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APRESENTACAO

O formato desta dissertacdo obedece as normas do Programa de Pés-graduacéo
em Genética e Bioquimica. Ela e composta de dois capitulos, sendo o capitulo 1
referente a fundamentacéo teorica, que embasa o capitulo 2.

Capitulo 1 - Fundamentacéo Teorica.

Capitulo 2 - Avaliacdo do efeito antiestresse e neuroprotetor do extrato aquoso

de frutos de Hymenaea stigonocarpa
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Resumo

Hymenaea stigonocarpa Mart. ex Hayne (Fabaceae), conhecida como "jatob&-do-
cerrado” é uma espécie nativa do Cerrado brasileiro e popularmente usada como
fortificante, afrodisiaco e estimulante cerebral. Neste estudo, ratos Wistar tratados
com H. stigonocarpa por 14 dias e submetidos ao estresse crénico por restricdo e
frio durante 7 dias, diminuiram os niveis séricos de corticosterona e normalizou 0s
pardmetros bioquimicos. O tratamento com H. stigonocarpa n&do causou
toxicidade, promoveu uma melhora no estado redox em regides do cérebro
(cerebelo, coértex cerebral, estriado e hipocampo) e aumentou a capacidade
antioxidante total, demonstrando um potencial efeito adaptogénico e neuroprotetor

em relacao as alteracfes causadas pelo estresse.

Palavras chaves: Hymenaea stigonocarpa, Adaptégenos, Estresse, atividade

antioxidante, estresse oxidativo, neuroprotecéo



Abstract

Hymenaea stigonocarpa Mart. ex Hayne (Fabaceae) known as “jatoba-do-
cerrado” is a species native to the Brazilian savannah. The plant is popularly used
as fortifier, aphrodisiac and brain stimulant. In this study, we show that Wistar rats
treated with H. stigonocarpa for 14 days and subjected to chronic stress by
restriction and cold for 7 days, decreased levels of corticosterone and normalized
serum biochemical parameters. The treatment of H. stigonocarpa showed no
toxicity, promoted an improved redox state in brain regions (cerebellum, cerebral
cortex, striatum and hippocampus) and increased total antioxidant capacity,
suggesting a potential adaptogenic and neuroprotective effect against stress-

induced changes.

Keywords: Hymenaea stigonocarpa, adaptogens, stress, antioxidant activity,
oxidative stress, neuroprotection
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Capitulo 1

Fundamentacao Teorica



1. Estresse e Funcionamento do Eixo Hipotalamo-Hipofise-Adrenal (HPA)

Constantemente os individuos sdo expostos a situacbes estressantes
(intrinsecas ou extrinsecas) que ameacam 0 bem-estar fisico e/ou psicolégico e
consequentemente o equilibrio dinAmico (homeostase). Dessa forma, o estresse
pode ser definido como uma ameaca real ou potencial a homeostase ou ao bem-
estar e que resulta em alteracbes fisiologicas e comportamentais que visam
restabelecer o equilibrio (Chrousos, 2007; Ulrich-Lai e Herman, 2009).

Em situacdes de estresse ha alteragcdes no organismo tanto a nivel central
quanto periférico. As adaptacdes fisiolégicas ocorrem para promover um
redirecionamento energético e para destinar o oxigénio e nutrientes ao Sistema
Nervoso Central (SNC) e a outros locais em que forem necessarios. H4 um
aumento das funcgbes cardiovasculares, frequéncia respiratoria e estimulo das
reacbes metabodlicas. Concomitantemente, as alteracdes comportamentais
provocam um aumento da excitacdo, estado de alerta, vigilancia, melhora da
cognicdo; atencao e euforia e inibem as funcdes vegetativas, tais como o apetite,
sono e reproducao (Chrousos, 2007; 2009).

O restabelecimento e a manutencdo da homeostase no estresse envolvem
a ativacdo coordenada dos sistemas neuroenddcrino e autbnomo (SNA) (Ulrich-
Lai e Herman, 2009). A resposta ao estresse € resultado da ativacdo de dois
sistemas distintos, mas inter-relacionados, o eixo hipotadlamo-hipéfise-adrenal
(HPA) e eixo simpético adrenomedular (SAM). Eles sdo considerados os
reguladores chave na resposta ao estresse e sdo importantes na integracéo e
coordenacao fisiolégica das células, tecidos e 6rgdos com o meio ambiente
(Koolhaas et al., 2011).

O SNA promove uma resposta imediata ao estresse e é responsavel pelo
controle das funcdes cardiovasculares, respiratorias, gastrointestinais, renais,
enddcrinas e de outros sistemas, que sao regulados pelo sistema nervoso
simpatico (SNS) e parassimpéatico (SNP) (Chrousos, 2007; Ulrich-Lai e Herman,
2009). O eixo SAM é um componente do sistema do SNA, responsavel pela
liberacdo das catecolaminas, principalmente a epinefrina (adrenalina) pelas
células da medula supra-renal. A exposicdo a agentes estressores resulta na

ativacdo dos neurdnios simpéticos da medula espinhal, que estimulam as células
2



cromafins da medula adrenal a secretar as catecolaminas. As catecolaminas se
ligam aos receptores adrenérgicos e provocam aumento da frequéncia cardiaca e
da presséo arterial e também atuam na mobilizacdo dos substratos energéticos
nas reacbes de luta e fuga. A epinefrina estimula a glicogendlise hepatica e
muscular, gliconeogénese no figado e a lipolise no tecido adiposo. A
noradrenalina produzida principalmente no lécus coerelus age como um
neurotransmissor estimulando o SNS e causando excitacao, vigilancia, aumento
da atencéo e diminuicao das funcfes vegetativas (Gunnar e Quevedo, 2007).

A ativacdo do eixo HPA é resultado de sinais neurais e enddcrinos que
ativam os neurdnios do nuacleo paraventricular do hipotdlamo (PVN). No PVN
existem neurdnios parvocelulares que sintetizam principalmente fator de liberacao
de corticotropina (CRH) e outros peptideos como a vasopressina. Esses
neurénios liberam o CRH, que por sua vez ativa a hipofise anterior a secretar o
hormonio adrenocorticotrofico (ACTH) na circulacdo para interagir com receptores
especificos nas membranas plasmaticas das células da zona fasciculada do
cortex adrenal e estimular a sintese e secrecdo de glicocorticoides (cortisol em
humanos e corticosterona em ratos) (Ulrich-Lai e Herman, 2009).

Os glicocorticoides participam no controle da homeostase e na resposta do
organismo ao estresse, inibindo a liberacdo do ACTH por meio do mecanismo de
feedback negativo. Esse mecanismo de retroalimentacdo é importante para limitar
a exposicao do organismo a esses hormonios e assim, minimizar os seus efeitos
catabdlicos, lipogénicos, antireprodutivos e imunossupressores (Tsigos e
Chrousos, 2002; Chrousos, 2007).

Embora todas essas adaptacfes metabdlicas em resposta ao estresse
agudo sejam necessarias para a sobrevivéncia, em situacdes de estresse cronico
sdo deletérias. A exposicdo prolongada a eventos estressantes € um fator de
risco tanto na etiologia quanto na progressao de patologias, como as doencas
enddcrinas (diabetes), cardiovasculares (hipertensao), imunosupressao, distarbios
psiquidtricos (depressdo e ansiedade), disfun¢cdes sexuais e cognitivas
(aprendizagem e memodria) (Seely e Singh, 2007; Habbu et al., 2012; Pawar e
Shivakumar, 2012). O estresse cronico tem efeitos negativos sobre as funcdes
cerebrais, provavelmente devido a geracdo de radicais livres (Zaidi e Banu, 2004;
Gunnar e Quevedo, 2007).



2. Estresse oxidativo e Sistema Nervoso

As espécies reativas de oxigénio (ROS) sdo moléculas e radicais livres
(espécies quimicas com um ou mais elétrons desemparelhados) que possuem um
oxigénio com alta capacidade para promover modificacbes oxidativas (Cui et al.,
2004). As ROS podem ser radicalares, como o radical hidroxil (OH") e radical
superéxido (O2") e ndo radicalares como o peréxido de hidrogénio (H.O,). Ha
também as espécies reativas de nitrogénio (RNS), como o 6xido nitrico (NO),
peroxinitrito (ONOQO") e o diéxido de nitrogénio (‘(NO,) (Echtay, 2007). As ROS e
RNS sao geradas no metabolismo aerdbico por processos enzimaticos e nao
enzimaticos. Os seres humanos estdo constantemente expostos a fontes
enddgenas e exdgenas gue desencadeiam a geracdo dessas espécies reativas
(Tabela 1) (Dasuri, Zhang e Keller, 2013).

