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ABSTRACT
The investigation of the mechanisms that leads to neuronal apoptosis is under investigation all over the world. The
enhancement of oxidative stress in brain neurons is one of the most important pathophysiological mechanism associated with neurodegeneration. The antioxidant effect of flavonoids can be one important mechanism for modulation
of neuronal apoptosis in neurodegenerative diseases such as Alzheimer’s and Parkinson’s disease. In addition to
their influence on the cerebral blood flow, flavonoids interact with signalization cascades that lead to the inhibition of
neuronal death by oxidative stress apoptosis and thus promote neuronal survival and synaptic plasticity. Acting on
the intracellular antioxidant mechanisms the flavonoids can become a balance regulator for production of reactive
oxygen species (ROS) and reactive nitrogen species (RNS). Addition of antioxidant effect of flavonoids to dietary
components can constitute an adjuvant therapy for delaying the neurodegenerative processes. The aim of this paper
was to review the antioxidant effects of flavonoids in Alzheimer’s and Parkinson’s diseases.
Keywords: neurodegenerative disease; Alzheimer’s disease; Parkinson’s disease; flavonoids;
Reactive Oxygen Species (ROS); antioxidant

INTRODUCTION
Flavonoids constitute a major group of polyphenolic compounds which are directly associated
with the health-promoting properties (1). The group
of flavonoids includes over 6,000 already-identified family members classified in several subgroups (such as anthocyanidins, flavans, flavanonols, flavanones, and anthoxanthins) (flavone and
flavonol) (2). Flavonoids are found in fruits (apples, blueberries, cranberries) (3), vegetables (4),
grains (5), herbs (6), as well as on chocolate (milk
and dark) (7) and are known to have antioxidant
and anti-inflammatory proprieties (8,9). Furthermore, the effect of flavonoids as modulators of cardiovascular Cav channels are investigated as poten-

tial of development of new drugs (10). In vitro and
in vivo experiments support the potential antidiabetic effect of some flavonoids but the efficacy on
humans with diabetes have not been yet sufficiently
investigated (11). George et al. showed the protective effect of flavonoids against DNA damage produce by various carcinogenic factors (12). The
benefic effect of flavonoids on different types of
malign tumors have also been investigated (13-16).
According with the epidemiological reports
published by the World Health Organization, the
proportion of elderly people (over 60 years) will
increase from 11% to 22% by 2050 worldwide
(17). Neurodegenerative diseases are important
health problems in elderly people and they are pro-
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portionally related with the increasing of life expectancy. One of the most neuroprotective agents
that have low adverse effects can be flavonoids and
recent studies has been focused on finding effective
neuroprotective agents based on their chemical
compounds (18,19). Polyphenols permeation
through the blood brain barrier (BBB) as it was
demonstrated using in vitro and this phenomenon is
dependents on the degree of lipophilicity of each
compound. Thus, less polar polyphenols or metabolites (i.e., O-methylated derivatives) are capable
of greater brain uptake than the more polar ones
(i.e., sulfated and glucuronidated derivatives) (20).
Accumulating evidence has demonstrated that
flavonoids exert many protective properties, including those for neurodegenerative diseases due to
their properties to cross the blood-brain barrier.
Several antioxidant mechanisms have been proposed as being involved in antioxidant activity of
flavonoids and they are related to activation of nuclear factor erythroid 2-related factor 2 (Nrf2) pathway, up regulation of antioxidant enzymes, induction of hypoxia signal transduction (HIF- 1 alpha
pathway) and interaction with metal ions as sources
of reactive oxygen species (ROS) (21). Thus, the
identification of flavonoids targeting neuroprotective effect in neurodegenerative processes may represent an attractive approach to the more effective
therapeutic strategies for diseases such as Alzheimer’s (AD) or Parkinson’s disease (PD) that have
only few effective disease-modifying therapies.
The objective of this mini-review was to analyze
the results of studies concerning the flavonoids antioxidant effects in neurodegenerative diseases
published in the last 10 years, comparing the results
and emphasizing the actual stage of the knowledge.

