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Abstract

Plants are a major source of natural products with antioxidant properties. Some of these phytochemicals have been
used in effort to prevent and treat several human diseases, including cancer. Several studies support the effects of
dietary antioxidants as chemopreventive agents, while other reports suggest potential pharmacological anticancer
activity. However, the available studies were conducted under different experimental conditions, precluding a
comparative analysis of the anticancer properties of the compounds.
Although osteosarcoma has a low overaﬁ) incidence, it is the third most common cancer in adolescence. These
cancers are generally locally aggressive and tend to produce early systemic metastases, justifying the search for novel
therapeutic approaches.
This work assessed the cytotoxic profile of ten antioxidants from food from plant origin on human osteosarcoma cells
U20S): catechin, kaempferol, quercetin, resveratrol, gallic acid, ferulic acid, ascorbic acid, melatonin, lycopene, and
-carotene. Cell viability was determined using the crystal violet assay (24 h). B-carotene and gallic acid considerably
reduced cell viability, with IC50 values of 18.8 uM and 184.5 pM, respectively. The remaining compounds did not
markedly reduce cell viability. These results might contribute to the rational and evidence-based selection of natural
antioxidants to be included in anticancer strategies and to further explore possible food-inspired drugs.
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Resumo

As plantas sdo uma das principais fontes de produtos naturais com propriedades antioxidantes. Alguns destes
fitoquimicos tém atraido atengdo devido ao seu papel na prevencdo e tratamento de doengas. Varios estudos
assinalam estes antioxidantes como agentes quimiopreventivos, enquanto outros sugerem potenciais propriedades
farmacologicas antitumorais. Contudo, os estudos disponiveis foram realizados em diferentes condigdes,
impossibilitando uma analise comparativa.

O osteossarcoma tem uma baixa incidéncia global, mas € o terceiro tipo de cancro mais comum na adolescéncia.
Este tipo de cancro ¢ localmente agressivo e tende a produzir metastases precocemente, justificando a procura de
novas abordagens terapéuticas.

Este trabalho avaliou o perfil citotdxico de dez antioxidantes de alimentos vegetais em células de osteossarcoma
humano (U20S): catequina, kaempferol, quercetina, resveratrol, dcido gélico, acido fertlico, acido ascorbico,
melatonina, licopeno qu—caroteno. A viabilidade celular foi determinada usando o ensaio de violeta de cristal (24
h). O B-caroteno e o acido galico reduziram consideravelmente a viabilidade celular, com valores de IC50 de 18,8
e 184,5 uM, respetivamente. Os restantes compostos nao reduziram significativamente a viabilidade celular.
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Introduction

According to WHO (2018) cancer, the rapid creation of
abnormal cells that grow beyond their normal margins,
and which can then invade contiguous parts of the body
and spread to any other organs, is the second foremost
cause of global death and is responsible for 9.6 mil-
lion estimated deaths in 2018. One-third of deaths from
malignant tumors are related with dietary and lifestyle
habits, such as high body mass index, low fruit and
vegetable intake, lack of physical activity, alcohol and
tobacco use (1,2)

Osteosarcoma, a rare sarcoma that has histological ori-
gin in osteoid production in association with malignant
mesenchymal cells, is one of the most common primary
malignant tumors of bone and is prevalent in children
and adolescents. This type of tumor can arise sporadi-
cally, with few cases associated with known inherited
defects in cell cycle regulation. About 70% of tumor
specimens demonstrated a chromosomal anomaly (3).
Oxidative stress is a key component to associate en-
vironmental toxicity with the multistage carcinogenic
process, characterized by the generation of reactive ox-
ygen species (ROS) in response to endogenous and ex-
ogenous stimuli. In order to counterbalance ROS-medi-
ated damages, the organism has endogenous antioxidant
defense systems that include antioxidant enzymes (e.g.,
superoxide dismutase, catalase, glutathione peroxidase,
and glutathione reductase) and non-enzymatic antioxi-
dants (e.g., carotenoids, hormones, polyphenols, and
vitamins) that have the ability to quench ROS (4).
Many epidemiological studies suggest that some types
of food may contribute to reduce the risk of cancer.
Food from plant origin, including vegetables and fruits,
are in this category being rich in antioxidants , have
been associated in the literature to anticancer proper-
ties (5,6). Although most studies focus on the effects of
dietary antioxidants as chemopreventive agents, other
reports suggest potential pharmacological anticancer
properties. However, the published studies were carried
out under different experimental conditions, precluding
a comparative analysis of the anticancer properties of
the compounds. Therefore, the aim of this study was to
evaluate the cytotoxic effect of ten different dietary an-
tioxidants under the same experimental conditions. The
effects of catechin, kaempferol, quercetin, resveratrol,
gallic acid, ferulic acid, ascorbic acid, melatonin, lyco-
pene, and B-carotene, commonly found in plant-based
foods, were evaluated on an in vitro model of human
osteosarcoma — the U20S cell line.
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Introducao

