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RESUMO

O presente estudo teve como objetivo investigar a relacdo entre hiperuricemia, distarbios
metabdlicos e as atividades bioldgicas de Myrciaria cauliflora, Crataeva tapia e
Indigofera suffruticosa. Paratanto, foi realizado inicialmente um estudo populacional, com
3620 voluntérios, adultos, homens, ndo diabéticos, do Nordeste brasileiro. Obesidade
abdomina e hipertrigliceridemia foram avaliadas para a identificagdo do fendtipo
denominado Cintura Hipertrigliceridémica (CHTG) e para a avaliacdo da influéncia desses
distrbios metabdlicos sobre a hiperuricemia. Posteriormente, estudos com modelo animal
(Mus musculus) foram conduzidos. Assim, extratos organicos (etéreo, acetbnico e
metandlico) foram preparados a partir do epicarpo de frutos maduros de M. cauliflora,
denominados, sequencialmente, de MCEE, MCAE e MCME, nas concentracbes de
200mg/K g e de 400mg/Kg. Andlise fitoquimica e estudo da toxicidade oral desses extratos
foram realizadas. MCAE foi administrado durante 14 dias em camundongos com diabetes
induzida por aloxana; e avaliacdo do perfil glicidico, lipidico, de funcéo rena e hepética e
andlise histol 6gica do pancreas foram realizadas. Atividade anti-hiperuricémica de MCAE,
em modelo de oxonato de potassio, também foi investigada. MCEE, MCAE e MCME
foram usados para a avaliacéo de: atividade anti-inflamatoria, usando os modelos de edema
de pata e de peritonite; atividade antinociceptiva, nos modelos de dor induzida por acido
acético e de placa quente;, atividade antioxidante, por ensaio com 2,2-difenil-p-
picrilhidrazil; e atividade antitumoral, contra tumor solido de carcinoma de Ehrlich.
Lectina de C. tapia foi purificada e testada para avaliacdo de atividade hipoglicémica.
Extratos etéreo, cloroférmico e acetbnico de folhas de |. suffruticosa foram preparados,
analisados fitoquimicamente e testados contra cepas de S aureus. Como principais
resultados, este estudo demonstrou que: obesidade abdominal e hipertrigliceridemia,
isoladas, mostraram significativas razbes de chance (RC) sobre a presenca de
hiperuricemia, porem o fenétipo CHTG demonstrou o0 maior efeito (RC = 4,3),
especiamente apds 0 uso dos pontos de corte obtidos especificamente para a populacdo do
estudo; hiperuricemia apresentou uma forte associagdo com alto risco de morte por evento
cardiovascular em dez anos (RC = 3,5); 200mg/Kg/dia e 400mg/Kg/dia de MCAE causou
uma reducdo significativa da glicose plasmatica e reducdo nos niveis séricos de
trigliceridios, uréia, creatinina e transaminases, aumento de HDL-colesterol, melhora do
aspecto morfoldgico das ilhotas pancredticas e diminuicdo de cerca de 50% nos niveis de
acido urico; MCEE, MCAE e MCME apresentaram relevante atividade antioxidante e
produziram reducdes significativas da resposta inflamat6ria, de nocicepcdo e da massa
tumoral; lectina de C. tapia provocou reducdo significativa nos niveis de glicose, melhora
das funcbes e dos aspectos morfoldgicos dos rins, pancreas e figado de camundongos
diabéticos; o extrato acetbnico de folhas de |. suffruticosa foi um potente inibidor de S
aureus, seguido pelo extrato clorofdrmico, melhorando também sinergisticamente o efeito
da eritromicina. Portanto, hiperuricemia esta bastante relacionada com o fenétipo CHTG
em homens do Nordeste do Brasil, podendo elevar em muito o risco cardiovascular desses
individuos. M. cauliflora demonstrou um grande potencial terapéutico para hiperuricemiae
as condi¢bes metabdlicas associadas e, assim como lectina de C. tapia, demonstrou ser um
agente promissor para o tratamento da diabetes; enquanto que |. suffruticosa mostrou-se
ser bastante promissora contra S. aureus.

Palavras-chaves. Hiperuricemia, Disturbios Metabdlicos, Cintura Hipertrigliceridémica,
Risco Cardiovascular, Atividades Biol 6gicas de Plantas.




ABSTRACT

This study aimed to investigate the relationship among hyperuricemia, metabolic disorders
and the biological activities of Myrciaria cauliflora, Crataeva tapia e Indigofera
suffruticosa. Therefore, it was initialy performed a population study, with 3620
volunteers, adults, men, non-diabetic, from northeastern Brazil. Abdominal obesity and
hypertriglyceridemia were evaluated for the identification of phenotype referred as
Hypertriglyceridemic Waist (HTGW) and to assess the influence of these metabolic
disorders hyperuricemia. Later, anima model studies (Mus musculus) were conducted.
Thus, organic extracts (ether, acetone, and methanol) were prepared from ripe fruit epicarp
of M. cauliflora referred to, sequentialy, MCEE, MCAE, and MCME, at concentrations of
200mg/Kg and 400mg/Kg. Phytochemical analysis and study of oral toxicity of these
extracts were made. MCAE was administered for 14 days in mice with alloxan-induced
diabetes, and evaluation of glucose profile, lipid, renal and hepatic function and
histological analysis of the pancreas were performed. Anti-hyperuricemic activity of
MCAE, in potassium oxonate model, was investigated. MCEE, MCAE, and MCME were
used for evaluation of: anti-inflammatory activity, using the rat paw edema model and
peritonitis; antinociceptive activity, in models of pain induced by acetic acid and hot plate;
antioxidant activity, by 2,2-diphenyl-p-picrylhydrazyl assay; and antitumor activity against
solid tumor of Ehrlich carcinoma. Lectin of C. tapia was purified and tested for evaluation
of hypoglycemic activity. Ether, chloroform and acetone extracts of leaves of I.
suffruticosa were prepared, phytochemically analyzed and tested againgt strains of S
aureus. As main results, this study demonstrated that: abdominal obesity and
hypertriglyceridemia, isolated, showed significant odds ratios (OR) for the presence of
hyperuricemia, but HTGW phenotype demonstrated the most effect (OR = 4.3), especialy
after use the cutoffs obtained specifically for the study population; hyperuricemia showed a
strong association with high risk of cardiovascular events death in ten years (OR = 3.5);
200mg/Kg/dia and 400mg/Kg/dia of MCAE caused a significant reduction in plasma
glucose and reduction in serum levels of triglycerides, urea, creatinine and transaminases,
increase in HDL-cholesterol, improvement in the morphologica appearance of the
pancreatic isets and decrease about 50% in the levels of uric acid; MCEE, MCAE, and
MCME presented significant antioxidant activity and produced significant reductions in
the inflammatory response, nociception and of the tumor mass; C. tapia lectin caused a
significant reduction in glucose levels, improved the function and morphology of the
kidneys, pancreas and liver of diabetic mice; and the acetone extract from the leaves of 1.
suffruticosa was a potent inhibitor of S. aureus followed by chloroform extract, also
synergistically improving the effect of erythromycin. Therefore, hyperuricemia is closely
related to the HTGW phenotype in men in Northeast Brazil, and can significantly increase
the cardiovascular risk of these individuals. M. cauliflora demonstrated a great therapeutic
potential for hyperuricemia and associated metabolic conditions, as well as C. tapia lectin
proved to be a promising agent for the treatment of diabetes; while I. suffruticosa shown to
be quite promising against S. aureus.

Keywords. Hyperuricemia, Metabolic Disorders, Hypertriglyceridemic Waist,
Cardiovascular Risk, Plant Biological Activities.
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|. INTRODUCAO

O equilibrio fisico-quimico de um organismo vivo € denominado homeostase e sua
manutencdo se da atraves de diversas reages quimicas que envolvem tanto vias anabdlicas
guanto catabdlicas. Nos animais, a manutencdo da homeostase organica € dependente da
excrecao de compostos téxicos. Estas substancias toxicas s8o denominadas produtos de
excreta e podem ser eliminadas do organismo atraves dos fluidos biol6gicos corporais,
principalmente através da urina. Os compostos nitrogenados fazem parte destas substancias
gue necessitam ser excretadas em diferentes animais, sendo eles. a ambnia, a uréia e o
&cido Urico (OLIVEIRA et a., 2001).

O écido urico (AU) é um &cido organico sintetizado pelos mamiferos como produto
do metabolismo das bases puricas nitrogenadas adenina e guanina. Em animais mamiferos,
exceto seres humanos e alguns primatas, o &cido Urico necessita ainda ser degradado em
alantoina pela acdo catalitica da enzima hepatica uricase. Contudo, o gene que codifica a
uricase sofreu silenciamento mutacional durante a evolugdo humana e como consequéncia
desta inativagdo, os niveis sanguineos de acido Urico sGo muito maiores em seres humanos
gue em outros mamiferos. Desta forma, em seres humanos o &cido Urico € considerado o
produto final da degradacéo destas bases nitrogenadas e encontra-se em pH fisioldgico na
forma de urato monossodico, apresentando um pKa de 5,75 (SO e THORENS, 2010; ODA
et a., 2002).

O excesso de &cido Urico caracteriza o distUrbio metabdlico hiperuricemia (HU). O
desenvolvimento de HU pode acontecer através de duas vias bioguimicas: o aumento da
biossintese hepética e/ou a diminui¢do da depuracdo rena. Desta forma, quando os niveis
de AU excedem 6,0 e 7,0 mg/dL em mulheres e em homens, respectivamente, tem-se a
caracterizacdo laboratoria e confirmagdo do diagndstico da HU. Estas concentractes
correspondem ao limite da solubilidade dos uratos monossddicos e, por isso, durante a
hiperuricemia ha a supersaturacéo de uratos e consequente propensio a sua cristalizacdo e
deposicao nos tecidos (RICHETTE e BARDIN, 2010; EKPENY ONH et al., 2014).

Durante muito tempo as principais consequéncias patoldgicas associadas a
hiperuricemia relacionavam-se a deposicdo dos cristais de é&cido Urico nas articulagdes,

promovendo a gota, ou no tecido renal, promovendo a urolitiase e a nefropatia por uratos.
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No entanto, a elevacdo dos niveis de &cido Urico tem sido reportada como um dos
mai's novos e importantes fatores associados ao desenvolvimento de alteracfes metabdlicas
gue estariam relacionadas ao aumento do risco cardiovascular. N&o obstante, estudos
recentes tém sugerido um papel direto do &cido Urico na fisiopatologia da doenca
cardiovascular (DCV), sobretudo, na deposicéo e calcificagdo da placa aterosclerdtica de
gorduras e agravamento da doenca arterial coronariana (DAC) (MAYER et al., 2014;
GOLCALVESet a., 2015; PEREZ-RUIZ e LIOTE, 2007).

No caso direto as DCVs, consideradas como a maior causa mortis da sociedade
atual, mais prevalente e mais dispendiosa, as informacdes cientificas ainda sdo dispares na
correlagdo entre HU e o risco cardiovascular. Outros disturbios reconhecidos como fatores
de risco cardiovascular, tais como a obesidade abdominal e a hipertrigliceridemia, isolados,
ou em associacdo constituindo o fendtipo cintura hipertrigliceridémica também podem
contribuir para o desenvolvimento da hiperuricemia, o que também mantem dividas sobre
aexisténcia de uma verdadeirarelagéo causal entre cada uma destas patologias (HSU et al.,
2013; JURASCHEK et al., 2014).

O tratamento para hiperuricemia envolve medicamentos que estejam relacionados
com a diminuigdo da sintese deste acido ou com o0 aumento da sua excregdo renal. Ainda,
as plantas tém sido utilizadas no tratamento da hiperuricemia e de seus disturbios
correlacionados, como estresse oxidativo, dor, inflamagdo, cancer, diabetes e didipidemias
ou ainda no tratamento de doencas infecciosas. Neste contexto, plantas ricas em compostos
fendlicos tem representado uma excelente fonte para a fitoterapia (NEWMAN et al., 2003).

A jaboticaba é o fruto da Myrciaria cauliflora (Mart.) O. Berg. (Myrtaceae), uma
planta nativa do Brasil. O fruto apresenta um sabor doce com um pouco de acidez e eles
s80 consumidos in natura. A casca da jaboticaba apresenta coloracéo escura, variando de
roxo escuro a preto, e representa uma rica fonte de compostos quimicos como 0s
compostos fendlicos. Desta forma, produtos extraidos da casca do fruto de M. cauliflora
podem auxiliar no tratamento da hiperuricemia e de seus distirbios metabdlicos
relacionados (IDEMIR et al., 2005; LEITE-LEGATTI et al., 2012; WU et al., 2012; WU,
LONG & KENNELLY, 2013; BORGES, CONCEICAO & SILVEIRA, 2014; MERCALI
et a., 2015.

Outras espécies que tém sido bastante utilizadas na medicina popular sGo a
Crataeva tapia e a Indigofera suffruticosa. Na medicina popular a casca do tronco de C.

tapia é usada como ténico, estomaquico, antidisentérico, febrifugo e no tratamento do
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diabetes. Enquanto a |. suffruticosa apresenta na populacéo tais propriedades fitoterapicas:
antiespasmadicas, sedativas, diuréticas, purgativas, odontélgicas. Deste modo, com base
em estudos cientificos que relatam os potenciais farmacolégicos de determinados
compostos extraidos de plantas que sdo utilizadas na medicina popular para o tratamento
de doengas justifica-se a necessidade de extrair e avaliar tais compostos na casca do fruto
maduro de M. cauliflora, na folha da |. suffrutica e na entrecasca de Crataeva tapia que

possam contribuir com o arsenal terapéutico.
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I1. FUNDAMENTACAO TEORICA

2.1 Acido Urico e Desenvolvimento da Hiperuricemia

Acido Urico € um &cido organico com um pKa de 5,8, que é primariamente
encontrado e distribuido no fluido extracelular como urato monossodico, € o produto final
da degradag&o das purinas em humanos (Figura 1) (DESIDERI et a., 2014).

Figura 1. Metabolismo do &cido Urico.

| Ribose-5-Fosfato + ATP |
PRPP Sintetase

| Adenosina Trifosfato | RHEE | Guanosina Trifosfato |
|Adenosina Monofosfato | ’ MJ::Z;Z:“O = ?| Guanosina Monofosfato\

5-Nucleotidase

—— T

5'-Nucleotidase

APRT + PRPP

Xantina Oxidase

Acido Urico

Uricase

Fonte: ARAUJO, Tiago Ferreirada Silva (2015). ATP — adenosina trifosfato; PRPP — fosforibosil
pirofosfato; APRT — adenina fosforibosiltransferase; HGPRT — hipoantina guanina fosforibosiltransferase

Quando o pH é menor que 5.75, como pode ocorrer na urina, a forma predominante
do &cido Urico € a ndo ionizada enquanto que a um pH de 7,4, circula a forma ionizada
(EKPENYONH et a., 2014). Devido a elevada concentragdo de sodio no compartimento
extracelular, &cido Urico estd largamente presente como urato monossodico, com um baixo
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limite de solubilidade de cerca de 6 mg / dL (360umol / L) (RICHETTE e BARDIN,
2010). Os niveis séricos de acido Urico sdo bioquimicamente equilibrados em humanos
pela auséncia da enzima uricase (RUGGIERO et al., 2006). Em mamiferos ndo-humanos, o
acido Urico continua a ser degradada em alantoina pela acdo catalitica da enzima uricase
figado (SO et a., 2010). No entanto, o gene que codifica a uricase sofreu silenciamento
mutacional na evolugcdo humana e como um resultado desta inativagdo, niveis de &cido
arico no sangue sdo muito mais el evados em humanos que em outros mamiferos (ODA et
al., 2002).

A hiperuricemia é geralmente definida quando os niveis de &cido Urico encontram-
se maiores que 7,0 mg / dL (416umol / L) em homens e maiores que 6,0 mg / dL (360
pmol / L) em mulheres (FENECH et al., 2014). A hiperuricemia é uma das alteractes
bioquimicas mais comumente encontradas na prética clinica e estudos tém relatado que ela
afeta cerca de 10% dos adultos globalmente (MURUGAIYAH et al., 2009). Quando os
niveis sanguineos de &cido Urico excedem o limite de solubilidade o risco de cristalizacéo e
precipitagdo aumenta consideravelmente (DESIDERI et al., 2014). Neste contexto, a
deposicéo de cristais de &cido Urico em tecidos articulares e periarticulares promove a gota.
As consequéncias clinicas para esta doenca incluem episodios de dor aguda e inflamagéo,
devido a formagéo de tofos subcuténeos constituidos de écido Urico, que podem promover
uma destruic3o osteoarticular (PEREZ-RUIZ e LIOTE, 2007).

A hiperuricemia esteve, por durante muito tempo, associada principalmente ao
desenvolvimento da gota (DESIDERI et al., 2014). No entanto, evidéncias cientificas
recentes demonstraram que o0 &cido Urico exerce uma agcdo pro-oxidante perigosa,
exercendo papel eficaz no desenvolvimento de outras doencas (ACHARYA et al., 2015).
Atualmente, € bem postulado o papel do &acido Urico na génese da doenca renal cronica
(CHOU et al., 2014), da resisténcia a insulina (CHOI et a., 2014) e diabetes
(JURASCHEK et al., 2014), desordens bipolares (ALBERT et al., 2015), na disfuncéo
eréctil (SOLAK et a., 2014), didipidemias (PENG et a., 2015), hipertensdo arterial
(BJORNSTAD et al., 2014), sindrome metabdlica (SUN et al., 2014), e na cacificacdo da
artéria coronaria (GROSSMAN et al., 2014), doenca aterosclerdtica carotidea (MAYER et
a., 2014) e outras doencas cardiovasculares e cerebrovasculares (GOLCALVES et al.,
2015)..

As elevagbes nos niveis séricos de écido Urico ocorrem principamente pela

diminuicdo da excregdo pelos rins, como ocorre quando a funcéo renal ou fluxo sanguineo
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renal sdo reduzidos. Acido Urico pode também estar aumentado por superproducio e tal
evento ocorre com 0 aumento da ingestdo de alimentos ricos em purinas, abuso de & cool
Ou 0 consumo excessivo de frutose, ou por condi¢des associadas com elevado turnover de
purinas (KESEBIR et al., 2014). Na Tabela 1 estdo descritas a gumas das principais causas
relacionadas ao desenvolvimento de hiperuricemia.

Tabela 1. Causas de Hiperuricemia

HIPERURICEMIA

Aumento da Sintese

Deficiéncia da hipoxantina-guanina fosforibosil transferase (parcialmente, na
Sindrome de Seegmiller e completamente, na Sindrome de Lesch-Nyhan

Aumento da atividade dafosforibosil pirofosfato sintase

Consumo excessivo de alimentos ricos em bases puricas

Dieta cetogénica

Doencas de degradacéo de purinas (elevado turnover de nucleotideos)

Doencas de rapida proliferagdo cellular e morte (crise blastica da leucemia,
psoriases, doencas linfoproliferativas e terapia citotdxica ou quimioterapia)

Diminuic&o da Excregdo Renal
Insuficiénciarenal com diminuicdo da taxa filtracdo glomerular
Diminuicao da secrecdo tubular (cetoacidose diabética)
Aumento da reabsorcéo tubular (terapia diurética)
Hipertensdo arterial sistémica
Hipoperfusdo tecidua
Etilismo
Consumo de dieta rica em frutose
InfeccOes

Obesidade

Fonte: Kesehir et dl., 2014



ARAUJO, T.F. S. Investigacéo de Distlrbios Metabdlicos Associados a Hiperuricemia...

2.2 Distur bios M etabdlicos Associados a Hiper uricemia

A hiperuricemia correlaciona-se com o aumento da produc&o de muitos mediadores
inflamatérios. Em estudos experimentais, hiperuricemia esta associada com a ativacéo de
fosfolipase A2 (LYTVYN et al., 2015), aumento do niveis de Fator de Necrose Tumoral-
afa (TNF-afa), interleucina-1B (IL-1pB), interleucina-6 (IL-6), proteina quimioatrativa de
mondcitos-1 (MCP-1) (RUGGIERO et a., 2006). Estes mecanismos estéo associados com
exacerbacdo de uma resposta inflamatdria nos estados hiperuricémicos. Vérios estudos
baseados em populacfes tem sugerido o papel pro-inflamatério do acido Urico em homens
e mulheres, inclusive o acido Urico no soro tem sido associado com 0 aumento da proteina
C-reativa, uma proteina inflamatéria de fase aguda (RUGGIERO et al., 2006). Por
conseguinte, existe uma forte evidéncia para sugerir que hiperuricemia desencadeia vias
pré-inflamatérias que contribuem para o desenvolvimento de doenca aterosclerética e
cardiovasculares.

A associacéo entre hiperuricemia e doencas cardiovasculares e aterosclerdticas foi
amplamente ignorada até os meados da década de 1950 e inicio da década de 1960 (FEIG
et al., 2008). Desde entdo, estudos epidemioldgicos tém demonstrado a relagéo entre os
niveis séricos de acido Urico e patologia cardiovascular, incluindo doenca aterosclerotica
carotidea (MAYER et a., 2015), doenca arterial coronariana (SOLAK et a ., 2014) e
infarto agudo do miocérdio (LEVANTESI et al., 2013).

A hiperuricemia é capaz de promover efeitos desfavoraveis sobre o endotélio
vascular através da via de sinalizacéo do fator nuclear kappa B (NF-kB) por interacdes das
células endoteliais e os mondcitos com aumento de expressdo de molécula de adesdo
celular vascular-1 (VCAM-1) e molécula de adesdo intracelular 1 (ICAM-1). Neste
contexto, altas concentracfes de acido Urico estimula producéo de quimiocinas e moléculas
de adesdo envolvidos na migracdo e adesdo de leucdcitos a células endoteliais. Este
mecanismo pode explicar os papéis-chave na iniciagdo e desenvolvimento da aterosclerose
(LIANG et al, 2014).

Trabalho realizado por Peng et al., (2015) sugerem que 0s niveis séricos de écido
urico aumentam de forma associada com um aumento nos niveis de LDL-colesterol,

triglicéridios, colesterol total e nas concentragbes de apolipoproteina B. Hiperuricemia
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apresenta uma forte relacdo inversa com os niveis de HDL-colesterol. Estas disipidemias
tem uma relacdo estreita com a doenca aterosclerética e cardiovascular (PENG et al.,
2015). Assim, a hiperuricemia pode contribuir para a etiologia da aterosclerose,
estimulando-a através de duas importantes maneiras: inflamagéo e didipidemia (LIPPI et
al, 2011).

Além disso, a biossintese de &cido Urico exerce efeitos deletérios em seres humanos
através do aumento da producéo de espécies reativas de oxigénio (ROS). A atividade da
xantina oxidase é uma fonte importante da producéo de ROS resultante da reacdo de
oxidacdo da hipoxantina em xantina e da xantina em &cido Urico (LYVTYN et al., 2015).
O estresse oxidativo tém um papel central na patogénese do diabetes. Neste contexto, 0
acido Urico esta emergindo como um potencial marcador de risco de diabetes
(JURASCHEK et al., 2014).

Em modelos experimentais de hiperuricemia aguda (criado por tratamento com
oxonato potéssio) foram observadas evidéncias de que hiperuricemia pode induzir
diretamente a resisténcia ainsulina, um importante preditor de diabetes (ZHU et al., 2014).
A insulina é uma hormdnio que age sobre os receptores celulares especificos para regular a
captacdo de glucose. A maioria dos sinais dos receptores de insulina € transmitida por
mecanismos complexos que envolvem o receptor de substrato da insulina (IRS) -1/2. A
presenca de IRS1 humano fosforilado € um marcador molecular representante da
resisténcia a insulina. Aumento do nivel de acido Urico pode inibir a atividade do IRS1 e
induzir a resisténcia a insulina (ZHU et al., 2014). Estes mecanismos podem explicar a
relacdo causal entre a hiperuricemia e o desenvolvimento de diabetes. Neste ambito, varios
estudos epidemioldgicos tém relatado a possibilidade de acido Urico promover diabetes
(BHOLE et a, 2010;. BANDARU e SHANKAR, 2011; WANG et al, 2011; KATSIKI et
al, 2013;. JIA et a, 2013) .

O estresse oxidativo causado por um aumento nos niveis de écido Urico pode estar
relacionada com o desenvolvimento de hipertensdo. A pressdo sanguinea € determinada
pelo débito cardiaco, resisténcia periférica total, rigidez arterial e arteriolares (HSU et al.,
2013). Na Figura 2 estdo demonstradas algumas vias mecanisticas relacionadas ao

desenvolvimento de distlrbios metabdlicos e ao aumento do risco cardiovascular.
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Figura 2. Hiperuricemia e o Desenvolvimento de Disturbios Metabdlicos.
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Fonte: ARAUJO, Tiago Ferreirada Silva (2015). ERO — espécies reativas do oxigénio; IRS 1 — substrato do

2.3 Relacdo Bioquimica entre Obesidade Abdominal, Hipertrigliceridemia e

receptor de insulina 1; ON — éxido nitrico.

Desenvolvimento de Hiperuricemia

A obesidade abdominal, caracterizada pelo excesso de massa adiposa na regido
abdominal tem sido associada principal mente a distrbios do metabolismo lipidico. Acidos
graxos livres encontram-se em excesso em individuos com obesidade abdominal, o que

aumenta o aporte hepético e muscular desses lipidios, ressintese de trigliceridios,
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armazenamento ectopico dos mesmos e elevacdo de sua concentracdo Sanguinea
(AHMADIAN; DUNCAN; SUL, 2009).

A ¢€elevacdo dos niveis sanguineos de trigliceridios € denominada de
hipertrigliceridemia. Este tipo de didlipidemia pode levar a outras ateracfes lipidicas, pois,
guando os trigliceridios se encontram em excesso, estes passam a integrar as lipoproteinas
de muito baixa densidade (VLDL, do inglés Very Low Density Lipoprotein) em uma
concentragdo superior a de sua constituicdo em um metabolismo lipidico considerado
normal. Dessa forma, as VLDL tornam-se ricas em trigliceridios €, mesmo ap0s serem
catabolizadas, continuam enriquecidas neste tipo de lipidio, e originando lipoproteinas de
densidade intermediaria (IDL, do inglés Intermediary Density Lipoprotein) também ricas
em trigliceridios. Estas, sequenciamente, ddo origem a lipoproteinas de baixa densidade
(LDL, do inglés Low Density Lipoprotein) com maior conteido de trigliceridios
(CHAPMAN e SPOSITO, 2008).

A medida que o catabolismo dessas lipoproteinas modificadas ocorre, as particulas
de VLDL, de IDL e de LDL ricas em trigliceridios cedem, sob a acdo da Proteina
Transferidora de Colesterol Ester (CETP, do inglés Cholesterol Ester Transfer Protein),
seu ato conteldo trigliceridico as lipoproteinas de alta densidade (HDL, do inglés High
Density Lipoprotein), em troca de colesterol éster. Entdo, hipertrigliceridemia induz
indiretamente ateracfes na estrutura e composi¢cao quimica das particulas de HDL e LDL
(LAMARCHE et d., 1999; CHAPMAN e SPOSITO, 2008).

O complexo lipoprotéico da HDL, por ndo apresentar sua composicao lipidica
normal, passa a ser considerado, pelas células fagociticas do sistemaimune, um verdadeiro
corpo estranho, 0 que aumenta a sua remogdo da corrente sanguinea via fagocitose néo
mediada por receptor, promovendo a diminuicdo destas lipoproteinas no sangue. As
particulas de HDL enriquecidas com trigliceridios tornam-se instaveis e perdem seu
contetdo protéico e passam a ser degradadas em maior quantidade nos rins, o que contribui
também para a diminui¢cdo de sua concentragdo sanguinea. Isto € um fato que contribui em
muito para o estabelecimento das placas aterosclerdticas, hgja vista menores quantidades
de HDL estarem exercendo o seu papel fisioldgico no processo do transporte reverso do
colesteral, o que aumenta o contetido de colesterol nos tecidos extra-hepéticos, incluindo, o
tecido endotelial dos vasos sanguineos, propiciando a formagdo do ateroma (LIMA et a.,
2004; REAVEN, 2005; GRUNDY/, 2006; KONTUSH e CHAPMAN, 2006).
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Quanto as particulas de LDL ricas em trigliceridios, resultantes da agdo catalitica da
CETP, essas ficam menores e passam a apresentar uma densidade maior em comparagdo as
LDL normais. Estas lipoproteinas passam a ser denominadas de LDL pequenas e densas e
se tem direcionado, a esta classe de lipoproteinas, um risco de cerca de trés vezes de
ocorréncia de infarto do miocardio (MARUYAMA; IMAMURA; TERAMOTO, 2003).
LDL peguenas e densas possuem menor afinidade pelos receptores hepaticos de LDL e,
com isso, ha uma diminuicdo de sua remoc&o da circulacdo, aumentando a probabilidade
de ficarem retidas nas paredes arteriais. Estas lipoproteinas modificadas também sdo mais
susceptiveis ao processo de oxidacdo, o que as fazem ser consideradas corpos estranhos,
pelos macréfagos, assim como ocorre com a HDL rica em trigliceridios (GALEANO et d.,
1998; KONDO et al., 2001).

