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RESUMO

Proposta de duas novas terapéuticas, extrato aquoso de chrysobalanus icaco e rutina, em
modelos experimentais de obesidade e resisténcia a insulina, Pollyanna Alves Secundo
White, Universidade Federal de Sergipe, 2015. A adiposidade é um grave fator de risco e
esta relacionada diretamente ao desenvolvimento de diversas doengas cronicas, em especial a
obesidade e o diabetes tipo 2. Diversas pesquisas tém sido conduzidas a fim de desenvolver
novas drogas anti-obesidade por meio de fontes a base de plantas, favorecendo a minimizagao
de reacOes adversas normalmente associadas as drogas mais comumente utilizadas. Estudos
prévios com o extrato aquoso da Chrysobalanus icaco (AECI) demonstraram reducdo dos
niveis de glicemia e prevencdo do ganho de peso e acumulo de gordura no figado de
camundongos. O objetivo dessa tese foi de desenvolver meios de estudo para o
desenvolvimento de novas terapéuticas e investigar o papel do AECI e da rutina nos respectivos
modelos de obesidade e resisténcia a insulina. O primeiro capitulo trata da acdo do AECI no
perfil adiposo e glicémico de camundongos obesos induzidos por dieta hiperlipidica. Para isso,
34 camundongos C57BL/6J machos foram aleatoriamente designados a dieta padrdo ou a dieta
hiperlipidica e posteriormente tratados com o AECI em duas concentra¢fes, 0,35 mg/mL e 0,7
mg/mL. Consumo, eficiéncia energética, eficiéncia metabolica, peso corpdreo, peso dos coxins
adiposos, lipidios séricos, excrecao fecal lipidica, atividade locomotora, sensibilidade a insulina
e toleréncia a glicose foram avaliados ao final do experimento. Os resultados mostraram que 0
AECI em sua menor concentracdo promoveu 0 aumento da atividade locomotora (p<0,01) e
massa muscular (p<0,05), reducdo da massa adiposa (p<0,01), dos niveis de triglicérides
sanguineos (p<0.05) e excre¢do fecal de lipidios (p<0.01), e, normalizou a sensibilidade dos
tecidos a acdo da insulina (p<0.05) e tolerancia a glicose (p<0.05). Por outro lado, o AECI em
sua maior concentragdo promoveu aumento do consumo (p<0.0001 SCA vs SC e p<0.0001
HFAZ2 vs. HFD) e da eficiéncia energética (p<0.05 SCA vs SC e p<0.05 HFA2 vs. HFD), ndo
favorecendo, dessa forma, a perda de gordura corporal e homeostase glicémica. Esses achados
indicam que o AECI, em concentragdes menores, pode prevenir o armazenamento de gordura
ou favorecer o gasto energético, em parte, por meio do aumento da atividade locomotora,
promovendo também normalizacdo da sensibilidade a acdo da insulina e tolerancia a glicose.
Esses efeitos podem estar ligados & atividade antioxidante do extrato e seu contetdo
polifendlico. O segundo capitulo trata do desenvolvimento de um modelo de células neuronais
resistentes a acdo da insulina TNF-o induzida e investigagdo da acdo da rutina sobre esse
modelo. Neste trabalho células N2a foram tratadas com TNF-a, rutina ou veiculo por 30
minutos e em seguida estimuladas com insulina ou veiculo por 15 minutos. Foi extraido o lisato
de proteinas e quantificada a Akt fosforilada e total, assim como a IkBa total por meio de
Western blot. Os resultados mostraram degradacdo da proteina IkBa em 64.2% (p<0.05) e
reducdo significativa da fosforilacdo da Akt em 36.1% (p<0.001) apds estimulacdo com TNF-
a. A rutina, por sua vez, ndo foi capaz de prevenir a ativagdo da via NF-«xB, entretanto tendeu
a minimizar a atenuacdo da fosforilacdo da Akt induzida pelo TNF-a. Esses dados indicam que
0 TNF-a gerou um modelo de resisténcia insulinica mediada por inflamacdo em células N2a.
Ademais, a rutina pode contribuir com a ativacdo da via Akt na minimizacdo dos dados
causados pelo TNF-a.

Descritores: obesidade; diabetes tipo 2; Chrysobalanus icaco; N2a; rutina.



ABSTRACT

Proposal of two new therapies, aqueous extract of Chrysobalanus icaco and rutin, on
experimental models of obesity and insulin resistance, Pollyanna Alves Secundo White,
Universidade Federal de Sergipe, 2015. Adiposity is a severe risk factor and it’s directly
related to the development of several chronic diseases, especially obesity and type 2 diabetes.
Numerous trials have been conducted to find and develop new anti-obesity drugs through herbal
sources to minimize adverse reactions associated with the present drugs used for obesity and
type 2 diabetes treatment. Researches conducted with the aqueous extract of Chrysobalanus
icaco L (AECI) have demonstrated decrease in blood glucose levels and prevention of weight
gain and fat accumulation in mice liver. The aim of this thesis was to develop new study basis
for the development of new therapies and investigate the role of AECI and rutin in the treatment
of obesity and type 2 diabetes. The first chapter addresses the action of AECI on the adipose
and glycemic profile of obese mice high-fat diet induced. To this end, a group of 34 male
C57BL/6J mice were randomly assigned to standard chow or high-fat diet and and further
treated with the AECI in two concentrations, 0,35 mg/mL e 0,7 mg/mL. Food intake, feed
efficiency, metabolic efficiency, body weight, fat pads weight, serum lipid, fecal lipid excretion,
locomotor activity and insulin and glucose sensitivity were evaluated at the end of the 14 weeks
of experiment. Results showed that the AECI in the lower concentration increased locomotor
activity (p<0.01) and lean mass (p<0.05), decreased fat mass gain (p<0.01), TG levels (p<0.05),
and fecal lipid excretion (p<0.01), and normalized insulin (p<0.05) and glucose sensitivity
(p<0.05). On the other hand, the AECI in the higher concentration increased food intake (p
<0.0001 vs. SC SCA p <0.0001 vs. HFA2 HFD) and the feed efficiency (p <0.05 vs. SC SCA
p <0.05 vs. HFA2 HFD), hindering the loss of the body fat and glucose homeostasis. These
findings indicates that AECI in lower doses can prevent fat storage or enhance fat utilization,
in part, due to the increase of locomotor activity, favoring the glucose homeostasis through the
normalization of insulin sensitivity and glucose tolerance. These effects may be related to the
antioxidant activity and polyphenol content of the extract. The second chapter addresses the
development of a model of insulin resistance TNF-a induced in neuron cells. In this study N2a
were treated for 30 minutes with TNF-q, rutin or vehicle and then stimulated with insulin for
15 minutes. The protein lysate was extracted and total and p-Akt were measured, as well as
total IkBo through Western blot. Results showed degradation of total IkBa protein in 64.2%
(p<0.05) and significant decrease on p-Akt of 36.1% (p<0.001). The rutin, on the other hand,
wasn’t able to prevent NF-kB activation, however, it tended to minimize the attenuation of Akt
phosphorylation induced by the TNF- a. These findings indicates that TNF-o generated a N2a
model of inflammation induced insulin resistance. Furthermore, rutin can contribute with the
Akt activation reducing TNF- a damage in these cells.

Key words: obesity; type 2 diabetes; Chrysobalanus icaco; N2a; rutin.
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1 INTRODUCAO

O aumento da prevaléncia de sobrepeso e obesidade em varios paises tem sido descrito
como uma pandemia global (NG et al., 2013). Atualmente, mais de 1,9 bilhdes de individuos
estdo acima do peso (OMS, 2015 ). Em termos econdmicos, essa alta prevaléncia é responsavel
por 2-7% do total dos custos dedicados ao cuidado da salde e ainda assim é causa primaria de
mais de 3,4 milhdes de mortes por ano (WITHROW; ALTER, 2011; NG et al., 2013).

A origem fundamental da obesidade é o desbalanco energético entre o que se consome
e 0 que é gasto. Quando as calorias ingeridas excedem o gasto energético, esse excesso de
energia é armazenado como gordura nas células adiposas. Esse excedente funciona como
combustivel para o funcionamento da maioria dos 6rgdos (HILL AND PETERS, 1998).

Porém, o armazenamento de energia ndo é a unica funcdo do adipocito. Quando
maduros, eles funcionam como um 6rgdo enddcrino e parécrino e, por meio de uma rede de
comunicacgdo entre sistema nervoso simpatico e cérebro com outros tecidos, atuam sobre o
apetite, o equilibrio de energia, a imunidade, a sensibilidade a insulina, a angiogénese, a pressao
sanguinea, 0 metabolismo dos lipidos e a homeostase, por meio da secre¢do de uma vasta gama
de adipocinas, fatores de crescimento e de proteinas (IBRAHIM, 2010).

A medida que o individuo aumenta sua massa adiposa, 0 equilibrio energético e
glicémico é rompido. A secrecdo das adipocinas, que antes ajudavam na manutencdo da
homeostase, como a leptina e adiponectina, agora de forma desregulada favorece ainda mais o
comprometimento da utilizacdo e absorcdo dos lipidios e da glicose (IBRAHIM, 2010). O
excesso de tecido adiposo prejudica ainda a fun¢do imune do tecido, favorecendo o acimulo de
células inflamatdrias e liberacdo de citocinas e fatores de transcrigdo que vao perpetuar ainda
mais esse estado inflamatério (YU et al., 2002; GREENBERG; OBIN 2006; CAWTHORN;
SETHI, 2008). Todos esses fatores acabam culminando num estado de obesidade, caracterizado
por uma inflamagdo cronica de baixo grau, associado a resisténcia dos tecidos & agdo da
insulina, contribuindo diretamente no desenvolvimento do diabetes tipo 2 e de diversas doencas
cardiovasculares (VAN GREEVENBROEK; SCHALKWIJK; STEHOUWER, 2013).

O conhecimento acerca dos mecanismos fisiologicos que regem essa triade é de
fundamental importancia para o desenvolvimento de novas terapéuticas que possam atuar na
prevencao e tratamento da obesidade e do diabetes tipo 2. Dessa forma, o desenvolvimento de
modelos animais e celulares que mimetizem o estado observado na obesidade humana, bem

como pesquisas envolvendo novas alternativas terapéuticas tornam-se imprescindiveis.


http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Greevenbroek%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=23723111
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schalkwijk%20CG%5BAuthor%5D&cauthor=true&cauthor_uid=23723111
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stehouwer%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=23723111
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No ambito das drogas anti-obesidade, muito tém sido pesquisado em torno de
medicamentos e suplementos a base de produtos naturais. Além do seu baixo custo e facil
acesso, a minimizacéo dos efeitos adversos provocados pelas drogas sintéticas normalmente
utilizadas, tém sido fator cada vez mais determinante na utilizacdo de extratos ou substancias
isoladas derivadas de plantas medicinais (SIMOES et al., 1998).

A planta medicinal proposta neste trabalho, a Chrysobalanus icaco, também conhecida
como abajerd ou coco plum, é uma planta de regido costeira, presente em toda a América e
Africa tropical. Apesar da sua ampla localizagdo, poucas pesquisas sdo encontradas acerca de
suas propriedades e efeitos. Estudos fitoquimicos demonstraram a presenca de antocianinas nos
frutos da planta (BRITO et al., 2007), diterpenos no extrato organico das raizes (GUSTAFSON
etal., 1991), e os flavonoides miricitrina e quercitrina no extrato hidroalcéolico de suas folhas
(BARBOSA et al., 2006).

O extrato aquoso de Chrysobalanus icaco (AECI) é utilizado popularmente no Brasil
como hipoglicemiante e diurético (PRESTA et al., 2007). Estudo desenvolvido por Barbosa e
Peres (2002) demonstrou a presenca de rutina nesse extrato. Quanto a seus efeitos, Presta e
Pereira (1987) e Barbosa et al. (2013) comprovaram efeito hipoglicemiante e antioxidante do
extrato em roedores diabéticos. Ademais, White (2010) observou prevencao do ganho de peso
corporeo e da deposicao de gordura no figado em camundongos obesos induzidos por dieta.

Em relagdo a rutina, muito se tém discutido na literatura cientifica. Flavonoide do tipo
flavonol, denominada popularmente de hesperidina ou vitamina P (BRICKLEY; GIFFORD;
DOMZ, 1959; KUNTIC; FILIPOVIC; VUJIC, 2011), a rutina tém sido amplamente utilizada
no sistema de satde publico por apresentar uma vasta gama de atividades bioldgicas, elevadas
margens de seguranca e baixo custo (SHARMA et al., 2013). Estudos com essa substancia tém
demonstrado diversos beneficios sobre a perda de gordura corporal e sobre a homeostase
glicémica (PRINCE; KANNAN, 2006; HSU et al., 2009; FERNANDES et al., 2010;
OLALEYE et al., 2014; KAPPEL et al., 2013). Porém, muito pouco é discutido em relacdo a
seus mecanismos de agéo.

Assim sendo, esta tese teve o proposito de investigar duas novas propostas terapéuticas,
0 extrato aquoso de Chrysobalanus icaco e a rutina, verificando seus efeitos e possiveis
mecanismos de ac¢ao sobre o modelo de obesidade em camundongos C57BL/6J induzidos por
dieta hiperlipidica, e outro de resisténcia a insulina induzida por TNF-a em células neuronais
N2a.
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2. Reviséo da literatura
2. 1 Introducéo e classificagéo da obesidade

A obesidade é definida como uma condicdo em que ocorre 0 acimulo de gordura
anormal ou excessivo no tecido adiposo, na medida em que a salde pode ser prejudicada,
resultante do balango energético positivo e ganho de peso indesejavel. A quantidade de gordura
em excesso e sua distribuicao regional pode variar entre individuos obesos, caracterizando seu
perfil clinico (OMS, 2015).

Nos dltimos 30 anos a obesidade tem sido classificada, principalmente, por meio do
indice de massa corpérea (IMC). O IMC € um indice simples, resultado da divisdo do peso em
quilogramas pelo quadrado da altura em metros (kg/m?), que classifica baixo peso, sobrepeso e
obesidade em adultos (Quadro 1) (OMS, 2000). Embora sua precisdo no diagnostico da
obesidade seja limitado, especialmente para individuos com IMC intermediario, em homens e
idosos, esta classificacdo permite estimar a prevaléncia da obesidade em uma populacéo e 0s
riscos a ela associados (ROMERO-CORRAL et al., 2008).

Quadro 1 — Classificagdo do indice de massa corpdrea.

Classificacdo IMC (kg/m?) Risco de comorbidades
Baixo peso < 18,50 Bal_x9 (ma§ r1Sco de outras
condicdes clinicas aumentado)
Peso normal 18,50 — 24,99 -
Sobrepeso > 25,00
Pré-obeso 25,00 — 29,99 Aumentado
Obeso grau | 30,00 — 34,99 Moderado
Obeso grau 1l 35,00 — 39,99 Grave
Obeso grau 1l > 40,00 Muito grave
WHO, 2000.

Embora o IMC seja uma importante ferramenta no diagnostico nutricional em

populacdes, 0 mesmo ndo diferencia a ampla variacdo na distribuicdo de gordura corpérea e
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pode ndo indicar o grau de gordura ou riscos de saude associados em diferentes individuos e
populacbes (OMS, 2000).

Outros métodos bastante utilizados associados ao IMC s&o a medida da circunferéncia
abdominal e a relagdo cintura-quadril (RCQ). Estes também s&o recursos de simples execucao
e baixo custo, que podem fornecer um correlato mais pratico da distribuicdo de gordura
abdominal e relacdo saude-doenga associados. A ressonancia magnetica e a tomografia
computadorizada também sdo citadas na literatura, porém, sdo muito pouco utilizadas por seu
custo oneroso (MANCINI, 2006).

2.2 Prevaléncia e mortalidade da obesidade

De acordo com a organizacdo mundial da satude, a obesidade ¢ um dos problemas
publicos de maior visibilidade, porém, bastante negligenciado, que ameaca oprimir tanto paises
desenvolvidos quanto subdesenvolvidos (WHO, 2000). Em todo o mundo, a prevaléncia de
sobrepeso e obesidade aumentou 27,5% para adultos e 47,1% para criancgas entre 1980 e 2013
(NG et al., 2013 ). O nuamero de individuos acima de 18 anos com sobrepeso em 2014
ultrapassou 1,9 bilhdes, sendo que 600 milhdes destes sdo obesos. A proporcdo de homens
acima do peso em 2014 foi de 38% e a propor¢do de mulheres foi de 40% no mesmo periodo
(OMS, 2015 ). O aumento da prevaléncia de sobrepeso e obesidade em varios paises tem sido
descrito como uma pandemia global. Estimou-se em 2010, que o sobrepeso e a obesidade eram
responsaveis por causar 3,4 milhdes de mortes, 4% de perda na expectativa de vida e 4% dos
anos de vida ajustados por incapacidade em todo o mundo (NG et al., 2013).

No Brasil a prevaléncia do sobrepeso em adultos de 27 cidades monitoradas pela
VIGITEL (Vigilancia de Fatores de Risco e Protecdo para Doencas Cronicas por Inquérito
Telefbnico) passou de 43,2% (2006) para 51,0% (2012), com uma taxa de crescimento anual
de 1,3%. A prevaléncia da obesidade aumentou de 11,6% para 17,4%, com uma taxa de
crescimento anual de 0,89%. Este aumento, tanto para sobrepeso e obesidade, foi significativa
em todas as cidades, em todas as faixas etdrias e todos os niveis de ensino, sendo mais
pronunciado em mulheres. Se esses indices forem mantidos, em dez anos, cerca de dois tercos
dos adultos nas capitais brasileiras estardo acima do peso e um quarto serdo obesos (MALTA
et al., 2014).

Em termos econémicos, 0s custos da obesidade se apresentam na faixa de 2-7% do total
dos custos no cuidado a salde, atingindo valores de U$ 45.800,00 milhdes nos EUA
(WITHROW,; ALTER, 2011). No entanto, os custos reais do tratamento em paises em
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desenvolvimento excedem os dos paises desenvolvidos em fungdo dos custos extras associados
a aquisicdo de esquipamentos importados, uso de medicamentos caros e necessidade de
formacéo de equipe de atendimento especializada (WHO , 2000). Como exemplo, no Brasil,
em 2011, os custos atribuiveis a obesidade foi de R$ 487.980,00 representando 1,9% do total
dos custos de cuidado a salde de média e alta complexidade, quase quatro vezes mais do que
0s custos nos EUA. Neste cendrio, a obesidade mérbida foi responsavel por 23,8% dos custos
da obesidade (R$ 116.200.000,00), apesar de sua prevaléncia ter sido 18 vezes menor (DE
OLIVEIRA, 2013).

As consequéncias da obesidade para a satde incluem desde queixas ndo fatais, mas
prejudiciais a qualidade de vida, até risco aumentado de morte prematura (OMS, 2015). Vérias
comorbidades estdo associadas a obesidade, incluindo diversas formas de doenca cardiaca,
diabetes tipo 2, hipertensao e varios tipos de cancer, como o cancer de mama, do colo do utero,
ovario, bexiga, préstata e cancer do célon (OMS, 2015). Embora avangcos em pesquisas tenham
destacado a importancia dos fatores genéticos moleculares na determinacdo da suscetibilidade
individual ao desenvolvimento da obesidade, a descoberta da leptina, das proteinas
desacopladoras e dos neuropeptideos envolvidos na regulacdo do peso corporeo, ndo podem
explicar a epidemia de obesidade (HILL; PETERS, 1998). A hereditariedade pode ser
responsavel por parte dos casos de obesidade, sendo de fato relativamente alta (maior que 0,70)
quando comparada a outras doengas poligénicas como autismo e esquizofrenia (WALLEY;
BLAKEMORE; FROGUEL, 2006). No entanto, o fator ambiental deve ser levado em
consideracdo uma vez que o pool genético tem se mantido estavel ao longo dos anos (ECKEL;
GRUNDY; ZIMMET, 2005).

2.3 Desenvolvimento da adiposidade

O desenvolvimento da adiposidade é um processo complexo e multifatorial influenciado
pelo estilo de vida, genética e fatores ambientais. A “obesogenicidade” dos ambientes modernos
estd abastecendo essa pandemia que vem se tornando a obesidade (SWINBURN; EGGER,;
RAZA, 1999).

