
Non-intuitive Strategies for Minimizing 
Matrix E�ects in Development 
of Ultrasensitive Bioanalytical 

LC/MS/MS Methods

OVERVIEW
Achieving low pg/mL detection limits in bioanalytical applications is 
challenging but necessary for certain drugs.

Matrix e�ects cause severe problems in methods at low pg/mL in 
bioanalytical matrices.

Common extraction approaches are not adequate at low pg/mL 
concentrations.

A combination of matrix e�ect-reducing approaches is required to 
achieve the required sensitivity.
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INTRoDUCTIoN
Method development for a basic bronchodilator drug (Figure 1) in human plasma at 2.50 
pg/mL is described.

Figure 1: Structure of Analyte

Fig. 1 

Structure of analyte. 
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Due to low LLOQ, the matrix e�ects posed signi�cant challenges in the method development 
even with a stable isotope-labeled internal standard.

Traditional sample preparation strategies were employed but found unsuitable due to severe 
matrix e�ects � even on the most sensitive instrumentation available (API 5000).

To achieve the required LLOQ, a combination of matrix-e�ect reducing approaches was 
required based on:

Sample cleanup mechanism optimization.

Lower than typical sample volume.

Reverse SPE cleanup (retain matrix more than analyte).

Extract cleanup by column switching.

Ionization e�ect dilution.

Increased chromatographic capacity.

Interference elimination from co-administered drugs.

Green = Non-intuitive
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METHODS & DISCUSSIoN
Sample Preparation

Protein Precipitation

Evaluated at 3 pH values.

Unsuitable due to severe matrix e�ects resulting from large sample volume. 

Liquid-Liquid Extraction

Extraction of 1.00 mL of plasma.

Three (3) solvent choices of varying polarity.

Acidic, neutral, and basic pH.

Unsuitable due to severe matrix e�ects resulting from poor selectivity and large sample volume.

Solid-Phase Extraction

Various SPE materials tested (C2, HLB, MCX, and MAX).

Each SPE material was tested at three (3) di�erent pH values of sample loading.

Each pH value was eluted with three (3) di�erent pH values of elution solvent.

Total of 36 SPE conditions were tested in duplicate.

MCX>HLB=MCX showed highest recovery.
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Conclusions:

Intuitive: HLB � unsuitable due to poor selectivity, similar to LLE.

Intuitive: MCX chosen due to basic analyte �  only 100 pg/mL LLOQ was reached due to matrix 
e�ects. Insu�cient sensitivity due to matrix e�ects.

Non-intuitive: MAX used exploiting its reverse-phase functionality for the analyte retention. 
Further optimized with 0.500 mL sample size.

SPE Optimization

Matrix e�ects minimized by weak wash solvent and elution solvent.

Figure 2: Area of Analyte vs. Elution Strength of Elution Solvent in SPE

�

Solid Phase Extraction
- Various SPE materials tested (C2, HLB, MCX, MAX) 
- Each SPE material tested at 3 different pH values of sample loading. 

o Each pH value eluted with 3 different pH values of elution solvent. 
- Total 36 SPE conditions tested in duplicate. 
- MCX>HLB=MCX showed highest recovery. 
Conclusions:
- r Intuitive: HLB – not suitable due to poor selectivity, similar to LLE. 
- r Intuitive: MCX chosen due to basic analyte – only 100pg/mL LLOQ was 

reached due to matrix effects. Poor sensitivity due to matrix effects. 
- aNon-intuitive: MAX used for reverse phase retention. Further optimized 

with 0.500 mL sample size. 

SPE optimization. 

- Fig. 2, Matrix effects minimized by weak wash solvent and elution solvent. 

(Insert Fig. 2. here.) 

- aNon-intuitive: Analyte retained weakly, matrix retained strongly. 
- aNon-intuitive: Eluent directly injected to LC/MS/MS. No 

drydown/reconstitution required. When dried/concentrated, change of signal 
not proportional due to matrix effects. 

LC/MS/MS

- Positive ion ESI used due to poor sensitivity in APCI. 

LC column Separation Capacity. 

- r Conventional: Typical 2.0mm x 50mm MS columns do not offer sufficient 
capacity and show matrix effects. 

- aNon-conventional): Longer columns used for better separation from co-
extracted matrix. 

(Insert Fig. 3 and 4 here side-by side. Re-size for the same size.) 

Method ruggedness. 

