| [~
[ [
[ [~4

UNIVERSIDADE FEDERAL DE PERNAMBUCO
=

33 CENTRO DE BIOCIENCIAS

[ ~ ~ L,

Lng PROGRAMA DE POS-GRADUACAO EM CIENCIAS BIOLOGICAS

PPGCB

BARBARA RAISSA FERREIRA DE LIMA

AVALIACAO DOS EFEITOS DA LECTINA DE FOLHAS DE Schinus terebinthifolia
SOBRE O TRANSTORNO DEPRESSIVO E ANSIEDADE EM CAMUNDONGOS

RECIFE
2023



BARBARA RAISSA FERREIRA DE LIMA

AVALIACAO DOS EFEITOS DA LECTINA DE FOLHAS DE Schinus terebinthifolia
SOBRE O TRANSTORNO DEPRESSIVO E ANSIEDADE EM CAMUNDONGOS

Dissertacdo apresentada ao Programa de PoOs-
graduacdo em  Ciéncias Bioldgicas da
Universidade Federal de Pernambuco, como
requisito parcial para obtencéo do titulo de Mestre
em Ciéncias Biologicas.

Area de Concentracdo: Sistemas Bioldgicos

Orientador: Profa. Dra. Patricia Maria Guedes Paiva

Coorientadora: Profa. Dra. Michelle Melgarejo da Rosa

RECIFE
2023



Catalogacao na Fonte
Bibliotecario: Marcos Antonio Soares da Silva
CRB4/1381

Lima, Barbara Raissa Ferreira de.
Avaliacao dos efeitos da lectina de folhas de Schinus terebinthifolia sobre o transtorno depressivo e
ansiedade em camundongos. / Barbara Raissa Ferreira de Lima . — 2023.
69 f. il fig.; tab.

Orientadora: Patricia Maria Guedes Paiva.
Coorientadora: Michelle Melgarejo da Rosa.

Dissertacdo (mestrado) — Programa de PoOs-Graduacdo em Ciéncias Biologicas da Universidade Federal
de Pernambuco, 2023.

Inclui referéncias.

1. Lectinas. 2. Aroeira da praia. 3. Depresséo. 4. Ansiedade. 5. Moniaminas. 6. Oxido nitrico. I.
Paiva, Patricia Maria Guedes (Orient.). ll. Rosa, Michelle Melgarejo da (Coorient.). Ill. Titulo.

570 CDD (22.ed.) UFPE/CB — 2024-046




BARBARA RAISSA FERREIRA DE LIMA

AVALIACAO DOS EFEITOS DA LECTINA DE FOLHAS DE Schinus terebinthifolia
SOBRE O TRANSTORNO DEPRESSIVO E ANSIEDADE EM CAMUNDONGOS

Dissertacdo apresentada ao Programa
de Pos-graduacdo em Ciéncias
Bioldgicas da Universidade Federal
de Pernambuco, como requisito
parcial para obtencdo do titulo de
Mestre em Ciéncias Biologicas.

Banca examinadora:

Profa. Dra. Patricia Maria Guedes Paiva (Orientadora)
Universidade Federal de Pernambuco

Prof. Dr. Emmanuel Viana Pontual (Examinador Interno)
Universidade Federal Rural de Pernambuco

Profa. Dra. Angela Amancio dos Santos (Examinadora Externa)
Universidade Federal de Pernambuco

Data: 27 /02 / 2023



A minha familia, dedico este trabalho.



AGRADECIMENTOS

Quero agradecer a Deus pela oportunidade que me foi concedida, pelas bencdos que me
foram dadas durante esta jornada e por todos os mixs de emocbes que é viver uma PGs-
graduacdo, que além de serem ensinamentos, foram também fortalecimentos (corpo, alma e
espirito).

Agradeco a minha familia que desde o inicio me apoiou e continua me apoiando
incondicionalmente. Se hoje estou aqui é porque vocés sempre estiveram ao meu lado. Amo
VOCES.

Quero agradecer as minhas orientadoras Profa. Dra. Patricia Maria Guedes Paiva e
Profa. Dra. Michelle Melgarejo da Rosa, primeiro, por terem me acolhido, segundo, por serem
profissionais tdo sublimes. Duas mulheres incriveis que admiro profundamente. Estendo a
minha gratiddo, agradecimentos e admiracdo ao Prof. Dr. Thiago Henrique Napole&o.

Agradeco em especial aos amigos Leydianne Patriota, Amanda Marinho e Jainaldo da
Costa, que me apoiaram integralmente e me recepcionaram maravilhosamente bem desde o
inicio dessa caminhada. A vocés, minha enorme gratiddo para a concretizacdo deste trabalho.
Minha gratiddo a Thamara Procopio, amiga que admiro e que formei lagcos desde o primeiro
momento em que verdadeiramente a conheci.

A todos que fazem parte do Laboratorio de Bioguimica de Proteinas (BIOPROT), muito
obrigada ndo s6 por compartilnarem seus conhecimentos, mas por juntos, podermos construi-
los.

Agradeco a Universidade Federal de Pernambuco (UFPE) pelas oportunidades de
crescimento.

Por fim, a Fundacao de Amparo a Cié ncia e Tecnologia do Estado de Pernambuco
(FACEPE) pela concessao da bolsa de Pos-Graduagao e ao Conselho Nacional de

Desenvolvimento Cientifico e Tecnologico (CNPq) e a Coordenagao de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES) pelo apoio financeiro para realizagao do projeto.



“Sonhe alto. O maximo que pode acontecer
é voce realizar umsonho a altura.”’

Pedro Gabriel



RESUMO

Os transtornos de ansiedade e depressivo afetam cada vez mais uma parcela consideravel da populacdo
e os indices de sucesso no tratamento sdo bem inferiores ao desejado. As farmacoterapias atuais
incluem agonistas dos receptores benzodiazepinicos e inibidores da recaptacdo de monoaminas.
Contudo, seu uso costuma provocar efeitos colaterais significativos, além de resisténcia com o uso
prolongado. A lectina (proteina ligadora de carboidratos) da folha de Schinus terebinthifolia (SteLL) ja
demonstrou atividades bioldgicas como efeitos antimicrobianos e imunomoduladores in vitro e
atividades antitumoral, antiangiogénica e antinociceptiva in vivo. No entanto, efeitos de SteLL na
modulagcdo do sistema nervoso central (SNC), especialmente quando relacionado a distdrbios
neuropsicoldgicos, ainda ndo tinham sido estudados. Assim, tornou-se objetivo deste trabalho, avaliar
se a lectina de folhas de Schinus terebinthifolia (SteLL) apresenta atividades antidepressiva
e ansiolitica em camundongos. Inicialmente, investigamos os efeitos ansiolitico e antidepressivo
agudos de SteLL (1, 2 e 4 mg/kg, i.p.) em camundongos Swiss. Trinta minutos ap6s a administracdo, a
acdo ansiolitica foi avaliada usando os testes de campo aberto (TCA) e labirinto em cruz elevado
(TLCE). Para avaliar sintomas de depressdo, foi utilizado o teste de suspensdo da cauda (TSC). As
combinacdes SteLL + diazepam (1 mg/kg + 0,5 mg/kg) e SteLL + fluoxetina (1 mg/kg + 5 mg/kg)
também foram avaliadas quanto aos efeitos ansiolitico e antidepressivo, respectivamente. A fim de
investigar o envolvimento do dominio de reconhecimento de carboidratos (DRC) nos efeitos de Stel L,
um grupo de animais recebeu solucdo da lectina previamente incubada com caseina (inibidor da
propriedade ligadora de carboidratos de SteLL). Possivel modulacdo da sinalizacdo monoaminérgica
foi avaliada através do pré-tratamento dos animais com antagonistas do adrenoceptor a2 (ioimbina),
do receptor de serotonina 5-HT2A/2C (quetanserina) e do receptor de dopamina D1 (SCH 23390).No
caso do efeito antidepressivo, também foi avaliada a interferéncia na sinalizagdo do 6xido nitrico (NO)
por meio do pré-tratamento com aminoguanidina, inibidor da via de éxido nitrico sintase induzivel
(iNOS), e com L-arginina (precursor do NO). Acdo antidepressiva subaguda também foi avaliada por
meio do tratamento com SteLL durante 7 dias. No TCA, SteLL (todas as doses) reduziu
significativamente o nimero de rearings. No TLCE, SteLL a 4 mg/kg e a combinagdo SteLL +
diazepam aumentaram o tempo que 0s animais passaram nos bragos abertos e reduziram o tempo nos
bragos fechados. Nao houve alteragdo dessas respostas do tipo ansiolitica quandoa solucédo de lectina e
caseina foi administrada. Acdo antidepressiva de SteLL, em todas as doses, e da combinacdo SteLL +
fluoxetina foi indicada pela redugdo no tempo de imobilidade no TSC. Nesse caso, a acdo parece ser
dependente do DRC, ja que a incubacéo prévia de SteLL com caseina bloqueou o efeito. Os efeitos de
SteLL no TLCE e no TSC foram inibidos pelo pré-tratamento com ioimbina, quetanserina e SCH
23390. Aminoguadinina inibiu os efeitos deSteLL no TSC, enquanto L-arginina os potencializou. Na
avaliacdo subaguda, o efeito anti- imobilidade do SteLL persistiu ap6s sete dias de tratamento. Em

conclusdo, SteLL apresentouefeito ansiolitico por atuar sobre a sinalizagdo monoaminérgica, enquanto



o efeito antidepressivo, além de envolver a modulacgéo dessa via, também envolve o DRC da lectina e

alteracdes na sinalizac¢do do Oxido nitrico.

Palavras-chave: Lectinas; aroeira da praia; depressao; ansiedade; moniaminas; éxido nitrico.



ABSTRACT

Anxiety and depression disorders increasingly affect a considerable portion of the
population and treatment success rates are much lower than desired. Current
pharmacotherapies include benzodiazepine receptor agonists and monoamine reuptake
inhibitors. However, its use usuallycauses significant side effects, in addition to resistance
with prolonged use. Schinus terebinthifolia leaf lectin (carbohydrate binding protein)
(SteLL) has already demonstrated biological activities such as antimicrobial and
immunomodulatory effects in vitro and antitumor, antiangiogenic and antinociceptive
activities in vivo. However, effects of SteLL oncentral nervous system (CNS) modulation,
especially when related to neuropsychological disorders, had not yet been studied.
Initially, we investigated the acute anxiolytic and antidepressant effects of SteL.L (1, 2 and
4 mg/kg, i.p.) in Swiss mice. Thirty minutes after administration, the anxiolytic action
was evaluated using the open field test (ACT) and the elevated plus maze test (TLCE). To
assess symptoms of depression, the tail suspension test (TST) was used. SteLL +
diazepam (1 mg/kg + 0.5 mg/kg) and SteLL + fluoxetine (1 mg/kg + 5 mg/kg)
combinations were also evaluated for anxiolytic and antidepressant effects, respectively.
In order to investigate the involvement of the carbohydrate recognition domain (DRC) in
the effects of SteLL, a group of animals received a lectin solution previously incubated
with casein (inhibitor of the carbohydrate binding property of StelLL). Possible
modulation of monoaminergic signaling was evaluated by pre-treating the animals with
a2- adrenoceptor (yohimbine), serotonin 5-HT2A/2C (quetanserine) and dopamine D1
receptor (SCH 23390) antagonists. In the case of the antidepressant effect, interference
with nitric oxide (NO) signaling was also evaluated through pretreatment with
aminoguanidine, an inhibitor of the inducible nitric oxide synthase (iNOS) pathway, and
with L-arginine (precursor of NO). Subacute antidepressant action was also evaluated
using SteLL treatment for 7 days. In TCA, SteLL (all doses) significantly reduced the
number of rearings. In TLCE, SteLL at 4 mg/kg andthe combination SteLL + diazepam
increased the time the animals spent in the open arms and reduced the time in the closed
arms. There was no change in these responses when the lectin and casein solution was
administered. The antidepressant action of SteLL, at all doses, and of the SteLL +
fluoxetine combination was indicated by the reduction in the immobility time in the CST.
In this case, the action appears to be DRC-dependent, as previous incubation of SteL.Lwith
casein blocked the effect. The effects of SteLL on TLCE and TSC were inhibited by



pretreatment with yohimbine, ketanserine and SCH 23390. Aminoguadinine inhibited the
effects of SteLL on TSC, while L-arginine potentiated them. In the subacute evaluation,
the anti-immobility effect of SteLL persisted after seven days of treatment. In conclusion,
SteLL had an anxiolytic effect by acting on monoaminergic signaling, while the
antidepressant effect, in addition to involving the modulation of this pathway, also
involves the CKD of the lectin and changes in nitric oxide signaling.

Keywords: Lectin; Brazilian pepper tree; depression; anxiety; monoamines; nitric oxide.
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Figura 1- Effects of SteLL (1, 2, and 4 mg/kg) i.p. treatment in the open field test. 39
Diazepam (1 mg/kg) was used as a positive control. Diazepam (0.5 mg/kg)
plus SteLL (1 mg/kg) was used to evaluate the synergic effect of both
compounds combined. (a) Total number of crossings. (b) Total number of
rearings. (c) Frequency of the mice entering the center zone. (d) The
overall duration of time mice spent in the center of the apparatus.
Significant differences compared with the control group: (*) p < 0.05; (**)

p < 0.001; (***) p < 0.0001; (****) p < 0.00001.

Figura 2 - Effects of SteLL (1, 2, and 4 mg/kg) i.p. treatment on the elevated plus 40

maze test. Diazepam (1 mg/kg) was used as a positive control.
Diazepam (0.5 mg/kg) plus SteLL (1 mg/kg) was used to evaluate the
synergic effect of both compounds combined. (a) Total time that mice
spent in open arms. (b) The number of entries into the open arms. (c)
Total time spent in closed arms. (d) The number of entries into the
closed arms. Significant differences compared with the control

group: (*) p <0.05; (**) p < 0.001; (***) p < 0.0001; (****) p < 0.00001.



