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RESUMO

O Carcinoma epidermoide de boca (CEB) é uma doenca comumente relacionada com
alteracbes genéticas, epigenéticas e a fatores de risco, como o tabagismo crénico e
etilismo, sendo responsavel por mais de 90% de todas as neoplasias malignas orais. Em
individuos acometidos pelo CEB, a radioterapia é uma estratégia terapéutica importante
para promover a morte das células neoplésicas e controlar a progressao da doenca. Apesar
dos avancos obtidos nesta modalidade de tratamento, observam-se, ainda, quadros de
radiorresisténcia, podendo levar um progndstico desfavoravel. Por isso, é crucial realizar
pesquisas com foco no desenvolvimento de terapéuticas complementares, visando
favorecer a eficacia da radiagdo ionizante. As substancias derivadas de plantas séo
excelentes fontes de descoberta e desenvolvimento de novos agentes antineoplasicos. O
acido galico (AG) é um potente antioxidante, derivado de plantas do cerrado brasileiro que
pode inibir o desenvolvimento de neoplasias através de varios mecanismos, tais como
inibicdo da metéstase, supressdo da angiogénese, inducdo de apoptose, inibicdo da
proliferacdo, migracdo e da invasdo. Com base no envolvimento de espécies reativas de
oxigénio (EROs) na patogénese do cancer, bem como o de boca, os antioxidantes tém sido
alvo de pesquisas cientificas, investigando o uso dessas substancias como moduladores de
EROs na prevencdo ou terapéutica do cancer de boca ou, ao contrario, como indutores da
geracdo de EROs promovendo estresse oxidativo e morte de células de CEB. Portanto, este
trabalho apresenta duas vertentes de estudo. A primeira teve como objetivo elaborar uma
revisdo sistematica da literatura sobre o potencial antienopldsico de substancias
antioxidantes no carcinoma epidermoide de boca. O objetivo da segunda vertente foi
investigar acdo adjuvante do AG sobre o efeito terapéutico da radiacdo ionizante em
células de CEB. A revisdo sistemética do primeiro estudo envolveu a busca de estudos in
vitro e clinicos relacionados ao objetivo proposto. O estudo foi registrado na Plataforma
Internacional Prospero (CRD42018107206) e seguiu os critérios de busca da Plataforma
PRISMA para revisdes sistematicas e meta-analises, utilizando as bases de dados PubMed,
Scopus, Web of Science e EBSCO. Foram identificadas 260 publicagdes em todas as bases
de dados, sendo elegiveis 32 artigos para a leitura do texto completo. As principais fontes
antioxidantes com potencial terapéutico no CEB identificadas neste estudo foram
Curcumina, Quercetina, Resveratrol, Licochalcones, a-mangostin, Shikonin, Pterostilbene,

2,4-bis(p-hydroxyphenyl)-2-butenal, B-lapachone and 3-iodine derivates, Selenium,



Butein, Fisetin, Oridonin, Betulinic acid, Thymol, Verbacoside, Xanthorrhizol, e derivados
da Dihydrocaffeic acid amide. Varias destas substancias sd@o polifenois, terpenoides ou
flavonoides. Diferentes extratos de plantas e diluicdes de mel também demonstraram
possuir propriedades antioxidantes e exercer efeitos antineoplésicos, incluindo extrato
metanolico de Gracilaria tenuistipitata, extrato metandlico de Pergularia daemia, extrato
etandlico de semente de Acacia catechu, extrato alcodlico de Salvia miltiorrhiza, extrato de
Areca nut, extrato de Duchesnea indica, extrato de Hibiscos sabdariffa e mel Tualang.
Todas essas substancias apresentaram efeitos bioldgicos nas células OSCC, controlando a
proliferacdo ou levando a morte celular. Em segundo momento deste estudo, foram
realizados ensaios in vitro de proliferacdo, morte celular, e niveis de espécies reativas de
oxigénio (EROs). Celulas imortalizadas de CEB, SCC-9, e queratindcitos normais HaCaT,
utilizados como controle, foram tratadas com o AG na concentragdo de 10 pg/ml, seguida
da exposicdo a 2, 4 e 6 Gy de irradiacdo, em um acelerador linear. O AG reduziu
significativamente o numero de células vidveis em diferentes doses de radiacdo e
potencializou a morte celular radio-induzida nas células de CEB, mas ndo nas células
HaCaT. Em concordancia a esses achados, houve um aumento do acumulo intracelular de
EROs nas células SCC-9 e uma reducdo nas HaCaT. Assim o AG exerceu um efeito
potencial como adjuvante da radiacdo ionizante terapéutica no controle comportamental
das células de CEB, além de atuar como um protetor dos queratindcitos normais. Novos
estudos in vivo sdo necessarios para entender melhor o papel do AG e de outros

antioxidantes como estratégia terapéutica promissora contra o cancer de boca.

Palavras-chave: Carcinoma epidermoide de boca, antioxidantes, acido gélico, radioterapia,
radiacao ionizante terapéutica.



ABSTRACT

Oral squamous cell carcinoma (OSCC) is a disease commonly related to genetic and
epigenetic changes, and to risk factors such as chronic smoking and alcoholism, being
responsible for more than 90% of all oral malignancies. In individuals affected by OSCC,
radiotherapy is an important therapeutic strategy to promote the death of neoplastic cells
and to control the progression of the disease. Despite the advances obtained in this
treatment modality, there are still cases of radioresistance, which can lead to an
unfavorable prognosis. Therefore, it is crucial to conduct research focusing on the
development of complementary therapies, aiming to favor the effectiveness of ionizing
radiation. Plant-derived substances are excellent sources of discovery and development of
new antineoplastic agents. Gallic acid (GA) is a potent antioxidant, derived from plants in
the Brazilian cerrado, which can inhibit the development of neoplasms through various
mechanisms such as inhibition of metastasis, suppression of angiogenesis, induction of
apoptosis, inhibition of proliferation, migration and invasion. Based on the involvement of
reactive oxygen species (ROS) in the pathogenesis of oral cancer, antioxidants have been
the target of scientific research, investigating the use of these substances as ROS
modulators in preventing oral cancer or, conversely, as inducers of the generation of ROS,
to promote oxidative stress and death of OSCC cells. This work presents two aspects of
study: the first aimed to review the literature on antineoplastic potential of antioxidant
substances in oral squamous cell carcinoma. The second was to investigate the adjuvant
action of GA on the therapeutic effect of ionizing radiation in OSCC cells. The systematic
review of the first study involved the search for in vitro and clinical studies related to the
proposed objective. The study was registered on the International Platform Prospero
(CRD42018107206) and followed the search criteria of the PRISMA Platform for
systematic reviews and meta-analyzes, using PubMed, Scopus, Web of Science and
EBSCO databases, 260 publications were identified, with 32 articles eligible for full-text
reading. The main antioxidant sources identified in this study with therapeutic potential in
OSCC were Curcumin, Quercetin, Resveratrol, Licochalcones, a-mangostin, Shikonin,
Pterostilbene, 2,4-bis (p-hydroxyphenyl) -2-butenal, B-lapachone and 3- iodine derivates,
Selenium, Butein, Fisetin, Oridonin, Betulinic acid, Thymol, Verbacoside, Xanthorrhizol,
and derivatives of Dihydrocaffeic acid amide. Several of these substances are polyphenals,

terpenoids or flavonoids. Different plant extracts and dilutions of honey have also been



shown to have antioxidant properties and exert antineoplastic effects, including methanol
extract from Gracilaria tenuistipitata, methanol extract from Pergularia daemia, ethanol
extract from Acacia catechu seed, alcohol extract from Salvia miltiorrhiza, extract from
Areca nut, Duchesnea indica extract, Hibiscus sabdariffa extract and Tualang honey. All
of these substances had biological effects on OSCC cells, controlling proliferation or
leading to cell death. In the second part of this study, in vitro assays of proliferation, cell
death, and levels of reactive oxygen species (ROS) were performed. Immortalized cells of
CEB, SCC-9, and normal HaCaT keratinocytes, used as controls, were treated with GA at a
concentration of 10 pg/ml, followed by exposure to 2, 4 and 6Gy of irradiation, in a linear
accelerator. GA significantly reduced the number of viable cells at different doses of
radiation and potentiated radio-induced cell death in OSCC cells, but not in HaCaT cells.
In agreement with these findings, there was an increase in the intracellular accumulation of
ROS in SCC-9 cells and a reduction in HaCaT. Thus, GA exerted a potential effect as an
adjunct to therapeutic ionizing radiation in the behavioral control of OSCC cells, in
addition to acting as a protector of normal keratinocytes. Further in vivo studies are needed
to better understand the role of GA and other antioxidants as a promising therapeutic

strategy against oral cancer.

Keywords: Oral squamous cell carcinoma, antioxidants, gallic acid, radiotherapy,
therapeutic ionizing radiation.
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1 INTRODUCAO

O carcinoma epidermoide de boca (CEB), também denominado carcinoma de
células escamosas ou carcinoma espinocelular, € um grave problema de saide publica em
diversos paises do mundo, sendo responsavel por mais de 90% de todas as neoplasias
bucais malignas (1, 2). Acomete, com maior frequéncia, individuos do sexo masculino,
com idade superior a 60 anos, associado a héabitos tabagista e/ou etilista, agentes bioldgicos
como virus, bem como alteracBes genéticas e/ou epigenéticas em oncogenes e genes
supressores de tumor (3-5). Estimativas apontam que cerca de 350 mil novos casos de
cancer de boca sdo diagnosticados a cada ano, causando mais de 170.000 mortes no mundo
(6-8).

No Brasil, o cancer é uma das principais causas de morte e a distribuicdo dos novos
casos de cancer bucal é heterogénea, com a maior concentracdo de casos nas regides
Sudeste e Sul do pais. Estima-se que no triénio 2020-2022 o nimero de novos casos em
homens sera de 11.180 e de 4.010 em mulheres (9).

A carcinogénese de boca é um processo complexo, de desenvolvimento de
distdrbios potencialmente malignos, onde as células adquirem e acumulam uma série de
alteracdes genéticas ou epigenéticas, que levam a desregulacdo do ciclo celular e
proliferacdo descontrolada de células, que possibilitam a transformacgdo dessas células
biologicamente normais em células funcionalmente alteradas (10-12). Essa transformacao
pode ser provocada por alteracdes epigenéticas e citogenéticas que afetam a progressdo do
ciclo celular, mecanismos de reparo do DNA, diferenciacdo e apoptose, que podem ser
causadas por mutacOes aleatdrias, pela exposicdo a qualquer um ou mais de uma variedade
de fatores bioldgicos, quimicos ou agentes carcinogénicos fisiolégicos ou por erros nos

processos de reparo do DNA (13).

O processo de progressdo do CEB pode ser representado por uma sucessdo de
modificagdes no material genético, que acarreta alteracdes teciduais particulares, como:
hiperplasia epitelial, displasia epitelial, carcinoma in situ, carcinoma invasivo e metastase.
A hiperplasia epitelial € caracterizada por uma hiperproliferacdo celular, no entanto as
células encontram-se morfologicamente normais, mas com alteracbes genéticas e
moleculares. Por outro lado, no epitélio displasico, as células de uma determinado estrato
celular tendem a apresentar alteragdes morfoldgicas e estruturais, como pleomorfismo

celular e nuclear, hipercromatismo nuclear e mitoses aberrantes, caracteristicas estas
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também evidenciadas no carcinoma in situ. Nesse ultimo estagio, todos os estratos
celulares apresentam tais alteracdes morfologicas e as células encontram-se em um estagio
altamente proliferativo e de desorganizacdo de sua arquitetura tecidual; contudo,
continuam restritas ao epitélio. No carcinoma epidermoide invasivo, as células neoplasicas
ja apresentam um rompimento da membrana basal, iniciando o processo de invasao
tecidual. Finalmente, o processo de metastase ocorre quando as células neoplasicas

atingem 0Orgéos a distancia, por meio da disseminacao vascular ou linfatica (10, 14).

O estresse oxidativo e o acumulo de espécies reativas de oxigénio (ERO)
desempenham um papel importante na carcinogénese de boca. Os niveis aumentados de
malondialdeido e 6xido nitrico revelaram que o aumento do estresse oxidativo em conjunto
com a reducdo dos mecanismos de defesa antioxidante em pacientes com CEB podem estar
envolvidos na progressdo do cancer. A deteccdo de EROse niveis de enzimas
antioxidantes pode ser um marcador valioso no prognéstico do cancer e para melhorar
estratégias terapéuticas no cancer bucal (15). De maneira geral, no processo da
carcinogénese, as EROs sdo capazes de induzir a peroxidacgdo lipidica, danos ao DNA e
afetar as vias de transducdo de sinal de genes supressores de tumor (16). Nesse contexto,
antioxidantes sao substancias capazes de exercer efeitos protetores no metabolismo celular
por sua capacidade de sequestrador de EROs, inibindo os danos no DNA oxidativo
induzido por EROs e, portanto, reduzindo o risco de cancer, promovendo assim, a morte
celular (17-19).

O reconhecimento precoce do CEB é um fator que pode conferir melhores taxas de
sobrevida e, também, estd associado a uma menor morbidade, além de requerer
intervengdes cirargicas menos mutiladoras. Por isso, pesquisas tém sido direcionadas para
a prevencdo e deteccdo precoce do cancer de boca, para que a taxa de sobrevivéncia
aumente e contribua para diminuir a prevaléncia da doenca e melhorar a sobrevida. O
grande estimulo para isso esta no fato da taxa de sobrevida de cinco anos estar associada ao
estagio em que a doenca é diagnosticada (20).

Como modalidade terapéutica, a cirurgia é o principal método de escolha para o
tratamento de pacientes acometidos pela doenca (21). Porem, a radioterapia (RT), assim
como a quimioterapia podem ser adotadas como estratégias adjuvantes. A RT desempenha
um papel importante no controle do crescimento neoplasico em muitos pacientes com essa

enfermidade, especialmente quando o individuo acometido ndo apresenta condicdes

12



clinicas para ser submetido a cirurgia ou ndo aceita as possiveis mutilacbes faciais que a
intervencdo cirdrgica pode acarretar (22). Essa modalidade terapéutica é atualmente o
tratamento adjuvante padréo para o0 CEB. Os pacientes com CEB avangado necessitam de
RT adjuvante, sendo ela pré ou pds-operatdria (23), sabendo-se que a RT pré-operatoria
aumenta o risco de complicacOes na cirurgia. A RT pré-operatéria foi apresentada como
uma estratégia que ndo traz vantagens consideraveis para a sobrevida do paciente, além de
dificultar a realizacdo da cirurgia em um intervalo menor do que seis semanas apds o
término da RT (23).

Os avancos técnicos conquistados na RT tém reduzido os efeitos colaterais agudos
e cronicos relacionados a terapia, principalmente no desenvolvimento de melhoria na
compreensdo da dose de radiacdo e da resposta da dose-volume (24, 25). Porém, apesar
dos avancos obtidos nesta modalidade de tratamento, os tumores podem recorrer dentro do
campo irradiado devido a ineficiéncia da terapia, levando a um mau prognostico (25, 26).
Por isso, é crucial a realizacdo de pesquisas com foco no desenvolvimento de tratamentos
alternativos para aumentar a eficicia da radiacdo ionizante. Uma abordagem promissora
para aumentar a eficacia da radioterapia em pacientes com CEB € a descoberta e uso de
drogas que favorecam a radiossensibilidade de células neoplésicas, a fim de melhorar as
taxas de resposta a RT.

A busca de novas terapias para o tratamento do cancer deve buscar um equilibrio
entre a capacidade dos pacientes em tolerar os efeitos colaterais do tratamento e a
toxicidade potencial que pode ocorrer pos-tratamento (27).

Os produtos derivados de plantas sdo excelentes fontes de descoberta e
desenvolvimento de novos agentes antineoplasicos desde os anos 60, com as primeiras
pesquisas sobre epipodofilotoxina e seus derivados como agentes citotoxicos, com o estudo
de alcal6ides de vinca, vinblastina, vincristina, epipodofilotoxina e taxanos, que séo fontes
naturais de farmacos com atividade contra o cancer (28).

