
Overview 

•  Rationale/interest for micro LC in bioanalytical environment 

•  Chip based micro LC 

–  Dimensions and design 

–  Comparison with “traditional” UPLC performance 

–  Improved ionization efficiency – minimized ion suppression 
potential? 

–  examples 

•  Trapping larger injection volumes in combination with micro 
LC 

–  Evaluation with 9 cpds  

•  Conclusion and future experiments 
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Why micro LC in Bioanalysis? 

Sensitivity boost needed for new concepts: 
–  Microdosing studies in animals - low exposure - limited sample 

volume 

–  Absolute bioavailability evaluation – combination of low IV dose 
of a stable isotope labeled analogue with a PO 
pharmacologically active dose. 

–  Evaluation of DDI potential – combining different probes at low 
dose 

–  PPB: measuring free fraction of high protein binders 

•  Special cases (eg transporter, CMS) 

•  Limited sample volume 

•  Green chromatography 
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NanoAcquity – TQS 

Incoming flow 

Analytical Column 

Nanotile 

Trizaic source 



Micro LC on TQS in Bioanalysis – instrument 
considerations 

•  Nano Acquity: flow rates 100 nl/min to 100 µl/ml 

•  Tubings & connectors are critical – peek vs fused silica (25 µm) 

•  150 µm x 50 mm Nanotile Trizaic system (C18 BEH 1.7 µm) 

•  Sensitivity gain offered? 

•  Robustness for multiple injections/batches offered? 
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Case 1: drug X and its stable isotope 
labeled analogue 

•  Concept: evaluate absolute bioavailability through an IV 
microdose of the labeled analogue (LA) drug and an oral 
dose of the drug at therapeutic level in the same subject 

 

 

 

IV PO 

• Microdose = 1/100th of the therapeutic dose and/or maximum 
100 µg  -> conc LA <<<< conc drug 

•  Saturation/suppression effects observed with standard method 
 

quantify LA 
and drug in 

plasma 
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iclass -UPLC-TQS nanoAcquity-Trizaic-
TQS 

Column X-bridge C18 1 x 50 
mm 1.7 µ 

Trizaic C18 0.15 x 50 
mm 1.7 µ 

Flow rate 100 µl/min 3 µl/min 

Sample prep  LLE  200 µl plasma– 
evaporate  

LLE  200 µl plasma– 
evaporate  

Reconstitution 
volume 100 µl 100 µl 

Injection 
volume 

10 µl (20 µl plasma 
equivalent on 

column) 

1 µl  (2 µl plasma 
equivalent) 

Time 
(min) 

% 0.2 
formic 
acid 
(FA) 

% 0.2 FA 
in CH3CN 

0 99 1 

0.5 99 1 

5 5 95 

Q1 Mass 
(m/z)  

Q3 Mass 
(m/z)  

Dwell 
time 

(msec)  

CE  
(eV) 

Cone 
(V) 

Cpd X  462 191 50 30 30 
   249 50 18 30 

267 50 17 30 
LA 468 191 50 30 30 

255 50 18 30 
273 50 17 30 

Case 1: methods on 1 mm column and Trizaic 
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LLOQ chromatogram (5 pg/mL) on 
Trizaic 150 µm column, 1 µL 

injected 

LLOQ chromatogram (5 pg/mL) 
on 1 mm column, 10 µL 

injected 

Comparison of LLOQ chromatograms 

Peak width at 
baseline 8.5 s 

Peak width at 
baseline 6 s 
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LA cpd X LA LA cpd X LA LA LA cpd X LA 

pg/mL pg/mL Peak area conc 
(pg/mL) 

Peak 
area %Dev Peak 

area 
conc 

(pg/mL) 
Peak 
area %Dev 

5 0 2721 5.21 4.2 2771 5 -0.1 
10 0 5134 9.9 -1.3 5681 10 1.9 
20 0 9874 19.1 -4.6 11786 21 5.1 
100 0 51886 101 1.4 57673 102 1.7 
200 0 96759 190 -5.1 115526 203 1.4 
1000 0 498650 990 -1 640149 1110 11 
2000 0 1067142 2130 6.5 1133693 1957 -2.2 

5 200 2932 5.62 39282 12.3 2976 5 45215 7 
50 200 26587 51.7 41923 3.4 31226 55 49488 11 
500 200 277273 548 43402 9.6 343227 598 54692 20 
2000 200 1145192 2287 41565 14.3 1190009 2053 46660 3 

5 2000 3175 6.08 562284 21.7 3057 6 585008 10 
50 2000 28058 54.6 573836 9.2 28941 51 624568 3 
500 2000 272048 538 543172 7.6 304584 531 624404 6 
2000 2000 1066238 2128 516612 6.4 1099500 1898 548296 -5 

5 20000 2446 4.68 4236012 -6.4 3925 7 4715274 41 
50 20000 21007 40.8 4184039 -18.4 23338 41 4552738 -17 
500 20000 213402 421 4120318 -15.8 218799 382 4568083 -24 
2000 20000 793696 1581 3716356 -21 893674 1545 4582471 -23 

Comparison of results on Trizaic 150µmx50mm - 1 µL IV 
to results on 1x50 mm BEH C18 1.7 µ 10 µL IV	
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Case 2: Quantification of transporter proteins 

•  Link functional assay to absolute conc of transporter for 
improved simulations 

• MDCK cells overexpressing MRP2, liver tissue 

• Quantification based on: 

–  isolation/extraction of membrane protein fraction 

–  tryptic digestion 

–  LC-MS/MS analysis of signature peptide 

•  Starting material for quan: +/- 108 cells -> cost! 