Estudos tém sugerido que atas concentragbes de trigliceridios geralmente
significam maiores concentragoes de HDL e predominancia de LDL pequenas e densas e
gue estas ateracdes lipidicas caracterizam a chamada didlipidemia aterogénica (KONDO et
al., 2001; REAVEN, 2005; GRUNDY, 2006; CHAPMAN e SPOSITO, 2008). Inclusive,
um parémetro que combina trigliceridios e HDL, a razdo trigliceridios/HDL -colesterol
(TG/HDL-c), tem sido utilizado para identificar de forma mais simples, mas com boa
acuracia, a presenca de LDL peguenas e densas. Estima-se que individuos com uma razéo
TG/HDL-c maior que 0,9, adotando mmol/L como unidade de medida das concentracoes
destas lipoproteinas, ou maior que 2,0, quando utilizado mg/dL, apresentam particulas de
LDL predominantemente maiores que 25,5 nm de diametro (MARUY AMA; IMAMURA;
TERAMOTO, 2003).

Entretanto, mesmo mediante esta via fisiopatologica dos disturbios lipidicos
decorrentes da hipertrigliceridemia, bem como da correlagdo positiva sugerida entre
hipertrigliceridemia e doencas cardiovasculares e aterosclerdticas, estudos tém reportado
ndo terem encontrado esta associacéo e ha até mesmo outros estudos que encontraram uma
associagdo negativa. Isto €, o papel da hipertrigliceridemia com ou sem associagéo a
obesidade abdominal, mesmo mediante um raciocinio 16gico de mecanismos
fisiopatol 6gicos, pode variar de acordo com a populacdo em estudo (AUSTIN; HANSON;
EDWARDS, 1998; COUGHLAN e SORRENTINO, 2000; SUMNER et al., 2005;
CRIQUI, 2007; OKOSUM e BOLTRI, 2008).
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Outro ponto questiondvel é se a obesidade abdominal, sem a elevacdo dos niveis
plasméticos de trigliceridios, apresenta igual prejuizo ao metabolismo bioquimico e a
integridade homeostatica do individuo (OKOSUM e BOLTRI, 2008). Recentes estudos
tém sugerido que tanto hipertrigliceridemia quanto obesidade abdominal sdo fatores
independentes de risco cardiovascular (HAFFNER et al., 1992; DESPRES, 1993
BERMUDEZ e TUCKER, 2001; OKOSUN et al., 2001; BANSAL et a., 2007;
NORDESTGAARD et al., 2007). Contudo, investigadores tém enfatizado que a presenca
associada destes disturbios sgja mesmo muito mais nociva a salde e que, inclusive, o risco
gue se atribui a hiperglicemia pode ser explicado pela coexisténcia de hipertrigliceridemia
e obesidade abdominal (DESPRES, 1993; OKOSUM e BOLTRI, 2008).

Em 2000, Isabelle Lemieux e colaboradores criaram a denominagdo fendtipo
“Cintura Hipertrigliceridémica” (HTGW, do inglés Hypertriglyceridemic Waist) para a
presenca conjunta de niveis plasméaticos de trigliceridios iguais ou superiores a 177 mg/dL
e valores de circunferéncia abdominal maiores ou iguais a 90 cm. Entretanto, estes valores
foram utilizados para identificar o fenétipo HTGW apenas em individuos do sexo
masculino (LEMIEUX et al., 2000). Somente em 2007, houve a adogdo de valores de
circunferéncia abdominal maiores ou iguais a 85 cm em conjunto com niveis de
trigliceridios maiores ou iguais a 177 mg/dL, para a definicdo de HTGW em mulheres (ST-
PIERRE et al., 2007). Porém, mesmo apds a criacdo destes pontos de corte para a
identificacdo de HTGW na populagdo feminina, a maior prevaléncia deste fendtipo tem
sido mesmo encontrada em homens. Aproximadamente 60% a 70% dos individuos com
este fendtipo sdo do sexo masculino (ST-PIERRE et al., 2007; YU et al., 2010). Desde o
estudo de Lemieux e colaboradores, em 2000, diversos estudos tém comprovado que
HTGW pode ser utilizado como marcador da triade metabdlica aterogénica
“hiperinsulinemia, hiperapolipoproteinemia B e LDL pequenas e densas” em homens e que
Isto os coloca como uma populagdo de ato risco cardiovascular e de alto risco para
diabetes mellitus tipo 2 e outras anormalidades metabdlicas (Figura 3) (LEMIEUX et a.,
2000; BLACKBURN et a., 2003; SOLATI et al., 2004; ST-PIERRE et al., 2007,
OKOSUM e BOLTRI, 2008; BLACKBURN et al., 2009; GRAAF et a., 2010; YU et d.,
2010).
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Figura 3. Fendtipo Cintura Hipertrigliceridémica e a Triade Aterogénica.

Hiperinsulinemia
Triade
Aterogénica
Particulas de LDL Aumento de Aumento do Risco
Pequena e Densa Apolipoproteina B Coronariano em 20
A vezes
N
hti + U
Cab > 90cm TG > 177mg/dL

Fonte: ARAUJO, Tiago Ferreira da Silva (2015). Cab — circunferéncia abdominal; TG — trigliceridios.

O Estudo Cardiovascular de Quebec tem encontrado que homens com obesidade
abdominal, mesmo na auséncia de cléassicos fatores de risco para doengas cardiovascul ares,
como diabetes mdlitus tipo 2, hipertensdo e hipercolesterolemia, mas portando um perfil
lipidico relacionado a hipertrigliceridemia, possuem um risco maior gque vinte vezes, em
comparagao a homens ndo obesos, de apresentarem doengas coronarianas ao longo de um
periodo de apenas cinco anos (LAMARCHE et al., 1999; SCARSELLA e DESPRES,
2003).

Assim, precisa-se destinar muita atencdo a problemética hipertrigliceridemia e
obesidade abdominal na populacdo masculina e, principalmente, em homens provenientes
de regides consideradas em maior risco de se tornarem as futuras e grandes contribuidoras
para 0 maior niUmero de morte por doencas cardiovasculares, como € 0 caso dos paises em
desenvolvimento e que passam ainda por um processo de transicdo nutricional. Um
exemplo disto € 0 que vem ocorrendo no Brasil. Este pais atravessa um periodo de
transi¢do epidemiol dgica, com aumento do nimero de doencas cronicas ndo transmissiveis

(DCNTSs). A populagdo brasileira tem apresentado mudancas de seus habitos alimentares e



ARAUJO, T.F. S. Investigacéo de Distlrbios Metabdlicos Associados a Hiperuricemia...

14

onde antes havia somente subnutricdo, ha, atualmente, obesidade convivendo em conjunto,
as vezes, no interior de uma mesma residéncia (BATISTA FILHO e RISSIN, 2003;
PINHEIRO; FREITAS; CORSO, 2004).

A Regido Nordeste do Brasil € uma das duas Ultimas regides a aderirem ao processo
de transicdo nutricional neste pais. Estudos tém encontrado atas taxas de prevaléncia para
hipertrigliceridemia nesta regido, de 35% a aproximadamente 60%, assim como para
obesidade do tipo abdominal, de cerca de 20% a 60%, com as maiores taxas tendo sido
encontradas, respectivamente, na Bahia e na Paraiba (BATISTA FILHO e RISSIN, 2003;
PINHEIRO; FREITAS, CORSO, 2004; OLIVEIRA; SOUZA; LIMA, 2006; PONTES e
SOUZA, 2009).

Em um estudo sobre a andlise e comparacdo do perfil lipidico em homens no
Estado de Pernambuco, verificou-se que mais de um terco da populagdo masculina
avaliada apresentava hipertrigliceridemia, fosse como uma didipidemia isolada ou
associada principalmente a baixos niveis de HDL-c (SANTOS et al., 2009).

No Brasil, houve um aumento de 100% na prevaléncia de obesidade entre os
homens, ao se comparar nimeros mais atuais com nimeros obtidos do Estudo Nacional da
Despesa Familiar (ENDEF) de 1974/1975 (PINHEIRO; FREITAS; CORSO, 2004). No
Brasil, tém sido encontradas também maiores taxas de mortalidade por doencas
cerebrovasculares, por exemplo, em homens do que em mulheres, independente de o
acidente vascular encefalico ter sido isquémico, hemorragico ou ainda ndo definido,
durante os anos de 1997 e 2003 (LOTUFO e BENSENOR, 2004).

Associando-se esses dados ao fato bem conhecido de que os homens utilizam, em
uma frequéncia muito menor, o0s servicos de salide, no Brasil, além do fato de que, quando
os utilizam, os individuos do sexo masculino apresentam doencas comparativamente mais
severas e de maior letaidade do que as mulheres, ressalta-se a necessidade de estudos

voltados para a avaliacdo da salide da populagdo masculina (TRAVASSOS et al., 2002).

Duas das principais causas de aposentadoria precoce, ou sgja, de reducdo da vida
util de homens no Brasil sdo a sinovite e atendosinovite, as quais podem ser resultantes de
hiperuricemia ou gota, disturbios metabdlicos que, conforme ja mencionado tiveram sua
presenca identificada em um individuo obeso desde Morgagni, no fim do século XVIII, e

desde o0 século XIX ja se era sugerida a existéncia de uma relacdo entre hiperuricemia e
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doencas cardiovasculares. Entretanto, mais de duzentos anos depois ainda se tem muito
pouco estudo sobre hiperuricemia no Brasil (MOHAMED, 1879; ENZI et al., 2003;
BRANCO e OLIVEIRA, 2006; GAGLIARD; MINAME; SANTOS, 2009).

A hiperuricemia é considerada um distlrbio metabdlico cada vez mais frequente
nas populagbes (BAKER E SCHUMACHER, 2010). Uma maior prevaléncia de
hiperuricemia tem sido verificada também em individuos do sexo masculino, pois homens
apresentam este disturbio cerca de quatro a cinco vezes mais que as mulheres (L1-YING et
a., 2007; CONEN et al., 2004). No Brasil, um estudo realizado em um dos principais
Estados da Regido Sudeste, demonstrou uma prevaléncia de hiperuricemia de 25%
(SANTOS et al., 2007). Entretanto, dados sobre hiperuricemia na populacdo da Regido
Nordeste ainda sdo praticamente inexistentes e € inédita ainda a sua investigacdo em
homens em associacdo a obesidade abdominal, a hipertrigliceridemia e ao fendtipo
HTGW.

Niveis sanguineos de &cido Urico tém sido associados ao acumulo de gordura
visceral. Entretanto, a relacéo entre producéo de écido Urico e sintese de trigliceridios, no
figado, baseada no acimulo de gordura visceral ainda ndo foi elucida e estudos posteriores
tornam-se necessarios. E sugerido que a obesi dade ocasione prejuizos & depuraco renal de
acido urico, reduzindo-a, e que altas concentracfes de trigliceridios e de acidos graxos
relacionadas ao acimulo de gordura visceral possam estar ligadas a um aumento na sintese
de novo das purinas no figado, através da via pentose fosfato, o que pode acelerar a
producdo de &cido Urico. Contudo é possivel que haja outras explicagdes fisiopatol 6gicas
(MATSUURA et al., 1998; TAMBA et al., 2008).

Dietas ricas em purinas, tais como carne vermel ha, frutos do mar, vegetais ricos em
purina e proteina animal também tém sido associadas a hiperuricemia. A dieta americana
esta pautada no consumo de carne vermelha e as regides em transicdo nutricional tem
aderido a este padréo nutricional. Dados do Instituto Brasileiro de Geografia e Edtatistica
(IBGE), especificamente sobre a Pesquisa de Orgcamento Familiar (POF) demonstra um
aumento significativo no consumo de carne bovina no Brasil, comparando-se as médias de
consumo registradas nos anos de 1987 e 1996. Esta mesma pesquisa demonstra também
uma drastica reducdo no consumo de hortalicas. Na POF do ano de 2003, familias com
renda igual ou superior a cinco salarios reportaram um volume de aquisicdo de carne
bovina acima da média (IBGE, 1987; IBGE, 1996; BLEIL, 1998; IBGE, 2004; CHOI et
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al., 2004) . Fumo e dcool também sdo possiveis fatores predisponentes a hiperuricemia e
muito frequentes no sexo masculino (YAMAMOTO et a., 2005, MAXWELL E
BRUINSMA, 2001).

Em um modelo de regressdo logistica multivariada, niveis de écido Urico foram
correlacionados positivamente com obesidade abdominal, trigliceridios, presséo arterial
sistélica e diastdlica, ingesta de acool, niveis plasmaticos de insulina e negativamente com
idade e atividade fisica. Outros estudos tém demonstrado que, em vez de uma associacdo
negativa com idade, os niveis de &cido Urico no sangue aumentam ao longo dos anos,
principa mente acima de 65 anos (LEE et al., 1995; BONORA et al, 1996; WALLACE et
al., 2004).

Porém, diversos estudos tém levantado a hipétese de que &cido Urico em grandes
concentracBes sanguineas ndo é apenas uma consequéncia, mas também um distdrbio
metabdlico que pode levar a sérias patologias, tais como diabetes mellitus tipo 2, doencas
cardiovasculares, hipertensdo arterial, doencas hepdticas e faléncia renal. H4, inclusive,
propostas de vias mecanisticas de que hiperuricemia é fator causal e ndo consequéncia de
resisténcia a insulina, conforme reportado anteriormente. O aumento da incidéncia da
obesidade tem coincidido com aumento daingestdo de frutose e este fato também tem sido
um problema observado em regides em transicdo nutricional. Consumo de frutose ou de
alimentos contendo este carboidrato tem sido ligado a hiperuricemia, levando ao
desenvolvimento de diabetes. E proposto também que écido Urico reduz os niveis de 6xido
nitrico (ON) endotelial, uma molécula mediadora daagéo dainsulina. ON aumentao fluxo
sanguineo para as fibras musculares esquel éticas e facilita a captacdo de glicose, entéo, se
houver uma diminuic@o nos niveis de ON endotelial, os individuos se tornam propensos a
resisténcia a insulina, diabetes e outras anormalidades metabdlicas (NAKAGAWA et dl.,
2005; JOHNSON et a., 2003; BHOLE et al., 2010). Associado a disfuncdo endotelial
promovida pela reducéo de ON, o &cido Urico pode promover ainda outras alteragdes que
culminem em HA, como por exemplo, proliferacdo de células musculares nos vasos
sanguineos, além da prépriainjuriarena (JOHNSON et al., 2003).

O acido Urico também pode se depositar nas artérias coronarias, promover estresse
oxidativo e inflamacdo local, alteracOes estas que, associadas a obesidade abdominal e as
didipidemias relacionadas com a hipertrigliceridemia, podem culminar no processo
aterosclerético (KAYA et a., 2010). Atuamente, estudos tém demonstrado que a
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hiperuricemia também podem ser considerada um importante preditor de mortalidade para
individuos com Doenca Arterial Coronariana (DAC), incluindo Infarto Agudo do
Miocérdio (IAM) e Insuficiéncia Cardiaca Congestiva (ICC) (HYUN et al., 2007), as quais
pertencem ao grupo das DCNTSs, que representam a atual principal causa de morte na
populacéo brasileira (MINISTERIO DA SAUDE, 2010).

Assim, a hiperuricemia ndo pode ocasionar apenas gota, uma doenca inflamatéria
causada pela deposicao de cristais de acido Urico nas articulacdes e a forma mais comum
de artrite inflamat6ria em individuos do sexo masculino com o desenvolvimento de tofos,
mas também diversos disturbios metabdlicos, que podem vir adiminuir a vida produtiva de
seus portadores e, apesar de ser uma das doengas mais antigas a terem sido descritas, na
Grécia, por Hipocrates de Cés, pouco se sabe sobre as vias mecanisticas de seu
aparecimento em conjunto com outras anormalidades metabdlicas, como a obesidade
abdominal, a hipertrigliceridemia e o fendtipo associado cintura hipertrigliceridémica
(TOMITA et al, 2000; CHOI et al., 2004; CHOI et al., 2005; NUKI e SIMKIN, 2006).

2.5 Atividades Biol6gicas de Plantas

A populagdo, em geral, faz uso de plantas medicinais no tratamento de suas
doencas, mas nem sempre existem trabal hos cientificos que garantam o seu Uso seguro ou
gue comprovem reamente a sua eficacia. Devido a isto, é importante se pesquisar as
atividades bioldgicas que essas plantas possam apresentar. Inicialmente, por meio de
extratos de partes dessas plantas, procurando os melhores tipos que possam trazer os
melhores compostos com melhores resultados, até que esses compostos venham a ser
isolados e purificados e, por fim, possam vir a se tornar agentes terapéuticos. Dessa forma,
atividades biologicas consideradas indispensaveis tém sido investigadas, tais como
atividade antioxidante, antinociceptiva, anti-inflamatéria, anti-diabética, anti-bacteriana,
antitumoral e anti-hiperuricémica por estarem intimamente associadas as doengas de maior
prevaléncia e responsaveis pelas maiores taxas de mortalidade no mundo e no Brasil
(MORAISet al, 2005; HALDAR et al., 2012).

As plantas sdo consideradas uma abundante fonte de substancias organicas que

cooperam para o fornecimento de compostos secundarios, dos quais algumas classes séo
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utilizadas na producdo de produtos pelas industrias farmacéuticas, alimenticias, dentre
outras (PINTO et a., 2002). Dessa forma, muitos dos metabdlitos tém sido usados no
desenvolvimento de medicamentos de origem sintética, tais como a procaina, que é um
anestésico local, e a clorogquina, um derivado quinolinico usado no tratamento da malaria;
bem como tém sido comercializados como fitof&rmacos, como, por exemplo: a morfina,
gue é um potente analgésico extraido de Papaver somniferum; o &cido salicilico, que € o
principio ativo da Salix alba, com acbes antipirética, analgésica, esfoliante, anti-
inflamatéria e antimicrobiana; a vincristina e vimblastina, provindas de Catharanthus
roseus, que sdo acadides anticancerigenos; a digoxina, um glicosideo de Digitalis sp.,
muito utilizado no tratamentos de problemas cardiacos; e o taxol, um diterpeno anti-
cancerigeno, derivado de Taxus brevifolia; dentre outros (Figura 6) (HENRIQUES et al.,
1999; RATES,, 2001; GANGREIRO et a., 2008).

Diversos farmacos relevantes poderiam ser ressaltados neste contexto destacando
um papel importante na ciéncia que amplia 0 uso de plantas como fontes promissoras de
matérias primas para uso terapéutico. Nestas buscas intensivas por novos medicamentos,
os testes de triagem vém assumindo um papel fundamenta na identificacdo de compostos
gue sdo empregados em testes bioldgicos a fim de predizer qual metabdlito quimico é
responsavel por tal acdo ou se possui efeito sinérgico com outros componentes, garantindo
a utilizacdo destes, na construcéo de futuros farmacos promissores em um curto espaco de
tempo (CECHINEL FILHO & YUNES.,, 2001, RATES., 2001).

2.5.1 Aspectos Botanicos e Uso na Medicina Popular de Myrciaria cauliflora

Myrciaria cauliflora (Mart.) O. Berg (snénimo Plinia cauliflora) € uma planta
nativa do Brasil, pertencente a Familia Myrtaceae, amplamente distribuida por todo o pais,
desde o Pard ao Rio Grande do Sul, sendo encontrada principalmente nas regifdes de Mata
Atlantica e de Cerrado. Consiste em uma pequena arvore, de 3 m a6 m de altura (Figura
4A), conhecida popularmente como jabuticabeira ou ssmplesmente por jabuticaba, nome
dado também ao seu fruto. Suas folhas apresentam de 2 cm a 6 cm de tamanho (Figura
4B) (IDEMIR et al., 2005; LEITE-LEGATTI et a., 2012; WU et a., 2012; WU, LONG &
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KENNELLY, 2013; BORGES, CONCEICAO & SILVEIRA, 2014; MERCALI et 4.,
2015).

Figura 4. Aspectos da Myrciaria cauliflora.

Fonte: ARAUJO, Tiago Ferreirada Silva (2015). A — arvore; B — folhas; c —flores; D e E

— frutos maduros.

Os frutos de M. cauliflora, as jabuticabas, também acompanham a distribuicéo das
flores e crescem diretamente sobre os principais galhos e ramos da jabuticabeira (Figura
4C e D), de forma rgpida, dentro de 40 a 46 dias, contendo de uma a quatro sementes. Sao
redondos, com aproximadamente 2 cm a4 cm de didmetro, e, quando maduros, apresentam
uma polpa esbranquicada, gelatinosa, doce, levemente acida e suculenta, de sabor
agradavel, sendo chamados de uva brasileira. Estudos tém reportado que as jabuticabas
apresentam uma ampla variedade de nutrientes considerados classicos, como, por exemplo,
carboidratos, sais minerais, aminoéacidos, como lisina e triptofano, e vitaminas B1, B2 e C,
gue podem ter um grande impacto na salde humana. Especialmente, os frutos de M.

cauliflora representam uma boa fonte de calcio, ferro, potéssio e fosforo. Essas
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propriedades fazem com que possam ser consumidos, tanto na sua forma fresca, in natura,
como na forma de sucos, geleias, sorvetes, vinagres, licores e vinhos, apresentando um
grande potencia na industria alimenticia e despertando um grande interesse econémico em
varias regides do Brasil (IDEMIR et a., 2005; LEITE-LEGATTI et a., 2012; WU et a.,
2012; COSTA et al., 2013; WU, LONG & KENNELLY, 2013; MARIANNI et a., 2014).

A casca da jabuticaba também apresenta um grande potencia na industria
alimenticia, mas ndo em relacdo a0 Seu consumo in natura, pois o seu sabor é adstringente.
No Brasil, tem sido considerada como uma fonte potencial de pigmentos naturais, dentre
0S quais se pode mencionar as antocianinas, que sdo compostos coloridos que podem ser
potenciais substitutos para os corantes alimentares sintéticos. Os compostos fendlicos séo
tradicionalmente extraidos das plantas por métodos convencionais, tais como extracéo
solida-liquida, usando grandes quantidades de solventes organicos, como metanol, etanol e
acetona ou solugdes aquosas contendo uma pegquena quantidade de acido para manter um
baixo pH, haja vista os compostos fendlicos serem particularmente instéaveis (SANTOS &
MEIRELES, 2011).

Os compostos fendlicos sdo denominados substancias quimicas que possuem, em
sua estrutura, um radical hidroxila ligado a um anel benzénico. Este grupo envolve
diversos componentes secund&ios que possuem normalmente alta polaridade e
suscetibilidade a agdo enzimética, tais como: taninos hidrolisados, ligninas, derivados
cin@micos, cumarinas e flavonoides. Tais compostos sdo provenientes da tirosina e
fenilalanina do metabolismo secundario das plantas em resposta a condi¢des de estresse
(ferimentos, infeccOes, radiacdo ultravioleta, dentre outros) e podem estar na forma livre
ou associados a glicosideos e proteinas. Os compostos fendlicos nos alimentos séo
responsaveis por contribuir com as propriedades sensoriais (sabor, cor, odor e
adstringéncia). Estas substancias estdo envolvidas com efeitos benéficos biol 6gicos com
propriedades anti-inflamatoria, antioxidante, antialérgica, antiviral, anticolesterolémica e
antioxidante (SANCHEZ-MORENO., 2002; SOARES, 2002; NACZK & SHAHIDI.,
2004; MALACRIDA & MOTTA., 2005).

A grande relevancia, destinada nesses Ultimos anos aos frutos da jabuticabeira, ndo
€ derivada apenas do potencial alimenticio de sua polpa ou de sua casca para a obtencéo de
corantes, mas também, e principalmente, do potencia biol6gico que as cascas podem
apresentar, o qual se baseia nesse contelido de substancias com propriedades medicinais

gue possam existir nessas cascas de jabuticaba. O epicarpo da jabuticaba é fino, fragil e,
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guando o fruto se encontra amadurecido, sua coloracdo varia de roxa escura a praticamente
preta (Figura 4E); e, em muitas culturas, também tem sido reconhecido que frutos de cor
escura demonstram um bom potencial para melhorar a qualidade da salde humana,
trazendo muitos beneficios. Inclusive, o ché da casca de M. cauliflora tem sido utilizado,
pela medicina tradicional, para o tratamento de asma, hemoptise, angina, disenteria,
erisipela e inflamagOes das tonsilas palatinas (REYNERTSON et al., 2006; LEITE-
LEGATTI eta., 2012; WU et a., 2012; COSTA et a., 2013; CALLONI et al., 2015).

A riqueza fendlica da M. cauliflora a torna em uma potente fonte de antioxidantes
naturais. Compostos antioxidantes ainda tém sido associado com a reducdo de massa
corporea, ateragdes de hormdnios relacionados com a obesidade, reducéo da resisténcia
insulina e efeitos benéficos no diabetes mellitus tipo 2 e doenca de Alzheimer. Estudos
recentes, utilizando o epicarpo da M. cauliflora em dietas alimentares, demonstrou o
potencial efeito antioxidante no plasma de ratos, que pode ser atribuido ao contetido de
antocianinas da casca. Atuacdo de depsideos e antocianidinas dos frutos também tem sido
associada com a diminuicdo de inflamagdo, provocada pela exposicdo a fumaca de
cigarros. Além disso, diversos compostos secundarios identificados nesta espécie também
estdo relacionados com atividades biolégicas ja confirmadas cientificamente, como, por
exemplo, a quercetina e arutina, que possuem atividade antitrombocitica e agem inibindo a
atividade das lipoxigenases, cicloxigenase, fosfolipase A2 e crescimento de fibroblastos
(KOGANOQV et d., 1999; HOMMAN et al., 2000; ISIHIWAJ et al., 2000; LEITE et al.,
2011; PRIOR et al., 2012).

Por isso, extratos de plantas, ricos em tais compostos, apresentam um grande
potencial para serem agentes terapéuticos, e, conforme os potenciais biolbgicos desses
compostos, podem atuar na melhora do prognéstico das doencas mais prevaentes no
mundo e no Brasil, responsaveis por altas taxas de mortalidade, que sdo as doencas
crénicas ndo-transmissivels, como as doengas cardiovasculares. Dor, inflamagdo, estresse
oxidativo, niveis elevados de glicose, de colesterol, de trigliceridios, tem sido associados a
essas doencas, ou como fatores causais ou como consequéncias, que agravam e dificultam
0 quadro de melhora do individuo. Resposta inflamatéria exacerbada, por exemplo, com
elevacdo de citocinas de fase aguda, estédo intimamente associadas com o quadro de
obesidade e de resisténcia a insulina, propiciando o aparecimento de diabetes mellitus e
aumentando as chances de o individuo vir a ter doencas cardiovasculares, ampliada pelo

aumento do aporte hepatico de acidos graxos livres, devido a uma maior liberagdo para a
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corrente sanguinea por intermédio da elevagdo dessas citocinas, provocando o
aparecimento de didlipidemias, como elevacdo dos niveis de trigliceridios e de colesterol, e
diminuicdo de HDL-colesterol. Dessa forma, € muito importante que 0S novos agentes
fitoterpicos possuam essas atividades biolégicas (REAVEN., 1988; GRUNDY ., 2006;
ECKEL; GRUNDY; ZIMMET, 2005; LI & FORD., 2006; JOHNSON & WEINSTOCK.,
2006; HALDAR et al., 2012; BORGES; CONCEICAO; SILVEIRA, 2014).

