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1. Introduction

Frequency of neurodegenerative diseases increase significantly with the age. In the present,
average age is increasing and the number of people over 60 years increases as well. Ageing is
a physiological process; however it seems to be linked with an increasing risk of origin and
development of several diseases including neurodegenerative disorders such as Alzheimer's
disease, Parkinson’s disease, and Huntington’s disease. Exact mechanisms of ageing are still
unclear but experimental evidences support a hypothesis that ageing changes are consequen‐
ces of increasing oxidative damage of organs, tissues, cells and all biomolecules. Oxidative
damage is elevated when production of reactive oxygen species is increased compared to the
physiological condition or a defence ability of organism against attacks of reactive oxygen
species is decreased. Oxidation of specific proteins could play a key role in age associated
damage. A relationship between protein aggregation, oxidative stress and neurodegeneration
remains unclear although neurodegenerative diseases are connected with an origin of protein
deposits. It assumes that protein oxidation and generation of protein aggregates generate a
base for a loss of cell function and a reduced ability aged organisms to resist to physiological
stress. Accumulation of modified proteins, disturbance of ion homeostasis, lipid and DNA
modifications, and impairment of energy production are some of the crucial mechanisms
linking ageing to neurodegeneration. In addition mitochondrial dysfunction plays a key role
in neurology. Damage of mitochondrial electron transport may be an important factor in the
pathogenesis of neurodegenerative diseases, such as Alzheimer's, Parkinson's, and Hunting‐
ton's diseases.

© 2013 Babusikova 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
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Oxygen is vital for all aerobic organisms and reactive oxygen species (ROS) are formed in cells
as a consequence of aerobic metabolism. Moreover mitochondrial respiration is associated
with inevitable electron leak, resulting in a non-stop production of reactive oxygen species,
such as superoxide anion radical, hydrogen peroxide and hydrogen radical. Universal nature
of reactive oxygen species is underlined by the presence of superoxide dismutase in all aerobic
organisms. Genes involved in detoxification of reactive oxygen species are highly conserved
among eukaryotes and their deficiency could be limit of several diseases and life span.
Oxidative stress is a unique pathophysiological condition resulting from the disrupted balance
between oxidants and antioxidants. Increased level of reactive oxygen species may cause
oxidative damage of all four biomolecules: nucleic acids, proteins, lipids, saccharides. A
progressive grow of oxidative damage is the result of increasing production of reactive oxygen
species and this damage may contribute to the origin and development of several diseases
including neurodegenerative diseases, but on the other hand oxidative damage can be the
consequence of them as well (fig. 1). Cells possess defence systems: enzymatic and non-
enzymatic against ROS. The most important enzymatic antioxidants are: superoxide dismu‐
tase, catalase and glutathione peroxidase but many others enzymes have antioxidant potential.

Figure 1. Reactive oxygen species in the development of disease. As a consequence of imbalance between reac‐
tive oxygen species (ROS) and antioxidant mechanisms (AOM) on the side of reactive oxygen species, oxidative stress
is increasing. Increased level of reactive oxygen species causes increased oxidative damage of biomolecules, an accu‐
mulation of damage, and the development of many diseases.

2. Oxidative damage

Reactive oxygen species (ROS) are necessary for human life. The main characteristics of ROS
are their high effectiveness in a small concentration and their extremely highly reactivity. ROS
are oxidants which can be produced endogenously and exogenously. Potential harmful ROS
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generate in cells under normal physiological conditions in different metabolic pathways and
cell compartments (fig. 2).

Figure 2. The main endogenous sources of reactive oxygen species (ROS) in cell. Organelles such as mitochon‐
dria, peroxisomes, phagocytes and endoplasmic reticulum and enzymes produce ROS during a pursuance their physio‐
logic roles in cell and during metabolism of several components.

Four  from  the  endogenous  sources  (mitochondria,  phagocytes,  peroxisomes,  and  cyto‐
chrome P450  enzymes) are responsible for origin of the majority of oxidants produced by
cells  [5].  The  main  endogenous  sources  of  reactive  oxygen  species  are  mitochondria
which produce reactive oxygen species continuously.  Mitochondria serve mainly as pro‐
ducers  of  energy.  In  normal  aerobic  respiration  mitochondria  utilize  oxygen  that  is  re‐
duced by serial  steps whereby is  produced water.  Mitochondria are the major producer
of reactive oxygen species via incomplete reduction of oxygen by electrons leaked out of
the respiratory chain in the animal and human cells. Mitochondrial oxidative damage can
lead to the release of greater amount of reactive oxygen species and cause increased oxi‐
dative damage of mitochondrial, cytoplasmic and nuclear components what subsequently
may  lead  to  dysfunctional  mitochondria.  Damage  of  mitochondrial  electron  transport
may be an important factor in the pathogenesis of many diseases.

Phagocyting cells are another important endogenous source of oxidants. The main function of
phagocytosis is the defence of host organisms against pathogens. Neutrophils and another
phagocytes attack pathogens by mixture of reactive oxygen species: singlet oxygen (O2

•-), nitric
oxide (•NO), hydrogen peroxide (H2O2), hypochlorous acid (HClO) [129]. Chronic virus,
bacterial or parasite infection results in chronic increased phagocyting activity and finally
chronic inflammation, which is a main risk factor for development of several diseases [5], and
raising oxidative damage.
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Peroxisomes are organelles from the microbody family and are present in almost all  eu‐
karyotic cells. They participate in the β-oxidation of fatty acids and in the metabolism of
many others  metabolites.  Certain  enzymes  within  peroxisome,  by  using  molecular  oxy‐
gen,  remove  hydrogen  atoms from specific  organic  substrates,  in  an  oxidative  reaction,
producing hydrogen peroxide.  Hydrogen peroxide  is  degraded by catalase,  another  en‐
zyme in peroxisome.  Peroxisomes contain also xanthine oxidase which produces singlet
oxygen and hydrogen peroxide.

Microsomal cytochrome P450 enzymes are a very large and diverse superfamily of hemopro‐
teins identified from all lineages of life including humans, mammals, birds, fish, plants,
bacteria. They form one of the primary defence system against xenobiotic compounds usually
plant origin. Human cytochrome P450 enzymes are primarily membrane-associated proteins,
located in the inner mitochondrial membrane or in the endoplasmic reticulum of cells. They
modify thousands of endogenous and exogenous compounds by univalent oxidation or
reduction. Induction of these enzymes protects before acute oxidative effects of foreign
compounds or chemicals but also results in production of oxidants.

Although cells possess complex net of antioxidant defence, defence is not completely effective.
Small fractions of pro-oxidants escape from elimination and cause molecular damage. Some
of these damages are irreversible therefore they are accumulated in time and they make base
of functional decline associated with age. Disruption of a balance between the level of reactive
species generated during normal cellular metabolism and the level of endogenous antioxidant,
either due to increased generation of ROS or decreased level of antioxidants, leads to oxidative
damage and to several pathological conditions, including accelerated ageing and neurodege‐
nerative disorders.

Exact mechanisms of reasons for origin of some neurodegenerative diseases are still  un‐
clear  but  experimental  evidences  support  a  hypothesis  that  ageing  is  a  major  risk  and
ageing changes are consequences of increasing oxidative damage. One of the basic prob‐
lems is the analysis of mechanisms that are base of damage. ROS are effective in a very
small  concentrations  and their  half-life  is  very  short.  We still  do  not  have  sensitive  in‐
struments for measurement ROS (concentration and localisation) in living systems. Usual‐
ly  effects  of  ROS are  determined indirect,  by several  markers  of  oxidative  damage (fig.
3). Both localisation and kind of damage are necessary for understanding of neurodegen‐
eration. Oxidative damage may by the most important contribution to ageing and age-re‐
lated diseases. Literature is full of controversy results. Oxidative modification of proteins,
saccharides,  nucleic  acid  (nuclear  and  mitochondrial)  and  lipid  peroxidation  were  ob‐
served in  different  tissues,  cells,  compartments,  including mitochondria  with  advancing
of age. There is no detail information how the higher availability of reactive oxygen spe‐
cies could be translated to an accumulation of oxidized biomolecules so far.

An accumulation of oxidized proteins, disturbance of ion homeostasis, modifications of lipids,
saccharides, proteins and nucleic acids, and impairment of energy production are some of the
crucial mechanisms linking ageing to neurodegeneration. Brain is particularly sensitive to
reactive oxygen species attack and to oxidative damage consequence of several factors:
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• Brain has a high content of unsaturated fatty acid (especially 20:4 and 22:6 fatty acids).

• Brain has high oxygen consumption (20% of using oxygen is consumed by brain).

• In the brain is high concentration of iron and ascorbate (key elements responsible for
membrane lipid peroxidation).

• Brain is to poor of antioxidants and defence mechanisms.

Figure 3. Markers of oxidative damage. Proteins, lipids and DNA are main targets of reactive oxygen species (ROS).
These molecules generate a spectrum of molecules in the condition of oxidative stress which may be estimated for
example in plasma, serum, bronchoalveolar lavage fluid, tissues and in exhalated breath condensate and reflect a dan‐
ger of ROS for a subject in consequence of origin and development of several diseases.

Exclusive using of glucose as a source of energy by brain is responsible for high oxygen
concentrations which are necessary for normal brain function. A predominant quantity of
reactive oxygen species (90-95%) is generated during aerobic metabolism as a by-product in
an electron transport chain of mitochondria. Mitochondrial dysfunction plays a key role in
neurology [8]. A decline in respiratory chain Complex I and Complex IV activity is associated
with ageing [38]. Damage of mitochondrial electron transport may be an important factor in
the pathogenesis of neurodegenerative. Increased oxidative stress in consequence of unpro‐
portional ROS production is considered a main feature in the pathogenesis of neurodegener‐
ative diseases [16, 141]. Apoptosis is an important mechanism of neuronal loss in age-related
neurodegenerative diseases [38, 141]. Neuronal apoptosis in age-associated neurodegenera‐
tive disorders can be triggered by oxidative damage of proteins, lipids and DNA, metabolic
compromise resulting from impaired glucose metabolism and mitochondrial dysfunction, and
over activation of glutamate receptors resulting in disruption of neuronal calcium homeostasis.
Several different kind of oxidative protein and lipid damages were observed in brain during
ageing as well as increased generation of reactive oxygen species [59, 138, 144, 153, 154].
Increasing protein oxidation and lipid peroxidation can participate on the age-related brain
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cell dysfunction. There are many studies demonstrated elevated concentration of different ROS
and decreased antioxidant status during ageing and in neurodegenerative disorders but
majority of them are determined on animal models or cell lines. We are still limited in human
studies especially in the case of neurodegenerative disorders; and ethnicity, environment and
life style may be responsible for controversial results.

2.1. Protein oxidation

One of the important targets of oxidative damage can be proteins which play elementary roles
such as biological accelerators, gene regulators, receptors, transport proteins and structural
components of cells. Oxidative modification of proteins by reactive oxygen species or by other
reactive molecules (e.g. products of lipid peroxidation) is implicated in aetiology or develop‐
ment of many diseases and it can also contribute to secondary damage of other molecules.
Damage of DNA repair enzymes could raise levels of DNA oxidative damage and increase of
mutation frequency. DNA polymerase damage might result in decreasing of fidelity in
replicating DNA. Endogenous proteins are very sensitive to free radical modification as by by-
products of normal metabolic processes or after exposition to oxidative stress in vivo or in
vitro [48, 64, 86]. ROS-associated protein modification can lead to loss of biological functions
and to the change of protein forms. Modified proteins have increased sensitivity to intracellular
proteolysis [176] and they are quickly degraded by endogenous proteases, particularly by
multi-catalytic system [45]. Reactive oxygen species can react directly with proteins or they
can react with molecules such as saccharides and lipids forming reactive products, which
consecutively attack proteins. Reactions are often influenced by redox cycle of metal cations,
particularly by iron and copper. Proteins can go through many covalent changes after exposing
to oxidants [98]. Some of this alternations result from direct attacks of ROS on protein molecule;
meanwhile another changes are produced indirectly [110]. Protein oxidation can lead to the
amino acid side chain residues oxidation. All protein amino acid residues are sensitive to
oxidative damage by hydroxyl radical that is generated by radiation but no all products
generated during oxidation of some amino acid residues were absolutely characterised.
However, tyrosine, phenylalanine, tryptophan, histidine, methionine and cysteine are
preferred target of •OH attack [38]. In consequence of •OH attack of side chains in presence of
oxygen can form hydroperoxides, alcohols and carbonyl compounds [39]. Proteins can contain
after ROS attack new functional groups (hydroxyl and carbonyl groups) [22]. Protein oxidation
can lead to the breaking of peptide bounds (formation of products with lower molecular
weight) and to the formation of protein-protein cross-links (formation of products with higher
molecular weight) and to the protein netting. These changes can result in different secondary
effects including protein fragmentation, aggregation and unfolding. These processes are
ordinarily connected with loss or change of protein activity and function [11, 102]. Increased
oxidative damage of proteins result in:

• an increased production of reactive oxygen species [77],

• a decreased capacity to scavenge reactive oxygen species,
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• an increased sensitivity of damaged proteins to become oxidized as a consequence of
transcriptional and translational errors [1],

• a decreased levels or activities of the proteasome or proteases which degrade oxidized
proteins [24].