10 

        ++                +              +++              - 

Functional assays:- Cell lines with individual transporter 
overexpression. Identification of substrate high affinity transport 

Transporter abundance:  - Quantification of transporters in functional cell lines
 - Quantification of transporters in in vivo system 

= Scaling factor –> better prediction of in vivo  transporter 
mediated drug disposition 
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Hepatocytes
/Liver tissue MDCKII - transp 

Membrane proteins 

+ Extraction buffer 

Tryptic digest 

Sample concentration 

BLAST search: 
1)  Transporter specificity 

2)  Species cross-specificity 
3)  MS compatible 

Proteotypic peptide 

   Stable isotope labelled 
proteotypic peptide (STIL) 

+ LC-MS/MS quantitative 
peptide analysis 

Workflow for quantification of transporter proteins 

Isolation cell membranes 
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Column: BEH 1 x 50 mm 1.7 µ C18 
Flow rate: 100 µl/min 
IV: 2 µl 
  

S/N = 70 

Column: BEH 0.15 x 50 mm 1.7 µ C18 
Flow rate: 3 µl/min 
IV: 2 µl 
  

S/N = 490 

7x 

Comparison sensitivity on Trizaic versus iclass 
chromatography 
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Case 3: Evaluation of 9 small 
molecules 

• Galantamine, loperamide, prednisolone, midazolam, 
norethindron, omeprazole, risperidone, TMC1, TMC2 

•  Evaluation of injection volumes and injection modes on 
Trizaic 150 µm x 50 mm (NanoAcquity) 

•  Increase injection volume by trap-elute of 10 µL sample 
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Details of the method 

nanoAcquity-Trizaic-TQS 

Column Trizaic C18 0.15 x 50 mm 1.7 µ 

Flow rate 2 µl/min 

Sample prep  PPT  50 µl plasma + 300 µl CH3CN 

dilution 100 µl SN + 300 µl H20 

Injection volume 0.5, 1 and 2 µl (with 2 µl sample loop) 

Time (min) % 0.1 formic 
acid (FA) MeOH 

0 99 1 

0.5 99 1 

12 10 90 

12.1 2 98 

13 2 98 

13.1 99 1 
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20 ng/mL spiked plasma sample – protein 
precipitation – 2 µL IV 

Norethindrone +TMC2 prednisolone 

loperamide 

midazolam 

omeprazole 

risperidone 



16 

Consideration on injection modes on Nano UPLC 

•  Partial loop in 2 µl injection loop 
volumes used: 0.5 – 1 and 2 µl 
smaller volumes in partial loop mode at low flow rates -> 
impact on retention time 

•  Full loop injections for 2 and 10 µl loops 
10 µl  used for trapping purpose 

•  2 µl loop calibrated = 2.8 µl  
10 µl loop calibrated  = 11.7 µl  

•  Full loop à overfill factor 

•  For restricted sample volumes à recommendation is to 
perform partial loop injection just below the total loop 
volume 
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Partial loop or full loop injection on Nano 
Acquity-Trizaic 
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load 
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Trap configuration external to Nanotile 

C4 Acclaim PepMap300  
0.5 x 5 mm 5 µm  

elute 
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nanoAcquity-Trizaic-TQS 

Trap column C4 Acclaim PepMap300  
0.5 x 5 mm 5 µm  

Column Trizaic C18 0.15 x 50 mm 1.7 µm 

Sample prep  PPT  50 µl plasma + 300 µl CH3CN 

dilution 100 µl SN + 300 µl H20 

Injection volume 10 µl (trap) or 1 µl (w/o trap) 

Details of the method 
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Gradient profile 

trapping @ 5µL/min 
10 µL IV 
 

start elution on Trizaic C18 column 
@ 2 µL/min 



20 

Trap 10 µl and elute on Trizaic  

calibration and QC results for omeprazole calibration and QC results for midazolam 
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Direct injection of 1µl on Trizaic 

calibration and QC results for omeprazole calibration and QC results for midazolam 
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Conclusions 
•  Micro LC to improve sensitivity limited due to loadability on 

columns 

•  Theoretical sensitivity gain not always realized  

–  Sampling efficiency at different flow rate regimes 

–  Extra column system volume 

•  Applications with limited sample volume 

•  Trapping experiments:  

–  Generic approach not possible for all compounds 

–  Carryover issues need to be tackled, limits sensitivity 

–  POC shows bioanalytical batch analysis within acceptance criteria 
is possible 
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