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Anthocyanins are water-soluble vacuolar pigments that occur ubiquitously in the plant kingdom, and they are
widely distributed in fruits and vegetables as glycosides, having different sugars, such as glucose, rhamnose,
xylose or arabinose, attached to an aglycon nucleus. Till now have been shown to have antioxidant properties in
vitro and in vivo.

This work aim to provide an up-to-date overview regarding anthocyanins as functional molecules and their
chemopreventive effects on melanoma in vitro and in vivo as well as a comprehensive description of major sources
of anthocyanins.

Until today, numerous studies evaluated the topic of anthocyanins and various types of cancer, regarding the
anthocyanins’ preventative and inhibitory effects, underlying molecular mechanisms, and such. However, there is
no targeted review available regarding the anticarcinogenic effects of dietary anthocyanins on skin cancers. If
diagnosed at the early stages, the survival rate of skin cancer is quite high. Nevertheless, the metastatic form has a
short prognosis. In fact, the incidence of melanoma skin cancer, the type with high mortality, has increased
exponentially over the last 30 years, causing the majority of skin cancer deaths. Malignant melanoma is considered
a highly destructive type of skin cancer due to its particular capacity to grow and spread faster than any other type
of cancers. Plants, in general, have been used in disease treatment for a long time, and medicinal plants are

commonly a part of anticancer drugs on the market.

anthocyanins cancer dietary source in vitro melanoma skin

| 1. Introduction

Today, it is a generally accepted concept that including fruits and vegetables in our daily diet is beneficial for the
prevention of a vast array of human diseases. Accordingly, numerous studies based on the hypothesis of the
therapeutic potential of fruits and vegetables, as well as several medicinal plants, have been conducted. Following
a diet that consists of fruits and vegetables has been associated with a lower frequency of diagnosed patients
suffering from several pathologies such as obesity, cardiovascular and neurological diseases, diabetes,
Alzheimer’s disease, and finally, yet importantly, cancer, due to their high content in phytochemicals, such as
polyphenols I8, phytochemicals are secondary plant metabolites, known to stimulate plant reproduction as well
to protect against pathogens and phytochemistry, including a systematic study of phytochemicals which has been

of significant interest to researchers in the last decades 4.
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Incontrovertible evidence of various health benefits arising from incorporating anthocyanins in our diet was
presented by many researchers. The worldwide interest of the research community in respect to biochemical and
biological aspects of anthocyanins has considerably increased not only due to their wide therapeutic potential but
also due to their anticarcinogenic effects. Currently, the potential health benefits of these extraordinary molecules
are strongly related to their potent antioxidant activity. Recent studies involving anthocyanin-based extracts carried
out in vitro and in vivo, along with the epidemiological studies, have granted these pigments potential

anticarcinogenic properties.

The most abundant compounds with antioxidant potential in the human daily diet are represented by polyphenols.
There are over 15,000 polyphenols identified in nature, widely distributed not only among fruits and vegetables but
also in different types of grains, oils, alcoholic and non-alcoholic beverages [2l. They may protect against an array
of chronic diseases or even various cancers, as exhibited in some pre-clinical, clinical, and epidemiologic studies
(1. However, the nature and the underlying mechanisms of the most protective effects of polyphenols are still under
investigation €. Dietary polyphenols have gained the attention of researchers worldwide owing to their antioxidant
potential. They are able to protect the human organism from free-radical-induced damage to DNA and defend

against the harmful UV radiation or pathogen aggressiveness.

The most common polyphenols in plants that have proved potential health benefits are the well-known class of
flavonoids. Furthermore, anthocyanins are natural-occurring plant pigments which are included in this class. Nearly
700 different anthocyanins have been discovered in nature [, and they are considered the vastest and probably
the most remarkable category of water-soluble pigments occurring in plants . These natural plant pigments grant
the color palette of flowers, leaves, fruits, and some vegetables. The red, blue, magenta, purple, and orange colors
are the result of the conjugates bonds in anthocyanins structure, which are able to absorb the light at wavelengths
around 500 nm 1. The wide range of hues which an anthocyanin solution may present is not only the consequence
of the pH variations. In this regard, the various structural patterns of anthocyanins play a key role as well the
proportions of these diverse forms, particularly the flavylium cation under red appearance, the quinonoidal bases
under violet appearance, the colorless solution or sulfite adducts, and the chalcones, which appear as yellow &,
However, the phenomenon called “copigmentation” is the one that can offer a more elaborate explanation for the
diversity of anthocyanin-derived colors observed in nature. To date, anthocyanins have had multiple applications,
not only in different industrial branches, such as the textile industry, where they are used as natural colorants, but

in the health sector as well, where they serve as bioactive components in the form of nutraceuticals 12,

