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ABSTRACT

Introduction - In this review, one of the mechanisms that is generated in
inflammation, oxidative stress, was analyzed. Inflammation is an immune system
response, it is essential for survival and recovery, but it can cause damage to the
body, due to oxidative stress that occurs when there is an imbalance between the
production of reactive oxygen species and the body's ability to neutralize them with
Endogenous antioxidants contribute to the development of chronic diseases such as
cardiovascular, diabetes, autoimmune diseases, cancer, neurodegenerative diseases
such as Alzheimer's, Parkinson's, Huntington's, amyotrophic lateral sclerosis.

Aim - Evaluate the literature about Inflammation from the basic to the clinical.
Methodology - Databases such as MEDLINE/PubMed and ScienceDirect regarding
Inflammation were analyzed.

Results - Despite recent advances in the understanding of inflammation and oxidative
stress, there are still important challenges in the study and treatment of these
conditions, on the one hand, it is necessary to develop more precise biomarkers to
evaluate oxidative stress and inflammation in the patients. While in the other, new
therapeutic approaches are needed to modulate inflammation and oxidative stress
more effectively and specifically.

Conclusion - That the study of inflammation and oxidative stress is crucial to
understanding the pathophysiological bases of various chronic diseases and that
advances in the field of inflammation and oxidative stress have provided new
therapeutic perspectives for the treatment and prevention of chronic diseases. . .
Keywords: - Inflammation, oxidative stress, reactive oxygen species and chronic diseases.
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INTRODUCTION Inflammation has two distinct phases: acute

Inflammation is a complex biological response
of the immune system to damage, infections
or attacks. Although essential for tissue
survival and recovery, chronic inflammation
can cause damage to the body and contribute
to the development of various diseases, such
diabetes,

autoimmune diseases and cancer. One of the

as cardiovascular  disease,

mechanisms involved in inflammation s
oxidative stress, which occurs when there is an
imbalance between the production of reactive
oxygen species and the body's ability to

neutralize them.

INFLAMMATION: FUNDAMENTAL BASIS

“Inflammation is not a disease, but a
nonspecific response that produces a healthy
effect in the organism in which it occurs.”
Cohnheim (1839-1884) was the first
researcher to use the microscope to observe
swollen blood vessels in thin, translucent
membranes, such as the mesentery and
tongue of the frog. Shortly after, the research
of Elie Metchnikoff Ehrlich

demonstrated that factors

and Paul
both cellular
(phagocytes) and serum factors (antibodies)
were  essential for defense against
microorganisms. To these names must be
added that of Sir Thomas Lewis, who, through
simple experiments on the inflammatory
response of the skin, established the concept
that various chemical substances induced
locally by the stimulus of an injury, such as
histamine, which are mediating factors of
vascular alterations of inflammation. This
fundamental concept is the basis for the
important discoveries of chemical mediators
of inflammation and the possibility of using

anti-inflammatory drugs'~.

Acute inflammation has a

short course; Its

and chronic.
relatively fundamental
characteristics are the exudation of fluid and
plasma proteins (edema), and the migration of
leukocytes  (mainly neutrophils). Chronic
inflammation lasts longer and is characterized
by the proliferation of blood vessels, fibrosis

and tissue necrosis’.

Acute inflammation is an immediate response
of the body to an injury or infection. It is
characterized by dilation of blood vessels,
extravasation of fluids, and migration of
inflammatory cells to the affected site. This
initial inflammatory response is necessary to
initiate the repair of damaged tissues and
neutralize infections. However, if inflammation
persists, it becomes chronic inflammation,
which can lead to tissue damage and
contribute to the development of chronic

diseases’.

OXIDATIVE STRESS: BASIC CONCEPTS

Oxidative stress occurs when there is an
imbalance between the production of reactive
oxygen species (ROS) and reactive nitrogen
species (RNS) and the body's ability to
them with
ROS, like free radicals, can

neutralize endogenous
antioxidants.
damage cells and tissues if not properly
Oxidative

implicated in

controlled. stress has been

chronic inflammation and

various diseases, such as cardiovascular

diseases, neurodegenerative diseases,

diabetes, and cancer.