2.5.2 Aspectos Botanicos e Uso na Medicina Popular de Crataeva tapia

Crataeva tapia é uma planta pertencente a familia Caparidaceae que cresce
comumente em Forestas Tropicais Atlanticas e no Pantanal. C. tapia € conhecida
popularmente no Brasil como “Trapi&” ou “Paudalho”. Sua arvore (Figura 5A) pode
apresentar de 2 a 25 metros de atura e é dotada de copa arredondada e densa que pode
atingir até 20 metros de didmetro, por isso trata-se de uma espécie muito recomendada para
a arborizacéo e recomposi¢do de &reas degradadas (PATRISSOLI et al., 2007).

Os frutos (Figura 5B) sdo comestiveis e em sua maior parte consumidos pela
populacéo na forma de refresco ou de bebida vinosa (LORENZI et al., 2002). As flores
(Figura 5C) sdo vistosas e nascem no apice dos ramos, reunidas em cachos corimbiformes
(cacho em que as floras saem de pontos diferentes da mesma haste). Nos ramos, as flores
apresentam aproximadamente 7 cm de didmetro. Na medicina popular a casca do tronco de
C tapia é usada como tonico, estomaquico, antidisentérico, febrifugo e no tratamento do
diabetes (ALVESet al., 2012).

Estudo prévios demonstraram que o extrato aquoso obtido da casca da arvore de C
tapia apresentou atividade hemaglutinante, estando esta atividade associada a presenca de
lectinas. As lectinas sdo proteinas versateis que tem capacidade de ligar-se a carboidratos e
a capacidade de interacdo entre as lectinas e os carboidratos em diferentes superficies
celulares pode promover algumas atividades biol 6gicas a este tipo de proteinas (PAIVA et
a., 2003; FRAGUAS et a., 2004; ANIULITE et al., 2006; SILVA et a., 2011). Diversas
lectinas purificadas de plantas tem exercido importantes atividades biol6gicas dentre elas:
antitumoral (ARAUJO et al., 2011), anti-inflamatéria ( MELO et al., 2010), antimicrobiana
(SIMOES et al., 2012), analgésica (ARAUJO, et dl., 2011), antioxidante (SANTOS et 4.,
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2013), inseticida (ARAUJO et a., 2012), anticoagulante (ARAUJO et al., 2011) e
hipoglicemiante (KAVALALI et a., 2003).

Figura 5. Aspectos da Crataeva tapia.

Fonte: belezadacaatinga.blogspot.com. A — &rvore; B- frutos; C — flores.

A propriedade hipoglicemiante das lectinas observada em estudos tem sugerido o
potencial terapéutico destas moléculas no tratamento do diabetes. Estudos com lectinas
extraidas do feijéo de soja demonstraram que esta lectina foi capaz de diminuir 17,3% os
niveis glicémicos de animais diabéticos (HEMALATHA et al., 2011). Lectinas extraidas
de Agaricus bisporus também foram hébeis no tratamento da hiperglicemia em animais

diabéticos (WANG et al., 2012). Desta forma, as lectinas tem despertado o interesse para o
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tratamento do diabetes, inclusive os estudos tem associado o efeito hipoglicemiante destas
proteinas a propriedade que elas teriam em estimular o crescimento das células beta
pancredticas produtoras de insulina. Assim, o aumento dos niveis de insulina poderiam
regularizar os niveis sanguineos de glicose (HEMALATHA et al., 2011; WANG et al.,
2012).

2.5.3 Aspectos Botéanicos e Uso na Medicina Popular de Indigofera suffruticosa

A Indigofera suffruticosa € uma espécie originaria da Antilha e América Central
(ALMEIDA, 1993) mais predominante por toda a América Tropical. No Brasil, encontra-
se distribuidas em alguns estados. Mato Grosso (FERNANDES, 1987), Alagoas
(RIBEIRO, 1984), Paraiba (RIET-CORREA, 2000), Cearg, Rio Grande do Norte, Para e
Pernambuco (NETO et a., 2001). E descrita como uma planta arbustiva (Figura 6A),
medindo 1Im a 2 m de altura, possuindo ramos pubescentes, caule anguloso, de cor
acizentada, folhas pinadas (Figura 6B) compostas por 7 a 15 foliolos oblongos ou ovais,
glabros na face e no verso, apresentando flores pequenas (Figura 6C), numerosas, roseas
ou amareladas, em racemos axilares, e seu fruto € uma pequena vagem falciforme com 6 a
10 sementes medindo 25 mm de comprimento (BRAGA, 1976).

A |. suffruticosa pode ser relacionada a outros nomes populares, tais como, jiquilite,
tzitzupu, anil do campos, anileira-da-india, anileira verdadeira, cad-chica, caa-chira, timbo-
mrim, timbozinho, e indigueira. As primeiras investigacbes dos componentes quimicos de
|. suffruticosa foram realizados por Miller e Smith, 1973, utilizando extrato de sementes.
Esta espécie apresenta na populacdo tais propriedades fitoterdpicas: antiespasmadicas,
sedativas, diuréticas, purgativas, odontélgicas (LORENZI, 1982; BRAGA, 1985).

Estudos farmacologicos da 1. suffruticosa, destacam as aplicagbes clinicas
utilizando partes aéreas e de folhas com as seguintes atividades: citotdxica para células
embrionérias em ratos (LEITE et al., 2004), antimicrobiana contra a bactéria gram-positiva
Saphylococcus aureus (LEITE et al., 2006), antifungica contra dermatéfitos Microsporium
canis e Trichophyton rubrum (LEITE et al., 2006), anti- tumoral (VIEIRA et al., 2007), e
antiinflamatoria na reducéo de edema de pata de camundongos (LEITE et al., 2003).
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Figura 6. Aspectos da Indigofera suffruticosa.

Fonte Silva, 2010. A — Planta; B — Ramos com folhas e inflorescéncias; C — Ramos

floridos.

Desta forma, os compostos naturais possuem um papel altamente significativo no
desenvolvimento de novas drogas com perfil farmacoldgico. Isto € particularmente
evidente no caso de diversas doencas (NEWMAN et a., 2003). Mesmo assm a
produtividade em relacdo a identificacdo de compostos naturais efetivamente Uteis como
ferramentas de pesquisas bioldgicas ou como candidatos a protétipos de farmacos e outras
substancias de interesse é relativamente baixa, sugerindo gue novas pesguisas sejam
realizadas para investigar e avaliar tais compostos que possam atuar de forma mais
especifica e seletiva, com menos efeitos adversos. Além disso, a OMS tem recomendado a

elaboracdo de politicas nacionais voltadas a integragéo e insercdo da Medicina Tradicional
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(MT) e daMedicina Complementar Alternativa (MCA) aos sistemas oficiais de salide, com
foco na Atencéo Primériaa Saude (APS).

As plantas medicinais e seus derivados estdo entre 0s principaiS recursos
terapéuticos sendo utilizados hd muito tempo pela populagdo brasileira nos seus cuidados
com a salde. Pelo SUS (Sistema Unico de Saide), até o ano de 2010, apenas dois
fitoterapicos eram oferecidos como medicamentos, aqueles produzidos com guaco e
espinheira santa. A partir de entdo, a rede publica passou a contar com mais sei's produtos,
sendo eles: fitoterapicos formulados com alcachofra, aroeira, cascara sagrada, garra do
diabo, isoflavona da soja e unha de gato. Em 2012, o Ministério da Salide publicou a
Portaria MS/IGM n° 533, na qual é estabelecido o elenco de medicamentos e insumos da
Relacdo Nacional de Medicamentos Essenciais — RENAME, onde passaram a ser
contemplados mais medicamentos fitoterapicos.

As acdes para implementac&o dessas politicas nacionais buscam ampliar a oferta de
servicos e produtos relacionados a fitoterapia no SUS de forma segura e racional e como
forma de ampliar as opgOes terapéuticas, estados e municipios passaram a ofertar servigos
de fitoterapia em sua rede, aprovaram politicas e legidacdo especificas, instalaram hortos e
laboratérios de produgdo com a finalidade de disponibilizar plantas medicinais e seus
derivados, prioritariamente, na atencdo bésica, além do fornecimento de publicacdes para
profissionais de salde e populac&o, sobre uso racional desses produtos.

Deste modo, com base em estudos cientificos que relatam os potenciais farmacol 6gicos
de determinados compostos extraidos de plantas justifica-se a necessidade de extrair e
avaliar tais compostos na casca do fruto maduro de M. cauliflora, nafolhadal. suffrutica e
na entrecasca de Crataeva tapia que possam contribuir com o arsenal terapéutico. Estas
espécies demonstram poder apresentar um grande potencial biotecnol 6gico. Mas apesar de
ter sido despertada recentemente a atencéo para estudos que investiguem 0s seus potenciais
farmacol 6gicos, estudos com compostos extraidos da casca de fruto da jabuticaba ainda
sdo praticamente inexistentes, pois infelizmente M. cauliflora ainda é uma espécie
subaproveitada daflora brasileira. Desse modo, 0 presente estudo propde uma investigacdo
do potencia terapéutico de extratos obtidos da casca do fruto maduro de M. cauliflora,
Crataeva tapia e Indigofera sufrruticosa em diferentes model os experimentais que sGo um
dos principais disturbios contribuintes para 0 aumento do nimero de 6bitos provocados por

doencas cronicas ndo transmissivel's e por infecgdes no Brasil e no mundo.
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1. OBJETIVOS

3.1 Objetivo Geral

Investigar a relacdo entre a hiperuricemia, a presenca de distarbios metabdlicos e as

atividades bioldgicas de Myrciaria cauliflora, Crataeva tapia e Indigofera suffruticosa.

3.2 Objetivos Especificos

Avaliar arelacéo entre obesidade abdominal, hipertrigliceridemia (ambos de forma
isolada e em associacdo, congtituindo o fendtipo cintura hipertrigliceridémica), e a
presenca de hiperuricemia na populacdo masculina ndo-diabética do Nordeste
brasileiro;

Investigar a relagdo entre hiperuricemia e o risco cardiovascular na populagdo
masculina ndo-diabética do Nordeste brasileiro;

Obter extratos organicos fracionados (fracdo éter, fracdo acetona e fragdo metanol)
oriundos do epicarpo do fruto maduro de Myrciaria cauliflora;

Redlizar a identificacdo das principais classes de compostos em extratos
fracionados de M. cauliflora;
Avaliar atoxicidade oral aguda dos extratos fracionados de M. cauliflora;

Investigar o potencial anti-diabético e anti-hiperuricémico da fracdo acetbnica do
epicarpo maduro de M. cauliflora, acessando o potencial biol6gico desse extrato na
reversdo das alteracfes bioquimicas e histol6gicas promovidas por esses disturbios
metab0dlicos;

Avaliar as atividades antitumorais, anti-inflamatdria, antinociceptiva e antioxidante
dos extratos fracionados do epicarpo maduro de M. cauliflora;

Investigar o efeito da atividade anti-diabética da lectina extraida da casca de
Crataeva tapia (CrataBL);
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% Avadliar o efeito antibacteriano de extratos organicos fracionados obtidos das folhas

de Indigofera suffruticosa.
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ABSTRACT

Background and Aims. Abdominal obesity (AO) with hypertriglyceridemia
[hypertrigliceridemic waist — HTGW phenotype] has been associated to an atherogenic
triad, which it consists in an increase of plasma levels of insulin, apolipoprotein B and
small dense low-density lipoprotein particles. The aim of this study was to investigate the
relationship between HTGW and hyperuricemia among 3,620 non-diabetic Brazilian
men. Methods and Results: HTGW was defined as Waist Circumference (WC) > 90cm
and Triglycerides (TG) > 2.0mmol/L. Hyperuricemia was considered when values of uric
acid>0.416 mmol/L. Receiver operating characteristics curve analysis stablished the best
WC and TG cut-off points considering the incidence of hyperuricemia. The relationship
between HTGW and hyperuricemia was estimated using odds ratio from the logistic
regression model. The prevalence of HTGW and hyperuricemia was 22.1% and 11.1%,
respectively. AO hypertriglyceridemia only showed influence on hyperuricemia (OR =
3.7 and 2.8, respectively). However, there was no difference between the isolated effects
of AO and hypertriglyceridemia on hyperuricemia, checked by similarity of ROC curves
(AUC = 0.715 and 0.719, respectively, p = 0.9555). The average uric acid did not differ
among individuals with these abnormalities. But, despite of AO and hypertriglyceridemia
similar and independent effects, when HTGW was present, the association with
hyperuricemia was considerably higher (OR = 4.3), and especially after the adoption of
more specific and sensitive cutoff points of 91cm, for WC, and of 1.73 mmol/L to TG.
Hyperuricemia also had a significant relationship with high cardiovascular risk (OR =
3.5), postively correlated with AO and hypertriglyceridemia. Conclusion: AO,
hypertriglyceridemia and HTGW was correlated with hyperuricemia and the relationship
between hypertriglyceridemia and hyperuricemia appeared to be the main factor for the
contribution of HTGW. Hyperuricemia also been highly associated with high

cardiovascular risk in this study.

Key words: Hypertrigliceridemic Waist Phenotype, Hyperuricemia, Cardiovascular Risk,

Brazilian Men.
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INTRODUCTION

Obesity is recognized worldwide as an important nutritiona disorder, affecting
developed countries, but also countries still in development. The high and increasing
prevalence of obesity and its comorbidities have represented a serious challenge for

public health systems and medical carein all countriesin which this disorder is present.?

Brazil has the most populous nation in Latin America, representing one of the
greatest populations in the world.** In 1989, population studies showed a significant
regional difference in the prevalence of overweight and obesity with alow prevalence in
the Northeast and a high prevalence in the Southeast region of Brazil .2

However, this country has experienced a rapid economic expansion, and the
Northeast region has undergone certain changes in feeding patterns in the socio-economic
life, and other habits, defined as nutritional transition, and the adoption of these lifestyle
of life has significantly contributed to the increased prevalence of obesity in this region

Brazilian.>3*

Obesity increases the risk of Chronic Noncommunicable Diseases (CNDs), which
are responsible for 72% of deaths in the Brazilian population.® Obese individuas are
more likely to develop diabetes mellitus and cardiovascular and atherosclerotic diseases
(DCVAS), which represent 4.6% and 29.4% mortality in Brazil, respectively.® The
likelihood of developing diabetes mellitus DCVAs and is even higher in patients with
abdomina obesity type, common in males.”® Abdominal adipose tissue is more
metabolically active and may promote hypertriglyceridemia, dydlipidemia characterized
by one hypertriglyceridemia (HTG), which in turn can cause other lipid abnormalities,
such as changes in the chemical composition of the LDL particles, assisting in the
development of small dense LDL. Hypertriglyceridemia may also have a positive

correlation with the development of Cardiovascular Diseases (CVDs).>*

Population studies involving the Northeast region of Brazil showed high
prevalence of hypertriglyceridemia, ranging from 35% to approximately 60%, with the
highest rates in the states of Bahia and Paraiba.'®™' Previousy was identified in
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Pernambuco, another important state in Brazil's Northeast region, that
hypertriglyceridemia is present in more than one third of the male population, as an

isolated dyslipidemia or associated mainly to low HDL-cholesterol levels.™

When there is the concomitant presence of abdominal obesity and
hypertriglyceridemia in the same individual, there is the presence of a phenotype called
Waist hypertriglyceridemic (HTGW). This phenotype was described by Lemieux and
cols. (2000) as an efficient and low-cost marker to identify patients at high cardiovascular
risk. It is believed that these individuals are characterized by the presence of a metabolic
triad with hyperinsulinemia, elevated serum levels of apolipoprotein B particles and small
dense LDL.? Since then, HTGW phenotype has been shown to be an important tool for
the identification of cardiovascular risk.***® However, little is known about the effect of
HTGW phenotype in other metabolic abnormalities, such as hyperuricemia, in which
thereisincreased uric acid levelsin the blood.

Hyperuricemia is a metabolic abnormality recognized for a long time and aso
very prevalent in men. People with hyperuricemia show a greater predisposition to gout,
an inflammatory disease caused by deposition of uric acid in the joints."” Hyperuricemia
may be secondary to metabolic disorders such as obesity and hypertriglyceridemia. In
addition, recent studies have found that excess uric acid may also play an important role
in the pathogenesis of other metabolic diseases, which are quite frequent in patients with
abdominal obesity and / or hypertriglyceridemia. yperuricemia may appear in an
individual as a result of these metabolic abnormalities and, in turn, may lead to other
disorders as a consequence of metabolic abnormality, and in turn, can lead to other
disorders, but also likely to be exacerbated by obesity disorders have caused and the
hypertriglyceridemia, beyond from to be able to exacerbate already disorders caused by
obesity and hypertriglyceridemia.®® Uric acid can be deposited in the coronary arteries,
promoting oxidative stress and inflammation, and contribute significantly to the
development of hypertension and other CV Ds.*1920:41:22

This study aimed to evaluate the relationship between HTGW phenotype and
hyperuricemia, and in addition aso to verify the influence of isolated abdomina obesity
and isolated hypertriglyceridemia on hyperuricemia. This study also aimed to identify

cutoffs of waist circumference (WC) values and serum levels of triglycerides, more
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related to the presence of hyperuricemia in non-diabetics Brazilian men. This study also
aimed to analyze the influence of hyperuricemia on the cardiovascular risk of these

individuals.

METHODS

Population Sudy

This study was conducted from 2008 to 2010 and included 3,620 men aged 20 to
79 years. All were randomly selected to represent the 51,871,449 inhabitants of
northeastern Brazil (IBGE, 2010). However, the total number of participantsis more than
3,620 men, since individuals with cardiovascular, hepatic, renal, or endocrine, as well as
diabetes mellitus were excluded from the study. Individuals treated with drugs that
interfere with insulin sengitivity or in lipid levels were aso excluded. This study was
approved by the Ethics Committee in Research (CEP ASCES 006/08), following the
recommendations of the Declaration of Helsinki and all the volunteers in this study
signed an Informed Consent to express in writing their participation.

Blood Samples and Biochemical Analysis

After fasting for 12 hours blood samples were collected by vacuum venipuncture,
between 7 am and 9 am hours, in two appropriate tubes: one with potassium
ethylenediaminetetraacetic in combination with sodium fluoride; and another tube
without anticoagulant (Beckton Dickinson, EUA), the so-called dry tube. The samples
were immediately centrifuged at 2500 xg for 15 minutes at 4 ° C (Sorvall RC6, NC,
EUA). Plasma was obtained from the first tube, while the serum was obtained from the

dry tube.

Serum concentrations of uric acid were determined by enzymatic reaction using
uricase, through Trinder method’s (MERCK, GE). Hyperuricemia was defined as uric

acid concentration > 0.416 mmol/L.”® Plasma concentrations of glucose (G) and serum
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total cholesterol (TC) and triglycerides (TG) were determined by specific enzymatic
methods (MERCK, GE). Serum levels of HDL-cholesterol (HDL-c) were determined
enzymatically after precipitation with phosphotungstic acid and magnesium chloride
(MERCK, GE). The levels of LDL-cholesterol (LDL-c) and VLDL cholesterol (VLDL-
C) were obtained by Friedewald equation: LDL-c = TC — HDL-c — TG/5; onde VLDL-c
= TG/5.*? Insulinemia was determined by Microparticle Enzyme Immunoassay (MEIA)
(Abbott Laboratories, GE), with cross-reactivity to human pro-insulin of only 0.016%.
Insulin resistance (IR) was evaluated by Homeostatic Model Assessment - IR (HOMA-
IR), through the equation: [fasting insulinemia (uU/mL) x fasting glycemia (mmol/L)] /
2252

Anthropometric Measurements, Blood Pressure and Lifestyle

WC (cm) was determined in the middle of the axillary line, between the bottom
edge of the last rib and the iliac crest. The height and the body weight of the subjects was
also determined. Each subject had blood pressure was measured three times using a
sphygmomanometer, after standing at least 20 minutes. The systolic (SBP) and diastolic
(DBP) were determined as the average between the second and third measurements. Data
on the lifestyle of individuals were obtained by questionnaire, by which it was possible to
access the habits related to smoking, physical inactivity and alcohol consumption in this
male population. The presence of alcohol consumption was defined as the participants
reported having consumed at least 12 drinks in a year, and cigarette smoking was
identified when the participants reported that they had smoked at least 100 cigarettes over
alifetime. Sedentary people were defined as those who reported no physical exercise for
thirty minutes at least three times a week.

Abdominal Obesity, Hypertriglyceridemia and HTGW Phenotype

The cutoff points >90 cm, WC, and > 2.0 mmol/L of TG levels were used to
identify the presence, respectively, AO and HTG. The HTGW phenotype was defined
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when AO and HTG disorders were present simultaneously in the same individual.® WC

values cutoffs and TG specific to the study population were also identified.

Framingham Risk Score

The Framingham Risk Score (FRS) was used to estimate the absolute risk of acute
myocardial infarction (MI) and death in 10 years. For each individual was assigned a
score based on age, serum levels of TC and HDL-C, smoking and blood pressure. Then,

the score was converted into absol ute risk.>

Satistical Analysis

Data were expressed as mean + standard error of the mean and frequency. The
analysis of Receiver Operating Characteristic (ROC) was used to find the best cutoff

points of the circumference of the waist triglyceride levels as predictors of hyperuricemia.

Logistic regression was used to assess the relationship between AO isolated,
isolated HTG, HTGW phenotype and hyperuricemia, according to the cutoff points
previoudy established and the cutoff points found in this study. The Pearson correlation
test was used to evaluate the possible correlation between uric acid values, WC and TG
levels in patients at high risk of MI and death in 10 years. All statistical analyzes were
performed using Statview (version 5.0, 1998) and MedCalc (version 11.3.0, 2010). The
level of significance was set at p <0.05.

RESULTS

Table 1 shows the general characteristics of the study population: age, abdominal
circumference, BMI, SBP, DBP, glucose, insulin, HOMA-IR, TC, LDL-C, VLDL-C,
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HDL-C, TG and uric acid. In Table 1, there are also showed the characteristics related to
lifestyle habits of non-diabetic Brazilian men, demonstrating that 19.8% are smokers and
49.2% are sedentary. Alcoholism was present in more than half of the individuals in the

sample of this study.

The prevalence found in this population of AO and HTG were, respectively,
57.4% (95% CIl = 55.0% - 60.0%) and 27.1% (95% CI = 25.4% - 28.8%). Table 2 shows
the prevalence of these two disorders when present alone or in combination constituting

the HTGW phenotype, which wasin alittle over afifth of the population studied.

Hyperuricemia presented a prevalence of 11.1% (Cl 95% = 10.0% - 12.2%). Both
AO as HTG were independent risk factors for hyperuricemia. In Table 3, there are the
odds ratios of isolated AO, isolated HTG and HTGW phenotype for hyperuricemia. After
adjusting for age, HOMA-IR, SBP, DBP, acohol consumption, smoking, physical
inactivity and TG, AO had a high and significant OR for hyperuricemia. HTG, after
adjusting for the same parameters, with replacement of TG levels by WC values, showed
a gignificant OR, but lower than the AO, for hyperuricemia. When we analyzed the
influence of these metabolic disorders in a manner associated on hyeruricemia,
constituting the HTGW phenotype, it was found a high and significant OR of 4.3. Table
3 also shows values OR of AO, HTG, and of the HTGW phenotype, for hyperuricemia
prevalence, when considering specifical cutoffs of WC and TG levels for these men,
when considering specifical cutoffs of WC and TG levels for the population studied,
which presented OR values of HTG considerably higher than those found using the
standard cutoff points of 91 cm and 1.73 mmol/L.

The ROC curves constructed to obtain the best cutoff points of WC and TG levels,
to identify hyperuricemia in these non-diabetics brazilian men, presented values of Area
Under Curve (AUC) equal to 0.715 (Cl 95% = 0.643 — 0.779; p=0.0001), as shown in
Figure 1A, and 0.719 (Cl 95% = 0.647 — 0.783; p=0.0002), as shown in Figure 1B,
respectively, with no satistical difference between the two curves (p=0.9555), as
demonstrated in Figure 1 C. The ROC curves showed that the best cutoff point of WC
for identification of hyperuricemia was equal to 91 cm, with sensitivity values equal to
85.0% (CI 95% = 62.1% to 96.8%) and specificity equal to 52.2% (Cl 95% = 44.2% to
60.1%); and demonstrated that the best criterion for the serum TG levels with higher
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correlation with the diagnosis of hyperuricemia was 1.73 mmol/L with a sensitivity of
75.0% (Cl 95% = 50.9% to 91.3%) and specificity equal to 72.7% (Cl 95% = 65.1% to
79.4%).

Figur e 2 demonstrates the serum levels of uric acido, according to the presence of
isolated and associated AO and HTG, constituting the HTGW phenotype, identified
through the most sensitive and specific cutoff points for the population tested. Individuals
with one of the disorders (AO or HTG) or the two in combination had significantly higher
serum concentrations of uric acid. There was no significant difference (p = 0.3186)
between uric acid values of individuals with isolated AO and isolated HTG. However,
individuals with HTGW phenotype had higher serum uric acid compared to individuals
with isolated abdominal obesity or isolated hypertriglyceridemia

When we evaluated the relationship between hyperuricemia and high risk of Ml
and death in 10 years, hyperuricemia had an OR of 3.5 (2.6 - 4.7, p <0.0001) for the
frequency of high values of FRS. In individuals with high ERF (absolute values greater
than 20%), serum uric acid levels showed a strong positive correlation with the levels of
triglycerides (r= 0.414; Cl 95% = 0.359 — 0.466; p<0.0001), as well as WC values (r=
0.328; Cl 95% = 0.269 — 0.384; p<0.0001).

DISCUSSION

In this population-based study, we ascertained the association between isolated
abdominal obesity, isolated hypertriglyceridemia, hypertriglyceridemic waist phenotype
and the frequence of hyperuricemia in non-diabetic individuals living in Northeastern
region of Brazil. In our knowledge, this is a first report for the relationship between
HTGW phenotype and hyperuricemiain non-diabetics men.

AOQO proved to be a very present disorder in men in the Northeast of Brazil. AO
was more frequent than in other countries that make up Latin America, such as
Argentina, Colombia, Ecuador, Mexico and Venezuela.?® Excess of adipose tissue n the

abdominal region favors the development of diseases such as diabetes mellitus. Several
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literature data suggest that changes in the regulation of many physiological and cellular
functions arising from diabetes promote deregulation of control of blood pressure and
lipid metabolism and purine (Bonora et al., 2008). However, the research conducted in
this study excluded the participation of diabetic subjects, demonstrating that the presence
of AO in more than half of the individuals may also contribute to the development of

severe diabetes and other conditions that increase the risk of CVDs.

A study conducted by Batista Filho and Rissin (2003)° in Pernambuco, an
important state in northeastern Brazil, considers that increasing rates of obesity in this
region is related to certain changes in feeding patterns and lifestyle habits adopted by the
population, which are characteristic of areas where nutritional transition. These authors
also suggest that this region operates a rapid polarization of the obesity / dydipidemia
binomial.

Després and Lemieux (2006) eported that HTG is a dyslipidemia that is closely
associated with AO. HTG was aso reported in non-diabetic men the Northeast in
nutritional transition. The HTG frequency was more present in this study than in
countries that have gone through the nutrition transition, as is the case of the United

States, where it was found that 22.5% of men have this dyslipidemia.**

According to Lemieux et al. (2000)°, the concomitant presence of HTG and AO
characterizes, in a subject, the HTGW phenotype, which was responsible for increase by
20 times the cardiovascular risk of non-diabetic men in the Canadian population. The
frequency of HTGW phenotype in non-diabetics Brazilian men was even greater than in
the study conducted with the population of Canadian non-diabetic men, where HTGW
phenotype was present in 12%, or in populations of other regions, as for example, in the
United States and in Israel, where 13.1% and 13.0% of men had this phenotype,

14,15

respectively.

