DSpace FMABC

DSpace Repository http://dspace.org
Teses e Dissertacdes Dissertacfes
2019

Estudo comparativo dos efeitos da
Paullinia Cupana, PC-18 e MgCI2 em
camundongos BALB/c com tumos
solido de Ehrlich

Silva, Emerson Barbosa da

https://dspace.fmabc.br/handle/1/345

......



CENTRO UNIVERSITARIO SAUDE ABC

EMERSON BARBOSA DA SILVA

Estudo comparativo dos efeitos da Paullinia cupana, PC-18 e MgCl, em
camundongos BALB/c com Tumor Sdélido de Ehrlich

SANTO ANDRE

2019



EMERSON BARBOSA DA SILVA

Estudo comparativo dos efeitos da Paullinia cupana, PC-18 e MgCl, em
camundongos BALB/c com Tumor Sdélido de Ehrlich

Dissertagcao elaborada na Centro Universitario Saude ABC,
junto ao Programa de Pds-Graduagdo em Ciéncias da Saude
(recomendado pelo Conselho Técnico-Cientifico CAPES -
Parecer 656/2017).

Area de Concentracdo: Medicina Celular e Molecular

Orientadora: Profa. Dra. Beatriz da Costa Aguiar Alves Reis
Coorientador: Prof. Dr. Fernando Luiz Affonso Fonseca

SANTO ANDRE

2019



S586e Silva, Emerson Barbosa da
Estudo comparativo dos efeitos da Paullinia Cupana, PC-18 e MgCl2 em
camundongos BALB/c comtumor solido de Ehrlich./ Emerson Barbosa da
Silva — Santo André, SP, 2019.
49 f.: il.color. 31 cm.

Dissertacao (Mestrado em Ciéncias da Salde) — Comissao de Pos-
Graduacéo, Centro Universitario Saude ABC.

Area de Concentracdo: Medicina Celular e Molecular

Orientadora: Profa. Dra. Beatriz da Costa Aguiar Alves Reis

Coorientador: Prof. Dr. Fernando Luiz Affonso Fonseca

1. Extratos vegetais. 2. Paullinia. 3. Medicamentos fitoterapicos.
4. Farmacognosia.
CDD: 615
NLM: QV766




DEDICATORIA

Aos meus Pais, Josenilda Barbosa e Gerson Pereira, por ter me dado a vida,
agradeco por terem feito literalmente tudo para que eu pudesse realizar todos os
meus sonhos e obrigado por esse amor incondicional.

Aos meus irmaos Jadna Leticia e Kaua Silva, por me aturarem e mesmo com
as pegadinhas e sustos, ainda continuarem me amando. Dou minha vida por vocés.

Ao meu companheiro, Rodrigo Pereira, por ser a minha fortaleza, meu porto
seguro, por me dar tanta forgca e apoio todos os dias. Agadego todos os dias a Deus
por ter te colocado na minha vida, assim como o Luigi e o Billy Nelson.



AGRADECIMENTOS

A Deus, pelo dom da vida e por estar comigo em todas as horas.

A Profa. Dra. Beatriz da Costa A.A. dos Reis, por ter aceitado ser minha
orientadora e por todos os ensinamentos e pela impecavel orientagcdo desse
trabalho.

Ao Prof. Dr. Fernando L.A. Fonseca, por ter me dado a oportunidade de me
tornar o que sou e de ser o maior exemplo de pessoa, gestor, docente e
pesquisador.

A Camila dos Santos Chagas, que esta ao meu lado diariamente, nos bons e
maus momentos, me apoiando e me mostrando o verdadeiro siguinificado de
amizade.

Ao Felipe Ko Chein, por estar comigo neste projeto e por toda dedicagéo, aos
finais de semana e feriado no biotério, pelos relatérios e pela ajuda na redacédo do
trabalho.

A Dra. Giuliana Petri, pelos ensinamentos, pelos delineamentos e pela grande
amizade que formamos ao longo desses anos. Ao José Francisco, pela grande
ajuda no dia-a-dia dos experimentos e principalmente por me mostrar a luz. Meus
dindos.

A todos do Laboratério de Andlises Clinicas e do Laboratério de Biologia
Molecular da FMABC, por todos os ensinamentos e ajuda na excecugdo dos
experimentos, em especial ao Metheus Perez, grande amigo que ganhei da
Biomedicina e que tanto me auxiliou com a analise molecular. Vocés todos sao
incriveis, orgulho em fazer parte dessa equipe.

Aos professores da banca examinadora que dividiram comigo este momento
tdo importante e esperado.

A FAPESP, por conceder auxilio a este trabalho.



“Aqui, no entanto nés nio olhamos para tras por muito tempo. Nés continuamos
seguindo em frente, abrindo novas portas e fazendo coisas novas, Porque somos curiosos...
e a curiosidade continua nos conduzindo por novos caminhos.

Siga em frente.”

Walt Disney



RESUMO

Neste estudo avaliou-se o efeito do extrato da Paullinia cupana (Guarand), extrato
puro e seco do guarana (PC-18) e do Cloreto de Magnésio em camundongos da
linhagem BALB/c inoculados como Tumor de Ehrlich em relagdo a expresséo génica
dos marcadores inflamatérios TGF-B1 e TNF-a e de estresse oxidativo e fadiga,
CAT, SOD e GPX4 e analisar a atividade mielotoxica e hepatotdxica. Diariamente
foram observado os aspectos clinico para analise do bem-estar animal, apds a
eutanasia foi realizado a coleta de sangue para realizagdo do hemograma e a
dosagem das enzimas hepaticas (ALT e AST), do tumor foi realizado extracdo do
RNA total para analise da expressao dos genes TGF-B1, TNF-a, CAT, SOD e GPX4.
Nao houve diferenga significativa na expressdo dos genes estudados, pode-se
observar a agcdo hepatoprotetora do extrato bruto da Paulliinia cupana e uma acéao
superior do extrato puro e seco do guarana (PC-18). Os parametros hematoldgicos
se mantiveram normais. O grupo PC-18 apresentou o melhor resultado quanto ao
bem-estar animal. Nao houve associagao entre os compostos e a expressao génica
se tratando da fadiga e estresse oxidativo. O PC-18 promoveu redugdo do tumor
tendo possivelmente uma agao antitumoral e o extrato bruto do guarana apresentou
acao hepatoprotetora.

Palavras-chave: Extratos vegetais. Paullinia. Medicamentos fitoterapicos.
Farmacognosia.



ABSTRACT

This study evaluated the effect of the extract of Guarana (Paullinia cupana), pure and
dry extract of Guarana (PC-18) and Magnesium Chloride in mice of the Balb/c strain
inoculated as Ehrlich tumor in relation to the gene expression of inflammatory
markers TGF-B1 and TNF-a and oxidative stress and fatigue, SOD, CAT and GPX4
and analyze the activity mielotoxic and hepatotoxic. Daily were observed clinical
aspects for analysis of animal welfare, after euthanasia was performed to collect
blood to perform the hemogram and dosing of liver enzymes (ALT and AST), the
tumor was performed extraction of total RNA for analysis of gene expression of TGF-
B1, TNF-a, SOD, CAT and GPX4. There was no significant difference in the
expression of genes studied; we can observe the action hepatoprotetora the crude
extract of Paulliinia cupana and action top of pure and dry extract of guarana (PC-
18). The hematological parameters remained normal. The group PC-18 showed the
best result regarding animal welfare. There was no association between compounds
and gene expression if dealing with the fatigue and oxidative stress. The PC-18
promoted reduction of the tumor and possibly an antitumor action and the crude
extract of guarana presented hepatoprotetora action.

Keywords: Plant Extracts. Paullinia. Phytotherapeutic Drugs. Pharmacognosy.
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1 INTRODUGAO

No Brasil e no mundo, a neoplasia esta entre as principais causas de
mortalidade. Segundo o Instituto Nacional do Cancer José Alencar Gomes da Silva
(INCA), estima-se que no biénio 2018-2019 o cancer de mama sera responsavel por
59.700 novos casos apenas no Brasil, um risco estimado em 56,33 casos a cada
100 mil mulheres'. Dessa forma, inimeros estudos tém objetivado entender melhor
essa doencga, tal como suas repercussoes sistémicas, dados epidemioldgicos e
tratamentos antineoplasicos®>. O avanco dessas pesquisas permite cada vez mais
uma sobrevida maior em pacientes oncologicos, principalmente com cancer de
mama, que compreende o0 maior grupo de sobreviventes entre os pacientes com
neoplasia52‘3. Assim, surgem novas perspectivas na abordagem terapéutica,
objetivando ndo somente o tratamento, mas também a qualidade de vida e suporte

ao paciente.
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2 REVISAO DA LITERATURA

Atualmente, muitos autores direcionam seus estudos em doengas neoplasicas
para alteragdes bioquimicas e genéticas decorrentes do tratamento ou associadas
com a doenga em si, que interferem na atividade do sistema fisiolégico dos
pacientes. Entre as queixas que mais interferem na qualidade de vida dos pacientes,
sendo elas vOmito, diarreia, nausea, dispneia, dores e disquesia, entre outras,
destaca-se a fadiga, que afeta de maneira negativa tanto fisicamente em atividades
cotidianas como no aspecto psicologico e social* °.

A fadiga engloba uma série de sinais e sintomas de dificil avaliagdo por
possuir importante subjetividade nos aspectos fisicos e principalmente psicoldgicos.
Além disso, sua origem pode estar relacionada tanto a causas intrinsecas, definidas
por alteragdes fisiologicas do paciente, como extrinsecas, ocasionadas pela
abordagem terapéutica. Os sintomas relacionados a fadiga sdo cansacgo, exaustéo,
depressao, indisposi¢cao, anedonia e limitagdo do estado mental. Também pode
haver diminuicdo das reservas energéticas do paciente devido ao seu estado
nutricional, prejudicando muitas vezes na efetividade do tratamento oncologico
devido a necessidade de reduzir as doses dos farmacos administrados, por
exemplo. Assim, a descricdo da fadiga aborda caracteristicas gerais, como
intensidade, sensagdo negativa e caracteristicas temporais, que seriam as
alteracdes evolutivas devido ao tempo da fadiga, assim como sinais especificos
como falta de energia, fraqueza, sonoléncia e dificuldade de concentragao®.

