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Many studies indicate that oxidative stress is involved in the pathophysiology of neurodegenerative
diseases. Oxidative stress can induce neuronal damages, modulate intracellular signaling and
ultimately leads to neuronal death by apoptosis or necrosis. To review antioxidants preventive
effects on oxidative stress and neurodegenerative diseases we accumulated data from international
medical journals and academic informations' sites. According to many studies, antioxidants
could reduce toxic neuronal damages and many studies confirmed the efficacy of polyphenol
antioxidants in fruits and vegetables to reduce neuronal death and to diminish oxidative stress.
This systematic review showed the antioxidant activities of phytochemicals which play as natural
neuroprotectives with low adverse effects against some neurodegenerative diseases as Parkinson
or Alzheimer diseases.

1. Introduction

here are a wide variety of neurodegenerative diseases such as Alzheimer disease,
Parkinson disease, multiple sclerosis,
Huntington disease and the like. Their
cases are sporadic and therefore, finding
the etiology of these diseases and preventing them are
challenging. Oxidative stress is recognized as a common
factor in many neurodegenerative diseases and age-related degenerative processes. The pathogenesis of neurodegenerative diseases is multifactorial with a complex
combination of genetic components and environmental
factors. The environmental or sporadic form represents
the majority of these cases. Toxic reactions, including

