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RESUMO
O objetivo do presente estudo foi avaliar o potencial toxicolégico e os efeitos metabdlicos da
casca e polpa de tucuma (Astrocaryum huaimi Mart.) em ratos diabéticos. Os frutos de tucuma
foram coletados na Fazenda S&o Sebastido, no municipio de Limeira do Oeste, Minas Gerais,
Brasil. Foram realizadas andlises fisicas, fisico-quimicas, teor de minerais, quantificacdo de
acidos graxos e andlise de compostos antioxidantes. Para o teste de toxicidade oral aguda e
subaguda foram utilizados 60 camundongos Swiss, divididos em: toxicidade aguda e toxicidade
subagudo. Foram avaliadas possiveis alteracbes comportamentais, hematoldgicas, bioquimicas
e histopatoldgicas. Para o experimento de padronizacéo da inducao de diabetes tipo 2 por meio
da associacdo de dieta de cafeteria e estreptozotocina (STZ) foram utilizados 40 ratos Wistar
machos, divididos em grupo controle e grupos diabéticos: 30, 35 e 40 mg/kg de STZ. Foram
avaliados o0s seguintes parametros: antropométricos, ingestdo de agua e racao, bioquimicos e
histopatoldgicos. Para a avaliacdo dos efeitos metabolicos da farinha de tucuma (FT) foram
utilizados 43 ratos Wistar machos, alocados em 2 grupos controles: um grupo recebeu racao
comercial, um grupo controle diabético + dieta de cafeteria e trés grupos diabético + dieta de
cafeteria + FT em 3 doses diferentes: 2%, 4% e 8% de FT. A inducdo do diabetes foi realizada
com injecdo Unica de STZ na dose de 35 mg/kg. Os grupos foram avaliados por meio de
analises antropométricas, bioquimicas, teste de resisténcia a insulina e parametros histologicos.
Os frutos de tucuma apresentaram em sua composic¢do niveis aprecidveis de lipidios (18,28
g.100g?), fibras (35,95 g.100g?), vitamina C (14,35 mg.100g?), ferro (5,15 mg.100g™),
potassio (1.776,05 mg.100g™) e &cidos graxos insaturados (58,86%). A analise dos compostos
bioativos revelou que o extrato acetdnico, seguido pelo extrato etandlico, apresentou a maior
capacidade antioxidante e o maior nivel de compostos fendlicos e taninos. No teste de
toxicidade aguda e subaguda, a suplementacdo de farinha de casca e polpa de tucuma

demonstrou auséncia de letalidade, dano aos 6rgdos e alteracdes no comportamento geral dos



camundongos, indicando que todas as doses podem ser consideradas seguras para esses animais,
fornecendo dados preliminares sobre o perfil todxico de Astrocaryum huaimi Mart. O
experimento desenvolvido para padronizacdo de inducdo de diabetes tipo 2 provou ser um
modelo eficiente e de baixo custo, sem perda de animais durante o experimento. As doses de
35 e 40mg/kg de estreptozotocina foram eficazes em mimetizar as caracteristicas metabdlicas
da doenca em humanos, confirmado pela presenca de polidipsia, hiperglicemia, testes
bioquimicos alterados, resisténcia a insulina e danos ao figado, pancreas e rim. Ja no
experimento que avaliou os efeitos metabolicos da FT, os animais que receberam a maior dose
de suplementacdo de FT apresentaram maiores valores de consumo hidrico, glicemia e
triglicerideos, bem como menores valores de insulina e peptideo C, quando comparados ao
grupo controle. A suplementacdo de FT néo foi eficiente em reverter ou minimizar os efeitos

metabolicos ocasionados pelo diabetes tipo 2.

Palavras-chave: Astrocaryum huaimi Mart., Cerrado, toxicidade, diabetes, camundongos,
ratos.



ABSTRACT
The aim of the present study was to evaluate the toxicological potential and the metabolic
effects of tucuma (Astrocaryum huaimi Mart.) peel and pulp in diabetic rats. The tucuma fruits
were collected at Fazenda Séo Sebastido, in the municipality of Limeira do Oeste, Minas Gerais,
Brazil. Physical, physico-chemical, mineral content, quantification of fatty acids and analysis
of antioxidant compounds were performed. For the acute and subacute oral toxicity test, 60
Swiss mice were used, divided into: acute toxicity and subacute toxicity. Possible behavioral,
hematological, biochemical and histopathological changes were evaluated. For the experiment
to standardize the induction of type 2 diabetes through the association of cafeteria diet and
streptozotocin (STZ), 40 male Wistar rats were used, divided into a control group and diabetic
groups: 30, 35 and 40 mg/kg of STZ. The following parameters were evaluated: anthropometric,
water and feed intake, biochemical and histopathological. For the evaluation of the metabolic
effects of tucuma flour (FT) 43 male Wistar rats were used, divided into 2 control groups: one
group received commercial food, a diabetic control group + cafeteria diet and three diabetic
groups + cafeteria diet + FT in 3 different doses: 2%, 4% and 8% TF. Induction of diabetes was
performed with a single injection of STZ at a dose of 35 mg/kg. The groups were evaluated
through anthropometric and biochemical analyses, insulin resistance test and histological
parameters. The tucuma fruits presented in their composition appreciable levels of lipids (18.28
g.100g-1), fiber (35.95 ¢.100g-1), vitamin C (14.35 mg.100g-1), iron ( 5.15 mg.100g-1),
potassium (1,776.05 mg.100g-1) and unsaturated fatty acids (58.86%). The analysis of the
bioactive compounds revealed that the acetone extract, followed by the ethanol extract,
presented the highest antioxidant capacity and the highest level of phenolic compounds and
tannins. In the acute and subacute toxicity test, the supplementation of tucumaé peel and pulp
meal demonstrated absence of lethality, organ damage and changes in the general behavior of
mice, indicating that all doses can be considered safe for these animals, providing preliminary
data. on the toxic profile of Astrocaryum huaimi Mart. The experiment developed for
standardization of induction of type 2 diabetes proved to be an efficient and low-cost model,
with no loss of animals during the experiment. Streptozotocin doses of 35 and 40mg/kg were
effective in mimicking the metabolic characteristics of the disease in humans, confirmed by the
presence of polydipsia, hyperglycemia, altered biochemical tests, insulin resistance and liver,
pancreas and kidney damage. In the experiment that evaluated the metabolic effects of FT, the
animals that received the highest dose of FT supplementation had higher values of water

consumption, blood glucose and triglycerides, as well as lower insulin and C-peptide values,



when compared to the control group. FT supplementation was not efficient in reversing or
minimizing the metabolic effects caused by type 2 diabetes.

Keywords: Astrocaryum huaimi Mart., Cerrado, toxicity, diabetes, mice, rats.
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1 INTRODUCAO

A incidéncia expressiva de doencas cronicas ndo transmissiveis como a obesidade, o
diabetes mellitus, hipertensdo arterial e cancer estdo associadas as mudancas nos padrdes
alimentares, como a crescente substituicdo do consumo de alimentos in natura, que séo fontes
de fibras, vitaminas e minerais, por alimentos industrializados, que séo ricos em acidos graxos
saturados e agucares (BRASIL, 2014; FRUMKIM e HAINES, 2019).

Segundo a Sociedade Brasileira de Diabetes (SBD) (2019) no ano de 2017 o Brasil
ocupava a 42 posicao (12,5 milhGes de pessoas diabéticas) dentre os paises com maior nimero
de pessoas com Diabetes mellitus (DM), perdendo apenas para China (114,4 milhdes), india
(72,7 milhdes) e Estados Unidos da América (30,2 milhGes). Estimativas apontam que no ano
de 2045, este nimero deve alcancar 628,6 milhdes de pessoas com esta sindrome no mundo, e
a projecdo para o Brasil sdo de 20,3 milhdes de pessoas diabéticas (INTERNATIONAL
DIABETES FEDERATION, 2017). O aumento da prevaléncia de diabetes deve-se, sobretudo,
a fatores como: rapida urbanizacéo, transicdo epidemioldgica, transicdo nutricional, excesso de
peso, crescimento e envelhecimento populacional e maior sobrevida de pessoas com diabetes
(SBD, 2017).

De acordo com a American Diabetes Association (2019), o Diabetes mellitus tipo 2
(DM2) corresponde a 90 a 95% de todos os casos de diabetes. O DM2 acomete principalmente
pessoas acima de 40 anos de idade, no entanto, sua incidéncia tem aumentado entre jovens e
criancas (SBD, 2017). Historico familiar de DM2, obesidade, sedentarismo, pré-diabetes ou
diabetes gestacional e sindrome metabdlica sdo fatores de risco para o desenvolvimento desta
doenca (SBD, 2019).

A alimentacdo € um fator essencial no tratamento e prevencdo de DM2, sendo que as
escolhas alimentares tém efeito direto sobre o equilibrio energético, peso corporal, pressao
arterial e lipidios plasmaticos, os quais sdo elementos essenciais no manejo da doenga (SBD,
2019). Koss-Mikotajczyk et al. (2019) afirmam que um maior consumo de frutas e verduras
estd associado com a diminuicdo do risco de doencas cardiovasculares, cancer, obesidade e
diabetes.

No Cerrado predominam espécies de frutas que séo consideradas fontes de proteinas,
fibras, acidos graxos, calorias, vitaminas e minerais e possuem grande potencial antioxidante.
Geralmente sdo consumidas in natura ou utilizadas como ingredientes em algumas preparacdes,
com grande aceitacdo popular (CALDEIRA et al., 2004; RAMOS et al., 2008; MORAIS et al.,
2013).
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Alguns estudos com frutos nativos do Cerrado demonstraram efeitos positivos no
controle das alteracdes metabolicas em animais diabéticos (SALES, 2011; GUIMARAES,
2013; NUNES et al., 2018). Sales (2011), avaliou o efeito da suplementacédo de jatoba em ratos
diabéticos e observou que o grupo que recebeu o concentrado de jatoba teve diminuicao
significativa da glicemia (p<0,05), em comparagdo com o grupo controle (que ndo recebeu a
suplementacdo). Guimaraes (2013), avaliou o potencial funcional de farinhas de jeriva e bacaba em
ratos normoglicémicos, observou gue 0s grupos que receberam a farinha de jeriva a 10% e farinha de
bacaba a 15% apresentaram diminuicdo da glicemia po6s-prandial (109,3 e 108,6 mg/dl-1
respectivamente) ao comparar com o grupo controle (122,3 mg/dl-1). Nunes et al. (2018) avaliaram os
efeitos da suplementacdo do 6leo da semente de macaiba em ratos diabéticos e observaram reducdo dos
niveis de glicose sanguinea, bem como menor ganho de peso nos animais que receberam a
suplementagdo, quando comparados com 0s animais do grupo controle diabético.

Diante do exposto, se faz necessario mais estudos visando o conhecimento da composicéo, bem
como das possiveis utiliza¢6es dos frutos do Cerrado, tendo em vista o grande potencial para utilizagdo
na prevencao e tratamento de doencas devido as particularidades nutricionais de cada fruto. Dentre a
grande variedade de frutos do Cerrado, encontra-se o tucuma (Astrocaryum huaimi Mart.), o
qual possui frutos de formato elipsoides, lisos de cor alaranjada ou alaranjada-amarelada
guando maduros, com mesocarpo fibro-carnoso e adocicado (LORENZI et al., 2004). Alguns
estudos apontam que os frutos do tucuma apresentam em sua composicao teores apreciaveis de
lipidios, fibras, altos teores de &cidos graxos monoinsaturados, ferro e potassio (FERREIRA et
al., 2008; RODRIGUES et al., 2010; SANTOS et al., 2017; SANTOS et al., 2018).

Tendo em vista os fatos expostos e a falta de estudos nessa area, o objetivo deste estudo

foi avaliar o potencial toxicoldgico e os efeitos metabolicos do tucuma no DM2.
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2 REVISAO DE LITERATURA
2.1 Teste de toxicidade

As industrias farmacéuticas vém desenvolvendo pesquisas com plantas nativas,
extraindo compostos ou moléculas para formular medicamentos (PIMENTEL et al., 2015). No
entanto, para utilizar produtos naturais na formulagdo de novos medicamentos ou até mesmo
na medicina popular é necessario a realizacdo de testes de toxicidade para avaliagdo da
seguranca do consumo de determinado elemento na saide humana (TRAESEL et al., 2014;
LIMA et al., 2017).

Pensando nisso, no ano de 2008 foram estabelecidos protocolos pela Organization for
Economic Cooperation and Development (OECD) que norteiam os estudos de toxicidade aguda
e de doses repetidas (subaguda e cronica), os quais subsidiam a utilizacdo posterior de
fitoterapicos, dando credibilidade e seguranca ao produto (OECD, 2008a, 2008b).

Além da OECD, a Agéncia Nacional de Vigilancia Sanitaria (ANVISA) langcou em 2013
0 Guia para a conducdo de estudos ndo clinicos de toxicologia e seguranca farmacoldgica
necessarios ao desenvolvimento de medicamentos. Este guia contempla estudos de toxicidade
aguda e subaguda e genotoxidade que avaliam o grau de agressao do produto as células e a
capacidade de ocorréncia de mutagdo, com o resultado negativo destes testes € possivel
assegurar o consumo de plantas fitoterapicas no Brasil (ANVISA, 2013).

2.1.1 Toxicidade Aguda

O teste de toxicidade aguda é um modelo utilizado para testar um elemento em uma

Unica dose, por meio da avaliacdo do consumo de agua, consumo de ra¢do, peso corporal,
triagem hipocréatica e por fim a analise macroscépica dos 6rgaos (MALONE; ROBICHAUD,
1962; OECD, 2008% AMARAL et al., 2019).

Esse teste deve ser realizado preferencialmente em roedores, fémeas (nuliparas e ndo
gravidas), com idade entre 8 a 12 semanas, Vvisto que as fémeas sdo mais susceptiveis a danos
toxicoldgicos devido ao sistema hormonal (OECD, 2008a).

A triagem hipocréatica deve ser realizada em cada animal ap6s a administracdo do
composto durante os primeiros 30 minutos, apos 24 horas, e todos os dias por um periodo de
14 dias. Essa triagem avalia: o estado consciente, atividade e coordenagdo do sistema motor e
tonificacdo muscular (resposta ao toque e aperto da cauda, alisamento, forca para agarrar),
reflexos (cornea e orelhas), atividades no sistema nervoso central (tremores, convulsdes,
sedacdo, anestesia e ataxia) e atividades no sistema nervoso auténomo (lacrimacéo, cianose,
ptose, salivacéo e piloerecdo) (MALONE; ROBICHAUD, 1962).
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De acordo com as orientacfes da OECD (2008a), para realizar o teste de toxicidade
aguda € necessario primeiramente reunir o maximo de informac6es possiveis a respeito do
composto a ser testado. 1sso inclui conhecer a estrutura quimica, propriedades fisico-quimicas
e se ja houver na literatura dados de outros ensaios de toxicidade in vitro ou in vivo, para que
se possa determinar a relevancia deste teste para saide humana bem como orientar a escolha da
dose inicial apropriada.

Para substancias que o grau de toxicidade é baixo ou nulo, utiliza-se a dose de
2000mg/kg em um total de 5 animais. Primeiramente € administrado uma dose do composto
em 1 animal, se este animal morrer, é realizado o teste principal, o qual é iniciado com uma
dose baixa e vai aumentando a cada animal. No caso de o animal sobreviver, é administrado a
dose em mais 4 animais (total de 5 animais para o teste). Estes 5 animais serdo acompanhados
por um periodo de 14 dias ap6s a administracdo do composto. Se 3 animais morrerem durante
este periodo é realizado o teste principal, no caso de mais de 3 animais permanecerem Vivos é

suposto que a DL50 seja superior a dose testada (OECD, 2008a).

2.1.2 Toxicidade Subaguda
O teste de toxicidade subaguda consiste na administragdo oral da substancia a ser

avaliada em vérias doses pré-determinadas diariamente por um periodo de 28 dias. Esse teste é
de extrema importancia para avaliacdo de substancias que serdo utilizadas por um longo
periodo. Para realizacdo deste teste utiliza-se roedores machos e fémeas (nuliparas e nédo
gravidas) recém desmamados ou antes de 9 semanas de vida dos animais. S8o utilizados 10
animais (5 machos e 5 fémeas) por grupo, e deve ser realizado pelo menos 3 grupos para
substancia teste (3 doses diferentes) e 1 grupo controle (OECD, 2008b).

De acordo com a OECD (2008b) as doses devem ser escolhidas de acordo com dados
de toxicidade pré-existentes, e o nivel mais alto da dose deve ser determinado com o objeto de
induzir efeitos tdxicos, sem causar sofrimento grave ou morte dos animais. As doses
comumente utilizadas na literatura séo: 125, 250, 500 e 1000 mg/kg (LIMA et al., 2017;
BRANQUINHO et al., 2017; SALDANHA et al., 2018).

Ainda, nesse teste é de extrema importancia a inclusdo de um grupo satélite (5 machos
e 5 fémeas) nos grupos controle e substancia teste (utiliza-se a dose maxima). Esse grupo
recebera a substancia teste diariamente por 28 dias e ap0s esse periodo permanecera em
observacgdo por mais 14 dias (sem receber a substancia teste). O objetivo do grupo satélite é
observar se ha reversibilidade, persisténcia ou atraso no desenvolvimento de efeitos tdxicos

resultantes da administracdo da substancia teste (OECD, 2008b).
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Assim como no teste de toxicidade aguda, sdo avaliados o consumo de agua, consumo
de racdo, peso corporal, triagem hipocrética e analise macroscopica dos 6rgaos com a adicao

das analises hematoldgicas, bioquimicas e histopatoldgicas (OECD, 2008b).

2.2 Diabetes mellitus

Segundo a Sociedade Brasileira de Diabetes (SBD) (2019) no ano de 2017 o Brasil
ocupava a 42 posicdo (12,5 milhdes de pessoas diabéticas) dentre os paises com maior nimero
de pessoas com Diabetes mellitus (DM), perdendo apenas para China (114,4 milhdes), india
(72,7 milhdes) e Estados Unidos da América (30,2 milhdes). Estimativas apontam que no ano
de 2045, este nimero deve alcancar 628,6 milhdes de pessoas com esta sindrome no mundo
todo, e a projecdo para o Brasil sdo de 20,3 milhdes de pessoas diabéticas (INTERNATIONAL
DIABETES FEDERATION, 2017). O aumento da prevaléncia de diabetes deve-se, sobretudo,
a fatores como: rapida urbanizacdo, transicdo epidemioldgica, transicdo nutricional, excesso de
peso, crescimento e envelhecimento populacional e maior sobrevida de pessoas com diabetes
(SBD, 2017).

O termo Diabetes mellitus descreve uma desordem metabdlica de etiologia maltipla
caracterizada por hiperglicemia cronica que acarreta alteragbes do metabolismo de
carboidratos, gorduras e proteinas resultante de defeitos na acdo ou secrecdo da insulina, ou
ambos. Os sintomas da hiperglicemia acentuada no paciente diabético incluem polilria
(aumento do volume urinario) polidipsia (aumento da ingestdo hidrica), polifagia (aumento da
ingestdo alimentar) e significativa perda de peso (AMERICAN DIABETES ASSOCIATION,
2019).