Tabela 1: Fontes exdégenas e enddgenas de espécies reativas

Exdgenas Enddgenas
Radiagdo UV Macrofagos
Xenobidticos MitocOndria

Estresse NADPH oxidase
Agentes infecciosos Neutrofilos
Radiac&o ionizante  Oxido nitrico sintase

Farmacos Ciclooxigenases

Fonte: Adaptado de Dasuri, Zhang e Keller, 2013.

Nos organismos aerdbicos, a maioria das ROS é produzida na cadeia
respiratéria mitocondrial, onde o oxigénio molecular (O,) sofre reducao
tetravalente, com aceitacdo de quatro elétrons, resultando na formacéo de agua
(H20). No entanto, mesmo em condi¢bes fisiologicas o0 oxigénio nédo é
completamente reduzido e sdo formados intermediarios metabdlicos reativos e
com grande instabilidade, como os anions superéxido (O2") e hidroxil (OH’) e o
peroxido de hidrogénio (H20;) (Rains e Jain, 2011).

As ROS sao benéficas e podem desempenhar fungbes celulares

importantes na defesa contra agentes infecciosos, sinalizagdo celular como
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mensageiros secundarios e na inducdo da resposta mitogénica. No entanto, a
producdo excessiva de ROS pode provocar danos nas membranas biologicas
(peroxidacéo lipidica) e modificar moléculas essenciais, como o DNA, proteinas e
lipideos, causando alteracGes na integridade funcional e estrutural celular (Valko
et al., 2006; Valko et al., 2007; Rains e Jain, 2011).

O anion superoxido € formado pela reducdo do oxigénio molecular por um
anico elétron. O radical hidroperoxil é instavel em pH fisioldégico e se dissocia
produzindo o anion superoxido. O ion superéxido ndo atravessa as membranas
celulares, mas a dismutacdo do anion superéxido produz peréxido de hidrogénio,
que também pode ser produzido por enzimas. O peroxido de hidrogénio € uma
molécula menos reativa, mas ao contrario do superéxido pode atravessar as
membranas biolégicas. Tanto o peroxido de hidrogénio quanto o radical
superoxido pode sofrer novas transformacgfes na presenca de metais de transicdo
(principalmente ferro e cobre) para dar origem aos radicais hidroxil (Reagéao de
Haber-Weiss ou Fenton). O radical hidroxil é altamente reativo e lesivo para as
células (Tabela 2) (Cui et al., 2004).

Tabela 2: Formacao de ROS na cadeia de transporte de elétrons

Reac¢des de formacao de ROS

(i) O2 + e + H" — HO,, (radical hidroperoxil)

(i) HO, — H™ + O," (radical superdxido)

(i) Oy + 2H" + e — H,0, (peroxido de hidrogénio)

(iv) H,O, + e — OH" + OH (radical hidroxil)

(v) Oz + H,O, — OH + OH + O, (reacao de Haber-Weiss)
(vi) Fe*" + H,0, — OH + OH + Fe*" (reacéo de Fenton)
Fonte: Adaptado de Cui et al. (2004).

A peroxidacao lipidica € um dos principais danos produzidos pelas ROS e
induz alteracdes na integridade, fluidez, permeabilidade e causa perda funcional
das membranas bioldgicas. A lipoperoxidacdo consiste em reacdes em cadeia
entre as ROS com os acidos graxos poli-insaturados, presentes nas membranas
celulares e nas lipoproteinas, levando a formagéo de produtos citotoxicos, como o
malondialdeido (Niki, 2009).



O estresse oxidativo ocorre quando hd um desequilibrio entre a producao
de espécies reativas, a deplecdo das defesas antioxidantes ou ambos (Echtay,
2007; Halliwell, 2007). Para neutralizar os efeitos oxidantes e restaurar o equilibrio
redox, as células possuem mecanismos de defesas antioxidantes enzimaticos e
ndo enzimaticos (compostos enddgenos ou antioxidantes dietéticos). No sistema
de defesa antioxidante enzimatico, inclui-se a superéxido dismutase (SOD),
catalase (CAT) e glutationa peroxidase (GPx); enquanto que o acido ascorbico,
glutationa reduzida (GSH), compostos fendlicos, tocoferdis e o acido Urico, estédo
incluidos nas defesas ndo enzimaticas (Figura 1) (Echtay, 2007; Valko et al.,
2007; Roberts e Sindhu, 2009).

A superodxido dismutase catalisa a conversdo do anion superéxido em
oxigénio e peroxido de hidrogénio. O peroxido de hidrogénio é entdo removido
pela acdo da catalase ou glutationa peroxidase. Em humanos ha trés isoformas
dessa enzima: SOD 1 (CuzZn-SOD) citosolica, a SOD 2 (Mn-SOD) mitocondrial e a
SOD 3 extracelular (Dasuri, Zhang e Keller, 2013).

A catalase é uma hemeproteina, localizada principalmente nos
peroxissomos. Esta enzima tem a funcao de decompor o perdxido de hidrogénio
em agua e oxigénio, usando o ferro ou manganés como cofator (Valko et al.,
2006; Limon-Pacheco e Gonsebatt, 2009; Dasuri, Zhang e Keller, 2013).

Além da catalase, a glutationa peroxidase também catalisa a
decomposicdo do peroxido de hidrogénio e de perdxidos organicos em agua e
alcool, em uma reacdo de oxidacdo da glutationa reduzida (GSH) a glutationa
oxidada (GS-SG). A glutationa peroxidase pode eliminar perdoxidos que séo
utilizados na reacdo de Fenton. Ha dois tipos dessa enzima, uma que €
dependente de selénio e outra independente de selénio (glutationa-S-transferase,
GST). Essas enzimas estdo presentes tanto no citosol quanto na mitocondria
(Valko et al., 2006; Limon-Pacheco e Gonsebatt, 2009; Roberts e Sindhu, 2009;
Dasuri, Zhang e Keller, 2013).

Os antioxidantes ndo enzimaticos exercem a sua agdo na auséncia de
reacoes enzimaticas nos sistemas celulares. Estas moléculas neutralizam e/ou
removem as ROS, através da inibicdo das fontes oxidantes celulares ou pelo
aumento dos sistemas de defesa antioxidantes. Os antioxidantes ndo enzimaticos

sdo compostos enddgenos (glutationa, acido urico, acido lipbico, L-arginina e
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transferrina), produzidos por reacdes metabdlicas celulares ou exégenos, obtidos
de fontes naturais ou sintéticas, como a vitamina E, vitamina C, B-caroteno,
cisteina, compostos fendlicos (Uttara et al., 2009; Dasuri, Zhang e Keller, 2013) e
0S minerais selénio, cobre, zinco, ferro e manganés, que atuam como cofatores
para as enzimas antioxidantes (Limon-Pacheco e Gonsebatt, 2009)

A glutationa (GSH) € um tripeptideo (L-y —glutamil-I-cisteinil glicina), que
atua como importante substrato para a GPx e GST e participa como antioxidante
nas reacdes de detoxificagdo de peroxidos e de xenobidticos. A razéo
GSH:GSSG é utilizada como um indicador do estado redox celular. A GSSG é
reduzida a GSH, pela acdo da glutationa redutase (GR), utilizando NADPH como

aceptor de elétrons (Dringen e Hirrlinger, 2003; Dasuri, Zhang e Keller, 2013).



Ex. de moléculas organicas
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sistema de defesa antioxidante

Figura 1: Esquema representando as principais fontes de espécies reativas de oxigénio (ROS) e
os sistemas de defesa antioxidante enzimatico e ndo enzimético celular. As ROS séo geradas
principalmente pela cadeia transportadora de elétrons e sdo neutralizados pelos antioxidantes,
incluindo a enzimas SOD, CAT e GPx e pelo sistema da GSH. Abreviacdes: SOD (superéxido
dismutase), CAT (catalase), GPx (glutationa peroxidase), GSH (glutationa reduzida), GSSG

(glutationa oxidada), GR (glutationa redutase), GIc6PDH (glicose-6-fosfato desidrogenase).
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O cérebro é vulnerdvel aos danos causados pelo estresse oxidativo
principalmente devido: a) ao elevado consumo de oxigénio para a geracdo de
ATP; b) alto conteldo de &cidos graxos poli-insaturados, que sao susceptiveis
aos danos oxidativos; c¢) o liquido -cefalorraquidiano contém complexos
moleculares de cobre e ferro que catalisam a formacéo de radicais hidroxil; d) a
liberacdo dos neurotransmissores excitatorios (glutamato) e a oxidacdo da
dopamina induz a liberagcdo de ROS; e) o cérebro possui baixos niveis de
enzimas antioxidantes (catalase e GPx) e de antioxidantes ndo enzimaticos
(vitamina E); f) a interacdo do 6xido nitrico com o radical superoxido leva a
degeneracdo neuronal; g) os neurdnios sao células ndo replicaveis e danos
cerebrais provocados pelas ROS sao cumulativas ao longo do tempo (Cui et al.,
2004; Aoyama, Watabe e Nakaki, 2008).

