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RESUMO
Este trabalho tem como objetivo avaliar os efeitos antioxidante e tipo-antidepressivo
da Eugenia catharinensis e do acido p-cumarico em um modelo animal de depressao
induzida pela administracdo cronica de corticosterona (CORT). ApGs a coleta das
folhas da E. catharinensis, foi realizado o preparo dos extratos e a identificacdo dos
compostos por HPLC-ESI-MS/MS. Camundongos receberam CORT (20 mg/kg, s.c.)
ou salina durante 21 dias e nos ultimos 7 dias foram tratados, via oral, com os extratos
hidroalco6olico (EHA), acetato de etila (EAE) ou diclorometano (EDM) (50, 125, 200 ou
250 mg/kg) ou o &cido p-cumarico (5, 10 ou 20 mg/kg) ou fluoxetina (10 mg/kg) ou
agua destilada. Apds 24 horas do ultimo tratamento os animais foram submetidos aos
testes comportamentais e entdo sacrificados. O cortex e hipocampo foram removidos
para analise dos parametros moleculares, morfoldgicos e de estresse oxidativo. Os
resultados mostram que a CORT induz um comportamento do tipo-depressivo no teste
do nado for¢cado, ao mesmo tempo que altera a atividade das enzimas CAT, SOD e
GSH-Px e diminui a densidade de neurdnios no hipocampo, sem alterar a expressao
de BDNF, CREB e Bcl-2. Os extratos de E. catharinensis apresentam um efeito tipo-
antidepressivo, 0 qual esta relacionado com a regulacao da atividade das enzimas
antioxidantes. J4 o acido p-cumarico apresenta um efeito tipo-antidepressivo o qual
parece ser dependente do envolvimento do sistema de monoaminas, da regulacao
das enzimas antioxidantes no tecido nervoso, da densidade de neurbnios e da
expressdo génica de Bcl-2 no hipocampo, resultados que sdo comparaveis aqueles
induzidos pelo tratamento com fluoxetina. Nos ensaios in vitro, 0s extratos provocaram
uma diminuicdo na concentracdo do radical 2,2- difenil-1-picril-hidrazil (DPPH) e o
EAE apresentou maior poder de reducdo do ferro e inibicdo da peroxidacao lipidica.
Um total de 18 compostos fenolicos foram identificados nos extratos, sendo os acidos
galico, salicilico e siringico os de maior concentracdo. Nossos resultados indicam que
a E. catharinensis possui atividade antioxidante e tipo-antidepressiva, a qual parece
ser dependente dos compostos fendlicos presentes em seus extratos. Além disso, o
acido p-cumarico reverte as alteragdes causadas pelo estresse crénico induzido pela
administracdo de CORT neste modelo animal, efeito que possivelmente é mediado

por suas propriedades antioxidantes.

Palavras-chave: Eugenia catharinensis, depressédo, acido p-cumarico, estresse

oxidativo, cértex cerebral, hipocampo.



ABSTRACT
This work aims to evaluate the antioxidant and antidepressant-like effects of Eugenia
catharinensis and p-coumaric acid in an animal model of depression induced by
chronic corticosterone (CORT) administration. After collecting E. catharinensis leaves,
extracts were prepared and compounds were identified by HPLC-ESI-MS/MS. Mice
received CORT (20mg/kg, s.c.) or saline for 21 days and in the last 7 days they were
treated, orally, with hydroalcoholic (EHA), ethyl acetate (EAE) or dichloromethane
(EDM) extracts (50, 125, 200 or 250 mg/kg) or p-coumaric acid (5, 10 or 20 mg/kg)
or fluoxetine (10 mg/kg) or distilled water. 24 hours after the last treatment, the animals
were submitted to behavioral tests and then sacrificed. The brain was removed for
analysis of the molecular, morphological and oxidative stress parameters. Our results
show that CORT induced a depressive-like behavior in the forced swim test, while it
altered the activity of CAT, SOD and GSH-Px and decreased the density of neurons in
the hippocampus, without altering BDNF, CREB and Bcl-2 expression. Meanwhile, E.
catharinensis extracts presented an antidepressant-like effect, which is related to the
regulation of antioxidant enzymes activity and seems to be dependent on the presence
of phenolic compounds in these extracts. On the other hand, p-coumaric acid
presented an antidepressant-like effect mediated by the monoaminergic system, by
the regulation of antioxidant enzymes in nervous tissue, the density of neurons and the
gene expression of Bcl-2 in the hippocampus, results that are comparable to those
induced by treatment with fluoxetine. In in vitro tests, the extracts caused a decrease
in the concentration of the radical 2,2-diphenyl-1-picryl-hydrazil (DPPH) and the EAE
showed greater efficacy to reduce iron and inhibit lipid peroxidation. A total of 18
phenolic compounds were identified in the extracts, with the highest concentration of
gallic, salicylic and syringic acids. Our results indicate that E. catharinensis has
antioxidant and antidepressant-like activities. In addition, p-coumaric acid reverses the
changes caused by chronic stress induced by the CORT administration in this animal

model, an effect that is possibly mediated by its antioxidant properties.

Key words: Eugenia catharinensis, depression, p-coumaric acid, oxidative stress,

cerebral cortex, hippocampus.
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1 INTRODUCAO

A depressao é um transtorno de humor caracterizado por tristeza profunda,
difusa e duradoura. Assume um padréo diferente em cada paciente por se tratar de
um transtorno com bases culturais, genéticas e experiéncias emocionais. Segundo a
Organizacdo Mundial de Saude (OMS), em 2030 serd o transtorno mental mais
comum do mundo, atingindo mais pessoas do que doencas como o cancer. Na
América Latina, o Brasil lidera o ranking de casos de depressao, atingindo cerca de
6% da populacéo do pais. Além disso, a depressao é um problema de saude publica,
ja que no Brasil os transtornos psiquiatricos representaram 33,5% dos casos de
afastamento do trabalho entre 2000 e 2005, sendo em 2008 a terceira causa de
auxilio-doenga concedido pelo Ministério da Previdéncia Social. Isso teve um custo
total de 669 milhdes de reais para os cofres publicos (OMS, 2016).

Ainda ndo se sabe ao certo a fisiopatologia da depressdo. Ha evidéncias que
indicam uma desregulacdo mitocondrial e do sistema imune, o que acaba levando a
um aumento na producdo de espécies reativas de oxigénio (ERO), podendo resultar
em estresse oxidativo (BAKUNINA et al., 2015; NG et al., 2008). As ERO podem
causar alteracdo da atividade enzimatica, peroxidacdo lipidica e modificacdes
mitocondriais (HALLIWELL, 1999). Enzimas antioxidantes como a superoxido
dismutase (SOD), catalase (CAT) e glutationa peroxidase (GSH-Px) promovem a
conversdo de ERO em moléculas menos toxicas para as células (WINTERBOURN,
1993). A atividade da SOD, CAT e GSH-Px aparecem alteradas em casos de
depressao, podendo contribuir para disfungdes dos sistemas de monoaminas (NG et
al., 2008).

Do ponto de vista biologico, acredita-se que, em quadros de depressao, ocorre
uma diminuicdo das monoaminas enddgenas — serotonina, noradrenalina e dopamina.
Logo, a maioria dos antidepressivos atua nos neurotransmissores e seus receptores
(FUCHS; WANNMASHER; FERREIRA, 2010). Alguns antidepressivos regulam,
indiretamente, fatores envolvidos na sobrevivéncia celular, como a proteina quinase
regulada por sinal extracelular (ERK), a proteina de ligacdo ao elemento responsivo
ao AMPc (CREB), o linfoma de células B2 (Bcl-2) e o Fator Neurotrofico Derivado do
Cérebro (BDNF) (MANJI; DREVETS; CHARNEY, 2001).



Os primeiros antidepressivos que surgiram na década de 50 foram os triciclicos
(ADT’s) e os inibidores de monoamino oxidases (iIMAO). Na década de 80 foi aprovado
0 uso de farmacos de segunda geracdo, como os inibidores seletivos da recaptacao
de serotonina (ISRS). Esses medicamentos inibem a recaptacdo de serotonina no
terminal nervoso pré-sinaptico, potencializando a sua acdo. A fluoxetina faz parte
desse grupo e desde entdo tem sido o antidepressivo mais prescrito no mundo todo
(ROSSI et al., 2004). Atualmente, existem diversos farmacos para o tratamento da
depressdo, porém, cerca de 33% dos pacientes tratados ndo respondem
satisfatoriamente a estes tratamentos (AMMENDOLA; KORNREICH, 2015). Sendo
assim, novos estudos devem ser realizados para o desenvolvimento de farmacos mais
efetivos para o tratamento da depresséo.

Muitas substancias utilizadas para o tratamento de transtornos psiquiatricos
tém sido isoladas de plantas, demonstrando uma variedade de efeitos farmacoldgicos
de diferentes espécies em modelos animais (ZHANG, 2004). A Erva de Sdo Jodo, cuja
substancia ativa é a hiperforina, por exemplo, vem sendo amplamente utilizada para
o tratamento da depressdo (RANG et al.,, 2016). O Brasil € o pais com a maior
diversidade genética vegetal do mundo e as plantas sdo matérias-primas importantes
de produtos naturais biologicamente ativos (DUTRA et al., 2016). Essa caracteristica
dos compostos naturais causa muito interesse por parte dos pesquisadores que
buscam na natureza novas substancias para producédo de medicamentos.

A Eugenia catharinensis, uma arvoreta perenifélia, pertencente a familia
Myrtaceae, é encontrada amplamente no estado de Santa Catarina e € popularmente
chamada de Guamirim (BACKES; IRGANG, 2002). Plantas do género Eugenia tém
sido utilizadas pela populagéo para fins terapéuticos como diurético, hipoglicemiante,
anti-hipertensivo, anti-inflamatério, entre outros (FISCHER et al., 2005; ZAKI et al.,
2013).

Diversas espécies da familia Myrtaceae séo utilizadas popularmente, como a
Eugenia uniflora que tem finalidade antirreumatica, antidiabética, antifebrifuga,
adstringente, analgésica, hipoglicemiante, diurética e reguladora do sistema digestério
(SAHA et al.,, 2013). As atividades antimicrobiana, antiviral, hipoglicemiante,
antioxidante, anticancerigena, antinociceptiva e antidepressiva de Eugenia
jambolana, Eugenia brasiliensis e Eugenia caryophyllata, todas pertencentes a familia
Myrtaceae, tém sido comprovadas cientificamente (COLLA et al., 2012; SAHA et al.,



2013). Ogunwande et al. (2005) demonstraram que o extrato hidroalcodlico das folhas
de Eugenia uniflora promove diminuigcdo da atividade da enzima xantina oxidase
(envolvida no desenvolvimento da gota e artrite reumatoide), além de apresentar
atividade antibacteriana, antimalarica (MORIOKA et al., 2000) e promover diminuicdo
dos niveis de triglicerideos sanguineos (CONSOLINI, 1999). O extrato etandlico da
Eugenia uniflora parece ter alta atividade contra o Trypanossoma cruzi (SANTOS et
al., 2012). A presenca de compostos fendlicos nesta espécie parece ser o principal
responsavel pela sua atividade antioxidante (GARMUS et al., 2014). Estes compostos
também estdo presentes em grande quantidade na espécie Eugenia stipitata, a qual
possui um elevado efeito antioxidante (NERI-NUMA et al., 2013), bem como a Eugenia
pollicina (RAMFUL et al., 2011). Colla et al. (2012) avaliaram o efeito antidepressivo
do extrato hidroalcodlico de Eugenia brasiliensis, o qual parece ser mediado pelos
sistemas serotoninérgico, dopaminérgico e noradrenérgico.

Tendo em vista o crescente uso de antidepressivos em todo o mundo, a gama
de efeitos farmacoldgicos das espécies da familia Myrtaceae, além da evidente acéo
antioxidante e antidepressiva dos compostos ja estudados desta familia, como os
flavonoides e compostos fendlicos, é de extrema importancia pesquisar um possivel
efeito antidepressivo e antioxidante de outras espécies de Myrtaceae ainda nao
estudadas, como a Eugenia catharinensis. Além disto, identificar e isolar possiveis
compostos desta espécie amplamente distribuida no estado de Santa Catarina, a fim
de verificar qual deles esta associado com a acdo farmacoldogica da planta e

futuramente poder contribuir com ensaios pré-clinicos e clinicos da depresséo.
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2 OBJETIVOS

2.1 Objetivo geral

Investigar os efeitos tipo-antidepressivo e antioxidante de Eugenia
catharinensis e de um composto identificado nesta espécie, o acido p-cumarico, em

um modelo animal de depresséo.

2.2 Objetivos Especificos

-Investigar o efeito tipo-antidepressivo dos extratos hidroalcodlico, acetato de
etila e diclorometano de Eugenia catharinensis, bem como do acido p-cumarico, em

testes comportamentais em camundongos.

-Analisar o envolvimento do sistema de monoaminas no efeito tipo-
antidepressivo do acido p-cumarico através da administracdo de antagonistas

especificos.

-ldentificar os compostos fendlicos presentes nos extratos hidroalcodlico,
acetato de etila e diclorometano de Eugenia catharinensis.

-Confirmar a inducéo de estresse oxidativo através de alteracdes na atividade
de enzimas antioxidantes (catalase, glutationa peroxidase e superoxido dismutase),
formacao de substancias reativas ao acido tiobartbitarico (TBA-RS) e conteudo total
de sulfidrilas em estruturas cerebrais (cortex cerebral e hipocampo) de camundongos

gue apresentam um comportamento tipo-depressivo induzido por corticosterona.

-Verificar a influéncia da administracdo dos extratos hidroalcodlico, acetato de
etila e diclorometano de Eugenia catharinensis e do acido p-cumarico sobre os efeitos
causados pela corticosterona nos niveis de TBA-RS e conteudo total de sulfidrilas,
bem como na atividade das enzimas antioxidantes (catalase, glutationa peroxidase e

superoéxido dismutase) em estruturas cerebrais de camundongos.

-Analisar a atividade antioxidante in vitro dos extratos acetato de etila,

hidroalcodlico e diclorometano de Eugenia catharinensis.
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-Pesquisar os efeitos do acido p-cumarico na densidade neuronal em regides

do hipocampo através de técnicas morfoldgicas.

-Investigar a participacdo do acido p-cumarico na modulacao da expressao de
BDNF, CREB e Bcl-2 em camundongos que apresentam um comportamento tipo-

depressivo induzido por corticosterona.
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3 REVISAO BIBLIOGRAFICA

3.1 Depresséao

A depressdo € um transtorno neuropsiquiatrico grave, recorrente e altamente
prevalente, caracterizado por tristeza profunda, perda de interesse ou prazer,
sentimento de culpa ou baixa autoestima, funcao cognitiva prejudicada e sintomas que
prejudicam o sono e o apetite (NESTLER et al., 2002; OTTE et al., 2016). O disturbio
acarreta prejuizo ou perda consideravel da produtividade no trabalho ou na escola,
além de afetar quantitativamente a qualidade de vida dos acometidos. Na sua forma
mais grave, a doenca esté relacionada a um alto indice de suicidio, que por si s6, em
2015, foi responsavel por aproximadamente 1,5% dos ébitos em ambito mundial
(NESTLER et al., 2002; WORLD HEALTH ORGANIZATION, 2017). A depressao,
hoje, é a maior causa de invalidez no mundo, afetando mais de 320 milhdes de
pessoas, e o0 Brasil € o pais com maior prevaléncia da doenca na América Latina. A
depressdo acomete todas as idades e géneros, entretanto, as mulheres sdo duas
vezes mais afetadas pela doenca do que os homens (OTTE et al., 2016).

A fisiopatologia do distirbio estd associada a diversos fatores ambientais,
genéticos e biologicos, mas ainda ndo se encontra totalmente elucidada. A teoria
primordial responsavel pela explicacdo dos mecanismos bioldgicos da depresséo é
definida pela desregulacao dos sistemas monoaminérgicos, que inclui uma diminuicéo
ou deficiéncia de neurotransmissores serotonina, dopamina e noradrenalina. Existem
consideraveis evidéncias que apoiam a teoria das monoaminas, como a utilizacéo de
substancias gue inibem a sintese de serotonina e noradrenalina, as quais promovem
a reversao dos efeitos dos medicamentos antidepressivos que atuam seletivamente
nestes dois sistemas (RANG et al., 2016). Diversos autores trazem revisdes sobre o
estado evolutivo das teorias, que apesar de ter sido um marco na histéria da
psicofarmacologia, ndo pode deixar de ser levado em conta o fato de que os efeitos
bioguimicos dos antidepressivos (inibicdo da recapta¢do das monoaminas ou inibicao
das enzimas que as degradam) sejam imediatos, enquanto os efeitos antidepressivos
levam semanas para se desenvolver. Assim, a discrepancia temporal existente entre
os efeitos clinicos dos antidepressivos e o metabolismo de monoaminas indica que

Varios outros sistemas de neurotransmissores e mecanismos de transducao estejam
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envolvidos (STAHL, 2000). Ademais, algumas evidéncias apontam que o aumento do
estresse oxidativo devido a uma diminuicdo das defesas antioxidantes pode estar
relacionado a depressdo, uma vez que estudos relatam um aumento da
suscetibilidade ao estresse oxidativo e déficit da atividade antioxidante em casos de
depressao maior (KHANZODE et al., 2003; BEHR et al., 2012). Além disso, existe uma
hip6tese que prediz que os antidepressivos estimulam a producgéo e sinalizagdo de
proteinas relacionadas com plasticidade, como as neurotrofinas (CASTREN, 2004).
Também conhecidas como fatores neurotroéficos, as neurotrofinas sao capazes de se
ligar aos receptores de determinadas células estimulando sua sobrevivéncia,
crescimento ou diferenciacdo. Dentre eles, o fator neurotrofico derivado do cérebro
(BDNF) promove a diferenciacdo e sobrevivéncia neuronal durante o desenvolvimento
do sistema nervoso e participa de mecanismos relacionados a plasticidade neural e
neurogénese no cérebro adulto (NOBLE et al., 2011). Foi observado que o tratamento
cronico com antidepressivos aumentou a expressao de BDNF e de seu receptor TrkB
(Tyrosine-related kinase B Tropomyosin receptor kinase B) no hipocampo de ratos
adultos e preveniu os efeitos deletérios do estresse de contencédo sobre esses dois
marcadores (NIBUYA; MORINOBU; DUMAN, 1995). Neste contexto, é interessante
notar que o tratamento crénico com antidepressivos também regula a neurogénese
adulta no hipocampo. Esses estudos evidenciam a importante relacdo entre os
antidepressivos e a plasticidade neural.

Recentemente, uma nova teoria, a teoria da inflamacao, tem sido descrita como
uma possivel causa da depressdo. Uma hiperatividade do eixo hipotalamo-hipéfise-
adrenal (HHA) associada a uma disfuncdo do sistema imune levam a uma
desregulacéo da atividade da via da quinurenina, comprometendo a conversao do
triptofano em serotonina e melatonina, duas substancias envolvidas na regulacdo do
humor (KANCHANATAWAN et al., 2017). Com base nesta teoria, fatores pro-
inflamatorios causam uma excessiva ativacdo da enzima indoleamina-2,3-
dioxigenase (IDO), a qual é encontrada em astrdcitos, neurdnios e micréglia. Esta
enzima cataboliza o triptofano em quinurenina, uma substancia neurotoxica. Neste
contexto, a IDO reduz a quantidade de triptofano disponivel para a sintese de
serotonina, a qual esta diretamente ligada a etiologia da depressdo (ANDERSON,
2016).
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3.2 Antidepressivos

Com a descoberta da iproniazida, um inibidor da monoamino oxidase (iIMAO),
surgiram os primeiros antidepressivos, na década de 1950. Inicialmente o farmaco foi
desenvolvido para tratar tuberculose, mas foi observado que os pacientes que faziam
uso da medicacao apresentavam uma elevacdo prolongada do humor (SANDLER,
1990). O mecanismo de acdo da iproniazida esta relacionado a inibicdo da enzima
monoamino oxidase (MAO), responsavel por degradar as monoaminas endogenas
(ZELLER, 1952). O auge dos antidepressivos iIMAO teve a mesma rapidez que seu
fim, guando uma nova geracéo de farmacos foi reportada em 1957 (LOPEZ-MUNOZ;
ALAMO, 2009).

Durante uma tentativa de desenvolver um medicamento para tratamento da
esquizofrenia, foram iniciados testes com a imipramina. Em seus ensaios clinicos,
pacientes que também apresentavam depressao demostraram uma melhora no
humor. Logo, o sucesso da imipramina se espalhou e representou um grande passo
para o desenvolvimento de uma nova classe de farmacos para o tratamento da
depressédo: os antidepressivos triciclicos (ADT’s) (LOPEZ-MUNOZ; ALAMO, 2009).
Seu mecanismo de acgao foi descoberto logo depois em estudos que observaram a
inibicdo da recaptacdo de monoaminas na fenda sindptica, principalmente a
noradrenalina e a serotonina. Essas evidéncias foram cruciais para postular a hipétese
das monoaminas, a primeira teoria que buscou explicar a fisiopatologia da depressao
(SCHILDKRAUT, 1965).

Apesar de eficazes, os IMAO e os ADT’s possuem muitos efeitos colaterais
indesejados, dentre os quais podemos citar os associados ao bloqueio muscarinico
como boca seca, visao turva e retengdo urinaria; os cardiovasculares como aumento
da frequéncia cardiaca e hemorragias subaracnoideas; os neurolégicos como
tremores nas maos, sedagcdo e estados confusionais; os metabdlicos, as reacoes
cutaneas, os gastrointestinais, sindrome da abstinéncia, entre outros (MORENO,;
MORENO; SOARES, 1999).

Diferente dos iIMAOs e dos ADT'’s, os quais tiveram seu efeito antidepressivo
descoberto ocasionalmente, uma nova classe de farmacos foi desenhada
especificamente para ser um inibidor seletivo da recaptacdo da serotonina, agindo

exatamente neste alvo e evitando assim os efeitos indesejados (LOPEZ-MUNOZ;
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ALAMO, 2009). Surgiram ent&o os inibidores seletivos da recaptacdo de serotonina
(ISRS), sendo a fluoxetina o medicamento pioneiro que apresentou a maior
seletividade (WONG, 1974). Seu uso foi aprovado na década de 80 e desde entdo
tem sido o antidepressivo mais prescrito no mundo todo, comercializado com o0 nome
de Prozac® (ROSSI; BARRACO; DONDA, 2004). Os ISRS inibem a recaptacao de
serotonina no terminal nervoso, potencializando a sua agdo. A fluoxetina é indicada
em casos de depressdo maior leve e moderada por apresentar efeitos adversos mais
brandos (FUCHS; WANNMASCHER; FERREIRA, 2010).

Tem se observado um aumento significativo da prescricdo de medicamentos
antidepressivos no mundo e esse aumento pode estar relacionado a sensacdo de
instabilidade e crise econdmica (SICRAS-MAINAR; NAVARRO-ARTIEDA, 2016).
Segundo a Organizacédo para a Cooperacéao e o Desenvolvimento Econémico (2013),
os dados recolhidos apontam que, frente as cerca de 30 prescricbes em 2000, em
2011, dltimo ano comparado, a média aumentou para 56 para cada mil habitantes.
Islandia, Australia e Canada lideram a lista de paises com consumo mais elevado. No
Brasil, uma pesquisa realizada pela IMS Health (empresa responsavel pela Auditoria
no mercado de medicamentos para a ANVISA) demostrou que a venda de
medicamentos antidepressivos cresceu 44,8% de 2005 a 2009, demostrando que o
mercado brasileiro de antidepressivos cresce acima da média mundial (GUIMARAES,
2009).

3.3 Estresse Oxidativo, Defesas Antioxidantes e Depressao

O estresse oxidativo se refere aos efeitos biolégicos danosos dos radicais livres
(VALKO et al., 2007). A producéo de radicais livres, ou espécies reativas de oxigénio
(ERO) e nitrogénio (ERN), incluindo peroxinitrito, superoxidos, peroxidos e oOxido
nitrico (NO), é um processo fisiolégico do metabolismo aerdbico. O metabolismo
energeético, responsavel pela producdo de adenosina trifosfato (ATP), tem papel
fundamental no estresse oxidativo. O oxigénio (O2) consumido pelo organismo €&
reduzido a agua por meio da transferéncia de elétrons ao longo da cadeia mitocondrial,
porém cerca de 5% desse oxigénio ndo é completamente reduzido devido ao “escape
fisiologico” durante a producéo de ATP. Desta maneira, ocorre a geragéo de ERO que
possuem efeitos oxidantes e podem causar danos bioldgicos. O anion superdoxido (O2
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), o radical hidroxila (OH’) e o peroxido de hidrogénio (H202) sdo as principais ERO

formadas durante o estresse oxidativo. Em baixas concentracdes, eles atuam na
defesa do organismo contra agentes infecciosos, na regulacéo da sintese proteica e
nos processos de sinalizacao celular (HALLIWELL, 2012). Entretanto, o excesso e
acumulo de ERO que ocorre no estresse oxidativo provoca diversos efeitos deletérios,
principalmente danos oxidativos a lipideos, proteinas e ao DNA. Desta forma, os
fosfolipidios de membrana podem sofrer peroxidacéo lipidica, o que provoca
alteracdes na fluidez e na seletividade i6nica e até mesmo causar morte celular
(GUTTERIDGE; HALLIWELL, 2010).

