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Why Phospholipids Need To Be Removed Ion suppressions: compete for charges Large amount of phospholipids exists in plasma, more in blood: 1 mg/mL up to 200 mg/mL in human plasma Common issues related to phospholipids buildups: 1. Need to condition with plasma samples First set or last set of QC fails without couple of rows of conditioning samples. Need conditioning when using a new guard or a new column 2. Loss of sensitivity in the first 10-20 samples, then the instrument response stabilizes. 3. Loss of sensitivity throughout the whole batch IS response drops more than 10 fold over a run. After flowing MP overnight, sensitivity is back. Example: ABT-1, 4 wk tox study in dogs 2



Why Phospholipids Need To Be Removed: Example XIC of +MRM (2 pairs): 489.6/378.4 Da from Sample 1 (11 001 TB09014 Reference Solution 1) of TB09014_011.wiff (Turbo Spray) 1.4e4



Max. 1.4e4 cps.



0.06



1.3e4 1.2e4



Ref in the beginning of a run



1.1e4



1.0e4



ABT-1, 4 wk tox in dogs



9000.0



Intensity, cps



8000.0 7000.0
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0.10
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0.35



0.40



0.45
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Time, min



XIC of +MRM (2 pairs): 489.6/378.4 Da from Sample 89 (11 089 TB09014 Reference Solution 1) of TB09014_011.wiff (Turbo Spray) 643



Max. 642.9 cps.



0.06



600



Ref at the end of a run



550



Extraction (SALLE) 200 µL of IS in ACN 50 µL of samples 50 µL of 6M NH4OAc Transfer 150 µL supernatant Dry down Recon with 150 µL MP



500



450



LC (Fast LC) Synergi Max-RP 2.5 µm 100Å, 20 x 2 mm MP: 30/70/0.1 ACN/H2O/FA Run time: 10 fold) 3. Wait it out Long isocratic runs 3. Step gradient Regenerate the analytical column after each injection Challenge: gradient with ACN will not remove glycerophospholipids from C18 columns 4. Remove them on-line On-line SPE Trap & remove (guard wash) Challenge: analyte must be less retained
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On-line Trap & Remove (Guard Wash) Configuration A: Sample loading Analytical column To MS Filter



From autosampler



From wash pump To waste Filter



Guard column



Configuration B: Sample eluting & guard regeneration Analytical column To MS Filter



From autosampler



From wash pump To waste Filter



Guard column 5



Silica Hydride Cogent Type CTM silica based, bonded stationary phase are based on silica hydride surface as opposed to silanols. • O O Si O O Si O O Si



O OH OH OH



O Ordinary Silica



O Si O O Si O O Si O



O O O O



Si O Si O Si



H



•



H H



•



O



Silica Hydride
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Retains nonpolar compounds by reversed phase mechanism Retains polar compounds by aqueous normal phase (ANP) mechanism Retention order can be easily “tuned” with the same column in the same solvent system (e.g. ACN and water) RP



2



ANP



2 1
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Case Study I: Hydrophilic Compound ABT-2 Method Development XIC of +MRM (2 p airs): 4 39.0/235.4 Da ID: A869 392 from Sample 5 ( 50ACN50H2O) of MaxRP.wiff (Turbo Spray) 1.5e6 1.4e6 1.3e6 1.2e6 1.1e6



Max. 6.1e5 cps.



t = 1.8 min



MaxRP, 50x2mm, 0.3 mL/min, 50/50/0.1 ACN/H2O/FA



1.0e6 9.0e5 8.0e5 7.0e5 1.8 0 6.0e5 5.0e5 4.0e5



3.0e5 2.0e5 1.0e5 0.0



0.2



0.4



0.6



0.8



1.0



1.2



1.4 1.6 Time , min



1.8



2.0



2.2



2.4



2.6



2.8
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Challenges Post Column Infusion with Phospholipids Monitoring XIC of +MRM (5 pairs): 439.0/235.4 Da ID: A869392 from Sample 1 (Rat K2EDTA) of DataSET1.wiff (Turbo Spray)



Max. 8.4e5 cps.