2.2. Lipid peroxidation

Lipid peroxidation is an example of oxidative damage of cell membranes, lipoproteins and
other lipid containing structures. This oxidative damage is degenerative process, which affects
cellular membranes under conditions of oxidative stress [136]. Membranes are particularly
sensitive to oxidative damage because they are rich on two or more carbon-carbon double
bonds -C=C- [148]. During lipid peroxidation, polyunsaturated higher fatty acids are damaged
in auto-catalytic, uncontrolled process which result is production of hydroperoxides of
membrane lipids and wide spectrum of secondary metabolites including different aldehydes.
Aldehyde products of lipoperoxidation may interact with mitochondrial membrane lipids and
can change physiochemical state of membrane [150]. The major components of biological
membranes are lipids and proteins. The amount of proteins is increasing with the number of
functions that are on membranes performed. Lipid peroxidation can therefore cause damage
of membrane proteins as well as lipids. Lipoproteins are also target of oxidative damage. Lipid
hydroperoxides are primary products of lipid peroxidation. Dissociation of hydroperoxides
is important from toxicological point of view for two reasons:

• new radicals are generated and ramify radical reactions,

• non-radical products are produced which can be also biologically active.

It was found, that lipid peroxidation produces: unsaturated aldehydes, malondialdehyde, 4-
hydroxy-2-nonenal (HNE) and other products that are cytotoxic and mutagenic and can
damaged other biomolecules [91]. Malondialdehyde arises largely from peroxidation of
polyunsaturated fatty acids with more than two double bonds and it can also arise enzymat‐
ically during eicosanoid metabolism. 4-hydroxy-2-nonenal has toxic property like cell growth
inhibition, genotoxicity, chemotaxic activity and able ability to modify lipoproteins and
promote atherosclerosis [51]. It is able react with nucleofil components largely with metabolites
and proteins contained thiol groups [50]. Effect of HNE is depending on its concentration.
Lipid peroxidation can be overly destructive process in living system. It damages biological
membrane thereby are changed their biophysiological properties. Aldehyde products of
lipoperoxidation reacted with mitochondria membrane lipids and can change physiochemical
state of membrane [28]. Peroxidation of membrane phospholipids is accompanied by change
structural and functional characteristics of membranes. Lipid peroxidation impacts also
function of proteins that are component of biological membranes. Consequence of near
physiological junction lipids and proteins can lead oxidative damage of mitochondrial proteins
to form proteins cross linkage, protein degradation or to lose of their function [166]. Oxidative
damage can be established into proteins with reaction with aldehydes arisen during lipid
peroxidation. For example HNE or malondialdehyde can react with ε-amino group of lysine,
with thiol group of cysteine and with imidazol group of histidine [16].
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2.3. Oxidative damage of DNA

Nucleic acids are particularly sensitive to oxidative damage. There is increasing evidence that
ROS are involved in the development of cancer, not only by direct effects on DNA but also by
affecting signal transduction, cell proliferation, cell death and intracellular communication.
ROS can damage DNA by direct chemical attack of purine and pyrimidine bases and deoxy‐
ribose sugars and also by indirect mechanisms. There is a known more than 20 product of
oxidative damage of the nucleic acids.

Superoxide, nitric oxide or hydrogen peroxide at physiologically relevant levels do not react
with any of DNA or RNA bases or with the ribose or deoxyribose sugars at significant rates.
Particularly hydroxyl radical is known to cause chemical modifications of DNA through the
formation of one strand and two strands breaks and cross linkages with other molecules.
Different saccharides radicals of DNA can arise by abstraction of a hydrogen atom from
2`deoxyribose because all positions in saccharides are susceptible to oxidative damage.
Hydroxyl radical reacts with aromatic rings therefore also nitrogen bases of nucleic acids are
modified. C5-C6 double bonds of pyrimidines and carbon atoms C4, C5, and C8 of purines are
the most sensitive position to oxidative effect of hydroxyl radical and hydroxyl radical abstract
electron and no hydrogen atom [169]. In consequence of ROS attack to nuclear proteins are
generated protein radicals and radicals of base react under formation of DNA-protein cross-
linking.

Mitochondrial DNA (mtDNA) is excessively sensitive on an oxidative damage because
mtDNA is situated near inner mitochondrial membrane, where are formed ROS. Mitochon‐
drial DNA is small and is not protected by histones like nuclear DNA. Mitochondria are able
repair an oxidative damage of mtDNA and that base excise repair pathway plays a dominant
role in mtDNA repair [36]. Damage of mtDNA can be potentially more important like damage
of nuclear DNA because all mitochondrial genome code genes which are expressed whereas
nuclear DNA includes great number of untranscribed sequences [166]. Linnane and co-
workers [101] assume that accumulation of somatic mutations mtDNA is the main origin of
human ageing and degenerative diseases.

3. Antioxidant defence

In consequence, imbalance between pro-oxidant and antioxidant in favour of pro-oxidants and
their harmful effects, oxidative stress is increased. Cells possess antioxidant defence systems:
enzymatic and non-enzymatic [15]. Antioxidants can work at various levels:

• protection the organism from the formation of reactive oxygen species,

• elimination of reactive oxygen species by conversion to un-radical molecules or to less
reactive ROS,

• reparation of damaged molecules and cell structures,

• removing of oxidised molecules.
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The most important enzymatic antioxidants are: superoxide dismutase, catalase and gluta‐
thione peroxidase. Superoxide dismutase (SOD, EC 1.15.1.1) is universal enzymatic antioxi‐
dant. This enzyme is extremely efficient and catalyses the neutralization of superoxide anion
to oxygen and hydrogen peroxide. There are three major families of superoxide dismutase,
depending on the metal cofactor: Cu/Zn (which binds both copper and zinc), Fe and Mn types
(which bind either iron or manganese), and the Ni type, which binds nickel. In humans three
form of SOD are present: cytoplasmic Cu/Zn-SOD (SOD1), mitochondrial Mn-SOD (SOD2),
and extracellular Cu/Zn-SOD (ECSOD, SOD3). Catalase (CAT, EC 1.11.1.6) is a common
antioxidant enzyme responsible for controlling hydrogen peroxide concentrations in cells.
Catalase as an intracellular antioxidant enzyme catalyzes the decomposition of two molecules
of hydrogen peroxide into one molecule of oxygen and two of water and its activity is
genetically determined. Glutathione peroxidases (GPXs, EC 1.11.1.9) are family of enzymes
ubiquitously distributed which have peroxidase activity whose main biological role is to
protect the organism from oxidative damage. Glutathione peroxidases reduce hydrogen
peroxide to water and reduced glutathione and lipid hydroperoxides to their corresponding
alcohols, water and reduced glutathione. Four types of GPXs have been identified: cellular
GPX, gastrointestinal GPX, extracellular GPX, and phospholipid hydroperoxide GPX [161].
Other an essential part of defence mechanism is a super-family of enzymes called glutathione
transferases (GSTs, EC 2.5.1.18). These enzymes are involved in the cellular detoxification of
various electrophilic xenobiotic substances such as chemical carcinogens, environmental
pollutants, drugs and antitumor agents. These enzymes also inactivate endogenous α,β-
unsaturated aldehydes, quinone, epoxides, and hydroperoxides formed as secondary metab‐
olites during oxidative damage. GSTs may reduce reactive oxygen species to less reactive
metabolites and protect organism against consequences of lipid peroxidation. Heme oxygen‐
ase (heat shock protein 32, HO; EC 1.14.99.3) plays an important role in organism defence to
oxidative stress [114] and inflammation [111]. There are known three isoforms of HO: HO-1,
HO-2, and HO-3. HO-1 is activated by a lot of inflammatory mediators, reactive oxygen species
and by other stimuli [109, 135]. Upregulation of HO-1 is accepted as a sensitive marker of
oxidative stress. Oxidative modified DNA can be repaired by several enzymes such as
glycosylases: 8-oxoguanine-DNA-glysocylase (OGG1, EC 4.2.99.18), Nei-like protein 1 and 2
(NEIL, EC 4.2.99.18); Apurinic/apyrimidinic endonuclease 1 (APE 1, EC 4.2.99.18), X ray repair
cross-complementing group 1 (XRCC 1, EC 4.2.99.18) and poly(ADP-ribose) polymerase-1
(PARP 1, EC 2.4.2.30). OGG1 removes 8-oxoguanine paired with a cytosine. Human OGG1
gene consists of eight exons which can be alternatively spliced to produce different isoforms.
The most abundant mRNAs of OGG1 are type 1a and 2a. These two isoforms are ubiquitously
expressed in human tissues.

4. Alzheimer`s disease

Ageing is the main risk factor of neurodegenerative disorders. Approximately 5% of people
in age 65 years have Alzheimer`s disease (AD) and the prevalence of this disease increases
with increasing age from 19% to 30% after 75 years of age. Overall, 90-95% of Alzheimer`s
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disease represents a sporadic form and 5-10% represents familiar form. Alzheimer`s disease
is neurodegenerative disorder characterised by cognitive failures, impairment of memory and
by dramatic changes in behaviour. AD symptoms may include:

• loss of memory,

• difficulty in finding the right words or understanding what people are saying,

• difficulty in performing previously routine tasks, and activities,

• problems with language,

• personality and mood changes.

Although the cause or causes of Alzheimer’s disease are not yet known, most experts agree
that AD, like other common chronic conditions, probably develops as a result of multiple
factors rather than a single cause.

Figure 4. Processing of amyloid precursor protein (APP). Non-amyloid pathway of APP starts by α-secretase cleav‐
age and continues by γ-secretase. Non toxic a soluble fragment of amyloid precursor protein (sAPPα), a small peptide
(p3) and an amyloid intracellular domain (ACID) are produced. Amyloid pathway starts with β–secretase cleavage and
after that it continues by γ–secretase. A soluble fragment of amyloid precursor protein (sAPPβ), a toxic amyloid β pep‐
tide (Aβ) and an amyloid intracellular domain are generated. Amyloid β peptide can be degradated or accumulated
and therefore can be responsible for generation of amyloid plaques.

For Alzheimer`s disease many neurochemical and pathological changes are characteristic
such as gliosis, tissue atrophy caused by loss of synapses which is the most striking in fron‐
tal and temporal parts of brain cortex and by formation of two main protein clusters in ex‐
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tracellular and intracellular region of brain. Extracellular deposits or senile amyloid plaques
occur the most frequently in neocortex. Primary they are consisting of 4 kDa, 40-42 amino
acid polypeptide chain called amyloid β peptide (Aβ) [66]. Intracellular deposits represent
neurofibrillar tangles which are generated from filaments of microtubullar hyperphosphory‐
lated tau protein [4, 70, 99]. Amyloid plaques are example of a specific damage that is char‐
acteristic for AD while neurofibrillar tangles are present in different neurodegenerative
pathological situations [134]. Created aggregates are involved in a process which leads to
progressive degeneration and to neuron death. In the past decade, a significant body of evi‐
dence has pointed the attention to the amyloid processing of amyloid precurcor protein -
“amyloid cascade” (fig. 4). This event is the major causative factor in AD.

Pathogenesis of AD is complex and involves many molecular, cellular, biochemical and
physiological pathologies [9]. Alzheimer`s disease is a characteristic process with identifiable
clinical state which are in a continuity with normal ageing process. It is a multifactorial disease
and genetic as well as environmental factors are included in its pathogenesis. Whereas majority
of AD is sporadic 5% is caused by mutations (familiar AD). There was observed a large loss of
synapses and a neuronal death in a part of brain which is crucial for cognitive function
including cerebral cortex, entorhinal cartex and hippocampus. Senile plaques created by
deposits of amyloid fibres were localized in the brain.

