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Microelectrode Arrays-Axion Biosystems
The technology for microelectrode arrays (MEAs) consists of two components: The physical
electrode array that interfaces to electroactive tissue, and the electronics that monitor and
manipulate the electrodes.
MEAs are made up of a grid of tightly-spaced simultaneously-recorded electrodes each
capable of monitoring the activity of multiple nearby cells. The arrangement of multiple
electrodes in a grid extends the recording range across a relatively large area, providing
concurrent access to both single cell and tissue- or network-level activity. The control and
monitoring of this cellular activity is made possible by the electronics, which impart multiple
functions to each electrode. Recording amplifiers allow researchers to ‘listen’ to the cells,
stimulation electronics to ‘touch’ or excite the cells.
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Figure 2. MEA measures spontaneous neural action potential:
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(B) Spontaneous extracellular
activity is recorded on each
electrode

Anti-Convulsant Assay

Method
• iCell neurons are thawed and plated on PEI coated 48-well MEA plates
in laminin and maintenance media
• Cells are incubated at 37°C for 4 days
• On day 4 , 30 minutes of baseline recording is acquired on the
AxionBiosystems Maestro system
• Media is then spiked with drug and incubated for 30 minutes at 37°C
• 30 minutes of post-dose data is then acquired
• The Mean Firing Rate is calculated from the recorded action potential
activity in the whole well.
• Table 1 describes the compounds tested, concentrations tested, and
chemical class.

Cellular Dynamics International
iCell Neurons
Human induced pluripotent stem cells (hiPSCs) provide a flexible platform for generating
various differentiated cell types in a consistent, scalable, and biologically relevant system.
iCell® Neurons, derived from hiPSCs, are >90% pure and display a typical neuronal
morphology including a dense network of neurites. These neurons are comprised of a mix of
predominantly GABAergic and Glutamatergic subtypes; functionally, these cells exhibit typical
electrophysiological characteristics demonstrated by single-cell patch clamp to detect both
spontaneous and evoked action potentials (Chase 2011, Haythornthwaite 2012). Additionally,
iCell Neurons are ideal for high throughput applications including toxicity studies, as shown by
their pharmacological responses to known toxicants (Chase 2011). These data support the use
of iCell Neurons in network-based applications, such as micro-electrode array technology
(MEA), and the use of iPSC technology as a platform capable of generating neurons against
diverse genetic backgrounds.
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Figure 2. iCell Neurons
A highly pure neuronal population. iCell Neurons represent a highly pure
population as demonstrated by (A) flow cytometry (Day 1 post-thaw) and (B)
immunocytochemistry (Day 7 post-thaw) for class III β-tubulin (positive;
neuronal marker) and nestin (negative, neural stem/progenitor cell marker).
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Figure 4. Neural spike activity:
A) Image shows heat map representation of spontaneous action potentials
generated by iCell neurons pre-dose and post-dose for 10 µM gabazine
(inset).
B) Spike activity in iCell Nerons pre-dose or after treatment with gabazine.
C) Overlay of action potentials recorded from one electrode in 5 min before (left)
and after (right) treatment with gabazine.

The utility of an MEA lies in its ability to monitor single-cell and network-level activity for
extended periods of time, with virtually no destructive interference to the tissue being
investigated. In fact, the broad access to network information along with the minimally
invasive nature of the device is precisely what makes the MEA an exceptional whole-cell
and network-level research tool.
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Figure 7: Anti-convulsant assay development
iCell neurons were treated with the GABA antagonist, picrotoxin, a known
seizure inducing compound in the presence or absence of an anti-seizure drug.
Presently, the discovery of anticonvulsant compounds uses a laborious
combination of in vivo seizure models, whole cell patch-clamp recordings of
primary cultured neurons and/or the use of acute or organotypic tissue slices
and preparations (i.e. rodent hippocampal). A medium throughput in vitro assay
for discovering compounds with anti-convulsant properties would greatly reduce
costly resources and turnaround time for this process. Equally as important, the
screening for these compounds would be with human cells as opposed to
rodent or other non-human tissue samples or cells.