Em resposta ao estresse fisico e/ou psicolégico h4d um aumento dos niveis
de glicocorticoides. E aumento prolongado dos niveis desses hormdnios no
cérebro provoca danos aos neurbnios, ao cortex e ao estriado (Mcintosh e

Sapolsky, 1996) e principalmente ao hipocampo, que possui uma elevada
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concentracdo de receptores de glicocorticéides (Mcintosh e Sapolsky, 1996; You
et al., 2009). Os glicocorticoides podem interferir tanto na producdo de ROS
quanto nos sistemas de defesa antioxidantes. Estudo realizado em culturas
celulares de hipocampo demonstrou que os glicocorticoides provocaram um
aumento de 10% nas ROS (Mcintosh e Sapolsky, 1996). Assim, 0 estresse pode
afetar a homeostase do SNC, perturbando pardmetros neuroquimicos e
endocrinos e consequentemente levar a um desequilibrio do estado antioxidante
(Oishi et al., 1999; Dal Santo et al., 2014).

3. Adaptdgenos e estresse

Devido as exigéncias fisicas e psicoldgicas do atual estilo de vida eas
desordens relacionadas com o estresse, ha necessidade de desenvolver agentes
para superar essas anormalidades. Os adaptdgenos estdo ganhando cada vez
mais importancia e estdo sendo investigados na terapéutica como agentes
antiestresse (Sheikh et al., 2007).

Historicamente a pesquisa com os adaptégenos teve inicio com a Segunda
Guerra Mundial, devido a necessidade de buscar substancias que pudessem
aumentar a resisténcia e o desempenho dos soldados, pilotos, marinheiros e de
civis envolvidos na producdo de armas e materiais bélicos (Panossian e Wagner,
2011). Os primeiros estudos cientificos sobre os efeitos estimulantes e tdnicos de
Schisandra chinensis (Schisandraceae) foram publicados em revistas militares
soviéticas. O interesse russo surgiu a partir de investigacfes etnofarmacologicas
da utilizacdo dessa espécie como um tonico, para reduzir a sede, fome, exaustao
e para melhorar a visdo noturna (Panossian e Wikman, 2008).

No inicio dos anos de 1960 houve uma intensa investigacdo da ex-Unido
Soviética sobre os adaptégenos. Foram mais de 1.000 estudos publicados até
1982 e a maioria destes trabalhos foi realizada com extratos ou substancias
isoladas de: Eleutherococcus senticosus (Araliaceae), Panax ginseng (Araliaceae)
e Rhodiola rosea (Crassulaceae). No entanto, esses estudos foram publicados em

lingua russa, o que dificultava o acesso. Na década de 80, houve um aumento



nameros de artigos publicados em lingua inglesa, o facilitou o acesso e
conhecimento sobre essa temética (Panossian e Wagner, 2011).

O objetivo da pesquisa com o estresse foi 0 desenvolvimento de farmacos
capazes de estimular os mecanismos adaptativos intrinsecos do organismo para
ajuda-lo a sobreviver em situacbes de estresse intenso ou prolongado e ao
mesmo tempo manter a capacidade de trabalho fisico e mental (Panossian e
Wikman, 2010). O termo adaptogeno foi inicialmente utilizado para descrever
substancias capazes de “aumentar a resisténcia ndo especifica” no estresse,
tornando o organismo capaz de responder melhor ao estresse e adaptar-se ao
agente agressor, promovendo um estado de adaptacdo a situagdo excepcional
(Brekhman e Dardymov, 1969; Wagner, Norr e Winterhoff, 1994; Panossian,
Wikman e Wagner, 1999).

O conceito de adaptdégenos pode ser mais bem entendido com base na
teoria da Sindrome de Adaptacdo Geral proposta por Hans Selye (Selye, 1938),
gue definiu o estresse como um estado de homeostase ameacada, provocado por
estimulos estressores de qualquer natureza, que levam a uma perturbacdo do
estado de equilibrio do organismo (Wagner, Norr e Winterhoff, 1994). A resposta
ao estresse pode ser dividida em trés fases: fase de alarme, fase de resisténcia e
fase de exaustéo (Selye, 1938; Wagner, Norr e Winterhoff, 1994).

A fase de alarme é uma resposta imediata do organismo ao estresse,
caracterizada pelo estimulo da atividade simpatica e do eixo HPA, o que provoca
aumento dos niveis de adrenalina, noradrenalina e cortisol (Wagner, Norr e
Winterhoff, 1994; Mendes, 2011b).

Na fase de resisténcia o organismo desenvolve uma certa habituacdo ou
adaptacdo ao estresse e consegue reponder ao estressor sem grandes prejuizos
para o seu funcionamento. O organismo mobiliza as reservas energéticas de
forma a responder adequadamente ao agente estressor (Wagner, Norr e
Winterhoff, 1994; Mendes, 2011b).

Dependendo da duracéo e/ou a intensidade do estresse, o organismo nao
consegue responder de forma adequada e entra em um estado de saturacédo. Na
fase de exaustdo o organismo fica sujeito aos danos, como descontrole hormonal,
baixa imunidade, dentre outros. H4 uma deplecdo das reservas energéticas e a

perda dos mecanismos de autocontrole do eixo HPA (Wagner, Norr e Winterhoff,
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1994; Mendes, 2011b). O organismo possui uma capacidade limitada para lidar
com o estresse e essa capacidade pode diminuir com a exposigdo continua a tal
agressao, resultando em disturbios na saude (Carlini, 2003).

Neste sentido adaptdégenos aumentam a capacidade de resisténcia ao
estresse devido a diminuicdo das rea¢cfes negativas na fase de alarme e por
retardar ou impedir o estabelecimento da fase de exaustdao (Wagner, Norr e
Winterhoff, 1994).

Originalmente foi definido que uma planta medicinal deveria possuir trés
requisitos para ser considerado um adaptégeno (Brekhman e Dardymov, 1969):

e possuir acdo inespecifica, ou seja, aumentar a resisténcia do organismo a
agentes nocivos de natureza biologica (infeccBes virais e bacterianas), fisica
(variacdes de pressao, calor e frio) e quimica (venenos e agentes toxicos);

e ser indcua e causar perturbacdes minimas nas funcbes fisiolégicas do
organismo. Isto significa que em um individuo saudavel e ndo submetido ao
estresse, 0 adaptdgeno ndo pode produzir efeito;

e ter uma acao normalizadora, independentemente da direcdo da mudanca do
estado patologico anterior. Por exemplo, aumentar resisténcia tanto ao calor
quanto ao frio, com o objetivo de equilibrar o organismo nas situacdes
adversas.

Embora estes critérios sejam ainda mencionados eles sdo questionados
uma vez que foram baseados em conhecimentos empiricos sobre plantas
medicinais usadas tradicionalmente. Além disso, os adaptégenos também podem
promover altera¢cdes bioguimicas em individuos saudaveis. Outra questdo esta
relacionada ao critério de inocuidade e seguranca que dependerd da dose a ser
utilizada. Portanto, estes conceitos sdo considerados imprecisos tornando dificil
definir se as plantas utilizadas como adaptogénicas cumprem a todos estes
critérios (Panossian e Wikman, 2009; Mendes, 2011a).

Os adaptdégenos ndo sao utilizados somente para combater o estresse e 0s
seus danos. Eles tém sido usados de forma crénica na manutencédo da saude,
para melhorar a resisténcia fisica ou atenuar os danos decorrentes do
envelhecimento, como perda de memoria, atencdo, cansaco, fraqueza,
impoténcia sexual, dentre outros. Os adaptégenos também podem ser usados por

individuos saudaveis, ndo s6 de forma profildtica e ndo curativa, mas para
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melhorar o desempenho cognitivo e fisico (Mendes e Carlini, 2007; Mendes,
2011a; Mendes, 2011b).

As plantas adaptogénicas possuem compostos bioativos que possuem a
capacidade de proteger os organismos dos danos causados pelo estresse
oxidativo, produtos quimicos toxicos, infec¢do, neoplasias, calor, frio, radiagéo,
hipoxia, esforco fisico e estresse psicoldgico (Gerbarg e Brown, 2013). Esse
conhecimento sobre os beneficios dos adaptégenos tém incentivado varios
pesquisadores a avaliar o potencial de plantas medicinais com essa propriedade
como Bacopa monniera (Rai, Bhatia, Palit, et al., 2003), Heteropterys tomentosa
(Paula-Freire et al., 2013), Ocimum sanctum (Sood et al., 2006), Valeriana
wallichii (Sharma et al., 2012), Gingko biloba e Panax ginseng (Rai, Bhatia, Sen,
et al., 2003).

