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RESUMO

Os polissacarideos sulfatados sdo encontrados em vdrios organismos marinhos e apresentam
grande interesse nas ciéncias médicas por conta de suas propriedades bioldgicas, tais como:
capacidade imunomoduladora, anti-inflamatéria e antitumoral. Recentemente, um
polissacarideo sulfatado do tipo agarana, caracterizado previamente por ressonancia
magnética nuclear, obtido da macroalga marinha Gracilaria cornea, demonstrou efeito
antinociceptivo com acgdes central e periférica, efeito anti-inflamatério e auséncia de
toxicidade in vivo. Doencas relacionadas as desordens no sistema nervoso central (SNC),
principalmente a ansiedade e a depressdo, acometem milhares de pessoas no mundo,
principalmente na populagdo idosa. Entretanto, desordens neuroldgicas afetivas ainda carecem
de estratégias farmacoldgicas consideradas efetivas para o tratamento sintomdtico isento de
efeitos adversos. Diante do exposto, o presente estudo visa avaliar o efeito ansiolitico e o
mecanismo de a¢do bioquimico envolvido no SNC da Agarana Sulfatada (AS-Gc) obtida da
alga marinha vermelha Gracilaria cornea, a fim de contribuir para a busca por uma melhor
alternativa terapéutica para essas doencas. Inicialmente, os polissacarideos sulfatados totais
(PST) foram extraidos por digestdo enzimdtica com papaina, em tampao de acetato de sédio
0,1 M, pH 5,0. Em seguida, os PST foram fracionados por cromatografia de troca idnica em
coluna de DEAE-celulose e a fracdo II foi utilizada para avaliar as atividades
neurocomportamentais, através de andlise comportamental em modelos experimentais de
camundongos (labirinto em cruz elevado - LCE), campo aberto, placa perfurada e rota rod), e
andlise bioquimica de dreas cerebrais (cortex pré-frontal - PF e hipocampo - HC). Para a
realizacdo dos experimentos foram utilizados camundongos Swiss, machos, pesando de 25-
32g, provenientes do biotério da Universidade Federal do Ceard. Os animais foram tratados
agudamente com AS-Gc nas doses de 0,1, 1 ou 10 mg/kg, via intraperitoneal. Trinta minutos
apds o tratamento, os animais foram submetidos aos testes comportamentais. Em seguida, os
animais foram devidamente eutanasiados e dissecados e as dreas cerebrais PF e HC retiradas
para realizacdo das analises dos aminodcidos Glutamato (GLU) e acido gama-aminobutirico
(GABA). Os resultados mostraram que AS-Gc, na dose de 10 mg/kg, apresentou efeito
ansiolitico nos modelos de LCE e placa perfurada, pois aumentou todos os parametros
analisados no LCE, assim como o nimero de mergulhos nos orificios da placa perfurada. Este
efeito estd provavelmente relacionado com o sisttma GABAérgico, pois o flumazenil,
antagonista dos receptores GABA o/ Benzodiazepinicos, reverteu o efeito ansiolitico nos dois

teste avaliados. No teste de campo aberto a dose de 10 mg/kg aumentou o nimero de



quadrantes e no teste de rota rod ndao houve alteracdo. Na andlise bioquimica das
concentracdes dos aminodcidos no PF e no HC, a AS-Gc ndo provocou aumento de GLU e
GABA. Em conclusdo, nossos resultados sugerem que o tratamento agudo com AS-Gc na
dose de 10 mg/kg apresentou efeito ansiolitico sendo revertidos pelo uso de flumazenil,
sugerindo que estd relacionado ao mecanismo de acdo GABAérgico. A andlise bioquimica
confirmou essa acdo pelo aumento de GABA, um potente aminodcido inibitério presente no
SNC, no PF e HC. Além disso, em contraste com o diazepam, o AS-Gc (10mg/kg) ndo
apresentou efeito sedativo ou propriedades miorrelaxantes e ndo alterou a atividade

locomotora.

Palavras-chave: Ansiedade. Sistema GABAérgico. Agarana sulfatada.



ABSTRACT

Sulphated polysaccharides are found in several marine organisms and are of great interest in
the medical sciences due to their biological properties, such as: immunomodulatory,
antiinflammatory and antitumor capacity. Recently, a sulfated polysaccharide of the agarane
type, previously characterized by nuclear magnetic resonance, obtained from the marine
macroalgae Gracilaria cornea, has demonstrated antinociceptive effect with central and
peripheral action, anti-inflammatory effect and absence of toxicity in vivo. Diseases related to
central nervous system (CNS) disorders, especially anxiety and depression, affect thousands
of people worldwide, especially in the elderly population. However, affective neurological
disorders still lack pharmacological strategies considered effective for symptomatic treatment
free of adverse effects. In view of the above, the present study aims to evaluate the anxiolytic
effect and the mechanism of biochemical action involved in the CNS of Agarana Sulfatada
(AS-Gc) obtained from the red sea kelp Gracilaria cornea, in order to contribute to the search
for a better therapeutic alternative for these diseases. Initially, total sulfated polysaccharides
(PST) were extracted by enzymatic digestion with papain in 0.1 M sodium acetate buffer, pH
5.0. Then the PST were fractionated by ion exchange chromatography on a DEAE-cellulose
column and fraction II was used to evaluate the neurobehavioral activities, through behavioral
analysis in experimental models of mice (high cross-maze (LCE), open field , Perforated
plaque, rotated rod), and biochemical analysis of cerebral areas (prefrontal cortex (PF) and
hippocampus (HP)). For the experiments, Swiss mice, weighing 25-32¢g, were used, from the
breeding stock of the Federal University of Ceard. Animals were treated acutely with AS-Gc
at 0.1, 1 or 10 mg / kg intraperitoneally. Thirty minute after treatment, the animals were
submitted to behavioral tests. The animals were then euthanized and dissected and the PF and
HP brain areas removed for the amino acid analyzes Glutamate (GLU) and gamma-
aminobutyric acid (GABA). The results showed that AS-Gc at the dose of 10 mg / kg
presented an anxiolytic effect in the LCE and perforated plate models, since it increased all
the parameters analyzed in the LCE, as well as the number of holes in the holes of the
perforated plate. This effect is probably related to the GABAergic system, since flumazenil,
GABAA/Benzodiazepine receptor antagonists, reversed the anxiolytic effect in the two tests
evaluated. In the open field test the dose of 10 mg / kg increased the number of quadrants and
in the test of rotating rod there was no change. In the biochemical analysis of amino acid
concentrations in PFC and hippocampus, SA-Gc did not increase GLU and GABA. In

conclusion, our results suggest that the acute treatment with SA-Gc at a dose of 10 mg/kg



presented an anxiolytic effect being reversed by the use of flumazenil, suggesting that it is
related to the mechanism of GABAergic action. Biochemical analysis confirmed this action
by increasing GABA, a potent inhibitory amino acid present in the CNS, in PFC and HC. In
addition, in contrast to diazepam, SA-Gc (10mg/kg) had no sedative effect or myorelaxing

properties and altered locomotor activity.

Keywords: Anxiety. GABAergic System. Agaran Sulfated.
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1 INTRODUCAO

Desordens neurocomportamentais, como ansiedade e depressdo, afetam milhares
de pessoas no mundo, principalmente as pessoas mais idosas. Essas desordens sdo compostas
por um grande grupo de defici€ncias neuroldgicas, as quais estdo associadas, também a outras
doencas, tanto cerebrais transitorias (esclerose multipla, deméncia e condi¢des neuro-
oncoldgicas) como cerebrais permanentes (encefalopatites metabdlica e tdxica) e/ou
ocasionadas por injirias (como trauma, hipoxia e/ou isquemia). (ZASLER; MARTELLI;
JACOBS, 2013). O estudo da ansiedade e da depressdo tem despertado cada vez mais o
interesse cientifico devido ao percentual de individuos afetados no mundo e ao pouco
conhecimento de estratégias terap€uticas sem efeitos adversos (MAO et al., 2008; Skolnick,
2012).

