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Abstract
Background  Therapeutic drug monitoring guides 
clinical individualised medication by measuring plasma 
concentration, which could improve the curative effect, 
avoid drug overdose and reduce the incidence of adverse 
reactions. At present, there are few reports on the 
clinical detection of venlafaxine and its active metabolite 
O-desmethylvenlafaxine. In this paper, the detection 
method of venlafaxine and O-desmethylvenlafaxine in 
blood plasma was established, which provides an effective 
and convenient means for guiding clinical application of 
medication.
Aim  To establish a method for determination 
of venlafaxine and its active metabolite 
O-desmethylvenlafaxine in human plasma by high-
performance liquid chromatography with fluorescence 
detection.
Methods  Chromatographic separation was achieved on 
an Agilent Eclipse XDB-C18 Column (4.6 × 150 mm, 5 µm) 
with water containing sodium dihydrogen phosphate (0.05 
mol/L) and acetonitrile (72:28) as the mobile phases. The 
following parameters were employed: flow rate 0.5 mL/
min, column temperature 30°C, fluorescence excitation 
wavelength 276 nm and emission wavelength 598 nm.
Results  The method showed good linearity in the 
concentration range 10–1000 ng/mL. The regression 
equation for venlafaxine was R=0.0054C+0.0264, 
r2=0.99991. The regression equation for 
O-desmethylvenlafaxine was R=0.0034C+0.0272, 
r2=0.99969. The intraday and interday precisions (relative 
SD) were less than 10%, and the quantitative limit was 10 
ng/mL.
Conclusion  We established a sensitive, specific and 
simple method for the detection of venlafaxine and 
O-desmethylvenlafaxine. This method fully meets 
the needs of clinical trials of venlafaxine and the 
requirements of relevant guidelines. It provided a 
reference for the clinical detection of venlafaxine and 
O-desmethylvenlafaxine plasma concentrations and 
pharmacokinetic study.

Introduction
Venlafaxine is the first drug of serotonin 
(5-HT) and norepinephrine reuptake dual 
inhibitors, and is also known as a novel anti-
depressant with unique chemical structure 

and neuropharmacological activities that 
differed from other antidepressants.1 Venla-
faxine is mainly metabolised by liver cyto-
chrome P450 enzymes in vivo, producing 
the main active metabolite O-desmethylven-
lafaxine (ODV) and two other lower active 
secondary metabolites N-desmethylvenla-
faxine and N,O-desmethylvenlafaxine. The 
generation of O-desmethylvenlafaxine from 
venlafaxine is the most important metabolic 
pathway. In recent years, the research refer-
ring to the plasma concentration of new 
antidepressants has attracted the attention 
of scholars from all over the world, but there 
are few reports about venlafaxine and ODV. 
Some studies only investigated the effects of 
age, sex and smoking on venlafaxine plasma 
concentration. According to the research 
findings at that time, AGNP consensus guide-
lines for therapeutic drug monitoring in 
psychiatry (2011 edition)2 suggested that 
the medication reference concentration of 
venlafaxine ranged from 100 to 400 ng/mL, 
and the alert concentration level was 800 ng/
mL. If the patient is intolerant, or shows toxic 
reactions with the plasma concentration of 
venlafaxine reaching or exceeding the alert 
concentration, the dosages should be appro-
priately reduced; if the patient has no obvious 
adverse reactions, and drug reduction may 
bring the risk of worsening the disease, the 
dosages can be maintained. In the Thera-
peutic Drug Monitoring (TDM) Consensus 
Guide (2011 edition), the TDM necessity 
recommendation rating was redefined as four 
levels: level 1, strongly recommended; level 2, 
recommended; level 3, useful; level 4, may be 
useful. The TDM classification of venlafaxine 
is listed as level 2, recommendation level. It 
is recommended to further expand the TDM 
optimisation treatment for venlafaxine.

In this paper, the detection method 
of venlafaxine and its active metabolite 
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Figure 1  Flowchart of the study.

O-desmethylvenlafaxine in plasma was studied. By opti-
mising chromatographic conditions and sample pretreat-
ment method, we established a high-performance liquid 
chromatography (HPLC) method with mexiletine as an 
internal standard. This method showed high specificity, 
sensitivity, accuracy, resolution and reproducibility, and 
provided a new detection method for clinical research of 
venlafaxine.

