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Results① Electrophysiological response to human iPS cell-derived neurons to antibiotic administration
Cefoxitin (Type1)

Results② Activity responses measured by 9 parameters

Results④ Classification of responses to antibacterial drugs in human iPSC-derived neurons 

Introduction Material & Methods Analysis Parameters

■Drugs classified as type 1 AAE have an increased CV of Max Frequency.
■All types showed increase Total Spikes and No. of SBF, but drugs classified as type 2 AAE showed sharp decrease in No. of 
SBF at high dose.
■Drugs classified as type1 AAE and type3 AAE showed no change in Duration, Spikes in a SBF, and Max Frequency, but drugs 
classified as type2 AAE changed significantly.

■PCA map that allows classification of antibacterial drugs was created by principal component analysis using the No. of SBFs and spikes of SBFs.
■The drugs of type1 AAE, type2 AAE, and type3 AAE were separately distributed.

Conclusion
■Human iPS cell-derived 
neurons showed changes in 
neural activity depending on the 
type of AAE.

■MEA assay coupled with 
human iPSC-derived neurons 
and our multivariate analysis are 
useful for the risk prediction and 
risk classification of AAE.

Ampicillin (Type1) Norfloxacin (Type2) Clarithromycin (Type2) Metronidazole (Type3)
■Cephalosporins and 
penicillins, which are 
classified into type 1 
AAE, increased the 
firing frequency and 
synchronized activities 
of the neural network.

■Quinolones, 
macrolides, and 
procaine penicillin, 
which are classified into 
type 2 AAE, decreased 
the firing frequency and 
synchronized activities 
of the neural network 
at high concentration.

■Metronidazole, which 
is classified into type 3 
AAE, increased 
synchronized activities  
at middle concentration 
and decreased at high 
concentration.
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Concentration (μM) 3 10 30 100 300 1000

Total Spikes #### #### #### #### #### ####

No. of SBF #### #### #### #### #### ####

IBI 45.9 37.6 32.4 38.5 55.9 ####

Duration #### 94.8 94.8 99.0 #### ####

Spikes in a SBF 95.0 95.7 97.0 98.4 #### ####

Max Frequency 99.3 96.3 96.9 96.2 97.3 97.4

IMFI 47.5 39.3 34.3 40.3 57.2 ####

CV of Max Frequency #### #### #### #### #### 95.6

CV of IMFI #### #### 87.4 #### #### 75.6

C
ef

ep
im

e

Concentration (μM) 3 10 30 100 300 1000

Total Spikes #### #### #### #### #### ####

No. of SBF #### #### #### #### #### ####

IBI 41.6 33.6 31.2 29.8 28.7 ####

Duration 96.8 97.7 99.0 #### #### ####

Spikes in a SBF 96.2 97.4 #### #### #### ####

Max Frequency 95.9 94.1 91.4 91.4 91.5 92.7

IMFI 43.2 35.3 33.0 31.6 30.7 ####

CV of Max Frequency #### #### #### #### #### ####

CV of IMFI 98.6 76.6 59.8 54.9 66.2 70.3
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Concentration (μM) 3 10 30 100 300 1000

Total Spikes #### #### #### #### #### ####

No. of SBF #### #### #### #### #### ####

IBI 37.8 22.3 21.3 19.4 17.8 23.7

Duration 97.4 96.9 97.9 97.4 97.2 97.6

Spikes in a SBF 92.9 94.4 95.8 94.6 92.5 87.7

Max Frequency 95.6 91.9 90.1 90.1 89.1 88.5

IMFI 39.7 24.9 24.0 22.0 20.4 26.2

CV of Max Frequency #### #### #### #### #### ####

CV of IMFI 87.2 53.9 52.3 50.3 57.1 69.4
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Concentration (μM) 3 10 30 100 300 1000

Total Spikes #### #### #### #### #### 79.2

No. of SBF #### #### #### #### #### ####

IBI 52.3 55.4 49.2 45.4 41.1 ####

Duration 91.0 89.5 91.2 87.7 93.2 ####

Spikes in a SBF 86.9 92.2 90.0 86.0 69.2 58.8

Max Frequency 92.4 92.9 91.2 89.4 72.6 47.4

IMFI 58.7 60.1 56.1 52.2 49.0 ####

CV of Max Frequency #### #### #### #### #### ####

CV of IMFI 99.9 99.7 96.8 98.4 57.0 ####
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Concentration (μM) 3 10 30 100 300 1000

