxetine hydrochloride and sertraline hydrochloride (European Pharmacopoeia
Reference Standards; Sigma-Aldrich, St. Louis, MO, USA), were used as standards. Two
drugs were tested: Fluoxetin Polpharma (POLPHARMA SA, Starogard Gdański, Poland) in
capsules (20 mg of fluoxetine) and Sertagen (Mylan Hungary Kft., Komárom, Hungary) in
tablets (50 mg of sertraline). All chemicals and reagents for the TLC method were analytical
grade and were purchased from POCh (Gliwice, Poland).

2.2. Investigations of Selectivity of Method

Primary standard solutions of sertraline (S) and fluoxetine (F) at a concentration of
100 mg of drug in 100 mL of methanol were prepared. From these solutions were prepared:

• Solution I—acid hydrolysis—3 mL of sertraline (fluoxetine) primary solution was
taken, 1 mL of methanol and 1 mL of 2 M NaOH were added;

• Solution II—alkaline hydrolysis—3 mL of sertraline (fluoxetine) primary solution was
taken, 1 mL of methanol and 1 mL of 2M HCl were added;

• Solution III—3 mL of sertraline (fluoxetine) primary solution was taken, 1 mL of
methanol and 1 mL of distilled water were added;

• Solution IV—oxidation—3 mL of the primary solution of sertraline (fluoxetine) were
taken, 1 mL of methanol and 1 mL of 3% H2O2 were added;

• Solution V—3 mL of sertraline (fluoxetine) primary solution was taken, 1 mL of
methanol and 1 mL of physiological saline (normal saline, 0.9% solution of sodium
chloride) were added;

• Solution VI—3 mL of sertraline (fluoxetine) stock solution was taken and 2 mL of
methanol was added.

• Solution VII—3 mL of sertraline (fluoxetine) stock solution was taken, 2 mL of
methanol was added.

• Standard solutions—3 mL of sertraline (fluoxetine) stock solution was taken, 2 mL of
methanol was added.
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Solutions I–VI were heated at 70 ◦C for 2 hours on a TLC PLATE HEATER III heating
plate (Camag). Solution VII was irradiated with a lamp (Cobrabid) for 2 hours with UV
radiation with a wavelength of 254 nm.

For the chromatographic analysis, silica gel (TLC Silica gel 60 F254) plates with dimen-
sions of 10 × 20 cm (# 1.05570, E. Merck) were used. The test solutions were applied with
the use of microcapillaries in the amount of 5 µL on the chromatographic plates which
had been previously activated for 30 minutes in an incubator at the temperature of 120 ◦C.
Analyses were performed using mobile phases listed in Table 1.

Table 1. Qualitative and quantitative composition (v/v) of the mobile phases used.

Mobile Phase Symbol Composition of the Mobile Phase Composition of the Solvents
in Volume Ratio Refs.

A Toluene + ethyl acetate + ammonia 2: 10: 0.2 [18]
B Chloroform + methanol 8.5: 1.5 -
C Toluene + glacial acetic acid 4: 5 [19]
D Toluene + ethyl acetate + methanol + glacial acetic acid 4.5: 1.5: 1: 0.5 [20]
E Methanol + toluene 4: 2 [13]
G Acetone + benzene + ammonia 50: 45: 5 [21]

G1 Acetone + toluene + ammonia 10: 9: 1 -
G2 Acetone + toluene + ammonia 9.5: 9.5: 1 -
G3 Acetone + toluene + ammonia 10.5: 8.5: 1 -
H Methanol + toluene + ammonia 7: 3: 0.1 [12]
I Toluene + ethyl acetate + ethanol + ammonia 8: 2: 0.5: 0.1 [15]

I1 Toluene + ethyl acetate + ethanol + glacial acetic acid 8: 2: 0.5: 0.4 -
J Ethyl acetate + toluene + methanol + ammonia 4: 3: 1: 0.1 [22]

J1 Ethyl acetate + toluene + methanol + ammonia 4: 4:1: 0.1 -
J2 Ethyl acetate + toluene + methanol + ammonia 5: 3: 1: 0.1 -
K Carbon tetrachloride + methanol + acetone + ammonia 12: 3: 5: 0.1 [14]
L Chloroform + methanol + glacial acetic acid 8.5: 1.5: 0.5 -
L1 Chloroform + methanol + glacial acetic acid 8.5: 1.5: 0.3 -
M Acetone + chloroform + ammonia 10: 5: 1 -

Densitometric and spectrodensitometric analyses were performed using a CAMAG
TLC3 densitometer. In the densitometric analysis, the wavelength range was 200–380 nm,
at wavelength intervals of 30 nm at each step. A deuterium lamp and the slit dimensions
12.00 × 0.4 mm, Macro, were used. The scanning speed was 20 nm/s and the data resolu-
tion was 100 µm/step. In the spectrodensitometric analysis, the wavelength range was
200–400 nm. A deuterium lamp with the slit dimensions 12.00 × 0.4 mm, Macro, was used.
Scanning speed was 20 nm/s and data resolution was 1 nm/step.

