
Crosstalk opposing view: Animal models of epilepsy are more 

useful than human tissue-based approaches 

Running title: Animal models are more useful than human models of epilepsy 

Authors: Amy Richardson1, Gareth Morris2,3,4 

1Department of Clinical and Experimental Epilepsy, UCL Institute of Neurology, Queen 

Square, London, United Kingdom 

2Department of Neuroscience, Physiology and Pharmacology, University College London, 

London, United Kingdom 

3Department of Physiology and Medical Physics, RCSI University of Medicine & Health 

Sciences, Dublin, Ireland 

4FutureNeuro, the SFI Research Centre for Chronic and Rare Neurological Diseases, RCSI 

University of Medicine & Health Sciences 

 

*Correspondence:  

Written: Gareth Morris, Department of Neuroscience, Physiology and Pharmacology, 

University College London, London, United Kingdom, WC1E 6BT. 

Email: gareth.morris@ucl.ac.uk 

ORCID: 0000-0003-2469-5102 

Manuscript details: Words: 2084; References: 36; Figures: 0; Tables: 0; 

Manuscript #: JP-CT-2021-282186 

  



Epilepsy and models 

Epilepsy is one of the most common severe neurological diseases, affecting up to 70 

million people worldwide (Ngugi et al., 2010). It is characterised by an imbalance of 

neuronal network excitation and inhibition which causes spontaneous recurrent seizures, as 

well as cognitive and psychiatric co-morbidities (Mula et al., 2021). The underlying 

pathophysiology varies between individuals and epilepsy types. It can be complex and multi-

faceted, including genetic (Carpenter & Lignani, 2021) and transcriptomic (Venø et al., 2020) 

dysregulations, cell loss (Mello et al., 1993), gliosis (Devinsky et al., 2013), 

neuroinflammation (Vezzani et al., 2011) and circuit dysfunction (Goldberg & Coulter, 2013). 

Valid disease models are critical to basic understanding and developing new therapies for 

the epilepsies. Many models are available, ranging from in silico simulations (Liou et al., 

2020) to ex vivo brain slice models (Morris et al., 2016) and in vivo animal studies 

(Kandratavicius et al., 2014; Wang et al., 2022). Multiple species are amenable to these 

models, with each approach having advantages and disadvantages. The nature of certain 

epilepsies provides an opportunity for study using human brain slice models (Morris et al., 

2021b), because surgical resection of the seizure focus remains the best therapeutic 

pathway for certain patients (Jette et al., 2014). Human tissue-based models can also 

include induced pluripotent stem cell (iPSC) cultures from epilepsy patients, or three-

dimensional organoids grown from these cells (Shi et al., 2017). Models can be assessed in 

terms of three types of validity (van der Staay, 2006): 1) face validity – the ability to capture 

relevant disease phenotypes; 2) construct validity – the disease model is caused by the 

same precipitating insult as the real disease; 3) predictive validity – the model predicts the 

response of the real disease to interventions. Here, we argue that, despite advances in 

human tissue models, animal models of epilepsy remain more useful for interrogating basic 

mechanisms and novel therapeutics in epilepsy. 

 

Modelling different epilepsies and epileptogenesis 

A key advantage of animal models is the ability to reproducibly capture epilepsies 

with different aetiologies. In rodents, it is possible to elicit acute seizures, status epilepticus 

and/or chronic epilepsy using a variety of means (Kandratavicius et al., 2014; Wang et al., 

2022). Rodent acquired epilepsy models include chemoconvulsants which typically increase 

excitation (e.g. (Mouri et al., 2008)) or reduce inhibition (Jiruska et al., 2010), electrical 



stimulation (Norwood et al., 2010) and traumatic brain injury (Santana-Gomez et al., 2021). 

Some species - particularly mice and zebrafish (Grone & Baraban, 2015) - are highly 

amenable to genetic manipulations, offering realistic whole brain models of developmental 

epileptic encephalopathies s (DEEs, e.g. Dravet syndrome (Ogiwara et al., 2007)). Moreover, 

because animal models can be tracked from initial precipitating insult right through to 

chronic epilepsy (Venø et al., 2020), they also provide a tool to study mechanisms of 

epileptogenesis, which is not feasible using resected human tissue that has already 

undergone epileptogenesis. All of the listed models have good face validity, generating 

seizures which are the main hallmark of epilepsy. The variety of mechanisms to induce 

epilepsy means that construct validity is often strong, and this is particularly the case for 

those genetic epilepsies where real human mutations can be modelled in animals. Many of 

these models are also often treatment resistant, supporting predictive validity in terms of 

modelling drug-resistant epilepsies. The availability of many types of animal model allows 

researchers to interrogate pathophysiology and novel therapeutics for efficacy in different 

types of seizures, therefore avoiding model-specific observations (e.g. (Venø et al., 2020)). 