4.1e6 4.0e6



Rat Blank with PPT Vol Ratio ACN/Plasma > 10



3.8e6



Phospholipids



3.6e6 3.4e6 3.2e6 3.0e6



MRM for Phospholipids 496.6 Æ 184 524 Æ 184 704.6 Æ 184



2.8e6 2.6e6



Intensity, cps



2.4e6



t = 1.8 min



2.2e6 2.0e6 1.8e6 1.6e6 1.4e6



Post column infusion



1.2e6 1.0e6 8.0e5 6.0e5



1.46 1.93 2.38



0.01



2.67



3.46 3.58



4.43 5.16 5.31 5.50 5.96



7.05



7.35 7.74



8.01 8.77



9.36 9.76



10.42 11.26 11.43 11.62



13.06 13.23



14.10 14.32



0.92



4.0e5 2.0e5 0.0



1.0



2.0



3.0



4.0



5.0



6.0



7.0 8.0 Time, min



9.0



10.0



11.0



12.0



13.0



14.0
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Online SPE with Turbo Flow Cyclone P Column With our customer built online SPE, phospholipids were not effectively removed. However, the ion suppression region (dip) was reduced. XIC of +MRM (4 pairs): 398.1/313.4 Da from Sample 1 (Sample001) of tTest_dog.wiff (Turbo Spray) 8.33



2.0e5 1.9e5



1.35



4.61 6.28



2.94



9.87



7.01



Max. 2.0e5 cps.



11.94 13.72



10.23



15.56



31.60 16.36



19.25



24.39 24.84



21.11



1.8e5



26.69 28.91



31.04



38.52 34.92



32.51



36.84



1.7e5 1.6e5 1.5e5 1.4e5 1.3e5



Post column infusion



Intensity, cps



1.2e5 1.1e5 1.0e5 9.0e4



Phospholipids



8.0e4 7.0e4 6.0e4 5.0e4 4.0e4 3.0e4 2.0e4 1.0e4 0.0



2



4



6



8



10



12



14



16



18



20 Time, min



22



24



26



28



30



32



34



36



38



Compound: ABT-2 Analytical column: Cogent Bidentate C8 50x2mm MP: 0.3 mL/min 50/50/0.1 ACN/H2O/FA SPE: Cyclone-P 1x50 mm SPE Wash 1: 0.1% FA in ACN SPE Wash 2: 1% NH4OH
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Trapping with MaxRP Guard (10x2mm) XIC of +MRM (5 pairs): 439.0/235.4 Da ID: A869392 from Sample 3 (Ref) of DataSET1.wiff (Turbo Spray)



Max. 9.3e5 cps.



2.0e6



Compound: ABT-2



1.9e6 1.8e6 1.7e6 1.6e6 1.5e6



Exp Setup: Inject Ref on trapping column; Inject Double Blank on trapping column; Monitor analyte MRM transition as well as phospholipids transitions.



1.4e6 1.3e6



Intensity, cps



1.2e6 1.1e6 1.0e6 0.38 9.0e5



t = 0.5 min



8.0e5 7.0e5 6.0e5 5.0e5 4.0e5 3.0e5 2.0e5 1.0e5 0.0



0.1



0.2



0.3



0.4



0.5 Time, min



0.6



0.7



0.8



XIC of +MRM (5 pairs): 439.0/235.4 Da ID: A869392 from Sample 4 (Rat K2EDTA) of DataSET1.wiff (Turbo Spray)



0.9



1.0



Max. 1070.0 cps.



4.8e6 4.6e6 4.4e6 4.2e6



Phospholipids



Analyte elution completed at 0.5 min Phospholipids elution started at 0.4 min



4.0e6 3.8e6



It is hard to make the “clean cut” (timing for valve switching) considering the day to day retention time difference and the slight different MP strength from prep to prep.



3.6e6 3.4e6 3.2e6 3.0e6



Intensity, cps



2.8e6 2.6e6 2.4e6 2.2e6 2.0e6 1.8e6



t = 0.4 min



1.6e6 1.4e6 1.2e6 1.0e6 8.0e5 6.0e5 4.0e5 2.0e5 0.0



0.02 0.08 0.2



0.37 0.41 0.48 0.55 0.61 0.63 0.74 0.4 0.6 0.8



0.91 1.0



1.11 1.19 1.2 Time, min



1.29 1.37 1.48 1.4



1.52 1.55 1.6



1.72



1.77 1.87 1.8



2.00 2.02 2.10 2.0



2.19 2.2
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Trapping with Aquasil C18 Guard (10x3mm) XIC of +MRM (5 pairs): 439.0/235.4 Da ID: A869392 from Sample 9 (ref Guard C18 only 45% 0.3ml/min) of DataSET1.wiff (Turbo Spray...