4.1. Oxidative damage and Alzheimer`s disease

Reactive oxygen species probably play an important role in the generation of amyloid plaques,
the development of neurofibrillary tangles and the neurodegenerative process itself. Age-
related accumulation of reactive oxygen species results in damage to nuclear and mitochon‐
drial DNA, lipids (lipid peroxidation), proteins (protein oxidation), and sugars (advanced
glycosylation end products). Oxidative damage caused by reactive oxygen species can account
for the vastly heterogeneous nature of Alzheimer`s disease. Several different kind of oxidative
protein and lipid damages were observed in brain during ageing as well as increased gener‐
ation of reactive oxygen species [1, 24, 136, 147, 150]. We have found increased lipid peroxi‐
dation, accompanied by accumulation of conjugates of lipid peroxidation products with
proteins, formation of dityrosines, loss of sulfhydryl groups and change in ANS (fluorescent
probe 1-anilino-8-naphthalenesulfonate) in the ageing rat brain [7]. Keller et al. [91] observed
that 4-hydroxy-2-nonenal damage a glutamate transport in synaptosome and mitochondrial
function in brain. Increasing lipid peroxidation can participate on the age-related brain cell
dysfunction. Recently, several reports have suggested that mitochondrial abnormalities and
oxidative stress play a role in sporadic Alzheimer`s disease [26, 89, 132, 158, 181]. In brain tissue
from Alzheimer`s disease patients, there are increased levels of markers of oxidative stress,
including oxidized proteins, membrane lipids, and DNA [121, 127, 147, 148]. Oxidative
modification of biomolecules is a marking process for the targeting of proteases. In the process
of ageing there is a marked decrease in protease activity, damaged molecules can be cumulated
with age and it may contribute to the age-related neurodegenerative diseases, including
Alzheimer`s disease.
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Brain and cerebral blood vessel deposits of amyloid β peptide are the main signs of Alzheimer`s
disease. Experimental and clinical studies showed an causal relationship between an accu‐
mulation of amyloid β peptide and origin of Alzheimer`s disease [25, 63, 73]. An abnormal
production of amyloid β peptide or disturbed amyloid β peptide degradation can cause a
pathological accumulation of amyloid β peptide and subsequent production of amyloid
plaques [182]. It is suggested hypothesis that amyloid β peptide cause neuronal damage and
cognitive failure via the generation of reactive oxygen species, mitochondrial oxidative
damage, synaptic failure, and by inflammation changing in the brains of Alzheimer`s disease
patients [133, 140, 158, 160]. Several in vitro studies have shown that synthetic amyloid β
peptide facilitates the production of reactive oxygen species [12, 78, 132]. It was observed
increased levels of soluble amyloid precursor protein in plasma and cerebrospinal fluid with
advancing age [88, 106]. Increased level of soluble amyloid precursor protein may be a sorce
of amyloid β peptide in the brain and vessels. Pluta et al. [126] demonstrated a transit of
amyloid β peptide through the blood brain barrier. Expression of amyloid precursor protein,
α-secretase, β-secretase, enothelin-converting enzyme, neprilysin as well as insulin-degrading
enzyme was demonstrated at the brain barrier system [35]. It is possible that 80% of amyloid
plaques in transgenic models Alzheimer`s disease [44] and 90% of human amyloid plaques is
in a contact with capillaries [87]. Transit of amyloid β peptide or fragments of amyloid
precursor protein from blood to the endothelial cells and brain parenchyma can cause changes
in the vascular elasticity [127, 162] or can have direct pathological implications in the brain
tissue. Changes in the brain blood vessels after brain attack or during the ageing process can
cooperate in the pathogenesis and development of Alzheimer`s disease. Beta-secretase
(BACE1) expression and its mediated β-site amyloid precursor protein cleavage activity
appear to be tightly coupled to mitochondrial function. Beta-secretase upregulation may be a
common consequence in various potential Alzheimer`s disease-related etiological conditions
that involve energy insufficiency and/or oxidative stress [174]. Post mortem analysis of
Alzheimer`s disease patients showed increased level of β-secretase [100, 163] and it can be
responsible for an accumulation of amyloid plaques [179] and amyloid cascade. Reactive
oxygen species that are generated due to ageing can activate β-secretase and facilitate the
cleavage of amyloid precursor protein. Amyloid β peptide can be toxic for organism not only
for its accumulation and amyloid plaques generation but also for possibility to increase
oxidative stress and oxidative damage, to inhibit complexes of respiratory chain in mitochon‐
dria, and to inhibit enzymes of Krebs cycle [117, 132, 133, 147, 148]. However clear and exact
mechanisms interface between amyloid β peptide and increased oxidative damage are
unknown. Oxidative damage of amyloid degrading enzymes can be result of pathological
changes of Alzheimer`s disease as well as a contributing factor to amyloid β peptide accumu‐
lation and generation of amyloid plaques. During ageing we observed protein and lipid
oxidative damage that was caused by increased production of reactive oxygen species and
insufficient or inadequate antioxidant defence. Age-related increasing production of reactive
oxygen species could be one of a key factor leading to the age-related diseases, including
neurodegenerative disease. Elevated oxidative damage and accumulation of amyloid deposits
can have repercussion on deepened oxidative damage, preference of amyloid processing of
amyloid precursor protein and development of Alzheimer`s disease.
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4.2. Alzheimer`s disease and polymorphism in antioxidant enzymes

Oxidative damage is one of the mechanisms which results in stimulation of the amyloid
pathway of APP processing therefore genes of antioxidant enzymes could present another
group of candidate genes. Superoxide dismutase represents the most important part of an
active antioxidant defence. The genes encoding SOD1, SOD2, SOD3 are located in different
chromosomes and in all of them polymorphisms have been described. SOD1 is encoded on
21q22.1, SOD2 on 6q25.3, and SOD3 on 4p16.3-q21. Regulation of SOD genes plays a crucial
role in balancing the reactive oxygen species concentration. In SOD1 has been observed
substitution of A to C at the non-coding position 35. This polymorphism influence SOD1
activity [56]. Substitution T to C at position 24, resulting in a valine to alanine substitution at
amino acid 16 has been identified in SOD2. In SOD3 gene has been identified three single
nucleotide polymorphism: alanine to threonine substitution at amino acid 40, phenylalanine
to cysteine at amino acid 131, and finally the most studied polymorphism which represents
substitution of arginine to glycine at amino acid 213. It has been observed no linkage between
AD polymorphism in SOD1 [37, 105]. It was observed that three polymorphisms in SOD2 can
be associated with development of AD [173].

Catalase is a common antioxidant enzyme responsible for controlling hydrogen peroxide
concentrations in cells. The catalase gene is located on chromosome 11p13. There are known
different polymorphisms of this enzyme in coding regions [67, 93] and in non-coding regions
as well [27, 58, 68, 93, 164, 180]. A common polymorphism in the promoter region of the catalase
gene consists of a C to T substitution at position -262 in the 5' region [58], which is thought to
result in reduced activity. Catalase gene polymorphism does not confirm a protective role in
AD patients.

Glutathione transferases have historically also been called glutathione-S-transferases, and it is
this latter name that gives rise to the widely used abbrevation, GST. Three major families of
proteins the cytosolic, mitochondrial and microsomal (membrane-associated proteins in
eicosanoids and glutathione metabolism, MAPEG) are known. In some organisms expression
of GSTs are upregulated by exposure to prooxidants [6, 41, 167]. Seven classes of cytosolic
glutathione transferases are recognising in mammals (Alpha, Mu, Pi, Sigma, Theta, Omega,
and Zeta) [76]. At least 16 cytosolic GST subunits exist in human and display polymorphisms,
and this is probably to contribute to interindividual differences in responses to diseases and
xenobiotics. GSTM1 is one of the genes encoding the Mu class of enzymes. Gene for GSTM1
has been mapped to glutathione transferase mu gene cluster on chromosome 1p13.3. Three
polymorphisms of GSTM1 have been identified: a substitution (GSTM1A and GSTM1B) and
a deletion [131, 175]. The alleles of the substitution variant differ by C to G transition at base
position 534, resulting in a lysine to asparagine substitution at amino acid 172 [34, 75]. There
is no evidence to date that GSTM1A and GSTM1B alleles are functionally different from one
another; thus these alleles are typically categorized together as a single functional phenotype.
Other polymorphism is a deletion – GSTM1 null variant that results in a lack of functional gene
product and null genotype of GSTM1 was shown as a risk factor in Italian AD patients. The
GSTT1 gene is located at 22q11.2. Absence of both alleles for this gene represents null variant
analogous to GSTM1. Deletion of whole gene results in the lack of enzymatic activity [152].
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Gene for GSTP1 is one of the most intensive studying genes of glutathione transferase family
and has been mapped on chromosome 11q13 and comprising nine exons. There are known
two polymorphisms of GSTP1: substitution of isoleucine to valine at amino acid 105 and
alanine to valine at amino acid 114, demonstrating different catalytic efficiencies due to
changes in the active site [3]. Polymorphism in GSTP1 may represent risk factor for AD and
with advancing age [125, 151]. Presence of gene for GSTM1 and GSTT1 could be a protective
factor [125, 157].

The GPX1 gene is located in the 3p21 locus; the pro198leu polymorphism involves a change
of thymine (T) for cytosine (C), which leads to the substitution of leucine (leu) for proline (pro),
whose recessive allele leu has been linked to 70% reduction of enzyme activity. The leucine
allele of GPX1 may be a possible risk factor [118].

Subjects carrying the HO-1 (-413) TT genotype might show a higher AD risk due to their genetic
inability to induce a more effective HO-1 protective response [83]. Authors showed that an AD
risk effect of HO-1 (−413) TT genotype is only apparent in the presence of liver X receptor (LXR)
LXR-β (intron 2) TT, LXR-β (intron 5) AA, or LXR-β (intron 7) TT genotypes. No genetic
association between AD and polymorphisms of heme oxygenase 1 and 2 were observed in a
Japanese population [143]. A (GT)n repeat in the human HO-1 gene promoter region is highly
polymorphic, although no particular alleles are associated with AD or PD [92].

The DNA base excision repair (BER) pathway is the major pathway responsible for removing
oxidative DNA damage caused by oxidative reagents and alkylation and thus protects cells
against the toxic effects of endogenous and exogenous agents and this pathway is of particular
importance in postmitotic tissues such as brain. The first step in the BER pathway is recognition
and removal of the damaged base by a DNA glycosylase. A variety of glycosylases have
evolved to recognize oxidized bases, which are commonly formed by reactive oxygen species
generated during cellular metabolism. One of them is 8-oxoguanine-DNA-glysocylase
(OGG1). The most common polymorphism of OGG1 is in this gene substitution of serine (Ser)
for cysteine (Cys) at codon 326 in exon 7. The variant homozygote is associated with reduced
enzymatic activity [94]. Allele and genotype frequencies of OGG1 were equally distributed
between AD patients and healthy subjects [32, 115]. The Arg46Gln polymorphism of OGG1 is
also not associated with the pathogenesis of AD [47]. Mao et al. [104] identified in AD patients
deletion in OGG1 and their results suggest that defects in OGG1 may be important in the
pathogenesis of AD in a significant fraction of AD.

Apurinic/apyrimidinic endonuclease 1 (APE1) is an enzyme involved in BER pathway. Its
main role in the repair of damaged or mismatched nucleotides in DNA is to create a nick in
the phosphodiester backbone of the AP site created when DNA glycosylase removes the
damaged base. There are four types of AP endonucleases that have been classified according
to their sites of incision. Genetic polymorphism has been identified in APE1 gene and associ‐
ated with cancer risk. One of the most studied polymorphism is Asp148Glu. No association
was found in AD patients [115].

X-ray repair cross-complementing-1 (XRCC) is a protein, which plays a coordinating role for
consecutive stages of the BER system and interacts with several proteins of BER including

Neurodegenerative Diseases434



hOGG1, APE1, DNA polymerase β (pol β) and DNA ligase IIIα [115]. XRCC1 is recruited to
the site of repair till the last stage of ligation, regulating and coordinating the whole process.
More than 60 single nucleotide polymorphisms (SNPs) XRCC1 polymorphisms are known but
the most common polymorphisms in XRCC1 gene are: Arg149Trp, Arg280His, and Arg399Gln,
and are associated with decreased function of XRCC1. It is unlikely that the XRCC1 Arg194Trp
polymorphism plays a major role in the pathogenesis of late-onset AD in elderly Han Chinese
[130] but positive association was found in Turkish population [46]. Arg280His, and
Arg399Gln were not associated with AD [115].

