
Available online www.jocpr.com 
 

Journal of Chemical and Pharmaceutical Research, 2013, 5(12):1110-1120                  
 

 

Research Article ISSN : 0975-7384 
CODEN(USA) : JCPRC5 

 

1110 

Detection and determination of venlafaxine in liver tissue by colour tests, 
TLC, UV-spectroscopy, HPLC with multi-wave detection 

 
Sergey Baiurka* and Svetlana Karpushina 

 
Department of Toxicological Chemistry, National University of Pharmacy, Pushkinskaya St. 53, Kharkiv, Ukraine 

_____________________________________________________________________________________________ 
 
ABSTRACT 
 
Venlafaxine is most commonly prescribed for major depression and/or anxiety disorders. Fatal Venlafaxine 
overdoses have been reported. Forensic identification of an analyte requires the use of at least two methods that 
employ different physical and chemical principles. In the present work, Colour Tests, TLC, UV-spectroscopy, HPLC 
with multi-wave detection have been used for detection and determination of Venlafaxine in the liver tissue. The 
effective method of Venlafaxine isolation from the biological sample by drug elution with chloroform from the tissue 
homogenized by its grinding with anhydrous sodium sulphate followed by the extraction clean-up procedure with the 
n-hexane-acetonitrile solvent system has been developed. Resolution of the method was 51.3 % (RSD=5.5 %). 
Quantitative determination was performed by HPLC at 280 nm over the concentration range of 23.6–400 µg/mL 
with accuracy of 100.0–102.7 % and precision of 0.2–11.2 % depending on the concentration level. The calibration 
curve was represented by the following regression Y=1.64·10-4X, LOQ=23.6 µg/mL (10SDa

2/b), LOD=15 µg/mL 
(S/N=3:1) for Venlafaxine in methanol solutions. It has been shown that the matrix co-eluting components do not 
interfere with the quantitative determination of Venlafaxine by HPLC at wavelength of 280 nm. 
 
Keywords: Venlafaxine, liver tissue, Colour Tests, TLC, UV-spectroscopy, HPLC with multi-wave detection. 
_____________________________________________________________________________________________ 
 

IINTRODUCTION 
 
Depression and anxiety are the most frequent psychiatric disorders commonly found [1, 2]. Pharmacotherapy 
involves the prescription of a wide range of novel antidepressants such as selective serotonin reuptake inhibitors 
(SSRIs) and selective noradrenaline and serotonin reuptake inhibitors (SNRIs) [3, 4]. 
 
Venlafaxine (brand name is Effexor or Efexor) (1-[2-(Dimethylamino)-1-(4–methoxyphenyl)ethyl]cyclohexanol 
hydrochloride) is an antidepressant in the group of SNRIs. Venlafaxine also inhibits, to a lesser extent, dopamine 
reuptake [5, 6].  

 
The compound exists as racemate with both active R(+) and R(–) enantiomers and has the empirical formula of 
C17H27NO2·HCl. Its molecular weight is 313.87; the melting point is from 102° to 104°; it is soluble in water (572 
g/L), dilute hydrochloric acid, ethanol and chloroform. The partition coefficient (log P(octanol/water)) is 0.43; the 
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volume of distribution (Vd) is 4–12 L/kg; protein binding in plasma for Venlafaxine and O-desmethylvenlafaxine is 
30% [7, 8]. 
 
Venlafaxine is used for the treatment of major depressive disorders, generalized anxiety disorder and panic disorder 
[9]. In 2007 Venlafaxine was the sixth most commonly prescribed antidepressant of the US retail market, with 17,2 
million prescriptions [10]. 
 
Nausea, somnolence, dry mouth, dizziness, insomnia, constipation, nervousness are its common side effects [8]. But 
the most serious complications are neonatal withdrawal symptoms [11], sexual dysfunction, increased suicidal risk 
[12–15]. 
 
Several Venlafaxine fatal intoxications have been reported [7, 8, 16, 17–20]. 30 g overdose is associated with 
significant risk of death. In fatal 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, in the urine the average value was 125 mg/kg and it was 11 mg/L in the gastro-intestinal tract [7]. 
Postmortem Venlafaxine redistribution occurred in the tissues [21]. 
 
