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Natural compounds with anticancer properties are capable of killing transformed or cancerous cells without being toxic to
healthy cells. Most fruits and vegetables consumed with food are made up of bioactive molecules belonging to the family
of polyphenols, a group of natural compounds widely distributed in the plant kingdom; this group is varied, and to date,
more than 8000 phenolic structures are known. Polyphenols are classified according to chemical structure, and their
subdivision is represented in.
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| 1. Introduction

To date, it is well-known that cancer is one of the leading causes of death globally. The report entitled Global Cancer
Statistics 2020, produced in collaboration with the American Cancer Society (ACS) and the International Agency for
Research on Cancer (IARC), confirmed that in 2020 about 17 million people were affected by this disease, comprising 36
types of cancer in 185 countries around the world 2. As a result, the annual global health expenditure is extremely high.
For this reason, projections of cancer incidence and mortality are crucial to understanding the evolving scenario of cancer
risk. Within a population, the number of individuals who are diagnosed or die of cancer is largely influenced by age,
environment, and lifestyle. A very large study considered the incidence and mortality of 26 types of cancer and highlighted
their evolution from 1993 to 2014, and made projections from 2014 to 2035. Obviously, the projections do not include
assumptions about changes in risk factors . Figure 1 shows 6 of the 26 types of cancer reported in this study.
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Figure 1. Incidence and mortality of six types of cancer. Taken and modified from [,

Cancer is a disease in which some cells grow uncontrollably and can spread to other parts of the body. In fact, it is
important to stress that not all tumors are cancerous: benign tumors are characterized by cells that do not show signs of
transformation and remain confined to the site of origin. On the contrary, the main characteristic of malignant tumors
(cancer) is the ability of the cells that constitute them to migrate from the original site to a secondary location and
metastasize to adjacent tissues, organs, and/or different parts of the body through lymphatic or hematogenic diffusion 4.
Cancer has a multifactorial origin, and its causes are found in genetic mutations, infection or inflammation, unhealthy
eating habits, exposure to radiation, work stress, and/or intake of toxins [l. Before achieving the aggressiveness
necessary to become life-threatening, a tumor must be able to: (a) replicate limitlessly ; (b) move; (c) evade apoptosis; (d)
produce growth signals that are self-sufficient; (e) be insensitive to anti-growth signals; (f) degrade the extracellular matrix
: () survive in the blood; (h) share in the environment of a new tissue 8. Normal cells can transform into cancerous cells,
but before this happens, they must undergo the phenomena of abnormal changes known as hyperplasia and dysplasia. In
hyperplasia, there is a considerable increase in the number of cells that maintain normal characteristics. In contrast, cells
assume abnormal phenotypic characteristics in dysplasia. It is important, however, to point out that hyperplasia and



dysplasia do not necessarily cause cancer . In general, early detection of cancer and proper treatment increase the
chances of survival and healing. The type of cancer and the stage suggest the most suitable treatment to use; treatment
options may be chemotherapy, surgery, radiotherapy, hormonal therapy, targeted therapy, etc. Today, it is particularly
appropriate to use a combination of treatment methods to ensure the maximum effectiveness and optimal results .
However, each treatment has its side effects on the patient, and the oncologist should choose the most appropriate
treatment, considering the risk—benefit ratio [2. Chemotherapy is generally accepted as the standard therapy and remains
one of the main strategies in the treatment of primary tumors, although it is well-known to cause DNA damage and affect
both cancerous and non-cancerous cells. In addition, cardiotoxicity is a complication of this treatment; the severity of
cardiotoxicity is dependent on cumulative dose, the type and combination of drugs used, and the presence of co-existing
pathologies such as diabetes mellitus, cardiac diseases, and other risk factors LU Radiation therapy also has side
effects, such as neurological deficits caused by vascular damage and fibrosis of neuronal structures 2223, Hormone
therapy can be used to manage hormone-dependent malignant tumors, to manipulate the endocrine system, and to
interfere with hormonal production or the activity of their receptors. In general, hormone therapy involves the
administration of exogenous hormones such as corticosteroids, selective estrogen receptor modulators, somatostatin
analogs, progestins, gonadotropin-releasing hormone agonists and antagonists, aromatase inhibitors, and antiandrogens.
Some of these have antiproliferative and pro-apoptotic effects. Unfortunately, this treatment can cause a wide range of
complications including liver steatosis, thrombosis, endometrial and osteoporosis hypertrophy, intestinal perforation,
pulmonary embolism, vascular necrosis, and breast and endometrial cancers 14!, Surgical resection is still widely used in
cancer treatment as it effectively relieves the patient's symptoms. However, much scientific evidence has shown that
cancer recurs in many patients after a short time, owing to the stress induced by surgery, which at the systemic level,
stimulates inflammation, increased release of cytokines, and the risk of cancer recurrence 18l In addition, surgical
resection potentially enhances metastatic seeding of tumor cells, spreading cancer cells in the vascular and lymphatic
systems and favoring their migration into distant organs [,

