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Abstract

The human body makes free radicals all the time for useful purposes. The antioxidant levels and control systems recover any injury occurring. The enzymes that repair
DNA damage by free radicals are especially important. Inhaled reactive oxidant species (ROS) and those endogenously formed by inflammatory cells constitute an
increased intrapulmonary oxidative burden. In many diseases, the balance between oxidants and antioxidants (redox balance) is altered causing severe consequences.
He proceeds to review the pathophysiological mechanisms by which free radicals generate various types of stress, such as oxidative stress, nitrative, carbonyl,
inflammatory and stress of the endoplasmic reticulum. Later we discuss how these different types of stress affect respiratory functions in diseases such as chronic
obstructive pulmonary disease (COPD), bronchial asthma (BA), bronchiectasis, and idiopathic pulmonary fibrosis (IPF). Finally, the role that various strategies to

increase lung antioxidants and potentially beneficial effects of antioxidant therapy in the course of the disease are discussed.

Introduction

Humans have evolved complex circulatory, respiratory, and
neuroendocrine systems to ensure that oxygen level are precisely
maintained, since a deficiency or excess may result in death of cells,
tissue, or the organism [1].

What is a free radical? An atom contains a nucleus, around which
electrons move-usually in pairs. A free radical is any atom or molecule
that contains one or more unpaired electrons. The unpaired electrons
alter the chemical reactivity of an atom or molecule, usually making it
mores reactivity than the corresponding nonradical [2]. A superscript
dot is used to denote free radicals. The hydrogen radical H* (the same
as a hydrogen atom), contains one proton and one electron (obviously
unpaired). This is the simplest free radical. Free-radical chain reactions
often are started by removing H* from other molecules-for example,
during lipid peroxidation.

Free radicals are made in the human body or are acquired from the
environment. Their action is opposed by antioxidant defense systems.
Some antioxidants come from food, others, from the body itself.
Although free radicals are an essential part of normal body processes,
too many are bad for us [2].

A complex interaction between specific causes of disease, host
characteristics, type and intensity of inflammation and various types of
stress, produce varied clinical presentations and progression of specific
diseases [3].

This paper addresses the pathophysiology of some respiratory
diseases facing the redox imbalance and as antioxidant therapies
impact the natural evolution of the same.

Oxygen and evolution

The atmosphere as we know it today has about 4.5 billion years. At
first probably it consisted of volcanic emanations almost no oxygen.
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Living organisms appeared on Earth were essentially anaerobic.
However, their growth is inhibited and usually die from exposure to
concentrations of 21% oxygen, the usual atmospheric level [4]. This
level was reached because the primitive marine organisms acquired
chlorophyll, a pigment able to convert light energy into chemistry,
by photosynthetic combination of water with CO, generating
oxygen. Almost all the free oxygen in the air today was formed by
this combination in seawater. Approximately 570 million years ago
that the content of dissolved oxygen in the oceans allowed marine life
can breathe. It will make about 400 million years that the atmosphere
acquired enough oxygen in the gas phase for the animals that emerged
from the sea could breathe air [5].

Anaerobic today are presumably descendants of those primitive
organism, “adapting” to increased atmospheric levels of oxygen for
restricted themselves to environments where oxygen does not penetrate.
Other organisms have developed defense systems to protect themselves
from oxygen toxicity using the same to metabolic transformations
(hydroxylase, oxidase and oxygenase enzymes are examples) and for
efficient energy production by using electron transport chains with
oxygen as the terminal electron acceptor-such as those present in the
mitochondria These produce 80% of our needs cellular adenosine
triphosphate (ATP) [2].

It is remarkable that we have developed antioxidant defenses
against concentrations of 21% oxygen, but not more. All aerobic
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species suffer injury when exposed to higher concentrations of 21%.
For example, humans if breathed pure oxygen and as early as six hours
to develop chest tightness, cough, and sore throat [6]. Exposure periods
over the alveoli of the lung damage and premature infants exposed to
high doses of oxygen develop fibroplasia lenticular (which may occur
with blindness) [7].

In 1954, Gerschman and colleagues in the United States (US)
proposed that the harmful effect of oxygen was due to the formation
of oxygen radicals, superoxide oxygen theory, followed in 1968 the
discovery of the enzyme superoxide dismutase (SOD), specific for the
removal of a free radical substrate. In its simplest form, this theory states
that oxygen toxicity is due to excess formation of superoxide radical
(O,7) and the SOD enzymes are important antioxidant defenses [8].

Free radicals

No other molecular factor has had a singular influence on the
development and progress of animal life as oxygen [9,10]. PO, falls
as the gas moves from the atmosphere in which he lived until the
mitochondria where it is used. At sea level the PO, of inspired air is
150 mm Hg. When systemic arterial blood reaches the capillary tissue,
oxygen diffuses into the mitochondria where PO, is very low. The
“tissue” PO, probably differs considerably through the body, and at
least in some cells, is as low as 1 mm Hg [11].