5. Parkinson´s disease

Parkinson´s disease (PD) was firstly described by James Parkinson in 1817. It is the second
most common neurodegenerative disease which affects approximately 1% of the human
population aged 65 and more [80]. PD is slowly progressed disorder characterized by selective
degeneration and loss of dopaminergic neurons in the substantia nigra (SN) pars compacta region
of the midbrain, as well as with the appearance of intracytoplasmic inclusions known as Lewy
bodies [30]. Among clinical symptoms of the disease belong rigidity, resting tremor, bradyki‐
nesia and postural imbalance [139]. Beside motor dysfunctions, as the major clinical features,
non-motor symptoms, such as sleep disturbances, dementia and depression may be present
as well [177].

Familiar PD represents only 5-10% of the total cases of PD. Recently, several gene mutations
have been linked with rare familiar forms of PD (e.g. α-synuclein, parkin, nuclear receptor-
related 1). The most important in early-onset familiar PD is the parkin gene [40]. So far no
genetic changes are definitely connected with sporadic or idiopathic form of the disease.
However, the prevalent form of PD appears to be multifactorial and a combination of envi‐
ronmental and genetic factors, together with ageing, may contribute to the development of the
disease. Biochemical abnormalities that have been detected in sporadic PD include: oxidative
stress [108, 124, 168], mitochondrial and proteasomal dysfunction [116, 142] and glutathione
depletion [10, 177].

5.1. Oxidative damage and Parkinson´s disease

Although the primary cause of PD is still unknown, oxidative stress together with mitochon‐
drial dysfunction are thought to be significantly implicated in the neurodegenerative process.
Excessive formation of reactive oxygen and nitrogen species in PD may damage cellular
components such as lipids, proteins and DNA. Increased lipid peroxidation, measured by
increased amounts of malondialdehyde [42] and 4-hydroxynonenal, as well as increase in the
extent of protein oxidation and elevated concentration of 8-hydroxy-2´-deoxyguanosine, a
product of DNA oxidation [84], in SN provides direct evidence of oxidative damage [43].

Since  majority  of  all  oxygen  is  used  in  mitochondria,  electron  transport  chain  is  major
source of free radicals. Recent research confirmed that about 1-2% of total molecular oxy‐
gen is converted into reactive oxygen species [23].  Post-mortem studies on patients with
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PD have revealed a specific decrease in the activity of NADPH dehydrogenase (complex
I). The alterations in complex I activity were not detected in other regions of the brain, as
well as in other neurodegenerative diseases [142]. Complex I deficiency could contribute
to neurodegeneration in PD not only due to decreased ATP synthesis but also increased
ROS production [11, 137]. Van der Walt et al. [165] also published that the 10398G poly‐
morphism within NADH dehydrogenase 3 may provide significant protection against de‐
veloping PD in Caucasian populations.

Alternatively, ROS may arise during metabolism of dopamine. Autooxidation of dopamine
and its polymerization into neuromelanin produces electrophilic semiquinones and quinones,
which can contribute to ROS production, especially superoxide anion radicals [60]. It is also
known that dopamine is able to coordinate iron and generate Fe2+, providing an important
source of hydroxyl and superoxide radical production [13]. In generally, elevated iron levels
were observed in substantia nigra in PD [149]. A major source of increased iron levels during
PD is microglial activation which induces iron release and free radical production [123]. Free
iron may promote already mentioned autooxidation of dopamine [14]. Oxidative stress
induced by elevated levels of free iron also appears to promote α-synuclein (a prominent
component of Lewy bodies) aggregation, the major histopathological hallmark of PD [75].

Important role in protection of dopaminergic neurons against oxidative stress plays the
antioxidant molecule glutathione (GSH). GSH removes H2O2, which is produced during
cellular metabolism. Perry et al. [121] firstly reported decreased levels of total GSH in autopsied
brains from PD patients. Total GSH is reported to be decreased by 40-50% specifically in nigral
dopaminergic neurons [119]. GSH depletion also appears to correlate with the severity of the
disease and is the earliest known marker of oxidative stress and indicator of degeneration of
nigral neurons [85]. On the other hand, Mythri et al. [108] observed 3-5 fold increase in total
GSH levels in all the non-SN regions of tested PD brains compared to control samples. On the
contrary, they found no significant changes in the levels of protein carbonyls, as markers of
protein oxidation, or nitrosative stress markers. According to these results, they expected that
specific signals from the degenerating dopaminergic SN neurons might induce elevated levels
of GSH and such prevent oxidative damage [108]. Beside GSH, other antioxidant activities are
altered in the SN. The levels of antioxidant enzymes, such as superoxide dismutase, catalase,
glutathione peroxidase and glutathione reductase, were found to be changed in SN [168].

5.2. Parkinson´s disease and polymorphism in antioxidant enzymes

Current research shows that ROS and oxidative damage are part of pathological processes
during PD, but it remains to be determined whether this is a primary event or a consequence
of other cellular dysfunctions. Analysis of polymorphisms of detoxifying enzymes may help
to clarify whether PD may be caused by a genetic predisposition to oxidative stress.

Among antioxidant enzymes, superoxide dismutase (SOD) represents the first line of defence.
From three different SOD isoenzymes, SOD2 appears to be the most relevant in PD because of
its mitochondrial localization. Several research groups confirmed that SOD2 (Ala9Val)
polymorphism is not significantly associated with PD in Caucasian population [52, 69, 146].
On the other hand, some studies, especially on Asian population, found higher Ala allele
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frequency in the group of PD patients [57, 172]. Observed results might be explained by ethnic
differences in genotypes frequencies.

Little is known about the association of catalase polymorphisms and PD. However, Parboo‐
singh et al. [113] observed no connection between mutations of catalase gene and PD.

Glutathione transferases (GST) are the most studied phase II detoxification enzymes. Activity
of GST was observed to be reduced in substantia nigra of PD [145]. Studies of GST polymor‐
phisms and PD yielded mixed results. Several studies confirmed positive association between
GSTM1 and GSTT1 null genotypes and higher risk of PD [120, 157]. On the other hand, other
studies found no association [90, 171]. Similarly, GSTP1 was detected to have only a minor role
in PD [90,, 171]. However, Wahner et al. [90] noted a 32% risk reduction among Caucasian PD
patients carrying at least one GSTO1 and GSTO2 variant allele.

Markedly elevated expression of heme oxygenase 1 was observed in PD and it has been shown
that its overexpression may protect neurons against oxidative stress-induced toxicity [81].
However, Funke et al. [61] found no association of (GT)n fragment length polymorphism in
the promoter region, as well as three other coding SNPs with PD.

Since increased 8-oxo-guanine levels have been observed in PD patients, still more attention
is paid to analysis of genetic polymorphisms of oxoguanine DNA glycosylase (OGG1), which
removes oxidized guanine from DNA. Coppede et al. [33] published that hOGG1 Ser326Cys
polymorphism is not associated with sporadic form of PD.

6. Huntington`s disease

Huntington`s disease (HD) is an autosomal dominant inherited neurodegenerative disorder
of the central nervous system. Worldwide prevalence of HD is 5 to 8 per 100,000 people with
no gender preponderance [74]. HD is characterized by cognitive and memory dysfunctions,
weight loss, and choreiform movements. It is caused by an expansion of a polymorphic three
nucleotide repeat sequence CAG in the exon 1 of the gene coding for the protein huntingtin
(htt) on chromosome 4 (4p16.3) [82]. Wild type htt may exert a variety of intracellular functions
such as: protein trafficking, vesicle transport and anchoring to the cytoskeleton, clathrine-
mediated endocytosis, postsynaptic signaling, transcriptional regulation, and anti-apoptotic
function [65]. For instance, htt is involved in fast axonal transport, enhancing vesicular
transport of brain-derived neurotrophic factor along microtubules [62, 159]. The protein htt
consists of a series of CAG repeats coding for glutamine residues (polyQ) followed by two
short stretches of prolines. Normally, the number of the polyglutamine repeats is 10-29
(median, 18). By contrast, HD patients have expanded numbers of CAG repeats, from 39 to
121 (median, 44). Expanded repeats cause a conformational change in the htt promoting the
formation of intracellular aggregates, mainly in medium spiny neurons where the expression
of huntingtin is elevated. The number of CAG repeats is inversely correlated with the age of
disease onset, and disease progression is rapid in patients with more CAG expansion [96]. In
brain, the most remarkable changes are found within the striatum, there is a gradual atrophy
of the caudate nucleus and putamen [170].
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6.1. Oxidative damage and Huntington`s disease

The generation of reactive oxygen species and the consequent oxidative stress is thought to
play a pivotal role in the neurodegeneration observed in HD [53, 71] (Ferrante, Grunewald).
Several lines of evidence suggest that not only increased oxidative stress, but also protein
metabolism impairment, mitochondrial dysfunction, and they interplay contribute to neuronal
dysfunction in HD [18, 19, 112, 128].

DNA fragmentation is significantly increased in human HD patients and correlates with the
length of CAG repeats [20]. The oxidation of DNA leads to the formation of the metabolite 8-
hydroxy-2`-deoxyguanosine (OHdG) which is a direct result of free radical activity [128].
Significant increases of OHdG levels, coming from nuclear DNA, occur in the caudate nucleus
and parietal cortex in postmortem tissue of HD patients [18, 128]. In addition, increased
oxidative damage to DNA is present in serum from HD patients [29, 79. Moreover, the
improvement of elevated OHdG by creatine treatment suggests OHdG as a promising
peripheral biomarker [79]. These findings are in consensus with the elevated levels of OHdG
that occur in other neurodegenerative diseases in which oxidative stress is implicated as a
pivotal pathogenic mechanism [55]. Nevertheless, some research groups have not confirmed
changes in OHdG levels in HD patients [2].

Elevated levels of malondialdehyde (MDA), a marker of lipid peroxidation, have been
documented in HD brain [72]. Elevated levels of MDA have also been shown in the peripheral
blood of HD patients, and preliminary results suggest that the levels of lipid peroxidation
(MDA level) appear to be correlated to disease severity [29, 155]. Reduced activities of
erythrocyte glutathione peroxidase and Cu/Zn-superoxid dismutase in HD patients implicate
that the defense mechanism is impaired in peripheral blood cells of HD. Because of ubiquitous
expression of huntingtin, the peripheral abnormalities may reflect the same consequences to
mutant huntingtin in the brain [29]. An abnormal accumulation of lipofuscin, product of
unsaturated fatty acid lipid peroxidation, has been proven in HD patients [17]. Supplemental
markers of oxidative damage, as for example inducible form of heme oxygenase, 3-nitrotyro‐
sine, and above mentioned malondialdehyde, are elevated in human HD striatum and cortex
compared with age-matched control brain specimens [19, 54].

The primary source of reactive oxygen species in neurons is mitochondria. Mitochondrial
dysfunction in HD is closely associated with oxidative stress. In was first reflected that here
was an energetic impairment in HD, because HD patients exhibit profound weight loss despite
continual caloric intake [20, 21]. Lowered glucose utilization in striatum of HD patients early
stages prior to pronounced striatal atrophy [97]. Mitochondrial functional abnormalities were
observed, such is a defect in succinate dehydrogenase in the caudate of postmortem HD brains.
Subsequent studies confirmed that there was a significant decrease in complex II activity in
the caudate nucleus, in complex III activity in the caudate and putamen, and of complex IV in
the putamen of HD brains [18, 72, 103].

Plasma lipid peroxide and lactate concentrations as indicators of oxidative stress and mito‐
chondrial dysfunction, were significantly elevated in HD patients. On contrary, aspartate and
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glutamate aminopeptidase activities were significantly reduced in HD patients. These changes
may be related to the progression of the disease [49].

6.2. Polymorphisms and Huntington`s disease

Besides CAG repetition in huntingtin gene, there are 2 genetic polymorphisms in the full-
length htt gene. One of them, named CCG polymorphism is located in the first proline-rich
fragment, second one is delta 2642 glutamic acid polymorphism. Previous studies have shown
that alleles with 7 or 10 repeats are predominant in CGG polymorphism, but the distribution
from among ethnics is variable. In western population is strong association between the 7
repeat CCG allele and HD [156]. On contrary, in Japanese population has been shown
association with the 10 repeat CCG allele and HD [107]. Latest study performed on Chinese
population compared the clinical features between the 7 and 10 repeats CCG alleles, but did
not find any statistical significant results [178].

It was proposed a model that somatic expansion of CAG repeats in HD cells might contribute
to disease onset and progression of HD and is mediated by the DNA repair oxoguanine
glycosylase 1 (OGG1) enzyme [95]. This enzyme removes 8-oxoguanine from the DNA. Study
of the hOGG1 Ser326Cys polymorphism performed on 91 patients showed that bearers of
mutant Cys allele appear to have an increased number of the CAG repeats of the expanded
HD allele. Since this is the first evidence of an association between the hOGG1 genotype and
both CAG repeat length and age at onset of the HD, for confirmation, further studies are
required [31].