A lot of methods of Venlafaxine determination (with or without its metabolites) in plasma and the whole blood are 
developed using the liquid chromatography (HPLC) with different kinds of detection. UV [20, 22–26], DAD [27, 
28], fluorescence [29–31], and mass spectrometer [32–36] were used as detectors. The gas chromatographic method 
(GC) with NPD [20, 37] and MSD [38–42] were applied. Electrokinetic capillary chromatography was described for 
Venlafaxine [43–46]. Liquid-liquid extraction (LLE) [23, 25–29] and Solid phase extraction (SPE) [22, 32, 33, 40, 
41], SPE micro extraction [39] were used as sample preparation methods.  
 
Venlafaxine determination in brain tissue was performed by GC-MS method [41]. The sample preparation consists 
of elution of the drug by acetonitrile from the homogenized tissue followed by the SPE clean-up procedure. The 
recovery reported was 67 % (6 % RSD)–90 % (18 % RSD).  
 
The methods adduced above have been developed mostly for the TDM [22, 27, 28, 40], bioequivalence [35], 
pharmacokinetic studies [36] of Venlafaxine. 
 
While human fluids are the main samples in the bioanalytical research, the human tissues are valuable samples in the 
postmortem toxicology. The liver is the most important specimen for such kind of the analysis because of the great 
amount of the tissue available, higher concentrations of many basic drugs in the liver comparatively to blood, 
relatively stable concentrations in the liver for those drugs, which undergo postmortem redistribution [47]; the 
database of liver drug postmortem concentrations available in the literature is also relatively large compared to the 
relevant data for other tissues. The main disadvantage of the liver as a specimen is that it is fatty and the sample 
preparation procedure must include some additional clean-up steps to minimise the matrix effect of the tissue [48]. 
 
Extraction of admixtures with a suitable solvent under certain conditions (back extraction method) and SPE are the 
most widely used for the extract purification [48, 49]. SPE is affective to remove interfering compounds and to 
concentrate analytes, gives good recovery and reproducible results. Disadvantages are the cost of the SPE material 
and the time-consuming optimization procedure, including the selection of a suitable sorbent material, sample 
loading, column conditioning, washing and solvents for the analyte elution [41]. Thus it should be the useful 
instrument for rapid and efficient processing of multiple samples. Back extraction method, especially in combination 
with TLC-purification, is still frequently used in analytical toxicology, especially for purposes of the screening 
analysis of non-serial samples [38, 48–50]. In addition, development of a LLE procedure is less time-consuming.  
 
The legal aspect of Forensic Toxicology generates a set of principles to be followed in the analysis. The main 
principle establishes that forensic identification of an analyte requires the use of two methods that employ different 
physical and chemical principles (SOFT/AAFS Guidelines Committee 2006) [51]. GC-MS and especially HPLC-
MS methods are ideal instruments for this purpose because each of them is a combination of two very different 
analytical methods: chromatography and spectroscopy. But such methods as Colour Tests, Thin Layer 
Chromatography (TLC) remain popular for many reasons. They are simple to perform and no extensive training is 
required. As such, they are the methods of appeal in situations where laboratory facilities may be very limited [48, 
49]. 
 
The aim of this work was to develop efficient method of Venlafaxine isolation from the liver tissue followed by the 
extract analysis with Colour Tests, TLC, UV-spectroscopy, HPLC with multiwave detection. 
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EXPERIMENTAL SECTION 
 

2.1. Reagents 
Venlaxor (75 mg) tablets containing Venlafaxine hydrochloride were purchased from Grindex (Riga, Latvia).  
 
Methanol and water were of HPLC-grade (Merck, Darmstadt, Germany), acetonitrile was of HPLC-grade (Sigma-
Aldrich Laborchemikallen, GmbH), platinic chloride (99.995 % trace metals basis) was obtained from Sigma-
Aldrich (USA), sodium sulphate and potassium iodide were analytical grade (Chimmed Company, Moscow, 
Russia). 
 
All other chemicals were of analytical grade or better and were purchased from Sigma-Aldrich, (USA): perchloric 
acid (70 %), lithium perchlorate (trihydrate), sulphuric acid (95–98 %), sodium nitrite, ammonium vanadate, 
ammonia-solution 25 %, hydrochloric acid (37 %), chloroform, n-hexane, ethyl acetate, n-butanol. 
 