THE ROLE OF OXIDATIVE/NITROSATIVE
STRESS IN NEURODEGENERATION
Oxidative/nitrosative stress is a normal process
of aerobic organisms that are maintained at low
levels by several enzyme systems participating in
the in vivo redox homeostasis. This process consists in the production of reactive oxygen species
(ROS) and reactive nitrogen species (RNS). Production of low/moderate ROS or RNS can regulate
the balance of body homeostasis (redox homeostasis) by exerting the effect of signal transduction
role from membrane receptors in various physio-
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logical processes (22,23). Both reactive species are
produced by strictly regulated enzymes, such as
nitric oxide synthase (NOS), and isoforms of NADPH oxidase, or as by-products from not so well
regulated sources, such as the mitochondrial electron-transport chain (24). Excessive production of
ROS and RNS have a negative effect contributing
to the initiation and maintenance of oxidative/nitrosative stress that have a major contribution in neurodegenerative disease pathophysiology by damaging nucleic acids, lipids and proteins. These
processes can severely compromise neurons health
and viability, or can induce a variety of cellular responses through generation of secondary reactive
species, finally causing to cell death by necrosis or
apoptosis (25,26). As sources of the majority of energy production and endogenous ROS production,
mitochondria play a key role in the functioning and
survival of neurons in the brain. Therefore, mitochondrial dysfunction can be a source of excessive
production of ROS (27). Additionally, lipid peroxidation may contribute to and amplify cellular damage resulting from generation of oxidized products,
some of which are chemically reactive and covalently modify critical macromolecules. Products of
lipid peroxidation have therefore commonly been
used as biomarkers of oxidative/nitrosative stress/
damage. Lipid peroxidation generates a variety of
relatively stable decomposition end-products,
mainly α, β-unsaturated reactive aldehydes, such as
malondialdehyde (MDA), 4-hydroxy-2-nonenal
(HNE), 2-propenal (acrolein) and isoprostanes (F2IsoPs) (1), which can then be measured in plasma
and urine as an indirect index of oxidative/nitrosative stress. In AD brain, increased levels of amyloid
beta (Aβ) were found in the affected regions. Several lines of evidence indicate that Aβ induces oxidative stress. The Aβ1–42 (that is critical for AD
pathogenesis) inserts as oligomers into the bilayer
and serves as a source of ROS, and initiates lipid
peroxidation (28). A critical process that leads to
the progressive neuropathology of neurodegeneration in Parkinson’s disease is the prion-like
trans-neuronal propagation of alpha-synuclein. The
endocytosis of alpha-synuclein into neurons triggers abnormal protein aggregation leading to a cytotoxic cascade that culminates in mitochondrial
dysfunction and cell death. The pathogenetic mechanisms where the biology of alpha-synuclein is altered
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by oxidative stress while oxidized or nitrated alpha-synuclein has greater neurotoxicity create a state
of progressive neuronal death seen in PD (29,30).

FLAVONOIDS AND BLOOD BRAIN BARRIER
PENETRATION
Before oral absorption, flavonoids undergo deglycosylation either by lactase phloridzin hydrolase
or cytosolic β-glucosidase. The absorbed aglycone
is then conjugated by methylation, sulphatation or
glucuronidation (31). Both the aglycones and the
conjugates can pass the blood-brain barrier (20).
Flavonoids of several classes are inhibitors of monoamine oxidase A or B, thereby working as anti-depressants or to improve the conditions of Parkinson’s patients. Flavanols, flavanones and
anthocyanidins have protective effects preventing
inflammatory processes consequently acting as defense mechanisms against neuronal injury (2,32).
The blood-brain barrier (BBB) is mainly formed by
brain capillary endothelial cells that have tight
junctions, which prevent paracellular transport of
small and large water-soluble compounds from
blood to the brain. Other cell types such as pericytes, astrocytes and neuronal cells also play an important role. Transcellular transport is further limited due to low vesicular transport and high
metabolic activity. The BBB play a role of a physical and metabolic barrier and aging can be associated with alteration of BBB structures and transport
mechanisms. In vivo and in vitro studies demonstrated that the flavonoids have the ability to cross
the BBB and the permeability for different structures can be different. One of these studies showed
that the some molecules penetration of BBB by
some studied molecules could be stratified as follow: naringenin > hesperetin > naringenin glucuronide > hesperetin glucuronide > cyaniding-3-rutinoside > pelargonidin-3-glucoside (20). The in vivo
studies show that flavonoids are able to be absorbed
after oral administration, pass the blood-brain barrier and do have various effects on the CNS (33).

