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Detection of atomoxetine and its metabolites in the urine
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The aim of the study was the detection of atomoxetine and its biotransformation products in the urine under TLC screening conditions and
identification of the metabolites using mass spectrometry method.

Materials and methods. The volunteer’s urine samples after taking a single therapeutic dose of atomoxetine (2 capsules of 60 mg each of
Strattera®) were studied. Sample preparation included diluting acid hydrolysis followed by the native compound and metabolites extraction
with chloroform from the saturated solution of ammonium sulfate at pH of 11-12. Thin-layer chromatography studies of the extracts were
carried out in 18 mobile phases including those proposed by The International Association of Forensic Toxicologists for general drug
screening, and those widely used in forensic toxicological studies. The color reactions were carried out using a range of chromogenic
reagents. A Varian 1200 L mass spectrometer (Netherlands) equipped with a dual quadrupole mass analyzer was applied for analysis
of the eluates from chromatograms. Identification was undertaken at the direct introduction of the sample into the ion chamber, electron-
impact ionization (70 eV), and full ion scanning mode.

Results. The spot of the native drug on the chromatogram was identified by the R, value. Two atomoxetine biotransformation products
were identified by the molecular weights that correspond to the molecular ion peaks in the mass spectra.

Conclusions. Atomoxetine and its biotransformation products were detected in the urine under TLC screening conditions and identified
using mass spectrometry method. Chromatographic mobility of the native compound, hydroxyatomoxetine, and dihydroxyatomoxetine in
the TLC screening systems as well as the results of their visualization using chromogenic reagents applied for toxicological drug screening
in the systematic toxicological analysis have been determined.

Key words: atomoxetine, hydroxyatomoxetine, dihydroxyatomoxetine, sample preparation, thin layer chromatography, mass spectrometry.
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BusiBneHHs1 aTOMOKCETHHY Ta oro MeTaboniTiB y cevi 3a 4;ONOMOro TOHKOLIAPOBOi XpomaTorpadii Ta Mac-cnekTpomeTpii
C. A. Kapnywwha, C. B. Batopka, T. O. TomapoBscbka

MeTta po6oTu — BUSIBNEHHS aTOMOKCETWHY Ta NPOAYKTIB ioro BioTpaHcdopmalii B cedi B ymoBax TLUX-ckpuHiHry Ta igeHTudikauis meTa-
6oniTiB METOLOM Mac-CreKkTPOMETPil.

Matepianu Ta metoaun. [ocnigxeHo 3pasku cevi 4OOPOBOMbLSA NICNS NPUIAMaHHA OAHOPA30BOI TePaneBTUYHOI J03W aTOMOKCETUHY (2
kancynu no 60 mr Strattera®). MpoboniarotoBka BkMtoYana KMCNOTHWI MAPONi3 i3 AanbLLUOK eKCTpaKLIietd HAaTUBHOI CNonyku Ta MeTaboniTis
X1OPOPOPMOM i3 HACUHEHOTO PO3UMHY CynbdaTy amorito npu pH 11-12. JocnimKkeHHs eKCTPaKTiB METOLOM TOHKOLLIAPOBOI Xpomatorpadii
nposogunu y 18 pyxommx dasax, ski BKIoYanu Ti, Lo 3anpornoHoBaHi MixHapoaHo acouialieto CyaoBKX TOKCUKOMOTIB AN1S 3aransHOro
CKPUHIHTY NiKapCbKMX PeYOBUH, @ TaKoX hasu, KOTpi LUMPOKO BUKOPUCTOBYHOTb NPY CyA0BO-TOKCUKOMNOTYHMX AoChimKeHHsX. Konboposi
peakuii BUKOHanu 3 BUKOPUCTaHHSAM psifly XPOMOTEHHUX peakTuMBIB. [ins aHanidy entoaris i3 XxpoMaTorpaM BUKOPUCTOBYBamnM Mac-CnekTpo-
metp Varian 1200 L (Higepnanau) 3 noaBiliH1M KBagpynomnbHUM Mac-aHanisatopoM. |aeHTudikawiio 3aicHUnm nig Yac npsiMoro BBeAEHHS
3pa3ka B iOHHY Kamepy, ioHi3aLii enekTpoHHUM yaapom (70 eB) y pexumi NoBHOro CkaHyBaHHS! iOHIB.

