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RESUMO

POTENCIAL ANTIDEPRESSIVO DO EXTRATO AQUOSO DE llex paraguariensis
EM ROEDORES: ENVOLVIMENTO DO SISTEMA MONOAMINERGICO

AUTOR: Elizete de Moraes Reis
ORIENTADORA: Roselei Fachinetto
CO-ORIENTADORA: Romaiana Picada Pereira

llex paraguariensis é uma planta amplamente consumida na América do Sul na forma de uma
infusdo conhecida como “chimarrdo” ou “mate”, a qual apresenta efeitos relacionados a sua acao
no sistema nervoso central. No entanto, pouco se sabe sobre sua acdo no sistema monoaminérgico
e possivel efeito antidepressivo. Neste estudo, foi avaliado o potencial antidepressivo do extrato
aquoso de I. paraguariensis em ratos e camundongos e investigada a participacdo do sistema
monoaminérgico. No experimento 1, os ratos foram tratados com extrato aquoso de |I.
paraguariensis no lugar da dgua de beber, ad libitum, seguindo a preparacéo tradicional da bebida.
Apos 24 horas e 4 semanas de tratamento, foi realizada a analise comportamental atraves dos
testes de campo aberto, nado forgcado, labirinto em cruz elevado. I. paraguariensis diminuiu o
tempo de imobilidade no teste de nado forgado apds 24 horas (56%) e 4 semanas (28%) indicando
um potencial efeito antidepressivo. Como controle positivo para este experimento, foi
acrescentado um grupo experimental recebendo selegilina, o qual também apresentou redugdo no
tempo de imobilidade no teste do nado forcado em torno de 56%. N&o houve alteracdes atividade
locomotora ou ansiogénica apds 4 semanas de tratamento com |. paraguariensis. Ao final de 4
semanas de tratamento com a l. paraguariensis, foram avaliadas possiveis alteracdes oxidativas
(peroxidacdo lipidica, niveis de vitamina C e niveis de tiol ndo proteico) e atividade da enzima
monoaminoxidase no cérebro dos animais. Porém, ndo houve alteracBes significantes nestes
parametros. No experimento 2, camundongos foram tratados com I. paraguariensis em diferentes
concentragdes (0,05; 0,1 e 0,2 g/mL) no lugar da dgua de beber durante 7 dias, ad libitum. Foram
realizados os testes de nado forcado, suspensdo da cauda e campo aberto apds 24 horas de
tratamento e 24 horas apos o fim do periodo experimental. I. paraguariensis causou uma redugao
no tempo de imobilidade nos testes de nado forcado nas trés concentragdes testadas 0,05 g/mL
(45%), 0,1 g/mL (48%) e 0, 2 g/mL (41%) ap06s 24 horas e 7 dias de tratamento (34%, 22% e
28%, respectivamente). No teste de suspensdo da cauda, foi observada a reducdo do tempo de
imobilidade nas concentracdes de 0,05 g/mL (56%) e 0,1 g/mL (45%) apo6s 24 horas. Nenhuma
alteracdo foi observada na atividade locomotora dos animais. Para avaliar o envolvimento do
sistema monoaminérgico, camundongos foram pré-tratados com 3-iodo-L-tirosina (inibidor da
tirosina hidroxilase, 100 mg/Kg, i.p., 4 dias) ou éster metilico de p-clorofenilalanina (inibidor da
triptofano hidroxilase, 100 mg/Kg, i.p., 4 dias) ou veiculo. Apoés trés dias de tratamento com o0s
inibidores, os animais foram tratados com extrato aquoso de |. paraguariensis 0,05g/mL ou &gua e
apos 24 horas de tratamento foram realizados os testes do nado forcado e suspenséo da cauda. O
pre-tratamento com 3-iodo-L-tirosina preveniu a diminui¢do do tempo de imobilidade no teste de
suspensao da cauda, enquanto o pré- tratamento com p-clorofenilalanina metil éster preveniu a
diminui¢do do tempo de imobilidade no teste de nado forgado, mostrando o envolvimento do
sistema monoaminérgico na potencial atividade antidepressiva de I. paraguariensis.

Palavras-chave: llex paraguariensis. Depressdo. 3-iodo-L-tirosina.  Ester  metilico
p-clorofenilalanina. Monoaminoxidase. Nado forgado. Suspensédo da cauda.



ABSTRACT

ANTIDEPRESSANT POTENTIAL OF AQUEOUS EXTRACT OF llex paraguariesis
IN RODENTS: INVOLVEMENT OF MONOAMINERGIC SYSTEM

AUTHOR: ELIZETE DE MORAES REIS
ADVISOR: ROSELEI FACHINETTO
COADVISOR: ROMAIANA PICADA PEREIRA

llex paraguariensis is a plant largely consumed in South America as an infusion known as
“chimarrdao” or “mate”, which shows effects related to its action in the central nervous system.
However, little is known about its action on monoaminergic system and possible antidepressant
effect. In this study, it was evaluated the possible antidepressant potential of aqueous extract of I.
paraguariensis in rats and mice and it was investigated the participation of monoaminergic
system. In experiment 1, rats were treated with an aqueous extract of I. paraguariensis in place of
drinking water, ad libitum, following the traditional preparation of this beverage. After 24 hours
and 4 weeks of treatment, it was carried out the behavioral analyze trough of open field, forced
swimming and elevated plus maze test. I. paraguariensis reduced the immobility time on forced
swimming test after 24 hours (56%) and 4 weeks (28%) indicating a potential antidepressant
effect. As positive control to this experiment, it was added an experimental group receiving
selegiline, which also presented a reduction in the immobility time on forced swimming test of
about 56%. There are not alterations on the locomotor or anxiogenic activity after 4 weeks of
treatment with 1. paraguariensis. At the end of 4 weeks of treatment with I. paraguariensis, it was
evaluated possible oxidative alterations (lipid peroxidation, vitamin C levels and non-protein thiol
levels) and activity of the enzyme monoamine oxidase in the brain of the animals. However, there
were no significant changes in these parameters. In the experiment 2, mice were treated with three
different concentrations of I. paraguariensis (0.05; 0.1 e 0.2 g/mL) in place of drinking water
during 7 days, ad libitum. It was performed the forced swimming, tail suspension and open field
test after 24 hours of treatment and 24 hours after the end of experimental period. I.
paraguariensis caused a decrease in the immobility time in forced swimming test at three
concentrations tested 0,05 g/mL (45%), 0,1 g/mL (48%) e 0, 2 g/mL (41%) after 24 hours and 7
days of the treatment (34%, 22% e 28%, respectively). In the tail suspension test, it was observed
a reduction in the immobility time in the concentrations of 0.05 g/mL (56%) and 0.1 g/mL (45%)
after 24 hours. No changes were observed in locomotor activity of the animals. To evaluate the
involvement of monoaminergic system, mice were pretreated with 3-iodo-L-tyrosine (inhibitor of
tyrosine hydroxylase, 100 mg/Kg, i.p., 4 days) or p-chlorophenylalanine methyl ester (inhibitor of
tryptophan hydroxylase, 100 mg/Kg, i.p., 4 days) or vehicle. After 3 days of treatment with
inhibitors, the animals were treated with the extract aqueous of I. paraguariensis 0.05mg/mL or
water and after 24 hours of the treatment, the forced swimming and tail suspension test were
evaluated. The pretreatment with 3-iodo-L-tyrosine prevented the decrease in the immobility time
in tail suspension test, whereas the pretreatment of mice with p-chlorophenylalanine methyl ester
prevented the decrease in the immobility time in forced swimming test, demonstrating the
involvement of the monoaminergic system in the potential antidepressant activity of I.
paraguariensis.

key-words: llex paraguariensis. Depression. 3-iodo-L-tyrosine. p-chlorophenylalanine
methylester. Monoamine oxidase. Forced Swimming Test. Tail Suspension Test.
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1 INTRODUCAO

A depressdo é uma doenca psiquiatrica que afeta cerca de 300 milhdes de pessoas
mundialmente. Segundo a Organizacdo mundial da Saude (OMS), no Brasil estima-se que
esta doenca afete 5,8% da populacdo (WHO, 2017). Muitas hipoteses tém sido estudadas para
explicar a etiologia da depressdo sendo a hipdtese das monoaminas (MA) a mais aceita, uma
vez que os farmacos utilizados para depressdo modulam a neurotransmissdo de serotonina
(5-HT), dopamina (DA) e noradrenalina (NA) (BERTON; NESTLER, 2006; KOHLER et al.,
2016). As principais classes de farmacos antidepressivos utilizados clinicamente séo:
inibidores seletivos da recaptacdo de 5-HT e inibidores ndo seletivos da recaptacdo de 5-HT,
DA e NA, inibidores da monoaminoxidase (IMAQ), antidepressivos triciclicos (ADT) e
antidepressivos atipicos (BELMAKER; AGAM, 2008).

Apesar do grande avanco na terapia antidepressiva, os antidepressivos (AD) sintéticos
apresentam consideraveis efeitos indesejaveis, afetando a qualidade de vida do paciente e a
adesdo ao tratamento. Além disso, alguns trabalhos demonstram que apenas 66% dos
pacientes respondem as terapias existentes na atualidade (MILLAN, 2006). Desta forma, a
busca por tratamentos alternativos, que possam agir como adjuvantes na terapia
antidepressiva, como a utilizacdo de plantas medicinais, tem ganhado atencéo na literatura por
possuir algumas vantagens como: apresentar menores efeitos indesejaveis, além de boa
aceitacdo e adesdo ao tratamento por parte do paciente (BELMAKER; AGAM, 2008). Como
alternativa aos antidepressivos sintéticos, a utilizacdo de plantas medicinais tem obtido um
relativo sucesso em casos de depressdo leve a moderada (MAHER et al., 2016). Como
exemplo pode-se citar o Hypericum perforatum, popularmente conhecido como Erva-de-Séo-
Jodo. O H. perforatum é utilizado para tratar formas leves e moderadas de depressdo e tem
seu mecanismo de acdo atribuido a inibicdo da recaptacdo de 5-HT e a inibicdo da
monoaminoxidase (BUTTERWECK, 2003; SUZUKI et al., 1984).

Neste contexto, |. paraguariensis, conhecida como erva-mate, é uma planta nativa da
América do Sul amplamente consumida sob a forma de uma bebida tradicional no Brasil,
Uruguai, Paraguai e Argentina. |. paraguariensis possui varios compostos bioativos entre
eles: polifenois, metilxantinas, taninos, vitaminas e saponinas. Alem disso, I. paraguariensis
apresenta propriedades antioxidantes, vasodilatadoras, redutora de lipideos e peso entre outras
(BASTOS et al., 2007). Dados da literatura ja demostraram que a |. paraguariensis exerce
acdo no sistema nervoso central (SNC) (BRANCO et al., 2013; COLPO et al., 2007,
PREDIGER et al., 2008). Além disso, compostos presentes na l. paraguariensis, como
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flavonoides, contribuem de forma significativa para atividade antidepressiva do
H. perforatum (BUTTERWECK et al.,, 2003a) e j& tem sua atividade antidepressiva
comprovada isoladamente, como é o caso da rutina (MACHADO et al., 2008). Atraves deste
estudo avaliou-se o potencial antidepressivo do extrato aquoso de I. paraguariensis e, além
disso, verificou-se, in vivo e in vitro, alguns dos alguns possiveis mecanismos pelos quais essa

planta exerce seu efeito.
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2 REFERENCIAL TEORICO
2.1 SISTEMA MONOAMINERGICO

O sistema monoaminérgico tem como principais neurotransmissores a DA, a NA e a
5-HT. Estes neurotransmissores estdo envolvidos em praticamente todas as fungOes cerebrais
de maneira que, modificacbes na atividade deste sistema tém sido associadas a doencas
neuroldgicas e neuropsiquiatricas (DI GIOVANNI et al., 2016). As vias monoaminérgicas
projetam-se a partir do tronco encefélico para &reas cerebrais e da medula espinhal e elas
incluem neurdnios dopaminérgicos localizados na regido tegmental ventral e substantia nigra
pars compacta, neurdnios adrenérgicos provenientes do locus coeruleus (LC) e neurdnios
serotoninérgicos originados dos nucleos mediano e dorsal da rafe (HALE; LOWRY, 2011).

A DA e a NA sédo conhecidas como catecolaminas. Essas MA compartilham a mesma
via de sintese. Elas sdo sintetizadas a partir da conversdao do mesmo precursor, 0 aminoacido
tirosina, pela enzima tirosina hidroxilase (enzima regulatéria da sintese) a 3,4-
dihidrofenilalanina (DOPA), a qual, entdo é convertida a DA que por sua vez € convertida a
NA (Figura 1) (IVERSON, 1991). A 5-HT, é sintetizada a partir da conversdo do aminoacido
triptofano a 5-hidroxitriptofano (etapa limitante da sintese) e em seguida a 5-HT (Figura 2)
(FULLER, 1980).

