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Abstract

Recently, a list of clinical, physiopathological, and epidemiological studies has under-
lined the detrimental or beneficial role of nutritional factors in some chronic diseases
such as obesity, type 2 diabetes, cardiovascular disease, and cancer. It has been described
that lifestyle, environmental conditions, and nutritional compounds influence gene
expression. In the last instance, it has been demonstrated that bioactive nutrimental com-
ponents are important signal molecules that carry information from the external environ-
ment and could affect in biological terms, processes related to gene expression. Bioactive
nutriments can work in different ways: regulating the chromatin structure or factors that
directly regulate the activity of nuclear receptors. The relevance of the changes in the
chromatin structure has been demonstrated by the fact that many chronic diseases and
metabolic disorders are related with changes in DNA methylation patterns. For this rea-
son, recently, the bioactive food nutriments have been investigated to characterize the
molecular mechanism involved in changes of the chromatin structure, such as acetylation
and methylation, and their potential benefit on chronic diseases. The dietary compounds
intake involved in the regulation of epigenetic modifications can provide significant
health effects and may prevent various pathological processes involved in the develop-
ment of cancer and other serious diseases.

Keywords: bioactive nutriments, epigenomic changes, obesity, diabetes mellitus,
carcinogenesis
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1. Introduction

Bioactive food nutriments are constituents provided in food or dietary supplements; those
have been characterized as biomolecules and have the capacity to regulate a myriad of meta-
bolic processes in the body resulting in health benefits. In contrast, overload intake of bioac-
tive nutriments can either be involved in the development of various stages of disease or may
change the natural history of a disease. For this reason, the knowledge of these biological
functional features can be applied in the treatment and prevention of human diseases.

Currently, advancements in biological and medical science have allowed a better understand-
ing of physiopathological bases of disease, as well as identify the role of several bioactive
components in food under metabolic processes. The development of new technologies have
provided analytical and molecular tools for discerning the intricate relationship between a
myriad of signaling pathways linked to pathological processes. The results have been use-
ful to evaluate a vast numbers of food components and their role in disease prevention and
health promotion.

Bioactive food nutriments can be provided in daily diet in many forms. Some of them can be
found in conventional foods and others can be added to fortified foods, these kinds of supple-
ments have been designed to reduce disease risk in special human groups with nutrimental
deficiencies [1].

During decades, physicians and nutritionists have adopted nutritional guides, where they
can find punctual information about nutritional recommendation for a large list of nutri-
ments. However, the availability of nutritional guides for bioactive nutriments compounds is
restricted because; these need more elements to evaluate dietary recommendation. One of the
most important requirements to recommend a bioactive nutriment compound is based on the
result obtained in clinical and experimental studies; this data must contain scientific evidence
that shows a relationship between the bioactive nutriment compound and a beneficial health
impact. In the same sense, other element that must be considered to choose a bioactive nutri-
ment compound is whether the bioactive product exhibit side effects upon exposition.

For this purpose, researches must develop accurate biochemical markers to validate either the
safety or hazardous effects of food intake for human, and finally physicians and nutritionist
will decide the correct doses for each bioactive nutriment component, depending on many
factors, such as sex, age, pregnancy, health, or pathological condition [2].

2. Bioactive nutriments in health: the role of epigenetic modifications

Human homeostasis is influenced by molecular signal pathways, exogenous factors, and diet
habits. It has been demonstrated that bioactive nutriments have substantive impact on health
and disease. A biological area that describes the molecular effect of certain nutriments on
DNA expression is “Epigenomics,” which can be defined as the study of the complete set
of epigenetic modifications in a cell or in a tissue at a given time. The epigenome consists of
chemical compounds that modify or mark the genome in such a way that can indicate how
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and when a specific set of genes are expressed in a cell or in a tissue, enhancing or inhibiting
the production of a specific protein in a cell. These chemical modifications on DNA or his-
tones have been characterized as “epigenetic marks” [3].

