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Abstract

ain objective of this review is critically evaluate the use of vitamins in the safety measure as well as
Mtreatments of Alzheimer’s disease (AD) using recent findings of research on both humans and

animals. The authors combed through the fundamental literature on association of vitamins (fat-
soluble vitamins, water-soluble vitamins and some quasi vitamins) with prevention/treatment of AD to create
this narrative review. An online search was conducted in Science Direct, Google Scholar, EBSCO & PubMed, a
manual search via catalogues and scientific journals for review the literature regarding the relationship
between vitamins and AD and to comprehend the potential mechanisms that may clarify such a relationship.
After evaluating the titles and abstracts of the preliminary 500 articles, 350 were chosen. After reading the full
texts and accomplishing a supplemental search on "Related citations" and the references of the chosen
articles, a total of 282 references were found. The two most frequently mentioned ways that vitamins may
affect cognitive function in AD are (1) by influences on a particular plasma amino acid called homocysteine
(Hcy) for B vitamins (Bs, Bs & Bi2), and (2) through antioxidant effects, decreasing the free radicals’ contents
which can impairment human cells, for vitamins Bz, C, D, E, as well as f3-carotene. These theories concerning
potential mechanisms are mostly based on preclinical research and findings of links between dementia or
cognitive decline and elevated Hcy levels or elevated markers of oxidative stress. The results from current
studies show an effectiveness and safety of vitamin supplementation to avert mild cognitive impairment
(MCI) as well as the initial phases of AD will likely rely on firstly which metabolic pathways are affected,
secondly which vitamins are lacking and could correct the pertinent metabolic flaw, and thirdly, the
modulating effect of nutrient-nutrient and nutrient-genotype interaction. Further emphasis on an accurate
dietary strategy is needed to recognize the complete prospective of vitamin therapy in avoiding dementia and
cognitive function as well as to avoid causing devastation.
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Introduction

Alzheimer's disease is a cute, persistent and ongoing
neurodegenerative disorder linked to memory loss and
cognition decline leading to deceased [1]. The
deposition of protein in the brain as amyloid beta-
peptide (AB) plaques and neurofibrillary tangles, which
produce hyperphosphorylated tau (t)-protein and cause
the death and loss of neuronal cells, are the primary
pathological hallmarks of this disease [2]. Moreover,
brain of such disease patients’ displays steady
confirmation of oxidative stress interfere injury and
prevalent inflammation [3]. Alois Alzheimer, a German
psychiatrist and neuropathologist, originally identified
this illness in 1906. The eponymous syndrome is now
widely acknowledged as a major cause of morbidity and
deaths in the ageing population, placing a significant
strain on healthcare systems [4]. According to the
World Alzheimer Report (2015), there are 46.8 million
AD and other dementia sufferers worldwide, and that
number is expected to rise to 74.7 million by 2030 and
131.5 million by 2050 [5]. This calculated rate is three
to four times higher in emerging nations than it is in
wealthy nations. The cost is enormous; it is reasonably
projected to be above $200 billion every year. [6].
Consequently, there is a critical require to create
therapies to contest AD. Numerous epidemiological
studies have revealed that women are more likely than
men to get AD beyond the age of 85 because women
live longer than men [7]. Three clinical stages of AD
have been identified like pre-symptomatic stage, pre-
dementia stage and clinically characterized dementia
stage [8]. The major sign of AD is the loss of short term
memory and as the disease progress which cause to
reduce in the cognitive behavior of the affected
individual [9]. Though majority of the studies primarily
interested on the late onset AD but current research
studies have also initiated focusing on the early onset
AD[10].

Numerous investigations have been carried out
regarding its risk factors and potential causes. But
there is still a lot to learn about the factors that lead to
the development of AD, five hypotheses have been
made comprising isoprenoid change, calcium
hypothesis, amyloid hypothesis, t-hypothesis, and
cholinergic hypothesis [11]. In addition, the cholinergic
theory garnered the most attention among the five
hypotheses, and acetylcholinesterase is the cholinergic
hypothesis' most potential target for the therapy of AD.
Currently, no cure is available for AD, which is often
referred to as the ‘Plague of Twenty-First Century’ and
therapy approaches concentrate on symptom reduction
and behavioral change management [12].

The dietary strategy to stop, delay, or prevent the
development of AD is measured to be a potential
approach and has consequently been extensively
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researched [13]. Since nutrients are crucial for
maintaining normal systemic processes, extensive
study is being done to determine how they relate to the
neurodegeneration that occurs in AD patients’ brains.
In actuality, a number of nutrients contribute to
biochemical processes and serve as an energy source
for activities [14]. Because of this, dietary changes have
an impact on how the central nervous system (CNS),
amyloid precursor protein (APP) metabolism, and
neurodegeneration are affected [14]. The factors
associated with nutritional patterns believed deem
important are antioxidants, calorie restrictions,
hyperhomocysteinemia, and the association between
apolipoprotein E (APOE) 34 genotype as well as
cholesterol.

Since no treatment can halt, reverse, or even delay
the neurodegenerative process, currently available
medications can only temporarily improve cognitive
signs. According to studies, the best nutrition and
exercise practices may be the major treatment plan for
AD. There have been studies looking at vitamin
supplementation as an adjuvant intervention, and
some of them have shown promise [15]. Since vitamins
have a wide variety of functions in the CNS, they may
have a variety of effects on the pathophysiological
mechanisms underlying dementias. Vitamin A may
help to keep beta-amyloid fibrils stable [16]. Vitamin D
may help older persons' cognition and is a precursor to
hormones needed for the metabolism of calcium and
phosphorus [17]. Vitamin E is an antioxidant that offers
safety against harm of free radical [18]. Vitamin B-
complex in particular vitamins folic acid (Bs) and
cobalamin (Bi2) play a key function in the CNS's energy
production and metabolism. Additionally, vitamin B
complex has been linked to the synthesis of nucleic
acids and the development & maintenance of myelin,
both of which are necessary for the health of neurons
[19,20].

Vitamins, among other nutrients, may play a broad
function in the therapy and management of AD, a
systematic analysis found that the plasma levels of
vitamin By, and vitamins B, C, and E, were
considerably lower in AD populations [21]. Exogenous
antioxidants that break hazardous chain reactions,
such as vitamin E (tocopherol), vitamin C, and retinoic
acid (RA), reduce free radical-mediated harm in
neuronal cells and hence help to prevent dementia
development in mammalian cells [22]. Additionally,
vitamin D has antioxidant capabilities that reduce
damage caused by free radicals to brain cells,
preventing dementia and cognitive decline [23]. In
addition, nicotinamide, the amide form of the vitamin
niacin (Bs), is essential for cellular function and the
metabolism of energy because it is the precursor to the
coenzyme nicotinamide adenine dinucleotide (NAD+).
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In an AD animal model, nicotinamide therapy has been
shown to avoid cognitive losses while enhancing short-
term spatial memory, demonstrating its potential as an
AD therapeutic [24].

The electron transport chain (Bz, B3, and Bs), 1-carbon
metabolism (B: and pyridoxine or Bs), and
methylmalonyl-CoA mutase (B12) all require a number
of vitamins as cofactors, as is clear from basic
biochemistry. These include the citric acid cycle, which
includes thiamine (B1), riboflavin (Bz), pantothenic acid
(Bs), and biotin (B7) [25]. It is necessary for the vitamin
B2 to get energy in the form of succinyl-CoA from
methylmalonyl-CoA, which is predominantly generated
from propionyl-CoA, a compound created by the
catabolism and digestion of isoleucine, valine,
threonine, methionine, thymine, cholesterol, or odd-
chain FAs. This suggests that restoring deficiencies in
the vitamins Bi, Bz, Bs, Bs, Bs, B7, Bo, and Bz may
increase mitochondrial metabolism in the aged brain,
perhaps increasing the efficiency of adenosine
triphosphate (ATP) synthesis.

The vitamins that have been linked to AD in human
epidemiological and interventional investigations are
the main topic of this review. In order to prevent AD
with vitamin therapy, it identifies significant
knowledge gaps and offers new research pathways
based on precision nutrition.

Methods

Literature Search and Selection Criteria

This review included articles from different databases,
manual search of journals and bibliographies, as well as
use of PubMed, Science Direct, EBSCO, Google Scholar,
and other sources. The review was performed in
Pakistan, at Riphah International University,
Islamabad.

Investigate Requisites

Three key elements emerged from the research
question: Alzheimer's disease, vitamins, and the way
the later one responded to the first. In order to create a
search technique that is used in all database searches,
synonyms for the terms Alzheimer's disease,
"dementia,” "cognitive," and vitamins were all taken
into consideration. Title, abstract, and full text
readings have all been done before reading any studies.

Criteria for Inclusion and Exclusion

Initially, only articles from peer-reviewed journals were
included; proceeding articles, reviews, editorial
content, meeting abstracts, letters, retracted
publications, and book chapters were all removed. Both
observational and interventional study types were
included in terms of study designs. The articles were
exclusively available in English, which allowed for the
most accurate data extraction. Additionally, a majority
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of articles within the last 10 years were included in
order for the research to be practical. Lastly, the review
included the most studies involving human subjects
possible in order to provide a higher level of evidence.

Alzheimer's disease
]

500

Excluded after title/ abstract
reading

400

Excluded after full text
reading

282

Figure 1: Flowchart of the study selection process.

Figure 1 shows the scoping review flow diagram. After
examining the titles and abstracts of the initial 500
publications, 400 were chosen. After reading the full
texts and running a supplemental search on "Related
citations" and the references of the chosen articles, a
total of 282 references were found.

Discussion

Humans generally need enough levels of nine water-
soluble vitamins, including vitamin C and the eight B
vitamins [thiamine (B:), riboflavin (Bz), niacin (Bs),
pantothenic acid (Bs), pyridoxine (B¢), biotin (Br), folate
(Bg), and cobalamin(Bi2)], as well as four fat-soluble
vitamins (A, D, E, and K). Primarily the former bind to
cellular nuclear receptors and influence the expression
of particular genes [26]. The latter primarily function as
an enzyme's cofactor and influences enzymatic activity.

Fat-Soluble Vitamins

Vitamin A and g-Carotene

The most versatile natural retinoid, vitamin A (retinol),
affects a wide range of biological activities, including
normal brain function, cell differentiation, cell growth,
embryonic development, and apoptosis [27]. Pro-
vitamin A carotenoids, which are found in a variety of
colorful fruits and vegetables (such as kiwi, carrots,
tomatoes and green leafy vegetables), as well as some
animal sources, are typically used to make retinol
(liver, egg vyolks, or dairy products). Carotenoid
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hydrocarbons are the group to which pB-carotene
belongs. It performs as an antioxidant because of its
nature of scavenger and quencher, and its collaborative
impact with other antioxidants [28].

Both vitamin A and B-carotene may be essential
molecules for the halt and treatment of AD, because of
their capability to reduce the creation of both Ap
oligomers and fibrils [29]. Vitamin A and S-carotene
have been found to have anti-oligomerization effects
on AB in vitro [30]. Vitamin A and S-carotene levels
were shown to be low in the serum and plasma of AD
patients, and a higher plasma level of g-carotene was
associated with improved memory function [31].
Carotenoids' anti-oxidant abilities have mostly been
documented [32], while other mechanisms, including
anti-inflammatory functions, modification of the
structural and functional characteristics of synaptic
membranes, control of cell growth, improvement of gap
junctional communication, conversion of g-carotene to
vitamin A, and enabling the modulation of gene
expression, may also partially contribute to the
beneficial biological effects of carotenoids on the brain
[33]. When it comes to dementia, relationships between
plasma pB-carotene concentrations and cerebrospinal
fluid (CSF) levels of AB-40 and -42 and total t, which
are neurochemical indicators of AD, have been found
among 40 AD patients, suggesting a potential -
carotene anti-amyloid action [32].

Retinol, the most bioavailable form of vitamin A, is
transformed by the body into retinal and retinoic acid
(RA). The transport of retinoid from the gut to target
organs, including the brain, has been observed to be
altered in AD. Vitamin A and all retinoids—natural or
synthetic—have a chemical connection. Although the
dissemination of RA inside a mature human CNS is
unknown, sampling live human brains is impossible,
and RA degrades quickly in autopsied brains, there is
indirect proof that suggests decreased RA contents in
AD brains [34]. Retinaldehyde Dehydrogenase
(RALDH), the enzymatic synthesis of RA, has been
discovered to be higher in AD brains, which supports
the speculation that AD patients have reduced
concentrations of RA. Higher concentrations of RALDH
have been exhibited in cases where neuronal cell lines
have been deprived of retinoid. But, in healthy
patients, the injection of retinol would have brought
these elevated levels back to normal through feedback
processes [35].

One of the most crucial objectives in the therapy of
AD is the prevention of neuroinflammatory reactions.
Significant retinoid inhibition of IL-6 production
suggests that retinoids may be an effective treatment
for AD [36]. By preventing the nuclear translocation of
nuclear factor-kappa B, retinoids have been found to
reduce lipopolysaccharide-induced or AB-induced

Recent advances in the function of vitamins in the preventative measures and cure of Alzheimer’s disease: A

tumour necrosis factor-o production and to hamper
appearance of inducible nitric oxide synthase in
activated microglia [37]. All-trans-retinoic acid (ATRA)
is used to make synthetic retinoids, which are intended
to have strong therapeutic efficacy and no negative side
effects in clinical setting. 13-cis-retinoic acid was the
first synthetic retinoid to be licenced for clinical use
orally in the US (isotretinoin). More recent studies also
show that ATRA inhibits lipopolysaccharide-induced
neuroinflammation, amyloid genesis, and memory
deficits in old rats [38] and promotes proliferation of
neural stem cells along with suppression of activation
of microglia leading to adult neurogenesis in the
hippocampus in a mouse model of AD ATRA restrains
lipopolysaccharide-induced neuroinflammation,
amyloid genesis, and memory shortage in old rats,
according to more recent research [38], and it
encourages neural stem cell proliferation and
suppresses microglia activation, which results in adult
neurogenesis in the hippocampus (the part of the brain
that stores mental maps) in a mouse model of AD [39].
According to a fairly recent study, ATRA reduced
neuroinflammation in the rat brain via altering the
expression of nuclear factor-kappa B and Sirtuin 1, two
proteins that belong to the Sirtuin family of class III
histone deacetylases [40].

