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Epilepsy is a common brain disease characterized as a long-lasting propensity to engender epileptic seizures. These are
defined by the International League Against Epilepsy (ILAE), as a transient occurrence of signs and/or symptoms, due to
abnormal excessive or synchronous neuronal activity in the brain. The ILAE also describes that patients with epilepsy,
besides neurobiological problems, also face cognitive, psychological, and social issues.

Epileptic seizures can be classified depending on the onset (focal, generalized or unknown) and depending on the
etiology (genetic, structural, infectious, metabolic, immune, unknown, or with more than one etiology).

Epileptogenesis is when a physiological and functional brain develops recurrent and unprovoked seizures, due to
abnormal biological alterations. Epileptogenesis encompasses: The moment a precipitating injury (such as stroke or
traumatic brain injury) or event (as status epilepticus (SE) or febrile seizure) occurs; the latent period between this
epileptogenic insult and a modified epileptic brain (having spontaneous unprovoked seizures); and the mechanisms that
occur during chronic epilepsy.

Despite that the knowledge about the epileptogenesis process has significantly increased, most of the current drugs for
epilepsy are used to treat symptoms, meaning to stop the seizures. These drugs, named AEDs, do not prevent or cure
epilepsy. Therefore, finding drugs that work as antiepileptogenic, interreacting with the process of epilepsy development,
is fundamental.
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| 1. Introduction

Epilepsy, one of the oldest known neurological diseasesll], was, for centuries, associated with a divine malady or demonic
possession—and as such, exorcism was the only known therapy for this pathology!@. Hippocrates in 400 B.C. demystified
epilepsy by arguing that it was a medical problem that originated in the brain, instead of a problem of divine origin.
However, the prevailing supernatural view remained rather unchanged until the 17th century, when the first effective
antiepileptic medicine, bromide, was introduced®. Antiepileptic drugs (AEDs), focal epilepsy surgery, vagus nerve
stimulation, and the ketogenic diet are the available therapies to treat epilepsy. Nevertheless, the effectiveness of these
therapies is highly affected by disease etiology (reviewed in Referencel4l).

| 2. Epilepsy and Epileptogenesis

Epilepsy is a common brain disease, affecting between 50 to 65 million people worldwideI8IIAEl and is characterized as
a long-lasting propensity to engender epileptic seizures. These are defined by the International League Against Epilepsy
(ILAE), as a transient occurrence of signs and/or symptoms, due to abnormal excessive or synchronous neuronal activity
in the brain. The ILAE also describes that patients with epilepsy, besides neurobiological problems, also face cognitive,
psychological, and social issues(2.

Epileptic seizures can be classified depending on the onset as: Focal, if limited to one hemisphere; generalized, if rapidly
spread bilaterally; or unknown, if the onset is unable to be determined, due to lack of information221 Under this big
umbrella, seizures can also be categorized as motor or nonmotor, and they can be detailed depending on awareness (in
case of focal seizures)X. In a broad view, motor behavior may include loss of tone (atonic), sustained stiffening (tonic),
rhythmic jerks (clonic), irregular and brief jerks (myoclonic), flexion, or extension of arms, and flexion of trunk (epileptic
spasms). Generalized motor seizures can comprise more than one motor behavior. Generalized non-motor seizures imply
absence seizures. The type of epilepsy can also be classified as focal, generalized, combined generalized and focal, or
unknown. Besides seizure and epilepsy type, diagnosis also comprises the recognition of epileptic syndromes (such as
childhood absence epilepsy, Lennox-Gastaut syndrome, or Dravet syndrome)i2d.,



It is also important to know the etiology of epilepsy to adequate the best treatment. Epilepsy can be classified with
different etiologies: Genetic, structural, infectious, metabolic, immune, unknown, or with more than one etiology@].
Genetic etiology refers to seizures caused by a genetic mutation, such as in Dravet syndrome. Structural etiology implies
the presence of acquired or abnormal genetic structures, such as in the hippocampus or amygdala, often associated with
mesial Temporal Lobe Epilepsy (mTLE), which is the most common and studied form of epilepsy, and is frequently
intractable. An infectious etiology is related to an infection, like cerebral malaria or the Zika virus, resulting in the
appearance of seizures. A metabolic etiology is linked to metabolic disorders, such as porphyria. Finally, an immune origin
is usually associated with central nervous system (CNS) inflammation mediated by autoimmune disorders (for example,
autoimmune encephalitis) 22,

Epileptogenesis is when a physiological and functional brain develops recurrent and unprovoked seizures, due to
abnormal biological alterations (reviewed in Referencesi213)) Epileptogenesis encompasses: The moment a
precipitating injury (such as stroke or traumatic brain injury) or event (as status epilepticus (SE) or febrile seizure) occurs;
the latent period between this epileptogenic insult and a modified epileptic brain (having spontaneous unprovoked
seizures); and the mechanisms that occur during chronic epilepsy (reviewed in References®213ly (Figure 1). It is worth
mention that traditionally, the process of epileptogenesis was considered to stop at the time of the first spontaneous
seizure (reviewed in Referencel4l),