The molecular oxygen is vital for energy that is essential for life
[12]. The hypoxia-inducible factor-1 (HIF-1) mediates the adaptive
response experienced by cells to survive oxygen deprivation. One way
in which the factor promotes cell survival under hypoxic conditions is
the transition from oxidative to glycolytic metabolism. Under aerobic
conditions, electrons are transferred from NADH, and flavin adenine
dinucleotide (FADH,) to mitochondrial complex I or II, then the
complex ITI and finally the compound IV, where they react with oxygen
to form water [1].

Under hypoxic conditions (as occur in respiratory diseases
discussed later), the electron release is increased before transfer to
complex IV, resulting in the production of superoxide anion, which is
then converted to hydrogen peroxide (H,0,) and other ROS. The cost
is loss of redox homeostasis [13]. The human body generates, therefore,
superoxide by adding a single electron to oxygen.

0,t¢ — 0,”

Exposure to high energy radiation (short wavelength) causes
splitting of the one of the covalent bonds in water to generate highly
reactive radicals called hydroxyl radicals, OH".

H-O-H —» H®* + OH’

As there is always some degree of exposure to environmental
radiation, hydroxyl radicals are always produced in the body. They
attack proteins, lipids (damaging cell membranes) and DNA within
cells initiating a radical chain reaction, which can be spread over many
years. Some free radicals are helpful, as the radical gaseous nitric oxide
(NO), which is produced in almost all tissues. Examples are the walls of
blood vessels, where NO" helps to control blood pressure. Nitric oxide
and superoxide anion formation carried peroxynitrite that nitrosylates
protein amino acid and enzymes, inactivating them [14].

0,” +NO* - ONOO"

Therefore, the (ROS) and reactive nitrogen species (RNS)
are continuously generated at the cellular level by mitochondrial
metabolism and inflammatory cells in the case of diseases, by enzymes
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such as nicotinamide adenine dinucleotide phosphate oxidase (NADP
oxidase), xanthine/xanthine oxidase (XO), nitric oxide synthase (NOS)
y hem peroxidase. They catalyze the production of radicals.

Antioxidant defences

Endogenous

Endogenous antioxidant defense systems are essential to maintain
redox balance. Human tissue has enzymes that protect against free
radicals. The SOD enzyme helps convert rid of superoxide to H,O,.
Hydrogen peroxide is metabolized by other enzymes such as catalase
and glutathione peroxidase. The latter enzyme has H,O, when used for
oxidizing a substrate that is in all cells, the glutathione (GSH) (Figurel).
This is a tripeptide composed of glutamic acid, cysteine and glycine is a
major cellular antioxidant and thiol redox cycler. Concentrated in the
coating fluid has a protective role in maintaining the integrity of the
airspace [15,16].

It acts by donating their reducing equivalents/electron transfer
in cells leading to the production of oxidized forms (disulfide) which
is converted back to GSH by glutathione reductase (Figurel). 20%
of the GSH is located within the mitochondria willing to neutralize
endogenous ROS (product of metabolism).

Otherenzymeswith protectiveroleare: thealdheyde deshydrogenase
and aldo-ketoreductase that detoxify aldehydes reagents formed by
carbonylation of proteins [17], as well as glutathione S transferase and
the glutamate cysteine ligase, which attenuate inflammation caused by
smoking and elastase induced emphysema [18].

Exogenous

Dietary supplements such as antioxidants vitamin E, vitamin C
and beta-carotene amplified antioxidant reserves. When reactive free
radicals attack cell membranes, they set off a chain reaction called lipid
peroxidation, which destroys cell membrane. This reaction targets the

® Superoxide Dismutase (SOD)
07+ HY — HiD: + O

® Catalasa
HOz —— HO + Oz

BSH + HiD; — —+GSSG + H0
2GSH + PUFA-OOH —»GSSG + PUFAGH + H:0

® Glutathione Reductase

GS5G + MADPH + H* ——:G5H + NADP*

Figure 1. Antioxidant Defence Enzymes. Antioxidant defense mechanisms involve
particular substrates (such as glutathione and vitamin E) as well as a set of enzymes.
Glutathione peroxidase catalyzes the formation of oxidized glutathione (GSSG show top),
in which two GSH molecules are linked by a disulphide bridge. Reduced glutathione (GSH)
is a tripeptide (glutamic acid-cysteine-glycine) that has multiple metabolic functions.
Glutathione reductase catalyses the recycling of GSSG to GSH, which also involves
NADPH (shown above).
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polyunsaturated fats (containing fatty acids with double carbon bonds,
PUFAs) in cell membrane (Figure 2).

The poorly reactive residue alpha-tocopherol (E*) is recycled to
vitamin E by water-soluble vitamin from food, vitamin C (ascorbic
acid). The flavonoid resveratrol a constituent of red wine, has been
shown to induce synthesis of GSH [19,20]. Minute amounts of the
element selenium are needed in the human diet because, without this
element, the enzyme glutathione peroxidase cannot destroy peroxide.