CONCEPT OF OXIDATION
Oxidation is a process in which a chemical
substance loses (gives up) electrons, and

reduction is a process in which the chemical
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substance gains (gains) electrons. Oxidation
and reduction occur simultaneously and the
total number of electrons lost is equal to those
gained. The chemical substance that gives up
electrons is the reducing agent and the
chemical substance that receives electrons is

the oxidizing agent*?.

OXIDATION IN BIOLOGICAL SYSTEMS

In humans, oxidation is a dynamic process that
is constantly carried out, in such a way that the
agents causing oxidation are the so-called
oxidants, as oxidants are reactive oxygen
species (ROS) and reactive oxygen species.
nitrogen (ERN). These reactive species (RS)
are generated mainly within the organism

(intracellularly and acting both inside and
outside the cell) and are also stimulated by
environmental agents. The ROS that occur in
the body are caused by: normal metabolism
(in the respiration chain at the mitochondrial
level), hypoxia events, biological agents,
modifications,

immunological genetic

alterations.

The reactive species produced in humans,
ROS and ERN, can be beneficial or toxic,
depending on the concentration and
continuity in which they are produced; and
they can be classified as radical and non-

radical (Table 1).

Table 1. Reactive oxygen and nitrogen species according to Halliwell, B., & Gutteridge, JM (2015).

Reactive Oxygen Species ROS

Superoxide anion ¢O2-
Hydroxyl «OH

Peroxyl ¢OOR
Hydroperoxyl HO2
Alkoxyl ¢OR

RADICALS

Hydrogen peroxide H202
hypochlorous acid HOCI
Ozone O3

Singlet oxygen 102 form 1A

NON-RADICAL

Hypobromous acid (HOBr)

Reactive Species Nitrogen ERN

Nitric oxide NOwe
(nitrogen monoxide)

Nitrogen dioxide NO2e

Nitrous acid HNO2
Peroxynitrous acid (ONOOH)
Alkylperoxynitrites (RONOO)
Nitrosyl cation NO+
Nitronium cation NO2+
Nitrosyl anion NO-
Dinitrogen tetraoxide N204
Dinitrogen trioxide N20O3
Peroxynitrite anion ONOO-
Nitrite NO2-

Nitrate NO3-
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Reactive oxygen and nitrogen species are
essential for many normal biological processes,
such as the activation of phagocytes, the
metabolism of eicosanoids, or, forming part of
a series of events in response to an invasion of
microorganisms and foreign material, generating
chemotactic factors, among others. They are
also involved in cell signaling, however, they
play an important role in the generation of
cellular damage, initiating a wide variety of
toxic oxidative reactions, such as the initiation
of lipid peroxidation, inhibition of mitochondrial
respiration, inhibition of mitochondrial activity
of the Na+/K+ pump, inactivation of sodium
channels and other protein oxidative reactions.

Under physiological conditions there is a
balance between the formation of ROS, ERN
and enzymatic and non-enzymatic antioxidants,
as well as repair systems; however, when this
balance is broken, so-called oxidative stress

occurs>67’:8

OXIDATIVE STRESS (OS)

Rebeca Gerschman, between the 1950s and
1960s, postulated the theory of cellular
damage due to oxygen toxicity and the
decrease in antioxidants; Based on this theory,
in 1985 Helmut Sies developed the concept
of EO as a situation of imbalance with an increase

in oxidants or a decrease in antioxidants’.

Oxidative is the increase in the

production of ROS and ERN or a decrease in

stress

antioxidant or repair systems, or a combination

of these factors.

Oxidative stress leads to biochemical and
physiological lesions which can deteriorate
metabolism, causing oxidative damage to

lipids, proteins and nucleic acids, which finally

results in cell death and subsequently tissue
damage®'"" (Table 3).

