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ABSTRACT
Central nervous system (CNS) liabilities remain a significant cause of attrition during small molecule drug development. We previ-
ously developed the in vitro seizure liability assay (iLAseizure), a new approach methodology (NAM) comprising a human induced 
pluripotent stem cell neuron microelectrode array (MEA) assay coupled with a panel of human ion channels associated with CNS 
perturbation and especially seizure, evaluated by electrophysiology. Here, we present a series of illustrative case studies demonstrat-
ing the potential applications of iLAseizure. Amoxapine (shows clinical seizures) gave concentration-dependent changes in MEA pa-
rameters and inhibited seizure-related ion channels with high potency (IC50 < 30 μM) at the human therapeutic concentration range 
(0.57–1.91 μM). Comparison of seizure risk in five compounds in a lead series showed clear ranking, with no changes in any of the 
MEA parameters for one of the five compounds. In a second case study, there were dog-specific seizures in good laboratory practice 
(GLP) toxicology: this was explained by a clear seizurogenic phenotype at 100 μM in MEA for a dog-specific metabolite and a hit on 
the ion channel panel at NMDA1/2A with high potency (IC50 of 19.3 μM). In the third case study, one clinical candidate showed no 
changes in MEA parameters at the clinical Cmax of 1 μM, whereas the other clinical candidate showed a potent seizurogenic phe-
notype with changes in many MEA parameters at 3–10 μM, correlating with the clinical Cmax of 5 μM. Overall, iLAseizure offers new 
opportunities to predict, understand, and avoid CNS side effects such as seizures in drug discovery and development, before animals, 
resources, and time have been wasted. This work should be considered within the context of recent proposed updates to safety phar-
macology guidelines, such as ICH S7A. However, further work is needed to validate assay performance and clarify the context of use.

1   |   Introduction

Central nervous system (CNS) toxicity, and specifically drug-
induced seizures, are a frequent occurrence during small mol-
ecule drug discovery and development [1, 2], leading to project 
delays and failures. Compounds associated with seizure liabil-
ity span a wide variety of therapy areas, including CNS, car-
diovascular, gastrointestinal, respiratory, and inflammation 

[1, 3, 4]. Seizures are usually detected during preclinical rodent 
and non-rodent studies or even later, once the drug has entered 
clinical development, leading to a significant waste of time and 
resources. Some progress has been made in seizure detection 
using automated video systems that record and analyze animal 
movements [5], and a lot of effort has been invested in develop-
ing screening methods that could be used earlier in drug discov-
ery, such as the hippocampal brain slice [6] or zebrafish larval 
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locomotor assays [7]. However, these methods have had limited 
success, with concerns regarding throughput and translation of 
rodent and zebrafish data to humans.

The in vitro liability assay (iLA) is based on measuring electrical 
activity in induced human pluripotent stem cell (hiPSC) neurons 
using a microelectrode array (MEA), coupled with a neuronal ion 
channel panel [8]. iLA was developed as an in vitro CNS and sei-
zure screening assay for potential new drugs. Activity in MEA 
is based on evaluating electrical spikes and bursts measured in 
individual cells and in the overall cellular network. Activity at 
ion channels is based on evaluating an IC50 for inhibition as de-
scribed previously [8], then allocating a “potency category” as has 
been done for hERG [9, 10]. Here, we report the outcome of using 
this framework to quantify seizure-like parameters for a known 
seizurogenic compound (amoxapine) followed by the evaluation 
of several unknown compounds to determine the utility of iLA 
both in optimal drug design and in problem solving. Emphasis 
was placed on in vitro to in vivo translation of exposures and on 
mechanistic information gained from ion channel inhibition.

