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Preface

Aerobic organisms, such as humans, possess several metabolic pathways in the process of
obtaining energy, utilizing oxygen as final electron acceptor. Thus, this is indispensable for
the condition of life to exist. Paradoxically, under certain conditions in which reduction in-
termediaries, mainly of oxygen, accumulate, Free radicals (FR) are produced, which are ca-
pable of producing damage at a molecular level, which manifests in diverse chronic
pathologies.

Oxidative stress constitutes an alteration produced by disequilibrium between generation of
FR and the antioxidant system, which can lead to a damage state, in particular of the biomo-
lecules. Due to the wide variety of reactions produced by FR, these are related with the de-
velopment and evolution of diverse illnesses such as the chronic degenerative diseases, for
example, atherosclerotic disease, high blood pressure, renal disorders, and obesity, in which
FR plays a primordial role in the development of long-term complications of these illnesses.

Diet and nutrition are very important in the promotion and maintenance of health through-
out life. For some time, the function has been recognized of diet and nutrition as determin-
ing factors of non-transmittable diseases; thus, a healthy diet is one of the pillars of health
that has become consolidated in our lifestyle over the past several years. A search has been
conducted for all of the properties of foods that are beneficial in increasing or maintaining
our state of health. Likewise, there are natural and synthetic molecules that are capable of
inactivating FR; these FR scavengers are found classified in groups or families of com-
pounds that are in general denominated “antioxidants”. The main objective of mechanisms
of defense is that of transforming FR into less-damaging products or to neutralize their ma-
lignancy completely, performing this by means of a mechanism called redox potential,
through oxido-reduction reactions in which a reducer agent participates that donates elec-
trons or through an oxidating agent that removes electrons from FR.

There are elements in the diet, in addition to their nutritional characteristics, in which the
property is recognized for being antioxidant agents. Among the many studied, we find vita-
min C, vitamin E, vitamin D, vitamin A, some amino acids, the flavonoids, and some oli-
goelements. All of these antioxidant elements represent an alternative for the treatment and
prevention of chronic degenerative diseases, which represent a very high morbid-mortality
rate, worldwide.

The work presented here responds to the need of finding, in a sole document, the effect of
oxidative stress at different levels, as well as treatment with antioxidants to revert and di-
minish damage. On the other hand, it is noteworthy that the work will be published for
health professionals and researchers who are expert in the theme, and that it contains cur-
rent, scientifically based information. Thus, I am convinced that the work carried out will be
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of utmost usefulness for the active health professional as well as for the health professional
in training, with the purpose of creating a novel panorama on study of the theme as well as
showing an alternative in the treatment of the chronic diseases that are affecting our popula-
tion to such a great extent.

Therefore, the objective of this book is to understand the mechanism by which free radicals
contribute to the development of complications in chronic degenerative diseases. On knowing
how FR are generated, the interaction of FR with cells, and the reactions in which they are
involved, it will be possible to establish novel treatment alternatives, which could comprise
antioxidants, providing the scientific community with the opportunity to make their research-
es known and enabling the readers to deepen or broaden their knowledge in this field.

Finally, I dedicate this book to Julia Gonzalez-Gonzalez, with all my love for your teachings
and example.

Prof. Dr. José Antonio Morales-Gonzalez

Area Académica de Farmacia,

Instituto de Ciencias de la Salud,

Universidad Auténoma del Estado de Hidalgo, México
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Additional information is available at the end of the chapter
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1. Introduction

1.1. Cell nanobiology

We define cell nanobiology as an emergent scientific area trying to approach the study of the
in situ cell processes ocurring at the nanoscale. Therefore, it is part of cell biology but mainly
deals with an interphase between analytical methods such as X-ray crystallography producing
models at atomic or molecular resolution, and direct nanoscale imaging with high resolution
microscopes such as scanning probe microscopes, electron microscopes and super-resolution
microscopes. Several cell structures are involved in nanoscale processes (Figure 1).

1.1.1. An overview of cell structure under a genomic approach of gene expression

The main flow of genetic information represented as the so-called central dogma of molecular
biology in situ, illustrates the major secretory pathway in the cell (Figure 2).

During this pathway, nanoscale particles represent substrates of different moments. During
transcription, nuclear particles are involved in transcription and processing of RNA, both, pre-
mRNA and pre-rRNA. pre-mRNA is transcribed and processed in the nucleoplasm while pre-
rRNA is transcribed and processed within the nucleolus, the major known ribonucleoproteins
structure where ribosome biogenesis and other functions of eukaryotic cell take place. Once
in the cytoplasm, translation takes place in the ribosome, also a major ribonucleoprotein

I m EC H © 2013 Segura-Valdez et al.; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits

open science | open minds unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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particle of 10-15 nm in diameter. When the synthesized protein contains a signal peptide, it is
translocated into the rough endoplasmic reticulum, helped by the signal recognition particle
or SRP, another major and conserved ribonucleoprotein. The transport to Golgi apparatus by
the intermediated zone and the TGN producing the three derivatives from the Golgi apparatus
are mediated by vesicles [see 1].
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Figure 1. Cell nanobiology proposes to study cell structures using in situ high resolution microscopical approaches as
electron and atomic force microscopy that could complement molecular and biochemical data to better understand a
physiological role at the nanoscale.
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a. Semenogelin

Semenogelin is the most abundant protein in the semen of mammals. It is a glycosylated
protein that is responsible for properties such as density. As an example, the semenogelin of
the tamarin Saguinus oedipus is used to show how the signals in the nucleic acids and proteins
determine the intracellular pathways associated to that expression. Its expression includes
intranuclear events as transcription by RNA polymerase II from a split gene consisting of 3
exones and 2 intrones, processing of the transcript as 5" end methylation, 3" polyadenylation
and splicing. All of them are associated to nuclear particles. Once in the cytoplasm, the mature
transcript or mRNA associates to a ribosome that in turns translates the transcript. If the
resulting protein contains a signal peptide, the signal recognition particle or SRP -a very well
conserved RNA+protein complex- binds to it and associates to the rough endoplasmic
reticulum, giving rise to the translocation process that introduces that protein to the lumen.
Once there, N-glycosylation takes place at several asparagine residues following the basic rule
of adjacent aminoacids showing a basic rule as Asn-X(except proline)-Ser or Asn. In S.
oedipus semenogelin, there are 14 N-glycosylation sites. The protein then continues flowing
through the Golgi apparatus or complex and at the TGN a secretory vesicle forms containing
the protein that finally is secreted by the epithelial cell of seminal vesicle. The analysis of the
gene sequences, as well as the transcription, processing, translation and post-translational
products can predict the cell structures involved in the process [see 1].
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Figure 2. A general overview of the cell structure and function. The diagram illustrates the in situ flow of genetic infor-
mation of a secretory protein encoded in the genome within the cell nucleus. A gene is copied into a pre-mRNA that is
processed to mMRNA within the nucleus. mRNA in the cytoplasm may contain a signal sequence that allows entrance to
rough endoplasmic reticulum and further to Golgi complex. The protein inside a vesicle is secreted out of the cell.
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1.1.2. Some nanoscale cell structures

There are many cell structures or products made by cells that could be analyzed under the
present approach. Some of them are indicted in Figure 1, but there are others as extracellular
matriz components, cytoskeleton elements, etc.; virus are also nanometric structures associ-
ated always to cell organelles. Here we will give an overview of some of the cell components,
as examples.

a. Nuclear particles

In eukaryote cells, transcription and processing mainly takes place within the cell nucleus,
associated to nuclear particles that are well known since a method for ribonucleoprotein (RNP)
structures was described in 1969 [2]. These particles are few nanometers in diameter or lengh.
To date, several nuclear RNPs have been described including involved in mRNA metabolism:
perichromatin fibers, perichromatin granules, interchromatin granules in mammals. In insects,
Balbiani ring granules are well known structures [3]. In 1992 Lacandonia granules were
described for some plants [4]. In addition, other nuclear bodies around 300-400 nm in diameter
have been described involved in gene expression. As for rRNA transcription and processing,
the nucleolus is a nuclear organelle containing pre-ribosomes in the granular component that
are about 10-20 nm in diameter.

b. Rough endoplasmic reticulum particles
i. The ribosome

Ribosomes are the universal ribonucleoprotein particles that translate the genetic code into
proteins. The shape and dimensions of the ribosome were first visualized by electron micro-
scopy [6-8]. Ribosomes have diameters of about 25 nanometers in size and are roughly two-
thirds RNA and one-third protein. All ribosomes have two subunits, one about twice the mass
of the other. The ribosome basic structure and functions are well-known. There are 70S
ribosomes common to prokaryotes and 80S ribosomes common to eukaryotes. The bacterial
ribosome is composed of 3 RNA molecules and more than 50 proteins. In humans, the small
ribosome unit has 1 large RNA molecule and about 32 proteins; the large subunit has 3 RNA
molecules, and about 46 proteins. Each subunit has thousands of nucleotides and amino acids,
with hundreds of thousands of atoms. The small subunit (0.85 MDa) initiates mRNA engage-
ment, decodes the message, governs mRNA and tRNA translocation, and controls fidelity of
codon-anticodon interactions and the large subunit catalyzes peptide bond formation.

In 1980, the first three-dimensional crystals of the ribosomal 50S subunit from the thermophile
bacterium Geobacillus stearothermophilus were reported [9]. Since then, ribosome crystallogra-
phy advanced rapidly. To date crystal structures have been determined for the large ribosomal
subunit from the archaeon Haloarcula marismortui at 2.4 A [10] and the 30S ribosomal subunit
from Thermus thermophilus [11]. The structure of the entire 70S ribosome in complex with tRNA
ligands (at 5.5A resolution) emerged shortly after the structures of the initial subunits [12].
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Figure 3. Lacandonia granules are nanoscale (32 nm in diameter) and abundant particles (arrows) in the nucleoplasm
of the plant Lacandonia schismatica. Transmission electron microscopy image of a cell in the teguments of the flower.
Cc, compact chromatin.

Snapshots of ribosome intermediates provided by cryo-EM and x-ray crystallography,
associated translation factors, and transfer RNA (tRNA) have allowed dynamic aspects of
protein translation to be reconstructed. For example, recent cryo-EM reconstructions of
translating ribosomes allowed direct visualization of the nascent polypeptide chain inside the
ribosomal tunnel at subnanometer resolution [13-15]. The dimension of the ribosomal tunnel
in bacterial, archaeal, and eukaryotic cytoplasmic ribosomes is conserved in evolution [16 -18].
The ribosomal tunnel in the large ribosomal subunit is ~80 A long, 10-20 A wide, and pre-
dominantly composed of core rRNA [19]. The tunnel is clearly not just a passive conduit for
the nascent chain, but rather a compartment in a dynamic molecular dialogue with the nascent
chain. This interplay might not only affect the structure and function of the ribosome and
associated factors, but also the conformation and folding of the nascent chain [20]. As the
nascent polypeptide chain is being synthesized, it passes through a tunnel within the large
subunit and emerges at the solvent side, where protein folding occurs.

Peptide bond formation on the bacterial ribosome and perhaps on the ribosomes from all
organisms is catalyzed by ribosomal RNA as well as ribosomal protein and also by the 2’-OH
group of the peptidyl-tRNA substrate in the P site. The high resolution crystal structures of
two ribosomal complexes from T. thermophilus [21] revealed that ribosomal proteins L27 and
L16 of the 50S subunit stabilize the CCA-ends of both tRNAs in the peptidyl-transfer reaction,
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suggesting that peptide chains from both these proteins take part in the catalytic mechanism
of peptide bond formation.

Figure 4. Nucleolus of a PtK2 cell. Within the cell nucleus (N), the nucleolus displays three different components
named fibrillar center (fc), dense fibrillar component (dfc) and granular components (g). In the inset, a high magnifica-
tion of the nucleolus shows granular particles or pre-ribosomes in the granular component (g). In the cytoplasm (c),
ribosomes are also visible (arrow).

Ribosomes mediate protein synthesis by decoding the information carried by messenger
RNAs (mRNAs) and catalyzing peptide bond formation between amino acids. When bacte-
rial ribosomes stall on incomplete messages, the trans-translation quality control mechanism
is activated by the transfer-messenger RNA bound to small protein B (tmRNA-SmpB ribo-
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nucleoprotein complex). Trans-translation liberates the stalled ribosomes and triggers degra-
dation of the incomplete proteins. The cryo-electron microscopy structures of tmRNA-
SmpB accommodated or translocated into stalled ribosomes demonstrate how tmRNA-
SmpB crosses the ribosome and how as the problematic mRNA is ejected, the tmRNA re-
sume codon is placed onto the ribosomal decoding site by new contacts between SmpB and
the nucleotides upstream of the tag-encoding sequence [22]. Recently, the crystal structure
of a tmRNA fragment, SmpB and elongation factor Tu bound to the ribosome shows how
SmpB plays the role of both the anticodon loop of tRNA and portions of mRNA to facilitate
decoding in the absence of an mRNA codon in the A site of the ribosome [23].
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m ’“5 33 protsins
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d

Figure 5. Representation of a prokaryotic (a) and a eukaryotic ribosome (a). Each one is an RNP is constituted by two
subunits, each containing rRNA and proteins. b) a model to show the nanoscale morphology of a mammalian cyto-
plasmic ribosome (small [S] and large [L] subunits).

The structure of the ribosome at high resolution reveals the molecular details of the antibiotic-
binding sites, explain how drugs exercise their inhibitory effects. Also, the crystal structures
help us to speculate about how existing drugs might be improved, or novel drugs created, to
circumvent resistance [24]. Recently, ribosome engineering has emerged as a new tool to
promote new crystal forms and improve our knowledge of protein synthesis. To explore the
crystallization of functional complexes of ribosomes with GTPase, a mutant 70S ribosomes
were used to crystallize and solve the structure of the ribosome with EF-G, GDP and fusidic
acid in a previously unobserved crystal form [25].

In contrast to their bacterial counterparts, eukaryotic ribosomes are much larger and more
complex, containing additional rRNA in the form of so-called expansion segments (ES) as well
as many additional r-proteins and r-protein extensions [26]. The first structural models for the
eukaryotic (yeast) ribosome were built using 15-A° cryo—electron microscopy (cryo-EM) maps
fitted with structures of the bacterial SSU [11] and archaeal LSU [10], thus identifying the
location of a total of 46 eukaryotic r-proteins with bacterial and/or archaeal homologs as well
as many ES [27].
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Ribosome biogenesis is regulated by the conserved protein kinase TOR (target of rapamycin),
a member of the ATM-family protein. TOR up-regulates transcription of rRNA and mRNA
for ribosomal proteins in both yeast and mammals [28-30]. Recent results indicate that in yeast,
conserved kinases of the LAMMER/Cdc-like and GSK-3 families function downstream of TOR
complex 1 to repress ribosome and tRNA synthesis in response to nutrient limitation and other
types of cellular stress [31].

ii. The signal recognition particle (SRP)

The Signal Recognition Particle (SRP) is an evolutionarily conserved rod-shaped 11S ribonu-
cleoprotein particle, 5-6 nm wide and 23-24 nm long [32]. It comprises an essential component
of the cellular machinery responsible for the co-translational targeting of proteins to their
proper membrane destinations [33].

Although SRP is essential and present in all kingdoms of life maintaining its general function,
structurally it shows high diversity. Vertebrates SRP consists of a single ~ 300-bp RNA (SRP
RNA or 7S RNA) and six polypeptides designated SRP9, SRP14, SRP19, SRP54, SRP68 and
SRP72. It can be divided into two major functional domains: the Alu domain (comprising the
proteins SRP9 and -14) and the S domain (SRP19, -54, -68, and -72). The S domain functions in
signal sequence recognition and SR interaction, whereas the Alu domain is required for
translational arrest on signal sequence recognition [34]. In Archaea and Eucarya, the conserved
ribonucleoproteic core is composed of two proteins, the accessory protein SRP19, the essential
GTPase SRP54, and an evolutionarily conserved and essential SRP RNA [35]. SRP54, comprises
an N-terminal domain (N, a four-helix bundle), a central GTPase domain [G, a ras-like GTPase
fold, with an additional unique a-B- at insertion box domain (IBD)], and a methionine-rich C-
terminal domain [36-37]. The N and G domains are structurally and functionally coupled;
together, they build the NG domain that is connected to the M domain through a flexible linker
[38]. The M domain anchors SRP54 to SRP RN A and carries out the principal function of signal
sequence recognition [39-41]. The NG domain interacts with the SR in a GTP-dependent
manner [43].

SRP is partially assembled in the nucleus and partially in the nucleolus. In agreement with
that, nuclear localization for SRP proteins SRP9/14, SRP68, SRP72 and SRP19 has been
determined [44]. After the transport into the nucleus the subunits bind SRP RNA and form a
pre-SRP which is exported to the cytoplasm where the final protein, Srp54p, is incorporated
[45-47]. Although this outline of the SRP assembly pathway has been determined, factors that
facilitate this and/or function in quality control of the RNA are poorly understood [48]. SRP
assembly starts during 7S RNA transcription by RNA polymerase III in the nucleolus, by
binding of the SRP 9/14 heterodimer and formation of Alu-domain. Prior to transportation to
the nucleus SRP9 and SRP14 form the heterodimer in the cytoplasm, a prerequisite for the
binding to 7S RNA [49].