Oxidative stress is associated with aging,

exercise, ethanol intake, smoking and
numerous human diseases, such as: ischemia,
reperfusion, atherosclerosis, acute hypertension,
hemorrhagic shock, diabetes mellitus, cancer,
inflammation, Parkinson's disease, Alzheimer's
disease, Huntington's disease, Wilson's disease,
Friedreich's ataxia and multiple sclerosis,
nephrotoxicity, acute renal failure, chronic

renal failure, among other diseases>®’#

Up to this point, various ROS and ERN have
been mentioned that are normally produced
in living systems, and under conditions of
oxidative stress, however, to prevent the
oxidation of biomolecule there are antioxidant
substances.
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Table 2. Cellular targets of ROS and ERN (Giinthern and Mogado, 2007)

WHITE

Unsaturated amino acids with

thiol groups

O

O

ANTIOXI

Nitrogenous bases

Carbohydrates

Unsaturated lipids

Vitamin cofactors

Neurotransmitters

Antioxidants

Proteins

DNA

Hyaluronic acid

DANTS

EFFECTS

Protein denaturation

O

o Breakage of covalent bonds

o Inhibition of cell permeability and organelles

o o Alterations in the cell cycle

o Mutations

o Changes in the protoplasmic portion of the cell

membrane

o o Oxidation of cholesterol and fatty acids
o o Formation of covalent bonds between lipids
o Alterations in the permeability of biological

membranes

Reduced availability of redox cofactors derived from

nicotinamide and flavin

Decreased availability of neurotransmitters such as

catecholamines and serotonin

Decreased availability of antioxidants, including alpha-

tocopherol and carotene

o Breaking of peptide chains
o Denaturation

o Breaking chains
o Modification of bases

Change in synovial fluid viscosity

(biomolecules), delay or prevent oxidation'?,

Antioxidants are defined as those substances by donating an electron in order to make the

that, present in low concentrations compared ER more stable (Scheme 1).

to those of an oxidizable substrate

antioxidante radical libre

Scheme 1. Interaction of free radicals with antioxidants (Veldsquez et al., 2004).
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The chemical defenses capable of maintaining
the oxidant/antioxidant balance of the body
can be classified into enzymatic antioxidants,
antioxidants, and

non-enzymatic repair

mechanisms.

As enzymatic antioxidant agents there are: the
enzyme superoxide dismutase (SOD), catalase
(CAT), (GPx),
glutathione glutathione

glutathione  peroxidase
transferase,

reductase (GR) and paraoxonase (PON1).

Non-enzymatic antioxidants are divided into
those obtained through the diet (exogenous)
and those that are synthesized in our body
(endogenous). Both are classified into: water-
soluble and fat-soluble antioxidants (Table 3).

Enzymatic repair systems: repair oxidized
DNA and proteins'’. Among the DNA repair
enzymes are endonucleases, exonucleases

and methionine sulfoxide reductase'.
VITAMIN C (ASCORBATE OR ASCORBIC ACID)

Ascorbate can exist in three redox states: L-

Ascorbate, ascorbyl radical and
dehydroascorbate acid. You can remove the
.02-,. OH, H202, ROO., NOO. and also

extinguish 'O,

Most animals can synthesize ascorbate from
glucose, but some primates and man have
lost the enzyme for the last step of
biosynthesis (gulonolactone oxidase).

Table 3. Non-enzymatic antioxidants.

Exogenous
o Flavonoids
g and
& polyphenols
o]
4+
2
Vitamin C
o Vitamin E
2 0
w =
0
(%)

Carotenoids

Vitamin C is a water-soluble molecule, which
interacts with practically the same oxyradicals
E, but with the additional

advantage of its ability to regenerate the

as Vitamin

reduced variant (antioxidant) of vitamin E by
interacting with the tocopheryl radical to
regenerate the a-tocopherol to its active