Na atualidade, as praticas médicas e cirtrgicas padrdes mostram-se com poucos
avancos para a resolucdo ou tratamento destas desordens neuroldgicas, e farmacos
apropriados sdo insuficientes e apresentam diversos efeitos colaterais nas desordens
neurocomportamentais (SIMONATO et al., 2013, Neumann et al., 2019). Para o sucesso do
desenvolvimento de novos farmacos efetivos no tratamento dessas desordens, é crucial a
prospeccao de fontes naturais com este potencial, assim como a elucidacdo dos mecanismos
de acdo envolvidos. Entre as potenciais fontes de bioprospeccao de novos farmacos, as algas
tém sido descritas na literatura como um promissor recurso vegetal, devido a presenca de uma
variedade de moléculas bioativas, dos quais se encontram os polissacarideos com a presenca
de grupos sulfatados em suas estruturas quimicas e por isso denominados de polissacarideos
sulfatados (JIAO et al., 2011).

O Brasil apresenta-se como um grande potencial para a pesquisa e exploracio na
area de organismos marinhos, principalmente entre as espécies de macroalgas, pois existem
mais de 700 espécies distribuidas pelo litoral (Oliveira et al., 2010), porém héd poucos estudos
mostrando o potencial terapéutico das macroalgas brasileira. Nesse sentido, o Brasil
apresenta-se, podendo contribuir para o desenvolvimento de novos farmacos.

Na investigacdo de novas estratégias neurocomportamentais, as moléculas de
elevada massa molecular, como os polissacarideos tém sido negligenciados em modelos de
desordens neuroldgicas por causa de suas estruturas complexas. Entretanto, alguns estudos
tém demonstrado polissacarideos sulfatados (PS) com potencial atividade neuroprotetora,
modulacdo de mediadores neuroinflamatérios e regulagdo de mecanismos apoptéticos em

células neurais (GAO et al., 2012; Li et al., 2019).
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Os polissacarideos sulfatados obtidos da macroalga marinha vermelha Gracilaria
cornea foram caracterizados quimicamente por Melo e colaboradores (2002), mostrando que
estes PS estdo na forma de agarana sulfatada. Recentemente, investigou-se os efeitos desse
bioativo em modelos in vivo de inflamagao e nocicepg¢ao, relatando auséncia de toxicidade e
acdo anti-inflamatdria e antinociceptiva, sendo este ultimo demonstrado possuir a¢do tanto
central quanto periférica (COURA et al., 2012) e atividade neuroprotetora em doenca de
Parkinson (Sousa et al., 2017). Recentemente, estudos com extrato de PS da G. cornea
mostraram efeito ansiolitico com um possivel envolvimento do sistema Gabaérgico
(MONTEIRO, 2016).

Devido a esses efeitos no sistema nervoso central, o presente estudo visou utilizar
uma fracdo polissacaridica sulfatada da macroalga marinha vermelha Gracilaria cornea na
elucidacdo do mecanismo de agdo bioquimico em determinadas dreas cerebrais ligadas a

ansiedade.

2 REVISAO DE LITERATURA

2.1 Sistema Nervoso Central

O Sistema nervoso humano apresenta uma complexidade totalmente diferente
daquela observada em qualquer outro sistema orginico. Em sua estrutura estdo presente mais
de 10 bilhdes de neurdnios, formando milhares de conexdes sindpticas. As interacOes entre 0s
circuitos neuronais medeiam funcdes que incluem desde reflexos primitivos até a linguagem,
0 humor e a memoéria (GOLAN, 2009).

O sistema nervoso pode ser dividido, em nivel estrutural e funcional, em
componentes periférico e central. O sistema nervoso periférico inclui todos os nervos que
seguem O seu percurso entre o sistema nervoso central (SNC) e os locais somadticos e
viscerais. Assim o SNC transmite e processa sinais recebidos do sistema nervoso periférico,
cujo processamento resulta em respostas que sdo formuladas e retransmitidas a sua periferia.
O SNC, também, € responsdvel por fungdes importantes, como: percepcdo, incluindo
processamentos sensitivo, auditivo e visual; estado de vigilia, linguagem e consciéncia
(GOLAN, 2009).

As desordens neuroldgicas tém efeitos devastadores e sdo amplamente

distribuidas em toda a populacdo, sendo especialmente prevalente na populagdo mais idosa.

Sao classificadas como multifatoriais e podem ter origem genética, epigenética e/ou serem
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induzidas por estresses ambientais, injurias, doencas e/ou processos inflamatorios
(SIMONATO et al, 2013). Entre essas desordens neurolégicas, podem ser citados os
distirbios comportamentais (WIDLOCHER, 1983).

2.2 Desordens Neurocomportamentais

As desordens ou transtornos neurocomportamentais foram classificadas como
distirbios comportamentais, cognitivos e emocionais associados a danos ou disfungdes no
sistema nervoso central (STRUB; BLACK, 1981), os quais também estdo associados a
processos de degeneragdo neural (BERNHEIMER er al, 1973). Entre essas desordens
neurocomportamentais, podem-se citar as doencas afetivas, como a depressdo e a ansiedade

(WIDLOCHER, 1983).

2.2.1 Ansiedade

A ansiedade, a qual consiste em um estado de tensdo ou apreensdo cujas causas
nem sempre sdo produtoras de medo, mas sim da expectativa de algo, nem sempre ruim, que
acontecerd num futuro préximo. Sdo reagdes normais até o momento que comegam a
provocar sofrimento no individuo (LENT, 2004). Quando a ansiedade € cronica e ndo estad
claramente associada a um evento bem definido ela geralmente € considerada anormal e
propria para uma intervencao psicoldgica ou psiquiatrica (SANGER,1991). Existem alguns
tipos de ansiedade, sendo os mais comuns: distirbios do panico, transtorno do estresse pos-
traumatico e as fobias (GARAKANI; MATHEUS; CHARNEY, 2006).

Segundo os critérios do Diagnostic and Statistical Manual of Mental Disorders
(DMS-IV-TR), a ansiedade generalizada € caracterizada por preocupacdo excessiva € tensao
continua durante os varios eventos didrios da vida, com duracdo de, pelo menos, 6 meses, €
incapacidade em controlar estes sentimentos. Esta condi¢do vem acompanhada por, no
minimo, trés ou mais sintomas adicionais, que podem ser psiquicos, como agitacdo,
dificuldade de concentragdo, irritabilidade, ou somaéticos, incluindo fadiga, tensdo muscular e
disturbios do sono (GARAKANI; MATHEUS; CHARNEY, 2006).

Os transtornos de ansiedade generalizada (TAG) sao considerados os mais
frequentes entre todas as doengas psiquidtricas, com a ansiedade generalizada representando a
patologia mais comum nos individuos atendidos nos servicos de saide. O medo pode ser

definido como uma reacdo a uma situagdo perigosa real, bem definida, e, € visto por varios
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autores como entidade independente da ansiedade. Embora, por vezes, pode ser dificil uma
separacdo entre as duas (LENT, 2004).

