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Epilepsy represents one of the most common neurological diseases, affecting about
70 million people worldwide. Recent advances in genetic research have discovered a wide spectrum
of genes involved in various forms of epilepsy, their cause may be due to inflammation, neuronal
trauma or brain malformations, highlighting the heterogeneous nature of this disorder. In addition,
unfortunately, older epileptic drugs have many side effects, with cognitive impairment being the
main side effect that affects the daily lives of people with epilepsy. Appropriate animal models are
essential to investigate the pathological mechanisms triggered by genetic mutations involved in
epilepsy and to develop specific and targeted therapies. The models of zebrafish diseases (Danio
rerio) are relevant to the pathophysiology of human diseases. In recent years, zebrafish has emerged
as a valuable vertebrate organism for modeling epilepsies, using genetic manipulation or exposure
to know epileptogenic drugs, such as pentylenetetrazole (PTZ), to identify new antiepileptic
therapies. The aim of the present study was to conduct a systematic review of the literature in order
to understand how zebrafish has been used for the study of epilepsy. For this purpose, a literature
search was made in the Medline, Lilacs, Science, Citation Index, SciELO, PUBMED, Google
Scholar, CAPES and BVS Bireme databases. The keywords used were: © Suppression of the
epileptic crisis”, “Animal Model”, “Zebrafish” in the databases. As a result, it was possible to
observe 16 articles included after the qualitative synthesis, of these, 449 of the articles analyzed a
certain drug in the treatment of epilepsy, 300 dealt with the induction of epilepsy to study the
pathways involved in this disease, 2200 carried out studies strictly involved to Dravet's Syndrome.
In conclusion, it can be said that developing an animal model for brain disorders, particularly
epilepsy, is very difficult due to the complexity of the disease. Most of the preclinical research on
epilepsy has focused on rodents. However, recent research points to zebrafish as an excellent target
for laboratory analysis, as it has a great similarity to mammals and is highly advantageous with its
unique properties, such as external fertilization, small size, as well as optical clarity of embryos. The
central role of receptors in epilepsy demonstrates the potential usefulness of targets for controlling
seizures in these animal models.
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A epilepsia representa uma das doengas neurolégicas mais comuns, afetando cerca de 70
milhGes de pessoas em todo o mundo. Avancos recentes na pesquisa genética descobriram um grande
espectro de genes implicados em vérias formas de epilepsia, sua causa pode ser por inflamacio,
neurotrauma ou malformagdes cerebrais, destacando a natureza heterogénea desse distarbio. Além
disso, infelizmente, as drogas epiléticas mais antigas tém muitos efeitos colaterais, sendo o
comprometimento cognitivo o principal efeito colateral que afeta a vida didria de pessoas com
epilepsia. Modelos animais apropriados sdo essenciais para investigar os mecanismos patoldgicos
desencadeados por mutagdes genéticas implicadas na epilepsia e para desenvolver terapias especificas
e direcionadas. No entanto, os modelos de doengas do zebrafish (Danio rerio) sdo relevantes para a
fisiopatologia das doencas humanas. Nos ultimos anos, o zebrafish emergiu como um valioso
organismo vertebrado para modelar epilepsias, com o uso de manipula¢io genética ou exposicio a
drogas epileptogénicas conhecidas, como o pentilenetetrazol (PTZ), para identificar novas
terapéuticas antiepilépticas. O objetivo do presente estudo foi realizar uma revisio sistemética da
literatura de modo a compreender de que forma zebrafish vem sendo utilizado para o estudo da
epilepsia. Para tanto, foi feita uma pesquisa da literatura nas bases de dados Medline, Lilacs, Science,
Citation Index, SciELO, PUBMED, Google Académico, Periédicos CAPES e BVS Bireme. As
palavras-chave utilizadas foram: “Suppression of the epileptic crisis”, “ Animal Model”, Zebrafish”
nas bases de dados. Como resultados, foi possivel observar 16 artigos incluidos apds a sintese
qualitativa, destes, 44% dos artigos analisaram determinado firmaco no tratamento da epilepsia, 30%
tratavam sobre a inducio de epilepsia para estudo das vias envolvidas nesta doencga, 229% realizou
estudos estritamente envolvidos 4 Sindrome de Dravet. Em conclusio, pode-se afirmar desenvolver
um modelo animal para distdrbios cerebrais, particularmente epilepsia, é muito dificil devido a
complexidade da doenga. A maior parte da pesquisa pré-clinica da epilepsia tem se concentrado em
roedores. Porém, pesquisas recentes apontam o zebrafish como um excelente alvo de anilises
laboratoriais, pois possui uma grande semelhanca com os mamiferos e é altamente vantajoso com
suas propriedades Unicas, como fertilizac3o externa, tamanho pequeno, bem como clareza ética dos
embrides. O papel central dos receptores na epilepsia demonstra a utilidade potencial dos alvos para
controlar as convulsdes nesses modelos animais.

