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RESUMO

Por ano sdo diagnosticas mais de 650.000 neoplasias de cabeca e pescoco em todo o mundo.
Mais de 90% das neoplasias de cabeca e pescoco sdo carcinomas de células escamosas.
Alguns dos principais fatores de risco para essa neoplasia incluem o uso de tabaco, associao
ao consumo de alcool. A radiacdo é uma das principais modalidades de tratamento para o
manejo do carcinoma de células escamosas de cabeca e pescoco e as decisdes de tratamento
sdo determinadas levando em consideracdo fatores como o local primario, estagio,
acessibilidade cirdrgica, dentre outros fatores. Nosso primeiro estudo teve como objetivo
avaliar se o transtorno de ansiedade (TA) esta relacionado ao desenvolvimento do carcinoma
de celulas escamosas de cabeca e pescoco (CCECP). Este estudo é a combinacdo de um
estudo basico animal e um estudo retrospectivo de caso e controle de pacientes com e sem a
neoplasia. Como resultado, obtivemos que o estresse reduziu a atividade locomotora dos
animais do grupo estresse e estresse + 4NqO (p < 0,0001). O estresse ndo mostrou influéncia
na progressao da neoplasia em camundongos. Da mesma forma, o grupo caso ndo apresentou
diferencas nos escores de ansiedade em relacdo ao controle. Além disso, ndo foi observada
associacdo entre o estadiamento do CCECP e os escores de ansiedade em pacientes. Em
conclusdo, nossos achados in vivo em humanos e animais mostraram que ndo hé relagéo entre
TA e CCCEP. O segundo estudo é um piloto do efeito de um extrato butanolico da semente
de Persea Americana que nos mostrou que possui forte potencial para se tornar um estudo
mais robusto e completo. O estudo teve como objetivo avaliar o efeito de um tratamento
extrato para uma neoplasia oral. Os dados in vitro preliminares demostram que 0 extrato
butanolico pode ser um tratamento adjuvante aos tratamentos comumente realizados.
Ressaltamos que ainda € necessario realizar mais analises in vitro e um estudo in vivo como a
formacdo de espécies reativas de oxigénio e a morte celular pelo método de brometo de etidio
e laranja de acridima para entendermos qual 0 mecanismo que atua o extrato atua nas células
neoplésicas. Acreditamos que poderemos ter mais dados promissores para o tratamento da

neoplasia oral.

Palavras-chave: Carcinoma de Células Escamosas de Cabeca e Pescogo; Transtorno da

Ansiedade; Extrato.



ABSTRACT

More than 650,000 head and neck cancers are diagnosed each year worldwide. More than
90% of head and neck cancers are squamous cell carcinomas. Some of the main risk factors
for this neoplasm include tobacco use and alcohol consumption. Radiation is one of the main
treatment modalities for the management of head and neck squamous cell carcinoma and
treatment decisions are determined taking into account factors such as primary site, stage,
surgical accessibility, among other factors.Our first study aimed to assess whether anxiety
disorder (AD) is related to the development of head and neck squamous cell carcinoma
(HNSCC). This study is a combination of a baseline animal study and a retrospective case and
control study of patients with and without cancer. As a result, we found that stress reduced the
locomotor activity of animals in the stress and stress + 4NqO group (p < 0.0001). Stress
showed no influence on the progression of cancer in mice. Likewise, the case group showed
no differences in anxiety scores in relation to the control. In addition, no association was
observed between the staging of the HNSCC and the anxiety scores in patients. In conclusion,
our in vivo findings in humans and animals showed that there is no relationship between AD
and HNSCC. The second study is a pilot study of the effect of a butanolic extract from the
seed of Persea Americana which showed us that it has strong potential to become a more
robust and complete study. The pilot study aimed to evaluate the effect of a herbal treatment
for an oral neoplasm. Preliminary in vitro data show that the butanolic extract can be an
adjuvant treatment to commonly performed treatments. We emphasize that it is still necessary
to carry out more in vitro analyzes and an in vivo study such as the formation of reactive
oxygen species and cell death by the ethidium bromide and acridime orange method to
understand the mechanism that the extract acts on neoplastic cells. We believe that we may

have more promising data for the treatment of oral cancer.

Keywords: Head and Neck Squamous Cell Carcinoma, Anxiety Disorder, Herbal Medicine.
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1 INTRODUCAO

1.1 Carcinoma de Células Escamosas de Cabeca e Pescogo

O carcinoma de células escamosas de cabeca e pesco¢o continua representando uma carga
global significativa de doencas e mais de 90% dos neoplasias de cabeca e pesco¢o sao carcinomas
de células escamosas (CCECP) (1, 2). E preocupante 0 aumento da incidéncia e mortalidade do
carcinoma de células escamosas de cabeca e pescogo, com maior aumento nos paises em
desenvolvimento (2). Em todo o mundo, mais de 650.000 canceres de cabega e pescoco séo
diagnosticados a cada ano, e cerca de 50% dos pacientes sdo vencidos pela doenca. Os carcinomas
de células escamosas de cabeca e pescoco desenvolvem-se a partir do epitélio da mucosa da
cavidade oral, faringe e laringe (1). Alguns dos principais fatores de risco incluem uso de tabaco,
consumo de alcool e infeccdo pelo virus do papiloma humano 16 (HPV16) (3). O tabaco é
composto por mais de 5.000 produtos quimicos diferentes, dos quais dezenas demonstraram ter
atividade cancerigena, entre eles: hidrocarbonetos aromaticos policiclicos (PAHS), incluindo
benzo(a)pireno e nitrosaminas, incluindo 4-(metilnitrosamina)-1-(3-piridil)-1- butanona (NNK) e
N-nitrosonornicotina (NNN) que se acredita serem 0s maiores responsaveis pelos efeitos
cancerigenos do tabaco (4, 5). E importante ressaltar que usuarios pesados de ambas as
substancias tém risco >35 vezes maior de desenvolver CEC de cabeca e pescoco (3). Além dos
fatores extrinsecos para 0 CCECP existe os fatores intrinsecos que sdo fatores genéticos também
contribuem para o risco de CCECP, os polimorfismos em genes envolvidos no metabolismo
carcinogénico e na imunidade sdo exemplos de fatores genéticos associados a um risco aumentado
de desenvolver CCECP (6).

Normalmente a progressdo para CECCP invasivo comega com hiperplasia de células
epiteliais, seguida por displasia leve, moderada ou grave, carcinoma in situ e, por fim, carcinoma
invasivo. No entanto, € importante ressaltar que a maioria dos pacientes diagnosticados com

CECCP néo tem histdrico de lesdo pré-maligna pré-existente.

Os homens tém risco entre 2 a 4 vezes maior do que as mulheres para desenvolver CCECP. A
idade que mais pessoas sdo diagnosticadas com CCECP néo relacionado ao HPV é em média de

66 anos, enquanto a idade média de diagndstico para cancer de orofaringe associado ao HPV e
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cancer de nasofaringe associado ao virus Epstein-Barr é de aproximadamente 53 anos e 50 anos,
respectivamente (7, 8).

O meétodo de diagnosticos atual para CCECP é exame histolégico patologico (9), a
falta de marcadores para o diagnostico precoce, 0 CCECP de cabeca e pescoco ndo é facilmente
detectado e diagnosticado, e 60% dos pacientes quando diagnosticados estdo em estagio avancado
no momento do tratamento (1, 9). Os pacientes frequentemente apresentam doenca em estagio
avancado e as caracteristicas de invasdo e metastase precoces criam uma morbidade significativa
e impacto na qualidade de vida. Por essas razdes, apesar dos avangos no tratamento, a sobrevida
em 5 anos do cancer de cabeca e pescoco permanece em torno de 60%, o que s6 melhorou
ligeiramente nas Ultimas décadas (2). As decisdes de tratamento sdo determinadas levando-se em
consideracdo fatores como local primario, estagio, acessibilidade cirurgica, morbidade associada
e saude geral do paciente. Com a recorréncia ap6s o manejo definitivo da doenca avancada, as
opcdes de tratamento sdo limitadas e geralmente resultam em baixa qualidade de vida e
sobrevida. A fim de melhorar o controle local-regional e a sobrevida, pacientes selecionados com
cancer de cabeca e pescoco de alto risco recebem radioterapia adjuvante, com ou sem
quimioterapia concomitante ter sintomas especificos, como disfuncdo oral e problemas de

degluticéo e fala, durante o tratamento, que geralmente melhoram 6 meses apés o tratamento (10).

A radiacdo é uma das principais modalidades de tratamento para o0 manejo do CCECP. A
doenca em estagio inicial geralmente € tratada com radiacdo ou cirurgia; a doenca
locorregionalmente avancada geralmente € tratada com abordagens combinadas, incluindo
cirurgia seguida de terapia adjuvante, quimiorradiacdo definitiva ou biosselecdo. Portanto, um
determinante critico do controle local de CCECP é dependente da sensibilidade do tumor a
radiacdo (11). O papel significativo da radiacdo ionizante para 0 manejo do CCECP ¢ irrefutavel.
Atualmente, um grande nimero de pacientes com CCECP sdo submetidos a alguma forma de
radioterapia por feixe externo (EBRT). A terapia de radiacdo modulada por intensidade (IMRT) é
uma forma de EBRT que fornece doses de radiacdo muito precisas para todo o tumor ou areas
especificas dentro do tumor, utilizando aceleradores de raios-X controlados por computador que
se conformam com a estrutura tridimensional do tumor. Isso ajuda a reduzir significativamente os

danos ao tecido normal vizinho durante o tratamento (11).

