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Abstract

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by globally impaired cognitive
functions. Oxidative stress is involved in the formation of plaques and tangles, which damage neuronal cells in AD.
Treatments retarding the progression of AD or significantly improving cognition are not available. Diet has been
recognized as a modifiable lifestyle factor capable of affecting the risk of developing AD, since it may influence
inflammation and oxidative stress in the brain. Dietary intake of natural antioxidants, such as polyphenols, carot-
enoids and vitamins C and E, is thought to reduce oxidative stress and to have preventive or therapeutic potential
in AD. Several antioxidants have shown promise in animal models of AD. However, there is no evidence of clinical
efficacy of natural antioxidants in people with AD. The use of antioxidants may be hindered by their limited bio-
availability. Furthermore, antioxidants administered in high concentrations could have detrimental effects due to
their capacity to act as prooxidants. Potential effects of natural antioxidants in the prevention of AD should be
assessed in studies with long-term exposure to compounds with high bioavailability. In addition, the assessment
of the effectiveness of antioxidant-rich diets in AD deserves further investigation.
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1. Introduction role in the pathophysiology of AD, causing oxidative stress and
neuroinflammation and ultimately leading to neuronal dysfunction

and cell death (Butterfield and Lauderback 2002; Querfurth and

Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder characterized by globally impaired cognitive functions,
including memory, language, executive and other behavioral func-
tions, and a marked decline in activities of daily life (Lange et al.
1995; Scheltens et al., 2016). AD is the most common form of
dementia, occurring in approximately two thirds of affected indi-
viduals (Scheltens et al., 2016). The disease is characterized by
neuronal and synaptic loss, and its neuropathological hallmarks
are the extracellular deposition of misfolded amyloid-f (A) in
senile plaques and the intracellular accumulation of hyperphos-
phorylated tau forms in neurofibrillary tangles (Butterfield and
Lauderback, 2002; Crews and Masliah, 2010). The pathogenesis
of AD is complex and incompletely understood. The accumulation
of the neurotoxic AP peptide in the brain appears to play a critical

LaFerla 2010). Disease-modifying therapies retarding the progres-
sion of AD or significantly improving cognitive functions in those
affected by AD are currently not available (Scheltens et al. 2016).

AD has long been believed to be an inevitable consequence
of aging. However, modifiable lifestyle behaviors are gaining in-
creasing recognition as factors capable of affecting the risk of de-
veloping AD (Lange, 2018a; Sohn, 2018). In particular, diet and
nutrition may play a role, since they can modulate brain structure
and connectivity and affect cerebral and behavioral changes as-
sociated with aging and disease (Gustafson et al. 2015; Huhn et
al. 2015). Nutritional approaches to AD include ketogenic diets
targeting energetic deficits and reduced glucose utilization in AD
(Lange et al., 2017), dietary patterns, such as the Mediterranean
diet, with components that may beneficially affect pathophysi-
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ological processes of AD (Lange et al., 2019a), and medical foods
meeting specific nutritional needs of people with neurodegenera-
tive diseases (Lange et al., 2019b; Lange et al. 2019c¢).

2. Oxidative stress in AD

Reactive oxygen species (ROS), such as superoxide anion, hy-
drogen peroxide, hydroxyl radical, singlet oxygen, nitric oxide,
alkoxyl and peroxyl radicals, are produced as a normal part of
metabolism within the mitochondria (Sies, 1985). External factors
promoting the production of free radicals include, for example, en-
vironmental pollutants, smoking, radiation and drugs. The endog-
enous antioxidant capacity is a multi-component system capable
of neutralizing ROS to prevent damage of cellular compartments.
A balance between the generation of ROS and the antioxidative
defense system exists. In particular, the oxidation of unsaturated
lipids in body tissues can be prevented effectively under normal
conditions. Various enzymes, such as glutathione peroxidase and
superoxide dismutase, are involved in the in vivo redox homeosta-
sis and maintain intracellular ROS at low low levels (Sies, 1985).
Oxidative stress in biological systems is characterized by an im-
balance between the production of ROS and their removal by the
antioxidant system (Harman, 1981; Sies, 1985), with an associated
disruption of redox circuitry and macromolecular damage (Jones,
2006). The concentrations of ROS can exceed the removal capac-
ity of the antioxidant system due to metabolic demand during ag-
ing or under pathological conditions. Excessive production and
uncontrolled regulation of ROS can cause biological dysfunction
(Yu, 1994; Droge, 2002).