Significants OR demonstrated the association between isolated AO and HTG, and
hyperuricemia in non-diabetics Braziliand men. These results are in agreement with the
direct correlation observed between increased serum levels of TG or values of WC and
serum uric acid levels, observed in Japanese populations.?”*® However, in this study,
when abdomina obesity and hypertriglyceridemia were associated (constituting HTGW
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phenotype) there was a potentiation of pathophysiologic relationship between these
disorders and hyperuricemia. Thus, the results suggest, inedited character, a direct

association between the HTGW phenotype and hyperuricemia.

The mechanistic basis for the development of hyperuricemia involve mechanisms
related to an increased production of uric acid and / or adecreasein renal excretion.? The
pathophysiological relationship observed among OA, HTG, HTGW phenotype and
hyperuricemia in this study was adjusted for the following variables. age, HOMA-IR,
SBP, DBP, ethylism, tabagism and sedentarism; which may reduce renal excretion of uric
acid and promote hyperuricemia®*?® Thus, we believe that the pathophysiologic
relationship between hyperuricemia and metabolic disorders may be more involved with

increasing uric acid biosynthesis in these individuals.

Studies have suggested that high concentrations of TG and fatty acids released by
the abdominal adipose tissue can increase the de novo liver synthesis of purines through
the pentose phosphate pathway, which in turn increases the production of uric acid in AO
and HTG subjects®”® Furthermore, the presence of hyperuricemia in
hypertriglyceridemic individuals may be related to an increase in the activity of enzymes
that are involved in the biosynthesis of this acid, such as xanthine oxidase, which can

show greater activity in subjects with HTG.*

The pathophysiological relationship between HTGW phenotype and
hyperuricemia was even stronger when cut-off points more sensitive and more specific
were adopted to men found in northeastern Brazil. These cut-off points reported in the
present study differed from the adopted cut-off initialy by Lemiuex and cols. (2000)° for
the determination of the HTGW phenotype. Our cut-off values were still higher than
those adopted by the International Diabetes Federation (IDF) in 2005, an international
contemporary guide to the diagnosis of HTG and AO. This guide recommends specific
cutoff points for different ethnic groups, for example, the cutoff points of 90 cm and 1.77
mmol/L proposed, respectively, for the identification of AO and HTG to Asian
populations (China and South Asia). Though, these same cut-offs are recommended by
this guide to the diagnosed of AO and HTG in populations of Central and South America,
including Brazilian population.”® As Brazil has a very mixed population, we speculate

that the values of cut-off proposed by the IDF could not represent a real way the ethnic
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characteristics of this population. Distinctly, our study shows, in inedited character, cut-
offs more appropriate (WC > 91 ¢cm and TG > 1.73 mmol/L) for the determination of AO
and HTG in men, and proposes a better pathophysiological relationship between these
metabolic disorders and hyperuricemia in non-diabetic men in Northeast Brazil, when
compared with the same disorders diagnosed using the proposed cutoff pointsinitialy by

Lemiew and cols. (2000)°.

Our study emphasizes the importance of hyperuricemia to the high risk of
developing MI and death in 10 years in non-diabetic men. Our results corroborate those
reported by Krishnan et al. (2006)%, in which it was found high levels of uric acid that
were able to increase the risk for this CVD in 1.26 times. Recent studies have revealed
the importance of hyperuricemia in the development of CVDs that are currently
responsible for the highest mortality rates, and even have been observed increases in

tsunamic proportionsin the global prevalence of these diseases.*”**%*

In conclusion, AO and HTG, alone or combined, forming the HTGW phenotype,
were very frequent in this study. These metabolic disorders present an important
pathophysiological relationship with the development of hyperuricemia in non-diabetic
men in the Northeast of Brazil, which could even increase the risk of development of MI

and death in 10 yearsin this population.
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1 Table 1. Basal characteristics of non-diabetic men from the region in nutritional

2 trangition.

Variables® Values
Age (years) 444+ 0.25
Waist circumference (cm) 92.6 +0.19
Body massindex (kg/m?) 25.8 + 0.07
Sistolic blood pressure (mmHg) 1279+ 0.38
Diastolic blood pressure (mmHg) 83.9+0.22
Uric Acid (mmol/L) 0.30+ 0.01
Triglycerides (mmol/L) 1.71+0.02
Total Cholesterol (mmol/L) 4.93+0.02
HDL-cholesterol (mmol/L) 0.98 £ 0.01
LDL-cholesterol (mmol/L) 3.23+0.02
VLDL-cholesterol (mmol/L) 0.69+ 0.01
Glucose (mmol/L) 476 £ 0.01
Insulin (LU/mL) 8.39+0.17
Homeostasis model assessment of insulin resistance 1.83+0.04
Ethylism 55.8
Tabagism 19.8
Sedentarism 49.2

3 ?Continuous variables shown as mean + SEM and categorical variables as %.

4
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Table 2. Prevalence of abdominal obesity, hypertriglyceridemia and hypertriglyceridemic

waist phenotype in non-diabetic men come from the region in transitional nutrition.

Study Population N % Cl 95%

Control 1360 376  35.6-39.6
Abdominal Obesity 1280 363 334-37.3
Hypertriglyceridemia 180 5.0 43-57

HTGW Phenotype 800 221 20.6-23.7

Cl = confiance interval, HTGW = hypertriglyceridemic waist.
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Table 3. Influence of abdominal obesity, hypertriglyceridemia and hypertriglyceridemic waist (HTGW) phenotype on the prevalence of
hyperuricemia.

WC >90 cm and TG > 2.0 mmol/L WC>91 ¢cmand TG > 1.73 mmol/L
Disturbances

OR Cl 95% p OR Cl 95% p
Abdominal Obeﬁitya 3.7 25-55 < 0.0001 4.9 3.3-7.3 <(0.0001
Hypertriglyceridemia® 2.8 22-37  <0.0001 5.8 43-7.7  <0.0001
HTGW PhenotypeC 4.3 3.3-56 <0.0001 7.3 55-97 <0.0001

WC = waist circumference, TG = triglycerides and HT GW = hypertriglyceridemic waist.

% Model adjusted for age, HOMA-IR, sistolic blood pressure, diastolic blood pressure, ethylism, tabagism, sedentarisnm and serum
triglycerides,

® Model adjusted for age, HOMA-IR, sistolic blood pressure, diastolic blood pressure, ethylism, tabagism, sedentarism and abdominal
circumference;

© Model adjusted for age, HOMA-IR, sistolic blood pressure, diastolic blood pressure, ethylism, tabagism and sedentarism.
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Figure 1. Recelver operating characteristics curves for the analysis to stablish the best
waist circumference and triglycerides cut-off points considering the incidence of
hyperuricemia. (A) waist circumference measurements;, (B) triglycerides levels, (C)
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Figure 2. Serum Uric acid levels according to presence of abdominal obesity,
hypertriglyceridemia and hypertriglyceridemic waist phenotype. AO = abdominal obesity,
HTG = hypertriglyceridemiaand HTGW = hypertriglyceridemic waist.

Diferenca significativa (p<0.0001) quando comparado ao grupo de individuos controle;

b Diferenca significativa (p<0.0001) quando comparado ao grupo de individuos com
obesidade abdominal;

¢ Diferenca significativa (p<0.0001) quando comparado ao grupo de individuos com
hipertrigliceridemia.
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Abstract

Diabetes is a magjor global metabolic disorder of current century and hyperuricemia has
been shown to be associated with impaired glucose metabolism. Fruits represent a vast
source of potentialy useful dietary supplementations for improving hyperglycemia and
hyperuricemia and preventing long-term complications, but most of fruit peels are not used
although they are rich in secondary products of pharmacological interest. Thus, the aim of
the present study was to investigate whether acetone extract of Myrciaria cauliflora fruit
peel is able to ameliorate diabetes and hyperuricemia. The acetone extract of M. cauliflora
fruit peel (MCAE) was obtained, and orally administered to alloxan-induced diabetic mice
at doses of 200 mg/kg/day and 400 mg/kg/day during 14 days. The MCAE was orally
administered to potassum oxonate-hyperuricemic mice at both doses. The results
demonstrated that fasting blood glucose levels were significantly reduced by 39% and 58%
after the trestment with 200 mg/kg/day and 400 mg/kg/day, respectively. Similarly, serum
levels of triglycerides, urea, creatinine, aspartate aminotransferase and aanine
aminotransferase were also significantly reduced by the treatment with both doses of
MCAE; and, serum levels of HDL-cholesterol were significantly increased. Furthermore,
histological analysis of pancreas revealed an induction of pancreatic 8 cell proliferation by
MCAE treatment. The results demonstrated that uric acid levels were significantly reduced
by 39.7% and 49.1% after the treatment with 200 mg/kg/day and 400 mg/kg/day,
respectively Therefore, this study demonstrated for the first time that M. cauliflora fruit
peel (acetonic extract) may be a promising therapeutic source for the treatment of diabetes
with natural products, and could ameliorate liver and kidney alterations caused by diabetes

mellitusin mice.

Key Words. antidiabetic activity, renal function, hepatic function, lipid profile, anti-
hyperuricemic activity.
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1. Introduction

Diabetes mellitus is a major threat to global public health as the world wide
incidences rising day by day, now emerging as globa epidemic disease affecting
approximately 285 million people worldwide, and it may increase to 439 million by 2030
[1]. Type 1 diabetes is an autoimmune disease caused by destruction of insulin producing
beta cells when auto aggressive T-lymphocytes infiltrate the pancreas. This leads to
hypoinsulinaemia and thus hyperglycemia [2]. An immediate need for exogenous insulin
replacement is also a halmark of type 1 diabetes, for which lifetime treatment i s needed
[3].

The discovery of insulin in 1921-22 was clearly the most significant therapeutic
event in the history of type 1 diabetes; however, exogenous insulin replacement does not
aways provide the metabolic regulation necessary to avoid diabetes associated-
complications, e.g. cardiovascular disease and hyperuricemia [3]. Some observational
studies have identified that hyperuricemia could be related to the diabetes. In the context,
phytotherapy is becoming more mainstream as up-to-date analysis and researches show
their value in the treatment of disease [4].

Alternative approaches for the treatment of type 1 diabetes are needed and various
fruits have been used in the treatment of this disease in experimental models [5-8]. The
presence of antioxidants substances in fruits have been proposed as a potential candidate
for searching new antidiabetic and antihyperuricemic compounds [9]. In this context, high
amounts of antioxidant compounds are found in tropical fruits and phenolic compounds
have demonstrated to possess this effect in various model systems [4, 10-12].

Epidemiological evidences have suggested that diets rich in edible dark-colored
fruits can reduce the incidence of cardiovascular diseases and diabetes [13]. The interest in
edible tropical fruits has been increased in developed countries due to their potential health
benefits. In Brazil, afruit named Jabuticaba is produced by Myrciaria cauliflora (Mart.) O.
Berg. (Myrtaceae family), a native plant known as “Brazilian grape tree”. This fruit have a
sweet pleasant taste with alittle acidity, and they are consumed in natura or used to prepare
wines and juices [14]. M. cauliflora fruit has 2.0-3.5 cm in diameter and the color of peel

ranges from dark-purple to black [15]. Similar to other dark-colored fruits, jabuticaba is a
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source of traditional nutrients, and also phytochemicals compounds of medicina
importance, such as polyphenols, being the latter extracted with organic solvents [16, 17].
Thus, the aim of the present study was to investigate whether acetone extract of M.

cauliflora fruit peel is able to ameliorate diabetes and hyperuricemia.

2. Materialsand Methods

2.1 Chemicals

Alloxan monohydrated and potassium oxonate were purchased from Sigma-Aldrich
(St. Louis, MO, USA). Insulin (Humolin N) was purchased from Lily (Brazil). Allopurinol
was purchased from GlaxoSmithKline (Brazil). Aspartate amino transferase (AST), aanine
amino transferase (ALT), creatinine, urea, total cholesterol, HDL-cholesteral, triglyceride
and uric acid assay kits were obtained from Labtest Diagnostica (Brazil). Ether, acetone

and al other chemicals were of the highest purity analytical grade available.

2.2 Plant Material and Preparations of Acetonic Extract

Fresh fruits of M. cauliflora were collected from the Limoeiro City, PE, Northeastern
Brazil. The fruit peels were immediately separated, dried at room temperature (28 + 2 °C)
for 3 days, and milled to a fine powder in a Macsalab mill (Model 200 Lab; Eriez®,
Bramley). The finely powdered dry fruit peels (100g) was mixed with ether (200 mL),
subjected to a mechanical stirring, at 4 °C for 16 h, then filtered with Whatman filter paper
(N° 1) and the powder residue was mixed again with ether (200 mL) and the extraction
process was repeated twice. The powder residue was mixed with acetone according to the
above described procedure to yield acetone fraction. The solvent was removed by rotary
evaporation (BUCHLER INSTRUMENTS, Fort Lee, NJ, USA). Acetone is a solvent with
high polarity and is able to extract phenolic compounds [18]. Therefore, the M. cauliflora

acetonic extract (MCAE) were used in the present study.

2.3 Preliminary Phytochemicals Sudies
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A simple qualitative and semiquantitative phytochemical analysis was performed
by screening tests according to Harbone [19]. The phytochemical profile of MCAE were
evaluated on thin layer chromatography plates in front of the mobile phase solvents
containing different proportions and different polarities, and revealing, using as stationary
phase, pre-activated GEK slica GF 254 plates (Merck). For identification and
differentiation of the disclosed compounds the following parameters were used: staining

band and luminescence in UV lamps.

2.4 Animals

Male Swiss white mice (Mus musculus), 60-days-old, weighing 30 + 5g were
obtained from the Animal House of the Laboratory of Immunopathology Keizo Asami
(LIKA), UFPE, Brazil. The animals were separated into groups (N = 6) and housed in
cages at a temperature of 22 + 2 °C, 12 h dark-light cycle, relative humidity 55 + 5%, with
free access to standard chow (Labina, Purina Brazil Ltd., Brazil) and water ad libitum. All
experimental protocols were performed according to the Animal Care and Use Committee
of UFPE, Brazil, and all the experimental procedures were conducted in accordance with
the ethical guidelinesfor the Care and Use of Laboratory Animals.

2.5 Acute Toxicity Study

Acute ora toxicity study was performed as per Organization of Economic
Cooperation and Development Guidelines [20]. Health Swiss white mice were randomly
divided into two groups with males and females (6 animals for group). The animals were
kept fasting overnight, but with free access to water for 4 h, before oral administration of a
maximum dose (1000 mg/kg) of MCAE. The animals were observed continuously for 1 h,
then frequently for 4h, and later a the end of 24 h for anayzing the general behavioral,
neurological and autonomic profile.

2.6 Induction of Experimental Diabetes

The animals were overnight fasted and experimental diabetes was induced by a
single intraperitoneal injection of a freshly prepared solution of alloxan monohydrate (80
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mg/kg) in 0.9% NaCl, then the animals were allowed to drink 5% glucose solution to
overcome the drug induced hypoglycemia [21]. After alloxan administration, all animals
were relocated to their cages and given free access to food and water. Diabetes was
confirmed by measuring the fasting blood glucose levels 72 h after alloxan injection. The
mice with serum glucose >250 mg/dL were considered diabetic [22].

2.7 Experimental Design
The mice were split into five groups (n = 6, for group) asfollows:

Group I: Normoglycemic mice receiving the vehicle saline solution (0.9%) for 14 days, as
normal control group (contral).

Group II: Aloxan-induced diabetic mice receiving saline solution (0.9%, oraly), named
diabetic nontreated (NT).

Group I11: Aloxan-induced diabetic mice treated with MCAE (200 mg/kg/day, orally) in
saline solution (0.9%) for 14 days, named diabetic treated 200 (MCAE [200]).

Group IV: Aloxan-induced diabetic mice treated with MCAE (400 mg/kg/day, orally) in
saline solution (0.9%) for 14 days, named diabetic treated 400 (MCAE [400]).

Group V: Aloxan-induced diabetic mice treated with insulin (10 mg/kg/day,
intraperitoneally) for 14 days, named diabetic insulin treated (IT).

Before and at the end of the experimental period, overnight fasting mice were
anaesthetized with 2% xylazine hydrochloride (10 mg/kg) and 10% ketamine
hydrochloride (115 mg/kg). Blood samples were withdrawn with a capillary from mice
cavernous sinus for biochemical parameters determination, as reported previoudy [23].
The mice were sacrificed by cervical didocation. Thereafter, pancreas was excised and
immediately fixed in 10% neutral buffered formalin for histological analysis.

2.8 Biochemical Analysis

Mice blood samples were centrifuged at 2,500 x g for 15 min at 4 °C (Sorvall RCS,
NC, US). Fasting blood glucose, AST, ALT, urea, creatinine, total cholesterol, HDL-
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cholesterol and triglycerides were measured by enzymatic colorimetric assays using

commercia kits according to the manufacturer'sinstructions.

2.9 Histological Analysis of Pancreas

Pancreas from all groups was subjected to standard routine tissue processing
technique: dehydrated in gradual ethanol (50-100%), cleared in xylene, and embedded in
paraffin. Sections of 5Sum thickness were cut from each block and stained with
haematoxylin-eosin for histological examination. Prepared dides were studied by light

microscopy and all sections were evaluated for the tissue injury.

2.10 Induction of Hyperuricemia

Hyperuricemic mice model induced by potassium oxonate (uricase inhibitor) was
used (Hu et al., 2010). Mice were orally injected with potassium oxonate (250 mg/kg) 1 h
before the final extracts or drug administration to increase serum uric acid levels. Food, but
not water, was withdrawn from the animals 1h prior to extract or drug administration.

The mice were split into five groups (n = 6, for group) as follows:

Group I: Normouricemic mice receiving the vehicle saline solution (0.9%) for 7 days, as
non hyperuricemic group (NHU).

Group |1: Potassium oxonate-induced hyperuricemic mice receiving saline solution (0.9%,
orally), named hyperuricemic nontreated (HU).

Group IlI: Potassum oxonate-induced hyperuricemic mice treated with MCAE (200
mg/kg/day, orally) in saline solution (0.9%) for 7 days, named hyperuricemic treated 200
(MCAE [200]).

Group 1V: Potassum oxonate-induced hyperuricemic mice treated with MCAE (400
mg/kg/day, oraly) in saline solution (0.9%) for 7 days, named hyperuricemic treated 400
(MCAE [400]).
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Group V: Potassium oxonate-induced hyperuricemic mice treated with alopurinol (10
mg/kg/day, orally) in saline solution (0.9%) for 7 days, named hyperuricemic allopurinol
treated (ALP).

In the final of experiment blood samples were collected from mice with a capillary
from mice cavernous sinus. The blood was centrifuged at 2,500 x g for 15 min at 4 °C to
obtain the serum. The levels of uric acid were measured using standard diagnostic kits

according to the manufacturer'sinstructions.

2.11 Statistical Analysis

Results were presented as the mean £ SD. The datistical analysis involving
multiple comparisons were analyzed by one-way ANOVA followed by Tukey’s post hoc
test using software PRISMA (GraphPad Software, Inc., San Diego, CA, version 5.01).
Values of P < 0.05 were considered statistically significant.

3. Resaults and Discussion

3.1 Phytochemical Constituents

As demonstrated by the phytochemical analysis, the highest phenolic compoundsin
MCAE are flavonoids, phenylpropanoids, followed by proanthocyanidins. Several studies
have highlighted the presence of different phenolic compounds in fruit peels and its
antioxidants potential [5-8]. The efficacy of antioxidants as atool to treat some low to mild
and chronic disorders with very low rates of progression has been widely documented in
the literature [8]. Various pharmacological studies have emphasized the potential of fruits
intake, in regular diet, in health promoting, due to the presence the phenolic compounds
that also act as natural antioxidants [16, 24, 25]. Hence, natural antioxidants have been
shown to possess antidiabetic potential against different experimenta systems, such as
diabetes induced by streptozotocin or aloxan [26]. Thus, the presence of phenolic
compounds in MCAE indicate that this extract may a good source of flavonoids,

phenylpropanoids, and proanthocyanidins for potential application.
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3.2 Antidiabetic Effect of MCAE

Diabetes is a chronic disease and alterations in carbohydrate metabolism and
several organ injuries are found in the body with this pathology [22]. The type 1 of
diabetes is characterized by destruction of pancreas and modulates the decreasing of
insulin release and promotes hyperglycemia. Individuals with this disease become
dependent on exogenous insulin, which difficult the treatment and control of alterations
introduced by disease [3]. Type 1 diabetes has been developed in experimental models by
the administration of alloxan. This drug promotes excellent experimental diabetes to
generate reactive species that induce selective destruction of beta cell of pancreas by
necrosis [21]. Thus the administration of a single dose of aloxan in animas in this study
effectively promoted metabolic changes of diabetes.

In diabetic groups of this study, the levels of fasting blood glucose were
significantly (P<0.0001) higher than that of normal control group. The administration of
MCAE in a dose of 200 mg/kg/day and 400 mg/kg/day for 14 days significantly lowered
the blood glucose levels in a dose dependent manner (Figure 1). Administration of a dose
of 400 mg/kg/day exhibited better glucose reduction (58%) than 200 mg/kg/day (39%).
The reduction on blood glucose observed for the mice treated with the highest dose of
MCAE tested was lower to that found with insulin treatment (73%). Our results are in
agreement with several studies that reports the improvement in hyperglicemia by treatment
with fruit extracts [12, 27, 28].

Previous studies showed that phenolic compounds present in extracts of fruits acted
on ATP sensitive K* channels [29] and regulate blood glucose. The hypoglycemic effect of
fruit extracts may be due to the potentiation by the pancreatic secretion of insulin from
regenerated B cells [28]. We can suppose that the presence of phenolic compounds in
MCAE may be responsible for the hypoglycemic activity observed in alloxan-induced
diabetic mice. In accordance with our results, studies with fruit extracts of Artocarpus
heterophylus [12], Mormodica charantia [30], Solanum torvum [28], Psidium guajava
[31], Curculigo latifolia [32] and Tamarindus indica [10] demonstrated the potential
antidiabetic of the fruits.
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Therefore, the antidiabetic effect of MCAE suggests that the jabuticaba has a
therapeutic potential for decreasing blood glucose and treating experimental diabetes.

3.3 Effect of MCAE on Lipid Profile, and Liver and Kidney Function

As shown in figure 2, total cholesterol levels in animals treated with MCAE (200
mg/kg and 400 mg/kg) and with insulin were not significantly different from that found in
the control group, unlike the diabetic nontreated animals that significantly increased total
cholesterol concentration. In turn, HDL-cholesterol |evels were significantly increased by
the treatment with MCAE 200 mg/kg (12.7%) and 400 mg/kg (24.5%), and also, the
treatment with insulin increased HDL-cholesterol levels (29%), as demonstrated in Figure
3. The increase of HDL-cholesterol in diabetic mice reported in this study are in agreement
with recent report by Aswar & Kuchecar [27] and Ishak et al. [32], who demonstrated that
HDL-cholesterol levelsimprove in diabetic mice after treatment with extracts of fruits.

It is well known that HDL-cholesterol levels are an important cardiovascular
protector factor [22]. HDL-cholesteral is known to be lowered during diabetes and have
been implicated in the development of atherosclerosis [33]. Dietary polyphenols have been
shown to pocess cardioprotective effects by altering hepatic cholesterol absorption, the
processing of lipoproteins in plasma, and inflammation [34]. Baba et a., [35] reported that
continuous intake of phenolic compounds exerts a beneficial effect on plasma HDL-
cholesterol concentration. Thus, phenolic compounds presents in MCAE may contribute to
an elevation in HDL-cholesterol and this indicates an improvement of the lipid metabolism
associated to a cardioprotective effect in diabetic mice.

Figure 4 shows that the levels of triglycerides were significantly increased in
alloxan-induced diabetic mice, in comparison with norma mice. However, after 14 days of
treatment with MCAE at doses of 200 mg/kg and 400 mg/kg, the triglyceride
concentrations in sera of diabetic mice decreased, significantly (P < 0.0001) by 40.3% and
49.9%, respectively, and this result was similar to the treatment with insulin that reduced
triglyceride levels by 51.1%. Our results are in agreement with reports by Hossaine et al.
[30] and Koyagura et a. [10], who demonstrated that hypertriglyceridemia can be
ameliorated by treatment with extracts of medicinal plants.

Alterations in lipid profile are one of the most common complications in diabetes
and found in 40% of diabetic cases [33]. As demonstrated in this work, total cholesterol
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levels of diabetic mice treated with MCAE did not differ significantly from that of the
control group, unlike the diabetic nontreated mice. Moreover, MCAE treatment presented a
relevant hypotriglyceridemic effect in diabetic mice treated with both doses 200 mg/kg and
400 mg/kg. Hypertrilglyceridemia in diabetes can result from an impaired catabolism of
triglycerides rich lipoproteins. This can be explained because the function of lipoprotein
lipase, the key enzyme in removal and degradation of triglycerides in attenuated by insulin
deprivation [37]. Phenolic compound-rich food have been suggested to be involved in the
treatment of hypertriglyceridemia [38, 39]. Yoshikawa et a. [40] reported that orally
administered phenolic compounds extracted from Salacia reticulata lowered lipoprotein
lipase and serum triglycerides. Because MCAE contains phenolic compounds including
flavonoids, phenylpropanoids and proanthocyanidins, we suggest that the presence of
compounds presents in this extract have been exerting hypotriglyceridemic effect in
experimental diabetes.

As shown in the Table 2, levels of AST and ALT, enzymes known as
biochemical markers of hepatic function, and urea and creatinine, two biochemical markers
of renal function, were significantly increased in aloxan-induced diabetic mice, in
comparison with control. AST and ALT were significantly reduced after treatment with
200 mg/kg and 400 mg/kg; the activity of AST was reduced by 32.7% and 48.3%,
respectively, and ALT activity by 28.7% and 49.3%, with 200 mg/kg and 400 mg/kg. After
the treatment with MCAE at doses of 200 mg/kg and 400 mg/kg, serum levels of urea and
creatinine also were reduced. Urea was reduced by 23.3% and 35% respectively; and
creatinine concentrations by 10% and 12.5%, respectively. The reduction of AST, ALT,
urea and creatinine were similar to those observed with insulin treatment.

Previous studies have reported that hepatic damage in aloxan-induced diabetic
mice can be improved by decreasing the levels of serum AST and ALT after herbal
bioactive agents [22]. Liver diseases are an important problem of health and the release of
intracellular enzymes such as AST and ALT into the blood indicates hepatocytes damage
[41, 42]. Furthermore, elevations in AST and ALT in NT group indicate that diabetes
induced by aloxan promotes live damage and loss of integrity of the hepatocyte
membranes. In addition, restorative capacities were attributed to the phenolic compounds
when normal levels of serum AST and ALT were achieved in impaired hepatic function
after treatment with polyphenolic extracts [43]. Thus, the reduction in serum levels of AST
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and ALT in diabetic mice after treatment with MCAE (200 and 400 mg/kg) indicates the
effectiveness of this extract in treating liver damage promote by diabetes.

Diabetes is usually related with reduction of rena function. The kidney damage in
diabetes is associated with the presence of hypertrophy of the glomeruli and tubular cells,
and enhanced rena blood flow [44, 45]. Serum elevations in urea and cregtinine levels are
usually reported as effectiveness biochemical markers of kidney damage [46]. There are
strong experimental evidences that show that diabetes promotes rena damage by the
ability to increase the free radicals formation in the kidneys [47, 48]. In the context,
polyphenolic-rich extract of Vaccinium myrtillus reduced the degree of stress oxidative and
kidney damage [49]. Thus, the presence of phenolic compoundsin MCAE may contribute
a reduction in urea and creatinine levels and our results clearly indicate that MCAE

possesses a potential to ameliorate rena function in diabetic mice.

3.4 Effects of MCAE on the Histopathological Changes of the Pancreas

The structure of the pancreas of the control and diabetic mice are shown in Figure
4. Pancreas of control group showed normal pancreatic iset of Langerhans and acinar cells
(Fgure 4(a)). By contrast, in alloxan-induced diabetic mice the acinar cells were altered
with presence of vacuoles; furthermore deterioration of pancreatic isets was also observed
(Figure 4(b)). MCAE (200 mg/kg/day) treatment increased the number of pancreatic idets
as compared to that of diabetic nontreated animals (Figure 4(c)). Interestingly, pancreatic
section of diabetic mice treated with MCAE (400 mg/kg/day) showed pancreatic idlet
similar to that of the control group (Figure 4(d)).

