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RESUMO

A pitaia vermelha (Hylocereus polyrhizus) é uma fruta cactacea originaria do México,
gue vem sendo cultivada em solo brasileiro hd aproximadamente 20 anos, com
perspectivas de aumento da demanda para os préximos anos. Essa importancia dar-
se pelo fato de essa fruta ser considerada um alimento funcional, apresentando
compostos bioativos como a quercetina e as betacianinas, que aumentam a
capacidade antioxidante e diminuem o dano causado pelo estresse oxidativo,
fornecendo protecdo contra esses distarbios e outras comorbidades associadas. O
presente trabalho teve por objetivo caracterizar quimicamente a pitaia Hylocereus
polyrhizus (polpa e semente liofilizadas) quanto aos compostos fitoquimicos por
Cromatografia Liquida de Ultra Eficiéncia (UPLC) acoplada a espectrémetro de
massas e avaliar o potencial terapéutico da polpa com semente liofilizada no
tratamento de camundongos C57BL/6 dislipidémicos induzidos por dieta. Através da
caracterizacao quimica, foram elucidados vinte e dois metabdlitos, dos quais a maioria
estavam presentes na polpa e na semente, principalmente compostos fendlicos,
betalainas e oligossacarideos. Com relacdo ao ensaio in vivo, durante o tratamento,
foram coletadas amostras de sangue para as determinacdes de colesterol total (CT),
HDL-c, LDL-c, triacilgliceréis (TG), glicemia, aspartato aminotransferase (AST) e
alanina aminotransferase (ALT) e, ao término deste, os animais foram eutanasiados.
A administracdo diaria do extrato concentrado de pitaia vermelha elevou HDL e
reduziu significativamente os niveis de CT, LDL, TG, glicemia, AST e ALT de
camundongos C57BL/6 dislipidémicos induzidos por dieta, sem alterar
significativamente o peso. Além disso, no ultimo dia de tratamento, foram coletadas
as fezes de todos os grupos, para extracdo de metabdlitos por Ressonancia
Magnética Nuclear de Prétons (*H RMN), seguido de andlise multivariada de
reconhecimento de padrbes. O perfil metabolémico realizado através das fezes de
todos 0s grupos apresentou sinais equivalentes para 16 metabdlitos pelo escore de
importancia da variavel na projecao (VIP escore), entre eles acidos biliares, glicerol,
valina, leucina, adenosina difosfato (ADP) e uracila. Vale destacar que, as doses mais
elevadas de pitaia (200 e 400 mg/kg) induziram ao aumento da concentracdo de
acetona nas fezes, que pode ter sido influenciada pela presenca de oligossacarideos
que fornecem funcdo prebidtica e favorecem a colonizacdo de bactérias gram-

positivas na microbiota intestinal. Como um alimento funcional, a Hylocereus



polyrhizus mostrou-se com potencial terapéutico na dislipidemia, contribuindo para a
reducédo do risco de doengas cardiovasculares, com possibilidades de prevenir a
instalacdo do processo aterosclerético, sendo promissora para uso biotecnoldgico
como alimento funcional, prebidtico ou nutracéutico, por industrias farmacéuticas e de

alimentos.

Palavras-chave: Pitaia. Hylocereus polyrhizus. Dislipidemias. Alimentos funcionais.



ABSTRACT

The red pitaya (Hylocereus polyrhizus) is a cactaceous fruit originating in Mexico,
which has been grown on Brazilian soil for approximately 20 years, with prospects of
increasing demand for the coming years. This importance is due to the fact that this
fruitis considered a functional food, presenting bioactive compounds such as quercetin
and betacyanins, which increase the antioxidant capacity and decrease the damage
caused by oxidative stress, providing protection against these disorders and other
associated comorbidities. The present work aimed to chemically characterize the
pitaya Hylocereus polyrhizus (lyophilized pulp and seed) as to phytochemical
compounds by Ultra Performance Liquid Chromatography (UPLC) coupled to mass
spectrometer and to evaluate the therapeutic potential of the pulp with lyophilized seed
in the treatment of mice C57BL/6 diet-induced dyslipidemics. Through chemical
characterization, twenty-two metabolites were elucidated, most of which were present
in the pulp and seed, mainly phenolic compounds, betalains and oligosaccharides.
Regarding the in vivo test, during the treatment, blood samples were collected for the
determination of total cholesterol (CT), HDL-c, LDL-c, triacylglycerols (TG), glycemia,
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) and, at the end
of this, the animals were euthanized. The daily administration of the concentrated
extract of red pitaya raised HDL and significantly reduced the levels of CT, LDL, TG,
glycemia, AST and ALT of dyslipidemic C57BL / 6 mice induced by diet, without
significantly changing the weight. In addition, on the last day of treatment, feces from
all groups were collected for the extraction of metabolites by Proton Nuclear Magnetic
Resonance (*H NMR), followed by multivariate pattern recognition analysis. The
metabolomic profile performed through the feces of all groups showed equivalent
signals for 16 metabolites through the variable importance in projection (VIP) score,
among them bile acids, glycerol, valine, leucine, adenosine diphosphate (ADP) and
uracil. Specifically, the higher doses of pitaya (200 and 400 mg/kg) induced increased
acetone concentration in the feces and may have been influenced by the presence of
the oligosaccharides that provide prebiotic function and favor colonization of gram-
positive bacteria in the intestinal microbiota. As a functional food, Hylocereus
polyrhizus was shown to have therapeutic potential in dyslipidemia, contributing to the
reduction of the risk of cardiovascular diseases, with possibilities to prevent the

installation of the atherosclerotic process, being promising for biotechnological use as



functional, prebiotic or nutraceutical food, by industries pharmaceutical and food

products.

Keywords: Pitaya. Hylocereus polyrhizus. Dyslipidemia. Functional foods.
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1 INTRODUCAO

Hylocereus polyrhizus (pitaia vermelha), também conhecida como fruta
do dragéo, € uma fruta nativa do México e da América Central e do Sul, pertencente
a familia Cactaceae. Geralmente, € cultivada e naturalizada em todas as terras
tropicais do mundo (ALVES et al., 2018). E uma fruta que tem atraido atenc&o por
apresentar em sua constituicdo nutrientes que promovem beneficios para a
populacédo, tais como, betacianinas, flavonéides e acidos fendlicos (MORAIS et al.,
2019). Além disso, apresenta oligossacarideos com propriedades prebidticas
(WICHIENCHOT; JATUPORNPIPAT; RASTALL, 2010).

Como alimento funcional, a pitaia possui efeitos antinflamatérios, (CHOO;
KOH; LING, 2016), antimicrobiano (TENORE; NOVELINO; BASILE, 2012),
propriedades antioxidantes (LUO et al., 2014; SUH et al., 2014) e efeitos ansioliticos
(LIRA et al, 2020). E ajuda na prevencdo de doencas como, doencas
cardiovasculares e diabetes mellitus (KHALILI; ABDULLAH; MANAF, 2012; WU et al.,
2006).

Os padrdes alimentares mudaram nas ultimas décadas por todo o mundo.
A dieta ocidental que apresenta alta concentracdo de gorduras e agucares refinados,
passou a ser a mais escolhida pela populacdo mundial, com baixa ingestdo de
carboidratos complexos, fibras, frutas e vegetais. Como consequéncia, tem crescido
a prevaléncia de portadores de doencas cronicas nado transmissiveis (DCNT), tais
como dislipidemias, diabetes, cancer, doencas cardiovasculares (DCV) (TANAKA et
al., 2020). Em 2016, as DCNT foram as principais causas de morte no mundo (71%),
com destaque para as DCV e dislipidemias (WORLD HEALTH ORGANIZATION,
2018). No Brasil, cerca de 22,6% da populagéo porta algum tipo de dislipidemia, sendo
as regibes Nordeste e Norte as que mais concentram casos registrados (BRASIL,
2017).

As dislipidemias, por sua vez, sdo distirbios metabdlicos, sobretudo do
metabolismo lipidico, descritas por apresentar concentracées anormais de lipideos
e/ou lipoproteinas no sangue, tais como altos niveis de colesterol total (CT),
lipoproteina de baixa densidade (LDL), triacilglicerdis, assim como apresentar
diminuicdo da lipoproteina de alta densidade (HDL) (MANTOVANI; PUGLIESE, 2021).

Esses desequilibrios, se ndo controlados, podem ocasionar as DCV

(MILLER, 2003). Isso pode ocorrer devido a hipercolesterolemia estar altamente
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relacionada a superproducdo de radicais livres que, consequentemente, levam a
disfuncao endotelial e a outros efeitos prejudiciais (LU et al., 2015). Vale salientar que
no Brasil, as DCV sao responsaveis pelos maiores gastos entre as causas de
internag@es hospitalares no pais (BARRETO et al., 2020). Estima-se que as despesas
com medicagdes representam 10% do custo total da assisténcia farmacéutica popular,
0s gastos estimados considerando diretos e indiretos, nos ultimos anos foram de 30 a
37 bilhdes de reais (SIQUEIRA; SIQUEIRA-FILHO; LAND, 2017).

Uma das principais estratégias para o tratamento das dislipidemias diz
respeito a terapia farmacolégica, a qual deve ser administrada em conjunto com a
abordagem nutricional e a correcdo de outros fatores de risco cardiovascular
modificaveis (SOCIEDADE BRASILEIRA DE CARDIOLOGIA, 2013). Uma alternativa
gue tem sido muito estudada para o tratamento complementar da dislipidemia sédo os
alimentos funcionais. Eles podem ser de origem animal ou vegetal, e apresentam
componentes bioativos desconhecidos, chamados de fitoquimicos (ANDREA et al.,
2017). Pesquisas mostram que os fitoquimicos apresentaram beneficios em multiplas
vias biologicas relacionadas a hiperlipidemia (GONG, JI, XU, ZHANG e LI, 2019).

Ja esses compostos bioativos produzidos pelas frutas e pelos vegetais,
surgem a fim de evitar diversas situacdes desfavoraveis, como a presenca de insetos,
de patdégenos herbivoros e de outras condicbes ambientais adversas (BRAQUEHAIS
et al., 2016). Além disso, os compostos bioativos compreendem ao metabolismo
secundario das plantas e seus anexos, como as frutas, e variam de estrutura quimica
e concentracao entre as espécies, sendo relevante para area farmacoldgica, devido a
interacdo desses compostos em alvos moleculares moduladores de efeitos benéficos
a saude humana (MAGG et al., 2015; MITHOFER; BOLAND, 2012).

Neste contexto, frutas e vegetais se destacam e podem ser considerados
como importantes ferramentas em tratamentos alternativos de diversos tipos de
doencas metabdlicas (BOEING et al. 2012).

Logo, este trabalho teve por objetivo principal realizar a prospeccao
guimica da pitaia vermelha (Hylocereus polyrhizus) e a avaliacdo do seu potencial
terapéutico no tratamento de camundongos dislipidémicos.

De maneira mais especifica objetivou:
a) Caracterizar fitoquimicamente a polpa, e a semente da pitaia liofilizada
(Hylocereus polyrhizus);

b) Avaliar a influéncia da polpa com semente da pitaia liofilizada (Hylocereus
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polyrhizus) sobre biomarcadores bioquimicos de dislipidemia e nos perfis
hepéticos e renais em camundongos alimentados com Hylocereus polyrhizus;
c) Determinar a influéncia da polpa com semente da pitaia liofilizada (Hylocereus
polyrhizus) nas alteracdes de peso corporal de camundongos dislipidémicos;
d) Conhecer o potencial prebiético e sua influéncia no metabolismo de lipidios via
metabolémica das fezes de animais dislipidémicos alimentados com pitaia

vermelha (Hylocereus polyrhizus).
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2 REFERENCIAL TEORICO

2.1 Pitaia

2.1.1 Origem e Caracteristicas Gerais

A pitaia pertence a familia Cactaceae, que possui caracteristicas quimicas
gue a ajudam a tolerar a seca, o calor, o solo pobre e o frio, mostrando-se totalmente
ajustaveis, distribuindo-se em zonas costeiras de montanhas e florestas tropicais,
possivelmente, proveniente da América do Norte, Central e do Sul (LUDERS; MC
MAHON, 2006).

O género Hylocereus € um cacto, predominantemente, americano que se
encontra amplamente difundido do Brasil até a Costa da Flérida. Aléem disso, vale
destacar que ele apresenta grandes flores perfumadas e noturnas e possui um fruto
gue apresenta varias nomenclaturas. Entretanto, a que € reconhecida mundialmente
é pitahaia ou pitaia ou fruta do dragéo (ORTIZ-HERNANDEZ; CARRILLO-SALAZAR,
2012).

A pitaia é caracterizada por ser uma fruta oriunda de uma cactacea epifita,
perene, suculenta, por possuir raizes adventicias, que ajudam na fixacdo e obtencao
de nutrientes, e poder crescer em ambientes sombreados de florestas tropicais da
América. Seus frutos apresentam sabor agradavel e levemente adocicado, sua flor
apresenta coloracdo branca e é hermafrodita (DONADIO, 2009; SILVA; MARTINS;
CAVALLARI, 2011).

Existem varias espécies de pitaias, como Hylocereus polyrhizus,
Hylocereus undatus e Hylocereus megalanthus. Entre elas, a Hylocereus polyrhizus e
a Hylocereus undatus sdo as mais amplamente cultivadas e comercializadas (LE
BELLEC et al., 2006; PROHORT, 2014) (Figura 1).

A Hylocereus polyrhizus, também chamada de pitaia vermelha, € nativa do
México e das Américas Central e do Sul (HUA et al., 2018). Ela apresenta um formato
oval, grande em tamanho, seu peso varia entre 300 — 600 g, seu diametro compreende
entre 13 — 15 cm e mede cerca de 15 cm de comprimento. O fruto tem uma polpa
delicada e doce com uma cor vermelho-parpura intensa da polpa e casca. Apresenta
muitas pequenas sementes pretas, ricas em acidos graxos essenciais. Podem ser

consumidos na forma natural ou processados (ARIFFIN et al., 2009).
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Figura 1 — Pitaias do género Hylocereus: Hylocereus undatus, Hylocereus

polyrhizus, H. megalanthus e H. setaceus

H. undatus H. polyrhizus

H. megalanthus H. setaceus

Fonte: SILVA, 2014.

2.1.2 Pitaia em solo brasileiro

No Brasil, ha 37 géneros de cactaceas, dispostos em ambientes diversos
como Cerrado, a Caatinga e a Mata Atlantica (CALVENTE, 2010).

O cultivo da pitaia no Brasil € considerado bastante novo, teve origem ha
cerca de 20 anos, com a produtora Anoemisia Sader, de Itajobi, Sdo Paulo. Apds esse
advento, foram iniciados os cultivos comerciais no estado, e, hoje, ha cultivos
comerciais nos estados de Minas Gerais, Parana, Santa Catarina, Mato Grosso do
Sul, Rio Grande do Norte, Ceard e Pernambuco. De acordo com a ordem de volume
comercializado, estdo S&o Paulo, Minas Gerais, Ceara, Parana e Goias, com
destaque para o Estado de S&o Paulo, o qual comercializa 92% da quantidade nas
CEASAS (mais de 270 toneladas). Minas Gerais é o segundo estado que mais

comercializa a fruta, com pouco mais de 5,62% (16.380 kg), seguido pelo Ceara
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(1,16% do total comercializado, equivalente a 3.399 kg) (PROHORT, 2014).

Em razdo do aumento da demanda de consumo da fruta nos dltimos anos
e seu valor comercial expressivo, muitos fruticultores tém se mostrado interessado
pelo plantio e cultivo dessa planta exética, principalmente na regido Nordeste. O
estado do Ceara € o principal produtor da regido, onde a producdo de pitaia concentra-
se na Chapada do Apodi, localizada nos municipios de Quixeré e Limoeiro do Norte
(Figura 2). As éareas cultivadas no Nordeste encontram-se em desenvolvimento,
gerando rentabilidade para a regiao (NUNES et al., 2014).

Figura 2 - Localiza¢cdo geografica da Chapada do Apodi no Ceara

Fortaleza

Fonte: Pesquisa Direta, 2021.
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2.1.3 Composicado quimica, aspectos nutricionais e efeitos bioldégicos da Pitaia

(Hylocereus polyrhizus)

De forma geral, os frutos contém diversos compostos naturais que
fornecem protecdo contra doencas e melhora na qualidade de vida das pessoas.
Neste contexto, a pitaia vermelha apresenta-se como uma excelente fonte de
vitaminas e minerais, embora evidéncias apontem que possa haver algumas
variacdes decorrentes da posicado geografica do cultivo desta fruta. Além disso, outros
fatores estédo diretamente ligados a quantidade de compostos bioativos presentes na
pitaia, tais como a sazonalidade, clima, estacdes do ano, qualidade e disponibilidade
da &gua, praticas agricolas, manuseio, armazenagem e transporte (NURUL; ASMAH,
2014).

As caracteristicas nutricionais da pitaia pode ser encontrada de forma
diversificada (Tabelas 1, 2 e 3), visto a grande dependéncia da variacdo de tamanho,
presenca de espinhos, cor da casca e da polpa, pH da polpa, teor de sdlidos soluveis,

garantidos pela ampla diversidade genética desta fruta (LIMA et al., 2013).