Retinoids may have therapeutic benefits for
neuroprotection, which would stop the pathogenesis of
AD. Vitamin A and other retinoids can directly block
the formation of AB plaques in vivo [41]. It has been
proposed that RA can substantially potentiate
neurotransmitter functions of acetylcholine in
cholinergic neurons in the brain. Acetylcholine's
neurotransmitter actions in cholinergic neurons in the
brain have been suggested to be significantly enhanced
by RA [42]. Cognitive and memory problems are a result
of cholinergic neuron degeneration. The use of RA and
its derivatives in the treatment of AD may be justified
by their cholinotrophic characteristics [42]. The co-
activation of RA receptors and (with the agonist Am80
or Tamibarotene) and retinoid X receptors was
necessary for an effective therapy of AD in a mouse
model (with the pan agonist HX630) [43]. In this study,
it was found that giving APP23 mice Am80 (0.5 mg/kg)
and HX630 (5.0 mg/kg) together for 17 days
significantly restored their memory deficiencies,
whereas giving either drug alone had no therapeutic
impact. These researchers did not, however, note any
possible negative consequences of combining RA
receptor and retinoid X receptor agonist therapy.

To control ongoing stem cell turnover, cell plasticity,
and tissue regeneration processes, natural and
synthetic retinoids and their receptor agonists are
being studied. Retinoid signalling dysfunction
encourages AD pathogenesis. Retinoids are intriguing
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therapeutic prospects since they are tiny molecules
that can easily reach the tissues. Their use at lower
doses or in combination with other neuroprotective
medications could reduce unintended adverse effects in
tissues other than the ones intended. Thus, retinoids
constitute a novel therapeutic approach for the
treatment of AD, as they can inhibit a number of the
illness's  clinical symptoms, such as plaque
development, neuroinflammatory responses, and brain
neurodegeneration [41].

Vitamin D

In the 20th century, vitamin D was first thought of as a
vitamin; today, it is understood to be a steroidal
hormone. Critical brain activities and the development
of the brain (effects on cellular proliferation,
differentiation, calcium signaling, neurotrophism, and
neuroprotection) are both impacted by it [44]. It comes
in vitamin D and Ds isoforms. The terminal calcitriol-
activating enzyme, 1, o-hydroxylase, and vitamin D
receptors are found throughout the adult and foetal
brain. Przybelski discovered a significant association
between serum 25(OH)D levels and cognitive scores
[45]. According to Sommer and coworkers [46], the
epidermis produces around 90% of the body's vitamin D
from 7-dehydrocholesterol in response to sunshine
(solar ultraviolet B radiation; 290-315 nm). Diet,
fortified foods, and supplements are some additional
sources. Biologically inert at first, vitamin D requires
two independent hydroxylation reactions to transform
into its active form. First to 25(OH)D in the liver, then
to 1,25-dihydroxyvitamin D in the kidney, which is the
active hormonal form [47]. A 25(OH)D level of less than
50 nmol/L is typically considered to be deficient in
vitamin D, with severe deficiency being defined as
fewer than 25 nmol/L and insufficiency as between 50
and 75 nmol/L [48]. According to these standards,
around 1 billion people globally have insufficient or
inadequate vitamin D levels [48]. For a number of
reasons, elderly people are more vulnerable to vitamin
D shortage. For instance, as people age, their skin
becomes thinner, which lowers the skin's quantities of
the precursor to vitamin Ds called 7-dehydrocholesterol
[48]. Other causes include inadequate sun exposure, a
reduction in vitamin D intake from food, poor
intestinal absorption, and poor hydroxylation in the
liver and kidney [47].

Low serum vitamin D levels may be linked to AD,
various kinds of dementia, and cognitive impairment,
according to recent systematic reviews and meta-
analyses from cross-sectional studies [46,49,50]. In a
meta-analysis of eight studies with a combined total of
2,749 participants, Balion and colleagues [49] found
that participants with serum 25(OH)D deficiency (<50
nmol/L) performed on average 1.2 points worse on the
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Mini-Mental State Examination, a test of general
cognitive function, than participants with serum
25(0OH)D sufficiency (>50 nmol/L). In seven case-
control studies, Annweiler and colleagues [51]
discovered that the serum 25(OH) D levels of 357 AD
patients were 1.4 standard deviations lower than those
of 648 controls. A further meta-analysis study [52]
found that patients with low levels of vitamin D
(25(0OH)D level 50 nmol/L) had a 21% higher chance of
getting AD than those with levels of 25(OH)D level >50
nmol/L). A considerably higher incidence of dementia
was discovered in people with vitamin D deficiency by
same study. Similar to this, Sommer and others [46]
stated that a meta-analysis of five studies revealed an
increased risk for those with severe vitamin D shortage
(<25 nmol/L or 7-28 nmol/L) compared to individuals
with adequate vitamin D supply (>50 nmol/L or 54-159
nmol/L). However, other systematic reviews [53] were
unable to identify a relationship between 25(OH)D
levels and cognitive function as determined by the
Mini-Mental State Examination. Systematic review
results may differ depending on search methods,
inclusion criteria, statistical analysis methods, and
confounding factor adjustments. Because they
frequently control for confounding factors and provide
information on the time sequence of cause and effect,
longitudinal studies under the category of
observational studies may be more reliable than other
observational study designs.

According to six prospective studies, low vitamin D
levels are strongly linked to an increased risk of
cognitive decline [54,55,56,57,58] or diminished
cognitive performance [59]. On the other hand, among
vitamin D quartiles tested at baseline in 1,604 males
aged 65 and older, there was a non-significant
monotonic rise in the odds of overall cognitive
deterioration on the Modified Mini-Mental State
Examination over a mean follow-up time of 4.6 years
[55]- Likewise, there was no correlation between
vitamin D tertiles and incident global cognitive
impairment on the Standardized Mini-Mental State
Examination across a 3-year period in 299 adults aged
85 years and older [60]. The results of a systematic
review and meta-analysis on the relationship between
vitamin D levels and particular cognitive functions,
however, point to a strong correlation between low
vitamin D levels and a number of executive
dysfunctions, including sluggish processing speed,
mental shifting, and information updating [50].

Four studies have examined the impact of vitamin D
supplementation on elderly people's cognitive
outcomes; three of the studies [61,62,63] were
interventional studies, and the fourth [64] used a post-
hoc approach. Overall, three investigations indicated
that vitamin D administration did not lower the risk of
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dementia or MCI relative to controls [64] or enhance
cognitive outcomes[61,62,64]. Contrarily, a study
indicated that participants who got vitamin Ds
supplementation (800 IU per day or 100,000 IU per
month) over a 16-month follow-up period had
enhanced executive functioning and global cognition
as compared to controls [63]. The results of the
interventional studies are challenging to interpret,
however, due to methodological flaws like small sample
sizes [61,62,63], brief follow-up periods [61,62], a lack
of participant randomization [61,63], low baseline
vitamin D levels and varying vitamin D
supplementation doses. The post-hoc analysis also
contains a number of significant flaws [64]. The trial
was not suited to examine the benefit of vitamin D
supplementation on dementia risk because it used a
post-hoc methodology.

The relationship between vitamin D and dementia-
related outcomes in senior persons has been examined
in five trials, with four assessing serum 25(OH) D
concentrations [65,66,67,68] and one assessing vitamin
D food consumption [63]. Such increased vitamin D
food consumption was linked to a lower risk of AD but
not non-AD dementias above 7 year follow-up duration
in the latter trial, which involved 498 females with a
mean age of 79.8 years [63]. Higher 25(OH)D levels
were linked to a lower risk of dementia-related
outcomes, according to three of the four studies that
assessed 25(OH)D contents [65,66,67]. Over the course
of seven years, severe vitamin D deficiency (<25
nmol/L) in 40 high-functioning senior women aged 75
years or older was associated with a greater risk of non-
AD dementias but not AD [65]. On the other hand,
across a median follow-up of 21 years, severe vitamin D
deficiency (<25 nmol/L) was associated with AD but not
vascular dementia in 10,186 subjects [66]. The first
study had a very small sample size, which probably
contributed to its lack of statistical power [65], while
the second study relied on diagnoses of dementia from
non-standardized medical records, which might have
led to significant misclassification [66]. Two recent
high-quality studies [59, 69] that looked at four recent
high-quality studies [70, 71, 72, 73] revealed no
correlation between 25(OH)D concentrations and
dementia or AD.

In the first investigation into a potential genetic link
between AD and the vitamin D receptor (VDR),
researchers found that a polymorphism in the VDR area
more than doubles the risk of AD [74]. They also stated
that some of the changes in the vitamin D-VDR
pathway may be caused by single nucleotide
polymorphisms in the VDR gene. Kuningas and
coworkers [75] reported that the genotyping of 563
participants (over 85 years old) for five distinct variants
in the VDR gene revealed a connection between gene
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variation and age-related alterations in cognitive
performance. In contrast to carriers of the Apal
variation, carriers of the BamI and Taql polymorphisms
demonstrated lower cognitive performance. Another
study showed Apal and Taql gene polymorphisms in
260 cognitively tested older controls and 255 AD
patients and found a correlation between the existence
of each of these haplotypes and the risk of AD [76].
Recently, 108 AD patients and 77 healthy controls from
the Lower Silesian population cohort were compared to
determine the frequency of the VDR polymorphisms
Taql, Apal, Fokl, and Bsml [77]. According to this study
the frequency of the Taql, Fokl, or Bsml
polymorphisms was not substantially different between
the two groups. But the frequency of the Apal allele A
in the control group was higher, and this later led to a
30% decreased risk of AD in studies in Polish and
British populations [77]. The researchers discovered a
significant variation in risk alleles for these VDR
polymorphisms depending on the population they
analysed, indicating a dependence on racial origin and
environmental factors [77].

A single-nucleotide polymorphism identified in the
transcription factor Cdx-2 binding site has been
strongly linked to late-onset AD (492 AD cases versus
496 controls) [78]. The research revealed a relationship
between reduced VDR promoter activity and the risk
allele for CDX2 [78]. According to one study, the
prevalence of the "TaubF" haplotype (alleles of the
proteins Taql, Apal, Tru9l, Bsml, and FokI,
respectively) was considerably greater in the patient
group with AD than controls and can be viewed as a
risk factor for the condition [74]. In a sample of US
people aged 50 and older, sex-specific gene
polymorphisms in the VDR and megalin genes were
found to ameliorate age-related cognitive deterioration
[79].

Results from different studies suggested that vitamin
D may play a role in both preventing and treating AD
and has a variety of roles across the CNS. Although
reverse causality is still a possibility, cross-sectional
and case-control studies corroborate the finding that
people with cognitive impairment and dementia have
lower vitamin D concentrations. In order to address
this, longitudinal studies have discovered a correlation
between low vitamin D contents and a higher risk of
cognitive decline, all-cause dementia, and AD. Clinical
research examining the impact of vitamin D addition
on cognitive outcomes have vyielded contradictory
results; although, the applicability of these results is
constrained by a number of methodological flaws.
Vitamin D influences neurotransmission, calcium
homeostasis, vascularization, Ap and t-accumulation,
oxidative stress, and inflammation, all of which are
disrupted in AD, through both genetic and non-
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genomic impacts. However, the pleiotropic effects of
vitamin D are tissue-, cell-, time-, person-,
pathological context-, dose-, and perhaps, gender-
dependent. One hypothesis is that vitamin D is an
effective therapeutic target for both preventing and
treating AD.

Vitamin E

It is composed of 8 analogs: a-, B -, y- & 8-tocopherol
as well as a-, B -, y- & 8-tocotrienol and belongs to fat-
soluble vitamins. The most prevalent and accessible
antioxidant form of vitamin E in human tissues is a-
tocopherol. Depending on age, many countries
recommend a daily dietary consumption of between 3
and 15 milligrams of vitamin E [80]. Tocopherols and
tocotrienols are abundant in seeds and edible oils
including those from almond, peanut, olive, palm,
canola, corn, and soybean while being sparse in plant
foods with low lipid levels like fruit and vegetables [81].
There is a lot of interest in this vitamin as a result of
the development of the free radical theory to explain
the pathophysiology of brain ageing and
neurodegenerative illnesses, such as AD. This fat-
soluble  vitamin  possesses  anti-inflammatory,
hypocholesterolemic, and neuroprotective
characteristics that contribute to its significance for
brain health [82]. Additionally, vitamin E, particularly
the a-tocopherol form, is regarded as one of the most
significant antioxidants in the brain. This is because
the transporter a-tocopherol transfer protein (a-TTP),
whose roles include regulating and distributing vitamin
E concentrations in various tissues, is found in high
concentrations in the brain[83]. The cerebellum of the
encephalon exhibits the highest levels of o-TTP
expression, particularly in astrocytes, which give
nearby neurons vitamin E [84]. Prominently, people
with neurodegenerative illnesses have higher levels of
o-TTP expression in their brains [85]. As a result, it is
possible to draw the conclusion that vitamin E's
antioxidant activity plays a significant role in
neuroprotection. Owing to its strong antioxidant
capabilities and the biological plausibility of its
possible function in preventing the degenerative
processes underlying AD, vitamin E has received a great
deal of research attention. Though, there is debate
regarding whether or not it is a useful clinical
intervention.