- Retention time shift >1min observed due to irreversible accumulation of co-
extracted matrix. 

- Solution: Column switching. Trap the matrix contaminants on a precolumn, 
transfer the analyte to the analytical column and backflush the precolumn 
during the separation on analytical column. 

(insert fig 5 here, column switching) 

Solid Phase Extraction
- Various SPE materials tested (C2, HLB, MCX, MAX) 
- Each SPE material tested at 3 different pH values of sample loading. 

o Each pH value eluted with 3 different pH values of elution solvent. 
- Total 36 SPE conditions tested in duplicate. 
- MCX>HLB=MCX showed highest recovery. 
Conclusions:
- r Intuitive: HLB – not suitable due to poor selectivity, similar to LLE. 
- r Intuitive: MCX chosen due to basic analyte – only 100pg/mL LLOQ was 

reached due to matrix effects. Poor sensitivity due to matrix effects. 
- aNon-intuitive: MAX used for reverse phase retention. Further optimized 

with 0.500 mL sample size. 

SPE optimization. 

- Fig. 2, Matrix effects minimized by weak wash solvent and elution solvent. 

(Insert Fig. 2. here.) 

- aNon-intuitive: Analyte retained weakly, matrix retained strongly. 
- aNon-intuitive: Eluent directly injected to LC/MS/MS. No 

drydown/reconstitution required. When dried/concentrated, change of signal 
not proportional due to matrix effects. 

LC/MS/MS

- Positive ion ESI used due to poor sensitivity in APCI. 

LC column Separation Capacity. 

- r Conventional: Typical 2.0mm x 50mm MS columns do not offer sufficient 
capacity and show matrix effects. 

- aNon-conventional): Longer columns used for better separation from co-
extracted matrix. 

(Insert Fig. 3 and 4 here side-by side. Re-size for the same size.) 

Method ruggedness. 

- Retention time shift >1min observed due to irreversible accumulation of co-
extracted matrix. 

- Solution: Column switching. Trap the matrix contaminants on a precolumn, 
transfer the analyte to the analytical column and backflush the precolumn 
during the separation on analytical column. 

(insert fig 5 here, column switching) 

Solid Phase Extraction
- Various SPE materials tested (C2, HLB, MCX, MAX) 
- Each SPE material tested at 3 different pH values of sample loading. 

o Each pH value eluted with 3 different pH values of elution solvent. 
- Total 36 SPE conditions tested in duplicate. 
- MCX>HLB=MCX showed highest recovery. 
Conclusions:
- r Intuitive: HLB – not suitable due to poor selectivity, similar to LLE. 
- r Intuitive: MCX chosen due to basic analyte – only 100pg/mL LLOQ was 

reached due to matrix effects. Poor sensitivity due to matrix effects. 
- aNon-intuitive: MAX used for reverse phase retention. Further optimized 

with 0.500 mL sample size. 
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- Fig. 2, Matrix effects minimized by weak wash solvent and elution solvent. 

(Insert Fig. 2. here.) 
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- aNon-intuitive: Eluent directly injected to LC/MS/MS. No 

drydown/reconstitution required. When dried/concentrated, change of signal 
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LC/MS/MS

- Positive ion ESI used due to poor sensitivity in APCI. 

LC column Separation Capacity. 

- r Conventional: Typical 2.0mm x 50mm MS columns do not offer sufficient 
capacity and show matrix effects. 
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Method ruggedness. 

- Retention time shift >1min observed due to irreversible accumulation of co-
extracted matrix. 

- Solution: Column switching. Trap the matrix contaminants on a precolumn, 
transfer the analyte to the analytical column and backflush the precolumn 
during the separation on analytical column. 
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Fig. 2 

Area of analyte vs. elution strength of elution solvent in SPE. 
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Non-intuitive: Analyte retained weakly, matrix retained strongly.

Non-intuitive: Eluent directly injected into LC/MS/MS.  
No drydown/reconstitution required. When dried/concentrated, change of signal not 
proportional to change of volume due to matrix e�ects.

LC/MS/MS

Positive ion ESI used due to poor sensitivity in APCI.

LC Column Separation Capacity

Conventional: Typical 2.0 mm x 50 mm MS columns do not o�er su�cient separation 
capacity and show matrix e�ects (Figure 3).

Non-conventional: Longer columns used for better separation from co-extracted 
matrix (Figure 4).