Tabela 1 — Valores de sélidos soluveis, pH, acidez titulavel, actucar redutor,

total, ndo redutor e fibra bruta de pitaia vermelha (Hylocereus polyrhizus)

Determinacdes Média Minimos Maximos o CV (%)

Solidos solaveis (°Brix) 13,14 12,10 13,80 0,56 4,32

Acidez titulavel (mg de ac.

. 5,32 5,09 5,60 0,21 3,87
Malico 100* mL de suco)
Acucar redutor (%) 5,56 4,87 6,05 0,37 6,63
Acucar total (%) 8,79 8,07 9,61 0,59 6,79
AcuUcar nao redutor (%) 3,07 2,82 3,38 0,2 6,54
Fibra bruta (%) 11,35 10,41 11,97 057 5,01

o: desvio padréo, CV: coeficiente de variagado. Valores médios obtidos a partir da média de 30 amostras

de quatro frutos cada.

Fonte: Adaptado de Cordeiro et al., 2015.
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Tabela 2 — Valores de minerais de Hylocereus polyrhizus

Determinacdes Média Minimos Maximos o CV (%)

N 11,3 10,6 12,9 0,10 9,6

P 2,3 2,0 2,7 0,03 12,74
K 12,6 11,8 13,3 0,06 5,19
S 1,0 0,9 11 0,01 7,43
Ca 8,0 7,4 8,8 0,05 6,64
Mg 3,6 3,4 4,0 0,02 7,61
B 18,73 17,69 19,91 1,02 5,49
Cu 21,71 19,1 24,00 1,87 8,62
Fe 337,58 307,50 360,00 21,10 6,25
Mn 113,93 94,8 138,30 15,82 13,89
Zn 116,26 114,00 118,40 1,65 1,42

o: desvio padrao, CV: coeficiente de variagdo. Valores médios obtidos a partir da média de 30 amostras
de quatro frutos cada.

Fonte: Adaptado de Cordeiro et al., 2015.

Tabela 3 — Composicao centesimal de Hylocereus polyrhizus cultivadas na
Malasia e na Australia

Determinacdes PVM PVA
Umidade (g/100 g PB) 85,05+0,11 89,98 + 0,02
Cinzas (g/100 g PB) 0,54 +0,01 1,19 +£ 0,06
Carboidratos (g/100 g PB) 12,97 £0,11 8,42 £ 0,03
Proteinas (g/100 g PB) 1,45+0,01 0,41 +£0,01

Lipideos (g/100 g PB) ND ND

Fibras totais (g/100 g PB) 2,65 + 0,03 ND

Energia (kcal/100 g) 62,95+ 0,45 35,36 + 0,15

PVM: pitaia vermelha da Malasia, PVA: pitaia vermelha da Austrdlia, PB: peso bruto, ND: n&o
determinado. Valores obtidos da coleta de pitaias entre 35-38 dias ap0s a polinizacao.

Fonte: Adaptado de Nurul e Asmah, 2014.

A pitaia vermelha, oriunda da Hylocereus polyrhizus, tem se destacado, nas

tltimas décadas, também, pelas identificacdes de importantes compostos quimicos,
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gue sao utilizados amplamente com finalidade terapéutica, tais como as betacianinas
(Figura 3A), caracterizados por pigmentos avermelhados / violaceos, os acidos
fendlicos (caféico e ferulico) (Figura 3B e 3C) e os flavondides, principalmente, a
guercetina (Figura 2D). Todos esses compostos sdo bem relatados na literatura
cientifica com um importante potencial contra radicais livres, diretamente relacionados
com diversas doencas (STINTZING et al., 2002; YONG et al., 2017; LIRA et al., 2020).

Pesquisas elucidam alguns atributos promissores provenientes da casca e
da polpa de Hylocereus polyrhizus, como propriedades anti-inflamatérias (CHOO et
al., 2016), antimicrobianas (TENORE et al., 2012) e, principalmente, propriedades
antioxidantes (LUO et al., 2014; SUH et al., 2014).

Figura 3 — Principais compostos quimicos presentes na pitaia vermelha

R4
A B
Ro> 0
N HO
;e " “oH
/ HO
Acido caféico
HOOC
H COOH
Betacianinas
O NN
OH
HO OH O
Acido ferulico Quercetina

Fonte: Elaborado pelo autor.

Dados relevantes apresentados por Esatbeyoglu et al. (2014) destacam
gue a betanina, um tipo de betacianina, apresentou alto potencial de sequestro de
radicais livres e antioxidante. Ainda, de acordo com 0s autores, esta betacianinas

foram dose-dependentes nas atividades de sequestros dos radicais DPPH (2,2-difenil-
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1-picril-hidrazil), galvinoxil e superéxido, além de prevenir danos no DNA induzido por
peréxidos de hidrogénio e aumentar os niveis celulares de glutationa peroxidase, em
cultura celular.

Outra importante betacianina, bastante relatada na literatura cientifica,
consiste na betalaina. Este composto, assim como o mencionado anteriormente,
possui alta capacidade antioxidante. Conforme Sawicki et al. (2016), o perfil
antioxidante da betalaina mostrou-se relevante, pois apresentou alta capacidade de
neutralizacdo de radicais livres in vitro, quando comparado a substancia controle
empregada no estudo (Trollox 0,01-0,75 mM), em ambos os testes utilizados: DPPH e
ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)).

Chang et al. (2019) observaram que a metade da concentracdo maxima de
citotoxicidade para fracdes de betacianinas, de pitaia vermelha em células Vero,
correspondeu a 4,346 mg mlt. A concentracao inibitéria semimaxima (ICso) da fracéo
de betacianina de pitaia vermelha era de 125,8 ug mlt, com indice de seletividade (SI)
de 5,8. Ainda conforme os autores, utilizando a concentracdo maxima néao toxica de
betacianina, o efeito antiviral direto contra o virus da dengue 2 (DENV-2) foi
equivalente a ICsode 126,70 ug mlt; correspondendo a 95% de inibigdo do virus.

Betacianinas encontradas na Hylocereus polyrhizus possuem, também,
boas atividades antimicrobianas, com resultados equivalentes a concentragdo minima
inibitéria (MIC) de 3,13-6.25 mg/mL) contra 9 cepas de bactérias gram positivas. Os
dados mencionados anteriormente sdo similares, quando expostos frente as bactérias
gram-negativas (MIC: 3,13-6,25 mg/mL) (YONG et al., 2017).

Outros compostos quimicos que merecem destaques biolégicos /
terapéuticos consistem nos acidos fendlicos caféico e ferulico. Os acidos fenélicos séo
metabolitos secundarios derivados da tirosina e da fenilalanina com potentes
atividades antibacterianas e antioxidantes. Quimicamente, estes compostos sdo
categorizados como substancias que possuem um anel aromatico ligado a um ou mais
substituintes hidroxilicos, incluindo os seus grupos funcionais com estruturas
variaveis, e, estas caracteristicas exclusivas, permitem-lhes ser multifuncionais
biologicamente (MUKHERJEE et al., 2011).

Entretanto, € importante destacar que o tipo de solvente utilizado no
método de extracdo consiste em uma etapa fundamental para a obtencdo dos
resultados, visto que as caracteristicas quimicas de cada parte da pitaia vermelha

podem encontrar variabilidade com o solvente organico, podendo ser de natureza
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polar ou apolar (ADNAN et al., 2011).

Como exemplo disso, Adnan et al. (2011) observaram que a capacidade de
neutralizacdo de radicais livres em extratos hexanico e cloroférmico ficou bastante
comprometida, quando comparado aos efeitos antioxidantes encontrados no extrato
etanolico. Diante dos dados, pode-se perceber que a fracdo etandlica, na dose de
1000 ug / mL é capaz de sequestrar, de forma significativa (p<0,05), cerca de 77%
dos radicais livres em ensaio antioxidante pelo método de DPPH, frente as doses
equivalentes provenientes das fracdes hexanica (18,28%) e cloroférmica (17,53%).

Neste contexto, dados recentes publicados na literatura cientifica mostram
gue o extrato metandlico do caule de Hylocereus polyrhizus, rico em acidos fendlicos,
apresenta forte atividade antimicrobiano (dose-dependente), in vitro, contra cepas de
Staphylococcus aureus, pseudomonas aeruginosa, Candida albicans, Aspergillus
niger e Fusarium oxysporum, quando administrada a partir de 15 pg/mL. A capacidade
antioxidante total, apresenta, ainda, alto potencial com valores na ordem de 726,73
mg / EAA (equivalente de acido ascorbico) / g de extrato seco e alto teor fendlico,
compreendendo 432,88 mg / EAG (equivalente de acido galico) / g de extrato seco.
Desta forma, conforme mencionado anteriormente, o alto teor fendlico contribui para
sequestro de radicais livres e potencializam o efeito antioxidante da Hylocereus
polyrhizus (ISMAIL et al., 2017).

Aléem das propriedades benéficas previamente mostradas, os acidos
fendlicos, encontrados abundantemente em extratos etandlicos, apresentam efeito
protetivo no DNA frente aos efeitos toxicos e mutagénicos provenientes de raios
ultravioletas (UV) e peroxido de hidrogénio (H202). Como exemplo disso, os acidos
fertlico e caféico, em diversas doses, tem sido citado como excelente agente
fitoquimico capaz de proteger o DNA de ambos os estresses listados (TSAI et al.,
2019).

O efeito do extrato etandlico da casca de Hylocereus polyrhizus na
proliferacdo e viabilidade celular tem sido avaliado na linhagem de fibroblastos NIH-
3T3 em diferentes concentragdes (250 pg/mL a 2000 ug/mL), apds 24 h através de
ensaio de microcultura de tetrazolio (MTT). Dados mostrados na literatura cientifica
mostram que esses compostos sdo capazes de promover, de forma significativa, a
proliferacéo celular apés 24 h em concentracdes de 250 yg / mL a 2000 ug / mL. A
concentragao de 2000 ug / mL do extrato aquoso de casca de pitaia, assim como a de

extratos de caule e de flores em etanol a 95%, rico em acidos aromaticos, mostraram
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uma atividade citotoxica potente (TSAI et al., 2019).

Além dos compostos listados anteriormente, a pitaia apresenta alguns
componentes ja identificados, porém, ainda pouco estudados, na casca e na polpa,
como maltotriose (Figura 4), quercetina-3-O-hexoside, e betalainas. Esses
componentes podem justificar a atividade ansiolitica, que ocorre via sistema
GABAérgico. E mostra que a pitaia pode ser utilizada como uma terapia ansiolitica
alternativa (LIRA et al., 2020).

Figura 4 — Representacdo da estrutura quimica da maltotriose
OH
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HO OH
OH o
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Fonte: Pesquisa Direta, 2021.

Ademais, destaca-se que foram realizados testes de toxicidade utilizando
0 microcrustaceo Artemia Salina com a polpa da pitaia Hylocereus polyrhizus e a
mesma nao apresentou toxicidade (DIAS, 2016), teste de toxicidade com linhagens
de celulares Vero e modelo de peixe-zebra, LCso > 1 mg / mL utilizando a polpa e a
casca, e a Hylocereus polyrhizus também néo apresentou toxicidade (LIRA et al.,
2020). Logo, ela se mostra possivelmente segura para o consumo.

Embora diversos dados cientificos tenham sido citados, estudos biolégicos
envolvendo a pitaia ainda sdo considerados escassos e seu potencial terapéutico

promissor tem chamado a atencéo para o desenvolvimento de novas pesquisas.

2.2 Metabolismo de lipidios

Os lipidios representam o0s macronutrientes mais energéticos da dieta.
Quimicamente, eles sdo considerados macromoléculas hidrofébicas, formadas por um
grupo de compostos que incluem triacilgliceréis (TG), os lipidios mais abundantes no

corpo; diacilgliceréis; monoacilgliceréis, e seus acidos graxos constituintes, assim
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como colesterol, fosfolipidios e ester6is (FEINLE-BISSET; AZPIROZ, 2013). Os
lipidios podem se apresentar no organismo de forma enddégena, através da sintese de
células hepéticas; ou de forma exdgena, provenientes da dieta, conforme Figura 5
(COHEN; ARMSTRONG, 2009).

Figura 5 — Vias metabolicas exdgena e enddégena do metabolismo de

lipoproteinas
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Fonte: MARAIS et al., 2014.

2.2.1 Via Exogena

Apbs os lipidios serem ingeridos na alimentacédo, a digestdo da gordura
dietética ocorre em um ambiente aquoso dentro do trato gastrointestinal, mesmo que
esse macronutriente seja quase insolivel em agua. A digestdo da gordura comeca no
estbmago, local em que os constituintes dietéticos sdo homogeneizados com as
enzimas linguais e gastricas, que leva a digestao parcial da gordura por lipases pré-
nodais e emulsificacdo através do peristaltismo. No estbmago também ha a regulacéo
de entrega de quimo gastrico no duodeno, onde é misturado com suco biliar e
pancreatico (WANG et al., 2013).

Além disso, no estdbmago esse peristalismo é responsavel pela
emulsificacdo mecéanica da gordura da dieta, o0 que € um pré-requisito importante para

a hidrdlise eficiente da lipase pancreatica. Através das lipases acidas no estémago,
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sdo produzidos diacilgliceréis e acidos graxos, que em conjunto com fosfolipidios
normalmente presentes na dieta, facilitam a emulsificacdo lipidica. As acodes
combinadas de suco biliar e pancreético alteram a composi¢cao quimica da emulséo
lipidica na parte superior do intestino delgado. Através da lipase pancreatica, ocorre a
hidrélise adicional de monoacilglicerdis, com formacao de gliceréis e acidos graxos
(PATTON; CAREY, 1979).

Por sua vez, &cido graxos livres, monoacilgliceréis e diacilgliceréis séo
emulsificados no lumen intestinal por sais biliares, formando as micelas mistas, que
sdo agregados de lipidios macromoleculares, com acao detergente das moléculas de
acidos biliares (MARAIS et al., 2014).

As micelas mistas, contendo os lipideos solubilizados, no Iimen do
intestino delgado, facilitam a movimentacao desses lipidios a superficie da membrana
apical dos enterdcitos pela borda em escova das células intestinais (FALUDI et al.,
2017; HERNELL; STAGGERS; CAREY, 1990). Na membrana apical do enterocito o
colesterol é absorvido, através de um transportador proteico, chamado de proteina
Niemann - Pick C1 - Likel (NPC1-L1) (MARAIS et al., 2014). Com isso, essa proteina
foi utilizada como um alvo molecular da ezetimiba, um potente inibidor da absorcéo
do colesterol que reduz o colesterol no sangue (JIA; BETTERS; YU, 2011).

Ao serem absorvidas nos enterOcitos, as particulas lipidicas,
principalmente os acidos graxos, sdo mobilizadas na producao de quilomicrons (QM),
constituidos por apolipoproteinas como a APO B48, que atua como componente
aminoterminal da APO B100 (FALUDI et al., 2017).

Os QM séo secretados pelos enterdcitos, via sistema linfatico, e alcangcam
a circulacao através do ducto toracico. No decorrer dessa circulacéo, sofrem hidrolise
pela Lipase Lipoproteica (LPL), com liberacdo de &acidos graxos, glicerol, e de
colesterol ndo esterificado da superficie destas particulas. Apds esse processo de
lipdlise, os acidos graxos sdo capturados por células musculares e adipécitos. Nos
adipdcitos, os acidos graxos sdo armazenados em forma de triacilglicerdis.
Remanescentes de quilomicrons e acidos graxos também séo capturados pelo figado,
para a formacdo de lipoproteina de muito baixa densidade (VLDL) (FALUDI et al.,
2017; MARANHAO et al., 2014).
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2.2.2 Via Endogena

Nos hepatécitos, através da acdo da proteina de transferéncia de
triglicerideos microssomal (MTP), microsomal triglyceride transfer protein, os
remanescentes de quilomicrons sofrem modificacdo, transferindo os TG para a APO
B-100. Além disso, a MTP promove a jun¢éo de VLDL recém formadas com particulas
maiores de TG. Outrora, as lipoproteinas formadas podem ainda, no figado, adquirir
outras apolipoproteinas, como APO E, APO CI, APO CIl, APO CIll, sendo entédo
secretadas diretamente na circulagdo (MARAIS et al., 2014).

2.3 Dislipidemias

2.3.1 Conceito e classificacao

A dislipidemia é uma doenca crbénica nao transmissivel caracterizada por
niveis aumentados de colesterol total (CT), lipoproteina de baixa densidade (LDL) e
triacilglicerois (TG) ou diminuicdo da lipoproteina de alta densidade (HDL) (KOPIN;
LOWENSTEIN, 2017). E o principal fator de risco para aterosclerose, a base
patolégica para doenca cardio-cerebrovascular. Além disso, varios manuscritos
demonstraram que a dislipidemia é fator patogénico de doencas digestivas e urinarias,
como diabetes, hepatopatia, pancreatite (ZEN; XIE; WANG, 2019).