Apds sua sintese, as MA, sdo concentradas em vesiculas nos terminais nervosos pre-
sinapticos através da acdo de um transportador vesicular de MA (VMAT) (NJUS et al., 1986).
Em humanos, o0 VMAT; e 0 VMAT,, foram isolados com sucesso através de técnicas de
clonagem. O VMAT] esté presente em células de drgaos periféricos enquanto, o VMAT; € o
transportador vesicular de MA predominante no SNC (MASSON et al., 1999). O acumulo
vesicular de MA confere a estas moléculas protecdo contra vazamento e/ou metabolismo
intraneural (MASSON et al., 1999). Quando o potencial de agéo atinge os terminais nervosos,
a despolarizacdo da membrana neuronal leva a abertura dos canais de célcio voltagem-
dependente presentes na mesma. A consequente entrada de Ca®* promove a fusdo das
vesiculas com a membrana pré-sinéptica e liberagdo das MA (RANG; DALE, 2007). Uma vez
liberadas, as MA propagam o impulso nervoso em diferentes vias cerebrais através da

interacdo com seus respectivos receptores.



Figura 1 — Biossintese de dopamina e noradrenalina
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Figura 2 — Biossintese da 5-hidroxitriptamina
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Em sua maioria, 0s receptores do sistema monoaminérgico sdo acoplados a proteina
heteromérica ligada ao nucleotideo guanosina, também chamada de proteina G. A ligacdo de
um agonista ao seu receptor altera o estado de conformacédo e promove a troca de guanosina
difostato (GDP) por guanosina trifosfato (GTP). Esta ativacdo especifica da proteina G ira
regular positivamente ou negativamente enzimas e canais i6nicos (NEER, 1995;
OFFERMANNS, 2003). A proteina Gs estimula a ativacdo da enzima adenilato ciclase (AC)
resultando na producdo do segundo mensageiro adenosina monofostato ciclico (AMPc) e
consequente ativacdo da proteina cinase A (PKA) dependente de AMPc. A ativacdo da PKA,
por sua vez, causa a fosforilacdo de varias proteinas celulares produzindo respostas
especificas. A proteina G de natureza excitatdria, estd relacionada a ativacdo da enzima
fosfolipase C pela ativacéo da proteina G, levando a formagdo dos segundos mensageiros
diacilglicerol (DAG) e inositol-1,4,5- trifosfato (IP3) (BARABAN; AGHAJANIAN, 1980).
Por outro lado, a proteina G, cuja ativagdo inibe a produgdo de AMPc, de natureza inibitoria,
medeia a hiperpolarizacdo da membrana neural através do aumento da condutancia ao K* pela
ligacdo do agonista a proteina G reguladora de canais de K™ (LIGGETT, 1996).

As respostas adrenérgicas e seus receptores sdo classificados em duas categorias

gerais: receptores alfa (o), subdivididos em alfa 1 (0 4 01p e 014) € alfa 2 (022 02 pe O2c) € beta
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(B) que s&o divididos em trés subtipos (B1, B2 e P3) (AHLES; ENGELHARDT, 2014;
KELTNER et al., 2001). Os receptores B sdo acoplados a proteina Gs. Por outro lado, 0s
receptores oy S80 acoplados a proteina G4. Enquanto os receptores o, sdo acoplados a proteina
Gi. Uma importante fungdo dos receptores a, € a regulacdo pré-sinaptica da liberacdo de
neurotransmissores, sendo implicado no controle inibitério de vias adrenérgicas e
serotoninérgicas que inervam o cortex frontal (DENNIS et al., 1987; LIMBERGER et al.,
1986).

O sistema serotoninérgico tem como principal neurotransmissor a 5-HT. A 5-HT foi
detectada no cérebro em meados da década de 50 e desde entdo, sabe-se de seu envolvimento
na fisiopatologia de varios disturbios do sistema nervoso, dentre eles a depressdo
(ELHWUEGI, 2004). Em mamiferos, pelo menos 14 subtipos de receptores de serotonina
foram identificados. Os receptores do subtipo 5-HT; sdo subdivididos, em pelo menos, 5 (5-
HT1a, 5-HT1g, 5-HT1p, 5-HT1e ¢ 5-HT1f). A ativacéo destes receptores esta ligada a inibicéo
da atividade da AC atraves da proteina G;, inibindo a formacéo do segundo mensageiro AMPc
ou regulando canais de Ca®* e K* (BEER et al., 1993). Os receptores 5-HT, (5-HTa, 5-HT2g
e 5-HTy) ativam a proteina G, ativando a fosfolipase C (FINK; GOHERT, 2007). O receptor
5-HT3; € um receptor ligado a canal i6nico que medeia uma rapida despolarizacdo da
membrana neural. Por outro lado, os receptores 5-HT,, 5-HTg e 5-HT; sdo receptores
acoplados positivamente a AC, aumentando os niveis de AMPc (CIRANNA, 2006).

A DA, por sua vez, é um importante neurotransmissor envolvido em diversas funcdes
vitais incluindo movimento, afeto, recompensa, sono, atencdo, memoria e aprendizado
(BEAULIEU; GAINETDINOQV, 2011). As acdes fisiologicas da DA sdo mediadas por 5
receptores, divididos em duas grandes classes: receptores D1, a qual compreende 0s
receptores do tipo D; e Ds e receptores D2, que inclui os receptores D,, D3 e D, (ANDERSEN
et al., 1990). A ligacdo da DA aos receptores da classe D1 promove a ativacdo da proteina Gs,
que consequentemente estimula a producdo de AMPc pela AC. Os receptores da classe D2
estdo associados a proteina Gi, a ativacdo desta classe de receptores promove a inibicdo da
AC (SOKOLOFF et al., 2006).

As acOes de todas as MA séo terminadas de forma ativa através da recaptagédo da fenda
sinaptica para neurdnio pré-sindptico e/ou células gliais, sendo o transportador de 5-HT
(SERT), o transportador de DA (DAT) e o transportador de NA (NET) responsaveis pela
captacdo de 5-HT, DA e NA respectivamente (TORRES et al., 2003). Outros transportadores
de baixa afinidade/alta capacidade também podem recaptar MA como 0s transportadores

organicos de cations (subtipos 1-3) e transportadores de MA da membrana plasmatica
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(PMAT), os quais sdo expressos em celulas gliais e outros tipos de neurdnios que estdo
envolvidos na recaptacdo de histamina e outras MA (DAWS, 2009).

A degradacdo das aminas biogénicas envolve enzimas como a monoaminoxidase
(MAO) e a catecol-O-metiltransferase (COMT). A COMT pode metabolizar DA e NA, duas
isoformas tém sido descritas, uma forma solGvel (S-COMT) e outra ligada a membrana
(MB-COMT). No cérebro, a S-COMT é encontrada em células gliais e inativa
preferencialmente catecolaminas exogenas enquanto, a MB-COMT esta ligada ao reticulo
endoplasmatico e presente nos neurbnios inativando catecolaminas e seus derivados
(EISENHOFER et al., 2004; MYOHANEN et al., 2010). Por outro lado, a enzima MAO
degrada aminas primarias, secundérias e terciarias (YOUDIM; BAKHLE, 2006).

2.2 MONOAMINOXIDASE

A MAO, EC 1.4.3.4, é uma enzima mitocondrial amplamente distribuida com altos
niveis de expressdo no trato gastrointestinal (TGI), em 6rgdos como o figado e também em
neurdnios. Esta enzima € responsavel pela desaminacdo oxidativa das aminas biogénicas,
como por exemplo, 5-HT, NA e DA (FINBERG; RABEY, 2016), controlando os niveis
destas nas células. Além de oxidar neurotransmissores, esta enzima inativa aminas ingeridas
impedindo a agdo das mesmas como falsos neurotransmissores (EDMONSON et al., 2007). A
tiramina e outras aminas simpaticomiméticas, presentes em alimentos e bebidas, sdo também
inativadas pela MAO. A inativacdo das aminas exdgenas possui grande importancia
fisiologica pois quando essas aminas exoOgenas acessam 0 sistema circulatério ocorre
liberacdo de NA e um consequente aumento da pressdo arterial (YOUDIM; WEINSTOCK,
2004).

A reacdo catalisada pela MAO pode ser representada pela seguinte equacéo geral:

R~ CH; —~ NHz + Oz + H0 ---------- >R — CHO + NH3 + Hy0,

O aldeido (R — CHO) formado juntamente com o peroxido de hidrogénio (H,0;) sdo capazes
de gerar espécies reativas de oxigénio (ERQO’s), as quais sdo normalmente metabolizadas por
enzimas como a catalase e a superdxido dismutase. Uma disfuncdo no sistema enzimatico de

defesa antioxidante pode tornar a acdo da MAO neurotoxica, sendo considerada um fator
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importante em doengas neurodegenerativas, uma vez que o estresse oxidativo tem sido
considerado uma das principais causas de doencas, como a Doenca de Parkinson (ALUF
etal., 2011; JENNER, 2003).

A ideia da existéncia de mais de uma forma da enzima MAO foi fortalecida quando o
inibidor clorgilina foi utilizado para diferenciar as duas isoformas em tecidos humanos e
animais, as quais foram denominadas por Johnson (1968) como tipo A e tipo B. A MAO-A é
inibida por baixas concentracdes de clorgilina e desamina preferencialmente a 5-HT,
enquanto que a MAO-B ¢ inibida por baixas concentracdes de selegilina e desamina a
B-feniletilamina e a benzilamina. A DA, a NA e a tiramina séo oxidadas por ambas as
isoformas da MAO na maioria das espécies (YOUDIM; BAKHLE, 2006).

Técnicas de imuno-histoquimica e cultura de células demonstraram que a MAO-A ¢é
encontrada predominantemente em regides cerebrais como LC, substantia nigra e regides
periventriculares do hipotdlamo, ou seja, regibes com alta densidade de neurdnios
adrenérgicos e dopaminérgicos. Por outro lado, a MAO-B tem expressdo preferencial em
neurdnios serotoninérgicos (células do nacleo dorsal da rafe) e em astrocitos. Contudo, a
exata localizacdo das duas isoformas da MAO no SNC ainda ndo estd completamente
elucidada (FINBERG; RABEY, 2016; WESTLUND et al., 1985).

Devido a sua fun¢do no metabolismo dos neurotransmissores 5-HT, NA e DA, a MAO
parece exercer um papel importante na fisiopatologia de diversos disturbios neurologicos,
uma vez que sua inibicao é alvo no tratamento de doencas neurodegenerativas e psiquiatricas,

tais como Doenca de Parkinson e depressao.

2.3 DEPRESSAO E TERAPIA FARMACOLOGICA

Sendo um dos distarbios psiquiatricos mais prevalentes, a depressdo tem sido
projetada como causa de incapacidade mundial, afetando mais mulheres do que homens
(CRAMER et al., 2017; MOUSSAVI et al., 2007). Segundo a OMS, a depresséo afeta cerca
de 300 milhdes de pessoas mundialmente (WHO, 2017). Este distarbio de humor é, em geral,
classificado em dois tipos, que séo a depressao unipolar (DU), na qual as oscilagdes de humor
sdo sempre na mesma direcao, e a depressdo bipolar (DB), na qual a depressao se alterna com
a mania (BRUNTON et al., 2012). A DU pode apresentar manifestacfes leves como a
distimia, definida como uma condicéo leve e crénica com duracao de pelo menos dois anos, e
formas mais graves, como a depressao maior, associada a prejuizos na funcionalidade e altas

taxas de hospitalizagdo (VON WOLFF et al., 2012). A DB é caracterizada por episodios
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recorrentes maniacos, mistos e depressivos, com estimativa global de 1-5%, seu diagndstico
tem critérios diferentes de outras doencas psiquiatricas, como depressdo maior, esquizofrenia
e outras (KURITA, 2016).

Com um grande impacto psicoldgico para o paciente, o diagndstico da depressao é
feito através da observacdo de mudancas psicofisioldgicas que afetam consideravelmente a
vida pessoal e profissional por um longo periodo de tempo. Alteracbes de humor, como
tristeza profunda ou irritabilidade, acompanhadas por modificagdes no sono, apetite ou desejo
sexual, perda da vontade de realizar atividades antes consideradas prazerosas (anedonia),
fadiga ou falta de energia sdo os sintomas mais observados para o diagnéstico (BELMAKER;
AGAM, 2008). Além disso, a depressao possui uma alta taxa de comorbidade relacionada a
outras condi¢Bes cronicas como adiccdo, doencas neurodegenerativas e outras doencas
psiquiatricas (CRAMER et al., 2017).

Apesar do aumento do conhecimento cientifico em relacdo aos distlrbios depressivos,
0s mecanismos bioldgicos e subjacentes para desenvolvimento dos mesmos ainda ndo estéo
bem estabelecidos. Varias hipdteses sdo propostas entre elas hiperatividade no eixo
neuroendocrino (BINDER; NEMEROFF, 2010), prejuizos na plasticidade celular em
particular na neurogénese hipocampal (KEMPERMANN; KRONENBERG, 2003), alteragdes
na sinalizacdo de neurotrofinas (VOLETI; DUMAN, 2012), neuroinflamacdo (MAES, 2008;
KRONENBERG et al., 2014) e dano oxidativo (KHANZODE et al., 2003).