Embora a fisiopatologia dos transtornos de ansiedade, ainda ndo estarem
totalmente elucidadas, existem possiveis mecanismos relacionados que sdo citados, tais como
o fluxo sanguineo cerebral na regidao frontal, parietal, temporal e dreas do cingulado;
metabolismo na regido frontal, temporal, parietal, cerebelo, tidlamo, sistema limbico e
ginglios basais; alteracdo nos neurotransmissores GABA, noradrenalina e serotonina e o
sistema neuroendocrino (RANG er al., 2011). Ressalta-se que os benzodiazepinicos (BZD)
sdo as classes de medicamentos tradicionalmente utilizadas no tratamento dos transtornos de
ansiedade, por exercer efeito rdpido, aumentando a sinalizacio GABA-A no cérebro
(SANCAR, CZAJKOWSKI, 2011). Porém estas drogas apresentam efeitos como: sedagdo;
inducdo do sono; redu¢do da ansiedade e de comportamentos agressivos; na reducao do tonus
muscular e da coordenag¢do motora; anticonvulsivante; além de amnésia anterégrada (RANG

etal.,2011).

2.3 Neurotransmissao: sistema GABAégico

O 4acido y-aminoburitico (GABA) é o principal neurotransmissor inibitério
presente no sistema nervoso central dos vertebrados. O GABA ativa duas classes de
receptores distintos, 0 GABAA e 0 GABAg. Os receptores GABA 5 abrem os canais de cloreto
e sdo antagonizados pela picrotoxina e bicuculina, ambas provocando convulsoes
generalizadas (BORMANN, 2000; SILVILOTTI; NISTRI, 1991). Os receptores GABAp
podem ser ativados seletivamente pela droga antiespdstica, baclofeno, e estdo acoplados a
proteina G, que inibem os canais de célcio ou ativam os canais de potassio (BORMANN,
2000; BOWERY, 1993).

Os receptores GABAA sdo os de maior importincia por possuirem um papel
central na regulacdo da excitabilidade cerebral, através dos seus efeitos inibitérios, e, muitas
drogas importantes tais como os benzodiazepinicos, proporcionam vdrios efeitos relacionados
com este receptor, tais como a sedacdo e a inducao do sono, a reducdo da ansiedade e da
agressdo, a reducdo do tonus muscular e da coordenacdo, efeito anticonvulsivante além de
amnésia anterégrada. Estes efeitos dos benzodiazepinicos acontecem através da
potencializacdo em resposta a0 GABA por facilitar a abertura dos canais de cloretos ativados

pelo GABA. Eles se ligam de um modo especifico em um sitio regulador do receptor, distinto
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do sitio ligante de GABA, e agem de modo alostérico aumentando a afinidade do GABA pelo
receptor (RANG et al., 2011) (Figura 1).
Figura 1- Sintese e metabolismo do GABA.

Fonte: Disponivel em: www.javeriana.edu.com/.../gabal.gift/

O receptor GABAA € um canal idnico ativado por ligante, consistindo de um
aglomerado pentamérico, construido pela associacdo de 18 ou mais subunidades diferentes. A
subunidade a do complexo pentamérico ocorre em seis isoformas (al-06). Diferentes efeitos
benzodiazepidicos podem, assim, estar ligados a diferentes subtipos de receptores GABA,,
sugerindo a possibilidade de desenvolvimento de novas substancias com efeitos mais
seletivos do que os benzodiazepidicos existentes (JOHNSTON, 1991; RANG et al., 2011)
(Figura 2).

Figura 2 - Receptor GABA A

GABA

GABA

Benzodiazepinicos

Propofol Etanol

Esterdides Anestésicos

Fonte: Adaptado de: www.niaaa.nih.gov/.../gaba_receptor.gift
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2.4 Modelos de estudo de desordens neurocomportamentais para analise de ansiedade

em animais

Os modelos de estudos comportamentais em animais desempenham um papel
central na investigacdo cientifica dos mecanismos fisiol6gicos € nos processos que estdo
envolvidos no controle do comportamento normal e anormal (HOLMES, 2003; RODGERS et
al, 1997). Muitos destes modelos tém sido utilizados com sucesso para testar novas drogas
ansioliticas ou antidepressivas e compreender os mecanismos neuronais (ARBORELIUS et
a.l, 1999, PATERSON et al., 2001; KALUEFF; MURPHY, 2007).

Os modelos experimentais com animais para andlise de ansiedade evocam, pela
simples exposi¢do do animal, a um novo ambiente ou estimulo, comportamentos de medo ou
defensivos, andlogos as principais manifestacoes evidenciadas em individuos com transtornos
de ansiedade. Entre esses modelos, pode-se citar o teste do labirinto em cruz elevado (LCE),
no qual animais submetidos ao referido teste apresentam um comportamento denominado de
avaliacdo de risco, o qual pode ser relacionado a hipervigilancia, apresentada por individuos
ansiosos (BLANCHARD; GRIEBEL BLANCHARD, 2001). Embora haja atualmente outros
modelos animais de ansiedade, como o modelo de placa perfurada, o LCE € sensivel aos
efeitos de lesdes neurotéxicas em neurdnios serotoninérgicos e aos efeitos de farmacos
ansiogénicos e/ou ansioliticos, o qual indica o referido modelo como um dos mais adequados
para andlise de novos bioativos com potencial efeito terapéutico para distirbios de ansiedade
(PELLOW; FILE, 1986).

Assim, o desenvolvimento de novas drogas ou a utilizacdo de diferentes
estratégias farmacoldgicas para o tratamento de doencas inflamatdérias cronicas continua
sendo de extrema importincia, € a busca por novos compostos mais efetivos e com baixa
toxicidade, possuindo efeitos adversos minimos, vem sendo alvo de muitas pesquisas
(Monteiro et., 2016).

Nesse contexto, as algas marinhas sdo consideradas uma fonte potencial na
bioprospeccdo de novos farmacos, pois sdo ricas em diversos compostos quimicos
biologicamente ativos, como os polissacarideos sulfatados, que possuem capacidade anti-
inflamatdria, antinociceptiva e ansiolitica (Coura et al. 2012; SINGH; THAKUR; BANSAL,
2013; ABREU et al., 2016).
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2.5 Algas

As algas sdo organismos autotréficos pertencentes ao Reino Protista, que
precisam realizar fotossintese para elaborar o alimento que precisam. Fazem parte dos seres
unicelulares (eucariéticos) e multicelulares (procaridticos). Sdo taldfitas (plantas sem raizes,
caules e folhas), sendo a clorofila “a” o pigmento fotossintético principal (VAN DEN
HOECK; MANN; JAHNS, 1999). Em relacdo ao habitat, as algas sdo principalmente
aqudticas, encontradas nos oceanos, em dguas estudrias, dulciolas, e em superficies timidas.
Sua distribui¢do esta relacionada com a temperatura e salinidade da dgua, disponibilidade de
luz solar, correntes dos oceanos e das condicdes fisicas e quimicas ambientais (RAVEN et al.,
2007).

As macroalgas, do ponto de vista botanico, encontram-se divididas em trés
principais grupos de acordo com sua estrutura fisica, funcdo e ciclo reprodutivo em:
Chlorophyta (algas verdes), Phaeophyta (algas pardas) e Rodophyta (algas vermelhas)
(VIDOTTI; ROLLEMBERG, 2004).

As algas vermelhas apresentam uma grande diversidade de espécies, que estio
distribuidas desde as regides tropicais até ambientes mais frios. Existem cerca de 4000 a 6000
espécies destas algas. Sendo a grande maioria de habitat marinho. Apresentam
frequentemente coloracdo avermelhada, isso devido a presenca de ficoeritrina, pigmento
fotossintético acessorio presente no interior dos cloroplastos. As algas vermelhas além da
clorofila “a”, apresentam também a clorofila “b”, e o polissacarideo conhecido como “amido
das florideas” como material de reserva (DAVIS; VOLESKY; MUCCI, 2003; VIDOTTI,
ROLLEMBERG, 2004).

