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ABSTRACT

Oxidative stress is a defense mechanism that occurs when there is an imbalance between the production of
reactive metabolites and free radicals and the antioxidants’ ability to eliminate them. Reactive metabolites are free
radicals referred to as oxidants or reactive oxygen species (ROS). Cells are harmed by this imbalance, which may
influence the entire body. When the intra- and extracellular environmental circumstances in cells change, ROS is
essential for stimulating the corresponding signaling pathways. All aspects of carcinogenesis, including prevention
and treatment, are tightly associated with reactive species, particularly ROS. Numerous tumor suppressor genes
and proto-oncogenes are deregulated by ROS, which also modify several cellular signaling pathways. However,
most chemotherapy drugs and even radiation therapy dramatically raise the ROS concentrations in the tumor
microenvironment. Antioxidants cause programmed cell death, which is used in cancer treatment; yet people
receiving chemotherapy benefit from antioxidants. Nevertheless, the exact processes underlying this anticancer
action remain unclear. Many studies carried out in laboratories and on animals revealed high concentrations
of exogenic antioxidants, that inhibit the forms of free radical injury linked with the formation of cancer. There
haven’t been many human clinical trials looking into the potential of dietary supplementation to reduce the risk
of cancer development or death. Since there have been studies on the advantages and downsides of antioxidants in
the treatment of cancer, several considerations need to be deemed before administering antioxidant supplements.
In conclusion, little is known about the mechanism underlying antioxidant effect in cancer treatment.
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INTRODUCTION

A class of chemicals known as reactive species are
produced as byproducts of several metabolic events
that occur in eukaryotes. They are known to control the
expression of numerous genes and signal transduction
pathways. Oxidative stress is a persistent threat to cells,
resulting from several endogenous and exogenous sources.’
On the other hand, persistent inflammation brought
on by high levels of oxidative stress can develop into
several diseases, including cancer, diabetes, neurological
problems, and cardiovascular diseases. Because cancer
cells proliferate and have higher metabolic rates,

they require a higher redox level. By encouraging the
transition from epithelial to mesenchymal tissue, invasion,
proliferation, and angiogenesis, a moderate increase in
ROS expression is linked to cancer stemness. Human
volunteers were used to explore the effects of zinc, beta
carotene, selenium, alpha tocopherol, tocopherol, and
vitamin C as dietary antioxidant supplements. These
investigations have produced a range of results. Certain
preclinical studies have demonstrated that antioxidants
boost tumor progression and metastasis. The cancer-
bearing mice’s supplements improved the tumor cells’
capacity to metastasize and disseminate.’ Reactive oxygen
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species (ROS) are produced by endogenous sources,
including respiratory chain action products in inner
mitochondrion and nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase nitrogen oxides (NOX)
enzymes on the plasma cell membrane.” The primary
site of ROS in eukaryotic cells, where the majority of
O2 generation occurs, are mitochondria. Therefore, this
review will go over how ROS affects how antioxidants
work against cancer after being administered in previous
research. A tiny number of electrons from the electron
transport chain escape during oxidative phosphorylation,
creating superoxide radical (O2-).* By facilitating the
production of internal and extracellular O2-from O2 and
NADPH, NOX enzymes serve as an additional source of
02.” The NOXs family, which consists of Duox1/2 and
Nox1-Noxb5, is typically composed of seven members,
each of whom is an expert in generating a specific type
of ROS. Nox-1, Nox-2, Nox-3, and Nox-5 only generate
02, but Nox-4 and Duoxes specifically produce H202
(hydrogen peroxide) (Fig 1).°