7. Conclusions

Population ages therefore neurodegenerative diseases are in a centre of interest. Several studies
showed that missing antioxidant genes may have negative effect on central nervous system
and may represent a risk for development of neurodegenerative diseases. Unfortunately
majority of results are from animals and cell tissue studies. Animal studies, in vitro and ex
vivo studies are full of positive effects of single antioxidant gene overexpression such as
superoxide dismutase, catalase and antioxidant therapy may represent promising treatment.
Molecular and genetic analyses represent a new potential for neurodegenerative diseases
studying. The role of gene polymorphisms and many others gene polymorphisms as risk
factors for the occurrence of neurodegenerative diseases are still controversial. Moreover
impact of gene polymorphisms can depend on several different factors, especially for neuro‐
degenerative diseases, such as ethnicity, social environment, life style. We need new studies
for clear determination of antioxidant gene polymorphisms. Moreover multiple genotype
analyses are necessary as well because a single gene polymorphism can be without relationship
to increased risk of neurodegenerative disorders but the combination of gene polymorphisms
may have significant effect, positive or negative.

Oxidative Changes and Possible Effects of Polymorphism of Antioxidant Enzymes in Neurodegenerative Disease
http://dx.doi.org/10.5772/54619

439



Acknowledgements

Project was supported by grants VEGA 1/0071/11 and Ministry of Health 2007/57- UK-17.

Author details

Eva Babusikova, Andrea Evinova, Jozef Hatok, Dusan Dobrota and Jana Jurecekova

Comenius University in Bratislava, Jessenius Faculty of Medicine in Martin, Department of
Medical Biochemistry, Martin, Slovakia

References

[1] Agarwal S, Sohal RS. Relationship between susceptibility to protein oxidation, aging,
and maximum life span potential of different species. Experimental Gerontology
(1996); 31(3), 387-392.

[2] Alam ZI, Halliwell B, Jenner P. No evidence for increased oxidative damage to lipids,
proteins, or DNA in Huntington’s disease. Journal of Neurochemistry, 2000; 75(2),
840–846.

[3] Ali-Osman F, Akande O, Antoun G, Mao JX, Buolamwini J. Molecular cloning, char‐
acterization, and expression in Escherichia coli of full-length cDNAs of three human
glutathione S-transferase Pi gene variants. Evidence for differential catalytic activity
of the encoded proteins. The Journal of Biological Chemistry, 1997; 272(15),
10004-10012.

[4] Alonso AC, Li B, Grundke-Iqbal I, Iqbal K. Mechanis, of tau-induced neurodegenera‐
tion in Alzheimer disease and related tauopathies. Current Alzheimer Research,
2008; 5(4), 375-384.

[5] Ames BN, Shigenaga MK, Hagen TM. Oxidants, antioxidants, and the degenerative
diseases of aging. Proceedings of the National Acadademy of the Sciences of the
United States of America, 1993; 90(17), 7915-7922.

[6] An JH, Blackwell TK. SKN-1 links C. elegans mesendodermal specification to a con‐
served oxidative stress response. Genes and Development, 2003; 17(15), 1882-1893.

[7] Babusikova E, Hatok J, Dobrota D., Kaplan P. Age-related oxidative modifications of
proteins and lipids in rat brain. Neurochemical Research, (2007); 32(8), 1351-1356.

[8] Babusikova E., Jesenak M. Mitochondria and Ageing: Do Mitochondria Play a Key
Role? In: Svensson OL. (ed.) Mitochondria: Structure, Functions and Dysfunctions.
New York: Nova Science; 2011. p377-410.

Neurodegenerative Diseases440



[9] Babusikova E., Evinova A., Jurecekova J., Jesenak M., Dobrota D. Alzheimer’s dis‐
ease: Definition, molecular and genetic factors. In: Chang R.Ch.-Ch. (ed.) Under‐
standing of neurodegenerative diseases. Rijeka: InTech; 2011. p3-28.

[10] Barath S, Hsu M, Kaur D, Rajagopalan, Andersen JK. Glutathione, iron and Parkin‐
son´s disease. Biochemical Pharmacology, 2002; 64(5-6), 1037-1048.

[11] Beal MF. Mitochondria take center stage in aging and neurodegeneration. Annals of
Neurology, 2005; 58(4), 495-505.

[12] Behl C, Davis JB, Lesley R, Schubert B. Hydrogen peroxide mediates amyloid beta
protein toxicity. Cell, 1994; 77(6), 817-827

[13] Ben-Shachar D, Youdim MBH. Iron, melanin and dopamine interaction:relevance to
Parkinson´s disease. Progress in Neuro-Psychopharmacology and Biological Psychia‐
try, 1993; 17(1), 139-150.

[14] Berg D, Gerlach M, Youdim MB, Double KL, Zecca L, Riederer P, Becker G. Brain
iron pathways and their prevalence to Parkinson´s disease. Journal of Neurochemis‐
try, 2001; 79(2), 225-236.

[15] Bergendi L, Benes L, Durackova Z, Ferencik M. Chemistry, physiology and patholo‐
gy of free radicals. Life Sciences 1999; 65(18-19), 1865-1874.

[16] Berlett BS, Stadtman ER. Protein oxidation in aging, disease, and oxidative stress.
The Journal of Biological Chemistry, 1997; 272(33), 20313-20316.

[17] Braak H, Braak E. Allocortical involvement in Huntington’s disease. Neuropathology
and Applied Neurobiology, 1992; 18(6), 539–547.

[18] Browne SE, Bowling AC, Macgarvey U, Baik MJ, Berger SC, Muqit MM, Bird ED,
Beal MF. Oxidative damage and metabolic dysfunction in Huntington’s disease: Se‐
lective vulnerability of the basal ganglia. Annals of Neurology, 1997; 41(5), 646–653.

[19] Browne SE, Ferrante RJ, Beal MF. Oxidative stress in Huntington’s disease. Brain
Pathology, 1999; 9, 147–163.

[20] Browne SE, Beal MF. The energetics of Huntington’s disease, Neurochemical Re‐
search, 2004; 29(3), 531–546.

[21] Browne SE. Mitochondria and Huntington’s disease pathogenesis. Insight from Ge‐
netic and Chemical Models, Annals of the New York Acadademy of Sciences.
2008;1147, 358–382.

[22] Byrne E. Does mitochondrial respiratory chain dysfunction have a role in common
neurodegenerative disorders? Journal of Clinnal Neuroscience, 2002; 9(5), 497-501.

[23] Cadenas E, Davies KJ. Mitochondrial free radical generation, oxidative stress, and ag‐
ing. Free Radical Biology and Medicine, 2000; 29(3-4), 222-230.

Oxidative Changes and Possible Effects of Polymorphism of Antioxidant Enzymes in Neurodegenerative Disease
http://dx.doi.org/10.5772/54619

441



[24] Cakatay U, Telci A, Kayali R, Tekeli R, Akcay T, Sivas A. Relation of oxidative pro‐
tein damage and nitrotyrosine levels in the aging rat brain. Experimental Gerontolo‐
gy, 2001; 36(2), 221-229.

[25] Carr DB, Goate A, Phil D, Morris JC. Current concepts in the pathogenesis of Alz‐
heimer s disease. The American Journal of Medicine, 1997; 103(3A), 3S-10S.

[26] Cash AD, Perry G, Ogawa O, Raina AK, Zhu X, Smith MA. Is Alzheimer's disease a
mitochondrial disorder? The Neuroscientist: A Review Journal Bringing Neurobiolo‐
gy, Neurology and Psychiatry, 2002; 8(5), 489-896.

[27] Casp C., She JX, McCormack WT. Genetic association of the catalase gene (CAT) with
vitiligo susceptibility. Pigment Cell Research, 2002; 15(1), 62-66.

[28] Chen JJ, Bertrand H, Yu BP. Inhibition of adenine nucleotide translocator by lipid
peroxidation products. Free Radical Biology and Medicine, 1995; 19(5), 583-390.

[29] Chen CM, Wu YR, Cheng ML, Liu JL, Lee YM, Lee PW, Soong BW, Chiu DTY. In‐
creased oxidative damage and mitochondrial abnormalities in the peripheral blood
of Huntington’s disease patients. Biochemical and Biophysical Research Communica‐
tions, 2007; 359(2), 335–340.

[30] Chinta JS, Andersen JK. Redox imbalance in Parkinson´s disease. Biochimica et Bio‐
physica Acta, 2008; 1780(11), 1362-1367.

[31] Coppede F, Geravolo R, Migheli F, Fanucchi f, Frosini D, Siciliano G, Bonuccelli U,
Migliore L. The hOGG1 Ser326Cys polymorphism is not associated with sporadic
Parkinson's disease. Neuroscience Letters, 2010; 473(3), 248-451.

[32] Coppedè F, Mancuso M, Lo Gerfo A, Manca ML, Petrozzi L, Migliore L, Siciliano G,
Murri L. A Ser326Cys polymorphism in the DNA repair gene hOGG1 is not associat‐
ed with sporadic Alzheimer΄s disease. Neuroscience Letters, 2007; 414(3), 282-285.

[33] Coppede F,Migheli F, Ceravolo R, Bregant E, Rocchi A, Petrozzi L, Unti E, Lonigro R,
Siciliano G, Migliore L. The hOGG1 Ser326Cys polymorphism and Huntington’s dis‐
ease. Toxicology, 2010; 278(2), 199–203.

[34] Cotton SC, Sharp L, Little J, Brockton N. Glutathione S-transferase polymorphisms
and colorectal cancer: a HuGE review. American Journal of Epidemiology, 2000;
151(1), 7-32.

[35] Crossgrove JS, Smith EL, Zheng W. Macromolecules involved production and metab‐
olism of beta-amyloid at the brain barriers. Brain Research, 2007; 1138, 187-195.

[36] Croteau DL, Bohr VA. Repair of oxidative damage t nuclear and mitochondrial DNA
in mammalian cells. The Journal of Biological Chemistry, 1997; 272(41), 25409-25412.

[37] David F, Intrator S, Foncin JF, Salmon D, Lucotte G. Absence of a close linkage be‐
tween Alzheimer΄s disease and the polymorphic probe coding for superoxide dismu‐
tase 1. Comptes Rendus de l’Académie des Sciences - Series III, 1988; 306(1), 1-4.

Neurodegenerative Diseases442



[38] Davies KJA. Protein damage and degeneration by oxygen radicals. The Journal of Bi‐
ological Chemistry, 262, 1987; 9895-9901.

[39] Davies MJ, Fu S, Wang H, Dean RT. Stable markers of oxidant damage to proteins
and their application in the study of human disease. Free Radical Biology and Medi‐
cine, 1999; 27(11-12), 1151-1163.

[40] Dekker MC, Bonifati V, van Duijn CM. Parkinson´s disease: piecing together a genet‐
ic jigsaw. Brain, 2003; 126(pt 8), 1722-1733.

[41] Desikan R, A-H-Mackerness S, Hancock JT, Neill SJ. Regulation of the Arabidopsis
trancriptome by oxidative stress. Plant Physiology, 2001; 127(1), 159-172.

[42] Dexter DT, Cater AE, Wells FR, Javoy-Agid F, Agid Y, Lees A, Jenner P, Marsden
CD. Basal lipid peroxidation in substantia nigra is increased in Parkinson´s disease.
Journal of Neurochemistry, 1989; 52(2), 381-389.

[43] Dexter DT, Holley AE, Flitter WD, Slatter TF, Wells FR, Daniel SE, Lees AJ, Jenner P,
Marsden CD. Increased levels of lipid hydroperoxides in parkinsonian substamtia ni‐
gra:an HPLC and ESR study. Movement Disorders, 1994; 9(1), 92-97.

[44] Dickstein DL, Biron KE, Ujiie M, Pfeifer CG, Jeffries AR, Jefferies WA. Abeta peptide
immunization restored blood-brain barrier integrity in Alzheimer disease. FASEB J.
2006; 20(3), 426-433.

[45] DiMauro S, Tanji K, Bonilla E, Pallotti F, Schon EA. Mitochondrial abnormalities in
muscle and other aging cells: classification, causes, and effects. Muscle Nerve, 2002;
26(5), 597-607.

[46] Doğru-Abbasoğlu S, Aykaç-Toker G, Hanagasi HA, Gürvit H, Emre M, Uysal M.
(2007). The Arg194Trp polymorphism in DNA repair gene XRCC1 and the risk for
sporadic late-onset Alzheimer΄s disease. Neurologal Sciences, 2007; 28(1), 31-34.