Figura 3 - The incubation of lectin with casein did not revert the anxiolytic effect of 40
SteLL (4mg/kg) in the elevated plus maze test. (a) Total time that mice spent

in open arms.
(b) The number of entries into the open arms. (c) Total time spent in closed

arms. (d) The number of entries into the closed arms (*) p < 0,05; (**) p <
0.001; (***) p < 0.0001 compared to control.

Figura 4 - The incubation of lectin with casein did not revert the anxiolytic effect of 41
SteLL (4mg/kg) in the open field test. (a) The number od crossings. (b)
The number od rearings. (*) p <0,05; (**) p <0.001; (***) p < 0.0001

compared to control.

Figura 5 - The anxiolytic-like effect of SteLL in the EPM was dependent on a1
monoaminergic signaling. The pretreatment with the nonselective
antagonist of the a2-adrenoceptor yohimbine 1 mg/kg, the 5-HT2A/2C
serotonin receptor antagonist ketanserin 5 mg/kg, and the D1 dopamine
receptor antagonist SCH 23390 0.05 mg/kg inhibited the effect of
SteLL (4 mg/kg) on the time spent in the open (a) and closed (c) arms.
No changes were observed in the number of entries in open (b) and
closed (d) arms. The antagonists were administrated 15 min before
SteLL administration. The experiments were conducted 15 min after
SteLL administration. (**) p < 0.001; (***) p < 0.0001 compared to

control.

Figura 6 - The blockage of the monoaminergic signaling did not alter the rearing 4o
responses of SteLL administration (4 mg/kg) on the OFT. The
nonselective antagonist of the a2-adrenoceptor yohimbine 1 mg/kg, the
5-HT2A/2C serotonin receptor antagonist ketanserin 5 mg/kg, and the
D1 dopamine receptor antagonist SCH 23390 0.05 mg/kg were
evaluated. (a) There were no significant changes in the numbers of
crossing among the groups. (b) SteLL 4 mg/kg decreased the number of
rearings compared to the control even in animals pretreated with the

antagonists.
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Figura 1 - Evaluation of Schinus terebinthifolia leaf lectin (SteLL ) homogeneity 51
and carbohydrate-binding ability. (A) SDS-PAGE of SteLL samples used
in the present work , revealing a singl polypeptide band of ca.14 kDa.

(B ) The hemagglutinating activity of SteL L (1 ) was neutralized when 51
the lectin was previously incubated with casein (2 ) before the addition
of rabbit erythrocytes.

Figura 2 - Effects of SteLL (1, 2, and 4 mg /kg ) i.p treatment on immobility time 52
of animals measure d in th e TST. Fluoxetine (10 mg /kg ) was used as a
positive control . A significant effect was observed with all the tested
dose s of lectin and with combined therapy with a sub-effective dose of
fluoxetine (5mg/kg ) administered with the smaller dose of SteLL (1mg
/kg). (A) represents the total immobility time of mice inth e TST; (B) the
number of immobility events; (C) the latency of first immobility; (D) the
overall time of mice agitation . The experiments were conducted 30 min
after SteLL or fluoxetine or PBS administration. The statistical analysis
included ANOVA followed by the Bonferroni post hoc test . * = p <
0.05, ** =p<0.01. *p ***p < 0.0001 compared to control.

Figura 3 - Effects of SteLL (1, 2, and 4 mg /kg ) i.p treatment on the number of 52
crossings in the open field test . No differences were observed between the

groups .

Figura 4 - The antiimmobility effect of SteLL is dependent on the carbohydrate 52
recognizing domain . Results are expressed as mean s £ SE M (n = 6) .
** P < 0.01 indicates a significant difference between treatments
compared to control according to ANOVA followed by Bonferroni's

test .

Figura 5 - The antidepressant-like effect of SteLL in the TST is associated with 53
monoaminergic and oxid nitric pathways . The pre-treatment with the
non -selective antagonist of o 2 -adrenoceptor (yohimbine ; 1 mg /kg )
(BA) , the 5 -HT2A/2 C serotonin receptor antagonist (k etanserin ; 5
mg /kg ) (5B) , the D1 dopamine receptor antagonist (SCH 23390;
0.05 mg /kg ) (5C) , an inhibitor of INOS



(aminoguanidine ; 50 mg /kg ) (5E) prevented the anti -immobility
effect of the SteLL (4 mg /kg ) in the TST, but the effect was not
prevented by the non -selective inhibitor of nitric oxide synthase ( I -
NAME ; 10 mg /kg ) (5D). The precursor of NO( I -arginine ; 75 0 mg
/kg ) (5F) potentiated SteLL anti -immobility effect . Th antagonists or
PBS (grey bar) were administrated 15 min before SteLL or PBS
administration (white bar) . The experiments gere conducted 30minn
after SteLL or fluoxetine or PBS administration . The statistical
analysis included Two -way ANOVA followed by Turkey’s post hoc
test. *=p<0.05,** =p<0.01.*p***p

< 0.0001 compared to control.

Figura 6 - Subacute effects of lectin SteLL in mice evaluated on the tail suspension

test (TST). Mice were treated intraperitoneally with PBS (control),
fluoxetine (10 mg /kg), SteLL (1, 2, and 4 mg /kg), and SteLL (1 mg /kg
) + fluoxetine (5 mg /kg ) for seven days . The test was performed on the
first (A, C, E, G) and the last day (B, D, F, H) . Results are expressed as
mean s+ SEM (n=6).*P <0.05, ** P <0.01, ***P < 0.00 1 indicate
significant differences between treatments compared to control according
to ANOVA followed by Bonferroni's test .
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1. INTRODUCAO

A depressdo e a ansiedade séo transtornos mentais que afetam quase 5% e 3,6% da
populacdo mundial, respectivamente, e esses numeros mostram tendéncia a continuar
aumentando (GRACIOLI, 2020; OPAS, 2018; OMS, 2017). A depressdo é uma doenca mental
cronica, caracterizada por alteragdes de humor profundo, que podem ser prolongados, como
também por estado de euforia, irritabilidade, insdnia ou hipersonia e pensamentos de morte e
suicidio de forma recorrente (NESTLER, 2002; OPAS, 2020; WANG et al, 2017), enquanto a
ansiedade caracteriza-se por uma preocupacao excessiva de eventos incertos e desconhecidos
(DSM-5, 2014).

Os tratamentos atuais para esses transtornos sao feitos por terapias e medicamentos de
uso diario, que podem trazer consequéncias danosas tanto neurologicas quanto comportamentais.
Adicionalmente, nem todos os individuos conseguem ser contemplados com os tratamentos
em sua totalidade, seja por ndo terem possibilidade de aderir a farmacoterapia (viabilidade
financeira ou acesso pelo sistema publico de saide) e/ou por apresentarem significativas
reacOes adversas pelo uso continuo dos farmacos, como, fadiga, tremores, ganho de peso e
disfuncao sexual (NABAVI et al, 2015). Tais efeitos limitam as atividades de vida diaria e/ou
as interagdes sociais, levando também a impactos negativos a economia, com afastamento
constante do posto de trabalho e ao sistema de saude (MENARD et al., 2017; WANG et al.,
2017; PLANCHEZ et al., 2019; NESTLER et al, 2002).

A necessidade de minimizar os efeitos adversos e viabilizar o tratamento de forma
mais homogénea fez com que pesquisas com produtos naturais passassem a ser realizadas em
busca de novos componentes que ajudem no tratamento e adesdo de terapias a doencas
neuropsicologicas (EDDIN et al., 2021). Os produtos naturais e as atividades bioldgicas que
eles vém apresentando, tém chamado grande atencdo da populacdo cientifica (EKIERT e
SZOPA, 2020) e dentre 0s possiveis compostos, temos as lectinas.

As lectinas sdo proteinas que podem ser encontradas em varios organismos, inclusive
nas plantas (EKIERT e SZOPA, 2020) e vém se destacando por seu potencial bioldgico e
terapéutico. Citam-se como atividades ja investigadas de lectinas acbes anti-inflamatérias
(PATRIOTA et al.,, 2019a), antitumorais (PATRIOTA et al., 2019b), antinociceptivas
(RAMOS et al., 2020; MARINHO et al., 2023) e neuroprotetoras (RUSSI et al., 2012). Mesmo

ainda de conhecimento incipiente, a influéncia de lectinas na modulagdo molecular do sistema
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nervoso central (SNC) pode levar a respostas de ajuste comportamental, neuroprotecao e
neuroplasticidade (ARAUJO et al., 2020; LIN; LEVITAN, 1991).

A lectina da folha de Schinus terebinthifolia (SteLL) é uma proteina ligadora de quitina
que apresentou acao antimicrobiana contra patégenos (GOMES et al, 2013), bem como
atividade imunomoduladora sobre esplendcitos de camundongos (SANTOS et al., 2020) em
modelos in vitro. Ramos e colaboradores (2019) revelaram agdo antitumoral e analgésica
contra 0 sarcoma 180 com o uso de SteLL, sendo também capaz de reduzir a hiperalgesia
decorrente da presenca do sarcoma 180 na pata, melhorando o uso dos membros pelos
camundongos portadores de tumor. Essa acdo antinociceptiva provavelmente esta relacionada
a acao antitumoral da lectina, bem como a uma acdo central envolvendo a modulacdo de
receptores opidides (RAMOS et al, 2020; MARINHO et al., 2023). Estes efeitos
antinociceptivos centrais de SteLL estimulam a avaliacdo de possiveis outros efeitos
farmacoldgicos no sistema nervoso que essa lectina poderia ocasionar.

Os transtornos depressivo e de ansiedade sdo complexos, multifatoriais e costumam
estar associados a outras doengas mentais e/ou comorbidade e estas complexidades trazem
dificuldades para a realizacdo de estudos em seres humanos (WANG et al., 2017). Por isso,
modelos animais tornam-se fundamentais para o aprofundamento de trabalhos e aprimoramento
no conhecimento do transtorno das doencas (WANG et al., 2017; MENARD,C; HODES, G;
RUSSO, S, 2017). Por mais desafiadores que sejam, os modelos animais com roedores, por
exemplo, ndo conseguirem representar toda a pluralidade humana, estes tém sido melhorados
com o passar dos anos e aspectos cognitivos e emocionais foram minimizados e, assim, as
pesquisas se tornaram mais viaveis, tanto em questfes de amostras quanto em questdes éticas
(WANG et al., 2017).

Diante do exposto, este trabalho visou avaliar o potencial ansiolitico e antidepressivo
da lectina SteLL, em roedores, bem como elucidar possiveis vias de sinalizacdo envolvidas

com os efeitos da lectina.
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2.0BJETIVOS
2.1. GERAL

Avaliar se a lectina de folhas de Schinus terebinthifolia (SteLL) apresenta atividades

antidepressiva e ansiolitica em camundongos.

2.2. ESPECIFICOS

v' Purificar a lectina (SteLL) de folhas S. terebinthifolia seguindo procedimento
previamente estabelecido;

v Determinar o potencial ansiolitico agudo de SteLL (via intraperitoneal, i.p.)
através dos testes do campo aberto (TCA) e do labirinto em cruz elevado (LCE).

v Avaliar o efeito do tipo antidepressivo agudo e subcrénico (7 dias) de StelLL
(i.p.) no teste de suspensao pela cauda (TSC).

v Investigar a influéncia dos receptores adrenérgicos, serotoninérgicos,
dopaminérgicos e da via NO/cGMP nos efeitos antidepressivo e ansiolitico de
SteLL no TCA, LCE e teste de suspenséo pela cauda (TSC).

v" Avaliar os efeitos da administracdo combinada de SteLL + fluoxetina e SteL.L +

diazepam.
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3.FUNDAMENTACAO TEORICA

3.1. SISTEMA NERVOSO CENTRAL E MONOAMINAS

O sistema nervoso central (SNC) é constituido pelo cérebro e pela medula espinhal e
tem como fungdes analisar, coordenar e interagir com estimulos externos e internos, sendo
assim, a principal estrutura de comando do corpo (PLOWMAN; SMITH, 2009; LINHARES
E DO CARMO, 2022). A principal unidade funcional do sistema nervoso sdo 0s neurénios,
células estruturalmente formadas por dendritos, corpo celular, ndcleo celular e axénio
(revestidos pela bainha de mielina — mas ndo todos) e que variam consideravelmente de

tamanho e formato (Figura 1).
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Figura 1: Neurénio e sua estrutura.

Fonte: Elaborado pela Autora

As informac6es sdo transmitidas de um neurénio a outro através do potencial de acédo
— impulso elétrico — que no fim gera uma resposta quimica, com a liberacdo de
neurotransmissores pelos quais um neurbnio se comunica com outro (Figura 2)
(PANAWALA, 2017). Entre a conexao de um neurénio e outro existe um ’espaco’’ chamado
de fenda sinaptica e é nesta fenda onde os neurotransmissores sdo liberados; posteriormente
eles se ligam aos seus receptores no neurdnio pds-sindptico ou no efetor e as informacdes sao
transmitidas em sua totalidade (Figura 3).
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Figura 2: Sinapse quimica e neurotransmissores

Fonte: Elaborado pela Autora
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Figura 3: Monoaminas e suas liberagdes

Fonte: Elaborado pela Autora
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Existe uma diversidade de neurotransmissores presentes no SNC, entre eles citam-se a
dopamina, serotonina, noradrenalina, glutamato, GABA (Acido gama-aminobutirico)
(PANAWALA, 2017) e oxido nitrico, por exemplo (NITRIC OXIDE SOCIETY, 2023). A
dopamina, serotonina e noradrenalina compdem a classe das monoaminas. A
neurotransmissdo monoaminérgica tem atividade regulatéria na motivacdo, recompensa,
cogni¢do, humor, entre outros. As monoaminas sao a classe de moléculas que compéem uma
das teorias do surgimento dos sinais e sintomas relacionados aos transtornos de humor e tém
uma participagdoimportante no SNC (SHADRINA et al., 2018; MONTOYA et al., 2016).