Figure 3: Chromatogram of 2.5 pg/mL Sample Using 2.0 mm x 50 mm C18 Column, 0.5 mL min, 60% Methanol, 
40% 0.1% FA in Water

�

Solid Phase Extraction
- Various SPE materials tested (C2, HLB, MCX, MAX) 
- Each SPE material tested at 3 different pH values of sample loading. 

o Each pH value eluted with 3 different pH values of elution solvent. 
- Total 36 SPE conditions tested in duplicate. 
- MCX>HLB=MCX showed highest recovery. 
Conclusions:
- r Intuitive: HLB – not suitable due to poor selectivity, similar to LLE. 
- r Intuitive: MCX chosen due to basic analyte – only 100pg/mL LLOQ was 

reached due to matrix effects. Poor sensitivity due to matrix effects. 
- aNon-intuitive: MAX used for reverse phase retention. Further optimized 

with 0.500 mL sample size. 

SPE optimization. 

- Fig. 2, Matrix effects minimized by weak wash solvent and elution solvent. 

(Insert Fig. 2. here.) 

- aNon-intuitive: Analyte retained weakly, matrix retained strongly. 
- aNon-intuitive: Eluent directly injected to LC/MS/MS. No 

drydown/reconstitution required. When dried/concentrated, change of signal 
not proportional due to matrix effects. 

LC/MS/MS

- Positive ion ESI used due to poor sensitivity in APCI. 

LC column Separation Capacity. 

- r Conventional: Typical 2.0mm x 50mm MS columns do not offer sufficient 
capacity and show matrix effects. 

- aNon-conventional): Longer columns used for better separation from co-
extracted matrix. 

(Insert Fig. 3 and 4 here side-by side. Re-size for the same size.) 

Method ruggedness. 

- Retention time shift >1min observed due to irreversible accumulation of co-
extracted matrix. 

- Solution: Column switching. Trap the matrix contaminants on a precolumn, 
transfer the analyte to the analytical column and backflush the precolumn 
during the separation on analytical column. 

(insert fig 5 here, column switching) 

Solid Phase Extraction
- Various SPE materials tested (C2, HLB, MCX, MAX) 
- Each SPE material tested at 3 different pH values of sample loading. 

o Each pH value eluted with 3 different pH values of elution solvent. 
- Total 36 SPE conditions tested in duplicate. 
- MCX>HLB=MCX showed highest recovery. 
Conclusions:
- r Intuitive: HLB – not suitable due to poor selectivity, similar to LLE. 
- r Intuitive: MCX chosen due to basic analyte – only 100pg/mL LLOQ was 

reached due to matrix effects. Poor sensitivity due to matrix effects. 
- aNon-intuitive: MAX used for reverse phase retention. Further optimized 

with 0.500 mL sample size. 

SPE optimization. 

- Fig. 2, Matrix effects minimized by weak wash solvent and elution solvent. 

(Insert Fig. 2. here.) 

- aNon-intuitive: Analyte retained weakly, matrix retained strongly. 
- aNon-intuitive: Eluent directly injected to LC/MS/MS. No 

drydown/reconstitution required. When dried/concentrated, change of signal 
not proportional due to matrix effects. 

LC/MS/MS

- Positive ion ESI used due to poor sensitivity in APCI. 

LC column Separation Capacity. 

- r Conventional: Typical 2.0mm x 50mm MS columns do not offer sufficient 
capacity and show matrix effects. 

- aNon-conventional): Longer columns used for better separation from co-
extracted matrix. 

(Insert Fig. 3 and 4 here side-by side. Re-size for the same size.) 

Method ruggedness. 

- Retention time shift >1min observed due to irreversible accumulation of co-
extracted matrix. 

- Solution: Column switching. Trap the matrix contaminants on a precolumn, 
transfer the analyte to the analytical column and backflush the precolumn 
during the separation on analytical column. 

(insert fig 5 here, column switching) 

Fig. 3 
Chromatogram of 2.5 pg/mL sample using 2.0mm x 50mm C18 column, 0.5mL min, 
60% Methanol, 40% 0.1% FA in water. 