Recently, several studies have focused on the anthocyanins’ potential, especially their anticarcinogenic potential,
and numerous publications have shown the positive effects of this family of flavonoids in cancer therapy. However,
to the best of our knowledge, there have been only two review papers published on the anticancer effect of
anthocyanins. One of these papers overviewed the improvements on the anticancer activities of anthocyanins and
the associated molecular mechanism, without targeting a specific type of cancer 1. The other review paper was
written on the preventative and inhibitory effects of anthocyanins on a specific kind of cancer: colorectal cancer 12,
On the other hand, a review paper on natural polyphenols as anticancer agents for skin cancer was recently

published . However, this study reviewed the polyphenols, focusing not on anthocyanins but other phenolics such
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as ellagitannins, quercetin, and resveratrol in purified forms (excluding total extracts and fractions). Their
chemopreventive effects against skin cancer metastasis were illustrated by reviewing 34 in vivo mechanistic
studies. Still, there is no comprehensive review of the anticarcinogenic effects of dietary anthocyanins on skin

cancers available in the literature.

One of the leading causes of deaths among patients diagnosed with cancer is represented by skin cancer. This
type of cancer is the most encountered type of cancer in the United States [22l. Depending on the cell type, skin
cancers are divided into two types: cutaneous melanoma and non-melanoma. Although cutaneous melanoma, also
known as malignant melanoma, is not very common compared to other skin cancers (prevalence rate of about
4%), it is the most deadly malignancy (responsible for the 80% of mortality of skin cancer), and the number of
young patients diagnosed with melanoma increases faster than the number of patients diagnosed with any other
types of cancer [, Malignant melanoma starts in melanocytes at the basal layer of the epidermis, which are the
cells specialized for producing the brown pigment called melanin. Melanocytes are part of the basal cell layer of the
epidermis, but they can be found in the eye as well 14, On the other hand, non-melanoma skin cancer originates
from keratinocytes of epidermis, and this cancer is also grouped into two categories: basal cell carcinoma (BCC)
and squamous cell carcinoma (SCC). As opposed to the low prevalence and high mortality of malignant melanoma,

BCC is the most prevalent type of skin cancer with a low mortality rate due to its low probability to metastasize @

One of the most critical environmental factors for melanoma development is the UV light exposure, and the risk
considerably increases in lightly pigmented skin compared to darkly pigmented skin, and as people become aged
(131 To date, several in vitro studies conducted on melanoma cell lines have demonstrated that anthocyanins have
the ability to induce apoptosis 28, block the cell cycle at GO/G1 phase 11, increase the oxidative stress 18],
decrease the cell viability 22, cell proliferation 29 and tumor progression [ Moreover, the polyphenol
concentrated extract from acerola was used to examine the skin-lightening effect on brownish guinea pigs, which
had been subjected to controlled UVB irradiation. The results showed that an oral administration of the applied
treatment effectively lightened the pigmented skin of guinea pigs. This effect might have mainly been because of

the suppression of melanin biosynthesis by inhibiting the tyrosinase activity in melanocytes 22,

In this review, we aim to provide an up-to-date overview regarding anthocyanins as functional molecules and their
chemopreventive effects on melanoma in vitro and in vivo as well as a comprehensive description of major sources

of anthocyanins.

| 2. Anthocyanins’ Chemistry

Anthocyanins are water-soluble vacuolar pigments that occur ubiquitously in the plant kingdom, and they are
widely distributed in fruits and vegetables as glycosides, having different sugars, such as glucose, rhamnose,
xylose or arabinose, attached to an aglycon nucleus [23. Basically, anthocyanins are glycosylated or
acylglycosylated forms of polyhydroxy or polymethroxy molecules, derivates of 2-phenylbenzopyrylium cation 24
(Figure 1).