Jé& o0 6xido nitrico € uma molécula de sinalizagdo e comunicacao entre células, presente
em quase todos 0s sistemas bioldégicos humano e € um neurotransmissor importante que esta
envolvido na memoria e cognicdo e também em distabios neurohumorais (NITRIC OXIDE
SOCIETY, 2023).

3.2. TEORIANEUROBIOLOGICA DAS MONOAMINAS

As monoaminas participam de varias funcdes moduladoras no SNC e sua importancia
¢ de grande relevancia por estarem associadas a cognicdo, aprendizagem e estados
emocionais. A dopamina (DA) € um importante neurotransmissor da classe das catecolaminas,
comdiversas fun¢Ges no SNC, como controle motor, modulacdo de recompensa, modulacéo
emocional, entre outros (LAKARD; PAVEL; LAKARD, 2021; SPERANZA et al., 2021). A
noradrenalina (NA) também compbe a classe das catecolaminas e estd relacionada a
capacidade de desenvolvimento de aprendizagem, memoria, emocdo, por exemplo
(HOLLAND; ROBBINS; ROWE, 2021). Ja a serotonina (5-hidroxitriptamina ou 5-HT) € da
classe das indolaminas e participa também de varias acBes no SNC, principalmente aqueles
ligados ao sono, dor, memdria, humor, ansiedade e cognicdo (FOUQUET et al., 2019;
POURHAMZEH et al., 2022).

De acordo com a teoria neurobiolégica das monoaminas, DA, NA e 5-HT estariam
com as suas biodisponibilidade reduzidas na fenda sinaptica, favorecendo assim o surgimento
da depressdo e ansiedade (SHADRINA et al., 2018; MONTOYA et al., 2016). Trabalhos
anteriores como o de Sur e Lee, (2022) e Montoya et al. (2016) vém corroborando a premissa
desta teoria. Adicionalmente, a maioria dos tratamentos farmacologicos disponiveis
atualmente parecem ter as suas acOes diretamente ligadas ao sistema monoaminérgico
(LUSCHER; SHEN; SAHIR, 2010).



Foi por volta da década de 50, com a descoberta ocasional das substancias
antidepressivas iproniazida e imipramina, que Joseph Schildkraut formulou, cerca de 10 anos
depois, a base para esta teoria, visto que, a atuagdo desses medicamentos no metabolismo das
aminas biogénicas aumentava a biodisponibilidade dos neurotransmissores na fenda sinaptica
e assim, revolucionando os conhecimentos acerca dos transtornos de humor (SHADRINA et
al., 2018; MORENO; FERNANDES; MORENO, 2018).

Adicionalmente, alguns autores vém trazendo informagdes sobre o envolvimento dos
neurotransmissores glutamato e GABA no desenvolvimento de distirbios de humor. O
glutamato é o principal neurotransmissor excitatério, 0 mais abundante e tem um papel
fundamental no desenvolvimento e na funcéo do sistema nervoso (HAO; PLESTED, 2022) e
é responsavel por atividades do tipo cognitiva, motora, sensorial e autondémicas; manter seus
niveis em uma quantidade fisiologica é crucial para se garantir uma viabilidade neuronal
(IOVINO; TREMBLAY; CIVIERO, 2020). O glutamato é o precursor metabdlico do
GABA, principal neurotransmissor inibitério no cértex cerebral (BROSNAN; BROSNAN,
2013). O equilibrio entre atividade excitatoria e inibitoria sdo essenciais para uma funcao
neuronal ideal.

O GABA efetiva suas agdes pela ativacdo de duas classes diferentes de receptores - o
receptorGABAa (ionotropico) e os receptor GABAD (metabotrdpico). O GABAa desempenha
um papel importantissimo no controle do estado ansioso com base na influéncia da atividade
ansiolitica dos benzodiazepinicos, que atuam como moduladores alostéricos positivos —
aumentando a acdo afinidade e/ou eficacia, enquanto o GABAb compbe a familia de
receptores acoplados a proteina G e, assim como para 0 GABAa, alteracbes em seus
sistemas implicam em comportamentos relacionados a depressdo e a ansiedade
(LUSCHER; SHEN; SAHIR, 2010). Sendo assim, um desequilibrio da atividade
excitatoria/inibitéria compromete o padrdo fisioldgico ideal e pode desencadear disturbios
neuropsicolégicos (DUMAN; SANACORA; CRYSTAL, 2019).

Assim, controlar ou levar a um estado de equilibrio os receptores, pode refletir em uma
abordagem terapéutica de modulacdo em uma variedade de doencas neuronais sinapticas,
como a depressdo e a ansiedade (GROC; CHOQUET, 2020).

3.3. TEORIA NEUROBIOLOGICA DA VIA OXIDO NITRICO

O o6xido nitrico (NO) é uma importante molécula sinalizadora que desempenha varias
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atividades modulatérias, a exemplo de vasodilatacdo, neurotransmissdo e resposta imune
(NITRIC OXIDE SOCIETY, 2023). O NO é produzido a partir da enzima 0xido nitrico
sintase (NOS) pela oxidagdo da L-Arginina e L-citrulina (OKAMOTO et al., 2022).

A NOS se apresenta em trés isoformas: a NOS neuronal (nNOS), presente
principalmente no sistema nervoso, tendo sua importéancia voltada para a sinalizacéo neuronal; a
NOS endotelial (eNOS), comumente encontrada no endotélio com acdo fundamental na
vasodilatacdo e controle da pressao arterial; e a NOS induzivel (iNOS), que é expressa quando
a célula é induzida ou estimulada, comumente por citocinas pro- inflamatdrias e/ou
polissacarideos (CINELLI et al., 2020).

A producdo de NO dentro dos padrdes fisiologicos favoraveis torna-se um aliado no
combate a patdgenos invasores, sendo de relevancia para a resposta imune e sistema
imunologico (FLORA FILHO; ZILBERSTAIN, 2000). Entretanto, uma superexpressdo ou
desregulacdo da INOS pode levar a uma toxicidade, resultando no desenvolvimento de
doencas neuropsicoldgicas, neurodegenerativas e desordens inflamatdrias (CINELLI et al.,
2020). Por ser uma via de mao-dupla (beneficio x maleficio) o equilibrio € crucial para um
funcionamento fisiologicamente saudavel.

O estresse agudo e cronico produzem mudancas funcionais e estruturais no SNC, e a
exposicdo ao estresse é capaz de induzir a expressdao de INOS mediado por respostas
inflamatdrias, o que parece estar associado a eventos depressivos (YAZIR; UTKANE;
ARICIOGLU, 2012; MONTEZUMA et al., 2012). Peng e colaboradores (2012) investigaram
0 papel da iINOS na depressdo em modelos com camundongos, a partir de uma inducéo de
estresse por 4 semanas e constataram que houve uma mudanca significativa estrutural
(neurénios encolhidos com coloracdo escura e perda de corpos de Nissl) e comportamental
(perda de interesse pela agua com sacarose - anedonia) dos animais expostos ao estresse
quando comparado ao grupo controle, mostrando a relacdo entre estresse, inflamacédo e
comportamento depressivo.

Para avaliar se a inibicdo do envolvimento da via da iNOS levaria a inducdo de efeitos
antidepressivos, Montezuma et al. (2012) investigaram, a partir do teste de nado forcado
(FST), eventos comportamentais provocados pelo estresse e evidenciaram que o uso do
inibidor da iNOS (aminoguanidina) fez reduzir significativamente o tempo de imobilidade do
animal quando comparado ao controle, corroborando com a hipdtese de envolvimento desta

via nos disturbios de humor.
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3.4. DEPRESSAO

A Organizacdo Mundial de Saude (OMS) e a Organizacdo Pan-Americana de Salde
(OPAS) (2022) apontam que aproximadamente 300 milhdes de pessoas no mundo sofrem
com o transtorno depressivo, sendo este um fator de peso para incapacidade e até mortalidade.
Segundo dados estatisticos também apresentados pelas instituicdes (2022), 1 a cada 4 pessoas
nas Américas vivem com algum transtorno neuropsicolégico e fazem uso de farmacos que
possam viabilizar suas atividades de vida diéria. Ainda segundo a OPAS (2022), a pandemia
da COVID-19 contribuiu para um aumento de 25% de casos registrados de depressao em todo
0 mundo. No Brasil, houve um aumento em 41% nos diagnosticos médicos quando
comparado o periodo pre-pandemia e o primeiro trimestre de 2022 (COVITEL, 2022).

O transtorno depressivo pode apresentar-se como transtorno depressivo persistente
(distimia), transtorno depressivo induzido por substancia/medicamento, transtorno disruptivo
de desregulagdo do humor, transtorno depressivo devido a outra condicdo médica, transtorno
depressivo maior (incluindo episddio depressivo maior), transtorno disforico pré-menstrual,
outro transtorno depressivo especificado e transtorno depressivo ndo especificado (CORYELL,
2021; DSM-5, 2014; BECK; ALFORD, 2011).

A depressdo é uma doenca neuropsicoldgica que se caracteriza com mudanca de humor
de carater mais persistente, prolongado e melancolico (minimo de 2 semanas), gerando
influéncia negativa na afetividade, sociabilidade, autoestima e bem-estar, favorecendo a perda
de interesse por aquilo que antes lhe satisfazia, alem de quadros de insdnia ou hipersonia,
fadiga, perda de desejo sexual, alteracGes do peso corporal, sentimento de vazio, inutilidade e,
em casos mais graves, pensamentos suicidas podem vir a tona (CORYELL, 2021; DSM-5,
2014).

A etiologia do transtorno depressivo ainda é desconhecida, mas teorias sobre suas
causas rondam as pesquisas atuais que vém buscando compreender melhor a doenca e explorar
abordagens terapéuticas eficazes. Dentro das hipoOteses descritas temos a influéncia genética,
principalmente com individuos com parentesco de primeiro grau, com risco de até 4 vezes maior
em desenvolver o transtorno; a influéncia socioambiental parece estar relacionada também
quando eventos traumaticos ou de perdas impactam de forma mais persistente e prolongada o
individuo; e a teoria das monoaminas é descrita como possivel causa para o desenvolvimento
da doenca (DUMAN; SANACORA; KRYSTAL, 2019; DSM-5, 2014; CORYELL, 2021).

Ainda hd muito o que se conhecer sobre a neuropatologia da depressdo, mas a ascensao
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constante denovos estudos nos ajuda cada dia a nos aproximar de melhores respostas e mais

entendimento.

3.5. ANSIEDADE

O ser humano apresenta um estado de ansiedade que vem a surgir diante de um evento
estressor ou ameacador e este estado estd inerente a capacidade de sobrevivéncia (DEAN,
2016). No entanto, quando esse sentimento passa a estar presente cotidianamente, de forma
exacerbada, descontrolada, diante de uma acgdo ou evento futuro, impactando negativamente em
varios aspectos do dia a dia, essa ansiedade passa a ter niveis patologicos (DEAN, 2016).

A ansiedade pode influenciar negativamente varios segmentos das rela¢cbes humanas,
como no social, com distanciamento de familiares e amigos, dificuldade em manter-se ativo em
suas atividades laborais; e na saude, com repercussdo na pressdo arterial, em respostas a dor
e ao sistema imunolégico (NECHITA; NECHITA; MOTORGA, 2018). A ansiedade ¢ uma
condicdo limitante que gera ao individuo que a possui, prejuizos diretos e indiretos.

Segundo o relatorio “Depression and Other Common Mental Disorders: Global health
Estimates’’ (2017), elaborado e divulgado pela Organizacdo Mundial de Satude (OMS), estima-
se que o transtorno de ansiedade (TA) atinge 3,6% da populacdo mundial. O TA possui
caracteristicas como medo e apreensdo, que podem vir a tornar-se transtorno de ansiedade
generalizada (TAG), transtorno do péanico e fobias. Seus sintomas podem variar de acordo com
0 grau de intensidade — de leve a forte (OMS, 2017).

Assim como na depressao, os indices de ansiedade na populacdo mundial pés-pandemia
deram um salto significativo de 25% nos numeros de casos e a OPAS alerta sobre esses
crescimentos tdo expressivos e também reconhece que esse nUmeros podem ser ainda maiores
(OPAS, 2022). Em um relatério elaborado pela OMS (2017), os distarbios relacionados a
ansiedade afetavam 9,3% da populacéo brasileira; em 2020 esses nimeros cresceram em 63%
(MOURA; DA SILVA, 2021).

Na ansiedade, as causas de seu surgimento também ndo estdo totalmente esclarecidas,
mas a sua etiologia parece estar relacionada a exposi¢do a eventos ambientais estressores,
inducdo medicamentosa, por uma condi¢do médica, por questdes genéticas e também pela teoria
das monoaminas (DSM-5, 2014; BARNHILL, 2020). Como na depressao, ainda é preciso

expandir os conhecimentos relacionados a neuropatologia da ansiedade e a busca por mais
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respostas que possam amparar profissionais de satde e os individuos que s&o diagnosticados

com a doenca sdo imprescindiveis.

3.6. TRATAMENTOS

As farmacoterapias tém por objetivo a reducdo ou o desaparecimento dos sinais e
sintomas das neuropatologias, que embora tenham mostrado seus beneficios, chegam a levar
varias semanas para que a eficacia seja completa e nesse meio tempo, os efeitos adversos vao
surgindo, dificultando uma adesdo total ao tratamento (DAVID; GOURION, 2016).