Pesynerati. Mnsamy HaTMBHOTO Npenapaty Ha XpomaTorpami ineHTudikysanu 3a sHaveHHam R, [lBa npoayktu GiotpaHcdopmalii ato-
MOKCETUHY iAeHTUIKyBanu 3a MONEKYNSAPHUMM Macamu, Lo BiAnoBigany nikaM MOMNeKynspHUX iOHIB Y Mac-cnekTpax.

BucHoBku. ATOMOKCETUH i NpoayKTy Moro bioTpaHchopmaLlii BusiBunu B cedi B ymosax TLLUX Ta ineHTUdikyBanu Metogom mac-CrnekTpo-
MeTpii. BctaHoBMNM XxpomatorpadiyHy pyXnuBiCTb HAaTUBHOI COMYKY, FiAPOKCMATOMOKCETUHY Ta AUriAPOKCUATOMOKCETUHY Y CKPUHIHIOBUX
TLLX-cucTemax, a Takox pesynbTaTi iXHbOI BidyaniaaLlii 3a JONOMOror XpOMOrEHHIX peareHTiB, LU0 BUKOPUCTOBYKOTb A1 TOKCUKOMOTYHOMO
CKPUHIHry nikapcbkux 3acobiB y cMCTEMaTUYHOMY TOKCUKOMOTYHOMY aHanisi.
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OOHapyxeHne aTOMOKCETUHA U ero MeTabonnToB B MOYe MeTOAaMU TOHKOCIOHOM XpomaTorpadum n Macc-CnekTpoMeTpum
C. A. KapnywwHa, C. B. bBatopka, T. A. TomapoBckast

Llent pa6oTkl — 06Hapy»eH1e aTOMOKCETHA U MPOAYKTOB ero GuoTpaHcopMaLn B Moye B yCroBUsX TCX-CKpUHUHTA U MAEHTUdMKALMS
MeTabonmMToB METOOM MacC-CrEKTPOMETPUM.

Matepuansl u metoasl. Viccnegosanm obpasusl Moyu fobpoBonbLa nocne npuéma 0fHOPa3oBO TepaneBTUYECKO [03bl aTOMOKCe-
THa (2 kancynbl no 60 mr Strattera®). MpobonoaroToBka BKMOYANa KMCMOTHLIN MMAPOIN3 C MOCNeaytLLe SKCTpaKUMEN HAaTUBHOIO
coefvHeHNst U MeTabonnToB XNOPOdOPMOM 13 HACHILLEHHOMO pacTBopa cynbdata ammoHus npy pH 11-12. MiccnegoBaHus aKCTpakToB
MeTOOM TOHKOCIOWMHOW XpomMaTorpadum npoBoauny B 18 nogsuxHbIX (hasax, BKIOYABLLUMX pekoMeHaoBaHHble MexayHapodHoi ac-
coupaumen cynebHbIX TOKCMKONOroB Ansi OOLLEro CKpUHMHIA NEKapCTBEHHbIX BELLECTB, a Takke dasbl, KOTOpbIE LUMPOKO UCMOMb3YT
npu cynebHO-TOKCUKONOMMYECKMX UccreaoBaHusix. LIBETHbIE peakLmm NpoMsBoAnIM C UCMONb30BaHUEM pPsia XPOMOTEHHbIX PEaKTUBOB.
[na aHanu3a anaToB C XpoMaTorpaMmm 1cnonb3oBanu macc-crnektpometp Varian 1200 L (Hugepnangpl) ¢ ABOMHBIM KBafpynomnbHbIM
macc-aHanmsaTtopom. MigeHTrdrkaumo npoBoauny npu NpsiMoM BBeAeHWI 06pasLia B IOHHYH Kamepy, MOHW3aLMK SIEKTPOHHLIM yAapOM
(70 3B) B pexxmMme NONHOro CKaHWPOBAHWS VOHOB.