Methods
Instruments and reagents
The analysis was performed on an Agilent 1200 HPLC. 
Other instruments involved were a vortex mixer, elec-
tronic balance, centrifuge (Xiangyi H2050R) and 
nitrogen blowing apparatus. The following reagents 
were used: acetonitrile (Thermo Fisher, HPLC grade), 
sodium dihydrogen phosphate (Sigma-Aldrich, spec-
trum pure), triethylamine (Thermo Fisher), phos-
phoric acid (National Pharmaceutical Group, analytical 
grade), venlafaxine standard (China Food and Drug 
Testing Institute), mexiletine hydrochloride (China 
Food and Drug Testing Institute) and O-desmethyl-
venlafaxine (Belling, Shanghai). Blank plasma samples 
were collected from our group’s healthy members 
(figure 1).

Chromatographic conditions
Chromatographic separation was achieved on an 
Agilent Eclipse XDB-C18 (4.6×150 mm, 5 µm) at 30°C. 
The mobile phase consisted of water containing sodium 
dihydrogen phosphate (0.05 mol/L) and acetonitrile 

(72:28). The flow rate was set at 0.5 mL/min. The fluo-
rescence excitation wavelength was 276 nm, and the 
emission wavelength was 598 nm. The injection volume 
was 10 µL.

Preparation of solutions
To prepare 0.05 (mol/L) sodium dihydrogen phosphate 
solution, NaH2PO4•H2O (3.44893 g) was dissolved in 
water (500 mL) plus triethylamine (10 µL), and phos-
phoric acid was used to adjust pH to 2.90. The stan-
dard stock solution of venlafaxine hydrochloride was 
prepared as follows: venlafaxine hydrochloride (2.33 
mg) was accurately weighed into a 10 mL brown volu-
metric flask, dissolved with 50% methanol–water to 
achieve the stock solution (206 µg/mL). The standard 
stock solution of O-desmethylvenlafaxine (212 µg/mL) 
and the stock solution of internal standard (mexiletine, 
193.6 µg/mL) were prepared as described above. The 
stock solution of internal standard was diluted to internal 
standard solution (50 µg/mL) with 50% methanol–
water before use. The standard solutions containing 
venlafaxine and O-desmethylvenlafaxine were prepared 
as follows: appropriate volume of standard stock solu-
tions of venlafaxine and O-desmethylvenlafaxine was 
mixed, then diluted with 50% methanol–water to 
prepare the standard solutions containing venlafaxine 
and O-desmethylvenlafaxine with concentrations of 25, 
18.725, 12.5, 5, 2.5, 1.25, 0.5 and 0.25 µg/mL, respec-
tively. All the stock and standard solutions were stored 
at 4°C before use.
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Figure 2  High-performance liquid chromatography chromatograms of venlafaxine and O-desmethylvenlafaxine. (A) blank 
plasma; (B) blank plasma spiked with O-desmethylvenlafaxine (1), mexiletine (2) and venlafaxine (3); (C) the limit of quantitation 
(10 ng/mL) of venlafaxine and O-desmethylvenlafaxine; (D) the chromatogram of plasma from patient.

Treatment of plasma samples
The plasma sample (500 µL) and 30 µL internal stan-
dard solution (mexiletine, 50 µg/mL) were added to a 5 
mL stoppered centrifuge tube. The solution was mixed 
by vortex-mixing at 1500 rpm for 3 min, extracted with 
ether (3 mL) by vortex-mixing at 1500 rpm for 3 min. 
After centrifugation at 3000 rpm for 15 min, the super-
natant was transferred to a new tube and evaporated to 
dryness under a stream of nitrogen at 30°C. The residue 
was re-dissolved in mobile phase (100 µL) by vortex-
mixing for 10 s, and 10 µL supernatant was injected into 
HPLC.