Origin of ROS and Its Function

Exogenous sources such heavy metals, cigarette
smoke, ozone, ionizing radiation, and medicines can create
reactive oxygen species (ROS). Reactive oxygen species
can be created by cigarette smoke because it contains a
lot of organic particles like superoxide and nitric oxide
that are considered as oxidants or free radicals. Two
impacts of ozone exposure are fatty peroxidation and
the recruitment of neutrophils into the pseudo stratified
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epithelial tissue of the airways.” One of the carcinogens
that is present at every stage of the carcinogenesis process
is ionizing radiation. the generation of ROS from water
radiolysis, which damages deoxyribonucleic acid (DNA)
and causes gene mutations and cancer. Antineoplastic
medications are examples of therapeutic medicines that
can produce ROS. ROS are produced in large quantities
by some drugs, including cisplatin and adriamycin,
which harm DNA and kill cells.”
exogenous ROS generated by the heavy metal transition
(Cd, Hg, Pb, Fe, As). These drugs enter the body through
anumber of different channels, where they metabolize or
break down to produce free radicals.” ROS can function
as either beneficial or harmful species. Due to their
involvement in a variety of biological processes in living
things, they are an essential component. They contribute
to preserving homeostasis by acting as messengers in
cell signaling at alow level. On the other hand, excessive
ROS production and accumulation in cells results in
detrimental effects known as oxidative stress.'” Oxidative
stress is a condition in which one side produces too many
reactive oxygen species (ROS) while the other side lacks
antioxidants. The balance status of prooxidant to antioxidant
activities in eukaryotes is disrupted by this imbalance.
Overexposure to ROS can cause oxidative damage to
proteins, lipids, DNA, and cell membranes, which can
hinder the proper functioning of these constituents.'' Lipid
peroxidation, a process that damages cell membranes
and lipoproteins, is brought on by an excess of hydroxyl
radicals and peroxynitrite. As a result of this reaction,
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Fig 1. Targeting ROS using enzymatic antioxidants. Superoxide (O2+—) generation can be inhibited by inhibitors of plasma membrane
NADPH oxidase 2 (NOX2), and O2+— may be dismutated into hydrogen peroxide by mimicking superoxide dismutase (SOD) (H202).°
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cytotoxic and mutagenic conjugated diene molecules and
malondialdehyde (MDA) are produced. Furthermore,
structural alterations and a decrease in enzyme function
are caused by damage to the proteins. Oxidative damage
to DNA can result in a variety of oxidative DNA lesions. "
Thus, emphysema, hemochromatosis, organ transplantation,
acquired immunodeficiency syndrome, peptic ulcers,
hypertension, pre-eclampsia, and neurological diseases
have all been associated with oxidative stress. Moreover,
lupus erythematous, heart disease, stroke, and adult
respiratory illnesses syndrome are examples of ischemia
diseases."”

ROS and Carcinogenesis

A normal cell can become a malignant neoplastic
cell through a series of cellular and molecular alterations
caused by both endogenous and exogenous stimuli during
the multistage process of cancer. ROS are regarded as
carcinogenic since they have been linked to the development,
spread, and metastasis of cancer. Redox imbalance in
cells is a typical occurrence in cancer cells as opposed to
normal cells, and ROS can lead to this imbalance. It is
widely acknowledged that oxidative DNA damage is the
root cause of cancer growth.'” In this case, ROS can directly
damage DNA during carcinogenic transformation. For
example, they can catalyze the mutation of the altered
DNA base 8-hydroxy-2’ -deoxyguanosine (8-OHdG),
which results in the development of tumors.'* Elevated
ROS levels cause oxidative DNA damage, which can
result in replication mistakes, base modification, base
oxidation, single or double strand breaks, DNA cross-
linking, and ultimately, cell malfunction and death. As
aresult, the altered DNA will cause genomic instability
and, ultimately, cancer if it is not corrected. Increased
reactive oxygen species (ROS) can alter several signaling
paths and activate transcription aspects, such as nuclear
kappa B factor (NF-kB) and nuclear factor erythroid
2-related factor 2 (Nrf2). This may result in altered gene
expression patterns that promote the spread of cancer."”

Can Antioxidants Outcompete Cancer Cells?
Antioxidants:

Chemicals known as antioxidants interact with free
radicals and neutralize them to stop them from doing
harm. Another name for antioxidants is “free radical
scavengers”. The natural antioxidant defense system of the
human body helps to both avoid and counteract oxidative
stress. Antioxidants can mitigate the harmful effects of
oxidants by dissolving them before their contact with
biological targets. This stops highly reactive chemicals

from releasing oxygen or starting chain reactions.’