The signal recognition particle displays three main activities in the process of cotranslational
targeting: (I) binding to signal sequences emerging from the translating ribosome, (II) pausing
of peptide elongation, and (III) promotion of protein translocation through docking to the
membrane-bound SRP receptor (FtsY in prokaryotes) and transfer of the ribosome nascent
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chain complex (RNC) to the protein-conducting channel [50]. Despite the diversity of signal
sequences, SRP productively recognizes and selectively binds them, and this binding event
serves as the critical sorting step in protein localization within the cell. The structural details
that confer on SRP this distinctive ability are poorly understood. SRP signal sequences are
characterized by a core of 8-12 hydrophobic amino acids that preferentially form an a-helix,
but are otherwise highly divergent in length, shape, and amino acid composition [51-52]. This
and the unusual abundance of methionine in the SRP54 M-domain led to the ‘methionine
bristle’ hypothesis, in which the flexible side chains of methionine provide a hydrophobic
environment with sufficient plasticity to accommodate diverse signal sequences [53].

COOH

Figure 6. The signal recognition particle. During protein synthesis of the secretory pathway, the signal peptide binds
to SRP, an RNP particle containing a small RNA and 6 different proteins (b, [modified from 60]). A model for SRP at
nanoscale is shown in (c).
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In the SRP pathway, SRP binds to the ribosome synthesizing the polypeptide, and subse-
quently also binds an SRP receptor, located next to the machinery that transfers proteins across
the membrane and out of the cell. This process begins when a nascent polypeptide carrying a
signal sequence emerges from the translating ribosome and is recognized by the SRP. The
ribosome-nascent chain complex is delivered to the target membrane via the interaction of SRP
with the SRP receptor. There, the cargo is transferred to the Sec61p (or secYEG in archaea and
bacteria) translocon, which translocates the growing polypeptide across the membrane or
integrates it into the membrane bilayer. SRP and SR then dissociate from one another to enter
subsequent rounds of targeting.

During the last years, several structures have been solved by crystallography and cryo-electron
microscopy that represent distinct functional states of the SRP cycle. On this basis, the first
structure-based models can be suggested that explain important aspects of protein targeting,
such as the SRP-ribosome [54], SRP-SRP receptor [55] and SRP-SR interactions. The snapshots
obtained by single-particle EM reconstructions enable us to follow the path of a nascent protein
from the peptidyl-transferase center, through the ribosomal tunnel, to and across the translo-
con in the membrane. With new developments in image processing techniques it is possible
to sort a biological homogenous sample into different conformational states and to reach
subnanometer resolution such that folding of the nascent chain into secondary structure
elements can be directly visualized [56].

Molecular biology, biochemistry, and cryo-electron microscopy, have been combined to study
the ribosome-protein complexes involved in protein assembly, folding and targeting. These
approaches led to obtain structural snapshots of entire pathways by which proteins are
synthesized and targeted to their final positions. The link between SRP and its receptor is
usually transient and chemically unstable, for this reason, engineered SRP receptor bind more
stably to SRP, then introduced to ribosomes and observed the resulting complexes using cryo-
electron microscopy (cryo-EM). Cryo-EM can be performed in roughly physiological condi-
tions, providing a picture that closely resembles what happens in living cells. This picture can
thenbe combined with higher-resolution crystallography data and biochemical studies [57-58].

c. Peroxisomes

The oxidative stress (EO) is a disorder where reactive oxygen species (ROS) are produced.
These compounds, that include free radicals and peroxides, play important roles in cell redox
signaling. However, disturbances in the balance between the ROS production and the
biological system can be particularly destructive. For example, the P450 oxide reductase
activity produces H,O, as a metabolite. This enormous family of enzymes is present in the
mitochondrial and smooth endoplasmic reticulum (SER) membranes and catalyzes several
reactions in the pathway of the biogenesis of steroid hormones [59] and in the detoxification
process or in the first stage of drugs or xenobiotics hydrolysis, converting them in the SER, in
water-soluble compounds for its excretion in the urine [60-62].

Peroxisomes are single membrane organelles present in practically every eukaryotic cell.
Matrix proteins of peroxisomes synthesized in free polyribosomes in the cytoplasm and
imported by a specific signal, are encoded in genes present in the cell nucleus genome.
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Peroxisomal membrane-bound PEX proteins, also encoded in the nuclear genome, are
synthetized by ribosomes associated to rough endoplasmic reticulum since they display signal
peptide. Therefore the peroxisome as an organelle derives from the rough endoplasmic
reticulum. These organelles participate in ROS generation, as H,O,, but also in cell rescue from
oxidative stress by catalase activity. In several biological models for pathological processes
involving oxygen metabolites, the role of peroxisomes in prevention of oxidative stress is
strongly suggested by de co-localization of catalase and H,O,, and the induction of peroxi-
somes proliferation [63].

d. Mitochondrion and chloroplast particles
i ATP synthase: A rotary molecular motor

To support life, cells must be continuously supplied with external energy in form of light or
nutrients and must be equipped with chemical devices to convert these external energy sources
into adenosine triphosphate (ATP). ATP is the universal energy currency of living cells and as
such is used to drive numerous energy-consuming reactions, e.g., syntheses of biomolecules,
muscle contraction, mechanical motility and transport through membranes, regulatory
networks, and nerve conduction. When performing work, ATP is usually converted to ADP
and phosphate. It must therefore continuously be regenerated from these compounds to
continue the cell energy cycle. The importance of this cycle can be best illustrated by the
demand of 50 Kg of ATP in a human body on average [64].

Prokaryotes use their plasma membrane to produce ATP. Eukaryotes use instead the special-
ized membrane inside energy-converting organelles, mitochondria and chloroplasts, to
produce most of their ATP. The mitochondria are present in the cells of practically all eukary-
otic organisms (including fungi, animals, plants, algae and protozoa), and chloroplasts occur
only in plants and algae. The most striking morphological feature of both organelles, revealed
by electron microscopy, is the large amount of internal membrane they contain. This internal
membrane provides the framework for an elaborate set of electron-transport processes,
mediated by the enzymes of the Respiratory Chain that are essential to the process of Oxidative
Phosphorylation which generate most of the cell’s ATP.

In eukaryotes, oxidative phosphorylation occurs in mitochondria and photophosphorylation
in chloroplasts. In the mitochondria, the energy to drive the synthesis of ATP derive from the
oxidative steps in the degradation of carbohydrates, fats and amino acids; whereas the
chloroplasts capture the energy of sunlight and harness it to make ATP [60].

ii. The Chemiosmotic Model of Peter Mitchell

Our current understanding of ATP synthesis in mitochondria and chloroplasts is based on the
chemiosmotic model proposed by Peter Mitchell in 1961 [60], which has been accepted as one
of the great unifying principles of twentieth century. According with this model, the electro-
chemical energy inherent in the difference in proton concentration and the separation of charge
across the inner mitochondrial membrane (the proton motive force) drives the synthesis of
ATP as protons flow passively back into the matrix through a proton pore associated with the
ATP synthase (Fig. 7).

13
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Under aerobic conditions, the major ATP synthesis pathway is oxidative phosphorylation of
which the terminal reaction is catalyzed by F , F ,-ATP synthase. This enzyme is found widely
in the biological world, including in thylakoid membranes, the mitochondrial inner membrane
and the plasma membrane of bacteria, and is the central enzyme of energy metabolism in most
organisms [65].

20 nm

Figure 7. In the mitochondrion (a), ATP synthase (arrow in a; b) is part of the respiratory chain.

Like many transporters the F , F ;-ATP synthase (or F-type ATPase) has been fascinating subject
for study of a complex membrane-associated process. This enzyme catalyzes ATP synthesis
from adenosine diphosphate (ADP) and inorganic phosphate (Pi), by using the electrochemical
potential of protons (or sodium ions in some bacteria) across the membrane, i.e. it converts the
electrochemical potential into its chemical form. ATP synthase also functions in the reverse
direction (ATPase) when the electrochemical potential becomes insufficient: it catalyzes proton
pumping to form an electrochemical potential to hydrolyze ATP into ADP and Pi. Proton
translocation and ATP synthesis (or hydrolysis) are coupled by a unique mechanism, subunit
rotation. Electrochemically energy contained in the proton gradient is converted into mechan-
ical energy in form of subunit rotation, and back into chemical energy as ATP (Nakamoto RK,
et al, 2008).
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Mitochondrial ATP synthase is an F-type ATPase similar in structure and mechanism to the
ATP synthases of chloroplasts and bacteria. This large complex of the inner mitochondrial
membrane, also called Complex V, catalyzes the formation of ATP from ADP and Pi, accom-
panied by the flow of protons from P (positive) side to N (negative) side of the membrane [66].

iii. FoF;-ATP Synthase Structure and Function

ATP synthase is a supercomplex enzyme with a molecular weight of 500 kDal and consists of
two rotary motors. One is F ; subcomplex (~380 kDal), which is the water-soluble part of ATP
synthase. F ; was identified and purified by Efraim Racker and his colleagues in the early 1960s.
When isolated from the membrane portion, it acts as an ATP-driven motor: it rotates its inner
subunit to hydrolyze ATP and is therefore term F ; ATPase. The other rotary motor of ATP
synthase is the membrane-embedded Fo subcomplex (~120 kDal) through which the protons
flow.

In the simplest form of the enzyme, in bacteria like Escherichia coli, F ; is composed of five
different subunits, in a stoichiometry of a;3;y0¢, and F , consists of three distinct subunits in
a stoichiometry of ab , c ;.;5. A newer more mechanically-based division differentiates between
the “rotor” (in E. coli,yec,) and the “stator” (a ; f ; 6ab ,). The a;0; ring of the stator contains
the three catalytic nucleotide sites, on the (3 subunits at the interphase to the adjacent a subunit.
The a subunit contains the static portion of the proton traslocator machinery. a,(3; and a are
held together by the “stator stalk” (or “peripheral stalk”), consisting of b ,y [65].

The crystallographic determination of the F ; structure by John Walker and colleagues [67]
revealed structural details very helpful in explaining the catalytic mechanism of the enzyme.
The three a- and 3- subunits that constitute the hexameric stator ring are alternately arranged
like the sections of an orange. The rotor shaft is the y-subunit, which is accommodated in the
central cavity of the a;3;-ring. The e-subunit binds onto the protruding part of the y-subunit
and provides a connection between the rotor parts of F ; and F ,. The d-subunit acts as a
connector between F ; and F , that connects the stator parts.

Catalytic reaction centers for ATP hydrolysis/synthesis reside at the three of the a-{3 interfaces,
whereas the non-catalytic ATP-binding sites reside on the other a/f3 interfaces. While the
catalytic site is formed mainly with amino acid residues from y-subunit, the non- catalytic sites
are primarily within the a-subunit. Upon ATP hydrolysis on the catalytic sites, F ; rotates the
Y-subunit in the anticlockwise direction viewed from the F , side [68].

As mentioned before, F , subcomplex (0 denoting oligomycin sensitive) consists of ab , ¢ ;45
subunits. The number of ¢ subunits varies among the species and form a ring complex by
aligning in a circle. It is widely thought that the c-ring and the 2 subunit form a proton pathway.
With the downhill proton flow through the proton channel, the c-ring rotates against the ab ,
subunits in the opposite direction of the y-subunit of the F ; motor [69]. Thus, in the F , F ,
complex, F ; and F ; push each other in the opposite direction. Under physiological condition
where the electrochemical potential of the protons is large enough to surpass the free energy
of ATP hydrolysis, F , forcibly rotates the y-subunit in the clockwise direction and then F ,
catalyzes the reverse reaction, i.e. ATP synthesis which is the principle function of ATP
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synthase. In contrast, when the electrochemical potential is small or decreases, F ; forces F , to
rotate the c-ring in the reverse direction to pump protons against the electrochemical potential.

The c subunit of the F , complex s a small (Mr 8,000), very hydrophobic polypeptide, consisting
almost entirely of two membrane-spanning «a-helices, that are connected by a small loop
extending from the matrix side of the membrane. The crystal structure of the yeast F , F ,,
solved in 1999, shows the arrangement of the subunits. The yeast complex has 10 ¢ subunits,
each with two transmembrane helices roughly perpendicular to the plane of the membrane
and arranged in two concentric circles. The inner circle is made up of the amino-terminal
helices of each ¢ subunit; the outer circle, about 55 A in diameter, is made up of the carboxyl-
terminal helices. The ¢ andy subunits of F ; form a leg-and-foot that projects from the bottom
(membrane) side of F ; and stands firmly on the ring of ¢ subunits. The a subunit is a very
hydrophobic protein that in most models is composed of five transmembrane helices. Ion
translocation takes place through subunit 2 and its interface with subunit c. The b subunits are
anchored within the membrane by an N-terminal a-helix and extend as a peripheral stalk all
the way to the head of the F ; domain. According to cross-linking studies, the b subunits contact
de C-terminal part of the ¢ subunit and the loop between helices 4 and 5 of the a subunit at the
periplasmic surface. The d-subunit forms a strong complex with the a-subunit. In mitochon-
dria, the peripheral stalk consists of more subunits named OSCP (Oligomycin Sensitive
Conferring Protein), b, d and F, [64].

iv. Structure of F ; and binding-change mechanism for ATP Synthesis.

The classic working model for F1 is the “binding-change mechanism” proposed by Paul Boyer
[70]. The early stage of this model postulated an alternating transition between two chemical
states, assuming two catalytic sites residing on F ;. It was later revised to propose the cyclic
transition of the catalytic sites based on the biochemical and electron microscopic experiments
that revealed that F ; has the three catalytic sites [71-73]. One important feature of this model
is that the affinity for nucleotide in each catalytic site is different from each other at any given
time, and the status of the three 3-subunits cooperatively change in one direction accompa-
nying 7y rotation. This hypothesis is strongly supported by X-ray crystallographic studies
performed by Walker’s group [67] that first resolved crystal structure of F ;, which revealed
many essential structural features of F ; at atomic resolution. Importantly, the catalytic (3-
subunits differ from each other in conformation and catalytic state: one binds to an ATP
analogue, adenosine 5'-(8,y-imino)-triphosphate (AMP-PNP), the second binds to ADP and
the third site is empty. Therefore, these sites are termed TP, fDP and BEmpty, respectively.
While BTP and BDP have a close conformation wrapping bound nucleotides on the catalytic
sites, BEmpty has an open conformation swinging the C-terminal domain away from the
binding site to open the cleft of the catalytic site. These features are consistent with the binding-
change mechanism. Another important feature found in the crystal is that while the N-terminal
domains of the a- and (-subunits form a symmetrical smooth cavity as the bearing for y
rotation at the bottom of the a;3;-ring, the C-terminal domains of the 3-subunit show distinct
asymmetric interactions with the y-subunit. Therefore, the most feasible inference is that the
open-to-closed transition of the -subunits upon ATP binding pushes y, and the sequential
conformational change among [3- subunits leads the unidirectional y rotation.
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One strong prediction of the binding-change model of Boyer is that the y subunit should rotate
inone direction when F , F ; is synthesizing ATP and in the opposite direction when the enzyme
is hydrolyzing ATP. This prediction was confirmed in elegant experiments in the laboratories
of Masasuke Yoshida and Kazuhiko Kinosita Jr. [74]. The rotation of y in a single F ; molecule
was observed microscopically by attaching a long, thin, fluorescent actin polymer to y and
watching it move relative to a ; § ; immobilized on a microscope slide, as ATP was hydrolyzed
[see 75]. Lately the unidirectional vy rotation was visualized in simultaneous imaging of the
conformational change of the 3-subunit and the vy rotation.

v. New approaches for studying biological macromolecules.

The Atomic Force Microscope (AFM) is a powerful tool for imaging individual biological
molecules attached to a substrate and place in aqueous solution. This technology allows
visualization of biomolecules under physiological conditions. However, it is limited by the
speed at which it can successively record highly resolved images. Recent advances have
improved the time resolution of the technique from minutes to tens of milliseconds, allowing
single biomolecules to be watch in action in real time. Toshio Ando and his coworkers at
Kanazawa University have been leading innovators in this so-called High-Speed Atomic Force
Microscope (HS-AFM) technology [76]. This technology allows direct visualization of dynamic
structural changes and dynamic processes of functioning biological molecules in physiological
solutions, at high spatial-temporal resolution. Dynamic molecular events appear in detail in
an AFM movie, facilitating our understanding of how biological molecules operate to function.

In this regard, the Ando group showed a striking example of molecular motor action in their
AFM movies of the isolated subcomplex of the rotary motor protein F ;-ATPase. Previous sin-
gle-molecule experiments on parts of this enzyme had measured rotation, but they could only
be done if at least one subunit of the rotor was attached. The AFM, however, could visualize the
conformational change that the 3 subunits of the stator undergo when they bind ATP. By imag-
ing at 12.5 frames/s, the authors followed the time dependence of these conformational
changes, leading to the surprising conclusion that, contrary to what was widely assumed be-
fore, the catalysis on the enzyme maintains its sequential rotary order even in absence of the ro-
tor subunits.

“To directly observe biological molecules at work was a holy grail in biology. Efforts over the
last two decades at last materialized this long-quested dream. In high-resolution AFM movies,
we can see how molecules are dynamically behaving, changing their structure and interacting
with other molecules, and hence we can quickly understand in stunning detail how molecules
operate to function. This new approach will spread over the world and widely applied to a
vast array of biological issues, leading to a number of new discoveries. The extension of high-
speed AFM to a tool for imaging live cells, which allows direct in situ observation of dynamic
processes of molecules and organelles, remains an exciting challenge but will be made in the
near future because it is a right and fruitful goal” [77].

e. Lipid rafts

Cell membranes are dynamic assemblies of a variety of lipids and proteins. They form a
protective layer around the cell and mediate the communication with the outside world. The
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original fluid mosaic model [78] of membranes suggested a homogenous distribution of
proteins and lipids across the two-dimensional surface, but more recent evidence suggests that
membranes themselves are not uniform and that microdomains of lipids in a more ordered
state exist within the generally disorder lipid milieu of the membrane. These clusters of ordered
lipids are now referred to as lipid rafts [79] (Pike L] 2009).

