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Abstract. Alzheimer’s disease is a growing health problem worldwide. The pharmaceutical industry has not recently developed
any new drugs that have had a significant impact on the natural history of the disease, so considerable attention has been
given to nutraceuticals and nutritional bioactive compounds that can be obtained directly from diet or supplementation. These
compounds may be able to modify physiopathological processes responsible for neurodegeneration and/or to have pro-cognitive
properties. Here, we review current knowledge on the role of diet modifications, lipid and carbohydrates consumption, vitamin
supplementation, and the possible effects of antioxidant and nutraceutical compounds with neuroprotective activity, in the

prevention and treatment of Alzheimer’s disease and related disorders.
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INTRODUCTION

A nutraceutical is a bioactive component of the
human diet that can be used for the prevention or
treatment of a disease. Many substances that become
bioavailable after digestion offer extra-nutritional
beneficial properties; these substances are called
“bioactive”. The properties of such compounds include
antioxidant, anti-inflammatory, antimicrobial, anti-
hypertensive, and anticancer functions as well as
regulatory roles for intra- and extracellular signaling
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pathways. The nutraceutical market has grown in the
last decade due to increase consumer knowledge of
these compounds and for relevance on the prevention
and therapy of several diseases. In this context, in 2007,
the nutraceutical market reached $117.3 billion, and it
is projected to grow to $176.7 in 2013 [1].

Alzheimer’s disease (AD), as a growing world-
wide health problem, became a notorious focus for
the evaluation of new nutraceutical products, mainly
considering the slow advances in the search of new
pharmacological therapies during the last decade,
together with the promising actions of some nutraceu-
ticals in the prevention and treatment of age-related
diseases.
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Evaluating the role of nutrition and food supple-
mentation on the risk of developing AD and other
neurodegenerative diseases seems to be very diffi-
cult. This is because many confusing factors can be
found in observational studies that intend to asso-
ciate feeding habits and cognition, mostly because
cognitive impairment is more frequent in older, less
educated people and in lower socio-economic classes.
This population is far more likely to have poor dietary
intake of fruits and vegetables, unhealthy behavior,
and higher prevalence of cerebrovascular disease, so
direct correlations are difficult to obtain [2]. More
impartial studies, like randomized controlled trials of
nutritional supplementation and its effects on cogni-
tion are scarce. In this review, we will focus on current
knowledge on nutraceuticals and food supplements
used for the prevention and treatment of AD. First,
we will describe the current evidence on nutritional
habits and diet and their relation to neurodegenerative
diseases. Then we will summarize current evidence in
vitamin supplementation, antioxidants, and neuropro-
tective compounds, and finally we will describe current
studies and methodology for nutraceuticals evaluation.

DIETARY HABITS AND THE RISK OF
DEVELOPING AD

The importance of dietary factors on the risk of
developing AD has been recognized by many authors,
and it has been repeatedly suggested that the Mediter-
ranean diet may have protective effects [3]. Dietary
lipid composition is very relevant, not only as a cardio-
vascular risk factor, but also in the pathophysiology of
AD [4].

The brain is the organ with the most important
cholesterol content in the body. Bioactive lipid medi-
ators are among the most important substrates for
cellular signal transduction. Cholesterol and sphin-
golipids from lipid rafts are fundamental for signal
transduction processes, and there are some important
alterations in brain lipid composition in AD, such as
a reduced level of glycerophospholipids in the brains
of patients with AD [5]. The involvement of choles-
terol metabolism in the pathogenesis of AD has been
analyzed elsewhere [6]; cholesterol rich diets, as well
as consumption of low quantities of polyunsaturated
fatty acids (PUFAs), are considered important AD
risk factors since reduced levels of n-3 PUFAs have
been found in the brain and plasma of patients with
AD. Docosahexaenoic acid (DHA) is a major con-
stituent of n-3 PUFA on neuronal membranes and it is

mainly presented in fish and algae. There is evidence
of the potential neuroprotective role of DHA supple-
mentation, which can be related to its properties as a
modulator of immunity, inflammation, cell signaling,
gene expression, and membrane properties (reviewed
by Florent-Béchard et al. [7]).

