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IHPOPMALIA AHOTAUIA

Hagiiwna po pegakuii / Received: The aim of the work — to optimize the method for Trazodone isolation from blood

04.02.2025 and urine by liquid-liquid extraction technique.

Micna goonpautoBaHHs / Revised: Materials and Methods. The study was carried out with model samples of human

24.03.2025 biofluids spiked with Trazodone. The antidepressant was isolated from the blood

MpwitHaTo go apyky / Accepted: and urine by the liquid-liquid extraction technique with methylene chloride from

25.03.2025 the alkaline aqueous medium at pH 9 at the presence of ammonium sulphate
as a salting-out agent. The biological impurities were previously removed by

Key words: extraction with diethyl ether from the acidic medium at pH 1. The erythrocyte

Trazodone, mass of the blood was pre-precipitated with the help of 5% trichloroacetic acid.

biological fluids, The resulting extracts were additionally purified using TLC technique. Quantitative

isolation, determination of Trazodone in the extracts was carried out with the help of UV

TLC, spectrophotometry.

UV spectrophotometry. Results and Discussion. Trazodone was detected in the biological extracts by UV

spectra which coincided with standard methanol solution of the analyte and had
the principal peak at wavelength of 251+2 nm. Quantitative determination of the drug
in the extracts was performed with the help of calibration curve described by
the equation y=(0.0230+1x10*)xx, which showed linearity in the range of analyte
concentration 2.5-50.0 pg/mL. Recovery values of the developed sample
preparation methods were determined in the range of the drug concentrations
of 10-50 pg/mL and 4-20 pg/mL for blood and urine respectively.

Conclusions. Effective methods for Trazodone isolation from blood and urine
using liquid-liquid extraction in the presence of ammonium sulphate as a salting-
out agent have been developed. It has been established that liquid-liquid extraction
in the presence of electrolytes provided more effective Trazodone isolation from
the biological fluids than under optimized conditions without salting-out agents. The
recovery of the optimized methods was 52+3% for blood and 91+3% for urine that
provided sufficient extraction yield of the antidepressant for its determination within
the level of the expected acute concentrations in the biological fluids. The ability
of UV spectrophotometry as an analytical method for determination of Trazodone in
biological fluids has been proven by a range of validation parameters. The obtained
results can be used for forensic toxicological examinations in cases of acute
and fatal intoxications by antidepressants.
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Introduction. Trazodone (2-[3-[4-(3-Chlorophe-
nyl)-1-piperazinyllpropyl]-1,2,4-tri-azolo[4,3-a]-pyridin-
3(2H)-one hydrochloride) is atypical antidepressant
exercising complex agonistic/antagonistic effects on the
serotonergic system and moderate antagonist effect on
the histamine receptors [1; 2]. It is FDA-approved for
the treatment of depression [3] and has proven effective
in in major depressive disorder (MDD), particularly in
those difficult to treat cases of MDD which accompanied
with such symptoms as insomnia, anxiety, dementia and
manic symptoms [4]. The usual prescribed daily dose
is in the range between 150 and 600 mg [5]. At lower
doses, Trazodone is used frequently to treat insomnia
due to its sedative effect [6], Alzheimer’s disease [7],
obstructive sleep apnea [8], depression disorders with
multiple chronic comorbidities [9]. Although it does not
have FDA approval in management of insomnia, anxiety
and a range of other mental disorders [10] because of
possible undesirable side effects of this drug. Such com-
plications of Trazodone therapy have been registered in
a few case reports: Trazodone-induced parkinsonism
[11], delirium [5], risk of extrapyramidal acute events [1],
oromandibular dystonia [12], restless legs syndrome
[2], hepatotoxicity manifested with acute reversible liver
injury [13].

Several Trazodone acute and fatal intoxications
have been reported [14-16]. The maximal ingested
dose reported in the case of acute poisoning by Tra-
zodone was 4500 mg [15]. According to the pharma-
cokinetic study after oral administration, Trazodone is
mostly distributed in blood and excreted urinary with the
total clearance of 6.85+2.80 mL/min/kg, volume of dis-
tribution of 1.06+0.07 L/kg, and elimination half-life of
8.58+1.88 hours [17].

Most of the bioanalytical methods developed recent
decade for Trazodone refer to plasma samples. The fol-
lowing analytical techniques were used for the antide-
pressant determination: liquid chromatography-tandem
mass spectrometry (LC-MS/MS) [18-20], HPLC-fluo-
rescence detector [21; 22], voltammetry with a non-en-
zymatic biosensor [23]. Here protein precipitation with
acetonitrile [19], capillary microsampling [20], liquid-lig-
uid extraction (LLE) by methyl tert-butyl ether after alka-
linization with ammonia [22], the thin film-solid phase
microextraction (TF-SPME) [23] were used as sample
preparation techniques.