Beyond its function as an antioxidant, vitamin E
helps older people's immune systems. A dysregulation
of the immune system that results in numerous
inflammatory responses is developed during ageing and
in AD. Numerous studies show that vitamin E, taken as
a dietary supplement by aged people, has anti-
inflammatory  properties. These investigations
demonstrate, among other positive outcomes, in vitro
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T-cell proliferation, IL-2 generation, and E2
prostaglandin inhibition [86,87]. A study showed an
enhancement in IL-2 receptor levels in T-lymphocyte
population when with 233 mg of vitamin E each day for
28 days [88]. Another study also revealed that aged
persons who received a-tocopherol at a similar
quantity (233 mg) for three months noted
improvements in their lymphocytes' ability to adhere,
their body's ability to produce IL-2, their natural killer
activity, and the proliferation of their lymphocytes [89].
The immune system is influenced by vitamin E through
the suppression of prostaglandins E2 and D2, but not
by the actions of cyclo-oxygenase and 5-lipoxygenase
[90].

Many trials revealed lower plasma level of vitamins E
in AD patients. Some scientists performed a meta-
analysis and evaluated eighty studies on
micronutrients as well as AD [91]. They found that
patients with AD had reduced plasma levels of, among
other things, vitamin E. Additionally, they found no
correlation between the patients' vitamin E levels and
their malnutrition condition, and they hypothesized
that a compromised micronutrient status may occur
prior to malnutrition. Vitamin E concentrations in CSF
and brains are considerably lower in AD patients,
according to a recent meta-analysis of 116 articles [92].
A more recent [93] meta-analysis involving 17 trials,
904 AD patients, and 1153 healthier older controls
revealed that AD patients had lower serum vitamin E
concentrations than healthy older controls. A new
Mendelian randomized study examined the association
between circulating vitamin E and AD, but some
investigations found no difference in vitamin E levels
[94]. The researchers examined information from a
large-scale GWAS (genome-wide association study) on
vitamin E that included 7781 people of European
ancestry in total, as well as a GWAS that included
17,007 AD patients and 37,154 controls. This study
exhibited no substantial correlation between AD and
concentration of vitamin E.

Regarding epidemiological research, a link between
vitamin E consumption and a lower chance of
developing AD was also revealed. A study found a
clearly decreased incidence of AD in persons taking
vitamin E and multivitamin complexes that also
contained vitamin C [95]. It's interesting that
researchers couldn't find any proof that taking these
chemicals alone had any protective effects.
Additionally, 365 AD patients' data that were examined
revealed a slight decline in the long-term risk of AD
[96]. Notably, the favorable outcomes were only seen in
people who consumed more foods high in vitamin E
[96]. Participants who consumed an average amount of
vitamin E did not, however, have a lower risk of
dementia [96]. The usage of vitamin E supplements was
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linked to a lower incidence of cognitive decline,
according to data from the Canadian study of health
and ageing (1991-2002), a cohort study of dementia
involving 560 AD patients [97]. Three other
investigations, however, did not find any correlation
between vitamin E intake and the chance of developing
AD [98.99,100]. The first study, which involved 2969
participants and was followed up on every two years for
5.5 years, came to the conclusion that taking more
vitamin E and C either separately or together did not
lower the incidence of AD or general dementia [98].
The second study, which included 3385 men from the
Honolulu-Asia ageing project, exposed that vitamin E
and C supplementation may enhance cognitive
performance in old age, but that there was no
protective impact for any specific form of dementia,
including Alzheimer's [99]. Finally another research
with 980 older participants in the Washington Heights-
in-Wood Columbia Aging Project revealed no link
between vitamin E intake, whether it is dietary,
supplementary, or total, and a reduced incidence of AD
[100].

In a three-year, double-blind trial, 769 participants
were chosen and given either a placebo or 2000 IU/d of
vitamin E. It was found that supplementing with
vitamin E had no positive effects [101]. Another study
revealed no differences in cognitive function between
vitamin E-treated females and those who received a
placebo [102]. It is intriguing to note that the vitamin E
group, which comprised women whose daily vitamin E
intake was below 6.1 mg, showed less cognitive
impairment relative to the placebo group than did the
women in the high vitamin E intake group [102]. In a
different study [103], participants received 800 IU/d for
six months, and the vitamin E supplemented group was
split into two distinct subgroups. One group, referred
to as ‘'respondents” to vitamin E, experienced
decreased oxidative stress measures following the
treatment while maintaining their cognitive test results
[103]. They did ascertain a second group of individuals,
referred to as "non-respondents,” in which vitamin E
had no effect on reducing oxidative stress and
cognition had dropped to levels even lower than those
of patients receiving a placebo [103]. It was determined
that patients' cognitive condition is maintained when
vitamin E reduces oxidative stress. However, oxidative
stress is harmful to cognition when vitamin E does not
stop it. On the other hand, a study that involved 613
patients with mild to moderate AD and was double-
blind, placebo-controlled, parallel-group, randomised,
and used the same dose (2000 IU/d of a-tocopherol or
placebo) displayed that a-tocopherol supplementation
decreased functional decline in patients with mild to
moderate AD [104]. The groups receiving memantine
alone or memantine with o-tocopherol showed no
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discernible  differences [104]. These results
demonstrated that a-tocopherol is beneficial for mild
to moderate AD by delaying functional decline and
reducing caregiver stress. A recent study indicated that
supplementing with 400 IU/day of vitamin E did not
prevent dementia in selected 7540 asymptomatic older
males [105]. The research also demonstrated that
neither selenium nor vitamin E, or even a combination
of the two, could prevent dementia [105].

Moreover, efforts to develop a vitamin E-based AD
therapy have ongoing. Numerous research are still
being conducted to determine how well certain vitamin
E forms work alone or when combined with another
substance that may slow the progression of dementia.
In a transgenic mouse model of AD, Ibrahima and
coworkers [106] examined the therapeutic effects of the
tocotrienol-rich fraction, a mixture of several vitamin E
equivalents from palm oil. The findings demonstrated
that supplementing restored cognition function in
transgenic mice and decreased AB deposition even if
the amounts of AB oligomers remained constant. Last
but not least, a further investigation using an animal
model of AD examined the effects of supplementing
with fish oil and vitamin E [107]. The findings
demonstrated that the transgenic mice's cognitive
function could only be restored by a diet deficient in
vitamin E and a fish oil supplement [107]. Higher
vitamin E dosages had no positive effects, indicating
that excessive vitamin E acts as an oxidant and
promotes oxidation [107].

The varying and contradictory outcomes that
numerous researches have shown may be influenced
and explained by a number of factors. First, it's crucial
to assess the dose of vitamin E as a variable. High doses
of vitamin E were utilized to achieve the positive
outcomes. Subsequently in some studies, the dose of
vitamin E utilized was insufficient to produce a
therapeutic outcome. Although further research is
required to identify the ideal amount, it is crucial to
note that greater doses do not appear to be linked to
higher mortality rates or adverse consequences.
Secondly, the type of vitamin E utilized is another
crucial consideration. While most vitamin E
supplements contained a-tocopherol, it appears that
other dietary tocopherols and tocotrienol, as well as
their combination, may be more effective in achieving a
greater neuroprotection. Timing the start of the study
is another issue that needs to be addressed. Given that
no study has shown the ability to reverse the illness
process, it is conceivable to postulate that an early
administration may be more beneficial in preventing
cognitive losses. According to this viewpoint, the
severity of AD is a crucial consideration that may affect
the outcome of the therapy. As well, it appears that
ongoing therapy is required to achieve a noticeable
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improvement. Also, it must be remembered that not all
studies used the same criteria to assess whether the
vitamin E treatment was effective, making it impossible
to compare the findings of other studies. In fact,
whereas some studies assessed the ability to carry out
daily tasks, others believed the development of MCI
into AD into account. There is impossible to rule out
confounding factors that could affect the results, like
the usage of other medications or the existence of
coexisting conditions.

It may be concluded that despite a compelling case
for vitamin E's use as a successful AD intervention, the
clinical studies that have been conducted to date have
produced unreliable results regarding vitamin E's
impact on the risk of acquiring AD. Therefore, it is yet
unknown whether vitamin E concentrations are
genetically linked to an increased risk of AD or whether
taking supplements of this substance could help slow
the course of dementia. In this review, it was shown
that there are more studies demonstrating a drop in
plasma vitamin E levels in AD patients than studies
demonstrating the opposite. Vitamin E as a medication
does, but occasionally improves cognition and other
times it does not. The replacement of lost neuronal
networks, the very different dietary status of the
patients at baseline, the varying lengths of time for
brain compensation in each individual, and the
antioxidant effect of vitamin E in each individual,
among other factors, could all contribute to treatment
failure. Though, more research is needed to provide
definitive answers about vitamin E's effectiveness in
AD. Trials comparing various vitamin E dosages, forms,
and combinations may be beneficial in this situation.

Vitamin K

The primary dietary source of vitamin K is
phylloquinone, and vitamin K-2, known as
menaquinones, contains a number of vitamins with
bacterial basis [108]. In human and rat brains,
menaquinone-4 (MK-4) is the vitamin with the highest
representation [109]. /n-vitro research has shown that
MK-4 shields against oxidative damage and the
activation of the inflammatory cascade [110,111].
Moreover, it has been discovered that MK-4 depletion
in murine models is associated with lower cognitive
abilities [112]. As a cofactor of G-glutamyl carboxylase,
vitamin K is known for its function in blood
coagulation and the activation of factors that depend
on it, including factor II, VII, IX, X, protein C, and
protein S. Vitamin K may play a function in brain
physiology by contributing to the metabolism of
sphingolipids and by activating the vitamin K-
dependent growth arrest-specific 6 protein (Gas6),
which may prevent neuronal death brought on by
amyloid or oxidative stress [108]. This vitamin K-
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dependent gene is thought to contribute to
oligodendrocyte survival and, as a result, increase
myelination in the CNS. Sphingolipid synthesis, which
appears to be crucial for remyelination, is likewise
greatly aided by Gasé6.

There is considerable disagreement as to whether
vitamin K insufficiency contributes to cognitive
deterioration in AD patients. Human studies [113-118]
were found in the literature search; all, with the
exception of one [115], confirmed a connection
between vitamin K and cognitive performance in older
persons. In a population of 65 years and older, five
investigations found a connection between declining
cognitive and behavioral abilities and low vitamin K
food intake or serum level. In particular, researchers
reported the findings of a cross-sectional study done on
320 older people from the Nukage study cohort, aged
70 to 85, who were cognitively healthy [114]. According
to studies on food intake in older persons, 1) those with
major subjective memory complaints consumed less
vitamin K on average than those with normal memory
(298.0 mg/d against 393.8 mg/d) [117], 2) on a person-
day basis, the mean vitamin K intake in individuals
with early-stage AD was 63 g/d, as opposed to 139 g/d
in 31 healthy control persons [114], and 3) among older
adults who took part in the CLIP trial, higher dietary
phylloquinone consumption was positively linked with
better cognitive function [116]. The frontotemporal
behavioral rating scale (FBRS), a measure of physical
neglect, and dietary vitamin K levels were found to be
negatively correlated with each other in the scientist's
observational cross-sectional study, which examined
the relationships between neuro-cognition and
lipophilic vitamins among all patients consecutively
hospitalized or seen in consultation in the geriatric
acute care unit of the University Hospital of Angers,
France, from February to April 2014; the FBRS is a
consistent, reproducible marker of the presence of
signs of behavioral disturbance across four domains
(i.e. self-control disorder, physical neglect, mood
disorders and loss of general) [116].

One study that measured plasma levels of vitamins K-
1 (phylloquinone) and K-2 (menaquinone) found that
patients with mild and severe AD had considerably
lower plasma vitamin K-1 concentrations than healthy
controls, but that there was no difference in plasma
vitamin K-2 between cases and controls [113]. We are
not aware of any intervention studies that have looked
at how vitamin K deficiency or supplementation affects
cognitive performance or stops brain atrophy. Other
research investigated the relationship between
cognitive impairment and the use of oral
anticoagulants known as vitamin K antagonists (VKAs),
such as warfarin, acenocoumarol, and fluindion
[119,120]. In fact, these VKAs carry out their purpose
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by inhibiting the activity of vitamin K oxidoreductase,
which stops vitamin K from being recycled after being
y-carboxylated. It has not yet been shown if VKAs
affect Gas-6 and protein S y-carboxylation in the
human brain. Studies using murine models have
demonstrated how VKAs predict a drop in MK-4 brain
concentrations, the most recognizable vitamin in rats’
brains [121]. Since anomalies of the CNS were
determined in babies who had been exposed to warfarin
or other coumarin derivatives, it has been clear that
VKAs may have a negative effect on the brain. [120].
Absolute mechanisms, though, are still unknown. How
the usage of VKAs may affect brain metabolism is a
growing concern. The scant literature suggests, to a
limited extent, a potential link between the usage of
VKAs and both brain focal atrophies and cognitive
decline. During a big cohort trial, there was no
correlation found between the use of VKAs and global
cognitive performance over a 10-year follow-up period,
however there was a substantial decline in verbal
fluency and visual memory among patients treated with
VKAs compared to those not receiving blood-thinning
medication [121]. Researchers used 3 or 1.5 Tesla
magnetic resonance imaging (MRI) to measure the
brain volumes of 54 individuals (18 receiving VKAs
treatment and 36 matched controls) and found a
significant inverse relationship between the length of
drug exposure and the volume of grey and white matter
in the right precuneus, left middle frontal gyrus, and
right inferior operculum in the right front [122].
Clinical investigations [123] have revealed that VKA
use has no effect on vitamin K plasma levels, and that
there are still unexplored molecular patterns that could
cause cognitive impairment in VKA-using human.
When suggesting that VKAs are responsible for
cognitive impairment, it is important to keep in mind
that patients may be receiving therapy for conditions
like atrial fibrillation, which may have a minimal
impact on mental decline [124].