When a material is easily absorbed by the body, inhibits
or suppresses the generation of free radicals, or chelates
metals, it is considered optimally antioxidant. It should
also function in the membrane and aqueous domains
and positively affect gene expression."’

Antioxidant Classifications:

Different classes of antioxidants are known:

§ Enzymatic and non-enzymatic antioxidant systems
are two categories into which antioxidants can be divided.
Superoxide dismutase (SOD), catalase, and glutathione-
dependent enzymes are examples of enzymatic antioxidants. "’
Non-enzymatic antioxidants can be further classified
into nutritional and metabolic antioxidants. The body
produces endogenous metabolic antioxidants, which
include bilirubin, lipoic acid, coenzyme Q10, melatonin,
Glutathione (GSH), arginine, and uric acid. Sources
of nutritional antioxidants include exogenous dietary
supplements and dietary consumption of nutrients like
vitamin C, E, and polyphenols.'* Although consuming these
substances may increase endogenous activity, they do not
counteract free radicals. Endogenous antioxidants play
a crucial role in preserving the best possible functioning
of cells. However, the endogenous antioxidants are
insufficient under some circumstances that encourage
oxidative stress. Therefore, exogenous antioxidants must
be provided to sustain good cellular activities."

§ Antioxidants can also be grouped based on their
molecule size. The small-molecule antioxidants like
glutathione (GSH), vitamin E, vitamin C, and carotenoids
neutralize and eliminate ROS through a radical scavenging
process. Large-molecule antioxidants such as Catalase
(CAT), Superoxide dismutases (SOD), and glutathione
peroxidase (GSH-Px), as well as sacrificial proteins like
albumin, most probable scavenge ROS and block them
from harming other fundamental proteins.”

§ Antioxidants can also be categorized according
to how soluble they are in lipids or water. Lipid-soluble
antioxidants and water-soluble antioxidants are the
two groups into which they are divided. Water-soluble
antioxidants, like vitamin C, are in fluids inside the cell like
the cytoplasmic matrix, while lipid-soluble antioxidants,
including carotenoids, vitamin E, and lipoic acid, are
basically located in plasma cell membranes.”!

Numerous studies have provided more and more
evidence that flavonoids, including daidzein, flavanone
hesperetin, and many others, have anticancer properties.
These properties include modulating the activities of
ROS-scavenging enzymes, cell cycle arrest, inducing
apoptosis, autophagy, and suppressing the proliferation
and invasiveness of cancer cells.”” In the hepatocellular
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cancer cell line HCCSK-HEP-1, for example, daifzein
induced apoptosis by upregulating and downregulating
anti-apoptotic proteins Bcl-2 homologous antagonist
killer (Bak). As a result, cytochrome c was released from
the mitochondria, and caspases 3 and 9 were involved
in the subsequent apoptotic cascade.”” Furthermore, as
the paths behind this antineoplastic effect are still not
entirely known, more research is required. Furthermore,
similar to gallic acid, phenolic compounds have a potent
anticancer effect on cancer cells. Their capacity to bring
cell cycle stoppage, decrease oncogenic signaling cascades
that control angiogenesis, cell proliferation, and apoptosis,
change ROS levels, enhance tumor suppressor proteins
like p53, and boost the facility to differentiate and convert
into normal cells are the primary causes of these.”

As a possible phenolic chemical combination to
be employed with cisplatin, gallic acid was chosen. Also
known as 3,4,5-trihydroxybenzoic acid, gallic acid is a
polyhydroxy phenolic complex that is obtained from
many natural substances such as green tea, bananas,
strawberries, grapes, and numerous other fruits. It is
a naturally occurring molecule.”” It was discovered
and extracted from plants for the first time in 1786 by
Carl Wilhelm Scheele, a well-known Swedish chemist.
Following his discovery, other researchers conducted
additional investigations and reports on the molecule
and its derivatives, which helped to clarity its features
and mechanism. It has been observed that gallic acid
exhibits anticancer properties in a variety of cancer cell
types, including HeLa.”* ** Additionally, there are many
natural plant-based sources of gallic acid. As a result, it
was selected as a potential treatment for HeLa cells in
conjunction with cisplatin to enhance the chemotherapeutic
action of the platinum substance used to treat cancer.