ANTIOXIDATIVE MECHANISMS OF
FLAVONOIDS IN NEURODEGENERATIVE
DISORDERS
The antioxidative pathophysiological mechanisms related to flavonoids has been studied. Sever-

al evidences suggests that oxidative stress is related
to the pathogenesis of Alzheimer’s and Parkinson’s
neurodegenerative diseases. Because flavonoids
may help to improve blood flow in the brain, there
is also preliminary evidence to suggest the possibility of better brain functioning in some areas, including areas involving cognitive function (34).
Literature evidences emphasized pathophysiological mechanisms involved and some of them are
presented in this section.
Flavonoids and Activation of Nuclear Related
Factor 2 Pathway in the Brain
Nuclear related factor 2 (Nrf2) is a powerful
protein that is latent within each cell in the body,
that is released after activation by an Nrf2 activator.
One of this activator can be represented by arachidonic acid production due to inflammation (35).
Once released it migrates into the cell nucleus and
bonds to the DNA at the location of the Antioxidant
Response Element (ARE) (also called hARE=Human Antioxidant Response Element) which is the
master regulator of the total antioxidant system that
is available in all human cells. Nuclear factor
-erythroid 2-related factor-2 (Nrf2) mediate the anti-inflammatory mechanism by regulation of cellular antioxidant production and play an important
role in neuroprotection against neurodegenerative
diseases.
Curcumin (derived from turmeric plant) demonstrated anti-oxidative properties (36), strongly induces heme-oxygenase-1 (HO-1) expression and
activity in different brain cells via the activation of
heterodimers of NF-E2-related factors 2 (Nrf2)/antioxidant responsive pathway. Activation of Nrf2
target genes, and particularly HO-1, in astrocytes
and neurons is strongly protective against inflammation, oxidative damage and cell death. Other
phenolics, such as caffeic acid phenethyl ester and
ethyl ferulate, are also able to protect neurons via
HO-1 induction (37).
Genistein (an isoflavone found especially in
soybeans) has antioxidative properties against neurodegeneration induced by beta-amyloid peptides,
that has been proved to be associated with Alzheimer’s disease. Some results showed that genistein
induces the increase of reactive oxygen species
(ROS) and nitrotyrosine production induced by
Aβ25-35, and maintained cell redox state by in-
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creasing GSH level and GSH/GSSG. Genistein
could reverse the down-regulation of total protein
and mRNA expression of NF-E2-related factor 2
(Nrf2), nuclear Nrf2, γ-glutamylcysteine synthetase
(γ-GCS), phosphatidylinositol 3-kinase (PI3K) induced by Aβ25-35. These results suggested that genistein could protect cerebrovascular endothelial
cells from beta- amyloid induced oxidative damage
by activation of Nrf2 signaling pathway (38).
Naringin (a citrus flavonone) induces NAD(P)
H: quinone oxido reductase-1, heme oxygenase-1,
glutathione S – transferase P1 and gamma-glutamylcysteine ligase mRNA expressions through the
activation of Nrf2 and decreased the expressions of
pro-inflammatory mediators TNF-alpha and COX2 (inflammation mediators). It also decrease the activity of and iNOS (enzymes that contribute to nitro-oxidative stress by induction of nitric oxide
formation). These results indicate that naringin
might be protective against neurodegeneration
through the enhancement of phase II and antioxidant gene expressions via Nrf2 activation; thereby
modulating the oxidative stress and inflammatory
responses (39). Lou at al. also found that naringenin treatment resulted in an increase in nuclear
factor E2-related factor 2 (Nrf2) protein levels and
subsequent activation of antioxidant response element (ARE) pathway genes in SH-SY5Y culture
cells and and mice exposed to experimental neurotoxicity (40). Exposure of SH-SY5Y cells to naringenin provided protection against 6-OHDA-induced oxidative insults that was dependent on Nrf2.
In mice, oral administration of naringenin resulted
in significant protection against 6-OHDA-induced
nigrostriatal dopaminergic neurodegeneration and
oxidative damage (40).
Puerarin, one of several known isoflavones, is
found in a number of plants and herbs, such as the
root of Pueraria significantly ameliorates cognitive