The lack of published articles points to the require for
more thorough investigation from the scientific
community, using large samples in randomized trials to
support the concept that low vitamin K levels may be
associated with cognitive impairment. To produce more
comparable and trustworthy data, a systematic
methodology for measuring vitamin K intake from diet
and blood concentrations must be implemented. A
large prospective study is feasible and could be
necessary to clarify the impact of these medications on
vitamin K blood levels and, subsequently, on cognitive
impairment because of the vast number of people who
have received VKA treatment.

Overall findings indicated a robust association between
fat-soluble vitamins and AD. According to reports, a
lack of vitamins A, D, E, and K is closely related to AD.
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On the other hand, higher levels of these vitamins in
the serum or plasma have been associated with
improved cognitive abilities. Hypovitaminosis of
vitamins D and E appear to be a risk factor for the
development of AD, and there are some signs that
supplementing with these vitamins may be helpful in
the uncertain progression of AD. The hypothesis that
the supplementation of these compounds might be
advantageous is strengthened by the observation that
deficiencies of vitamins A, D, E, and K lead to elevated
cerebral A levels and/or impaired cognitive abilities in
animal models, while the supplementation of vitamins
A, D, and E reduces AB plaque load. Vitamin E
supplementation, in particular, may have certain
negative effects. For instance, several studies have
found that AD patients have a risk for AB-increasing
and even more rapid cognitive loss.

Briefly, more research is needed to assess the potential
of these substances in the prevention and treatment of
AD, nparticularly major trials looking at the
effectiveness of various vitamins in AD patients and
their impact on the molecular mechanisms of the
illness.

Water-Soluble Vitamins

Vitamins B complex/multi Vitamins

With the exception of vitamin Bs, which may also be
produced from tryptophan, almost all members of the B
family of vitamins are necessary forms that depend on
diet provide. Studying the correlation between brain
atrophy, metabolic activities (such as glucose
metabolism), and amyloid buildup, which can be
assessed using brain MRI, fluoro-2-deoxy-D-glucose
standardized uptake value ratio, and Pittsburgh
compound B-positron emission tomography (PIB-PET),
respectively, is a new straight forward method to
examine the relationship between B vitamins and AD
[125]. Three vitamins Bi, Bs;, and B exhibit well-
established relationships with the deterioration in
mental status due to the three B-complex vitamins'
associations with neurological diseases [126]. Patients
with MCI who underwent MRI showed a substantial
positive correlation between the pace of brain atrophy
and Hcy level (Hcy is a biomarker of either vitamins By
or Biz shortage, or both) [127].

Additionally, supplementing with vitamins By (0.8
mg/d), Bi2 (0.5 mg/d), and Bs (20 mg/d) for two years
reduced brain atrophy in amnestic or non-amnestic
MCI patients [127]. These positive benefits were
predominantly observed in people with Hcy (>11
mmol/L) or plasma omega-3-fatty acids (w-3 FAs; >390
mmol/L), and they were associated with increased
vitamin Bi; status and were reflected in improved
cognitive ratings [128].

Advancements in Life Sciences | www.als-journal.com | October 2022 | Volume 9 | Issue 3 248



You're reading .
literature review

The vitamins By and Biz are recognized as two
essential micronutrients in people. Fore-mentioned
two vitamins are vital for DNA synthesis and repair, the
metabolism of FAs and some amino acids, as well as the
healthy operation of the nervous system. They are also
critical cofactors in methylation processes [129]. These
two vitamins are crucial cofactors in the conversion of
hydroxycitric acid to methionine. One of the most
typical impairments in AD patients is a shortage in Biz
and Bo, and in the majority of instances, elevated
concentrations of Hcy are seen. Hcy metabolism plays a
major role in the mechanisms underlying the
relationship between vitamins B-complex and the
brain. It is broken down via a remethylation cycle that
is driven by vitamins By and Bi2 and provides methyl
groups for a number of metabolic processes [130].
Hyperhomocysteinemia has been proposed as a key risk
factor for AD because clinical proof has linked higher
plasma (Hcy) levels to the development of AD [131].
Observational investigations have shown that AD risk
is elevated in those with high blood levels of Hcy [130].
The outcomes of these studies, which aggravated
randomized trials to assess if vitamins B complex had a
positive impact on cognition, were conflicting. In the
systematic review, O'Leary and colleagues identified 35
cohort studies with 14,235 people in total [132]. Only
seven of the 21 high-quality studies revealed a helpful
link. Studies that used the more recent and precise
indicators of vitamin B2 status, such as methylmalonic
acid and holotranscobalamin, found that this
association was more reliable.

The most of observational studies failed to find a
positive correlation. A meta-analysis of RCTs in people
with or without cognitive impairment was carried out
[133]. Overall, the 19 RCTs that were examined
revealed that there was no effect of vitamin B
supplementation on cognition. Likewise results were
found in an earlier Cochrane analysis [134], which
displayed that By treatment, whether it was given with
or without vitamin B2 or Bs, had no effect on persons
with cognitive impairment or dementia. A subsequent
Cochrane update, however, which involved 8 trials,
found that there was some effect [135]. For example, in
certain investigations involving both AD and without
dementia patients, a greater response to cholinesterase
therapy with B-complex vitamins was noted. The By has
produced some other contradictory findings following
the Coronary Intervention Trial (n=800), which claimed
that vitamin By had a substantial impact on memory
[136]. This study demonstrated that over a period of 2-3
years, those who received vitamin By treatment and had
high levels of Hcy had higher cognitive performance
than those who did not receive treatment [136]. One of
the neurotropic B-complex vitamins' (specifically,
vitamins Bs, B2, and By) most important functions in
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the CNS (i.e., the brain and spinal cord) come from
their role in the metabolism of By and Hcy. Elevated
Hcy concentrations are linked to several vitamin
shortages, which are thought to have neurotoxic
consequences. Excessive Hcy may enhance oxidative
stress and neurodegeneration, which can raise the risk
of AD, dementia, and cognitive decline [137].

The relations of vitamins By, Bi2, D, B-carotene, and
w-3 FAs with a healthier brain imaging profile are
maintained by 1) findings from a meta-analysis of 43
prospective cohort studies, which showed that dietary
patterns reflecting a higher consumption of vitamins
Bs, By, and Biz, vitamin E, unsaturated FAs, and vitamin
C were related with a lower relative risk for dementia
[137]. 2) the results of a meta-analysis of 106 studies on
the plasma vitamin level in AD patients, which revealed
considerably lower levels of the vitamins B12 (212%), Bo
(221%), C (233%), A (214%), D (227%), and E (218%)
than in healthy controls [138]. But it is essential to
remember that investigations may not always be
comparable across populations and cohorts even
though dementia may indeed manifest in cohorts that
are not vitamin insufficient or do not have further risk
factors like obesity, hyperhomocysteinemia, or
inflammation, as was, for instance, mentioned in latest
small cross-sectional research in Norway [139].

Cobalamin (B1z)

Numerous biological processes, including DNA
methylation and the synthesis of DNA nucleotides,
depend on vitamin Bi;. The body can utilize vitamin Bi»
in two different ways: as methylcobalamin or as five
deoxyadenosine cobalamins. Methylcobalamin is
required for the enzyme methionine synthase as a
cofactor. Typically, this enzyme is involved in the
transformation of the amino acid Hcy into methionine,
which is then necessary for DNA methylation [140]. The
enzyme that changes 1 methyl malonyl CoA into
succinyl CoA needs the cofactor 5 deoxyadenosyl
cobalamin. At this stage, energy is extracted from
proteins and lipids [140]. Low levels of circulating Bi.
are considered to be 65.87ng/mL in the clinic [141].
Shortage may cause cardiovascular disease, anaemia,
and neurological issues. The literature is divided on the
question of whether a Biz dearth increases the risk of
AD. According to one observational study [142], people
with AD or cognitive impairment have decreased levels
of vitamin Bi2. On the other hand, employing their
phenotypic database, a sizable meta-analysis of B
conducted in an Icelandic community failed to discover
a link with AD [143]. Moreover, two recent Mendelian
randomization studies also failed to discover a
connection between the two qualities [144. 145].

Lack of vitamin B2 is linked to impairment to the white
matter of the brain and spinal cord, which negatively
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impacts neuronal activity. Unknown is the precise
mechanism causing this relationship. Myelin damage
brought on by improper methylation of the myelin
basic protein (MBP) has been proposed as the
underlying mechanism. One-third of myelin protein is
made up of MBP, and demyelination in the presence of
vitamin Bz shortage may account for several
neurologic symptoms, including the correlation with
cognitive decline [146].

AD has no available curative treatments at the
moment. Cholinesterase inhibitors (ChEIs), which slow
the progression of cognitive loss, are the most effective
symptomatic pharmaceutical treatment for AD [147].
The response of ChEI treatment varies, nevertheless.
Greater responses to ChEI were linked with higher
cognitive profiles, prior intellectual employment,
healthier lifestyles, marriage, and not living alone, a
higher degree of autonomy, and less baseline brain
atrophy [147]. The Taiwan National Health Insurance
guidelines state that only AD patients whose vitamin
Bi2 inadequacy has been ruled out are eligible for
insurance coverage of ChEI treatment. Hence, all
individuals with approval for the ChEI prescription
must have access to baseline serum vitamin Biz level
tests.

Thiamine (B:1)

Transketolase, pyruvate dehydrogenase, o-
ketoglutarate dehydrogenase, and branched chain a-
ketoacid dehydrogenase are enzymes that depend on
vitamin B; and are essential for glycolysis and the Krebs
cycle; inadequacies in their activity may lead to
reduced glucose metabolism, as seen in the brains of
dementia subjects [148]. Memory impairments, neuritic
plaques, and t-hyperphosphorylation are seen in
human B; deficiency (Korsakoff syndrome) in
preclinical B; deficiency animals [148]. Benfotiamine, a
more accessible derivative of vitamin Bi, was also found
to improve spatial memory in APP/PSEN1mutant mice
and decrease amyloid plaque and phosphorylated-t in
their brains [149]. The blood B: diphosphate level was
also substantially lower in AD patients compared to
controls in a recent case-control study of people, with a
sensitivity of 78.1%, specificity of 77.2%, and area
under the receiver operating characteristic curve of
77.4% [150]. According to a subsequent study, B
phosphatases are elevated in the blood of AD patients,
which may account for the low B: diphosphate content
in AD [151].

However, it is still unknown how B: deficiency leads to
neurodegeneration. In the brain, B: deficiency can lead
to oxidative stress, endoplasmic reticulum stress, and
autophagy, all of which contribute to Bideficiency-
mediated neurodegeneration, according to a
substantial body of recent study findings [152].
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Consequently, treatment approaches that address
oxidative stress, endoplasmic reticulum, and autophagy
all at once may produce better results. There isn’t
enough research in this area, though, to definitively say
whether B is helpful for AD sufferers.

Riboflavin (Bz)

As a cofactor for several flavoprotein enzyme activities,
this vitamin participates in a broad range of metabolic
routes and functions. Flavin mononucleotide and flavin
adenine dinucleotide are its functional forms.
According to the available research, vitamin B is an
antioxidant that may reduce lipid peroxidation and
oxidative damage [153]. Vitamin B2 can efficiently raise
the level of reduced glutathione (GSH) in tissues since
the reduction of oxidized glutathione is a B2 dependent
process [153]. The function of antioxidant enzymes is
also correlated with a low B; status, and B; treatment
has been shown to increase activities of antioxidant
enzymes [153].

Extensive researches have documented how B; affects
cognitive impairment [154,155]. In a trial from Japan,
the prevalence of cognitive decline in older males was
substantially higher in the group with a low dietary
ingestion of Bz (£0.96 mg/day) compared to the group
with a high dietary consumption of B: (>1.11mg/day)
[155]. With the exception of its anti-oxidation process,
the B; vitamin may potentially have additional
physiological mechanisms that enhance cognitive
performance in middle-aged and older people. Another
study showed that B partially protects against
neurological illnesses by promoting anti-oxidation,
myelination, and mitochondrial activity [153].

Most recently trial revealed that dietary B: was
preventive for both worldwide cognitive performance
and the verbal working memory area [156]. When
several variables were taken into consideration during
sensitivity analyses, the protective benefits of B2 on
cognitive performance were constant and dependable.
Neuropsychological test scores throughout the follow-
up demonstrated a decreased deterioration in the high-
B2 group. Similar to this, B. administration greatly
increased the number of crossings, the time spent in
the target quadrant, and the escape delay time (p<0.01)
in APP/PS1 mice [157]. B2 dramatically decreased the
concentrations of reactive oxygen species (ROS) and
methylene-dioxy-amphetamine (MDA). Furthermore,
compared to the control group, it led to statistical
considerable (p<0.01) elevations in the brain activities
of catalase, superoxide dismutase (SOD), and
glutathione peroxidase (GSH-Px) in APP/PS1 mice
[157]. Bz increased Nrf2 expression while decreasing
Keapl expression in transgenic mice's brain tissue
[157]. This study concluded that B: shields the brain
against ROS-induced AD damage, probably because it
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may be an antioxidant property and because it activates
the Nrf2 mechanism. But the precise method by which
B2 functions as a neuroprotective factor is still
unknown. Research into these distinct physiological
pathways of B2 may be necessary in the future.