2.3. Preparation of Drug Samples

In order to prepare the drug solutions, the contents of one capsule of Fluoxetin
Polpharma and one tablet of Sertagen were transferred to plastic containers, and 15 mL
of methanol and 3 metal balls were added. The whole solution was mixed on the Ika®

Ultra Turrax® Tube Drive at the frequency of 8000 rpm for 30 minutes for extraction. The
fluoxetine solution (F) was filtered through a filter into a 25 mL volumetric flask and
made up to the mark with methanol. Thus, a concentration of 4 mg/5 mL (solution F1)
was obtained. From this solution, dilutions were made to obtain a solution F2 with a
concentration of 1 mg/5 mL and a solution F3 with a concentration of 0.5 mg/5 mL. The
sertraline (S) solution was filtered into a 50 mL volumetric flask and made up to the mark
with methanol, and solution S1 with a concentration of 5 mg/5 mL was obtained. From the
S1 solution the following solutions were obtained: S2 with a concentration of 3 mg/5 mL,
S3 with a concentration of 1.5 mg/5 mL, and S4 with a concentration of 0.6 mg/5 mL.
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2.4. Conditions for the Analysis of Drug Samples by TLC Combined with Densitometry

Aluminum plates precoated with silica gel 60F254 (# 1.05570 and #1.05554) from Merck
(Germany) were used for the chromatographic analysis. The plates were heated in the
incubator for 30 min at 120 ◦C. To test the robustness of the method, 1.05554 plates were
used. The separations were performed using the mobile phase M: acetone + chloroform
+ ammonia in a volume composition of 10: 5: 1. The plates were developed in a Camag
chromatography chamber with dimensions of 20 cm × 20 cm × 10 cm. The dried plates
were scanned using a Camag TLC Scanner 3.

The wavelength of 200 nm was found to be optimal for performing densitometric
measurements of both fluoxetine and sertraline.

2.5. Linearity and Range

The linearity of the TLC method was evaluated by analysis of standard solutions of: flu-
oxetine at concentrations: 0.50, 0.60, 0.70, 0.80, 0.90, 1.00, 2.00, 3.00, 4.00 and 5.00 mg/5 mL;
and sertraline at concentrations: 0.60, 0.80, 1.00, 1.25, 1.50, 2.00, 2.50, and 3.00 mg/5 mL.

2.6. Accuracy of the Method

The accuracy of the TLC method combined with the densitometric analysis was
determined based on the recovery measurements. For this purpose, three drug solutions
containing 20 mg of fluoxetine and 50 mg of sertraline were prepared, and then internal
standards were added to them in the amount of 50, 100, and 150% fluoxetine and sertraline.
The solutions prepared in this way were applied to the activated plate and subjected
to chromatographic and densitometric analysis. The densitometric measurement was
repeated three times for each solution, and the experimental values were compared with
the theoretical ones. On this basis, the mean recovery value and the coefficient of variation
were calculated.

2.7. Precision of the Method

The precision of the method was determined based on the analysis of the surface
area of the chromatographic bands of the tested samples. Test solutions of fluoxetine
(Fluoxetin Polpharma 20 mg) F1, F2, F3, and sertraline (Sertagen 50 mg) S2, S3, S4, were
used. Three determinations on the first day were made to determine the intra-day precision.
The inter-day precision was determined by taking two consecutive measurements on two
consecutive days and on days falling exactly one week and two weeks from the first day of
the determinations.

2.8. Limit of Quantification and Detection Limit of the Method

The limit of quantification and detection limit of fluoxetine and sertraline were de-
termined by analyzing standard solutions of fluoxetine at concentrations: 0.9, 0.8, and
0.7 mg/5 mL; and sertraline at concentrations: 0.36, 0.24, and 0.12 mg/5 mL.

2.9. Robustness

The robustness of the method was tested according to guidelines described in the
papers by Nagy-Turák, and Ferenczi-Fodor et al. [60–62]. The robustness of the method was
checked by spotting sample solutions on the plate and developing the plate after altering
the conditions (Table 2). The conditions changed were the sorbent type, the temperature
of plate activation, extraction time, saturation time of the chamber, the volume of acetone
in mobile phase, and the volume of chloroform in mobile phase, and the wavelength in
denstitometric analysis. The method conditions and the selected factors with the values
of their (+) and (-) levels are summarized in Table 3. A high level is represented by “+”
and a low level by “-“. The main effects of seven factors were tested on two levels in eight
experiments [60,61]. The levels of factors investigated and the experimental design matrix
(23) are shown in Table 3. The means of calculation of the effects (E) characterizing the
particular individual factors and rank probabilities [63] were previously presented [61,62].
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Table 2. The factors and their levels investigated in robustness tests.

Symbol Factors
Method

Condition

Levels

+ −

X1
Sorbent type
(Merck, #)

Al sheet
(1.05570)

Al sheet
(1.05570)

Al sheet
(1.05554)

X2 Temperature of plate activation [◦C] 120 130 110
X3 Extraction time [min] 30 32 28
X4 Saturation time of the chamber [◦C] 30 35 25
X5 Volume of acetone [mL] 10.0 10.1 9.9
X6 Volume of chloroform [mL] 5.0 5.1 4.9

X7
Wavelength in densitometric analysis
at λ [nm] 200 205 200

# catalog number.

Table 3. Experimental design matrix (23) for robustness tests for biological active substances in
pharmaceutical preparations containing fluoxetine and sertraline.