A descoberta dos primeiros AD nos anos de 1950, ipronazida e imipramina,
relacionaram fortemente a neurotransmissdo monoaminérgica na etiopatologia dos disturbios
efetivos, dando origem a hipo6tese das MA para a depressdo. A iproniazida foi o primeiro
IMAO, inicialmente desenvolvido como um farmaco antituberculose e a imipramina, o
primeiro ADT o qual foi langado no mercado como um antipsicotico (KOHLER et al., 2016).
O IMAO aumenta a disponibilidade pré-sindptica de neurotransmissores, devido a falta de
inativagdo destes enquanto, o ADT inibe, de forma ndo seletiva, os transportadores
responsaveis pela recaptacdo de neurotransmissores (NEMEROFF; OWENS, 2002). Estas
descobertas facilitaram o desenvolvimento de novos AD, os inibidores seletivos da recaptacéo
de 5-HT (ISRSs) foram langados nos anos de 1980, sendo a fluoxetina o primeiro desta
classe, e logo superaram os ADT (KOHLER et al., 2016). A fluoxetina inibe de forma n&o
muito seletiva o SERT, o enquanto citalopram, escitalopram, fluvoxamina, paroxetina ou
sertralina sdo mais seletivos (DI GIOVANNI et al., 2016).

Mesmo com grandes avancgos na terapia antidepressiva, alguns fatores limitantes séo

associados ao tratamento com AD, pode-se citar o intervalo de algumas semanas para
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observacgdo da melhora dos sintomas (KRONENBERG et al., 2014). Além disso, nos Gltimos
20 anos tem se observado uma grande propor¢édo de pacientes que ndo apresentam resposta ao
tratamento ou apresentam uma resposta parcial levando a introducdo de ADs novos e mais
eficazes. Inibidores néo seletivos da recaptacdo de 5-HT (INSRs), como a venlafaxina, inibem
a recaptacdo de NA e 5-HT e apresentaram uma melhor eficacia que os ISRSs, inibidores ndo
seletivos da receptagdo de 5-HT, a duloxetina e inibidores seletivos da recaptacdo de NA, a
reboxetina (DI GIOVANNI et al., 2016). Os ADT tém efeitos adversos, os quais incluem
boca seca, visdo embacada, constipacao e retencdo urinaria, ja os inibidores seletivos e ndo
seletivos da recaptacdo de MA apresentam efeitos adversos como nauseas, anorexia, insonia e
perda da libido (RANG; DALE, 2007).

Assim, a medicina natural tem sido utilizada para auxiliar no tratamento da depressédo

na busca de novas opcdes terapéuticas e efeitos colaterais menos significativos.

2.4 DEPRESSAO E TERAPIA COM PRODUTOS NATURAIS

O H. Perforatum por exemplo, € uma planta popularmente utilizada para tratamento de
diferentes formas de depressdo, sendo mais utilizada em casos leves a moderados (MAHER
etal., 2016). Estudos visando esclarecer os mecanismos de acdo desta planta atribuiram a
inibicdo da enzima MAO e da recaptagdo de monoaminas sua atividade antidepressiva.
H. perforatatum possui uma gama de compostos e sua atividade antidepressiva relacionada a
compostos como hipericina e hiperforina. Dados da literatura, demonstram que extratos desta
planta, mesmo sem a presenga de hipericina e hiperforina mas, ricos em flavonoides
apresentam atividade antidepressiva. (SUZUKI et al., 1984; BUTTERWECK, 2003). Apesar
de bem tolerados, os extratos de H. perforatum, ainda assim apresentaram efeitos adversos
como ndauseas, erupcbes cutaneas, fadiga, inquietacdo e fotossensibilidade. Mas a grande
desvantagem encontrada nessa planta sdo interacbes medicamentosas com uma gama de
medicamentos, como por exemplo AD, hipoglicemiantes e contraceptivos orais (RUSSO
etal., 2014).

Em estudo realizado por Machado et al. (2008) foi demonstrada a atividade
antidepressiva da rutina, um flavonoide, em camundongos tratados com diferentes doses
(0,3-10 mg/Kg) por via oral. Neste mesmo estudo foi relacionada a participacdo do sistema
monoaminérgico na atividade antidepressiva da rutina. Outro polifenol que vem sendo
estudado devido ao seu potencial antidepressivo é o resveratrol, encontrado em cascas de uvas

e vinhos tintos, este composto ja teve sua atividade antidepressiva demonstrada em
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camundongos tratados com diferentes doses (20-80 mg/Kg, por via oral) (ALI et al., 2015;
WANG et al., 2013). O aumento dos niveis de neurotrofinas em diferentes regides cerebrais e
a inibicdo da MAO, tém sido alguns dos mecanismos atribuidos a atividade antidepressiva do
resveratrol (ALI et al., 2015; WANG et al., 2013; NABAVI et al., 2015).

Muitos compostos naturais apresentam uma série de atividades bioldgicas bem
descritas, estes compostos apresentam um facil acesso, uma vez que podem ser encontrados
em diversos alimentos que fazem parte da rotina da populacdo. Neste contexto, torna-se
importante a busca por novas atividades bioldgicas de compostos naturais, de maneira que o
consumo destes compostos possa ser uma alternativa para auxiliar o tratamento de diversas

doencas, incluindo a depresséo.

2.5 llex paraguariensis

|. paraguariensis, também conhecida como erva-mate, € uma &rvore pertencente a
familia Aquifoliaceae. Nativa da América do Sul, o consumo de erva-mate foi adotado para
preparacdo de bebidas estimulantes e por suas propriedades medicinais, a partir de habitantes
nativos (Guaranis) de uma regido que compreende Paraguai, Uruguai, nordeste da Argentina e
o sul do Brasil. No século XVII, a colonizacdo jesuitica promoveu o cultivo de erva-mate
como forma de comércio, facilitando a disseminacéo de seu consumo (BRACESCO et al.,
2011).

A infusdo preparada das folhas de I. paraguariensis secas e processadas é chamada de
“chimarrdo” ou “mate”. O preparo da bebida se da pela compactacdo da erva-mate
lateralmente em um recipiente denominado “cuia”. Agua quente, mas ndo em ebuligdo, é
adicionada cuidadosamente para ndo afetar o contetdo de erva-mate previamente acomodado.
Entdo a infusdo e bebida através de um tubo metalico chamado “bomba”, o qual possui uma
espécie de filtro na extremidade em contato com a infusdo (MAZZAFERA, 1997).

O chimarrdo tem um papel social importante e o ato de ofertd-lo tem conotagdo
semelhante a ceriménia do cha em algumas culturas orientais. A Argentina € o primeiro
exportador, enquanto o Uruguai tem o maior consumo per capita, 6-8 Kg/pessoa/ano. No
Brasil, apenas 3 estados s&o consumidores de chimarréo, sdo eles Rio Grande do Sul, Santa
Catarina e Parana (BRACESCO et al., 2011).

Na Gltima década, a erva-mate ganhou destaque por seu consumo nao tradicional, além
da fabricacdo de bebidas mate, tem sido utilizada para producgéo de cervejas, cremes, doces

entre outros. Curiosamente, a comercializacdo de bebidas energéticas a base de erva-mate tem
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se espalhado de maneira global, podendo ser encontradas em supermercados na California,
nos Estados Unidos e na Europa em combinacdo com outras ervas, na forma de um cha
energético ou no tratamento auxiliar da perda de peso (BRACESCO et al., 2011).

Extratos das folhas de I. paraguariensis (ndo torradas) contém alcaloides purinicos
(metilxantinas), vitaminas, taninos, &acido clorogénico e seus derivados, saponinas
triterpénicas derivadas do acido ursélico (BASTOS et al., 2007; HECK; DE MEJIA, 2007;
MARTINET et al.,, 2001; MENINI et al., 2007). Embora a presenca de metilxantinas seja
responsavel por muitas atividades farmacoldgicas atribuidas a erva-mate, outras propriedades
foram encontradas independentemente da presenca destes compostos (GUGLIUCCI et al.,
20094, b).

Os extratos de |. paraguariensis sdo especialmente ricos em acido clorogénico. Os
acidos clorogénicos sdo uma grande familia de ésteres formados por certos &cidos
hidroxindmicos e acido quinico. Este altimo, junto ao 4cido cafeico forma um éster chamado
acido clorogénico, que é um polifenol, junto com rutina, quercetina, catequina entre outros.
Cafe, frutas citricas e girassol sdo exemplos de fontes deste acido. Sdo extraidos da erva-mate
quantidades superiores de polifendis comparadas ao cha verde e paralelas aos vinhos tintos
(GUGLIUCCI et al., 2009a, b). A erva-mate contem saponinas que sdo conhecidas por
ligarem-se aos sais biliares impedindo a absorcdo de lipideos no TGI (BASTOS et al., 2007;
GNOATTO, 2008). Folhas de I. paraguariensis na forma torrada sdo especialmente
consumidas nos estados de S&o Paulo e Rio de Janeiro, esta forma mantém os mesmos
componentes, porém com adicdo de melanoidinas, ou seja, produtos da reacdo entre
aminoacidos e agucares que combinam-se em altas temperaturas (BASTOS et al., 2007).

Nos ultimos anos, houve um aumento de dados da literatura sobre os efeitos da
I. paraguariensis. . paraguariensis tem propriedades antioxidantes bem documentadas
(BRADESCO et al., 2011; BRANCO et al., 2013). Estudos demonstraram que extratos de I.
paraguariensis reduziram os niveis de colesterol e lesdes aodrticas em coelhos alimentados
com uma dieta rica em colesterol (LEE, 2007; MOSIMANN et al., 2006). Em humanos, o
consumo de chimarrdo demonstrou uma melhora nos niveis séricos de lipideos em individuos
com dislipidemias (DE MORAIS et al., 2009). Outra propriedade atribuida a erva-mate é a
reducdo de peso (ANDERSEN; FOGH, 2001; DICKEL, 2007; PITTLER et al., 2005). Em
modelo de cultura de células, 1. paraguariensis mostrou um efeito antimutagénico e protetor
do DNA (BRACESCO et al.,, 2003; MIRANDA et al., 2008). Estudos epidemiolégicos
associam o consumo de erva-mate ao cancer de orofaringe (LORIA et al., 2009; PINTOS

etal., 1994; SEWRAM et al.,, 2003), porém esse efeito esta mais relacionado com a
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temperatura da infusdo do chimarrdo e outros fatores, como por exemplo tabagismo
(RAMIREZ-MARES et al., 2004).

Ja foram descritos efeitos de diferentes extratos de I. paraguariensis no SNC
(BRANCO et al., 2013; COLPO et al., 2007; LUDKA et al., 2017; PREDIGER, et al., 2008).
Ratos tratados de forma aguda com extrato hidroalcoolico de I. paraguariensis apresentaram
uma melhora de cognicdo possivelmente devido a sua acdo em receptores de adenosina
(PREDIGER et al., 2008). Por outro lado, ratos tratados com haloperidol que receberam o
extrato aquoso de |. paraguariensis durante 60 dias, demostraram melhora nos prejuizos de
memoria, esta melhora foi atribuida a modulacéo indireta no estresse oxidativo (COLPO
et al., 2007). O extrato liofilizado de I. paraguariensis na dose de 50 mg/kg durante 15 dias
apresentou efeito anticonvulsivante e neuropretotor em ratos tratados com pentilenotetrazol,
devido a reducdo do dano oxidativo em proteinas e lipidios (BRANCO et al., 2013).
Considerando que a |. paraguariensis tem sido foco de diversos estudos e possui diversas
propriedades bem descritas, incluindo efeitos no SNC, torna-se valida a busca por novas acoes
desta planta, como a atividade antidepressiva, bem como 0s mecanismos envolvidos nestas

atividades.
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3 OBJETIVOS

3.1 OBJETIVO GERAL

O objetivo geral deste trabalho foi investigar a potencial atividade antidepressiva do

extrato aquoso de |. paraguariensis.