Niacin (Bs)

The term "vitamin Bs" refers to two vitamins: nicotinic
acid (pyridine-3-carboxylic acid) and nicotinamide
(nicotinic acid amide), which are the precursors of the
biologically active coenzymes nicotinamide adenine
dinucleotide (NAD) and its phosphate analogue,
nicotinamide adenine dinucleotide phosphate (NADP).
Through its vital participation as a cofactor in the TCA
cycle for transformation of acetyl-CoA produced from
proteins, lipids, and carbohydrates to ATP, it plays a
significant role in the metabolism of carbohydrates and
energy.

In a mouse model of stroke, Niaspan (prolonged-
release B formulation) encouraged synaptic plasticity
and axon development [158]. The relative risk (95% CI)
of AD in those in the second, third, fourth, and fifth
quintiles of Bs ingestion was 0.3 (0.1- 0.6), 0.6 (0.3-1.3),
and 0.3 (0.1-0.7), respectively, when compared to those
in the first quintile of consumption throughout a 6-
year follow-up, and cognitive decline was reduced with
higher Bs consumption, which is further support for
these possible neuroprotective effects of Bs [159].
Prospective population-based research (the Chicago
health and ageing project research) observed an
adverse correlation between AD and Bs consumptions
after adjusting for a number of dietary (antioxidant
nutrients, fats, and vitamins (B: B2, Bs, Bo, and Bi2) and
non-dietary (age, education, race, and APOEe4) risk
factors for dementia. This suggests that dietary B; may
shield against AD and age-related cognitive decline
[159]. Vitamin Bs (particularly nicotinamide) could be
useful for AD although the epidemiologic evidence is
still sparse and inconsistent, especially in light of the
fact that it mediates important biological pathways
(like, energy metabolism, mitochondrial functions,
calcium homeostasis, survival and cell death). NAD+
contains life-extending properties, which are crucial for
brain activities like neurotransmission, memory, and
learning. Since NAD+ reduction and mitochondrial
impairment are essential for synaptic plasticity and are
typically present in ageing and AD onset [160],
boosting NAD+ brain levels in AD mouse models can
reverse mitochondrial dysfunction and prevent
cognitive loss [160].

Both in-vitro (organotypic hippocampal slice cultures)
and in-vivo (AD model rats) trials have highlighted the
defensive effects of vitamin Bs against AB-induced
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through minimizing appearance of AD-related genes
(amyloid precursor protein and presenilin 1) and ROS
generation, then by enhancing neuron survival
[161,162]. Variations in NAD+ availability can lessen
AD pathogenesis through modifying SIRT1 function as
well as delaying ageing and diseases linked to ageing
[163]. In particular, deacetylase activity of SIRT1 has
been demonstrated to assist the non-amyloidogenic
route of AD and to reverse circumstances, such as
neuroinflammation, oxidative stress, and
mitochondrial dysfunction, having contributed to and
exacerbating AD. Numerous research findings have
highlighted the critical role of SIRTs in AD prevention
[164].

Pantothenic acid (Bs)

The Bs vitamin, a coenzyme A (CoA) precursor, is
essential for the metabolism of fatty acids and
carboxylic acids in a variety of species [165]. Above its
function in oxidative metabolism, CoA participates in
the synthesis of cholesterol, amino acids,
phospholipids, and fatty acids, which helps to support
the structure and operation of brain cells [165].
Importantly, this vitamin functions in mechanisms
involving CoA in the production of several
neurotransmitters as well as steroid hormones. Rapid
reactive proteins associated with inflammation,
adhesion molecules, and pro-inflammatory cytokines
are examples of biological defense resources that may
be inappropriately consumed as a result of higher CoA
activity brought on by excessive Bs intake. But
additional research is needed to confirm this idea.

In 2018, researchers looked examined the correlation
between vitamin consumption and cerebral AB load in
AD patients with cognitive impairment [166]. Brain
MRI and 18F-florbetaben positron emission
tomography were performed on all individuals. The 15
vitamins' dietary consumption was assessed using the
Food Frequency Questionnaire. The AB-positive group
consumed more vitamin A (p = 0.063), K (p = 0.042), B-
carotene (p = 0.081), B2 (p = 0.063), Bs (p = 0.097), Bs (p
= 0.092), and B6 (p = 0.027) than the AB-negative
group. Vitamin Bs consumption was identified as an
independent predictor of cerebral AR load by
multivariate linear regression analysis (8 = 0.287, p =
0.029) [166]. The findings suggested that people with
cognitive impairment may have higher cerebral AB
burdens after consuming Bs. These findings might shed
light on prospective AD preventative tactics.

Pyridoxic acid (Be)

Pyridoxine, Pyridoxal, and Pyridoxamine are the three
physiologically comparable molecules that comprise
vitamin Be. The first (Pyridoxine) is abundantly present

neurotoxicity.  Nicotinamide  or  nicotinamide ) : :

mononucleotide also mitigate amyloid toxicity in plant materials, whereas the other two are present in
animal tissues. Because vitamin Bs is essential for the
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production of various neurotransmitters, such as
dopamine, serotonin, norepinephrine, and y-
aminobutyric acid, having a vitamin Bes shortage has a
major impact on brain activity [167]. The development
of several cognitive functions may be related to the
absence of these neurotransmitters. The Hcy may have
directly damaging effects on CNS neurons in addition
to being a risk factor for cerebrovascular disease.
Numerous investigations have suggested that AD's
etiology includes hyperhomocysteinemia [168,169].
Results from observational research have shown that
numerous B-vitamins, particularly vitamin Be, have an
impact on plasma Hcy concentrations [129,170].
According to a study, persons with AD have lower
plasma levels of pyridoxal-5-phosphate compared to
healthy controls [171]. There is no proof that vitamin Be
addition affects older people's cognitive abilities in any
way. Indicators of vitamin Bs availability in older men's
biochemical profiles are improved by vitamin Be
treatment, indicating that some may lack the vitamin.
Additional randomized controlled trials are required to
assess the effects of vitamin B¢ on lowering the risk of
general population cognitive decline and on enhancing
cognitive and emotional functions in dementia
patients. Experiments must last for a long time and be
set up to allow subgroup analysis limited to people with
biochemical signs of vitamin Bs insufficiency.

Biotin (B7)

It is also called the anti-egg white damage factor or
vitamin H. Long-term use of raw egg whites might
cause a B7 shortage. Consuming raw egg whites results
in a deficiency because avidin, a glycoprotein that
binds B7 with a high affinity, is present. In processes
mediated through five carboxylase enzymes concerned
in the TCA and the FAs metabolism, vitamin B7 serves
as a coenzyme: propionyl-CoA carboxylase, 3-
methylcrotonyl-CoA carboxylase, pyruvate
carboxylase, and acetyl-CoA carboxylases 1 and 2 [172].
Vitamin B-'s involvement in epigenetic regulation
through histone biotinylation, gene expression, and
cellular communication has recently been expanded
[173]. Vitamin B7 specifically has been reported to
increase soluble guanylate cyclase (sGC), increasing
levels of cyclic guanosine monophosphate (¢cGMP), and
influence the production of enzymes involved in the
homeostasis of glucose, such as glucokinase and
phosphoenolpyruvate carboxykinase [172].

High-dose of B; supplement (100 mg, 3times daily)
was found to have a stabilizing effect on the course of
multiple sclerosis (MS) in a current controlled
experiment [173]. A case may be made for direct
stimulation of soluble sGC through pharmacological
doses of B7 plays an important function in this regard
even though this effect has been referred to an
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improvement of B7 necessary cofactor role in the brain.
The effectiveness of high-dose B7 in MS may be due to
c¢GMP's anti-inflammatory effects on the cerebral
microvasculature, oligodendrocyte development, and
the synthesis of neurotrophic factors by Schwann cells
that are considered to be useful in treating MS [173].
However, B; may have more neuroprotective benefits
due to its capacity to increase cGMP production in the
brain. The cGMP has neurotrophic-mimetic effects in a
variety of neurons and brain cells, activating the PI3K-
Akt and Ras-ERK pathways in the process to support
neuron viability and plasticity [173]. Agents that have a
compensatory impact by increasing cGMP levels tend
to restore effective long-term potentiating in mouse
models of AD. In AD, AP decreases this mechanism by
reducing sGC activity [174]. These results imply that
high-dose B; may be useful for the prevention and
treatment of AD, together with cGMP's capacity to
prevent neuron death. In addition to promoting
neurogenesis, cGMP also inhibits atherogenesis and
hypertrophic remodeling in the cerebral vasculature,
which may reduce the risk of stroke. Concurrent
treatment of brain-permeable phosphodiesterase-5
inhibitors may enhance the neuroprotective efficacy of
large doses of B7 [174].

However, attention in vitamin B:'s neuroprotective
activity is recent, and more research investigating
potential pathways and modes of action in-vitro as well
as in-vivo is required to make clear its function in the
brain. Vitamin B; may be involved in and improve a
number of acute and chronic neurological diseases
[175].

Folic acid (Bs)

Folate is essential for the CNS's development,
differentiation, and regeneration [176]. Vitamin By is a
necessary nutrient that contributes a methyl group to a
number of metabolic pathways, including the
production of neurotransmitters, DNA, the regulation
of gene expression, the synthesis and metabolism of
amino acids, and the manufacture and repair of myelin
[176].

The supplementation of vitamin By can prevent
different diseases of the CNS, like AD, neural tube
defects and development delays [176]. This vitamin is
vital for the neurological system at all ages and is
extremely critical in the form of methyl folate, which
may be partly responsible for the multiple CNS
methylation processes. Many doctors advise AD
patients to take vitamin By and other B vitamin
supplements to improve cognitive function, but their
efficacy is still debatable [136]. It was noticed that
people with low serum levels of vitamin By are more
likely to develop AD [177]. In a similar trial [178], high
dietary By intake (top quintile: median, 742 pg/day) was
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associated with a faster rate of cognitive decline than
that felt by those in the lowest intake quintile (median,
186 pg/day), which was conducted prospectively on
older adults 65 years of age or older living in the
community. Supplementation of By >400 npg/day was
likewise associated with higher rates of decline.

There are many possible processes that link vitamin
By intake to the emergence of AD, some of which may
be connected to Hcy. Dementia and cognitive decline
are both associated with serum Hcy concentrations.
Numerous reasonable mechanisms by which high Hcy
amounts might elevate the risk of dementia have been
speculated (e.g., an impact on cerebrovascular
pathology, direct neurotoxic effects, or an effect on the
neurofibrillary tangle burden and AB accumulation via
impacts on methylation reactions) based on the
recognized effects of By and Bi2 inadequacies and
anomalous Hcy metabolic activity on the formation and
maintenance of the nervous system [179]. None of
these methods, therefore, has been categorically
demonstrated. Because vitamin By administration
lowers serum Hcy amounts and could consequently be a
way to assist combat dementia or age-related cognitive
decline, addressing the question is crucial from a
practical standpoint. The effectiveness of By therapies
in mitigating cognitive decline has been investigated in
randomized studies; however the findings are
inconclusive [180,181]. Low By levels have been proven
to cause an inflammatory state in epidemiological
investigations, which may help to explain the link
between vitamin B shortage and the risk of AD [179].

The patients with neuropathologically diagnosed AD
and no major cerebrovascular disease or atherosclerosis
have been demonstrated to be at risk due to the Hcy
[182]. Give proof from an animal study suggesting Bo
deficit and Hcy could be strongly associated to amyloid
toxicity through preventing neurons from repairing
DNA, which makes them more susceptible to oxidative
damage brought on by AB [183]. This implies a non-
vascular mechanism via which By consumption may be
linked to the onset of AD. There are facts that Hcy can
induce direct damage to brain cells, which supports
another nonvascular mechanism [169]. The link
between By consumption and the development of AD
has also been related to non-Hcy processes involving
methylation actions in the brain [184]. Regardless of
age and educational level, a study revealed drastically
reduced By levels in AD patients compared to MCI
subjects and healthy older persons [185]. There were no
disparities between MCI participants and old controls.
Additionally, lower By levels were associated to
decrease cognitive functioning, especially in terms of
memory, language, and psychomotor speed [185]. The
median readings were reported to be greater than the
lower range of laboratorial reference standards (i.e. 4.2
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to 19.9 ng/ml), despite reduced By levels in AD patients
[185].

Ascorbic acid (vitamin C)

The water-soluble antioxidant vitamin C, which is
found in the cytosol and quenches many radical types,
can replenish other antioxidants like glutathione and
vitamin E, and it is particularly abundant in the brain
[186]. The capacity of vitamin C to give electrons (as a
reducing agent) is the basis for all of its physiological
and biochemical activities. Ascorbic acid passes
through two successive, reversible oxidations: after
losing the first electron, it produces the ascorbate free
radical as an intermediate product, which is then
changed into dehydroascorbate after losing the second
electron. Vitamin C is a potent antioxidant and free
radical scavenger at physiological quantities in plasma
and several organs, including the CNS [187].

Studies conducted in both in-vivo and in-vitro
showed that vitamin C decreased oxidative stress and
the development of AB-oligomers [188]. Cohort study
results on the impact of vitamin C supplements on AD
are inconclusive. There was no difference in the
prevalence of AD during the 4-year follow-up in
prospective research (n=980) assessing the connection
between 4 years of vitamin C and vitamin E intakes and
the risk of AD [189], as well as similar correlation was
also revealed in another prospective trial (n = 5395),
demonstrating that vitamin C consumption was not
connected to an increased risk of AD [96]. But findings
from largely published prospective observational
research with a sample size of 4740 people revealed
that taking vitamins C and E together for at least three
years was related to a decrease in the occurrence and
incidence rate of AD [190]. Generally, there is
overwhelming proof in the literature that preserving
adequate vitamin C levels can have a protective effect
against AD, although preventing vitamin C deficiency
is probably more advantageous than adding
supplements to a regular, healthy food [191].