Acidified iodoplatinate solution was prepared by dissolving 0.25 g of platinic chloride and 5 g of potassium iodide 
in bidistilled water to produce 100 mL, followed by adding 5 mL of hydrochloric acid to 100 mL of iodoplatinate 
solution obtained. 
 
Mandelin's reagent was prepared by dissolving 0.5 g of ammonium vanadate in 1.5 mL of distilled water and 
diluting to 100 mL with sulphuric acid followed by filtration of the solution obtained through glass wool (the 
reagent must be freshly prepared). 
 
Liebermann’s reagent was obtained by dissolving 1g of sodium nitrite in 10 ml of concentrated sulphuric acid while 
grindig in a mortar (the reagent must be freshly prepared). 
 
Eluent A for HPLC (0.2 M lithium perchlorate-0.005 M perchloric acid) was prepared using Solution 1 and Solution 
2. Solution 1 (4.1 M aqueous solution of lithium perchlorate) was obtained by dissolving 330 g of LiClO4·3 H2O in 
450 ml of bidistilled water while stirring and heating to 50 °C, the solution obtained was cooled to room temperature 
and the volume was diluted to 500 mL with bidistilled water. The solution was filtered through a 0.45 µm pore size 
membrane filter. Solution 2 (4 M aqueous solution of LiClO4  in 0.1 M HClO4) was prepared by diluting 2.2 mL of 
perchloric acid to the volume of 250 mL with Solution 1. Eluent A was prepared by diluting 10 mL of Solution 2 to 
200 mL with bidistilled water. 
 
The drug-free post-mortem liver tissue was obtained from the Forensic Toxicological Department of the Regional 
Office of Forensic Medical Examination (Kharkov, Ukraine). 
 
2.2. Extraction of Venlafaxine from Commercial Tablets 
Venlafaxine hydrochloride was extracted from commercially available tablets. Thirty tablets of the drug were 
weighted, crushed to powder and the powdered drug was extracted by chloroform (60 mL) with heating at 30–
40 °C. Chloroform was separated by filtration through a paper filter. The residue was extracted again with 20 mL of 
chloroform followed by filtration. All chloroform fractions were combined together and the organic solvent was 
evaporated on a water bath at 40 °C. The residue was weighed. The purity of the drug extracted was ascertained by 
recording its melting point, TLC, UV spectra. 
 
2.3. Stock solution  
A stock solution of Venlafaxine (1.00 mg/mL) was prepared by dissolving 25.00 mg of the drug in 25 mL of 
methanol. Working standard solutions for the calibration curve were prepared by adding measured volumes of the 
stock solution to 10 mL of methanol. Ten working standard solutions in the concentration range of 10–400 µg/mL 
were prepared. 
 
2.4. Instrumentation 
High Pressure Liquid Chromatograph "MiLiChrome A-02" (EcoNova, Novosibirsk, Russia), consisting of Double 
Syringe Gradient pumping system, autosampler, column oven, multiwave UV-detector. Data acquisition and 
integration were performed by means of “Multichrom” software (AMPERSAND LTD, Moscow, Russia). An 
“Analytik Jena AG” UV/Vis-spectrophotometer (Kundendienst, Germany) (data were processed using WinASPECT 
software, version 2.3.1.0).  A pH-meter 5123 (Elvro, Wroclaw, Poland). A water-bath LW-4 (Bytom, Poland). 
Volumetric flasks – 10 mL, 25 mL, volumetric pipettes, Class A, glass – 0.2; 1; 2; 5 mL, a burette with a tap – 
25.0 mL, glass vials were purchased from Simax (Czech Republic). Membrane filters, type HA (with the pore size 
of 0.45 µm) were purchased from “Millipore Corporation” (USA). A whatman quantitative filter paper, ashless, 
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grade 589/2, white ribbon, circles 110 mm in diameter (Sigma-Aldrich). Glass capillaries were calibrated with the 
help of a micropipette (0.200 mL). 
 
