AI-driven comprehensive behavioural profiling reveals multidimensional phenotypes in PTZ-induced epilepsy mouse model
Masahiro Fukuda1,3, Yui Kobayashi1,3, Misato Kida1,3, Keisuke Omori1,3, Koji Kobayashi2, Takahisa Murata1,2,3
Veterinary Pharmacology1, Food and Animal Systemics2, Animal Radiology3, , the University of Tokyo, Tokyo, Japan
Introduction. Phenotypic analysis of animal behaviour—the most integrated and functional layer of biological information—remains limited in standardisation and quantitative depth. Conventional behavioural assessments still rely largely on visual observation and manual scoring, limiting objectivity, reproducibility, and translational relevance. This lack of standardised, data-rich behavioural evaluation represents a critical bottleneck in pharmacological, and toxicological research.
Aims. To overcome these limitations, we developed SHIGUSA, an artificial intelligence (AI)-based behavioural analysis platform that enables long-term, non-invasive, and unbiased monitoring of freely moving animals. Here, we applied SHIGUSA to characterise behavioural alterations in a pentylenetetrazole (PTZ)-induced epilepsy mouse model.
Methods. SHIGUSA automatically quantifies spontaneous locomotion and general behaviours—including feeding, drinking, exploration (rearing), scratching, and grooming—within standard home cages. Male C57BL/6J mice received intraperitoneal injections of PTZ (30 mg/kg) every other day for four administrations. Behaviour was recorded for one hour immediately after the final injection and analysed using deep learning-based behavioural classification. Multivariate behavioural parameters were temporally aligned to identify seizure-associated events.
Results. PTZ-administration significantly reduced locomotor activity and altered spatial distribution within the cage. Exploration and feeding were markedly suppressed immediately after PTZ treatment, whereas grooming behaviour increased. Importantly, interruptions in ongoing general behaviours coincided with the detection of freezing episodes, jerking movements, and clonic seizures. These findings indicate that SHIGUSA captures both subtle behavioural modulation and overt seizure-related motor events within a unified quantitative framework.
Discussion. SHIGUSA enables comprehensive and multidimensional quantification of drug-induced behavioural phenotypes. By shifting from observation-based assessment to standardised, data-driven behavioural analytics, this platform facilitates quantitative and reproducible phenotyping in pharmacological and toxicological research.