The brain is particularly prone to oxidative stress-induced
damage due to its low antioxidant response capacity; it consumes
around 20% of total body oxygen and contains high concentrations
of polyunsaturated fatty acids subject to lipid peroxidation under
conditions of high metabolic activity and oxygen utilization (Behl
et al., 1994; Romero et al., 1998). The initiation of lipid peroxida-
tion makes the brain a major target for neurodegeneration. ROS
have been shown to act as secondary messengers in various intra-
cellular signaling pathways and as mediators of inflammation and
oxidative damage (Waldbaum and Patel, 2010). Furthermore, oxi-
dative stress appears to be self-propagating, since cellular macro-
molecules, damaged by oxidative stress-induced excessive release
of ROS, may convert themselves into ROS (Hulbert et al., 2007).

Accumulating evidence suggests that ROS generated via a va-
riety of mechanisms may play complex pathogenetic roles in AD
(Liu et al., 2018). The development of AD is associated with oxi-
dative damage in the brain, including oxidation of nucleic acids,
lipids, proteins and carbohydrates (Nunomura et al., 2006). Pro-
gressively increasing oxidative stress has been suggested to be an
early feature of AD and a major contributor to the development of
the characteristic brain lesions in AD (Harman, 2006; Pimplikar et
al., 2010). Oxidative stress may be a result of mitochondrial failure
and/or compromised antioxidant capacity with reduced concentra-
tions of endogenous antioxidants. Oxidative events appear to oc-
cur before the onset of AR accumulation and plaque formation,
which lends support to the critical role of oxidative stress in the
early stages of AD (Lin and Beal, 2006; Wang et al., 2014). For
example, the modulation of JNK/p38 MAPK pathways by oxida-
tive stress leads to AP accumulation and tau protein hyperphospho-
rylation (Patten et al., 2010). The targeting of DNA by ROS is a
particular problem in aged brains, since they have been shown to
exhibit elevated levels of mitochondrial DNA mutations induced
by oxidative stress (Chomyn and Attardi, 2003; Kraytsberg et al.,

2003; Trifunovic et al. 2004). While oxidative stress appears to be
an important factor contributing to the initiation and progression
of AD, the exact mechanisms involved in the disruption of redox
balance and the sources of ROS remain unknown.

Since antioxidants can scavenge reactive radicals and prevent
oxidation of substrates at low concentrations (Halliwell and Gut-
teridge, 1995), they are able to sustain cell integrity and are there-
fore vital to the defense system of plants, animals and humans.
Furthermore, the findings of animal studies suggest that antioxi-
dants may have anti-amyloidogenic effects (Ono et al., 2006).
Therefore, the regulation of ROS levels using antioxidants may
provide a potential therapeutic approach capable of impeding neu-
rodegeneration in AD.

3. Natural antioxidants

Antioxidants have been defined as substances that delay, pre-
vent or remove oxidative damage to a target molecule (Halliwell,
2007). The endogenous antioxidant system in humans, consisting
of enzymatic and non-enzymatic antioxidants, is not sufficient to
maintain the concentrations of free radicals at low levels and de-
pends on the exogenous supply of various antioxidants through
the diet (Pietta, 2000). Most exogenous natural antioxidants are
phytochemicals. Major natural antioxidants with potential thera-
peutic benefits in AD, including vitamins C and E, carotenoids and
flavonoids, may be found in certain foods. Diets rich in fruits and
vegetables appear to have protective effects against various dis-
eases and have been reported to be associated with reduced rates
of cardiovascular disease and cancer (Cox et al., 2000; Gillman et
al., 1995; Joshipura et al., 1999; Strandhagen et al., 2000). Antioxi-
dants are believed to be the primary food bioactives providing the
protection afforded by fruits and vegetables (Eastwood, 1999). A
review of epidemiological studies concluded that the high content
of polyphenolic antioxidants in fruit and vegetables is likely to be
the main factor responsible for the health benefits observed (Pot-
ter, 1997).