Lipid rafts (LRs), consist of cell membrane domains rich in cholesterol, sphingolipids and lipid-
anchored proteins in the exoplasmic leaflet of the lipid bilayer. Because of their ability to
sequester specific lipids and proteins and exclude others, rafts have been postulated to perform
critical roles in a number of normal cellular processes, such as signal transduction [80],
membrane fusion, organization of the cytoskeleton [81-83], lipid sorting, and protein traffick-
ing/recycling, as well as pathological events [84].

LRs are too small to be resolved by standard light microscopy - they range from 10 to about
200 nm - with a variable life span in the order of milliseconds (msec). Detergent resistant
membranes, containing clusters of many rafts, can be isolated by extraction with Triton X-100
or other detergents on ice. However, this method involves breaking up the membrane and has
limitations in terms of defining the size, properties, and dynamics of intact microdomains
[85-88].Thus, a variety of sophisticated techniques have recently been used to analyze in detail
open questions concerning rafts in cell and model membranes including biochemical, bio-
physical, quantitative fluorescence microscopy, atomic force microscopy and computational
methodologies [89-90].

Figure 8. Components of a lipid raft. (1) non raft membrane, (2) lipid raft, (3) lipid raft associated transmembrane pro-
tein, (4) GPl-anchored protein, (5) glycosylation modifications (glycoproteins and glycolipids).

The raft affinity of a given protein can be modulated by intra- or extracellular stimuli. Saturated
fatty acids are preferentially enriched in the side chains of the membrane phospholipids, which
allows closer packing and thus increased rigidity, more order and less fluidity of the LRs
compared to the surrounding membrane [91-92]. Proteins with raft affinity include glycosyl-
phosphatidylinositol (GPI)-anchored proteins [93-94], doubly acylated proteins, such as Src-
family kinases or the a-subunits of heterotrimeric G proteins8, cholesterol-linked and
palmitoylated proteins such as Hedgehog9, and transmembrane proteins, particularly
palmitoylated ones [92-95].
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Different subtypes of lipid rafts can be distinguished according to their protein and lipid
composition. Caveolae are types of rafts that are rich in proteins of the caveolin family
(caveolin-1, -2 and -3) which present a distinct signaling platform [96]. The caveolae are
enriched in cholesterol, glycosphingolipids, and sphingomyelin. They are the site of several
important protein—protein interactions, for example, the neurotrophin receptors, TrkA and
p75(NTR), whose respective interactions with caveolin regulates neurotrophin signaling in the
brain. Caveolins also regulate G-proteins, MAPK, PI3K, and Src tyrosine kinases.

The most important role of rafts at the cell surface may be their function in signal transduction.
Lipid rafts have been implicated as the sites for a great number of signaling pathways.They
form concentrating platforms for individual receptors, activated by ligand binding [86]. If
receptor activation takes place in a lipid raft, the signaling complex is protected from non-raft
enzymes such as membrane phosphatases that otherwise could affect the signaling process.
In general, raft binding recruits proteins to a new micro-environment, where the phosphory-
lation state can be modified by local kinases and phosphatases, resulting in downstream
signalling. Individual signaling molecules within the raft are activated only for a short period
of time.

Immobilization of signaling molecules by cytoskeletal actin filaments and scaffold proteins
may facilitate more efficient signal transmission from rafts [97]. Current evidence supports a
role for lipid rafts in the initiation and regulation of The B-cell receptor signaling and antigen
trafficking [98-100]. The importance of lipid raft signalling in the pathogenesis of a variety of
conditions, such as Alzheimer’s, Parkinson’s, cardiovascular and prion diseases, systemic
lupus erythematosus and HIV, has been elucidated over recent years[ 101] and makes these
specific membrane domains an interesting target for pharmacological approaches in the cure
and prevention of these diseases [102]. Rafts serve as a portal of entry for various pathogens
and toxins, such as human immunodeficiency virus 1 (HIV-1). In the case of HIV-1, raft
microdomains mediate the lateral assemblies and the conformational changes required for
fusion of HIV-1 with the host cell [103]. Lipid rafts are also preferential sites of formation for
pathological forms of the prion protein (PrPSc) and of the $-amyloid peptide associated with
Alzheimer’s disease {104].

Plasma membranes typically contain higher concentrations of cholesterol and sphingomyelin
than do internal membranous organelles [105-106]. Thus, along the secretion pathway, there
are very low concentrations of cholesterol and sphingolipids in the endoplasmic reticulum,
but the concentrations of these lipids increase from the cis-Golgi to the trans-Golgi and then
to the plasma membrane [107-108]. On the contrary, recent evidence suggests that mitochon-
dria do not contain lipid rafts, and lipid rafts do not contain mitochondrial proteins [109].

Lipid raft domains play a key role in the regulation of exocytosis [110]. The association of
SNAREs protein complexes with lipid rafts acts to concentrate these proteins at defined sites
of the plasma membrane that are of functional importance for exocytosis [111-114].

f. The nucleolus

The cell nucleus contains different compartments that are characterized by the absence of
delineating membranes that isolate it from the rest of the nucleoplasm [5]. Due to the high

19



20  Oxidative Stress and Chronic Degenerative Diseases - A Role for Antioxidants

concentration of RNA and proteins that form it, the nucleolus is the most conspicuous nuclear
body in cycling cells observed by light and electron microscopy. Nucleoli are formed around
nucleolar organizer regions (NORs), which are composed of cluster of ribosomal genes (rDNA)
repeat units [115-121]. The number of NOR-bearing chromosomes varies depending on the
species, can be found 1 in haploid yeast cells to 10 in human somatic cells (short arms of
chromosomes 13, 14, 15, 21 and 22). Nucleolus is the organelle of rDNA transcription by RNA
polymerase I, whose activity generates a long ribosomal precursor (pre-rRNA), this molecule
is the target of an extensive process that includes removing or cutting the spacers and 2'-O-
methylation of riboses and coversions of uridine residues into pseudouridines. The net result
of these reactions is the release of mature species of ribosomal RNA (rRNA) 18S, 5.85 and 28S.
These particles are assembled with approximately 82 ribosomal proteins and rRNA 5S
(synthesized by RNA polymerase III) to form the 40S and 60S subunits; both of these subunits
are then exported separately to the cytoplasm and are further modified to form mature
ribosomal subunits. Currently, it is widely accepted that nucleolar transcription and early pre-
rRNA processing take place in the fibrillar portion of nucleolus while the later steps of
processing and ribosome subnits assembly occurs mainly in the granular zone. The architec-
ture of the nucleolus reflects the vectorial maturation of the pre-ribosomes. The nucleolar
structure is organized by three canonical subdomains that are morphologically and biochem-
ically different. The fibrillar centers (FC), dense fibrillar component (DFC) and granular
component (GC). The FCs are structures with a low electron density, often circular shape of
~0.1 to 1um in diameter. The FCs are enriched with rDNA, RNA polymerase I, topoisomerase
I and upstream binding factor (UBF). DFCs are a compact fibrillar region containing a high
concentration of ribonucleoprotein molecules that confer a high electrodensity. This compo-
nent entirely or partially surrounds the FCs. DFCs contains important proteins such as
fibrillarin and nucleolin as well as small nucleolar RNAs, pre-rRNA and some transcription
factors. FCs and DFCs are embedded in the GC, composed mainly of granules of 15 to 20nm
in diameter with a loosely organized distribution. In the GC are located B23/nucleophosmin,
Nop 52, r-proteins, auxiliary assembly factors, and the 40S and 60S subunits that the GC is
itself composed of at least two distintc molecular domains. Considering the species, cell type
and physiological state of the cell, there is considerable diversity in the prevalence and
arrangement of the three nucleolar components.

On the other hand, the current eukaryotic nucleolus is involved in the ribosomal biogenesis
but has been described as a multifunctional entity. Extra ribosomal functions include biogen-
esis and/or maturation of other ribonucleoprotein machines, including the signal recognition
particle, the spliceosomal small nuclear RNPs and telomerase, processing or export of some
mRNAs and tRNA, cell cycle and cell proliferation control, stress response and apoptosis [116].
The plurifunctional nucleolus hypothesis is reinforced by the description of nucleolar pro-
teome of several eukaryotes. A proteomic analysis has identified more than 200 nucleolar
proteins in Arabidopsis and almost 700 proteins in the nucleolus of HeLa cells. A comparison
of nucleolar proteome from humans and budding yeast showed that ~90% of human nucleolar
proteins have yeast homologues. Interestingly, only 30% of the human nucleolar proteome is
intended for ribosomal biogenesis [120, 122].
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1.1.3. Microscopy

Fundamental to approach the cell at the nanoscale in cell nanobiology are the classical and also
remarkably new types of microscopy. Three different epochs characterize microscopy: 1) Light
microscopy, developed since ca. 1500, where glass lenses and light as source of illumination
are used to get resolution of up to 0.2 um. Different types such as bright field, phase contrast,
differential interference contrast (Nomarsky), dark field, polarization, fluorescence, confocal,
and super-resolution, are variants of this type of microscopy. 2) Electron microscopy, devel-
oped since early 1930s, where electromagnetic lenses and electrons as source of illumination
are used to get resolution of up to nm or A°. Transmission and scanning electron microscopy
—including the environmental and high resolution modes- are the two forms of this microsco-
py- 3) Scanning probe microscopy, developed in the early 1980s, where no lenses or illumina-
tions are used, but instead the microscope consists of a fine tip interacting with the samples to
potentially obtaining atomic resolution. Scanning tunneling microscopy and atomic force
microscopy are the major variants of this type of modern microscopy. Because atomic force
microscopy may produce images at high resolution even under liquid, we have been using
such microscopy for imaging the cell components. To test this approach, we used several cell
types and generated images at low magnification (Figure 9a). Nuclear particles i.e. Lacandonia
granules were already visualized using this approach (Figure 9b).

Figure 9. a) Atomic force microscopy image of a cell from the tegument of the plant Lacandonia schismatica. Cell wall
(CW), vacuole (V), cytoplasm (Cy), Within the nucleus (N), compact chromatin (cc), nucleolus (nu), nucleolar organizer
(small arrow) and nuclear pore (large arrow). b) Atomic force microscopy of Lacandonia granules within the nucleus of
a tegument cell of the plant Lacandonia schismatica. Three dimensional displaying shows compact chromatin (cc) and
associated particles (arrow).
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1.1.4. Further research

Further research in our laboratory will focusing in visualizing the nanoscale cell structures
involved in fundamental processes as ribosome biogenesis, at a high resolution in situ under
liquid conditions to perform quantitative analysis.

2. Conclusion

A view of the cell emphasizing vertical resolution obtained by atomic force microscopy may
represent a way to understand cell structure and function at the nanoscale, an interphase
between molecular biology and cell biology.
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1. Introduction

One theory that was initially questioned was the proposal of Dr. Denhan Harman (1956) of
the University of Nebraska. He was the first researcher to propose Free radicals (FR) as an
important cause of cellular aging. Today this theory enjoys wide approval. FR are “disequili-
brated” molecules that travel through our organism attempting to capture an electron of the
stable molecules to obtain its electrochemical stability [1,2].

FR perform many useful functions in the organism (in fact, our own bodies manufacture
these in moderate amounts to combat, for example, infections). When the increase of the in-
tracellular contents of FR exceeds the cells” antioxidant defenses and are not efficient for in-
hibiting them, this causes organic damage known as Oxidative stress (OS), which leads to a
variety of physiological and biochemical changes that induce damage to biological mole-
cules such as nucleic acids, proteins, lipids, etc., which consequently cause deterioration and
cell death. An FR comprises any atom or group that possesses one or more unpaired elec-
trons; thus, FR are very reactive[3].

OS traditionally has been considered a static cell-damage process that derives from the aero-
bic metabolism, and its clinical importance has been recognized to the point of currently be-
ing considered a central component of any pathological process. OS in diverse pathological
states affects a wide variety of physiological functions, contributing to or providing biofeed-
back on the development of a great number of human degenerative diseases, such as athero-
sclerosis, diabetes, cardiomyopathies, chronic inflammatory diseases (rheumatoid arthritis,
intestinal inflammatory intestinal disease, and pancreatitis), neurological diseases, high
blood pressure, ocular diseases, and pulmonary and hematological disease, cancer, and im-
munodepression, asthma, among others [4].
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This implication does not mean that Reactive oxygen species (ROS) always play a di-
rect role in the development of the disease. In fact, reactive species predispose the or-
ganism to diseases caused by other agents. In many cases, oxidative damage is to a
greater degree the consequence of the tissue damage that the disease produces than a
cause of the disease itself and therefore can contribute to worsening of the tissue dam-
age generated [3].

While our own body produces FR in moderate amounts, amounts that decrease when we
age, we must also bear in mind ROS-generated exogenous sources in organisms, such as an-
tibiotics, drugs, alcohol, tobacco, stress, contaminants, chemotherapy, and exposure to Ultra-
violet (UV) and ionizing radiation.

On the other hand, numerous epidemiological studies suggest that more persons could
avoid the appearance of pathological processes if they consumed antioxidant-rich diets
(fruits and vegetables). Thus, it would be possible to protect the organism more efficiently
against OS, with the presentation of lesser risk of developing human degenerative diseases.

This has led to conducting experiments to identify the specific components responsible for
the positive effects on health by the consumption of foods of plant origin. One explanation
that has found great acceptance is that this is due to the presence of antioxidant nutrients
such as vitamins C and E, carotenoids, flavonoids, selenium, etc., which would interfere
with oxidative damage to the DNA, proteins, and lipids [3].

Antioxidants are synthetic or natural substances that present in low concentrations com-
pared with the biomolecules that they should protect. Antioxidants protect by retarding or
inhibiting the harmful effects of FR. They are classified as follows: endogens (glutathione,
co-enzyme Q, etc.), which are manufactured by the cell itself; exogens, which enter the or-
ganism through the diet (existing in determined foods) or through supplements with antiox-
idant formulations, and co-factors (copper, zinc, manganese, iron, and selenium). The
consumption of antioxidant exogens can increase protection of the body and aid antioxidant
endogens in combating diseases [5].

Fortunately, numerous foods and supplements that we ingest are rich in the antioxidants
that protect against damage to the cells. Vitamin C, which is found in abundance in citrics
and vegetables, is perhaps the best known antioxidant. Vitamin E, which is liposoluble, can
be found in nuts, unrefined vegetable oils such as corn, cotton seed, and wheat germ, and in
whole grains. Beta carotene, which is converted into vitamin A in the organism, can be
found in dark-leafed vegetables, carrots, and sweet potatoes.

In recent years, plant-derived natural antioxidants have been used frequently, given that
they present activity that is comparable with the most frequently employed synthetic antiox-
idants. Antioxidants are also found in a variety of herbs and foods that are to a great extent
unknown in and not easily available in our environment, such as green tea, cardo mariano,
ginkgo biloba, pine bark, and red wine; however, we do have dulcamara, dragon’s blood,
cat’s claw, anamu/guinea hen weed), garlic, onion, aloe vera, and others that are very rich in
antioxidants.
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Many benefits are conferred on antioxidants against diverse pathological states; in adition to
this, an unequaled richness in natural foods is exhibited as well as our obligation to take ad-
vantage of and assess these.

In the present work, the description is performed of the characteristics of the exogenous an-
tioxidants with regard to their employment in human health [6].

2. Vitamins

Vitamins are organic micronutrients that possess no energetic value, are biologically active,
and with diverse molecular structure, which are necessary for humans in very small quanti-
ties (micronutrients) and which should be supplied by the diet because humans are unable
to synthesize and which are essential for maintaining health [7].

The majority of vitamins are not synthesized by the organism, some can be formed in varia-
ble amounts in the organism (vitamin D and niacin are synthesized endogenously; the for-
mer forms in the skin by exposure to the sun, niacin can be obtained from tryptophan, and
vitamins K2, B1, B2, and biotin are synthesized by bacteria). However, this synthesis is gen-
erally not sufficient to cover the organism’s needs. [8,9].

The functions of the vitamins and the need of the organism for these are highly varied. Per-
sons always need vitamins and at all life stages. However, during specific periods such as
growth, pregnancy, lactancy, and disease, the needs are increased [8].

The majority of vitamins have a basic function in the maintenance of health (doing honor to
their name: “vita” means life. The term vitamin, proposed for the first time (in 1912) by Pol-
ish Chemist Casimir Funk, is demonstrated by the appearance of deficiency or deficiency-
related diseases that were caused by the lack of vitamins in the diet; for example, lack of
vitamin A can produce blindness and the lack of vitamin D can retard bone growth; vita-
mins also facilitate the metabolic reactions necessary for utilization of proteins, fats, and car-
bohydrates.

In addition, today we know that their nutritional role extends beyond that of the preven-
tion of deficiency or deficiency-associated diseases. They can also aid in preventing some
of the most prevalent chronic diseases in developed societies. Vitamin C, for example,
prevents scurvy and also appears to prevent certain types of cancer. Vitamin E, a potent
antioxidant, is a protector factor in cardiovascular disease and folates help in preventing
fetal neural tube defects [9].

