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SUMMARY
Scientific interest around antioxidative activity of plant extracts and
natural compounds as well as their benefit to human health has significantly
increased during the past few decades. Fruits and vegetables, as very important
sources of antioxidants, have also been much studied. Antioxidants can neutralize
free radicals and other reactive oxygen and nitrogen species and help preventing
oxidative stress and damage to tissues which could result ageing and most
chronic diseases (cardiovascular, neurodegenerative, autoimmune etc.). There are
many in vitro assays for estimation of antioxidative activity. The assay must be
chosen precisely to best represent the overall antioxidant activity of a plant, what
is also important when different plants and their antioxidant capacities are
compared. In this paper, main oxidants and their interaction with biomolecules,
as well as some diet antioxidants and their mechanism of action are briefly
described.  Chemical  composition,  nutritional  value, antioxidative,
antiproliferative, hypoglycemic and other properties of different Swiss chard
(Beta vulgaris L. subsp. cicla) extracts are discussed.
Keywords: free radicals, antioxidants, flavonoids, Swiss chard, Beta
vulgaris cicla.

INTRODUCTION

In view of increasing risk factors of various serious diseases, in recent
years human health has assumed an extraordinarily important status. A new diet-
health model, which places more emphasis on the “functional' food, is
developing. Actually, food should provide additional physiological benefit, such
as preventing of chronic diseases, besides fulfilling basic nutritional requirements
— to be source of fibers and important dietary micronutrients. There are a lot of
studies which evidence a clear connection between intake of fruits and vegetables
and reduced risks of cardiovascular diseases, different cancers, autoimmune
diseases, atherosclerosis, Alzheimer’s disease, cataracts, many other degenerative
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diseases, as well as ageing (Boeing et al., 2012; Yahia, 2010; Sindhi et al., 2013;
Steimez et al., 1996; Rimm et al., 1996; Block et al., 1992; Lampe, 1999).
Consequently, phytochemicals in fruits and vegetables have attracted a great
attention because of their role in preventing diseases mainly those caused by
oxidative stress. It is known that oxidative stress, which is connected with
imbalanced levels of free radicals and antioxidants, has been implicated in a
number of disorders, including above-mentioned. Many fruits and vegetables
constituents act as antioxidants and scavengers of free radicals, saving the cells
and body on that way (Kaur and Kapoor, 2001; Shetty et al., 2013). Their
structures and mechanism of action can be very diverse such as in the case of
ascorbic acid, carotenoids, and phenolic compounds.

Many papers deal with estimation of fruits and vegetables antioxidant
capacities (Ninfali et al., 2005; Gacche et al., 2010; Chu et al., 2002; Cao et al.,
1996; Chun et al., 2005, Ismail et al., 2004, Topalovi¢ et al., 2013). One of the
most comprehensive screenings of total antioxidants in dietary plants was given
by Halvorsen et al. (2002). Besides, these authors reported total antioxidant
capacity of more than 3100 fruits, vegetables, beverages, spices and herbs in
addition to common everyday foods examined over a period of eight years
(Carlsen et al., 2010). Regarding antioxidative properties, Beta vulgaris subsp.
cicla was also estimated few times (Pyo et al., 2004; Gennari et al., 2011; Sacan
and Yanardag, 2010). These data together with evidences about chemical
composition of Swiss chard are reviewed in this paper, besides some general
characteristics of free radicals and nutrient antioxidants.

Free radicals

Free radicals are very reactive species, which half-life is sometimes only
few nanoseconds. Most free radicals in biological systems are produced under
physiologic or pathologic conditions. Their role could be beneficial when they
serve as signaling and regulatory molecules at physiologic levels, but they could
be damaging and cytotoxic oxidants at pathologic levels. They can be generated
from either endogenous or exogenous sources.

Endogenous free radicals are generated from immune cell activation,
inflammation, mental stress, excessive exercise, ischemia, infection, cancer,
aging etc. Exogenous free radicals result from environmental influence as air and
water pollution, heavy or transition metals (Cd, Hg, Pb, Fe, As), certain drugs
(cyclosporine, tacrolimus, gentamycin, bleomycin), industrial solvents, cooking
(smoked meat, used oil, fat), cigarette smoke and radiation (Pham-Huy et al.,
2008; Devasagayam et al., 2004; Fang et al., 2002).

Reactive oxygen species (ROS) include the most reactive and damaging
hydroxyl (*OH), superoxide (O,*"), hydroperoxyl (HOO®), peroxyl (ROO®) and
alkoxyl (RO®) radicals, while reactive nitrogen species (RNS) include nitric
oxide (NO°®), peroxynitrite (ONOO®) and some other radicals. Besides,
ROS/RNS involve non-radical reactive species, such as singlet oxygen (‘Oy),
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hydrogen peroxide (H,O,), hypochlorous acid (HOCI), hypobromous acid
(HOBFr) and peroxynitrous acid (ONOOH).