Tem sido apontado que o tratamento com substancias especificas derivadas de
plantas pode levar a efeitos colaterais de menor intensidade do que drogas sintéticas (29).
Estudos com extratos de plantas destacaram os efeitos citotoxicos em linhagens celulares
de diferentes tipos de cancer, como mama, es6fago, estbmago, pulméo e outros (29-31).
Portanto, a busca por derivados de compostos naturais para o tratamento de cancer,

especialmente do CEB, é uma estratégia promissora.
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A acdo de antioxidantes sobre a modulacdo de mecanismos da carcinogénese é um
foco de interesse de pesquisas cientificas (18). Os estudos revelaram resultados relevantes
sobre as potencialidades terapéuticas de antioxidantes contra cancer, por exemplo, a
ingestdo de vitaminas antioxidantes e alguns fitoquimicos estéo inversamente relacionados
ao risco de cancer, podendo inibir o crescimento celular e induzir seletivamente a morte
em células neoplésicas (32).

O 4cido galico (acido 3,4,5-trihidroxibenzéico, AG), um composto antioxidante de
ocorréncia natural em plantas (33-36). Ele exerce propriedades medicinais como
antibacteriana, antiviral, anti-inflamatdria e antitumoral (37). Estudos mostraram, também,
que o &cido galico exerceu atividade no metalolismo das células como forma de prevencéo
e tratamento de doencas metabdlicas associadas a obesidade (38). E especificamente, pode
inibir o desenvolvimento de neoplasias através de varios mecanismos, tais como a inibicéo
da metastase (39); a supressdo da angiogénese (40); a inducdo de apoptose e/ou necrose
(41); a inibicdo da viabilidade celular, proliferacédo, invasdo e formacdo de novos vasos
(42); e a inibicdo da migracdo e da invaséo (37).

Estudos funcionais revelaram que o acido galico apresenta acdo antineoplésica em
células de cancer be boca, promovendo reducdo da populacdo de células, morte por
apoptose e controle dos processos de migracdo e invasao (43-46). No entanto, ainda ndo foi
investigada a possibilidade de atuacéo do &cido galico como substancia adjuvante ao efeito
terapéutico da radiagéo ionizante no carcinoma epidermoide de boca. Assim, a combinagéo
de radioterapia com extratos naturais, tais como o acido galico, € uma abordagem
interessante para novas investigacdes terapéuticas para o CEB, visando o controle e/ou

progresséo da doenca.
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2 OBJETIVOS

2.1 Objetivo Geral

Analisar o potencial antineoplasico de antioxidantes e acdo adjuvante do acido

gélico a radiacdo ionizante no carcinoma epidermoide de boca

5.2 Objetivos Especificos

¢ Realizar uma revisdo sistematica da literatura sobre o potencial antineoplasico de

substancias antioxidantes no carcinoma epidermoide de boca
e Avaliar o efeito do acido galico associado a radiacdo ionizante terapéutica sobre o

comportamento neoplasico e estresse oxidativo em células de carcinoma

epidermoide de boca.
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3 PRODUTOS

3.1 Produto 1:

- Artigo cientifico: “Antineoplastic potential of antioxidant substances in oral squamous
cell carcinoma: a systematic review”. Formatado para submissdo segundo as normas do

periddico “Free Radical Biology & Medicine”.

3.2 Produto 2:
- Artigo cientifico: “Gallic acid enhances the effect of therapeutic ionizing radiation in oral
squamous carcinoma cells”. Formatado para submissdo segundo as normas do periodico

“Journal of Oral Pathology & Medicine”.

3.3 Produto 3:

- Pitch para divulgacdo online dos resultados da tese: Foi elaborado um video de curta
duracdo para divulgacdo online dos resultados do estudo, direcionado a populacdo geral.
Este produto seré apresentado a banca, para posterior divulgacdo online. Apds a avaliacéo
do Pitch pela banca avaliadora, sera incluido aqui o link para acesso e disponibilizacdo

online do video.

16



3.1 Produto 1

Antineoplastic potential of antioxidant substances in oral squamous cell carcinoma: a

systematic review

Karina Marini Aguiar?

Angeliny Tamiarana Lima Tabosa®
Renata Sousa Leite!

Tamara Mayrink Alcantara®
Renato Sobral Monteiro-Junior!
André Luiz Sena Guimaraes'#

Lucyana Conceicdo Farias'%

Postgraduate Program in Health Sciences, Universidade Estadual de Montes Claros, Minas Gerais,
Brazil
2Department of Dentistry, Universidade Estadual de Montes Claros, Minas Gerais, Brazil

# These authors have contributed equally to this work.

*Corresponding author:

Lucyana Conceicéo Farias

Universidade Estadual de Montes Claros
Hospital Universitario Clemente de Faria
Laboratdrio de Pesquisa em Salde
Avenida Cula Mangabeira, 562

Montes Claros, Minas Gerais, Brasil

Zip code: 39401-001

Phone: +55 38 32248327

E-mail: lucyanacfarias@gmail.com

17



Abstract

Despite the advances in therapeutic strategies, oral squamous cell carcinoma (OSCC still
represents a serious worldwide public health problem. Based on the involvement of
reactive oxygen species (ROS) in oral cancer pathogenesis, the antioxidants have been
targets of new scientific researches, investigating the use of these substances as ROS
modulators to the prevention of oral cancer, or contrary as inducers of ROS generation to
promote exacerbated oxidative stress and death of OSCC cells. Thus, this review aimed to
describe the therapeutic potential of antioxidant substances in human oral squamous cell
carcinoma. The study was registered in the Prospero database and followed the standards
set by the Preferred Reporting Items for Systematic Reviews and Meta-analyses. The
quality of in vitro studies was assessed using the ToxRTool platform, and for human
studies, we adopted the parameters of “The Cochrane Collaboration’s tool” when
applicable. Eligible studies were selected in international databases PubMed, Web of
Science, Scopus, and Ebsco, using inclusion and exclusion criteria. A total of 260
publications were identified in all databases, being obtained the full-text of 32 eligible
studies for a full reading. The antioxidant sources with therapeutic potential on OSCC
identified in this study were Curcumin, Quercetin, Resveratrol, Licochalcones, ao-
mangostin, Shikonin, Pterostilbene, 2,4-bis(p-hydroxyphenyl)-2-butenal, B-lapachone and
3-iodine derivates, selenium, Butein, Fisetin, Oridonin, Betulinic acid, Thymol,
Verbacoside, Xanthorrhizol, and Derivatives of Dihydrocaffeic acid amide. Several of
these are polyphenols, terpenoids or flavonoids. Different plant extracts and honey
dilutions reported to have antioxidant propriety and antineoplastic effects were identified
in this systematic research, including Methanolic extract of Gracilaria tenuistipitata,
Pergularia daemia methanolic extract, Acacia catechu ethanolic seed extract, Salvia
miltiorrhiza alcohol extract, Areca nut extract, Duchesnea indica extract, Hibiscos
sabdariffa extract, and Tualang honey. All these substances and extracts showed biologic
effects on OSCC cells, mainly controlling cell proliferation or leading to cancer cell death.
Thus, antioxidant substances played a relevant antineoplastic role in OSCC cells, being
pointed out as promising therapeutic strategies for future clinical research, focusing on

preventing and treatment for oral cancer patients.
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Introduction

Head and neck cancer represents an overall public health problem with a poor
outcome in advanced stages, and oral squamous cell carcinoma (OSCC) is the most
common type in the oral cavity, making it the sixth most common human cancer in the
world. It affects approximately 4.5 million people and 2.15 million deaths each year. This
high incidence is mainly due to the risk factors like the use of tobacco, alcohol, and Human
Papillomavirus infection®*. Approximately 40% of cases of head and neck cancer are
diagnosed as oral cancer leading to 177,384 deaths per year. Over 90% of patients with
oral cancer represent oral squamous cell carcinoma®.

In addition to surgical removal of the tumor, radiotherapy is one of the main
adjuvant methods for the treatment of oral cancer patients, being used as a single modality
in 67.1% of oral cancer cases, promoting the cancer cell death by stimulating apoptosis®.
Despite the great progress in recent years regarding anticancer treatments, it has been
reported a 5-year survival rate for OSCC patients, not improving since. The main
anticancer drugs can be highly toxic and their effects can be unbearable for patients,
resulting in discontinuation of treatment. Thus, it is necessary to investigate new
antineoplastic therapeutic options, leading to tumor cell death and cell growth control to
improve the success rate of cancer treatments(”: ®),

The increased oxidative stress and changes in antioxidant defense systems have
been related to oral cancer pathogenesis®. Oxidative stress and accumulation of reactive
oxygen species (ROS) play an important role in carcinogenesis by inducing lipid
peroxidation, DNA damages and thus affecting signal transduction pathways of tumor-
suppressing genes?, In this context, antioxidants are substances able to exerts protective
effects on cellular metabolism by its ability ROS scavenger, inhibiting the ROS-induced
oxidative DNA damage and therefore reducing the risk for cancer. These substances,
according to the treatment concentrations, also have been shown to plays antineoplastic
functions in several cancer types, preventing the oxidative stress-induced DNA damage or
promoting cancer cell death®*®. For example, curcumin was highly effective in inhibiting
the epithelial dysplasia stage of chemically-induced oral cancer, by suppressing nuclear
factor kappa B and cyclooxygenase-2 expression®®. However, the effects of other
antioxidant substances in oral squamous cell carcinoma is not well understood. So, this
study aimed to develop a systematic review of the literature on the therapeutic potential of

antioxidant substances in oral squamous cell carcinoma.
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Material and methods

The PICOS tool was used to design the systematic Search by parameters
Population, Intervention, Comparison, Outcomes, and Study type®. This systematic
review of the literature followed the standards set by the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA)®® and was registered and approved in
an international database of systematic reviews PROSPERO, under Protocol
CRD42018107206.

Eligibility Criteria of the Studies

In order, as searching criteria, we adopted as eligible the randomized controlled
trials and observational studies (cohort, case-control, and descriptive), and original in vitro
studies that investigated the therapeutic potential of antioxidant substances in human oral
squamous cell carcinoma. Animal model studies were not eligible, once the systematic
reviews are registered in the PROSPERO database according to the investigated category,
as animal or human. We considered the published studies until November 2019 in the

English language. Duplicated papers found in the databases were excluded.
Resources
The data-collection occurred from July 2018 to November 2019 and the papers

were retrieved by online search on databases PubMed, Web of Science, Scopus and Ebsco.

Search Strateqy

Initially, descriptors were selected through the Medical Subject Headings (MeSH)
and common terms from literature. Furthermore, booleans AND/OR were added in the
search strategy. The term combinations used were [“epidermoid carcinoma of oral cavity”
OR “squamous cell carcinoma of oral cavity” OR “oral squamous cell carcinoma” OR
“oral epidermoid carcinoma” OR “squamous cell carcinoma of mouth” OR “epidermoid
carcinoma of mouth”] AND [“antioxidant” OR “antioxidant effect” OR “antioxidative”
OR “anti-oxidative” OR "free radical scavenger" OR "reactive oxygen species damage"]
AND [“antineoplastic” OR “therapy” OR “treatment” OR “therapeutic”]. All of these
terms were identified by reading the title or abstract of the articles. This procedure aimed
not only to filter the results but also to cross the main terms to obtain the maximum
possible studies.
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Exclusion Criteria

Studies wrote in another language than English, that is not related to the purpose of
this study, review article, case report, letter to the editor, conference papers, theoretical
studies (bioinformatics) were excluded. In addition, studies that assessed substances
without antioxidant effect, endogenous antioxidants, and other cancer types were not

included.

Study selection

First, we performed an inter-rater calibration by Kappa statistic for articles
selection, as previously described”. For the selection and analysis of studies, after
obtained inter-rater calibration, two reviewers (ATLT and KMA) selected the articles in
the four databases through reading the titles and abstracts. Disagreements were resolved by
consensus, where each reviewer presented his reasons for the initial choice, and when
necessary, a third evaluator (LCF) was consulted. After completing this first stage, the full
text of the selected articles was read to carry out a new selection, data collection, and

evaluation of studies.

Data Extraction and Strateqgy for data synthesis

Data were extracted and recorded including study results and methodological data
using a standardized data collection form. The data was synthesized as a systematic
narrative synthesis of the findings from the included studies, covering the therapeutic
effect of antioxidant substances in OSCC patients or human OSCC cell lines. We provided
summaries about the antioxidant agent, the antineoplastic effect of that, treatment dosage
and frequency, and treatment type antioxidant alone, or antioxidant plus other treatment
protocol for OSCC, such as chemo-or radiotherapy, and the main outcomes.

Quality assessment

To the quality assessment of original in vitro studies, we used ToxRTool®®. The
ToxRTool provides criteria, guidance and a spreadsheet for evaluation of the quality of
toxicological studies,*® consisting of an 18-points checklist, among them the
methodological aspects and result data. The spreadsheet is available in URL
https://ec.europa.eu/jrc/en/scientific-tool/toxrtool-toxicological-data-reliability assessment-

tool. It tool computes a score, categorizing the studies as following: 15-18 (reliable
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without restrictions), 11-14 points (reliable with possible restrictions), and <11 (not
reliable). To assess the risk of bias for human studies, the parameters of the “Cochrane

Collaboration’s tool” were adopted when applicable®.
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Results
Inter-rater agreement

In order to obtain the inter-rater calibration to article selection, we performed the
Kappa statistic. The Cohen’s k was run to determine the agreement level between the two
evaluators for selecting studies for inclusion in the systematic review. There was an almost

perfect inter-rater agreement (K=0.87; p<0.000).

Characteristics of included studies and Quality assessment

Based on the selected descriptors, a total of 260 citations were retrieved from the
literature search. After exclusion of articles that did not meet inclusion criteria and those
duplicated in the databases; 33 studies were eligible for the full-text reading. As one study
was not available online, we obtained the full text for eligible 32 articles, including only
one human study®® and 31 in vitro studies using human oral cancer cells® 21-%9),

Detailed descriptions of the search flow are shown in Figure 1. In vitro studies and
human studies that investigated the therapeutic potential of antioxidant substances in oral
squamous cell carcinoma are summarized in Table 1 and Figure 2. The randomized
controlled trials related to the purpose and criteria of the systematic review were not
identified in the literature search. The only human study identified in this systematic
review was an intervention study in humans, using control and treatment groups.

According to the ToxRTool, from the 31 eligible in vitro articles, all were
considered “reliable without restrictions” (scoring over 15 points), showed in Table 2.

The Cochrane Collaboration’s tool was not fully used to assess the single human
study selected, because it was not a randomized clinical trial®?. So, to minimize the risk of
bias, we considered as parameters the outcome data addressed and follow-up to verify the
antioxidant effect at the short- or long-term in oral cancer patients. Although this study has
revealed an adjuvant therapeutic role of selenium to radiotherapy, we analyzed it as
showing a risk of bias to strongly suggest the therapeutic effect of selenium in this study
since tumor size regression and follow-up were not investigated, but only the improving

the blood levels of therapeutic response markers.
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Characteristics and effects of antioxidants on oral squamous cell carcinoma

Phytochemicals containing phenolic compounds, saponins, flavonoids, tannins,
terpenoids, and alkaloids have been widely studied due to their antioxidant properties.
Most of these compounds are found in teas, grapes, red wine, nuts, and other natural
products®V). The main sources of polyphenols with therapeutic potential in OSCC
presented in this study were Curcumin® 26 34 37 \erbacoside®®, Resveratrol®,
Thymol®®), a-Mangostin®). The flavonoids include Butein®®, Fisetin®), Licochalcones
B8, Ct2 D6 HEAD Quercetin®? and terpenoids substances, such as Betulinic acid“”
Oridonin®3 , Xanthorrhizol®®)

Different plant extracts and honey dilutions reported to have antioxidant propriety
and antineoplastic effects were also identified in this systematic research, including
methanolic extract of Gracilaria tenuistipitata®, Pergularia daemia®? methanolic
extract, Acacia catechu ethanolic seed extract®), Salvia miltiorrhiza®® alcohol extract,
Areca nut®® extract, Duchesnea indica® extract, Hibiscos sabdariffa®) extract, and
Tualang®® honey.

The summary of the effect of antioxidants on OSCC cells and oral cancer patients

showed in selected articles is below described.