The epigenetic modifications are targeted to DNA or histones (DNA associated proteins),
which induce modifications in chromatin without affecting the nucleotide sequence; these
structural changes could modify the expression patterns of gene expression; however, these
molecular modifications can be slow but progressive and potentially reversible. When epig-
enomic compounds attach to DNA and modify its structure and its transcriptional activity,
they “marked” the genome. The biological transcendence of these marks is not to change the
sequence of the DNA, conversely they change the way cells use the DNA’s instructions. The
marks are sometimes passed on from cell to cell as cells divide. They also can be passed down
from one generation to the next.

The first type of mark, called DNA methylation, directly affects the DNA in a genome. In this
process, a set of proteins chemically tag with methyl groups the DNA bases in specific places.
The methyl groups can make DNA either more or less accessible to transcriptional apparatus,
thus changing the expression patterns of specific genes.

The second kind of mark, characterized as histone modification, affects DNA indirectly
because in this case DNA remains intact but the chemical modifications in histones affect the
way in which DNA is wrapped around histone proteins, thus affecting the DNA structures
and in consequence, the transcriptional activity of many proteins (Figure 1) [4].
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Figure 1. Activation/repression of DNA induced by epigenomic changes.
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In the following paragraphs, we describe an increasing number of evidences that show
how bioactive nutriments compounds can modify methylation patterns by interacting with
enzymes that are able to place epigenetic marks on DNA or enhance the expression of specific
proteins implicated in the formation of the epigenetic machinery.

2.1. Folates

Folate and folic acid are the forms of a water-soluble vitamin B; this can be obtained naturally
in daily diet or in fortified foods and supplements. Sources include cereals, baked goods,
spinach, broccoli, lettuce, asparagus, bananas, melons, lemons, legumes, yeast, mushrooms,
beef liver, kidney, orange juice, and tomato juice. Folic acid supplements are effective for
increasing folate levels in blood and decreasing symptoms associated with low folate levels.
These kinds of supplements are prescribed for use in pregnancy women in order to prevent
neural tube defects.

Folate is involved in DNA synthesis, repair, and methylation. After dietary ingestion, this
compound undergoes many chemical reactions and is primary converted to tetrahydrofolate
which is involved in the remethylation of homocysteine to methionine [5]. The relevance of
this chemical reaction is that methionine is a precursor of SAM (S-adenosyl-L-methionine),
the primary methyl donor group for most methylation reactions [6]. After transferring a
methyl group, SAM is converted to S-adenosyl-L-homocysteine (SAH), an inhibitor of the
methylation reactions.

This chemical event seems to be of particular relevance, because in the development of diges-
tive neoplastic lesions related to folate deficiency may be involved in changes of the DNA
methylation pattern in specific proto-oncogenes, such as c-myc, c-fos, and c-Ha-ras [7]. In all
cases the malignant transformation was related to a significant decrease of SAM and global
DNA hypomethylation, especially in DNA sequences where oncogenes are codified. In con-
trast, folic acid supplementation improved folate-related DNA biomarkers of cancer risk in
colonic tissues adjacent to the former polyp site (Figure 2) [8].
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Figure 2. Association between folate deficiency and DNA methylation process. THF, tetrahydrofolate; MS, methionine
synthase; 5-CH.-THF, 5-methyltetrahydrofolate; SAM, S-adenosyl-L.
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Paradoxically, hypermethylation was induced in DNA sequences coding for tumor suppres-
sor genes. The changes in the methylation processes exerted by an increase in DNMTs (DNA
methyltransferases) activity may explain the hypermethylation observed in these experimental
models, whereas the stimulation of MBD2 and MBD4 (methyl-CpG-binding domain proteins)
may explain the decrease on DNA methylation favoring the expression of oncogenes and pro-
metastatic genes [9, 10].

