
©2010 Waters Corporation | COMPANY CONFIDENTIAL    1 

Lorem Ipsum Dolor Sit Amet  

Addressing The Challenge of 

Sensitivity and Metabolite Detection 

in Bioanalytical Studies 

 

European Bioanalysis Forum 

1st December 2010 

 

Gary Harland 

Program Manager ï Bioanalysis 



©2010 Waters Corporation | COMPANY CONFIDENTIAL    2 

Challenges in Bioanalysis  
Metabolite Monitoring and Detection  

Á [Method Development]  

ð HPLC vs UPLC 

ð Resolution of Metabolites  

 

Á [Metabolites and MIST]  

ð MS Technology  

ð iMRM for metabolite detection and quantification  

 

Á [Worked Example]  

ð MS Technology  

ð iMRM for metabolite detection and quantification  
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FDA MIST Guidelines  

óIn general, these metabolites are of 
interest if they account for plasma  

levels >10% of total systemic exposure to 
drug related material, measured as area  
under the curve (AUC) at steady state.ô 
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System Solutions  

[High Sensitivity LC/MS]  

ACQUITY UPLC Xevo  TQ MS  

[Ultra High Sensitivity LC/MS]  

ACQUITY UPLC Xevo  TQ - S 



©2010 Waters Corporation | COMPANY CONFIDENTIAL    5 

[Method Development]  
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Metabolites  

MIST  guidelines 

Å  Metabolites with exposure over 10% of parent must be 

identified, characterized and quantified in studies 

 

Isobaric metabolites 

Å   Failure to resolve may lead to overestimation of 

metaboliteémay trigger MIST guidelines 
(ref: Leclerq et al, Chem. Res. Toxicol. 2009, 22, 280-293) 

 

Thermally Labile Metabolites 

Å  Conversion in source back to parent can lead to 

overestimation of parent.   

Å  Must resolve susceptible metabolites (e.g.ééacyl glucs, N-

oxides, sulphates) 

 

 Challenge:  to resolve metabolites for quantitative analysis 

while retaining productivity 
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More Samples per Hour  

Á Solutions  

ð Fast short column HPLC  

ð Direct sample analysis with  

large particles  

ð On- line SPE without LC  

 

Á These all have issues with matrix resolution, metabolite co -

elution and ion suppression.  

 

Á Sub 2µm particle LC allows for  

rapid analysis with improved  

 resolution and greater sensitivity  
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5 Õm SunFireÊ C18

3.5 Õm SunFireÊ C18

1.8 µm ACQUITY UPLC® HSS T3

1.7 µm ACQUITY UPLC® BEH C18

The Promise of Small Particles  
van Deemter Curves (<500 MW)  

Why small particles? 

 

Increased resolution with 

shorter columns 

 

Flatter Van Deemter Curve 

at higher linear velocities, 

means less compromise 

for faster runs 

 

With larger particle size like 5µm and 3.5µm, the choice must be made between speed and 

efficiency:   

 when the linear velocity increases,  

  the efficiency decreases, 

   hence the resolving power of the column decreases  
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Solving Bioanalytical Challenges  
with UPLC ®  Technology:  
Resolution ï a customer example  

Separation of metabolite  

critical pairs is essential for accurate quantitation and is becoming more important in 

order to satisfy regulatory expectations (MIST) 

Ref: Donegan M,BMS, www.cosmoscience.org/archive_2008.htm 
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Comparison of HPLC and UPLC sensitivity 
for Bioanalysis of Propranolol  

Acid/MEOHPlasma 10 UPLC

Time
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012610_RP044 1: MRM of 2 Channels ES+ 
260.15 > 183.1 (Propranolol)
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1.39

1.23
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0.93

0.83 1.12 1.30
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1.99

2.412.16

2.30 2.47

012610_RP025 1: MRM of 2 Channels ES+ 
260.15 > 183.1 (Propranolol)