Endogenous

Uric acid

Bilirubin

Coenzyme Q10

state. However, it is important to consider that
in the presence of transition metals, such as in
hemolysis, vitamin C is capable of facilitating
the production of free radicals, apparently
without connection with an increase in

lipoperoxidation'.
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TIOLS (GLUTATHIONE)

Glutathione is a tripeptide of y-glutamic acid,
y-cysteine and y-glycine that constitutes the
most abundant major cellular non-protein
thiol; it is
concentration. It is found in reduced form
(GSH) and oxidized form (GSSG). Glutathione

has several functions, including; It participates

maintained at a millimolar

in the formation and breakdown of disulfide
bridges in proteins and its antioxidant activity
is due to the reducing capacity of the thiolic

group of cysteine.

It can act as an antioxidant in enzymatic

reactions  (such as with  glutathione

peroxidase). Protects the oxidation of
essential SH groups of proteins. It is one of the
most active non-enzymatic antioxidants and
directly traps H202, .OH, .O2-, chlorinated
oxidants. The ability of GSH to carry out
singlet 102 quenching reactions has also
been described, returning it to its non-
reactive basal state (triplet)™ ™.

When GSH reacts with oxidants it is oxidized
to GSSG, which is toxic to cells, so they tend
to maintain a low GSSG/GSH ratio, by
reducing GSSH to GSH with glutathione

reductase’ ™.

THE SUPEROXIDE RADICAL ANION AND
THE SUPEROXIDE DISMUTASE

The enzyme superoxide dismutase (SOD),
discovered by McCord and Fridovich, is the
first antioxidant that protects against
oxidative damage, because it accelerates the
transformation of the superoxide anion radical

into hydrogen peroxide'.

S.0.D.
02-+.02-+2H —> H202+ 02

In the above reaction, one molecule of
superoxide is oxidized to give rise to O2,
while another is reduced to give rise to H202.
The reaction is diffusion limited due to the
reaction constant (2 x 109 M-1 s-1).

In the phagocytes of the immune system

(activated  neutrophils, eosinophils and
macrophages), when faced with a stimulus,
they experience an increase in oxygen
consumption, mainly in the plasma membrane,
where the enzyme NADPH oxidase'” produces,
at the expense of electrons from the pentose
pathway and basal oxygen, oxygen free
radicals. The extracellular production of O2e-
represents more than 90% of the oxygen

consumption of the activated cell™.

NAD PH +2 O, — NADP+ + 2 O;- + H+
NADPox

In the wvascular endothelium:

endothelial NADPH oxidase™.
NAD (P)H + 2O, —> NAD(P) + H+ + 2 .02-

through

Cytochrome P450-dependent oxygenases®.

NITRIC OXIDE

Nitric oxide (NO-), also known as nitrogen
monoxide, is a colorless gas relatively soluble
in water, an obligatory intermediate of the
nitrogen cycle. NO- is a lipophilic free radical.
It is not very reactive and diffuses through the
membrane and cytoplasm. It reacts slowly
with the thiol groups or sulfhydryls of some
proteins.

He does not. It can form other ERNs, such as
nitrate  when reacting with O2 and
peroxynitrite (ONOO-) when reacting with
0O2:-, the nitrosonium cation (NO+), the

nitroxyl anion (NO-)*'
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Nitric oxide is a molecule of great importance
in biological systems, it participates in signaling
systems. At concentrations of 10-7 M it functions
as a messenger in the central and peripheral
nervous system, in addition, it exerts multiple
antiatherogenic effects: vasodilation, inhibition
of platelet aggregation, inhibition of smooth
muscle fiber proliferation and decrease in the
production of chemotactic protein. of monocytes

(MCP), among others.

Nitric oxide is formed by the immune system

and inhibits essential enzymes such as
terminal oxidases and other hemoproteins
that bind oxygen and enzymes with Fe-S
centers such as aconitases”?, and together
with ROS it influences multiple effects of

inflammation and immune response.