3.2 OBJETIVOS ESPECIFICOS

— Avaliar a influéncia do extrato aquoso de I. paraguariensis sobre parametros
comportamentais, teste de campo aberto, labirinto em cruz elevado e nado forcado
e bioguimicos, status oxidativo e atividade da MAO, em ratos;

— Avaliar a participacdo do sistema monoaminérgico na potencial atividade
antidepressiva do extrato aquoso de I. paraguariensis em camundongos;

— Auvaliar a influéncia de I. paraguariensis sobre a atividade da MAO in vitro e ex

vivo em camundongos.
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4 RESULTADOS

Os resultados que fazem parte desta tese estdo apresentados sob a forma de um artigo,
aceito para publicacio na revista BIOMED RESEARCH INTERNACIONAL-
PHARMACOLOGY e um manuscrito. As secOes Materiais e Métodos, Resultados,
Discussdo dos Resultados e Referéncias Bibliogréaficas, encontram-se no proprio artigo e

manuscrito, e representam a integra deste estudo.
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In this study, we investigated the possible antidepressant-like effect of I. paraguariensis in rats. Rats were treated for four weeks
with an aqueous extract of I. paraguariensis in drinking water, following the traditional preparation of this beverage. After the
period of treatment, behavioral (elevated plus-maze, open field test, and forced swimming test) and biochemical parameters (lipid
peroxidation assay, thiol content, vitamin C levels, and monoamine oxidase activity) were evaluated. Animals were also analyzed
on forced swimming test after 24 hours of I. paraguariensis intake. An additional group was injected with selegiline 24 hours
and 30 minutes before forced swimming test as positive control. HPLC analysis revealed the profile of I. paraguariensis extract.
I. paraguariensis reduced the immobility time on forced swimming test without significant changes in locomotor activity in the
open field test. Any anxiolytic/anxiogenic effect of I paraguariensis was observed in rats through the elevated plus-maze test. The
antidepressant-like effect of I. paraguariensis was not accompanied by inhibitory effect on monoamine oxidase activity. There were
no significant alterations on lipid peroxidation, thiol content, and vitamin C levels among the groups. In conclusion, aqueous extract

of I. paraguariensis decreases the time of immobility in rats suggesting an antidepressant-like effect.

1. Introduction

Depression is a psychiatric illness with a high prevalence in
humans reaching 21% of the worldwide population [1]. It is
well known that pathophysiology of depression involves a
dysfunction in monoamine neurotransmitter circuits in the
central nervous system [2]. The treatments of depression have
monoamines, their receptors and transporters as a target
[2]. There are several classes of synthetic drugs available
for treating depression in humans: tricyclics, monoamine
oxidase inhibitors, selective serotonin reuptake inhibitors,
and atypical antidepressants as mirtazapine, for example [3].
However, even the more recent synthetic antidepressants, like
atypical ones, have numerous side effects. These undesirable

effects compromise the life quality of the patients and,
consequently, their clinical use by causing the relapse of the
treatment and the recurrence of the symptoms. Furthermore,
about 30% of patients do not present remission under therapy
with these drugs, which leads to the association of more
than one class of antidepressants beyond other classes of
drugs, asatypical antipsychotics. All of these pharmacological
combinations predispose the patient to severe side effects [4].

Alternative to synthetic antidepressant drugs, the popula-
tion uses some phytochemical preparations with relative suc-
cess. Medicinal herbs have been marketed to treat depression
[5], such as Hypericum perforatum commonly known as St.
John's wort. H. perforatum has been used for treating mild to
moderate forms of depression and its antidepressant effect is
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attributed to inhibition either of monoamine oxidase (MAO)
or serotonin reuptake [6, 7]. Therefore, the search for other
natural compounds present in everyday life of the population
could be interesting as auxiliary in the antidepressant treat-
ment with fewer side effects than conventional therapy.

In this context, Yerba mate (Ilex paraguariensis) is a bev-
erage commonly consumed in South America especially in
Argentina, Brazil, Uruguay, and Paraguay. It is a stimulating
beverage traditionally consumed as infusion locally known
as “chimarrao” or “mate” [8]. Lately, the I paraguariensis
has gained rapid penetration into the worldwide markets,
either as tea itself or as an ingredient in the industries of
food and dietary supplement [9]. The I. paraguariensis has a
range of biological activities which are attributed to its high
polyphenol content. In addition to flavonoids as quercetin
and rutin and phenolic compounds as chlorogenic and caffeic
acids, yerba mate is also rich in caffeine and saponins [10].
The literature data have demonstrated that I. paraguarien-
sis can improve the cognition of rats treated with acute
administration of hydroalcoholic extract probably through its
antagonist’s action on adenosine receptors [11]. Another study
showed that an infusion of I. paraguariensis can improve
the memory of rats treated with haloperidol and this effect
was related to an indirect modulation of oxidative stress [12].
Oxidative damage is implicated in the pathogenesis of various
neuropsychiatric disorders including major depression [13-
15]. However, besides innumerous studies about pharmaco-
logical properties of I. paraguariensis, any study was drawn
to investigate if this plant has antidepressant-like effects.

In the present study, we evaluated the possible antide-
pressant-like effect of I. paraguariensis by using forced swim-
ming test (FST) in rats. As a large quantity of antidepressant
drugs act through monoamine oxidase inhibition, we inves-
tigated if the I paraguariensis could modify the activity of
this enzyme. Therefore, other behavioral and oxidative stress
parameters were also evaluated considering the possible
effects of I. paraguariensis.

2. Material and Methods

2.1. Chemical, Apparatus, and General Procedures. All chem-
ical were of analytical grade. Acetonitrile, formic acid, gallic
acid, chlorogenic acid, and caffeic acid were purchased from
Merck (Darmstadt, Germany). Quercetin, theobromine, caf-
feine, rutin, catechin, and kaempferol were acquired from
Sigma Chemical Co. (St. Louis, MO, USA). High perfor-
mance liquid chromatography (HPLC-DAD) was performed
with a Shimadzu Prominence Autosampler (SIL-20A) HPLC
system (Shimadzu, Kyoto, Japan), equipped with Shimadzu
LC-20AT reciprocating pumps connected to a DGU 20A5
degasser with a CBM 20A integrator, SPD-M20A diode array
detector, and LC solution 1.22 SP1 software.

2.2. Quantification of Phenolics and Flavonoids Compounds by
HPLC-DAD. Reverse phase chromatographic analyses were
carried out under gradient conditions using C,4 column
(4.6 mm x 250 mm) packed with 5um diameter particles.
The mobile phase was water containing 1% formic acid
(A) and acetonitrile (B), and the composition gradient was
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13% of B until 10 min and changed to obtain 20%, 30%,
50%, 60%, 70%, 20%, and 10% B at 20, 30, 40, 50, 60,
70, and 80 min, respectively [16], with slight modifications.
L. paraguariensis infusion was analyzed by dissolving in
ethanol at a concentration of 20 mg/mL. The presence of
nine antioxidants compounds was investigated, namely, gal-
lic acid, chlorogenic acid, caffeic acid, catechin, quercetin,
rutin, kaempferol, caffeine, and theobromine. Identification
of these compounds was performed by comparing their
retention time and UV absorption spectrum with those of
the commercial standards. The flow rate was 0.7 mL/min,
injection volume 50 uL and the wavelengths were 254 nm
for gallic acid, 270 nm for theobromine, 280 nm for catechin
and caffeine, 327 nm for caffeic and chlorogenic acids, and
366 nm for quercetin, rutin, and kaempferol. All the samples
and mobile phase were filtered through 0.45 ym membrane
filter (Millipore) and then degassed by ultrasonic bath prior
to use. Stock solutions of standards references were prepared
in the HPLC mobile phase at a concentration range of 0.045-
0.300 mg/mL for kaempferol, quercetin, catechin, rutin, caf-
feine, and theobromine and 0.030-0.250 mg/mL for gallic,
caffeic, and chlorogenic acids. The chromatography peaks
were confirmed by comparing their retention time with those
of reference standards and by DAD spectra (200 to 400 nm).
Calibration curve for gallic acid was Y = 12539x+1305.3 (r =
0.9997); catechin: Y = 12851x + 1289.5 (r = 0.9998); chloro-
genicacid: Y = 13079x+1195.8 (r = 0.9992); caffeicacid: Y =
11978x + 1326.2 (r = 0.9994); caffeine: Y = 13276x + 1293.6
(r = 0.9995); theobromine: Y = 12473x+1275.8 (r = 0.9996);
rutin: Y = 12763 + 1265.7 (r = 0.9999); quercetin: Y =
11780x + 1362.6 (r = 0.9995); and kaempferol: Y = 12583x +
12389 (r = 0.9997). All chromatography operations were
carried out at ambient temperature and in triplicate. The limit
of detection (LOD) and limit of quantification (LOQ) were
calculated based on the standard deviation of the responses
and the slope using three independent analytical curves. LOD
and LOQ were calculated as 3.3 and 10 0/S, respectively, where
o is the standard deviation of the response and S is the slope
of the calibration curve [17].

2.3. Animals. Male Wistar rats (with 2 months of age)
weighing 200 to 250 g from our breeding colony were kept in
cages with five animals each with continuous access to food
and water or infusion of I. paraguariensis. The room housing
the cages was temperature-controlled (22 + 2°C) and ona12h
light/dark cycle with the lights going on at 7:00 a.m. Animals
were maintained and used in accordance to the guidelines
of the Brazilian Association for Laboratory Animal Science
(Ethics Committee Approval number A011-09).

2.4. Experimental Design. I. paraguariensis was obtained
from local supermarkets in a form of herb consumed by
population. The extract was prepared as infusion like “chi-
marrao” or “mate” Herbal commercial samples (25 g) were
weighed and put into 500 mL of hot water (70°C) [12]. The
infusion was filtered using filter paper and then cooled to
room temperature. The yield of mate infusion was 30.45%. An
aliquot of the infusion was subjected to qualitative analyses
by HPLC. The extracts of mate were daily prepared and
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offered to the animals in place of drinking water during four
weeks [12] ad libitum. Any difference of liquid ingestion was
observed between the groups (data not shown). The dose of
dry extract per rat was calculated with the values obtained
in gravimetric assay and estimated at 2.31g/kg/day. After
four weeks, behavioral analysis of locomotor activity and
anxiety was evaluated in animals receiving water (n = 11)
or . paraguariensis (n = 9). Our intent with elevated plus-
maze and open field tests was to avoid any possible false
positive result in the FST, since the alterations in locomotion
or anxiety could modify the response of the animals in
FST. After this evaluation, the group that received water was
subdivided into two groups. One group of animals received
two administrations of selegiline (10 mg/kg, i.p., dissolved in
0.9% NaCl), 24 hours and 30 minutes, before FST [18]. This
group was the positive control to antidepressant activity and
MAO inhibition. Thus, the experimental groups were named
as: control (n = 6), I. paraguariensis (n = 9), and selegiline
(n = 5). After the behavioral analysis, the animals were killed
by decapitation and the brains were immediately excised and
used in biochemical assays.

2.5. Behavioral Analysis

2.5.1. Elevated Plus-Maze. To evaluate possible alterations in
anxiety-like state caused by treatment with I. paraguariensis,
animals were exposed to an elevated plus-maze apparatus
[19, 20]. The percentage of time spent on open arm and the
percentage of the entries into the open arms were calculated
as follows: time spent or number of entries into the open
arm/total time or total number of the entries into closed and
open arms x 100, respectively.

2.5.2. Open Field Test. To analyze possible changes in spo-
ntaneous locomotor and exploratory activity caused by
treatment with I. paraguariensis, the animals were placed
individually in the center of a circular open field arena
divided into nine parts [21]. The effect of drugs on behavior
was examined after I. paraguariensis treatment (on day 30).
The number of rearing and the number of line crossings were
measured over 5 min. Sections of open field test were evalu-
ated 1 hour after elevated plus maze test.

2.5.3. Forced Swimming Test. 'This experiment was performed
using the FST according to the method previously published
by Porsolt et al. [22, 23]. The effects of I. paraguariensis on FST
were investigated after 24 hours and 4 weeks of treatment.
Male rats were placed into a cylinder with a diameter of
40 cm containing a column of 17 cm of water at 27°C. The
animals were trained 24 hours before the test for 5min.
Twenty-four hours later, the animals were exposed to the
same experimental conditions for 5 min. A rat was judged to
be immobile whenever it remained floating in the water, in
an upright position, making only small movements to keep
its head above the water. The immobility time was taken.

2.6. Tissue Preparations. Rats were killed about 1 hour after
the last session of behavioral. The brains were immediately

excised and put on ice. Then, they were homogenized in 10
volumes (w/v) of 10 mM Tris-HCI, pH 7.4. The homogenates
were centrifuged at 4000 xg for 10 min to yield a low-speed
supernatant fraction (S1) that was used for the biochemical
assays.

2.7. Biochemical Assays

2.71. Lipid Peroxidation Assay. To evaluate the participation
of lipid peroxidation in the action of I paraguariensis or
selegiline, thiobarbituric acid reactive species (TBARS) were
determined as described by [24]. In brief, samples were
incubated at 100°C for 1 hour in a medium containing 8.1%
sodium dodecyl sulfate, 1.4 M acetic acid, pH 3.4, and 0.6%
thiobarbituric acid. The pink chromogen produced in the
reaction was measured spectrophotometrically at 532 nm.
Results were expressed as nmol of TBARS/g of tissue.

2.7.2. SH Levels. The total SH (TSH) and non-protein-SH
(NPSH) content from samples were determined as described
by [25]. For the nonprotein thiol groups (NP) determination,
the samples of SI were precipitated with 200 L of 10%
trichloroacetic acid followed by centrifugation. The colori-
metric assay was carried out in phosphate buffer 1M, pH
7.4. The reaction was measured spectrophotometrically at
412 nm. Results were expressed as ug/g of tissue.