Pesynkrathl. [ATHO HATMBHOTO Npenapara Ha xpomarorpaMme UaeHTUgMUMpPoBan No sHaveHunio R.. [1sa npoaykTa 6uotpaHcdopmaLmy
aTOMOKCETUHa Obinu MaeHTUULMPOBaHBI NO MOMEKYNSPHBIM MaccaM, COOTBETCTBYHOLLMM NMUKaM MOMEKYNSPHbLIX MIOHOB B MacC-CrekTpax.

BriBoakl. ATOMOKCETUH 1 NpoayKTbl ero buoTtpaHcopmaumn obHapyxeHo B Mode B ycnoBusx TCX u naeHTMuumMpoBaHo METOAOM
Macc-CrnekTpOMeTpU. YCTaHOBMNEHa XpomaTorpacuyeckasl NoABMXHOCTb HATUBHOTO COEAMHEHUS, TMOPOKCMAaTOMOKCETHA U OUTMAPOK-
CMATOMOKCETMHA B CKPUHMHIOBBIX TCX-cncTemax, a Takke pesynsrathl MX BU3yann3aLmnmn C MOMOLLbI0 XPOMOTEHHbIX PeareHToB, UCMorb-
3yembIX AN TOKCUKOMOrMYECKOro CKPUHUHIA NEeKapCTBEHHbIX CPeACTB B CUCTEMATUYECKOM TOKCUKONOTMYECKOM aHanmse.

KntoyeBble croBa: aTOMOKCETUH, MMAPOKCUATOMOKCETUH, OUTMOPOKCUATOMOKCETUH, I'IpO60I'I0,C|,FOTOBKa, TOHKOCNOMHasa xpomatorpadus,

Macc-CreKkTPOMETPUS.

AkTyanbHble Bonpockl hapMaLeBTUHECKON U MeAMLMHCKOW Hayku 1 npakTuku. 2022. T. 15, Ne 1(38). C. 25-30

Atomoxetine ((3R)-N-methyl-3-(2-methylphenoxy)-3-phe-
nylpropan-1-amine hydrochloride) is a modern antidepressant
drug relating to a class of selective norepinephrine reuptake
inhibitors (SNRI). Atomoxetine was the first non-stimulant
drug approved by the FDA (USA) in late 2002 year for
the treatment of ADHD in both children and adults [1,2].
Unlike traditional psychostimulants, atomoxetine does not
have a potential for abuse; it is not classified as a controlled
substance. The therapeutic daily dose is 40 mg daily increased
to 80 mg after 3 days and up to 100 mg after 2 to 4 weeks [3].
Atomoxetine has also been shown to be effective for treating
therapeutically resistant depression [4,5]. It can cause a range
of side effects [2,6-8], and episodes of acute and lethal ato-
moxetine poisoning also were registered [3,9-11].

Atomoxetine is actively metabolized in the body via hy-
droxylation, N-desmethylation, and benzyl oxidation. Less
than 3 % of atomoxetine dose is excreted as an unchanged
drug [2,3,12]. The postmortem atomoxetine concentration
in the urine was 0.1 mg/L. Half-life is 5.2 h and 21.6 h de-
pending on the type of metabolizers: an extensive and a poor
type respectively [3].

TLC screening is the most accessible type of screening pro-
cedure that is used in forensic toxicology. The International
Association of Forensic Toxicologists (TIAFT) has proposed
unified TLC systems for which a database of R values for
more than 16.000 toxicologically important drugs has been
created [3]. Studies on the determination of the chromato-
graphic mobility parameters for atomoxetine in the TLC
systems recommended by TIAFT have not been carried out.

Aim

The aim of the study was the detection of atomoxetine and its
biotransformation products in the urine under TLC screening
conditions and identification of the metabolites using mass
spectrometry method.

