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1. Introduction

Several commercial types of citrus fruit, including 
orange, grapefruit, and lemon, are thought to contain 
natural chemicals with a number of health advantages. 

Citrus is a member of the Rutaceae family. Citrus has 
long served as the foundation of widely used traditional 
remedies in several nations. Citrus fruits contain a variety 
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Resumo
O câncer é uma das principais causas de morte. Apesar dos avanços significativos na descoberta de medicamentos 
para o tratamento do câncer, esses medicamentos são prejudiciais por questões de aplicabilidade e eficácia e 
frequentemente apresentam efeitos colaterais importantes que podem afetar ainda mais a qualidade de vida 
dos pacientes. Portanto, o desenvolvimento de medicamentos anticancerígenos, terapeuticamente adequados 
derivados de produtos naturais, ganhou destaque no campo dos alimentos funcionais. Alguns desses compostos 
demonstraram eficácia na prevenção e tratamento do câncer, bem como baixa toxicidade. Além disso, muitos estudos 
recentes exploraram a reciclagem de resíduos agroindustriais para criar produtos químicos bioativos. As cascas de 
frutas cítricas são produzidas abundantemente no setor de processamento de alimentos; devido à abundância de 
flavonoides, e são fontes baratas de proteção contra várias categorias de câncer. Citrus é um tipo comum de fruta que 
contém uma variedade de nutrientes. Em particular, os produtos químicos antioxidantes encontrados na casca de 
frutas cítricas foram identificados como potenciais agentes de combate ao câncer. Substâncias antioxidantes, como 
os flavonoides, previnem o desenvolvimento do câncer, inibindo a cascata metastática, diminuindo a mobilidade 
das células cancerígenas no sistema circulatório, promovendo a apoptose e suprimindo a angiogênese. Para explorar 
os usos mais eficazes dos antioxidantes derivados da casca de frutas cítricas, esta revisão apresenta informações 
básicas, uma visão geral do papel dos antioxidantes cítricos na terapia do câncer e uma discussão dos principais 
mecanismos moleculares subjacentes.
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(ROS). Prokaryotes and eukaryotes alike are capable of 
creating bioactive substances (Flieger et al., 2021).

It has been previously demonstrated that the number 
of active groups, such as OH and NH2 groups, is highly 
connected to antioxidant activity (Bendary et al., 2013). 
Importantly, antioxidants can function through a variety 
of mechanisms and repair many forms of cellular damage. 
Antioxidants can be divided into two categories, including 
primary, or chain-breaking antioxidants, and secondary, 
or preventative antioxidants (Madhavi  et  al., 1996). 
Primary antioxidants scavenge ROS (Bast and Haenen, 
2013), whereas inhibition of xanthine oxidase (XO) and 
NADPH oxidase (NOX),as well as regulation of reductase-
sensitive signal transduction pathways, are some of the 
specific actions of secondary antioxidants (Amarowicz 
and Pegg, 2019).

2.1. Nanoparticle (NP)-based approaches for the 
measurement of antioxidant activity

NPs have recently been used to measure antioxidant 
activity shown in Figure 2. This approach leverages the 
distinctive optical, electrical, and catalytic characteristics 
of metallic NPs (1–100 nm) (Baig et al., 2021).

Scampicchio et al. (2006) provided the first description 
of an NP-based approach for gauging antioxidant activity, 
the catalytic development of gold (Au) NPs mediated by 
phenolic acids. The resulting NPs appeared to be related to 
the antioxidant capacity of the phenolic acids. Specifically, 
the phenolic acids linearly affected the properties of 
the AuNPs and were measured with the Folin-Cicolteau 
spectrophotometric method. Additionally, Özyürek et al. 
(2012) measured the activity of polyphenols, made possible 
by the incorporation of silver (Ag) NPs. Silver ions were 
reduced with trisodium citrate to create the primary seeds. 
Antioxidants were then added as a second reducing agent, 
which reduced the Ag+ ions in the silver seeds and increased 
the amount of Ag atoms deposited thereon, resulting in 
the formation of the final core-shell AgNP structures. AgNP 
growth onmonodisperse seed particles led to a linear, 

of essential nutrients, including vitamin C, vitamin 
A, and several types of carotenes, as well as a large 
number of non-nutrient phytochemicals such as diverse 
flavonoid classes, glycerates, coumarins, monoterpenes, 
triterpenes, and phenolic acids (Gyawali and Kim, 2014).
Citrus peels, byproducts of citrus manufacturing and 
valuable sources of polyphenols, have been shown to 
have anti-hyperglycemic properties (Fayek et al., 2017). 
Specifically, citrus flavonoids found in the flavedo and 
albedo, such as hesperidin, neohesperidin, and naringin, 
induced anti-hyperglycemic actions in HepG2 cells 
(Shen  et  al., 2012).Moreover, citrus fruits such as the 
pomelo [Citrus grandis (L) Osbeck] have been recognized 
as rich sources of flavonoids (Tocmo et al., 2020).

Recent research indicates that citrus consumption is 
linked to a lower incidence of all types of cancer. Citrus 
fruit and juice consumption appear to be inversely 
related to a lower risk of various infectious diseases, 
including malignancies, according to evidence from both 
experimental and epidemiological research.

2. Antioxidants

Antioxidants function by inhibiting the oxidation 
of other compounds. Early studies on the biological 
functions of antioxidants sought to use them to reduce the 
rancidity of unsaturated lipids. The discovery of vitamins 
A, C, and E, along with the knowledge of how vitamin E 
prevents lipid peroxidation, was at urning point in our 
understanding of antioxidant function in living organisms. 
Figure 1 displays the different antioxidant categories along 
with examples of each. These diverse compounds exhibit 
unique mechanisms of action, sites of action, and results. 
The network of inter connected antioxidant enzymes 
exhibits optimal antioxidant defense efficacy. Additionally, 
antioxidants such as vitamins, coenzymes, carotenes, and 
minerals neutralize reactive radicals. Natural sources of 
antioxidants are involved in free radical defenses but are 
unable to shield organisms from reactive oxygen species 

Figure 1. Classification of antioxidants.
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concentration-dependent rise in absorbance. This technique 
is called the “Silver Nanoparticles Antioxidant Capacity”.

Until recently, the majority of the assays used to 
determine antioxidant capability included NPs with 
gold, silver, Fe3O4, quantum dots, or titanium; all are 
necessary for estimating antioxidant activity. The most 
widely used substance for this purpose is AuNPs. AuNPs 
exhibit a distinctive absorbance peak at 517 nm. AuNPs are 
also soluble and stable in a variety of solvents, including 
water, dichloromethane, and methanol. Because of the 
color of AuNPs, which is dependent on their size and 
shape, the refractive index of the dispersion medium, and 
interparticle interactions, NP production can be observed 
visually (Vasilescu et al., 2012).

2.2. Synthesis of NPs from natural antioxidant extracts

Numerous types of metallic nanoparticles are used in 
industrial and biomedical applications because of their 
distinctive physicochemical features (Boisselier and Astruc, 
2009).In addition to natural extracts, several NPs, including 
carbon nanotubes, metals, their oxides, and different 
types of NPs possess antioxidant activity (Eftekhari et al., 
2018).Iron nanoparticles have been applied in a variety of 
fields such as pharmacology, clinical diagnostics, therapy, 
analytical chemistry, bioprocesses, and industry, among 
others(Kumar et al., 2020a).

Unfortunately, hazardous reducing and stabilizing 
chemicals are frequently needed to synthesize NPs. These 
harmful materials adsorb on to NP surfaces, restricting their 
use in biological domains (Sharma et al., 2014).Thus, natural 
synthesis techniques, including the reduction of metal cations 
by plant extracts and microorganisms, are being exploited 
to produce nanomaterials. In the first stage of NP synthesis, 
metal ions are reduced. Subsequently, in the second step, the 
colloidal suspension aggregates form oligomeric clusters, 
resulting in the creation of NPs (Kumar et al., 2020b).So-called 
“green synthesis” is a rapidly developing, environmentally 
benign method for producing NPs. When compared to 

NPs manufactured using conventional procedures, those 
made using green synthesis techniques (Jessl et al., 2018). 
Electrostatic repulsion is primarily responsible for NP 
stabilization. Unfortunately, this type of stabilization works 
best with low-ionic strength extracts because the highly 
scattered double layer facilitates repelling. Strong van der 
Waals interactions play a role in aggregation when ionic 
strength is high (Boström et al., 2001). The installation of 
new barriers on the surfaces of NPs is another stabilization 
method. Proteins added to the extracts, as well as polymers 
applied to the surface (e.g., polyethylene glycol and polyvinyl 
pyrrolidone), impartsteric stability. The stages of NP formation 
and stabilization are illustrated in Figure 3.

3. The Antioxidant Components of Citrus

3.1. Vitamins in citrus and their antioxidant activities

Vitamins are organic chemicals that are essential for 
survival and physiological function. Six of the 13 vitamins, 
vitamins A, B1, B2, B3, C, and E, are present in citrus fruits 
(Zhou, 2012). Among these vitamins, vitamins A, C, and 
E, have been examined for their antioxidant properties 
(Amitava and Kimberly, 2014).

Β-carotene is a vitamin A-class chemical substance 
that exhibits antioxidant properties by reacting with free 
radicals and peroxyl radicals (Amitava and Kimberly, 2014). 
Cryptoxanthin and carotenes are also abundant in citrus 
fruits. Citrus sinensis Osbeck, a candied orange, contains 
0.27 mg/kg of vitamin A, whereas Citrus reticulata Blanco, 
a tangerine, contains 2.77 mg/kg (Zhou, 2012).

L-ascorbic acid, also known as vitamin C or ascorbate, 
is a water-soluble compound. It is an important vitamin 
present in citrus; it is abundant in both the flesh and peels, 
both of which have vitamin C in their extracts (Yu et al., 
2005). Natural free radical scavengers such as vitamin C 
can efficiently remove several types of ROS, reduce sulfur, 
and clear O2 (Amitava and Kimberly, 2014).

Figure 2. A selection of methods for quantifying and their associated detection limits (Hendrickson et al., 2011 and Mourdikoudis et al., 2018).
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Tocopherols and tocotrienols are two lipid-soluble 
vitamin E molecules. Citrus fruits contain the highest 
concentrations of vitamin E in their peels and seeds. 
Vitamin E helps to shield cell membranes from damage 
induced by lipid peroxidation (Zhou, 2012).

3.2. Elemental minerals in citrus fruits and their 
antioxidant activities

With the exception of carbon, hydrogen, and oxygen, 
mineral elements are chemical components that plants 
absorb from soil that enable their growth and development. 
The chemical elements present in mammalian bodies 
are also present in citrus plants and have been linked 
to increases in a given organism’s antioxidant capacity 
involved in (Amitava and Kimberly, 2014). For example, 
selenium (Se), a crucial component of the antioxidant 
enzyme glutathione peroxidase (GSH-Px), can neutralize 
free radicals in the cytoplasm and shield tissues from 
oxidative damage. Citrus fruit, tangerine, and lemon 
contain 0.31, 0.45, and 0.50 mg/100 g of Se, respectively 
(Zhou, 2012).

3.3. Enzymatic antioxidants

3.3.1. GSH-Px

The GSH-Px enzyme family catalyzes the oxidation 
of GS Hin the presence of a hydroperoxide, such as a 
lipid hydroperoxide or hydrogen peroxide, as follows 
(Equation 1):

2  2     ROH GSH GSSG H O+ + + 	 (1)

These enzymes can also metabolize other peroxides, 
such as lipid hydroperoxides, and are thereby involved 
in the repair of lipid peroxidation-related damage. This 
enzyme exists in two different forms; Se and GSH are 
the most crucial antioxidative defense systems in cells. 
Humans possess four distinct Se-dependent GSH-Px 
enzymes, which provide two electrons to reduce peroxides. 
These antioxidant capabilities allow selenoenzymes to 

remove peroxides as potential substrates for the Fenton 
reaction. The tripeptide GSH, which is present in many 
cells, collaborates with Se-dependent GSH-Px to catalyze 
the conversion of organic or hydrogen peroxide to water 
or alcohol while oxidizing GSH. It is the primary defense 
against mild oxidative/nitrosative stress (Molavian et al., 
2015).

3.3.2. Catalase

Catalase was the first antioxidant enzyme to be 
identified; it catalyzes the transformation of hydrogen 
peroxide into water and oxygen (Equation 2):

2 2 2 22H O H O O→ + 	 (2)

The four subunits that comprise catalase each contain 
an NADPH molecule. The extremely high rate constant 
(~107 M/sec) for the aforementioned reaction suggests 
that it is difficult to achieve enzyme saturation in vivo. 
This enzyme is found in the peroxisomes of aerobic cells 
and converts six million molecules of hydrogen peroxide 
into water and oxygen per minute. Although all tissues 
contain some catalase, the liver and erythrocytes exhibit 
the highest activity (Sies, 2015).

3.3.3. Superoxide dismutase (SOD)

One of the most effective intracellular enzyme 
antioxidants, SOD, catalyzes the conversion of superoxide 
anion into dioxygen and hydrogen peroxide (Equation 3):

–
2 2 2 2 22O O H H O O− −+ + → + 	 (3)

Subsequently, hydrogen peroxide can be eliminated 
with either catalase or GSH-Px. There are various isoforms 
of SOD that differ in terms of the type of active metal 
center, amino acid composition, and co-factors, among 
other characteristics. Humans express extra cellular, 
mitochondrial, and cytosolic SOD.SOD neutralizes 
superoxide ions by repeatedly undergoing redox cycles 
of its active site transition metal ion (Sheng et al., 2014).

Figure 3. The mechanisms underlying the production and installation of metallic nanoparticles.
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4. Bioactive Compounds in Citrus

Peel, pulp, and seeds, collectively known as pomace, are 
produced in significant quantities as a result of domestic 
and industrial citrus fruit processing. Extensive research 
has been performed to extract commercially important 
chemicals from citrus fruit pomace (Yu et al., 2021).

Citrus peel contains a variety of bioactive substances 
with excellent antioxidant and health-promoting potential 
(Long et al., 2021), including essential oils (Singh et al., 
2021), carotenoids (Saini et al., 2021), pectin (Nuzzo et al., 
2021; Mahato et al., 2018), and flavonoids (El-Kersh et al., 
2021). The primary flavonoids in citrus fruit peels 
include hesperidin, naringin, rutin, and neohesperidin 
(Abdelghffar  et  al., 2021). These compounds are found 
at particularly high concentrations in mandarins, which 
have significant antioxidant potency (Chen et al., 2021). 
Surprisingly, citrus fruit peels generally contain more 
antioxidants and polyphenols than pulp (Singh  et  al., 
2020). As a result, it may be possible to recover these 
healthy compounds from citrus fruit peels. The orange 
peel is also a promising substitute for lignocellulosic 
biomass in the production of biofuels due to its low lignin 
content (Jeong et al., 2021).Bioactive citrus compounds, 
particularly polyphenols, vitamins, terpenes, and limonoids, 
have potential utility against obesity (Huang et al., 2020), 
inflammatory diseases (Denaro et al., 2021), atherosclerosis 
(Hu et al., 2021), neurodegenerative diseases (Piccialli et al., 
2021), and cancer (Kitagawa  et  al., 2021) due to their 
antioxidant activity (Anacleto et al., 2020).

Flavonoids are polyphenolic secondary metabolites 
that are abundantly present in plants and contribute 
significantly to the antioxidant components of the human 
diet. Flavonoids directly scavenge free radicals, increase the 
activity of antioxidant enzymes in the body, and prevent 
peroxide production in vivo (Nakao et al., 2011). Citrus fruits 
contain significant amounts of flavanone-7-O-glycosides, 
flavones, and polymethoxylated flavones (PMFs) (Peng et al., 
2021). PMFs contain more than two methoxy groups (-OCH3) 
in their chemical structures (Zhang et al., 2019).Due to their 
anti-inflammatory (Rong et al., 2021), anti-atherosclerotic 
(Wang et al., 2021), anti-obesity (Zeng et al., 2020), and 
anti-cancer capabilities, PMFs have garnered increasing 
interest in recent years (Song et al., 2020).More flavonoids 
are found in the flavedo and albedo of citrus fruit than in 
the juice (Multari et al., 2020).

The bioactive substances found in citrus juices also have 
antiviral and anti-cancer activity. For example, hesperidin 
reportedly inhibits influenza virus replication and human 
cancer spread by inhibiting the pathway (Dong  et  al., 
2014). Key proteases involved in coronavirus replication 
can also be inhibited by hesperidin, hesperetin, and 
naringenin, which prevent the virus from entering host 
cells (Tutunchi  et  al., 2020). Furthermore, the hydro-
ethanolic extract of citrus peels contains flavonoids that 
exhibit antiproliferative properties against BT-474 human 
breast cancer cells (Ferreira et al., 2018).

A common class of isoprenoid pigments known as 
carotenoids is involved in signaling and photosynthesis 
(Saini  et  al., 2015). Carotenoids can be classified into 
one of two groups based on their chemical structures: 

the hydrocarbon carotenoids, known as carotenes, 
such as carotene and lycopene; and the oxygenated 
carotenoids, known as xanthophylls (Saini and Keum, 
2018). Xanthophylls can be found in free and esterified 
fatty acid forms due to their oxygenated functional 
groups, but carotenes are only found in their free forms 
because of their simple hydrocarbon structures and lack of 
oxygenated functional groups. Xanthophylls in citrus fruits 
are frequently acylated with saturated and unsaturated 
fatty acids (Etzbach et al., 2020). Citrus fruit peel and pulp 
are orange-red due to the presence of carotenoids and 
apocarotenoids (Luan et al., 2020). The most abundant 
carotenoids in citrus fruits are carotenoid fatty acid esters 
(xanthophyll esters) (Etzbach et al., 2020). Xanthophyll 
esters and carotenoids are present depending on the 
maturation of and on other components in the citrus fruits 
(Etzbach  et  al., 2020). Carotenoids are more abundant 
in citrus fruit peel flavedo than in juice sacs, similar to 
phenolic chemicals (Multari et al., 2020). Unlike phenolic 
substances, however, carotenoid concentrations rise with 
maturation (Petry  et  al., 2019). Albedo also contains 
fewer carotenoids than phenolic chemicals; only minute 
quantities are present (Multari et al., 2020).

