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RESUMO

J4

A epilepsia ¢ uma doenca caracterizada por crises recorrentes, sendo uma das doengas
neurologicas que mais acomete as pessoas no mundo. Assim, a busca por tratamentos alternativos
para pacientes refratarios tem sido cada vez mais importante. As lactonas sdo moléculas
conhecidas por suas propriedades terapéuticas, e por isso foram o foco do nosso estudo. Esta
dissertacdo descreve uma revisdo sistemdtica sem meta-analise. A pesquisa utilizou as
plataformas PubMed, Web of Science, EMBASE e SciELO (2000-2021) usando as
palavras-chave “lactones”, ‘“anticonvulsant”, “antiseizure” e “antiepileptogenic”. Dois
investigadores extrairam os dados dos artigos completos de forma independente, quaisquer
discordancias foram resolvidas por um terceiro investigador. Apds a aplicagdo dos critérios de
inclusdo e exclusao, selecionamos 38 artigos de texto completo para extrair achados sobre a
eficacia das lactonas na diminuicdo de convulsdes e padrdes epileptiformes. Encontramos 9
moléculas com resultados promissores em estudos clinicos e pré-clinicos. Os resultados da
pesquisa sugerem que lactonas como everolimo, rapamicina ¢ gama-decanolactona sdo muito
promissoras, ndo apenas no tratamento de crises epilépticas, mas na descoberta de novas vias
moleculares. A maioria dos estudos tem resultados significativos, € sao essencias para

compreensdo da importancia dos ensaios clinicos para o andamento do estudo como evidéncia.

Palavras-chave: anticonvulsivante, antiepileptogénico, anticonvulsivante, lactonas, epilepsia.



ABSTRACT

Epilepsy is a disease characterized by recurrent seizures. Being one of the neurological diseases
that most affects people in the world, the search for alternative treatments for refractory patients
has been increasingly important. Lactones are molecules known for their therapeutic properties,
and therefore were the focus of our study. This manuscript describes a systematic review without

meta-analysis. We searched PubMed, Web of Science, EMBASE, and SciELO (2000-2021)

29 ¢ 29 <¢

using the keywords “lactones,” ‘“anticonvulsant,” “antiseizure,” and “antiepileptogenic”. Two
investigators extracted data from the full articles independently, any disagreements were resolved
by a third investigator. After applying inclusion and exclusion criteria, we screened 38 full-text
articles to extract findings about the effectiveness of lactones in decreasing seizures and
epileptiform patterns. We found 9 molecules with promising results in clinical and preclinical
studies. Research results suggest that lactones such as everolimus, rapamycin and
gamma-decanolactone hold great promise, not just in treating epileptic seizures, but in
discovering new molecular pathways. Most studies have significant results, and are essential for

understanding the importance of clinical trials to the progress of the study as evidence.

Keywords: anticonvulsant, antiepileptogenic, antiseizure, lactones, epilepsy.
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1. INTRODUCAO

1.1. Epilepsia

A epilepsia ¢ uma das doengas neuroldgicas mais comuns, acometendo cerca de 50 milhdes
de pessoas no mundo. E caracterizada por crises epilépticas que sdo classificadas como “uma
ocorréncia transitéria de sinais e/ou sintomas devido a atividade neuronal excessiva ou sincrona
anormal no cérebro” (WHO, 2022; FISHER et al., 2017). As alteracdes podem ocorrer no
cérebro inteiro ou apenas em algumas dreas podendo ter diversas etiologias que diferem quanto a
idade, metabolismo, genética, presenga de infecgdes e traumatismos cranianos (HAUSER, 2006).
Estima-se que 70% dos pacientes podem viver sem crises se devidamente tratados, mas em paises
em desenvolvimento cerca de 90% destes individuos ndo sdo adequadamente tratados (WHO,

2022).

A classificacdo da epilepsia se inicia pelo diagnostico do tipo de crise, além de achados de
eletroencefalograma (EGG) e imagens juntamente com caracteristicas clinicas que consideram as
comorbidades que possam estar presentes (DEVINSKY, 2018). A Liga Internacional Contra
Epilepsia (ILAE) elaborou uma classificagdo revisada com cada tipo de crise epiléptica com
intuito de deixar claro a nomenclatura e os tipos de crises, sendo divididas em focais,
generalizadas e inicio desconhecido e subcategorias (Fig. 1) (FISHER et al., 2017). Tais crises
podem induzir processos inflamatérios no sistema nervoso central, importantes no momento do
insulto. Porém a manutencao de tais processos inflamatorios pode colaborar para a intensificagao
da crise, desencadear novas crises ou contribuir para o desenvolvimento de outras patologias

(KOH, 2018; VARGAS-SANCHEZ et al., 2018).

Existem muitos tipos de epilepsia e um paciente pode ser diagnosticado com mais de um
tipo. A epilepsia parcial afeta uma parte limitada do cérebro; a generalizada ocorre
simultaneamente nos dois hemisférios cerebrais; a do lobo frontal as crises sdo originadas do lobo
frontal e podem evoluir para uma crise parcial ou generalizada; do lobo temporal regido que esta

associada ao processamento da linguagem e audi¢ao (SAVAGE, 2014; AABERG, 2017).
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Figura 1: A classificagdo operacional expandida da ILAE 2017 dos tipos de crises.

A epileptogénese ¢ descrita como um processo cronico que pode ser desencadeado por
fatores genéticos ou adquiridos, onde uma rede neuronal normal ¢ alterada com uma maior
probabilidade de gerar crises espontaneas (PITKANEN et al., 2015). O periodo da epileptogénese
entre o insulto e a manifestagdo da epilepsia ¢ chamado de periodo latente. A epileptogénese
também se refere a progressao dos sinais e sintomas epilépticos em algumas formas de epilepsia,

apos a ocorréncia das crises iniciais (ENGEL, 2019).

1.2. Farmacos antiepilépticos

O tratamento da epilepsia ¢ tradicionalmente farmacologico, incluindo um amplo espectro
de medicamentos antiepilépticos que podem ser usados como monoterapia ou combinagdo de
medicamentos, para melhor eficidcia e tolerancia do paciente (ABOU-KHALIL, 2019). No
entanto, cerca de um terco das pessoas afetadas pela doenca ndo respondem ao tratamento com
medicamentos convencionais (LAXER et al, 2014). Diante disto, a pesquisa e o0
desenvolvimento de novas moléculas com propriedades anticonvulsivantes tem se tornado cada

vez mais importante nessa area.
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A investigacdo de tratamentos alternativos mostra-se importante tanto pelo
custo-efetividade, pela reducao dos efeitos adversos que muitas vezes dificultam a escolha de um
tratamento ideal, quanto pelo impacto da melhor efetividade desses medicamentos (TAXAS,

2011).

Os principais farmacos anticonvulsivantes sao divididos em basicamente trés diferentes
mecanismos de agdo: 1) aumento da agdo do receptotes acido gama-aminobutirico (GABA); 2)
inibi¢do dos canais de s6dio; 3) inibicdo dos canais de célcio. O objetivo seria inibir a descarga
anormal e em seguida corrigir a causa subjacente. Outros firmacos e mecanismos novos ja foram
desenvolvidos e tem se mostrado eficazes em modelos animais (ROGAWSKI, 2004, RANG;
DALE, 2015).

Apesar da disponibilidade de muitos farmacos antiepilépticos, até o presente momento,
nenhum deles ¢ capaz de bloquear totalmente ou reverter a epileptogénese. Assim, o
entendimento dos mecanismos celulares e moleculares responsaveis pela epilepsia, torna-se
extremamente importante para o desenvolvimento de alvos terapéuticos apropriados que possam

modificar o curso do processo epiléptico (ZHU et al., 2015).

Considera-se que a epilepsia ¢ uma importante doenca neurologica, em que muitos
pacientes ndo atingem um controle satisfatorio das crises, embora existam diversos fdrmacos
antiepilépticos disponiveis na terapéutica. Cerca de 20 a 30% dos pacientes ndo controla as
crises, sem haver remissio significativa dos sintomas (LOPEZ GONZALEZ et al., 2015). Ainda,
farmacos utilizados no tratamento da epilepsia desencadeiam muitos efeitos adversos, que
tendem a interferir significativamente na qualidade de vida do individuo. Recentes estudos
clinicos testando diferentes farmacos obtiveram resultados igualmente insatisfatorios,
verificando-se um alto risco de evolugdo para epilepsia resistente aos medicamentos
(HERNANDEZ-RONQUILLO et al, 2018). Assim, a busca por novas estratégias
farmacoldgicas e ndo farmacologicas, que tratem efetivamente pacientes epilépticos, torna-se
crucial, e neste contexto, a modulagdo da microbiota intestinal surge como uma nova

possibilidade de tratamento.

