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Matrix effects can cause significant errors in the accuracy and 
precision of bioanalytical methods(1).  Some researchers have 
identified phospholipids as causing significant interferences in LC/
MS/MS analyses(2), and others have demonstrated the degree of ion 
suppression and enhancement of matrix components in LC/MS(3).  
Additionally, in an effort to create high throughput methods, other 
researchers have suggested eliminating the chromatographic 
separation entirely.  We had three goals for our research: 1. To 
understand the effects of residual matrix components on analyte 
signal. 2. To determine which sample preparation method provides the 
cleanest extracts. 3. To determine the effect of residual matrix on data 
from direct infusion experiments.  

Column: XTerra® MS C18 2.1 x 20 mm IS™, 3.5 µm 
Mobile Phase A: 10 mM NH4HCO3, pH 10  
Mobile Phase B: MeOH with 10 mM NH4HCO3,   

Flow Rate:  0.4 mL/min 
Gradient:  Time       Profile 
   (min)  %A     %B     
     0.0   95      5  
     5.0      5    95 
     7.0       5    95 
    7.5   95      5 
   10.0  95      5    
 
Injection Volume: 20 µL 
Instrument: Waters®  2777 Sample Manager and Waters® 1525µ 
Binary HPLC Pump 
Waters Micromass® Quattro Ultima™: Scan and MRM modes with 
ESI (+) and (-). 

200 ng/mL of propranolol (P) and 2000 ng/mL of niflumic acid (NA) 
solutions were prepared by spiking the two analytes into the extracted 
blank rat plasma samples, followed by 1:1 dilution with H2O. Plasma 
samples were prepared using PPT, LLE, Oasis® HLB (hydrophilic/
hydrophobic interaction), Oasis® MCX (mixed-mode reversed-phase 
and strong cation exchange) and Oasis® MAX (mixed-mode reversed-
phase and strong anion exchange). All final solutions contain 37.5% 
organic solvent. 

Protein Precipitation—PPT 
Mix 300 µL of blank rat plasma with 900 µL of acetonitrile. 
Vortex and centrifuge. Transfer supernatant to a sample vial. 

Oasis HLB µElution Plate 
Condition:      200 µL MeOH 
Equilibrate:    200 µL H2O 
Load:       300 µL blank rat plasma 
Wash:      200 µL 5% MeOH in H2O 
Elute:      900 µL (450 µL x 2) MeOH 
Dilute:      300 µL H2O  
 

Oasis® MCX µElution Plate 
Condition:   200 µL MeOH 
Equilibrate: 200 µL H2O 
Load:    300 µL blank rat plasma 
Wash 1:   200 µL 0.1 N HCl  
Wash 2:   200 µL MeOH 
Elute:   900 µL (450 µL x 2) 5% NH4OH in MeOH 
Dilute:   300 µL H2O  

Oasis® MAX µElution Plate 
Condition:    200 µL MeOH 
Equilibrate:  200 µL H2O 
Load:     300 µL blank rat plasma 
Wash 1:    200 µL 5% NH4OH in H2O 
Wash 2:    200 µL MeOH 
Elute:    900 µL (450 µL x 2) 2% FA in MeOH 
Dilute:    300 µL H2O  

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Time2

100

%

2

100

%

2

100

%

2

100

%

Scan ES-
TIC

3.17e9
3.00

0.28 5.42

Scan ES-
TIC

3.17e90.25
3.00

5.39 7.36

Scan ES-
TIC

3.17e93.00

0.18 5.42 7.26

Scan ES-
TIC

3.17e9
3.00

5.124.574.47
5.39

7.306.24

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Time2

100

%

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Time2

100

%

2

100

%

2

100

%

2

100

%

2

100

%

2

100

%

Scan ES-
TIC

3.17e9

2

100

%

Scan ES-
TIC

3.17e9
3.00

0.28 5.42

Scan ES-
TIC

3.17e9

3.00

0.28 5.42

Scan ES-
TIC

3.17e90.25
3.00

5.39 7.36

Scan ES-
TIC

3.17e9

0.25
3.00

5.39 7.36

Scan ES-
TIC

3.17e93.00

0.18 5.42 7.26

Scan ES-
TIC

3.17e9

3.00

0.18 5.42 7.26

Scan ES-
TIC

3.17e9
3.00

5.124.574.47
5.39

7.306.24

Neat Solution 

Plasma matrix after Oasis® MAX  

Plasma matrix after PPT 

Plasma matrix after Oasis®  HLB  

Figures 2A and 2B show the LC/MS chromatograms of the analytes 
in the extracted rat plasma matrices from the clean-up procedures 
under both ES(+) and ES(-) scan modes, respectively. The level of 
remaining matrix was highest in PPT. The Oasis® HLB SPE samples 
were much cleaner, but the Oasis® MCX and MAX SPE extracts were 
the cleanest. 

Figure 2A: ES(+) 

Figure 2B: ES(-) 
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The following table summarizes the effectiveness of the matrix 
interference removal by calculating the phospholipid remaining in 
plasma after PPT, Oasis®  HLB and Oasis®  MCX clean-up under both 
MS scan and MRM modes. 
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Figure 3 shows the LC/MS/MS chromatograms of the analytes in 
extracted rat plasma matrices after clean-up under ES(+) MRM mode. 
There are still matrix interference peaks in the PPT sample. The Oasis® 
HLB SPE samples showed good matrix clean-up, and >90% removal 
of the phospholipid peaks, while the Oasis® MCX and Oasis® MAX 
showed the best clean-up and nearly 100% removal of the 
phospholipid peaks (see the Table) . 