Isolation of Trazodone from whole blood by liquid-lig-
uid microextraction using ionic liquids as extraction sol-
vents followed by LC-MS/MS determination was per-
formed in the research [24]. The conditions for analysis
of whole blood and urine for the presence of Trazodone
are insufficiently covered in the literature. Thus, ana-
lytical aspects of Trazodone toxicology have not been
developed completely.

The aim of this study was to optimize the method for
Trazodone isolation from blood and urine by liquid-liquid
extraction technique.

Materials and Methods. Reagents and Equipment.
Trazodone basic form was extracted from commercially
available tablets Trittico (150 mg) containing Trazodone
hydrochloride which were purchased from Aziende
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Chimiche Riunite Angelini Francesco A.C.R.A.F.S.p.A
(Italy, Rome). Twenty tablets were weighted, placed
into porcelain mortar and crushed, then 80 mL of chlo-
roform was added to the tablet mass and the mixture
was filtered into porcelain cup. The organic solvent was
evaporated on a water bath at a temperature not higher
than 40°C. The dry residue was transferred to a paper
filter and washed with 40 mL of diethyl ether followed
by discarding the organic solvent phase. The residue
on the filter was dried and weighed. The purity of the
drug extracted was ascertained by TLC, UV spectra
and HPLC.

All other chemicals were of analytical grade or bet-
ter. Light absorption of the solutions in UV region of
spectrum was measured using spectrophotometer (SF-
46), spectral measurement range was 190-1100 nm. A
pH-meter 5123 (Elvro, Wroclaw, Poland). A water-bath
LW-4 (Bytom, Poland). Merck chromatographic plates
(Silica gel 60 F254, size 10x20 cm, Germany). A volu-
metric flasks of 10.00 mL, 25.00 mL, 100.00 mL; volu-
metric pipettes, Class A (Simax, Czech Republic).

Method of Trazodone isolation from blood. Module
whole blood samples containing the drug were pre-
pared. For this purpose, 10 mL of donor blood aliquots
were spiked with 1 mL of aqueous solutions, containing
from 100 to 500 pg of Trazadone hydrochloride and left
for 24 h. Then 10 mL of 5% trichloroacetic acid solution
was added to the model samples, left for 2 h and cen-
trifuged for 10 min at 3000 rpm. The resulting centri-
fuge was separated, and 5 mL of 5% trichloroacetic acid
was added again to the residue remaining in the cen-
trifuge beaker. The contents of the beaker were stirred
and centrifuged again under the conditions described
above. The resulting centrifuges were combined and
transferred to a separating funnel followed by triple
extraction of biological impurities with 10 mL diethyl
ether aliquots each time. The organic layer was sepa-
rated and discarded, the agueous layer was alkalified
with 25% ammonium hydroxide solution to pH 9, 5 mL
of saturated ammonium sulphate solution was added,
then Trazadone was triple extracted with 10 mL of meth-
ylene chloride each time. The resulting extracts were
combined and filtered through a filter containing 0.5 g
of anhydrous sodium sulphate into a 25 mL volumetric
flask and made up to the mark with methylene chloride.
Blank sample was obtained at the same conditions. The
resulting extracts were subjected to TLC purification as
describe bellow.

Method of Trazodone isolation from urine. Mod-
ule urine samples containing the drug were prepared.
For this purpose, 50 mL of urine samples were spiked
with 1 mL of aqueous solutions containing from 200 to
1000 pg of the drug, and left for 24 h. Then 0.1 M solu-
tion hydrochloric acid solution was added to the model
samples adjusting to pH 1-2 and they were shaken
with 20 mL of diethyl ether followed by discharging the
organic layer. Then the aqueous layer was alkalified
with 25% ammonium hydroxide solution to pH 9, 5 mL
of saturated ammonium sulphate solution was added
followed by the drug triple extraction with 15 mL methyl-
ene chloride aliquots. The emulsions were destroyed by
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centrifugation. The centrifugate was filtered through a
paper filter with 0.5 g of anhydrous sodium sulphate into
a 25 mL volumetric flask and made up to the mark with
methylene chloride. Blank sample was obtained at the
same conditions. The resulting extracts were subjected
to TLC purification as describe bellow.