1.3. Modelos Animais
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Pelos ultimos 80 anos os modelos animais tornaram-se ferramentas importantes para a
descoberta de novas terapias e tratamentos na epilepsia, pois tentam mimetizar 0S processos
fisiopatologicos em humanos e que levam as crises em seres humanos (LOSCHER, 2017). Tracy
Putnam e Houston Merritt, trabalhando na Unidade Neurologica do Boston City Hospital,
descobriram as propriedades anticonvulsivantes da fenitoina, usando um modelo de crise por
eletrochoque em gatos (GLAZKO, 1986). A maior parte dos mecanismos anticonvulsivantes de
farmacos usados clinicamente, foi definida por modelos de crises agudas em roedores usando os

testes de eletrochoque maximo e crise induzida por pentilenotetrazol (PTZ) (BECKER, 2018).

O teste de convulsdao maxima por eletrochoque (MES), utilizado em roedores ¢ um dos
ensaios mais comuns nos estudos pré-clinicos, sendo bastante eficaz na identificacao de farmacos
que bloqueiam crises tonico-clonicas generalizadas em humanos (LOSCHER, 2013). Everett ¢
Richards em 1944 usaram o modelo de PTZ em camundongos para demonstrar o efeito
anticonvulsivante de trimetadiona, que posteriormente demonstrou bloquear crises de auséncia
em humanos. No modelo de kindling a administragdo aguda e repetida do agente convulsivante
induz a diminui¢do do limiar para crises epilépticas e aumenta permanentemente a suscetibilidade

do animal para apresentar crises clonicas, mioclonicas e tonico-clonicas (NADER et al., 2018).

Ainda, modelos de crises cronicas e recorentes em roedores provacadas por acido cainico
(KAI) e a pilocarpina (PIL) sdo amplamente utilizados, provoca danos em regides neocorticais

(CAVALHEIRO et al., 1991; KNOPP et al., 2008).

Alguns modelos animais permitem investigar as cascatas de sinalizagdo molecular na
epileptogénese e tentam elucidar a relagdo entre moléculas envolvidas na inflamagao,
crescimento neural e degeneracdo e plasticidade (BECKER, 2018). A sinalizacdo alvo da
rapamicina em mamiferos (mTOR) tem sido extensivamente caracterizada na epilepsia e utilizada
como alvo para o tratamento em pacientes com mutagdes nos genes TSC1/2 portadores do
complexo de esclerose tuberosa (TSC), uma doenga que se manifesta principalmente por tumores
altamente diferenciados ou malformagdes em muitos 6rgdos diferentes (GOORDEN et al., 2007;

KWIATKOWSKI et al., 2002; CABAN et al., 2017).

1.4. Lactonas

15



As lactonas estdo no contexto para novas estratégias de tratamento de patologias que
afetam o cérebro. As lactonas formam uma classe de moléculas com bioatividade comprovada e
sao muito abundantes na natureza (SARTORI, 2020). Elas sao definidas como ésteres ciclicos de
acidos hidroxicarboxilicos contendo uma estrutura 1-oxacicloalcan-2-ona ou andlogos com

insaturacao ou heteroatomos substituindo um ou mais atomos de carbono do anel (IUPAC, 1997).

Vérias atividades biologicas ja foram associadas as lactonas, como antimicrobiana,
antitumoral, inseticida e anti-inflamatéria (VIEIRA et al., 2021). De acordo com Tabudravu
(2005) ha evidéncias indicando que algumas lactonas como as lactonas KAVA podem mediar
seus efeitos ansioliticos e sedativos através da modulagao positiva da fun¢do do receptor GABA ,
atuando em outros sitios além dos sitios de ligacao classicos dos benzodiazepinicos. Foram
estudadas propriedades anticonvulsivantes que aumentam a inibi¢do mediada por GABA pela
lactona a-ethyl-a-methyl-y-thiobutyrolactone (a-EMTBL) que teria uma maior acdo antiepiléptica
e seria mais eficaz no tratamento de epilepsias humanas do que agentes GABAmiméticos ou

agentes GABA neutros (HOLLAND, 1992).

Um estudo de Coelho de Souza (1997) demonstrou que a administracdo sistémica de
gama-decanolactona, estruturalmente relacionada as lactonas presentes no dleo essencial de A.
suaoeolens, foi capaz de bloquear crises induzidas por PTZ em camundongos. Os resultados
deste estudo, demonstraram que gama-decanolactona age no do sistema nervoso, com efeito dose

dependente, além de atividade hipnoética e hipotérmica.

Os efeitos neuroprotetores das lactonas observados em modelos de crises epilépticas e
epilepsia observados at¢é o momento, permitem delinear o perfil farmacoldgico dessas
substancias. Considerando que os farmacos antiepilépticos sdo utilizados, na maioria das
situagdes, de forma continua, ¢ essencial conhecer seus efeitos neuroprotetores e potencial
toxicolégico apds o tratamento continuo. Entende-se como de especial importancia o
conhecimento dos mecanismos de agdo e dos efeitos comportamentais das substancias candidatas
ao tratamento das crises epilépticas, a médio/longo prazo no organismo, bem como a sua agao
analgésica ¢ moduladora em processos inflamatorios, parametros bioquimicos e genotoxicos

(PEREIRA et al., 1997; SARTORI, 2020; MUSTO, 2018).
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2. OBJETIVOS

O objetivo geral desse estudo foi elaborar uma revisdo sobre o perfil anticonvulsivante das

lactonas, tanto em estudos pré-clinicos como em estudos clinicos.
Os objetivos especificos sao:

a) Avaliar o impacto de lactonas que possuem maior evidéncia anticonvulsivante;
b) Analisar e investigar se esses estudos podem ser complementares e/ou identificar
possiveis limitagoes.

¢) Determinar e descrever os efeitos adversos relacionado as novas moléculas.

17
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Abstract:

Epilepsy is a disease characterized by recurrent seizures. Being one of the neurological diseases
that most affects people in the world, the search for alternative treatments for refractory patients
has been increasingly important. Lactones are molecules known for their therapeutic properties,
and therefore were the focus of our study. This manuscript describes a systematic review without

meta-analysis. We searched PubMed, Web of Science, EMBASE, and SciELO (2000-2021)

99 ¢ 29 ¢

using the keywords “lactones,” “anticonvulsant,” “antiseizure,” and “antiepileptogenic”. Two
investigators extracted data from the full articles independently, any disagreements were resolved
by a third investigator. After applying inclusion and exclusion criteria, we screened 38 full-text
articles to extract findings about the effectiveness of lactones in decreasing seizures and
epileptiform patterns. We found 9 molecules with promising results in clinical and preclinical
studies. Research results suggest that these lactones are very promising, not only in the treatment
of epileptic seizures but in the discovery of new molecular pathways. Most studies have
significant results, and it is quite clear to understand the importance of clinical trials for the

progress of the study as evidence.

Keywords: anticonvulsant, antiepileptogenic, antiseizure, lactones, epilepsy.
Introduction

Epilepsy is one of the major neurological diseases that affects around 50 million people
worldwide that may or may not be accompanied by recurrent and spontaneous seizures. (WHO
2022, Musto 2018). The pathology is characterized by a decompensated brain activity where
there is an imbalance in the neuronal activity between excitatory and inhibitory
neurotransmitters; it can be focal where only a part of the brain is affected or generalized where
the neuronal activity is spread throughout the entire brain (Devinsky 2021). The disease is
accompanied by cognitive, behavioral, psychological, and social impacts, which can affect people

of all ages (Fisher et al. 2007).

The treatment of epilepsy is traditionally pharmacological, considering a broad spectrum of
anti-epilepsy drugs (AEDs), which can be used as monotherapy or a combination of drugs for
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better efficacy and patient tolerance (Abou-Khalil 2019). However, about a third of those affected
by the disease do not respond to treatment with conventional drugs (Laxer et al. 2014). Given this
portion of patients who do not respond to pharmacological treatment, the search and research for

new molecules with anticonvulsant properties have become increasingly important in this area.