Palavras-chave: Epilepsia. Modelo Animal. Supressdo da Crise Epilética. Peixe-Zebra.

INTRODUCTION

Epilepsy is a neurological disorder characterized by spontaneous and unpredictable seizures
due to excessive abnormal neuronal activity in the brain, affecting more than 70 million people
worldwide (1).

In addition to seizures, people with epilepsy often experience cognitive and psychological
impairment, generalized social stigma and early death. However, little is known about the
mechanism involved in epileptogenesis, but ample evidence suggests a pathogenic role of brain
inflammation in epilepsy. (2,3).

There are three primary treatment modalities for epilepsy: anticonvulsant drugs (ASDs),
resective or palliative surgeries and neurostimulation. The first line approach is ASDs. However,
this treatment is only effective in treating seizures and not the underlying epileptic disorder. In
addition, ASDs usually cause adverse effects and one third of people with epilepsy develop drug

resistance (4).
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Surgical removal or disconnection of an epileptic brain region may be more effective for
drug-resistant focal epilepsy, but only a few patients are eligible for surgery (s).

Therefore, despite the long history of this field, innovative approaches to prevent or stop
epileptogenesis are still needed. For this, a good experimental model is essential (2,3).

The ideal animal model of epilepsy should reflect the processes underlying the disorder in
humans, including electrophysiological, neuroanatomical, biochemical and genetic factors. Rodents
are usually the standard experimental models for epilepsy, as well as for many other diseases, but it
should be borne in mind that all animal models are comparative (6).

The model chosen should be the most appropriate to address a specific research question,
and the strengths and limitations of epilepsy models lie in how they recapitulate human epilepsy.
Animal models other than rodents are becoming increasingly important, as they have
complementary advantages for studying epileptogenesis and evaluating treatments (7).

The zebrafish (Danio rerio) began to receive attention as a valid animal for studying epilepsy
in 2005, when it was shown that they could express chemically induced seizure phenotypes (8). Since
then, the zebrafish has established its role as a desirable alternative to rodents.

Brains of more complex mammals and organisms for the purposes of genetic modeling,
including zebrafish, have been widely studied and zebrafish has gained great popularity in
behavioral neuroscience and research in psychopharmacology (9)

In addition, the zebrafish model system offers large-scale screening and resembles the
complexity of the central nervous system (CNS) (10). Interestingly, the genetic compositions of
zebrafish are comparable to humans with 709 genetic similarity, while 84% of the genes known for
human diseases are widely expressed in zebrafish (11).

In addition, the zebrafish model is economically compared to rodents (12), which
strengthens its usability to fit neuroscientific research.

Due to its small size, oviparous development and transparency in the early stages of development,
zebrafish has emerged as a valuable vertebrate organism to model human diseases as diverse as
cardiovascular, cancer or neurological diseases (13).

Zebrafish combines the advantages of a vertebrate, including the high conservation of the
organ architecture and the genetic code, with the small size and ease of genetic manipulation of
simpler model organisms, thus facilitating fundamental studies and translational applications.

In particular, its automated high-throughput behavior screening ability and fluorescent
markers of cellular processes have made zebrafish a particularly attractive model for epilepsy

research.
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This was demonstrated by a large increase in the last decade in the number of publications
with chemically induced and / or genetic models of epilepsy (11,14-16) and, more recently, reports
of promising therapies obtained from chemical screens in these models (13, 17-21).

Therefore, the objective of the present study was to carry out a systematic review of the
literature in order to understand how the zebrafish animal model has been used for different

therapeutic approaches to suppress the epileptic seizure.

Materials and methods
Search Method

The development of this systematic review was based on a survey of literature data,
published in the period between 2017 and 2021. The scientific databases used were Medline, Lilacs,
Science, Citation Index, SciELO, PUBMED, Google Scholar, CAPES and BVS Bireme Journals.
In the searches, the following descriptors, in English, were considered: © Suppression of the epileptic
crisis ” AND “ Animal Model ” AND ¢ Zebrafish ”. Logical operators “AND”, “OR”, “AND
NOT?” were used to combine the descriptors and terms used to track publications. Was first done
to generate a list of relevant articles for each database. This was done by first screening through the
abstracts of the generated results, before proceeding to full text screening of potentially highly
relevant articles. Through this search method and following the recommendations of PRISMA
(Main Items for Reporting Systematic Reviews and Meta-analyzes), at first, potentially eligible
publications were identified to be part of this review. Then, the articles that met the following
inclusion criteria were distinguished: (a) electronic bibliographies compatible with the descriptors
listed above; (b) chronology from the year 2017; (c) full texts and thesis-type abstracts, original
articles, systematic reviews, books, normative instructions and ordinances of official scientific
bodies, obtained from indexing platforms and scientific databases in the aforementioned area. It was
decided not to include articles from narrative reviews, since they do not contemplate the analytical

criticality estimated by.