Fisiologicamente, o corpo humano possui defesas antioxidantes que sé&o
capazes de eliminar as espécies reativas, tais como as enzimas superéxido dismutase
(SOD), catalase (CAT) e glutationa peroxidase (GSH-Px). Conforme ilustrado na figura
1, a SOD catalisa a dismutacdo do anion superoxido, formando o H20:2 que
posteriormente sera neutralizado pela acdo da CAT e da GSH-Px.

Figura 1 - Reducdo tetravalente do oxigénio e a acdo das enzimas antioxidantes
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Fonte: Adaptado de HORST (2011).

O estresse oxidativo € causado por um desequilibrio entre a quantidade de
ERO e a capacidade de defesas antioxidantes (HALLIWELL, 2012). O sistema
nervoso é mais vulneravel a formacgéo de radicais livres, visto que consome uma alta
taxa de oxigénio, possui uma grande quantidade de acidos graxos poli-insaturados,
apresenta altos niveis de ferro e wuma baixa capacidade antioxidante.
Consequentemente o dano neuronal proveniente do estresse oxidativo é implicado na
fisiopatologia da depressao (ZAFIR; BANU, 2009). Além disso, tem sido demonstrado
gue a deplecéo de serotonina e a administracéo de corticosterona (CORT) em modelo

animal promovem o estresse oxidativo e que diversos antidepressivos como a
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fluoxetina séo capazes de reverter esse quadro (BEHR; MOREIRA; FREY, 2012;
ZAFIR; BANU, 2009). Neste contexto, a depressao e o estresse emocional tém sido
associados ao estresse oxidativo (KHANZODE et al., 2003).

Diversos estudos tém demonstrado que o aumento do estresse oxidativo
desempenha um papel crucial na patogénese da depresséo, sendo que ocorre uma
elevacdo de ERO e da peroxidacao lipidica em pacientes com este transtorno
(ALCOCER-GOMEZ et al., 2014; ANDERSON; MAES, 2014). As ERO podem causar
danos a biomoléculas como o DNA, sendo que foi encontrado, em pacientes com
depressao, uma elevacdo na quantidade de 8-oxoguanina no sangue, um marcador
de dano ao DNA (LINDQVIST et al., 2016).

Estudos realizados em popula¢des com depressao demonstraram um aumento
de ERO e ERN e diminuicdo das defesas antioxidantes (PALTA et al., 2014),
representado pelos baixos niveis plasmaticos das vitaminas C (KHANZODE et al.,
2003) e E (OWEN et al., 2005), diminuicdo nos niveis de antioxidantes como o zinco,
glutationa (GSH) e coenzima Q10 (MAES et al., 2000), além de diminuicdo da
atividade das enzimas antioxidantes SOD e GSH-Px (MAES et al.,, 2011a). Foi
encontrado, em modelos animais de depressdo, uma reducdo dos marcadores de
estresse oxidativo e aumento das defesas antioxidantes apds tratamento com
diferentes classes de antidepressivos (MAES et al., 2011b).

Vérios fatores parecem ser responsaveis por desencadear estresse oxidativo
em individuos com depressdo. Processos inflamatérios afetam a expressao de
neurotransmissores envolvidos na patogénese da depressdo como serotonina e
noradrenalina (SPERNER-UNTERWEGER; KOHL; FUCHS, 2014). A ativacédo de
macrofagos produz grande quantidade de ERO e ERN. Citocinas liberadas durante os
processos inflamatoérios ativam a produgcédo de ERO em células epiteliais, neutrdfilos,
macroéfagos e microglia. Além disso, ocorre uma diminuigéo das defesas antioxidantes
durante a inflamacéo (MAES et al., 2012). Todos estes processos levam a disfuncdes
da sinalizacdo celular, mitocondrial, neurotransmissédo, neuroplasticidade,
proliferagdo, crescimento celular e apoptose, o que pode contribuir para a
complexidade da patogénese da depressao (MOYLAN et al., 2014).

A wvulnerabilidade do cérebro e a associagcdo entre alteracbes
neurodegenerativas e transtornos psiquiatricos sugerem que o dano provocado pelo

estresse oxidativo pode estar implicado na patogénese da depressdo, e a
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suplementacdo com antioxidantes pode ser uma estratégia terapéutica para o
tratamento da doenca (BERK et al., 2008).

3.4 Eixo Hipotalamo-Hipofise-Adrenal (HHA) e Depresséao

O estresse cronico tem sido apontado como um dos principais fatores
ambientais que predispdem o desenvolvimento de quadros de depresséo. Alteracdes
no eixo HHA séo observadas em 50 — 75% dos pacientes com este transtorno, levando
a um aumento da concentracdo de glicocorticoides no plasma, urina e liquido
cerebrospinal, além do aumento do volume das glandulas hipdfise e adrenais
(HANSSON et al., 2015). Corticosteroides promovem um impacto fortemente negativo
nas func¢des do hipocampo, amigdala e cortex pré-frontal, regibes relacionadas com a
depressao (STEWART et al., 2013).

Em condicdes fisiologicas, a exposi¢cdo a um agente estressante desencadeia
uma reacdo adaptativa do organismo promovendo a ativacdo do eixo HHA. Através
da estimulacdo do sistema limbico, neurdnios do ndcleo para-ventricular do
hipotalamo secretam o horménio liberador de corticotrofina (CRH) que por sua vez
estimula a hipoéfise a liberar o hormonio adrenocorticotréfico (ACTH). O ACTH é
disponibilizado na circulagcdo sanguinea e atua no coértex das glandulas adrenais, na
qual estimula a producédo e secrecao de glicocorticoides, como o cortisol (BOSCH,;
SEIFRITZ; WETTER, 2012; INCOLLINGO RODRIGUEZ et al., 2015; NESTLER et al.,
2002; SCHLOESSER; MARTINOWICH; MANJI, 2012). Nos tecidos, o cortisol interage
com receptores mineralocorticoides (MR), que possuem alta afinidade pelo cortisol e
regulam o ritmo circadiano e com receptores glicocorticoides (GR), que possuem
menor afinidade pelo cortisol e s&o ativados em momentos de concentracéo elevada,
sendo estes responsaveis pelo sistema de retroalimentacdo negativa do eixo HHA
(ANACKER et al., 2011). O cortisol eleva a glicemia, direcionando a energia para as
funcdes vitais e essenciais a fim de combater o agente estressor. Os sistemas
cardiovascular, respiratério, muscular e as fungdes cognitivas e comportamentais sdo
priorizados enquanto a digestdo, o crescimento, a reproducéo e a percepgcao a dor
sao inibidas (FALKENSTEIN et al., 2000). As situacfes de estresse produzem,
portanto, um aumento geral da ativacdo do organismo, para que o individuo consiga

reagir. Apos a interrupcdo do estimulo estressante, ocorre a inibicdo via feedback
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negativo mediada pela concentracdo de cortisol circulante, a fim de normalizar a
hiperatividade do eixo HHA (PARIANTE; LIGHTMAN, 2008). Neste sentido, a
presenca de diversos receptores GR no hipocampo sugere grande envolvimento do
orgao na limitacdo da resposta ao estresse (ANACKER et al., 2011; WANG et al.,
2012).

Apesar deste mecanismo restabelecer a homeostase, acredita-se que uma
exposicado prolongada ao estresse desregula o feedback negativo mediado pelo
hipocampo, provocando uma elevacdo continua de glicocorticoides e tornando os
neurbnios mais vulneraveis a agressdes (GIGANTE et al.,, 2011; SCHLOESSER;
MARTINOWICH; MANJI, 2012). De fato, inUmeras evidéncias sugerem que a
exposicdo ao estresse crbnico causa diversas alteracbes no hipocampo como
diminuicao da arborizacdo dendritica e atrofia e diminuicdo da neurogénese (SNYDER
et al., 2011; LEBEDEVA et al.,, 2018; MURRAY; SMITH; HUTSON, 2008). Em
conjunto, esses eventos favorecem o0 desenvolvimento de transtornos
neuropsiquiatricos, incluindo a depressdo. Tem sido demonstrado, em estudos
comparativos utilizando ressonancia magnética, que pacientes deprimidos
apresentam perda do volume hipocampal, assim como elevacéo dos niveis basais de
cortisol. Ainda, pesquisas post mortem em pacientes com depressao também
demonstram atrofia ou diminuicdo do hipocampo e do cértex pré-frontal em paralelo
com alteracbes no eixo HHA (ELBEJJANI et al., 2015; FISCHER et al., 2017,
GEERLINGS; GERRITSEN, 2017; LEBEDEVA et al., 2018; OTTE et al., 2016).

Sendo assim, entre os modelos animais para o estudo da depresséo destacam-
se os referentes a indugdo ao estresse, os quais se fundamentam na hipotese
neuroenddcrina e no estresse como um fator de risco para o desenvolvimento da
doenca (CZEH et al., 2002). A administracéo crénica de CORT em camundongos é
um modelo farmacolégico que mimetiza as condicdes de estresse nos animais.
Atuando como glicocorticoide sintético, a administragéo de doses elevadas de CORT
por um longo periodo simula a disfuncdo do eixo HHA que ocorre em pacientes com
depressdo. Estudos destacam que a administragdo cronica de CORT aumenta o
tempo de imobilidade dos animais no teste do nado forcado (TNF) e no teste da
suspensao pela cauda (TSC), além da diminuicdo da autolimpeza em testes de
anedonia, 0 que representa um comportamento preditivo tipo-depressivo (BARAUNA
et al., 2018; ZHAO et al.,, 2008). Além disso, diversas alteracdes morfoldgicas,
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neuroquimicas e moleculares semelhantes as observadas em pacientes depressivos
séo descritas na literatura, como reducéo do volume do hipocampo e do cértex pré-
frontal, diminuicdo das monoaminas enddgenas, geracdo de estresse oxidativo,
diminuicdo de fatores tréficos, reducdo da neurogénese, entre outros (BAKUNINA;
PARIANTE; ZUNSZAIN, 2015; MURRAY; SMITH; HUTSON, 2008).

3.5 Cortex Pré-Frontal, Hipocampo e Neurogénese

Estudos de imagem tém demonstrado a ativacdo do cértex pré-frontal e do
hipocampo em pacientes com depresséo. O cértex pré-frontal tem sido relacionado
principalmente com funcdes cognitivas como manutencdo da memdria de trabalho,
raciocinio e controle da atencédo (MILLER; COHEN, 2001). Porém, alguns estudos tém
demonstrado o envolvimento desta regido com as emocdes, especificamente as
emocOes negativas (PHAN et al.,, 2005; EIPPERT et al., 2007). Apesar de ser
tradicionalmente relacionado a eventos cognitivos como a memoaria, aprendizado e
alteracdes do espaco e tempo (RIEDEL; MICHEAU, 2001), parte do hipocampo
contribui com respostas emocionais e cognitivas que tem um papel fundamental em
comportamentos motivacionais e afetivos (FANSELOW,; DONG, 2010).

Como demonstrado na figura 2, o hipocampo é uma estrutura dividida em
camadas, constituidas por dois principais tipos de células: células granulares do giro
denteado (GD) e células piramidais do Cornu Ammonis (CA), sendo essa subdividida
em quatro zonas denominadas CAl, CA2, CA3 e CA4. J4 o GD pode ser
histologicamente dividido em trés subcamadas: molecular, granular e polimérfica. A
camada granular é constituida por corpos celulares de neurbénios granulares que
projetam seus dendritos e axdnios para a camada molecular enquanto a camada
polimorfica, ou hilo, contém as fibras musgosas. Entre a camada granulosa e o hilo
existe uma regido chamada de zona subgranular (ZSG) que esta diretamente
relacionada a neurogénese (ANDERSEN, 2007).

Figura 2 — Imagem ilustrativa de corte histol6gico do hipocampo
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Fonte: adaptado de Bentivoglio e Swanson (2001).

Por possuir diversos receptores GR que permitem a inibicdo do eixo HHA, o
hipocampo limita a resposta ao estresse que é mediada fisiologicamente (ANACKER
et al., 2011; MCINTYRE; MCGAUGH; WILLIAMS, 2012; WANG et al., 2012). A
exposicao ao estresse cronico causa alteracdes significativas no hipocampo, em
modelos animais, desde diminuicdo da arborizacdo dendritica, diminuicdo da
proliferacdo e até danos irreversiveis aos neurbnios que sdo mediados pela
administracdo crénica de CORT ou de outros glicocorticoides (BAKUNINA;
PARIANTE; ZUNSZAIN, 2015; MURRAY; SMITH; HUTSON, 2008). A partir desses
achados surge a teoria neurogénica da depressao, baseando-se na morte celular que
ocorre no hipocampo, assim como na formacdo de novos neurbnios no tratamento
com antidepressivos, como importante fatores na fisiopatologia da doenca.

Acreditava-se que o0 processo de formacdo de novos neurbnios, conhecido
como neurogénese, ocorria apenas durante o desenvolvimento embrionario dos
mamiferos. Eriksson et al. (1998) foi o primeiro pesquisador a demonstrar que 0s
humanos tém a capacidade de gerar novos neurbnios ao longo da vida adulta. Dando

continuidade a seus achados, estudos posteriores constataram que a neurogénese
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ocorre na zona subventricular (ZSV) do ventriculo lateral e na ZSG do giro denteado
do hipocampo (ZHAO; DENG; GAGE, 2008). A neurogénese é um processo ativo
regulado por diversos fatores fisiologicos que englobam a proliferacdo de células-
tronco neurais adultas, diferenciacdo, migracdo e maturacdo (SCHLOESSER,;
MARTINOWICH; MANJI, 2012; ZHAO; DENG; GAGE, 2008). As células originadas
na ZSG migram para a camada de células granulares do GD e integram-se com o
circuito neuronal, enquanto as células que originam-se na ZSV migram através do
fluxo migratdrio rostral e se tornam interneurdnios (ZHAO; DENG; GAGE, 2008).

Diversos processos patoldégicos como convulsées, danos isquémicos e
doencas neurodegenerativas sdo capazes de alterar a neurogénese no adulto. Além
delas, a literatura demonstra que estressores crbnicos variados sdo capazes de
reduzir a proliferacdo celular na ZSG (DUMAN; NAKAGAWA; MALBERG, 2000). A
elevacao dos niveis de glicocorticoides € um dos principais mecanismos associados
a essa reducgdao, o que tem sido relacionado tanto as anormalidades cognitivas quanto
a reducdo do volume do hipocampo observadas em pacientes com depressao
(SNYDER et al., 2011; MURRAY; SMITH; HUTSON, 2008). Estudos sugerem que 0
aumento da neurotoxicidade devido aos glicocorticoides e ao glutamato e a diminuicéo
de fatores neurotréficos como o BDNF seriam responsaveis pela reducdo da
neurogénese a nivel hipocampal (ZHAO; DENG; GAGE, 2008).

3.6 Neuroplasticidade

A plasticidade neuronal é uma ferramenta que permite ao sistema nervoso
responder e adaptar-se a desafios ambientais através de mecanismos funcionais e
estruturais que podem levar a remodelagédo neuronal, a formacdo de novas sinapses
e a diferenciacdo de novos neurbnios (CALABRESE et al., 2009). Muitos achados
sugerem que a plasticidade pode ser essencial para funcdo normal e para a
sobrevivéncia dos neurdnios e células da glia (DUMAN et al., 2000). Por isso, um dano
a esse mecanismo pode tornar o cérebro mais vulneravel e aumentar a
susceptibilidade a desafios ambientais como o estresse (CALABRESE et al., 2009).
Desta forma, foi observado que a depressao pode ser mais suscetivel em pacientes
gue exibem uma incapacidade de lidar ou se adaptar ao meio ambiente e que sao

mais vulnerdveis a experiéncias desafiadoras. Essas anormalidades estédo
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intimamente ligadas a plasticidade neuronal e a capacidade de modular uma cascata
de eventos de mecanismos de sinalizacdo intracelular a expressao génica.

De fato, o cérebro de individuos deprimidos apresenta anormalidades
estruturais e expressao reduzida de varios marcadores para a funcao e viabilidade
neuronal, dentre os quais os fatores neurotroficos parecem desempenhar um papel
fundamental (MANJI; DREVETS; CHARNEY, 2001). O BDNF é um dos fatores
neurotréficos responsavel pelo nascimento, sobrevivéncia e maturacédo das células
durante o desenvolvimento (ROT; MATHEW; CHARNEY, 2009), mas que também
desempenha um papel importante na plasticidade neuronal e sindptica durante a vida
adulta podendo induzir alteragbes na liberagdo de neurotransmissores, regular a
sintese proteica, ativar a transcricdo e modular a plasticidade estrutural de dendritos
(LEAL; BRAMHAM; DUARTE, 2017). O BDNF estimula a transcricdo de diversos
genes, como o Bcl-2, o transportador de serotonina e triptofano hidroxilase (enzima
sintetizadora de serotonina). Ainda, a ativacdo de receptores de serotonina pelo
neurotransmissor liberado a partir dos nucleos da rafe estimula a expressédo do gene
do BDNF (MARTINOWICH; LU, 2008).

A influéncia dos fatores neurotréficos na sobrevivéncia celular € mediada pela
ativacao da cascata de sinalizacdo da proteina ativada por mitogénico neurotrofico
(MAPK). Quando o BDNF se liga ao seu receptor tirosina quinase (trkB), sofre
dimerizacéo e autofosforilacdo, ativando a cascata MAPK. Este evento € seguido pela
estimulacdo de diversas proteinas, como a proteina quinase regulada por sinal
extracelular (ERK). A ERK ativa a proteina ribossomal S6 quinase (rsk), que migra
para o nucleo celular, onde causa a fosforilacdo da proteina ligante ao elemento
responsivo ao AMPc (CREB). A CREB esta diretamente associada a transcricdo de
diversos genes, regulando a expressdao de BDNF e do linfoma de células B2 (Bcl-2)
gue atua como fator anti-apoptotico atraves da inibicdo da liberagdo do citocromo C
em mitocondrias (DUMAN et al., 2000).

Alguns estudos clinicos relatam a associacdo dos baixos niveis de BDNF em
pacientes com depressao, além de demonstrar que os antidepressivos sdo capazes
de normaliza-los (MATRISCIANO et al., 2009). Ainda, modelos animais demonstram
que os fatores e proteinas relacionadas a plasticidade neuronal, como o BDNF, a
CREB e a ERK estdo diminuidos em animais que apresentam um comportamento
tipo-depressivo (ALFONSO et al., 2006; LI et al., 2007; YI et al., 2013). Estudos
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corroboram o fato de que a CORT é capaz de diminuir a expressao de BDNF, ERK e
CREB no hipocampo ou no cortex pré-frontal dos animais tratados com o
glicocorticoide (SHEN et al., 2016; YAN et al., 2016). Assim, ocorre reducdo da
neurogénese, diminuicdo da formacdo dendritica e o aumento da vulnerabilidade

celular, mimetizando uma das hipéteses da fisiopatologia da depresséo.

3.7 Plantas Medicinais e o Uso de Fitoterapicos

O Brasil € o pais com a maior diversidade genética vegetal do mundo, estimada
em 20% do numero total de espécies do planeta (CALIXTO; SIQUEIRA JUNIOR,
2008). As plantas sao matérias-primas importantes de produtos naturais
biologicamente ativos, muitos dos quais fazem parte da constituicdo de um farmaco
(DUTRA et al.,, 2016). Esse produto biologicamente ativo € o que chamamos de
principio ativo, constituido de uma substancia presente na planta ou de complexos
fitoterpicos que atuam sinergicamente (LORENZI; MATOS, 2002). Devido a isso e
a grande tradicao brasileira de uso de medicamentos naturais, o interesse pelo estudo
de plantas medicinais por pesquisadores brasileiros e industrias farmacéuticas vem
crescendo ao longo dos anos (CALIXTO; SIQUEIRA JUNIOR, 2008).

E estimado que cerca de 30% dos medicamentos utilizados na clinica sejam
derivados de produtos naturais, principalmente pela aplicacdo da tecnologia moderna
ao conhecimento tradicional (CLARDY; WALSH, 2004). Comparado com O0S
medicamentos sintéticos, os produtos naturais exibem certas diferencas: seus
principios ativos séo geralmente desconhecidos, seu controle de qualidade néo é facil,
a avaliacéo e a qualidade da matéria-prima muitas vezes sdo problematicas, estudos
clinicos e toxicologicos controlados séo raros, seu uso empirico pela medicina popular
€ uma caracteristica importante, possuem uma vasta gama terapéutica, seus efeitos
colaterais sdo geralmente menores e geralmente custam menos que produtos
sintéticos (CALIXTO, 2000).

Segundo a OMS, cerca de 70% a 90% da populacdo nos paises em vias de
desenvolvimento depende de produtos naturais como fonte de atencdo primaria a
saude (WORLD HEALTH ORGANIZATION, 2011), sendo as plantas medicinais
consideradas como importantes instrumentos da assisténcia farmacéutica. De forma

semelhante, cerca de 82% da populacao brasileira utiliza produtos a base de plantas
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medicinais nos seus cuidados com a saude, sendo por influéncia cultural, uso popular
ou em busca de medicina alternativa (RODRIGUES; DE SIMONI, 2010).

Com base neste conceito, o Ministério da Saude, visando diminuir o numero de
pessoas excluidas do atendimento pelo Sistema Unico de Sautde (SUS) e a
preservagao da cultura, criou o Programa Nacional de Plantas Medicinais e
Fitoterapicos, que tem como principios orientadores a ampliacdo de opcodes
terapéuticas, uso sustentavel da biodiversidade brasileira, valorizacdo e preservacéo
do conhecimento tradicional, entre outros (BRASIL, 2009). Esse programa vai ao
encontro de uma grande parte da populacéo que utiliza plantas medicinais em vez de
medicamentos alopaticos. Em um estudo de 2008, a Veiga Junior realizou uma
pesquisa em cidades no interior do Rio de Janeiro e verificou que 63% da populacéo
utiliza plantas medicinais como primeira forma de tratamento. Outro estudo realizado
no interior do estado de Santa Catarina com pacientes diabéticos mostrou que dos
entrevistados, 59,4% utilizavam plantas medicinais para tratamento da patologia. A
utilizacdo dessa forma de tratamento era feita na maioria dos casos por pacientes
idosos. Porém, das 21 plantas citadas como fonte de tratamento, 81% delas ndo tinha
relato cientifico hipoglicemiante (ROSA; BARCELOS; BAMPI, 2012). Observa-se a
necessidade de maior conhecimento sobre as plantas medicinais tanto pelos
pacientes como pelos profissionais da area da saude para que possam auxiliar na sua
administracao.

Ao contrario dos medicamentos sintéticos que demandam muito investimento
e correm altos riscos de serem barrados em etapas avancadas de ensaios clinicos,
os fitoterdpicos com comprovacdo cientifica de seguranca demandam menos
investimento, sdo mais baratos financeiramente e oferecem menos riscos para o
investidor (CALIXTO; SIQUEIRA JUNIOR, 2008). Um exemplo de planta medicinal
que ja foi estudada e tem comprovacdo cientifica de sua acdo no tratamento da
depressao € a Hypericum perforatum, popularmente conhecida como Erva de Sé&o
Jodo (GRUNDMANN et al., 2010). A lavanda Inglesa, Lavandula officinalis, também
tem sido utilizada na medicina popular para o tratamento de distlrbios do sistema
nervoso central como epilepsia e depressédo (NIKFARJAM; RAKHSHAN; GHADERI,
2017). As plantas medicinais continuam sendo uma alternativa interessante para
pacientes sem acesso a medicamentos sintéticos ou aqueles que buscam um

tratamento alternativo ou complementar para a doenca.
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3.8 Eugenia catharinensis

Eugenia catharinensis D. Legrand (figura 3) € uma espécie rara da familia
Myrtaceae conhecida popularmente como “Guamirim-de-folha-miuda”, é um arbusto
ou arvoreta de apenas 1-6 metros de altura, endémica do litoral de Santa Catarina,
nos municipios de Blumenau, Brusque, Campo Alegre, Florianopolis, lbirama, Itajai e
Palhoca, também € possivel sua ocorréncia na costa Sul do Parana, na regido da
Serra do Mar. As folhas sé&o pequenas, tendo cerca de 3-6 cm de comprimento, sdo
ovadas ou ovado-oblongas, com base muitas vezes larga e cordada. As folhas
possuem coloracdo avermelhada enquanto sdo novas. O fruto desta espécie é oval,
de aproximadamente 12 mm, e amadurece de setembro a janeiro (LEGRAND; KLEIN,
1969). O género Eugenia L. compreende cerca de 1000 espécies, sendo um dos

maiores géneros da familia Myrtaceae (ZAKI et al., 2013).