O ambiente moderno € caracterizado por um abastecimento ilimitado de alimentos de
alta densidade energética, altamente palataveis, relativamente baratos e convenientemente
oferecidos em grandes porg¢des. Ainda, 0 aumento do uso de dispositivos, como o0 microondas,
gue poupam tempo e aumentam a comodidade do individuo esta normalmente associado ao

consumo de alimentos ricos em gordura saturada e repletos de conservantes (FAITH; KRAL,
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2006). Dados sobre o suprimento alimentar e a utilizacdo do Sistema de Marketing dos Estados
Unidos indicam que a disponibilidade global de energia per capita nos EUA aumentou em 15
% entre 1970 e 1994, periodo durante o qual houve também um aumento da disponibilidade per
capita de gordura na dieta, aumento do consumo de gorduras adicionadas (comumente
encontradas em salgadinhos e doces), reducdo do consumo de leite e aumento da ingestéo de
refrigerantes. Durante este periodo, houve também um aumento do nimero de domicilios com
dois ou mais aparelhos de televisdo, dvd’s e computadores domésticos (JEFFERY; UTTER,
2003). Tal ambiente favorece o consumo elevado de energia e baixo gasto energético,
impulsionando a disseminacgdo dessa pandemia (HILL; PETERS, 1998).

Embora fatores ambientais como dietas caldricas e 0 sedentarismo sejam 0s principais
contribuintes para o desenvolvimento da obesidade, a predisposicdo genética também possui
papel importante. Variacbes geneticas possuem efeito sobre o metabolismo, saciedade e
tolerancia a atividade fisica, tornando-se um fator importante no ambiente moderno, favoravel
ao desenvolvimento da adiposidade (FRAYLING, 2012).

Dentre os fatores genéticos, algumas mutacGes monogénicas tém sido associadas a
obesidade severa e hiperfagia. A mutacdo no gene da leptina, identificada em 1997, foi uma das
primeiras causas da obesidade humana (HEYMSFIELD; REITMAN, 2008). Auséncia e
mutacdo do receptor da leptina também esté associado a obesidade genética, assim como do
receptor 4 da melanocortina (MC4R) (SANTORO et al., 2009), do PPARY2 (receptor ativado
por proliferador de peroxissoma y2) (RISTOW et al., 1998), do gene da proopiomelanocortina
(POMC) e do gene do fator neurotrofico derivado do cérebro (BDNF) (FRIEDEL et al., 2005).

Além das mutagcdes monogeénicas, existem ainda mais de 22 associa¢fes de genes ja
comprovadas e descritas na literatura, responsaveis pela origem genética da obesidade. Esses
genes incluem também membros da via leptina-melanocortina, citocinas pro-inflamatorias e
proteinas desacopladoras (WALLEY; BLAKEMORE; FROGUEL, 2006).

2.4 DistUrbios enddcrinos e metabdlicos associados & obesidade

A obesidade é uma desordem heterogénea. Individuos obesos variam na sua distribuicao
de gordura, perfil metabolico e grau de risco cardiovascular e metabolico associado. Além
disso, existem diferencas entre o tecido adiposo presente em é&reas subcuténeas (TAS) e o tecido
adiposo visceral (TAV), presente na cavidade abdominal. Anatomicamente, 0 TAV esta
presente basicamente no mesentério e no omento e drena diretamente na circulacdo portal para

o figado, enquanto que o TAS € vizualizado na parede anterior e posterior do abdomen e drena
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nas veias sisttmicas (IBRAHIM, 2010). O TAV comparado ao TAS é mais vascular, inervado,
contém um ndmero maior de células inflamatdrias e imunes, possui menor capacidade de
diferenciacdo pré-adipocitaria e uma maior porcentagem de adipécitos distendidos (MISRA,;
VIKRAM, 2003). O TAS é constituido de adipdcitos menores, que avidamente absorvem
acidos graxos livres (AGs) e triglicérides no periodo pds-prandial, mas, uma vez que eles
atingem sua capacidade maxima de absorcao, o tecido perde seu beneficio protetor e a gordura
comeca a se acumular em tecidos que ndo sdo apropriados para 0 armazenamento lipidico, como
o musculo e figado. H& mais receptores glicocorticoides, adrenérgicos e andrégenos no TAV,
enquanto que o TAS apresenta mais receptores de estrogénio. Adipécitos do TAV sdo
metabolicamente mais ativos, mais sensiveis a lipoOlise e resistentes a insulina, tornando-se
disfuncionais a medida que vao se distendendo (MISRA; VIKRAM, 2003). Dessa forma, o
TAV é melhor preditor do desenvolvimento da hipertrigliceridemia, hiperinsulinemia,
intolerancia a glicose e hiperglicemia.

Os adipdcitos sdo mais que meros depositos de gordura. Quando maduros, eles agem
como um o6rgao enddcrino e paracrino e, por meio de uma rede de comunicacdo entre sistema
nervoso simpatico e cérebro com outros tecidos, podem influenciar o apetite, o equilibrio de
energia, a imunidade, a sensibilidade a insulina, a angiogénese, a pressao sanguinea, 0
metabolismo dos lipidos e a homeostase (IBRAHIM, 2010). Os adipdcitos contribuem para o
estado pré-inflamatorio aumentado durante a obesidade e o diabetes. Eles sdo capazes de
sintetizar uma vasta gama de citocinas, incluindo adipocinas classicas, fatores de crescimento
e de proteinas envolvidas na homeostase glicémica e angiogénese (TRAYHURN; WOOD,
2004). Adiante segue um resumo das fungdes de algumas citocinas mais comumente implicadas

no desenvolvimento da obesidade e resisténcia a insulina.

2.4.1 Leptina

A leptina é um produto do gene obeso humano (OB). E basicamente produzido pelo
tecido adiposo, branco e marrom, mas também pelo estémago, epitélio mamario, placenta e
coracdo. Sua secrecdo é diretamente proporcional ao numero e tamanho dos adipdcitos. A
leptina age atraves do seu receptor, expresso no tecido vascular, estdmago, placenta, no
hipotalamo e cerebelo. A leptina é liberada no sistema circulatério pelo tecido adiposo em
funcdo do armazenamento lipidico (KLOK; JAKOBSDOTTIR; DRENT, 2007). Uma vez
secretada, a leptina atravessa a barreira hematoencefalica, passando a informacao sobre o status

de armazenamento. Por meio da ligacdo com seus receptores, a leptina influencia a atividade
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de vérios neurdnios hipotaldmicos e na expressao de Vvarios neuropeptideos orexigenos e
anorexigenos. O resultado € a reducdo na ingestdo do alimento e aumento da taxa metabolica
para que seja mantido o tamanho dos depositos de gordura corporeos (KLOK;
JAKOBSDOTTIR; DRENT, 2007). Os peptideos orexigénicos, cujos niveis sao influenciados
pela leptina, incluem o neuropeptideo Y (NPY), horménio concentrador da melanina, proteina
relacionada ao agouti (AgRP), galanina e orexina. Os peptideos anorexigénicos incluem a
proopiomelanocortina  (POMC), peptideo similar a galanina (GALP), transcrito
regulado pela cocaina e anfetamina (CART) e fator liberador de corticotrofina (CRF)
(LEIBOWITZ; WORTLEY, 2004).

Além da regulacdo a longo prazo do balanco de energia, acredita-se que a leptina
também possa desempenhar um papel na regulacdo a curto prazo da ingestdo alimentar e do
peso corpdreo. Uma vez que a leptina também € secretada pelo estbmago, acredita-se que ela
possa desempenhar um papel no controle do tamanho da refeicdo em cooperagdo com outros
peptideos responsaveis pela saciedade, como a colecistoquinina (KLOK; JAKOBSDOTTIR,;
DRENT, 2007).

Perifericamente, o tratamento em pré-adipdcitos com leptina tem demonstrado aumento
da oxidacédo e consequente reducdo no acumulo de lipidos, reducdo da expressdo de RNAmM e
da proteina &cido graxo sintase e também a transcricdo e transducdo da perilipina, proteina
presente na superficie da goticula de lipidio, que serve como um revestimento protetor,
facilitando, assim, o armazenamento de lipidios (MINOKOSHI; KAHN, 2003; SINGH et al.,
2012).

Entretanto, conforme animais e humanos se tornam obesos, o papel da leptina na
regulacdo do peso corpdreo se torna mais complexo. Na maioria dos individuos obesos, a
concentracdo da leptina ja € normalmente alta em funcdo da quantidade aumentada de tecido
adiposo que a secreta (GREENBERG; OBIN, 2006). Verifica-se que em concentracdes
crescentes de leptina, 0 hormonio induz resisténcia a sua a¢&o nas células-alvo, assim como sua
sinalizacdo também fica prejudicada em funcdo do aumento de outras proteinas como, por
exemplo, a caveolina-1, atenuando a reducdo leptina-dependente do acimulo intracelular de
lipidios (SINGH et al., 2012).

2.4.2 Adiponectina

A adiponectina, produto do gene apM1, é uma proteina com dominio semelhante ao

colageno, exclusivamente sintetizada pelo tecido adiposo branco. E induzida durante a


http://www.ncbi.nlm.nih.gov/pubmed/?term=Klok%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=17212793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jakobsdottir%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17212793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jakobsdottir%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17212793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Klok%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=17212793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jakobsdottir%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17212793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jakobsdottir%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17212793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Drent%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=17212793

23

diferenciacdo dos adipdcitos e circula em concentracfes relativamente elevadas no soro
(CHANDRAN et al., 2003). Os seus receptores AdipoR-1 e -2 sdo expressos em tecidos
periféricos e no cérebro, onde a adiponectina medeia o metabolismo de AGs e modula a
homeostase energética.

Apesar da adiponectina ser secretada apenas pelo tecido adiposo, seus niveis,
paradoxalmente, estdo reduzidos em obesos, contrastando com a maioria das adipocinas, cujos
niveis apresentam-se aumentados em propor¢ao ao aumento da massa de gordura corporal total.
E possivel que, apesar da expressdo da adiponectina ser ativada durante a adipogénese, uma
retro-inibicdo da sua producdo pode ocorrer durante o desenvolvimento da obesidade,
possivelmente mediada por outras citocinas também expressas em quantidades aumentadas no
estado obeso, tais como 0 TNF-o. (CHANDRAN et al., 2003).

A adiponectina tem demonstrado inibir tanto a producdo como a acdo do TNF-a e a
modulacdo da sinalizacdo do fator nuclear kB (NF-kB), fator de transcricdo envolvido na
resposta inflamatdria, pelo menos parcialmente, por meio da via dependente de AMPc (OUCHI
et al., 2000). Por outro lado, sensibilizadores de insulina e agonistas do PPAR, aparentemente,
aumentam 0s niveis de adiponectina em camundongos e seres humanos (KADOWAKI;
YAMAUCHI, 2005). Outras propriedades anti-inflamatorias incluem supressdo da fagocitose
e secrecdo de TNF-a pelos macréfagos e bloqueio da adesdo de mondcitos em células
endoteliais in vitro (CHANDRAN et al., 2003).

Niveis reduzidos de adiponectina estdo intimamente relacionados a resisténcia a
insulina, hiperinsulinemia e dislipidemia. Por outro lado, niveis aumentados apresentam
correlacdo positiva com o0s niveis de lipoproteina de alta densidade (HDL) e melhora da
sensibilidade dos tecidos alvos & acdo da insulina (HOTTA et al., 2001; MATSUBARA;
MARUOKA; KATAYOSE, 2002; YU et al.,, 2002). A adiponectina medeia o efeito de
sensibilizacdo a insulina através da ligacdo aos seus receptores AdipoR1 e AdipoR2,
conduzindo a ativacdo da AMPK e PPAR-o (YADAV et al., 2013).

2.4.3 TNF-a

O fator de necrose tumoral alfa (TNF-a) € uma citocina multifuncional que pode regular
diversos processos celulares e biologicos como funcdo imune, diferenciacdo celular,
proliferacdo, apoptose e metabolismo energético. Além disso, 0 TNF-o pode ainda afetar,
indiretamente, a homeostase energética por meio da regulacao da funcéo e expansibilidade do
adipécito (CAWTHORN; SETHI, 2008).
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O TNF-a medeia seus efeitos bioldgicos no tecido adiposo por meio de dois receptores,
o receptor 1 e o receptor 2 do fator de necrose tumoral. Ambos os receptores sao produzidos
pelo tecido adiposo e a concentracdo de isoformas sollveis se correlacionam com o grau de
adiposidade (MOHAMED-ALLI et al., 1999). Entretanto, resultados de diversas investiga¢oes
sugerem que o sinal transduzido pelo receptor 1 medeia a maioria dos efeitos do TNF-a na
funcéo do adipocito (CAWTHORN; SETHI, 2008).

Tanto adipdcitos isolados quanto diferenciados podem produzir TNF-a. Inicialmente,
presumiu-se que os adipécitos eram a fonte predominante dos altos niveis de TNF-a na
obesidade. Porém, o tecido adiposo também apresenta uma fracdo vascular estromal que contém
um namero metabolicamente relevante de tipos celulares como pré-adipdcitos, células
endoteliais, fibroblastos, leucdcitos e macrofagos. Estes Gltimos seriam 0s maiores responsaveis
pela producdo aumentada de TNF-a ao invés do adipocito em si (WEISBERG et al., 2003).

O papel inflamatdrio dos adip6citos esta relacionado a sua expansdo, hiperplasia e
hipertrofia. O mesmo envolve uma variedade de estresses celulares como disfungéo
mitocondrial, estresse de reticulo endoplasmatico e estresse oxidativo que podem ser induzidos
pelo TNF-a por meio da ativacdo das vias c-Jun aminoterminal quinase (JNK) ou NF-xB. De
fato, tem-se sugerido que a producdo de espécies reativas de oxigénio contribuem tanto para a
ativacdo da via NF-xB TNF-o induzida quanto para a resisténcia a acdo da insulina também
induzida por TNF-o (TRIPATHI; PENDEY, 2012; HOUSTIS; ROSEN; LANDER, 2006).

O TNF-a estd elevado no tecido adiposo de roedores obesos localmente e
sistemicamente, atuando como mediador da resisténcia insulinica e diabetes tipo 2 relacionadas
a obesidade. O mesmo suprime a expressdo de diversas proteinas necessarias a captacdo de
glicose induzida pela insulina nos adipdcitos, como o receptor da insulina, o substrato 1 do
receptor da insulina (IRS-1), proteina quinase B (Akt) e o transportador de glicose tipo 4
(GLUT4). O TNF-o também esta envolvido na supressao da atividade e expressdo do PPARy
e da expressdo do RNAm da C/EBPa (proteina amplificadora ligante ao Ccaat), favorecendo a
reducdo da expressao do GLUT4 (RUAN et al., 2002). Essa a¢éo no tecido adiposo parece ser
mediada pela ativacdo das vias NF-xB e da proteina quinase ativada por mitégeno (MAPK),
envolvendo a ERK (proteina quinase regulada por sinais extracelulares), p38 MAPK e JNK
(RUAN et al., 2002; RYDEN et al., 2002).

No tecido adiposo branco o TNF-o também € responsavel pela inibigcdo da adipogénese
e ativacdo da lipdlise, favorecendo o aumento dos AGs circulantes e promovendo deslipidemia.
No tecido adiposo marrom, 0 mesmo pode comprometer a termogénese por promover uma

atrofia ou compromentimento da diferenciacdo. Todos esses fatores culminam num tecido
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adiposo disfuncional, com capacidade de expansdo, de armazenamento lipidico e capacidade
oxidativa comprometidos (CAWTHORN; SETHI, 2008; NISOLI et al., 1997).

2.5 Impacto da adiposidade na saude

A adiposidade é fator de risco significativo para o desenvolvimento de muitas doencas
crénicas nao-transmissiveis, incluindo doencas cardiovasculares (hipertensdo, varizes,
trombose venosa profunda), doengas respiratdrias (apnéia do sono, asma e doenca pulmonar
obstrutiva crénica), doencas metabolicas (hipercolesterolemia, diabetes tipo 2, dismenorreia),
doengas gastrointestinais (esteatose hepatica, calculos biliares) e o cancer (mama p0s-
menopausa, esofagico, colorectal, endométrio, rim). Ainda, a adiposidade esta associada a
maiores condic¢des de risco a saude fisica do que o fumo, &lcool e privacdo socio-econdmica
(STURM; WELLS, 2001). A adiposidade é um fator de risco modificavel e sua prevencédo
poderia levar a melhorias significativas na sadde, redu¢do da morbidade e uma economia anual
de milhdes em custos diretos e indiretos com a satde (VLAD, 2003).

Dentre as diversas doencas que estdo relacionadas a obesidade, a resisténcia a insulina
tem uma relacdo intima de causa e consequéncia no desenvolvimento geral do quadro clinico
da obesidade. De fato, acredita-se que a obesidade responda por 80-85% do risco de
desenvolvimento do diabetes tipo 2 (HAUNER, 2010). Além disso, o sobrepeso e a obesidade,
mais precisamente o acimulo de gordura abdominal, estdo associados a uma inflamag&o
sistémica de baixo grau. A mesma é caracterizada por altos niveis de citocinas pré-inflamatérias
e acidos graxos circulantes que interferem na funcdo da insulina nos tecidos e,
consequentemente, estdo implicados nos desenvolvimento do diabetes tipo 2 (VAN
GREEVENBROEK; SCHALKWUIK; STEHOUWER, 2013).

2.5.1 Diabetes mellitos tipo 2

A homeostase glicémica € regida pelo balanco entre a absor¢ao de glicose no intestino,
producédo pelo figado e captacdo e metabolismo pelos tecidos periféricos. A insulina eleva a
captacdo de glicose no masculo e tecido adiposo e inibe a gliconeogénese e a glicogendlise no
figado, atuando dessa forma como regulador primario da concentracao de glicose sanguinea. A
insulina também promove o armazenamento de substratos no tecido adiposo, figado e musculo,
estimulando a lipogénese, sintese de glicogénio e de proteinas, e inibindo a lipolise, a
glicogendlise e a degradacdo de proteinas (SALTIEL; KAHN, 2000).
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A resisténcia a insulina ou deficiéncia resulta em profunda desregulacdo desses
processos e na capacidade do tecido em responder a insulina. Inicialmente, o pancreas € capaz
de aumentar, de forma adequada, a sua secrecdo de insulina compensando a resisténcia dos
tecidos a acédo da insulina, fazendo com que a tolerancia a glicose permaneca normal. Com o
tempo, no entanto, as células-p pancreaticas falham na tentativa de manter a sua elevada taxa
de secrecédo de insulina e a insulinopenia relativa (isto é, em relacdo ao grau de resisténcia a
insulina) leva ao desenvolvimento de intolerancia a glicose e, eventualmente, a hiperglicemia e
diabetes mellitus (DEFRONZO; BONADONNA; FERRANNINE, 1992; SALTIEL; KAHN,
2000).

2.5.2 Vias de sinalizagdo da insulina

O receptor de insulina pertence a uma subfamilia de receptores tirosina-quinase,
constituido de duas subunidades a e B, em que a subunidade o inibe a atividade tirosina quinase
da subunidade B. A ligag&o da insulina a subunidade o conduz & depresséo da atividade quinase
na subunidade B seguida pela transfosforilacdo das subunidades B e uma alteracédo
conformacional que aumenta ainda mais sua atividade quinase. Quatro dos substratos
intracelulares das quinases receptoras de insulina pertencem a familia das proteinas do substrato
do receptor da insulina (IRS) (PATTI; KAHN, 1998). Outros substratos incluem Gab-1,
p60dok, Cbl, APS e isoformas de Shc (PESSIN; SALTIEL, 2000).

As tirosinas fosforiladas nestes substratos atuam como “locais de ancoragem” para as
proteinas que contém os dominios Src-homologo-2, resultando em diversas vias de sinalizagéo,
incluindo a activacao de PI(3)K (fosfoinositida 3-quinase) e a jusante PtdIns proteinas quinases
(3,4,5) P3-dependente, o RAS e a cascata MAPK e Cbl/PAC e a ativacdo do TC10. Estas vias
coordenam a regulacdo do trafego de vesiculas, a sintese de proteinas, a ativacao e inativacédo
de enzimas e a expressao génica, resultando na regulacdo da glicose e do metabolismo lipidico
e protéico (SALTIEL; KAHN 2000).