Total Spikes #### #### #### #### #### 79.1

No. of SBF #### #### #### #### #### ####

IBI 49.0 99.2 47.3 65.3 53.6 51.5

Duration 84.3 #### 87.1 #### #### 78.3

Spikes in a SBF 69.4 #### 75.8 #### 96.1 29.0

Max Frequency 85.4 #### 86.2 98.8 90.1 40.0

IMFI 52.8 #### 51.6 70.5 59.0 54.7

CV of Max Frequency #### 81.6 #### 84.3 #### ####

CV of IMFI #### 85.8 #### 68.3 73.4 97.5
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Concentration (μM) 3 10 30 100 300 1000

Total Spikes #### #### #### #### #### ####

No. of SBF #### #### #### #### #### ####

IBI 77.5 72.5 73.4 78.2 64.9 62.7

Duration #### #### #### #### 94.0 68.6

Spikes in a SBF #### #### #### 98.4 80.0 43.7

Max Frequency 99.4 99.2 99.3 97.4 95.1 85.1

IMFI 79.2 75.2 75.6 79.8 66.9 63.1

CV of Max Frequency #### #### #### #### #### ####

CV of IMFI 97.8 85.9 96.0 #### #### ####
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Concentration (μM) 3 10 30 100 300 1000

Total Spikes #### #### #### #### 88.8 44.2

No. of SBF #### #### #### #### #### 71.1

IBI 52.4 48.3 50.2 78.1 71.4 ####

Duration #### #### #### #### #### ####

Spikes in a SBF #### #### #### 83.6 64.1 40.0

Max Frequency 97.1 94.1 88.4 73.9 64.8 37.9

IMFI 55.0 51.4 53.3 79.5 73.0 ####

CV of Max Frequency #### #### #### #### #### ####

CV of IMFI 81.7 60.3 71.1 #### #### 76.1
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Concentration (μM) 3 10 30 100 300 1000

Total Spikes #### #### #### #### #### 63.2

No. of SBF #### #### #### #### #### ####

IBI 64.1 93.0 56.0 54.2 36.4 44.4

Duration 92.0 98.2 94.5 94.4 90.2 52.4

Spikes in a SBF 80.9 99.1 80.0 82.1 68.2 22.2

Max Frequency 91.5 94.1 90.1 86.7 78.4 59.3

IMFI 66.2 93.1 58.7 56.9 40.2 44.8

CV of Max Frequency #### 97.6 #### #### #### ####

CV of IMFI #### #### #### #### #### ####
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Concentration (μM) 3 10 30 100 300 1000

Total Spikes #### #### #### #### 33.3

No. of SBF #### #### #### #### 93.3

IBI 64.7 66.9 46.1 26.3 ####

Duration 95.6 #### 92.6 73.0 48.9

Spikes in a SBF 93.2 #### 84.4 41.0 12.4

Max Frequency 95.9 97.1 89.9 63.2 29.0

IMFI 67.3 69.8 50.2 30.5 ####

CV of Max Frequency #### #### #### #### ####

CV of IMFI 86.5 75.6 82.7 89.7 ####
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Concentration (μM) 3 10 30 100 300 1000

Total Spikes #### #### 84.1 44.6 5.7 4.9

No. of SBF #### #### #### #### 5.3 10.0

IBI 60.7 54.0 57.1 #### #### ####

Duration 93.7 84.9 81.6 39.0 26.7 25.2

Spikes in a SBF 73.2 59.4 43.2 16.5 5.4 4.1

Max Frequency 87.3 78.0 65.6 42.0 13.0 9.4

IMFI 64.4 57.4 59.6 95.1 #### ####

CV of Max Frequency #### #### #### #### #### ####

CV of IMFI #### #### #### #### #### ####
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Concentration (μM) 3 10 30 100 300 1000

Total Spikes #### #### #### #### #### ####

No. of SBF #### #### #### #### #### ####

IBI 48.6 41.9 49.3 52.6 51.2 82.8

Duration 92.3 #### 95.4 98.9 #### 99.5

Spikes in a SBF 96.8 #### #### #### #### ####

Max Frequency 96.9 96.3 95.4 96.6 96.3 94.1

IMFI 50.8 44.8 51.2 54.6 53.4 83.6

CV of Max Frequency #### #### #### #### #### ####

CV of IMFI 71.7 56.3 58.0 59.0 56.9 87.0
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Concentration (μM) 3 10 30 100 300 1000

Total Spikes #### #### #### #### #### ####

No. of SBF #### #### #### #### #### ####

IBI 46.0 36.4 36.7 60.1 33.3 ####

Duration #### #### 98.6 #### #### ####

Spikes in a SBF 98.6 #### #### #### #### ####

Max Frequency 98.3 96.1 94.9 95.1 91.5 93.0

IMFI 48.5 39.1 39.2 61.6 36.1 ####

CV of Max Frequency #### #### #### #### #### ####

CV of IMFI 86.1 69.7 66.2 57.3 68.0 72.0
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Concentration (μM) 3 10 30 100 300 1000