Figura 3 — Aspecto das Folhas (A), Tronco (B), Flores (C) e Frutos (D) da

Espécie Eugenia catharinensis

Fonte: Compéndio Gerson L. Lopes (https://sites.unicentro.br/wp/manejoflorestal/10299-2/)

Diversas espécies da familia Myrtaceae sao utilizadas popularmente, como a
Eugenia uniflora que tem finalidade antirreumatica, antidiabética, antifebrifuga,
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adstringente, analgésica, hipoglicemiante, diurética e reguladora do sistema digestorio
(SAHA et al.,, 2013), além de ser utilizada pela populacdo para tratamento de
transtornos do humor, como a depressdo (COLLA et al., 2012). As atividades
antimicrobiana,  antiviral, hipoglicemiante,  antioxidante,  anticancerigena,
antinoceptiva, antidepressiva e hipolipemiante de Eugenia jambolana, Eugenia
brasiliensis e Eugenia caryophyllata, todas pertencentes a familia Myrtaceae, tém sido
comprovadas cientificamente (COLLA et al., 2012; SAHA et al., 2013). Ogunwande et
al. (2005) demonstraram que o extrato hidroalcodlico das folhas de Eugenia uniflora
promove diminuicdo dos niveis da enzima xantina oxidase, a qual parece estar
envolvida no desenvolvimento da gota e artrite reumatoide. Além de apresentar
atividade antibacteriana, antimalarica (MORIOKA, 2000) e diminui¢cdo dos niveis de
triglicerideos sanguineos (CONSOLINI, 1999). O extrato etandlico da Eugenia uniflora
parece ter alta atividade contra o Trypanossoma cruzi (SANTOS et al., 2012). Victoria
et al. (2013) demonstraram que o 6leo essencial de Eugenia uniflora possui efeito tipo-
antidepressivo no teste da suspenséo pela cauda e atividade antioxidante in vitro. A
presenca de compostos fendlicos nesta espécie parece ser o principal responsavel
pela sua atividade antioxidante (GARMUS et al., 2014). Estes compostos também
estdo presentes em grande quantidade na espécie Eugenia stipitata, a qual possui um
elevado efeito antioxidante (NERI-NUMA et al., 2013), bem como a Eugenia pollicina
(RAMFUL et al., 2011). Colla et al. (2012) avaliaram o efeito antidepressivo do extrato
hidroalcoodlico de Eugenia brasiliensis, o qual parece ser mediado pelos sistemas

serotoninérgico, dopaminérgico e noradrenérgico.

3.9 Compostos Fendlicos e seu Potencial Antioxidante e Neuroprotetor

Compostos fendlicos sdo metabolitos secundarios de plantas encontrados
amplamente em frutas, vegetais e cereais. Todos 0s mais de 8 mil tipos diferentes de
compostos fendlicos ja identificados originam-se de um intermediario em comum, a
fenilalanina ou o seu precursor, o 4cido chiquimico. Estao envolvidos na defesa contra
radiacdo ultravioleta e patdogenos. O consumo de alimentos ricos em compostos
fendlicos esta relacionado com um efeito protetor contra o desenvolvimento de
tumores, doencas cardiovasculares, diabetes, osteoporose e doencas
neurodegenerativas (PANDEY; RIZVI, 2009).
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Conforme ilustrado na figura 4, os compostos fendlicos podem ser classificados
em diferentes grupos de acordo com o numero de anéis fendlicos e com base nos
elementos que unem 0s anéis entre si, sendo que as principais classes incluem os
acidos fendlicos, os flavonoides, os estilbenos e as lignanas. Os acidos fendlicos
representam cerca de um terco dos compostos fendlicos em nossa dieta e séo
encontrados em todo material vegetal, mas séo particularmente abundantes em frutas
com sabor acido, sendo o acido p-cumarico, acido cafeico, acido galico, acido ferulico
alguns acidos fendlicos comuns. Os flavondides sdo os compostos fendlicos mais
abundantes na dieta humana e sua estrutura consiste em dois anéis aromaticos que
séo ligados por trés atomos de carbono que formam um heterociclo oxigenado. Os
estilbenos contém duas porc¢des fenil conectadas por uma ponte de metocarboneto e
metanol. A maioria dos estilbenos nas plantas atua como antifungicos, sendo
sintetizados apenas em resposta a infeccdo ou lesdo. O estilbeno mais estudado é o
resveratrol. As lignanas sao compostos difendlicos que contém uma estrutura de 2,3-
dibenzilbutano formada pela dimerizacdo de dois residuos de &cido cinamico
(PANDEY; RIZVI, 2009).

Figura 4 — Compostos Fendlicos
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Fonte: Adaptado de Pandey; Rizvi (2009).
Estudos tém demonstrado que uma dieta rica em compostos fendlicos diminui

o risco de desenvolver alguns tipos de doencas crbénicas (SCALBERT et al., 2005;
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ARTS; HOLLMAN, 2005), uma vez que alimentos ricos em compostos fendlicos
podem aumentar a capacidade antioxidante das células. Os grupos fendlicos tém a
capacidade de aceitar um elétron para formar radicais relativamente estaveis,
interrompendo assim as reacdes de oxidacdo celulares (CLIFFORD, 2000). O
consumo de alimentos ricos em compostos fendlicos foi associado a uma reducao nos
danos oxidativos ao DNA, efeito semelhante ao observado pelos antioxidantes
(VITRAC et al., 2002). Os compostos fenodlicos podem proteger os constituintes
celulares do dano oxidativo e, portanto, limitam o risco do desenvolvimento de varias
doencas degenerativas associadas ao estresse oxidativo (PANDEY; MISHRA; RIZVI,
2009).

Vérios estudos tém sido realizados com o objetivo de verificar os efeitos neuro-
protetores de diferentes compostos fendlicos. O acido cafeico, por exemplo, exerce
atividade antioxidante nas células neuronais in vitro e reverte a atividade da SOD
induzida pela exposi¢cdo pulmonar ao fosgénio (WANG et al., 2013). Sakamula;
Thong-asa (2018) demonstraram que 0 acido p-cumarico exerce um efeito protetor
durante a isquemia-reperfusdo cerebral em camundongos. Sabe-se também que o
acido ferulico atenua o estresse oxidativo promovido pelo tratamento com CORT no
cérebro de ratos (ZENI; CAMARGO; DAL MAGRO, 2017). Estudos demonstraram que
o0 acido gélico pode aumentar a capacidade antioxidante cerebral (MANSOURI et al.,
2013; KORANI et al., 2014) e nanoparticulas de acido galico reduzem a inflamacéo e
melhoram as defesas antioxidantes em um modelo de acidente vascular cerebral
isquémico (YONGMEI et al., 2019). Haydari et al. (2019) demonstraram os efeitos
antioxidantes do acido salicilico em plantas estressadas pelo calor, sendo que a
atividade das enzimas antioxidantes foi aumentada. O acido siringico apresenta
efeitos neuroprotetores contra a neurotoxicidade e danos oxidativos em neurbnios
piramidais (OGUTA et al., 2019).

3.10 Acido p-cumarico

O acido p-cumarico € um composto fendlico derivado do acido hidroxicinamico,
assim como os acidos cafeico e ferdlico (SIMOES, 2010). Esta presente em diversas
frutas, vegetais e cereais como macéa, tomate, laranja, feijao, batata, aveia e trigo (PEI
et al., 2016). Sintetizado biologicamente utilizando a fenilalanina e tirosina como
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precursoras, ele é essencial no metabolismo secundario de plantas, visto que é capaz
de ser transformado em outros acidos fendlicos, como o acido cafeico, o acido ferulico,
0 acido clorogénico e o acido sinaptico; aléem de flavonoides e ligninas (EL-SEEDI et
al., 2012).

Os &cidos fendlicos, como o p-cumarico, sdo formados por um anel aromético,
um grupo carboxila e um ou mais grupamentos de hidroxila ou metoxila, que conferem
uma marcante atividade antioxidante a esses compostos (ANGELO; JORGE, 2007).
A estrutura do acido p-cumarico, como demonstrado na figura 5, exibe uma hidroxila
na posicao para ligada ao anel benzénico, além de dois carbonos que se conectam a
carboxila na cadeia lateral (CH=CH-COOH). A disposi¢cdo dos grupos funcionais,
principalmente a posicdo na qual a hidroxila se encontra, favorece a estabilizacéo e
captacdo de espécies reativas fornecendo uma maior acdo antioxidante aos
compostos (SILVA et al., 2010; VAROTTO, 2014).

Figura 5 — Estrutura quimica do &cido p-cumarico

O

X OH

HO

Fonte: Boz (2015).

Alguns estudos evidenciam que o acido p-cumarico é rapidamente absorvido
pelo trato gastrointestinal e que apresenta baixa toxicidade em camundongos
tornando-o promissor para ser administrado oralmente (KONISHI; HITOMI;
YOSHIOKA, 2004; ZHAO; MOGHADASIAN, 2010).

De fato, o acido p-cumarico destaca-se na literatura devido sua acgao
antioxidante, sendo capaz de eliminar radicais livres como 2,2-diphenyl-1-
picrylhydrazyl (DPPH) e 2,2’-azino-bis-(3-ethylobenzthioazoline-6-sulfonic acid)
(ABTS) em estudos in vitro (MASEK; CHRZESCIJANSKA; LATOS, 2016; MATHEW;
ABRAHAM; ZAKARIA, 2015). Além disso, o composto também exerce acao positiva

em células. Bouzaiene et al. (2015) verificou que o acido p-cumarico foi capaz de inibir
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a producao de radicais livres em células cancerigenas de pulméo e célon, impedindo
a proliferacao dos tumores. Da mesma forma, o composto previne danos hepéticos e
renais induzidos pela cisplatina ao aumentar a atividade das enzimas antioxidantes e
reduzir parametros oxidativos em ratos Wistar (AKDEMIR et al., 2017). Ainda, ha
diversos relatos na literatura que demonstram outros efeitos do acido, como atividade
anti-inflamatéria (ZHAO; LIU, 2016), antimicrobiana (ALVES et al., 2013) antitumoral
( SHARMA et al., 2017), neuroprotetora em modelos de acidente vascular cerebral e
diabetes (ABDEL-MONEIM et al., 2017; GUVEN et al., 2015), entre outros.

A atividade antidepressiva dos compostos derivados do &cido hidroxicinamico,
como o 4cido cafeico e o acido ferdlico € bem estabelecida na literatura (LIU et al.,
2017). J4 em relacdo ao acido p-cumarico ha apenas um relato. Lee et al. (2018)
aponta que o acido pode causar diminuicdo do tempo de imobilidade no TNF e no
TSC, além de prevenir 0 aumento de citocinas pro-inflamatérias e a diminuicdo de
BDNF induzidos pela administracdo de lipopolissacarideos (LPS). Dessa forma, a
atividade antioxidante e anti-inflamatéria do composto pode estar envolvida nos

efeitos biolégicos observados.
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4 INTERDISCIPLINARIDADE

A depressdo é um transtorno psiquiatrico multifatorial, dependente de
influéncias sociais, genéticas e ambientais. A exposicdo a poluentes ambientais esta
relacionada, indiretamente, ao desenvolvimento de transtornos mentais. Estudos
epidemioldgicos tém demonstrado elevada incidéncia de depressdo e suicidio em
agricultores (SANNE et al., 2003), sendo que o principal fator desencadeante parece
ser a exposicao destes individuos a agrotéxicos, principalmente os organofosforados
(WESSELING et al., 2010). Além disso, estas substancias sdo capazes de aumentar
a quantidade de radicais livres nas células, gerando estresse oxidativo.

A depressédo € um problema de saude publica, causando prejuizos ndo apenas
para o paciente, mas para os familiares e o governo, uma vez que, no Brasil, os
transtornos psiquicos representam cerca de 33,5% dos casos de afastamento do
trabalhado, levando a um alto custo para os cofres publicos. As pessoas afetadas
acabam se isolando socialmente, gerando um grande sofrimento e ainda, em casos
mais graves, a doenca pode levar ao suicidio.

Em muitos casos, o meio ambiente pode contribuir positivamente no tratamento
de transtornos depressivos. Muitos farmacos utilizados para o tratamento da
depressao séo provenientes de compostos isolados da natureza. Plantas medicinais,
como a Erva de Séo Joéo, tém sido utilizadas para o tratamento da depressao.

As plantas produzem uma diversidade de produtos secundéarios com alto poder
antioxidante, como os &cidos fendlicos, os flavonoides, os taninos e as cumarinas.
Estas substancias provenientes do meio ambiente, tém sido amplamente estudadas
no tratamento de doencas devido, por exemplo, ao seu potencial para reduzir o
estresse oxidativo celular, a inflamacéo e melhorar as defesas imunoldgicas.

Nesse contexto, percebemos uma forte interrelagdo entre salude e meio
ambiente. Fatores ambientais causam danos celulares que podem levar a um quadro
de depresséo, a qual, por sua vez, desencadeia o estresse oxidativo. Porém, o préprio
ambiente pode ser benéfico no combate a depresséo, a inflamacdo e aos radicais

livres devido a acado de compostos naturais presentes nas plantas.
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5 METODOS

5.1Preparacao dos Extratos de Eugenia catharinensis

5.1.1 Obtencéao do Material Vegetal

Foram realizadas duas coletas das partes aéreas da espécie Eugenia
catharinensis, as duas feitas no campus | da Universidade Regional de Blumenau
(FURB) (26°54'18.2"S 49°04'44.5"W), a primeira em setembro de 2016 (na primavera)
e a segunda em maio de 2017 (no outono), sob a supervisdo dos botanicos André Luiz
de Gasper e Marcos Sobral. A exsicata esta catalogada no herbario Roberto Miguel

Klein, da Universidade Regional de Blumenau sob o registro FURB 14995.

5.1.2 Obtencéao dos Extrato Brutos

As folhas coletadas foram secas a temperatura ambiente e moidas em moinho
de facas. A amostra pulverizada foi macerada em trés diferentes solventes de
polaridade distinta: alcool etilico 70%, acetato de etila e diclorometano, para obtencéo
dos extratos brutos. O processo de maceracdo foi realizado durante trés dias,
procedendo-se entdo a filtracdo a vacuo e repetindo-se o procedimento mais uma vez.
Os extratos resultantes das duas macera¢fes foram reunidos e concentrados em
evaporador rotatério sob pressao reduzida até completa secagem.

Depois do processo de maceracao, filtracdo e secagem completa dos extratos
hidroalcoolico (EHA), acetato de etila (EAE) e diclorometano (EDM) foi possivel

calcular o rendimento utilizando a quantidade de material vegetal inicial (tabela 1).

Tabela 1 - Rendimento dos extratos EHA, EAE e EDM da espécie Eugenia

catharinensis.

Material Folhas secas e Massa do extrato % de rendimento
trituradas (Q) obtido (g9)
EHA 353,50 19,70 5,57
EAE 329,50 9,57 2,90
EDM 329,50 8,40 2,54

Fonte: Dados do Autor (2020)
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5.1.3 Prospeccao Fitoguimica do EAE

Os extratos brutos (EHA, EAE e EDM), apds concentrados, foram
encaminhados aos testes in vitro e in vivo da Eugenia catharinensis e testados. Uma
vez que o EAE obteve resultados mais promissores, o0 mesmo foi fracionado para a
busca de compostos ativos. A amostra foi submetida as técnicas de cromatografia em
coluna, empregando como eluentes misturas de solventes de grau crescente de
polaridade (geralmente misturas de hexano:acetato de etila e acetato de etila:etanol).
Os compostos foram isolados da amostra através dos procedimentos descritos acima
e suas estruturas determinadas através de técnicas espectroscopicas como

infravermelho e ressonancia magnética nuclear de *H e 13C.

5.1.3.1 Analise Fitoquimica Preliminar dos Extratos

A andlise fitoquimica preliminar foi utilizada para identificar as classes de
compostos presentes nos extratos proveniente das folhas de Eugenia catharinensis.
Sendo assim, foram realizados ensaios colorimétricos seguindo a metodologia
descrita por Matos (2009). As classes de compostos pesquisadas foram fendis,
taninos, leucoantocianidinas, catequinas, flavanonas, flavonois, flavononois,
xantonas, esteroides, triterpenos, saponinas, resinas, alcaloides, bases quaternarias,

guinonas, antranois e cumarinas.

5.1.3.2 Determinac¢éo do Conteudo Total de Fendis (CTF)

O CTF foi determinado de acordo com o método de Folin-Ciocalteu descrito por
Anagnostopolou et al. (2006). Uma quantidade de 0,5 mL dos extratos foi testada na
concentracdo de 1000 ug mL* em metanol, na qual, foram adicionados 5,0 mL de
agua destilada, 0,25 mL do reativo de Folin-Ciocalteau e 1,0 mL da solucéo saturada
de carbonato de sédio (Na2COs). Apos 1 hora de repouso, as absorbancias foram
determinadas em espectrofotbmetro em comprimento de onda de 725 nm. Como
branco utilizou-se uma solugcdo sem a presenca da amostra, preparada conforme
descrito acima. A concentragao de fenais totais foi estimada por interpolagdo com uma
curva de calibragdo construida com solugcdes padrédo de &acido galico nas
concentracdes de 15,62 até 1000 ug mL?, diluidas em metanol. O ajuste linear foi
confirmado pelo coeficiente de determinagcdo da equagéo da reta (y = 0,0013x +



35

0,0074, R?2 = 0,9981). O teor de compostos fendlicos totais foi expresso em mg de
acido gélico por g de extrato (mgAG/q).

5.1.3.3 Determinacéo do Conteudo Total de Flavonoide (CTFI)

O CTFI foi determinado pelo método do AICls, conforme descrito por Woisky;
Salatino (1998), com pequenas modificagdes. Uma aliquota de 0,5 ml da solugéo teste
diluida em metanol (1000 pg mL?) foi misturada com 0,5 ml de AICIls diluido em
metanol a 2%. Apés 1 hora de incubacdo em temperatura ambiente a absorbancia foi
determinada em 415 nm comparado com o branco (metanol). Os resultados foram
expressos como mg de quercetina/g de extrato seco (mg QE/g), usando uma curva
padréo de quercetina determinada por regresséo linear (R? = 0,9967): Y = 0,0019X +
0,0698.

5.1.3.4 Determinagédo dos Compostos Fendlicos por HPLC-ESI-MS/MS

A coluna analitica utilizada nesta analise foi C18 Phenomenex® (150 mm x 2
mm, 4 um) e a temperatura da coluna ajustada em 30 °C. A fase moével empregada
foi composta pela mistura de solventes B (MeOH:H20 na proporgéo de 95:5, v/iv) e C
(H20 ultrapura/Acido féormico (0,1%), como segue: 1° estagio —10% de solvente B e
90% de C (modo isocratico) por 5 minutos; 2° estagio — gradiente linear dos solventes
B e C (de 10 a 90% de B), por 7 minutos; 3° estagio — 9% de solvente B e 10% de C
(modo isocratico), por 10 minutos, e 4° estagio — gradiente linear dos solventes B e C
(de 90% a 10% de B) durante 17 minutos com taxa de fluxo de 250 uL min-t. Em todas
as andlises o volume injetado das amostras foi de 5 pL, a uma concentracdo de 300
ppm. Para a identificacdo dos compostos presentes nas fragdes, foram utilizados os
padrées: (acido 3,4-dihidroxibenzdico, acido 4-aminobenzéico, acido 4-
hidroxibenzdico, acido 4-hidroxicinamico, 4-metil-umbeliferona, acacetina, acido 4-
hidroximetilbenzdico, acido p-anisico, acido cafeico, acido carnosico, acido cinamico,
acido clorogénico, acido elagico, acido ferulico, acido galico, &cido mandélico, &cido
metoxifenilacético, acido o-cumarico, acido m-cumarico, acido p-cumarico, acido,
rosmarinico, acido salicilico, acido sinapico, acido siringico, acido vanilico, apigenina-
7-O- glucosideo, apigenina, apigenina-7-O-rutinosideo, apiina, aromadendrina, acido
cafeico-O-hexosideo, carnosol, catequina, crisina, cirsimaritina, coniferaldeido,

cumarina, acido dicafeoilquinico, epicatequina, epigalocatequina-galato, epirosmanol,
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eriodictiol, escopoletina, fustina, galangina, galocatequina, acido hidroxibenzéico-O-
hexosideo, hispidulina, isoquercetrina, isorhamnetina, isorhamnetina-3-O-hexosideo,
canferol, luteolina, luteolina-3-O-glucuronideo, luteolina-7-O-glucosideo, luteolina-7-
O-rutinosideo, medioresinol, metoxicarnosol, metil carnosato, miricetrina, naringenina,
naringina, poridzina, pinocembrina, acido protocatecuico, quercetina-3-O-hexosideo,
quercetina, resveratrol, rosmadial, rutina, sinapaldeido, siringaldeido, taxifolina, timol,
umbeliferona, vanilina e vitexina), diluidos em metanol 1 mg L' e analisados nas
mesmas condi¢cfes descritas acima descritas.

O cromatografo liquido foi acoplado a um espectrdmetro de massas com Fonte
de ionizagao por electrospray usando o modo negativo de ionizagdo com 0s seguintes
parametros da Fonte: interface ion-spray a 400 °C; voltagem ion-spray de 4.500V;
curtain gas, 10psi; gas de nebulizacdo, 45psi; gas auxiliar, 45psi; gas de coliséo,
médio. O software Analyst® (versdo 1.5.1) foi utilizado para o registro e tratamento dos
dados. Os pares de ions foram monitorados no modo MRM (Monitoramento de
Reacdes Mdltiplas).

5.2 Animais e Tratamento

Foram utilizados camundongos machos da linhagem Swiss com peso médio de
30-40 g e idade aproximada de 60 dias, provenientes do Biotério da Universidade
Regional de Blumenau- FURB. Os animais foram mantidos em gaiolas plasticas
(41x34x16cm), a temperatura constante de 22°C com agua e comida ad libitum, em
ciclo claro/escuro 12:12h. Os procedimentos experimentais foram aprovados pelo
Comité de Etica da Universidade Regional de Blumenau sob niimeros 107/16 e 027/17

(anexo).

5.2.1 Atividade dos EHA, EAE e EDM de Eugenia catharinensis

Os animais foram divididos aleatoriamente em 26 grupos de 8 animais cada,
totalizando 208 animais: controle 1, controle 2, Gla, G1b, G1c, G2a, G2b, G2c, G3a,
G3b, G3c, G4a, G4b, G4c, G5a, G5b, G5¢, G6a, G6b, G6¢c, G7a, G7b, G7c, G8a, G8b
e G8c. Os animais do grupo controle 1 foram tratados por 21 dias via subcuténea (s.c.)
com salina e nos ultimos 7 dias de tratamento foi administrado agua destilada via oral.
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Vinte e quatro horas depois do ultimo tratamento os animais foram submetidos aos
testes comportamentais. Nos animais dos grupos Controle 2, G2a, G2b, G2c, G4a,
G4b, G4c, G6a, G6b, G6¢, G8a, G8b e G8c foi administrado por 21 dias CORT
(Sigma-Aldrich®) (20 mg/kg) via s.c. (OLIVEIRA et al., 2017) e nos ultimos sete dias
de tratamento com CORT foi introduzido o tratamento via oral com 4gua destilada
(Controle 2) ou o EHA de Eugenia catharinensis nas doses de 50 mg/kg (G2a), 125
mg/kg (G4a), 200 mg/kg (G6a) ou 250 mg/kg (G8a) ou o EAE de Eugenia
catharinensis nas doses de 50 mg/kg (G2b), 125 mg/kg (G4b), 200 mg/kg (G6b) ou
250 mg/kg (G8b) ou o EDM de Eugenia catharinensis nas doses de 50 mg/kg (G2c),
125 mg/kg (G4c), 200 mg/kg (G6¢) ou 250 mg/kg (G8c). Vinte e quatro horas depois
do ultimo tratamento foram realizados os testes comportamentais. Os animais dos
grupos Gla, G1lb, Glc, G3a, G3b, G3c, Gbha, G5b, G5¢c, G7a, G7b e G7c foram
tratados com salina via s.c. por vinte e um dias consecutivos e nos ultimos sete dias
de tratamento com salina, foi introduzido o tratamento via oral com o EHA de Eugenia
catharinensis nas doses de 50 mg/kg (Gla), 125 mg/kg (G3a), 200 mg/kg (G5a) ou
250 mg/kg (G7a) ou o EAE de Eugenia catharinensis nas doses de 50 mg/kg (G3b),
125 mg/kg (G5b), 200 mg/kg (G7b) ou 250 mg/kg (G9b) ou o EDM de Eugenia
catharinensis nas doses de 50 mg/kg (G1c), 125 mg/kg (G3c), 200 mg/kg (G5c) ou
250 mg/kg (G7c). Vinte e quatro horas depois do ultimo tratamento os animais foram
submetidos aos testes comportamentais (tabela 2).

Ao fim dos testes comportamentais, os animais foram sacrificados por
decapitacdo e em seguida foi coletado o tecido nervoso (cértex cerebral e hipocampo)
para realizacdo dos parametros de estresse oxidativo.

Tabela 2 - Grupos experimentais tratados com EHA, EAE e EDM de Eugenia

catharinensis.