A resisténcia a insulina observada na obesidade e no diabetes do tipo 2 caracteriza-se
por alteracfes em varios niveis, seja na reducdo da concentracdo do receptor e da atividade
quinase, na atividade do IRS-1 e -2, na concentracéo e fosforilacéo da PI(3)K, na translocagéo
dos transportadores de glicose ou na atividade de enzimas intracelulares (PESSIN; SALTIEL,
2000).

Além disso, a fosforilacdo inibitdria, ou em serina, do receptor de insulina e dos IRS

podem também reduzir a fosforilagdo em tirosina estimulada pela insulina e servir de
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mecanismo para a cross-talk de outras vias que produzem resisténcia a insulina. Varias quinases
tém sido implicadas neste processo, incluindo a PI(3)K, Akt, glicogénio sintase-quinase (GSK)-
3 eamTOR (proteina alvo da rapamicina em mamiferos) (PESSIN; SALTIEL, 2000). Dados
reportados por Saltiel e Kahn (2000) indicam que a atenuagéo induzida pela obesidade na
sinalizacdo da insulina pode também resultar da ativagdo sequencial de proteina quinase C
(PKC) e da quinase nuclear inibidora do fator kB (IkB), embora os pormenores desta via néo

tenham ainda sido completamente elucidados.

2.5.3 Obesidade, resisténcia a insulina e inflamacéo

E reconhecido que uma inflamacéo cronica de baixo grau e uma ativacdo do sistema
imune estdo envolvidos na patogénese da resisténcia insulinica relacionada a obesidade e
diabetes tipo 2 (ESSER et al., 2014).

O tecido adiposo é heterogéneo na composi¢do e contém, além de adipdcitos maduros,
também pré-adipaocitos, células endoteliais, fibroblastos, macrofagos e outras células do sistema
imunoldgico. Os macrofagos sdo em grande parte derivados da medula 6ssea e seu nimero esta
aumentado na obesidade. Estes macrofagos locais séo a fonte priméaria do TNF-a e de uma parte
importante da producédo de IL-6 e da 6xido nitrico-sintase induzida (iNOS) (WEISBERG et al.,
2003).

Tanto a hiperplasia como a hipertrofia dos adipdcitos podem contribuir para a expansao
do tecido adiposo, apesar da hipertrofia ser predominante em adultos. Algumas das
consequéncias da hipertrofia incluem aumento do fluxo de &cidos graxos, da secrecdo de
leptina, hipdxia e morte dos adipdcitos. Todas essas consequéncias sdo possiveis contribuintes
para o inicio do recrutamento de macréfagos (SURMI; HASTY, 2008).

Existem dois tipos de macrofagos localizados no interior do tecido adiposo, o classico
e o alternativamente ativado. Os macrofagos classicamente ativados (M1) sdo considerados
pré-inflamatorios, e o status M1 é induzido por mediadores como 0 TNF-a € o interferon-y. J&
0s macrofagos alternativamente ativados (M2), tem a funcdo primaria de resolver ou atenuar a
resposta inflamatoria induzida por M1 e, portanto, sdo considerados anti-inflamatérios,
contribuindo para melhorar a sensibilidade a insulina. O status M2 é induzido pelas I1L4, 1L-13
e IL-10. A maioria dos macrofagos presente no tecido adiposo na obesidade parece ser
predominantemente polarizada no sentido do fendtipo M1 (SUN et al., 2012).

Em adicdo aos efeitos pré-inflamatorios induzidos pela hipoxia local, a alta taxa de

sintese de proteinas, durante a expansdo do tecido adiposo, pode levar a um acumulo de
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proteinas deformadas e, portanto, ao estresse do reticulo endoplasmatico. Este Gltimo ativa uma
rede de sinalizacdo, que envolve a ativacdo do IKK (inibidor da quinase kappa B), a p38 MAPK,
JNK, e, posteriormente, o NF-kB, tendo como resposta reacdes inflamatorias e apoptéticas. O
estresse do reticulo endoplasmatico induzido pela obesidade favorece também a fosforilagdo do
IRS em serina e consequentemente inibicéo da sinalizagdo da insulina (ZEYDA,; STULNING,
2009).

Adipdcitos hipertroficos também produzem citocinas pré-inflamatorias, tais como TNF-
a, IL-6, resistina, MCP-1 (proteina quimiotatica de mondcitos-1), e PAI-1 (inibidor do ativador
do plasminogénio-1). A producdo destas substancias tem efeitos locais no endotélio,
aumentando a sintese de moléculas de adesdo e a permeabilidade vascular, e no recrutamento
de mondcitos circulantes. O sinal inflamatorio é aprimorado pelo cross talk entre células
endoteliais, adipdcitos e macrdofagos residentes, que em conjunto contribuem para a producgéo
de citocinas pro-inflamatérias e para a inducdo da resisténcia a insulina local e sistémica.
Acredita-se que o acumulo de lipidos nos adipdcitos iniciem esse sinal inflamatorio no tecido
adiposo e que os macrofagos residentes amplifiqguem o sinal (BASTARD et al., 2006).

Essas citocinas também sdo responsaveis por induzir a producdo de espeécies reativas de
oxigénio (ROS), gerando um processo conhecido como o stress oxidativo (SO). Existem varios
mecanismos pelos quais a obesidade produz SO. O primeiro é a oxidagdo mitocondrial e
peroxisomal de acidos graxos, que podem produzir ROS em reagdes de oxidacdo. Outro
mecanismo seria por meio do excesso de consumo de oxigénio, gerando também radicais livres
na cadeia respiratoria mitocondrial. Dietas ricas em lipidos, também s&o capazes de gerar ROS
porque eles podem alterar o metabolismo do oxigénio. Ademais, 0 aumento de tecido adiposo
também favorece a reducdo da atividade de enzimas antioxidantes, como a superdxido
dismutase (SOD), catalase (CAT) e glutationa peroxidase (GPx), contribuindo para a disfuncéo
endotelial, caracterizada particularmente pela reducdo do Oxido nitrico, e induzindo ao
desenvolvimento também de doengas aterosclerdticas. (FERNANDEZ-SANCHEZ et al.,
2011).

Assim como as citocinas, as espécies reativas de oxigénio e 0s AGs sdo mediados por
vias de sinalizacao intracelular especificas, envolvendo NF-kB, IkB quinase, IKK, proteina
ativadora-1 e JNK. Todas essas vias podem interagir com a sinalizacao de insulina por meio da
fosforilagdo do IRS em serina/treonina, diminuindo a resposta de insulina e induzindo a
resisténcia a insulina (BASTARD et al., 2006).

Niveis aumentados de leptina também estdo relacionados a resposta pro-inflamatoria.

Foi demonstrado que a leptina promove a funcao fagocitica, induz a sintese de 6xido nitrico e
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a producdo de vérias citocinas pro-inflamatdrias, como o factor de necrose tumoral alfa (TNF-
a), interferon gama e a interleucina 6 e 12 (IL-6 e IL-12), em macrdéfagos e mondcitos
(ZARKESH-ESFAHANI et al., 2001; LOFFREDA et al., 1998). Em neutrofilos, a leptina
aumenta a producdo de espécies oxidativas (CALDEFIE-CHEZET et al., 2001). A leptina
também mostrou ter acdo direta sobre as células T, induzindo a sua ativacdo e alterando a
producdo de citocinas, por meio da polarizacdo da diferenciagdo de células T na direcdo de uma
resposta pré-inflamatoria, essencial para producdo de citocinas e ativacdo de macrofagos
(LORD et al., 1998).

A adiponectina, por outro lado, controla a producdo e ativacdo do TNF-a pelo tecido
adiposo e pelos macrofagos, atuando de forma anti-inflamatoria e contribuindo para a melhora
da resposta a acdo da insulina (OUCHI et al., 2000; CHANDRAN et al., 2003).

2.6 Tratamento

Existem cinco pilares ou estratégias a serem utilizadas para perda e manutenc¢éo do peso.
O primeiro pilar, a dietoterapia, envolve a orientacdo nutricional em como ajustar a dieta para
reduzir o nimero de calorias ingeridas, ensinando o individuo sobre contetido caldrico,
composi¢do dos alimentos e como prepara-los. O segundo pilar se refere a terapia
comportamental e envolve a mudanca de habitos e padrdes do individuo relacionados a dieta e
atividade fisica, construindo uma rede de suporte para que 0 mesmo consiga realizar essas
mudancas. A atividade fisica, terceiro pilar, envolve a pratica de exercicios que possam ser
inseridos na rotina diéria do individuo, e, que de alguma forma, seja uma pratica agradavel. A
terapia combinada, embora ndo seja exatamente um pilar, se utiliza desses trés primeiros pilares,
de forma a tentar atingir a maior probabilidade de sucesso no tratamento (NIH, 2000).

O quarto pilar consiste no tratamento medicamentoso, indicado para individuos com
IMC maior ou igual a 30. O tratamento cirargico, considerado o quinto pilar, é indicado
especialmente para obesos maérbidos (IMC maior ou igual a 40) ou obesos (IMC maior ou igual
a 35) que apresentem co-morbidades associadas, em situagfes em que houve fracasso diante do
tratamento convencional (NIH, 2000). O mesmo envolve uma variedade de procedimentos
restritivos ou mal absorptivos que visam a perda rapida de peso e melhora do quadro clinico e
co-morbidades associadas do individuo (CEELEN et al., 2003).

Até o presente momento, as abordagens no tratamento da obesidade tém sido
principalmente educacional, comportamental e farmacoldgica, porém, com sucesso bastante

limitado. A modificacdo do estilo de vida é cada vez mais dificil em funcdo da realidade dos
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ambientes obesogénicos e, além disso, as drogas desenvolvidas até 0 momento apresentam
eficacia limitada e efeitos adversos importantes (CHEUNG; CHEUNG; SAMARANAY AKE,
2013).

Considerando os custos destinados ao tratamento de pacientes com sobrepeso e obesos
para a saude publica, medidas preventivas tem se tornado cada vez mais necessarias. Ambientes
e comunidades de apoio sdo fundamentais na orientacdo de escolhas de alimentos mais
saudaveis e no incentivo a préatica de exercicios fisicos regulares (acessiveis e de baixo custo)
(OMS, 2015). No Brasil, algumas das iniciativas destinadas pelo governo envolvem ages e
politicas de educacdo alimentar e nutricional, incluindo a revisdo do Guia Alimentar para a
Populagéo Brasileira, o0 Programa Salde na Escola, politicas publicas inter-setoriais na area de
seguranca alimentar e nutricional, promocédo e oferta de alimentos saudaveis em ambientes
escolares, estruturacdo da nutricdo na atencdo basica no SUS - Sistema Unico de Salde,
promocao de atividade fisica na comunidade, criacdo do programa Academia da Saude, acdes
de regulagéo e controle de alimentos (MALTA, 2014).

No entanto, é importante ressaltar que as intervencdes ambientais servem como medidas
complementares e ndo substitutivas as abordagens individuais a obesidade, tais como
tratamento com drogas e a terapia comportamental (SWINBURN; EGGER; RAZA, 1999). Nos
altimos anos, inumeros medicamentos tém sido aprovados para o tratamento da obesidade; no
entanto, a maior parte foi retirada de circulagédo em funcdo de seus efeitos adversos (KANG;
PARK, 2012). A fenfluramina e a dexfenfluramina estéo fora de circulacdo desde a década de
90 em funcéo de danos a valvula cardiaca (CONNOLY et al., 1997). O rimonabanto, primeira
droga bloqueadora seletiva do receptor canabinoide-1, atuando sobre a redugdo do apetite,
apesar de prescrito em 56 estados americanos, nunca teve seu uso liberado pelo FDA (Food and
Drug Administration) nos EUA em funcdo do alto risco de desenvolvimento de distarbios
psiquiatricos como depressao, ansiedade e ideacdo suicida. A mesma foi retirada de circulacao
pela propria fabricante (CHRISTENSEN et al., 2007).

A sibutramina, inibidora seletiva da reabsor¢do da noradrenalina/serotonina, atuando
também na inibicdo do apetite, foi amplamente utilizada apds liberacdo pelo FDA americano
em 1997. Inicialmente foi bem tolerada, apresentando efeitos colaterais comuns como
constipacéo, cefaléia e insdnia (KANG; PARK, 2012). Porem, estudo realizado a longo prazo
com a droga (5-year Sibutramine Cardiovascular Outcomes - SCOUT) verificou a associagao
de alto risco ao desenvolvimento de infarto do miocéardio e acidente vascular cerebral, sendo,
por esse motivo, retirada de circulacdo pelo mercado americano e europeu em 2010 (TORP-
PEDERSEN et al., 2007; KANG; PARK, 2012).
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No Brasil, a fenfluramina e a dexfenfluramina também teve seu uso suspendido pela
ANVISA em 1997. A sibutramina, por sua vez, nunca teve sua utilizacdo suspensa. A
manutencdo da venda do medicamento foi deferida pela ANVISA em 2014, porém, com
limitacdo de dose e mantendo o mesmo controle ja definido para a comercializacdo da
substancia, com retengéo de receita, assinatura de termo de responsabilidade do prescritor e do
termo de consentimento pos-informacao por parte do usuério (ANVISA, 2014).

Mais recentemente, em fevereiro de 2011, o 6rgdo responsavel pela liberacdo de drogas
nos EUA rejeitou a aprovacdo da combinacdo bupropiona/naltrexona diante do risco em
potencial de desenvolvimento de eventos cardiovasculares (KANG; PARK, 2012). Até mesmo
o orlistat, que apesar de ser uma droga considerada como “segura”, ter seu uso liberado e ser
amplamente recomendado por diversos médicos (CHANOINE et al., 2005), tém sido associado
frequentemente a varias disfuncdes gastrointestinais como diarréia, dor abdominal e manchas
fecais, e de forma menos frequente ao desenvolvimento de insuficiéncia renal aguda, colelitiase,
hepatite e insuficiéncia hepatica subaguda (FILIPPATOS et al., 2008). Além disso, tém sido
demonstrado que o orlistat também interfere na absorcdo de muitos farmacos tais como
varfarina, amiodarona, ciclosporina e tiroxina, bem como as vitaminas solGveis em gordura,
afetando a sua biodisponibilidade e eficacia (FILIPPATOS et al., 2008).

Diversos estudos tém sido realizados a fim de investigar e desenvolver novas drogas
anti-obesidade por meio de fontes a base de plantas medicinais, drogas vegetais, buscando
principalmente minimizar as reacfGes adversas associadas aos atuais medicamentos anti-
obesidade sintéticos. O uso de produtos naturais tém sido documentado por centenas de anos
em varios sistemas medicinais tradicionais em todo o mundo e continua em ascencgao
(VASUDEVA; YADAV; SHARMA, 2012).

De acordo com a Resolucdo RDC n°. 10/2010, que dispde sobre a notificacao de drogas
vegetais junto a Agéncia Nacional de Vigilancia Sanitaria (ANVISA), as drogas vegetais sao
plantas medicinais ou suas partes, de venda isenta de prescricdo médica destinados ao
consumidor final, utilizadas apenas no preparo de infusdes, decocgdes e maceragdes. As plantas
medicinais, as drogas vegetais e 0s derivados vegetais podem ser utilizados como insumos
farmacéuticos e/ou como medicamentos (ANVISA, 2010).

Uma grande variedade de produtos naturais estdo atualmente disponiveis no mercado
para o tratamento da obesidade (CHANDRASEKARAN et al., 2012), utilizada tanto em
preparacGes medicamentosas como na forma de suplementos alimentares. Porém, existe uma
grande confusdo entre alimento, produto natural e fitoterapico. Um alimento, composto por

espécies vegetais, ndo pode ter finalidade medicamentosa e/ou terapéutica. Quando ao produto



32

sdo apontadas indicacdes terapéuticas, este passa a ser considerado medicamento e a sua
fabricacdo e/ou comercializacdo obedecem ao disposto na legislacdo especifica de
medicamentos. Os fitoterapicos, por sua vez, sdo obtidos a partir da industrializacdo, que seria
a padronizacao da quantidade e forma de utilizacdo, com emprego exclusivo de matérias-primas
ativas vegetais, ndo podendo incluir na sua composicao substancias ativas isoladas, sintéticas
ou naturais, nem as associacdes dessas com extratos vegetais. A eficicia e a seguranca do
fitoterapico devem ser validadas através de levantamentos etnofarmacoldgicos, documentacGes
tecnocientificas em bibliografia e/ou publicacfes indexadas e/ou estudos farmacolégicos e
toxicoldgicos pré-clinicos e clinicos (ANVISA, 2010).

Uma caracteristica comum dos produtos naturais esta relacionada ao fato de que a
maioria desses compostos possuem propriedades antioxidantes e anti-inflamatéria, devido a
presenca, principalmente, de compostos fenolicos (TRIPATHI; PENDEY, 2012). Varias
combinacdes de produtos naturais podem resultar em uma atividade sinérgica que aumenta a
sua biodisponibilidade e a acdo em varios alvos moleculares, oferecendo vantagens sobre 0s
tratamentos quimicos (RAYALAM; BELLA-FERA; BAILE, 2008).

Esses compostos naturais podem induzir a perda de peso por meio de Vvarios
mecanismos. De acordo com Kazemipoor et al. (2012), suas fun¢des podem ser classificadas
em cinco categorias principais: inibi¢do da atividade da lipase pancreética, potencializa¢do da
termogénese, prevencdo da diferenciacdo adipocitaria, aumento do metabolismo lipidico e
reducdo do apetite. Considerando apenas a utilizacdo de extratos e ndo componentes ou
substancias isoladas dos mesmos, algumas das espécies mundialmente mais utilizadas no
tratamento da obesidade estdo especificadas na tabela 1. Estas espécies foram as mais relatadas
em estudos de revisdo de literatura sobre a utilizacdo de produtos naturais no tratamento da
obesidade, de carater experimental ou clinico, muito embora, a maior partes desses estudos
tenham sido experimentais. Essa dificuldade de estudos em humanos se apoia na variedade de
viéses diante da especificidade do organismo e habitos de cada individuo, aceitabilidade do
medicamento e aderéncia ao estudo (FIRENZUOLI; GORI, 2007).

Mesmo diante da frequéncia de determinadas espécies, existe uma grande variedade de
plantas medicinais utilizadas em diversas parte do mundo de acordo com a tradi¢éo, cultura e
regulamentacdo de cada pais. No Brasil existe um guia de plantas medicinais (RENISUS -
Relagdo Nacional de Plantas Medicinais de Interesse ao SUS), constituido de diversas espécies
pré-selecionadas por regides que referenciavam seu uso por indicacGes e de acordo com as
categorias do Cadigo Internacional de Doengas. Essa pré-selecdo foi realizada por técnicos da

ANVISA e do Ministério da Saude, profissionais de servigos e pesquisadores da area de plantas
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medicinais e fitoterapicos, vinculados a area da saude, representando as diversas regides

brasileiras. A finalidade da RENISUS é subsidiar o desenvolvimento de toda cadeia produtiva

relacionadas a regulamentacdo, cultivo, manejo, producédo, comercializacdo e dispensacdo de
plantas medicinais e fitoterapicos (BRASIL, 2009). A lista do RENISUS conta com mais de 71

espécies, destacando-se as espécies Ananas Camosus (abacaxi), Baccharis trimera (carqueija)

e Zingiber officinale (gengibre), popularmente utilizadas no tratamento da obesidade (ARUN
etal., 2012; SOUZA et al., 2011; GOYAL; KADNUR, 2006).