2.5. Sample preparation 
Method of Venlafaxine isolation from the liver tissue. The liver tissue (5 g) shredded into 1–2 mm size pieces was 
spiked with the aqueous solution of Venlafaxine containing 500 µg of the antidepressant and left standing for a day. 
Then the tissue was homogenized by trituration with a triple amount of anhydrous sodium sulphate. The resulting 
granular mass was placed into a glass burette and Venlafaxine was eluted with 100 ml of chloroform dropwise using 
a separating funnel. The eluate obtained was washed with water alkalified by 10 % ammonia-solution (pH 8.0) 
twice, evaporated on a water bath at 40 ºC and the dry residue was dissolved in 10 mL of n-hexane. Then 
Venlafaxine was extracted four times with 10 mL portions of acetonitrile. This was followed by acetonitrile solution 
evaporation at 40 ºC and reconstitution in 25 mL of chloroform using the appropriate volumetric flask. 
 
2.6. Colour Tests 
The thin-layer chromatography method of the sample spotting was used in performing the Colour Tests. Some 1 mL 
aliquots of the drug-containing chloroform extract concentrated to the minimum volume (∼ 0.05 mL) were applied 
on the pieces of chromatography plates with the help of capillary, the solvent was avaporated and the spots were 
treated with the following reagents: Mandelin's reagent and Liebermann’s reagent. Standard methanol solution of 
Venlafaxine (with the volume of 10 µL, 1000 µg/mL) and blank (drug-free) chloroform extract (1 mL) were tested 
at the same time as a test sample. 
 
2.7. Thin Layer Chromatography  
The plates were activated by heating in an oven at 100 °C. 0.5–1.0 mL aliquots of the final chloroform extracts 
obtained from the tissue spiked with Venlafaxine and from the blank (drug-free) tissue were concentrated to the 
minimum volume (∼ 0.05 mL ) and applied on three TLC plates as spots with the help of a calibrated capillary. 
10 µL aliquots of the standard solution of Venlafaxine in methanol (1000 µg/mL) were spotted on these 
chromatography plates. 5 ml (concentrated to the minimum volume) of the final extract containing Venlafaxine was 
applied as band only on the chromatography plate, which then was developed in the mobile phase 2 (Table 1). Then 
the zone in the chromatogram corresponding to this band was not treated by the location reagent. TLC plates were 
developed in rectangular glass chambers (25 x 25 x 12 cm) using three mobile phases (1, 2, 7 in Table 1). The plates 
were sprayed with acidified iodoplatinate solution. Venlafaxine was eluted from the chromatogram strip untreated 
by the location reagent with methanol (the efficient recovery of venlafaxine by elution from the plates was 99.2%), 
the eluate was evaporated and the residue was reconstituted in 1 mL of methanol.  
 
2.8. UV-spectroscopy  
The UV-spectroscopy study was performed over 205–380 nm wavelength range, 10 mm light pathway cuvette was 
used. The methanol eluate obtained from the chromatography plate was evaporated to the minimum volume and its 
volume was adjusted to 4 mL with methanol. UV spectrum of the solution obtained was analysed. The reference 
solution was blank methanol eluate. 
 
2.9. HPLC  
The column of 2 mm in id and 75 mm of the total length with C18 reverse phase ProntoSIL-120-5-C18 AQ (Bischoff 
Analysentechnik und Gerate GmbH, Leonberg, Germany) was used. Eluent A was 0.2 M lithium perchlorate-
0.005 M perchloric acid, eluent B – acetonitrile; the gradient elution mode was used: from 5 % eluent B to 100 % 
eluent B for 40 min then 100 % eluent B for 3 min. The flow rate of the mobile phase was held at 100 µL/min. The 
oven was set at 40 °C. Detection was performed at 8 wavelengths: 210, 220, 230, 240, 250, 260, 280, 300 nm. The 
injected volume was 10 µL. 

 
RESULTS AND DISCUSSION 

 
3.1 Detection of Venlafaxine by Colour Tests and TLC 
Venlafaxine gives colour with Mandelin's reagent (a green colour, the sensitivity is 4 µg in the sample extract) and 
Liebermann’s reagent (a yellow colour turning to lemon-brown, the sensitivity is 3 µg in the sample extract). 
 