impairment in Alzheimer’s disease (AD) induced
in mice assessed by the Morris water maze (MWM)
test. This was accompanied by a significant decrease in the levels of lipid peroxidation through, at
least in part, induction of nuclear factor erythroid
2-related factor 2 (Nrf2) target gene heme oxygenase 1 (HO-1) in the hippocampus. Furthermore,
puerarin significantly induced nuclear translocation
of Nrf2 in the hippocampus. These findings suggest
that puerarin can contribute to prevention and treatment of cognitive impairment and dementia (41).
There was been found that the sulfuretin, a flavonoid glycosides found in the stem bark of Albizzia julibrissin and heartwood of Rhus verniciflua,
known having anti-oxidant that the neuroprotective
properties protects neuronal cells from Aβ25-35induced neurotoxicity through activation of Nrf/
HO-1 and PI3K/Akt signaling pathways. Sulfuretin-induced induction of Nrf2-dependent HO-1 expression via the PI3K/Akt signaling pathway has
preventive and/or therapeutic potential for the management of Alzheimer’s disease (42).
Gaballah et al. found that activation of Nrf2 signaling pathway by resveratrol reduce oxidative
stress by preserving intracellular antioxidant mechanisms in rat model for Parkinson’s disease (43).
Several other mechanisms were demonstrated:
ameliorating of endoplasmic reticulum stress by
down regulating CHOP and GRP78 genes expression and hampered caspase-3 activity in the brain
of rotenone induced PD in rats. It also restored redox balance as evident by suppressing xanthine oxidase activity and protein carbonyls formation. In
addition, resveratrol contributes to preservation of
intracellular antioxidants status via activating glutathione peroxidase (43). The effects induced by
flavonoids through activation of Nrf2 in brain cells
is presented in Table 1.

TABLE 1. Types of effects induced by flavonoids through activation of Nrf2 in brain cells
Flavonoid Associated anti-inflammatory/anti-oxidant mechanisms
Genistein
activation of NF-E2 - related factor, Gamma- GCS, and PI-3K
Naringenin induction of NAD(P)H -quinone oxidoreductase 1, and hem-oxygenase
decrease expression of TNF-alpha, COX2, and iNOS
Puerarin
down regulating Aβ1–40 and Bax expression in brain tissue
decreasing the lipid peroxidase levels and increasing superoxide
dismutase levels
Sulfuretin activation of HO-1 signaling pathway
Resveratrol activation of intracellular antioxidant mechanisms

Main author, year (ref)
Xi, 2012 (38)
Gopinath, 2012 (39)
Shakeel, 2017 (44)
Gao, 2013 (45)
Zhou, 2014 (41)
Kwon, 2015 (42)
Gaballah, 2016 (43)
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Flavonoids and up Regulation of Antioxidant
Enzymes in Brain Cells
The relationship between the cellular consequences of oxidative stress and the progression of
neurodegenerative disorders has undergone continued researches. Mitochondria-derived radical oxygen species (ROS) and nitrosative stress are clinically relevant as an important contributing factor
for neurodegeneration in brain injury and chronic
neurodegenerative disorders. Recently, increased
interest was observed in other sources of ROS and
nitric oxide syntase (NO) such as NADPH oxidase,
nitric oxide (NOS), cytochrome450 (cyp450), cyclooxygenase, lipooxygenase, and xanthine oxidase. NOS activation can be increased by a variety
of inflammatory and neurodegenerative factors,
such as amyloid precursor protein (APP), amyloid
β, tumor necrosis factor-alpha (TNF-α), matrix
metalloproteinase (MMP), interleukins, and α-synucleins, contributing to neuronal damage and cell
death (46).
The role of flavonoids in central nervous system
neurons, both brain and spinal cord, has been
demonstrated by several studies. The evidences
that age related dementia and Alzheimer’s disease
may be delayed by long term intake of flavonoids
were emphasized by several studies. The amyloid
potential for aggregation was demonstrated to be
inhibited by ten antioxidant flavonoids isolated
from the medicinal halophyte Tamarix gallica.
Glucuronosylated flavonoids show relatively strong
inhibitory activity of amyloid β (Aβ) and human
islet amyloid polypeptide (hIAPP) aggregation
compared to their aglycone analogs. There has been
found a strong correlation between chemical structure and activity of flavonoids that suggests that the
catechol moiety is important for amyloid aggregation inhibition, while the methylation of the carboxyl group in the glucuronide moiety and of the
hydroxyl group in the aglycone flavonoids decreased it. This study demonstrated that flavonoidactivity can be useful not only for metabolic disturbances that can concurred for Alzheimer’s
disease pathogenesis but either for diabetes mellitus type 2 (47). However, Aβ toxicity can also be
reduced by the inhibition of Aβ deposition via the
antioxidative activity of the soy isoflavone glycitein (100 μg/mL) (48). Apigenin ameliorates
AD-associated learning and memory impairment