Grupos Tratamento
Controle 1 Salina (s.c.) + 4gua destilada (via oral)
Controle 2 CORT 20 mg/kg (s.c.) + agua destilada (via oral)
Gla Salina (s.c.) + EHA 50 mg/kg (via oral)
G1ib Salina (s.c.) + EAE 50 mg/kg (via oral)
Glc Salina (s.c.) + EDM 50 mg/kg (via oral)
G2a CORT 20 mg/kg (s.c.) + EHA 50 mg/kg (via oral)




G2b CORT 20 mg/kg (s.c.) + EAE 50 mg/kg (via oral)
G2c CORT20 mg/kg (s.c) + EDM 50 mg/kg (via oral)
G3a Salina (s.c.) + EHA 125 mg/kg (via oral)

G3b Salina (s.c.) + EAE 125 mg/kg (via oral)

G3c Salina (s.c.) + EDM 125 mg/kg (via oral)

Gda CORT 20 mg/kg (s.c.) + EHA 125 mg/kg (via oral)
G4b CORT 20 mg/kg (s.c.) + EAE 125 mg/kg (via oral)
G4c CORT 20 mg/kg (s.c.) + EDM 125 mg/kg (via oral)
Gb5a Salina (s.c.) + EHA 200 mg/kg (via oral)

G5b Salina (s.c.) + EAE 200 mg/kg (via oral)

G5c Salina (s.c.) + EDM 200 mg/kg (via oral)

G6a CORT 20 mg/kg (s.c.) + EHA 200 mg/kg (via oral)
G6b CORT 20 mg/kg (s.c.) + EAE 200 mg/kg (via oral)
G6c¢c CORT 20 mg/kg (s.c.) + EDM 200 mg/kg (via oral)
G7a Salina (s.c.) + EHA 250 mg/kg (via oral)

G7b Salina (s.c.) + EAE 250 mg/kg (via oral)

G7c Salina (s.c.) + EDM 250 mg/kg (via oral)

G8a CORT 20 mg/kg (s.c.) + EHA 250mg/kg (via oral)
G8b CORT 20 mg/kg (s.c.) + EAE250 mg/kg (via oral)
G8c CORT 20 mg/kg (s.c.) + EDM 250 mg/kg (via oral)

Fonte: Dados do Autor (2020)

5.2.2 Atividade do Acido p-cumarico
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Para verificar os possiveis efeitos do &cido p-cumarico, empregou-se um

tratamento cronico através da administracdo de CORT (20mg/Kg, s.c.) com a

finalidade de mimetizar um comportamento do tipo-depressivo nos camundongos

tratados.

Os animais foram divididos aleatoriamente em 10 grupos com 13 animais cada

(tabela 3) e tratados via s.c. durante 21 dias com CORT (20mg/kg) ou salina no caso

dos grupos controle. Durante os ultimos 7 dias, além da administracdo de CORT, os

camundongos foram tratados via oral com veiculo, acido p-cumarico (5, 10 ou

20mg/kg) ou fluoxetina (10mg/kg).
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Tabela 3 —Grupos experimentais tratados com o &cido p-cumarico

Grupos Tratamento

Controle 1 Veiculo (s.c.) + Agua destilada (via oral)

Controle 2 CORT (s.c.) + Agua destilada (via oral)
Gl CORT (s.c.) + 4cido p-cumarico 5 mg/kg (via oral)
G2 CORT (s.c.) + 4cido p-cumarico 10 mg/kg (via oral)
G3 CORT (s.c.) + &cido p-cumarico 20 mg/kg (via oral)
G4 CORT (s.c.) + Fluoxetina 10 mg/kg (via oral)
G5 Veiculo (s.c.) + 4cido p-cumarico 5 mg/kg (via oral)
G6 Veiculo (s.c.) + &cido p-cumarico 10 mg/kg (via oral)
G7 Veiculo (s.c.) + &cido p-cumarico 20 mg/kg (via oral)
G8 Veiculo (s.c.) + Fluoxetina 10 mg/kg (via oral)

Fonte: Dados do Autor (2020)

Os animais do grupo controle 1 foram tratados por vinte e um dias consecutivos
via s.c. com veiculo (salina) e nos ultimos sete dias de tratamento receberam agua
destilada via oral. Enquanto isso, os animais dos grupos Controle 2, G1, G2, G3 e G4
foram submetidos ao tratamento com CORT na dose de 20mg/kg via s.c. durante os
vinte e um dias consecutivos e nos ultimos sete dias foram tratados via oral com agua
destilada (Controle 2), ou com &cido p-cumarico nas doses de 5 mg/kg (G1), 10 mg/kg
(G2) ou 20 mg/kg (G3); ou fluoxetina na dose de 10 mg/kg (G4). Os animais dos
grupos G5, G6, G7 e G8 foram submetidos a um tratamento crénico com veiculo
(salina) durante os vinte e um dias consecutivos via s.c. € nos ultimos sete dias de
tratamento com salina foi introduzido o tratamento com o acido p-cumarico nas doses
de 5 mg/kg (G5), 10 mg/kg (G6) ou 20 mg/kg (G7); ou fluoxetina na dose de 10 mg/kg
(G8). Vinte e quatro horas ap6s o ultimo tratamento foi realizado o teste do campo
aberto (TCA), o TNF e o teste do splash, respectivamente. Em seguida, foi feita a
eutanasia dos animais e o hipocampo foi coletado para avaliagdo bioquimica,

morfologica e molecular.

5.2.2.1 Envolvimento do Sistema de Monoaminas
Para verificar o envolvimento do sistema monoaminérgico no efeito tipo-

antidepressivo do acido p-cumarico 96 camundongos Swiss machos foram divididos
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em 12 grupos experimentais (tabela 4) e tratados por 7 dias consecutivos com o &cido
p-cumarico (10 mg/kg, via oral) ou veiculo. No ultimo dia de tratamento os animais
receberam antagonistas de receptores especificos: WAY-100635 (0,3 mg/kg, via s.c.,
antagonista do receptor 5-HT1a), SCH23390 (0,05 mg/kg, via s.c., antagonista do
receptor D1), prazosina (1 mg/kg, via intraperitoneal — i.p., antagonista do receptor
a1), ioimbina (1 mg/kg, via i.p., antagonista do receptor a2) ou veiculo. Entdo, 30
minutos apds o pré-tratamento com o antagonista especifico, os camundongos
receberam acido p-cumarico ou veiculo e 1 hora depois foram submetidos ao TNF.
Um grupo recebeu p-clorofenilalanina (PCPA) (100 mg/kg, via i.p., um inibidor da
sintese de serotonina) ou veiculo por 4 dias consecutivos e apds 24 horas 0s animais
foram tratados com o acido p-cumarico ou veiculo e ap6s 1 hora foi realizado o TNF.
As doses e o protocolo foram realizados com base nos estudos de Gesser et al.
(2015). Todos os farmacos foram obtidos da Sigma Chemical Company, St. Louis,
MO, EUA.

Tabela 4 —Grupos experimentais tratados com o acido p-cumarico e antagonistas

especificos
Grupos Tratamento
Controle 1 Veiculo (i.p.) + veiculo (via oral)
Controle 2 Veiculo (i.p.) + acido p-cumarico 20 mg/kg (via oral)
Gl WAY-100635 (0,3 mg/kg, s.c.) + veiculo (via oral)
G2 WAY-100635 (0,3 mg/kg, s.c.) + acido p-cumarico 20 mg/kg
(via oral)
G3 SCH 23390 (0,05 mg/kg, s.c.) + veiculo (via oral)
G4 SCH 23390 (0,05 mg/kg, s.c.) + acido p-cumarico 20 mg/kg
(via oral)
G5 Prazosina (1 mg/kg, i.p.) + veiculo (via oral)
G6 Prazosina (1 mg/kg, i.p.) + acido p-cumérico 20 mg/kg (via
oral)
G7 loimbina (1 mg/kg, i.p.) + veiculo (via oral)
G8 loimbina (1 mg/kg, i.p.) + &cido p-cumarico 20 mg/kg (via oral)
G9 PCPA (4 dias consecutivos 100 mg/kg, i.p.) + veiculo (via oral)
G10 PCPA (4 dias consecutivos 100 mg/kg, i.p.) + acido p-cumarico
20 mg/kg (via oral)
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Fonte: Dados do Autor (2020)
5.3 Testes Comportamentais

5.3.1 Teste do Nado Forgcado (TNF)

O TNF foi criado por Porsolt; Bertin; Jalfre (1977) para facilitar o
desenvolvimento de pesquisas com farmacos antidepressivos. Tal teste busca
reproduzir em um modelo animal um comportamento que se assemelhe a depressao.
Além disso, é sensivel a farmacos clinicamente efetivos utilizados no tratamento desta
doenca. O teste se baseia na observacdo de camundongos, que sendo forcados ao
nado em uma situacao da qual eles ndo possam escapar, passam por um periodo de
agitacdo que € seguida por uma postura de imobilidade. Considera-se imével o animal
gue flutua ou faz apenas os movimentos necessarios apenas para que sua cabeca se
mantenha acima da agua. O teste foi realizado em uma sessdo com duracéo de 6
minutos. Foi usado um cilindro plastico com 24 cm de altura, 10 cm de didmetro e com
um nivel de 19 cm de agua a 25°C. O tempo de imobilidade foi cronometrado e
registrado (ECKELI; DACH; RODRIGUES, 2000). Sabe-se que os antidepressivos
reduzem o tempo de imobilidade no TNF (PORSOLT; BERTIN; JALFRE, 1977).

5.2.3 Atividade Locomotora no Campo Aberto (TCA)

Para eliminar a possibilidade de que ocorra uma reducao da imobilidade no
TNF devido a um aumento na atividade locomotora, mas que nao represente efeito
antidepressivo, foi realizada uma sessdo no TCA. O teste foi feito em uma caixa de
madeira com 40 x 60 cm e 50 cm de altura. O ch&o da caixa é dividido em 12
quadrados de igual tamanho. Foi realizado o registro do numero de quadrados que

cada camundongo cruza com as quatro patas durante seis minutos.

5.3.3 Teste do Splash

O teste do splash é utilizado para avaliar um comportamento de anedonia dos
animais apos a vaporizacdo deles com uma solucdo de sacarose a 10%. A
viscosidade da sacarose desencadeia um comportamento de autolimpeza,

considerado um movimento de autocuidado (WILLNER, 2005). Por isso esse teste



42

avalia um indice motivacional que esta relacionado a alguns sintomas da depressao,
como a anedonia (NEIS et al.,, 2016). O teste segue o protocolo baseado na
metodologia de Amini-Khoei et al.(2017), com algumas modificacdes. A solucédo de
sacarose a 10% foi borrifada no dorso de cada animal individualmente, na mesma
caixa utilizada no TCA. O comportamento geralmente inicia-se nas patas, em seguida
prolonga-se pelo nariz, e face, cabeca, corpo, pernas e cauda (SMOLINSKY et al.,
2009). Durante 5 minutos, foram cronometrados o tempo total de autolimpeza e o

tempo para iniciar este comportamento, chamado de laténcia.

5.4. Andlise dos Parametros de Estresse Oxidativo in vivo

5.4.1 Preparacao do Tecido

Para a analise dos parametros de estresse oxidativo os camundongos foram
sacrificados por decapitacdo, sem anestesia, o cérebro foi rapidamente removido e o
hipocampo e o cértex cerebral foram dissecados e mantidos em gelo com tampéo
fosfato de sdédio, pH 7,4. O homogeneizado foi preparado em tampado adequado
usando homogeneizador Potter-Elvehejem (5 pulsos). O homogeneizado foi
centrifugado a 1.000G, a 4 °C por 15 minutos para remocao de residuos celulares e 0
sobrenadante foi estocado em aliquotas e armazenado a -80 °C para posterior
determinacao das substancias reativas ao acido tiobarbittrico (TBA-RS), do conteudo

total de sulfidrilas e da atividade das enzimas antioxidantes.

5.4.2 Substancias Reativas ao Acido Tiobarbitirico (TBA-RS)

TBA-RS € usado como um indice de dano a lipideos e mede o malondialdeido
(MDA), um produto da lipoperoxidacdo, causado principalmente por radicais livres
hidroxila. Foi determinado pelo método de Ohkawa; Ohishi; Yagi (1979). Os tecidos
foram misturados com &cido tricloroacético a 20% e 0,8% de &cido tiobarbitarico e
aguecido em banho de agua fervente durante 60 min. Uma curva de calibracdo foi
obtida utilizando 1,1,3,3-tetrametoxipropano como precursor de MDA e cada ponto da

curva foi submetido ao mesmo tratamento que o dos sobrenadantes TBA-RS foi



43

determinado espectrofotometricamente a 535nm. Os resultados foram expressos em
nmol de malondialdeido por mg de proteina.

5.4.3 Contetido Total de Sulfidrilas

O conteudo total de sulfidrilas foi determinado de acordo com o método descrito
por Aksenov; Markesbery (2001), o qual se baseia na reducdo do &acido
ditionitrobenzdico (DTNB) por tidis, gerando um derivado amarelo (TNB) que é
mensurado espectrofotometricamente em 412 nm. Resumidamente, 50 pL de
homogeneizado foram adicionados a 1mL de tampéao PBS pH 7,4 contendo EDTA
1mM. A reacéo foi iniciada pela adicdo de 30uL de DTNB 10,0mM e incubada durante
30 minutos a temperatura ambiente em local escuro. Os resultados foram expressos

em nmol TNB/mg de proteina.

5.4.4 Catalase (CAT)

A atividade da CAT foi determinada pelo método de Aebi (1984). O método
utilizado baseia-se no desaparecimento de H202 a 240 nm num meio de reacao
contendo 20 mM de H202, 0,1% de Triton X-100, 10 mM de tampéo de fosfato de
potassio, pH 7,0. Uma unidade de CAT é definida como 1 umol de H202 consumido
por minuto e a atividade especifica é calculada como unidades de CAT/mg de

proteina.

5.4.5 Glutationa Peroxidase (GSH-Px)

A atividade da GSH-Px foi determinada pelo método de Wendel (1981) com
algumas modificagoes.

A decomposicdo do NADPH foi monitorada em espectrofotémetro a 340 nm por
4 minutos. O meio continha 2 mM de GSH, 0,15 U/mL de GSH redutase, 0,4 mM de
azida, 0,5 mM de tert-butil-hidroperéxido e 0,1 mM de NADPH. Uma unidade de GSH-
Px é definida como 1 pmol de NADPH consumido por minuto e a atividade especifica

é apresentada como unidades de GSH-Px/mg de proteina.
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5.4.6 Superoxido Dismutase (SOD)

A atividade da SOD foi determinada pelo método de auto oxidagéo do pirogalol,
como descrito por Marklund (1985), um processo altamente dependente de
superoxido (O2™), que € um substrato para a SOD. Primeiramente, 15 uL de cada
amostra foi adicionado a 215 pyL de uma mistura contendo 50 yM de tampao Tris, 1
MM de EDTA, pH 8,2, e 30 uM de CAT. Subsequentemente, foram adicionados 20 pL
de pirogalol e a absorbancia foi registrada imediatamente a cada 30 segundos durante
3 minutos a 420 nm usando um espectrofotémetro. A inibicdo da auto oxidacdo do
pirogalol ocorre na presenca de SOD, cuja atividade pode ser indiretamente testada
espectrofotometricamente. Uma unidade de SOD é definida como a quantidade de
SOD necesséria para inibir 50% da auto oxidacao de pirogalol e a atividade especifica

é relatada como unidades de SOD/mg de proteina.

5.4.7 Dosagem de Proteinas

A determinacédo das proteinas foi realizada pelo método de Lowry et al. (1951),
utilizando-se albumina sérica bovina como padrao, o qual se baseia na complexac¢éo
do cobre em meio alcalino, gerando um derivado de cor azul, que é mensurado
espectrofotometricamente em 650 nm. O meio continha NaOH 0,10 M, Na2CO3s 2%,
CuSO04 1%, Tartarato de Na* e K* 2%. Resumidamente, 10 uyL de homogeneizado foi
adicionado a 1 mL do meio e 190 pL de agua destilada. A reagéo foi iniciada pela
adicdo de 100 yL de Reagente de Folin 1 N e incubada durante 20 minutos a
temperatura ambiente em local escuro. Os resultados foram expressos em nmol
TNB/mg de proteina. Apos o procedimento, os fatores de calibracdo parcial foram

calculados.

5.5 Atividade Antioxidante in vitro

5.5.1 Ensaio DPPH

O método para a determinacgéo da atividade antioxidante do DPPH foi baseada
no método descrito por Cavin et al. (1998), com pequenas modificagbes. 2 mL da
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solugcéo de DPPH (0,004% em metanol) foi adicionado a 1 mL da solucéo testada nas
concentracdes de 1000 a 0,34 ug mL*. A mistura foi agitada e deixada em repouso,
no escuro, por 30 minutos. A absorbancia foi observada em um espectrofotdmetro
(517 nm). Com o objetivo de eliminar uma possivel interferéncia do extrato, utilizamos
uma solucao branco (1 mL da solugéo teste + 2 mL de metanol). O butil-hidroxi-tolueno
(BHT) foi utilizado como controle positivo e uma solucéo de 2 mL de DPPH e 1 mL de
metanol como controle negativo. A inibicdo do radical DPPH foi calculada através da
formula: Capacidade antioxidante do DPPH = [Ao — A1/Ao] x 100, aonde Ao e A1 sé@o
os valores da absorbancia apds 30 minutos do controle negativo e da amostra,
respectivamente. A atividade sequestradora de radicais livres foi expressa como ICso
(ug mL1), a dose de extrato necessaria para causar uma reducdo de 50% da
absorbancia em 517 nm. Um valor mais baixo de ICso corresponde a uma maior

atividade antioxidante. O teste foi realizado em triplicata.

5.5.2 Determinagédo do Poder Redutor do Ferro (lll)

O poder redutor foi determinado de acordo com o método de Waterman; Mole
(1994). O poder redutor € medido através da habilidade dos extratos de formar um
complexo colorido com ferrocianida, o qual € um aceptor de elétrons. Cada extrato
(1000 pg mL* em 0,1 mL de metanol) foi misturado com 1 mL de FeCls (0,1 M) e apds
3 minutos foi adicionado 1 mL de ferrocianida de potassio (0,008 M). A mistura foi
realizada ao abrigo da luz e em temperatura ambiente. ApGs 15 minutos a absorbancia
foi mensurada em um comprimento de onda de 720 nm contra o branco. Quanto mais
alta a absorbancia, maior o poder redutor, o qual foi expresso como mg de acido
ascorbico/g de extrato seco (mgAA/g), utilizando uma curva padrdo de &cido
ascorbico, determinada por regresséo linear (R? = 0,9951): Y = 0,0019X + 0,0698.

5.5.3 Determinacdo da Atividade Antioxidante Utilizando o Modelo de

Linoleato de B-caroteno

A atividade antioxidante foi mensurada através do método de Mokbel;
Hashinaga (2006) com pequenas modifica¢gées. Uma solucao de 3,0 mg de 3-caroteno
diluido em 1 mL de cloroférmio, 45 mg de &cido linoleico e 215 mg de Tween-80 foram
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misturadas. O cloroférmio foi removido a 40° sob vacuo através de um evaporador
rotativo. A mistura resultante foi imediatamente diluida em 5 — 10 mL de 4gua destilada
e misturada e completada com 100 mL de peroxido de hidrogénio (H202) 0,1 M.
Aliqguotas de 2 mL desta solucdo foram transferidas para diferentes tubos teste
contendo 0,1 mL das amostras em metanol (1000 pg mL?). Nestes experimentos o
BHT foi utilizado para fins de comparacéo. Um controle negativo contendo 0,1 mL de
metanol e 2 mL da solucéo foi utilizado. Os tubos foram entéo colocados em banho-
maria a 50° C. A absorbéancia das amostras foi lida a 470 nm no tempo zero e a cada
30 minutos até o tempo total de 180 minutos. O branco foi preparado de acordo com
a mistura anterior, porém, sem B-caroteno. O poder antioxidante foi calculado da
seguinte maneira: AA% = 100 [1 — (Ao — At) / (A% — A%)], aonde Ao e At correspondem
a absorbancia das amostras no tempo zero e apds 180 minutos, respectivamente, e

A% e A% sdo as absorbancias do controle negativo no tempo zero e apds 180 minutos.

5.6 Analise Morfolégica

Os aspectos morfologicos do hipocampo foram avaliados utilizando a coloracao
de nissl pelo método de Zhang et al. (2015), com algumas modificacdes.
Imediatamente apds a coleta, os tecidos foram fixados em formaldeido a 10% por 48
horas a fim de conservar a integridade morfologica, mantendo-os 0 mais proximo
possivel das caracteristicas in vivo (LILLIE, 1954). Em sequéncia, o material foi
desidratado com banhos crescentes de alcool (70%, 80% e 100%), diafanizado em
xilol e incluido em parafina. Os blocos de parafina foram seccionados em micrétomo
ZEISS® Hyrax M60 (5um) e distendidos em banho-maria (37 °C) para serem
colocados sobre laminas de vidro.

A avaliacado morfologica € baseada na visualizacdo de aspectos irreconheciveis
a nivel macroscopico, o que pode fornecer bases mais sélidas para o estudo
apresentado. Considerando a importancia do hipocampo na fisiopatologia da
depressao, principalmente devido a hipotese neurotréfica, foi feita uma andlise
estereologica de células granulares e piramidais. A contagem foi realizada utilizando
a graticula de Weibel n°2 — M42 acoplada ao microscopio optico Olympus®, em

aumento de 400x. Foram observados trés campos na regidao do GD e um campo na
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CA2, nos quais apenas células viaveis foram contabilizadas. O célculo da densidade
celular por area foi feito através da formula de Weibel; Kistler; Scherle (1966):

Densidade celular = nimero de células positivas x 45 ym?
36,36

5.7 Verificacdo da Expressédo de BDNF, CREB e Bcl-2

5.7.1 Extracédo de RNA

Para a verificacdo de eventuais alteracbes na expressdo génica de BDNF,
CREB e Bcl-2, o RNA total foi extraido utilizando High Pure RNA Isolation Kit
(Roche®), segundo as instrucfes do fabricante, a partir das amostras do tecido de
hipocampo dos animais. O kit contém a enzima Dnase para tratamento da amostra

purificada, a fim de eliminar qualquer DNA gendmico restante.

5.7.2 Obtencao do cDNA

Para obtenc&do de cDNA foi utilizado o kit comercial Transcriptor First Strand

cDNA Synthesis Kit (Applied Biosystems®), segundo instrucdes do fabricante.

5.7.3 Iniciadores Utilizados

Foram desenhados iniciadores (para gPCR) utilizando o programa Primer
Select do pacote DNA STAR (Lasergene) e o algoritmo PrimerBlast (NCBI). Os
iniciadores foram dirigidos as regides conservadas dos genes estudados,
determinadas a partir do alinhamento das sequéncias nucleotidicas existentes no
Genbank (NCBI). As sequéncias de iniciadores especificos de genes sao mostradas

na tabela 5.

Tabela 5 — Iniciadores utilizados na reacéo de PCR

e [B-actina 5 GAT GTATGAAGG CTTTGG TC &
5 TGTGCACTTTTATIGGTCTC3J
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e BDNF 5 ATC AAAACT CGG CAG AATG &
5 CCTGTGTTCTTGTCT CTTTC 3

e Bcl-2 5 AAG GCAAGG CTT TAAGTTAC 3’
5 CCACAT TCC ATACATTCC TG 3

e CREB 5 CCAATC CACTGATGAATGATG &
5 GCT TGAACG AGT TTATGG AC 3

Fonte: Dados do Autor (2020)

5.7.4 PCR Quantitativo em Tempo Real (QPCR)

O cDNA obtido foi diluido até uma concentracdo de 500 ng de RNA transcrito
reversamente em cDNA. A andlise dos genes-alvo e dos genes enddgenos (B-actina)
foram feitas sempre na mesma placa. Foi preparado um master mix usando FastStart
Essential DNA Green Master (Roche®), seguindo as instrucfes do fabricante. As
reacoes foram realizadas no instrumento LightCycler 96 (Roche®). Durante a
amplificacdo, o corante € incorporado aos produtos de PCR amplificados e produz um
sinal de fluorescéncia, permitindo medir a quantidade de DNA que é amplificado em
tempo real. O programa de amplificacdo consistiu de 1 ciclo de 95 °C com 60 s,
seguido por 45 ciclos de 95 °C com 10 s, temperatura de anelamento a 54 °C com 10
s espera, 72 °C com 15 s. Um controle negativo sem DNA foi corrido com cada ensaio
para avaliar a especificidade geral. A concentracao de cada gene foi determinada com
base na abordagem cinética usando o software Light Cycler. Os valores de expressao

génica obtidos foram normalizados usando o gene da -actina como controle.

5.8 Andlise Estatistica

Os resultados coletados foram avaliados através do teste de normalidade de
Kolmogorov-Smirnov e apos, foi realizado ANOVA, seguida dos testes de Newman-
Keuls ou Duncan, quando necessario. Valores de p<0,05 foram considerados

significativos.
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6 RESULTADOS E DISCUSSAO

6.1 ARTIGO CIENTIFICO 1 — ANTIOXIDANT AND ANTIDEPRESSANT-LIKE
EFFECTS OF Eugenia catharinensis D. LEGRAND IN AN ANIMAL MODEL OF
DEPRESSION INDUCED BY CORTICOSTERONE.