The above mentioned data indicates that current nutritional recommendations of folate in daily
diet must be considered more than a simple nutriment; it must be also considered an indispens-
able bioactive compound to avoid at least in some degree the aberrant expression of proto-
oncogenes in many cellular contexts, thus decreasing the incidence of neoplastic process.

2.2. Vitamin A

Vitamin A is the name of a group of fat-soluble retinoids, including retinol, retinal, and reti-
nyl esters. It is involved in many physiological functions, including: immune function, vision,
reproduction, and cellular communication processes. Vitamin A also supports cell growth and
differentiation, playing a critical role in the normal organogenesis and maintenance of heart,
lungs, and kidneys functions. Preformed vitamin A is found in dark green and yellow vegeta-
bles, and yellow fruits, such as broccoli spinach, turnip greens, carrots, squash, sweet potatoes,
pumpkin, cantaloupe, apricots, and food animal sources, including fish and meat. It must be
metabolized intracellularly into retinal and retinoic acid, the active forms of vitamin A, to sup-
port the vitamin's physiological functions [11].

Once absorbed, these bioactive compounds are translocated to the nucleus where they bind to
specific nuclear Retinoic Acid Receptors (RARs), which have been characterized as RAR«, f3,
and vy that heterodimerize with Retinoid X Receptors (RXRs). The molecular complex binds to
specific response elements and downregulates transcriptional activity of many genes, which
includes AP-1 gene. This gene is involved in mediating transcriptional responses to many bio-
logical, pharmacological, or stress stimuli. Even more, AP-1 regulates the expression of sev-
eral molecular mediators involved in oncogenic transformation and cellular proliferation and
plays a regulatory role in S phase DNA replication and DNA damage repair [12].

Once p21 and AP-1 are activated by retinoids, the proteins encoded by these genes can interact
with many proteins involved in DNA methylation changes, for example, p21 is able to com-
pete with DNMT1 substrates for the same binding site on Proliferating Cell nuclear Antigen
(PCNA), then affecting DNMTT1 activity and its DNA methylation efficiency (see Figure 4) [13,
14]. Meanwhile, the mechanism for AP-1 involved its binding to the promoter of the DNMT1
regulatory region inducing the expression of DNMT1, favoring DNA methylation [15].

The biological transcendence exhibited by p21 and AP-1 expression induced by retinoids is
the downregulation of enzymes that enhance DNA methylation events, which may contribute
to increase the expression patterns of genes involved in antiproliferative, differentiating, and
proapoptotic actions reducing the incidence of many types of cancers [16, 17].

Indeed, recently it has been demonstrated the antitumoral effect exerted by derivative of all
trans retinoic acid in cellular cultures of human gastric cancer, which is related to the ability of
these compounds to induce cycle cell arrest and cellular differentiation [18].
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2.3. Vitamin D3

Vitamin D is found in many foods, including fish, eggs, fortified milk, and cod liver oil.
However, Vitamin D can be also obtained by few minutes of sun exposition. There are several
different forms of vitamin D. Two forms are important in humans: vitamin D2, which is made
by plants, and vitamin D3, which is made by human skin when exposed to sunlight [19].

Although for VitD3, one of the most known physiological effects is the preservation of the
calcium homeostasis. Currently, it has been explored other mechanisms not linked to calcium
metabolism. In this sense, once VitD3 is converted into its active form (calcitriol), the biologi-
cal actions of this vitamin share similar mechanisms to RA, because it must bind to specific
vitamin D receptors (VDR), establishing homodimers, or heterodimers with RXR or RAR, and
affect gene transcription through VDR responsive elements (VDRE) in target genes, such as
p21 and PTE; this protein specifically catalyzes the dephosphorylation of the 3" phosphate.
This dephosphorylation is important because it results in inhibition of the AKT signaling
pathway. Meanwhile, its weak protein phosphatase activity is also crucial for its role as a
tumor suppressor, preventing cells from growing and dividing [20].