XIC of +MRM (4 pairs): 416.3/232.3 amu from Sample 1 (2 001 25_SalmP05 SST 1) of 25_SalmP0502r2.wiff (Turbo Spray) Max. 1215.0 cps.
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Solid Phase Extraction
- Various SPE materials tested (C2, HLB, MCX, MAX) 
- Each SPE material tested at 3 different pH values of sample loading. 

o Each pH value eluted with 3 different pH values of elution solvent. 
- Total 36 SPE conditions tested in duplicate. 
- MCX>HLB=MCX showed highest recovery. 
Conclusions:
- r Intuitive: HLB – not suitable due to poor selectivity, similar to LLE. 
- r Intuitive: MCX chosen due to basic analyte – only 100pg/mL LLOQ was 

reached due to matrix effects. Poor sensitivity due to matrix effects. 
- aNon-intuitive: MAX used for reverse phase retention. Further optimized 

with 0.500 mL sample size. 

SPE optimization. 

- Fig. 2, Matrix effects minimized by weak wash solvent and elution solvent. 

(Insert Fig. 2. here.) 

- aNon-intuitive: Analyte retained weakly, matrix retained strongly. 
- aNon-intuitive: Eluent directly injected to LC/MS/MS. No 

drydown/reconstitution required. When dried/concentrated, change of signal 
not proportional due to matrix effects. 

LC/MS/MS

- Positive ion ESI used due to poor sensitivity in APCI. 

LC column Separation Capacity. 

- r Conventional: Typical 2.0mm x 50mm MS columns do not offer sufficient 
capacity and show matrix effects. 

- aNon-conventional): Longer columns used for better separation from co-
extracted matrix. 

(Insert Fig. 3 and 4 here side-by side. Re-size for the same size.) 

Method ruggedness. 

- Retention time shift >1min observed due to irreversible accumulation of co-
extracted matrix. 

- Solution: Column switching. Trap the matrix contaminants on a precolumn, 
transfer the analyte to the analytical column and backflush the precolumn 
during the separation on analytical column. 

(insert fig 5 here, column switching) 

Solid Phase Extraction
- Various SPE materials tested (C2, HLB, MCX, MAX) 
- Each SPE material tested at 3 different pH values of sample loading. 

o Each pH value eluted with 3 different pH values of elution solvent. 
- Total 36 SPE conditions tested in duplicate. 
- MCX>HLB=MCX showed highest recovery. 
Conclusions:
- r Intuitive: HLB – not suitable due to poor selectivity, similar to LLE. 
- r Intuitive: MCX chosen due to basic analyte – only 100pg/mL LLOQ was 

reached due to matrix effects. Poor sensitivity due to matrix effects. 
- aNon-intuitive: MAX used for reverse phase retention. Further optimized 

with 0.500 mL sample size. 

SPE optimization. 

- Fig. 2, Matrix effects minimized by weak wash solvent and elution solvent. 

(Insert Fig. 2. here.) 

- aNon-intuitive: Analyte retained weakly, matrix retained strongly. 
- aNon-intuitive: Eluent directly injected to LC/MS/MS. No 

drydown/reconstitution required. When dried/concentrated, change of signal 
not proportional due to matrix effects. 

LC/MS/MS

- Positive ion ESI used due to poor sensitivity in APCI. 

LC column Separation Capacity. 

- r Conventional: Typical 2.0mm x 50mm MS columns do not offer sufficient 
capacity and show matrix effects. 

- aNon-conventional): Longer columns used for better separation from co-
extracted matrix. 

(Insert Fig. 3 and 4 here side-by side. Re-size for the same size.) 

Method ruggedness. 

- Retention time shift >1min observed due to irreversible accumulation of co-
extracted matrix. 

- Solution: Column switching. Trap the matrix contaminants on a precolumn, 
transfer the analyte to the analytical column and backflush the precolumn 
during the separation on analytical column. 

(insert fig 5 here, column switching) 
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Method Ruggedness

Retention time shift > 1 min observed due to irreversible accumulation of co-extracted matrix 
(Figure 6).

Solution: Column switching (Figure 5). Trap the matrix contaminants on a precolumn, transfer 
the analyte to the analytical column, and back�ush the precolumn during the separation on 
analytical column (Figures 5 - 7).

�

�

Figure 4: Chromatogram of 2.5 pg/mL Sample using 2.0 mm x 100 mm C18 column, 0.5 mL min, 60% Methanol,  
40% 0.1% FA in Water

Fig. 4 
Chromatogram of 2.5 pg/mL sample using 2.0mm x 100mm C18 column, 0.5mL min, 
60% Methanol, 40% 0.1% FA in water. 