Situacédo: Publicado na revista Metabolic Brain Disease.

6.2 ARTIGO CIENTIFICO 2 - Eugenia catharinensis D. LEGRAND EXERTS
ANTIOXIDANT EFFECT ON THE HIPPOCAMPUS AND CEREBRAL CORTEX OF
CORTICOSTERONE CHRONICALLY TREATED MICE.

Situacdo: Submetido para a revista Journal of the Science of Food and Agriculture.

6.3 ARTIGO CIENTIFICO 3 - ANTIDEPRESSANT-LIKE EFFECT FROM p-
COUMARIC ACID IN AN ANIMAL MODEL OF DEPRESSION INDUCED BY
CORTICOSTERONE.

Situacdo: Submetido para a revista Pharmacology Biochemistry and Behavior.
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7 COMPILACAO DOS RESULTADOS

Os resultados obtidos estao descritos abaixo:

Efeito tipo-antidepressivo de Eugenia catharinensis:

e O extrato acetato de etila de Eugenia catharinensis apresenta efeito tipo-
antidepressivo no TNF em camundongos.

e O tratamento por 21 dias com CORT promove um efeito tipo-depressivo no TNF
em camundongos, sendo que o extrato acetato de etila de E. catharinensis

promove a reversao do efeito causado pela CORT.

Efeito tipo-antidepressivo do acido p-cumarico:

e O acido p-cumérico apresenta efeito tipo-antidepressivo quando administrado
nas doses de 5, 10 e 20mg/Kg, sendo capaz de reverter o comportamento
provocado pela CORT.

e O efeito tipo-antidepressivo do &acido p-cumarico parece ser dependente da
participacédo do sistema de monoaminas.

e A administracdo de CORT induziu um aumento da laténcia no teste de splash,
entretanto ndo foi capaz de alterar o comportamento de autolimpeza dos
animais.

e O acido p-cumarico provoca uma diminuicdo da laténcia e um aumento do
tempo de autolimpeza no teste do splash comparado ao grupo controle.

e O tratamento com o acido p-cumarico nas doses de 5 e 10mg/Kg reverteu o
comportamento induzido pela CORT sobre o tempo de laténcia, assim como a
fluoxetina (10mg/Kg).

Efeito antioxidante in vivo de Eugenia catharinensis:
Cortex Cerebral:

e A CORT aumentou a atividade da CAT e da SOD e os niveis de TBA-RS.

e O EAE aumentou a atividade da SOD.

e O EHA aumentou a atividade da CAT e da SOD e diminuiu os niveis de TBA-
RS.

e O EDM aumentou a atividade da SOD e diminuiu os niveis de TBA-RS.
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O EAE reverteu 0 aumento na atividade das enzimas antioxidantes CAT e SOD
e nos niveis de TBA-RS provocado pela CORT.

O EHA reverteu o aumento na atividade da SOD e nos niveis de TBA-RS
provocado pela CORT.

O EDM reverteu o aumento na atividade da CAT e da SOD e nos niveis de
TBA-RS provocado pela CORT.

Hipocampo:

A CORT aumentou a atividade da CAT, da SOD e diminuiu a atividade da GSH-
Px.

O EAE aumentou a atividade da CAT e da SOD.

O EHA aumentou a atividade da SOD.

O EDM aumentou a atividade da CAT.

O EAE reverteu os efeitos causados pela CORT sobre a atividade das enzimas
antioxidantes CAT e GSH-Px.

O EHA reverteu os efeitos causados pela CORT sobre a atividade das enzimas
antioxidantes CAT e GSH-Px.

O EDM reverteu os efeitos causados pela CORT sobre a atividade das enzimas
antioxidantes SOD e GSH-Px.

Efeito antioxidante in vivo do acido p-cumarico no hipocampo:

O 4cido p-cumarico, quando administrado nas doses de 10 e 20mg/kg por 7
dias consecutivos, promoveu uma diminuicdo nos niveis de TBA-RS em
comparagcdo aos animais do grupo controle, assim como a fluoxetina
(10mg/Kg).

Quando administrado nas doses de 5mg/Kg e 10 mg/Kg o acido p-cumarico
causa diminuigdo da atividade da CAT e aumento da atividade da GSH-Px,
enguanto apenas a dose de 20 mg/Kg é capaz de diminuir a atividade da SOD,
revertendo os efeitos causados pela CORT. O tratamento com fluoxetina

demonstra resultados similares aos observados pelo acido p-cumarico.

Efeito antioxidante in vitro de Eugenia catharinensis:



52

Todos os extratos testados, EAE, EHA e EDM, provocaram uma diminui¢éo na
concentracdo de DPPH.
O EAE apresentou maior poder de reducao do ferro e inibicdo da peroxidagao

lipidica em relacédo ao EHA e ao EDM.

Anélise morfoldgica do hipocampo:

A CORT induziu uma diminuicdo da densidade de células piramidais da CA2
do hipocampo.

A administracdo de CORT promoveu uma diminui¢cdo da densidade de células
viaveis no GD do hipocampo.

O &cido p-cumarico é capaz de aumentar a densidade celular tanto na CA2

guanto no GD do hipocampo, assim como a lfuoxetina.

Andélise da expresséo génica de BDNF, CREB e Bcl-2:

O tratamento com CORT (20mg/Kg) por 21 dias ndo alterou a expressao de
BDNF, CREB ou de Bcl-2 no hipocampo dos animais.

O tratamento com o acido p-cumarico na dose de 20mg/Kg e com fluoxetina
(10mg/Kg) aumentou a expressdao de Bcl-2 nos animais pré-tratados com

CORT, enquanto a expressao dos outros genes nao foi modificada.

Identificacdo dos compostos fendlicos:

O EAE e o EHA possuem maior concentracdo de compostos fendlicos e
conteudo total de flavonoides em relacdo ao EDM.

18 compostos fenalicos, do total de 47 padrdes utilizados, foram identificados
nos extratos de E. catharinensis, sendo 10 deles comuns aos 3 extratos.

No EAE o composto que apresentou maior concentragao foi o 4cido galico.

No EHA os compostos que apresentaram maior concentragdo foram o acido
salicilico e o &cido siringico.

No EDM o composto que apresentou maior concentracao foi o acido siringico.
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8 CONSIDERACAO FINAL

Os resultados obtidos nos permitem concluir que o EAE obtido das folhas de
Eugenia catharinensis apresenta efeito tipo-antidepressivo no TNF em camundongos
sem alterar a atividade locomotora dos animais no TCA. Além disso, os extratos EAE,
EHA e EDM de Eugenia catharinensis possuem atividade antioxidante in vivo e in vitro.
Os efeitos tipo-antidepressivo e antioxidante de Eugenia catharinensis parecem ser
dependentes, pelo menos em parte, dos compostos fendlicos presentes nos extratos,
uma vez que o acido p-cumarico, um dos compostos identificados no EAE, promoveu
efeito tipo-antidepressivo e antioxidante, além de levar a um aumento na densidade

de células do hipocampo e na expressao de Bcl-2.
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Abstract

This work investigated the antioxidant and antidepressant-like effects ofethyl acetate extract from Eugenia catharinensis in mice
treated with corticosterone (20 mg/Kg). The animals received saline or corticosterone (21 days) and, in the last 7 days, they were
treated with the extract (50, 125, 200 or 250 mg/Kg) or vehicle. After 24 h, the mice were submitted to the open field and forced
swimming tests, after which the hippocampus and cerebral cortex were removed. Our results showed that the extract decreased
the immobility time of mice in the forced swimming test and that the extract was able to reverse the effect caused by cortico-
sterone. Corticosterone pre-treatment generated oxidative stress, altering antioxidant enzymes in the nervous tissue. The extract
increased the catalase and superoxide dismutase activities and reversed the effects of corticosterone. In the hippocampus, the
extract increased superoxide dismutase activity and reversed the increase in catalase activity elicited by corticosterone. We
propose that the effects elicited by the Eugenia catharinensis are dependent on the presence of phenolic compounds (gallic acid,
protocatechuic acid, synngic acid, 4-hydroxy methylbenzoic acid, chlorogenic acid, salicylic acid, caffeic acid, vanillic acid, p-
coumaric acid, isoquercetin, rutin, ferulic acid, aromadendrin, galangin and apigenin) in this extract, as demonstrated by HPLC-

ESI-MS/MS.

Keywords Myrtaceae - Depression - Oxidative stress - Phenolic compounds
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Introduction

Depression isa debilitating disease characterized by depressed
mood, diminished interests, impaired cognitive function and
vegetative symptoms, such as disturbed sleep or appetite.
More than 300 million people live with depression, an in-
crease of more than 18% between 2005 and 2015 {World
Health Organization 2017). According to the World Health
Organization (WHO 2017), depression will be the most com-
mon mental disorder in the world by 2030, affecting more
people than diseases like cancer. Although several
neurobiological-based hypotheses for the cause of depression
have been proposed. the underlying molecular mechanisms
remain obscure (Umehara et al. 201 7).

In depressive disorders, alteration in the hypothalamic-
pituitary-adrenal (HPA) axis, often linked to stress, has been
frequently observed. In this process, there is deregulation of
negative feedback on this axis, leading to a continuous elevation
of cortisol secretion. Chronic corticosterone (CORT)
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administration in rodents is shown to promote depressive-like
behaviors (Weng et al. 2016) and repeated CORT freatment
alters antioxidant enzyme activities in the brain and increases
pro-oxidant markers such as lipid peroxidation (Zafir and Banu
2009). Although depression is a multifactorial disease, oxidative
stress, the result of excessive reactive oxygen species (ROS)
production, has been implicated in the pathogenesis of this dis-
order (Ng et al. 2008). ROS may cause enzyme inhibition, lipid
peroxidation and mitochondrial changes. Antioxidant enzymes
such as superoxide dismutase (SOD), catalase (CAT) and gluta-
thione peroxidase (GSH-Px) decompose ROS molecules, pro-
ducing less toxic compounds ( Zanoveli et al. 2016).

The use of alternative therapies is highly sought after by
patients with depression, especially as medicinal plants. St.
John's herb has been widely used for mild-to-moderate de-
pression (Grundmann et al. 2010). Lavandula officinalis tinc-
ture, commonly known as English Lavender, has long been
used in traditional medicine for some nervous disorders such
as epilepsy and depression (Nikfarjam et al. 2017). Thus, de-
veloping safe and effective agents from traditional herbs may
provide us with a good way to lessen their side effects, as well
as improve their efficacy.

Eugenia catharinensisis D. Legrand is a rare Myrtaceae spe-
cies, found in lower layer Atlantic Rainforest in the States of
Santa Catarina, Parana and Sdo Paulo and s popularly called
Guamirim. The genus Eugenia L. (Myrtaceae) comprises about
1000 species, being one of the largest of the Myrtaceae family
and has been widely used by the population for therapeutic
purposes as a diuretic, hypoglycemic, antihypertensive, and an-
t-inflammatory, among others (Zaki et al. 2013). Another com-
mon species, £. uniflora is used in folk medicine for the treat-
ment of symptoms related to depression and mood disorders
(Colla et al. 2012). Different Eugenia species have presented
antioxidant effects, which seem to be dependent on the phenolic
compounds present in this genus (Magina et al. 2010).

In view of the growing number of individuals affected by
depression worldwide, an understanding of the range of phar-
macological effects of species from the Myrtaceae family is of
extreme importance to investigate the possible antioxidant and
antidepressant-like effects of other Myrtaceae species, such as
E. catharinensis. The present study aims to investigate the
antioxidant and antidepressant-like effects of the ethyl acetate
extract from £, catharinensis (EAE) leaves in an animal mod-
el of depressive-like behavior induced by chronic CORT
administration.

Material and methods

Analyses of phenolic compounds in the EAE were conducted
in an Agilent® 1200 chromatograph with TurbolonSpray® as
an ionization source coupled to a Qtrap® 3200 mass spec-
trometer. Biochemical analyzes were performed using a UV-

visible Shimadzu® spectrophotometer. All reagents are ana-
Ivtical grade and obtained from Sigma-Aldrich®. Solvents
used in the extraction process were obtained from Vetec.

Preparation of Eugenia catharinensis extract

Leaves from Eugenia catharinensis were collected in
Blumenau, Santa Catarina, Brazil (26°90°637 S, 49°08°017
W) on October 2016. The identification was made by the
botanical André Luis de Gasper. A voucher specimen from
this plant was deposited in the Dr. Roberto Miguel Klein
Herbarum (FURB, http://furb jbri.gov.br) under registration
number 14995, The collected leaves were dried at room
temperature and ground in a knife mill. The pulverized
sample was macerated in three different solvents of different
polarity, 70% ethyl alcohol, ethyl acetate and
dichloromethane, to obtain crude extracts. The maceration
process was carried out for three days, after which the
extract was filtered, and the procedure was repeated once
more. The extracts resulting from the two macerations were
pooled and concentrated with a rotary evaporator under
reduced pressure until complete drying.

Analysis of phenolic compounds in the EAE
by HPLC-ESI-MS/MS

EAE was analyzed by HPLC-ESI-MS/MS (High Performance
Liquid Chromatography tandem Mass Spectrometry with
Electrospray lonization) in the LABEC (Laboratério de
eletroforese capilar) at the Universidade Federal de Santa
Catarina (UFSC), according to Pauleti et al. (2017) with slight
modifications. Analyses were conducted with a Phenomenex®
Synergi 4 p Polar-RP 80A (150 mm = 2 mm 1D, particle size of
4 pm) at a temperature of 30 °C. The eluents were formed by
mixing solvents A (MeOH/H,0 in ratio of 95:5, v v ') and B
(H50O ultrapure/formic acid (0,1%) as follows: Ist stage — 10%
solvent A and 90% B (isocratic mode) for 5 min; 2nd stage —
linear gradient of solvents A and B (from 10 to 90% of A) for
2 min; 3rd stage — 90% solvent A and 10% B (isocratic mode)
tor 3 min; 4th stage — linear gradient of solvents A and B (from
90to 109 of A) for 7 min with a flow rate of 250 uL min ' for
the mobile phase. For the analysis, an aliquot of 50 mg of EAE
was ressupended in 5 mL of HCl at pH 2. These 5 mL were
extracted three times with 2 mL of ethyl ether each, which were
then combined. After drying the combined extract, it was stored
sealed at —20 °C. To perform the analysis, the dried material was
dissolved in 1 mL of MeOH and centrifuged at 12,000 rpm for
120 s. Three parts of the supematant was add to 7 parts of
ultrapunified water and the injected volume was 5 pL.

For the identification of compounds, 47 standard phenolic
compounds (4-aminobenzoic acid, 4-methyl-umbelliferone,
4-hydroxymethylbenzoic acid, p-anisic acid, caffeic acid,
cinnamic acid, chlorogenic acid, ellagic acid, ferulic acid,
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gallic acid, mandelic acid, methoxyphenylacetic acid, p-
coumaric acid, rosmarinic acid, salicylic acid, sinapic acid,
syringic acid, vanillic acid, apigenin, aromadendrin, carnosol,
catechin, chrysin, coniferaldehyde, epicatechin, epigallocate-
chin, epigallocatechin-gallate eriodictyol, scopoletin, fustin,
galangin, hispidulin, isoquercetrin, kaempferol, myricetrin,
naringenin, naringin, pinocembrin, protocatechuic acid, quer-
cetin, resveratrol, rutin, sinapaldehyde, syringaldehyde,
taxifolin, umbelliferone and vanillin) diluted in methanol
(1 mg L") were analysed under the same conditions as de-
scribed above. For the quantitative analysis of the identified
compounds, the area of each peak was interpolated into cali-
bration curves performed with the identified standards (1 >
0.98), under the same conditions of analysis. The experiments
were performed in duplicate.

The liquid chromato graph was coupled to a mass spectrom-
eter with an electrospray ionization source using a negative
ionization mode with the following source parameters: ion
spray interface at 400 °C; ion spray voltage of 4500 V; curtain
gas, 10 psi; nebulizer gas, 45 psi; auxiliary gas, 45 psi; colli-
sion gas, medium. The Analyst® (version 1.5.1) software was
used for recording and processing the data. Pairs of ions were
monitored in MRM (Multiple Reaction Monitoring) mode.

Animals

Male Swiss mice (30-40 g) were used in the study and main-
tained at a constant temperature (26 °C), under a 12:12 h
light-dark cycle and with free access to water and food.
Each animal was used only once and was sacrificed after
the behavior tests by decapitation with no anesthesia. The
“Principles of Laboratory Animal Care” (NIH publication
85-23, revised 1985) were followed in all experiments and
the experimental protocol was approved by the Ethics
Committee for Animal Research of the Universidade
Regional de Blumenau, Blumenau, Brazil, under the protocol
number 107/16. The animals were randomly divided into 10
expernimental groups as follows: control 1, control 2, G1, G2,
G3, G4, G5, G6, G7 and G8. The animals of the control 1,
Gl, G3, G5 and G7 groups were treated for 21 days, subcu-
taneously (sc), with saline. For the animals of the Control 2,
G2, G4, G6 and G8 groups CORT (Sigma-Aldrich®) was
administered for 21 days at a dose of 20 mg/kg (sc). Durng
the last 7 days of treatment, vehicle (distilled water with
tween 80 2%) (control 1, control 2 groups) or EAE were
administered at doses of 50 mg/Kg (G1, G2groups),
125 mg/Kg (G3, G4groups), 200 mg/Kg (G35, G6 groups)
or 250 mg/Kg (G7, G¥ groups). Twenty-four hours afier the
last treatment, the animals were submitted to behavioral tests
before being sacrificed by decapitation. The hippocampi and
cerebral cortexes were removed from animals for the evalia-
tion of oxidative stress parameters (Fig. 1).

CORT or Vehicle
Subcutaneous route

EAE or Vehicle
Oral route

14 days 21days
Fig. 1 Treatment procedure

Forced-swimming test

The test was performed in a plastic cylinder with 24 cm in
height, 10 cm in diameter and 19 cm of water at 25 °C (%1 °C).
The immobility time was recorded. It is known that antide-
pressants generate an action that reduces the time of immobil-
ity in the forced swimming test (Porsolt et al. 1977).

Open field test

To eliminate the possibility of immobility reduction in the
FST due to an increase in locomotor activity but not an anti-
depressant effect, a session was held in the OFT. The test was
done in a wooden box measuring 40 = 60 cm and 50 cm high.
The floor of the box is divided into 12 squares of equal size.
The number of squares that each mouse crossed with all four
legs for 6 min was recorded (Pauleti et al. 2017).

Oxidative stress determination procedure

The hippocampus and cerebral cortex were removed and kept
on ice-cold buffered sodium phosphate (20 mM, pH 7.4, 140
mMKCI). The organs were homogenized in ten volumes
(1:10 wi'v) of appropriate buffer, according to the technique to
be performed. Homogenates were prepared using a Potter-
Elvehjem homogenizer (Remi motors, Mumbai, India) by pass-
ing 5 pulses and centrifuging at 800 x g for 10 min at 4°C before
discarding nuclei and cell debris. The pellet was discarded, and
the supernatant was saved in aliquots and stored at —80°C for
assaying the activity of antioxidant enzymes and damage to
proteins and lipids (Delwing-de Lima etal. 2017).

Thiobarbituric acid reactive substances (TBA-RS)

TBA-RS were determined according to the method described
by Ohkawa et al. (1979).

Total sulfhydryl content

The total thiol group concentration was determined by the
method of Aksenov & Markesbery (Aksenov and
Markesbery 2001).
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Catalase assay (CAT)

CAT activity was assayed by the method described by Aebi
(1984), using a UV—visible Shimadzu spectrophotometer.

Glutathione peroxidase assay (GSH-Px)

GSH-Px activity was measured by the method of Wendel
(198 1), using tert-butyl-hydroperoxide as substrate.

Superoxide dismutase assay (S0D)

The method used to assay 830D activity is based on the capac-
ity of pyrogallol to autoxidize, a process highly dependent on
superoxide (0-"), which is a substrate for SOD (Marklund
1985).

Protein determination

Protein was measured by the Lowry et al. (1951) method,
using serum bovine albumin as standard (Lowry et al. 1951).

Statistical analysis

The results were evaluated through the Kolmogorov-Smirnov
nomality test and the two-way ANOVA was performed after-
wards, followed by the Newman-Keuls test, when necessary.
The effects of CORT administration in the CAT, SOD and
GSH-Px activities, TBA-RS levels and total sulthydryl con-
tent were analyzed by the student- test. The results were con-

Results and discussion

The mass spectra data and results of quantification of the
compounds identified are shown on Table 1. Results indicate
that from the 47 phenolic standards, 15 of them could be
identified in the EAE extracts, of which 9 were phenolic acids
and 5 were flavonoids. 14 of these compounds could be quan-
tified, with the exception of rutin, whose concentration was
below the limit of quantification of the methodology applied.

In order to verify the antidepressant-like effect of the EAE,
the animals were treated with the extract at doses of 50, 125,
200 and 250 mg/Kg. As shown in Fig. 2, EAE (50, 125 and
200 mg/Kg), decreased the immobility time of mice in the
FST, when compared to the control group, and CORT
(20 mg/Kg) treatment provoked a depressive-like behavior
(Fig. 2a). EAE was able to reverse the effect caused by
CORT, without altering the animals’ locomotion at OFT
(Fig. 2b) indicating that the reduction in the animals’ immo-
bility time in the FST is not due to a psychostimulant effect.
Several species belonging to the Eugenia genus have shown
antidepressant-like effects in mice; these species include E.
brasiliensis, E. catharinae, E. umbelliflora (Colla et al.
2012) and E. uniflora (Novack et al. 2013).

Although depression has been strongly associated with ge-
netic causes, other factors, such as the activation of the
hypothalamic-pituitary-adrenal (HPA) axis, especially the re-
lease of glucocorticoids, have been associated with increased
risk of depression development. Some animal models used to
study depression have focused on chronic CORT administra-
tion, which increases the animal’s immobility time in the FST

sidered significant when p < 0.05. (Levinstein and Samuels 2014). Qur results are consistent
Table 1 Phenolic compounds identified in EAE by HPLC-ESI-MS/MS

Compounds Rt (min) Calculated mass (M) Experimental mass (M-H)" ME/MS (ms) Concentration” (ng g ')
Gallic acid 279 170.12 168,83 12270 185.10+9.40
Protocatechuic acid Q.10 154.12 15292 109.00 651017

Syringic acid 9.69 198.17 196.86 119.60 TOES+11.29

4- hydmoxy methylbenzoic acid G99 15215 150.96 107.00 5.69+0.17

Chlorogenic acid 10.58 35431 35315 191.00 1.25+0.09

Salicylic acid 10.58 138.12 136.85 a0.11 13591 +12.30

Caffeic acid 10.76 180.16 17892 135.00 5.29+2.58

Vanillic acid 10.90 168.14 166,92 10800 5506+ 11.02
p-coumaric acid 12,19 164.05 16292 119.00 10,09+ 0.01
Isoquercetin 12.34 464,38 465,10 303.10 2784109

Rutin 12.46 G10.52 611.10 303.10 = LOOQ

Ferulic acid 12.77 104,18 19295 134.00 299007
Aromadendrin 13.81 28825 287.01 12500 4.07+1.43

Galangin 17.35 270.24 271.10 77.10 218013

Apigenin 17.79 270.24 271.00 153.10 2141025

Rr, retention time: LOQ, limit of quantification
*Concentrations ae shown as means + standard deviation
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with this model, since CORT treatment increased the immo-
bility time in the FST. Furthermore, EAE reversed the effect
exerted by CORT in the FST. Some antidepressant treatments
reverse the effects of CORT on the depression-like behaviour
of animals (Rainer et al. 2012). The increase in immobility
time in the FST is characteristic of a depressive-like behav-
iour, while the inverse corresponds to an antidepressant-like
effect (Porsolt et al. 1977).

CORT is toxic for neurons and causes an increase in ROS,
which, when elevated due to an imbalance in the production
and efficiency of antioxidant defences, leads to oxidative
stress. Due to high rate of oxygen consumption, the central
nervous system (CNS) is more vulnerable to free radical for-
mation and consequently neuronal damage has been

implicated in depression (Zafir and Banu 2009). Antioxidant
enzvmes, such as CAT, SOD and GSH-Px, are essential for
neutralizing these free radicals; however, these enzymes are
altered in depression (Thakare et al. 2017). During oxidative
stress, the amount of ROS produced promotes lipid peroxida-
tion, which causes injury to tissue cells. This process can be
illustrated by the increase in the TBA-RS levels, a parameter
of lipid oxidation that reflects the amount of malondialdehyde
formation, a product of membrane fatty acid peroxidation.
Maoreover, experimental animals subjected to CORT treatment
(20 mg/Kg, 21 days) exhibit elevated TBA-RS levels in the
brain (Zeni et al. 2017).