Materials and methods

The pure substance of atomoxetine was isolated from
the medicine “Strattera” (7 capsules, 60 mg; “Lilly” (serial
number C406168), Czech Republic) according to the method
described in the article [ 13]. Atomoxetine-base was obtained
by extraction of the analyte with chloroform from the aqueous
solution at pH of 11 saturated with ammonium sulphate. The
volunteer’s urine samples after taking a single therapeutic
dose of atomoxetine (2 capsules of 60 mg each of Strattera®)
were studied. Urine was collected in separate portions of 50
mL for 14 hours, starting after the 5th hour of taking the an-
tidepressant. All chemicals were of analytical grade or better.

Sample preparation. The concentrated hydrochloric acid
in the volume of 1 ml (it was based on the ratio of 0.10 mL
of the acid for every 2.0 mL of the biological fluid) was
added to 20 mL of the urine and the mixture was heated in a
boiling water bath for 30 min. The obtained hydrolysate was
cooled, placed in a separatory funnel, and shaken with 7 mL
of diethyl ether three times for 5 min each time. The organic
layer was separated and discarded. The aqueous layer was
placed in a separatory funnel again, alkalified with the sodium
hydroxide 20 % solution to pH of 11-12, ammonium sulphate

26 AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeanYHoi Hayku Ta npaktuku. 2022. T. 15, Ne1(38)

ISSN 2306-8094



Original research

was added until the saturated solution was obtained, and
atomoxetine-base was extracted with 10 mL of chloroform
three times each time. The extracts obtained were combined,
filtered through a pleated blue band paper filter containing
0.2 g of anhydrous sodium sulphate, and evaporated in a
water bath at 40 °C to remove chloroform. The dry residue
was dissolved in 5 mL of chloroform, mixed thoroughly,
transferred to a volumetric flask with a capacity of 25.00
mL adjusting to the specified volume with the same solvent.

Thin-layer chromatography studies of the extracts. The
Merk chromatography plates were used. Aliquot of the 1/10
part of the obtained biological extract, aliquot of the 1/10
part of the blank biological extract were concentrated to
the minimum volume of ~0.05 mL and applied on four
TLC plates as spots. Then 10 pL of the standard solution
of atomoxetine in methanol (1.0 mg/mL) was spotted next
using microsyringe. The remaining biological extract evapo-
rated to the minimum volume of ~0.05 mL was applied
as a band only on the chromatography plate, which then
was developed in the mobile phase of chloroform — ace-
tone — 25 % ammonia solution (25:5:0.3). Then the zone
in the chromatogram corresponding to this band was not
treated by the location reagent.

Chromatograms were developed in chloroform, and then
in one of the mobile phases which are listed in 7able I using
rectangular glass chambers (25 x 25 x 12 ¢cm). UV-light, nin-
hydrin solution in acetone and Dragendorff—-Munier reagent
were used for the visualization. Then atomoxetine was eluted
from the chromatogram band untreated by the location re-
agents with 4 mL of methanol (the elution yield was 99.2 %),
the eluate was filtered through a blue band paper filter.

The color reactions were carried out with 0.5 mL of the ob-
tained eluates using pieces of chromatographic plates and a
range of the chromogenic reagents listed in Table 2.

Mass Spectrometry studies of the eluates. A Varian 1200
L mass spectrometer (Netherlands) equipped with a dual
quadrupole mass analyzer was applied for analysis. Detection
was undertaken at the direct introduction of the sample into
ion chamber, electron-impact ionization (70 eV), and full
ion scanning mode.

Results

Three spots were detected on the chromatograms of the bio-
logical extracts which were obtained after sample preparation
of the volunteer’s urine after taking a single therapeutic dose
of atomoxetine. Blank biological extracts did not give corre-
sponding spots. The spot of the native compound was iden-
tified by R, the value of which coincided with the specified
retention parameter for atomoxetine in the standard solution.

Figure 1 shows atomoxetine-base mas spectrum (EI, 70
eV),m/z(I _,%): 255 [M]'(4), 176 (4), 148 (16), 117 (4), 108
(6), 91 (6), 72 (7), 65 (3), 44 (100.00). Found, m/z: 255.15
[M]". C,H, NO. Calculated, m/z: 255.4 [3]. The compliance
with the database of NIST 17 mass spectrum library was of
85-87 %.