inflammation, glutamatergic toxicity, dysfunction of mitochondrial activity and ubiquitin/proteasome system,
activation of apoptosis pathways, elevation of iron and
nitric oxide, and alteration of the homeostasis of antioxidants/oxidation are involved in the pathogenesis of neurodegenerative diseases (Ataie, Sabetkasei, Haghparast,
Moghaddam, & Kazemi-Nejad, 2010).
There is evidence indicating that different reactive oxygen species (ROS), for example, superoxide, hydrogen
peroxide, as well as hydroxyl and peroxyl radicals, are
produced in the cells under normal and pathological
conditions (Sun & Cheng, 1999). When the rate of ROS
generation exceeds the capacity of antioxidant defense,
oxidative damage to DNA, proteins, and lipids will oc-
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cur (Sun & Cheng, 1999). In the central nervous system
(CNS), oxidative stress is implicated in mechanisms
leading to neuronal cell injury in various pathological
states. Recently, the term “nitrosative stress” has been
used to indicate cellular damage elicited by reactive nitrogen species (RNS), which include nitric oxide (NO)
and its derivatives such as peroxynitrite and nitroxyl
anion (Kelsey, Wilkins, & Linseman, 2010). Together,
oxidative and nitrosative stresses are implicated in the
pathology of many neurodegenerative disorders, including Alzheimer disease (AD), Parkinson disease
(PD), Huntington disease (HD), amyotrophic lateral
sclerosis (ALS), and stroke (Kelsey, Wilkins, & Linseman, 2010).
1.1. Brain and oxidative stress
The brain is particularly vulnerable to oxidative damage because it utilizes a large amount of oxygen for energy and has relatively low antioxidant defense enzymes,
especially during aging. In addition, membranes in brain
cells contain abnormally high proportions of polyunsaturated fatty acids (PUFAs) (Wu, 2005). Of the different types of cells in the brain, neurons are especially
vulnerable to toxic compounds, and sensitive to damage
by ischemia/stroke, seizure, and other excitotoxic injury.
Oxidative damage to lipids (lipid peroxidation) is associated with progressive loss of membrane integrity, reduction of mitochondrial membrane potential, and increase
in plasma membrane permeability to Ca2+. Oxidative
damage to proteins leads to the formation of carbonyl
and nitrosylated derivatives (Kelsey, Wilkins, & Linseman, 2010). Furthermore, ROS damage to DNA results
in nuclear condensation and altered gene expression
(Kelsey, Wilkins, & Linseman, 2010). Therefore, oxidative stress is an important risk factor for neurodegeneration. In recent years, extensive effort has been devoted to
develop novel strategies for overcoming different types
of brain damages (Sun, Wang, Simonyi, & Sun, G. Y,
2008).
1.2. Natural antioxidant
Many antioxidant compounds derived from natural
products (nutraceuticals) have demonstrated neuroprotective activity in either in vitro or in vivo models of
neuronal cell death. These natural antioxidants are as
follows: (1) Flavonoid polyphenols like epigallocatechin
3-gallate (EGCG) from green tea and quercetin from
apple; (2) Non-flavonoid polyphenols such as curcumin
from turmeric and resveratrol from grape; (3) Phenolic
acids or phenolic diterpenes such as rosmarinic acid or
carnosic acid, respectively, both from rosemary; and (4)
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Organosulfur compounds, including isothiocyanate and
L-sulforaphane, from broccoli and the thiosulfinate (allicin), from garlic (Kelsey, Wilkins, & Linseman, 2010).
All of these compounds are antioxidants. They directly
scavenge free radicals or indirectly increase endogenous
cellular antioxidant defenses, for example, via activation
of the nuclear factor erythroid-derived 2-related factor 2
(Nrf2) transcription factor pathways (Kelsey, Wilkins, &
Linseman, 2010). Other mechanisms of action of these
compounds are modulation of signal transduction cascades or effect on gene expression (Kelsey, Wilkins, &
Linseman, 2010).
A common method of determining intrinsic free radical scavenging activity is to use a cell free assay system
with the radical 2, 2-diphenyl-1-picryhydrazyl (DPPH)
(Kelsey, Wilkins, & Linseman, 2010). Resveratrol, carnosic acid, and rosmarinic acid have been shown to be effective scavengers of DPPH radicals (Kelsey, Wilkins, &
Linseman, 2010). In contrast, allicin has been found to be
a poor scavenger of peroxyl radicals while another garlic
compound, 2-propenesulphenic acid, is a good scavenger
of these radicals. Additionally, EGCG has been shown to
scavenge a wide variety of free radicals, including superoxide, hydroxyl radical, hydrogen peroxide, and nitric oxide (Kelsey, Wilkins, & Linseman, 2010). The intrinsic
free radical scavenging activities of these nutraceuticals
antioxidants suggest that they may have potential utility
in mitigating neuronal oxidative stress and neurodegeneration (Kelsey, Wilkins, & Linseman, 2010).
1.3. Neurodegenerative disorders
Histopathologic alterations in Alzheimer disease are
characterized by neurofibrillary tangles and senile plaques.
Amyloid-β peptide is the main component of senile plaques
and has a causal role in the development and progress of
Alzheimer disease (Hardy & Higgins, 1992). This peptide
is toxic to neurons through different mechanisms, including apoptosis, mitochondrial dysfunction, or activation of
the nuclear transcription factor NF-κB (Kelsey, Wilkins,
& Linseman, 2010). Moreover, the aggregation and toxicity of the amyloid-β peptide involve transition of metals
(Atwood et al., 1998), formation of hydrogen peroxide
(Behl, Davis, Lesley, & Schubert, 1994), accumulation of
reactive oxygen species and oxidative stress (Behl, Davis,
Lesley, & Schubert, 1994) that leads to neuronal death.
Accordingly, there is considerable evidence that oxidative
stress is an early and critical event in the pathogenesis of
Alzheimer disease (Nunomura et al., 1999).
Studies revealed that the levels of lipid oxidation products
(e.g. malondialdehyde, 4-hydroxynonenal, and isoprostane),
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protein oxidation (e.g. protein carbonyl, nitro tyrosine), and
DNA oxidation are elevated in the brain of patients with Alzheimer disease (Christen, 2000). Moreover, the level of
lipid oxidation in hippocampus and frontal cortex of patients
with Alzheimer disease is dependent on the apolipoprotein E
genotype (Ramassamy & Poirier, 2001). Protein carbonyls
are present in both tangles- and non-tangles-bearing neurons
(Smith & Luo, 2003) and hippocampus neurons demonstrate intense cytoplasmic staining with 8-hydro-2-deoxyguanosine (Nunomura et al., 1999). Controlled clinical trial
was conducted with the lipophilic antioxidant α-tocopherol.
High doses of α-tocopherol are prescribed for patients with
Alzheimer disease; It has some beneficial effect on the rate
of deterioration of cognitive functions (Sano et al., 1997).
On the other hand, epidemiological studies indicate that dietary habits and antioxidants from diet can influence the incidence of neurodegenerative disorders such as Alzheimer and
Parkinson diseases (Morris et al., 2002).
There is evidence that medications or vitamins that increase
the levels of brain catecholamine and protect against oxidative damage may reduce the neuronal damage and slow the
progression of Alzheimer disease (Sano et al., 1997). Sano
et al. showed that taking vitamin E from food, but not other
antioxidants, may be associated with a reduced risk of AD.
Unexpectedly, this association was observed only among
individuals without the APOE E4 allele. Antioxidant nutrients, including vitamin E, vitamin C, and beta carotene,
are among the body’s natural defense mechanisms against
oxidative stress. The antioxidant nutrients have been shown
(through animal and laboratory studies of brain tissue) to
decrease lipid peroxidation (Abd el-Fattah, al-Yousef, alBekairi, & al-Sawaf, 1998) and the oxidation of proteins;
inhibit the production of reactive oxygen species; prevent
mitochondrial dysfunction and DNA fragmentation (Tagami et al., 1998); and reduce neurotoxicity, apoptosis, and
neuronal death (Mason et al., 1999).
Few studies have examined the relation between dietary
intake of antioxidant nutrients and the development of AD.
Two prospective studies (Masaki et al., 2000) that reported
on the association of vitamin E and vitamin C supplement
use and AD yielded conflicting results, but both had limited
power to test the hypothesis, and neither had dietary information. Sano et al. reported on the association of AD incident
with intake of antioxidant nutrients from foods and supplements in a large community study (Sano et al., 1997).
Furthermore, lesions are present in the brains of patients
with AD that are typically associated with attacks of free
radicals (e.g. damage to DNA, protein oxidation, lipid peroxidation, and advanced glycosylation end products), and
metals (e.g. iron, copper, zinc, and aluminum) are pres-

