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INTRODUCTION 
Modern drug discovery technologies have produced a dramatic increase in the number of new 
compounds to be evaluated as potential drug candidates. In order to meet this demand, high-
throughput strategies for evaluating the Absorption, Distribution, Metabolism and Elimination 
(ADME), toxicity and pharmacokinetic properties of potential drugs are essential early in the drug 
discovery process. Determination of compound permeability and membrane transporter interactions 
is a key stage in lead selection and optimisation studies. Typically a combination of experimental 
models are used to measure drug permeability1,2, often involving high-throughput models such as 
Parallel Artificial Membrane Permeability Assay (PAMPA), which utilises a hydrophobic filter coated 
with an artificial lipid membrane to assess passive permeation and cell-based approaches including 
Caco-2 and Madin Darby Canine Kidney (MDCK) cells for primary screening, followed by low 
throughput tissue-based approaches and whole animal models for secondary screening and 
mechanistic studies. 

The efflux protein, P-glycoprotein (P-gp), is one of the most well characterized transporters, and is 
known to play a role in intestinal efflux, biliary excretion, blood brain barrier permeability and renal 
clearance. Recognizing compounds which interact with P-gp enables drug efflux and drug-drug 
interactions to be identified and avoided at an early stage of drug discovery. Cloe®Screen MDR1-
MDCK, developed by Cyprotex, is a 96-well bi-directional assay which uses Madin Darby canine kidney 
cells transfected with the human MDR1 gene (MDR1-MDCK) to identify and quantify the extent of 
efflux by P-gp. By utilizing UPLC in combination with a novel tandem quadrupole mass spectrometer, 
a considerable increase in throughput has been achieved, enabling significant increases in efficiency 
to be realised. 

IMPROVING EFFICIENCIES IN ADME SCREENING UTILISING UPLC AND TANDEM MASS SPECTROMETRY:  
IMPLICATIONS FOR MDR1-MDCK PERMEABILITY SCREENING 
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METHODS 
Experimental Protocol 

MDR1-MDCK cells (NIH, Rockville, MD, USA) were seeded onto Multiscreen™ 96 well plates (Millipore, MA, USA) at 0.34 x 106 cells/
cm2, and cultured for 4 days for confluent cell monolayer formation. Dosing solution containing test compound at 10 µM in 
supplemented HBSS transport buffer at pH 7.4 was applied to the apical surface of the cell monolayer and compound permeation 
into the basolateral compartment measured (A-B). The assay was performed in the reverse basolateral to apical direction (B-A), to 
investigate P-gp-mediated efflux. The fluorescent integrity marker Lucifer yellow was also included in the dosing solution for both 
directions. Test compound permeability was assessed in duplicate over a 60 minute incubation at 37°C, 5% CO2 with a relative 
humidity of 95%. Compounds were quantified by LC-MS/MS analysis using a 5 point calibration with appropriate dilution of the 
samples. 
 
This analysis was originally carried out using a traditional HPLC/MS/MS method with an injection to injection cycle time of 3.5 
minutes. UPLC was successfully utilised to improve the throughput by almost 30% and bring the inject to inject cycle time down to 
2.5 minutes/run, however due to the use of sample cassetting (4 compounds + Internal Standard per well) the throughput was 
limited by the dwell times possible on the Quattro micro. 
 
By using the Acquity TQD system, we were able to bring the inject to inject cycle time down for the analytical run to below 1.7 
minutes, giving reduction in cycle time of 32% from the 2.5 minute run (51% reduction in cycle time from the original 3.5 minute 
run). LC conditions were as follows: 
 
The following conditions were common to both methods: 
 
Eluent A:     10mM ammonium formate in water with 0.1% formic acid 
Eluent B:     10mM ammonium formate in methanol with 0.1% formic acid 
Column:    ACQUITY BEH C18 2.1x50mm, 1.7µm 
 
The following conditions were changed between methods: 
 
     1.7 minute method      2.5 minute method 
Flow Rate:    0.7mL/min        0.5mL/min 
Gradient:    5>95%B over 0.35 minutes     5>95%B over 0.5 minutes 
Column Temperature:  50°C         40°C 
 

CONCLUSION 

• The data generated from these experiments show that decreasing the run time using a mass spectrometer with 
increased fast scanning capabilities (the Waters TQD) generated good quality results which are comparable with 
previously validated assay protocols generated by Cyprotex and are of value in the prediction of human intestinal 
absorption. 
 

• A 96 compound bi-directional MDR1-MDCK assay can be completed in 19 hours on the Waters TQD UPLC/MS/MS 
system (1.7 minute cycle time) saving 20 hours on analysis time when compared to the HPLC/MS/MS system (3.5 
minute cycle time). 
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Data Analysis 

The apparent permeability coefficient (Papp) for each compound was calculated from the following equation:  
 
 
Where dQ/dt is the rate of permeation of the drug across the cells, C0 is the donor compartment concentration at time zero and A is 
the area of the monolayer. 
 
An efflux ratio (ER) was calculated from the mean apical to basolateral (A-B) Papp and basolateral to apical (B-A) Papp:  

RESULTS 
To assess the data quality generated by the new higher throughput analysis method, 20 compounds with a range of permeabilities 
were screened in duplicate using both assays. Figure 1 shows a comparison of the mean data generated by methods on both systems 
with the error bars representing standard deviation. The data generated showed good correlation between the two methods. 

Figure 1.  Comparison of apical to basolateral and basolateral to apical permeability values for the 1.7 and 2.5 minute cycle time  
  assays. 

Sample preparation was carried out in all cases by the use of sophisticated liquid handling technology and QuanOptimise software 
was used for automated compound tuning, MRM method generation and the creation of quantitation methods.  
 
This approach allows 96 compounds to be analysed in duplicate in both directions in approximately 27 hours (for both the 
experimental procedure and sample analysis) with the 1.7 minute method. When using the 3.5 minute method and HPLC/MS/MS 
technology, the same screen could only be completed in approximately 47 hours. 

 

Figure 2.  Efflux Ratios calculated for compounds with   
  known P-gp efflux characteristics  

Figure 3.  Correlation between human intestinal fraction  
  absorbed (Fa)3 and MDR1-MDCK Papp values  
  from the 1.7 minute assay. 

Figure 2 shows the calculated efflux ratios for the 1.7 minute assay showing which compounds are known to undergo P-gp efflux 
and those not reported to be prone to this mechanism. 
 
Figure 3 shows the correlation between values from the literature from human intestinal fraction absorbed (Fa)3 and the Papp values 
obtained from the 1.7 minute MDR1-MDCK assay. 
 
Using a non-linear model, the 1.7min assay displays a good relationship with human intestinal absorption (r2=0.92) over a wide 
range of human Fa values. This agrees well with reported values for both the Cloe®Screen MDR1-MDCK and Caco-2 assays4 
developed by Cyprotex (r2 = 0.94 and r2 = 0.90, respectively). 

Figure 4.  Comparative Assay Times for the 1.7 minute, 2.5 minute and 3.5 minute runs  
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