ROS and RNS can be formed in the cells by enzymatic and non-enzymatic
reactions. The non-enzymatic process generating free radicals is oxidative
phosphorylation in the mitochondria. Mitochondria are the major source of free
radicals, and up to five percent of the oxygen used by mitochondria to generate
ATP results in the formation of superoxide radicals. Enzymatic reactions include
those involved in the respiratory chain, the phagocytosis, the prostaglandin
synthesis and the cytochrome P450 system (Pham-Huy et al., 2008).

Most cells can produce superoxide, hydrogen peroxide and nitric oxide on
demand, which indicates beneficial role of free radicals for some processes
(Devasagayam et al, 2004). Beneficial effects of free radicals involve their role in
the body’s defence against disease. For example, the immune system's cells
phagocytes use oxidative free radicals to destroy viruses and bacteria. They have
an important beneficial role and attend biochemical pathway and some
mechanism of apoptosis of defective cells. Besides, free radicals play a role in
many regulatory functions trough cell signaling pathways. Nitric oxide (NO) is
one of intercellular messengers which modulate blood flow, thrombosis, and
neural activity (Pacher et al., 2007). It is also important for nonspecific host
defence, and for destroying intracellular pathogens and tumors (Pham-Huy et al.,
2008).

Excess of free radicals and oxidants in relation to level of antioxidants
could cause oxidative stress, a harmful process that can seriously alter the cell
structures, e.g. membranes, interacting with biomolecules -lipids, lipoproteins,
proteins and nucleic acids.

Free radicals and biomolecules

Lipids of cell and subcellular membranes are highly sensitive to free
radicals and can undergo very damaging chain reaction of lipid peroxidation.
This process leads to alteration of the biophysical properties of the membrane
(e.g. the degree of fluidity) and can lead to inactivation of membrane-bound
receptors or enzymes, which in turn may impair normal cellular function.
Beginning of lipid peroxidation is attack of free radical, which abstract a
hydrogen atom from methylene group, and formation of carbon radical (*CH).
This radical is stabilized by molecular rearrangement to produce a conjugated
diene. Reaction of this new-formed group with an oxygen lead to formation of a
lipid peroxyl radical. These radicals can further take out hydrogen atoms from
other lipid molecules to form lipid hydroperoxides and propagate the reaction at
that way. Lipid peroxidation can be terminated by a number of reactions. The
major one involves the reaction of lipid radical or lipid peroxyl radical with a
molecule of antioxidant (e.g. vitamin E or tocopherol) which can form more
stable radicals that is not involved in further chain reactions and can be
‘recycled’ by other cellular antioxidants (vitamin C or glutathione). Additional
harmful effect of lipid peroxidation is formation of large number of toxic
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byproducts which can covalently modify biomolecules and amplify cellular
damage. Most of them are aldehydes, like malondialdehyde, 4-hydroxynonenal
and various 2-alkenals, and can also behave as ‘second messengers’ having
effects at different sites from that of their generation. Lipid peroxidation of
arachidonic acid leads to formation of isoprostanes, mediators of oxidative stress
(Devasagayam et al., 2004; Ramarathnam et al., 1995; Fang et al., 2002;
Montuschi et al., 2004).

Free radicals can attack carbohydrates which are elements of important
biomolecules (e.g. hyaluronic acid) abstracting a hydrogen from one of the
carbon atoms. Production of a carbon radical in carbohydrate moiety mainly
leads to the chain breaks and functional disorder of complex carbohydrate-
containing biopolymers.

One path of DNA oxidative damage is also abstractions of hydrogen atoms
from the sugar part by free radical such as *OH. Besides, the mechanisms of
DNA damage involve addition reactions and formation of *OH- or *H— adduct
radicals of heterocyclic bases. In DNA molecules the most sensitive to be
attacked by °OH is C(4)-C(5) double bond of pyrimidine, giving oxidative
products such as thymine glycol, wuracil glycol, urea residue, 5-
hydroxydeoxyuridine, 5-hydroxydeoxycytidine, hydantoin and other. Similarly,
an interaction of the hydroxyl radical with purines generates a series of
characteristic purine oxidative products. Oxidative damage to DNA is implicated
in mutagenesis, carcinogenesis and aging; e.g. 8-hydroxydeoxyguanosine has
been implicated in carcinogenesis and is considered a reliable marker for
oxidative DNA damage (Devasagayam et al., 2004; Dizdaroglu et al., 2002).

Oxidative damage to proteins may be of particular importance since the
loss of protein function may affect the activity of enzymes, receptors and
membrane transporters, among others. Proteins in interaction with free radicals
and other reactive oxygen species give stable or reactive products which generate
additional radicals particularly upon interaction with transition metal ions. As a
result of free radical exposure, many changes can occur in proteins, including
amino acid modification, fragmentation, aggregation, changes in absorption and
fluorescence spectra, decrease or loss of biological function, or increase in
proteolytic susceptibility. All these modifications can be used as markers of
protein damage by free radicals. Most oxidized, functionally inactive proteins are
rapidly removed, but some can accumulate with time and thereby contribute to
the damage associated with ageing as well as various diseases. For example,
lipofuscin, an aggregate of peroxidized lipids and proteins accumulates in
lysosomes of aged cells and brain cells of patients with Alzheimer’s disease
(Salvi et al., 2001; Devasagayam et al., 2004; Stadtman, 1992).