A utilizacdo de algas no comércio global € de grande importincia na economia
mundial, principalmente nos paises asidticos como Japao, China e Filipinas. A principal
forma de utilizacdo € através do cultivo de espécies em cativeiros para obtencdo do Agar,
carragenina e alginato. Sendo os hidrocoldides os que t€ém maior significancia comercial,
devido a propriedade de formar gel, reter d4gua e emusificar (SILVA et al., 2010). Também
sdo de grande utilizacdo na culindria (McHUGH, 2003), nas industrias de papel e t€xtil como
espessante de corantes (TURK; SCHNEIDER, 2000) e na farmacéutica como microesferas

para liberacao de drogas (CHAN; LEE; HENG, 2007).
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2.5.1 Género Gracilaria

As algas marinhas oferecem amplos produtos e beneficios para a sociedade, como
aplicagdo na nutricdo, na cosmética, nos estudos farmacolégicos, nos processamentos de
alimentos e na biotecnologia (MORANO et al., 1991; CAMPOS et al., 2009).

As espécies do género Gracilaria destacam-se por possuirem alta concentragao de
dgar, que € de grande interesse na industria alimenticia em todo o mundo (MELO et al., 2002;
PLASTINO; OLIVEIRA, 2002;). Sao encontradas principalmente nos mares temperados e
tropicais, nas zonas entre-marés até o infralitoral. Seu comprimento pode variar de 0,1 a 5
metros, apresentando talo cilindrico ou achatado, filamentoso ou pseudoparenquimatoso.
Suportam variacdes de temperatura, salinidade, e circulacdo de dgua. Sua coloragdo ¢é
vermelha, porém pode haver variacio para cor verde (GUIMARAES; PLASTINO;
OLIVEIRA, 1999).

No Brasil, as regides de maior produtividade de algas do género Gracilaria
encontram-se entre os estados da Paraiba e Ceara (OLIVEIRA; MIRANDA, 1998;
MIRANDA, 2000;). Segundo Oliveira (1998), as espécies de maior potencial econdmico sao
G. cornea, G. caudata e Gracilariopis tenuifrons, todas encontradas nas dguas quentes dos
estados do nordeste. Apresentam crescimento vegetativo livre ou se fixam a pequena rochas e
fragmentos de corais em niveis de maré baixa (SINHA et al., 2000), além de possuirem
flexibilidade e um talo cilindrico de consisténcia carnosa (JOLY, 1965).

A alga marinha G. cornea J. Agardh (Figura 3) esta presente no oceano atlantico
entre o golfo do México até Cabo Frio, no Brasil (BIRD et al., 1986). Sua utilizacdo na
producdo de 4gar € alta, devido ao seu grande rendimento. Como consequéncia dessa
importancia econdmica, muitos aspectos fisiologicos t€m sido estudados, tais como
crescimento em laboratérios (YOKOYA; OLIVEIRA, 1992), fotossintese e pigmentos
(DAWES et al., 1999), compostos que absorvem radiacdo violeta (SINHA et al., 2000),
qualidade do dgar (LEON, 1990; ESPINOZA et al., 2003) e reproducio (GUZMAN-
URIOSTEGUI; ROBLEDO, 1999).
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Figura 3 - Alga marinha vermelha Gracilaria cornea

Fonte: taibif.org.tw

2.6 Polissacarideos sulfatados

Os polissacarideos sulfatados representam uma classe de macromoléculas
polianidnicas complexas e heterogéneas formadas por unidades repetitivas de agucares e
carregadas negativamente devido a presenca de grupos sulfatados ou da carboxila de acidos
urdnicos, sendo encontrados principalmente em algas marinhas e reino animal, porém sem
relatos nas plantas superiores terrestres (JIAO et al., 2011; MEDEIROS et al., 2008).

Nas algas marinhas vermelhas os polissacarideos sulfatados estdo presentes na
forma de galactanas sulfatadas, as quais sdo constituidas por unidades dissacaridicas
repetitivas, da mesma forma que muitos polissacarideos de tecidos conjuntivos de animais,
tais como: condroitim sulfato, dermatam sulfato, heparam sulfato e queratam sulfato

(FARIAS et. al., 2000).

2.6.1 Galactanas sulfatadas de algas vermelhas

As algas marinhas vermelhas biossintetizam uma grande variedade de galactanas
sulfatadas que sdo os principais componentes da matrix intracelular. Essencialmente, elas
consistem de cadeias lineares formadas de dissacarideos repetitivos, designados por unidade
A, constituida por unidades de B-D-galactopiranose ligadas através dos carbonos C-1 e C-3 e
unidade B constituida por unidades de a-galactopiranose, ligadas através dos carbonos C-1 e

C-4 (VAN DE VELDE; PEREIRA; ROLLEMA, 2004). Algumas unidades de a-
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galactopiranose podem também ocorrer na forma ciclizada 3,6-anidrogalactopiranose
(PAINTER, 1983). Portanto, a cadeia linear da galactana € formada pela alternancia das
unidades A e B (AB), de acordo com a estrutura repetitiva esquematizada:
[(—3)- B-D-galactopiranose-(1—4) -a-galactopiranose-(1—)|n
unidade A unidade B
As galactanas apresentam dois grandes grupos bem conhecidos designados de
agaranas e carragenanas dependendo de sua configuracdo. A unidade A sempre se apresenta
na configuragdo enantiometrica D-, enquanto que a unidade B pode se apresentar tanto na
configuracdo D- como na L-. Assim, de acordo com a estereoquimica da unidade B, estas
galactanas podem ser classificadas como carragenanas, quando esta pertencer a série D-, ou
agarana, quando pertencer a série L- (STORTZ; CASES; CEREZO, 1997). No entanto
estudos estruturais detalhados demonstram um terceiro grupo de galactanas onde a unidade B
apresenta configuracdo D- e L- na mesma molécula, denominados de hibridos — D/L
(STORTZ; CEREZO, 2000).
A alga marinha vermelha G. cornea foi caracterizada por Melo e colaboradores

(2002) e apresentou estrutura quimica na forma de agarana sulfatada.

2.6.2 Polissacarideos sulfatados e suas atividades biologicas

Atualmente, as algas marinhas tém grande importancia como novas fontes de
substancias bioativas (WIJESEKARA; KIM, 2010). Estudos demonstram que as atividades
bioldgicas dos polissacarideos sulfatados (PSs) dependem da densidade de cargas, teor de
sulfato, estrutura quimica, peso molecular e conformagdo de cadeia (RODRIGUES et al.,
2010).

Nandini e colaboradores (2004) relataram que polissacarideos sulfatados,
extraidos de notocorda de peixe, modulam positivamente a producdo de fatores de
crescimento em cultura de células de hipocampo de rato, como BDNF, fator neurotréfico
derivado da glia (GDNF), fator de crescimento vascular endotelial (VEGF) e fatores de
crescimento de fibroblasto (FGF). De acordo com os autores, as interagdes entre os
polissacarideos sulfatados e esses fatores de crescimento neurotréficos sugerem a
possibilidade de implicacdes in vivo no desenvolvimento de agentes terapéuticos para o
tratamento de doencas neuronais e injurias cerebrais.

A partir de entdo, a literatura tem demonstrado vérios tipos de polissacarideos

compostos por grupos sulfatados, de origem animal e vegetal, com efeitos neuroprotetores,
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como: proliferacdo de células neurais (ZHANG et al, 2010; SHENG et al, 2011);
antineurotoxicidade (GAO et al, 2012); antioxidante (YANG et al, 2011); e anti-
neuroinflamatério, através da modulacdo de mediadores inflamatérios como 6xido nitrico
(NO) (LEE et al., 2007).