TLC purification of the extracts. Aliquots of the
1/10 part of the biological extract and blank sample were
concentrated to ~0.05 mL minimum volume and spotted
on a baseline of TLC plate. Then 10 pL of 1.0 mg/mL ref-
erence solution of the drug in methanol was spotted
next using a microsyringe. The rest of the biological
extract and blank sample were evaporated to the vol-
ume of ~0.05 mL and applied as a band on a baseline.
Then the zone in the chromatogram corresponding to
these bands were not treated by the location reagent.

Chromatogram was developed in two mobile phases
sequentially: first in chloroform followed by the devel-
opment using methanol-25% ammonia solution mobile
phase (100:10.5) placed into rectangular glass cham-
bers (25x25x12 cm). UV light and Dragendorff-Mounier
reagent were used for visualization. Then analyte was
eluted from the area of the TLC plate untreated by the
location reagent with 4 mL of methanol (the elution yield
was of 99.5%), the eluate was filtered through a blue
band paper filter. Eluate from the blank sample was
obtained same way.

UV spectrophotometric determination of Trazodone
in the eluate. Detection and quantitative determination
of Trazodone in the extracts obtained after the drug
isolation from the biological fluids was performed using
UV spectrophotometry. UV-spectrum of Trazodone in
the methanol eluate was measured over 200-350 nm
wavelength range, 10 mm light pathway cuvette was
used. Quantitative determination was carried out at 251
nm by the calibration curve. The reference solution was
the blank sample.

Construction of the calibration curve. Standard
solution (SS) of the drug was prepared by dissolving
0.00550 g of Trazodone hydrochloride (it corresponded
to 0.00500 g of basic form of the drug) in methanol using
a 100.00 mL volumetric flask; resulted concentration
was 50 pg/mL of the drug basic form. To prepare work-
ing standard solutions (WSS) aliquots of 0.50; 1.00;
2.00; 3.00; 4.00; 6.00; 7.00; 8.00 and 9.00 mL of SS
were placed into 10 mL volumetric flasks and adjusted
by methanol to appropriate volume. Resulted concen-
tration of WSS were 2.5; 5.0; 10.0; 15.0; 20.0; 30.0;
35.0; 40.0 and 45.0 pg/mL. Light absorption of SS and
nine WSS was measured against methanol as refer-
ence solution. The linear regression model described in
the general form as y=bxx+a was applied to obtain the
equation of the calibration curve.

Results and Discussion. The optimal conditions
for isolation of Trazodone from blood and urine were
based on the preliminary study of the extraction yield of
the drug depending on the pH of the aqueous solutions,
kinds of organic solvents and salting-out agents. A wide
range of organic solvents, sodium sulphate and ammo-
nium sulphate as salting-out agents were tested at the
aqueous phase pH ranging from 1 to 12. It has been

found that the maximum extraction yield (87—89%)
occurred for methylene chloride at pH 8-9 at the pres-
ence of ammonium sulphate as a salting-out agent.
The lowest amount of the analyte (9%) was extracted
with diethyl ether at pH 1, the last condition was chosen
for the purification of the extracts from the biological
impurities.

Methanol-25% ammonia solution mobile phase
(100:10.5) was used for TLC purification of the extracts,
the drug was detected on the resulting chromatogram
using UV light by blue fluorescence spots (sensitivity
1.0 ug per a sample) and Dragendorff-Mounier reagent
by orange spots on a yellow background (sensitivity
1.0 yg per a sample). R, values of Trazodone in the bio-
logical extracts and the drug in the reference solution
coincided and were 0.59+0.03 (the mean of five meas-
urements). Blank extracts did not give the spots with the
corresponding R, values.

UV-spectra of the biological extracts and standard
methanol solutions of Trazodone coincided and had
the principal peak at wavelength of 251+2 nm (fig. 1).
UV-spectrum of the blank sample did not have the prin-
cipal peak at the specified wavelength.

Quantitative determination of Trazodone in the
eluates was performed using calibration curve, which
was described by the equation y=(0.0230+1x10%)xx
(r=0.999; S *=1x10* S,=0,0043). The significance of
the intercept in a regression model was checked using
the F-test and the conclusion was drawn that it was pos-
sible to transfer to the equation in the form of y=bxx.
The calibration curve was linear in the concentration
range of 2.5-50 pyg/mL. Limit of Detection (DL) and Limit
of Quantification (QL) were calculated from the standard
deviation of y-intercept S, and a slope b [25]; they were,
respectively, 0.6 uyg/mL and 1.9 pg/mL.

The results of the quantitative determination of Tra-
zodone in the extracts obtained after drug isolation from
blood using sample preparation method developed
at five concentrations in the range of 10-50 ug/L are
shown in table 1; the average recovery was 52+3%.