In order to determine the effects of CORT administration
on CAT, SOD and GSH-Px activities, TBA-RS levels and

@ Springer
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total sulthydryl content in the cerebral cortex and hippocam-
pus, mice were treated with CORT (20 mg/Kg) or saline.
CORT treatment increased CAT and SOD activities in the
cerebral cortex (Fig. 3a) and hippocampus (Fig. 4a) of mice.
However, the GSH-Px activity was decreased only in the hip-
pocampus (Fig. 4a) after CORT administration. Figures 3b
and 4b show the effects of CORT on TBA-RS levels, which
were increased only in the cerebral cortex. CORT treatment
did not change the sulthydryl content in the cerebral structures
of mice (Figs. 3¢ and 4¢). These findings can be explained by

| | Vehicle
a [l Corticosterone
40_
— —_
£ 304
[
|
&
g 20
I
B .H i
CAT S0D GSH-Px
b [ ] Vehicte
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Fig. 3 Effects of corticosterone administration on CAT, SOD and
GSH-Px activities (a), TBA-RS levels (b) and total sulfhydryl
content (c) in the cerebral cortex of mice. Valies are expressed as
means + S.EM., ** p<0.01, as compared with vehicle-treated group
(control) (n=6)
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Fig.4 Effects of corticosterone administration on the CAT, SOD and
GSH-Px activities (a), TBA-RS levels (b) and total sulfhy dryl content
(c) in the hippocampi of mice. Values are expressed as means + 3.E.M.,
##¥ p<(.001, as compared with vehicle-eated group (control) (n=6)

the fact that CORT leads to overproduction of ROS, resulting
in an increase in antioxidant enzymes and lipid peroxidation.
In animal models of stress, CORT levels appear elevated in the
brain, in association with an increase in lipid peroxidation
(Thakare et al. 2017). An overproduction of ROS has been

Fig. 5 Effects of EAE administration on corticosterone-induced P
alterations in the antioxidant enzymes in the cerebral cortex of
mice. CAT (a) and SOD (b) activitties and TBA-RS (C) levels. Values
are expressed as means + S.EM., *** p<0.001, as compared with
vehicle-treated group (control)y; ##p < 0.01, ##p<0.001, as compared
with the same group that was pretreated with CORT (n=7)
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reported, as well as an increase in the antioxidant enzyme
activities in patients with depression, besides lipid peroxida-
tion (Bilici et al. 2001). Furthermore, our results show that
CORT decreased GSH-Px activity in the hippocampi of mice,
which may indicate the consumption of this enzyme dunng
removal of excess ROS or a decrease in its co-factor, glutathi-
one (GSH). A study, conducted by Abuelezz and Hendawy
(2017), showed a decreased in the GSH levels in the hippo-
campus ofrats submitted to chronic restraint stress (CRS) with
the elevation of CORT levels.

Since oxidative stress and depression have been correlated,
we evaluated the antioxidant effect of EAE. Based on previ-
ous results, we measured only the oxidative stress markers that
were altered in the cerebral cortex and hippocampus of mice
(Figs. 5 and 6). CORT pre-treatment generated oxidative
stress and altered antioxidant enzymes in the cerebral cortex.
The administration of EAE for 7 consecutive days, at doses of
200 mg/Kg and 250 mg/Kg, led to significant increases in the
CAT and S0D activities and reversed the effect exerted by
CORT at the dose of 50 mg/Kg. Two-way ANOVA demon-
strated that EAE per se did not alter TBA-RS levels and re-
versed the effect elicited by CORT pre-treatment (Fig. 5c).

In the hippocampus of mice, the activities of both, CAT and
SOD increased, and the activity of GSH-Px decreased, after
the CORT administration (Fig. ). In addition, EAE treatment
at doses of 50, 125, 200 and 250 mg/Kg was able to increase
SOD activity (Fig. 6b) without altering CAT (Fig. 6a), when
compared to the control group. EAE treatment reversed the
mcreased n CAL actimaty eheorted by CUKL. However, at
doses of 200 and 250 mg/K g, when administrated in animals
that received CORT, EAE enhanced the SOD activity when
compared to the CORT-treated group. With regard to GSH-
Px, CORT decreased its activity, and the EAE treatment, at
doses of 125, 200 and 250 mg/Kg, reversed the effect of
CORT on GSH-Px activity (Fig. fic).

These findings indicate that EAE improves antioxidant de-
fences in the brain areas, since it was able to increase the
activities of antioxidant enzymes. Ethyl acetate fractionation
from different species of Eugenia, such as E. brasiliensis and
E. beaurepaireana, has demonstrated antioxidant potential,
due to the high 2 2-diphenyl-1-picrylhydrazyl (DPPH) free
radical uptake of these extracts (Magina et al. 2010).

There is a well-documented association between the ap-
pearance of depressive behaviour and an increase in oxidative
stress in specific brain areas, including the hippocampus and
cerebral cortex (de Morais et al. 2014); our data show that

4 Fig. 6 Effects of EAE administration on corticosterone-induced
alterations in antioxidant enzymes in the hippocampus of mice.
CAT (a), 30D (b) and GSH-Px activities. Values are expressed as
means = S.EM., **p<0.01, ***p <0001 as compared with vehicle-
treated group (control )k #Hp <0.01, ##Hp <0.001 as compared with the
same group that was pretreated with CORT (n=6)

EAE, at all doses tested, can reverse the lipid peroxidation
promoted by CORT in the cerebral cortex. In addition, EAE
treatment maintained SOD and CAT activities elevated in the
cerebral cortex. In the hippocampus, there was a reversal of
the effect of CORT on CAT activity after EAE administration,
with SOD and GSH-Px activities maintained elevated. Taken
together, these data indicate an antioxidant action of EAE. A
study conducted by Novack et al. (2013), in which the
antidepressant-like effect of E. uniflora was observed, dem-
onstrated that this species has an antioxidant effect in vitro in
cerebral regions. The antidepressant-like effect elicited by
E.uniflora seems to be related to its antioxidant effect
(Novack et al. 2013). Several antidepressants used in clinical
practise, including fluoxetine, possess antioxidant effects.
Cilostazol, a potential antidepressant agent, prevents lipid per-
oxidation and the decrease in GSH levels in the brain
(Abuelezz and Hendawy 2017).

Studies have shown that polyphenolic compounds present
biocactive substances with antioxidant properties that can be
used for therapeutic purposes, in order to avoid oxidative
damage induced by free radicals and lipid peroxidation
(Magina et al. 2010). The antioxidant and antidepressant-like
effects of EAE observed in the present study may be due to the
presence of phenols in this extract. At the beginning of the
work, extractions of Fugenia catharinensis were performed
using dichloromethane, hydroalcoholic solution at 70% and
ethyl acetate as solvents. The ethyl acetate extract showed
major yield, being twice in relation to the other two solvents.
In addition, n the assay of phenohc contents, ethyl acetate
extract presented the highest content of phenolic compounds,
as well greater diversity of them (unpublished data). This fact
led us to choose ethyl acetate as extraction solvent, since we
were searching for compounds with antioxidant activity. Thus,
these results guided the continuation and zooming the studies
using the ethy acetate extract. A number of phenols have been
identified in different Fugenia species, such as E. elliptica, E.
orbiculata and E. timifolia, and these compounds all exhibited
free radical scavenging activity and were able to inhibit mi-
crosomal lipid peroxidation (Neergheen et al. 2006).
Furthermore, antidepressant-like (Pauleti et al. 2017) and an-
tioxidant (Espinosa et al. 2015) activities have been reported
for p-coumaric acid.

Conclusion

We, herein, show for the first time that EAE exerts
antidepressant-like effects on a depression model induced by
chronic CORT treatment, in association with antioxidant ef-
fects on CORT-induced oxidative stress. Additionally, we pos-
tulate that the effects demonstrated by EAE are dependent on
the presence of phenolic compounds in this extract. However,
further studies need to be conducted to confirm these data.
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ABSTRACT

This study investigated the phenolic profile of the hydroalcoholic (HAE) and dichloromethane
(DME) extracts of Eugenia catharinensis and their in vitro and in vivo antioxidant effects on
oxidative stress parameters induced by corticosterone treatment in mice. Swiss mice received
saline or corticosterone for 21 days (20mg/Kg) and, during the last 7 days, were co-administered
with HAE, or DME (50, 125, 200 or 250mg/Kg) or vehicle. After 24 hours, the cerebral cortex
was removed and oxidative stress parameters were analyzed. The phenolic compositions of the
extracts were evaluated by HPLC-ESI-MS/MS. A total of 18 phenolic compounds were
identified in the HAE and DME extracts. In vitro antioxidant activity assays demonstrated that
all tested samples had decreased DPPH concentrations, while the HAE extract presented high
iron (I11) reducing activity. However, this profile was not observed in the lipid peroxidation
inhibition assay, where DME was found to inhibit 42.5 £ 7.3% of lipid peroxidation, while the
HAE extract presented lower lipid peroxidation inhibitory activity. Corticosterone generated
oxidative stress in mice, altering antioxidant enzymes and TBA-RS levels in the nervous tissue.
HAE increased the CAT and SOD activities in the hippocampi and cerebral cortices and
decreased TBA-RS levels in cortex, while the DME extract increased only SOD activity in the
cortex and CAT activity in the hippocampus. DME reversed the effects of CORT on CAT
activity, but HAE and DME reversed the effect of CORT on SOD activity. Both HAE and
DME, at all doses tested, reversed the effects of CORT on TBA-RS levels in cerebral cortices.
With regard to the hippocampus, HAE treatment was able to reverse the effect caused by CORT
on CAT and GSH-Px activities. DME extract treatment reversed the effects of CORT on the
SOD and GSH-Px activities. In conclusion, our results indicate that Eugenia catharinensis
exerts antioxidant effects on corticosterone-induced oxidative stress in the cerebral cortex of

mice; these effects appear to be mediated by phenolic compounds in the extracts of this species.

Key-words: Oxidative Stress, Myrtaceae, Corticosterone.
Financial support: FAPESC, CNPq, FURB and UNIVILLE.
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INTRODUCTION

Eugenia catharinensisis D. Legrand, popularly called Guamirim, is a rare Myrtaceae
species, found in the States of Santa Catarina, Parana and S&o Paulo. The Myrtaceae family has
been used in folk medicine due to its hypoglycemic, antihypertensive, diuretic, and anti-
inflammatory properties, amongst other effects (Zaki et al. 2013). E. uniflora has also been used
by the population for the treatment of mood disorders, such as depression (Colla et al. 2012).
We previously demonstrated that E. catharinensis ethyl acetate extract has antioxidant and
antidepressant-like effects, in a model of depression induced by corticosterone (CORT)
(Barauna et al. 2018). Another species of the Eugenia genus has demonstrated antioxidant
effects, which may be due to the large number of phenolic compounds present in these plants
(Magina et al. 2010).

Chronic corticosterone (CORT) treatment alters antioxidant enzyme activities in the
brain and increases pro-oxidant markers, such as lipid peroxidation (Zafir and Banu, 2009),
resulting in the production of excessive reactive oxygen species (ROS), which generate
oxidative stress, an injurious process that causes protein, lipid, carbohydrate and DNA
oxidation. ROS are involved in lipid peroxidation, enzyme inhibition and mitochondrial
changes. These molecules can be decomposed by antioxidant enzymes such as superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSH-Px), which produce less
toxic compounds (Zanoveli et al. 2016). Due to their high oxygen uptake, brain cells are
particularly sensitive to oxidative damage and several disorders have been associated with
oxidative stress, such as psychiatric disorders, cardiovascular and autoimmune diseases,
diabetes, arthritis, and cancer (lannitti & Palmier 2009; Maes et al. 2011).

The use of medicinal plants dates from the beginning of humanity, and constitutes a
major antioxidant source, due to high secondary metabolite concentrations, such as phenolic
compounds, which present reducing properties. These compounds are largely distributed in the
Eugenia genus (Magina et al. 2010) and are responsible for the antioxidant effects of Eugenia
uniflora (Tambara et al. 2018), Eugenia Uvalha (Lopes et al. 2018) and Eugenia dysenterica
(Thomaz et al. 2018). Since medicinal plants, such as Eugenia genus, are considered to be
natural sources of antioxidant compounds and artificial antioxidants products may play roles in
development of different types of cancer, understanding the antioxidant effects of Eugenia

catharinensis is of great importance. The present study aims to investigate the antioxidant
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effects of the hydroalcoholic (HAE) and dichloromethane (DME) extracts of E. catharinensis

leaves in an animal model of oxidative stress induced by chronic CORT administration.

MATERIAL AND METHODS

Animals and reagents

Male Swiss mice (30-40g) obtained from the Central Animal House of the
Regional University of Blumenau, Blumenau, Brazil, were used in the experiments. The
animals were maintained on a 12h light/dark cycle at a constant temperature (22+1°C), with
free access to food and water. The “Principles of Laboratory Animal Care” (NIH publication
85-23, revised 1985) were followed in all the experiments and experimental protocols were
approved by the Ethics Committee for Animal Research of the local Institution (107/2016). All
reagents were purchased from Sigma Chemical Co., St Louis, MO, USA.

Plant material and extract preparation

Leaves from E. catharinensis were collected in October 2016 in Blumenau, Santa
Catarina, Brazil (26°90°63"" S, 49°08°01” W). The botanist, Dr. André Luis de Gasper,
identified plants as E. catharinensis and a voucher specimen was deposited in the Dr. Roberto

Miguel Klein Herbarium (FURB, http://furb.jbri.gov.br, Gasper et al., 2014) under registration

number 14995. Leaves were dried at room temperature and then ground in a knife mill. To
obtain crude extracts, two different solvents were used to macerate the sample (70% ethyl
alcohol and dichloromethane). The maceration process was carried out for three days, after
which the extract was filtered, and the procedure was repeated once more. The extracts resulting
from the two macerations were pooled and concentrated with a rotary evaporator, under reduced
pressure until extracts were completely dried, yielding the HAE (19.7 g, 5.5 %) and DME (8,4
0, 2.5 %) extracts.

In vitro antioxidant assays
2,2-diphenyl-1-picrylhydrazyl (DPPH?") free radical scavenging assay. The assay for the
determination of antioxidant activity using the DPPH free radical is based on the method
described by Cavin et. al (1998), with slight modifications. Two mL of a DPPH solution (0.004
% in methanol) was added to 1 mL of the test solutions at concentrations ranging from 1.000

to 0.34 ug.mLt. The mixture was shaken and allowed to stand for 30 min in the dark. The


http://furb.jbrj.gov.br/
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absorbance of the solutions was determined in a UV-Vis spectrophotometer (517 nm). For each
sample, a blank solution (1 mL of test solution + 2 mL methanol) was used in order to discount
the possible interference of the extract. Butyl hydroxy toluene (BHT) was used as a positive
control and a solution of 2 mL of DPPH and 1 ml of methanol was used as the negative control.
Inhibition of the DPPH radical was calculated by the following formula: DPPH scavenging
effect (%) = [Ao — A1/Ao] x 100, Where Ao and Az are the absorbance at 30 minutes of the
negative control and the sample, respectively. The antiradical activity was expressed as 1Csg
(ug.mIY), the extract dose required to cause a 50 % decrease in absorbance at 517 nm, where a
lower ICsp value corresponds to a higher antioxidant activity. The tests were performed in

triplicate.

Determination of iron (I11) reducing power. Reducing power was determined according
to the method of Waterman & Mole (1994). The reducing power assayed is the ability of the
extracts to form a colored complex with ferricyanide, which is an electron acceptor. Each
extract (1.000 pg mL™?) in methanol (0.1 mL) was mixed with 1.0 mL of 0.1 M FeClz and,
after 3 minutes, 1.0 mL of 0.008 M potassium ferricyanide was added. The mixture was
incubated in the dark and at room temperature. After 15 minutes, the absorbance was measured
at 720 nm against a blank. A higher absorbance indicates a higher reducing power. The iron
reducing power was expressed as mg Ascorbic acid acid/g dry extract (mgAA/g), using the
standard curve of Ascorbic acid, determined by linear regression (R? = 0.9951): Y = 0.0019X
+0.0698.

Determination of antioxidant activity using the p-carotene linoleate model system.
Antioxidant activity was measured using the methods of Mokbel and Hashinaga (2006) with
slight modifications. A 3.0 mg [3-carotene solution in chloroform (1 mL), 45 mg of linoleic acid
and 215 mg of Tween-80 were mixed well. Chloroform was removed at 40°C under vacuum
using a rotary evaporator. The resulting mixture was immediately diluted with 5-10 ml of
distilled water and was mixed well. The emulsion was further made up to 100 mL with 0.01 M
hydrogen peroxide (H20.). Aliquots (2 mL) of this emulsion were transferred into different test
tubes containing 0.1 mL of test samples in methanol (1000 pg mL™). In this experiment, BHT
was used for comparative purposes. A negative control containing 0.1 mL of methanol and 2
mL of the above emulsion was prepared. The tubes were placed at 50°C in a water bath.

Absorbances of all the samples at 470 nm were taken at time zero min and every 30 min until
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180 minutes. A blank mixture was prepared as above, but without B-carotene. The antioxidant
activity was calculated as follows: AA% = 100 [1 — (Ao — AY) / (A% — A%)], where: Ao and A;
are the absorbances of the sample at time zero and after 180 minutes, respectively, and A% e
AL are the absorbances of the negative control at time zero and after 180 minutes.

Determination of total phenolic content (TPC)

The Total Phenolic Content (TPC) was determined by the Folin—Ciocalteu method, as
described by Anagnostopolou et al (2006). DPPH solution (2 mL, 0.004% in methanol) was
added to 0.25 mL of test samples diluted in methanol (1.000 pg mL™Y). Subsequently, 5 mL of
distilled water and 0.5 mL of the Folin—Ciocalteu’s reagent were added. After a period of 3
min, 1 mL of saturated sodium carbonate solution was added and the flasks were shaken and
allowed to stand for 1 h. Absorbance was measured at 725 nm; total phenolic content was
expressed as mg gallic acid/g dry extract (mgGA/g), using the standard curve of Gallic acid,
determined by linear regression (R? = 0.9939): Y = 0.0074X — 0.0844.

Determination of total flavonoid content (TFC)

Total Flavonoid Content (TFC) was determined by the modified AICIs method, as
described by Woisky and Salatino (1998). An aliquot of 0.5 mL test solution, diluted in
methanol (1000 pg mL?), was mixed with 0.5 mL of 2% AICIs in methanol. After 1 h of
incubation at room temperature, the absorbance of the reaction mixture was measured at 415
nm against the sample blank (methanol). Results are expressed as mg Quercetin/g of dry extract
(mg QE/g), using the standard curve of quercetin, determined by linear regression (R? =
0.9967): Y =0.0019X + 0.0698.

Determination of phenolic compounds in the HAE and DME extracts by HPLC-
ESI-MS/MS

The phenolic compounds present in the hydroalcoholic (HAE) and dichloromethane
(DME) extracts were analyzed by HPLC-ESI-MS/MS (High Performance Liquid
Chromatography tandem Mass Spectrometry with Electrospray lonization) at the LABEC
(Laboratério de eletroforese capilar) at the Universidade Federal de Santa Catarina (UFSC),
according to Siebert et al. (2019). Analyses were conducted with a Phenomenex® Synergi 4p
Polar-RP 80A (150 mm x 2 mm ID, particle size of 4 um) at a temperature of 30 °C. The eluents
were formed by mixing solvents A (MeOH/H.0 in ratio of 95:5, v v?!) and B (H.0
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ultrapure/formic acid (0.1 %) as follows: 1% stage — 10 % solvent A and 90 % B (isocratic mode)
for 5 minutes; 2" stage — linear gradient of solvents A and B (from 10 to 90 % of A) for 2
minutes; 3™ stage — 90 % solvent A and 10 % B (isocratic mode) for 3 minutes; 4" stage —
linear gradient of solvents A and B (from 90 to 10 % of A) for 7 minutes with a flow rate of
250 pL min* for the mobile phase.

For the analysis, aliquots of 50 mg of HAE and DME were resuspended in 5 mL of HCI
at pH 2. Solutions were extracted three times, each with 2 mL of ethyl ether, and extracts were
then combined. After drying, the combined extracts were stored sealed at -20 °C. To perform
analyses, the dried material was dissolved in 1 mL of MeOH and centrifuged at 12,000 rpm for
120 s. Three parts of the supernatant were added to 7 parts of ultrapurified water and the injected
volume was 5 pL.

For the identification of compounds, 47 standard phenolic compounds (4-aminobenzoic
acid, 4-methyl-umbelliferone, 4-hydroxymethylbenzoic acid, p-anisic acid, caffeic acid,
cinnamic acid, chlorogenic acid, ellagic acid, ferulic acid, gallic acid, mandelic acid,
methoxyphenylacetic acid, p-coumaric acid, rosmarinic acid, salicylic acid, sinapic acid,
syringic acid, vanillic acid, apigenin, aromadendrin, carnosol, catechin, chrysin,
coniferaldehyde, epicatechin, epigallocatechin, epigallocatechin-gallate eriodictyol, scopoletin,
fustin, galangin, hispidulin, isoquercetrin, kaempferol, myricetrin, naringenin, naringin,
pinocembrin, protocatechuic acid, quercetin, resveratrol, rutin, sinapaldehyde, syringaldehyde,
taxifolin, umbelliferone and vanillin) were diluted in methanol (1 mg L) and analyzed under
the same conditions, as described above. For the quantitative analysis of the identified
compounds, the area of each peak was interpolated into calibration curves performed with the
identified standards (r>> 0.98), under the same conditions of analysis; experiments were
performed in duplicate.

The liquid chromatograph was coupled to a mass spectrometer with an electrospray
ionization source, using a negative ionization mode, with the following source parameters: ion
spray interface at 400 °C; ion spray voltage of 4500 V; curtain gas, 10 psi; nebulizer gas, 45
psi; auxiliary gas, 45 psi; collision gas, medium. The Analyst® (version 1.5.1) software was
used for recording and processing the data. Pairs of ions were monitored in MRM (Multiple

Reaction Monitoring) mode.

Experimental procedure
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Mice were randomly divided into groups as follows: Control 1, control 2, G1, G2, G3,
G4, G5, G6, G7 and G8. The animals of the control 1, G1, G3, G5 and G7 groups were treated
subcutaneously (sc) with saline for 21 days, while the control 2, G2, G4, G6 and G8 groups
received CORT (Sigma-Aldrich®) for 21 days at a dose of 20mg/kg (sc). During the last 7 days
of treatment, vehicle (distilled water with 2% tween 80) (control 1, control 2 groups) or extracts
were administered at doses of 50mg/Kg (G1, G2 groups), 125mg/Kg (G3, G4groups),
200mg/Kg (G5, G6 groups) or 250mg/Kg (G7, G8 groups). Mice were sacrificed by
decapitation 24hs after the last treatment. The hippocampus and cerebral cortex were removed

and oxidative stress parameters were analyzed.

Oxidative stress determination

After removal, the hippocampus and cerebral cortex were kept on ice-cold buffered
sodium phosphate (20 mM, pH 7.4, 140 mM KCI) and then, according to the technique to be
performed, were homogenized using a Potter-Elvehjem homogenizer (Remi motors, Mumbai,
India) in ten volumes (1:10 w/v) of appropriate buffer. Homogenates received 5 pulses and
were centrifuged at 800g for 10 min at 4°C before discarding the nuclei and cell debris. The
pellet was discarded and the supernatant was saved in aliquots and stored at —80°C for assaying

the activity of antioxidant enzymes and damage to lipids (Delwing-de Lima et al., 2017).

Thiobarbituric acid reactive substances (TBA-RS): TBA-RS was determined according
to a method, described by Ohkawa et al. (1979), that measures malondialdehyde (MDA), a
product of lipoperoxidation, produced mainly by hydroxyl free radicals. Initiallycortex and
hippocampus in 1.15% KCI were mixed with 20% trichloroacetic acid and 0.8% thiobarbituric
acid and heated in a boiling water bath for 60 min. TBA-RS were determined by the absorbance
at 535 nm. A calibration curve was obtained using 1,1,3,3-tetramethoxypropane as the MDA
precursor and each curve point was subjected to the same treatment as that of the supernatants.

TBA-RS content was expressed as nanomoles of MDA formed per milligram of protein.

Catalase Assay (CAT): CAT activity was assayed by the method of Aebi (1984). The
method used is based on the disappearance of hydrogen peroxide (H202) at 240 nm in a reaction
medium containing 20 mM H.03, 0.1% Triton X-100, 10 mM potassium phosphate buffer, pH
7.0. One CAT unit is defined as 1 pmol of H.O, consumed per minute and the specific activity

is calculated as CAT units/mg protein.
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Glutathione Peroxidase (GSH-Px): GSH-Px activity was measured by the method of
Wendel (1981), except for the concentration of NADPH, which was adjusted to 0.1 mM after
previous tests performed in our laboratory. The decomposition of NADPH was monitored for
4 minutes in a spectrophotometer at 340 nm. The medium contained 2.0 mM GSH, 0.15 U/mL
GSH reductase, 0.4 mM azide, 0.5 mM tert-butylhydroperoxide and 0.1 mM NADPH. One
GSH-Px unit is defined as 1 pmol of NADPH consumed per minute and the specific activity is
reported as GSH-Px units/mg of protein.