Study Selection and Inclusion Criteria

Studies that were searched and considered for the systematic review were limited to original
research articles as other publications (symposiums, conferences, editorials, book chapters, reviews
and systematic reviews) would not provide sufficient information for evaluation and comparison.
Any duplicated articles from the different databases were removed and articles that have no
relevance to the importance of non-mammalian models for epilepsy research were also excluded.

The selection of studies was conducted as per PRISMA guidelines (22).
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The initial search based on the keywords mentioned in the methodology yielded a total of
6,652 records. After applying exclusion criteria, total articles removed were 6,620, which includes;
(a) 3,156 non-original research articles (b) 2,064 articles not related to animal models used in epilepsy
research, (c) 400 duplicates, (d) 1,016 full text articles not relevant to the aim of the review (Figure 1).

Sixteen eligible articles were included, compiled in Table 1 and discussed in the present
systematic review. Based on the inclusion criteria, the final articles selected for evaluation consist
of these, 44% of the articles analyzed a certain drug in the treatment of epilepsy, 300 dealt with the
induction of epilepsy to study the pathways involved in this disease, 220 carried out studies strictly
involved in Dravet's Syndrome. A brief overview of all uses of zebrafish as models for researching

epilepsy in our review is summarized graphically in Table 1.

Fig 1. Flow chart of study selection criteria based on preferred reporting items for systematic reviews and
meta-analyses (PRISMA) guidelines.
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Tabela 1. Demonstrativo dos artigos que integram a Reviséo Sistematica da Literatura

Publication Study Objective Study Results Reference
Year
Generate and characterize a new zebrafish model for testing compounds There was a selective inhibition of NaV1.6 and this proved to be as efficient as the selective
2020 that selectively activate or inhibit the human NaV11 or NaV1.6 channel. activation of NaVL1. Yes, this strategy may be viable as a new strategy for Dravet's syndrome and (1)
other epilepsies of genetic origin.
Develop a condition similar to a chronic seizure induced by pilocarpine in The administration of pilocarpine in repeated dose produces effects similar to chronic seizures,
adult zebrafish and investigate modulation in several neuroinflammatory maintaining an average above 2 seizures per day for a minimum of 10 days with increased
2020 and neurotransmitter genes after exposures to pilocarpine. expression of HMGB1, TLR4, TNF-a, IL-1, BDNF mRNA, CREB-1 and NPY and decreased NF- ()
KkB.
It describes the method involved in the generation of the DEPDCs loss of The described protocol provides a standardized and simple method to assess motor behavior and
function model and illustrates the protocol for assessing motor activity at neuronal field activity, via recording of extracellular current clip voltage together with the
2020 e . . o . . o . . . o . (13)
28 and 48 h post-fertilization (hpf), recording the field activity in the automatic detection of depolarization events in the optical tectum, to characterize epileptiform-like
zebrafish optical tectum. phenotypes in zebrafish models.
Synthesize two derivatives of berberine (BBR-D1 and BBR-D2) to compare = Of the compounds tested, BBR-D1 (hydrophilic berberrubine) showed the strongest seizure-
2020 their effect of reducing seizures with BBR in zebrafish-induced reducing effect. (20)
pentylenetetrazole (PTZ) seizures.
2020 Develop a system to record EEG of several adult zebrafish simultaneously. = PTZ seizure induction and VPA seizure suppression were successfully detected through EEG (1)
recording.
Develop a microfluidic chip capable of uniform and continuous drug The microfluidic system developed can contribute to the mass screening of EEG for the
infusion in all microfluidic channels during EEG recording. development of drugs to treat neurological disorders, such as epilepsy, in a short time, due to its
2020 accessible size, cheap manufacturing cost and uniform drug infusion guaranteed in all channels ©
without environmental-induced artifacts.
To analyze the evidence that epilepsy is characterized by disorders in Bioenergetics is interrupted in epilepsy, which can be explored for phenotypic screening.
2020 mitochondrial function and the advantage of using bicenergetics as a (23)
functional reading test to discover new ASDs.
Investigate the serotonin receptors that could moderate this antiepileptic Three clemizole analogs with binding to the s-HT receptor have been found to exert powerful
activity. antiepileptic activity. Based on structure-activity relationships and analysis based on medicinal
2019 . . . i ) (24)
chemistry, it was possible to observe an additional set of known 5-HT receptor specific drug
candidates.
To evaluate the effects of Rongchang and Xifeng capsules on | There is effectiveness of the Rongchang and Xifeng capsule in relieving epilepsy-like behavior and
2019 pentylenetetrazole-induced epilepsy in zebrafish larvae. molecular responses. (5)
Identify the first cell defects underlying the onset of seizures The remarkable efficacy of fenfluramine (FEN) in this DS model demonstrates the usefulness of
2019 (epileptogenic period) during the development of the perinatal brain in a zebrafish in discovering the potential disease-modi activity of drugs conducted. (15)
new zebrafish model of Dravet's syndrome (DS). _
Analyze the anticonvulsant effects of at-asaronol, a metabolic product of a- | PPAR Y has been reported for the first time to be associated with epileptic seizures in the zebrafish,
2019 asarone, in seizures induced by pentylenetetrazole (PTZ) in zebrafish and supporting earlier evidence that zebrafish is a suitable alternative for studying seizures. (17)