ent that have catalytic activity and produce free radicals.
In the presence of free radicals, β-Amyloid peptide aggregates and produces more free radicals; β-amyloid toxicity
is eliminated by free radical scavengers. Apolipoprotein
E is subject to attacks by free radicals, and apolipoprotein
E peroxidation has been correlated with AD (Christen,
2000). In contrast, apolipoprotein E can act as a free radical scavenger, which is isoform dependent. AD has been
linked to mitochondrial anomalies affecting cytochrome
oxidase, and these anomalies may contribute to the abnormal production of free radicals. Finally, many free radical
scavengers (e.g. vitamin E, selegiline, and Ginkgo biloba
extract EGb 761) have shown promising results in relation
to AD, as has desferrioxamine, an iron-chelating agent, and
anti-inflammatory drugs and estrogens, which also have an
antioxidant effects (Christen, 2000).
A small number of studies have yielded inconsistent results
with varying lengths of follow-up. In Rotterdam Study, It is
found that higher dietary intake of vitamins E and C was associated with a lower risk of dementia and AD over 6 years
of follow-up. Still, substantial evidence indicates that earlier
exposures are important for predicting dementia risk in later
life (Launer, 2005), and specific evidence indicates that antioxidants may influence early stages of dementia development (Berr, Balansard, Arnaud, Roussel, & Alpérovitch,
2000). Therefore, the association of dietary vitamin E, vitamin C, beta carotene, and flavonoids with long-term risk of
dementia was evaluated based on ten years of follow-up–
taking advantage of both longer follow-up and substantially
more dementia cases (Devore et al., 2010).

