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Coupling thin layer chromatography with mass spectrometry
for detection and identification of sertraline and its metabolite
in the urine
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The aim of the study was to detect sertraline and its metabolites in urine under standardized thin layer chromatography (TLC) screening
conditions and identify the metabolites using the mass spectrometry method.

Materials and methods. Urine samples, collected within 30 hours in portions of 20-50 mL, commenced from the seventh hour after the
administration of a single therapeutic dose of the drug. The sample preparation process involved dilute acid hydrolysis, followed by the
extraction of the native compound and metabolites with chloroform at a pH of 8-9. Thin layer chromatography studies of the extracts
were conducted using four unified TLC systems recommended by The International Association of Forensic Toxicologists for general drug
screening. Chromatograms were subjected to color reactions with a variety of chromogenic reagents. For the analysis of eluates from chro-
matograms, a Varian 1200 L mass spectrometer (Netherlands) equipped with a dual quadrupole mass analyzer was employed. Identification
was performed through direct sample introduction 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. Metabolite of sertraline was identified as
N-desmethyltrihydroxysertraline by the molecular ion peak in the mass spectrum.

Conclusions. The study demonstrated the ability of TLC to detect sertraline and its metabolite, N-desmethyltrihydroxysertraline, in urine
after the administration of a single therapeutic dose of the drug. The chromatographic mobility of the native compound and N-desmethyl-
trinydroxysertraline in the unified TLC screening systems, along with the results of their visualization using chromogenic reagents for
toxicological drug screening, was determined. Furthermore, the potential of coupling TLC with mass spectrometry for the separation,
detection, and confirmatory identification of sertraline and its metabolic products in urine was established.
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MoeaHaHHA TOHKOLAPOBOI XpoMaTorpadii 3 Mac-CneKTPOMeTpIEto AnA BUABNEHHA W iaeHTUdiKaLii cepTpaniHy
Ta iioro metabonity B ceui

C. B. batopka, C. A. KapnywwuHa, H. M. Kocmina, J1. B. Kpnukoscbka, |. €. bunos, O. O. AnTyxos

Meta po6oTtu — BUSIBNEHHs cepTpaniHy Ta oro MeTaboniTie y cevi 3a yHidikoBaHUX YMOB CKPUHIHTY 3a [OMOMOrOK TOHKOLLAPOBOi XPo-
matorpadii (TLWX) Ta ineHTudikauis metabonitis METOLOM Mac-CneKTPOMETPii.

Matepianu i metogu. Cevy 36upanu npotarom 30 roguH nopuisamu no 20-50 M, NOYMHaKUM i3 CbOMOI FTOAVHW MICNS NPUIOMY OfHOpa-
30BOI TEPaNeBTUYHOI 403K Npenaparty. MNpoboniarotoBka BKNtOYana KUCIOTHUIA Migponi3 i3 HACTYMHOK eKCTPAaKLIE HAaTUBHOI CMOMyKY Ta
meTaboniTie npu pH 8-9. [locnigxeHHs eKCTpaKTiB METOAOM TOHKOLLIAPOBOi XpomaTorpadii 3aiicHnnu B 4 yHicdikoBaHmx TLUX-cuctemax,
3anponoHoBaHux MiXHapoaHot acollialieto CyoBMX TOKCUKOMONB AMs 3aranbHOr0 CKPUHIHMY Nikapcbkux 3acobiB. Konboposi peakuii
NPOBOAMIY 3 BUKOPUCTAHHAM Py XPOMOTEHHWX peakTuBiB. [N aHanidy entoaris i3 xpomaTorpam BUKOPUCTOBYBANN Mac-CrnekTpoMeTp
Varian 1200 L (Hinepnanaw) 3 noggiiH1um KBaapynonbHUM Mac-aHanisatopom. |aeHTudikaLlio 3aiicHnnm npy npsMoMy BBeEHHi 3paska
B iOHHY Kamepy, ioHi3aLjii enekTpoHHUM yaapom (70 eB) B pexumi NOBHOTO CKaHyBaHHS iOHIB.