Outras atividades bioldgicas foram descritas para PSs extraidos de algas marinhas,
tais como: antibacteriana (GEDENNE et al., 2013), antioxidante (MELO er al., 2013),
antiviral (RABANAL, et al., 2014), antitumoral (ZHOU et al., 2004), antitromboética
(FONSECA et al., 2008), anti-endematogénica (QUINDERE et al., 2013) antinociceptiva
(COURA et al., 2012), anti-inflamatéria (VANDERLEI et al., 2011), anticoagulante
(RODRIGUES et al., 2010) e anticancerigena (SYNYTSYA et al., 2010). Além disso, essas
moléculas tém a capacidade de modular mediadores inflamatérios (PANGESTUTI; KIM,
2011), propiciar proliferacdo em células neuronais (LEE et al., 2007) e modular a plasticidade
neural em hipocampo (GAO et al., 2012).

Tem sido relatado na literatura que os PSs das espécies de algas marinhas pardas
Ecklonia cava e Laminaria japonica, que apresentam efeito anti-inflamatério, também
apresentam acdo neuroprotetora em modelos experimentais de animais, (PANGESTUTI;
KIM, 2011; GAO et al., 2012). Sabe-se que os PS das espécies de alga marinhas vermelhas
Gracilaria cornea também apresentam efeitos anti-inflamatério e antinociceptivo, com acao
periférica e central (COURA et al., 2012). Estudos recentes mostraram que o extrato de PS da
G. cornea apresentou efeito ansiolitico com um possivel envolvimento do sistema Gabaérgico
(MONTEIRO, 2014). Portanto, a agarana sulfatada € um potencial agente para avaliagdo

neuroprotetora e neuroquimica nos distirbios neurocomportamentais (ansiedade e depressao).
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3 OBJETIVOS

3.1 Objetivo geral

Investigar o mecanismo de acdo do efeito ansiolitico da agarana sulfatada presente na

macroalga marinha vermelha Gracilaria cornea (AS-Gc).

3.2 Objetivos especificos

e Obter as fracOes de agarana sulfatadas da alga marinha G. cornea;

e Estudar a atividade motora e relaxante muscular nos modelo de campo aberto e rota rod,

respectivamente;

e Verificar a atividade ansiolitica nos modelos de labirinto em cruz elevada e placa

perfurada e o mecanismo de acdo do sistema GABAérgico;

e Analisar o potencial neuroquimico da AS-Gc através das dosagens bioquimicas de
aminodcidos (dcido aminobutirico e glutamato) em dreas cerebrais (cortex pré-frontal

e Hipocampo) de camundongos.
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4 ARTIGO DA TESE

Anxiolytic-like effect of Sulfated Agaran from the red seaweed Gracilaria cornea is

dependent on the action of neurotransmitters GLU e GABA in GABAergic system
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ABSTRACT:

Sulfated polysaccharides (SP) are found in various marine organisms and their biomedical
properties, namely the immunomodulatory, anti-inflammatory capacity and antitumoral have
aroused great interest in the medical sciences. This work presents the behavioral effects of SP
isolated from the red marine alga Gracilaria cornea (Sulfated agaran from G. cornea (SA-
Gc)) in animal models, such as the elevated plus maze (EPM), hole board, open field and rota
rod and amino acids dosage. The SA-Gc was administered intraperitoneally to male mice at
single doses of 0.1, 1 and 10 mg/kg, while diazepam 1 or 2 mg/kg was used as a standard drug
and flumazenil 2 mg/kg was used to evaluate the participation of benzodiazepinic receptors.
After behavioral tests, these animals were sacrificed and had their prefrontal cortex (PFC) and
hippocampus (HC) dissected for assaying amino acids (glutamate-GLU and
Gammaaminobutyric acid-GABA). The results showed that SA-Gc 10 mg/kg significantly
modified all the observed parameters in the EPM and hole board tests, without altering the
general motor activity in the open field and rota rod. The effects of the SA-Gc on amino acid
concentration in PFC and hippocampus showed increased GLU and GABA. Flumazenil
reversed not only the diazepam effect but also the SA-Gc 10 mg/kg effect. The results showed
that SA-Gc 10 mg/kg presented an anxiolytic-like effect that probably is related to

GABAergic mechanism of action, disproving sedative effects.

Keywords: GABAergic sistem; anxiolytic; sulfated Agaran; Natural product;
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1. Introduction

Neurobehavioral disorders, such as anxiety, have affected many people
throughout the world and are among the major psychiatric disorders that decrease quality of
life (Katzman et al., 2014; Craske et al., 2018). In recent decades, pharmacological treatment
of anxiety disorders has extensively used benzodiazepine, a class of drugs that allosterically
modulate gamma-aminobutyric acid type A (GABA,) ionotropic receptors (Lerma and
Marques, 2013). Several agents known to mediate GABA neurotransmission have shown
great potential for use in the management of anxiety. The benzodiazepines, as a result of their
selective mechanismof action targeting the GABA,, have been widely used to manage
anxiety disorders (Uhlenhuth et al., 1999). However, some adverse effects have been reported,
including sedation, muscle relaxation, anterograde amnesia, and physical dependence
(Zarrindast et al., 2008; Barbosa et al., 2008; Skolnick, 2012 ). Thus, there is a growing
interest in the development of new pharmacological agents based on biologically active
natural products as alternative therapeutic for the management of this disorder (Teixeiras et
al., 2011).

Currently, new neuroprotective strategies are being sought and molecules with
high molecular weight have been neglected because they have complex structures. However,
studies have shown several types of sulphated animal and plant polysaccharides with
neuroprotective effects, such as neural cell proliferation (Chen et al., 2018; Li et al., 2019),
antineurotoxic (Luo et al., 2009; Gao et al., 2012), and antioxidante activity (Yang et al.,
2011; Chen and Huang, 2018).

Sulphated agaran is a type of sulphated polysaccharides found in the kelp
Garcilaria cornea. They are complex macromolecules that can interact with a wide variety of
matrix and cell proteins because of their chemical structure, which is rich in polyanions

(Arfors and Ley, 1993). The chemical structure of the sulfated agar of G. cornea was
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previously characterized with spectroscopic analyzes of FTIR and NMR. The structural
components of this polysaccharide are mainly 3,6-anhydro-a-L-galactose (3.6 AG). Minor
components, such as 6-O-methylgalactose, glucose, xylose and sulfate groups were detected
as previously described (Melo et al., 2002). As the sulphated polysaccharides from G. cornea
showed an antinociceptive effect (Coura et al., 2012), Neuroprotective (Souza et al., 2017)
and anxiolytic effect on the central nervous system with the possible involvement of
gabaergic sistem (Monteiro et al., 2016). This led us to investigates mechanism of action the
anxiolytic effect of sulfated agarane through neurochemical dosing of glutamate and

gammaaminobutyric Acid in cerebral brain areas of mice.

2. Materials and methods

2.1. Algae

The Specimens of G. cornea were collected along the Flecheiras Beach, at the city
of Trairi, state of Ceard, Brazil, and was taken to the Carbohydrates and Lectins Laboratory
(Carbolec, Fortaleza, Ceard, Brazil), Department of Biochemistry and Molecular Biology,
Federal University of Ceard, and cleaned of epiphytes, washed with distilled water and stored
at -20°C until use. A voucher specimen (no. 34739) was deposited in the Herbarium Prisco

Bezerra in the Department of Biological, Federal University of Cear4, Brazil.

2.2. Animals
Male Swiss mice (20-30 g) were used in each experiment and animals were

maintained at a controlled temperature (25+1°C) with a 12h dark/light cycle with free access
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to water and food. For the complete study, a total of 64 mice were used. Animals were treated
in accordance with the current law and the NIH Guide for Care and Use of Laboratory
Animals. The study was performed under the consent and surveillance of the Committee of
Ethics in Animal Research under protocol number 45/13, Department of Physiology and

Pharmacology, Faculty of Medicine, Federal University of Ceard, Ceard, Brazil.