The investigation of alternative treatments is shown to be important in terms of
cost-effectiveness, the reduction of adverse effects that often hinder the choice of ideal treatment,
and the impact of the best effectiveness of these drugs. render this search for new treatment

opportunities viable (Rates 2011, Manford 2017).

Lactones are in this context for new strategies to treat pathologies that affect the brain and are a
class of molecules with proven bioactivity and are very abundant in nature (Sartori 2020). They
are defined as cyclic esters of hydroxycarboxylic acids containing a 1-oxacycloalkan-2-one
structure or analogs having unsaturation or heteroatoms replacing one or more carbon atoms of
the ring (IUPAC 1997). They have several proven applications: antimicrobial, antitumor,
insecticide, and anti-inflammatory (Vieira et al. 2021). According to Tabudravu (2005) there is
evidence indicating that some lactones such as KAVA lactones can mediate their anxiolytic and
sedative effects through positive modulation of the GABA , receptor function acting at sites other

than the classical binding sites of benzodiazepines.

Thus, the aim of this study was to summarize the evidence involving the beneficial effects of
lactones on epileptic seizures in preclinical and clinical studies, as well as to describe which

lactones have the greatest therapeutic potential.

Methods

Search Strategy
This systematic review was based on the literature search using PubMed, Web of Science,
EMBASE, and SciELO. The keyword “lactones” was used in combination with other keywords

99 6

such as “anticonvulsant,” “antiseizure,” and “antiepileptogenic”. The term “AND” was used in

each combination. In addition, the reference sections of the studies that met our inclusion criteria
21



were manually screened for relevant publications (Figure 1). This is a systematic review without

meta-analysis.

Inclusion and Exclusion Criteria
Studies had to meet the following criteria: (1) published in English between 2000 and 2021, (2)
report original research, (3) preclinical case reports and clinical. Exclusion criteria were: (1) lack
of original data (e.g., review articles, editorial material, articles reporting duplicate data); (2)
articles addressing only effects of extracts or other product that contain lactones but not isolated

ones.

Data Extraction and Outcomes

Two investigators (LC and PFP) extracted data from the full articles independently. Any
disagreements were resolved by a third investigator (PP). We summarized the results in a

narrative format.

Relevant articles reporting the outcome of interest were identified and standardized tables were
used to extract the following variables in preclinical studies and clinical: article type, the

molecule used, experiment, convulsion method, species, N, sham group and results/insights.

The first author collected the authors' names, titles, and study design.

Risk of Bias Assessment

Two reviewers (LC and PFP) assessed the risk of bias for each included preclinical study, using
SYRCLE’s Risk of Bias tool for animal studies (Hooijmans et al. 2014). We extracted study
characteristics related to constructing and external validity (Henderson et al. 2013). We included

sex, species, molecule, type of epilepsy model for construct validity.

Results
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The last search identified 40 studies. After applying the inclusion and exclusion criteria, we
included in the study, articles with different types of designs (33 preclinical/7 clinical) for
full-text analysis. We screened the articles according to the primary outcome, the suppression of
seizures, and summarized the results separately for preclinical (Table 1) and clinical (Table 2)
research. Interestingly, the results obtained from the search in PubMed and Web of Science were

the same ending the final search with 38 articles.

Rapamycin

Our search found 17 preclinical studies with Rapamycin (RAP) from zebrafish, mice and rats
(Table 1) and two clinical studies. RAP is also known as Sirolimus is a drug already approved by
the U.S. Food and Drug Administration (FDA) and it is used as an immunosuppressant and
anticancer treatment (Lamming 2016). It is produced by the bacterium Streptomyces

hygroscopicus found in the soil of Easter Island (Li ez al. 2015).

This drug is a selective inhibitor of the mechanistic target of Rapamycin (mTOR) which is a
protein kinase that controls various cellular processes e forms two complex proteins mTORC1 e
mTORC2 (Wong et al. 2010). It is known that mTOR can bind to different regulatory subunits
and thereby produce complexes with different signaling functions and also RAP sensitivity.
Translation, ribosome biogenesis, autophagy, glucose metabolism and others are processes
regulated by mTORCI1, which phosphorylates ribosomal protein 26 kinase (S6K) and is sensitive
to RAP. Unlike the mTORC2 complex, which phosphorylates protein kinase (Akt) and is
insensitive to RAP (Ballou et al, 2008). So mTOR is a great hope for understanding the cellular

targeting mechanism.

Tuberous Sclerosis Complex (TSC) it is an autosomal dominant disease that has variable
expression caused by TSC1/TSC2 genes which leads to hyperactivation of mTOR pathway (He et
al, 2020). The heterogenicity is responsible for forming several tumors in the brain and even in
the affected patient's body. The brain, eye, kidney, skin, and heart tumors can lead to seizures and

cognitive deficits (Sierra-Paredes 2008). There is no cure, but the treatment has already been

23



approved so it would be interesting to know what impact it would have seizures. Epilepsy occurs

in up to 90% of all individuals with TSC (Samueli 2017).

As seen in Table 1 the preclinical studies are divided by author, title, type of article, experiment,
convulsion method, species and results/insights. The oldest article found was by Zeng et al.
(2009) and it was the precursor to this type of experiment to study the mTOR pathway for RAP
treatment studies. In adult rats, based on a pilot study, the animals received pretreatment with
RAP (6mg/kg i.p.) and on the fourth day they were injected with kainate (12mg/kg i.p.) to induce
acute SE. This pretreatment had no SE initiation for 6 consecutive days and on latency, severity
(stage), or duration of kainate-induced status epilepticus based on another behavioral day in the
following weeks until the end point of the analysis. The RAP pretreatment had no effect on the
acute kainate-induced seizures (both severity and duration). Also, in anti-epileptogenic models, it
did not present effect. Although, it had the ability to decrease or block the effects of kainate
seizures on neuronal death, mossy fiber sprouting and neurogenesis showing that mTOR
functions managing these cellular processes. When RAP was tested after status epilepticus it
blocked the late phase of mTOR activation and reduced mossy fiber sprouting but not neuronal
death or neurogenesis. Regardless of the specific mechanisms of action, the partial intervention of
RAP treatment suggests that specialty mTOR inhibitors may have antiepileptogenesis effects

when administered after the onset of the precipitating initial injury.

The pilocarpine model is used in several studies to induce status epilepticus in animals because it
is a muscarinic cholinergic agonist (Eyo et al. 2016). The authors Hester et al. (2016),
Buckmaster (2013), Heng (2016) and Tang et al. (2012), employed this model in the RAP
treatment to inhibit mTOR activity and analyze how that would react on suppressing or reducing
seizures. RAP was able to inhibit the increase in mossy fibers, but it was not able to reduce or
affect the frequency or severity of induced seizures. Findings reveal that RAP did not affect

seizure frequency in pilocarpine-treated mice (Buckmaster 2013).

In a study by Siebel et al. (2015) zebrafish was used as an investigation model of the mTORC1

pathway with pretreatment of RAP before PTZ exposure, demonstrating that acute treatment with
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RAP has protective effects against seizures in zebrafish, delaying the progression of seizures in
different life stages (larvae, juvenile and adult). Showing that the results obtained indicate RAP

as an important mechanism in this type of experimental animal model.

A kindling study with Coriana Lactone (CL), an epileptogenic mixture extracted from Loranthus
sp, was performed by Xiaosa et al. (2017) in rats. The objective was to investigate the correlation
between the mTOR pathway and P-glycoprotein (P-gp) expression in drug-resistant epilepsy.
RAP was administered intraperitoneally at various doses (1, 3 and 6 mg/kg) for six days and then
every other day until the end of the study. The mTOR pathway was shown to be activated
accompanied by overexpressed P-gp. RAP treatment inhibited the mTOR pathway and
down-regulated P-gp expression in non-responders in a dose-dependent manner. Also, RAP
attenuated the expression of P-glycoprotein in spontaneous seizures and decreased CL-induced
spontaneous seizures in non-responders, showing that the mTOR pathway is conected to

pharmacoresistant mechanisms of epilepsy being responsible of regulating the expression of

P-gp.