E comum encontrarmos estudos que associam diversas doencas infarto, hipertensdo diabetes e

as neoplasicas (12-15). Os distarbios psicoldgicos sdo poucos relacionado as neoplasias e é
11
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relatado que este aspecto é negligenciado pelos médico no tratamento das neoplasias (16, 17). Os
disturbios psicoldgico podem ser relacionados de uma reflexo ao diagnéstico do cancer (18), mas
em alguns pacientes, essa reacdo pode persistir, causando uma sobrecarga durante todo o
tratamento e dificultando o processo geral e controle dos sintomas, aumento do tempo de

internacdo e até mesmo e diminuigdo da adesao ao tratamento (16, 19, 20).

1.2 Disturbios da ansiedade

Na 5% edicdo do Manual Diagndstico e Estatistico de Transtornos Mentais a ansiedade é
definida como a antecipacao de uma ameaca futura; distingue-se do medo pela resposta emocional
a uma ameaca iminente real ou percebida (21, 22).0Os transtornos de ansiedade representam um
dos principais grupos de transtornos na psiquiatria e também no restante da medicina (23).
No Manual Diagndstico e Estatistico de Transtornos Mentais 111 (1980), o capitulo dos transtornos
de ansiedade incluia (i) Transtornos fobicos, subdivididos em Agorafobia, com ou sem ataques de
panico, Fobia Social e Fobia Simples; (ii) Estados de ansiedade, subdividido em transtorno do
panico (TP), transtorno da ansiedade generalizada (TAG) e transtorno obsessivo-compulsivo
(TOC); e (iii) Transtorno de Estresse P6s-Traumatico (TEPT) (22).

A ansiedade é fundamental para a sobrevivéncia, o cérebro e os sistemas fisioldgicos que
mediam o0 medo e a ansiedade foram altamente conservados evolutivamente (24). A esse
transtorno pode ser adaptativa, onde funciona para sinalizar ameagas ou perigos potenciais no
ambiente e facilita 0 acompanhamento de estratégias de enfrentamento. Ou pode ser ansiedade
patoldgica também denominada de ansiedade mal-adaptativa que é caracterizada por ansiedade
excessivamente intensa ou que ocorre em situagdes ou contextos que, de outra forma, ndo seriam
esperados por provocar ansiedade. As caracteristicas da ansiedade patoldgica incluem

preocupacado excessiva, hipervigilancia, excitacdo fisiolégica e comportamentos de evitacédo (24).

A propensdo a desenvolver transtornos de ansiedade é de aproximadamente 30% a 50%
hereditaria (25) e, como em outros transtornos psiquiatricos, a genética é complexa e envolve
varios genes, cada um contribuindo com pequenas quantidades para o risco genético geral. Os
fatores ndo genéticos que contribuem para o risco de transtornos de ansiedade, que ndo sdo

especificos da ansiedade, envolvem experiéncias precoces como estilo parental (26),

12



aprendizagem social (27) e adversidades na infancia, que podem incluir exposicdo ao estresse,
maus-tratos e menor status socioecondémico (28, 29). Tracos de personalidade que estéo
associados ao aumento da reatividade ao estresse e ao afeto negativo, como 0 neuroticismo,
também tém sido associados a transtornos ansiosos e depressivos (30).

A sindrome de TEPT é uma mistura de memorias intrusivas do evento traumatico, evitacdo de
lembrangas dele, entorpecimento emocional e hiperexcitagdo (31, 32). A reatividade a sinais
relacionados ao trauma se correlaciona com a gravidade do transtorno (33, 34).

Existem diversos métodos para investigacdo da ansiedade, 0 mais comumente € o0 0 Inventario
de Ansiedade de Beck (do inglés Beck Anxiety Inventory (BAI)). O BAI foi desenvolvido para
atender a necessidade de um instrumento que discriminasse de forma confidvel a ansiedade da
depressdo, a0 mesmo tempo que apresentasse validade convergente. O BAI oferece vantagens
para fins clinicos e de pesquisa sobre as medidas de auto-relato de ansiedade em comparacgédo a
instrumentos j& existentes (35, 36). Os animais também apresentam transtorno de ansiedade e
existem diversos métodos para induzir e avaliar a ansiedade nos animais. Os modelos animais para
inducdo da ansiedade podem ser divididos em testes ndo condicionados que consiste em modeos
baseados em exploracdo como: Labirinto em cruz elevado, Labirinto zero elevado, Labirinto em T
elevado, Caixa claro-escuro, Teste de placa de furo, Alimentacdo suprimida por novidade, Teste
de interacdo social. J4 os testes condicionados consistem em: Testes de conflito operante
condicionado que sdo os Teste de Geller-Seifter, Teste de conflito de Vogel. E o0s Testes de
condicionamento classico como Respostas de condicionamento emocional, Vocalizacdo de
condicionamento ultrassonico, Sobressalto potencializado pelo medo e Teste de aversdo ao lugar
(37).

Evidéncias sugerem que os transtormos da ansiedade pode estar associada ao
desenvolvimento do CCECP (38, 39). A ansiedade é uma resposta comum, com 10,3% dos
pacientes recebendo tratamento para cancer (40). A experiéncia do céncer € frequentemente
categorizada pela imprevisibilidade, incerteza, tratamentos estressantes e ameacas antecipatorias
continuas (41). Entre os pacientes com céancer, a ansiedade pode se manifestar em pensamentos
intrusivos, hiperexcitacdo e sintomas de evitacdo semelhantes aos experimentados ap0s outros

eventos traumaticos (42).
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1.3 Tratamentos

Os tratamentos comumente usados para CCECP sdo resseccdo cirurgica e radioterapia (RT)
associada ou nao com quimioterapia (43). A quimioterapia tem como alvo as células neoplasicas,
que sdo celulas ndo saudaveis que se dividem e se reproduzem rapidamente (44). A maioria dos
medicamentos utilizados na quimioterapia apresentam baixo indice terapéutico, ou seja, dose

terapéutica muito proxima a dose toxica (45).

A radiacdo ionizante € o agente terapéutico da radioterapia. A ionizagdo torna 0 meio
eletricamente instavel. As radiagdes ionizantes agem sobre 0 DNA nuclear levando a apoptose ou
a perda da sua capacidade reprodutiva (46). A exposicdo das células as radiacGes ionizantes
provoca varios tipos de danos no DNA, tais como danos a base, rupturas de DNA de uma Unica
cadeia e rupturas de dupla cadeia de DNA, levando & morte celular e as mutacGes (47). As
rupturas de dupla cadeia de DNA séo as lesGes de DNA mais prejudiciais associadas a radiacdo
ionizante. Quando o dano do DNA ndo é corrigido corretamente, pode ocorrer duas
consequencias. A primeira delas é quando danos residuais ou ndo reparados levam diretamente a
aberracbes cromossomicas, perda de material genético e morte celular. Além disso, danos ndo
reparados ou incorretamente reparados (mal reparados) podem levar a mutagdes que podem
resultar em carcinogénese ou morte celular (48). Na CCEB a radioterapia € o tratamento mais
comumente utilizado e o resultado depende de varios fatores, tais como o estado de desempenho,

idade, fase tumoral e hipdxia tumoral.

A eficécia terapéutica dos tratamentos convencionais é baixa (49-51) uma vez que o principal
modo de acdo é o dano ao DNA que afeta células normais adjacentes (49, 52). Para combater esta
situacdo, had necessidade de abordagens terapéutica alternativas e integracdo aos métodos
convencionalmente utilizados com abordagem fitoterdpica (49). Os fitoterdpicos sdo
medicamentos derivados a partir das plantas, empregando-se exclusivamente derivados de
substancias vegetais, os suplementos dietéticos herbaceos e as plantas medicinais, integras ou suas
partes (45).

Os fitoterapios possuem diversos mecamismos de acdo, um destes mecamismos é atrasves da
inibicdo do crescimento celular pela proliferacdo celular € um processo através do qual as células
entram no ciclo celular em G1, duplicam seu DNA, se preparam para a mitose em G2 e se dividem

em mitos (Figura 1).
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Figura 1: Esquema do Ciclo celular. Fonte: propria.

Este € um processo complexo e requer tempo e coordenacdo de muitos tipos diferentes de
proteinas que atuam promovendo e impedindo a progressao da célula através do ciclo celular (53,
54). Os oncogenes e genes supressores de tumor foram identificados como reguladores positivos e
negativos das proteinas do ciclo celular. Na maioria das células neoplasicas, esses genes que
regulam a progressdo ao longo do ciclo celular sdo frequentemente mutados levando a altos niveis
de proliferacdo celular (55-58). Como a proliferacdo celular é muitas vezes maior nas células
neoplasicas do que nas células normais, as drogas quimioterapicas geralmente tém como alvo o
DNA ou as proteinas que regulam a progressdo do ciclo celular, fazendo com que as células parem
nas fases GO/G1, duplicacdo do DNA e G2/M do ciclo celular (59, 60). Para que um agente
qguimiopreventivo seja eficaz no uso a longo prazo, ele deve apresentar toxicidade minima nas
células normais. De fato, fitoterapicos e extratos preparados a partir de frutas foram identificados

com baixa toxicidade enquanto inibidores seletivos do crescimento de células neoplasicas.