Max. 2.7e5 cps.



6.3e5 6.0e5



5.5e5



5.0e5



4.5e5



Compound: ABT-2



Intensity, cps



4.0e5



3.5e5



3.0e5 0.22



t = 0.5 min



2.5e5



Analyte and phospholipids co-eluted



2.0e5



1.5e5



1.0e5



5.0e4



0.0



0.1



0.2



0.3



0.4



0.5



0.6



0.7



0.8 Time, min



0.9



1.0



1.1



1.2



1.3



XIC of +MRM (5 pairs): 439.0/235.4 Da ID: A869392 from Sample 10 (rat K2 EDTA Guard C18 only 45% 0.3ml/min) of DataSET1.wiff (T...



1.4



1.5



Max. 170.0 cps.



1.3e6 1.3e6 1.2e6



Phospholipids



1.2e6 1.1e6 1.1e6 1.0e6 9.5e5 9.0e5 8.5e5



Intensity, cps



8.0e5 7.5e5 7.0e5 6.5e5 6.0e5 5.5e5 5.0e5 4.5e5



t = 0.1 min



t = 0.5 min



4.0e5 3.5e5 3.0e5 2.5e5 2.0e5 1.5e5 1.0e5 5.0e4 0.0



0.03



0.11 0.1



0.22 0.250.28 0.37 0.39 0.45 0.2 0.3 0.4



0.51 0.55 0.63 0.68 0.71 0.75 0.84 0.5 0.6 0.7 0.8 Time, min



0.87 0.97 0.99 0.9 1.0



1.05



1.14 1.1



1.18 1.2



1.28 1.30 1.3



1.39 1.44 1.51 1.4 1.5
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Trapping with Cogent Bidentate C8 Guard (20x2mm) XIC of +MRM (5 pairs): 439.0/235.4 Da ID: A869392 from Sample 1 (ref 50%ACN 0.3F) of Cogent Guard .wiff (Turbo Spray)



Max. 1.1e6 cps.



2.3e6 2.2e6 2.1e6



Compound: ABT-2



2.0e6 1.9e6 1.8e6 1.7e6 1.6e6 1.5e6



Analyte elution completed at 1.0 min Phospholipids elution started at 1.8 min



Intensity, cps



1.4e6 1.3e6 1.2e6 0.83



1.1e6



t = 1.0 min



1.0e6 9.0e5 8.0e5 7.0e5 6.0e5 5.0e5 4.0e5 3.0e5 2.0e5 1.0e5 0.0



1.47



0.16 0.2



0.4



0.6



0.8



1.0 Time, min



1.2



1.4



1.71 1.6



1.93 1.8



XIC of +MRM (5 pairs): 439.0/235.4 Da ID: A869392 from Sample 3 (Rat NaF Blank 50% ACN 0.3F) of Cogent Guard .wiff (Turbo Spray...



2.0



Max. 330.0 cps.



2.7e6



Phospholipids can be effectively trapped on the guard column while allow complete transfer of analyte to analytical column



2.6e6 2.5e6



Phospholipids



2.4e6 2.3e6 2.2e6 2.1e6 2.0e6 1.9e6 1.8e6 1.7e6



Intensity, cps



1.6e6 1.5e6 1.4e6 1.3e6 1.2e6 1.1e6 1.0e6 9.0e5 8.0e5 7.0e5



t = 1.8 min



6.0e5 5.0e5 4.0e5 3.0e5 2.0e5 1.0e5 0.0



0.85 1.18 1.0



1.86 2.20 2.0



5.40 5.71 3.0



4.0



5.0



6.0 Time, min



7.0



7.87 8.0



8.53



9.64 9.0



10.0



11.0



12.0
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Trapping with Cogent Bidentate C8 Guard (20x2mm) XIC of +MRM (5 pairs): 439.0/235.4 Da ID: A869392 from Sample 4 (dog K2 EDTA Cogent C8 50% 0.3ml/min) of Type C_50x2.1C8.wiff ... 5.4e5



Max. 5.4e5 cps.