Regulation of SAM/SAH ratio, DNMT and MBD expression;
chemoprevention of regulation of tumor supressor miRNAs and oncogenic miRNAs
malignant transformation

Regulation of DNMTs expression and enzyme activity; regulation
of histone acetylation; regulation of oncogenic miRNAs

Curcumin Spice turmeric protects against heart enzyme; inhibition of HDACs and p300 HAT; regulation of

Anti-cancer, antioxidant, | Direct inhibition of DNMTs by binding to catalytic domain of the
failure tumour suppressor miRNAs and oncogenic miRNAs

Table 1. Epigenomic roles of bioactive nutriments.
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In a similar way as for retinoid, the biological effect of VitD3 in cancer is linked to the ability
of p21 to downregulate the activity of DNMT1 enzymes, which can modify the DNA methyla-
tion patterns of certain protective genes conferring an antitumoral role as was demonstrated
for colon cancer [21] and more recently for metastatic castration-resistant prostate cancer
patients (Table 1) [22].

One important fact is that in industrialized countries VitD3 intake is generally linked to cal-
cium homeostasis but its role in the prevention of cancer development by epigenetic mecha-
nisms is commonly unknown.

The date mentioned above can represent a new challenge for physicians and nutritionists to
develop new strategies to raise awareness about the biological properties provided by many
bioactive nutriments in the daily diet of the general population. This may contribute to reduce
the incidence of most common types of cancer.

3. Nutrimentsv linked to disease: the role of epigenetic mechanism

3.1. High fat diet and induction of obesity

As mentioned before, we showed the beneficial effects of bioactive nutriments in health. In
contrast, it has been demonstrated that the overfeeding of many of these nutriments can also
participate in the evolution of several diseases. In this sense, there are lines of evidence that
had proved the existence of obesity-genes. These genes are critical for energy balance and can
be regulated by epigenetic mechanisms depending on nutritional environment conditions
[23, 24]. For example, it has been proved that a long-term exposition to high fat diet in mice,
MC4R promoter gene undergoes a reduced methylation in the brain of mice, promoting the
fat storage and obesity [25].

In addition, it has been demonstrated that other genes may potentiate the effect of MC4R.
For example, it has been shown that under a high-fat diet the methylation state of the
Proopiomelanocortin (POMC) promoter can be modified, thus changing the correct balance
between energy taken from the food and energy spent by the body, favoring obesity. It has
been shown that proopiomelanocortin (POMC) deficiency causes severe obesity that begins
at an early age. Affected infants usually have a normal weight at birth, but they are constantly
hungry. Affected individuals experience excessive hunger and remain obese for life. It is
unclear if these individuals are prone to weight-related conditions like cardiovascular disease
or type 2 diabetes. Thus, changing the correct balance between energy taken from the food
and energy spent by the body, favoring obesity [26].

The methylation changes observed in gene promoters involved in energy balance induced by
long-term exposition to a fat diet in western countries, may explain the high incidence of obe-
sity and metabolic diseases, which may be potentially prevented by healthy diet habits and
exercise. Thereby, the current treatment of obesity must also consider the epigenetic effects on

129



130

Functional Food - Improve Health through Adequate Food

obesity genes exerted by overfeeding, more than considering surgery as first-line treatment,
which only avoids the absorption of overcharged nutriments, but do not have any effect on
the intrinsic mechanism of obesity.

4. Epigenetic changes associated with diabetic complications

Diabetes is a group of metabolic diseases characterized by hyperglycemia resulting from
defects in insulin secretion, insulin action, or both. The chronic hyperglycemia of diabetes is
associated with long-term damage, dysfunction, and failure of different organs, especially the
eyes, kidneys, nerves, heart, and blood vessels [27].

One of the most frequent diabetes complications is diabetic vasculopathy, which is character-
ized by a vascular inflammation process. Recent studies have proposed that hyperglycemia
may produce epigenetic modifications of specific genes involved in vascular inflammation.
One of them is the transcription factor, Nuclear Factor-kB (NF-kB), which regulates the
expression of a large list of genes who participate in inflammatory diseases, such as athero-
sclerosis and diabetic complications.