Substantial research has been performed to explore the 
anti-cancer properties of carotenoids (Saini et al., 2020).
The antioxidant properties of carotenoids in the typical 
cellular milieu are well-established (Saini et al., 2015).
However, carotenoidsmay also function as strong pro-
oxidant chemicals that encourage ROS-mediated cancer 
cell death (Shin et al., 2020).

Because it contains terpenes, limonoids, polyphenolics, 
and vitamins, essential oil derived primarily from citrus 
fruit flavedo is a valuable commercial product (Raspo et al., 
2020).Due to their naturally fruity scents, citrus essential 
oils are frequently employed in the cosmetic and food 
sectors (Mahato et al., 2019). In addition, citrus essential 
oils have strong antibacterial, analgesic, anxiolytic, and 
antioxidant properties (Ambrosio et al., 2019). The bioactive 
compounds in citrus essential oils are particularly well-
known for their possible antibacterial capabilities; their 
ability to lyse bacterial cell walls and promote leakage of 
intracellular components ultimately results in cell death 
(Li et al., 2019).

Limonoids are tetracyclic triterpene secondary 
metabolite derivatives with high oxygen content. 
The antioxidant capabilities of different limonoids vary, 
with some being even superior to vitamin C (Zhou, 2012). 
Citrus limonoids have been shown to induce apoptosis, 
inhibit the proliferation of Panc-28 pancreatic cancer 
cells, and B-cell lymphoma-2 (Bcl-2) by increasing 
caspase-3 cleavage and lowering mitochondrial membrane 
potential (Murthy et al., 2021).

5. Mechanisms of Action of Citrus Peel Antioxidants

5.1. Suppression of proliferation

Cancer cells can multiply unchecked, resist apoptosis, 
and spread to distant regions of the body. It has been 
demonstrated that flavonoids in citrus peel extracts (CPEs) 
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prevent cell proliferation and oncoproteins. For example, 
CPEs suppressed cell growth and caused apoptosis in 
A549 human lung cancer cells (Nagappan et al., 2016). 
Flavonoids extracted from citrus peel also had similar 
inhibitory effects (Park et al., 2012). Quercetin, an aglycone-
type flavanol that is present in fruits and green vegetables, 
is responsible for the effect of flavonoid compounds on cell 
proliferation. According to Liao et al. (2015), flavonoids have 
growth-inhibitory effects on a variety of cancer cell lines.

Nobiletin, tangeretin, quercetin, and sinensetin are PMFs 
that have shown antiproliferative effects on a variety of 
cancer cell lines. The antiproliferative effect of naringin 
is correlated with the prevention of cell growth and DNA 
synthesis (Kim et al., 2008). In addition, naringenin and 
hesperetin demonstrated potent antiproliferative activity 
against a variety of human cancer cell lines (Manthey 
and Guthrie, 2002). Furthermore, nobiletin, a significant 
PMF, exhibited cytostatic activity against MCF-7 cancer 
breast by primary oxidizing enzymes (Surichan  et  al., 
2012). Additionally, nobiletin has demonstrated direct 
cytotoxicity against gastric cancer cells by inducing cell 
cycle deregulation (Rawson et al., 2014), and decreases the 
proliferation of colon cancer cells (Kunimasa et al., 2010).

Cell cycle advancement consists of four tightly regulated 
stages and cancer development is associated with cell 
cycle disruption. the coordinated interaction of cyclin-
dependent kinases (CDKs) with their subunits results in the 
formation of active complexes that regulate the transition 
of cells from one phase to the next. CDK inhibitors control 
how active complexes are formed. Tumor burden can be 
diminished or eradicated by stopping the advancement 
of cells through the cell cycle (Foster, 2008).

Hong et al. (2017) found that a methanol extract from 
citrus fruit peel reduced phosphorylation in various cancer 
cell lines. Additionally, anethanolic extract from citrus peels 
suppressed A549 cell growth in a dose-dependent manner 
and triggered apoptosis (Adina et al., 2014).Furthermore, in 
colon tumor-bearing mice, Akt, Ras, ERK1/2, and E-cadherin 
were found to be responsible for the inhibition of growth 
signals (Moon  et  al., 2015).Treated animals had lower 
levels of catenin buildup in cell nuclei, which inhibited 
the activity of signaling pathways. Finally, in rats with 
colorectal cancer, oral CPEs substantially inhibited the 
enzyme ornithine decarboxylase, which regulates cell 
growth and proliferation (Lai et al., 2013).

5.2. Cell cycle inhibition

Cell cycle progression is halted by CPEs, which diminish 
or ablate cell proliferation signaling pathways in cancer 
cells (Chu et al., 2017). CPEs have been observed to affect 
MCF-7 breast cancer cells and human SNU-1 gastric cells 
(Moon  et  al., 2015). CPE at a concentration of 6 g/mL 
induced apoptosis (Adina  et  al., 2014). In human AGS 
gastric cancer cells, CPEs also induced cell cycle arrest 
by upregulating and down regulating cyclin B1, in turn 
modulating the cell division cycle (Hong et al., 2017). CPE, 
which primarily contains hesperidin and narirutin, also 
prevented prostate cancer cells from entering S-phase (G0/
G1 cells were reduced by 2-3%, compared to a reduction 
of 12–18% in control cells) (Shammugasamy et al., 2019).

Tangeretin prevented the proliferation of estradiol-
stimulated T47D cells and human colon cancer cells. 
Additionally, nobiletin altered the cell cycle of human gastric 
carcinoma, MCF-7 breast cancer, and HT-29 colon cancer 
cells (Wu et al., 2017), whereas hesperetin inhibited the 
activity of MCF-7 breast cancer cells by inducing aggregation. 
Moreover, tangeretin and nobiletin inhibited human colon 
and breast cancer cells, whereas naringin and apigenin 
stopped both androgen-insensitive PC-3 and androgen-
sensitive human prostate cancer cell lines (Vue et al., 2016).

5.3. Inhibition of oxidant enzymes

The bioactive compounds in citrus fruits may exert their 
antioxidant properties by functioning as oxidant enzyme 
inhibitors (Figure 4, pathway 1). Oxidant enzymes are the 
primary producers of cellular ROS/reactive nitrogen species 
(RNS) and have important functions in the redox reactions 
of biological systems (López-Alarcón and Denicola, 2013). 
In addition, one of the primary mechanisms under lying 
the antioxidant activity of natural compounds is the 
suppression of XO. Hesperetin can directly reduce cellular 
free radical generation by inhibiting XO as discovered by 
Nakao et al. (2011). Additionally, according to Lin et al. 
(2008), coumarins can directly reduce cellular XO synthesis 
to reduce the formation of free radicals. As a result, 
polyphenols and other phytochemicals may bolster the 
antioxidant capacity of citrus fruits.

5.4. Interaction with redox signaling pathways

Citrus fruits may elicit their antioxidant effects by 
activating the transcription factor nuclear factor E2-related 
protein 2 (Nrf-2) and inhibiting nuclear factor kappa B 
(NF-κB) (Figure 4, pathway 2). These two molecules are 
crucial regulators of redox signaling pathways in the 
nucleus and cytoplasm, respectively (López-Alarcón and 
Denicola, 2013).

Endogenous oxidants, such as H2O2, act as second 
messengers and initiate a series of intracellular signaling 
events that encourage the production of antioxidants and 
detoxifying enzymes. In turn, these events control the 
equilibrium of cellular redox status (Forman et al., 2010).

The redox-sensitive transcription factor Nrf-2 is 
activated in the cytoplasm and translocates to the nucleus 
where it binds to antioxidant response elements in DNA. 
As a result, cytoprotective enzymes such as SOD, glutathione 
S transferase, and NADPH-quinone oxidase are upregulated 
(HO-1) (Eggler et al., 2008).

The NF-κB family is composed of a collection of inducible 
transcription factors that control immunological and 
inflammatory reactions and protect cells from dying from 
oxidative stress. NF-κB is kept dormant by interacting 
with inhibitory IκB proteins in the cytoplasm. However, 
in response to inflammatory stimuli such as oxidants, 
the proteasome rapidly degrades IκB proteins, releasing 
NF-κB proteins into the nucleus where they bind to 
specific DNA sequences and stimulate the production of 
pro-inflammatory and anti-apoptotic genes (Renard et al., 
2000). Phytochemicals that lower NF-kB synthesis and/or 
limit its activation impede its nuclear translocation and 
the resulting activation of pro-oxidant genes.
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6. Medicinal Properties of Citrus

Citrus fruits with high levels of bioactive chemicals 
include mandarin, pomelo, orange, lime, lemon, and 
grapefruit (Darband  et  al., 2018). These fruits contain 
bioactive substances such as flavonoids, dietary fiber, folate, 
and vitamin C in both the pulp and peel. While flavonoids 
are abundant in many fragrant plants, including mint and 
tea, they are concentrated in citrus fruits and their peels 
(Wang et al., 2018). Because citrus peel contains vitamins, 
volatile oils, pectin, and different natural antioxidant 
chemicals, it has strong potential as a source of therapeutic 
ingredients (Tsitsagi et al., 2018).

Epidemiologic studies have demonstrated that a 
diet high in citrus and vegetables may lower cancer risk 
by 20% (Cirmi  et  al., 2016). Indeed, the Mediterranean 
diet contains abundant citrus, fiber, and natural green 
polyphenols, which are associated with lower cancer risk 
(Smeriglio et al., 2019).

Citrus peels have been used medicinally since the 10th 
century, but only recently have the biological activity of 
particular compounds been defined (Gömez-Mejia et al., 
2019). Polyphenolic chemicals, which are secondary plant 
metabolites with a variety of vital biological roles, are 
abundant in citrus peels (Rafiq et al., 2018).

Numerous bioactive substances, such as antioxidants, 
limonoids, coumarins, essential oils, tannins, lignans, and 
vitamins, are considered polyphenols (Abudayeh et al., 
2019).Citrus peel polyphenolic compounds appear to be 
important bioactive components, especially in terms of 
their anti-cancer potential and protection against the risk of 

viral infection and degenerative diseases (Kim et al., 2017). 
Although the identification of specific compounds with 
strong anti-cancer properties is important, accumulating 
evidence points to the synergy of bioactive chemicals 
in CPE. Specifically, the anti-cancer activity of whole 
CPEs is often higher than that of fractionated extracts. 
In addition, higher levels of total polyphenols are linked 
to CPE methanolic extracts (Azman et al., 2019).

7. Anti-cancer Compounds

Anti-cancer compounds are generally defined as 
substances or agents that have strong anti-cancer effects 
or the ability to stop the spread of cancer. Approximately 
174 anti-cancer chemicals have been commercially 
approved since the 1980s, with 53% (93 medicines) 
being derived from natural sources (Amaral et al., 2019). 
Accordingly, anti-cancer substances are often divided 
into two categories: chemical compounds and natural 
compounds.

7.1. Chemical compounds

During chemotherapy, substances such as alkylating 
drugs (e.g., cisplatin), anti-metabolites, and antibiotics 
typically impact both proliferating cancer cells and healthy 
cells. Most chemical cytotoxic agents target the skin (hair 
follicle cells), gonads (sex organs), gastrointestinal system, 
bone marrow, and other organs, and all have serious 
adverse effects (Chan and Ismail, 2014). Additionally, 
their oral route of administration, low water solubility, 

Figure 4. The likely antioxidant mechanisms of action of citrus fruits. There are five possible pathways by which the reduction of oxidative 
damage can be achieved: (1) inhibition of oxidizing enzymes, which reduces cellular production of ROS/RNS; (2) interaction with redox 
signaling pathways, which activates cellular antioxidant responses; (3) direct reaction with ROS/RNS as “free radical scavengers”; (4) 
chelation of transitional metals; and (5) synergistic interaction of the ingredients, which influence the whole antioxidant system. 
Oxidant enzymes that produce ROS/RNS: NOS (nitric oxide synthase), LOX (lipoxygenase), XO (xanthine oxidase), COX (cyclooxygenase), 
NOX (NADPH oxidase), MPO (myeloperoxidase). Antioxidant enzymes: SOD (superoxide dismutase), CAT (catalase), GPx (glutathione 
peroxidase), Prx (peroxiredoxin), Trx (thioredoxin), GR (glutathione reductase), TR (thioredoxin reductase).  
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acute side effects, and short half-lives limit the utility of 
these conventional medications (Khan and Gurav, 2017).

7.2. Natural compounds

Fruits, vegetables, green tea, cocoa, and other foods 
contain polyphenolic substances called flavonoids. It has 
been demonstrated that certain flavonoids have a variety of 
anti-cancer actions (Kopustinskiene et al., 2020). Genistein, 
an isoflavone (4,5,7-trihydroxyisoflavone), is one example 
of such a flavonoid (Figure 5). Dietary sources of genistein 
include soy products (e.g., soybeans), dates, and raisins 
(Forslund and Andersson, 2017). Notably, prostate cancer 
in men and breast cancer in women are less prevalent in 
Asian nations, particularly Japan and China, than in western 
nations such as the United States. This is due to the higher 
consumption of soy products in these Asian nations, which 
are the best sources of genistein. Importantly, genistein 
has anti-cancer effects on additional cancer types as well 
(Spagnuolo  et  al., 2015). Genistein slows the spread of 
cancer by inducing apoptosis, hallmarks of which include 
formation of cell membrane blebs, fragmentation of 
cellular DNA, reductions in cell attachment, alterations in 
the morphology and structure of cells, and cytoplasmic 
contraction, among other harmful biological changes 
(Figure 5) (Hsiao et al., 2019).

Genistein promotes cancer cell apoptosis in a number 
of ways. For example, caspases such as caspase-3 and 
caspase-9, which are crucial for apoptosis, are induced 
by genistein (Shafiee et al., 2016). In addition, genistein 
caused apoptotic cell death in colon cancer cells in vitro 
by blocking the NF-κB pathway, which controls the 

expression of pro-inflammatory genes (Zhou et al., 2017). 
Moreover, in breast cancer cell lines, the combination of 
genistein and equol, a bioactive metabolite of daidzein, 
increased the levels of Bax, a pro-apoptotic protein. 
This combination also reduced the levels of Bcl-2, an 
anti-apoptotic protein, the primary function of which 
is to compete with Bax (Ono et al., 2017). Furthermore, 
genistein impacted the endoplasmic reticulum (ER) of 
melanoma cells by modulating the p38 mitogen-activated 
protein kinase signaling pathway, which is activated in 
response to stress stimuli. Specifically, genistein induced 
apoptosis by upregulating glucose-regulating protein 78, 
a molecular chaperon involved in protein folding related 
to C/EBP (Heo et al., 2018).

Various inflammatory mediators are typically required 
for the proliferation of cancer cells. In one in vitro study 
of HaCaT human keratinocytes, genistein inhibited 
tumor necrosis factor (TNF)-induced NF-κB translocation 
(Smolińska et al., 2018) .It also reduced the phosphorylation 
of IB kinase and stimulated the activation of caspase-8 by 
encouraging the binding of Fas/TNF, a death receptor, 
to Fas ligand/TNF receptor 1, in turn eliciting apoptotic 
responses (Tuli et al., 2019).

Natural chemicals are those derived from plants, 
microorganisms, or animals. These naturally occurring 
chemicals offer an intriguing mechanism by which to create 
new cancer treatment options. Interestingly, medicines 
made from natural substances such as paclitaxel/Taxol, 
vinblastine, vincristine, camptothecin, and podophyllotoxin, 
among others, are effective against cancer. In fact, small 
molecules and naturally derived products account for 

Figure 5. The mechanism by which genistein induces apoptosis in cancer cells (Tuli et al., 2019).
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approximately half of approved medications (Khan and 
Gurav, 2017).

Commercially available anti-cancer pharmaceuticals are 
roughly divided into the following categories according to 
their mode of action: alkylating agents, anti-metabolites, 
anti-tumor antibiotics, hormone antagonists, natural 
therapies, and other drugs (Figure  6) (Taskin-Tok and 
Gowder, 2014).These substances are divided into three 
major classes based on their metabolic origins: phenolics, 
terpenoids, and nitrogen/sulfur-containing chemicals 
(Kumar  et  al., 2015). Vincristine, paclitaxel, curcumin, 
and betulinic acid are examples of anti-cancer secondary 
metabolites that are currently in use and undergoing 
clinical trials (Seca and Pinto, 2018). Every year, numerous 
novel cytotoxic secondary metabolites are discovered 
as potential anti-cancer agents. As a result, altering the 
structures of these chemicals can offer a cutting-edge 
method for increasing the specificity of anti-cancer drug 
activity (Guo, 2017).