De acordo com a OMS (2018), o cancro, a rapida pro-
liferagdo de células anormais que crescem além de suas
margens normais, ¢ que podem invadir partes contiguas
do corpo e espalhar-se para outros 6rgaos, ¢ a segun-
da causa de morte global e ¢ responsavel por cerca de
9,6 milhdes de mortes, valores estimados em 2018. Um
terco das perdas causadas por tumores malignos estdo
relacionadas com habitos alimentares e estilo de vida,
onde se destacam o alto indice de massa corporal, a re-
duzida ingestdo de frutas e hortalicas, a auséncia de ati-
vidade fisica, o uso de alcool ¢ tabaco (1,2).

O osteossarcoma, neoplasia rara que pode ser identifi-
cada histologicamente através da observacdo de osteoi-
des em associagdo com células mesenquimais malig-
nas, ¢ um dos tumores malignos primarios 0sseos mais
comuns e ¢ prevalente em criangas e adolescentes. Este
tipo de tumor pode surgir esporadicamente, existindo
poucos casos associados a anomalias hereditarias re-
lacionadas com a regulagdo do ciclo celular. Contudo,
cerca de 70% de amostras tumorais demonstraram ano-
malia cromossomica (3).

O stress oxidativo ¢ uma componente chave que asso-
cia a toxicidade ambiental com o processo de canceri-
génese multietapas, o qual se caracteriza pela geragdo
de espécies reativas de oxigénio (ERO) em resposta a
estimulos enddgenos e exogenos. A fim de compensar
os danos mediados pelas ERO, o organismo possui sis-
temas endogenos de defesa antioxidante que incluem
enzimas antioxidantes (por exemplo, superoxido dis-
mutase, catalase, glutationa peroxidase e glutationa re-
dutase) e antioxidantes ndo-enzimaticos (por exemplo,
carotenodides, hormonas, polifendis e vitaminas) que
tém a capacidade de mitigar a atividade das ERO (4).
Um grande numero de estudos epidemioldgicos sugere
que alguns tipos de alimentos podem contribuir para a
reducdo do risco de cancro. Nesta categoria estdo os
alimentos vegetais, incluindo hortalicas e frutas, que
sdo ricos em antioxidantes e tém sido associados na li-
teratura com propriedades antitumorais (5,6). Embora a
maioria dos estudos saliente os efeitos dos antioxidan-
tes fitoquimicos alimentares como agentes quimiopre-
ventivos, outros sugerem potenciais propriedades far-
macologicas anticancerigenas. Entretanto, os estudos
disponiveis foram realizados em diferentes condigdes
experimentais, impossibilitando uma analise compara-
tiva das propriedades anticancerigenas dos compostos.
Deste modo, o objetivo deste estudo foi avaliar o efei-
to citotoxico de dez diferentes antioxidantes dietéticos
nas mesmas condi¢des experimentais. Os efeitos de
catequina, kaempferol, quercetina, resveratrol, acido



Materials and methods

Chemicals

Dulbecco’s Modified Eagle’s Medium (DMEM), fetal
bovine serum (FBS), penicillin-streptomycin solution,
crystal violet, kaempferol, quercetin, gallic acid, ferulic
acid, ascorbic acid, and melatonin were purchased from
Sigma-Aldrich (St Louis, MO, USA). Dimethylsulfox-
ide (DMSO), ethanol and acetic acid were purchased
from Merck (Darmstadt, Germany). Catechin and
B-carotene were purchased from Cayman (Ann Arbor,
MI, USA). Resveratrol and lycopene were purchased
from Gonmisol (Barcelona, Spain).