Classification of antioxidants
Oxidative stress plays a major part in the development of chronic and
degenerative diseases. Antioxidants are capable of neutralizing free radicals or
their actions, acting at different levels of prevention, interception and repair.
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They can be naturally generated (endogenous antioxidants) or externally supplied
through foods (exogenous antioxidants). Endogenous antioxidants include
enzymatic or non-enzymatic compounds. The major antioxidant enzymes which
are in the first line defence are superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GP) and glutathione reductase (GR). Minerals like Se,
Cu, Zn, Mn are exogenous antioxidants required for enzymes function (Sindhi et
al., 2013; Irshad and Chaudhuri, 2002; Pham-Huy et al., 2008).

The antioxidants belonging to the second line defence include metabolic
antioxidants such as glutathione (GSH), albumin, coenzyme Q10, lipoic acid,
melatonin and uric acid, and nutrient (exogenous) antioxidants such as vitamin C,
vitamin E, B-carotene (provitamin A), lycopene, flavonoids and other phenolic
compounds, etc. The third line defence antioxidants comprise complex group of
enzymes for repair of damaged DNA, damaged proteins, oxidized lipids and
peroxides i.e. lipase, protease, DNA repair enzymes, transferases, methionine
sulphoxide reductase etc. (Sindhi et al., 2013).

The principal defence enzyme superoxide dismutase catalyzes reduction of
superoxide anion radical (O,") into hydrogen peroxide which is further
transformed into water and oxygen by catalase or glutathione peroxidase
enzymes. Hydrogen peroxide is used for oxidation of glutathione (GSH) by
selenoprotein GP enzyme and removed in this way. Glutathione peroxidase also
reduces lipid or nonlipid hydroperoxides oxidizing GSH. Flavoprotein enzyme
glutathione reductase regenerates GSH from oxidized form with NADPH (Pham-
Huy, 2008; Young and Woodside, 2001).

Glutathione is the most abundant non-protein thiol and a major component
of the cellular antioxidant system. It is synthesized from glutamate, cysteine and
glycine or can be partly absorbed in the diet from the small intestine and can be
synthesized de novo, so GSH is an exogenous and endogenous antioxidant (Fang
et al., 2002). Besides it acts as a substrate for GP enzyme, GSH is scavenger of
different free radicals (Irshad and Chaudhuri, 2002).

Some nutrient antioxidants

Nutrition can effect on free radical production and also their removal from
the body in a way that food constituents influence on a production of endogenous
antioxidants as well as act as exogenous antioxidants or even being prooxidant.
However, nutrient antioxidants are compounds which cannot be produced in the
body and must be provided through foods or supplements. Their deficiency is
one of the causes of numerous chronic and degenerative disorders. Each nutrient
antioxidant is unique in terms of its structure and antioxidant function (Pham-
Huy et al., 2008).

Vitamins and minerals
Vitamin C, vitamin E, selenium, B-carotene and other carotenoids (o-
carotene, B-cryptoxanthin, lutein, lycopene, and zeaxanthin) have most frequently
been considered dietary antioxidants and in some cases they counteract oxidative
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damage to biomolecules. Hence, the possibility exists that increased intakes of
these compounds may protect against chronic disease. Even though the
compounds have been classified as antioxidant nutrients, they are multifunctional
and some of the actions observed in vivo may also represent their other function
(Sies and Stahl, 1995).

Vitamin C (Ascorbate AscH), a water-soluble antioxidant, is found in
both animals and plants. In humans, it is present in aqueous compartments —
cytosol, plasma and other fluids. It is a reducing agent (high redox potential) and
thereby can neutralize reactive oxygen species (for example *OH, ROO*, RO®)
donating a hydrogen atom and thereby becoming an ascorbate radical (Asc*)
(Fig. 1A). Because of its resonance structure ascorbate free radical is very stable
and it does not react by an addition reaction with O, to form dangerous peroxyl
radicals. Besides, it can be restored by NADH or NADPH-dependent reductases.
Vitamin C is also very important for neutralizing the radical form of other
significant antioxidants, such as glutathione and vitamin E and their recycling in
that way. On the other hand, vitamin C, in small amounts, in the presence of
metal ions (e.g. Fe** and Cu®") can act as prooxidant. Large amounts of vitamin C
restore the antioxidant function (Buettner and Jurkiewicz, 1996; Sies and Stahl,
1995).