As causas da fadiga sao, portanto, definidas como fisicas (anemia, disturbios
metabodlicos e nutricdo inapropriada devido a anorexia, nausea, vomitos ou
obstru¢des intestinais) e psicologicas (depressdo, ansiedade e falta de sono),
estando principalmente relacionadas a liberagdo enddgena de citocinas inflamatérias
que interferem em inimeros mecanismos fisioldgicos®. Inimeros estudos relacionam
a fadiga aos marcadores inflamatérios ligados a pacientes em tratamento oncolégico
que mostraram a ativagdo do sistema imune’, de linfocitos T%°, co-expressdo de
genes de células Natural Killer e expressdo aumentada de genes relacionados a

imuno-modulag&o e ao stresse oxidativo (SO)'*"""2,
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2.1 Principais citocinas relacionadas ao estresse oxidativo

As citocinas s&o polipeptidios ou glicoproteinas extracelulares produzidas por
diversos tipos celulares por meio de mitdogenos, que estimulam a mitose, e da
enzima proteina quinase, produzida quando ha lesdao celular. Diferente dos
horménios classicos, as citocinas sdo armazenadas como molécula pré-formada e
atuam especialmente por mecanismos paracrino, em células proximas, e autdcrino,
produzindo-se nas proprias células. ' No estado de fadiga, estdo presentes em
maior quantidade sérica em pacientes com cancer de mama, sendo elas
principalmente a interleucina 6 (IL-6), interleucina
1ra (IL-1ra), fator de necrose tumoral RIl (TNF RIl) e neopterina™'*. Avalia-se
também a participacdo do SO em pacientes com cancer, no acumulo de peroxinitrito,
disfuncdo mitocondrial, peroxidacao lipidica e elevados niveis de citocina, que levam
a formacgao de 6xido nitrico e, consequentemente, espécies reativas de oxigénio que
produzem novamente o peroxidonitrito’®. Entretanto, novas pesquisas contrariam o
envolvimento do SO com a fadiga crénica a outros fatores inflamatorios™®.

Ha também uma possivel relagdo da fadiga de pacientes oncolégicos com
alteracdo no eixo hipotalamico pituitario adrenal (HPA), modificando os niveis de
glicocorticoides e interagdes com diversas citocinas™'"'8,

Entre essas citocinas, destaca-se o interferon alfa (IFNa), interleucina 6 (IL6),
que esgotam os niveis de triptofano, percursor primario da serotonina, TNF-a e
norepinefrina, que aumentam as expressodes de receptores sinapticos para recaptura
de serotonina e norepinefrina e IL1, que induz a um aumento transcricional e
traducional do neuropeptidio Horménio Liberador Corticotréfico (CRH, do inglés
Corticotropin-releasing hormone), levando a alteragdes comportamentais (aumento
do sono, anorexia e comportamentos semelhantes a depressao)'®®.

Sabe-se que o TNF-a possui importante papel modulador em um ambiente
inflamatorio, sendo responsavel por estimular fibroblastos, células tronco
mesenquimais e células estromais que estdo relacionadas a progressao do tumor,
nao s6 no aumento em massa, mas também facilitando a invasibilidade celular e as
metastases. Isso se comprova pelo efeito antitumoral garantido por inibidores de
TNF-a em modelos animais para o estudo de cancer de mama®’. Além disso, a
expressao de TNF-a esta aumentada no tecido mamario neoplasico em comparacao

ao tecido saudavel®.
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Os fibroblastos, células tronco mesenquimais e células estromais ndo atuam
de forma isolada, possuindo intima relagdo com o microambiente tumoral, no qual
elementos inflamatérios como fatores soluveis e/ou leucdcitos promovem a
progressao da doenga. Dentro destes, o TNF-a € um componente de extrema
importancia para esse microambiente inflamatorio, sendo visto em varios tumores e
com atuagao pro-tumoral®.

Destaca-se também o papel do Fator de Transformagdo do Crescimento
(TGF-B) em relagao aos canceres de mama. Este fator atua como supressor tumoral
nos estagios iniciais em células pré-malignas. Porém, assim como o TNF-a, TGF- 3
possui importante relagdo com metastases linfonodais e baixa taxas de sobrevida
20,21

. Sabe-se que o TGF- B possui uma funcdo promotora de metastase em células

cancerigenas?®.

2.2 Analise do estresse oxidativo

Para que ocorra a produgao de energia celular, € essencial que aconteca a
oxidagdo dos compostos organicos por meio do oxigénio. Neste processo, uma
pequena quantidade do oxigénio (2 a 5%) € reduzida por meio do consumo,
produzindo uma grande variedade de moléculas altamente reativas, denominadas
espécies reativas de oxigénio (ROS, Reactive Oxigen Species). Em grandes
concentragdes, ROS podem gerar danos em organelas celulares, no acido nucleico
e até em lipidios e proteinas®. Sob condigdes de excesso de agentes oxidantes ou
em condi¢gdes em que o sistema protetor oxido-redutor esteja comprometido, como é
0 caso de pacientes oncoldgicos, ha um risco importante de desequilibrio entre a
produgdo e o consumo de radicais livres, isto €, a quantidade de radicais livres
produzidos pode ultrapassar a capacidade de consumo destes, o que pode gerar um
quadro de SO?%.

A inducgao ou inibigdo do SO é controlada por diversos genes com a finalidade
de produzir enzimas importantes no processo antioxiante, entre elas a Superéxido
Dismutase (SOD), Glutationa peroxidase (GPx) e a Catalase (CAT) %.

A Superéxido Dismutase faz parte do grupo das metaloproteinas (proteinas
que contém um ou mais ions metalicos em sua estrutura) com a fungéo de proteger
células aerdbicas contra a agdo do O,. Sabe-se que em meio aquoso, SOD possui
acao catalisadora na reacdo de dismutacdo do O, em H;O, e O, ocorrendo 10
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milhdes de vezes mais rapida que a dismutacdo espontanea ndo enzimatica®®. Em
um estudo analisando os efeitos do gene SOD1 no estresse oxidativo, notou-se que
em ratos deficientes desse gene, situagdo em que se gerou um alto grau de SO,
houve um comprometimento do epitélio conjuntival ocular dos animais. Assim, a
expressao do gene SOD1 mostrou-se protetora contra o estresse oxidativo®*.

Além do SOD, sabe-se que a enzima Catalase (codificada pelo gene CAT)
também possui propriedades antioxidantes®**. Esta enzima catalisa a
decomposi¢ao do H,0O,, formado pela agdo do SOD em H;0 e O, (2 H,O, — CAT > 2
H,O + Oy), tendo afinidade por moléculas de baixo peso molecular, como o H;0O,,
nao conseguindo metabolizar grandes moléculas como peroxidos lipidicos ou até os
produtos da peroxidagdo lipidica, atuando junto ao sistema antioxidante das
glutationas, sendo encontrada principalmente no interior de células peroxissomais,
pode também ser encontrada livre no citoplasma e em fagolisossomos 2 Em um
estudo dos efeitos da catalase na oxidacdo em ratos obesos, observou-se um
aumento significativo de sua expressao durante uma alimentagao hipergordurosa.
Conclui-se entdo que a catalase tem um efeito protetor, uma vez que a oxidacao de
acidos graxos gera radical livre®.

A glutationa peroxidase 1 (codificada pelo gene GPx7), por sua vez, €&
importante na reparacdo da oxidacdo dos lipidios. Trata-se de uma enzima
antioxidante eficiente na remoc¢ao dos hidroperdxidos e lipoperdxidos. Esta enzima,
que possui selénio em seu sitio ativo, necessita da glutationa reduzida (GSH) como
substrato para doar os elétrons, transformando-se assim em glutationa oxidada
(GSSG) (H202+ 2 GSH — GPx > 2 H,O + GSSG). Desta forma, esta enzima confere

protecdo ao SO e a lesdo oxidativa nos érgéos e sistemas®” %2,

2.3 Abordagem relacionada a fadiga, o tratamento tradicional para neoplasias e
a importancia dos tratamentos alternativos.

O tratamento da fadiga, no que diz respeito as suas causas, como aumento
dos niveis de citocinas e serotonina, desequilibrio do eixo HPA e anemia, dividem-se
em abordagem n&o farmacoldgica, pela terapia cognitiva comportamental, exercicio
fisico e acupuntura e também farmacoldgica, pelo uso de antidepressivo e
fitoterapicos, como o guarana, abordado neste trabalho. A primeira apresentou

resultado apenas com exercicio fisico, trazendo vantagens aos pacientes
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oncolodgicos; a abordagem farmacoldgica, por sua vez, apresentou resultado apenas
ao tratar a anemia, estimulando a produgéo sanguinea com eritropoietina®.

Apesar da descoberta de inumeras drogas antineoplasicas e desenvolvimento
de técnicas modernas de quimioterapia e radioterapia para o tratamento do cancer,
percebe-se que as neoplasias continuam sendo uma patologia de importante
impacto na mortalidade e morbidade dos pacientes. Destaca-se assim a importancia
dos tratamentos alternativos, ndo sé com objetivo antitumoral, mas também no
tratamento dos efeitos colaterais existentes nos tratamentos classicos, a fim de se
descobrir novas vertentes no tratamento neoplasico, proporcionando uma
terapéutica menos danosa aos pacientes.