Experiment
No

X1 X2 X3 X4 X5 X6 X7

Biological Active
Substance a Content

(yi)
[mg·tablet−1]

F S

1 + + + + + + + 18.92 48.94
2 + + - + - - - 18.50 48.61
3 + - + - - + - 19.08 49.34
4 + - - - + - + 19.51 50.60
5 - + + - + - - 19.33 49.80
6 - + - - - + + 19.03 49.21
7 - - + + - - + 18.97 49.07
8 - - - + + + - 19.70 50.93

Size of effect
F −0.255 −0.370 −0.110 −0.215 0.470 0.105 −0.045
S −0.380 −0.845 −0.547 −0.348 1.010 0.082 −0.215

The label claim [mg] 20 50

Average amount [mg] 19.1 49.6

Variance 0.141 0.673

Standard deviation (SD) 0.376 0.821

Coefficient of variation
[CV, %] 2.0 1.7

a F—fluoxetine, S—sertraline.

3. Results and Discussion

Fluoxetine and sertraline are SSRI antidepressants and are used for a wide range of
indications. Due to their widespread use and the need for strict pharmacological control of
depression, pharmaceutical preparations in which they occur should be analyzed in terms
of the actual content of the active substance. For this purpose, among other methods, thin
layer chromatography combined with densitometry, as examined in this work, can be used.

3.1. Validation of TLC-Densitometric Method

The applied method was fully validated and the validation results are presented in
Figures 1–7, Figure S1–S44 and in Tables 3–7, and in the following subsections.

3.1.1. Selectivity of the Method

Optimum chromatographic conditions were used to separate fluoxetine and sertraline
from their potential impurities. Both drugs were stressed by irradiation, heating, oxidation,
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pH change, and addition of physiological saline. Nineteen mobile phases (Figures 1 and 2,
and Figures S1–S42) were investigated to find the optimal one that would allow separation
of the greatest amount of degradation products of both drugs.
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Among the many phases used during the experiment, the mobile phase M was found
to be the best, consisting of acetone: chloroform: ammonia in a volume ratio of 10: 5: 1.
This is the author’s mobile phase. It was proposed on the basis of the knowledge of the
elution strength of the individual components of this mobile phase. The obtained peaks in
the chromatograms, showing drug degradation products, were clearly separated (Table 4)
and clearly visible (Figures 1 and 2, Figures S1, S2, S5, S7–S10, S12). Using the proposed M
mobile phase, it was possible to separate the largest amount of degradation products of
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fluoxetine and sertraline. The remaining phases were not as favorable as the peaks were
unresolved or poorly visible, tailing occurred, and the spots were blurred (Figures S13–S42).
The RF values of sertraline and fluoxetine differ from the degradation products of fluoxetine
and sertraline (Table 4). Therefore, the developed chromatographic conditions enable the
simultaneous determination of fluoxetine and sertraline.
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Table 4. RF values for sertraline (S), fluoxetine (F), and their degradation products (P) after analysis
on silica gel using the acetone + chloroform + ammonia (10:5:1, v/v/v).

Stress Conditions

RF

of Degradation Products of
Sertraline (P)
and RF of Sertraline (S)

of Degradation Products of
Fluoxetine (P)
and RF of Fluoxetine (F)

S or F with the addition of 2M NaOH heated at 70 ◦C for 2 h
0.04; 0.07 for P 0.04; 0.28 for P

0.80 for S 0.39 for F

S or F with the addition of 2M HCl heated at 70 ◦C for 2 h
0.05; 0.19; 0.22; 0.68 for P 0.04; 0.63 for P

0.79 for S 0.39 for F

S or F with the addition of H2O heated at 70 ◦C for 2 h 0.78 for S
0.05; 0.17 for P

0.38 for F

S or F with the addition of H2O2 heated at 70 ◦C for 2 h
0.06; 0.91 for P 0.04; 0.12; 0.18; 0.82 for P

0.78 for S 0.37 for F

S or F with the addition of physiological saline heated at
70 ◦C for 2 h 0.78 for S 0.40 for F

S or F in a methanolic solution, heated at 70 ◦C for 2 h 0.78 for S
0.04; 0.10; 0.90 for P

0.38 for F

S or F in a methanolic solution irradiated with UV at
λ = 254 nm for 2 h

0.16; 0.34; 0.52; 0.59 for P 0.10; 0.16; 0.23; 0.32; 0.69 for P

0.83 for S 0.43 for F
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Table 5. Method-validation data for the quantitative determination of fluoxetine by thin layer
chromatography with densitometry.

Method Characteristic Results

Retardation factor (RF) 0.42 ± 0.05

Range [µg/spot] 0.5–5.0

Linearity [µg/spot] A = 1552.8 (±31,7) + 1609.5 (±13.2)·x
n = 10; r = 0.9997; s = 63.8; F = 14802; p < 0.0001

Limit of Detection (LOD) [(µg/spot] 0.073
Limit of Quantification (LOQ) [(µg/spot] 0.219

For capsules

Accuracy
for 50% fluoxetine added (n = 6) R = 97.2%; CV = 0.88%
or 100% fluoxetine added (n = 6) R = 97.3%; CV = 0.51%
for 150% fluoxetine added (n = 6) R = 99.2%; CV = 1.57%

Precision (CV, [%])
Intra-day
for 0.5 (µg/spot (n = 3) 1.68
for 1.0 (µg/spot (n = 3) 1.69
for 4.0 (µg/spot (n = 3) 1.17
Inter-day
for 0.5 (µg/spot (n = 3) 1.96
for 1.0 (µg/spot (n = 3) 2.11
for 4.0 (µg/spot (n = 3) 1.31

Robustness (CV, [%]) robust

Table 6. Method-validation data for the quantitative determination of sertraline by thin layer chro-
matography with densitometry.

