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A B S T R A C T

Neuronal networks derived from human induced pluripotent stem cells (hiPSCs) have gained attention for their 
potential use in studying cellular electrophysiology. Similar to in vivo animal models of seizures and epilepsy, 
neuronal activity can be altered in vitro using kainic acid (KA), a direct agonist of KA glutamate receptors. 
However, to utilize KA in developing more relevant in vitro seizure models, a better understanding of acute and 
long-term KA-mediated effects on human neurons is needed. Here, we investigated the acute (0–60 min) and 
long-term (≤48 h) KA concentration-dependent effects on the viability and functional activity of hiPSC-derived 
cortical neuronal networks via microelectrode arrays. Furthermore, in association with the long-term effects, the 
recovery and behavior of the networks after KA washout were assessed. The results revealed distinct acute and 
long-term concentration-dependent effects on neuronal functionality, where KA concentrations greater than 5 
µM significantly decreased the firing and bursting rates. The effects were maintained at high KA concentrations 
(>15 µM) under long-term exposure. However, the KA concentrations used (5–50 µM) did not permanently 
compromise neuronal functionality or viability, as the firing and bursting rates recovered after KA washout in a 
concentration-dependent manner. High KA concentrations also increased the secretion of transfer RNA-derived 
small RNA fragments, highlighting their role as potential biomarkers for seizures and cellular stress. This study 
depicts detailed KA-mediated effects on neuronal functionality and further supports the utilization of KA in 
developing relevant human in vitro models in combination with in vivo epilepsy models.

Introduction

Epilepsy comprises multifactorial neurological disorders affecting 
more than 65 million people (Klein et al., 2024). Epilepsy is character
ized by recurrent spontaneous seizures, e.g., abnormal transient dis
charges of neurons in the brain (Fisher et al., 2017). In over 20 million 
patients, seizures are not controlled with current antiseizure medica
tions (ASMs), and only some patients with drug-resistant epilepsy (DRE) 
gain relief from other treatments, i.e., a ketogenic diet, brain surgery, 
and vagus nerve or deep brain stimulation (Klein et al., 2024; Löscher 
et al., 2020). Despite of the validated animal models of acute and 
chronic seizures used in preclinical drug discovery, many clinical trials 
fail (Schmidt, 2012), which are partially explained by species-specific 

differences, e.g., the low human relevance of the preclinical models 
(Sørensen and Kokaia, 2013; Covelo et al., 2025). Although in vitro 
models cannot recapitulate in vivo complexity, human induced plurip
otent stem cell (hiPSC) models increase human relevance. Thus, hiPSC- 
derived neurons have been used for modeling neurological disorders 
such as epilepsy (Mao et al., 2024; Xie et al., 2020; Sterlini et al., 2020; 
Campos et al., 2018), indicating their potential in translational in vitro 
modeling (Tang et al., 2016).

Kainic acid (KA) is used to induce both acute and chronic seizures in 
vivo, acute seizures ex vivo, and it is the core agent utilized in Epilepsy 
Therapy Screening Program (ETSP) models (Klein et al., 2024; Edoho 
et al., 2024; Kandratavicius et al., 2014; Shin et al., 2008; Narkilahti and 
Pitkänen, 2005; Fisher and Alger, 1984). While KA exposure reliably 
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