2   |   Materials and Methods

MEA was conducted on hiPSC neurons (Fujifilm Cellular 
Dynamics Inc.) using the Axion Maestro MEA instrument as 
described previously [8]. Briefly, glutaneurons (GNC) contain-
ing a ratio of approximately 80% glutamatergic neurons and 20% 
GABAergic neurons were mixed with astrocytes (ASC) to cre-
ate a final culture containing 68% glutamatergic neurons, 17% 
GABAergic neurons and 15% astrocytes. This cell ratio was kept 
as consistent as possible to minimize variability. The cells were 
maintained for 21–25 days in culture to form functional net-
works before testing compounds. Before compound addition, the 
MEA plate was equilibrated in the MEA Pro instrument (Axion 

Biosystems) for at least 15 min. Then, 15-min baseline record-
ings were taken. After a 1-h incubation with test compounds, 
15-min treatment recordings were taken and loaded onto the 
Axion Neural Metric Tool for analysis of the spikes and genera-
tion of raster plots. Raster plots were quantified according to the 
parameters listed in Table 1. Stock compounds were solubilized 
at 1000× their top concentration in DMSO. Serial dilutions were 
prepared at 10× final concentration, which were added directly 
to media in the wells. A 0.1% DMSO vehicle control was included 
on every plate. Spike files were created from the original 15-min 
recordings for analysis. Raster plots of the first 150 s of the record-
ings were created using the Axion Neural Metric Tool (v4.1.1), 
and the effects of compound treatment on selected MEA param-
eters were determined using the Axion Axis Metric Plotting Tool 
(v2.5.1). The effect of each drug was measured relative to its own 
pre-drug baseline (from the same well). Compounds or vehicle 
were applied directly to wells, and the average percentage change 
from baseline was calculated. The DMSO vehicle control is pre-
sented for each parameter and usually shows minimal changes 
(±20%). MEA data were categorized into thresholds of no change 
(NC; 0%–29%), moderate change (↑↑/↓↓; 30%–49%) and high 
change (↑↑↑/↓↓↓; > 50%). This categorization was devised based 
on a combination of assay variability (typically see ±20% vari-
ability with vehicle control) and historical datasets using known 
seizurogenic compounds with various mechanisms of action.

Only active electrodes (mean spike rate [MSR]_5 spikes/min) in 
active wells (minimum of eight active electrodes) were included 
in the analysis. Single-electrode bursts were detected using an 
ISI threshold with a minimum of five spikes and a maximum 
ISI of 100 ms. Network bursts were identified using the envelope 
method. All MEA data constitute one biological replicate from cli-
ent studies. Technical replicates (the number of individual wells) 
and lots of GNC and ASC used are specified within the results 
section.

TABLE 1    |    Selected MEA parameters and their definitions.

Firing rate parameters

Mean firing rate (Hz) The mean firing rate based on only electrodes with 
activity greater than minimum spike rate.

ISI coefficient of variation The coefficient of variation (standard deviation/mean) of the inter-spike 
interval, the time between spikes. This is a measure of spike regularity.

Burst rate parameters

Burst frequency (Hz) The total number of single-electrode bursts divided by the recording time.

Burst duration (s) Average time from first spike to last spike in a single-electrode burst.

Number of spikes per burst Average number of spikes in a single burst.

Mean ISI within burst (s) Average inter-spike interval, time between spikes, for spikes in a single-electrode 
burst. This is a measure of burst intensity; smaller values mean more intense bursts.

Network burst parameters

Network burst frequency (Hz) Total number of network bursts divided by the recording time.

Network burst duration (s) Average time from first spike to last spike in a network burst.

Number of spikes per network burst Average number of spikes in a network burst.

Mean ISI within network burst (s) Average inter-spike interval, time between spikes, for spikes in a network burst. 
This is a measure of burst intensity; smaller values mean more intense bursts.



3 of 9Pharmacology Research & Perspectives, 2026

All sodium and potassium voltage-gated ion channel cell lines 
were generated internally by standard recombinant techniques. 
All channels were produced in a CHO-K1 (RRID: CVCL_0214) 
or HEK-293 (RRID: CVCL_0045) background at ApconiX. 
GABA, NMDA, and nAChR channels were purchased from 
B'SYS GmbH (Witterswil, Switzerland). hCaV2.1 was generated 
by transient transfection into HEK-293 cells. All cell lines were 
free from contamination.