Cell culture

The human osteosarcoma cell line U20S was main-
tained in DMEM medium supplemented with 10%
FBS, 100 U/mL penicillin, and 0.1 mg/mL streptomy-
cin according to Saraiva and collaborators previous
works (7). The cultures were maintained at 37 °C, un-
der a humidified atmosphere containing 5 % CO, in air.

Crystal violet staining assay

Cell viability was evaluated by the crystal violet (CV)
staining assay. Approximately 3000 cells in 190 pL
of culture medium per well were seeded in 96-well
plates and incubated for 24 hours. Cell were then ex-
posed to antioxidant compounds catechin (1-86 uM),
kaempferol (1-437 uM), quercetin (1-10 uM), resvera-
trol (5-100 uM), gallic acid (10-2000 uM), ferulic acid
(1-1000 uM), ascorbic acid (10-2000 uM), melatonin
(1-645 uM), lycopene (0.5-3.9 uM) and - carotene (1-
56 uM), for 24 hours. The CV assay was carried out
according to a protocol previously described by Fer-
nandes and colleagues (8). DMSO solutions at 0.5 %
and 5 % (v/v) were used as negative and positive con-
trol, respectively. A minimum of two and a maximum
of four independent experiments were performed, each
comprised of four replicate cultures. The half maximal
inhibitory concentration (IC,) was calculated using
GraphPad Prism Statistical Software (version 7).

Results and discussion

The anticancer properties of dietary derived compounds
had been previously explored using osteosarcoma mod-
els. Osteosarcoma models, however, differences in the
experimental conditions and models used limit any
comparative analyses. In this work, we compared the
impact of ten common dietary antioxidants in the cell
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galico, acido ferulico, acido ascorbico, melatonina, li-
copeno e f-caroteno, comumente encontrados em ali-
mentos vegetais, foram avaliados num modelo in vitro
de osteossarcoma humano - a linha celular U20S.

Materiais e métodos

Reagentes

Meio de cultura Dulbecco’s Modified Eagle’s Medium
(DMEM), soro bovino fetal (FBS), solugdo de penici-
lina-estreptomicina, tripsina, violeta de cristal (CV),
kaempferol, quercetina, acido galico, acido fertlico,
acido ascorbico e melatonina foram adquiridos a Sig-
ma-Aldrich (St Louis, MO, EUA). Dimetilsulféxido
(DMSO), etanol e acido acético foram comprados a
Merck (Darmstadt, Alemanha). Catequina e -caroteno
foram adquiridos a Cayman (Ann Arbor, MI, EUA).
Resveratrol e licopeno foram adquiridos a Gonmisol
(Barcelona, Espanha).

Cultura celular

A linha celular de osteossarcoma humano U20S foi
mantida no meio DMEM suplementado com 10% de
FBS, 100 U/mL de penicilina e¢ 0,1 mg/mL de estrepto-
micina de acordo com trabalhos anteriores de Saraiva e
colaboradores (7). As culturas foram mantidas a 37 °C,
sob atmosfera himida, contendo 5 % de CO,.