RAP effect was investigated in Temporal Lobe Epilepsy (TLE) model. In the study of van Vilet et
al. (2012) rats were treated with RAP (6mg/kg/day i.p.) and after they had SE induced via
electrical stimulation of the angular bundle. In that study results showed that seizure duration was
not different throughout epileptogenesis between groups until 4 weeks after SE and suggests that
the effect of RAP on the development of seizures is not due to the control of inflammation but
rather the inhibition of mTOR which led to a strong reduction in this development of seizures.
Sliwa et al. (2012) did the treatment at the same dose of 6mg/kg/day i.p. for two weeks after
electrical stimulation of the amygdala. It was demonstrated that the treatment with RAP did not
cause epileptogenesis or fiber sprouting and did not decrease the severity of the problem 6 weeks
after the insult. It can be that suggested the antiepileptic action of the drug is not a universal

phenomenon and may be limited to experimental conditions or models.

In the first study by Drion et al. (2016), rats were implanted with intrahippocampal pulse tetanic

stimulation electrodes of 50Hz angular trains and then followed up with two types of treatment.
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The first so called “stop treatment” experiment where RAP (6 mg/kg/day i.p.) was given after 4h
after SE for six days and the pretreatment experiment, it was done for 3 days before SE induction
using a lower dose 3 mg/kg/day i1.p. of RAP. During the chronic-phase treatment experiment, rats
that had developed recurrent seizures were selected for the RAP treatment. After treatment, there
was a 14-day washout period to determine whether RAP had an effect on seizures. After that was
given an 11-day treatment (150 mg/f/day, orally by gavage of curcumin) as bioavailability is low
and cumin at the dosages used is not harmful, a curcumin prediction was then used to maximize
the chance of reaching the brain. It was observed that RAP suppressed seizure treatment
frequency and effect since continued increase, and during the longer off the drug, seizure
frequency increased but first decreased in levels. Seizures had no results from treatment with
RAP and did not have duration of treatment with RAP for the duration of treatment. Curcumin,
an mTOR inhibitor, was not likely to seizures in the effective phase, probably brain curcumin
levels were not sufficient. In the second study of Drion ef al. (2018) an anti-inflammatory and
oxidant comparison of the effects of curcumin and RAP was performed where rats were
subjected to tetanic stimulation of the angular bundle (50-Hz pulses every 13s) followed by a
treatment of RAP (6mg/kg day) for 7 days or injection via cannula with 2ul of 2Mm curcumin
solution. They performed in vitro astrocyte cultures where they could conclude that only RAP
was able to reduce the level of S6 phosphorylation, thus inhibiting the mTOR pathway. And that
the post-treatment with the two drugs did not change SE-induced upregulation of markers of
inflammation and oxidative stress, while in vitro, curcumin displayed anti-inflammatory and

antioxidant effects.

The first clinical study is a randomized controlled trial by Overwater et al. (2016) investigated
whether mTORCI inhibitors could reduce seizure frequency in children with TSC and Sirolimus
was titrated to trough levels of 5-10 ng/mL. The study reported Class III evidence that Sirolimus
does not significantly reduce seizure frequency in children with TSC and intractable epilepsy.
Secondly was a cohort study made by He ef al. (2020) which 91 children with TSC were enrolled
to test the efficacy of controlling seizures in patients where Sirolimus is effective in treating
TSC-related epilepsy. For the 45 children whose AEDs were not altered, Sirolimus was the only

new additional factor. In this group, the percentage of responders was 75.6 %, and among these,
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70.6 % became seizure-free. Also, the antiepileptic effect of Sirolimus is independent of any
changes in the number and type of AEDs. The seizure frequency was reduced significantly in
both the AEDs-altered group and the AEDs-unaltered group, and there was no statistical
difference in the therapeutic effect between the two groups (p = 0.308).

Everolimus

In total, our search found 7 clinical studies on everolimus (EVO) and its association with the
treatment of TSC divided by author (year), title, type of study, concentration of EVO, N, Sham

Group, and the results/insights as seen in Table 2.

With the increasing association of mTOR and TSC, clinical tests have increased to learn more
about the relationship of these inhibitors at a molecular level. In the study by Samueli et al.
(2016) considering that seizures are difficult to cure because children are refractory to
conventional treatments with AEDs, the response of this study was good considering that the
effect of EVO had different results in different types of seizures, overall percent reduction in
seizure frequency of 60 % compared with 80 % in generalized tonic clonic seizures and 87 % in

drop attacks.

In the EXIST-1 study by Kotulska ez al. (2013), the long-term effect of the EVO in children under
3 years of age affected by TSC disease to be treated for astrocytoma was analyzed. All had their
seizure diary where 3 were without seizures from the start, one reduced the number of AEDs
from 2 to 1 and one child who had very refractory epilepsy had complete cessation of seizures
after treatment. Two treatments-resistant children had at least a 50% decrease in the number of
seizures in the first six months of treatment. On one child the drug had no impact. All patients
had at least one adverse event and a total of 142 were reported, of which 74 were confirmed to be

EVO related.

Krueger et al. (2013) evaluated EVO in a prospective, open-label,phase I/I clinical trial with
patients with refractory epilepsy with TSC and were followed up until the completion of the
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study (48 months). This work provides Class IV evidence that prolonged treatment up to 4 years
1s effective for treating medically refractory epilepsy in patients with TSC. Throughout extension,
the median daily dose and corresponding serum trough levels narrowed but did not change
significantly (0.47-0.56 mg/kg/d and 7.4-10.8 ng/ml, respectively). It was observed a weak but
statistically significant relationship between seizure frequency and EVO dose (r =-0.3394, p =

0.001) and trough level (r = - 0.1606, p =0.045).

Wiegand et al. (2013) evaluated the safety and efficacy of seven patients with TSC and
intractable epilepsy for nine months. The used dose was increased as necessary to reach a serum
concentration of 5-10 ng/ml as tolerated. Seizure reduction was observed in 4/6 patients with a
reduction of 25-100%. In addition, the percentage of seizure-free days increased from 3/4 of
these patients. In 2/6 patients, no alteration of seizure frequency was noted. One patient

discontinued treatment early on because of side effects.

EXIST-3 is a three-arm, prospective, randomized, multicentre, double-blind, placebo-controlled,
phase 3 study by French et al. (2016) TSC patients taking one to three AEDs concurrently were
recruited from 25 countries. Selected from three groups: placebo, low-exposure, or
high-exposure- The dose was determined based on patients' age, body-surface area, and
concomitant use of cytochrome P450 3A4 (CYP3A4)/P-gp inducers. The response rate was
15-1% with placebo (95% CI 9-2-22-8; 18 patients) compared with 28-2% for low-exposure
(95% CI 20-3-37-3; 33 patients; p=0-0077) and 40-0% for high-exposure (95% CI 31-5-49-0; 52
patients; p<0-0001). The median percentage reduction in seizure frequency was 14-9% (95% CI
0-1-21-7) with placebo versus 29-3% with low-exposure (95% CI 18-8—41-9; p= 0-0028) and
39:6% with high-exposure EVO (95% CI 35-:0-48-7; p<0-0001). Adjunctive treatment means
reduced seizure frequency with a tolerable safety profile compared with placebo in patients with

tuberous sclerosis complex and treatment-resistant seizures.

In another EXIST-3 study 3-arm, prospective, randomized, multicenter, double-blind,
placebo-controlled, phase 3 study investigating for epilepsy and autism spectrum disorder in TSC
by Mizuguchi et al. (2019) where 35 patients confirmed with TSC and on treatment for refractory
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epilepsy receiving at least 1 to 3 AEDs before randomization were recruited. The study has 3
phases, a baseline phase for 8 weeks and a core phase of 18 weeks, followed by an extension
phase of 48 weeks. In the core phase, patients were randomized to receive placebo or titrated to a
target trough concentration (Cmin) of 3—-7 ng/mL (low-exposure [LE] treatment) or to a target
Cmin of 9-15 ng/mL mL (high-exposure [HE] treatment). The response rate was 30.0% and
28.6% versus 0% with the LE and HE versus placebo arm, respectively. Similarly, the median
percentage reduction in seizure frequency was 6.88% and 38.06% versus 6.67%. This analysis,
along with that of the previous larger study, demonstrates that the adjunctive therapy is a valuable
treatment option for the Japanese patients with the treatment-refractory seizures associated with

TSC.