Recovery of the sample preparation method devel-
oped for isolation of Trazodone from urine was 91+3%
in the 4-20 pg/L concentration range of the drug in the
specified biological fluid (table 2). Thus, liquid-liquid
extraction in the presence of electrolytes provided more
effective Trazodone isolation from the biological fluids
than under optimized conditions without salting-out
agents when the recovery was 35+4% and 78+4% for
blood and urine respectively [26].

The working range of the selected analytical pro-
cedure depending on the sample preparation method
was established. The approach which is based on the
standard deviation of the blank was applied [25]. In this
case the lower range limits can be calculated with the
following formula: DL=3.3xS/b and DL=10xS/b, where
S is a standard deviation of magnitude of background
response of an appropriate number of blank samples; b
is a slope of a calibration curve of a selected instrumen-
tal method of the analysis (table 3).

Thus, the lower limits of the working range of the UV
spectrophotometric method for Trazodone determination

ISSN 2312-0967. ®apManeBTHYHHI Yacomnuc. 2025. Ne 1

34



Table 1

Amnati3 mKapchbKUX 3ac00iB

Analysis of medicines

A

0,95 1
044
0,85
05 4
0,75
074
065 4
05 4
0,55
054
0,45 4
04 4
0,35
0,54
0,25 4
0,24
0,15 4
014
0,05 4
0 ; s : ; . ; » - c " - - : : . -
210 220 230 240 250 280 270 280 290 300 30 320 330 340 350 360 370

A, nm

Fig. 1. UV spectrum of Trazodone standard solution in methanol
(1 -1.5x10"° mol/L; 2 — 8x10° mol/L; 3 — 5x10* mol/L)

Recovery of the isolation method for Trazodone from blood by solvent extraction technique in the presence
of a salting-out agent

Trazodoor;eb%%%e,(ilgo 10 mL o Trazodone extracted % Metrological characteristics
100 53.2 53.2 X =52
200 96.6 48.3 S =2.858
300 150.6 50.2 S 19278
400 225.6 56.4 AKX =3
500 259.0 51.8 c=5.7%
Table 2

Recovery of the isolation method for Trazodone from urine by solvent extraction technique in the presence
of a salting-out agent

Trazodone added to 50 mL Trazodone extracted . .
of urine, g g % Metrological characteristics
200 176.2 88.1 X =91
400 368.8 92.2 S=2.701
600 549.6 91.6 S. -1.208
800 760.8 95.1 X <3
1000 894.0 89.4 & =3.3%
Table 3

Detection and quantification limits of the UV spectrophotometric method calculated from the light absorption data

of the blank (A )

. . . RSD, DA DL, QL,

The biological fluid (A S % (n=10; P=0.95) € ug/mL ug/mL
Blood 0.0080 0.0010 12.5 0.0007 8.9 0.1 0.4
Urine 0.029 0.0030 10.3 0.002 8.9 0.4 1.3

in the biological fluids did not exit the corresponding
validation characteristics calculated from the parame-
ters of the calibration curve constructed using working

standard solutions. This implies the lack of biological
impurities influence on the selected analytical proce-
dure and suitability of the sample preparation method
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developed with a sufficient recovery of the antidepres-
sant for its determination within the level of the expected
acute concentrations in the biological fluids.
Conclusions. Effective methods for Trazodone iso-
lation from blood and urine using liquid-liquid extraction
in the presence of ammonium sulphate as a salting-out
agent have been developed. It has been established
that liquid-liquid extraction in the presence of electro-
lytes provided more effective Trazodone isolation from
the biological fluids than under optimized conditions
without salting-out agents. The recovery of the opti-

urine that provided sufficient extraction yield of the anti-
depressant for its determination within the level of the
expected acute concentrations in the biological fluids.
The ability of UV spectrophotometry as an analytical
method for determination of Trazodone in biological flu-
ids has been proven by a range of validation param-
eters. The obtained results can be used for forensic
toxicological examinations in cases of acute and fatal
intoxications by antidepressants.

Conflicts of interest: authors have no conflict of
interest to declare.

mized methods was 52+3% for blood and 91+3% for KoHdoniKT iHTepeciB: BigCyTHIl.

IBONMHOBAHHA TPA3O40HY 3 BIOAOrYHUX PIAVH
C. B. batopka?, C. A. KapnywunHa?