ADVANCED GLYCOSYLATION PRODUCTS (AGEs)

Non-enzymatic glycosylation of proteins, also
called glycation or Maillard reaction. AGEs
(advanced glycosylation end products)
increase the formation of ROS since they are
compounds unknown to the effector cells of
the immune response, which promotes their
activation and the production of RL. AGEs are
generated through the reaction between a
carbohydrate (monosaccharide) and a protein
or lipid. These compounds are formed when
food is cooked and also in the body as age
increases or in pathological states such as

hyperglycemia.

At the beginning of the 20th century, Louis
Camille Maillard (1872-1936) studied the
combination of sugars with other biomolecules
and described the molecular bases of these
reactions, which later took his name. A
decade later, in 1922, the Italian chemist

Mario Amadori (1886-1941) determined the

arrangement that bears his name and that
describes the first stages of the combination
of reducing sugars with primary amino groups
belonging to different molecules®.

The reaction between an aldehyde group of a
monosaccharide and a free amino group (the
reactive amino groups can be the a-NH2
group of the N-terminal protein or the €-NH2
group of the lysine residue depending on
their of the

medium) a molecular arrangement known as

availability and conditions

the Schiff base is produced. These bases are
unstable and undergo a slow intramolecular
rearrangement that forms ketoamines or
fructosamines (Amadori compounds), this
reaction is reversible; The persistence of the
conditions that give rise to Amadori
compounds favors their accumulation and
transformation, through non-enzymatic and
irreversible  reactions, into  advanced
glycosylation products (AGEs). The latter are
stable (covalent

chemically molecules

complexes), therefore, they do not degrade.

INTERACTION BETWEEN INFLAMMATION
AND OXIDATIVE STRESS.

Inflammation and oxidative stress are closely
related. Chronic inflammation can lead to
excessive production of ROS, leading to
oxidative stress. In turn, oxidative stress can
activate inflammatory pathways, generating a
vicious cycle that contributes to the development
of chronic diseases. Additionally, various
inflammatory cells release enzymes and
inflammatory mediators that can increase

oxidative stress in affected tissues.

Inflammation and oxidative stress consist of
distinct biochemical cascades; both processes

are closely intertwined and operate in parallel,
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particularly in the brain, which is more prone
to oxidative stress?®. Evidence of oxidative
stress in the brain {such as ROS and markers
of brain damage}*®? is generally found
alongside evidence of inflammation (such as
activated immune cells, cytokines and other
inflammatory mediators, etc.)?’?%. So there is
much to learn about inflammation and
oxidative stress, in their interactions at these
two main known points of convergence, which
in turn explains their tendency to occur
together and reinforce each other, triggering
oxidative stress activates the inflammatory

responses and vice versa.

Microglia are cells of the central nervous system
that function as elements of the immune
system, producing ROS as defense agents
against pathogens. or their markers?. If the
antioxidant capacity of cells is overwhelmed
by ROS, oxidative stress causes subsequent
damage to essential molecules and tissues®.

AM

Evaluate the literature on the topic:

Inflammation from the basics to the clinical.

METHODOLOGY

Databases such as MEDLINE/PubMed and
ScienceDirect regarding Inflammation were

analyzed.

RESULTS

LATEST ADVANCES IN THE STUDY OF
OXIDATIVE STRESS AND INFLAMMATION

In recent years, numerous studies have been

conducted to better understand the
underlying mechanisms of inflammation and

oxidative stress. It has been shown that certain

environmental factors, such as diet, tobacco,
and pollution, can increase oxidative stress
and chronic inflammation. In addition, new
molecules and signaling pathways involved in
the regulation of inflammation and oxidative

stress have been identified.

OXIDATIVE STRESS AND SIGNALING PATHWAYS

Oxidative stress can modulate a wide variety
of biological processes by signals on the cell
surface with changes in gene expression. HE
suggest multiple signaling pathways. In fact,
ROS can be defined as a true second messenger
that regulates several cascades of nuclear
transcription factor transduction signals,
including modulation of the Ca2+ signal,

protein kinase and phosphatase pathways®'.