8. Anti-cancer Mechanisms of Action of Bioactive 
Compounds

8.1. Anti-cancer activities of naringin and naringenin

Flavanones, including naringin and naringenin, 
have been studied for their capacity as anti-cancer 
agents. The anti-carcinogenic action of flavanones is 
mediated by a number of cellular signaling mechanisms. 
The combination of naringin and naringenin with other 
anti-cancer medications has recently gained popularity 
and shows synergistic effects compared to monotherapy. 
Memariani et al. (2021) demonstrated that naringin and 
naringenin can prevent therapeutics resistance, one of 

the largest obstacles to cancer therapy. Metastases are 
less likely to develop when signal transduction pathways 
and mediators such as vascular endothelial growth factor 
(VEGF), focal adhesion kinase/protein tyrosine kinase 2, 
matrix metal loproteases, and Zxb1 are inhibited. VEGF 
can decrease the blood supply to cancer cells. Numerous 
tumor types can also form in the context of epidermal 
growth factor receptor (EGFR) over expression. Interrupting 
EGFR signaling can halt the growth of EGFR-expressing 
malignancies. According to Zhao et al. (2019), naringenin 
prevented breast cancer cells from migrating by halting 
the cell cycle. Additionally, the successive activation of 
caspases is essential for mechanisms of cell death (Figure 7). 
As a result, these flavanones may have the potential to be 
used as complementary therapies for the prevention and 
cure of various malignancies.

8.2. Effects of naringin and naringenin on inflammation

Inflammation is the primary adaptive defense 
mechanism against infection and injury (Tu et al., 2017). 
TNF, interferon (IFN), NO, and prostaglandins (PGs) are 
produced by macrophages during inflammation (Li et al., 
2014a). Atherosclerosis, rheumatoid arthritis, asthma, 
pulmonary fibrosis, and septic shock are inflammatory 
disorders exacerbated by the overproduction of these 
cytokines and anti-inflammatory mediators (Maleki et al., 
2019). When macrophages are stimulated by pathogens and 
host-derived molecules such as lipopolysaccharide and IFN, 
inflammatory mediators such as NO, PG-E2, ROS, inducible 
nitric oxide synthase, and cyclooxygenase-2 are released. 
Human macrophage activity can be modulated by naringin 
and naringenin, which reduce inflammation (Liu et al., 
2022). When using anti-inflammatory compounds to treat 
disease, inhibition of these inflammatory mediators is 

Figure 6. Classification of anti-cancer compounds.
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crucial (Kumar and Abraham, 2017). Furthermore, chronic 
tissue inflammation and associated genomic changes 
can lead to diseases like cancer, hyperglycemia, heart 
diseases, immune system disorders, and neurodegenerative 
diseases. Patients require less toxic and more affordable 
treatment options because existing treatments for many 
chronic diseases can have even greater impacts than the 
diseases themselves.

Since antiquity, flavonoids and flavonoid-containing 
medicines have been utilized to treat a variety of human 
ailments (Ginwala  et  al., 2019).Growing scientific 
evidence points to the potential anti-inflammatory 
capacities of polyphenolic natural chemicals (Li  et  al., 
2020). The flavanones naringin and naringenin reduce 
inflammation in a variety of ways, including by inhibiting 
regulatory enzymes (Kampschulte et al., 2020), altering 
the metabolism of arachidonic acid (Escribano-Ferrer et al., 
2019), regulating gene expression (Dayarathne et al., 2021), 
and influencing transcription factors that are crucial for 
regulating mediators of inflammation (Arafah et al., 2020).
Strong antioxidants such as naringin and naringenin can 
also neutralize free radicals and prevent their production 
(Yu  et  al., 2005). They also exert a sizable effect on 
the immune system, which is a crucial component of 
inflammatory processes (Figure 8).

9. Antioxidant Therapeutic Strategies in Cancer

Cancer is one of the leading causes of death. Cytotoxic 
chemotherapy, which is frequently employed, inhibits or 
kills cancer cells. Substances with anti-cancer activity are 
derived from synthetic or natural sources (with plant or 
microbial origins). Plant-derived secondary metabolites 
recognized for their anti-cancer activities high light the 
diverse role of plants in the medical field. As a result, efforts 
to identify and produce new anti-cancer medications for 
commercial purposes are intensifying and have become 
a main focus in the industry (Patel et al., 2022).

Figure  9 observed that ROS play a significant role 
in cancer, controlling ROS levels is a viable anti-cancer 
therapy. Eliciting oxidative damage and ROS-dependent 
cell death may prevent the development and spread of 
ROS-induced cancer (Forman and Zhang, 2021). Therefore, 
Figure  10 showed the pre-clinical and clinical studies 
have investigated a variety of antioxidants and mild 
pro-oxidants. Cancer cells can produce ROS through 
the aforementioned mechanisms; thus, these cells are 
more vulnerable than healthy cells to increases in ROS. 
Pro-oxidants may therefore have anti-cancer properties 
(Bajor et al., 2018). Additionally, weak pro-oxidants may also 
play a significant role in antioxidant therapy by increasing 
internal antioxidant capacity. However, further research is 
still needed on the use of mild pro-oxidants in this context. 
In general, antioxidant therapeutic approaches in cancer 
can be divided into two groups: those that target ROS with 
non-enzymatic antioxidants, such as NRF-2 activators 
(Schmidlin et al., 2021) and vitamins (Bakalova et al., 2020), 
and those that target ROS with enzymatic antioxidants 
such as NOX inhibitors (Peskin et al., 2021), SOD mimics 
(Batinic-Haberle et al., 2018), N-acetyl cysteine, and GSH 
esters (Wu et al., 2019).

10. The Biological Basis for Antioxidant Therapy

According to Galan-Cobo et al. (2019), ROS area group of 
highly reactive free radicals that includes hydroxyl radical 
(OH–), superoxide radical (O2

–), and H2O2. Oxidative stress 
caused by elevated intracellular ROS levels increases the 
ability of antioxidants to maintain redox homeostasis 
by redirecting metabolic or activating genetic pathways. 
Redox homeostasis is disrupted in a number of human 
disorders, including cancer. Treatment with antioxidants 
stops carcinogenesis and slows the spread of cancer. It is 
well-established that the equilibrium of ROS creation and 
removal maintains redox homeostasis. As a result, herein, 

Figure 7. Effects of naringin and naringenin on cancer.
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Figure 8. Anti-inflammatory mechanisms of flavonoids.

Figure 9. Using non-enzymatic antioxidants to target ROS. Glucose transporter 1 facilitates the intracellular uptake of vitamin C, which 
is then reduced. Cell membranes contain vitamin E, which protects against lipid hydroperoxide. The KEAP1-NRF-2 interaction may be 
disrupted by NRF-2 activators, thereby activating antioxidant genes downstream of NRF-2. GSH is made from cysteine, glutamate, and 
glycine. Supplementation encourages the formation of GSH and protects against excessive ROS.

Figure 10. Using enzymatic antioxidants to target ROS. Superoxide (O2
–) generation can be inhibited by plasma membrane NADPH 

oxidase 2 (NOX2) inhibitors, whereas O2
– can be converted to hydrogen peroxide by superoxide dismutase (SOD) mimics.
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we outline the fundamental mechanisms that control 
cellular redox homeostasis (Figure 11).

The diverse oxidases of the mitochondrial electron 
transport chain (ETC) (Schofield and Schafer, 2021), 
ER (Cantoni  et  al., 2021), and peroxisomes (He  et  al., 
2021) are particularly important for ROS production in 
response to intracellular signaling and external stimuli. 
The mitochondrion, a highly dynamic organelle, produces 
ROS via the ETC, a series of proteins positioned on the 
mitochondrial inner membrane (Nolfi-Donegan  et  al., 
2020). The metabolism of glucose, fatty acids, and amino 
acids is linked to the formation of mitochondrial ROS, in 
turn producing metabolic substrates that feed into the 
ETC (Dambrova et al., 2021). The formation of ROS in the 
mitochondrial ETC is believed to occur from electron leakage 
from complexes I, II, and III. One electron is used to reduce 
oxygen in this process, producing O2–, which is contested 
to be H2O2 (Marin et al., 2020). The concentration of the 
single electron donor is the main determinant of the rate 
of ROS formation in the mitochondrial ETC. Furthermore, 
the main function of NOXs is the production of reactive 
oxygen species, which are activated by a range of conditions 
and associated with the growth of tumors (Zhang et al., 
2020).They do this by delivering electrons to molecular 
oxygen in different cellular locations (Magnani and Mattevi, 
2019).The development of cancer may be accelerated by 
NOX-derived ROS that activate secondary oxidase systems 
(Dang  et  al., 2020).The ER serves as a protein-folding 
facility and is crucial for cellular physiology (Wadgaonkar 
and Chen, 2021). Correct protein conformation and post-
translational modifications are supported by the oxidizing 
site in the ER (Bibli and Fleming, 2021).

11. Anti-cancer Activity of Citrus Peel

Uncontrolled cell division and development are 
hallmarks of cancer. The abnormal energy metabolism 

of these cells is thought to require glucose as a metabolic 
substrate. Oxidative stress and its effects, such as DNA 
alterations and the development of cancer, can be avoided 
by consuming foods high in antioxidants, phenolic 
compounds, and antioxidant phytochemicals. Citrus 
flavonoids are thought to be relatively non-toxic compounds 
that can modulate tyrosine kinases, which control apoptosis 
and have antiproliferative properties. Flavanones have 
also been shown to decrease tumor development and 
cell cycle arrest, and induce cancer cell apoptosis is via 
death receptors and mitochondria-associated caspase-
dependent pathways (Hwang et al., 2012). The inhibitory 
effect of citrus flavonoids on oral carcinogenesis in rats 
was examined by Aranganathan et al. (2008). This study 
revealed that naringin and naringenin had the ability 
to prevent various cancer types. Currently, essential 
oils are also recognized as anticarcinogenic substances. 
Additionally, it has been confirmed that dietary fiber and 
vitamin C have positive impacts on cancer prevention and 
treatment (Moon et al., 2013). Furthermore, flavonoids in 
CPEs caused human leukemia cells to undergo apoptosis 
by inhibiting protein kinase B. (Han et al., 2012). The same 
fruit extract also caused A549 lung cancer cells to undergo 
cell cycle arrest and apoptosis (Park et al., 2012). Altogether, 
flavonoids derived from citrus extract had comparable 
impacts on various cancer cell lines (Nagappan et al., 2016). 
Finally, although the typical concentrations of flavanones 
in oranges are not high enough to induce cancer cell 
apoptosis, they may still be able to ward off the disease 
(Nagappan et al., 2016).

According to Ianoși et al. (2019), proper management, 
early detection, accurate diagnosis, and adherence to 
nursing standards are all necessary for effective cancer 
treatment. Natural treatments based on bioactive cytotoxic 
chemicals and complementary alternative medicines 
(CAM) are beneficial for cancer prevention because 
chemotherapy has serious adverse effects (Semwal et al., 
2022). Cancer patients in the United Kingdom have 

Figure 11. ROS production and removal in mammalian cells. NADPH oxidase (NOX) produces ROS either extra- or intracellularly, such 
as in the mitochondrial electron transport chain (ETC). Antioxidant systems hydrolyze H2O2 to H2O in the cytosol or mitochondria.
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reported using CAM products derived from apricots 
(Zavery et al., 2010). Moreover, according to Quetglas-
Llabrés  et  al. (2022), bioactive compounds can boost 
resistance to a particular infection and show anti-cancer 
effects either by directly suppressing angiogenesis or doing 
so indirectly. This process prevents the growth of tumor 
cells or metastases. The most prominent mechanisms 
influencing the anti-cancer activity of P. armeniaca L. 
are shown in Figure 12.

Flavanones and PMFs derived from citrus possess 
intriguing pharmaceutical qualities, including cancer 
protection (Bocco et al., 1998). Numerous recent studies 
have revealed links between dietary flavonoids and 
their potential therapeutic uses in cancer treatment. 
For example, Jagetia et al. (2003) showed that flavonoids 
have anti-mutagenic characteristics, shielding DNA from 
oxidative damage and dissipating mutation-causing free 
radicals. Other research suggests that flavonoids may 
have antiproliferative properties (Tripoli  et  al., 2007). 
For example, hesperetin consumption suppressed 
proliferating cell nuclear antigen expression and inhibited 
aromatase-positive MCF-7 tumor growth in ovariectomized 
athymic mice (Li et al., 2014b). Naringenin also exhibited 
anti-mutagenic properties in human prostate cancer cells, 
triggering DNA repair after oxidative damage (Gao et al., 
2006). Additionally, didymium, a common dietary glycoside 
flavonoid also known as neoponcirin, has recently been 
shown to exert antiproliferative effects in breast cancer 
(Hsu et al., 2016). Furthermore, tangeretin and nobiletin 
showed anti-angiogenic properties by blocking angiogenic 
differentiation and imposing cell cycle arrest in breast and 
human colon cancer cell lines, respectively (Alshatwi et al., 
2013). Thus, several studies have shown that flavonoids can 
prevent the spread of cancer by suppressing the metastatic 
cascade, inducing apoptosis, inhibiting the cell cycle, and 
decreasing cancer cell movement in the circulatory system 
(Wang et al, 2014).

12. Conclusion

Bioactive flavonoids, particularly PMFs, are abundant 
in citrus fruits. Additionally, citrus fruits and their peels 
contain high amounts of natural bioactive xanthophylls, 
pro-vitamin a carotenoids, and apocarotenoids such as 
violaxanthin esters, cryptoxanthin, and citraurin. These 
bioactive substances reduced ROS, lowering the risk 
of metabolic syndrome, hyperglycemia, cancer, heart 
disease, and neurological illnesses. The establishment 
of reliable antioxidant activity assays for substances 
with high antioxidant content is required in light of the 
critical role antioxidants play in the treatment of oxidative 
diseases. NP-based antioxidant assays were developed at 
the beginning of the 21st century, and the use of NPs as 
optical or electrochemical sensors appears to be a very 
promising strategy.

References

ABDELGHFFAR, E.A., EL-NASHAR, H.A.S., AL-MOHAMMADI, A.G.A. 
and ELDAHSHAN, O.A., 2021. Orange fruit (Citrus sinensis) peel 
extract attenuates chemotherapy-induced toxicity in male rats. 
Food & Function, vol. 12, no. 19, pp. 9443-9455. http://dx.doi.
org/10.1039/D1FO01905H. PMid:34606555.

ABUDAYEH, Z., AL KHALIFA, I., MOHAMMED, S. and AHMAD, A., 
2019. Phytochemical content and antioxidant activities of 
pomelo peel extract. Pharmacognosy Research, vol. 11, no. 3, 
pp. 244-247. http://dx.doi.org/10.4103/pr.pr_180_18.

ADINA, A.B., GOENADI, F.A., HANDOKO, F.F., NAWANGSARI, D.A., 
HERMAWAN, A., JENIE, R.I. and MEIYANTO, E., 2014. Combination 
of ethanolic extract of Citrus aurantifolia peels with doxorubicin 
modulate cell cycle and increase apoptosis induction on MCF-7 
cells. Iranian Journal of Pharmaceutical Research, vol. 13, no. 3, 
pp. 919-926. PMid:25276192.

ALSHATWI, A.A., RAMESH, E., PERIASAMY, V.S. and SUBASH-
BABU, P., 2013. The apoptotic effect of hesperetin on human 

Figure 12. Diagram illustrating the putative anti-cancer effects of P. armeniaca bioactive substances (cell cycle arrest, apoptosis, 
cytotoxicity, and angiogenesis).

https://doi.org/10.1039/D1FO01905H
https://doi.org/10.1039/D1FO01905H
https://pubmed.ncbi.nlm.nih.gov/34606555
https://doi.org/10.4103/pr.pr_180_18
https://pubmed.ncbi.nlm.nih.gov/25276192


Brazilian Journal of Biology, 2024, vol. 84, e27161914/20

ALaqeel, N.K.

cervical cancer cells is mediated through cell cycle arrest, 
death receptor, and mitochondrial pathways. Fundamental 
& Clinical Pharmacology, vol. 27, no. 6, pp. 581-592. http://
dx.doi.org/10.1111/j.1472-8206.2012.01061.x. PMid:22913657.

AMARAL, R.G., SANTOS, S.A., ANDRADE, L.N., SEVERINO, P. and 
CARVALHO, A.A., 2019. Natural products as treatment against 
cancer: a historical and current vision. Clinical Oncology, vol. 
4, pp. 1562.

AMAROWICZ, R. and PEGG, R.B., 2019. Natural antioxidants of plant 
origin. Advances in Food and Nutrition Research, vol. 90, pp. 1-81. 
http://dx.doi.org/10.1016/bs.afnr.2019.02.011. PMid:31445594.

AMBROSIO, C.M.S., IKEDA, N.Y., MIANO, A.C., SALDANA, E., MORENO, 
A.M., STASHENKO, E., CONTRERAS-CASTILLO, C.J. and DA GLORIA, 
E.M., 2019. Unraveling the selective antibacterial activity and 
chemical composition of citrus essential oils. Scientific Reports, 
vol. 9, no. 1, pp. 17719. http://dx.doi.org/10.1038/s41598-019-
54084-3. PMid:31776388.

AMITAVA, D. and KIMBERLY, K., 2014. Antioxidant vitamins and 
minerals. In: A. DASGUPTA and K. KLEIN. Antioxidants in food, 
vitamins and supplements. USA: Elsevier, chap. 15, pp. 277-294.

ANACLETO, S.L., MILENKOVIC, D., KROON, P.A., NEEDS, P.W., 
LAJOLO, F.M. and HASSIMOTTO, N.M.A., 2020. Citrus flavanone 
metabolites protect pancreatic-beta cells under oxidative stress 
induced by cholesterol. Food & Function, vol. 11, no. 10, pp. 8612-
8624. http://dx.doi.org/10.1039/D0FO01839B. PMid:32959863.