Some dietary habits like consumption of extra vir-
gin olive oil (EVOO) are particularly significant since
EVOQO, as well as berries, wine, and green tea, are rich
in polyphenols that have important antioxidant prop-
erties and may interfere with the pathogenic processes
of AD, preventing learning deficits and memory loss.
Farr et al. described that treatment of a murine model
of AD (SAMPS) with EVOO improves memory and
learning when compared with mice treated with butter
or coconut oil [8].

Other dietary risk factors for the development of
AD are related to glucose metabolism and the pres-
ence of diabetes [9]. Reduction of cerebral glucose
metabolism in certain areas such as posterior cingu-
late and parietotemporal cortices can be evaluated as
a diagnostic feature through 18F-fluorodeoxyglucose
positron emission tomography (FDG-PET) scans [10].
Insulin levels may affect the clearance of amyloid-
B (AB) by an insulin degrading enzyme. Low levels
of insulin may decrease levels of insulin degrading
enzyme in the brain, while very high insulin levels may
compete with A3 for its degradation. Interestingly, the
application of intranasal insulin improves verbal mem-
ory in patients with AD, while insulin infusion in the
presence of euglycemia facilitates memory processes
[11].

Since dysfunction in brain glucose metabolism is
so prominent in AD, it has been postulated that a
diet that increases ketone bodies, which can be used
as “fuel” for neurons instead of glucose, may have
therapeutic effects. For example, ketogenic diet has
been used for many years in the treatment of chil-
dren with refractive epilepsy. Because it is difficult to
have good adherence to such diet, Henderson et al.
[12] evaluated the supplement AC-1202 (caprylidene)
that contains medium chain triglycerides (MCTs) in
152 mild to moderate AD patients (86 in treatment and
66 subjects in the placebo group), and demonstrated
increases in serum ketone bodies and improvements
in cognitive scales (Alzheimer’s Disease Assessment
Scale-cognitive subscale) at 45 and 90 days [12].
Because caprylidene is considered as “medical food”
(named Axona), attention has been paid to coconut
oil that contains MCTs, but with a different compo-
sition (around 70% MCTS). In vitro studies showed
that coconut oil attenuates toxicity of A in cultured
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neurons [13], but no clinical trials are available to
demonstrate such effect, if any, in AD patients [14].

VITAMINS

As stated previously, the available information for
determining the association between cognitive impair-
ment and vitamin intake has some limitations. Here,
we briefly summarize available information on antiox-
idant vitamins and homocysteine-related vitamins and
their relationship to cognitive decline.

Vitamins A, C, and E as antioxidants

Since reactive oxygen species (ROS) are associated
with neuronal damage in AD, possible therapeu-
tic or protective effects of antioxidants in food and
supplements have been investigated in relation to
AD. These antioxidants include a-tocopherol (vitamin
E), ascorbic acid (vitamin C), and carotenes (Vvita-
min A). In vitro, vitamin E decreases AB-induced
lipid peroxidation and oxidative stress and suppresses
inflammation-signaling cascades. Vitamin C blocks
the creation of nitrosamines through the reduction of
nitrites and may also affect catecholamine synthesis,
whereas carotenes affect lipid peroxidation [15].

There are many studies with different methodolo-
gies relating antioxidant consumption and cognitive
impairment [16]; the majority include observational
cross-sectional design studies and some prospective
community cohorts, with only few controlled clinical
trials [17-21]. There is also variability in the source
of administered vitamin, with studies estimating con-
sumption from diet, or using supplementation and
others only considering plasma levels [16]. Consid-
ering these limitations, there is some evidence from
observational studies that dietary intake of antioxi-
dants is associated to the reduction in stroke risk, but
controlled clinical trials with antioxidant supplemen-
tation have failed to show a decline in the risk of stroke
[22]. The same is valid for antioxidant effect on cog-
nitive decline and dementia. In a recent meta-analysis
of observational studies evaluating dietary intakes of
vitamin E, vitamin C, and 3-carotene and the risk of
AD, Li et al. [23] found that the relative risk reduc-
tion for cognitive impairment was: 0.76 (0.67-0.84)
for vitamin E, 0.83 (0.72-0.94) for vitamin C, and 0.88
(0.73-1.03) for B-carotene [95% CI], concluding that
dietary intakes of the three antioxidants can lower the
risk of AD, with vitamin E exhibiting the most pro-
nounced protective effect [23]. But controlled trials

have shown conflicting results [17-21, 24], therefore,
currently, antioxidant supplementation for preventing
cognitive impairment or stroke in people with a healthy
diet is not widely recommended.