•Protein precipitation is the least effective clean-up technique, resulting 
in significant ion suppression. 
•SPE with Oasis®  HLB results in clean extracts. 
•SPE with Oasis®  MCX and MAX results in the cleanest extracts due 
to the selectivity of the ion-exchange mechanism for ionizable 
analytes. 
•Liquid-liquid extraction results in clean extracts, but not as good as 
SPE with the mixed-mode reversed-phase and ion exchange. LLE is 
tedious and limits to non polar analytes. 
•Phospholipid matrix interferences are effectively removed by Oasis®  
HLB (>90%) and Oasis® MCX and MAX (100%). 
•Direct infusion of samples into the MS source often results in poor 
selectivity and sensitivity and many background peaks. 
•LC/MSn with SPE is the best methodology for removing matrix 
interferences. 

Figure 2C shows the LC/MS extracted chromatograms for a 
phospholipid, L-α-lysophosphatidylcholine   (m/z 496.4) which is an 
interference peak from the clean-up procedures for rat plasma matrix 
under ES(+). Significant amounts of the phospholipids are present in 
the PPT samples.  However, 90% were removed by Oasis® HLB SPE, 
and nearly 100% of the phospholipids were removed by the Oasis® 
MCX SPE method (see the Table) . 

Figure 3  
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MS Mode Clean-up Method Phospholipid No.1, 496.4 m/z Phospholipid No.2, 524.4 m/z
vs. PPT Peak Response Peak Response

(Remaining) (Removal) (Remaining) (Removal)
Scan Oasis® MCX 0.4% 99.6% 0.3% 99.7%

Oasis® HLB 10.0% 90.0% 5.6% 94.4%
PPT 100.0% 100.0%

MRM Oasis® MCX 0.2% 99.8% 0.1% 99.9%
Oasis® HLB 4.9% 95.1% 2.2% 97.8%

PPT 100.0% 100.0%

After the sample extracts were prepared, three methods were used to 
measure the overall cleanliness of the extracts and the amount of 
biological matrix interferences in each sample, including phosphol-
ipids L-α-lysophosphatidylcholine and 1-stearoyl-2-hydroxy-sn-
glycero-3-phosphocholine: (1) direct infusion into the MS source, (2) 
HPLC with MS in full scan mode, and (3) HPLC with MS in multiple 
reaction monitoring mode. 

Liquid_Lquid Extraction—LLE 
Mix 300 µL of blank rat plasma with 900 µL of MTBE. 
Vortex and centrifuged. Transfer organic layer to a sample vial. 
Dry and reconstitute with 900 µL of  MeOH and 300 µL of  H2O. 
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Neat Solution 
Mix 300 µL of H2O with 900 µL of MeOH 

Figure 1 is the MS infusion spectra of the analytes in the extracted rat 
plasma matrices after sample clean-up, in ES(+) mode. PPT results in 
80% ion suppression, LLE results in 50% ion suppression and Oasis® 
HLB shows no significant ion suppression. 

(1) Direct Infusion into the MS Source 

(2) HPLC with MS in Full Scan Mode 

(3) HPLC with MS in Multiple Reaction Monitoring (MRM) Mode 
References 
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 Oasis®  MCX  

PPT 

 Oasis®  HLB  

 Oasis®  MAX  

Interference:Phospholipid No.1  

A thorough examination of the causes of matrix effects from 
biological samples results in a clear-cut methodology for removing 
these interferences.  

Methods 

Sample Preparation/Extraction Methods 

Plasma matrix after Oasis®  HLB  

Plasma matrix after PPT 

Propranolol (P), 260 m/z.  

Figure 1 
Scan ES + 
6.00 e7 

S/N = 5 

S/N = 200 

S/N = 600  
Neat Solution  

Scan ES + 
6.00 e7 

Scan ES + 
6.00 e7 

Scan ES + 
6.00 e7 Plasma matrix after LLE S/N = 300 

Neat Solution 

Plasma matrix after Oasis® MCX 

Plasma matrix after Oasis® HLB 

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Time1

100

%

1

100

%

1

100

%

1

100

%

Scan ES+ 
TIC

1.79e10

3.00
0.21 3.86 5.46 7.30

Scan ES+ 
TIC

1.79e10

3.00
0.21 3.79 7.30

Scan ES+ 
TIC

1.79e10

3.000.21 3.82 5.01 7.26

Scan ES+ 
TIC

1.79e106.24
5.255.01

3.00
0.76

3.82

7.196.72

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Time1

100

%

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Time1

100

%

1

100

%

1

100

%

1

100

%

1

100

%

1

100

%

Scan ES+ 
TIC

1.79e10

1

100

%

Scan ES+ 
TIC

1.79e10

3.00
0.21 3.86 5.46 7.30

Scan ES+ 
TIC

1.79e10

3.00
0.21 3.86 5.46 7.30

Scan ES+ 
TIC

1.79e10

3.00
0.21 3.79 7.30

Scan ES+ 
TIC

1.79e10

3.00
0.21 3.79 7.30

Scan ES+ 
TIC

1.79e10

3.000.21 3.82 5.01 7.26

Scan ES+ 
TIC

1.79e10

3.000.21 3.82 5.01 7.26

Scan ES+ 
TIC

1.79e106.24
5.255.01

3.00
0.76

3.82

7.196.72
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Niflumic acid (NA), tR = 3.0 min  Propranolol (P), tR = 3.8 min 