The histopathological analysis of pancreas isolated from mice administrated with
alloxan aone revealed tissue damage with deterioration of pancreatic idets. In this
connection, it may be observed that several authors reported such changes in pancreas
tissues of mice exposed to prominent diabetogenic alloxan for its ability to induce reactive
oxygen species (ROS) formation, resulting in the selective necrosis of beta cells in
pancreatic idets [21]. However, the diabetic animals treated with MCAE showed normal
architecture of pancreatic tissue, suggesting the regeneration of pancreatic islet by MCAE
administrations. The ability of acetonic extracts of fruits of Momordica charantia to
stimulate pancreatic growth has been reported [50]. The regenerative action of MCAE
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corroborates with acetonic extract of Momordica charantia. Thus, the antidiabetic effect
observed by MCAE administration suggests the therapeutic potential in preventing and/or
treating histological alteration in diabetes.

3.5 Anti-hyperuricemic Effect of MCAE

Figure 5 summarized the anti-hyperuricemic effect of MCAE in potassium oxonate-
induced hyperuricemic mice. Levels of serum uric acid in hyperuricemic mice treated with
potassium oxonate were significantly (P<0.0001) increased compared with control mice.
MCAE at doses 200 and 400 mg/kg significantly lowered levels of uric acid in
hyperuricemic mice in 39.7% and 49.1%, respectively. Allopurinol at 10 mg/kg also
markedly reduced the levels of uric acid (45.9%).

Hyperuricemia is a risk factor resulting in gout and other chronic diseases. But,
currently the therapeutic agents for lowering serum uric acid are sometimes limited due to
the associated undesirable adverse effects. A potential source of new anti-hyperuricemic
agents may be derived from the natural products [51]. In this context, MCAE may be a
natural product with potential anti-hyperuricemic. Previous studies have demonstrated the
potential anti-hyperuricemic of phenolic compounds [52]. While it has been shown that
some flavonoids can change xanthine oxidase activities and serum uric acid levels in vitro
and in vivo [53-55]. Xanthine oxidase catalyses the oxidation of hypoxanthine and
xanthine to uric acid and therapeutic agents for inhibition of enzyme as they could be used
to block the biosynthesis of uric acid [56]. Huang et al., [52] demonstrated the potential of
flavonoids in inhibition of xanthine oxidase activities. We can suppose that the presence of
flavonoids in MCAE may be responsible for the anti-hyperuricemic activity observed in
potassum oxonate-induced hyperuricemic mice. Thus, the anti-hyperuricemic effect
observed by MCAE administration suggests the therapeutic potential in treating

hyperuricemia.

3.6 Acute Toxicity of MCAE

Oral administration of the MCAE did not produce significant changes in behaviors.
There were no changes in the nature of stool, urine and eye color. No mortality was

observed post administration of MCAE to the end of the experiment. In a single dose
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administration no adverse effects was observed for the acetonic extract of M. cauliflora,
indicating that the extracts are not toxic under the observable condition. Thus, MCAE
present active compounds which may be used for diabetes treatment without evidence of

toxicity.

4. Conclusion

Our results indicate that oral administration of MCAE ameliorates the
hyperglycemiain diabetic mice, not only reducing values of blood glucose, but most of all
MCAE ameliorates the metabolic injuries that diabetic mice suffered in consequence of
hyperglycemia, the dydlipidemia, and the liver and kidney disorders. It is worth noting that
MCAE is a good source of natural antioxidants, which could be a valuable tool in

controlling the biochemical and histological alterationsin aloxan-induced diabetic mice.
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Table 1. Phytochemical screening of MCAE.
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Tests

Result

Alkaloids

(Dragendorf)
Steroids

(Lieberman Buchard)
Coumarins

(LV)
Flavonoids

(Neu)
Proanthocyanidins

(Vanilin Hydrochloric)
Phenylpropanoids

(UV)
Irydoids

(Vanilin Sulfuric)
Triterpens

(Lieberman Buchard)

+++

++

+++

( - ) non detected; (+) Present in low concentration; (++) present in moderate
concentration; (+++) Present in high concentration.
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Figure 1. Effect of MCAE on fasting blood glucose levels of the control and treated
animas. ND — non diabetic, DNT — diabetic nontreated alloxan-diabetic mice; MCAE
[200] — alloxan-diabetic mice treated with MCAE (200 mg/kg/day); MCAE [400] —
alloxan-diabetic mice treated with MCAE (400 mg/kg/day); IT — aloxan-diabetic mice
treated with insulin (10 mg/kg/day). The values represent the mean £ SD. *P < 0.05 versus
control; **P < 0.0001 versus control, TP < 0.05 versus NT; P < 0.0001 versus NT.
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Figure 2. Effect of MCAE on tota cholesterol of the control and treated animals. ND —
non diabetic; DNT — diabetic nontreated alloxan-diabetic mice; MCAE [200] — alloxan-
diabetic mice treated with MCAE (200 mg/kg/day); MCAE [400] — alloxan-diabetic mice
treated with MCAE (400 mg/kg/day); IT — alloxan-diabetic mice treated with insulin (10
mg/kg/day). The values represent the mean + SD. One-way ANOVA with Tukey’s post

hoc test. *P < 0.05 versus control.
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Figure 3. Effect of MCAE on HDL-cholesterol of the control and treated animals. ND —
non diabetic; DNT — diabetic nontreated alloxan-diabetic mice; MCAE [200] — alloxan-
diabetic mice treated with MCAE (200 mg/kg/day); MCAE [400] — alloxan-diabetic mice
treated with MCAE (400 mg/kg/day); IT — alloxan-diabetic mice treated with insulin (10
mg/kg/day). The values represent the mean + SD. One-way ANOVA with Tukey’s post
hoc test. *P < 0.05 versus control; **P < 0.0001 versus control, 'P < 0.05 versus NT; 7P <
0.0001 versus NT.
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Figure 4. Effect of MCAE on triglycerides of the control and treated animals. ND — non
diabetic; DNT — diabetic nontreated alloxan-diabetic mice; MCAE [200] — alloxan-diabetic
mice treated with MCAE (200 mg/kg/day); MCAE [400] — alloxan-diabetic mice treated
with MCAE (400 mg/kg/day); IT — aloxan-diabetic mice treated with insulin (10
mg/kg/day). The values represent the mean = SD. One-way ANOVA with Tukey’s post
hoc test. *P < 0.05 versus control; **P < 0.0001 versus control, P < 0.0001 versus NT.
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Figure 5. Effect of MCAE on uric acid levels of the control and treated animas. NHU —
non hyperuricemic mice; HU — potassium oxonate-hyperuricemic mice; MCAE [200] —
potassium oxonate-hyperuricemic mice treated with MCAE (200 mg/kg/day); MCAE
[400] — potassium oxonate-hyperuricemic mice treated with MCAE (400 mg/kg/day); ALP
— potassium oxonate-hyperuricemic mice treated with alopurinol (10 mg/kg/day). The
values represent the mean + SD. One-way ANOVA with Tukey’s post hoc test. *P < 0.05

versus control: ** P < 0.0001 versus control, T'P < 0.0001 versus NT.
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Table 2. Hepatic and renal parameters of the control and treated animals.

GROUPS AST (U/L) ALT (U/L) Urea(mg/dL) Creatinine (mg/dL)
ND 103.3+ 4.6 42.0+35 329+25 0.32+0.01
DNT 207.3+150  872+129°  554+78" 0.40+0.02"
MCAE[200] 1395+82""" 622+76"1"  425+58" 0.36+0.02" "
MCAE[400] 107.2+9.67  442+37" 36.0+ 45" 0.35+0.01"

1T 108.8+ 9.4+t 442+ 3.7 39.2+ 29" 0.34+0.01"

AST — Agpartate Aminotransferase; ALT — Alanine Aminotransferase; ND — non diabetic;
DNT - diabetic nontreated alloxan-diabetic mice; MCAE [200] — alloxan-diabetic mice
treated with MCAE (200 mg/kg/day); MCAE [400] — alloxan-diabetic mice treated with
MCAE (400 mg/kg/day); IT — alloxan-diabetic rats treated with insulin (10 mg/kg/day).
The values represent the mean = SD. One-way ANOVA with Tukey’s post hoc test. *P <
0.05 versus control; **P < 0.0001 versus control, 'P < 0.05 versus NT; 7'P < 0.0001 versus
NT.
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Figure 6. Histopathological changes in pancreatic tissue. (A) non diabetic group —

preserved pancreatic iset of Langerhans (curved arrow) and preserved pancreatic acinar
cells (straight arrows). (B) diabetic non treated — atrophic pancregtic islet of Langerhans
with few cells (curved arrow) and the presence of some vacuoles in pancreatic acinar cells
(straight arrows). (C) diabetic treated with MCAE (200 mg/kg/day) — pancreatic iset of
Langerhans (curved arrow) and pancreatic acinar cellsin disorder. (D) diabetic treated with
(400 mg/kg/day) — preserved pancreatic idet of Langerhans (curved arrows) and preserved
pancreatic acinar cells (straight arrows). Haematoxylin-Eosin: 400x.
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ABSTRACT

Jaboticaba is a dark-colored fruit produced by Myrciaria cauliflora (Mart.) O. Berg., a
native plant known as “Brazilian grape tree”. The objective of the present study was to
evaluate the anti-inflammatory, antinociceptive and antioxidant properties of organic
extract of fruit peel of M. cauliflora. Organic extracts of M. cauliflora were prepared using
standard methods and the ether extract (MCEE), acetone extract (MCAE) and methanol
extract (MCME) were obtained. Anti-inflammatory activity was evaluated through oedema
paw ad peritonitis test in male mice. Antinociceptive activity was assessed in male mice
using abdominal writhing and hot plate test. Antitumoral activities were evaluated against
solid tumor of Ehrlich carcinoma. The antioxidant activity of all extracts was evaluated
using a 2,2—diphenyl-p-picrylhydrazyl (DPPH) assay. All organic extracts presented too
antioxidant activities. The orally treatment with 200 and 400mg/kg of MCAE and MCME
produced significant inhibition on inflammation for peritonitis (MCAE: 35% and 45%,
respectively; MCME: 45% and 54%, respectively). The MCAE and MCME extracts (200
and 400mg/kg, orally) produced significant inhibition on inflammation induced by
carrageenan for oedema paw at both doses (MCAE: 93.5% and 83.7%, respectively,
MCME: 96.7% and 95.9%, respectively). All organic extracts produced significant
inhibition on antinociceptive from abdominal writhing test and hot plate tests with orally
treatment of 200 and 400mg/kg. All organic extracts produced significant reduction on
tumor weight. Taking into account the above results, it can be concluded that M. cauliflora
has significant anti-inflammatory, antinociceptive, antitumoral and antioxidant properties,
and this study provide pharmacological evidence for a potential target in pain and

inflammation treatment.

Keywords. Myrciaria cauliflora, fruit peel, inflammation, nociception and tumor.
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HIGHLIGHTS

Models of inflammation, and nociception solid tumor were induced in mice.
Extract fractions of M. cauliflora fruit peel were used for treatment of mice.
Phytochemical and antioxidant activity of extracts were determined.

Antioxidant compounds were identified in organic extracts of M. cauliflora.

o~ DN

Organic extracts exerts an anti-inflammatory, antinociceptive and antitumoral
effects.

1. INTRODUCTION

Inflammatory reaction is one of the most important host defense mechanisms to
eliminate or limit the spread of injurious agent (Hossein et al., 2015; Andekar et al., 2012).
However persistent inflammation leads to tissue damage, pain and possibly failure of
organs (Liao et al., 2012). Proinflammatory cytokines are produced in large quantities by
activated macrophages that stimulate cellular responses via increasing prostaglandins
(Loram et a., 2007). Free radicals and related reactive species are strongly associated with
several physiopathological process including cell death, inflammation and pain (Campélo
et al., 2011). Thought, the complex events and mediators involved in the inflammatory
reaction can induce or aggravate many reaction with oxidative damage and pain (Sosa et
al., 2002).

Oxidative stress is also associated with cancer progression. Cancer is a group of
different diseases, characterized by uncontrolled cellular growth, tissue invasion and
metastases (Dashora et al., 2011). This is one leading causes of death in world and
accounted for 7.9 million deaths in 2007, with 38% in developed countries and 62% in
developing countries. Projections by 2030 show that almost 21.4 million new cancer cases
and more 13.2 million deaths will occur worldwide (GLOBOCAN, 2008). In Brazil, a
devel oping country, cancer is responsible for 172,044 deathsin 2010 (INCA, 2010).
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Historically, human have used medicinal plants as a traditional way of providing
improve to several pathological states. In this context, a crescent number of medicinal
plants have been investigated for their possible anti-inflammatory, antioxidant, antitumoral
and antinociceptive properties (Hossen et al., 2015; Medda et al., 2015; Sengar et al., 2015;
Adzu et al., 2014 Carro et al., 2015). The use of this effective strategy for the promotion of
human health has significantly increased as notable progress has been made concerning the
development of natural therapies (Campelo et al., 2011). Interestingly, the World Health
Organization (WHO) has recommended the integration of traditional medicines proved to
be useful into nationa health care programs, and developed a strategy to address issues of
policy, safety, efficacy, quality, access and rationa use (Adzu et a., 2014).

The interest in edible tropical fruits has been increased in developed countries due
to their potential health benefits (Medda et al., 2015). In Brazil, a fruit named jaboticabais
produced by Myrciaria cauliffora (Mart.) O. Berg. (Myrtaceae family), a native plant
known as “Brazilian grape tree” (Duarte et al., 2012). This fruit have a sweet pleasant taste
with a little acidity, and they are consumed in natura or used to prepare wines and juices
(Wu et al., 2013a). M. cauliflora fruit has 2.0-3.5 cm in diameter and the color of peel
ranges from dark-purple to black (Wu et d., 2013b).

The ability of some fruit-derived nutrients to reduce the risk of diseases has been
related, at last in part, with the occurrence of bioactive compounds that are know to exert a
wide range of biologica activities (Carro et a., 2015). The secondary metabolites from
plant fruits are good sources for anti-inflammatory, antinociceptive and antioxidant therapy
and are a wide range of phytochemicals which acts as key tool in phytomedicine research
in recent years (Medda et a., 2015). Similar to other dark-colored fruits, jaboticaba is a
source of traditional nutrients, ingredients, and also secondary metabolites of medicina
importance, such as phenolic compounds, being the latter extracted with organic solvents
(Chen et al., 2012; Kubola & Siriamornpun, 2011).

Severa studies have highlighted the presence of different phenolic compounds in
fruit peels and its antioxidants potential (Hassan et al., 2011; Contreras-Caldeirdn et al.,
2011; Hetzroni et d., 2011; Ismail et a., 2012). Hence, natural antioxidants have been
shown to possess anti-inflammatory, antitumoral and antinociceptive potential against

different experimental models of inflammation, tumor and pain. Thus, the objective of the
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present study was to evaluate the anti-inflammatory, antinociceptive and antioxidant

properties of organic extract fractions of fruit ped of M. cauliflora.

2. MATERIAL AND METHODS

2.1 Chemicals

Acetyl Salicylic Acid, A-carrageenan and 2,2-diphenyl-1-picrylhydrazyl was
purchased from Sigma Chemicals Co. (St. Louis, MO, USA). Acetic Acid was purchased
from Merck (Damstadt, Germany). Solvents used for preparation in the organic extract
fractions (ether, acetone and methanol) were purchased from Vetec (Rio de Janeiro, RJ,
Brazil).

2.2 Plant Material and Preparations of Organic Extracts

Fresh fruits of M. cauliflora were collected from the Limoeiro City, PE,
Northeastern Brazil. The fruit peels were immediately separated, dried at room temperature
(28 £ 2 °C) for 3 days, and milled to a fine powder in a Macsalab mill (Model 200 Lab;
Eriez®, Bramley). The finely powdered dry fruit peels (100g) was mixed with ether (200
mL), subjected to a mechanical stirring, at 4 °C for 16 h, then filtered with Whatman filter
paper (N° 1) and the powder residue was mixed again with ether (200 mL) and the
extraction process was repeated twice. The powder residue was mixed with acetone
according to the above described procedure to yield acetone fraction. The solvent was
removed by rotary evaporation (BUCHLER INSTRUMENTS, Fort Lee, NJ, USA).
Therefore, the M. cauliflora etheric, acetonic and methanolic extracts were named MCEE,
MCAE and MCME, respectivelly and all extracts were used in the present study.

2.2.2 Phytochemical Analysis
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A simple qualitative and semiquantitative phytochemical analysis was performed
by screening tests according to [Harbone, 1998]. The phytochemical profile of MCEE,
MCAE and MCME were evaluated on thin layer chromatography plates in front of the
mobile phase solvents containing different proportions and different polarities, and
revealing, using as stationary phase, pre-activated GEK silica GF 254 plates (Merck). For
identification and differentiation of the disclosed compounds the following parameters

were used: staining band and luminescence in UV lamps.

2.3. Animals

Male Swiss white mice (Mus musculus), 60-days-old, weighing 30 + 5g were
obtained from the Animal House of the Laboratory of Immunopathology Keizo Asami
(LIKA), UFPE, Brazil. The animals were separated into groups (N = 6) and housed in
cages at a temperature of 22 + 2 °C, 12 h dark-light cycle, relative humidity 55 + 5%, with
free access to standard chow (Labina, Purina Brazil Ltd., Brazil) and water ad libitum. All
experimental protocols were performed according to the Animal Care and Use Committee
of UFPE, Brazil, and all the experimenta procedures were conducted in accordance with
the ethical guidelinesfor the Care and Use of Laboratory Animals.

2.4 Assay of Anti-inflammatory Activity by Carrageenan-induced Paw Oedema

The paw edema was induced from a subplantar injection of 0.1 ml carrageenan (1%)
in saline half hour before the administration of the extracts (Winter et al., 1962). Dose of
200 and 400 mg/kg (orally) of organic extracts of M. cauliflora (MCEE, MCAE and
MCME) was chosen because it has best results. The volume of the paw was measured by
one caliper rule (Kanon-Staineless Mardened), at the time O and intervalsof 1, 2, 3and 4 h
immediately after the subplantar injection of carrageenan. For the positive control group,
animals received a dose 100mg/kg Acetylsalicylic acid (ASA). The negative control
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animals received just vehicle (saline solution 0.9%). The data obtained for the various
groups were reported as mean + S.D. and expressed in millimeter. The percentage
inhibition was calculated using the formula given below, that represents the period of peak
edema (3h). Percentage inhibition (%) = [(Vf-Vi) Control group mean — (Vf-Vi) Test
group mean / (Vf-Vi) Control group mean] x 100, where Vf and Vi represent the volume

of theinitial and final paw.

2.5 Assay of Anti-inflammatory Activity by Carrageenan-induced Peritonitis

Peritonitis was conducted as described by Foster et a. (1986). Male Swiss mice (6
animals per group) were pre-treated with vehicle (Negative Control — saline solution 0.9%,
oraly), Acetylsalicylic acid (Positive Control - ASA, 100 mg/kg, orally), and different
organic extracts of M. cauliflora (200 and 400 mg/kg, oraly), and 1h later, the animals
received an injection of 1% carrageenan (i.p.). After 4 h, the animals were sacrificed.
After, saline containing EDTA (1mM, i.p.) was injected, immediately a brief massage was
done for further fluid collection and used for leukocyte (mainly neutrophils) counting in a
Cell Counter (ABX MICROS 60). The results were expressed as the number of Leukocytes
x 103mms. The percentage of the leukocyte inhibition = (1 — T/C) x 100, where T
represents the treated groups leukocyte counts and C represents the control group

leukocyte counts.

2.6 Assay of Antinociceptive Activity by Acetic Acid-induced Abdominal Writhing

Abdominal writhing based of a contraction of the abdominal muscle together with a
stretching of the hind limbs, induced by agent nociceptive (0.8% Acetic acid) with
intraperitoneal injection (Koster et al., 1959). The animals received 200 and 400 mg/kg of
organic extracts of M. cauliflora (test group), ASA (100 mg/kg, positive control group) and
vehicle (negative control group) 1 hour before administration of acetic acid (0.8%, i.p).

The number of writhing reflexes was counted during the following 20 min.
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2.7 Assay of Antinociceptive Activity by Hot Plate

The central analgesic activity of M. cauliflora against therma stimuli was studied in
male mice using the hot plate test (MacDonald et al., 1946). Mice were individually placed
in a hot plate heated at fixed temperature (55 = 1.0 ° C) and response time to the stimulus
was marked by a timer. Measurements were performed at time 0, 30, 60, 90, and 120 min
after the first thermal stimulus. The maximum stay of the animal was 60s to avoid damage.
The control group was treated with vehicle (saline solution 0.9%) and the test group (n =6
each) with 200 and 400 mg/kg (orally) of different organic extracts of M. cauliflora 1 hour
before performing the experiments. ASA (100mg/kg, orally) was administered to control

positive.

2.8 Assay of Antioxidant Activity of Extract Fractions of M. cauliflora

The method was carried out as described by Brand, Cuvelier and Berset (1995).
Various concentrations (50, 100, 200 and 500 pg/mL) of the M. cauliflora organic
fractions were used. The DPPH solution (150 uM) was prepared with methanol solvent.
The assay mixture contained in total volume of 1 mL (100 pL of the M. cauliflora organic
extracts + 100pL of DPPH solution) a-tocopherol was used as the positive control. After
30 min incubation at 25 °C, the absorbance was measured at 490 nm (Biotek instruments,

Inc., Winooski, VT). Theradical scavenging activity was cal cul ated:

% Scavenging = ((Acontral — Asample) ! Acontral) X 100

2.9 Assay of Antitumoral Activity of Organic Fractions of M cauliflora
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Ehrlich carcinoma (EC) cells were supplied by the Department of Antibiotics,
UFPE, Brazil. The cells were maintained in vivo in mice by intraperitoneal transplantation.
EC cells aspirated from the peritoneal cavity of mice were washed with saline and injected
subcutaneoudly to develop solid tumor. For the experimental tumor induction mice were
injected with EC (5.0 x 107), subcutaneously in the left footpad to obtain the solid tumor
(Stock, 1955).
The mice (n=36) were divided into 6 groups (n=6, for group) as follows:
Group (I) — Control mice without induction of tumor, receiving saline solution (0.9%),
named normal control (NC);
Group (I1) — Control mice with induction of tumor, treated with saline solution (0.9%),
named saline treated (Negative Control);
Group (I11) — Control mice with induction of tumor, treated with 5-Huoruracil (20mg/kg),
named 5-Huorouracil treated (5-FU);
Group (I'V) — Group of mice with induction of tumor, treated with MCEE (400mg/kg/day,
orally), named MCEE;
Group (V) — Group of mice with induction of tumor, treated with MCAE (400mg/kg/day,
orally), named MCAE.
Group (VI) — Group of mice with induction of tumor, treated with MCME

(400mg/kg/day, orally), named MCME.

All the groups were treated for seven days, beginning after the tumor inoculation.
On the 8" day, after fasting overnight, all mice were anaesthetized with urethane
(1.25g/kg) and blood samples were withdrawn by retro-orbital venipuncture technique.
After, all mice were euthanized by cervical dislocation and the tumors were collected and

weighed.
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The blood was stored in two separate tubes. (1) containing the anticoagulant
ethylenediamine tetraacetic acid (EDTA) and other (2) without anticoagulant, called dry
tube (VACUETTE™, Greiner, Kremsmunster, Austria). The dry tube was immediately
centrifuged (2500 g / 15 min) to obtain serum. Serum was utilized for determination of
levels of glucose, total cholesterol, HDL-cholesterol, triglycerides, urea, creatinine,
aspartate aminotransferase and alanine aminotrasferase by chemical automatic analyzer
(COBAS® 6000, Roche Diagnostics, England). The tube containing EDTA was used to
determine the hemathological parameters:. total white blood cell (WBC) and red blood cell
(RBD) were determined by standard method using haemocytometer (SYSMEX XT-

4000i ™, Sysmex Corporation, Curitiba, Brazil).

2.10 Statistical Analysis

Results were presented as the mean + SD. The datigtical analysis involving
multiple comparisons were analyzed by one-way ANOVA followed by Tukey’s post hoc
test using software PRISMA (GraphPad Software, Inc., San Diego, CA, version 5.01).
Values of P < 0.05 were considered statistically significant.

3.RESULTS

3.1 Phytochemical Constituints

The phytochemical analysis of organic extracts of M. cauliflora were described in
the Table 1. The highest phenolic compounds in MCAE and MCME are flavonoids,
phenylpropanoids, followed by proanthocyanidins. In the MCEE was detected the presence

of phenolic compounds (phenyl propanoids) and steroids and triterpenes.
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3.2 Anti-inflammatory Properties of Organic Extracts of M. cauliflora in the Model of

Carrageenan-induced Paw Oedema

Figure 2 shows the effect of the organic extracts of M. cauliflora on the paw
oedema induced by carrageenan in mice. Injection of carrageenan into the hind paw
induced a progressive edema. The MCAE and MCME extracts (200 and 400mg/kg, orally)
produced significant inhibition on inflammation induced by carrageenan in the paw
oedema at both doses (MCAE: 93.5% and 83.7%, respectively; MCME: 96.7% and 95.9%,
respectively). MCEE inhibited 20.3% and43.1% the inflammation at the concentration of
200 and 400 mg/kg, respectively. The treatment with ASA reduce inflammation in
73.2%).

3.3 Anti-inflammatory Properties of Organic Extracts of M. cauliflora in the Model of
Carrageenan-induced Peritonitis

The induction of inflammation with carrageenan into the peritoneal cavity caused a
migration of leukocytes. In a dose-dependent manner, leukocyte migration was
significantly (P<0.0001) reduced in the group treated with MCAE and MCME when
compared with the control group (saline), as shown in Figure 2. MCAE exerts an inhibition
of 35% and 45% for treatment with 200 and 400 mg/kg, respectively. The treatment with
MCME exerts an inhibition in leukocytes migration by 45% and 54% for treatment with
200 and 400 mg/kg, respectively. The treatment with 400 mg/kg of MCEE promotes a
significant (P<0.05) inhibition of the 14% in the leukocytes migration. In the peritoneal
fluid of the group treated with ASA (100 mg/kg) was also observed a significant
(P<0.0001) decrease of the 57% in leukocyte cellular migration.

3.4 Antinociceptive Properties of Organic Extracts of M. cauliflora in the Model of Acetic
Acid-induced Abdominal Writhing
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The administration of MCEE showed a best reduction (P<0.0001) in the writhing
induced by acetic acid administration in different concentrations (98% and 99%, for 200
and 400 mg/kg, respectively), compared with the control group treated with saline (Figure
3). The MCAE and MCME extracts (200 and 400mg/kg, orally) produced significant
inhibition on writhing induced by acetic acid at both doses (MCAE: 82% and 86%,
respectively; MCME: 75% and 78%, respectively). A significant decrease by 88% of
writhing was observed in the group treated with ASA, the positive control for anti-

nociception used in this study.

3.5 Antinociceptive Properties of Organic Extracts of M. cauliflora in the Model of Hot
Plate Test

Figure 5 shows the analgesic response of the groups treated with the various
organic extracts of M. cauliflora. The group of mice treated with a dose of 200 and 400
mg/kg of MCEE it was found a significant analgesic response (P <0.0001) compared to
control (saline), in the form of increased reaction time of mice to jump or lick paws in
MacDonald et al., (1946) hot plate method after 30 min. The result for the treatment with
MCAE showed a significant elevation in latency time of the animals in hot plate in the
administration of 200 and 400 mg/kg after 60 and 30 min, respectively. Analgesic
response was not observed for the group treated with low dose of MCAE (200 mg/kg) in
the time of 30 min. The treatment with MCME in both doses promotes a significant
(P<0.0001) elevation in latency time of anima after 30 min. A significant increase of
latency time was observed in the group treated with ASA, the positive control for anti-

nociception used in this study, after 60 min of treatment.