Method Characteristic Results

Retardation factor (RF) 0.82 ± 0.05

Range [µg/spot] 0.5–3.0

Linearity [µg/spot] A = 2727.3 (±77.6) + 3301.2 (±43.8)·x
n = 8; r = 0.9995; s = 98,6; F = 5676; p < 0.0001

Limit of Detection (LOD) [(µg/spot] 0.054
Limit of Quantification (LOQ) [(µg/spot] 0.162

For tablets

Accuracy
for 50% sertraline added (n = 6) R = 99.9%; CV = 1.19%
for 100% sertraline added (n = 6) R = 100.0%; CV = 1.20%
for 150% sertraline added (n = 6) R = 99.7%; CV = 0.91%

Precision (CV, [%])
Intra-day
for 0.6 (µg/spot (n = 3) 1.12
for 1.5 (µg/spot (n = 3) 1.26
for 3.0 (µg/spot (n = 3) 1.20
Inter-day
for 0.6 (µg/spot (n = 3) 1.62
for 1.5 (µg/spot (n = 3) 1.51
for 3.0 (µg/spot (n = 3) 1.99

Robustness (CV, [%]) robust
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Table 7. The results of the quantification determination of fluoxetine in the preparation Fluoxetine
Polpharma and sertraline in the preparation Sertagen.

Fluoxetin Polpharma
(Fluoxetine, Capsules 20 mg)

Sertagen
(Sertraline, Tablets 50 mg)

Number of analyzes 9 9
The drug content in a capsule/tablet declared by

the manufacturer [mg] 20 50

Average drug content in capsule/ tablet [mg] 19.45 50.51
Minimum [mg] 19.03 49.54
Maximum [mg] 19.85 51.12

Variance (s2) 0.098 0.324
Standard deviation (SD) 0.31 0.57

Coefficient of variation (CV) [%] 1.6 1.1
Confidence interval of the arithmetic mean with

a confidence level of 95% µ = 19.45 ± 0.23 µ = 50.51 ± 0.43

The content of the drug in relation to that
declared by the manufacturer 97.2% 101.0%

Fluoxetine and sertraline changed the most after 2 hours of irradiation of methanolic
solutions with UV radiation with a wavelength of 254 nm. Under these conditions, the
most degradation products were formed that were separated from the drug using the M
mobile phase (Figures 1 and 2). Five bands were observed for sertraline and six bands for
fluoxetine. The percentage of peak areas of both drugs under these conditions was the
lowest and was 75.21% and 30.33% for sertraline and fluoxetine, respectively.

Separation of sertraline from its degradation products using the mobile phase acetone
+ chloroform + ammonia (10:5:1, v/v/v) was also observed in methanolic drug solutions with
the addition of 2M sodium hydroxide (Figure S1), 2M hydrochloric acid (Figure S2), and
3% hydrogen peroxide (Figure S5) which were heated at 70 ◦C for 2 hours. Under alkaline
conditions, the percentage of the peak area of sertraline was 82.49%, and two degradation
products were formed with a total peak area of 17.51%. Under acidic conditions, the
percentage of the peak area of sertraline was 76.25%, and four degradation products were
formed with a total peak area of 23.75%. However, after the addition of 3% hydrogen
peroxide, the peak area percent of sertraline was 89.75%, and two degradation products
were formed with a total peak area of 10.25%. Sertraline in methanolic solution (Figure S3)
and in methanol solutions with the addition of distilled water (Figure S4) and physiological
saline (Figure S6) did not undergo any chemical changes (Table 4). Under these conditions,
there were no visible peaks on the densitogram to indicate the presence of degradation
products. The obtained results can be compared to the HPTLC stability studies of sertraline
carried out in previous years. Namely, Rao J. et al. [15] used HPTLC plates precoated with
silica gel 60F254 as the stationary phase, while the mobile phase consisted of toluene, ethyl
acetate, ethanol, and ammonia in a volume ratio of 8: 2: 0.5: 0.1. In this study, to test the
chemical stability of sertraline, TLC plates precoated with silica gel 60F254 were also used,
and the mobile phase used in the study by Rao J. et al. [15], which was marked with the
letter I; however, this did not produce favorable results, because there was no separation
of degradation products from sertraline (degradation substances remained immediately
above the starting point). Rao J. et al. [15] showed that sertraline was degraded in an
acidic environment (one degradation product was formed), in an alkaline environment
(two degradation products were formed), after oxidation (two degradation products were
formed), and after water hydrolysis (one degradation product was formed). The separation
of sertraline from its degradation products using the M mobile phase in the presented
work took place under similar stress conditions. However, in the acidic environment, four
degradation products were formed; in the alkaline environment, two; after oxidation, two;
and after adding water, no drug decomposition was observed. Comparing the results of
both sertraline stability studies, it can be seen that the drug is not stable in acidic, alkaline,
or oxidized environments. Moreover, the mobile phase consisting of acetone, chloroform,
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and ammonia in a volume composition of 10: 5: 1 leads to a better separation of degradation
products from sertraline than the mobile phase consisting of toluene, ethyl acetate, ethanol,
and ammonia in a volume composition of 8:2:0.5:0.1. Hussain et al. [18] described the
examination of the stability of sertraline by the HPTLC method. The stationary phase
comprised TLC plates precoated with silica gel 60F254, and the mobile phase consisted of
toluene, ethyl acetate, and ammonia in a volume ratio of 2: 10: 0.2. This mobile phase
was also used in this work as mobile phase A (Figure S13); however, it did not allow all
degradation products to be separated from the drug. The M mobile phase allows for a
better separation of the degradation products of sertraline. In a study by Hussain et al. [18],
concentrated HCl, 10M NaOH, and H2O2 were added to methanolic solutions of sertraline
and heated for 2 hours at 70 ◦C. The photochemical stability of the drug was also tested by
irradiating the sample with UV radiation. In the acidic environment, three degradation
products were formed, in the alkaline environment one degradation product was formed,
and after oxidation and after exposure to UV radiation, one degradation product was also
created. In the study from this work (Table 4), in the acidic environment and after UV
irradiation, four and five degradation products were formed, respectively; in the alkaline
environment and after oxidation, two degradation products were formed, which were
separated from sertraline using the mobile phase M. Comparing the results from both
studies, it can be observed that this drug is degraded under similar conditions and that the
mobile phase consisting of acetone, chloroform, and ammonia in a volume ratio of 10: 5: 1
allows the separation of more degradation products from sertraline than the mobile phase
consisting of toluene, ethyl acetate, and ammonia in a volume ratio of 2: 10: 0.2.