0.06 0.53 27.74



5.0e5 7.02



5.28 4.25



3.14



11.49



7.63



12.73



14.16



18.74



19.94



27.01 22.52 25.37



39.30 41.09



30.32 31.52



A



43.56



37.36



34.96



34.25



Compound: ABT-2



4.5e5 2.11 4.0e5



Intensity, cps



3.5e5



3.0e5



2.5e5



2.0e5



1.5e5



1.0e5



5.0e4



0.0



2



4



6



8



10



12



14



16



18



20



22 24 Time, min



26



28



30



32



34



36



38



40



XIC of +MRM (5 pairs): 439.0/235.4 Da ID: A869392 from Sample 7 (rat NaF/K Ox Cogent C8 50% 0.3ml/min) of Type C_50x2.1C8.wiff (...



42



44



Max. 400.0 cps.



B



3770 3600



Analytical column: Cogent Bidentate C8 50x2mm Trapping column: Cogent Bidentate C8 20x2mm MP: 50/50/0.1 ACN/H2O/FA MP Flow rate: 0.3 mL/min Guard wash: 0.1% FA in ACN Guard wash flow rate: 1.5 mL/min



3400 3200 3000 2800 2600 2400



A. PPT Blank Rat Plasma without Guard Wash B. PPT Blank Rat Plasma with Guard Wash



Intensity, cps



2200 2000 1800 1600 1400 1200 1000 800 600 400 200 0



2



4



6



8



10



12



14



16



18



20



22



24



26 28 Time, min
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32



34



36



38



40
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44



46



48



50



52
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Case Study II: Hydrophobic Compound ABT-3 with Analogue IS C12 Guard, 10x2mm, 0.3 mL/min 55/45/0.1 ACN/H2O/FA XIC of +MRM (5 pairs): 443.1/331.1 Da from Sample 2 (ref_55ACN_0.1FA_0.3F) of Max RP C12 guard.wiff (Turbo Spray)



C18 Guard, 10x2mm, 0.3 mL/min 55/45/0.1 ACN/H2O/FA



Max. 1.4e5 cps.



XIC of +MRM (5 pairs): 443.1/331.1 Da from Sample 2 (ref_55ACN_0.1FA_0.3F) of Feno C18 guard.wiff (Turbo Spray)



0.65



1.3e5



Max. 6.7e4 cps.



1.37



6.7e4 6.5e4



1.4e5



6.0e4



1.2e5 5.5e4 1.1e5 5.0e4 1.0e5 4.5e4 9.0e4



t = 2.0 min



t = 1.1 min



7.0e4



Intensity, cps



Intensity, cps



4.0e4 8.0e4



3.5e4



3.0e4



6.0e4 2.5e4 5.0e4 2.0e4



4.0e4



1.5e4



3.0e4 2.0e4



1.0e4



1.0e4



5000.0



0.0



0.1



0.2



0.3



0.4



0.5



0.6



0.7 Time, min



0.8



0.9



1.0



1.1



1.2



XIC of +MRM (5 pairs): 443.1/331.1 Da from Sample 3 (rat WB blank_55ACN_0.1FA_0.3F) of Max RP C12 guard.wiff (Turbo Spray)



0.0



1.3



0.2



0.4



0.6



0.8



1.0



1.2



1.4 Time, min



1.6



1.8



2.0



2.2



2.4



2.6



XIC of +MRM (5 pairs): 443.1/331.1 Da from Sample 3 (rat WB blank_55ACN_0.1FA_0.3F) of Feno C18 guard.wiff (Turbo Spray)



Max. 250.0 cps.



Max. 210.0 cps.