Since antioxidant compounds play an important role in scav-
enging free radicals, their use has been increasingly promoted as
a potential strategy in preventing or reducing neuronal cell death.
Exogenous antioxidants have been found to decrease the toxicity
of B-amyloid in the brains of people with AD (Behl, 1997; Chris-
ten, 2000). However, little information is available on the efficacy
of natural antioxidants in neurodegenerative diseases (Pohl and
Kong Thoo Lin, 2018).

In regard to halting neurodegeneration, a variety of natural
oxidants have shown promising results in animal models and cell
culture studies. For example, dietary polyphenols, including res-
veratrol, curcumin, catechins and anthocyanins, have been dem-
onstrated to obstruct the initiation and progression of Alzheimer
pathology in animals by inhibiting oxidative stress, DNA damage,
B-amyloid aggregation and cell apoptosis in neurocytes (Bastian-
etto et al., 2007; Darvesh et al., 2010; Mercer et al., 2005). In trans-
genic mice with an overexpression of AP, the administration of
the polyphenol epigallocatechin-3-gallate from green tea has been
found to significantly decrease AP deposition, to modulate tau pa-
thology and to reduce B-amyloid-mediated cognitive impairment
(Rezai-Zadeh et al., 2005; Rezai-Zadeh et al., 2008). Furthermore,
the administration of ferulic acid protects mice against A peptide
toxicity induced by intracerebral injection of B-amyloid peptide
(Yan et al., 2001). Both ferulic acid (Mori et al., 2013) and tannic
acid (Mori et al., 2012) markedly decreased AD-like pathology in
rats through the inhibition of B-secretase.
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Furthermore, reduced serum antioxidant levels in humans asso-
ciated with an increased AD risk may indicate a therapeutic value
of their use. For example, a survey conducted in almost 7,000
adults aged 50 years and over found a significantly negative as-
sociation between the serum concentrations of lycopene and lutein
and the risk of AD, which suggests that increased consumption of
foods rich in these compounds could decrease the risk (Min and
Min 2014).

Flavonoids and related polyphenols from grapes and other
fruits have shown free radical scavenging activity and antioxi-
dant and anti-inflammatory effects (Joseph et al. 2005). Flavo-
noids such as quercetin, anthocyanidins and catechins are all an-
tioxidants that may have preventive effects on the aging of brain
functions (Alaei et al., 2015). The best-studied fruit polyphenol,
the stilbenoid resveratrol (frans-3,5,4'-trihydroxystilbene), has
antioxidant and anti-inflammatory properties. The findings of
in vitro and in vivo studies suggest that resveratrol could have
potential in the treatment of AD (Lange, 2018b; Lange and Li,
2018). In addition to its antioxidant activities, resveratrol appears
to be capable of antagonizing amyloid aggregation, suppressing
neuroinflammation, reducing mitochondrial dysfunction, modu-
lating signaling pathways and activating longevity genes such as
sirtuins (Calabrese et al., 2008; Crichton et al., 2013; Lange and
Li, 2018; Witte et al., 2014). Resveratrol has also been shown in
humans to have beneficial effects on glucose control (Bhatt et al.,
2002; Brasnyo et al., 2011; Crandall et al., 2012) and blood flow
(Kennedy et al., 2010).

Despite a multitude of potential neuroprotective mechanisms
related to resveratrol, the translation of the findings in animals to
human AD has so far been impossible. The results of intervention
studies of resveratrol in people with mild cognitive impairment
or mild to moderate AD do not provide evidence of neuroprotec-
tive or therapeutic efficacy (Kobe et al., 2017; Turner et al., 2015).
Limiting factors in the clinical use of resveratrol include its poor
solubility and low permeability across the brain blood barrier, and
hence its low bioavailability in the brain (Ahmed et al., 2017).
Potential benefits of resveratrol and other natural antioxidants AD
need to establish a correlation between their bioavailability and
biological effects in vivo. Analogs of resveratrol may offer a better
therapeutic potential (Kapetanovic et al., 2011; Ma et al., 2014;
Pasinetti et al., 2015). For example, the naturally dimethylated
analog, pterostilbene (trans-3,5-dimethoxy-4'-hydroxystilbene),
has the major advantage of higher in vivo bioavailablity (Estrela et
al., 2013). The in vivo effects of pterostilbene found in AD models
suggest that this compound may be more effective in combating al-
terations in the aging brain (Chang et al., 2012). This may be due to
the more lipophilic nature of pterostilbene, with its two methoxyl
groups, in comparison with the two hydroxyl groups of resveratrol.