Separation of fluoxetine from its degradation products using the M mobile phase was
observed not only in the solution irradiated with UV radiation, but also after adding to
the methanolic solution of the drug, sodium hydroxide, hydrochloric acid, distilled water,
and 3% hydrogen peroxide, and after heating for 2 hours at 70 ◦C (Figures S7–S10, S12,
Table 4). Under alkaline conditions, the peak area percent for fluoxetine was 84.62%, and
two degradation products were formed with a total peak area of 15.38%. Under acidic
conditions, the peak area percent for fluoxetine was 76.87%, and two degradation products
were formed with a total peak area of 23.13%. After the addition of distilled water, the peak
area percent for fluoxetine was 82.18%, and two degradation products were formed with
a total peak area of 17.82%. After the drug was oxidized by the addition of 3% hydrogen
peroxide, the peak area percentage of fluoxetine was 68.6%, and four degradation products
were formed with a total peak area of 31.4%. By heating a methanolic drug solution at
70 ◦C, the peak area percent of fluoxetine was 90.47%, and three degradation products
were formed with a total peak area of 9.53%. Fluoxetine did not degrade in a physiological
saline environment (Figure S11). No additional peaks were observed in the densitogram
indicating the formation of degradation products. In a study of the stability of fluoxetine
using the HPTLC method, as described in the publication of Shah et al. [13], the silica gel
60F254 plates were used as the stationary phase, and the mobile phase methanol + toluene
(4: 2, v/v), which was also used and denoted by the letter E in this study (Figure S32). Shah
et al. [13] found that fluoxetine was degraded in acidic and alkaline environments and
after oxidation to form one degradation product, while no changes were observed after
heating and UV irradiation. In contrast, in this fluoxetine stability study (Table 4), the drug
was degraded after the addition of 2M HCl, 2M NaOH, and 3% H2O2 and heating at 70 ◦C
for 2 hours, and after irradiation with UV radiation at 254 nm for 2 hours. The mobile
phase M, consisting of acetone, chloroform, and ammonia in the volume composition
of 10: 5: 1, allowed the separation of two degradation products from fluoxetine in an
acidic environment; also, two degradation products in the alkaline environment, four
degradation products were observed after oxidation; and after irradiating the solution
with UV radiation, five degradation products were visible on the densitogram. Comparing
the results of both fluoxetine stability studies, it can be observed that the mobile phase M
allows a better separation of degradation products from the drug than the mobile phase,
which consists of methanol and toluene in a volume composition of 4: 2.
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In this study, a mobile phase composed of toluene and glacial acetic acid in a volume
ratio of 4: 5 was also used, which was marked with the symbol C (Figure S30). This
mobile phase was previously used by Mennickent et al. [19] for the determination of
fluoxetine in human serum by HPTLC. This method separated fluoxetine, imipramine, and
norfluoxetine as related substances from fluoxetine. Comparing the results of both studies
on the stability of fluoxetine, it can be observed that the mobile phase M allows better
separation of degradation products from the drug than the mobile phase, which consists of
toluene and glacial acetic acid in a volume composition of 4: 5.

Sertraline was found to be more stable than fluoxetine. The mobile phase M, consisting
of acetone, chloroform, and ammonia with a volume ratio of 10: 5: 1, made it possible
to separate the most degradation products from all nineteen used in the study of mobile
phases. Therefore, this mobile phase was selected as optimal for the analysis of sertraline
and fluoxetine in pharmaceutical formulations. In the course of the study, the values of the
retardation coefficient RF for the standards of both drugs were determined. The retardation
coefficient for fluoxetine was 0.42(±0.05) and for sertraline the value was 0.82(±0.05)
(Figure 3). The used chromatographic conditions allow the simultaneous determination of
fluoxetine and sertraline, as the degradation products of both drugs are clearly separated.
This is evidenced by other values of the coefficient RF of fluoxetine and sertraline and their
degradation products (Table 4).