Superoxide Dismutase (SOD): This method for the assay of SOD activity is based on
the capacity of pyrogallol to autoxidize, a process highly dependent on Oz, which is a substrate
for SOD (Marklund, 1985). Fifteen uL of each sample were added to 215 uL of a mixture
containing 50 uM Tris buffer, 1 uM EDTA, pH 8.2, and 30 uM CAT. Subsequently, 20 pL of
pyrogallol were added and the absorbance was measured every 30 seconds for 3 minutes at 420
nm using a spectrophotometer. Inhibition of auto-oxidation of pyrogallol occurs in the presence
of SOD, the activity of which can be indirectly tested spectrophotometrically. One unit of SOD
is defined as the amount of SOD required to inhibit 50% of the auto-oxidation of pyrogallol,

and the specific activity is reported as SOD units/mg protein.

Protein determination: Protein was measured by the Lowry et al. (1951) method, using

serum bovine albumin as standard.

Statistical Analysis
Results were evaluated through the Kolmogorov-Smirnov normality test and two-way
ANOVA was then performed, followed by the Newman-Keuls test when necessary. Results

were considered as significant when p <0.05.

RESULTS

Determination of phenolic compounds in the HAE and DME extracts by HPLC-ESI-
MS/MS

In order to establish a profile of phenolic compounds present in HAE and DME, we

performed the hyphenated technique of HPLC-ESI-MS/MS - High-performance liquid
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chromatography tandem mass spectrometry with electrospray ionization. The identification of
phenolic compounds was based on their molecular formula, fragmentation pattern and
comparison with the retention times of commercially available phenolic acid, hydrolysable
tannins and flavonoid standards. This method consists of a liquid chromatograph coupled to a
mass spectrometer with an electrospray ionization source. The advantage of this technique is
that the identification/quantification of a particular analyte is performed by monitoring the
transition from the precursor ion to the fragment ion, insofar as the probability of two
compounds sharing the same m/z ratio between the precursor ion and the lon fragment is
extremely low (Smith, 2004).

The HPLC-ESI-MS/MS technique allowed the establishment of the phenolic compound
profile in the HAE and DME extracts. A total of 18 compounds (among the 47 standards) was
identified in the extracts of Eugenia catharinensis with 15 detected in the DME and 13 in the
HAE. Ten of these compounds (caffeic acid, chlorogenic acid, ferulic acid, gallic acid, p-
coumaric acid, protocatechuic acid, salcylic acid, syringic acid, aromadendrin and isoquercetin)
were identified in all samples. The majority of compounds in the HAE were salycilic acid
(103.35 + 24.10 pg.g™) and syringic acid (103.06 * 59.29 ug.g! ng.g?). In the DME extract,
the most concentrated compound was syringic acid (163.71 + 11.90 ug.g™). Table 1 shows the

phenolic composition of the extracts.
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PHENOLIC

COMPOUND HAE DME
Apigenin <LOD <LOD
Aromadendrin 42.39 + 14.18 11.05 +3.95
Caffeic acid 2.29+0.53 1.17+0.33
Chlorogenic acid 0.89 +£0.23 1.17 £ 0.01
Coniferaldehyde 1.19+0.39 5.80+0.27
Coumaric acid 9.07+3.23 8.49 + 0.43
Ferulic acid 4.17+0.22 4.00 + 0.47
Galangin <LOD <LOD
Gallic acid 88.42 + 40.81 14.58 £ 15.55
Isoquercetrin 1.11 £ 0.34 0.80 +0.05
Protocatechuic acid 3.51 +0.20 2.59 +£0.48
Salicylic acid 103.35+24.10 80.17 + 16.57
Syringic acid 103.06 + 59.29 163.71 £ 11.90
Sinapaldehyde <LOD 3.69 £0.75
Syringaldehyde 17.29 + 6.07 37.92+:3.20
Taxifolin <LOD <LOD
Vanillic acid <LOD 52.50+5.41
Vanillin 9.97+6.77 34.07 £ 4.44

LOD: Below detection limit

Table 1. Phenolic compounds identified in E. catharinensis extracts by HPLC-ESI-

MS/MS.

In vitro antioxidant activity

Table 2 shows the antioxidant activity, the total phenolic content and the total flavonoid

content data for extracts from E. catharinensis.

ASSAY HAE DME Positive Control**
TPC (mgAG gh)* 1028.9 £ 13.12 199.4 £2.5° -

TFC (mgQUE g!)f 355242 13.8+0.1° -

DPPH (ICyo, pg mL-1)yY 16.9 +0.52 31.3+7.12 17.25+0212
Iron III Reducing Power (mgAA g!)® 151.1 +6.82 38.3+£2.0° =

Inhibition of lipid peroxidation (%)* 34.3 £6.2° 42.5+7.32 100.0 = 0.36¢

Results are expressed as means + standard deviations (n=3).

HAE = Hydroalcoholic extract; DME = dichloromethane extract

**Positive control: BHT

P TFC= Total flavonoid content. mg QUE g : milligrams of quercetin/ gram of dry extract or fraction

¢ TPC = Total phenolic content. mg AG g!: milligrams of gallic acid/ gram of dry extract or fraction

SIRP = Iron (III) reducing power. mg AA g : milligrams of ascorbic acid/ gram of dry extract or fraction

"ICso = 50 % Inhibitory concentration. Concentration of extract or fraction necessary (ug mL ) to decrease the

concentration of DPPH free radicals by 50 %.

The presence of letters in the table indicates no significant difference between samples (p > 0.05).

Table 2. In vitro antioxidant activities and phenolic and flavonoid contents of the E.

catharinensis extracts.
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HAE presented the highest total phenolic compound content (1028.9 + 13.1 mg AG g™?),
with statistically significant difference between the two extracts (p< 0.05). HAE also presented
a higher total flavonoid content (35.5 + 2.4 mg QUE g*) (p< 0.05). In the DPPH free radical
assay, the tested samples presented decreased DPPH concentrations, with no significant
differences between them (p> 0.05). The HAE extract (ICso = 16.9 + 0.5 pug mL™) presented
superior antioxidant activity than BHT, the positive control used in this assay. The HAE extract
also presented higher iron (111) reducing power (151.1 = 6.8 mg AA g), when compared to
DME extract (p< 0.05). In contrast, in the lipid peroxidation inhibition assay, DME inhibited
42.5 + 7.3% of lipid peroxidation, and presented better lipid peroxidation inhibition than the
HAE extract, although statistical analysis showed no significant difference between the samples
(p >0.05).

In vivo antioxidant activity

We previously demonstrated that CORT treatment causes oxidative stress (Barauna et
al., 2018) in mice. Thus, in order to verify the antioxidant properties of E. catharinensis in the
hippocampus and cerebral cortex, we administered different extracts from E. catharinensis
leaves to mice treated with CORT. As shown in Figures 1 and 2, CORT increased CAT and
SOD activities and TBA-RS levels in the cerebral cortex of mice, when compared to vehicle-
treated groups. HAE, at doses of 200 and 250mg/Kg, increased the CAT (Figure 1A) and SOD
(Figure 1B) activities, while DME increased just SOD activity (125, 200 and 250mg/Kg)
(Figure 2A). Both extracts decreased TBA-RS levels when administered at doses of 200 and
250mg/Kg (figures 1C and 2C). However, when administered in animals treated with CORT,
only DME reversed the effect of CORT on CAT activity (50, 125, 200 and 250mg/Kg) (Figure.
2A), while both HAE and DME, when administered at the dose of 50mg/Kg, reversed the effect
of CORT on SOD activity (Figures 1B and 2B). Both HAE and DME, at all doses tested (50,
125, 200 and 250mg/Kg) reversed the effects of CORT on TBA-RS levels (Figures 1C and 2C).
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Figure 1. Effects of HAE administration on corticosterone-induced alterations in antioxidant
enzymes and lipid peroxidation in the cerebral cortex of mice. CAT (A) and SOD (B) activities
and TBA-RS (C) levels. Values are expressed as means £ S.E.M., * p<0.05; ** p<0.01 and ***
p<0.001, as compared with vehicle-treated group (control); #p<0.05 and ###p<0.001, as
compared with the same group that was pretreated with CORT (n= 7).
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Figure 2. Effects of DME administration on corticosterone-induced alterations in antioxidant
enzymes and lipid peroxidation in the cerebral cortex of mice. CAT (A) and SOD (B) activities
and TBA-RS (C) levels. Values are expressed as means + S.E.M., * p<0.05; **p<0.01 and ***
p<0.001, as compared with vehicle-treated group (control); #p<0.05; ##p<0.01, ###p<0.001,
as compared with the same group that was pretreated with CORT (n=7).

With regard to the hippocampus, CORT increased CAT and SOD activities and
decreased GSH-Px (Figures 3 and 4). HAE treatment was able to reverse the effect induced by
CORT on CAT (250mg/Kg) and GSH-Px levels (125, 200 and 250mg/Kg) (Figures 3A and
3C). HAE extract increased SOD activity at all doses tested (Figure 3B). In contrast, DME
treatment increased CAT activity (125, 200 and 250mg/Kg) (Figure 4A) and reversed the effect
of CORT on SOD and GSH-Px activities (50, 125, 200 and 250mg/Kg) (Figures 4B and 4C).
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Figure 3. Effects of HAE administration on corticosterone-induced alterations in antioxidant
enzymes in the hippocampus of mice. CAT (A), SOD (B) and GSH-Px (C) activities. Values
are expressed as means = S.E.M., **p<0.01, ***p<0.001, as compared with vehicle-treated
group (control); ###p<0.001, as compared with the same group that was pretreated with CORT

(n=6-7).
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Figure 4. Effects of DME administration on corticosterone-induced alterations in antioxidant
enzymes in the hippocampus of mice. CAT (A), SOD (B) and GSH-Px (C) activities. Values
are expressed as means £ S.E.M., *p<0.05, **p<0.01, ***p<0.001, as compared with vehicle-
treated group (control); ###p<0.001, as compared with the same group that was pretreated with
CORT (n=17).

DISCUSSION

Energy metabolism, responsible for producing ATP, plays a fundamental role in oxidative
stress. A small fraction of the oxygen (O2) consumed for ATP production is not completely
reduced, causing the deviation of electrons that react with unreduced O> (Cleveland & Kastan,
2000) that generate oxygen free radical species (ROS) (Poprac et al., 2017). The functions of
macromolecules and organelles can be altered by excessive ROS production, since these
molecules irreversibly react with lipids, proteins and DNA present in the cells. Multiple
diseases can manifest or progress due to the interaction of ROS with cellular structures (Luo et
al., 2019). Due to increased oxygen uptake, high lipid rate and decreased antioxidant defenses,
the nervous system becomes highly susceptible to free radical damage (Madani, Malaisse &

Ait-Yahia 2015). Excessive free radical generation within neurons can lead to the development
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of depression and neurodegenerative diseases, such as Parkinson’s and Alzheimer’s disease
(Hassan et al., 2019).

Substances with the potential to reduce oxidative stress (antioxidants) have been widely
studied, especially for the treatment and / or prevention of diseases. Plants produce a variety of
high antioxidant by-products, such as phenolic compounds, which contain one or more
hydroxyl groups in their structure (Cheynier et al., 2013). The genus Eugenia, one of the largest
in the family Myrtaceae, has been widely studied due to its antioxidant potential (Magina et al.,
2010). We showed that HAE and DME extracts from E. catharinensis presented antioxidant
activities in in vitro and in vivo models, where extracts were able to decrease DPPH
concentrations, presented iron (111) reducing power and reduced lipid peroxidation in vitro.

Our study shows, for the first time, the TPC and TFC in the HAE and DME extracts of
E. catharinensis. Phenolic acid, coumarins, curcuminoids, flavonoids, tannins, quinones and
lignins are classified as phenolic compounds, which are the main components present in plants.
Studies have shown that phenolic compounds and flavonoids are associated with antioxidant
activity (Wong, Leong & William, 2006; Qader et al., 2011; Othman et al., 2014). The HAE
extract presented higher concentrations of phenolic and flavonoid compounds in relation to the
DME extract, and these contents were positively correlated with the extracts’ capacity to
decrease DPPH, their iron (111) reducing power and their capacity to reduce lipid peroxidation.
A study conducted by Ismail et al. (2017) demonstrated that Eugenia polyantha presents higher
concentrations of flavonoids and phenolic compounds, and these components are associated
with the plant’s ability to scavenge DPPH activity.

In order to evaluate the antioxidant capacities of the HAE and DME extracts of E.
catharinensis in vivo, we quantified CAT, SOD and GSH-Px activities and TBA-RS levels in
the cerebral cortex and hippocampus of mice treated with CORT. A previous study conducted
by our group showed that CORT treatment generates oxidative stress in nervous tissue (Barauna
et al., 2018). The HAE and DME extracts reversed the effects of CORT on SOD activity and
TBA-RS levels, however only the DME extract reversed the effect caused by CORT on CAT
activity in the cerebral cortex of mice. With regard to the hippocampus, HAE treatment reversed
the effect of CORT on CAT and GSH-Px activities and this extract increased SOD activity at
all doses. On the other hand, treatment with DME extract reversed the effects of CORT on SOD
and GSH-Px activities. These data indicate that the HAE and DME extracts improve antioxidant
defences in the brain areas, since they were able to reverse the effects of CORT on antioxidant

enzymes and TBA-RS levels. Nervous tissue is known to present elevated ATP consumption
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and, as consequence, a high rate of free radical production. Furthermore, antioxidant defenses
in the nervous tissue are decreased compared to other tissues, resulting in susceptibility to
oxidative stress-induced damage (Madani, Malaisse & Ait-Yahia 2015). Data show that plants
from the Myrtaceae family possess neuroprotective effects due to their antioxidant properties
(Kich et al., 2016). Phenolic compounds have significant effects on oxidative stress, since they
neutralize free radicals and, thus, prevent the damage caused by oxidative stress (Kade et al.,
2008). The protective effect elicited by phenolic compounds seems to be due to their ability to
scavenging free radicals (Shahidi & Ambigaipalan, 2015).

Of the phenolic compounds identified in the HAE and DME extracts of E. catharinensis,
some are already known to have antioxidant activities. Cafeic acid, for example, exerts
antioxidant activity on neuronal cells in vitro (Jeong et al., 2011) and reverses the SOD activity
induced by lung exposure to phosgene (Wang et al., 2013). Sakamula & Thongasa (2018)
demonstrated that p-coumaric acid exerts a protective effect during cerebral ischemia-
reperfusion in mice. Ferulic acid is also known to attenuate the oxidative stress promoted by
CORT treatment in the mouse brain (Zeni, Camargo & Dal Magro, 2017). Studies have
demonstrated that gallic acid can increase the brain’s antioxidant capacity (Mansouri et al.,
2013; Korani et al., 2014) and nanoparticles of gallic acid reduce inflammation and enhance
antioxidant defences in a model of ischemic stroke (Yongmei et al., 2019). Salicylic and
syringic acids were identified as being the most abundant in our samples, and both of these
compounds have proven antioxidant activity. Haydari et al. (2019) demonstrated the antioxidant
effects of salicylic acid on heat-stressed plants, whereby the activities of antioxidant enzymes
were increased. Syringic acid has neuroprotective effects against neurotoxicity and oxidative
damage in pyramidal neurons (Ogut et al., 2019).

Taken together, our data demonstrate, for the first time, that HAE and DME extracts of
E. catharinensis present antioxidant activities in vitro and in vivo models. The E. catharinensis
extracts were able to reverse the effects of CORT treatment on antioxidant enzyme activities in
the cerebral cortex and hippocampus of mice treated orally for 7 days. The antioxidant capacity
of E. catharinensis was also demonstrated by the extracts’ abilities to decrease DPPH and lipid
peroxidation in vitro, as well as their iron (111) reducing properties. The identification of
components of the extracts, by HPLC, indicates that the antioxidant properties of E.

catharinensis are mediated by their phenolic compound composition.
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ABSTRACT

The present study aimed to evaluate the antidepressant-like effect of p-coumaric acid in an
animal model of depression. Male Swiss mice (40g) received corticosterone (20 mg/Kg) or
saline for 21 days and p-coumaric acid (5, 10, 20 mg/Kg), or fluoxetine (10 mg/Kg).
Afterwards, the animals were submitted to behavioral tests (forced swim test, splash test and
open field test) and then the hippocampus was removed for analysis of molecular,
morphological and oxidative stress parameters. The involvement of monoaminergic system was
analyzed by administration of WAY-100635 (0.3 mg/Kg), SCH23390 (0.05 mg/Kg), prazosin
(1 mg/Kg) or yohimbine (1 mg/Kg). Results show that corticosterone induces a depressive like
behavior in forced swim test, alters the activity of catalase, superoxide dismutase and
glutathione peroxidase enzymes and decreases neuronal density in CA2 and hippocampus
dentate gyrus, without altering the expression of BDNF, CREB and Bcl-2. Meanwhile, p-
coumaric acid exhibits an antidepressant-like effect mediated by regulation of endogenous
enzymes, neuron density and gene expression of Bcl-2 in the hippocampus. In addition, we
observe the involvement of monoaminergic system in the antidepressant-like effect of p-
coumaric acid. Altogether, p-coumaric acid reverses the depressive like effect caused by the
chronic stress induced by the administration of corticosterone in this animal model, an effect

that possibly is mediated by its antioxidant properties.

Keywords: Hippocampus; Oxidative stress; Antioxidant; Neuroplasticity.
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1. INTRODUCTION
Depression is a serious, recurrent and highly prevalent neuropsychiatric disorder;

characterized by profound sadness, loss of interest or pleasure, impaired cognitive function and
sleep and appetite disfunctions (Otte et al., 2016). The disorder causes considerable loss of
productivity at work or school and affect the quality of life. In its most severe form, the disease
is related to a high suicide rate, which accounted for approximately 1.5% of deaths worldwide
in 2015 (World Health Organization, 2017).

In depression is observed a decreased in endogenous monoamines, in addition to an
increased oxidative stress and morphological and molecular changes. Alterations in the
hypothalamic-pituitary-adrenal axis (HPA) were observed in clinical findings, which has been
linked to stress, since it is considered the main environmental risk factor for the development
of disease, being closely related to the damage that occurs to the nervous system. Chronic
administration of corticosterone in mice is a model that mimics stress conditions in rodents,
simulating the effects observed in humans (Shishkina; Bulygina; Dygalo, 2015).

Several factors in specific areas of the nervous system, such as the hippocampus, are
affected in depression. However, the mechanisms involved in the pathophysiology of the
disease are not yet fully understood, making it difficult to understand and treat the disorder
(Hillhouse; Porter, 2015). In this regard, it is known that many classic antidepressants provide
low clinical efficacy in at least half of the individuals being treated, in addition to causing
several side effects and a long-term therapeutic response (Hamon; Blier, 2013). The greatest
interest in studying new treatments for depression is in the discovery of different action
mechanisms that seem to offer valuable alternatives to patients whose conventional treatment
is ineffective (Brunello et al., 2002).

The study of alternative therapies using phenolic compounds such as p-coumaric acid,
which are present in a variety of plants and foods, is extremely relevant due to the potent
antioxidant effect of these compounds. Many substances used to treat mental disorders have
been isolated from plants, demonstrating a variety of pharmacological effects. The importance
of phenolic acids research and other compounds from medicinal plants represents a great
advance for the treatment of diseases, considering that behavioral studies using them create a
unique opportunity for the development of new pharmacotherapies for psychiatric diseases
(Zhang, 2004).

Considering the number of people affected by depression and the difficulty in treating
the disease, there is an interest to develop complementary therapies or substances that can

optimize the clinical effectiveness of treatment for depression. This study investigated the
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antioxidant and antidepressant-like effects of p-coumaric acid in mice treated with

corticosterone.

2. MATERIAL AND METHODS
2.1 Animals and Treatment

Male Swiss mice (40g) were used in these experiments, kept in a room at a temperature
of 22-27°C with free access to water and food, in a light/dark cycle 12:12hs. All manipulations
were performed during the light cycle between 8 am and 2 pm. The procedures on animals were
performed in accordance with the Guide for Care and Use of Laboratory Animals with the
concern to minimize the suffering of animals; and were approved by the Animal Ethics
Committee of the Regional University of Blumenau (CEUA/FURB n°027/2017).

To verify the possible effects of the administration of p-coumaric acid, the animals
received a chronic treatment with corticosterone in order to mimic a depressive-like behavior
in the treated mice. The animals were treated by subcutaneous route (s.c.) for 21 days with
corticosterone (20mg/kg) or saline (Oliveira et al., 2017). In the last 7 days, in addition to
chronic administration, the mice were treated orally with a vehicle, p-coumaric acid (5, 10, 20
mg/kg) or fluoxetine (10 mg/kg). Twenty-four hours after the last treatment, the open field
(OFT), the forced swim (FST) and the splash tests were performed. Then, the animals were
euthanized and the hippocampus was collected for biochemical, morphological and molecular
analyses.

To test the involvement of the monoaminergic system in the antidepressant-like effect
of p-coumaric acid, mice were treated for 7 consecutive days with p-coumaric acid (10 mg/kg,
orally) or vehicle. In the last day animals were treated with WAY-100635 maleate salt (0.3
mg/Kg, subcutaneously, 5-HT1a receptor antagonist), (R)-(+)-7-chloro-8-hydroxy-3-methyl-1-
phenyl-2,3,4,5-tetrahydro-1H-3-benzazepine hydrochloride (SCH23390) (0.05 mg/Kg,
subcutaneously, D1 receptor antagonist), prazosin (1 mg/Kg, intraperitonially, al receptor
antagonist), yohimbine (1 mg/Kg, intraperitonially, a2 receptor antagonist) or vehicle. Then,
30 min after antagonist’s pre-treatment they received p-coumaric acid or vehicle and were
submitted to the FST after lh. An animal’s group was treated with p-chlorophenylalanine
methyl ester (PCPA) (100 mg/Kg, intraperitonially, an inhibitor of serotonin synthesis) or
vehicle for 4 consecutive days and after 24h animals were treated with p-coumaric acid or
vehicle and were tested in the FST 1h later.

All drugs were obtained from Sigma Chemical Company, St. Louis, MO, U.S.A.).
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2.2 Behavioral Tests
2.2.1 Open Field Test

The open field test was performed before the FST, to ensure that changes in immobility
time are not influenced by an increase in the animals' locomotor activity, as described by
Barauna et al. (2018). Each animal was carefully placed in a wooden box with 40cm x 60cm X
50cm, in which the floor is divided into twelve identical squares. The number of squares each

mouse crosses with all four legs was counted for six minutes.
2.2.2 Forced Swimming Test

Based on the method created by Porsolt; Bertin; Jalfre (1977), the test was applied to
mice separately, forced to swim in a restricted space from which they cannot escape. The test
was carried out in a plastic cylinder 24 cm high, 10 cm in diameter and with a level of 19 cm
of water at 25°C, and the immobility time was timed and recorded in six-minute sessions. The
animal that floats or makes only the movements necessary for its head to remain above water
is considered immobile; while in the absence of immobility escape-oriented behaviors occur,

such as swimming, jumping, climbing or diving (Barauna et al., 2018).
2.2.3 Splash Test

The splash test is used to assess the animals' anhedonia behavior, after spraying them
with a 10% sucrose solution. The sucrose viscosity triggers a self-cleaning behavior, considered
a self-care movement. The test follows the protocol based on the methodology of Amini-khoei

et al. (2017), with some modifications.
2.3 Oxidative Stress Parameters
2.3.1 Thiobarbituric acid reactive substances (TBA-RS)

TBA-RS is used as an index of damage to lipids and was determined by the method of
Ohkawa (1979). TBA-RS was determined spectrophotometrically at 535 nm. The results are
expressed in nmol malondealdehyde per mg of protein.

2.3.2 Catalase Assay (CAT)
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CAT activity was determined by the method of Aebi (1984). The decomposition of
hydrogen peroxide is monitored in a spectrophotometer at 240 nm for 90 seconds. One unit of
enzyme is defined as 1 pmol of hydrogen peroxide consumed per minute and the specific

activity was expressed in units per mg of protein.
2.3.3 Glutathione Peroxidase (GSH-Px)

GSH-Px activity was determined by the method of Wendel (1981) with some
modifications. The tert-butyl hydroperoxide is used as a substrate for the reaction, while the
decomposition of NADPH is monitored in a spectrophotometer at 340 nm for 4 minutes. One
unit of enzyme is defined as 1 umol of NADPH consumed per minute and the specific activity

is expressed in units per mg of protein.
2.3.4 Superoxide Dismutase (SOD)

SOD activity was determined by the pyrogallol auto-oxidation method, as described by
Marklund (1985). The auto oxidation of pyrogallol is continuously monitored with a 420nm

spectrophotometer. The specific activity is expressed in units per mg of protein.
2.3.4 Protein determination

Protein was measured by the Lowry et al. (1951) method, using serum bovine albumin
as standard.

2.4 Morphological Analysis

The morphological aspects of the hippocampus were evaluated using nissl staining by
the method of Zhang et al. (2015), with some modifications.