Vitamin C

The recommended dietary allowance (RDA) for
vitamin Cis 75-125 mg per day depending on age, gen-
der, pregnancy, and smoking habits. Generally plasma
concentration of <11 M is considered to be defi-
cient, 11-28 uM is depleted or marginally deficient,
28-40 pM is adequated, and >40 wM is optimal. Vita-
min C is thought to be the most effective antioxidant
in plasma, in part due to its water solubility and to the
wide range of ROS that it can scavenge. Since ROS and
oxidative stress appear to be linked to the AD patho-
physiology [25], there has have been some studies on
the possible role of vitamin C in AD prevention. Ken-
nard et al. showed that in a murine model of AD (i.e.,
ABPP/PSENI mice) a single dose of intravenous vita-
min C improved short-term spatial memory in middle
age (9 months old) mice [26].

Vitamin E

The RDA is 15mg per day (22.4 UI). Studies of
vitamin E have been controversial, with observational
studies showing a reduced risk of dementia [27-30]
and vascular dementia [31]. Controlled trials using
supplementation have shown a reduced risk of institu-
tionalization [18], but without any significant effect on
cognition in healthy older women (>65 years) [17] or
mild cognitive impairment patients [19]. An increased
risk for all causes of mortality with high doses of
vitamin E has been demonstrated. That is why sup-
plementation with doses higher than 400 UI is not
recommended [32]. Supplemental vitamin E causes
antioxidant effects only in half of the treated patients,
and this could be caused by unbalanced monotherapy,
because vitamin E needs another water soluble elec-
tron acceptor to facilitate removal of ROS, and this
can be achieved with the association of selenium or
vitamin C [33]. Two important studies have evaluated
the effect of high dose vitamin E (2000 UI a day) in
AD patients. In the first one, Sano et al. describes a
slowing in the progression of the disease in subjects
with moderate to severe impairment during two years
follow up of investigation [18]. In the second study,
Dysken et al. describes a slowing of decline in func-
tional abilities and a decrease in caregiver burden in
patients with mild to moderate AD [24].
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Vitamin A

The RDA for vitamin A is 700-900 mcg per
day. Although some observational cohorts relate high
intake of (-carotene from diet with lesser cognitive
impairment [34], controlled trials have shown that
supplementation with 3-carotene is associated with
an increased risk of lung cancer and cardiovascular
disease [35] in current and former smokers, so its sup-
plementation is not recommended.

Vitamins B6, B12, folate, and prevention of
homocysteine formation

Homocysteine is related to increased risk of cere-
brovascular events [22] and has been linked to poor
cognitive performance independently of vascular risk
factors and social-demographic variables [36], being
related with increased risk of cognitive impairment
and AD [37]. Homocysteine can be reliably lowered
by the daily supplementation of vitamin B6, B12, and
folic acid [22].

Deficiencies of folate, vitamin B12, and vitamin
B6 result in high concentrations of homocysteine
through different pathways. Homocysteine is a pre-
cursor of methionine and cysteine. Folate and vitamin
B12 are needed for the conversion of homocysteine
to methionine, and vitamin B6 is needed for the con-
version of homocysteine to cysteine. Homocysteine is
active in brain tissue and it could contribute to the
AD pathway through vascular mechanisms or as a
neurotoxin [15].

A recent meta-analysis on the effects of supple-
mentation with B12 and B6 vitamins and with folic
acid in cognitive impairment concludes that there is
no evidence for a reduction of cognitive decline [38],
in patients with or without previous cognitive impair-
ment, and with [39] or without stroke. However there
are two trials that reported an improvement in cog-
nitive abilities with the supplementation of folic acid
and B12 vitamin but only in patients with high total
homocysteine. A significant advance was reached in
a VITACORG trial, in which patients with mild cogni-
tive impairment and homocysteine levels >13 pwmol/L,
treated with high-dose folic acid (0.8 mg), vitamin
B6 (20mg/d), and B12 (0.5mg/d) for 24 months,
decreased the rate of brain atrophy in relation to the
placebo group [40], and slowed cognitive and clinical
deterioration [41]. In the FACIT trial, subjects (55-70
years old) with raised plasma total homocysteine and
normal levels of vitamin B12 received a folic acid sup-
plementation for 3 years. They improved their memory,

information processing speed, and sensor motor speed
significantly [42].

