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Abstract

Pharmacokinetic and drug interactions for antidepressant drugs and other classes of neuropharmacology drugs

have been documented.! As such, a reliable analytical method may play a role in clinical research.

Here we describe a clinical research method for the analysis of antidepressant drugs using protein precipitation of
plasma with internal standards. Chromatographic elution was completed within 5 minutes using a Waters
XSelect™ Premier HSS T3 Column on a Waters ACQUITY™ UPLC™ |-Class System followed by detection on a

Xevo™ TQD Mass Spectrometer (Figure 1).
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Figure 1. The Waters ACQUITY UPLC I-Class System and Xevo TQD Mass

Spectrometer.

Benefits

- Analytical selectivity afforded by chromatography and mass detection
Simple and inexpensive sample preparation using low sample volumes

Fast analytical run time

Experimental

Sample Preparation

Plasma calibrators and quality control materials were prepared in house using pooled human plasma supplied by
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BiolVT (West Sussex, UK). Concentrated stock solutions were prepared from certified powders supplied by
Cambridge Bioscience (Cambridgeshire, UK), Merck Life Science (Dorset, UK), and Toronto Research Chemicals
(Ontario, Canada). Stable labelled internal standards were supplied by Cambridge Bioscience (Cambridgeshire,
UK), Merck Life Science (Dorset, UK) and Toronto Research Chemicals (Ontario, Canada). The calibration range
was 10-1000 ng/mL for all analytes, with the exception of mirtazapine (5-500 ng/mL) and trazadone (30-3000

ng/mL).

Sample Extraction

To 50 pL of sample in a microcentrifuge tube, 150 pL of internal standard in acetonitrile was added, the

concentrations of internal standards are detailed in Table 1.

Internal standard Concentration (ng/mL)
Citalopram-2H, 150
Desmethylfluoxetine-2H, 100
Duloxetine-2H, 225
Fluoxetine-2H, 100
Fluvoxamine-2H, 150
Mirtazapine-2H, 50
O-Desmethylvenlafaxine-2H, 150
Sertraline-?H, 100
Trazodone-?H, 500
Venlafaxine-2H, 150

Table 1. Internal standard concentrations.

Tubes were placed on a multi-tube vortex mixer at 2500 r.p.m. for 30 seconds, then centrifuged for 2 minutes at

16,100 g. 50 yL of supernatant was transferred to a 1 mL 96 well plate and 450 plL water added.
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The mobile phase and column were chosen for compatibility with other panels, for example anti-epileptic drugs,

tricyclic antidepressants, and antipsychotic drugs.

UPLC Conditions

System: ACQUITY UPLC I-Class with FTN
Needle: 30 pL
Column: XSelect HSS T3 Column; 2.5 pm, 2.1 x 100

mm (p/n: 186009831)

Mobile phase A: Water + 2 MM ammonium acetate

Mobile phase B: Methanol + 2 mM ammonium acetate
Needle wash solvent: 80% aqueous methanol + 0.1% formic acid
Purge solvent: Water:Methanol 40:60 v:v

Seal wash: 20% aqueous methanol

Column temp: 45 °C (precolumn heater active)

Injection volume: 20 pL
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Gradient Table

Time ‘ Flow Rate | % Mobile phase | % Mobile phase
(minutes) (mL/min) A B

Initial 0.40 40 60 Initial
1.70 0.40 40 60 6
4.00 0.40 20 80 6
4.01 0.60 100 11
4.50 0.60 0 100 11
4.51 0.40 40 60 6
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Analyte

Function ‘Precursorion Production | Cone voltage | Collision energy Dwell time

(acquisition time) (m/z) (m/z) V) () (ms)
O-Desmethylvenlafaxine (Quan) 264.1 58.1 26 18 0.15
1(0.70-1.20) 0O-Desmethylvenlafaxine (Qual) 264.1 246.1 26 12 0.15
O-Desmethlyvenlafaxine-2Hg 270.1 58.1 26 18 0.15
Venlafaxine (Quan) 278.1 58.1 26 18 0.06
Venlafaxine (Qual) 278.1 260.1 26 10 0.06
Venlafaxine-2H, 281.1 64.1 26 18 0.06
2(1.30-2.00) :