O Diabetes mellitus tipo 1 (DM1) se trata de uma doenca autoimune, poligénica,
decorrente da destrui¢do das células  pancreaticas, que leva a deficiéncia completa na producao
insulinica (SBD, 2019). Mais de 30 mil brasileiros sdo portadores de DM1, colocando o Brasil
como terceiro colocado em prevaléncia de DM1 no mundo (INTERNATIONAL DIABETES
FEDERATION, 2015).

De acordo com a American Diabetes Association (2019), o diabetes mellitus tipo 2
corresponde a 90 a 95% de todos os casos de diabetes. O DM2 acomete principalmente pessoas
acima de 40 anos de idade, no entanto sua incidéncia tem aumentado dentre jovens e criangas.
Histdrico familiar de DM2, obesidade, sedentarismo, pre-diabetes ou diabetes gestacional e

sindrome metabdlica s&o fatores de risco para o desenvolvimento da doenca (SBD, 2019).
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2.3 Modelos animais de inducgéo de diabetes

A inducdo do diabetes experimental em modelos animais é realizada através do uso de
substancias que destroem seletivamente as células beta do pancreas, produtoras de insulina. As
substancias mais utilizadas para inducdo do diabetes em roedores sdo a aloxana e a
estreptozotocina (STZ) (SZKUDELSKI, 2001). Ambas sédo citotoxicas, analogos da glicose e,
embora as suas citotoxicidades ocorram atraves de diferentes mecanismos, 0 modo de captagdo
de ambas as substancias pelas células beta do pancreas ¢ o mesmo, ocorrendo através do
transportador de glicose do tipo GLUT 2 (LENZEN, 2008).

Ambos 0s agentes quimicos, aloxana e estrepzotocina, induzem uma deficiéncia da
producdo de insulina pela morte das células beta. Embora os mecanismos de captagdo de ambas
as substancias pelas células beta pancreéticas via transportadores de glicose GLUT2 e resultante
morte das mesmas por necrose sejam idénticos, a acdo tdxica da aloxana € mediada via espécies
reativas de oxigénio, e da estreptozotocina via alquilacdo do acido desoxirribonucléico (DNA)
das células beta. No entanto, devido a maior estabilidade quimica da estreptozotocina em
relacdo a aloxana, a primeira tem sido 0 agente mais usado para reproducdo do diabetes em
roedores (LENZEN, 2008).

A STZ é um glicosideo nitrosuréia natural isolado do fungo Streptomyces
achromogenes. Este xenobi6tico tem sido usado para induzir tanto o DM1 quanto o DM2,
dependendo da concentragdo, dose e via de administracdo. Quando utilizada em animais,
determina uma severa deficiéncia de insulina com quadro de hiperglicemia. Na dose de 160 a
250 mg/Kg, apresenta efeito citotoxico direto nas células beta de camundongos, causando danos
no DNA, como fragmentagdo e alquilagdo do mesmo, exaurindo a nicotina adenina
dinucleotideo (NAD+), que inibe a biossintese e a secrecdo de insulina e, deste modo, dando
inicio a morte das células beta, através da deplecdo de energia (NEGRI, 2005; SZKUDELSKI,
2001).

No ano 2000 Reed et al., desenvolveram um novo modelo animal para mimetizar as
caracteristicas do DM2. Este ensaio envolve a combinacdo de uma dieta high-fat, com o
objetivo de provocar hiperinsulinemia, resisténcia a insulina e/ou intolerancia a glicose seguida
da administragéo de uma baixa dose de STZ, resultando em uma diminuicdo severa na fungéo
e massa de células B do pancreas (SKOVSO, 2014). No entanto ainda ha divergéncias na
literatura cientifica quanto a dose de STZ que é efetiva na inducdo do DM2. Wang et al. (2014)
e Derkach et al. (2015) utilizaram uma dose de 25mg/Kg de estreptozotocina em seu estudo. Ja
Qian et al. (2015) usou a dose de 30 mg/Kg, enquanto Castro et al. (2017) e Khare et al. (2017)
usaram a dose de 35 mg/kg.
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2.4 Cerrado

O Cerrado é considerado uma das mais ricas vegetagdes do mundo com
aproximadamente 12 mil plantas catalogadas e ocorre principalmente na regidao centro-norte do
Brasil, cobrindo cerca de 24% do territorio brasileiro, sendo a segunda em termos de cobertura
de area nacional (BOLFE et al., 2020).

O bioma do Cerrado é caracterizado como um hotspot, ou seja, um dos ambientes mais
ricos e ameacados do mundo. E conhecido devido sua biodiversidade, que se destaca por conta
das inUmeras espécies nativas pouco conhecidas que fornecem frutos com caracteristicas
peculiares e que podem assumir um importante papel na economia da populagéo nativa, como
a comercializacdo in natura ou processados, como também na questdo nutricional, que através
do seu consumo pode favorecer a diminuicdo da inseguranca alimentar (HAMACEK et al.,
2013).

Predominam varias espécies de frutas que sdo consideradas fontes de proteinas, fibras,
acidos graxos, calorias, vitaminas e minerais como o calcio e o fosforo e possuem grande
potencial antioxidante. Geralmente sdo consumidas in natura ou utilizadas como ingredientes
em algumas preparacdes, com grande aceitacdo popular (CALDEIRA et al., 2004; RAMOS et
al., 2008; MORAIIS et al., 2013).

De Souza et al. (2012) avaliaram a composicao centesimal dos frutos de marolo (Annona
crassiflora Mart), murici (Byrsonima crassifolia L. RICH), jenipapo (Genipa americana L.),
graviola (Annona muricata L.) e maracuja-doce (Passiflora alata Dryand), frutos provenientes
do Cerrado brasileiro. Os autores obtiveram o maior valor para proteinas: maracuja doce
(1,35%), lipidios: marolo (1,84%), carboidratos: marolo (16,31%), fibras: murici (3,08%),
fésforo: maracuja-doce (34,95 mg/100 g), potassio: marolo (391,48 mg/100 g), célcio: jenipapo
(13,23 mg/100 g), magnésio: marolo (26,28 mg/100 g) e ferro: maracuja-doce (1,06 mg/100 g).

Em um estudo que avaliou os compostos bioativos e atividade antioxidante de trés
espécies de frutos do Cerrado brasileiro, sendo: carnatba (Copernicia prunifera), murici
(Byrsonima crassifolia L. Rich) e oiti (Licania tomentosa Benth Fritsch), os autores relataram
o maior valor para fendlicos totais: oiti (1236,42 mg GAE 1007), antocianinas: carnadba (9,35
mgcy-3-glu.100 g?), carotenoides totais: murici (20,00 mg-p-carot.100g?), vitamina C:
carnaiba (78,1 mg.100?) e atividade antioxidante: oiti (14721,69 pmol TEAC. 100 g?)
(MOREIRA-ARAUJO et al., 2019).

Com relagdo a composicao de acidos graxos presentes em frutos do Cerrado brasileiro,
Lopes et al. (2012), avaliaram a composic¢ao dos frutos de marolo (Annona Crassiflora Mart.),

coquinho-azedo (Butia Capitata Mart.) e pequi (Caryocar Brasiliense Camb.), os autores
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obtiveram o0s maiores valores de acidos graxos saturados: pequi (43,52%) e acidos graxos
insaturados: araticum (79,33 %).

2.5 Tucuma (Astrocaryum huaimi Mart.)

O tucuma@ (Astrocaryum huaimi Mart.) (Figura 1) também conhecido como tucuma-de-
Goiés e tucuma-do-brejo, é encontrado principalmente nos Estados de Goids, Tocantins, Mato
Grosso e Minas Gerais, ocorrendo geralmente em varzeas Umidas e brejosas proximas a cursos
d’agua. Essa espécie apresenta caule geralmente cespitoso, de 3 a 7 metros de alturae 5 a 15
centimetros de didmetro, € densamente coberto com espinhos longos, achatados e negros
(LORENZI et al., 2004).

Figura 1. Palmeira de Tucuma (Astrocaryum huaimi Mart.).
(Fonte: O autor, 2020)

Os seus frutos (Figura 2) sdo elipséides com 3,5 a 4,5 cm de comprimento e 2 a 3 cm de
diametro, sdo lisos de cor alaranjada ou alaranjada-amarelada quando maduros, com mesocarpo
fibro-carnoso e adocicado (LORENZI et al., 2004).
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Figura 2. Fruto do tucuma (Astrocaryum huaimi Mart.).
(Fonte: O autor, 2020)

Em um estudo que avaliou a composi¢cdo da polpa seca (mesocarpo+exocarpo) dos
frutos do tucuma@ (Astrocaryum huaimi Mart.), os autores obtiveram os seguintes valores para
umidade: 10,22%, cinzas: 3,58%, proteinas: 5,18%, lipidios: 18,28%, carboidratos: 31,46%,
fibra total: 35,95%, fibra soltvel: 3,29%, fibra insoltvel: 32,66% e calorias: 311,08 kcal/100g
(SANTOS et al., 2018).

Alguns estudos avaliaram a composicéo de acidos graxos presentes no 6leo da polpa do
tucuma. Os autores relataram um alto teor de acidos graxos monoinsaturados, predominando o
acido oleico em sua composicdo, com os seguintes valores: 67,62% (FERREIRA et al., 2008),
65,10% (RODRIGUES et al., 2010), 75,34% (SANTOS et al., 2017) e 45,28% (SANTOS et
al., 2018).

De acordo com Santos et al. (2018), a polpa seca dos frutos do tucuma apresenta 14,35
mg.100g de vitamina C, 162,84 mg.100g™* de célcio, 5,15 mg.100g™* de ferro, 67,33 mg.100g"
! de fosforo, 89,42 mg.100g™! de magnésio, 1.776,05 mg.100g™ de potassio, 14,87 mg.100g™* de
sodio em sua composicao, classificando o tucuma como fonte de ferro e potassio, conforme a
Portaria n°® 31/1998 da Secretaria de Vigilancia em Saude (BRASIL, 1998).

Ainda, os frutos do tucuma podem ser considerados excelentes fontes de carotenoides,
como observado nos estudos de Rosso e Mercadante (2007), os quais encontraram 21 tipos
diferentes de carotenoides na polpa do fruto, com destaque para o all-trans-p-caroteno (47,36
wg), ja no estudo de Matos et al., (2019) que avaliaram os teores de carotenoides na casca do
tucum@, observaram teores aprecidveis de p-caroteno (7,8 mg/100g) em sua composi¢éo, e no
estudo de Santos et al., (2021), que determinaram o teor total de carotenoides do éleo da polpa
do tucumd, foi observado um teor medio de 511,00 mg/kg.
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Ao observar a composigédo nutricional dos frutos do tucumd, ressalta-se o teor de fibras
alimentares e de &cidos graxos monoinsaturados, especialmente o &cido oleico. Estes compostos
tém mostrado efeitos benéficos relacionados ao DM2. Em um estudo de revisdo, Mc Rae
(2018), obervou que 0 aumento da ingestdo de fibras alimentares demonstrou efeitos benéficos
na prevencao do desenvolvimento de DM2, e que o consumo de fibras soltveis auxilia na
reducdo da glicemia em jejum de pacientes com DM2. Em outro estudo de revisdo, Weickert e
Pfeiffer (2018) observaram que as fibras solUveis apresentaram efeitos benéficos na melhora da
resposta glicémica po6s prandial, e o consumo de fibras insollveis reduz o risco de
desenvolvimento de DM2, bem como ajudam na diminuicéo da resisténcia a insulina. Palomer
etal. (2018) e Rehman et al. (2020), relatam que o &cido oleico apresenta efeitos protetores com
relacdo ao desenvolvimento do DM2, e ainda aumenta a sensibilidade a insulina.

Considerando a escassez de estudos que avaliem uma possivel acdo toxica desta espécie,
a presente proposta de pesquisa destina-se a avaliar o perfil toxicolégico em modelo
experimental de toxicidade aguda, toxicidade subaguda, bem como estudar in vivo os efeitos
metabolicos da farinha da casca e polpa do tucuma (FT), por meio da suplementacdo na
alimentacdo de animais diabéticos, levando em consideracdo a sua composicao nutricional e
tendo em vista que 0 DM2 é um problema de Saude Publica, o qual acomete grande parte da
populagdo mundial.
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3 OBJETIVOS
3.1 Objetivo geral
Avaliar o potencial toxicologico e os efeitos metabdlicos da casca e polpa de tucuma

(Astrocaryum huaimi Mart.) em ratos diabéticos.

3.2 Objetivos especificos
a) Determinar a composicdo fisico-quimica e acidos graxos da FT;
b) Certificar a seguranca do uso da FT em modelos de toxicidade aguda e subaguda;
c) Padronizar o modelo de indugéo de DM2;

d) Avaliar os efeitos metabolicos da FT em ratos diabéticos.
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4 MATERIAIS E METODOS

4.1 Composicao fisico-quimica e acidos graxos

Os materiais e métodos desse experimento estdo apresentados na forma de artigo,
intitulado: “Physical-chemical, nutritional and antioxidant properties of tucumé (Astrocaryum
huaimi Mart.) fruits”, publicado no periédico Semina: Ciéncias Agrarias, qualissfCAPES Bl1,

fator de impacto: 0,564.

4.2 Testes de toxicidade

Os materiais e métodos desse experimento estdo apresentados na forma de artigo,
intitulado: “Evaluation of acute and subacute (28 days) oral toxicity of the flour bark and pulp
of tucuma (Astrocaryum huaimi Mart.) in mice”, a ser submetido ao periédico Drug and
Chemical Toxicology, qualissCAPES A4, fator de impacto: 1,946. O projeto de pesquisa foi
aprovado pelo Comité de Etica (Protocolo n° 894/2017) (Anexo 1) da Universidade Federal de
Mato Grosso do Sul (UFMS).

4.3 Modelo de inducdo de DM2

Os materiais e métodos desse experimento estdo apresentados na forma de artigo,
intitulado: “Combination of cafeteria diet with intraperitoneally streptozotocin in rats. A type-
2 diabetes model”, publicado no periddico Acta Cirdrgica Brasileira, qualis’5CAPES B1, fator
de impacto: 1,388. O projeto de pesquisa foi aprovado pelo Comité de Etica (Protocolo n°
895/2017) (Anexo I1) da Universidade Federal de Mato Grosso do Sul (UFMS).

4.4 Efeitos metabdlicos da FT

Os materiais e métodos desse experimento estdo apresentados na forma de artigo,
intitulado: “Efeitos metabodlicos da farinha de tucuma (Astrocaryum huaimi Mart.) em ratos
diabéticos”, a ser submetido no periodico Acta Cirurgica Brasileira, qualissfCAPES B1, fator de
impacto: 1,388. O projeto de pesquisa foi aprovado pelo Comité de Etica (Protocolo n°
895/2017) (Anexo Il) da Universidade Federal de Mato Grosso do Sul (UFMS).
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5 RESULTADOS E DISCUSSAO
5.1 Composicao fisico-quimica e acidos graxos

Os resultados desse experimento estdo apresentados a seguir, na forma de artigo,
intitulado: “Physical-chemical, nutritional and antioxidant properties of tucumé (Astrocaryum
huaimi Mart.) fruits”, publicado no periddico Semina: Ciéncias Agrérias, qualis/CAPES B1,
fator de impacto: 0,564.



DOk 10,5432/ 16790359 201 BwdPnda1 517

Physical-chemical, nutritional and antioxidant properties of tucumsa
(Astrecarvum huaimi Mart.) fruits

Caracterizacio fisico-guimica, nutricional e antioxidante de frutos
de tucuma (Astrocaryum huaimi Mart.)

Mirelly Marques Romeiro Santos'; Dayane Stephame Femandes?; Camula Jordao
Candido’; Leandro Fontoura Cavalheiro®; Anderson Fernandes da Silva®; Valter
Aragio do Nascimento®, Manoel Mendes Ramos Filho™; Elisvama Freitas dos
Santos™'; Priscila Aiko Hiane®

Abstract

The Brazilian Cerrado contzins 3 large number of fuit species whose miiritional and physical-chemical
propertiss have not been fully characterized to date. The fruit of twoums (Asorocaryum huaimi bart)
15 ellipsoid with fibrons and gelatinous palp, unique odor, and has significant economic IMporiance in
the region The objectve of this smdy is to analyze the physical-chemical mrmitonal, and antordant
properties of the fruit of mooms grown in Minss Gerais state, Brazil Water content, ashes, proteins,
lipids, carbohydrates, total dietary fiber, pH, titratable acidity, soloble solids, vitamin O, minerals, and
fary acids were analyzed Total phenols, tannins, snd antoxidant activity were analyzed using the
Folin-Ciocaltesn method, Folin-Dienis method, and photocolorimetric method of the stable free mdical
DPPH, respectively, in aqueous, scefone, and sthanol extoacts. The most relevant componenis m the
fruit were lipids, fibers, vitamin . unszatorated famy acids, iron, potassinm menganesse and bicactve
componmds. The analysis of the bicactive compounds revezled that the froit has high antosdamt
activity. The acetome exiract presented the hizhest antieeddant capacity followed by the ethanol and
aqueous extracts. The results indicated that the tocums froit has high nuiridonal vahe 2= a source of
lipids, fibers, calories, vitammin C, minerals and unsahorsted ity acids, and high anficxidant activity.
Therefore, conswrming the meonms froit pulp may help prevent muritional deficiencies and chronic non-
comummicable diseases.

Key words: Functional food prodocts. Cemrado. Fruit.
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Eesumo

O Cermado Brasileiro & responsavel por uma ampla riquera de especies fiutiferas que sinda ndo foram
estadadas em relagdo ds suss caracteristicas oumicionais e fisico-gquirsicas. O moumE & wn fute
elipsoide de polpa fibross, consisténcia pastosa e odor caracteristico, representands ums importante
atividade econdmica regional O objefive deste estudo foi anslisar as propriedades fsico-quimmicas,
muiricionais e antioxidantes do frute tacums (dstrocaryimy kuaimd Mart) do Estado de Minas Gerais.
Foram realizadss amalises Sisicas, wnmidsde, cinzss, protemas, lipidics, carboidratos, fibra alimentar
total, pH. acidez titnlavel, solidos sobiveds, vitemina C, minerais e acidos graxos. Fenois tofais, taninos
& 4 atividade antoxidante foram analizados pelo memdo Folin-Ciocalesn, Folin-Dends & pelo metodo
fotocolorimetrico do radicsl livee estavel DPFPH, respectivamente, em tres extratos: aquoso, acetonico &
etzmolico. l]i:unsﬁmmesqmsedem:mm&mmnmlipidiuﬁ fibras, vitaming C, scidos grasos
insanrados, ferro, potissio, manganés & compostos bioativos. Em rﬂn;m 305 Compostos binatdvos
mmmﬁmpnﬁnﬂtuﬁ:uudmadupmuﬂ amtoridante desze fate. Denre of exTaios
analizades, o acetonice fol 0 que apressntou a maior capacidade anficxidante segnido do etanolico & do
aquoss. Os resultados indicaram que o fruto de tucuma apresents importantes proprisdades mumicionais,
como fonte de Lipidios, fibras, calorias, vitaming C, minersis, acidos graxos insaturades, bem como
elevado potencial anfioxidante. O consweno de polpa de moum3 podera contribuir para prevenir cansncizs

muiTicionais e tambeém na prevengio de doencas cronicas nde tansmissIveds.
FPalavras-chave: Alimento funcionsl. Cerrado. Fruo.