Traditionally, vitamins have been classified into two large groups in terms of their solubility
as follows:

Liposoluble vitamins: A (retinol); D (ergocalciferol); E (tocopherol), and K (filoquinone and
menadione), which are soluble in lipids but not in water; thus, they are generally vehicu-
lized in the fat found in foods. These vitamins can accumulate and cause toxicity when in-
gested in large amounts [9].
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These are fat-soluble compounds and are found associated in foods with fats, mainly of ani-
mal origin, and are absorbed with them. Therefore, any problem with respect to the absorp-
tion of fats will be an obstacle to the absorption of liposoluble vitamins. The latter are stored
in moderate amounts in the vital organs, especially in the liver [8].

Hydrosoluble vitamins: The following are vitamins of the B group: [B; (thiamin); B, (ribofla-
vin; B3 (niacin); pantothenic acid; B, (pyridoxine); biotin; folic acid, and B,, (cyanocobala-
min)], and vitamin C (ascorbic acid), contained in the aqueous compartments of foods. [9].

These are water-soluble compounds that are found in foods of animal and plant origin. Dif-
ferent from liposoluble vitamins, water-soluble vitamins are not stored in the body; thus,
they should be ingested daily with food to avoid their supply becoming exhausted [8]. The
hydrosoluble vitamins participate as co-enzymes in processes linked with the metabolism of
organic foods: carbohydrates; lipids, and proteins.

One important difference between these two vitamin groups lies in their final destiny in the
organism. An excess of water-soluble vitamins is rapidly excreted in the urine; on the other
hand, liposoluble vitamins cannot be eliminated in this manner; they accumulate in tissues
and organs. This characteristic is associated with a greater risk of toxicity, which means the
ingestion of excessive amounts of liposoluble vitamins, especially vitamins A and E. Vita-
min B12 constitutes an exception because it is stored in the liver in important quantities.

2.1. Vitamin C

Vitamin C, also known as ascorbic acid (enantiomer, L-ascorbic acid) is an antioxidant hy-
drosoluble vitamin, this due to that it is an electron donor, which explains its being a reduc-
er that directly neutralizes or reduces the damage exercised by electronically disequilibrated
and instable reactive species, denominated Free radicals (FR).

Action: The presence of this vitamin is required for a certain number of metabolic reactions
in all animals and plants and is created internally by nearly all organisms, humans compris-
ing a notable exception [10].Vitamin C is essential for the biosynthesis of collagen proteins,
carnitine (which is a pro-catabolic transporter of fatty acids in the mitochondria), neuro-
transmitters (mediators of cell communications, primarily of nerve expression), neuroendo-
crine peptides, and in the control of angiogenesis; it aids in the development of teeth and
gums, bone, cartilage, iron absorption, the growth and repair of normal connective tissue,
the metabolism of fats, and the scarring of wounds; it promotes resistance to infections by
means of the immunological activity of the leukocytes [11].

In addition to the biological functions mentioned, there are an infinite number of scientific
and pseudoscientific reports that qualify this vitamin as an immunomodulator, an antiviral
influenza protector, an antiatherogenic, an antiangiogenic, and as an anti-inflammatory, and
debate continues on its activity in cancer and its antioxidant properties, given that there is
information that lends support to its procancerigenenous and to its role as a pro-oxidant.
Currently, this vitamin is the most widely employed vitamin in drugs, premedication, and
nutritional supplements worldwide [11]. Various lines of experimental and epidemiological
evidence suggest that vitamin C is a powerful antioxidant in biological systems, both in vitro



The Exogenous Antioxidants
http://dx.doi.org/10.5772/52490

as well as in vivo. Health benefits have been attributed to vitamin C, such as the anticancer-
igenous, immunoregulator, antiinflammatory, and neuroprotector effect. Vitamin C rapidly
eliminates Reactive oxygen species (ROS), Reactive nitrogen species (ROS), or both, and re-
duces the transitional metallic ions of specific biosynthetic enzymes; thus, it can prevent bio-
logical oxidation (Garcia G.A., et al., 2006). The damage exercised by electronically
disequilibrated and instable Reactive oxygen-derived species (ROS) (Free radicals, FR), ni-
trogen-derived FR, NOS), and sulfa-derived or mixed FR harm through oxidation any of the
cellular macromolecular components. If these are not neutralized, so-called “propagation”
or “amplification” is produced and, in the case of oxidation, the peroxides are again oxi-
dized into peroxyls [12].

Clinical Uses: Vascular diseases, cancer, cataracts, High blood pressure, acute pancreatitis,
the common cold, iron fixation in blood hemoglobin, dermatological uses (photochronoag-
ing, photoprotection, prevention of contact dermatitis, non-scarring of wounds, and hyper-
pigmentation) [9].

Foods are substances or products of any nature that due to their characteristics and compo-
nents are utilized for human nutrition. Ascorbic acid, commonly known as vitamin C, pro-
motes resistance to infections by means of the immunological activity of leukocytes; it is
useful for preventing and curing the common cold, as well as improving iron absorption in
the human body and diminishing the incidence of anemia caused by lack of this mineral,
which presents a high incidence in Mexican population.

Chemical structure: Ascorbic acid is a 6-carbon ketolactone that has a structural relationship
with glucose; it is a white substance, stable in its dry form, but in solution it oxidizes easily,
even more so if exposed to heat. An alkaline pH (>7), copper, and iron also accelerate its oxi-
dation. Its chemical structure is reminiscent of that of glucose (in many mammals and
plants, this vitamin is synthesized by glucose and galactose).

Vitamin C is found mainly in foods of plant origin and can present in two chemically inter-
changeable forms: ascorbic acid (the reduced form), and dihydroascorbic acid (the oxidated
form) (See Figure 1), with both forms biologically functional and maintaining themselves in
physiological equilibrium. If dihydroascorbic acid is hydrated, it is transformed into diketo-
gluconic acid, which is not biologically active, and with this an irreversible transformation.
This hydration occurs spontaneously on neutral or alkaline dissolution.

Deficit: It is well known that a deficiency of vitamin C causes scurvy in humans, thus the
origin of the name “ascorbic” given to the acid [10].Scurvy was recognized for the first time
in the XV and XVI Centuries as a serious disease contracted by sailors on long sea journeys
(it appeared in adults after a nutritional need had existed for >6 months, because sailors had
no access to fresh foods, including fruits and vegetables). Prior to the era of research on vita-
mins, the British Navy established the practice of supplying lemons and other citric fruits to
their sailors to avoid scurvy [13]. Scurvy is related with defective collagen synthesis, which
manifests itself as the lack of scarring, progressive asthenia, gum inflammation, falling out
of the teeth, joint inflammation and pain, capillary fragility, and esquimosis, thus the impor-
tance of the ingestion of vitamin C in the diet [11].
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Obtaining Vitamin C: This is a nutrient that is localized, above all, in citric fruits and vege-
tables. All fruits and vegetables contain a certain amount of vitamin C. Foods that tend to be
greater sources of vitamin C are, among others, the following: citrics (oranges, limes, lem-
ons, grapefruit); guavas; pineapple; strawberries; kiwis; mangoes; melon; watermelon, and
cantaloupe and, as examples of vegetables, green peppers, tomatoes, broccoli, cabbage, cau-
liflower, green peas, asparagus, parsley, turnips, green tea, and other green-leafed vegeta-
bles (spinach), potatoes or sweet potatoes, and yams.

HO

Oxidation HO
Reduction
(CsHgOs) (CgHgOp)
L-ascorbic acid L-dihydroascorbic acid

Figure 1. The oxidation-reduction (redox) reaction of vitamin C, molecular forms in equilibrium. L-dihydroascorbic
acid also possesses biological activity, due to that in the bodly it is reduced to form ascorbic acid.

However, it is noteworthy that vitamin C diminishes on boiling, drying, or soaking foods;
thus, it is convenient to consume these raw.

Daily recommended doses of ascorbic acid are 75 mg/day (for women) and 90 mg/day (for
men). There are between 1.2 and 2 g (20 mg/kg body weight) of ascorbic acid available in the
entire organism and its half-life ranges from 10-20 days [11-15].

Absorption: Vitamin C is easily absorbed in the small intestine, more precisely, in the duo-
denum. It enters the blood by active transport and perhaps also by diffusion. It would ap-
pear that the mechanism of absorption is saturable, due to that when large amounts of the
vitamin are ingested, the percentage absorbed is much lower (Figure 2). In normal inges-
tions (30-180 mg), vitamin C is absorbed (bioavailability) at 70-90% vs. a 16% ingestion of 12
g. Its concentrations in plasma are 10-20 mcg/ml.

The vitamin C concentration in the leukocytes is in relation to the concentration of the vita-
min in the tissues: therefore, by measuring the concentration of vitamin C in the leukocytes,
we can know the real level of the vitamin in the tissues. The pool of vitamin C that humans
possess under normal conditions is approximately 1,500 g. When this pool is full, vitamin C



The Exogenous Antioxidants
http://dx.doi.org/10.5772/52490

is eliminated at a high percentage by the urine in the form of oxalic acid (catabolite) or, if it
is ingested in very high amounts, as ascorbic acid. If there are deficiencies, absorption is
very high and there is no elimination by urine. Ascorbic acid is found at high concentrations
in various tissues, for example, suprarenal, liver, spleen, and kidneys.Alcohol consumption
diminishes absorption of the vitamin, and the smoking habit depletes the levels of the vita-
min in the organism; thus, it is recommended that smokers and regular alcohol consumers
supplement their diet with vitamin C.

The half-life of ascorbic acid in the organism is approximately16 days. Thus, the symptoms
of scurvy do not appear for months in subjects with a diet deficient in vitamin C [7].

L-dihydroascorbic acid
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Figure 2. Mechanism of absorption of vitamin C. The L-dihydroascorbic acid molecule is better absorbed than that of
L-ascorbic acid. Passive absorption is dependent on a glucose transporter and active absorption is dependent on Na*.

Toxicity: It is scarcely probable for vitamin C intoxication (megadose) to occur because it is
a hydrosoluble vitamin and excesses are eliminated through the urine. But if the daily dose
of vitamin C exceeds 2,000 mg/day, the following can appear [16]:

* Diarrhea

* Smarting on urinating

* Prickling and irritation of the skin

* Important alterations of glucose in persons with diabetes
* Insomnia

* Excessive iron absorption

* Formation of oxalate and uric kidney stones.
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Great controversy on the theme of Free radicals (FR) and antioxidants such as vitamin C
continues, although there is conceptual dispute on whether these are the cause or conse-
quence of the pathology. Biochemically, L-ascorbic acid donates two of its electrons from a
double loop between the carbons in positions 2 and 3 (See Figure 1), and this donation is
sequential, because the first molecular species generated after the loss of an electron is an FR
denominated ascorbile acid. Similar to other FR with an unpaired electron, ascorbile is rela-
tively stable and regularly non-reactive, with half-life of 10-15 seconds.

A great diversity of scientific works has allowed increasing the knowledge of the biological
function of vitamin C, but this has also generated doubts, given that controversies have sur-
faced. One of these controversial points comprises the pro-oxidant activity of vitamin C
[12,17]. In the meanwhile, there are starting points, such as that its pro-oxidant activity de-
pends as much on the dose in the diet as on the presence of trace metals, such as iron and
free copper, in order for these to produce Fenton-type reactions, and this is amplified by the
additional presence of certain FR in the circulating medium [16,18]. This would also depend
on the vitamin C-directed reaction.

2.2. Vitamin E

Discovered at the beginning of the 1920s in vegetable oils such as that of wheat germ by
Herbert Evans and Katherine Bishop, vitamin E is also denominated tocopherol or the anti-
sterile vitamin, due to its activity. Vitamin E is present in small amounts in all of the cells.

Vitamin E is a group of methylated phenolic compounds known as tocopherols and toco-
trienols (a combination of the Greek words “tdxog” [birth] and “¢pépewv” [possess or car-
ry], which together mean "to carry a pregnancy"). Alpha-tocopherol is the most common
of these and biologically that with the greatest vitaminic action. It is a lipophilic antioxi-
dant that is localized in the cell membranes whose absorption and transport are found to
be very highly linked with that of lipids. It is considered the most important lipid mole-
cule protector because its action consists of protecting the polyunsaturated fatty acids of
cell membrane phospholipids from cellular peroxidation, and also inhibiting the peroxi-
dation of Low-density lipoproteins (LDL). It oxidizes the oxygen singlet, takes up hy-
droxyl FR, neutralizes peroxides, and captures the superoxide anion in order to convert
it into less reactive forms [1].

Fortunately, the foods with the greatest amounts of Polyunsaturated fatty acids (PFA) also
tend to have a high content of this vitamin. Sunflower seed oil, one of the foods richest in
PFA, also has the highest content of vitamin E among all of the foods that we habitually con-
sume. It is also found in other vegetable oils, in dry fruit, and in eggs. In the mean diet of
Spaniards, vegetable oils furnish 79% of the vitamin E that they consume [9].

Ingestion that adequately covers the recommended allowance appears to behave as a factor
of protection in cardiovascular disease, on protecting LDL from oxidation, one of the main
risk factors of this pathology. Vitamin E acts jointly and synergically with the mineral seleni-
um, another of the organism’s antioxidants.
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It can be easily destroyed by the action of heat and of oxygen in the air. Vitamin E is one of
the least toxic liposoluble vitamins [9].

Action: It has been proposed that in addition to its antioxidant function, vitamin E can per-
form a specific physicochemical function in the ordering of the lipic membranes, especially
of phospholipids rich in arachidonic acid (thus acting as a membrane stabilizer) [1].

In vivo, vitamin E acts when it breaks the chain of antioxidants, thus preventing the propa-
gation of damage to the biological membranes that give rise to FR, something akin to a pro-
tective shield of the cells” membranes that allows them not to age or to deteriorate due to
oxygen-containing FR, retarding cellular catabolism, impeding the chain reaction that can
produce peroxides from ensuing. It participates in the hemo group and in vitamin E defi-
ciency; hemolytic anemia appears as a result of damage by FR. It also exercises an antitoxic
function, a protector in the face of various chemical agents, especially preventing the forma-
tion of peroxides from PFA, thus favoring the maintenance and stability of the biological
membranes and of the lisosomes in erythrocytes, liver, and muscle [19].

Tocopherols act as intra- and extracellular liposoluble antioxidants within the body. In par-
ticular, the tocopherols protect the highly stored fatty acids (PFA) that are present in cellular
and subcellular membranes, maintaining the integrity of the biological membranes, as well
as other reactive compounds (e.g., vitamins A and C) from the oxidative damage that they
could undergo on acting as FR traps. It has also been suggested that the tocopherols play an
important role in cell respiration and in DNA and co-enzyme Q biosynthesis.

Tocopherols favor normal growth and development, act as an anticoagulant agent, stimulate
the formation of red globules, stimulate the recycling of vitamin C, reduce the risk of the
first mortal heart attack in males, protect against prostate cancer, improve immunity, and is
a potent antioxidant against cancer in general, cardiac diseases, and FR, thus possessing a
potent anti-aging function.

Vitamin E can reduce circulatory problems in the lower limbs, prevent coronary diseases,
increase strength and muscular resistance (fostering achievement in sports), drive the sexual
metabolism, and relieve menopausal symptoms. It can reduce the formation of scars (stimu-
lating the curing of burns and wounds), could help in the treatment of acne, and is a poten-
tial treatment for diaper dermatitis and bee stings.

Chemical structure: The chemical formula for vitamin E (C,yH;,0,) is utilized for designat-
ing a group of eight natural species (vitamers) of tocopherols and tocotrienols (a, 3, v, and
0). Together with vitamins A, D, and K, these constitute the group of liposoluble vitamins,
characterized by deriving from the isoprenoid nucleus, soluble in lipids and organic sol-
vents. They are essentials, given that the organism cannot synthesize them; therefore, their
contribution is carried out through the diet in small amounts. For efficient absorption by the
organism, these require the presence of fatty acids, bile, and lipolytic enzymes of the pan-
creas and intestinal mucosa [20].

Their structure comprises two primary parts: they contain a substitute aromatic ring de-
nominated chromate and a long side chain (See Figure 3). These eight vitamers are divided
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into two basic groups: four tocopherols, and four tocotrienols, which are differentiated in
the side-chain saturation; the tocopherols possess a saturated chain, and the tocotrienols, an
unsaturated one with three double loops on carbons 3, 7, and 11 (Figure 4).

Within each group, the vitamers differ in the number and position of the methyl groups in
the chromate ring, designating these as a, 3, and d (Figures 4 and 5) [19,20].

CH, Tocotrienols
", o e —
s e
Chromate ring Side chain

Figure 3. Components of the tocotrienol structure.

Tocopherol / Tocotrienol R, R,
o- CH, GCH,
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S~ H H

CH Tocotrienols

Figure 4. Chemical structure of the possible sterecisomers of the tocopherols and tocotrienols that make up the natu-
ral vitamin E. The presence of the -CH; or -H groups in the chromate ring define that these substances as a, B, y, and 8.

The presence of three chiral centers (position C2 of the chromate ring, positions C4 and C8
of the phytyl chain) allow there to be a total of eight configurations depending on the R or S
orientation of the methyl group in each of the chiral centers (Figures 3 and 5) [19].

During vitamin E synthesis, equimolar amounts of these isomers (vitamers) are produced.
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Figure 5. Chemical structure of the tocopherols.

Deficit: The deficiency of vitamin E can be due to two causes: not consuming a certain food
that contains it, or poor fat absorption, due to that vitamin E is a liposoluble vitamin, that is,
it is diluted in fats for its absorption in the intestine in the micelles.