Ensaio de coloracdo com violeta de cristal

A viabilidade celular foi avaliada através do ensaio de
colorac¢do com cristal violeta (CV). Adicionaram-se a
aproximadamente 3000 células U20S por cada 190 uLb
de meio de cultura, por pogo. As células foram semeadas
em microplacas de 96 pogos e incubadas por 24 horas.
Ap06s este periodo, as células foram entdo expostas aos
compostos antioxidantes: catequina (1-86 uM), kaem-
pferol (1-437 uM), quercetina (1-10 uM), resveratrol
(5-100 uM), acido galico (10-2000 uM), acido ferulico
(1-1000 uM), acido ascorbico (10-2000 uM), melato-
nina (1-645 uM), licopeno (0,5-3,9 uM) e B-caroteno
(1-56 uM), durante 24 horas. O ensaio CV foi reali-
zado de acordo com o protocolo descrito previamente
por Fernandes e colaboradores (8). DMSO 0,5 % e 5 %
(v/v) foram usados como controle negativo e positivo,
respetivamente. Dois a quatro ensaios independentes
foram realizados e cada um incluiu quatro replicados. A
concentragdo inibitoria 50 (IC,)) foi calculada usando o
GraphPad Prism Statistical Software (versao 7).
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viability of a human cell line of osteosarcoma, using
the same experimental protocol. Globally, a concentra-
tion-dependent decrease in cell viability was observed
for most of the antioxidants studied (Figure 1). Most
antioxidants (catechin, kaempferol, quercetin, resvera-
trol, ferulic acid, and ascorbic acid) led to cell viabili-
ties above 60% in the concentrations tested.

To the best of our knowledge, there are no previous
studies addressing the impact of isolated catechin in the
viability of osteosarcoma cells. Huang and colleagues
reported that kaempferol decreased the cell viability of
osteosarcoma cells in a concentration dependent man-
ner (0-200 uM, 24 hours of incubation) (9). In our work,
the decreases in cell viability were less pronounced. A
previous report found that quercetin (0-120 uM) in-
duced a reduction in cell viability in the U20S cell
line following 48 hours of incubation in a concentra-
tion dependent manner (10). Although due to solubility
constraints we have only tested lower concentrations
of quercetin, we have also observed a trend towards a
concentration-dependent reduction in cell viability. The
distinct concentrations and period of exposure tested
may justify the differences between our data and the
previously published results. Similarly, resveratrol (0-
100 uM) inhibited cell proliferation and induced apop-
tosis in four different osteosarcoma cell lines (HOS,
MG-63, Saos-2, and U20S) (11). The decreases in cell
viability were more pronounced than ours, but longer
periods of incubation (3 and 7 days) were used. Regard-
ing ferulic (12) and ascorbic (13) acids, our decreases
in cell viability are in line with those previously re-
ported for similar concentrations and incubation period
in other osteosarcoma cell lines.

In our study, no cytotoxic effects were found for lyco-
pene under the experimental conditions used. The very
limited solubility of this compound precluded the study
of higher concentrations. Previously, Wakshlag and
colleagues reported that lycopene decreased the prolif-
eration of 3 canine osteosarcoma cell lines (D17, OS
2.4 and HMPOS). However, such effect was only found
with longer incubation periods (14).

Previous studies on the effect of melatonin in osteosar-
coma cell lines show conflicting results (15,16). Inter-
estingly, U20S cells exposed to melatonin showed an
increase in cell viability (Figure 1H), reaching 182.9
% for the highest concentration studied (645 uM), sug-
gesting a possible pro-proliferative effect of this com-
pound.

Our results show that catechin, kaempferol, querce-
tin, resveratrol, ferulic acid, ascorbic acid, melatonin,
and lycopene did not induce a pronounced reduction in
U20S cell viability under our experimental conditions.
However, for a more complete screening of their anti-
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Resultados e discussao

As propriedades antitumorais de compostos habitual-
mente encontrados em alimentos de origem vegetal fo-
ram anteriormente estudados em modelos de osteossar-
coma. Os resultados disponiveis foram realizados em
diferentes modelos e condi¢des experimentais, impos-
sibilitando uma analise comparativa das propriedades
antitumorais desses compostos. De modo a contribuir
para o preenchimento desta lacuna, descrevemos o im-
pacto de dez antioxidantes alimentares comuns na via-
bilidade celular de uma linha celular de osteossarcoma
humana, usando sempre a mesma metodologia experi-
mental. De um modo geral, foi observada uma diminui-
¢do na viabilidade celular dependente da concentragao,
para a maioria dos antioxidantes utilizados (Figura 1).
A maioria dos antioxidantes (catequina, kaempferol,
quercetina, resveratrol, acido feralico e acido ascorbi-
co) mantiveram a viabilidade celular acima de 60%, nas
concentracoes testadas.