Embora os estudos com tratamentos alternativos ainda n&o tenham
comprovado efeito antitumoral, ha indicios de que tenham efeitos positivos nos
pacientes. Um estudo utilizando o 6xido de magnésio, por exemplo, demonstrou um
efeito toxico ao DNA e até mesmo uma indugéo apoptética em algumas linhagens de
células neoplasicas®.

Ademais, um estudo visando entender os efeitos do extrato de guarana
(Paullinia cupana) na fadiga em pacientes com cancer de mama demonstrou um
efeito positivo tanto na melhora da fadiga, quanto na sua ag¢do antioxidante em
relacdo ao placebo. Pacientes com fadiga progressiva apos o primeiro ciclo de
quimioterapia foram randomizados para receber o guarana (50mg) ou placebo por
um periodo de 21 dias. A fadiga destes pacientes foi quantificada através de
questionarios especificos, como por exemplo, o Functional Assessment of Chronic
lliness Therapy-Fatigue (FACIT-F) questionnaire score®'.

Em relagao aos efeitos da cafeina, embora nao tenha se provado ainda um
efeito antitumoral, provou-se que ha uma melhora significativa na fadiga relacionada
ao exercicio em pacientes com cancer de préstata. Neste estudo, foram utilizados 30
pacientes com céncer de prostata, divididos randomicamente em dois grupos:
cafeina e placebo. Utilizando-se de um método duplo cego e placebo-controlado,

chegou-se as conclusdes descritas anteriormente®.

2.4 Modelo para estudo dos tratamentos alternativos no cancer de mama

O tumor de Ehrlich € uma neoplasia experimental transplantavel de origem
epitelial maligna espécie-especifica que corresponde ao adenocarcinoma mamario

do camundongo fémea. Este tumor cresce em varias linhagens dessa espécie
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animal na forma ascitica, quando inoculado via intraperitoneal, e na forma sdlida,
quando inoculado na via subcutanea (Figura 1)%°.

Figura 1. (A) Camungo BALB/c com 7 dias apés a inoculagdo do Tumor de
Ehrlich, (B) Camungo BALB/c com 28 dias apds a inoculagdo do Tumor de
Ehrlich com postos de necrose (seta)
[ e DERRENNNN
A "'! P4

B

Fonte: Elaborada pelo autor.

O Tumor Sélido de Ehrlich é encoberto por uma pseudocapsula e composta
por células pleomdérficas, com citoplasma abundante, podendo apresentar vacuolos
(Figura 2)*°. Além disso, células grandes multinucleadas e mitose aparecem com
certa frequéncia neste tumor, apresentando extensa area de necrose oriunda da

morte de células neoplasicas®’.
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Figura 2. Macroscopia e Microfotografia do Tumor de Ehrlich. A) Tumor
Sdlido de Eherlich, inoculado na regiao dorso-lateral (ponta) e inicio de
ulceragédo do tumor, B) Infiltrado inflamatério (seta), C) Vaso sanguineo (v) e
células com perda da relagédo nucleo-citoplasma (zoom) (coloragao
Hematoxilina & Eosina). D) Tumor Ascitico de Ehrlich com binucleacao (seta),
nucléolos evidentes (nu) e presencga de linfécitos (L), corado por Leishman

AF

q —;‘;n‘ﬂ;ﬁ,; 5: b

i G MBI
LS g Dy 0 o
B T ot R e

Fonte: Elaborada pelo autor.

O uso deste tumor como modelo para estudos associados ao cancer de
mama ¢é favoravel, uma vez que é um tumor relativamente simples de ser

transplantado.

2.5 Terapias naturais e o uso de fitoterapicos

A pratica do uso de plantas medicinais se baseia em crengas populares e esta
relacionada também a caréncia econémica e dificuldade de acesso a assisténcia
médica e farmacéutica; esta pratica - que vem sendo reforgcada também pelas
midias -apresenta uma forma alternativa para tratar diversas doencgas, entre as quais

encontra-se o cancer®. Os pacientes utilizam de diversas terapias complementares,
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entre elas a homeopatia, espiritualidade, medicina religiosa, reiki e com destaque a
utilizacdo da fitoterapia®.

Porém, a associagao entre as terapias naturais e as convencionais devem ser
informadas e monitoradas pelos médicos, uma vez que a maior parte dos pacientes
omite a informagdo das praticas complementares e alternativas, elevando
potencialmente o risco para o sucesso do tratamento convencional®.

Entre os tratamentos alternativos, a fitoterapia é a mais utilizada, sendo ela
uma das mais antigas praticas terapéuticas da humanidade (seu uso data de 8.500
ac). A fitoterapia apresenta origens tanto no conhecimento popular (etnobotanica)
como na experiéncia cientifica (etnofarmacologia)*'.

O termo Fitoterapia deriva do grego therapeia, tratamento, e phyton, vegetal,
e diz respeito ao estudo das plantas medicinais e suas aplicagdes na cura das
doencas*. As plantas contém principios ativos com potencial de cura para diversas
doencas e foi a partir do reconhecimento destas propriedades terapéuticas que se
deu o surgimento da medicina alopatica moderna*'“,

No Brasil, devido a grande variedade de espécies de plantas medicinais e da
culturalidade do seu uso, o governo federal publicou legislagbes relacionadas ao
tema como o Programa Nacional de Plantas Medicinais e Fitoterapicos®, a
Resolugcdo - RDC N° 10, DE 9 DE MARCO DE 2010 *, que dispde sobre a
notificagdo de drogas vegetais junto a Agéncia Nacional de Vigilancia Sanitaria
(ANVISA) e o Formulario de Fitoterapicos da Farmacopeia Brasileira®®. Estas
disposi¢des federais tém o objetivo de monitorar e avaliar os produtos utilizados pela
populagdo, visando o uso seguro e racional destas terapias, amparadas por
pesquisas cientificas e orientadas por profissionais da saude, além da educacao

continuada destes, sobre a fitoterapia.

2.6 Uso da Paullinia cupana (Guarana)

O Guarana (Paullinia cupana) segundo Miranda & Metzner, 2010; Campos et
al.,, 2011, é considerado como um dos mais promissores medicamentos da flora
brasileira. A espécie € uma dicotiledonea pertencente a familia Sapindaceae
originaria da Amazénia Brasileira, Venezuela e Guianas*®*’. No Brasil, a espécie
cultivada é da variedade sorbilis, que se apresenta na forma de arbusto sub-ereto,

de aproximadamente 3 metros de altura, com pequenas flores de cor creme. O fruto
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€ pequeno, de casca vermelha e formato arredondado que, quando aberta, deixa
visivel sua semente de cor marrom coberta com uma polpa espessa e branca

(Figura 3)*. O guarana utilizado na industria farmacéutica provém apenas da
semente, que passa por um processo de lavagem, peneiragem, secagem,

torrefacdo, selecdo e moagem™.

Figura 3. Paullinia cupana em forma de capsula piriforme, trilocular, contendo em
cada lI6culo uma semente ovoide (A), P6 do extrato seco de Paullinia cupana (B)

Fonte: PPMAC - Portal de Plantas Medicinais, Arométicas e Condimentares. (Disponivel em:
http://www.ppmac.org/print/content/guaranazeiro. Acesso em julho de 2019).

Os componentes quimicos que constituem o guarana sao as metilxantinas,
compostas por cafeina (1,3,7-trimetilxantina) com concentracdo de 6 a 8%, a
teofilina (1,3-dimetilxantina) a 0,02 a 0,06%, teobromina (3,7-dimetilxantina) a 0,03 a
0,17% e os taninos, com concentracdo média de 10%*°. Além desses componentes,
cerca de 60% de sua constituicdo é formada por amido e potassio, calcio, fésforo,
ferro, vitamina A e B1 e agucares. A quantidade de cafeina do guarana em pé varia
de acordo com a regido do plantio, método de cultivo e métodos de secagem™.

A teobromina apresenta acdo diurética®® e a teofilina estimula a
broncodilatacio®'. A cafeina, por sua vez, possui efeito estimulante da secre¢cao do
acido gastrico, sistema respiratério, musculos cardiacos e principalmente sobre o
sistema nervoso central®?.

Na literatura, ha escassez de trabalhos que relacionam o uso do guarana e o

tratamento de pacientes oncoldgicos, sobretudo ao tratar a populagao feminina com
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cancer de mama. Assim, observa-se a necessidade da investigagdo do uso dessa
substéncia a fim de beneficiar a qualidade de vida dos pacientes oncoldgicos,

melhorar o tratamento convencional ou atenuar os efeitos colaterais destes. > %*,

2.7 O extrato puro e seco do Guarana (PC-18)

Com a finalidade de desenvolver um composto direcionado a pacientes
oncoldgicos, Pianowski, L. F et al. 2012°° conseguiram obter a fragéo ativa (PC-18)
de Paullinia cupana com atividade aprimorada no combate a fadiga, e
desenvolveram todo seu processo de fabricagdo, composi¢cdo farmacéutica e
medicamentos contendo a mesma®>°.

O extrato puro e seco do guarana (PC-18) contém teor médio de teobromina
variando 1+0,05% de peso, em 20% do peso da cafeina. De acordo com a descrigao
da patente (PGUROO0O62F), por "fragdo ativa" entendem-se quaisquer fragdes
provenientes de Paullina cupana que contenham os teores médios dos compostos
conforme descrito acima, extraidos particularmente do pé da semente de Paullinia
cupana®.

Apesar do pé obtido a partir do fruto de Paullinia cupana ser popularmente
indicado, como descrito anteriormente, estudos realizados por Miranda et al, 2008°°
demonstraram que a administragcao de 75mg para pacientes com cancer nao tiveram
efeitos positivos sob a fadiga.

