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Abstract

A rapid and sensitive liquid chromatography—tandem mass spectrometry (LC-MS—MS) method has been developed and validated for sin
taneous quantification of venlafaxine (VEN) a@edesmethyl venlafaxine (ODV) in human plasma. The analytes were extracted from human
plasma by using solid-phase extraction (SPE) technique. Escitalopram (ESC) was used as the internal standard. A Betasil C18 column prov
chromatographic separation of analytes followed by detection with mass spectrometry. The mass transition ion-pair has been fallowed as
278.27— 121.11 for VEN,n/z 264.28— 107.10 for ODV andn/z 325.00— 262.00 for ESC. The method involves a solid phase extraction from
plasma, simple isocratic chromatography conditions and mass spectrometric detection that enables detection at nanogram levels. The proj
method 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 accurg
values 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 only.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction an activity profile similar to that of VEN5,7]. To establish
pharmacokinetic parameters it is therefore important to monitor
Venlafaxine (VEN), 1-2-(dimethylamino)-1-(4-methoxyph- plasma concentration of both VEN and ODV.
enyl) ethyl-cyclohexanol hydrochlorideFig. 1), is a new Different methods have been reported in the literature for
phenethylamine bicyclic antidepressant, which has a neurophamonitoring plasma levels of VEN and OD[8-21]. The tech-
macologic profile distinct from that of existing antidepressantsiques used in these methods include capillary electrophoresis
including tricyclic compound$1,2]. It imparts antidepressant mass spectrometric detecti¢8,9], Capillary electrophoresis
effects by inhibiting the neuronal uptake of norepinephrine, serofpl0-15] HPLC) with fluorimetric detectio{16,17] HPLC
tonin and dopamine and lacks the adverse side effects profile @fith coulometric detectiorj18] and HPLC with UV detec-
tricyclic antidepressan{8—6]. tion[19-21] The analytical method reported requires laborious
VEN is well absorbed in humans and undergoes extensivextraction procedure like liquid—liquid extraction or solid-phase
metabolism in the liver and has several metabolites, one of whiclxtraction (SPE) involving drying and reconstitution, long run
is biologically active. VEN is extensively metabolized @  time and high quantification limit, therefore it was necessary to
desmethyl venlafaxine (ODVHg. 1), a major metabolite with  develop a simple, specific, rapid and sensitive analytical method
for the quantification of the VEN and its active metabolite ODV.
This paper describes development and validation of a simple,
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CH, CH, 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

N H C/N“* ODV, respectively. Quality control samples were prepared at
CH, 1% 3 OH 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
e to the standard from the stock solution.

H,CO HO

VEN oDV 2.3. Sample preparation
A 0.5ml aliquot of human plasma sample was mixed with
NC. =y 25l of internal standard working solution (1&/ml of ESC)
\E: O and 0.5 ml of 0.005 M Sodium hydroxide. The sample mixture
i 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 mI 5% methanol. VEN, ODV and ESC were eluted with 1 ml of

H,CH,CH,N(CH,),

F acetonitrile, 5ul of the eluent was injected into the LC-MS-MS
system.
ESC
Fig. 1. Chemical Structure of VEN, ODV and ESC. 2.4. Instrumentation

Chromatographic separation was carried out on Surveyor
HPLC with Betasil C18 column (gm, 100 mmx 3.0 mm)
ODV in human plasma with a limit of quantification (LOQ) purchased from Thermo electron corporation, UK. A mobile
of 3 and 6 ng/ml for VEN and ODV, respectively with a run phase consisting of acetonitrile and ammonium acetate (pH 3.5,
time of 3.0 min using Escitalopram (ESGjig. 1) as internal 5 mm) (75:25, viv) was delivered with a flow rate of 0.3 mi/min.

standard. The total run time for each sample analysis was 3.0 min. Mass
spectra were obtained using a TSQ Quantum mass spectrom-

2. Experimental eter (Thermofinnigan Ltd. UK) equipped with electrospray
ionisation (ESI) source. The mass spectrometer was operated