In the study done by Kadish et al. (2020) was a prospective observational study focused on
developmental outcomes in the treatment of TSC. Patients were therefore treated with three
different target levels (I: 3-5 pg/l; 1I: 6-9 pg/l; II: 10-15 pg/l or higher), each for at least nine
months. Median follow-up duration was 37 months, ranging from 3 to 70 months. Three patients
discontinued treatment with EVO due to insufficient seizure control and additional side effects.
Following treatment with EVO, as first results indicated, seizure control was not immediate but
improved over time: only one patient (7%) became seizure-free after 9 months, while at their last
evaluation, four patients did not experience seizures (27%). While developmental disorders were
prominent, we observed an overall progression at a slower pace. Despite a positive effect on
seizure occurrence, treatment with EVO did not reverse developmental problems in the

observation period of this study.

Ascomycin — calcineurin modulator

Ascomycin (ASC) is a macrolytic lactone with 23-member rings antibiotic that has molecular
properties of modulating calcineurin and is also known as phosphatase 2B, FK 506 analog which
inhibits calcineurin (Lamming 2016). It was originally isolated in the 60s from the fermentation
product of Streptomyces hygroscopicus var ascomyceticus (Ballou 2008). It acts by interrupting

signaling events mediated by the calcium-dependent serine/threonine protein phosphatase,
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calcineurin (CaN, protein phosphatase 2B). The working mechanism involves the formation of a
complex with the intracellular FK506-binding protein-12 (FKBP12), thereby acquiring the
complex ability to interact with calcineurin and to interfere with the dephosphorylation of

substrates (Sierra-Paredes, 2008).

In the study of Vasquez-Lopez et al. (2016) it was tested the potential to increase knowledge of
the role of calcineurin in microdialyzed picrotoxin-induced epileptic seizures in the hippocampus
of rats. Picrotoxin was choosen because it binds to GABA, receptors results in cellular
excitability and can lead to increased dephosphorylation thus calcineurin activity may be
associated with some biochemical changes leading to epileptic seizures. ASC alone was not
found to significantly prevent seizures but at concentrations of 50uM and 100uM it was shown to
be completely suppressing seizures in 41.7% and 75% of the animals studied, respectively. This
model shows how phosphorylation and dephosphorylation may be linked to the development of

acute epileptic seizures. Making room for yet another strategy to find new anticonvulsant drugs.
Gama-decanolactone

Gama-decanolactone (GD) is a monoterpenic compound with a chemical structure like the
lactones present in the essential oil of the plant Aeollanthus suaveolens, used by Amazonian
caboclos, for its alleged medicinal characteristics (sedative, anticonvulsant, analgesic, hypnotic
and anxiolytic) (Elisabetsky 1995).

In the kindling model, considered a fundamental model of epileptogenesis, GD showed a
significant protective effect on seizures induced by pentylenetetrazol (PTZ) and demonstrated
antigenotoxic activity, as it repaired the DNA damage induced by PTZ (Oliveira 2008). In more
recent works, GD reduced acute seizures induced by the chemical agent’s isoniazid and
4-aminopyridine and protected against neuronal damage induced by pilocarpine (Pfliiger 2018b).
The evaluation of the mechanism of action of GD in an epileptic seizure model, using adenosine
Al, A2, receptor antagonists, and GABAA receptor antagonists, suggests that the anticonvulsant
effect of GD may be related to the possible modulation of adenosine A1 receptors (Pfliiger et al.,
2020).

Avermectins
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Avermectins are a group of wide spectrum antiparasitic drugs derived from macrolytic lactones
and produced through fermentation of actinomycetes of the genus Streptomyces avermitilis (de
Souza Spinosa et al. 2000, Trailovic and Varagic 2007).

The ivermectin, used in human medicine as the drug of choice in the therapy of lymphatic
filariasis and onchocerciases, has been shown to protect rats against lidocaine and
strychnine-induced seizures at a significantly lower dose than the observed LD50 of ivermectin
(18.20 mg/kg) (Trailovic and Varagic 2007). In addition, doramectin shows an anticonvulsant
profile in the picrotoxin animal model, since at the times of 24 h (F (3, 39) = 6,835, P < 0.001),
48 h (F (3, 39) = 18.964, P < 0.001) and 168 h (F (3, 39) =3970, P <0.01) increased the dose of
picrotoxin required to produce seizures in rats (de Souza Spinosa et al. 2000).

Dawson et al. (2000) tested 25 avermerctin analogues in the PTZ-induced seizure model and
found that the anticonvulsant activity produced by some compounds is mediated via the GABA,

receptor.

Dihydrofuran-2(3H)-one (y-butyrolactone, GBL)

The dihydrofuran-2(3H)-one, (oxolan-2-one, y butyrolactone, GBL), is a cyclic analogue and
precursor of 4 hydroxybutyric acid (GHB).

Countless research shows that lactones in general, as well as GBL and its derivatives, are known
to have pharmacological potential in the central nervous system (CNS) including anticonvulsant
activity (Hadri et al. 2002, Gonzales et al. 2004, Wieckowski et al. 2012, Pfluger et al. 2018,
Pfluger et al. 2020, Dos Santos et al. 2021, Pfluger et al. 2021).

Wieckowski et al., 2012 synthesized a series of GBL derivatives and tested them for
anticonvulsant, neurotoxic and analgesic activity. This study was focused on exploration of the
substitution at position 3 by introduction of various alkyl- and arylakyl-substituents linked by

nitrogen atom, oxygen atom or aminomethylene group.

A total of ten lactones were effective in the maximal electroshock test (MES) at the highest doses

(300 and 100 mg/kg, i.p., mice) 0.5 h after the administration in anticonvulsant screening.
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Analgesic activity was also proven in the antinoceptive evaluation of most of the tested

compounds.

These results show that possibly the CNS activity of these GBL derivatives depends on the
presence of a phenylpiperazine moiety. From eight phenylpiperazine-containing structures, seven
compounds were active in the MES test, indicating their penetration into the CNS and inhibitory

influence on it.

Saikosaponin

Saikosaponin (SSa), a triterpene saponin, is one of the most important bioactive compounds
isolated from Radix bupleuri, a root widely used in traditional Chinese medicine for being
effective in the treatment of numerous pathologies such as respiratory infections, fever, chronic
hepatitis, malaria and premenstrual syndrome. Some studies have shown that SSa isolated
exhibited anticonvulsant, antiepileptic, and anti-inflammatory activities (Yu et al. 2012; Xie et al.

2006).

Ye et al. (2015) previously reported that SSa significantly reduced seizure severity and duration
while markedly elevated seizure latency in PTZ induced epileptic rats. Also demonstrated that
SSa mediates inflammatory cytokines expression and apoptotic such caspase-3. These outcomes
are given through the suppression of p-mTOR pathway activation. Corroborating with other
studies which point out that the hyperactivation of the mTOR pathway causes neuronal
hyperexcitability and is involved in seizures and epileptogenesis (Zeng et al. 2009, Lasarge and

Danzer 2014).

Syringaresinol (SYR)

(+)-Syringaresinol (SYR;
4,4'-(1S,3aR,4S,6aR)-tetrahydro-1H,3H-furo[3,4-c]furan-1,4-diylbis(2,6-dimethoxyphenol))  is
lignan that can be found in the berries of various plants such as Panax ginseng, Prunus mume and

Magnolia thailandica. Previous studies show some biological activities of SYR, including the
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inhibition of Helicobacter pylori bacterium motility and the ability to change the composition of

the gut microbiota when it is orally administered to mice (Cho et al. 2016, Miyazawa et al. 2006).

In addition, SYR stimulates nitric oxide production and SIRT1 gene expression in mammalian
endothelial cells and has exhibited neuritogenic activity in neuroblastoma cell lines (Chiba et al.

2002, Cho et al. 2013, Chung et al. 2012, Park et al. 2015).