Selenium

Selenium is an essential element in the antioxidant defense system, reproduction,
DNA synthesis, muscle function, and cancer prevention. It is present as organic and/or
inorganic forms, among them selenomethionine and selenocysteine, and selenite (SeO3—2),
selenide (Se2—), selenate (SeO4—2), selenium element (Se)®?. The natural sources of
selenium can accumulate quantities of this element up to several thousand parts per million
when grown on seleniferous soil. Such plants include members of the genera Astragalus,
Haplopappas, Machaeiantheia, and Stanleya, which are called "selenium accumulators” or
"selenium indicators" because their presence indicates a seleniferous soil®®. Interestingly,
selenium does not appear to be a metabolic essential for higher plants, except for the
accumulator species, so that its biological functions are most clearly expressed by animals
consuming plant material, directly or indirectly®.

The selenium forms were shown to exhibit toxicity against cancer cells, showing

greater toxicity in malignant cells than benign cells. The anticancer action mechanism of
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selenite is based on the induction of apoptosis by producing superoxide radicals especially
in or adjacent to mitochondria®. A meta-analysis study showed that selenium deficiency
can be a cancer-promoting factor; especially in lung cancer, the high selenium serum levels
selenium may have some protective effect®®),

The selenium was able to act as an adjuvant to radiotherapy in oral carcinoma
patients, improving the blood levels of therapeutic response markers (5’Nucleotidase,
Pseudo choline esterase/PschE, Leucine amino peptidase/LAP, y-Glutamyl
transpeptidase/y-GTP, Lactate dehydrogenase/LDH, Asparate transaminase/SGOT,
Alanine transaminase/SGPT, Acid phosphatase/ACP, Alkaline phosphatase/ALP,
Creatinine phosphokinase/CPK), compared to disease-free groups treated with
radiotherapy alone. However, the study did not provide evident data on tumor size
regression, follow-up or improvement in the patient's clinical condition. The improvement
in the trace element levels and reducing in the levels of serum biomarkers in selenium
supplemented patients was attributed to the membrane stabilizing promoted by selenium,

proving their antioxidative/anticarcinogenic impact on biochemical indices assessed @,

Acacia catechu

Acacia catechu Willd (Fabaceae), commonly known as catechu, cachou and black
cutch, is an important medicinal plant, commonly cultivated in Asia. Several
phytochemicals have been isolated and characterized from it, which include 4-
hydroxybenzoic acid, kaempferol, quercetin, 3,4,7-trihydroxy-3,5-dimethoxyflavone,
catechin, rutin, isorhamnetin, epicatechin, afzelechin, epiafzelechin, mesquitol, opioglonin,
aromadendrin, and phenol. These active compounds have been implicated by their myriad
biological effects. A. catechu has been studied for its hepatoprotective, antipyretic,
antidiarrheal, hypoglycemic, anti-inflammatory, immunomodulatory, antinociceptive,
antimicrobial, free radical scavenging and antioxidant activity®®).

A. catechu extract induced the dose-dependent inhibition of cell proliferation of oral
cancer cell line SCC25, and also increased the apoptosis marker expression, such as
cytochrome c, caspase-8, and caspase-9¢?1) .

Gracilaria tenuistipiatata
Marine natural products provide abundant resources for antitumor drug

discovery®”), Many Gracilaria vegetable species are well established to be potential
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sources to search in natural medicine due to their antibacterial, antiviral, antifungal,
antihypertensive, cytotoxic, spermicidal, embryotoxic and anti-inflammatory effects. The
Gracilaria tenuistipiatata water extract can reduce oxidative damage to hydrogen
peroxide-induced DNA®?, In the study by Chi-Chen Yeh et al®?, Ca9-22 cells derived
from gingiva carcinoma treated with Graciliaria tenuispitata methanol extract (MEGT)
showed a significantly reduced cell viability in a dose-response manner. In agreement with
this result, the percentages of G1 phase were significantly increased at the concentration of
0.25mg/mL MEGT, leading to G1 arrest. The induction of apoptosis and an increase in the
generation of reactive oxygen species (ROS) were also caused by methanol extract of
Graciliaria tenuispitata. That is, the MEGT induced a potent anticancer effect through
induction of apoptosis, DNA damage, and oxidative stress pathways can be a potential
substance to therapeutic investigation in OSCC.

Tualang honey

Tualang Honey (TH) is a honey produced in the multi-floral jungle, by the species
Apis dorsata bee, which builds its hives on top of Tualang trees (Kompassia excelsa) in
Malaysia's rainforests. The TH exhibits antimicrobial, anti-inflammatory, antioxidant and
antidiabetic effects, and it has been shown to have anticancer effects against OSCC, human
osteosarcoma cell line HOS, human breast cancer cell line and cervical cancer cell line®®).

Ghashm et al. (2010)®® used OSCC and HOS cell lines to evaluate the
antiproliferative activity of Malaysian Tualang honey. Cells treated with 2% and 10%
Tualang honey for 24, 48, and 72 hours had their morphology altered, typical of what is
seen in apoptosis. It was noted that 50% of honey concentration was required to inhibit cell
growth of OSCC and HOS cells. Maximum inhibition of cell growth greater than 80% was
obtained at 15% of both cell lines.

Pergularia daemia

Pergularia daemia (Forsk) (Asclepiadaceae family) is a laticiferous twiner that
grows on the warmer plains of the Indian regions. It has pharmacologic properties, such as
anthelmintic, laxative, antipyretic and expectorant, as well as to treat childhood diarrhea,
malaria, and intermittent fevers. It is an excellent antifertility, antidiabetic, and it has

hepatoprotective, anti-inflammatory effects®?).
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There is little scientific research regarding its anti-cancer effect. In the study by
Mirunalini et al. (2014)#4, the antiproliferative effect of Pergularia daemia methanolic
extract (PMDE) on human oral cancer KB cell line was investigated, demonstrating that it
at lower concentrations was unable to inhibit cell growth, only at higher treatment
concentrations showed a significant increase in cytotoxic effect on KB cells. It was also
observed that maximum concentrations of treatment led to the ROS generation in 95% of
cells analyzed. Analysis by fluorimetric spectrometry showed that membrane potential was
reduced in PDME-treated cells, as well as apoptotic morphological characteristics, DNA
fragments, increased levels of lipid peroxidation, changes in enzymatic antioxidant activity

and decreased GSH levels in the KB cells.

Hibiscus sabdariffa

Hibiscus sabdariffa L. (Roselle), a plant of Malvaceae family widely cultivated in
many countries, is rich in polyphenols, such as anthocyanins, polysaccharides, and organic
acids. It has high pharmacological potential in the treatment of diseases like
hyperlipidemia, hypertension, inflammatory diseases of kidney and liver, and prevention of
degenerative diseases associated with oxidative stress®9).

Owing to the antioxidant role, research about the antitumoral therapeutic potential
has been aiming of interest®). The cytostatic effect of Hibiscus extract on cancer cells
growth of multiple myeloma and OSCC was demonstrated, being its effects dependent-
time and dose. Furthermore, it was able to reduce neoplastic cell motility and invasiveness.
In normal keratinocytes cells HaCat and HEK292, Hibiscus extract did not change cell
viability. The therapeutic potential of Hibiscus on these cancer cells was associated with
MAPKs ERK1/2 modulation and p38 activation®). The upregulation of ERK1/2 proteins
was related to the cancer cell proliferation®?, whereas p38 inactivation can be associated
with blocking of cell cycle and apoptosis by neoplastic cells®®). So, it is suggested that
Hibiscus can contain substances with a chemopreventive role against tumor reoccurrence

alone or in combination therapy®®.

Curcumin
It is a polyphenolic pigment derived from rhizomes of Curcuma longa plant,
commonly used to flavor foods. It has antiallergic and antirheumatic properties, acting in

respiratory and liver diseases. The antioxidant, antimicrobial and antitumor activities also
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have been identified in curcumin®® 26, This systematic review appointed an article
associating this substance with the reduction of viability and OSCC cell death®®. The
curcumin treatment led to apoptosis and autophagy pathways. High expression of LC3-11,
dependent- dose and time, was observed. A curcumin-induced intracellular ROS
generation can be responsible for autophagy in OSCC cells®®. It was also assessed the
nanoemulsions (NE) formulation by combining curcumin and 5-FU to improve in vitro
antineoplastic activity against OSCC cells, SCC090, and cells of human hypo-pharynx
squamous carcinoma, SCC152. The 5-FUNE/Cur-NE/5-FU-Cur-NE formulations
decreased the level of viability of cells, for time-concentration-dependent. Additionally,
the OSCC cells treated with 5-FUNE/Cur-NE/5-FU-Cur-NE formulations showed up-
regulation in expression protein, p53, p21, and Bax proteins, and down-regulation of Bcl2
protein in both cells with time-dose-dependent manner up to 48 h. The 5-FU and Cur in
nanoparticle systems shown their efficacy to deliver improved anticancer activity, against
oral cancer®.

Due to the important role played by sub-population of cancer stem cells (CSCs) in
cancer pathogenesis, metastasis, and drug resistance, the Curcumin effect was investigated
on cell proliferation, the orosphere formation and miRNA-21 expression in HPV16+ve/-ve
oral cancer stem cells. Curcumin treatment promoted significant differential inhibition in
CSC proliferation, the orosphere formation and miRNA-21 expression in a dose-dependent
manner; the effect was highly pronounced in HPV positive CSCs. The effect of curcumin
between HPV+ve and HPV-ve cells indicated relatively a stronger cytotoxic effect on UD-
SCC2 HPV+ve SP cells (IC50-36.21uM) when compared to UPCI: SCC84 HPV-ve
(IC50-45.12uM)/UPCI: SCC131 SP cells (IC50-46.56p.M). The downregulation of miR-21
expression upon curcumin treatment in both HPV+ve/HPV-ve CSCs but with higher
effects in HPV+ve CSCs®4),

The curcumin was also shown to play an adjuvant effect to cisplatin on PE/CA-
PJ15 human oral squamous carcinoma, enhancing cisplatin cytotoxicity and apoptotic
activation. The dose-dependent proapoptotic effect of curcumin was identified in both
mono- and combinatorial chemotherapy. Its effects were associated with inhibiting
pSTAT3 signaling and inhibiting of Nrf-2 nuclear translocation, providing

chemosensitization to cisplatin®?),
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Shikonin

Shikonin, a natural compound of red naphthoquinone, is a major component of
Zicao (purple gromwell). Zicao is a traditional Chinese herbal medicine, whose extracts
have been shown to have multiple pharmacological activities, including anti-inflammatory,
antioxidant, anti-virus, antimicrobial, and anticancer. In addition, shikonin can play
therapeutic action on many other pathologies or disorders, such as inhibiting hypertrophic
scar formation, reducing hepatic fibrosis, inhibiting pulmonary hypertension, protecting
hypoxia and reoxygenation damage in heart and brain, protecting p-amyloid-induced
neurotoxicity, improving spinal cord injury(©# 6),

In Tca-8113 cell line derived from squamous cell carcinoma of the human tongue,
the shikonin treatment inhibited the neoplastic cell growth and induced the cell death,
leading to the DNA fragmentation and activation of apoptotic proteins caspase-3, caspase-
8, and caspase-9. This therapeutic potential of this antioxidant substance can be associated

with inactivation of the NF-«B signaling and activation of caspases®?.

Chalcones: Licochalcone B, C, D, and H

The chalcones are precursor substances to flavonoids and isoflavonoids of yellow-
orange coloration. Licochalcone B, a chalconoid compounds present in the root of
Glycyrrhiza uralensis Fisch, is recognized by its several health benefits, such as
cardioprotection, antioxidant effect, which can reduce inflammation, cell migration,
angiogenesis, and tumorigenesis, inducing arrest of the cell cycle and apoptosis of various
cancer cells®® 67 In OSCC cells, this substance caused reducing the cell viability and led
to the cell cycle arrest, high ROS production and loss of mitochondrial membrane
potential(8),

Despite the anticancer role of different licochalcones, there are few reports on
licochalcone C (LCC) in oral cancer. A study investigated the effect of LCC isolated from
Glycyrrhiza inflata roots on human tongue squamous carcinoma cell line HSC4. LCC
inhibited cell viability, mitochondrial function, anchorage-independent growth, and
induced apoptosis in a dose-dependent manner, being such effects associated with
suppression of JAK2/STAT3 pathway and induction of ROS generation in OSCC cells®“?),

The anticancer effects of other forms of Licochalcones on OSCC were investigated.
The Licochalcone D (LCD) inhibited the kinase activity of JAK2 blocking the
JAK2/STAT3 pathway, reduced the soft agar colony formation, and the proliferation of
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HN22 and HSC4 cells. Furthermore, LCD induced apoptosis through changes in
mitochondrial membrane potential, reactive oxygen species generation, upregulation of
death receptor CHOP, DR4, DR5 and increase of expression levels of proapoptotic
proteins Bad and Bax. LCD treatment promoted Cyto C release from mitochondria and its
transfer to the cytosol, and also a dose-dependent increase in Apaf 1, cleaved PARP, and
lowered caspase 3 expression. These results were corroborated in the xenograft study,
wherein LCD significantly inhibited HN22 tumor growth, and suppressed p JAK2 and p
STAT3 expression and induced cleaved caspase 3 expression6),

Licochalcone H is a chalconoid isolated from the root of Glycyrrhiza inflate; it has
several pharmacological properties, such as anti-inflammatory, antioxidant, antitumor, and
antineoplastic effects. The LCH was able to reduce cell viability and colony-forming
ability, and induced cell cycle arrest and apoptosis in OSCC cell, HSC2, and HSC3,
through the suppression of Matrin3, a highly conserved nuclear matrix protein involved in
DNA replication, apoptosis, transcription, translation, RNA processing, chromatin
remodeling, and the stabilization of RNA and mMRNA®*Y),

Pterostilbene

Pterostilbene is a natural antioxidant extracted from grapes, blueberries, and
peanuts; it is considered one of the most powerful stilbene compounds. It has structural
similarity to resveratrol, but it exhibits superior pharmacokinetic characteristics.
Pterostilbene is reported to have therapeutic potential for many diseases and conditions,
including cancer, dyslipidemia, aging, and inflammatory disorders. This substance can be
effective in inhibiting breast cancer cell proliferation and reducing the expression of human
telomerase reverse transcriptase©®),

High concentrations of Pterostilbene revealed an antineoplastic action on oral
cancer cells, decreasing significantly cell viability and migration, by downregulation of
MMP-2 and u-PA expression and reducing phosphorylation of Akt, ERK1/2, and JNK1/2.
However, Pterostilbene was not cytotoxic to normal oral keratinocytes HOK. The
inhibitory effects of Pterostilbene can be associated with the upregulation of tissue
inhibitor of metalloproteinase-2, plasminogen activator inhibitor-1 and the downregulation

of the transcription factors of NF-xB, SP-1, and CREB signaling pathways??).
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Quercetin

Quercetin (Qu) is one of the major natural flavonoids, described to exhibit
anticancer potential due to its pro-apoptotic effect and to the inhibiting the progression of
several human cancers cells, such as lung, prostate, liver, breast, colon, and cervical; these
anticancer properties are exerted through various mechanisms that involve cellular
signaling and the ability to inhibit enzymes responsible for the activation of
carcinogens®. In addition to the antitumor activities, including suppression of various
tumor-related transcription factors, inhibition of protein kinase activities, down-regulation
of gene expression associated with cycle progression cellular, angiogenesis, anti-apoptosis,
and metastasis, it can address anticancer efficacy by regulating of growth, migration, and
invasion in oral cancer cells("® 70,

The Qu was able to decrease the survival rate of OSCC cells, leading to the increase
of cell proportion in phase G1, and inducing apoptosis. The cell viability of human normal
fibroblasts was not impaired. Furthermore, the Qu treatment significantly decreased cell
migration capacity in a dose-dependent manner, showing this substance as a potent
therapeutic agent for OSCC®0),

2,4 bis (p-hydroxyphenyl)-2- butenal- HPB242

Maillard reaction between amino acids and reducing sugars, producing products
such as glucose tyrosine, has been studied more extensively in food. It can also occur in
animals during the formation of advanced glycation end products. Maillard reaction
products (MRPs) are known to have antioxidant, antimutagenic and anticarcinogenic
activities. The MPR (E)-2,4-bis(p-hydroxyphenyl)-2-butenal (HPB242) induces
antioxidant and anti-inflammatory effects through inhibition of NF-xB and STAT3(3),

So, little is known about other biological effects of MRPs. It was investigated
whether fructose tyrosine MRP, and HPB242 can modulate cell cycle progression and
protein specificity® repression, and thus induce apoptosis of OSCC cells®Y. Sp is a
transcription factor and universally expressed in all mammalian cells and it plays a
significant role in several biological processes, such as cell cycle regulation, apoptosis, and
angiogenesis. In addition, the Sp1 is highly expressed in different types of cancer, affecting
the breast, thyroid, liver, pancreas, colorectal region, stomach, cervical region, and lung®D.
In OSCC cells, the HPB242 treatment decreased the cell growth rate of HN22 and HSC4,

as well as led to a decrease in the level of Sp-1 and inhibition of the expression of Spl
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downstream proteins, including p27, Cyclin D1, Mcl-1, and Survivin, in a dose-dependent
manner. Furthermore, it was highlighted that HPB242 leads to apoptosis, through the
increase Bax expression, reducing of Bid, and Bcl-xl, and activation of Caspase 3 and
PARP. Thus, HPB242 can be an important target for therapeutic investigations for OSCC

aiming for the improvement of clinical outcomes of patients®,

a-Mangostin

Alpha-mangostin (M) is a bioactive compound with antioxidant properties, that
can be extracted from the Garcinia mangostana tree; is widely used in traditional Asian
medicine(". The aM is the most abundant xanthone in the mangosteen pericarp and shows
anti-inflammatory, anti-apoptotic and antiproliferative properties in various types of human
cancer cells(4 7).