2.1. Chemicals and reagents in the selected reaction-monitoring (SRM) mode. Sample

introduction and ionization was electrospray ionization in the
The reference standards of VEN (purity: 99.67%), ODV positive ion mode. The spray voltage and capillary temperature
(purity: 97.96%) and ESC (purity: 98.44%) were obtained fromwere 3400V and 350C, respectively. Argon gas was used
Torrent Research Centre (Ahmedabad, India). High purity watess collision gas. The mass transition ion-pair was selected as
was prepared in-house using a Milli-Q water purification systemp/; 278.27— 121.11 for VEN m/z 264.28— 107.10 for ODV
obtained from Millipore (India) Pvt. Ltd. (Bangalore, India). (Fig. 2) andm/z 325.00— 262.00 for ESC. The data acquisition
Gradient grade methanol and acetonitrile were purchased frogjas ascertained by Xcalibur 1.3 software. For quantification
E. Merck Ltd. (Mumbai, India). Suprapure ammonium acetatehe peak area ratios of the target ions of the drugs to those
and formic acid were purchased from Merck (Germany).of the internal standard were compared with weighted)(1/
General reagent grade sodium hydroxide was purchased froast squares calibration curves in which the peak area ratios
Merck (India). Drug free (blank) heparinized human plasmaof the calibration standards were plotted versus their concent-
was obtained from Green cross laboratory (Ahmedabad, Indightions.
and were stored at20°C prior to use.
2.5. Validation
2.2. Calibration curves
The method has been validated for selectivity, sensitivity, lin-
The Stock solutions of VEN, ODV and internal ESC were earity, precision, accuracy, recovery and stability. Selectivity was
prepared in methanol at free base concentration of W@d®L.  performed by analyzing the blank plasma samples from differ-
Secondary and working standard solutions were prepared froent sources (or donors) to test for interference at the retention
stock solutions by dilution with water:methanol (50:50, v/v). time of VEN, ODV and internal standard ESC. The intrarun and
This diluted working standard solutions were used to preparéterrun accuracy was determined by replicate analysis of qual-
the calibration curve and quality control samples. ity control samples and at LOQ that were extracted from the
Blank human plasma was screened prior to spiking to ensureample batch.
itwas free of endogenous interference at retention times of VEN, Accuracy is defined as the percent relative error (%R.E.) and
ODV and internal standard ESC. A nine point standard curve ofvas calculated using the formula %R.E E~ T)(100/T) where
VEN and ODV was prepared by spiking the blank plasma withE is the experimentally determined concentration @ns 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 extraction efficiencies of VEN, ODV and ESC were
the formula %R.S.D. = (S.DY) x 100 whereM is the mean of  determined by analysis of five replicates at low, medium and high
the experimentally determined concentrations and S.D. is thquality control concentrations for VEN, ODV and at one con-
standard deviation a¥/. centration for the internal standard, ESC. The percent recovery
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was evaluated by comparing the peak area of extracted analyt82. Selectivity
to the peak area of non-extracted standards.

As a part of the method validation, stability was evaluated. Representative chromatogram obtained from blank plasma,
Analytes were considered stable if the %R.E. of the meamplasma spiked with LOQ standard and extracted subject sample
test responses were within 15% of appropriate controls. Anais presented ifrigs. 3 and 4respectively. No interfering peak
lytes were tested using the quality control samples whenevesf endogenous compounds observed at the retention time of
appropriate. The stability of spiked human plasma stored atnalytes in blank human plasma of six different lots, lipemic and
room temperature (bench-top stability) was evaluated for 6 hheamolysed plasma. Utilization of predominant product ions for
The processed sample stability was evaluated by comparing tleach compound enhanced mass spectrometric selectivity. The
extracted plasma samples that were injected immediately (timgredominant product ions ofi/z 121.11, 107.10 and 262.00
0), with the samples that were re-injected after keeping in thevere specific for VEN, ODV and ESC.
auto sampler at 5C for 24 h. The freeze—thaw stability was
conducted by comparing the stability samples that had beeh3. Linearity
frozen and thawed three times, with freshly spiked quality con-
trol samples. Five aliquots of each low and high concentration The peak area ratios of calibration standards were propor-
were used for the freeze—thaw stability evaluation. The stabilityional to the concentration of analytes in each assay over the
of spiked human plasma stored-af0°C (long-term stability) nominal concentration range of 3.0-300.0 ng/ml for VEN and
was evaluated by analyzing low, medium and high quality con6.0-600.0 ng/ml for ODV. The calibration curves appeared lin-
trol samples that were stored a70°C for 98 days together ear and were well described by least squares lines. A weighing
with freshly spiked calibration standard and quality controlfactor of 1/concentration was chosen to achieve homogeneity of
samples. variance. The correlation coefficients wer®.9992 for VEN