No Brasil embora o termo adaptégeno nao seja muito utilizado
popularmente, h4 um grande numero de termos e expressbes que sdo
empregados para 0s mesmos propositos descritos aos adaptdégenos tais como:
fortificantes, tbnicos, afrodisiaco, estimulante sexual, rejuvenescedor, fragqueza
geral, falta de atencéo, desanimo, falta de memoéria, esgotamento fisico e mental,
estresse, indisposicéo, estimulante da atividade cerebral, dentre outros (Mendes e
Carlini, 2007; Mendes, 2011a).

Foi realizada no Brasil uma pesquisa com o objetivo de encontrar plantas
nativas que sado utilizadas popularmente para fins semelhantes aos de um
adaptégeno. As espécies mais citadas foram: Anemopaegma arvense, Hymenaea
courbaril, Ptychopetalum olacoides, Paullinia cupanae Chenopodium
ambrosioides. Dentre todas as espécies mencionadas, apenas quatro foram
previamente estudadas em relagdo a essa propriedade adaptogena: H.
aphrodisiaca, P. cupana, P. olacoides e T. diffusa. Com base nesse estudo, pode-
se observar que apesar do Brasil possuir plantas com potencial efeito
adaptogénico, poucas espécies sdo submetidas a estudos para validar essa
indicacao (Mendes e Carlini, 2007).

Ha uma grande variedade de modelos estressores que sdo empregados
para avaliar os agentes adaptogenos. Os disturbios resultantes da exposicdo ao
estresse podem variar devido ao tipo, intensidade e duragcdo do agente estressor,

sexo e do tempo de avaliacdo de algum parametro especifico. Dentre os varios
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protocolos de estresse, o de imobilizagdo tem sido amplamente aceito e usado,
pois produz tanto estresse fisico quanto psicolégico (Pacak e Palkovits, 2001;
Kioukia-Fougia et al., 2002).

3.1. Principios ativos das plantas adaptogénicas

As plantas adaptégenas possuem diferentes compostos quimicos, portanto
essa propriedade terapéutica ndo pode ser atribuida a uma Unica classe de
substancias. De uma forma em geral, os principios ativos interagem
sinergicamente para produzir o efeito benéfico das plantas adaptogénicas, assim
como o0s ginsendsidos presentes em P. ginseng, o0s eleuterosideos do
Eleutherococcus senticosus e os ginkgolideos e bilobalideos do Ginkgo biloba
(Mendes, 2011b; Pawar e Shivakumar, 2012).

Os efeitos regulatérios das plantas adaptogénicas podem ser devido a
semelhanca estrutural dos compostos presentes nessas espécies com as
moléculas enddégenas e hormonios do organismo e séo divididos em trés grupos
quimicos principais: compostos fendlicos, triterpenos e oxilipinas (Panossian,
2003; Pawar e Shivakumar, 2012).

Os compostos fendlicos, tais como os fenilpropanoides e derivados de
feniletano (salidrosideo, rosavina, siringina, triandrina, tirosol) e lignanas
(eleuterosideos), sdo estruturalmente semelhantes as catecolaminas, que sdo
mediadores da ativacdo do sistema nervoso simpatico. Esses compostos estdo
presentes em Eleutherococcus senticosus, Rhodiola rosea e Schisandra
chinensis. Os constituintes triterpénicos e algumas saponinas como diglicosideos
da cucurbitacina R, ginsenosideos, possuem estrutura similar aos
corticosteroides, que sdo hormdnios que modulam a respostado organismo ao
estresse. Esse grupo de substancias adaptogénicas estdo contidas em extratos
de Bryonia alba e Withania somnifera e Panax ginseng (Panossian, 2003;
Panossian e Wagner, 2011; Pawar e Shivakumar, 2012). As oxilipinas, que sao
acidos graxos poli-insaturados estruturalmente semelhantes aos leucotrienos e

lipoxinas. Esse terceiro grupo de compostos adaptogénicos foram encontrados
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em Bryonia alba e Glycyrrhiza glabra (Panossian, 2003; Pawar e Shivakumar,
2012).

3.2. Mecanismo de acéo das plantas adaptogénicas

O mecanismo de acdo dos adaptdogenos estd associado com a
manutencdo da homeostase através de adaptacdes bioquimicas celulares e no
organismo como um todo. Eles agem principalmente através da modulacdo dos
sistemas neuroendoécrino e imunologico, manutencdo da homeostase e do
metabolismo energético e pela regulacédo do eixo HPA e dos mediadores-chave
da resposta ao estresse, tais como: as catecolaminas, o neuropeptideo Y (NPY),
o Oxido nitrico, o cortisol e o receptores de glicocorticoides, 0s receptores
acoplados a proteina G, que funcionam por meio de segundos mensageiros
(AMPc, fosfolipase C e fosfatidilinositol), proteinas de choque térmico 70 (Hsp70,
Hsp 16), c-Jun N-terminal quinase (JNK1), fator de transcricdo FOXO (DAF-16),
beta-endorfinas e pela biossintese de ATP (Panossian e Wagner, 2011,
Panossian, 2013).

4. Hymenaea stigonocarpa Mart. ex Hayne: potencial adaptogénico

O Brasil € um dos paises megadiversos e possui mais de 40.000 espécies
de plantas diferentes, o que representa 20% da flora mundial (Oliveira et al.,
2012). O Cerrado é o segundo maior bioma da América do Sul e ocupa cerca de
20 a 25% do territério nacional (Dias, Luzia e Jorge, 2013). Devido a sua
localizagdo geografica e extensao territorial, possui uma grande diversidade de
frutos nativos, que tém potencial econdémico para geracdo de renda,
desenvolvimento sustentavel, usos medicinais e utilizacdo na dieta humana
(Cardoso et al., 2013).

O clima quente, semi-umido, com verdes chuvosos e invernos secos, solo

pobre em nutrientes e as queimadas periodicas sdo provavelmente os fatores
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responsaveis pela grande biodiversidade desse bioma. As plantas adaptadas a
esse clima adverso e nessas condi¢es climéaticas desenvolvem mecanismos de
defesas, principalmente sobre a forma compostos bioativos (Siqueira et al., 2013).

As substancias bioativas presentes nas plantas medicinais tornaram-se
importantes como fontes de compostos terapéuticos para auxiliar na prevencgao
e/ou tratamento de doencas. No entanto, sdo necessarios estudos para validacao
e comprovacao da eficacia e seguranca, bem como estudos agronémicos, sobre a
sua ecologia e conservacéo (Oliveira et al., 2012).

Em relacdo as espécies nativas do Brasil podemos destacar o género
Hymenaea. L., pertencente a familia Fabaceae e subfamilia Caesalpinoideae
(Faria, Sano e Agostini-Costa, 2006). As espécies desse género sdo encontradas
na Amazbnia, Caatinga, Cerrado, Mata Atlantica e Pantanal e engloba 12
espécies de ocorréncia no Brasil: Hymenaea aurea Y.T.Lee & Langenh.,
Hymenaea courbaril L., Hymenaea eriogyne Benth., Hymenaea intermedia Ducke,
Hymenaea maranhensis Lee & Lang., Hymenaea martiana Hayne, Hymenaea
oblongifolia Huber, Hymenaea parvifolia Huber, Hymenaea reticulata Ducke,
Hymenaea rubriflora Ducke, Hymenaea stigonocarpa Mart. ex Hayne, Hymenaea
velutina Ducke (Lima e Pinto, 2014).

Dentre essas espécies uma que se destaca € Hymenaea stigonocarpa
Mart. ex Hayne (Figura 2). O jatobazeiro € uma espécie arbérea conhecida
popularmente por jatobd, jatoba-do-cerrado e jatai (Faria, Sano e Agostini-Costa,
2006). A sua floracdo ocorre de outubro a abril e alcanca o 4pice entre dezembro
e margo. A frutificacdo ocorre nos meses de abril e julho, sendo que os frutos
maduros podem ser encontrados a partir de julho (Faria, Sano e Agostini-Costa,
2006). Os frutos de H. stigonocarpa sdo em forma de vagens arredondadas e
escuras e possuem sementes envolvidas por uma polpa farinacea amarelo-palida,
adocicada, comestivel, de sabor e aroma caracteristicos (Silva et al., 2001;
Cardoso et al., 2013).
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Figura 2: Espécie de H. stigonocarpa Mart. ex Hayne

Estudos etnofarmacolégicos demonstram que diferentes partes de H.
stigonocarpa séao usadas para o tratamento de dores pulmonares, inflamacfes na
bexiga (cistite aguda), hemorragias (Nunes et al., 2003), depurativo, anti-
inflamatorio, estimulante do apetite e fortificante rico em ferro (De Souza e Felfili,
2006). A casca do caule e ramos € usada no tratamento de bronquite, tosses,
coqueluche, adstringente, afec¢bes da bexiga e préstata (Rodrigues e Carvalho,
2001), a casca do caule também é usada em inflamacfes dentarias (Borba e
Macedo, 2006), dores de estdbmago, do peito e das costas, em fraturas (Neto,
2006), bronquite, cancer de prostata, dores, gripe e tosse (Bieski et al., 2012). O
fruto é usado como vermifugo (Rodrigues e Carvalho, 2001) e laxativo (Brandao,
1991). A resina da casca do caule é utilizada no tratamento de sinusite (Neto,
2006), como afrodisiaca, tdnica e para o tratamento de cistite (Brandao, 1991). O
vinho preparado da seiva é usado como fortificante (Neto, 2006). As cascas e
frutos também séo utilizados para o tratamento de Ulceras, diarreia, vermifugo,
expectorante, asma, gripe, tosse, anemia, estomaquico, adstringente e como
tbnico para o cérebro (Grandi et al., 1989).