Automated patch clamp electrophysiology experiments 
(QPatch II, Sophion Biosciences, Ballerup, Denmark) were 
performed as previously described to determine IC50 values 

[8]. Stock compounds in DMSO were diluted to their top test 
concentration in HEPES-buffered saline. Single-cell ionic cur-
rents were measured in whole-cell configuration at room tem-
perature (25°C). Compounds were incubated for at least 120 s. 
Concentration–response curves were generated by cumula-
tive addition of compound with concentrations low to high. 
In all cases, steady-state inhibition was achieved before the 
next concentration of compound was added. The difference 
in current between the pre-compound and post-compound 
measurements was exported and analyzed using GraphPad 
Prism software. A minimum of 4-point concentration–re-
sponse curves were generated for each compound. IC50 values 

FIGURE 1    |    Changes in MEA parameters with Amoxapine, an antidepressant associated with convulsions. Raster plots are shown for 1, 3 and 
10 μM Amoxapine compared with baseline data (C). Baseline and treatment data were compared to identify % change in selected parameters (A). 
UNC (unclear, possibly due to overstimulation of the cells); NC (no change) 0%–29% change; ↑↑ or ↓↓ 30%–49% change; ↑↑↑ or ↓↓↓ > 50% change. 
N = 4 technical replicates were performed for each dose of the compound. Cell lots used were GNC: 106060, ASC: 105981. For ion channel inhibition, 
colors depict the safety margin to the mean Amoxapine Cmax (1 μM) of < 30 (orange), 30–100 (yellow), and > 100 (green) based on established practice 
for hERG [9] (B). Therapeutic and toxic plasma concentrations of Amoxapine are 0.57–1.91 μM and 9.56 μM, respectively (shown as range arrows).

TABLE 2    |    Changes in MEA parameters with five different lead series, A–E, all tested at 30 μM. MEA work was conducted and presented as 
described in Table 1. NC (no change) 0%–29%; ↑↑ or ↓↓ 30%–49% change; ↑↑↑ or ↓↓↓ > 50% change.

Lead series being tested (all at 30 μM)

MEA parameters A B C D E

Spike Mean firing rate (Hz) NC NC NC NC NC

ISI coefficient of variation NC NC NC NC NC

Bursts Burst frequency (Hz) NC NC NC NC NC

Burst duration (s) NC NC NC NC NC

Number of spikes per burst NC NC NC NC NC

Mean ISI within burst (s) NC NC NC NC NC

Network Network burst frequency (Hz) NC ↑↑ ↑↑↑ ↑↑ ↑↑↑

Network burst duration (s) NC NC NC NC NC

Number of spikes per 
network burst

NC NC NC NC ↓↓

Mean ISI within 
network burst (s)

NC ↓↓ NC ↑↑ ↑↑↑

Synchrony Area under normalized 
cross correlation

NC NC NC NC NC

https://scicrunch.org/resolver/RRID: CVCL_0214
https://scicrunch.org/resolver/RRID: CVCL_0045
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TABLE 3    |    Comparison of MEA parameters for A. parent drug and prevalent human/rodent (B) or dog (C) metabolites. MEA work was conducted 
and presented as described in Table 1. NC (no change) 0%–29%; ↑↑ or ↓↓ 30%–49% change; ↑↑↑ or ↓↓↓ > 50% change.