Introduction

The Brazmlian Cemade has the hghest
brodiversity of all savanna omes worldwide, with
7,000 species, of which many are endemme (ELTNE:
MACHADC, 2005). Mative populaticns may benefit
from the high diversity of local fiuts, market them
as mn natura or processed foods, and mehide thern 1n
the diet to increase the nutntional status and reduce
food msecumity (HAMACEK et al | 2013).

The tumumd belongs to the famly Arecaceas
(palm trees), gems Astrecarvum, and 1z popularly
known = “oumenzere” (CARDOSO et al.,
2013). Thas species 1= more common in the Amazon
region but 15 also found in other regions. The fiut
has an ellipscad shape with a length of 3 to 5 cm,
thuckness of 2 to 4 mm vellow-orange color when
npe, fibrous and gelatmous pulp, and chamactenshe
odor (FERFEIRA et al, 2008). It 15 widely used by
the Amazon peoples. who consume almeost all parts
of the palm tree. The mesocarp (pulp) 15 aghly
appreciated by the local population and 15 used for
producing ice creams, popsicles, and tapioca and
sandwich fillings. The pulp 1s alse used as feed for

cattle, pigs, fish and clickens, and for producing
soap (SHANLEY, 2005). The tuoumi 15 classihed
as a product of extractiviam of medium mmportance
and has =mgmficant economic mmportance 1n the
region (MOUTSSA; KATMN, 1997).

Therefore, searching for new food sources
that are nch m hcactive compounds, such as
anfioradants m phenclic compounds and tanmmns,
15 essenfial. Brazl has a neh bodversity, and 1t 1s
possible to study several fnuts and determome ther
unique propertes. The study of antoeadants 15 vital
becanse many chrome non-commnumicable diseaases
are aszociated with an mmbalance m the producton
of free radicals and anfioxadants (ZIMMERMANN;
EIR.STEMN, 2008). The higher consumption of finmts
and vegetables 15 associated wath a decrease in the
rate of chronie non-communicable diseases because
these foods have high antecadant actaty (COSTA
etal, 2013; SANTOS et al, 2014).

The objective of thes study i1s to analyze the
physical-chemical, muimbonal and  antodant
properhes of the fmts of twcumid Cdstrecarym
huaimi Mart) from the state of Mimas Gerais, Brazil.
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Physicol-chemical, nutriticnal, and onticaidont properfes of fuceman [Astrocaryum huaimi Marnt.) fruits

Material and Methods

The finuts of tecuma (Astrecaryaum huaing Mart.)
were collected at the Fazenda 530 Sebastido m the
mumcipality of Limeira do Oeste, Mimas Crerais state,
Brazl, at the geographical coordinates 19°18°42 “5,
507437257 W. The fruts were labeled and registered
in the Herbanum of the Fedaral Unrversity of Mato
Grozso do Sul (CGMS) under Remstrahon Moo
54809 The collection was performed 1n December
2014, One bunch of fnut was collected from each
palm tree, totaling three bunches of finuts. Each
bunch contaired approcamately 200 fwts, which
were selected according to the color of the exocarp
(peel} (yellow-orange), mdicating they were fully

npe.

In the laboratory of the Food Technology and
Public Health Unit (Umdade de Tecnoloma de
Alimentos & Sande Pablica-TUTASE) of CCBS at the
Federal University of Mato Grosse do Sul, the fmts
were selected, and the detencrated and damaged
fruts were discarded After that the frmts were
washed 1n mmming water for fiurther analy=is.

Physical analyses

The length and diameter of the whele frurt were
determuned using 2 Stamless Hardened digial
caliper with a precision of (.01 mm. The weight of
the whole fimt, exocarp (peel), mesocarp (pulp),
endocarp (zeed), and kemel was measwred on a
Shimadeu amalvhical seale after manual pulpmg
(LIMA et al, 1986).

Sample preparation

Frut pulping consisted of separafing the
mesocarp and exocarp usmg 2 stamless steel kmfs,
and this matenal was desipnated raw pulp. The
obtamed raw pulp was dned at 45 °C m a forced
awr curculation oven for 2 days. The dned matenal
was crushed roughly in a cutter (SIREY) and later
in a turex-type homogenizer (TECMALY). The

homogemzed samples were zmeved n 2 &0-mesh
seve to achieve gpramulometric uniformaty. After
that, the samples were packaged i1dentified. and
used for physical-chermeal analyses.

Phyvzical-chemical analyzes

All phy=zical-chemical anzlvses were conducted
m tiphcate. The evaluated parameters wers
water content, pH, and titratable acidity usmg the
methodelogies of the Adelfo Lutz Instoiate (TAL,
2008). Protemns were defermuned using the Micre-
Ejeldzhl method with factor 6.25. Lipds were
analyzed uwsmg the Soxhlet method according
to AQAC protocols (2000). Eedurmz swerose,
non-redusing sucrose, and starch were quantifhed
using the LapeEynon meductometne method
(BEASIL., 2005). The total dietary fiber confent
was determuned using the ensymatic method with
og-zmylase  (Termamyl®), enzymatic digeshon
with protease (Alcalase™ and amrvloghicosidase
(AMGY) for bydrobysiz, and fltration in ethanel
for extraction of fibers using the methed AQAC
985.29 descnbed by AQAC (2000). The ascoriue
acid content was determined by tibehion with
2. 6-dichlorophenolndophenc] according to  the
ACAC method (1995). Three grams of homogemized
“Innatura” sample weres used for quantifinng soluble
solids. A gauze was used to falter the selid particles,
and two drops of the homogenate were placed mn
the prism of a digital refractometer model HI 265801
(Hannza Instruments Brazl, 530 Paule, 530 Paulo).
The wvalue obtained by spectrophotomety was
multipliad by taro.

Cobalt, won, manganess, magmesivm mckel,
potazsim calemm sodivm cadmivm copper, Ane,
were quantfied wsing mductrvely coupled plasma
optical emussion spectrometry (Thermo Fisher
Scientific, Cambndge, England) model 1CAP 6300
Do (POUSSEL; MEEMET, 1995).
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Cuantification af fatty acids

Lipids were extracted by cold extrachion using the
methed of Bhigh and Drver (135%). After exiraction,
a 100-mg aliguot of the hipad sample was transferred
to a screw-capped fube, 2 ml of methanohe sodnmy
bydroxide was added to the fest tube, and the
solution was heated 1n 2 water bath for 5 man A fter
that, 6 ml. of the esterfication mixture was added to
the warm solution and heated for 3 mun. After ths
step, 5 ml of distilled water was added to the tube,
and the sohibion was agitated (HARTWMAN; TAGO,
1973,

The formed methyl esters were extracted by
adding § ml. of hexane (three 2-ml. aliquots in
sequence), and the crgamc phase (supematant) was
transfarred to another tube using a Pasteur mpette.
The methyl ester solnhon was washed with two
5-ml. wvolumes of satwated sodmm bicarbonate
solubon. The orgame phase was transferred to
another screw-capped tube, and the =olvent was
evaporated. After that, the solubon was filtered and
tranzferred to Eppendort tubes.

The fatty acids extracted from the frut samples
were determuined using @ Vaman  gas-hgud
chromatograph (model CP-38000 with 2 fused
sibea capillary colwmm (Jength, 30 m; internal
diameter, 0.25 mm; BFX-T0, 70% cyanopropyl
polysilphenvlaloxane) and a flame 1omzabion
detector (DIC) with a spht'splitless-type imjector.
The gases used in the detector were helimm (camer
gas) at 2 flow rate of 1.0 ml/man synthetic air, and
bydrogen. Mitrogen was used as an awxahary gas.
The workmg temperature n the mjector was 200
“C. The temperaturs m the column was 80 °C for 2
mumn, then inereased at a rate of 4 °C per mum untl it
reached 220 °C, and was mamtamed at 220 °C for
10 mn. The temperature of the detectorwas 250 *C.
The peaks of the 15olated fatty acid fractions were
identified by companson with the retention fimes of
pure fatty acid methy] esters (S1pma) and quantfied
by area nomuahzation. The results were expressed
as percentages (¥o). The analyses were conducted

m the Laboratory of Fuel Analbyzis (Laborztono
de Anahizes de Combustivers-LABCOOM) of the
Department of Chemstry of the Federal Unrversity
of Mato Grosso do Sul (Unverndade Federal
Umrversidade Fedaral de Mato Grosso do Sul-
TUFMS).

Determination of the daily value (DT

The %DV was caleulated using 40 g of the sample
based on the values recommended for subjects of
both sexes aged 19 to 50 years (INSTITUTE OF
MEDICINE, 200%). The nutnent: were evaluated
wing mean vales for carbobywdrates, protems,
hipads, and distary fiber.

The %DV of mmerals was calculated wsang 40
g of the sample based on the recommended valies
for subjects of both sexes aged 19 to 30 years (FAQ,
2001).

Analysiz af antioxidant compounds

The hioactive compounds were analyzed using
the raw pulp of frmts “in natura.” The extracts wera
prepared according to the methodology of Roesler
et al. (2007} using the aquecus, ethancl and acetone
extractions. The aquecus extraction was camed out
uzing disthlled water at a fnui-water retio of 1:3 (m
v'). The ethamolic exfraction was performed using
95%0 aleohol ata frmt-alechol ratio of 1:3 {m ). The
acetone extrachon was performed usmmg acetone ata
frut-acetone ratio of 1:3 (m v ). For each extrachon,
the matenal was homopemzad for 20 mm wsng a
Ehne storer. After that, the zample was filtered m
ganze and re-extracted m the same solvent under the
same condiions, and the filtrate was bansfared to
3 30-ml fazk. Phenche compounds, tanmms, and
anfioradant actrvity were determned in the extracts
(BATISTA, 2013; ROESLER et al, 2007).

The antioradant capacity for sequestening free
radicals was evaluated usng the photocolonmetmne
method of the siable free radical 1,1-diphenyl-
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2-pueryl-bvdrazyl (DPPH) (MELO et al, 2006;
ALT et al, 2007). The method was based on the
sequestrahon of DFPH by the anhoccdants present
in the samples, and absorbance was read at 517 nm
in a spectrophotometer. Different concentrations of
ethanolic sohiions were prepared from the aquecus,
ethanc], and acetone extracts by adding 1800 pl of
DPFH (0.004% m v"), and the final vohme was
adjusted to 2000 uL with ethanol Each sample
was incubated at room temperature for 30 pun in
the dark The ahility to sequester fiee radicals was
expressed as a percentage of mhibifion of radical
oxdation, caleulated by the formula % mhibition
= (yors ~ 3.3y 100, where & s the
absorbance of the DPPH solufion, and A was the
absorbance of the sample m solufion (ROESLER et
al, 2007). The results were expressed as IC, winch
represents the fresh mass i grams of the sample per
gram of DFPH used in the reaction (RUFEN0 et al
200007,

Total phenols were quantthed using the Foln-
Crocaltean method (SWATN; HILLS, 19597, wiach
involves the reduction of the reagent by the phenolic
compounds present mn the szmple and the formaton
of a blue complex whose absorbance 15 read at 760
om m a spectrophofometer. The reachon muchure
confaimmed 0.5 ml. of the extract, 2.5 ml of the
Foln-Ciocaltean reagent, and 2 ml of a saturated
solntion of sodium carbonate A standard curve was
constructed with gallic acid at the concentrations of
0.025, 0.075, 0.09, and 0.105 mg ml-'. The results
were expressed as mg of gallic acid equrvalent n
100 g° of frech zampls using the formula EAG =
(C*VALD=100, where C was the concentranon

obtained m the curve (mz/'ml), V was the sample
volume m the reaction {ml}, and M was the sample
mass In the reaction (g).

Total tanmins were guantfied using the Folin-
Denniz method (BRASTL, 2003), which mvolved
the reducthon of the reagent and formation of a
blue complex whose absorbance was read at 760
nm. The reaction mixhwe contamed 0.5 mL of the
extract, 1.0 mL of the Folin-Denms reagent, and 1
ml. of satwrated sodium carbonate solution, and the
final vohume of 10 ml was completed with diznlled
water A standard cwrve was construeted with tarmie
ac1d. The resulis were expressed as mg of tanme
ze1d equivalent m 100 g° fresh sample using the
fornomla EAT = ({C = V/ M) * 100, where C was the
concentrafion obtained m the cwve (mg ml-"), V
was the sample volume 1o the reachion (ml), and I
was the sample masz (g) m the reachon.

Statistical analysis

Diata weere analyzed nsang the soffware Statisheal
Package for Socal Sciences (SPSS) version 220
and expressed as the mean = standard deviahon.
The companisons were performed using ANOVA
followed by Tukey's post-hoe test. P-values of less
than (.05 were considered significant.

Eesults and Discussion

The values obtained m the physical analysis of
the “in matuwra™ samples and the companson with
hferature data are shown i Table 1.
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Table 1. Physical parameters of the fruits of taouma (Asrocaryim Busims Mar) from Limeira do Oeste, Minas

Gerais, Brazil
Parameter MeESD iyt valgore Mart, _ismocaryum e Mart
Peel weight (g) 226+055 675 6.90
Pulp weizht (g} 537x3.52 5.08 364
Seed weight (g) B43=3348 10.03 1006
Dy seed weight (g) 6.37=126 - -
Dy kemel weight (g) 44 =052 - -
Fruit cinnmiference (cm) 10008 =062 - -
Fruit dismeter (mm) 3727186 31.23 3232
Mesocarp thickness (nma) 288 =043 - -
Seed thickmess {mm) 2O5 =075 - -
Feme] thickness (mm) 502 =053 - -
Exocarp thickness (mm) 0.54=017 - -

5D standard deviation.

The mean peel weight, seed weight, and
frut diameeter were smaller than those obfained
by Femvewra et al. (2008) and Smmdes (20107 for
Aztrocaryum vulgars Mart. The pulp weight in our
study was sopmlar to that found by Femera et al
{2008) but higher than that found by Smmdes (2010}
Mo hiferature data on the other phy=ical parameters
were formd Olivewra et al (2003) reported that
differences in the physical parameters ought be dus
to the analyzed species, chimate, soul, and futmg
period, leading to diffevent results mgardmz fnt
size, weight, and composition.

The edible part of the tocumd fnut (pulp + dry
kermel) represents 486% of the total weight of
the fiut, thus presenting adegquate composiion
for eulinary preparations and providing nutnents
(BAMOS et al., 2008).

The mean values obtained in the apalysis of the
physical-chemaeal composihon of the dry eer pulp
(mesocarp + exocarp) using a 100-gram sample as
reference are shown in Table 2.

The mean water content of the dry raw pulp was
10.22%, which differed from the study of Tuyamz
et al. (2008), whereby the mean water content of the
dry and mulled pulp of 4 aculeanmm Mever from

Fio Preto da Eva, Amaropas, Braml was 1.67%.
This difference 1s probably due to the mtensity of
the drving process applied in each study and the
evaluated species. In contrast, Damasceno et al.
(2008) analyzed the dry pulp of 4 wuleare Mart.
from the northeastern region of Para and the state of
Maranhie, and the water confent varied from 3.47%
to 9.55%, whech 1= similar to the value obtzmed m
our study.

The percentages of ashes, protens, and total
catbohydmates m the drv raw pulp were smmlar to
those found by Damasceno et al. (200E) and Yuvama
et al. (200E).

It 15 of note that tecuma fnuts bave gh liped
to 1ts high energy content. The mean percentage of
bipads was 1828 + 0.04%, which 1= simlar to that
found by Damasceno et al. (2008) (1888 = 0.03%)
(13.33-50.72%). The percentage found by Yuyama
et al. (2008) was 61.60 = 0.62%, whch 1= ngher
than that of the siudy by Damasceno et al. {2008)
and the present study. Ferrena et al. (2008} obtained
a percentage of 40.49%: m the m natura fuxt of 4
vulgare Mart. from the regron of Mazagio, Amapa,
Bra=zl
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Table 2. Physicalchemical composition (21008 of the &y raw pulp (mesocarp + exocarp) of twomms fits
(Asmrocaryum Fuaimd Mar) Som Limeira do Oeste, Minas Gerais, Brazl.

Damascenc et al {20E]) Yuyama et al (2003
Components (2 10z ") Mean = 5Dy Asmrocarynm vidgare Asfrocarynm acnleamm
Mart. Dry Meyer. Dry
Water content (%) 1022 =025 347855 147
Ashes 3.58 =006 1.78-3.32 x4
Proteins 518=011 435881 6.7
Lipids 1828 =00 13,53-50.72 61.50
Toital carbobydrates Fl46=000 33167103 27.63
Glucose 11.24=0.00 HND ND
Sucrose 0.01 = 000 HND ND
Starch 2021 =00 HD ND
Toital dietary fiber 3595=0.01 HD WD
Solable dietary fiber 320001 HD WD
Insoluble dietary fiber 3266 =001 HD ND
Calories (kcal 100e") 31108 HD ND

5D standard deviaton. WD: not defermuined.

(Other authors observed that the lipid content of
tecuma fnuts varied considerably. Olivera et al
(2013} studied 4. vulgare Mart. from the Germplasm
Bank of Embrapa Amazdma COnental, and indicated
that the percentage of hpids, on a dry basiz, mn the
frint mesocarp vaned from 11.30% to 73.80%.
Aragdo (2013) reported that the percentape of hpids
in the pulp i natura was 22 94%, comesponding to
approximztely 41.67% m dry basis, according to the
water content obtained The percentape of lipids i
the mesocarp + exocarp of 4 aculsamm m natura
from two mumcopalites of the state of Amaronas
varied from 33.9% to 37.5% (YUYAMA ef al,
2005).

Femreira et al. (2008) hypothesis that vanations
in frt composihon are because of different species
analyzed 1 addifion to fint beterogenerty and
emvironmental factors such as chimate, so1l, zFrowth
temperature, and fruting penod Aragie (2013),
Damasceno et al. (2008), and Olivera et al (2013)
studied 4 welgare Mart, from nportheastern Para
and the state of Maranhdo, whersas Yuyama et al

(2008) studied 4. aculeatum Meyer. from Fio Preto
da Eva, Amazenas state.

The mwean total dietzry fiber of the fruts was
35.95%. The percentages found by Aragio (2013},
Fernandes et al. (2007), Yuvama et al (2003) were
9.0%, 14.21%, and 24.1-35 4%, respectively. The
percentage of msohuble distary fiber was 32.66%,
correspondmg to 90,8 5% ofthe total dietaryfiber. The
mehision of fibers m the dist 15 advocated becauss
of thew health benefitz, mcluding improvement of
miestinal transit, increase m fecal volume, delay m
glucose absorphion, and prevention of colon cancer
(FERREIRA et al., 2008).