Trabalhos fitoquimicos realizados com espécies do género H. stigonocarpa
indicam a presenca de esteroides, terpenos e flavonoides (7-metoxi-catequina,
hultenina, taxifolina e quercetina) no cerne da madeira dessa arvore (Oliveira et
al., 2010; Santana et al., 2010; Maranhéo et al., 2013). As folhas apresentam
sesquiterpenos (Langenheim et al., 1986). O perfil fitoquimico da casca do caule e
da polpa indicou a presenca de compostos fendlicos (flavonoides, taninos
condensados e terpenos), enguanto que na casca também foram encontradas

saponinas (Orsi, Bonamin, Severi, et al., 2012) e cumarinas (Dimech et al., 2013).
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As sementes apresentam em sua composicao lipideos, principalmente os &cidos
graxos insaturados (linoleico, linolénico e oleico) e acidos graxos saturados
(palmitico, esteérico, eicosanoico) (Matuda e Netto, 2005).

Estudos toxicolégicos demonstraram que a administracdo do extrato
metandlico da casca do caule de H. stigonocarpa (5000 mg/Kg) em camundongos
(machos e fémeas) ndo causou alteracbes no peso corporal e no peso dos 6rgaos
analisados e ndo houve mortes de animais. A analise de toxicidade realizada em
modelo de cicatrizacdo (14 dias) em ratos nao revelou nenhum efeito toxico do
extrato metandlico da casca do caule de H. stigonocarpa e da dieta com polpa
desse fruto. Nao foram observadas mudangas no comportamento, peso corporal e
peso dos 6rgdos. As andlises bioguimicas de AST (aspartato aminotrasferase),
ALT (alanina amino transferase), y-GT (y-glutariltrasferase), creatinina, glicose e
ureia ndo apresentaram nenhuma alteracao (Orsi, Bonamin, Severi, et al., 2012).

Estudos realizados com o objetivo de investigar e comprovar em modelos
experimentais a agdo H. stigonocarpa no tratamento de inflamacdes e doencas do
trato gastrointestinal, demonstraram que a dieta com a polpa do fruto e o extrato
metandlico apresentaram atividade anti-inflamatéria intestinal e acéo cicatrizante
de Ulceras gastricas. Essas a¢des farmacoldgicas podem estar associadas a acao
antioxidante, devido a presenca de compostos fendlicos na casca e polpa do fruto
de H. stigonocarpa (Orsi, Bonamin, Aparecida Severi, et al., 2012; Orsi, Seito e Di
Stasi, 2014).

O conhecimento sobre o potencial nutricional dos frutos do Cerrado € um
elemento importante para a realizacdo de pesquisas sobre os beneficios de sua
ingestdo na saude humana (Marin, Siqueira e Arruda, 2009; Cardoso et al., 2013).
Trabalhos anteriores j& vém demonstrando o uso da farinha de H. stigonocarpa na
preparacao de biscoitos do tipo“cookies” e“snacks”(Chang et al., 1998; Silva, Da
Silva e Chang, 1998; Silva, Borges e Martins, 2001; Silva et al., 2001). A polpa
apresenta um teor de umidade reduzido, elevado conteudo de fibras alimentares,
carboidratos, proteinas, cinzas e valor energético, sendo fonte de vitamina C,
folatos(Cardoso et al., 2013), minerais (principalmente de cobre e magnésio),
além de possuir um alto teor de compostos fendlicos (Marin, Siqueira e Arruda,

2009). Por isso tem um grande potencial para ser incorporada na dieta e para ser
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usada como ingrediente em produtos alimenticios, como mingaus, paes, bolos e
biscoitos em geral (Cardoso et al., 2013).

Estudo realizado por Sales (2011) demonstrou uma potencial atividade
hipoglicemiante e hipolipemiante da farinha de H. stigonocarpa em modelo
experimental de diabetes. Outro estudo recente também avaliou o efeito da
resposta glicémica de paes com a adicdo da farinha de H. stigonocarpa em 11
individuos e foi observado que a polpa desse fruto proporcionou a obtencdo de
produtos com alto conteudo de fibras alimentares e promoveu a reducao do indice
glicémico (Silva, 2013). No entanto, o consumo da polpa do fruto por individuos
obesos e diabéticos deve ser avaliado, devido ao elevado seu elevado conteudo
de sacarose (25%) (Jayaprakasam et al., 2007).

As cascas do caule de H. stigonocarpa demonstraram atividade
antimicrobiana contra bactérias gram-positivas e pode ser uma terapia
complementar no tratamento de doencas infecciosas causadas por
microrganismos resistentes a multiplos farmacos (Dimech et al., 2013).

Apesar de suas indicacBes etnofarmacoldgicas e de sua utilizacdo como
um possivel adaptégeno, ndo ha estudos que busquem validar tal indicacdo. O
estudo apresentado no Capitulo 2 desta dissertacdo avaliou o potencial efeito
antiestresse e neuroprotetor do extrato aquoso da polpa de Hymenaea

stigonocarpa Mart. ex Hayne
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Abstract

Ethnopharmacological relevance: Hymenaea stigonocarpa Mart. ex Hayne
(Fabaceae) —known as “jatoba-do-cerrado” in Portuguese — is a species native to

the Brazilian savannah. The plant is popularly used as fortifier, aphrodisiac and
brain stimulant.

Aim of the study: To evaluate the anti-stress and neuroprotective effects of
agueous extract obtained from the pulp of the fruit H. stigonocarpa in rats
subjected to chronic stress.

Materials and Methods: Wistar rats were treated by gavage with H. stigonocarpa
(500mg/kg) for 14 days and subjected to chronic stress by restriction and cold for
seven days. Blood was collected for biochemical analysis and total antioxidant
capacity by FRAP analysis; corticosterone levels were measured by
radioimmunoassay. Adrenals, spleen and thymus were weighed. Cerebellum,
cerebral cortex, striatum and hippocampus were used for evaluating changes in
the antioxidant defense system of superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), glutathione reductase (GR) and glucose-6-
phosphate dehydrogenase (G6PD), considering levels of reduced glutathione
(GSH) and lipid peroxidation (TBARS).

Results: In comparison with stress group, the group treated with H. stigonocarpa
showed normalized biochemical parameters of triglycerides and y-GT, unchanged
thymus and spleen weights as well as reduced corticosterone levels (p<0.05). As
to the antioxidant defense system, the extract increased serum total antioxidant
capacity (p<0.01) and uric acid levels. Although no change was observed in
enzymes SOD, CAT and GR activities in treated animals, extract of H.
stigonocarpa led to an increased GPx activity, prevented GSH depletion,
attenuated G6PD and diminished lipid peroxidation in different brain regions.

Conclusions: Treatment with aqueous extract of the fruit pulp of H. stigonocarpa
improved redox state in different brain regions, caused no toxicity in animals,
increased total antioxidant capacity and decreased corticosterone levels, showing
an anti-stress and neuroprotective effect in response to changes caused by
chronic stress.

Keywords: Hymenaea stigonocarpa, adaptogens, stress, antioxidant activity,
oxidative stress, neuroprotection
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1.Introduction

Chronic stress has negative effects on brain functions, can cause
neurotoxicity and neurogenesis inhibition and can also damage neuronal plasticity,
probably by increasing reactive oxygen and nitrogen species (Gunnar and
Quevedo, 2007; Zaidi and Banu, 2004). The prolonged increase in glucocorticoids
causes damage to neurons, lipid peroxidation in hippocampus and in frontal cortex
in rats, impairing cognitive functions, decreasing antioxidant defenses and causing
redox imbalance in this tissue (Abidin et al., 2004; Manoli et al., 2000; Mclintosh
and Sapolsky, 1996; You et al., 2009).