The calculated values of the retardation coefficient RF and the obtained spectrodensi-
tograms allowed for the qualitative identification of fluoxetine and sertraline in pharma-
ceutical formulations (Figures 4–7). Moreover, the applied TLC method is highly selective
and enables not only qualitative but also quantitative analysis of the investigated drugs in
pharmaceutical preparations—fluoxetine in capsules and sertraline in tablets.

It was observed that excipients present in the formulation did not interfere with
the fluoxetine (Figure 4) or with the sertraline peaks (Figure 5). The peak purities of
fluoxetine from Fluoxetin Polpharma (POLPHARMA SA, Starogard Gdański, Poland) and
sertraline from Sertagen (Mylan Hungary Kft., Komárom, Hungary) were also assessed by
comparing the spectra obtained from fluoxetine and sertraline standards at the peak start
(S), peak apex (M), and peak end (E) of the spot (Figures 6 and 7). It was found that r(S,M)
> 0.996, and r(M,E) > 0.990 for all of the analyses performed by the TLC-densitometric
technique. It should be stated that TLC combined with densitometry is highly selective for
the determination of fluoxetine and sertraline in capsules and tablets, respectively.

3.1.2. Linearity and Range

The linearity of the method was established on the basis of the area measurements
of the chromatographic bands. On the basis of the obtained results, calibration curves
were prepared showing the dependence of the area of the spot [AU] on the amount of the
drug [µg/spot] for fluoxetine and sertraline, respectively. The linear range of the assay for
fluoxetine is 0.5–5.0 µg/spot (Table 5, Figure S43A), whereas for sertraline analysis it is
0.6–3.0 µg/spot (Table 6, Figure S44A). The differences between the real area of the band
and the area calculated from the calibration curve equations for fluoxetine and sertraline
are shown in Figures S43B and S44B, respectively. It can be observed that the residuals
were distributed above and below the zero residual lines, thus confirming the linearity of
proposed TLC methods for determination of fluoxetine and sertraline in pharmaceutical
preparations.

3.1.3. Accuracy

The accuracy of the used method was established on the basis of the recovery value
by calculating the mean value of recovery R [%] and the coefficient of variation CV [%].
The mean recovery values for fluoxetine ranged from 97.2% to 99.2%, and for sertraline it
ranged from 99.7% to 100.0%. The coefficients of variation calculated were less than 2%
and 1.5% for fluoxetine and sertraline, respectively. On the basis of the above values, it can



Processes 2022, 10, 2083 14 of 21

be concluded that the TLC method combined with densitometry is characterized by high
measurement accuracy.

3.1.4. Precision

Based on the analysis of the area measurements of the chromatographic bands of
fluoxetine and sertraline, the precision of the method was determined by calculating the
coefficient of variation. The coefficient of variation for the intra-day precision of fluoxetine
ranged from 1.17% to 1.69%, while for sertraline it ranged from 1.12% to 1.26%. The
coefficient of variation calculated for the inter-day precision for fluoxetine ranged from
1.31% to 2.11%, and for sertraline from 1.51% to 1.99%. The obtained coefficients of variation
for intra-day and inter-day precision do not exceed the value of 3%. On this basis, the
applied analytical method can be described as highly precise.

3.1.5. Limit of the Quantification and Limit of the Detection of the Method

The limits of detection and quantification were 0.073 µg/spot and 0.219 µg/spot for
fluoxetine, and 0.054 µg/spot and 0.162 µg/spot for sertraline. The proposed method is
characterized by low LOD and LOQ for the determination of fluoxetine and sertraline,
which confirm the sensitivity of the proposed method. The proposed TLC-densitometric
method for the determination of fluoxetine and sertraline in pharmaceutical preparations is
more sensitive than HPTLC method [13,15] and less sensitive than the HPLC [16,17,29–32],
spectrophotometric [48–50], and spectrofluorimetric [51] methods.

3.1.6. Robustness

The main effects of seven factors were tested on two levels in eight experiments
(Table 2). Table 3 shows the results obtained for fluoxetine and sertraline content (yi) in
commercial pharmaceutical preparations. These results show that no factor has a significant
effect on the results. These results were also evaluated by half-normal probability plotting
of rank probabilities (pi) as a function of the absolute values of the main effects. The effects
of factors, and the half-normal probability plot of effects for the determination of fluoxetine
and sertraline in commercial pharmaceutical preparations, are presented in Figures 8 and 9,
respectively. The points of all factors lie near the straight line, which indicates that their
effect is negligible (R2 ≥ 0.9552). Therefore, the presented TLC-densitometric method can
be regarded as robust. The standard deviation of fluoxetine and sertraline content (yi) in
commercial pharmaceutical preparations for seven parameters, which were changed in
the conducted experiment in order to check the robustness of the applied method, is 2.0%
and 1.7% for F and S, respectively. The value of % CV (<3) indicates the reliability of the
proposed TLC-densitometric method during its normal use. However, the content of the
ammonia in the mobile phase must be constant.

3.2. Quantitative Determination of Fluoxetine and Sertraline in Tested
Pharmaceutical Preparations

The quantitative evaluation of drugs in the preparations was made on the basis of
the chromatographic band measurements of the tested solutions of Fluoxetin Polpharma
(fluoxetine 20 mg) and Sertagen (sertraline 50 mg). The equations of the calibration curves
of fluoxetine (Table 5, Figure S43A) and sertraline (Table 6, Figure S44A) were used for the
calculations. Table 7 shows the results of the quantification determination of fluoxetine in
capsules and sertraline in tablets with the statistical description.