Regarding antiepileptic activity Cho et al. (2018) proved in their study that SYR suppressed
excitatory synaptic transmission via presynaptic modulation, decreased Ca®" currents and
hyperpolarized resting membrane potential. SYR also attenuated picrotoxin-induced epileptiform
activity in hippocampal CA1. Considering the results obtained, Cho ef al. (2018) identifies SYR

as a new neuromodulatory agent.
Aminoglutethimide and spironolactone

Aminoglutethimide is a drug commonly used in hormone-dependent breast cancer in women
after menopause once it inhibits the enzymatic conversion of cholesterol to pregnenolone, thus
reducing the adrenal synthesis of glucocorticoids, estrogens, androgens, and mineralocorticoids.
In contrast, spironolactone acts as a nonspecific aldosterone antagonist, being used for patients

with primary hyperaldosteronism and drug-resistant edema (Borowicz and Czuczwar 2005).

A previous studies reported that aminoglutethimide, but not spironolactone, increases the
antiseizure efficacy in rats of some conventional anticonvulsant drugs such as phenobarbital,
clonazepam, and valproate (Borowicz and Czuczwar 2004, Borowicz et al. 2004). It is supposed
that the antagonists of steroid receptors may interfere with seizure phenomena (Borowicz and

Czuczwar 2004).

Borowicz and Czuczwar (2005) evidence that the concomitant treatment of aminoglutethimide
(5mg/kg) and carbamazepine (15mg/kg) resulted in antiseizure activity against amygdala-kindled
seizures in rats. The similar combination of aminoglutethimide with diphenylhydantoin (2.5
mg/kg) significantly shortened the seizures. These data show that doses of carbamazepine and
diphenylhydantoin should be modified in epileptic patients concomitantly treated with

aminoglutethimide or spironolactone.
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Discussion

In this study, we reviewed preclinical and clinical articles that used lactones for the
pharmacological treatment of seizures. The studies we found had a wide range of treatments
including kindling, acute or chronic; with the aim of lowering the threshold for the onset of the
seizures or even the elimination of seizures. We search for an alternative treatment for those
unresponsive to traditional epilepsy treatments getting in depth of the diverse molecular
mechanisms since epilepsy has as a characteristic of the hypersynchrony of neuronal activity

(Laxer et al. 2004).

Lactones are widely used today standing out in recent decades as the use of alternative treatments
and phytotherapies (Sartori 2020). The neuroprotective effects of lactones observed in models of
epileptic seizures and epilepsy observed so far, as well as the pharmacological profile of this
substance were studied. Considering that antiepileptic drugs are used, in most situations,
continuously, it is essential to know their neuroprotective effects and toxicological potential after
continuous treatment. It is understood as of special importance the knowledge of the mechanisms
of action and the behavioral effects of the candidate substances for the treatment of epileptic
seizures, in the medium/long term in the body, as well as their analgesic and modulatory action
on inflammatory, biochemical, and genotoxic parameters (Pereira et al. 1997, Sartori 2020,

Musto 2018).

Authors have already shown the inhibitory action of ASC suggesting that this imbalance in
neurotransmission may contribute to neuronal excitation and epileptogenesis (Freire-Cobro et al.
2014) and it was tested the relationship between CaN and GluN and showed that FK506,
inhibited GIuN activity and subsequently decreased the frequencies of GluN-dependent
excitatory postsynaptic currents (EPSCs) (Lieberman et al. 1994) which corroborates the study
found by our research by Vazquez et al. (2006) neuronal mechanisms which regulate calcineurin
dephosphorylation under normal conditions could be highly altered as a result of
picrotoxin-induced impairment in GABAergic activity. Calcineurin inhibitors might acutely
potentiate GABAergic transmission but, when excessive excitatory activity induces massive

Ca2+ entry through NMDA or Ca2+-permeable AMPA receptors (Sanchez et al. 2005).
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Another very well studied lactone is GD which has been proven to have hypnotic, hypothermic
and anticonvulsant activity in an animal model (Coelho de Souza ef al. 1997). The neurochemical
evaluation, carried out through a binding assay, showed that GD was able to dose-dependently
inhibit the specific binding of L-[3H]-glutamate, an action that may be involved in the
anticonvulsant activity of this compound (Pereira et al. 1997). An in vitro study demonstrated
that GD could attenuate the activation of N9 microglial cells in the model of damage induced by
lipopolysaccharide (LPS). Furthermore, GD has been shown to decrease the expression of
inflammatory markers such as the iNOS enzyme TNF-a and consequently inhibit ROS formation.
In addition, GD blocked apoptosis markers such as phosphorylation of p38 and activation of
cleaved caspase-9, decreasing DNA damage (Pfliiger et al. 2016). These data indicate that GD
has a neuroprotective therapeutic potential and exerts this effect through the inhibition of
neuroinflammation. A study published in 2021 suggests that GD could be a drug with potential
utility in Parkinson's Disease (Pfliiger et al. 2021). Another investigation demonstrated that after
12 days of treatment of CF1 mice, GD was able to protect against DNA damage, reduce COX-2

expression, and increase GIuN2B expression (Dos Santos et al. 2021).

Results on SYR say they suggest presynaptic glutamatergic suppression by SYR as a new
therapeutic strategy to treat not only epilepsy but also other neurological diseases resulting from
synaptic hyperexcitation. It still needs an investigation to know how SYR behaves to pass the
blood-brain barrier, this makes the need for more studies on this molecule to help the practice of

the use of this molecule on in vivo studies (Cho et al. 2017).

The mechanism of avermectins is that they have effects on GABA receptors and are also able to
potentiate neurotransmission by interrupting glutamate-controlled chloride channels (Kane et al.
2000 and Fritz et al. 1979). Thus, we can observe the results of the studies collected in this article
that demonstrate the anticonvulsant profile of avermectins (Dawson et al. 2000, de Souza Spinosa
et al. 2000, Trailovic and Varagic 2007). Cell death initiated by excessive levels of neuronal
excitation is linked to several disorders linked to the CNS and a new therapy for this would

utilize the silencing of excessive neuronal activity using ivermectin (Crump 2017).

The prominent mechanism in our research was the mTOR target being seen by the RAP and EVO

molecules. As a treatment already approved by the FDA for its use as an immunosuppressant, it
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facilitates its use in clinical studies with cancer patients. Molecular, energetic and metabolic
processes are directly controlled by MTORCI1 and cancer cells present fundamental changes in
these demands, thus protein synthesis and oncogenic activation of MTORCI is boosted by
promoting a gene expression program involved in the metabolic reprogramming of these cancer
cells (Li et al. 2014). Knowing how to modulate the activity of MTORCI, which is something
very complex that has not been completely unraveled yet, the Rag/ragulator complex recruits
mTORCI to the lysosome when amino acids and glucose are plentiful, whereas the tuberous
sclerosis complex 1/2 (TSC1/2) complex, which negatively regulates mTORC1 signaling, departs

from the lysosomein response to insulin (Lamming 2016).

Another molecule that we have also seen that involves the regulation of mTOR is Saikosaponine,
where in studies with cancer cells, a decrease in MTOR phosphorylation can be detected when
they added SSa in hepatoma cells, increasing the apoptosis of these cells (Wang et al. 2020).
Thus, with the mediation of Ssa in the expression of inflammatory cytokines through the
suppression of activation of the P-MTOR/P70S6K pathway, the results demonstrate that Ssa may

hold promise in the treatment of epilepsy and neurological disorders (Ye et al. 2016).

A lot of evidence has suggested that the MTORCI1 pathway may be involved in several
neurological disorders, not only as shown in the article as TSC, but also in many neurological
diseases involving cognitive dysfunction and autism as we could see in the article by Mizuguchi
et al. (2013) and Kadish et al. (2020) So, inhibition of this pathway is a therapeutic option that

we can see in evidence.

What we can corroborate with the research of several authors of clinical research is that the
adverse effects of the treatment of these molecules trigger adverse effects that can end up in the
abandonment of the treatment, such as stomatitis, upper respiratory tract infections, skin rash and

flushing (Kotulska et al. 2013, Krueger et al. 2016, Wiegand et al. 2013, French et al. 2016).

Finally, this investigation is important to keep us up to date with new and promising studies that

can give us direction and open our eyes to where the best investment of research and resources 1is.

Conclusion
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Considering the information obtained in this study we can conclude that lactones are becoming a
considerable and viable option for more comprehensive studies and new perspectives for the

future.

The two molecules that stood out the most were RAP and EVO, one with many preclinical
studies and the other with advanced clinical studies, respectively. But even so, in all studies
adverse effects were reported which could be an impediment to treatment, so it should be

investigated how this can be improved.