ARAFAH, A., REHMAN, M.U., MIR, T.M., WALI, A.F., ALI, R., 
QAMAR, W., KHAN, R., AHMAD, A., AGA, S.S. and ALQAHTANI, 
S., 2020. Multi-therapeutic potential of naringenin 
(40,5,7-Trihydroxyflavonone): experimental evidence and 
mechanisms. Plants, vol. 9, pp. 1784. http://dx.doi.org/10.3390/
plants9121784. PMid:33339267.

ARANGANATHAN, S., SELVAM, J.P. and NALINI, N., 2008. Effect 
of hesperetin, a citrus flavonoid, on bacterial enzymes and 
carcinogen-induced aberrant crypt foci in colon cancer 
rats: a dose-dependent study. The Journal of Pharmacy and 
Pharmacology, vol. 60, no. 10, pp. 1385-1392. http://dx.doi.
org/10.1211/jpp.60.10.0015. PMid:18812032.

AZMAN, N.F.I.N., KHOO, H.E. and RAZMAN, M.R., 2019. Antioxidant 
properties of fresh and frozen peels of citrus species. Current 
Research in Nutrition and Food Science, vol. 7, no. 2, pp. 331-339. 
http://dx.doi.org/10.12944/CRNFSJ.7.2.03.

BAIG, N., KAMMAKAKAM, I. and FALATH, W., 2021. Nanomaterials: 
a review of synthesis methods, properties, recent progress, 
and challenges. Mater. Adv, vol. 2, no. 6, pp. 1821-1871. http://
dx.doi.org/10.1039/D0MA00807A.

BAJOR, M., ZYCH, A.O., GRACZYK-JARZYNKA, A., MUCHOWICZ, A., 
FIRCZUK, M., TRZECIAK, L., GAJ, P., DOMAGALA, A., SIERNICKA, 
M., ZAGOZDZON, A., SIEDLECKI, P., KNIOTEK, M., O’LEARY, P.C., 
GOLAB, J. and ZAGOZDZON, R., 2018. Targeting peroxiredoxin 
1 impairs growth of breast cancer cells and potently sensitises 
these cells to prooxidant agents. British Journal of Cancer, vol. 
119, no. 7, pp. 873-884. http://dx.doi.org/10.1038/s41416-018-
0263-y. PMid:30287919.

BAKALOVA, R., ZHELEV, Z., MILLER, T., AOKI, I. and HIGASHI, T., 
2020. New potential biomarker for stratification of patients 
for pharmacological vitamin C in adjuvant settings of cancer 
therapy. Redox Biology, vol. 28, pp. 101357. http://dx.doi.
org/10.1016/j.redox.2019.101357. PMid:31678721.

BAST, A. and HAENEN, G.R., 2013. Ten misconceptions about 
antioxidants. Trends in Pharmacological Sciences, vol. 34, no. 
8, pp. 430-436. http://dx.doi.org/10.1016/j.tips.2013.05.010. 
PMid:23806765.

BATINIC-HABERLE, I., TOVMASYAN, A. and SPASOJEVIC, I., 2018. 
Mn Porphyrin-Based Redox-Active Drugs: Differential Effects 
as Cancer Therapeutics and Protectors of Normal Tissue Against 
Oxidative Injury. Antioxidants & Redox Signaling, vol. 29, no. 
16, pp. 1691-1724. http://dx.doi.org/10.1089/ars.2017.7453. 
PMid:29926755.

BENDARY, E., FRANCIS, R.R., ALI, H.M.G., SARWAT, M.I. and EL 
HADY, S., 2013. Antioxidant and structure–activity relationships 
(SARs) of some phenolic and anilines compounds. Annals of 
Agricultural Science, vol. 58, no. 2, pp. 173-181. http://dx.doi.
org/10.1016/j.aoas.2013.07.002.

BIBLI, S.I. and FLEMING, I., 2021. Oxidative post-translational 
modifications: a focus on cysteine s-sulfhydra tion and the 
regulation of endothelial fitness. Antioxidants & Redox Signaling, 
vol. 35, no. 18, pp. 1494-1514. http://dx.doi.org/10.1089/
ars.2021.0162. PMid:34346251.

BOCCO, A., CUVELIER, M.-E., RICHARD, H. and BERSET, C., 1998. 
Antioxidant activity and phenolic composition of citrus peel 
and seed extracts. Journal of Agricultural and Food Chemistry, vol. 
46, no. 6, pp. 2123-2129. http://dx.doi.org/10.1021/jf9709562.

BOISSELIER, E. and ASTRUC, D., 2009. Gold nanoparticles in 
nanomedicine: preparations, imaging, diagnostics, therapies 
and toxicity. Chemical Society Reviews, vol. 38, no. 6, pp. 1759-
1782. http://dx.doi.org/10.1039/b806051g.

BOSTRÖM, M., WILLIAMS, D.R. and NINHAM, B.W., 2001. Specific ion 
effects: why DLVO theory fails for biology and colloid systems. 
Physical Review Letters, vol. 87, no. 16, pp. 168103. http://dx.doi.
org/10.1103/PhysRevLett.87.168103. PMid:11690249.

CANTONI, O., ZITO, E., FIORANI, M. and GUIDARELLI, A., 2021. 
Arsenite impinges on endoplasmic reticulum-mito chondria 
crosstalk to elicit mitochondrial ROS formation and downstream 
toxicity. Seminars in Cancer Biology, vol. 76, pp. 132-138. http://
dx.doi.org/10.1016/j.semcancer.2021.06.002. PMid:34089843.

CHAN, H.K. and ISMAIL, S., 2014. Side effects of chemotherapy among 
cancer patients in a Malaysian general hospital: experiences, 
perceptions and informational needs from clinical pharmacists. 
Asian Pacific Journal of Cancer Prevention, vol. 15, no. 13, pp. 
5305-5309. http://dx.doi.org/10.7314/APJCP.2014.15.13.5305. 
PMid:25040993.

CHEN, Y., PAN, H.L., HAO, S.X., PAN, D.M., WANG, G.J. and YU, W.Q., 
2021. Evaluation of phenolic composition and antioxidant 
properties of different varieties of Chinese citrus. Food 
Chemistry, vol. 364, pp. 130413. http://dx.doi.org/10.1016/j.
foodchem.2021.130413. PMid:34175629.

CHU, C.-C., CHEN, S.-Y., CHYAU, C.-C. and DUH, P.-D., 2017. 
Antiproliferative effect of sweet orange peel and its bioactive 
compounds against human hepatoma cells, in vitro and in 
vivo. Journal of Functional Foods, vol. 33, suppl. C, pp. 363-375. 
http://dx.doi.org/10.1016/j.jff.2017.03.051.

CIRMI, S., FERLAZZO, N., LOMBARDO, G., MAUGERI, A., CALAPAI, 
G., GANGEMI, S. and NAVARRA, M., 2016. Chemopreventive 
agents and inhibitors of cancer hallmarks may citrus offer new 
perspectives? Nutrients, vol. 8, no. 11, pp. 698. http://dx.doi.
org/10.3390/nu8110698. PMid:27827912.

DAMBROVA, M., ZUURBIER, C.J., BORUTAITE, V., LIEPINSH, E. and 
MAKRECKA-KUKA, M., 2021. Energy substrate metabolism 
and mitochondrial oxidative stress in cardiac ischemia/
reperfusion injury. Free Radical Biology & Medicine, vol. 165, pp. 
24-37. http://dx.doi.org/10.1016/j.freeradbiomed.2021.01.036. 
PMid:33484825.

DANG, P.M., ROLAS, L. and EL-BENNA, J., 2020. The dual role of 
reactive oxygen species-generating nicotina mide adenine 
dinucleotide phosphate oxidases in gastrointestinal 

https://doi.org/10.1111/j.1472-8206.2012.01061.x
https://doi.org/10.1111/j.1472-8206.2012.01061.x
https://pubmed.ncbi.nlm.nih.gov/22913657
https://doi.org/10.1016/bs.afnr.2019.02.011
https://pubmed.ncbi.nlm.nih.gov/31445594
https://doi.org/10.1038/s41598-019-54084-3
https://doi.org/10.1038/s41598-019-54084-3
https://pubmed.ncbi.nlm.nih.gov/31776388
https://doi.org/10.1039/D0FO01839B
https://pubmed.ncbi.nlm.nih.gov/32959863
https://doi.org/10.3390/plants9121784
https://doi.org/10.3390/plants9121784
https://pubmed.ncbi.nlm.nih.gov/33339267
https://doi.org/10.1211/jpp.60.10.0015
https://doi.org/10.1211/jpp.60.10.0015
https://pubmed.ncbi.nlm.nih.gov/18812032
https://doi.org/10.12944/CRNFSJ.7.2.03
https://doi.org/10.1039/D0MA00807A
https://doi.org/10.1039/D0MA00807A
https://doi.org/10.1038/s41416-018-0263-y
https://doi.org/10.1038/s41416-018-0263-y
https://pubmed.ncbi.nlm.nih.gov/30287919
https://doi.org/10.1016/j.redox.2019.101357
https://doi.org/10.1016/j.redox.2019.101357
https://pubmed.ncbi.nlm.nih.gov/31678721
https://doi.org/10.1016/j.tips.2013.05.010
https://pubmed.ncbi.nlm.nih.gov/23806765
https://pubmed.ncbi.nlm.nih.gov/23806765
https://doi.org/10.1089/ars.2017.7453
https://pubmed.ncbi.nlm.nih.gov/29926755
https://pubmed.ncbi.nlm.nih.gov/29926755
https://doi.org/10.1016/j.aoas.2013.07.002
https://doi.org/10.1016/j.aoas.2013.07.002
https://doi.org/10.1089/ars.2021.0162
https://doi.org/10.1089/ars.2021.0162
https://pubmed.ncbi.nlm.nih.gov/34346251
https://doi.org/10.1021/jf9709562
http://dx.doi.org/10.1039/b806051g
https://doi.org/10.1103/PhysRevLett.87.168103
https://doi.org/10.1103/PhysRevLett.87.168103
https://pubmed.ncbi.nlm.nih.gov/11690249
https://doi.org/10.1016/j.semcancer.2021.06.002
https://doi.org/10.1016/j.semcancer.2021.06.002
https://pubmed.ncbi.nlm.nih.gov/34089843
https://doi.org/10.7314/APJCP.2014.15.13.5305
https://pubmed.ncbi.nlm.nih.gov/25040993
https://pubmed.ncbi.nlm.nih.gov/25040993
https://doi.org/10.1016/j.foodchem.2021.130413
https://doi.org/10.1016/j.foodchem.2021.130413
https://pubmed.ncbi.nlm.nih.gov/34175629
https://doi.org/10.1016/j.jff.2017.03.051
https://doi.org/10.3390/nu8110698
https://doi.org/10.3390/nu8110698
https://pubmed.ncbi.nlm.nih.gov/27827912
https://doi.org/10.1016/j.freeradbiomed.2021.01.036
https://pubmed.ncbi.nlm.nih.gov/33484825
https://pubmed.ncbi.nlm.nih.gov/33484825


Brazilian Journal of Biology, 2024, vol. 84, e271619 15/20

Antioxidants against cancer

inflammation and therapeutic perspectives. Antioxidants 
& Redox Signaling, vol. 33, no. 5, pp. 354-373. http://dx.doi.
org/10.1089/ars.2020.8018. PMid:31968991.

DARBAND, S.G., KAVIANI, M., YOUSEFI, B., SADIGHPARVAR, 
S., PAKDEL, F.G., ATTARI, J.A., MOHEBBI, I., NADERI, S. and 
MAJIDINIA, M., 2018. Quercetin: a functional dietary flavonoid 
with potential chemo-preventive properties in colorectal cancer. 
Journal of Cellular Physiology, vol. 233, no. 9, pp. 6544-6560. 
http://dx.doi.org/10.1002/jcp.26595. PMid:29663361.

DAYARATHNE, L.A., RANAWEERA, S.S., NATRAJ, P., RAJAN, P., LEE, 
Y.J. and HAN, C.H., 2021. Restoration of the adipogenic gene 
expression by naringenin and naringin in 3T3-L1 adipocytes. 
Journal of Veterinary Science (Suwon-si, Korea), vol. 22, no. 4, pp. 
e55. http://dx.doi.org/10.4142/jvs.2021.22.e55. PMid:34313040.

DENARO, M., SMERIGLIO, A. and TROMBETTA, D., 2021. Antioxidant 
and Anti-Inflammatory Activity of Citrus Flavanones Mix and 
Its Stability after In Vitro Simulated Digestion. Antioxidants, vol. 
10, no. 2, pp. 140. http://dx.doi.org/10.3390/antiox10020140. 
PMid:33498195.

DONG, W., WEI, X., ZHANG, F., HAO, J., HUANG, F., ZHANG, C. and 
LIANG, W., 2014. A dual character of flavonoids in influenza 
A virus replication and spread through modulating cell-
autonomous immunity by MAPK signaling pathways. Scientific 
Reports, vol. 4, no. 1, pp. 7237. http://dx.doi.org/10.1038/
srep07237. PMid:25429875.

EFTEKHARI, A., DIZAJ, S.M., CHODARI, L., SUNAR, S., HASANZADEH, A., 
AHMADIAN, E. and HASANZADEH, M., 2018. The promising future 
of nano-antioxidant therapy against environmental pollutants 
induced-toxicities. Biomedicine and Pharmacotherapy, vol. 103, 
pp. 1018-1027. http://dx.doi.org/10.1016/j.biopha.2018.04.126. 
PMid:29710659.

EGGLER, A.L., GAY, K.A. and MESECAR, A.D., 2008. Molecular 
mechanisms of natural products in chemoprevention: induction 
of cytoprotective enzymes by Nrf2. Molecular Nutrition & Food 
Research, vol. 52, no. 1, suppl. 1, pp. S84-S94. http://dx.doi.
org/10.1002/mnfr.200700249. PMid:18435489.

EL-KERSH, D.M., EZZAT, S.M., SALAMA, M.M., MAHROUS, E.A., ATTIA, 
Y.M., AHMED, M.S. and ELMAZAR, M.M., 2021. Anti-estrogenic 
and anti-aromatase activities of citrus peels major compounds 
in breast cancer. Scientific Reports, vol. 11, no. 1, pp. 7121. http://
dx.doi.org/10.1038/s41598-021-86599-z. PMid:33782546.

ESCRIBANO-FERRER, E., QUERALT REGUÉ, J., GARCIA-SALA, X., BOIX 
MONTAÑÉS, A. and LAMUELA-RAVENTOS, R.M., 2019. In vivo 
anti-inflammatory and antiallergic activity of pure naringenin, 
naringenin chalcone, and quercetin in mice. Journal of Natural 
Products, vol. 82, no. 2, pp. 177-182. http://dx.doi.org/10.1021/
acs.jnatprod.8b00366. PMid:30688453.

ETZBACH, L., STOLLE, R., ANHEUSER, K., HERDEGEN, V., SCHIEBER, 
A. and WEBER, F., 2020. Impact of different pasteurization 
techniques and subsequent ultrasonication on the in vitro 
bioaccessibility of Carotenoids in Valencia Orange (Citrus 
sinensis (L.) (Osbeck) Juice. Antioxidants, vol. 9, no. 6, pp. 534. 
http://dx.doi.org/10.3390/antiox9060534. PMid:32570987.

FAYEK, N.M., EL-SHAZLY, A.H., ABDEL-MONEM, A.R., MOUSSA, 
M.Y., ABD-ELWAHAB, S.M. and EL-TANBOULY, N.D., 2017. 
Comparative study of the hypocholesterolemic, antidiabetic 
effects of four agro-waste Citrus peels cultivars and their HPLC 
standardization. Revista Brasileira de Farmacognosia, vol. 27, 
no. 4, pp. 488-494. http://dx.doi.org/10.1016/j.bjp.2017.01.010.

FERREIRA, S.S., SILVA, A.M. and NUNES, F.M., 2018. Citrus reticulata 
Blanco peels as a source of antioxidant and anti-proliferative 
phenolic compounds. Industrial Crops and Products, vol. 111, 
pp. 141-148. http://dx.doi.org/10.1016/j.indcrop.2017.10.009.

FLIEGER, J., FLIEGER, W., BAJ, J. and MACIEJEWSKI, R., 2021. 
Antioxidants: classification, natural sources, activity/capacity 
measurements, and usefulness for the synthesis of nanoparticles. 
Materials (Basel), vol. 14, no. 15, pp. 4135. http://dx.doi.
org/10.3390/ma14154135. PMid:34361329.

FORMAN, H.J. and ZHANG, H., 2021. Targeting oxidative stress in 
disease: promise and limitations of antioxidant therapy. Nature 
Reviews. Drug Discovery, vol. 20, no. 9, pp. 689-709. http://dx.doi.
org/10.1038/s41573-021-00233-1. PMid:34194012.

FORMAN, H.J., MAIORINO, M. and URSINI, F., 2010. Signaling 
functions of reactive oxygen species. Biochemistry, vol. 49, 
no. 5, pp. 835-842. http://dx.doi.org/10.1021/bi9020378. 
PMid:20050630.

FORSLUND, L.C. and ANDERSSON, H.C., 2017. Phytoestrogens in 
foods on the Nordic market: a literature review on occurrence 
and levels. Copenhagen: Nordisk Ministerraåd, TemaNord,  no. 
541.  http://dx.doi.org/10.6027/TN2017-541.

FOSTER, I., 2008. Cancer: a cell cycle defect. Radiography, vol. 14, 
no. 2, pp. 144-149. http://dx.doi.org/10.1016/j.radi.2006.12.001.