Tabela 1: Ervas medicinais frequentemente relatadas no tratamento da obesidade em estudos de revisao sistematica

de 2009 a 2014.
) Nome
Espécie Acéo
popular
Panax ginseng . Inibicdo do apetite e aumento da termogénese em
err
(Araliaceae) Y camundongos (ATTELE et al., 2002)
Inibig&o do apetite (YUN, 2010) e inibidor da
) lipase pancreética (KOO; NOH, 2007) em
o ) Cha verde
Camellia sinensis camundongos.
(L.) Kuntze
(Theaceae) ) Aumento da oxidacao de gordura e inibicéo da
Cha oolong ) .
lipase pancreatica em camundongos (HAN et al.,
1999)
o Aumento da oxidacdo lipidica e inibicdo da
Ilex Paraguariensis Erva mate L
lipogénese em ratos (PANG; CHOI; PARK, 2008).
Aumento da oxidacdo lipidica em humanos
Hibiscus sabdariffa Hibisco (GURROLA-DIAZ et al., 2009) e inibicdo da
lipogénese em células 3T3-L1 (KIM et al., 2003)
o o Inibicdo da absorcéo intestinal de gordura em
Zingiber officinale
) camundongos (HAN et al., 2005) e aumento da
Roscoe Gengibre

(Zingiberaceae)

oxidac&o lipidica em camundongos (GOYAL;
KADNUR, 2006).

Fonte: HASANI-RANJBAR et al., 2009; YUN, 2010; KAZEMIPOOR et al.,, 2012; HASANI-RANJBAR;
JOUYANDEH; ABDOLLAHI, 2013 e JUNG,; LIM; KIM, 2014.
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Além das espécies mencionadas, estudos conduzidos com a Chrysobalanus icaco L.
mostraram reducdo de peso corporeo no tratamento com suas sementes (EDEMA et al. 2007),
reducdo dos niveis de glicemia no tratamento com o extrato aquoso (PRESTA; PEREIRA,
1987; BARBOSA et al., 2013) e atividade analgésica e anti inflamatoria com o extrato
metanolico (CASTILHO et al., 2000). Estudos prévios conduzidos em nosso laboratério
reforgam o uso do extrato aquoso de Chrysobalanus icaco (AECI) na hiperglicemia e ressaltam
seu potencial na prevencdo de ganho de peso e de gordura no figado em camundongos obesos
induzidos por dieta hiperlipidica (WHITE, 2010).

A Chrysobalanus icaco L. é uma planta medicinal pertencente a familia
Chrysobalanaceae e é também conhecida como abajeru, icaco, coco plum ou guajiru. Tem
origem na América e Africa Tropical, mas atualmente esta adaptada em regides similares em
todo 0 mundo, desde ao sul dos Estados Unidos até Brasil, Equador e Venezuela, incluindo as
Antilhas (BRITO et al., 2007; RAMIREZ VILLALOBOS; URDANETA- FERNANDEZ;
VARGAS-SIMON, 2004).

No Brasil, o chd de abajeru € comumente utilizado diariamente como agente
hipoglicemiante e diurético (PRESTA et al., 2007). Suas raizes também sdo consumidas
diariamente, maceradas e misturadas em agua no tratamento da inflamacéo e diabetes (AGRA
et al., 2007).

Estudos fitoquimicos demonstraram a presenca de antocianinas nos frutos da planta
(BRITO et al., 2007), diterpenos no extrato organico das raizes (GUSTAFSON et al., 1991), e
flavonoides como a rutina, miricitrina e quercitrina, bem como outros derivados da quercetina
e miricetina no extrato aquoso e hidroalcdolico de suas folhas (BARBOSA; PERES, 2002;
BARBOSA et al., 2006).

A rutina, um dos principais compostos presente no AECI, é um flavonoide do tipo
flavonol, que consiste em quercetina e rutinose dissacarideo (ramnose e glicose) (KUNTIC;
FILIPOVIC; VUJIC, 2011). Foi isolada pela primeira vez a partir do suco de lim4o e da pimenta
vermelha hangara. Denominada de hesperidina ou "vitamina P" (BRICKLEY; GIFFORD;
DOMZ, 1959), a mesma tem sido amplamente utilizada no sistema de satde por apresentar uma
vasta gama de atividades bioldgicas, em funcdo de suas propriedades antioxidantes, elevadas
margens de segurancga e menor custo (SHARMA et al., 2013).

Estudos farmacoldgicos com este composto tém relatado aumento da captagdo de
glicose e da sintese e translocacdo de GLUT-4 no musculo séleo de ratos (KAPPEL et al., 2013)
e efeito restaurador nas células-p pancreaticas, em funcdo da sua habilidade em combater os

radicais livres e mediar atividade enzimatica antioxidante (HANHINEVA et al., 2010).
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Reducdo dos niveis de lipidios plasmaticos (PRINCE; KANNAN, 2006; FERNANDES et al.,
2010; OLALEYE et al., 2014), aumento do PPARy em musculo esquelético de camundongos
db/db (CAI et al., 2012), elevacdo da expressdo de adiponectina ao nivel da proteina em
adipdcitos 3T3-L1 (HSU; YEN, 2007) e diminuicdo do peso corpéreo, do figado e dos coxins
adiposos epididimal e peritoneal em camundongos obesos induzidos por dieta também foram
verificados (HSU et al., 2009).

Ademais, o tratamento com rutina também reduziu o estresse oxidativo e 0s niveis de
dissulfeto de glutationa (GSSG), e aumentou os niveis de glutationa (GSH), da GSH peroxidase
(GPx), GSH redutase (GRd), e GSH S-transferase (GST) no tecido hepatico. Esses dados
demonstram que a rutina pode também ser benéfica na supressao do estresse oxidativo induzido
por dieta hiperlipidica em ratos (HSU et al., 2009).

Outros compostos que poderiam estar atuando de forma sinérgica com a rutina no AECI
sdo os flavonois miricetrina, quercitrina e quercetina. Estudos desenvolvidos com quercetina
relataram atividade antibacteriana, antimicrobiana (ADEROGBA et al., 2013), antitumoral
(HOFMANN et al., 2006), anti-hipertensiva (DUARTE et al., 2001) e antioxidante (MAHESH,;
MENON, 2004). Além disso, Rivera et al. (2008) também demonstraram efeito anti-
inflamatorio por meio do aumento da expressdo de eNOS e da concentracdo de adiponectina, e
da reducdo da expressdo de iNOS e na producdo de TNF-a, juntamente com uma reducdo no
ganho de peso corporal, em ratos Zucker obesos.

A quercitrina, glicosideo formado a partir da quercetina, tém mostrado efeito
hipoglicemiante, protegendo o pancreas por meio da reducdo na infiltracdo de gordura nas
ilhotas, enquanto reduz a glicose plasmatica e os niveis de insulina em ratos diabéticos
(BABUJANARTHANAM; KAVITHA; PANDIAN, 2010 ). Atividade antiaterogénica também
foi observada por meio da supressao da expressao da proteina inflamatoria de macréfagos 2 e
do MCP-1, envolvido no trafego de mondcitos e migracéo de macrdfagos, diminuindo assim a
producdo de fatores de crescimento endotelial vascular pré-inflamatorios e pré-aterogénicos
(CHOI et al., 2010). No que diz respeito a miricetrina, Aderogba et al., (2013) demonstraram
uma forte atividade antibacteriana e antimicrobiana.

Embora alguns efeitos e mecanismos de acéo de alguns dos compostos do AECI tenham
sido discutidos na literatura, pouco se sabe sobre o AECI per si. Com base nos dados
apresentados e estudos previamente realizados em nosso laboratério, acredita-se que o AECI
tenha varias propriedades que podem ainda ser amplamente exploradas e, possivelmente, trazer
diversos beneficios ndo s6 no tratamento do diabetes de tipo 2, mas também da obesidade e de

diversas outras doencas cronicas.
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3. OBJETIVOS

3.1 Geral
" Investigar duas novas propostas terapéuticas, 0 extrato aquoso de
Chrysobalanus icaco (AECI) e a rutina, em modelos experimentais de obesidade e resisténcia

a acdo da insulina, verificando seus efeitos e possiveis mecanismos de acao.

3.2 Especificos
. Desenvolver modelo de obesidade induzido por dieta hiperlipidica em
camundongos C57BL/6J;
. Avaliar os efeitos do AECI sobre o consumo e peso corporal;
" Avaliar os efeitos do AECI sobre a homeostase glicémica;
. Avaliar os efeitos do AECI sobre o perfil sérico lipidico;

" Avaliar os efeitos do AECI sobre o tecido adiposo;

. Investigar acdo do AECI sobre absorcdo de lipidios no trato intestinal;
" Investigar acdo do AECI sobre a atividade locomotora;

" Identificar compostos majoritarios presentes no AECI;

. Investigar a atividade antioxidante do AECI,

" Densenvolver modelo de resisténcia a insulina em células N2a induzidas por
TNF-a;
" Verificar agcdo da rutina sobre a via de inflamacéo induzida pelo TNF-a;

. Verificar acdo da rutina sobre a resisténcia a insulina induzida pelo TNF-a.
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Capitulo 1: Aqueous extract of Chrysobalanus icaco prevent

fat gain in obese high-fat fed mice.

Artigo submetido ao periddico Journal of Ethnopharmacology, fator de impacto 2,998
- apéndice D.

InstrucBes para autores — apéndice E.
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Abstract

Ethnopharmacological relevance: Due to the rise in obesity, the necessity for resources and
treatments that could reduce the morbidity and mortality associated to this pandemia has
emerged. The development of new anti-obesity drugs through herbal sources has been
increasing in the past decades which are being used not only as medicine but also as food
supplements. Previous studies with the aqueous extract of Chrysobalanus icaco L (AECI) have
demonstrated activity on lowering blood glucose levels and body weight. Aim of the study:
Investigate C. icaco effects in overall adiposity and glycemic homeostasis. Material and
methods: C57BL/6J mice were randomly assigned to standard chow (SC) or high-fat diet
(HFD) and treated with AECI in 0.35 mg/mL or 0.7 mg/mL concentrations ad libitum. Food
intake, feed efficiency, metabolic efficiency, body, fat pads and gastrocnemius weight,
adiposity index, serum lipids, fecal lipid excretion, locomotor activity in the open field test and
insulin and glucose tolerance tests were analyzed and compared. The major components of the
extract were demonstrated through HPLC and its antioxidant activity analyzed through DPPH
and lipid peroxidation. Results: The AECI in the 0.35 mg/mL concentration didn’t affect food
intake or body weight. However, it promoted lower adipose tissue gain, TG levels, and fecal
lipid excretion, increased locomotor activity and lean mass weight, and normalized insulin
sensitivity and glucose tolerance. Moreover, AECI showed the presence of rutin and quercitrin
and demonstrated high antioxidant activity. Conclusions: AECI in lower concentrations can
prevent fat storage or enhance fat utilization through the increase of locomotor activity. Also,
this reinforces its ability to maintain glucose homeostasis through the normalization of insulin
sensitivity and glucose tolerance despite the high fat diet intake. These activities could be

associated to the extract’s polyphenol content.
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1. Introduction

The rise in obesity has resulted in the necessity for resources and treatments that could
make some changes in overweight and obesity prevalence in all populations. The development
of adiposity is a complex, multifactorial process that is influenced by lifestyle, genetic and
environmental factors. The “obesogenicity” of modern environments is fueling the obesity
pandemic (Swinburn et al., 1999).

To date, approaches to obesity, which have been mainly educational, behavioral, and
pharmacological, have met with limited success. The modification in lifestyle has become
increasingly more difficult due to the obesogenic environments and, in addition, the drugs
developed to date have limited efficacy and substantial adverse effects (Cheung et al., 2013).

Numerous trials have been conducted to find and develop new anti-obesity drugs
through herbal sources to minimize adverse reactions associated with the present anti-obesity
drugs (Vasudeva et al., 2012), which are being used both as medicine and also as food
supplements. Most of them possess antioxidant and anti-inflammatory properties, due to
presence of high polyphenolic compounds (Tripathi and Pendey, 2012).

Chrysobalanus icaco L. is a medicinal plant that belongs to the Chrysobalanaceae
family and is commonly used on a daily basis as a hypoglycemic and diuretic agent (Presta et
al. 2007). Phytochemical studies have demonstrated the presence of flavonoids such as rutin,
myricitrin, and quercitrin, as well as other minor myricetin and quercetin derivatives in the
aqueous and hydroalcoholic extracts of its leaves (Barbosa et al. 2006).

Pharmacological studies have reported a decrease in blood glucose levels in rodents
(Presta and Pereira 1987; Barbosa et al., 2013) with the aqueous extract of C. icaco (AECI), as
well as analgesic, anti-inflammatory (Castilho et al., 2000) and antimicrobial activities with the
methanol extract (Castilho and Kaplan, 2011). Also, previous studies conducted in our
laboratory reinforce the use of AECI in hyperglycemia and highlight the potential extract’s
effect in preventing weight gain of diet-induced obese mice (White, 2013).

In this study some other effects of C. icaco in overall adiposity and glycemic
homeostasis are reported and mechanisms by which the extract could prevent the weight gain

are investigated.

2. Materials and methods

2.1 Plant material and preparation of the aqueous extract
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C. icaco leaves were collected from the Jatoba village (Latitude: 10° 47° 50” S and
Longitude: 36° 50° 44” W), Sergipe, Brazil, in February 2008, and were identified by Dr. Ana
Paula Prata. A voucher specimen (ASE 11855) is deposited at the Herbarium of the Federal
University of Sergipe.

The aqueous extract was obtained from C. icaco dried leaves. After collection, suitable
leaves were selected and then dried in an oven with circulating and renewable air (Model
Marconi, MA — 035/5, Brazil) at 40 °C for 72 h. Subsequently, the leaves were triturated in an
electric mill until they became a finely granulated dust. This powder was dissolved in distilled
water at 100 °C for 15 min, at a ratio of 50 g of leaves to 1 liter of water, and then vacuum-
filtered, lyophilized, and stored at 4 °C. Immediately prior to use, the extract was dissolved in

water at the desired concentration.

2.2 Antioxidant assays
2.2.1 Analysis of phenolic compounds by high performance liquid chromatography—diode
array detector (HPLC-DAD)

Quantification of phenolic compounds in extracts was carried out using the high
performance liquid chromatography system, that consisted of two LC-6AD pumps, SPD-20A
(UV/Vis) diode array detector (DAD), CTO-10AS column oven, DGU-20A3r degasser, SIL-
20A autoinjector and CBM-20A system controller (Shimadzu Co., Kyoto, Japan), equipped
with a Kinetex Phenyl-Hexyl column (4.6 x 150 mm, 5 pm) from Phenomenex (Torrance, CA,
USA) maintained at 40 °C. The injection volume was 20 pl and the following solvents in water
with a flow rate of 1.0 mL/min were used: A, 0.1% formic acid (JT Baker, Philipsburg, PA,
USA) in water and B, methanol (Tedia, Fairfield, OH, USA). The elution profile was a linear
gradient elution for B of 25-33% for 5 min, keeping at 33% over 5 min, and then increased to
33-40% for 5 min, keeping at 40% for 5 min, increased to 40-47% for 7 min, and then 47-100%
in 2 min, keeping at 100% for 1 min. Analytical HPLC was monitored at 254 and 280 nm. AECI
sample was diluted in water in an 11 mg/mL concentration, while the rutin (Sigma-Aldrich, S&o
Paulo, Brazil) and quercitrin (Sigma-Aldrich, Sdo Paulo, Brasil) samples were dissolved in
methanol at a concentration of 1.9 e 1.4 mg/mL, respectively. All samples were centrifuged at
13400 rpm for 5min (Eppendorf, Mini spin®, Hamburg, Germany) before injection in the
HPLC. The data was obtained through the LC Solution software.

2.2.2 Scavenge of DPPH radical
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The quantification of the antioxidant activity against the DPPH radical was carried out
according to Paixdo et al. (2013). Gallic acid (GA) and the AECI (0,5 mg/mL) were added to a
solution of 2,2-diphenyl-1-picrylhydrazyl radical (DPPH, 40 ug/mL in methanol) to give the
concentrations of 5, 10, 15, 25 and 30 pg/mL in 3 mL. The absorbances of the reaction mixtures
were determined at 515 nm in the first, fifth, and tenth minute, and then every 10 min up to 60
min. The results were expressed as inhibition percentage (IP), while the antioxidant amount
necessary to decrease the DPPH concentration in 50% (1C50) was calculated by plotting the
percentage of DPPH remanescent (%DPPHREM) after 60 min versus extract concentrations.
The antioxidant activity index (AAI) was calculated as AAl = [DPPH stock concentration
(Mg/mL)J/[ICso (ng/mL)] (Scherer and Godoy, 2009).

2.2.3 Lipid Peroxidation

The potential of the AECI to reduce lipid peroxidation was measured using the
production of thiobarbituric acid-reactive substances (TBARS) (Budni et al., 2007). Briefly,
egg yolk homogenate (1% w/v, 1 mL) in phosphate buffer (pH 7.4) was sonicated (10 s) and
mixed with freshly prepared solutions of the AECI and controls at 50, 100, 150 and 200 ug/mL.
Lipid peroxidation was induced by adding either ferrous sulphate (FeSO4, 0.17 mol/L, 0.1 mL).
Trolox was used a positive control, while the negative control was the vehicle (methanol). The
mixture was incubated at 37 °C for 30 min. Upon cooling, samples (0.5 mL) were centrifuged
with 15% trichloroacetic acid (0.5 mL) at 1200 rpm for 10 min. Supernatant was taken (0.5
mL), mixed with 0.67% thiobarbituric acid (0.5 mL), incubated at 95 °C for 60 min and, after
cooling, the formation of TBARS was measured by reading the supernatant absorbance at
532 nm. Results were expressed as inhibition percentage of TBARS formation.

2.3 Animals and diets

All procedures were approved by the Animal Research Ethics Committee of the Federal
University of Sergipe, Brazil (Protocol number CEPA 51/2011) and were in compliance with
the Guide for the Care and Use of Laboratory Animals published by the National Academy of
Sciences (NAS 1996).

A group of 34 male C57BL/6J mice (2 months old) were obtained from Foundation
Oswaldo Cruz, Salvador, Bahia, Brazil. The animals were maintained on a 12-h light—dark
cycle and housed 2 or 3 per cage, at a temperature 20-23 °C. Mice were randomly assigned to
standard chow (SC) or high-fat diet (HFD) ad libitum. SC and HFD were commercially
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obtained from PragSolucdes (Jau, Brazil) and differed in their lipid and carbohydrate content.
The standard chow consisted of 6.7% lipids and 78.5% carbohydrates, and the HFD contained
57.6% and 28.0% respectively. After 6 weeks, mice on standard diet were divided into 2 groups,
one group continued receiving water (SC) while the other group was treated with AECI in 0.7
mg/mL concentration for 8 weeks (SCA), and mice on high-fat diet were divided into 3 groups
with one group receiving water (HFD) while the other 2 groups were treated with AECI in 0.35
mg/mL (HFAL) and 0.7 mg/mL concentration (HFA2), respectively, for 8 weeks.

The AECI was mixed with the drinking water and replaced every day. This
concentration was chosen based on previous research conducted in our laboratory, which
demonstrated that the dose of 200 mg/kg of the extract prevented weight gain and normalized
blood glucose in swiss high-fat fed obese mice. Hence, the lower concentration used (0.35
mg/mL) would be the equivalent to the dose of 200 mg/kg according to the mice’s water intake

and the higher concentration (0.7 mg/mL) the double of the first one.

2.4 Body weight and diet intake

AECI intake was measured every day, food intake every other day and body weight
was measured once a week. The feeding efficiency was calculated by dividing total body weight
gain (g) by total food intake (kcal), while the metabolic efficiency, by calculating the ability of
ingested energy to be metabolized, which is the inverse parameter of the feed efficiency
(Winzell and Ahrén 2004).

2.5 Fecal lipid analyses

Feces of each group were collected during seven days, at the end of the experiment, and
stored at -20 °C. At the end of the week, the material was defrosted weighed and dried for 8 h
in a ventilated oven at 40 °C and then weighed again. The amount of humid and dry feces
produced by the groups during the period of seven days was weighed and compared between
groups. The solid matter was extracted according to Folch’s method (Folch, Lees, Stanley,
1957) and after the material was back-extracted and the organic phase was evaporated to
dryness, the pellet was resuspended in 2 mL of chloroform and transferred to preweighed vials.
The solvent was evaporated, and the vial was taken to a constant weight by drying in a
rotaevaporator at 35 °C. The difference in weight between the starting empty vial and the vial
containing the dried lipid was the fecal lipid amount, which was expressed as a percentage of

the weight of the starting fecal sample.
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2.6 Locomotor activity

The voluntary locomotor activity of animals was assessed in an open field (open top
plexiglass box of 12 x 12 inches) during 10 min sessions. Two tests were carried out, one during
the light cycle and the other during the dark cycle under red light. The total distance travelled
(m) and average speed (m/s) were measured and analyzed over the test period using the ANY -

maze video tracking software (Saito et al., 2014; Da Cruz et al., 2012).