Some oxidation processes are reversible and
may play a role in the dynamic regulation of
events resulting in variation of the redox
condition within the cell. Such variations can
cause changes in signaling proteins and
modify transductional pathways.

ROS in general and hydrogen peroxide in
particular, are second messengers for various
physiological and pathological stimuli, such as
inflammatory cytokines, angiotensin, growth
factors, ionizing radiation, etc.*?. For example,
platelet-derived growth factor increases
intracellular hydrogen peroxide levels in
vascular smooth muscle cells and induces
tyrosine phosphorylation and stimulation of
serine/threonine kinase®. The Ras G-protein
acts as a mediator of the ROS signal,
activating a cascade of kinases, including
various members of the MAP-kinase family*.
In the case of ERK5 or BMK1 (large MAP
kinase), hydrogen peroxide appears to be an

exclusive activator®. Homocysteine is an
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independent risk factor for atherosclerosis
These
observations suggest that ROS may mediate

that induces oxidative stress®.
specific signaling pathways within the cell, as
well as, proteins may be differently sensitive
to oxidation depending on their content of
cysteine residues, their conformation, and the
intensity of oxidative stress®. Therefore, the
possible specific signal may be mediated by
oxidative stress. Different agents induce
oxidative stress to stimulate tyrosine kinase
activity, induce phosphorylation on tyrosine
residues and activate protein kinase C, c-Src,
raf-1  and MAPK®, Berk

demonstrated  that radical

Baas and
superoxide
increases MAPK activity in vascular smooth
muscle cells. Treatments with antioxidants
inhibit the generation of superoxide radicals
and block the activation of MAPK.

CHALLENGES INTHE STUDY AND TREATMENT
OF OXIDATIVE STRESS AND INFLAMMATION

Despite advances in understanding inflammation
and oxidative stress, there are still significant
challenges in the study and treatment of these
conditions. On the one hand, it is necessary to
develop more precise biomarkers to evaluate
oxidative stress and inflammation in patients.
Furthermore, new therapeutic approaches are
needed to modulate inflammation and oxidative

stress more effectively and specifically.

CONCLUSION

The study of oxidative stress and inflammation
is crucial to understanding the
pathophysiological bases of various chronic
diseases. Oxidative stress and inflammation
are closely interrelated and both play a key
role in the development and progression of
chronic diseases. Advances in the field of
inflammation and oxidative stress have
provided new therapeutic perspectives for the
treatment and prevention of chronic diseases

associated with these processes.

CONFLICTS OF INTEREST:
None

FUNDING:
None

ACKNOWLEDGEMENTS:
None

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/5072

10



https://esmed.org/MRA/index.php/mra/article/view/5072
https://esmed.org/MRA/mra

Medical
Research
Archives

Inflammation from the basics to the clinical: Advances and challenges in

oxidative stress

BIBLIOGRAPHIES:

1. Kumar V, Abbas AK, Fausto N, Mitchell RN.
Acute and chronic inflammation. En: Saunders
(Elsevier). Robbins & Cotran Pathologic Basis
of Disease. 8th. ed. New York: McGraw-Hill
Interamericana; 2007: p. 58-31

2. Cook JM, Deem TL. Active participation of
endothelial cells in inflammation. J Leukoc
Biol. 2005:77(4):487-95 63] Cabezas R, et al.,
PDGF-BB Mitochondria
Rotenone in T98G Cells. Neurotox Res 2014;

3. Akinmoladun, AC, lbukun, EO, Afor, E.,
Obuotor, EM, y Farombi, EO (2007).
Constituyente  fitoquimico y  actividad

Protects from

antioxidante del extracto de las hojas de
Ocimum gratissimum. Scientific Research and
Essays, 2 (5), 163-166.

4.Halliwell, B., & Gutteridge, JM (2015).
Radicales libres en biologia y medicina Oxford
University Press, EE. UU.

5. Flohé, 1985. The Glutathione
Peroxidase Reaction: Molecular Basis of the
Antioxidant
Mammals. Current Topics in  Cellular
Regulation. Volume 27, 1985, Pages 473-478.