Vitamin E is essential for humans. Its deficiency is not frequent even with persons who con-
sume diets that are relatively poor in this vitamin, and could develop in cases of intense
malabsorption of fats, cystic fibrosis, some forms of chronic liver disease, and congenital
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abetalipoproteinemia. The newborn, fundamentally the premature infant, is particularly
vulnerable to vitamin E deficiency because of its deficient body reserves. The majority of vi-
tamin E deficiency-associated sequelae are subclinical. Neuropathological alterations have
been described in at-risk patients and the most frequent manifestations comprise diverse
grades of areflexia, walk proprioception disorders, diminution of vibratory sensations, and
ophthalmoplegia [1].

With regard to the relationship of vitamin E deficiency and the development of cardiovascu-
lar disease and cancer, there are no conclusive results to date [1,19].

The existence of a lack of vitamin E is rare. If this occurs, it is manifested in specific cases,
that is, in the following three situations:

a. Persons with a difficulty of absorbing or secreting bile or who suffer from fat metabo-
lism-related disease (celiac disease or cystic fibrosis)

b. Premature infants (with Very low birth weight, VLB) who weigh <1,500 grams at birth
c. Persons with genetic abnormalities in alpha-tocopherol transporter proteins.
Likewise, vitamin E levels can fall due to a zinc deficiency.

Lipid-absorption disorders can present in adults. From 3 years on, lack of absorption
presents neurological conditions. The deficiency appears in less time due to the infants” not
possessing so great a vitamin-E reserve.

2.2.1. Symptoms of vitamin E deficiency

Irritability, Fluid retention, Hemolytic anemia (destruction of red globules), Ocular alteration
Damage to the nervous system, Difficulty in maintaining equilibrium, Tiredness, apathy

Inability to concentrate, Alterations in the walk and Diminished immune response.

2.2.2. Vitamin E deficiency-related diseases

Encephalomalacia. This is due to the lack of vitamin E, which does not avoid PFA oxida-
tion of the ration of the vitamin; consequently, hemorrhages and edema are produced in
the cerebellum.

Exudative diathesis. This is due to deficient rations of vitamin E and selenium. The disease
can be prevented with the administration of selenium, which acts on vitamin E as an agent
that favors the storage of selenium in the organism.

Nutritional white muscle or muscular dystrophy. Rations with a scarcity of vitamin E, sele-
nium, and azo-containing amino acids and a high content of polyunsaturated fats cause
muscle degeneration in chest and thighs.

Ceroid pigmentation. This corresponds to the yellowish-brown coloration of adipose tissue
in the liver due to the oxidation in vivo of lipids.
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Erythrocytic hemolysis. The FR attack membrane and erythrocyte integrity; thus, these are
also hemolysis-sensitive.

This produces sterility in some animals and certain disorders associated with reproduction,
death, and fetal reabsorption in females and testicular degeneration in males.

The excess of vitamin E does not appear to produce noxious toxic effects.

Obtaining Vitamin E: Tocopherol-rich dietary sources include the following: alfalfa flour;
wheat germ flour (125-100 mg/kg); hen’s egg (egg yolk); polished rice (100-75 mg/kg); rice
bran; mediator wheat (75-50 mg/kg); dry yeast; dry distillery solubles; barley grains; whole
soy flour; corn grains; ground wheat residues (50-25 mg/kg); corn gluten flour; wheat bran;
rye grains; sorghum; fish flour; oatmeal; sunflower seed flour; cotton seed flour (25-10 mg/
kg); almonds; hazelnuts; sunflower seeds; nuts, and peanuts. Other sources include all vege-
table oils and green vegetable harvests, above all those with green leaves, sweet chile pep-
pers, avocado, fresh potatoes, celery, cabbage, fruits, chicken, fish, and butter [19, 20].

1 International unit (IU) of vitamin E = 1 mg alpha-tocopherol, and 1 IU of vitamin E = 0.67
mg of vitamin E. In adults, the Minimum daily requirement (MDR) for vitamin E is 15 mg/
day, and up to 200-600 mg/day would not cause any disorder.

The principal sources are vegetable oils and wheat germ. Hydrogenation of the oils does not
produce a very important loss of tocopherols in terms of their content in the original oil;
thus, margarine and mayonnaise contain this vitamin, in lesser amounts.

One hundred percent of the MDR of vitamin E can be covered with two tablespoons of sun-
flower seed or corn oil.

Absorption: The absorption of vitamin E in the intestinal lumen depends on the process
necessary for the digestion of fats and uptake by the erythrocytes. In order to liberate the
free fatty acids from the triglycerides the diet requires pancreatic esterases. Bile acids, mono-
glycerides, and free fatty acids are important components of mixed micelles. Esterases are
required for the hydrolytic unfolding of tocopherol esters, a common form of vitamin E in
dietary supplements. Bile acids, necessary for the formation of mixed micelles, are indispen-
sable for the absorption of vitamin E, and its secretion in the lymphatic system is deficient.
In patients with biliary obstruction, cholestasic disease of the liver, pancreatitis, or cystic fib-
rosis, a vitamin E deficiency presents as the result of malabsorption. Vitamin E is transport-
ed by means of plasma lipoproteins in an unspecific manner. The greater part of vitamin E
present in the body is localized in adipose tissue [19, 20].

The four forms of tocopherol are similarly absorbed in the diet and are transported to the
peripheral cells by the kilomicrons. After hydrolysis by the lipoprotein lipases, part of the
tocopherols is liberated by the kilomicrons of the peripheral tissues [19].

Vitamin E accumulates in the liver as the other liposoluble vitamins (A and D) do, but dif-
ferent from these, it also accumulates in muscle and adipose tissue.

Toxicity: High doses of vitamin E can interfere with the action of vitamin K and also inter-
fere with the effect of anticoagulants: hemorrhages.
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Since 2001, it was calculated that 70% of the U.S. population occasionally consumes dietary
supplements and that 40% do so on a regular basis. In 2002, Montuiler and collaborators in-
formed, in a population of physicians, that 64% consumed doses of >400 IU/day of vitamin E
and that the average obtained from food sources is 9.3 mg of alpha-tocopherol per day (ap-
proximately 14 IU/day). In 2005, Ford and coworkers found that 11.3% of the U.S. popula-
tion consumes at least 400 IU/day of vitamin E and that median daily ingestion is 8.8 IU/day.

Part of the potential danger of consuming high doses of vitamin E could be attributed to its
effect on displacing other soluble antioxidants in fats and breaking up the natural balance of
the antioxidant system. This can also inhibit the Glutathione S-transferase (GST) cytosolic
enzymes, which contribute to the detoxification of drugs and endogenous toxins. In fact, one
study on alpha-tocopherol and 3-carotene demonstrated a significant increase in the risk of
hemorrhagic shock among study participants treated with vitamin E. Other data suggest
that vitamin E could also affect the conversion of B-carotene into vitamin E and the distribu-
tion of the latter in animal tissues. Vitamin E possesses anticoagulant properties, possibly on
interfering with the mechanisms mediated by vitamin K. In recent studies conducted in vi-
tro, it was demonstrated that vitamin E potentiates the antiplatelet effects of acetylsalicylic
acid; therefore, one should be alert to this effect when both substances are consumed [19].

2.3. Vitamin A

This is a term that is employed to describe a family of liposoluble compounds that are essen-
tial in the diet and that have a structural relationship and share their biological activity. It is
an antioxidant vitamin that eliminates Free radicals (FR) and protects the DNA from their
mutagenic action, thus continuing to halt cellular aging. Their oxygen sensitivity is due to
the large amount of double loops present in their structure. Their biological activity is attrib-
uted to all-frans retinol, but from the nutritional viewpoint, they should be included in un-
der the denomination of A provitamins, certain carotenoids, and similar compounds, the
carotenals, which have the capacity to give rise to retinol from the organism.

Vitamin A is a hydrosoluble alcohol that is soluble in fats and organic solvents. It is stable
when exposed to heat and light, but is destroyed by oxidation; thus, cooking in contact with
the air can diminish the vitamin A content in foods. Its bioavailability increases with the
presence of vitamin E and other antioxidants [21].

Function: In its different forms, vitamin A, also known as an antixerophthalmic, is necessary
in vision, normal growth (its deficiency causes bone growth delay), reproduction, cellular
proliferation, differentiation (which confers upon it a role in processes such as spermatogen-
esis, fetal development, immunological response, etc.), fetal development, and the integrity
of the immune system. Others of these include its being an antioxidant, amino acid metabo-
lism, the structure and function of other cells, reproduction, and epithelial tissues.

Vitamin A participates in the synthesis of glycoproteins, which contributes to maintaining
the integrity of epithelial tissue in all of the body’s cavities. Epithelial dissection especially
affects the conjunctivae of the eye (xerophthalmia), which renders the cornea opaque and
causes crevices, producing blindness and facilitating eye infections.
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Sources: Retinol is only found in the lipidic part of foods of animal origin as follows; whole
milk; lard; cream; cheese; egg yolk; eels, and fatty fish, due to their self-storage in the liver
and in the oils extracted from the liver. The latter, as well as the oils extracted from the liver
(veal and pork), comprise an important source of vitamin A. Cod liver oil constitutes source
richest in vitamin A, although this cannot be considered a food in the strictest sense. In the
case of skim/low-fat milk, this vitamin would be eliminated, but by law it is restituted to its
original content; examples of these include manchego cheese, margarine, and butter.

Vegetables contain only provitamins or carotenes (all of these coloring pigments, such as al-
pha, beta, and gamma carotene). Garden vegetables (spinach and similar vegetables), car-
rots, sweet chile peppers, potatoes, tomatoes, and red and yellow fruits are the main
suppliers. We must bear on mind that there are numerous carotenes that do not possess any
provitamnic A activity, such as lycopene from the tomato, although it does act as a neutral-
izer of FR [21, 22].

Structure of Vitamin A: This vitamin is a diterpene (C,,Hj,) that can present in the follow-
ing various molecular forms:

Retinol (See Figure 6), when the side chain terminal is an alcohol group (-CH,OH)
Retinal, the carbon terminal, is an aldehyde (-CHO)
Retinoic acid, when the terminal group is acidic (-COOH)

Retinyl-palmitate, in the case of lengthening of a side chain from esterification with palmitic
acid (-CH,O-CO-(CH,),,~-CHj,).

Absorption: The metabolism of the vitamin responds to the same general mechanisms of di-
gestion and absorption as those of other lipidic substances. Absorption is carried out in the
form of carotenes or similar substances at the intestinal level within the interior of the mi-
celles and quilomicrons, together with other fats.

Retinol esters are absorbed from 80-90%, while the beta-carotenes are absorbed at only 40—
50%. Factors in the diet that affect carotene absorption include the origin and the concentration
of the fat in the diet, the amount of carotenoids, and the digestibility of the foods. Vitamin A is
first processed in the intestine, and afterward it arrives at the liver via portal, the liver being the
main storage organ. In addition, the liver is responsible for regulating the secretion of the reti-
nol bound to the retinoid-binding protein. Carotene absorption in particular is very inefficient
inraw foods, and its content in lipids in the diet is low. The efficiency of conversion into retinol,
which is quite variable and, in general, low, depends not only on the structure of the carote-
noids, but also on their proteinic ingestion. Thus, when carotene ingestion is very high, those
which have not been transformed into retinol in the retinal mucosa are absorbed unaltered,
bind with the lipoproteins, and are deposited in the skin and the mucosa, on which they confer
a typical yellowish color, constituting hypercarotenosis [21].

Toxicity: Both the deficiency as well as the excess of vitamin A causes fetal malformations.
Ingestion of large amounts of this vitamin can give rise to skin alterations (scaling), hair fall,
weakness, choking, vomiting, etc. In extreme cases, great amounts accumulate in the liver,
producing hepatic disorders that end up as fatty liver.
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It is noteworthy that the administration of vitamin A in chronic form and at doses high-
er than the recommended doses those can produce a clinical condition of toxicity charac-
terized by fatigue, irritability, cephalea, febricula, hemorrhages in different tissues, and
cutaneous alterations.

In children, this can trigger the early closing of the long bones, which causes the height to
descend. Megadoses of vitamin A can produce acute intoxication that will be characterized
by clinical features of sedation, dizziness, nausea, vomiting, erythema, pruritis, and general-
ized desquamation of the skin. We should also point out that in the elderly, the safety mar-
gin when we administer this vitamin is small; thus, we must be especially cautious and
adjust the dose well [21].

Retinoic acid

CHgs

Figure 6. Molecular forms of vitamin A.
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2.4. Flavonoids and their antioxidant actions

Flavo comes from the Latin flavus and means the color found between yellow and red, such
as that of honey or of gold, and flavonoid refers to an aromatic group, with heterocyclic pig-
ments that contain oxygen, which are widely distributed among plants, constituting the ma-
jority of yellow, red, and blue fruits. Consequently, flavonoids are found in abundance in
grapes, apples, onions, cherries, and cabbage, in addition to forming part of the ginkgo bilo-
ba tree and Camellia sinensis (green tea). On consuming these, we obtain the anti-inflamma-
tory, antimicrobial, antithrombotic, antiallergic, antitumor, anticancerigenous, and
antioxidant properties. With regard to the latter properties, these lie within its function in
the nervous system, because a protector relationship has been observed with regard to neu-
rodegenerative diseases [22].

Flavonoids are Low-molecular-weight (LMW) compounds that share a common skeleton
with diphenylpyrenes (C6-C3-C6); a flavonoid is a 2-phenyl-ring (A and B) compound
linked through the pyrene C ring (heterocyclic). The carbon atoms in the C and A rings
are numbered from 2-8, while those of the B ring are numbered from 2'-6'12 (Figure 7).
The activity of flavonoids as antioxidants depends on the redox properties of their hy-
droxy phenolic groups and on the structural relationship among the different parts of
their chemical structure[22].

Figure 7. Base structure of the flavonoids

Thanks to the variations of pyrene, the flavonoids achieved classification, as shown in
Table 1 (Antiatherogenic properties of flavonoids: Implications for cardiovascular
health, 2010) [24].
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Name Structure Description Family members Dietary sources
Quercetin, myricetin, )
Carbonyl group at ) . Onions, apples,
o = isorhamnetin, . )
position 4 and an -OH broccoli, cranberries,
Flavanones ) o kaempferol, .
group in position 3 of berries, grapes,
) pachypodol, ]
ring C ) parsley, spinach
o rhamnazin
Catechins, )
o. ) ) ) ) Tea, red wine, cocoa,
With an -OH group in epigallocatechin .
Flavan-3-ols o . . ) grapes, plums, fruits,
position 3 of ring C  gallate, epicatechins,
OH ) ) legumes
epicatechin gallate
[e]
Have a carbonyl Celery, lettuce,
o group in position 4 of o o parsley, citrus fruits,
} ) Apigenin, nobiletin,
Flavones ring C and lacking the beets, bell peppers,

hydroxyl group at
position C3

tangeritin, luteolin

spinach, Brussels

sprouts, thyme

Anthocyanidins

8@

Carbonyl group at
position 4 and an -OH
group in position 3 of

ring C

Cyanidin, delphinidin,
peonidin, malvidin,

pelargonidin

Red wine,
blueberries
cranberries, black
currants, plums, red

onions, red potatoes

Table 1. Classification of flavonoids

Distribution: The flavonoids are widely distributed among the higher plants, with the ruta-
ceous, polygonaceous, compound, and umbelliferous plant families the principal ones con-
taining flavonoids. Flavonoids abound, above all, in young, aerial plant parts and in those
most exposed to the sun, such as the leaves, fruits, and flowers, because solar light favors
their synthesis, controlling the levels of the auxins (vegetables hormones), which are growth

regulators.

These compounds are important for the plant, similar to what occurs with the greater part of

secondary metabolites, in addition to being responsible for the coloration of many flowers,
fruits, leaves, and seeds, achieving >5,000 distinct flavonoids, because these can be found in

the following groups:

Elegiac acid: found in fruits such as grapes and in vegetables

b. Anthocyanidines: the pigment responsible for the reddish-blue and red color of cherries

c¢. Catechins: found in black and green tea

d. Citroflavonoids: such as quercetin, lemonene, pyridine, rutin, and orangenine. The bit-
ter flavor of the orange, lemon, and grapefruit confers orangenine on these fruits, while
lemonene has been isolated from the lime and the lemon.
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e. Isoflavonoids: such as genestein and daidzein, present in soy foods such as tofu, soy
milk, soybeans, soy vegetable protein, tempeh/fermented soybeans, miso/soybean
paste, and soy flour

f. Kaempherol: found in broccoli, leeks, endives, red beets, and radishes
g. Proanthocyanidines: these appear in grape seeds, sea pine bark extract, and in red wine.

These merit incorporation into the group of essential nutrients. The mean value of the inges-
tion of flavonoids is 23 mg/day. The main flavonoid consumed is quercetin, tea being its
main source [22].

Properties: The flavonoids are white or yellowish solid, crystallized substances. Their here-
tosides are soluble in hot water, alcohol, and polar organic dissolvents, being insoluble in
apolar organic dissolvents. However, when they are in their free state, they are scarcely hy-
drosoluble, but are soluble in more or less oxygenated organic substances, depending on
their polarity.

On the other hand, these are easily oxidizable substances; thus, they exert an antioxidant ef-
fect because they are oxidized more rapidly than other types of substances [23].

Pharmacological activity: Pharmacologically, flavonoids are prominent due to their low tox-
icity, presenting in general activity on the vascular system with P vitaminic action (protector
effect of the vascular wall due to the diminution of permeability and to the increase of capil-
lary resistance). Likewise, they possess an antioxidant effect, can inhibit lipid peroxidation,
have antimutagenic effects, and possess the capacity to inhibit diverse enzymes [23, 24].