Outro mecamismo que os fitoterapicos atuam é através do mecanismo de apoptose. A
apoptose € uma forma de morte celular, envolvendo multiplas vias de sinaliza¢do, incluindo
receptores de morte da superficie celular e ruptura das mitocondrias (61). Durante as Ultimas
décadas, as plantas medicinais desempenharam um papel significativo no desenvolvimento de

drogas antineoplasicas com menos efeitos colaterais em diferentes continentes do mundo (49, 62).
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1.4 Persea Americana Mill

Persea americana € um membro da familia Lauraceae que cresce em muitas regides tropicais
e subtropicais, e cerca de 70 espécies do género Persea ocorrem nas regides mais quentes das
Américas do Norte, Central e do Sul, e 80 espécies no leste e sudeste da Asia (61). O maior
produtor mundial de abacate é o México, com 1.124.565 toneladas, seguido do Chile, Indonésia,
Republica Dominicana e Colémbia. O Brasil ocupa a sexta posi¢cdo, com 166 mil toneladas, em
com sua producdo concentrada principalmente na regido sudeste, onde o Estado de Sdo Paulo
apresenta aproximadamente 41% da producdo nacional, seguido de Minas Gerais, com 16% da
producdo (63).

E porpulamente conhecida como abacate (64). O abacateiro tem folhas elipticas e perenes
brilhantes de 4 a 8 em nimero e 10 a 20 cm de comprimento, sdo frequentemente pubescentes e
avermelhados quando jovens, tornando-se lisos, coriaceos e verde-escuros quando maduros. P.
americana é uma arvore de médio a grande porte que o tamanho pode variar entre 9 e 20 metros
de altura.

O abacate € classificado como perene, embora algumas variedades percam as folhas por um
curto periodo de tempo antes da floracdo. Dependendo das localidades de implantagdo da cultura e
das variedades cultivadas, pode-se ofertar ao mercado o produto em vérias épocas do ano. Isso
ocorre por que as plantas apresentam diferentes respostas fenoldgicas, conforme as condicGes
climaticas e altitude do local de cultivo (63). Na regido de Campinas, por exemplo, a época de
colheita das variedades 'Fortuna' e 'Quintal’ estende-se de Maio a Junho (63, 65) ja, em Goias, a
época de colheita da variedade 'Fortuna’ ocorre de Marco a Julho, enquanto os frutos da variedade
‘Quintal’ so colhidos de Marco a Agosto (63, 66).

A copa das arvores varia de baixa, densa e simétrica a ereta e assimétrica. As flores sdo verde
amareladas e 1-1,3 cm de diametro. As inflorescéncias de muitas flores sdo suportadas em uma
posicdo pseudoterminal. O eixo central da inflorescéncia termina em um broto. O fruto € uma
baga, constituida por uma Gnica semente grande, rodeada por uma polpa amanteigada. Contém 3-
30% de Oleo (variedades da Fldrida variam de 3% a 15%). A pele é variavel em espessura e
textura. A cor da fruta na maturidade é verde, preta, roxa ou avermelhada, dependendo da
variedade. A forma do fruto varia de esférica a piriforme, e pesa até 2,3 kg (67).

O abacate pode ser utilizado de diferentes formas, como fruta fresca, em pratos tipicos e, além
disso, da polpa extrai-se o 6leo, que é muito utilizado, na industria de cosméticos, em cremes,

locBes e outros produtos de beleza (63, 68). Além das formas de utiliza¢Bes citadas, o abacate
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pode ser uma nova fonte alternativa de biocombustivel (63). As industrias de processamento de
polpa e 6leo de abacate geram toneladas de subprodutos na forma de sementes, cascas, frutas
podres. O tratamento e descarte desses residuos alimentares é uma preocupacao uma vez o desarte
incorreto resulta em decomposicdo descontrolada somada ao aquecimento global e riscos a
salde. O transporte e manuseio desses residuos também sdo geralmente caros, o que pode forcar
as industrias a considerar o tratamento no local de residuos para aumentar o beneficio econdmico
(69).

A maioria dos estudos quimicos e de bioatividade s&o focados na polpa e pouco se sabe sobre
a semente de abacate (70). Uma parte interessante do fruto abacate é a semente, que geralmente é
desperdicada e constitui 40- 60% da massa da fruta (69). Vérias propriedades medicinais benéficas
dos compostos presentes na semente e na casca do abacate foram relatados, que estdo relacionados
aos elevados niveis de compostos fendlicos (64% na semente, 23% na casca e 13% na polpa).

A semente contém metabdlitos secundarios que pertencem a classe dos alcaldides,
triterpendides, taninos, flavondides, saponinas e polifendis, que geralmente tem um efeito
farmacologico (64, 71, 72) efeitos anti-inflamatérios, anticancerigenos, antimicrobianos, anti-
hipertensivos, as sementes e cascas de abacate também contribuem 57% e 38% das capacidades
antioxidantes de todo o frutas, respectivamente antioxidantes (70, 73, 74). Por isso a escolha dos
solventes para obtencdo dos bioativos é extremamente importante uma vez que o solvente
escolhido deve ser o mais seletivo possivel. A seletividade e a polaridade do solvente que se pode
auxiliar na extracdo apenas as substancias desejadas ou em maior quantidade. Em analises
fitoquimicas, quando ndo se conhece previamente o conteddo do material a ser analisado,
costuma-se submeter o material vegetal a sucessivas extragcdes, com solventes de polaridade
crescente, conseguindo-se, assim, uma extracao fracionada, em que as diferentes fraces contém
compostos de polaridade também crescente. A tabela 1 representa alguns exemplos dos solventes,
em ordem crescente de polaridade, mais utilizada e o0s respectivos grupos de metabolitos
majoritariamente encontrados nos diferentes extratos, a tabela 1 resume os solventes mais
utilizados e os respectivos grupos de metab6litos majoritariamente encontrados nos diferentes
extratos (75).

17



Tabela 1: Solventes mais utilizados e os respectivos grupos de metabolitos majoritariamente

encontrados nos diferentes extratos.

Solvente Tipos de substancias preferencialmente extraidas

Eter de petréleo, hexano Lipideos, ceras, pigmentos, furanocumarinas

Bases livres de alcaloides, antraquinonas livres,

Tolueno, diclorometano, cloroférmio , .
Oleos volateis

Acetato de etila, n-butanol Flavonoides, cumarinas simples
Etanol, metanol Heterosideos em geral
Misturas hidroalcoélicas, gua Saponinas, taninos
Agua acidificada Alcaldides
Agua alcalinizada Saponinas

Os principais metabdlitos secundarios das varias partes da planta do abacate podem ser
divididas em alcanodis (também as vezes denominados “acetogeninas alifaticas™), glicosideos
terpendides, varios anéis furanos - contendo derivados, flavondides e uma cumarina.

Os alcandis do abacate exibiram atividades biologicas bastante diversas até agora. Por exemplo,
isolado  1,2,4- trihidroxiheptadec-16-eno,  1,2,4-trihidroxiheptadec-16- yne e 1,2,4-
trihidroxinonadecano dos frutos de P. americana, e descobriu que essas substancias sao
moderadamente citotdxico quando avaliado contra um pequeno painel de linhagens de células
neoplasicas (61). Outro composto com propriedade fitoterapicos sdo dois andlogos, persenonas A
e B, juntamente com persina, foram encontrados para inibir a geracdo de superdxido (O2 V) e
oxido nitrico (NO) na cultura celular e, portanto, podem servir como agentes quimiopreventivos

do céncer em drgdos relacionados a inflamacéo (76, 77).
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1.5 Cromatografia

O principio da cromatografia € que as moléculas ndo apenas se dissolvem em liquidos, mas
também podem absorver com a superficie dos solidos. Se uma molécula dissolvida em um liquido
passa por uma coluna de particulas solidas com as quais interage, ela se movera mais lentamente
que o solvente, passando algum tempo dissolvida no liquido (fase liquida) e outro no sélido (fase
solida). Sendo assim essas moléculas demoram mais para passar pelo sélidos do que as moléculas
que ndo interagem com a fase solida (78).

A separacdo de moléculas por cromatografia depende da exploracdo das diferengas das
propriedades fisicas das moléculas nas amostras: sua solubilidade em &gua, solubilidade em
solventes organicos, carga liquida positiva ou negativa e tamanho (78). A separacao de moléculas
de acordo com essas propriedades é descrita respectivamente como adsorcdo (ou fase normal),
fase reversa, troca ionica ou cromatografia de exclusdo de tamanho.

Cada meétodo requer uma fase sélida com diferentes propriedades de superficie. Para
cromatografia de adsorcéo, a fase solida deve apresentar ambiente aquoso, enquanto que para
cromatografia de fase reversa deve apresentar ambiente organico; para cromatografia de troca
ibnica deve ser carregado, e para cromatografia de exclusdo de tamanho a fase sélida deve ser
fisicamente capaz de retardar moléculas menores a medida que percorrer a coluna (78).