In order to neutralize such oxidant effects and restore redox balance, cells
have antioxidant enzymatic and nonenzymatic defense mechanisms (endogenous
compounds or diet antioxidants). The enzymatic antioxidant defense system
includes superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase
(GPx); while the nonenzymatic defense system includes ascorbic acid, reduced
glutathione (GSH), phenolic compounds, tocopherols and uric acid (Echtay, 2007;
Roberts and Sindhu, 2009). The action mechanisms of such enzymes and of
nonenzymaticcompounds on the brain are well-documented (Cui et al., 2004,
Dasuri et al., 2013; Gilgun-Sherki et al., 2001).

Adaptogenic plants have bioactive compounds capable of protecting the
organism against oxidative damage and promoting adaptations in stressful
situations (Asea et al., 2013; Panossian et al.,, 1999; Panossian, 2003). H.
stigonocarpa Mart. ex Hayne (Fabaceae) — "jatoba-do-cerrado” in Portuguese — a
species native to the Cerrado, the Brazilian savannah, is known for its potential
adaptogenic action. Ethnopharmacological studies have demonstrated that its
stem bark and fruit are commonly used for treating ulcer, diarrhea and for fortifying
the brain (Grandi et al., 1989). This species has steroids, terpenes and flavonoids
in the heartwood (Maranh&o et al., 2013; Oliveira et al., 2010; Santana et al.,
2010), sesquiterpenes in the leaves(Langenheim et al., 1986) and phenolic
compounds in the stem bark and fruit pulp (Orsi et al., 2012).

Despite its recommendation and use as a potential adaptogen, there are no
studies about its action on the enzymatic or nonenzymatic antioxidant defense

systems on brain of rats subjected to stress. Thus, the aim of this study was to
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evaluate the anti-stress and neuroprotective effect of aqueous extract of H.

stigonocarpa pulp in rats subjected to chronic stress by restriction and cold.

2. Materials and methods

2.1 Botanical material

H. stigonocarpa fruits were collected from Cerrado Biome in the rural area
of Uberlandia, in Brazil's southeastern state of Minas Gerais, between September
and October, 2011 (Coordinates: UTM 22K, East 783392, North 783392).
Botanical material was authenticated by agronomer MSc. André Furtado Carvalho
and deposited at the Herbarium Uberlandense (HUFU 43687). The plant name
was checked at www.theplantlist.org at October 01, 2015.

2.2 Aqueous extract preparation

Fruits were opened, pulp was collected and seeds rejected. Aqueous
extract was obtained by maceration (1:10 w/v) in three successive one-hour
extractions. After each extraction, extract was centrifuged at 4400 x g for 10 min at

4 °C; supernatant was collected and further freeze-dried.

2.3 In vitro determination of antioxidant activity by DPPH" method

Antioxidant activity of aqueous extract of H. stigonocarpa fruit pulps was
analyzed in vitro by sequestering DPPH’ free radical (Prado et al., 2014). During
assay, 250 uL water or extract dissolved in water was added to 1 mL DPPH’
methanolic solution (0.06 mM) in order to obtain extract final concentrations of 0.1-
1000 pg/mL. After 30 min of incubation under low luminosity conditions, samples
absorbance was determined at 510 nm. Assays were performed in duplicate by
using methanol as blankand ascorbic acid as positive control. Extract
concentration capable of decreasing samples absorbance at 50% (ICsp) was
calculated by nonlinear regression analysis (hyperbolic equation) using GraphPad

Prism software.
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2.4 Animals

Male Wistar rats (207-250 g) were kept under standard conditions (22+1°C,
humidity 60+5%, 12-light/12-dark cycle) with free access to food and water. All
experiments with animals were performed under the recommendations of the
Brazilian Laboratory Animal Science Association and the Ethics Committee on
Animal Use of Universidade Federal de Uberlandia, Brazil (CEUA/UFU 132/11).

2.4.1 Groups and treatments

Animals were divided into three groups (n=9-10 rats/group): No Stress (NS),
Stress (S) and Stress treated with H. stigonocarpa aqueous extract (500mg/kg,
body weight orally) (S+HS). Animals were treated for 14 days and groups NS and
S received water by gavage. Animals were weighed at the beginning and end of

experiment.

2.4.2 Chronic stress induced by restriction and cold

Animals were subjected to stress induced by restriction and cold after day 7
of treatment (Paula-Freire et al., 2013). Animals received supplementation 45 min
after restriction in acrylic restrainers (45 mm x 52 mm x 205 mm) for 2 h in the
morning (9:00-10:00 h) and kept in cold room at 10 °C for 2 h in late afternoon
(4:00-6:00 h). On day 14, animals were simultaneously subjected to the two
restrainers for 2 h and euthanized immediately after stress sessions. Group NS

was kept without any contact with stress-inducing agents (Figure 1).

2.5 Serum biochemical parameters

At the end of experiment, blood was collected (n=7-8 rats/group) and
samples were individually centrifuged at 1500 x g at 4°C for 10 min in order to
obtain serum wused for biochemical doses of triglycerides, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), y—glutaryltransferase

(y-GT), uric acid and urea. All these parameters were measured at the Laboratory
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of Clinical Analyses, School of Veterinary Medicine, Universidade Federal de
Uberlandia, with an automatic analyzer (Cobas Mira; Roche Diagnostic Systems,
Basel, Switzerland), by using commercial kits (Labtest Diagnostica; Lagoa Santa,
Brazil). Corticosterone doses were performed by radioimmunoassay (n=7-8
rats/group) (Reis et al., 2012). Glucose levels were measured before and after last
session of stress by tail vein puncture, using reactive strips (n=9-10 rats/group)

(Accu-Chek Performa; Roche Diagnostic Systems, Basel, Switzerland).

2.6 Total antioxidant capacity by ferric reducing antioxidant power (FRAP) analysis

Total antioxidant capacity was evaluated by reducing Fe** to Fe*?, which
was then chelated by TPTZ (2,4,6-Tris(2-pyridyl)-s-triazine) in order to form the
deep-blue colored Fe*-TPTZ (Benzie and Strain, 1999). 10 pL serum (n=7-8
rats/group) was added to the reaction medium containing 300 mM sodium acetate
buffer (pH 3.6), 10 mM TPTZ in 40 mM HCI and 20 mM ferric chloride (10:1:1;
respectively). Samples were incubated for 6 min at 37 °C and absorbance was at
593 nm. Antioxidant capacity was calculated by using trolox standard calibration

curve. Results were expressed in umol/L.

2.7 Tissue preparation

Cerebellum and brain (n=3-4 rats/group) were rapidly removed, cerebral
cortex, striatum and hippocampus were separated and individually homogenized
in 20 mM sodium phosphate buffer, containing 140 mM KCI, pH 7.4 (1:10 w/v).
Homogenates were centrifuged at 800 x g for 10 min at 4 °C. Sediment was
discarded and supernatant was collected for dosing oxidative stress parameters.

Adrenals, spleen and thymus were dissected and weighed.

2.8 Thiobarbituric acid reactive substances (TBARS)

For determining thiobarbituric acid reactive substances (TBARS), 100uL
sample, 200 uL 10% trichloroacetic acid and 300uL 0.67% thiobarbituric acid

(TBA) in 7.1% sodium sulfate were mixed in microtubes (Yagi, 1998). Solutions
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were incubated for 2 h in a boiling water bath (95 °C). Further, samples were
cooled in ice bath for 5 min. The resulting pink-colored complex was extracted
using 400 uL butanol. The organic-phase fluorescence was evaluated at 515 nm
(excitation) and at 553 nm (emission). A calibration curve was performed using
1,1,3,3-tetramethoxypropaneand subjected to the same treatment of samples.
TBA-RS levels were calculated as nmol TBARS/mg of protein. Results were

expressed as percentage of NS group.

2.9 Superoxide dismutase (SOD) activity

SOD activity is based on the autoxidation capacity of pyrogallol, a process
highly dependent on the superoxide radical (Fernandes et al., 2011). The inhibition
of pyrogallol autoxidation occurs in the presence of SOD, the activity of which can
be directly analyzed by using a spectrophotometer at 420 nm, in solution
containing 50 mM Tris buffer with 1ImM EDTA (pH 8.2), 80 U/mL catalase, 0.38
mM pyrogallol and 15 ul sample. A calibration curve was performed using purified
SOD as standard. The inhibition of 50% autoxidation of pyrogallol is defined as a
SOD unit. Results were calculated in U/mg of protein and expressed as

percentage of NS group.

2.10 Catalase (CAT) activity

Catalase activity was determined based on the decreased absorbance of
hydrogen peroxide (H,O;) at 240 nm, in a reaction medium containing 20 mM
H20,, 0.1% Triton X-100, 10 mM potassium phosphate buffer (pH 7.0) and 10 pL
sample (Aebi, 1984). A CAT unit defined as 1 umol H,O, consumed per minute
and the specific activity was calculated in U/mg of protein. Results were expressed

as percentage of NS group.