Respiratory diseases

It proceeds to discuss how the redox imbalance produces several
pathogenic mechanisms in various respiratory diseases.

Chronic obstructive pulmonary disease

COPD is a chronic inflammatory disease characterized by
progressive and partially reversible airway obstruction [21]. The
process is initiated by exposure to cigarette smoke or biomass/fuels
[22]. COPD affects approximately 200 million people worldwide and
is projected in 2020 will be the third leading cause of death worldwide
[23-25].

1. PUFA + OH —>PUFA" (PUFA RADICAL)
2. PUFA" + O; —> PUFAO," (PUFA PEROXIL RADICAL)

3A.PUFAQ;" + PUFA ——> PUFA" + PUFAO:H (LIPID PEROXIDE)

3B.PUFAO,'+ EH E*+ PUFAQO;

Figure 2. Lipid peroxidation: As shown in the line 3B to the left, the fat-soluble vitamin
E (alpha-tocopherol, denoted EH) from food dissolves in cell membranes and can stop the
chain reaction.

Cigarette smoke and other pollutants/biomass fuels are the initial
noxa that stimulates epithelial cells and macrophages to release
chemotactic factors that attract T cells, neutrophils and fibroblasts [26-28].

T cells are CD8 + (suppressor/cytotoxic subtype Thl /Tcl) and
release granzymes, perforines and tumor necrosis factor alpha (TNF-a)
which cause apoptosis and direct damage to the lung parenchyma, and
also release interleukin IL-4 and IL-13 which induce hypersecretion of
mucus in the airways [29,30]. Macrophages/neutrophils also play an
important role by releasing pro-inflammatory cytokines such as IL-8
and TNF-a and proteases, resulting in inflammation and destruction
of lung parenchyma direct [31,32].

There is strong evidence that proteases play critical roles in the
pathogenesis of COPD. Alpha-1 protease, matrix metalloproteinase
and A desintegrin can cause emphysema [33-35].

Oxidative stress has a pivotal role in the pathogenesis of COPD
[36-38] (Figure 3). Exogenous oxidants sources include cigarette
smoke, oxidizing gases, ultrafine particulate matter, nanoparticles
environmental pollution, exhausted vapors and biomass fuels for
cooking and heating homes [39,40]. Endogenous oxidants result
mainly from mitochondrial respiration and inflammatory responses to
viruses and bacteria. Inflammatory stress mediated by IL-1, TNF-a and
interferon-y generates endogenous ROS. Other sources of intracellular
ROS are NADPH oxidase enzyme, XO and hem peroxidases, all of
which are increased in the bronchoalveolar lavage (BAL) of COPD
patients [41,42].

The inherently unstable free radicals initiate a number of adverse
consequences at the cellular level. For example, activate nuclear
factor kappa-beta (NF-kP) increasing the synthesis of IL-8 and
TNF-a which recruit neutrophils amplifying the inflammatory stress.
Oxidative stress also activates the phosphoinositide 3-kinase (PI3K)
which phosphorylates histone deacetylase—Z (HDAC-2) (a key anti-
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Figure 3. Immunological and inflammatory profile in COPD: Environmental factors produce different types of stress that generates small airways lesion and emphysema; activation of
inflammatory cells and autoimmunity. Neutrophils generate more inflammatory stress and autoimmunity activates immune responses that amplify and perpetuate the inflammatory process.
The negative sign means repression and the positive sign activation. Straight arrows mean increase or decrease. Curves arrows mean activation and / or expression. See text for description.
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inflammatory enzyme). Oxidants also contribute to the protease/anti-
protease imbalance, by reducing anti-protease activity [43].

Expression of transforming growth factor beta (TGF-B) (produced
by epithelial cells) is increased in COPD, and inhibits the activity of the
enzymes catalase and SOD,. Both are critical to neutralize ROS derived
from mitochondria and are under the control of the transcription factor
forkhead box class (FOXO,) whose deficiency has been associated with
COPD [44]. About 200 antioxidant and detoxifying cellular enzymes
are under the control of nuclear erythroid-2 related factor (Nrf).
COPD patients have reduced expression and activity of Nrf, [45].

The nitrative stress is due to the powerful peroxynitrite radical,
which reacts with certain proteins and enzymes (i.e. nitration),
reducing their activity and expression. For example, nitration of
HDAC-2 inactive it [43]. Carbonyl stress occur when ROS oxidize
proteins, lipids, carbohydrates and DNA; producing carbonyl reagents
which react with proteins (reactive aldehydes). This is known as
protein carbonylation, a non-enzymatic phenomenon [17,46,47]. The
endoplasmic reticulum stress can induce mitochondrial apoptosis and
cell death [48].

An essential characteristic of COPD is that inflammatory processes
and stress continue after stopping exposure to irritants [49]. It is
likely that persistent infection and autoimmunity are responsible for
this behavior. Carbonyls modified proteins are highly immunogenic,
producing autoantibodies which are elevated in the serum of patients
with COPD [50]. These auto-antibodies fix complement, and may
contribute to emphysema.