Uma cromatografia liquida de alta eficiéncia consiste em reservatorios de fase movel,
bombas, um misturador para misturar os solventes, uma valvula na qual a amostra é injetada, uma
coluna de guarda, uma coluna contendo a fase estacionaria, um detector e um registrador (79).
Uma vez que os compostos foram separados na coluna, eles passam para o detector, onde um sinal
eletronico correspondente a quantidade de composto presente é registrado como um pico em um
cromatograma. Conceitos-chave na teoria de HPLC sdo o tempo de retencdo, o tempo desde a
injecdo da amostra até a deteccdo de um pico; fator de capacidade, uma medida de retencdo
corrigida para a eluicdo de um composto nédo retido; resolugdo, uma medida de qudo bem dois
picos estdo separados; a seletividade do método; eficiéncia, ou poder de resolugdo; e o grau de
simetria dos picos produzidos. A maioria das separacdes por HPLC sédo realizadas no inodo de
fase reversa, que envolve uma fase estacionaria nao polar e uma fase mével em grande parte polar.

Outros modos séo fase normal, troca i6nica e exclusdo de tamanho (Tabela 2) (79).
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Tabela 2 Caracteristicas dos quatro modos de alto desempenho Cromatografia liquida

Modo cromatografico

Fase movel

Fase Estacionaria

Fase normal

Em grande parte ndo polar (por
exemplo, hexano, cloreto de
metileno)

Polar (silica, alumina,
empacotamentos de fase ligada,
como silica modificada com
ciano e aminodificada)

Fase reversa

Amplamente polar (por exemplo,
agua, tampdes), com solventes
organicos menos polares (por
exemplo, metanol, acetonitrila)

Relativamente ndo polar (fases
ligadas como C8 e C18 e
fenilciano e silica modificada
com amino)

Troca ibnica

Tamp@es com Vvarios valores de pH
e forgas idnicas

Resinas quimicamente
modificadas com cargas
permanentes positivas (troca
anidnica) ou negativas (troca
catiénica)

Excluséo de tamanhos

Polar ou apolar; compostos a
serem separados devem ser
dissolvidos

Copolimeros porosos ou gel de
silica. Retencdo baseada apenas
no tamanho (peso molecular)

HPLC é um meio extremamente poderoso de separar moléculas de acordo com sua

solubilidade em agua, solubilidade em solventes organicos, carga liquida positiva, liquido carga

negativa ou tamanho. A grande variedade de colunas e solventes disponiveis torna este metodo

altamente adaptéavel a investigacdo de uma ampla gama de moléculas (78).
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2 OBJETIVOS

2.1 Objetivo geral

= Avaliar o efeito da ansiedade e do extrato de Persea americana em CCECP

2.2 Objetivos especificos

= A ansiedade influencia no desenvolvimento e estadiamento do CCECP de pacientes com a

neoplasia.

»= A ansiedade influencia no desenvolvimento e estadiamento de CCEB quimicamente
induzida em camundongos Swiss.

= O extrato de Persea americana atua na viabilidade, migracdo celular, proliferacdo celular

e na expressdo de KI-67 nas linhagens celulares SCC9, CAL27 e Hacat.
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3 PRODUTOS TECNICO-CIENTIFICOS GERADOS

3.1 Produto 1: Might anxiety disorders promote head and neck cancer development
formatado segundo as normas para publicacdo do periddico IBRO Reports, publicado neste

periodico.

3.2 Produto 2: Active compound base on Persea americana Mill seed extract with
antineoplastic effect on oral squamous cell carcinoma segundo as normas para publicacdo
do periédico PHYTOMEDICINE.
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3.1 PRODUTO 1

IBRO Reports 9 (2020) 9-13

Contents lists available at ScienceDirect IBR.
IBRO Reports P
journal homepage: www.elsevier.com/locate/ibror _.i_,
Research Paper
Might anxiety disorders promote head and neck cancer development? ]

Marcela Gongalves de Souza“, Emisael Sténio Batista Gomes®, Lorena Barbosa Costa®, —
Amanda Dias Silva Andrade”, Sabrina Ferreira de Jesus®, Daniela Paola Santos de Paula®,

Rogério Goncalves da Rocha?, Sérgio Henrique Sousa Santos”, Alfredo Mauricio Batista de Paula®,
Lucyana Conceicdo Farias®, André Luiz Sena Guimaraes™*

* Department of Dentistry, Universidade Estadual de Montes Claros, Montes Claros, Minas Gerais, Brazil
® institute of Agricultural Sciences, Food Engineering College, Universidade Federal de Minas Gerais (UFMG), Montes Claros, Minas Gerais, Brazil

ABSTRACT

Cancer patients present a higher risk of experiencing anxiety disorders (AD). However, it is
not clear if AD might be associated with cancer development. Thus, our study aimed to
evaluate if AD might be related to head and neck squamous cell carcinoma (HNSCC)
development. The combination of an applied animal basic study and a retrospective diagnostic
case and control study in patients was performed. As a result, we obtained that stress reduced
the locomotor activity of the animals in the group stress and stress + 4NgO (p < 0.0001). The
stress showed no influence on the progression of neoplasia in mice. In the same way, the case
group did not presente differences in anxiety scores in comparison to control. Moreover, no
association between HNSCC staging and anxiety scores was observed. In conclusion, our in
vivo findings in humans and animals have shown that there is no relationship between AD

and oral squamous cell carcinoma.

Keywords: Neoplasm
Stress disorders
Anxiety

Freezing reaction

ABBREVIATIONS: AD, anxiety disorders; HNSCC, head and neck squamous cell
carcinoma; UV, ultraviolet; BAI, Beck Anxiety Inventory; 4NqO, 4-nitroquinoline-1-
oxide; RT, radiotherapy
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1. Introduction

Anxiety disorders (AD) include disorders that share features of excessive fear and
anxiety besides related behavioral disturbances (American Psychiatric Association, 2013).
Modern life has many stress factors related to anxiety disorders (McLaughlin and
Hatzenbuehler, 2009). Currently, the prevalence of AD is high in population subgroups
across the globe (Remes et al., 2016). AD is not only commonly associated with other mental
disorders (Disease et al., 2017) but also with head and neck diseases (Gomes et al., 2013;
Mendes et al., 2013; Gomes et al., 2019). Interestingly enough, some studies lack the
association of stressed people and head and neck diseases (Perdigao et al., 2007; Godinho et
al., 2011; Mendes et al., 2013). The way that AD interferes with head and neck diseases still
controversial.

Cancer is recognized as a threat to global development; in 2017, there were 24.5 million
incident cancer cases worldwide and 9.6 million cancer deaths (Global Burden of Disease
Cancer et al., 2019). In developing countries, head and neck squamous cell carcinoma
(HNSCC) is a major global public health problem (De Paula et al., 2009; Pinheiro
et al., 2015). Despite progress in research and therapy, patient survival has not significantly
improved in recent years, posing a significant challenge for science (Fraga et al., 2012;
Oliveira et al., 2014) from 15 to 61 % of HNSCC arising derived from leukoplakia
(Domingos et al., 2017). Although retrospective cohort studies have shown that younger
individuals are also at risk for the development of this neoplasm, HNSCC usually develops in
middle-aged and older individuals (Farias et al., 2010; Marques-Silva et al., 2012; Bewley
and Farwell, 2017). HNSCC is a preventable disease, in which smoking and alcohol,
considered the main risk factors, is associated with 90 % of the cases (De Paula et al., 2009).
Tobacco and alcohol show a synergistic effect. The risk of developing HNSCC is five to nine
times higher for smokers than for non-smokers (Bewley and Farwell, 2017). Another risk
factor, such as human papillomavirus, also has a role in HNSCC development (Marques-Silva
etal., 2012).

The commonly used treatment for this neoplasm is surgical excision alone or with
radiation therapy and chemotherapy (Solomon et al., 2018). Studies report that the patient
with HNSCC most often suffers from the physical, mental, and psychosomatic impacts

inherent to the diagnosis of the neoplasia and its treatment; above all, it is possible to
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highlight Anxiety and depression as a result of such impacts (Chen et al., 2009). On the other
hand, recently, it was demonstrated that HNSCC patients display sympathetic nervous system
hyperactivity and that changes in circulating catecholamines may be associated with alcohol
consumption (Bastos et al., 2018). Moreover, chronic stress was related to oral carcinoma
growth rate and progression (Xie et al., 2015). It was suggested that stress hormones might
affect HNSCC behavior by influencing the tumor micro-environment through the circulating
blood (Xie et al., 2014). Taken all these facts together, the purpose of the currents study is to

evaluate if anxiety could interfere in the HNSCC development and staging.

2. Materials and methods

2.1. Ethical approval

2.1.1. Animal study

As it is a study with animal experimentation, this study was submitted and approved
by the Ethics Committee on Animal Experimentation and Welfare - CEEBEA of the
Universidade Estadual de Montes Claros, Minas Gerais, Brazil through the process n°
140/2017.

2.1.2. Ethical approval of case and control study

To follow the ethical standards of international and national Research Committees
throughout the procedures involving human participants, the 1964 Helsinki Declaration and
its subsequent amendments, or comparable ethical standards, were observed. The ethical
certificate  approval of this study (number 1.736.940) was obtained
from the Montes Claros State University Research Ethics Committee. Data were collected

from October 2015 to October 2019. All patients signed an informed consent form.
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2.1.3. Compliance with ethical standards

The authors declare that they have no conflicts of interest.