GALAN-COBO, A., SITTHIDEATPHAIBOON, P., QU, X., POTEETE, 
A., PISEGNA, M.A., TONG, P., CHEN, P.H., BOROUGHS, L.K., 
RODRIGUEZ, M.L.M., ZHANG, W., PARLATI, F., WANG, J., 
GANDHI, V., SKOULIDIS, F., DEBERARDINIS, R.J., MINNA, J.D. 
and HEYMACH, J.V., 2019. LKB1 and KEAP1/NRF2 Pathways 
cooperatively promote metabolic reprogramming with enhanced 
glutamine dependence in KRAS-mutant lung adenocarcinoma. 
Cancer Research, vol. 79, no. 13, pp. 3251-3267. http://dx.doi.
org/10.1158/0008-5472.CAN-18-3527. PMid:31040157.

GAO, K., HENNING, S.M., NIU, Y., YOUSSEFIAN, A.A., SEERAM, N.P., 
XU, A. and HEBER, D., 2006. The citrus flavonoid naringenin 
stimulates DNA repair in prostate cancer cells. The Journal of 
Nutritional Biochemistry, vol. 17, no. 2, pp. 89-95. http://dx.doi.
org/10.1016/j.jnutbio.2005.05.009. PMid:16111881.

GINWALA, R., BHAVSAR, R., CHIGBU, D.I., JAIN, P. and KHAN, 
Z.K., 2019. Potential role of flavonoids in treating chronic 
inflammatory diseases with a special focus on the anti-
inflammatory activity of apigenin. Antioxidants, vol. 8, no. 2, pp. 
35. http://dx.doi.org/10.3390/antiox8020035. PMid:30764536.

GÓMEZ-MEJIA, E., ROSALES-CONRADO, N., LEÓN-GONZÁLEZ, M.E. 
and MADRID, Y., 2019. Citrus peels waste as a source of value-
added compounds: extraction and quantification of bioactive 
polyphenols. Food Chemistry, vol. 295, pp. 289-299.  http://
dx.doi.org/10.1016/j.foodchem.2019.05.136.

GUO, Z., 2017. The modification of natural products for medical 
use. Acta Pharmaceutica Sinica. B, vol. 7, no. 2, pp. 119-136. 
http://dx.doi.org/10.1016/j.apsb.2016.06.003. PMid:28303218.

GYAWALI, R. and KIM, K.S., 2014. Anticancer Phytochemicals of 
Citrus Fruits. Journal of Animal Research, vol. 4, no. 1, pp. 85-95. 
http://dx.doi.org/10.5958/2277-940X.2014.00079.5.

HAN, M.H., LEE, W.S., LU, J.N., KIM, G., JUNG, J.M., RYU, C.H., KIM, 
G.Y., HWANG, H.J., KWON, T.K. and CHOI, Y.H., 2012. Citrus 
aurantium L. exhibits apoptotic effects on U937 human leukemia 
cells partly through inhibition of Akt. International Journal of 
Oncology, vol. 40, no. 6, pp. 2090-2096. PMid:22307395.

HE, A., DEAN, J.M. and LODHI, I.J., 2021. Peroxisomes as cellular 
adaptors to metabolic and environmental stress. Trends in Cell 
Biology, vol. 31, no. 8, pp. 656-670. http://dx.doi.org/10.1016/j.
tcb.2021.02.005. PMid:33674166.

HENDRICKSON, O.D., SAFENKOVA, I.V., ZHERDEV, A.V., DZANTIEV, B.B. 
and POPOV, V.O., 2011. Methods of detection and identification 
of manufactured nanoparticles. Biophysics, vol. 56, no. 6, pp. 
961-986. http://dx.doi.org/10.1134/S0006350911060066.

https://doi.org/10.1089/ars.2020.8018
https://doi.org/10.1089/ars.2020.8018
https://pubmed.ncbi.nlm.nih.gov/31968991
https://doi.org/10.1002/jcp.26595
https://pubmed.ncbi.nlm.nih.gov/29663361
https://doi.org/10.4142/jvs.2021.22.e55
https://pubmed.ncbi.nlm.nih.gov/34313040
https://doi.org/10.3390/antiox10020140
https://pubmed.ncbi.nlm.nih.gov/33498195
https://pubmed.ncbi.nlm.nih.gov/33498195
https://doi.org/10.1038/srep07237
https://doi.org/10.1038/srep07237
https://pubmed.ncbi.nlm.nih.gov/25429875
https://doi.org/10.1016/j.biopha.2018.04.126
https://pubmed.ncbi.nlm.nih.gov/29710659
https://pubmed.ncbi.nlm.nih.gov/29710659
https://doi.org/10.1002/mnfr.200700249
https://doi.org/10.1002/mnfr.200700249
https://pubmed.ncbi.nlm.nih.gov/18435489
https://doi.org/10.1038/s41598-021-86599-z
https://doi.org/10.1038/s41598-021-86599-z
https://pubmed.ncbi.nlm.nih.gov/33782546
https://doi.org/10.1021/acs.jnatprod.8b00366
https://doi.org/10.1021/acs.jnatprod.8b00366
https://pubmed.ncbi.nlm.nih.gov/30688453
https://doi.org/10.3390/antiox9060534
https://pubmed.ncbi.nlm.nih.gov/32570987
https://doi.org/10.1016/j.bjp.2017.01.010
https://doi.org/10.1016/j.indcrop.2017.10.009
https://doi.org/10.3390/ma14154135
https://doi.org/10.3390/ma14154135
https://pubmed.ncbi.nlm.nih.gov/34361329
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1038/s41573-021-00233-1
https://pubmed.ncbi.nlm.nih.gov/34194012
https://doi.org/10.1021/bi9020378
https://pubmed.ncbi.nlm.nih.gov/20050630
https://pubmed.ncbi.nlm.nih.gov/20050630
https://doi.org/10.6027/TN2017-541
https://doi.org/10.1016/j.radi.2006.12.001
https://doi.org/10.1158/0008-5472.CAN-18-3527
https://doi.org/10.1158/0008-5472.CAN-18-3527
https://pubmed.ncbi.nlm.nih.gov/31040157
https://doi.org/10.1016/j.jnutbio.2005.05.009
https://doi.org/10.1016/j.jnutbio.2005.05.009
https://pubmed.ncbi.nlm.nih.gov/16111881
https://doi.org/10.3390/antiox8020035
https://pubmed.ncbi.nlm.nih.gov/30764536
https://doi.org/10.1016/j.foodchem.2019.05.136
https://doi.org/10.1016/j.foodchem.2019.05.136
https://doi.org/10.1016/j.apsb.2016.06.003
https://pubmed.ncbi.nlm.nih.gov/28303218
https://doi.org/10.5958/2277-940X.2014.00079.5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22307395&dopt=Abstract
https://doi.org/10.1016/j.tcb.2021.02.005
https://doi.org/10.1016/j.tcb.2021.02.005
https://pubmed.ncbi.nlm.nih.gov/33674166
https://doi.org/10.1134/S0006350911060066


Brazilian Journal of Biology, 2024, vol. 84, e27161916/20

ALaqeel, N.K.

HEO, J.R., LEE, G.A., KIM, G.S., HWANG, K.A. and CHOI, K.C., 2018. 
Phytochemicalinduced reactive oxygen species and endoplasmic 
reticulum stress-mediated apoptosis and differentiation in 
malignant melanoma cells. Phytomedicine, vol. 39, pp. 100-110. 
http://dx.doi.org/10.1016/j.phymed.2017.12.006.

HOLMGREN, A., JOHANSSON, C., BERNDT, C., LÖNN, M.E., 
HUDEMANN, C. and LILLIG, C.H., 2005. Thiol redox control 
via thioredoxin and glutaredoxin systems. Biochemical Society 
Transactions, vol. 33, no. Pt 6, pp. 1375-1377. http://dx.doi.
org/10.1042/BST0331375. PMid:16246122.

HONG, G.E., LEE, H.J., KIM, J.A., YUMNAM, S., RAHA, S., SARALAMMA, 
V.V.G., HEO, J.D., LEE, S.J., KIM, E.H., WON, C.K. and KIM, G.S., 
2017. Korean Byungkyul – Citrus platymamma Hort. et Tanaka 
flavonoids induces cell cycle arrest and apoptosis, regulating 
MMP protein expression in Hep3B hepatocellular carcinoma 
cells. International Journal of Oncology, vol. 50, no. 2, pp. 575-
586. http://dx.doi.org/10.3892/ijo.2016.3816. PMid:28035361.

HSIAO, Y.C., PENG, S.F., LAI, K.C., LIAO, C.L., HUANG, Y.P., LIN, C.C., 
LIN, M.L., LIU, K.C., TSAI, C.C. and MA, Y.S. and CHUNG, J.G., 
2019. Genistein induces apoptosis in vitro and has antitumor 
activity against human leukemia HL-60 cancer cell xenograft 
growth in vivo. Environmental Toxicology, vol. 34, no. 4, pp. 
443-456. http://dx.doi.org/10.1002/tox.22698.

HSU, Y.Y., HSIEH, C.J., TSAI, E.M., HUNG, J.Y., CHANG, W.A., HOU, 
M.F. and KUO, P.L., 2016. Didymin reverses phthalate ester-
associated breast cancer aggravation in the breast cancer tumor 
microenvironment. Oncology Letters, vol. 11, no. 2, pp. 1035-
1042. http://dx.doi.org/10.3892/ol.2015.4008. PMid:26893687.

HU, H.J., ZHANG, S.S. and PAN, S.Y., 2021. Characterization of citrus 
pectin oligosaccharides and their microbial metabolites as 
modulators of immunometabolism on macrophages. Journal of 
Agricultural and Food Chemistry, vol. 69, no. 30, pp. 8403-8414. 
http://dx.doi.org/10.1021/acs.jafc.1c01445. PMid:34313419.

HUANG, R., ZHANG, Y., SHEN, S.Y., ZHI, Z.J., CHENG, H., CHEN, S.G. 
and YE, X.Q., 2020. Antioxidant and pancreatic lipase inhibitory 
effects of flavonoids from different citrus peel extracts: an in 
vitro study. Food Chemistry, vol. 326, pp. 126785. http://dx.doi.
org/10.1016/j.foodchem.2020.126785. PMid:32438224.

HWANG, S.L., SHIH, P.H. and YEN, G.C., 2012. Neuroprotective effects 
of citrus flavonoids. Journal of Agricultural and Food Chemistry, 
vol. 60, no. 4, pp. 877-885. http://dx.doi.org/10.1021/jf204452y. 
PMid:22224368.

IANOȘI, S.L., BATANI, A., ILIE, M.A., TAMPA, M., GEORGESCU, S.R., 
ZURAC, S., BODA, D., IANOSI, N.G., NEAGOE, D., CALINA, D., 
TUTUNARU, C. and CONSTANTIN, C., 2019. Non-invasive imaging 
techniques for the in vivo diagnosis of Bowen’s disease: three 
case reports. Oncology Letters, vol. 17, no. 5, pp. 4094-4101. 
http://dx.doi.org/10.3892/ol.2019.10079. PMid:30944602.

JAGETIA, G.C., VENKATESHA, V.A. and REDDY, T.K., 2003. Naringin, 
a citrus flavonone, protects against radiation-induced 
chromosome damage in mouse bone marrow. Mutagenesis, 
vol. 18, no. 4, pp. 337-343. http://dx.doi.org/10.1093/mutage/
geg001. PMid:12840107.

JEONG, D., PARK, H., JANG, B.K., JU, Y.B., SHIN, M.H., OH, E.J., LEE, 
E.J. and KIM, S.R., 2021. Recent advances in the biological 
valorization of citrus peel waste into fuels and chemicals. 
Bioresource Technology, vol. 323, pp. 124603. http://dx.doi.
org/10.1016/j.biortech.2020.124603. PMid:33406467.

JESSL, S., TEBBE, M., GUERRINI, L., FERY, A., ALVAREZ-PUEBLA, R.A. 
and PAZOS-PEREZ, N., 2018. Silver-Assisted Synthesis of Gold 
Nanorods: The Relation between Silver Additive and Iodide 
Impurities. Small, vol. 14, no. 20, pp. e1703879. http://dx.doi.
org/10.1002/smll.201703879. PMid:29665260.

KAMPSCHULTE, N., ALASMER, A., EMPL, M.T., KROHN, M., STEINBERG, 
P. and SCHEBB, N.H., 2020. Dietary Polyphenols Inhibit the 
Cytochrome P450 Monooxygenase Branch of the Arachidonic 
Acid Cascade with Remarkable Structure-Dependent Selectivity 
and Potency. Journal of Agricultural and Food Chemistry, vol. 
68, no. 34, pp. 9235-9244. http://dx.doi.org/10.1021/acs.
jafc.0c04690. PMid:32786866.

KHAN, T. and GURAV, P., 2017. PhytoNanotechnology: enhancing 
delivery of plant based anti-cancer drugs. Frontiers in 
Pharmacology, vol. 8, pp. 1002. http://dx.doi.org/10.3389/
fphar.2017.01002. PMid:29479316.

KIM, D.I., LEE, S.J., LEE, S.B., PARK, K., KIM, W.J. and MOON, S.K., 
2008. Requirement for Ras/Raf/ERK pathway in naringin-induced 
G1-cell-cycle arrest via p21WAF1 expression. Carcinogenesis, 
vol. 29, no. 9, pp. 1701-1709. http://dx.doi.org/10.1093/carcin/
bgn055. PMid:18296682.

KIM, S.S., PARK, K.J., AN, H.J. and CHOI, Y.H., 2017. Phytochemical, 
antioxidant, and antibacterial activities of fermented Citrus 
unshiu byproduct. Food Science and Biotechnology, vol. 26, no. 
2, pp. 461-466. http://dx.doi.org/10.1007/s10068-017-0063-9.

KITAGAWA, T., MATSUMOTO, T., IMAHORI, D., KOBAYASHI, M., 
OKAYAMA, M., OHTA, T., YOSHIDA, T. and WATANABE, T., 2021. 
Limonoids isolated from the Fortunella crassifolia and the Citrus 
junos with their cell death-inducing activity on Adriamycin-
treated cancer cell. Journal of Natural Medicines, vol. 75, no. 4, 
pp. 998-1004. http://dx.doi.org/10.1007/s11418-021-01528-8. 
PMid:33991286.

KOPUSTINSKIENE, D.M., JAKSTAS, V., SAVICKAS, A. and 
BERNATONIENE, J., 2020. Flavonoids as anticancer agents. 
Nutrients, vol. 12, no. 2, pp. 457. http://dx.doi.org/10.3390/
nu12020457. PMid:32059369.

KUMAR, A., IRCHHAIYA, R., YADAV, A., GUPTA, N., KUMAR, S. and 
GUPTA, N., 2015. Metabolites in plants and its classification. 
World J Pharm Sci., vol. 4, no. 1, pp. 287-305.

KUMAR, H., BHARDWAJ, K., KUĈA, K., KALIA, A., NEPOVIMOVA, 
E., VERMA, R. and KUMAR, D., 2020b. Flower-based green 
synthesis of metallic nanoparticles: applications beyond 
fragrance. Nanomaterials (Basel, Switzerland), vol. 10, no. 4, pp. 
766. http://dx.doi.org/10.3390/nano10040766. PMid:32316212.

KUMAR, H., BHARDWAJ, K., NEPOVIMOVA, E., KUĈA, K., SINGH 
DHANJAL, D., BHARDWAJ, S., BHATIA, S.K., VERMA, R. and 
KUMAR, D., 2020a. Antioxidant functionalized nanoparticles: 
a combat against oxidative stress. Nanomaterials (Basel, 
Switzerland), vol. 10, no. 7, pp. 1334. http://dx.doi.org/10.3390/
nano10071334. PMid:32650608.

KUMAR, R.P. and ABRAHAM, A., 2017. Inhibition of LPS induced 
pro-inflammatory responses in RAW 264.7 macrophage cells 
by PVP-coated N aringenin nanoparticle via down regulation 
of NF-_B/P38MAPK mediated stress signaling. Pharmacological 
Reports, vol. 69, no. 5, pp. 908-915. http://dx.doi.org/10.1016/j.
pharep.2017.04.002. PMid:28624598.

KUNIMASA, K., IKEKITA, M., SATO, M., OHTA, T., YAMORI, Y., IKEDA, 
M., KURANUKI, S. and OIKAWA, T., 2010. Nobiletin, a citrus 
polymethoxyflavonoid, suppresses multiple angiogenesis-
related endothelial cell functions and angiogenesis in vivo. 
Cancer Science, vol. 101, no. 11, pp. 2462-2469. http://dx.doi.
org/10.1111/j.1349-7006.2010.01668.x. PMid:20670297.