2.7 Glucose and insulin sensitivity analyses
2.7.1 Glucose tolerance test (GTT)

Mice were fasted for 6 h prior to the experiment. A stock solution of 100 mg/mL D-
glucose saline was prepared. After an initial fasting blood sample (time 0), 1 mg glucose/g body
weight was injected intraperitoneally, and blood was sampled after 5, 15, 30, 60, and 120 min.
The area under the glucose decay curve (AUC) was calculated for each mouse and the mean
was calculated for each group (Faulhaber-Walter et al., 2011).

2.7.2 Insulin tolerance test (ITT)

Mice were fasted for 5 hours and then injected insulin (0.5 U/kg body weight) (Insunorm
R — 100 U/ml, Cellofarm, Rio de Janeiro, Brazil) intraperitoneally. Glucose levels were
measured at 0, 15, 30, 60, and 90 min after the injection. The area under the glucose decay curve
(AUC) was calculated for each mouse and the mean was calculated for each group (Yuan et al.,
2013).

2.8 Biochemical analysis

Three days after ITT, the animals were anesthetized with inhaled isoflurane and blood
was collected through the inferior vena cava after a 12 h fast to analyze glucose, total
cholesterol, triglycerides (TG), high-density lipoprotein-cholesterol (HDL-c) and urea assayed
by colorimetric enzymatic method, according to the manufacturer’s instructions (Labtest,
Lagoa Santa, MG, Brazil).

2.9 Fat pads and gastrocnemius

After euthanasia, the gastrocnemius muscle, as well as the periepididymal, perirenal and
retroperitoneal fat pads, were removed and weighed. The weight of the gastrocnemius muscle
was used as an indicator of lean muscle mass. The sum of the fat pads determined the total

visceral fat weight. The adiposity index was calculated as the result of the total fat pad (Q)
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divided by the final bodyweight x 100 and expressed as adiposity percent (Jeyakumar et al.,
2009).

2.10 Data analysis

The data are displayed as mean + standard error of the mean (SEM). Differences
between groups were analyzed with one-way ANOVA and Bonferroni post-hoc test.
Parameters over time were analyzed in a two-way ANOVA model and Bonferroni post-hoc. A
p value of less than 0.05 was used to indicate statistical significance (GraphPad Prism 6.0,
GraphPad Software, La Jolla, CA).

3. Results

3.1 Identification of major phenolic compounds of AECI

Figure 5 shows the HPLC-UV chromatographic profile of the aqueous extract of C.
icaco (AECI), which demonstrated 8 major peaks (1 — 8). The peaks with retention time of 13.8
min (peak 5) and 18.2 min (peak 7) were consistent with the retention times of authentic samples
of flavonols, demonstrated previously by Ducrey et al. (1995), more specifically, rutin and

quercitrin respectively.

3.2 Antioxidant potential of AECI

In the DPPH assay, the AECI was able to scavenge DPPH radicals, showing an I1Csg of
12.5 £ 0.8 compared with 1.2 + 0.8 of the control galic acid and an inhibition percentage similar
to the control, 96.9% vs. 92.4%, respectively. According to the antioxidant activity index, the
AECI demonstrated a very high antioxidant activity (2.4 vs. 27.5 from galic acid).

Concerning the potential of the AECI in inhibiting TBARS formation, the results
showed that all four concentrations presented a high inhibitory potential against ferrous sulfate
and there were no significant difference between the percentages obtained. The corresponding
values for the inhibitory potential against FeSO4 of the 50, 100, 150 and 200 pg/mL

concentrations were 40.4, 53.6, 67.6 and 69.2% respectively.

3.3 Effect of AECI on food intake, body weight and body fat

After six weeks of obesity induction, the animals from the HFD group showed

significant higher weight gain, observed after the 4™ week on high fat diet (p<0.05), and
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consequently higher final weight, compared to the control group (SC) (Figure 1 A). The food
intake in grams as well as the food intake on kilocalories was not different between groups,
however, the water intake was significantly lower than the SC group (p<0.05). Because there
wasn’t any difference in the caloric intake, there was no significant increase in the feed
efficiency. The metabolic efficiency, on the other hand, was significantly lower in the HFD
compared to the SC (p<0.05). This indicates that the weight gain observed in high-fat—fed mice
was related to a reduced metabolic rate (Table 1).

Once the obesity was characterized, the animals were divided into control and treated
groups. The AECI treatment started at the 7" week and went through the end of the 14" week
(Figure 1 B). In this period, the HFD group continued showing higher body weight and lower
metabolic efficiency compared to SC group. Additionally, food intake in kcal and feed
efficiency became higher (p<0.05 and p<0.001 vs. SC, respectively). No changes were observed
concerning the water intake between both groups (Table 2).

As for the treated groups, the groups that received the higher concentration of the
extract, SCA and HFA2 groups, demonstrated higher AECI intake compared to their controls
(p<0.05 vs. SC and p<0.01 vs. HFD) as well as higher food intake in grams and in kilocalories
(p<0.0001 vs. SC and p<0.0001 vs. HFD, respectively) and consequently higher feed efficiency
(p<0.05 vs. SC and p<0.05 vs. HFD). However, no change in metabolic efficiency was
observed. On the other hand, the lower AECI concentration didn’t alter any of the parameters
observed (Table 4). Furthermore, no significant changes in the body weight evolution were
observed between the treated groups and their controls (Figure 1 B) ) nor was there a difference
in the final body weight (Table 2).

As expected, the HFD group also showed a significant increased adipose tissue, in all
of the fat pads weighed, periepidydimal, perirenal and retroperitoneal, as well as a higher
adiposity index, compared to the SC (table 3). The group treated with the smaller concentration
of AECI, in turn, presented significantly lighter fat pads and consequently lower adiposity index
compared to the HFD group (table 3). The gastrocnemius weight didn’t show any difference
through ANOVA when comparing the five groups, however, when comparing only the three
groups that received the high fat diet also through ANOVA an increased muscle mass in the
HFA1 (p<0.05) when compared to the HFD (table 3) was revealed.

3.4 Effect of AECI on serum profile and fecal lipid extraction
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After 14 weeks of high fat diet, there was a trend toward an increase in TG from HFD
group compared to SC (84.3 = 4.0 vs. 68.9 + 6.2 mg/dl, p = 0.07). Interestingly, the HFAL
displayed a significant lower level of TG when compared to HFD (59.2 + 1.9 mg/dl, p<0.05).
As for the CT, HDL and urea levels neither the high fat diet nor the AECI induced any
significant change between groups.

Concerning the weight of humid or dry feces between the groups, no significant
difference was observed. Nevertheless, the difference in weight between the starting empty vial
and the vial containing the dried lipid was significantly higher in the HFD group compared to
the SC group and lower in all three treated groups compared to their control (p<0.05 and p<0.01
for HFD and SCA vs. SC, respectively, and p<0.01 for HFAL and HFA2 vs. HFD) (figure 2).

3.5 Effect of AECI on locomotor activity

There was a significant decrease in HFD group locomotor activity when compared to
the SC group, in both distance traveled and velocity, but only in the day cycle (p<0.05).
Interestingly, the AECI treatment induced a significant increase in distance traveled as well as
in velocity in all three treated groups, although in the night cycle for the SCA group, but in both
cycles for the HFAL and HFA2 groups, resulting in markedly improved locomotor activity
(figure 3).

3.6 Effect of AECI on insulin and glucose sensitivity and fasting blood glucose

After 14 weeks of high-fat diet, the HFD group showed significantly higher blood
glucose, in all time points measured (15, 30, 60 and 90 minutes), inthe ITT test when compared
to SC group. The area under the glucose decay curve (AUC) was also greater (500.9 + 31.7 vs.
279.4 £ 39.7 from SC group). Interestingly, treatment with AECI in the lower concentration
was able to significantly reduce the blood glucose levels at time points 15 and 60 minutes
(p<0.01) and consequently lower the AUC (356.6 + 26.5, p<0.05) (figure 4).

Mice from the HFD group also displayed higher blood glucose levels through the
glucose tolerance test, in time points 15, 30 and 60 minutes, as well as higher AUC (1364 +
35.3 vs. 884.2 + 47.2, p< 0.0001) compared to the SC group, demonstrating impaired glucose
tolerance. Although AECI showed lower blood glucose and lower AUC, the ANOVA
comparing the five groups didn’t reveal any significant decrease. However, when compared
only the high fat fed groups, the ANOVA indicated that the AECI significantly normalized the

glucose tolerance in the group that received the lower concentration of the extract (figure 4).
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Concerning the serum blood glucose, after 12h fasting, neither the high fat diet nor the
AECI treatment induced any significant changes (122.4 + 15.1, 155.6 + 10.2, 151.4 £ 22.5,
169.8 +17.8, 183.2 £ 8.7 for SC, SCA, HFD, HFAL and HFAZ2 respectivelly). The HFD group
did achieve insulin resistance and impaired glucose tolerance but didn’t generated
hyperglycemia or a complete state of diabetes type 2.

4. Discussion

Obesity is characterized not just by an increase in body weight, but especially by an
increase in adiposity and changes in its distribution and function. The adipose tissue is the key
factor in all these metabolic abnormalities associated with the development of obesity. The
adipocyte has the capacity to sense, manage, and send signals to maintain energy equilibrium
in the body. But during obesity, this equilibrium is disrupted and the adipocyte functionality is
compromised, impairing the transcriptional regulation of the key factors that control
adipogenesis and the sensitivity to external signals, as well as the signal transduction process
(Vazquez-Vela, Torres, Tovar, 2008) which are also related to the development of insulin
resistance, inflammation and dyslipidemia among other several metabolic risk factors.

The obesity induced in the C57BL/6J male mice by the 56.7% high fat diet in this study
was characterized by an increased body weight as well as body fat and a trend toward high TG
levels, which may have been achieved due not only to an increased feed efficiency but also to
a decreased metabolic rate and locomotor activity. Energy expenditure is composed of basal
metabolic rate, the thermic effect of food and locomotor activity (Bjursell et al., 2008).
Therefore, it can be stated that the HFD group also showed decreased energy expenditure. These
data corroborates the report by Bjursell et al. (2008) where C57BL/6J male mice with 8 weeks
of age showed decreased locomotor activity after 21 days of 40% high fat diet, and decreased
locomotor activity plus reduced energy expenditure after 7 weeks on the same diet. They also
showed a positive correlation between these two parameters, estimating that 62% of the extra
body weight gain in mice fed high fat diet can be explained by a reduced locomotor activity.

Interestingly, the AECI in the lower concentration (0.35 mg/mL), promoted lower body
fat gain, decreased TG levels and increased muscle mass, which could be explained by the
increased locomotor activity induced by the extract, promoting energy expenditure. Also, the
fact that the AECI reduced fat excretion through feces, clarifies that the loss of fat in these mice
isn’t occurring through any anti-absorptive effect of the extract on the gastrointestinal tract.

Edema et al. (2007) observed that 10% C. icaco seeds induced weight reduction in rats

without toxic effects. Moreover, White (2013) has shown prevention of weight gain in obese


http://www.sciencedirect.com/science/article/pii/S0188440908002257

49

high-fat fed mice with AECI treatment. These are the only reports to date about this plant and
and weight loss. Nothing have been reported about energy expenditure or locomotor activity.
However, some of AECI major compounds as rutin and quercetrin have been implicated in
some anti-obesity activities as well as in an antiinflamatory and antioxidant role that are also
linked to the overall response of these compounds in the obesity treatment.

Rutin has been shown to decrease serum lipids, body weight and peritoneal and
epididymal fat pads weights in obese rats. Decreased hepatic TG and CT levels were also
observed, related to reduced oxidative stress and glutathione disulfide (GSSG) content, and
enhanced levels of glutathione (GSH), GSH peroxidase (GPx), GSH reductase (GRd), and GSH
S-transferase (GST) in the hepatic tissue (Hsu et al., 2009). Likewise, Fernandes et al. (2010)
associated rutin (50 mg/kg) with markedly decreased hepatic and cardiac levels of
tryacylglycerols and elevated glycogen, improving hyperglycemia and dyslipidemia while
inhibiting the progression of liver and heart dysfunction in streptozotocin-induced diabetic rats.

Quercetrin appears to be more implicated in an anti-inflamatory and antioxidant role. In
study conducted by Choi et al. (2010), quercetrin blocked the uptake of oxidized LDL,
cholesterol influx and inhibited the scavenger activity of the oxidized LDL through attenuation
of PPARYy activation in macrophages. Camuesco et al. (2004) have demonstrated improvement
in colonic oxidative status in experimental colitis through reduction of NO synthase activity
and downregultion of colonic activity of the NF-xB, along with reduced macrophage and
granulocyte infiltration. Furthermore, prevention of TBARS production by different agents
(potassium ferricyanide, quinolinic acid and sodium nitroprusside) was induced by quercetin
treatment in vitro exhibiting a scavenger and antioxidant activity (Wagner et al., 2006).

Concerning the locomotor activity, some studies have reported that it can be regulated
by some specific receptors located in the dorsomedial hypothalamus. Leptin receptors LepRb
have been shown to regulate energy expenditure as well as locomotor activity and consequently
body weight, without altering food intake (Rezai-Zadeh et al., 2014). The melanocortin
receptors are also involved. Apparently the blockade of the melanocortin-3 and -4 receptor
increased fat mass and decreased locomotor activity and energy expenditure (Chen at al., 2000;
Huszar et al., 1997). The melanocortin receptor also can directly and rapidly control glucose
utilization, TG synthesis, lipid deposition, and lipid mobilization in white adipose tissue
(Nogueiras et al., 2007).

Taken together these data indicate that AECI in lower concentration, could be acting

centrally and peripherally, increasing the locomotor activity and energy expenditure and
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enhancing the utilization of fat and glucose or inhibiting further absorption and deposition of
fat, or both.

Glucose homeostasis is governed by the balance between glucose absorption from the
intestine, production by the liver and uptake and metabolism by peripheral tissues. Insulin
increases glucose uptake in muscle and fat, and inhibits hepatic glucose production, thus serving
as the primary regulator of blood glucose concentration. Insulin also promotes the storage of
substrates in fat, liver and muscle by stimulating lipogenesis, glycogen and protein synthesis,
and inhibiting lipolysis, glycogenolysis and protein breakdown (Saltiel and Kahn, 2000).
Insulin resistance or deficiency results in profound dysregulation of these processes and in the
tissue's ability to respond to insulin. Because the pancreas is able to appropriately augment its
secretion of insulin to offset the insulin resistance, glucose tolerance remains normal. With time,
however, the B-cell fails to maintain its high rate of insulin secretion and the relative
insulinopenia (i.e., relative to the degree of insulin resistance) leads to the development of
impaired glucose tolerance and eventually hyperglycemia and diabetes mellitus (DeFronzo,
Bonadonna, Ferrannine, 1992).

In addition to obesity, the mice from the HFD group demonstrated insulin resistance
and impaired glucose tolerance. The AECI, in turn, in the lower concentration (0.35 mg/mL),
was capable to normalize the insulin sensitivity and improve the glucose tolerance after 8 weeks
of treatment. Previous study by Presta and Pereira (1987) have reported a reduction of 64.2%
in the intestinal absorption of glucose in normal mice treated with the aqueous extract of C.
icaco at a concentration of 5% (or 50 mg/mL) mixed with drinking water.

Studies conducted with rutin have demonstrated the same effects observed in this study,
by the increase of glucose uptake in the rat soleus muscle via the PI3K, atypical protein kinase
C and mitogen-activated protein kinase (MAPK) pathways and activation of the transporter
GLUT-4 synthesis (Kappel et al., 2013). Hanhineva et al. (2010) suggest that rutin might also
preserve the glucose-sensing ability trough B-cell restoring effect due to enhanced ability to
scavenge free radicals and mediate antioxidant enzyme activity in the pancreas.

Quercitrin has also shown decrease of plasma glucose and increase in insulin levels
along with the restoration of carbohydrate metabolism in diabetic rats. These effects were
related to an expansion of the pancreatic islets and decreased fatty infiltrate of the islets
(Babujanarthanam, Kavitha, Pandian, 2010).

As demonstrated in this study, the AECI contains high levels of rutin and quercetrin.

The presence of these polyphenols must be related to the antioxidant potential of AECI
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observed here by the high inhibitory potential against ferrous sulfate and its ability to scavenge
DPPH radicals.

Similar findings were observed by Barbosa et al. (2013) in which the AECI also
presented potent antioxidant activity against the DPPH radicals that could be due to the presence
of polyphenols and terpenoids, observed in the phytochemical screening of the extract.
Furthermore, antioxidant effects are demonstrated as well by Ferreira-Machado et al (2004)
where the AECI in the concentration of 0.7 mg/mL promoted a reduction in the lethality of E.
coli strains PQ35 and PQ37 against the damage induced by stannous chloride that could be due
to the prevention of reactive oxygen species formation and scavenge of free radicals generated
by the stannous chloride.

These findings indicates that besides the antioxidant activity, the prevention of reactive
oxygen species generation and scavenge of free radicals could also account for the overall
improvements in glucose homeostasis and circulating lipid levels. Increased free fatty acids can
induce ROS formation that are mediated through specific intracellular signaling pathways,
involving NF-xB, kB kinase, IKK, Activating Protein-1 (AP-1) and JNK signaling molecules
(Davis et al., 2009; Bastard et al., 2006). The activation of these pathways could be responsible
for the serine/threonine inhibitory phosphorylation of IRS, decreasing the insulin response and
inducing insulin resistance.

Another fact that must be considered is that the lower gain of adipose tissue and reduced
adiposity index shown by mice treated with AECI (0.35 mg/mL) could also influence the
normalization of insulin sensitivity and improvement of glucose tolerance. Once the increased
fat mass is responsible for the impairment of glucose oxidation and also the release of several
adipokines that could directly result in a decreased sensitivity to insulin (DeFronzo, Bonadonna,
Ferrannine, 1992), AECI, in the lower concentration, could be acting preventing this damage
through inhibition of lipogenesis and/or enhanced fat utilization in high fat fed mice.

Concerning the effects observed with the AECI in the higher concentration, although an
increase in the locomotor activity was also observed, the extract at 0.7 mg/mL induced a higher
food intake and feed efficiency, which could probably account for the absence of significant
effects on the adipose profile and in glucose homeostasis of the group HFA2. These findings
indicates that not always the treatment with a higher concentration of an extract will necessarily
promote a better response. Corroborating this statement, Barbosa et al. (2013) in the comparison
of three doses of the AECI, observed that the best results in blood glucose and body weight of
diabetic rats were observed with the lowest dose of the extract, 100 mg/kg, compared with the
other two of 200 and 400 mg/kg.
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5. Conclusions

These findings indicate that AECI in lower concentrations can prevent fat storage or
enhance fat utilization through the increase of locomotor activity. Furthermore, these data
reinforce its ability to maintain glucose homeostasis through the normalization of insulin
sensitivity and glucose tolerance despite the high fat diet intake. These effects could be related
to AECI polyphenol content and its ability to scavenge free radicals and mediate antioxidant
activity.
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Figure captions

Figurel: Effect of high fat diet and AECI on body weight. Data represent the means + SEM of
body weights A - from mice fed standard chow (SC) and high fat diet (HFD) from the adaptation
week (-11) to the 6™ week. B - from mice fed standard chow (SC), standard show + AECI 0.7
mg/mL concentration (SCA), high fat diet (HFD), high fat diet + AECI 0.35 mg/mL
concentration (HFA1) and high fat diet + AECI 0.7 mg/mL concentration (HFA2), from the 71"
week, on the beginning of AECI treatment, to the 14" week, end of experiment. Data are means
+ SEM. "p<0.05, “p<0.01 and "“p<0.001 vs. SC. One-way ANOVA with Bonferroni post hoc.
N = 6-7.

