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The isolation of Venlafaxine from the biological material
by hydrophilic solvents

Aim. To determine the Venlafaxine recovery from biological tissues using generally accepted methods of drug
isolation by the extraction with acidified water and acidified ethanol.

Materials and methods. The studies were performed on model samples of the animal liver spiked with Venla-
faxine. The drug was isolated by the extraction with water acidified with oxalic acid according to the A. O. Vasylieva
method, ethanol acidified with oxalic acid by the Stas-Otto method, water acidified with sulfuric acid according to the
V. P. Kramarenko method. The extracts obtained were subjected to the additional cleanup procedure by the back-ex-
traction and TLC. Detection and the quantitative determination of Venlafaxine in the extracts obtained were performed
by TLC and UV spectrophotometry.

Results and discussion. While extracting Venlafaxine from the biological material with water acidified with oxalic
acid, ethanol acidified with oxalic acid and water acidified with sulfuric acid, the recovery values were 44 + 2 %, 36
+ 3 % and 28 + 3 %, respectively. The quantitative determination of the drug in extracts was performed by the UV-
spectrophotometric method at A, 277 nm according to the equation of the calibration curve y=(0.00368 + 2x105)xx,
which showed linearity in the range of the analyte concentrations of 25.00-300 pug/mL.

Conclusions. 1. The recovery values of Venlafaxine from the biological material using generally accepted meth-
ods have been determined. The highest recovery was obtained while extracting with water acidified with oxalic acid,
which was 44 + 2 %, which provided its suitability for the sample preparation during the non-directed toxicological ex-
amination. 2. The inclusion of the additional cleanup procedure by the back-extraction and TLC into the pretreatment
process made possible to apply the UV spectrophotometric method, which was linear within the range of the expected
lethal concentrations of Venlafaxine in the biological material. 3. The method of the Venlafaxine isolation from the liver
tissue by extracting with acidified water with oxalic acid followed by the additional optimized cleanup procedure can
be recommended for the forensic toxicological examination of the biological material for the presence of Venlafaxine.
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"HauioHanbHui hapmaueBTUYHMI yHIBepeuTeT MiHiCTEpCTBa OXOPOHM 300pOB’A YKpaiHu
2YMaHCbK1I HauioHanbHUIA yHiBEpCUTET cadiBHUUTBA, YKkpaiHa

IsontoBaHHA BeHnacdpakCUHy 3 GionoriyHoro martepiany rigpodginsHuMn
PO34YNHHUKaMHU

MeToto gocnigxeHHsi 6yno BU3HAUNTK CTYMiHb i30MTH0BaHHA BeHNadakCuHy 3 BionoriYyHMX TKaHWH 3a JONMOMOrow
3aranbHOMNPUNHATMX METOAIB BUAINEHHS JTiKAPCbKUX PEYOBMH EKCTPAKLIE NiOKMCIIEHOK BOAOK Ta NiAKUCIIEHNM eTa-
HOMOM.

Martepianu Ta meToau. [locnixxeHHs1 BUKOHYBanu Ha MOAENbHUX 3pa3kax NeviHky TBapuHW, A0 skux O6yno go-
[aHo BeHnadakcuH. MNMpenapat BMAINSANN eKCTpakLUieo BOL4O, MiOKUCNEHOK KMCNOTOK OKcanaTHO, 3a MeTogom
A. O. BacunbeBoi, eTaHomnoM, NigKUCIEHNM KUCIOTOK OKcanaTHow, 3a metogom Ctaca-OTTo, BOAO, NiAKUCIIEHOD
KMCnoTo cynbdatHoo, 3a metoaoM B. IN. KpamapeHka. OTpumaHi eKCTpakT A04ATKOBO O4MLLYyBany 3a JOMOMOro
ekcTpakuii Ta TWX. BuaBneHHs Ta KinbkicHe BU3Ha4YeHHS BeHnadakcuHy B OTPMMaHMX eKCTpaKTax 34iicHioBanm me-
Togammn TLUX Ta YP-cnektpodoTomeTpii.

PesynkraTiy Ta ix 06roBopeHHs. CTyniHb i30noBaHHsi BeHnadakcyHy 3 6ionoriyHoro marepiany ekcTpakLjieto Boaoto,
NiJKUCNEHO KUCMOTOK OKCanaTHO, CTaHoBMB 44 + 2 %; eTaHOMNoM, MiAKUCIEHUM KUCIOTOK okcanaTtHow — 36 + 3 %;
BOZIOH, MiAKMUCINEHOK KMCMOTO cynbdaTtHot — 28 + 3 %. KinbkicHe B13Ha4YeHHs npenapaTty B eKCTpakTax 34iicHoBanm
YP-cnekTpohoTOMETPUYHUM METOAOM 3a A, 277 HM 3a piBHSHHAM KanibpyBanbsHoro rpacdpika y = (0,00368 + 2x10%)xx,
KM ByB NIHINHWIA y MeXax KOHUeHTpauin aHanity 25-300 mkr/mn.