The physical-chemical composition of the fnut
per serving (fwo units}), with an approccimate weizht
of 40 g, and the recommended daily mitake (EDI)
expressed as %DV of the raw pulp are presented m
Table 3.

The mean levels of minents were 2 214 25 Eealf
day of total energy, 2755 g'day of carbohydrates,
829 z'day of protems, 82.25 g'day of hmds, and
15.97 g/day of fiber, according to the EDI 20035
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Table 3. Physical-chemical composition per serving (g 40z "7* and daily recommendad intake (DET) expressed as
percentage daity value (%D of the dry raw pulp (mesocarp +exocarp) of the froits of mowns (4drrocaryen huaims

Mart ) from Limeira do Oeste, Minas Gerais, Braml.

Components (z.40") Mean = 5Ir WDV
Moishare content 400025 -
Azhes 143 =008 -
Proteins 207=011 240
Lipids T31=004 288
Total carbobydrates 12.58 =004 457
Gharose 4.5=10.00 -
SucTose 0.4 = 0000 -
Starch BOB=004 -
Total distary fiber 14.38 =0.01 o004
Soluble dietary fiber 1.32=001 -
Inzoluble distary fiber 13.06=0. -
Calories, kcal 40g! 12443 562

SD: standard deviation %20V muirients evaluated by the mean recommendsd daily infaks (2005) based on a dief of 2,214 25 Ecal

*Serving approvamaiely equivalent to Two Wmits.

The=s resultz mndicate that the fimt 15 2 good
source of lipids and fbers (BERASIL, 2012,
especially msoluble fibers, and can sagmficantly
improve the nufntonal statns of natrve populations.
Conadenng that the mean FEDI of hipads and fibers
for adults of both sexes aged 1% to 50 vears was 8225
glday and 1597 giday, respectively (INSTITUTE
OF MEDICTNE, 2005), the consumption of 40 g
of mw pulp (mesocarp + exocarp) supphes 8 88%
and 90.04% of the daily requrements of these

two numents, respectvely. Thetary fibers have
sevaral health benefit: by mcreasing imtestmal
transit, lowenng blood cholesterol, decreaszing
starch bydroly=iz, delaving glucose absorphon
and reducing the nsk of colen complications
(FERREIRA et al., 2008).

The pH, sohuble solids, tifratable acidity, and
vitamun C content of the tuenmd fruts are shown
m Table 4.

Table 4. Physical-chemical parameters analyzed in the fruits of tucmma (Arrocaryum Fuaimi Mart.) fom Limeira do

Oiaste. inas Gerais, Brazil.

Parameter Mean £ 5D
pH 490 =001

Soluble solids ("Brix) 7.75 =007
Titratable acidity (o) 021 =002
Vitsmin C {mg. 100z-1) 1435=207

SD; standard deviaton.

The mean pH (490} was lower than that found
by Aragao (2013} (5.90) and Yuyama et al. (2008)

(5.71-5.89) m drv and m natwra pulp, respectively,
m 4 vulgare Mart.
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The titratable acidity of the dry fimt was lower
than that obtzimed by Arapdo (2013} m in nztura pulp
{0.32%) and by Tuyama et al. (2008) mn dry pulp
{0.60%). The factors responsible for the quality of
the fruits m the palm tree are the soal climate and
stage of matwation. Therefore, the pH 1= a cnitical
paameter m frut conservation The amdity 1=
related to the stage of matwrahion such that the pH 1=
decreased as the St matures (SILVA et al., 2009).

The zoluble sobids mdicate the concentration
of dizsolved substances m the frut jwee, and the
production of these sohds depends on the matwahion
stage (SILVA et al, 2009}, The amount of soluble
sobids ("Brix) m the frmt pulp (7.75 ° Bnx) was
loweer than that reported by Aragdo (2013) (100 ©
Brix).

The levels of vitamom C (1435 mg 100z} {Table
4y were higher than those described by Aragio
{2013) (1.34 mg 100g™") in the pulp and lower than

those found by Santos etal. (20153 {19 mg. 100z ) m
the mesocarp and exocarp of 4. vulgare Mart. from
the Macapa region. Considenmg that the mean EDI
of vitanun C for adults of both sexes aged 19 to 50
vears 15 825 mg'day (DRI, 2005), the copsumphon
of 40 g of the raw pulp provides 6.9% of the daky
requremnent of vitanun .

Vitamuin C 15 unstable to light, lgh temperatures,
and oxvgen, and these factors need to be nummmized
for aclieving a rebiable amzlytical result (LEE;
EADER 2000). Thos substance 15 watzal for human
healith apd i= found m many fruts. Viaoun C
has anbiomadant actvity and 15 mvelved m the
production of several hormenes and synthesis of
connective tissue; its anfioxidant activity depends
on pH, such that the ngher 15 the acidity, the ngher
15 the anfiocadant actrvity (SILVA et al | 20097

The mmerzls found in the drv raw pulp of the
tnenuma fnut ave showm in Table 5.

Table 5. Mineral composition (mg. 100z") per serving (mgz.40z ") and recommended daily intske (FDI) per serving
{40 g, corresponding to 2 units) of dry pulp (mesocarp + exocarp) of the fruits of tucwma (Astmocaryum hugimi Mart )

. Mean = SD Serving -
Minerals g 100 me d0g “DV RDA**
Calcimm 16184 =388 65.14 6.51% 1000 mz/'day
Cadminm 0.003 = 0.0004 0.0012 ND ND
Cobalt 0.0091 = 0.001 0.0036 ND ND
Copper 0.50+0.03 020 0.022 900 me/day
Chromea 0252005 0.10 0.33% 30 pg/day
Tron 5152050 2.06 15.85% 13 mg/day
Phosphors §7.33=5.55 26.93 3.85% 700 me/day
Magnesinm 89.42=135 35.77 0.0% 362.5 me/day
Manganese 549026 2.20 107.34% 2.05 me/day*
Mnlybdemmn 0.70=0.05 028 0.62% 45 pgiday
Mickel 0.40 = 0.00 0.16 ND ND
Potassinm 1,776.05 = 38.93 71042 15.11% 4,700 me/day*
Silicon 2825195 11.30 ND ND
Sodinm 14.87 = 0.21 5.05 0.40% 1,500 mz/day*
Zinc 009 = 0.04 0.40 421% 9.5 mey/day

SDx: standard deviation; %20V moiments evaluated as the mean recommended daily allowance (RDA); * *Mean valoes recommended
for subjects of both sexes aged 19 to 30 years; WA- not available * Mean recommended values accordme to AT
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Iron. manganese, and potassm were the
most abundant The amount of the other analyzed
mimerals was not significant but ompht contmbute
to the mufntional value of the frust when used for
supplementing the diet

The EDI for a healthy individual of both sexes 15
13 mg/day for ron, 2.05 mz/day for manzanese and
4,700 mg'day for potassium. Therefore, consummg
one serving of pulp comesponding to two umts of
the frut provides 15.83%, 107.34%, and 13.11%
of the RD] for won, manganese and potassium,
respectively. Smmbes (2010) evaluated minerals in
the frmt fAour of 4. vulzare Mart)) and the obtained
values were lower than those of this study (4.3 mg
of ron/1 0z and 1,100 mg of potassmam'1 00g).

The level of manganese was hgher than the BT
for thas putrent for men and women aged 19 to 50
vears. However, this level does not pose a health
nsk because it 15 lower than the masamum tolerable
Livent (10 mg/day, meam value for both sexes) and
for this reason, the melusion of ths finut m the diet
15 recommended.

The Mimsterial Order Mo, 31/1998 of the Health
Survelllance Secretanat (BEASIL., 1998), whch
establishes requrements for elassifiing sohd foods
a5 baving a low puneral content (15%:) or hugh
mineral content (30%:), deternumned that the dry pulp
of the tucumd fut could be clazsified as a sowrce
of won and potassium and a2 reliable source of
mangznese for bealthy subjects of both sexes aged
19 to 50 vears.

Trom 15 an eszential mucropuirient and contribuates
to cogmtve performance, nmmune status, overall
metzbohism, and produchon of bommones, including
thyroid bormones. Its deficiency has adverse effects,
especially anerma, which 15 a senous public health
problem (WHO, 2001}

Potasznum playvs a vital role mn muscle contrachon,
regulation of the cardize thythm, conduwchon of
nerve mmpilses, and mamtenance of the electrobte
balance. Potassium 1= also crucial for preventing and
treating artenial hypertension (PEREIRA, 2005).

The composihon of the fatty acids in the tucuma
frait 1= showm in Table 6.

Table &. Fatty acid profile of the fruits of tnoeni (dsirocaryum hugimi Mart ) from Limeira do Oeste, Minas Gerais,

Brazl, compared to literature data.
Fatty acd ST 00 smocayumalgare Mart. - wulgareMart
Satorated
ButyTic acid 40 230 ND WD
Caproic acid Ca:0 .69 HND WD
Lanmic acid C12:0 005 HND 0.03
Myristic acid C14:0 0.14 HND 0.0
Peatadecylic acid C15:0 005 HND 0.02
Palmitic acid C16:0 2546 2290 2504
Marganic acid C17:0 0.16 HND 012
Stearic acid C18:0 0.14 295 257
Arachidic acid C20:0 011 HND 0.14
Behenic acid C22:0 007 HND 0.03
Tricosanoic acid C23:0 005 HND WD
Liznoceric acid C24:0 0.0 HND 0.04
Tiotal samurated fatty acids 2040
Contims
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Confmaten

Unsaturated fatty acids

Heptadecenoic acid C17:1 004
Oeic acid Cl8:In% 4528
Linolelaidic acid C18:2n6t 047
Linoleic acid C18: e 10.71
Linolemic acid C18:3n3 1.85
Eirpsenoic acid 2 1nb 0.37
11, 14-eicosadienoic acid C20:2nh 004
Emcic acid 22 1nb 0.10
Total unsaturated Sty acids 58.86
HI 11.74

HD 0.07
67.462 G347
1.15 12
HD 114
HD 0.27

ND
D -

WL not identified. WL not determined.

The nuttonal composthon was 29 4 of saturated
fatty acids, and the major component was palmitic
aced (25.46%). The most abundant unzaturated fatty
acids were oleic acid, mopounsaturated cmega 9,
linclere actd and polyunsaturated omega 6, and
these substances accounted for 95.12% of all the
unsaturated fatty acids. These results comoborate
those found by Ferremra et al. (2008), Morais and
Gutjabr (2012), and Simées (2010), confrming that
oleie acid 15 the most abundant wnsatwated fatty

ze1d 1o the tuewmd fint. Therefore, determming the
fatty z2c1d profile of food products 15 fimdamental
for better charactenzing these products and
poszible adverse effects. Healthy fats are essential
sources of wnsatwated fatty acids, which protect
agamst cardiovascoular diseaszes and are smiable for
consumption (SANTOS et al, 2013).

The levels of tanmmns, total phenols, and the
anficcodant activity of the raw pulp “in natwa™ of
the tueuma finut are shown im Table 7.

Table 7. Temmins, totz] phenols, snd antioxdent activity in the aqueons, acetone, and ethanol extracts of raw pulp “in
naturs” of the fruits of tuouma (Asirocaryum kuaims Mart.) Som Limeira do Osste, Minss Gerais, Brazl.

Extracts Tannins Total phenols Antioxidant activity
(mg EAT100e") (mg EAG 100" Ic.y
Aqueous 31.10 =034 62.17=0.06 25005 = 075"
Acetone extract 90,77 = 1.13* 87.80=2.48 115.76 = 5.67
Ethanol extract 6357+ 152> 101.78 = 1.88* 138 40 = 0.80°
p-value =0.0001 =0.0001 -0.0001

' meEAT 100z = me of tannic acid equivalent per 100 g of sample. * meEAG 100e" = mE of zallic acid equivalent per 100 g

sapmpla * IC_ = 2 of sample per g of DPPH used in the reaction. Values (mean = 50) in the same cohmen followed by different

leimers were different usmg Tokey's test (p=0005).
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There was a sizmificant vanabibity (p=20.0001)
m the concentration of bicachve compounds m
the analyzed extracts. The level of tanmns m the
acefone extract was 90.77 = 1.13 mg EAT 100z
and was higher than that prezent in the ethanol and
aquecus extracts. Phenolic compounds were more
abundant in the ethanol extact (10178 = 138
mg EAG. 100g") than in the acetone and agueous
extracts. The aqueous extract presented the lowest
antioxadant capaerty (IC, =259.95 £ 0.75) followed
by the ethanol and acetone extracts.

The extrachon of phenche compounds n
natural produects 15 affected by the selvent used m
the extraction such that the lngher 15 the polanty
of the extract, the hagher 15 the extrachion yield
(GAIEZLE& et al., 1999). Therefore, polanty
was lugher m the extracts with higher extrachon
yield. The extraction of anfioxidants 15 different in
each extract because of the need for bigher or lower
concentrations of the anfomadants to reduce the
actmvity of free radicals (ROCHA et al |, 2013).

Santos et al. (2015) evaluated the antiowadant
actmvity 1 the mesocarp and endocarp of 4. vulgare
Mart. wsing several methods, meludmg the DPFH
methed, as was alse the case m the present study.
The antioxidant actnaty m the tocoma frmt was lngh
{IC,, = 3.343) but lower than that found in this study.
Santos et al. (20135} found that the fit extracts with
hugh antiocadant activity contamed lugher levels of
polyphencls. The same result was cbserved n the
present study, mdicating a relabhonship between
pelyphencls and the anhoxadant activaty.

The levels of total phenols in the three extracts
were higher than those found by Aragdo (2013)
m the buffered pulp extract of tucum3 fiwt at pH
70 (3960 mg EAG.100z"). Santos et al. (20135)
analvzed polyphenols in the mesocarp and endocarp
of frmts of 4 vulgare Mart. and the obtamed values
ware 1 59 mg GAE . 100g" m the combined methanal
and acetone extract, and this level was lpher than
that of this study:

Plants subjected to stress condiions, meluding

pathogens and lack of nutments, mcrease the
produchion and storage of phenche compounds
because these compounds help protect the plant
agamst external factors (JGNAT et al, 2011;
CARVALHO et al., 2009

The resultz of the physical-chemucal analymis
mdicated that the copsumption of pulp of the tucuma
frmt should be promoeted becanse of the high levels
of macromitrients and mucronuiments, favorable
fatty acid composition, and hagh levels of ioactrve
compounds, and therefore thiz product may help
prevent mintional deficienoies and chrome diseases
and promote additional health benefits. However,
additonal studies on this frut are mecessary
because, to the best of our knowledge, no studies to
date evaluated the maecromiiments, oocromitnents,
antincndants, total phenols, and tanmins m the fnts
of A. huaind Mart.

Conclusion

Char results mdieate that including tucums fruts
m the diet may help merease the mtake of lipeds,
fibers, calomes, vitamun O, minerals, wnsaturated
fatty acids, and loactve compounds.

Thas fruat has lugh levels of vitamun C. Iron,
potassmm, and manganese were the most abundant
minerals, and the fnut was classified as a sowrce
of mon and potassnm and as 2 neh source of
mangznese, suggeshng the possibility of consuming
whole or frachonated futs o supplement runerals.

The anaby=is of the fafty acid profile indicated
the predommance of unsaturated fatty acids. The
analy=1s of hioactive compounds revealed that the
acetone extract, followed by the ethanol exiract,
presented the hughest anficxidant capacity and the
highest level of phenolic compounds and tanmms.
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5.2 Testes de toxicidade

Os resultados desse experimento estdo apresentados a seguir, na forma de artigo,
intitulado: “Evaluation of acute and subacute (28 days) oral toxicity of the flour bark and pulp
of tucuma (Astrocaryum huaimi Mart.) in mice”, a ser submetido ao periddico Drug and
Chemical Toxicology, qualissfCAPES A4, fator de impacto: 1,946.
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Abstract: To use natural products in the formulation of new medicines or even for human
consumption, it is necessary to carry out toxicity tests for safety evaluation. The objective of
the present study was to evaluate the toxicological profile of the flour bark and pulp of tucuma
(Astrocaryum huaimi Mart.) (FT) through tests of acute and subacute toxicity. Female mice
(Swiss) were used for the acute toxicity test (dose 2000 mg/kg), and males and females for
subacute toxicity (doses of 250, 500 and 1000 mg/kg FT). In the acute toxicity test, the dose
2000 mg/kg did not cause lethality or behavioral changes in mice, demonstrating that LD50 is
higher than this dose. In the subacute toxicity test, none of the doses caused significant changes
in the biochemical, hematological, and histopathological parameters of exposed animals. The
data obtained suggest that the flour of the bark and pulp of tucumé does not present acute and

subacute toxicity in mice.

Keywords: Astrocaryum huaimi Mart., tucuma, acute toxicity, subacute toxicity, preclinical

study, mice.

Introduction

The Cerrado is one of the richest vegetation in the world and it is located mainly in the
north-central region of Brazil (Felfili and Silva Junior 1993). This biome is known for its
biodiversity, which stands out because of the numerous unknown native species that provide
fruits with peculiar characteristics, generally considered source of antioxidants (Rosa et al.

2016, Almeida et al. 2018, Schiassi et al. 2018, Moreira-Araujo et al. 2019).

Pharmaceutical industries have been developing research with native plants by
extracting compounds or molecules to formulate drugs (Pimentel et al. 2015.). However, to use
natural products in the formulation of new medicines or even for human consumption, it is

necessary to carry out toxicity tests for safety evaluation (Traesel et al. 2014, Lima et al. 2017).
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Thus, it is necessary to evaluate the toxicity of native plants and fruits, among them
tucuma (Astrocaryum huaimi Mart.), also known as tucuma-de-Goias and tucuma-do-brejo. Its
fruits are ellipsoid, smooth, orange or yellowish-orange when ripe, with a fibrous and sweet-

like mesocarp (Lorenzi et al. 2004).

In a recent study carried out by our study group on the evaluation of the composition of
the tucuma fruit, it was shown to contain high contents of lipids and fibers, a high content of
monounsaturated fatty acids, predominantly oleic fatty acid, the fruits also had significant levels
of vitamin C, iron, potassium, and manganese, and a high antioxidant activity (Santos et al.
2018). Corroborating with data obtained by other studies (Rodrigues et al. 2010, Santos et al.
2015, Santos et al. 2017). The tucuma fruits present appreciable content of total carotenoids
and PB-carotene (Santos et al. 2015). However, so far there is no scientific report guaranteeing

safe consumption of this fruit.

Therefore, the present work is the first study evaluating possible toxic effects from both

acute and sub-acute toxicity in mice treated orally with flour of the bark and pulp of tucuma.

Materials and Methods

Botanical Material

The fruits of tucuma (Astrocaryum huaimi Mart.) were collected at Fazenda S&o
Sebastido, in the Municipality of Limeira do Oeste, in the state of Minas Gerais, at the
geographical coordinates: 19°18'42" S, 50°43'25" W. The plant was identified, and the
exsiccate deposited in the UFMS herbarium under the number CGMS 54609 and SISGEN

A23EE4B.
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The fruit pulping consisted of separating pulp with bark (mesocarp and epicarp), which
was subjected to dehydration at 45°C in a forced air circulation oven for a period of 48 hours.
The dehydrated material was crushed roughly using a cutter (SIRE®, Brazil) and later a turrax
crusher (TECNAL®, Brazil). The crushed sample was sieved using 60-mesh sieves in order to

achieve particle size uniformity.