Vitamin E, fat-soluble vitamin, occurs in nature in at least eight different
isoforms (a-, B-, y-, -tocopherols and tocotrienols). Tocotrienols consist of a
chromanol nucleus and a lipophilic isoprenoid chain, while tocopherols differ
only in the side chain (phytyl) (Fig. 1B). Humans absorb all forms of vitamin E
but in different extent and each of these forms of vitamin E has a reportedly
different biopotency (Brigelius-Flohe and Traber, 1999; Packer et al., 2001). The
antioxidant efficacy of tocotrienols in membranes is higher than that of
tocopherols, although their uptake and distribution after oral ingestion are less
than that of a-tocopherol.

Vitamin E as the major chain-breaking antioxidant in humans is
incorporated into cellular membranes in which it effectively interrupts lipid
peroxidation. Both tocopherols and tocotrienols scavenge the chain-propagating
peroxyl radical (Hamid et al., 2010; Packer et al., 2001). Vitamin E act
synergistically with other antioxidants; after quenching lipid radicals it is
returned back to its reduced native state directly by vitamin C or indirectly
through thiol antioxidants (glutathione and lipoic acid). Unlike water-soluble
antioxidants, a-tocopherol efficiently protects glutathione peroxidase deficient
cells from cell death. GP is the only enzyme that efficiently reduces lipid-
peroxides within biological membranes (Herrera and Barbas, 2001).

Carotenoids can be synthesized by plants, bacteria, fungi, and algae, but
humans and many animals incorporate them from their diet. So-called provitamin
A carotenoids are used as a source of vitamin A. Carotenoids are the most
effective singlet oxygen quenchers and can also scavenge peroxyl radicals. Plants
synthesize these phytochemicals to protect themselves from singlet oxygen
produced by UV light. They are among the most common natural pigments, and
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more than 600 different compounds are known, with 3-carotene as the foremost
(Olson and Krinsky, 1995). Approximately 50 carotenoids are present in the
human diet and can be absorbed and metabolized by the human body. However,
only six of them (B-carotene, B-cryptoxanthin, a-carotene, lycopene, lutein and
zeaxanthin) account for more than 95% of total blood carotenoids (Mueller and
Boehm, 2011). Basal structure of carotenoids is 40-carbons skeleton which
includes a system of conjugated double bonds. The pattern of conjugation
influences the antioxidant activity of carotenoids, although the all-E form is
predominant in nature. Carotenoids are lipophilic and have a tendency to
accumulate in lipophilic cell layers like membranes or lipoproteins. Their
lipophilicity also influences their absorption, transport and excretion in the
organism. Carotenoids neutralize singlet oxygen (*O,) almost entirely by physical
guenching. Singlet oxygen is not a free radical, but it has electrons in an excited
state and reacts mainly with biomolecules containing double-bonds. In
interaction of singlet oxygen with carotenoid molecule, singlet oxygen is restored
to its ground state giving the energy to carotenoid which becomes a triplet
excited. It returns in stable state without chemical reaction dispersing its energy
by interaction with the surroundings. In contrast to physical quenching, chemical
reactions between the excited oxygen and carotenoids (results in a dioxide) is of
minor importance, contributing less than 0.05% to the total quenching rate.
Carotenoids can be used several times in quenching cycles, because they remain
intact during physical quenching of 'O, (Stahl and Sies, 2003; Pham-Huy et al.,
2008).

B-carotene (Fig. 1C) as well as a-carotene, B-cryptoxanthin and
zeaxanthin belong to the group of highly active quenchers of singlet oxygen and
all are detected in human serum and tissues. The most powerful is the open ring
carotenoid lycopene (Fig. 1C), which contributes up to 30% to total carotenoids
in humans. Lutein was found to scavenge superoxide radicals, hydroxyl radicals
and inhibited in vitro lipid peroxidation. The oral administration of lutein in mice
for 1 month significantly increased the activity of catalase, superoxide dismutase,
glutathione reductase and glutathione in blood and liver while the activity of
glutathione peroxidase and glutathione-S-transferase were found to be increased
in the liver tissue (Sindhu et al., 2010).

The selenium in several selenoproteins has a biochemical role in oxidant
defence, thus maintaining normal physiological function, and as such plays a role
as a dietary antioxidant. The criterion used to estimate the requirement for
selenium relates to the intake needed to maximize the activity of the plasma
selenoprotein glutathione peroxidase, an oxidant defence enzyme (Food and
Nutrition Board, Institute of Medicine Washington, 2000). Selenoprotein P is
believed to be involved in endothelial protection during sepsis, regulating
intracellular pathways that are activated by oxidative stress and free radicals. In
foods, Se is predominantly present as selenomethionine, which is an important
source of dietary Se in humans. Alternatively, at high doses seleno-compounds
can have a damaging, pro-oxidant effect.
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Figure 1. Structures of some nutrient antioxidants. A) Vitamin C; B) Vitamin E;
C) B-carotene and lycopene