Pesyniraty. MnsAmy cronykv pe4oBUHM Ha XpomaTorpami ineHTUdikysanu 3a sennunHoto R, MetaGonit ceptpaniHy ingHTudikoBaHmii sk
N-ge3meTunTpurigpokcucepTpanit 3a MOneKynspHUM iOHOM Y Mac-CnekTpi.
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Original research

BucHogku. [MokasaHa 3aatHicTb TLLUX BusiBNsSTM cepTpaniH i noro metabonit N-4e3mMeTunTpuriapokcucepTpanit y cevi nicns npuitMaHHs
O[JHOPa30BOI TepaneBTUYHOI 403W Npenapaty. BusHauyeHo xpomaTorpadiyHy pyxnuBiCTb HaTUBHOI cnonyku Ta N-0e3mMeTUnTpuriapokeu-
cepTpaniHy B yHichikoBaHWX CKpuHiHroBux TLLX-cuctemax, a Takox pesynsraTy ix Bidyanisavii 3a 4ONMOMOro XpOMOreHHNX peareHTiB, Lo
3aCTOCOBYHOTb 1151 TOKCMKOMOMYHOMO CKPUHIHTY fnikapcbkux 3acobiB. MNokasaHo 3aaTHiCTb noegHaHHs TLUX i3 mac-cnekTpomeTpieto ans
pO3AiNeHHs, BUSIBNEHHS Ta NiATBEPAKYBanbHOI ineHTudikaLii cepTpaniHy Ta NnpoayKTiB ioro meTaboniamy B ceui.

KntouoBi cnosa: ceptpaniu, rigpokcuceptpanit, N-geametunTpurigpokcucepTpani, ceyva, TOHKOLapoBa XpoMaTorpadisi, Mac-CrnekTpo-

MeTpis.
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Sertraline ((1S,4S)-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahy-
dro-N-methyl-1-naphthalenamine) is a widely prescribed an-
tidepressant [ 1,2], belonging to the class of selective serotonin
reuptake inhibitors. It is commonly used to manage mental
health symptoms associated with depression, including major
depressive disorder [2,3,4,5,6,7,8], anxiety disorders, and
obsessive-compulsive disorder [9,10]. The therapeutic dose
typically ranges from 50 mg/day to 200 mg/day [6,11]. While
considered relatively safe, sertraline, like many medications,
is associated with side effects and complications. These in-
clude potentially severe conditions such as life-threatening
serotonin syndrome [12,13,14,15], neurological disorders
like Neuroleptic malignant syndrome [16] and hemichorea-
hemiballism [17], as well as hepatotoxicity [9] leading to
acute liver injury [18].

Episodes of acute and lethal sertraline poisoning also were
registered [11,13,19,20,21,22,23]. The toxic per os dose was
8000 mg in acute sertraline poisoning with the toxic concen-
tration being in the blood serum 2930 pg/L for sertraline and
1679 pg/L for N-desmethylsertraline [11]; registered doses
were in the range of 250—5000 mg in other cases of sertraline
overdoses [20]. Thus, developing the analytical aspects of
sertraline toxicology is a topical issue.

The current trend in the development of bioanalytical
methods for the determination of antidepressants is the
prevalence of gas chromatography and liquid chromato-
graphy with mass spectrometric detection [24]. Most of
the methods cited in the literature for the determination
of sertraline in biological fluids and biological materials
are based on the use of high-performance liquid chroma-
tography with tandem mass spectrometric detection [25].
However, it’s worth noting that these analytical methods
often necessitate high-cost equipment, which may not
always be readily available.

One of the most accessible types of screening procedures
in forensic toxicology is thin layer chromatography (TLC
screening), owing to its low cost, simplicity, quick deve-
lopment time, high sensitivity, and good reproducibility.
The International Association of Forensic Toxicologists
(TIAFT) has recommended unified TLC systems with an R,
database for over 16,000 toxicologically important drugs [11].
However, the parameters of chromatographic mobility for
sertraline in these unified TLC systems remain incompletely
studied, and R values for sertraline metabolites have yet to
be determined.

Despite several advantages, the TLC method does not offer
direct identification and structural characterization of analytes
on the TLC plate. To overcome this limitation, various tech-

niques involving the indirect and direct coupling of TLC to
mass spectrometry have been developed in recent years [26].

Aim
The aim of the study was to detect sertraline and its meta-

bolites in urine under unified TLC screening conditions and
identify the metabolites using the mass spectrometry method.

Materials and methods

The pure substance of sertraline was isolated from the medi-
cation Stimuloton® (28 tablets, each containing 100 mg, Egis,
Budapest, Hungary) using the following method: 14 tablets
were placed into a glass beaker, and 10 mL of methanol was
added. The tablets were left until the shells dissolved. Subse-
quently, the tablets, now freed from shells, were transferred
to a porcelain mortar and ground to form a homogeneous
mass. A mixture of 50 mL of methanol and chloroform (1:1)
was added and mixed. The contents of the mortar were then
filtered through a paper filter into a porcelain cup and eva-
porated in a water bath at a temperature not exceeding 40 °C
until the organic solvent was removed. The residue in the cup
was dried. The purity of the substance was assessed through
TLC, UV spectrophotometry, and HPLC.