2.7.3. Vitamin C Levels. Cerebral vitamin C (ascorbic acid
(AA)) levels were determined as described by Jacques-Silva et
al. [26]. Brain homogenates were precipitated with 1 volume
of 10% trichloroacetic acid followed by centrifugation. An
aliquot of 300 uL of the supernatants was mixed with 2,4-
dinitrophenylhydrazine (4.5 mg/mL), CuSO, (0.075 mg/mL),
and trichloroacetic acid 13.3% (final volume 1 mL) and incu-
bated for 3h at 37°C. Then 1mL of H,SO, 65% (v/v) was
added to the medium. The ascorbic acid levels were measured
spectrophotometrically at 520 nm and calculated using a
standard curve (1.5-4.5 M ascorbic acid freshly prepared in
sulfuric acid).

2.7.4. MAO Activity Assay. MAO activity was determined by
measuring the kynuramine oxidation to 4-hydroxyquinoline
[27-29]. The samples were preincubated at 37°C for 10 min
with the irreversible and selective inhibitor clorgyline
(250 nM) or pargyline (250 nM) to assay MAO-A or MAO-
B activity, respectively. After 10 min, kynuramine was added
as a nonselective substrate at concentrations equal to the
corresponding Km value (45 uM for MAO-A and 30 uM for
MAO-B). The reaction was incubated during 30 min at 37°C.
After this time, the reaction was stopped with trichloroacetic
acid (TCA) 10%. The samples were centrifuged at 5.000 xg for
5 min. It was added to supernatant 1 M NaOH. The reaction
was measured by fluorimetric method, using 315 nm (excita-
tion) and 380 nm (emission). The results are represented as
fluorescence intensity/mg protein.

2.75. Protein Quantification. The total protein content in
homogenates (S1) was determined by the method of Lowry
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FIGURE 1: Representative high performance liquid chromatography
profile of Ilex paraguariensis infusion,detection of UV was at
327 nm. Gallic acid (peak 1), catechin (peak 2), chlorogenic acid
(peak 3), caffeic acid (peak 4), caffeine (peak 5), theobromine (peak
6), rutin (peak 7), quercetin (peak 8), and kaempferol (peak 9).

and Rosebrough [30], using bovine serum albumin as stan-
dard.

2.8. Statistical Analysis. Data were analyzed by unpaired t-
test or one-way ANOVA, followed by Tukey’s post hoc test
when appropriate. Significance was considered when P <
0.05.

3. Results

3.1. HPLC Analysis. HPLC fingerprinting of Ilex paraguar-
iensis infusion revealed the presence of the gallic acid (t; =
10.17 min; peak 1), catechin (t; = 16.23 min; peak 2), chlo-
rogenic acid (f; = 22.56 min; peak 3), caffeic acid (t; =
24.97 min; peak 4), caffeine (t; = 31.48 min; peak 5), theo-
bromine (t; = 37.12 min; peak 6), rutin (t; = 41.73 min;
peak 7), quercetin (t, = 50.14 min; peak 8), and kaempferol
(tg = 57.39 min; peak 9) (Figure 1 and Table 1).

3.2. Effects of Treatment with I. paraguariensis on Elevated
Plus-Maze Test in Rats. I. paraguariensis did not cause any
significant effect on the number of head dipping, percentage
of the time spent, and number of entries on the open arms of
elevated plus-maze apparatus (Table 2).

3.3. Effects of Treatment with 1. paraguariensis on Locomotor
and Exploratory Activity in Rats. I. paraguariensis treatment
did not cause any effect on locomotor activity represented by
number of crossings (Figure 2(a)). However, the number of
rearing on the open field test was observed, I. paraguariensis
caused a decrease in the number of rearing (P < 0.05;
Figure 2(b)) in the open field test after 4 weeks of treatment.

3.4. Effects of Treatment with I. paraguariensis on Forced
Swimming Test in Rats. To verify the possible antidepressant-
like effects of I. paraguariensis, the FST was used. Statistical
analyses revealed that aqueous extract of I. paraguariensis
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TaBLE 1: Composition of Ilex paraguariensis infusion.

Compounds llex paraguariensis LOD LOQ
mg/g % pug/mL ug/mL
Gallic acid 0.65+0.01°  0.06 0.016 0.052
Catechin 1.74+0.03° 017 0.029 0.095
Chlorogenicacid 531 +0.01° 0.53 0.008 0.027
Catfeic acid 1226 +0.03" 122 0.035 0.115
Caffeine 1347 £0.01 134 0.015 0.049
Theobromine 5.03 +£0.01° 0.50 0.007 0.023
Rutin 17.82£0.03° 178 0.026 0.086
Quercetin 316+0.01° 031 0.032 0.104
Kaempferol 7.58+0.02" 075 0.019 0.063

Results are expressed as mean + standard deviations (SD) of three determi-
nations.
Averages followed by different letters differ by Tukey’s test at P < 0.05.

TaBLE 2: Effects of I. paraguariensis on elevated plus-maze test in
rats during 5 minutes.

: Time spent
Head dipping Entryinto into
; open arms
(5min) (%) open arms
(%)
Control 6.07 £ 1.60 17.93 + 4.32 9.67 £ 3.40
1. paraguariensis ~ 6.13 +0.96 18.10 + 3.19 14.91 + 531

Values are represented as means + SEM (control, n = 11; I. paraguariensis,
n=9).

caused a significant reduction of immobility time in FST in
relation to control group either when administered during
24 hours (F(2,11) = 18.73, P < 0.05; Figure 3(a)) or 4
weeks (F(2,19) = 25.45, P < 0.05; Figure 3(b)). Furthermore,
selegiline, a MAO inhibitor, caused a significant reduction in
immobility time in relation to control and I. paraguariensis
group in this test (P < 0.05; Figure 3).

3.5. Effects of I. paraguariensis on MAO-A and MAO-B Activ-
ity. Since we detected a reduction in immobility in forced
swimming test in rats treated with I. paraguariensis, we veri-
fied if this effect was caused by a possible inhibitory effect of
I. paraguariensis on MAO-A or MAO-B activity (Figure 4).
Selegiline administration was a positive control and caused a
significant reduction in MAO-B activity (F(2,11) = 78.80,
P < 0.05; Figure 4(c)). However, the activities of either
MAO-A or MAO-B were not modified after treatment with
I. paraguariensis (Figure 4).

3.6. Effects of I. paraguariensis on Oxidative Stress Parameters.
As I paraguariensis and selegiline are known by their antiox-
idant activity, we carried out assays for lipid peroxidation,
levels of nonprotein SH, and ascorbic acid to verify possible
changes in oxidative stress parameters that could modulate
the MAO activity or could be a signal of protection/toxicity
of both tested drugs. However, there was no significant
difference among the groups in TBARS, nonprotein SH,
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n = 9;and selegiline, n = 5 (one-way ANOVA followed by Tukey’s multiple comparison test). * repre;
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and ascorbic acid levels in rats under treatment with I
paraguariensis (Table 3).

4, Discussion

The present study aimed to evaluate the possible antidepre-
ssant-like effect of I. paraguariensis in rats. We demonstrated
that the treatment with I. paraguariensis decreased the immo-
bility time on FST at 24 hours and this effect was the same
after four weeks; a behavioral parameter was used to investi-
gate the antidepressant potential of the drugs. Furthermore,
the reduction in time of immobility by I. paraguariensis on

FST was not associated with effects neither on locomotor
nor on anxiolytic/anxiogenic activity. The antidepressant-like
effect of I. paraguariensis was not associated with inhibitory
effects on monoamine oxidase activity.

The Literature showed that I. paraguariensis has stimulant
effects on central nervous system. Thus, the purpose of
this study was to evaluate the antidepressant-like effect of
I. paraguariensis. Despite previous some studies show the
antidepressant-like activity of flavonoids [31, 32] which are
present in the extract of I. paraguariensis, any study has evalu-
ated the possible antidepressant-like activity of it. The present
study showed that I. paraguariensis significantly reduced the
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FIGURE 4: Effects of I. paraguariensis or selegiline on monoamine oxidase activity after 4 weeks of treatment with I. paraguariensis or
two administrations (24 hours and 30 min before the test) of selegiline (10 mg/kg; i.p.). Values represent means + SEM; control, n = 6; L.
paraguariensis, n = 9; and selegiline, n = 5. * represents significant differences from control group and I. paraguariensis group.

TaBLE 3: Effects of I. paraguariensis or selegiline treatments on
oxidative stress parameters.

TBARS Nonprotein—  Vitamin C
(nmol of SH (ug of
MDA/g (umol/g ascorbic
tissue) tissue) acid/g tissue)
Control 148.30+26.78  633+1.22  608.70+73.30
L paraguariensis 157.60+14.83 599+ 0.61  643.10+27.09
Selegiline 2102044401  3.69+023  739.20+47.80

Mean + SEM; with control, n = 6; I. paraguariensis, n = 9; selegiline, n = 5.

immobility time on FST either after 24 hours or four weeks
of treatment. HPLC analysis revealed the presence of caffeine
in our extract. The percentage of caffeine was a little lesser
than other ones [33, 34]. These differences can be attributed
to the method of extraction and the different trademarks used

in these studies. Previous studies demonstrated that caffeine
exerts stimulant effects on motor activity of mice and rats
[35]. Thus, in order to exclude a false positive, we use the open
field test to verify possible alterations in locomotor activity in
rats caused by I paraguariensis. The treatment did not cause
any effect on locomotor activity represented by the number
of crossings, but when the number of rearing on the open
field test was observed, Ilex paraguariensis caused a decrease
in this number. These data can suggest that other compounds
present in extract are able to decrease the number of rearing
since caffeine has no effect on the central control of vertical
activity [36]. In the same way, we evaluated if the presence of
stimulants compounds like caffeine and theobromine in the
extract of I. paraguariensis could cause anxiety. Furthermore,
some studies have demonstrated that antidepressant agents
can also possess anxiolytic properties in different anxiety ani-
mal models [36-38]. Thus, we investigated if I. paraguariensis
treatment exerts anxiety or anxiolytic activity by using the
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plus-maze test. However, any significant effect was observed
on elevated plus-maze test.

Monoamine oxidase is an enzyme responsible for degra-
dation of monoamines, such as serotonin, dopamine, and
norepinephrine. Moreover, the abnormal activity of the
enzyme has been implicated in pathophysiology of depres-
sion [39-41]. The inhibition of MAO activity promotes an
increase in monoamines and is one important target for the
treatment of depression. Monoamine oxidase inhibitors have
been used for decades in the treatment of depression and
their antidepressant properties result from selective MAO-
A inhibition in the central nervous system, which could
lead to increased brain levels of 5-HT, NE, and DA [42,
43]. Recently, selegiline, an MAO-B inhibitor, has been used
with success in the treatment of patients that are refractory
to other antidepressant in a pharmaceutical transdermal
preparation to avoid food interactions [44, 45]. We also
investigated the involvement of the MAO in the possible
antidepressant-like effect of I. paraguariensis. In the present
study, MAO activity was not modified after treatment with
I. paraguariensis. Thus, the antidepressant-like effect of Ilex
paraguariensis represented by decrease in immobility time
on FST seems not to be associated with MAO inhibition.
Natural products have demonstrated numerous benefits in
several animal models suggesting that antioxidant compound
could exert protective effects [46-50]. However, there are
studies showing that depending on the dose of the antioxidant
compounds used, they could be prooxidants, causing toxicity
and modulation in MAO activity by redox alteration [51, 52].
Selegiline was used as a positive control in our study because
it possesses both MAO inhibitory activity and antioxidant
properties [53]. We did not observe significant difference in
oxidative stress parameters in this model. However, as we
used a total brain homogenate in our study, some effects could
better appear if they were analyzed in brain specific region.