The polyphenolic curcumin, a constituent of the spice turmeric,
has strong antioxidant, anti-inflammatory and neuroprotective
activities (Bhat et al., 2019; Rajeswari, 20006). In particular, cur-
cumin has been demonstrated to reverse neurotoxic and behavorial
alterations in animal models of AD (Mendonga da Costa et al.,
2019). However, clinical trials have found no benefits of curcumin
in AD (Goozee et al., 2016). This may be due to the timing and
duration of the interventions or to problems with absorption and
bioavailability. Factors limiting the bioactivity of curcumin in-
clude chemical instability, water insolubility, lack of potency and
selectivity toward target enzymes/genes, limited tissue distribution
and extensive metabolism (Nelson et al., 2017). The poor pharma-
cokinetic and pharmacodynamic properties, the negligible efficacy
in various disease models, the presence of a reactive Michael ac-
ceptor and toxic effects under certain conditions (Avonto et al.,
2011; Burgos-Moron et al. 2010) render curcumin an unlikely can-

didate for therapeutic use. The false in vitro and in vivo activities
of curcumin have led to its classification as a pan-assay interfer-
ence compound (Baell and Walters, 2014) and an invalid metabolic
panacea compound (Bisson et al., 2016).

In summary, clinical findings demonstrating clinical efficacy of
antioxidants in AD are lacking (Barreca et al., 2016).

4. Natural antioxidants contained in diets

The failure of specific antioxidants to prevent AD in intervention
studies has led some researchers to adopt a more holistic view of
food intake. Emerging evidence suggests that combinations of ap-
propriate antioxidants may have synergistic effects and may be
more effective than single compounds (Veurink et al., 2020). A
combination of antioxidants has been shown to be effective in de-
creasing apoptosis and markedly improving learning and memory
in transgenic mice (Veurink et al., 2003).

A population-based, prospective cohort study conducted in the
Netherlands, comprising 5,395 participants aged >55 years with a
reliable dietary assessment using a food-frequency questionnaire,
showed that a high dietary intake of vitamin C and vitamin E was
associated with a reduced risk of AD after a mean follow-up of 6
years; adjustments for a large number of potentially confounding
variables were made (Engelhart et al., 2002). It should be noted
that consumption of antioxidants contained in food reflects long-
term intake. In comparison with supplementation of synthetic
compounds, antioxidants from food are consumed simultaneously
with other nutrients in a balance that may affect absorption or bio-
logical activity (Bronner, 1993).

Prospective studies have reported that high levels of dietary
flavonoid intake were associated with a lower risk of AD (Com-
menges et al., 2000; Engelhart et al., 2002). In a recent prospec-
tive, community-based cohort study comprising 921 participants
with a mean age of 81.2 years, dietary consumption of flavonols,
as assessed using a validated food frequency questionnaire, was
negatively associated with incident AD in models adjusted for age,
sex, education, genetic predisposition and participation in cogni-
tive and physical activities (Holland et al., 2020). These results
suggest that higher dietary intake of flavonols may be associated
with a decreased risk of developing AD. Well-designed trials are
required to confirm the clinical relevance of these findings.