via inhibiting Aβ deposition and decreasing insoluble Aβ concentrations, inhibiting oxidative stress,
and improving the antioxidative enzyme activity of
superoxide dismutase (SOD) and glutathione peroxidase (49).
Several polyphenols including flavonoids such
as baicalein, daidzein, luteolin and nobiletin as well
as nonflavonoid polyphenols such as auraptene,
carnosic acid, curcuminoids and hydroxycinnamic
acid derivatives including caffeic acid phentyl ester
enhance neuronal survival and promote neurite outgrowth in vitro, a hallmark of neuronal differentiation. These effects were correlated with antioxidative activity of these compounds that is related to
up regulation of Nrf 2 and the consequent up regulation of detoxification enzymes such as heme oxygenase-1. Furthermore, these effects are contributing to the neurotrophic activity reducing neurodegenerative process (21). Certain dietary flavonoids (as in cocoa and green tea) are related to reducing the NADPH oxidase activity in brain and
consequently reducing the nitro-oxidative stress
(50). Resveratrol was found strongly to inhibit NO
generation in activated macrophages by reducing
the iNOS (inducible nitric oxide synthase) expression (51).
Duarte et al. showed that flavonoids exert complex actions on the synthesis and bioavailability of
NO and several mechanisms may decreased NO
levels (52). In cell free systems, flavonoids may
scavenge NO via its pro-oxidant properties by increasing superoxide. However, under conditions of
oxidative stress, flavonoids may also protect NO
from superoxide-driven inactivation. Under conditions of inflammation and oxidative stress, flavonoids may prevent the inflammatory signaling cascades via inhibition of NFκB and thereby down
regulate iNOS. They also prevent the over expression of ROS generating enzymes, reducing superoxide and peroxynitrite levels, and hence preventing superoxide-induced NO inactivation and INOS
uncoupling (52).

CONCLUDING REMARKS
The pathogenesis of Alzheimer’s and Parkinson’s diseases is linked to oxidative stress which
leads to neuronal death and dysfunctions as major
consequences. The central cause of imbalance for
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oxidative stress enhancement is attributed to intracellular processes dysfunctions that seem to have a
critical importance. Flavonoids proved to induce
several antioxidative intracellular mechanisms
such as activation of nuclear related factor 2 (Nrf2),
and up regulation of antioxidant enzymes in brain
cells, that are important mechanisms for modulation of oxidative/nitrosative stress. The beneficial
role of natural products from diet such as flavonoids becomes extensively studied because of their
ability to interfere with oxidative stress and de-
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crease the excessive production of ROS and RNS,
influencing the neuronal death and neuronal degenerative diseases. Increased numbers of such studies
can be helpful for developing long term strategies
in the prophylaxis of neurodegenerative process associated to Alzheimer’s and Parkinson’s diseases.
Supplementary Materials: Supplementary
materials can be found at www.mdpi.com/link.
Conflicts of Interest: The authors declare no
conflict of interest.
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