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Effects of Green Tea Polyphenols and Oxidative Stress on
Rizheimer’s and Parkinson’s Diseases

Aylin Doganoglu'®, Oytun Erbag"?

Polyphenols are natural substances that are
present in many plants, fruits, and vegetables,
such as tea, cloves, and other seasonings, red
wine, and berries. Flavonoids, which is the largest
group of polyphenols, are split into aurones,
dihydrochalcones, flavanonols, isoflavones, flavones,
flavonols, leucoanthocyanidins, anthocyanins, and
proanthocyanidins." All polyphenols feature at least
one phenolic ring connected to hydroxyl groups in
either ortho or para positions, which satisfy the need
for redox reactions to take place.’” Hydroxyl groups
and phenolic rings provide antioxidant capacities.”
Their strong antioxidant capacities complement and
supplement the functions of antioxidant vitamins
and enzymes as a defence against oxidative stress
induced by excess reactive oxygen species (ROS). In
recent years, more connections between oxidative
stress and neurodegenerative diseases have been
revealed and these diseases have been related to
oxidative stress generated by reactive oxygen and
nitrogen species.”™ Experimental studies have shown
that polyphenols play a part in the prevention of
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ABSTRACT

Alzheimer’s disease is a progressive brain disorder that
starts with mild memory loss and aggravates the loss of
speech, facial expressions, and many everyday activities.
Similarly, Parkinson'’s disease is a brain disorder that causes
various movement disorders by tightening muscles and
making them rigid. Alzheimer’s and Parkinson’s diseases
are the most common neurodegenerative diseases among
older adults and the number of cases is rapidly increasing.
Although many factors leading to these diseases are not
discovered, many studies found ROS production-induced
oxidative stress leads to oxidation and modification of various
cellular structures and subsequently cell death and neuronal
degeneration. Polyphenol compounds are micronutrients
that are featured by many plant-based foods and renowned
for their antioxidant capacities, which play an impactful role
in the inhibition of arachidonic acid metabolizing enzymes
and regulation of mitochondrial dysfunction. Especially
green tea polyphenols, which are rich in (-)-epigallocatechin-
3-gallate (EGCG), scavenge radicals, chelate metal ions,
inhibit the nuclear translocation of NF-kB, and thus reduce
oxidative stress and prevent many factors that lie behind
Alzheimer’s and Parkinson’s diseases.

Keywords: Alzheimer’s disease, green tea, oxidative stress, Parkinson’s
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neurodegenerative diseases such as Alzheimer’s and
Parkinson'’s diseases.

OXIDATIVE STRESS AND ROS

An antioxidant system is responsible for
neutralizing reactive oxygen species (ROS), and when
it cannot, oxidative stress takes place in cells and
tissues.®™ Oxygen presence in higher than normal
ratios in biological systems intermediates potential
damage to cells that might cause cell death. “Free
radical” refers to any molecular species that contains
one or more unpaired electrons in its outermost shell
and can exist independently.® Many phenomena in
the cell, such as respiratory chain in mitochondria, in
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photochemical and enzymatic reactions, as a result
of the exposure to UV light, ionizing radiation, or
heavy metal ions, can give rise to ROS production,
which can be hydroxyl radical (OH’), singlet oxygen
('0y), hydrogen peroxide (H;0;), and superoxide
anion (0O).1”

The reduction of oxygen results in superoxide
generation that, afterwards the dismutase to
hydrogen peroxide. Although hydrogen peroxide
has low reactivity, it can easily penetrate the cell's
membranes and produce the most reactive form of
oxygen, the hydroxyl radical, by Fenton's reaction
(H20;7 + Fe?** — Fe3* + OH~ + OH').”? Multitude enzymes
in the antioxidant system including superoxide
dismutase (SOD), catalase, and peroxidases control big
amounts of ROS produced by the strong metabolism
of the brain.®*! Nevertheless, when ROS gets overly
generated, it overpowers intrinsic antioxidant
capacity. This leads to oxidative stress and ultimately
damage to the biomolecules of tissues and cells.'”