In TLC analysis we tried 7 mobile phases recommended by the Committee for Systematic Toxicological Analysis of 
The International Association of Forensic Toxicologists (TIAFT) for general TLC-screening of neutral and basic 
psychotropic drugs. The use of some separation systems (at least 3) with a low Rf value correlation provides the 
basis for reliable identification of toxic doses of this substances. The Rf values of Venlafaxine are given in Table 1. 
They are distributed evenly over the full Rf range, and it also complies with the requirements of TIAFT [48]. The 
mobile phase 2 with the highest Rf value was used for clean-up step by TLC. 
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The sensitivity of Venlafaxine detection with acidified iodoplatinate solution (violet) was 1 µg of the drug in the 
spot.  
 
According to the recommendations of TIAFT [48] and UNODC Guidance [52] the Rf values were standardized 
using reference substances given in Table 2. 
 

Table 1: Mobile phases used in TLC analysis of Venlafaxine 
 

Mobile phase Rf ± 0.02 
1. Chloroform-Methanol (90:10) 0.40 
2. Ethyl acetate-Methanol-Ammonia-solution 25 % (85:10:5) 0.81 
3. Methanol 0.40 
4. Methanol-n-Buthanol (60:40) 0.21 
5. Methanol-Ammonia-solution 25 % (100:1.5) 0.71 
6. Cyclohexane-Toluene-Diethyl amine (75:15:10) 0.63 
7. Acetone 0.13 

 
Table 2: Reference substances for mobile phases used in TLC analysis of Venlafaxine 

 
Mobile phase Reference substances Rf ± 0.02 

1. Chloroform-Methanol (90:10) 
Strychnine 
Procaine 

0.33 
0.44 

2. Ethyl acetate-Methanol-Ammonia-solution 25 % (85:10:5) 

Eserine 
Ambroxol 
Codeine 
Тramadol 

0.23 
0.41 
0.49 
0.88 

3. Methanol 

Pachicarpine 
Strychnine 
Chlorpromazine 
Procaine 
Papaverine 

0.08 
0.14 
0.18 
0.75 
0.86 

4. Methanol-n-Buthanol (60:40) 

Strychnine 
Тramadol 
Diltiazem 
Piracetam 
Ambroxol 
Cinnarizine 

0.09 
0.30 
0.37 
0.59 
0.81 
0.84 

5. Methanol-Ammonia-solution 25 % (100:1.5) 

Pachicarpine 
Atropane 
Halidor 
Lidocaine 
Cinnarizine 
Papaverine 

0.09 
0.15 
0.39 
0.77 
0.78 
0.83 

6. Cyclohexane-Toluene-Diethyl amine (75:15:10) 

Carbamazepine 
Strychnine 
Halidor 
Bromhexine 

0.02 
0.18 
0.64 
0.69 

7. Acetone 
Halidor 
Papaverine 
Lidocaine 

0.04 
0.38 
0.77 

 
The combination of Colour Tests with the TLC data allows to improve the certainty of identification [48]. These 
methods may be used in the screening analysis of Venlafaxine in the sample extracts. 
 
3.2. Identification of Venlafaxine by UV-spectroscopy 
In accordance with the general approach of qualitative application of UV-spectroscopy in the forensic toxicology 
study an independent method (e.g. chromatography) must prove that the material consists substantially of one 
absorbing component [48].  
 
Identification of Venlafaxine isolated from the liver was performed after clean-up step by TLC method. The UV-
spectrum of the methanol eluate containing Venlafaxine was identical to the spectrum of the standard methanol 
solution of Venlafaxine (Fig. 1). The wavelengths of the principal peaks and the corresponding specific absorptivity 
values were: 226±2 (А1

1=339.0), 277±2 (А1
1=43.8), 284±2 (А1

1=37.0). 
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Fig. 1: UV-spectra of Venlafaxine methanol solutions: 5·10-5 mol/L (1), 5·10-4 mol/L (2) 

 
LOD was 3.3 µg/mL regarding the characteristic peak at 277 nm. It was estimated from the intercept standard 
deviation of the calibration curve obtained by the following equation: LOD=3.3SDa/b [52] (linearity was in the 
concentration range of 10.8–300 µg/mL). 
 
The UV-spectroscopy can serve for confirmatory analysis in combination with other analytical data. Further 
substance identity evidence can be derived from the absorptivity ratios of peaks within a spectrum [48]. We used 
this approach for identification of Venlafaxine by HPLC with multiwave UV-detection. 