[47] Dorszewska J, Kempisty B, Jaroszewska-Kolecka J, Rózycka A, Florczak J, Lianeri M,
Jagodziński PP, Kozubski W. Expression and polymorphisms of gene 8-oxoguanine
glycosylase 1 and the level of oxidative damage in peripheral lood lymphocytes of
patients with Alzheimer΄s disease. DNA Cell Biology, 2009; 28(11), 579-588.

[48] Dukan S, Farewell A, Ballesteros M, Taddei F, Radman M, Nyström T. Protein oxida‐
tion in response to increased transcriptional or translational errors. Proceedings of
the National Acadademy of the Sciences of the United States of America, 2000;
97(11), 5746-5749.

[49] Duran R, Barrero FJ, Morales B, Luna JD, Ramirez M, Vives F. Oxidative stress and
plasma aminopeptidase activity in Huntington’s disease. Journal of Neural Transmi‐
sion, 2010; 117(3), 325–332.

Oxidative Changes and Possible Effects of Polymorphism of Antioxidant Enzymes in Neurodegenerative Disease
http://dx.doi.org/10.5772/54619

443



[50] Eaton P, Li J-M, Hearse DJ, Shattock MJ. Formation of 4-hydroxy-2-nonenal-modified
proteins in ischemic rat heart. The American Journal of Physiology, 1999; 276(3),
H935-H943.

[51] Esterbauer H, Schaur RJ, Zollner H. Chemistry and biochemistry of 4-hydroxynone‐
nal, malondialdehyde and related aldehydes. Free Radical Biology and Medicine,
1991; 11(1), 81-128.

[52] Farin FM, Hitosis Y, Hallagan SE, Kushleika J, Woods JS, Janssen PS, Smith-Weller T,
Franklin GM, Swanson PD, Checkoway H. Genetic polymorphism of superoxid dis‐
mutase in Parkinson´s disease. Movement Disorders, 2001; 16(4), 705-707.

[53] Ferrante RJ, Beal MF, Kowall NW. Mechanisms of neuronal degeneration in Hun‐
tington’s disease. In: The Basal Ganglia IV: New Ideas and Data on Structure and
Function. G. Percheron, Js. Mckenzie & J. Feger, Eds. Plenum Press. New York, 1994.
p149–161

[54] Ferrante RJ, Kowall NW, Hersch SM, et al. 1996. Immunohistochemical localization
of markers of oxidative injury in Huntington’s disease. 26th Annual Meeting of the
Society for Neuroscience. Washington, DC.

[55] Ferrante RJ, Browne SE, Shinobu LA. Bowling AC, Baik MJ, MacGarvey U, Kowall
NW, Brown RH Jr, Beal MF. Evidence of increased oxidative damage in both spora‐
dic and familial amyotrophic lateral sclerosis. Journal of Neurochemistry, 1997; 69(5),
2064–2074.

[56] Flekac M, Skrha J, Hilgertova J, Lacinova Z, Jarolimkova M. Gene polymorphisms of
superoxide dismutases and catalase in diabetes mellitus. BMC Medical Genetics,
2008; 9(30)

[57] Fong CS, Wu RM, Shieh JC, Chao YT, Fu YP, Kuao CL, Cheng CW. Pesticide expo‐
sure on southwestern Taiwanese with MnSOD and NQO1 polymorphisms is associ‐
ated with increased risk of Parkinson's disease. Clinica Chimica Acta, 2007; 378(1-2),
136-141.

[58] Forsberg L, Lyrenäs L, de Faire U, Morgenstern R. A common functional C-T substi‐
tution polymorphism in the promoter region of the human catalase gene influences
transcription factor binding, reporter gene transcription and its correlated to blood
catalase levels. Free Radical Biology and Medicine, 2001; 30(5), 500-505.

[59] Fu S, Davies J, Dean RT. Molecular aspects of free radical damage to proteins. In: Ar‐
uoma OI, and Halliwell B. (eds.) Molecular biology of free radicals in human diseas‐
es, 1998. p29-56.

[60] Fukae J, Mizuno Y, Hattori N. Mitochondrial dysfunction in Parkinson´s disease. Mi‐
tochondrion, 2007; 7(1-2), 58-62.

Neurodegenerative Diseases444



[61] Funke C, Tomiuk J, Riess O, Berg D, Soehn AS. Genetic analysis of heme oxygenase-1
(HO-1) in German Parkinson's disease patients. Journal of Neural Transmission,
2009; 116(7), 853-859.

[62] Gauthier LR, Charrin BC, Borrell-Pages M, Dompierre JP, Rangone H, Cordelières
FP, De Mey, J, MacDonald ME, Lessmann V, Humbert S, Saudou F. Huntingtin con‐
trols neurotrophic support and survival of neurons by enhancing BDNF vesicular
transport along microtubules. Cell, 2004; 118 (1), 127–138.

[63] Ghiso J, Frangione B. Amyloidosis and Alzheimer`s disease. Advanced Drug Deliv‐
ery Reviews, 2002; 54(12), 1539-1551.

[64] Giulivi C, Davies KJA. Dityrosine: a marker for oxidatively modified proteins and se‐
lective proteolysis. Methods Enzymology, 1994; 233, 363-371.

[65] Gil JM, Rego AC. Mechanisms of neurodegeneration in Huntington`s disease. Euro‐
pean Journal of Neurosciene, 2008; 27(11), 2803-2820.

[66] Glenner GG, Wong CW. Alzheimer`s disease: initial report of the purification and
characterization of a novel cerebrovascular amyloid protein. Biochemical and Bio‐
physical Research Communications, 1984; 120(3), 885-889.

[67] Goth L. Genetic heterogeneity of the 5' uncoding region of the catalase gene in Hun‐
garian acatalasemic and hypocatalasemic subjects. Clinica Chimica Acta, 1998; 271(1),
73-78.

[68] Goth L, Vitai M, Rass P, Sükei E, Pay A. Detection of a novel familial catalase muta‐
tion (Hungarian type D) and the possible risk of inherited catalase deficiency for dia‐
betes mellitus. Electrophoresis, 2005; 26(9), 1646-1649.

[69] Grasbon-Frodl EM, Kosel S, Riess O, Muller U, Mehraein P, Graeber MB. Analysis of
mitochondrial targeting sequence and coding region polymorphisms of manganese
superoxide dismutase gene in German Parkinson disease patients. Biochemical and
Biophysical Research Communications, 1999; 255(3), 749-752.

[70] Grundke-Iqbal I, Iqbal K, Tung YC, Quinlan M, Wisniewski HM, Binder LI. Abnor‐
mal phosphorylation of the microtubule-associated protein tau (tau) in Alzheimer cy‐
toskeletal pathology. Proceedings of the National Acadademy of the Sciences of the
United States of America, 1986; 83(13), 4913-4917.

[71] Grunewald T, Beal MF. Bioenergetics in Huntington’s disease. Annals of the New
York Acadademy of Sciences, 1999; 893, 203–213.

[72] Gu M, Gash MT, Mann VM, Javoy-Agid F, Cooper JM, Schapira AH. Mitochondrial
defect in Huntington’s disease caudate nucleus, Annals of Neurology, 1996; 39(3),
385–389.

[73] Hardy J, Selkoe DJ. The amyloid hypothesis of Alzheimer s disease: progress and
problems on the road to therapeutics. Science, 2002; 297 (5580), 353-356.

Oxidative Changes and Possible Effects of Polymorphism of Antioxidant Enzymes in Neurodegenerative Disease
http://dx.doi.org/10.5772/54619

445



[74] Harper PS. The epidemiology of Huntington’s disease. Human Genetics, 1986; 89,
365–376.

[75] Hashimoto M, Hsu LJ, Xia Y, Takeda A, Sisk A, Sundsmo M, Masliah E. Oxidative
stress induced amyloid-like aggregate formation of NACP/alpha-synuclein in vitro.
NeuroReport, 1999; 10(4), 717-721.

[76] Hayes JD, Pulford DJ. The glutathione S-transferase supergene family: regulation of
GST and the contribution of the isoenzymes to cancer chemoprotection and drug re‐
sistance. Critical Reviews in Biochemistry and Molecullar Biology, 1995; 30(6),
445-600.

[77] Hengartner MO. The biochemistry of apoptosis. Nature, 2000; 407(6805), 770-776.

[78] Hensley K, Carney JM, Mattson MP, Aksenova M, Harris M, Wu JF, Floyd RA, But‐
terfield DA. A model for beta-amyloid aggregation and neurotoxicity based on free
radical generation by the peptide: relevance to Alzheimer disease. Proceedings of the
National Acadademy of the Sciences of the United States of America, 1994; 91(8),
3270-3274.

[79] Hersch SM, Gevorkian S, Marder K, Moskowitz C, Feigin A, Cox M, Como P, Zim‐
merman C, Lin M, Zhang L, Ulug AM, Beal MF, Matson W, Bogdanov M, Ebbel E,
Zaleta A, Kaneko Y, Jenkins B, Hevelone N, Zhang H, Yu H, Schoenfeld D, Ferrante
R, Rosas HD. Creatine in Huntington disease is safe, tolerable, bioavailable in brain
and reduces serum 8OH2’dG. Neurology, 2006; 66(2), 250–252.

[80] Huang Y, Cheung L, Rowe D, Halliday G. Genetic contribution to Parkinson´s dis‐
ease. Brain Research Reviews, 2004; 46(1), 44-70.

[81] Hung SY, Liou HC, Kang KH, Wu RM, Wen CC, Fu WM. Overexpression of heme
oxygenase-1 protects dopaminergic neurons against 1-methyl-4-phenylpyridinium-
induced neurotoxicity. Molecular pharmacology, 2008; 74(6), 1564-1575.

[82] Huntington’sDiseaseCollaborativeResearchGroup. A novel gene containing a trinu‐
cleotide repeat that is expanded and unstable on Huntington’s disease chromosomes.
Cell, 1993; 72, 971–983.

[83] Infante J, Rodriguez- Rodriguez E, Mateo I, Llorca J, Vazquez-Higuera JL, Berciano J,
Combarros O. Gene-gene interaction between heme oxygenase-1 and liver X recep‐
tor-β and Alzheimer`s disease risk. Neurology of Aging, 2010; 31(4), 710-714.

[84] Jenner P. Oxidative stress in Parkinson´s disease. Annals of Neurology, 2003; 53(3),
S26-S38.

[85] Jenner P. Presymptomatic detection of Parkinson´s disease. Journal of Neural Trans‐
mission, 1993; 40, 23-36.

[86] Kanungo MS. A model for ageing. The Journal of Theoretical Biology, 1975; 53(2),
253-261.

Neurodegenerative Diseases446



[87] Kawai M, Kalaria RN, Harik SI, Perry G. The relationship of amyloid plaques to cere‐
bral capillaries in Alzheimer`s disease. The American Journal of Pathology, 1990;
137(6), 1435-1446.

[88] Kawarabayashi T, Younkin LH, Saido TC, Shoji M, Ashe KH, Younkin SG. Age-de‐
pendent changes in brain, CSF, and plasma amyloid (beta) protein in the Tg2576
transgenic mouse model of Alzheimer`s disease. Journal of Neuroscience, 2001; 21(2),
372-381.

[89] Keil U, Bonert A, Marques CA, Scherping I, Weyermann J, Strosznajder JB, Müller-
Spahn F, Haass C, Czech C, Pradier L, Müller W E, Eckert A. Amyloid beta-induced
changes in nitric oxid production and mitochondrial activity lead to apoptosis. The
Journal of Biological Chemistry, 2004; 279(48), 50310-50320.

[90] Kelada SN, Stapleton PL, Farin FM, Bammler TK, Eaton DL, Smith-Weller T, Frank‐
lin GM, Swanson PD, Longstreth Jr. WT, Checkoway H. Glutathione S-transferases
M1, T1 and P1 polymorphisms and Parkinson's disease. Neurosciense Letters, 2003;
337(1), 5-8.

[91] Keller JN, Mark RJ, Bruce AJ, Blanc E, Rothstein JD, Uchida K, Waeg G, Mattson MP.
4-hydroxynonenal, an aldehydic product of membrane lipid peroxidation, impairs
glutamate transport and mitochondrial function in synaptosomes. Neuroscience,
1997; 80(3), 685-696.

[92] Kimpara T, Takeda A, Watanabe K, Itoyama Y, Ikawa S, Watanabe M, Arai H, Sasaki
H, Higuchi S, Okita N, Takase S, Saito H, Takahashi K, Shibahara S. Microsatellite
polymorphism in the human heme oxygenase-1 gene promoter and its application in
association studies with Alzheimer and Parkinson disease. Human Genetic, 1997;
100(1), 145-147.