ApOs a realizagao de alguns trabalhos para constatar a eficacia do PC-18, foi
possivel afirmar que a fragao ativa € eficaz para o tratamento de fadiga relacionada
a quimioterapia em pacientes com uma variedade de tumores solidos, assim como
também atua na ansiedade e nos escores de depresséo, sem piorar a qualidade de

seu sono>>3,

2.8 O magnésio e as neoplasias

O magnésio é um mineral importante na ativacdo de muitos sistemas
enzimaticos (cerca de 300 em nosso organismo), na transferéncia do fésforo, na
contragdo muscular e na transmissdo nervosa, por exemplo, sendo também
essencial para a estabilizacdo estrutural dos acidos nucléicos®’. Este mineral é
encontrado no organismo humano em quantidade consideravel em relagdo aos

demais minerais (cerca de 2.000mEq, no adulto) com cerca de 50% de seu teor
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combinados com o calcio e o potassio nos ossos sob forma de sais fluidos
organicos®’. Além disso, 0 magnésio possui acdo anti-carcinogénica promovendo a
estabilidade gendmica, sintese e reparo de DNA, metabolismo da glicose, regulagao
da proliferagéo celular e apoptose e defesa contra o estresse oxidativo®®.

Em trabalho realizado por Tanaka et al.,1994°°, concluiu-se que em estudos
com camundongos B6C3F1 o magnésio induziu a efeitos apoptoéticos nas células
cancerl'genassg. Observa-se também a relagdo da hipomagnesemia em pacientes
com alto grau de cancer de prostata, sugerindo que o magnésio diminuido esta
relacionado com o aumento do grau no cancer de préstata®.

E plausivel o envolvimento do magnésio nos processos que envolvem a
formacdo e desenvolvimento do tumor. No entanto, o mecanismo de acao
antitumoral ainda nao esta completamente esclarecido®, assim como o a acdo dos
demais compostos explorados neste atual trabalho.

Como visto, poucos sao os estudos que abordam substancias denominadas
como alternativas para terapéutica antitumoral que visem ao controle das
manifestacdes que debilitam a qualidade de vida dos pacientes, Tendo em vista a
relevancia das doencgas neoplasicas no mundo, a importancia dos tratamentos
convencionais e o surgimento de possibilidades de tratamentos alternativos, este
trabalho visa ao entendimento dos efeitos bioquimico e genético do magnésio,

guarana e do PC-18 associados ao adenocarcinoma de mama.
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3 CONCLUSAO

Quanto a expressao dos genes estudados, ndo houve diferenga significativa,
pode-se observar a agcdo hepatoprotetora do extrato bruto da Paulliinia cupana e
uma acgao superior do extrato puro e seco do guarana (PC-18). Os paréametros
hematolégicos se mantiveram normais. O grupo PC-18 e o MgCI2 apresentaram o
melhor resultado quanto ao bem-estar animal. Ndo houve associagdo entre os
compostos e a expressao génica se tratando da fadiga e estresse oxidativo. O PC-
18 e o MgCI2 promoveu redugcdo do tumor tendo possivelmente uma acao

antitumoral e o extrato bruto do guarana apresentou agcédo hepatoprotetora.



25

REFERENCIAS

1. INCA.[homepage] Instituto Nacional De Cancer José Alencar Gomes Da
Silva. 2019. Acesso em 15 de maio de 2019. Disponivel em:
https://www.inca.gov.br/publicacoes/livros/estimativa-2018-incidencia-de-cancer-no-
brasil

2. BRENNER H. Long-term survival rates of cancer patients achieved by the end
of the 20th century: a period analysis. Lancet. v. 360, n. 9340, p. 1131-5, 2002.

3. PARKIN DM, BRAY F, FERLAY J, PISANI P. Estimating the world cancer
burden: Globocan 2000. Int J Cancer. v. 94, n. 2, p. 153-6, 2001.

4. COLLADO-HIDALGO A, BOWER JE, GANZ PA, COLE SW, IRWIN MR.
Inflammatory biomarkers for persistent fatigue in breast cancer survivors. Clin
Cancer Res. v. 12,n. 9, p. 2759-66, 2006.

5. WILLIAMS LA, BOHAC C, HUNTER S, CELLA D. Patient and health care
provider perceptions of cancer-related fatigue and pain. Support Care Cancer. v.
24,n. 10, p. 4357-63, 2016.

6. IOP A, Manfredi AM, Bonura S. Fatigue in cancer patients receiving
chemotherapy: an analysis of published studies. Ann Oncol.v. 15, n. 5, p. 712-23,
2004.

7. VERNON SD, UNGER ER, DIMULESCU IM, RAJEEVAN M, REEVES WC.
Utility of the blood for gene expression profiling and biomarker discovery in chronic
fatigue syndrome. Dis Markers. v. 18, n. 4, p. 193-9, 2002.

8. POWELL R, REN J, LEWITH G, BARCLAY W, HOLGATE S, ALMOND J.
Identification of novel expressed sequences, up-regulated in the leucocytes of
chronic fatigue syndrome patients. Clin Exp Allergy. v. 33, n. 10, p. 1450-6, 2003.

9. KAUSHIK N, FEAR D, RICHARDS SC, MCDERMOTT CR, NUWAYSIR EF,
KELLAM P, et al. Gene expression in peripheral blood mononuclear cells from
patients with chronic fatigue syndrome. J Clin Pathol. v. 58, n. 8, p. 8262-9746,
2005.

10. ASPLER AL, BOLSHIN C, VERNON SD, BRODERICK G. Evidence of
inflammatory immune signaling in chronic fatigue syndrome: A pilot study of gene
expression in peripheral blood. Behav Brain Funct. v. 4, p. 44, 2004.

11.  GOW JW, HAGAN S, HERZYK P, CANNON C, BEHAN PO, CHAUDHURI A.
A gene signature for post-infectious chronic fatigue syndrome. BMC Med Genomics.
v. 2, n. 38, p. 18-26, 2009.

12. ZHANG, Jun-ming; AN, Jianxiong. Cytokines, Inflammation, and Pain.
International Anesthesiology Clinics, [s.l.], v. 45, n. 2, p.27-37, 2007



26

13. BOWER JE, GANZ PA, AZIZ N, FAHEY JL. Fatigue and proinflammatory
cytokine activity in breast cancer survivors. Psychosom Med. v. 64, n. 4, p 604-11,
2002.

14.  SCHUBERT C, HONG S, NATARAJAN L, MILLS PJ, DIMSDALE JE. The
association between fatigue and inflammatory marker levels in cancer patients: a
quantitative review. Brain Behav Immun. v. 21, n. 4, p. 413-27, 2007.

15.  LOGAN AC, WONG C. Chronic fatigue syndrome: oxidative stress and dietary
modifications. Altern Med Rev. v. 6, n. 5, p.450-9, 2001.

16. MAES M, BOSMANS E, KUBERA M. Increased expression of activation
antigens on CD8+ T lymphocytes in Myalgic Encephalomyelitis/chronic fatigue
syndrome: inverse associations with lowered CD19+ expression and CD4+/CD8+
ratio, but no associations with (auto)immune, leaky gut, oxidative and nitrosative
stress biomarkers. Neuro Endocrinol Lett. v. 36, n. 5, p. 439-46, 2015.

17. BOWER JE, GANZ PA, DICKERSON SS, PETERSEN L, AZIZ N, FAHEY JL.
Diurnal cortisol rhythm and fatigue in breast cancer survivors.
Psychoneuroendocrinology. v. 30, n. 1, p. 92-100, 2005.

18. PARIANTE, Carmine M.; LIGHTMAN, Stafford L. The HPA axis in major
depression: classical theories and new developments. Trends in neurosciences. v.
31,n.9, p.464-8, 2018.

19. BONACCORSO S, MARINO V, PUZELLA A, PASQUINI M, BIONDI M,
ARTINI M, et al. Increased depressive ratings in patients with hepatitis C receiving
interferon-alpha-based immunotherapy are related to interferon-alpha-induced
changes in the serotonergic system. J Clin Psychopharmacol. v. 22, n. 1, p. 86-90,
2002.

20. KATANOV C, LERRER S, LIUBOMIRSKI Y, LEIDER-TREJO L, MESHEL T,

BAR J, et al. Regulation of the inflammatory profile of stromal cells in human breast
cancer: prominent roles for TNF-alpha and the NF-kappaB pathway. Stem Cell Res
Ther.v.87,n.6, p. 1-17, 2015.

21. DRABSCHY, TEN DIJKE P. TGF-beta signalling and its role in cancer
progression and metastasis. Cancer Metastasis Rev. v. 31, n. 3-4, p. 553-68, 2012.

22. XU J, ACHARYA S, SAHIN O, ZHANG Q, SAITO Y, YAO J, et al. 14-3-3zeta
turns TGF-beta's function from tumor suppressor to metastasis promoter in breast
cancer by contextual changes of Smad partners from p53 to Gli2. Cancer Cell. v. 27,
n. 2, p. 177-92, 2015.

23. SALVADOR, MIRIAM; HENRIQUES, PEGAS J. A. Radicais livres e a
resposta celular ao estresse oxidativo. 12 edicdo. Editora ULBRA, p.24-69, 2004.

24, KOJIMA T, DOGRU M, IBRAHIM OM, WAKAMATSU TH, ITO M, IGARASHI
A, et al. Effects of Oxidative Stress on the Conjunctiva in Cu, Zn-Superoxide



27

Dismutase-1 (Sod1)-Knockout Mice. Invest Ophthalmol Vis Sci. v. 56, n. 13, p.
8382-91, 2015.

25. DA SILVA C, JASIULIONIS M. Relacao entre estresse oxidativo, alteracdes
epigenéticas e cancer, Cienc. Cult. v. 66, n. 1, p. 38-42, 2014.

26. RINDLER PM, PLAFKER SM, SZWEDA LI, KINTER M. High dietary fat
selectively increases catalase expression within cardiac mitochondria. J Biol Chem.
v. 288, n. 3, p. 1979-90, 2013.