In particular, the scavenging activity against ROS, the
control of neuroinflammation, the suppression of the
fibrillation of AB peptide, and the chelation of Fe, Cu,
and Zn are the key mechanisms linked to vitamin C
neuroprotection [192]. According to recommendations,
vitamin C contributes significantly to the
pathophysiology of AD by directly protecting neurons
from oxidative stress. It has been well-established that
neurodegeneration is caused by a disproportion in
vitamin C homeostasis [193]. This vitamin serves as a
crucial CNS antioxidant, releasing from glial cells to
the synaptic cleft and being taken up by neurons as an
antioxidant defense to sustain synaptic activity and
neuronal metabolism [193]. It was shown that the
astrocyte-neuron contact serves as an important
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mechanism for recycling vitamin C, contributing to the
brain's antioxidative defense [194]. In reality, vitamin C
helps to regenerate endogenous antioxidants (GSH,
catalase, vitamin E) and is a first-line antioxidant
defense against ROS reactivity [194].

Multiple cross-sectional investigations have shown
that AD patients' CSF-to-plasma vitamin C ratios are
lower than those of controls. Recent research in
particular revealed that blood-brain barrier (BBB)
damage negatively affects the ratio of CSF to plasma
vitamin C, which is crucial for avoiding cognitive
decline in AD [195]. It is yet unclear, though, whether
the dysfunction of the vitamin C transports carrier, or
the compromised integrity of the BBB is to blame [195].
Moreover, four of the eleven studies that looked at the
connection between CSF and plasma vitamin C levels
and cognitive decline (including AD) also looked at the
ratios of CSF to plasma vitamin C. According to one
study's findings, AD patients had considerably lower
mean CSF-to-plasma vitamin C ratios than controls
[196]. Final results were not reached from a second
prospective examination of CSF vitamin C, rates of
cognitive decline, and BBB, however a larger CSF-to-
plasma vitamin C ratio was associated to a slower rate
of decline [186].

In both European and American nations, eight sizable
population studies have examined the connection
between vitamin C consumption and AD-type dementia
[186]. The neuroprotection related to vitamin C has not
yet been identified, though. Another significant
population study revealed that vitamin C plays a
preventive function in people with vascular dementia
and cognitively healthy individuals, although AD was
not one of these conditions [197]. In a population study
of North Carolina, 616 seniors over 75 years who had
used vitamin C supplements for a long time did not
show any neuroprotection against developing AD [198].

The clinical outcomes may need to be interpreted
within a set of constraints. The observational research
on vitamin C consumption, plasma concentrations, and
its advantages for ageing and cognition are highly
inconsistent. It is notable that many clinical studies
typically did not include older individuals with
polypharmacy or comorbidities. The populations’
majority at risk for vitamin C shortage are excluded by
these exclusion criteria, which seriously impair the
validity of the results. Harrison and coworkers [191]
summarized the classification of groups according to
vitamin C level varies significantly among research
[191]. Insufficient concentrations of vitamin C are
lower than 1.27 mg/L, suboptimal levels are in the
range of 1.27 to 4.37 mg/L, adequate plasmatic levels
are above 3.22 mg/L, and optimal levels are in the range
of 5.76 to 6.91 mg/L [191]. Another source of variation
is the wide range of vitamin C pills, which go from 27 to
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230-270 mg/day. Last but not least, if vitamin C
consumption did not exceed 500 mg per day, it was
linked to improved cognition; higher plasmatic levels
(1.0 g per day) were allied to worse cognitive function
[191].

Additionally, a high vitamin C level may be harmful
to patients because it encourages the Fenton reaction
(a reaction that creates hydroxyl radicals in Fe rich
tissues like brain or spinal cord white matter). High
amounts of antioxidants, such as vitamin C, might
speed up this reaction and, as a result, may worsen the
inflammatory state because of radical formation.
Ferrous (reduced form of iron ion) is a component of
this reaction [129]. Reliable plasmatic measurements
with many measurement points are needed to fully
understand the beneficial effects of vitamin C. The
dependability of the results may be impacted by
inaccurate study designs and techniques [186]. The
accuracy of results is also impacted by the absence of
standardization between the use of single nutrients or
multivitamins and the lack of systematic monitoring of
plasmatic concentrations of vitamin. It is essential to
establish the distinction between dietary intake and
manufactured supplements, as well as the average of
their bioavailability. The concentrations of vitamin C
necessary to positively alter brain ageing are mostly
unknown as of right now. There are still questions
about two major issues, including whether there is a
connection between a vitamin C deficit and cognitive
decline (including dementia). It has not yet been
determined if ascorbic acid insufficiency is a cause of
AD neurodegeneration or only an epiphenomenal
factor. Further research into vitamin C's involvement in
supporting brain function and healthy ageing is made
possible by its powerful free radical scavenging
characteristics, well-characterized transport Kinetics,
and excellent bioavailability in the CNS. A MEGA-
PRESS mediated spectrum can be used to find the
contents of vitamin C in the brain (MEGA-PRESS,
MEGA-point-resolved spectroscopy) [199]. The study
found a link between blood and brain amounts of
vitamin C and offers a fresh conceptual framework for
future research examining vitamin C's function in the
brain. Hence, all of these studies’ direction may help to
clarify how vitamin C affects brain ageing in the future
and, ideally, offer a fresh conceptualization of AD.

Quasi vitamins

A number of other factors appear to satisfy the criteria
of vitamin status under only certain conditions. These
are recognized with the status of “quasi-vitamin”.
Details of a function for “quasi-vitamins” in providing
shield against AD are given below:

Choline
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A component similar to vitamin B called choline (2-
hydroxy-N,N,Trimethylethanaminium) is present in
many everyday meals and is crucial for a number of cell
processes. Methionine, the B vitamins Bo, Bs, and By,
and choline are all tightly connected in terms of
metabolism, therefore modifications in one of these
metabolic pathways will also affect the others [200]. It
primarily occurs naturally as phosphatidylcholine
(lecithin), which has the potential to penetrate the BBB
[9]. Evidence suggests that specific choline-containing
phospholipids, such as Cytidine 5'-diphosphocholine
and choline alphoscerate, improved the cognitive
abilities of patients with neurodegenerative diseases. It
serves as a precursor of the neurotransmitter
acetylcholine, a methyl donor in one-carbon
metabolism, and as an essential component of
membrane phospholipids [201]. There are at least two
ways that choline protects the brain from AD [202].
First, choline prevents the development of amyloid-f
plaques, the pathology that characterises AD. Secondly,
supplementation of choline lessens microglia
activation. Overactive microglia produce inflammation
in the brain and may eventually result in nerve cell
loss, impairing cognitive function.

It is noteworthy that acetylcholine causes microglia
to express alpha7 nicotinic acetylcholine receptors
(a7nAchR) [203]. Immune cells that live in the brain,
called microglia, carry out maintenance tasks that are
crucial for the health of neurons [204]. Though,
constantly active microglia, which is more prevalent in
AD, cause chronic brain inflammation that eventually
results in neuronal death [205]. In the APP/PS1 mouse
model of AD, there is a rise in activated microglia, and
this is associated with an upregulation of the a7nAchR
gene [206]. Acetylcholine levels have been found to be
lower in the brains of AD patients. As a result, raising
acetylcholine might cause a7nAchR to activate, which
might lead to a reduction in active microglia [206]. The
majority of recent studies [207] demonstrated that
choline can act as an agonist for the Sigma-1 receptor
(01R), which is essential for controlling brain
inflammation. Microglias express olRs, which are
similar to a7nAchRs. When these receptors are
dysregulated, microglias are activated and release pro-
inflammatory chemicals [208]. Indeed, in vitro research
has demonstrated that ¢1R agonists reduce microglia
activity [208]. Therefore, improving the activity of ¢1Rs
may lessen AD-related brain inflammation and
neurodegeneration.

According to the US Standing Committee on the
Scientific Evaluation, adult women (>19 years of age)
should consume 425 mg of choline per day, while adult
men should consume 550 mg per day [209]. Average
daily intake of choline in human on an ad /ibitum diet
was noted to be lower than that of recommended daily
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intake, particularly in women [210]. Facts also revealed
that even the existing recommended daily intake could
not be ideal for a healthy ageing process [211]. This
suggested that adding more choline to your diet might
help avoid neuropathological variations connected to
ageing of the brain. For adult females and males (>19
years of age), the tolerable upper limit of choline that is
unlikely to result in side effects is 3,500 mg/day, which
is 8.24 times higher than the 425 mg/day advice for
females and 6.36 times higher than the 550 mg/day
prescription for males [209].

The researchers most recently investigated whether
dietary supplementation of choline over the course of a
person's life could lessen AD-like pathology and
improve memory problems in the APP/PS1 mice model
of AD (210). From 2.5 to 10 months of age, they
subjected female APP/PS1 and NonTg mice to either a
control choline diet (1.1 g/kg choline chloride) or a
choline-supplemented diet (5.0g/kg choline chloride).
The spatial memory of mice was evaluated in the
Morris water maze before a neuropathological analysis.
In APP/PS1 mice, lifelong choline administration
substantially decreased A plaque load and enhanced
spatial memory [210]. The amyloidogenic processing of
APP was reduced, disease-related microglial activation
was decreased, and the a7nAch and oc1Rs were down-
regulated as a result of these modifications [210]. The
findings demonstrated that simple dietary changes
could have a significant impact on reducing AD
pathology and that lifelong choline addition generated
significant benefits.

A key intracellular precursor of the phospholipid
phosphatidylcholine  is  citicoline  (cytidine-5'-
diphosphocholine). The majority of clinical trials using
dietary citicoline for AD subjects revealed that treated
patients improved their attention and memory and
scored better on cognitive evaluation scales compared
to control groups [212,213,214]. A frequent choline
molecule and acetylcholine precursor in the brain,
choline alfoscerate (1-a glycerylphosphorylcholine, or
o-GPC) has been proven to be beneficial in the
treatment of AD and dementia. In regard to choline
alfoscerate, a double-blind RCT displayed that
treatment with 400mg of choline alfoscerate 3 times
per day substantially enhanced scores on the Mini-
Mental State Examination, the Global Deterioration
Scale, the AD Assessment Scale (Behavioral and Total),
as well as the Global Impression Scale after 90 days
among patients with mild-moderate AD, whereas the
scores in the placebo group stayed largely the same or
got worse [215]. Similar good results with choline
alfoscerate addition for AD individuals have been
documented in numerous other investigations
[216,217]. A review of clinical trials of cholinergic
precursors revealed that supplementing with lecithin or
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phosphatidylserine improved subjective memory but
did not ultimately improve outcomes for AD patients’
QoL, cognitive function, or mortality. This suggests
that not all cholinergic precursors have been proven to
be effective treatments for AD [218]. The causes of this
antecedent treatment strategy's lack of effectiveness
are yet unknown. Despite extensive research, not all
elements of choline deposition, metabolism, and use in
the production of acetylcholine have been fully
understood [216]. Therefore, it seems that various
cholinergic precursors have a variety of effects, and
more research is required to investigate these
precursors in order to develop appropriate treatments
for AD patients.

Inositol

Inositols (1,2,3,4,5,6-cyclohexanehexol) are polyols
with six-carbon rings that have been hydroxylated on
each carbon. There are several of these sugar-alcohol
isomers that are physiologically active, the most
prevalent of which being myo- and scyllo-inositol
[219]. Through active transport, myo- and scyllo-
inositol concentrations in the brain are 100 times
higher than those in the periphery [219]. Two
sodium/myo-inositol transporters (SMIT1, SMIT2) may
be in charge of controlling the levels of inositol in the
brain. These inositols have the ability to block B-
secretase-1, which is necessary for converting APP into
AB or AP oligomerization [205]. Individuals who have
MCI are more likely to develop AD. Whereas myo-
inositol concentrations in AD were elevated throughout
the white matter, they were elevated in the parietal
white matter in MCI [220]. As a result, the myo-inositol
concentration in MCI may be considered a precursor to
AD [220]. Human clinical trials using scyllo-inositol are
now being conducted to treat people with mild to
moderate AD. Cognitive impairments and AD-like
amyloid pathology are successfully treated with scyllo-
inositol in TgCRND8 mice [221]. TgCRND8 animals
exhibit several of the hallmarks of AD, such as plaque
formation, elevated cerebral A levels, AB aggregation,
and cognitive deficits as the disease advances [221].
Treatment with scyllo-inositol greatly increased
survival rates, synaptic function, and spatial memory in
TgCRND8 mice [222]. These advantageous outcomes
happened in rats administered scyllo-inositol both
therapeutically and prophylactically, before symptoms
became clearly obvious [222].

A study revealed that decreased emergence of
affective neuropsychiatric symptoms in AD was related
with particular scyllo- and myo-inositol variations in
brain evaluated through magnetic resonance
spectroscopy [223]. Brain myo-inositol modulation may
serve as a partial mediator of the neuropsychiatric
effects of ELNDOO5 (scyllo-inositol) taken orally.
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Scyllo-inositol levels in the brain increased with
ELNDOO5 administration at doses of 250 mg and 1000
mg, reaching apparent saturation above 1000 mg [224].
The percentage varies from baseline at the 250 mg and
1000 mg doses were -36% to -45% and -61% to -64%,
respectively, and also reached apparent saturation at
doses over 1000 mg. The brain levels of myo-inositol
demonstrated a reciprocal reduction at the same time
points [224]. From 24 to 78 weeks, these effects on
scyllo- and myo-inositol were noted, and they were
comparable in mild and moderate individuals. At any
given visit, total brain inositol concentrations were
typically steady, and the negative correlation between
scyllo- and myo-inositol (at 24, 48 wks: r= 0.86, 0.9,
both p 0.0001) was strong [224].