https://encyclopedia.pub/entry/2122 3/11



Anthocyanins and Vibrant Color Pigments | Encyclopedia.pub

- OH
glveosilation / acylation
\ M on DH
o |
) Q.
o ™o
OH O
acylation OH OHgy,

OH
CII\CI
Q

GH glyeosilation / \
oH- o "
acylation
glyu‘ml'lum'm T alycosilation
/ EH 'DH
o \

QH

gl_l,-ﬁmnla'l:nn

acylation
Figure 1. Typically glycosylation and acylation of anthocyanins (adapted from [221[26]),

They present a characteristic chemical structure, having a carbon chain (C4—C3;—Cg) where an intermediate
heterocyclic ring divides the two aromatic rings. Anthocyanin molecules may contain variations in the number of
hydroxyl groups or different degrees of methylation 2. The rich structural diversity of anthocyanins is also
sustained by their nature, number, and position of sugar molecules bound to aromatic rings, as well as their nature
and number of aliphatic or aromatic acids attached to sugars 28, The sugar components of anthocyanins are

usually conjugated to the anthocyanidin skeleton via the Cs-hydroxyl group in ring C [28],

Anthocyanins are unstable molecules, and they are prone to degradation. There are several factors which may
influence the color stability of anthocyanins, such as temperature, pH, enzymes activity, light, oxygen, chemical
structure, anthocyanin concentration, and also the presence of complex compounds such as other flavonoids,
phenolic acids, copigments, sugars and metal ions 22, The stability of the colored structural forms of the
anthocyanins and their vibrant colors is the result of copigmentation Y. The copigmentation occurs due to
molecular associations between pigments and other usually uncolored organic molecules present in the solutions
that are often reported as cofactors B, Unlike other flavonoids, the anthocyanins carry a positive charge in acidic
solution [28, |n acidic conditions, anthocyanins appear as red but turn to blue when the pH increases 22, They all
present the basic flavylium cationic structure at low pH values, and they can be distinguished from one another by

the occurrence of different substituents in ring B (221,

The most common anthocyanin aglycones, also called anthocyanidins, found in plants include delphinidin (De),
cyanidin (Cy), petunidin (Pt), peonidin (Pn), pelargonidin (Pg), and malvidin (Mv) 3, Cyanidin has the highest
proportion in tissues of plants (50%), followed by pelargonidin (12%), peonidin (12%), delphinidin (12%), petunidin
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(7%), and malvidin (7%). Nevertheless, these aglycones by themselves are very stable and convert to
anthocyanins via glycosylation 29, These structural variations among anthocyanins and anthocyanidins may
influence their anticancer efficiency [22 Although a previous study demonstrated that anthocyanidins caused more
potent growth inhibition of human hepatoma cell lines than anthocyanins B4l another study reported that both
anthocyanins and their aglycones selectively inhibited the tumor growth 2!, Other biological effects influenced by
the structural differences between anthocyanins and their aglycones are related to their antioxidant activities and

bioavailability.

Although there has been an abundant number of studies available regarding the protective effects of dietary
anthocyanins against health problems such as myocardial infarction, cardiovascular diseases, and cancer-related
mortality, the exact mechanism is still complicated and not fully elucidated yet. Accordingly, a good grasp of how
anthocyanins proceed in the human body from their consumption to their absorption, distribution, metabolism, and
excretion is also crucial. In order to show their effect, anthocyanins need to be present in blood circulation and
tissues upon their consumption through the diet. This is also known as “bioavailability,” indicating that a part of the
dietary anthocyanins digested reaches the general circulation and specific locates and becomes available to exert
their functions. Earlier, anthocyanins were considered to have deficient levels of bioavailability, such as between
0.26 and 1.8% in animal studies B8IB7IB8IEANMA  Nevertheless, a relevant study tracking the isotopically labeled
cyanidin-3-glucoside in humans has further clarified the anthocyanin metabolism in the human body, reporting a
remarkable higher recovery level of anthocyanins (12.4%) 21, The authors stated that this unexpectedly higher

bioavailability of the specific anthocyanin could be due to newly identified metabolites.