A potent anticancer effect of aM in oral squamous cells was verified. The a-
mangostin treatment on the HSC-2, HSC-3, and HSC-4 cell lines were effective in a dose
and time-dependent manner to decrease cell viability, to promote the cell cycle arrest in the
G1 phase, beyond to induce morphological changes in cells, mitochondrial dysfunction,
and cell death by via apoptosis intrinsic pathway. This substance did not change the

morphology and viability of normal periodontal ligament fibroblasts©?).

p-lapachone and 3-iodine derivates

The B-lapachone (3.4-dihydro-2,2-dimethyl-2H-naphthol[1,2-b]pyran5,6-dione / B-
lap) is a natural quinone derived from the bark of the purple Ipe (Tabebuia avellanedae
Lor, Bignoniaceae)®. This compound has biological activities, including anti-bacterial,
anti-fungal, anti-inflammatory, anti-viral, anti-proliferative, and antioxidant®* 77 78,
Furthermore, previous studies also have demonstrated that B-lap treatment induced cell
death in different human cancers, like colon cancer, non-small cell Lung cancer, and
melanoma (76 79 80),

The B-lap exerts a specific anti-tumor action through increased expression of
NAD(P)H: quinone oxidoreductase 1 (NQO1) in cancer cells. The reduction of B-lap by
NQO1 leads to futile redox cycle between the quinone and hydroquinone forms, with a
concomitant depletion of NAD(P)H and NADH, and reactive oxygen species (ROS)
generation, leading to the neoplastic cell death®. So, the B-Lap has been shown as a

potential anti-cancer drug® and also as an important sensitizing agent of human breast
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cancer cells to ionizing radiation, increasing the generation of reactive oxygen species. The
B-lap effectively improves the efficacy of radiation therapy in an NQOZ1-dependent
manner. The combined treatment of ionizing radiation and B-lap synergistically promoted
mitochondrial apoptotic cell death by inducing Endoplasmic Reticulum Stress, generation
of ROS, and activation of the extracellular-regulated kinase and c-Jun N-terminal kinase
(INK)®3),

In OSCC cells, the B-lap and its 3-iodine derivatives (3-1-a-lapachone and 3-I1-f3-
lapachone) played anticancer activities, promoting cell cycle arrest at G2/M phase, inter-
nucleosomal DNA fragmentation and caspase- and ROS-mediated apoptosis, whose effects
were more expressive at higher concentrations. Beyond, these compounds suppressed in
vivo tumor growth, pointing them as new antitumor drug candidates. In contrast, treatment
of normal human fibroblasts MRC5 and human normal keratinocytes HaCat with p-lap and
its 3-iodine derivatives showed IC50 values heterogeneous between the tested substances

and positive control doxorubicin®.

Resveratrol

Resveratrol is a natural polyphenol produced in red grape skin, berries, and peanuts
and food derived from them, such as wine. It exhibits anti-inflammatory, antioxidant,
cardioprotective, and antitumor properties®?,

Resveratrol treatment was able to decrease cell viability in a time- and dose-
dependent manner, and to promote apoptosis in CAL-27, SCC15, and SCC25 cells. The
resveratrol-induced apoptosis was associated with an increase in the nuclear condensation,
loss of mitochondrial membrane potential, and inducing of mitochondrial intrinsic pathway
and caspase Cascade. The expression levels of apoptosis protein were modified by
resveratrol; Bak and Bax were up-regulated, Bcl-2 and Bcl-xI were downregulated,
Cytochrome ¢ was released from mitochondria into the cytosol, Apoptotic protease
activating factor 1 (Apaf-1) was increased and procaspase9, procasapase3, cleaved
caspase3, and PARP. This antioxidant substance also decreased cell migration of CAL27
Cells, invasion by inhibiting of Epithelial-Mesenchymal Transition-inducing transcription

factors, such as Snail and Slug Slug, Snail Smad2/3, and N-cadherin®®.
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Thymol

Thymol is a polyphenol found in plants like thyme and oregano®> 80, |t is a
Transient Receptor Potential Ankyrin Subtype 1 channel, (TRPAL) agonist, and has
antioxidant, anti-inflammatory, antifungal, antimicrobial, and properties. Cytotoxic role on
human glioblastoma cells in vitro was reported, concomitantly to an increase in Ca2+
levels®?).

Studies investigating the therapeutic potential of thymol on OSCC cells are scarce
in the literature. In this systematic review, we identified a study demonstrating thymol
induced a concentration-dependent reduction in cell viability and led to long-lasting
antiproliferative effects in several OSCC cell lines derived from primary tongue tumors,
Cal27, SCC4, and SCC9. The thymol induced concentration-dependent depolarization of
the mitochondria in both Cal27 and HeLa cells, generation of free radicals, and consequent
apoptosis. Furthermore, the anticancer therapeutic potential of thymol occurred in the
absence of TRP channel activation, as shown by calcium imaging studies using Cal27 and
HeLa cells®®),

Xanthorrhizol

Xanthorrhizol (XNT) is a bisabolane-type sesquiterpenoid compound isolated from the
essential oil of rhizomes of Curcuma xanthorrhiza Roxb. It has several biological activities, such as
antioxidant, anticancer, antimicrobial, anti-inflammatory, antiplatelet, antihyperglycemic,
hepatoprotective, nephroprotective, anti-estrogenic and estrogenic effects(®®.

A study demonstrated that XNT decreased cell viability and induced apoptosis in SCC-15
from tongue OSCC cells in a concentration-dependent manner. The xanthorrhizol-induced
apoptosis occurred through the caspase-independent pathway in SCC-15 cells, since xanthorrhizol-
induced PARP degradation was not prevented by treatment with the caspase inhibitor Z-VAD-fmk.
The XNT-induced apoptosis was associated with ROS-mediated p38 MAPK and JNK activation in
SCC-15. In addition, XNT prevented chemical-induced oral carcinogenesis and increased the

survival rate in the animal model study®©®),

Fisetin
Fisetin (3,3-,4-,7-tetrahydroxyflavone) is a flavonoid with antioxidant, anti-
inflammatory, and anticancer proprieties, being commonly found in fruits and vegetables,

such as grapes, apples, cucumbers, strawberries, and onions. Fisetin is known to disrupt
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Wnt, mTOR, and NF-«B signaling, promoting cell-cycle arrest and preventing the invasion
of cancer cells®),

In CAL-27 and Ca9-22 human oral squamous carcinoma cell lines, fisetin was able
to reduce cell viability in a dose- and time-dependent manner, and also to promote
apoptosis accompanied by morphological and biochemical changes. The cancer cells
treated with fisetin showed condensed and fragmented nuclei and increased nuclear
condensation ratio. In addition, this substance reduced the mitochondrial membrane
potential and the proapoptotic proteins Bax and Bak, and increase caspase-3 and PARP in
both cell lines. Beyond apoptosis, fisetin induced autophagy, which contrarily can play a
role of pro-survival. However, it was demonstrated that inhibition of this process, as
assayed with autophagy inhibitors, can enhance the sensitivity of OSCC cells to the fisetin-
induced apoptosis).

Duchesnea indica

Duchesnea indica (Andr.) Focke, as used commonly plant in traditional Chinese
medicine, has cytostatic properties as well as antioxidant and antimetastasis activities in
different cancer cells®,

The D. indica extract did not affect the cell viability of OSCC cells, SCC-9,
SCC-14, and TW2.6. However, the extract revealed a potential antimetastatic role. It
significantly attenuated motility, migration, and invasion of cancer cells by reducing the
MMP-2 expression and activity in a dose-dependent manner, via the MEK/ERK signaling.

The D. indica reduced the phosphorylation of both ERK1/2 and its upstream kinase®®).

Verbascoside

The Verbascoside (VB), a polyphenolic constituent of the Tsoong herb, exhibits
anti-oxidative, anti-inflammatory and anticancer properties®® %), |ts therapeutic potential
role in OSCC cells was few investigated.

In vitro, the VB inhibited cell viability, migration, and invasion, while promotes
apoptosis in oral cancer cells, HN4 and HNG6. It impaired OSCC tumor cell growth and
metastasis through suppression of NF-xB related signaling activation; expression of IkxBa
was increased and the activation of NF-kB was reduced. In addition, VB inhibited growth
and lung metastasis of implanted tumor cells in the xenograft OSCC mouse model, by

impairment of MMP-9 expression via suppression of NF-xB activation®9,
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Oridonin

Oridonin (Ordn) is diterpenoid isolated from herb Rabdosia rubescens, commonly
used in traditional Chinese medicine. It is known to exert antioxidant, inflammatory, anti-
pro-apoptotic, anti-bacterial, neurological and anticancer effects®3).,

We identified a study revealing Ordn markedly suppressed the viability and colony-
forming ability of both the oral cancer cell lines, HN22 and HSC4, in a dose and time-
dependent manner, resulting in the cell cycle arrest in the sub-G1 phase. Ordn also induced
the apoptosis, as shown by the increase in the early and late apoptotic population high
multi-caspase activity (caspase-1, -3, -4, -5, -6, -7, -8 and -9), and the amount of
cytochrome C increased in the cytoplasm of cancer cells. Moreover, Ordn-induced
apoptosis was related to the ROS generation, loss of mitochondrial membrane potential,
phosphorylation of JNK and p38 mitogen-activated protein kinase (MAPK), and enhanced
cleavage of PARP®3),

Areca nut

Areca nut is a seed from the pinang plant (Areca catechu Linn; areca,
Palmaceae) widely used in Indian and Malaysia. Although Areca nut has been associated
with a high-risk of oral cancer-inducing®¥, it has antioxidant, antidiabetic, antidepressant,
antimicrobial, anti-inflammatory, hepatoprotective, and antiaging effects®®.

Interestingly, a study searched in this systematic review showed that Areca nut
was able to induce apoptosis and caspase-3 activity in oral cancer cell lines, HSC-2 and

HSC-3, pointing it as a potential anticancer agent against oral cancer®).,

Salvia miltiorrhiza

Salvia miltiorrhiza is a commonly widely used herbal in Asia. Danshensu, a
substance isolated from Salvia miltiorrhiza root, can exert a therapeutic role in
cardiovascular diseases and cerebral lesions. Its cardioprotective effects are mainly related
to the antioxidant and anti-apoptosis proprieties®®. The bioactive polyphenols present in
Salvia, like Salvianolic acid A & B, were reported to have anti-cancer and anti-
inflammatory activities, by promoting apoptosis and inhibiting cell cycle and metastasis®.

In OSCC cell lines, HSC-3 and OC-2, Salvia miltiorrhiza alcohol extract
exhibited significantly antiproliferative effects dose- and time-dependent and activated the

caspase-3 apoptotic pathway by decreases in both XIAP and survivin expression, inhibitor
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proteins of apoptosis, but not by regulating the Bcl-2-triggered mitochondrial via. The
tumor xenograft growth with HSC-3 showed Salvia alcohol extract significantly reduced

tumors “8,

Butein

Butein, a tetrahydroxychalcone and potent flavonoid, was firstly isolated from
Toxicodendron vernicifluum, a traditional plant of Chinese medicine. It exhibits
antioxidant, anti-inflammatory, anti-hypertensive, and anti-tumor activities®®,

The effect of Butein on the viability, apoptosis, migration, and invasion was
assessed in OSCC cells, SAS and KB. It exhibited a strong radical-scavenging effect, as
demonstrated by DPPH assay. Interestingly, at high concentrations, the Butein promoted a
significant anti-proliferative, cytotoxic, anti-invasive, and anti-migratory effects on cancer
cells, suppressing the expression of NF-xB regulated proteins, including COX-2, survivin,
and MMP-9, which are involved with the regulation of several cancer-related pathways,

such as survival, proliferation, invasion, and metastasis of OSCC cells®%).

Betulinic acid

Betulinic acid (BA) is a pentacyclic triterpenoid naturally occurring in several
plants, being a is a principal constituent isolated from bark and bark extracts of Betula
species. It has a wide range of biological and medicinal properties, including a potent
antioxidant activity®®, anti-inflammatory, anthelmintic, antinociceptive, anti-HSV-1, and
anti-cancer effects),

The BA on OSCC KB cell displayed a relevant antineoplastic and therapeutic
role, inhibiting cell proliferation of dose-dependent form and promoting apoptosis, as
shown by an increase in the activities of caspases 3 and 9, and high Bax expression and
low Bcl-2 expression. BA markedly increased the cell population in the GO/G1 phase and
decreases the S phase cell number, leading to the GO/G1 cell cycle arrest. The ROS
generation was significantly increased by BA, and also ROS increased the dose-
dependently p53 expression in KB cells and implanted tumors. Moreover, the

phosphorylation of STAT3 was optimized by BA®").
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Derivatives of Dihydrocaffeic acid amide
The dihydro-caffeic acid is a potent antioxidant and novel antioxidants
derivatives of dihydrocaffeic acid amide were synthesized and also demonstrated this
propriety®d,
A study investigated the effect of four antioxidants on normal human tissues and on
OSCC cells (CAL-27, UMSCC1, and UMSCC47) and, additionally, it was used human
breast adenocarcinoma MCF-7 cells. Among the antioxidants, it was assayed the trolox
trihydroxybenzoate, trolox 3,5-dimethoxy-4-hydroxycinnamate, and derivatives of
dihydrocaffeic acid amide, N-decyl-N-(3-methoxy-4-hydroxybenzyl)-3-(3,4-
dihydroxyphenyl) propanamide and N-decyl-N-(3,5-dimethoxy-4-hydroxybenzyl)-3-(3,4-
dihydroxyphenyl) propanamide. More relevantly, the propanamide derivatives of
dihydrocaffeic acid amide presented therapeutic effects more promising. The main results
demonstrated apoptosis induction and an increase in the levels of cleaved caspase-3 in the
cancer cell lines. The levels of yH2AX were also upregulated. The antioxidants do not

appear to be toxic to normal cells“),
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Discussion

Laboratory and epidemiological researches have highlighted the key role of
oxidative stress and reactive oxygen species in the carcinogenesis pathways, through lipid
peroxidation, degradation of polyunsaturated fatty acids, causing cross-linking in lipids,
proteins, and nucleic acids™ 2D, In this context, increased intracellular ROS level or
inhibiting of antioxidant systems may favor cellular and molecular changes inducing
carcinogenesis. To protect cells of ROS-induced DNA damage, several endogenous
antioxidant systems, such as superoxide dismutase, glutathione peroxidase, catalase, and
glutathione contrary acts to the deleterious effects of ROS, inhibiting increased oxidative
Stress(102, 103),

Antioxidant substances have been shown in the literature to play a protective role
against carcinogenesis, inhibiting lipid peroxidation and other free radical-mediated
processes, through its biological function as radical scavengers®® 104, For example, the
Phloretin, a natural dihydrochalcone found in apples, when conjugated with chitosan
nanoparticles, acted as a potent antioxidant and anticancer-preventive agent in DMBA-
induced oral cancer. It enhanced the cellular antioxidant mechanism by quenching the
carcinogen-induced-free radicals®0),

On the other hand, studies have shown an important therapeutic role of antioxidant
substances in several cancer types%: 1%) promoting mitochondrial deregulations and
tumor cell death. These substances according to the treatment concentrations can become
prooxidants leading to the generating of superoxide anion radicals and induction of
apoptosis in cancer cells. Thymoquinone is a plant-derived substance considered as an
antioxidant at lower treatment concentrations; however, it at higher concentrations was
able to act as a prooxidant in prostate cancer cells, mobilizing and reducing endogenous
copper to ROS generation and cytotoxicity induction®?),

In this systematic review, almost all studies searching antineoplastic potential of
antioxidants on human oral cancer cells investigated phytochemical extracts or plant-
derived compounds, such as extract of Acacia catechu®), Gracilaria tenuistipiatata®®?,
Tualang honey®?, Pergularia daemia®, Hibiscus sabdariffa®), curcumin® 26. 34 37)
Shikonin®", Licochalcones@® 4% 42 46)  Pterostilbene®®, Quercetin®?, g-Mangostin®?), g-
lapachone and 3-iodine derivates®®, Salvia miltiorrhiza alcohol extract®®, Areca nut
extract®®, Duchesnea indica extract®®, Resveratrol®, Butein®®, Fisetin*4, Oridonin®3),
Betulinic acid®”, Thymol®®, Verbacoside®?, and Xanthorrhizol®®). Other studies used
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antioxidant chemical substances, like selenium@, and HPB242GY and derivatives of
Dihydrocaffeic acid amide®?,

When we assessed the quality of in vitro studies through the ToxRTool criteria, all
studies were classified as a high score, being “reliable without restrictions”. Considering
the quality of the studies selected in this review, we can highlight the antioxidant
substances herein described have a potential role in the treatment of OSCC. Moreover, we
identified a scarcity of human studies investigating this purpose; only one study assessed
the therapeutic potential of selenium in oral cancer patients, showing promising results®?,

It is important to emphasize that the literature search allowed us to identify other
antioxidants that exerted antineoplastic action on oral cancer cells, such as gallic acid@°?),
and grape seed extract, rich in antioxidants:®®). However, these studies were not included
in the list of selected articles, as they did not present the descriptors defined in this
systematic review and any other term related to antioxidants in OSCC cells. So, we
considered that the precise definition of keywords in published abstracts is extremely
important to the initial stage of article selection in a systematic review.