| 2. Natural Compounds and Cancer

The use of natural compounds with anticancer effects has increased thanks to their low toxicity and lower side effects,
which allow their use in the treatment or adjuvant therapy of cancer. Apoptosis is programmed cellular death, finely
regulated at the gene level, resulting in efficient removal of damaged cells. Induction of apoptosis is crucial in
precancerous lesions since harmful cells are eliminated by preventing uncontrolled cell proliferation and cancer
progression. Deregulation of apoptosis is considered one of the characteristics of cancer progression, and transformed
cells are able to circumvent this process, although the mechanisms involved are not sufficiently known. For this reason,
therapeutic strategies aimed at restoring the sensitivity of cancer cells to apoptosis are increasingly tested 819 Citrys
fruits represent major sources of flavonoids. Several experimental studies have strongly indicated that bergamot and its
extracts can exert antitumor effects thanks to the ability of flavonoids to interfere with the main stages of carcinogenicity:
the onset, promotion, and progression of cancer 29, The anticancerous action of BEO has been adequately highlighted in
several in vitro works. In particular, a reduction in cell proliferation was triggered by the shutdown of the cell cycle in phase
GO-G1. In addition, intense pro-oxidant activity and cellular DNA damage have been appreciated (211201221 A very
comprehensive work 23 conducted in vitro on human cancerous cells of the nervous system (SH-SY5Y, PC12), prostate
(PC3), and breast (MDA-MB-231) showed that treatment with BJ at different concentrations (1-5%) arrested cancer
progression. In addition, BJ demonstrated its ability to reduce the growth rate of various cancer cell lines with mechanisms
dependent on the type of cancer 24123, Finally, it has been shown in human colon cancer cells that low concentrations of
BJ can induce inhibition of the mitogen-activated protein kinase (MAPK)-dependent pathways, and cause cell cycle arrest
and alteration of apoptosis, while high concentrations produce oxidative stress, causing DNA damage 8. BPF has
attracted scientific attention for its peculiar composition and high content of flavonoids, such as naringin, hesperidin, and
neoeriocitrin [24. Although few studies on the correlation between BPF and cancer are available, multiple papers indirectly
involving BPF are known. In fact, cholesterol-lowering drugs are able to reduce cancer incidence and cancer-related

mortality 28, To date, it is known that BPF possesses several hypolipidizing properties against many metabolic
dysfunctions 220132

Scientific literature has amply demonstrated that bergamot fruit has a robust antioxidant property, and for this reason, its
consumption is encouraged as health-promoting. For example, BJ has been shown in vitro to possess a significant
antiradical property against superoxide and nitric oxide, O 2+ scavenging activity, and lipid peroxidation inhibition. Parallel
studies conducted in vivo on subjects fed hearts of mice with BJ or vehicle for three months showed statistically significant
antioxidant responses 3], Naringenin, a polyphenol belonging to the class of flavanones and widely distributed in citrus
fruits, is one of the major components of BPF 34 |n fact, this compound has been shown to induce cytotoxic and



apoptotic effects and prevent cell proliferation in different types of cancer cells B2IB8IEY Unfortunately, its practical use in
vivo is reduced owing to its hydrophobic nature, short half-life, and poor absorption. For this reason, the use of
nanomaterials was suggested to improve its bioavailability [28!,