2. Materials & Methods
2.1. Polyphenol antioxidants
Flavonoids can be divided into various classes on the
basis of their molecular structure such as anthocyanins
and anthoxanthins (Figure 1). The latter group is divided
into flavonoids, flavons, flavanols, flavonones, and isoflavones with catechins being the best described flavanols
(Figure 1). Although, the data available on phenolic bioavailability are still limited, it has been shown that the eating the foods or beverages which are rich in polyphenols
can increase the antioxidant levels in the body (Morel et
al., 1993). These results suggest that the consumption of
polyphenolic compounds could have beneficial effect
on oxidative-induced damages. There are many chemical classes of nutraceuticals found in all sorts of foods.
Some nutraceuticals are well known, like epigallocatechin 3-gallate (EGCG) from green tea and resveratrol
from grapes, while others are largely unknown to the consumer. The chemical structures of the natural compounds
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reviewed here are shown in figure 2. Although these compounds differ structurally, each of them has been shown to
have neuroprotective and antioxidant properties.
A common method of determining intrinsic free radical scavenging activity is to use a cell free assay system
with the radical 2, 2-diphenyl-1-picryhydrazyl (DPPH)
(Kelsey, Wilkins, & Linseman, 2010). Resveratrol
(Shang et al., 2009), carnosic acid (Miura, Kikuzaki, &
Nakatani, 2002), and rosmarinic acid (Alamed, Chaiyasit, McClements, & Decker, 2009) have been shown to be
effective scavengers of DPPH radicals. In contrast, allicin
has been found to be a poor scavenger of peroxyl radicals while another garlic compound, 2-propenesulphenic
acid, is a good scavenger (Galano & Marquez, 2009).
Additionally, EGCG has been shown to scavenge a wide
variety of free radicals, including superoxide, hydroxyl
radical, hydrogen peroxide, and nitric oxide (Paquay et
al., 2000; Qi, 2010). The intrinsic free radical scavenging
activities of these nutraceutical antioxidants suggest that
they may have potential use in the treatment of neuronal
oxidative stress and neurodegeneration (Kelsey, Wilkins,
& Linseman, 2010).
2.1.1. Epigallocatechin
Epigallocatechin (EGCG) is a flavonoid polyphenol and
the main antioxidant compound in green tea, which shows
neuroprotective effects. For example, mitochondrial function is improved by antioxidative action of EGCG. Moreover, EGCG ameliorates lipid infusion-mediated insulin
resistance, which is associated with increased expression
of antioxidant enzymes including superoxide dismutase
(SOD) and glutathione peroxidase by EGCG in vivo
(Li et al., 2011). Schroeder et al. (2009) has shown that
EGCG selectively protects cultured rat cerebellar granule
neurons (CGNs) from oxidative stress (Schroeder et al.,
2009). Some studies have shown that EGCG significantly
diminish oxidative stress and neuronal death induced by
hydrogen peroxide in motor neurons (Koh et al., 2004);
likewise EGCG protects SH-SY5Y human neuroblastoma cells from amyloid precursor protein (APP), 3-hydroxykynurenine, or 6-hydroxydopamine (6-OHDA) toxicity (Levites, Amit, Youdim, & Mandel, 2002).
In addition to the neuroprotective effects of EGCG
observed in vitro, this nutraceutical antioxidant also preserves neuronal survival and function in several in vivo
models of neurodegeneration. For example, oral administration of EGCG protects mice from the dopaminergic
toxicity caused by the Parkinson neurotoxin, 1-methyl4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP). EGCG
treatment prevents the MPTP-induced loss of dopamine
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neurons from the substantia nigra pars compacta and preserves striatal dopamine levels in mice (Levites, Weinreb,
Maor, Youdim, & Mandel, S, 2001). Oral administration
of EGCG to transgenic mice expressing a human G93A
mutant SOD1 (Cu, Zn-superoxide dismutase) gene significantly delays symptoms onset and moderately extends
life span when compared to vehicle treated mice (Koh et
al., 2004). EGCG also reduces photoreceptor degeneration and improves motor function in a Drosophila model
of Huntington disease (Ehrnhoefer et al., 2006). The catechol-like structure of catechins may competitively inhibit
the uptake by the presynaptic or vesicular transporters of
the metabolite product of MPTP, 1-methyl-4-phenylpyridinium ion (MPP+) having also a catechol-like structure
(Pan, Fei, Zhou, Jankovic, & Le, 2003). This competition
could protect dopaminergic neurons against the MPTP/
MPP+- induced injury (Pan, Fei, Zhou, Jankovic, & Le,
2003).
Tea polyphenols have been found to be potent scavengers of singlet oxygen, superoxide anions, hydroxyl radicals, and peroxyl radicals (Morel et al., 1993). Although
there is no significant data about effectiveness of tea in
Alzheimer disease treatment, there are several in vitro
studies indicating that green tea extract could protect neurons from the amyloid β-induced damages (Bastianetto,
Yao, Papadopoulos, & Quirion, 2006). Over the past decade, intense research has been focused to investigate the
processes of the amyloid precursor protein (APP) proteolysis and amyloid-β metabolism as possible targets for
the therapy of Alzheimer disease. APP can be processed
by two pathways: 1) A non-amyloidogenic pathways
which involve cleavage of APP to soluble APP (sAPP) by
α-secretase activity; and 2) Formation of the amyloidogenic β peptides by the β-secretase and γ-secretase (Ramassamy & Poirier, 2001).
2.1.2. Resveratrol
Resveratrol (trans-3,4′,5-trihydroxystilbene) is the
main nonflavonoid polyphenol found in grapes and red
wine (Figure 2). It has been shown to possess many biological and pharmacological properties, including antioxidant, anti-inflammatory, antimutagenic, and anticarcinogenic effects (Jang et al., 1997). Resveratrol (Figure
2) is a polyphenolic antioxidant found in many kinds of
grapes and is known mostly for its cardiovascular benefits (Bertelli & Das, 2009). However, resveratrol also
shows significant neuroprotective activity in vitro and in
vivo. In some in vitro studies, resveratrol protects hippocampus from oxygen-glucose deprivation (Zamin et al.,
2006), also embryonic rat mesencephalic cultures from
tert-butyl hydroperoxide (Karlsson, Emgard, Brundin, &
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Burkitt, 2000), and CGNs from MPP(+)-induced toxicity (Alvira et al., 2007). In vivo, resveratrol significantly
attenuates hippocampal neurodegeneration and learning
impairment in the inducible p25 transgenic mouse model
of AD and tauopathy (Kim et al., 2007). Moreover, resveratrol reduces oxidative damage and preserves striatal
dopamine in the 6-OHDA rat model of PD (Khan et al.,
2010). For instance, in PC12 cells, resveratrol, in 10μM
concentration has been shown to protect against the
amyloid-β peptide-induced toxicity.
In agreement with its antioxidant activity, the
amyloid-β peptide-induced intracellular accumulation of
reactive oxygen species was attenuated by resveratrol.
Reactive oxygen species and amyloid-β peptide can also
induce cell death via apoptosis in many cell types. Such
effect was also blocked by resveratrol. It can prevent the
cleavage of poly (ADP-ribose) polymerase (PARP), a
substrate of active caspase-3, and decrease in the ratio
of Bcl-x/Bax or activation of JNK. Resveratrol can protect hippocampal primary neurons against the toxicity of
amyloid β peptide. Also a treatment with resveratrol, administrated 2 hours after the amyloid-β peptide (25–35)
(20μM), significantly diminished the amyloid-β peptideinduced cell death relative to its dosage. Miloso et al.
have shown that resveratrol can induce the activation of
the MAP kinases, ERK1, and ERK2. Besides these signaling pathways (Miloso, Bertelli, Nicolini, & Tredici,
1999) resveratrol can induce the expression of the transcription factor early growth response (EGR1) (Della
et al., 2002). EGR1 transcription factor could regulate
some aspects of synaptic plasticity-related to learning
and memory (Li et al., 2005). Recently, in two different APP695-transfected cell lines (HEK293 and N2A),
Marambaud et al. showed that resveratrol (20–40 μM)
could markedly reduce the secretion of the amyloid-β
peptide (1–40) (Marambaud, Zhao, & Davies, 2005).
This effect of resveratrol occurred without directly affecting β-secretases and γ-secretases since resveratrol
has no effect on these enzymes (Marambaud, Zhao, &
Davies, 2005).
2.1.3. Curcumin
The yellow curry spice, curcumin, a non-flavonoid
polyphenol shows anti-inflammatory and antioxidant activities (Figure 3). Epidemiological studies have raised
the possibility that this molecule used by Asian Indian
population is involved for the significantly lower prevalence of Alzheimer disease in India compared to the
United States (4.4 fold) (Ganguli et al. 2000). In Neuro2a mouse neuroblastoma cells infected with Japanese
encephalitis virus, curcumin enhances cell viability by