Os antidepressivos foram descobertos por acaso, quando, no inicio da década de 50,
pacientes com tuberculose foram tratados com um farmaco inibidor da monoaminoxidase
(IMAOs), a iproniazida, e foi visto que seu uso provocava um aumento prolongado no humor
dos pacientes (MORENO; FERNANDES; MORENO, 2018). Os IMAOs foram a primeira
classe de antidepressivos descoberta. A melhora no humor dos usuarios foi bastante
promissora até que, posteriormente, os efeitos adversos, como ictericia e nefrotoxicidade
foram observados (MACHADO et al., 2019), além de que uma alimentacao rica em tiramina
aumenta significativamente o risco de crise hipertensiva severa, com risco de Obito
(FOLMER; BEZERRA NETO, 2013), levando assim a novas buscas para minimizar o0s
efeitos.

Até a década de 80, haviam apenas duas classes de antidepressivos, também
conhecidos como os antidepressivos de primeira geracdo, o IMAOs e 0s antidepressivos
triciclicos (ADTs, ex. imipramina), que apesar de melhorarem o humor dos pacientes, tinham
efeitos colaterais consideraveis (MORENO; MORENO; TAVEIRA, 2014; HENTER; PARH,;
ZARATE, 2021). Os ADTs inibem a recaptacdo da serotonina e noradrenalina (SHYU et al.,
2021), mas também sdo capazes de interagir com receptores adrenérgicos (al), muscarinicos
(M) e histaminicos (H1). Essa interacdo causa uma série de impactos na funcdo cardiovascular
(arritmia, hipotensdo ortostatica), no efeito antimuscarinico (constipacdo, taquicardia) e no
efeito anti-histaminico (sedacdo) sendo importante uma cautela maior na indicacdo desse
segmento de farmaco (MEDAWAR; MATHEUS, 2012).

Por volta de 1988, o lancamento da fluoxetina trouxe um marco para a farmacologia
da depresséo e a partir de entdo, novas buscas por inibidores da recaptacéo de serotonina foram
iniciadas (SSRIs) (MORENO; FERNANDES; MORENO, 2018). Suas projecdes séo feitas a
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partir da teoria das monoaminas e é habitualmente prescrito para os transtornos de humor.
Fluoxetina induz a expressdo do fator neurotr6fico derivado do cérebro (BDNF)/receptor
quinase B (TrKB) relacionado a tropomiosina, o que pode vir a explicar, em partes, seus efeitos
terapéuticos (LEVY et al., 2019) e uma reducdo em disfungdes cognitivas (GOTTSCHALK et
al., 2018).

No entanto, recentes informacdes acerca do uso prolongado da fluoxetina e seus riscos,
vém sendo relatados e que servem de alerta para a comunidade médica quanto a manutencao
no rigor das prescricdes, visto que ha também o uso e abuso do farmaco por adultos saudaveis
(PUSCIAN et al., 2021). Sharp e colaboradores (2019) avaliaram a exposicdo a fluoxetina em
camundongos adolescentes por cinco dias da semana, durante 5 semanas e,
posteriormente, houve a suspensao do uso por 35 dias; deficiéncias cognitivas na idade adulta,
mesmo apdés um longo periodo de ndo-exposicdo a droga foram observadas. Os achados
recentes de PUSCIAN et al. (2021) corroboram com essas informagdes, e acrescentam que, o
tratamento cronico repercute na plasticidade neuronal, com efeitos contraditérios no cérebro
e no comportamento.

Os benzodiazepinicos sdo uma outra classe de farmacos usados no transtorno de
humor. O clordiazepoxido (Librium) foi o primeiro benzodiazepinico descoberto por volta de
1955, pelo quimico Leo Sternbach, da Hoffmann-La Roche. Passou a ser comercializado em
1960 como Librium e em 1963, apos algumas mudancgas na composi¢do passou a ser chamado
de Valium (diazepam). Rapidamente tornou-se popular entre a comunidade médica e a
populacdo de modo geral por, aparentemente, apresentar uma menor toxicidade e uma menor
taxa de dependéncia em comparacdo com os medicamentos ja existentes (WICK, 2013). No
entanto, esse entusiasmo foi freado quando perceberam os reais riscos do uso indiscriminado,
como dependéncia, déficits cognitivos e psicomotores (JANHSEN; ROSER; HOFFMANN,
2015). Seu mecanismo envolve acdo sobre a sinalizacdo GABAGérgica, principalmente
receptores GABAa (PATORNO et al.,, 2017) dificultando a excitacdo e a transmissdo de
sinais em neurdnios que contém esse receptor; pela hiperpolarizacdo, a ativacdo neuronal é
diminuida em vias relacionadas a ansiedade e tensdo e esse mecanismo explica a sensacdo de
relaxamento e sonoléncia que sdo induzidas; ainda, o uso de bebidas alcodlicas ndo é
recomendado pelo aumento significaivo do efeito sedativo que pode desencadear uma reacdo
de overdose fatal (CHAPACAIS et al., 2020; HIRSCHTRITT et al., 2019).

As terapias atualmente disponibilizadas pelas industrias farmacéuticas, contam com

alguns pontos positivos, mas, seus pontos negativos — efeitos adversos, estdo frequentemente
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presentes e esses efeitos sdo muitas vezes sentidos antes mesmo que o proprio beneficio
proposto pelo uso do farmaco. Isso leva a uma variacdo de 30% a 50% de individuos que ndo
séo beneficiados com o tratamento (NESTLER et al, 2002; PLANCHEZ et al., 2019). Essa
margem de ndo beneficiados pelo uso da intervencdo medicamentosa, assim como as reagoes
causadas por eles, é bastante consideravel e pode levar a baixa adesdo ao tratamento, 0
que por consequéncia leva a ndo-estabilizacdo dos sintomas presentes na doenca depressiva
e/ou no transtorno de ansiedade, dificultando a real mediacdo por meio das drogas
(PAPAKOSTAS, 2008; APAYDIN et al., 2016). Sendo assim, alternativas terapéuticas que
visem minimizar esses efeitos e contribuir qualitativamente no bem-estar do individuo,

passaram a serem buscadas.

3.7. USO DE PRODUTOS NATURAIS NA DEPRESSAO E ANSIEDADE

A busca por novas alternativas terapéuticas para o tratamento de distarbios
neuropsicologicos fez com crescesse 0 numero de estudos abordando o uso de produtos
naturais (DAI et al., 2022; KUPELI et al., 2021; YEUNG et al., 2018). Como supracitado,
essas buscas apontar novas alternativas que causem menos efeitos adversos em comparagdo
aos farmacos atualmente disponibilizados.

Em um estudo de revisdo, Limanaqi et al. (2020) comentam que Scutellaria baicalensis
(calota craniana chinesa), Hericium erinaceus (Juba de Ledo) e Rhodiola rosea (Raiz
dourada), além de seus potenciais ansioliticos e antidepressivos, promovem um efeito
neuroprotetor, plasticidade sinaptica e neurogénese, além de neutralizar o estresse oxidativo e
neuroinflamacédo. S&o capazes também de promover uma melhora na fungéo cognitiva (estudos
experimentais e clinicos).

Em uma meta-analise produzida por Ghazizadeh e colaboradores (2021), a respeito do
efeito da Melissa officinalis L. (erva-cidreira) sobre a depressdo e ansiedade, os autores
identificaram que nos trabalhos anteriores abordando o uso da planta, observou-se uma
melhora significativa nos padrdes ansiosos e depressivos em comparacdo com o placebo, sem
que houvessem efeitos colaterias graves. Os dados sugerem um efeito ansiolitico e
antidepressivo sobre os sintomas de humor, principalmente pensando numa abordagem mais
aguda.

O canabidiol é umdos principais componentes da Cannabis sativa e esse composto tem

28



chamado atencd@o por apresentar a¢fes ansiolitica, antidepressiva e neuroprotetora em modelo
animal, se mostrando como uma terapia potencial interessante para o tratamento dos
disturbios de humor (GARCIA-GUTIERREZ et al., 2020).

J& o extrato de Passiflora incarnata Linneaus, administrado por via oral, suprimiu a
resposta de ansiedade em pacientes com raquianestesia, sem alterar a resposta psicomotora
(ASLANARGUN et al., 2012). Além disso, pacientes com transtorno de ansiedade
generalizada tiveram uma melhora do quadro ansioso ap0s receberem via oral durante seis
semanas, o extrato de Withania somnifera, que tem propriedade GABAérgica que confere seu
efeito ansiolitico, quando associado a ISSRs, se mostrando como uma potencial terapia
adjuvante segura e eficaz (FULADI et al., 2021).

3.8. MODELOS EXPERIMENTAIS NA DEPRESSAO E NA ANSIEDADE

Com o forte crescimento nos diagnosticos dos transtornos de humor, o uso de modelos
animais para estudar a neurobiologia dos transtornos neuropsicologicos fornece uma
possibilidade a mais em avancar com novas propostas terapéuticas que sejam cada vez mais
eficazes, visto a limitacdo de amostras humanas, seja por serem escassas, pelo intervalo pos-
morte, mudancas no pH do cérebro e outros (WANG et al, 2017).

Modelos animais tém sido usados para o aprofundamento de trabalhos e
aprimoramento no conhecimento da depressdo e ansiedade e contribuem em uma abordagem
fundamental para o estudo e compreendimento da estrutura, funcdo, vias moleculares e
celulares (WANG et al, 2017; MENARD et al., 2017). Os modelos animais com roedores, por
exemplo, tém sido melhorados com o passar dos anos, nos quais aspectos cognitivos e
emocionais passaram a ser mais bem avaliados, viabilizando as pesquisas em modelos de
depressdo e ansiedade (WANG et al, 2017). Testes como o do Campo Aberto, Labirinto em
Cruz Elevada e Suspensdo pela Cauda, sdo métodos utilizados para avaliar os parametros
relacionados a ansiedade e depressao, respectivamente, em modelo animal de camundongos e
sdo de fundamental importancia para explorar estrutura, funcdo, vias celulares e
moleculares, além de poderem auxiliar em novas terapias e respostas aos tratamentos
(WANG et al, 2017).

O teste do Campo aberto (TCA) é um preditor para ansiedade comumente utilizado

para conhecimento da neurobiologia do transtorno de ansiedade e para a triagem de novos
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farmacose compostos ansioliticos em potencial (KRAEUTER; GUEST; SARNYAI, 2019a).
Comportamento locomotor, atividade exploratéria e comportamento do tipo ansioso (rearing)
sdo observados; um aparato (Figura 4A), dividido por quadrantes, é utilizado e durante 5
minutos o desempenho dos animais é avaliado, observando se eles evitam explorar o
ambiente, se ficam mais proximos as paredes e se realizam repetidamente o rearing (Figura
4B), sendo neste caso, animais com caracteristicas do tipo ansiosa (OMIDI-ARDALI et al.,
2021).

Figura 4A: aparato para realizagéo do TCA Figura 4B: Rearing

O teste do Labirinto em Cruz Elevado (LCE) e também preditor para ansiedade e ajuda
na investigacdo de novos compostos com acdes ansioliticas. E um modelo que toma por base,
a aversao que o animal tem de ambientes abertos (KRAEUTER; GUEST; SARNYAI, 2019b).
O LCE é composto por um aparato que possui 4 bragcos (em forma de cruz), sendo, dois bracos
abertos e dois bracos fechados (Figura 5). Os bracos fechados possuem uma parede de 50 cm
de altura, enquanto nos bragos abertos ndo ha essas paredes; permanecer mais nos bragos
abertos e explorar o ambiente sdo caracteristicas de animais ndo ansiosos; ja a maior
permanéncia nos bracos fechados denota medo de conhecer o ambiente, se enquadrando em
caracteristicas do tipo ansiosa (MORENO-SANTOS et al, 2021). O comportamento
exploratdrio, a preferéncia em manter-se por mais tempo em determinados bracos e a entrada
nos bragos sdo avaliados por 5 minutos (MORENO-SANTOS et al., 2021).
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Brago Braco
Fechado Fechado

Figura 5 : aparato para realizagdo doteste LCE
Ja o teste de Suspensdo pela Cauda (TSC) tem uma caracteristica de analise para

padrdo depressivo (Figura 6). O comportamento do animal diante da situagcdo estressora
também € avaliada dentro de 5 min; movimentos de balango, curvatura, movimentacdo de
patas ou a imobilidade sdo constantemente avaliados; animais que ndo produzem ou
produzem pouca movimentacdo diante desse evento estressor sdo considerados animais com
caracteristica depressiva (HAO et al., 2019). E um teste que também tem sido utilizado na
analise de novas drogas antidepressivas que possam contribuir para a reducdo dos sinais e

sintomas relacionados a depressédo (CAN et al., 2012).

{,

Figura 6: Teste de Suspensdo pela Cauda

O refinamento dos testes para ansiedade e depressdo vem ajudando a construir um
arcabouco cada vez mais robusto acerca desses transtornos de humor, viabilizando,

consequentemente, o conhecimento e o desenvolvimento de novas abordagens terapéuticas.

3.9. LECTINAS

As lectinas sdo proteinas de origem ndo imune e apresentam uma importante

caracteristica que é a capacidade de ligacdo a carboidratos, de maneira especifica e reversivel
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sem que modifique a estrutura covalente do ligante. Essa capacidade de ligacdo pode dar-se
pelas forcas de Van der Waals, interacdes hidrofébicas e ligagdes de hidrogénio, tornando-as
assim moléculas singulares e plurais a0 mesmo tempo (CHEN et al., 2021; SANTOS et al.,
2014). Possuem ao menos um dominio de reconhecimento a carboidrato (DRC) e estdo
envolvidas em varias funcdes bioldgicas, como adesdo celular e fagocitose (RUBEENAet al.,
2019).

As lectinas estdo amplamente distribuidas pela natureza, podendo ser encontradas em
plantas, organismos de origem animal e até mesmo microorganismos (CHEN et al., 2021). Nos
vegetais, as lectinas podem ser encontradas nas folhas, caules, raizes, sementes, flores e sdo
classificadas de acordo com sua estrutura geral como, merolectinas, hololectinas,
quimerolectinas e superlectinas (Figura 4) (TSANEVA; VAN DAMME, 2020; SANTOS et
al., 2014).