Specificity
The specificity of the method was determined by 
injecting the plasma samples prepared from blank 
plasma and blank plasma spiked with internal stan-
dard, venlafaxine and O-desmethylvenlafaxine. The 
samples were processed by following the same opera-
tions in the Treatment of plasma samples section. The 
effects of blank plasma on the determination of drugs 
were observed by chromatogram. Then, the plasma 
chromatograms of the patients taking venlafaxine were 
examined.

Many patients in our hospital took venlafaxine in 
combination with benzodiazepines. Accordingly, in this 
study, we investigated the effects of alprazolam, clonaz-
epam and lorazepam on the determination of venla-
faxine. About 2 mg of alprazolam, clonazepam and 
lorazepam were respectively weighed and dissolved in 

10 mL volumetric flasks with 50% methanol–water. The 
samples were directly injected into HPLC.

Drawing of calibration curves
The plasma samples containing venlafaxine and 
O-desmethylvenlafaxine were prepared by spiking each 
of above standard solutions (20 µL), blank plasma (500 
µL) and internal standard (30 µL) at final concentra-
tions of 1000, 750, 500, 200, 100, 50, 20 and 10 ng/
mL. According to the operations in the Preparation of 
solutions section, the plasma samples were processed 
and then injected into HPLC. The chromatograms 
were recorded. The calibration curves were performed 
using a weighted (1/c2) least-squares linear regression 
method by measuring the peak-area ratio of the analytes 
to the internal standard. The abscissa X represented the 
plasma concentration of analytes and ordinate Y repre-
sented the peak-area ratio of the analytes to the internal 
standard.

Extraction recovery
The extraction recoveries of QC (quality control) 
samples were investigated at three different concentra-
tions. According to the operations in the Preparation 
of solutions section, the QC samples, containing venla-
faxine and O-desmethylvenlafaxine at concentrations 
of 20, 200 and 750 ng/mL, were prepared by spiking 
standard solutions and blank plasma (500 µL). After an 
injection into HPLC, the peak-area of venlafaxine and 
O-desmethylvenlafaxine was determined and recorded 
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Figure 3  High-performance liquid chromatography chromatograms of combined medication. (A) Chromatogram of alprazolam; 
(B) chromatogram of clonazepine; (C) chromatogram of lorazepam; (D) chromatogram of methanol.

Figure 4  Calibration curves of venlafaxine and O-desmethylvenlafaxine in plasma.

as A1. Each sample at different concentrations was 
parallelly measured five times. Also, an appropriate 
amount of the standard solution containing venlafaxine 
and O-desmethylvenlafaxine was blown dry under a 
nitrogen stream at 40°C, reconstituted by adding 100 
µL mobile phase, then injected into HPLC. The peak-
area ratio of the analytes to the internal standard was 
recorded as A2. The extraction recoveries were calcu-
lated by the values of A1/A2.

Method recovery
The QC samples containing venlafaxine and O-desmeth-
ylvenlafaxine at three different concentrations of 20, 
200 and 750 ng/mL were prepared according to the 
methods of ‘drawing of standard curves’. The postop-
erations were processed as described in the Preparation 
of solutions section. Each of the QC samples was paral-
lelly measured five times; the peak areas of the analytes 
and the internal standard were recorded as As and Ai, 
respectively. The analytes’ concentrations were calcu-
lated by substituting R=As/Ai into the standard curve 

equation, and then the recoveries were determined 
by the ratio of the measured concentrations to the 
prepared concentrations.

Precision
The QC samples were prepared as described above. Each 
of the QC samples was parallelly determined five times. 
Intraday precision was examined on the same day; the 
interday precision was determined on three consecutive 
days. The concentrations of the QC samples were calcu-
lated in accordance with the calibration curves. The 
relative SDs (RSDs) of intraday and interday precision 
were calculated on the basis of the menstruated results 
of the QC samples.

