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Development of the methods for atomoxetine identification 
suitable for the chemical and toxicological analysis

The cases of acute and lethal poisonings by atomoxetine, an antidepressant, have been registered. Therefore, 
development of the available and reliable methods for its chemical and toxicological analysis is the topical issue.

Aim. To develop the conditions for atomoxetine detection in the presence of a number of its pharmacological and 
structural analogs when performing the general TLC-screening and identification of the antidepressant by UV spectro-
photometry.

Materials and methods. Chromatographic mobility of antidepressants in thin sorbent layers was studied in 11 
mobile phases, including those recommended by TIAFT, using five types of chromatographic plates. А number of 
chromogenic reagents was used for visualization. The UV-spectrum of atomoxetine was studied in 0.1 mol ∙ L-1 solution 
of hydrochloric acid.

Results and discussion. Chromatographic systems with the low correlation of Rf values for atomoxetine that 
make them suitable for the general TLC-screening have been found. The UV spectrum of atomoxetine in the acid solu-
tion had light absorption maxima at wavelengths of 270 (ε = 1300; А1

1 = 45) and 277 nm.
Сonclusions. A combined use of three mobile phases: methanol – 25 % ammonia solution (100 : 1.5), cyclohexane – 

toluene – diethylamine (75 : 15 : 10), and toluene – acetone – 25 % ammonia solution (45 : 45 : 7.5 : 2.5) provides a 
reliable atomoxetine detection in the presence of a number of its pharmacological and structural analogs when performing 
the general TLC-screening. The presence of specific light absorption in the UV region of the spectrum for atomoxetine 
makes the UV spectrophotometry method suitable for identification of the antidepressant in toxicological studies.
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Л. Ю. Томаровська, С. В. Баюрка, C. А. Карпушина 
Розробка методів ідентифікації атомоксетину, придатних для хіміко-
токсикологічного аналізу
Зареєстровані випадки гострих та летальних отруєнь антидепресантом атомоксетином, тому розробка доступ-

них і надійних методів його хіміко-токсикологічного аналізу є актуальною задачею.
Метою даних досліджень є розробка умов виявлення атомоксетину при при загальному ТШХ-скринінгу у 

присутності ряду його фармакологічних і структурних аналогів та ідентифікації антидепресанта методом УФ-
спектрофотометрії.

Матеріали та методи. Хроматографічну рухливість антидепресантів у тонких шарах сорбенту досліджу-
вали в 11 рухомих фазах, зокрема рекомендованих TIAFT, на п’яти типах хроматографічних пластин. Як візуа-
лізатори використовували ряд хромогенних реактивів. УФ-спектр атомоксетину вивчали в 0,1 моль ∙ л-1 розчині 
кислоти хлоридної.

Результати та їх обговорення. Встановлені хроматографічні системи з низькою кореляцією величин Rf 
для атомоксетину і ряду його фармакологічних і структурних аналогів, що робить їх придатними для загального 
ТШХ-скринінгу. УФ-спектр атомоксетину в розчині кислоти мав максимуми світлопоглинання при 270 (εм = 1300; 
А1%

1см = 45) і 277 нм.
Висновки. Сумісне використання трьох рухомих фаз: метанол – 25 % розчин амонію гідроксиду (100 : 1,5), 

циклогексан – толуен – діетиламін (75 : 15 : 10), толуен – ацетон – етанол – 25 % розчин амонію гідроксиду 
(45 : 45 : 7,5 : 2,5) забезпечує надійне виявлення атомоксетину при ТШХ-скринінгу у присутності ряду його фар-
макологічних і структурних аналогів. Наявність для атомоксетину специфічного світлопоглинання в УФ-області 
спектра робить метод УФ-спектрофотометрії придатним для ідентифікації антидепресанта при токсикологічних 
дослідженнях.