 
3.3. Identification and quantitative determination of Venlafaxine by HPLC 
3.3.1. Identification of Venlafaxine 
The retention parameters (retention time and retention volume) and the absorbance ratios (R=Sλ/S210) of Venlafaxine 
isolated from liver coincided with those in the standard methanol solution (100 µg/mL) (Fig. 2, 3). 
Validation was performed by such criteria as precision of retention parameters, limit of detection for Venlafaxine in 
standard methanol solutions, specificity regarding the biological matrix components. 
 
Suitability of the system and limit of detection 
The retention time and retention volume for Venlafaxine were 17.81±0.09 min (RSD=0.20%, ε=0.51%, P=95%, 
ν=2) and 1781±9 min (RSD=0.20%, ε=0.51%, P=95%, ν=2), respectively; LOD=15 µg/mL by such criterion as 
S/N=3:1 [51, 52] and LOD=4.0 µg/mL in accordance with the approach of LOD=3.3SDa/b (SDa is intercept standard 
deviation of the calibration curve) for λ=280 nm in methanol solutions. Absorbance ratios (R=Sλ/S210) are given in 
Table 3. 
 

Table 3: Absorbance ratios (R=Sλ/S210) and their presicion (P=95%, ν=2) for Venlafaxine 
 

λ, nm 220 230 240 250 260 280 300 
R=Sλ/S210 1.71 1.88 0.169 0.037 0.100 0.218 0.005 
RSD, % 

X∆  
εεεε,% 

1.70 
0.07 
4.09 

1.65 
0.08 
4.13 

0.41 
0.002 
1.18 

7.75 
0.009 
23.26 

3.00 
0.007 
7.75 

1.75 
0.009 
3.95 

60.0 
0.004 
80.0 

 
 

λ, nm 

 

A 
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Fig. 2: The chromatogram of Venlafaxine isolated from the liver tissue 
 

 
Fig. 3: The chromatogram of the standard solution of Venlafaxine (100 µg/mL) 

 
 

min 

RU 
 

RU 
 

min 
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Fig. 4: The chromatogram of the eluate obtained from the blank liver tissue 

 
Specificity 
The matrix endogenous components which had the retention time (~19 min) close to that for Venlafaxine 
(17.81 min) (Fig. 2, 4) were detected only at 210 nm. There is no matrix contribution to absorption of the eluates in 
the wavelength range from 220 to 300 nm. Peaks of endogenous components and Venlafaxine were separated, so the 
method of identification developed was specific for Venlafaxine regarding the biological matrix components. 
 
3.3.2. Quantitative determination of Venlafaxine  
Quantitative determination was performed at 280 nm. Although the absorption intensity at this wavelength is lower 
than at 230 nm, but still it is sufficient to determine the lethal concentrations of Venlafaxine in the biological 
samples. And a significant distance between Venlafaxine absorption peak at 280 nm and the absorbing region of 
endogenous components eliminates the matrix effect influence on the results of the quantitative analysis. This 
enabled us to carry out the quantitative determination of Venlafaxine in the eluates using the calibration curve 
obtained for methanol solutions of the drug. 
 
Validation 
The assay linearity, limit of quantification, accuracy and precision at three concentration ranges (low, middle and 
high) were validated by Venlafaxine methanol solutions. The peak areas obtained were subjected to linear regression 
analysis.  
 
Linearity and limit of quantification 
To evaluate linearity ten working standard solutions in the concentration range of 10–400 µg/mL were measured. 
Venlafaxine showed linearity in the range of 12.21–400.0 µg/mL and it was represented by the following regression 
equation: Y=1.64·10-4X. We could proceed to the equation of the form Y=b'X as the intercept standard error exceeds 
its absolute value (Table 4). LOQ=12.21 µg/mL, it was estimated from the intercept standard deviation of the 
calibration curve by the following equation: LOQ=10 SDa /b [52]. The results are shown in Table 4. 
 