2.2. Experimental design

The current study combines two study designs: one on animals and the other on
patients. First, we used an applied animal basic study and validate the data in a retrospective
diagnostic controlled case and control study (Rohrig et al., 2009).

2.2.1. Animal basic study

2.2.1.1. Mice groups. Forty-two day-olds male Swiss mice were obtained from the
Universidade Estadual de Montes Claros (UNIMONTES). The mice were randomly divided
into four groups (n = ten each) and respectively subject to the following conditions:
conditioned fear stress, 4NgO, CFS plus 4NgO, and control group (group without
intervention, Fig. 1).

2.2.1.2. Cancer induction. Cancer induction was performed as_described before (Sobrinho
Santos et al., 2017). Briefly, the mice received -nitroguinoline-1-oxide (4NqO; N8141-5 G,
Sigma-Aldrich, St. Louis, USA) in drinking water to a final concentration of 50 pug/mL
for 16 weeks. After 4NgO administration, the mice were followed for 13
weeks (Fig. 1). During all 29 weeks of experiments, mice had free access
to water and food. Mice were housed in a 12 -h light-dark cycle, and the

temperature was maintained at 23.0 + 2.0 °C.
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Fig. 1. Animal study design scheme.

The four groups are represented green for the water; red represents 4NqO, and yellow represents the CFS. Each square represents one
week.

G3

2.2.1.3. Conditioned fear stress (CFS)-induced freezing behavior. To simulate AD, CFS was
used as previously described (Aguiar et al., 2013; Gomes et al., 2013). Briefly, in stressed
groups, animals were submitted to CFS during all the experiments (29 weeks, Fig. 1). The
CFS was performed in a CFS chamber (37cm x 25cm x 21 cm, Skinner Box, ELT-02,
Eltrones, Joinville, SC, BR). The CFS session was lasted for 185 s with an interval of 25 s
between each sound and shock. It is importante to emphasize that the animals in the control
group were also placed individually in the chamber and submitted to the same experimental
conditions without the presence of shocks. The CFS session was performed with an isolated
animal to prevent other animals from hearing noises released by the animal that was
subjected to the experiment. The chamber was cleaned with 70 % ethanol before and
after the entry of each mice. Freezing behavior is associated with stress during CFS (Gomes
et al., 2019). To quantify the number of movements ImageJ software was used to analyze

the experiment movies (Rueden et al., 2017).

2.2.1.4. Sacrifice of animals. Animals were sacrificed via decapitation through a guillotine
after 29 weeks of experiments. So that the mice could not smell the blood of the animals
previously sacrificed, after the sacrifice the guillotine was cleaned with 70 % alcohol.
Immediately afterward, the heads of each animal were taken individually to another
experimental room, where the tongue was removed. The material was placed in properly

labeled containers and was fixed in a 10 % formalina solution for 48 h.

2.2.1.5. Histological preparation and analyses. The samples were included in paraffin. The

specimens were submitted to complete serial sections of 5 um each obtained using a
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microtome (Easy Path EP-MR10). Each section was dewaxed, rehydrated and stained with
hematoxylin and eosin. The samples were covered with glass coverslips for observation and
histological quantification by microscopy (Olympus FSx100, Center Valley, Palo Alto, CA)
for analysis by the same pathologist, blinded for the groups. The pathologist graded the
lesions of mice in absent, mild, moderate, severe dysplasia, and carcinoma as described
before (Sobrinho Santos et al., 2017)

2.2.2. Case-control study

The sample size calculation was performed to achieve an alpha of 0.05, the beta of
0.05, and the study power of 0.95, and to reach a minimal between-group difference of 50 %
of HNSCC incidence. A total_of 108 patients were enrolled in the study; 53 patients were
cases and 55 control patients. The inclusion criteria for patients cases were with
HNSCC. The exclusion criteria were patients who had cancer lesions associated with UV
light, patients who had already started HNSCC treatment, or did not agree to participate in
the study. The inclusion criteria for control patients' absence of HNSCC. The Beck Anxiety
Inventory (BAI) questionnaire was applied to assess Anxiety in patients
(Beck et al., 1988).

2.3. Statistical analysis

Statistical analysis was performed using the PASW Statistics18-SPSS software
(IBM, Armonk, NY). A chi-square test was used. Statistical analysis showing confidence
above 95 % (P < 0.05) was considered to be significant. Graphs were created using
GraphPad Prism 5  (GraphPad  Software, Inc., San Diego, CA).

3. Results

3.1. Conditioned fear stress (CFS) reduced locomotor activity

CSF has been shown to impact on the general locomotor activity of animals. In both
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the stress and stress + 4NgO groups, fear conditioned to stress resulted in a reduction or
almost total absence of general locomotor activity. Freezing behaviors were characterized by
complete immobility while breathing and reflex expression (as characterized by

fear-potentiated startle) were not considered (p < 0.0001, Fig. 2 and video 1).

3.2. Conditioned fear stress does not interfere with 4NgO induced oral

carcinogenesis

The morphological aspects of epithelial such as keratinization, nuclear polymorphism,
tumor-stroma interaction (pattern of invasion), and the lymphocytic infiltration were used to
define the worse histological grading (Pereira et al., 2012). No association with cancer
progress, in terms of cell and organ morphology of the mice tongue, wasobserved (Table 1
and Fig. 3). CFS did not promote changes in the incidences of HNSCC in the animal model
in comparison to 4NqO without CFS (Table 1).

3.3. Anxiety is not associated with HNSCC staging

Interestingly enough, HNSCC and control patients did not presente differences in the
BAI score (Table 2). Also, BAI scores that were not associated with HNSCC grading were
observed in patients (Table 3). The study included 108 patients. Their details are shown in

supplementary material 2.
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Fig. 2. Conditioned fear stress reduced locomotor activity. Number of movements were quantified
by ImageJ software, breathing and re-flex expression were not considered

Table 1 Conditioned fear stress and HNSCC progression in mice

. . . . —val
Dx%gleag%a Dy%al(:)aala Mild/ Dysglasla Severe/ p-value

erate arcinoma
Control 7(100 %) 0(0 %) 0(0 %)
4NqO 1(11,1 %) 1(11,1 %) 7(77,7 %)
0.377
Stress 9(100 %) 0(0 %) 0(0 %)
Stress+ 4NqO 0(0 %) 3(30 %) 7(70 %)
4. Discussion

The relation between HNSCC treatment and the increase in anxiety is very well
established (Cheung et al., 2013; Curran et al., 2017; Kumar et al., 2018). Evidence
demonstrated that anxiety affects 10.3 % of patients receiving treatment for neoplasms in
general (Mitchell et al., 2011; Curran et al., 2017). Moreover, anxiety scores increased
between diagnosis and intervention and gradually decreased (Kumar et al.,
2018). Also, there is a close affinity between symptoms of stress, such as chronic arousal,
tension, fatigue, worry, nervousness, discouragement, lack of patience, restlessness,
interrupted sleep, avoidance, and irritability, with the HNSCC treatment (Lazarus, 1993;
Kumar et al., 2018). The CFS is considered a standard animal model for the study of
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Anxiety or fear (Fanselow, 1980). Freezing is defined as the lack of all observable body
movements, except for breathing (Fanselow, 1980; Yoshioka et al., 1996). It was observed
that rats that presented freezing even 24 after the CFS induction animals in the chamber
(Fanselow, 1980; Yoshioka et al., 1996). The post-shock freezing behavior is the
result of a conditioned fear caused by signs associated with the shock (Yoshioka et al.,
1996). Studies indicate that animals submitted to CFS show more squatting and freezing
(Blanchard and Blanchard, 1969; Bolles and Collier, 1976; Fanselow, 1980) in the CFS
reduced animal locomotor activity and freezing behavior. Our data are in agreement
with previous studies that used the same animal model (Aguiar et al., 2013; Gomes et al.,
2013, 2019).

Evidence suggested that AD might be associated with HNSCC development (Xie et
al., 2014, 2015), which diverges with the current research. The divergence might be related
to the cancer differences in study design. A previous animal study (Xie et al., 2015) used
implante CAL 27 cells to simulate the HNSCC while in the current study, we used
chemical carcinogenesis. Ectopic models of HNSCC lack of host immunity-tumor cell
interaction and do not consider the anatomical site (Supsavhad et al., 2016). In HNSCC, the
anatomical site is an essential factor related to prognosis (Vered et al., 2011).

On the other hand, the model used in the current study also permits
the development of premalignant lesions; also, our model conserved host-tumor cell
interaction (Supsavhad et al., 2016). Furthermore, stressors reduce the increase in most
neoplasms induced by chemical carcinogens (Strange et al., 2000). Our data demonstrated
that CFS does not interfere with cancer progression. 4NgO is a carcinogen widely used
in HNSCC study models (Sobrinho Santos et al., 2017).