Ключові слова: атомоксетин; ТШХ-скринінг; УФ-спектр

Л. Ю. Томаровская, С. В. Баюрка, C. А. Карпушина 
Разработка методов идентификации атомоксетина, пригодных для химико-
токсикологического анализа
Зарегистрированы случаи острых и летальных отравлений антидепрессантом атомоксетином, поэтому раз-

работка доступных и надежных методов его химико-токсикологического анализа является актуальной задачей.
Целью данных исследований является разработка условий обнаружения атомоксетина при общем ТСХ-

скрининге в присутствии ряда его фармакологических и структурных аналогов и идентификации антидепрес-
санта методом УФ-спектрофотометрии.
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Материалы и методы. Хроматографическую подвижность антидепрессантов в тонких слоях сорбента ис-
следовали в 11 подвижных фазах, в том числе рекомендованных TIAFT, на пяти типах хроматографических 
пластин. Как визуализаторы использовали ряд хромогенных реактивов. УФ-спектр атомоксетина изучали в 
0,1 моль ∙ л-1 растворе кислоты хлоридной.

Результаты и их обсуждение. Установлены хроматографические системы с низкой корреляцией величин 
Rf для атомоксетина и ряда его фармакологических и структурных аналогов, что делает их пригодными для 
общего ТСХ-скрининга. УФ-спектр атомоксетина в растворе кислоты имел максимумы светопоглощения при 
270 (εм = 1300; А1%

1см = 45) и 277 нм.
Выводы. Совместное использование трех подвижных фаз: метанол – 25 % раствор аммония гидроксида 

(100 : 1,5), циклогексан – толуол – диэтиламин (75 : 15 : 10), толуол – ацетон – этанол – 25 % раствор аммония 
гидроксида (45 : 45 : 7,5 : 2,5) обеспечивает надежное обнаружение атомоксетина при ТСХ-скрининге в при-
сутствии ряда его фармакологических и структурных аналогов. Наличие для атомоксетина специфического 
светопоглощения в УФ-области спектра делает метод УФ-спектрофотометрии пригодным для идентификации 
антидепрессанта при токсикологических исследованиях.

Ключевые слова: атомоксетин; ТСХ-скрининг; УФ-спектр

Atomoxetine is a thymoleptic from the group of se-
lective norepinephrine reuptake inhibitors (central acting 
indirect sympathomimetic) [1] approved by the USA FDA 
in late 2002 [2]. It is used in the pharmacotherapy of 
attention deficit hyperactivity disorder [1], as well as in 
treatment-resistant depression, psychosis, bipolar disor-
ders, epilepsy as an individual drug or as part of a comp- 
lex treatment [3]. Unlike traditional psychostimulants, 
atomoxetine does not refer to narcotic substances and 
shows no abuse potential associated with them [4].

Atomoxetine has some side effects [1, 5], among them 
the appearance of suicide thoughts is the most serious 
complication [6]. This drug is incompatible with mono-
amine oxidase inhibitors [7]. 

The cases of chronic overdose and acute and lethal 
poisoning by atomoxetine were registered [8, 9]. The 
literature review revealed [9] that postmortem atomoxe- 
tine concentrations were within the following limits: arte- 
rial blood – 0.1-8.3 mg · L-1; femoral blood – 0.33-5.4 mg · L-1;  
vitreous body – 0.1-0.96 mg · L-1; bile – 1.0-33 mg · L-1; 
urine – 0.1 mg · L-1; liver – 0.44-29 mg · kg-1; stomach 
contents – 0.0097-16.8 mg in the sample studied.

Most bioanalytical methods described in the litera-
ture for atomoxetine determination are based on using 
HPLC with different types of detection: UV [10, 11, 12], 
mass spectrometry (MS) [13, 14] fluorescence [15] or 
capillary electrophoresis [16]. These methods of analy-
sis are not always available for toxicological laborato-
ries; they require expensive equipment and the appro-
priate skill level of the staff.

The combination of TLC during the toxicological 
screening and absorption spectrophotometry in the UV 
region for the confirmatory study is an available approach 
for use in the chemical and toxicological analysis [17, 
18]. Information on using TLC and UV spectrophotomet- 
ry for detection and identification of atomoxetine has not 
been found in the available literature.

The aim of the study was to develop the conditions 
for atomoxetine detection in the presence of a number 
of its pharmacological and structural analogs when per-
forming the general TLC-screening and the antidepres-
sant identification by UV spectrophotometry.