Table 1: Compounds Tested in iCell Neurons
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MEA Technology and
Axion Biosystems Maestro

(A) Neurons are cultured
on the microelectrode
array.

Neurotoxicity Results

uV

Seizurogenic neurotoxicity produces significant drug attrition during drug discovery. Current
available in vitro assays fail to predict this toxicity due to the failure of general cytotoxicity
assays to predict sublethal target specific electrophysiological liabilities. Ion channel and
receptor activity assays can be used to predict some seizure potential, but this only focuses
on specifically measured targets for prediction and may miss a response which relies on a
combination of endpoints. Most evaluation of seizure inducing compounds occurs later in
preclinical development in in vivo studies which have higher costs and could result in some
species specific results. Therefore, the development of an in vitro assay to screen
compounds for seizurogenic potential in a human neural model would give the potential to
screen compounds earlier at lower cost and greater reliability. Here we demonstrate the use
of multiwell MEAs to screen for seizurogenic compounds in human IPS derived neurons
(hsN). HsNs were seeded in 48 well MEAs and spontaneous activity began at 3 days post
plating with greater activity at 7 days when the assay is run. Spikes were measured at 6
times standard deviation and the results were reported as mean firing rate (MFR) using
MatLab. All of the seizurogenic compounds tested show dose dependent increase in MFR
with some higher order spike structure, while all of the negative controls were unaffected.
The seizurogenic compounds tested were picrotoxin and gabazine. Negative compounds
tested were acetaminophen, naproxen, ibuprofen and DMSO. To further demonstrate the
responsiveness of the cells in the assay, we tested domoic Acid, a neurotoxin known to cause
amnesia, and found that it completely blocked neural spikes while not causing cell death. In
addition, GABA (GABA agonist) and TEA (potassium channel blocker) were also tested.
These results illustrate the power of the human Neural MEA assay for predicting compound
induced neural toxicity, especially the seizurogenic response.
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Figure 4. Neural spike activity:

Conclusions
•

iCell Neurons (CDI) are a human model for spontaneous neural spike
activity and are useful for drug safety assessment

•

Axion Biosystems Maestro MEA platform has created a unique tool for
screening compounds for effects on neural toxicity

•

This assays uses microelectrode array (MEA) recording to monitor
electrophysiological activity by measuring spontaneous spike activity.

•

Spike activity or neural structure or function may be altered by many
different mechanisms (receptor modulation, metabolic disruptors, etc.).
Independent of the mechanism, these alterations induce a functional
change that is recorded by the MEA (Johnstone 2010).

•

Mean firing rate (action potentials per second) is a sensitive measure of
neurotoxic effects (Defranchi 2011; Novellino 2011; Johnstone 2010) and
has been shown here in human iPS cell derived neurons.

•

This assay provides a unique in vitro system for preclinical drug discovery,
neurotoxicity assessment, disease modeling and high throughput
phenotypic screening of drug candidates.
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Figure 1 A. MEA electronics:
The Maestro performs up to 96
experiments simultaneously (768
channels; 12.5 kHz sample rate),
detecting single neuron and network
activity changes.

Figure 1B. Mutiwell MEAs:
MEMS processes were developed to distribute
768 nano-textured microelectrodes (30 µm in
diameter; 25 KΩ @ 1Khz) across large-area,
SBS-compliant plates

Figure 3. iCell Neurons neuronal morphology.
Cryo-preserved iCell Neurons were thawed and plated in iCell Neurons
Maintenance Medium with iCell Neurons Supplement on poly-L-ornithine/
laminin-coated tissue culture plates. Reanimated neurons develop branched
networks within 24 hours and remain viable and adherent for an extended
period in culture (>14 days).

Figure 5. Neural spike activity raster plot:
Raster plot of spontaneous action potentials before and after treatment with
50 µM picrotoxin

Figure 6: Results from Compounds Tested in iCell Neurons
iCell Neurons showed an increase in neural activity in response to the GABA
antagonists: gabazine and picrotoxin, and a decrease in activity with the GABA
agonist: GABA, the potassium channel blocker: TEA, and the glutamate
antagonist: domoic acid. No effect was observed with DMSO or the NSAIDs:
acetaminophen, ibuprofen, and naproxen.