BucHoBku. 1. BusHayeHo CTyniHb i30M0BaHHSA BeHnadakcuHy 3 6ionoriyHoro martepiany 3a JOMNOMOrot 3ararb-
HOMPUNHATUX MeToAIB. HanBmLLMI CTYNiHb i30NI0BaHHS, SKUin CTaHOBUB 44 + 2 %, OTpMMaHo 3a eKCTpakLii Bogoto, nig-
KMCINEHOH KMCIOTO OKcanaTHOH, Lo 3abe3neynno 1oro npuaaTHiCTb Ans NpoboniaroToBku B MeXax HeHanpaBreHo-
ro TOKCMKOMOMYHOro AoChnimpkeHHs. 2. BHeceHHs 4o cxemMy NpoboniaroToBkM 4O4ATKOBOIO OYMLLIEHHS 3@ JOMOMOIO
ekcTpakuii Ta TLUX 3a6e3neunno MoXnmBICTb 3aCTOCyBaTh METOAMKY YP-CneKTpohOTOMETPUYHOIO BU3HAYEHHS, sika
Oyna niHiHO B Aiana3oHi OYiKyBaHWX feTanbHUX KOHLUEHTpaLUii BeHnadakcuHy B 6ionoriyHomy marepiani. 3. Metog
i30MtoBaHHSA BeHNaakCrHy 3 TKaHWHU NEeYiHKM eKCTPaKLieto BOAO, MiAKMCIEHOI KMCMOTOK OKCanaTHO, 3 nogarnb-
LLIOKO ONTMMI30BaHOK METOANKOK AOAATKOBOrO OUYULLIEHHS MOXHA pEKOMeHAYBaTn AN CYA0BO-TOKCMKOMOrYHOro 40-
cnigXeHHs GionoriyHoro martepiany Ha NPUCYTHICTb BeHNadakCuHy.

Knrovoei cnoea: eeHnaghakcuH,; bionozidHuli mamepiarn, izomoearHsi; TLLX; Y®-cnekmpoghomomempisi
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Introduction. Venlafaxine (1-[2-(Dimethylamino)-
1-(4-methoxyphenyl)ethyl]cyclohexanol hydrochloride),
a second-generation antidepressant, is a mixed serotonin-
norepinephrine reuptake inhibitor (SNRIs). Venlafaxine
is among the most prescribed antidepressant drugs over
the world [1, 2] and considered as a first-line option for
pharmacological management of the major depressive dis-
order (MDD) [3-6]. It is also used for the treatment of pa-
nic disorder, generalized anxiety and neuropathic pain [5,
7, 8]. The usual prescribed daily dose is 75-150 mg [3, 7].

The discontinuation syndrome [9], dose-dependent
blood pressure elevation, cardiovascular disorders up to
potentially fatal type of ventricular tachycardia, in-
creased risk of fatal overdoses [10], urinary retention [11]
were adverse events reported with Venlafaxine. Moreover,
a few literature case reports indicated the ability of Ven-
lafaxine in high doses to have MDMA/amphetamine-
like stimulant and psychedelic effects, which led to its
non-medical use [12].

Several Venlafaxine lethal intoxications have been
reported [10, 13-16]. In lethal cases, drug concentrations
were in the range of 41-89 mg/L for the blood and in the
range of 21-430 mg/kg for the liver, the value for the
brain was 543 mg/L, the average value for the kidneys
was 420 mg/kg, while in the urine, the average value was
125 mg/kg, and it was 11 mg/L in the gastro-intestinal
tract [13, 15].

Bioanalytical methods for determining the content
of Venlafaxine in plasma samples by the liquid chroma-
tography-tandem mass spectrometry (LC-MS/MS) have
been developed [8, 17]. We proposed the method of the
Venlafaxine isolation from the liver tissue by the ex-
traction with a lipophilic solvent chloroform followed
by a cleaning step with hexane and the quantitative de-
termination by the HPLC-UYV detection [18].