LAI, C., LI, S., LIU, C., MIYAUCHI, Y., SUZAWA, M., HO, C. and PAN, 
M., 2013. Effective suppression of azoxymethane-induced 
aberrant crypt foci formation in mice with citrus peel flavonoids. 
Molecular Nutrition & Food Research, vol. 57, no. 3, pp. 551-555. 
http://dx.doi.org/10.1002/mnfr.201200606. PMid:23307625.

https://doi.org/10.1016/j.phymed.2017.12.006
https://doi.org/10.1042/BST0331375
https://doi.org/10.1042/BST0331375
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16246122&dopt=Abstract
https://doi.org/10.3892/ijo.2016.3816
https://pubmed.ncbi.nlm.nih.gov/28035361
https://onlinelibrary.wiley.com/journal/15227278
https://doi.org/10.1002/tox.22698
https://doi.org/10.3892/ol.2015.4008
https://pubmed.ncbi.nlm.nih.gov/26893687
https://doi.org/10.1021/acs.jafc.1c01445
https://pubmed.ncbi.nlm.nih.gov/34313419
https://doi.org/10.1016/j.foodchem.2020.126785
https://doi.org/10.1016/j.foodchem.2020.126785
https://pubmed.ncbi.nlm.nih.gov/32438224
https://doi.org/10.1021/jf204452y
https://pubmed.ncbi.nlm.nih.gov/22224368
https://pubmed.ncbi.nlm.nih.gov/22224368
https://doi.org/10.3892/ol.2019.10079
https://pubmed.ncbi.nlm.nih.gov/30944602
https://doi.org/10.1093/mutage/geg001
https://doi.org/10.1093/mutage/geg001
https://pubmed.ncbi.nlm.nih.gov/12840107
https://doi.org/10.1016/j.biortech.2020.124603
https://doi.org/10.1016/j.biortech.2020.124603
https://pubmed.ncbi.nlm.nih.gov/33406467
https://doi.org/10.1002/smll.201703879
https://doi.org/10.1002/smll.201703879
https://pubmed.ncbi.nlm.nih.gov/29665260
https://doi.org/10.1021/acs.jafc.0c04690
https://doi.org/10.1021/acs.jafc.0c04690
https://pubmed.ncbi.nlm.nih.gov/32786866
https://doi.org/10.3389/fphar.2017.01002
https://doi.org/10.3389/fphar.2017.01002
https://pubmed.ncbi.nlm.nih.gov/29479316
https://doi.org/10.1093/carcin/bgn055
https://doi.org/10.1093/carcin/bgn055
https://pubmed.ncbi.nlm.nih.gov/18296682
https://doi.org/10.1007/s10068-017-0063-9
https://doi.org/10.1007/s11418-021-01528-8
https://pubmed.ncbi.nlm.nih.gov/33991286
https://pubmed.ncbi.nlm.nih.gov/33991286
https://doi.org/10.3390/nu12020457
https://doi.org/10.3390/nu12020457
https://pubmed.ncbi.nlm.nih.gov/32059369
https://doi.org/10.3390/nano10040766
https://pubmed.ncbi.nlm.nih.gov/32316212
https://doi.org/10.3390/nano10071334
https://doi.org/10.3390/nano10071334
https://pubmed.ncbi.nlm.nih.gov/32650608
https://doi.org/10.1016/j.pharep.2017.04.002
https://doi.org/10.1016/j.pharep.2017.04.002
https://pubmed.ncbi.nlm.nih.gov/28624598
https://doi.org/10.1111/j.1349-7006.2010.01668.x
https://doi.org/10.1111/j.1349-7006.2010.01668.x
https://pubmed.ncbi.nlm.nih.gov/20670297
https://doi.org/10.1002/mnfr.201200606
https://pubmed.ncbi.nlm.nih.gov/23307625


Brazilian Journal of Biology, 2024, vol. 84, e271619 17/20

Antioxidants against cancer

LI, G., DING, K., QIAO, Y., ZHANG, L., ZHENG, L., PAN, T. and ZHANG, 
L., 2020. Flavonoids regulate inflammation and oxidative stress 
in cancer. Molecules (Basel, Switzerland), vol. 25, no. 23, pp. 5628. 
http://dx.doi.org/10.3390/molecules25235628. PMid:33265939.

LI, H., ZHU, F., CHEN, H., CHENG, K.W., ZYKOVA, T., OI, N., LUBET, 
R.A., BODE, A.M., WANG, M. and DONG, Z., 2014a. 6-C-(E-
phenylethenyl)- naringenin suppresses colorectal cancer 
growth by inhibiting cyclooxygenase-1. Cancer Research, vol. 
74, no. 1, pp. 243-252. http://dx.doi.org/10.1158/0008-5472.
CAN-13-2245. PMid:24220240.

LI, S., LIN, Y.C., HO, C.T., LIN, P.Y., SUZAWA, M., WANG, H.C., CHU, 
C.L., CHEN, D.Y. and LIN, C.C., 2014b. Formulated extract from 
multiple citrus peels impairs dendritic cell functions and 
attenuates allergic contact hypersensitivity. International 
Immunopharmacology, vol. 20, no. 1, pp. 12-23. http://dx.doi.
org/10.1016/j.intimp.2014.02.005. PMid:24566093.

LI, Z.H., CAI, M., LIU, Y.S., SUN, P.L. and LUO, S.L., 2019. Antibacterial 
activity and mechanisms of essential oil from Citrus medica 
L. var. sarcodactylis. Molecules (Basel, Switzerland), vol. 24, no. 
8, pp. 1577. http://dx.doi.org/10.3390/molecules24081577. 
PMid:31013583.

LIAO, C.Y., LEE, C.C., TSAI, C.C., HSUEH, C.W., WANG, C.C., CHEN, I.H., 
TSAI, M.K., LIU, M.Y., HSIEH, A.T., SU, K.J., WU, H.M., HUANG, 
S.C., WANG, Y.C., WANG, C.Y., HUANG, S.F., YEH, Y.C., BEN, R.J., 
CHIEN, S.T., HSU, C.W. and KUO, W.H., 2015. Novel investigations 
of flavonoids as chemopreventive agents for hepatocellular 
carcinoma. BioMed Research International, vol. 2015, pp. 840542. 
http://dx.doi.org/10.1155/2015/840542. PMid:26858957.

LIN, H.C., TSAI, S.H., CHEN, C.S., CHANG, Y.C., LEE, C.M., LAI, Z.Y. and 
LIN, C.M., 2008. Structure–activity relationship of coumarin 
derivatives on xanthine oxidaseinhibiting and free radical-
scavenging activities. Biochemical Pharmacology, vol. 75, no. 
6, pp. 1416-1425. http://dx.doi.org/10.1016/j.bcp.2007.11.023. 
PMid:18201686.

LIU, W., ZHENG, W., CHENG, L., LI, M., HUANG, J., BAO, S., XU, 
Q. and MA, Z., 2022. Citrus fruits are rich in flavonoids for 
immunoregulation and potential targeting ACE2. Natural 
Products and Bioprospecting, vol. 12, no. 1, pp. 4. http://dx.doi.
org/10.1007/s13659-022-00325-4. PMid:35157175.

LONG, X.Y., ZENG, X.G., YAN, H.T., XU, M.J., ZENG, Q.T., XU, C., XU, 
Q.M., LIANG, Y. and ZHANG, J., 2021. Flavonoids composition and 
antioxidant potential assessment of extracts from Gannanzao 
Navel Orange (Citrus sinensis Osbeck Cv. Gannanzao) peel. 
Natural Product Research, vol. 35, no. 4, pp. 702-706. http://
dx.doi.org/10.1080/14786419.2019.1593162. PMid:30942104.

LÓPEZ-ALARCÓN, C. and DENICOLA, A., 2013. Evaluating the 
antioxidant capacity of natural products: a review on chemical 
and cellular-based assays. Analytica Chimica Acta, vol. 763, pp. 
1-10. http://dx.doi.org/10.1016/j.aca.2012.11.051.

LUAN, Y., WANG, S., WANG, R. and XU, C., 2020. Accumulation of red 
apocarotenoid beta-citraurin in peel of a spontaneous mutant 
of huyou (Citrus changshanensis) and the effects of storage 
temperature and ethylene application. Food Chemistry, vol. 309, 
pp. 125705. http://dx.doi.org/10.1016/j.foodchem.2019.125705. 
PMid:31670122.

MADHAVI, D.L., DESHPANDE, S.S. and SALUNKHE, D.K., 1996. 
Introduction. In: D.L. MADHAVI, S.S. DESHPANDE and D.K. 
SALUNKHE, eds. Food antioxidants: technological, toxicological, 
and health perspectives. New York: Dekker, pp. 1-4.

MAGNANI, F. and MATTEVI, A., 2019. Structure and mechanisms 
of ROS generation by NADPH oxidases. Current Opinion in 
Structural Biology, vol. 59, pp. 91-97. http://dx.doi.org/10.1016/j.
sbi.2019.03.001. PMid:31051297.

MAHATO, N., SHARMA, K., KOTESWARARAO, R., SINHA, M., BARAL, 
E. and CHO, M.H., 2019. Citrus essential oils: extraction, 
authentication and application in food preservation. Critical 
Reviews in Food Science and Nutrition, vol. 59, no. 4, pp. 
611-625. http://dx.doi.org/10.1080/10408398.2017.1384716
. PMid:28956626.

MAHATO, N., SHARMA, K., SINHA, M. and CHO, M.H., 2018. Citrus 
waste derived nutra-/pharmaceuticals for health benefits: 
current trends and future perspectives. Journal of Functional 
Foods, vol. 40, pp. 307-316. http://dx.doi.org/10.1016/j.
jff.2017.11.015.

MALEKI, S.J., CRESPO, J.F. and CABANILLAS, B., 2019. Anti-
inflammatory effects of flavonoids. Food Chemistry, vol. 299, 
pp. 125124. http://dx.doi.org/10.1016/j.foodchem.2019.125124. 
PMid:31288163.

MANTHEY, J.A. and GUTHRIE, N., 2002. Antiproliferative activities 
of citrus flavonoids against six human cancer cell lines. Journal 
of Agricultural and Food Chemistry, vol. 50, no. 21, pp. 5837-5843. 
http://dx.doi.org/10.1021/jf020121d. PMid:12358447.

MARIN, R., CHIARELLO, D.I., ABAD, C., ROJAS, D., TOLEDO, F. 
and SOBREVIA, L., 2020. Oxidative stress and mitochondrial 
dysfunction in early-onset and late-onset preeclampsia. 
Biochimica et Biophysica Acta (BBA) - Molecular Basis of 
Disease, vol. 1866, pp. 165961. http://dx.doi.org/10.1016/j.
bbadis.2020.165961.

MEISTER, A., 1988. Glutathione metabolism and its selective 
modification. The Journal of Biological Chemistry, vol. 263, 
no. 33, pp. 17205-17208. http://dx.doi.org/10.1016/S0021-
9258(19)77815-6. PMid:3053703.

MEMARIANI, Z., ABBAS, S.Q., UL HASSAN, S.S., AHMADI, A. and 
CHABRA, A., 2021. Naringin and naringenin as anticancer agents 
and adjuvants in cancer combination therapy: efficacy and 
molecular mechanisms of action, a comprehensive narrative 
review. Pharmacological Research, vol. 171, pp. 105264. http://
dx.doi.org/10.1016/j.phrs.2020.105264. PMid:33166734.

MOLAVIAN, H., TONEKABONI, A.M., KOHANDEL, M. and 
SIVALOGANATHAN, S., 2015. The synergetic coupling among 
the cellular antioxidants glutathione peroxidase/ peroxiredoxin 
and other antioxidants and its effect on the concentration 
of H2O2. Scientific Reports, vol. 5, pp. 13620.  http://dx.doi.
org/10.1038/srep13620.

MOON, J.Y., KIM, H. and CHO, S.K., 2015. Auraptene, a major 
compound of supercritical fluid extract of phalsak (Citrus 
hassaku Hort ex Tanaka), induces apoptosis through the 
suppression of mTOR path ways in human gastric cancer SNU-1 
Cells. Evidence-Based Complementary and Alternative Medicine, 
vol. 2015, pp. 402385. http://dx.doi.org/10.1155/2015/402385. 
PMid:26351512.

MOON, S.H., LEE, J.H., KIM, K.T., PARK, Y.S., NAH, S.Y., AHN, D.U. and PAIK, 
H.D., 2013. Antimicrobial effect of 7-O-butylnaringenin, a novel 
flavonoid, and various natural flavonoids against Helicobacter 
pylori strains. International Journal of Environmental Research 
and Public Health, vol. 10, no. 11, pp. 5459-5469. http://dx.doi.
org/10.3390/ijerph10115459. PMid:24169409.

MOURDIKOUDIS, S., PALLARES, R.M. and THANH, N.T.K., 2018. 
Characterization techniques for nanoparticles: comparison 
and complementarity upon studying nanoparticle properties. 
Nanoscale, vol. 10, no. 27, pp. 12871-12934. http://dx.doi.
org/10.1039/C8NR02278J. PMid:29926865.

MULTARI, S., LICCIARDELLO, C., CARUSO, M. and MARTENS, S., 2020. 
Monitoring the changes in phenolic compounds and carotenoids 
occurring during fruit development in the tissues of four citrus 
fruits. Food Research International, vol. 134, pp. 109228. http://
dx.doi.org/10.1016/j.foodres.2020.109228. PMid:32517916.

https://doi.org/10.3390/molecules25235628
https://pubmed.ncbi.nlm.nih.gov/33265939
https://doi.org/10.1158/0008-5472.CAN-13-2245
https://doi.org/10.1158/0008-5472.CAN-13-2245
https://pubmed.ncbi.nlm.nih.gov/24220240
https://doi.org/10.1016/j.intimp.2014.02.005
https://doi.org/10.1016/j.intimp.2014.02.005
https://pubmed.ncbi.nlm.nih.gov/24566093
https://doi.org/10.3390/molecules24081577
https://pubmed.ncbi.nlm.nih.gov/31013583
https://pubmed.ncbi.nlm.nih.gov/31013583
https://doi.org/10.1155/2015/840542
https://pubmed.ncbi.nlm.nih.gov/26858957
https://doi.org/10.1016/j.bcp.2007.11.023
https://pubmed.ncbi.nlm.nih.gov/18201686
https://pubmed.ncbi.nlm.nih.gov/18201686
https://doi.org/10.1007/s13659-022-00325-4
https://doi.org/10.1007/s13659-022-00325-4
https://pubmed.ncbi.nlm.nih.gov/35157175
https://doi.org/10.1080/14786419.2019.1593162
https://doi.org/10.1080/14786419.2019.1593162
https://pubmed.ncbi.nlm.nih.gov/30942104
https://doi.org/10.1016/j.foodchem.2019.125705
https://pubmed.ncbi.nlm.nih.gov/31670122
https://pubmed.ncbi.nlm.nih.gov/31670122
https://doi.org/10.1016/j.sbi.2019.03.001
https://doi.org/10.1016/j.sbi.2019.03.001
https://pubmed.ncbi.nlm.nih.gov/31051297
https://doi.org/10.1080/10408398.2017.1384716
https://pubmed.ncbi.nlm.nih.gov/28956626
https://doi.org/10.1016/j.jff.2017.11.015
https://doi.org/10.1016/j.jff.2017.11.015
https://doi.org/10.1016/j.foodchem.2019.125124
https://pubmed.ncbi.nlm.nih.gov/31288163
https://pubmed.ncbi.nlm.nih.gov/31288163
https://doi.org/10.1021/jf020121d
https://pubmed.ncbi.nlm.nih.gov/12358447
https://doi.org/10.1016/j.bbadis.2020.165961
https://doi.org/10.1016/j.bbadis.2020.165961
https://doi.org/10.1016/S0021-9258(19)77815-6
https://doi.org/10.1016/S0021-9258(19)77815-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3053703&dopt=Abstract
https://doi.org/10.1016/j.phrs.2020.105264
https://doi.org/10.1016/j.phrs.2020.105264
https://pubmed.ncbi.nlm.nih.gov/33166734
https://doi.org/10.1038/srep13620
https://doi.org/10.1038/srep13620
https://doi.org/10.1155/2015/402385
https://pubmed.ncbi.nlm.nih.gov/26351512
https://pubmed.ncbi.nlm.nih.gov/26351512
https://doi.org/10.3390/ijerph10115459
https://doi.org/10.3390/ijerph10115459
https://pubmed.ncbi.nlm.nih.gov/24169409
https://doi.org/10.1039/C8NR02278J
https://doi.org/10.1039/C8NR02278J
https://pubmed.ncbi.nlm.nih.gov/29926865
https://doi.org/10.1016/j.foodres.2020.109228
https://doi.org/10.1016/j.foodres.2020.109228
https://pubmed.ncbi.nlm.nih.gov/32517916


Brazilian Journal of Biology, 2024, vol. 84, e27161918/20

ALaqeel, N.K.

MURTHY, K.N.C., JAYAPRAKASHA, G.K., SAFE, S. and PATIL, B.S., 2021. 
Citrus limonoids induce apoptosis and inhibit the proliferation of 
pancreatic cancer cells. Food & Function, vol. 12, no. 3, pp. 1111-
1120. http://dx.doi.org/10.1039/D0FO02740E. PMid:33427831.

NAGAPPAN, A., LEE, H.J., SARALAMMA, V.V.G., PARK, H.S., HONG, 
G.E., YUMNAM, S., RAHA, S., CHARLES, S.N., SHIN, S.C., KIM, E.H., 
LEE, W.S. and KIM, G.S., 2016. Flavonoids isolated from Citrus 
platymamma induced G2/M cell cycle arrest and apoptosis 
in A549 human lung cancer cells. Oncology Letters, vol. 12, 
no. 2, pp. 1394-1402. http://dx.doi.org/10.3892/ol.2016.4793. 
PMid:27446443.

NAKAO, K., MURATA, K., ITOH, K., HANAMOTO, Y., MASUDA, M. and 
MORIYAMA, K., 2011. Anti-hyperuricemia effects of extracts of 
immature Citrus unshiu fruit. Journal of Traditional Medicines, 
vol. 28, no. 1, pp. 10-15. http://dx.doi.org/10.11339/jtm.28.10.

NOLFI-DONEGAN, D., BRAGANZA, A. and SHIVA, S., 2020. 
Mitochondrial electron transport chain: oxidative pho 
sphorylation, oxidant production, and methods of measurement. 
Redox Biology, vol. 37, pp. 101674. http://dx.doi.org/10.1016/j.
redox.2020.101674. PMid:32811789.

NUZZO, D., PICONE, P., GIARDINA, C., SCORDINO, M., MUDÒ, G., 
PAGLIARO, M., SCURRIA, A., MENEGUZZO, F., ILHARCO, L.M., 
FIDALGO, A., ALDUINA, R., PRESENTATO, A., CIRIMINNA, R. 
and DI LIBERTO, V., 2021. New neuroprotective effect of lemon 
integropectin on neuronal cellular model. Antioxidants, vol. 
10, no. 5, pp. 669. http://dx.doi.org/10.3390/antiox10050669. 
PMid:33923111.