Phenolic compounds and other phytochemicals

Phytochemicals are defined as bioactive non-essential nutrients from
plants. Plants produce these chemicals to protect themselves, although they
usually exhibit a variety of human health effects. Among the great structural
diversity of phytochemicals, phenolic compounds have attracted most attention
for their diverse bioactivities. Phenolic compounds are essential in the
reproduction and growth of plants, defend plants from pathogens, parasites and
predators, as well as contribute to the color of fruits, leaves and flowers, what
attracts insects for pollination. Their physiological and pharmacological
functions may originate from their antioxidant and free radical scavenging
properties and function of regulating detoxifying enzymes. Further, these
antioxidant activities are related to the structures of phenolic compounds,
generally depending on the number and positions of hydroxyl groups and
glycosylation or other substitutions (Heim et al., 2002; Huang et al., 2010). Main
group of phenolic compounds include phenolic acids, flavonoids, tannins,
stilbenes, curcuminoids, coumarins, lignans, quinines and other phenylethanoids
and phenylpropanoids. The antioxidant activity of phenolics is mainly due to
their redox properties, which allow them to act as reducing agents, hydrogen
donators, and radical and singlet oxygen quenchers. In addition, they have a
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metal chelation potential (Kéhkonen et al.,, 1999; Rice-Evans et al., 1995;
Leopoldini et al., 2004).

Flavonoids are largest group of phenolic compound with more than 4000
compounds isolated till now. Their structure is based upon fifteen-carbon
skeleton consisting of two benzene rings (A and B, Fig. 2) linked via a
heterocyclic pyrane ring (C, Fig. 2). They can be divided into a variety of classes
such as flavones, flavonols, flavanones, flavanonols, isoflavones, flavan-3-ols
and oligomeric flavonoids such as proanthocyanidins and tannins.

Flavonoids occur as aglycones, glycosides, and methylated derivatives.
They possess many biochemical properties, but the best described property of
almost every group of flavonoids is their capacity to act as antioxidants. The
antioxidant activity of flavonoids depends upon the arrangement of functional
groups about the nuclear structure. The configuration, substitution and total
number of hydroxyl groups, as well as the availability of phenolic hydrogens and
the possibility of stabilization of the resulting phenoxyl radicals, via hydrogen
bonding or by expanded electron delocalization, substantially influence several
mechanisms of antioxidant activity (Kumar and Pandey, 2013; Ami¢ et al., 2003;
Leopoldini et al., 2004). The B ring hydroxyl configuration is the most
significant determinant of scavenging of ROS and RNS because it donates
hydrogen and an electron to hydroxyl, peroxyl, and peroxynitrite radicals (Kumar
and Pandey, 2013; Cao et al., 1997). Two main mechanisms by which flavonoids
can act (hydrogen donating and giving an electron) are presented below:

R* + FlavonoidOH = RH + FlavonoidO® (H-atom transfer)

R*® + FlavonoidOH = R™ + FlavonoidOH®* * (the one-electron transfer)

Besides scavenging ROS, flavonoids also exhibit their antioxidant action
suppressing ROS formation by inhibition of enzymes or by chelating trace
elements (iron, copper, etc.) involved in free radical generation. Enzymes
inhibited by flavonoids involve microsomal monooxygenase, glutathione S-
transferase, mitochondrial succinoxidase, NADH oxidase, etc. Flavonoids play
an important role in protection lipid of peroxidation (Kumar and Pandey, 2013);
they can reduce LDL peroxidation (Cao et al., 1997).
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Figure 2. Flavonoids - structural classification
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Methods for antioxidant activity screening
There is a long list of diet plants with antioxidative properties and many of
them are in everyday use as fruits and vegetables, spices, herb oils and teas. Their
antioxidative capacities are screening by different in vitro methods (Gupta and
Sharma, 2006; Shalaby and Shanab, 2013). The different types of methods
published in the literature involve more than one mechanism: hydrogen atom
transfer (HAT), electron transfer (ET), and, in addition, metal chelating or free

radical scavenging activity (Tables 1, Shalaby and Shanab, 2013).

Table 1. List of in vitro antioxidant methods (from ref. Shalaby and Shanab, 2013)

In vitro antioxidant methods

Hydrogen atom
transfer methods

Electron transfer

Other assays

(HAT) methods (ET)
Oxygen radlc_;al Tro_Io>§ equwalgnt Total oxidant scavenging
absorbance capacity antioxidant capacity capacity (TOSC)
(ORAC) method (TEAC) decolourization pacity
!_lp_ld_ _ perOX|dat|_on Fer_rlc_ reducing Inhibition of Briggs—
inhibition capacity antioxidant power Rauscher oscillation reaction
(LPIC) assay (FRAP)
TOtaI. _ra_dlcal DPPH  free radical L
trapping antioxidant scavending assa Chemiluminescence
parameter (TRAP) gihg y
Inhibited  oxygen Coppe_zr (1) reduction Electrochemiluminescence
uptake (I0C) capacity
Crocin  bleaching