It has been demonstrated in vitro experiments that hyperglycemia increases NF-kB activity in
monocytes thus enhancing gene expression of inflammatory cytokines. This step is the result
of molecular interaction between the transcription factor (NF-kB) and histone acetyltransfer-
ases (HATSs), resulting in hyperacetylation of target genes including the tumor necrosis factor
(TNF)-and cyclooxygenase-2 promoters [28].

The data may suggest that the uncontrolled hyperglycemia in diabetic patients may produce
epigenetic changes in specific genomic region which control the expression of proinflamma-
tory genes, and subsequently the development of vascular inflammation. However, the con-
trol of hyperglycemia in patient is not enough to reduce the risk of diabetic complication
because in this patient the risk of diabetic vasculopathy was not modified. The mechanism
involved is that persistent hyperglycemia may induce “epigenetic marks” in proinflamma-
tory promoters, thus enhancing the persistent expression of proinflammatory genes despite
diabetic control. This finding suggests that the epigenetic modifications induced by long-term
hyperglycemia may persist for a long time. These data must be considered in the future for
the design of new strategies to decrease persistent hyperglycemia in diabetic patients and
avoid the appearance of “epigenetic marks,” which are associated with the development of
diabetic complication [29, 30, 31].

5. Epigenetic effects of bioactive compounds in evolution of cancer

Cancer is the result to prolonged exposure to many carcinogenic factors, such as radiations,
chemical substances, and prolonged exposure to sun. In industrialized countries the higher
prevalence of cancer diseases is major in elderly people [32].
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It has been shown that cancer cells do not belong to a unique cellular lineage because into a
malignant tumor or among the circulating cancerous cells, there can be a diversity of types
of cells. Recently, it has been described a stem cell theory of cancer that proposes that among
all cancerous cells, a few act as stem cells that reproduce themselves and sustain the cancer,
much like normal stem cells that normally renew and sustain our organs and tissues. The idea
that cancer is primarily driven by a smaller population of stem cells has important biological
and clinical implications. Currently, many new anticancer therapies are evaluated based on
their ability to decrease or eliminate tumors, but if the therapies are not killing the cancer stem
cells, the tumor will soon grow back as well as the clinical symptoms. Therefore, if the special
subpopulations of tumor cells characterized as “cancer stem cells” are destroyed, a full recov-
ery is possible. Consequently, the new cancer therapy will be target to abolish or decrease the
self-renewal capabilities of this subpopulation of cancer cells [33, 34].

The Wnt/p-catenin signaling pathway is one of the most conserved intercellular signaling cas-
cades. Its pathway begins when a Wnt protein binds to the N-terminal extracellular cysteine-rich
domain of a frizzled (Fz) family receptor. However, to facilitate Wnt signaling, coreceptors such
as lipoprotein receptor-related protein-5/6 (LRP)-5/6) may be required alongside the interaction
between the Wnt protein and Fz receptor. Upon activation of the receptor, a signal is conducted to
the phosphoprotein disheveled (Dsh), which is located in the cytoplasm. Cytoplasmic [3-catenin
levels are normally kept low through continuous proteasome complex-mediated degradation
(adenomatous polyposis coli (APC)/glycogen synthase kinase-3(3 (GSK-3[3); however, when cells
receive Wnt signals, the degradation of [3-catenin is inhibited and levels of 3-catenin build up
in the cytoplasm and nucleus. Then, nuclear (3-catenin interacts with transcription factors, such
as T-cell factor/lymphoid enhancer-binding factor (Tcf/Lef) which is a transcription regulator for
several genes that, in part, regulates tumor progression [35].

However, Wnt signaling is not only restricted to control self-renewal of stem cells in normal
microenvironment, also this pathway is particularly active in a limited subpopulation of cells
that display cancer stem properties.