The flour from the bark and pulp of the tucuma was suspended in distilled water till

prior to administration to the animals (OECD 2008a, OECD 2008b).

The physical-chemical characterization of the bark and pulp of the tucumé was

previously carried out by our research group (Santos et al. 2018).
Animals

Sixty Swiss mice (35 females and 25 males), eight to 12 weeks old (30 grams * 20%)
were used. Animals were obtained from the Central Bioterium of the Federal University of
Mato Grosso do Sul, Campo Grande, MS, Brazil (OECD 2008a, OECD 2008b, Khandare et al.

2016, Branquinho et al. 2017).

The animals were kept in polypropylene boxes covered with shavings under controlled
environmental conditions: temperature at 22 + 2°C, relative humidity 50-60%, and light/dark
cycle of 12 hours. The mice had access to distilled water and commercial feed (Nuvilab®,

Brazil) ad libitum.

The experiment was carried out according to the Ethical Principles on Animal Research
and approved by the Ethics Committee on Animal Experimentation of the Federal University

of Mato Grosso do Sul under opinion no. 894/2017.

Toxicity tests
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Acute and subacute toxicity studies were based on the OECD (Organization for
Economic Co-operation and Development), Guidelines no. 425 and 407, respectively (OECD

2008a, OECD 2008b).

Acute oral toxicity

The flour of the bark and pulp of tucuma (FT) was administered by oral gavage at a dose
of 2000 mg/kg to a female after a three-hour fasting. After 48 hours, the dose was administered
to four more females, totaling five treated animals (group: FT 2000 mg/kg). In parallel, five
females were treated with distilled water (comparative negative control group). The FT was

dissolved in distilled water before gavage (OECD 2008a).

The animals were observed during the first thirty minutes, in the first 24 hours after
administration, and daily for 14 days. For the evaluation, the Hippocratic screening of Malone
& Robichaud (1962) was used to evaluate conscious state, activity and coordination of the
motor system, muscle toning, reflexes, activities in the central nervous system, and activities in
the autonomic nervous system. Food consumption was performed every two days (OECD

20084).

After 14 days of observation, all animals were euthanized with anesthetic agent
(isoflurane). The heart, lung, spleen, liver, kidney, uterus, and right ovary were removed,

weighed and examined macroscopically.

Subacute oral toxicity

The animals were distributed into five experimental groups containing ten animals per
group, five males and five females. Three different doses of FT were given according to the
LD50 obtained in the acute toxicity test. The groups were divided as follows: FT 250 mg/kg;
FT 500 mg/kg; FT 1000 mg/kg; and control group (negative control), which received only the

vehicle (distilled water). All doses of FT and vehicle were daily administered by oral gavage
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for 28 consecutive days. To assess reversibility, persistence or delay in the occurrence of toxic
effects related to the administration of FT, a satellite group was established, and it received the

dose 1000 mg/kg for 28 days, remaining under observation for another 14 days (OECD 2008b).

Body weight and dietary intake were evaluated during the experiment every two days,

and behavioral parameters (daily Hippocratic) were evaluated.

For blood collection, the animals were anesthetized with isoflurane (inhalation), and the
collection was evaluated in the retro-orbital cavity. The animals were euthanized with

anesthetic agent (isoflurane).

The following biochemical parameters were analyzed: total cholesterol, glucose, liver
function markers (alanine aminotransferase - ALT, aspartate aminotransferase - AST), renal
profile (urea), and protein profile (aloumin and total protein) using the Cobas C111 commercial
kits (Roche), with the aid of spectrophotometer. The hematological analyses were performed
using the KX-21 automation unit (Sysmex) and reviewed in a slide by means of differential

counting (leukocytes) and observation of cell morphology/staining (all cell types).

After euthanasia, the heart, lung, kidney, liver, spleen and reproductive organs (testis,
epididymis, uterus and ovary) were collected and weighed. The relative weight of organs were
calculated as follows: organ weight/animal weight x 100. Sections of the liver, spleen, heart,
lung and kidney were collected and then fixed in buffered formaldehyde 10.0% (pH 7.2) for 24
hours. Then, the samples were processed up to paraffin inclusion, and 5 um thick sections were

obtained, which were stained with hematoxylin/eosin (HE).

For histopathological analyses, the following parameters were examined in the organs:
steatosis (fatty degeneration), necrosis, vasodilatation, leukocyte infiltrate, hyaline

degeneration, hydropic degeneration, and fibrosis (Pokorska-Spiewak et al. 2017). The images
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of the slides were taken using the Leica DM 5500 B microscope, and the software used was the

Leica Application Suite, version 38.0 (Build 878).
Statistical analysis

The results were expressed as mean £ SEM (standard error of the mean). Student's t-test
was used to compare groups in the acute toxicity test. Differences between the subacute toxicity
test groups were determined by analysis of variance (one-way ANOVA) followed by Dunnett's

test. Values of p<0.05 were defined as the level of significance.
Results
Acute oral toxicity

After the acute toxicity test, the dose of 2000 mg/kg FT did not cause the death of any
animal. Females of FT-treated mice showed no behavioral changes during the exposure period,
nor did they change the dietary intake and weight changes compared to the control group (Table
1). No abnormality was detected in the macroscopic analysis, nor statistical differences in the

relative weight of the organs between the treated and control groups (Table 2).
Subacute oral toxicity

There was no occurrence of death among animals during the exposure period in the
subacute toxicity test. The animals remained active, responding normally to stimuli, with a
normal behavioral pattern for the species and without demonstrating clinical signs associated

with toxic effects.

Among the main results, it was observed that only the females who received the dose of
1000 mg / kg FT and the males in the satellite group showed a decrease in feed intake, however
the animals (males and females) who received any dose of FT presented decrease in body

weight gain (Table 1).



48

The relative weight of the organs of animals subjected to subacute exposure is shown in
Table 2. The organs of male mice presented no statistical difference when compared to the
control group. However, the organs of females had an increase in relative weight: liver (1000

mg/kg), kidney (250 and 1000 mg/kg groups) and spleen (250 and 1000 mg/kg groups).

The biochemical parameters are shown in Table 3. Only male animals in the satellite
group showed a decrease in HDL values when compared to the control group. Regarding
hematological parameters (Table 4), only males presented a significant statistical difference for
the erythrocytes (groups 250 and 500 mg/kg), hemoglobin (250 and 500 mg/kg groups),

hematocrit (groups 250, 500 mg/kg and satellite), and platelets (500 mg/kg group).

The results of the histopathological analysis are shown in Figure 1. No alterations were
observed in the tissues evaluated in animals treated with 1000 mg/kg of FT when compared to

animals in the control group.

Discussion

Acute oral toxicity

In this experiment, the adverse effect of FT was first tested to assess the LD50 in mice
according to the OECD, protocol 425. According to the results obtained, no signs of morbidity
and mortality were observed in female mice that received the 2000 dose mg/kg of FT, during
the exposure period. Combining the acute oral toxicity data obtained (Table 1 and 2), the tested
flour has a LD50 above 2000 mg/kg (OECD 2008a). Similar results were obtained in studies
with other fruits from the Cerrado (Traesel et al. 2014, Menegati et al. 2016, Traesel et al. 2016,

Lima et al. 2017).

Subacute oral toxicity
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To determine the potential side effect associated with FT ingestion at doses of 250, 500,
1000 mg/kg and satellite group, repeated oral toxicity of 28 days in mice was evaluated,

according to OECD Guideline 407.

The results of body weight gain observed in Table 1, corroborate with the study by
Amaral et al. (2021), who observed weight loss in mice that received doses of 250, 500 or 1000
mg / kg of body weight of tucum almond oil (Bactris Setosa Mart.). Weight loss in this species
may be related to the struggle for dominance and the monotony of the diet. Still, another factor
that may be related to weight loss in these animals is the composition of the FT, which has 35%
of fibers (which are related to increased satiety). This fact may have caused less intake and,
consequently, less weight gain in these groups (Clark and Slavin 2013, Santos et al. 2018).
According to Spinosa et al. (2019), other factors must be associated with weight loss to consider
possible poisoning, such as: diarrhea, anorexia, lethargy and elevated levels of liver enzymes.
None of these symptoms were observed in the animals in this study. Based on this, it is possible
to suggest that FT has the ability to alter the metabolism of mice, leading to weight loss, so FT

could be used in the treatment of overweight and obesity.

Although the relative weights of liver (1000 mg/kg group), kidney (250 and 1000 mg/kg
groups) and spleen (250 and 1000 mg/kg groups) of women treated with FT showed an increase,
however none macroscopic, clinical or biochemical change was detected (Table 3). In addition,
the histopathological findings of the liver, spleen, heart, lung and kidney of the treated animals

did not show any histological aberrations (Figure 1).

According to Li et al. (2010) biochemical and hematological parameters should be taken
into account in subacute tests as a way of identifying possible toxic effects of the test substance
in the organism or in isolated organs. Although the values found for erythrocytes, hemoglobin,
hematocrit (groups 250 and 500 mg/kg) and platelets (group 500 mg/kg) of male animals treated

with FT presented values below those observed in the control group, these results were within
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the range of normal values for mice (Reis et al. 2000; Diniz et al. 2006; Vasconcelos et al.
2007; Ponte et al. 2008; Castello Branco et al. 2011; Restel et al. 2014; Matida et al. 2015).

Based on this, the changes were not considered an adverse effect of the test substance.

The same way that the macroscopic analysis showed no alterations when compared with
the control group, the histopathological analysis (Figure 1) showed no signs of toxicity such as
steatosis, necrosis, vasodilation, leukocyte infiltrate, hyaline degeneration, hydropic

degeneration, and fibrosis in the tissues of the animals that received any of the doses of FT.

The female mice from the satellite group showed an increase in the relative weights of
liver and lung, however, as shown in figure 1, no macroscopic and histopathological changes
were observed in these organs. Male mice in the satellite group, on the other hand, had lower
feed intake, reduced hemoglobin and a lower value for HDL, however the hemoglobin and HDL
values agree with the values found in the literature (Diniz et al. 2006; Spinelli et al. 2012). It is
noteworthy that the satellite group was observed for 14 days, and during this period the FT
supplementation was not performed. These results can be attributed to intraspecies variability

(Spinelli et al. 2012) and were not attributed to a late adverse effect related to the test substance.

The results obtained in the present study corroborate the findings in other studies of

acute and subacute oral toxicity (Tabarraei et al. 2019, Ebbo et al. 2020, Kpemissi et al. 2020).

In view of all data presented in the present study, the flour of the bark and pulp of tucuma
can be considered safe, as well as other fruits of the Cerrado already evaluated: bocaiuva
(Acrocomia aculeata), Cerrado quince (Alibertia edulis), pequi (Caryocar brasiliense), bacuri
(Attalea phalerata), and guavira (Campomanesia adamantium) (Traesel et al. 2014, Menegati

et al. 2016, Traesel et al. 2016, Lima et al. 2017, Souza et al. 2017).

This research is the first to evaluate the acute and subacute toxicological profile of the

flour of bark and pulp of tucuma (Astrocaryum huaimi Mart.). It demonstrated a safe profile for
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use. The present study also provides information for future analyses on the development of new

food and pharmaceutical products.

Conclusion

The acute oral toxicological test of FT showed, the LD50 value may be considered to
be more than 2000 mg/kg body weight. According to the findings FT did not cause lethality or
changes clinical signs, body weight, food consumption, tissue/organ weigh, hematological,
biochemical and histological parameters examination in mice treated with FT at oral doses of
250, 500, and 1000 mg/kg for 28 days. However, future research should investigate benefits

effects of flour of the bark and pulp of tucuma.
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Table 1

Weight gain and feed intake of mice observed for 14 days after a single exposure to the flour of the bark and pulp of tucumé (Astrocaryum

huaimi Mart.) in acute toxicity test and orally treated for 28 days

Acute toxicity

Subacute toxicity

Control 2000 mg/kg Control 250 mg/kg 500 mg/kg 1000 mg/kg Satellite
Female
Initial Weight (g) 28.70+1.40 28.80+1.11 29.10+1.11 29.10+0.90 28.60+1.15 28.60+0.58 29.10+1.10
Final Weight (g) 30.50£1.25 30.70£1.25 31.00+1.44 28.20+0.82 27.50+0.96 26.40+0.51* 28.90+1.01
Weight gain (%) 6.64+1.95 6.45+1.00 5.25+5.03 -2.72+4.03 -3.64+2.39 -7.52+2.79 -4.92+1.19
Feed consumption (g/day) 5.234+0.22 5.50+0.30 5.04+0.23 4.07+0.40 3.70+0.42 3.24+0.62* 3.72+0.40
Male
Initial Weight (g) 38.20+2.63 39.17+2.06 42.25+1.37 40.92+2.03 41.40+1.82
Final Weight (g) 26.57+1.62 26.48+1.38 28.85+1.13 28.37£0.57 27.12+1.43
Weight gain (%) -30.22+2.11 -32.02+1.08 -31.62+0.80 -26.12+2.64 -33.97+4.45
Feed consumption (g/day) 6.39+1.6 5.27+0.22 5.53+0.15 5.55+0.12 3.54+0.53*

Values expressed as mean + standard error of the mean. n=5/acute toxicity group, and n=10/subacute toxicity group. Acute toxicity: Student t, and subacute toxicity: Anova-

Dunnett (comparison to control group). * level of significance p<0.05.
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Table 2
Relative organ weight (g/100 g body weight) of mice treated orally with the flour of bark and pulp of tucuma (Astrocaryum huaimi Mart.)
Acute toxicity Subacute toxicity

Control 2000 mg/kg Control 250 mg/kg 500 mg/kg 1000 mg/kg Satellite
Female
Liver 5.80+0.21 6.09+0.45 4.33+0.15 4.76+0.14 4.91+0.18 5.37+0.16* 5.45+0.10*
Kidney 0.76+0.05 0.66+0.04 0.44+0.02 0.58+0.02* 0.53+0.02 0.54+0.03* 0.49+0.05
Spleen 0.63+0.04 0.750.09 0.70+0.04 1.00£0.08* 0.92+0.05 0.98+0.07* 0.93+0.08
Heart 0.51+0.02 0.47+0.03 0.38+0.02 0.46+0.03 0.45+0.02 0.44+0.02 0.38+0.02
Lung 0.72+0.05 0.71+0.06 0.50+0.04 0.74+0.07 0.72+0.02 0.76+0.05 1.04+0.31*
Uterus 0.23+0.03 0.17+0.02 0.13+0.03 0.23+0.03 0.12+0.01 0.16+0.03 0.19+0.04
Ovary 0.06+0.01 0.05+0.00 0.03+0.00 0.05+0.00 0.04+0.00 0.06+0.01 0.03+0.02
Male
Liver 6.24+0.31 5.68+0.19 5.57+£0.13 6.45+0.10 7.03+£0.54
Kidney 0.85+0.03 0.96+0.06 0.80+0.03 0.97+0.05 0.94+0.15
Spleen 0.85+0.10 0.79+0.10 0.96+0.16 0.89+0.10 0.65+0.03
Heart 0.68+0.02 0.65+0.02 0.58+0.04 0.67+0.02 0.79+0.06
Lung 1.02+0.14 0.85+0.03 0.77£0.04 0.86+0.07 1.06+0.10
Testicle 0.35+0.04 0.41+0.05 0.34+0.02 0.40+0.04 0.38+0.01
Epididymis 0.07+0.01 0.08+0.01 0.05+0.01 0.08+0.00 0.08+0.01

Values expressed as mean + standard error of the mean. n=5/acute toxicity group, and n=10/subacute toxicity group. Acute toxicity: Student t and subacute toxicity: Anova-
Dunnett (comparison to control group). * level of significance p<0.05.
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Biochemical parameters of mice treated orally with flour of bark and pulp of tucuma (Astrocaryum huaimi Mart.)
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Subacute toxicity

Control 250 mg/kg 500 mg/kg 1000 mg/kg Satellite
Females
Aspartate aminotransferase (U/L) 67.35+9.33 92.70+£19.17 68.07+£0.61 71.24+8.65 79.95+11.45
Alanine aminotransferase (U/L) 47.35+4.56 51.94+10.77 49.12+4.60 43.02+7.60 42.75+3.35
Total protein (g/dL) 54.95+1.33 62.15+8.61 64.68+11.02 66.43+6.93 48.50+1.10
Albumin (g/dL) 38.65+1.01 41.38+5.58 44.58+8.08 45.57+4.20 37.71+£4.97
Serum urea (mg/dL) 39.88+1.14 29.06+2.77 38.18+3.74 39.64+4.08 48.23+4.96
Glucose (mg/dL) 162.40+7.24 313.10+101.90 147.60+24.26 198.20+60.46 171.80+5.65
Cholesterol (mg/dL) 67.03+0.84 82.95+8.06 74.58+9.81 82.03+12.30 74.38+6.33
HDL cholesterol (mg/dL) 80.78+7.65 86.25+9.36 70.97+9.96 88.01+15.30 83.66+11.14
Males
Aspartate aminotransferase (U/L) 78.18+3.41 58.52+9.16 65.76+9.13 89.50+15.35 75.30+9.91
Alanine aminotransferase (U/L) 35.25+5.07 35.48+5.97 38.70+4.74 46.37+9.52 42.73+£1.70
Total protein (g/dL) 50.82+3.52 56.78+3.85 53.76+2.29 55.87+2.43 44.35+4.79
Albumin (g/dL) 37.02+1.86 39.43+1.88 35.59+1.48 37.71+1.66 30.79+3.60
Serum urea (mg/dL) 49.58+5.67 39.98+2.60 45.02+3.22 44.3014.21 44.75+7.55
Glucose (mg/dL) 156.20+23.86 156.70+6.17 163.90+£23.21 179.50+32.49 173.40+26.22
Cholesterol (mg/dL) 124.60+11.74 150.3049.30 136.40+8.78 156.20+22.52 113.11+10.53
HDL cholesterol (mg/dL) 119.40+11.27 149.6049.09 138.3+7.41 156.00+£22.62 59.98+10.56*

Values expressed as mean + standard error of the mean. n=10/subacute toxicity group. Anova-Dunnett (comparison with the control group). * level of significance p<0.05.



Table 4
Hematological parameters of mice treated orally with flour of bark and pulp of tucuma (Astrocaryum huaimi Mart.)