Citalopram (Quan) 325.1 109.1 38 26 0.06
Citalopram (Qual) 325.1 262.1 38 20 0.06
Citalopram-*H, 3291 131 38 26 0.06
Desmethylfluoxetine (Quan) 296.1 134.1 14 6 0.06
Desmethylfluoxetine (Qual) 296.1 30.1 14 10 0.06
Desmethylfluoxetine-2H, 3011 139.1 14 6 0.06
Duloxetine (Quan) 298.1 154.1 12 4 0.06
Duloxetine (Qual) 298.1 44.1 12 6 0.06
Duloxetine-2H, 3011 157.1 12 4 0.06

3 (2.2-3.40) -
Fluoxetine (Quan) 310.1 44,1 18 10 0.05
Fluoxetine (Qual) 310.1 148.1 18 6 0.05
Fluoxetine-2H; 315.1 441 18 10 0.05
Fluvoxamine (Quan) 31941 711 24 14 0.05
Fluvoxamine (Qual) 319.1 87.1 24 16 0.05
Fluvoxamine-2H, 32341 711 24 14 0.05
Mirtazapine (Quan) 266.1 195.1 36 24 0.015
Mirtazapine (Qual) 266.1 721 36 20 0.015
Mirtazapine-2H, 269.1 195.1 36 24 0.015
Sertraline (Quan) 306.1 159.1 18 26 0.125
4(2.85-4.35) Sertraline (Qual) 306.1 275.1 18 12 0.125
Sertraline-?H, 309.1 159.1 18 26 0.125
Trazodone (Quan) 372.1 176.1 46 24 0.05
Trazodone (Qual) 372.1 148.1 46 36 0.05
Trazodone-2H, 378.1 182.1 46 24 0.05

Table 2. Chromatographic elution timetable.

Run time: 5.0 minutes (5.7 minutes injection-to-

injection)

MS Conditions

System: Xevo TQD
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Resolution: MS1 (0.7 FWHM) MS2 (0.7 FWHM)

Acquisition mode: Multiple Reaction Monitoring (MRM) (see
Table 2 for details

Polarity: ESI+ ionization
Capillary: 0.5 kV

Source temperature: 150 °C
Desolvation temperature: 400 °C

Cone gas: 50 L/hr
Desolvation gas flow: 1000 L/hr
Inter-scan delay: 0.003 seconds
Polarity/Mode switch Inter-scan delay: 0.020 seconds
Inter-channel delay: 0.020 seconds

Data Management

MassLynx™ v4.2 with TargetLynx™ Application Manager.
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LLMI Precision

Analyte

(ng/mL) (%CV)

Citalopram i 11.9 9.7
Desmethylfluoxetine 7.5 17.2 9.2
Duloxetine 7.5 18.1 4
Fluoxetine 7.5 183 12
Fluvoxamine 7.8 10.6 2.6
Mirtazapine 5 12.1 8.6
O-Desmethylvenlafaxine 5 18.1 -4
Sertraline 7.5 15.6 1.7
Trazodone 15 1975 5.6
Venlafaxine 7.5 1.4 Fi

Table 3. Guideline MBRM parameters for analytes and internal standards used in this study.

Results and Discussion

Figure 2 shows an example chromatogram.
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Figure 2. Chromatogram showing the analysis of antidepressant drugs using the ACQUITY UPLC I-Class/ Xevo

TQD IVD System.
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No system carryover was observed following analysis of plasma samples containing 1000 ng/mL citalopram,

desmethylfluoxetine, duloxetine, fluoxetine, fluvoxamine, O-desmethylvenlafaxine, sertraline, and venlafaxine, 500

ng/mL mirtazapine and 3000 ng/mL trazadone.

Analytical sensitivity was assessed by extracting and quantifying 10 replicates of low concentration samples
prepared in plasma over five days. Investigations indicated the method would allow for precise quantification

(£20% CV, £15% bias) at the concentrations shown in Table 4.

Ruziyte LLMI Precision
(ng/mL) (%CV)

Citalopram i 11.9 9.7
Desmethylfluoxetine 7.5 17.2 9.2
Duloxetine 7.5 18.1 4
Fluoxetine 7.5 13.3 12
Fluvoxamine 7.8 10.6 2.6
Mirtazapine 12.1 8.6
O-Desmethylvenlafaxine 5 18.1 -4
Sertraline 7.5 15.6 1.7
Trazodone 15 1975 5.6
Venlafaxine 7.5 1.4 Fi

Table 4. Analytical sensitivity summary (LLMI is lower limit of the measuring interval).