Isolation methods have been developed for deter-
mining Venlafaxine in the brain tissue by the solid-phase
extraction, in the liver tissue by the liquid-phase micro-
extraction with a 1-octanol-acetic acid mixture (recovery
was 47 %) and the extraction by butyl chloride from
the homogenized liver samples preliminary incubated
in 10 M sodium hydroxide solution [19]. The GC-MS,
HPLC-UV detection, LC-MS, respectively, were used
as analytical methods [19].

In the national practice of forensic toxicology re-
search, the general isolation methods the most widely
applied for the pre-treatment of biological tissues studied
for the presence of drugs are based on the extraction
by such hydrophylic solvents as acidified water and aci-
dified ethanol [20-22]. Particularly, according to the Guide-
line of the Main Bureau of Forensic Medical Examina-
tion of the Ministry of Health of Ukraine the acidified
water and acidified ethanol should be used provided that
their effectiveness is confirmed [20]. No such literature
data have not been found on Venlafaxine.

The aim of this study was to determine the Venla-
faxine recovery from biological tissues using generally
accepted methods of drug isolation by the extraction
with acidified water and acidified ethanol.

Materials and methods. Reagents and Equipment.
Venlaxor (75 mg) tablets containing Venlafaxine hydro-
chloride were purchased from Grindex (Riga, Latvia).
The extraction of Venlafaxine from commercial tablets
was performed as described in the article [18]. All other
chemicals were of analytical grade or better. Absorption
of the solutions in the UV region of the spectrum was
measured using a spectrophotometer (SF-46), the spec-
tral measurement range was 190-1100 nm. A pH-meter
5123 (Elvro, Wroclaw, Poland), a water-bath LW-4 (By-
tom, Poland), Merck chromatographic plates (Silica gel
60 F254, size 10x20 cm, Germany), volumetric flasks
of 10 mL, 25.00 mL, 50.00 mL, volumetric pipettes,
Class A (Simax, Czech Republic) were also used.

Sample preparation. 20 g of the ground animal liver
were spiked with 1 mL of the Venlafaxine aqueous solu-
tion containing 2000 pg of the drug-base, the model sam-
ple obtained was stirred and left for 24 hours. The blank
experiment was carried out with the same biological
tissue.

Venlafaxine was isolated from the model liver sam-
ple by the extraction with water acidified with oxalic
acid (according to the A. O. Vasylieva method), ethanol
acidified with oxalic acid (according to the Stas-Otto
method), water acidified with sulphuric acid (according
to the V. P. Kramarenko method) according to the gene-
rally accepted methods [21, 22].

The chloroform extract obtained was subjected to
the additional cleanup procedure by the back-extraction
and TLC. The chloroform extracts were placed into a por-
celain cup, evaporated in a water bath at a temperature
not higher than 40°C, and a dry residue was dissolved in
20 mL of a 0.1 M solution of hydrochloric acid (pH 1).
Then the content of the cup was mixed thoroughly, pla-
ced into a separatory funnel and shaken twice with he-
xane (10 mL each), discarding the organic solvent phase.
The acidic aqueous residues were combined, alkalified
with a 20 % sodium hydroxide solution to pH 10-11,
and Venlafaxine was extracted three times with 10 ml
of hexane each time. The combined organic extract was
filtered through a paper filter containing 0.5 g of anhy-
drous sodium sulfate. The resulting hexane extract was
evaporated, placed into a 25 mL volumetric flask and
reconstituted with hexane to the appropriate volume.

The thin layer chromatography (TLC) analysis of
the extract. 10 pL of the reference chloroform solution
(the drug concentration was 1 mg/mL or 10 ug in the
sample) was spotted on two Merck chromatographic pla-
tes using a microsyringe, next 0.5-3.0 mL aliquot of the
extract resulted after the back extraction (previously eva-
porated to a minimum volume of ~0.05 mL) was ap-
plied as a band. Another 2.0-5.0 mL aliquot of the bio-
logical extract evaporated to the minimum volume was
applied additionally on the chromatography plate, which
then was developed in the mobile phase of methanol-
25 % ammonium hydroxide solution (100:1.5). Then the
zone on the chromatogram corresponding to this band was
not be treated by the location reagent. Further, 0.5-3.0 mL
aliquot of the blank biological extract was applied.
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At first, chromatograms were developed in chloro-
form as a mobile phase to separate the drug and matrix
components, herewith concomitants migrated from the
solvent front to the finish line and the analyte located on
the start line. Then chromatograms were eluted in one
of three other mobile phases. An acidified iodoplatinate
solution was used for visualization, Venfaxine was de-
tected by blue-violet spots. The analyte was eluted from
the chromatogram strip untreated by the location rea-
gent twice each time with 2 mL of methanol.