Stability and repeatability
The QC samples containing venlafaxine and O-desmeth-
ylvenlafaxine at three concentrations of 20, 200 and 750 
ng/mL (n=5) were prepared as described in the Prepa-
ration of solutions section and stored at room tempera-
ture. The samples were determined after being placed 
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Table 1  Extraction recovery and method recovery of venlafaxine (VEN) and O-desmethylvenlafaxine (ODV) in plasma

Samples Concentration (ng/mL)

Extraction recovery (n=5) Method recovery (n=5)

Mean (%) RSD (%) Mean (%) RSD (%)

ODV 20 78.53 (1.26) 1.60 101.78 (6.43) 6.31

200 70.70 (5.14) 7.27 99.38 (5.38) 5.42

750 71.30 (4.08) 5.73 99.15 (4.86) 4.90

VEN 20 89.36 (4.84) 5.42 101.78 (5.67) 5.57

200 83.83 (6.86) 8.18 103.70 (6.70) 6.46

750 84.21 (4.08) 6.65 102.78 (5.73) 5.58

RSD, relative SD.

for 0, 24 and 48 hours. The QC samples were stored at 
−20°C, determined at 0, 45 and 90 days. The chromato-
grams were recorded to investigate the stability of the 
stock solution.

Limit of quantitation (LOQ)
The plasma samples spiked with different concentra-
tions of venlafaxine and O-desmethylvenlafaxine were 
prepared without internal standard and processed 
according to the pretreatment of blood samples. The 
limit of quantitation was defined by the signal-to-noise 
ratio (S/N=10).

Results
Specificity
As shown in figure 2, under the above chromatographic 
conditions, the retention times of the three analytes 
were 3.908 min for O-desmethylvenlafaxine, 5.416 min 
for internal standard and about 6.999 min for venla-
faxine, respectively. Under the conditions of fluores-
cence detection, no endogenous interference was 
observed at the retention times of all the three analytes 
that were well separated with the resolution (R)>1.5.

Interference of combined medication
When the concentrations of alprazolam, clonazepam 
and lorazepam were about 200 µg/mL that was much 
greater than the therapeutic window concentrations of 
alprazolam (5–50 ng/mL), clonazepam (4–80 ng/mL) 
and lorazepam (10–15 ng/mL),3 no obvious fluores-
cence peaks were found despite a small solvent peak at 
2.8 min, as shown in figure 3. The results indicated that 
combined medication with benzodiazepines did not 
affect the accurate determination of venlafaxine and its 
active metabolite O-desmethylvenlafaxine.

Calibration curves
The regression equations of venlafaxine and O-desmeth-
ylvenlafaxine, as shown in figure 4, are R=0.0054C+0.0264 
(r2=0.99991) and R=0.0034C+0.0272 (r2=0.99969), respec-
tively. The calibration curves for venlafaxine and O-desmeth-
ylvenlafaxine were linear over the concentration range of 
10–1000 ng/mL. The results showed that each analyte had 
favourable linearity.

Extraction recovery and method recovery
The results of extraction recovery and method recovery are 
shown in table 1. The extraction recoveries of venlafaxine 
and O-desmethylvenlafaxine from plasma were more than 
70% and 80% (both RSD less than 10%), respectively. The 
method recoveries of venlafaxine and O-desmethylvenla-
faxine were between 90% and 110% with RSD below 10%, 
which met the requirements for the analysis of biological 
samples.

Intraday and interday precision
The intraday and interday precision were determined and 
shown in table 2. The intraday and interday precision of 
venlafaxine and O-desmethylvenlafaxine were both below 
10%, indicating that the method had a favourable precision.

Stability and repeatability
The samples were tested after being placed for 0, 24 and 48 
hours. As shown in table 3, venlafaxine and O-desmethyl-
venlafaxine were stable with RSD below 10%, indicating the 
stability of this method is acceptable. A good repeatability 
of the method was also observed. The stock solutions stored 
at −20°C were determined at different times (0, 45 and 90 
days). The two analytes were stable, as shown in table  4, 
which met the requirements for the analytical method.

Limit of quantitation
According to S/N=10, the LOQ of venlafaxine and 
O-desmethylvenlafaxine was 10 ng/mL, as shown in 
figure 4.