Merolectinas Hololectinas

L - ® —®
Quimerolectinas Superlectinas

\‘"———“—_ s.v-»—————-f—,v—v.- «',—-,.

Figura 7:Estrutura geral das lectinas.

Hexagono: dominio deligacéoa carboidratos; Quadrado: atividade enzimética; Circulo: reconhecimento deagUcaresndo
relacionados.
Fone: Modificado de TSANEVA; VAN DAMME, 2020

As merolectinas possuem apenas um dominio de ligacdo a carboidratos, enquanto que
as hololectinas possuem dois ou mais dominios de lectina; ja as quimerolectinas consistem em
um ou mais dominios de ligacdo a carboidratos, no entanto, ao menos um dominio devera
atuar independente ao dominio de ligacdo a carboidrato, como apresentar uma atividade
enzimatica, por exemplo, enquanto que as superlectinas, além de possuirem varios dominios
com varias capacidades de ligacdo a carboidratos (hexadgono vermelho na imagem),
reconhecem acucares estruturalmente ndo relacionados (TSANEVA; VAN DAMME, 2020; VAN
DAMME et al., 1998).

A presenca de lectinas pode ser observada a partir do ensaio de Atividade

Hemaglutinante (HA), que consiste em investigar a interagdo da lectina com os carboidratos
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presentes na superficie dos eritrdcitos. Essa interagdo provocara o surgimento de uma malha,
uma rede de conexdo. A ndo observacdo dessa malha indicard inexisténcia dessa (SANO;
OGAWA, 2014).

A literatura tem descrito vérias a¢fes bioldgicas presentes em lectinas vegetais, e desde
0 primeiro relato protagonizado por Hermann Stillmark em 1888 sobre elas, os estudos
abordando-as vivem em diaria ascensdo, e resultados promissores acerca dessas proteinas vém
mostrando suas a¢des anti-inflamatérias (PATRIOTA et al., 2019a), antitumorais (PATRIOTA
et al.,, 2019b), antivirais (LEE, 2019), antiinfecciosas (LIMA et al., 2019), antinociceptivas
(RAMOS et al., 2020) e neuroprotetoras (RUSSI et al., 2012) em doses com baixa ou
nenhuma repercusséo adversa. A influéncia de lectinas na modulagdo molecular do sistema
nervoso central (SNC) pode levar a respostas de ajuste comportamental, neuroprotecéo e
neuroplasticidade (ARAUJO et al., 2020; LIN; LEVITAN, 1991).

A ConA (concanavalina A - lectina extraida de Canavalia ensiformis), apresentou
efeitos que podem auxiliar no tratamento de transtornos/doencas que promovam mudancas
comportamentais e até cognitivas, como a depressdo e ansiedade (ARAUJO et al., 2020b). A
ConBr (lectina de Canavalia brasiliensis) apresentou uma capacidade neuroprotetora em
modelo in vivo contra convulsdes induzidas por acido quinolinico (RUSSI et al., 2012). Em
modelos in vitro, ConBr (JAQUES et al., 2013), FTL (lectina de Artocarpus incisasementes) e
BBL (lectina de Bauhinia bauhinioides) também demonstraram um potencial neuroprotetor
(RUSSI et al., 2012).

3.10. Schinus terebinthifolia Raddi

Segundo o IBGE (2022), a flora brasileira € uma das mais relevantes do mundo, por
possuir uma enorme biodiversidade constituida por cerca de 46.000 espécies de vegetais
conhecidas. Essa grande biodiversidade é explorada ha muitos anos, principalmente para usos
medicinais, por exemplo, em tratamentos de distarbios gastrointestinais, respiratorios,
dermatites, feridas, infeccGes, além de muitas outras (GARLET, 2019). Essas propriedades
resultaram em buscas para melhorar o entendimento destes usos, incluindo seus mecanismos
de acdo, beneficios e maleficios, fazendo entdo com que as pesquisas com 0s produtos naturais
sejam intensificadas e ganhem cada vez mais espaco no ambito cientifico (GILBERT;
FAVORETO, 2011; ROSAS; CORREA; HENRIQUES, 2019).
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Schinus terebinthifolia Raddi (Anacardiaceae), também conhecida como ‘’aroeira- da-
praia’’, “’aroeira-vermelha’’ ou ‘’pimenta-rosa’’, ¢ comumente encontrada pela extensdao do
litoral brasileiro e tem seu uso bastante difundido no que diz respeito ao tratamento de
infeccOes, edemas, Ulceras e como cicatrizante na medicina popular (GILBERT; FAVORETO,
2011; CORDEIRO, 2022). Pode chegar a atingir até 10m de altura, com ramos bastantes
ramificados (Figura 5A), com suas folhas pecioladas apresentando de 5 a 11 foliolos sésseis
(Figura 5B) e com seus frutos (Figura 5C) que, além de darem o nome popular a planta, sao
utilizados em preparo de alimentos tanto no Brasil quanto no exterior (UNIRIO, 2023). A
lectina da folha de S. terebinthifolia é conhecida por SteLL; foi purificada e caracterizada por
Gomes et al. (2013), é um polipeptideo glicosilado de 14,0 kDa com capacidade de ligar-se a
quitina e que apresenta uma estabilidade consideravel quanto a varia¢des de temperatura e pH

(GOMESet al, 2013; RAMOS et al., 2020).

Figura 8: Schinus terebinthifolia Raddi (Anacardiaceae).
(A): S. terebinthifolia Raddi; (B) Folhas; (C) Frutos
Fonte: Thamara Procopio (A); UNIRIO, 2023 (B e C)

Em ensaios in vitro, SteLL apresentou atividade antimicrobiana (GOMES et al.,

2013), bem como atividade imunomoduladora sobre esplendcitos decamundongos (SANTOS
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et al., 2020). Em outro estudo, o tratamento com SteLL apresentou a¢do anti-infecciosa sobre
Staphylococcus aureus, bactéria oportunista facilmente encontrada em ambiente hospitalar
(LIMA et al., 2019), como também foi capaz de reduzir significativamente sarcoma 180 em
camundongos por reduzir a angiogénese e induzir apoptose (RAMOS et al., 2019). Santos et
al., (2022) confirmaram a atividade antiangiogénica de SteLL a partir da interferéncia na
formacdo de novas redes vasculares na membrana do saco vitelino de embrides de Coturnix
japonica. SteL L também foi capaz de reduzir a hiperalgesia na pata de camundongos portadores
do sarcoma-180, levando a uma melhora no uso do membro dos animais portadores de tumor. Essa
acdo antinociceptiva provavelmente esta relacionada a acdo antitumoral da lectina, bem como
a uma acdo central envolvendo a modulagdo de receptores opidides (RAMOS et al., 2020).
Recentemente, Marinho et al. (2023), usando modelo de nocicepcéo periférica e central em
roedores, constataram a acdo analgésica da SteLL, tanto central como periférica, com
modulagéo dos receptoresopidides, semalterar a fungdo locomotora dos animais.

Ainda ndo existiam na literatura, estudos que investigassem a acéo de SteLL na avaliacao
de atividadeantidepressiva e ansiolitica. Entretanto, o efeito antinociceptivo central verificado
com a administracdo da lectina, bem como seus efeitos anti-inflamatorios estimularam
investigar a capacidade de SteLL em modular fungbes neurologicas. Na realidade atual, no
qual, diagnostico da depressdo e ansiedade, estdo em constante crescimento, principalmente
agora com o impacto da pandemia da COVID-19, encontrar novas abordagens que contribuam
com os tratamentos atuais a doencas psicologicas podem auxiliam na melhor qualidade de
vida de pacientes (FINSTERER et al., 2022; OPAS, 2022). E 0 uso de modelos animais tém

sido uma ferramenta importante nas buscas dessas novas possibilidades.
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4. RESULTADOS

Osresultados dessa dissertagdo séo apresentados na forma de artigos.
4.1. A atividade ansiolitica da lectina da folha de Schinus terebinthifolia (SteLL) €
dependente da sinalizacdo monoaminérgica, embora seja dependente do dominio de

ligagdo a carboidratos.
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Abstract: The potential of plant lectins (carbohydrate-binding proteins) for the treatment of neurolog-
ical disorders such as anxiety and depression has started to be reported in the last few years. Schinus
terebinthifolia leaves contain a lectin called SteLL, which has displayed antimicrobial, immunomod-
ulatory, antitumor, and analgesic activities. However, the effects of SteLL on the Central Nervous
System (CNS) have not yet been determined. In this study, we investigated the in vivo anxiolytic
effect of SteL L in mice using the open field (OF) and elevated plus maze (EPM) tests. In the OF, SteLL
(1,2 and 4 mg/kg, i.p.) did not interfere with the number of crossings but significantly reduced the
number of rearings. In the EPM, SteLL 4 mg/kg and the combination SteLL (1 mg/kg) plus diazepam
(1 mg/kg) significantly increased the time spent in the open arms while reducing the time spent in the
closed arms. The anxiolytic effect of SteLL did not seem to be dependent on the carbohydrate-binding
domain of the lectin. Nevertheless, the SteLL effect in the EPM was reversed by the pretreatment
with the pharmacological antagonists of the x2-adrenoceptor, 5-HT2A/2C serotonin receptor, and the
D1 dopamine receptor. Overall, our results suggest that the anxiolytic effect of SteLL is dependent on
the monoaminergic signaling cascade.

Keywords: anxiety; elevated plus maze; lectin; mice models; open field

1. Introduction

Anxiety-like disorders roughly affect more than 33% of the population, and the vast
majority do not receive treatment [1]. The commonly prescribed pharmacotherapy for
anxiety includes agonists of benzodiazepine receptors and inhibitors of the reuptake of
serotonin, dopamine, and noradrenaline. Patients that have therapeutic opportunities have
been treated with synthetic drugs that commonly elicit several side effects and lead to
resistance due to their long-term use; in addition, anxiety-associated disability presents a
relatively high economic cost to society. In view of this, there is an ongoing search for more
sustainable, safe, and profitable drugs to treat anxiety disorders [2]. One alternative that
has been gaining ground is the use of natural products.

Some natural products possess several biological and pharmacological properties
that resemble the anxiolytic effect of commercialized substances. For instance, Passiflora
incarnata Linnaeus extract, administered orally, suppressed the anxiety response in patients
with spinal anesthesia, without altering the psychomotor response [3]. Additionally, a
reduction in the symptoms in patients with generalized anxiety disorder was found with
oral administration of the extract of Withania somnifera root combined with serotonin
reuptake inhibitors for six weeks [4].
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Lectins are proteins that have shown various biological and pharmacological poten-
tials. These proteins present at least one carbohydrate-binding domain in their structure,
which allows specific and reversible binding to carbohydrates [5-7]. There is not much
knowledge about the effects of lectins on the Central Nervous System (CNS). Nonetheless,
Russi et al. [8] showed a neuroprotective role of the lectin from Canavalia brasiliensis (ConBr),
injected intracerebroventricularly in mice, against quinolinic acid-induced hippocampal
seizures. The lectin also blocked the neurotoxicity induced by glutamate in vitro. Jacques
etal. [9] confirmed the results obtained by Russi et al. [8] and demonstrated that ConBr
reversed glutamate neurotoxicity via the PI3K/ Akt-dependent pathway in a model of
ex vivo hippocampal slices. The central administration of ConBr has also been shown
to decrease the immobility time of mice in the forced swimming test, and this effect was
dependent on the protein structure integrity and on the adrenergic, serotoninergic, and
dopaminergic systems.

Schinus terebinthifolia leaf lectin (SteLL) is a glycosylated protein extracted from S. tere-
binthifolia 1eaf with the ability to bind chitin. The lectin has a native molecular mass of ca.
12.4 kDa [10], isoelectric point 5.7 [11], and considerable stability in terms of temperature
and pH variations [11,12]. SteLL has shown biological activities such as anti-infectious [13],
antimicrobial [12], and immunomodulatory [10] effects in vitro. SteLL has also demon-
strated in vivo antitumor [14] and antiangiogenic [15] activities. Ramos and colleagues [16]
reported an antinociceptive effect of SteL.L via opioid receptors in a model of hyperalgesia
in sarcoma 180-bearing mice. Recently, Marinho et al. [17] demonstrated that SteL.L. has
peripheral and central antinociceptive action and that § opioid receptors are involved in
the antinociceptive action of SteLLL against inflammatory pain. Despite this, no further
data have been reported on the effect of SteLL. in CNS modulation, especially concerning
psychological disorders.

In this study, we evaluated the effects of the SteLL. on mice models of anxiety (open
field test and elevated plus maze assay) and explored whether monoaminergic signaling
and the carbohydrate-binding domain of the lectin played a role in the anxiolytic efficacy
of this lectin.

2. Results
2.1. SteLL Revealed an Anxiolytic Effect on the Open Field (OFT) and on the Elevated Plus Maze
Test (EPM)

To evaluate the locomotive, exploratory, and anxious behavior, the animals were
submitted to the OFT [18]. Figure 1A shows that the treatment of mice with StelLL. (1,2 e
4 mg/kg) did not cause significant changes in the number of crossings compared to the
control. However, the treatment with the combination of SteLL (1 mg/kg) plus diazepam
(0.5 mg/kg) displayed a significantly increased number of crossings when compared to the
control (Figure 1A; F = 5.147, p = 0.0018). All groups significantly decreased the number
of rearings compared to the control (Figure 1B; F =7.698, p < 0.0001). Neither SteL.L. nor
diazepam interfered with the frequency of entries (Figure 1C; F = 0.2567, p = 0.9330) and
the time spent in the center zone of the apparatus (Figure 1D; F = 0.7328, p = 0.6048).