[93] Kishimoto Y, Murakami Y, Hayashi K, Takahara S, Sugimura T, Sekiya T. Detectio‐
nof a common mutation of the catalase gene in Japanese acatalasemic patients. Hu‐
man Genetic, 1992; 88(5), 487-490.

[94] Kohno T, Shinmura K, Tosaka M, Tani M, Kim SR, Sugimura H, Nohmi T, Kasai H,
Yokota J. Genetic polymorphisms and alternative splicing of the hOGG1 gene, that is
involved in the repair of 8-hydroxyguanine in damaged DNA, Oncogene, 1998; 16,
3219–3225.

[95] Kovtun IV, Liu Y, Bjoras M, Klungland A, Wilson SH, McMurray CT. OGG1 initiates
age-dependent CAG trinucleotide expansion in somatic cells. Nature, 2007;
447(7143), 447–452.

[96] Kremer B, Goldberg P, Andrew SE, Theilmann J, Telenius H, Zeisler J, Squitieri F et
al.: A worldwide study of the Huntington’s disease mutation. The sensitivity and
specificity of measuring CAG repeats. The New England Journal of Medicine, 1994;
330, 1401–1406.

Oxidative Changes and Possible Effects of Polymorphism of Antioxidant Enzymes in Neurodegenerative Disease
http://dx.doi.org/10.5772/54619

447



[97] Kuhl DE, Phelps ME, Markham CH, Metter EJ, Riege WH, Winter J. Cerebral metab‐
olism and atrophy in Huntington’s disease determined by 18FDG and computed to‐
mographic scan. Annals of Neurology, 1982; 12(5), 425–434.

[98] Lamperti C, Zeviani M. Encephalomyopathies caused by abnormal nuclear-mito‐
chondrial intergenomic cross-talk. Acta Myologica, 2009; 28(1), 2-11.

[99] Lee VM, Balin BJ, Otvos L Jr., Trojanowski JQ. A68: a major subunit of paired helical
filaments and derivazed forms of normal Tau. Science, 1991; 251(4994), 675-678.

[100] [100] Li R, Lindholm K, Yang LB, Yue X, Citron M, Yan R, Beach T, Sue L, Sabbagh
M, Cai H, Wong P, Price D, Shen Y. Amyloid beta peptide load is correlated with in‐
creased beta-secretase activity in sporadic Alzheimer's disease patients. Proceedings
of the National Acadademy of the Sciences of the United States of America, 2004;
101(10), 3632-3637.

[101] Linnane AW, Marzuki S, Ozawa T, Tanaka M. Mitochondrial DNA mutations as an
important contributor to ageing and degenerative diseases. Lancet, 1989; 1(1),
642-645.

[102] Liu CY, Lee CF, Wei YH. Role of reactive oxygen species-elicited apoptosis in the
pathophysiology of mitochondrial and neurodegenerative diseases associated with
mitochondrial DNA mutations. Journal of the Formosan Medical Association, 2009;
108(8), 599-611.

[103] Mann VM, Cooper JM, Javoy-Agid F, Agid Y, Jenner P, Schapira AH. Mitochondrial
function and parental sex effect in Huntington’s disease. Lancet , 1990; 336(8717),
749.

[104] Mao G, Pan X, Zhu BB, Zhang Y, Yuan F, Huang J, Lovell MA, Lee MP, Markesbery
WR, Li GM, Gu L. (2007). Identification and characterization of OGG1 mutations in
patients with Alzheimer΄s disease. Nucleic Acids Research, 2007; 35(8):2759-2766.

[105] Margaglione M, Garofano R, Cirillo F, Ruocco A, Grandone E, Vecchione G, Mila, G,
Di Minno G, De Blasi A, Postiglione A. Cu/Zn superoxide dismutase in patients with
non-familial Alzheimer΄s disease. Aging (Milano), 1995; 7(1), 49-54.

[106] Mehta PD, Prittila T. Biological markers of Alzheimer s disease. Drug Development
Research, 2002; 56(2), 74-84.

[107] Morovvati S, Nakagawa M, Osame M, Karami A. Analysis of CCG repeats in Hun‐
tingtin gene among HD patients and normal populations in Japan. Archives of Medi‐
cal Research, 2008; 39(1), 131–133.

[108] Mythri RB, Venkateshappa C, Harish G, Mahadevan A, Muthane UB, Yasha TC, Bar‐
ath MMS, Shankar SK. Evaluation of markers of oxidative stress, antioxidant func‐
tion and astrocyte proliferation in the striatum and frontal cortex of Parkinson´s
disease brains. Neurochemical Research, 2011; 36(8), 1452-1463.

Neurodegenerative Diseases448



[109] Nath KA, Grande JP, Haggard JJ, Croatt AJ, Katusic ZS, Solovey A, Hebbel RP. Oxi‐
dative stress and induction of heme oxygenase-1 in the kidney in sickle cell disease.
The American Journal of Pathology, 2001; 158(3), 892-903.

[110] Oldfors A, Tulinius M. Mitochondrial encephalomyophaties. The Journal of Neuro‐
pathology and Experimental Neurology, 2003; 62(3), 217-227.

[111] Otterbein LE, Choi AM. Heme oxygenase: colors of defence against cellular stress.
American Journal of Physiology. Lung Cellular and Molecular Physiology, 2000;
279(6), L1029-L1037.

[112] Panov AV, Gutekunst CA, Leavitt BR, Hayden MR, Burke JR, Strittmatter WJ, Green‐
amyre JT. Early mitochondrial calcium defects in Huntington’s disease are a direct
effect of polyglutamines. Nature Neuroscience, 2002; 5(8), 731–736.

[113] Parboosingh JS, Rousseau M, Rogan F, Amit Z, Chertkow H, Johnson WG, Manga‐
naro F, Schipper HN, Curran TJ, Stoessl J. Absence of mutations in superoxide dis‐
mutase and catalase genes in patients with Parkinson's disease. Archives of
Neurology, 1995; 52(12), 1160-1163.

[114] Paredi P, Leckie MJ, Horvath I, Allegra L, Kharitonov SA, Barnes PJ. Changes in ex‐
haled carbone monoxide and nitric oxide levels following allergen challenge in pa‐
tients with asthma. The European Respiratory Journal, 1999; 13(1), 48-52.

[115] Parildar-Karpuzoğlu H, Doğru-Abbasoğlu S, Hanagasi HA, Karadağ B, Gürvit H,
Emre M, Uysal M. Single nucleotide polymorphisms in base-excisionn repair genes
hOGG1, APE1 and XRCC1 do not alter risk of Alzheimer΄s disease. Neuroscience
Letters, 2008; 442(3), 287-291.

[116] Parker WD, Boyson SJ, Parks JK. Abnormalities of the electron transport chain in idi‐
opathic Parkinson´s disease. Annals of Neurology, 1989; 26(6), 719-723.

[117] Parks JK, Smith TS, Trimmer PA, Bennett JP Jr., Parker WD Jr. Neurotoxic Abeta pep‐
tides increase oxidative stress in vivo through NMDA-receptor and nitric-oxide-syn‐
thase mecanism, and inhibit complex IV activity and induce a mitochondrial
permeability transition in vitro. Journal of Neurochemistry, 2001; 76(4), 1050-1056.

[118] Paz-y-Miño C, Muñoz MJ, López-Cortés A, Cabrera A, Palacios A, Castro B, Paz-y-
Miño N, Sánchez ME. (2010).Frequency of polymorphisms pro198leu in GPX-1 gene
and ile58thr in MnSOD gene in the altitude Ecuadorian population with bladder can‐
cer. Oncological Research, 2010; 18(8), 395-400.

[119] Pearce RKB, Owen A, Daniel S, Jenner P, Marsden CD. Alterations in the distribution
of glutathione in substantia nigra in Parkinson´s disease. Journal of Neural Transmis‐
sion, 1997; 104(6-7), 661-677.

[120] Perez-Pastene C, Graumann R, Diaz-Grez F, Miranda M, Venegas P, Godoy OT, Lay‐
son L, Villagra R, Matala JM, Herrera L, Segura-Aguilar J. Association of GST M1

Oxidative Changes and Possible Effects of Polymorphism of Antioxidant Enzymes in Neurodegenerative Disease
http://dx.doi.org/10.5772/54619

449



null polymorphism with Parkinson's disease in a Chilean population with strong
Amerindian genetic component. Neuroscience Letters, 2007; 418(2), 181-185.

[121] Perry T, Godin DV, Hansen S. Parkinson´s disease: a disorder due to nigral gluta‐
thione deficiency? Neuroscience Letters, 1982; 33(3), 305-310.

[122] Perry G, Taddeo MA, Nunomura A, Zhu X, Zenteno-Savin T, Drew KL, Shimohama
S, Avila J, Castellani RJ, Smith MA. Comparative biology and pathology of oxidative
stress in Alzheimer and other neurodegenerative diseases: beyond damage and re‐
sponse. Comparative Biochemistry and Physiology C, 2002; 133(4), 507-513.

[123] Peterson LJ, Flood PM. Oxidative stress and microglial cells in Parkinson´s disease.
Mediators of inflammation, 2012; 401264.

[124] Pimentel C, Batista-Nascimento L, Rodrigues-Pousada C, Menezes RA. Oxidative
stress in Alzheimer´s and Parkinson´s disease: Insights from the yeast Saccharomyces
cerevisiae. Oxidative Medicine and Cellular Longevity 2012; 132146.

[125] Pinhel MA, Nakazone MA, Cação JC, Piteri RC, Dantas RT, Godoy MF, Godoy MR,
Tognola WA, Conforti-Froes ND, Souza D. Glutathione S-transferase variants in‐
crease susceptibility for late-onset Alzheimer`s disease: association study and rela‐
tionship with apolipoprotein E epsilon 4 allele. Clinical Chemistry and Laboratory
Medicine, 2008; 46(4), 439-445.

[126] Pluta R, Barcikowska M, Januszewski S, Misicka A, Lipkowski AW. Evidence of
blood-brain barrier permeability/leakage for circulationg human Alzheimer`s β-amy‐
loid-(1-42)-peptide. NeuroReport, 1996; 7(7), 1261-1265

[127] Pluta R, Oseka M, Januszewski S, Misicka A, Barcikowska M, Lipkowski AW, Koz‐
niewska E. Circulating human β-amyloid-(1-42)-peptide increases cerebral blood
flow in anesthetized rats. Alzheimer`s Research, 1996; 2, 233-236.

[128] Polidori MC, Mecocci P, Browne SE, Senin U, Beal MF. Oxidative damage to mito‐
chondrial DNA in Huntington’s disease parietal cortex. Neuroscience Letters, 1999;
272(1), 53–56.

[129] Pollack M, Leeuwenburgh Ch. Molecular mechanisms of oxidative stress in aging:
free radicals, aging, antioxidants and disease. In Handbook of Oxidants and Antioxi‐
dants in exercise. 1999. p881-923.

[130] Qian Y, Chen W, Wu J, Tao T, Bi L, Xu W, Qi H, Wang Y, Guo L. (2010). Association
of polymorphism of DNA repair gene XRCC1 with sporadic late-onset Alzheimer΄s
disease and age of onset elderly Han Chinese. Journal of the Neurological Sciences,
2010; 295(1-2), 62-65.

[131] Rebbeck TR. Molecular epidemiology of the human glutathione S-transferase geno‐
types GSTM1 and GSTT1 in cancer susceptibility. Cancer Epidemiology, Biomarkers,
and Preventions, 1997; 6(9), 733-743.

Neurodegenerative Diseases450



[132] Reddy PH, Beal MF. Are mitochondria critical in the pathogenesis of Alzheimer's
disease? Brain Research. Brain Research Reviews, 2005; 49(3), 618-632.

[133] Reddy PH. Amyloid precursor protein-mediated free radicals and oxidative damage:
implications for the development and progression of Alzheimer`s disease. Journal of
Neurochemistry, 2006; 96(1), 1-13.

[134] Robert M, Mathuranath PS. Tau and tauopathies. Neurology India, 2007; 55(1), 11-16.

[135] Sardana MK, Drummond GS, Sassa S, Kappas A. The potent heme oxygenase induc‐
ing action of arsenic and parasiticidal arsenicals. Pharmacology, 1981; 23(5), 247-253.

[136] Sawada M, Carson CJ. Changes in superoxide radical and lipid peroxide formation
in the brain, heart, and liver during the lifetime of the rat. Mechanisms of Ageing and
Development, 1987; 41(1-2), 125-137.