The mechanism proposed for such effect is that once nuclear -catenins are activated they
could interact with transcription factors, such as T-cell factor/lymphoid enhancer-binding fac-
tor (Tcf/Lef) and increase the transcriptional activity of several genes involved in tumoral pro-
gression [36]. The biological significance of Wnt/-catenin pathway in cancer was evidenced
by the fact that in many neoplastic diseases (prostate, colon, and skin cancer) mutations have
been detected in some Wnt-downstream effectors [37-39].

Currently, it has been explored many bioactive nutriments in cancer treatment due to their
less toxic effects, as well as their property to exhibit less adverse effects compared to con-
ventional antineoplastic drugs. The biological transcendence of many bioactive nutriments
such as flavonoids, curcumin, green tea polyphenols, resveratrol, and lupeol lies in the fact
that these compounds are able to disrupt 3-catenin-mediated Wnt signaling (Figure 3). Their
biological properties are mentioned below:

The flavonoids comprise a large class of low-molecular weight natural products of plant ori-
gin ubiquitously distributed in foods; many studies have demonstrated that these compounds
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upregulate the expression and activity of GSK-3(3, an essential component of the Wnt/f3-
catenin pathway. GSK-38 is a kinase that phosphorylates 3-catenin for its eventual degrada-
tion in cytoplasm, thus inhibiting the signaling linked to Wnt receptor activation. Thereby,
the use of flavonoids in cancer may potentially inactivate Wnt/[3-catenin signaling reducing
the proliferation index in prostate cancer cells [40]. Unlike flavonois, curcumin (major compo-
nent of turmeric and a member of the ginger curcuma longa) exhibits a different mechanism,
which is based on constrain the transcriptional activity of Wnt target genes, such as c-myc,
c-fos, cjun, and iNOS, inhibiting cell proliferation and inducing apoptosis in human breast
cancer cells [41].

Other important effect linked to curcumin administration is a dose-dependent decrease
in expression of the nuclear p300 coactivator; p300 and CBP are thought to increase gene
expression by relaxing the chromatin structure at the gene promoter through their intrin-
sic histone acetyltransferase (HAT) activity, recruiting the basal transcriptional machinery
including RNA polymerase II to the promoter acting as adaptor molecules [42]. This is espe-
cially significant since nuclear beta-catenin forms a complex between Tcf4 and an important
histone acetyltransferase mediator (p300 coactivator). This molecular interaction may change
the DNA methylation patterns in Wnt target genes decreasing its transcriptional activity and
consequently decreasing the tumoral progression [43].

Green tea polyphenols intake is linked to beneficial effects in many cancer cells, the mecha-
nism involved is the ability of the polyphenols to downregulate (3-catenin expression and
consequently (-catenin/Tcf target genes (c-jun and cyclin D1). The clinical transcendence
of these findings is that green tea intake may change the aberrant progression of many
neoplastic during its early stages and consequently modify the clinical prognosis of the
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Figure 3. Effects of bioactive nutriments on Wnt/p-catenin pathway.
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disease [44]. However, the beneficial effects of green tea are not restricted to bowel cancer;
it has been shown that Wnt/(3-catenin signaling can be inhibited by polyphenols in a dose-
dependent manner in breast cancer cells [45]. The beneficial role of green tea compounds
make them excellent candidates to bioactive antineoplastic drugs in many tumor contexts
without the adverse effects exhibited by conventional drugs (Figure 4).