27. TAN SM, STEFANOVIC N, TAN G, WILKINSON-BERKA JL, DE HAAN JB.
Lack of the antioxidant glutathione peroxidase-1 (GPx1) exacerbates retinopathy of
prematurity in mice. Invest Ophthalmol Vis Sci. v. 54, n. 1, p. 555-62, 2013.

28. CHEN L, HAMBRIGHT WS, NA R, RAN Q. Ablation of the Ferroptosis
Inhibitor Glutathione Peroxidase 4 in Neurons Results in Rapid Motor Neuron
Degeneration and Paralysis. J Biol Chem. v. 290, n. 47, p. 28097-106, 2015.

29. LIPMAN AJ, LAWRENCE DP. The management of fatigue in cancer patients.
Oncology (Williston Park). v. 18, n. 12, p. 1527-35, 2004.

30. MAHMOUD A, EZGI O, MERVE A, OZHAN G. In Vitro Toxicological
Assessment of Magnesium Oxide Nanoparticle Exposure in Several Mammalian Cell
Types. Int J Toxicol. v. 35, n. 4, p. 429-37, 2016.

31. DE OLIVEIRA C.M.P., RIECHELMANN R, MARTINS LC, HASSAN BJ, CASA
FB, DEL GIGLIO A. Guarana (Paullinia cupana) improves fatigue in breast cancer
patients undergoing systemic chemotherapy. J Altern Complement Med. v. 17, n. 6,
p. 505-12, 2011.

32. CORNISH RS, BOLAM KA, SKINNER TL. Effect of caffeine on exercise
capacity and function in prostate cancer survivors. Med Sci Sports Exerc. v. 47, n.
3, p. 468-75, 2015.

33. DEL GIGLIO AB, CUBERO DDE I, LERNER TG, GUARIENTO RT, DE
AZEVEDO RG, PAIVA H, et al. Purified dry extract of Paullinia cupana (guarana)
(PC-18) for chemotherapy-related fatigue in patients with solid tumors: an early
discontinuation study. J Diet Suppl. v. 10, n. 4, p. 325-34, 2013.

34. MARTINS SP, FERREIRA CL, DEL GIGLIO A. Placebo-Controlled, Double-
Blind, Randomized Study of a Dry Guarana Extract in Patients with Head and Neck
Tumors Undergoing Chemoradiotherapy: Effects on Fatigue and Quality of Life. J
Diet Suppl. v. 14,n.1, p. 1-10, 2016.

35. FRAJACOMO, F.T.T., DE SOUZA P., C., MARINELLO, P. C., GUARNIER,
F. A., CECCHINI, R., DUARTE, J. A. R., & DEMINICE, R. Solid Ehrlich carcinoma
reproduces functional and biological characteristics of cancer cachexia. Life
sciences. v. 162, n. 1, p. 47-53, 2016.



28

36. ABDEL-RAHMAN MN, KABEL AM. Comparative study between the effect of
methotrexate and valproic acid on solid Ehrlich tumour. J Egypt Natl Canc Inst. v.
24,n. 4, p. 161-7, 2012.

37. SALGADO O. SC, DAGLI ML, GUERRA JL. Effect of beta-Carotene on the
development of the solid Ehrlich tumor in mice. Life Sci.v. 71, n. 6, p. 717-24, 2002.

38. SCHENKEL EP, MENGUE SS, PETROVICK PR. Cuidado com medicamentos.
Floriandpolis: UFSC; 5 ed. p.241-252, 2012.

39. CASARIN ST, HECK RM, SCHWARTZ E. O uso de praticas terapéuticas
alternativas, sob a 6tica do paciente oncoldgico e sua familia. Fam. Saude Desenv.
v.1,n.7,p.24-31, 2005.

40. CASSILETH, B. R.; DENG, G. Complementary and alternative therapies for
cancer. The oncologist. v. 9, n. 1, p. 80-89, 2004.

41. AMITAVA D. Review of Abnormal Laboratory Test Results and Toxic Effects Due
to Use of Herbal Medicines Am. J Clin Pathol. v. 120, n. 1, p. 127-37, 2003.

42. ZHOU S; KOH HL; GAO Y; GONG ZY; LEE EJ. Herbal bioactivation: the good,
the bad and the ugly. Life Sci. v. 74, n. 8, p. 935-68, 2004.

43. BRASIL. Ministério da Saude. Secretaria de Ciéncia, Tecnologia e Insumos
Estratégicos. Departamento de Assisténcia Farmacéutica e Insumos Estratégicos.
Programa Nacional de Plantas Medicinais e Fitoterapicos — Brasilia: Ministério da
Saude. p. 140, 2009.

44. BRASIL. Agéncia Nacional de Vigilancia Sanitaria. Resolu¢do — RDC N° 10, de 9
de Marcgo de 2010. Dispde sobre a notificagdo de drogas vegetais junto a Agéncia
Nacional de Vigilancia Sanitaria (ANVISA) e da outras providéncias. Acesso em: 18
de maio de 2019. Disponivel em: http://portal.anvisa.gov.br/fitoterapicos.

45. BRASIL. Agéncia Nacional de Vigilancia Sanitaria. Formulario de Fitoterapicos
da Farmacopeia Brasileira /| Agéncia Nacional de Vigilancia Sanitaria. Brasilia:
ANVISA. p. 126, 2011.

46. MIRANDA MV, METZNER BS. Paullinia cupana: revisao da matéria médica.
Revista de Homeopatia. v. 73, n. 1-2, p. 1-17, 2010.

47. CAMPOS MPO, RIECHELMANN R, MARTINS LC, HASSAN BJ, CASA FBA,
DEL GIGLIO A. Guarana (Paullinia cupana) improves fatigue in breast cancer
patients undergoing systemic chemotherapy. The Journal of Alternative and
Complementary Medicine. v. 17, n. 6, p. 505-12, 2011.

48. ARAUJO AAS, MERCURI LP, SEIXAS SRS, STORPIRTIS S, MATOS JR.
Determinacao dos teores de umidade e cinzas de amostras comerciais de guarana
utilizando métodos convencionais e analise térmica. Rev. Bras. Cienc. Farm.
[Internet]. 2006 [cited 2016 mar 02]; v. 42, n. 2, p. 269-77, 2006.



29

49. EDWARDS HGM, FARWELL DW, OLIVEIRA LFC, ALIA JM, LE HYARIC M,
ALMEIDA MV. FTRaman spectroscopic studies of guarana and some extracts.
Analytica Chimica Acta. v. 532, n. 2, p. 177-86, 2005.

50. FINNEGAN D. The health effects of stimulant drinks. Nutr Bull. v. 28, n. 2, p.
147-55, 2003.

51. ZACARIAS EC, CASTRO AA, CENDON S. Efeito da teofilina associada ao 2-

agonista inalatério de curta ou longa duragéo, em pacientes com doenga pulmonar

obstrutiva crénica estavel: revisdo sistematica. J Bras Pneumol. v. 33, n. 2, p. 152-
60, 2007.

52. GEORGE SE, RAMALAKSHMI K, MOHAN RAO LJ. A perception on health
benefits of coffee. Crit Rev Food Sci Nutr. v. 48, n. 5, p. 464-86, 2008.

53. WU H-S, MCSWEENEY M. Measurement of fatigue in people with cancer. Oncol
Nurs Forum. v. 28, n. 9, p. 1371-86, 2001.

54. GORINI MIPC, SILVA POS, CHAVES PL, ERCOLE JP, CARDOSO BC. Registro
do diagnostico de enfermagem fadiga em prontuarios de pacientes oncolégicos.
Acta Paulista de Enfermagem. v. 23, n. 3, p. 356-8, 2010.

55. PIANOWSKI, L. F.; CALIXTO, J. B.; DEL GIGLIO, A. Fragao ativa de Paullinia
cupana com atividade aprimorada no combate a fadiga, processo de producéo de
uma fragao ativa, uso, composi¢cao farmacéutica, medicamento e método de
tratamento de fadiga. Depdsito: 30 mar. 2011. Concesséo: 4 dez. 2012.

56. DA COSTA M., et al. Guarana (Paullinia cupana) for chemotherapy-related
fatigue. Einstein. v. 6, n. 2, p. 195-9, 2008.

57. SWAMINATHAN, R. Magnesium metabolism and its disorders. The Clinical
Biochemist Reviews. v. 24, n. 2, p. 47-50, 2003.

58. WOLF F, MAIER J, NASULEWICZ A, et al. Magnesium and neoplasia: from
carcinogenesis to tumor growth and progression or treatment . Arch Biochem
Biophys. v. 458, n. 1, p. 24-32, 2007.

59. TANAKA H, HAGIWARA A, KURATAYY, et al. Thirteen-week oral toxicity study of
magnesium chloride in B6C3F 1 mice. Toxicol Lett. v. 73, n. 1, p. 25-32, 1994.

60. DAl Q, MOTLEY SS, SMITH JA, et al (2011) Blood magnesium, and the
interaction with calcium, on the risk of high-grade prostate cancer. PloS one. v. 6, n.
1, p. 182-237, 2011.



30

APENDICES

APENDICE A - Comparative study between the Paullinia cupana, PC-18 and
MgCI2 in solid Ehrlich tumor: toxicity bioassay, analysis of the antitumor

action, antioxidant, anti-fatigue and analysis of animal welfare

Short title: Paullinia cupana, PC-18 and MgCI2 in solid Ehrlich tumor

Emerson Barbosa da Silva?, Felipe Ko Chen®, Matheus Moreira Perez®, Giuliana
Petri®, David Feder?, Fernando Luiz Affonso Fonseca®”, Beatriz da Costa

Aguiar Alves®.

Laboratorio de Analises Clinicas do Centro Universitario Saide ABC/
Faculdade de Medicina do ABC. Av. Lauro Gomes, 2000, 09060-870, Santo
André, SP, Brazil; "Departamento de Ciéncias Farmacéuticas da Universidade
Federal de Sdo Paulo, R. Prof. Artur Riedel, 275, 09972-270, Diadema, SP,

Brazil.

