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Abstract:

Asthma is a multifactorial disease and its severity varies with the inflammatory grade. There are
conflicting reports about the roles of trace elements in asthma. This study evaluate the effects of
zinc (Zn), copper (Cu), and magnesium (Mg) concentrations in sera of patients with allergic
asthma.
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Introduction:

An imbalance between the oxidative forces and the antioxidant defense systems favoring an
oxidative injury has been implicated in the pathogenesis of asthma (1).

Oxidative injury leads to increased lipid peroxidation, increased airway reactivity and secretions,
production of chemoattractant molecules, and increased vascular permeability , which collectively
lead to an augmentation of the existing inflammation that is a hallmark of asthma (2).

Lungs are constantly exposed to oxygen as well as smoke and other inhaled pollutants that lead to
generation of ROS (3). It has been found that some trace elements such as Cu, Zn, and Mn may
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play important roles in the genesis of asthma because they participate in oxidative stress reactions
as cofactors of antioxidant enzymes (4).

Cu/ Zn superoxide dismutase system contains Cu and Zn in its structure. These minerals are
essential to SOD activity in reducing the harmful effects of ROS. Deficiency of these trace
elements results in lowering the effects of antioxidant systems and thus to hyperactivity and
inflammation in the respiratory tract (5).

Zinc:

It has been shown to have a vital role as an anti-oxidant , microtubule stabilizer, anti-apoptotic
agent, growth cofactor, and anti-inflammatory agent in various tissues (6) . Zinc deficiency is
found in inflammatory diseases including asthma, where low zinc levels are risk factors of
development, severity, and exacerbations of asthma (7) .

Zinc decreases oxidative stress by inhibiting reactive oxygen species (ROS) production via
inhibition of pro-oxidant enzymes, such as NADPH oxidase and by activation of anti-oxidant
enzymes including glutathione-related enzymes, catalase (CAT) and SOD (7). Together O2",
H>0,, and -OH are known as reactive oxygen species (ROS), and these are produced
continuously in vivo under aerobic conditions. The NADPH oxidases are a group of plasma
membrane associated enzymes, which catalyze the production of O2~ from oxygen by using
NADPH as the electron donor. Zinc is an inhibitor of this enzyme. The dismutation of O, to
H>0:> is catalyzed by an enzyme super oxide dismutase (SOD), which contains both copper and
zinc. Zinc is known to induce the production of metallothionein, which is very rich in cysteine,
and is an excellent scavenger of -OH . Iron and copper ions catalyze the production of -OH from
H20.. Zinc competes with both iron and copper for binding to cell membrane, thus decreasing the
production of -OH (8).

Dysregulation of Zn homeostasis causes a shift in the Th1l/Th2 balance towards a Th2
response, which may lead to increased inflammatory response. A fundamental abnormality in
asthma is an exaggerated Th2 response to normally harmless environmental antigens. Th2 cells
secrete cytokines that promote inflammation and stimulate B cells to produce IgE and other
antibodies. These cytokines include IL-4, which stimulates the production of IgE; IL-5, which
activates locally recruited eosinophils; and IL-13, which stimulates mucus secretion from
bronchial submucosal glands and also promotes IgE production by B cells (9, 10). Zinc also
reduces the propagation of inflammation by inhibition of LTB4 production and expression of its
receptors (7).

Inflammatory diseases can cause an increase in the demand for Zn as: Zn is essential for
producing the thymic hormone thymulin necessary for regulating T-cell development and
activation; and zinc is crucial for activation of natural killer cells, phagocytic cells and for
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granulocytes, such as mast cells and eosinophils. As a result, greater demand for Zn by the immune
system could be a contributing factor to the Zn deficiency noted in inflammatory diseases. Zinc
deficiency itself is detrimental for inflammation as it results in dramatic increases in the number,
size and activation state of mast cells (11).

Zinc deficiencies have been reported in many disorders, including asthma. Most of reports show a
decrease of zinc concentration in the serum or induced sputum of children (12, 13).
Siripornpanich et al (14) and Khanbabaee et al (12) found zinc deficiency in the serum of
asthmatic children together with increased oxidative stress and airway inflammation. They also
found a correlation between zinc levels and breathing parameters such as FEV1 and FEV1/FVC
and concluded that zinc deficiencies are related to severe asthma and to decreased pulmonary
function. There are many reports showing that proper levels of zinc and other anti-oxidants and
higher maternal intake of this element during pregnancy prognoses better pulmonary functions of
the offspring and lower risk of developing asthma in childhood (15, 16) . Low zinc intake increases
(up to five times) the risk of developing atopy, bronchial reactivity, and allergy-like symptoms
(17). Most of the symptoms of zinc deficiency can be easily reversed by zinc supplementation as
it has been described by Prasad (8) who found that Zn supplementation diminished the number
and symptoms of respiratory tract infections.

Copper:

In general, both copper deficiency and excess can lead to chronic inflammation (18) .According
to most researchers, copper levels are elevated in asthma (19, 20) , even if no direct association
between copper status and lung function can be found (18) and elevated Cu in serum, or parallel
to decreased zinc can be a marker of inflammation and of immune status. copper activates
phosphatidyl-inositol-3-kinase (PI13K), an enzyme activating itself inflammatory mediators,
inflammatory cell recruitment, and airway remodeling (21) . It also stimulates IL-6 production and
release (22) . As a consequence, copper ions might be some kind of second messenger in
propagation of inflammation and response to inflammatory burden (23) .

Ceruloplasmin (CP) is the main carrier protein for copper. It not only plays a role in iron
metabolism but is also one of the components of the antioxidant defense, acting as a free radical
scavenger. CP levels are elevated during oxidative stress including the course of asthma (20)
Winter et al. (23) described that the increased levels of CP are rather a response to inflammatory
burden as the highest levels of the protein were observed in asthma patients with systemic
inflammation, severe or neutrophilic asthma.

Another important copper-containing enzyme is the Cu-Zn-superoxide dismutase (CuZnSOD),
whose levels are decreased in asthma (24), likely due to the decreased levels of zinc (5) or an
oxidative degradation of the protein during inflammation rather than disturbances of copper levels.
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As CuzZnSOD is located intracellular in ciliated epithelium (25) ,any disturbance in copper levels
and CuzZnSOD can result in further progression of oxidative stress.

Magnesium:

The relation between Magnesium and asthma is well established over the years. Mg+2 has a
significant role in causing muscle relaxation. Hypomagnesemia leads to muscle contraction and
hypermagnesemia to muscle relaxation . Magnesium can induce bronchial smooth muscle
relaxation in a dose-dependent manner by inhibiting calcium influx into the cytosol histamine
release from mast cells, or acetylcholine release from cholinergic nerve endings. It also may
increase the bronchodilator effect of f2-agonist by increasing the receptor affinity. It is also
engaged in the promotion of nitric oxide and prostacyclin generation and smooth muscle
stabilization There are studies documenting usefulness of Mg+2 in treating acute asthma (26) .
Moreover, Mg2+ regulates the release of ACh and histamine, which have both been implicated in
asthma (27).

Several studies have reported low serum Mg2+ levels or low erythrocyte Mg2+ levels in
asthmatic patients (28, 29). However, others could not detect a Mg2+ deficiency in patients with
asthma, suggesting that Mg2+ levels may depend on the severity of the disease (30). In 1940,
Victor Haury was the first to treat bronchial asthma patients with Mg2+ injections to relieve
asthmatic paroxysms. Since then, ~25 randomized controlled studies have been published
examining the effects of nebulized and intravenous Mg2+ administration in asthma patients (31).
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