Carbonylated proteins are recognized by the innate immune system
through PRRs (Pattern Recognition Receptors); expressed by cells that
recognize antigens such as dendritic cells and macrophages [51]. In
these cells, they are processed and re-expressed in association with
the Major Histocompatibility Complex-2 (HLA-2). This promotes the
activation of acquired immune response and attracts and accumulates
Thl cells in the lung parenchyma and dendritic cells in small airways
[52,53].

Besides producing neo-antigens, the immune response also
promotes the influx of immune cells needed to recognize and process
them. This stimulus causes the release of CCL2 and CCL20, which
recruit dendritic cells, monocytes and lymphocytes. In order to
improve the immune response, IL-17 and IL-18 levels are increased.
These interleukins activate and mature B cells, and also promote
autoimmunity [54].

Respiratory infections may play a role in the development and
progression of the disease; and are also the leading cause of acute
exacerbations [55]. Tobacco smoke and infections lead to differential
activation of multiple PRRs. When it comes to infections, these
receptors are activated by PAMPs (Pathogen Associated Molecular
Patterns) and DAMPs (Damage Associated Molecular Patterns) [56].

There are at least 5 PRRs clearly defined groups that receive
and process these signals: Tool-Like Receptors (TLRs), NOD-Like
Receptors (NLRs), cytosolic DNA sensors, RIG-I-Like Receptors
(RLRs) and C-type lectin-like receptors (CLRs) [57]. Cells that express
PRRs generate cytokines, interferons and chemokines that recruit
macrophages, neutrophils and activate epithelial cells; the innate
immune response. Dendritic cells, stimulated by PRRs ligands and
associated to HLA-2, initiate signals that attract T cells; the adaptive
immune response.
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COPD patients have increased bacterial colonization with H.
influenza, S. pneumoniae, P. aeruginosa and M. catarrhalis, this
contributes to chronic inflammation and the airway dysfunction [54].

It is important to emphasize the PRRs role in COPD, since they
mediate autoimmune and infectious response: the two events that have
been involved in the persistence of the inflammatory process. Process
that becomes autonomous and does not disappears, even after exposure
to irritants ceases.

Bronchial asthma

BA is the most common chronic inflammatory disease [58]. GINA
defined as a heterogeneous disease, in which the cardinal symptoms
(wheezing, breathlessness, chest tightness and coughing) change over
time and intensity, along with a variable expiratory airflow obstruction.
These changes are triggered by factors such as exercise, exposure to
allergens or irritants, changes in climate or viral respiratory infections
[59] (Figure 4). This variability distinguishes COPD. BA is a common
disease that affects 1-18% of the population in different countries. The
global number of people affected is approximately 300 million people
[60].

These triggers activate structural cells of the airway (epithelial,
endothelial cells, smooth muscle and fibroblasts) releasing about
100 inflammatory mediators, within which they are lipid mediators,
inflammatory peptides, cytokines, chemokines, inflammatory enzymes,
growth factors and adhesion molecules [58,61].

These mediators recruit cells that make up the specific inflammatory
pattern of airway of patients with BA: degranulated mast, hypodense
eosinophils and Th, [62] lymphocytes. This inflammatory infiltration is
responsible for the clinical manifestations of the entity.

The increased number of Th, over Th, carries the eosinophilic
inflammation [63]. Interleukin-4 (IL-4) playsarole in Th, differentiation
and the synthesis of immunoglobulin-E (Ig-E) [64]. Interleukin-5 (IL-
5) is a factor in the differentiation and survival of eosinophils [65].
Interleukin-13 (IL-13) promotes airway hyperreactivity, hypersecretion
of mucus, eosinophilia and airway remodeling [66]. These are Th,
cytokines [67,68].

The expression of inflammatory mediators is regulated by gene
transcription, which in turn is controlled by pro-inflammatory factors
such as NF-kP, AP-1 (activator protein-1), NF-AT (nuclear factor
of T cells activated) and STAT (signal transducers and activators of
transcription) [69,70]. Some of these factors can be activated by
rhinovirus and allergens, potentially enhancing asthmatic inflammation
[71]. This inflammation creates oxidative stress, which in turn activate
AP-1 and NF-kB and these in turn generate inflammatory response
generating a complex interplay between stress and inflammation that
perpetuates both phenomena [72-74].

There is strong evidence that increased levels of ROS act as a critical
contributor to induce allergic airway inflammation [75-78]. Genes and
oxidative stress in BA is an area that needs further research [79,80].

The different response of T cells and other inflammatory cells to
various kinds of stress in BA and COPD cells possibly lies in a genetic
basis.