In contrast, resected human tissue slices can only be obtained from a specific subset 

of patients. Surgical resection is only performed in drug-resistant focal epilepsy, when a 

person’s seizures are not completely resolved by anti-seizure drugs (ASDs). This represents a 

minority of patients (Löscher et al., 2020); moreover surgical resection is not indicated in all 

such patients, for example if the epileptogenic zone overlaps with eloquent cortex (Jette et 

al., 2014). Therefore, resected human tissue models represent a narrow subset of 

epilepsies, and do not support investigation of other disease types. Notably, DEEs are 

typically severe and drug-resistant childhood epilepsies with limited treatment options 

(Carpenter & Lignani, 2021). DEEs are often caused by de novo mutations in key epilepsy-

related genes, and their pathophysiology may be entirely different to resected tissue 

sections which are typically only obtained from focal epilepsy patients. This lack of genetic 

epilepsy tissue is partially balanced by iPSCs and organoids derived from DEE patients (Shi et 

al., 2017), but whether these form realistic brain networks is debatable. Therefore, a 

significant advantage of animal models is that they accurately capture a wide-range of 

disease aetiologies.  

 

Whole brain studies and peripheral effects 



Another fundamental advantage of animal models is the whole brain nature of these 

approaches. Whilst the rodent brain might not capture the full scale of the human brain, it is 

a comparable representation (Semple et al., 2013) and allows interrogation of epileptic 

pathophysiology at the level of the whole brain, rather than within specific microcircuits. 

Indeed, epilepsy is a disease of brain networks, therefore it is important that epilepsy 

models retain widespread anatomical connectivity. Extending this idea, whole animal in vivo 

studies permit assessment of the peripheral effects of systemic interventions. This is an 

essential part of preclinical safety testing and is not possible in humans prior to formal 

clinical trials. In the case of human tissue models, specimens are disconnected from their 

wider anatomical projections and so it is not possible to model parameters such as seizure 

propagation or the interaction between distant interconnected anatomical structures.  

 

Co-morbidities and non-seizure aspects of epilepsy 

Whilst epilepsy has classically been most closely associated with seizures, it is 

increasingly recognised that co-morbidities can include challenges with memory, sleep and 

mental health (Mula et al., 2021). Indeed, people with epilepsy and their carers report that 

co-morbidities often have a greater impact on their daily lives than seizures do. Animal 

models allow investigation of disease pathophysiology and novel anti-epileptic medications 

in the context of these ‘non-seizure’ aspects of epilepsy. Wide-ranging behavioural 

paradigms are available to probe specific facets of memory in rodents (Hattiangady et al., 

2014). Long-term video-EEG telemetry can interrogate the effects of interventions on sleep. 

It is admittedly not clear how accurately human psychiatric co-morbidities  can be captured 

in animal models, but behavioural testing can be used to explore basic phenotypes such as 

anxiety (Harro, 2018). Whilst human tissue models may be able to capture epileptiform 

activity, it is challenging to extrapolate this activity to impacts on other brain functions. 

 

Experimental logistics and reproducibility 

Animal-based experiments offer significant advantages in experimental design, 

reproducibility and predictability. One such advantage is straightforward access to relevant 

healthy control tissue by using non-epileptic animals. This is not possible with human slices 

where the tissue is diseased, precluding certain types of study because healthy human brain 

samples are not available as controls. A second consideration is the variability of samples. In 



animal studies, experimental models can be designed to be relatively homogeneous, with 

standardised and reproducible procedures to model epilepsy in animals from identical 

genetic backgrounds. This allows the researcher to easily isolate experimental variables of 

interest, with good control over confounding variables that may influence experimental 

readouts such as age, sex, husbandry, and time of day when tissue is prepared. This is not 

the case with human tissues, where these factors cannot be controlled. Moreover chronic 

drug treatment in patients, prior to tissue resection, is likely to lead to altered neuronal 

physiology and potentially affects treatment outcomes when trialling new therapeutics. 

Human tissue samples are therefore inherently more heterogeneous, necessitating greater 

sample sizes for robust statistical comparisons. Human samples are less regularly available 

than mouse models, since they are obtained from relatively infrequent surgical procedures. 

