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A rapid and sensitive liquid chromatography–tandem mass spectrometry (LC–MS–MS) method has been developed and validate
aneous quantification of venlafaxine (VEN) andO-desmethyl venlafaxine (ODV) in human plasma. The analytes were extracted from
lasma by using solid-phase extraction (SPE) technique. Escitalopram (ESC) was used as the internal standard. A Betasil C18 colu
hromatographic separation of analytes followed by detection with mass spectrometry. The mass transition ion-pair has been follom/z
78.27→ 121.11 for VEN,m/z 264.28→ 107.10 for ODV andm/z 325.00→ 262.00 for ESC. The method involves a solid phase extraction
lasma, simple isocratic chromatography conditions and mass spectrometric detection that enables detection at nanogram levels. T
ethod has been validated with linear range of 3–300 ng/ml for VEN and 6–600 ng/ml for ODV. The intrarun and interrun precision and

alues are within 10%. The overall recoveries for VEN and ODV were 95.9 and 81.7%, respectively. Total elution time as low as 3 min
2005 Elsevier B.V. All rights reserved.
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. Introduction

Venlafaxine (VEN), 1-2-(dimethylamino)-1-(4-methoxyph-
nyl) ethyl-cyclohexanol hydrochloride (Fig. 1), is a new
henethylamine bicyclic antidepressant, which has a neurophar-
acologic profile distinct from that of existing antidepressants

ncluding tricyclic compounds[1,2]. It imparts antidepressant
ffects by inhibiting the neuronal uptake of norepinephrine, sero-

onin and dopamine and lacks the adverse side effects profile of
ricyclic antidepressants[3–6].

VEN is well absorbed in humans and undergoes extensive
etabolism in the liver and has several metabolites, one of which

s biologically active. VEN is extensively metabolized toO-
esmethyl venlafaxine (ODV) (Fig. 1), a major metabolite with

∗ Corresponding author. Tel.: +91 79 23969100; fax: +91 79 23969135.
E-mail address: jigu baroda@rediffmail.com (J. Bhatt).

an activity profile similar to that of VEN[5,7]. To establish
pharmacokinetic parameters it is therefore important to mo
plasma concentration of both VEN and ODV.

Different methods have been reported in the literature
monitoring plasma levels of VEN and ODV[8–21]. The tech
niques used in these methods include capillary electropho
mass spectrometric detection[8,9], Capillary electrophores
[10–15], HPLC) with fluorimetric detection[16,17], HPLC
with coulometric detection[18] and HPLC with UV detec
tion [19–21]. The analytical method reported requires labor
extraction procedure like liquid–liquid extraction or solid-ph
extraction (SPE) involving drying and reconstitution, long
time and high quantification limit, therefore it was necessa
develop a simple, specific, rapid and sensitive analytical me
for the quantification of the VEN and its active metabolite O

This paper describes development and validation of a sim
specific, rapid and sensitive Liquid chromatography–tan
mass spectrometry method for the determination of VEN
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Fig. 1. Chemical Structure of VEN, ODV and ESC.

ODV in human plasma with a limit of quantification (LOQ)
of 3 and 6 ng/ml for VEN and ODV, respectively with a run
time of 3.0 min using Escitalopram (ESC) (Fig. 1) as internal
standard.

2. Experimental

2.1. Chemicals and reagents

The reference standards of VEN (purity: 99.67%), ODV
(purity: 97.96%) and ESC (purity: 98.44%) were obtained from
Torrent Research Centre (Ahmedabad, India). High purity wate
was prepared in-house using a Milli-Q water purification system
obtained from Millipore (India) Pvt. Ltd. (Bangalore, India).
Gradient grade methanol and acetonitrile were purchased from
E. Merck Ltd. (Mumbai, India). Suprapure ammonium acetate
and formic acid were purchased from Merck (Germany).
General reagent grade sodium hydroxide was purchased from
Merck (India). Drug free (blank) heparinized human plasma
was obtained from Green cross laboratory (Ahmedabad, India
and were stored at−20◦C prior to use.

2.2. Calibration curves

The Stock solutions of VEN, ODV and internal ESC were
p
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appropriate amount of VEN and ODV. The calibration curve
ranged from 3.0 to 300 ng/ml and 6.0 to 600 ng/ml for VEN and
ODV, respectively. Quality control samples were prepared at
three concentration levels of 9.0, 75.0 and 225.0 ng/ml for VEN
and 18.0, 150.0 and 450.0 ng/ml for ODV in a manner similar
to the standard from the stock solution.