2.11 Glutathione peroxidase (GPx) activity

GPx activity was evaluated using tert-butyl-hydroperoxide as substrate

(Wendel, 1981). NADPH consumption was monitored at 340 nm in solution
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containing 100 mM potassium phosphate buffer and 1mM EDTA
(ethylenediaminetetraacetic acid) (pH 7.7), 2 mM GSH, 0.1 U/mL glutathione
reductase, 0.4 mM azide, 0.5 mM tert-butyl hydroperoxide, 1 mM NADPH and 25
uL sample. A GPx unit is defined as 1 umol NADPH consumed per minute and the
specific activity is represented by U/mg of protein. Results were expressed as

percentage of NS group.

2.12 Reduced glutathione (GSH) concentrations

For quantifying GSH levels, 150 uL sample was added to 150 pL
metaphosphoric acid and then centrifuged at 7000 x g for 10 min at 4°C (Browne
and Armstrong, 1998). After the removal of 30 uL supernatant, 185 uL sodium
phosphate buffer (100 mM, pH 8.0), containing 5 mM EDTA and 15 uL o-
phthaldialdehyde (1 mg/mL in methanol) were added. The mixture was incubated
in dark at room temperature for 15 min and fluorescence was at 350 nm
(excitation) and at 420 nm (emission). GSH concentrations were calculated using
standard curve of GSH (0.001-0.1 mM) as nmol/mg of protein. Results were

expressed as percentage of NS group.

2.13 Glutathione reductase (GR) activity

GR activity was evaluated using oxidized glutathione (GSSG) and NADPH
as substrates (Carlberg and Mannervik, 1985). Activity of that enzyme was
determined based on the consumption of NADPH at 340 nm in a medium
containing sodium phosphate buffer (200 mM, pH 7.5), 6.3 mM EDTA, 1 mM
GSSG, 1 mM NADPH and 30 uL sample. A GR unit is defined as 1 umol reduced
GSSG per minute. The specific activity was calculated as U/mg of protein. Results

were expressed as percentage of NS group.
2.14 Glucose-6-phosphate dehydrogenase (G6PD) activity
G6PD activity was determined in a medium containing 100 mM Tris-HCI

(pH 7.5), 10 mM MgCl,, 0.5 mM NADP*, 1 mM glucose-6-phosphate and 15 pL
38



sample (Leong and Clark, 1984). Reading was performed in a spectrophotometer
at 340 nm. A unit of G6PD corresponds to 1 mmol substrate converted into one
minute and activity was calculated as U/mg of protein. Results were expressed as

percentage of NS group.

2.15 Protein dosage

Determination of total protein concentration was performed by Bradford
method (Bradford, 1976), using the protein of bovine serum albumin (BSA) as
standard.

2.16 Statistical analyses

Results were shown as means+SEM, using GraphPad Prism version 5.0
software. Results were compared by Student's t-test or by analysis of variance
(ANOVA), as appropriate. In order to verify differences among groups, Tukey's test

was used. Differences were considered significant when p<0.05.

3. Results

3.1 Effect of H. stigonocarpa aqueous extract on chronic stress induced by
restriction and cold.

Stress induced by restricion and cold promoted an increase in
corticosterone serum levels in S group animals (244.2+32.93 ng/mL, p<0.05)
compared to NS group (153.8+17.77 ng/mL). The treatment with H. stigonocarpa
extract prevented the increase of corticosterone levels (154.60+19.01 ng/mL,
p<0.05) and the dosage of the hormone remained on levels similar to those of NS

group (Figure 2).

3.2 Evaluation of weight gain and serum biochemical parameters
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Animals subjected to chronic stress showed lower weight gain (p<0.05) and
lower triglycerides levels (p<0.05) compared with those of NS group. The group
treated with H. stigonocarpa extract did not show alteration in accumulated weight
and the triglycerides levels was similar to those of NS group. Serum dosages of
AST, ALT and urea remained unchanged in all groups. There was a reduction in
v—GT (p<0.01) in H. stigonocarpa group compared with S group and uric acid
levels showed an increase in extract-treated animals (p<0.05) (Table 2). Similarly,
there was an increase in serum total antioxidant capacity of such animals
(54.15+3.70 umol/L) compared with that of NS group (40.89+2.56 umol/L, p<0.05)
and that of S group (39.14+0.99 umol/L, p<0.01). Besides, H. stigonocarpa
aqueous extract showed in vitro antioxidant activity by DPPH" method with ICsq of
190.2+8.08 pg/mL.

There was an increase in blood glucose levels in S group animals after
inducing stress by restriction and cold (36%, p<0.001). Treatment with H.
stigonocarpa attenuated the glycemia increase (17%, p<0.01) (Figure 3).

3.3 Oxidative stress analyses

Figure 4 shows evaluative parameters of oxidative stress in cerebellum,
cerebral cortex, striatum and hippocampus. Restriction and cold stress-inducing
promoted an increase of lipid peroxidation in cerebral cortex (44%, p<0.05),
cerebellum (29%, p<0.05) and hippocampus (41%, p <0.001). Treatment with H.
stigonocarpa significantly decreased that parameter to values similar to those of
NS group (Figure 4 A). No change was observed in striatum among groups.

Enzymes SOD and CAT remained unaltered among groups (Figure 4 B-C).
On the other hand, stress caused a decrease in glutathione peroxidase (GPx)
activity in cerebral cortex (38%, p<0.01) and in striatum (25%, p<0.01) and no
change was observed in hippocampus and cerebellum (Figure 4 D).

Besides, significant depletion of GSH in hippocampus (35%, p<0.001) and
in cerebellum (19%, p<0.01) was observed. That depletion in cerebral cortex

(13%) and in striatum (6%) was not significant (Figure 4 E).
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The use of H. stigonocarpa caused an increase of GPx activity in cerebral
cortex (p<0.05) and prevented the depletion of GSH in hippocampus (p<0.05) and
in cerebellum (p<0.05). GR activity showed no difference among groups (Figure 4
F) and G6PD activity remained unaltered in cerebellum, cerebral cortex and
hippocampus, but showed a decrease in striatum (23%, p<0.05) in S group,
revealing that the supplementation kept levels of that enzyme similar to those of

NS group, re-establishing glutathione antioxidant pathways (Figure 4 G).

4. Discussion

In order to evaluate stress induced by restriction and cold, corticosterone
levels were compared among the groups studied. Glucocorticoid is an important
stress marker, since it is released by adrenals when animals are exposed to
potentially noxious stimuli such as cold, immobilization and sleep deprivation
(Bhatia et al., 2011; Paula-Freire et al., 2013; Tsigos and Chrousos, 2002). H.
stigonocarpa extract inhibited the increase of corticosterone, showing therefore a
potential anti-stress effect probably by controlling its release when animals were
subjected to chronic stress stimuli. Similar results were described for extract of
other plants with adaptogenic properties (Siripurapu et al., 2005).

Another factor evaluated in response to stress was weight change of
thymus, spleen and adrenals. The literature about the effect of stress and the
action of adaptogenic plants on the weight of those organs shows controversial
results (Marin et al., 2007; Mendes et al., 2007). Whereas some research has
shown adrenal hypertrophy (Paula-Freire et al., 2013; Rai et al., 2003), our study
demonstrates that H. stigonocarpa extract did not alter thymus and spleen weight,
maintaining their average weight. Rai et al. (2003) observed the same effect using
Bacopa monniera and Panax quinquefolium extracts.

Considering the accumulated weight and the seric biochemical parameters
in animals subjected to chronic stress and treated with H. stignocarpa extract, we
observed that the group also subjected to chronic stress, but not receiving the
extract, showed lower weight gain. This can be explained by the induction of
catabolic reactions from the increased release of glucocorticoids (Bhatia et al.,

2011; Sood et al.,, 2006) and also by the decrease of triglyceride levels in that
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group; thus, confirming the results presented by Rai et al. (2003). Therefore,
treatment with H. stigonocarpa extract kept animals' weight unchanged and
normalized triglycerides levels, which may be related to the attenuation response
to stressor stimuli, from the decrease in corticosterone levels and the
reestablishment of metabolic homeostasis.

Besides, as expected, there was an increase in glycemia in S group after
inducing restriction and cold, probably by the action of glucocorticoids in hepatic
metabolism in response to stressor stimuli; the treatment with H. stigonocarpa
extract attenuated that increase. These results show that the improved glycemic
control is due to the decrease in corticosterone and/or the increase in glucose
uptake, confirming data presented in studies with Withania somnifera, Habenaria
intermedia (Habbu et al., 2012) and curcumin (Bhatia et al., 2011).