Resveratrol, a dietary polyphenol can be provided by roots of hellebore, grapes, mulber-
ries, apricots, pineapples, and peanuts. Its role as antineoplastic agent is associated with the
reduced expression of a long noncoding metastasis associated lung adenocarcinoma tran-
script 1 (RNA-MALAT1), thus decreasing the amount and proportion of 3-catenin in the
nucleus in colon cancer cells [46]. In addition, the role of resveratrol is not only restricted to
solid tumor, but it can also inhibit proliferation and induce cell cycle arrest and apoptosis
in Waldenstrom's macroglobulinemia cells. These effects of resveratrol were found to be
mediated via the downregulation of Akt, mitogen-activated protein kinase (MAPK), and
Wnt signaling pathways [47]. Meanwhile, lupeol, a well-studied dietary triterpene found
in several fruits (olives, figs, mangoes, strawberries, and grapes) and vegetables (green
peppers, white cabbage, and tomato) has shown a significant growth inhibition role on
melanoma cells that exhibit constitutive Wnt/(3-catenin signaling decreasing its neoplastic
potential [48].

Further, Fan et al. demonstrated that lupeol inhibits the localization of B-catenin into the
nucleus and decreases the phosphorylation status of 3-catenin at important serine sites (ser
552 and ser 675), which are the signals for their translocation into the nucleus and induce
transcription of various downstream targets linked to neoplastic processes [49].
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Figure 4. Antineoplastic effects of bioactive nutriments.
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6. Novelty technologies for obtaining and delivering bioactive
compounds for health and medical therapy

After identifying a potential new bioactive component, it is necessary to evaluate many fac-
tors for its availability, such as the efficacy and safety of the product, select the appropriate
food vehicle, ensure the bioavailability, and accuracy of health claims, and finally ensure that
during the process of synthesis, stabilization, and processing the bioactive product does not
lose its biological properties.

Recently, a great effort has been performed to develop novel procedures to synthetize new
bioactive formulations that can overcome poor bioavailability, stability limitations, and rapid
metabolism of bioactive compounds.

In this sense, novel technologies have been developed to improve the process to obtain bio-
logical compounds at low cost, as well as new procedures to deliver these bioactive products
in tissues to enhance their biological effects.

One of these novel procedures is the delivery of bioactive compounds by microorganisms;
these procedures take the ability of microbiota to deliver bioactive compounds contained in
dairy diet, which cannot be processed by digestive human enzymes. These microorganisms
produce a set of digestive enzymes that overcome the human ability to entirely digest the
biocomponents encrypted in diverse food matrixes. Lactic acid bacteria (LAB) have been cho-
sen due to their property to release, almost completely, the bioactive compounds from food
matrix.

LABs are ancient microorganisms adapted to anoxic conditions, but their functional capabili-
ties to synthetize micronutriments are almost absent. Therefore, LAB evolved a very efficient
proteolytic system, which allows them to release encrypted biomolecules present in differ-
ent food matrices (alpha- and beta-caseins, albumin, and globulin from milk, rubisco from
spinach, beta-conglycinin from soy, and gluten from cereals), which are linked to a myriad
of physiological functions, such as mineral absorption, adaptive response to oxidative stress,
hypoglycemic actions, cholesterol lowering, cardiovascular functions, and a highlight effect
related to the control of food intake [50]. The bioenzymatic properties exhibited by LAB rise
them as excellent candidates to be added to processed food to ensure the delivery of bioactive
molecules encrypted in food matrix, which in normal conditions are not accessible to human
proteolytic enzymes.

On the other hand, the potential benefits of nano-technology have been recognized by food
industry sectors by its potential application, which include the development of nano-sensors,
smart packaging, nano-encapsulation, and delivery of food compounds. However, nano-
technology can also be used to encapsulate in nano-emulsions many bioactive compounds
to increase their bioavailability, stability, and reduce their biodegradation. Examples of
ingredients encapsulated in nano-emulsion are: minerals, vitamins, enzymes, and bioactive
ingredients. In this sense, currently it has been explored the use of an ROS-responsive poly-
meric nano-particles for efficient Cur delivery into cancer cells. This nano-system improves
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Cur stability at physiological environment and enhances the Cur release in response to
hydrogen peroxide. Both mechanisms displayed an antitumoral effect in a cellular culture of
lung cancer. Thereby, the use of nano-technology to deliver bioactive compounds may have
a potential application in medicine to improve the cancer treatment without the adverse
effect observed in conventional drugs currently available [51].