THERAPEUTIC APPROACHES FOR AD
USING ANTIOXIDANTS AND
NEUROPROTECTIVE COMPOUNDS

As previously stated, oxidative stress plays a crucial
role in the pathogenic processes of AD [43]. Therefore,
the development of therapies and strategies to reduce
the oxidative burden, both in intracellular and extracel-
lular environment, may be considered as a fundamental
approach for AD prevention and treatment.

There is a wide range of nutritional compounds
with antioxidant properties, among which we can
mention vitamins C and E, carotenoids, flavonoids,
polyphenols, and some enzymes such as catalase,
superoxide dismutase, and various peroxidases. Within
these compounds we will focus on those with sub-
stantial research on their neuroprotective effects. In
the following paragraphs, we will summarize current
evidence on some antioxidant compounds and their
neuroprotective properties.

Flavonoids and carotenoids

These compounds have shown neuroprotective
effects in various research models [44]. Some
carotenoids, such as lutein, which is supplemented with
DHA in older women, improve scores on neuropsycho-
logical tests, verbal fluency, and pace of learning [45,
46]. Meanwhile Javed et al. found that the flavonoid
rutin protected rat brain from stress damage and neu-
roinflammation induced by streptozotocin [47].

EGCG

EGCG is the main polyphenol compound extracted
from Camilla sinensis (tea plant) and binds directly to
a large number of proteins that are involved in pro-
tein misfolding diseases, inhibiting their fibrillization.
This catechin is also a potent antioxidant, capable of
complexing iron ions and copper and may, in this way,
neutralize catalytic effects that these ions have on the
production of ROS [48]. It also has anti-inflammatory
activity and has the ability to cross the blood-brain
barrier. In turn, it has become clear from many stud-
ies using models of neurodegenerative disorders that
EGCG protects against oxidative stress insults and
decreases cellular and animal neuronal death [49].
Furthermore, it promotes the formation of aggregates
that are spherically stable. These spherical aggregates,
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which are not considered cytotoxic, have a low content
of B-sheet fibrils and do not catalyze the formation of
fibrils [50]. This property of EGCG allows the reduc-
tion of toxicity of a-synuclein and A31-42 peptides [51,
52]. Studies carried out in transgenic mouse model of
AD analyzed the effects of EGCG on cleavage of the
amyloid-f3 protein precursor (ABPP) and the reduc-
tion of cerebral amyloidosis through the use of this
catechin, and found that EGCG reduces the gener-
ation of AP in neuroblastoma N2a cells transfected
with Swedish mutant human ABPP and in neurons
in primary culture of Swedish mutant mice overex-
pressing ABPP. On the other hand, when dealing with
transgenic ABPPsw transgenic mice overexpressing
AP, it was found that after being exposed to cate-
chins, there was a decrease in the levels of AR and
plaques associated with promotion of nonamyloido-
genic a-secretase proteolytic pathway [53]. On the
other hand, caffeine, the most commonly ingested psy-
choactive drug, is found in brewed coffee, tea, cola, and
dark chocolate. Caffeine has been found to have some
actions in the prevention of AD and Parkinson’s disease
(PD). Caffeine can block all four subtypes of adenosine
receptors (Al, A2A, A2B, and A3) with most off its
actions mediated by high affinity A1 and A2A receptor.
Caffeine improves response to L-Dopa and has a pos-
sible antiparkinsonian effect in several animal models,
and this may occur through interactions of A2A and
dopamine D2 receptors [54]. The antagonist effect of
caffeine on adenosine receptors may induce upregu-
lation of those receptors and improve the function of
blood-brain barrier and, by this mechanism, protect
against AD and PD [55]. Many studies have demon-
strated a protective effect of coffee against PD, with
less consistent results with tea (that appears to be effec-
tive through mechanisms different than only caffeine
content). There is also some evidence on the protec-
tive effect of coffee consumption in middle life and
reduction on the risk of dementia and AD [56].

Curcumin

Curcumin is the active component isolated from the
grass rhizome Curcuma longa [57]. It is a hydropho-
bic polyphenol. Among the activities that have been
identified for this compound, we can mention: antiox-
idant, anti-inflammatory, and amyloid disaggregating
activity [58]. It also decreases inflammation induced
by AR and moderately inhibits y-secretase and acetyl-
cholinesterase activities [59]. Although several authors
have described promising results in animal mod-
els, clinical studies using curcumin in humans have

reported no significant differences between treatment
and placebo groups.