Subacute toxicity

Control 250 mg/kg 500 mg/kg 1000 mg/kg Satellite
Females
Leukocytes (10%/uL) 8.18+1.94 6.18+0.59 6.92+1.57 5.46+0.76 7.06£1.75
Erythrocytes (10°/uL) 5.72+1.08 5.32+0.25 5.35+1.35 4.73+0.13 4.19+0.55
Hemoglobin (g/dL) 9.18+1.83 8.64+0.46 8.62+2.05 7.62+0.23 6.50+£1.07
Hematocrit (%) 29.95+5.94 28.30+1.38 27.64+7.03 24.30+0.77 22.32+3.07
Platelets (10%/ul) 416.80+190.00 513.60+83.55 196.50+70.73 426.00+140.00 745.80+209.60
Neutrophils (%) 13.25+1.70 11.84+1.18 14.80+2.52 12.96+3.84 13.84+2.57
Lymphocytes (%) 82.88+2.11 84.86+1.63 80.66+3.03 82.72+4.56 83.93+0.70
Monocytes (%) 2.75+0.63 2.20+0.49 3.54+0.78 3.40+0.75 4.20+0.74
Eosinophils (%) 1.13+0.24 0.90+0.04 1.00+0.00 0.92+0.14 0.96+0.05
Males
Leukocytes (10%/uL) 4.46+0.55 4.04+1.01 3.35+£0.57 4.80+0.88 5.60+1.52
Erythrocytes (10°/uL) 8.32+0.16 6.15+0.57* 5.95+0.48* 8.43+0.70 7.28+0.17
Hemoglobin (g/dL) 12.3240.34 8.52+0.47* 8.35+0.62* 12.15+0.82 10.22+0.42*
Hematocrit (%) 40.93+0.47 28.58+0.95* 29.30+2.36* 41.3043.39 36.74+1.14
Platelets (10%/ul) 844.20+96.93 479.60+106.50 345.30+£139.40* 932.00+238.70 357.00+£103.60
Neutrophils (%) 23.72+3.37 23.45+2.05 19.36+3.05 25.18+2.53 15.36+4.06
Lymphocytes (%) 72.68+3.66 69.14+3.92 74.83+3.30 69.05+2.62 81.46+4.56
Monocytes (%) 2.60+0.51 3.00£0.00 3.00+0.32 2.00£0.41 2.34+0.45
Eosinophils (%) 1.00£0.00 1.00+0.00 1.00£0.00 1.00£0.00 1.00+0.00

Values expressed as mean + standard error of the mean. n=10/subacute toxicity group. Anova-Dunnett (comparison with the control group). * level of significance p<0.05.
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Fig. 1. Histopathological analysis of organs of mice treated with the dose 1000 mg/kg of flour of bark and pulp of tucuma compared to the
control. A and B spleen (20x), C and D heart (40x), E and F liver (40x), G and H lung (40x), I and J kidney (40x).
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Fig. 1. Histopathological analysis of organs of mice treated with the dose 1000 mg/kg of flour of bark and pulp of tucuma compared to the control.
A and B spleen (20x), C and D heart (40x), E and F liver (40x), G and H lung (40x), I and J kidney (40x).
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5.3 Modelo de inducéo de DM2

Os resultados desse experimento estdo apresentados a seguir, na forma de artigo,
intitulado: “Combination of cafeteria diet with intraperitoneally streptozotocin in rats. A type-
2 diabetes model”, publicado no periddico Acta Cirdrgica Brasileira, qualis’5CAPES B1, fator

de impacto: 1,388.
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Purpose: To develop a model of induction of type-2 diabetes (DM2) by combining low doses of
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Combination of cafeteria diet with intraperitonaally strepbozotocn in réts. A bype-2 diabetes mode:

» Introduction

In 2016, the astimate was 422 million diabetic adulits
worldwide. By 2035, the number of adults with diabetes
is expected to increase to 582 million'. The number of
people with diabetes increases every year, being the
type-2 diabetes (DMZ) found in more than 90% of
the disease cases”.

D2 is characterized mainly by imperfections in the
action and/or secretion of insulin and the regularization of
hepatic glucose production. Different organs are invoheed
in BM2 developrment, including pancreas (with loss of
cedl mass and function, impaired insulin secetion of beta
cedl and dysregulated glucagon secretion by the alfa call),
liver (increased hepatic glucose output), skeletal muscle
[reduced peripheral glucose uptake and insulin resistance),
kdneys (increased glucose reabsorption), brain (increased
appetite and lack of satiety], small intestine (increased
rate of glucose absorption), and adipose tissue (reduced
peripheral glucose uptake and insulin resistance)’.

The major factors that increase the risk of developing
Ci#A2 includie unhealthy habits, such as sedentary lifestyle,
smoking, overaeight and obesity, moreased consumption
of unhealthy diets [containing high levels of red meat and
processed meat, refined grains and sweetened beverages),
as well as the interaction of genetic and metabolic factors®.

The cafetena diet is a mode] used in animal experments
o irnitate the Western food model, which is highly palatable
and has a marked caloric value*®. This diet is mainly
compased of foods rich in saturated fat and refined sugar,
such as: sausages, chooolates, cookies, soft drinks, snacks,
condensad milk, among other, which are added to a standand
diet™t. This diet model has been shown to be efficient in
inducing several metabolic changes: hyperinsulinemia,
hyperghycemia, glucose imolerance, increased adiposity,
and hepatosteatosis, a5 well as greater food consumption
and increased weight gain in experimental animals™".

Cytotoxic drugs used to chemically induce DM in
experimentzl animals have been widehy used for studying
drugs and prophylactic, metabolic, hormonal, and

marphological factors during and after the induction of
the diabetic state’. Streptozotodn (STZ) isa partioularhy oo
agent for beta pancreatic cells. it is widely used to induce
diabetes in Ats. Low doses of STZ, when associated with
a hiyperclonic diet, have proven efficient in resembling
DMZ in humans'. Hypercaloric diet leads to increase
in adiposity and decrease in insulin effiacy, especially in
peripheral fisswes10. However, there is a great varation
in 5TZ doses [ 25-50mg/kg) '+ The standardizztion of an
experimental model is the starting point for several studies.

Thius, due to the wide variation among doses usad in
already published studies and the different environments
and behavior of experimental animals, including ecological
factors, the aims of the present study were to establish and
standardize a Dk2-induciion model using three different
doses of 5TZ associated with 3 cafeteria diet in Wistar rats.

» Methods

Experimental design

The research project was approved by the Ethics
Committes [Protocol no. 895/2017) of Universidade
Federal de Mato Grosso do Sul (UFMS). Forty male Wistar
rats | approzimately 200g) were obtained from the Cantral
Bioterium of UFKS.

The animals were housed in pobypropylene boxes (b
animals per box) in controlled emaronmental conditions:
temperature at 22  2°C, relative humidity of 50-60%,
light/dark oyde of 12 hours, and control of water ntzke. The
diet was monitored bwice a week during the expariment.
After diabetes induction, water control was performed
four times a week due to polydipsia. For cloulations, the
difference between the offered quantity and the remaining
gquantity of food was considered.

Experimentol groups and diet

Thie rats were allocated into a controd group (C, n= 10
and three different diabetic groups: 30 mg/kg 572
{5TZ30, n = 10}, 35 mg/kg 5TZ (5TZ35, n = 10) and
40 mg/kg 5TZ (5ZT40, n = 10}, as shown in Fig. 1.

Experimentar period: 9 seelic

& ek
Kot dabetic & .
P — sk = a0 il vaareiars dirt i I—EI Chirats bufler OEIM ph 45 ' atard
n=a '5; 5 b I__.I Idacton of diak | QU [ —
a=30 After 48 houn 4 wesky
.iu-..dm aietoria det
iriial .'I.'ﬁrr‘,l't.p;aﬂcl.ib- mi:mb-li 8 o i ST l-
. = ° 1 Dimoe®e animah:

Glyeemia & 250 mgdl

Figure 1 - Study design.
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The animals in the control group were fed with commerdal
chow. The animals in the diabetic groups were fed with
cafeteria diet containing 35% commencial chow, 10% lard,
1% peanuts, 10% chooolate powder, 1006 chooolate wafer
biscuit, and 25% refined sugar, based on Pérez-Echarri
et ol M, for nine weeks.

The cafeteria diet had the following composition:
11% proteins, 60% carbohydrates, and 21% lipids with
an energy content of 4.7 keal /g, whereas the commercial
chow [Mwilab, Quimtia, Colombo, PR, Brazil) presented
22% proteins, 55% carbohydrates, and 5% lipids with an
enargy content of 3.6 keal/g.

Induction of experimental digbetes

After four weeks, fasted animals (8 hours) received an
intraperitoneal injection of 5TZ (Sigma-aldrich, San Luis,
M0, United States) diluted in sodium citrate bufier (0.02M
and pH 4.5] at the doses of 30, 35 or 40 mg/kg (diabetic
groups), or sodiurn citrate buffer |control group). Ghcemia
was measured after 5TZ injection (infial glycemia), and
the animals were fed 6 hours later. Forty-sight hours after
feading, the animals fasted azain for & hours, and the
final glycemia was cbtained using a portable glucometer
[Imjee Sens 1], The animals were considered diabetic when
glycemia values were = 250 mg/dL™

Insulin tolerance test

Insulin tolerance test was determined four days before
the end of the experiment. The test was performed in a
fed state. The blood glucose was verified at time 0 (before
intraperitoneal insulin administration) wsing a gluoometer
[Injex Sens W), through a small incision in the caudal
vein. afterwards, insulin (MovoRapid Penfill) was given
intraperitoneally (1-5 IU insulin/kg of body weight), and
blood glucose was measured at 5, 10, 12 and 15 minutes,
using the adapted procedure of Ayoub et ol *.

Anthropometric evalugtion

weight gain, length, thoracic and abdominal
circumference, and Lee’s index, which uses the body
waight ratio related to length, were evaluated according
to Nowvelli et al =.

Euthanasia and sample collection

After fasting for & hours, the animals were anesthetized
(inhaling) with isoflurane, and then blood collection was
performed at the retro-orbital cvity. Death was confirmed
by anesthesia overdose. Blood was centrifuged at 3,500

Acta Cir Bras. 2021 ;36(7) 360702

rpm/15 min to obtain serum. After euthanasia, the
retroperitoneal, epididymal and perirenal fats of each
animal were completely removed and weighed using an
analytical balance for a later comparison among groups '
The adiposity index [Al) was caloulated by the ratio (body
fat/final body weight) = 100 Liver, kidney and pancreas
were also collected for histological evaluation.

Biochemical evaluation

The following parameters were determined in the
serum: total cholasterol, high-density lipoprotein (HDL),
glucose, liver function markers (alanine aminotransferase
— ALT, aspartate aminotransferase — AST, alanine
aminctransferase), renal parameters (urea, creatinine,
and uric acid), protein profile (albumin and total protein)
and a-anylase using Cobas 111 of commencial kits (Roche,
United States) and spectrophotometry.

Histological analysis

Liver, kidney and pancreas were placed in 10% buffered
formialin solution (for fixation) and then kept in 70% alcohol
until paraffin embeadding. after this, 5-pm thick sections
were obtained. The slides were dewaxed and stained with
hematoxylin and eosin. Microscopy (Leica application
Suite, wersion 4.0) was used for analysis.

The images were capturad with « 40 magnification.
Histological analysas were based on the parameters of:

Parreas: area and number of klets, cellular vaouolization

of pancreatic islets, and the exocrine portion;

Liver: hepatic steatosis and vasocongestion;

*  Kidney: renal steatosis and renal tubule hydropic
degenaration

Pancreatic islet area analysis was performed using 20
digital images [TIFF 8-bit color, 3,264 « 2,448 pixels, = 200
magnifuation| for each panaeas (n =6 /Zroup). Mikon D300
photo camera coupled with Zsiss Primo Star microscope was
used. The program used to measure islet areas was Image
Processing and Anabysis in lava [ Image]. Quantitatie anahysis
of the number of pancreatic islets was performed using
Leica DRS00 microsoops at =50 magnification. Pancreatic
fields were used (n = 6 animals/group). Methodology was
based on the articke by Gomes et ol “.

Stotisticol analysis

Data were analyzed by the software GraphPad Prism
wersion 5.0 using analysis of variance [one-way ANOVA)
by Tukey's test. Values were considered significant whien
p < 005
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» Results

Anthropometric parameters, water and food intake

Final weight, weight gain, Lee's index, and water and
food intake differed among groups (p < 0.05), as shown
iin Table 1.

Table 1 - Anthropometric pammeters, and water and food
intake of control and diabetic groups (n=10§".
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Glycemio before and ajfter streptosotocin infection
The results of initial fasting ghycemia and 438 hours
after STZ injection are presented in Table 2.

Table 2 - Fastng ghremia before and 48 hours after
streptoaotocin injection of contral and dizbetic groups {n= 104"
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Weight of orgons and Hssues

Table 3 presents the weight of different organs and
adipose tissue of the control and experimental groups.
only the values of the pancreas and adiposity indeax were
differant between groups (p < 0LO05).

Table 3 - Weight of organs and adipose tissue of mntrol znd
diabetic growps (0= 10)*.
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Biochemical evaluation

Table 4 shows the biochemical parameters of
the control and experimental groups. Gluooss, HOL, total
protein, urea, AST, ALT and c-amylase were different
AMONE SToups.

Table 4 - Biochemicl pammeters of control and diabetic groups
in=10}".
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Insulin tolerance test Histological analysis of liver, pancreas, and kidney
Insulin tolerance test through time (Fig. 23) and the Histological analyses of liver, pancreas, and kidney
area under the curve (AUC) (Fig. 2b) were higher in animals are presentad in Fig. 3. Animals treated with 35 and
treated with 35 and 40 mg/kg STZ (p < 0.05). 40 mg/kg STZ presented greater liver fat deposition (Fig. 3g4,
1% 500 PR
. e
E We ————— 4—— b9 4 :nm
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Figure 2 - {a] Blood gfucose levels in insulin sanstivity tast appied 3¢ 0, 5, 10, 15 min; (b) area under the curve [ALC) of insulin sensitiviy teze

Liver Percrem
-
. % =

i

35512

Figure 3 - Bfects of cfetena diet and cifierent dazes of STZ on the histopathology of liver; pancrezz, and kidney (HEE- Hematowyiin and eozin, x40
{a) Control group represents lver with ztancard morphology; (b) Control group represemts pancreas with standard morphology: (b) Control group
represents kidney with ztandard morphology; (d) Group 30 mg/kg STZ: fver with mild 2=atocis (thin arow): (] Group 30 mg/kg STZ: pancreatic
ilets with reduced s and vacuoiization (orrowhead) in pencreatic acni, (f) Group 30 mg/kg STZ represents kicney with standard morphology:
8) Group 35 mg/ig STZ: fver with mild steatozz (thin arrow); (h) Growp 35 mg/ig STZ: small size pancreatic islets and apoptotic bodies {asterisk)
on Zet; (1) Group 35 mg/kg STZ: renal tubules with hydropic cegeneration (thick amow] and steatoss (thin arrow). Kidney with vasocongestion; (j)
on the et; (I) Group 20 mg/ig STZ: renal tubules with hydropic degeneration (thick armow), stestoziz (thin arrow]. Kicney presents vasocongestion.
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respectively]. The pancreas of the control group presented
mormal marphalogy [Fiz. 3b), whereas animals inthe 5TZ35
[Fig. 3h] and 5TZ40 [Fiz- 3k) groups showed important
changes in pancreatic morphology. The animals that
received the doses of 35 and 40 mg/kg 5TZ presented
renal damage (Fig. 3 i-1)

Based on the results presented in Table 5, we can s2e
that the animals treated with 35 and 20 mg/kg 5TZ showed
decrease in the area of pancreatic islets.

Table 5 - Result of areas of pancreatic islets of control and
diabetic groups {n = 10§
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» Discussion

Rezarding final weight, the animals that recened 30, 35
and 40 mg/kg 5TZ presented reduction of 13.8, 20.2 and
22% in weight in comparison to the contral group, which is
consistent with literature data'®. Weight loss is a common
symptom in untreated, decompensated diabetic. Due
to metabaolic dysfunction, tisswes cannot absorb glucose;
thie body creates pathways to obtain energy by increasing
gluconeogenesis, lipohysis and ketone production, leading
to weight loss®.

In the study by Campos et gl *, a correlation was
observed betaeen higher blood glucose values and lower
weight in diabetic animals, indicating that the body's
inability to use glucose due to insulin resistance leads to
a catabolic condition.

The lower weight gain obsarved in STZ-treated anirmals
may also be related to a decreased food in@mke (Table 1).
The higher food intake in animals fed with the control diet
i= corroborated by Hariri et al . Animals fad with high-
fat chow presented lower food intake when compared to
animals fed with commerdial chowe Rosado and Monteing™
affirm that this finding can be explained by the releass of
the satiety cholecystokinin hormone after the intake of
fioods rich in lipids. Our findings also show that the lower
weight zain in diabetic animals influenced Leas index

as well. Lee’s index may reflact the degree of obesity™®.
However, this calculation does not evaluate the percentage
of fat. Therefore, it is not possible to state that the animals
in the contral group are obese.

Anmimals in the 35 and 40 mg/kg 5TZ groups presented
hizgher water intake compared to the contral group. Our
findings are supported by other studies™* and clinical
symptoms found in human patients with DR2: pobyuria
and potydipsia®™’.

The use of low doses of 5TZ induces the death of
pancreatic beta cells through the alkylation of DMa,
leading to a slight impairment of insulin secretion with
subsaquent hyperghoemia, whereas hyperipidic diets lead
to obesity, insulin resistance and mild hyperghcemiz-=.
In the present study, animals treated with 35 and
40 mg/kg of 5TZ presented a glycemia higher than
250mg/dL, demonstrating greater effidency inthe induction
of experimental DM2, in aocordance with Castro et ol '
Furthermare, the reduction of islet size was also fownd
by Castro et oi**, who evaluated animals treated with
35 mg/kg 5TZ receiving high-fat diet containing standard
chiow, peanut, milk chooolate and seeet biscuits at a ratio
of 3:2:2:1_ Thus, the combination of a low dose of 5TZ and
hyperlipidic diets has shown to be an effective model to
simulate the metabolic chamceristics of DM2 in humans,
like insulin resistanca®*_

STZ-treated groups presented decreased pancreatic
mass compared to the control group. This resuit is similarto
the ones obtained by Castro st @l ¥, who obserned decrease
im the pancreas weight of diabetic animals. This result can
be explained by the action of 5TZ in destroying beta cells
of the islets of Langerhans, damaging cellular funchionality
and, consequently, decreasing the production and insulin
release, as well as reducing the size of the islets'.

The group treated with 30 mg/kg 5TZ presented
a higher Al compared to the control group. Leopoaldo
et ol conducted a study comparing obese animals fed
with a high-fat diet with a control group (animals fed with
a standard di=t] and found similar results.

amimals treated with 5TZ presented higher levels of
blood glucose compared to the control group. Increased
blood glucose is a common characteristic of uncontrolled
diabetes™. Magalhdas et ol performed a similar study
with a high-fat diet and animals from another bioteriurm
and found that only animals that received the dose of
aomg/ kg presented blood glucose higher than the control
animals. inour findings, all 5TZ doses (30, 35 and 40 mg/g)
prasanted higher glycemia than the control group, above
the reference value for diabetic animals (250 mg, dL) ™.
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In DM2, trighyceride levels increaze and HOL ones
decrease™ ", animals treated with 35 and 40 mg/kg 512
presanted low HOL cholesterol values. Jliao et ol found
similar results. This can be attributed to an excess of
drculating fatty acids dered from adipose tissuein the Iner.
withia higher production of fatty acids, there is decreasein
inzulin sensitivity in musde tissues™. Adiels ef al.® stated
that D2 and insulin resistance are associated with excess
of [wer production of very-low-density ipoprotein (WLDLL

A decrease in toml proteins was observed in animals
that received 35 mz/kg 5T2 in comparison to the control
group, which may indicate hepatic or renal disorder or
decompensated diabetes. According to Castaneda et al.™,
decompensated D2 is associated with altered protein
profiles in the body, since nsulin resistance |as obsarved
in the present study, Fig. 2} may lead to musde miass loss,
whiich is mdicated by the decrease in serum proteins.