In the current study, no differences were observed in BAI scores in
the case and control group. Similar BAI results were found before (Bastos et al., 2018).
Stressful events that occur in the presence of social support have less emotional
consequences than if they happen in the absence of social support. Social support can help
patients deal with stress so that it is no longer considered stressful and/or provides resources,
thereby reducing the severity of the stressful event (Kornblith et al., 2001). In two studies
with breast cancer patients and survivors, less social support, a more extended history of
pre-cancer trauma, and more stressful life events directly predicted higher levels of post

traumatic stress disorder symptoms and general distress (Kornblith et al., 2001).
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Fig. 3. Stress from conditioned fear and histological analysis.

Table 2
Beck Anxiety Inventory scores in case and control patients.
Case Control p-value
Low Anxiety 35(49 %) 36(51 %)
Moderate Anxiety 17(53 %) 15(47 %) 0.386
Potentially Concerning o o )
Levels of Anxiety 1(20 %) 4(80 %)
Table 3
Anxiety and HNSCC staging.
) Moderate Potentially Concerning
TNM Low Anxiety Anxiety Levels of Anxiety p-value
X 2(3,77 %) 1(1,88 %) 0(0%)
T1-T2 18(339 %) 10(19 %) 0(0%) 0.788
T3-T4 15(283 %) 6(11, %) 1(1,88 %)
NO 59,4 %) 2(3,77 %) 0(0 %)
N1-N2-N3 29(54;7 %) 13(245%) 1(1,88 %) 0.744
N4 1(1,88 %) 2(3,77 %) 0 (0 %)
MO 10 (10 % 2 (3,77 % 00 %
(10 %) (3,77 %) © %) 0540
M1-M2 25 (471 %) 15(283) 1(1,88 %)
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Our findings are consistent with the literature that younger survivors may face more
financial and social challenges, and the emotional response of elderly patients with HNSCC
is more favorable since our patients are elderly (Smith et al.,, 2008; Rogers et al.,
2015; Moschopoulou et al., 2018). Our findings, together with the results of Moschopoulou
et al. (2018), demonstrate that there is no relationship between the stage of the neoplasm
with Anxiety (Hahn et al., 2015; Richardson et al., 2016; Moschopoulou et al., 2018) in our
results patients with low Anxiety characterize the T3/ T4, M1/ M2. Our data, together with
literature, show that AD might be a consequence of the diagnose and HNSCC treatment.

It is essential to highlight that our study also presents limitations because it was a
Unicenter study. Also, the animal model needs validation in multiple populations.

In conclusion, the current study did not observe the association of anxiety disorders
and HNSCC development.
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Abstract

Background: Oral squamous cell carcinoma (OSCC) is a worldwide health problem and is the
most common malignant neoplasm of the oral cavity, it is responsible for more than 95% of
all head and neck neoplasms and is among the eight main causes of cancer. Purpose: to
investigate the anticancer action of Persea Americana on OSCC. Study Design: This is an in
vitro laboratory investigation study.Methods: The crude extract (CE) was macerated in Ethyl
Acetate and Butanol in the SCC9, CAL 27 and Hacat strains, treated with 125 pg/mL of each
extract for cell viability, migration, proliferation and immunocytochemistry tests. Results:
The butanolic extract of P. Americana inhibited cell proliferation and migration, as well as

cell viability. A reduction in KI-67 expression was observed, ie there was an inhibition of cell
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division. Conclusion: Persea Americana seed butanolic extract has shown strong potential to
become a more robust and complete study. Preliminary in vitro data show that the butanolic
extract of P. americana seed could be an adjuvant treatment in the future. In vitro data
demonstrate that P. americana seed ethanol extract may be an adjuvant treatment in the near

future.

Keywords: Cancer; oral; Persea Americana; phytochemicals; HLPC.

Introduction

Cancer is one of the leading causes of death in the world with a high incidence and mortality.
These levels of mortality, combined with the lack of effective treatment, have stimulated
interest in research into the use of natural, biological or synthetic agents capable of
suppressing, reversing or preventing the early stages of carcinogenesis, known as
chemopreventives. (Ding et al., 2007; Freire et al., 2021; Sporn, 1976). Oral squamous cell
carcinoma (OSCC) is a worldwide health problem and is the most common malignant
neoplasm of the oral cavity (de Souza et al., 2020; Guimaraes et al., 2016b), responsible for
more than 95% of all head and neck neoplasms and is among the eight leading causes of
cancer-related death worldwide (Peng et al., 2020).

Alcohol and tobacco consumption are currently the most critical risk factors for OSCC
(Guimaraes et al., 2016b; Warnakulasuriya, 2009). However, intrinsic factors are associated
with its occurrence and development, which makes the treatment process complex due to
many factors such as a variety of genes that participate and play a synergistic role, and
different genes that play distinct roles (Guimaraes et al., 2016b; Speksnijder et al., 2010;
Stelzle et al., 2013; Warnakulasuriya, 2009; Zhang et al., 2021).

OSCC treatment aims to establish effective preventive and therapeutic measures against the
neoplasm, preserve or restore form and function, minimize treatment sequelae and prevent
recurrence (Cangussu et al., 2022; Guimaraes et al., 2016a; Guimaraes et al., 2016b).
Modalities currently available for OSCC include surgery, radiation therapy, chemotherapy,
combined modality treatments, and primary and secondary prevention strategies, including

lifestyle changes and chemoprevention (Cangussu et al., 2022; Shah and Gil, 2009).
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It is reported that vegetable consumption can reduce the risk of neoplasia since the protective
effect of fruits and vegetables depends on several antineoplastic components present in these
foods. Efforts continue to identify individuals and combinations of phytochemicals that aim to
selectively act on preneoplastic and neoplastic cells.

Avocado, the fruit of the Persea americana tree, is widely consumed as food around the
world, and this plant is also used for medicinal purposes. The health benefits of avocado may
be due to its content of more than 20 essential nutrients and several phytochemicalpotentially
exerting cancer-preventing effects. (Ding et al., 2007).

This vegetable is a member of the Lauraceae family, common in tropical and subtropical
regions. Avocado is mainly consumed as a fresh fruit, resulting in the production of a
considerable amount of solid waste worldwide (Kosinska et al., 2012). A part of the avocado
is the seed, which is usually wasted. The seed contains secondary metabolites that belong to
the class of alkaloids, triterpenoids, tannins, flavonoids, saponins and polyphenols, which
generally have a pharmacological effect (Abubakar et al., 2017). Although the health benefits
of avocados have been known for many years, the cellular and molecular mechanisms of the
phytochemicals responsible for cancer prevention are largely unknown. Therefore, this article

aimed to investigate the antineoplastic action of the fruit of Persea Americana in OSCC.

Material and Methods

Ethical approval

All performed procedures involving this study were conducted following the ethical standards
of the institutional and national research committees. Ethical approval for this study (N°.
52760016.9.0000.5146) was obtained from the Institutional Review Board.

Getting the Avocado Seed

The avocado (Persea americana) seeds used in the study were obtained from a rural producer
(16°52'49.8"S 43°57'23.3"W) with a plantation located in the city of Montes Claros-MG
Brazil, between the months of May and June 2018, which coincide with the fruit's ripening
season. Ripe avocados were selected based on skin appearance, fruit palpability (slightly
yielding to gentle pressure) and pulp appearance (green/yellow creamy flesh without black
spots) (Silva-Platas et al., 2012).

42



Obtaining Extracts

The seed was sanitized, sectioned to facilitate drying, dried and crushed to an extremely fine
powder. The process of obtaining the crude extract (CE) consisted of the exhaustive
maceration of 100g of the powder in ethanol 99% P.A. (Synth) for 7 days protected from light
(Extraction). After maceration, the solution was dried in a circulating oven for ethanol
evaporation.

For the fractionation of CE, 1g of the powder obtained after evaporation of ethanol was
partitioned using Petroleum Ether P.A/ACS (NEON, MSDS No. 01190) as a solvent to
eliminate the lipid constituents (Abubakar et al., 2017). Then the CE was macerated in
Dichloromethane (Anhydrol- Code: PAP.A-1986), Ethyl Acetate (Anidrol, Code: PAP.A-
8457) and Butanol (Anhydrol, Code: PAP.A-1205) respectively. At the end of each solvent,

the residual plant material and the liquid fraction went through a drying process.

Cells and experimental conditions

The SCC9 (Code. 0196) and CAL 27 (Code. 0326) cell line, tongue squamous cell carcinoma,
both were acquired at the Bank of Cells of Rio de Janeiro (BCRJ). The cell line Hacat, human
immortalized keratinocytes, are donation Lidia Maria de Andrade-DDS / Ph.D.
Nanobiomedical Research Group- Department of Physics - ICEx / Federal University of
Minas Gerais - UFMG. Cells were cultured in DMEM/Ham's F-12 supplemented with 10%
fetal bovine serum and 0.4 ug/mL hydrocortisone (Gibco, USA, Catalog number: 10437028),
at 37°C with 5% CO2 in a humidified air atmosphere. All experiments were performed in
triplicate. For use in in vitro biological tests, initially 50 mg/mL of each extract was diluted in
100uL of ethanol. To this mixture was then added 900 pL of incomplete medium (stock
solution). To obtain the solution to be used for the treatment of cell lines, the stock solution

was diluted to a final concentration of 125 pug/mL in incomplete medium.

