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Managing Phospholipid-Based Matrix 
E� ects In Bioanalysis

INTRODUCTION

Traditional deý nition of matrix effects = ionization suppression or enhancement to varying degrees 
between samples.

Appropriate deý nition of matrix effects = any undesirable effect that results from a matrix.  These 
include: suppression/enhancement, decreased/increased sensitivity of analytes over time, increased 
baseline, imprecision of results, retention time drift and chromatographic peak tailing.

A major cause of ion suppression and matrix effects when using electrospray has been shown to 
be from endogenous phospholipids.  Phospholipid concentrations are present in extremely high 
concentrations in biological matrices and can vary greatly between subject samples and experimental 
time points in pharmaceutical studies. Our research has shown that even if phospholipids do not 
co-elute with drugs, the presence of phospholipids in extracted samples can result in retention time 
shifts, elevated baselines, and divergent curves, thus inþ uencing assay performance and ruggedness.  
It is preferable to remove phospholipids during sample preparation. However, because removal is not 
always straightforward or possible in sample preparation, chromatographic techniques using various 
column switching coný gurations can be used to avoid these matrix effects.  This poster describes 
how to recognize, track and manage phospholipid based matrix effects through extraction and 
chromatographic techniques. 

METHODS & DISCUSSION

Core Instruments

MDS Sciex and Ionics modi� ed Sciex API mass spectrometers � (i.e., EP10+ and API3000 with HSID++ 
interface)
Shimadzu HPLC pumps 
Leap CTC autosamplers con� gured
Dual column switching

Plasma Extraction and Chromatographic Methods 

�Generic� Waters MAX and MCX SPE
Protein precipitation with acetonitrile
Liquid-Liquid with MTBE samples
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Traditional Approach & Disadvantage

Analyze multiple lots of plasma Identi�es issue, but not the source or solution to issue

Post-column infusion Not sensitive enough to detect di�erences that a�ect GLP quality

Current Approach for Positive Ion Electrospray

MRM monitoring for phospholipids during all method development and 
validation experiments:

m/z 496, 524, 704, 758, 786, 806

Product Ion m/z 184

�

�

Simple way to assess status of phospholipids continuously as conditions change � i.e., 
extractions, chromatography, HPLC column age

Select APCI over ESI whenever possible Avoids phospholipid-based matrix e�ects

Determine if chromatographic separation of phospholipids occurs:

Adjust chromatography as needed

Column switching with back or forward �ush

Multi-dimension HPLC

�
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If selective recovery is not an option or extraction cannot be changed, allows easy way to avoid 
phospholipid-based matrix e�ects

Determine if removal of phospholipids during extraction is feasible:

SPE � speci�c conditions required (reference Waters, Argonaut, Hayes)

L/L � requires very high, very low pH adjustment of sample

�

�

Removes phospholipids making LC/MS/MS analysis simpler and more rugged

Infusion of extracts with injection of analyte

Simple way to obtain an indication of potential change of signal from suppression/
enhancement

Simple way to determine whether further dilution of sample  
(recon. volume) will reduce matrix e�ects

�
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RecOGNitiON & TracKiNG OF PHOSpHOLipid�BaSed MatriX EFFectS
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Retention Time Shift

Figure 4: Internal Standard Retention Time vs. Sample Number; With 
Column Switching to Avoid Phospholipids; Retention Time Stable, 
Compare to Figure 3

Common Issues Resulting From Phospholipid-Based Matrix E�ects

Figure 1: Divergent Calibration Curves � Phospholipids Retained

Figure 3: Internal Standard Retention Time vs. Sample Number; Without 
Column Switching; > 1 Min Retention Time Shift Observed

Figure 2: Phospholipids Fully Eluted via Back�ush
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MaNaGiNG PHOSpHOLipid�BaSed MatriX EFFectS

Identifying Chromatographic vs. Extraction Fixes

Case 2: Phospholipid Co-Elution (No Resolution Practical) �  
Use APCI or Selective Extraction

Case 1: Use Column Back�ush or Multi-Dimension HPLC
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Extraction Procedures to Reduce or Eliminate Phospholipids

Figure 6: pH and Organic Solvent to Remove (or Degrade) Phospholipids

Various organic extraction solvents with matrix adjusted to pH 2, 4.5, 6.5, or 11

MTBE/pH2 MTBE/pH4.5 MTBE/pH6.5 MTBE/pH11 MTBE-Hex Hex EtOAc
65113 2215100 431730 132030 19455 63355 4661300
62197 3080000 99022 142850 6350.5 28008 10296000
50397 986200 390630 170190 11502 14489 8620300

Mean 59236 2093767 307127 148357 12436 35284 7859200
%CV 13.2 50.3 59.1 13.3 53.1 71.5 36.8

relative to 
MTBE/pH2 1.00 35.3 5.18 2.50 0.210 0.596 133

 496:184 (Peak 
Areas)

65113
62197
50397
59236

13.2

1.00

Figure 5: Selective SPE Extraction

Area of analyte vs. elution strength of elution solvent in SPE
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Infusion of Extracts with Injection of Analytes to Evaluate Suppression  
Irrespective of Retention Time

Figure 7: Buspirone Injection � No Matrix Infused Figure 8: Buspirone Injection � Protein PPT Matrix Infused

Figure 9: Buspirone Injection �  MAX Extracted Matrix Infused Figure 10: Buspirone Injection �  MCX Extracted Matrix Infused

Figure 11: Buspirone Injection � MTBE Extracted Matrix Infused
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CONCLUSIONS

Managing Phospholipid-Based Matrix E�ects

Monitor a set of primary �marker� masses

Continue to monitor throughout method development

Extractions
HPLC columns and elution conditions
Reconstitution conditions
Storage conditions
Age of plasma

Continuously look for relationships between  
phospholipids and undesirable events

Avoiding Phospholipid-Based Matrix E�ects

HPLC � more complex but reliable

Columns
Elution conditions
Clean-up method

Extractions � very limited, compound dependant

pH adjustments
SPE
L/L

Best to remove prior to injection
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