Thiegroups trested with 35 and 40mg/kg 5TZ presentad
nireasad values of urea compared to the controd group. High
urea levels might suggest renal dysfunction™. Uncontrollad
diabetes leads to s=rious renal damage over fime, baing
one of the main cuses of renal faillure’. Thus, in our
study, the assodation of low doses of STZ with a cafeteria
diet was efficient in simulating deleterious effects on the
animals’ kidneys, corroborating the observed effects of
diabetes in humans.

Anirnals that recerved 5TZ presented higher levels of
A5T and ALT compared to the control group. In the study
bry Wiz et al.™, rats fed with high-fat diet displayed high
AT and AST activity in plasma, as well as a fatty liver,
compatible with non-alooholic ver disease associated with
high-fat diets and |rser oxidative stress. The occurrence
of mon-alcohaolic liver disease is considerably higher in
diabetics compared to non-diabetics™.

The a-amylase values in the 35 and 20 mg/'kg 5TZ
groups were higher than in the control group (Table 4). &
major product of the secretion of pancreas and salivary
glands, a-amylase is considered the key enzyme in the
digestive system, a preraquisite for the onset of the
digestion process*®. Starch digestion ooours mainly in
the small intestine by the action of pancreatic enzymes
such as a-amylase, which degrades carbobydrates into
oligosaccharides and disaccharides, and by o-zhycosidasas
in the membrane of intestinal cells, which hydrolyze oligo-
and disaccharides into monosaccharides*™. Degradation of
dietary starch advances fast and leads to high postprandial
hyperghycemia. Amvylase is also widely used as a serum
marker of pancreztic inflammation™.

The faster blood glucose decreases after insulin
administration; a greater insulin sensitivity ooours®. In
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our study, there was increase in sarum gluoose levels in
the groups receiving 5TZ, as expected (Fig. 2a). By AUC
analysis (Fig. 2b|, the animals in the groups receiving 35
and 40 mg/kg 5TZ showed larger AUC, indicating higher
insufin resistance compared to the control group. Castro
et oi " also observed an increased insulin resistance in
diabefic Wistar mts consuming a high-fat diet at the dose

of 35 mg/kg 5TZ.

The animals that received the dose of 30 mg/kg 572
did not show insulin resistance [Fig. 2b), indicating that
the dose of 5TZ used did not cause sufficient damage to
the pancreatic beta cells, to the point of @using insulin
resistance in the animals in this group, as observed in
groups 355TZ and 05T

According to Srinfvasan et @/ ® and Wilson and kslam
an experimental model that combines high-fat diet and
low dosas of 5TZ is effective in causing insulin resistance,
as well as baing efficiant in simulating the effects of Dk
Cwr findings evidence that, the higher the concentration
of 5TZ, the higher the insulin resistance. Thus, 35 and
a0 mg/kg 5TZ associated with a cafeteria-type diet were
maore efficient in cusing insulin resistance. Thirty mg/'kg
of 5TZ produced significant hyperghpemia (Table 4), but
did not cawse significant insulin resistance in the animal
model studied [Fig. 2b).

The imsulin resistance and DMZ associated or not
with metabolic syndrome lead to the release of fatty
acids by adipocytes, which accumulate in the [ver fissue
favoring lipogenesis and increasing liver trighycerides -5,
It represents an important risk factor for the development
of hepatic steatosis. The 35 and 40 mg/kg 5TZ groups
presanted greater insulin resistance (Fig. 2), confirming
that M2 i5 a major contributor to hepatic steatasis™*.
The results obtained in the present study are also similar
to the data by Buetiner et ol ¥ who cbserved hepatic
steatosss inanimals receiving a high-fat diet containing lard.

The 35 [Fig. 3h) and 40 mg/kg 5TZ (Fig. 3k} groups
shiowed decrease in pancreatic islets and apoptotic bodies
imtha islet, corroborating with the data obsareed in Tables
2 and 5, in which animals treated with 35 and 40 mg/kg
5TZ presented a lighter pancreas, with decreasad area
and number of pancreatic islets. Thesa data confirm the
diabetogenic action of 5TZ associated with a cafeteria
diet, which leads to irreversible damage to the pancreatic
beta cells and to a loss of cellular function to produce and
release insulint.

Decompensated diabetes can lead to kidney failure,
and approximately 10% of deaths in people with DMz
are attributed to renal failure’. In the present study,
the histopathological evaluation of the kidney showed
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that animals of the control and 30 mg'kg STZ groups
presented standard morphology [Fig. 3f), whereas
animals that received the doses of 35 and 40 mz/'kg 5T
presented renal damage (Fig. 3 H|). Our findings also show
[Table 4] that animals in 35 and 40 mg/%e 512 groups had hizh
urea levels, indicating impaired renal funciionin animals™.

» Conclusions

Owr study proposes an experimental model for the
development of DMZ in Wistar rats using a cafeteria
diet and low doses of 5TZ. Our model proved to e an
efficient, low-cost model without loss of animals during
thie experiment. The doses of 35 and 40 mg/kg 5TZ were
effective in simulating metabaolic characteristics of DM2in
humans. it was confirmed by the prasence of polydipsia,
hyperghycemia, altered biochemical tests, insulin resistance
and damages to the liver, pancreas, and kidney. Thus,
due o economic aspects and the high success rate, we
recommend using 35 mg'kg 5TZ for diabetes induction
associated with a cafetsria diet. Our findings are useful for
Turbure shudies invoiving D842 pathogenasis, ervironmenial
factor interactions, and evaluation of new treatments.
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5.4 Efeitos metabolicos da FT

Os materiais e métodos desse experimento estdo apresentados na forma de artigo,
intitulado: “Efeitos metabdlicos da farinha de tucuma (Astrocaryum huaimi Mart.) em ratos
diabéticos”, a ser submetido no periddico Acta Cirurgica Brasileira, qualis’/CAPES B1, fator de
impacto: 1,388. O projeto de pesquisa foi aprovado pelo Comité de Etica (Protocolo n°
895/2017) (Anexo Il) da Universidade Federal de Mato Grosso do Sul (UFMS).
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Resumo

Objetivo: O presente estudo avaliou os efeitos metabolicos da farinha da casca e polpa do
tucuma (FT), por meio da suplementacéo na alimentacéo de animais diabéticos. Métodos: Os
ratos foram alocados em 2 grupos controles: sendo um grupo que recebeu racdo comercial (C,
n = 10), um grupo controle diabético + dieta de cafeteria (D, n = 9) e trés grupos diabético +
dieta de cafeteria + FT em 3 doses diferentes: 2% de FT (D2FT, n=8); 4% de FT (D4FT, n=8);
8% de FT (D8FT, n=8). A inducéo do diabetes foi realizada atraves de injecdo Unica de STZ na
dose de 35 mg/kg. Os grupos foram avaliados por meio de andlises antropométricas,
bioguimicas, teste de resisténcia a insulina e parametros histoldgicos. Resultados: Os animais
que receberam a maior dose de suplementacdo de FT apresentaram maiores valores de consumo
hidrico, glicemia e triglicerideos, bem como menores valores de insulina e peptideo C, quando
comparados ao grupo controle. Ainda, todos os animais diabéticos que receberam ou ndo a
suplementacdo de FT apresentaram resisténcia a insulina. Conclusédo: A suplementacdo de
farinha de tucumd ndo foi eficiente em reverter ou minimizar os efeitos metabdlicos

ocasionados pelo Diabetes tipo 2.
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Introducéo

Segundo a Sociedade Brasileira de Diabetes (SBD) (2019)* no ano de 2017 o Brasil
ocupava a 42 posicao (12,5 milhdes de pessoas diabéticas) no ranking mundial dentre os paises
com maior nimero de pessoas com diabetes mellitus (DM). Estimativas apontam gue no ano
de 2045, este numero deve alcancar 628,6 milhGes de pessoas com esta sindrome no mundo
todo, e a projecdo para o Brasil sdo de 20,3 milhdes de pessoas diabéticas®. De acordo com a
American Diabetes Association (2019)3, o diabetes mellitus tipo 2 corresponde a 90 a 95% de
todos os casos de diabetes.

No Cerrado predominam varias espécies de frutas que sdo consideradas fontes de
proteinas, fibras, acidos graxos, calorias, vitaminas e minerais como o céalcio e o fosforo,
possuem grande potencial antioxidante e ainda apresentam efeitos benéficos no manejo do
diabetes mellitus*®.

O tucuma (Astrocaryum huaimi Mart.) é um fruto tipico do Cerrado, também conhecido
como tucuma-de-Goiés e tucuma-do-brejo, é encontrado principalmente nos Estados de Goiés,
Tocantins e Mato Grosso, ocorrendo geralmente em varzeas Umidas e brejosas proximas a
cursos d’agua. Os seus frutos séo elipséides com 3,5 a 4,5 cm de comprimento e 2 a 3 cm de
diametro, sdo lisos de cor alaranjada ou alaranjada-amarelada quando maduros, com mesocarpo
fibro-carnoso e adocicado®®.

Em um estudo que avaliou a composi¢do da polpa seca (mesocarpo+exocarpo) dos
frutos do tucuma (Astrocaryum huaimi Mart.), os autores obtiveram os seguintes valores para
umidade: 10,22%, cinzas: 3,58%, proteinas: 5,18%, lipidios: 18,28%, carboidratos: 31,46%,
fibra total: 35,95%, calorias: 311,08 kcal/100g*!. Alguns estudos avaliaram a composicdo de
acidos graxos presentes no 6leo da polpa do tucuma, os autores relataram um alto teor de acidos
graxos monoinsaturados, predominando o acido oleico em sua composi¢do, com 0s seguintes

valores: 67,62% 12, 65,10% 13, 75,34% 4 e 45,28% 1.
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Considerando a composi¢éao nutricional dos frutos do tucuma, ressalta-se o teor de fibras
alimentares e de acidos graxos monoinsaturados, especialmente o &cido oleico. Estes compostos
tém mostrado efeitos benéficos relacionados ao DM2. Em um estudo de revisdo, Mc Rae
(2018)*°, observou que o aumento da ingestio de fibras alimentares demonstrou efeitos
benéficos na prevencdo do desenvolvimento de DM2, e que o consumo de fibras sollveis
auxilia na reducédo da glicemia em jejum de pacientes com DM2. Em outro estudo de reviséo,
Weickert e Pfeiffer (2018)® observaram que as fibras sollveis apresentaram efeitos benéficos
na melhora da resposta glicémica pos prandial, e o consumo de fibras insolUveis reduz o risco
de desenvolvimento de DM2, bem como ajudam na diminuicdo da resisténcia a insulina.
Palomer et al. (2018)}" e Rehman et al. (2020)*8, relatam que o 4cido oleico apresenta efeitos
protetores com relacdo ao desenvolvimento do DM2, e ainda aumenta a sensibilidade a insulina.

Tendo em vista, 0 presente estudo avaliou os efeitos metabolicos da farinha da casca e

polpa do tucuma (FT), por meio da suplementacao na alimentacdo de animais diabéticos.

Materiais e Métodos
Material Botanico

Os frutos de tucuma (Astrocaryum huaimi Mart.) foram coletados na Fazenda S&o
Sebastido, no Municipio de Limeira do Oeste, Minas Gerais, nas coordenadas geogréaficas:
19°18'42" S, 50°43'25 " W. A planta foi identificada, e a exsicata depositada no herbario da
UFMS sob o numero CGMS 54609 e SISGEN A23EE4B.

O despolpamento dos frutos consistiu na separacdo da polpa com casca (mesocarpo e
epicarpo), que foi submetida a desidratacdo a 45°C em estufa de circulagdo forcada de ar por
um periodo de 48 horas. O material desidratado foi triturado grosseiramente em cutter (SIRE®,
Brasil) e posteriormente em turrax (TECNAL®, Brasil). A amostra triturada foi peneirada em

peneira de 60 mesh para obter uniformidade de tamanho de particula.
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Animais experimentais

O projeto de pesquisa foi aprovado pelo Comité de Etica (Protocolo n° 895/2017) da
Universidade Federal de Mato Grosso do Sul (UFMS). Quarenta e trés ratos Wistar machos
(aproximadamente 200 g) foram obtidos do Biotério Central da UFMS.

Os animais foram alojados em caixas de polipropileno (dois animais por caixa) em
condi¢des ambientais controladas: temperatura de 22 + 2°C, umidade relativa de 50-60%, ciclo
claro/escuro de 12 horas e controle da ingestao hidrica. A dieta foi monitorada duas vezes por
semana durante o experimento.

Apés a inducdo do diabetes, o controle hidrico foi realizado quatro vezes por semana
devido a polidipsia. Para os célculos foi considerada a diferenca entre a quantidade ofertada e

a quantidade restante de alimento e agua.

Inducéo do diabetes experimental

Os animais foram randomizados inicialmente em dois grupos: 1) Grupo Ndo diabético
(C) animais recebendo dieta padrdo (n=10); 2) Grupo Diabético (D) animais recebendo dieta
de cafeteria (n=33), por um periodo de 4 semanas. Apos esse periodo foi realizada a inducao
do diabetes (apenas nos animais do grupo diabético) através de injecdo Unica de STZ (Sigma-
Aldrich, San Luis, MO, Estados Unidos) na dose de 35 mg/kg, que foi previamente definida em
estudos do nosso grupo®®. A STZ foi diluida em tampao citrato de sodio (0,01M e pH 4,5), e
injetada por via intraperitoneal. O grupo controle (ndo diabético) recebeu apenas tampao citrato
de sodio. Todos os animais permaneceram em jejum por um periodo de 8 horas, antes de receber
a injecdo de STZ ou tampdo citrato de sédio. Os animais receberam alimentacao apos 6 horas
do periodo de indugdo. Apds 48 horas, os animais foram novamente deixados de jejum (8 horas)
e a glicemia foi medida com glicosimetro portatil (Injex Sens 11). Os animais que apresentaram

glicemia de jejum superior a 250mg/dL foram considerados diabéticos 202,
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Grupos experimentais e dieta

Os ratos foram alocados em 2 grupos controles: sendo um grupo que recebeu racéo
comercial (C, n = 10), um grupo controle diabético que recebeu dieta de cafeteria (D, n =9) e
trés grupos diabéticos que receberam a suplementacdo da FT em 3 doses diferentes: animais
diabéticos tratados com dieta de cafeteria contendo 2% de FT (D2FT, n=8); animais diabéticos
tratados com dieta de cafeteria contendo 4% de FT (D4FT, n=8); e animais diabéticos tratados
com dieta de cafeteria contendo 8% de FT (D8FT, n=8), conforme ilustrado na Figura 1.

Os animais dos grupos diabéticos foram alimentados com dieta de cafeteria contendo
35% de racdo comercial, 10% de banha, 10% de amendoim, 10% de chocolate em p6, 10% de

biscoito wafer de chocolate e 25% de agticar refinado, baseado em Pérez-Echarri et al. (2009)?2.

PERIODO EXPERIMENTAL: 9 SEMANAS

1 S?ma"a f’e A 4 Semanas 4 Semanas
Aclimatagdo = NAo i il Wicuisicom DIETA PADRAO
8 DIABETICO (C) 5 <
=) solugdo de =
[_A_\ 3 n=10 2
RATOS l o4 < CITRATO | <
= = Q <
= w
n=43 | oK I = Indugdio do I l_v_} I L _\f—, I 5
a DIABETICO ! DIABETES ) i
= 4 Semanas Apbs 48 horas 4 semanas DIETA DE CAFETERIA
DIETA DE CAFETERIA ‘
Animais diabéticos:
GLICEMIA
>250mg/dL
(D) D2FT DAFT DSFT
Dose de n=9 n=8 n=8 n=8

35mg/kg STZ , ) f
T T
GRUPO CONTROLE ~ GRUPO COM SUPLEMENTAGAO
DIABETICO DE FARINHA DE TUCUMA

Figura 1. Delineamento experimental.

Avaliacdo antropométrica
O ganho de peso, comprimento, circunferéncias toracica e abdominal foram avaliados

de acordo com Novelli et al. (2007)%.

Eutanasia e coleta de amostras
Ao final das nove semanas, os animais foram colocados em jejum de 8 horas,

posteriormente, foram anestesiados (inalagdo) com isoflurano e, em seguida, foi realizada a
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coleta de sangue na cavidade retro-orbital. A morte foi confirmada por overdose de anestesia.
O sangue foi centrifugado a 3.500 rpm/15 min para obtencdo do soro. Apds a eutanasia, as
gorduras retroperitoneal, epididimal e perirrenal de cada animal foram completamente retiradas
e pesadas em balanca analitica para posterior comparagdo entre os grupos®®. O indice de
adiposidade (IA) foi calculado pela razdo (gordura corporal/peso corporal final) x 100 2°.

Figado, rim e pancreas também foram coletados para avaliacdo histologica.

Avaliacdo bioquimica

Os seguintes parametros foram determinados no soro: colesterol total, lipoproteina de
alta densidade (HDL), glicose, marcadores de funcdo hepatica (alanina aminotransferase —
ALT, aspartato aminotransferase — AST, alanina aminotransferase), parametros renais (ureia,
creatinina e acido urico), perfil proteico (albumina ¢ proteina total) ¢ a-amilase utilizando

Cobas C111 de kits comerciais (Roche, Estados Unidos) e espectrofotometria.

Teste de tolerancia a insulina

O teste de tolerdncia a insulina foi determinado quatro dias antes do final do
experimento. O teste foi realizado em estado alimentado. A glicemia foi verificada no tempo 0
(antes da administracdo intraperitoneal de insulina) por meio de glicosimetro (Injex Sens I1),
através de uma pequena inciséo na veia caudal. Em seguida, a insulina (NovoRapid Penfill) foi
administrada por via intraperitoneal (1,5 Ul de insulina/kg de peso corporal), e a glicemia foi

aferida aos 5, 10 e 15 minutos, utilizando o procedimento adaptado de Ayoub et al. (2017)%.

Analise histologica
Figado e pancreas foram colocados em solugdo de formalina tamponada a 10% (para
fixagdo) e mantidos em alcool 70% até a inclusdo em parafina. Apos isso, foram obtidos cortes

de 5 um de espessura. As laminas foram desparafinadas e coradas com hematoxilina e eosina.
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Microscopia (Leica Application Suite, versdo 4.0) foi usada para analise. As imagens foram
capturadas com ampliacdo 40x.

As analises histoldgicas foram baseadas nos parametros de:
* Pancreas: area ¢ niimero de ilhotas, vacuolizagdo celular das ilhotas pancreaticas e porcao
exocring;
* Figado: esteatose hepatica e vasocongestao.