The volunteer’s urine samples after taking a single thera-
peutic dose of sertraline (2 tablets of 100 mg each Stimulo-
ton®) were studied. Urine was collected within 30 hours in
portions of 20—50 mL, starting from the seventh hour after
taking the drug.

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 hydrolyzate was cooled,
placed in a separatory funnel, and shaken with 10 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 8-9 and sertraline-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 sulfate, and evaporated in a water bath at 40 °C to
remove chloroform. The dry residue was dissolved in 5 mL of
chloroform, mixed thoroughly, and transferred to a volumetric
flask with a capacity of 25.00 mL adjusting to the specified
volume with the same solvent.

22 Current issues in pharmacy and medicine: science and practice. Volume 17. No. 1, January — April 2024

ISSN 2306-8094



OpueiHaribHi 0oCidxeHHs!

Erecium 24 Serta-DES
.EP §§ x“l !‘*qu’ﬂgg‘i' 23"13"935" 10.10.2015 xms 0,977 min_Scans: 142-144 40 0:500.0> lon: NA RIC-2 820e+7

100% ) -
E 97 OH NH;

75% 80 =
HO O‘
3 OH

50»-: 1 O -
3 Cl
E 5 1 Cl

25% Exact Mass: 340.203 -
: 126 140
3 2 267

- 2, 42 0  F 28 30
180 280 a0 480 =80

Fig. 1. Mass-spectrum of N-desmethyltrihydroxysertraline extracted from the urine samples.

The standard solution of sertraline in methanol (1.0 mg/mL)
was previously subjected to acid hydrolysis under the described
conditions. The potential appearance of acid destruction pro-
ducts of the drug was monitored by TLC using Merk chroma-
tographic plates and the mobile phases listed below. Notably,
no additional spots were detected in the chromatograms.

Thin layer chromatography studies of the extracts. The Merk
chromatographic plates were applied. Aliquot of the 1/10 part
of the biological extract, aliquot of the 1/10 part of the blank
biological extract were concentrated to the minimum volume
of ~0.05 mL and spotted on four TLC plates. Then 10 pL of
the methanol standard solution of sertraline (1.0 mg/mL) was
spotted next with the help of a microsyringe. The rest of the
biological extract evaporated to the volume of ~0.05 mL was
applied as a band only on the chromatography plate, which
then was developed in the mobile phase of ethyl acetate —
methanol — 25 % ammonia solution (85:10:5). Importantly,
the zone in the chromatogram corresponding to this band was
not treated with the location reagent.

Chromatograms were initially developed in the chloro-
form mobile phase and subsequently in one of the mobile
phases listed in Table 1. Rectangular glass chambers
(25 x 25 x 12 cm) were used for this process. Visualization
was performed using ninhydrin solution in acetone and
acidified potassium iodoplatinate reagent. Subsequently, ser-
traline was eluted from the chromatogram band untreated by
the location reagents with 4 mL of methanol, resulting in an
elution yield 0f 99.5 %. The eluate was then filtered through
a blue band paper filter.

The color reactions were performed with 0.5 mL of the
obtained eluates using pieces of chromatographic plates and
a range of the chromogenic reagents listed in 7able 2.

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

Results

On the chromatograms of the biological extracts obtained
after the sample preparation of the volunteer’s urine fol-
lowing a single therapeutic dose of sertraline, two spots
were detected. In contrast, blank biological extracts did
not exhibit corresponding spots. The spot of the native
compound was identified by the R, value, which coincided
with the specified retention parameter for sertraline in the
standard solution.

Fig. 1 shows mass spectrum of the eluate from chroma-
tograms corresponding to other spots that did not match the
native drug. The suspected product of sertraline biotransfor-
mation was identified as N-desmethyltrihydroxysertraline by
the molecular ion peak in the mass spectrum.

N-desmethyltrihydroxysertraline mass spectrum (EI,
70 eV), m/z (1 ,%): 339 [M]'(2.5), 316 (2.5), 267 (5), 223
(2.5), 192 (2.5), 162 (5), 149 (32.5), 125 (30), 97 (77.5), 96
(30), 95 (30), 71 (30), 69 (70), 67 (47.5), 65 (12.5), 55 (100),
45 (30),41 (45) (Fig. I). Found, m/z: 339 [M]". C, H .CLNO,.
Calculated, m/z: 340.203.

R values of sertraline and N-desmethyltrihydroxysertraline
extracted from the urine are shown in 7able 1. Color reac-
tions for sertraline and N-desmethyltrihydroxysertraline are
presented in 7able 2.