Once ingested, anthocyanins travel through the gastrointestinal tract, including stomach, small intestine, large
intestine (fecal elimination), portal vein, liver, general circulation, organs, and tissues as well as being discarded
through urine. As opposed to other flavonoids, previous studies have revealed that the glycosides follow a unique
pattern and can be present in the human circulation after a few minutes of anthocyanin glycosides intake (reaching
100nM within 0.5-2 h and disappearing from the bloodstream in less than 6 h), indicating the intact anthocyanin
absorption from the stomach 2142431 Animal studies also validated the effective absorption of anthocyanins from
the stomach #4I43146] However, the small intestine is the major part where anthocyanin absorption occurs. Various
factors, including the type of aglycone, sugar moiety, or acylated groups and the presence of other flavonoids, may
alter the anthocyanin absorption rate, and the extent 4748l Still, monitoring the intact anthocyanins may not be the
best approach to evaluate the level of anthocyanin absorptions. Several studies evaluating the bioavailability of the
anthocyanins have reported that along with the anthocyanins, their conjugates, and other related metabolites such
as a variety of phenolic acids, might be present in the plasma 2. In one human study, 35 anthocyanin metabolites
were determined after labeled cyanidin-3-glucoside intake, with 17 being in the bloodstream, 31 in urine, and 28 in
feces 49, Indeed, the concentrations of phenolic acid metabolites detected in the bloodstream were remarkably
higher than those of their parent anthocyanins. Thus, the health benefits of orally administered dietary
anthocyanins could be due to these higher rates of metabolites 42 On the other hand, some anthocyanins can
reach the colon in substantial amounts. These anthocyanins go through decomposition there in the large intestine

by the present microbiota 2. A previous study demonstrated the hydrolyzation of the anthocyanin glycosides in
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intestinal microflora within 20 min to 2 h Y. Furthermore, some studies conducted in rats and pigs in the literature

also showed that anthocyanins could reach the liver, eye, and brain tissue B,

| 3. Anthocyanins, as Part of the Daily Human Diet

A key factor for maintaining human homeostasis is food intake, but more importantly, the nature of the food, which
constitutes our diet 22, As mentioned earlier, evidence regarding the potential health benefits provided by the
consumption of fruits and vegetables was reported by many researchers. In these studies, the biggest challenge
was to identify the specific compounds responsible for the health benefits. Then, the new fields of research turned
their attention towards flavonoid compounds B3, mainly on anthocyanins. In the flavonoid-rich foods ingested,
anthocyanins represent a large subclass 4. Almost all berry types are abundant in anthocyanins, as well as many
other dark-colored fruits and vegetables (Figure 2) BYBEIEB8]  fryjt-derived products such as juices, wines, and
jams. Tables 1-3 summarize major flowers, berries, and vegetables as sources of anthocyanins and their

guantitative occurrence, respectively.

Figure 2. Food rich in the source of anthocyanins.

In 2007-2008, the National Health and Nutrition Examination Survey reported the estimated dietary intake of
anthocyanins to be ~11.6 + 1.1 mg/d for individuals aged =20 years. This number is significant compared with other
flavonoids ingested, such as genistein, quercetin, and apigenin, whose daily intake was estimated at only 20-25
mg B9, However, anthocyanin intake largely depends on dietary habits. For instance, only one serving of berries
can significantly increase daily anthocyanin intake. Additionally, the daily intake of anthocyanins can be estimated

from 500 mg to 1 g if flavonoid supplements are included in the diet (69,

Another important subject to discuss, considering that anthocyanins are found in a significant amount in edible
foods, is their toxicity. So far, no adverse effects of anthocyanins associated with their normal dietary intake have

been reported 6. Moreover, evaluations concerning anthocyanin toxicity suggest that adverse effects may occur
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only if anthocyanins are ingested at extremely high levels (2, Certainly, further complex toxicological assessments
are necessary in order to have complete data regarding side-effects of different concentrations of anthocyanins. To
date, there is no specific level of anthocyanin intake to be recommended for optimal health benefits; therefore, this
could be a new field of research, considering the consumer demands for natural health-promoting ingredients
growing to a greater extent (62,
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