The Mediterranean diet contains high concentrations of natural
antioxidants, including phenolics, carotenoids, and vitamins C and
E (Scarmeas et al., 2006; Vasto et al., 2012). In epidemiological
studies, individuals adhering to a Mediterranean diet have been
found to have a reduced risk of cognitive disorders: Higher ad-
herence was associated with a decreased risk of incident cogni-
tive impairment (Tsivgoulis et al., 2013), while lower adherence
was related to an elevated incidence of mild cognitive impairment
and AD (Gardener et al., 2012). Strict adherence to a Mediterra-
nean diet was associated with a reduction in AD by 34% (Gu et
al., 2010). Healthy, middle-aged individuals who had followed
this diet showed less brain atrophy in magnetic resonance imaging
and less AP accumulation than those who had not, demonstrating
the neuroprotective effects of the Mediterrananean diet (Berti et
al., 2018; Mosconi et al., 2018). However, the majority of inves-
tigations on the Mediterranean diet and AD are observational and
cannot answer the question whether the association is causal. A
confounding factor in these studies is, for example, the interactions
between diet and other lifestyle factors, such as physical exercise
(Lange, 2018a).

The wide variety of antioxidants contained in the Mediterra-
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nean diet may contribute to a decrease in oxidative stress and the
reduced risk of dementia (Dai et al., 2008; Luchsinger et al., 2004;
Morris et al., 2002; Paleologos et al., 1998). The Mediterranean
diet may also increase plasma concentration of brain-derived neu-
rotrophic factor, which protects neurons against oxidative stress
(Sanchez-Villegas et al., 2011). Although the traditional Mediter-
ranean diet is rich in natural antioxidants, other food components
of the diet, such as omega-3 polyunsaturated fatty acids from fish
and monounsaturated fatty acids from olive oil, may contribute to
the beneficial effects in regard to AD by decreasing or preventing
inflammation (Huang et al., 2013). In addition, the reduced risk
of AD associated with the Mediterranean diet could be mediated
through a decrease in vascular risk factors and beneficial effects
on glucose and lipid metabolism (Biessels et al., 2006; Esposito et
al., 2007; Hu et al., 2013; Martinez-Gonzalez et al., 2008; Pana-
giotakos et al., 2003; Rumawas et al., 2009; Stampfer et al., 2000).

In summary, diets rich in fruits and vegetables containing cock-
tails of natural antioxidants are likely to be beneficial in the preven-
tion of AD. However, our knowledge of the quality and quantity of
individual food bioactives required for effective neuroprotection
is insufficient.

5. Prooxidant activity of antioxidants

Even when seemingly natural and healthy food bioactives are sup-
plemented, possible adverse effects need to be considered (Dunn et
al., 2010; Klein et al., 2011; Lange et al., 2019d). For example, the
administration of antioxidants in high doses has been observed to
cause adverse effects (Zadak et al., 2009), possibly due to prooxi-
dative activity. Biological systems have been postulated to require
a balance between oxidation and antioxidation, with low amounts
of antioxidants being favorable to this system and high doses dis-
rupting the balance (Bouayed and Bohn, 2010).

Prooxidants are substances that induce oxidative stress
through the formation of ROS or by inhibiting the antioxidant
system. While natural antioxidants are used for their preventive
and therapeutic effects, compounds such as polyphenols, flavo-
noids, carotenoids and anthocyanins, administered at higher dos-
es or under certain conditions, may also act as prooxidants, pro-
ducing free radicals, causing DNA damage and mutagenesis and
aggravating states of disease (Eghbaliferiz and Iranshahi, 2016).
The antioxidant-induced reduction in cell damage may boost the
occurrence of neoplasia, since the administration of antioxidants
may facilitate the survival of genetically damaged cells (Halli-
well and Gutteridge, 2015). For example, epidemiological stud-
ies have indicated that diets high in carotenoid-rich fruits and
vegetables and elevated serum concentrations of f-carotene are
associated with a reduced risk of lung cancer (Mayne, 1996; Peto
et al., 1981; Ziegler, 1991). However, an increase in the inci-
dence of lung cancer was observed in heavy smokers receiving
B-carotene supplements for several years (Alpha-tocopherol, beta
carotene cancer prevention study group, 1994; Blumberg and
Block, 1994; Omenn et al., 1996). The latter finding can prob-
ably be attributed to the antioxidant effect on cell proliferation
(Khlebnikov et al., 2007).