A andlise da area das ilhotas pancreéticas foi realizada usando 20 imagens digitais (cor
TIFF de 8 bits, 3.264 x 2.448 pixels, ampliacdo x 200) para cada pancreas (n = 6/grupo). Foi
utilizada a camera fotografica Nikon D3100 acoplada ao microscépio Zeiss Primo Star. O
programa utilizado para medir as areas das ilhotas foi 0 Image Processing and Analysis in Java
(Imagel). A anélise quantitativa do nimero de ilhotas pancreaticas foi realizada usando
microscopio Leica DM500 com ampliacdo de 50x. Foram utilizados campos pancreaticos (n =

6 animais/grupo). A metodologia foi baseada no artigo de Gomes et al. (2017)?’.

Anélise estatistica

Os resultados foram expressos como média = EPM (erro padrdo da média). Os dados
foram analisados pelo software GraphPad Prism versdo 6.0 usando analise de variancia (one-
way ANOVA) pelo teste de Tukey. Valores de p<0,05 foram definidos como nivel de

significancia.

Resultados
A média dos resultados referentes aos parametros antropomeétricos, ingestdo hidrica e
alimentar dos animais dos grupos experimentais estdo apresentados na tabela 1.

Tabela 1. Parametros antropométricos, ingestdo hidrica e alimentar dos grupos
experimentais.

Controle Diabético D2FT DAFT DSFT
M+EPM M+EPM M+EPM M+EPM M+EPM
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(Pge)so inicial 3583041120 322,40+1659 3132041241  311,40+11,61  310,50+11,30

Peso final (g)  385,60+10,58° 34530+16,67% 34300+10,71® 32550+12,71" 334,50+13,67%
Ganhode peso 7 55,4 g4 22.94+4,09 30,69+4,22 14,06+6,38 24.00+6,11

(9)

CT (cm) 16,36:0,27 16,37+0,24 16,34+0,23 16,07+0,13 16,13+0,25
CA (cm) 18,35+0,36 18,33+0,34 18,24+0,27 18,23+0,24 18,00+0,25
Ingestdo de 24.85+0,70%  2368+1,06"  28,22+0,86®  27,86+1,91% 28 44+083°
racdo (g/dia)

Ingestéo de

. . 39,34+1,81°  83,41+14,69® 101,20+13,84* 120,50+18,80° 114,10+4,43?
4gua (mL/dia)

Letras diferentes na mesma linha indicam diferenga significativa pelo teste de Tukey (p<0,05); M: média;
EPM: erro padrdo da média; CA: circunferéncia abdominal; CT: circunferéncia torécica.

Peso dos 6rgéos e tecido adiposo
Os resultados obtidos para o peso dos 6rgdos e tecido adiposo ndo demonstraram

diferenca estatistica (p>0,05), conforme observado na tabela 2.

Tabela 2. Peso dos 6rgdos e tecido adiposo dos grupos experimentais.

Controle Diabético D2FT D4FT D8FT

MzEPM MzEPM MzEPM MzEPM MzEPM
Figado (g) 12,18+0,63 13,60+0,73 14,60+0,75 13,15+0,82 13,09+0,49
Rim (g) 1,24+0,05 1,33+0,08 1,45+0,07 1,41+0,12 1,43+0,09
Pancreas (g) 1,39+40,11 1,33+0,07 1,26+0,09 1,14+0,07 1,28+0,05
Tecido Adiposo
Epididimal (g) 5,32+0,32 4,73+0,62 4,91+0,62 3,60+0,29 4,47+0,41
Perirrenal (g) 0,99+0,26 0,91+0,18 0,99+0,20 0,58+0,04 0,82+0,10
g‘;tmpe”to”ea' 3,0640,31 1,78+0,30 3,1840,71 1,52+0,30 1,97+0,24
1A (%) 2,43+£0,14 2,42+0,36 2,58+0,36 1,74+0,09 2,30+0,19

Letras diferentes na mesma linha indicam diferenca significativa pelo teste de Tukey (p<0,05); M:
média; EPM: erro padrdo da média; IA: indice de adiposidade.

Parametros bioquimicos
A tabela 3 estdo representados os resultados das médias dos parametros bioquimicos

analisados nos animais dos grupos experimentais.

Tabela 3. Pardmetros bioquimicos dos grupos experimentais.

Controle Diabético D2FT D4FT D8FT
M+EPM M+EPM M+EPM M+EPM M+EPM
fn'g/‘ésf) 172,90+12,20°  343,60+54,41% 385 10+40,81%  362,20+47,35®  418,50+80,77°
Colesterol 61,50+3,00 62,59+2,76 61,11+10,64 64,63+8,73 52,11+8,00
(mg/dL)
HDL 60,602,50 62,60+2,81 61,04+10,42 63,6145,68 51,6146.73

(mg/dL)
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(mg/dL) 34,08£2,62°  82,29+13,85%  86,01£17,00®  70,87+13,15®  102,60+27,25°
gﬁf‘;'”a el 60,54+1,22 60,34:1,60 54,80+6,30 55,40+3,38 49,81+4,83
Creatinina 0,44+0,02 0,42+0,04 0,40+0,03 0,46+0,05 0,35+0,05
(mg/dL)

,alltla_l;mma 42,58+0,65 42,96+1,30 36,87+4,38 41,44+1,29 35,34+3,39
Acido (rico 1,28+0,19 1,610,31 2,94+0,51 2,05+0,59 2,19+0,68
(mg/dL)

(Un':‘;'/%L) 32,57+1,61 32,80+3,51 39,63+7,06 41,6945,37 48,38+7,90
AST (UIL) 78,26£2,11 89,2815,71 94,83+9,67 74,85£6,14 89,09+7,06
ALT (UIL) 27,4622,11 46,51+7,13 39,90+4,96 37,04%3,61 45,639,34
?L‘J’/*[‘;"ase 1859,00+106,10 1934,00+12550 173500+252,20 1746,00£139,70 1609,00+162,80
Insulina 4,170,922 0,710,09° 2,3440,73% 1,81+0,40% 0,69+0,18"
Peptideo C  208,80+40,57°  14,86+4,97°  09,85+4579%  130,00+77,42  34,69+154"

Letras diferentes na mesma linha indicam diferenca significativa pelo teste de Tukey (p<0,05); M: média;
EPM: erro padrdo da média; CA: circunferéncia abdominal; CT: circunferéncia toracica.

Teste de tolerancia a insulina

Na figura 2 estdo representados os dados referentes ao teste de resisténcia a insulina.

-e- Controle 3000+ b
- DM
400_‘ w -+ D2FT
%| o DAFT 2000+ b b b
E: - D8FT 9
2004 . & . T T
j - ® — 1000+
a
0 T T 1 -
0 5 10 15 0- - :
) & & & &
Tempo (min) & v A ®
A B ®

Figura 2. A: Teste de tolerancia a insulina aplicado nos tempos 0, 5, 10 e 15 minutos; B: Area sob a curva (AUC)

do teste de resisténcia a insulina. Letras diferentes indicam diferenca significativa pelo teste de Tukey (p<0,05).

Analise histoldgica
Através das analises histologicas do figado (Figura 3) foi observado que todos 0s grupos

apresentaram morfologia padréo, sem nenhuma alteracdo microscépica.
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Figura 3. A: Grupo Controle (C); B: Grupo Diabético (DM); C: Grupo com animais diabéticos tratados com dieta
de cafeteria contendo 2% de FT (D2FT); D: Grupo com animais diabéticos tratados com dieta de cafeteria contendo
4% de FT (D4FT); E: Grupo com animais diabéticos tratados com dieta de cafeteria contendo 8% de FT (D8FT);

EP: Espaco Porta; VC: Veia Centrolobular.

No entanto, o pancreas (Figura 4) em todos os grupos diabéticos, tratados ou ndo,
apresentaram degeneragdo vacuolar nas ilhotas pancreéticas, mostrando reducdo aparente na

quantidade e tamanho das ilhotas.

Figura 4. A: Grupo Controle (C); B: Grupo Diabético (DM); C: Grupo com animais diabéticos tratados com dieta
de cafeteria contendo 2% de FT (D2FT); D: Grupo com animais diabéticos tratados com dieta de cafeteria contendo
4% de FT (D4FT); E: Grupo com animais diabéticos tratados com dieta de cafeteria contendo 8% de FT (D8FT);

IP: llhota Pancreéatica; Demarcagdo em preto (linha): marcando area da ilhota em processo de degeneragdo, com
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areas irregulares e com menos células Beta; Seta fina preta: degeneragdo vacuolar das células beta na ilhota

pancreética.

Discussao

Ao analisar os resultados apresentados na tabela 1, verifica-se que os animais do grupo
DAFT apresentaram menor peso final quando comparados com 0s animais do grupo controle.
A STZ leva a destruigdo das células 3 pancreaticas, comprometendo a secrec¢do da insulina, essa
condig&o estimula uma resposta hormonal fazendo com que os tecidos dependentes de insulina
metabolizem lipidios ao invés de carboidratos, levando a processos catabolicos (maior
protedlise e lipdlise), ocasionando perda de peso corporal e aumento da ingestdo alimentar,
quadro caracteristico do DM2?8% Guo et al. (2018)*° e Santos et al. (2021)!°, também
observaram que os animais diabéticos de seus respectivos estudos, apresentaram um menor
peso ao comparar com o0s animais ndo diabéticos.

Com relagdo ao consumo hidrico, os animais dos grupos D4FT e D8FT apresentaram
um maior consumo quando comparado com o grupo controle. Nunes et al. (2018)° avaliaram
os efeitos da suplementacdo de diferentes doses do 6leo da améndoa de Acrocomia aculeata
em ratos com DM2. Neste estudo todos os animais diabéticos (sem suplementacdo e que
receberam o suplemento) apresentaram maiores valores para 0 consumo hidrico e menor peso
quando comparados com 0s animais do grupo ndo diabético. Ressalta-se que perda de peso e
polidipsia s&o sintomas presentes no DM23.

Em certos casos € possivel notar alteracdo no peso dos 6rgdos de animais tratados com
diferentes tipos de dieta, como € o caso de animais tratados com dietas hiperlipidicas, os quais
acabam apresentando uma maior deposicao de gordura corporal e hepatica, levando a um maior
peso desses tecidos quando comparados com animais que consomem apenas dieta comercial,
embora, no presente estudo nao foi observado diferenca estatistica entre os pesos dos tecidos

avaliados, o que é confirmado pela analise histolégica do figado (figura 3) 3%,
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Outro fator que pode ocasionar uma alteracao do peso de 6rgdos de animais, é a inducao
de diabetes por meio da administracdo de STZ, a qual leva a destruicdo das células beta
pancreaticas com posterior reducdo da massa celular do pancreas desses animais 0 que pode
ser observado no presente estudo, uma vez que 0s grupos diabéticos, tratados ou nédo,
apresentaram degeneracdo vacuolar nas ilhotas pancreaticas, mostrando reducdo aparente na
quantidade e tamanho das ilhotas, embora ndo tenham apresentado diferenca estatistica para o
peso do pancreas'®.

De acordo com a American Diabetes Association (2011)%, o DM2 é caracterizado por
distdrbios no metabolismo da glicose e de acidos graxos. Ao observar a tabela 3, 0s animais
que receberam a suplementacdo de 8% de FT apresentaram valores de glicemia e triglicerideos
maiores quando comparados com o grupo controle. Embora no presente estudo néo tenha sido
dosado o teor de frutose (um monossacarideo presente em frutas) da FT, sabe-se que o alto
consumo de frutose ou 0 seu consumo associado a dietas hipercaloricas demonstram esse efeito
em aumentar os triglicerideos séricos, fato observado no presente estudo, ja que associamos a
FT a uma dieta de cafeteria. No entanto, o consumo de frutose em dietas normocal6ricas néo se
observa tal efeito®*-%,

Ja ao analisar os valores de peptideo C, uma proteina essencial para a sintese de insulina
e que desempenha um papel importante no controle da glicemia®-°, nota-se que o animais do
grupo D8FT apresentaram valores diminuidos dessa proteina, e ainda, menores niveis de
insulina, assim como o grupo diabético (p<0,05 quando comparado com grupo controle). Sabe-
se que a destruicdo das células beta pancreéticas, as quais sdo responsaveis pela producdo de
insulina é um dano causado pela agdo da STZ*°. Demonstrando que a suplementagio de 8% de
FT néo foi eficiente em controlar os danos decorrentes do DM2.

Apos a administragdo de insulina, os niveis de glicose devem diminuir de forma rapida,

revelando uma maior sensibilidade a insulina®. No presente estudo os niveis de glicose dos
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animais diabéticos ndo tratados e tratados com FT, se apresentaram maiores quando
comparados com o grupo controle (Figura 2A). Ao analisar a AUC (figura 2B) os grupos DM,
D2FT, DAFT e D8FT apresentaram uma maior AUC, indicando uma maior resisténcia a
insulina em relacdo ao grupo controle. Estudos com animais diabéticos sem tratamento também
demonstraram uma maior resisténcia a insulina ao comparar com o grupo nio diabético®?°,
Isso demonstra que nenhuma das doses de FT administradas aos animais foi eficiente em

minimizar os danos metabdlicos decorrentes da inducdo do DM2 nesses animais.

Concluséo

Com base na avaliacdo dos resultados de dados antropométricos, bioquimicos, teste de
resisténcia a insulina e parametros histoldgicos, a suplementacédo de 2, 4 ou 8% de farinha de
tucuma ndo foi eficiente em reverter ou minimizar os efeitos metabolicos ocasionados pelo
diabetes tipo 2. Embora a suplementacdo de farinha de tucuma nédo tenha sido eficiente no
modelo proposto neste estudo, este fruto pode apresentar efeitos positivos em outros modelos,

como obesidade ou sindrome metabdlica, tendo em vista a sua composicdo nutricional.
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6 CONCLUSAO

Com base nos resultados obtidos de composicao e testes de toxicidade realizados nos
frutos de tucuma (Astrocaryum huaimi Mart.), podemos concluir que a adicdo deste fruto na
alimentacdo humana podera contribuir significativamente na manutencdo da saude, tendo em
vista que os frutos apresentaram teores apreciaveis de fibras, vitamina C, ferro, potassio, e
acidos graxos insaturados.

Ao avaliar a FT por meio de testes de toxicidade aguda e subaguda, observamos no teste
oral agudo que o valor de LD50 pode ser considerado superior a 2000 mg/kg de peso corporal
para a FT. E no teste oral subagudo ndo foram observados letalidade ou alteracdo dos sinais
clinicos, peso corporal, consumo alimentar, peso de tecidos/drgdos, parametros hematologicos,
bioquimicos e histoldgicos em camundongos tratados com FT nas doses orais de 250, 500 e
1000 mg/kg por 28 dias. Concluindo que a introducgéo deste fruto na alimentacdo pode ser

considerada seguro, tendo em vista os resultados obtidos por meio do teste de toxicidade.

O presente trabalho ainda padronizou uma metodologia para inducéo de diabetes tipo 2
em ratos Wistar. Essa metodologia se mostrou eficiente em mimetizar as caracteristicas
metabdlicas da doenca em humanos (presenca de polidipsia, hiperglicemia, testes bioquimicos
alterados, resisténcia a insulina e danos ao figado, pancreas e rim), bem como ndo houve perda

da animais durante o experimento. Esse método apresentou baixo custo para ser desenvolvido.

Finalmente, ao analisar os resultados obtidos de dados antropométricos, bioquimicos,
teste de resisténcia a insulina e parametros histologicos no experimento que avaliou os efeitos
metabolicos da FT em animais diabéticos tipo 2, observou-se que a suplementacédo de 2, 4 ou
8% de farinha de tucumé& ndo se apresentou eficiente em reverter ou minimizar os efeitos

metabolicos ocasionados pelo diabetes tipo 2.
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ANEXO 1 - PROTOCOLO DE APROVACAO DO COMITE DE ETICA NO USO DE
ANIMAIS (CEUA) - TESTES DE TOXICIDADE

Servigo Piblico Federal
Ministério da Educagso
Fundagdo Universidade Federal de Mato Grosso do Sul

CERTIFICADO

Certificamos que a proposta intitulada "Avaliagao da toxicidade aguda
e subaguda, genotoxicidade e clastogenicidade do tucuma (Astrocaryum huaimi
Mart.)", registrada com o n® 894/2017, sob a responsabilidade de Elisvania Freitas
dos Santos - que envolve a utilizagdo de animais pertencentes ao filo Chordata,
subfilo Vertebrata, para fins de pesquisa cientifica - encontra-se de acordo com 0s
preceitos da Lei n® 11.794, de 8 de outubro de 2008, do Decreto n°® 6.899, de 15 de
julho de 2009, e com as normas editadas pelo Conselho Nacional de Controle de
Experimentagao Animal (CONCEA), e foi aprovada pela COMISSAO DE ETICA NO
USO DE ANIMAIS/CEUA DA UNIVERSIDADE FEDERAL DE MATO GROSSO DO
SUL/UFMS, na 8% reunido ordinaria do dia 19/09/2017.

FINALIDADE (_) Ensino_( x) Pesquisa Cientifica
| Vigéncia da autorizagao 19/11/2017 a 1°/11/2019
Espécie/Linhagem/Raca Mus musculus | Swiss
N° de animais 30 Macho + 40 Fémea = 70
Peso/ldade 15 g /21 dias
Sexo Machos e Fémeas
Origem Biotério CentrallINBIO/UFMS

Joige Stem

Coordenadora da CEUA/UFMS
Campo Grande, 20 de setembro de 2017.
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ANEXO 2 - PROTOCOLO DE APROVACAO DO COMITE DE ETICA NO USO DE
ANIMAIS (CEUA) - DIABETES TIPO 2

Servigo Piblico Federal
Mnistério da Educacio l
Fundagdo Universidade Federal de Mato Grosso do Sul

UFMS

CERTIFICADO

Certificamos que a proposta intitulada “Avaliagao da atividade
hipoglicemiante da casca e polpa de tucuma em ratos diabéticos”, registrada com o
n°® 895/2017, sob a responsabilidade de Elisvania Freitas dos Santos - que
envolve a utilizagio de animais pertencentes ao filo Chordata, subfilo Vertebrata,
para fins de pesquisa cientifica — encontra-se de acordo com 0$ preceitos da Lei n°
11.794, de 8 de outubro de 2008, do Decreto n® 6.899, de 15 de julho de 2009, e
com as normas editadas pelo Conselho Nacional de Controle de Experimentagao
Animal (CONCEA), e fol aprovado pela COMISSAO DE ETICA NO USO DE
ANIMAIS/ICEUA DA UNIVERSIDADE FEDERAL DE MATO GROSSO DO
SUL/UFMS, na 10 reunido ordinaria do dia 09/11/2017.

FINALIDADE ( ) Ensino ( x) Pesquisa Cientifica
Vigéncia da autorizagao 1%/11/2017 a 1°/11/2019

Espécie/Linhagem/Racga Rattus norvegicus / Wistar
N® de animals 115
Pesol/ldade 50 - 70g / 21 dias
Sexo Machos
Origem Biotério CentralINBIO/UFMS

Joic Steinv)

Coordenadora da CEUA/UFMS

Campo Grande, 09 de novembro de 2017.