De acordo com o nosso conhecimento, ndo existem
estudos prévios que abordem o impacto da catequina
na viabilidade de células de osteossarcoma. Huang e
colaboradores reportaram que o kaempferol diminuiu
a viabilidade de células de osteossarcoma de forma
dependente da concentragdo (0-200 uM, 24 horas de
incubagdo) (9). Neste trabalho, as redu¢des na viabili-
dade celular foram menos pronunciadas. Um trabalho
anterior mostrou que a quercetina (0-120 uM) induziu
uma reducdo na viabilidade celular da linha celular
U208, apos 48 h de incubagdo, de modo dependente
da concentracdo (10). Contudo, devido a restrigdes de
solubilidade, nds testamos apenas concentragdes mais
baixas de quercetina, também observamos uma tendén-
cia para uma redugdo na viabilidade celular dependente
da concentracdo. As concentragdes e o periodo de incu-
bacdo diferentes testados podem justificar as diferencas
entre nossos resultados e os resultados publicados ante-
riormente. Da mesma forma, o resveratrol (0-100 uM)
inibiu a proliferacdo celular e induziu a apoptose em
4 diferentes linhas celulares de osteossarcoma (HOS,
MG-63, Saos-2 ¢ U20S) (11). As redugdes na viabili-
dade celular foram mais pronunciadas do que as nossas,
mas foram usados periodos de incubacdo mais longos
(3 e 7 dias). Relativamente aos acidos fertlico (12) e
ascorbico (13), as reducdes na viabilidade celular ob-
servadas por nds estdo de acordo com as relatadas an-
teriormente para concentragdes ¢ periodo de incubagdo
semelhantes em outras linhas celulares.

Neste estudo, ndo foram encontrados efeitos citotoxi-
cos para o licopeno, nas condigdes experimentais uti-
lizadas. A solubilidade muito limitada deste composto
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Figure / Figura 1 - Viability of U20S cells after exposure to different antioxidants (A—catechin, B—
kaempferol, C—quercetin, D-resveratrol, E—gallic acid, F—ferulic acid, G—ascorbic acid, H-melatonin,
I-lycopene, J—-3-carotene) for 24 hours, assessed by the crystal violet assay. Values are expressed as
means + SD from 2-4 independent experiments/ Viabilidade de células U20S apos incubagdo com
diferentes antioxidantes (A-catequina, B-kaempferol, C-quercetina, D-resveratrol, E-acido galico, F-
acido ferulico, acido G-ascorbico, H-melatonina, I-licopeno, J—B-caroteno), durante 24 horas, deter-
minado através do método de violeta de cristal. Os valores sdo expressos como média = DP, com 2-4
ensaios experimentais independentes
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cancer properties, their cytotoxicity should be studied
in additional cell models, representative of other cancer
types. In addition, more prolonged incubation periods
with the compounds should also be studied to allow the
detection of possible mechanisms of delayed cell death.
For gallic acid and B-carotene, a considerable reduction
in the viability of osteosarcoma cells was observed, in
the range of concentrations tested and for the 24 hours
incubation period (Figure 1E and G). Therefore, it was
possible to calculate the IC, values of gallic acid and
carotene, which were 184.5 uM and 18.8 uM, respec-
tively.

Our results for gallic acid are in the same order of
magnitude, but less pronounced than those previously
reported for this compound in osteosarcoma cell lines
(U20S and MNNG-HOS) for a 24 -incubation period
(17,18).

In our study, B-carotene was the dietary antioxidant
with greater impact in reducing osteosarcoma cells’
viability. Although carotenoids have been shown
to modulate the hallmarks of cancer, there are no
previous studies focused on the effects of p-carotene
on osteosarcoma cells. According to the anticancer
mechanisms described for B-carotene in other cell
models, the observed decrease in cell viability can
be ascribed to cell cycle arrest or apoptosis induction
mechanisms (19).

The high-grade rate of metastases associated to osteo-
sarcoma press the scientific community toward the dis-
covery of new approaches to tackle this cancer (13).
The results obtained in this work allow the choice of
adequate concentrations to be used in subsequent stud-
ies addressing the impact of these compounds on cell
proliferation, migration, and invasion, which are criti-
cal events for the formation of metastases.