The other molecules with fewer studies found still proved to be very interesting and with a lot of
potential and that should still be studied to know how all the mechanisms work molecularly and
how this could be used to either decrease the frequency, intensity or even cease the seizures.
Considering the lower price and fewer adverse effects than traditional treatments. Although there
are several trials published in this field, further evidence is needed to understand the potential

role of using lactones treat epilepsy.
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4. CONCLUSAO

De acordo com os resultados encontrados neste estudo € possivel afirmar que a busca por
novas moléculas para o tratamento de crises epilépticas ¢ relevante levando em conta que uma
consideravel parcela de pacientes ¢ refrataria. Para que alguma substincia seja a escolha
terapéutica adequada uma série de parametros devem ser considerados na sua avaliacdo, para que
além de servir seu objetivo na amenizagao ou cessagao total das crises também se almeja manter
o bem-estar dos pacientes. As moléculas encontradas se mostram definitivamente promissoras e
obtiveram efeitos positivos quando experimentadas junto com uma diversa gama de testes que

induzem a epileptogénese em diferentes modelos animais.

Apesar de nenhuma lactona ter sido aprovado ainda para tratamento da epilepsia, em certos
tipos de crises algumas delas mostram-se eficazes, além de promissoras em tratamentos
experimentais em pesquisas pré-clinicas e em clinicas. Desta forma, conclui-se que a classe das
lactonas poderdo se tornar estratégias farmacoldgicas importantes no tratamento da epilepsia, em
associacdo com outros farmacos ou até mesmo em monoterapia. Portanto, a continuidade dos
estudos dos mecanismos de acdo das lactonas, como por exemplo gama-decanolactona, torna-se

crucial para o desenvolvimento de novas alternativas farmacolégicas.
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6. ANEXOS

Figure 1: Flowchart of the query on lactones and their work suppressing seizure activities in the
main databases.

1-LACTONES
2 - ANTICONVULSANT
3 - ANTISEIZURE

4 - ANTIEPILEFTOGENIC

PUBMED WEB of SCIENCE EMBASE
1=32284 1=28261
2= 17440 2=24468
3=1487 3=3074
4= 325 4=869
1 1 1 1
1 and 2 =951 land2=31 land2=15 land2=
1and3=126 land3=2 land3=0 land3=0
land 4=20 landd4=0 land4=0 land4=0
1 I ] |
38 studies included | | 1 study included | | 1 study included | | No study included
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Table 1 -

Summary of pre-clinical studies with RAP.

Author . Type of . Convulsion . Sham .
(year) Title article Experiment Method Species group Results/Insights
The Mammalian Target of RAP . Findings indicate that mTOR signaling mediates
Zeng et al. Signaling Pathway Mediates Original Treatment Wlth RAP (6 mg/kg 1dr, Adult Male mechanisms of epileptogenesis in the kainate rat model and
: . ;i i.p.) or vehicle for 3 consecutive days KAI Sprague-Dawley Yes P : L .
(2009) Epileptogenesis in a Model of article . . that mTOR inhibitors have potential antiepileptogenic
. before receiving kainate Rats L
Temporal Lobe Epilepsy effects in this mode
RAP Suppresses Mossy Fiber Mice were treated dail
Buckmaster = Sprouting But Not Seizure Frequency = Original (intraperitoncally) with 1.5 iﬁ K PIL Male and Female Yes These findings suggest RAP does not affect seizure
etal. (2011)  in a Mouse Model of Temporal Lobe = article p X Y ) ) gl g Mice FBV strain frequency or severity in pilocarpine-treated mice.
Epilepsy RAP, 3 mg/kg RAP, or vehicle alone.
Findings suggested an anti-epileptogenic role of RAP by
.RAP SUpPresses the recurrent . - RAP (6 mg/kg d, i.p.) for RAP 24 h . suppressing the recurrent excitatory circuits of dentate
Tang et al. = excitatory circuits of dentate gyrus in = Original . Male Mice . A
; after the onset of PILO induced status PIL Yes gyrus. RAP suppressed recurrent excitatory circuits in the
(2012) a mouse model of temporal lobe article B . C57BL/6 P . L
epilepsy epilepticus for 6 consecutive days dentate gyrus, reduced epileptiform activity, and inhibited
P both spontaneous and evoked EPSCs.
RAP has age-, treatment paradigm-, .. . . . . .
Chachua et and model-specific anticonvulsant = Original R.AP was injected 1ntraper1Foneally Flurothyl, PTZ, = Male Rats (PN15 These findings suggest that RAP 1S a poor antlcpnvulsant
. ;i (i.p.) in a dose of 3 mg/kg in PN15 Yes and may have beneficial effects only against
al. (2012)  effects and modulates neuropeptide Y = article . NMDA, KA and adult) . .
expression in rats rats and 3 or 6 mg/kg in the adult rats. epileptogenesis.
. Data indicate that post-treatment with RAP for 2 wks
Sliwa et al POS;t\f:inele?lteV?(:he%;li)sdigetshgm Original Animals were treated with RAP (6 Electrical Adult Male following amygdala stimulation-induced SE does not
(2012) ’ al:n dalaz tirrrl)ul ftion model of a rt%cle mg/kg) or vehicle daily for 2 wks, stimulation of the = Sprague-Dawley Yes prevent epileptogenesis nor mossy fiber sprouting and does
ytge mporal lobe epilepsy beginning 24 h after stimulation amygdala Rats not decrease the disease severity in the 6 wks period after
SE.
RAP down-regulates KCC2 Rats were pretreated with RAP at 5 Rapamycin also reduces the mlnlmal dose of .
. b . .. . Adult Male pentylenetetrazol (PTZ) necessary to induce clonic
Huang et al. expression and increases seizure Original mg/kg/day i.p. for one to three . . )
P . - g . PTZ,KAI PIL = Sprague-Dawley Yes seizures. However, in mature rats, Rapamycin does not
(2012) susceptibility to convulsants in article consecutive days prior to the L . e . .
. . . . Rats significantly change the seizure sensitivity to pilocarpine
immature rats. induction of seizures
and PTZ
. Inhlbmop of mammal_lan target Of . Pwas given 1ntraper1toneally © . Adult Male Rapamycin treatment did not alter SE severity and duration
Vliet et al. Rapamycin reduces epileptogenesis = Original mg/kg/day under isoflurane Electrical .
. : ; : . . . Sprague-Dawley Yes compared to vehicle treatment rats. RAP treatment leads to
(2012) and blood—brain barrier leakage but article anesthesia) starting 4 h after status stimulation . . .
. . L o . Rats a suppression of seizure development in the rat TLE model.
notmicroglia activation epilepticus (SE). once daily for 7 days
o . Mice were injected intraperitoneally The only seizure test where short-term Rapamycin
Hartman et E?;ES?;JEXEEzgiﬁzzz?&i?: Original with MES-T test, 6 Hz Mice (NIH - Yes treatment protected mice was against tonic hindlimb
al. (2012) in Mice article Rapamycin 4.5 mg/kg or 6 mg/kg  test, KAl and PTZ Swiss) extension in the MES threshold test, though this protection
body weight waned with longer RAP treatment.
High-dose RAP blocks mossy fiber - Beginning 24 h after status These ﬁndmgs.suggest mossy fiber sp routing s not
Heng et al. . . . Original Lo - Male and Female necessary for epileptogenesis in the mouse pilocarpine
sprouting but not seizures in a mouse ; epilepticus, daily treatment began PIL . Yes
(2013) . article . GIN Mice model. They also reveal that RAP does not have
model of temporal lobe epilepsy with 10 mg/kg RAP Lo P . S
anti-seizure or anti-epileptogenic effects in this model.
RAP Attenuates the Development of . . . Controlled cortical These results suggest that RAP may represent a rational
Guo et al. Posttraumatic Epilepsy in a Mouse Orlgmal RAP ® mg/ k g/d, i.p) or vehicle impact (CCI) Mice CD-1 Yes treatment for preventing posttraumatic epilepsy in patients
(2013) . Lo article ' solution was injected 1 hour after TBI . .
Model of Traumatic Brain Injury injury model with TBI.
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and continued once daily for up to 4
weeks.