XIC of +MRM (4 pairs): 416.3/232.3 amu from Sample 3 (LLOQ kromasil 2x100, 60%B) of 25_SalmMD08Nov05.wiff (Turbo Spray) Max. 4650.0 cps.
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Figure 5: Precolumn Trap and Back�ush Column Switching Diagram

Injection (0-1 min): 

1. Sample is injected into a precolumn  
(2.0 mm x 10 mm, C8). 

2. Matrix is retained. 
3. Analyte is transferred into an analytical 

column (2.1 mm x 100 mm, C18). 
4. Rapid transfer of analyte due to less 

retentive precolumn vs. analytical 
column.

Analysis: 

1. Valve switch at 1.0 min. 
2. Separation on analytical column  

(1 - 4 min). 
3. Valve switch at 4 min. 

A: 0.1% FA in water 
B: Methanol 
C: 90% Acetone 
35% B for 4.5 minutes 

Fig 5 
Precolumn trap and backflush column switching diagram 
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Figure 6:  Internal Standard Retention Time vs. Sample Number; Without Column Switching; > 1 min Retention Time Sift Observed

Figure 7:  Internal Standard Retention Time vs. Sample Number; With Column Switching; Retention Time Stable, Compare to Figure 6

Fig. 6 

Internal Standard retention time vs. sample number. Without column switching. > 1 min 
retention time sift is observed. 
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Fig. 7 

Internal Standard retention time vs. sample number. With column switching. 
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Chromatograms of the validated method are shown in Figures 8-10.

Figure 8: Chromatogram of Extracted Control Blank (Left = analyte; Right = stable-labeled IS)

Fig 8. 
Chromatogram of extracted control blank. Left – analyte, Right – stable labeled IS. 

Sample Name: "4 077 TSLS05-125 CONTROL_BLANK 1"    Sample ID: "77"    File: "S0512504.wiff"
Peak Name: "Salmeterol"    Mass(es): "416.3/232.3 amu"
Comment: "none"    Annotation: ""

Sample Index:      93     
Sample Type:       Blank  
Concentration:    0.0000    pg/mL  
Calculated Conc:    N/A            
Acq. Date:       11/15/2005  
Acq. Time:       3:13:23 AM  

Modified:           No    
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Sample Name: "4 077 TSLS05-125 CONTROL_BLANK 1"    Sample ID: "77"    File: "S0512504.wiff"
Peak Name: "Salmeterol-d3(IS)"    Mass(es): "419.3/235.3 amu"
Comment: "none"    Annotation: ""

Sample Index:      93     
Sample Type:       Blank  
Concentration:      1.00    ng/mL  
Calculated Conc:    N/A            
Acq. Date:       11/15/2005  
Acq. Time:       3:13:23 AM  

Modified:           No    
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Figure 9: Chromatogram of Extracted Control Blank with Internal Standard (Left = analyte; Right = stable-labeled IS)

Fig 9. 
Chromatogram of extracted control blank with Internal Standard. Left – Analyte, Right – 
stale labeled IS. 

Sample Name: "4 087 TSLS05-125 QC0 1"    Sample ID: "87"    File: "S0512504.wiff"
Peak Name: "Salmeterol"    Mass(es): "416.3/232.3 amu"
Comment: "none"    Annotation: ""

Sample Index:     103     
Sample Type:     Unknown  
Concentration:      N/A            
Calculated Conc:  0.0000    pg/mL  
Acq. Date:       11/15/2005  
Acq. Time:       4:10:26 AM  

Modified:           No    
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Sample Name: "4 087 TSLS05-125 QC0 1"    Sample ID: "87"    File: "S0512504.wiff"
Peak Name: "Salmeterol-d3(IS)"    Mass(es): "419.3/235.3 amu"
Comment: "none"    Annotation: ""

Sample Index:     103     
Sample Type:     Unknown  
Concentration:      1.00    ng/mL  
Calculated Conc:    N/A            
Acq. Date:       11/15/2005  
Acq. Time:       4:10:26 AM  

Modified:           No    
Proc. Algorithm: Analyst Classic  
Bunching Factor:    2     
Noise Threshold:   50.00   cps
Area Threshold:  200.00   cps
,Num. Smooths:       1     
Sep. Width:         0.20  
Sep. Height:        0.01  
Exp. Peak Ratio:  1.00e4  
Exp. Adj. Ratio:    4.00  
Exp. Val. Ratio:    3.00  
RT Window:         60.0    sec
Expected RT:        2.54   min
Use Relative RT:    No    

Int. Type:       Base To Base  
Retention Time:     2.65   min
Area:         528120.   counts
Height:          67600.  cps
Start Time:         2.43   min
End Time:           2.95   min
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Interference Testing

The method performance was evaluated in the presence of a co-administered potentially 
interfering compound.