Nitric oxide radical
inhibition activity

Total phenols by Folin-
Ciocalteu

Fluorometric analysis

Hydroxyl radical
scavenging activity
by p-NDA

(p-butrisidunethyl
aniline)

N,N-dimethyl-p-
phenylenediamine
(DMPD) assay

Enhanced chemiluminescence
(ECL)

Scavenging of H,0,
radical

ABTS radical
scavenging method

Scavenging of super

oxide radical
formation by
alkaline SASA

TLC bioautography

Cellular antioxidant activity
(CAA) assay

Dye-substrate oxidation

method

SWISS CHARD (Beta vulgaris L. subsp. cicla)

antioxidative and other properties
Swiss chard is a biennial leafy vegetable cultivated worldwide, the most
in northern India, South America, the Mediterranean countries and USA. It is an
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important crop because of its year round availability, high yield, low cost, and an
abundance of minerals, vitamins and phenolic compounds. The leaves and the
stems are the edible parts used in many traditional dishes, in salads or cooked.

It is a member of the family Chenopodiaceae, genus Beta, which in the
cultivated group comprises sugar beets (Beta vulgaris saccharifera), fodder beets
(Beta vulgaris crassa), leaf beets (Beta vulgaris cicla) and garden beets (Beta
vulgaris rubra) (Lange et al., 1999; Ninfali and Angelino, 2013). Swiss chard
(Beta vulgaris subspecies cicla) is sometimes also called stem chard because of
its broad and flat stalks (Pyo et al., 2004). This species has many varieties (some
distinctive in color) and many cultivars (Fig. 3).

h A B

Figure 3. Pictures of the main cultivars of Beta vulgaris var. cicla. A) Swiss
chard — bieta costa bianca; B) Swiss chard — bieta erbetta da taglio; C) Swiss

chard — Hybrid F1 (from ref. Ninfali and Angelino, 2013)

Nutritional quality and chemical composition of different varieties and
cultivars of Beta vulgaris subsp. cicla were investigated including antioxidant,
anti-diabetic, anticancer and some other biological activities (Ninfali et al. 2007;
Ninfali and Angelino, 2013; Pyo et al., 2004; Sacan and Yanardag, 2010; Gil et
al., 1998; Bozokalfa et al., 2011; Tomas-Callejas et al., 2011; Pokluda and
Kuben, 2002; Gennari et al., 2011; Santos et al., 2014; Yanardag and Colak,
1998; Bolkent et al., 2000; Ninfali and Bacchiocca, 2003). Phenolic content and
antioxidant activities have been most frequently studied. In comparison with
other largely consumed vegetables in the Mediterranean diet, Swiss chard is
displaying high antioxidant activity (Bolkent et al., 2000).

Significant concentrations of nutrients were recorded in different samples
of Swiss chard. Together with field experiments focused on the observation of
morphological characteristics, the nutritive values of leaves and stalks of 12
Swiss chard varieties were estimated. The mean values of nutritional parameters
of examined varieties were as follows: vitamin C — 307 and 72 mg/kg, K — 4198
and 4848 mg, Na — 2101 and 966 mg, Ca — 481 and 310 mg and Mg — 361 and
113 mg/kg of fresh matter (f.m.), always in leaves and stalks, respectively
(Pokluda and Kuben, 2002). Another study of mineral composition of Swiss
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chard included the seeds of 54 genetically diverse Swiss chard accessions,
representative of all Turkish genetic resources of this plant. The evaluation of
germplasm diversity in the nutritional concentration context is useful for further
breeding programmes, because of improvement of mineral concentrations in
Swiss chard cultivars and contribution to reduction of nutritional deficiencies in
human nutrition. Significant differences among accessions and remarkably high
nutrient contents were displayed. The concentrations of measured parameters
(based on dry weight) ranged within the following limits: P 5.99 — 2.38 g/kg, K
49.40 — 28.60 g/kg, Ca 4.74 — 2.66 g/kg, Mg 9.43 — 3.33 g/kg, Na 5.72 — 2.40
g/kg, Fe 159.65 — 77.22 mg/kg, Cu 16.96 — 7.60 mg/kg, Zn 65.52 — 22.31 mg/kg,
Mn 33.89 — 12.57 mg/kg and ammonium 44.3 — 28.81 g/kg. NO; and NO,
concentrations were 496.55 — 262.48 mg/kg and 0.047 — 0.024 mg/kg,
respectively, based on fresh weight. Two of examined accessions are
recommended to be gene sources due to their high levels of K, Ca and Zn
(Bozokalfa et al., 2011).

The phenolic composition and content as well as antioxidant activity of
methanol-water (8:2), ethanol-water (4:6), methanol, water and ethyl-acetate
extracts were analysed.

