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It enables non-invasive assessment of drug inhibition on ion channels, which is crucial for 
understanding drug safety and potential cardiac risks 
 
Recently, researchers at Chiba University developed a non-invasive method combining 
electrical impedance tomography and extracellular voltage activation to evaluate drug 
effects on ion channels. The resulting printed circuit board sensor allows real-time 
monitoring of how newly developed drugs can affect ion flow in channels, providing a cost-
effective and accurate alternative to traditional methods like patch-clamp techniques and 
paving the way toward more efficient and shorter preclinical testing in the drug discovery 
process. 
 
 
 

 
Image title: Non-Invasive EIT–EVA Method for Real-Time hERG Channel Drug Screening 
Image caption: The EIT–EVA PCB sensor setup used to evaluate the effects of drugs on hERG 
channels. The sensor measures changes in extracellular resistance as voltage-gated hERG 
channels are activated and inhibited, providing real-time data on drug safety. 

Electrical Impedance Tomography–Extracellular Voltage 
Activation Technique Simplifies Drug Screening 
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When developing new drugs, understanding their effects on ion channels in the body, such as 
the human ether-a-go-go-related gene (hERG) ion channel found in neurons and heart muscle 
cells, is critical. Blocking hERG channels can disrupt normal heart rhythm, potentially leading 
to a fatal condition known as torsade de pointes. Current methods for assessing these effects 
typically involve invasive procedures like patch-clamp techniques or fluorescence microscopy. 
These methods alter cell properties and may affect measurement accuracy, requiring 
specialized equipment and expertise, which increases cost and complexity. 
 
To address these challenges, researchers led by Daisuke Kawashima, an Assistant Professor 
at the Graduate School of Engineering at Chiba University, have proposed a novel, non-
invasive method for real-time evaluation of drug effects on hERG channels. They developed a 
printed circuit board (PCB) sensor integrating electrical impedance tomography (EIT) with 
extracellular voltage activation (EVA). EIT measures impedance changes caused by ion 
movement, offering spatial information about extracellular ion distribution. EVA involves 
applying controlled extracellular voltages to induce changes in ion channel activity. This 
integrated approach allows researchers to non-invasively activate hERG channels and 
monitor real-time ion flow changes in response to drug exposure. 
 
The study was published in the journal Lab on A Chip on May 23, 2024. It included 
contributions from Assistant Professor Songshi Li and Professor Masahiro Takei from the 
Graduate School of Engineering, Chiba University, along with Associate Professor Satoshi 
Ogasawara and Professor Takeshi Murata from the Graduate School of Science, Chiba 
University.  
 
"This imaging technique is expected to serve as a new measurement and evaluation 
technology platform for medical and drug discovery," says Dr. Kawashima.  
 
The EIT–EVA PCB sensor is made from non-conductive epoxy glass fiber (FR-4 TG130) and 
measures 100 mm × 70 mm × 1.6 mm. It has 16 electrodes for EIT measurement arranged 
around a central activation electrode for EVA activation. Here's how it works: The cells under 
investigation for drug effects on ion channels are placed on the sensor. A step voltage is 
applied to the activation electrode, which changes potential distribution in the extracellular 
medium surrounding the cells. This change affects the cell membrane potential, activating 
voltage-gated ion channels like the hERG channels. When these channels open, potassium 
ions move out of the cells, changing the extracellular resistance, which is measured by the EIT 
system.  
 
The drug's effect on the ion channel is then observed by monitoring changes in extracellular 
conductivity. If the hERG channels are not blocked by the drug, the concentration of 
potassium ions outside the cells increases quickly. However, if the drug blocks the channels, 
this increase slows down. The system calculates an inhibitory ratio index (IR) by measuring 
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how fast the extracellular ion concentration changes over time, showing how much the drug 
inhibits the hERG channels. 
 
To test their method, researchers exposed suspensions of genetically modified HEK 293 cells 
with hERG channels to the antiarrhythmic drug E-4031 at various concentrations (0 nM, 1 nM, 
3 nM, 10 nM, 30 nM, and 100 nM). After mixing the drug and cell suspension into the sensor 
using a micropipette, they conducted baseline EIT measurements for 20 seconds to establish 
a baseline for ion movement. Subsequently, they alternated 20-second cycles of EVA 
activation and EIT measurements. 
 
When the hERG channels were activated by EVA, the extracellular resistance decreased 
compared to the baseline (due to an increase in potassium ion concentration). However, as 
the concentration of E-4031 increased and blocked the hERG channels, fewer potassium ions 
were transported from the intracellular region to the extracellular region, resulting in a slower 
decrease in resistance. 
 
From the IR response curve, the researchers found that the half-maximal inhibitory 
concentration or the concentration of drug required to inhibit hERG channel function by 50% 
was 2.7 nM. This value shows a strong correlation (R2 = 0.85) with results obtained from the 
established patch-clamp method, indicating close agreement between the two techniques. 
Compared to traditional methods in hERG channel screening, the proposed method is non-
invasive, has a fast response time, and does not require special training. "This can lead to 
more efficient and shorter preclinical testing in the drug discovery process," concludes Dr. 
Kawashima. 
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