6. James K. Hurst William C. Barrette. 1989.
Leukocytic

et al

Function of Selenium in

Oxygen Activation and
Microbicidal Oxidative Toxin. Critical Reviews
Biology

in  Biochemistry and Molecular

24(4):271-328.

7, Rice-Evans et al 1993. Current status of
antioxidant therapy. Free Radical Biology and
Medicine. Volume 15, Issue 1, July 1993,
Pages 77-96

8. Cuzzocrea et al 2000. Inducible Nitric Oxide
Synthase—Knockout Mice Exhibit Resistance
to Pleurisy and Lung Injury Caused by
Carrageenan. American Journal of Respiratory
and Critical Care Medicine.

9. Konigsberg, M. (2008). Radicales libres y
estrés oxidativo. Aplicaciones Médicas. El

Manual Moderno. México, D.F.

10. Rice-Evans y Miller 1996. Structure-
antioxidant activity relationships of flavonoids
and phenolic acids. Free Radic Biol

Med.1996;20(7):933-56.

11. Vélez Alavez Marcela 2009. Indicadores

de estrés oxidativo relacionado con la

presencia de elementos trazas (plomo,
cadmio, mercurio y arsénico), en diferentes
tejidos de tiburén mako (Isurus oxyrinchus).
Tesis para obtener el grado de maestro en
ciencias, Centro de Investigaciones Bioldgicas

del Noroeste, S.C. México.

12. Mufioz-Veldzquez Erika Elizabeth, Rivas-
Diaz Karla, Loarca-Pifia Ma. Guadalupe Flavia,
Mendoza-Diaz Sandra, Reynoso-Camacho
Rosalia y Ramos-13. Gémez Minerva. 2012.
Comparacién del contenido fendlico, capacidad
antioxidante y actividad antiinflamatoria de
comerciales. Revista

infusiones herbales

mexicana de ciencias agricolas versidon

impresa ISSN 2007-0934.

14. Garcia Triana Barbara E, Saldafia Bernabeu
Alberto, Saldafia Garcia Leticia 2013. El estrés
oxidativo y los antioxidantes en la prevencién
del céncer. Rev haban cienc méd vol.12 no.2
Ciudad de La Habana abr.-jun. 2013.

15. Espinosa-Jiménez Evi Amram, Adams
Ocampo Julio Cesar, Mufiuzuri Arana Hilda
Lourdes y Vargas Zufiga Luis Martin 2018.
Biomarcadores de Estrés Oxidativo en nifios
con cancer y sanos. Tesis para obtener el
grado de licenciado en Médico Cirujano
Dentista. Acapulco de Juarez Gro., México.

16. McKee, T. y McKee, J. R. Moléculas
Antioxidantes. Agresién Oxidativa. Bioquimica.

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/5072

11



https://esmed.org/MRA/index.php/mra/article/view/5072
https://esmed.org/MRA/mra

Medical
Research
Archives

Inflammation from the basics to the clinical: Advances and challenges in

oxidative stress

La Base Molecular de la Vida (3%ed). McGraw-
Hill Interamericana (2003).

17. Vignais, P. The superoxide-generating
NADH aspects and
activation Mechanism. MCLS. Life Sci 59,
1428 - 1459 (2002).

oxidate: strutural

18. Grisham M., Granger D. Neutrophil-
mediated mucosal injury. Digestive Diseases
and Sciences 53, 65-15S (1988).

19. Carvajal Carvajal Carlos. El endotelio:
estructura, funcién y disfuncién endotelial.
Med. leg. Costa Rica vol.34 n.2 Heredia
Sep./Dec. 2017.

20. Gonzélez Mendoza Daniel. Complejo
enzimatico citocromo P450 monooxigenasa
en plantas. Agric. Téc. Méx vol.35 no.2
México abr./jun. 2009.