Materials and methods
The pure substance of atomoxetine isolated from the 

medicine “Strattera” (7 capsules, 60 mg) produced by 
“Lilly” (Czech Republic) was used for the study. 

Extraction of the atomaxetine substance from cap-
sules. Triturate the content of 7 capsules in a porcelain 
mortar, add 50 mL of absolute ethanol, and then filter 
the mixture through a folded filter paper in a porcelain 
evaporating dish. Wash the residue on the filter once with  
20 mL of absolute ethanol, and combine the ethanol filtra- 
tes. Evaporate the dish content on a water bath at 40-60 °C 
to complete removal of the organic solvent. Dry the re- 
sidue in the loss-on-drying oven and weigh.

Using this method 400 mg of atomoxetine hydro-
chloride was obtained. The purity of the substance was 
tested by TLC, UV spectrophotometry and HPLC, and 
its compliance with the quality requirements of the SPhU 
was determined.

All other chemicals were of analytical grade or better.
Chromatographic plates manufactured in Estonia (the 

sorbent – KSKG, the fraction – 5 ÷ 20 μm, its thickness 
– 130 ± 25 μm, the plate size – 20 × 20 cm) (І), Sorb-
fil (silica gel CTX-1 VE, PET substrate, silica sol as a 
binder, the fraction – 8 ÷ 12 μm, its thickness – 100 μm, 
the plate size – 10 × 10 cm) (ІІ), Silufol UV-254 (sor- 
bent Silpearl with a luminescent indicator for UV 254 
on the aluminium foil, starch as a binder, the plate size – 
10 × 10 cm) (ІІІ), Armsorb (TLC KSKG, the thickness –   
100 ± 10 μm, the plate size – 5 × 15 cm) (IV), Merck 
(Silica gel 60 F254, the size – 10 × 20 cm, Germany) 
(V) were used.

The TLC ultraviolet lamp was 254/365 nm.
The following glassware was used: 10.0 mL, 50.0 mL 

volumetric flasks, volumetric pipettes, Class A (Simax, 
Czech Republic).

In the study the water bath LW-4 (Bytom, Poland) 
and a spectrophotometer (SF-46, LOMO, USSR) with 
the spectral measurement range of 190-1100 nm were 
also applied.

Developers recommended by the Committee of Sys- 
tematic Toxicological Analysis of the International As-
sociation of Forensic Toxicologists (TIAFT) for the ge-
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neral TLC-screening [17, 18], and reagents proposed by 
the WHO and the UNO [19] to identify the main groups 
of potent substances (Tab. 1) were studied as chromo-
genic reagents. According to the recommendations of 
UNODC [20] determination 10 samples containing the 
drug from 1.25 ∙ LOD to 2.0 ∙ LOD were studied to de-
termine the limit of detection (LOD). The number of false 
negative results was not more than 2 out of 10 experi-
ments (RSD ≤ 20 %).

Chromogenic reagents were prepared as follows [17, 18].
Preparation of stock solution (SS) and working 

standard solutions (WSS) of atomoxetine hydrochlo-
ride. Dissolve 0.02190 g of atomoxetine hydrochloride in 
50.0 mL of 0.1 Mol · L-1 hydrochloric acid using a 50.0 mL  
volumetric flask (the concentration of the resulting SS 
was 1.5 ∙ 10-3 Mol · L-1 of atomoxetine hydrochloride). 
Place 0.50; 1.00; 2.00 mL of SS into a 10.0 mL volu-
metric flask and dilute to the volume with 0.1 Mol · L-1   
hydrochloric acid (the concentrations of the resulting 
WSS were of 0.75 ∙ 10-4; 1.5 ∙ 10-4; 3 ∙ 10-4 Mol · L-1 of 
atomoxetine hydrochloride).