A. Parent drug (μM) *

MEA parameters 1 3 10 30 100

Spike Mean firing rate (Hz) NC NC NC NC NC

ISI coefficient of variation NC NC NC NC NC

Bursts Burst frequency (Hz) NC NC NC NC NC

Burst duration (s) NC NC NC NC NC

Number of spikes per burst NC NC ↑↑ NC NC

Mean ISI within burst (s) NC NC NC NC NC

Network Network burst frequency (Hz) NC NC NC NC NC

Network burst duration (s) NC NC NC NC NC

Number of spikes per network burst NC NC NC NC NC

Mean ISI within network burst (s) NC NC NC NC NC

Synchrony Area under normalized cross correlation NC NC NC NC NC

B. Prevalent human and rodent metabolite (μM) *

MEA parameters 1 3 10 30 100

Spike Mean firing rate (Hz) NC NC NC NC NC

ISI coefficient of variation NC NC NC NC NC

Bursts Burst frequency (Hz) NC NC NC NC NC

Burst duration (s) NC NC NC NC NC

Number of spikes per burst NC NC NC NC NC

Mean ISI within burst (s) NC NC NC NC NC

Network Network burst frequency (Hz) NC NC NC NC NC

Network burst duration (s) NC NC NC NC NC

Number of spikes per network burst NC NC NC NC NC

Mean ISI within network burst (s) NC NC NC NC NC

Synchrony Area under normalized cross correlation NC NC NC NC NC

C. Prevalent dog metabolite (μM)

MEA parameters 1 3 10 30 100

Spike Mean firing rate (Hz) NC NC NC NC NC

ISI coefficient of variation NC NC NC NC NC

Bursts Burst frequency (Hz) NC NC NC NC ↑↑

Burst duration (s) NC NC NC NC NC

Number of spikes per burst NC NC NC NC ↓↓

Mean ISI within burst (s) NC NC NC NC NC

Network Network burst frequency (Hz) NC NC NC NC ↑↑

Network burst duration (s) NC NC NC NC NC

Number of spikes per network burst NC NC NC NC ↓↓

Mean ISI within network burst (s) NC NC NC NC ↑↑↑

Synchrony Area under normalized cross correlation NC NC NC NC ↓↓
*No hits on ion channel panel.
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(half-maximal inhibitory concentration) were obtained from a 
4-parameter logistic fit of normalized concentration–response 
data. Data from 3 to 6 cells were used to generate the concen-
tration–response curves.

3   |   Results

Raster plots generated for the positive control amoxapine (an 
antidepressant with a high incidence of clinical adverse events 
described as seizures [11]) showed some changes at 1 μM, clear 
evidence of significant changes at 3 μM, and intense changes at 
10 μM (Figure 1A). These visible changes in raster plots correlated 
with notable changes in many measured MEA parameters such as 
burst frequency and network burst frequency, which both showed 
increases beginning at 1 μM with a clear concentration–response 
(Figure  1A). These changes occurred at the human therapeu-
tic concentration range (0.57–1.91 μM), providing evidence of a 
correlation between in  vitro responses and clinical exposures. 
Characteristic of CNS-active therapies, amoxapine also inhib-
ited several seizure-related ion channels (Figure  1B) with high 
(NaV1.1, NaV1.2, NaV1.6, Kv1.1, Kv4.2, Kv7.3, KCa4.1, GABA 
α1β2γ2, Nicotinic α2β4) or medium (Kv7.2, NMDA1/1) potency.

In the first case study of unknown compounds, it was important 
to evaluate seizure risk in a lead series during drug discovery 
lead optimization. The five lead series were evaluated by MEA 
(Table 2). Compound E showed marked changes in MEA param-
eters such as network burst frequency and the mean inter-spike 
interval. Compounds B, C, and D also showed changes in net-
work burst frequency, and compounds B and D showed changes 
in mean ISI. However, compound A had no changes in any of 
the MEA parameters and was deemed the safest lead to progress 
in this project.

In the second case study, a project had been brought to a stand-
still by convulsions seen in dogs during the preclinical good 
laboratory practice (GLP) studies required to support first-in-
human clinical trials. The question to be addressed was, “Are 
these convulsions relevant to humans?” Notably, there were no 
seizures in the rat GLP studies conducted at the same time. 
An evaluation of the project revealed a species difference in 
metabolism with one main metabolite common to humans/
rats, and a different metabolite that was minor in humans/rats 
but the major (only) metabolite in dogs. The parent compound, 
the human/rat specific and the dog-specific metabolite were 
evaluated in both MEA and the ion channel panel (Table 3 and 
Figure 2).