Many previous works have discussed antineoplastic
activity in a range of tumor cells, including those from
the esophagus, stomach, colon, breast, prostate, lung,
and utmost notably, cervical carcinoma.'’’" Earlier
studies have shown that treatment of tumor cells with
gallic acid alone can induce a potent form of apoptosis,
characterized by nuclear condensation, blebbing of
the plasma membrane, release of cytochrome ¢ from
the mitochondria into the cytosol, and activation of
caspase-3.”” Most previous studies conducted in labs and
on animals demonstrated high concentrations of exogenic
antioxidants, which obstruct the types of free radical
damage related to the development of tumor. Human
experiments were then done to explore the potential
benefit of dietary supplementation in lowering the risk of
cancer development or mortality. Many studies, involving
case-control and cohort studies and other observational
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research, have been conducted to investigate the possibility
of a relationship between the use of dietary antioxidant
supplements and a decreased risk of cancer in humans.
Overall, these studies have shown contradictory results
because biases that could affect study outcomes have
not been well controlled for.”” Since they may address
the biases found in observational research, randomized
controlled clinical trials are thought to give the best and
most dependable evidence of the impacts and/or benefits
of a health-correlated intervention. Human volunteers
were used to study the effects of dietary antioxidant
supplements containing zinc, beta carotene, selenium,
alpha tocopherol, tocopherol, and vitamin C.

Inclusive, the randomized controlled clinical trials
yielded no clue supporting the use of dietary antioxidant
supplements in the primary prevention of cancer™
whether consuming antioxidant supplements during
neoplastic therapy changes the usefulness or diminishes the
toxicity of medications has been the subject of numerous
randomized controlled trials, some of which have involved
relatively small patient numbers.”” Some studies revealed
that patients receiving antioxidant supplements during
cancer therapy had worse outcomes, particularly if they
were smokers, even though the results of these trials
were varied. Antioxidants have been shown in certain
preclinical investigations to enhance the growth and
metastasis of tumors in animals having tumors as well
as the capacity of circulating tumor cells to spread.”
Some researchers complain that the usage of antioxidants
must be in preventive doses which give a more beneficial
effect on ROS while usage in therapeutic doses may
increase ROS as illustrated in (Fig 2)."*

Since oxidative stress is a well-established feature
of cancer, antioxidants should be able to significantly
reduce the incidence and progression of cancer.” Even
though several antioxidant therapy approaches have
been investigated and some are currently in clinical
trials, their effectiveness has not been determined. The
following factors hinder antioxidants’ ability to fight
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cancer:

> Although complicated in vivo settings may alter
antioxidants, most studies use pharmaceutical
dosages rather than dietary ones based on in
vitro investigations."

> Antioxidants may exhibit unequal distribution
among distinct tissues, and in certain instances,
their limited bioavailability and bio-accessibility
may impede their efficaciousness.*

> Depending on their concentration and oxygen
pressure, certain antioxidants might show either

pro-oxidant or antioxidant characteristics.*
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Fig 2. Comparison of therapeutic versus preventive dose effect of antioxidant in carcinogenesis."*

These variables dictate the specific effects of the
additional antioxidants. Furthermore, most chemotherapeutic
medications cause oxidative stress and produce significant
quantities of ROS. Antioxidant therapy for cancer patients
may potentially have the opposite effect on the cell death
caused by chemotherapy drugs.”

As was previously mentioned, several antioxidants
did not appear to work well in clinical situations. Since
endogenous antioxidant enzymes or antioxidants account
for the majority of antioxidant capacity, we propose
that treating cancer patients with mild pro-oxidants to
boost antioxidant activity may be a beneficial strategy.
But further study is needed to fully understand the
biochemical underpinnings of this, and long-term
intervention monitoring is necessary. Developing new
therapeutic drugs that may be useful in the prevention
and treatment of cancer will be made easier by a better
knowledge of these pathways. Thus, until further research
can demonstrate the benefit of antioxidant supplements,
cancer patients should take them with care.

