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Optimization of the QPatch Assay for 
“High Throughput” hERG Inhibition

Xueying Cao
Preclinical Safety Profiling
Lead Finding Platform
Novartis Institute for BioMedical Research
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Outline

� QPatch as an automated Patch-clamp platform 
to test hERG inhibition
• Preclinical strategy to test for potential hERG inhibition

• Choice of automated patch vs. non-EP technologies

• Testing logistics

� Quality and efficiency of data processing 
• Automated „smart“ tools

� Data utilization

� Summary
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LQT Testing Strategy
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LQT Regulatory Strategy -
fully compliant

hERG models and assays

� In silico tools
� RLB hERG 
� hERG QPatch
� Risk assessment

� In silico tools
� RLB hERG
� hERG QPatch

� GLP hERG pClamp
� GLP non- rodent      

telemetry
� Risk Assessment

Human LQT 
detailed 
assessment

Emphasis: 
Can we separate SAR and SPR

Lead Selection Lead Optimization PreClin Development Clinical Development

Emphasis: 
Safety risk assessment

� non-rodent telemetry
- jacketed
- invasive

� SCREENIT
� Risk Assessment
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Schematic Diagram of the hERG Testing Process

All compounds HT kin solubility

hERG RLB
Data are provided 
with solubility and 
permeability alerts

Data are provided 
With permeability 
alerts

Submission Assays Data feedback

>5uM

<5uM

QPatch

Data 
assessment
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Patch-Clamp Recording of hERG current from CHO cells

-80 mV

+20 mV
-40 mV4 sec

4 sec

Peak hERG
Tail current

1 nA

2 Sec

Parental cell

hERG Current Trace

Membrane potential

Challenges of Planar Patch-Clamp Technology

How to process and QC the onslaught of electrophysiological data
from planar patch-clamp platforms?
� Data processing and quality control
� Data mining
� Success rate versus redundancy
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Data Flow and Interfaces for Ion Channel Recordings

JDBC
Corporate 
Databases

Electronic 
Archive

QPatch

Samples in tubes
with 2-D Barcode 

CHO hERG Cells in container 
from culture lab (Select-T)
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Data Analysis: Quality Control 

Cell quality Quality of recording

REJECTED

REJECTED

REJECTED

REJECTED

REJECTED

REJECTED

REJECTED

REJECTED

REJECTED

REJECTED
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Data Analysis: Generation of IC50

120 traces,120 time points,12 concentrations �� 1 IC50
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Data Analysis: Curve fit and IC50 Quality

X
x x
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Strategy for QC and Data Analysis 

Minimize the chance for biased data selection

� Automatic data handling 

� Step wise QC control and data 
analysis

� Adjustable filter and criteria settings

� Transparent documentation

� Intermediate analysis as visual 
evidence

Individual cell/well

• Current size

• Amount of hERG current

• Stability of current

Curve fit

• IC50 within conc. Range

• Enough data point

• Removing outliers

IC50 Quality

• Goodness of fit near IC50

• Acceptable Hill coefficient

Reporting IC50 
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Reasons for Failing QC: Individual cell/well 

Analyzed cells:
75%

Excluded cells:
25%

Run down: 39%

<100pA hERG current: 27%

Non Specific current
> hERG current: 24%

Run up: 10%

Unstable currents

N= 5000 individual cells
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Distribution and Classification of Removed Outliers
QPatch hERG assay for 49 separate IC50 determinations

Included data 
points 97%

Excluded 
outliers 3%

Point to concentrations

Cell to curve fit

Point to curve fit

+
*

15%

*

+

8%

10%

Cell to experiment

x
67%

x
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Reproducibility of IC50 determination
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µ ±2� 95% confidence limits of the mean
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Scaffold analysis for lead selection:
Understanding the data  - Flowcharts by hERG Profile