All antioxidants of in vitro studies analyzed in systematic review inhibited the
neoplastic behavior of OSCC cells, for example, promoting the reduction of cell
viability®@1-33) and migration@> 2%.30.33) and also an increase of cell death(22-24 26-28,30-33),

The inhibitory effect played by antioxidants on the neoplastic behavior of OSCC
cells was shown to be dependent-dose and time manner, especially the studies
investigating Acacia catechu, Gracilaria tenuistipitata, Tualang honey, Pergularia
daemia, Hibiscus sabdariffa, Curcumin, Shikonin, Licochalcone B, Pterostilbene,
Quercetin, 2,4-bis(p-hydroxyphenyl)-2-butenal, a-mangostin, and p-lapachone and 3-
iodine derivates®-33), It is known that high-dose antioxidant substances can act as a pro-
oxidant in cancer cells, leading to ROS generation and cancer cell death®?. Interestingly,
low doses may have no inhibitory effect on cell proliferation. In a study using Grape seed
extract rich in polyphenols (GSE), at low concentrations (1-10 pg/ml), it maintained the
cell viability around 91%. In contrast, a significantly concentration-dependent decrease in
cell viability was observed at high GSE concentrations (50, 100, 200 and 400 ug/ml)®09),
Since in vitro studies have shown that antioxidants may favor the death of oral cancer cells,
it is also necessary to know their effects on normal cells. In other words, would the high
doses of antioxidants that exert an antineoplastic therapeutic effect on OSCC cells be

harmful to normal cells or would promote the improvement of patients’ clinical conditions
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and reduce the adverse effects of chemo-or radiotherapy due to its ability ROS scavenger?
This should be considered since it was shown that antioxidant therapies may alleviate the
adverse effects of chemotherapy@® but can antagonize its antitumor effects by reducing
oxidative damage®® 110),

Some of the studies selected in this review also investigated the effect of
antioxidants on the viability of normal cell lines such as skin keratinocytes®> 33, oral
keratinocytes®®, and fibroblastsG% 32 33 Contrarily to their effects on cancer cells,
antioxidant substances or extracts did not compromise the viability of normal cells.
However, a divergent result was identified in the treatment of normal human fibroblasts
MRC5 and human normal keratinocytes HaCat with [-lapachone and its 3-iodine
derivatives; the IC50 showed heterogenous values between the tested substances and
positive control doxorubicin®?).

Phytochemicals are one of the major sources of anticancer drugs. These compounds
are isolated from different kinds of fruits, vegetables, beverages, and edible plants. The
derived-plant polyphenols, including flavonoids, catechin, hesperetin, flavones, quercetin,
phenolic acids, ellagic acid, lignans, stilbenes, among other represent substances, which
proprieties can be used to development of new drugs to prevention and treatment of
cancer(®)_ From the 32 articles included in this systematic review, 29 studies(-30. 32-50)
searched the plant extracts or compounds rich in polyphenols with therapeutic potential on
OSCC cells, highlighting Curcumin(®. 26.34 37 \/erbacoside®?, Resveratrol®®, Thymol©®),
a-Mangostin®?. The flavonoids include Butein®), Fisetin®, Licochalcones (B, C, D,
H)@8. 41 42, 46)  Quercetin®, and terpenoids substances, such as Betulinic acid®?,
Oridonin®3), Xanthorrhizol®® were also identified to play antineoplastic effect.

The natural dietary polyphenol compounds can promote anti-cancer effects through
the inhibiting of cancer cell-activating signaling pathways, activating DNA repair
mechanism, stimulating the apoptosis increasing caspases expression, and the inducing
antioxidant action (antioxidant enzymes e.g. GSH, GST, and GPxn)@%),

Among the selected studies, several molecular pathways involved in the therapeutic
potential of antioxidants on oral cancer cells were investigated. In particular, pathways
promoting cell death, like apoptosis activation@®: 26 27:30-32) ‘jncrease of ROS generation®?
24,26, 28, 33) and autophagy was shown to mediate the antineoplastic effects of
antioxidants®®. The cell cycle arrest in the G1 phase®? 28 30.32) or G2/M phase®®, and

modulation of cell cycle regulating proteins, such as inhibition of p27, Cyclin D1, Mcl-1,
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and Survivin®Y was also associated with antioxidant effects on neoplastic behavior. Some
metastasis-related genes were regulated by antioxidant substance, as the downregulation of
MMP-2 and upregulation of tissue inhibitor of metalloproteinase-2®. Another signaling
via and molecular regulations was also targeted by antioxidants to plays its antineoplastic
role, like the reducing phosphorylation of Akt, ERK1/2, and JNK1/2, downregulation of
the transcription factors NF-«xB, SP-1, and CREB®®, MAPKs ERK1/2 modulation and p38
activation®: 38 and the inhibiting of Epithelial-Mesenchymal Transition-inducing
transcription factors, such as Snail and Slug Slug, Snail Smad2/3, and N-cadherin®®),

We have identified a dearth of clinical studies that assessed the therapeutic effect of
antioxidants in oral cancer patients. According to the search criteria, only a single human
study was selected which indicated that treatment with radiotherapy-adjuvant selenium led
to a reduction in therapeutic response markers, but this study did not objectively
investigate whether selenium can promote the reduction of tumor size. We emphasize this
substance as an interesting and promising target for more consistent clinical research?,

Taking together all the analyzes of the selected studies, antioxidant substances can
control the behavior of oral cancer cells in in vitro study models. To better verify its
therapeutic effect in humans, randomized clinical trials should be performed to understand
whether antioxidants alone or by combination therapies are able to control the progression
of oral squamous cell carcinoma, or if they decrease the deleterious effects of chemo-or
radiotherapy or improve the nutritional status of the oral cancer patients.
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Figure 1: Flow diagram of the literature search process on therapeutic potential of antioxidant
substances in oral squamous cell carcinoma, according to the PRISMA Statement
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Table 1. Result summary on the therapeutic potential of antioxidant substances in oral squamous cell carcinoma by in vitro and Human

studies.
St_udy nature (In Antioxidant Cell lines or Oral Dosage and _ _
References vitro or Human substance cancer patients frequency of Investigated assays Main effects
study)* or agent treatment
MTT assay, electron Shikonin treatment inhibited the growth
microscopy, DNA of Tca8113 cells and induced apoptosis
fragmentation analysis, via the activation of caspase-8, -9 and -
cell cycle analysis, 3.
Min et al., 2008@" . o Oral cancer cell line: 0, 10, 20, 30 and 40 annexin Vstaining,.
In vitro Shikonin substance Tca-8113 uM for 24, 48 and 72 western blot analysis,
hours electrophoretic mobility

shift assay and caspase
activity.
Morphological analysis, Tualang honey showed a promising

Oral cancer cell line: MTT assay, Non- antiproliferative and apoptotic effects

0scC cells (CRL- 1% to 20% peroxidase, acidity, and on OSCC and HOS cell lines. Early

- 1623, ATCC concentrations for 3, 6, osmolar activity and apoptosis could be attributed, in part, to
Ghashm etal., 2010% In vitro Tualang honey ) 12, 24 and 48 hours for (el apoptosist;/ssay by itz aﬁJiIity to inhibit proliferation.p

Other cancer cell line:  all concentrations flow cytometry.

HOS
MTT assay, apoptosis The curcumin induced autophagic cell
assay, MDC staining, death and suppress the proliferation of
detection and OSCC cells.
quantification of acidic

Kim et al., 201209 1N vitro Curcumin substance Oral cancer cell line: 040 uM for different vesicular organelles

YD10B

periods (0-24h)

with acridine orange
staining, western
blotting, and analysis of
reactive oxygen species
(ROS) generation.
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Kim et al., 201268

Yeh et al., 2012%

Chen et al., 2013¢9

Kovalchuk et al.,
201340

In vitro

In vitro

In vitro

In vitro

Xanthorrhizol substance

Methanolic extracts of
Gracilaria tenuistipitata

Quercetin substance

trolox
trihydroxybenzoate;
trolox 3,5-dimethoxy-4-

Oral cancer cell lines:
SCC-15

Oral cancer cell line:
Ca9-22

Oral cancer cell line:
SCC25

Normal cell line:

HGFs

Oral cancer cell lines:
CAL-27, UMSCC1,
and UMSCCA47

20, 40, 60, 80 and 100
uM  for 12 and 24
hours

0.1, 0.25, 05 and 1
mg/ml for 24 hours

25,50 and 75 uM for
24 hours

Treatment with
antioxidant substances
at 350 pg/mL for 2

MTT assay, Hoechst
staining, FITC-annexin
V and propidium iodide
doubling staining,
Western blot analysis,
Measurement of
intracellular Ca2+
concentration and
determination of ROS
levels.

MTT assay, cell cycle,
Flow cytometry-based
detection of Annexin V
staining, y-H2AX
staining, intracellular
reactive oxygen species
(ROS), glutathione
(GSH) content and
mitochondrial
membrane potential.

MTT assay, clonogenic
assay, cell cycle
analysis, apoptosis
analysis, migration
analysis, invasion
analysis, and western
blotting analysis.

RNA extraction and
gene expression,
protein extraction,

Xanthorrhizol decreased cell viability,
induced apoptosis and decreased the
level of full-length PARP in SCC-15
oral squamous cell carcinoma (OSCC)
cells. The treatment elevated
intracellular Ca2+ and ROS levels and
may induce  caspase-independent
apoptosis through ROS-mediated p38
MAPK and JNK activation in SCC-15
OSCC cells and prevent chemical-
induced oral carcinogenesis.

Methanolic extracts of Gracilaria
tenuistipitata induced antineoplastic
effects thought the induction of
apoptosis, DNA damage, and oxidative
stress pathways.

Quercetin  treatment inhibited cell
growth and invasion/migration of SCC-
25 cells. The cellular and molecular
mechanisms of the biopharmacological
effects of Qu were mainly via cell cycle
arrest and apoptosis.

The examined antioxidants, mainly, the
derivatives of dihydrocaffeic acid
amide exerted an important cell-killing
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Chae et al., 20149

In vitro
Lin et al., 2014?

In vitro
Mirunalini et al., .

In vitro

2014@

hydroxycinnamate and
derivatives of

dihydrocaffeic acid amide

HPB242 Maillard
reaction products

Pterostilbene substance

Methanolic extract of
Pergularia daemia

Other cancer cell line:
MCF-7

Normal human
tissues: EpiOral and
EpiGingival tissues

Oral cancer cell lines:
HN22 and HSC4

Oral cancer cell line:
SCC9

Normal  cell line:
HOK

Oral cancer cell line:
KB

hours (for cell lines),
and at 117 pg/mL for 2
hours (for tissues)

5,10, 15 and 20 pg/ml
for 24 and 48 hours

Pterostilbene treatment
at 5, 10, 20, 40, 80 uM
for 24, 48 and 72 hours

10, 20, 40, 80, 160, 320
pug/mL incubated at 24
hours

western blotting, and
annexin V assay.

Cell viability, DAPI
staining, propidium
iodide staining, RT-
PCR, western blotting
analysis and
immunocytochemistry
analysis.

MTT assay, clonogenic
assays, in vitro wound
closure, cell invasion,
and migration assays,
gelatin zymography,
casein zymography,
ELISA assay, RT-PCR,
Western blot analysis,
transfection and
luciferase assays, and
chromatin
immunoprecipitation
analysis.

Clonogenic cell
survival assay, analysis
of reactive oxygen
species (ROS)
generation,
mitochondrial

effect on cancer cells, including on
chemotherapy-resistant breast cancer
cells and OSCC cells.  Furthermore,
the antioxidants induced apoptosis and
increased the levels of cleaved caspase-
3. The antioxidants do not appear to be
toxic to normal cells.

OSCC cells were influenced by the
chemotherapeutic effects of HPB242
that regulated Spl target proteins,
resulting in  apoptosis by the
suppression of Spl levels in HN22 and
HSCA4 cells.

Pterostilbene inhibited CREB, NF-kB
and SP-1 expression and DNA-binding
activities on MMP-2 and u-PA
promoters; it reduced MMP-2 and u-
PA  expression and subsequently
inhibited cell invasion and migration.

The polyphenolic constituents of P.
daemia were responsible for anticancer
activity on oral cancer cells due to an
increased level of intracellular ROS,
lipid peroxidation marker, DNA
damage, apoptotic death, and cell cycle
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Fetoni et al., 2015¢7

Kwak et al., 2016¢?

Malacrida et al.
20162

Oh et al., 2016@®

In vitro

In vitro

In vitro

In vitro

Curcumin substance

a-mangostin substance

Hibiscus sabdariffa total
extract

Licochalcone B substance

Oral cancer cell lines:
PE/CA-PJ15

Oral cancer cell lines:
HSC2, HSC3, and
HSC4

Normal  cell line:
PDLF

Oral cancer cell line:
SCC25

Other cancer cell line:
RPMI 8226, U87-
MG, Capan-1, Igrov-
1, PC3, and H460

Normal cell lines:
HaCat and HEK-293.

Oral cancer cell lines:
HN22 and HSC4

0.5, 1.0, 3.37 and 6.75
mM for 24, 48 and 72
hours

0-10 uM for 24 hours

0.5, 1, 3 and 5 mg/mL
for 24, 48 and 72 hours

0, 10, 20 and 30 uM for
24 and 48 hours

membrane potential,
acridine
orange/ethidium
bromide staining, comet
assay, and biochemical
estimations.

Cell survival, pSTATS3,
and Nrf-2
immunofluorescence,
TUNEL assay, Western
blot.

Cell viability (MTT),
Hoechst staining, flow
cytometry analysis,
immunofluorescent
staining and western
blot analysis.

MTT assay, trypan blue
vital staining, scratch
wound healing assay,
Boyden chamber assay,
and western blotting.

Trypan blue staining,
annexin V staining,
DAPI staining, cell
cycle analysis, western
blotting analysis,

arrest.

Curcumin attenuates cell survival and
proliferation, by targeting pSTAT3 and
Nrf-2  signaling pathways provide
chemosensitization to cisplatin.