CONCLUSION

Reactive oxygen species (ROS) excess can oxidatively
damage proteins, lipids, DNA, and cell membranes,
compromising their proper function. ROS overproduction
during an antioxidant deficiency causes oxidative stress
and upsets the equilibrium of prooxidant/antioxidant
processes in living things. A small number of in vitro
investigations using polyphenolic compounds produced
encouraging findings about the antioxidant’s ability to
slow the growth of cancer cells. However, inconsistent
outcomes were obtained in other animal and laboratory

experiments. Preclinical experiments recorded similar
observations. Studies have shown that the proliferation
of cancer cells following antioxidant treatment varies
depending on a few aspects, including the type of cancer
and the drugs utilized.

Funding
None declared.

Conflict of interest
None declared.

Author Contributions

Concepts, Design, Definition of intellectual content,
Literature search, Clinical studies, Experimental studies,
Data analysis, Manuscript preparation, Manuscript editing,
Manuscript review and Guarantor were done by Khalida
I. Noel.

REFERENCES

1. Durackovd Z. Some current insights into oxidative stress.
Physiol Res. 2010;59(4):459-69.

2. Jabs T. Reactive oxygen intermediates as mediators of programmed

cell death in plants and animals. Biochem Pharmacol. 1999;57:
231-45.

3. Morry J, Ngamcherdtrakul W, Yantasee W. Oxidative stress in
cancer and fibrosis: Opportunity for therapeutic intervention
with antioxidant compounds, enzymes, and nanoparticles.
Redox Biol. 2017;1:240-53.

4, Poillet-Perez L, Despouy G, Delage-Mourroux R, Boyer-
Guittaut M. Interplay between ROS and autophagy in cancer
cells, from tumor initiation to cancer therapy. Redox Biol.
2015; 4:184-92.

5. Chio IIC, Tuveson DA. ROS in Cancer: The Burning Question.

554 volume 76, No.8: 2024 Siriraj Medical Journal

https://he02.tci-thaijo.org/index.php/sirirajmedj/index



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Trends Mol Med. 2017; 23(5):411-29.

Luo M, Zhou L, Huang Z, Li B, Nice EC, Xu ], et al. Antioxidant
Therapy in Cancer: Rationale and Progress. Antioxidants
(Basel). 2022;11(6):1128.

Al-Dalaen SA, Al-Qtaitat AI. Review Article: Oxidative Stress
versus antioxidant. Am J Biosci and Bioeng. 2014;2(5):60-71.
Farooqi AA, Mobeen I, Attar R, Noel KI, Xu B, Cho WC.
Overview on signal transduction cascades regulation roles of
garlic and its bioactive constituents. Food Science and Human
Wellness. 2023; Available from: https://doi.org/10.26599/FSHW.
2022.9250196.

Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F, Arcoraci
V, et al. Oxidative Stress: Harms and Benefits for Human
Health. Oxid Med Cell Longev. 2017;2017:8416763.

Wang J, Hu S, Nie S, Yu Q, Xie M. Reviews on Mechanisms
of In Vitro Antioxidant Activity of Polysaccharides. Oxid Med
Cell Longev. 2016;2016:5692852.

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser
J. Free radicals and antioxidants in normal physiological
functions and human disease. Int ] Biochem Cell Biol. 2007;39(1):
44-84.

Pham-Huy LA, He H, Pham-Huy C. Free radicals, antioxidants
in disease and health. Int ] Biomed Scie. 2008;4(2):89-96.
Helfinger V, Henke N, Brandes PR, Schroder K. P 049. Hydrogen
peroxide formation by Nox4 limits malignant transformation.
Free Rad Biol. 2017;108(1):S34. Available from: https://doi.
org/10.1016/j.freeradbiomed.2017.04.134.

Chatterjee S, Patil CR, Kundu CN. An Overview of Antioxidative
Anticancer Therapies with Reference to the Cancer Stem Cells.
In: Chakraborti S, eds. Handbook of Oxidative Stress in Cancer:
Therapeutic Aspects. Springer, Singapore. 2022; Available
from: https://doi.org/10.1007/978-981-16-5422-0_48.

Bisht S, Dada R. Oxidative stress: Major executioner in disease
pathology, role in sperm DNA damage and preventive strategies.
Front Biosci (Schol Ed). 2017;9(3):420-47.