ONO, M., EJIMA, K., HIGUCHI, T., TAKESHIMA, M., WAKIMOTO, 
R. and NAKANO, S., 2017. Equol enhances apoptosis-inducing 
activity of genistein by increasing Bax/Bcl-xL expression ratio 
in MCF-7 human breast cancer cells. Nutrition and Cancer, vol. 
69, no. 8, pp. 1300-1307. http://dx.doi.org/10.1080/01635581.
2017.1367945. PMid:29095048.

OWEN, J.B. and BUTTERFIELD, D.A., 2010. Measurement of oxidized/
reduced glutathione ratio. Methods in Molecular Biology, vol. 
648, pp. 269-277. http://dx.doi.org/10.1007/978-1-60761-756-
3_18. PMid:20700719.

ÖZYÜREK, M., GÜNGÖR, N., BAKI, S., GÜÇLÜ, K. and APAK, R., 
2012. Development of a silver nanoparticle-based method 
for the antioxidant capacity measurement of polyphenols. 
Analytical Chemistry, vol. 84, no. 18, pp. 8052-8059. http://
dx.doi.org/10.1021/ac301925b. PMid:22897622.

PARK, K., PARK, H.S., NAGAPPAN, A., HONG, G.E., LEE, D.H., KANG, S.R., 
KIM, J.A., ZHANG, J., KIM, E.H., LEE, W.S., SHIN, S.C., HAH, Y.S. and 
KIM, G.S., 2012. Induction of the cell cycle arrest and apoptosis 
by flavonoids isolated from Korean Citrus aurantium L. in non-
small-cell lung cancer cells. Food Chemistry, vol. 135, no. 4, pp. 
2728-2735. http://dx.doi.org/10.1016/j.foodchem.2012.06.097. 
PMid:22980865.

PATEL, P., PATEL, V., MODI, A., KUMAR, S. and SHUKLA, Y.M., 2022. 
Phytofactories of anticancer compounds: a tissue culture 
perspective. Beni-Suef University Journal of Basic and Applied 
Sciences, vol. 11, no. 43, pp. 1-21. http://dx.doi.org/10.1186/
s43088-022-00203-5.

PENG, Z.X., ZHANG, H.P., LI, W.Y., YUAN, Z.Y., XIE, Z.Z., ZHANG, H.Y., 
CHENG, Y.J., CHEN, J.J. and XU, J., 2021. Comparative profiling 
and natural variation of polymethoxylated flavones in various 
citrus germplasms. Food Chemistry, vol. 354, pp. 129499. http://
dx.doi.org/10.1016/j.foodchem.2021.129499. PMid:33752115.

PESKIN, A.V., MEOTTI, F.C., KEAN, K.M., GOBL, C., PEIXOTO, A.S., 
PACE, P.E., HORNE, C.R., HEATH, S.G., CROWTHER, J.M., DOBSON, 
R.C.J., KARPLUS, P.A. and WINTERBOURN, C.C., 2021. Modifying 
the resolving cysteine affects the structure and hydrogen 
peroxide reactivity of peroxiredoxin 2. The Journal of Biological 

Chemistry, vol. 296, pp. 100494. http://dx.doi.org/10.1016/j.
jbc.2021.100494. PMid:33667550.

PETRY, F.C., DE NADAI, F.B., CRISTOFANI-YALY, M., LATADO, R.R. and 
MERCADANTE, A.Z., 2019. Carotenoid biosynthesis and quality 
characteristics of new hybrids between tangor (Citrus reticulata 
x C. sinensis) cv. ‘Murcott’ and sweet orange (C. sinensis) cv. 
‘Pera’. Food Research International, vol. 122, pp. 461-470. http://
dx.doi.org/10.1016/j.foodres.2019.04.035. PMid:31229100.

PICCIALLI, I., TEDESCHI, V., CAPUTO, L., AMATO, G., DE MARTINO, 
L., DE FEO, V., SECONDO, A. and PANNACCIONE, A., 2021. The 
antioxidant activity of limonene counteracts neurotoxicity 
triggered by A_1-42 oligomers in primary cortical neurons. 
Antioxidants, vol. 10, no. 6, pp. 937. http://dx.doi.org/10.3390/
antiox10060937. PMid:34207788.

QUETGLAS-LLABRÉS, M.M., QUISPE, C., HERRERA-BRAVO, J., 
CATARINO, M.D., PEREIRA, O.R., CARDOSO, S.M., DUA, K., 
CHELLAPPAN, D.K., PABREJA, K., SATIJA, S., MEHTA, M., SUREDA, 
A., MARTORELL, M., SATMBEKOVA, D., YESKALIYEVA, B., SHARIFI-
RAD, J., RASOOL, N., BUTNARIU, M., BAGIU, I.C., BAGIU, R.V., 
CALINA, D. and CHO, W.C., 2022. Pharmacological Properties 
of Bergapten: Mechanistic and Therapeutic Aspects. Oxidative 
Medicine and Cellular Longevity, vol. 2022, pp. 8615242. http://
dx.doi.org/10.1155/2022/8615242. PMid:35509838.

RAFIQ, S., KAUL, R., SOFI, S., BASHIR, N., NAZIR, F. and AHMAD NAYIK, 
G., 2018. Citrus peel as a source of functional ingredient: a review. 
Journal of the Saudi Society of Agricultural Sciences, vol. 17, no. 
4, pp. 351-358. http://dx.doi.org/10.1016/j.jssas.2016.07.006.

RASPO, M.A., VIGNOLA, M.B., ANDREATTA, A.E. and JULIANI, H.R., 
2020. Antioxidant and antimicrobial activities of citrus essential 
oils from Argentina and the United States. Food Bioscience, vol. 
36, pp. 100651. http://dx.doi.org/10.1016/j.fbio.2020.100651.

RAWSON, N., HO, C.T. and LI, S., 2014. Efficacious anti-cancer 
property of flavonoids from citrus peels. Food Science and 
Human Wellness, vol. 3, no. 3-4, pp. 104-109. http://dx.doi.
org/10.1016/j.fshw.2014.11.001.

RENARD, P., PERCHERANCIER, Y., KROLL, M., THOMAS, D., VIRELIZIER, 
J.L., ARENZANA-SEISDEDOS, F. and BACHELERIE, F., 2000. 
Inducible NF-jB activation is permitted by simultaneous 
degradation of nuclear IjBa. The Journal of Biological Chemistry, 
vol. 275, no. 20, pp. 15193-15199. http://dx.doi.org/10.1074/
jbc.275.20.15193. PMid:10809754.

RONG, X., XU, J., JIANG, Y., LI, F., CHEN, Y.L., DOU, Q.P. and LI, D.P., 2021. 
Citrus peel flavonoid nobiletin alleviates lipopolysaccharide-
induced inflammation by activating IL-6/STAT3/FOXO3a-
mediated autophagy. Food & Function, vol. 12, no. 3, pp. 1305-
1317. http://dx.doi.org/10.1039/D0FO02141E. PMid:33439200.

SAINI, A., PANESAR, P.S. and BERA, M.B., 2021. Valuation of Citrus 
reticulata (kinnow) peel for the extraction of lutein using 
ultrasonication technique. Biomass Conversion and Biorefinery, 
vol. 11, no. 5, pp. 2157-2165. http://dx.doi.org/10.1007/s13399-
020-00605-4.

SAINI, R.K. and KEUM, Y.S., 2018. Carotenoid extraction methods: 
A review of recent developments. Food Chemistry, vol. 240, 
pp. 90-103. http://dx.doi.org/10.1016/j.foodchem.2017.07.099. 
PMid:28946359.

SAINI, R.K., KEUM, Y.S., DAGLIA, M. and RENGASAMY, K.R., 
2020. Dietary carotenoids in cancer chemoprevention and 
chemotherapy: A review of emerging evidence. Pharmaceutical 
Research, vol. 157, pp. 104830. http://dx.doi.org/10.1016/j.
phrs.2020.104830. PMid:32344050.

SAINI, R.K., NILE, S.H. and PARK, S.W., 2015. Carotenoids from fruits 
and vegetables: Chemistry, analysis, occurrence, bioavailability 
and biological activities. Food Research International, vol. 76, no. 

https://doi.org/10.1039/D0FO02740E
https://pubmed.ncbi.nlm.nih.gov/33427831
https://doi.org/10.3892/ol.2016.4793
https://pubmed.ncbi.nlm.nih.gov/27446443
https://pubmed.ncbi.nlm.nih.gov/27446443
https://doi.org/10.1016/j.redox.2020.101674
https://doi.org/10.1016/j.redox.2020.101674
https://pubmed.ncbi.nlm.nih.gov/32811789
https://doi.org/10.3390/antiox10050669
https://pubmed.ncbi.nlm.nih.gov/33923111
https://pubmed.ncbi.nlm.nih.gov/33923111
https://doi.org/10.1080/01635581.2017.1367945
https://doi.org/10.1080/01635581.2017.1367945
https://pubmed.ncbi.nlm.nih.gov/29095048
https://doi.org/10.1007/978-1-60761-756-3_18
https://doi.org/10.1007/978-1-60761-756-3_18
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20700719&dopt=Abstract
https://doi.org/10.1021/ac301925b
https://doi.org/10.1021/ac301925b
https://pubmed.ncbi.nlm.nih.gov/22897622
https://doi.org/10.1016/j.foodchem.2012.06.097
https://pubmed.ncbi.nlm.nih.gov/22980865
https://pubmed.ncbi.nlm.nih.gov/22980865
https://doi.org/10.1186/s43088-022-00203-5
https://doi.org/10.1186/s43088-022-00203-5
https://doi.org/10.1016/j.foodchem.2021.129499
https://doi.org/10.1016/j.foodchem.2021.129499
https://pubmed.ncbi.nlm.nih.gov/33752115
https://doi.org/10.1016/j.jbc.2021.100494
https://doi.org/10.1016/j.jbc.2021.100494
https://pubmed.ncbi.nlm.nih.gov/33667550
https://doi.org/10.1016/j.foodres.2019.04.035
https://doi.org/10.1016/j.foodres.2019.04.035
https://pubmed.ncbi.nlm.nih.gov/31229100
https://doi.org/10.3390/antiox10060937
https://doi.org/10.3390/antiox10060937
https://pubmed.ncbi.nlm.nih.gov/34207788
https://doi.org/10.1155/2022/8615242
https://doi.org/10.1155/2022/8615242
https://pubmed.ncbi.nlm.nih.gov/35509838
https://doi.org/10.1016/j.jssas.2016.07.006
https://doi.org/10.1016/j.fbio.2020.100651
https://doi.org/10.1016/j.fshw.2014.11.001
https://doi.org/10.1016/j.fshw.2014.11.001
https://doi.org/10.1074/jbc.275.20.15193
https://doi.org/10.1074/jbc.275.20.15193
https://pubmed.ncbi.nlm.nih.gov/10809754
https://doi.org/10.1039/D0FO02141E
https://pubmed.ncbi.nlm.nih.gov/33439200
https://doi.org/10.1007/s13399-020-00605-4
https://doi.org/10.1007/s13399-020-00605-4
https://doi.org/10.1016/j.foodchem.2017.07.099
https://pubmed.ncbi.nlm.nih.gov/28946359
https://pubmed.ncbi.nlm.nih.gov/28946359
https://doi.org/10.1016/j.phrs.2020.104830
https://doi.org/10.1016/j.phrs.2020.104830
https://pubmed.ncbi.nlm.nih.gov/32344050


Brazilian Journal of Biology, 2024, vol. 84, e271619 19/20

Antioxidants against cancer

Pt 3, pp. 735-750. http://dx.doi.org/10.1016/j.foodres.2015.07.047. 
PMid:28455059.

SCAMPICCHIO, M., WANG, J., BLASCO, A.J., SANCHEZ ARRIBAS, 
A., MANNINO, S. and ESCARPA, A., 2006. Nanoparticle-based 
assays of antioxidant activity. Analytical Chemistry, vol. 78, 
no. 6, pp. 2060-2063. http://dx.doi.org/10.1021/ac052007a. 
PMid:16536447.

SCHMIDLIN, C.J., SHAKYA, A., DODSON, M., CHAPMAN, E. and 
ZHANG, D.D., 2021. The intricacies of NRF2 regulation in 
cancer. Seminars in Cancer Biology, vol. 76, pp. 110-119. http://
dx.doi.org/10.1016/j.semcancer.2021.05.016. PMid:34020028.

SCHOFIELD, J.H. and SCHAFER, Z.T., 2021. Mitochondrial reactive 
oxygen species and mitophagy: a complex and nuanced 
relationship. Antioxidants & Redox Signaling, vol. 34, no. 7, pp. 517-
530. http://dx.doi.org/10.1089/ars.2020.8058. PMid:32079408.

SECA, A.M.L. and PINTO, D.C.G.A., 2018. Plant secondary metabolites 
as anticancer agents: successes in clinical trials and therapeutic 
application. International Journal of Molecular Sciences, vol. 
19, no. 1, pp. 263. http://dx.doi.org/10.3390/ijms19010263. 
PMid:29337925.

SEMWAL, P., PAINULI, S., ABU-IZNEID, T., RAUF, A., SHARMA, A., 
DAŞTAN, S.D., KUMAR, M., ALSHEHRI, M.M., TAHERI, Y., DAS, R., 
MITRA, S., EMRAN, T.B., SHARIFI-RAD, J., CALINA, D. and CHO, 
W.C., 2022. Diosgenin: an updated pharmacological review 
and therapeutic perspectives. Oxidative Medicine and Cellular 
Longevity, vol. 2022, pp. 1035441. PMID: 35677108.

SHAFIEE, G., SAIDIJAM, M., TAVILANI, H., GHASEMKHANI, N. and 
KHODADADI, I., 2016. Genistein induces apoptosis and inhibits 
proliferation of HT29 colon cancer cells. International Journal 
of Molecular and Cellular Medicine, vol. 5, no. 3, pp. 178-191. 
PMid:27942504.

SHAMMUGASAMY, B., VALTCHEV, P., DONG, Q. and DEHGHANI, F., 
2019. Effect of citrus peel extracts on the cellular quiescence of 
prostate cancer cells. Food & Function, vol. 10, no. 6, pp. 3727-
3737. http://dx.doi.org/10.1039/C9FO00455F. PMid:31169845.

SHARMA, B., PURKAYASTHA, D.D., HAZRA, S., THAJAMANBI, 
M., BHATTACHARJEE, C.R., GHOSH, N.N. and ROUT, J., 2014. 
Biosynthesis of fluorescent gold nanoparticles using an edible 
freshwater red alga, Lemanea fluviatilis (L.) C.Ag. and antioxidant 
activity of biomatrix loaded nanoparticles. Bioprocess and 
Biosystems Engineering, vol. 37, no. 12, pp. 2559-2565. http://
dx.doi.org/10.1007/s00449-014-1233-2. PMid:24942533.

SHEN, W., XU, Y. and LU, Y.H., 2012. Inhibitory effects of Citrus 
flavonoids on starch digestion and antihyperglycemic effects 
in HepG2 cells. Journal of Agricultural and Food Chemistry, vol. 
60, no. 38, pp. 9609-9619. http://dx.doi.org/10.1021/jf3032556. 
PMid:22958058.

SHENG, Y., ABREU, I.A., CABELLI, D.E., MARONEY, M.J., MILLER, A., 
TEIXEIRA, M. and VALENTINE, J.S., 2014. Superoxide Dismutases 
and Superoxide Reductases. Chemical Reviews, vol. 114, no. 
7, pp. 3854-3918. http://dx.doi.org/10.1021/cr4005296. 
PMid:24684599.

SHIN, J., SONG, M.H., OH, J.W., KEUM, Y.S. and SAINI, R.K., 2020. 
Pro-oxidant actions of carotenoids in triggering apoptosis of 
cancer cells: a review of emerging evidence. Antioxidants, vol. 
9, no. 6, pp. 532. http://dx.doi.org/10.3390/antiox9060532. 
PMid:32560478.

SIES, H., 2015. Oxidative stress: a concept in redox biology and 
medicine. Redox Biology, vol. 4, pp. 180-183. http://dx.doi.
org/10.1016/j.redox.2015.01.002. PMid:25588755.

SINGH, B., SINGH, J.P., KAUR, A. and SINGH, N., 2020. Phenolic 
composition, antioxidant potential and health benefits of citrus 

peel. Food Research International, vol. 132, pp. 109114. http://
dx.doi.org/10.1016/j.foodres.2020.109114. PMid:32331689.

SINGH, B., SINGH, J.P., KAUR, A. and YADAV, M.P., 2021. Insights 
into the chemical composition and bioactivities of citrus peel 
essential oils. Food Research International, vol. 143, pp. 110231. 
http://dx.doi.org/10.1016/j.foodres.2021.110231. PMid:33992345.

SMERIGLIO, A., CORNARA, L., DENARO, M., BARRECA, D., BURLANDO, 
B., XIAO, J. and TROMBETTA, D., 2019. Antioxidant and 
cytoprotective activities of an ancient Mediterranean citrus 
(Citrus lumia Risso) albedo extract: microscopicobservations 
and polyphenol characterization. Food Chemistry, vol. 279, pp. 
347-355. http://dx.doi.org/10.1016/j.foodchem.2018.11.138. 
PMid:30611500.