5. Conclusion

In conclusion, the present study showed that Ilex paraguar-
iensis presents an important effect on reducing immobility
time on forced swimming test which could suggest an
antidepressant-like effect of this extract. This effect is not
associated with MAO inhibition or alterations in the parame-
ters of oxidative stress. Furthermore, the extract did not show
anxiolytic or anxiogenic activity. However, additional studies
are needed to better understand the action mechanism of 1.
paraguariensis.
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4.2.1.1 Abstract

llex paraguariensis is a stimulating beverage largely consumed in South America as an
infusion locally known as “chimarrdao” or “mate”. The current was demonstrated
antidepressant-like effect of 1. paraguariensis in rats. This study investigated if the
antidepressant-like effect of I. paraguariensis infusion involves monoaminergic mechanisms
in mice. They received three different concentrations (0.05, 0.1 or 0.2 g/mL) of I.
paraguariensis infusion in place of drinking water during 24 hours or 7 days. The animals
were submitted to forced swimming test (FST), tail suspension test (TST) and open field after
24 hours of treatment and 24 hours after the last day of treatment. I. paraguariensis reduced
the immobility time in the FST after 24 hours and 7 days of treatment and in TST only after
24 hours of treatment with 0.05 and 0.1 g/mL, without alterations on locomotor activity. It
was evaluated the monoamine oxidase (MAOQ) activity in vitro and ex vivo. The highest
concentrations of I. paraguariensis (100 and 300 pg/mL) reduced the activity of both MAO
isoforms in vitro. However, any alteration in the MAO activity was observed in cortex and
hippocampus of mice ex vivo. Also, it was investigated the involvement of the monoaminergic
system. The animals were pretreated with p-chlorophenylalanine methyl ester (PCPA) (100
mg/kg, 1.p., an inhibitor of tryptophan hydroxylase) or 3-iodo-L-tyrosine (100 mg, i.p., an
inhibitor of the enzyme tyrosine hydroxylase) or vehicle, once a day, for 4 consecutive days.
Then, in the third day of the treatment with 3-iodo-L-tyrosine/PCPA or vehicle injection, the
animals were concomitantly treated with the infusion of I. paraguariensis (0.05 g/mL, in
place of drinking water) or water and were tested in TST or FST 24 hours later. The effects
of I. paraguariensis were avoided by 3-iodo-tyrosine in TST and PCPA in FST. Taken
together, the present results show that I. paraguariensis presents antidepressant-like activity
suggesting the involvement of monoaminergic system.

key-words: Yerba Mate, forced swimming test, tail suspension test, depression,
monoaminoxidase.
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4.2.1.2 Introduction

llex paraguariensis (Aquifoliaceae), known commonly as yerba mate, is a plant native
from South America including Brazil, Paraguay and Argentina (Bradesco et al., 2011). The
aqueous extract of this plant is mainly consumed as beverages known as ‘“chimarrdo” or
“mate” and it is a stimulating beverage prepared with dried leaves of |. paraguariensis and
hot water (Bastos, 2007). The I. paraguariensis is rich in polyphenols, flavonoids as quercetin
and rutin, phenolic compounds as chlorogenic and caffeic acids and high amount of caffeine
and saponins (Heck and Meijia, 2007).

Recent studies have demonstrated that |. paraguariensis can act in central nervous
system (CNS). I. paraguariensis was able to improve the cognition of rats treated with acute
administration of hydroalcoholic extract (Prediger et al., 2008) and improving the memory
performance of rats treated with haloperidol (Colpo et al., 2007). Reis et al., (2014) and
Ludka et al., (2016) demonstrated the antidepressant-like effect of the different extracts of the
I. paraguariensis in rats and mice.

Depression has become a common neuropsychiatric disorder and one the most causes
of disability in the world (Kessler, 2012; Cramer et al., 2017). However, the results of the
antidepressant therapies require some weeks of the treatment for improving of symptoms with
a rate success of about 60% (Wong and Licinio, 2001; Di Giovanni et al., 2016). There are
several classes of the antidepressant used to treat patients with depression as tricyclic,
monoamine oxidase inhibitors, selective serotonin reuptake inhibitors, atypical antidepressant
and others (Belmarker and Agam, 2008). Mostly antidepressant act modulating
serotoninergic, noradrenergic and/or dopaminergic systems (Elhwuegi, 2004). Antidepressant
drugs have reasonable efficacy, but are often associated with significant side effects (Tchachel
et al., 2007). Thus, the search for natural compounds used by the population could be
interesting as auxiliary in the antidepressant treatment with fewer adverse effects than
conventional therapy.

Therefore, the present study aimed to evaluate the activity of different concentrations
of I. paraguariensis infusion as well as if the antidepressant-like effect involves the

monoaminergic system.
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4.2.1.3 Materials and Methods

Animals

Male Swiss mice (25-35 g) were maintained at in a room with controlled temperature
(22-27 °C) with free access to water and food, under a 12:12 h light:dark cycle (lights on at
07:00). Mice were allowed to acclimatize to the holding room for 1 h before the behavioral
procedure. All experiments were performed in accordance to the guidelines of the National
Council of Control of Animal Experimentation (CONCEA). This protocol was approved by
the Ethics Commission on Animal Use of the Federal University of Santa Maria under

process number 073/2014.

Drugs

The following drugs were used: p-chlorophenylalanine methyl ester (PCPA), 3-iodo-

L-tyrosine (Sigma Chemical Company, St. Louis, MO, USA).

In vitro experiment

Determination of I. paraguariensis effects on MAO activity

I. paraguariensis was tested for its in vitro inhibitory potential on mice MAO-A and
MAO-B activities in brain preparations by a fluorometric method using kynuramine as a
substrate, as previously described (Matsumoto et al., 1985; De Oliveira et al., 2016). Briefly,
assays were performed in duplicate in a final volume of 500 uL containing 0.25 mg of protein
and incubated at 37°C for 30 min. Activities of the A and B isoforms were isolated
pharmacologically by incorporating 250 nM pargyline (selective MAO-B inhibitor) or 250
nM clorgyline (selective MAO-A inhibitor) into the reaction mix. The reaction mixture
(containing mitochondrial fractions, I. paraguariensis and inhibitors) was pre-incubated at
37°C for 10 min, and the reaction was started by the addition of 50 pL of kynuramine (90 uM
for MAO-A and 60 uM for MAO-B). Also, I. paraguariensis was tested at a concentration
range of 1 to 300 ug/mL, and the ICso for both MAO isoforms were determined.
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Experimental design 1

To mimic the form of consumption used by population it was used the infusion. The
characterization of the extract was previously published (Reis et al., 2014). The infusion was
tested in three different concentrations of I. paraguariensis (0.05; 0.1 and 0.2 g/mL). Herbal
commercial samples were weighted and put into hot water (70°C). The infusion was filtered
using filter paper and then cooled to room temperature. The infusion of I. paraguariensis was
prepared daily and offered to the animals in place of drinking water during 7 days, ad libitum.
The animals were divided into four groups receiving water (n=5-8) or I. paraguariensis in
different concentrations (n=5-8). Liquid consumption was measured daily which was similar
among the groups receiving water (8.61+0.83 mL/day/animal), 1. paraguariensis 0.05 g/mL
(9.08+1.25 mL/day/animal) and I. paraguariensis 0.1 g/mL (8.9+£0.75 mL/day/animal). Only
the group receiving |. paraguariensis 0.2 g/mL presented a significant increase in the liquid
consumption (15+1.66 mL/day/animal) compared to the other groups. Behavioral analysis of
locomotor activity and antidepressant-like effect were evaluated 24 hours after initiation of

the treatment and 24 hours after the last day of treatment.

Tail suspension test (TST)

The total duration of immobility induced by tail suspension test was measured
according to the method described by Steru et al., (1985). Briefly, mice were suspended 50
cm above the floor by adhesive tape placed approximately 1 cm from the tip of the tail.
Immobility time was recorded manually during a 6 minutes period (Rodrigues et al., 2002;
Machado et al., 2007).

Forced swimming test (FST)

Mice were individually forced to swim in an open cylindrical container (diameter 10
cm, height 25 c¢m), containing 19 cm of water (depth) at 251 °C; the total duration of
immobility was recorded during 4 minutes after 2 minutes of adaptation. Each mouse was
judged to be immobile when it ceased struggling and remained floating motionless in the
water, making only those movements necessary to keep its head above water. A decrease in

the duration of immobility is indicative of an antidepressant-like effect (Porsolt et al., 1977).
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Open field test

To quantify locomotor activity, the animals were placed individually in an open field
arena divided into nine parts (Broadhurst, 1960). The number of rearing and lines crossed

were measured over 5 min.

Determination of MAO activity ex vivo

After the behavioral analyses, the mice were anesthetized with ketamine:xilazine
(100mg/Kg:10mg/kg, i.p.) and submitted to cervical dislocation and then to decapitated, the
brain of each animal was removed. The cortex and hippocampus were quickly dissected
placed in dry ice and immediately stored at -80°C until the use. MAO activity was determined
by a fluorometric method using kynuramine as a substrate, as previously described by De
Freitas et al., (2016).

Experimental Design 2

In order to investigate the involvement of the serotonergic or noradrenergic system in
the antidepressant-like effect of the I. paraguariensis infusion, the animals were pretreated
with PCPA (100 mg/kg, i.p., an inhibitor of tryptophan hydroxylase) or 3-iodo-L-tyrosine
(100 mg, i.p., an inhibitor of tyrosine hydroxylase), or vehicle, once a day, for 4 consecutive
days. On the third day, the animals were treated also with the infusion of I. paraguariensis
(0.05 g/mL, in place of drinking water), or water and were tested in TST and FST 24 hours
later (n=5-8).

Statistical analysis

Data were analyzed by one or two-way ANOVA, followed by Newman-Keuls’s Post Hoc test
when appropriate. Significance was considered when p < 0.05.
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4.2.1.4 Results

I. paraguariensis reduces the MAQO activity in vitro

I. paraguariensis inhibited both MAO-A (F(6,20)=34.06, p<0.05; Fig 1A) and MAO-
B [F(6,20)=46.49, p<0.05; Fig 1B] isoforms at concentrations of 100 and 300 ug/mL in a
concentration-dependent manner. The 1Csg was of 212.8+ 20.7 pg/mL and 223.2+ 13.6 pg/mL
for MAO-A and MAO-B, respectively.

|. paraguariensis infusion does not modify the locomotor activity in the open-field test

Fig. 2 shows that the treatment of mice with different concentrations of I.
paraguariensis infusion did not produce a significant change on locomotor or exploratory
activity, neither after 24 hours nor 7 days of treatment, when was evaluated the crossing (Fig.

2A) and rearings (Fig. 2B) number, respectively.

I. paraguariensis infusion decreases the immobility time in the TST and FST

Fig 3A shows that the administration of I. paraguariensis infusion during 24 hours
caused a significant decrease in the immobility time in TST after [F(3,23)=4.68, p<0.05].
However, this effect was not maintained when the administration of |. paraguariensis
infusion occurred during 7 days.

When the animals were submitted to FST the treatment with I. paraguariensis infusion
during 24 hours [F(3,23)=7.75, p<0.05; Fig. 3B] or 7 days [F(3,23)=3.54, p<0.05; Fig. 3B]

decreased the immobility time when compared with control group at all tested concentrations.

I. paraguariensis does not alter MAO activity ex vivo

The table 1 shows that I. paraguariensis infusion did not produce any significant

effect on MAO activity neither in cortex nor hippocampus after 7 days of treatment.
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Treatment with 3-iodo-L-tyrosine or PCPA-pretreated mice modifies the effect of I.

paraguariensis in the TST or FST

Two-way ANOVA demonstrated a significant interaction [F(1,16)=10.68, p<0.05; Fig.
4A] between the pretreatment of mice with the inhibitor of tyrosine hidroxilise, 3-iodo-L-
tyrosine on TST. However, any effect was observed when the animals were treated with
PCPA, the inhibitor of tryptophan hydroxylase, and/or I. paraguariensis (Fig. 4B).

When the animals were submitted to FST, the treatment of mice with I. paraguariensis
reduced the immobility time [F(3,31)=6.29, p<0.05; Fig. 5A] and this effect was not altered
by pretreatment with 3-iodo-L-tyrosine. By the other hand, two-way ANOVA demonstrated a
significant interaction [F(1,28)=16.65, p<0.05; Fig. 5B) between the pretreatment of mice
with PCPA on FST.
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4.2.1.5 Discussion

The present study investigated if the antidepressant-like effect of I. paraguariensis
infusion involves the monoaminergic system. It was demonstrated that the treatment with 1.
paraguariensis infusion at all tested doses decreased the immobility time on FST after 24
hours and 7 days of the treatment. In TST there was a reduction in the immobility time only at
two minor doses tested after 24 hours of treatment. This reduction was not accompanied by
changes in locomotor activity or MAO activity in cortex and hippocampus besides to causing
a reduction of both MAO isoforms when tested in vitro at concentrations of 100 and 300
pg/mL. The effects of I. paraguariensis were prevented by 3-iodo-tyrosine in TST and PCPA
in FST.

A previous study from our group showed the antidepressant-like effects of I.
paraguariensis on FST in rats (Reis et al., 2014). Then we conducted the present study to
extend the comprehension about the possible mechanisms by which I. paraguariensis is
acting. Thus, our first aim was to evaluate the behavioral response of mice treated with
different concentrations of I. paraguariensis infusion in TST and FST. It was demonstrated
that the treatment with I. paraguariensis infusion at all tested doses decreased the immobility
time on FST after 24 hours and 7 days of the treatment. In TST there was a reduction in the
immobility time only at two minor doses tested after 24 hours of treatment without alterations
24 after the last day of treatment. The antidepressant-like activity of I. paraguariensis was
also recently demonstrated Ludka et al., (2016) using an hydroalcoholic extract. The FST and
TST are the most common animal models of the depression used for antidepressant screening
(Cryan et al., 2005). Although, both tests are similar, they are different in terms of biological
substrates that underlie the observed behavior (Sanchez 1997, Cryan et al., 2005).
Additionally, different sensitivity to the reduction in the immobility time was observed to
clinically used antidepressant (Cryan et al., 2005) as exemplified by selective inhibitors of
serotonin reuptake which demonstrate better effects in TST than FST (Cryan et al., 2002). In
both tests, the animals are placed in an inescapable situation and the antidepressant activity is
expressed by a decrease of the immobility time (Porsolt et al., 1977; Steru et al., 1985). The
beverages prepared with I. paraguariensis under hot water are known by its stimulant
properties due to the presence of caffeine (Bastos et al., 2007; Heck and De Mejia, 2007).
Thus, we evaluated the locomotor activity of the animals in an open field arena to exclude a
false positive effect in TST or FST. However, 1. paraguariensis infusion did not produce any

significant influence on number of crossings or rearings. It is known that I. paraguariensis
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infusion presents constituents as rutin and quercetin (Butterweck et al., 2003; Machado et al.,
2008) which could be contributing to antidepressant-like activity.