Bunaciu AA, Hassan Y, Aboul-Enein Serban F. FTIR
Spectrophotometric Methods Used for Antioxidant Activity
Assay in Medicinal Plants. Appl Spect Rev. 2012;47(4):245-55.
Poljsak B, Suput D, Milisav I. Achieving the balance between
ROS and antioxidants: when to use the synthetic antioxidants.
Oxid Med Cell Longev. 2013;2013:956792.

Singh R, Upadhyaya RAK, Chandra AK, Singh DP. Sodium
chloride incites reactive oxygen species in green algae Chlorococcum
humicola and Chlorella vulgaris: Implication on lipid synthesis,
mineral nutrients and antioxidant system. Biores Tech. 2018;
270:489-97.

Kurutas EB. The importance of antioxidants which play the
role in cellular response against oxidative/nitrosative stress:
current state. Nutr J. 2016;15(1):71.

Nimse SB, Pal D. Free radicals, natural antioxidants, and their
reaction mechanisms. RSC Adv. 2015;5:27986-28006.
Kopustinskiene DM, Jakstas V, Savickas A, Bernatoniene J.
Flavonoids as Anticancer Agents. Nutrients. 2020;12(2):457.
Aggarwal V, Tuli HS, Varol A, Thakral F, Yerer MB, Sak
K, etal. Role of Reactive Oxygen Species in Cancer Progression.
Molecular Mechanisms and Recent Advancements. Biomolecules.
2019;9(11):735.

Park HJ, Jeon YK, You DH, Nam MJ. Daidzein causes cytochrome
c-mediated apoptosis via the bcl-2 family in human hepatic
cancer cells. Food Chem Toxicol. 2013;60:542-9.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Review Article O M]

Anantharaju PG, Gowda PC, Vimalambike MG, Madhunapantula
SV. An overview on the role of dietary phenolics for the
treatment of cancers. Nutr J. 2016;15(1):99.

AsciH, Ozmen O, Ellidag HY, Aydin B, Bas E, Yilmaz N. The
impact of gallic acid on the methotrexate-induced kidney
damage in rats. ] Food Drug Anal. 2017;25(4):890-97.
Sourani Z, Pourgheysari B, Beshkar P, Shirzad H, Shirzad M. Gallic
Acid Inhibits Proliferation and Induces Apoptosis in Lymphoblastic
Leukemia Cell Line (C121). Iran ] Med Sci. 2016;41(6):525-30.
Khorsandi K, Kianmehr Z, Hosseinmardi Z, Hossienzadeh R.
Anti-cancer effect of gallic acid in presence of low level laser
irradiation: ROS production and induction of apoptosis and
ferroptosis. Cancer Cell Int. 2020;20:18.

Zhao B, Hu M. Gallic acid reduces cell viability, proliferation,
invasion and angiogenesis in human cervical cancer cells.
Oncol lett. 2013;6(6):1749-55.

Aborehab NM, Osama N. Effect of Gallic acid in potentiating
chemotherapeutic effect of Paclitaxel in HeLa cervical cancer
cells. Can Cell Int. 2019;19:154.

Bhosale PB, Ha SE, Vetrivel P, Kim HH, Kim SM, Kim GS.
Functions of polyphenols and its anticancer properties in
biomedical research: a narrative review. Trans Can Res. 2020;
9(12):7619-31.

Abotaleb M, Liskova A, Kubatka P, Biisselberg D. Therapeutic
Potential of Plant Phenolic Acids in the Treatment of Cancer.
Biomol. 2020;10(2):221.

Tang HM, Cheung PCK. Gene expression profile analysis of
gallic acid-induced cell death process. Sci Rep. 2021;11:16743.
Patterson RE, White E, Kristal AR, Neuhouser ML, Potter JD.
Vitamin supplements and cancer risk: the epidemiologic
evidence. Cancer Causes Control. 1997;8(5):786-802.
Rautalahti MT, Virtamo JR, Taylor PR, Heinonen OP, Albanes D,
Haukka JK, et al. The effects of supplementation with alpha-
tocopherol and beta-carotene on the incidence and mortality of
carcinoma of the pancreas in a randomized, controlled trial.
Cancer. 1999; 86(1):37-42.

