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Introduction

Material & Methods

Human induced pluripotent stem cell (iPSC)-derived neurons are
promising for evaluating the toxicity of pharmacological agents in
nonclinical studies. One of the major adverse events affecting the
central nervous system observed during clinical trials is convulsions.
We previously reported the convulsive response using Multi-electrode
array (MEA) in cultured hiPC-derived neurons. Although the balance
between excitatory and inhibitory inputs is important in convulsive
seizure, the optimal proportion of excitatory and inhibitory neurons of
human iPS cell-derived neurons in the evaluation assay of drug-
induced convulsion toxicity is not known. In this study, we aimed to
examine the feature of spontaneous firings and the drug –induced
seizure activities depending on the ratio of excitatory/inhibitory
neurons in human iPSC-derived neurons.

Result 1: Ratio of excitatory / inhibitory neurons 

100 µm
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Figure 1 Immunofluorescence image of cultured hiPS cells(83 DIV). 
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Figure 2 The ratio of Glutamatergic and 
GABAergic neuron in the neural network.

■The ratio of excitatory / inhibitory neurons in five
neural networks after pharmacological tests were
88/12, 84/16, 74/24, 58/42, 48/82.

Result 2: Spontaneous firings depending on E/I balance

(A) Typical SBFs waveform (80 DIV). (B) Time course of firing frequency per active channel.
(C) Time course of number of synchronized burst firings (SBFs) for 10 min.
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Figure 4 Spontaneous activity patterns depending on E / I ratio of neural network.
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Result 3 : Pharmacological responses depending on E/I balance
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Picrotoxin
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No. of Spikes # # # # #

No. of Burst # # # # #

Peak Spikes # # # # #

CV of Peak Spikes # # # # #

IPI # # # # #

CV of IPI # # # # #

No. of Spikes # # # # #
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IPI # # # # #
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No. of Spikes # # # # #

No. of Burst # # # # #

Peak Spikes # # #

CV of Peak Spikes # # #

IPI # # #

CV of IPI # # #

No. of Spikes # # # # #

No. of Burst # # # # #
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Pilocarpine

No. of Spikes # # # # # #

No. of Burst # # # # # #

Peak Spikes # # # # # #
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■Analysis parameters with significant difference were different by ratio of 
excitatory / inhibitory neurons.

■The network with high excitatory neurons was no remarkable dose responses.
■The network with high inhibitory neurons  showed most significant changes in   

convulsants.
⇒ It is difficult to evaluate drug effects with the same parameters among the  

networks with different E / I balances.
⇒ The network with a higher proportion of GABA neurons is more effective in

detecting drug-induced seizure toxicity..

A B

Figure 6 Heat maps of pharmacological responses in 6 parameters depending on E/I balance 

Figure 7 Number of significant differences in convulsants and GABA receptor agonists 
administration, respectively.

(A) Number of dose-dependent significant differences in 6 convulsants (Pictrotoxin, 
CGP3548, 4-AP, Pilocarpine, Chlorpromazine, Strychnine). (B) GABA receptor agonist.

Conclusion

hiPSC-derived cortical neurons, in which Glutamatergic (Layer V
Glutamatergic Neurons; BrainXell Inc.) and GABAergic (PV-Enriched
GABAergic Neurons; BrainXell Inc) ratio were adjusted at 100:0, 75:25,
50:50, 25: 75, and 0:100, were cultured at 8.0 × 105 cells/cm2 on 24-
well MEA plates (eco; Alpha Med Scientific). We calculated the ratio
of excitatory / inhibitory neurons from immunostaining images at 83
days culture using Glutamate and GABA anti-body.

■ Spontaneous activity patterns were different by ratio of
excitatory / inhibitory neurons.
■ The group of synchronized burst firings were detected with
increasing ratio of inhibitory neurons regardless of type of drugs.
■In drug-induced seizure activities, there was no remarkable
dose responses in high percentage of excitatory neurons, the
network with high inhibitory neurons also showed significant
activity changes in the convulsants other than the inhibitors of
GABA receptor.

⇒These results suggest that a higher proportion of
GABA neurons compared with real brain is more
effective in detecting drug-induced seizure toxicity.

Figure 3 hiPSC-derived neural networks with 
different ratio of  excitatory / inhibitory neurons. 

■Cell culture

■Spontaneous activity recording

■Burst analysis

■Pharmacological tests

Extracellular field potentials were acquired at 37 ℃ under a 5% CO2

atmosphere using a 24-well MEA system (Presto; Alpha Med Scientific). 
Spontaneous firing was recorded for 10 min from  25 to 80 days in 
vitro (DIV). 

Excitability
neuron

Inhibitory
neuron

Excitability rich Inhibitory rich

25 DIV
33 DIV
50 DIV
57 DIV
63 DIV
69 DIV
74 DIV
80 DIV

Spontaneous recordings were obtained for 10 min before treatment
and again after the addition of one of the following compound to the
culture medium: GABA-A receptor antagonist picrotoxin, GABA-B
receptor antagonist CGP 35348, GABA-A receptor agonist muscimol,
GABA-B receptor agonist baclofen, and potassium channel blocker 4-
Aminopyridine(4-AP), muscarinic receptor agonist pilocarpine, D2
receptor antagonist chrolpromazine, glycine receptor antagonist
strychnine. Pharmacological tests were conducted at 6 to 11 weeks in
vitro (WIV.)

Electrophysiological activity was first analyzed using Presto software 
(Alpha Med Scientific) and MATLAB. SBFs were detected using MED64
SpikeAnalysis (Alpha Med Scientific).

1 min

Figure 5 Typical Histogram of spontaneous firing for 5 min in picrotoxin, baclofen, and 4-aminopryridine administration. Scale bars = 1 min.  
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■Significant changes in picrotoxin administration were observed with increasing proportion of inhibitory neurons.
■Gluta 88 network with a high percentage of excitatory neurons showed most significant change in baclofen administration.
■In 30 µM 4-AP administration, continuous synchronization bursts were detected regardless of  ratio of excitatory / inhibitory neurons.
■The group of synchronized burst firings were detected with increasing the ratio of inhibitory neurons regardless of type of drugs.

■ The network with a high percentage of excitatory neurons showed short  synchronized 
burst firings (SBFs). On the other hand, The network with high inhibitory neurons showed 
the SBF with long period. 

■ The number of spikes in Gluta 88 network was significantly higher than Gluta 58 and 48 
network with high inhibitory neurons.

⇒Spontaneous activity patterns were different by ratio of excitatory / inhibitory neurons

■The number of SBFs was the highest for Gluta 88 and the lowest for Gluta 48 networks.
The time-course change of number of SBFs varied according to the ratio of E/I balance.

Picrotoxin, CGP3548, 4-AP, 
Pilocarpine, Chlorpromazine, 

Strychnine

Musimol, Baclofen