Discussion
Main findings
Venlafaxine has no obvious affinity towards adrenergic, 
M1 cholinergic and histamine H1 receptors. As a result, 
venlafaxine shows few adverse reactions, high safety and 
rapid onset due to its fast downregulation of beta recep-
tors. Venlafaxine exhibits striking advantages over other 
antidepressants, acting as a first-line drug for depres-
sion.3 Currently, there are few reports on the clinical 
detection of venlafaxine and its active metabolites. A 
previous study4 employed UV detection to determine 
venlafaxine and O-desmethylvenlafaxine. However, 
UV detection is susceptible to endogenous substances, 
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Table 2  Intraday and interday precision of venlafaxine (VEN) and O-desmethylvenlafaxine (ODV) in plasma

Samples
Spiked concentration 
(ng/mL)

Detected concentration 
(ng/mL) RSD (intraday n=5) (%) RSD (interday n=15) (%)

ODV 20 20.20 (1.51) 7.49 6.49

19.98 (1.20) 6.01

19.92 (1.23) 6.41

200 198.79 (5.41) 2.72 4.21

196.36 (9.63) 4.91

198.75 (10.76) 5.42

750 752.36 (18.30) 2.43 4.57

747.74 (20.84) 2.79

761.05 (55.84) 7.34

VEN 20 20.74 (1.51) 7.29 5.48

20.89 (1.01) 6.01

19.92 (0.68) 3.41

200 208.09 (5.32) 2.56 4.06

206.75 (6.20) 4.91

207.41 (13.41) 6.46

750 762.12 (19.02) 2.50 4.86

754.54 (17.35) 2.79

790.78 (56.22) 7.11

RSD, relative SD.

Table 3  Stability and repeatability of venlafaxine (VEN) and O-desmethylvenlafaxine (ODV) in plasma

Samples
Concentration (ng/
mL) Time (h)

Detected 
concentration (n=5) 
(ng/mL) RSD (%) (n=5) RSD (%) (n=15)

ODV 20 0 20.36 (1.29) 6.31 7.20

24 18.94 (0.69) 3.65

48 20.41 (1.82) 8.91

200 0 198.75 (10.76) 5.42 5.05

24 199.25 (13.72) 6.88

48 197.63 (6.75) 3.42

750 0 743.64 (36.43) 4.90 6.41

24 762.61 (58.27) 7.64

48 769.73 (55.78) 7.25

VEN 20 0 20.35 (1.13) 5.57 6.25

24 21.27 (2.12) 9.09

48 21.12 (0.68) 3.24

200 0 207.41 (13.4) 6.46 5.94

24 201.98 (11.75) 5.82

48 206.34 (13.51) 6.55

750 0 770.85 (43.01) 5.58 6.01

24 778.72 (58.27) 6.86

48 798.34 (52.21) 6.60

RSD, relative SD.
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Table 4  Stability of stock solutions

Samples Concentration (ng/mL) Time (day)
Detected concentration (n=5) 
(ng/mL) RSD (%) (n=5) RSD (%) (n=15)

ODV 20 0 20.36 (1.29) 6.31 8.07

45 18.60 (2.22) 11.91

90 19.31 (28.31) 1.47

200 0 198.75 (10.76) 5.42 6.57

45 193.36 (18.83) 9.73

90 206.39 (4.92) 2.39

750 0 743.64 (36.43) 4.9 9.37

45 751.00 (12.51) 1.67

90 751.77 (20.99) 2.79

VEN 20 0 20.35 (1.13) 5.57 8.58

45 18.77 (1.91) 10.2

90 19.41 (1.80) 9.29

200 0 207.41 (13.4) 6.46 6.17

45 203.41 (19.17) 9.42

90 206.40 (2.62) 1.27

750 0 770.85 (43.01) 5.58 9.52

45 758.00 (14.98) 1.98

90 755.67 (25.66) 3.4

ODV, O-desmethylvenlafaxine; RSD, relative SD; VEN, venlafaxine.

consequently being interfered with by miscellaneous 
peaks. Fluorescence detection shows higher detection 
sensitivity (31.25 µg/L) than UV without interference by 
endogenous impurities and solvents. Thus, we adopted 
fluorescence detection to determine venlafaxine and 
O-desmethylvenlafaxine. By adjusting the flow ratio 
and pH, venlafaxine, O-desmethylvenlafaxine and 
mexiletine were well separated with good peak shapes. 
Furthermore, it was reported5 that mass spectrometry 
(MS) was used to detect the concentrations of venla-
faxine and O-desmethylvenlafaxine in canine plasma, 
but not in human plasma. MS shows similar sensitivity 
with fluorescence detection; however, the cost is much 
higher than fluorescence detection with higher require-
ments for the processing of blood samples. The fluo-
rescence detection method displays high specificity, 
good peak shape and high resolution without endog-
enous interference, which could accurately determine 
the concentration of drugs in the plasma and optimise 
the extraction processes of blood samples. Hence, it 
provides a convenient means for monitoring clinical 
medication.