It is controversial to where eosinophils are elevated in the sputum
of patients with stable COPD, although they are elevated during
exacerbations [81]. 10% of patients with COPD respond to inhaled
glucocorticoids, these patients have a great numbers of eosinophils
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in the airways and greater reversibility to bronchodilators. It has been
suggested that may have concomitant BA [58]. Recently, in an effort
of GINA and GOLD the term ACOS was developed, as a syndrome
overlap between asthma and COPD. Definition of the syndrome is
mainly descriptive and refers to a subgroup of patients with persistent
airflow obstruction, concomitantly they show changes associated with
BA and COPD. These patients have frequent exacerbations, poor quality
of life, rapid decline in lung function and increased mortality and also
consume more health resources than patients who only have BA or
COPD. The point is to identify and treat them properly as they have a
poor prognosis compared with either of the two components separately
[82]. In the sputum of these patients are neutrophils and eosinophils
and there is an urgent need to investigate whether the syndrome is the
result of a changing pathogenesis of BA into COPD over time or has a
different molecular biology and immunopathogenesis [83].

Non-cystic bronchiectasis

Bronchiectasis is defined clinically by the symptoms of persistent or
recurrent bronchial infection related to dilated bronchi and irreversibly
damaged. The condition is persistent or progressive and the bronchial
wall is not only long but also thickened [84]. The true incidence remains
unknown in many populations. The prevalence increases with age [85].
The general belief is that the incidence is decreasing. This is attributed
to the introduction of antibiotics and immunization for children and
for these reasons is not considered a major health problem and some
consider it an “orphan disease”.

The underlying disease process is damage to the airways that results
from an event or series of events where inflammation is central to this
process. This is the hypothesis of “vicious circle”. Continuous exposure
to inhaled pathogens and environmental pollution bankruptcy
sophisticated systems of primary and secondary defenses that maintain
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the sterility of the normal lung. The lung becomes susceptible to
infection and colonization (persistence of bacteria in the lower
respiratory tract) with subsequent inflammation that causes damage to
the airway altering host defenses [84].

As a result of this inflammatory process various kinds of stress are
generated. Plasma biomarkers as TAC (Total Antioxidant Capacity)
and SOD were decreased. CAT (Catalase Activity), 8-iso-PF2alfa
(8-iso-prostaglandine F2alpha) TBAR (Thiobarbituric acid reactive
substance), were elevated in patients with bronchiectasis compared
with controls [86]. These levels are due to a chronic inflammatory
syndrome neutrophil activation.

In turn, inflammation exacerbates ROS induce the production
of cytokines and chemokines by stimulating inflammatory genes, to
activate NF-kp and AP-1 [87].

Regardless of the underlying cause, this chronic airway bacterial
infection (which is what happens in bronchiectasis) active and recruit
phagocytic cells and generates oxidative stress in a scenario where
there is a dysregulation of the innate and adaptive immune responses.
Cytokines and their receptors may be therapeutic targets [88].

The interrelationship between the three entities (COPD, Asthma
and bronchiectasis) is complex and unclear. The prevalence of
obstructive diseases in general is increasing in recent decades and
increases with age. In the beginning bronchiectasis they are also an
obstructive phenomenon probably begins in the small airways [89].
With the evolution of the disease, disorder restrictive added due to the
progressive destruction of parenchyma lung [90].

Statistically powerful and excluding Allergic Bronchopulmonary
Aspergillosis (ABPA) studies have found varicose bronchiectasis in 60%
of patients with non-severe allergic asthma and 50% of severe allergic
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asthmatics using HRCT scan [91]. Unlike ABPA can affect all lobes and
both proximal and distal airways. Therefore the recommendation of
the guidelines is that asthma in adults should be considered an etiology
of bronchiectasis if another cause can’t be identified [84]. However,
there is no robust evidence that COPD is a cause of bronchiectasis. This
relationship requires further studies [92].

What does seem clear is that the three are inflammatory conditions
that cause oxidative stress that damages cells and subcellular
compartments [93].

Idiopathic pulmonary fibrosis

IPF is a chronic, progressive and fatal interstitial lung disease
characterized by irreversible loss of lung function [94]. Although
periods of clinical stability may be observed, it is inevitable progression
[95]. The progressive IPF is of unknown etiology. The most common
histopathological pattern in biopsies of patients with IPF is the usual
interstitial pneumonia. It is characterized for heterogeneous areas of
dense fibrosis, the presence of fibroblast foci and “honeycombing” with
parenchymal distortion architecture [94].

The prevalence varies around 1.6-1.7 /100,000 inhabitants [96].
Clinically, IPF affects over 500,000 people in US alone, and the average
survival is 2-3 years after diagnosis [97]. The 5-year survival time is
similar to that of various types of cancer [98-100].

IPF is characterized by progressive fibrosis without substantial
swelling [101]. Several proposed mechanism can act sequentially,
in parallel or in series and being part of a whole that explain the
phenomenon. There is an increased oxidative stress in the lungs of
patients with pulmonary fibrosis and decreased antioxidant defenses.
The source of ROS is exogenous (such as snuff in IPF) and endogenous
epithelial, mesenchymal and endothelial cells within the tissue [102].
ROS cause apoptosis of alveolar epithelial cells and activation of the
stress response of endoplasmic reticulum (ER) of these cells. Normally
a crosstalk between ER and mitochondria prevent epithelial cell
apoptosis. A loss of this “fine” communication favors apoptosis and
fibrosis [103].