Anxiolytic-like behavior was evaluated using the EPM task [19]. Figure 2 shows the
data on the evaluation of whether SteLL also promoted an anxiolytic effect in the EPM test.
The treatments of mice with the highest dose of Stel.L. (4 mg/kg), diazepam (1 mg/kg),
and SteLL (1 mg/kg) plus diazepam (0.5 mg/kg) significantly increased the time spent in
the open arms compared to the control (Figure 2A; F = 10.42, p < 0.0001). Diazepam alone
increased the number of entries into the open arms compared to the control (Figure 2B;
F =12.83, p < 0.0001). In addition, when analyzing the time spent by mice in the closed
arm of the EPM, the data for diazepam (1 mg/kg), SteLL (4 mg/kg), and SteLL (1 mg/kg)
plus diazepam (0.5 mg/kg) significantly differed from the control (Figure 2C; F = 8.109,
p=0.0001). Regarding the number of entries into the closed arms, a significant reduction
was observed for treatments with SteLL at doses of 1 and 4 mg/kg compared to the control
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(Figure 2D; F =7.491, p = 0.0002). Overall, the effect of SteLL. was similar to the one observed
in the group treated with the diazepam as positive control.
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Figure 1. Effects of SteLL (1, 2, and 4 mg/kg) i.p. treatment in the open field test. Diazepam (1 mg/kg)
was used as a positive control. Diazepam (0.5 mg/kg) plus SteLL (1 mg/kg) was used to evaluate
the synergic effect of both compounds combined. (a) Total number of crossings. (b) Total number
of rearings. (c) Frequency of the mice entering the center zone. (d) The overall duration of time
mice spent in the center of the apparatus. Significant differences compared with the control group:
(*) p <0.05; (**) p <0.001; (***) p < 0.0001; (****) p < 0.00001.

2.2. The Anxiolytic Effect of SteLL Did Not Depend on the Carbohydrate-Recognition Domain
(CRD) of the Lectin

In another set of experiments, we evaluated whether the blockage of the CRD of SteLL
with casein would revert the anxiolytic efficacy of the lectin. Nevertheless, the blockage
with casein did not interfere with the time that animals spent in the open or closed arms
(Figure 3A,C, respectively) nor in the number of entries into the open arms (Figure 3B)
compared to the unblocked lectin, although the combined therapy (SteLL 1mg/kg and
Diazepam 0.5 mg/kg) decreased the number of entries into the closed arms compared to
the control (Figure 3D, F = 4.638, p = 0.0123). Furthermore, the blockage with casein also did
not modify the effect of lectin on the crossing or rearing responses of animals in the OFT:
SteLL (4 mg/kg) and diazepam (1 mg/kg) decreased the number of rearings compared to
the control as much as the group administrated with SteL.L. 4 mg/kg blocked with casein
(Figure 4B; F = 9.444, p = 0.0005).
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Figure 2. Effects of SteLL (1, 2, and 4 mg/kg) i.p. treatment on the elevated plus maze test. Diazepam
(1 mg/kg) was used as a positive control. Diazepam (0.5 mg/kg) plus SteLL (1 mg/kg) was used
to evaluate the synergic effect of both compounds combined. (a) Total time that mice spent in open
arms. (b) The number of entries into the open arms. (c) Total time spent in closed arms. (d) The
number of entries into the closed arms. Significant differences compared with the control group:
(*) p <0.05; (**) p < 0.001; (***) p < 0.0001; (****) p < 0.00001.
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Figure 3. The incubation of the lectin with casein did not revert the anxiolytic effect of SteLL (4 mg/kg)
in the elevated plus maze test. (a) Total time that mice spent in open arms. (b) The number of entries
into the open arms. (c) Total time spent in closed arms. (d) The number of entries into the closed
arms. (*) p < 0.05; (**) p < 0.001; (***) p < 0.0001 compared to control

40



Pharmaceuticals 2022, 15, 1364

50f 11

150 60 -
£ 1001 € 4
3 2
2 3 :
8 50" & 20— o
0- 0 ="y
o NG B S O 0 v
R Ot S oS
& Q 4}“
4 F

(a) (b)

Figure 4. The incubation of the lectin with casein did not revert the anxiolytic effect of SteLL (4 mg/kg)
in the open field test. (a) Total number of crossings. (b) Total number of rearings. (*) p < 0.05;
(**) p < 0.001; (***) p < 0.0001 compared to control.

2.3. The Anxiolytic Effect of SteLL in the EPM Is Dependent on Monoaminergic Pathways

To investigate whether the anxiolytic-like effect of SteLL in the OFT and EPM was de-
pendent on monoaminergic pathways, the following antagonists were administered 15 min
before the StelL treatment: the nonselective antagonist of the a2-adrenoceptor (yohimbine),
the 5-HT2A /2C serotonin receptor antagonist (ketanserin), or the D1 dopamine receptor
antagonist (SCH 23390). Pretreatment with yohimbine, ketanserin, and SCH 23390 signif-
icantly blocked the effect of SteLL (4 mg/kg) on the time spent in the open (Figure 5A;
F=6.608 p < 0.0001) and closed arms (Figure 5C; F = 3.590, p = 0.0058) on the EPM. The
number of entries into the open (Figure 5B; F = 1.089, p = 0.4003) or closed arms (Figure 5D;
F =1.407, p = 0.2383) did not significantly change among the groups. In addition, the
treatment with antagonists did not affect the efficacy of SteLL in the reduction in the rearing
responses on OFT (Figure 6B; F: = 7.851, p < 0.0001). No treatment altered the number of
crossings (Figure 6A; F = 3.92, p> 0.05).
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Figure 5. The anxiolytic-like effect of SteLL in the EPM was dependent on monoaminergic signaling.
The pretreatment with the nonselective antagonist of the a2-adrenoceptor yohimbine 1 mg/kg,
the 5-HT2A /2C serotonin receptor antagonist ketanserin 5 mg/kg, and the D1 dopamine receptor
antagonist SCH 23390 0.05 mg/ kg inhibited the effect of SteLL (4 mg/kg) on the time spent in the open
(a) and closed (c) arms. No changes were observed in the number of entries in open (b) and closed
(d) arms. The antagonists were administrated 15 min before SteLL. administration. The experiments
were conducted 15 min after SteL. L administration. (**) p < 0.001; (***) p < 0.0001 compared to control.
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Figure 6. The blockage of the monoaminergic signaling did not alter the rearing responses of SteL.L
administration (4 mg/kg) on the OFT. The nonselective antagonist of the a2-adrenoceptor yohimbine
1 mg/kg, the 5-HT2A /2C serotonin receptor antagonist ketanserin 5 mg/kg, and the D1 dopamine
receptor antagonist SCH 23390 0.05 mg/kg were evaluated. (a) There were no significant changes in
the numbers of crossing among the groups. (b) SteLL 4 mg/kg decreased the number of rearings
compared to the control even in animals pretreated with the antagonists. (*) p < 0.05; (**) p < 0.001;
(***) p < 0.0001 compared to control.
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3. Discussion

In this study, the anxioly tic-like effects of lectin extracted from Schinus terebinthifolia
leaf have been shown in the OFT and EPM tests. In addition, the data revealed that the
anxiolytic effect of SteLL. was dependent on the monoaminergic signaling in the EPM.

Disturbances in the monoaminergic signaling have been stated as the major force
of anxiety disorders [20~25]. The use of inhibitors of monoamines reuptake has been
the main treatment for anxiety, although ineffective in many patients [20,25,26]. Here,
we revealed that SteLL. anxiolytic-like activity in the EPM was reverted by yohimbine,
ketanserin, and SCH 23390, suggesting the modulatory effects via the x2-adrenoceptor,
serotonin receptor, and the D1 dopamine receptor; however, this signaling seemed not to
be involved in the responses in the OFT. The EPM and the OFT are tests widely considered
for measuring anxiety-like behavior in mice; nonetheless, these methodologies measure
different parameters of drug-induced anxiolytic activity [27]. For instance, the EPM is
based on the natural aversion of mice to open and elevated areas, whereas the OFT is
based on the alterations in the exploratory behavior of animals [28,29]. In the first, an
anxious behavior has its expression in the time that an animal spends in enclosed arms,
while in the second the anxious behavior is mainly interpreted by the improvement in the
rearing responses [30,31]. Therefore, our results suggested that the monoaminergic system
involvement in SteLL efficacy was related to the aversion to light/ open spaces rather than
alterations in the general exploratory activity of the mice.

The interaction between the carbohydrate residues in biological membranes and
lectins can modulate cell responses. For instance, Souza et al. [13] suggested that the
binding of SteL.L. to N-acetylglucosamine is crucial to the lectin bacteriostatic activity.
According to the literature, the interaction between carbohydrate residues and lectins can
modulate cell communication and CNS neurological function [9,32-34]. Galectins (Gal) are
endogenous lectins that belong to a family of pro- and/or anti-inflammatory endogenous
B-glycan-binding proteins, and the implications of Gal-1, 3, 4, 8, and 9 in psychological
and neurological diseases have been revealed [35-38]. SteLL was incubated with casein, a
glycoprotein that binds its carbohydrate-binding domain, but the blockage of the CRD did
not interfere with the anxiolytic efficacy of the lectin. Even though the blockage with casein
reverted the number of entries into the closed arm of EPM, this isolated result does not
suggest a function dependent on the lectin CRD. This is different from the result found by
Marinho etal. [17], who reported that the blockage with casein inhibited the antinociceptive
activity of SteLL. The results do not reject the interactions of SteLL. with CNS glycans but
only show that there was no need for an empty CRD for StelL. to perform the effects
observed in the present work. Recently, Bezerra et al. [39] revealed that the lectin isolated
from Cratyllia mollis seed (Cramoll 1,2,3) sustained a pesticide activity against the termite
Nasutitermes corniger and mite Tetranychus bastosi independent of the carbohydrate-binding
ability of the lectin.

The screening for new agents to treat anxiety disorders has been constant and yet
has not been significantly successful. The screening will continue, and natural products
promise to speed up the process based on their economic necessity, natural availability, and
being safer alternatives. SteLL plays a flourishing role as an anxioly tic agent whose efficacy
is dependent on monoaminergic signaling. Further studies must explore other signaling
molecules involved in SteL.L. neuromodulation.

4. Materials and Methods
4.1. Animals

Male Swiss mice weighing 25-30 g, 4-5 weeks old (1 = 72), were maintained at room
temperature (22-27 °C) with free access to water and food, under a 12:12 h light-dark cycle
(lights on at 7 am). All manipulations were conducted in the light phase between 9 am and

5 pm. The procedures in this study were performed according to the National Institutes of
Health Guide for Care and Use of Laboratory Animals [40] and were approved by the local

43



Pharmaceuticals 2022, 15, 1364

8of 11

Ethics Committee for Animal Use (protocol no. 0010/2021) of the Federal University of
Pernambuco (UFPE). All efforts were made to minimize animal suffering.

4.2. Purification of Lectin

Leaves of S. terebinthifolia were collected on the campus of UFPE in Recife, Pernam-
buco, according to authorization number 72024 (SISBIO) of the Chico Mendes Institute for
Biodiversity Conservation (ICMBio). This research was recorded (A37C1E4) in the National
System for the Management of Genetic Heritage and Associated Traditional Knowledge
(SisGen). SteL.L was isolated according to Gomes et al. [12]. Briefly, the flour from the
dried leaves was homogenized for 16 h with 0.15 M NaCl in the proportion of 10% (w/v).
After the centrifugation process (15 min, 3,500 g, 4 °C), the extract was loaded onto a chitin
(Sigma-Aldrich, St. Louis, MO, USA) column equilibrated with 0.15 M NaCl. The adsorbed
proteins (SteL.LL) were eluted with 1.0 M acetic acid and dialyzed against distilled water
for 6 h. The protein concentration was determined according to Lowry et al. [41] using
the bovine serum albumin standard curve (31.25-500 ug/mL). The carbohydrate-binding
ability of the SteL.L. samples was determined through a hemagglutinating activity assay as
described by Procopio et al. [42].

4.3. Drugs and Treatment

To evaluate the anxiolytic efficacy of SteLL, mice received intraperitoneally the lectin
at1,2,or4dmg/ kg (in phosphate-buffered saline, PBS; # = 6 per group) or only the vehicle
PBS (control; = 6) 30 min before the open field (OF) and elevated plus maze (EPM) tests.
Lectin doses were defined based on Ramos et al. [16], who found antinociceptive action of
SteLL at 1 and 2 mg/kg. Diazepam (1 mg/kg i.p.) was used as a positive control (11 = 6).

To determine the monoaminergic signaling involvement in Stel.L. anxiolytic activity,
the nonselective antagonist of the a2-adrenoceptor (yohimbine; 1 mg/ kg), the 5-HT2A /2C
serotonin receptor antagonist (ketanserin; 5 mg/kg), or the D1 dopamine receptor antag-
onist (SCH 23390; 0.05 mg/kg) were administrated i.p. 15 min before SteL.L. (4 mg/kg)
administration. Six animals were assigned to each group. The choice and the doses of the
antagonists were based on Araujo et al. [43], and the drugs were also dissolved in PBS. All
drugs were obtained from Sigma-Aldrich and were prepared fresh on the day of testing.
After administration, the animals were evaluated in the EPM and OF tests.

In addition, a combination of SteLL at 1 mg/kg and a subeffective dose of diazepam
(0.5 mg/kg) was administered 15 min before EPM and OF tests to assess the efficacy of
combined therapy (1 = 6).

4.4. The Effect of the Carbohydrate-Recognizing Domain (CRD) on the Anxiolytic Effect of the Lectin

To determine whether the effect of the lectin was dependent on the CRD of the
lectin, the CRD was blocked by dissolving the lectin (4 mg/kg) in a PBS buffer containing
0.5 mg/kg of casein (a glycoprotein that inhibits SteLL. hemagglutinating activity), and the
solution (SteLL + casein) was kept at 37 °C for 30 min before being administered to the
animals (n = 6). The control group received only casein (11 = 6). The OFT and EPM were
then performed 30 min after treatments.