investigate the underlying mechanisms.
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To evaluate the effectiveness of Embelin (EMB) against acute seizures
induced by pentylenetetrazole (PTZ) and its associated cognitive
dysfunction.

To be continued

Publication

Year

2019

2019

2018

2017

Study Objective

Determine whether new antiepileptic drugs (AEDs) (Zonisamide,
Levetiracetam, Perampanel, Lamotrigine and Valproic Acid) also cause
cognitive impairment, using a zebrafish model.

Understand the mechanisms related to neuronal hyperexcitation in
Scnilab depleted larvae.

Compare the transient treatment with pentylenetetrazole (PTZ) in
zebrafish larvae with a more sensitive zebrafish model for epilepsy with
predictable and recurrent seizures.

Develop a zebrafish model of epilepsy-induced cognitive dysfunction.

EMB suppresses seizure-like behavior via the GABA A receptor pathway and has a positive impact
on cognitive functions. And, it can be a promising molecule for learning and memory dysfunction

induced by epilepsy.

Study Results

Cognitive function was impaired in zebrafish treated with AED, regardless of whether or not seizure
was induced. In addition, it was possible to observe a decrease in glutamate levels in the brain due
to treatment with AED and this may be one of the main factors responsible for the cognitive
impairment observed.

Loss of ScniLab function causes neuronal overexcitation as a result of disturbed synaptic balance
and increased neuronal apoptosis.

The new method generated predictable recurrent seizures not triggered by drugs in response to
intermittent photic stimulation in zebrafish larvae and can serve as a sensitive method for
screening for antiepileptic drugs or a new research protocol in epilepsy research.

All AEDs significantly reversed PTZ-induced seizures in zebrafish, but had a negative impact on
zebrafish's cognitive functions.

(26)

Reference

(27)

(28)

@)

(29)
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RESULTS AND DISCUSSION

Of a total of 6,652 articles, 16 met the inclusion criteria. The following is general
information about the 16 included studies, published in the period from 2017 to 2021, (Figure
2). In the period corresponding to the research, from 2017 to 2021, there was a gradual increase
in the number of publications associated with different therapeutic approaches for the
suppression of the epileptic seizure that use zebrafish as a model organism.

The lower number of publications in 2017 is explained by the smaller period considered
for the research in those years, and in 2021, by the fact that the research was carried out at the
beginning of that year.

This increase in publications can be attributed to international programs and projects
in the active search for alternative models following the trends of modernity toxicity test (30).
The publication of the genome research in 2013 (31), may also have played a role in improving
comparison and extrapolation to humans. The availability of transgenics and elimination
lines has also stimulated an increase in the use of zebrafish in biomedical research (32,33).

Finally, the increase in publications can also be attributed to the publication of new
guidelines for zebrafish toxicity tests, such as the OECD FET test.

An overview of the geographic origins of the first authors can be found in Figure 3. USA,
China, Canada, Malaysia and Brazil are the main countries. In Table 2, we can identify the
Distribution of the Classification of Articles according to the Qualis evaluated by the

Sucupira Platform.

Number of Studies

2017 2018 2019 2020 2021

e egr
Fig. 2 Number of articles resulting from the search by using the keywords covering the period from 1
january 2017 to 1 january 202I.
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Fig. 3 Geographical origins of articles’ authors

Zebrafish (Danio rerio)

Zebrafish are considered adults from go days after fertilization (dpf) and are sexually
active until death. They breed all year round and a single female can lay hundreds of eggs a
week (34).

Zebrafish embryos grow externally, and the larvae are highly transparent until 2-3
weeks of development, allowing for exceptionally detailed visualization of their
embryogenesis and central nervous system (35).