As the column filled with small particle size fillers is 
easily blocked by the precipitated proteins from blood 
samples, liquid–liquid extraction was employed to treat 
the blood sample in our study. Reports6 7 on the deter-
mination methods of venlafaxine blood concentration 
mostly used hexane–isopropanol and diethyl ether5 as 
extraction solvents. Initially, we used n-hexane–isopro-
panol (98:2) as extraction solvents and found that 

there was no obvious O-desmethylvenlafaxine peak 
in the chromatogram, showing that n-hexane–isopro-
panol failed to extract O-desmethylvenlafaxine. In 
another study,5 during the extraction of blood samples 
with diethyl ether, 50 µL acetonitrile–water (40:60) was 
added. In our experiment, we compared the extraction 
effects by adding or not adding acetonitrile–water, and 
found that the addition of acetonitrile–water did not 
increase the extraction rate. According to the principles 
of simplicity, speed and efficiency, we only used diethyl 
ether for the extractions and achieved good results.

The effects of combined medication on the deter-
mination of venlafaxine and O-desmethylvenlafaxine 
in plasma during clinical drug use were not consid-
ered in other studies. In our study, we investigated the 
effects of combined venlafaxine with benzodiazepines 
in our hospital. It was found that alprazolam, clonaz-
epam and lorazepam showed no obvious fluorescence 
peaks under the fluorescent conditions, indicating that 
the combined medication with benzodiazepines did 
not affect the detection of venlafaxine and O-desmeth-
ylvenlafaxine. Researchers have used maprotiline,7 
chlorpromazine,6 risperidone,4 8 oxazepam9 and fluvox-
amine10 as the internal standards when measuring the 
concentration of venlafaxine. These internal standards 
are generally used in psychiatry and interfered with 
the detection due to frequently combined medication 
with venlafaxine. Therefore, we employed a non-psy-
chotic drug, mexiletine, as the internal standard, 
which reduced the possibility of the combination of the 
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Table 5  Plasma concentrations of some patients treated with venlafaxine

Patient ID

Plasma concentrations (ng/mL)

Dosage (mg, daily)O-Desmethylvenlafaxine Venlafaxine

1 239 74 225

2 68 35 75

3 70 24 75

4 202 42 150

5 160 80 225

6 145 142 150

internal standard with venlafaxine and improved the 
accuracy of the detection.

Limitations
Although the method showed reliable ability to detect 
venlafaxine and its main active metabolite O-desmethyl-
venlafaxine, this study did not determine the other two 
lower active metabolites of venlafaxine.

Implications
This study established a HPLC fluorescence method to 
detect the plasma concentrations of venlafaxine and its 
active metabolite O-desmethylvenlafaxine. The peak 
shapes were good without interference of endogenous 
impurity peaks. The method, which met the needs of 
clinical experiments and the requirements of relevant 
guidelines, could be used to determine the plasma 
concentrations of venlafaxine and its active metabolite 
O-desmethylvenlafaxine. Thus, we established a detec-
tion method for clinical individualised medication and 
provided a theoretical basis for the pharmacokinetic 
study of venlafaxine in vivo.

We also tested the plasma concentrations of six hospi-
talised patients treated with venlafaxine sustained-re-
lease capsules (Pfizer). The results showed that the 
peaks were well separated. The data of plasma concen-
tration are shown in table  5, which is consistent with 
the Arbeitsgemeinschaft für Neuropsychopharmakol-
ogie und Pharmakopsychiatrie (AGNP) Psychiatric 
TDM Consensus Guide (2017 version)11 with high 
accuracy. Moreover, we could estimate the type of meta-
bolic enzymes on the basis of the concentration ratio 
of metabolite to the original drug. Our study showed 
positive significance for guiding clinical individualised 
medication.
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