2.3. Sample preparation

A 0.5 ml aliquot of human plasma sample was mixed with
25�l of internal standard working solution (1.5�g/ml of ESC)
and 0.5 ml of 0.005 M Sodium hydroxide. The sample mixture
was loaded into an oasis HLB extraction cartridge that was pre-
conditioned with 1 ml methanol followed by 2 ml water. The
extraction cartridge was washed with 2 ml of water followed by
1 ml 5% methanol. VEN, ODV and ESC were eluted with 1 ml of
acetonitrile, 5�l of the eluent was injected into the LC–MS–MS
system.

2.4. Instrumentation

Chromatographic separation was carried out on Surveyor
HPLC with Betasil C18 column (3�m, 100 mm× 3.0 mm)
purchased from Thermo electron corporation, UK. A mobile
phase consisting of acetonitrile and ammonium acetate (pH 3.5,
5 mM) (75:25, v/v) was delivered with a flow rate of 0.3 ml/min.
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repared in methanol at free base concentration of 1000�g/mL.
econdary and working standard solutions were prepared
tock solutions by dilution with water:methanol (50:50, v
his diluted working standard solutions were used to pre

he calibration curve and quality control samples.
Blank human plasma was screened prior to spiking to en

t was free of endogenous interference at retention times of V
DV and internal standard ESC. A nine point standard cur
EN and ODV was prepared by spiking the blank plasma
r

)

e
,
f

he total run time for each sample analysis was 3.0 min. M
pectra were obtained using a TSQ Quantum mass spec
ter (Thermofinnigan Ltd. UK) equipped with electrosp

onisation (ESI) source. The mass spectrometer was ope
n the selected reaction-monitoring (SRM) mode. Sam
ntroduction and ionization was electrospray ionization in
ositive ion mode. The spray voltage and capillary temper
ere 3400 V and 350◦C, respectively. Argon gas was us
s collision gas. The mass transition ion-pair was select
/z 278.27→ 121.11 for VEN,m/z 264.28→ 107.10 for ODV

Fig. 2) andm/z 325.00→ 262.00 for ESC. The data acquisiti
as ascertained by Xcalibur 1.3 software. For quantifica

he peak area ratios of the target ions of the drugs to
f the internal standard were compared with weightedc)

east squares calibration curves in which the peak area
f the calibration standards were plotted versus their con
ations.

.5. Validation

The method has been validated for selectivity, sensitivity
arity, precision, accuracy, recovery and stability. Selectivity
erformed by analyzing the blank plasma samples from d
nt sources (or donors) to test for interference at the rete

ime of VEN, ODV and internal standard ESC. The intrarun
nterrun accuracy was determined by replicate analysis of
ty control samples and at LOQ that were extracted from
ample batch.

Accuracy is defined as the percent relative error (%R.E.
as calculated using the formula %R.E. = (E − T)(100/T) where
is the experimentally determined concentration andT is the-
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Fig. 2. Electrospray product ion mass spectra of the precursor ions of: VEN(A) and ODV (B).

oretical concentration. Assay precision was calculated by using
the formula %R.S.D. = (S.D./M) × 100 whereM is the mean of
the experimentally determined concentrations and S.D. is the
standard deviation ofM.

The extraction efficiencies of VEN, ODV and ESC were
determined by analysis of five replicates at low, medium and high
quality control concentrations for VEN, ODV and at one con-
centration for the internal standard, ESC. The percent recovery
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was evaluated by comparing the peak area of extracted analytes
to the peak area of non-extracted standards.

As a part of the method validation, stability was evaluated.
Analytes were considered stable if the %R.E. of the mean
test responses were within 15% of appropriate controls. Ana-
lytes were tested using the quality control samples whenever
appropriate. The stability of spiked human plasma stored at
room temperature (bench-top stability) was evaluated for 6 h.
The processed sample stability was evaluated by comparing the
extracted plasma samples that were injected immediately (time
0), with the samples that were re-injected after keeping in the
auto sampler at 5◦C for 24 h. The freeze–thaw stability was
conducted by comparing the stability samples that had been
frozen and thawed three times, with freshly spiked quality con-
trol samples. Five aliquots of each low and high concentration
were used for the freeze–thaw stability evaluation. The stability
of spiked human plasma stored at−70◦C (long-term stability)
was evaluated by analyzing low, medium and high quality con-
trol samples that were stored at−70◦C for 98 days together
with freshly spiked calibration standard and quality control
samples.