The method of atomoxetine chromatographic 
mobility determination in thin sorbent layers. Spot 
10-µL aliquots of ethanol solutions (the concentration 
of 2 mg ∙ mL-1) of atomoxetine and other antidepres-
sants under study (venlafaxine, fluoxetine, fluvoxamine, 
amitriptyline, melipramine and doxepin) with the help 
of a calibrated glass capillary at the starting line of the 
chromatographic plate of the corresponding type at a dis-
tance of 2 cm from each side. Place the chromatographic 
plate into a 1.000 cm3 chromatographic chamber con-
taining 20 mL of the corresponding mobile phase (m. ph.).  
The list of mobile phases is shown in Tab. 2. Saturate 
the chamber for 15 min (do not saturate the chamber 
when using m.ph. No. 1, 5). When using m.ph. No. 3, 
7, 8, 9 pre-treat Merck chromatographic plates with   
0.1 Mol · L-1 KOH solution in methanol and dry. 

Detection was performed under UV rays and by 
Dragendorff - Munier reagent. 

The method for performing reactions with chro-
mogenic reagents. Spot the corresponding volumes of 
ethanol solutions of atomoxetine, venlafaxine, fluoxe-
tine, fluvoxamine, amitriptyline, melipramine and doxe- 
pin (1.0 mg ∙ mL-1) on a chromatographic plate using 
a calibrated glass capillary, obtaining samples with the 
antidepressant content from 0.2 to 20.0 µg of the drug in 
the spot. Treat the samples with chromogenic reagents, 
determine the sensitivity and color of the reaction pro- 
ducts (Tab. 1). 

The study of UV-spectra of atomoxetine. The WSS 
of atomoxetine with the concentrations of 0.75 ∙ 10-4; 
1.5 ∙ 10-4 and 3 · 10-4 Mol ∙ L-1 in 0.1 Mol ∙ L-1 of hydro-
chloric acid were studied to obtain the optimal absorban- 
ce values corresponding to the absorbance range of 0.1 to 
1.0 absorbance units. The UV-spectra were measured in 
the range of 210-380 nm in a 10 mm light pathway cuvette. 
The reference solution was 0.1 Mol · L-1 hydrochloric acid.

Results and discussion
Chromatographic mobility of atomoxetine, venlafa- 

xine, fluoxetine, fluvoxamine, amitriptyline, melipramin 

and doxepin in thin sorbent layers were studied in the 
m. ph. recommended by TIAFT for the general TLC-
screening of drugs (m.ph. No. 1-9) [17, 18] and in the 
m.ph. widely used in the national practice of forensic 
toxicological studies (m. ph. No. 10, 11) [21, 22]. The 
Rf values of atomoxetine, venlafaxine, fluoxetine, flu-
voxamine, amitriptyline, melipramine and doxepin are 
shown in Tab. 2.

Atomoxetine exhibited Rf values acceptable for iden-
tification in m.ph. No. 4, 7, 8, 10, 11. In m. ph. No. 7 
separation of all antidepressants under study was obser- 
ved. The use of m.ph. No. 8 gave the possibility of appro-
priate separation of atomoxetine from other drugs un-
der study, excluding fluoxetine and fluvoxamine. In the 
mobile phase mentioned atomoxetine, fluoxetine and flu-
voxamine showed the low correlation of Rf values com-
pared to m.ph. No. 7. Separation of atomoxetine from 
other antidepressants studied, with the exception of flu- 
oxetine, was also observed in m.ph. No. 10. Moreover, 
in the m.ph. No. 10 atomoxetine and fluoxetine had the 
inverse correlation of chromatographic mobility com-
pared to m.ph. No. 7. It greatly increases the reliability 
of identification of these antidepressants. Therefore, the 
use of three m.ph. No. 7, 8 and 10 are recommended for 
atomoxetine identification in the presence of a number 
of its structural and pharmacological analogs when per-
forming TLC-screening. According to the TIAFT recom-
mendations the use of several chromatographic systems 
preferably with the low correlation of Rf values signifi-
cantly increases the reliability for identification of subs- 
tances by TLC [17, 18].

The UV-light and Dragendorff reagent with Munier 
modification were the most sensitive for detecting ato-
moxetine and other antidepressants studied. For atomo- 
xetine LOD was 0.3 µg in the sample in UV light at 254 nm, 
and 0.5 µg in the sample at 365 nm using Dragendorff 
reagent with Munier modification. High sensitivity com-
pared to atomoxetine also was found when using Froehde 
reagent (1.0 µg in the sample), which formed products 
of a blue color with the antidepressant. Thus, Froehde 
reagent can be recommended as a relatively selective 
reagent to biological admixtures for detection of atomo- 
xetine in biological extracts. Melipramine and doxepin 
also formed blue coloration with Froehde reagent. But 
they did not give color with Marquis reagent, a pink co- 
lor was observed under its action on atomoxetine.