In addition, embryonic zebrafish are subject to traditional and modern genome
engineering approaches in an easier, cheaper and faster way, such as those that use, RNA
interference, capped synthetic mRINA injection, expression plasmid injection, nucleases from
zinc finger (ZFNs), transcription activator such as effector nucleases (TALENSs), and
regularly spaced short palindromic repetitions (CRISPR) (36).

Zebrafish do not need to be fed up to 6 dpf and absorb the drug compounds directly
from the medium in which they are inserted. The larvae can, therefore, be kept in plaques and
their behavioral symptoms can be monitored by video tracking devices (36).

While zebrafish larvae exhibit dynamic changes through their ontogenesis, adult
zebrafish are physiologically more stable. The adult zebrafish has a full range of complex

brain functions with superior behavior and integrated neural functions, including memory,
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conditioned responses and social behaviors (37). These differences between larvae and adults
can lead to differences in the results of drug screening.

Much of the research on epilepsy has so far been carried out on rodents and on human
tissue obtained during surgical resection for intractable epilepsy (38).

However, zebrafish has emerged as an excellent animal model for several neurological
diseases, including epilepsy (29,39). Several researches are emerging that promote the use of
laboratory zbf until then underutilized in neuroscience and neuropharmacology (40).

It is possible to change the genetic architecture of zebrafish so that it mimics epilepsy,
and thus to test the mechanisms of various drugs. With this new phenotype, fish produce
epileptic attacks measured in the zebrafish brain through the local field potential (LFP) (41).

And, depending on the technique used to form new zebrafish models, it changes
genetically and probably transcriptionally, thus being able to generate different degrees of
mutations (11).

Research results can be translated for mammals, particularly humans, as more than
70% of zebrafish genes are substantially similar to their mammalian orthologists (26).

Another reason is that 700 of the zebrafish genes also have one or more human
orthologists and 47% of the human genes have a one-to-one relationship with a corresponding
zebrafish gene (16,17).

There are also studies that have established that the zebrafish brain regions show
functions homologous to their mammalian counterparts, despite important neuroanatomical
differences (9-11,13-17,19-21,24,27,28,42,43).

Thus, recent studies have shown that many different models of genetically modified
zebrafish are used as initial in vivo screening tools for compounds derived from natural

sources (10,13,16,21).

Epilepsy overview

Epilepsy is a neurological disease with a large number of etiologies that are beginning
to be unraveled with the advent of genetic sequencing technologies (44-46).

Although pharmacological agents are the basis of treatment for seizure control,
inflexible 30-40% of patients remain refractory to these drugs and continue to experience
spontaneous recurrent seizures with cognitive, behavioral and mental problems throughout
their lives, as well as increased risk sudden unexpected death (16).

Despite more than eight decades of discovery of anticonvulsants (ASD) and the

approval of dozens of new drugs, the percentage of this refractory population remains
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practically unchanged, suggesting that drugs with new and unexpected mechanisms of action
are necessary (16).

Therefore, animal models are essential for efficient analysis that will produce both
knowledge about the pathological mechanisms of epilepsy and therapies aimed at the different
forms of this condition.

The zebrafish models have been very efficient in reproducing the characteristics of
epilepsy as well as in providing reliable information for the development of antiepileptic drugs
(35,47)-

The first symptoms of epilepsy are abnormal neuronal discharges, which cannot be
modeled in cell culture (48-50).

Thus, in vivo animal models without ethical restrictions or with minimal ethical
restrictions are the ideal tools for investigating the underlying mechanisms of epilepsy (20).

In addition, the minimal amount of drugs needed for testing, the short periods of
testing used in trials, the manifestation of seizure-like behavior, the possibility of EEG
recordings, and the transparent nature make zebrafish the animal model, in vivo, of choice in
numerous studies focused on epilepsy (34,51).

In this way, it is possible to detect spontaneous seizures in zebrafish (52-55). In
addition, neurophysiological analyzes in these models (35) confirmed the neuronal basis of
epileptic behavior (56,57).

Thus, it is possible to detect simple behaviors, such as spontaneous swimming, which

allows the rapid detection of therapeutic potentials (13).

Dravet syndrome

Childhood severe myoclonic epilepsy (SMEI) is currently known as Dravet's
syndrome (DS), it is a severe form of epilepsy. However, current medication strategies
remain inefficient.

However, promising new drugs that act on the serotonin pathway, such as
Fenfluramine (FA), show effectiveness in reducing seizures in 50% to 9oo% of patients (80).

However, the side effects of drugs may still limit their use, underscoring the need for
new drug discoveries.