[137] Schapira AH, Cooper JM, Dexter D, Clark JB, Jenner P, Marsden CD. Mitochondrial
complex I deficiency in Parkinson´s disease. Journal of Neurochemistry 1990; 54(6),
823-827.

[138] Schoneich C. Reactive oxygen species and biological aging: a mechanistic approach.
Experimental Gerontology, 1999; 34(1), 9-34.

[139] Seet RCS, Lee CH-YJ, Lim ECH, Tan JJH, Quek AML, Chong W-L, Looi W-F, Huang
S-H, Wang H., Chan Y-H, Halliwell B. Oxidative damage in Parkinson disease: Meas‐
urement using accurate biomarkers. Free Radical Biology and Medicine, 2010; 48(4),
560-566.

[140] Selkoe DJ. Presenilin, Notch, and the genesis and treatment of Alzheimer`s disease.
Proceedings of the National Acadademy of the Sciences of the United States of Amer‐
ica, 2001; 98(20), 11039-11041.

[141] Shacter E. Protein oxidative damage. Methods Enzymology, 2000; 319, 428-436.

[142] Shapira AH. Mitochondria in the etiology and pathogenesis of Parkinson´s disease.
Lancet Neurology, 2008; 7(1), 97-109.

[143] Shibata N, Ohnuma T, Baba H, Arai H. No genetic association between polymor‐
phisms of heme oxygenase 1 and 2 and Alzheimer`s disease in a Japanese popula‐
tion. Dementia and Geriatric Cognitive Disorders, 2009; 27(3), 273-277.

[144] Shringarpure R, Davies KJ. Protein turnover by the proteasome in aging and disease.
Free Radical Biology and Medicine, 2002; 32(11), 1084-1089.

[145] Sian J, Dexter DT, Lees AJ, Daniel S, Agid Y, Javoy-Agid F, Jenner P, Marsden DC.
Alteration in glutathione levels in Parkinson's disease and other neurodegenerative
disorders affecting basal ganglia. Annals of neurology, 1994; 36(3), 348-355.

Oxidative Changes and Possible Effects of Polymorphism of Antioxidant Enzymes in Neurodegenerative Disease
http://dx.doi.org/10.5772/54619

451



[146] Singh M, Khan AJ, Shah PP, Shukla VK, Khanna VK, Parmar D. Polymorphism in en‐
vironment responsive genes and association with Parkinson disease. Molecular and
Cellular Biochemistry, 2008; 312(1-2), 131-138.

[147] Smith CD, Carney JM, Starke-Red PE, Oliver CN, Stadtman ER, Floyd RA, Markesb‐
ery WR. Excess brain protein oxidation and enzyme dysfunction in normal and Alz‐
heimer`s disease. Proceedings of the National Acadademy of the Sciences of the
United States of America, 1991; 88(23), 10540-10543.

[148] Smith MA, Sayre LM, Anderson VE, Harris PLR, Beal MF, Kowall N, Perry G. Cyto‐
chemical demonstration of oxidative damage in Alzheimer disease by immunochem‐
ical enhancement of the carbonyl reaction with 2,4,-dinitrophenylhydrazine. The
Journal of Histochemistry and Cytochemistry, 1998; 46(6), 731-735.

[149] Sofic E, Riederer P, Heinsen H, Beckmann H, Reynolds GP, Hebenstreit G, Youdim
MB. Increased iron (III) and total iron ciontent in post mortem substantia nigra of
parkinsonian brain. Journal of Neural Transmission 1998; 74(3), 199-205.

[150] Sohal RS, Agarwal S, Sohal BH. Oxidative stress and aging in the Molgolian gerbil
(Meriones nguiculatus). Mechanisms of Ageing and Development, 1995; 81(1), 15-25.

[151] Spalletta G, Bernardini S, Bellincampi L, Federici G, Trequattrini A, Ciappi F, Bria P,
Caltagirone C, Bossù P. Glutathione S-transferase P1 and T1 gene polymorphisms
predict longitudinal course and age at onset of Alzheimer disease. The American
Journal of Geriatriatric Psychiatry, 2007; 15(10), 879-887.

[152] Sprenger R, Schlagenhaufer R, Kerb R, Bruhn C, Brockmöller J, Roots I, Brinkmann
U. Characterization of the glutathione S-transferase GSTT1 deletion: discrimination
of all genotypes by polymerase chain reaction indicate a trimodular genotype-pheno‐
type correlation. Pharmacogenetics, 2000; 10(6), 557-565.

[153] Stadtman ER. Protein oxidation and aging. Science, 1992; 257(5074), 1220-1224.

[154] Stadtman ER. Oxidation of free amino acids and amino acids residues in proteins by
radiolysis and by metal-catalyzed reaction. Annual Review of Biochemistry, 1993; 62,
797-821.

[155] Stoy N, Mackay GM, Forrest CM, Christofides J, Egerton M, Stone TW, Darlington
LG. Tryptophan metabolism and oxidative stress in patients with Huntington’s dis‐
ease, Journal of Neurochemistry, 2005; 93(3), 611–623.

[156] Squitier F, Andrew SE, Goldberg YP, Kremer B, Spence N, Zeisler J, Nichol K, Theil‐
mann J, Greenberg J, Goto J. DNA haplotype analysis of Huntington disease reveals
clues to the origins and mechanisms of CAG expansion and reasons for geographic
variations of prevalence. Human Molecular Genetics, 1994; 3(12), 2103–2114.

[157] Stroombergen MC, Waring RH. (1990). Determination of glutathione S-transferase
mu and theta polymorphisms in neurological disease. Human and Experimental
Toxicology, 1999; 18(3), 141-145.

Neurodegenerative Diseases452



[158] Swerdlow RH, Khan SM. A „mitochondrial cascade hypothesis“ for sporadic Alz‐
heimer's disease. Medical Hypotheses, 2004; 63(1), 8-20.

[159] Szebenyi G, Morfini GA, Babcock A. Neuropathogenic forms of huntingtin and an‐
drogen receptor inhibit fast axonal transport. Neuron, 2003; 40 (1), 41–52.

[160] Tanzi RE, Bertram L. Twenty years of the Alzheimer`s disease amyloid hypothesis: a
genetic perspective. Cell 2005; 120, 545-555.

[161] Tappel AL. Selenium-glutathione peroxidase: properties and synthesis. Current Top‐
ics in Cellular Regulation, 1984; 24, 87-97.

[162] Thomas T, Thomas G, McLendon C, Sutton T, Mullan M. Beta-Amyloid-mediated
vasoactivity and vascular endothelial damage. Nature 1996; 380, 168-177.

[163] Tyler SJ, Dawbarn D, Wilcock GK, Allen SJ. (2002). Alpha- and beta-secretase: pro‐
found changes in Alzheimer's disease. Biochemical Biophysical Research Communi‐
cations, 2002; 299(3):, 373-376.

[164] Ukkola O, Erkkilä PH, Savolainen MJ, Kesäniemi YA. Lack of association between
polymorphisms of catalase, copper-zinc superoxide dismutase (SOD), extracellular
SOD and endothelial nitric oxide synthase genes and macroangiopathy in patients
with type 2 diabetes mellitus. Journal of Internal Medicine, 2001; 249(5), 451-459.

[165] Van der Walt JM, Nicodemus KK, Martin ER, Scott WK, Nance MA, Watts RL, Hub‐
ble JP, Haines JL, Koller WC, Lyons K, Pahwa R, Stern MB, Colcher A, Hiner BC, Jan‐
kovic J, Ondo WG, Allen Jr. FH, Goetz CG, Small GW, Mastaglia F, Stajich JM,
McLaurin AC, Middleton LT, Scott BL, Perikan-Vance MA, Vance JM. Mitochondrial
polymorphisms significantly reduce the risk of Parkinson disease. American Journal
of Human Genetic, 2003; 72(4), 804-811.

[166] Van Remmen H, Richardson A. Oxidative damage to mitochondria and aging. Ex‐
perimental Gerontology, 2001; 36(7), 957-968.

[167] Veal EA, Toone WM, Jones N, Morgan BA. Distinct roles for glutathione S-transferas‐
es in the oxidative stress response in Schizosaccharomyces pombe. The Journal of Bi‐
ological Chemistry, 2002; 277(38), 35523-35531.

[168] Venkateshappa C, Harish G, Mythri RB, Mahadevran A, Barath MMS, Shankar SK.
Increased oxidative damage and decreased antioxidant function in aging human sus‐
tantia nigra compared to striatum: Implication for Parkinson´ disease. Neurochemi‐
cal Research, 2012; 37(2), 358-369.

[169] Von Sonntag C, Schuchmann HP. Suppression of hydroxyl radical reactions in bio‐
logical systems: considerqations based on competition kinetics. Methods Enzymolo‐
gy, 1994; 233, 47-56.

Oxidative Changes and Possible Effects of Polymorphism of Antioxidant Enzymes in Neurodegenerative Disease
http://dx.doi.org/10.5772/54619

453



[170] Vonsattel JP, Myers RH, Stevens TJ, Ferrante RJ, Bird ED, Richardson EP Jr.. Neuro‐
pathological classification of Huntington’sdisease. Journal of Neuropathology and
Experimental Neurology, 1985; 44(6), 559–577.

[171] Wahner AD, Glatt ChE, Bronstein JM, Ritz B. Glutathione S-transferase mu, omega,
pi and theta class variants and smoking in Parkinson's disease. Neuroscience letters
2007; 413(3), 274-278.

[172] Wang V, Chen SY, Chuang TC, Shan DE, Soong BW, Kao MC. Val-9-Ala and Ile
+58Thr polymorphism of MnSOD in Parkinson's disease. Clinical Biochemistry 2010;
43(12), 979-982.

[173] Wiener HW, Perry RT, Chen Z, Harrell LE, Go RC. A polymorphism in SOD2 is asso‐
ciated with development of Alzheimer's disease. Genes Brain Behaviour, 2007; 6(8),
770-775.

[174] Xiong K, Cai H, Luo XG, Struble RG, Clough RW, Yan XX. Mitochondrial respiratory
inhibition and oxidative stress elevated beta-secretase (BACE1) proteins and activity
in vivo in the rat ratina. Experimental Brain Research, 2007; 181(3), 435-446.

[175] Xu S, Wang Y, Roe B, Pearson WR. Characterization of the human class Mu gluta‐
thione S-transferase gene cluster and the GSTM1 deletion. The Journal of Biological
Chemistry, 1998; 273(6), 3517-3527.

[176] Yu BP, Yang R. Critical evaluation of the free radical theory of aging. A proposal for
the oxidative stress hypothesis. Annals of New Yourk Academy of Science, 1996; 786,
1-11.

[177] Zeevalk GD, Razmpour R, Bernard LP. Gluthatione and Parkinson´s disease: Is this
the elephant in the room? Biomedicine and Pharmacotherapy 2008; 62(4), 236-249.

[178] Zhang BR, Tian J, Yan YP, Yin XZ, Zhao GH, Wu ZY, Gu WH, Xia K, Tang BS. CCG
polymorphisms in the huntingtin gene have no effect on the pathogenesis of patients
with Huntington's disease in mainland Chinese families. Journal of the Neurological
Sciences, 2012; 312(1-2), 92–96.

[179] Zhao J, Fu Y, Yasvoina M, Shao P, Hitt B, O'Connor T, Logan S, Maus E, Citron M,
Berry R, Binder L, Vassar R. (2007). Beta-site amyloid recursor protein cleaving en‐
zyme 1 levels become elevated in neurons around amyloid plaques: implications for
Alzheimer΄s disease pathogenesis. The Journal of Neuroscience, 2007; 27(14),
3639-3649.

[180] Zhou XF, Cui J, DeStefano AL, Chazaro I, Farrer LA, Manolis AJ, Gavras H, Baldwin
CT. Polymorphisms in the promoter region of catalase gene and essential hyperten‐
sion. Disease Markers, 2005; 21(1), 3-7.

[181] Zhu X, Smith MA, Perry G, Aliev G. Mitochondrial failures in Alzheimer`s disease.
American Journal of Alzheimers Disease and Other Dementias, 2004; 19(6), 345-352.

Neurodegenerative Diseases454



[182] Zlokovic BV. Clearing amyloid through the blood-brain barrier. Journal of Neuro‐
chemistry, 2004; 89(4), 807-811.

Oxidative Changes and Possible Effects of Polymorphism of Antioxidant Enzymes in Neurodegenerative Disease
http://dx.doi.org/10.5772/54619

455