decreasing ROS and inhibiting pro-apoptotic signals
(Dutta, Ghosh, & Basu, 2009). In vivo, curcumin protects rats from focal cerebral ischemia induced by middle cerebral artery occlusion (Yang, Zhang, Fan, & Liu,
2009).
In addition, curcumin is neuroprotective against the
MPTP-induced neurodegeneration of the nigrostriatal
tract in mice and was shown to prevent glutathione depletion and lipid peroxidation induced by this toxin. Furthermore, curcumin displays an additive protective effect to that of catalase and SOD activities in the striatum
and midbrain of MPTP-treated mice (Rajeswari, 2006).
We showed that curcumin could protect rat hippocampus
cells against homocysteine (Hcy) neurotoxicity (Ataie
et al., 2010). We indicated that Hcy was neurotoxic for
rats and biochemical results revealed that 5 days after
Hcy intrahippocampal injection in rat brain, the levels of
MDA and superoxide anion were significantly increased
in the hippocampi in comparison to the vehicle and control groups (Ataie et al., 2010). It was observed that Hcy
overdose can be lethal for rats and some morbidity and
mortality and Parkinson like behaviors (tremor, rotation)
were observed after administration of 0.4-μmol/μL or
higher concentrations of Hcy.
Furthermore, our results indicated that Hcy (0.2-μmol/μL)
could diminish passive avoidance learning behavior significantly, and decreased latency time in the retention test. The
Hcy group had significantly lower latency time than other
groups, indicating that Hcy could diminish long term as
well as short term memory in rats (Ataie et al., 2010).