3. Results and discussion

3.1. Method development
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3.2. Selectivity

Representative chromatogram obtained from blank plasma,
plasma spiked with LOQ standard and extracted subject sample
is presented inFigs. 3 and 4, respectively. No interfering peak
of endogenous compounds observed at the retention time of
analytes in blank human plasma of six different lots, lipemic and
heamolysed plasma. Utilization of predominant product ions for
each compound enhanced mass spectrometric selectivity. The
predominant product ions ofm/z 121.11, 107.10 and 262.00
were specific for VEN, ODV and ESC.

3.3. Linearity

The peak area ratios of calibration standards were propor-
tional to the concentration of analytes in each assay over the
nominal concentration range of 3.0–300.0 ng/ml for VEN and
6.0–600.0 ng/ml for ODV. The calibration curves appeared lin-
ear and were well described by least squares lines. A weighing
factor of 1/concentration was chosen to achieve homogeneity of
variance. The correlation coefficients were≥0.9992 for VEN
and ≥0.9989 for ODV. The mean (±S.D.) slope of calibra-
tion curves for VEN and ODV was 0.013408 (±0.001102) and
0.008478(±0.000527), respectively. The mean intercept of cali-
bration curves for VEN and ODV was 0.00648 (±0.00170) and
0.00842 (±0.002269), respectively.
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The goal of this work was to develop and validate a sim
apid and sensitive assay method for the simultaneous e
ion and quantification of VEN and ODV, suitable for determ
he pharmacokinetics of these compound in clinical studie
chieve the goal, during method development different op
as evaluated to optimize sample extraction, detection pa
ters and chromatography. Since the VEN and ODV was f

o exists as a unionized form in the basic pH, in this assay
lasma samples were treated with 0.005 M sodium hydro
nd loaded on to the HLB SPE cartridge. In the state of

onic forms, the strong binding of analytes to the copolyme
PE cartridge enables sufficient clean up. Electrospray io

ion and atmospheric pressure chemical ionization (APCI)
valuated to get better response of analytes. It was found th
est signal was achieved with ESI positive ion mode. APC
ot show any advantages over ESI. Analytes shown incre
ignal with reducing the pH of diluents.

Further optimization in chromatography conditions increa
ignal of analytes. A mobile phase containing 5 mM am
ium acetate (pH 3.5) buffer in combination with aceto

rile resulted in improved signal. Use of short Betasil C
100 mm× 3 mm i.d., 3�) column resulted in reduced flow ra
nd reduce run time as low a 3.0 min. The column oven tem
ture was optimized to 40◦C in order to get symmetry of analy
eaks. The resulted signal with optimized chromatography
etection parameters enabled to eliminate the laborious e

ion steps of evaporation of eluent and reconstitution invo
n generic SPE methods without compromising the sen
ty, which further resulted in reduced processing and ana
ime.
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.4. Sensitivity (lower limit of quantification)

The LOQ for VEN and ODV is 3.0 and 6.0 ng/ml, resp
ively. These data are tabulated inTable 1for VEN and ODV.
he intrarun precision of the LOQ plasma samples conta
EN and ODV is 7.67 and 3.37%, respectively. The intra
ccuracy of the LOQ plasma samples containing VEN and O

s 0.16 and 7.37%, respectively.

.5. Precision and Accuracy

The intrarun precision was≤7.67% for VEN and≤3.37% for
DV, respectively (Table 1). The intrarun accuracy was≤2.40
nd ≤7.37% for VEN and ODV, respectively (Table 1). The

nterrun precision and accuracy were determined by po
ll individual assay results of replicate (n = 5) quality contro

able 1
ntrarun precision and accuracy (n = 5) of VEN and ODV in human plasma

nalyte Spiked
concentration
(ng/ml)

Mean calculated
concentration
(ng/ml)

%R.S.D. %R.E

EN 3.000 3.005 7.67 0.16
9.000 8.784 3.60 −2.40

75.000 76.598 1.63 2.1
225.000 226.332 1.80 0.5

DV 6.000 5.558 3.37 −7.37
18.000 17.785 0.69 −1.20

150.000 157.057 2.01 4.7
450.000 458.041 2.27 1.7
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Fig. 3. Representative chromatograms of extracted blank plasma (A) and extracted plasma LOQ sample (B).

over the three separate batch runs. The interrun precision was
≤6.31% for VEN and≤6.82% for ODV, respectively (Table 2).
The interrun accuracy was 3.96 and 7.56% for VEN and ODV,
respectively (Table 2).

3.6. Recovery

Five replicates at low, medium and high quality control con-
centration for the VEN and ODV were prepared for recovery
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Fig. 4. Representative chromatograms of extracted subject sample.

determination. The Mean recovery for VEN and ODV were
95.86 and 81.67% with precision of 2.11 and 0.96%, respec-
tively. The mean recovery for ESC was 91.45%.