The dog-specific metabolite had a clear seizurogenic pheno-
type at 100 μM with changes in many MEA parameters such as 
burst frequency, number of spikes per burst, and most notably, 
mean interspike interval. In contrast, there were no changes 
in MEA parameters for the parent compound and the human/
rat metabolite, with the exception of a small increase in the 
number of spikes per burst for the parent drug at 10 μM, with 
no concentration–response relationship. When the three com-
pounds were examined in the ion channel panel (Figure  2), 
the dog-specific metabolite gave a hit on the ion channel panel 
at NMDA1/2A with high potency (IC50 of 19.3 μM), whereas 
there were no hits with the parent compound or the human/
rat metabolite.

In the third case study, the aim was to compare two clinical 
candidates for seizure risk to guide prioritization and decision-
making (Table 4). The two candidates X and Y were evaluated 
in MEA; compound Y showed a potent seizurogenic phenotype, 
with changes in many MEA parameters at 3 and 10 μM. This cor-
related with the clinical Cmax of 5 μM, demonstrating relevance 

FIGURE 2    |    Baseline and treatment raster plots for parent drug and prevalent human/rodent or dog metabolites, alongside an ion channel panel 
summary. MEA and ion channel work was conducted and data presented as described in Table 1 and Table 3. For the dog metabolite, there was a hit 
on the ion channel panel with inhibition at NMDA 1/2A at 19.3 μM.
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of these MEA data to the clinic. Candidate Y resulted in com-
plete disintegration of synchronous firing at > 30 μM, making 
the raster plots unreadable. In contrast, clinical candidate X 
showed no changes in MEA parameters at the clinical Cmax of 
1 μM, although there were some changes at higher concentra-
tions of > 10 μM (network interburst interval (IB) and number of 
spikes per network burst at > 30 μM). Overall, the data demon-
strated that clinical candidate X carried a lower risk of seizure, 
especially considering the clinical Cmax.

In a fourth case study, the challenge was to evaluate the in vitro 
to in vivo translation for the MEA assay (Table 5). Compound B 
was chosen for this evaluation due to the availability of in vivo 

data, including dose administered and resulting total plasma con-
centrations. Compound B had no effect on MEA parameters at 
concentrations of up to 10 μM (correlating with no CNS signs at 
total plasma concentrations of up to 38 μM), but showed marked 
changes at 100 μM (correlating with convulsions in vivo at total 
plasma concentrations of 148–297 μM).

4   |   Discussion

The data presented demonstrate the potential utility of a 
human-specific new approach methodology (NAM) for detect-
ing seizurogenic potential before animals, resources and time 

TABLE 4    |    Changes in MEA parameters for two different clinical candidates, X and Y. MEA work was conducted and presented as described in 
Table 1 and the legend to Figure 1. NC 0%–29%; ↑↑ or ↓↓ 30%–49% change; ↑↑↑ or ↓↓↓ > 50% change.