Accuracy and precision 
To determine accuracy and precision five quality control solutions of Venlafaxine in methanol for each (low, middle 
and high) concentration levels were measured (Table 5). Recoveries of Venlafaxine were 102.7 % at the low 
concentration level and 100.1–100.3 % at the middle and high concentration levels, indicating a good accuracy of 

RU 
 

min 
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the method developed. Precision was derived from %RSD values, which were 11.2 % at the low concentration level 
(must be <20 % [51, 52]) and 0.2–0.3 % at middle and high concentration levels (must be <15–20 % [51, 52]). 
Therefore the method developed is characterized by the satisfactory precision. Accuracy and precision results are 
summarized in Table 5. 
 

Table 4: Calibration curve Y= b'X (Y=bX+a, the general form), correlation coefficient, LOQ, linearity range for Venlafaxine in HPLC 
quantitative analysis 

 

Slope b' 
(SD b', ∆b' ) 

Intercept a 
(SDa, 
∆a) 

SDo
2 r 

LOQ, 
µµµµg/mL 

Linearity range, µµµµg/mL Lethal concentrations, [6] 

1.64·10-4 

(6.14·10-7, 
1.4·10-6) 

3.50·10-4 

(2.0·10-4, 4.5·10-4) 
1.5·10-7 0.999 12.21 12.21–400.0 

41–89 mg/L (blood) 
21–430 mg/kg (liver) 

 
Table 5: Accuracy and precision 

 

Concentration, µµµµg/mL 
Amount found 
(% recovery) 

Accuracy, 

% Х  
Precision (%RSD) 

15.0 

104.5 
101.4 
103.1 
102.4 
102.1 

102.7 11.2 % 

200.0 

100.1 
100.1 
100.6 
100.0 
100.6 

100.3 0.3 % 

400.0 

100.3 
100.2 
100.1 
99.9 
100.0 

100.1 0.2 % 

 
3.4. Optimization of the sample preparation method  
When optimizing the sample preparation method we tried acetonitrile (as an extragent of Venlafaxine from the 
ground liver tissue) and chloroform (as the eluent of Venlafaxine from the homogenized liver tissue) followed by the 
back extraction clean-up step. The aqueous solution-organic solvent extraction system was used: co-eluting matrix 
components were extracted with diethyl ether from 0.1 M hydrochloric acid Venlafaxine aqueous solution (pH 1), 
then Venlafaxine was re-extracted with diethyl ether from the alkaline medium (pH 10–11). The TLC-purification 
was performed in both cases. The recoveries of the methods tested were 43.4 % and 34.5 %, respectively. 
 
Taking into account the Venlafaxine lipophilicity and possible losses of the drug during the back extraction clean-up 
step described above we carried extraction purification with the n-hexane-acetonitrile solvent system. The 
preliminary model experiments have shown that Venlafaxine was extracted completely from hexane with 
acetonitrile during four-times extraction. This operation allowed to purify Venlafaxine from fat and lipid co-eluting 
matrix components. 
 
The method developed has allowed to isolate 51.3 % of Venlafaxine from the liver tissue with satisfactory precision 
(RSD=5.5 %). The results are shown in Table 6. 
 

Table 6: Recovery and precision of the method developed for Venlafaxine sample preparation  
using chloroform as an eluent and clean-up step by extraction with the n-hexane-acetonitrile solvent system 

 

Amount added to 5 g of the liver, µµµµg 
Amount found 

( X , % recovery) 
SD % RSD 

X
SD  Χ∆  

(Р=0.95%, ν=4) 
ε , % 

500 51.3 2.8 5.5 1.3 3.5 6.9 

 
CONCLUSION 

 
The methods of Venlafaxine detection, identification and quantitative determination that are suitable for screening 
and target analysis of the drug in liver tissue have been developed. Colour Tests, TLC, UV-spectroscopy, HPLC 
with multi-wave detection have been used. The effective method of the sample preparation considering the 
Venlafaxine lipophilicity has been proposed. It includes the drug elution with chloroform from the tissue 
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homogenized by its grinding with anhydrous sodium sulphate followed by the extraction clean-up procedure with 
the n-hexane-acetonitrile solvent system. Quantitative determination has been performed by HPLC. The results of 
validation have proven that the method developed is specific in relation to the matrix co-eluting components, 
accurate, precise, sensitive and linear in the range of the expected content of Venlafaxine in the liver tissue in fatal 
cases.  
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