A dislipidemia pode ser subclassificada em hipolipidemias ou
hiperlipidemias, sendo as dultimas divididas em hipercolesterolemia isolada,
hipertrigliceridemia isolada, hiperlipidemia mista, lipoproteinemia de baixa densidade,
colesterol HDL baixo (Tabela 4) (FALUDI, 2017).

Tabela 4 — Classificacédo laboratorial das dislipidemias pela fracao lipidica

alterada

Tipos de dislipidemia Valores de referéncia

Hipercolesterolemia isolada Aumento isolado do LDL (= 160mg/dL) ou colesterol
total (= 200mg/dL).
Hipertrigliceridemia isolada  Elevacédo isolada dos TG (= 150 mg/dL ou = 175

mg/dL, se a amostra for obtida sem jejum).
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Tabela 4 — Classificagcdo laboratorial das dislipidemias pela fracéo lipidica

alterada (continuacéao)

Tipos de dislipidemia

Valores de referéncia

Hiperlipidemia mista

HDL baixo

Aumento do LDL (= 160mg/dL), TG (= 150mg/dL ou
= 175 mg/dL, se a amostra for obtida sem jejum) ou
o colesterol ndo HDL (= 190mg/dL).

Redugéo do HDL (homens < 40 mg/dL e mulheres <
50 mg/dL) isolada ou em associa¢do ao aumento de
LDL-c ou de TG.

Fonte: Elaborado pelo autor.

A pesquisa médica estabeleceu que o mecanismo da hiperlipidemia néo é

determinado apenas por fatores ambientais, como o consumo a longo prazo de

grandes quantidades de acidos graxos saturados, colesterol e agucar, também sao

influenciados por fatores genéticos nos loci dos genes. Existem varios relatorios

académicos de que as mutacbes do gene da apolipoproteina (APO) estdo

intimamente relacionadas a disturbios do metabolismo de lipideos no sangue. A APO

(Figura 6) € um componente importante da lipoproteina. Até agora, mais de 20 formas
de APO foram identificadas, incluindo APO A, APO B, APO C, APO D, APO E, APO

H, APO M (ZHANG, 2017).

Figura 6 — Estrutura geral das apolipoproteinas
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Fonte: Pesquisa direta, 2021.
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2.3.2 Clinica, diagnostico e epidemiologia

O aumento do risco cardiovascular esta ligado com elevacdes do colesterol
total associado a lipoproteina de baixa densidade (LDL). Com isso, h& a deposicao de
gordura na parede arterial, desde as primeiras semanas ap0s a concepcao,
independentemente da idade, e a exposicdo prematura a um ambiente
hiperlipidémico, podendo levar a formagéo de placas de ateroma (FARIA-NETO JR et
al., 2016).

Cerca de 53,3% da populacdo, na América Latina, possui baixo HDL e,
31,2% com triglicerideos elevados (PONTE-NEGRETTI et al., 2017). A prevaléncia de
dislipidemias, na Europa, estd em torno de 20%, na populacdo acima de 50 anos
(HALCOX et al., 2017).

Em relacdo ao Brasil, a prevaléncia de LDL elevado € 45,5% (LOTUFO et
al., 2016). O VIGITEL, em 2016, descreveu que as maiores frequéncias de adultos
com dislipidemia estavam em Porto Velho (17,7%) e em Aracaju (28,7%). O total de
prevaléncia de casos no Brasil foi de 22,6%, sendo as regides Nordeste e Norte as
gue apresentaram a maioria dos casos de dislipidemias nesse inquérito. Com relacéo
a prevaléncia de casos por sexo, o feminino (25,9%) obteve a maioria dos casos em
relacdo ao masculino (18,8%). Todavia, em ambos 0s sexos, quanto maior a idade,
maior foi o diagndéstico da doenca e, no sexo feminino, a tendéncia foi de diminuicao

com o aumento do nivel de escolaridade (BRASIL, 2018).

2.3.3 Tratamentos

As dislipidemias podem ser tratadas de forma nao-farmacoldgica ou
farmacoldgica. A primeira alternativa preconiza a todos o0s pacientes a terapia
nutricional, a perda de peso e a pratica de atividade fisica, sob os cuidados de um
profissional habilitado (PRECOMA et al., 2019).

Por sua vez, a abordagem farmacologica utiliza substancias com efeitos
fisiologicos e metabdlicos. Essa deve ser administrada em sinergia ao controle
nutricional e a correcdo de outros fatores de risco cardiovascular modificaveis. O risco
cardiovascular e o tipo de dislipidemia presente serdo determinantes para a escolha
do tipo de tratamento e periodo de administragdo. A terapia com medicamentos

hipolipemiantes, ou seja, que baixam os niveis lipidicos séricos, é dividida entre os
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gue agem predominantemente nas taxas de colesterol sérico (colesterolemia) e os
gue agem predominantemente nas taxas de TG (FALUDI et al., 2017).

Entre as principais classes farmacoldgicas aplicadas para o tratamento das
dislipidemias temos as estatinas, os fibratos, os inibidores da absorg&o do colesterol
(como a ezetimiba e os sequestradores de acidos biliares), o acido nicotinico e seus
derivados, e os derivados de 6leo de peixe. A escolha farmacoldgica € proposta de
acordo com tipo de dislipidemia presente (FALUDI et al., 2017; PRECOMA et al.,
2019).

As estatinas possuem a propriedade de agir na reducdo dos niveis de
colesterolemia através da inibicdo a nivel hepético pela HMG-CoA-redutase, enzima
responsavel pela conversdo da enzima HMG-CoA em &acido mevalbnico. Devido
participar da etapa limitante de producdo enddgena de colesterol, torna-se uma boa
estratégia para inibicdo de sua biossintese (HAINES et al., 2012). Com isso, reduz-se
a producéo de colesterol enddgeno e, eleva-se a depuracdo do LDL. Essa depuragéo
resulta na reducdo do excesso de lipideos na circulacdo (SOUZA; VIANNA, 2011;
DIAS, 2011).

Entretanto, alguns efeitos adversos séo observados apos a administracao
a medio e longo prazo com estatina, como um ligeiro aumento na incidéncia de dor
muscular, fraqueza e depressao. Além disso, 0 uso desse tipo de farmaco nao reduz
0 risco de eventos cardiovasculares ateroscleréticos em pacientes com 70 anos ou
mais (RIDKER et al., 2017).

2.4 Fitoterapia, alimentos funcionais e nutracéuticos

Na maior parte do mundo, a medicina moderna, estd mais desenvolvida,
com técnicas baseadas na fisiologia, farmacologia e estudos cientificos. Entretanto,
nos paises em desenvolvimento ou subdesenvolvidos, a populacéo ainda depende da
medicina respaldada no conhecimento popular, nos medicamentos a base de frutas,
ervas e plantas medicinais para a atencdo primaria a saude, no trabalho de
curandeiros (GURIB-FAKIM, 2006).

Nas ultimas décadas, nos paises industrializados houve um crescente
interesse pela terapia natural, ampliando a utilizacdo de plantas medicinais e
medicamentos a base de ervas, observando-se as prescricdes da etnofarmacologia
para o tratamento de doencgas crénicas (WORLD HEALTH ORGANIZATION, 1998).
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A fitoterapia € um método terapéutico que consiste na utilizagdo de plantas
medicinais, em diferentes formas de preparacédo, sem extrair compostos isolados.
Dessa forma, planta medicinal é a espécie vegetal que possui propdsitos terapéuticos.
Logo, fitoterapico é o produto resultante da preparacdo de uma planta medicinal ou
de seus derivados, sem substancias isoladas, que possui fins curativos, profilaticos
ou paliativos (BRASIL, 2016).

O termo nutracéuticos é composto por duas palavras: nutriente e
farmacéutico. Sao, na verdade, suplementos alimentares farmaceuticamente
combinados que possuem valor nutricional e medicinal e fornece compostos bioativos
necessarios para varios processos metabdlicos, a fim de regular as funcées do corpo
e, assim, prevenir o corpo de doencas (CHANDA et al., 2019).

Define-se alimentos funcionais como aqueles sem manipulagéo
farmacéutica, que possuem componentes fisiologicamente ativos, agindo de maneira
benéfica na saude. Segundo essa informacdo, percebe-se que uma infinidade de
alimentos pode ser considerada como funcional, assim como produtos formulados
contendo ingredientes bioativos (XAVIER; MERCADANTE, 2019). Os alimentos
funcionais podem ser utilizados como técnicas para melhorar o padrdo alimentar da
populacdo, e dessa maneira pode ajudar a prevenir ou tratar doencas, com iSso sua
busca tem sido recorrente (JACKIX, 2015).

Antes dos anos 90, acreditava-se que os alimentos funcionais se tratava de
alimentos naturais que forneciam energia para as necessidades diarias do corpo.
Alguns anos depois, inferiu-se que esses alimentos poderiam atuar de maneira
benéfica em diferentes distarbios nutricionais (SHARMA, 2009). Ressalta-se que o
Brasil apresenta uma flora bem diversificada, com vegetacfes e frutas de diferentes
caracteristicas, mas que os principios ativos ainda ndo sdo conhecidos (VARANDA,
2006).

2.5 Probioticos, prebidticos e simbidticos

Os microrganismos que colonizam o trato gastrintestinal compdem a
microbiota intestinal, que coevoluiu com o hospedeiro ao longo de milhares de anos
para formar uma relacéo intrincada e mutuamente benéfica (BACKHED, 2005; NEISH,
2009). O desenvolvimento da microbiota geralmente comeca desde o nascimento,

embora esse dogma seja contestado por um numero limitado de estudos nos quais
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microbios foram detectados nos tecidos do Utero, como a placenta (AAGAARD et al.,
2014; RODRIGUEZ et al., 2015). Ap6s 0 nascimento, o trato gastrointestinal é
rapidamente colonizado, com eventos de vida como doenca, tratamento com
antibidticos e mudancas na dieta, causando mudancas cadticas na microbiota
(RODRIGUEZ et al., 2015; KOENIG et al., 2010).

A microbiota oferece muitos beneficios ao hospedeiro, por meio de uma
série de funcdes fisioldégicas, como fortalecimento da integridade intestinal ou
formacao do epitélio intestinal (NATIVIDAD; VERDU et al., 2013), captacao de energia
(DEN BESTEN et al., 2013), protecéo contra patdgenos (BAUMLER; SPERANDIO,
2016) e regulacao da imunidade do hospedeiro (GENSOLLEN et al, 2016).

As bactérias do célon expressam enzimas ativas para carboidratos, que
Ihes conferem a capacidade de fermentar carboidratos complexos, gerando
metabolitos como os acidos graxos de cadeia curta (AGCC) (MUSSO; GAMBINO;
CASSADER, 2010). Trés AGCC predominantes, propionato, butirato e acetato, sao
tipicamente encontrados em uma proporcéo de 1: 1: 3 no trato gastrointestinal (TGI)
(LOUIS; HOLD; FLINT, 2014). Esses AGCC séao rapidamente absorvidos por células
epiteliais no TGI, onde estdo envolvidos na regulacdo de processos celulares, como
expressdo génica, quimiotaxia, diferenciacdo, proliferacdo e apoptose (CORREA-
OLIVEIRA et al., 2016).

Probidticos, portanto, sdo organismos vivos, ndo patogénicos, com uma
alternativa terapéutica, a fim de estimular o balanco positivo da proliferacdo de
bactérias benéficas em detrimento das patogénicas (PUEBLA-BARRAGAN; REID,
2019).

Estudos em animais e ensaios clinicos evidenciaram que os probidticos
apresentaram efeitos na reducdo do colesterol através da hidrolase do sal biliar
(enzima presente nos probibticos que hidrolisou os sais biliares em residuos de
aminoacidos e sais biliares livres) e também pela assimilacao do colesterol (JIANG et
al., 2020; NAGPAL et al., 2012; JONES et al., 2013; JUNG et al., 2015). Logo, nessas
perspectivas promissoras da atuacao do probiotico para tratamento complementar de
dislipidemia, buscam-se as cepas probidticas para a regulacdo do metabolismo
lipidico e busca-se também até desenvolver alimentos probiéticos inovadores
(SHARMA; KURPAD; PURI, 2016, SHIMIZU et al., 2015).

Os prebidticos sao definidos como ingredientes alimentares néo digeriveis

que afetam beneficamente o hospedeiro ao estimular seletivamente o crescimento e
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/ou atividade de um ou de um numero limitado de bactérias que habitam no célon.
Eles foram descobertos ha mais de 25 anos. Quando presente no célon os prebibticos
sdo da classe oligossacarideos nao digeriveis, como frutanos (frutooligossacarideos
ou FOS e inulina) e os galactanos (galactooligossacarideos ou GOS) (GIBSON;
ROBERFROID, 1995; COLLINS, 2016).

Atualmente, sabe-se que o0s efeitos dos prebiéticos incluem
cardiometabolismo (reducdo dos niveis de lipidios no sangue, efeitos sobre a
resisténcia a insulina), beneficios para o trato gastrointestinal (estimulacéo
imunoldgica, inibicdo de patdgenos), saude mental (metabdlitos que influenciam a
funcao cerebral, cognicdo e energia) e osso (biodisponibilidade mineral), entre outros
beneficios. A maioria dos prebiéticos administrados atualmente sao por via oral, mas
podem ser utilizados diretamente em outros locais do corpo que s&o colonizados
microbianamente, como a pele e o trato vaginal. Logo, o painel de consenso atual da
Associacao Cientifica Internacional para Probidticos e Prebidticos (International
Scientific Association for Probiotics and Prebiotics — ISAPP) propde uma definicéo
para prebiotico como: um substrato que € utilizado seletivamente por microrganismos
hospedeiros conferindo beneficio a saude (GIBSON et al., 2017).

Por fim, existe também o simbiotico que € uma combinac&o de probidtico
com prebidtico, a fim de facilitar a sobrevivéncia e a atividade de probioticos validados

in vivo, além de estimular as bactérias anaerobias nativas (PATEL; DUPONT, 2015).

2.6 Metaboldémica

As ciéncias Omicas traz uma abordagem de estudo de organismos
biolégicos visando um melhor entendimento do funcionamento celular. O termo
metaboldmica surgiu na década de 90 para definir “o conjunto de dados qualitativos e
guantitativos sobre os metabdlitos secundarios de uma determinada matriz biolégica”.
Este tipo de abordagem tem relevancia para o entendimento de cada sistema
individualmente e a relacao existente entre todos 0s outros que juntos compreendem
0 organismo vivo e dialogam entre si (FUNARI et al., 2013).

A metabolémica é definida como “a analise do metabolismo como um todo,
sob um conjunto de condicdes fisioldgicas, ambientais ou clinicas”. Por sua vez, o
metaboloma é denominado como o “complemento quantitativo de todos os compostos

organicos de baixa massa molecular em um determinado estado fisiol6gico ou de
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desenvolvimento” de uma célula, tecido ou organismo (NICKLER et al., 2015).

Metaboldmica também é utilizada para estudar efeitos causados por
enfermidades, tanto pelo uso de medicamentos quanto por intervengdes nutricionais.
Por conta disso, estudos cientificos utilizando a metabolémica em pesquisas na area
de Nutricdo tém aumentado e envolvem a descoberta de novos biomarcadores da
alimentacao dietética (BRENNAN, 2013).

Metabdlitos secundarios sdo substancias naturais produzidas pelas células
em resposta a uma determinada condigdo. Por meio do metabolismo, diferentes
metabdlitos podem ser formados, podendo estar relacionados com a defesa celular
frente a uma situacdo adversa. Desse modo, através da metabolémica é possivel
conhecer a via metabdlica de determinados tipos de metabdlitos que sédo os produtos
do metabolismo celular e que refletem a expressao final do genotipo de um organismo
(PINZON, 2009). Com isso, é possivel descrever o comportamento dos sistemas
biologicos diante de influéncias genética, nutricional e ambiental. Isto é, é possivel
avaliar a resposta de células ou do organismo submetidos a qualquer tipo de estresse
ou dano causado por agentes fisicos, quimicos ou biolégicos (FUNARI et al., 2013).

Diversos metabdlitos secundarios tais como farmacos, fragrancias,
alimentos, cosméticos e outros, produzidos por microrganismos, plantas, pequenos
artrépodes e outros organismos sao bastante Uteis para os seres humanos (NICKLER
et al., 2015).

A metabolébmica vem sendo aplicada em diferentes areas do
conhecimento, como analises clinicas, alimentos e nutricdo, esportes, ambiental,
toxicologia forense, ou analise de organismos patolégicos (parasitas, bactérias,
fungos), entre outras. Portanto, € uma area de grande aplicacdo em estudos de
biotecnologia (KLASSEN et al, 2017).
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3 PERSPECTIVAS FUTURAS

Este trabalho contribui para ampliar as possibilidades de utilizagéo da pitaia
vermelha (Hylocereus polyrhizus), a partir da extragéo de alguns compostos bioativos
presentes, como quercetina, prebidticos, betalainas entre outros.