Antioxidant functions: The flavonoids’ antioxidant action depends mainly on their se-
questering capacity of FR and on their chelant properties of metals such as iron, imped-
ing the catalytic actions of FR, and they also act by inhibiting the enzyme systems
related with vascular functionality, such as the following: Catechol-O-methyl transferase
(COMT), with which it increases the duration of the action of the catecholamines, thus
inciding in vascular resistance; histidine decarboxylase, thus affecting the histamine’s ac-
tion, and the phosphodiesterases, thus inhibiting platelet aggregation and adhesiveness,
in addition to the following oxidases: lipo-oxygenase; cyclo-oxygenase; myeloperoxidase,
and xanthinic oxide, therefore avoiding the formation of Reactive oxygen species (ROS)
and organic hydroperoxides.

In addition to this, it has been observed that they also indirectly inhibit oxidative processes,
such as phospholipase A,, at the same time stimulating others with recognized antioxidant
properties, such as catalase and SOD.

With respect to their structure, flavonoids are their hydroxylic constituents in positions 3’
and 4’; in the B ring, they demonstrate more action as antioxidants and this effect is potenti-
ated by the presence of a double loop between carbons 2 and 3 and a free OH group in posi-
tion 4. Additionally, the glycols show to be the most potent in their antilipoperoxidative
actions than in their corresponding glycosidic actions.
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As previously mentioned, quercetin is the flavonoid that unites the requisites for exercising an
effective antioxidant function, because it is five times higher than vitamins A and C and addi-
tionally possesses a hydrosolubility similar to that of the latter. Therefore, rutin (quercetin-3-b-
D-rutinoside) is, to date, the sole flavonoid with a pharmacological presence in Mexico.

There is a synergic effect with all of the vitamins to which we have alluded. This is due to
that ascorbic acid reduces the oxidation of quercetin in such a way that combines with it and
allows the flavonoids to maintain their functions for a longer time. For its part, quercetin
protects vitamin E from oxidation.

The flavonoids remove reactive oxygen, especially in the form of SOD, hydroxyl radicals,
hydroperoxides, and lipid peroxides, blocking the harmful effects of these substances on the
cell, in which antioxidant protection of flavonoids has been corroborated in the following:
queratinocytes; dermal fibroblasts; sensory lymph nodes; the endothelium; nervous tissue,
and LDL.

On the other hand, the flavonoids exercise other actions as follows: diuretic; antispasmodic;
anti-gastriculcerous, and anti-inflammatory.

In phytotherapy, the flavonoids are mainly employed in cases of capillary fragility as veno-
tonics, although they are also utilized in proctology, metrorrhages, and retinopathies [22].

2.5. Pro-oxidant mechanisms

Due to the structural characteristics of some flavonoids, such as the anthocyanidines, these
cause low oxidation potentials (EP/2), which permits them to reduce Fe** and Cu* in order
for them to undergo auto-oxidation or even to become involved in the redox recycling proc-
ess, acting in this manner as pro-oxidant agents, which explains the mutagenic and genotox-
ic effects of some flavonoids.

Some of these mechanisms include the temporary reduction of Cu (II) to CU (I), auto-oxida-
tion of the aroxyl radical and generating the superoxide anion (O2-) that, on following its
general sequence, becomes the harmful hydroxyl radical (HO.), as well as the affectation of
the functions of the components of the nuclear antioxidant defense system: glutathione, and
glutathione-S-transferase.

What determines the antioxidant or pro-oxidant character is the redox stability/lability of
the radical compound forming part of the original flavonoid. The pro-oxidant actions only
appear to be produced when the flavonoid doses are excessively high [25].

Under this heading, we will present a brief review of the remaining antioxidants present in
our diet, their activity, and the foods that supply them.

2.6. Lycopene

Lycopene is the carotenoid that imparts the red color to the tomato and watermelon and that
it not converted into vitamin A in the human organism, which does not impede it from pos-
sessing very high antioxidant properties.
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The highest concentrations of lycopene are found in prostatic tissue. High consumption of lyco-
penehasbeen related with the prevention of some cancer types, precisely that of the prostate.

Although the tomato is the greatest source of lycopene, there are also other vegetables and
fruits that present intense colors, such as watermelons, papayas, apricots, and pink grape-
fruit. The tomato is the food that concentrates the greatest amount of lycopene, and it should
be considered that there are factors that affect its assimilation into the organism, such as its
maturity, the distinct varieties, or the manner of cooking, all of which exert an influence on
the amount and degree of exploitation of lycopene.

Of all of these, the fried tomato is that which best assimilates this substance, frying being the
best way of cooking because, in addition to the heat, there is a certain amount of fat in-
volved, which renders better assimilation of lycopene (fat-soluble). In concrete fashion, its
presence in the fried tomato is some 25 pg per 100 g, while in the fresh tomato, this is
around 2 pg per 100 g [6, 26, 27].

3. Minerals

Other potent antioxidants include minerals such as copper, manganese, selenium, zinc, and
iron. These minerals exercise their antioxidant function in diverse processes and metabolic
steps in the organism [6, 26, 27].

3.1. Zinc

Zinc intervenes in >200 enzymatic reactions and its deficit increases the production of oxi-
dant species and Oxidative stress (OS) [6, 26, 27].

3.2. Copper

Copper participates in functions with antioxidant features of the enzyme family denominat-
ed Superoxide dismutase (SOD), which is responsible for eliminating the superoxide anion.

It empowers the immune system, participates in the formation of enzymes, proteins, and
brain neurotransmitters (cell renovation and stimulation of the nervous system) and is an
anti-inflammatory and anti-infectious agent.

Similarly, it facilitates the synthesis of collagen and elastin (necessary constituents of the
good state of the blood vessels, lungs, and the skin).

In addition, it acts as an antioxidant, protecting the cells from the toxic effects of FR, and it
facilitates calcium and phosphorous fixation [6, 26, 27].
3.3. Manganese

Manganese also intervenes in this family of enzymes, concretely, in enzymes localized with-
in the mitochondria [6, 26, 27].
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3.4. Selenium

Selenium intervenes in the synthesis of enzymes related with the oxidative function, such as
glutathione peroxidase, which, as its name indicates, eliminates peroxide groups, including
oxygen peroxide.

This mineral is incorporated into proteins in the form of selenoproteins and, in this manner,
aids in the prevention of cell damage. Epidemiological studies related the lack of selenium
in the diet with the incidence of lung, colorectal, and prostate cancer.

The selenium content in the diet is directly related with the selenium content of the soil in
which the food was grown. Thus, selenium-deficient soils give rise to a deficit of this ele-
ment in the population, as in the case of China.

In this specific latter case, the method-of-choice comprises supplementing the diet with con-
tributions of selenium, preferably in the form of selenomethionide, which is the analog, or-
ganic form of selenium and which easily increases selenium levels in the blood [6, 26, 27].

3.5. Iron

Iron forms part of the organism’s antioxidant system because it contributes to eliminat-
ing the peroxide groups. However, its capacity to change valence with ease (2+/3+)
renders that it can also intervene, depending on the environment, in the formation of
Free radicals (FR) [6, 26, 27].

3.6. Co-enzyme Q

Co-enzyme Q10 or ubiquinone is a liposoluble compound that can be carried in many foods,
although it can also be synthesized in the human organism. Co-enzyme Q10 diminishes
with age; thus, the metabolic processes in which it has been found implicated are also co-
enzyme Q10-sensitive.

Given its liposolubility, its absorption is very los, especially when the diet is poor in fats.

Its principal antioxidant activity resides in that, in its reduced form, it is a liposoluble antiox-
idant that inhibits lipid peroxidation in LDL. It is also found in the mitochondria, where it
could protect protein membranes and the DNA from the oxidative damage that accompa-
nies lipid peroxidation in these membranes.

It additionally acts as an immune system stimulant and through this stimulation also
functions as an anticancerigen. In addition, it is capable of directly regenerating alpha-
tocopherol [6, 26, 27].

4. Lipoic acid

Lipoic acid or thioctic acid is also a compound that forms part of the antioxidant capital of
the organism.
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Numerous studies have shown the protector effect of red globules and of the fatty acids of
oxidative damage typical of intense exercise and excessive exposure to the sun’s UV rays.

It is synthesized by plants and animals, as well as by the human organism, although in the
latter case, in very small amounts. Lipoic acid is considered a very good regenerator of po-
tent antioxidants such as vitamin C, vitamin E, glycation, and co-enzyme Q10. It is liposolu-
ble and hydrosoluble, which means that it can act on any part of the organism.

It is found in spinach and similar green-leafed vegetables, broccoli, meat, yeast, and in cer-
tain organs (such as kidney and heart) [6, 26, 27].

4.1. Naringenine

The hypolipidemic and anti-inflammatory activities in vivo as well as in vitro of the flavonoids
of citric fruits have been widely demonstrated. Among the flavonoids, naringenine, one of the
compounds that causes the bitter taste of grapefruit, has been studied extensively in recent
years. Inarecently conducted clinical assay, it was found that naringenine reduced Low-densi-
ty-lipoprotein (LDL) levels in the circulation of 17% of patients with hypercholesterolemia. Ad-
ditionally, the reducer effects of cholesterol in rabbits and rats were demonstrated, in addition
to the reducer effects of Very-low-density-lipoprotein (VLDL) levels through the inhibition of
key proteins for their assembly. Other studies reported that naringenine activates enzymes
that are important for the oxidation of fatty acids, such as CYP4A1 [28].

5. Conclusion

A good diet influences the development and treatment of diseases, it is increasingly evident.
After that epidemiological studies have shown the association between moderate consump-
tion of certain foods and reduced incidence of various diseases at the rate of these observa-
tions has attracted considerable interest in studying the properties of substances inherent in
the chemical composition of food. Among the characteristics of these substances is the anti-
oxidant activity, associated with the elimination of free radicals and therefore to the preven-
tion of early stages which can trigger degenerative diseases. In this regard it is important to
continue the study of dietary antioxidants on the activity may have on human diseases, pay-
ing attention to the substances primarily natural antioxidants of food and synthetic way to
assess its protective effect on the body.

Author details

Alejandro Chehue Romero’, Elena G. Olvera Hernandez, Telma Flores Cerén and
Angelina Alvarez Chavez

*Address all correspondence to: chehue_alex@yahoo.com, chehuea@uaeh.edu.mx

Autonomous University of Hidalgo State, Mexico

55



56  Oxidative Stress and Chronic Degenerative Diseases - A Role for Antioxidants

References

[1]

(12]

(13]

Criado D.C. y Moya M.M.S.(2009). Vitaminas y antioxidantes. Actualizaciones EIl
Medico. Comision Nacional de Formacion Continuada del Sistema Nacional de Sal-
ud, Madrid.

Harman D. Aging (1956): a theory based on free radical and radiation chemistry. ]
Gerontol 1956; 11(3):298-300.

Rosa Mayor-Oxilia R. Estrés Oxidativo y Sistema de Defensa Antioxidante. R. Rev.
Inst. Med. Trop. 2010;5(2):23-29.

Olivares-Corichi IM, Guzman-Grenfell AM, Sierra MP, Mendoza RS y Hicks Jj.Per-
spectivas del uso de antioxidantes como coadyuvantes en el tratamiento del asma.
Rev Inst Nal Enf Resp Mex 2005; Volumen 18 - Numero 2, Paginas: 154-161.

Carlsen MH. The total antioxidant content of more than 3100 foods, beverages,
spices, herbs and supplements used worldwide. Nutrition Journal 2010; 9:3. http://
www.nutritionj.com/content/9/1/3 (accessed 5 May 2012).

Torrades S. Aportes extras de vitaminas. ;Son realmente Necesarios? O F F A R M.
Ambito Farmacéutico Bioquimica 2005; Vol 24 Num 6, Junio.

Goodman, L.S; Gilman, A. Las Bases Farmacologicas da Terapéutica. 10? ed., Editora
McGraw Hill Interamericana, 1996. p. 1647.

Gamboa C. Vitamina A, Guias alimentarias para la educacion nutricional en costa ri-
ca, http://www.ministeriodesalud.go.cr/index.php/inicio-menu-principal-comi-
siones-ms/140 (accessed 20 March 2012).

Nutricion K, ABC de la Nutricion, Kellogg's, http://www kelloggs.es/nutricion/
index.php?donde=abc (accessed 5 April 2012).

World Health Organization. Vitamin and mineral requirements in human nutrition.
2nd Edition.2004. http://www.who.int/nutrition/publications/micronutrients/
9241546123/en/index.html (accessed 15 June 2012).

Sandoval H, Sharon D. Cuantificacién de Acido Ascérbico (Vitamina C) en Néctares
de Melocotén y Manzana Comercializados en Supermercados de la Ciudad Capi-
tal.Report of Thesis Presented, Universidad de San Carlos de Guatemala. Facultad de
Ciencias Quimicas y Farmacia; 2010.

Garcia GA, Cobos C, Rey CA, et al. Biologia, patobiologia y bioclinica de la actividad
de oxidorreduccién de la vitamina C en la especie humana. Universitas Médica 2006;
VOL. 47 N° 4.

Latham M C. Carencia de vitamina C y escorbuto. In: Food and Agriculture Organiza-
tion of the United Nations (ed.) Nutricion Humana en el Mundo en Desarrollo, Coleccion
FAO: Alimentacién y nutricién N° 29, Roma, 2002. Capitulo 19. http://www .fao.org/
docrep/006/W0073S/w0073s0n.htm#TopOfPage (accessed 20 March 2012).



[14]
[15]

(19]

[20]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

The Exogenous Antioxidants
http://dx.doi.org/10.5772/52490

Valdés F. Vitamina C. Actas Dermosifiliogr 2006 ; 97(9):557-68.

Taylor S. Dietary Reference Intakes for vitamin C, vitamin E, Selenium and Carote-
noids. Food and Nutrition Board, Institute of Medicine, National Academy Press
2000; Advance Copy, 3;6-7;97.

World Health Organization and Food and Agriculture Organization of the United
Nations. Vitamin and mineral requirements in human nutrition, Second edition.
2004.

Anitra C. and Balz F. Does vitamin C act as A Pro-Oxidant?, The FASEB Journal. Vol.
13 June 1999.

Proteggente vAR, Rehman A, Halliwell B, Rice-Evans CA. (2000) Potential problems
of ascorbate and iron supplementation: pro-oxidant effect in vivo?. Biochem Biophys
Res Commun 2000; 2;277(3):535-40.

Blé-Castillo JL, Diaz-Zagoyab JC and Méndez JD. Suplementaciéon con vitamina E,
;benéfica o dafiina?. Gac Méd Méx 2008; Vol. 144 No. 2.

Sayago A, Marin MI, Aparicio R y Morales MT. Vitamina E y aceites vegetales, GRA-
SAS'Y ACEITES 2007; 58 (1), ENERO-MARZO, 74-86.

Pérez RM y Ruano A. Vitaminas y salud. Aportacion vitaminica. O F F A R M. Ambi-
to Farmacéutico Nutricion 2004; Vol 23 Num 8, Septiembre.

Christopher Isaac Escamilla Jiménez, E. Y. Flavonoides y sus acciones antioxidantes.
Rev. Fac. Med 2009; UNAM, 73-75.

Retta E D. . Marcela,A promising medicinal and aromatic plant from Latin America:
A review. Indusrial Crops and Products 2012; 38, 27-38.

Mulvihill, M. W. Antiatherogenic properties of flavonoids: Implications for cardio-
vascular health. Can | Cardiol 2010; Vol 26 Suppl A March, 17A-21A.

Trueba GP. Los Flavonoides: Antioxidantes o Prooxidantes. Rev. Cubana Biomed 2003;
22(1), 48-57.

Vilaplana M. Antioxidantes presentes en los alimentos O F F A R M. Ambito Farma-
céutico Bioquimica 2007; Vol 26 Num 10, Noviembre.

Garcia-Alvarez JL, Sanchez-Tovar T. y Garcia-Vigil JL. Uso de antioxidantes para
prevenir enfermedad cardiovascular. Metaanalisis de ensayos clinicos. Rev Med Inst
Mex Seguro Soc 2009; 47 (1): 7-16.

Goldwasser], CohenPY, Yang E, Balaguer P, Yarmush ML, etal. Transcriptional Regula-
tion of Human and Rat Hepatic Lipid Metabolism by the Grapefruit Flavonoid Naringe-
nin: Role of PPAR«, PPARy and LXRa. PLoS ONE 2010; 5(8). http://www.plosone.org/
article/info:doi/10.1371/journal.pone.0012399 (accessed 15 January 2012)

57






Chapter 3

Chemistry of Natural Antioxidants and Studies
Performed with Different Plants Collected in Mexico

Jorge Alberto Mendoza Pérez and
Tomas Alejandro Fregoso Aguilar

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/52247

1. Introduction

1.1. Antioxidants

Oxidation is the transfer of electrons from one atom to another and represents an essential
part of both aerobic life and our metabolism, since oxygen is the ultimate electron acceptor
in the electron flow system that produces energy in the form of ATP. However, problems
may arise when the electron flow becomes uncoupled (transfer of unpaired single electrons),
generating free radicals [1]. Antioxidants are important in living organisms as well as in
food because they may delay or stop formation of free radical by giving hydrogen atoms or
scavenging them. Oxidative stress is involved in the pathology of cancer, atherosclerosis,
malaria and rheumatoid arthritis. An antioxidant can be defined in the broadest sense of the
word, as any molecule capable of preventing or delaying oxidation (loss of one or more elec-
trons) from other molecules, usually biological substrates such as lipids, proteins or nucleic
acids. The oxidation of such substrates may be initiated by two types of reactive species: free
radicals and those species without free radicals are reactive enough to induce the oxidation
of substrates such as those mentioned. There are three main types of antioxidants:

1. Primary: Prevent the formation of new free radicals, converting them into less harmful
molecules before they can react or preventing the formation of free radicals from other
molecules. For example:

* Enzyme superoxide dismutase (SOD) which converts O, ® - to hydrogen peroxide
(H0O,)
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* Enzyme glutathione peroxidase (GPx), which converts H,O, and lipid peroxides to
harmless molecules before they form free radicals.

e Catalases
¢ Glutathione reductase.
¢ Glutathione S transferase.