3. Results
Results of our study indicated that curcumin treatment in
both low and high doses (5 and 50 mg/kg) inhibited lipid
peroxidation significantly and decreased MDA and SOA
levels in the Hcy treated hippocampi (Ataie et al., 2010).
Nonetheless, curcumin also improved Hcy-mediated
memory deficits and increased latency times in the first
and second passive avoidance tests (Ataie et al., 2010).
Also, histopathological analysis showed that Hcy reduced
cell density in some parts of hippocampus. Cell density in
dentate gyrus of the dorsal hippocampus was decreased in
the Hcy group in comparison to the vehicle group.
However, this deficit was significantly improved by
treatment with curcumin (Ataie et al., 2010). In the other
study, we revealed that curcumin could protect substantia nigra cells in rat brain against Hcy neurotoxicity.
The findings of our study revealed that curcumin at a
dose of 50 mg/kg was able to significantly reverse be-
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Figure 1. Polyphenol structure includes phenolic acid, flavonoid, and non-flavonoid
polyphenols.

Figure 2. Structure of flavonoid and non-flavonoid polyphenols.

Figure 3. Multiple action of curcumin on cell biology.,

havioral and biochemical changes caused by exposure
of homocysteine in rats. In the other study, when transgenic APPsw mice received curcumin in their diet for 6
months, indexes of inflammation and oxidative damages
suppressed (Lim et al., 2001). Also a reduction of IL-1β,
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a proinflammatory cytokine, and a decrease in oxidized
proteins were seen. Furthermore, the levels of insoluble,
soluble amyloid-β peptide, and plaque burden significantly decreased. These effects were associated with the
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suppression of microgliosis and a marked reduction of
glial fibrillary proteins GFAP, an astrogliosis marker.
These findings could be explained by curcumin property to inhibit the amyloid-β fibril formation (Kim et
al., 2005). The protective effect of curcumin against the
amyloid-β peptide was also observed on PC12 cells in
culture (Kim et al., 2005). Also, curcumin could bind to
the redox-active iron and copper (Baum & Ng, 2004).
Thus, it may exert protective effect against oxidative
damages initiated by divalent metals or suppress inflammatory damage by preventing metal induction of NF-κB.
On the other hand, curcumin is a highly lipophilic compound and cross the blood brain barrier where it can bind
to plaques and prevent the amyloid-β peptide aggregation
(Baum & Ng, 2004).

4. Discussion
Polyphenol antioxidants have properties to treat neurodegenerative diseases. Many of these natural antioxidants are not only active scavengers of free radicals but
also modulators of prosurvival or proapoptotic signaling
pathways (Kelsey, Wilkins, & Linseman, 2010).
Also, these compounds may have a greater potential
than synthetic drugs with only one mechanism of action.
Polyphenols reduce oxidative stress and promote neuronal survival signals in many models (in vitro and in
vivo) of neuronal injury and neurodegenerative disease.
Although individual neurodegenerative diseases demonstrate in distinct neuronal cell types, oxidative stress and
suppression of neuronal survival signals are common in
many pathological conditions and mark many targets for
treatment. Therefore, the effective treatment for neurodegenerative diseases is very hard to find. A lot of funding and research have been allocated for treatment of
AD and PD, yet even these diseases have only calmative
therapies available and none that significantly slow or
stop the underlying pathology of the disease. Polyphenol
antioxidants may be the best choice for these patients in
the short term since they are subject to fewer regulations
than traditional pharmaceuticals and therefore, could be
made available to patients much more rapidly.
Finally, another evidence for the enormous potential
of polyphenols antioxidants as novel therapeutics for
neurodegeneration includes the recent initiation of several clinical trials with these compounds. EGCG (green
tea) is currently being tested in phase II trials for PD and
early stage AD (Charite University, Berlin, Germany).
Similarly, resveratrol is being tested in a phase II trial to
improve memory performance in the elderly.
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