Carnitine (B-hydroxy-y-N-trimethylaminobutyric acid)
Lysine and methionine, two necessary amino acids, are
used to create carnitine, a branched non-essential
amino acid. Carnitine is a nutrient that may be received
from food and is also produced in the kidney, liver, and
brain. Under some conditions, such as when
intracellular concentrations are low, it is regarded to be
"conditionally essential" for human (e.g. elderly
patients, premature infants, diabetes and genetic
conditions resultant in primary or secondary carnitine
deficiency) [225]. Well-known cofactors include the
vitamins C, Bs, Bs, and ferrous iron, and deficits of any
one of these can cause a carnitine shortage [226]. Main
roles to transfer acetyl groups from FAs into
mitochondria for ATP production, has function in
acetylcholine production, and documented curative
benefits on mitochondrial role, physical activity, as
well as remembrance in older rats [227]. Both free
carnitine and its acyl derivatives can be found in cells
and tissues. Acetyl-L-carnitine (ALC) is produced by
enzymes called carnitine acyl-transferases [227].

ALC may have a positive impact on dementia,
cognition, and behavior in elderly and AD people,
according to several investigations [228,229,230]. ALC
may work in AD by a variety of methods, including the
repair of cell membranes and synaptic function,
stimulation of cholinergic activity, restoration of brain
energy, defense against toxins, and neurotrophic
effects through the stimulation of nerve growth factor
and protein acetylation [231]. These conclusions,
though, have not been supported by all studies [232].
Scientists noticed in a meta-analysis research involving
16 trials that there were significant methodological and
evaluation tool differences between early and later
investigations, making it impossible to compare them
[229]. ALC also had statistically important treatment
effects for clinical global impression at 12 and 24
weeks, as well as for the Mini Mental State Examination
(MMSE) at 24 weeks, according to the results of meta-
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analysis [229]. Another meta-analysis investigation
reported similar clinical global impression and many
psychometric test substantial treatment effects of ALC
[233]. Researchers measured the concentrations of free
L-carnitine, ALC, and acyl-L-carnitine in the serum of
healthy individuals, AD patients, and patients of AD at
risk [230]. ALC levels gradually dropped from the group
of healthy patients (0.06 mg/dL) to those with
subjective memory complaints (0.049 mg/dL), MCI
(0.045 mg/dL), and finally those with AD (0.040 mg/dL;
p<0.001) [230]. When comparing patients with AD or at
risk for AD to healthy people, other acyl-carnitines also
displayed a similar downward tendency [230]. The
serums levels of ALC and other acyl-L-carnitines may
be used to assist distinguish between patients who are
at risk for developing AD and those who would benefit
from therapy with ALC. Before use in clinical practice,
additional verification on a larger number of samples in
longitudinal research is required. Recent research by a
team of experts found that giving dementia patients
with vascular cognitive impairment ALC 1,500 mg/day
resulted in significant improvements on the Korean
version of the Montreal Cognitive Assessment [234].
The population in this study tolerated ALC well as well.
Despite the study's methodology and sample size
limitations, this research revealed that using ALC with
dementia patients may have some advantages. It is
advised to do a sizable investigation with patients who
have never taken cholinergic drugs in order to further
confirm these findings.

Mechanisms related with Alzheimer’s disease risk
Numerous biologically conceivable methods have been
proposed to explain the function of vitamins in AD,
despite the lack of a clearly defined mechanism. The
several vitamins (as indicated in Figure 2) that are
needed as cofactors in these pathways or that affect the
severity of brain illness, as well as the six metabolic
pathways or pathologies associated with an increased
risk of AD [235].

1) One-carbon metabolism in AD

As co-factors for one-carbon transfer reactions, which
are essential for the synthesis of DNA and RNA
nucleotides, the metabolism of amino acids, and the
maintenance of methylation reactions, vitamins Bz, Bs,
By, Bi2, and choline are needed in the brain [236].
Therefore, the postulated processes by which low levels
of or a shortage in B vitamins may increase the risk of
AD entail disruption of the intricate regulatory network
sustaining one-carbon metabolism [237]. This may lead
to increased wuracil misincorporation into DNA,
hyperhomocysteinemia and/or decreased methylation
status in the brain tissue, as well as changes to RNA
and neurotransmitter products [238]. The immune
system may be affected by higher Hcy and/or decreased
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B-vitamin levels, which could lead to more
inflammation and antioxidant damage [239]. Rats
lacking in B vitamins showed cognitive impairments
and AD, which were linked to aberrant methylation
[238]. Improved B-vitamin status may assist to mitigate
this risk. Certain genetic polymorphisms, such as the
prevalent MTHFR 677C/T polymorphism, can interfere
with normal one-carbon metabolism and have an effect
on AD, independent of Hcy [239]. The B-vitamins
particularly Bs, Bo, and Biz act in concert to support a
variety of biochemical and molecular processes,
including the network of one-carbon metabolism [239].
A dicarboxylic acid called methylmalonic acid (MMA) is
involved in the metabolism of a number of branched-
chain amino acids and fatty acids [240].
MethylmalonylcoA is converted to succinylcoA with the
help of vitamin Bi: as a cofactor. When there is a
vitamin Biz deficit, MMA CoA is converted to MMA,
which causes an intracellular rise in MMA and higher
serum concentrations [240]. The most sensitive serum
indicators of early intracellular vitamin Biz and Bo
insufficiency are recognized to be the Hcy and MMA
[241]. The CSF total Hcy and CSF MMA may serve as
early indicators of By or Bi deficiency functional deficit
at the neuronal level. The Hcy and MMA are neurotoxic
and may have a role in the development of AD [240].

Figure 2: A synopsis of six metabolic pathways related with AD
risks supported by various vitamins

2) DNA Damage and Repair

Radiation, nutrition, and environmental pollutants are
examples of exogenous sources of DNA damage.
Chemical instability, such as  depurination,
spontaneous mistakes during DNA replication and
repair, and ROS, which are byproducts of normal
metabolism, are all examples of endogenous sources of
DNA damage [242]. Base excision repair, nucleotide
excision repair, mismatch repair, and double-strand
break repair are prominent DNA repair processes in
mammalian cells [242]. It is recognised that AD is
accompanied by DNA damage, such as single- or
double-strand breaks (DSBs) [243]. In recent, it was
demonstrated that AR or AB peptides cause oxidative
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stress, which results in DSBs [244]. It was already
known that the vitamin A derivative ATRA had
neuroprotective properties against the amyloid
cascade. It decreases things like the synthesis of AB
peptides and their oligomerization [244]. Moreover, RA
and its receptor are implicated in the repair of DSBs
caused by AB as well as in the prevention of Ap
production, AB oligomerization, and plaque clearance
[244].

Oxidative stress occurs when oxidizing molecules like
ROS overwhelm a cell's protection mechanism.
Numerous disorders have been suggested to be
correlated with ROS, and neurodegenerative conditions
like AD and Parkinson's disease appear to be among
them [245]. Reactive nitrogen species (RNS) can
damage nucleic acids and cause the deamination of the
nucleotide bases. Nitrotyrosine is upregulated in
response to RNS-mediated DNA damage, and it is also
utilized as a marker for this type of damage [246].
Moreover, DNA is also damaged by advanced lipid
peroxidation end products such as 4-hydroxy-2-
nonenal (HNE), through the formation of DNA-HNE
adducts [246].

Biological fluids, peripheral tissues, and brain areas
of AD patients have been exposed to have a substantial
number of DNA damage markers, notably oxidative
DNA damage markers [246]. Antioxidants like vitamins
C, E, and B-carotene can block the harmful effects of
hydroxyl radicals, superoxide, and hydroperoxide
radical anions [247]. Generally speaking, vitamin C and
vitamin E combos are more potent antioxidants than
either vitamin alone. In such circumstances, vitamin E
can be restored from its oxidatively damaged state by
interacting with vitamin C, which is considerably more
prevalent in cells [247]. Vitamin D maintains proper
mitochondrial functioning, which aids in cellular
oxidation and reduction (redox) management [248].
Loss of redox regulation of the cell cycle may cause
abnormal cell growth, cell death, and the onset of AD
[248]. Increased risks of disease are related to vitamin D
insufficiency, as assessed by serum 25(0OH)D
concentrations of less than 30 ng/mL [248]. Normal
serum levels of 1,25(OH)2D and 25(OH)D are necessary
for ideal cellular function and act as a preventative
measure against excessive oxidative stress-related DNA
damage [248].

One of the few vitamins with a direct connection to
DNA synthesis, DNA repair, and cell death is vitamin
Bs. This vitamin is required as a substrate for poly-
ADP-ribose polymerase-1 (PARP-1), which is involved
in cleavage and rejoining of DNA and in telomere
length maintenance [249]. Increased DNA oxidation,
DNA breakage, and an enhanced rate of chromosome
damage are results of its absence [249]. Such damage
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appears to have a significant role in the etiology of
several disorders, including AD, possibly as a result.
Numerous procedures that affect DNA integrity
depend on vitamin Bo, including DNA synthesis and
methylation. Studies conducted in vitro have
demonstrated that a By deficiency increases uracil
assimilation into the DNA of human lymphocytes in a
dose-dependent manner. Vitamin By treatment
decreases chromosomal breakage and DNA wuracil
integration in human cells [250]. Low By levels have
been suggested as a possible AD promoter [177].
Vitamin Bz is crucial for DNA synthesis and
maintains the structural integrity of crucial
chromosomal areas like centromeres and subtelomeric
DNA [251]. Important chromosomal areas, such as the
centromeres and the subtelomeric DNA, are protected
structurally by vitamin B12, which is necessary for DNA
synthesis. Low serum levels of B1a, which are caused by
inadequate food intake, affect DNA synthesis.
Therefore, DNA damage may result from a Biz shortage.
Low B2 serum levels were revealed to be a major factor
in AD [251]. Owing to their complimentary roles in the
"folate” and "methionine" cycles, the roles of the
vitamins By and Bz are inextricably intertwined. In fact,
a lack of vitamin Bi. causes a functional lack of Bs
because By gets stuck in the form of
methyltetrahydrofolate [25]. A true or functional By
deficiency results in decreased DNA stability and
repair, gene expression/transcription, and genomic and
non-genomic methylation reactions in brain tissue,
which may impede neuronal differentiation and repair,
encourage hippocampal atrophy, demyelination, and
compromise the integrity of membrane phospholipids
impairing the propagation of action potentials [25].

3) Mitochondrial Function and Glucose Metabolism

It has been hypothesized that AB-induced
mitochondrial dysfunction reduces ATP synthesis
efficiency and boosts ROS production in AD [252].
Multiple indicators point to mitochondrial dysfunction
in AD. First, AD has been associated to impaired energy
metabolism in the brain [253]. Reduced neuronal
expression of genes that code for mitochondrial
electron transport chain subunits was linked to a
reduced cerebral glucose metabolism in AD [253].
Second, patients with AD have lower activity levels of
critical oxidative metabolism enzymes as pyruvate
dehydrogenase complex, a-ketoglutarate
dehydrogenase complex, and cytochrome oxidase [253].
Third, @ AB-induced  mitochondrial dysfunction
exacerbates calcium homeostasis failure [253]. Finally,
it has been observed that AD patients have greater
mitochondrial DNA oxidative damage, which may
result in more mitochondrial DNA mutations [253].

Advancements in Life Sciences | www.als-journal.com | October 2022 | Volume 9 | Issue 3 258



You're reading .
literature review

Mitochondrial dysfunction may result from a vitamin
D shortage. One of vitamin D's primary roles is to keep
the mitochondrial respiratory chain active [254]. The
uncoupling protein, which is found on the inner
mitochondrial membrane and controls thermogenesis,
is likewise regulated by vitamin D [254]. Due to a
decrease in the nuclear mRNA molecules and proteins
that support mitochondrial respiration during vitamin
D deficiency, mitochondrial respiration decreases [255].
Because of a vitamin D-dependent decrease in the
expression of complex I of the electron transport chain,
ATP synthesis specifically diminishes. As the electron
transport chain breaks down, more ROS are produced,
which causes oxidative stress and eventually lead to the
development of AD [254].

Through their active metabolites, the B vitamins
(especially Bi1, Bz, Bs, and Bs) have a direct impact on
mitochondrial aerobic respiration (TCA cycle) and
energy production (electron transport chain and ATP
formation) [256]. However, the function of vitamin By is
less clear. Acetyl-CoA and succinyl-CoA, which are
secondary byproducts of biotin-dependent processes,
can feed into the TCA cycle and so contribute to energy
consumption [256]. While vitamin By and Bi» are
necessary for nucleotide biosynthesis and amino acid
metabolism, vitamin Bs is necessary for FeS production,
de novo synthesis of NAD+, and substrate metabolism
[257]. Furthermore, vitamin Bi: is as well essential for
the mitochondria's production of succinyl-CoA from
methylmalonyl-CoA. [257].