HayjoHasbHUl chapmayesmuyHull yHisepcumem MiHicmepcmsa 0X0pOoHU 300p08’sl YKpaiHu
2YmaHcbKull HayioHasibHUll yHiBepcumem cadisHuymsa

MeTa gocnimxeHHs — po3pobka MeToAy i30/110BaHHS TPa3040HY 3 KPOBI Ta cedi MeTOA0M PiAVHHO-PIAVHHOT eKCTpaKLji.
Martepianu i metogun. [oCNiMKEHHS NPOBOAMAMN 3 MOZAENbHUMMK npobamu GiopiAvH MAWMHW, A0 AKMX 6YN0 A0AAHO
Tpa3ogoH. AHTUAENPECAHT BUAINSANN 3 KPOBI Ta cevi MeToAoM PiAUHHO-PIAVNHHOT eKCTPaKLIT METUAEHXT0PMAOM i3 TYXKHOro
BOAHOro cepegosuwa 3a pH 9 y npucyTHOCTI cynbdaTy amoHilo siKk BucontoBadva. bionoriyHi gomillkn nonepegHbo
BUAANANN eKCTPaKLieo [ieTU/I0BMM eTEePOM i3 KUCIoro cepefosuila 3a pH 1. EputpoumTtapHy Macy KpoBsi nonepeaHbo
ocapkysBanu 5% TpuxnopaueTaTHO KUCNoTo. OTpUMaHi ekCTpakTy A0AAaTKOBO ouvuvllyBann Metogom TLUX. KinbkicHe
BM3HAYEHHA TPa3040HY B eKCTpakTax NpoBOAMAN 3a AOMNOMOrol Y®-cnektpohoTomeTpii.

Pe3synbraty i 06roBopeHHs. TpasofoH BUABNSAAN B BIONOrYHNX eKcTpakTax 3a Y®-crnekTpamu, fki cnisnaganu 3i
CTaHAAPTHUM PO34YMHOM aHaniTy B METAHO/II Ta Masli MaKCUMYM CBIT/TIONOI/IMHAHHS 3a A0BXWUHN XBUNi 251+2 HM. KinlbKicHe
BM3HAYEHHS NpenapaTy B eKcTpakTax NpoBoAWM 3a AONOMOrOK KanibpyBasibHOro rpacdika, Lo onvMcyBaBCsl PIBHAHHSAM
y=(0,0230+£1x10%#)xx, fkuii OyB NiHIAiHUM Yy [Aiana3oHi KOHUeHTpauin aHanity 2,5-50,0 mkr/ma. CTyniHb i30/110BaHHSA
po3po6neHnx MeToAiB MPO6ONIArOTOBKM BU3HAYaM B AianasoHax KoHUeHTpaui npenapaty 10-50 mkr/mn 1a 4—20 Mkr/mn
[ON5 KPOBI Ta cevi BignoBigHO.

BucHoBKW. Po3po651eHo ehekTUBHI METOAM i30/110BaHHS TPa30oA0HY 3 KPOBI Ta Cedi 3a AOMOMOroK PiAUHHO-PIAVUHHOT
eKCTpakKLji y NPUCYTHOCTI aMOHii cynbdhaTy Sk BUContoBayva. BctaHOBNEHO, LLO PiANHHO-PiANHHA eKCTPakKLis y NpUCYTHOCTI
enekTponiTiB 3abesnevyBasna GiNblw eeKTVBHE BUAIIEHHS TPA30o4oHY 3 GIOAOriYHUX PIgUH, HDK 3@ ONTMMI30BaHMX
ymoB 6e3 BucontoBadiB. CTyniHb i30/110BaHHA ONTUMI30BaHUX METOAMK CTaHOBMB 52+3% a1 kpoBsi Ta 91+3% ans ceui,
o 3abe3nedyBasio AOCTATHIO KiflbKICTb aHTMAEenpecaHTy A1 BU3HAYEHHS 1Or0 B Mexax O4iKyBaHUX KOHLEeHTpaLiii
y 6ionoriyHnx piguHax y pasi roctpux oTpyeHb. MNpuaaTtHicTb Y®-cnekTpodhoTOMETPIl AK aHaniTMYHOro metody AON1A
BM3HAYEHHS Tpa3o4oHy B 6i0N0riYHMX pignHax Oyna goBefeHa HU3KOoK Basigauiinux napameTpis. OTpuMaHi pesynsratu
MOXYTb OYTU 3aCTOCOBaHi A/15 NPOBEAEHHS CY[0BO-TOKCUKOMOTYHNX EKCNepTH3 y pasi roCTPUX Ta CMepPTE/IbHNX OTPYEHb
aHTugenpecaHTamu.

KnrouoBi cnoBa: Tpa3ogoH, 6io0rivHi pignHK, isonoBaHHsA, TLUX, YO cnekTpodoToMeTpis.
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