To best mimic the genetic architecture of DS in human patients, the animal model
must exhibit a s0% haploinsufficiency of SCN1A. Haploinsufficiency describes a model of

dominant gene action in diploid organisms, in which a single copy of the standard allele in a
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locus in heterozygous combination with a variant allele is insufficient to produce the standard
phenotype (11).

Possibly, the zebrafish has two orthologs for the human SCNIA gene; ScnilLaa and
ScniLab. Although the expression of these genes cannot be observed in embryonic phases, but
only in larval stages (81), these genes have a structural role in the genetic engineering of
epilepsy (80).

Orthologists are genes in different species developed from a common ancestral gene.
Parallels are copies of genes created by a duplication event within the same genome. While
orthologous genes maintain the same function, paragon genes often develop different
functions due to the lack of selective pressure on a duplicate copy of the gene (11).

In addition, three other Scnilab zebrafish models were introduced in 2010, generated
from a mutagenesis of N-ethyl-N-nitrosourea (ENU) (81.82) or antisense morpholino (MO)
oligomers (83).

All three carry an epileptic phenotype that includes epileptiform activity and
hyperactivity seen in the brain. However, CRISPR / Casg is the most efficient technique to
specifically interrupt the gene that is the target, in recent times, unlike the ENU mutagenesis
(84), it acts on DNA instead of exercising its role in protein, using , MO-based approaches
(85) thus allowing the elaboration of animal models that best mimic the genetic architecture
of this disease.

The epileptic phenotype and drug response in zebrafish larvae can be measured by
quantifying high velocity burst movements which are indicative of epileptic seizures in fish.

Thus, the effect of antiepileptic drugs coincides with the reduction of brain peaks in
this phenotype, which could be proven through the analysis of a local field potential (LFP)
set-up (8s).

Peak LFP events, however, should not be confused with single neuron spikes, as they

indicate the synchronized activity of a large number of cells (11).

Effects on memory

The use of AEDs can generate cognitive impairment in zebrafish negatively affecting
cognitive function, including combinations of AEDs that are used in clinical practice.
Although this loss of learning and memory capacity is undoubtedly multifactorial, a decrease

in glutamate levels in the brain as a result of the tested AEDs appears to be a major factor

(27).
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Thus, future work can focus on other forms of memory and other animal species to
determine whether this pattern is also true (27). The Knockouts ScnilLab animals showed
behavior comparable to the knock-down ScniLab models described previously (81,83,86) in
addition to hyperactivity and high speed swimming movements.

The fast swimming movements (> 50 mm / s) were separated from the regular
locomotive data to produce a test of high speed swimming movements and this analysis was
performed by optimized parameters (11).

Scnilab knockouts showed a significantly higher number of high-speed swimming
movements. Using the nisb-W'T control zebrafish, it was found that explosion movements
are unique to ScniLab knockouts and are not caused by the absence of an inflated swimming
bladder.

No spontaneous explosion movement was observed in ScniLab heterozygous
knockout larvae. Using an LFP configuration for zebrafish larvae (14), abnormal brain activity
was observed in Scnilab knockouts, including multiple high-frequency single-and poly
spiking electrical discharges. The epileptiform activity recorded from ScniLab knockouts is
similar to those observed in previous KniLab zebrafish models (81,83).

It is possible to mimic the haploinsufficiency of SCNIA in humans, which probably
affects local GABA levels, leading to susceptibility to attacks in patients with DS (11).

It is possible to observe a pharmacological response comparable to that observed in
most patients with DS by doing this through selective ion channel subtype inhibition or
activation and these studies are beneficial in epilepsy (11).

Today, there are 4 types of mutations performed on the zbf to mimic epilepsy in these
animals, but depending on the amount of ion channels produced by the genetic mutations,
one type of animal may respond differently to the same quantities of medications (11).

Therefore, it is necessary to understand the reason for these variations in order to
standardize the use of animals, but specifically which technique will be used to induce gene
mutations (11).

However, zebrafish orthologists for some protein subunits are well conserved,
reaching 8500 of DNA and protein identity, highlighting that inhibitors of certain proteins
could be properly tested, but the results should be interpreted with caution (11).

In summary, new compounds tested in zebrafish should always be further studied in
other models, preferably of human origin. It is necessary that new drugs are developed with
the purpose of acting at the nucleotide level in order to improve the treatment of genetic

epilepsy in order to reach activation or inhibition with better selectivity and potency (11).
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And, the treatment of DS must be at the level of the genome or transcriptome, since
its disorders have a genetic cause (11).

Zebrafish larvae that have lost function of the scnilab gene, one of two SCNIA
zebrafish orthologists, have already been used as animal models to find new candidates for
antiepileptic drugs, several of which are now in clinical trials (28).