Compound X

MEA parameters 1 μM 3 μM 10 μM 30 μM 100 μM

Spike Weighted mean firing rate (Hz) NC NC NC NC NC

Interspike Interval (ISI) Coefficient of variation—Avg NC NC NC NC NC

Bursts Burst frequency—Avg (Hz) NC NC NC NC NC

Burst duration—Avg (s) NC NC NC NC NC

Number of spikes per burst—Avg NC NC NC NC NC

Mean ISI within burst—Avg (s) NC NC NC NC NC

Network Bursts Network burst frequency NC NC NC NC NC

Network burst duration—Avg (s) NC NC NC NC NC

Number of spikes per network burst—Avg NC NC NC ↓↓ ↓↓

Mean ISI within network burst—Avg (s) NC NC NC NC ↑↑

Network IBI Coefficient of variation—Avg NC NC ↓↓ ↑↑↑ ↓↓↓

Synchrony Area under normalized cross-correlation NC NC NC NC NC

Cmax 1 μM

Compound Y

MEA parameters 1 μM 3 μM 10 μM 30 μM 100 μM

Spike Weighted mean firing rate (Hz) NC NC ↓↓↓ X X

Interspike Interval (ISI) Coefficient of variation—Avg NC NC NC X X

Bursts Burst frequency—Avg (Hz) ↑↑ ↑↑↑ NC X X

Burst duration—Avg (s) NC NC ↓↓ X X

Number of spikes per burst—Avg NC NC NC X X

Mean ISI within burst—Avg (s) NC NC NC X X

Network Bursts Network burst frequency NC ↑↑↑ NC X X

Network burst duration—Avg (s) NC NC ↓↓↓ X X

Number of spikes per network burst—Avg NC ↓↓ ↓↓↓ X X

Mean ISI within network burst—Avg (s) NC NC ↑↑ X X

Network IBI Coefficient of variation—Avg NC ↓↓ NC X X

Synchrony Area under normalized cross-correlation NC NC NC X X

Cmax 5 μM
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have been wasted. Ideally, the assay should be used during lead 
identification and optimization to identify and deselect those 
compounds with seizurogenic potential. In this, the assay could 
be a complementary or human-relevant alternative to the ze-
brafish and rat brain slice assays since these have challenges in 
throughput and in translation to humans.

There are several limitations of this study. The first is that it is 
based on client case studies and therefore data are limited and 
compounds are anonymous. Nonetheless, the study represents 
real-life examples of challenges faced with CNS safety and po-
tential NAM-based solutions. Secondly, the results could re-
flect non-specific CNS pharmacology or generalized network 

TABLE 5    |    Evidence of good in vitro to in vivo translation for Compound B. Changes in MEA parameters are shown at 1–100 μm. Blue and 
red arrows depict the range of concentrations where there were no clinical signs or there were convulsions in vivo, respectively. MEA work was 
conducted and presented as described in Table 1. NC (no change) 0%–29%; ↑↑ or ↓↓ 30%–49% change; ↑↑↑ or ↓↓↓ > 50% change.

TABLE 6    |    Context of use (COU) for the MEA assay and ion channel assays in drug discovery. MEA: Microelectrode array; WOE: Weight of 
evidence.

Purpose of study Timing of study Example in paper Notes

Prioritization: Identification of 
candidates without seizure liability 
risk
✓MEA
✓Ion channel

Lead optimisation/
lead generation

Table 2 Can be used before or in place of 
zebrafish, primary rodent cell assays 

and hippocampal slice assays in 
early preclinical screening to identify 

and design out seizurogenic risk.

Problem solving: Assess relevance of 
convulsions observed in nonclinical 
and clinical studies

GLP toxicology phase Tables 3, 4, 5 Can be used alongside data from 
preclinical species to problem solve 

and support a WoE approach
✓MEA

Mechanistic insight: Provide 
mechanistic insight for convulsions 
observed in nonclinical and clinical 
studies

GLP toxicology phase Figures 1 and 2 Can be used alongside data from 
preclinical species to problem solve 

and support a WoE approach

✓Ion channel
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perturbation rather than being specific for seizure liability. 
However, non-specific CNS pharmacology or generalized net-
work perturbation would give a different fingerprint/pattern of 
activity and the benchmark validation set used in this study rep-
resents an industry standard for seizure. Thirdly, we do not yet 
have sufficient data to develop a specified decision framework. 
Exposure metrics are also uncertain. Thus, the current work is 
hypothesis-generating and provides a starting point for gener-
ating context of use (COU) alongside understanding predictive 
human relevance and replacement value. Nonetheless, there is 
utility in drug discovery chemistry, comparing seizure risk for 
a novel drug to that of an approved drug, or characterizing the 
seizure risk of novel metabolites. As recently highlighted in an 
FDA CDER review on NAMs, assays such as iLA could be ex-
pressed as a COU statement such as, “Use of a battery of in vitro 
ion channel functional assays to predict in  vivo human Cmax 
levels of small molecule drugs associated with increased risk of 
seizures (or absence of seizures)” [12].