HPLC chromatography

For HPLC chromatography at the Laboratory of Enzymology and Protein Physical-
Chemistry, Institute of Biological Sciences, Federal University of Minas Gerais, Luna
column, 5, C18 (2), 100 A, 250 mm x 10.0 mm ( Phenomenex) with a Supelco pre-column
filter, 0.015 inches, attached to a SHIMADZU UFLC system (composed of LC-20AD pump
modules, DGU-20A3 decaseifier, SIL-10AF auto-injector, UV/ Vis SPD-20A,

communication CBM-20A), a PHARMACIA LKB 2155 column oven and a FRAC-100
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PHARMACIA fraction collector. The sample was washed with mobile phase in 100%
acetonitrile solution plus 0.1% trifluoroacetic acid (B). Soon after, it was equilibrated with
0.1% trifluoroacetic acid solution (A). The samples applied in aliquots between 40 and 60 mg
were solubilized in 450 uL of the mobile phase (A), centrifuged at 12,000 x g for 5 minutes,
then the supernatant was filtered through a 0.45 pm filter. This volume was applied to the
column and the following gradient was performed: from 0 to 20 minutes for 100% of the
phase (A), 20 to 140 minutes for 80% of the phase (B), 140 to 142 minutes for 100% of the
phase (B) and 142 to 162 minutes of phase (B). Following a flow of 60 mL.h-1, the eluted
material was monitored at absorbances of 220 and 280 nm, with a temperature of 40°C for the

oven where the column was present.

Cell viability assay

The cell viability was checked through MTT assay. Cells were seeded in 96-well plate at the
density of 5x103 cells/well and left in complete media containing 10% FBS for 24h. The cells
were treated with 500, 250 and 125 pg/mL for 24h for determination the concentration. Next,
the cells were incubated with 0.5 mg/mL MTT (dimethylthiazolyl diphenyltetrazolium
bromide, Invitrogen, EUA) for 4 h. Posteriorly, MTT solution was removed and the formazan
crystals were solubilized in dimethyl sulfoxide. Absorbance at 540 nm was measured with a
spectrophotometer (dr-200b microplate reader -DIATEK). And a cell viability assay by MTT

was performed after each degree of purification.

Cell proliferation

Cells were counted using a Newbauer chamber, in the density of 2 x 105 OSCC and Hacat
cells (Guimaraes et al., 2016a; Sobrinho Santos et al., 2017). Was plated 24-well plate and
incubated at 37 ° C in CO2 atmosphere for approximately 24h to establish adherent
monolayers. Then, cells were treated with the butanol extract concentration de 125ug/mL
was previously defined through in the MTT assay. All groups were performed in triplicate.

Migration assay

Wound healing method was used to test the cell migration (de Souza et al., 2020; Domingos
et al., 2017; Guimaraes et al., 2016a; Sobrinho Santos et al., 2017). SCC9 cells were in plated
24-well plate at a density of 2.5% 105 cells and maintained in culture for 24h. Before

treatment, to determine the cell migration, a lesion was created on the monolayer cells using a
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sterile 10 pL pipette tip. Next, all experimental groups were photographed using an Olympus
IX81 inverted microscope (Olympus, Center Valley, PA, USA) coupled to camera SC30
(Olympus, Center Valley, PA, USA), and subsequently incubated with the diferent treatments
by 24h. The changes in the distance between the lesion edges area were monitored with the
new photography. The migration rate (%) was measured by software Image J as the distance
that cells migrate regarding the original distance of the lesion.

Images of the wounded cell monolayers were taken before and at 24h after wounding.

Immunocytochemical assay

Immunocytochemical was performed as described before (Guimaraes et al., 2016b) with
necessary adaptations. A density of 6 x 104 OSCC cells was plated in 6 wells culture plates
and submitted to the treatment. Then the cells were fixed with 70% ethanol for 30 min.
Endogenous peroxidase was blocked by incubation with 0.3% H202 in ethanol for 30 min.
The following primary monoclonal antibodies were used: anti-Ki-67 (1:100, H-300: catalog:
sc-15402, Santa Cruz, CA, EUA). The monoclonal antibody was incubated for 18h at 4°C.
The primary antibody against Ki-67 was detected using the Universal HRP Immunostaining
Kit (KP-500, Diagnostic BioSystems, Pleasanton, CA, USA). Signals were developed with
3'3-diaminobenzidine-tetrahydrochloride for 1 min and counterstained with Mayer's
hematoxylin for 3 min. Negative controls were performed by replacing the primary antibody
with PBS. Slides were photographed on Brightfield microscope Carl Zeiss Axioskop 40
microscope and Axiovision software at 20x. The manual counts were performed in merge
image by ImageJ software 28. Immunocytochemistry analysis of investigated antigen was
carried out by determining the percentage of positively stained viable cells in all fields
counted.

The numbers of positively stained and no stained cells were recorded separately. A negative

result was defined as the absence of stained and viable nuclei.

Statistical analysis

Kolmogorov Smirnov and the Shapiro-Wilk Tests were carried out to evaluate data
distribution. After the definition of the data distribution, an appropriate test was conducted.
Statistical significance was accepted at p < 0.05. Analyses were performed using SPSS
(Version 18.0) and GraphPad Prism software (Version 5.0, GraphPad Software Inc., San

Diego, CA, USA).
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Results

Determination of working concentration by cell viability test (MTT)

The concentration of 125 pg/mL had a significant effect on the SCC9 cell line in both the
acetate extract (Figure 1A) and butanol (Figure 1B), when compared to the control and
vehicle groups. After this test, we chose only one concentration for the other experiments.
This assay showed that the concentration of 125 pg/mL presented the best result and was
therefore chosen. This was the minimum dose of both extracts among those tested capable of

producing a therapeutic effect (Figure 1).

HPLc purification steps

The extract “Acetate 125 pg/mL” was purified by HPLC chromatography (Figure 2). The
actives present at the times 9 to 11 minutes (acetate 1 1°HPLC), 37 and 38 minutes (acetate 2
1°HPLC), 43-48 minutes (acetate 4 1°HPLC) and 49-80 minutes (acetate 5 1°HPLC)
underwent a new cell viability test to verify the biological activity of each active on the SCC9
strain (Figure C).

The extract “Butanol 125 pg/mL” was purified by HPLC (Figure 2b). The actives present at
times 9 to 11 minutes (butanol 1 1°HPLC), 37 and 38 minutes (butanol 2 1°HPLC), 41-48
minutes (butanol 3 1°HPLC) and 49-80 minutes (butanol 4 1°HPLC) underwent a new cell
viability test to verify the biological activity of each active on the SCC9 strain (Figure D).
Only the actives present in “Butanol 4” at a concentration of 125pug/mL, showed
antineoplastic activity in SCC9 (Figure D). Therefore, only this active present between 49 and
80 minutes of retention went through a new HPLC purification step.

After the purification step, new cell viability tests were performed to determine which actives
present in each retention peak would present better biological activity. The peaks between the
times 54-57 minutes (butanol 1 125pg/mL) and 61-64 minutes (butanol 3 125ug/mL) were
selected for these new times and only the peaks between the times 61 to 64 minutes showed

efficient results. on the cell viability of the SCC9 lineage (Figure 3).

Dose-response curve of butanol extract in different cell lines
A new MTT test was performed to verify the effect of butanol at a concentration of 125ug/mL

in Hacat and Cal27 strains. We observed that both strains showed low cell viability when
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these cells were treated with the butanol extract and compared with the control and vehicle
groups (Figures 4A and 4B). These results show that the same concentration of 125ug/mL

used in the SCC9 strain has a significant effect on the Hacat and Cal27 strains.

Butanol extract reduces cell migration

The migration assay results indicate that after 24 hours, cells treated with the butanol extract
at a concentration of 125 pg/mL significantly inhibited cell migration compared to the control
and vehicle groups in the SCC9, Cal27 and Hacat lines (Figure 5A, 5B and 5C). These results
indicate that the actives present in the butanol extract, have an effect that inhibits migration in
the tested strains.

Butanol extract reduces cell proliferation

The results of the cell proliferation assay indicate that after 24 hours, the groups treated with
butanol extract at a concentration of 125 pg / mL purification degree 1, the cells showed a
significant reduction in cell proliferation when compared to the control and vehicle groups in
the SCC9 lines, Cal27 and Hacat (Figure 6A, 6B and 6C). These results indicate that the
actives present in the butanol extract present antiproliferative substances in the tested strains.

Butanol extract reduces cell proliferation and migration of the SCC9 strain

The migration assay results indicate that after 24 hours, cells treated with the butanol extract
at a concentration of 125 pg/mL had significantly inhibited cell proliferation and migration
compared to control and vehicle groups in the SCC9 strain (Figure 7). These results indicate
that the actives present in the butanol extract have an effect that inhibits proliferation and,

consequently, migration in the SCC9 strain.