KKk

Figure 2: Effect of high fat diet and AECI on fecal lipid extraction. Data represent the
percentage of lipid amount extracted from mice fed standard chow (SC), standard show + AECI
0.7 mg/mL concentration (SCA), high fat diet (HFD), high fat diet + AECI 0.35 mg/mL
concentration (HFA1) and high fat diet + AECI 0.7 mg/mL concentration (HFA2). Data are
means = SEM. “p<0.05 and “p<0.01 vs. SC, #p<0.01 vs. HFD. One-way ANOVA with
Bonferroni post hoc. N = 6-7.

Figure 3: Effect of high fat diet and AECI on locomotor activity. Data represent A - the
distance traveled (m) and B - velocity (m/s) of mice fed standard chow (SC), standard show +
AECI 0.7 mg/mL concentration (SCA), high fat diet (HFD), high fat diet + AECI 0.35 mg/mL
concentration (HFAL) and high fat diet + AECI 0.7 mg/mL concentration (HFA2). Data are
means + SEM. “p<0.05 and “p<0,01 vs. SC, *#p<0.01 and *#p<0.001 vs. HFD. One-way
ANOVA with Bonferroni post hoc. N = 6-7.

Figure 4: Effect of high fat diet and AECI on insulin and glucose sensitivity. Data represent
the means + SEM of A - blood glucose levels (mg/dL) at time O and after injecting
intraperitoneally 0.5 U of insulin/kg of body weight at time points 15, 30, 60 and 90 minutes
and B - the correspondent area under the decay curve C - blood glucose levels (mg/dL) at time
0 and after injecting intraperitoneally 1 mg glucose/g of body weight at time points 5, 15, 30,
60 and 120 minutes and D - the correspondent area under the decay curve of mice fed standard
chow (SC), standard show + AECI 0.7 mg/mL concentration (SCA), high fat diet (HFD), high
fat diet + AECI 0.35 mg/mL concentration (HFAL) and high fat diet + AECI 0.7 mg/mL
concentration (HFA2). “p<0.05 and "“p<0.001 vs. SC, #p<0.05 and #p<0.01 vs. HFD, one-way
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and two-way ANOVA with Bonferroni post hoc. *3p<0.05 vs. HFD, one-way ANOVA with
Bonferroni post hoc compared only between HFD, HFA1 and HFA2. N = 6-7.

Figure 5. HPLC-UV chromatograms at 254 nm and 280 nm of AECI, rutin and quercitrin.
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Table 1: Initial and final body weight, body weight gain, water and food intake, feed efficiency

and metabolic efficiency on the 6 first weeks.

Initial body weight (g)

Final body weight (g)

Body weight gain ()

Water intake (ml)

Food intake ()

Food intake (kcal)

Feed efficiency (g/kcal)
Metabolic efficiency (kcal/g)

SC
21.7+0.8
27.2+0.8
5.5+0.8
33+0.1
3.9+0.3
41.3+35
0.004 + 0.001
377.3 +59.6

HFD
22.9+0.5
31.4+0.7"
8.1+0.6"
2.4+0.06
3.5+0.04
451+43

*kk

0.005 + 0.0004

208.9 + 21.6"

Data are means + SEM at the end of the 6" week of the experiment “p<0.05 and
SC. One-way ANOVA with Bonferroni post hoc. N=13-21.

*kk

p<0.001 vs.
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Table 2: Initial and final body weight, body weight gain, Water/AECI and food intake, feed efficiency and metabolic efficiency from the 7" to the

14" week.
SC SCA HFD HFA1 HFA2

Initial body weight (g) 272+13 24.8+0.8 333+ 09" 313+13 306 1.0
Final body weight (g) 28.3 +0.5 293+1.3 42021 37.3+13 386+15
Body weight gain () 1,0+0,9 52+0,7" 88+14™ 6,4+0,6 95+1,2
Water /AECI intake (ml) 2.3+£0.05 2.7+0.06" 24 +£0.04 25+0.04 2.6+ 0.05%
Food intake (g) 5.9 +0.02 8.4+051" 5.7 +0.06 5.9 +0.09 9.2 + 0.05%#
Food intake (kcal) 23.5+0.1 33.2+21"™ 31.3+0.3™ 32.7+£05 50.6 + 1.0
Feed efficiency (g/kcal) 0.001 £+ 0.0004 0.003 + 0.0006" 0.004 + 0.0007" 0.003 + 0.0004 0.006 + 0.0005%
Metabolic efficiency (kcal/g) 1443.6 £ 542.4 549.6 + 189.1 295.6 + 53.6" 368.0 +52.8 1711 +15.2

Data are means = SEM at the end of the 14" week of the experiment "p<0.05, ~p<0.01 and

vs. HFD, one-way ANOVA with Bonferroni post hoc. N=6-7.

*hKx

p<0.001 vs. SC; #p<0.05, #p<0.01 and *#p<0.001
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Table 3. Final body, fat pads and gastrocnemius weights and adiposity index

sc SCA HFD HFAL HFA2

Final body 5667 +0.3 28.03+13 4014%21™ 3539+16 385218
weight (g)

Periepidydimal o501 006 0734000 2.25+03™ 129£0.03"* 2324017
weight (g)

Retroperitoneal o 144002 0264005 070008 048 +004* 0.740.04
weight (g)
Perirenal 5074001 011001 042007 023+0.05 0.26+0.03
weight (g)

Ad'po(s% INdeX 573403  415:04 828+07™ 572£02% 86502

Gastrocnemius o 16+0,010 0.15+0.005 0.15+0.010 0.18+0.010% 0.16 +0.004
weight (g)

Data are means = SEM at the day of euthanasia or final day of the experiment. ““p<0.001 vs.
SC; #p<0.05, #p<0.01 and *#p<0.001 vs. HFD, one-way ANOVA with Bonferroni post hoc.
#<0.05 vs. HFD, one-way ANOVA with Bonferroni post hoc between the 3 high fat fed
groups. N=6-7.
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Figure 1 Aand B
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Capitulo 2: Rutin treatment of an insulin resistance TNFa-

induced N2a cell model.

Artigo submetido ao periddico International Journal of Molecular Sciences, fator de impacto
2,862 - apéndice F.

Instrucdes para autores — apéndice G.
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Abstract

Rutin can exert a protective role in oxidative stress in the brain and acts improving dyslipidemia
and insulin sensitivity in peripheral tissues. However, until this date, nothing is known about
its role in central insulin resistance. The aim of this study was to develop a neuron model of
TNF-o induced insulin resistance and investigate rutin enrollment in signaling pathways in
preventing the development of an inflammatory mediated insulin resistance. Results showed
that TNF-a induced the degradation of IkB-o (64.2%, p<0.01) and attenuated the Akt
phosphorylation (36.1%, p<0.001) in these neuron cells. The rutin treatment tended to prevent
the attenuation of Akt phosphorylation, showing an activation 14.4% higher than the group
treated with TNF-a, however, it was not statistically significant (p = 0,063). No significant
difference was observed in the IkB-a after rutin treatment. These findings indicates that N2a
cells were able to mimic the TNF-o response in the insulin signaling, generating an
inflammation-induced insulin resistance model. Moreover, the rutin treatment tended to
activate Akt pathway, however it wasn’t able to completely prevent the development of the

inflammatory mediaded insulin resistance.

1. Introduction

The central nervous system (CNS) is a key determinant of both glucose and energy
homeostasis (Porte, Baskin, Shwartz, 2005). This regulation is primarily mediated in the
hypothalamus by orexigenic neuropeptides including melanin concentrating hormone, agouti-
related protein (AgRP), neuropeptide Y (NPY), galanin and orexin, and by anorexigenic
neuropeptides pro-opiomelanocortin (POMC), galanin-like peptide (GALP), cocaine- and
amphetamine-regulated transcript (CART) and corticotropin-releasing factor (CRF) (Leibowitz
and Wortley 2004). Several hormones act in these neurons to control these neuropeptides,
leading to normal energy balance and the prevention of obesity as leptin and insulin. Reduced
central nervous system insulin signaling from either defective secretion or action contributes to
the pathogenesis of common metabolic disorders, including diabetes and obesity (Porte, Baskin,
Shwartz, 2005). Thus, in the extensive search for therapeutic approaches and preventative
measures, the CNS has emerged as an important target in tackling these chronic diseases.

Rutin has found application in health care system due to its wide biological activities,
high safety margins and lower cost, showing a wide range of pharmacological applications due
to its significant antioxidant properties (Sharma et al., 2013). It can be found in many natural
products such as citrus fruits, red beans and buck-wheat but it is normally available as a

supplement and consumed easily (Emura et al., 2007).
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Conventionally used as antimicrobial, antifungal, and antiallergic agent, rutin has shown
its multispectrum pharmacological benefits for the treatment of various chronic diseases such
as Alzheimer’s disease, cancer, hypertension, diabetes and hypercholesterolemia. Its use is
advantageous over other flavonoids as it is a nontoxic and nonoxidizable molecule (Javed et
al., 2012; Sharma et al., 2013).

In the brain, current studies demonstrated that rutin treatment attenuates oxidative stress
in neuroinflamattion in rats (Javed et al., 2012; Xu et al., 2014). Reduced oxidative stress and
glutathione disulfide (GSSG) content, and enhanced levels of glutathione (GSH), GSH
peroxidase (GPx), GSH reductase (GRd), and GSH S-transferase (GST) was also observed in
the hepatic tissue of rats along with reduction in hepatic triacylglycerol and cholesterol levels
(Hsu et al., 2009). In skeletal muscle, rutin has been shown to stimulated glucose uptake via the
PI3K, atypical protein kinase C and mitogen-activated protein kinase (MAPK) pathways
(Kappel et al., 2013) and increase the expression of peroxisome proliferator-activated receptor
(PPARYy) (Cai et al., 2012).

These findings demonstrates that rutin can exert a protective role in oxidative stress in
the brain and act improving dyslipidemia and insulin sensitivity in peripheral tissues. However,
until this date, nothing is known about its role in central insulin resistance. This study
investigated the effects and signaling pathways involved in the rutin treatment of an insulin

resistant TNF-a induced neuronal cell model.

2. Material and methods
2.1 Reagents

Akt, IkBa and Rabbit Ig with HRP conjugated antibodies were purchased from Research
Products International Corp. All drugs were freshly prepared from concentrated stock solutions.
Human recombinant insulin 100 U/mL (Eli Lilly, Indianapolis — IN, USA) was diluted in sterile
phosphate buffered saline (PBS, pH 7.4). TNF-a (Sigma-Aldrich, St. Louis — MO, USA) was
dissolved in PBS, pH 7.4 and added to culture medium at 10 ng/mL concentration. Rutin
(Sigma-Aldrich, St. Louis— MO, USA) was dissolved in dimethyl sulfoxide (DMSQ) and added

to culture medium, being the final concentration of 200 pM.

2.2 Cell culture

N2a (mouse neuroblastoma cell line) were maintained in Dulbecco’s modified Eagle’s
medium containing 4.5 g/L glucose (Gibco) supplemented with 10% (v/v) fetal bovine serum
(Atlanta Biologicals) at 37°C with 5% CO,. For passaging the cells, 0.125% Trypsin-EDTA
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(Gibco) was used as a dissociation reagent. N2a cells were split into 6 well plates and grown
until they reached 70 - 80% confluence. Cells were starved for 6h by replacing the complete
growth medium with nonsupplemented medium before they were treated simultaneously with
TNF-a (10 ng/mL) or rutin (200 uM ) or vehicle (PBS) for 30 minutes and then incubated with
insulin (100 nM) or vehicle for 15 minutes. The cells were washed by ice-cold PBS and added
a lysate buffer (50 mM HEPES, pH 7.5, 150 mM NaCl, 1 mM MgCl,, 1 mM CaClz, 10 mM
NaF, 5 mM EDTA, 1% Triton, 2 mM sodium orthovanadate and Roche cocktail protease
inhibitor tablet) and left in a shaker for 30 minutes at 4 °C. The cell extracts were scraped off
the plates and centrifuged at 13200 g for 30 minutes at 4 °C. Protein concentration of the cell
lysate supernatant was measured using the Bio-Rad DC Protein Assay kit with a
spectrophotometer (Beckman Coulter, Inc., Brea, CA, USA). Protein lysate extracted from N2a
cells were mixed with loading buffer (3x1), heated for 5 min at 100 °C and then stored at -20
°C for further use.

2.3 Western blotting

The samples were resolved by SDS-PAGE and transferred to polyvinylidene fluoride
membranes (Millipore). After transfer, the membranes were blocked in 5% nonfat dry milk for
1 hour at room temperature and incubated with primary antibody diluted in a solution of 5%
bovine serum albumin in TBS with 0.1% Tween 20 at 4°C overnight. The primary antibodies
used were total IkB-a antibody (1:1,000; Cell Signaling Technology, Beverly, MA), p-Akt
antibody (1:1,000; Cell Signaling Technology), total Akt antibody (1:1,000; Cell Signaling
Technology), p-ERK antibody (1:1,000; Cell Signaling Technology) and total ERK (1:1,000;
Cell Signaling Technology). The membranes were then incubated with anti-rabbit IgG
conjugated with HRP for 1 hour at room temperature. Visualization was done with enhanced
chemiluminescence (ECL plus or prime, General Electric). The Western blot films were
scanned at 600 dpi in grayscale mode. Background signal was eliminated by selecting bands of
interest using wand (tracing) tool. The band’s intensity was calculated using Imagel]’s gel

analyzer (Muta, Morgan, Rahmouni, 2015).

2.4 Statistical analysis
Data are presented as means + SEM. All data were analyzed by one way ANOVA with
Sidak’s multiple comparison test. A p-value less than 0.05 was considered statistically

significant. Prism 6 (GraphPad Software, Inc.) was used for statistical analysis.
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3. Results
3.1 Effect of TNF-a and rutin on inflammatory signaling in cultured N2a cells.
Results showed that TNF-a reduced IkB-a activation in 60.6% (p<0.01), indicating a

protein degradation in these neuronal cells (Figure 1). Rutin treatment wasn’t able to prevent

any degradation.
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Figure 1: Effect of TNF-a and rutin on inflammatory signaling in cultured N2a cell line. Data
presented are Western blots and bar graphs showing total IkBa in neuroblastoma cells treated
with vehicle (V), vehicle + insulin (V + 1), vehicle + rutin (V + R) and vehicle + rutin + insulin
(V+R+1), TNF-a + vehicle (T + V), TNF-o + insulin (T + I), TNF-o. + rutin (T + R) and TNF-
o + rutin + insulin (T + R + I). Data are means + SEM (n = 6). ~p<0.01 vs. V + I, one-way

ANOVA with Sidak post hoc.

3.2 Effect of TNF-a and rutin in insulin signaling in cultured N2a cells.

As shown in Fig. 2, TNF-a reduced insulin-stimulated p-Akt production by 36.1%
(p<0.001). Thus, cultured N2a cells are capable of developing inflammation-induced insulin
resistance. Rutin treatment, on the other hand, tended to prevent the attenuation in p-Akt,
showing an activation 14.4% higher than the group treated with TNF-a, however, it was not

statistically significant (p = 0,063).
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Figure 2: Effect of TNF-a and rutin in insulin signaling in cultured N2a cell line. Data
presented are Western blots of p-Akt and bar graphs showing phospho/total Akt in
neuroblastoma cells treated with vehicle (V), vehicle + insulin (V + 1), vehicle + rutin (V + R),
vehicle + rutin + insulin (V + R + 1), TNF-a + vehicle (T + V), TNF-a + insulin (T + I), TNF-
a + rutin (T + R) and TNF-a + rutin + insulin (T + R + I). Data are means + SEM (n = 6).

“p<0.001 vs. V + I, one-way ANOVA with Sidak post hoc.

4. Discussion

Tumor necrosis factor-alpha (TNF-a) is a multi-functional cytokine that can regulate
many cellular and biological processes such as immune function, cell differentiation,
proliferation, apoptosis and energy metabolism (Cawthorn and Sethi, 2008).

The elevation in TNF-a levels is a mediator of obesity-related insulin resistance and
type 2 diabetes. It suppresses the expression of many proteins that are required for insulin-
stimulated glucose uptake in adipocytes, such as the insulin receptor, insulin receptor substrate-
1 (IRS-1), protein kinase B (AKT) and GLUT4. TNF-a is also involved in the suppression of
PPARYy activity and expression and C/EBPa mRNA expression, which could be one of the
causes of the GLUT-4 decreased expression (Ruan et al., 2002). Impairment of activation of IR
and IRS-1 has also been shown to occur in skeletal muscle (Hotamisligil et al., 1996). In liver,
TNF-a interferes with insulin signaling, thereby favoring steatosis (Crespo et al., 2001).

In the brain TNF-a is elicited following injury, infection, neurodegeneration and
chemically induced neurotoxicity. The multifarious identity for this cytokine appears to be

influenced by several mechanisms. Among the most prominent are the regulation of TNFa-
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induced NF-kB activation by adapter proteins such as TRADD and TRAF (Sriram and
O’Callaghan, 2007)

The activation of nuclear factor-kappa B (NF-kB) along with mitogen-activated protein
kinase (MAPK) cascades, involving extracellular signal-regulated protein kinase (ERK), p38
MAPK and c-Jun N-terminal kinase (JNK) are also involved in the effects observed by TNF-a
in adipose tissue. These pathways could be responsible for mediating metabolic dysregulation
(Ruan et al., 2002; Rydén et al., 2002).

In this study, TNF-o mediated a proinflammatory stimulus in the N2a cells, resulting in
insulin resistance. It suppressed the expression of the IkBa, activating the NF-kB pathway. The
NF-xB proteins regulate the transcription of a variety of cellular genes critical for the regulation
of apoptosis, viral replication, tumorigenesis, inflammation, and various autoimmune diseases.
In its inactive form, NF-kB is sequestered in the cytoplasm of most cells regulated by an
inhibitor protein, IkBa, which binds to NF-kB via its ankyrin repeats (Baeuerle, Baltimore,
1988). Treatment with TNF-a causes the phosphorylation of IkBa, which is followed by its
ubiquitination and subsequent degradation. The inhibitor of kappa B kinase (IKK) complex, a
multiprotein kinase complex is responsible for the TNF-o induced phosphorylation of 1kBa.
These events lead to NF-kxB translocation to the nucleus, binding to cognate DNA binding sites,
and activation of transcription, resulting in the inflammatory response (Miyamoto et al., 1994).

Normally, in muscle cells and adipocytes the excess of saturated fatty acids induces
insulin resistance through several mechanisms, including toll-like receptor-4 (Tlr4), reactive
oxygen species formation, endoplasmic reticulum (ER) stress and mitochondrial dysfunction,
induced by JINK and MAPK-ERK and NF-«B activation (Davis et al., 2009; Coll et al., 2006).
However, little is known about the effects of excess lipids in the brain. Benoit et al. (2009)
demonstrated that intracerebroventricular injection of palmitate attenuates hypothalamic insulin
signaling and has been linked to changes in PKC subcellular localization, indicating that the
lipoxicity may be also involved in central insulin resistance. In the study of Mayer and Belsham
(2010) with mHypoE-44 neuron cells, the same saturated fatty acid also attenuated insulin
signaling with a minimum of 24 h treatment. However, the stimuli in higher dose or for a longer
period of time caused toxicity, inducing apoptosis of the neuron cells.

Contradictorily, in studies conducted by Choi et al. (2010), it was demonstrated that
saturated fatty acid exposure does not induce inflammatory signaling or insulin resistance in
cultured hypothalamic neurons. Although in this study different neuronal cell cultures were
used, N43/5 and GT1-7, they were able to induce inflammation-induced insulin resistance with

the TNF-o (10 ng/ml) stimuli, but for one hour.
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An attempt was made to replicate Choi et al. (2010) study, however, the responses were
not the same initially and the difficulty and time consuming proliferation of GT1-7 cells
hindered the development of this model. In this way, the N2a cells, which are more easily
manipulated and fast proliferated, were used and the results demonstrated an inflammation-
induced insulin resistance neuronal cell model with the same concentration used previously but
with a shorter TNF-o time induction.