The UV spectrophotometric detection and the
quantitative determination of Venlafaxine in the eluate.
The UV-spectrum of Venlafaxine in the methanol eluate
was measured in the wavelength range of 200-350 nm;
a 10 mm light pathway cuvette was used. The quantitative
determination of Venlafaxine was performed at 277 nm
by the calibration curve. The reference solution was eluate
in the blank experiment.

Standard solution (SS) of the drug was prepared by
dissolving 0.01695 g of Venlafaxine hydrochloride (it cor-
responded to 0.01500 g of the Venlafaxine base) in me-
thanol using a 50.00 mL volumetric flask; the resulting
concentration was 300 ug/mL of the drug base. To pre-
pare standard working solutions (SWS), the aliquots of
0.40; 1.00; 2.00; 3.00; 4.00; 5.00; 6.00; 8.00 and 9.00 mL
of SS were placed into 10 mL volumetric flasks and di-
luted to the appropriate volume with methanol. The con-
centration of SWS obtained were 12.0; 30.0; 60.0; 90.0;
120.0; 150.0; 180.0; 240.0 and 270.0 pg/mL. The ab-
sorbance of SS and 9 SWS was measured against metha-
nol as Reference solution. The linear regression model
described in the general form as y = b x x + a was ap-
plied to obtain the equation of the calibration curve.

Results and discussion. The cleanup procedure by
the back-extraction, which was incorporated into the sam-
ple preparation process, was optimized based on the previ-
ously obtained data on the extraction yield of the drug
depending on the nature of the organic solvent and the
pH of the aqueous media.
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The maximum extraction yield (62-64 %) was ob-
tained for hexane at pH 10-11. The lowest amount of
the analyte (0.3 %) was extracted with hexane pH 1.

The methanol-25 % ammonium hydroxide solution
(100:1.5) and cyclohexane-toluene-diethyl amine (15:3:2)
mobile phases (No. 1 and 2), which were recommen-
ded by the International Association of Forensic Toxi-
cologist (TIAFT) for systematic toxicological screening
of drugs by TLC [13], and the toluene-acetone-ethanol-
25 % ammonium hydroxide solution (45:45:7.5:2.5) mo-
bile phase (No. 3), which was also widely used in the na-
tional practice of forensic toxicological studies [21, 22],
were applied for detecting Venlafaxine isolated from the
liver tissue by TLC.

The R; values of Venlafaxine in the biological ex-
tracts and the drug in the reference solution coincided
and were 0.65 £ 0.03, 0.57 = 0.03 and 0.71 £ 0.05 in
mobile phases 1, 2 and 3, respectively (the mean of five
measurements). Blank extracts did not give the spots with
the corresponding R, values. The sensitivity of acidified
iodoplatinate as a location reagent was 2.0 ug per sam-
ple. It was previously found that the elution recovery of
Venlafaxine from the plates with methanol was 98.2 %.

The UV-spectrum of Venlafaxine isolated from the
liver and Venlafaxine in the standard methanol solution
coincided and had three principal peaks at wavelengths
of 226 + 2, 277 + 2 and 284 + 2 (Fig.). The UV-spec-
trum of the blank eluate did not have principal peaks at
the corresponding wavelengths.

The quantitative determination of Venlafaxine in the
eluates was performed using calibration curve described
by the equation: y = (0.00368 2 x 107) x x (+ = 0.999;
S2=7x107% S,=0.004; S,=2 x 107). 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 =5’ x x.
The calibration curve showed linearity in the range of
25.00-300 pg/mL. Detection Limit (DL) and Quantifi-
cation Limit (QL) were calculated from the calibration

T Y Y Y Y T T Y
220 230 240 250 260 270 /O 290

Y T T T T ¥ Y Y T
300 30 3200 330 0 350 360 3F0 380

A, nm

Fig. The UV-spectrum of Venlafaxine in methanol (1 — concentration 5%10° mole/L; 2 — concentration 5x10-*mole/L)
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Table 1
Recovery of the isolation methods of Venlafaxine from the liver tissue by the A. O. Vasylieva,
Stas-Otto, V. Ph. Kramarenko methods
Venlafaxine added to Recovery (X), % Metrological characteristics
20 g of the liver, ug YR, S | Sg | AX (n=5;P=0.95) | & %
A. O.Vasylieva method
2000 44 1.8 | 0.8 | 2 | 5
Stas-Otto method
2000 36 24 | 1.1 | 3 | 9
V. P. Kramarenko method