Factors that can transform the function of an antioxidant into
a prooxidant include the presence of metal ions, the redox po-
tential of the antioxidant and its concentration in matrix environ-
ments (Gonzalez et al., 2005; Ionescu et al., 1998; lonescu et al.
2006). The potent antioxidant vitamin C can act as a prooxidant
depending on the dose administered, with antioxidant and proxi-
dant effects following low and high doses, respectively (Seo and

Lee, 2002). The prooxidant effect of vitamin C is also found when
the vitamin is combined with iron or copper (Duarte and Lunec,
2005; Podmore et al., 1998), with the reduced transition metals
reducing hydrogen peroxide to hydroxyl radicals through Fenton
reaction (Asplund et al. 2002; Urbanski and Beresewicz, 2000).
Vitamin E (a-tocopherol) is also a potent antioxidant that may
become a harmful prooxidant in high concentrations (Carlisle et
al. 2000; Blumberg and Block, 1994). In a systematic review and
meta-analysis, elevated mortality rates were found following ex-
tended supplementation with B-carotene as well as vitamins A and
E (Bjelakovic et al., 2007). Flavonoids have also been shown to act
as prooxidants in the presence of transition metals, which catalyze
the redox cycling of polyphenols and could lead to the formation
of ROS and phenoxyl radicals (Galati and O’Brien, 2004; Halli-
well, 2008; Yordi et al., 2012).

Future human studies should clarify the importance of prooxi-
dative activity of phenolics and carotenoids at the doses adminis-
tered under physiological conditions, since most available findings
stem from in vitro experiments using high doses of antioxidants
(Wang et al., 2015). Furthermore, the prooxidant activity of poly-
phenols has been found in the presence of transition metals, such
as iron and copper, and the concentrations of these metals in bio-
logical systems are lower than those assessed in in vitro studies
(Eghbaliferiz and Iranshahi, 2016). Therefore, the possible prooxi-
dant activity of natural antioxidants consumed in foods containing
a combination of them may be limited. In addition, prooxidants
have been hypothesized to have essential cell signalling properties
(Prochazkova et al., 2011) and other beneficial effects, since a mild
degree of oxidative stress could lead to cytoprotection through a
prooxidant-induced rise in the levels of antioxidant defenses and
xenobiotic-metabolizing enzymes (Halliwell, 2008).

6. Future directions

More definitive studies are needed to examine the efficacy of
natural antioxidants in AD. Various factors need to be considered
in the study design of future investigations. Important aspects
are the optimum age for the initiation of antioxidant consump-
tion and the duration of intake. Since the pathogenetic process
leading to dementia may begin many years prior to the onset of
symptoms, supplementation may have to be initiated in young or
middle age. In humans, significant effects would become observ-
able only following decades-long consumption of antioxidants,
which would render respective studies unfeasible. Since optimal
results of the administration of antioxidants may be expected in
early or even presymptomatic stages of AD, the diagnostic iden-
tification of subtle neuropathological alterations and biomarkers
related to the disease process are required. Furthermore, the tools
currently used to assess outcomes may not be able to detect mini-
mal changes in cognitive functions in early stages of AD (Mor-
rison et al., 2013).

The bioavailability of polyphenols is limited; they are poorly
absorbed and extensively metabolized, resulting in low serum lev-
els (Bravo, 1998; Cottart et al., 2010; Crozier et al., 2010; Del
Rio et al., 2010). The concerns regarding the bioavailability of
natural antioxidants stem from studies of the pharmacokinetics of
certain agents such as resveratrol. However, the effects of poly-
phenols could be mediated through the active metabolites of these
compounds or through synergistic effects of several polyphenols
in juice or fruit extracts (Cottart et al., 2010; Scalbert and William-
son, 2000). Future pharmacokinetic studies need to address the
question of the most effective form of antioxidant consumption,
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Table 1. Natural antioxidants in foods and AD

Natural an- Foods rich in nat- . . Efficacy in clini-
tioxidants ural antioxidant 3G ADIELE S cal trials Comment
Vitamin C Citrus fruits, Decrease in oxidative damage No evidence of High dietary intake of vitamins
cabbage, rosehip  (Monacelli et al., 2017) neuroprotective C and E associated with reduced
efficacy (Monacelli AD prevalence; high-dose
etal., 2017) vitamin E supplementation
Vitamin E Oils Decrease in oxidative damage Not available :Z?;:Z?tedaﬁ:ngtrael?tsw
(Gugliandolo et al., 2017) Y Y
Epigallocatechin- Green tea Decrease in AB deposition Not available