A dysregulation of the neurotransmitters serotonin, noradrenaline and dopamine in the
CNS has been suggested to a play role in the pathogenesis of depression (Di Giovanni et al.,
2016). In this context, MAO enzyme catalyzes the oxidative deamination of a range of
monoamines including serotonin, histamine, dopamine, noradrenaline and adrenaline. Two
isoenzymes, MAO-A and MAO-B, are present in most mammalian tissues (Finberg and
Rabey, 2016). MAO-A is inhibited by low concentrations of clorgyline and catalyzes the
oxidation of serotonin, whereas MAO-B is inhibited by low concentrations of I-deprenyl and
IS active towards benzylamine and 2-phenylethylamine (Youdim and Bakhle., 2006).
Literature data shows that natural compounds that present antidepressant-like effect have this
activity in part through the inhibition of monoamine oxidase (Chhillar and Dingra, 2013; Xu
et al., 2016; Nabavi et al., 2017). Furthermore, some compounds which are present in the I.
paraguariensis infusion also presented effects on MAO activity (Sloley et al., 2000; Yoshino
et al., 2011; Chhillar and Dingra, 2013). Then, we carried out an in vitro assay to evaluate the
effects of the I. paraguariensis on MAO activity. The extract inhibited both MAQO isoforms at
concentrations of 100 and 300 pg/mL. However, when we investigated the MAO participation
on antidepressant-like effect of llex paraguariensis ex vivo, the treatment did not produce a
significant effect on MAO activity in hippocampus and cortex in any dose tested. As the
necessary concentrations to inhibit the MAO activity in vitro were too high we believe that it
is impossible to the compounds to react these high concentrations in CNS. However,
considering the form that population ingests this beverage, it is possible to act near
concentrations in gastrointestinal tract which could be associated to cardiovascular events
(Fernandes et al., 2012) that are attributed to I. paraguariensis. However, it needs of further
investigation.

As alterations in MAO activity does not seems to be responsible for the
antidepressant-like effects of I. paraguariensis infusion, we investigated other mechanisms
which could be involved in this effect by using pharmacological agents, 3-iodo-L-tyrosine or
PCPA. Considering that the concentration of 0.05 g/mL of I. paraguariensis infusion reduced
the immobility time in TST and FST, we used only this concentration to the next experiments.

The monoamine depletion paradigm has been successfully used to investigate the
mechanism of action of antidepressants in preclinical and clinical studies (Booij et al., 2003;
Machado et al., 2007; Kaster et al., 2007; O'Leary et al., 2007). In this context, PCPA is an
inhibitor of the tryptophan hydroxylase that is rate-limiting step of serotonin synthesis. PCPA
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treatment produces partial but highly significant reductions on brain serotonin levels while
noradrenaline and dopamine levels are not affected (Redrobe et al.,, 1998 ab). The
neurotransmitter noradrenaline has also been involved in the pathogenesis of depression and
in the mechanisms of antidepressants (Kurita, 2016). Noradrenaline and dopamine share
common pathway in their synthesis, where they are synthesized from the same precursor that
Is converted inside the nervous terminals by tyrosine hydroxylase, the rate-limiting of the
synthesis (Elhwuegi, 2004). Thus, in our study we investigated whether the pretreatment of
mice with inhibitors of serotonin (PCPA) or noradrenaline and dopamine (3-iodo-L-tyrosine)
synthesis inhibitors could avoid the antidepressant-like effect of I. paraguariensis in the TST
and FST. The pretreatment with PCPA prevent the reduction of the immobility time in FST,
but not in TST. On the other hand, we observed that pretreatment with 3-iodo-L-tyrosine
prevented the reduction in the immobility time in TST. However, this effect was not observed
in FST. These data suggest that |I. paraguariensis affects the monoaminergic
neurotransmission which could be associated to antidepressant-like effects.

Taken together, the present finding suggest that the |. paraguariensis exerts antidepressant-
like effect in TST and FST. In addition, this study provides evidence for the involvement of
the monoaminergic system but without alterations in MAO activity in the antidepressant-like
effect of I. paraguariensis. However, additional studies are needed to better understand the

mechanisms involved in the effects of I. paraguariensis.
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Figure 1: Inhibitory potential of I. paraguariensis on in vitro (A) MAO-A and (B) MAO-B
activities in preparations of mice brain. Values are meanstS.E.M. of three independent
experiments performed in duplicate. One-way ANOVA followed by Newman-Keuls’s test. *,
** Significant differences from all other groups. The ICsy was of 212.8+ 20.7 pug/mL and
223.2+ 13.6 pg/mL for MAO-A and MAO-B, respectively
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Figure 2: Effects of I. paraguariensis in the open field test in mice after 24 hours or 7 days of

treatment (24 hours after the |. paraguariensis withdrawal). (A) Number of crossings and (B)

rearing in 5 min. Values of number of crossings and rearing are represented by means+S.E.M

of 5-7 animals per group.
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Figure 3: Effects of I. paraguariensis on immobility time in the TST during 6 min (A) and

FST during 4 minutes (after 2 minutes to adaptation) (B) in mice after 24 hours or 7 days (24

hours after the I. paraguariensis withdrawal) of the orally consumption in place of water.

Values are represented by means+S.E.M. of 5-7 animals per group; * p<0.05 compared with

control group.
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Figure 4
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Figure 4: Effect of pretreatment with 3-iodo-L-tyrosine (A) or PCPA (B) on the I.
paraguariensis effects in immobility time in the TST in mice. Values expressed by

mean+S.E.M. of 5-8 animals per group. * p<0.05 compared with all other groups.
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Figure 5
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Figure 5: Effect of pretreatment with 3-iodo-L-tyrosine (A) or PCPA (B) on the llex
paraguariensis effects in immobility time in the FST in mice. Values expressed by
mean+S.E.M. of 5-8 animals per group. * p<0.05 compared with all other groups; * p<0.05

compared with control.



Table 1: Effect of llex paraguariensis infusion on ex vivo MAO-A and MAO-B activities in

brain homogenates. Values are represented by means+S.E.M (n=5).

MAO-A

MAO-B

(nmol/mg protein/min)

Hippocampus

Control 0.0619+0.0082 0.1175+0.0156
I.paraguariensis 0.05 g/mL 0.0730+0.0071 0.1314+0.0068
I.paraguariensis 0.1 g/mL 0.0723+0.0083 0.1260+0.0093
|.paraguariensis 0.2 g/mL 0.0625+0.0072 0.1086+0.0128
Cortex

Control 0.0866+0.0077 0.1074+0.0010
I.paraguariensis 0.05 g/mL 0.0916+0.0052 0.1137+0.0014
I.paraguariensis 0.1 g/mL 0.0856+0.0083 0.1143+0.0013
|.paraguariensis 0.2 g/mL 0.0898+0.0062 0.1137+0.0013
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5 DISCUSSAO

O presente trabalho teve como objetivo investigar o possivel efeito tipo antidepressivo
da infusdo de I. paraguariensis, também conhecida como erva-mate e se este efeito envolve
alteragBes no status oxidativo e/ou monoaminérgico.

A depressdo é uma doenga que acomete uma grande parte da populacdo mundial,
podendo ser classificada em subtipos entre eles, distimia e depressdo maior A distimia é
definida como uma condicdo leve e crbénica com duracdo de pelo menos dois anos, ja a
depressdo maior é uma forma grave, associada a prejuizos na funcionalidade e altas taxas de
hospitalizacdo (VON WOLFF et al., 2012). A hipdtese mais aceita para explicar a patologia
da depressdo tem sido a disfungdo do sistema monoaminérgico, o qual envolve a DA, a 5-HT
e a NA. Baseado nesta hipdtese, os farmacos utilizados para o tratamento da depressédo, 0s
AD, sdo agrupados em diferentes classes de acordo com seu mecanismo de agédo, exemplos:
inibidores seletivos e ndo seletivos da recaptacdo de 5-HT, os IMAO, ADT e AD atipicos
(BELMAKER; AGAM, 2008).

Apesar da melhora na terapia antidepressiva dois problemas ainda possuem grande
destaque: intervalo entre o inicio de tratamento e a melhora nos sintomas e a resposta parcial
ou falta da mesma em parcela consideravel de pacientes, gerando a uma busca por AD novos
e mais eficazes (DI GIOVANNI et al., 2016). As falhas no tratamento impulsionam a busca
por novas opc¢des terapéuticas a serem aliadas ao tratamento farmacoldgico, como a
psicoterapia e Yoga (CRAMER et al., 2017). Além disso, a medicina natural tem ganhado
destaque, onde pode-se citar o H. perforatum que vem sendo usado com sucesso em formas
leves e moderadas de depressdo (MAHER et al., 2016). Porém, devido as interacdes
medicamentosas, seu uso possui restricdes (RUSSO et al., 2014).

Neste trabalho foi demonstrado o efeito tipo antidepressivo do extrato aquoso de
I. paraguariensis através da reducdao do tempo de imobilidade no teste de nado forcado em
ratos apOs 24 horas de tratamento (56%) e 4 semanas (28%) de tratamento. Também foi
observada a reducdo do tempo de imobilidade no teste de nado forcado em camundongos
tratados com 3 diferentes concentracbes do extrato |. paraguariensis 0,05 g/mL (45%),
0,1 g/mL (48%) e 0, 2 g/mL (41%) ap0ds 24 horas e 7 dias de tratamento (34%, 22% e 28%,
respectivamente). Porém, no teste de suspensdo da cauda em camundongos, apenas duas
concentragdes causaram reducdo no tempo de imobilidade: 0,05 g/mL (56%), 0,1 g/mL (45%)
apos 24 horas. O teste de nado forcado e suspenséo da cauda sd@o os modelos animais mais

utilizados na triagem de novos antidepressivos, sendo que o teste de nado for¢ado pode ser
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aplicado tanto para ratos como para camundongos, enquanto a suspensdo da cauda apenas em
camundongos (CRYAN et al., 2005). Em ambos os testes, 0s animais s&o colocados em uma
situacdo inevitavel e a atividade antidepressiva se da pela diminuicdo do tempo de
imobilidade (PORSOLT et al., 1977; STERU et al., 1985). Estes testes tem 0 mesmo
principio, porém apresentam diferente sensibilidade para diferentes classes de antidepressivos.
ISRSs tém uma melhor deteccdo no teste de suspensdo da cauda do que no teste de nado
forcado. Ja antagonistas GABAa, apresentam efeito tipo antidepressivo no teste de nado
forcado e ndo no teste de suspensdo da cauda (CRYAN et al., 2005).

O extrato aquoso foi obtido através da infusdo das folhas secas de I. paraguariensis
comercializadas em pacotes nos supermercados. No primeiro estudo, uma aliquota do extrato
foi utilizada para determinacao do perfil fitoquimico, indicando a presenca de componentes
como cafeina, rutina, quercetina, acido galico, catequina, acido clorogénico, teobromina e
kaempferol. A presenca de flavonoides reforga nossos achados, uma vez que estudos
demonstram que a atividade antidepressiva do H. perforatum é atribuida a presenca de
flavonoides, como a rutina (BUTTERWECK et al., 2000; NOLDER; SCHOTZ, 2002).

Tendo em vista que a cafeina apresenta efeito psicoestimulante o que poderia levar ao
aumento na atividade locomotora dos animais (GLADE, 2010) promovendo um efeito falso
positivo nos testes para efeito tipo antidepressivo, foi avaliada a atividade locomotora dos
animais através do teste de campo aberto. Ndo foram observadas alteragcBes locomotoras
representadas pelo nimero de cruzamentos em ratos e camundongos, porém foi observada
uma diminuicdo significante no nimero de levantamentos apenas em ratos. A cafeina, pode
ter efeito sob atividade locomotora, porém ndo apresenta controle central sob a atividade
vertical (NEHLIG et al., 1992), sugerindo que outros componentes da infusdo podem
influenciar o ndmero de levantamentos. Também avaliamos em ratos o possivel efeito
ansiogénico/ansiolitico de I. paraguariensis, uma vez que constituintes estimulantes, como a
cafeina podem ser ansiogénicos, e alguns agentes antidepressivos podem apresentar
propriedades ansioliticas (DE ANGELIS, 1996; EROGLU; GOVEN, 1998) porém néo foram
observadas alteracdes no teste de labirinto em cruz elevada. Considerando os resultados
obtidos no teste do campo aberto e do labirinto em cruz elevado, acreditamos que a
concentracdo de cafeina presente na infusdo ndo foi suficiente para causar efeitos
ansiogénicos ou estimulantes e desta forma acreditamos que o efeito tipo antidepressivo deva-
se a presenca de outros componentes da infusdo que ndo a cafeina.