Furthermore, ROS mitochondrial DNA damage and repair
mechanisms aimed at the 8-oxoguanine DNA glycosylase (Oggl),
mitochondrial aconitase (ACO2) and p53 (genome gatekeeper)
having a protective role for the regulating thousands of genes. New
knowledge of the molecular basis of ROS induced pulmonary disease,
in particular death of lung epithelium, could the development of
specific therapeutic targets to manage IPF [104].

Research suggests that pulmonary fibrosis is a disease of “two-
hit”: apoptosis of alveolar cells combined with environmental stress
and a genetic predisposition to abnormal cell cycle alveolar epithelial
cells regulation [105]. Mutations in genes encoding protein C and
A2 surfactant (SFTPC and SFTPA2 respectively), telomerase reverse
transcriptase (TERT) and telomerase RNA component (TERC)
described in familial pulmonary fibrosis [106]. Later on chromosome
11p were identified gene polymorphism gel-forming mucin (MUC5B)
associated with IPF [107]. Genetic studies have resulted in a better
understanding of this disease [108].

Another significant pathogenic aspect is the generation, from
dysfunctional alveolar epithelial cells, of fibrogenic factors such as
TGF-p1, the platelet-derived growth factor (PDGF), connective tissue
growth factor (CTGF), the fibroblast growth factor (FGF) and vascular
endothelial growth factor (VEGF). These factors produce signals
through tyrosine kinases to produce collagen from myofibroblasts.
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Block the corresponding receptors is a current therapeutic alternative
[109].

Finally the high penetrance susceptibility allele MUC5B
and parallelism of idiopathic fibrosis with asbestosis suggests
environmental factors that reach the alveoli, and identify them should
be a research priority. Concealment chronic infection bacteria, fungi
or viruses-are on the list of suspects. The hypothesis of a bacterial
component is supported in a recent study where courses trimethoprim-
sulfamethoxazole reduced mortality in idiopathic pulmonary fibrosis
[110].

Antioxidant treatments

As alternatives, may be common to the various respiratory diseases,
this item was developed by therapeutic groups.

Dietary supplements

Dietary antioxidant supplements such as vitamin E, C and beta-
carotene, could have a role in the treatment of patients with COPD.
Previous epidemiological studies suggest that high income of
antioxidants in the diet protects lung function (FEV1 and FVC) and
result in a lower prevalence of chronic bronchitis and dyspnea [111-
113]. In a cross-sectional study in general population, an increase of
20 mmol /L in plasma concentrations of vitamin C was associated with
a 13% reduction in the risk of COPD (odds ratio 0.87), indicating that
vitamin C has a role protector COPD [114]. Moreover, polyunsaturated
fatty acids n-3, which interferes with the body’s inflammatory response,
was inversely related to the risk of chronic bronchitis, emphysema
diagnosed by the doctor, and COPD detected by spirometry [114].

In an epidemiological study, polyphenols, catechins, flavonol
and flavone were positively associated with FEV1 and inversely with
symptoms of COPD, suggesting a beneficial effect of a high-income
catechin or fruit high in the same in COPD [115]. Furthermore,
resveratrol flavonoid, a constituent of red wine, has been shown to
induce synthesis of GSH and inhibits macrophage inflammatory
cytokines COPD patients [19]. Another polyphenol, curcumin has
been shown to inhibit the inflammatory response by inhibiting the
activity of NF-kf and neutrophil recruitment into the lung [20].
Other studies have not found enough evidence of benefit from dietary
supplements in COPD and nutritional support suggesting GOLD is for
malnourished patients with COPD in order to gain weight and fat free
mass, but without any specific recommendation of antioxidants in the
diet [16,21].

In BA, the effect of many antioxidants in allergic airway
inflammation is at best, moderate [72,112] and GINA not suggest
therapeutic use [59]. Although by a different mechanism, vitamin D
has indicated a subset of asthmatic patients. IL-10 is an important
anti-inflammatory and immunoregulatory cytokine secreted by T
cells in response to glucocorticoids (GC) [116]. GC resistant asthmatic
patients there are not enough secrete IL-10 in response to hormone and
when adding D3 (calcitriol), restore interleukin production, suggesting
therapeutic implications. Therefore, a low income dietary vitamin
or little exposure to sunlight, could contribute to GC resistance in
inflammatory diseases [117].

International guidelines make no recommendation of dietary
antioxidants in non-cystic bronchiectasis or IPF [84,94].