The need for larger sample sizes, coupled with relatively limited availability of tissues, mean 

that human-based models have much lower throughput than studies in animals.  

 

Techniques which can be used in animal models 

In addition to these advantages in scientific reproducibility, animal models are also 

amenable to a range of experimental techniques that can be applied to study epilepsy, most 

notably in vivo experiments and expression of exogenous genetic products. The ability to 

introduce exogenous genetic material into animal models has sparked advances in 

optogenetics (Deisseroth et al., 2006; Magloire et al., 2019)and chemogenetics (Lieb et al., 

2019) to study epileptic networks, in addition to antisense oligonucleotide (Morris et al., 

2021a) and gene therapies as novel treatment options (Kullmann et al., 2014; Morris & 

Schorge, 2022). 

Viral vectors are often used to express exogenous proteins in the intact brain for 

both in vivo and in vitro purposes, such as calcium imaging or electrophysiology. Robust 

expression of genes contained in viral vectors can take several weeks and as such, the 

transduced tissue needs to be viable for long periods of time. This introduces challenges for 

using these techniques within in vitro preparations of human brain tissue. Recent progress 

in culturing human tissue slices allows introduction of viral vectors in vitro (Schwarz et al., 

2017), but the limited section of tissue occludes the ability to probe larger networks as can 

be performed using animal models, and organotypic slices spontaneously change their 

circuit physiology over time. Our understanding of large-scale epileptic networks has been 



advanced in recent years using optogenetics to probe interactions between interconnected 

brain regions during epileptic activity (e.g. (Streng & Krook‐Magnuson, 2019)), in addition to 

revealing interactions between inhibitory and excitatory neuronal subpopulations on the 

microcircuit level (Ellender et al., 2014). Similarly in vivo electrophysiology and imaging in 

rodent and primate models has vastly increased understanding of cellular recruitment 

during seizures (Wenzel et al., 2017) in intact circuits, identifying new targets for epilepsy 

treatments. In addition, use of depth electrodes and EEG recording devices in vivo allows for 

examining efficacy of novel therapeutics during chronic epilepsy studies all of which is 

currently impossible using available human models. 

Animal models have been vital to recent advances in novel therapeutics- most 

notably the development of gene therapies and antisense oligonucleotides as long-acting 

treatments for epilepsy (Kullmann et al., 2014; Morris & Schorge, 2022). Typically these 

treatments would be injected intracranially or intrathecally and would be active for periods 

of months to years. Examining the efficacy of these therapeutics requires long-term chronic 

studies. Not only do the genetic manipulations required to develop these therapeutics 

require robust animal models but chronic studies needed to determine safety and efficacy 

are not currently possible with human tissue models. Thus, animal models are crucial for the 

development of novel advanced treatment options for epilepsy patients.  

 

Ethical considerations 

Both animal models and the use of human brain tissues raise ethical issues which 

should be considered when designing research studies. In the case of animal models, studies 

typically require local approval by an institutional animal welfare body, and must be 

performed by trained and licenced personnel working under an approved project licence. 

These safeguards ensure that any animal work performed is necessary and ethical. In line 

with the 3Rs, animal use should be reduced, refined and replaced wherever possible. 

Indeed, human tissues offer a replacement for animal use, but this approach is associated 

with other ethical concerns. Human tissue studies must be approved by ethical boards and, 

in the UK, comply with the Human Tissue Act. Patients donating tissue must be able to give 

fully informed consent, prior to their surgical procedure. Data protection is also a concern 

when using human tissues. Patient data must be anonymised and held securely. There are 

also implications for biobanking of tissue. With animal models, there are no additional 



concerns about the long-term storage of tissues and indeed re-use of banked tissue for 

future studies is an ideal way to reduce animal usage. For human tissues, long-term storage 

may represent a severe privacy concern, and specimens must not be banked or used for 

further studies without explicit consent. 

 

Conclusions 

The epilepsies are a range of complex and often multi-faceted conditions. As such there are 

numerous types of epilepsy models which capture different aspects of the disease. In 

choosing a model it is critical that it captures disease pathophysiology with maximal 

construct, face and predictive validity. It must be noted that despite the views presented, 

human-based models also have advantages, most notably in construct validity, over animal 

studies. Researchers must carefully select the type of model most appropriate to their 

research question and it is not necessarily the case that one type of model is inherently 

more useful than another for every experiment. Here, we present numerous examples of 

research questions which can only be answered using animal models.  
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