3-gallate and cognitive impairment
(Rezai-Zadeh et al., 2008)

Ferulic acid Fruits, vegetables Decrease in AD-like pathology
(Mori et al., 2013)

Tannic acid Grapes, tea Decrease in AD-like pathology
(Mori et al., 2012)

Resveratrol Grapes, berries, Decrease in amyloid deposition

Pterostilbene Blueberries Decrease in AB- induced
neurotoxicity and improved cognitive
functions (Lange and Li, 2018)

Curcumin Turmeric Inhibition of AB- aggregation

grains

and improved memory functions
(Lange and Li, 2018)

(Mendonga da Costa et al., 2019)

Not available

Not available

No evidence of
neuroprotective or

therapeutic effects in
mild to moderate AD

(Kobe et al., 2017;
Turner et al., 2015)

Not available

No benefits in

clinical trials (Goozee

Clinical efficacy limited due
to poor bioavailability

Higher in vivo bioavailablity
and possibly better therapeutic
potential than resveratrol

Unlikely therapeutic
potential due to very poor

etal., 2016) pharmacokinetics and

-dynamics; possible toxic effects

Future perspectives: Large-scale clinical trials with long-term exposure to antioxidant-rich diets or (combinations of) natural antioxidants with high bioavailability are required

to assess preventive and therapeutic efficacy in AD.

i.e. as tablets, extracts, juice or dietary ingredients. In addition,
nanotechnology may be able to develop antioxidant bioactives or
drugs for the treatment of AD that are able to cross biological bar-
riers and enhance bioavailability (Gao, 2016).

Furthermore, in view of possible toxic effects of curcumin
(Burgos-Moron et al., 2010), antioxidant supplements should be
considered as medicinal products and should therefore be evalu-
ated extensively in the same way as new drugs prior to marketing.

7. Conclusion

Due to its high oxygen consumption and high lipid content, the
brain is highly susceptible to oxidative stress. The accumulation
of ROS poses a significant threat to neurons. When production
of these species exceeds the brain’s antioxidant defense capacity,
substantial neuronal damage may result. It is well established that
oxidative damage of neuronal molecules has a major impact on
AD. The pathogenetic role of oxidative stress in AD has led to the
proposal that increased consumption or supplementation of plant-
derived antioxidants may reduce the development of neuronal
dysfunction and may offer preventive or therapeutic potential in
AD. Several antioxidants have shown promise in animal models
of AD. However, the findings regarding effects of antioxidants in
AD in humans are controversial and inconclusive. Single antioxi-
dants may not suffice in preventing oxidative damage in AD, since

a wide variety of endogenous and exogenous antioxidants are in-
volved in the modulation of oxidative stress. Therefore, effects of
dietary natural antioxidant cocktails require further investigation
regarding the prevention of AD. Furthermore, the use of antioxi-
dants in humans may be hindered by limited bioavailability and
insufficient bioactivity in the brain. There is currently no evidence
of clinical efficacy of natural antioxidants in people with AD (see
Table 1).

While antioxidant scavenging of free radicals may have health
benefits, it may also have detrimental effects. Antioxidants, espe-
cially when administered in high doses, could disturb the homeo-
stasis associated with the role of ROS in various physiological pro-
cesses. A controversy surrounding dietary antioxidants concerns
their capacity to act as (toxic) prooxidants, depending on their con-
centration and the presence of other molecules. Antioxidant activ-
ity might increase the survival of precursor tumor cells in altered
matrix environments and could thus enhance malignancy.

Potential effects of natural antioxidants in the prevention of
AD need to be assessed in studies with long-term exposure to
compounds with high bioavailability. Large-scale clinical trials
employing sensitive, valid, reliable and ecologically meaningful
assessments are needed to establish the therapeutic efficacy of
antioxidants. Future studies should employ combinations of anti-
oxidants to maximize bioavailability to different cellular compart-
ments. In addition, the assessment of the effectiveness of antioxi-
dant-rich diets in AD warrants further investigation.
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