¥r .- § .{....' .
-||'l|-|. | e (|
COUS Chromic eviablished

eplapry

i A Sranus Ep-teplicut

Figure 1. The process of epileptogenesis. Epileptogenesis encompasses three phases: (1) The moment a precipitating
injury or event occurs, (2) the latent period, which comprises the time between an epileptogenic insult on a physiological
brain, and the generation of a modified epileptic brain with spontaneous seizures, and (3) the mechanisms that occur
during established chronic epilepsy. Status epilepticus (SE) is a prolonged seizure or a period of repetitive seizures
without returning to the physiological state.

Using mainly experimental models of mTLE it was possible to start unveiling the typical alterations that are involved in
epileptogenesisit24iLs] However, the mechanisms underlying epileptogenesis are not yet fully understood. It is still not
known which mechanisms are responsible for the generation of epilepsy or which are secondary or compensatory
mechanisms that intend to repair the brain. The most frequent alterations observed in experimental mMTLE models are
neuronal cell death, mainly of hippocampal pyramidal cells&, but also of hilar mossy cells, which are excitatory neurons
in the hilus of the dentate gyrusi28l, and of inhibitory GABAergic interneurons2Z; reactive gliosis™28!; blood—brain barrier
damagell¥; alterations in the expression of GABA, receptor subunit?Z; and changes in diverse signaling pathways, for
example, brain-derived neurotrophic factor/tyrosine receptor kinase B (BDNF/TrkB), mammalian target of rapamycin
(mTOR), or Janus kinase/signal transducers and activators of transcription (JAK/STAT) pathways2d (reviewed in
References13l1220(23124][25]) ' Angther important feature is the modifications in neurogenesis and associated-processes!28],
which will be further detailed in this entry.

Despite that the knowledge about the epileptogenesis process has significantly increased, most of the current drugs for
epilepsy are used to treat symptoms, meaning to stop the seizures. These drugs, named AEDs, do not prevent or cure
epilepsy (reviewed in Referencel28)). Therefore, finding drugs that work as antiepileptogenic, interreacting with the process
of epilepsy development, is fundamental. Current AEDs are mainly based on four mechanisms of action: (1) Modulation of
voltage-gated ion channels (as valproic acid, phenytoin or carbamazepine); (2) enhancement of GABA-mediated inhibitory
neurotransmission (like valproic acid, phenobarbital or tiagabine); (3) reduction of glutamate-mediated excitatory
neurotransmission (as felbamate, perampanel or gabapentin) and (4) modulation of neurotransmitter release through
presynaptic release machinery (as levetiracetam, gabapentin or pregabalin) (reviewed in References[24(28),

Given the fact that about 30% of patients with epilepsy remain resistant to pharmacotherapy, continuing to experience
seizures (reviewed in References24[28]) it is imperative to persist studying the mechanisms underlying epileptogenesis.
Developing innovative antiepileptogenic therapies that can modify this process, instead of only diminishing or abolishing
seizures, and can decrease epilepsy-related comorbidities after the clinical diagnosis of epilepsy, is critical.



Experimental models, either in vivo or in vitro, mimic different types of epileptic seizures, syndromes, or specific aspects
of the disease. In vivo animal models have been categorized into a different seizure or epilepsy models: Chemical or
pharmacological (induced by pilocarpine, kainate or pentylenetetrazole (PTZ)); electrical stimulation (such as the kindling
model or maximal electroshock seizures (MES)); genetic (mutations related to dysfunction of ion channels, receptors,
enzymes or transporters); developmental (like the febrile seizures model) and trauma (as cortical undercut model)
(reviewed in References22B31) These models are classified as models of epilepsy or models of seizures, depending
on whether they result in chronic epilepsy or not, respectively2d,

The most commonly used models to mimic mTLE, are the pilocarpine (an acetylcholine receptor agonist), kainate (a
glutamate analogue), or kindling models (a process that triggers epileptic seizures through repeated low-intensity
electrical stimulation in a given brain region) (reviewed in ReferencesB4E2)y. pilocarpine- and kainate-induced SE models
are more similar with the epileptic process occurring in humans than the kindling model, since they include an initial
precipitating injury, a latent period, and finally, spontaneous, recurrent chronic seizures (reviewed in Reference22). On the
other hand, the kindling model enhances seizure susceptibility, potentiating the generalization of electrical-induced
seizures to other areas of the brain and ultimately, promoting spontaneous seizures (reviewed in Referencel2%),

In vitro models are mainly models of epileptogenesis, such as organotypic brain slices, or models of epileptiform activity,
in which the biological preparations, like neuronal cultures or acute brain slices, are susceptible to chemoconvulsants, and
therefore, epileptiform activity is acutely induced (reviewed in Referencel23]).
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