With respect to some effects on serum biomarkers of liver and kidney
function, in stressed animals treated with H. stigonocarpa extract, it was observed
that they were not specific because the levels of AST, ALT and urea were not
altered among the groups. Furthermore, there was a reduction in y-GT,
suggesting that the H. stigonocarpa extract probably caused no kidney or liver
damage in these animals.

It is well-documented that glucocorticoids released in response to stress
may, directly or indirectly, induce changes in antioxidant enzymes activity,
promoting imbalance in redox balance (MclIntosh et al., 1998; Rasheed et al.,
2011; Zafir and Banu, 2009). H. stigonocarpa extract showed significant in vitro
antioxidant activity by DPPH" method. Antioxidant activity may occur due to the
presence of phenolic compounds, such as flavonoids, tannins and terpenes
present in the fruit (Orsi et al., 2012). Other studies have also demonstrated that
the fruit showed in vitro antioxidant activity by the lipid peroxidation method in rat
brains and was capable of preventing the depletion of GSH levels as well as the
content of malondialdehyde (Orsi et al., 2012; Orsi et al., 2014). By evaluating uric
acid levels in animals receiving the H. stigonocarpa extract, an increase in that
important serum antioxidant was observed; a similar result was observed when
using Curcuma longa extract (Zafir and Banu, 2007).

That result could explain the increased serum total antioxidant capacity in

those animals. In addition, under stressful conditions, cellular stimuli leads to the
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increased production of reactive oxygen species (ROS) that triggered the
antioxidant defense, as illustrated in Figure 5, which may affect SNC homeostasis,
causing an imbalance in antioxidant state (Dal Santo et al.,, 2014; Oishi et al.,
1999). Inducing stress by restriction and cold promoted an increase in lipid
peroxidation levels and the treatment with H. stigonocarpa extract significantly
decreased that parameter to values similar to those of the non-stressed group.
Other studies have also observed an increase in lipid peroxidation levels in brain
and in different brain regions (hippocampus, cerebral cortex, frontal cortex and
striatum) in animals subjected to stress by immobilization (Abidin et al., 2004; Balk
Rde et al., 2010; Budni et al., 2013; Fontella et al., 2005; Freitas et al., 2014;
Sahin and Gumuslu, 2004). No change was observed in striatum among the
groups, which may evidence the differences in the antioxidant defense system in
brain regions (Ahmad et al., 2012; Dal Santo et al., 2014; Zaidi and Banu, 2004).

Although no change was observed in SOD, CAT and GR activity in
supplemented animals, H. stigonocarpa extract led to an increase in GPx activity,
preventing GSH depletion and attenuating G6PD decrease. Stress by restriction
and cold may cause an increase in nitric acid synthesis; nitric acid may react with
superoxide anion to form peroxynitrite anion (ONOO"), which is highly reactive
(Madrigal et al.,, 2002; Madrigal et al., 2001). The exacerbated increase of
peroxynitrite overloads the antioxidant defense system leading to GSH depletion
(Madrigal et al., 2001). On the other hand, nitric acid, like glucocorticoids, can also
cause GPx inactivation (Asahi et al., 1995), decreasing the enzyme activity or
decreasing GSH substrate; consequently, leading to an increased lipid
peroxidation. Corticosterone can also cause a decrease in NADPH, which is
necessary for regenerating GSH from oxidized glutathione (GSSG) (Patel et al.,
2002). The use of H. stigonocarpa fruit promoted improved redox balance due to
its potential antioxidant and anti-stress action, by decreasing glucocorticoids
release, increasing GPx activity and GSH levels, as well as contributing to lower
lipid peroxidation.

As demonstrated in our study, stressor agents can affect different brain
regions and cause changes in antioxidant defense system, leading to higher
oxidative stress. It is then postulated that H. stigonocarpa aqueous extract can

have antioxidant capacity, contributing to beneficial actions by inhibiting higher
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oxidative stress and its deleterious effects on rats subjected to stress by restriction
and cold.

5. Conclusion

H. stigonocarpa aqueous extractof the fruit pulp caused modulation in HPA
axis after stress induction, by diminishing corticosterone levels. In addition, chronic
stress induced by restriction and cold stimuli caused an increased oxidative stress
in different regions of rat brain. The treatment with the extract attenuated H.
stignocarpa the damage by restoring the levels of GSH increased GPx activity and
decreasing lipid peroxidation

Based on those observations, the use of H. stigonocarpa fruits showed no
toxicity, promoted an improved redox state in several brain regions and increased
total antioxidant capacity, suggesting a potential adaptogenic and neuroprotective

effect against stress-induced changes.
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Figure 1. Scheme demonstrating the model of stress induction by restriction and

cold in Wistar rats.
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Figure 2: Serum corticosterone levels of no stressed rats (NS), stressed (S) by

restriction and cold and stressed treated with H. stigonocarpa (S+HS) submitted to

restriction and cold.Values are expressed as meanstS.E.M.*p<0.05 vs. NS;
#p<0.05 vs. S (ANOVA followed by Tukey's test, n=7-8).
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Table 1. Adrenals, spleen and thymus weight of no stressed rats (NS), stressed
(S) by restriction and cold and stressed treated with H. stigonocarpa (S+HS)

submitted to restriction and cold.

Group Adrenals Glands Spleen Thymus
Absolute Relative Absolute Relative Absolute Relative
Weight? Weight” Weight Weight Weight Weight
NS 59.80+2.91 0.22+0.01 783.40+11.65 2.90+0.04 630.30+£37.00 2.34+0.14
S 65.90+£2.95 0.2610.01 636.20+36.31*** 2.4310.11%** 372.60+18.47** 1.44+0.07%**
S+HS 67.3815.32 0.24+0.02 584.30+13.93*** 2.16+0.04*** 440.80+£37.79*** 1.59+0.11%**

2 Absolute weight (mg). °Relative weight (Organ weight (mg)/weight(g)). Stress (S),
No Stress (NS), Stress treated with H. stigonocarpa (S+HS). Values are
expressed as means + S.E.M.**p<0.001 vs. NS. (ANOVA followed by Tukey’s
test, n=7-8).
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Table 2: Accumulated weight and serum biochemical parameters of non stressed
rats (NS), stressed (S) by restriction and cold and stressed treated with H.

stigonocarpa (S+HS) submitted to restriction and cold.

NS S S+HS
Accumulated weight(g) 54.22+2.60 44.88+1.93* 47.00+2.67
Triglycerides (mg/dL) 45.23+5.89 28.48+2.99* 46.62+5.14"
Urea (mg/dL) 39.92+5.03 46.89+2.72 38.60+4.00
Uric acid (mg/dL) 0.77+0.07 0.66x0.13 1.04+0.10"
y-GT (UIL) 9.69+1.19 16.94+1.89** 11.71+0.85"
AST (U/L) 96.50+4.41 95.00+1.64 85.89+3.53
ALT (U/L) 44.78+4.48 48.22+1.67 48.44+3.71
y—glutaryltransferase (y—GT), Aspartate aminotransferase (AST), Alanine

aminotransferase (ALT). Values are expressed as meanszS.E.M. *p<0.05,
*p<0.01 vs. NS, p<0.05 vs. S. (ANOVA followed by Tukey’s test, n=7-8).
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Figure 3: Blood glucose levels of no stressed rats (NS), stressed (S) by restriction
and cold and stressed treated with H. stigonocarpa (S+HS) before and after de
last session of stress induction. Values are expressed as meanszS.E.M.

#+%0<0.001 VS. S pefore; P<0.01 vs. S+HSperore (paired Student's t Test, n=9-10).
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Figure 4. Evaluation of oxidative stress parameters in cerebellum, cerebral cortex,
striatum and hippocampus of no stressed rats (NS), stressed (S) by restriction and
cold and stressed treated with H. stigonocarpa extract (S+HS): (A) Lipid
peroxidation (TBARS) levels, (B) SOD (superoxide dismutase) activity, (C) CAT
(catalase) activity, (D) GPx (glutathione peroxidase) activity, (E) GSH (reduced
glutathione) levels, (F) GR (glutathione reductase) activity, (G) G6PD (glucose-6-
phosphate dehydrogenase) activity. Values are expressed as meanszS.E.M. and
represented as percentage of NS group, *p<0.05, **p<0.01, **p<0.01 vs. NS;
#p<0.05 vs. S (ANOVA followed by Tukey's test, n=3-4).
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Figure 5. Scheme representing the generation of reactive oxygen species (ROS)
and of enzymatic and nonenzymatic antioxidant defense systems in nervous
system. Reactive species are mainly produced by electron transport chain, and
are neutralized by antioxidants, including SOD, CAT, and GPx and by GSH
system. Abbreviations: SOD (superoxide dismutase), CAT (catalase), GPx
(glutathione peroxidase), GSH (reduced glutathione), GSSG

glutathione), GR (glutathione reductase), G6PD
dehydrogenase).
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