Discussion

The urine samples were collected based on literature data re-
garding sertraline pharmacokinetics. Approximately 40-45 %
of the drug is excreted in the urine, with a half-life ranging
from 22-36 hours [11] and 28 hours following overdose [20].
Sertraline and its main metabolite, N-desmethylsertraline,
found in the blood, undergo hydroxylation followed by
conjugation with glucuronic acid [11,27]. This necessitates
a pretreatment step involving dilute acid hydrolysis. Conse-
quently, the hydroxylated product of N-desmethylsertraline,
namely N-desmethyltrihydroxysertraline, was detected in the
urine after acid hydrolysis of the biological fluid.
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Table 1. R, values of sertraline and N-desmethyltrihydroxysertraline extracted from the urine

Mobile phase _
Ethyl acetate — methanol — 25 % ammonia solution (85:10:5) 0.54 0.31
Methanol — 25 % ammonia solution (100:1.5) 0.67 0.48
Cyclohexane — toluene — diethyl amine (15:3:2) 0.64 0.47
Toluene — acetone — ethanol — 25 % ammonia solution (45.0:45.0:7.5:2.5) 0.75 0.28

Table 2. Color reactions for sertraline and N-desmethyltrihnydroxysertraline

Sertraline (sensitivity, pug in spot)* N-desmethyltrihydroxysertraline

Dragendorff-Munier orange (1.0) orange
Acidified potassium iodoplatinate blue-violet (1.0) blue-violet
Ninhydrin solution no color no color
Potassium permanganate blue-violet (5.0) blue-violet
Van Urk reagent yellow (5.0) yellow

Froehde brownish green (5.0) yellowish brown
Liebermann violet — brown — discolouration (2.0) brown

Marquis brownish yellow (2.0) brown
Sulphuric acid concentrated brown (2.0) no color
Froehde blue (5.0) blue — brown
Mandelin no color no color
Erdmann no color no color

Nitric acid concentrated no color no color

*: itwas determined using standard solutions of sertraline in methanol.

The conditions for sample preparation were optimized using
previously obtained data on the extraction yield of sertraline
from aqueous solutions with organic solvents, dependent
on pH. The maximum extraction yield, reaching 79 %, was
observed at pH 8 for chloroform. The chosen organic solvent
needed to exhibit an efficiency of at least 50 %, preferably
higher, while minimizing the extraction of endogenous
substances. To meet this requirement, a back-extraction step
was incorporated into the extraction scheme to minimize the
extraction of matrix components. Diethyl ether was selected
for this purpose due to its low extraction yield of 28 % at pH 1.

The chromatographic mobility of sertraline and its isolated
metabolite, N-desmethyltrihydroxysertraline, was investigated
in four mobile phases, including those recommended by TIAFT
for general drug screening [ 11]. Following TIAFT guidelines,
the use of multiple chromatographic systems, a minimum of
three, significantly enhances the reliability of substance iden-
tification by TLC [11]. Table I demonstrates that all applied
mobile phases offer satisfactory separation of sertraline and
N-desmethyltrihydroxysertraline. For the current study, mobile
phase No. 1 was utilized for TLC purification.

The color selection for the biogenic matrix components was
obtained with potassium permanganate, Van Urk, Liebermann
reagents (Table 2).

N-desmethyltrihydroxysertraline contains a primary amino
group in its structure, but like the native compound, it does not
react with ninhydrin, probably because of the steric effect arising
from the cyclohexane ring. The sensitivity of the color reactions
for the sertraline determined using the standard methanol solution
of the drug was in the range of 1.0-5.0 pg in the spot.

This work is a contribution to the toxicological screening
of sertraline using TLC. Obtained data can be used in the
practice of forensic and clinical toxicology.

Conclusions

1. The study demonstrated the ability of TLC to detect ser-
traline and its metabolite, N-desmethyltrihydroxysertraline,
in urine after a single therapeutic dose of the drug.

2. The chromatographic mobility of the native compound
and N-desmethyltrihydroxysertraline in unified TLC screen-
ing systems, along with the results of their visualization using
chromogenic reagents for toxicological drug screening in
systematic toxicological analysis, has been determined.

3. The study showcased the potential of coupling TLC
with mass spectrometry for the separation, detection, and
confirmatory identification of sertraline and its metabolic
products in urine.
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Prospects for further research. The developed conditions for
detection of sertraline in the urine in the presence of its me-
tabolite products under conditions the unified TLC screening
systems will be used for further creation of toxicological ex-
amination algorithm of biological samples for the presence of
sertraline in the cases of lethal intoxications by antidepressants.
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