and >0.9989 for ODV. The mean#S.D.) slope of calibra-
tion curves for VEN and ODV was 0.01340&0.001102) and

3. Results and discussion 0.00847840.000527), respectively. The mean intercept of cali-
bration curves for VEN and ODV was 0.00648(Q.00170) and
3.1. Method development 0.00842 £0.002269), respectively.

The goal of this work was to develop and validate a simple3.4. Sensitivity (lower limit of quantification)
rapid and sensitive assay method for the simultaneous extrac-
tion and quantification of VEN and ODV, suitable for determine  The LOQ for VEN and ODV is 3.0 and 6.0 ng/ml, respec-
the pharmacokinetics of these compound in clinical studies. Ttively. These data are tabulatedTable 1for VEN and ODV.
achieve the goal, during method development different option3he intrarun precision of the LOQ plasma samples containing
was evaluated to optimize sample extraction, detection paranVEN and ODV is 7.67 and 3.37%, respectively. The intrarun
eters and chromatography. Since the VEN and ODV was founéccuracy of the LOQ plasma samples containing VEN and ODV
to exists as a unionized form in the basic pH, in this assay, this 0.16 and 7.37%, respectively.
plasma samples were treated with 0.005M sodium hydroxide
and loaded on to the HLB SPE cartridge. In the state of non3.5. Precision and Accuracy
ionic forms, the strong binding of analytes to the copolymer of
SPE cartridge enables sufficient clean up. Electrospray ioniza- The intrarun precision was7.67% for VEN and<3.37% for
tion and atmospheric pressure chemical ionization (APCI) wa®©DV, respectively Table 1. The intrarun accuracy was2.40
evaluated to get better response of analytes. It was found that tlaad <7.37% for VEN and ODV, respectivelyTéble ). The
best signal was achieved with ESI positive ion mode. APCI didnterrun precision and accuracy were determined by pooling
not show any advantages over ESI. Analytes shown increasedl individual assay results of replicate £5) quality control
signal with reducing the pH of diluents.

Further optimization in chromatography conditions increasedable 1
signal of analytes. A mobile phase containing 5 mM ammo-ntrarun precision and accuraoy%5) of VEN and ODV in human plasma

nium acetate (pH 3.5) buffer in combination with acetoni- apaiyte Spiked Mean calculated  %R.S.D. %R.E.
trile resulted in improved signal. Use of short Betasil C18 concentration  concentration

(100 mmx 3mmii.d., 3u) column resulted in reduced flow rate (ng/ml) (ng/ml)

and reduce run time as low a 3.0 min. The column oven tempekygp 3.000 3.005 767 0.16
ature was optimized to 4T in order to get symmetry of analyte 9.000 8.784 3.60 —2.40
peaks. The resulted signal with optimized chromatography and 75.000 76.598 1.63 2.13
detection parameters enabled to eliminate the laborious extrac- 225.000 226.332 1.80 059
tion steps of evaporation of eluent and reconstitution involvedDV 6.000 5.558 3.37 —-7.37
in generic SPE methods without compromising the sensitiv- léfé-ggg 1;77-2855; g-gi —1-31070
ity, which further resulted in reduced processing and analysis 450000 158041 e 179

time.
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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. Recovery

<6.31% for VEN and<6.82% for ODV, respectivelyTable 2.