21. Chirino | Yolanda, Orozco-lbarra Marisol y

Pedraza—Chaverri José. Evidencias de la
participaciéon del peroxinitrito en diversas
enfermedades. Rev. invest. clin. vol.58 no.4

Ciudad de México jul./7ago. 2006.

22. Poole, R.K. (2005). Nitric oxide and
nitrosative stress tolerance in
Biochem. Soc. Trans. 33, 176— 180.

bacteria.

23. Rossi Pablo Juan. La combinacién de los
azlUcares con las biomoléculas. Desde la
cocina al organismo. Medicina (B. Aires) v.67
n.2 Buenos Aires mar./abr. 2007.

24. Cabezas R, et al., PDGF-BB Protects
Mitochondria from Rotenone in T98G Cells.
Neurotox Res 2014,

25. Ahmad A, et al., Brain region specific
monoamine and oxidative changes during
restraint stress. The Canadian Journal of
Neurological Sciences. Le Journal Canadien
Des Sciences Neurologiques 2012; 39(3): 311-318.

26. Ahmad A, et al., Novel <i>Ocimum
sanctum</i> compounds modulate stress
response: Role of CRF, POMC, GR and HSP-
70 in the hypothalamus and pituitary of rats.
Medicinal Plants - International Journal of
Phytomedicines and Related Industries 2013; 5(4).

27. Ahmad A, et al., Novel Ocimumoside A
and B as antiestrés agents: modulation of
brain monoamines and antioxidant systems in
chronic unpredictable stress model in rats.
Phytomedicine: International Journal of
Phytotherapy and Phytopharmacology 2012;

19(7): 639-647.

28.ChaoY, S.C. Wong, and E.K. Tan, Evidence
of Inflammatory System Involvement in
BioMed

Parkinsons  Disease. Research

International 2014; 2014.

29. Barreto GE, M. Santos-Galindo, and L.M.
Garcia-Segura, Selective estrogen receptor
modulators regulate reactive microglia after

penetrating brain injury. Front Aging Neurosci
2014; 6: 132.

30. Landskron G, et al., Chronic Inflammation
and Cytokines in the Tumor Microenvironment.
Journal of Immunology Research 2014; 2014

31. Lau FC, B. Shukitt-Hale, and J.A. Joseph,
Nutritional intervention in brain aging: reducing
the effects of inflammation and oxidative
stress. Subcell Biochem 2007; 42: 299-318.

32. Palmer HJ, Paulson KE. Reactive oxygen
species and antioxidants in signal transduction
and gene expression. Nutr Rev 55:353-61; 1997

33. Abe J, Berk, BC. Reactive oxygen species as
mediators of signal transduction in cardiovascular
disease. Trends Cardiovas Med 8:59-64; 1998.

34. Suzuki YJ, Forman HJ, Sevanian A.
Oxidants as stimulators of signal transduction.
Free Radic Biol Med 22:269-85; 1997

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/5072

12



https://esmed.org/MRA/index.php/mra/article/view/5072
https://esmed.org/MRA/mra

Medical
Research
Archives

Inflammation from the basics to the clinical: Advances and challenges in

oxidative stress

35. Irani K, Xia'Y, Zweier JL, Sollott SJ, Der CJ,
Fearon ER, et al Mitogenic signalling mediated
by oxidants in Ras-transformed fibroblasts.
Science 265:808-11; 1997.

36. Abe J, Takahaashi M, Ishida M, Lee J-G,
Berk BC. c-Src is required for oxidative stress-
mediated activation of big mitogen activated
protein kinase (BMK1). J Bio Chem 33:20389-
94; 1997.

37. Lloscalzo J. The oxidative stress of
hyperhomocysteinemia. J Clin Invest 98:5-7;
1996.

38. Sundaresan M, Yu ZX, Ferrans VJ, Irani K,
Finkel T. Requirements for generatin of H202
for PDGF signal
270:296-99; 1995.

transduction.  Science

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/5072 13



https://esmed.org/MRA/index.php/mra/article/view/5072
https://esmed.org/MRA/mra