4) Lipid and Phospholipid Metabolism and Myelination
Lipids can be broadly divided into five main
subcategories. Fatty acids, triglycerides, phospholipids,
sphingolipids, and sterol lipids are some of them. The
second-highest level of lipids in the human body is
found in the brain, which uses all five kinds of lipids
extensively [258]. Early brain metabolism declines in
AD patients may be caused by a loss of metabolic
control and an increase in ROS production [259]. Lipid
oxidation is a very initial sign of AD in patients' brains.
Unsaturated lipids are attacked by hydroxy radicals to
produce highly reactive secondary products such
reactive carbonyls and reactive aldehydes, which can
inactivate enzyme active sites and override their
physiological function [259]. Also, membranes that
have been oxidized have changed mobility. As a result,
it is not surprising that antioxidant therapy has been
suggested as a cure for AD numerous times.

A well-known antioxidant, singlet oxygen quencher,
and lipid metabolism regulator is vitamin E. One of the
most significant antioxidants in the brain is vitamin E,
particularly the a-tocopherol form. Human carriers of a
mutation in the a-TTP gene exhibits progressive
spinocerebellar ataxia, areflexia, loss of proprioception,
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and severely low vitamin E concentrations,
underscoring its pivotal role in brain function.
Significantly, patients with AD have higher levels of a-
TTP expression in their brains [260].

Phosphatidylserine, phosphatidylcholine,
phosphatidylethanolamine, as well as
phosphatidylinositol make up the cerebral cortex's
neuronal membrane phospholipids [261].
Phosphatidylserine is the most abundant acidic
phospholipid in the membranes of nerve cells and is
particularly crucial for maintaining brain processes
[261]. It was noted that this phospholipid, particularly
in older people, plays a role in controlling the release of
acetylcholine, dopamine, and noradrenaline. The
cerebral cortex and retina have the largest
concentrations of docosahexaenoic acid [DHA, 22:6 (n-
3)], an unsaturated fatty acid present in phospholipids
[261].  Variations in phospholipid metabolite
concentrations have been linked to cognitive decline
and the neuropathological symptoms of AD. Indeed,
phospholipids modify the synthesis of AB40, Ap42
peptides and, as a result, AB42:40 ratios [262]. A
protective eicosanoid called neuroprotectin D1 (NPD1),
that has a strong anti-inflammatory and
neuroprotective bioactivity, is currently known to be
produced by DHA in the brain's phospholipids. NPD1,
which inhibits the production of the AB42 peptide from
aged human brain cells and is substantially reduced in
AD patients' brains [262].

The amounts of phospholipids in the cell membranes
may alter as a result of vitamin E administration
through a variety of possible methods. It has been
demonstrated that vitamin E affects gene expression
and modifies the activity of several enzymes involved
in signal transduction. The enzymes phospholipase A2
and diacylglycerol kinase are among these [263]. Older
rats' hippocampal sphingolipid metabolism was
controlled by a- and y -tocopherol [263]. Sphingolipids,
which are also important elements of the
oligodendrocyte membrane, direct the myelination
process in the CNS. The regulation of brain
sphingolipid = metabolism, especially  sulfatide
metabolism, has also been linked to vitamin K [264].
Age-related cognitive loss is at risk due to myelin
sulfatide dysregulation [265]. Sulfatides and vitamin K,
which is almost entirely found in the form of MK-4 in
the brain, are positively correlated [265].

As the obligatory precursor of CoA, vitamin Bs serves
as an essential trace nutrient and is vital for a variety of
biological processes. The production of acetylcholine
and the intricate fatty-acyl chains of myelin that are
necessary for myelin function, particularly the
galactosylcerebrosides and galactosylsulphatides that
support the insulating function of myelinated neurons,
are mediated by CoA in the brain, where they enable
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saltatory neuronal conduction [266]. In regions with a
larger concentration of myelinated structures, cerebral
Bs is determined more. This may be because these cells
are more active, which would necessitate higher CoA-
dependent glucose metabolism to support TCA-cycle
activity. The recent research revealed that Bs deficiency
may significantly contribute to the cognitive
impairment, neurodegeneration, loss of myelin, and
lack of acetylcholine that characterizes age-related
dementias like AD [267]. In particular, vitamin Bz is
assigned a role in the DNA synthesis of
oligodendrocytes that produce myelin and the
production of myelin [137]. Many nerves' axons are
encased in the myelin sheath, which protects them
from electrical current and acts as an electrical
insulator to allow for rapid conduction velocity [137]. It
greatly aids in the repair of damaged nerves because of
its significant role in myelin synthesis and
remyelination [137]. Lack of vitamin B2 damages the
myelin sheath that surrounds the cranial, spinal, and
peripheral nerves [268]. Vitamin B; may stimulate the
production of fatty acids, which would increase re-
myelination and energy in neurons and prevent myelin
loss and hypoxia-driven neurodegeneration [169].

Choline is an imperative in the biosynthesis of
phosphatidylcholine (a major lipid in myelin). It is the
direct precursor of sphingomyelin (another major
myelin lipid). It is also involved in the homeostatic
control of vital signalling elements that directly affect
the start of myelination, the compacting of the myelin
sheath, and the maintenance of myelin [269]. A
postmortem brain sample study that compared the
cerebral cortex of AD patients to age-matched controls
revealed decreased concentrations of
phosphatidylcholine and phosphatidylethanolamine
and enhanced concentrations of their metabolites,
glycerophosphocholine and
glycerophosphoethanolamine, providing proof that
phospholipid metabolism is abnormal in AD [270].

5) Neurotransmitter Synthesis and Synaptogenesis

Neurotransmitters are responsible for sending the
messages from one neuron to the next. Signals are sent
by these neurotransmitters across neuronal synapse
and neuromuscular connections [271]. When the proper
signal is received, neurotransmitters are typically
released into the synapse from synaptic vesicles located
beneath the membrane in the axon terminal. These
neurotransmitters are endogenously synthesized from
amino acids [271]. Acetylcholine is produced from
serine, dopamine from L-phenyl alanine/L-tyrosine,
glutamate from glutamine, GABA from glutamate by
decarboxylation, glutamate from glutamine, serotonin
from L-tryptophan, and histaminergic from L-histidine
and N-methyl-D-aspartate, from D-aspartic acid and
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arginine [272]. Except for dopamine, these are the
principal  neurotransmitters involved in  AD
pathogenesis. Otto Loewi originally referred to the first
neurotransmitter, acetylcholine, as "vagus stuff"
because of its capacity to imitate electrical stimulation
of the vagus nerve. It is currently understood that it
functions as a neurotransmitter in the CNS at several
synapses, the neuromuscular junction, and all
autonomic ganglia [272]. The most prevalent
neurotransmitter in the brain, glutamate, plays a role
in learning and memory [272]. AD patients' dying brain
cells release excessive glutamate as they decompose.
Now, detail discussion is given on ‘how vitamins
involve in the synthesis of neurotransmitters.

Enzymes involved in nerve development and the
manufacture of neurotransmitters are activated and
deactivated by vitamin D in the CSF and the brain.
Vitamin D has been shown to influence the
manufacture of neurotransmitters and neurotrophic
factors, and the CNS has been revealed to have its
receptor [273]. Acetylcholine, dopamine, serotonin, and
y-aminobutyric acid are only a few of the
neurotransmitters whose genetic expression is
controlled by 1,25(OH)D, particularly in the
hippocampus [274]. Acetylcholine is synthesized in two
steps i.e., Formation of acetyl coenzyme A from
reaction of acetate and CoA (Bs), catalyzed by Acetyl
CoA synthetase. Then formation of acetylcholine from
reaction of choline and Acetyl CoA, catalyzed by
choline acetylase called also choline acetyltransferase.
The TCA cycle produces a number of significant
intermediates. Among them is a-ketoglutarate that
may be used to make glutamate. This reaction is
brought on by a coenzyme called vitamin Bs; (NAD+)
and an enzyme called glutamate dehydrogenase [275].
The enzyme glutamate decarboxylase, which uses
vitamin Bs as a cofactor, converts precursor glutamate
into GABA in the cytoplasm of pre-synaptic neurons.
Additionally, the enzyme glutaminase produces
glutamate, a neurotransmitter, in the CNS from
glutamine as part of the glutamate-glutamine cycle
[275]. For the production of monoamines or biogenic
neurotransmitters (dopamine, norepinephrine,
epinephrine, serotonin, and histamine), two extra
cofactors are needed; vitamin Bs is required as a
cofactor for decarboxylation that is performed by
aromatic amino acid decarboxylase. The storage vesicle
needs vitamin C as a complement to convert dopamine
to norepinephrine. The monoamine (histamine) is
created when the amino acid (histidine) is
decarboxylated to produce it all at once [276]. Different
enzyme is used to decarboxylate histidine i.e., histidine
decarboxylase. This enzyme also requires vitamin Bs
[276]. Serotonin (also called as 5-hydroxytryptamine) is
synthesized into two steps; in first step, L-tryptophan
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converted into 5-hydroxytryptophan in the presence of
tyrosine hydroxylase; in the second step, Serotonin
production from 5-hydroxytryptophan requires vitamin
Be as a cofactor [137].

In the histidine cycle, histidine is deaminated in the
presence of By, producing urocanic acid. This acid
participates in a variety of metabolic pathways to
produce formiminoglutamate, or also called as"FIGLU,"
which is then converted into glutamate by the enzyme
formiminotransferase [277]. As is well known, the
neurotransmitter glutamate is essential for the brain's
learning and memory processes. The serine and glycine
cycle depends on vitamin Bo; 5,10-methylene
tetrahydrofolate gives glycine residues a
hydroxymethyl group to form serine, which is known to
be the main source of the one carbon unit needed in
the By process [277]. When By is lacking, the glycine is
unable to make serine, which is necessary for the
synthesis of tryptophan, an amino acid that is used to
create the neurotransmitter serotonin [137].

6) Amyloidosis and Tau Protein Phosphorylation

Extracellular aggregated AB-peptide deposits and intra-
neuronal neurofibrillary tangles (NFTs), which are
made up of abnormally hyperphosphorylated t-protein
neuronal microtubule-bound protein whose function is
controlled by site-specific phosphorylation, are the two
main histopathological hallmarks of AD. One of the
initial advancements in the progress of AD, occurring
before dystrophic neurites and NFTs, is t-
hyperphosphorylation [278]. By boosting the activity of
serine/threonine kinases or decreasing the activity of
phosphoseryl/phosphothreonyl protein phosphatases, t
can be hyperphosphorylated. Glycogen synthase kinase
3B (GSK3p) is the primary kinase that phosphorylates-t
in the brain, despite the fact that other protein kinases
are known to work on t [278]. The primary brain
serine/threonine protein phosphatases that can
dephosphorylate-t at numerous locations are protein
phosphatase 2A (PP2A) [279]. Researchers exposed that
a lack of B vitamins, specifically By and Biz, led to an
upregulation of the GSK3B and PP2A genes [278].
During this situation, PP2A activity was decreased due
to a decrease in the methylated catalytic subunit
PP2Ac. In contrast, these scientists noticed an increase
in GSK3p protein and a change in the phosphorylation
sites that control GSK3B function [278]. Thus, it
appears that the dysregulation of the equilibrium
between GSK3B and PP2A, which leads in aberrant
hyperphosphorylated-t, is caused by a change in one-
carbon metabolism. The effects of ageing in AD
patients may be lessened by vitamin D, which has been
shown to alleviate age-related t-hyperphosphorylation
and cognitive decline by increasing brain energy
metabolism, redox status as well as PP2A activity [280].
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It was first discovered in 2000 that scyllo-inositol
stabilized the non-toxic oligomers of AR and prevented
their harmful aggregation in AD subjects [281].
Molecular dynamics simulations of the interaction
between scyllo-inositol and simple peptide models
were performed to clarify the mechanism by which
scyllo-inositol prevents the self-aggregation of AR.
Scyllo-inositol was found to be able to bind to the
surface of AB protofibrils in order to stop them from
aggregating, but it was unable to dissolve already-
formed aggregate [282].

Conclusion

This review indicates to elucidate the function of
vitamins in patients of AD. Vitamins have many
imperative roles in human physiology. The two most
frequently mentioned ways that vitamins can affect
cognitive performance in AD are (1) by influences on
certain plasma amino acids named Hcy for B vitamins
(Bs, By, and Biz) and (2) through antioxidant impacts,
which lower the levels of free radicals that can harm
human cells, for vitamins C, E, D, 8-carotene, and B,.
These theories regarding potential processes are mostly
focused on preclinical research and findings of links
between dementia or cognitive decline and high levels
of Hcy or other oxidative stress indicators. Vitamin C
prevents the production of nitrosamines through
lowering nitrites, vitamin E prevents lipid peroxidation,
and carotenes prevent lipid peroxidation. However, a
thorough knowledge of processes is needed. Choline, a
quasivitamin, works to defend the brain from AD in at
least two ways. First, it prevents the development of AR
plaques, the hallmark pathology of AD. Second, choline
supplementation lessens microglia activation, which
induces inflammation in the brain and may actually
result in nerve cell death, impairing cognitive function.
The enzyme B-secretase-1, which is necessary for
converting B-amyloid precursor protein into amyloid-
or amyloid-B oligomerization, can be inhibited by
inositols. The Acetyl-L-carnitine has useful effects on
dementia and cognition in AD.

The results from current studies show that the
effectiveness and protection of vitamin
supplementation to avert MCI and the initial stages of
AD will likely depend on the following factors: firstly
which metabolic pathways are impaired, secondly
which vitamins are deficient and could remedy the
relevant metabolic flaw, and thirdly, the modulating
effect of nutrient-nutrient and nutrient-genotype
interaction. To grasp the full potential of vitamin
therapy in avoiding dementia and cognitive function as
well as to prevent catastrophe, more attention must be
paid to a correct dietary strategy.
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