Um amplo espectro de estudos e aplicacbes da pitaia podem ser
apontadas, tais como o seu uso como prebiotico; no desenvolvimento de produtos
alimenticios, como iogurtes, sorvetes, corantes alimenticios; no desenvolvimento de
nutracéuticos, visto seu potencial antioxidante, anti-hiperlipdémico, anti-
hiperglicemiante e ansiolitico.

Além disso, é de suma importancia investigar a influéncia da pitaia
vermelha sobre o metabolismo, a fim de elucidar as possiveis vias metabdlicas que
sdo mobilizadas apos a ingestao dessa fruta, e se compreender de que forma pode
ser aplicada na prevencao e no tratamento das doencas crénicas nao transmissiveis.

Destaca-se, ainda, a necessidade de estudar a toxicidade oral de longo
prazo com avaliacfes histopatoldgicas, hematolégicas e bioquimicas utilizando
principalmente dosagens mais elevadas para a polpa e a semente, a fim de ratificar a

seguranca de uso da pitaia como alimento funcional e nutracéuticos.
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ABSTRACT

Dyslipidemias are disorders in the serum lipid profile whose numbers of cases have been
increasing annually. However, pharmacological therapy is expensive and may cause side
effects, such as myalgia and liver disease. In this sense, the natural products, which are rich in
antioxidant and therapeutic components, have been proposed as an alternative therapy. An
example of this is pitaya, that is a cactaceous fruit rich in phytochemicals, and could be exhibit
beneficial effects on lipid metabolism. Thus, this study aimed to investigate the activity of the
of liophilized pitaya on dyslipidemic mice's metabolism. Firstly, the composition of pitaya was
assessed by UPLC-QTOF-MSE and oligosaccharides, quercetin, and betanine, among other
phytochemicals, were putatively identified. In the in vivo assays, the daily administration of
pitaya in C57BL/6 mice with dyslipidemia, resulted in an increase HDL-cholesterol, and a
decrease in total and LDL-cholesterol, triacylglycerols, glycemia, alanine aminotransferase and
aspartate aminotransferase. The red pitaya showed therapeutic potential in dyslipidemia
disorders and had a hypoglycemic effect, contributing to reducing the risk of cardiovascular

diseases.

Keywords: Dyslipidemias. Hylocereus polyrhizus. Nutraceuticals.

1. Introduction

Noncommunicable diseases (NCDs) are the leading causes of death globally, killing

more people each year than all other causes combined. In 2016, 71% of the causes of death

(71%) worldwide is due to NCDs, with cardiovascular diseases being the NCDs that Kill the

most  (44%) (World Health Organization, 2018). Data on the prevalence
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of dyslipidemia in Brazil pointed that about 22.6% of the population has dyslipidemia, and the
Northeast and North regions presented the most registered cases (Brazil, 2017).

Dyslipidemias are disorders that affect the lipid profile and may be manifested by
elevation of the serum total cholesterol, low-density lipoprotein (LDL) cholesterol, and
triglyceride concentrations, and a decrease in the high-density lipoprotein (HDL) cholesterol
concentration. These imbalances are essential causes of cardiovascular diseases (CVD) (Miller,
2003). Hypercholesterolemia is highly implicated in the overproduction of free radicals and,
consequently, leads to endothelial dysfunction and other harmful effects (Lu et al., 2015).

For NCDs treatment, such as dyslipidemia, it is necessary making lifestyle changes
and adhere to unceasingly progressive treatment regimes (Chan; Luk, 2016). Pharmacological
therapy is one of the approaches for the treatment of dyslipidemia. It must be administered by
nutritional control and the correction of other modifiable cardiovascular risk factors (Xavier et
al., 2013).

In this context, there is a need to study foods and their health properties. Functional
foods are defined as “foods with physiologically active components, acting beneficially in
health”. According to this statement, many natural foods are considered functional, as well as
products formulated containing bioactive ingredients (Xavier; Mercadante, 2019). As a result,
functional foods have received considerable interest because of their supposed safety and
potential nutritional and therapeutic effects in the form of foods (Sharma, 2009).

Native to South America and Southeast Asia, the dragon fruit, pitaya (Hylocereus)
is edible cacti grown in the tropics. They are becoming increasingly well-known worldwide in
the form of food, snacks and dietary supplements, and it has become of scientific interest
recently due to their high levels of bioactive phytochemical compounds, in particular betalains.
In vivo studies show that the supplementation with red pitaya attenuates liver and

cardiovascular damage induced by a high-carbohydrate and high-fat diet (Ramli et al, 2014).
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Moreover, the beneficial effects of pitaya were reported in rodents and attributed to its
constituents, such as betalains and flavonoids. The authors attributed these positive effects to
its antioxidant compounds and consequently, its ability to suppress the damage caused by
oxidative stress (Esquivel et al., 2007; Khalili et al., 2009; Omidizadeh, 2011). Thus, with the
objective of knowing chemically pitaya and helping in the prevention and control of chronic
diseases, we investigated the phytochemical properties of the fruit and its hypolipidemic

activity in an experimental model of hypercholesterolemia.

2. Material and Methods

2.1 Plant Material

Pitaya (Hylocereus polyrhizus (F.A.C. Weber) Britton & Rose) was obtained from
Frutacor, which is located in Vale do Jaguaribe - CE (05°53'26"S; 38°37'19"W). After receiving
the pitaya, the fruits were washed, sanitized, and processed in Embrapa (Fortaleza-CE). Thus,
the pitaya was processed using a pulp-finisher ITAMETAL/BONINA 0.25 DF) equipped with
sieves of 2.5 mm mesh to separate the pulp (with seed) and the peel, which was discarded. In
the end, the pulp and seed (edible portion) were frozen at —20 °C, lyophilized (LIOTOP LP

510), tritured using and a mortar/pestle and used in the experiments.

2.2 Proximate composition and energy value

The lyophilized edible portion of pitaya (pulp and seeds separetely) was subjected

to analysis of the proximate composition. The humidity was determined by drying in an oven

at 105°C £ 5°C until constant weight. The ashes were analyzed by burning in a muffle at 550°C
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for 6 hours. Proteins were quantified by the Kjeldahl method, following the digestion,
distillation, and titration steps and using the conversion factor of 6.25 (AOAC, 2005). The lipid
content was determined using the high-temperature extractor model XT15 from ANKOM
(AOCS, 2005; Ankom, 2009). Moreover, the insoluble (IDF) and soluble (SDF) fractions of
dietary fiber were determined using an automatic TDF dietary fiber analyzer from ANKON
(Ankon Technology Corporation); and total dietary fiber (TDF) was obtained by adding the
insoluble and soluble fractions (AOAC, 2010).

The carbohydrate content was obtained from the difference between the total
sample, which represents 100% and the values obtained from the analysis of lipids, proteins,
moisture, ash and fibers (AOAC, 1995).

The caloric value of the diets was calculated by adding the percentages of crude
protein and carbohydrates, multiplied by factor 4 (kcal.g), added to the total lipid content,

multiplied by factor 9 (kcal.g?), according to the Atwater system (BRASIL, 2003).

2.3 Phytochemicals analysis by UPLC-ESI-Q-TOF-MSE

The extraction of organic compounds from Hylocereus polyrhizus was performed
using an adapted methodology (Luz et al., 2018), with three repetitions. Initially, 50 mg of the
sample was weighed separately and then transferred to a test tube. Then, 4 mL of hexane was
added to each test tube. After that, the mixture was homogenized in a vortex for 1 minute, and
the nonpolar extraction was obtained in an ultrasonic bath with fixed power of 135 W for 20
minutes. Subsequently, the polar compounds were extracted in an ethanol/water solution
(70:30) under the same conditions as the previous procedure. The mixture obtained in the test
tube was again homogenized in a vortex and taken to the ultrasonic bath for 20 minutes. The

test tubes were centrifuged for 10 minutes (3000 rpm) to remove the plant material's insoluble
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part. To conclude, 1 mL of the polar fraction was filtered (PTFE filter 0.22 um), adequately
collected in a flask and stored at -80°C until further UPLC analysis. All analyzes were
performed in triplicate injection.

UPLC-ESI-Q-TOF-MSE analysis was performed using an UPLC-QTOF-MS
System (Xevo ™, Waters®, Milford, MA, USA) with an electrospray ionization source (ESI).
The mobile phases were water with 0.1% formic acid (A) and acetonitrile with 0.1% formic
acid (B). The gradient used consisted of: (0-15) min, 2-95% B; (15.1-17) min, 100% B; (17.1—
19.1) min, 2% B. A Waters Acquity UPLC BEH column (150 x 2.1 mm, 1.7 pm) with a flow
rate of 0.4 mL min™! was maintained at 40°C. The injection volume was 5 L.

The MS conditions were as follows: negative ionization mode; acquisition range:
110-1180 Da; source temperature: 120; the temperature of the desolvation gas: 350°C; the flow
of desolvation gas: 500 L h™?; extraction cone voltage: 0.5 V; the capillary voltage was 2.6 kV;
mode of acquisition by the MSE. Encephalin leucine was used as a blocking mass.

The equipment was controlled by Masslynx 4.1 software (Waters® Corporation).
The compounds were supposed to be identified based on their exact mass and comparison with

published data (Sumner et al., 2007).

2.3.1 Mass spectrometry conditions
The chemical profiling of the edible portion of Hylocereus polyrhizus pulp with
seed was performed by coupling the Waters Acquity UPLC system to the QTOF mass
spectrometer (Waters, Milford, MA, USA) with the electrospray ionization interface (ESI) in
positive and negative ionization modes. The ESI+ and ESI- data were acquired in 110-1180
Da, with a fixed source temperature of 120 °C and a desolvation temperature of 350 °C. A
desolvation gas flow of 350 L h-1 was used for the ESI+ mode and 500 L h-1 for the ESI—

mode. The capillary voltage was 3 kV. Leucine enkephalin was used as a lock mass. The MS
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model used was Xevo G2-XS QTOF. The spectrometer operated with MSE centroid
programming using a tension ramp from 20 to 40 eV. The instrument was controlled by

MassLynx 4.1 software (Waters Corporation).

2.4 Animals and experimental design

Forty-eight C57BL/6 Wild Type mice, female, adult, with an average weight of 25
to 30 g and age of 8 to 12 weeks were used. The animals were acclimated to Alesco®
polysulfone cages. They were kept in collective cages, at a controlled temperature of 22 + 2°C,
in light-dark cycles of 12/12 hours for thirty days. The animals received water and feed ad
libitum.

The mice were divided into 6 groups (n = 8) which were called: Standard Diet (SD),
Hypercholesterolemic Diet (HD), Simvastatin (SIMV), Pitaya 100 mg/kg (P100), Pitaya 200
mg/kg (P200) and Pitaya 400 mg/kg (P400).

The experiment lasted 90 days, divided into two periods, based on the mice's serum
collections, where the first was called T1 (induction period), referring to the collection after 60
days of the setting of hypercholesterolemia. The last period was called T2 (treatment period),
collection of serum at the end of 30 days of treatment, in which the animals received water
(groups SD and HD), simvastatin (group SIMV) and pulp and the seed of red pitaya (PSRP)
(groups P100, P200 and P400), via gavage, according to the adapted protocol of Barbosa et al.
(2013).

All protocols described in this research were submitted to the Animal Research
Ethics Committee of the State University of Ceara (CEUA), under protocol n°® 0277057/2018,
according to the precepts of law n° 11,794, of October 8, 2008, of Decree No. 6,899, of July 15,

2009, and with the rules issued by the National Council for the Control of Animal
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Experimentation.

2.5 Hypercholesterolemia induction

Dyslipidemia was induced by a hypercholesterolemic diet offered for 60 days
(induction time). After that, the animals received the treatments for 30 days associated with
HD, consisted of 48.1% carbohydrates, 41% lipids and 10.9% proteins. The ingredients used
for the diet were wheat flour (44.9%), whole milk powder (19.1%), butter (7.4%), grated
Parmesan cheese (7.4%), sucrose (14%), casein (2.9%), mineral mix (AIN-93M) (2.6%),
vitamin mix (AIN-93) (0.7%), cholesterol (0.7%), L-cystine (0.2%) and cholic acid (0.1%).

These ingredients were crushed, mixed and offered to the animals in the form of

"pellets” (small cylinders of 3-5 cm each).

2.6 Treatments

2.6.1 Standard Drug

Simvastatin was used as a reference drug for the treatment of dyslipidemia,
following the protocol of Filho et al. (2017) with adaptations. The simvastatin tablet used was
20 mg, dissolved in 5 ml of distilled water. The concentration used was 20 mg/kg and
administered to the animals via gavage. Dosages were adjusted according to the weight of each

animal, with daily preparation.

2.6.2 Pulp and seed of red pitaya (PSRP) — edible portion
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The freeze-dried pitaya values that corresponded to each concentration in an
analytical balance were weighed to obtain the PSRP solutions in different concentrations (100,
200 and 400 mg/kg). They were macerated and diluted in distilled water.

The dyslipidemic animals were divided into three groups to be fed with PSRP, via

gavage, at doses of 100 mg/kg, 200 mg/kg and 400 mg/kg of the animal's weight.

2.7 Evaluation of body weight

Throughout the experiment, body weight was monitored weekly on an analytical

balance (Toledo Prix AS 220 R2, S&o Paulo, Brazil). Weights was expressed in grams (g).

2.8 Biochemistry determinations

Blood samples were collected from the orbital plexus of mice, fasted for 4 hours,
in two moments: just after the 60 days of induction and at the end of the 30 days of treatment.
The samples were centrifuged immediately after collection, at 11,000 rpm for 3 minutes. The
supernatant was removed and again centrifuged at 11,000 rpm for 1 minute. The serum was
separated for analysis, which was subjected to standardized techniques of commercial kits
based on kinetic, enzymatic and colorimetric methods (Bioclin/Quibasa, Minas Gerais, Brazil)
in a spectrophotometer with a multimode ELISA microplate reader (BioTek, Winooski, USA),
according to adaptation by Filho et al. (2017). The parameters analyzed were total cholesterol,
HDL cholesterol, triglycerides, glycemia, urea, creatinine, aspartate aminotransferase (AST)

and alanine aminotransferase (ALT).

2.10 Statistical analysis
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The data of the pitaya's physical-chemical analysis were subjected to the Tukey test
with a level of significance of 5% for comparison of means and standard deviation, using the
statistical program AgroEstat 1.0.

For biochemical analysis and weight measurement, the data were expressed as
mean + standard error of the mean (SEM). Two-Way Analysis of Variance (ANOVA) was used
to analyze the significance of the differences between the animals in the groups, followed by
the Newman-Keuls test, with a significance level of p<0.05. The statistical comparisons,
creation and editing of the graphs were performed using the GraphPad Prism version 6.0

program.

3. Results and Discussion

3.1 Centesimal composition of pulp and seed of Hylocereus polyrhizus

The edible portion of pitaya (pulp and seed, separetely) presented relevant values
regarding its composition of macronutrients and fibers. In addition, the moisture, ash, protein,
lipids, total carbohydrates, and fibers are described in Table 1.

In the present study, red pitaya moisture values differed from each other since the
pulp (89.46) had a higher moisture content when compared to the seed (77.23). This result is
obvious because indicates that the pulp has higher water content than the seed (Cordeiro et al.,
2015). Moisture is related to the stability and composition of the product, influencing its
storage, packaging and processing (Fujil, 2015).

As for the ashes, the result of the study was analogous to the composition of the

white pitaya (0.39%), and like the red pitaya (0.36%), according to the analyzes carried out by
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Abreu et al. (2012). The previous study also corroborates the results of carbohydrates found in
the present study.

The previous study also corroborates the results of carbohydrates found in the
present study, since the pulp presented 9.65% and the seed 16.8%. These results are relevant
since fruits with significant levels of sugars can be consumed both in their fresh form and can
be used in industrial processing since their presence favors a better yield in processing due to
the greater amount of nectar produced by rich fruits in carbohydrates (Santos et al., 2010).

The seeds of red pitaya showed a higher protein content (2.25%) than the pulp
(0.50%). This result is consistent with the data observed in the analysis of the white pitaya's
proximate composition (Abreu et al., 2012). Also, the presence of proteins in food is essential.
They can increase satiety time and be combined in the fight against overweight and obesity, as
long as it is adequate concentrations (Dhillon et al., 2016).

In the present study, only the seeds showed lipids (3.57%). The results by Chemah
et al. (2011) showed that the lipid content of red pitaya pulp was 0.1%, while the seed was
22.8%. This variation found between the present study's lipid content and the data published by
Chemah et al. (2011) can be justified by several factors, such as genetic, physiological, and
mainly geographic, which include different climatic and nutritional conditions (Sato et al.,
2014). Through the gas chromatography analysis of the pitaya seed, palmitic, stearic, oleic,
linoleic, and linolenic acid was observed. This result is consistent with the data published by
Ariffin et al. (2009), who analyzed the lipids present in Hylocereus polyrhizus and Hylocereus
undatus.

The pitaya seed's total fiber composition (36.5%) showed higher results compared
to the pulp (7.8%). The presence of total fibers in food expands the therapeutic possibilities due
to its benefits on the gastrointestinal tract. The reduction of glucose absorption, attenuation of

harmful effects from cardiovascular diseases, obesity and colon diseases stand out. Besides,
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pitaya is considered a healthy food and can be highlighted due to its high fiber content in its
composition (Abreu et al., 2012; Pimentel et al., 2005).