The morphological evaluation is based on the visualization of unrecognizable aspects at
the macroscopic level, which can provide more solid bases for the presented study. Considering
the importance of the hippocampus in the pathophysiology of depression, mainly due to the
neurotrophic hypothesis, a stereological analysis of granular and pyramidal cells was
performed. The counting was performed using Weibel graticule n°2 - M42 coupled to the
Olympus® optical microscope, in 400x magnification. Three fields were observed in the GD
region and one field in CA2, in which only viable cells were counted. The calculation of cell

density per area was made using the formula of Weibel, Kistler and Scherle (1966):



113

Cell density = number of positive cells X 45um

36,36
2.5 Quantitative real-time PCR (q-PCR)

The obtained RNA was diluted to a concentration of 500 ng and reverse transcribed to
cDNA using the Transcriptor First Strand cDNA Synthesis kit (Roche) and the provided
oligo(dT)1s primers, according to the manufacturer’s instructions in a LighCycler® 96
Instrument. The reaction with the target and endogenous (B-actin) RNA gene products were
performed on the same plate. A master mix was prepared using FastStart Essential DNA Green
Master (Roche), following the manufacturer's instructions, and used for the amplification of the
cDNAs. Gene specific pre-designed primers were obtained from Sigma Aldrich (Merck;
KSPQ12012 - KiCqStart® SYBR® Green Primers) and are described in the table 1. The
reactions were performed on the Light Cycler 96 instrument (Roche). The amplification
program consisted of 1 cycle of 95°C with 60 seconds, followed by 45 cycles of 95°C with 10
seconds, annealing temperature at 54°C with 10s waiting, 72°C with 15 sec. A negative control
without cDNA was run with each assay to assess the general specificity and a positive control
of cDNA obtained with the mRNA and the primers provided in the kit were tested in every
replicate. The relative amount of each gene expression was determined based on the kinetic
approach using the Light Cycler Analysis software ™. The gene expression values obtained

were normalized using the B-actin gene as a control (Dalmarco et al., 2012).

Table 1. Description of the primers used in this work, gene targets and the amplification
conditions.

Tm

Primer Gene (Symbol) | Gene (Name) Ensembl Genebank |Sequence (5'-3') (eC

1 B
FML_Actb | ACT actin beta ENSG00000075624 | NM_001101 | B28tatBadgectttggtc
RM1_Actb ACTB tgtgcacttttattggtctc
FM2_Bcl2 BCL2 tttaagtt

—=C BCL2 apoptosis regulator ENSG00000171791 | NM_000633 [S268¢3368C11taagtrac
RM2_Bcl2 BCL2 ccacattccatacattcctg
FM3_Bdnf BDNF brain derived neurotrophic factor | ENSG00000176697 | NM_170735 atcaaaactcggeagaatg 54
RM3_Bdnf BDNF cctgtgttcttgtctetttc
FM1_Crebbp | CREPBBP t tgatgaatgat

——Teop CREB binding protein ENSG00000005339 | NM_004380 [ =23-CCact6a6aateate
RM1_Crebbp | CREPBBP gcttgaacgagtttatggac
FM1_Ephb2 | EPHB2 t t

—=P EPH receptor B2 ENSG00000133216 | NM_017449 | -26c42¢336633338C1aC
RM1_Ephb2 |EPHB2 ctatatagatcttcatgcctgg
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2.6 Statistical Analysis

Results were evaluated through the Kolmogorov-Smirnov normality test and two-way
ANOVA was then performed, followed by the DUNCAN test when necessary. Results were
considered as significant when p <0.05.

3. RESULTS
As shown in figure 1A, corticosterone administration for 21 days was able to cause an

increase in immobility time in FST, when compared to the control group (vehicle). Treatment
with p-coumaric acid, at all doses, reversed this type-depressive behavior induced by
corticosterone, promoting a decrease in immobility time, as well as fluoxetine. In addition, the
use of acid per se was able to decrease the immobility time, the same result observed by
fluoxetine, which is predictive of an antidepressant-like effect. There were no changes in the
number of crossings in the groups treated with p-coumaric acid or corticosterone, in relation to

the control groups in the OFT (figure 1B).

A [ venicle B [[] vehicle
[] Fluoxetine 10mg/Kg [] Fluoxetine 10mg/Kg
L p-coumaric acid 5mg/Kg |—| p-coumaric acid 5mg/Kg
400 W p-coumaric acid 10mg/Kg p-coumaric acid 10mg/Kg
350 B p-coumaric acid 20mg/Kg M| p-coumaric acid 20mg/Kg
300
z
g 250 200
3 %
£ 20 £ 150
3 3 — ;
2 150 g .
E 5 100 o
100 ¥
50
50 £
=z
o o

Vehicle Corticosterone Vehicle Corticosterone

Figure 1. Effect of p-coumaric acid (5, 10 and 20 mg/kg) and fluoxetine (10 mg/kg) in animals
treated with vehicle or corticosterone (20 mg/kg) for 21 days, in FST (A) and OFT (B). Values
are expressed as mean + S.E.M., “p <0.05; **p <0.01 compared to the control group; **p<0.001
when compared to the group treated with corticosterone, n = 6.

To investigate the possible mechanisms underlying the antidepressant-like effect of p-
coumaric acid in the forced swimming test, animals were treated with monoaminergic receptors
antagonists. The treatment of mice with antagonist of serotonin 5HT1a receptor, WAY-100635
(0.3 mg/Kg, subcutaneously) (figure 2A) or the inhibitor of 5-HT synthesis, PCPA (100 mg/kg,
I.p., once a day by 4 consecutive days) (figure 2B) did not affect the antidepressant-like effect
of p-coumaric acid (10 mg/kg), but blocked the decrease in the immobility time elicited by acid.
Similarly, the treatment with SCH 23390 (figure 2C) and yohimbine (figure 2E) were able to
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reverse the effect elicited by p-coumaric acid in the FST. However, the al receptor antagonist

administration was not able to reverse the anti-immobility effect of p-coumaric acid in the FST

(figure 2D).

A B
300~ 300-
- # — #
o 9,
2 200- s £ 200-
z z
S 100- S 1004
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E E
0 0- —
Vehicle + + + + Vehicle + + + +
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C D
3001 Ht 300+
O w
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'é 100- 'é 100-
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> 2001 o
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Figure 2. Effect of pretreatment of mice with WAY-100635 (0.3 mg/Kg) (A), PCPA (100
mg/Kg) (B), SCH 23390 (0.05 mg/kg) (C), prazosin (1 mg/kg) (D), yohimbine (1 mg/kg) (E)
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or vehicle on the p-coumaric acid-induced reduction in immobility time in the FST. Values are
expressed as mean + S.E.M., **p< 0.01 as compared with vehicle-treated group (control, C);
#n< 0.05, #p< 0.01, #p< 0.001 as compared with the same group pretreated with vehicle; (n=
6).

In order to assess the effects of the treatment on the anhedonia, we performed the splash
test, in which the parameters analyzed were the latency to initiate the grooming behavior and
the total grooming time. Figure 3 indicates that the administration of corticosterone induced an
increase in the latency, however it was not able to change the grooming behavior. It is observed
that p-coumaric acid per se causes a decrease in latency (figure 3A) and an increase in grooming
time compared to the control group (figure 3B). In addition, treatment with p-coumaric acid at
doses of 5, 10 and 20mg/kg reverses the increased in the latency time induced by corticosterone,

as well as fluoxetine (figure 3A).

[ venicle | Vehicle

[ Fluoxetine 10mg/Kg || Fluoxetine 10mg/Kg

|: p-coumaric acid 5mg/Kg j p-coumaric acid 5mg/Kg
! p-coumaric acid 10mg/Kg !| p-coumaric acid 10mg/Kg
! p-coumaric acid 20mg/Kg ﬂ p-coumaric acid 20mg/Kg

Vehicle Corticosterone Vehicle Corticosterone

Figure 3. Effects of p-coumaric acid (5, 10 and 20 mg/kg) and fluoxetine (10 mg/kg) in animals
treated with vehicle or corticosterone (20 mg/kg) for 21 days, on latency (A) and grooming (B)
in the splash test. Values are expressed as mean = S.E.M., *p<0.05; **p<0.01 compared to the
control group; *p<0.05 #p<0.01 when compared to the group treated with corticosterone, n =
6.

To determine the changes in oxidative stress caused by corticosterone in the
hippocampus of the animals, the antioxidant enzymes activities and TBA-RS levels were first
evaluated in a previous work published by our group (Barauna et al., 2018). As shown
previously, the administration of corticosterone alters the activity of CAT, SOD and GSH-Px
in the hippocampus. However, the TBA-RS levels remain similar to the control group.

Based on previous results, only markers of oxidative stress that showed changes in
relation to corticosterone were measured. p-coumaric acid, when administered at doses of 5, 10
and 20mg/Kg decreased CAT activity (Figure 4A) and increased GSH-Px activity (figure 4C),
while the dose of 20 mg/kg was able to decrease SOD activity (figure 4B), reversing the effects
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caused by corticosterone. Altogether, treatment with p-coumaric acid shows results similar to

those observed by fluoxetine.
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Figure 4. Effects of p-coumaric acid (5, 10 and 20 mg/kg) and fluoxetine (10 mg/kg) after
administration of vehicle or corticosterone (20 mg/kg) for 21 days on CAT (A), SOD (B) and
GSH-Px (C) activity in the animals' hippocampus. Values are expressed as mean + S.E.M.,
*p<0.05, **p<0.01, ***p<0.001 compared to the control group; *p<0.05 *#p<0.001 when
compared to the group treated with corticosterone, n = 6.

The hippocampus histopathological analysis was performed from a sagittal section

stained with cresyl violet and the CA2 and dentate gyrus (DG) were analyzed, as shown in

figure 5.
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Figure 5. Histological section showing the different areas of the hippocampus stained with
cresila violet, formed by the regions CA1, CA2, CA3, CA4 and dentate gyrus (DG) in the
control group. The quadrants mark the regions observed for counting. Scale bar = 100pum and
50pum.

Evaluating the CA2 pyramidal cells in the hippocampus, we observed that there is a
decrease in cell density induced by corticosterone, compared to control groups (Figure 6A). We
identified cells that present characteristics of degeneration, with condensation of nuclear
chromatin, considering these structures as non-viable cells that were not counted (Figure 6B,
arrowhead). On the other hand, treatment with p-coumaric acid at doses of 10 and 20 mg/kg
and fluoxetine (10 mg/kg) caused a reversal of the changes observed, increasing the density of
viable cells in CA2.
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Figure 6. Effects of p-coumaric acid (5, 10 and 20 mg/kg) and fluoxetine (10 mg/kg) after
administration of vehicle or corticosterone (20 mg/kg) for 21 days on cell density in
hippocampus. Statistical analysis (A) and photos of the histological sections of each group, in
which the arrowhead points to non-viable neurons (B). Values are expressed as mean = S.E.M.,
**p<0.01, ***p<0.001 compared to the control group; #p<0.05, #p<0.01, **p<0.001 when
compared to the group treated with corticosterone (n = 7). Scale bar = S0um.

Regarding the hippocampus DG, statistical analysis (Figure 7A) also showed that the
administration of corticosterone induces a decrease in the density of viable cells (arrows), since
the presence of pyknotic nuclei affected an extensive area of the granular layer (Figure 7B).

The experimental groups treated with p-coumaric acid at doses of 10 and 20 mg/kg and with
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fluoxetine (10 mg/kg) showed an increase in cell density. Considering the characteristic

nucleus and nucleolus and basophilic cytoplasm, the cells were considered viable (Figure 7A).

A [ vehicie

[[] Fluoxesne 10mgikg

Ii' p-coumaric acid Smg/Kg
. p-coumaric acid 10mg/Kg
. p-coumaric acid 20mg/Kg

£
=
3
3
Vehicle Cortcosterone
B
CONTROL CORT CORT +p-COUMARIC 5 MG/Kg

Figure 7. Effect of p-coumaric acid (5, 10 and 20 mg/kg) and fluoxetine (10 mg/kg), after
administration of vehicle or corticosterone (20 mg/kg) for 21 days on cell density in DG of the
hippocampus. Statistical analysis (A) and photos of the histological sections of each group (B).
Arrow points to viable neurons, while arrowhead points to unviable cells. Values are expressed
as mean + S.E.M., ***p<0.001 compared to the control group. #p<0.05, #p<0.01, #*p<0.001
when compared to the group treated with corticosterone (n = 7). Scale bar = 50um.

The BDNF, CREB and Bcl-2 genes expression was determinated relatively to the -
actin gene. It was found that the administration of corticosterone (20 mg/Kg, 21 days) does not
alter the expression of BDNF, CREB or Bcl-2 in the animals' hippocampus (Figures 8A, B and
C). Simultaneously, treatment with p-coumaric acid (20 mg/kg) and fluoxetine (10 mg/kg)
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increased Bcl-2 expression in animals pretreated with corticosterone (Figure 8C); while the

expression of the other genes has not been modified.
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Figure 8. Effect of p-coumaric acid (5, 10 and 20 mg/kg) and fluoxetine (10 mg/kg) after
administration of vehicle or corticosterone (20 mg/kg) for 21 days on the BDNF (A), CREB
(B) and Bcl-2 (C) gene expression in the hippocampus. Values are expressed as mean = S.E.M.,
#p<0.05, #p<0.01 when compared to the group treated with corticosterone (n = 6).

4. DISCUSSION
Since stressful events are important risk factors for the development of depression,

animal models that involve repeated exposure to stress are promising to mimic the disorder
(Czéh et al., 2016). Based on HPA axis dysfunction, several studies use glucocorticoids to
mimic a depressive state in animal models (Pariante; Lightman, 2008). According to the
literature, chronic administration of corticosterone induces a variety of behavioral, biochemical
and molecular changes similar to those observed in depressive patients, being a model that has

face, construct and predictive validity (Bakunina; Pariante; Zunszain, 2015). In this study, we
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observed that mice submitted to chronic administration of corticosterone exhibited a posture of
immobility for a significantly longer time than the control group in FST, indicating a
depressive-like behavior. There are several reports that highlight a change in immobility in the
behavioral tests of rodents exposed to chronic stressors (Barauna et al., 2018; Shen et al., 2016b;
Teixeira et al., 2017).

For the first time, we demonstrated that p-coumaric acid administrated at doses of 5, 10
and 20 mg/kg was able to reverse a behavior induced by corticosterone in the FST, indicating
an antidepressant-like effect. A large number of classic antidepressants such as fluoxetine have
the same effect on FST. Corroborating with our results, the antidepressant-like effect of p-
coumaric acid has been demonstrated in an acute treatment using the LPS inflammatory model
(Lee et al., 2018). Following the monoaminergic hypothesis of depression, monoamine
reuptake inhibitors have been development as antidepressants. Therefore, we evaluated whether
the antidepressant-like effect of p-coumaric acid is dependent on the monoaminergic system.
Our results showed that the administration of substances acting on the serotoninergic (WAY -
100635 and PCPA), dopaminergic (SCH23390) and noradrenergic (yohimbine) pathways were
able to reverse the antidepressant-like effect of p-coumaric acid, demonstrating that the
monoaminergic system is an important contributor to the results observed (Castagné et al.,
2011). Most of the antidepressants currently used in the clinic act by modulating the monoamine
system, such as selective serotonin reuptake inhibitors (SSRIs), including fluoxetine,
paroxetine, citalopram; selective noradrenaline reuptake inhibitors (SNRIs) like desipramine
and dual serotonin and noradrenaline reuptake inhibitors like venlafaxine (Lopez-Munoz and
Alamo, 2009).

In the analysis of the splash test, we verified the involvement of anhedonia, related to
the decreased ability to feel pleasure, since it is one of the symptoms involved in the diagnosis
of the disease in humans (American Psychiatric Association, 2013). The use of sucrose in this
test induces normal self-cleaning behavior, important for the animal's self-care, which even
encourages thermoregulation, stress reduction and social interaction. Animal models of chronic
stress and anxiety promote a decrease in self-cleaning time, as well as prolonging the time to
initiate it, which is characterized as anecdotal behavior (Willner, 2005). We demonstrated that
corticosterone induced an increase in latency in the splash test, that is, it caused a delay to start
the self-cleaning behavior; without changing your total time. In part, these effects are in line
with previous data (Rosa et al., 2014). However, we did not observe the expected decrease in

the total self-cleaning time of the animals, a fact already evidenced by other authors who were



123

unable to reproduce the anecdotal behavior in the same animal model (Olescowicz et al., 2018).
Yalcin, Belzung and Surget (2008) observed that different lines of animals do not assume the
same pattern of behavior in the splash test, indicating that the Swiss mouse has a lower response
sensitivity; which could explain the discrepancy in the data observed in the literature and in our
study. We found that p-coumaric acid promotes a decrease in latency and an increase in self-
cleaning time in the control groups, indicating that the compound alone has a positive effect in
relation to the motivational and self-care behavior of the mice. In addition, treatment with p-
coumaric acid reverses the behavior induced by corticosterone observed in latency, as well as
fluoxetine.

The involvement of oxidative stress was evaluated using oxidative damage marker to
lipids and measuring the antioxidant capacity of endogenous enzymes in the mice's
hippocampus. We found that the administration of corticosterone did not change the levels of
TBA-RS. Contradictorily, several authors demonstrate that the use of glucocorticoid increases
the levels of TBA-RS in the hippocampus and cortex, proving that the model is capable of
causing lipoperoxidation in the brain (Silva et al., 2016; Zeni; Camargo; Dalmagro, 2017;
Barauna et al., 2018). It has been reported in a model of moderate chronic stress that the cortex
can be affected by lipid oxidation while the hippocampus is not, even with an increase in the
formation of superoxide present in both structures (Lucca et al., 2009). Therefore, it is important
to highlight that the lipoperoxidation measured by TBA-RS occurs as a result of oxidative
stress; but it is not fundamental, since the accumulation of oxygen-reactive species (ROS) is
capable of causing cellular damage through other mechanisms, such as protein and DNA
oxidation (Halliwell, 2012). The administration of corticosterone increased the antioxidant
activity of CAT and SOD, possibly stimulated by the generation of ROS. Scapagnini et al.
(2012) observed that the increase in SOD activity occurs as a response of the organism to a high
concentration of the superoxide anion, as well as high concentrations of hydrogen peroxide
result in an increase in CAT. The data collected from patients with depression, on the other
hand, are inconsistent, as there are reports that the activity of SOD and CAT may be increased
or decreased (Wigner et al., 2018). Regarding GSH-Px, we observed that its activity is reduced
in animals treated with corticosterone; according to clinical data that confirm the same plasma
pattern of patients with depression (Gawryluk et al., 2011). Like CAT, GSH-Px reduces
hydrogen peroxide; however, it depends on other enzymes of the glutathione family to exert its
antioxidant effects (Gutteridge; Halliwell, 2010). This fact may explain, in part, the difference
in the response pattern of the two enzymes. GSH-Px is fundamental in protecting against



124

damage to neurons and DNA and its decrease is related to an accumulation of ROSs (Gawryluk
etal., 2011). In contrast, p-coumaric acid was able to reverse the enzymatic changes caused by
corticosterone, decreasing CAT and SOD activities and increasing GSH-Px activity. Thus, we
can suggest that the action of the acid in this model probably depends on the antioxidant activity
to fight the free radicals generated by corticosterone.

Considering the importance of the hippocampus in regulating responses to stress
(Fanselow; Dong, 2010), we also analyzed its morphology in order to determine neuronal
density. We observed that corticosterone decreases the density of viable cells in DG and CAZ2,
affecting granular and pyramidal cells. In both, there is the presence of pycnotic nuclei,
characteristic of a process of cell degeneration. Our data agree with other similar findings, such
as that of Latt et al. (2018), who demonstrated a reduction in neuronal cells in the hippocampus
due to the induction of cell death by corticosterone. In fact, chronic stress mediated by
corticosterone can cause damage to the hippocampus in many ways, through changes in
dendritic arborization, induction of cell death and decreased cell proliferation, as well as
neuronal differentiation in the DG (Bakunina; Pariante; Zunszain, 2015; Czéh et al., 2016).
Many authors have linked these damages to an alteration in neurogenesis, a theory that is
reinforced by the reduction in the volume of the hippocampus observed in depressed patients
(Duman; Nakagawa; Malberg, 2001; Elbejjani et al., 2015). The hippocampus DG has a
fundamental role in the formation of new neurons, since it is the place where adult neural stem
cells with proliferation and differentiation capacity are found (Schloesser; Martinowich; Manji,
2012). Thus, the decrease in cell density in this structure may be related to an impaired
neurogenesis process, which has already been demonstrated by other authors, as one of the
mechanisms correlated with the type-depressive behavior shown in animals treated with
corticosterone (Olescowicz et al., 2018). Regarding CA area, there are several reports showing
a reduction in volume that affects from CAL to CA4, both in patients with depression and in
animal models of stress (Cao et al., 2017; Gyorfi et al., 2017; Roddy et al., 2019). The CA2
area, in particular, is fundamental for the formation of new memories and interacts with brain
structures responsible for emotional processing and cognitive functions, such as the
paraventricular nucleus of the hypothalamus and the amygdala (Chevaleyre; Piskorowski,
2016). In a recent study published by Kohara et al. (2014), showed that there is more important
connection between DG and CA2 than the connection between young granular cells with CAS3,
known for its interaction with behavior. Therefore, the reduction of viable cells in both CA2

and DG may be implicated with the development of depressive behavior. p-coumaric acid (10
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and 20 mg/Kg) increased the cell density in the DG and CA2 hippocampus areas, inhibiting the
effect caused by the administration of corticosterone. The same effect was seen with fluoxetine
treatment. It has been shown that the antidepressant effect of fluoxetine is mediated by an
increase in neurogenesis in the hippocampus, by increasing the proliferation of progenitor cells,
stimulating dendritic branching and facilitating the maturation of differentiated cells (Duman;
Nakagawa; Malberg, 2001; Zhou et al., 2016). Following this context, one of the suggested
hypotheses is that the antidepressant-like effect elicited by p-coumaric acid can be related to
the survival of neurons in the hippocampus, which can also be mediated by neuronal plasticity.
Based on the morphological findings of the hippocampus, we evaluated the gene
expression of proteins that play a fundamental role in the plasticity through real-time PCR.
BDNF has been linked to cell survival due to its direct involvement in the regulation of neuronal
apoptosis. This factor stimulates CREB through the activation of the MAPK cascade, while
CREB, in turn, regulates the expression of BDNF itself and Bcl-2 (Duman et al., 2016). It was
observed in this study that the administration of corticosterone does not alter the BDNF, CREB
or Bcl-2 gene expression, discordant data with the study of some chronic stress models (Shen
et al., 2016b). Bcl-2 is a neuroprotective protein that regulates mitochondrial function through
its anti-apoptotic activity and also protects against damage caused by oxidative stress
(Kowaltowski; Fiskum, 2005). Hydrogen peroxide has been shown to act negatively on Bcl-2
levels, causing activation of caspases and cell death by apoptosis (Cai et al., 2008). However,
increased expression of Bcl-2 directly affects neurogenesis in the hippocampus. Kuhn et al.
(2005) demonstrated that mice with Bcl-2 overexpression show a reduction in cell death due to
apoptosis and an increase in the number of new neurons in the DG, which means a higher
density of granular cells. Together, these data suggest that, probably, the positive effect on
neuronal density in the hippocampus presented by treatment with p-coumaric acid can be
modulated by the expression of Bcl-2. However, further investigations on the mechanisms of
action of p-coumaric acid in relation to neurogenesis and cell survival are required
Regardless of the fact that there is no change in the gene expression of proteins that
regulate neuronal plasticity in animals that exhibit a depressive-like behavior, we show that
there are changes suggestive of cell death and neuronal damage in this model, which can be
mediated by an excess of ROS in animals treated with corticosterone. In determining that p-
coumaric acid appears to reverse these parameters, we believe that its antioxidant properties are
essential to modulate the demonstrated antidepressant effect. According to the literature, the

antioxidant effects of various compounds protects mitochondria and reduces damage related to
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oxidative stress, providing a level of protection against neurotoxicity at the cellular level in
depression (Liu et al., 2017b). In fact, the antioxidant activity observed in some studies has
been related to a positive effect on the behavior of different animal models (Chhillar; Dhingra,
2013; Silva et al., 2016). Phenolic compounds in general have a marked antioxidant activity
due to the organization of their chemical structure. Other compounds derived from the same
family of p-coumaric acid, especially caffeic and ferulic acids, have already shown
antidepressant-like activity corresponding to their antioxidant properties (Lee et al., 2014; Liu
et al., 2017a; Takeda et al., 2002).

5. CONCLUSION
We demonstrated that p-coumaric acid promotes behavioral, morphological and

molecular changes comparable to those evidenced by treatment with fluoxetine, in a model of
depression induced by corticosterone. Our results suggest that the antidepressant-like effect of
p-coumaric acid can be mediated, at least in part, by a regulation on the neuronal survival in the
hippocampus, probably due to the antioxidant properties of the compound. In addition,
highlighting the relationship between stress and depression, these results indicate that the
hippocampus is an important target for the study and that development of new antidepressant
agents that protect this region from damage caused by stress is necessary.
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