Fulvic acid

Fulvic acid (FA) is one of the most interesting phy-
tocomplex molecules. It is a mixture of polyphenolic
acid compounds resulting from the long-term micro-
bial degradation of lignin, among other sources [60].
Studies carried out by Carrasco-Gallardo et al. [61]
show that increasing concentrations of FA increased
neuritogenesis as revealed in N2a cell line cultures.
These findings suggest that FA contained in shilajit
and in the Andean Compound from northern areas in
Chile may have neurotrophic effects in cells in cul-
ture [61]. Cornejo et al. [62] followed in vitro the
process of tau aggregation in paired helical filaments
with atomic force microscopy techniques and electron
microscopy, and showed substantial evidence that FA
can inhibit this process, affecting the length as well as
morphology of fibrils. They also showed that the FA is
an active compound against preformed fibrils affect-
ing the whole structure and diminishing the length
of paired helical filaments, probably by acting at a
hydrophobic level [62].

Melatonin

Melatonin, or N-acetyl-5-methoxytryptamine, is
classified as a hormone but is also a powerful antiox-
idant. It is synthesized from serotonin, being found
in higher animals and some algae. According to lit-
erature, there are several mechanisms that allow this
compound to be considered as a potential disease mod-
ifier for AD. These can include: i) inhibition of AP
generation, ii) inhibition of amyloid fibril formation,
iii) decreased hyperphosphorylation of tau protein,
and iv) anti-apoptotic effects [63]. Despite the ben-
efits presented by melatonin treatment, Quinn et al.
[64] indicates that it is neither convenient nor bene-
ficial for patients to initiate treatment with melatonin
once the deposition of amyloid plaques in AD patients
is initiated. However, Cardinali et al. [65] showed that
patients with cognitive impairment exhibit improve-
ments in cognitive and neuropsychiatric processes,
even when patients already exhibit an advanced stage
of the disease.

Ferulic acid

Ferulic acid is one of the most abundant phenolic
compounds in human diet. It is found in seed plants,
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vegetables, and fruits with free radical scavenging and
antioxidant properties. Mori et al. [66] described the
effect of a 6-month treatment with ferulic acid in
a mouse model of cerebral amyloidosis (PSABPP),
and demonstrated reversion of behavioral deficits and
decrease in AP deposition [66].

Ginkgo biloba

One of the most widely used natural compounds for
the prevention and treatment of AD is Ginkgo biloba
(Gb). Extract from Gb leaves contains mainly ter-
penoids, flavonol glycosides, and proanthocyanidins.
Most randomized control trials have used a special
extract (EGb761). Mechanisms to explain the poten-
tial procognitive and/or neuroprotective effects are
mostly attributed to increase in cerebral blood flow. Gb
extracts inhibits platelet-activating factor and enhances
nitric oxide production in vessels, with subsequent
effects on peripheral and cerebral blood flow. Addi-
tionally, Gb produces modification of the monoamine
neurotransmitter systems: it displays a free radical
scavenger activity and has neuroprotective and anti-
apoptotic properties [67, 68]. In animal AD models,
Gb extract inhibits AP-47 induced hippocampal neu-
ron dysfunction and death, AB-induced pathological
behavior, and A aggregation, and also enhances
neurogenesis [68]. Most clinical trials of Gb for demen-
tia prevention in healthy, mild cognitive impairment,
and AD subjects were carried out with Gb special
extract EGb761 that contains standardized amounts of
flavonoids and ginkgolides.

Trials looking for dementia prevention in partic-
ipants with no cognitive impairment have utilized
EGb761 for 4 to 6 years follow up in doses of
240 mg/day. No decrement of dementia incidence was
reported in treated participants in the GuidAge trial
(2854 participants) [69], nor the Ginkgo Evaluation of
Memory trial (3069 participants) [70].

As a cognitive enhancer, in a meta-analysis of eight
trials of non-cognitively impaired participants treated
for up to 13 weeks with Gb, no cognitive benefits were
found [71]. In the case of patients with dementia or cog-
nitive impairment, a 2009 Cochrane review of 36 trials
noted inconsistent and unreliable evidence that Gb
could have significant benefits [72]. A review of recent
clinical trials [73] found that treatment with EGb761
may improve behavioral performance in patients with
mild to moderate dementia (vascular dementia or AD)
and improving the wellbeing of their caregivers.