4.5. Open Field (OF) Test

The OF apparatus consisted of a wooden box measuring 40 x 60 x 50 cm [18]. The
floor of the arena was divided into twelve equal squares. The number of squares crossed
with all paws (crossing) and the number of times the animal was supported only on
its hind legs (rearing) were counted in a 5-min session [44]. Each animal was placed
individually and carefully on the apparatus. The apparatus was sanitized between each
animal so that there was no interference of smells. The anxiolytic activity was recognized
through the alteration in the rearing responses of mice and the alterations in the number of
crossings [45].
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4.6. Elevated Plus Maze (EPM) Test

Anxiolytic-like behavior was evaluated using the EPM task as previously described [19].

The EPM consisted of two opposite open arms (50 x 10 cm), crossed with two closed walls
of the same dimensions, with 40 cm high walls. The arms were connected with a cen-
tral square of 10 x 10 cm and the entire maze was placed 50 cm above the ground. The
animals were placed on the central platform of the maze in front of an open arm. The
animal had 5 min to explore the apparatus, and the time spent and the number of entries
into open and closed arms were recorded [46]. Each animal was placed individually and
carefully in the center, facing the open arm. The apparatus was thoroughly cleaned with
30% ethanol between each session. An increase in the time spent in the closed arms by mice
was interpreted as anxiolytic behavior.

4.7. Statistical Analysis

Comparisons between the experimental and control groups were performed by one-
way analysis of variance (ANOVA) followed by the Bonferroni test. A value of p < 0.05 was
considered significant. All statistical procedures were carried out using PRISMA Statistic
software version 8.0.

5. Conclusions

Overall, our results indicate that SteLL plays a flourishing role as an anxiolytic agent
whose efficacy is dependent on monoaminergic signaling but not on the lectin CRD. Further
studies must explore other signaling molecules involved in SteLL. neuromodulation as well
as the effects of this lectin on the psychological disorders.
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ARTICLE INFO ABSTRACT

Keywords: Depression underlies a common psychiatric disorder that has been rising in the diagnosis of long-term disabilities

Lectins worldwide. Natural products have been studied as an antidepressant and anxiolytic agents aiming to make avail-

Stell 5 able new options for the daily basis reatment of those psychological disorders. SteLL is a lectin extracted from

Zc”“ss‘fm « w oW Schinus terebinthifolia leaf that has been revealed as an antimicrobial, immunomodulatory, antitumor, and an-
onoamin aling

Nitric O: xi;:g‘c en tinociceptive agent. Nonetheless, the efficacy of SteLL in the treatment of depression has not yet been explored.

In view of this, the aim of this study was to investigate the effect of SteLL in an acute protocol for symptoms of de-
pression using the tail suspension test (TST) to assess despair. Administration of SteLL (1, 2 e 4 mg/kg) signifi-
cantly diminished the i bility time of animals in the TST and this anti-immobility action was dependent on
the carbohydrate-recognizing domain (CRD) since the prior incubation with casein (an inhibitor of SteLL carbo-
hydrate-binding property) blocked the effect. SteLL effect was also reversed by pre-treatment with pharmacologi-
cal antagonists of a2-adrenoceptor, 5-HT2A/2C serotonin receptor, and D1 dopamine receptor as well as by a se-
lective inhibitor of iNOS (aminoguanidine). L-arginine, a precursor of NO, potentiated SteLL anti-immobility ef-
fect. In a subacute evaluation, the anti-immobility effect of SteLL persisted after seven days of treatment. Our
findings suggest a role of SteLL in the modulation of depression mostly through monoaminergic and nitric oxide

signaling.

1. Introduction

Depression is a severe psychiatric condition with a short lifetime
prevalence worldwide and is the leading cause of disability and one of
the foremost economic burdens [1,2]. Despite the fact that psychologi-
cal diseases pertain to a vast field of research and pharmaceutical in-
vestments, the treatment is partially inefficient due to patients' inaccu-
rate response to all available therapies [2,4]. In addition, more than
75 % of people in low- and middle-income countries do not have the
opportunity for reasonable therapy [S]. The medical approach has its
ground, but not only, in the enhancement of monoaminergic
(dopamine, serotonin, and noradrenaline) expression [6].

Natural products have increasingly become popular and scientifi-
cally accepted for the daily treatment of depression [7-11]. Herbal
products have historically delivered more effective cost-benefit out-
comes with fewer unwanted side effects. Further, the combination of
natural products with available commercialized medications has re-
vealed a superior therapeutic value compared with single products [10,
12].

Lectins are proteins with at least one non-catalytic domain, which
interacts with carbohydrates, including cell surface glycoconjugates,
being able to modulate a variety of processes. Lectins have demon-
strated intricate activity in the central nervous system (CNS) as neuro-
protectors, playing a role in the neuroplasticity mechanisms [12,14]
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and emotional disorders [9,15-17], eliciting future alternatives for the
treatment of these conditions.

SteLL is a lectin from leaves of Schinus terebinthifolia (Anacar-
diaceae), a tree also known as "aroeira-da-praia", "aroeira- vermelha" or
"pimenta-rosa”. The SteLL purification procedure was defined by Gomes
et al. [18]. Until now, the characterization studies of SteLL revealed
that it is a chitin-binding lectin with a native molecular mass of
12.4 KDa, isoelectric point (pl) of 5.7, and sequence similarities with
ATP synthase and F1-ATPase from plants [19,20]. In electrophoresis
under denaturing conditions (SDS-PAGE), SteLL appears as a single
polypeptide band of ca. 14 kDa [18,21], suggesting that it is a
monomeric lectin. The carbohydrate-binding domain of SteLL is able of
recognizing oligosaccharide moieties of the glycoproteins fetuin, oval-
bumin, and casein, as well as glycans present at the surface of Crypto-
coccus cells [19,22].

In vitro assays, SteLL has displayed antimicrobial activity against hu-
man pathogens [18] as well as anti-infective action against Staphylococ-
cus aureus [23]. SteLL also displayed immunomodulatory activity on
mouse splenocytes [20]. The treatment with SteLL in animals has re-
vealed a reduction in the development of sarcoma 180, with the sugges-
tion of an antiangiogenic effect [21]. Santos et al. [24] confirmed the
antiangiogenic action of SteLL using an in vivo model of the yolk sac
membrane of Coturnix japonica embryos. Finally, SteLL showed an-
tinociceptive activity mediated by delta-opioid receptors [22]. This
central antinociceptive effect of SteLL has raised the interest to explore
the role of this lectin in neurological conditions. Recently, it was re-
ported that SteLL displayed an anxiolytic-like effect in mice dependent
on monoaminergic signaling [25].

As a fact, depression treatment does not have optimal and afford-
able coastwise and does not show benefits for the majority of patients.
Thus, in this study, we evaluate the role of SteLL in depression using
acute and subacute treatments and the tail suspension test (TST). Fur-
thermore, we investigated whether the lectin effect involves
monoaminergic and nitric oxide pathways.

2. Materials and methods
2.1. Animals

The animals were provided by the bioterium of the Instituto Keizo
Asami (ILIKA) of the Universidade Federal de Pernambuco (UFPE). Male
Swiss mice weighing 25-35 g, from 4 to 5 weeks, were maintained at
room temperature (22-27 “C) with free access to water and food, under
a 12:12 h light-dark cycle (lights on at 7 am). All manipulations were
conducted in the light phase between 9 am and 5 pm. The procedures
were approved (no. 0015/2021) by the local Ethics Committee for Ani-
mal Use of UFPE.

2.2. Purification of lectin

Leaves of S. terebinthifolia were collected on the campus of the UFPE
in Recife, Brazil, according to authorization no. 72,024 (SISBIO) of the
Instituto Chico Mendes de Conservagdo da Biodiversidade (ICMBio) of the
Brazilian Ministry of the Environment. This research was entered
(A37C1E4) in the Sistema Nacional de Gestdo do Patriménio Genético e do
Conhecimento Tradicional Associado (SisGen). Taxonomic identification
was performed in the herbarium of the Instituto Agronémico de Pernam-
buco (Recife, Brazil), where a voucher specimen (no. 73,431) is
archived. SteLL was isolated according to Gomes et al. [18]. The leaves
were dried at 28 °C for 3 days and then grounded in a multiprocessor
until the flour was obtained. The flour was homogenized (16 h, 4 °C)
with 0.15 M Nacl in the proportion of 10 % (w/v). The extract was ob-
tained after centrifugation (15 min, 3,500 g, 4 °C) and loaded onto a
chitin column equilibrated with 0.15 M NaClL. The adsorbed proteins
(SteLL) were eluted with 1.0 M acetic acid and dialyzed against dis-
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tilled water for 6 h. The homogeneity of SteLL was assessed by poly-
acrylamide gel electrophoresis (PAGE) (12 % w/v) in the presence of
sodium dodecyl sulfate (SDS) according to Laemmli [26]. The quantita-
tive determination of proteins was performed according to Lowry et al.
[27] using the bovine serum albumin standard curve (31.25-500 ug/
mL).

2.3. Hemagglutinating activity (HA) assay

The carbohydrate-binding capacity of the lectin was identified by
the hemagglutinating activity (HA) assay [19]. The HA was recorded as
the reciprocal value of the highest sample dilution that promoted full
agglutination of erythrocytes. In order to choose the best carbohydrate
to be used to block the carbohydrate-recognizing domain (CRD) of
SteLL, the HA assay was performed using lectin sample previously incu-
bated with the glycoprotein (0.5 mg/mL) casein, which was previously
demonstrated to be an inhibitor of SteLL HA.

2.4. Determination of the influence of the carbohydrate-binding domain of
the lectin

To determine whether the effect of the lectin is dependent on the
CRD, the lectin (4 mg/kg) was dissolved in PBS buffer containing
0.5 mg/mL of casein, and the solution (SteLL + casein) was kept at
37 °C for 30 min before the experiments. The groups were divided in:
PBS, casein, SteLL 4 mg/kg, SteLL pre-incubated with casein. The drugs
were administered 30 min before the test.

2.5. Acute treatment

SteLL was administered to mice by the intraperitoneal (i.p.) route in
three different doses: 1, 2, and 4 mg/kg. The doses of SteLL used were
based on Lima et al. [25]. SteLL was diluted with PBS (phosphate-
buffered saline). The control group was treated with the vehicle (PBS).
Thirty minutes after the SteLL injection, the animals were submitted to
the TST to test immobility and to the open field to test disorders of
movement, as described below. Fluoxetine (10 mg/kg) was chosen as a
positive control. In order to evaluate a possible effect between SteLL
(1 mg/kg) and a sub-effective dose of fluoxetine (5 mg/kg), fluoxetine
was co-administered with SteLL 30 min before the TST. The doses of the
drugs used in this study were selected on the basis of literature data
[15,28].

To assess whether the activity of SteLL was dependent on
monoaminergic or nitric oxide signaling, we administered (i.p.) the fol-
lowing pharmacological inhibitors of the respective receptors/path-
ways 15 min before SteLL administration: a non-selective antagonist of
a2-adrenoceptor (yohimbine; 1 mg/kg), a 5-HT2A/2C serotonin recep-
tor antagonist (ketanserin; 5 mg/kg), a D1 dopamine receptor antago-
nist (SCH 23390; 0.05 mg/kg), a non-selective inhibitor of nitric oxide
synthase (L-NAME; 10 mg/kg), an inhibitor of iNOS (aminoguanidine;
50 mg/kg) and a precursor of NO (L-arginine; 750 mg/kg),. The drugs
were dissolved in PBS. All drugs were obtained from Sigma-Aldrich and
were prepared fresh on the day of testing.

2.6. Evaluation of the subacute antidepressant effect of lectin

To test the subacute antidepressant effect of SteLL, animals (n = 6/
group) received lectin (4 mg/kg) or vehicle (PBS) or fluoxetine (10 mg/
kg) intraperitoneally for 7 days once a day. The TST was performed on
the first and last day of treatment.
2.7. Tail suspension test (TST)

The TST is a predictive test commonly used methodology for mea-
suring the effects of drugs on depression-like symptoms in animal mod-
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els. The test is observational and evaluates moments of alternation of
the animal. The animals are suspended by the tail and secured with ad-
hesive tape, 30 cm above the ground [29]. Each group consisted of six
animals (n = 6). The immobility of experimental animals was mea-
sured for 5 min and the following parameters were quantified: immo-
bility time (defined as being hung by the tail without engaging in any
active behavior), latency for the first immobility, number of immobility
events, and agitation time.

2.8. Open field

To evaluate the effects of SteLL on the locomotive and exploratory
behavior, the animals were allocated to an open-field test [30]. The ap-
paratus consists of a wooden box measuring 40 X 60 X 50 cm. The floor
of the arena was divided into 12 equal squares. The number of squares
crossed with all paws (crossing) was counted in a 5-min session [31].
Each group consisted of six animals (n = 6) and they were placed indi-
vidually and carefully on the apparatus. The apparatus was sanitized
between each animal so that there was no interference of smells.

2.9. Statistical analysis

Comparisons between experimental and control groups were per-
formed by one-way ANOVA followed by Bonferroni's multiple compar-
isons tests. A value of p < 0.05 was considered significant. All statisti-
cal procedures were carried out using PRISMA Statistic software ver-
sion 8.0. Data were expressed as a mean of replicates + SEM.

3. Results
3.1. Purification of SteLL

The SDS-PAGE revealed a single polypeptide band of ca. 14 kDa in
the SteLL samples used in the present work (Fig. 1A). SteLL showed a
hemagglutinating activity of 32, which was abolished when this lectin
was previously incubated with casein (Fig. 1B).