3.7. Stability

Bench top and process stabilities for VEN and ODV were
investigated at LQC and HQC levels. The results revealed that
VEN and ODV were stable in plasma for at least 6 h at room
temperature and 24 h at auto sampler (Tables 3 and 4). It was con-
firmed that repeated freeze and thawing (three cycles) of plasma
samples spiked with VEN and ODV at LQC and HQC level did
not effect the stability of VEN and ODV (Tables 3 and 4). Long-
term stability for VEN and ODV in plasma at−70◦C was per-

Table 2
Interrun precision and accuracy (n = 3) of VEN and ODV in human plasma

Analyte Spiked
concentration
(ng/ml)

Mean calculated
concentration
(ng/ml)

%R.S.D. %R.E.

VEN 3.000 2.881 6.31 −3.96
9.000 8.928 3.14 −0.80

75.000 76.722 2.98 2.30
225.000 225.957 2.50 0.43

ODV 6.000 5.547 6.82 −7.56

3

formed at LQC, MQC and HQC level. The results revealed that
VEN and ODV were stable for at least 98 days (Tables 3 and 4).

3.8. Application of method

The proposed method was applied to the determination of
VEN and ODV in plasma samples from an on going project for
the development of a sustained release formulation. Plasma sam-
ples were periodically collected upto 96 h after oral single dose
administration of 150 mg sustained release tablet to 24 healthy

Table 3
Stability results for VEN (n = 5)

Stability Spiked
concentration
(ng/ml)

Mean (±S.D.)
obtained
concentration (ng/ml)

%R.E.

Processa
9.000 8.993 (±0.236) −0.08
225.000 220.988 (±3.159) −1.78

Bench
topb

9.000 8.925 (±0.335) −0.83
225.000 222.078 (±2.380) −1.30

Freeze
and
thawc

9.000 8.927 (±0.139) −0.81
225.000 217.445 (±3.225) −3.36

Long-
termd

9.000 8.555 (±0.225) −4.94
75.000 71.199 (±1.756) −5.07
225.000 207.504 (±2.858) −7.78
18.000 17.550 4.50 −2.50
150.000 152.595 3.26 1.7
450.000 443.766 3.94 −1.39
a After 24 h in autosampler at 5◦C.
b After 6 h at room temperature.
c After 3 freeze and thaw cycles at−70◦C.
d At −70◦C for 98 days.
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Table 4
Stability results for ODV (n = 5)

Stability Spiked
concentration
(ng/ml)

Mean (±S.D.)
obtained
concentration (ng/ml)

%R.E.

Processa
18.000 17.934 (±0.245) −0.37

450.000 445.604 (±6.644) −0.98

Bench topb 18.000 18.283 (±0.567) 1.57
450.000 470.687 (±6.904) 4.60

Freeze
and
thawc

18.000 17.884 (±0.366) −0.64
450.000 462.273 (±8.771) 2.73

Long-
termd

18.000 16.233 (±0.801) −0.37
150.000 135.129 (±3.583) −9.91
450.000 391.030 (±4.866) −13.10

a After 24 h in autosampler at 5◦C.
b After 6 h at room temperature.
c After 3 freeze and thaw cycles at−70◦C.
d At −70◦C for 98 days.

Fig. 5. Mean VEN (A) and ODV (B) plasma concentration–time profiles fol-
lowing a 150 mg oral dose of venlafaxine to human subjects.

male volunteers in each phase. The mean (±S.D.) plasma max-
imum concentration obtained for VEN in test and reference
formulation is 105.72 (±41.47) ng/ml and 98.0 (±43.37) ng/ml,
respectively. The mean (±S.D.) plasma maximum concentration
obtained for ODV in test and reference formulation is 186.76
(±43.14) ng/ml and 162.02 (±38.72) ng/ml, respectively. The

mean VEN and ODV plasma concentration–time profile follow-
ing a 150 mg oral dose of venlafaxine to human subjects is shown
in Fig. 5. The AUC measured from 0 h to the last sampling point
was higher than 90% of the value of AUC extrapolated from 0
to infinity, which indicates suitability of the LOQ of analytical
method for pharmacokinetic studies.

4. Conclusions

A simple, specific, rapid and sensitive analytical method
for the determination of VEN and ODV in human plasma has
been developed. The proposed method is the first LC–MS–MS
method for simultaneous determination of VEN and its active
metabolite ODV. The method provided excellent specificity and
linearity with a limit of quantification of 3.0 ng/ml for VEN and
6.0 ng/ml of ODV.
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