The interfering compound was previously reported to interact with the analyte and 
complicate quantitation.

Evaluated at low and high QC levels (7.5 pg/mL, 800 pg/mL) in the presence of 400 pg/mL  
(2x cmax) interfering compound.

The QCs met acceptance criteria (< 4% CV, accuracy 99-106% of targeted concentration).

The extracts were analyzed for the interference compound but it was not detected  
(< 5 pg/mL).

Interference compound separated in SPE step.

�

�

�

�

�

�

Figure 10: LLOQ QC Sample � 2.50 pg/mL (Left = analyte; Right = stable-labeled IS)

Fig 10 
LLOQ QC sample. 2.50 pg/mL. Left – Analyte, Right – stable labeled IS. 

Sample Name: "4 029 TSLS05-125 LLOQ A/P 05Oct05 5 1"    Sample ID: "29"    File: "S0512504.wiff"
Peak Name: "Salmeterol"    Mass(es): "416.3/232.3 amu"
Comment: "none"    Annotation: ""

Sample Index:      45     
Sample Type:          QC  
Concentration:    2.5000    pg/mL  
Calculated Conc:  2.6486    pg/mL  
Acq. Date:       11/14/2005  
Acq. Time:       10:39:10 PM  

Modified:           No    
Proc. Algorithm: Analyst Classic  
Bunching Factor:    3     
Noise Threshold:   50.00   cps
Area Threshold:  250.00   cps
,Num. Smooths:       2     
Sep. Width:         0.20  
Sep. Height:        0.10  
Exp. Peak Ratio:  1.00e5  
Exp. Adj. Ratio:    4.00  
Exp. Val. Ratio:    3.00  
RT Window:         60.0    sec
Expected RT:        2.63   min
Use Relative RT:    No    

Int. Type:       Base To Base  
Retention Time:     2.91   min
Area:          5114.3   counts
Height:            582.  cps
Start Time:         2.65   min
End Time:           3.10   min
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Sample Name: "4 029 TSLS05-125 LLOQ A/P 05Oct05 5 1"    Sample ID: "29"    File: "S0512504.wiff"
Peak Name: "Salmeterol-d3(IS)"    Mass(es): "419.3/235.3 amu"
Comment: "none"    Annotation: ""

Sample Index:      45     
Sample Type:          QC  
Concentration:      1.00    ng/mL  
Calculated Conc:    N/A            
Acq. Date:       11/14/2005  
Acq. Time:       10:39:10 PM  

Modified:           No    
Proc. Algorithm: Analyst Classic  
Bunching Factor:    2     
Noise Threshold:   50.00   cps
Area Threshold:  200.00   cps
,Num. Smooths:       1     
Sep. Width:         0.20  
Sep. Height:        0.01  
Exp. Peak Ratio:  1.00e4  
Exp. Adj. Ratio:    4.00  
Exp. Val. Ratio:    3.00  
RT Window:         60.0    sec
Expected RT:        2.54   min
Use Relative RT:    No    

Int. Type:       Base To Base  
Retention Time:     2.90   min
Area:         498300.   counts
Height:          56300.  cps
Start Time:         2.66   min
End Time:           3.30   min
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CONCLUSIONS
Method for analysis of a basic analyte was developed and validated in human plasma 
according to FDA guidelines at 2.5 pg/mL.

The method uses positive ion ESI on API 5000 and employs mixed-mode anion exchange 
SPE utilized in the reverse-phase mode for weak retention of analyte and strong retention of 
matrix in sample preparation.

Chromatographic separation is C18 reverse phase with C8 precolumn trap and back�ush.

The method design was useful for eliminating previously reported interfering compound  
co-administered with an analyte.

The combined use of various matrix e�ect-reducing strategies resulted in a rugged method 
with the LLOQ at 2.5 pg/mL.

The method was successfully used for clinical study samples.

Without a combination of various matrix e�ect-reducing strategies, the drug was impossible 
to analyze at the desired LLOQ (2.50 pg/mL in human plasma) even using the most sensitive 
instrumentation (API 5000)
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