In conclusion, so far there is no evidence that
Gb extract reduces dementia incidence, and there are

inconsistent data of its effects on cognition, but there is
some evidence that Gb could alleviate some neuropsy-
chiatric symptoms in dementia.

NUTRACEUTICALS CLINICAL TRIALS

Several nutraceutical formulations have been also
evaluated by industry. Among those, we already men-
tioned studies with Axona (caprylic acid) [74] that
resulted in a very mild improvement in cognitive sta-
tus, but evidently adverse effects are an important
concern considering the production of ketonic bodies
(See Table 1). S-adenosylmethionine (SAM) was pro-
posed to be effective in cognitive performance [75].
In this context, Sevo Nutraceuticals has generated a
formula with 3-deaza-adenosine, N-acetyl-L-cysteine,
and SAM, called Perceptiv®. Placebo controlled clin-
ical studies using the California Verbal Learning Test
II trail-making test showed a significant improvement
that returned to baseline after nutraceutical withdrawal
[76]. Another formula contains phosphatidylserine
(PS) and Omega 3 (Sharp-PS). Preliminary scien-
tific research suggests that PS may reduce the risk of
dementia in the elderly. Clinical data on 131 patients
with no dementia but memory complaint using the
Rey Auditory Verbal Learning Test and Computerized
Cognitive Battery Test for 15 weeks showed minor
improvement; however, Rey Auditory Verbal Learn-
ing Test scores did not reach statistical significance. A
second study on this formula was carried out in a small
cohort of patients, and the authors indicated improve-
ment in memory and executive function by 2 weeks
of treatment but do not show statistical analysis [77]
(Table 1). In general, the main problems with several
nutraceutical trials are: 1) the short time of the study to
observe long-term effects; 2) the use of non-uniform
and sometimes inappropriate neuropsychological test,
for comparisons with other compounds; and 3) the need
for placebo-controlled randomized studies.

Despite the many benefits that antioxidant treat-
ments may have in vitro and in preclinical studies, they
present less successful clinical outcomes. This may be
due to multiple factors such as: 1) many antioxidant
molecules also exhibit pro-oxidant activity, depending
on its concentration and cellular environment [78]; and
2) the pharmacokinetic, since factors like bioavailabil-
ity and tissue distribution of drugs are important factors
for any population [44]. The main utility of antiox-
idants may be associated with cumulative protective
roles, and for that reason they may be very benefi-
cial at early stages of cognitive impairment, but rather
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Table 1

Nutraceutical and bioactive compounds with published studies

Name of nutraceutical formula Institution Active ingredient Clinical trials batteries
AXONA AC-1200° [12] Nestlé Caprilic acid ADAS-Cog
Perceptiv® [76] Sevo Nutraceuticals — 3-deaza-adenosine CVLTII

Cognitex® [77]

Resveratrol [83]
Ginkgo Biloba [69, 70]

Brain — Up10® [61]

Souvenaid® [84]

LifeExtension

Ipsen, Boulogne, France.
(GuidAge)

US National Institutes of
Health (GEM)

Neuroinnovation

Nutricia

— Acetyl-L-cysteine

— S-adenosylmethionine
— Phosphatidyl serine
—Omega 3
3,4,5-trihydroxystilbene
Ginkgo extract EGb761

— Complex B vitamins
— Andean Compound
(Shilajit andino)

— Uridine monophosphate

— Phospholipid

— Choline and omega-3
fatty acids

— Vitamins antioxidants

— Rey Auditory Verbal Learning Test

— Computerized Cognitive Battery Test

In preclinical trials (both in vitro and in vivo)

Conversion to AD

— GuidAge: MMSE, CDR, FCSRT, TMT, verbal
fluency, visual analogue scales, instrumental
activities of daily living, geriatric depression scale.

— GEM: MMSE, CDR, or ADAS-Cog. GEM Study
Neuropsychological Battery in case of cognitive
deterioration.

