
Introduction

 This application note demonstrates 
a fast, simple, and highly-
effective method to quantify cyclic 
antidepressants in human plasma 
by combining a simple and robust 
sample preparation method with ultra-
high pressure liquid chromatography 
separation and atmospheric pressure 
chemical ionization mass spectrometry 

(APCI LC/MS) analysis. This procedure has the potential to improve sample analysis throughput 
in research and pharmacokinetic studies. 

Liquid Chromatography/ 
Mass Spectrometry
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Liquid chromatography 

Pump:  PerkinElmer Flexar™ FX-15

Mobile phase A:  water containing 0.1% formic acid

Mobile phase B:  acetonitrile 

Gradient:  95% A to 70% A in 3.5 min, to 55% A in 2 
min

Flow rate:  0.5 mL/min

Injection volume:  2 µL in partial fill mode

Column:  PerkinElmer Brownlee™ SPP column C18,  
 2.1 x 100 mm, 2.7 µm

Autosampler:  PerkinElmer Flexar™ UHPLC Autosampler

Mass spectrometry 

Mass spectrometer: PerkinElmer Flexar™ SQ 300 MS

Ionization source:  PerkinElmer Field-Free APCI

APCI vaporizer  
temperature: 350 °C

Corona current:  7 µA

Ionization mode:  positive

Capillary exit voltage:  80 V

Scan mode:  m/z 100-500 

SIM mode:  0 – 3 min, m/z 266 (Mirtazapine)

 3 – 4 min, m/z 327 (Clozapine)

 4 – 7 min m/z 285, 278 (Promazine,  
 Amitriptyline)

Experimental

Samples

Aliquots (0.5 mL) of human plasma (Invitrogen Corp., 
Carlsbad, CA) were spiked with serial dilutions of four 
model antidepressants (Mirtazapine, Clozapine, Promazine, 
Amitriptyline, Sigma-Aldrich Corp; St. Louis, MO) to final 
concentrations of 1, 5, 10, 50, and 100 ng/mL. The plasma 
protein content was precipitated by the addition of 1 mL  
of acetonitrile. The resulting solutions were vortexed for  
5 min and then centrifuged at 4500 rpm for 10 min.  
The supernatant was recovered and filtered through a  
0.4 micron nylon HPLC grade filter (Nalgene, Rochester, NY). 
The samples were analyzed by APCI LC/MS using both full 
scan and selected ion monitoring (SIM) modes. 

Results 

Compound identification 

The full scan acquisition mode was used initially to 
determine the identities, retention times, and major ions 
of the analytes in the standard mixture. The resulting 
chromatograms confirmed baseline separation for all four 
compounds in the mixture, and verified that the spectra 
showed primarily the protonated molecular ions [M+H]+  
as seen in the background-subtracted spectra of Figure 1.
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Figure 1.  Background-subtracted APCI mass spectra showing protonated molecular ions [M+H]+ for each antidepressant compound in the mixture. 
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Figure 3.  Human plasma blank chromatogram acquired in SIM mode.

Figure 4.  Human plasma spiked with the antidepressant mixture (10 ng/mL).

Figure 2.  Representative SIM chromatogram of 10 ng/mL standard. 

Results 

Compound identification 

The full scan acquisition mode was used initially to determine the 
identities, retention times, and major ions of the analytes in the standard 
mixture. The resulting chromatograms confirmed baseline separation for 
all four compounds in the mixture, and verified that the spectra showed 
primarily the protonated molecular ions [M+H]+ as seen in the background-
subtracted spectra of Figure 1.

This information was used to optimize 
the LC and MS acquisition parameters 
for quantitation. Selected ion monitoring 
(SIM) mode analysis was then employed for 
improved detection limits. 

Calibration and quantitation

Calibration curves were created using standard 
mixtures of the analytes from 1 ng/mL to  
100 ng/mL with the PerkinElmer Chromera™ 
chromatography data system. All calibration 
curves exhibited a linear fit with r2 > 0.998  
using triplicate injection. The limit of detection 
for the mixture was determined to be 0.5 
ng/mL (5:1 S/N rms). A representative 
chromatogram for the calibration standards  
is shown in Figure 2.

Human plasma samples were spiked with 
the same range of antidepressants mixture 
concentrations as the standards. Following 
the above sample preparation procedure the 
extracts were subjected to LC/MS analysis 
in SIM mode. Chromatograms for a human 
plasma blank and a representative spiked 
sample are shown in Figures 3 and 4, 
respectively.

The average percentage recovery values 
(across 5 concentrations) for each compound 
indicate that the developed method possesses 
the required sensitivity for the quantitative 
analysis of compounds in biological fluids 
(Table 1).

 
Table 1.  Average percent recovery calculated across 
the range of concentrations in spiked human plasma 
samples: (1, 5, 10, 50, and 100 ng/mL).

Name 
Average % recovery

Mirtazapine 93.6

Clozapine 92.7

Promazine 90.2

Amitriptyline 92.8
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Conclusions

In this study we demonstrated an LC/MS procedure using 
atmospheric pressure chemical ionization (APCI) with a 
single quadrupole mass spectrometer that addresses the 
need for simplicity of implementation and robustness when 
monitoring antidepressants in human plasma. The method 
showed excellent linearity and recovery from spiked human 
plasma samples, with a 0.5 ng/mL limit of detection (LOD) 
for all analytes in the mixture. These results suggest that we 
can achieve detection limits comparable with those required 
for the pharmacokinetic dose response in human plasma.

The ease of sample preparation combined with rapid and 
sensitive LC/MS method can prove useful for analysis of a 
variety of other compounds typically identified in  
plasma samples.

For Research Use Only. Not for Use in  
Diagnostic Procedures.