The energy value measured in the seeds of the pulp of Hylocereus polyrhizus in this
study (44.04%) was higher than that of the pulp (40.57%), similar values were found by Abreu
et al. (2012) when checking the total caloric value in pulp of red pitaya of the same species
produced in the Brazilian cerrado (44.87%).

In general, the analyzed pitayas' chemical composition showed similarities with the
studies found in the scientific literature. Also, food components are considered essential

elements in diet therapy and the prevention of metabolic diseases.

3.2 Analysis of the pulp and seed of Hylocereus polyrhizus by UPLC-ESI-Q-TOF-MSE

In the present work, a total of 22 metabolites were tentatively identified, mainly
phenolic, betalains and saccharides derivatives. The tentative assignment of these compounds
together with the retention time, observed m/z, molecular formula, error mass, MS2 fragments
and also the literature found for each metabolite found within its chemotaxonomy (family,
gender or species) are listed in Table 2.

For the assignment of the metabolites, we compared the exact mass (> 5 ppm),

the fragmentation pattern of the mass and also data reported in the literature based on
chemotaxonomy. The MS1 spectrums shows a base peak are founded at m/z 179.034, 341.0870
and 193.0508 have been attributed to phenolics as caffeic acid (1), caffeic acid hexoside (17)
and ferulic acid (2), respectively. In the MS2 spectra of phenolic acids, the typical 44 Da neutral
losses corresponding to the presence of the carboxyl group were found (Biesaga et al., 2007).
The hexose moiety (CsHi20s) was also detected incorporated to malic acid at m/z

313.0771 (7) as the adduct ion [M-H]-. The appearance of the portion corresponding to malic
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acid at m/z 133.0139 in MS1 and MS2 spectra was crucial for the identification of this
conjugated metabolite that already reported in the literature (Fernandez-Fernandez et al., 2010;
Oliveira et al., 2020). Other organic compounds found such as citric acid, tartaric ester, and
citramalic acid have already been reported for Hylocereus polyrhizus (Wu et al., 2019).

The MS1 spectrums show a base peak at 771.1980 and 770.1910 in positive and
negative modes, respectively. The fragment ion at 625 m/z [M+ - 146 Da] was resulted of the
loss for rhamnoside moety. Furthermore, the fragment ion at 317.0697 was key pieces of
evidence the presence of glycosylated phenolic (Garcia-Cayuela et al., 2019). So this molecule
was tentatively identified as isorhamnetin glucoxyl-rhamnosyl-rhamnoside (19) (Garcia-
Cayuela et al., 2019; Lira et al., 2020). Moreover, one flavonoid was identified as quercetin
hexoside (10). This identification was based mainly on the residual fragment observed at m/z
303.1019 and 301. 099, which is a pattern characteristic of these derivatives.

The pulp and seed shows a presence of isomers betanin and isobetanin (12 and 13)
were confirmed by their identical presence of their molecular aglycones ions [M + H]* at m/z
551.1508 and by the prominent secondary ion at m/z 389.1111.26

The MS spectrum of peaks 11, 14 and 15 at m/z 637.1517, 673.1560 and 769.1930
produced a similar ions [M + H]* at m/z 551 and 389 corresponding a betanin and betanidin
residue, respectively (Wybraniec et al., 2007). Thus, the peaks were identified as phyllocactin,
Isophyllocatin and apiosyl-malonyl-betanin, respectively.

In addition, the pulp showed a ion [M + H]* at m/z 309.1077. The corresponding
MS2 spectrum exhibited the main fragment ions at m/z 265.1079 and 263.1079 reported in
betalains (Esquivel et al., 2007; Mata et al., 2016). Thus, the MS spectrum of 22 was indicative
of indicaxanthin.

Thus, the composition in organic acids and ester, sugars, flavonols, and betalains in

the pulp and seed was accomplished in pitaya by UPLC-QTOF-MSE operating in negative and



327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

63

positive mode.

Betalains are water-soluble pigments classified into betacyanins (red color) and
betaxanthines (yellow color) (Gandia-Herrero, Escribano, Garcia-Carmona, 2016). Betanine,
in turn, is a subtype of betacyanin, from the 5-O-glycosylated cyclo-DOPA, betanidine being
the aglycon fraction (Gongalves et al., 2013). Beet was considered the only source of betalains,
which led, for quite some time, little attention to these pigments. However, new betalain sources
have been reported, including the red pitaya (Esatbeyoglu et al., 2015).

The main flavonoid found in the chromatogram was quercetin. This phytochemical
is a subclass of flavonols, which are widely consumed in the diet. It is present in fruits,
vegetables, wines, and teas (Hopper et al., 2018).

In this work, maltotriose — an oligosaccharide, was identified in the pulp and seed
of red pitaya. Khalili et al. (2014) also identified this the oligosaccharide in the red pitaya.
However, these authors identified other oligosaccharides, such as raffinose, stachyose,
maltotriose, = maltotetriosis, = maltopentaose, = maltohexaose, = maltoheptosis,  and
fructooligosaccharides.

Wichienchot, Jatupornpipat, and Rastall (2010) investigating the prebiotic
properties of dragon fruit, the relationship to the ideal extraction method and the content of
reducing sugars; found that the molecular weight of pineapple oligosaccharides was analogous
to some commercial prebiotics, such as fructooligosaccharide synthesized from sucrose,
oligofructose derivatives from enzymatic hydrolysis of inulin and soy oligosaccharide obtained

from soybean extraction (Vernazza, Rabiu, Gibson, 2006).

3.3 Biological Assay

The treatment of animals with pulp and seed of red pitaya (PSRP) showed
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interestingly results, as described in Figure 1. After 60 days of receiving HD (which has a lipid
content six times higher than the standard diet), the C57BL/6 mice showed
hypercholesterolemia, elevated LDL-c and decreased HDL-c levels. In addition, this strain has
a high capacity to raise total cholesterol and reduce HDL-c when subjected to a
hypercholesterolemic diet (Apryatin et al., 2016), demonstrating to be a possible experimental
model of dyslipidemia.

Animals that were fed PSRP at doses of 100, 200 and 400mg/kg showed a
significant reduction (p <0.05) in the level of total cholesterol when compared to the untreated
group (HD) at the end of treatment. This result shows that pitaya has a potential as a
nutraceutical, since it shows a hypocholesterolemic activity, due — probably — to its betacyanins,
flavonoids and oligosaccharides composition. According to Song et al (2016), betalanins from
Hylocereus polyrhizus may be the main bioactive compounds in circulating lipids.

A study in hypercholesterolemic rats supplemented with 300 mg/kg of Hylocereus
polyrhizus pulp extracts (which contains betalain), resulted in a 43.5% reduction in total
cholesterol level (Sani, Baharoom, Ahma, Ismail, 2009). Moreover, in vitro study, betanidine,
one of the betalain pigments, was an efficient LOX inhibitor (Vidal et al., 2014). LOX and
COX are bifunctional enzymes that convert arachidonic acid into leukotrienes and
prostaglandins, which, in turn, act as chemical mediators in the inflammatory cascade (Khan,
2015).

In addition to the betalains, the oligosaccharides can also support the reduction of
total cholesterol. The use of animal and human models has shown promising evidence that well-
established probiotics and prebiotics have hypocholesterolemic effects (Ooi, Liong, 2010). The
enzymatic decoupling of bile acids can explain one plausible mechanism by the hydrolase of
probiotics' bile salts. Once unconjugated, bile salts are less soluble and we are less absorbed by

the intestine, being excreted more free bile acids in the feces. Cholesterol is used to synthesize
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new bile salts in a homeostatic response, resulting in a reduction in serum cholesterol (Begley,
Hill, Gahan, 2006).

Quercetin is a flavonoid capable of acting on lipid metabolism. In an in vitro assay,
which used rat hepatocytes, the addition of quercetin again reduced the rate of fatty acid and
triacylglycerol synthesis, leading to a decrease in the formation of VLDL, which explains its
hypotriacylglycerolemic effect (Gnoni, Paglialonga and Siculella, 2009).

Quercetin can act in the production of HDL-c via ABCA1 expression. Through
induction of the TAK1-MKK3/6 signaling cascade, p38 is activated. The activated p38
increases the binding of Sp1 and LXRa to the ABCA1 promoter, increasing the expression of
ABCAZ1,; consequently, the cholesterol efflux of macrophages (Chang, Lee and Chiang, 2012).
In the past, quercetin is also able to decrease the synthesis of pro-inflammatory cytokines,
inhibit NF-kB expression, in addition to reducing the production of inflammation-promoting
enzymes such as cycloxygenase (COX) and lipoxygenase (LOX) ( Kelly, 2011).

PSRP was able to reduce the triacylglycerol levels and exhibit hepatoprotective
effect. It is observed that the dose of 400 mg/kg (P400) was able to reduce significantly (p
<0.01) the levels of triacylglycerols when compared to the untreated (HD) group (see the Figure
2). Moreover, AST and ALT in all the animals receiving pitaya (100, 200 and 400 mg/kg) were
significantly lower when compared to the untreated (DH) group (p <0.05) (see Figure 3).

These results of AST and ALT of this work emphasize that PSRP did not present
toxicity. This result is compatible with Islam et al. (2013), who reported the induction of
hepatotoxicity by carbon tetrachloride in Swiss mice. The methanolic extract of red pitya
reduced the levels of AST and ALT, denoting the hepatoprotective effect of the substance. This
effect may be due to the presence of secondary metabolites present in Hylocereus polyrhizus,
especially to the levels of phenols and tocopherols that substantially reduce oxidative stress,

avoiding cardiac, nephrological and liver damage (Lim et al., 2010; Rebecca et al., 2010). In
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addition, Hor et al. (2012), evaluating the acute and subchronic toxicity of the methanolic
extract of Hylocereus polyrhizus at doses of 1250, 2500 and 5000 mg/kg, observed that there
was no mortality or signs of toxicity in rats.

Hypolipidemic drugs are used to treat dyslipidemia and in the primary and
secondary prevention of cardiovascular diseases. Plant extracts have been extensively studied
as an alternative to treat lipidemia conditions due to their common side effects or toxicity
compared to lipid-lowering drugs most used in therapy (Gengatharan, Dykes, Choo, 2015).

In the three groups of animals treated with red pitaya (P100, P200 and P400), there
was a significant reduction in blood glucose (p<0.05) when compared to the untreated (HD)
group (Figure 4).

The hyperlipidemic diet can impair insulin metabolism, especially its production or
secretion in the islets of Langerhans, which ends up leading to a decrease in plasma insulin
levels and a decrease in glucose tolerance (Carrasco-Pozo et al., 2016 ).

In a previous study, C57BL/6J mice submitted to diabetes via a high-fat diet were
treated with white pitaya juice, causing a drop in glycemic and insulin levels; however, the
HOMA-IR index also decreased (Poolsup, Suksomboon & Paw, 2017).

In addition, the groups that received pitaya did not show a significant difference in
the body weight of the mice (Table 3). However, there was a tendency to gain weight in all the
mice that received the hypercholesterolemic diet, in addition to a decrease in those fed with the
pitaya (p>0.05) concerning the other groups.

Insulin sensitivity improves with weight loss in people with type 2 diabetes
(DeFronzo, 1997). However, the high content of sugar, fat, or another unknown constituent of
the fruit could have canceled out the weight loss effect of potentially bioactive components,

such as betacyanin (Song et al., 2016).
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4. Conclusion

The hypercholesterolemic diet and the experimental model used in this work were
satisfactory for the induction of hypercholesterolemia. The treatment with red pitaya was
effective in reducing cholesterol, LDL and triacylglycerols, raising HDL, and demonstrating
the hypoglycemic and nephroprotective activity, contributing to the reduction of the risk of
cardiovascular diseases. Thus, the red pitaya can be a promising food alternative for the control
or treatment of dyslipidemia and hyperglycemia. Pre-clinical and clinical studies are needed to

verify such results in humans.
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Figures

Figure 1 — Effects of PSRP on the C57BL/6 mice cholesterolemic profile of submitted to

the hypercholesterolemic diet.
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SD, standard diet; HD, hypercholesterolemic diet; SIMV, simvastatin (20 mg/kg/day, i.g.); P100, P200, P400 (100,
200 and 400 mg/kg/day, i.g.); PI, post-induction (60 days); FT, final of treatment (30 days). Values were given as
mean = SEM of 8 animals per group. To analyze the significance of the differences between the groups' samples,
analysis of variance (ANOVA) was used followed by the Newman-Keuls comparative test, a: p <0.05 versus the

SD group; b: p <0.05 versus HD group.
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Figure 2 — Effects of PSRP on C57BL/6 mice levels of triacylglycerols submitted to the

hypercholesterolemic diet.
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SD, standard diet; HD, hypercholesterolemic diet; SIMV, simvastatin (20 mg/kg/day, i.g.); P100, P200, P400 (pulp
solution with red pitaya seed 100, 200 and 400 mg/kg/day, i.g.); PI, post-induction (60 days); FT, final of treatment
(30 days). Values were given as mean + SEM of 8 animals per group. To analyze the significance of the differences
between the groups' samples, analysis of variance (ANOVA) was used followed by the Newman-Keuls

comparative test, a: p <0.05 versus the SD group; b: p <0.05 versus HD group.

Figure 3 — Effects of PSRP on the liver profile of C57BL/6 mice submitted to a

hypercholesterolemic diet.
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SD, standard diet; HD, hypercholesterolemic diet; SIMV, simvastatin (20 mg/kg/day, i.g.); P100, P200, P400 (pulp
solution with red pitaya seed 100, 200 and 400 mg/kg/day, i.g.); PI, post-induction (60 days); FT, final of treatment
(30 days). Values were given as mean = SEM of 8 animals per group. To analyze the significance of the differences
between the groups' samples, analysis of variance (ANOVA) was used followed by the Newman-Keuls

comparative test, a: p <0.05 versus the SD group; b: p <0.05 versus HD group.
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Figure 4 — Effects of PSRP on C57BL/6 mice glycemia submitted to a

hypercholesterolemic diet.
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SD, standard diet; HD, hypercholesterolemic diet; SIMV, simvastatin (20 mg/kg/day, i.g.); P100, P200, P400 (pulp
solution with red pitaya seed 100, 200 and 400 mg/kg/day, i.g.); PI, post-induction (60 days); FT, final of treatment
(30 days). Values were given as mean + SEM of 8 animals per group. To analyze the significance of the differences
between the groups' samples, analysis of variance (ANOVA) was used followed by the Newman-Keuls

comparative test, a: p <0.05 versus the SD group; b: p <0.05 versus HD group.
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Table 1 — Centesimal composition and caloric value of Hylocereus polyrhizus pulp

and seed on a wet basis.