Regarding COU (see Table  6), the hiPSC-neuronal co-culture 
MEA assay is a drug development tool used to assess the ability 
of small molecule candidate drugs to alter human neuronal ex-
citability. Human ion channel assays are a drug development tool 
used to assess perturbations to neuronal ion channel function by 
small molecule candidate drugs. Both assays represent biologi-
cal endpoints associated with seizure risk. These assays generate 
data to support compound prioritization and to support the FTIH 
submission, providing greater assurance of CNS safety within 
regulatory decision-making. These studies are part of a weight of 
evidence (WoE) approach to predict seizure risk when combined 
with other preclinical studies. Future work will develop these 
ideas and continue to better define appropriate COUs.

With the growing focus on NAMs and the use of assays such 
as iLA, one key question is how in vitro findings should be in-
terpreted in the context of human-relevant exposures or doses. 
We have begun to address this point by comparing our in vitro 
IC50s with compounds where there is detailed exposure/seizure 
information. We found that both amoxapine and the fourth case 
study compound showed a good in vitro to in vivo translation. 
Of course, the limitation of this is that in  vitro effect concen-
trations are compared with the data available (largely plasma 
therapeutic/Cmax values) rather than unbound CNS levels which 
are hard to determine. In addition, the differences in methodol-
ogy between MEA assays and ion channel assays (e.g., network 
of cells vs. single cell, different growth media requirements, 
different well plate material) mean there are likely differences 
in protein content and binding conditions. This may shift the 
exposure margins between the assays which may affect concen-
tration comparisons.

In general, wherever possible, IC50s in the ion channel panel 
and concentration responses for MEA changes should be com-
pared with the known or estimated human therapeutic dose. 
In practical terms, the therapeutic window for the candidate 
drug may not be known until at least clinical Phase II trials. 
However, as with other aspects of clinical translation, projects 
often make use of estimates of the therapeutic window based 
on modeling and/or other compounds in the series where there 
may be more information. Overall, in vitro data such as iLA 

are not intended to provide a stop/go, since the project would 
need to place such data into context with other data such as 
IC50 at the intended drug target. Nonetheless, by analogy with 
hERG, a potent IC50 would be an alert for further investigation. 
In contrast, iLA is highly effective in prioritization and in un-
derstanding issues already noted in the preclinical studies or 
in the clinic.

Compared with many other NAMs, adverse CNS events such 
as seizures depend on exposure of the CNS. For projects where 
brain penetration can be avoided, this would be the simplest 
route to avoid this risk. For CNS projects, brain exposure is re-
quired, shifting the focus to selectivity between intended target 
and off-target effects such as ion channel activation. Overall, 
iLA provides an assessment of intrinsic hazard, allowing po-
tency and ranking to occur as a strategy to reduce risk whatever 
the exposure profile.

As CNS-active drugs are expected to show central effects, the 
key issue is contextualizing the seizure-like signature with re-
spect to relevant dose or exposure. It is not uncommon for sei-
zure activity to emerge only at supratherapeutic concentrations, 
and often drug programs continue until retrospective analyses 
reveal that an active metabolite may have seizurogenic poten-
tial. The potential for seizure risk is hard to predict with current 
models, but we are working on some predictive structure–activ-
ity relationship (SAR) models for ion channel activity that will 
offer the potential to evaluate predicted metabolites in silico be-
fore any wet work is conducted [13].

The concepts outlined are aligned with the current scientific 
and regulatory momentum surrounding the modernization of 
ICH S7A [14]. Recent proposals for revising the guideline em-
phasize enhanced use of secondary pharmacology, NAMs, in-
tegrated risk assessment strategies, and WOE approaches, all of 
which could provide a stronger regulatory framework for pro-
spective seizure liability assessment. The case studies presented 
here illustrate iLA being used for ranking, hazard identification, 
de-selection and mechanistic investigations, as has been seen in 
the past for alternative models such as zebrafish and rat hippo-
campal brain slices. Further work in this area is needed to better 
define COU and exposure metrics.
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