Concerning the effects of rutin treatment in this inflammatory mediated insulin
resistance neuronal cell model, it was observed that this compound didn’t show any effect on
IkB-a protein or NF-kB pathway, but had a tendency in preventing the attenuation in p-Akt
caused by the TNF-o stimuli.

Rutin is a flavonoid found in many plants and has been shown to have some biological
activities, but its direct effects on cells of the CNS have not been well studied. Studies by Javed
et al. (2012) and Xu et al. (2014) have reported an attenuation of oxidative stress and
neuroinflamation in rodent models of Alzheimer’s disease, preventing cognative impairments
and improving special memory. These effects were related to enhanced level of GSH, GPx,
GRd as well as to decreased interleukin (IL)-1p and IL-6 levels in the brain (Xu et al., 2014).
Javed et al. (2012) also observed that rutin reduced the expression of cyclooxygenase-2 (COX-
2), glial fibrillary acidic protein (GFAP), interleukin-8 (IL-8), inducible nitric oxide synthase
(INOS) and NF-kB, thereby attenuating neuroinflammation.

This inhibitory effect on NF-xB and TNF-a pathway was also observed in
nephrotoxicity of rats pre-treated with rutin. The compound prevented deteriorative effects
induced by cisplatin through a protective mechanism that involved reduction of increased
oxidative stress as well as caspase-3, TNF-a and NF-kB protein expression levels (Arjumand,
Seth, Sultana, 2011).

Although these findings suggest rutin involvement in the suppression of NF-kB protein
expression, its activity could be mediated through the atypical pathway which is IKK
independent or indirectly by the inhibition of other proteins that would activate the NF-kB
pathway. These suppositions would justify the absence in the IkB-a response observed in this
study. Moreover, the experiments of the reports mentioned were conducted in rodents and with
different doses.

Regarding rutin effect on insulin resistance, no reports were found with neuronal cells,
however, some researches with muscle have reported some different pathways activations. In
myotubes, rutin (10 uM, overnight) potentiated insulin receptor kinase (IRK) and Akt
phosphorylation when IRK autophosphorylation was triggered by insulin attenuated S961-
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mediated inhibition of insulin-dependent GLUT4 translocation (Hsu et al., 2014). Stimulation
of glucose uptake via PI3K atypical protein kinase C and mitogen-activated protein kinase
(MAPK) pathways was also observed in rat soleus muscle treatment with rutin (500 uM for 90
min) (Kappel et al., 2013). Furthermore, reduction in serum lipid profile has also directly
influenciated rutin benefits in increasing insulin sensitivity in muscle and adipose cells
(Fernandes et al., 2010).

In 3T3-L1 cells, Hsu and Yen (2007) observed inhibition of intracellular trigliceride, of
glycerol-3-phosphate dehydrogenase (GPDH) activity, of the expression of PPARy,
CCAAT/enhancer-binding proteins (C/EBPa) and leptin, and up-regulation of the adiponectin
expression at the protein level, showing the best results with rutin, 250 pM concentration,
treatment for 72h.

As demonstrated in this study rutin (200 uM) treatment for 30 min tended to stimulate
Akt pathway, however, it wasn’t able to significantly prevent the attenuation in p-Akt induced
by the TNF-a stimulation in N2a cells. In this way, it is suggested for further researches
increased time of rutin treatment and / or different concentrations. Another fact that must be
considered is the investigation of others protein expressions involved in the insulin signaling.

These suggestions could contribute for the elucidation of rutin’s role in the CNS.

5. Conclusions

These data indicates that N2a cells were able to mimic the TNF-a response in the insulin
signaling, generating an inflammation-induced insulin resistance model that can provide the
basis for the development of researches involving new therapeutic agents that can activate
neuronal insulin signal transduction. This model has proven to be faster and viable, without
causing any cell death, compared with other neuron insulin resistant cell models. Moreover,
rutin treatment of these insulin resistant cells could activate Akt pathway contributing to prevent

the damage induced by the TNF-o.
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Esta tese consistiu no desenvolvimento de dois modelos experimentais para que se
fizesse possivel a realizacdo de seu objetivo principal, a proposta de duas novas terapéuticas no
tratamento da obesidade e da resisténcia a acdo da insulina.

No primeiro capitulo foi desenvolvido um modelo de obesidade induzido por dieta
hiperlipidica, em camundongos machos C57BL/6J, que reproduziu caracteristicas semelhantes
ao modelo humano, como aumento de peso corporeo e de tecido adiposo associado a resisténcia
a insulina e tolerancia a glicose, possivelmente decorrente de uma maior eficiéncia energética,
maior eficiéncia metabolica e menor atividade locomotora.

O tratamento com o AECI, em sua menor concentragdo, durante 8 das 14 semanas de
experimento, promoveu, em comparagao ao grupo que recebeu a mesma ragdo sem o extrato,
menor ganho de massa adiposa e menor indice de adiposidade, menores niveis de triglicérides
circulantes e maior ganho de massa magra, além de normalizacéo da sensibilidade a insulina e
tolerancia a glicose. Acredita-se que esses beneficios tenham se dado, em parte, em funcgdo de
uma maior atividade locomotora observada por esses animais, que possivelmente possa ter
potencializado a utilizacdo de gordura e glicose e/ou inibido seu armazenamento. O fato do
extrato também ter reduzido a excrecdo fecal de lipidios, exclui 0 mecanismo de menor
absorcéo intestinal de gordura como parte dos efeitos do extrato.

O extrato em sua maior concentracdo, apesar de também ter promovido aumento da
atividade locomotora, tanto no grupo que recebeu dieta padrdo como no que recebeu dieta
hiperlipidica, favoreceu a um maior consumo de dieta e ingestio de extrato e,
consequentemente, maior eficiéncia energetica. Esse fato poderia justificar a auséncia de
alteragOes significativas sobre a adiposidade e homeostase glicémica nos animais desses
grupos.

Acredita-se que nem sempre uma maior concentracdo de uma droga vai exercer efeito
maior ou melhor, fato que pode ser observado em outros estudos realizados, até mesmo com o
uso do AECI. Outra consideracdo importante é que a presenca dos polifendis rutina e quercetina
no extrato pode ter contribuido para sua atividade antioxidante, influenciando também na
atenuacdo do quadro de resisténcia a insulina e na adiposidade instalada nos animais obesos.

A partir desse trabalho surgem diversas linhas de estudos para possiveis atuacdes do
AECI. Algumas perspectivas para trabalhos futuros e que ajudariam a determinar o mecanismo
exato de acdo do extrato poderia envolver: quantificacdo dos AGs no sangue, figado e nos
tecidos periféricos; investigacdo da histologia das ilhotas pancreéticas e do figado; observagédo
do efeito sobre determinados fatores de transcrigdo como o PPRAy e a C/EBPa; investigacao

da influéncia do extrato sobre adipocinas diretamente envolvidas no quadro da obesidade e
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diabetes tipo 2 como a leptina, adiponectina, TNF-o ¢ IL-6; quantificacdo da insulina;
investigacdo da acdo do extrato sobre pontos especificos da via de sinalizacdo da insulina, seja
a nivel da PI(3)K, Akt ou GLUT-4; e, determinacdo da resposta da atividade antioxidante
exercida pelo extrato nos 6rgdos alvos envolvidos na fisiopatologia da obesidade e diabetes tipo
2.

O segundo capitulo da tese traz um modelo de células neuronais N2a resistentes a a¢do
da insulina induzida por TNF-o ¢ propde o tratamento com a rutina, um dos compostos
majoritarios do AECI. O tratamento das células com TNF-a gerou uma degradacdo das
proteinas IkB-a, favorecendo ativagdo da via NF-kB e induzindo o processo inflamatdrio.
Paralelamente, o TNF-a também promoveu uma atenuacéo da fosforilacdo da proteina Akt,
interferindo na sinalizacdo da insulina e induzindo resisténcia a acdo da mesma. O tratamento
com rutina, realizado concomitantemente ao do TNF-a, ndo foi capaz de evitar a degradacéo
da IkB-a, mas tendeu a evitar em parte a atenuagao da fosforilacdo induzida pelo TNF-a. Dessa
forma, sugere-se que a ativacdo da Akt possa ser uma das vias de atuacdo da rutina em células
neuronais.

Muito pouco é discutido na literatura cientifica a respeito da acdo da rutina sobre a
resisténcia a insulina e a obesidade, ndo s6 em relagdo a seu mecanismo periférico, mas
principalmente, sua acdo central. Dessa forma, sugere-se que novas pesquisas Sejam
desenvolvidas, levando em consideracao outras doses de rutina e outros periodos de tratamento,
e ainda, que investiguem a acdo da rutina sobre outras proteinas envolvidas na via de sinalizacdo
da insulina, seja em nivel de receptor, dos substratos do receptor, PI3K e GLUT-4, ou ate
mesmo em vias alternativas independentes da insulina. A acdo da rutina sobre a expresséo das
proteinas de determinadas adipocinas e citocinas tambem seria de grande importancia.

Diante do exposto, esta tese apresenta grande relevancia na literatura cientifica por
apresentar duas novas propostas terapéuticas, o extrato aquoso de Chrysobalanus icaco e a
rutina. O primeiro mostrou resultados importantes na reducdo de gordura em modelo
experimental, apresentando potencial para futura aplicacdo no tratamento em humanos. O
segundo, em contrapartida, ndo apresentou dados suficientes que comprovassem Sseus
beneficios terapéuticos, porém, o modelo de resisténcia aqui apresentado aliado a dados prévios
obtidos por outros autores, podem servir de base e direcionamento para o estudo de outras vias
que possivelmente possam demonstrar o potencial da rutina na obesidade e resisténcia a

insulina.
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Apéndice B: Artigo publicado no periddico Arquivos Brasileiros De Metabologia e

Endocrinologia como producéo paralela ao desenvolvimento da tese.
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a resisténcia & acdo da insulina

e intolerancia a glicose

Model of high-fat diet-induced obesity associated
to insulin resisfance and glucose infolerance

Pollyanna A. S. White', Luana M. Cercateo?, Jéssica M. D. Aradjo?,
Lucas A. Souza?, Andréa F. Soares?, Ana Paula O. Barbosa’',
José M.de R. Neto?, Anderson C. Marcgal4, Ubiratan FE Machados,

Enilfon A. Camargo’, Marcio R.V. Santfos’, Luciana C. Brifo?

RESUMO

Validar um modelo de obesidade induzida por dieta hiperlipidica, de baixo custo, facil
reprodutibilidade, que mimetizasse caracteristicas observadas no humano e viabilizasse poste-
riores proposigdes terapéuticas. Dezesseis camundongos Swiss recebe-
ram dieta padrdo (DP) ou dieta hiperlipidica (DH), durante 10 semanas. Embora o
grupe DP tenha apresentado maior consumo de agua (p < 0,01} & ragdo (p < 0,001), o grupo DH
apresentou maior ganho de peso corpéreo (p < 0,5) e aumento de coxins adiposos (p < 0,001},
favorecendo maior indice de adiposidade (p < 0,001), glicemia (p < 0,01) e area sob a curva
nos testes de tolerdncia & insulina (p < 0,001} e a glicose (p < 0,01). Validou-se um
modelo de obesidade induzida por dieta hiperlipidica associada a resisténcia a agdo da insulina
e & intolerancia & glicose, em um periodo de 10 semanas. A Bras Endocrinol Metab. 2013.57(5):339-45

Descritores
Obesidade; dieta hiperfipidica; resisténcia & insulina; intolerancia & glicose; camundongos

ABSTRACT

Validate a model of high-fat diet-induced obesity, of low cost, easy repreducibility,
that could express characteristics observed in human, and would enable subsequent therapy
proposals. Sixteen Swiss mice received a standard diet (DP) or high-
-fat diet (DH) for 10 weeks. Although the DP group had greater water (p <0.01) and feed
{p < 0.001) consumption, the DH group had greater body weight (p < 0.5) and adipose tissus
gain (p < 0.001), favoring higher adiposity index (p < 0.001), glucose (p < 0.01), and area under
the curve in the insulin (p < 0.001} and glucose (p < 0.0} tolerance tests. A high-fat
diet-induced obesity model has been validated, which was also associated with insulin resis-
tance and glucose intolerance after a period of 10 weeks. Arg Bras Endocrinal Metab. 2013,57(5):338-45
Keywords
Obesity; high-fat diet; insulin resistance; glucese intolerance; mice
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Apéndice C: Artigo publicado no periédico Molecules como producdo paralela ao
desenvolvimento da tese.

Molecules 2014, 19, 14496-14527; doi:10.3390/molecules190914496
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Antioxidant Activity and Mechanisms of Action of Natural
Compounds Isolated from Lichens: A Systematic Review

Pollyanna A. 5. White 1=, Rita C. M. Oliveira *?, Aldeidia P. Oliveira 23, Mairim R. Serafini 4,
Adriano A. S. Araijo %, Daniel P. Gelain %, Jose C. F. Moreira %, Jackson R. G. 5. Almeida ",
Jullvana S. . Quintans !, Lucindoe J. Quintans-Junior ! and Marcie R. V. Santos 1+

! Department of Physiology. Federal University of Sergipe. S3o Cristovio, Sergipe 49100-000,

Brazil; E-Mails: jullyanaquintans@gmail com (J.5.5.Q.); lucindojri@gmail.com (L.J.Q.-1.)

Medicinal Plants Research Center, Federal University of Piaui, Teresina, Piani 64049-550, Brazil;

E-Mail: menesesoliveira@gmail com

? Department of Biophysic and Physiology, Federal University of Piaui, Teresina, Piaui 64049-550,
Brazil; E-Mail: aldeidia@ gmail.com

* Nucleus of Pharmacy. Federal University of Sergipe. Lagarto, Sergipe 49100-000, Brazil:
E-Mail: maiserafini@hotmail com

 Department of Pharmacy, Federal University of Sergipe, S3o Cristovio, Sergipe 49100-000. Brazil;
E-Mail: adriasa2001@yahoo.com br

% Department of Biochemistry, Federal University of Rio Grande do Sul, Porto Alegre,

Rio Grande do Sul $0035-003. Brazil; E-Mails: dgelain@yahoo.com.br (D.P.G.);

jefm@ufrgs.br (JJC.F.M)

Center for Studies and Research of Medicinal Plants, Federal University of San Francisco Valley,

Petrolina, Pernambuco 56304-205, Brazil; E-Mail: jackson. guedes@univasf edu br

ra

*  Authors to whom comespondence should be addressed:
E-Mails: pollyanmawhite{@gmail com (P.A.S.W.); marcio@infonet.com.br (M.EV.5.):
Tel /[Fax: +55-79-2105-6842 (P.A S W.): +55-79-2105-6842 (MR V.S)).

Received: 28 May 2014, in revised form: 2 September 2014 / Accepted- 3 September 2014 /
Published: 12 September 2014

Abstract: Chronic diseases such as cancer, diabetes, neurodegenerative and cardiovascular
diseases are characterized by an enhanced state of oxidative stress. which may result from
the overproduction of reactive species and/or a decrease in antioxidant defenses. The
search for new chemical entities with antioxidant profile 1s still thus an emerging field on
ongoing interest. Due to the lack of reviews concerning the antioxidant activity of
lichen-derived natural compounds, we performed a review of the antioxidant potential and
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DESCRIPTION

The Journal of Ethnopharmacology is dedicated to the exchange of information and understandings
about people's use of plants, fungi, animals, microorganisms and minerals and their biological and
pharmacological effects based on the principles established through international conventions.
Early people confronted with illness and disease, discovered a wealth of useful therapeutic agents in
the plant and animal kingdoms. The empirical knowledge of these medicinal substances and their
toxic potential was passed on by oral tradition and sometimes recorded in herbals and other texts
on materia medica. Many valuable drugs of today (e.qg., atropine, ephedrine, tubocurarine, digoxin,
reserpine) came into use through the study of indigenous remedies. Chemists continue to use
plant-derived drugs (e.g., morphine, taxol, physostigmine, quinidine, emetine) as prototypes in
their attempts to develop more effective and less toxic medicinals.

In recent years the preservation of local knowledge, the promotion of indigenous medical systems
in primary health care, and the conservation of biodiversity have become even more of a
concern to all scientists working at the interface of social and natural sciences but especially to
ethnopharmacologists. Recognizing the sovereign rights of States over their natural resources,
ethnopharmacologists are particularly concerned with local people's rights to further use and develop
their autochthonous resources.

Accordingly, today's ethnopharmacological research embraces the multidisciplinary effort in the:

¢ documentation of indigenous medical knowledge,

» scientific study of indigenous medicines in order to contribute in the long-run to improved health
care in the regions of study, as well as

* search for pharmacologically unique principles from existing indigenous remedies.

The Journal of Ethnopharmacology publishes original articles concerned with the observation and
experimental investigation of the biological activities of plant and animal substances used in the
traditional medicine of past and present cultures. The journal will particularly welcome interdisciplinary
papers with an ethnopharmacological, an ethnobotanical or an ethnochemical approach to the
study of indigenous drugs. Reports of anthropological and ethnobotanical field studies fall within
the journal's scope. Studies involving pharmacological and toxicological mechanisms of action are
especially welcome. Clinical studies on efficacy will be considered if contributing to the understanding
of specific ethnopharmacological problems. The journal welcomes review articles in the above
mentioned fields especially those highlighting the multi-disciplinary nature of ethnopharmacology.
Commentaries are by invitation only.

AUTHOR INFORMATION PACK 21 Jul 2015 www.elsevier.com/locate/jethpharm 1



AUDIENCE

Ethnopharmacologists, Medicinal Chemists, Pharmacologists, Toxicologists, Anthropologists,
Pharmacognosists, Ethnobotanists, Economic Botanists, Ethnobiologists

IMPACT FACTOR

2014: 2.998 © Thomson Reuters Journal Citation Reports 2015

ABSTRACTING AND INDEXING

AGRICOLA

BIOSIS

Cambridge Scientific Abstracts
Chemical Abstracts

Current Contents/Life Sciences
MEDLINE®

International Pharmaceutical Abstracts
EMBASE

NAPRALERT (Natural Products Alert)
Science Citation Index

CAB Abstracts

Scopus

EMBiclogy

EDITORIAL BOARD

Editor-in-Chief:
R. Verpoorte, Gorlaesus Lab., HB024, Universiteit Leiden, Einsteinweg 55, 2333 CC, Leiden, Netherlands

Deputy Editor-in-Chief
A.M. Viljoen, Tshwane University of Technology, Pretoria, South Africa

Associate FEditor:

D. Guo, Chinese Academy of Sciences (CAS), Shanghai, China

A.K. J3ger, University of Copenhagen, Copenhagen O, Denmark

G. Lin, Chinese University of Hong Kong, Hong Kong, Hong Kong

P.K. Mukherjee, Jadavpur University, Kolkata, India

G. Schmeda Hirschmann, Universidad de Talca, Talca, Chile

A. Shikov, Saint Petersburg Institute of Pharmacy, Kuzmolovo P 245, Russian Federation
E. Yesilada, Yeditepe University, Erenkoy-Istanbul, Turkey

Reviews Editor (including Commentaries and Book Reviews):

M. Heinrich, The School of Pharmacy, University of London, 29-39 Brunswick Square, London, WC1N 1AX, UK
If you want to suggest a review, please provide a structured abstract and include an annotated table
of contents and a short CV of the lead author(s).