The a-mangostin induced apoptosis in
human OSCC cells and led to the
dysregulation of mitochondrial function
and cell cycle arrest.

The  results  demonstrated  the
antitumoral properties of HS in vitro, as
it proved to prevent both cell
proliferation and invasiveness of OSCC
cells through MAPKs modulation.

Lico B induced apoptosis in OSCC
cells through the extrinsic pathway by
upregulating the death receptor and also
the intrinsic pathway by modulating
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In vitro

Lakshmi et al., 2017@9
Wang et al., 201749 In vitro
Bano et al., 2018¢% In vitro
Chapa et al., 2018¢9 In vitro

Ethanol extract of Acacia
catechu seed

Alcohol extract of
Danshen (Salvia
miltiorrhiza)

Curcumin substance

Thymol substance

Oral cancer cell line:
SCC25

Oral cancer cell lines:
HSC-3

Normal cell line: OC-
2

Oral cancer cell lines:
HPV16+ve OSCC
cell line, UD-SCC-
2;HPV-ve

OSCC lines,
UPCI:SCC131 and
UPCI:SCC84

Oral cancer cell lines:
Cal27, SCC4, and
SCC9

Other  cancer cell
lines: Hela, H460,

25 and 50 pg/mL for 24
hours

Treatment with
Alcohol  extract of
Danshen (Salvia
miltiorrhiza) at 2, 5,
10, 25, or 50 ug/mL
for 24, 48 and 72 hours

Concentrations of
curcumin (0-50uM) for
24 h

200uM, 400uM,
600uM, 800uM, 1mM
and 43 mM for 48
hours

mitochondrial
membrane potential
(MMP) detection assay,
ROS measurement,
multi-caspase assay.

MTT assay, Acridine
orange/ethidium
bromide staining,
propidium iodide
staining, RT-PCR

DPPH assay, ABTS
assays, cell viability
analyses, caspase-3
activity assays,
mitochondrial
membrane potential,
protein extraction, and
Western blot analyses.

MTT assay, Western
Blotting, Sphere
formation assay,
Analysis of SP and
Non-SP Cancer Cells
by FACS Quantitative
Real-Time PCR

Cell viability assay,
clonogenic assay,
calcium imaging,,
mitochondrial
membrane potential,

Bcl-2 and IAP family members.

Ethanol extract of Acacia catechu seed
inhibited proliferation and triggers
apoptosis of human oral sguamous
carcinoma cells in a dose-dependent
manner.

Danshen alcohol extracts significantly
inhibited the proliferation of the human
oral squamous carcinoma (OSCC) cell
lines HSC-3 and OC-2. Furthermore, it
activated the caspase-3 apoptosis
executor by impeding members of the
inhibitor of apoptosis (IAP) family, but
not by regulating the Bcl2-triggered
mitochondrial pathway in OSCC cells.

Curcumin treatment promoted
significant differential inhibition in
CSC proliferation, the orosphere
formation and miRNA-21 expression in
a dose-dependent manner; the effect
was highly pronounced in HPV
positive CSCs.

Thymol had significant, long-lasting
antiproliferative effects in vitro. It
induced a concentration-dependent
reduction in cell viability in all OSCC
cell lines and in all other cancer cell
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Dias et al., 2018¢?

Elango et al. 2018

In vitro p-Lapachone and 3-
iodine derivates

substances

Human study Selenium

MDA -231and PC3

Normal  cell line:
CHO

Oral cancer cell lines:
HSC3, SCC4, SCC9,
SCC15, and SCC25

Normal  cell line:
HaCat, MRC5, and
PBMCs

Oral squamous cell
carcinoma  patients
(Stage I11)

Treatment  with  g-
Lapachone and 3-
iodine derivates at 5,
10, or 20 uM for 12,
24, 48 and 72 hours

An amount of 400 pg
selenium (capsules)/day
for 6 months.
Supplemented orally
selenium (capsule) after
cessation of
radiotherapy. The
treatment schedule and
selenium

supplementation of the
patients were carefully
recorded and monitored.

Western blot.

Cytotoxic activity
assay, three-
dimensional
multicellular spheroid
culture, trypan blue
exclusion assay,
internucleosomal DNA
fragmentation, and cell
cycle distribution,
morphological analysis,
annexin V/PI staining
assay, flow cytometer,
caspase-8 and -9
activation assays, ROS
analysis, measurement
of cellular superoxide
anion levels,
measurement of nitric
oxide production, DNA
intercalation assay and
gPCR.

Fluorometric method.
Atomic absortion
spectrometry.
Estimation of Copper,
Iron, Zinc, Sodium,
Potassium, Calcium,
Chloride. Biomarkers
by ELISA,
Immunobinding assay,
Electro Immuno
diffusion.

lines tested.

f3-Lapachone promoted cell cycle arrest
at G2/M phase, internucleosomal DNA
fragmentation and caspase- and ROS-
mediated apoptosis in OSCC cells.

The selenium was able to act as an
adjuvant to radiotherapy in oral
carcinoma patients, improving the
blood levels of therapeutic response
markers
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Kim et al., 2018¢%

OH et al., 2018¢?

Oh et al., 2018¢“?

In vitro

In vitro

In vitro

Oral cancer cell lines:
CAL-27, SCC15, and
SCC25

Resveratrol

Oral cancer cell lines:

Oridonin substance HN22 and HSC4

Oral cancer cell lines:

Licochalcone C substance HN22 and HSC4

Different
concentrations of
resveratrol (10-500
mM) for at least 24 h
andupto72h

Oridonin treatment 1,
2,4,5,75and 10 uM
for 24 and 48 hours

0, 10, 20 and 30 uM for
24 and 48 hours

Cell Cytotoxicity
Assay/MTT,
Fluorescence
Microscopy, Annexin
V- FITC/PI Staining
(Apoptosis assay), JC-
1 Staining for
Mitochondrial
Membrane Potential,
Western Blot Assay,
Wound Healing Assay,
Invasion Assay.

MTT assay, anchorage-
indepent cell
transformation assay;
DAPI staining, cell
cycle analysis, annexin
V staining, ROS levels,
measurement of MMP,
Multi-caspase assay,
and western blot
analysis.

MTT assay, DAPI
staining, Cell cycle
assay, Annexin
V/7-aminoactinomycin
D staining,
nchorage-independent
cell growth assay, In
vitro LCC-conjugated
Sepharose 4B
pull-down assay,
Western blot analysis,
In vitro Kinase assay,

Resveratrol treatment caused in a time-
and dose-dependent decrease in cell
viability and increased the apoptosis in
CAL-27, SCC15, and SCC25 cells.
This  antioxidant  substance also
decreased cell migration of CAL27
Cells, invasion by inhibiting of
Epithelial-Mesenchymal ~ Transition-
inducing transcription factors, such as
Snail and Slug Slug, Snail Smad2/3,
and N-cadherin

Oridonin suppressed oral cancer cell
proliferation and soft agar colony
formation, while it induced reactive
oxygen  species  (ROS)-dependent
apoptosis in a dose or time-dependent
manner.

LCC inhibited oral squamous cell
carcinoma (OSCC) cell viability,
mitochondrial function, and
anchorage-independent growth in a
dose-dependent manner. LCC induced
the death receptor DR4 and DR5
expression levels with the generation of
reactive oxygen species and the
upregulation of CHOP  protein
expression.
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Srivastava et al.,
2018®

Zhang et al., 20189

In vitro

In vitro

Curcumin substance

Verbascoside substance

Oral cancer cell lines
and  human hypo-
pharynx  squamous
cell carcinoma,
respectively SCCO090,
SCC152

Oral cancer cell lines:
HN4 and HN6

Different
concentrations (10, 20,
40, 80, 160, 320ug/ml)
of 5-FU nanoemulsion,
Cur nanoemulsion, and
combined-loaded,5-
FU-Cur nanoemulsion
formulations in time
interval 24, 48, 72,96 h

Verbacoside treatment
0 to 200 uM for 24
hours

ATP and JAK2
competition assay,
Molecular docking
simulation, Molecular
dynamics simulation,
Reactive oxygen
species assay,
Mitochondrial
membrane potential
assay, Evaluation of
cytochrome c release
from mitochondrial and
cytosolic fraction,
Multi-caspase assay.

MTT assay, cell uptake
studies and Western
Blot to protein
expression of apoptosis
(P53, P21, Bax, and
Bcl2)

Cell viability and
proliferation assays,
AO/EB staining assay,
Flow cytometry
analysis, transwell
migration, and matrigel
invasion assays,
TUNEL assay, wound-
healing assay,
quantitative RT-PCR
and Western blotting.

The 5-FU and Cur in nanoformulation
proved their potency to deliver
improved anticancer activity in OSCC
cells. OSCC cells treated with 5-
FUNE/Cur-NE/5-FU-Cur-NE
formulations showed up-regulation in
expression protein, p53, p21, and Bax
proteins, and down-regulation of Bcl2
protein in both cells with time-dose-
dependent manner.

VB plays an essential role in decreasing
the viability, migration, and invasion of
HN4 and HN6 tumor cells while
promoting apoptosis. VB effectively
inhibited OSCC tumor cell growth and
metastasis via suppression of IkB
kinase complex (IKK)/NF-kBrelated
signaling activation.
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Bordoloi et al., 2019¢%

Nho et al., 2019¢%

Park et al., 2019“4

In vitro

In vitro

In vitro

Oral cancer cell lines:

Butein substance SAS and KB

Oral cancer cell line:

Licochalcone H substance HSC2, HSC3

Oral cancer cell lines:

Fisetin substance CAL-27 and Ca9-22

Butein treatment at 1,
10, 25, 50, and 100
uM) for 24, 48 and 72
hours

Different
concentrations of
Licochalcone H (0-40
uM) for 24 and 48 h.

Fisetin treatment 10 to
200 uM for 24 — 72
hours.

MTT assay, colony
formation, PI/FACS,
live and dead, scratch
wound healing,
matrigel invasion
assays and Western blot
analysis.

MTS assay, DAPI
staining, Annexin
V/propidium iodide
(PI) staining, Cell cycle
analysis, Western blot
analysis, Pull-down
assay,
Anchorage-independent
cell transformation
assay, Matr3 small
interfering RNA
(siRNA), T-PCR
analysis

MTT assay, Hoechst
staining, detection of
mitochondrial
membrane potential,
detection of acidic
vesicular organelles and
Western blot analysis.

Butein  exhibited potent  anti-
proliferative, cytotoxic, anti-migratory,
and anti-invasive effects in OSCC cells.
It suppressed the expression of NF-xB
and NF-xB-regulated gene products
such as COX-2, survivin, and MMP-9
which are involved in the regulation of
different processes like proliferation,
survival, invasion, and metastasis of
OSCC cells.

Licochalcone H reduced cell viability
and colony-forming and led to the cell
cycle arrest and apoptosis in HSC2 and
HSC3 cells through the suppression of
Matr3.

Fisetin induced apoptotic cell death in
human tongue squamous cell line Ca9-
22 could be enhanced by inhibition of
autophagy. Thus, the autophagy
process in fisetin treated OSCC might
be presumed to play a role of pro-
survival.
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Sari; Subita; Auerkari,
201949

Seo et al., 2019¢9

Shen et al., 2019¢?

In vitro

In vitro

In vitro

Areca nut extract

Licochalcone D substance

Betulinic Acid substance

Oral cancer cell lines:
HSC-2 and HSC-3

Oral cancer cell line:
HN22, HSC4

Oral cancer cell lines:

Treatment with Areca
nut extract 629.50
pg/mL for HSC-2 cells
and 164.06 pg/mL for
HSC-3 cells incubated
for 24 and 48 hours.

Various concentrations
of Licochalcone D (0,
10, 20, and 30 uM) for
24 and 48 h

Betulinic Acid
treatment at 12.5, 25,

Analysis of apoptosis
activity and analysis of
caspase-3 activity.

MTT assay, DAPI
staining, Cell cycle
analysis, Annexin V
staining, In vitro and
ex vivo pull-down
assays, ATP and
JAK2 competition
assay, Western blot,
Multi-caspase assay,
In vitro kinase assay,
Molecular docking
stimulation, ROS
measurements,
Mitochondrial
membrane potential
detection assay, nude
mouse xenograft,
PET/CT imaging, and
quantitative imaging
analysis,
Immunohistochemical
analysis

Determination of cell
proliferation,

Areca nut induced a significant increase
in late apoptosis of HSC-2
cells and mostly occurred
over 48 hours. The study also found
that in HSC-

3, there were significant increases  in
the percentage of cells
in early apoptosis after 24

hours and late apoptosisat 48 hours.
Caspase-3 activity increased
after 24 and 48 hours of areca

nut exposure in both cells.

Licochalcone D inhibited the colony
formation, the proliferation, and the
kinase activity of JAK2 of HN22 and
HSC4 cells. Moreover, it also promoted
mitochondrial apoptotic events such as
altered mitochondrial membrane
potential and reactive oxygen species
production. LCD upregulated of death
receptor CHOP, DR4, DR5, and increase
of expression levels of proapoptotic
proteins Bad and Bax in OSCC cells

BA promoted ROS production, increased
p53 expression and the transcription of
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Yang et al. , 2019“®

In vitro

Duchesnea indica extract

KB

Oral cancer cell lines:
SCC-9, SCC-14, and
TW2.6

50 and 100 pM for 24—
72 hours.

Treatment with
Duchesnea indica
extract at 10, 20 and 40
pg/mL for 24 hours

apoptosis, caspase 3
and caspase 9
activities,
measurement of
oxygen consumption
rate, cell cycle
measurement,
determination of ROS
Generation,
quantitative Real-
Time PCR, Western
blot analysis, ChIP
assays.

MTT assay for cell
viability, wound-
healing assay, cell
migration and
invasion assays,
gelatin zymography
and Western blot
analysis.

the proapoptotic regulator, and inhibited
STATS3 signaling, resulting in the
promotion of mitochondrial apoptosis,
induction of cell cycle arrest, and final
inhibition of cell proliferation. Taken
together, the data demonstrated that
ROS-p53 signaling was crucial for the
BA-exhibited antitumor effect in OSCC.

DIE significantly attenuated OSCC cells’
motility, migration, and invasion by
reducing the MMP-2 protein expression
and MMP-2 activity in a dose-dependent
manner. In addition, DIE reduced the
phosphorylation of both ERK1/2 and its
upstream kinase

*Assays and results of studies with in vivo approach was not considered in this study, as described in Material and Methods.
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Table 2. Quality assessment of in vitro selected articles according to the ToxRTool.