OXIDATIVE STRESS AND
NEURODEGENERATIVE DISEASES

In neurodegenerative diseases, oxidative stress
and mitochondrial dysfunction both contribute to
cell death. In the ETC (electron transport chain),
complex | (NADH dehydrogenase-ubiquinone
oxidoreductase) and Ill (ubiquinone-cytochrome
c oxidoreductase) give electrons to oxygen to
generate superoxide, which is then transformed
into hydrogen peroxide via superoxide dismutase
(SOD) and peroxynitrite by reacting with nitric
oxide. voltage-dependent anion channel (VDAC)
discharges ROS and RNS (reactive nitrogen species),
generated in mitochondria, into the cytoplasm, and
thus, they modify and oxidize DNA, protein, and
lipid.™

OXIDATIVE STRESS AND ALZHEIMER’S
DISEASE

Alzheimer’s disease (AD) and other dementias are
one of the main reasons for mortality in the elderly
worldwide, with a rate increasing rapidly that will
double in 20 years.' As oxidative stress has begun
to be seen as an important pathogenic factor in AD,
many theorized that oxidative stress is involved in
the induction of the disease. Indeed, among all AD
hallmarks, oxidative damage was discovered to be
the first observable phenomenon in the progression
of AD.'! Peroxidation of lipids jeopardizes the
collectivity of cellular membranes and produces
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diffusible aldehydic by-products, including the q,
B-unsaturated aldehydes acrolein, 4-hydroxyhexenal
(HHE), and 4-hydroxynonenal (HNE).l'¥

Acrolein, a derivative arachidonate and linoleate,
has toxic effects on neurons and, in Alzheimer's
disease, levels of acrolein are increased.™™ High levels
of the GSH-HNE Michael adduct (HNE-GSH) were
encountered in the AD hippocampus, and substantia
innominata, frontal and temporal cortex, entorhinal
cortex, and cerebellum.l'" Multidrug-resistant
protein 1 (MRP-1) expels the HNE-GSH adducts
in normal cells, but in AD brain, gl333utathione
S-transferase (GST) and MRP-1 get modified by
HNE, which may explain the loss of GST activity in
AD.'"78 Also, it has been supposed that vascular
AB deposits bring on the degeneration of arterial
vessels and cerebral capillaries, assumedly mediated
by reactive oxygen species (ROS) initiation caused
by activation of NADPH oxidase. Followingly, the
vascular AB(B-amyloid) deposition can damage the
blood-brain barrier and harm the regulation of brain
perfusion and cerebral blood vessels.'*21

OXIDATIVE STRESS AND PARKINSON'’S
DISEASE

Being the second most common
neurodegenerative disorder, Parkinson’s disease is
qualified by severe movement disturbances such as
rigidity, tremor, and bradykinesia.?? Some particular
PD phenotypes such as mitochondria depolarization,
ER stress, a-synuclein accumulation and altered level
of cytosolic DA can give rise to cellular oxidative
stress, by itself or interacting with one another.??
With a number decline of 5% to 10% per decade by
aging, Dopamine neurons, located in the substantia
nigra in the human brain, are potentially susceptible
to harm. Enzymatic and non-enzymatic oxidation
of dopamine produces reactive oxygen species,
and thus, begets apoptotic cell death in dopamine
neurons.