Quercetin is a major constituent of various dietary products and recently its anticancer poten-
tial has been extensively explored, revealing its antiproliferative effect on different cancer cell
lines. However, its medical applications are limited due to its low oral bioavailability, rapid
clearance from body, high metabolic rate, and poor aqueous solubility.

Therefore, to overcome these biological disadvantages, novel quercetin-based nano-formula-
tions are being developed due to their properties of bioavailability, gut absorption, and their
capability to increase quercetin biological half-time in serum. The pharmacological effect of
quercetin loaded/conjugated nano-particles majorly depends on the drug carriers used and
the physicochemical properties of the nano-particulate system. These characteristics can
increase the stability of quercetin, its bioavailability, and target specificity [52, 53]. However,
the medical application of quercetin nano-particles is still under investigation likely due to
the necessity of more stable and target-specific nano-particles.

Indeed, it has been explored other delivery system based on different matrix where bioac-
tive compounds are encapsulated within PLGA (poly lactic-co-glycolic acid) and PLA (poly
D,L-lactic acid) nano-particles. For example, it was observed a significant cytotoxic effect of
quercetin encapsulated PLGA nano-particles in combination with ectopside-loaded PLGA
nano-particles in a human lung adenocarcinoma epithelial cell line. Similarly, a significant
reduction of breast cancer cells upon treatment with PLA-quercetin was shown, which sup-
port the clinical use of these novel technologies for cancer treatment [54]. Thereby, the nano-
technology can be used as a powerful tool to overcome the biochemical and physiological
limitations of bioactive compounds, improve many pharmacodynamics parameters, and
potentiate the pharmacological and functional effects exhibited by these compounds.

7. Conclusions

Although bioactive nutriments compounds have shown potential health benefits, currently,
there are no nutritional guidelines to recommend intake levels as there are for other nutri-
ments. The challenge for the future will be the establishment of nutritional recommendations
for each bioactive food components. These kinds of products should not be only taken as vital
nutriments, but also, they should be considered important molecules that depending on the
nutritional conditions or cellular environments can modify the DNA methylation patterns
and change the way that DNA is transcribed. The data provided show that the intake of bio-
active products, provided in daily diet, may have a dual role depending on the load ingest,
maintaining homeostasis at recommended levels, or induce the appearance of disease when
are taken to overdoses. However, the most important role exhibited by bioactive nutriments is
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their antineoplastic effect, which depends on their molecular interactions with enzymes that
modify the DNA structure or as methyl or acetyl donors to DNA or histones.

The clinical transcendence of the molecular effects displayed by bioactive nutriments is that
they are exempt of the adverse effects of conventional antineoplastic drugs, which make them
excellent candidates for cancer treatment in the future. Thereby, food companies must direct
their effort to the development of novel and low cost processes to ensure an adequate bio-
active concentration in the diverse food presentations of industrialized food, or these food
preparations may be added with a special set of microorganisms to enhance the delivery of
bioactive compounds encrypted in food matrixes.

Currently, novel nano-particles systems to carry bioactive compounds have been evalu-
ated. These systems were designed to avoid the accelerated metabolism that bio compounds
undergo along the gastrointestinal tract. Thereby, pharmaceutical industries must direct
their efforts to design novel technologies to ensure the bioavailability of many bioactive com-
pounds linked to antitumoral activity, preserving their biological activity in the affected tis-
sue. Both strategies may have an enormous economic impact on pharmaceutical and food
industries, lowering the production cost of antineoplastic drugs, and decrease the cytotoxic
effect displayed by the actual antineoplastic conventional drugs. These novel technologies
may also be useful to prevent the high incidence of cancer in general population providing an
accurate concentration of bioactive compounds in industrialized food with the corresponding
impact on social medical security, decreasing the economical inversion to cancer treatment in
affected population.
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