2000 28 24 | 1.1 | 3 | 11

Table 2

The values of the background response (A

min

of Venlafaxine in the biological extracts obtained by various isolation methods

), DL and QL of the UV-spectrophotometric determination

The extract obtained The value AA,,,
by the specified of the background S RSD, % (h=10; € DL, ug/mL | QL, pg/mL
method response (A_..) P =0.95)
by A. O.Vasylieva 0.024 0.0037 15.4 0.003 11.0 3.3 10.1
by Stas-Otto 0.020 0.0024 12.0 0.002 8.6 2.2 6.5
by V. P. Kramarenko 0.025 0.0031 12.4 0.002 8.9 2.8 8.4

curve parameters: the standard deviation of y-intercept S,
and slope b [23]; they were 3.5 ug/mL and 10.9 ug/mL,
respectively. Thus, the working region of the UV-spec-
trophotometric method developed for the Venlafaxine
quantitative determination satisfied the analytical task
concerning the determination of the pre-treatment pro-
cedure recovery of the model liver sample. The recovery
values of the range of isolation methods being tested
are given in Table 1.

Thus, the highest recovery was obtained while ex-
tracting with water acidified with oxalic according to the
A. O. Vasylieva method, which was 44 + 2 %. This was
slightly lower than the efficiency of the special isolation
method by the chloroform extraction followed by a clean-
ing step with hexane, which was developed for lipophilic
substances, in particular Venlafaxine (recovery was 51%).
The important parameters determining the lipophilicity
of the drug were the partition coefficient log P (octanol/
water) for its hydrochloride equaled to 0.43, and the vo-
lume of distribution (V) was 4-12 L/kg. The practical
value of the recovery assessment for general isolation
methods is that they are recommended as a pre-treatment
step in conducting non-directed forensic toxicological
examinations [20].

In accordance with the recommendations relatively
to sample preparation methods for forensic toxicology
studies, the degree of the analyte isolation should not
necessarily be maximum, a value of about 50 % is suf-
ficient with a reproducibility of the specified parameter
for different concentrations of the analyte in the sample
studied higher than 20 % [13, p. 181]. In this case, the
extraction of endogenous impurities should be minimized.
Thus, the A. O. Vasylieva method may be useful as
a pre-treatment step for the non-directed toxicological

research, while the isolation method by chloroform should
be used in directed toxicological studies of the biologi-
cal material for the presence of lipophilic drugs.

The influence of endogenous biological matrix com-
ponents on the results of the quantitative determination
by the UV-spectrophotometric method was evaluated.
For this purpose, DL and QL of Venlafaxine in the ex-
tracts were calculated using the absorption values of the
corresponding blank extracts at A, = 277 nm according
to the equations [23]: DL =3.3 x S/band DL =10 x S/b
where S was the standard deviation of the absorption
value of the background response of the corresponding
number of blank samples; b was the slope of the cali-
bration curve of the analytical method applied (Table 2).

As can be seen from Table 2, the DL and QL values
calculated from the model based on the standard de-
viation of absorbance of blank samples did not exit the
corresponding validation characteristics obtained from
the parameters of the calibration curve. This indicated
the lack of the biological matrix component influence
on the UV-spectrophotometric determination of the an-
alyte in the eluates. In addition, the pre-treatment pro-
cess developed provided a sufficient recovery for ap-
plication of the UV-spectrophotometric method, which
showed the working area within the level of the expect-
ed lethal concentrations of Venlafaxine in the biological
material.

Conclusions and prospects for further research.
1. The recovery values of Venlafaxine from the biolo-
gical material using generally accepted methods have been
determined. The highest recovery was obtained while ex-
tracting with water acidified with oxalic acid, which was
44 + 2 %, which provided its suitability for the sample
preparation during the non-directed toxicological examination.



NEWS OF PHARMACY 1 (109) 2025

ISSN 2415-8844 (Online) 59

2. The inclusion of the additional cleanup procedure
by the back-extraction and TLC into the pretreatment
process made possible to apply the UV spectrophoto-
metric method, which was linear within the range of
the expected lethal concentrations of Venlafaxine in the
biological material.

3. The method of the Venlafaxine isolation from the
liver tissue by extracting with acidified water with ox-
alic acid followed by the additional optimized cleanup

procedure can be recommended for the forensic toxi-
cological examination of the biological material for the
presence of Venlafaxine.

Taking into account the lipophilic properties of Ven-
lafaxine it is interesting to study acetonitrile and ace-
tone as amphiphilic solvents for extracting the antide-
pressant under study from the biological material.

Conflict of interests: authors have no conflict of in-
terests to declare.
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