Conclusion

B-carotene and gallic acid considerably reduced U20S
cell viability, with IC,  values of 18.8 uM and 184.5
uM, respectively. The remaining compounds did not
markedly reduce cell viability.

These results might contribute to the rational and ev-
idence-based selection of antioxidants to be included
in dietary-based anticancer strategies and to further ex-
plore possible food-inspired drugs.
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impossibilitou o estudo de concentragdes mais eleva-
das. Anteriormente, Wakshlag e colaboradores relata-
ram que o licopeno diminuiu a proliferagdo de 3 linhas
celulares de osteossarcoma canino (D17, OS 2.4 e HM-
POS). No entanto, esse efeito s6 foi encontrado com
periodos de incubagao mais longos (14).

Estudos anteriores sobre o efeito da melatonina nas
linhas celulares de osteossarcoma mostram resultados
contraditorios (15,16). Curiosamente, as células U20S
expostas a melatonina mostraram um aumento na via-
bilidade celular (Figura 1H), atingindo 182,9% para a
concentragao mais elevada estudada (645 M), sugerin-
do um possivel efeito pro-proliferativo deste composto.
Os nossos resultados mostram que a catequina, o kaem-
pferol, a quercetina, o resveratrol, o acido ferulico, o
acido ascorbico, a melatonina e o licopeno nio indu-
ziram uma redugdo significativa na viabilidade celular
das células U20S nas condi¢des experimentais utili-
zadas. Contudo, para uma melhor avaliagdo das suas
propriedades antitumorais, a sua citotoxicidade deve
ser estudada em modelos celulares adicionais, repre-
sentativos de outros tipos de cancro. Além disso, perio-
dos de incubagdo mais prolongados com os compostos
também deverao ser testados para permitir a detecao de
possiveis mecanismos de morte celular tardia.

Para o 4cido galico e o B-caroteno, foi observada uma
reducdo consideravel na viabilidade das células de os-
teossarcoma, para o intervalo de concentragdes testadas
e para o periodo de incubagao de 24 horas (Figura 1E ¢
G). Deste modo, foi possivel calcular os valores de IC,
do acido galico e do B-caroteno, os quais foram 184,5
uM e 18,8 pM, respetivamente.

Os resultados obtidos para o acido galico sdo da mesma
ordem de grandeza, mas menos pronunciados do que os
previamente descritos para este composto em linhas ce-
lulares de osteossarcoma (U20S e MNNG-HOS) para
um periodo de incubagao de 24 horas (17, 18).

Neste estudo, o B-caroteno foi o antioxidante com
maior impacto na reducdo da viabilidade das células
de osteossarcoma. Embora os carotendides tenham
vindo a demonstrar modular as caracteristicas do can-
cro, ndo existem estudos prévios focados nos efeitos
do B-caroteno em células de osteossarcoma. De acor-
do com os mecanismos antitumorais descritos para o
B-caroteno em outros modelos celulares, a redugao
observada na viabilidade celular pode ser atribuida a
mecanismos de paragem no ciclo celular ou indugao de
apoptose (19).

A elevada taxa de metastases associada ao osteossarco-
ma pressiona a comunidade cientifica para a descoberta
de novas abordagens para o combate deste cancro (13).
Os resultados obtidos neste trabalho permitem a esco-
lha de concentracdes adequadas a serem utilizadas em
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estudos subsequentes que abordardo o impacto destes
compostos na proliferacdo, migracao e invasao celular,
0s quais sdo eventos criticos para a formagao de metas-
tases.

Conclusao

O B-caroteno ¢ o acido galico reduziram consideravel-
mente a viabilidade das células U20S, com valores de
IC,, de 18,8 uM e 184,5 uM, respetivamente. Para os
restantes compostos ndo houve uma acentuada reducao
da viabilidade celular.

Estes resultados contribuem para uma selecdo racional
e suportada na evidéncia de antioxidantes a serem in-
cluidos em estratégias antitumorais baseadas na dieta e
a explorar para o desenvolvimento de novos farmacos
inspirados nos alimentos.
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