2.3. Obtation of sulphated agaran

Approximately 5 g of the algae dried tissue was submitted to papain digestion (6
h, 6OOC) in 100 mM sodium acetate buffer (pH 5.0) containing cysteine and EDTA (5 mM)
for the extraction and purification of total sulphated polysaccharides as previously described
by Farias et al., 2000 with modification according to Coura et al. (2012). After these
processes, it obtained the sulfated Agaran were called SA-Gc. The total sugar content was
estimated by phenol—sulphuric acid analysis using D-galactose as the standard (Dubois et al.,
1956). After acid hydrolysis of the soluble polysaccharides (1 M HCI, 110°C, 5 h), free
sulphate was measured by the gelatin—barium method previously described, using Na2SO4 as
a standard (Dodgson and Price, 1962). The protein content was measured by staining with
Coomassie Brilliant Blue G-250, using BSA as the standard (Bradford, 1972). To verify the
presence of possible pollutants, such as nucleic acids, the absorbance was measured using a
NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific, Ottawa, ON, Canada). SA-Gc
was also characterized by FT-IR spectroscopy. The FT-IR spectroscopic data were recorded
using a Shimadzu IR spectrophotometer (model 8300; Shimadzu Corporation, Tokyo, Japan)

between 400 and 2000 cm™ . The samples were analysed as a KBr pellet.
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2.4. Drugs and doses

SA-Gc were solubilized in 0.9% sterile NaCl (saline). Animals were treated with
the substance at doses of 0.1, 1 or 10 mg/kg, intraperitoneally (i.p.), 30 min before the
experiments. Controls received vehicle (saline with 0.9%) at the same volume (10 ml/kg)
administered by the same route as the treated groups.

Diazepam (DZP) 1 or 2 mg/kg used as standard were intraperitoneally injected
after dissolution in distilled water. It is well known that benzodiazepines act as anxiolytics (at
low doses) and also produce sedation and myorelaxant effect at higher doses (Novas et al.,
1988). Thereby our group has used diazepam at 1 mg/kg in elevated plus maze test and hole-
board tests as standard drug for anxiolytic effect, as well as diazepam 2 mg/kg in open field
and rota rod tests as standard drug for sedative and miorelaxant effects, respectively.
Flumazenil (FLU), a recognized competitive antagonist at the central benzodiazepine
receptor, was intraperitoneally injected after dissolution in distilled water 15 min before the
treatment with SA-Gc to elucidate a possible action mechanism GABA a/benzodiazepine

related.

2.5. Experimental protocol
The animals were tested during the light period and observed in a closed room at

constant temperature (25 + 1 °C) which was poorly illuminated with a 15-V red light.

2.6. Pharmacological tests
2.6.1. Elevated plus maze test (EPM)

The elevated plus maze test for mice (Lister, 1987) consisted of two perpendicular
open arms (30x5 cm) and two closed arms (30x5%25 c¢m) also in perpendicular position. The

open and closed arms were connected by a central platform (5x5 cm).
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The platform and the lateral walls of the closed arms were made of transparent
acrylic and the floor of black acrylic. The maze was 45 cm above the floor. After treatment,
the animal was placed at the center of the plus maze with its nose in the direction of one of the
closed arms, and observed for 5 min, according to the following parameters: number of
entries in the open and closed arms, and time of permanence in each of them. The time of
permanence measures the time spent by the animal in the open and closed arms. Anxiolytic
compounds reduce the animal's aversion to the open arms and promote the exploration
thereof. The parameters observed were: percentages of entries into open arms (PEOA),
number of entries in the open arms (NEOA), time of permanence in open arms (TPOA) and
percentage of time of permanence in the open arms (PTOA).

To this test, the animals were divided into eight groups of 10—15 animals each.
The different groups were treated with: saline (control), SA-Gc (0.1, 1 or 10 mg/kg), DZP (1
mg/kg), FLU (2 mg/kg) + SA-Ge (10 mg/kg), FLU (2mg/kg) + DZP (1mg/kg) and FLU (2

mg/kg).

2.6.2. Hole-board test

The hole-board test for exploratory behavior in mice was used as described
previously by Clark et al. (1971). The apparatus used was an Ugo Basile of 60x30 cm with 16
evenly spaced holes with built-in infrared sensors. In brief, adult male mice were randomly
divided into five groups with 8 mice per group. The mice were divided randomically in five
groups: group treated with doses SA-Gc (0.1, 1 or 10 mg/kg); positive control group treated
with DZP (1 mg/kg) and negative control group (0.9% saline). Thirty minutes after the
intraperitoneally administration of DZP or SA-Gc, the number of head dips into the holes was

counted for each animal for 5 min.
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2.6.3. Open-field test

The open-field area was made of acrylic (transparent walls and black floor,
30x30x15 cm) divided into nine squares of equal area. The open-field was used to evaluate
the exploratory activity of the animal for 5 min of the 6 min testing period (Archer, 1973).
The observed parameters were as follows: number of squares crossed (with the four paws).

The animals were divided into five groups of 10-15 animals each. The different groups were

treated with: saline (control), SA-Gc (0.1, 1 or 10 mg/kg) and DZP (2 mg/kg).

2.6.4. Rota rod

Animals were selected for the rota rod test before the pharmacological test. Mice,
8 per group, were divided in five groups and treated with: saline (control), SA-Gc (0.1, 1 or
10 mg/kg) and DZP (2 mg/kg). Thirty minutes after intraperitoneally administration of
treatments, mice were placed with the four paws on a 2.5 cm diameter bar, 25 cm above the
floor and the time of permanence on the bar was measured for 1 min, for each animal. The

rotating speed was of 12 rpm (Dunham and Miya, 1957).

2.6.5. Amino acids concentration measurement

Immediately after experimental behavior tests, the animals were sacrificed by
rapid decapitation and the brains were quickly removed and placed on aluminum foil in a
Petri dish on ice. Prefrontal cortex (PFC) and hippocampus (HC) and were dissected for the
measurement of aminoacids. After dissection, the area has been removed and stored at -70 ° C
for amino acid determination.

Analyses of the amino acids glutamate and gammaaminobutyric Acid were
assayed by reverse-phase High Performance Liquid Chromatography (HPLC) with UV-VIS

spectrophotometric detector. Reverse phase column (Shim-pack, CLC-ODS 150x4.6mm:;
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Shimadzu, Kyoto, Japan), na amperometric detector (Shimadzu, L-ECD-6A), and a liquid
chromatography work station were used. A fluorimetric detection method was used, as
previously described (Lindroth and Mopper, 1979). The area of each peak was determined
with Shimadzu software and compared to the peak area of the corresponding external

standard. Amino acid concentration was expressed as pumol/g of tissue.

2.6.6. Statistical analysis

Statistical analysis was performed with Graph Pad Prism 5.0 for Windows, Graph
Pad Software (SanDiego, CA, USA). The behavioral results were evaluated by one-way
ANOVA followed by Student Newman-Keuls’s post hoc test. All results are expressed as

means + S.E.M (standard errors of the mean). Results were considered significant at p<0.05.

3. Results

3.1. Elevated plus maze test (EPM)

Elevated plus-maze test was conducted to investigate anxiety-like behavior of the
animals. Fig. 1 shows the effect of SA-Gc in the EPM test in all doses. The results
demonstrated that the intraperitoneally treatment of SA-Gc 10 mg/Kg and Diazepam 1
mg/Kg, significant increase all parameters analysed, NEOA, PEOA, TPOA and PTOA when
compared with the respective controls: NEOA [control: 2.66 + 0.23 (9); SA-Gc 0.1mg/kg:
4.25 £ 0.41 (8); SA-Gc Img/kg: 4.25 £ 0.31 (8); SA-Gc 10 mg/kg: 6.50 + 0.42 (8); DZP 1
mg/kg: 6.44 £ 0.37 (8)]; PEOA [control: 23.34 + 2.55 (8); SA-Gc 0.1mg/kg: 30.04 £ 2.69 (8);
SA-Gc Img/kg: 33.74 + 2.18 (8); SA-Gc 10mg/kg: 38.17 £ 1.60 (8); DZP 1 mg/kg: 36.01 £
1.09 (8)]; TPOA [control: 34.71 + 3.58 (8); SA-Gc 0.1mg/kg: 48.17 + 4.86 (8); SA-Gc

Img/kg: 49.86 + 4.43 (8); SA-Gc 10 mg/kg: 59.00 £ 3.14 (8); DZP 1mg/kg: 49,20 £+ 2.43 (8)]
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and PTOA [control: 17.52 + 1.51 (8); SA-Gc 0.Img/kg: 21.62 + 3.04 (8); SA-Gc 1mg/kg:
23.26 +2.35 (8); SA-Gc 10 mg/kg: 34.93 +£2.18 (8); DZP 1 mg/kg: 29.67 +1.26 (8)].