As a result of the measurements performed using the TLC method combined with
densitometry, the real content of active substances was determined in relation to those
declared by the manufacturer. The fluoxetine content in Fluoxetin Polpharma capsules
was 97.2%. The content of sertraline in tablets Sertagen was 101.0%. According to the
European Pharmacopoeia VIII, the deviation from the substance content in hard capsules
and coated tablets is acceptable in the range of 85–115%. The American Pharmacopoeia 34
gives the range of acceptable deviation in the content of 90–110% for fluoxetine in capsules
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and sertraline in tablets. The obtained results are within the standards specified in both
Pharmacopoeias [64,65].
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RF value and the spectrodensitograms of the substance coming from the pharmaceutical
preparation and the standard of fluoxetine or sertraline. The linearity of the analytical
method used for fluoxetine was achieved in the range from 0.5 to 5.0 µg/spot. For sertraline,
linearity was found in the range from 0.6 to 3.0 µg/spot. The experimentally determined
content of fluoxetine in hard capsules and sertraline in tablets meets the requirements
for the content of the active substance of both the European Pharmacopoeia and the US
Pharmacopoeia. It could be said that the developed TLC-densitometric method can be
used for the routine simultaneous analysis of fluoxetine and sertraline in pharmaceutical
formulations. This method is suitable for analyzing fluoxetine and sertraline in pharmaceu-
tical preparations without any interferences from additives present in the pharmaceutical
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4. Conclusions

The applied TLC method combined with densitometry is selective, accurate, precise,
and robust in the determination of fluoxetine and sertraline in pharmaceutical preparations.
The identity of the active substance can be confirmed on the basis of the compliance of the
RF value and the spectrodensitograms of the substance coming from the pharmaceutical
preparation and the standard of fluoxetine or sertraline. The linearity of the analytical
method used for fluoxetine was achieved in the range from 0.5 to 5.0 µg/spot. For sertraline,
linearity was found in the range from 0.6 to 3.0 µg/spot. The experimentally determined
content of fluoxetine in hard capsules and sertraline in tablets meets the requirements
for the content of the active substance of both the European Pharmacopoeia and the US
Pharmacopoeia. It could be said that the developed TLC-densitometric method can be
used for the routine simultaneous analysis of fluoxetine and sertraline in pharmaceutical
formulations. This method is suitable for analyzing fluoxetine and sertraline in pharmaceu-
tical preparations without any interferences from additives present in the pharmaceutical
product. As elaborated in this work, the TLC-densitometric method for the determina-
tion of fluoxetine and sertraline in pharmaceutical preparations is more sensitive than
HPTLC [13,15] method and less sensitive than the HPLC [16,17,29–32], spectrophotomet-
ric [48–50], and spectrofluorimetric [51] methods. The TLC-densitometric method can be
used as a substitute method for the assay of fluoxetine and sertraline in pharmaceutical
formulations, for example, in the case when HPLC is not available in the laboratory or to
confirm results obtained with other analytical techniques (for example, spectrophotometric
and spectrofluorimetric methods).

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/pr10102083/s1. Figure S1: Densitogram of sertraline in
alkaline solution, which after heating was separated on silica gel using the mobile phase M (where:
S—sertraline and P1, P2—degradation products of sertraline). Figure S2: Densitogram of sertraline in
acidic solution, which after heating was separated on silica gel using the mobile phase M (where:
S- sertraline and P1, P2, P3, P4—degradation products of sertraline). Figure S3: Densitogram of
methanolic solution of sertraline, which after heating was separated on silica gel using the mobile
phase M (where: S—sertraline). Figure S4: Densitogram of methanolic solution of sertraline with the
addition of H2O, which after heating was separated on silica gel using the mobile phase M (where:
S—sertraline). Figure S5: Densitogram of methanolic solution of sertraline with the addition of H2O2,
which after heating was separated on silica gel using the mobile phase M (where: S—sertraline
and P1, P2—degradation products of sertraline). Figure S6: Densitogram of methanolic solution
of sertraline with the addition of physiological saline, which after heating was separated on silica