- MMSE

— Boston naming test

— ADAS-Cog

-TMT-A

—NPI-12

- GDS

— WMS-r

— ADAS-Cog

— MMSE

ADAS-Cog, Alzheimer’s Disease Assessment Scale-cognitive subscale; CVLTII, California Verbal Learning Test II; MMSE, Mini-Mental
State Examination; CDR, Clinical Dementia Rating; FCSRT, The Free and Cued Selective Reminding Test, TMT-A, Trail-making Test A;
NPI, Neuropsychological Inventory; GDS, Global Deterioration Scale; WMS-r, Wechsler Memory Scale-Revised; GEM, Ginkgo Evaluation of

Memory trial.

ineffective at later stages when the tissue damage and
cognitive decline are already established [44].

ROLE OF BIOMARKERS IN
NUTRACEUTICAL TRIALS

The use of biomarkers can prove to be very useful
for tracking and monitoring response to new therapies,
both in the case of pharmacological studies as well
as in evaluation of dietary supplements. Biomarkers
are useful to evaluate therapeutic responses, especially
if these cannot be clearly demonstrated by clinical or
neuropsychological evaluations in the context of lim-
ited number of study participants and limited follow up
times. The most useful biomarkers would be those that
indicate synaptic function such as FDG-PET, and those
that assess synaptic connectivity, such as electroen-
cephalography (EEG) and magnetoencephalography
[79].

An example of the use of biomarkers in nutraceu-
tical research is the case of the multi-nutrient drink
Souvenaid®, which has been proposed as a pro-
cognitive compound in AD because it contains a

combination of nutrients designed to improve synapses
formation and synaptic function (i.e., eicosapentaenoic
acid (EPA) from fish oil 0.24%, DHA from fish oil
0.96%, phospholipids 0.085%, choline 0.32%, uri-
dine monophosphate 0.5%, vitamins, and minerals).
Assessments for this compound have been performed
through cognitive and EEG evaluations. Cognitive tests
show an improvement in performance at 24 weeks in
patients with mild AD, while EEG measures of synap-
tic connectivity in the delta band also showed changes
over 24 weeks in relation to control subjects. The test
product described was well tolerated, and adherence
to intervention was high [80]. Our research team has
also carried out clinical and biomarker evaluations of
Brain Up10®, a nutraceutical formula that contains the
natural Andean Compound plus Complex B vitamins.
Andean Compound is rich in FA, a molecule that has
been proven to reduce pathological tau oligomerization
[14]. In a pilot study with 16 AD patients, we found
that the platelets tau ratio, according to Neumann et al.
[81] and Farias et al. [82], exhibited significant differ-
ences between treated patients and the placebo groups
[61] (see Table 1).
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CONCLUDING REMARKS

There is important evidence that nutritional status
is related to the risk of AD. The Mediterranean diet
has been promoted as a way to obtain balanced quanti-
ties of n-3 PUFAs, vitamins, and antioxidants, as well
as a manner to avoid hyperglycemic conditions. Food
supplementation with bioactive compounds appears to
be a logical step for diminishing the risk of AD, but
information on the real effect of nutraceuticals and
food supplements is still insufficient and sometimes
conflictive, with few reliable clinical studies. Any mod-
ification or supplementation of food composition may
have a bigger impact on prodromal stages of AD than
in established disease, so healthy habits on lipids and
sugar consumption if advantageous must be installed
early in adult life.

In the case of vitamins, observational studies show
that consumption of vitamins derived from healthy diet
is associated with better cognitive performance, but the
less biased randomized controlled trials do not show
evidence to recommend the use of vitamin supplements
in healthy people without vitamin deficiency. On the
other hand, there is evidence that the use of high doses
of vitamin B12, B6, and folic acid in some groups of
patients could lead to lesser cognitive decline and a to
slower neurodegenerative process.

Considering the scarcity of new pharmacologi-
cal advances for AD therapeutics in recent years,
important attention has been given to nutritional sup-
plements. Many compounds are now being evaluated
as neuroprotective and procognitive, but there is still a
lot of heterogeneity on laboratory and clinical method-
ologies, so definitive decisions on the real utility of
any given nutraceutical are difficult. Anyway, by using
methodologies derived from the pharmaceutical and
drug industry research, which include follow up of
therapeutic responses with validated tests and with the
aid of AD biomarkers, new and more reliable results are
now becoming available. Nutraceuticals compounds
are promising and provide new tools for AD preven-
tion and treatment that may be useful as single therapies
and particularly as coadjuvants for standard treatments.
Future studies on advanced clinical trials of nutraceu-
tical compounds (see Table 1) may lead to new insights
in the search for innovative therapeutic avenues for AD.
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