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( Development of analysis methods for /n vitro neural circuit
activities using machine learning)

XA EZ (Naoki Matsuda)

Development of an in vitro drug safety assessment based on the function of the neural network is required in
preclinical studies. In particular, in vitro microelectrode array (MEA) assessment using human induced
pluripotent stem cell (iPSC)-derived neurons holds promise as a method of seizure and toxicity evaluation.
However, there are still issues surrounding the analysis methods used to predict seizure and toxicity liability as
well as drug mechanisms of action. In this study, we developed an artificial intelligence (AI) capable of
predicting the seizure liability of drugs in in vitro neural circuit activities. First, we developed a 4-step method
that can accurately detect synchronized burst firing (SBF), which is a major parameter of the in vitro neuronal
circuit activities, and developed the SBF detection Al using the SBFs detected by the 4-step method as teacher
data. This SBF detection Al enables unified detection of SBFs and improves toxicity evaluation accuracy. Next,
we developed an Al for predicting seizure liability of drugs and mechanism of action of drugs using raster plot
images. It has become possible to realize dose-dependent toxicity determination of unlearned drugs, predict drug
names, and rank drug toxicity risks. Finally, we discussed the approaches to have extrapolability in vivo in the
developed in vitro method for predicting seizure liability. These results suggest that the developed Al analysis

methods will greatly advance the method for predicting seizure liability of drugs using in vitro MEA data, and

future practical application is expected.
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Fig.2. Difference in SBF detection between the
conventional and 4-step methods. (a) The
AWSDRSs, raster plots showing a firing pattern
typical for a low ratio of SBFs, and the SBFs
detected by the conventional and 4-step methods.
F indicates a false detection by the conventional
method. (b) Analyzed SBFs by both methods. *p
<0.05; **p <0.01.
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Fig.4. Difference in SBF detection between 4-step

method and burst detection model. (A) Raster
plots for 30 sec and Typical SBF detection using
(a) 4-step methods and (b) burst detection model.
The blue area shows the SBF detected. The red
area shows the SBF detected by burst detection
model. (B) Comparison of SBF analysis. (a)
Number of SBFs/10 min. (b) Duration of an SBF.
Black bar, 4-step detection method; red bar, burst
detection model.
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Fig.6 Dose-dependent prediction of seizure risk.

Table.1 Probability of drug name in each
concentration data predicted by Al.

Concentration (uM)

Drugs Prediction (%)
Vehicle 1 10 30 60
4AP negative control 997 283 0 0 0
4-AP 0 70.5 100 100 100
Vehicle 1 3 10 30 100
Amoxapine negative control 100 618 188 287 14.0 03
Amoxapine 0 382 812 713 859 997
Vehicle 1 2 10 30 100
Carbamazepine  megativecontrol 994 951 893 706 14 01
Carbamazepine 06 49 106 291 986 999
Vehicle 01 03 1 3 10
Kainic acid negative control 9.5 M7 974 01 0 0
Kainic acid 05 45 17 999 100 100
Vehicle 01 03 1 3 10
NMDA negative control 100 988 940 135 01 ]
NMDA 0 05 13 702 9.9 100
Vehicle 1 10 100 1000
PTZ negative control 100 828 292 194 0
PTZ 0 122 584 775 100
Vehicle 03 1 3 10 30
Paroxetine negative control 100 100 899 0 0 0
Paroxetine 0 0 75 100 100 100
Vehicte 0.1 03 1 3 10
Picrotoxin negative control 100 1.1 01 0 0 0
Picrotoxin 0 951 999 100 100 100
Vehicle 0.3 1 3 10 30 100
Pilocarpine negative control 100 75.6 169 21 Y 0 J
Pilocarpine 0 211 824 976 100 100 100
Vehicle 0.3 1 3 10 30
Theophyline negative control 9.7 910 665 263 123 12
Theophyline 03 90 331 733 873 988
Vehicte 0.3 1 3 10 30 100
Tramadol negative control 100 99.1 918 354 7.7 0 0
Tramadol 0 0 28 96 507 100 100
Vehicle 03 1 3 10 30
Varenicline negative control 100 9.8 87 536 18.1 03
Varenicline 0 0.0 104 440 806 997
Vehicte 0.3 1 3 10 30 100
Venlafaxine negative control 999 973 685 326 0.1 0 0
Venlafaxine 01 22 198 605 998 100 100
Vehicle 1 2 10 0 100
Acetaminophen  megativecontrol 100 100 100 100 100 100
others 0 0 0 0 0 0
01% 02% 03% 04% 05% 0.6%
DMSO negative control 100 100 999 998 100 100
others 0 0 01 02 0 0

negative control - DMSO 0.1%,0.2%.0.3%,0.4%,0.5%,0.6%, A cetaminophen 1,3,10,30,100 uM and Vehicke (DMSO 0.1%)
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Fig.7 Histogram image of frequency intensity
distribution (a) scalogram image. (b) histogram of
frequency intensity distribution at each frequency.
(c) Histogram image of frequency intensity
distribution.
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Fig.8 Prediction of seizure aura in ECoG data. (A)
Seizures score by Al prediction. (a)4-AP, (b)
strychnine, (c) Pilocarpine, (d)Vehicle.
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