The results showed that the group SA-Gc 10 mg/kg pretreated with flumazenil (2
mg/kg) decreased all parameters analysed when compared with the SA-Gc 10 mg/kg group:
NEOA [SA-Gc 10 mg/kg: 6.50 + 0.42 (8); FLU 2 mg/kg + SA-Ge 10 mg/kg: 3.00 + 0.23 (8)];
PEOA [SA-Gc 10mg/kg: 38.17 = 1.60 (8); FLU 2 mg/kg + SA-Gc 10 mg/kg: 26.87 + 1.30
(8)]; TPOA [SA-Gc 10 mg/kg: 59.00 + 3.14 (8); FLU 2 mg/kg + SA-Ge 10 mg/kg: 30.78 +
2.36 (8)]; PTOA [SA-Gc 10 mg/kg: 34.93 +£2.18 (8); FLU 2 mg/kg + SA-Gc 10 mg/kg: 19.14
+1.73 (8)].

The diazepam group pretreated with flumazenil also decreased all parameters
analysed when compared with the diazepam group: NEOA [DZP 1 mg/kg: 6.44 + 0.37 (8);
FLU 2 mg/kg + DZP 1mg/kg: 3.22 + 0.27 (8)]; PEOA [DZP 1 mg/kg: 36.01 + 1.09 (8); FLU
2 mg/kg + DZP Img/kg: 23.41 + 0.55 (8)]; TPOA [DZP Img/kg: 49,20 + 2.43 (8); FLU 2
mg/kg + DZP 1mg/kg: 34.60 + 3.61 (8)]; PTOA: [DZP 1 mg/kg: 29.67 + 1.26 (8); FLU 2

mg/kg + DZP Img/kg: 18.38 £ 0.99 (8)].

3.2. Hole-board test

Hole-board test was another method used to measure the anxiety-like behavior of
the animals. Similar to diazepam 1 mg/kg, SA-Gec 10 mg/kg (Fig. 2) increased significantly
the number of head dips [control: 18.25 + 1.47 (8); SA-Gc 10 mg/kg: 32.38 + 1.56; DZP 1
mg/kg: 31.63 £ 1.52 (8)], as compared to control. As expected, these effects too were reverted
by pre-treatment with flumazenil [SA-Gc 10 mg/kg: 32.38 + 1.56 (8); FLU 2 mg/kg + SA-Gc

10 mg/kg: 26.87 £ 1.30 (8)].
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3.3. Open-field test
Fig. 3 shows that SA-Gc (0.1, 1 and 10 mg/kg) did not alter the number of
crossings as compared to control group. The animals treated with diazepam (2 mg/kg) had a

decreased number of crossings [control: 56.00 + 3.09 (8); DZP 2 mg/kg: 25.22 + 1.53 (8)].

3.4 Rota rod test

The absolute values of the number of falls and the time of permanence are
presented in Fig. 4. No alteration was observed in both parameters after treatment with SA-Gc
(0.1, 1 and 10 mg/kg) compared with the control, while diazepam (2 mg/kg) in a muscle
relaxant dose, as an example, increased the number of falls [control: 0.40 £+ 0.16 (8); DZP 2
mg/kg: 2.60 = 0.16 (8)] and decreased the time of permanence on the bar [control: 59.63 +

0.18 (8); DZP 2 mg/kg: 47.63 +2.02 (8)].

3.5 Amino acids concentration measurement

Figuere 5A shows the concentration of amino acids in prefrontal cortex of mice
after SA-Gc treatment. The administration of SA-Gc¢ 10mg/kg and DZP 1mg/kg increased
GLU ad GABA concentration, respectively [control: 552.80 + 19.04 (8); SA-Gc 10 mg/kg:
1536 + 43.49 (8); DZP Img/kg: 1590 + 47.71 (8)], [control: 373.00 + 31.54 (8); SA-Gc 10
mg/kg: 1070 £ 99.30 (8); DZP Img/kg: 1364 + 60.38 (8)].

In hippocampus (Fig. 5B), Glutamate end GABA concentrations increased in
treatment of SA-Gc 10mg/kg and DZP 1mg/kg, respectively [control: 1671 £ 164.5 (8); SA-
Gce 10 mg/kg: 2504 £ 152.8 (8); DZP 1mg/kg: 2355 + 136.30 (8)], [control: 1289 + 38.28 (8);
SA-Gc 10 mg/kg: 3265 + 160.50 (8); DZP 1mg/kg: 3054 + 195.2 (8)]. Figure 5C shows the

concentration reduced of amino acids in of mice after SA-Gc pretreated with flumazenil (2
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mg/kg) [control: 1289 + 38.28 (8); SA-Gc 10 mg/kg: 3265 + 160.50 (8); FLU 2 mg/kg SA-

Ge 10 mg/kg: 1460 £ 91.80 (8)].

4. Discussion

In the present study, the behavior effects of SA-Gc were studied in several classic
animal models, such as EPM, hole-board, open-field, and rota rod tests, in order to investigate
its possible activity on the central nervous system. These classic animal model tests are used
to screening of activities on the central nervous system providing information on anxiety and
psychomotor performance (Prut and Belzung, 2003).

The effect of SA-Gc was comparable to diazepam, a benzodiazepine anxiolytic.
Benzodiazepines have two characteristics, at low doses they act as anxiolytics and
anticonvulsants, and at high doses they produce sedative and myorelaxant effects (Melo et al.,
2006). Thereby diazepam 1 mg/kg was used in the EPM and hole-board test and 2 mg/kg in
open field and rota rod tests, as standard drug.

In the search for new benzodiazepine anxiolytic agents, The EPM test is
considered one of the most widely validated tests (Rodgers and Dalvi, 1997; Mizushige et al.,
2013), is based on the natural aversion of rodents for open spaces (Almeida et al., 2012).
Therefore, the greater the exploratory capacity of the animals, that is the longer in the open
arms, the lower their level of anxiety. (Casarrubea et al., 2013). Currently, benzodiazepines
are widely prescribed in the medical clinic due to their selective activity in the inhibitory
complex of the GABA, receptor and depression in the central nervous system.
Benzodiazepines increase the frequency of chloride- channels opening and, therefore, the flow
through the GABAA receptor, enhancing the inhibitory effect of GABA (Lilly and Tietz,

2000; Ishola et al., 2013).
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Our results showed that SA-Gc at dose of 10 mg/kg was able to increase
significantly all the parameters (PEOA, NEOA, PTOA and TPOA) in the EPM test, as
compared to the control group. Similar results were also observed with the diazepam treated
group at a recognized anxiolytic dose (1 mg/kg) (Chaves et al., 2018), suggesting an
anxiolytic-like effect from SA-Gc. Flumazenil is a recognized competitive antagonist at the
central benzodiazepine receptor and was used to elucidate the possible mechanism by which
the SA-Gc is actuating in this model. The results showed that flumazenil reversed not only the
diazepam effect but also the SA-Gc (10 mg/kg) effect, indicating that both drugs might
present a similar mechanism of action.