A atividade tipo antidepressiva de muitos compostos naturais, cha verde, resveratrol e
H. perforatum, é atribuida a inibicdo da MAO (BUTTERWECK, 2003; NABAVI et al.,
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2015). A MAO ¢ a enzima responsavel pela desaminacdo oxidativa de diversas aminas
biogénicas, incluindo o0s neurotransmissores serotonina, noradrenalina e dopamina
(YOUDIM; BAKHLE, 2006). A inibicdo da MAO promove o0 aumento da concentracdo de
MA e este é um importante alvo na terapia antidepressiva. Os inibidores da MAO foram os
primeiros antidepressivos a serem utilizados na terapia antidepressiva, porém devido a seus
graves efeitos colaterais foram rapidamente substituidos por farmacos mais novos. Apesar da
primeira geracdo de inibidores da MAO irreversiveis e ndo seletivos apresentar atividade
antidepressiva, seu uso levava uma série de efeitos colaterais, como as crises hipertensivas
agudas quando ingeridos juntamente com alimentos ricos em tiramina (YOUDIM;
WEINSTOCK, 2004). Nos ultimos anos, inibidores seletivos da MAO-A com perfil
reversivel (por exemplo, moclobemida) tém sido desenvolvidos na tentativa de fornecer
farmacos com um melhor perfil de seguranca. Recentemente, a selegilina, um inibidor
irreversivel da MAO-B, tem sido utilizada com sucesso em pacientes com depressao sob a
forma farmacéutica transdermal, evitando assim interagGes alimentares (PAE et al., 2012;
THASE, 2012).

O extrato liofilizado de 1. paraguariensis demonstrou inibir a enzima MAO em testes
in vitro nas concentracbes de 100 e 300 pg/mL. Porém, a inibicdo da enzima MAO néo foi
observada em ratos e camundongos tratados quando o experimento foi realizado ex vivo.
Acreditamos que como as concentragdes necessarias para inibir a MAO in vitro foram
relativamente altas, seria dificil de os compostos responsaveis por tal acdo atingirem
concentracdes suficientes para inibir a MAO no SNC dos animais tratados. Porém, néo
descarta se a possibilidade da ocorréncia desta inibicdo a nivel de TGI, uma vez que as
concentracOes atingidas neste local sdo bem superiores as do SNC. De fato, alguns efeitos
cardiovasculares sdo descritos para a erva-mate, tais como taquicardia juntamente com
insdnia e irritacdo estomacal (FERNANDES et al., 2012). No entanto, se a inibicdo da MAO a
nivel de TGI esta envolvida nestes efeitos ainda carece de investigacao.

Os produtos da reacdo catalisada pela MAO sdo capazes de gerar espécies reativas,
guando esses produtos ndo sdo metabolizados pelo sistema de defesa antioxidante ocorre a
formacdo de espécies reativas, tornando assim a MAO neurotdxica. O desequilibrio entre as
defesas antioxidantes e a producdo de espécies reativas leva ao dano oxidativo (ALUF et al.,
2011; JENNER, 2003).

O dano oxidativo tem sido implicado na fisiopatologia de varias doencas
neuropsiquidtricas, incluindo a depresséo e disturbios neurodegenerativos, como a doenca de
Parkinson e Alzheimer (BILICI et al., 2001; KHANZODE et al., 2003, REIS et al., 2013).
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Neste estudo foram avaliados os niveis de peroxidagdo lipidica, tidis e de vitamina C, porém
ndo foram, demonstradas alteragfes significativas nestes parametros de estresse oxidativo
analisados. Neste contexto, foram demonstrados efeitos da I. paraguariensis sobre a memoria
de ratos tratados com haloperidol que foram atribuidos a modulacdo indireta de estresse
oxidativo (COLPO et al., 2007), embora sem que ocorressem alteracdes significantes nos
parametros de estresse oxidativo. Tem sido demostrado que dependendo da dose compostos
antioxidantes podem se tornar pro-oxidantes, tornando-se tdéxicos e influenciando no
equilibrio redox de enzimas importantes (CHOE et al., 2003), como por exemplo a MAO que
catalisa a degradacdo de monoaminas.

As MA sdo neurotransmissores, suas fungdes e mecanismos variam de acordo com sua
distribuicdo e interacdo com diferentes receptores no SNC. Ao mesmo tempo as MA estdo
relacionas a fisiopatologia de varios disturbios mentais. A DA, por exemplo, esta envolvida
na esquizofrenia, uma vez que a maioria dos antipsicoticos tem como mecanismo de a¢éo o
bloqueio de receptores dopaminérgicos. J& a 5-HT tém sido associada a transtornos de
ansiedade e panico. A disfuncdo de MA tém sido a hipdtese mais aceita para depressdo.
Atualmente, o tratamento para depressdo baseia-se no aumento da transmisséo serotoninérgica
e/ou dopaminérgico/noradrenérgica por diferentes mecanismos (ELHWUEGI, 2004).

A deplecdo de monoaminas tem sido utilizada com sucesso para investigar oS
mecanismos associados ao efeito antidepressivo de drogas em estudos pré-clinicos e clinicos
(BOOWJ et al., 2003; KASTER et al., 2007; MACHADO et al., 2007; MILLER et al., 19964,
b; O'LEARY et al., 2007). Ludka et al. (2016), demonstrou que o extrato hidroalcolico de
I. paraguariensis apresentou efeito tipo antidepressivo e neuroprotetor envolvendo 0s
receptores N-metil-D-aspartato e vias L-arginina/oxido nitrico. Neste contexto, utilizamos em
nosso estudo utilizamos éster metilico p-clorofenilalanina metil (PCPA), um inibidor da
triptofano hidroxilase e a 3-iodo-L-tirosina, um inibidor da tirosina hidroxilase, para
investigar o envolvimento do sistema serotoninérgico e/ou dopaminérgico/noradrenérgico.
Foram realizados testes preliminares com trés diferentes concentragdes de extrato aquoso de
I. paraguariensis 0,05; 0,1, 0,2g/mL. A reducdo do tempo de imobilidade foi observada nas
trés concentragdes no teste de nado forcado apds 24 horas e 7 dias de tratamento, porém a foi
observada reducdo no teste de suspensdo da cauda foi observada apenas apds 24 horas de
tratamento nas concentracdes de 0,05 e 0,1 g/mL. Com base neste experimentos, foi escolhida
a concentracdo de 0,05 g/mL de I. paraguariensis para dar continuidade ao estudo, uma vez
que esta concentragdo apresentar uma reducéo no tempo de imobilidade no testes realizados,

sem altera¢Ges no consumo e na atividade locomotora.
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Foi avaliada a participagdo do sistema noradrenérgico no efeito tipo antidepressivo de
I. paraguariensis, uma vez que o neurotransmissor NA tem sido implicado na patogénese da
depressdo bem como na terapia antidepressiva. A geracao de antidepressivos triciclicos visa
melhorar a concentracdo sinaptica de noradrenalina. A tirosina é a enzima limitante na sintese
de NA e DA (ELHWUEGI, 2004). Mayorga et al. (2001) demonstrou que a-metil-p-tirosina
(AMPT) na dose 100 mg/kg, um inibidor da tirosina hidroxilase, reduz os niveis de NA e DA
sem interferir nos niveis de 5-HT. Outro estudo utilizando a mesma dose, demonstrou que a
mesma dose de AMPT preveniu a acdo antidepressiva da lamotrigina no teste de natacéo
forcada (KASTER et al., 2007). Demonstrando que inibicdo da tirosina hidroxilase pode ser
utilizada para investigacdo de mecanismos relacionados a DA e NA. O pré-tratamento com
3-iodo-L-tirosina, 100mg/kg, foi capaz de impedir a reducdo de imobilidade causada pelo
tratamento com |. paraguariensis no teste de suspensdo da cauda, sugerindo que o sistema
dopaminérgico/noradrenérgico pode estar envolvido nos efeitos de I. paraguariensis.

Por outro lado, para avaliar a participacdo do sistema serotoninérgico, foi utilizado o
PCPA por causar uma deplecdo parcial de serotonina, sem reduzir 0s niveis
significativamente, além de ndo afetar a sintese de dopamina ou noradrenalina (REDROBE
etal.,, 1998). Além disso, estudo realizado por Rodrigues et al. (2002) mostrou que o
tratamento com PCPA ¢é capaz de prevenir a acdo de antidepressiva da fluoxetina, um ISRS,
sem afetar a agdo da imipramina, um antidepressivo triciclico. O pré-tratamento com PCPA
foi capaz de impedir a reducdo do tempo de imobilidade causado pelo tratamento com
I. paraguariensis no teste de nado forcado, sugerindo o envolvimento do sistema
serotoninérgico no seu efeito tipo antidepressivo.

A literatura tem descrito uma série de efeitos de I. paraguariensis, desta forma, nosso
estudo contribuiu demostrando mais um efeito associado a esta planta, seu o potencial efeito
antidepressivo. Terapias complementares vém ganhando destaque no tratamento da depresséo,
compostos naturais, como H. perforatum, s&o utilizados em casos leves a moderados de
depressdo. Através deste estudo, podemos demonstrar o envolvimento do sistema
monoaminérgico no potencial efeito antidepressivo de 1. paraguariensis, sistema este
amplamente relacionado a fisiopatologia da depresséo e alvo da terapia antidepressiva,
sugerindo assim o possivel uso de l. paraguariensis como um aliado ao tratamento da

depressao.
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6 CONCLUSAO

Este estudo demonstrou o potencial efeito antidepressivo de |. paraguariensis em
diferentes modelos animais utilizando roedores. Inicialmente, os dados indicaram a reducéo
do tempo de imobilidade no teste de nado forcado em ratos tratados com o extrato aquoso de
|. paraguariensis durante 24 horas e 4 semanas, sugerindo um efeito antidepressivo. O
extrato aquoso de I. paraguariensis preparado segundo a forma tradicional de consumo, 0
chimarrdo, ndo apresenta influéncia significativa em parametros comportamentais
relacionados a ansiedade avaliados em ratos e na atividade locomotora de ratos e
camundongos. Em uma segunda etapa, a realizacdo de testes em camundongos reforcou o
potencial efeito antidepressivo e o pré-tratamento com diferentes inibidores da sintese MA foi
capaz de elucidar o envolvimento do sistema monoaminérgico neste efeito. Além disso, 0s
dados sugerem a falta de envolvimento da inibigdo enzima MAO e alteragGes em parametros
oxidativos no potencial efeito antidepressivo de |. paraguariensis.

Figura 3 — Resumo esquematico
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ANEXO A- APROVACOES DO COMITE DE ETICA

u COMITE DE ETICA EM PESQUISA

UNIVERSIDAGE DE CRUZ ALTA

$ Cruz Alta, 10 de Dezembro de 2009.
A Pesquisadora:

Prof Vitéria Berg Cattani
Curso de Farmacia / Nesta Instituicéo

Ref. ao Projeto de Pesquisa: Avaliagdo dos possiveis efeitos antioxidantes e
antidepressivos da liex paraguariensis St Hill (Erva-Mate)

O COMITE DE ETICA EM PESQUISA, apos analisar as
pendéncias do projeto e a documentagcdo do mesmo, o considerou
APROVADO. O seu numero de REGISTRO no CEP é: A011-09.
Salientamos que', no prazo de um ano, deve ser encaminhado ao CEP
o relatério e/ou a publicagdo dos resultados do referido projeto. Este

prazo vence em Dezembro de 2010.

Coordenadora do CEP
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Campus Universitario - UNICRUZ Fone (55) 3321- 1606
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UNIVERSIDADE FEDERAL DE SANTA MARIA
PRO-REITORIA DE POS-GRADUACAO E PESQUISA
COMISSAO DE ETICA NO USO DE ANIMAIS-UFSM

CARTA DE APROVACAO

A Comissao de Etica no Uso de Animais-UFSM, analisou o protocolo de pesquisa:

Titulo do Projeto: "Avaliacdo dos possiveis mecanismos relacionados a atividade
antidepressiva da llex paraguariensis."

Ndamero do Parecer: 073/2014
Pesquisador Responsavel: Prof?. Dr2. Roselei Fachinetto

Este projeto foi APROVADO em seus aspectos éticos e metodolégicos. Toda e qualquer
alteragdo do Projeto, assim como os eventos adversos graves, deverdo ser comunicados
imediatamente a este Comité.

OBS: Anualmente deve-se enviar a CEUA relatério parcial ou final deste projeto.

Os membros da CEUA-UFSM nao participaram do processo de avaliagdo dos projetos
onde constam como pesquisadores.

DATA DE APROVAGAO: 07/08/2014.

Santa Maria, 07 de Agosto de 2014.

Prof. Dr2. Vania Lucia Loro
Vice-coordenadora da Comisséo de Etica no Uso de Animais- UFSM

Comisséo de Etica no Uso de Animais - UFSM - Av. Roraima, 1000 — Prédio da Reitoria - 2° andar -
Campus Universitario 97105-900 — Santa Maria — RS - - Tel: 0 xx 55 3220 9362