* Proteins that bind to metals (ferritin, transferrin and ceruloplasmin) limit the availa-
bility of iron necessary to form the radical OH

2. Secondary: Capture free radicals, preventing the chain reaction (eg vitamin E or alpha-
tocopherol, vitamin C or ascorbic acid, beta-carotene, uric acid, bilirubin, albumin, ubiq-
uinol-10, methionine)

3. Tertiary: They repair damaged biomolecules by free radicals (eg DNA repair enzymes
and methionine sulfoxide reductase) [2].

It also handles the classification based according to where they perform their activities, their
background and their biochemical characteristics. So, antioxidants are also classified into
two broad groups, depending on whether they are water soluble (hydrophilic) or lipid (hy-
drophobic). In general, water soluble antioxidants react with oxidants in the cell cytoplasm
and blood plasma, whereas the liposoluble antioxidants protecting cell membranes against
lipid peroxidation. In the metabolism it is a contradiction that while the vast majority of life
requires oxygen for its existence, oxygen is a highly reactive molecule that damages living
organisms by producing reactive oxygen species. Therefore, organisms possess a complex
network of antioxidant metabolites and enzymes that work together to prevent oxidative
damage to cellular components such as DNA, proteins and lipids. Usually antioxidant sys-
tems prevent these reactive species are formed or removed before they can damage vital
components of the cell. Reactive oxygen species produced in cells include hydrogen perox-
ide (H,0O,), hypochlorous acid (HCIO), and free radicals such as hydroxyl radical (¢OH) and
superoxide radical (O,e-). The hydroxyl radical is particularly unstable and reacts rapidly
and non-specifically with most biological molecules. This species produces hydrogen perox-
ide redox reactions catalyzed by metals such as the Fenton reaction. These oxidants can
damage cells starting chemical chain reactions such as lipid peroxidation or by oxidizing
DNA or DNA damage proteins. These effects can cause mutations and possibly cancer if not
reversed by DNA repair mechanisms, while damage proteins will cause enzyme inhibition,
denaturation and degradation of proteins. The use of oxygen as part of the process for gen-
erating metabolic energy produces reactive oxygen species. In this process, the superoxide
anion is produced as a byproduct of several steps in the electron transport chain. Particular-
ly important is the reduction of coenzyme Q in the compound III as a highly reactive free
radical is formed as intermediate (Qe-). This unstable intermediate can lead to loss of elec-
trons when these jump directly to molecular oxygen to form superoxide anion instead of
moving with well controlled series of reactions of electron transport chain. In a similar set of
reactions in plants reactive oxygen species are also produced during photosynthesis under
high light intensity. This effect is partly offset by the involvement of carotenoids in photoin-
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hibition, which involves these antioxidants reacting with over-reduced forms of the photo-
synthetic reaction centers and thereby prevent the production of superoxide. Another
process which produces reactive oxygen species is lipid oxidation that takes place following
the production of eicosanoids. However, the cells are provided with mechanisms that pre-
vent unnecessary oxidation. Oxidative enzymes of these biosynthetic pathways are coordi-
nated and highly regulated [3].

1.2. Free radicals

A free radical from the chemical viewpoint, is any species (atom, molecule or ion) contain-
ing at least one unpaired electron and its outermost orbital, and which is in turn able to exist
independently (Figure 1).

Figure 1. Atomic orbitals

The atoms arrange their electrons in regions called "atomic orbitals" in the form of pairs of
electrons. The latter confers stability atom, or low chemical reactivity towards its environ-
ment. However, under certain circumstances, it may lose its parity orbital, either giving or
capturing an electron. When this occurs, the resulting orbit exhibits an unpaired electron,
making the atom in a free radical. The presence of an unpaired electron in an orbital outer-
most atom latter confers an increased ability to react with other atoms and / or molecules
present in the environment, usually, lipids, proteins and nucleic acids (Figure 2). The inter-
action between free radicals and such substrates results in eventually structural and func-
tional alterations [4].

Free radicals cause damage to different levels in the cell: Attack lipids and proteins in the
cell membrane so the cell cannot perform its vital functions (transport of nutrients, waste
disposal, cell division, etc.).

The superoxide radical, O,, which is normally in the metabolism cause a chain reaction of
lipid peroxidation of the fatty acids of phospholipids of the cell membrane. Free radicals at-
tack DNA avoiding cell replication and contributing to cellular aging.

61



62

Oxidative Stress and Chronic Degenerative Diseases - A Role for Antioxidants

Figure 2. Unpaired electron in a free radical

The normal body processes produce free radicals that involve food metabolism, breathing
and exercise. We are also exposed to environmental elements that create free radicals such
as industrial pollution, snuff, radiation, drugs, chemical additives in processed foods and
pesticides. Not all free radicals are dangerous because, for example, immune cells create free
radicals to kill bacteria and viruses, but if there is sufficient control by antioxidants, healthy
cell can be damaged.

The reactive oxygen species (ROS) is a collective term, widely used, comprising all the reac-
tive species, whether or not free radicals, focus their reactivity in an oxygen atom. However,
often under the designation ROS include other chemical species whose reactivity is focused
on other than oxygen atoms [5].

1.3. Metabolites

In general, water soluble antioxidants react with oxidants in the cell cytoplasm and blood
plasma, whereas the liposoluble antioxidants protecting cell membranes against lipid per-
oxidation. These compounds can be synthesized in the body or obtained from the diet
(Table 1) [6].

1.4. Antioxidant metabolites in plants

Plants produce many different secondary metabolites some of them are potent antioxidants,
some examples of these compounds is shown in Figure 3 [5,7].
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Concentration in human

Liver tissue concentration

Antioxidant metabolite Solubility
serum (M) (mol / kg)
Ascorbic acid (vitamin C) Water 50 to 60 260 (male)
Glutathione Water from 325 to 650 6,400 (male)
Lipoic acid Water from0.1t0 0.7 4-5 (rat)
Uric acid Water from 200 to 400 1,600 (male)
o retinol (vitamin A): 1-35
Carotene Lipid B-carotene: 0.5to 1 )
(male, total carotenoids)
a-tocopherol N
) ) Lipid 10 to 40 50 (male)
(vitamin E)
Ubiquinol (coenzyme Q) Lipid 5 200 (male)

Table 1. Biochemical properties of antioxidant metabolites

el [ ot O
|
HO o
Caffeic acid
Flavone
OH
-
HO. (@)
OH
OR
OH Germacrene
Quercetin
@]

Linoleic acid (omega-6)

Figure 3. Different kinds of antioxidant metaboilites produced by plants

2. Enzyme systems

As with chemical antioxidants, cells are protected against oxidative stress by a network of
antioxidant enzymes. Superoxide released by processes such as oxidative phosphorylation,
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is first converted into hydrogen peroxide and immediately reduced to give water. This route
of detoxification is the result of multiple enzymes with superoxide dismutase catalyzing the
first step and then catalases and peroxidases that eliminate several hydrogen peroxide [8].

2.1. Oxidative stress

Free radicals oxidize many biological structures, damaging them. This is known as oxidative
damage, a major cause of aging, cancer, atherosclerosis, chronic inflammatory processes and
cataracts, which are the most characteristic.

In certain circumstances, production of free radicals can increase uncontrollably, a situation
known as oxidative stress. This means an imbalance between the speeds of production and
destruction of toxic molecules, leading to an increase in cellular concentration of free radi-
cals. Cells have mechanisms to protect against the harmful effects of free radicals based on a
complex defense mechanism consisting of the antioxidants. Oxidative stress has been impli-
cated in over one hundred human disease conditions, such as cancer, cardiovascular dis-
ease, aging and neurodegenerative diseases [9]. However, the innate defense in the human
body may not be enough for severe oxidative stress. Hence, certain amounts of exogenous
antioxidants are constantly required to maintain an adequate level of antioxidants in order
to balance the ROS. As an example, epidemiological evidence indicates that the consump-
tion of grapes reduces the incidence of coronary heart disease (CHD), atherosclerosis and
platelet aggregation [10]. This greater protection may be due to the phenolic components of
grapes, which are particularly abundant since they behave as reactive oxygen species-scav-
engers and metal-chelators. Polyphenolic substances in grapes and other red fruits are usu-
ally subdivided into two groups: flavonoids and nonflavonoids. The most common
flavonoids are flavonols (quercetin, kaempferol, and myricetin), flavan-3-ols (catechin, epi-
catechin, and tannins), and anthocyanins (cyanin). Nonflavonoids comprise stilbenes, hy-
droxycinnamic acids and benzoic acids. Numerous papers have been published red fruits
and their antioxidant properties have been correlated with their polyphenol contents
[11,12,13,14,15].

2.2. Oxidative stress and disease

It is thought that oxidative stress contributes to the development of a wide range of diseases
including Alzheimer's disease, Parkinson's disease, the pathologies caused by diabetes,
rheumatoid arthritis, and neurodegeneration in motor neuron diseases. In many cases, it is
unclear if oxidants trigger the disease, or occur as a result of this and cause the symptoms of
the disease as a plausible alternative, a neurodegenerative disease may result from defective
axonal transport of mitochondria that perform oxidation reactions. A case in which it fits is
particularly well understood in the role of oxidative stress in cardiovascular disease. Here,
the oxidation of low density lipoprotein (LDL) seems to trigger the process of atherogenesis,
which leads to atherosclerosis, and ultimately to cardiovascular disease.

In diseases that have a high impact on the health sector Diabetes Mellitus is one of the most
known. The World Health Organization (WHO) estimates that there are just over 180 mil-
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lion diabetics worldwide and likely to double this number for 2030 is quite high. Countries
like China, India, United States of America and Mexico are at the top of this pathology [16].
In Mexico, this condition is a major cause of mortality and morbidity are estimated to be ap-
proximately 10 million individuals with diabetes, of whom 22.7% did not know they are
sick, while 55% do not have good control netheir condition. This pathology is multifactorial,
presenting various metabolic problems (polyuria, polyphagia, polydipsia, weight changes).
The disorder is characterized by the inadequate use of glucose, due to insufficient produc-
tion, insulin resistance and some without production of the hormone, resulting in unfavora-
ble a high index of this monosaccharide in the blood. This causes abnormal function of some
organs, tissues and systems that can cause kidney failure, vision loss, and amputation of a
limb, diabetic coma and even death.

Different factors increase the likelihood of the individual to develop diabetes as are smok-
ing, sedentary lifestyle, lack of exercise coupled with unbalanced diet causes both over-
weight and obesity. Naturally the body causes the formation of free radicals (highly
unstable molecules), these chemical species are responsible for cellular aging, but when
there is a greater concentration of these molecules may contribute to the development of
various diseases and chronic degenerative neuro Parkinson's, Alzheimer's and diabetes.
Obesity increases oxygen consumption and thus the production of free radicals, thus creat-
ing the phenomenon known as oxidative stress. Excess fat naturally stored in fat cells, caus-
es the more than normal synthesis of substances called adiposines IL6 or leptines. These
substances in higher concentrations also cause insulin resistance [17].

3. Alternative medicine

Due to the current problem in the health issue we propose the use of herbs as an option to
improve the style of living of the people, not only for the adjuvant treatment, but because
the use of plants offers great nutritional benefits somehow reducing the incidence of such
chronic degenerative diseases. This is not intended to impair the option of preventive diag-
nosis by the health sector does not provide such benefits, but rather the use of plants known
to have medicinal activity coupled with the clinical - pharmacology, could present better re-
sults, for the treatment of the various degenerative chronic diseases. Given the increasing
scientific evidence that the etiology of several chronic degenerative diseases such as diabetes
is influenced by factors such as metabolic redox imbalance. Is currently booming studying
the formation of metabolites against free radicals that diverse plant species presents. An ex-
ample of this has been widely documented, is the cranberry, a plant used for treating vari-
ous diseases and, as has been discovered, is due to its potential antioxidant that has these
properties beneficial to health [18, 19].

Similarly, Mexico has focused attention on other plants with potential antioxidant properties
and for some years and was used in the treatment of diabetes. In this regard, since 2006, our
research work focused on the task of describing the effects of plants such as Noni (Morinda
citrifolia), Moringa (Moringa oleifera), the Guarumbo (Cecropia obtusifolia Bertolt), the Musaro
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(Lophocereus sp.) and Neem (Azadirachta indica) in murine models of chemically induced dia-
betes with streptozotocine. More recently, we began to evaluate the antioxidant properties
of some of these plants through in vitro techniques [20].

3.1. Antioxidant effects in Mexican plants

The use of traditional medicine is widespread in Mexico and plants are indeed the first
source for preparing remedies in this form of alternative medicine. Among the various
compounds found in plants, antioxidants are of particular importance because they might
serve as leads for the development of novel drugs. Several plants used as anti-inflamma-
tory, digestive, antinecrotic, neuroprotective, and hepatoprotective properties have recent-
ly been shown to have and antioxidant and/or antiradical scavenging mechanism as part
of their activity [21,22]. The search for natural sources of medicinal products that also
have antioxidant and radical scavenging activity is on the rise [23,24]. Among the medici-
nal properties associated with them are the following: the fruitand bark of Licania arborea
is used as a soap for hair infections, the latex from Ficus obtusifolia is employed as an anti
parasitic and also for reducing fever, Bunchosia cannesens is prescribed as an antidiarrhoe-
ic, Sideroxylon capiri is used for hiccups, as an antiseptic for cleaning wounds, and wom-
en use its leaves in a water bath after giving birth. The latex of Sapium macrocarpum is
used against scorpion stings, fever and some skin problems such as warts; its use as an
anti-coagulant is also widespread. The latex of Ficus cotinifolia is used in the treatments of
urinary infections, vomiting, malaria and against inflammatory pathologies of the spleen.
The leaves of Annona squamosa are used in cicatrisation of wounds, diarrhoea, ulcers,
menstrual disorders, and also to help weight loss. The seeds of this plant are also em-
ployed as an insecticide. The leaves of Vitex molli are used to treat stomach ache, diges-
tion disorders, nervous alterations, and also scorpion stings. Piper leucophyllum is
employed for reducing fever and its dried leaves are used for cleaning eyes and as spice
in cooking. The leaves and bark of Gliricidia sepium are used against high fever, skin infec-
tions, urine disorders, malaria, and headache. However, its seeds are reported to be toxic.
Hamelia paten is used to accelerate wound cicatrisation. The Mexican and Central America
native species of Astianthus viminalis is used for the curing of diabetes and malaria and to
reduce hair loss. Swietenia humilis is used as anti parasitic, and it is also utilized for hair
care as a shampoo. It is also used with other plants in mixed herbal teas, and used as
home remedies. Stemmandenia bella is employed for curing wounds; Rupechtia fusca is used
in some stomach disorders; Bursera grandifolia is used as a tooth paste and against diges-
tive disorders; Ziziphus amole is prepared as infusion and it is applied for washing
wounds and to treat gastric ulcers. The fruit and the latex of Jacaratia mexicana are used
against ulcers in the mouth and digestive disorders. Gyrocarpus jathrophifolius leaves and
bark are used as an analgesic. Pseudobombax ellipticum is used in respiratory disorders
such as cough, and also against fever and as an anti microbial. The stems and flowers of
Comocladia engleriana are toxic because they produce dermatitis. The flowers and the latex
of Plumeria rubra can be used for stopping vaginal blood shed, and toothache, and the la-
tex of the plant is used against earache. Infusions are used as an Eye-cleaning liquid [23,
24, 25 & 26].
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Polyphenolic compounds are commonly found in both edible and inedible plants, and they
have been reported to have multiple biological effects, including antioxidant activity [25].
Herbs are used in many domains, including medicine, nutrition, flavouring, beverages, dye-
ing, repellents, fragrances, cosmetics [26]. Many species have been recognized to have me-
dicinal properties and beneficial impact on health, e.g. antioxidant activity, digestive
stimulation action, antiinflammatory, antimicrobial, hypolipidemic, antimutagenic effects
and anticarcinogenic potential [27,28]. Crude extracts of herbs and spices, and other plant
materials rich in phenolics are of increasing interest in the food industry because they retard
oxidative degradation of lipids and thereby improve the quality and nutritional value of
food. The basic flavonoids structure is the flavan nucleus, which consists of 15 carbon atoms
arranged in three rings (C6-C3-C6), labelled A, B, and C (Figure 3). Various clases of flavo-
noid differ in the level of oxidation and saturation of ring C, while individual compounds
within a class differ in the substitution pattern of rings A and B. The differences in the struc-
ture and substitution will influence the phenoxyl radical stability and thereby the antioxi-
dant properties of the flavonoids. Plant species belong to several botanical families, such as
Labiatae, Compositae, Umbelliferae, Asteracae, Polygonacae and Myrtacae. Many spices
have been investigated for their antioxidant properties for at least 50 years [29,30].