The methanol-water (8:2) extracts of two cultivar of Swiss chard (green
and yellow) were compared regarding flavonoids composition and content, as
well as vitamin C content. Effects of cooking and modified atmosphere
packaging were also monitored. Five flavonoids were identified in green cultivar,
namely 2”’-xylosylvitexin (1), 8- C - - D - (2”’- - D — xylopyranosyl — 6 -
malonyl) glucopyranosyl apigenin (2°’-xylosyl-6’’-malonylvitexin) (2, 6’-
Malonyl - 2°’- xylosylvitexin), kaempferol 3-gentiobioside (3), isorhamnetin 3-
gentiobioside (4), isorhamnetin 3-vicianoside (5), but only two, 1 and 2, in
yellow cultivar (Gil et al., 1998, Fig. 4). Total flavonoid contents were 2.76 and
1.26 mg/g of fresh weight, respectively. Concerning the vitamin C content, both
cultivars had amounts around 0.45 mg/g f.w. Also, processing affects antioxidant
phenolics and vitamin C content on this way: 50% of flavonoids were extracted
during the cooking and the rest remained in cooked leaves, while 80% of the
vitamin C present in the initial tissue was lost during the cooking process (Gil et
al., 1998).

A phenolic fraction obtained from ethanol-water (4:6) Swiss chard extract
was analysed to be identified following compounds: 2’’-xylosylvitexin (1),
isorhamnetin 3-gentiobioside (4), vitexin 2’’O-rhamnoside (6) as a major and
rutin (7), quercetin 7-glucuronide (8), isorhamnetin (9) and apigenin 7-rutinoside
(10) as a minor (Fig. 4). A phenolic fraction as a whole and its four separated
fractions were characterized for antioxidant capacity, antimitotic activity on
MCF-7 human breast cancer cells and for toxicity to human lymphocytes and
macrophages (Ninfali et al., 2007). A whole phenolic fraction inhibited MCF-7
cell proliferation (ICsp = 9 pg/ml) without inducing apoptosis, showed no toxicity
to human lymphocytes and slight toxicity to macrophages. Vitexin 2’°O-
rhamnoside strongly inhibited DNA synthesis in MCF-7 cells, whereas 2°’-
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xylosylvitexin and isorhamnetin 3-gentiobioside were activators, maintaining in
combination the inhibitory effect. Vitexin 2°’O-rhamnoside is a component the
mainly responsible for most of the antioxidant activity (the ORAC assay) of total
phenolic fraction (Ninfali et al., 2007).

A determination of the antioxidant activities by DPPH and thiocyanate
methods, total phenolic contents and phenolic composition of MeOH extracts of
leaves, as well as stems of white and red tissue cultivars showed significant
differences in the antioxidant activities, phenolic content and composition
between leaves and stems. Compounds which are detected were benzoic acids
(gallic, protocatechuic, p-OH-benzoic and vanillic), cinnamic acids (syringic,
chlorogenic, caffeic, p-coumaric, ferulic), the flavan-3-ol (+)catechin (11) and
flavonols myricetin (12), quercetin (13) and kaempferol (14), Fig. 4). The major
phenolic acid and flavonoid in these leaf samples were syringic acid and
kaempferol. Using the DPPH radical scavenging method and the thiocyanate
method, the antioxidant activity of each extract from Swiss chard was in the
order: red leaf>white leaf>red stem>white stem. This result was consistent with
the order of total phenolic content of each extract (red leaf 128.1 mg/100 g f.w.,
white leaf 101.5 mg/100 g f.w., red stem 29.7 mg/100 g f.w., white stem
23.2/100 g f.w.) (Pyo et al., 2004).

In the water extract of Swiss chard, anthocyanin content was found to be
0.47 + 0.03 pmol/g. It was also determined that there was 31.09 + 3.34 g
pyrocatechol equivalent and 11.88 + 1.46 pg epicatechin equivalent of phenolic
compounds in the 1 mg of this extract. A high correlation was observed between
the total phenolic content and hydroxyl radical scavenging activity, ABTS™
scavenging activity, DPPH radical scavenging activity, DMPD™" scavenging
activity and reducing power of the extract, which showed that the phenolic
content might be responsible for the antioxidant activity. Taking into account that
amino acid proline is intracellular nonenzymatic ROS scavenging molecule
which provides protecting against stress by maintaining redox homeostasis and
scavenging free radicals and ROS, authors additionally determined its content
which was 427.74 + 24.41 pg/g extract (measured in 10 mg of the extract). In this
study in vitro inhibition of acetylcholinesterase by chard extract, with ECs
=14.43% 2.76 pg/ml, was reported for the first time. Given that plants and their
extracts have been traditionally used to enhance cognitive function and to
alleviate other symptoms associated nowadays with Alzheimer’s disease and
considering measured antioxidative and antiacetylcholinesterase activities, the
conclusion was that chard extract may offer great potential for the treatment of
AD (Sacan and Yanardag, 2010).