Virtamo J, Edwards BK, Virtanen M, Taylor PR, Malila N,
Albanes D, et al. Effects of supplemental alpha-tocopherol and
beta-carotene on urinary tract cancer: incidence and mortality in
a controlled trial (Finland). Cancer Causes Control. 2000;11(10):
933-9.

Albanes D, Malila N, Taylor PR, Huttunen JK, Virtamo J,
Edwards BK, et al. Effects of supplemental alpha-tocopherol
and beta-carotene on colorectal cancer: results from a controlled
trial (Finland). Cancer Causes Control. 2000;11(3):197-205.
Wright ME, Virtamo J, Hartman AM, Pietinen P, Edwards
BK, Taylor PR, et al. Effects of alpha-tocopherol and beta-
carotene supplementation on upper aerodigestive tract cancers
in a large, randomized controlled trial. Cancer. 2007;109(5):
891-8.

Fortmann SP, Burda BU, Senger CA, Lin JS, Whitlock EP.
Vitamin and mineral supplements in the primary prevention
of cardiovascular disease and cancer: An updated systematic
evidence review for the U.S. Preventive Services Task Force.
Ann Intern Med. 2013; 159(12):824-34.

Lawenda BD, Kelly KM, Ladas EJ, Sagar SM, Vickers A, Blumberg
JB. Should supplemental antioxidant administration be avoided
during chemotherapy and radiation therapy? J Natl Cancer
Inst. 2008;100(11):773-83.

Sayin VI, Ibrahim MX, Larsson E, Nilsson JA, Lindahl P, Bergo

https://he02.tci-thaijo.org/index.php/sirirajmedj/index

Volume 76, No.8: 2024 Siriraj Medical Journal 555



Noel et al.

41.

42.

43.

44,

MO. Antioxidants accelerate lung cancer progression in mice.
Sci Transl Med. 2014;6(221):221ral5.

Le Gal K, Ibrahim MX, Wiel C, Sayin VI, Akula MK, Karlsson
C, et al. Antioxidants can increase melanoma metastasis in
mice. Sci Transl Med. 2015;7(308):308re8.

Piskounova E, Agathocleous M, Murphy MM, Hu Z, Huddlestun
SE, Zhao Z, et al. Oxidative stress inhibits distant metastasis
by human melanoma cells. Nature. 2015; 527(7577):186-91.
Al-Kaabi M, Noel K, Al-Rubai A. Evaluation of immunohistochemical
expression of stem cell markers (NANOG and CD133) in normal,
hyperplastic, and malignant endometrium. ] Med Life. 2022;
15(1):117-23.

Attar R, Noel K, Romero MA, Sabitaliyevich UY, Yulaevna
IM, Qureshi MZ. Regulatory role of circular RNAs in oral
squamous cell carcinoma: Role of circular RN As in the progression

45.

46.

47.

of OSCC. Cell Mol Biol. 2023;69(8):250-57.

Noel KI, Ibraheem MM, Ahmed BS, Hameed AF, Khamees NH,
AKkkila SS. Expression of OCT4 Stem Cell Marker in Benign
Prostatic Hyperplasia and Normal Tissue Around the Prostatic
Carcinoma in a Sample of Iraqi Patients. Egyptian Journal of
Histology. 2020; 43(1):245-54.

El-Mahdy MA, Alzarie YA, Hemann C, Badary OA, Nofal S,
Zweier JL. The novel SOD mimetic GC4419 increases cancer
cell killing with sensitization to ionizing radiation while protecting
normal cells. Free Radic Biol Med. 2020;160:630-42.

Sishc BJ, Ding L, Nam TK, Heer CD, Rodman SN, Schoenfeld
JD, Fath MA, Saha D, Pulliam CF, Langen B, et al. Avasopasem
manganese synergizes with hypofractionated radiation to
ablate tumors through the generation of hydrogen peroxide.
Sci Transl Med. 2021;13:eabb3768.

556 Volume 76, No.8: 2024 Siriraj Medical Journal

https://he02.tci-thaijo.org/index.php/sirirajmedj/index