5.0e5



3.8e6



3.4e6 3.2e6



Phospholipids



4.8e5



Phospholipids



3.6e6



4.6e5 4.4e5 4.2e5 4.0e5



3.0e6



3.8e5 2.8e6



3.6e5 3.4e5



2.6e6



3.2e5



2.4e6



2.0e6 1.8e6 1.6e6



Intensity, cps



Intensity, cps



3.0e5 2.2e6



t = 0.2 min



2.8e5 2.6e5 2.4e5 2.2e5 2.0e5



1.4e6



1.8e5



1.2e6



1.6e5



t = 0.5 min



1.4e5 1.0e6



1.2e5



8.0e5



1.0e5



6.0e5



8.0e4 6.0e4



4.0e5



4.0e4



2.0e5 0.0



2.0e4 0.0 0.1



0.2



0.3



0.4



0.5



0.6 Time, min



0.7



0.8



0.9



1.0



1.1



1.2



0.2



0.4



0.6



0.8



1.0



1.2



1.4



1.6 1.8 Time, min



2.0



2.2



2.4



2.6



2.8



3.0



3.2
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Trapping with Cogent Bidentate C8 Guard (20x2mm): Reverse Mode 0.3 mL/min 55/45/0.1 ACN/H2O/FA



0.3 mL/min 60/40/0.1 ACN/H2O/FA



XIC of +MRM (5 pairs): 443.1/331.1 Da from Sample 2 (ref_55ACN_0.1FA_0.3F) of Cogent C8 Guard.wiff (Turbo Spray)



XIC of +MRM (5 pairs): 443.1/331.1 Da from Sample 8 (ref_60ACN_0.1FA_0.3F) of Cogent C8 Guard.wiff (Turbo Spray)



Max. 2.8e5 cps.



3.0e5



2.6e5



2.8e5



2.4e5



2.6e5



2.2e5



2.4e5



2.0e5



2.2e5 2.0e5



1.8e5



t = 1.8 min



1.6e5 1.4e5



1.8e5 Intensity, cps



Intensity, cps



Max. 3.1e5 cps.



0.83



1.14



2.8e5



t = 1.3 min



1.6e5 1.4e5



1.2e5 1.2e5 1.0e5 1.0e5 8.0e4



8.0e4



6.0e4



6.0e4



4.0e4



4.0e4



2.0e4 0.0



2.0e4 0.0 0.2



0.4



0.6



0.8



1.0



1.2



1.4 Time, min



1.6



1.8



2.0



2.2



2.4



XIC of +MRM (5 pairs): 443.1/331.1 Da from Sample 3 (rat WB blank_55ACN_0.1FA_0.3F) of Cogent C8 Guard.wiff (Turbo Spray)



2.6



Max. 330.0 cps.



1.5e6



0.6



0.8



2.6e6 2.5e6



Phospholipids



1.6e6



0.4



1.0 Time, min



1.2



1.4



1.6



1.8



XIC of +MRM (5 pairs): 443.1/331.1 Da from Sample 9 (rat WB blank_60ACN_0.1FA_0.3F) of Cogent C8 Guard.wiff (Turbo Spray)



1.8e6 1.7e6



0.2



2.0



Max. 270.0 cps.



Phospholipids



2.4e6 2.3e6 2.2e6 2.1e6



1.4e6



2.0e6 1.9e6



1.3e6



1.8e6 1.2e6



1.7e6 1.6e6 1.5e6



1.0e6 9.0e5 8.0e5 7.0e5



Intensity, cps



Intensity, cps



1.1e6



t = 1.3 min



1.4e6 1.3e6 1.2e6



t = 1.0 min



1.1e6 1.0e6 9.0e5



6.0e5



8.0e5 5.0e5



7.0e5



4.0e5



6.0e5 5.0e5



3.0e5



4.0e5 3.0e5



2.0e5



2.0e5 1.0e5 0.0



1.0e5 0.5



1.0



1.5



2.0



2.5



3.0 Time, min



3.5



4.0



4.5



5.0



5.5



6.0



0.0



0.79 0.5



1.0



1.5



2.0



2.5 Time, min



3.0



3.5



4.0



4.5



5.0
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Trapping with Cogent Bidentate C18 Guard (20x2mm): Aqueous Normal Phase Mode XIC of +MRM (5 pairs): 443.1/331.1 Da from Sample 13 (ref_90ACN_0.1FA_0.2F) of Cogent C18 Guard.wiff (Turbo Spray)



Max. 6.4e5 cps.