3.2. Single SteLL treatment decreased the immobility of mice in the TST

The results depicted in Fig. 2 show the effect of the single treatment
of mice with SteLL ip. in the immobility time in the TST. One-way

A

Fig. 1. Evaluation of Schinus terebi leaf lectin (SteLL) homogeneity
and carbohydrate-binding ability. (A) SDS-PAGE of SteLL samples used in the
present work, revealing a single polypeptide band of ca. 14 kDa. (B) The
hemagglutinating activity of SteLL (1) was neutralized when the lectin was
previously incubated with casein (2) before the addition of rabbit erythro-
cytes.
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ANOVA revealed a significant effect of the treatment
(F = 6.155p < 0.0005). Post hoc analyses indicated that the treatment
of mice with SteLL (1, 2 e 4 mg/kg) and combined therapy with SteLL
(1 mg/kg) and a sub-effective dose of fluoxetine (5 mg/kg) produced a
significant reduction in the immobility time in the TST (Fig. 2A) and en-
hanced agitation time compared to control (Fig. 2D). There was no dif-
ference in the immobility latency (Fig. 2B) or in the number of times the
animals were immobile (Fig. 2C) among the groups. The administration
of SteLL did not alter the locomotory activity of mice in the open-field
test (Fig. 3). In line with this view, the results suggest the efficacy of
SteLL to minimize depressive distress. In general, the administration of
SteLL did not produce signs of toxicity in mice (convulsion, stereotyped
behavior, or ataxia, for example).

3.3. The anti-immobility effect of SteLL is dependent on the carbohydrate-
recognizing domain (CRD)

Casein neutralized the hemagglutinating activity of SteLL (Fig. 1B)
and studies performed in our laboratory showed that this glycoprotein
did not affect the locomotor activity of mice in the open field test (data
not shown).

Fig. 4 lodged that the previous lectin incubation with casein
blocked the anti-immobility effect in the TST produced by SteLL
(4 mg/kg). One-way ANOVA revealed a significant effect of the treat-
ment (F = 9,66p < 0.001). Post hoc analyses indicated that the time
of immobility in the SteLL-treated group (4 mg/kg) was statistically
different from the control while no difference was found in the group
treated with the lectin pre-incubated with casein.

3.4. The anti-immobility effect of SteLL is dependent on inergic and
nitric oxide pathways

In order to investigate whether the antidepressant-like effect of
SteLL in the TST was associated with monoaminergic and nitric oxide
pathways, mice were pre-treated with different drugs before lectin ad-
ministration. All these drugs did not affect the locomotor activity of
mice in the open field test, as demonstrated in an investigation con-
ducted by our group (data not shown).

The pretreatment of mice with yohimbine (F = 12.55, p < 0.0001)
(Fig. 5A), 5-HT2A/2C (Fig. 5B) (F = 7.41, <0.0004), SCH (Fig. 5C)
(F = 5.42, p < 0.0028), and aminoguanidine (Fig. 5E) (F = 6.57,
p < 0.0009) prevented the effect of SteLL (4 mg/kg) in the TST. On the
other hand, L-NAME (Fig. 5D) did not modify the effect of SteLL in the
test. Moreover, L-arginine, potentiated the effect of SteLL in the TST
(Fig. 4F) (F = 15.01, p < 0.0001).

3.5. Subacute anti-immobility effect of SteLL

The results show that the reduction in the total immobility time pro-
moted by SteLL and SteLL plus fluoxetine persisted after seven days of
treatment compared to the control (Fig. 6A and B) (day 0: F = 1.91,
p < 0.0001; day 7: F = 7.44, p < 0.0001). No differences were found
regarding the number of immobility events or the latency for the first
immobility among groups (Fig. 6C and D). Finally, the agitation time
was enhanced in all groups compared to the control (Fig. 6G and H)
(day 0: F = 10,40, p < 0.0001; day 7: F = 7.44, p < 0.0001).

4. Discussion

Depression is a psychological multifactorial disease with a robust
prevalence and economic burden worldwide. However, the therapy
elicits only mild efficacy with roughly 30 % of responsiveness among
patients and also induces a myriad of side effects [32-35]. In line with
this view, the attention given to the use of natural products to treat psy-
chological disorders has been gaining ground in the last decades. Lima

51



B. Raissa Ferreira de Lima et al.

>
g

Immobility time (s)

(o]

50

Immobity latency (s)

Neuroscience Letters xoox (xoocx) 137092

15

3

Immobility (n)

Agitation time (s)

Fig. 2. Effects of SteLL (1, 2, and 4 mg/kg) i.p treatment on immobility time of animals measured in the TST. Fluoxetine (10 mg/kg) was used as a positive control.
A significant effect was observed with all the tested doses of lectin and with combined therapy with a sub-effective dose of fluoxetine (5 mg/kg) administered with
the smaller dose of SteLL (1 mg/kg). A represents the total immobility time of mice in the TST; B the number of immobility events; C the latency of first immobility;
D the overall time of mice agitation. The experiments were conducted 30 min after SteLL or fluoxetine or PBS administration. The statistical analysis included
ANOVA followed by the Bonferroni post hoc test. * = p < 0.05, ** = p < 0.01. *p ***p < 0.0001 compared to control.
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Fig. 3. Effects of SteLL (1, 2, and 4 mg/kg) i.p treatment on the number of
crossings in the open field test. No differences were observed between the
groups.

et al. [25] reported that the lectin extracted from Schinus terebinthifolia
leaf has an anxiolytic-like effect and, in the present study, the antide-
pressant effects of SteLL have been suggested.

The homogeneity of SteLL samples was confirmed by SDS-PAGE,
which showed a profile similar to previously reported [18,19,21]. As
aforementioned in ‘Introduction’, SteLL appears as a single polypeptide
band of ca.14 kDa in SDS-PAGE, and this method has been routinely
employed by us to check the SteLL isolation. This is ratified by previous
data that confirmed that this lectin has a native molecular mass of ca.
12.4 kDa in gel filtration chromatography [20] and appears as a single
14-kDa spot with pl 5.7 in 2D-electrophoresis [19], indicating that the
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Fig. 4. The anti-immobility effect of SteLL is dependent on the carbohydrate-
recognizing domain. Results are expressed as means * SEM (n = 6).
**P < 0.01 indicates a significant difference between treatments compared to
control according to ANOVA followed by Bonferroni's test.

polypeptide band seen in SDS-PAGE has the same weight of the native
form (and do not correspond to dissociated subunits) and that there is
no mixture of isoforms.

Several cell receptors found in the central nervous system are glyco-
sylated, including those involved in monoaminergic signaling. For ex-
ample, the 5-HT2A/2C receptor contains five potential N-linked glyco-
sylation sites on the extracellular N terminus [36]; a2-adrenoreceptor
presents extracellular amino-terminal segment with sites for as-
paragine-linked glycosylation [37]; and D1 receptors contain oligoman-
nose- and complex-type glycans [38]. In addition, Lima et al. [25] re-
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tentiated SteLL anti-immobility effect. The antagonists or PBS (grey bar) were administrated 15 min before SteLL or PBS administration (white bar). The experiments

were conducted 30 min after SteLL or fl ine or PBS ad
p = 0.05, ** = p < 0.01. *p ***p =< 0.0001 compared to control.

ported that antagonists of monoamine receptors inhibited the anxi-
olytic-like effect of SteLL in the elevated plus maze test. Therefore, we
hypothesized that SteLL could also interact with such signaling to exert
the observed antidepressant action. Indeed, the anti-immobility effect
produced by SteLL was dependent on monoaminergic pathways since
pre-treatment with yohimbine, ketanserin, and SCH 23390 prevented
SteLL effect on immobility in the TST. In concordance, the involvement
of the monoaminergic pathway in the anti-depressant role of lectins has
been stated before [17]. Our results encourage further studies describ-
ing how the lectin structure-activity relationship modulates monoamin-
ergic signaling.

The TST persists as one of the most used tools for screening antide-
pressants. It is quite sensitive and classical antidepressive agents have
been shown a lack motivation to escape the aversive situation (immo-
bility) when administered acutely and chronically [39,40]. The reduc-
tion in the immobility time in the TST elicited by SteLL was not accom-
panied by changes in the locomotory activity assessed in the open-field
test.

Two trials of thoughts enlighten the involvement of the serotoniner-
gic system in the antidepressant-like action of SteLL. Firstly, the pre-
treatment with ketanserin prevented the anti-immobility effect of SteLL

istration. The statistical analysis included Two-way ANOVA followed by Turkey's post hoc test. * =

in the TST. Secondly, the results confirm an effect on immobility time in
mice treated with combined therapy of a small dose of SteLL (1 mg/kg)
and a small sub-effective dose of fluoxetine (5 mg/kg), a serotonin re-
uptake inhibitor, vastly used for the treatment of depression. The effect
of natural compounds with a sub-effective dose of clinically used anti-
depressive has been suggested not only to facilitate the pharmacologi-
cal properties of compounds [41] but also for the development of fast
onset of new substances that potentially may treat psychological-like
disorders [42]. Nevertheless, further studies must address the pharma-
cological properties of the combined treatment as much as evaluate
whether the efficacy of the therapy is limited to the experimental para-
digm used here.

Deregulation of the NO system in stress-related disorders has been
addressed in the literature [43]. Nitric oxide synthase (NOS) inhibitors
have been disclosed with an antidepressant-like effect profile [44]. To
add to that, the inhibition of inducible NOS (iNOS) decreases inflamma-
tory cytokines and oxidative stress while inducing neuroprotection [45,
46]. Even though studies have been associating the production of NO
with the development of depression, some others suggest that NO may
potentiate the activity of antidepressants [47]. In the present study, we
have shown that the inhibitor of iNOS (aminoguanidine) prevented the
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Fig. 6. Subacute effects of M. oleifera seed water-soluble lectin SteLL in mice evaluated on the tail suspension test (TST). Mice were treated intraperitoneally with
PBS (control), fluoxetine (10 mg/kg), SteLL (1, 2, and 4 mg/kg), and StelL (1 mg/kg) + fluoxetine (5 mg/kg) for seven days. The test was performed on the first
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tween treatments compared to control according to ANOVA followed by Bonferroni's test.
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lectin anti-immobility effect in the TST and that the effect was potenti-
ated by the precursor of NO (L-arginine). On one hand, SteLL has been
shown to induce the bactericidal action of macrophages towards S. au-
reus, increasing NO levels and other cytokines such as IL-6, IL-10, IL-
17A, and TNF-x [23]. On the other hand, in a culture of splenocytes
treated with SteLL, the immunological effect of the lectin induced a
slight decrease in the levels of NO [20]. Here, we suggested that the
anti-immobility effect of SteLL was also dependent on the NO expres-
sion, however, it appears to be selective to iNOS expression, an isoform
induced by the release of inflammatory cytokines [48,49], Since the
anti-immobility effect of SteLL was not prevented by the non-selective
inhibitor L-NAME. Accordingly to Lima et al. [23], the administration
of SteLL may enhance inflammatory molecules and NO due to enhanced
iNOS expression. Nevertheless, the exact mechanism underlying this ef-
fect still lies far ahead. One future point would be to evaluate whether
SteLL modifies the expression of the enzyme itself, tissue specificity,
and which signaling downstream of NO expression is influenced by
SteLL. Of note, some antidepressants that inhibit the enzymatic activity
of NOS have already been evaluated in animals and humans [50].

In another set of experiments, we evaluated whether SteLL CRD
would be involved in the antidepressant effects. The carbohydrate-
binding specificity of SteLL was previously determined: this lectin binds
to chitin and is able of recognizing glycan moieties present in the glyco-
proteins fetuin, ovalbumin, and casein; however, it did not have the HA
inhibited by the free monosaccharide glucose and N-acetylglucosamine
[18,19,22]. According to Silva et al. [19], fetuin, ovalbumin, and casein
showed similar inhibitory effects on the HA of SteLL as well as on the la-
beling of Cryptococcus cells by conjugates composed of SteLL and quan-
tum dots. Thus, we choose one of them, which was casein, for the exper-
iments performed in the present work. The data confirmed that casein is
a glycoprotein that binds and inhibits SteLL. HA. The blockage of CRD
with casein prevented SteLL anti-immobility activity. Therefore, these
results suggested that the action of SteLL was dependent on an unoccu-
pied CRD. Likewise, Marinho et al. [22] also found that the antinocicep-
tive action of SteLL in neurogenic and inflammatory pain was depen-
dent on the CRD since the effect was inhibited when the lectin was pre-
viously incubated with ovalbumin. As claimed above, further studies,
including the definition of SteLL CRD structure, must be conducted in
order to evaluate whether the effect of SteLL was through direct inter-
action with the glycosylated moieties of monoaminergic and nitrergic
receptors.

Interestingly, Lima et al. [25] found that the anxiolytic-like effect of
SteLL was not prevented when casein-blocked lectin was administered
to mice. This suggests that, although both anxiolytic-like and antide-
pressant actions of SteLL are linked to modulation of monoaminergic
signaling, the structure-activity basis of these effects are different as
well as there can be other and distinct actors involved in these activi-
ties.

5. Conclusion

In the present study, the anti-depressive-like effects of the SteLL
were revealed. The effect was dependent on monoaminergic and nitric
oxide signaling. Furthermore, the results indicate that the CRD of the
lectin is required for the anti-immobility activity. Finally, the efficacy of
SteLL remained for at least seven days of sub-acute treatment. To ex-
tend our data, further studies must explore the efficacy of SteLL in dif-
ferent models of depression as much as evaluate whether the biological
activity of SteLL is similar to clinical antidepressants prescribed world-
wide.
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5. CONCLUSOES

A lectina SteLL exerce atividade do tipo ansiolitca observada a partir do teste de
campo aberto e do teste do labirinto em cruz elevada.

SteL L exerce atividade do tipo antidepressiva observada a partir do teste de
suspensdo pela cauda, tanto de forma aguda como subaguda.

O efeito do tipo antidepressivo, mas ndo o ansiolitico, é dependente do sitio de
ligagéo a carboidratos da lectina.

Efeito de SteLL é dependente da via monoaminérgica, tanto para sua agdo
antidepressiva, quanto para seu efeito ansiolitico.

O efeito do tipo antidepressivo de SteLL é também dependente da via de NO.
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