Antidepressants containing in its structure the secon- 
dary (atomoxetine, venlafaxine, fluoxetine) or primary 
(fluvoxamine) amino group with ninhydrin solution gave 
intense coloration with different colors. Specific color 
transitions were observed while processing of atomoxe-
tine spots with Mandelin reagent and formaldehyde vapor 
consequentially (modified Mandelin reagent) (Tab. 1).

Thus, when performing the TLC-screening for de-
tection and identification of atomoxetine in the presence 
of its structural and pharmacological analogs (venlafa- 
xine, fluoxetine, fluvoxamine, amitriptyline, melipramine 
and doxepin) it is appropriate to use chromogenic rea-
gents in the following sequence: UV light, ninhydrin 
solution, Dragendorff reagent (it can be used after  
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pre-treatment of spots with ninhydrin), Froedhe reagent,  
Marquis reagent, modified Mandelin reagent. According 
to the TIAFT recommendations on the reliable identifi-
cation of toxic substances in TLC-screening the accep- 
table condition is to use at least four reagents on the 
same chromatographic plate consequentially [17, 18].

While conducting the TLC-screening simultaneously 
the separation of the substances studied from the com-
ponents of the biological matrix (TLC purification) oc-
curs, and it is a prerequisite for the use of UV spectro- 
photometry to identify the toxic substance at the confir-
mation stage of toxicological studies.

The UV-spectrum of atomoxetine in 0.1 Mol ∙ L-1 hy-
drochloric acid solution was studied, and the presence 
of specific absorption was determined (Fig.). The molar 
absorptivity (εм) and the specific absorption coefficient 
(А1

1) for the higher intensity absorption peak at 270 nm 
were calculated using the absorbance values of three WSS 
given above. Absorption maxima for atomoxetine solu-
tions in 0.1 mol∙L-1 hydrochloric acid (λmax ± 2 (εм; А1

1)) 
were observed at the wavelengths of 270 (1,300; 45) 
and 277 nm.

CONCLUSIONS
1. The parameters of chromatographic mobility of 

atomoxetine and a number of its structural and pharma-
cological analogs (venlafaxine, fluoxetine, fluvoxamine, 
amitriptyline, melipramine and doxepin) have been deter-
mined in thin sorbent layers using mobile phases recom-

mended by TIAFT for the general TLC-screening and 
mobile phases, which are widely used in toxicological 
screening of the basic drugs. Chromatographic mobility 
has been studied using five types of chromatographic 
plates.

2. It has been found that the combined use of three 
mobile phases: methanol – 25 % ammonia solution (100 : 
1.5), cyclohexane – toluene – diethylamine (75 : 15 : 10), 
toluene – acetone – 25 % ammonia solution (45 : 45 : 
7.5 : 2.5) is the most acceptable for atomoxetine detec-
tion in the presence of a number of its pharmacologi-
cal and structural analogs when performing the general 
TLC-screening. 

3. Sensitive and specific chromogenic reagents for 
atomoxetine identification in the presence of a number 
of its structural and pharmacological analogs have been 
determined. It has been recommended to use the chro-
mogenic reagents in the following sequence: UV light, 
ninhydrin solution, Dragendorff reagent, Froedhe rea-
gent, Marquis reagent, modified Mandelin reagent. 

4. The presence of specific light absorption in the 
UV region of the spectrum for atomoxetine solution in 
0.1 Mol ∙ L-1 hydrochloric acid at 270 (εm = 1,300; А1

1 = 45) 
and 277 nm has been found, it makes the UV spectro-
photometry method suitable for identifying the antide-
pressant in toxicological studies.
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Fig. The UV-spectrum of atomoxetine in 0.1 mol∙L-1 hydrochloric acid solution (the concentration of 3∙10-4 mol∙L-1)
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