Analyze Pulp Seed
Moisture (%) 89.46 £ 0.06 77.23 £0.09
Ashes (%) 0.39+£0.03 0.15+0.01
Proteins (%) 0.50 £0.03 2.25 £ 0.07
Carbohydrates (%) 9.65 £ 0.06 16.8 +0.38
Lipids (%) ND* 3.57 £0.15
Soluble dietary fiber (%) 5.9 +0.52 11.5+0.21
Insoluble dietary fiber (%) 1.9+0.01 25 +0.06
Total dietary fiber (%) 7.8 +0.53 36.5+0.17
Caloric value (kcal/100g) 40.57 £ 0.32 44.04 £ 0.50

*ND: not determined.
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Table 2. Retention time, ion protonated, MS and MS/MS mass spectral data, tentative identification of the metabolites in pulp and seed of Hylocereus polyrhizus

by UPLC-QTOF-MSEF analysis in positive and negative mode.

n° RT Adduct m/z observed (M/S) Mass | Fragment | Empirical Tentative Pitaya Reference
(min) error | (MS?ions) | formula identification
Positive Negative | (ppm) Pulp | Seed
1 (110 |[M-HT - 179.0348 | 2.23 135.0419 CoHsO4 Caffeic acid - V4 Limetal., 2010
2 | 111 | [M-HT - 193.0500 | 4.14 134.4711 C10H9O4 Ferulic acid - V4 Jiménez-Aspee et al., 2014;
85 Madane et al., 2020
3 1.20 | [M-H] - 179.0556 | -2.80 |- C12H2,011 Glucose - v Ramirez-Truque, Esquivel, Carle,
2011,
Lira et al., 2020
4 1.21 | [M+K+(H.0)]"/ | 399.0899 | 341.1089 | -1.50 383.0910 C12H2,011 Sucrose V4 V4 Lowell et al., 1997;
[M-H] 325.0899
2190665 Hua et al., 2018
5 1.20 | [M+K]"/[M-H] |543.1319 |503.1651 |-1.29 | 399.0979 C1sH32016 Maltotriose v v Dasaesamonh, Youravong,
219.0397 .- .
203.0667 Wichienchot, 2016;
163.0599 Lira et al., 2020;




88

6 1.24 | [M+K]*/ [M-H] | 705.1847 | 665.2135 543.1420 C24H4202 Maltotetraose Dasaesamoh, Youravong,
219.1414 i .
203.0610 Wichienchot, 2016;
163.0623 Liraet al., 2020;
7 1126 | [M-HT 313.0779 | 313.0771 | 2.6 295.0775 C10H18011 Glucose-malic Ramirez-Truque, Esquivel, Carle,
133.0139 acid ,
2011;
Hua et al., 2018
8 | 134 |[M-HT 191.0120 | 191.0192 111.0095 CsH:O Citric acid Wau et al., 2019
9 1.36 | [M+Na+(H0)] 191.0170 | 1.0 173.0075 C4HgOy tartaric ester Wu et al., 2019
147.0251
133.0162
10 | 1.39 | [M-HT 147.0294 | 147.0293 | 0.68 CsHsOs Citramalic acid Wu et al., 2019
11 | 140 | M* 637.1517 | - -2.19 | 551.1531 C27H29N2016" | Phyllocactin Woybraniec,et al., 2007;
389.1079 Fathordoobady et al., 2016;
12 1230 | [M+H]* 551.1508 | - 0.00 389.1111 C24H26N2013 Betanin Castellanos-Santiago, Yabhia,
343.1032 2008:
150.0924 ’
Wybraniec et al., 2009;
Melgar et al., 2017
13 | 240 | [M+H]" 551.1510 | - 4.89 389.1139 C24H26N2013 Isobetanin Castellanos-Santiago, Yabhia,

2008;

Wybraniec et al., 2009
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14 | 260 | M* 637.1560 | - 4.55 551.1540 C27H29N2016" | Isophyllocatin Wybraniec,et al., 2007;
389.1056 Fathordoobady et al., 2016;
15 | 266 | M* 769.1930 | - -0.52 | 551.1500 Ca2H37N2O2" | Apiosyl- Woybraniec et al., 2007;
389.0999 malonyl-betanin Wybraniec et al., 2009;
Wybraniec et al., 2010
16 [ 312 |M* 593.1613 1.85 345.1534 C26H20N201," | 6’-O-Malonyl-2- Kobayashi et al., 2001,
desca_r quy- Garcia-Cruz et al., 2017
betanin isomer
17 | 3.17 341.0870 | 341.0872 179.0442 Ci5H1509 Caffeic acid Chahdoura et al., 2014
135.0875 hexoside
18 | 355 | M* 731.0334 | - 0.95 637.2532 C26H14NsO20 Phyllocactin Wybraniec et al., 2007;
515.0234 derivated . .
279.0910 Wybraniec et al., 2009;
Wybraniec et al., 2010
19 | 3.85 | MY/[M-H] 770.1910 | 771.1980 | -0.51 625.1519 Ca3H39021 Isorhamnetin Antunes-Ricardo et al, 2015a;
459.1044 glucoxyl- . .
479 1189 thamnosyl- Antunes-Ricardo et al, 2015b;
317.0697 rhamnoside Garcia-Cayuela et al., 2019
20 | 3.99 | [M+H]'/[M-H] | 463.0899 | 465.0946 |-1.72 | 303.1019 Ca1H20012 Quercetin Antunes-Ricardo et al, 2015;
301. 0991 hexoside Lira et al., 2020:
22 | 6.15 |M* - 309.1077 | -2.91 | 265.1099 C14H17N20s Indicaxanthin
263.1079

891
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Table 3 — Effects of PSRP on body weight (g) of C57BL/6 mice submitted to a high-fat

diet.
GROUPS SD HD SIMV P100 P200 P400
21.02 +
071 21.02+0.61 2238+0.28 22.38+059 2196+042 22.64+0.70
2241 +
FT 110 21.60+0.67 21.77+0.36 20.21+092 21.49+059 22.10+0.63

SD, standard diet; HD, hypercholesterolemic diet; SIMV, simvastatin (20 mg/kg/day, i.g.); P100, P200, P400 (pulp
solution with red pitaya seed 100, 200 and 400 mg/kg/day, i.g.); PI, post-induction (60 days); FT, final of treatment
(30 days). Values were given as mean + SEM of 8 animals per group. To analyze the significance of the differences
between the groups' samples, analysis of variance (ANOVA) was used followed by the Newman-Keuls

comparative test, a: p <0.05 versus the SD group; b: p <0.05 versus HD group.



ga A W N PP

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

91

APENDICE B — APPLICATION OF *H NMR METABOLOMICS TO FOUND
BIOMARKERS IN A DYSLIPIDEMIC MOUSE MODEL FED WITH PITAYA PULP

(Hylocereus polyrhizus)

Application of 'H NMR Metabolomics to found biomarkers in a dyslipidemic mouse

model fed with pitaya pulp (Hylocereus polyrhizus)
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Abstract

Dyslipidemia is a chronic non-transmissible disease on the rise worldwide. Lifestyle changes
can be considered as important factors against the abovementioned disease, such as reducing
sedentary lifestyle and increasing fruit consumption. In this context, the red pitaya can be
considered a key element due to its high content of antioxidants and oligosaccharides that act
on the intestinal microbiota and guarantee improvement in the quality of life of the host.
Therefore, the present study aimed to analyze the metabolomic profile of the feces of
dyslipidemic mice orally treated with red pitaya. Forty-eight C57BL/6 mice were used and
divided into 6 groups (n = 8): Negative Control (NC), healthy animals that received standard
diet; Positive Control (PC), dyslipidemic animals that received hypercholesterolemic diet;
Simvastatin (SIMV), dyslipidemic animals that received Simvastatin as treatment; and three
groups of animals that received red pitaya seed pulp as treatment: Pitaya 100mg/kg (P100),
Pitaya 200mg/kg (P200) and Pitaya 400mg/kg (P400). Fecal samples were collected and the
metabolites were extracted for *H NMR and multivariate pattern recognition analysis. The
metabolomic profile performed through the feces of all groups showed equivalent signals for
16 metabolites through the VIP score, among them bile acids, glycerol, valine, leucine, ADP
and uracil. Specifically, the higher doses of pitaya (200 and 400 mg/kg) induced increased
acetone concentration in the feces and may have been influenced by the presence of the
oligosaccharides that provide prebiotic function and favor colonization of gram positive
bacteria in the intestinal microbiota. Thus, red pitaya can be considered a functional food due
to its prebiotic functions and signal for the attenuation of metabolic disorders linked to

dyslipidemia.
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Keywords: Dyslipidemias. Hylocereus polyrhizus. Functional Foods. Prebiotics.

1. Introduction

Dyslipidemia is considered as a chronic disease and an important modifiable risk
factor for cardiovascular disease (CVD) (Elkins et al., 2019). In this case, the plasma levels of
lipids and lipoproteins are influenced by various metabolic, genetic, and environmental factors.
Additionally, lipid concentration is influenced by sex, ethnicity, age and lifestyle (Gooding et
al., 2015).

Lifestyle modifications are considered important tools and, also, have a good
impact on preventing/managing dyslipidemia and can be considered an alternative method for
the treatment of dyslipidemia. One of the best recommendations are getting adequate sleep,
practice physical exercise regularly and consuming a healthy diet rich in vegetables and fruits
(Elkins et al., 2019).

Pitaya belongs to genus Hylocereus from the subfamily of Cactoideae within the
family of Cactaceae. It is a native fruit from Mexico, Central and South America. The fruit
consists of red peel covered with green tipped overlapping scales and purple flesh dotted with
numerous edible soft black seeds (Mihir et al., 2019).

Besides its red-purple coloration, the fruits of Hylocereus polyrhizus are being
highlighted by global research due its rich source of polyphenolic components and their
antioxidant activity. Polyphenolic compounds are found in abundant in fruits, serving in
defense mechanism for counteracting reactive oxygen species. Moreover, they are an excellent
antioxidant and bioactive free radical scavengers, playing an important role in protecting human
well-being (Hor et al., 2012, Barros et al., 2015).

Pitaya has been reported as a good source of vitamins, oligosaccharides minerals.
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Thus, it has high potential for use as a source of functional compound to provide nutrients that
may prevent chronic diseases (Barros et al., 2015).

In this context, prebiotics are considered non-digestible oligosaccharides that
contribute positively to the host by stimulating the growth and activity of one or more bacteria
in the colon, improving the health and well-being of the host (Wichienchot et al., 2010).

Therefore, they can be used as substrates for the intestinal microbiota with direct
action in selectively stimulating the proliferation of bacteria that contribute to the well-being of
the host increasing the body’s immunity (immunomodulation) (Roberfroid, 2007).

Important analytical techniques have been developed that allow a detailed analysis
of the metabolic profile and to verify the contribution of polyphenol-rich chemical compounds
with prebiotic properties against pathological or non-pathological conditions. In experimental
models, several biofluids, including feces, can be collected to characterize the metabolites
released by microorganisms (Rowland et al., 2017).

As a potential source of prebiotics and beneficial influence on the intestinal
microbiota, pitaya was selected as a possible agent to induce improvement in the metabolic

profile of dyslipidemic animals induced by high lipid diet.

2. Material and Methods

2.1 NMR Protocols and Methods

2.1.1 Experimental design

Forty-eight C57BL/6 Wild Type mice, female, adult, with an average weight of 25

to 30g and age of 8 to 12 weeks were used. The animals were acclimated in Alesco®
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polysulfone cages. They were kept in collective cages, at a controlled temperature of 22 + 2°C,
in 12-12 hours light-dark cycles for thirty days and were given water and feed ad libitum. The
mice were divided into 6 groups (n=8): Negative Control (NC), healthy animals that received a
standard diet; Positive Control (PC), dyslipidemic animals that received a hypercholesterolemic
diet; Simvastatin (SIMV), dyslipidemic animals that received Simvastatin as treatment; and
three groups of animals that received pulp with seed of red pitaya (PSRP) as treatment: Pitaya

100mg/kg (P100), Pitaya 200mg/kg (P200) and Pitaya 400mg/kg (P400).

2.1.2 Fecal metabolites extraction for NMR analysis

Fecal metabolites were extracted as described in the protocol established by Hauser
et al. (2019) with modification. Thus, 80 mg of feces derived from each treatment of mouse
house (P100, P200, P400, SIMV, PC, NC) was solubilized in 600 puL of deuterated water
containing sodium-3-trimethylsilyl propionate (D20: TMSP-ds - 99%). The suspension was
subjected to an ultrasonic bath for 2 min. After the centrifugation process for 10 minutes at a

speed of 3,000 rpm, the final solution was filtered and inserted into 5 mm NMR tubes.

2.1.3 D NMR experiment

The total assignments of the resonance signals of the metabolites founded in the
fecal samples were performed from a set of uni and two-dimensional NMR experiments. Thus,
1D NMR spectra from biofluids were acquired on an Agilent 600-MHz spectrometer equipped
with a 5 mm (H-F/**N-3!P) inverse detection One Probe™ with actively shielded z-gradient at
298 K (Filho et al., 2018). NMR spectra were analyzed by using the ACD Lab 1D-NMR

Manager ver. 12.0 software (Advanced Chemistry Development, Inc., Toronto, ON, Canada).
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2.2 Multivariate pattern recognition analysis

The multivariate analysis was conducted using Metabolanalyst web-based tool suite
(www.metaboanalyst.ca/) to access patterns in changes in the relative concentration of
metabolites. (Chong et al., 2018, Chong, Wishart & Shia, 2019, Chong et al., 2019, Pang et al.,
2020). Partial Least Squares Discriminate technique (PLS-DA) was used to assess
discriminations in the fecal chemical composition after the consumption of pitaya fruit (P100,
P200 and P400), standard diet (negative control - NC), hypercholesterolemia diet (positive
control - PC), and simvastatin treatment (SIMV).

A biological triplicate (n=3) of each biological stool sample (P100, P200, P400,
SIMV, PC, NC) was performed generating 18 total samples. The *H NMR data were filtered
based on interquartile range; raw read counts were quantile-normalized and divided by the
standard deviation of each variable before the multivariate analysis.

Multivariate analysis was performed with all groups (P100, P200, P400, NC, PC
and SIMV). In addition, the analysis of combinations of two groups was also performed to point
out relative differences that could contribute to the distinctions of the groups. The following
combinations were considered two by two: (i) positive control x negative control; (ii) P400 x
negative control; (iii) P400 x positive control; (iv) P400 x Simvastatin.

Cross-sectional analysis was made use of multi-variate techniques, including
hierarchal cluster analysis (Euclidian distance and ward linkage) and Partial least squares-
discriminant analysis (PLS-DA). The best-fitted and predictive power of the PLS-DA model
was selected by cross-validation of all models using a 200-step permutation test. The parameters
R2 and Q2 were used to assess the fitting validity and predictive ability of the selected OPLS-

DA model (Capozzi et al., 2015, Sekiyama et al., 2017, Triba et al., 2015). The *H NMR
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chemical shifts (8) with the most inter-groups variation were identified as biomarkers according
to the Variable Importance in the Projection (VIP values > 1.5). The significant results were

further subjected to metabolite pathway analysis (Booth et al., 2013).

3. Results and Discussion

3.1 '*H NMR-guided fingerprint

IH NMR spectrum shown the compounds founded in fecal samples (Figure 1) from
a randomly selected sample of P100, P200 and P400, NC, PC and SIMV. The presence of the
chemical shifts of the identified metabolites, such as bile acids (&(cH3) 0.86 — 0. 84 ppm; dcH2
1.31-1.22 ppm; dcHzcHzco 1.65-1.51 ppm); leucine, isoleucine, and valine are overlapped (8(ch)
0.92-1.02 ppm); acetate (6 1.92 ppm); acetone (& 2.24 ppm); creatinine (6 3.13 ppm); choline
(6 3.20 ppm); taurine (6 3.25 ppm); Betaine (6 3.90 ppm); « and S-glucose region (& 5.23-
5.26, 3.4-3.95 ppm); triglycerides (8 5.25 — 5.30 ppm); linoleic acid (& 5.30 ppm); uracil (&
5.81 and 7.54 ppm); aromatic amino acids (5 6.90 — 7. 58 ppm); uridine (5 7.95 ppm);
hypoxanthine (5 8.20 ppm); and formate (6 2.24 ppm) were observed.

The main lipids observed in the fecal sample are bile acids, glycerides, and
phosphocholine derivatives. The typical standard signal characterizing the triacylglycerol
moiety was tripled signals from the glycerol skeleton at 4.12 and 4.45 ppm (-CH2-OCO-R) and
5.24 ppm (-CH-OCO-R). The protons signals in the range 4.11 to 4.44 ppm were indicating
protons on glycerol backbone. In HSQC, the signal protons at 6 5.16 — 5.40 ppm (CH=CH)
ppm that are directly linked to carbons around 120 - 148 ppm, which provided us with
information on the double bonds in the glycerides and phosphatidylcholine derivative. The

phosphatidylcholine also presents a sign correspondent of fatty acyl chain at 6 0.90 — 2.70 ppm
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and the typical choline signals at 6 3.24, 3.68 and 4.31 ppm. In addition, the group at 6 2.24
ppm correspondent acetone which stands out is P200 and P400 spectrum.

'H NMR spectral resonances were assigned according to the literature assigned to
fecal sample of mouse model (Breton et al., 2019, Cai et al., 2017, Hong et al., 2010, Lin et al.,
2016, Romick-Rosendale et al., 2009, Varshavi et al., 2018, Zhao et al., 2013). Among all
metabolites, acetone stands out because it was found only in samples from groups treated with
pitaya with higher concentration (P200 and P400).

Interestingly, pitaya administered at doses of 200 and 400 mg/kg induced increased
concentrations of volatile organic compounds (VOCSs) in feces, most notably acetone. VOCs
are compounds that can originate through pathophysiological processes induced by
inflammatory agents. When in excess, these compounds can be found in body fluids, including
feces (Uchikawa et al., 2020).

This increase was probably caused by the high administration of glucose from the
diet and the presence of this compound in the treatments with the highest doses of pitaya
provided to the animals during the experiment (Uchikawa et al., 2020). This hypothesis can be
confirmed by the decreasing of acetone-equivalent 1H NMR peaks in the groups that received

the lowest dose of pitaya (P100).
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Figure 1. Stacked plot showing representative fecal samples from C57BL/6 mouse *H NMR spectra of P100, P200, P400, NC, PC, and SIMV; the spectral
regions at 5 0-2.4 ppm (A), 6 2.5-4.4 ppm (B) and & 4.5-9.0 ppm (C) were enlarged (4x, 3x and 2x respectively). In highlight, *acetone, a metabolite found only

in P200/P400.
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Another relevant hypothesis corresponds to the prebiotic function of red pitaya, its
beneficial effects on health and influence on the intestinal microbiota, increasing colonies and
the consequent increase in metabolites released by them, including acetone. Therefore, fecal
VOCs might be a useful group among intestinal metabolites in the regulation of metabolic
homeostasis (Uchikawa et al. 2020).

Oligosaccharides extracted from various types of pitaya fruits have been reported
as a rich carbon source that favors the cultivation of beneficial probiotic strains in the host such
as Lactobacillus (Wichienchot et al., 2010).

Some commercial prebiotics exhibit properties favorable to Bifidobacterium
growth. These include inulins, fructooligosaccharides, and oligosaccharides (Sako, Matsumoto
& Tanaka, 1999).