In order to confirm the anxiolitic activity observed in the EPM test, we decided to
use the hole-board test, in which it is also observed that the exploration is gradually inhibited
by anxiety (Crawley, 1985). In this way, similar to EPM, this test is also useful for modeling
anxiety and anxiolytics agents have been shown to increase the number of head dips (Siegel
and Sanacora, 2012). Our results showed that SA-Gc (10 mg / kg) significantly increased the
number of head sags, indicating anxiolytic action. Flumazenil reverted again the SA-Gc effect
(10 mg/kg), confirming a mechanism of action similar to benzodiazepines.

Open field test is able to evaluate exploratory activity and locomotor effects of
drugs in mice. Drugs that increase motor activity can often provide false-positive/negative
results in the number of open-arm entries and the number of head-drops in EPM tests and
holes, respectively (Novas et al., 1988). Our findings showed that the animals treated with
SA-Gc (10 mg/kg) dose which produced anxiolytic-like effects, did not induce changes in
locomotion of mice in the open-field arena, differently DZP (2 mg/kg), decreased this
parameter, showing a sedative effect. Therefore, the effects produced by SA-Gc observed in

the plus-maze and hole-board tests are not related to the stimulation of motor activity.
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Rota rod test is classic animal model used to evaluate peripheral neuromuscular
blockage. A deficit in motor coordination would affect performance in the EPM, hole-board
test and open-field tests (Venancio et al., 2011).The findings showed that SA-Gc (0.1, 1 and
10 mg/kg), different from diazepam (2 mg/kg), had no significant effect on the motor
coordination of the animals on rota rod test, suggesting that the anxiolytic-like effect might is
not involved to peripheral neuromuscular blockage, but rather by neurons that act on the
central nervous system (Amos et al., 2001).

Our work have shown in the behavioral tests that SA-Gc indicated that its
anxiolytic action seems to be related to the GABAergic system, we decided to study the effect
of this SA-Gc 10mg/kg, on excitatory (GLU) and inhibitory (GABA) amino acid
concentrations in brain areas (PFC and HC) related to anxiety disorders (Francisco and
Guedes, 2015).

Studies show that human social and affective function is related to the neural
network of the prefrontal cortex and is considered central to the pathophysiology of mood and
anxiety disorder (Motzkin et al., 2015). It is well known GABA, receptors are widely
expressed in the hippocampus and modulate memory related synaptic plasticity and learning
(Sperk et al. 1997; Fritschy and Brunig 2003), been closely related to negative emotions such
as depression, anxiety, catastrophizing and stress (Kjelstrup et al. 2002).

The acute administration of SA-Gc 10mg/kg increased the levels of Glu e GABA
amino acids both in PFC and HP. This result suggests that SA-Gc has an impact important in
the central nervous system which could mediate functions significant such as learning, and
memory and even as anxiety disorders.

Anxiolytic effects are known to exert their neuropharmacological actions by
changing the neurotransmitter levels in mice. (Martinez-Vazquez et al., 2011; Sotoing et al.,

2012) and drugs that increase GABA concentrations in brain regions such hippocampus and
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prefrontal cortex have demonstrated anxiolytic action (Etkin, 2009). Benzodiazepine actions
act through modulation subtype of a subunit present in the GABA, receptor leading to
increased subsequent chloride conductance inducing the activity of GABA. (Smith et al.,
2001; Nielsen, 2015). The increase GABA the major inhibitory neurotransmitter amino acid
in the central nervous system, resulting in a slowing of neurotransmission and sedative and
anxiolytic effects (Phan et al., 2005).

Glutamate is the main excitatory amino acid in CNS and an important precursor
of GABA. His role in the pathophysiology of anxiety is still unclear. Clinical study
demonstrated that, increased cortical glutamate concentrations were positively correlated with
anxiety symptoms in patients, suggesting that hyperfunction of cortical glutamatergic neurons
may be an important contributing factor for the etiology of anxiety and related disorders
(Modi et al., 2014, Chaves et al., 2017).

Our results showed that SA-Gc significantly increased GABA and Glu
concentrations the cerebral cortex and the hippocampus suggests that this molecule might

have a similar effect found in anxiolytic drugs.

5.Conclusions

In conclusion, our results suggest that the acute treatment with SA-Gc at a dose of
10 mg/kg presented an anxiolytic effect being reversed by the use of flumazenil, suggesting
that it is related to the mechanism of GABAergic action. Biochemical analysis confirmed this
action by increasing inhibitory amino acid GABA in PFC, HC. In addition, in contrast to
diazepam, SA-Gc (10mg/kg) had no sedative effect or myorelaxing properties and did not

alter locomotor activity.
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Figure legends

A B

Fig.1. Plus maze test of groups of mice which received vehicle, SA-Gc (0.1, 1 and 10 mg/kg), DZP (1 mg/kg) or FLU (2 mg/kg).
(A) NEOA, number of entries into open arms; (B) PEOA, percentage of entries into open arms; (C) TPOA, time of
permanence in the open arms; (D) PTOA, percentages of permanence in the open arms. The results are presented as mean
+ SEM. °Significant difference when compared with the control; bsignificant difference when compared with SA-Gc 10
mg/kg; “significant difference when compared with diazepam 1 mg/kg. (* p < 0.05, ** p < 0.01, *** p < 0.001) ANOVA and
Student—-Newman—Keuls’s as the post hoc test.
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Fig. 2. Hole-board test of groups of mice which received vehicle, SA-Gc (0.1, 1 and 10 mg/kg), and diazepam (DZP 1 mg/kg).
Number of head dips. The results are presented as means + S.E.M. Significant difference compared with control (**p<0.01).
ANOVA and Student—Newman—Keuls's as the post hoc test.
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Fig. 3. Open-field test of groups of mice which received vehicle, SA-Gc (0.1, 1 and 10 mg/kg), and diazepam (DZP 2 mg/kg).
The parameters analyzed were: number of squares crossed. The results are presented as mean + S.E.M. Significant
difference compared with control (**p<0.01). ANOVA and Student— Newman—Keuls's as the post hoc test.
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Fig. 4. Rota rod test of groups of mice which received vehicle, SA-Gc (0.1, 1 and 10 mg/kg), DZP (2 mg/kg). (A) Number of
falls. (B) Time on the bar. The results are presented as mean + SEM. Significant difference compared with control ( *** p <
0.001) ANOVA and Student— Newman—Keuls’s as the post hoc test.
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Fig.5. Amino acids concentration measurement of groups of mice which received vehicle, SA-Gc (10 mg/kg), DZP (1 mg/kg).
(A) Prefrontal cortex. (B) hippocampus.(C) Hippocampus, SA-Gc (10 mg/kg) or FLU (2 mg/kg). The results are presented as
mean + SEM. Significant difference when compared with the control. (* p < 0.05, ** p < 0.01, *** p < 0.001) ANOVA and

Student—Newman—Keuls’s as the post hoc test.
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5 CONCLUSAO

Em conclusio, nossos resultados sugerem que o tratamento agudo com AS-Gc na
dose de 10 mg/kg apresentam efeito ansiolitico sendo revertido pelo uso de flumazenil,
sugerindo que estd relacionado ao mecanismo de acdo GABAérgica. Andlises bioquimicas
confirmaram essa acdo aumentando o amino4cido inibitério GABA no PF e HC.

Além disso, ao contrdrio do diazepam, o AS-Gc (10mg/kg) ndo apresentou efeito
sedativo ou miorrelaxante e ndo alterou a atividade locomotora.

Assim, um aprofundamento nos estudos com a AS-Gc seria importante, pois

poderia ser uma perspectiva para sua posterior utilizacdo na inddstria farmacéutica.
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