https://www.mdpi.com/article/10.3390/pr10102083/s1
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gel using the mobile phase M (where: S—sertraline). Figure S7: Densitogram of fluoxetine in al-
kaline solution, which after heating was separated on silica gel using the mobile phase M (where:
F—fluoxetine and P1, P2—degradation products of fluoxetine). Figure S8: Densitogram of fluoxetine
in acidic solution, which after heating was separated on silica gel using the mobile phase M (where:
F—fluoxetine and P1, P2—degradation products of fluoxetine). Figure S9: Densitogram of methanolic
solution of fluoxetine with the addition of H2O, which after heating was separated on silica gel
using the mobile phase M (where: F—fluoxetine and P1, P2—degradation products of fluoxetine).
Figure S10: Densitogram of methanolic solution of fluoxetine with the addition of H2O2, which after
heating was separated on silica gel using the mobile phase M (where: F—fluoxetine and P1, P2,
P3, P4—degradation products of fluoxetine). Figure S11: Densitogram of methanolic solution of
fluoxetine with the addition of physiological saline, which after heating was separated on silica gel
using the mobile phase M (where: F—fluoxetine). Figure S12: Densitogram of methanolic solution
of fluoxetine, which after heating was separated on silica gel using the mobile phase M (where:
F—fluoxetine and P1, P2, P3—degradation products of fluoxetine). Figure S13: Densitogram of
methanolic solution of sertraline, which after irradiation with UV light (λ = 254 nm) was separated
on silica gel using a mobile phase A. Figure S14: Densitogram of methanolic solution of sertraline,
which after irradiation with UV light (λ = 254 nm) was separated on silica gel using a mobile phase
B. Figure S15: Densitogram of methanolic solution of sertraline, which after irradiation with UV
light (λ = 254 nm) was separated on silica gel using a mobile phase C. Figure S16: Densitogram of
methanolic solution of sertraline, which after irradiation with UV light (λ = 254 nm) was separated
on silica gel using a mobile phase D. Figure S17: Densitogram of methanolic solution of sertraline,
which after irradiation with UV light (λ = 254 nm) was separated on silica gel using a mobile phase
E. Figure S18: Densitogram of methanolic solution of sertraline, which after irradiation with UV
light (λ = 254 nm) was separated on silica gel using a mobile phase G. Figure S19: Densitogram of
methanolic solution of sertraline, which after irradiation with UV light (λ = 254 nm) was separated
on silica gel using a mobile phase G1. Figure S20: Densitogram of methanolic solution of sertraline,
which after irradiation with UV light (λ = 254 nm) was separated on silica gel using a mobile phase
G2. Figure S21: Densitogram of methanolic solution of sertraline, which after irradiation with UV
light (λ = 254 nm) was separated on silica gel using a mobile phase H. Figure S22: Densitogram of
methanolic solution of sertraline, which after irradiation with UV light (λ = 254 nm) was separated
on silica gel using a mobile phase J. Figure S23: Densitogram of methanolic solution of sertraline,
which after irradiation with UV light (λ = 254 nm) was separated on silica gel using a mobile phase
J1. Figure S24: Densitogram of methanolic solution of sertraline, which after irradiation with UV
light (λ = 254 nm) was separated on silica gel using a mobile phase J2. Figure S25: Densitogram of
methanolic solution of sertraline, which after irradiation with UV light (λ = 254 nm) was separated
on silica gel using a mobile phase K. Figure S26: Densitogram of methanolic solution of sertraline,
which after irradiation with UV light (λ = 254 nm) was separated on silica gel using a mobile phase
L. Figure S27: Densitogram of methanolic solution of sertraline, which after irradiation with UV
light (λ = 254 nm) was separated on silica gel using a mobile phase L1. Figure S28: Densitogram of
methanolic solution of fluoxetine, which after irradiation with UV light (λ = 254 nm) was separated
on silica gel using a mobile phase A. Figure S29: Densitogram of methanolic solution of fluoxetine,
which after irradiation with UV light (λ = 254 nm) was separated on silica gel using a mobile phase
B. Figure S30: Densitogram of methanolic solution of fluoxetine, which after irradiation with UV
light (λ = 254 nm) was separated on silica gel using a mobile phase C. Figure S31: Densitogram of
methanolic solution of fluoxetine, which after irradiation with UV light (λ = 254 nm) was separated
on silica gel using a mobile phase D. Figure S32: Densitogram of methanolic solution of fluoxetine,
which after irradiation with UV light (λ = 254 nm) was separated on silica gel using a mobile phase
E. Figure S33: Densitogram of methanolic solution of fluoxetine, which after irradiation with UV
light (λ = 254 nm) was separated on silica gel using a mobile phase G. Figure S34: Densitogram of
methanolic solution of fluoxetine, which after irradiation with UV light (λ = 254 nm) was separated
on silica gel using a mobile phase G1. Figure S35: Densitogram of methanolic solution of fluoxetine,
which after irradiation with UV light (λ = 254 nm) was separated on silica gel using a mobile phase
G2. Figure S36: Densitogram of methanolic solution of fluoxetine, which after irradiation with UV
light (λ = 254 nm) was separated on silica gel using a mobile phase H. Figure S37: Densitogram of
methanolic solution of fluoxetine, which after irradiation with UV light (λ = 254 nm) was separated
on silica gel using a mobile phase J. Figure S38: Densitogram of methanolic solution of fluoxetine,
which after irradiation with UV light (λ = 254 nm) was separated on silica gel using a mobile phase
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J1. Figure S39: Densitogram of methanolic solution of fluoxetine, which after irradiation with UV
light (λ = 254 nm) was separated on silica gel using a mobile phase J2. Figure S40: Densitogram of
methanolic solution of fluoxetine, which after irradiation with UV light (λ = 254 nm) was separated
on silica gel using a mobile phase K. Figure S41: Densitogram of methanolic solution of fluoxetine,
which after irradiation with UV light (λ = 254 nm) was separated on silica gel using a mobile phase L.
Figure S42: Densitogram of methanolic solution of fluoxetine, which after irradiation with UV light
(λ = 254 nm) was separated on silica gel using a mobile phase L1. Figure S43: Calibration plot (A) and
plot of residuals (B) for fluoxetine in the linear working range mobile phase M: acetone + chloroform
+ ammonia (10:5:1, v/v/v). Figure S44: Calibration plot (A) and plot of residuals (B) for sertraline in
the linear working range mobile phase M: acetone + chloroform + ammonia (10:5:1, v/v/v).
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