Butanol extract reduces the expression of both Ki-67

Ki-67 significantly influences the malignancy of oral diseases that already have the potential
for malignancy. SCC9 cells exhibit robust expression of the proliferation marker Ki-67
(Figure 8). The butanol extract group dramatically reduced Ki-67 staining (Figure 8). In this
study, our results demonstrate that KI-67 protein expression was dramatically reduced by
butanol extract treatment (Figure 8). Furthermore, a clear hypotrophy was observed in the

treated SCCO cells.
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Discussion

The fruits of Persea americana are widely consumed by the population. The pulp contains up
to 33% oil and is rich in monounsaturated fatty acids. Avocado seed is discarded in most
countries, although in some, such as Niger, the seed is consumed. These residues of avocado
peel and seed are contaminants of nature and the main concern is the treatment and disposal
of these food residues, which results in uncontrolled decomposition added to global warming
and health risks (Ojewole et al., 2007; Ortiz et al., 2004; Owolabi et al., 2005; Padilla-
Camberos et al., 2013; Tesfaye et al., 2022).

Epidemiological studies show a protective effect of diets rich in vegetables in relation to
neoplasms, drawing attention to the possibility that biologically active secondary metabolites
present in different parts of plants exert antineoplastic activity (Silva-Platas et al., 2012). This
huge group of compounds called “phytochemicals” are responsible for the flavor and color of
edible plants and beverages derived from them (Domingos et al., 2017; Sobrinho Santos et al.,
2017). Many of these compounds have also exerted antineoplastic effects in studies of animal
models of malignant tumor development, in which many investigations were carried out to
define their diverse biological activities at the molecular level (Ortiz et al., 2004).
Chemoprevention with pharmacological doses of compounds isolated from plants and fruits
or the development of “custom” vegetables can be valuable, but these strategies require a risk-
benefit ratio based on a thorough understanding of long-term biological effects (Ojewole et
al., 2007).

Several parts of P. americana Mill are widely used in traditional medicines by Africans
(Padilla-Camberos et al., 2013) for the treatment, management and/or control of a variety of
human diseases, including childhood seizures and epilepsy (Paul et al., 2011).

Other findings report that phytochemicals extracted from avocado induce cell cycle arrest,
inhibiting growth, leading to apoptosis in pre-malignant and neoplastic cell lines (Falodun et
al., 2013).

Medicinal plants represent a vital source of new bioactive compounds that can be used as
chemotherapeutic agents against cancer (Martin-Cordero et al., 2012). In addition, other
studies have shown that P. americana Mill (Lauraceae) inhibits growth and/or induces
apoptosis in prostate and oral epithelial cancer cell lines (Bonilla-Porras et al., 2013;
D'Ambrosio et al., 2011).
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Falodun et al. (2013) reported that a P. americana extract at a concentration of 10 pg/mL
induced a significant reduction in MCF-7 proliferation, similar to the results found in our
study. In contrast, proliferation of MCF-12a cells (non-tumorigenic mammary epithelial cell
line) was significantly stimulated by 10 pg/mL(Falodun et al., 2013).

Results found by Paul et al. (2011) demonstrated that an ethanolic extract of avocado has an
inhibitory action on the proliferation and death of human oral malignant cells through the
action of reactive oxygen species (ROS) inducing apoptosis (Paul et al., 2011). D'Ambrosio et
al. (2011) demonstrated that a chloroform extract of P. americana inhibited the growth of
human oral cancer cell lines (D'Ambrosio et al., 2011).

Studies by Ding H and D'Ambrosio (2007) identified that the potential anticancer activity of
avocado pulp extracts may be related to the inhibition of cell growth through the induction of
tumor suppressor p21 and reduction of cell cycle proteins, cyclins D1, B1 , A (Ding et al.,
2007). Previously published studies indicated that the chloroform extract of avocado induces
apoptosis through the modulation of mitochondrial ROS production at concentrations >30
pg/ml, suggesting that the possible mechanism that acts in the inhibition of migration and
proliferation of the SCC9, CAL27 and Hacat cell lines used in this study may be associated
with the production of ROS (D'Ambrosio et al., 2011).

The cellular response to harmful agents contained in extracts, such as polyphenols, steroids,
tripertenoids and tannins, may be related to a sequence of events that cause cellular apoptosis
(Ding et al., 2007). The avocado extract showed the presence of a wide variety of secondary
metabolites, which can be used as anticancer compounds (Bonilla-Porras et al., 2013). As in
our findings, the results by Velderrain et al. showed that avocado peel, pulp and seed extracts
decreased the viability of Caco-2 cell lines in a dose-dependent and time-dependent manner.
According to these results, avocado peel and seed extracts produced a greater antiproliferative
effect than pulp extracts. (Velderrain-Rodriguez et al., 2021).

Phenolic compounds are abundant in the bark and seed of P. Americana (Rodriguez Carpena
et al., 2011). Phenolic acids, flavonoids and tannins are among the most relevant types of
phenolic compounds present in avocados. (Salazar-Lopez et al., 2020). The amount of this
compound found in the seed is 50 mg GAE/g extraction for 10 days and ethanol as extraction

solvent, similar to the extraction performed in this study.
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Conclusion

Our study with the butanol extract of Persea Americana seed showed that it has strong
potential to become a more robust and complete study. Preliminary in vitro data show that the
butanolic extract of P. americana seed could be an adjuvant treatment in the future. In the
study it is still necessary to carry out more in vitro analyzes such as the formation of reactive
oxygen species and cell death by the ethidium bromide and acridine orange method to
understand the mechanism that the extract acts on neoplastic cells. The study aimed to
evaluate the feasibility of a treatment with active compounds in a type of oral neoplasm in
vitro. We believe that we may have more promising data for the treatment of oral neoplasia in
the studied strain.
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Figure 1: Determination of the working dose through the MTT test.
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Figure 2: Figures A and B consist of the purification chart referring to the best performing
actives of the acetate and butanol extracts, respectively. Figure C demonstrates the cell
viability test of the SCC9 strain of the active peaks the aceto extract and Figure D

demonstrates the cell viability test of the SCC9 strain of the active butanol extract.
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Figure 3: Cell viability test after the 2nd chromatography.
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Figure 4: Evaluation of the effect of butanol extract at a concentration of 125ug/mL in Hacat

and Cal27 strains.
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Figure 5: Effect of butanol extract 125ug/mL purification grade 1 on cell migration in SCC9,
CAL27 and Hacat lines.
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Figure 6: Antiproliferative effect of butanol extract on SCC9 (Figure 6A), Cal27 (Figure 6B)
and Hacat (Figure 6C) strains.
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Figure 8: Effect of 125ug/mL Butanol extract on cell proliferation through the assay with
K167 marker in the SCC9 lineage.
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4 CONSIDERACOES FINAIS

Achados in vivo em humanos e animais mostraram que ndo héa relacéo entre TA e carcinoma
bucal.

Ja os dados do nosso estudo piloto com o extrato butanolico da semente de Persia Americana
mostrou que tem forte potencial para se tornar um estudo mais robusto e completo. Os dados
in vitro preliminares demostram que o extrato butanolico da semente da P. americana pode
ser um tratamento adjuvante num futuro préximo. No estudo piloto ainda é necessario realizar
mais analises in vitro como a formacao de espécies reativas de oxigénio e a morte celular pelo
método de brometo de etidio e laranja de acridima para entendermos qual 0 mecanismo que
atua o extrato atua nas células neoplasicas. Ressaltamos que além desses dados é necessario
um estudo in vivo. O estudo piloto teve como objetivo avaliar a viabilidade de um tratamento
fitoterapico para uma neoplasia oral. Acreditamos que poderemos ter mais dados promissores

para o tratamento da neoplasia oral.
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ANEXO D - Questionario Beck Anxiety Inventory (BAI) Produto 1

About: This scale is a self-report measure of anxiety.

Items: 21

Reliability:

Beck Anxiety Inventory (BAI)

Internal consistency for the BAl = (Cronbach’s a=0.92)
Test-retest reliability (1 week) for the BAI = 0.75 (Beck, Epstein,
Brown, & Steer, 1988).

Validity:

The BAl was moderately correlated with the revised Hamilton
Anxiety Rating Scale (.51), and mildly correlated with the
Hamilton Depression Rating Scale (.25) (Beck et al., 1988)

Scoring:
Mot At All | Mildly but it | Moderately - | Severely = it
didn’t itwasn't |bothered me
bother me | pleasant at a lot
much times
All 0 1 2 3
questions

The total score is calculated by finding the sum of the 21 items.
Score of 0 — 21 = low anxiety

Score of 22 — 35 = moderate anxiety

Score of 36 and above = potentially concemning levels of anxiety
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Beck Anxiety Inventory (BAl)

Below is a list of common symptoms of anxety. Please carefully read each
iterm in the list. Indicate how much you have been bothered by that

symptom during the past month, including today, by drcling the number in
the corresponding space in the column next to each symptom.

Hot At All | Mildly but it | Moderately - | Severely — it
didn't it wasn't bothered
bother me | pleasant at me a lot
much times

Mumbness or tingling 0 O O 0
Feeling hot O O O O
Waobbliness in I@E 0 O O 0
Unable to relax O O O O
Fear of worst 0 0 O 0
| happening

Dizzy or lightheaded O O O O
Heart pounding/racing O O O O
Unsteady O O O O
Terified or afraid O O O O
Nervous O O O O
Feeling of choking = O O =
Hands trembling O O O O
Shaky / unsteady O m| O |
Fear of losing control O O O O
Difficulty in breathing O O O O
Fear of aying O O O O
Scared = O O =
Ingigestion O O O O
Faint / ightheaded 0 O O 0
Face flushed O O O O
Hot/cold sweats O O O O
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