Mice were

Male and Female

Intermittent dosing of RAP maintains injected with RAP for 4 days at doses (Tsc1GFAPCKO) Intermittent RAP, with drug holidays of up to 24 days,
Rensing et L e . Original  ranging between 0.1 to 10 mg/kg/d mice with almost completed prevented epilepsy in mice. mTOR
antiepileptogenic effects in a mouse ;i . None . Yes AR A . .
al. (2015) model oftuberous sclerosis complex article i.p. and conditional activity is inhibited by RAP in a dose- dependent fashion
P harvested 24 hours after the last inactivation of the and recovers to baseline by 10 days after
injection for western blot analysis Tscl(GFAP)
Zebrafish larvae were individually
. RAP suppresses PTZ-induced seizures . placed in 96 well plates and submitted Data support that RAP has immediate antiseizure effects
Siebel et al. . Original to treatment with 0.1% DMSO . . .
at different developmental stages of ; PTZ Zebra-fish Yes and could be a potential alternative therapy for seizure
(2015) sebrafish article (control group), RAP at 0.12, 0.25, control in epilens
0.5, 1, and 2.5 uM or VPA at 3 mM priepsy
for 30 min
. RAP had modest effects on mossy fiber sprouting, and
Hester ef al. .Impact of-RAP on status epilepticus Original RAP was administered daily (6mg/ke, . ) was ineffective in preventhg changes among the other
induced hippocampal pathology and ; S . . Tamoxifen, PIL Mice Yes parameters, strongly suggesting that the beneficial effects
(2016) . : article = i.p; or vehicle control) for six weeks . . . .
weight gain of the drug in epilepsy are not mediated by changes in any
of these processes.
Effects of RAP and . RAP RAP (3 and 6 mg/kg) shows seizure-suppressing effects in
Drion et al trea t:ﬂc rsl to o th (?nv (l:ur;llm:ltn £ Original (6 mg/kg/day, i.p.) was started 4 h Intracranial Adult Male the post-SE rat model for TLE
((2) 0 166)‘1 ’ N ?le Se af(t)er elZc tfr:iceal(;p inijuc(:: d a rtgicle after SE and continued once daily for = electrodes for Sprague-Dawley Yes Effects of RAP are transient; RAP was not able to prevent
P IS) ta};us enilenticus irflrats 6 days. Hereafter, RAP was given stimulation Rats or reverse epileptogenesis in this TLE model
priep every other day for 2 weeks.
Inhibition of mTOR Pathway by RAP lnj(i“}edavg(‘;% i;‘“ﬁ’(“s) ‘i;’sﬂelse ‘;g fﬁp Human RAP significantly inhibited
Xiaosa et al. Decreases P-glycoprotein Expression = Original > mERe) ¢ . Kindling Coriaria Tissue/Male spontaneous seizures in pharmacoresistant epileptic rats,
. . ;i volume of vehicle for six consecutive Yes . .
(2017) and Spontaneous Seizures in article . Lactone Sprague-Dawley demonstrating that RAP may be a potential therapy for
Pharmacoresistant Epileps days, and then every other day until Rats harmacoresistant epileps
pLiepsy the end point ofthe study. p priepsy
. Effects o.f RAP anq eurcumin on Rats (n = 5) were injected Tetanic stimulation 1-week post-SE treatment with RAP or curcumin did not
. inflammation and oxidative stress in . . . . of the angular Adult Male - . . .
Drion et al. . . . Original  intraperitoneally with 6 mg/kg RAP . alter SE-induced upregulation of markers of inflammation
vitro and in vivo — in search of ; - h bundle in the form = Sprague-Dawley Yes S S S
(2018) potential anti- epileptogenic strategies article solution, starting 4 h after SE and of 50 Hz pulse Rats and oxidative stress, while in vitro, curcumin displayed

for temporal lobe epilepsy

once daily for 7 days thereafter.

trains

anti-inflammatory and antioxidant effects
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Table 2 — Summary of clinical studies with EVQ.

Auth Sham-
uthor Title Type of article Concentration N am Results/Insights
(year) group
Long-term effect of EVO on epilepsy . . At their last examination, four-patients were .
Lo Concentration was 4.5 mg per square seizure-free (27%), and four experienced a reduction
andgrowth in children under 3 years of age . . .
Kotulska et : meter of body surface area and was subsequently . of seizures N50% (27%). With treatment, (slight)
treated forsubependymal giant cell EXIST-1 study . . 8 children Yes . .
al. (2013) . . adjusted to attain a whole-blood through EVO increase was seen in absolute values of developmental
astrocytoma associatedwith tuberous . . .
. concentration of 5¢15 ng/mL age (DA) regarding both development and adaptive
sclerosis complex ..
functioning.
. . Reduction of seizures in 4/6 patients In addition, the
. . . . . . Concentration started with 1 mg per square meter . . .
Wiegand et EVO in tuberous sclerosis patients with Prospective . . percentage of seizure-free days increased in 3/4 of
. . . . of body surface area. Increased until a trough 7 children No . . . .
al. (2013) intractable epilepsy: A treatment option? observational study . . these patients. In 2/6 patients, no alteration of seizure
serum concentration of 5e10 ng/ml was obtained.
frequency was noted.
Pr v Concentration was initiated at 5 mg/m2 /d, Clinical focal-onset seizures were the most common
Krueger et = Long-term treatment of epilepsy with EVO OSpective, rounded to the nearest 2.5 milligram, and dosed . (69% of seizures overall). The largest reduction was
. . open-label, phase I/II . . 20 patients No . . .
al. (2016) in tuberous sclerosis clinical trial desien once daily. Adjusted for a target range between 5 observed with focal-onset seizures (83% reduction, 13
£ and 15 ng/mL. of 15 participants).
N C tration (Cmin) of 37 L
Adjunctive EVO therapy for (EXIST-3): a phase 3, oncentration (Cmin) o . ng/m . . .
. . . (low-exposure EVO), or everlimus titrated to a Adjunctive EVO treatment significantly reduced
treatment-resistant focal-onset seizures randomised, . : .
French et al. . . . . target Cmin . seizure frequency with a tolerable safety profile
associated with tuberous sclerosis double-blind, . . . 366 patients Yes . . . .
(2016) . of 9-15 ng/mL (high-exposure EVO), in addition compared with placebo in patients with tuberous
(EXIST-3): a phase 3, randomised, placebo-controlled . L . . .
. to a stable regimen of one to three antiepileptic sclerosis complex and treatment-resistant seizures.
double-blind, placebo-controlled study study
drugs.
. . . . At last observation, 80 % (12/15) of the patients were
h 4. 2
. Efficacy and safety of EVO in children with . Concer'nratlon starting with 4.5 mg/.m and titrated responders, 58 % of them (7/12) were seizure free.
Samueli et . . . Open single-center  to achieve blood trough concentrations (measured . Lo
TSC - associated epilepsy — Pilot data from - . 15 patients No The overall reduction in seizure frequency was 60 %
al. (2016) . . prospective study with the LC-MS/MS method) between 5 and 15 . . . . . .
an open single-center prospective study in focal seizures, 80 % in generalized tonic clonic
ng/ml. . .
seizures and 87 % in drop attacks.
Concentration (Cmin) of 3-7 ng/mL (EVO The response rate was 30.0% and 28.6% versus 0%
Mizuguchi E.VO for.epilepsy and autisx:ﬂ spectrum EXIST-3 substudy in low-exposure [LE] trez.ttment) (.)r to a target Cmin . with thef EVO LE and HE Versu§ placebo arm,
et al. (2018) disorder in tuberous sclerosis complex: Japan of 9-15 ng/mL (everoli- mus high-exposure [HE] 35 patients Yes respectively. Similarly, the median percentage
' EXIST-3 substudy in Japan P treatment) in addition to a stable regimen of 1-3 reduction in seizure frequency was 6.88% and 38.06%
AEDs versus 6.67%.
Devel tal out i . . . . L .
. . cvelopmental ouicomes in . . Patients were treated with three different target At their last examination, four patients were
Kadish et children/adolescents and one adult with Prospective levels (I: 3-5 pg/l; 11: 6-9 pg/l; 1I1: 10-15 pg/l or 14 No seizure-free (27%), and four experienced a reduction
al. (2020) tuberous sclerosis complex (TSC) and observational study ’ /s Lk e/t T K children/adolescents o P

refractory epilepsy treated with EVO

higher)

of seizures N50% (27%).
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