Small molecules thiol antioxidants

N-acetylcysteine (NAC) has direct and indirect properties as an
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antioxidant in the treatment of COPD. NAC free-thiol group is capable
of interacting with electrophilic groups of ROS. Indirectly, NAC is a
precursor of GHS, a neutralizer of ROS. NAC may serve as a protective
factor against external and internal ROS [118]. The longest work of
an antioxidant in COPD, the BRONCHUS study, failed to show any
effect of orally administered NAC in reducing progression of the
disease or frequency of exacerbations [119]. The results of the study
can be justified by a failure to act in the sub-cellular compartment,
but can also be explained by insufficient drug doses or frequency. An
Israeli study found beneficial effects of NAC in the gas trap [120]. The
recent HIACE study (1200 mg / day oral NAC for one year), showed
significant improvement in the function of the small airways and
frequency of exacerbations. But these studies need to be validated with
larger caseloads [121]. However, it has not been demonstrated effect on
symptoms or quality of life of patients receiving NAC [122].

Other thiol antioxidant (carbo-cysteine) increases the content of
sialomucin and mucociliary clearance, and decrease the activity of IL-
6. The PEACE study showed that patients treated with carbo-cysteine
had fewer exacerbations than the placebo group and were not receiving
steroids [123]. The EQUALIFE study, using another antioxidant thiol,
erdosteine showed similar results [124]. Finally, fudosteine shows
better bioavailability than NAC and reduces mucus secretion by
inhibiting the expression of MUC5AC gene [125].

GOLD not recommends regular use of these drugs, while
acknowledging that inhaled steroids with or whitout, the use of high
doses of NAC significantly reduces exacerbations but especially in
patients with stage 2 spirometry [21].

In BA it has not shown a significant effect of antioxidant treatment
[72,112]. In fact the latest edition of GINA does not provide this therapy
in either adults or children alternative [59]. However, it is necessary
to clarify the role of oxidative stress in the development of asthma
and to control the intracellular oxidative stress with proper timing,
as opposed to simply reduce oxidative stress, could be important for
effective treatment [72]. In non-cystic bronchiectasis only carbo-
cysteine has shown reduction in gas trapping small trials, but the data
are insufficient to justify clinical use. Should be randomized controlled
trials to establish clinical efficacy [84].

In IFIGENIA study, researchers found that a regimen of three
drugs (prednisone, azathioprine and acetylcysteine) preserved the
better lung function than the two-drug regimen (azathioprine more
prednisone) in IPF [126].

The PANTHER-IPF study with a similar three-drug regimen
had to be suspended because an alert was generated by clinical
safety reasons on 14 October 2011 [127]. After redirecting the study
N-acetylcysteine was compared against placebo in moderate idiopathic
pulmonary fibrosis with relatively little casuistry (133 and 131 patients,
respectively). The work showed no significant difference with the
antioxidant in the preservation of the FVC, compared to placebo
(p=0.77) [128].

Pirfenidone is not a thiol molecule but is a synthetic derivative
of pyridone with anti-fibrotic, anti-inflammatory and antioxidant
properties, and is the only approved in EU for the treatment of IPF
(2,403 mg/day) and one of the two approved in US for IPF. It is
associated with a reduction in the decline of FVC in patients with mild
to moderate IPF in some studies (CAPACITY study 004 and ASCEND,
but not CAPACITY study 006), prolongs progression-free survival and
has a manageable tolerability profile, with gastrointestinal and skin-
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related events occurring most commonly [129].

Nintedanib (originally known as BIBF 1120) is intracellular
inhibitor which targets block receptor tyrosine kinases which form the
signaling for the fibrogenic factors generated in IPF induce collagen
production of myofibroblasts [130]. The two studies of 52 weeks (150 mg
BID), randomized, double-blind, Phase 3 (INPULSIS 1 and INPULSIS
2) with a total of 1066 patients, showed significant difference in both
(p < than 0.001) in the rate annual decline in FVC. The most common
side effect in the group with Nintedanib was diarrhea (61.5% compared
with 18.6% in the placebo group) [131].

Both drugs (pirfenidone and nintedanib) were approved by FDA in
October 2014 for IPF using the absolute change in percentage of FVC
as primary endpoint, but this variable has approval and disapproval as
a measure of efficacy in the literature [132]. The threshold of decline,
clinically significant FVC was uncertain and had not been validated as
a substitute for other clinical variables or death, to assess effectiveness.
In recent work it has been a relationship between FVC and mortality
trend which has strengthened the reliability of FVC as clinically relevant
measure of efficacy. It remains to determine whether the combined use
of both drugs may increase the return on monotherapy [133].

IPF being a devastating disease of unknown cause, and that for
years the only treatment available was lung transplant, availability
of drugs that impact the various types of stress and / or molecular
fibrogenic signals opens an avenue of research and potential drugs for
these patients.

Nrf2 Activators

In COPD, Nrf2 activators can prevent oxidative stress induced
autoimmunity [134]. Activators are within the sulforaphanes,
phytodrugs present in the broccoli and cruciform vegetables, but are
not always very powerful. New activators are more potent than the
sulforaphanes but present safety issues [135].

In bronchial asthma, in animal models, it has been shown that
pharmacological activation of lung epithelial cells Nrf2 is a potential
therapeutic target to reduce susceptibility to asthma [136]. The
mechanism of action would increase the integrity of the epithelial
barrier airway rather than inhaled steroids (137). There are no reports
of clinical use of activators factor in bronchiectasis or IPF.

