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High Throughput Analysis of Antidepressant Drugs in Human Plasma by Liquid Chromatography 

Vacuum Differential Mobility Spectrometry-Mass Spectrometry 
Methods

In recent years Differential Mobility Spectrometry (DMS) devices have been applied as

additional filter dimension in liquid chromatography - mass spectrometry analysis (LC-

MS), for the elimination of chemical noise or the improvement of selectivity. Fast LC-

MS analysis of drugs and metabolites in biological samples often suffers in limited

chromatographic selectivity, which jeopardize the quantification of isobaric/isomeric

compounds. With most current setup the DMS is operated at atmospheric pressure. In

the present work, the potential of vacuum DMS is investigated for the high throughput

analysis of isobaric antidepressants in human plasma as model compounds using a

short LC column operated in trap/elute mode.

The simplest way to reduce the analysis time of an LC-SRM/MS assay is to minimize

chromatographic separation. This becomes problematic when isobaric or isomeric

drugs are co-eluting with the analytes in complex biological matrices such as plasma.

Nortriptyline (m/z 264), Desipramine (m/z 267) and imipramine (m/z 281) have

different molecular weight and can be distinguished by their m/z. Amitriptyline,

maprotiline and venlafaxine are isobars (m/z 278) that can be distinguished by some

MS/MS mass fragments but on cost of assay performance. The introduction of DMS

as second orthogonal dimension to LC-MS allows separation of co-eluting analytes in

LC without compromising analysis time. Several parameters can be considered to

optimize the vDMS separation including amplitude of the waveform, compensation

voltage and pressure. The combination of short LC and vDMS for analyte baseline

separation enabled rapid quantitative analysis (2 min) of the isobaric antidepressant

drugs with improved S/N ratio and selectivity. The short LC/vDMS/MS method showed

similar quantitative performance compared to the classical LC-MS method.

• LC-vDMS-MS method in SIM mode has similar performance (linearity,

accuracy and precision) compared to a classical LC-MS method in MRM.

• The combined short C18 column with trap/elute LC setup hyphenated to

vDMS-MS detection offer higher throughput analysis (2 min) for large cohort

of samples in clinical applications compare to published LC-MS (8 min).

• The use of vDMS bring the advantage to tune the assay selectivity without

compromising analysis time, while the background noise is reduced improving

sensitivity.

Figure 1. Plasma sample

preparation workflow: i) perchloric

acid 0.5 M for protein precipitation,

ii) centrifugation and iii) sample pH

is reduced using ammonium

formate 0.5 M.

Figure 2. Schematic representation of the vacuum Differential Ion Mobility- Mass
Spectrometry (vDMS-MS).

Method performance of LC-DMS-MS (SIM) and LC-MS (MRM) 
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Figure 3. Short LC-DMS-MS configuration. A short column Luna Omega C18 (20 x

0.5 mm, 5 µm 100A°) was used to analyzed the samples in 2 steps: front-flush

injection (a) and back-flush elution of analytes (b) acquired in SIM mode. (c) XIC

of antidepressants drugs (400 ng/ml).

CV/DV scans by infusion in vDMS  

Figure 4. Classical LC-MS method. Extracted ion chromatogram of antidepressants

drugs (400 ng/ml) using Nexera LC system with LC-30AD pump acquired in MRM
mode by LCMS-8050 with ballistic gradient of 8 minutes.

• Analysis of isobaric antidepressants drugs using differential ion mobility

spectrometry-mass spectrometry (DMS-MS) at low pressure (33 mbar).

• Combination of vacuum DMS-MS with a short column in trap/elute setup to increase

throughput quantitative analysis.

• Comparison in method performance of short LC-vDMS-MS (2 min) and a classical

LC-MS assay (8 min).
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Amitriptyline (m/z 278.2)

Q1    Q3       DP    CE
278.2  233.0   80    25   

Desipramine (m/z 267.1)

Q1       Q3      DP    CE

267.1    72.0   80     29   

Imipramine (m/z 281.1)

Q1       Q3      DP    CE
281.1   86.1    80     25   

Maprotiline (m/z 278.2)

Q1       Q3      DP    CE
278.2  250.0   80    29   

Venlafaxine (m/z 278.2)

Q1       Q3      DP    CE
278.2  58.1   80    43   

Nortriptyline (m/z 264.1)

Q1       Q3      DP    CE

264.1  233.0   80    21   

Isobaric compounds

Structural related compounds

Figure 7. Quantitative analysis of plasma spiked with antidepressants drugs (25 to 2500

ng/mL). Triangles represents the accuracy QC levels (LLOQ, LQC, MQC, HQC). Samples

were analyzed by the short LC-DMS-MS (acquired in SIM mode) highlighted in blue and

LC-MS/MS (acquired in MRM mode) in green trace. Imipramine-D3 was used as internal

standard to correct matrix effect in short LC-DMS-MS in contrast to LC-MS was used the

corresponding analog deuterium labelled compound. Amitriptyline-D3 (for isobaric

compounds), nortriptyline-D3, desipramine-D3 and imipramine-D3.
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Figure 5. Measured correction voltage (CV) and dispersion voltage (DV) by infusion

of 500 ng/ml for isobaric analytes in SIM mode. Vacuum DMS was used in scan
mode (DV ramp from 0 to 830 V and CV stepped by 0.2 volts)

µLC-vDMS-MS

Figure 6. Representative XIC of antidepressants drugs by short LC-vDMS-MS

acquired in SIM mode illustrated the separation by 2 dimensions (LC x DMS) based

on different interactions. Isobaric compounds are separated on the DMS dimension

at DV=760 V and the corresponding CV= -1.1 (Map), 6.8 (Ami) and 9.7 (Ven) volts.
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Figure 8. Table summarized the accuracy and precision values of plasma samples

spiked with antidepressants drugs obtained at different QC levels (LLOQ, LQC,

MQC, HQC) and signal to noise ratio (S/N) using short LC-DMS-MS (1 µL injection,

SIM mode acquisition) and LC-MS/MS (10 µL injection, MRM mode acquisition).
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