Profile of 30-10 compounds
(per chemical series)
In silico QSAR, RLB & 
QPatch

Profile of 30-10 compounds
(per chemical series)
In silico QSAR, RLB & 
QPatch

NQPatch

NRLB

NIn silico
No risk

Risk

HERG INACTIVE:
Only spot-check

“CLASSICAL” hERG
INHIBITOR: Use RLB in lead 
optimization

YQPatch

NRLB

NIn silico

YQPatch

YRLB

YIn silico

NQPatch

YRLB

YIn silico

QPATCH-ONLY POSITIVE: 
possible non-dofetilide
binding; Confirm QPatch

QPATCH NEGATIVE: 
possible low permeability; 
Optimize for bioavailability
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Overall Correlation: Potency of QPatch vs RLB

RLB vs. QPatch 
(Feb 1 – May 3, 2007)
258 compounds, 35 projects

166(64%) within 3x border
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Overall Correlation … with Annotations

RLB vs. QPatch 
(Feb 1 – May 3, 2007)
258 compounds, 35 projects

166(64%) within 3x border

19 with QPatch assay alert 
23 with RLB assay alert

123 with permeability alert
37 with kinetic solubility alert

Only 15 (5.8%) outliers without any alert

Low permeability

Low solubility
� QPatch assay:  

- less permeable compounds tend to have  
lower potency
- less soluble compounds tend to produce 
artifact or false positives

� Recommendation: insoluble compounds
should not be tested in QPatch

(shallow slope, or
borderline inhibition)
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Low Permeability Reduces % Inhibition for Molecules 
Predicted to Have High hERG Blockade

� Boxes show effects of permeability on %inhibition

0 1 2 3 4 5 6 7 8 9 10 11

0

50

100

0 1 2 3 4 5 6 7 8 9 10 11

0

50

100

0 1 2 3 4 5 6 7 8 9 10 11

0

50

100

Risk Bin (In Silico Model)

Q
P

at
ch

 %
In

h@
30

uM

PERMEABILITY:
LOW
MEDIUM
HIGH
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Impact of low permeability on the RLB- QPatch
correlation

MOLECULES WITH 

Low solubility

Low permeability
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Comparison of Longer Incubation with Normal Assay 
Conditions: (1) Low permeability

NVP-A >30 0.6 34.3 4 dose (standard) 2.8
NVP-A 7.8 3.5 60.8 long incubation 2.8
NVP-A 60 man. pClamp 2.8

Amitriptyline 3.9 20.5 89.4 4 dose (standard)
Amitriptyline 3.4 20.8 76.5 94.4 6 dose, 4 cells
Amitriptyline 2.1 35.2 84.9 long incubation
Amitriptyline 2.1 90 Man. pClamp

Compound QP  IC50 
(uM)

% Inhib
@ 1.2 uM

% Inhib
@ 10 uM

% Inhib
@ 30 uM

Comments RLB  IC50
(uM) 

30 uM

10 uM
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Comparison of Longer Incubation with Normal Assay 
Conditions: (2) Slow kinetics

long incubation

Compound QP  IC50 
(uM)

% Inhib
@ 1.2 uM

% Inhib
@ 10 uM

% Inhib
@ 30 uM

Comments RLB  IC50
(uM) QSAR

NVP-1 >30 -5.7 34.2 4 dose (standard) 3 9
NVP-1 >10 21.3 47.8 3 9
NVP-2 >30 -7.2 37.5 4 dose (standard) 9 9
NVP-2 >30 46.1 6 dose 9 9
NVP-2 7.3 16.2 57.2 long incubation 9 9
NVP-3 >30 -0.5 21.2 4 dose (standard) 3 9
NVP-3 3.8 14 82 long incubation 3 9
NVP-3 79 Man. Pclamp 3 9

NVP-3 NVP-3

30 uM
10 uM
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Summary

� To address the need of electrophysiological determination of hERG
inhibition, the QPatch automated planar patch assays was introduced

� QPatch provides 1000-1500 IC50 capacity/year (4 points; n=3)

� The assay logistics and quality control are largely automated and the 
system is integrated into the corporate compound and data handling 
system

� Data generated by the QPatch assay are interpreted together with 
physicochemical properties within an integrated risk assessment 
scheme

� Caution is needed when compounds with slow kinetics and/or poor 
permeability are tested under standard conditions: these conditions 
might promote false negatives 
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