Corresponding author: Dr Beatriz da Costa Aguiar Alves

Laboratério de Analises Clinicas — Centro Universitario Saude ABC/ Faculdade
de Medicina do ABC, e-mail: bcaalves@uol.com.br, phone/fax: +55 11
49935488

Correspondence may also be addressed to Emerson Barbosa da Silva, Tel/ Fax: +55
11 49935488; e-mail: emerson.silva@fmabc.br




31

ABSTRACT

New perspectives arise in the therapeutic practice for cancer, with the objective of
not only treat patients, but also improve their quality of life. Guarana, a plant from
Brazilian Amazon that presents a wide range of pharmacological actions. This study
evaluated the effect of the Guarana (Paullinia cupana) extract, pure and dry Guarana
(PC-18) extract and Magnesium Chloride in mice of the Balb/c strain inoculated with
the Ehrlich tumor regarding gene expression of inflammatory markers TGF-7 and
TNF-a and oxidative stress and fatigue, SOD, CAT and GPx4 and analyzed
myelotoxicity and hepatotoxicity. After euthanasia, blood was collected to analyze the
Complete blood count and to dose liver enzymes (ALT and AST). Hepatoprotective
actions of the crude extract of Paulliinia cupana and action top of pure and dry
extract of guarana (PC-18) were noticed. The PC-18 and MgCl, group showed the
best result regarding animal welfare. There were no associations between
compounds and gene expression regarding fatigue and oxidative stress. PC-18
reduced the tumor and may have an antitumor action. The crude extract of guarana

presented hepatoprotective action.

Keywords: Plant Extracts; Guarana; Phytotherapy; Pharmacognosy.
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1 INTRODUCTION

In Brazil and in the world, cancer is among the leading causes of mortality.
According to the National Cancer Institute José Alencar Gomes da Silva (INCA), it is
estimated that in the biennium 2018-2019, breast cancer will be responsible for
59.700 new cases only in Brazil, an estimated risk of 56.33 cases per 100 thousand
women (INCA, 2019). Numerous studies have had the objective to better understand
this disease, such as its systemic repercussions, epidemiological data and anticancer
treatments (Brenner, 2002). The advancement of these researches allows an
increasingly greater survival rate in oncologic patients, mainly in breast cancer, which
has the largest group of survivors among patients with neoplasias (Brenner, 2002;
Parkin et al., 2001).

Thus, new perspectives arise in the therapeutic practice with the objective of
not only treatment, but also quality of life and support of the patient. Importantly,
under conditions of excess oxidizing agents or under conditions where the
immunologic is compromised, such as cancer patients, there is a significant risk of
imbalance between production and consumption of free radicals. This means that the
amount of free radicals produced can exceed their consumption capacity, which can
generate Oxidative Stress (SO) (Ferreira and Matsubara, 1997). However, there are
specific genes that encode proteins that can act to induce or inhibit SO, such as
Superoxide Dismutase (SOD) and the enzyme catalase (CAT), which also has
antioxidant properties (Silva C and Jasiulionis, 2014), as well as Glutathione
Peroxidase (GPx1), an antioxidant enzyme that confers protection to SO (Tan et al.,
2013). It was also observed that the GPx4 enzyme proved to be an antioxidant
enzyme and important in the repair of lipid oxidation (Matés and Sanchez-Jiménez,
2000). Other cytokines of extreme importance in the tumor process are tumor
necrosis factor alpha (TNFa), a cytokine mediator of apoptosis, known to have
cytotoxicity against malignant adenocarcinoma cells, and transforming growth factor
(TGF-B1) which has an important role in the inhibition of cell proliferation and also in

the regulation of apoptosis (Matés and Sanchez-Jiménez, 2000).

Guarana (Paullinia cupana Kunth, Sapindaceae) is a plant from Brazilian
Amazon widely used by Indians; this plant presents a wide range of pharmacological

actions (Marques et al., 2019). As an adjunct and alternative to conventional
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therapies, the beneficial effect of the Guarana diet in breast cancer disease
demonstrated the positive effect on fatigue and as an antioxidant compared to
placebo. Patients with progressive fatigue after the first cycle of chemotherapy were

randomized and received Guarana (50mg) or placebo for a period of 21 days.

Patient fatigue was qualified through specific questionnaires, such as the
Functional Assessment Questionnaire for Chronic Fatigue Therapy (FACIT-F)
(Oliveira et al., 2011). Ehrlich's tumor is an experimental transplantable neoplasm of
speciesspecific malignant epithelial origin that corresponds to the mammary
adenocarcinoma of the female mouse. It grows in several strains of this animal
species in ascitic form, when inoculated intraperitoneally, and in solid form when
inoculated in the subcutaneous route (del Giglio et al., 2013). Ehrlich's solid tumor is
covered by a pseudocapsule and composed of pleomorphic cells with abundant
cytoplasm, which may present vacuoles (Frajacomo et al., 2016; Abdel-Rahman and
Kabel, 2012). The use of this tumor as a model for studies associated with breast

cancer is favorable, since it is a relatively simple tumor to be transplanted.

Therefore, considering the relevance of neoplastic diseases in the world, the
importance of conventional treatments and the emergence of possibilities of
alternative treatments, it is justified to understand the biochemical and genetic effect
of Magnesium Chloride, due to its action on metabolism and in the maintenance of
homeostasis and also the crude Guarana extract and PC-18, associated with breast
adenocarcinoma. In order to observe the effects of Paullinia cupana, we will use PC-
18 (PGUROO062F), a pure extract, made with the purpose of obtaining an active
fraction of guarana which, according to Del Giglio et al. (2013) and Martins et al.,
(2016), studies showed that the extract has improved activity in the combat of fatigue
and well-being when compared to the crude extract of Paullinia cupana (del Giglio et
al., 2013).

Moreover, some studies today address substances called as alternatives for
antitumor therapy and are mainly aimed at controlling the manifestations that weaken

patients' quality of life, justifying the relevance of this work.

The present study had aimed to understand the effect of the extract of

Paullinia cupana (Guarana), pure and dry guarana extract (PC-18) and Magnesium
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Chloride in the Balb/c mice inoculated with Ehrlich Tumor regarding the expression of
TGF-B1 and TNF-a, oxidative stress, fatigue, Catalase (CAT), Superoxide dismutase
(SOD), Glutathione peroxidase 4 (GPX4) expression and myelotoxic and hepatotoxic
activity. It also has as an objective to verify if they have the same type of antitumor,
antioxidant and anti-fatigue activity through animal-animal analysis following the
study model of the National Center for Replacement, Refinement & Reduction of

Animals in Research (Hawkins, 2002).
2 MATERIAL AND METHODS
2.1 Animals

In this study, 30 male albino Balb/c mice were used. Female mice were not
used because of hormonal changes and slower tumor growth. The animals had an
average weight of 30£5 grams, reserved in the laboratory of the Centro Universitario
Saude ABC at environment temperature and photoperiodic cycle of 12h light/dark;
they were fed with filtered water and ration Nuvilab CR-1 (Nuvital®) ad libitum. All
procedures were performed according to the Protocol for Care and Use of Laboratory
Animals and approved by the CUSABC Institutional Ethics Committee (Protocol n°
08/2016).

2.2 Experimental Design

To obtain the solid tumor, Ehrlich's ascites tumor cells were taken from Balb/c
mice, diluted and adjusted to the concentration of 2.10° cells/mL. Cell viability was
verified by the Trypan blue exclusion test. Cell suspensions were inoculated in the
dorsolateral region of the animals (Silva et al., 2019). On the 14th day after
inoculation, the animals were randomly divided into 5 groups (n=6): control group, in
which saline solution 0.9% was administered and the treatment groups; Placebo-
Inert, dry and raw extract of Paullina cupana (50mg/kg), Guarana dry extract and
Guarana pure (PC-18) at a dose of 12.5 mg/kg and Magnesium chloride (MgCl,) at a
dose of 29 mg/kg, all administered by esophageal catheter of 28 days. After this
period, the animals were euthanized by overdose with thiopental sodium
(100mg/kg/IP). A laparotomy was performed for puncture of the caudal vein to obtain
blood tissue; for tumor dissection, a dorso-lateral longitudinal incision was performed.
The tumor was weighed and preserved in liquid nitrogen (Silva et al., 2019).
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2.3 Molecular Analysis

Expression of the transforming growth factor (TGF-B1, primers
FCCCCACTGATACGCCTGAGT and R- AGCCCTGTATTCCGTCTCCTT, amplicon
of 80bp), tumor necrosis factor (TNF-a, primers F— ATGAGCACAGAAAGCATGATC
and R-TACAGGCTTGTCACTCGAATT, amplicon of 275bp), Catalase (CAT, primers
F- GCGGATTCCTGAGAGAGTGG and R-GAGGGTCACGAACTGTGTCA,
amplicon of  188bp), Glutathione Peroxidase 4 (GPx4, primers
FCCTCGCAATGAGGCAAAACC and R- CCCTTGGGCTGGACTTTCAT, amplicon of
250bp) and Superoxide dismutase 1 (SOD1, primers
FGCGTCATTCACTTCGAGCAG and R- CCTCTCTTCATCCGCTGGAC, amplicon of
191bp) genes were determined by Polymerase Chain Reaction (RT-gPCR) using
Sybr®Green Master Mix (Invitrogen). The Glyceraldehyde 3- phosphate
dehydrogenase gene (GAPDH, primers FGGAGCCAAACGGGTCATCAT and R-
TCACGCCACATCTTTCCAGA, amplicon of 155bp) was used as a reference. The
reaction was performed with 20ng of cDNA, in a final reaction volume of 20uL
containing 1x SYBr®Green (Invitrogen) and 0.25mM of each primer. The
amplification reaction was performed on an Applied Biosystems® 7500 Real-Time
PCR Systems thermocycler, with an initial incubation of 95°C for 2 minutes, followed
by 40 cycles of 15s at 95°C, 60s at 60°C and 15s at 72°C. The relative gene
expression was determined by Method 28t (Rao et al., 2013). The results were
submitted to analysis of variance (ANOVA) using the software GraphPad PRISM 7.0