0.66



6.4e5



ANP Mode: Retention order reversed Phospholipids trapped (need MeOH to elute)



6.0e5



5.5e5



5.0e5



4.5e5



Intensity, cps



4.0e5



3.5e5



3.0e5



t = 1.0 min



2.5e5



2.0e5



1.5e5



1.0e5



5.0e4



0.0



0.5



1.0



1.5



2.0



2.5 Time, min



3.0



3.5



4.0



4.5



XIC of +MRM (5 pairs): 443.1/331.1 Da from Sample 14 (Dog WB_90ACN_0.1FA_0.2F) of Cogent C18 Guard.wiff (Turbo Spray)



Max. 430.0 cps.



2.2e6 2.1e6 2.0e6 1.9e6



Phospholipids



1.8e6



However, Guard/Trapping MP is not compatible with Analytical Column MP



1.7e6



100% MeOH



1.6e6 1.5e6 1.4e6 1.3e6 Intensity, cps



Guard MP: 90/10/0.1 ACN/H2O/FA Guard MP Flow rate: 0.2 mL/min Guard wash: MeOH Guard wash flow rate: 1.5 mL/min



1.2e6 1.1e6 1.0e6



t > 7 min



9.0e5 8.0e5 7.0e5



Need post Guard addition of aqueous MP to retain analyte



6.0e5 5.0e5 4.0e5 3.0e5 2.0e5 1.0e5 0.0



1.0



2.0



3.0



4.0



5.0



6.0



7.0



8.0



9.0



10.0



Time, min
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Trapping with Cogent Bidentate C18 Guard (20x2mm): Aqueous Normal Phase Mode XIC of +MRM (2 pairs): 443.1/331.1 Da from Sample 7 (ref_60% of 90%ACN_0.1%FA_0.3F) of Cogent C18 Guard C8 Column.wiff (Tu...



Max. 1.6e4 cps.



1.40



1.6e4 1.6e4



Post Guard Addition of 0.1% FA



1.5e4 1.4e4 1.3e4 1.2e4 1.1e4



Intensity, cps



1.0e4 9000.0 8000.0 1.71 7000.0 6000.0 5000.0 4000.0 3000.0 2.28



2.40 2.55 2.69



2000.0



2.88 1000.0 0.0
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1.5



2.0



2.5 Time, min



3.0



3.03 3.17 3.39



3.57 3.71



3.5



4.0



4.5



XIC of +MRM (2 pairs): 443.1/331.1 Da from Sample 13 (ref_90%ACN_0.1%FA_0.2F_Gradient0.3F) of Cogent C18 Guard C8 Column...



2.1e5 2.0e5 1.9e5 1.8e5 1.7e5 1.6e5 1.5e5



Intensity, cps



1.4e5



Max. 2.4e5 cps.



2.73



2.4e5 2.3e5 2.2e5



Compound: ABT-3 Analytical Column: Bidentate C8, 50x2mm MP: (fast gradient to 70%B) A: 0.1% FA B: 90/10/0.1 ACN/H2O/FA MP flow rate: 0.3 mL/min Analytical Binary Pump



Post Guard ReFocusing with Gradient Elution



Analytical Iso Pump



Guard Column



1.3e5



Analytical Column



1.2e5 1.1e5



Waste



1.0e5 9.0e4 8.0e4



Wash Pump



7.0e4 6.0e4 5.0e4 4.0e4 3.0e4 2.0e4



MS



1.0e4 0.0



0.5



1.0



1.5



2.0



2.5 Time, min



3.0



3.5



4.0



4.5
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Conclusion A Generic Protocol to Remove Phospholipids from PPT Samples Using Trapping Column Strategy 1. Perform post column infusion (T test) to ensure the analyte elutes outside the suppression region 2. Inject ref and extracted blanks with trapping columns only 3. Monitor both analyte and phospholipids transitions 4. Determine the appropriate “cut” time to selectively elute analyte onto analytical column, leaving phospholipids behind 5. Optimize wash solution to flush out phospholipids Note: MeOH is very effective in removing them on C18 columns Works for both hydrophobic and hydrophilic compounds No worries about pH sensitive analytes/metabolites
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