In support, similar to Alzheimer’s, studies in
postmortem brains of PD patients pointed out
elevated levels of 4-hydroxy-2-nonenal (HNE), a lipid
peroxidation by-product, and the DNA and RNA
oxidation products 8-hydroxy-deoxyguanosine and
8-hydroxyguanosine, and carbonyl modifications
of soluble proteins in the SN.2*28 Modeling the
motor aspects of PD in animals with toxins that
cause oxidative stress including 1-methyl-4-phenyl
1,2,3,6-tetrahydropyridine (MPTP), rotenone, 1,1'-
dimethyl-4,4"-bipyridinium dichloride (paraquat),
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and 6-hydroxydopamine (6-OHDA) helped indicate
the connection between dopaminergic neuronal
degeneration and oxidative stress.[233

OXIDATIVE STRESS AND POLYPHENOLS
Antioxidant properties of polyphenols

An antioxidant molecule is responsible for
avoiding or postponing the oxidation of other
molecules, such as lipids, proteins, or nucleic
acids.B4 Polyphenols were discovered as powerful
antioxidants able to neutralize free radicals by giving
a hydrogen atom or an electron. In the antioxidant
activities, the greatly conjugated system and
particular hydroxylation patterns like the 3-hydroxyl
group in flavonols play a significant role.*! Indeed,
effective mechanisms on the antioxidant capacity of
polyphenols include suppression of the production
of ROS by either inhibiting the enzymes that are
contributed to their generation, scavenging of ROS,
or conservation or upregulation of antioxidant
defences.®® Antioxidant enzymes such as glutathione
peroxidase, catalase and superoxide dismutase can
be stimulated by polyphenols, and thus, they can
break down hydroperoxides, hydrogen peroxide
and superoxide anions, respectively, and inhibit the
expression of enzymes such as xanthine oxidase.®”
Polyphenols also work as metal chelators. Because
of their lower redox potentials, polyphenols
thermodynamically can decrease greatly oxidizing
free radicals as a result of their capacity to chelate
metal ions (irons, copper, etc.) and free radicals.®

Inhibition of enzymes caused by oxidation

Several studies have revealed the activity of
arachidonic acid metabolizing enzymes such as
cyclooxygenase (COX), lipoxygenase (LOX), and
NOS can be regulated by different polyphenols.%
Some of the key mediators of oxidative stress and
inflammation including the generation of AA,
prostaglandins, leukotrienes, and NO can be
inhibited by these enzymes.*? COX and LOX control
the production of metabolites with the potential to
expand the oxidative lesion in tissues.*" Reduced XO
activity and less oxidative injury have been reported
with polyphenol intake.*?

Regulation of mitochondrial dysfunction

Polyphenols have many functions within
mitochondria such as ameliorating mitochondrial
functions, particularly the ETC activity, regulating
the redox state, as well as inhibiting the apoptosis
system. The selective accumulation of bioactive

compounds in mitochondria are elevated by arranged
mitochondria-targeting polyphenols.[3-4]

Green tea polyphenols

Greentea, also called unoxidized tea, is produced
purely from the leaves of the Camellia sinensis plant.
The leaves are culled, shrivelled to a small extent,
and afterwards immediately cooked to conserve
the green quality and avoid oxidation. Due to this
process, green teas have significantly higher levels
of chlorophyll, polyphenols, and antioxidants
than other tea types.“d In thoroughly directed
epidemiological studies, green tea polyphenols
are now being thought to be therapeutic agents,
aiming at regulation of brain aging processes and
serve as potential neuroprotective elements in
progressive neurodegenerative diseases such as
Parkinson's and Alzheimer's.”*”] Green tea features
distinguishablepolyphenoliccompoundsincluding,
(-)-epigallocatechin-3-gallate (EGCG)-which is the
most abundant catechin- (-)-epigallocatechin (EGC),
(-)-epicatechin-3-gallate (ECG) and (-)-epicatechin
(EC). Moreover, various flavonols as well as their
glycosides are present in tea.*®

Tea polyphenols scavenge ROS and generate
more stable phenolic radicals in vivo and in vitro
to relieve oxidative stress.*? EGCG scavenging
radicals mainly derive their ability from the D ring
in the galloyl group of its structure.’® Electron
paramagnetic resonance spectroscopy is analyzed,
then oxidizing the D ring of galloyl group used to
scavenge OH and 0,.5"52