Figures 2, 3 show mass spectra of the eluates from chro-
matograms corresponding to the other two spots that did not

Table 1. R, values of atomoxetine and its metabolites extracted from
the urine

Mobile phase alono
xetine

Chlorophorm-acetone

T | (80:20) 0 0 0

2 Ethyl acetate 0 0 0
Chlorophorm-methanol

3 (90:10) 0.15 0.08 0.05
Ethyl acetate-methanol —

4 25 % ammonia solution | 0.49 0.31 0.24
(85:10:5)

5 Methanol 0.05 0.03 0.01
Methanol-n-buthanol

6 (32) 0.11 0.04 0.01
Methanol — 25 % ammo-

7 nia solution (100:1.5) 0.3 0.2 0.19
Cyclohexane-toluene-di-

. ethyl amine (15:3:2) s e bl

9 Acetone 0.01 0 0
Toluene-acetone-ethanol

10 | —25 % ammonia solution | 0.46 0.20 0.17

(45:45:7.5:2.5)

Chlorophorm-dioxane
11 | -aetone — 25 % ammonia | 0.47 0.18 0.12
solution (47.5:45:5:2.5)

12 Chloroform-n-butanol

(32) 0.86 0.75 0.72

Ethyl acetate-acetone
13 | -25 % ammonia solution | 0.55 0.38 0.35
(50:45:5)

Benzene-Methanol-Di-
14| athylamine (90:10:10) | %83 s L

Chloroform-acetone —
15 |25 % ammonia solution | 0.74 0.60 0.56
(25:5:0.3)

Hexane-ethyl ace-
tate-ethanol — 25 %
ammonia solution
(30:10:5:1)

16 0.27 0.10 0.07

Chloroform-acetone —
17 | 25 % ammonia solution | 0.38 0.22 0.18
(12:24:1)

18 | Chloroform 0 0 0

match the native drug. Suspected products of atomoxetine
biotransformation were identified by the molecular weights
that correspond to the molecular ion peaks in the mass
spectra.

Hydroxyatomoxetine mas spectrum (EI, 70 eV), m/z
(I ,%): 271 [M]"(2), 254 [M-OH]J"(2), 176 (20), 165 (23),
146 (9), 133 (24), 117 (24), 105 (44), 91 (15), 77 (49), 60
(53),44(100) (Fig. 1). Found, m/z: 271.30 [M]". C,_H, NO,,.
Calculated, m/z: 271 .4.

Dihydroxyatomoxetine mas spectrum (EI, 70 eV), m/z
(I ,%): 287 [M]'(1),271 [M-OH]"(2), 255 [M-OH-OH]"(2),
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Fig. 1. Mass spectrum of atomoxetine-base obtained from the substance of the drug.
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Fig. 2. Mass spectrum of hydroxyatomoxetine extracted from the tested urine samples.
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Fig. 3. Mass spectrum of dihydroxyatomoxetine extracted from the tested urine samples.

Table 2. Colour of the interaction products of atomoxetine and its metabolites with the chromogenic reagents

m Atomoxetine (sensitivity, pg in spot) [13] Hydroxy-atomoxetine Dihydroxy-atomoxetine

UV light 254 nm/365 nm fluorescence purple (0.3)/light yellow (0.5) | fluorescence purple/light yellow | fluorescence pink/light yellow
2 Dragendorff-Munier orange (0.5) orange orange
3 Ninhydrin solution pink-violet (2.0) pink-violet pink-violet
4 Mandelin light-pink (5.0) yellow yellow
e R T
6 Marquis pink — light — pink (2.0) pink — yellow red
7 Froehde blue (1.0) blue — brown green
8 Liebermann Light — pink (10.0) orange — pink red — yellow
9 Erdmann Light — yellow (10.0) yellow — orange orange
10 | Sulphuric acid concentrated pink — light — yellow (10.0) pink red

28 AKTyanbHi MUTaHHA hapMaLeBTUYHOI | MeanYHoi Hayku Ta npaktuku. 2022. T. 15, Ne1(38) ISSN 2306-8094



Original research

176 (17), 165 (20), 146 (9), 133 (22), 117(22), 105 (70), 91
(19), 77 (66), 60 (55), 44 (100) (Fig. 2). Found, m/z: 287.30
[M]". C,,H, NO,. Calculated, m/z: 287.4.