The protective effects of oleuropein against inflammation are multiple: in vivo preliminary studies demonstrated a
significant anti-inflammatory effect generated by oleuropein during lipopolysaccharide-induced sepsis (LPS) in mice. To
study an induced inflammatory effect, LPS has been widely used in both in vitro and in vivo scientific work B2, |n fact,
pretreatment with oleuropein ameliorated LPS-induced liver and kidney histological changes, mitigated the increased
levels of malondialdehyde, and reduced the levels of reduced glutathione and the number of inflammatory biomarkers
(TNF-0, IL-1B, and IL-6) ¥ Scientific works already published have highlighted the protective role of oleuropein in
several cancer cell lines, including leukemia, breast, pancreatic, prostate, and colorectal 424311244 |t js important to point
out that oleuropein proved capable of discriminating between cancer and normal cells, inhibiting proliferation and inducing
apoptosis only in cancer cells “3l48I47] Oleuropein’s mechanism is downregulation of proinflammatory enzymes IL-6 and
interleukin 1 481149,

Epigenetic alterations often occur in the early stages of cancer development and cancer cells; therefore, may
inadequately activate oncogenes or inactivate tumor suppressors. For this reason, being able to prevent epigenetic
alterations can reduce the proliferation of cancer cells, the severity of cancer growth, and metastases B[54,

| 3. Discussion

Although cancer is one of the world’s leading causes of death, a more optimistic view for the future stems from the
awareness that there have been many improvements in diagnosis and treatment approaches. In particular, early detection
can address the disease with more satisfactory results, and less invasive treatments aim to increase tolerability in patients
B2 The ultimate goal is to reduce the mortality rate of cancer patients by increasing the expectation of quality of life. A
total of 90% of cancers are attributable to modifiable risk factors, including a non-optimal diet, environmental pollution,
excessive body weight, consumption of alcohol or tobacco smoke, physical inactivity, and infectious agents B3, The diet is
an essential element for maintaining health, and it has been estimated that bad eating habits are responsible for 5-10% of
total cancer cases 24, Several studies in the scientific literature reported that the healthiest diet is the Mediterranean diet,
which is based on the consumption of high quantities of fruit, vegetables, dried fruits, legumes, cereals, fish, and extra
virgin olive oil, a moderate amount of wine and small amounts of red meat, eggs, and dairy products 5. Numerous
clinical and epidemiological studies have shown that the Mediterranean diet is protective against the onset of many
diseases such as diabetes, obesity, cardiovascular diseases, and cancer 8. Most foods of plant origin belong to the class
of polyphenols, the largest group of phytochemicals, that are proven to play an important role in the prevention of various
diseases, including cancer, cardiovascular diseases, diabetes, and degenerative neurodegenerative diseases (57,

In this entry, the anticancer properties of four of these compounds were explored: bergamot, oleuropein, curcumin, and
guercetin. As reported in the literature, the natural compounds considered have numerous protective effects and tend to
reduce altered physiological conditions, respecting cellular homeostasis. Conversely, in the case of cancer, the main
purpose is to use substances that may be harmful to cancer cells by exerting an antiproliferative and pro-apoptotic effect
to block their growth B89 A suitable anticancer drug is a molecule able to distinguish specifically between healthy and
transformed cells, so as to be harmless to the first and harmful to the second. Since a molecule with these characteristics
is not yet available, the scientific community is investigating the action of natural compounds, which generally produce
fewer side effects than conventional drugs. Due to concomitant events possibly amplifying tumor transformation and
growth, such as the inflammatory process and oxidant activity, it is necessary to find a molecule with antiproliferative
action and at the same time anti-inflammatory and antioxidant properties 26, The compounds considered and explored
in this review (bergamot, oleuropein, curcumin and quercetin) have demonstrated exactly this behavior in vitro and in vivo.
In particular, cell growth was reduced, triggering antiproliferative and/or death pathways. At the same time, antioxidant and
anti-inflammatory effects were noted, reflecting the chemical structure of these natural compounds and preventing the
addition of characteristics to the tumor that would exacerbate it. It was also interesting to note that some mechanisms of
these natural compounds acted selectively on cancer cells but not on their healthy counterparts.
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