3.6 Antioxidant Properties of Organic Extracts of M. cauliflora
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All organic extracts of M. cauliffora had a powerful in the DPPH radical
scavenging activity (Figure 1). The MCAE and MCME had the high capacity to scavenge
freeradicals,

3.7 Antitumoral Properties of Organic Extracts of M. cauliflora

After induction of EC solid tumor, the footpad thickness curve presented a
significantly behavior from the fourth day post inoculation (Figure 6A). The saline treated
group (negative control) showed significant differences in tumor growth between 6" and
8" days. There was a significant reduction of tumor growth in mice treated with 5-
fluorouracil, MCEE, MCAE and MCME at 6™ and 8" day, different from control group
that increased the tumor weight. The EC solid tumor weight in the saline treated group was
2.31 + 0.35g (Figure 2B). The treatment with MCEE, MCAE and MCME showed a
significant antitumor activity which was further evidence by percentage reduction (30.7%,
54.5% and 44.1%, respectively). Administration of 5-fluorouracil, a commercial drug for

treatment of cancer, also lowered tumor weight in 65.4%.

HDL-cholesterol, glucose and total red blood cell were significantly decreased in
animals of negative control. Levels of urea, creatinine, total cholesterol and triglycerides
were significantly increased in animals of negative control (Table 2). The treatment with
MCEE promotes a significant improve in urea, creatinine, total cholesterol and HDL and
treatment with MCME ameliorate urea, creatinine, total cholesterol and glucose levels in
comparison with saline group. The 5-fluorouracil is a potent agent against tumor (Figure
1B), however, all biochemica and hematological parameters were higher in this group as
adverse effects. The treatment with MCAE promoted a significant reduction in tumor
mass, but did not detected significant differences in biochemical and hematological

parameters when compared to the control group animal.

4. DISCUSSION
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As demonstrated by the phytochemical analysis, the highest secondary compounds in
organic extract tractions of M. cauliflora is represented by phenolic compounds in MCEE,
MCAE and MCME and steroids and triterpens only in MCEE. Several studies have
highlighted the presence of different phenolic compounds in fruit peels and its antioxidants
potential (Hassan et al., 2011; Contreas-Caldeiron et al., 2011; Hetzroni et al., 2011; Ismail
et a., 2012). The efficacy of antioxidants as a tool to treat some low to mild and chronic
disorders with very low rates of progression has been widely documented in the literature
(Ismail et al., 2012). Quantitative evaluation of the antioxidant activity of extracts from M.
cauliflora suggested in the existence of substance with antioxidant acitivity. In addition,
we also evaluated the acute oral toxicity of all extracts of M. cauliflora, which did not
cause any death of mice a the dose 1000 mg/kg. M. cauliflora, just as other plants,
contains several bioactive principles which have the potentia to cause beneficia effects.

These biological activities can be attributed to the presence of theses constituents.

Considering that the use of commercially analgesic and anti-inflammatory drugs exert
awide range of side effects (Vane & Botting, 1990), there is currently a strong interest in
developing new therapeutic agents from plants (Iwalewa et al., 2007). The present study
reported here demonstrated that organic extract fraction of M. cauliflora fruit peel, had
significant antioxidant activity in vitro and anti-inflammatory, anti-anociceptive and

antitumoral in experimenta in modelsin mice.

We report here that the MCEE, MCAE and MCME reduced significantly the paw
oedema induced by carregeenan. The carrageenam-induced inflammatory response was
described in 1969 in the models of mice’s paw (Levy,1969). Since the, for the
development new anti-inflammatory drug this test has been more than used. According to
Gemache et al. (1986), the carrageenan-induced paw oedema test controlled with the
arachidonate cycloxygenase (COX) inhibitors due to its COX-dependent mechanism, thus,
it is suggested that the organic extracts fractions of M. cauliflora has compounds that may
be acting in decreased vascular permeability, mediators, such as histamine, serotonin and

prostaglandins.

Cell recruitment during inflammation depends on the release of local mediators which
is responsible for tissue changes as well as for the recruitment of host defense cells. These
mediators are able to recruit leukocytes in the inflammation induced with carrageenan,
such as neutrophilis. The tretatment with ether, acetone and methanol extracts of M.
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cauliflora inhibited leukocyte migration induced by carrageenan (P<0.0001). This
mechanism associated with this activity may be inhibition of the synthesis of inflammatory
cytokines whose involvement in the cell migration is well- established. Approximately
result was seen in a study with another plant, Piptadenia stipulacea, that a decrease on
approximately 36% of leukocyte migration (Queiroz et al., 2010).

We mention here that all extracts (MCEE, MCAE and MCME) of M. cauliflora
produced an effect significant antinociceptive in models nociception in mice. Moreover,
the etheric extract showed more potent in inhibiting the acetic acid-induced nociceptive
response. The acetic acid-induced has been used to confirm the peripheral anti-nociceptive
activity and is considered non-specific (Chan et a., 1995), because this model test reflexes
the direct interaction of the compounds with the various peripheral receptors within the
peritoneal cavity (Bentley et al., 1983). The method involve the liberation of mediators,
such as histamine, serotonin, cytokines and eicosanoids with an increase in peritoneal fluid
that stimulate the nociceptive neurons (Zhang et al., 2005). This analgesic effect of the M.
cauliflora could be attributed, at least in part, to its anti-inflammatory effect as, in the pain
model, the processor releases arachidonic acid via cyclooxygenase and prostaglandin.
Santos et al. (2013) also obtained similar results to ours with inhibition of nociception of

82.3% at the dose of 400 mg / kg of aqueous extract of Anadenanthera colubrina.

Other test such as the hot-plate test, it’s a central pain model, particularly the strong
sengitivity to pain and limited tissue damage (Deraedt et a., 1980). The method induces
an effect of termonociceptive skin and the integration of stimulus is due to stimulation of
myelinated C fibers not driving slow (Hendry et al., 1999). The point is that the MCEE,
MCAE and MCME increase the latency time of response in animal model of hot plate, and
could be associated activity of supra-spinal analgesia. This effect anti-nociceptive, it has
been reported with other study of the Sutherlandia frutescens, using agueous extracts at
doses of 5-800 mg/kg in mice (Ojewole, 2004).

Bioactive products of plants have served as a good source of antitumor treatment.
Recently, several studies have been conducted and a large number of plants possessing
anticancer properties have been documented (Aranjani et al., 2013; Noolu et al., 2013;
Servin Wedley et al., 2013; Ramasamy et al., 2013). Administration of the MCEE, MCAE
and MCME for 8 days showed an expressive and significant antitumoral activity and no
adverse side effects due to the treatment were observed in biochemical (urea, creatinine,
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total cholesterol, HDL-cholesterol, glucose and triglycerides) and hematological (red and
white blood cells) parameters.. These results corroborate Ribeiro et al. (2012). The authors
also reported the antitumor activity of agueous and ethanolic extracts of another plant:

Arrabidaea chica in treatment for EC tumor solid.

5. CONCLUSIONS

All organic extracts from Myrciaria cauliflora fruit peel presenting a significant
antinociceptive and antioxidant properties. The results demonstrated that MCAE and
MCME exert powerful properties against inflammation. Taking into account the above
results, it can be concluded that M. cauliflora has significant anti-inflammatory,
antinociceptive and antioxidant properties, and this study provide pharmacological
evidence for a potential target for the development of new products that can be explored as

aternative medicine.
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Table 1. Phytochemica analysis of organic extract fractions of M. cauliflora fruit peel.

Compounds MCEE MCAE

MCME

Alkaloids
(Dragendorf)
Proanthocyanins
(Vanilin Hydrochloric)
Coumarins
(UV)
Flavonoids
(Neu)
Steroidsand Triter pens
(Lieberman Buchard)
Irydoids
(Vanilin Sulfuric)
Phenylpropanoids
(UV)

+ +++

+++ -

+++ +++

+++

+++

++

+++

(-) Non detected; (+) Present in low concentration; (++) Present in moderate concentration;

(+++) Present in high concentration
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Figure 1. Effect of organic extracts of M. cauliflora in the thickness of the right posterior

oedema of mice. ASA — Acetyl salicylicacid. MCEE — Myrciaria cauliflora etheric extract;
MCAE — Myrciaria cauliflora acetonic extract; MCME — Myrciaria cauliflora methanolic
extract. Values are expressed as mean + S.D. *P <0.05, in relation to control group. P

<0.0001, inrelation to control group.
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Figure 2. Effects of organic extracts of M. cauliflora fruit peel in the leukocyte migration
in the model of carrageenan-induced peritonitis. ASA — Acetyl salicylicacid. MCEE —
Myrciaria cauliflora etheric extract; MCAE — Myrciaria cauliflora acetonic extract;
MCME — Myrciaria cauliflora methanolic extract. Values are expressed as mean = S.D. *P

<0.05, in relation to control group. **P <0.0001, in relation to control group.
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Figure 3. Effect of organic extracts of M. cauliflora fruit peel in the number of writhesin
the model of nociception induced by acetic acid. ASA — Acetyl Salicylicacid. MCEE —
Myrciaria cauliflora etheric extract; MCAE — Myrciaria cauliflora acetonic extract;
MCME — Myrciaria cauliflora methanolic extract. Values are expressed asmean + S.D. *P
<0.0001, in relation to control group.
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Figure 4. Effect of organic extracts of M. cauliflora fruit peel in the latency time in the
model of nociception by hot plate. ASA — Acetyl Salicylicacid. MCEE — Myrciaria
cauliflora etheric extract; MCAE — Myrciaria cauliflora acetonic extract; MCME —
Myrciaria cauliflora methanolic extract. Values are expressed as mean £ S.D. *P <0.0001,

in relation to control group.
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Figure 5. DPPH radical scavenging activity of organic extract of M. cauliflora fruit peel.
DPPH - 22-diphenyl-1-picrylhydrazyl, MCEE — Myrciaria cauliflora ether extract;
MCAE — Myrciaria cauliflora acetonic extract; MCME — Myrciaria cauliflora methanolic
extract.
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Figure 6. Effect of organic extracts of M. cauliflora on footpad thickness (A) and EC solid
tumor weight (B). 5-FU — 5-fluorouracil; MCEE — etheric extract of M. cauliflora; MCAE
— acetonic extract of M. cauliflora; MCME — methanolic extract of M. cauliflora. Data are
reported as the mean £ S.D. Statistical differences from the controls were determined by
ANOVA followed Tukey’s Test. *P <0.05 for all groups as compared to negative control.
P <0.0001 for all groups as compared to negative control
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Table 2. Biological parametersin mice bearing Ehrlich solid tumor treated with different organic extracts of M. cauliflora.

TREATMENT GROUP

Parameters Nor mal Negative
Control Control 5-FU M CEE MCAE MCME

ALT 56.2 + 7.60 63.0+ 2.3 517.4 + 69.1%* 1T 56.6 + 17.8 46.6 + 10.7 51.0+ 13.2
AST 115.0+ 6.8 1158+ 186  601.0+ 64.9** 90.6 + 16.4 107.5 + 55.4 774+ 132
Urea 276+378  4655+568** 4867+ 5.07** 346+ 2.2 28.2+ 1.2 33.1+0.7'"
Creatinine 0.21+0.01 0.50 + 0.06** 0.65 + 0.09** 0.18+ 0.01" 0.15+ 0.01" 0.13+0.05'"
Glucose 116.1+ 104  81.3+2.04** 79.5 + 2.8** 88.3+ 5.7+* 117.40 + 6.2'" 119.40 + 19.6'
Total cholesterol ~ 120.6+ 9.1 1461+ 10.4* 1781+ 11.3**"  111.2+118"  1147+153' 102.1 + 15.4"
HDL-cholesterol 69.1+ 5.2 433+ 3.1** 42.1 + 8.2%* 54.6 + 2.9'" 60.5 + 3.1"" 51.4+ 4.9
Triglycerides 1187+59  2925+292**  209.4+251*"  3105+408*  111.8+27.6'" 227.7 + 30.5**
Total RBC 98.0+ 6.9 81.2 + 8.6* 71.2 + 8.6* 75.2+ 3.8 96.1+ 43" 84.0+ 5.6
Total WBC 1.31+0.05 1.25+ 0.09 0.35+ 0.06** ' 1.21+ 0.02 1.24 + 0.01 1.26 + 0.01

AST — aspartate aminotransferase; ALT — alanine aminotransferase; RBC — red blood cells (x10° cellsmL); WBC — white blood cells (x10*
cellsmL); *P <0.05, in relation to normal control group. **P <0.0001, in relation to normal control. 'P <0.05, in relation to negative control.
P <0.0001, in relation to negative control group.
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Crataeva tapia is a plant popularly used for diabetes treatment, in Brazil. Progressive decline in renal and hepatic functions has
been described in patients with diabetes mellitus, and mortality rate is increased in patients with chronic liver and renal disease.
This study aimed to evaluate whether Crataeva tapia bark lectin (CrataBL) improves hyperglycemia and renal and hepatic damage
in diabetic mice. CrataBL was purified by ion exchange chromatography on CM-cellulose, and intraperitoneal administration of
CrataBL to alloxan-induced diabetic mice at dose of 10 mg/Kg/day and 20 mg/Kg/day for 10 days significantly reduced serum glucose
levels by 14.9% and 55.9%, respectively. Serum urea, creatinine, aspartate aminotransferase, and alanine aminotransferase were also
significantly reduced after treatment with both doses of CrataBL. Furthermore, histological analysis of liver, kidney, and pancreas
revealed an improvement in the tissue morphology upon treatment with CrataBL. The results suggest that CrataBL has a beneficial
hypoglycemic activity and improves the renal and hepatic complications of diabetes. Therefore, this lectin may be a promising
agent for the treatment of diabetes, and this might be the basis for its use in the folk medicine as an alternative treatment to manage
diabetes-related complications such as hyperglycemia and tissue damage.

1. Introduction

Crataeva tapia (also known as Crateva tapia), a plant of Cap-
paridaceae family, is commonly found in Pluvial Tropical
Atlantic Forest and Pantanal Tropical Forest in Brazil [1]. C.
tapia is known by Northeast Brazilian people as “paudalho”
or “tapia” and its bark is largely used in the folk medicine
for the treatment of diabetes. Recently, a lectin with a
molecular weight of 40kDa (CrataBL) was purified from
the aqueous extract of Crataeva tapia bark [2]. Lectins are
carbohydrate binding proteins, of nonimmunogenic origin,

that bind specifically and reversibly to different types of
carbohydrates or glycoproteins and can be obtained from
several sources, mainly from vegetal [3]. Several plant lectins
have been demonstrated to possess a variety of biological
activities including antitumor [4-6], anti-inflammatory [7,
8], antimicrobial [9-11], analgesic [4], antioxidant [3] insecti-
cidal [2,12-14], anticoagulant [15], and hypoglycemic [16, 17].

Diabetes mellitus is a chronic disease considered to
be one of the five leading causes of death in the world,
and it is a complex metabolic disease with great devel-
opment of pathological changes in many tissues [18]. The



disease is characterized by alteration in the carbohydrate
metabolism resulting in an increase of the glucose levels [19].
Approximately 360 million of adult people have diabetes,
corresponding to 8.3% of the world with diabetes, and this
is projected to rise to 552 million by 2030, corresponding to
9.9% of the world population [20]. The hyperglycemia in dia-
betes produces superoxide anions, which generate hydroxyl
radicals, promoting cell membrane damages as a result of
lipid peroxidation and protein glycation of membrane [18].
In diabetic individuals the major alterations occur in renal
and hepatic tissue and have been associated with functional
and morphological damage in these organs [21, 22]. Among
the common complications of diabetes the nephropathy is
a chronic disease that affects 40% of individuals. Diabetic
nephropathy is responsible for 50% of chronic renal failure
cases [23]. Furthermore, hepatic dysfunction promoted by
diabetes can result in nonalcoholic steatosis, hepatomegaly
amongst others [24].

Studies have reported that the doubts about the efficacy
and safety of some of the oral hypoglycemic agents have
prompted a search for safer and more effective drugs in the
treatment of diabetes [25]. Thus, the aim of the present study
was to investigate whether CrataBL from C. tapia bark is a
metabolite with potential antihyperglycemic activity.

2. Material and Methods

2.1. Chemicals. Alloxan monohydrated and CM-cellulose
was purchased from Sigma-Aldrich Chemical Company, St.
Louis, MO, USA. Insulin (Humolin N) was purchased from
Lilly, Brazil. All the other chemicals used were in an analytical
grade.

2.2. Plant Material. C. tapia barks were collected from the
Recife City, PE, Northeast Brazil. The plant was identified
by Instituto Agronémico de Pernambuco (IPA) and a voucher
specimen was deposited (n° 61.415).

2.3. Purification of Crataeva Tapia Bark Lectin. C. tapia
bark lectin was obtained through a sequential purification
protocol as previously reported by Aratjo et al. [2]. Powdered
bark (10 g) was suspended in 0.15M NaCl (100 mL). After
homogenization in a magnetic stirrer (16 h at 4°C), followed
by filtration through gauze and centrifugation (4,000 xg,
15 min), the supernatant (crude extract) was taken as starting
material. Soluble proteins in crude extract were fraction-
ated with ammonium sulphate and the 30-60% precipitate
fraction (30-60 F) was submitted to dialysis (3,500 Da cut-
off membrane, 4°C) against distilled water (2h) followed by
10 mM citrate-phosphate buffer pH 5.5 (2h). The 30-60F
was applied (11mg of protein, hemagglutinating activity of
1024) into a CM-cellulose chromatography column (5.2 cm x
1.6 cm) equilibrated with 10 mM citrate-phosphate buftfer pH
5.5 at flow rate of 20 mLh™'. The unabsorbed proteins were
eluted with the buffer solution until the absorbance at 280 nm
was lower than 0.05; CrataBL was eluted with 0.5 M NaCl
Protein concentration was determined according to Lowry et
al. [26] using bovine serum albumin as standard.
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FIGURE 1: Fasting serum glucose levels in diabetic mice after treat-
ment with CrataBL. CG: control group; DNT: diabetic nontreated;
DT10: diabetic treated with CrataBL (10 mg/kg); DT20: diabetic
treated with CrataBL (20 mg/kg); DIT: diabetic treated with insulin
(10 mg/kg). *P < 0.05 versus CG; "P < 0.05 versus DNT; *P < 0.05
versus DIT.

2.4. Animals. Female albino Swiss mice (Mus musculus), six
weeks of age, weighing 30 + 5g, bred in the Biotherium of
Departamento de Antibidticos, UFPE, Brazil, were housed in
colony cages (six mice per cage) at room temperature of 22
+ 2°C, relative humidity 40-60%, and 12 h light and 12 h dark
cycle. The mice were fed standard rodent diet (Labina, Purina
Brazil Ltd., Brazil) and water ad libitum. The experimental
protocol was approved by the Animal Care and Use Commit-
tee at the Federal University of Pernambuco, Brazil (CEEA-
UFPE-Oficio n° 40/06). All experimental procedures were
conducted in accordance with the ethical guidelines for Care
and Use of Laboratory Animals.

2.5. Induction of Diabetes in Mice. Experimental diabetes
was induced in overnight-fasted mice by a single intraperi-
toneal injection of freshly prepared alloxan monohydrated
(80mg/kg in 0.9% NaCl solution). After alloxan adminis-
tration, all animals were relocated to their cages and given
free access to food and water. Diabetes was confirmed by
measuring the fasting blood glucose levels 72 h after alloxan
injection. The mice with serum glucose of >250 mg/dL were
considered diabetic and were included in the study.

2.6. Experimental Design. The mice were split into four
groups (n = 6, for group) as follows:

Group (I)—normoglicemic mice receiving saline
solution (0.9%), as control group;

Group (II)—diabetic control mice, named diabetic
nontreated;

Group (III)—diabetic mice treated with CrataBL
(10 mg/kg/day, intraperitoneally) in saline solution
(0.9%) for 10 days, named diabetic treated 10;

Group (IV)—diabetic mice treated with CrataBL
(20 mg/kg/day, intraperitoneally) in saline solution
(0.9%) for 10 days, named diabetic treated 20;
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FIGURE 2: Serum aspartate aminotransferase levels in diabetic mice
after treatment with CrataBL. CG: control group; DNT: diabetic
nontreated; DT10: diabetic treated with CrataBL (10 mg/kg); DT20:
diabetic treated with CrataBL (20 mg/kg); DIT: diabetic treated with
insulin (10 mg/kg). *P < 0.05 versus CG; P < 0.05 versus DNT.

Group (V)—diabetic mice treated with insulin
(10 mg/kg/day, intraperitoneally) for 10 days, named
diabetic insulin treated.

Before and at the end of the experimental period, overnight
fasting mice were anaesthetized with 2% xylazine hydrochlo-
ride (10 mg/kg) and 10% ketamine hydrochloride (115 mg/kg);
blood samples were withdrawn with a capillary from mice-
cavernous sinus for biochemical parameters determination
[27]. The mice were sacrificed by cervical dislocation. There-
after, pancreas, liver, and kidneys were excised and immedi-
ately fixed in 10% neutral buffered formalin for histological
analysis.

2.7. Effect of CrataBL on Biochemical Data. Mice blood
samples were centrifuged at 2,500 g for 15 min at 4°C (Sorvall
RC6, NC, US). Sera were obtained and the levels of the glu-
cose, urea, creatinine, aspartate aminotransferase (AST), and
alanine aminotransferase (ALT) were measured by enzymatic
colorimetric methods (Labtest Diagnostica, Brazil/SA) in a
chemistry autoanalyzer (COBAS 6000, Roche Diagnostics,
England).

2.8. Histological Analysis of Pancreas, Kidneys, and Liver.
Pancreas, kidney, and liver from all groups were subjected
to standard routine tissue processing technique: dehydrated
in gradual ethanol (50-100%), cleared in xylene, and embed-
ded in paraffin. Sections of 5um thickness were cut from
each block and stained with haematoxylin-eosin for histo-
logical examination. Prepared slides were studied by light
microscopy and all sections were evaluated for the tissue
injury.

2.9. Statistical Analysis. Values were expressed as the mean +
SD. Multiple comparisons were analyzed by one-way ANOVA
followed by Tukey’s post hoc test. For all analysis the 0.05 level
of probability was used as the criterion of significance. The
analyses were carried out using software PRISMA (GraphPad
Software, Inc., San Diego, CA, version 5.01).

TABLE 1: Serum urea and creatinine levels in diabetic mice after
treatment with CrataBL.

Groups Urea Creatinine
CG 343+6.8 0.30 £ 0.01
DNT 58.9 +5.8" 0.39 + 0.04"
DTI10 46.7 £ 6.6"" 0.33 +0.05
DT20 440 £2.9%" 0.32 +0.04
DIT 431+26" 0.32 +0.02"

CG: control group; DNT: diabetic nontreated; DT10: diabetic treated with
CrataBL (10 mg/kg); DT20: diabetic treated with CrataBL (20 mg/kg); DIT:
diabetic treated with insulin (10 mg/kg). *P < 0.05 versus CG; 'P < 0.05
versus DNT.

3. Results and Discussion

3.1. Effect of CrataBL on Fasting Glucose. Diabetes is a
complex metabolic disorder with a characteristic modulation
of glucose metabolism. Chronic hyperglycemia promotes
tissue damage which can be found in many organs and
systems, with consequent often serious disease [28]. Alloxan,
a prominent diabetogenic chemical with ability to generate
reactive oxygen species formation that induce death of 3 cell
of the pancreas by necrosis [29], is considered a good model
for reproducible induction of the metabolic state of this
disease in experimental animals [30-33]. Thus, in this study
the mice subjected to alloxan injection showed symptoms
of severe diabetes such as hyperglycemia. Insulin treatment,
as a positive control, validates our model by showing the
improvement in diabetes.

In a previous study, the acute toxicity of CrataBL
was determined in mice; at the doses from 300 mg/kg to
2,000 mg/kg, mice did not present weight loss or death, and
LD, of CrataBL was 2,500 mg/kg [4]. Therefore, CrataBL
concentrations used in the present study are considered safe,
without problem of toxicity, and indicate that the lectin is a
potential pharmaceutical substance.

As demonstrated in Figure 1, CrataBL proved to be an
effective hypoglycemic agent after 10 days of treatment and
showed significant antihyperglycemic activity in a dose-
dependent manner, in alloxan-induced diabetic mice, and at
the dose of 20 mg/kg/day it exhibited better glucose reduction
(56%) than 10 mg/kg/day (15%), and it was similar to that
found by the treatment with the standard drug, insulin
(64%), without no significant difference (P > 0.05). Studies
with soya bean lectin reported a decrease of 17.3% in blood
glucose, and it was suggested that this effect is due to an
increase in pancreatic growth stimulated by the lectin [34].
Wang et al. [35] demonstrated that Agaricus bisporus lectin
administration could partially reverse the impaired f-cell
growth potential by regulating cell cycle proteins (cyclin D1,
cyclin D2, and Cdk4). So, induction of pancreatic -cell
proliferation by lectins suggests the therapeutic potential in
decreasing blood glucose and treating experimental diabetes
mellitus [34, 35].

Medicinal plants are gaining wide acceptably worldwide
because they are the potential sources of bioactive agents in
use as pharmaceutics. In a fast changing world, a number of
procedures to evaluate hypoglycemia as well as the kidney
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FIGURE 3: Serum alanine aminotransferase levels in diabetic mice after treatment with CrataBL. CG: control group; DNT: diabetic nontreated;
DT10: diabetic treated with CrataBL (10 mg/kg); DT20: diabetic treated with CrataBL (20 mg/kg); DIT: diabetic treated with insulin

(10 mg/kg). *P < 0.05 versus CG; "P < 0.05 versus DNT.

FIGURE 4: Histopathological changes in pancreatic tissue. (a) Control group—preserved pancreatic islet of Langerhans (curved arrow) and
preserved pancreatic acinar cells (straight arrows); (b) diabetic nontreated—atrophic pancreatic islet of Langerhans with few cells (curved
arrow) and the presence of some vacuoles in the pancreatic acinar cells (straight arrows); (c) diabetic treated with CrataBL (10 mg/kg)—
pancreatic islet of Langerhans (curved arrow) and preserved pancreatic acinar cells (straight arrows); (d) diabetic treated with CrataBL
(20 mg/kg)—preserved pancreatic islet of Langerhans (curved arrow) and preserved pancreatic acinar cells (straight arrows) and blood vessel

(bd). Haematoxylin-eosin: 400x.

and liver damage have been used to investigate the effectivity
of new natural agents which are explored by experts and
clinicians [36-39].

3.2. Effects of CrataBL on Markers of Kidney Damage. As
shown in Table1, levels of urea and creatinine known as
kidney function markers were significantly increased in sera

of alloxan-induced diabetic mice, in comparison with normal
mice. After 10 days of treatment with CrataBL, the levels of
urea and creatinine significantly decreased. The diabetic mice
treated with CrataBL at doses of 10 and 20 mg/kg reduced
serum levels of urea by 20.7% and 25.3%, respectively, and the
same doses decreased creatinine concentration by 15.4% and
17.9%, respectively. Insulin, the positive control for treatment,
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FIGURE 5: Histopathological changes in hepatic tissue. (a) Control group—centrilobular vein (V), preserved hepatocytes (white arrows),
and sinusoidal capillaries (thin arrows); (b) diabetic nontreated—centrilobular vein with many red blood cells (V), intense mitotic activity in
hepatocytes (arrowheads), and the presence of sinusoidal capillaries (thin arrows); (c) diabetic treated with CrataBL (10 mg/kg)—centrilobular
vein (V) and considerable mitotic activity in hepatocytes (arrowheads); (d) diabetic treated with CrataBL (20 mg/kg)—centrilobular vein (V)

and preserved hepatocytes (arrowheads). Haematoxylin-eosin: 400x.

decreased these markers of renal damage by 26.8% and 17.9%.
Our results are in agreement with recent reports by Kumar
et al. [39], Omara et al. [40], and Yankuzo et al. [41] who
demonstrated that renal damage can be ameliorated when
the levels of serum urea and creatinine are decreased by
treatment with extracts of medicinal plants.

Kidney damage is usually associated with diabetes. In the
initial course of disease the presence of hypertrophy of the
glomeruli and tubular cells, matrix expansion, and enhanced
renal blood flow is common, and these alterations have been
postulated to cause loss of renal function [40, 41]. High levels
of urea and creatinine are usually reported as one of the
most sensitive markers of kidney damage, and it is reported
that renal hypertrophy in diabetic animals is caused by an
increased formation of advanced glycation end products and
accumulation of glycogen granules in distal tubules [42, 43].