The only exception was for fluvoxamine, for which bias was slightly >15%, however at 17.6%, this is £20%, which

is the permissible % deviation for calibrator 1, at 10 ng/mL.

Total precision was determined by extracting and quantifying five replicates of three concentrations of plasma

pools over five separate days (n=25). Repeatability was assessed by analyzing five replicates at each QC level.

Figure 3 presents results of these experiments, where total precision and repeatability at the three concentrations

assessed (25, 75 and 800 ng/mL for all analytes, with the exception of mirtazapine, for which concentrations were
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12.5, 37.5, and 400 ng/mL and trazadone, for which they were 75, 225, and 2400 ng/mL) was <10.0% CV.
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Figure 3. Total precision and repeatability performance.
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The method was shown to be linear over the ranges of 7.7-1300 ng/mL for O-Desmethylvenlafaxine and
duloxetine when low and high pools were mixed in known ratios over the range. Citalopram, desmethylfluoxetine,
fluvoxetine, fluvoxamine, sertraline, and venlafaxine were all determined to have quadratic fits over 7.7-1300
ng/mL, similarly mirtazapine was deemed quadratic over the range 3.8-650 ng/mL and trazadone over 23-3900

ng/mL.

Matrix effects were evaluated at low (QC1) and high (QC3) concentrations in plasma (n=6) taken as a percentage
of extracted solvent samples spiked to equivalent concentrations. Calculation using analyte:internal standard

response ratio indicated compensation for signal enhancement or suppression by the internal standard (Table 5).

Spiked concentration Matrix factor based on Matrix factor based on

Compound

(ng/mL) peak area mean (range) response mean (range)
. 25 1.12 (1.10-1.15) 1.02 (1.01-1.04)
Citalopram
800 1.08 (1.07-1.09) 1.04 (1.02-1.06)
. 25 1.04 (0.88-1.39) 0.90 (0.85-0.95)
Desmethylfluoxetine
800 0.88 (0.79-1.01) 0.93 (0.87-0.98)
. 25 1.56 (1.29-1.69) 1.03 (0.98-1.08)
Duloxetine
800 1.32 (1.24-1.39) 1.02 (1.00-1.03)
. 25 1.76 (1.66-1.88) 1.03 (0.98-1.08)
Fluoxetine
800 1.47 (1.45-1.51) 1.07 (1.05-1.08)
, 25 1.27 (1.23-1.29) 0.98 (0.97-1.01)
Fluvoxamine
800 1.18 (1.16-1.19) 1.02(1.00-1.04)
, , 12.5 0.99 (0.97-1.01) 0.96 (0.92-1.02)
Mirtazapine
400 1.00 (0.97-1.01) 1.02 (0.97-1.05)
. 25 0.96 (0.95-0.99) 1.00 (0.99-1.01)
O-Desmethylvenlafaxine
800 0.92 (0.89-0.94) 1.01(0.99-1.03)
. 25 2.42 (2.27-2.63) 0.91(0.88-0.94)
Sertraline
800 1.97 (1.87-2.06) 0.97 (0.96-1.00)
75 1.06 (1.02-1.08) 1.02(1.00-1.04)
Trazodone
2400 1.03 (1.02-1.04) 1.02(1.00-1.03)
, 25 1.00 (0.99-1.01) 0.99 (0.98-1.00)
Venlafaxine
800 0.98 (0.97-0.99) 1.01(0.99-1.03)

Table 5. Quantitative matrix effects summary.

Potential interference from endogenous compounds (albumin, bilirubin, cholesterol, creatinine, triglycerides, and
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uric acid) spiked at high concentrations was assessed by determining the recovery (n=3) from low and high
pooled plasma samples (QC1 and QC3 concentrations). Recoveries ranged from 86.9-112.9%. A substance was
deemed to interfere if a recovery range of 85%-115% was exceeded. Additionally, full chromatographic resolution

of O-Desmethylvenlafaxine from isobaric tramadol was established.

Conclusion

Using only 50 pL of sample with fast, inexpensive, sample preparation, this analytical method demonstrated total
precision and repeatability of £10.0% CV for ten antidepressants and metabolites over three orders of magnitude

in a five-minute run time.

Additionally, no system carryover was demonstrated for the test range and matrix effects, where present, were

compensated for very effectively using the stable labeled internal standards.
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