Total Spikes #### #### #### #### #### ####

No. of SBF #### #### #### #### #### ####

IBI 81.2 #### #### #### 98.9 85.5

Duration 96.8 #### #### #### #### 99.5

Spikes in a SBF 93.0 #### #### #### #### 92.8

Max Frequency 96.3 #### 99.5 98.3 97.1 96.4

IMFI 83.0 #### #### #### #### 87.4

CV of Max Frequency #### #### #### #### #### 95.1

CV of IMFI #### 78.6 90.2 76.7 77.4 56.7
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Type1 AAE (Cephalosporins, Penicillin) Type2 AAE (Quinolones, Macrolides, S/T)

Type3 AAE (Metronidazole)

PC1 (65.4)

PC2 (34.6)

PC1 (65.4)

PC2 (34.6)

β-Tubulin Ⅲ
GFAP
Hoechst 33258

100 µm

⇒The classification of antibacterial drugs by the characteristics of electrophysiological response in human iPS cell-derived neural network was 
consistent with the classification of antibacterial drugs by the characteristics of clinical antibacterial encephalopathy 1).
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■The classification of 
antibacterial drugs by the 
characteristics of 
electrophysiological response in 
human iPS cell-derived neural 
network was consistent with the 
classification of antibacterial 
drugs by the characteristics of 
clinical antibacterial 
encephalopathy. 

1)Bhattacharyya S, Neurology, 2016 ;86(10):963-71

The electrophysiological responses to antibacterial drugs in human iPSC-derived neurons 
demonstrate the classification of antibacterial drug encephalopathy in clinical.

Human iPSC-derived cortical neurons [Neucyte]
Human iPSC-derived glutamatergic neuron, human iPSC-derived 
GABAergic neuron, and human primary astrocyte (SynFire Co-
Culture kit, Neucyte Inc.) were co-cultured 8.0×105 cells/cm2 at 
ratio of 7 : 3 : 3.5 on the MEA.  

To record the electrophysiological responses, we used a planar
MEA measurement system. The MEA chips contain 384 electrodes
across 24 well plate with low impedance and high S/N ratio.
Spontaneous firings in cumulative administration were recorded
for 10 min per each. Spike detection were performed using AxIS
Navigator software (AXION Biosystems). Synchronized burst firings
(SBFs), major seizure-like activities, were detected using our ‘4-step
method’ (Matsuda et. al., BBRC, 2018) .

MEA system [AXION Biosystems]

Parameters calculated from 4-step methods were used for Burst 
analysis and Principal component analysis (PCA).
Parameter are as follows :

Human iPSC-derived neurons are expected to be applied to toxicity evaluations in nonclinical 
studies and drug screening. Microelectrode array (MEA) measurement system is suitable to 
evaluate the neuronal electrophysiological responses to drugs. We have previously reported the 
electrophysiological responses to convulsants using MEA in cultured hiPSC-derived neurons. In 
this study, we examined its application as evaluation system for the risk of antibiotic associated 
encephalopathy (AAE), which is a serious central nervous system disorder associated with 
antibiotic administration. AAE can be divided into 3 unique clinical phenotypes: encephalopathy 
accompanied by seizures (caused by cephalosporins and penicillin); encephalopathy 
characterized by psychosis (caused by quinolones, macrolides, and procaine penicillin); and 
encephalopathy accompanied by cerebellar signs (caused by metronidazole). We investigated 
whether the electrophysiological responses to antibacterial drugs in human iPS cell-derived 
neural networks classify into three clinically reported types. Human iPS cell-derived neurons 
(SynFire Co-Culture kit, Neucyte Inc.) and human iPS cell-derived astrocytes were co-cultured on 
MEA (maestro, AXION Biosystems). More than 10 antibiotics were cumulative administered in 5 
weeks culture samples. We classified the responses to antibacterial drugs by multivariate analysis. 
Cephalosporins and penicillins, which are classified into type 1 AAE, increased the firing 
frequency and synchronized activities of the neural network. These results were consistent with 
seizures of type 1 AAE in clinically reported. Quinolones, macrolides, and procaine penicillin, 
which are classified into type 2 AAE in clinically reported, showed a different response from type 
1. These results suggested that the responses to antibacterial drugs in human iPSC-derived 
neurons and the classification of antibacterial drug encephalopathy in clinical are correlated. 
MEA assay coupled with human iPSC-derived neurons and our multivariate analysis are useful for 
the risk prediction and risk classification of AAE.
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