Beta vulgaris var. cicla leaves contain chemopreventive compounds
belonging to the family of the apigenin-glycosides that have been investigated for
new drug discovery. However, the leaves as a source of these compounds are
easily degradable during storage in fresh conditions and a drying process requires
time and a large amount of energy. Due to these facts, the extraction of apigenin-
glycosides is better to be conveniently performed from the seeds, which represent
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a stable and year-long available biomass (Gennari et al., 2011). Gennari et al.
found a strategy of purification of bioactive flavonoids from the seeds and tested
their ability to inhibit proliferation on human colon cancer (RKO) cells and
normal human fibroblasts (HF). The ethyl-acetate (EA) extract of Beta vulgaris
var. cicla seeds was standardized by total phenols (246.77 + 22.9 mg/g dry
extract) and antioxidant activity (4269.76 + 417.4 mMol Trolox equivalents /g
dry extract) and showed the antiproliferative activity on RKO cells with 1C5,=32
+ 3 mg/mL of phenolics. Human fibroblasts, at the lowest dose of the EA extract,
showed an enhancement of the proliferation, but higher concentrations induced
an inhibitory effect showing ICsy of 62 + 6 mg/mL of phenolics. This extract was
fractionated and a flavonoid containing fraction with marked antiproliferative
activity on RKO cells were purified and its components were identified by
HPLC-ESI-MS as 2,4,5-trihydroxybenzaldehyde, 2,5-dihydroxybenzaldehyde,
vanillic acid, xylosylvitexin (1), glucopyranosyl-glucopyrasyl-rhamnetin (15) and
glucopyranosyl-xylosyl-rhamnetin (16) (Fig. 4). All of them were tested for
cytostatic and cytotoxic activity on RKO and HF cells. The ratio of antioxidant
activity determined by ORAC method and phenolics showed an increasing of the
antioxidant activity along the purification process (Gennari et al., 2011).
Xylosylvitexin, the main and more efficient chemopreventive compound in Swiss
chard seeds, represented by 39.44% in the phenolic fraction, exhibited the
strongest antiproliferative activity on RKO cells with an 1Cs, of 89 + 9 mg/mL,
together with an enhancement of the apoptosis, an increase of cells in the G1
phase and a reduction of cells in the S phase. On the contrary, this flavonoid-
glycoside significantly stimulated proliferation of HF. Finally, xylosylvitexin is
the main and more efficient chemopreventive compound in B. vulgaris var. cicla
seeds, but the natural mixture of molecules, represented by phenolic fraction,
showed a better compromise between the antiproliferative activity on RKO cells
and the enhancement of HF proliferation (Gennari et al., 2011).

Swiss chard is used as an antidiabetic agent in folk medicine of Turkey.
One of the studies of hypoglycemic properties (Yanardag and Colak, 1998)
showed that 2-8 g/kg doses of aqueous extracts of dried chard leaves decreased
the blood glucose of alloxan-induced diabetic rabbits, but methanol extracts did
not. Blood sugar-lowering saponins betavulgarosides | -V (17 — 21, Fig. 5.) are
extracted and purified from B. vulgaris. Betavulgarosides | -V administered
orally to rats markedly lowered blood sugar levels in the animals after glucose
loading (Masayuki and Shoichi, 1997). The later study carried out by Bolkent et
al. (2000) exhibited that aqueous extract of Swiss chard reduced the blood
glucose value in streptozotocin-induced hyperglycemic rats, having no effect on
blood glucose and body weight in the normal group. The chard extract acts like
an insulinogenic agent in induced diabetic rats. It may decrease glucose levels by
increasing insulin secretion from B cells of the pancreas. As a result, Bolkent et
al. (2000) assumed that Swiss chard therapy can provide blood glucose
homeostasis and can cause regeneration of B cells of endocrine pancreas. The
chemical nature of the active principles responsible for the anti-diabetic activity
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of examined aqueous extract is not known, although it is supposed it could be
previously reported saponins and flavonoids isolated from this plant.

In diabetes mellitus, increased free radical formation raises the incidence
of atherosclerosis and cardiovascular diseases. Investigation of the effect of
feeding chard on diabetes-induced free radical-mediated injury in rat aorta and
heart tissues indicated that lipid peroxidation was increased and glutathione
levels were decreased in both aorta and heart tissue of the diabetic rats. However,
the results indicated that treatment with chard extract reversed the effects of
diabetes on blood glucose and tissue lipid peroxidation and glutathione levels
(Seneretal., 232).
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Figure 4. Phenolic compounds of B. vulgaris var. cicla
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Figure 5. Saponis from B. vulgaris var. cicla

Altogether, Beta vulgaris var. cicla is rich in minerals, vitamins and
phytochemicals and presents one of the healthiest vegetables. Main identified
secondary metabolites are flavonoids, flavonoid glycosides and saponins.
Antioxidative activity of different Swiss chard extracts and their components is
proven in several tests, as well as antimitotic activity on MCF-7 human breast
cancer cells, antiproliferative activity on human colon cancer and hypoglycemic
activity.
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