SMOLIŃSKA, E., MOSKOT, M., JAKOBKIEWICZ-BANECKA, J., 
WĘGRZYN, G., BANECKI, B., SZCZERKOWSKA-DOBOSZ, A., 
PURZYCKA-BOHDAN, D. and GABIG-CIMIŃSKA, M., 2018. 
Molecular action of isoflavone genistein in the human epithelial 
cell line HaCaT. PLoS One, vol. 13, no. 2, pp. e0192297. http://
dx.doi.org/10.1371/journal.pone.0192297. PMid:29444128.

SONG, M., LAN, Y., WU, X., HAN, Y., WANG, M., ZHENG, J., LI, 
Z., LI, F., ZHOU, J., XIAO, J., CAO, Y. and XIAO, H., 2020. The 
chemopreventive effect of 5-demethylnobiletin, a unique citrus 
flavonoid, on colitis-driven colorectal carcinogenesis in mice is 
associated with its colonic metabolites. Food & Function, vol. 11, 
no. 6, pp. 4940-4952. http://dx.doi.org/10.1039/D0FO00616E. 
PMid:32459257.

SPAGNUOLO, C., RUSSO, G.L., ORHAN, I.E., HABTEMARIAM, S., 
DAGLIA, M., SUREDA, A., NABAVI, S.F., DEVI, K.P., LOIZZO, M.R., 
TUNDIS, R. and NABAVI, S.M., 2015. Genistein and cancer: 
current status, challenges, and future directions. Advances in 
Nutrition, vol. 6, no. 4, pp. 408-419. http://dx.doi.org/10.3945/
an.114.008052. PMid:26178025.

SURICHAN, S., ANDROUTSOPOULOS, V.P., SIFAKIS, S., KOUTALA, 
E., TSATSAKIS, A., ARROO, R.R. and BOARDER, M.R., 2012. 
Bioactivation of the citrus flavonoid nobiletin by CYP1enzymes in 
MCF7 breast adenocarcinoma cells. Food and Chemical Toxicology, 
vol. 50, no. 9, pp. 3320-3328. http://dx.doi.org/10.1016/j.
fct.2012.06.030. PMid:22743247.

TASKIN-TOK, T. and GOWDER, S., 2014. Anticancer drug-friend 
or foe. In: S.J.T. GOWDER, ed. Pharmacology and therapeutics. 
London: Innpotech Open Publishing, pp 255-269

TOCMO, R., PENA-FRONTERAS, J., CALUMBA, K.F., MENDOZA, M. 
and JOHNSON, J.J., 2020. Valorization of pomelo (Citrus grandis 
Osbeck) peel: a review of current utilization, phytochemistry, 
bioactivities, and mechanisms of action. Comprehensive Reviews 
in Food Science and Food Safety, vol. 19, no. 4, pp. 1969-2012. 
http://dx.doi.org/10.1111/1541-4337.12561. PMid:33337092.

TRIPOLI, E., LA GUARDIA, M., GIAMMANCO, S., DI MAJO, D. and 
GIAMMANCO, M., 2007. Citrus flavonoids: Molecular structure, 
biological activity and nutritional properties: A review. 
Food Chemistry, vol. 104, no. 2, pp. 466-479. http://dx.doi.
org/10.1016/j.foodchem.2006.11.054.

TSITSAGI, M., EBRALIDZE, K., CHKHAIDZE, M., RUBASHVILI, I. 
and TSITSISHVILI, V., 2018. Sequential extraction of bioactive 
compounds from tangerine (Citrus unshiu) peel. Annals of 
Agrarian Science, vol. 16, no. 2, pp. 236-241. http://dx.doi.
org/10.1016/j.aasci.2018.02.007.

TU, X., MA, S., GAO, Z., WANG, J., HUANG, S. and CHEN, W., 2017. 
One-step extraction and hydrolysis of flavonoid glycosides in 
rape bee pollen based on soxhlet-assisted matrix solid phase 
dispersion: a modified mspd method for the determination of 
flavonoid aglycones. Phytochemical Analysis, vol. 28, no. 6, pp. 
505-511. http://dx.doi.org/10.1002/pca.2699. PMid:28597993.

https://doi.org/10.1016/j.foodres.2015.07.047
https://pubmed.ncbi.nlm.nih.gov/28455059
https://pubmed.ncbi.nlm.nih.gov/28455059
https://doi.org/10.1021/ac052007a
https://pubmed.ncbi.nlm.nih.gov/16536447
https://pubmed.ncbi.nlm.nih.gov/16536447
https://doi.org/10.1016/j.semcancer.2021.05.016
https://doi.org/10.1016/j.semcancer.2021.05.016
https://pubmed.ncbi.nlm.nih.gov/34020028
https://doi.org/10.1089/ars.2020.8058
https://pubmed.ncbi.nlm.nih.gov/32079408
https://doi.org/10.3390/ijms19010263
https://pubmed.ncbi.nlm.nih.gov/29337925
https://pubmed.ncbi.nlm.nih.gov/29337925
https://pubmed.ncbi.nlm.nih.gov/27942504
https://pubmed.ncbi.nlm.nih.gov/27942504
https://doi.org/10.1039/C9FO00455F
https://pubmed.ncbi.nlm.nih.gov/31169845
https://doi.org/10.1007/s00449-014-1233-2
https://doi.org/10.1007/s00449-014-1233-2
https://pubmed.ncbi.nlm.nih.gov/24942533
https://doi.org/10.1021/jf3032556
https://pubmed.ncbi.nlm.nih.gov/22958058
https://pubmed.ncbi.nlm.nih.gov/22958058
https://doi.org/10.1021/cr4005296
https://pubmed.ncbi.nlm.nih.gov/24684599
https://pubmed.ncbi.nlm.nih.gov/24684599
https://doi.org/10.3390/antiox9060532
https://pubmed.ncbi.nlm.nih.gov/32560478
https://pubmed.ncbi.nlm.nih.gov/32560478
https://doi.org/10.1016/j.redox.2015.01.002
https://doi.org/10.1016/j.redox.2015.01.002
https://pubmed.ncbi.nlm.nih.gov/25588755
https://doi.org/10.1016/j.foodres.2020.109114
https://doi.org/10.1016/j.foodres.2020.109114
https://pubmed.ncbi.nlm.nih.gov/32331689
https://doi.org/10.1016/j.foodres.2021.110231
https://pubmed.ncbi.nlm.nih.gov/33992345
https://doi.org/10.1016/j.foodchem.2018.11.138
https://pubmed.ncbi.nlm.nih.gov/30611500
https://pubmed.ncbi.nlm.nih.gov/30611500
https://doi.org/10.1371/journal.pone.0192297
https://doi.org/10.1371/journal.pone.0192297
https://pubmed.ncbi.nlm.nih.gov/29444128
https://doi.org/10.1039/D0FO00616E
https://pubmed.ncbi.nlm.nih.gov/32459257
https://pubmed.ncbi.nlm.nih.gov/32459257
https://doi.org/10.3945/an.114.008052
https://doi.org/10.3945/an.114.008052
https://pubmed.ncbi.nlm.nih.gov/26178025
https://doi.org/10.1016/j.fct.2012.06.030
https://doi.org/10.1016/j.fct.2012.06.030
https://pubmed.ncbi.nlm.nih.gov/22743247
https://doi.org/10.1111/1541-4337.12561
https://pubmed.ncbi.nlm.nih.gov/33337092
https://doi.org/10.1016/j.foodchem.2006.11.054
https://doi.org/10.1016/j.foodchem.2006.11.054
https://doi.org/10.1016/j.aasci.2018.02.007
https://doi.org/10.1016/j.aasci.2018.02.007
https://doi.org/10.1002/pca.2699
https://pubmed.ncbi.nlm.nih.gov/28597993


Brazilian Journal of Biology, 2024, vol. 84, e27161920/20

ALaqeel, N.K.

TULI, H.S., TUORKEY, M.J., THAKRAL, F., SAK, K., KUMAR, M., SHARMA, 
A.K., SHARMA, U., JAIN, A., AGGARWAL, V. and BISHAYEE, A., 
2019. Molecular mechanisms of action of genistein in cancer: 
recent advances. Frontiers in Pharmacology, vol. 10, pp. 1336.
http://dx.doi.org/10.3389/fphar.2019.01336.

TUTUNCHI, H., NAEINI, F., OSTADRAHIMI, A. and HOSSEINZADEH-
ATTAR, M.J., 2020. Naringenin, a flavanone with antiviral and 
anti-inflammatory effects: a promising treatment strategy 
against COVID-19. Phytotherapy Research, vol. 34, no. 12, pp. 
3137-3147. http://dx.doi.org/10.1002/ptr.6781. PMid:32613637.

VASILESCU, A., SHARPE, E. and ANDREESCU, S., 2012. Nanoparticle-
based technologies for the detection of food antioxidants. 
Current Analytical Chemistry, vol. 8, no. 4, pp. 495-505. http://
dx.doi.org/10.2174/157341112803216780.

VUE, B., ZHANG, S. and CHEN, Q., 2016. Flavonoids with therapeutic 
potential in prostate cancer. Anti-cancer Agents in Medicinal 
Chemistry, vol. 16, no. 10, pp. 1205-1229. http://dx.doi.org/10.
2174/1871520615666151008122622. PMid:26446382.

WADGAONKAR, P. and CHEN, F., 2021. Connections between 
endoplasmic reticulum stress-associated unfolded protein 
response, mitochondria, and autophagy in arsenic-induced 
carcinogenesis. Seminars in Cancer Biology, vol. 76, pp. 258-
266. http://dx.doi.org/10.1016/j.semcancer.2021.04.004. 
PMid:33836253.

WANG, F., ZHAO, C.Y., YANG, M.K., ZHANG, L., WEI, R.J., MENG, 
K., BAO, Y.M., ZHANG, L.N. and ZHENG, J.K., 2021. Four citrus 
flavanones exert atherosclerosis alleviation effects in ApoE(-/-) 
mice via different metabolic and signaling pathways. Journal of 
Agricultural and Food Chemistry, vol. 69, no. 17, pp. 5226-5237. 
http://dx.doi.org/10.1021/acs.jafc.1c01463. PMid:33890787.

WANG, L., WANG, J., FANG, L., ZHENG, Z., ZHI, D., WANG, S., LI, 
S., HO, C.T. and ZHAO, H., 2014. Anticancer activities of citrus 
peel polymethoxyflavones related to angiogenesis and others. 
BioMed Research International, vol. 2014, pp. 2014. http://dx.doi.
org/10.1155/2014/453972. PMid:25250322.

WANG, T.Y., LI, Q. and BI, K.S., 2018. Bioactive flavonoids inmedicinal 
plants: structure, activity and biological fate. Asian J Pharm 
Sci., vol. 13, no. 1, pp. 12-23. http://dx.doi.org/10.1016/j.
ajps.2017.08.004. PMid:32104374.

WU, X., SONG, M., GAO, Z., SUN, Y., WANG, M., LI, F., ZHENG, J. and 
XIAO, H., 2017. Nobiletin and its colonic metabolites suppress 
colitis-associated colon carcinogenesis by down-regulating iNOS, 
inducing antioxidative enzymes and arresting cell cycle progression. 
The Journal of Nutritional Biochemistry, vol. 42, pp. 17-25. http://
dx.doi.org/10.1016/j.jnutbio.2016.12.020. PMid:28107678.

WU, Z.Y., KIM, H.J., LEE, J.W., CHUNG, I.Y., KIM, J.S., LEE, S.B., SON, 
B.H., EOM, J.S., KIM, S.B., GONG, G.Y., KIM, H.H., AHN, S.H. and 

KO, B., 2019. Breast cancer recurrence in the nipple-areola 
complex after nipple-sparing mastectomy with immediate 
breast reconstruction for invasive breast cancer. JAMA Surgery, 
vol. 154, no. 11, pp. 1030-1037. http://dx.doi.org/10.1001/
jamasurg.2019.2959. PMid:31461141.

YU, J., WANG, L., WALZEM, R.L., MILLER, E.G., PIKE, L.M. and PATIL, 
B.S., 2005. Antioxidant activity of citrus limonoids, flavonoids, 
and coumarins. Journal of Agricultural and Food Chemistry, vol. 
53, no. 6, pp. 2009-2014. http://dx.doi.org/10.1021/jf0484632. 
PMid:15769128.

YU, M., XIA, Y., XIE, W., LI, Y., YU, X., ZHENG, J. and ZHANG, Y., 2021. 
Enzymatic extraction of pectic oligosaccharides from finger 
citron (Citrus medica L. var. sarcodactylis Swingle) pomace with 
antioxidant potential. Food & Function, vol. 12, no. 20, pp. 9855-
9865. http://dx.doi.org/10.1039/D1FO01576A. PMid:34664579.

ZAVERY, B., APPLETON, L., SANDIFORD, K., WONG, H. and HUGHES, 
J., 2010. Complementary and alternative medicine use amongst 
oncology patients attending a large cancer centre in England. 
Progress in Palliative Care, vol. 18, no. 2, pp. 89-93. http://dx.doi.
org/10.1179/096992610X12624290276548.

ZENG, S.L., LI, S.Z., XIAO, P.T., CAI, Y.Y., CHU, C., CHEN, B.Z., LI, 
P., LI, J. and LIU, E.H., 2020. Citrus polymethoxyflavones 
attenuate metabolic syndrome by regulating gut microbiome 
and amino acid metabolism. Science Advances, vol. 6, no. 1, 
pp. eaax6208. http://dx.doi.org/10.1126/sciadv.aax6208. 
PMid:31922003.

ZHANG, H., TIAN, G., ZHAO, C., HAN, Y., DIMARCO-CROOK, C., LU, C., 
BAO, Y.M., LI, C., XIAO, H. and ZHENG, J., 2019. Characterization 
of polymethoxyflavone demethylation during drying processes 
of citrus peels. Food & Function, vol. 10, no. 9, pp. 5707-5717. 
http://dx.doi.org/10.1039/C9FO01053J. PMid:31436765.

ZHANG, Y., MURUGESAN, P., HUANG, K. and CAI, H., 2020. NADPH 
oxidases and oxidase crosstalk in cardiovascular diseases: novel 
therapeutic targets. Nature Reviews. Cardiology, vol. 17, no. 3, 
pp. 170-194. http://dx.doi.org/10.1038/s41569-019-0260-8. 
PMid:31591535.

ZHAO, Z., JIN, G., GE, Y. and GUO, Z., 2019. Naringenin inhibits 
migration of breast cancer cells via inflammatory and apoptosis 
cell signaling pathways. Inflammopharmacology, vol. 27, no. 5, 
pp. 1021-1036. http://dx.doi.org/10.1007/s10787-018-00556-3. 
PMid:30941613.

ZHOU, P., WANG, C., HU, Z., CHEN, W., QI, W. and LI, A., 2017. 
Genistein induces apoptosis of colon cancer cells by reversal of 
epithelial-tomesenchymal via a Notch1/NF-κB/slug/E-cadherin 
pathway. BMC Cancer, vol. 17, no. 1, pp. 813-823. http://dx.doi.
org/10.1186/s12885-017-3829-9. PMid:29202800.

ZHOU, Z.Q., 2012. Citrus fruits nutrition. Beijing, China: Science Press.

https://doi.org/10.3389/fphar.2019.01336
https://doi.org/10.1002/ptr.6781
https://pubmed.ncbi.nlm.nih.gov/32613637
https://doi.org/10.2174/157341112803216780
https://doi.org/10.2174/157341112803216780
https://doi.org/10.2174/1871520615666151008122622
https://doi.org/10.2174/1871520615666151008122622
https://pubmed.ncbi.nlm.nih.gov/26446382
https://doi.org/10.1016/j.semcancer.2021.04.004
https://pubmed.ncbi.nlm.nih.gov/33836253
https://pubmed.ncbi.nlm.nih.gov/33836253
https://doi.org/10.1021/acs.jafc.1c01463
https://pubmed.ncbi.nlm.nih.gov/33890787
https://doi.org/10.1155/2014/453972
https://doi.org/10.1155/2014/453972
https://pubmed.ncbi.nlm.nih.gov/25250322
https://doi.org/10.1016/j.ajps.2017.08.004
https://doi.org/10.1016/j.ajps.2017.08.004
https://pubmed.ncbi.nlm.nih.gov/32104374
https://doi.org/10.1016/j.jnutbio.2016.12.020
https://doi.org/10.1016/j.jnutbio.2016.12.020
https://pubmed.ncbi.nlm.nih.gov/28107678
https://doi.org/10.1001/jamasurg.2019.2959
https://doi.org/10.1001/jamasurg.2019.2959
https://pubmed.ncbi.nlm.nih.gov/31461141
https://doi.org/10.1021/jf0484632
https://pubmed.ncbi.nlm.nih.gov/15769128
https://pubmed.ncbi.nlm.nih.gov/15769128
https://doi.org/10.1039/D1FO01576A
https://pubmed.ncbi.nlm.nih.gov/34664579
https://doi.org/10.1179/096992610X12624290276548
https://doi.org/10.1179/096992610X12624290276548
https://doi.org/10.1126/sciadv.aax6208
https://pubmed.ncbi.nlm.nih.gov/31922003
https://pubmed.ncbi.nlm.nih.gov/31922003
https://doi.org/10.1039/C9FO01053J
https://pubmed.ncbi.nlm.nih.gov/31436765
https://doi.org/10.1038/s41569-019-0260-8
https://pubmed.ncbi.nlm.nih.gov/31591535
https://pubmed.ncbi.nlm.nih.gov/31591535
https://doi.org/10.1007/s10787-018-00556-3
https://pubmed.ncbi.nlm.nih.gov/30941613
https://pubmed.ncbi.nlm.nih.gov/30941613
https://doi.org/10.1186/s12885-017-3829-9
https://doi.org/10.1186/s12885-017-3829-9
https://pubmed.ncbi.nlm.nih.gov/29202800