The interrun accuracy was 3.96 and 7.56% for VEN and ODV, Five replicates at low, medium and high quality control con-

respectively Table 2.

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 wereformed at LQC, MQC and HQC level. The results revealed that
95.86 and 81.67% with precision of 2.11 and 0.96%, respecYEN and ODV were stable for at least 98 dayalfles 3 and %
tively. The mean recovery for ESC was 91.45%.
3.8. Application of method

3.7. Stability

The proposed method was applied to the determination of

Bench top and process stabilities for VEN and ODV wereVEN and ODV in plasma samples from an on going project for

investigated at LQC and HQC levels. The results revealed thdhe development of a sustained release formulation. Plasma sam-
VEN and ODV were stable in plasma for at least 6 h at roorrPles were periodically collected upto 96 h after oral single dose
temperature and 24 h at auto samplates 3and) ltwas con- ~ administration of 150 mg sustained release tablet to 24 healthy
firmed that repeated freeze and thawing (three cycles) of plasma
samples spiked with VEN and ODV at LQC and HQC level did Table 3
not effect the stability of VEN and ODVIgbles 3and} Long-  Stability results for VEN£=5)

term stability for VEN and ODV in plasma at70°C was per-  stapility Spiked Mean (S.D.) %R.E.
concentration obtained
(ng/ml) concentration (ng/ml)
Table2 _ 9.000 8.99340.236) —0.08
Interrun precision and accuracy¥ 3) of VEN and ODV in human plasma Proces$ 225.000 220.9883.1509) _1.78
Analyte Spiked Mean calculated %R.S.D. %R.E. Bench 9.000 8.92540.335) —0.83
concentration concentration top? 225.000 222.07842.380) ~1.30
(ng/ml) (ng/ml)
Freeze 9.000 8.92740.139) -0.81
VEN 3.000 2.881 6.31 —3.96 and 225.000 217.445¥3.225) _3.36
9.000 8.928 3.14 —0.80 thawf
75.000 76.722 2.98 230 Long- 579;50880 gfigﬁ)ﬁgé) _g-g‘?‘
225.000 225.957 2.50 0.43 ternf : : : :
225.000 207.504+2.858) —7.78
oDV 6.000 5.547 6.82 —7.56 2 -
18.000 17.550 4.50 _250 . After 24 h in autosampler at™&.
150.000 152.595 3.26 1.73 . After 6 h at room temperature.
450.000 443.766 3.94 ~1.39 After 3 freeze and thaw cycles af70°C.

d At —70°C for 98 days.



J. Bhatt et al. / J. Chromatogr. B 829 (2005) 75-81 81

Table 4 mean VEN and ODV plasma concentration—time profile follow-
Stability results for ODV£=5) ing a 150 mg oral dose of venlafaxine to human subjects is shown
Stability Spiked Mean &S.D.) %R.E. in Fig. 5. The AUC measured from 0 h to the last sampling point
concentration obtained was higher than 90% of the value of AUC extrapolated from O
(ng/mi) concentration (ng/ml) to infinity, which indicates suitability of the LOQ of analytical
Process 18.000 17.934:£0.245) —-0.37  method for pharmacokinetic studies.
450.000 445 60446.644) —-0.98
Bench top 18.000 18.283+£0.567) 157 4. Conclusions
450.000 470.68746.904) 4.60
Freeze 18.000 17.884-£0.366) _0.64 A simple, epeeific, rapid and sensiti_ve analytical method
and 450.000 462.2738.771) 2.73  for the determination of VEN and ODV in human plasma has
thaw? i i —_MS—
) 18.000 16.233:£0.801) _o37 been developed. The proposed methpd is the first LQ MS .MS
te‘i?n%' 150.000 135.12943.583) 901 method for simultaneous determination of VEN and its active
450.000 391.030:4.866) -13.10  metabolite ODV. The method provided excellent specificity and
a After 24 h in autosampler at . linearity with a limit of quantification of 3.0 ng/ml for VEN and
b After 6 h at room temperature. 6.0 ng/ml of ODV.
¢ After 3 freeze and thaw cycles af70°C.
d At —70°C for 98 days. References
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