Oxidative enzyme inhibitors

XO level is 4 times higher in the sputum and BAL of patients
with COPD, than in healthy controls. The use of XO inhibitors, such
as allopurinol and febuxostat, may offer some benefit [138]. Celastrol
inhibits the four isoforms of NOX (NADP oxidase), and has a potential
use in inflammatory diseases [139].

AZ1 (2-thioxanthone an MPO inhibitor) appears to downregulate
the inflammatory response induced tobacco smoke, with the advantage
that the inhibition is irreversible (i.e., suicide inhibitors) [140]. Use of
enzyme inhibitors requires confirmatory, well-designed, large scale
studies to be considered as a therapeutic intervention in COPD [138].

While there have been studies in asthma and bronchiectasis with
various antioxidants, AZ1, coenzyme Q10 (or ubiquinone, a key
component of the mitochondrial electron transport chain) transfer to
important clinical outcomes is uncertain [141]. In IPF small molecules
have been identified that inhibit NOX4/NOX1 (GKT137831) with
potent anti-fibrotic activity in models of pulmonary fibrosis induced
in mice [142]. It is possible that future concert academia, industry,
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funding agencies and patient groups, more effective therapies for IPF
and other forms of fibrosis is located [142].

Radical scavengers

Edaravone is a powerful free radical neutralizer, it reduces
carbonyl stress and lipid peroxidation; therefore, it has a potential
future in COPD treatment. Lazaroids are non-glucocorticoid-
methylprednisolone analogue that penetrate hydrophobic membrane
regions and inhibit lipid peroxidation. Their protective effects have
been reported in animal models of lung injury, both require studies to
assess their potential in respiratory diseases. Spin traps are compounds
which can stabilize free radicals, to form stable end products. Spin traps
have been widely used for in vitro studies and their therapeutic effects
have also been investigated in vivo models of lung disease, some have
shown to have benefits [143].

Ebselen (an organic selenium-based compound) neutralizes
oxidative and nitrative stress, by resembling glutathione peroxidase
activity. No reports are available as the beneficial effect of Ebselen
against cigarette smoke-induced lung inflammation, although it has
been shown to prevent LPS-induced lung inflammation in animal
models (143). Inhibition of inducible nitric oxide-synthase (iNOS)
by various chemical complexes may provide a strategy in COPD and
bronchial asthma. Inhaled and orally administered iNOS inhibitors
would be useful for the treatment of numerous conditions, including
asthma and other pulmonary inflammatory disorders [144].

While there are anecdotal reports of the use of selenium in
bronchial asthma with positive results in improving lung function,
there are insufficient clinical trials to recommend its use in asthma,
bronchiectasis or IPF [145].

Enzymatic redox sensors

Thioredixin (Trx) and redox effector factor-1 (Ref-1), belong to
the oxidoreductase family of redox sensors. Trx inhibition resulted
in diminished neutrophil influx and TNF-a production in an
animal model. Activation of Trx can attenuate oxidative stress. The
antioxidant actions of ambroxol at physiological concentrations are,
at least partially, mediated by TrxR and/or Trx system. Trx effects in
respiratory diseases remain to be investigated [143,146].

It is obvious that the conventional treatment of these chronic
respiratory diseases impacting little the natural evolution of the same.
For example, COPD is an increased prevalence and accepted therapy
is ineffective in reducing disease progression. Indeed searches the
molecular biology of the entity and therapeutic alternatives are sought
[147]. Up to 50% of patients in the first world are uncontrolled bronchial
asthma [148]. GINA adds drugs to basic therapy LABA-IGCS trying to
gain control. In fact, in May 2015 he joined the strategy tiotropium
bromide as an aggregate patients who remain symptomatic and have
frequent exacerbations despite LABA-IGCS (step 4 and 5) [59].

While it is true in non-cystic bronchiectasis prevalence reduced,
symptoms are persistent, evolution is chronic, with frequent
exacerbations. IPF has the worst prognosis of all.

Conclusions

The molecular oxygen is vital for life, but their excess or deficit can
be harmful and even more deadly; through toxic oxygen radicals.

ROS can be acquired from the environment or generated by cellular
metabolism by altering the fine balance of redox titration.
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Theseradicals produce various types of stress generated intracellular,
structural and functional damage, producing an inflammatory process
that is self-perpetuating and amplified. This process continues, at times,
although the initial stimulus has been suspended.

The entities described above conventional treatment fails to reduce
the natural evolution of most patients and progressive deterioration.

More and better primary and clinical research is needed to find
new powerful drugs that impact the sub-cellular compartments and
metabolic routes for more effective therapy in these diseases. It is likely
that more drug combination requires monotherapy. Pharmacology
and medical science have to integrate basic scientific research to design
these molecules and to demonstrate its efficacy and safety in powerful,
controlled and randomized clinical trials.
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