R values of atomoxetine, hydroxyatomoxetine, and di-
hydroxyatomoxetine extracted from the urine are shown in
Table 1. Colour of the interaction products of atomoxetine
and its metabolites with the range of chromogenic reagents
are presented in 7able 2.

Discussion

Sample preparation conditions were optimized on the basis
of early obtained results of extraction yield of atomoxetine
from aqueous solutions with organic solvents depending on
pH and nature of salting-out agent [ 14]. The pre-treatment of
the biological fluid using dilute acid hydrolysis was carried
out because the drug is excreted mostly urinary as the major
oxidative metabolite of 4-hydroxyatomoxetine-O-glucuro-
nide (80 % of the administered dose) [2,3,12]. Urine samples
were collected according to the literature half-life values of
atomoxetine [3].

The obtained results of the identification of atomoxetine
metabolites in the studied urine samples are consistent
with the literature data: 4-hydroxyatomoxetine was found
as the major atomoxetine oxidation product in the urine of
persons with both an extensive and poor type of metabolism
[15,16] and dihydroxyatomoxetine, namely, 2-hydroxyme-
thyl-4-hydroxyatomoxetine was found for poor metabolizers
[16].

The chromatographic mobility of atomoxetine and its
metabolites was studied in 18 mobile phases including those
proposed by TIAFT (No. 1-9) for general drug screening,
and those widely used in forensic toxicological studies
(No. 10-18) [3]. According to the TIAFT recommendations,
using several chromatographic systems, a minimum of three,
preferably with the low correlation of R values, significantly
increases the reliability of substance identification by TLC [3].
As can be seen from 7Table 1, atomoxetine and its metabolites
had low R, values in mobile phases No. 1-9, only the phase
of ethyl acetate—methanol-25 % ammonia (85:10:5) (No. 4)
allowed to achieve a satisfactory separation of the native drug
and metabolites. The chloroform — acetone — 25 % ammonia
solution (25:5:0.3) mobile phase (No. 15) showed higher val-
ues of the chromatographic mobility of atomoxetine and its
metabolites and a satisfactory separation. So, it was chosen for
the TLC-purification in the current study. The mobile phase
of chloroform — dioxane — acetone—25 % ammonia solution
(47.5:45:5:2.5) (No. 11) also can be recommended for TLC
study of the biological extracts containing atomoxetine and
its metabolites as a low correlated one with the mobile phases
No. 4 and 1 No. 5.

The colors selective with respect to biogenic matrix com-
ponents were obtained with ninhydrin, Froehde, Liebermann,
Erdman’s, Marquies reagents, and concentrated sulphuric
acid (7able 2). The sensitivity of the color reactions for
the atomoxetine standard methanol solution was in the range
0f 0.5-10.0 pg in the spot [13]. This work is a contribution
to the toxicological screening of atomoxetine using TLC.

Obtained data can be used in the practice of forensic and
clinical toxicology.

Conclusions

1. Atomoxetine and its biotransformation products were
detected in the urine under TLC screening conditions and
identified using mass spectrometry method.

2. Chromatographic mobility of the native compound,
hydroxyatomoxetine and dihydroxyatomoxetine in the TLC
screening systems as well as the results of their visualization
using chromogenic reagents applied for toxicological drug
screening in the systematic toxicological analysis have been
determined.

Prospects for further research. The developed conditions
for detection of atomoxetine and its metabolites in the urine
under the conditions of TLC screening will be used for
further creation of toxicological examination algorithm
of biological samples for the presence of atomoxetine in
the cases of lethal intoxications by antidepressants.
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