Thus, our results clearly indicate that CrataBL possesses
an effective potential to improve kidney damage induced by
alloxan-diabetes.

3.3. Effects of CrataBL on Markers of Liver Damage. As
compared to the control groups, the activities of the markers
of liver damage serum AST and ALT were significantly
(P < 0.05) reduced in alloxan-induced diabetic mice after
treatment with 10 or 20 mg/kg of CrataBL; the activity of AST
was reduced by 66.2% and 67.9%, respectively (Figure 2) and

ALT activity was decreased by 28.9% and 36.6%, respectively
(Figure 3). These percentages of reduction were similar to
those observed with insulin treatment. Therefore, adminis-
tration of CrataBL for 10 days reversed the elevated levels of
liver marker enzymes, which reflects the capability to con-
serve the membrane integrity of cellular and mitochondrial
membranes of hepatocyte in alloxan-diabetic mice treated
with this lectin.

Our results are in agreement with those of Mansour et
al. [25] who reported that hepatic damage can be improved
by decreasing the levels of serum AST and ALT in alloxan-
induced diabetic rats subjected to treatment with herbal
bioactive agents. It is well known that liver is the focal organ
of oxidative and detoxifying processes [22]. Liver diseases
are a high problem of health worldwide and the release of
intracellular localized marker enzymes such as AST and ALT
into the blood when cell and mitochondria are subjected to
injury indicates hepatocytes damage [44, 45]. Furthermore,
the elevated serum levels of AST and ALT in nontreated
diabetic mice (Figures 2 and 3) indicate that alloxan caused
liver damage and loss of the functional integrity of the
hepatocyte membranes, as also evidenced in a study reported
by Rajesh and Latha [45] about hepatotoxicity of polyherbal
formulation.

As indicated by serum levels of AST and ALT CrataBL is
able to improve liver damage.
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FIGURE 6: Histopathological changes in renal tissue of the normal and diabetic mice. (a) Control group—renal glomeruli (G) with preserved
subcapsular spaces (left) and collecting tubules (stars) without changes in the medullary region (right); (b) diabetic nontreated—retracted
glomerular tufts (G) with increased subcapsular space and evident thickening of parietal layer of Bowman’s capsule due to have been entirely
replaced by the cuboidal cells (left) and preserved collecting tubules (stars) (right). Haematoxylin-eosin: 400x.

3.4. Effects of CrataBL on the Histopathological Changes of the
Pancreas, Liver, and Kidneys. The structure of the pancreas
of the control and diabetic mice are shown in Figure 4.
Pancreas of control group showed normal pancreatic islet
of Langerhans and acinar cells (Figure 4(a)). By contrast, in
alloxan-induced diabetic mice the acinar cells were altered
with presence of vacuoles; furthermore deterioration of
pancreatic islets was also observed (Figure 4(b)). CrataBL
(10 mg/kg) treatment increased the number of pancreatic
islets as compared to that of diabetic nontreated animals
(Figure 4(c)). Interestingly, pancreatic section of diabetic
mice treated with CrataBL (20 mg/kg) showed pancreatic islet
similar to that of the control group (Figure 4(d)).

The histopathological analysis of pancreas isolated
from mice administrated with alloxan alone revealed
tissue damage with deterioration of pancreatic islets. In
this connection, it may be observed that several authors
reported such changes in pancreas tissues of mice exposed
to prominent diabetogenic alloxan for its ability to induce
reactive oxygen species (ROS) formation, resulting in the
selective necrosis of beta cells in pancreatic islets [29, 39,
46, 47]. However, the diabetic animals treated with lectin
from C. tapia bark showed normal architecture of pancreatic
tissue, suggesting the regeneration of pancreatic islet by
CrataBL administrations. The ability of lectins to stimulate
pancreatic growth has been reported [48]. The regenerative

action of CrataBL corroborates with Agaricus bisporus lectins
(ABL). The ABL administration could partially reverse the
impaired f3-cell growth potential by induction of pancreatic
islet proliferation [35]. Thus, the antidiabetic effect observed
by CrataBL administration suggests the therapeutic potential
in preventing and/or treating diabetes.

Figure 5 shows the photomicrographs of hepatic tis-
sues of control group and diabetic experimental groups.
The section of liver tissue of control mice demonstrates
preserved hepatocytes, centrilobular vein, and sinusoidal
capillaries (Figure 5(a)). In the alloxan-induced diabetic
mice the histopathological analysis of hepatic tissue shows
intense mitotic activity in hepatocytes (Figure 5(b)). CrataBL
(10 mg/kg) treatment exhibited considerable mitotic activity
in hepatocytes (Figure 5(c)). Similar to the control group,
diabetic mice treated with CrataBL (20 mg/kg) also revealed
an equivalent architecture of hepatic tissue (Figure 5(d)).

The photomicrographs of renal tissues are represented in
Figures 6 and 7. Figures 6(a) and 6(b) represent the renal tis-
sues of control group and diabetic nontreated group, respec-
tively. Kidneys of control group show normal architecture of
tissue with preserved subcapsular spaces in glomeruli and
collecting tubules without change in the medullary region.
Differently, the renal tissue of alloxan-induced diabetic mice
shows retracted glomerular tufts with increased subcapsular
space and evident thickening of Bowman’s membrane due
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FIGURE 7: Histopathological changes in renal tissue of the diabetic mice treated with CrataBL. (a) Diabetic treated with CrataBL (10 mg/kg)—
renal glomeruli (G) with irregular subcapsular spaces and some distinctly collapsed (left) and collecting tubules with slight swelling of the
tubular epithelium (stars) (right); (b) diabetic treated with CrataBL (20 mg/kg)—preserved renal glomeruli (G) (left) and presence in the
medullary region of collecting tubules (stars) with evident swelling of the tubular epithelium and hyaline casts (hc) (right). Haematoxylin-

eosin: 400x.

to the cuboid appearance of epithelial cells. In kidneys of
alloxan-induced mice treated with CrataBL (10 mg/kg) renal
glomeruli were evident with irregular subcapsular spaces and
some distinctly collapsed (Figure 7(a)). However, renal sec-
tions of diabetic mice treated with CrataBL (20 mg/kg) show
preserved renal glomeruli and presence in the medullary
region of collecting tubules with evident swelling of the
tubular epithelium and hyaline casts presence (Figure 7(b)).

The elevated levels of glucose contribute to the generation
of ROS in the diabetes, which promotes to the increase
of oxidative stress in various organs and tissues [49, 50].
In addition, the hyperglycemia provokes hepatic and renal
damage and consequently has been associated with histo-
logical and functional alterations and liver and kidneys [51,
52]. In fact, these organs are the focal of important organic
functions and damage promoted by diabetes can result in
severe complications with nephropathy and nonalcoholic
steatosis [23, 24]. The current study demonstrated that
CrataBL treatment improves the hepatic and renal histologic
damage induced by diabetes. These findings correlated with
improved biochemical markers of liver and renal functions
by CrataBL. Taken together, these results may contribute to
a better understanding of the regenerative effect of CrataBL
in pancreas and protective in liver and kidneys, emphasizing
the utilization of this lectin in the treatment of complications
associated with diabetes mellitus.

4. Conclusion

Our results indicate that CrataBL is a good agent in control-
ling diabetes induced by alloxan and improves the damage
on kidneys and liver tissues. The findings of this study also
indicate that the active principle present in C. tapia is Crat-
aBL, which is a lectin responsible for the antihyperglycemic
activity found in this study and that could explain the basis
for its use in the folk medicine as an alternative treatment
for diabetes. Therefore, we conclude that CrataBL serves
as an excellent candidate for an alternative therapy in the
treatment of diabetes mellitus since it revealed an antidiabetic
activity and other beneficial effects that ameliorate diabetes
and associated complications.
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INTRODUCTION

A characteristic feature of Staphylococcus aureus is its ability to acquire resistance to
antimicrobial agents. There is a need, therefore, for new approaches to combat this
pathogen; for example, employing a combination of plant-derived products and antibiotics
to overcome bacterial resistance. Indigofera suffruticosa is a plant popularly used to treat
infections and has verified antimicrobial action. Here, we investigate the antimicrobial
activity of different extracts from /. suffruticosa against S. aureus and their synergistic
effects with erythromycin. Leaves of I. suffruticosa were extracted sequentially using
diethyl ether, chloroform and acetone and the antimicrobial activity of each extract then
tested against nine clinical isolates of S. aureus. Minimal inhibitory concentration (MIC)
and minimal bactericidal concentration (MBC) were determined by microdilution tests,
while the fractional inhibitory concentration (FIC) was assessed by checkerboard assay.
All organic solvent extracts showed antimicrobial activity against S. aureus strains. The
acetone extract was the most potent inhibitor of S. aureus (MIC and MBC of 0.78 and
3.12 mg/mL), followed by the chloroform extract (MIC and MBC of 3.12 and 6.25 mg/mL).
Furthermore, acetone or chloroform extracts of [. suffruticosa enhanced the activity of
erythromycin against S. aureus (FIC < 0.5). We conclude that organic extracts from leaves
of I. suffruticosa, alone or combined with erythromycin, are promising natural products for
the development of new anti-S. aureus formulations.

Keywords: plant extracts, antibacterial agents, macrolide antibiotic, S. aureus

extracts, which have considerable antimicrobial potential (Leite

Patients in hospital intensive care units are at risk of acquiring
nosocomial infections due to the use of invasive devices and/
or extended hospital stay (Streit et al., 2004). Long-term hos-
pitalization may further complicate patient health by exposure
to various antimicrobial agents. Additionally, the indiscriminate
use of antibiotics in treating infections promotes bacterial evo-
lution and emergence of resistance strains (Palmer and Kishony,
2013; Tavares et al., 2013). Staphylococcus aureus is an important
pathogen associated with nosocomial human infections, and this
microorganism has successfully evolved numerous strategies to
resist different antibiotics (Coutinho et al., 2009; Chung et al.,
2011). Such increases in antibiotic resistant S. aureus strains drives
research discovery of new antimicrobial agents and the devel-
opment of alternative therapeutic strategies. These include plant

et al., 2006; da Silva et al., 2013; Zakavi et al., 2013).

Medicinal plants are important health and economic com-
ponents used by many cultures for thousands of years (Agra
et al., 2008; Silva et al., 2012). According to the World Health
Organization approximately 80% of the global population uses
medicinal plants or herbal medicine for primary health care
(Pereira et al., 2012). Brazil has the highest plant diversity of
any country and represents 20% of biodiversity in the world.
Indigofera suffruticosa Mill (Fabaceae, Papilionidae) is a plant
originally from Antilles and Central America, popularly known
as “anileira” or “anil,” and was introduced into Brazil for the
extraction of indigo, a blue dye blue (Indigo Blue) widely used
by the textile industry. Although some toxic effects are reported
for this plant, such as hemolytic anemia and hemoglobinuria in
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Table 1 | Pharmacological potential of Indigofera suffruticosa.

Scientific account

Related compounds

Gastroprotective agent acute ulcer stimulating prostaglandin, mucus and
HSP70. (Luiz-Ferreira et al., 2011)

Ethyl acetate fraction from methanolic extract showed the best action and
the authors highlighted the role of role of flavonoids and alkaloids presents
in AcF as active compounds

In vivo action against Pediculosis capitis (Garcia Calixto et al., 2011)

An effective treatment using 5% /. suffruticosa Mill tincture was reported
in a patient infested with Pediculosis capitis

Immunostimulatory and antitumoral actvities in vitro (Lopes et al., 2011)

This study evaluated the action of both alkaloid fraction and pure indigo.
Indigo showed high activity which suggest that it is the major active
principle in /. suffruticosa

Antimycobacterial (Carli et al., 2010)

These authors did not isolate or detected any compounds. The methanolic
extract showed better activity than dichloromethane

Anticonvulsant effect (Almeida et al., 2013)

Alkaloids, flavonoids, steroids, proteins, carbohydrates, indigo carmine and
essential oils (Linalool and Pinene) were detected in the methanolic extract

Anti-inflammatory property in vivo (Chen et al., 2013a)

Eight phenolic compounds were quantified: salicylic acid, syringic acid
(major compounds) p-coumaric acid, vanillin, syringaldehyde, quercetin,
isoliquiritigenin, formononetin. Salicylic acid was found in the plasma of
mice fed with /. suffruticosa extracts

In vivo increase of Phase Il detoxification enzyme and glutathione levels
(Chen et al., 2013b)

The authors reported the same compounds quantified by Chen et al.
(2013a). Ethanolic extracts showed the best action on the induction of
phase Il detoxification enzyme, and syringic acid was the most active
among phenolic compounds detected, however, it was less potent than
ethanolic extracts

cattle and guinea pig (Salvador et al., 2011), it has been used in
traditional medicine both externally and internally (Barros and
Teixeira, 2008). Moreover, pharmacological effects of I. suffruti-
cosa have been confirmed scientifically, such as anti-inflammatory
(Chen et al., 2013a), anticonvulant (Almeida et al., 2013) and
wound healing (Luiz-Ferreira et al., 2011) (Table 1). Previous
work by our group has shown that aqueous infusions of I. suf-
fruticosa leaves have inhibitory activity against S. aureus and
dermatophyte strains (fungi) (Leite et al., 2006), though their
action against clinical isolates and synergic potential have yet to be
studied.

Synergistic assessments have become a key tool in phy-
tomedicine research in recent years, and uses of antibiotics
in combination with herbal products have been investigated
as antimicrobials for S. aureus resistant strains (Wagner and
Ulrich-Merzenich, 2009). Some studies have used erythromycin,
a 14-membered ring macrolide antibiotic and therefore part of
the Macrolide-Lincosamide-Streptogramin-B (MLSB) family, as
a representative drug to evaluate combinatory effects of plant-
derived products (Chan et al., 2013, 2015). Antibiotics from the
MLSB family serve as an important combatant against S. aureus
methicillin resistant (MRSA) strains, which are a major cause of
disease in the general population and hospital-acquired infec-
tions (Pantosti, 2012). MLSB comprises three unrelated groups
(macrolide, lincosamide and streptogramin-B) that share the
same binding site in bacterial ribosome. It is possible, therefore,
that a synergistic effect for one group might predict a similar
action from the other groups.

Given this background, our study aimed to define the antimi-
crobial activities of different organic extracts from I suffruticosa
leaves against S. aureus strains (MRSA and MSSA), and then to
examine synergistic actions with erythromycin.

MATERIALS AND METHODS

CHEMICALS

Dimethylsulfoxide (DMSO), erythromycin and 7-hydroxy-
3H-phenoxazin-3-one-10-oxide sodium salt (Resazurin) was
purchased from Sigma-Aldrich Chemical Company, St. Louis,
MO, while Mueller-Hinton Agar and Nutrient Agar medium
were from HIMEDIA Laboratories®. Diethylether, chloro-
form and acetone were obtained from Merck, Darmstadt,
Germany.

PLANT MATERIAL AND PREPARATION OF ORGANIC EXTRACTS
Leaves of I suffruticosa were collected in Sdo Caetano,
Pernambuco, Brazil (latitude: 08° 19" 33" S; longitude: 36° 04
21”7 W) between 10 and 11 a.m. The plant was identified by
Dr. Marlene Carvalho Alencar Barbosa (Department of Botany,
UFPE) and a voucher specimen deposited at the UFP Geraldo
Mariz Herbarium-UFPE (identification number 45.217).
Organic extracts were prepared by successively extracting dried
leaves of I suffruticosa (100g) with 200 mL of diethyl ether,
chloroform or acetone, common solvents arranged in order of
increasing polarity. Briefly, the leaf powder was homogenized
firstly with 200 mL of diethyl ether for 2h in a mechanical stir-
rer, kept refrigerated overnight (4°C) and filtered with Whatman
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no.1 paper. The solvent was then removed under reduced pressure
in a rotary evaporator at 45°C to produce diethyl ether extract.
The plant material which was not extracted by diethyl ether was
then homogenized with 200 mL chloroform and all extraction
process was repeated generating the chloroform extract. Finally,
the remaining powder was submitted to acetone extraction to
produce acetone extract. All dried organic extracts of I suffru-
ticosa were stored at —20°C until use and dissolved in dimethyl
sulfoxide (DMSQ, 1%) before each test.

PHYTOCHEMICAL SCREENING

An approximate amount of diethyl ether, chloroform and ace-
tone extracts from I suffruticosa leaves were subjected to phy-
tochemical analysis to ascertain the presence of secondary
metabolites such as alkaloids, flavonoids, phenylpropanoids,
triterpenoids and volatile oil in according to Wagner and
Bladt (2009). Briefly, compounds classes were visualized as
aid thin layer chromatography (TLC) on silicagel 60 F254
(Merck), mobile phase standard and Dragendorff, NEU-PEG,
KOH-Ethanol, Liebermann-Burchard and vanillin-sulfuric acid
reagents, respectively. Tests for tannins, saponins and other het-
erosides were not performed due to the low polarity of the
extracts.

ANTIMICROBIAL ASSAYS

Staphylococcus aureus strains

The antimicrobial activity was tested against the following
microorganisms provided by the Departamento de Antibidticos,
Universidade Federal de Pernambuco (UFPEDA): Staphylococcus
aureus (UFPEDA 02), and some isolated strains of S. aureus orig-
inally obtained from: vaginal secretion (UFPEDA 660); catheter
tip (UFPEDA 663); urine sample (UFPEDA 670); blood sam-
ple (UFPEDA 672); prostate secretion (UFPEDA 676); wound
secretion (UFPEDA 677 and 679); ocular secretion (UFPEDA
687). Strains UFPEDA 670 and 672 are classified as MRSA strains
(Table 2). All strains were and maintained in Mueller-Hinton
Agar (MHA) and stored at 4°C.

Table 2 | Susceptibility to antibiotics of Staphylococcus aureus
strains?.

UFPEDA Source Susceptibility to antibiotics

Oxacillin Cefoxitin Erythromycin Clindamycin

02 ATCC 6538 S S S S
660 Vaginal secretion S S S S
663 Catheter tip S S S S
670° Urine sample R R R R
6720 Blood sample R R R R
676 Prostate secretion S S S S
677 Wound secretion S R R S
679 Wound secretion S S R S

S S S S

687 Ocular secretion

R, resistant; S, sensitive. 2 Data provided by UFPEDA Collection. ® MRSA.

Determination of antibacterial activity using the disc diffusion
method

The antibacterial activity of the organic extracts of I suffruticosa
leaves was determined by the disc diffusion method (de Oliveira
et al., 2012). Briefly, all clinically isolated S. aureus strains were
grown on MHA medium at 37°C for 18 h, suspended in distilled
water (approximately 1.5 x 108 CFU/mL) and 100 pL aliquots of
bacterial suspension were immediately inoculated in Petri dishes
containing MHA medium. Sterile paper discs (6 mm diameter)
containing 20 L organic extracts of I suffruticosa (100 mg/mL)
were applied to the agar and the Petri dishes incubated at 37°C
for an additional 18 h. Following incubation, the diameter of the
inhibition zone (DIZ) of growth was measured, using DMSO as
negative control.

Effects of temperature and pH on antimicrobial activity

The antimicrobial activity of each I suffruticosa extract against
S. aureus UFPEDA 02 was determined. Samples were placed in
sterile tubes and kept for 30 min at different temperatures (28,
30, 60, and 100°C), or were stored at a different pH for 30 min at
25°C, using 1M NaOH or 1M HCl to adjust the pH range between
3 and 10. The antibacterial activity of treated extracts was tested
using the disc diffusion method, as described above.

Determination of minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC)

The minimal inhibitory concentration (MIC) was determined
by a microdilution broth susceptibility assay (Clinical and
Laboratory Standards Institute, 2011). Two-fold serial dilutions of
the organic extracts of I suffruticosa containing 50—0.20 mg/mL
in DMSO were prepared in Mueller-Hinton Broth (MHB;
200 kL) in a 96-well microtiter plate. Bacterial suspensions were
prepared from each S. aureus strains freshly grown in Mueller-
Hinton broth (Merck) (approximately 1.5 x 108 CFU/mL,) and
10 L of this suspension was added to each well. After incubation
at 37°C for 24 h, bacterial growth was recorded using a Resazurin
solution (0.01%). MIC was the lowest concentration at which no
color change (from purple to pink) was observed. Afterwards,
cultures were seeded in MHA medium and incubated for 24 h
at 37°C to determine the minimum bactericidal concentration
(MBC), which corresponds to the lowest amount of extract that
kills S. aureus. All experiments were performed in triplicate.

Evaluation of combinatory effects of extracts and erythromycin
Combinatory effects between organic extracts of L. suffruticosa
and erythromycin were assessed using the checkerboard test
against the strain UFPEDA 02. Briefly, samples with different
proportions of plant extract:drug (final volume: 20 wL) were
prepared from stock solutions of each extract (50 mg/mL) and
erythromycin (1 mg/mL) and antibacterial activity was tested
as described for MIC determination (da Silva et al., 2013).
The Fractional Inhibitory Concentration (XFIC) was calculated
according to the equation:

YFIC = (MICE + D/MICE) + (MICD + E/MICD)
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MICE+D: minimal inhibitory concentration of extract in com-
bination with erythromycin; MICD+E: minimal inhibitory con-
centration of erythromycin in combination with extract. Results
were considered: synergistic (XFIC < 0.5); additive (0.5 <
YFIC < 1); non-interactive (1 < XFIC < 4); or antagonist
(XFIC > 4) (Vuuren and Viljoen, 2011).

STATISTICAL ANALYSIS

Each experiment was performed in triplicate and results are
expressed as the mean = standard deviation (SD). Statistical anal-
yses were performed by ANOVA and unpaired Student’s ¢-test.
All analyses were carried out using software StatView, version 4.5,
Abacus Concept, Inc, Berkeley, CA. Differences were considered
significant at p < 0.05. The correlation indices were calculated
using the Pearson coefficient (p).

RESULTS

PHYTOCHEMICAL ANALYSIS

TLC analysis revealed the presence of flavonoids, phenyl-
propanoids, triterpenoids and volatile oils in all three extracts.

Table 3 | Phytochemical analysis of organic extract from leaves of
Indigofera suffruticosa.

Compounds class Indigofera suffruticosa extracts

Ether Chloroform Acetone
Alkaloids - + -
Flavonoids + + 4+
Phenylpropanoids ++ + +
Triterpenoids + + +
Volatile oils + ++ +

(-) absent, (+) weak, (++) strong.

Table 4 | Antimicrobial activity of organic extracts from leaves of
Indigofera suffruticosa against Staphylococcus aureus strains.

S. aureus strains Organic extracts of leaves of

Indigofera suffruticosa DIZ

Ether Chloroform Acetone
02 34.7 £0.62" 36.0+0.02" 35.7+1.127
660 29.0+£1.75" 28.0+2.00 28.0+2.007
663 28.7 £0.65" 27.7£0.65" 26.7 +0.6°7
670 32741181 27.7+2.502 30.7£0.652
672 32.641.12" 32.340.6%" 31.0+3.007
676 27.3+0.6°" 25.3+0.6°" 26.3+0.6°"
677 30.04 1.0°1 29.0+1.70 29.7 +0.621
679 29.0+1.00" 26.3+2.30" 25.7 +2.101
687 26.7 £2.30" 26.0+2.65 25.3+2.1b1
Average DIZ 30.08+£2.7 28.7+3.4 28.78+£3.4

DIZ values are expressed in mm.

*Same superscript letter (b-¢) indicates no significant difference (p > 0.05)
between DIZ values from different strains for each solvent (same column).
**Same superscript number () indicates no significant difference (p > 0.05)
between DIZ values from different solvents against each strain (same row).

In most of the tests performed, only quantitative differences
were found. Thus, flavonoids, phenylpropanoids and volatile
oils predominated in acetone, ether and chloroform extracts,
respectively. Alkaloids or nitrogen-containing compounds were
detected only in the chloroform extract of I suffruticosa (Table 3).

ANTIBACTERIAL ACTIVITY OF ORGANIC EXTRACTS FROM LEAVES OF

1. SUFFRUTICOSA

All organic extracts of leaves of I suffruticosa showed antimi-
crobial activity against different S. aureus strains. However, the
inhibition varied according to the extract and test strain with
DIZ values ranging from 25.3 & 2.1 to 36.0 = 1.0 mm (Table 4).
All extracts were active against both MRSA strains (UFPEDA
670 and UFPEDA 672) with DIZ values >30.0 mm, except for
the chloroform extract which gave a DIZ of 27.7 £ 2.5mm for
strain UFPEDA 670. Diethyl ether extracts showed the best inhibi-
tion (30.08 &+ 2.69 mm), followed by acetone (28.79 £ 3.35 mm)
and chloroform (28.7 £ 3.42 mm), however no significant dif-
ferences were observed between these average DIZ values (p >
0.05). Furthermore, strong correlations were found between the
DIZ of all extracts with p-values of 0.86, 0.94, and 0.92 for
ethyl/chloroform, and chloroform/acetone ethyl/acetone extracts,
respectively. The antimicrobial activity of the extracts was not
affected (p > 0.05) after high temperature treatment (Figure 1A)
or variation of pH (Figure 1B), except for the ether extract which
was notably more active at pH 8 (p > 0.05).

A 40 @ Ether
48 Chloroform
2o * - 0 3 T O Acetone
£ ¥ & 4
E
N
a 301 i”"\.____i
5 T3
20 T T T T
28 30 60 100
Temperature (°C)
B
401 @ Ether
= 48 Chloroform
T 351 -4 Acetone
E
N
o 304
254
20 L) Ll T d } 35 T
30 50 7.0 80 90 10.0
pH
FIGURE 1 | Stability of organic extracts of leaves of Indigofera
suffruticosa. (A) Effect of temperature on the stability of organic extracts
of /. suffruticosa. (B) Effect of pH on the stability of organic extracts of /.
suffruticosa. DIZ—inhibition zone diameter. *Significant differences in
relation to control.
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Table 5 | Minimum inhibitory concentration and minimum bactericidal concentration of organic extracts from leaves of Indigofera suffruticosa

against Staphylococcus aureus strains.

S. aureus strains

Organic extracts from leaves of Indigofera suffruticosa

Ether Chloroform Acetone
MiC MBC MBC/MIC MIC MBC MBC/MIC MiC MBC MBC/MIC

02 3.12 12.5 4 3.12 12.5 4 1.56 3.12 2
660 6.25 12.5 2 6.25 25.0 4 1.56 6.25 4
663 6.25 25.0 4 6.25 25.0 4 3.12 12.5 4
670 6.25 25.0 4 6.25 25.0 4 1.56 12.5 8
672 6.25 12.5 2 6.25 12.5 2 3.12 6.25 2
676 6.25 12.5 2 3.12 12.5 4 3.12 3.12 1
677 6.25 25.0 4 3.12 6.25 2 3.12 6.25 2
679 6.25 12.5 2 3.12 6.25 2 1.56 6.25 4
687 6.25 12.5 2 6.25 12.5 2 0.78 12.5 16
MiICsg 6.25 6.25 1.56
MBCso 12.5 12.5 6.25
Average MIC 59+ 1.0 4.85+ 1.6 216 £0.9
Average MBC 16.67 £ 6.2 15.27 £ 77 763 £ 3.8

MIC, minimal inhibitory concentration;, MBC, minimal bactericidal concentration.

MICsp, concentration able to inhibit 50% of strains; MBCsp, concentration able to kill 50% of strains.

MIC, MICs9, MBC and MBCsp are expressed in mg/mL.

The MIC and MBC values ranged from 0.78 to 6.25 mg/mL
and 3.12 to 25.0 mg/mL, respectively, with the acetone extract
having the lowest values (Table 5). The MICsy (minimum con-
centration able to inhibit 50% of strains) was 1.56 mg/mL for the
acetone extract, and 6.25 mg/ml for both ether and chloroform
extracts. Similarly, the MBCsp (minimum concentration able to
kill 50% of strains), for the acetone extract was 6.25 mg/mL,
but 12.5 mg/mL for ether and chloroform extracts. Additionally,
the average MIC and MBC of acetone extract (2.16 %+ 0.9
and 7.63 + 3.8, respectively) were lower (p > 0.05) than other
extracts (4.85 + 1.6 and 15.27 £ 7.7 for ether extract; and
5.9 &+ 1.0 mg/mL and 16.67 &+ 6.2 mg/mL for chloroform). The
three extracts also differed in their MBC/MIC ratio (Pankey and
Sabath, 2004); although ether and chloroform extracts showed
exclusively bactericidal effects (MBC/MIC ratios ranged from 2
to 4), the acetone extract had both bactericidal and bacteriostatic
actions, however this extract was a bactericidal agent for almost
all S. aureus strains tested (77.78%).