®, being considered statistically significant the value of p <0.05.
2.4 Biochemical and Hematological Analysis

The determination of liver enzymes alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) was performed by automated kinetic-UV method
(ADVIA 1200™ Simens®). The hematological evaluation was performed by flow
cytometry (ABX Pentra DF120), following the best practices in clinical analysis. The
results were submitted to unidirectional ANOVA using GraphPad PRISM 7.0 software
and p<0.05 was the level of significance.
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2.5 Analysis of animal welfare

For the evaluation of animal welfare, a score based on the analysis model of
the National Center for Replacement, Refinement and Reduction of Animals in
Research was used. This model has the objective of analyzing, in a standardized
way, pain, suffering and anguish of the animal. We used parameters to analyze the
animal's welfare. Seven parameters analyzed were: body weight, ulcerations, coat
conditions, movement and posture of the animal, tail posture and condition, eye
conditions and porphyrin secretion and vibrissae conditions. If during the experiment
the tumor incapacitated the animal, directly affecting its health, the same would be
led to euthanasia. A 0 (zero) score was attributed to an adequate animal welfare, a 5
(five) score was attributed to a suffering situation of the animal. In this way, the
higher the score, the worse the state of the animal. In cases in which the total score
(19 total) is greater than, the endpoint of the exercise was determined, and the
animal euthanized by anesthetic overdose (Hawkins, 2002).

2.6 Statistical analysis

For qualitative variables, absolute and relative values were used. To express
quantitative data without normality (Shapiro-Wilk 0.05), mean and standard deviation
were used. In the association of the groups with total score, animal weight and tumor
weight, the Kruskal-Wallis test and ANOVA were performed. For the comparison
between the control group and the treatments in the other parameters, the Dunnet's
test and Tukey's test were used. For all analyzes, a confidence level of 95% was
used. The program used was GraphPad Prism® version 7.0.

3 RESULTS
3.1 Molecular Analysis

Analysis of variance ANOVA showed no statistically significant difference for
the expression of TNFa (p=0.3233) and TGFB (p=0.7647) when compared the
control group. In the analysis of gene expression of the oxidative profile, no
statistically significant differences were found between the control and treated groups
in the CAT (p= 0.4914), GPx4 (p=0.5709) and SOD1 (p=0.8341) as well.



37

3.2 Analysis of Myelotoxicity and Hepatotoxicity

Among the hematological parameters analyzed (Table 1), a statistically
significant (p=0.0500) decrease in the neutrophil count in the Guarana group
(p=0.0025) and in the MgCl, group was observed when compared to the control
group. There was also a significant increase in the number of platelets in the
Guarana groups (53.86%, p=0.050) and MgCl, (58.33%, p=0.0213). When assessing
the serum levels of ALT and AST-liver transaminases (Figure 1A and B), it was
observed that the compounds used did not present hepatotoxicity; when comparing
them with the control, we observed a smaller dosage of these hepatic parameters in

the treated groups.
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Figure 1. Determination of serum levels of liver enzymes Aspatato aminotransferase (A) and alanine
aminotransferase levels (B). Medium presenting asterisks (*) differ significantly from the control in the
same column by Dunnet's test (p<0,05). Ratio of Lymphocytes-Neutrophils(RNL). Medias presenting
asterisks (*) differ significantly from the control in the same column by Dunnet's test (p<0,05). Extract
of Paullinia cupana, PC-18: purified extract of Paullinia cupana and MgCl,: Magnesium chloride,
orally in Balb/c mice.

administered by 28 days
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Table 1. Mean and Confidence Intervals - 95% of Erythrocytes, Hemoglobin, Leukocytes, Neutrophils, Lymphocytes, Monocytes and Platelets analyzed in

blood of Balb/c mice inoculated with Ehrlich solid tumor.

SF Pl Gua PC-18 MgCl,
mean IC95% mean IC95% mean IC95% mean IC95% mean IC95%
Erythrocytes (10°/mm3) 10.48 09.86; 11.1 11.30  10.03; 12.57 10.07 09.07; 11.06  11.03  10.43;11.63 10.82 09.82; 11.82
Hemoglobin (g/dL) 15.67 14.5; 16.83 16.08  14.05; 18.11 13.75 12.14;15.36  16.10 14.78;17.42 14.07 12.35;15.78
Leukocytes (10°/mm?) 06.82 04.74; 8.89 05.50 01.87;09.12 03.95 02.57;05.54 04.35 01.72;10.43 03.18 01.65; 04.71

Neutrophils (cells/mm3) 01.14 00.85; 1.43 01.36 00.74;01.98 00.28* 00.18; 00.38 00.72 00.01;01.46 00.57* 00.25; 00.88
Lymphocytes (cells/mm?) 07.24 06.65; 7.82 05.07 02.74;07.40 03.41* 01.93; 04.88 03.33* 02.28; 08.95 02.92* 01.55; 04.29
Monocytes (cells/mm?) 00.20 00.09; 0.31 00.15 00.01;00.29  00.03* 00.01; 00.06  00.11 00.09; 00.32 00.06  00.02; 00.10
Platelets (10%/mm?) 375.7  220.7;530.7 620.2* 433.4; 807 697.5* 451.9; 7351 593.5 451.9;735.1 644* 453.1; 834.9

The mean values with asterisks (*) differ significantly from the control in the same column by the ANOVA and Dunnett Post Hoc test (p <0.05). SF:
Physiological Solution 0.9%, PI: Inert Placebo, Gua: Extract of Paullinia cupana, PC-18: Purified Extract of Paullinia cupana and MgCI2: Magnesium Chloride.
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3.3 Anti-tumor activity and animal welfare analysis

Animals that received Guarana brute extract had a higher welfare score
when compared to the other groups (Table 2), indicating that this group had
greater suffering during the experiment. Evaluating all the results obtained in
animal welfare analysis, it was observed that the critical point during the
experiment was tumor ulceration. At the clinical examination, the cause of
elevated score of the animal welfare analysis was the formation of ulcers in the
tumors, present in all groups, but with a worse result in the Guarana one (Table
3).

Table 2. Median Values and Confidence Interval 95% of the Final Score of the Animal Welfare
Analysis, animal weight in grams and weight of Ehrlich solid tumor after euthanasia in grams

obtained from Balb/c mice.

Total Score

Group Animal (g) Tumor (g)
Animal welfare
Total (Mortality, %) median (IC95%) p* median (IC95%) p*
SF 22 (16.6) 27.57 (19.28; 30.68) 2.92 (0.56; 8.63)
PI 18 (16.6) 30.93 (30.15; 31.95)t 1.29 (0.31; 2.47)
GUA 49 (33.3) 30.78 (29.80; 31.11)t 0.50 (0.32; 0.95)t
<0.001 0.081
PC-18 16 (00.0) 27.07 (26.49; 27.59) 0.79 (0.29; 1.88)t
MgCl, 24 (16.6) 28.27 (27.85; 29.32) 0.96 (0.29; 1.76)T

* Kruskal-Wallis (p <0.05) - Median and 95% CI (Confidence Interval 95%). The crosses ()
differed significantly from the control in the same column by the ANOVA and Dunnett Post Hoc
tests (p <0.05). SF: Physiological Solution 0.9%, PI: Inert Placebo, Gua: Extract of Paullinia
cupana, PC-18: Purified Extract of Paullinia cupana and MgCI2: Magnesium Chloride.
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Table 3. Values of the final score of the animal welfare analysis and general mean and

standard deviation (SD) of the general mean by parameter. Mortality percentile by control group

and treatments.

Groups

Parameters SF PI Gua PC18 MgCl, (“;eg';
Tumor ulceration 6 8 15 9 7 9,0+3,5
Coat Condition 6 1 12 2 5 5,2+4,3
Animal Movement 3 5 8 1 4 4,242,6
Animal posture 5 4 7 2 4 44+1.8
Tail Condition 2 0 7 2 2 2,6+2,6
Eyes Conditions 0 0 0 0 2 0,4+0,9
Conditions of Fibrisses 0 0 0 0 0 0,0+0,0

Final Score 22 18 49 16 24
Mortality n(%) 1(16,6) 1(16,6) 2(33,3) 0 1(16,6) 5(16,6)

SF: Physiological Solution 0.9%, PI: Inert Placebo, Gua: Extract of Paullinia
cupana, PC-18: Purified Extract of Paullinia cupana and MgCl,: Magnesium

Chloride.

The tumor weight showed a large difference between the control group

and the treated groups was observed, with a median relative reduction of 83%
in the Guarana group (p=0.0061), 72% in the PC-18 group (p=0.0171) and 67%
in the MgCl, group (p=0.0179), all with significant statistical difference when

compared to the control group. In the comparison of the groups by the total

values of final score, a statistically significant difference between the Control,

Placebo-Inert, PC-18 and MgCl, groups when compared to the Guarana crude

extract was identified. In the evaluation of the Neutrophil/Lymphocyte Ratio

(RNL) it was observed that MgCl, obtained the best result among the treatment

groups (p=0.0001) (Figure 1C). The Guarana group presented the worst result

because of the high RNL value, since the higher the value, the worse the

patient's prognosis.
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4 DISCUSSION

In this work, we aimed to evaluate the expression profile of superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX) genes,
whose proteins constitute a first-line antioxidant defense system that plays a
fundamental role in the mechanisms and strategies of total defense in biological
systems (17). In addition, we aimed to evaluate expression profile of tumor
necrosis factor (TNF-a) gene, a multifunctional cytokine that plays important
roles in several cellular events, such as survival, proliferation, differentiation and
cell death (17),as well as the expression profile of transforming growth factor
(TGF-B) gene, responsible for the control, differentiation, cellular proliferation,
development and tissue repair. However, there was no difference in the
expression of these genes between the analyzed groups. These results showed
that, in the proposed concentrations, it was not possible to observe an effective

role on the antifatigue, antioxidant and anti-inflammatory systems.