In addition to the aforementioned properties, scientific data indicate that the
oligosaccharides present in pitaya showed other interesting functional properties besides the
prebiotic effect such as reduced calorie intake, plasma insulin concentration, when compared

to other types of carbohydrates (\Wichienchot et al., 2010).

3.2 PLS-DA study of the metabolic response to the intake of pitaya pulp (H. polyrhizus) in

C57BL/6 mice feces by NMR-based fingerprint

Untargeted metabolite profiling based upon NMR experimental design (Figure 2A)
was used to identify unique metabolic phenotypes associated with nutritional fed using
mathematical clustering. As classification techniques, the PLS-DA approach was applied to the
metabolic 1D NMR profiles was used to obtain consistent discrimination between the
components (metabolites) from the pitaya (P100, P200 and P400), control groups (negative and

positive) and the standard drug (simvastatin), which could assist us to identify biomarkers
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correlated with the type of nutritional treatment made for each group of C57BL/6 mouse.

The fitting PLS-DA model was used to predict the data clustering for the mouse fed
dataset. The synchronized score and loading plot of PLS-DA showed metabolic profiles in the
control and model groups were separated clearly (Figure 2B). The chemical shifts showed a
significant difference in abundance between the controls and the treated animal’s group fed with
pitaya fruit, and this could be contributed to the observed separation. As we can see in the
Figure 2C the ability to PLS-DA discriminate samples across component 1 demonstrated
variability of metabolic responses amongst P100, P200, P400, controls, and simvastatin along
the Component 2 axis. The variance explained was 74.1% in component 1, while inter-
individual variability described by the Component 2 axis was 12.4% variance.

Agglomerative hierarchical clustering technique was used to visualize the distance
matrix of relationship of the biological triplicates. In this technique, each RMN data point is
considered an individual cluster. At each interaction, similar clusters merge with other clusters
until the one cluster is formed.

As shown in the dendrogram for 18 samples using Euclidean clustering algorithm
(Figure 2C), As shown in the dendrogram for 18 samples using the Euclidean clustering
algorithm (Figure 2C), there is a separation of the cluster profile with high homogeneity in the
intergroup, implying that the chemical composition of the three large groups of samples is
significantly different (A, B and C). The pitaya group are all clustered together in one branch
of this region (P100, P200 and P400), while the standard drug (SIMV) did not clustering with
any other sample. The third branch contains the controls (negative and positive) samples sub-

divided one-by-one sub-group.
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261 (D and E) PLS-DA cross-validated scores plot and values of parameters R2 and Q2 using for 8
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components, respectively.

Regarding the model's validation, PLS-DA cross validation details are shown for
the 8 components are shown in FIG. 1 — D and E. The PLS-DA model demonstrated a good
predictive power and indicates perfect description of the data by the model using the first
component (Q2 > 0.40 and R2 > 0.51, respectively), but it was even better for the other
components. R2 is a measures about the goodness of fit, while Q2 represent the measures of
the predictive ability of the model. (Triba et al., 2015)

Variable Importance in Projection (VIP) score plots from the PLS-DA model was
evaluated in order to identify the metabolites that significantly contribute to the clustering

between groups (Figure 3).
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Figure 3. VIP score plot for the top 15 most important metabolite features identified by PLS-
DA score for the components 1 and 2 (right and left, respectively). The box indicates the relative
concentration from groups. Red and green color indicates higher and lowers concentrations of

metabolites, respectively.

Thus, 16 differentially expressed compounds were considered to be strong
contributors were distinguished from groups (VIP > 1. 5). In this context, VIP score data from

the first two components (74.2% and 8.3 % variance explained, respectively) were used in order
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to obtain possible potential biomarkers. After the component 2, the variables of the importance
of the PLS-DA model pointed out by the VIP plot are always similar. The objective is not only
to attribute the significant difference between the groups, but also to achieve the identity of
more significant metabolites (biomarkers) in this complex system based on NMR spectrometry
data that can help us understand the biological route.

In fact, for a better assessment of the results related to the nutritional effect, it is
important to take into account that the data are the result of the comparison between the matrices
obtained not only considering the group treated with pitaya-based foods (P100, P200 and P400),
but also with the positive and negative control groups. In general, although it seems that the
control samples are practically the same as for the metabolome as shown in Figure 1.
Nonetheless, through the VIP score plot it was possible to observe marked significant
differences.

Key metabolic changes were detected by comparing the negative and positive
control groups (Figure 3). The negative control group did not receive a high-fat diet, while the
positive control received a high-fat diet. In addition, a group treated with a standard medication
(simvastatin) received a high-fat diet was also performed, and three groups received pitaya.

Among the most significant chemical compounds that contributed to the clustering
patterns, 16 metabolites were selected as nutritional-responsive for further exploration as
potential biomarkers had a VIP score superior at 1.5.

Alanine, valine, Trimethylamine N-oxide (TMAO), aminobutyrate, lactate inositol,
creatine, acetone, choline, taurine, glycine, ethanol, glycerol, 2 and 3-hydrobutyrate and
creatine are expressive significatively in negative control. Glycerol, 2 and 3-hydrobutyrate,
creatinine also was expressed in positive control. In the case of the sample treated with the
standard drug, a greater expression of the metabolite’s glycerol, creatinine, threonine, 2 and 3-

hydrobutyrate was observed, which was much greater when compared to the positive control.
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Increased concentrations of metabolites 2 and 3-hydroxybutyrate can be explained by the
degradation of lipids with consequent formation of ketone bodies, since they are by-products
of the synthesis of ketone bodies (Sikder et al., 2018).

Pitaya administration in C57BL/6 mice produced increases in fecal acetone, ADP,
uracil, and tyrosine concentrations, especially in P200 and P400 group. The data referring to
the presence of acetone in the feces of groups P200 and P400, corroborate the results described
in figure 1.

The increase in the concentration of ADP in the feces of groups P200 and P400 is
probably associated with the active transport of carbohydrates in the cell wall of gram-positive
bacteria in the microbiota, which can be explained by the presence of oligosaccharides in the
chemical composition of the fruit in question, denoting its prebiotic potential (Hansen et al.,
2012).

The presence of the uracil metabolite in feces may correspond to sleep metabolism,
since uracil is known to increase NREM sleep, suggesting a link between fecal metabolome
and sleep physiology (Borbely & Tobler, 1989, Honda et al., 1984). Intake of a prebiotic diet
improves non-rapid, non-rapid eye movement (NREM) sleep, promotes rebound REM sleep
after exposure to stress, and prevents stress-induced reductions in intestinal microbial alpha
diversity (Thompson et al., 2017).

The high prevalence of tyrosine in the feces of the groups that received the highest
doses of red pitaya (P200 and P400) may be related to the prebiotic potential of the fruit on the
gram-positive bacteria of the animals' intestinal microbiota, influencing the metabolism of
amino acids by excretion of the essential amino acid tyrosine. Similar results were identified
after the supplementation of Lactobacillus plantarum and Lactobacillus reuteri, which led to
the highest fecal excretion of essential amino acids, including tyrosine (Lew et al., 2020).

This microbiota intervention in amino acid metabolism may be important in the
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course of lipid metabolism disorders, since after the administration of Lactobacillus rhamnosus
GG it increased the fecal content of amino acids and relieved the symptoms of alcoholic liver
disease in mice (Shi et al., 2015).

Besides, the low betaine content in the groups that received pitaya may be related
to the metabolism of this phytochemical. In humans, betaine is one of the metabolites from the
diet that acts by donating methyl, together with methionine it can synthesize methionine/S-
adenosylmethionine (SAMe), considered the main methyl donor in the body, mainly in
hepatocytes, among other features such as the formation of neurotransmitters, including

serotonin and dopamine (Annick et al., 2020).

4. Conclusion

Body fluids such as feces can be a route of detection of important metabolites in
signaling the state of metabolism disorder or homeostasis.

Hylocereus polyrhizus can be considered a functional food, especially with
prebiotic functions, as it induced the microbiota to metabolize short-chain fatty acids, amino
acids and oligosaccharides, obtaining as final metabolites acetone, tyrosine and ADP,
respectively, in the feces of the animals that received the largest dosages of this fruit.

Consequently, these results are quite instructive in improving the dyslipidemia
picture of the sick animals that received pitaya as treatment, which were more promising than
the animals treated with the standard drug. Furthermore, it is possible to narrow a gut-brain
relationship, through the presence of uracil in feces, this metabolite alluding to the physiology
of sleep.

As a systemic approach, metabolomics has shown its ability to characterize the

metabolic state of the organism, to understand the influence and effectiveness of pitaya in
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dyslipidemia, thus opening up a new vision for the treatment of chronic non-communicable

diseases as an adjunct to other systems of medicine traditional.
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APENDICE C — PATENTE: USO DE PITAYA (Hylocereus polyrhizus (WEBER)
BRITTON & ROSE) NA PREVENCAO E TRATAMENTO ANSIEDADE

RESUMO

USO DE PITAYA (Hylocereus polyrhizus (WEBER) BRITTON & ROSE) NA PREVENCAO
E TRATAMENTO ANSIEDADE

A presente invencao € um saché que resulta da polpa e da casca de (Hylocereus polyrhizus)
(Weber) Britton & Rose (pitaia) que pode ser misturada com as outras preparacoes
alimenticias. A producao do saché se da por mecanismos que envolve o processamento
para separacao de polpa e casca, o congelamento e a liofilizagédo, transformando-a em
farelo seco. Essa invencéo pode ser consumida por individuos saudaveis, ou ndo, de forma
isolada ou adicionada em qualquer preparacao alimenticia. A composi¢ao possui potencial
para controle da ansiedade, compreendendo uma quantidade terapéutica minima de 0,1
mg/ml do saché da fruta.

Essa patente de invencao foi produzida e ja depositada durante o processo de doutoramento, em conjunto
com outros pesquisadores, cuja finalidade nado diz respeito ao tema central dessa tese. Entretanto, esta
atrelado ao mesmo projeto de pesquisa com pitaia vermelha para fins terapéuticos.
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Reivindicacoes

Uma composicdo para modificar beneficamente o quadro de ansiedade caracterizado por uma
quantidade terapéutica de 0,1; 0,5 e 1,0mg/ml do saché do p6 da polpa e da casca liofilizada da
espécie Hylocereus polyrhizus (Weber) Britton & Rose (pitaia).

A composic¢do da reivindicacdo 1, em que o referido saché Hylocereus polyrhizus (Weber)

Britton & Rose é caracterizado por uma derivacao da polpa e da casca da fruta.

A composicdo da reivindicagdo 1, caracterizado por uma substancia & base da fruta tendo
propriedades ansioliticas.

A composicao da reivindicagdo 1 é caracterizado por uma substancia liofilizada.

Um nutracéutico usado para modificar os niveis de ansiedade. E caracterizado por uma
dosagem terapéutica diaria de 0.1; 0.5 ou 1.0 mg/ml ingerido de forma isolada ou adicionada

em preparacdes alimenticias.

Um nutracéutico para tratar doencas ou outras condi¢des corporais, como doencas do sistema
nervoso, modificando beneficamente a ansiedade através da administracdo de composicoes é

caracterizado por saché de polpa e casca da pitaia.

Composicdo de acordo com a reivindicagdo caracterizado por controle de ansiedade.

Método de acordo com a reivindicacao 1, ¢ caracterizado por ser utilizada para a prevencéo e

tratamento de ansiedade em criancas, adultos e idosos de ambos 0s sexos.

Utilizacdo da composicdo de acordo com a reivindicacdo 1 poder ser caracterizado por

diminuir o aparecimento ou incidéncia de doencas do sistema nervoso, como a ansiedade.
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10. Composigdo de acordo com a reivindica¢do 1 no qual o saché é derivado da polpa e da
casca da pitaia que pode ser misturada com outras frutas ou produtos alimenticios €
caracterizado por conter principio ativo para o uso em composices fitoterapicas por
vias adequadas.

11. Composic¢do de acordo com a reivindicacdo 1 é caracterizado por conter composicao
fitoterapica que possa ser administrada por via oral isolada na forma de pé
(saché/capsula/extrato liquido) ou em preparacGes alimenticias, utilizada para profilaxia

e tratamento de ansiedade.
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Relatério Descritivo de Patente de Invencédo

USO DE PITAYA (Hylocereus polyrhizus (Weber) Britton & Rose) NA PREVENCAO E
TRATAMENTO ANSIEDADE

1 Campo da Invencgéo

[001] A presente invencdo se situa no campo da Biotecnologia em Salde e da Ciéncia e
Tecnologia de Alimentos e descreve um produto (saché, capsula e/ou em outras embalagens)
eficaz a partir da polpa com sementes e da casca de Hylocereus polyrhizus Weber Britton & Rose

(pitaya) na prevencéo e/ou tratamento de ansiedade.

[002] Refere-se a utilizagdo e administracao de fracdes de pitaya Hylocereus polyrhizus Weber

Britton & Rose em pO para proporcionar efeitos benéficos na prevengdo e/ou tratamento de

ansiedade.

[003] Os produtos obtidos da polpa e da casca da fruta podem ser administrados sozinhos ou
através de mistura de pos, sachés, encapsulados, entre outras embalagens, utilizados como
principios ativos para uso em composi¢des alimentares por vias adequadas, utilizada para

prevencdo e/ou tratamento de ansiedade.

[004] Esta invencgdo também se estende as composi¢oes quimicas dos produtos obtidos a partir

da polpa e da casca da fruta (Hylocereus polyrhizus Weber Britton & Rose) usada como

nutracéutico que pode ser ingerida isoladamente ou adicionada as preparacgdes alimenticias,
uma vez que possui caracteristicas organolépticas agradaveis para o consumo, podendo

facilmente ser incluida na alimentacéo.

[005] A composicdo dos produtos deve apresentar pelo menos estes agentes ativos no
tratamento ou prevencdo da ansiedade, sendo elas quercetina-3-O-galactosideo e betalainas,

como apiosil-malonil-betanina e 6’-O-malonil-2-descarboxi-betanina isdmeros.

Antecedentes da Invencao


https://www.researchgate.net/publication/309152456_Growth_of_Pitaya_Hylocereus_polyrhizus_Weber_Britton_Rose_in_Different_Substrates
https://www.researchgate.net/publication/309152456_Growth_of_Pitaya_Hylocereus_polyrhizus_Weber_Britton_Rose_in_Different_Substrates
https://www.researchgate.net/publication/309152456_Growth_of_Pitaya_Hylocereus_polyrhizus_Weber_Britton_Rose_in_Different_Substrates
https://www.researchgate.net/publication/309152456_Growth_of_Pitaya_Hylocereus_polyrhizus_Weber_Britton_Rose_in_Different_Substrates
https://www.researchgate.net/publication/309152456_Growth_of_Pitaya_Hylocereus_polyrhizus_Weber_Britton_Rose_in_Different_Substrates

119

[006] A ansiedade é uma relacdo de impoténcia, de conflito caracterizado por processos
neurofisiologicos entre a pessoa e 0 ambiente ameacador. Normalmente, as caracteristicas de

ansiedade sdo medo excessivos e perturbacdes comportamentais relacionadas.

[007] O tratamento farmacoldgico da ansiedade, varia de acordo com o tipo de transtorno, mas
essencialmente seguem a mesma linha. A primeira linha de tratamento, geralmente, é composta
por farmacos inibidores seletivos da recaptacdo de serotonina (ISRS), como a fluoxetina,
sertralina e paroxetina. Na segunda ou terceira linha de tratamento, dependendo do tipo do
transtorno, estdo os benzodiazepinicos (BZD), como o clonazepam, e farmacos antidepressivos
de outras classes farmacoldgicas. Os medicamentos provocam efeitos colaterais, como sedacéo,

sonoléncia, dor de cabeca, que prejudicam a adeséo e a permanéncia do paciente no tratamento.

[008] Diante do grave quadro epidemiologico, gerando um enorme problema de satde publica,
causando muitos gastos para o Brasil em relacéo ao tratamento das doencas do sistema nervoso,
a utilizagdo de diferentes intervencOes terapéuticas, principalmente aquelas que possam
diminuir os custos dos servicos de salde e facilitar a aderéncia aos tratamentos, séo prioridades
na comunidade cientifica. Principalmente em relacéo as substancias naturais com significativo
potencial antioxidante que possam quebrar a cascata de eventos que culminam no agravamento

da doenca e debilidade do paciente.

[009] A pitaya, é uma fruta exdtica, conhecida como fruta do dragdo. E uma fruta da cactécea,
pertencente ao género Hylocereus, € nativa das florestas tropicais da América Central e do Sul.
Normalmente é cultivada e naturalizada em todas as terras tropicais do mundo. Foi amplamente
introduzida na Asia tropical, Australia e América do Sul. O cultivo da pitaya no Brasil é muito
recente, sendo a regido sudeste a principal produtora de pitaya do pais, com producéao
concentrada nos meses de dezembro a maio. O estado do Ceara também produz pitaya, na
regido da Chapada do Apodi, nos municipios de Limoeiro do Norte e Quixeré, com producao

de frutas o ano inteiro.