Grf“f I: Group I1: Group 1I: Group IV: plfu';?gﬁi:;:of
es . R
test system Study design .
References substance Y L y e g Study resul_ts study design and Total Re“at."“t.y
. L characterization description documentation categorization
identification (points: 0-3) ints: 0-6 (points: 0-3) _data
(points: 0-4) ’ (points: 0-6) pornts: (points: 0-2)
Reliable without
Lakshmi et al. 2017 3 8 5 3 2 16 restrictions
Reliable without
Yeh et al. 2012 3 8 5 3 2 16 restrictions
Reliable without
Ghashm et al., 2010 3 8 5 3 2 16 restrictions
Reliable without
Sankaran et al. 2014 3 8 6 3 2 17 restrictions
Reliable without
Malacrida et al. 2016 3 3 5 3 2 16 restrictions
Kim et al. 2012 3 3 6 3 2 17 Rellablg vylthout
restrictions
Fetoni et al. 2015 4 3 6 3 2 18 Reliable without
restrictions
Srivastava et al. 2018 4 3 6 3 2 18 Rellablg vylthout
restrictions
Bano et al. 2018 3 3 5 3 2 16 Reliable without
restrictions
Min et al. 2008 3 3 5 3 2 16 Rellablg vylthout
restrictions
Oh etal. 2016 4 3 5 3 2 17 Reliable without
restrictions
Oh et al. 2018 3 3 5 3 2 16 Reliable without
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Seo etal. 2019

Nho etal. 2019

Linetal. 2014

Chenetal. 2013

Chae et al. 2014

Kwak et al. 2016

Dias et al. 2018

Kim et al.2018

Chapa et al. 2018

Kim et al. 2012

Park et al. 2019

Yang et al. 2019

Zhang et al. 2018

OH et al. 2018

16

16

17

16

15

16

17

17

15

15

16

16

17

16

restrictions

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions
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Sari; Subita;
Auerkari 2019

Wang et al. 2017

Bordoloi et al. 2019

Shen et al. 2019

Kovalchuk et al. 2013

15

16

16

16

16

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions

Reliable without
restrictions
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Abstract

Gallic acid (GA) is a potent antioxidant, derived from plants of the Brazilian Cerrado; it
can inhibit the development of neoplasms through various mechanisms such as
apoptosis induction, inhibition of proliferation, invasion, and metastasis of tumor cells
inhibition, and angiogenesis suppression. Several pharmacological activities of this
compound have been reported, including anti-inflammatory, anti-atherosclerotic,
anticarcinogenic, antioxidant activities, as well as radioprotective activity. Thus, we
investigated, through phenotypic and molecular analyses, the adjuvant action of GA on
the therapeutic effect of ionizing radiation in oral squamous carcinoma cells (OSCC).
The human OSCC-derived cell lines SCC-9 and normal control keratinocytes HaCat
were treated with 10 pg/ml GA and exposed to 2Gy, 4Gy, and 6Gy of ionizing
radiation. We performed the in vitro assays of cell proliferation, cell death by
Acridine/Ethidium Bromide Orange and detection of reactive oxygen species (ROS) by
carboxy-H2DCFDA. The GA was able to significantly reduce the number of viable
cells at different radiation doses. It was also able to potentiate cell death induced by
ionizing radiation in SCC-9 cells, but not in HaCaT cells, mainly at low doses of
radiation. In the ROS analysis, a mechanism that explains cell death, there was an
increase of ROS intracellular accumulation in SCC-9 and a reduction in HaCaT cells,
revealing a potential effect of GA as an adjuvant to the radiotherapy. Our findings
revealed a potential effect of GA as an adjuvant to therapeutic ionizing radiation on
behavior control of OSCC cells, beyond to act as a protector of normal keratinocytes by
reduction of radiation doses. New in vivo studies are necessary to better understand the
GA role against oral cancer and its possible clinical applications.
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Introduction

Oral cancer is one of the most common malignancies of the head and neck and a serious
public health problem in several countries. Approximately 90% of oral cancer originates
from squamous cells of the mucosa. ¥ Worldwide, oral cavity cancer ranks sixth with
less than 5 years of survival. @ Each year, nearly 300,000 new cases are diagnosed for
this type of oral cancer. ¢4

About 30% of them die as a result of distant metastases, as these cells spread rapidly or
recur loco-regionally. ® ® It happens due to carcinogenic transformation in the mucosa
of the oral lining commonly induced by tobacco or alcohol, which are well known as
major risk factors. ¢ Other factors are also responsible for causing the disease, such as
Human papillomavirus infection, 9 vitamin deficiency, malnutrition as well as
epigenetic and genetic factors. @V Its highest prevalence is among young male adults
under 40 years old, however, men over 60 years show to be the highest risk group. 2
The main treatment options available to cease or eliminate the spread of oral cancer are
surgery, radiotherapy, and chemotherapy. ) The continuous improvement in diagnostic
and treatment technologies has promoted an increase in the survival rate of Oral
Squamous Cell Carcinoma (OSCC) patients, but there are still major challenges such as
the non-specificity, non-selectivity and severe toxicity of drugs over time, affecting the
post-treatment life of the patients. Despite the therapeutic effect of radio- and
chemotherapy, deleterious side effects to normal tissues, adjacent to neoplastic tissue,
drug resistance, and other toxic effects can affect the patient undergoing treatment due
to cancer in the head and neck region. @415

The chemotherapy drugs act mainly inducing apoptosis in cancer cells. Some of the
anticancer drugs available today are Epirubicin, cisplatin, 5-fluorouracil, doxorubicin,
and cyclophosphamide. ®

As these chemotherapeutic agents generally show dosage-dependent toxicity, it is
necessary to seek alternative therapies concomitant with conventional treatment aiming
to decrease the toxicity on normal cells, but improving its therapeutic effects against
cancer. Over the years, phytochemicals have received a lot of attention due to their
antineoplastic potential against some cancer types. The plant herbal and phenolic
compounds have been shown to mediate apoptosis through mitochondrial events in

cancer cells. (719
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The plant-derived compounds commonly have antioxidant activity, that can prevent
damage induced by reactive oxygen species (ROS) and reactive nitrogen species.
Studies have shown radioprotective effects of various natural phytochemicals in short-
term in vitro tests such as lipid peroxidation, DNA damage, free radical scavenging, and
antioxidant level assays, cell survival and micronucleus induction. ?® The antioxidants
can exert a protective role preventing the initiation, promotion, and also the progression
of oral cancer. In this sense, these substances can be important to new research to the
development of anticancer drugs. 9

According to the treatment concentrations, antioxidants also have been shown to plays
antineoplastic functions in several cell lines of several cancer types. ?'?® They can
become prooxidants promoting the generating of superoxide anion radicals and
induction of apoptosis of cancer cells. @® Gallic acid (GA) is a polyhydroxy phenol
compound present in many dietary substances and naturally found in nuts, Sumac, hazel
(Hamamelis virginiana), clove (Syzygium aromaticum), tealeaves, oak bark, sundew,
and other plants. Edible foods like blackberry, hot chocolate, common nuts, Indian
gooseberry, vinegar, wine, and white tea contain GA. ! This is not toxic to mammals
at pharmacological doses, being suggested the dose LD50 of GA of 5 g/kg body weight
in rats. ¢

Several pharmacological activities of this compound have been reported, including anti-
inflammatory, anti-atherosclerotic, anticarcinogenic, antioxidant activities, % as well as
radioprotective activity. ®® Studies have also shown that GA induced cancer cell death
by apoptosis. In particular, it has been described as an inducer of differentiation and
programmed cell death in various tumor cell lines, such as HL-60RG, HelLa, dRLh-84,
PLC/PRF/5, and KB cells. In addition, it interfered with different stages of tumor
development and was also responsible for suppressing tumor angiogenesis and exerting
an inhibitory effect on in vitro invasion. 428

Although the anti-cancer properties of gallic acid have been demonstrated on OSCC
cells ?° 30 jts effects concomitant to other treatment modalities not yet explored in oral
cancer. Thus, in this study, we hypothesized that GA could favor the therapeutic effect
of ionizing radiation in OSCC cells. We investigated whether GA can interfere with the
proliferation, cell death, and oxidative stress in OSCC cells exposed to ionizing

radiation. Besides, its effects on non-neoplastic keratinocytes were also searched.
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Methods

Cell lines, culture conditions

The human OSCC cell line SCC-9 (BCRJ Cat# 0196, RRID: CVCL_1685) was used in
this study. For comparative analysis, we used HaCaT human normal keratinocytes. Both
cell lines were maintained in Dulbecco’s minimum essential media and Ham’s F-12
(DEMEM/F12) (Gibco, Invitrogen, Carlsbad, CA), and supplemented with 10% fetal
bovine serum (FBS), 1% penicillin/streptomycin and 0.4ug/ml hydrocortisone (Gibco,
Invitrogen, Carlsbad, CA). Cells were incubated at 37°C in a humidified atmosphere
containing 5% CO,. During subculture, cells were grown in 75¢cm? culture flasks and
detached by trypsinization. The experiments were done when they reached 70-80%
confluency.

Cell treatment

Cells were treated with 10 pg/ml gallic acid (Sigma, St Louis, Missouri, USA) for 24hs
as previous standardization. @ After that, the cells were irradiated with different doses
of radiations (0Gy, 2Gy, 4Gy, and 6Gy), using the Elekta Synergy linear accelerator
(Atlanta, GA) to a field-source distance of 97.5 cm. Next incubated for 72hs, the
phenotype analyses were performed. @Y In this study were adopted four groups for
experimental: Group I: EtOH_vehicle (SCC-9/HaCaT GA-untreated + 0Gy), Group II:
SCC-9/HaCaT GA-treated (10ug/ml) + 2Gy, Group Ill: SCC-9/HaCaT GA-treated
(10ug/ml) + 4Gy, Group IV: OSCC-9 / HaCaT GA-treated (10ug/ml) + 6Gy.

Cell proliferation assay

Cell proliferation was determined by the trypan blue exclusion assay. The cells were
plated at a density of 1x10* cell/well in a 12-well culture plate for groups treated with
gallic acid as described earlier. Briefly, the cells were trypsinized and resuspended in
complete medium, 90uL each sample was removed from the cell suspension, and 10pL
trypan blue was added. Cell counting was measured using the Neubauer chamber ¢, in
proliferation data were obtained after treatment of the cells with GA, followed by

irradiation.
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Cell dead/viability assay

The SCC9 and HaCaT cells were plated at a density of 80,000 cells/well. After
treatments, Acridine Orange/Ethidium Bromide (AO/EB) staining was performed in the
equal volumes of cells and mixed with a solution contained Acridine Orange 100pg/ml
(AO, Sigma, St. Louis, MO, USA) and Ethidium Bromide 100ug/ml (EB, Sigma, St.
Louis, MO, USA) (1:1). The cells were examined by fluorescence light microscopy
FSX100 (Olympus, Center Valley, PA, USA). The viable cells had green fluorescent
color showed in intense of AO (Ex460-495, Em510-550, DM505 filter), and death cells
had bright orange color was indicated with the intense EB staining (Ex360-370, Em420-
460, DMA400 filter). The percentage of dead cells was quantified by % of apoptotic cells

(total number of dead cells/total number of cells counted] x 100).

Reactive oxygen species assay

Intracellular reactive oxygen species (ROS) production was determined 2°,7°-
dichlorofluorescin diacetate (H2DCFDA,; Invitrogen, Carlsbad, CA). After all
experimental treatments as described above, the SCC-9 and HaCaT cells were incubated
with 10uM of H2DCFDA for 30 min at 37°C, washed twice with PBS buffer, and
immediately photographed under a fluorescent microscope (Olympus, Center Valley,

PA, USA). For quantification was using the ImageJ software (http://rsbweb.nih.gov/ij/).

Statistical analysis

The analyses were carried out using SPSS 20.0 software and Graph Prism. Shapiro-
Wilk test was performed to evaluate data distribution. The data were analyzed according
to the distribution normal using Two-way variance test (ANOVA), and the p<0.05 value
was considered statistically significant in all cases. The study was approved by the local
ethics committee of State University of Montes Claros/Brazil-Unimontes (n°
2.008.010/2017).
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Results

Gallic Acid potentiated the therapeutic ionizing radiation by reduction of proliferative
activity of OSCC and HaCaT cells

In order to examine the effects of GA on the inhibition of cell viability, proliferation
assay was performed in SCC-9 and HaCaT cells treated with GA 10 pg/ml gallic acid
and irradiated with different doses (0Gy, 2Gy, 4Gy, and 6Gy). The results are shown in
Figure 1.

Initially, we observed that GA treatment without radiation dose exposure significantly
reduced the neoplastic cell number, accordingly with a previous study. ©® Furthermore,
GA enhanced the effect of radiation ionizing by reducing the number of viable cells
when compared to the irradiated control at different doses. Statistical analysis revealed a
significant interaction effect between irradiation and GA to reduce the proliferative
behavior of cells.

The action of GA in HaCaT cells was similar to OSCC-9 cells. The GA controlled the
proliferative activity of HaCaT cells synergistically to the effect of therapeutic ionizing
radiation, reducing the number of viable cells. However, comparing the non-irradiated
and GA-treated cells with the combined treatment groups, no potential synergism was
observed, as the number of viable cells in the GA and irradiated groups showed no
significant difference compared to the non-irradiated and treated with GA.

Gallic Acid promoted radio-induced cell death of OSCC cells but protected normal
keratinocytes at low radiation dose

In order to investigate the cytotoxic effect of GA, after experimental treatments, the cell
groups were stained with an AO/EB immunofluorescence solution to detect the number
of cells death. As shown in figure 2, GA treatment resulted in a significant increase in
the number of dead SCC-9 cells. Interestingly, the GA significantly reduced the
percentage of dead cells HaCaT at a lower dose of radiation exposure. This GA effect
on HaCaT cells was also observed in the cell group not irradiated. In this sense, it is
important to highlight that GA exerted an interest adjuvant effect on ionizing radiation,
especially at a lower dose of 2Gy, promoting the cell death of neoplastic cells and

protecting normal HaCaT cells, but in larger doses, this was not possible.
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Gallic Acid increased reactive oxygen species in OSCC cells but reduced it in normal
keratinocytes

To test if GA-induced cell death was associated with stress oxidative, we measured
intracellular ROS generation in OSCC-9 and HaCaT cells after treatments. The GA
promoted a significant increase of ROS accumulation in SCC-9 cells at all radiation
doses and also in the GA group not irradiated, as demonstrated in Fig. 3A. That is, GA
at 10ug/mL exerted a synergistic effect on radiation, increasing the formation of ROS.
However, it is believed a saturation of the synergistic effect in 6Gy because it did not
give a significant difference in SCC-9 cells.

However, when we analyzed the ROS accumulation in HaCaT, in accordance with the
decrease in cell death ratio, the GA treatment at different doses of irradiation impaired
the formation of reactive oxygen species, reducing the cell number stained (Fig.3B).
Probably, this is because in fact, the antioxidant effect on normal cells, as HaCaT, is

expected to play protection against oxidative stress.
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Discussion

The therapeutic ionizing radiation, despite its beneficial effect promoting control of
neoplastic proliferation and metastasis, tumor size reduction, is known also to exert
deleterious effects on the organism, especially in peritumoral tissues. ©® Thus, it is
important to research new therapeutic approaches aiming the tumor reducing and lower
damages to the normal cells. The present study proposes GA as a potential adjuvant
substance to the ionizing radiation therapy on oral squamous carcinoma cells. Our
findings suggested that GA treatment combined with lower doses of radiation can
improve the deleterious effects of radiation since it was able to impair the neoplastic
behavior and also to protect normal keratinocytes of cell death and oxidative stress.
Gallic acid is an antioxidant substance that has been reported to inhibit several cancer
cell lines through different mechanisms, especially due to its antioxidant activity,
inhibiting the ROS-induced DNA damage and therefore reducing the risk for cancer. ®
Antioxidants, according to the treatment concentrations, have been shown to plays
antineoplastic functions in several cancer types, preventing oxidative stress-induced
DNA damage or promoting cancer cell death. ¢*-2%)

In the current study, GA treatment significantly inhibited the proliferation and promoted
cell death of OSCC cells in different exposure doses of radiotherapy, potentializing its
effects. Several other studies revealed a similar effect of GA on cell number reduction
in different cancer cell lines. 4 2% 3437 however synergic action of GA to the ionizing
radiation was not yet investigated, especially on oral cancer cells.

An important finding revealed in this study is the possibility of exposing cells to lower
radiation doses concomitantly to the GA treatment maintaining their antineoplastic
effect. The GA potentiated oral cancer cells death induced by ionizing radiation, while
in HaCaT cells, at lower 2Gy doses, the effect of GA was to protect cells from death,
preserving the viability of normal keratinocytes.