When observing hematological parameters, all groups are within the
reference values for the Balb/c line (18,19). However, there are few studies that
standardize these values for the Balb/c line inoculated with the Ehrlich tumor.
One of the difficulties was the difference in values between bioterrories, which
impaired the interpretation of the results. Nevertheless, it was observed a
lymphocyte count about two times smaller in the Guarana (p=0.0067), PC-18
(p=0.0138) and MgClI, treated animals (p=0.0023) when compared to the
control group. Guarana-treated animals also showed a statistically significant
difference (p=0.0197) in the monocyte count, but the value found remained

within the reference values of the Balb/c line (19).

In the evaluation of hepatotoxicity, it was observed that the animals of
the Placebo and Control group had the highest liver enzyme values when
compared with the other groups. This increase may be due to the health
conditions presented by the animals, suggesting that Guarana, PC18 and
MgCI2 treatment may have some hepatoprotective effect. Both transaminases
presented significant statistical value (ALT, p=<0.0001; AST, p=<0.0001). The
extract of Paullinia cupana in Winstar rats has shown an hepatoprotection role

in an experimental model of hepatotoxicity of carbon tetrachloride (20); the
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authors also found that Guarana extract has genoprotective effect, with great
potential to prevent DNA damage of hepatocytes. These results are in
accordance with those described by Fukumasu et al., 2006 (21), who also
demonstrated the protective effect against DNA damage of N-
nitrosodiethylamine (DEN)-induced hepatocytes in mouse liver supplemented
with Paullinia cupana extract. Guarana contains methylxanthines, such as
caffeine, theobromine and theophylline, which also contain antioxidants such as
tannins and saponins, as well as residual concentrations of many other
compounds (22). Several studies have already shown the in vitro antioxidant
effects of guarana (23,24) possibly due to the high concentration of
polyphenols, such as tannins (23). We believe that the hepatoprotective effects
of guarana highlighted in this study can be attributed to the action of several
bioactive compounds present in Paullinia cupana. Thus, we suggest that these
protective effects may have been caused by the action of guarana or guarana
isolated bioactive compounds, since they are not statistically significant
(p=0.9691).

In the clinical evaluation, it is noticed that the animals presented
ulcerative lesions during the evolution of the tumor; this is probably due to the
stress and agitation caused possibly by the action of the caffeine present in the
compound. These neoplastic wounds show up due to tumor infiltration in layers
of the cutaneous tissue, affecting integument integrity due to accelerated and
disordered cell multiplication and the entire process of oncogenesis, leading to
the formation of an open lesion (25), worsening the prognosis and affecting the
quality of life of the animal. In the first days of experiment, the Guarana-treated
animals became aggressive and agitated. Thus, in order not to impair the
experiment, they were separated individually. As Paullinia cupana can contain 4
times more caffeine than coffee (Coffea arabica L.), 10 times more than tea and
30 times more than cocoa (Theobroma cacao L.) (26,27), the aggressiveness
results can be caused by the action of caffeine on the nervous system, which
may have caused the access of anger and irritability. The final weight of the
treatedanimals presented an insignificant variation during the experiment when

compared to the animals from the control group.
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In the Guarana and PC-18 -treated groups, reduction of tumor mass may
be due to the induction of cell cycle arrest in the GO/G1 phase due to altered
levels of p27KIP1 and cyclinD1 by administration of the Paullinia cupana extract
(28). According to the authors, Balb/c mice inoculated with the Ehrlich ascites
tumor received high daily doses of crude Guarana extract for a short period of
14 days. Treatment with the plant induced G1 phase arrest in the two highest
doses of guarana (1000 and 2000 mg/kg). This effect was responsible for the
decrease of the cells in the S phase in the dose of 1000 mg/kg. Fukumasu et al.
(2006) (21) analyzed the cell-cycle inhibitor protein levels p27KIP1 and cyclin
D1 in Paullinia cupana-treated mice to verify cell cycle disruption of G1 phase

tumor cells.

According to the authors, levels of p27KIP1 were increased after
treatment with guarana at doses of 1000 and 2000 mg/kg. Moreover, there was
a decrease in gene expression and protein levels of cyclin D1. Both effects led
to a decrease in cell proliferation, disrupting tumor cells in the G1 phase. These
results suggest that, at the time of treatment and the dosage used, Paullina

cupana extract influences the reduction of Ehrlich tumor cells.

Evidence for neutrophil count, lymphocytes, monocytes and blood
platelets has been expanded with information on recurrent prognoses, such as
disease status and tumor morphology. Thus, these parameters have recently
emerged as new prognostic predictors, including the neutrophil/lymphocyte

ratio, already validated in some types of cancer (28).
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Certificamos que a proposta intitulada "Estudo comparativo entre a paullinia
cupana, PC-18 e o magnésio no tumor solido de ehrlich: analise da agao
antitumoral, antifadiga e antioxidante", registrada com o n° 08/2016, sob a
responsabilidade do Prof. Dr. Fernando Luiz Affonso Fonseca e Emerson Barbosa
da Silva - que envolve a produgdo, manutengao ou utilizagdo de animais pertencentes
ao filo Chordata, subfilo Vertebrata (exceto humanos), para fins de pesquisa cientifica
(ou ensino) - encontra-se de acordo com os preceitos da Lei n° 11.794, de 8 de outubro
de 2008, do Decreto n°® 6.899, de 15 de julho de 2009, e com as normas editadas pelo
Conselho Nacional de Controle de Experimentagao Animal (CONCEA), e foi Aprovado
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ANEXO B - Synadenium umbellatum and the Ehrlich's solid tumor
treatment: Assessment of inflammatory regulators (transforming growth
factor protein-f1 and tumor necrosis factor-a) gene expression,

hepatotoxicity and myelotoxicity
European Journal of Oncology Pharmacy, Volume 2, Issue 1, February, 2019.

IOriginaI Research

Synadenium umbellatum and the Ehrlich’s solid
tumor treatment

Assessment of inflammatery regulators ransiornming growth
factor protein-p1 and tumor necrosis factor-o) gene expression,
hepatotoxicity and myelotoxicity

Emerson B. da Silva®, Camila S. Chagas®, Alexandre L. A. Fonseca®, Beatriz da C. A. Alves, PhD?,
|zilda Bagatin, PhDP®, Fabio F. Perazzo, PhD®, Paulo Rosa, PhD®, David Feder, MD, PhD?,
Fernando Luiz A. Fonseca, PhD®P#

Abstract

Introduction: Studies have been attributed to cancer treatment, including the potential of several plants with putative anticancer
activity. Among these is “Cola-note” (Synadenium umbellatum).

Methods: We evaluated the effects of macerated S umbellatum at a concentration of 10mg/kg in Bagg albino strain ¢ mice and its
myelotoxic, hepatotoxic, and antitumor activity as well as the expression of inflammatory genes (TGF-B1 and TNF-a). Cells from
Ehrlich tumor were implanted in the dorsolateral region of 8 mice of the Bagg albino strain ¢ mice; these animals were divided into
control (treated with NaCl 0.9%) and treatment group (treated with macerated Cola-Nota 10mg/kg).

Results: Treatment group animals showed no hepatotoxicity, but a potential myelotoxicity. The results suggest that treatment with
Cola-Note macerate causes a decrease in expression of TNF-a and an increased expression of TGF-B1.

Discussion: The S umbellatum (10 mg/kg) is shown to be effective in reducing the concentration of neoplastic cachexia, but there
was no antitumor activity.

Abbreviations: ANOVA = analysis of variance, ALT = alanine aminotransferase, AST = aspartate aminotransferase, FMABC =
Faculdade de Medicina do ABC.

Keywords: antineoplastic, cell regulatory factors, hepatotoxicity, myotoxicity, phytotherapy, Synadenium umbellatum
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ANEXO C - Comparative Study on Myelotoxic and Antineoplastic Action of
Synadenium umbellatum, Vitis vinifera and Resveratrol
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Comparative Study on Myelotoxic and
Antineoplastic Action of Synadenium umbellatum,
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Abstract

Cancer is one of the pathologies that most challenge medicine, not only because of the complexity of its development, but
also because of the difficulty of treatment that is not always effective. Due to the significant toxicity and adverse effects
profile presented by the main chemotherapeutic agents used to treat neoplasm, there is a constant interest in the search
for new drugs that may be a more effective alternative. Therefore, the search for new compounds of plant origin becomes
an interesting tool for the discovery of drugs with antitumor activity. Synadenium umbellatum is a plant native to tropical
Africa known as “cola-nota”, “hazel”, “cancerous”, “miraculous”, among others. The plant is used by the Brazilian population
as having anti-inflammatory, analgesic, antineoplastic properties, among others. However, the literature is lacking on
reports of the toxicity of Synadenium umbellatum macerate. Resveratrol is a polyphenolic compound found in different
plant species, mainly in grape species (Vitis) and their seeds. Vitis vinifera is a species of grape easily found in several
regions, also containing a high concentrations of phenolic compounds, including resveratrol in its fruits, leaves and seeds.
Therefore, this study was aimed to evaluate the myelotoxicity of macerate, extract and resveratrol and their antitumor
activity in Balb/c mice with Ehrlich tumor. The hematological evaluation was obtained by flow cytometry and the tumors
were measured using a pachymeter and the tumor masses by means of weighing. No statistically significant difference was
observed between results from the control group and the treatment groups. It was concluded that macerate, crude extract
and resveratrol did not demonstrate a myelotoxic effect and did not cause a decrease in tumor mass.

Keywords: Antineoplastics, Drug Toxicity, Phytotherapy
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