4. DPPH experiments with different plants collected in México

Herein it is presented a brief description of two experiments to evaluate the antioxidant
properties of some plants collected in México, one conducted in the Moringa tree (Moringa
oleifera) and the other in the Neem tree (Azadirachta indica).

1. Antioxidant properties of Moringa oleifera: In this experiment were collected fresh leaves
of M. oleifera in the Municipality of Apatzingan in the state of Michoacan, Mexico, the
leaves are brought to the facilities of the National School of Biological Sciences, IPN
where allowed to air dry and then were macerated and placed in containers containing
methanol. After one week the solvent was decanted and concentrated under reduced
pressure using a rotary evaporator. The crude methanol extract was stable in distilled
water obtained the following experimental concentrations: 50, 25, 12.5 and 6.25 mg / mL
to which they evaluated the antioxidant capacity.

It was used as standard test the unstable radical 2,2-diphenyl-picrylhydrazyl (DPPH),
which originally has a purple and when it is placed against a substance having antioxi-
dant properties in a UV spectrophotometer at 517 nm, changes to yellow colour yellow
(Figure 4). It was prepared a calibration curve of DPPH type in methanol at concentra-
tions of 40, 120, 160 and 200 ug. Subsequently, aliquots of the above concentrations of
methanol extract of M. oleifera and combined with DPPH in methanol for measuring its
absorbance in the UV spectrophotometer at 0, 10, 30, 60 45 min., and then self-assess their
antioxidant capacity [31].
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Figure 5. Antioxidant activity of different concentrations of methanol extract of M. oleifera

It was found that higher concentrations of M. oleifera antioxidant activity showed a concen-
tration dependance, ie the higher the concentration of the extract metabolic higher antioxi-
dant capacity (Figure 5). It was noted that the highest concentrations (50 mg / mL and 25
mg / mL) reached 50% of its antioxidant activity (assessed by the percentage of inhibition of
purple fading to yellow against DPPH respective concentration of the methanol extract of
M. oleifera) within 10 min. the reaction is initiated, which is indicative of the high antioxidant
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capacity of this plant and that could explain its therapeutic efficacy in the treatment of dia-
betes in mouse models that are currently underway [32].

2.

Comparison of the antioxidant properties of Azadirachta indica with other species and a
commercial product. This experiment followed a similar protocol to that described for
M. oleifera, with the exception that the samples were evaluated for their antioxidant ca-
pacity at times 1, 15, 30, 60 and 90 minutes. The protocol is divided into two parts, one
of which was evaluated for antioxidant activity from four different extracts from leaves
of Azadirachta indica: a) methanol, b) infusion, c) ethyl acetate and d) ethanol. This was
done by measuring the percent inhibition of loss of the color purple to yellow the re-
spective front DPPH extract (Figure 6). It was found that infusion of Neem showed the
highest antioxidant activity (80% inhibition) than the other extracts even from the first
minute after initiating the reaction. This would correspond to the ethnomedical use that
people from rural zones done with this tree, and then take it as a tea before the first
food of the day. The methanol extract of Neem leaves also exhibited a high antioxidant
capacity, as a percentage inhibition of the radical DPPH greater than 50% during the en-
tire reaction time [33].

100

® NEEM MEOH
®NEEM INFUSION
= NEEM ETHYLAC.
= NEEM ETOH

% OF INHIBITION

1 15 30 60 20
Time (minutes)

Sample Time (min) Inhibition Concentrations
(50%) (ng of DPPH)
Methanol 1 56 132,3478
Infusion 1 80 16,2609

Figure 6. Assessment of% inhibition of DPPH radical from 4 extracts of Neem (Azadirachta indica).

In the second part of this protocol, we chose a fraction of the methanol extract of Neem leaves
and their antioxidant activity was compared against a commercial preparation, a kind of juice
containing: Pomegranate (Punica granatum) green tea (Camel sinensis), cranberry (Vaccinum my-
tillus), red grape (Vitis vinifera) and methanol extract of leaves, seed and fruit peel of passion
fruit (Passiflora edulis). It was found that the commercial preparation showed the highest anti-
oxidant activity throughout the reaction time (Figure 7), presented as a% inhibition greater
than 50% from the first minute (68% inhibition), reaching end of the reaction with values high-
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er than 85% inhibition of the presence of radical DPPH. Compared to the various organs of Pas-
siflora edulis, the Neem leaf extract showed higher antioxidant capacity from the reaction
started, it displayed a% inhibition of DPPH radical by 66% to reach 15 minutes of reaction, and
reaching values greater than 85% inhibition at 60 minutes, falling a little activivty (63% approx-
imately) at 90 min. the reaction is initiated. This would confirm previous data of different au-
thors and from our laboratory (unpublished data), in the sense of the effectiveness of Neem
tree leaves for the treatment of chronic degenerative diseases such as diabetes, it has proven ef-
fective in significantly reducing blood glucose levels in streptozotocin-treated mice, an effect
that may be due to the presence of secondary metabolites of the steroid type saponins, flavo-
noids and phenols among others that seem to owe much its hypoglycemic action, thanks to its
antioxidant properties. In this regard, our laboratory is conducting a more rigorous characteri-
zation of secondary metabolites found in these plants by using spectroscopic techniques (e.g,
Infrared Spectroscopy with Fourier Transform, Proton Nuclear Magnetic Resonance, etc.) try-
ing to isolate, purify these metabolites and test its therapeutic efficacy in animal models of dia-
betes. However, we should mention that, although the future is promising with regard to
therapy options offered by these plants in Mexico (and other developing countries), yet to be
made deeper studies and comparative scale phytochemical, toxicological and drug to confirm
everything mentioned in this chapter [34].
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Figure 7. Assessment of% inhibition of DPPH radical of Neem (Azadirachta indica) with respect to a commercial prep-
aration and different organs of Passion fruit (Passiflora edulis).

Another experiment with Noni (Morinda citrifolia) showed that the leaves of this plant also
have a high antioxidant effect at low concentrations reaching a maximum effect at a dose of
5mg/mL (Figure 8). These results disagreed with the effect observed with the Noni fruit,



Chemistry of Natural Antioxidants and Studies Performed with Different Plants Collected in Mexico

http://dx.doi.org/10.5772/52247

where it was reported that the antioxidant effect of protection tends to increase with respect

to higher concentrations in tests performed with lyophilized juice extracts [35].
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is carried out the 50% inhibition of the unpaired radical.

Furthermore a methanolic solution was prepared with a concentration of 860 mmol / mL of

DPPH. From this concentration the experiment was performed with a duplicated calibration

curve at different concentrations, which was read at 517nm. An average concentration of
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those used for standard curve analysis was chosen for the initial concentration of the metha-
nol extract from leaves of Morinda citrifolia. From this methanol extract different percentage
dilutions were prepared. After obtaining the extract dilutions 1000uL of each one was mixed
with 860pL methanol and 140pL of DDPH and after that it were allowed to stand for 10 mi-
nutes at 30°C and then absorbance was read (517nm) at time intervals of 10, 30, 45 and 60
minutes in a UV-Vis spectrophotometer HACH DR 5000. Through a mathematical analysis
of linear regression curve was obtained concentration vs. inhibition (%), and finally deter-
mined the mean effective antioxidant concentration (Figure 9) [36].

5. Phytochemical results

5.1. Moringa oleifera

Extraction by maceration from M. Oleifera leaves was carried out in methyl alcohol for the
phytochemical sieve, the results are shown in the following table (Table 2), and qualitative
tests that were performed for each secondary metabolite are named in the same table.

Reagent Test
Dragendorf ++
Mayer +
Alkaloids
Wagner +
Sonneshain +
Silicotungstine +
Tanines ferric chloride -
phenols Potassium ferricianide +
Fehling -
reducing sugars
Benedic -

ammonium hydroxide -

Coumarins
Erlich +
Flavonoids Sodium Hydroxide +
Sesquiterpenlactones hidroxylamine chlorehydrate -
Saponines Libermann Bouchard +
cardiotonic Glycosides Kedde, Baljet, legal -
cyanogenic Glycosides Guignar -

Table 2. Phytochemical sieve of methanolic extract from M. olerifera leaves.
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Test
Metabolites Reagent Azadirachta Cecropia obtusifolia Morinda
o Lophocereus sp o
indica Bertolt citrifolia
Dragendorf ++ - ++ -
Mayer + + + +
Alkaloids Wagner + - + +
Sonneshain + - - -
Silicotungstine + - - -
Tanines ferric chloride - + - -
Potassium
phenols + + + +
ferricianide
Fehling - - + +
reducing sugars
Benedic - - + +
ammonium
) - - + +
Coumarins hydroxide
Erlich + + + +
. Sodium
Flavonoids i + + - +
Hydroxide
) hidroxylamine
Sesquiterpenlactones - + - R
chlorehydrate
) Libermann
Saponines + + + +
Bouchard
cardiotonic Kedde, Baljet,
- + - +
Glycosides legal
cyanogenic )
. Guignar - + + -
Glycosides

Table 3. Phytochemical sieve of different plants collected in Mexico. All the tests were performed with methanolic
extracts of the leaves.

The results of this phytochemical analysis presented in Table 2, shows qualitatively the sec-
ondary metabolites found in the methanol extract of leaves of M. oleifera. The more abun-
dant compounds in the leaves of this tree and also the must reported in several articles are:

i. Alkaloids
ii. Coumarins
iii. Phenolics

iv. Flavonoids
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V. Saponins

In the case of metabolites such as tannins, cardiac glycosides, cyanogenic glycosides, the
tests results were negative for the methanol extract of leaves of M. oleifera [37, 38].

Phytochemical results for the extracts obtained from leaves of Guarumbo (Cecropia obtusi-
folia Bertolt), Musaro (Lophocereus sp.), Neem (Azadirachta indica) and Noni (Morinda cit-
rifolia) are showed in Table 3. Several of those metabolites are highly active antioxidants.

6. Description of those plants collected in México and presenting high
content of antioxidant compounds

6.1. Azadirachta indica

Active compounds of Neem have been identified while others have not, and analyzed the
most common are: nimbin; nimbidin; ninbidol; gedunin; sodium nimbinate; queceretin; sal-
annin and azadirachtin.

Parts used and their uses:

Neem bark is bitter, astringent, is used to treat diseases of the mouth, teeth, loss of appetite,
fever, cough and intestinal parasites (Figure 10)

Figure 10. Stem of the Neem tree.

The leaves help to neuromuscular problems, eliminate toxins, purify the blood, are also used
to treat snake bites and insect (Figure 11)
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Figure 11. Branch and leaves of Neem or Azadirachta indica.

The Neem fruit is bitter, and it is used as a purgative and for hemorrhoids (Figure 12)

Figure 12. Fruits from Neem Tree

The flowers are astringent and expectorant and also Seed oil is extracted. (Figure 13).
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Figure 13. Flowers from Neem Tree

Neem kills some infectious organisms, contributes to the immune response at various levels,
this increases the possibility that the body fight bacterial infections alone, viral and fungal.
Neem increases the production of antibodies, improves the response of immune cells that
release mediators white blood cells. For Diabetes: Neem extract orally reduces insulin re-
quirements by between 30% and 50% to people who are insulin dependent. With Cancer:
polysaccharides and limonoids found in the bark, leaves and Neem oil reduces tumors and
cancer [39].

6.2. Passiflora edulis Sims

Another plant which has been described with therapeutic applications is the genus Passi-
flora, whics comprises about 500 species and is the largest in the family Passifloraceae. Passi-
flora edulis Sims is native from the Brazilian Amazon, known by the common name for
passion fruit [40, 41]. The word passion comes from the Portuguese- Brazilian passion fruit,
which means food prepared in Totuma [41, 42].

Passiflora edulis (Figure 14) is a widely cultivated species in tropical and subtropical coun-
tries, there are two varieties: Passiflora edulis Sims var. flavicarpa, whose fruits are yellow and
Passiflora edulis Sims var. purple, with purple fruits and adapts to higher ground [42].

Passion fruit (Figure 15) is a woody perennial, climbing habit and rapid development, which
can reach up to 10 m long, the leaves are simple, alternate, and a tendril conestipules in the
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armpit, with serrated margins, the flowers (Figure 16) are solitary and axillary, fragrant and
showy, the fruit is a spherical berry, globose or ellipsoid, measuring 10 cm in diameter and
weighs up to 190 g, yellow or purple, with a highly aromatic pulp [43].

Figure 14. Passion fruit

Figure 15. Leaves and flower of passion fruit

The ethnopharmacological information reveals that Passiflora edulis Sims has been used in
traditional medicine around the world. In India, the fresh leaves of this plant are boiled in
small amount of water and the extract is drunk to treat dysentery and hypertension, and the
fruits are eaten to relieve constipation. In South America, native people drink the tea leaves
and flowers as a sedative, infusion of the aerial parts is used in the treatment of tetanus, epi-
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lepsy, insomnia and hypertension is also indicated as a muscle relaxant, diuretic, to treat
stomach aches, fever and intestinal tumors[44].

The phytochemical study of Passiflora edulis Sims (Passifloraceae) shows the presence of gly-
cosides, including passiflorine, flavonoid glycosides: luteolin-6-Cchinovéside, cyanogenic
glycosides, alkaloids harman, triterpenes and saponins, phenols, carotenoids, anthocyanins,
L-ascorbic acid, y-lactones, esters, volatile oils, eugenol, amino acids, carbohydrates and
minerals [45].

Figure 16. Five ribs cladode from Musaro (Lophocereus sp)

6.3. Lophocereus sp

Gender Lophocereus sp. (Figure 17) develops as a succulent plant which presents a plus size
and can reach 7m tall. These cacti have a columnar development right, has ribbed stems that
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branch with age. The flowers are nocturnal, appear only on copies of more than two meters
high and are colored green, but in the four seasons can take a pink color, the stem prolifera-
tion and leads to masses of slender spines long they can get to cover it completely. Multiply
by seeds in spring or summer. These plants are drought resistant so as to avoid daily water-
ing and exposure to damp, besides being very sensitive to frost. But they need full sun and
well drained soils. It is endemic to Baja California Sur, Baja California and Sonora in Mexico
and Arizona in the United States It is a common species that has spread efficiently over the
worldwide. The fruits are edible, but are hard to come by competition with birds and in-
sects. This plant has curative properties. Southeastern Mexican indians prepare a tea from
the pulp and skin of the cactus to relieve arthritis. Some members of this ethnic group say
the plants with five ribs are very good for treating cancer. For diabetes: using the Musaro
with a seven-pointed cladode, boiled in 1 liter of water, strain and drink three glasses of
cooking, one before each meal. It is also widely used to treat ulcers, wounds, and stomach
diseases.

Musaro or gooseberry is the tea made by slicing sections fifteen or twenty two inches
long from the stems of cactus. These cuts are then placed in a container large enough to
contain five gallons of water and boiled for eight to ten hours until the liquid is reduced
to approximately one gallon. People take this treatment for serious stomach diseases but
they should drink tea in large amount. From extracts of Lophocereus sp two compounds
have been isolated: pylocereine and lophocine a dimeric alkaloid with cytotoxic activity
[46, 47].

6.4. Cecropia obtusifolia Bertolt

Family: Cecropiaceae

Common name: The names that are known are "guarumbo”, "chancarro”, "hormiguillo”,
"chiflén” and "koochlle" among others. This plant is widely used by people suffering from
type 2 diabetes. It is known mainly in rural areas.

Botanical description: A tree 20 m tall, commonly grows in tropical rain forests. Its trunk is
straight and presents a cavity where you can find some ants inside it, with branches that
grow along this horizontally. The leaves are placed in a spiral on the branches. They have a
deep green on the upper surface of the leaf and gray on the back (Figure 18).

Distribution in Mexico: located along the coasts of Tamaulipas and San Luis Potosi to Ta-
basco on the side of the Gulf of Mexico and Sinaloa to Chiapas Pacific side. Traditionally
the dried leaves (15 g) are heated in water (500 mL) and the result is an infusion which is
then filtered and taken as "daily water", cold infusion is often consumed in hot weather.
States where is often used as traditional medicine this plant are: Hidalgo, Guerrero, Vera-
cruz, Yucatan, Campeche, Tabasco, Mexico State, Oaxaca and Chiapas. It is reported that
this plant contains {-sitosterol, stigmasterol, 4-ethyl-5-(n-3 valeroil)-6-hexahydrocoumar-
ins. From butanol extracts were isolated chlorogenic acid and isorientin [48, 49].
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Figure 17. Guarumbo (Cecropia obtusifolia Bertolt) leaves.

7. Conclusion

The plant kingdom has been the best source of remedies for curing a variety of disease and
pain. This is why medicinal plants have played a key role in the worldwide maintenance of
health. Traditional herbal medicine is intimately related to the Mexican popular culture; its
use has origins based on ancestral knowledge. Natural products of higher plants are an im-
portant source of therapeutic agents; therefore, many research groups are currently screen-
ing the different biological activities of plants. Mexico has an extensive variety of plants; it is
the fourth richest country worldwide in this aspect. Some 25 000 species are registered, and
it is thought that there are almost 30 000 not yet described. Natural antioxidants that are
present in herbs and spices are responsible for inhibiting or preventing the deleterious con-
sequences of oxidative stress. Spices and herbs contain free radical scavengers like polyphe-
nols, flavonoids and phenolic compounds, having antioxidant activities, Indeed all these
plant studied have several biological effects and they could also be used as a source of natu-
ral antioxidants. Further pharmacological studies are underway to identify the active con-
stituents of the plant extracts responsible for the showed activities. As a final 