[010] Pesquisas mostram que a pitaya [(Hylocereus polyrhizus Weber Britton & Rose)] apresenta

uma grande quantidade de compostos bioativos, destacando-se as betalainas, a quercetina,
apresenta oligossacarideos com propriedades prebiéticas, todos eles desempenham beneficios,

relacionados a satde, como, prevencdo de doencas, como cancer, doencas cardiovasculares,
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diabetes mellitus e transtornos ansioliticos.

[011] Parametros comportamentais em Zebrafish (Danio rerio) adultos foram observados para

avaliacdo da atividade locomotora e efeito ansiolitico-simile.

[012] Os peixes foram submetidos ao teste de campo aberto, para avaliar se houve alteragdo na
coordenagdo motora, seja por sedacéo e/ou relaxamento muscular e em seguida ao teste de claro
e escuro para avaliar se houve efeito asiolitico-simile. Inicialmente, os animais foram tratados,
por um dia, com a polpa ou com a casca da pitaya liofilizada nas concentracgdes variando entre
0,1 a 1,0 mg/mL, por via oral com 20 pL. O tratamento dos animais com a polpa reduziu a
funcdo locomotora dos peixes no teste de campo aberto, mas isso ndo ocorreu com a casca. Os
animais permaneceram mais tempo na claridade no teste de claro e escuro, tanto na polpa como
na casca. Esses resultados se demonstraram semelhantes ao do grupo diazepan (DZP), sendo
comparados com os controles. Os dados demonstram que a polpa liofilizada da pitaya tem efeito
semelhante ao Diazepam, atraves da diminuicdo da funcdo locomotora e o efeito ansiolitico-
simile, também foi semelhante ao Diazepam para a polpa e a casca, permanecendo mais tempo

na zona clara.

[013] O produto em quest&o, trata-se de um produto obtido a partir da polpa e/ou casca da pitaya
liofilizada que poderdo ser utilizados no tratamento complementar de doencas do sistema

nervoso, como ansiedade, devido sua capacidade ansiolitica.

[014] Encontramos, na busca de anterioridades, a patente de um Processo de obtencédo de papa
de aveia estimulante de apetite usado no tratamento da constipacdo de mulheres gravidas
(RESUMO 201710717916.2), a partir da pitaya e de algumas frutas, como banana, figo, frutos
de cereja, laranja, entre outras. Este produto, como dito anteriormente, é destinado para o
tratamento da constipacdo de mulheres gravidas, ndo ha relacdo com o tratamento do sistema

Nervoso como nosso produto se propde.

[015] Sobre a Hylocereus polyrhizus encontramos a patente de nimero 201710855988.3, trata-
se de uma patente sobre Batom capaz de tratar Glcera labial e método de preparacdo do batom,
que utilizou a pitaya como um dos ingredientes. Percebe-se mais uma vez que ndo ha relacédo

com o tratamento do sistema nervoso, como propomos.
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[016] A patente de numero 201610518508.X, se refere a cha de frutas capaz de expelir toxinas
e manter a beleza. Essa invencao € uma mistura de frutas, que inclui a pitaya. O nosso produto
é feito a partir da polpa e da casca liofilizada que podem ser misturadas com outras frutas. Nossa
invencdo tem finalidade de controlar doencas do sistema nervoso, podendo agregar valor a

preparacGes alimenticias.

[017] A patente de nimero 102016000648770, se refere ao biscoito elaborado com pitaya, e
que apresenta funcdo promotora de digestdo. Essa invencdo tem varios ingredientes, que
apresenta a pitaya para promoc¢do da digestdo. Mais uma patente que ndo relata sobre o
tratamento com sistema nervoso central. O nosso produto trata apenas da polpa e/ou da casca
da pitaia liofilizada e que tem por finalidade o controle de doencas do sistema nervoso central
(SNC).

Descrigdo Detalhada da Invencéo

[018] A presente invencdo, apresenta a descri¢cdo de um produto a base da polpa e/ou da casca

liofilizada de Hylocereus polyrhizus Weber Britton & Rose no tratamento controle de doengas,

como a ansiedade.

[019] Os frutos de pitaya devem ser maduros. Para processamento, os frutos devem ser lavados
em &gua corrente para remover qualquer sujeira e outros contaminantes que possam estar

presentes e sanitizados com 200 a 500 ppm de hipoclorito de sodio (15 minutos).

[020] Os frutos de pitaya devem ser cortados em pedagos que variam de 1 a 10 partes.

[021] Os frutos de pitaya cortados devem ser processadas usando uma despolpadeira equipada

com peneira de 0,8 a 4,0 mm.

[022] No final, dois diferentes materiais sdo obtidos, sendo eles polpa, contendo sementes, e
casca, e devem ser congelados a - 20 °C (processo de 1 a 48h) e liofilizados (processo de 1 a 5

dias) e triturados (com uso de almofariz) antes do uso.
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[023] O rendimento em polpa, deve ser no minimo de 50%;

[024] O produto deve ser porcionado na embalagem de destino (saché, cépsula e/ou outras
embalagens) e armazenado a pelo menos — 10°C;

[025] O produto apresenta perfil quimico conforme mostrado na Figura 1 e Tabela 1. Para a
determinacdo dos compostos, a ordem de eluicdo, dados de massa exata e perfil de
fragmentacdo dos ions em fase gasosa foram obtidos e comparados com dados da literatura.
Obteve-se 16 e 15 compostos tentativamente identificados na polpa e casca, respectivamente
(Tabela 1). Os principais compostos identificados foram os isdmeros de betaina (2'-O-apiosil-
betanina; isdmero de apiosil-malonil-betanina e isdmero de 6'-O-malonil-2-descarboxi-
betanina) e flavondides (como a quercetina-3-galactosideo), de acordo com o0s estudos
anteriores (Wybraniec et al., 2007; Kumorkiewicz et al, 2017; Wybraniec et al., 2010;
Kobayashi et al., 2001; Garcia-Cruz, L et al., 2017; Belhadj Slimen et al., 2017; Amaya-Cruz
et al., 2018; Wybraniec et al., 2009; Karin et al., 2018; Aguirre-Hernandez et al., 2010)..
Adicionalmente, aclcares e oligossacarideos também foram identificados (Wichienchot;

Jatupornpipat; Rastall, 2010).

[025] O produto-fim (polpa e/ou casca) € destinado a pessoas saudaveis, ou ndo, e € capaz de

reduzir a ansiedade em quantidades eficazes para controlar ou prevenir a ansiedade.

[026] O produto é ansiolitico, sendo administrado em quantidade ou dosagem efetiva ou
terapéutica, isolado ou adicionado em preparagdes alimenticias. Por “quantidade eficaz” ou
“dosagem efetiva ou terapéutica” entende-se “a quantidade da formulagdo/ou farinha suficiente
para provocar efeitos farmacologicos ou terapéuticos desejados, resultando assim em
tratamento eficaz ou prevencao de um disturbio, doenca ou condi¢ao corporal”. A formulagao

deve ser administrada em dosagens variando de 0,1 a 1 mg/mL.

[027] A formulacdo da presente invencdo demonstra que ha uma relacdo dose-resposta entre a

quantidade da polpa e da casca liofilizada da Hylocereus polyrhizus Weber Britton & Rose € 0

efeito ansiolitico.
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[028] O saché, capsula e/ou outras embalagens da polpa e da casca liofilizada da Hylocereus
polyrhizus Weber Britton & Rose da presente invencdo compreende um teor padronizado do

po elaborado a partir de partes/fracdes da fruta (polpa e casca).

[027] A presente invencdo pode ser produzida por qualquer meio ou método que produza o
saché, capsula e/ou outras embalagens desejado. Métodos exemplificativos de producdo do pé
liofilizado incluem a liofilizagcdo ou secagem da polpa e da casca, conforme descrito em [019]
a [022].

[028] O saché da invengdo e administrado de forma oral. Uma formulacdo preferida para
administracdo e como suplemento dietético na forma de pé (saché) isolada ou adicionada a
preparacdes alimenticias para administracdo oral. Composic¢des farmacéuticas contendo o saché
citado, juntamente com o veiculo adequado, estdo dentro do &mbito da invencdo. Os meios para

formar essas formas administrativas sdo bem conhecidos da técnica.

[029] Ao ter potencial ansiolitico a presente invencéo é capaz de prevenir e/ou tratar a ansiedade

diminuindo a velocidade de progressao dessa doenca.

Breve Descricdo das Figuras

Figura 1. Cromatogramas adquiridos em sistema UPLC-QTOF-MSE no modo de intensidade
de pico de base (BIP) mostrando os perfis de polpa (A) e casca (B) e estruturas quimicas
identificadas (C) de [Hylocereus polyrhizus (F.A.C. Weber) Britton & Rose] no modo de

ionizacdo positiva.

Figura 2. Efeito da polpa liofilizada (Hylocereus polyrhizus) (PPit) (A) ©; CPI - casca
liofilizada da pitaya (Hylocereus polyrhizus) (B) (Hylocereus polyrhizus) na atividade
locomotora de zebrafish (Danio rerio) adulto no teste de campo aberto (0-5min). Naive -
animais ndo tratados; Veiculo - 4gua destilada (20 pL, v.0.); Valores representam a meédia +
erro padrdo da média (E.P.M.) para 6 animais / grupos; ANOVA seguido por Tukey (* p/0,05;
** p/0,01 vs Naive e veiculo). Os nimeros acima de cada coluna indicam a porcentagem de

atividade locomotora (% AL).
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Figura 3. Efeito do tipo ansiolitico do liofilizado da polpa de Pitaya (Hylocereus polyrhizus)
(PulpPit) (A); Casca (B) da pitaya (Hylocereus polyrhizus) em adultos de zebrafish (Danio
rerio) no Teste Light & Dark (0-5min). Animais naive - ndo tratados; Controle - 4gua destilada
(20 pL, v.0.); DZP-Diazepam (5,0 mg / mL, 20 pL, v.0.). Os valores representam a média +
erro padrdo da média (E.P.M.) para 6 animais / grupo; ANOVA seguido por Tukey. *** p
<0,001 vs. Naive e Controle; # # # p <0,001 vs. DZP; (*** p <0,001 vs. Naive e Controle). Os

numeros acima de cada coluna indicam a porcentagem de permanéncia na zona clara (% PBZ).

Figura 4. Efeito do flumazenil na acdo ansiolitica via Sistema GABAEérgico da polpae da casca
liofilizada de pitaya (Hylocereus polyrhizus), Naive — animais ndo tratados; Fmz - Flumazenil
(0,1 mg/mL, 20 pL), administrado 30 minutos antes dos tratamentos; V- Veiculo — agua
destilada (20 pL, via oral); DZP-Diazepam (5.0 mg/mL, 20 pL, via oral). Os valores
representam a média = erro padréo da média (E.P.M.) para 6 animais/grupo; ANOVA seguido
por Tukey. *** p <0,001 vs. Naive e Controle; # # # p <0,01 PPit ou DZP; (*** p <0,001 vs.
Naive e Controle). Os nimeros acima de cada coluna indicam a porcentagem de permanéncia

na zona clara (% PBZ).
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FIGURA 1 (a, b, ¢)

FIGURA 2

FIGURA 3
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Tabela 1. Dados cromatograficos e espectrométricos em alta resolucéo da polpa e casca de pitaya (Hylocereus polyrhizus) obtidos por UPLC-
QTOF-MS no modo positivo.

n° tr lon protonado  m/z (MS) Erro  lon Formula Identificacdo  Pitaya
(min) (ppm) fragmento molecular
Observado Calculado (MS?) Polpa | Casca ‘

1 117  [M+(K+H20)]* 399.0905 399.0905 0.00 383.0910  Ci2H22011 Sucrose V4 V4
325.0899
219.0665

2 120 [M+K]* 543.1318 399.0905 -0.73  399.0981  CigH32016 Maltotriose v v
219.0512
203.0514

3 124 [M+K]* 705.1865 705.1850 2.12 5431415  CH42021 Maltotetraose  n.d V4
219.1411

4 140 M* 637.1524 637.1531 -1.09  551.1519  Cu7H29N2016"  Filocactina V4 V4
389.1053

5 227 [M+H]* 551.1539 551.1508 471  389.1108  CasH2N2013  Betanina N4 N4

6 238 [M+H]" 551.1511 551.1508 0.54  389.1114  CasH26N2013  Isobetanina N4 V4

7 257 M' 637.1555 637.1531 -1.41  591.1432  C7H20N2016"  Isofilocatina V4 v
551.1538

389.1033
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12

13

14

15

16
17

2.67

2.75
3.14

3.42

3.55

3.81

3.85

3.91

5.28
6.09

M+

[M+H]*
M+

[M+H]*

M+

M+

M+

[M+H]*

[M+H]*
[M+H]*

769.1930

645.2557
593.1609

493.2818

731.0339

771.2001

771.2022

465.0971

477.1549
493.1617

769.1934

645.2547
593.1613

493.2801

731.0341

771.1984

771.1984

465.0954

477.1549
493.1616

-0.52

1.55
-0.67

3.44

0.31

2.20

4.93

3.66

0.00
0.20

683.1960
637. 1576
593. 1601
551.1498
389.1010

483.2240
345.1599

247, 2817
188.3018
146.1976
637.2561
515.0282

270 NQAR

793, 1861
625, 1577
479.1191
317.0656

625, 1516
479, 1184
317.0678
303.1011

445.1289
427.1311
309.1077

Cs2H37N2020"

Cz3H41013
Ca6H20N2014"

C27H400s

C26H14N6O20

Ca3H39021

Ca3H39021

C21H20012

C27H250s
C11H21N1409

Apiosil-
malonil-
betanina

Desconhecido
6'-O-Malonil-
2-descarboxi-
betanina
isdmero

n.i.

Derivado de
filocactina

Isbmero de
triglicosideos
isorhamnetina

Isdmero de
triglicosideos
isorhamnetina
quercetina-3-
galactosideo
n.i.

Indicaxantina
derivada

n.d

n.d

n.d.

n.d.

n.d.

n.d

129



130

18 7.62 [M+NH4]* 274.2758 274.2771 4.37 257.2475  Ci6H3sNO: n.i. v v

19 8.42 [M+H]* 437.1974 437.1974 2.3 415.1987  Co6H2906 n.i. v v

v = presente; n.d = ndo detectado; n.i. = ndo indentificado.
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Figura 1. Cromatogramas adquiridos em sistema UPLC-QTOF-MSE no modo de intensidade de pico de base (BIP) mostrando os perfis de polpa
(A) e casca (B) e estruturas quimicas identificadas (C) de [Hylocereus polyrhizus (F.A.C. Weber) Britton & Rose] no modo de ionizacéo positiva.
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Figura 2. Efeito da polpa (A) e da casca (B) da pitala [Hylocereus polyrhizus (Weber) Britton & Rose] sobre a atividade locomotora do zebrafish adulto (Danio
rerio) no teste de campo aberto (0-5min). Naive - animais ndo tratados; Veiculo - dgua destilada (20 uL); Os valores representam a média + erro padrao da média
(E.P.M.) para 6 animais / grupo; ANOVA seguida por Tukey (* p<0,05; ** p<0,01 vs. Naive e Veiculo). Os nimeros acima de cada coluna indicam a
porcentagem de atividade locomotora (% LA).
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Figura 3. Efeito da polpa (A) e casca (B) da pitaya [Hylocereus polyrhizus (Weber) Britton & Rose] sobre a atividade locomotora em peixes-zebra (zebrafish)
adultos (Danio rerio) utilizando o teste de Claro e Escuro (0-5min). Animais naive - ndo tratados; Controle - 4gua destilada (20 pL); DZP-Diazepam (5,0 mg /
mL, 20 pL). Os valores representam a média + erro padrdo da média (E.P.M.) para 6 animais / grupo; ANOVA seguido por Tukey. *** P <0,001 vs. Naive e
Controle; # # # P <0,001 vs. DZP; (*** P <0,001 vs. Naive e Controle). Os nimeros acima de cada coluna indicam a porcentagem de permanéncia na zona clara
(% PBZ).
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Figura 4. Efeito do flumazenil na acdo ansiolitica da polpa (A) e da casca (B) liofilizada da pitaia [Hylocereus polyrhizus (Weber) Britton & Rose] em peixe-
zebra (zebrafish) adulto (Danio rerio) usando o teste Claro e escuro ( 0-5min). Animais naive - ndo tratados; Fmz - Flumazenil (0,1 mg / mL, 20 ul i.p.),
administrado 30 min antes dos tratamentos; V - Veiculo, agua destilada (20 uL); DZP - Diazepam (5,0 mg / mL, 20 uL). Os valores representam a média + erro
padrdo da média (E.P.M.) para 6 animais / grupo; ANOVA seguido por Tukey. *** p <0,001 vs. Naive e Veiculo; # # # p <.01 Polpa ou DZP; *** P <0,001 vs.
Naive e Veiculo; # # # P <0,01 Casca ou DZP; *** p <0,001 vs. Naive e Veiculo. Nimeros acima de cada coluna indicam a porcentagem de permanéncia na
zona clara (PBZ%).
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