6.63e3

S/N:PtP=7.27

1.210.98

0.88
0.76 1.11

1.29

1.25
1.45

1.34

2.05
1.76

1.62 1.72

1.85
2.13

2.27
2.23 2.54

HPLC  

UPLC  

5 Times 
increase in 

Signal to noise  
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[Metabolites Detection and Quantification]  
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Challenges and Issues in Metabolite 
Detection  

 

Á [Confirmation of Metabolites]  

ð Acquiring spectra in time frame of UPLC peak  

 

Á [Detecting metabolites]  

ð Using MRM approach to detect metabolites  

ð iMRM method generator  

 

Á [Quantification of Metabolites]  

ð Using RF factors  
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Detecting Metabolites and 
Quantification  

Á Detecting metabolites and confirming structure requires: -  

ð Specificity for detection  

ð Spectral data for confirmation  

ð Chromatographic resolution of metabolites  

 

Á Options  

ð Accurate mass full scan LC/MS(MS)  

o Best full scan data sensitivity  

ð Tandem Quadrupole LC/MS/MS  

o Best detection sensitivity   

 

 Imperial College 2010 
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MS Solution for High Sensitivity 
Metabolite Detection and Quantification  

Á MRM Detection  

ðOptimal sensitivity  

ð Needs method development  

 

Á Metabolite Confirmation  

ð Full scan MS data required  

ð MS Scan sensitivity critical  

ð Ability to acquire scan data during MRM acquisition  
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Xevo  TQ - S 
    

Ultra Sensitive MS 

Detection  
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Xevo TQ  Xevo TQ - S 

Larger  
sampling orifice  

New Step - Wave Optics Give 
Improved Ion Transfer Efficiency  
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Diffuse 
Ion 
Cloud  

Off Axis Design Eliminates Neutral 
Contamination  

Maximising signal  

Minimising noise  

Wide Ion Tunnel  
Conjoined to  
Narrow Ion Tunnel  

 
Off - Axis design  
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Extracted Plasma Curve Desmopressin  
1 - 10000pg/mL (Xevo TQ - S)  

Compound name: Desmopressin (1)

Correlation coefficient: r = 0.999622, r^2 = 0.999244

Calibration curve: 1.5469 * x + 0.000270265

Response type: Internal Std ( Ref 2 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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10ul loop injection 0.5pg/ul Verapamil in human plasma/ACN_2

Time
0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25

%

0

100

TC8_100721_1135 MRM of 1 Channel ES+ 
455 > 165 (Verapamil)

2.66e7

0.83

Assay Robustness  

Verapamil, 0.5pg/µL 

spiked  

into supernatant from 

2:1 ACN:Plasma  

protein precipitation.  

10µL injections  

ACQUITY BDH 2.1x 50  

Plasma injection 1  

Plasma injection 2000  

Plasma injection 6000  >6000 on column injections  

RSD of peak areas < 5%  
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Xevo  TQ - S 
    

Information rich 

qualitative supporting 

data  
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Rapid MS to MRM Switching  
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Simultaneous MRM and Full Scan 
Detection  

MRM of Parent  

Full Scan of  
Metabolites  

Metabolites 



©2010 Waters Corporation | COMPANY CONFIDENTIAL    23  

Xevo  TQ - S 
    

Information rich 

qualitative supporting 

data  

ScanWave  
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Standard  
Product Ion Scanning  

Á Continuous output of ions by cell  

Á Most ions filtered out by MS2  

Á Very inefficient  
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ScanWave  
Enhanced Product Ion Scanning  

Á Ion accumulation  

Á Mass selective ion ejection  

Á Synchronised with scanning of MS2  
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StepWave Combined with ScanWave  

Time
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ScanWave enhanced  

Product ion spectrum  

 

UPLC/MS/MS 

50fg  Reserpine  

on column  

 

 

ScanWave enhanced  

Product ion scanning  

chromatogram  

(m/z 195)  

A combination providing 

leading - edge  

spectral MS/MS 

sensitivity  
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PIC Scan  

Acquisition  

MRM 

Acquisition  

PIC SCAN: 

MRM data is used as a specific 

trigger for the acquisition of a  

ScanWave enhanced product ion 

spectrum. 

Rapid Mode Switching  
Precursor Ion Confirmation Scan  