Managing Editor:

B. Pomahacova, Leiden University, Leiden, Netherlands

1. Vermaak, Tshwane University of Technology, Pretoria, South Africa
M. Sandasi, Tshwane University of Technology, Pretoria, South Africa

Editorial Board:

S. Alban, Kiel, Germany

M.J. Balick, Bronx, New York, USA

R. Bauer

G. Bourdy, Cayenne, French Guiana

1.B. Calixto, Florianopolis, Brazil

C-T. Che, Hong Kong, Hong Kong

G.A. Cordell, Evanston, Illinois, USA
V.S. da Silva Bolzani, Araraquara, Brazil

AUTHOR INFORMATION PACK 21 Jul 2015 www.elsevier.com/locate/jethpharm 2

95




J. Ding, Shanghai, China

V.M. Dirsch, Vienna, Austria

T. Efferth, Heidelberg, Germany

E. Elisabetsky, Porto Alegre, Brazil
J. Fleurentin, Metz, France

B.L. Furman, Glasgow, UK

M.P. Germano, Messina, Italy

J. Gertsch, Bern, Switzerland

A.H. Gilani, Karachi, Pakistan

M.P. Gupta, Panama City, Panama
A. Hensel, Minster, Germany

P.J. Houghton, London, UK

Z. Ismail, Penang, Malaysia

W. Jia, Kannapolis, North Carolina, USA
T. Johns, Ste. Anne de Bellevue, Quebec, Canada
A.K. Jager, Copenhagen O, Denmark
G. Kavalali, Istanbul, Turkey

H-S. Kim, Cheongju, South Korea

J. Kim, Seoul, South Korea

Y. Kimura, Ehime, Japan

M.A. Lacaille-Dubois, Dijon, France
M. Leonti, Cagliari, Italy

E. Matteucci, Pisa, Italy

1. Merfort, Freiburg, Germany
J.J.M. Meyer, Pretoria, South Africa
D.E. Moerman

D.A. Mulholland, Guildford, England, UK
A. Panthong, Chiang Mai, Thailand
X. Peigen, Beijing, China

A. Pieroni, Pollenzo/Bra, Italy

D.D. Soejarto, Chicago, Illinois, USA
E. Speroni, Bologna, Italy

A.J. Vlietinck, Antwerpen, Belgium
H. Wagner, Miinchen, Germany

C.S. Weckerle, Zurich, Switzerland
C.W. Wright, Bradford, UK

S. Zacchino, Rosario, Argentina

Founding Editors:

J.G. Bruhn
L. Rivier, Lausanne, Switzerland

AUTHOR INFORMATION PACK 21 Jul 2015

www.elsevier.com/lacate/jethpharm

96




GUIDE FOR AUTHORS

INTRODUCTION

The Journal of Ethnopharmacology is dedicated to the exchange of information and understandings
about people's use of plants, fungi, animals, microorganisms and minerals and their biological and
pharmacological effects based on the principles established through international conventions. Early
people, confronted with illness and disease, discovered a wealth of useful therapeutic agents in
the plant and animal kingdoms. The empirical knowledge of these medicinal substances and their
toxic potential was passed on by oral tradition and sometimes recorded in herbals and other texts
on materia medica. Many valuable drugs of today (e.g., atropine, ephedrine, tubocurarine, digoxin,
reserpine) came into use through the study of indigenous remedies. Chemists continue to use
plant-derived drugs (e.g., morphine, taxol, physostigmine, quinidine, emetine) as prototypes in their
attempts to develop more effective and less toxic medicinals.

Please note that figures and tables should be embedded in the text as close as possible to
where they are initially cited. It is also mandatory to upload separate graphic and table files as
these will be required if your manuscript is accepted for publication.

Classification of your paper

Please note that upon submitting your article you will have to select at least one classification and
at least three of the given keywords. You can preview the list of classifications and keywords
(here). This information is needed by the Editors to more quickly process your article. In addition to
this, you can submit free keywords as described below under "Keywords".

The Editors and Editorial Board have developed the "Rules of 5" for publishing in JEP. We have produced
five clear criteria that each author needs to think about before submitting a manuscript and setting
the whole process of editing and reviewing at work. Click here.

For more details on how to write a world class paper, please visit our Pharmacology Author Resources
page.

Authors are encouraged to submit video material or animation sequences to support and
enhance your scientific research. For more information please see the paragraph on video data below.

The Journal of Ethnopharmacology will accept the following contributions:

1. Original research articles - whose length is not limited and should include Title, Abstract, Methods
and Materials, Results, Discussion, Conclusions, Acknowledgements and References. As a guideline,
a full length paper normally occupies no more than 10 printed pages of the journal, including tables
and illustrations.

2. Short Communications - whose average length is not more than 4 pages in print (approx.
2000-2300 words, including abstract and references). A maximum of 2 illustrations (figures or tables)
is allowed. See paragraph below for description and format.

3. Letters to the Editors.

4. Reviews - Authors intending to write review articles should consult and send an outline to the
Reviews Editor (see inside front cover for contact information) before preparing their manuscripts.
The organization and subdivision of review articles can be arranged at the author's discretion. Authors
should keep in mind that a good review sets the trend and direction of future research on the subject
matter being reviewed. Tables, figures and references are to be arranged in the same way as research
articles in the journal. Reviews on topics that address cutting-edge problems are particularly welcome.
Outlines for potential reviews need to include: A detailed abstract using the structure provided in the
guidelines An annotated table of contents A short CV of the lead author 5. Book reviews - Books for
review should be sent to the Reviews Editor.

6. Commentaries - invited, peer-reviewed, critical discussion about crucial aspects of the field but
most importantly methodological and conceptual-theoretical developments in the field and should
also provide a standard, for example, for pharmacological methods to be used in papers in the
Journal of Ethnopharmacology. The scientific dialogue differs greatly in the social / cultural and
natural sciences, the discussions about the common foundations of the field are ongoing and the
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papers published should contribute to a transdisciplinary and multidisciplinary discussion. The length
should be a maximum of 2-3 printed pages or 2500 words. Please contact the Reviews Editor
j.ethnopharmacol@pharmacy.ac.uk with an outline.

7. Conference announcements and news.

BEFORE YOU BEGIN

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

In the covering letter, the author must also declare that the study was performed according to the
international, national and institutional rules considering animal experiments, clinical studies and
biodiversity rights. See below for further information. The ethnopharmacological importance of the
study must also be explained in the cover letter.

Animal and clinical studies - Investigations using experimental animals must state in the Methods
section that the research was conducted in accordance with the internationally accepted principles
for laboratory animal use and care as found in for example the European Community guidelines (EEC
Directive of 1986; 86/609/EEC) or the US guidelines (NIH publication #85-23, revised in 1985).
Investigations with human subjects must state in the Methods section that the research followed
guidelines of the Declaration of Helsinki and Tokyo for humans, and was approved by the institutional
human experimentation committee or equivalent, and that informed consent was obtained. The
Editors will reject papers if there is any doubt about the suitability of the animal or human procedures
used.

Biodiversity rights - Each country has its own rights on its biodiversity. Consequently for studying
plants one needs to follow the international, national and institutional rules concerning the biodiversity
rights.

Author contributions
For each author the contribution to the publication should be mentioned.

All authors are requested to disclose any actual or potential conflict of interest including any financial,
personal or other relationships with other people or organizations within three years of beginning the
submitted work that could inappropriately influence, or be perceived to influence, their work. See
also http://www.elsevier.com/conflictsofinterest. Further information and an example of a Conflict of
Interest form can be found at: http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.

Submission of an article implies that the work described has not been published previously (except
in the form of an abstract or as part of a published lecture or academic thesis or as an electronic
preprint, see http://www.elsevier.com/sharingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere
in the same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. To verify originality, your article may be checked by the originality
detection service CrossCheck http://www.elsevier.com/editors/plagdetect.

This policy concerns the addition, deletion, or rearrangement of author names in the authorship of
accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an author,
or to rearrange the author names, must be sent to the Journal Manager from the corresponding author
of the accepted manuscript and must include: (a) the reason the name should be added or removed,
or the author names rearranged and (b) written confirmation (e-mail, fax, letter) from all authors that
they agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed. Requests that are not sent by
the corresponding author will be forwarded by the Journal Manager to the corresponding author, who

AUTHOR INFORMATION PACK 21 Jul 2015 www.elsevier.com/locate/jethpharm 5

98



must follow the procedure as described above. Note that: (1) Journal Managers will inform the Journal
Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or rearrange
author names in an article published in an online issue will follow the same policies as noted above
and result in a corrigendum.

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is more
suitable in one of our other participating journals, then you may be asked to consider transferring the
article to one of those. If you agree, your article will be transferred automatically on your behalf with
no need to reformat. Please note that your article will be reviewed again by the new journal. More
information about this can be found here: http://www.elsevier.com/authors/article-transfer-service.

Upon acceptance of an article, authors will be asked to complete a "Journal Publishing Agreement’ (for
more information on this and copyright, see http://www.elsevier.com/copyright). An e-mail will be
sent to the corresponding author confirming receipt of the manuscript together with a "lournal
Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations
(please consult http://www.elsevier.com/permissions). If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and credit the
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases: please consult
http://www.elsevier.com/permissions.

For open access articles: Upon acceptance of an article, authors will be asked to complete an 'Exclusive
License Agreement' (for more information see http://www.elseviercom/OAauthoragreement).
Permitted third party reuse of open access articles is determined by the author's choice of user license
(see http://www.elsevier.com/openaccesslicenses).

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. For more
information see http://www.elsevier.com/copyright.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Elsevier has established a number of agreements with funding bodies which allow authors
to comply with their funder's open access policies. Some authors may also be reimbursed
for associated publication fees. To learn more about existing agreements please visit
http://www.elsevier.com/fundingbodies.

This journal offers authors a choice in publishing their research:

Open access

» Articles are freely available to both subscribers and the wider public with permitted reuse

* An open access publication fee is payable by authors or on their behalf e.g. by their research funder
or institution

Subscription

* Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs (http://www.elsevier.com/access).

* Mo open access publication fee payable by authors.
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Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
maodify the article.

The open access publication fee for this journal is USD 3250, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Authors can share their research in a variety of different ways and Elsevier has a number of green
open access options available. We recommend authors see our green open access page for further
information (http://elsevier.com/greenopenaccess). Authors can also self-archive their manuscripts
immediately and enable public access from their institution's repository after an embargo period. This
is the version that has been accepted for publication and which typically includes author-incorporated
changes suggested during submission, peer review and in editor-author communications. Embargo
period: For subscription articles, an appropriate amount of time is needed for journals to deliver value
to subscribing customers before an article becomes freely available to the public. This is the embargo
period and begins from the publication date of the issue your article appears in.

This journal has an embargo period of 12 months.

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing
to eliminate possible grammatical or spelling errors and to conform to correct scientific
English may wish to use the English Language Editing service available from Elsevier's
WebShop (http://webshop.elsevier.com/languageediting/) or wvisit our customer support site
(http://support.elsevier.com) for more information.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Authors who want to submit a manuscript should consult and peruse carefully recent issues of the
journal for format and style. Authors must include the following contact details on the title page of
their submitted manuscript: full postal address; fax; e-mail. All manuscripts submitted are subject to
peer review. The minimum requirements for a manuscript to qualify for peer review are that it has
been prepared by strictly following the format and style of the journal as mentioned, that it is written
in good English, and that it is complete. Manuscripts that have not fulfilled these requirements will
be returned to the author(s).

In addition, you are recommended to adhere to the research standards described in the following
articles:

Cos P., Vlietinck A.l., Berghe D.V., et al. (2006) Anti-infective potential of natural products: how to
develop a stronger in vitro 'proof-of-concept’. Journal of Ethnopharmacology, 106: 290-302.
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Matteucci, E., Giampietro, O. (2008) Proposal open for discussion: defining agreed diagnostic
procedures in experimental diabetes research. Journal of Ethnopharmacology,115: 163-172.

Froede, T.SA. and Y.S. Medeiros, Y.S. (2008) Animal models to test drugs with potential antidiabetic
activity. Journal of Ethnopharmacology 115: 173-183. Gertsch 1. (2009) How scientific is the
science in ethnopharmacology? Historical perspectives and epistemological problems. Journal of
Ethnopharmacology, 122: 177-183.

Chan K., et al. (2012) Good practice in reviewing and publishing studies on herbal medicine,
with special emphasis on traditional Chinese medicine and Chinese Materia Medica. Journal of
Ethnopharmacology 140: 469-475.

Heinrich, M., Edwards. S., Moerman. D.E.. and Leonti. M. (2009), Ethnopharmacological field studies:
a critical assessment of their conceptual basis and methods. J. Ethnopharmacol, 124: 1-17.

PREPARATION

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts
(see also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphics will be required whether or not you embed your figures
in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Glossary
Please supply, as a separate list, the definitions of field-specific terms used in your article.
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Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

+ Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

The author should divide the abstract with the headings Ethnopharmacological relevance, Aim
of the study , Materials and Methods, Results, and Conclusions.
Click here to see an example.

A Graphical abstract is mandatory for this journal. It should summarize the contents of the article in
a concise, pictorial form designed to capture the attention of a wide readership online. Authors must
provide images that clearly represent the work described in the article. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: please provide an image
with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable
at a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF
or MS Office files. See http://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images also in accordance with all technical requirements: Illustration Service.

Keywords

After having selected a classification in the submission system, authors must in the same step select
5 keywords. These keywords will help the Editors to categorize your article accurately and process it
more quickly. A list of the classifications and set keywords can be found here.

In addition, you can provide a maximum of 6 specific keywords, using American spelling and avoiding
general and plural terms and multiple concepts (avoid, for example, "and”, "of"). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These keywards will
be used for indexing purposes.

You can enrich your article by providing a list of chemical compounds studied in the article. The list of
compounds will be used to extract relevant information from the NCBI PubChem Compound database
and display it next to the online version of the article on ScienceDirect. You can include up to 10
names of chemical compounds in the article. For each compound, please provide the PubChem CID
of the most relevant record as in the following example: Glutamic acid (PubChem CID:611). The
PubChem CIDs can be found via http://www.ncbi.nlm.nih.gov/pccompound. Please position the list
of compounds immediately below the 'Keywords' section. It is strongly recommended to follow the
exact text formatting as in the example below:
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Chemical compounds studied in this article

Ethylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164); Benzalkonium chloride
(PubChem CID: 15865}

More information is available at: http://www.elsevier.com/PubChem.

Plant names

In the Materials and Methods section there must be a separate heading for describing the material
used. That includes official name, local name, English name (if known), GPS position in case of
collection in the wild or cultivation, a voucher specimen must be deposited in an official herbarium
for possible future comparison. In the text it should be stated that the plant name has been checked
with www.theplantlist.org mentioning the data of accessing that website.

In case of commercially procured material should mention the source, batch number, quality control
data. Data on chemical characterization (metabolomics, chromatographic methods) should also be
presented, in case of known active compounds their quantitative analysis should be presented.

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do not include footnotes in the Reference list.

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

s Size the illustrations close to the desired dimensions of the published version.

¢ Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply ‘as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please "Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF {or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:
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s Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

» Supply files that are too low in resolution;

¢ Submit graphics that are disproportionately large for the content.

Please note that figures and tables should be embedded in the text as close as possible to where
they are initially cited. It is also mandatory to upload separate graphic and table files as these will
be required if your manuscript is accepted for publication.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. For further information on the preparation
of electronic artwork, please see http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications that can arise by converting color figures to 'gray
scale' (for the printed version should you not opt for color in print) please submit in addition usable
black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If
these references are included in the reference list they should follow the standard reference style
of the journal and should include a substitution of the publication date with "Unpublished results”.
"Personal communication™ will not be accepted as a reference. Citation of a reference as "in press”
implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

Reference management software

Most  Elsevier journals have a standard template available in  key reference
management packages. This covers packages using the Citation Style Language,
such as Mendeley (http://www.mendeley.com/features/reference-manager) and also others
like  EndNote  (http://www.endnote.com/support/enstyles.asp) and  Reference  Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to word processing packages which are
available from the above sites, authors only need to select the appropriate journal template when
preparing their article and the list of references and citations to these will be formatted according
to the journal style as described in this Guide. The process of including templates in these packages

AUTHOR INFORMATION PACK 21 Jul 2015 www.elsevier.com/locate/jethpharm 11

104



is constantly ongoing. If the journal you are looking for does not have a template available yet,
please see the list of sample references and citations provided in this Guide to help you format these
according to the journal style.

If you manage your research with Mendeley Desktop, you can easily install the reference style for
this journal by clicking the link below:
http://open.mendeley.com/use-citation-style/journal-of-ethnopharmacology

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice. For more information about the Citation Style Language, visit
http://citationstyles.org.

Reference style

Text: All citations in the text should refer to:

1. Single author: the author’s name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors® names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.” and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ....°

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b’, 'c’, etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, 1., Hanraads, J.A.1., Lupton, R.A., 2010. The art of writing a scientific article. 1. Sci.
Commun. 163, 51-59.

Reference to a book:

Strunk Jr,, W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 150 MB. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
Please supply ‘stills’ with your files: you can choose any frame from the video or animation or
make a separate image. These will be used instead of standard icons and will personalize the
link to your video data. For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content.

The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are available at
http://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation
e-mail to create an AudioSlides presentation after acceptance of their paper.

Elsevier accepts electronic supplementary material to support and enhance your scientific research.
Supplementary files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Supplementary files supplied will be
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published online alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material is
directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and descriptive
caption for each file. For more detailed instructions please visit our artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

Elsevier encourages authors to connect articles with external databases, giving readers access to
relevant databases that help to build a better understanding of the described research. Please refer
to relevant database identifiers using the following format in your article: Database: xxxx (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking for more
information and a full list of supported databases.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

« Full postal address

All necessary files have been uploaded, and contain:

s Keywords

« All figure captions

 All tables (including title, description, footnotes)

Further considerations

* Manuscript has been 'spell-checked’ and 'grammar-checked’

* References are in the correct format for this journal

s All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

Printed version of figures (if applicable) in color or black-and-white

+ Indicate clearly whether or not color or black-and-white in print is required.

* For reproduction in black-and-white, please supply black-and-white versions of the figures for
printing purposes.

For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly "Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
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stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author, at no cost, will be provided with a personalized link providing 50
days free access to the final published version of the article on ScienceDirect. This link can
also be used for sharing via email and social networks. For an extra charge, paper offprints
can be ordered via the offprint order form which is sent once the article is accepted for
publication. Both corresponding and co-authors may order offprints at any time via Elsevier's
WebShop (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed copies
of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate multiple
articles within a single cover (http://webshop.elsevier.com/myarticleservices/booklets).

AUTHOR INQUIRIES

You can track your submitted article at http://www.elsevier.com/track-submission. You can track your
accepted article at http://www.elsevier.com/trackarticle. You are also welcome to contact Customer
Support via http://support.elsevier.com.

© Copyright 2014 Elsevier | http://www.elsevier.com
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Apéndice F: Artigo submetido para publicagdo no periddico Internationa Journal of Molecules
Sciences.
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Apéndice G: Instrucdes para autores para publicacdo no periddico International Journal of
Molecular Sciences.

Int. J. Mol. Sci. 2015, 16, 1-x manuscripts; doi:10.3390/ijms160x000x

OPEN ACCESS

International Journal of

Molecular Sciences
ISSN 1422-0067
www.mdpi.com/journal/ijms
Type of the Paper (Article, Review, Communication, etc.)

Title of the Paper (M_Title)

Firstname Lastname *, Firstname Lastname 2T, Firstname Lastname 3T and
Firstname Lastname 4

1 Full Affiliation, Address; E-Mail: author2@email

2 Full Affiliation, Address; E-Mails: author3@email (F.L.); author4@email (F.L.);
T These authors contributed equally to this work.

*  Author to whom correspondence should be addressed; E-Mail: authorl@email;
Tel.: +1-111-111-111 (ext. 123); Fax: +1-111-111-112.

Academic Editor:

Received: / Accepted: / Published:

Abstract: This is the abstract section. One paragraph only (Maximum 200
words).

Keywords: keyword; keyword; keyword (3—10 keywords separated by semi
colons)

1. Introduction

Main text paragraph.

Main text paragraph.

2. Results and Discussion



110

Main text paragraph.

Main text paragraph.

[add an equation here; use MS Word or MathType equation function] (1)

(Note: all equations should be completed within a two column table with one line, centered, no
boarders, as example see above).

Main text paragraph.
Main text paragraph.

2.1. This is Subsection Heading

Main text paragraph.

Main text paragraph.
2.1.1. This is Subsection Heading

Main text paragraph.

Main text paragraph.

Table 1. Add a descriptive label of the table here.
[add the table here; use MS Word'’s table function]

[add the figure here]

Figure 1. (a) Add a descriptive label of the figure here; (b) Add a descriptive label
of the figure here; (¢) Add a descriptive label of the figure here.

3. Experimental Section

Main text paragraph.

Main text paragraph.
4. Conclusions

Main text paragraph.

Main text paragraph.
Acknowledgments

Main text paragraph.
Author Contributions

Main text paragraph.
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