However, although the larvae with Scnilab alterations have been established as a
model of genuine epilepsy, the spectrum of neuronal deficits induced by the loss of function
of this sodium channel has not yet been fully explored.

Larvae with alterations with ScniLab, have massive synchronous calcium absorptions

and explosions of local field potential, characteristics of epileptiform crises (28).

Use of the Electroencephalogram (EEG)

The electroencephalogram (EEG), directly measures brain activity, is used to
diagnose and analyze neurological disorders. Previous studies have recorded EEG signals
from adult zebrafish, but the recordings were only possible from a single animal (21).
However, it was possible to develop a system to record EEG of several adult zebrafish
simultaneously. To ensure that several zebrafish were in a stable condition for a certain time,
the infusion and recording systems must be mechanically separated, which allows the fish to
be effectively immobilized (21).

The developed system can effectively measure the individual EEG signals of more
than three animals in each environment simultaneously, on average. PTZ seizure induction
and VPA seizure suppression were successfully detected through EEG recording (a1).

The microfluidic EEG system that can detect EEG of several larvae simultaneously,
creating a microfluidic chip to hold the larva in a stable way and change the liquid uniformly
in all channels (9).

Through the branch-shaped microfluidic channels, the liquid could be filled uniformly
with the same gradient along the channels, even with the larvae contained within it (g).

The microfluidic chip achieves stable fixation of fish during EEG recording, without
using any additional means, such as agarose, unlike previous studies (9).

In addition, the fish can be exposed to multiple drugs sequentially during EEG recording
without any disturbances that could affect the EEG signal. It is possible to register EEG
signals from 4 fish at a time for 60 min, which reduces the experimental time and drug

consumption to a quarter per fish (9).
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A success rate of 75% can be achieved in the EEG record. However, if the movement

of the electrodes can be adjusted more precisely, the number of measurable fish and the success
rate will be improved (9).
And, this allows for sequential drug screening as long as the fish remain in a stable aquatic
environment. In addition, responses to drugs can be observed immediately, since drugs can
be exposed directly to fish due to the continuous flow through the developed microfluidic
chip, unlike the cases that use agarose to fix the larvae (9).

The developed EEG system is expected to improve efficiency in detecting EEG for
drug screening to treat neurological disorders such as epilepsy, thanks to its small size, low
manufacturing cost and guaranteed uniform drug infusion across all channels without

artifacts induced by the environment (9).

Traditional Chinese medicine

Rongchang is a Chinese patented medicine developed by Professor MA Rong. It was
developed to relieve the cognitive impairment caused by epilepsy and also to control the onset
of that disease, in addition to being beneficial for the development of cognitive function
intelligence based on antiepileptic action. The Xifeng capsule also has an antiepileptic effect.
The composition of Chinese patented medicines is complex and their means of production
and the proportion of herbs in traditional Chinese medicine are confidential. The Rongchang
capsule and the Xifeng capsule are effective for the treatment of pediatric epilepsy (25).

The relationship between epilepsy and sleep is controversial and bidirectional, as lack
of deep sleep can cause seizures. In turn, seizures and antiepileptics can probably disrupt sleep
architecture. Some antiepileptic drugs can cause drowsiness, while others can lead to insomnia
(25).

An example of this is that, first generation AEDs, such as phenobarbital, phenytoin,
barbiturates and benzodiazepines, tend to cause interruption of night sleep, increasing the
number of awakenings and promoting daytime sleepiness (25).

Rongchang and Xifeng capsules change the larvae's resting / waking behaviors. They
cause insomnia at night and increase locomotor activities during the day, increasing the
number of rest sessions and decreasing the duration of the rest session (25).

Xifeng significantly promotes an increase in daytime larval activities while
Rongchang does not. In addition, the correlation between Rongchang capsule and Xifeng was

investigated for this purpose, eight signaling pathways (adrenergic, serotonin, dopamine,
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GABAergic, melatonin, histamine, adenosine and glutamate signaling) were analyzed for
correlation analyzes with experimental capsule concentrations ( 25).

The capsules showed a high correlation with some compounds in some pathways,
such as adrenergic, serotonergic, gabaergic, histamine and glutamate signaling. AEDs are not
fully responsible for sleep disorders, however, understanding their impacts can help optimize
treatment plans to avoid unnecessary worsening of sleep quality (25).

For children, improving sleep efficiency can contribute to suppression of seizures and

recovery from epilepsy and also brain development (25).

Mitochondrial bioenergetic analysis

The measurement of mitochondrial bioenergetics should be added to this growing list
of functional reading assays in epilepsy.