Reduction in EGCG attenuated 3-HK-induced cell
viability and an increase in the levels of ROS and
caspase-3 activity in neuronal culture is assumedly
a result of its antioxidant activity.*® As shown in
rat brain tissue, green tea extracts hinder lipid
peroxidation brought about by iron ascorbate in brain
mitochondrial membrane homogenates (IC50: 2.44
and 1.40 mol/L, respectively).4

The neurotoxin 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) can lead to symptoms
akin to PD by ruining the structure of neurons
that generate dopamine in the substantia nigra.
MPTP-induced oxidative stress damage can be
decreased by EGCG in PD mice, whose mechanism is
relatable to inhibiting inducible nitric oxide synthase
(iNOS) expression level.5

EGCG can augment cellular antioxidant defence
capacity and attenuate AP-mediated oxidative
and/or nitrosative cell death, creating protective



and/or therapeutic effects on AD patients. Oxidative
stress and nitrosative might mediate AfB-induced
damage of neurons as well as glia. When BV2 cells
were exposed to AP, they underwent nitrosative
stress, which was pointed out by the augmented
expression of inducible nitric oxide synthase (iNOS)
and followingly, the production of nitric oxide (NO)
and peroxynitrite, which were highly repressed
via EGCG pretreatment. Fortification of the cellular
GSH pool through increased mRNA expression of
y-glutamylcysteine ligase, a rate-limiting enzyme
in glutathione biosynthesis, by EGCG treatment is
considered to be the operative mechanism.8!

In in vitro systems, EGCG was discovered to inhibit
the nuclear translocation of NF-kB: initiation of
green tea extract before 6-OHDA-induced oxidative
stress inhibited both NF-kB nuclear translocation
and binding activity in neuroblastoma SH-SY5Y
cells, as indicated by immunofluorescence and
electromobility shift analyses.>

It is agreed that, in the brain, the fibrillation
of AS might be caused by iron accumulation.
Nevertheless, EGCG can force its way into the blood-
brain barrier, chelate metal ions, and in this way,
inhibit the fibrillation of amyloid proteins. EGCG’s
chelating Fe(lll) defends AS-PC12 cells against the
toxicity that arose from ROS and B-sheet-enriched
AS fibrils.”

“In another study based on the generation
of transgenic mouse models of AD, Li et al.,®
investigated on EGCG (orally 20 mg/kg/day, for
3 months) capacity to interfere with AR deposits
in different brain areas.”® "The data concluded by
immunohistochemistry pointed out that A deposits
decreased up to 52% in the hippocampus and 60%
in the frontal cortex.”

Miscellaneous experiments based on
population showed that drinking tea can lower the
risk of cognitive impairment among the elderly.
A follow-up study experiment conducted over
65 years old and older 13,645 Japanese proved that
the risk of dementia could be notably reduced by
green tea consumption.®” Also, a study conducted
with 278 PD patients disclosed that the progression
of PD could be postponed by 7.7 years when green
tea consumption was more than 3 cups a day."

In conclusion, this research has demonstrated
the beneficial effects of polyphenolic compounds
and especially green tea polyphenols on preventing
two major neurodegenerative disorders, Alzheimer’s
and Parkinson’s diseases. Miscellaneous protective
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features of polyphenols regulate and mitigate ROS
production-based oxidative stress generation and
oxidative stress-induced complexities, such as
mitochondrial dysfunction and arachidonic acid
caused enzyme secretion. Thus, the oxidation of
several cellular systems in Alzheimer’s and Parkinson'’s
patients might be prevented, and the advancement of
these diseases decelerated. Given the importance of
reducing the onsetand progression of Alzheimer’sand
Parkinson'’s, additional research should be performed
to establish whether there are direct relationships
between diets high in various polyphenols and
reduced oxidative stress.
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