COMBINATORY EFFECTS OF ORGANIC EXTRACTS OF /. SUFFRUTICOSA
AND ERYTHROMYCIN

When the antimicrobial actions of erythromycin and I suf-
fruticosa organic extracts were tested in combination, additive,
synergistic and non-interactive actions were observed (Table 6);
importantly, no antagonistic effects were noted. Acetone extract
and erythromycin showed synergistic effects (in five ratios
(55.56%; XFIC values ranged from 0.3 to 0.5), additive effects
(0.6 < TFIC < 0.8) in three and a non-interactive effect in
only one (ratio of 1:9, drug:extract; XFIC = 1.7). For the chlo-
roform extract and erythromycin combinations both synergistic
(0.2 < ¥FIC < 0.4) and additive (0.7 < XFIC < 0.9) effects
were equally found in four ratios and only one ratio gave a

Table 6 | Combinatory effects of organic extracts from leaves of
Indigofera suffruticosa and erythromycin against S. aureus
UFPEDA 02.

Erythromycin/ Organic extracts from Indigofera

Extracts proportion suffruticosa leaves (XFIC)

Ether Chloroform Acetone
91 0.9 0.9 0.4
8:2 0.9 0.4 0.4
7:3 0.7 0.7 0.3
6:4 0.6 0.3 0.6
5:5 0.6 0.2 0.5
4:6 0.8 0.8 0.8
3.7 1.2 0.3 0.3
2:8 0.8 0.8 0.8
1:9 0.8 1.7 1.7
Average ZFIC 0.81 £0.18 0.68 £+ 0.46 0.644 +0.44

non-interaction (1:9, drug:extract; ¥FIC = 1.7). No synergistic
effect was seen with ether extracts, but 8 ratios resulted in addi-
tive effects (0.6 < XFIC < 0.9) and 1 ratio a non-interactive
effect (3:7, drug:extract; XFIC = 1.2). Strong correlations were
observed between X FIC values from erythromycin/acetone and
erythromycin/chloroform combinations (p = 0.82), although no
significant difference was found between the mean of their XFIC
values (0.68 £ 0.46 and 0.644 & 0.44; p < 0.05). The best XFIC
values were 0.2 for erythromycin/chloroform at 5:5, followed by
0.3 for all these combinations: erythromycin/acetone (at 7:3 and
3:7) and for erythromycin/chloroform (at 3:7 and 6:4).
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DISCUSSION

S. aureus is a pathogen long-recognized to be capable of develop-
ing drug resistance which increases patient treatment time, rate of
morbidity and mortality, and associated financial costs (Pantosti,
2012). These factors make the search for new active agents against
S. aureus highly relevant. In contrast to the well-known antimi-
crobial effects of I suffruticosa (Leite et al., 2006; Carli et al.,
2010), our present work is the first to evaluate organic solvent
extracts for activity against clinical isolates of S. aureus strains
(including two MRSA strains), as well their combinatory effects
with a macrolide drug (erythromycin).

The organic extracts from I suffruticosa leaves showed antimi-
crobial activity against all tested strains of S. aureus and, impor-
tantly, high inhibition zones were found against MRSA strains
(UFPEDA 670 and UFPEDA 672). These two strains were isolated
from different sources and exhibited multidrug-resistant profile
(oxacillin-cefoxitin-erythromycin-clindamycin). The best anti-
S. aureus activity was shown by the acetone extract, since its
MICs( was 4-fold lower than the MICsq values of the two other
extracts. From chemical point of view, the acetone extract con-
tains more flavonoids than ether and chloroform extracts. It is
known that different species of genus Indigofera including I. suf-
fruticosa are rich source of bioactive flavonoids (Hasan et al.,
1993; Narender et al., 2006; Varanda et al., 2011; Perez et al.,
2013). Previous chemical analysis from I suffruticosa resulted
in the identification of four quercetin derivatives. Although our
result revealed that the antimicrobial properties might be associ-
ated with the presence of flavonoids, a characterization of acetone
extract is necessary, even though this has not been our major
focus.

We also showed that high temperature (up to 100°C) had
negligible effect on the anti-S. aureus activity of each extract,
which may explain the effective traditional usage of I suffru-
ticosa in infusions prepared by prolonged boiling of its leaves
(Corréa, 1984). Similarly, the antimicrobial activities of our three
organic extracts showed little change when submitted to pH val-
ues ranging from pH 3 to pH 10. Thermal and pH stabilities are
noteworthy factors for development of new antimicrobial formu-
lations by the cosmetic, food and pharmaceutical industries, and
our findings encourage further research into use of our organic
extracts.

Exploring combinatory effects of antimicrobial agents and
natural products is an attractive strategy to overcome bacte-
rial resistance (Betoni et al., 2006; Wink et al., 2012). Diverse
targets are involved in the synergistic effects of drugs and plant-
derived products such as enzymes and substrates, metabolites,
receptors, ion channels, transport proteins, DNA and RNA
(Wagner, 2011; Yang et al., 2014). Our study establishes that
all organic extracts from I suffruticosa induce at least addi-
tive effects with erythromycin. In addition to its more potent
antimicrobial activity, the synergestic effect of the acetone extract
was higher than that of the chloroform extract, although this
did not reach statistical significance and the XFIC values of
the two were strongly correlated. In contrast, the I suffru-
ticosa ether extract only showed additive effects or, in one
tested ratio, a non-interactive effect. These results suggest these
as a promising source of potential compounds to be used in

combination of erythromycin (and other members of MLSB
family).

I suffruticosa extracts have been target of a various studies in
order to prove their medicinal potential. Most of these works have
shown that polar solvent extracts are more active (Table 1) as they
are rich in phenolic compounds, flavonoids, carbohydrates, gly-
coproteins, indigo, alkaloids, and triterpenes (Leite et al., 2006;
Carli et al.,, 2010; Lopes et al., 2011; Luiz-Ferreira et al., 2011;
Almeida et al., 2013; Chen et al., 2013a,b). Furthermore, extracts
from I suffruticosa have been also shown key features to be used
as a medicine such as lethal dose 50% (1600 mg/kg (ip) in mice
(Almeida et al., 2013) and induction of phase II detoxification
enzyme and increase of glutathione levels in rat Clone 9 liver cells
(Chen et al., 2013b).

In summary this paper showed that organic extracts of L. suf-
fruticosa are promising natural products for the development of
new anti-S. aureus formulation given their antimicrobial inhibit-
ing MRSA strains and their combination with erythromycin
seems to be very perspective, thus deserving further studies in
order to understand their mechanism of action.
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8. CONCLUSOES

Hiperuricemia esta bastante relacionada com o fenétipo CHTG em homens do Nordeste do
Brasil e pode aumentar em muito o risco de morte por evento cardiovascular em dez anos
nessa popul agéo;

Obesidade abdomina e hipertrigliceridemia, isolados ou associados, constituindo o
fendtipo cintura hipertrigliceridémica, sdo distirbios metabdlicos bastante frequentes e
apresentam uma relacdo fisiopatoldgica importante com hiperuricemia em homens
nao-diabéticos da Regido Nordeste do Brasil;

Os extratos fracionados obtidos da casca do fruto maduro de M. cauliflora apresentam
grande quantidade de compostos fendlicos e ndo sdo capazes de promover toxicidade
oral aguda em camundongos,

Epicarpo de frutos maduros de M. cauliflora demonstrou ter um grande potencial
terapéutico para hiperuricemia e os processos de inflamag&o, dor, estresse oxidativo e
cancer;

As substancias presentes no extrato acetonico do epicarpo de frutos de M. cauliflora,
bem como lectina de C. tapia, demonstraram ser agentes promissores para O
tratamento da diabetes e das complicagdes bioguimicas e danos teciduais causados por

esse disturbio metabdlico;

Os extratos organicos das folhas de |. suffruticosa, sozinhos ou em combinacdo com
eritromicina, apresentaram-se como produtos naturaisS promissores para o
desenvolvimento de novas formulagdes farmacéuticas contra S. aureus.
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As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

References are identified in the text by arabic numerals and numbered in the order cited. The
Vancouver style should be adopted, e.g. Birnbaum Y, Sclarovsky S, Mager A, Strasberg B, Rechavia
E, ST segment depression in aVL: a sensitive marker for acute inferior myocardial infarction. Eur
Heart J 1993; 14: 4-7

Personal communications, manuscripts in preparation and other unpublished data are not cited in the
reference list but are mentioned in the text in parentheses. Titles of journals should be abbreviated
in accordance with Index Medicus (see list printed annually in the January issue of Index Medicus.
Complete information should be given for each reference, including title of article, abbreviated journal
title and inclusive pagination. List all authors for up to six authors. For more than six authors, the
first six should be listed followed by et al.

When citing an Elsevier journal, include the digital object identifier (DOI), if noted, from the article's
title page. Please note the following examples.

Roelandt JRTC. Seeing the invisible: a short history of cardiac ultrasound. Eur ] Echocardiography
2000; 1: 8-11, doi:10.1053/euje.2000.0006

D'hooge J, Bijnens B, Jamal F, Pislaru C, Pislaru S, Thoen 1, Suetens P, Van de Werf F,

Angermann C, Rademakers FE, Herregods M-C, Sutherland GR. High frame rate myocardial integrated
backscatter. Does this change our understanding of this acoustic parameter — Eur ] Echocardiography,
doi:10.1053/euje.2000.0004

Journal abbreviations source

Journal names should be abbreviated according to

Index Medicus journal abbreviations: http://www.nlm.nih.gov/tsd/serials/lji.html;
List of title word abbreviations: http://www.issn.org/2-22661-LTWA-online.php;
CAS (Chemical Abstracts Service): http://www.cas.org/sent.html.

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 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 arder 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 50 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.
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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
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.

Nutrition, Metabolism and Cardiovascular Diseases uses an online submission and review system.
Authors can upload their article via the Elsevier Editorial System at http://ees.elsevier.com/nmcd.
By accessing the website Authors will be guided stepwise through the uploading of the various files.
Editable file formats are necessary. We accept most word-processing formats, but Word, WordPerfect
or LaTeX is preferred. Figure files (TIFF, EPS, JPEG) should be uploaded separately. Always keep a
backup copy of the electronic file for reference and safety. Save your files using the default extension
of the program used. The system generates an Adobe Acrobat PDF version of the article which is
used for the reviewing process. Authors, Reviewers and Editors send and receive all correspondence
by e-mail and no paper correspondence is necessary. For assistance contact the Author Support at
authorsupport@elsevier.cam.

The instructions also apply to authors of papers appearing in supplements or special issues.

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

s Full postal address

s Telephone and fax numbers

All necessary files have been uploaded, and contain:

* Keywords

= All figure captions

= All tables (including title, description, footnotes)

Further considerations

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

s 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 Web)
» Color figures are clearly marked as being intended for color reproduction on the Web (free of charge)
and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print
» If only color on the Web is required, black-and-white versions of the figures are also supplied 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. The correct format for citing a DOI is shown as follows (example taken
from a document in the journal Physics Letters B):

doi:10.1016/j.physletb.2010.09.059

When you use the DOI to create URL hyperlinks to documents on the web, the DOIs are guaranteed
never to change.
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One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in
the e-mail so that authors can download the files themselves. Elsevier now provides authors with
PDF proofs which can be annotated; for this you will need to download Adobe Reader version 7 (or
higher) available free from http://get.adobe.com/reader. Instructions on how to annotate PDF files
will accompany the proofs (also given online). The exact system requirements are given at the Adobe
site: http://www.adobe.com/products/reader/tech-specs.html.

If you do not wish to use the PDF annotations function, you may list the corrections (including
replies to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections
quoting line number. If, for any reason, this is not possible, then mark the corrections and any other
comments (including replies to the Query Form) on a printout of your proof and return by fax, or scan
the pages and e-mail, or by post. 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 stage with permission from the Editor. We will
do everything possible to get your article published quickly and accurately - please let us have all your
corrections within 48 hours. 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. Note that Elsevier may proceed with
the publication of your article if no response is received.

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail. For an
extra charge, paper offprints can be ordered via the offprint order form which is sent once the article
is accepted for publication. The PDF file is a watermarked version of the published article and includes
a cover sheet with the journal cover image and a disclaimer outlining the terms and conditions of use.

AUTHOR INQUIRIES

For inquiries relating to the submission of articles (including electronic submission) please
visit this journal's homepage. Contact details for questions arising after acceptance of
an article, especially those relating to proofs, will be provided by the publisher. You
can track accepted articles at http://www.elsevier.com/trackarticle. You can also check
our Author FAQs (http://www.elsevier.com/authorFAQ) and/or contact Customer Support via
http://support.elsevier.com.

© Copyright 2010 Elsevier | http://www.elsevier.com
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ANEXO I

Guia para autores do periodico Food Research International .

u Introeduction

Food Research International is the successor to the Canadian Institute of Food Science and Technology
Journal. Building on the quality and strengths of its predecessor, Food Research International has been
developed to create a truly international forum for the communication of research in food science.

Food Research International provides a forum for the rapid dissemination of significant novel and high
impactresearch in food science, technology, engineering and nutrition. The journal only publishes novel, high
quality and high impact review papers, original research papers, short communications and letters to the
editors, in the various disciplines encompassing the science and technology of food. It is journal policy to
publish special issues on topical and emergent subjects of food research or food research-related areas.
Special issues of selected, peer-reviewed papers from scientific meetings, workshops, conferences on the
science, technology and engineering of foods will be also published.

Food Research International does not publish papers with a product development emphasis, statistical
optimizations of processes or surveys. This is based on the editorial policy of the journal to
publish morefundamental work with a strong quantitative emphasis and of a general nature.

Topics covered by the journal include:
food chemistry

food microbiology and safety
food toxicology

materials science of foods

food engineering

physical properties of foods
sensory science

food quality

health and nutrition

food biophysics analysis of foods
food nanotechnology

emerging technologies
environmental and sustainability aspects of food processing.

Please also refer to the list of subjects not considered in Food Research International before you submit your
paper. These topics can be found in the full aims and scope of the journal.

Types of paper

1. Research papers - original full-length research papers which have not been published previously, except
in a preliminary form, and should not exceed 6,000 words (including allowance for tables and illustrations).

2. Review articles - will be accepted in areas of topical interest, will normally focus on literature published
over the previous five years, and should not exceed 12,000 words (including allowance for tables and
illustrations).

3. Short communications - Authors may submit short communications of significant preliminary findings of
about 3000 words and 3 figures/tables on any subject covered by the Aims and Scope.

4. Letters to the Editor - Letters are published from time to time on matters of topical interest.

5. Book Reviews
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Food Research International is concerned with safeguarding the rights and welfare of animals and human
research subjects. Authors must provide a letter with the approval from the ethics committee from the
respective University or research center where the study was performed.

Contact details for submission

Submission for all types of manuscripts to Food Research International proceeds totally online. Via the
Elsevier Editorial System (EES) website for this journal, http://ees.elsevier.com/foodres, you will be guided
step-by-step through the creation and uploading of the various files.

Questions regarding content of a proposed submission can be directed to:
foodresearchinternational@gmail.com.

g Before You Begin

Ethics in publishing

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

Human and animal rights

If the work involves the use of animal or human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association (Declaration of
Helsinki) for experiments involving humans http://www.wma.net/en/30publications/10policies/b3/index.html;
EU Directive 2010/63/EU for animal

experiments http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm; Uniform
Requirements for manuscripts submitted to Biomedical journals http://www.icmje.org. Authors should include a
statement in the manuscript that informed consent was obtained for experimentation with human subjects. The
privacy rights of human subjects must always be observed.

Conflict of interest

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
alsohttp://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 declaration and verification

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,
seehttp://www.elsevier.com/postingpolicy), 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.

Contributors

Each author is required to declare his or her individual contribution to the article: all authors must have
materially participated in the research and/or article preparation, so roles for all authors should be described.
The statement that all authors have approved the final article should be true and included in the disclosure.

Changes to authorship

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

Copyright

This journal offers authors a choice in publishing their research: Open access and Subscription.

For subscription articles

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 'Journal 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
consulthttp://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.elsevier.com/OAauthoragreement). Permitted reuse of open access articles is
determined by the author's choice of user license (see http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more information on author rights
for:

Subscription articles please see http://www.elsevier.com/journal-authors/author-rights-and-responsibilities.
Open access articles please see http://www.elsevier.com/OAauthoragreement.

Role of the funding source

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.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose articles appear in
journals published by Elsevier, to comply with potential manuscript archiving requirements as specified as
conditions of their grant awards. To learn more about existing agreements and policies please
visithttp://www.elsevier.com/fundingbodies.

Open access

This journal offers authors a choice in publishing their research:
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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 their research funder

Subscription

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

» No open access publication fee

All articles published open access will be immediately and permanently free for everyone to read and
download. Permitted reuse is defined by your choice of one of the following Creative Commons user licenses:
Creative Commons Attribution (CC BY): lets others distribute and copy the article, to create extracts,
abstracts, and other revised versions, adaptations or derivative works of or from an article (such as a
translation), to include in a collective work (such as an anthology), to 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-ShareAlike (CC BY-NC-SA): for non-commercial
purposes, lets others distribute and copy the article, to create extracts, abstracts and other revised versions,
adaptations or derivative works of or from an article (such as a translation), to include in a collective work
(such as an anthology), to text and data mine the article, as long as they credit the author(s), do not represent
the author as endorsing their adaptation of the article, do not modify the article in such a way as to damage
the author's honor or reputation, and license their new adaptations or creations under identical terms (CC BY -
NC-SA).

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 modify the article.

To provide open access, this journal has a publication fee which needs to be met by the authors or their
research funders for each article published open access.
Your publication choice will have no effect on the peer review process or acceptance of submitted articles.

The open access publication fee for this journal is $3000, excluding taxes. Learn more about Elsevier's pricing
policy: http://www.elsevier.com/openaccesspricing.

Language (usage and editing services)

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 visit our
customer support site (http://support.elsevier.com) for more information.

Submission

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 must provide and use an email address unique to themselves and not shared with another author
registered in EES, or a department.

Referees
Please submit the names and institutional e-mail addresses of several potential referees. For more details,

visit ourSupport site. Note that the editor retains the sole right to decide whether or not the suggested
reviewers are used.
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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.

All pages of the manuscript must be numbered. All lines must be numbered continuously throughout the
manuscript.

Article structure

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.

Experimental
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.

Authors are encouraged to read the helpful notes on statistics applied in the planning of experiments and
assessment of results in the field of food science and technology. The more important univariate and bivariate
parametric and non-parametric methods, their advantages and disadvantages are presented in "Observations
on the use of statistical methods in Food Science and Technology by Granato
(http://www.sciencedirect.com/science/article/pii/S0963996913005723).

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.
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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.

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.

Essential title page information

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

» Author names and affiliations. Where the family name may be ambiguous (e.g., a double name), please
indicate this clearly. 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 phone numbers (with country and area code) are provided
in addition to the e-mail address and the complete postal address. Contact details must be 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.

Abstract

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.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that convey the core
findings of the article and should be submitted in a separate editable file in the online submission system.
Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point). See http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximum of 6 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 keywords will be used for indexing
purposes.

Chemical compounds

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 viahttp://www.ncbi.nIm.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:
Chemical compounds studied in this article
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Ethylene glycol (PubChem CID: 174); Plitidepsin (PubChem CID: 44152164); Benzalkonium chloride
(PubChem CID: 15865)
More information is available at: http://www.elsevier.com/PubChem.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the article.
Such abbreviations that are unavoidable in the abstract must be defined at their first mention there, as well as
in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

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.).

Units

Follow internationally accepted rules and conventions: use the international system of units (Sl). If other units
are mentioned, please give their equivalent in Sl.

Database linking

Elsevier encourages authors to connect articles with external databases, giving their readers one-click 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.

Math formulae

Present simple formulae in the line of 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

Footnotes should be used sparingly. Number them consecutively throughout the article, using superscript
Arabic numbers. Many wordprocessors build footnotes into the text, and this feature may be used. Should this
not be the case, indicate the position of footnotes in the text and present the footnotes themselves separately
at the end of the article. Do not include footnotes in the Reference list.

Artwork

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for purposes
of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly. For graphical
images, this journal is applying the following policy: no specific feature within an image may be enhanced,
obscured, moved, removed, or introduced. Adjustments of brightness, contrast, or color balance are
acceptable if and as long as they do not obscure or eliminate any information present in the original. Nonlinear
adjustments (e.g. changes to gamma settings) must be disclosed in the figure legend.

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

» Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the printed 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:

« 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.

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 on the Web (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 on the
Web 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.

Tables

Number tables consecutively in accordance with their appearance in the text. Place footnotes to tables below
the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Be sparing in the use
of tables and ensure that the data presented in tables do not duplicate results described elsewhere in the
article.

References

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 thepublication date with either 'Unpublished results' or 'Personal communication'. Citation of a
reference as 'in press' implies that the item has been accepted for publication.
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Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any further
information, if known (DOI, author names, dates, reference to a source publication, etc.), should also be given.
Web references can be listed separately (e.g., after the reference list) under a different heading if desired, or
can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in the text)
to other articles in the same Special Issue.

Reference management software

This journal has standard templates available in key reference management packages EndNote
(http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://Irefman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, 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 which is described below.

Reference style

Text: Citations in the text should follow the referencing style used by the American Psychological Association.
You are referred to the Publication Manual of the American Psychological Association, Sixth Edition, ISBN
978-1-4338-0561-5, copies of which may be ordered from http://books.apa.org/books.cfm?id=4200067 or APA
Order Dept., P.O.B. 2710, Hyattsville, MD 20784, USA or APA, 3 Henrietta Street, London, WC3E 8LU, UK.
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, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a scientific article. Journal of
Scientific Communications, 163, 51-59.

Reference to a book:

Strunk, W., Jr., & White, E. B. (2000). The elements of style. (4th ed.). New York: Longman, (Chapter 4).
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 B. S. Jones, &
R. Z. Smith (Eds.), Introduction to the electronic age (pp. 281-304). New York: E-Publishing Inc.

Video data

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 50 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.

AudioSlides

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.
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Authors of this journal will automatically receive an invitation e-mail to create an AudioSlides presentation after
acceptance of their paper.

Supplementary data

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 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 athttp://www.elsevier.com/artworkinstructions.

Submission checklist

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

* Phone numbers

All necessary files have been uploaded, and contain:

» 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

« 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 Web)

* Color figures are clearly marked as being intended for color reproduction on the Web (free of charge) and in
print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print

« If only color on the Web is required, black-and-white versions of the figures are also supplied for printing
purposes

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

u After Acceptance

Use of the Digital Object Identifier

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/].physletb.2010.09.059

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

Online proof correction

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.
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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 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.

Offprints

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).

u Author Inquiries

You can track your submitted article at http://help.elsevier.com/app/answers/detail/a_id/89/p/8045/. You can
track your accepted article at http://www.elsevier.com/trackarticle. You are also welcome to contact Customer
Support viahttp://support.elsevier.com.
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ANEXO 3

Guia para autores do periodico Evidence-Based Complementary and Alternative Medicine

e o068 o 08 8
About this Journal  Submit a Manuscript — Table of Contents

Author Guidelines

Submission

Manuscripts should be submitted by one of the authors of the manuscript through
the online Manuscript Tracking System. Regardless of the source of the word-
processing tool, only electronic PDF (.pdf) or Word (.doc, .docx, .rtf) files can be
submitted through the MTS. There is no page limit. Only online submissions are
accepted to facilitate rapid publication and minimize administrative costs.
Submissions by anyone other than one of the authors will not be accepted. The
submitting author takes responsibility for the paper during submission and peer
review. If for some technical reason submission through the MTS is not possible,
the author can contact ecam@hindawi.com for support.

Terms of Submission

Papers must be submitted on the understanding that they have not been published
elsewhere and are not currently under consideration by another journal published by
Hindawi or any other publisher. The submitting author is responsible for ensuring
that the article's publication has been approved by all the other coauthors. It is also
the authors' responsibility to ensure that the articles emanating from a particular
institution are submitted with the approval of the necessary institution. Only an
acknowledgment from the editorial office officially establishes the date of receipt.
Further correspondence and proofs will be sent to the author(s) before publication
unless otherwise indicated. It is a condition of submission of a paper that the
authors permit editing of the paper for readability. All enquiries concerning the
publication of accepted papers should be addressed to ecam@hindawi.com.

Pear Review

All manuscripts are subject to peer review and are expected to meet standards of
academic excellence. Submissions will be considered by an editor and “if not
rejected right away” by peer-reviewers, whose identities will remain anonymous to
the authors.
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In order to ensure sufficient diversity within the authorship of the journal, authors
will be limited to having two manuscripts under review at any point in time. If an
author already has two manuscripts under review in the journal, he or she will need
to wait until the review process of at least one of these manuscripts is complete
before submitting another manuscript for consideration. This policy does not apply
to Editorials or other non-peer reviewed manuscript types.

Evidence-Based Complementary and Alternative Medicine is an open access
journal. Open access charges allow publishers to make the published material
available for free to all interested online visitors. For more details about the article
processing charges of Evidence-Based Complementary and Alternative Medicine,
please visit the Article Processing Charges information page.

Units of measurement should be presented simply and concisely using System
International (SI) units.

The following information should be included

o Paper title

« Full author names

o Full ingtitutional mailing addresses
o Email addresses

The manuscript should contain an abstract. The abstract should be self-contained
and citation-free and should not exceed 200 words.

This section should be succinct, with no subheadings.

This part should contain sufficient detail so that all procedures can be repeated. It
can be divided into subsections if several methods are described.
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This section may each be divided by subheadings or may be combined.

This should clearly explain the main conclusions of the work highlighting its
importance and relevance.

All acknowledgments (if any) should be included at the very end of the paper before
the references and may include supporting grants, presentations, and so forth.

Authors are responsible for ensuring that the information in each reference is
complete and accurate. All references must be numbered consecutively and
citations of references in text should be identified using numbers in square brackets
(e.g., “as discussed by Smith [9]”; “as discussed elsewhere [9, 10]”). All references
should be cited within the text; otherwise, these references will be automatically
removed.

Upon submission of an article, authors are supposed to include all figures and tables
in the PDF file of the manuscript. Figures and tables should not be submitted in
separate files. If the article is accepted, authors will be asked to provide the source
files of the figures. Each figure should be supplied in a separate electronic file. All
figures should be cited in the paper in a consecutive order. Figures should be
supplied in either vector art formats (Illustrator, EPS, WMF, FreeHand, CorelDraw,
PowerPoint, Excel, etc.) or bitmap formats (Photoshop, TIFF, GIF, JPEG, etc.).
Bitmap images should be of 300 dpi resolution at least unless the resolution is
intentionally set to a lower level for scientific reasons. If a bitmap image has labels,
the image and labels should be embedded in separate layers.

Tables should be cited consecutively in the text. Every table must have a descriptive
title and if numerical measurements are given, the units should be included in the
column heading. Vertical rules should not be used.

Corrected proofs must be returned to the publisher within 2-3 days of receipt. The
publisher will do everything possible to ensure prompt publication. It will therefore
be appreciated if the manuscripts and figures conform from the outset to the style of
the journal.
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Open Access authors retain the copyrights of their papers, and all open access
articles are distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution and reproduction in any
medium, provided that the original work is properly cited.

The use of general descriptive names, trade names, trademarks, and so forth in this
publication, even if not specifically identified, does not imply that these names are
not protected by the relevant laws and regulations.

While the advice and information in this journal are believed to be true and accurate
on the date of its going to press, neither the authors, the editors, nor the publisher
can accept any legal responsibility for any errors or omissions that may be made.
The publisher makes no warranty, express or implied, with respect to the material
contained herein.

A competing interest exists when professional judgment concerning the validity of
research is influenced by a secondary interest, such as financial gain. We require
that our authors reveal any possible conflict of interests in their submitted
manuscripts.

If there 1s no conflict of interests, authors should state that “The author(s) declare(s)
that there is no conflict of interests regarding the publication of this paper.”