Mitochondria participate in almost all aspects of cell homeostasis, from the
production of ATP and biosynthetic intermediates, to responding to cell stress and initiating
autophagy and apoptosis, even regulating communication between cells (92).

Due to its central role in the physiology of an organism, it is perhaps not surprising
that mitochondrial dysfunction is now a striking feature of many, an example of which is
epilepsy (93,94).

For most of these diseases, mitochondrial dysfunction is not a mere factor involved,
but the focus of the manifestations of the disease and, therefore, breakdowns in mitochondrial
production indirectly inform about the disease state (95).

Thus, mitochondria contribute to the etiology of disparate pathologies (96,97), thus
supporting the intriguing notion that these shared mechanisms can converge drug discovery.

In fact, screening for agents that improve general cellular bioenergetics offers a
promising alternative approach to discovering new drugs not only for the treatment of
epilepsy, but in a myriad of CNS disorders where drug discovery has been frustratingly slow.

Finally, since these metabolism-based trials are impartial with respect to any
particular target or pathway, this strategy has the potential to discover drugs with unexpected
mechanisms of action, perhaps serving as a powerful tool to reach the persistent 30-40% of
refractory epileptic patients.

In vivo bioenergetic screening is not feasible in rodents, so zebrafish is emerging as a
key model in this approach. In fact, we can observe in the zebrafish, changes in metabolism
in real time and details of the metabolic characteristics (98), being the starting point for

research in this nature.
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A zebrafish with Dravet's syndrome has altered metabolism, including changes in

glycolysis and mitochondrial respiration, as well as negative regulation of various glycolytic

enzymes (99).

New way of inducing epilepsy in Zebrafish

Treatment with pentylenetetrazole (PTZ) in zebrafish larvae has been widely
accepted as a promising animal model for human epilepsy. However, this model is not ideal
due to its lack of recurrent seizures, which are the main characteristics of epilepsy in human
diseases (4).

Thus, it is important to develop a more sensitive zebrafish model for epilepsy with
predictable and recurrent seizures (4).

The new protocol generated recurring responses after exposure of the animals to
flashing lights 4 hours after PTZ treatment. The effects can be suppressed by the antiepileptic
medicine valproic acid. The characteristics of visual stimuli play an important role in this
new model (4).

The new method generated predictable recurrent seizures not triggered by drugs in
response to intermittent photic stimulation in zebrafish larvae and can serve as a sensitive
method for screening for antiepileptic drugs or a new research protocol in epilepsy research
(4).

Such combined treatment of PTZ and visual stimulation for 3 days and successfully
generated a model of recurrent seizures epilepsy that are sensitive to intermittent photic
stimulation (IPS). The increase in locomotion activity after 30 Hz flashing light
demonstrated its potential as a sensitive index to be used in screening for AED or to probe
the neural networks involved in the onset and spread of crises (4).

Animal models cannot represent the complete pathology that is observed in human
diseases. It is very difficult to develop an animal model for brain disorders, particularly
epilepsy, due to the complexity of the disease and the variation between species (29).

However, when using a series of different techniques and parameters in zebrafish, a
unique characteristic of the specific disorder can be incorporated to study the molecular and
behavioral basis of this disease (29).

Therefore, behavioral study, analysis of neurotransmitters and studies of gene
expression at work provide a first model for screening basic drugs in cognitive research related

to epilepsy using zebrafish as an animal model (29).
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Conclusion

Animal models are considered a useful tool for investigating the cause and pathology
of human diseases, but developing an animal model for brain disorders, particularly epilepsy,
is very difficult due to the complexity of your disease.

However, it is known that zebrafish has a great similarity to mammals and are highly
advantageous with their unique properties, such as external fertilization, small size, as well as
optical clarity of the embryos.

The current study reinforces this possibility, developing a condition similar to chronic
epilepsy in adult zebrafish after exposure to pilocarpine. Pilocarpine-induced epileptic
zebrafish demonstrated behavioral changes,

This analysis may be even better if the seizures induced by pilocarpine and neuronal
death are analyzed with electrophysiological records and histopathological findings.

Therefore, the current study by modeling a condition similar to a chronic seizure in
an adult zebrafish using pilocarpine paves the way for future research.

Thus, the publication of many studies corroborates that zebrafish is an excellent
model system to continue its use in understanding the mechanism of seizure generation,
evaluating new anticonvulsants, in addition to being able to evaluate the therapeutic potential
of the new antiepileptic therapy.

Therefore, the discovery of anticonvulsant drugs needs new approaches to discover
therapeutic agents with unexpected mechanisms of action. And, zebrafish is an alternative
model organism that has been established over the past 20 years and exhibits
electrophysiological characteristics. Still, bioenergetics is interrupted in epilepsy, which can

be explored for phenotypic screening.
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