To further confirm the mechanism of cell death related to GA treatment and radiation,
the ROS assay identified that GA significantly intensified the radiation-induced
oxidative stress in cancer cells, evidenced by the increase of ROS accumulation. The
oxidative stress and ROS generation have long been associated with carcinogenesis
pathways, through lipid peroxidation, degradation of polyunsaturated fatty acids,

causing cross-linking in lipids, proteins, and nucleic acids. ?* 3. However, oxidative
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stress also associated with the inducting of neoplastic cell death promoted by several
chemotherapy drugs. %

In this context, cancer cells often show high levels of ROS, but still preserve their
viability; so it is necessary to maintain a balance between prooxidants and antioxidants.
In order to protect cells of ROS-induced DNA damage, several endogenous antioxidant
systems, such as superoxide dismutase, glutathione peroxidase, catalase, and glutathione
contrary acts to the deleterious effects of ROS, inhibiting increased oxidative stress. ¢
41)

Despite the antioxidant role of GA, in our study, it was able to promote neoplastic cell
death, according to the concomitant dose of radiation. GA is believed to play a
prooxidative effect. Studies have reported that GA at low concentrations exerts a potent
antioxidant effect that can prevent cell DNA damage; however, at high concentrations,
it may induce cellular DNA damage. “? This regulatory mechanism can be explained
by the reduction of intracellular copper induced by high concentrations of antioxidants,
which can promote cell death. Studies have shown that when compared to normal cells
and neoplastic cells, the cancer cells have a high level of copper and may be more
sensitive electron transfer with antioxidants to generate reactive oxygen species.
Therefore, antioxidant-induced DNA damage in the presence of Cu (Il) redox-active
metal may be an important pathway through which neoplastic cells can be killed while
normal cells survive, “3 44

In conclusion, GA exerts a promising and potent adjuvant role to ionizing radiation
therapy on oral squamous cells to control neoplastic behavior, also enabling the
reduction of radiation doses when thinking about its deleterious effects on normal
keratinocytes.
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Fig. 1: Effect of gallic acid on the viability of OSCC and HaCat cells exposed to the different doses of
ionizing radiation. A) SCC9 cell line. B) HaCaT cell line. GA: gallic acid, ETOH_vehicle: ethanol vehicle
control. Anova Two-Way Test. Statistical significance: p<0.05.
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Fig. 2: Cell death/viability assay by colorimetry with AO/EB. AO penetrates into viable cells emitting green
fluorescence. EB emits red fluorescence in dead cells. A) SCC9 cell line. B) HaCaT cell line. GA: gallic acid,
EtOH_vehicle: ethanol vehicle control. Anova Two-Way Test and T-Test. Statistical significance: p<0.05.
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Fig. 3: Reactive oxygen species assay. A) SCC9 cell line. B) HaCaT cell line. GA: gallic acid,
EtOH_vehicle: ethanol vehicle control. Anova Two-Way Test and T-Test. Statistical significance: p<0.05.
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3.3 Produto 3:

Pitch para divulgacao online dos resultados da tese

Foi elaborado um video de curta duracdo para divulgacdo online dos resultados do
estudo, direcionado a populacdo geral. Este produto serd apresentado a banca, para
posterior divulgacdo online. Apds a avaliacdo do Pitch pela banca avaliadora, seréa

incluido aqui o link para acesso e disponibilizacdo online do video.
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4 CONSIDERACOES FINAIS

O CEB representa um grave problema de satde publica devido aos altos indices
de diagnosticos realizados tardiamente e consequentemente das significativas taxas de
morbimortalidade e mortalidade.

O presente estudo destacou os efeitos de antioxidantes, bem como do &cido
galico, como estratégia promissora para o controle do comportamento neoplésico.
Como observado na revisdo sistemética da literatura, vérias destas substancias
antioxidantes, incluindo grupos de polifendis, terpendides ou flavonoides, extraidos
principalmente de plantas, demonstraram potentes e promissores efeitos antineoplasicos
contra células de CEB, controlando a proliferacdo ou levando a morte celular.

Os achados deste estudo apontaram o AG como uma substancia promissora
capaz de promover o controle das células neoplasicas, revelando seu efeito sinérgico a
radiagdo ionizante terapéutica, promovendo reducdo da atividade proliferativa,
aumentando a morte das células neoplésicas, explicado pelo aumento do estresse
oxidativo. Um achado importante foi a inducdo da morte de células de CEB promovida
por doses reduzidas de radiacdo associado ao tratamento das células com o AG. Ao
contrario, em queratindcitos normais, em menores doses, exerceu efeito protetor da
morte. Esse fato mostra-se relevante, uma vez que a utilizacdo de menores doses de
radiacdo associada a estratégias terapéuticas complementares podera minimizar os
efeitos adversos provocados pelas doses elevadas de radiacdo ionizante, possibilitando
melhor qualidade de vida e aumento da sobrevida. Novos estudosin vivo e,
posteriormente, ensaios clinicos sdo necessarios para entender melhor o papel do AG e
verificar suas possiveis aplica¢fes clinicas para o tratamento de pacientes acometidos

pelo cancer de boca.
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ANEXOS

ANEXO A - Normas para publicagdo no periodico Free Radical Biology &
Medicine

https://www.elsevier.com/journals/free-radical-biology-and-medicine/0891-5849/guide-
for-authors
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ANEXO B - Normas para publicacdo no periddico Journal of Oral Pathology &
Medicine

https://onlinelibrary.wiley.com/page/journal/16000714/homepage/ForAuthors.html

88



ANEXO C - Aprovacao da pesquisa pelo Comité de Etica em Pesquisa/Unimontes

UNIVERSIDADE ESTADUAL DE
MONTES CLAROS - W““‘
UNIMONTES

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Acdo adjuvante do acido gélico sobre o efeito terapéutico da radiagéo ionizante e
mecanismos de degradacdo proteolitica no carcinoma epiderméide de boca

Pesquisador: Lucyana Conceigéo Farias

Area Tematica: Genética Humana:
(Trata-se de pesquisa envolvendo Genética Humana que néo necessita de analise
ética por parte da CONEP;);

Versao: 1

CAAE: 66610517.6.0000.5146

Instituigao Proponente: Universidade Estadual de Montes Claros - UNIMONTES
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 2.008.010

Apresentacao do Projeto:

O projeto propde:

Cultura celular: Serao utilizadas linhagens celulares imortalizadas de carcinoma epidermoide de boca (SCC-
4 e SCC-9), adquiridas comercialmente (ATCC, USA). Estas serdo estocadas em ultra freezer a -80°C e
criopreservadas em solugéo especifica.

Tratamento com &cido galico e exposicéo das células a radiacdo ionizante: As células seréo tratadas com 10
mg/ml de acido galico (SIGMA, USA), por 72 horas. A exposi¢éo das células a radiagdo ionizante sera
realizada no dia da administragéo da Ultima dose de AG, através da exposi¢éo dos cultivos de SCC-9 / SCC-
4, em semiconfluéncia, a dose de 6 Gy de cobalto-60 (gray: unidade internacional de dose de radiagéo
ionizante), utilizando-se um acelerador linear Telecobalto Theratron Phoenix Philips SR 7510 (Eindhoven,
Holanda), a uma distancia fonte-campo de 70cm.

Ensaios de comportamento celular:

- Ensaio de proliferacéo celular

- Ensaio de invaséo celular (Transwell assay)

- Ensaio de migracéo celular
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- Ensaio de viabilidade celular por alaranjado de acridina e brometo de etideo

- Ensaio clonogénico

- Ensaio de fragmentagdo do DNA

- Detecgé@o de ROS utilizando carboxi-H2DCFDA

- Co-cultura de células de carcinoma e células endoteliais

Anédlises moleculares:

- Avaliacdo da expressdo do mRNA do USP2, UBA, UBS, PSMD4, PSME3, CASP3, BAX, BCL2, KI67, E-
CADHERIN, MMP

- Imunodetecg&o de proteinas através da técnica Western Blot

- Estudo imunocitoquimico: Serdo investigadas as expressdes celulares das proteinas USP2, UBA, UBS,
PSMD4, PSME3, CASP3, BAX, BCL2,

K167, E-CADHERIN e MMP em cada uma das amostras através da técnica de imunocitoquimica.

Estudo da angiogénese in vitro: Matrigel sera descongelado em gelo e 15yl serdo distribuidos em placas de
96 pogos. Em seguida a placa

permanecera por 1 h a 37°C e CO2 5%. Células endoteliais (5x103células/poco) seréo ressuspendidas em
100p! de meio RPMI suplementado com 0,2% de soro fetal bovino (SFB) e adicionado em cada pogo na
presenca e auséncia de tratamento. O ensaio sera feito em quadriplicata utilizando as concentragdes e
tempos de tratamento com AG e radiag&o ionizante previamente determinados.

Analise de protedmica: Para a andlise protéica sera utilizado um espectrémetro de massa Q-Tof Premier
(Waters). Para analise de dados, os

espectros seréo adquiridos usando o software MassLynx v.4.1 e processados pelo software Mascot Distiller
v.2.3.2.0, 2009, pesquisando-se contra a base de dados UniProt. Utilizando-se o programa Scaffold sera
preparado um diagrama de Venn para identificar proteinas expressas diferencialmente ou proteinas
exclusivas para alguma das condi¢des de estudo.

Objetivo da Pesquisa:
Analisar a ag&o adjuvante do AG sobre o efeito terapéutico da radiacéo ionizante e mecanismos de
degradacéo proteolitica no carcinoma epidermoéide de boca (CEB).

Avaliagao dos Riscos e Beneficios:

Riscos:

A pesquisa sera realizada a partir do cultivo de linhagens celulares imortalizadas, adquiridas
comercialmente. Os riscos sdo aqueles relacionados a execucdo dos experimentos laboratoriais,
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que serdo minimizados com o uso de equipamentos de protegéo individual e obediéncia as normas de
biosseguranga em laboratorios.

Beneficios:

Através deste estudo, podera ser identificado um potencial de agdo adjuvante do acido galico ao efeito
terapéutico da radiac&o ionizante no carcinoma epidermoide de boca.

Comentarios e Consideragdes sobre a Pesquisa:

Pesquisa relevante na area tematica carcinoma epidermoide de boca.

Consideragdes sobre os Termos de apresentagio obrigatoria:

Termos adequados, pesquisa com cultivo de linhagens celulares imortalizadas, adquiridas comercialmente.

Recomendagdes:

Apresentagao de relatorio final por meio da plataforma Brasil, em "enviar notificagéo”.

Conclusdes ou Pendéncias e Lista de Inadequagdes:

Aprovado.

Consideragdes Finais a critério do CEP:

O projeto respeita os preceitos éticos da pesquisa em seres humanos, sendo assim somos favoraveis a
aprovacédo do mesmo.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situag&o
Informagdes Béasicas| PB_INFORMAGCOES_BASICAS DO_P | 03/04/2017 Aceito
do Projeto ROJETO 894351 pdf 22:10:12
Orgamento Orcamento.docx 03/04/2017 |Lucyana Conceigdo | Aceito

22:07:48 | Farias
Cronograma Cronograma.docx 03/04/2017 |Lucyana Conceigéo Aceito
22:04:44 | Farias
Declaragéo de Declaracaolnfraestrutura.pdf 03/04/2017 |Lucyana Conceigdo | Aceito
Instituicdo e 21:59:44 |Farias
Infraestrutura
Projeto Detalhado / | ProjetoCompleto.pdf 03/04/2017 |Lucyana Conceigéo Aceito
Brochura 21:47:54 | Farias
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Investigador ProjetoCompleto.pdf 03/04/2017 |Lucyana Conceigéo Aceito
21:47:54 | Farias

TCLE / Termos de | JustificativaAusenciaTCLE.pdf 03/04/2017 |Lucyana Conceigéo Aceito

Assentimento / 21:45:27 | Farias

Justificativa de

Auséncia

Declaragéo de DeclaracaoCumprimentoNormasPesquis| 03/04/2017 |Lucyana Conceigéo Aceito

Pesquisadores a.pdf 21:36:48 | Farias

Folha de Rosto FolhadeRosto.pdf 03/04/2017 |Lucyana Concei¢io Aceito
21:32:17 | Farias

Situacao do Parecer:

Aprovado

Necessita Apreciacdo da CONEP:

Néao

MONTES CLAROS, 08 de Abril de 2017

Assinado por:

SIMONE DE MELO COSTA
(Coordenador)
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ANEXO D - Registro da Revisdo Sistematica na Plataforma PROSPERO

PROSPERO National Institute for
International prospective register of systematic reviews Health Research

Therapeutic potential of antioxidant substances in oral squamous cell carcinoma: a
systematic review

Karina Marini Aguiar, Angeliny Tamiarana Lima Tabosa, Renato Sobral Monteiro-Junior, Alfredo Mauricio
Batista de Paula, Sérgio Hennique Sousa Santos, André Luiz Sena Guimardes, Lucyana Conceigdo Farias

Citation

Karina Marini Aguiar, Angeliny Tamiarana Lima Tabosa, Renato Sobral Monteiro-Junior, Alfredo
Mauricio Batista de Paula, Sérgio Henrique Sousa Santos, André Luiz Sena Guimaraes, Lucyana
Conceicao Farias. Therapeutic potential of antioxidant substances in oral squamous cell
carcinoma: a systematic review. PROSPERO 2018 CRD42018107206 Available from:
http:/fwww_crd york ac.uk/PROSPERCO/display_record php?ID=CRD42018107206

Review question
Do antioxidants substances exert therapeutic potential in oral squamous cell carcinoma (OSCC)?

Searches

Studies will be retrieved from PubMed, Scopus, Web of Science and EBSCO.

There will be no period of restriction. We will include studies in English and use the following descriptors: oral
squamous cell carcinoma OR epidermoid carcinoma of oral cavity OR squamous cell carcinoma of oral
cavity OR oral epidermoid carcinoma OR squamous cell carcinoma of mouth OR epidermoid carcinoma of
mouth AND antioxidant OR antioxidant effect AND treatment OR therapy OR therapeutic. These descriptors
were selected according to the Medical Subject Heading (MeSH) and common terms from literature.

Types of study to be included
Randomized controlled trials and other criginal studies will be included to assess the effect of antioxidants for
OSCC patients with OSCC human cell lines and antioxidants.

Condition or domain being studied
Therapeutic potential of antioxidant drugs on oral squamous cell carcinoma.

Participants/population

Inclusien:

1- Studies invelving patients with OSCC or OSCC human cell lines.

2- Studies investigating treatments with antioxidants substances.

Exclusion:

1- Studies that assessed substances without antioxidant effect and other cancer types.
2- In vivo studies.

Intervention(s), exposure(s)

Antioxidant substances treatment with no limits to the dosage and frequency.

The intervention might be antioxidant alone or antioxidant plus other treatment protocol for OSCC cancer
such as chemo- or radiotherapy.

Comparator(s)/control
OSCC patients or cell lines without treatment with antioxidant substances with no limits to the dosage and
frequency.

Context

Primary outcome(s)
Antioxidant substances may exert an antineoplastic effect on OSCC_This outcome will be defined by reading
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the "results” section of the included articles, which show antioxidant substances with antineoplastic effect in
0OSCC patients and cell lines. For randomized clinical trials, an effect size analysis and/or descriptive
analysis will be performed, and for in vitro studies the antineoplastic effect on the cell lines will be evaluated
through the phenotypic assays.

Secondary outcome(s)
Mot applicable

Data extraction (selection and coding)

First, we will perform an inter-rater calibration by Kappa statistic for articles selection. The articles will be
selected by two independent assessors (ATLT and KMA) initially based on the reading of the title, and
thereafter by reading the abstracts. Full papers will be reviewed from selected abstracts. In case of
disagreement between assessors as to the inclusion criteria, the title, and abstract, or the full article, these
will be retained for further evaluation. Disagreements regarding the inclusien criteria, a third investigator
(LCF) will be consulted. Data will be extracted and recorded independently including study results and
methodological data using a standardized data collection form with the following items: treatment with
antioxidant substances with no limits to the dosage and frequency.

The intervention might be antioxidant alone, or antioxidant plus other treatment protocol for OSCC cancer
such as chemo- or radiotherapy.

Risk of bias (quality) assessment

The risk of bias will be assessed using the Jadad scale to classify the methodological quality of randoemized
controlled trial. Original in vitro studies will be assessed considering a single item: the use of ene cell line
only for experimental analyses.

Strategy for data synthesis

We will provide a systematic narrative synthesis of the findings from the included studies, covering the
therapeutic effect of antioxidant substances on OSCC patients or cell lines. We will provide summaries about
the antioxidant agent, the antineoplastic effect of that, dosage, treatment frequency, and treatment type
antioxidant alone, or antioxidant plus other treatment protocol for OSCC, such as chemo- or radictherapy,
and the main cutcomes.

Analysis of subgroups or subsets
None planned.

Contact details for further information
Lucyana Farias
lucyanacfarias@gmail.com

Organisational affiliation of the review
unimontes

Review team members and their organisational affiliations

Karina Marini Aguiar. Postgraduate Program in Health Sciences, Universidade Estadual de Montes Claros,
Minas Gerais, Brazil

Angeliny Tamiarana Lima Tabosa. Postgraduate Program in Health Sciences, Universidade Estadual de
Montes Claros, Minas Gerais, Brazil

Renato Sobral Monteiro-Junior. Postgraduate Program in Health Sciences, Universidade Estadual de
Montes Claros, Minas Gerais, Brazil

Alfredo Mauricio Batista de Paula. Department of Dentistry and Postgraduate Program in Health Sciences,
Universidade Estadual de Montes Claros, Minas Gerais, Brazil
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Federal de Minas Gerais, Montes Claros, Minas Gerais, Brazil.
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