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Abstract

Studies revealed that neuroinflammation is main factor in Alzheimer's disease pathogenesis
(AD). Synaptic dysfunction and neuronal death are caused by neuroinflammation. Pro-
inflammatory mediators over expression directed nerve cells to AB peptide synthesis,
hyper phosphorylated tau protein and up regulated inflammatory metabolites and
cytokines. These inflammatory factors interrupt blood-brain barrier integrity and provide
AB42 oligomers fabrication. Retinoids and carotenoids are effective antioxidants and
anti-inflammatory mediators having neuroprotective effects. They suppress cognitive 3
performance imperfection via several mechanisms such as repression of AR peptide

synthesis, oxidative stress, and pro-inflammatory mediator’s. Retinoids, have significant

consequences on central nervous system (CNS) development. Through this review we
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consider retinoids biology, underlining on their neuroprotective mechanisms that will
beneficial to clarify their effect in AD pathology. Consequently, Retinoids is considered as a
potent approach for AD prevention.
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Introduction

Recent studies revealed that main cause of many neurological
diseases such as AD occurrence and progression is unregulated
inflammatory responses [1]. Nerve Inflammation which is known
as neuroinflammation can be mediated by neurons, invading
microbes such as viruses, bacteria and Amyloid beta peptides.

These processes, via microglia activation, increases blood-
brain-barrier cells permeability and immune cells chemotactic,
in cerebral cortex. Of course, these processes are not only
affected by microglia, but also by astrocytes, neurons,
endothelial cells, cerebral blood vessels, and T cells. Retinoic
acid (RA) have significant effects in numerous neuroplasticity
features. Neuroplasticity is fundamental process in new
memories creation, which indorsed by RA, which are long-term
potentiation/depression (LTP/LTD), neurogenesis, and neuritis
[2]. As RA provisions neuronal survival and neuroplasticity, is
indispensable for learning and memory (Figure 1).

Studies revealed that RA decreases amyloid-B (AB) neurotoxicity.
Moreover, there are evidences which vitamin A-deficient diet
in rodent’s cause RA signaling system interruption and AR
deposition in cerebral blood vessels, and these modifications may
be conversed by RA consumption and led to cytokines synthetize
repression, such as interleukin- 6 which comprised in various
age related diseases and inflammatory responses. Lnterleukin 6
MRNA Levels intensified primary in the Tg2576 AD model mice
hippocampus. RA also suppress microglia main functions, such as
tumor necrosis factor alpha synthesis and inducible nitric oxide.
These RA anti-inflammatory properties will be constructive in
neurodegenerative diseases therapy.

Biochemistry of Retinoids

Retinoids are structurally and functionally analogous to vitamin
A. Retinoids are also specific modulators for proliferation,
differentiation and morphogenesis in vertebrates cells [3].
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Vitamin A is a fat-soluble vitamin that is indispensable for health,
development and epithelial tissue integrity as well as for vision,
especially in low light [4].

Vitamin A has two sources: its plant origin is B- carotene and
its animal origin is in the form of fatty acid ester or retinol.
B- Carotene and retinoid compounds have antioxidants and
anticancer properties [5].

The term retinoid consist of vitamin A-dependent compounds
include retinol and its biological precursor, carotenoids, Retinoic
acid that activates alpha, beta and gamma RAR receptors [6].
Metabolites that activate alpha, beta and gamma RXR receptor
and Compounds that alter retinoic acid activity by affecting
metabolism, biosynthesis, or other functional pathways on
cofactors deprived of binding to RAR and RXR [7]. All-trans
retinoic acid (ATRA), which is constituents of retinoid group, is
metabolized to 9-cis retinoids and 13-cis-retinoids (Figure 2).

All-trans retinoic acid, which is one of the constituents of the
retinoid group, is metabolized to 9-cis retinoids and 13-cis-
retinoids in the human body [8]. They are transcribed and
are effective in regulating the growth of epithelial cells, their
differentiation and proliferation [9].

Retinoic acid is the active form of retinoids, that couples and
activates RAR alpha, beta, and gamma (Figure 2). The 13-cis-
retinoic acid isomer also form of retinoid but is a lesser amount
than retinoic acid [10].

9-Cis-retinoic acid is composed of retinoic acid and interacts to
RAR and RXR alpha, beta, gamma and activates them.

The 13-cis-retinoic acid isomer can likewise be an internal form
of retinoid, nevertheless its frequency is fewer than that of
retinoic acid. Connects and activates them [11].

Retinoids Metabolis

Most carotenoid vitamins A and pro-vitamins are transformed to
all-trans retinoic acid by several reactions in intestinal lumen and
mucosa. Retinoids are metabolized in liver (Figure 3) [12]. It is
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transferred by retinol-binding proteins (RBP). In many target cells,
retinol crosses the plasma membrane freely. Retinol transported
by retinol-binding protein in 4: 4 ratio of trans-tyrotine [13].

Retinoic Acid Receptors

Retinol metabolites activity is initially mediated by nuclear retinol
receptor proteins called retinoic acid receptors RAR1 (alpha,
beta, and gamma) and retinoid X receptors RXR (alpha, beta, and
gamma) [14].

These receptors are members of steroid receptor family and
function like transcription factors [6]. Each of the alpha, beta,
and gamma subspecies is encoded by diverse genes which have
various promoters. Transcripted peptides undergo different
splicing consequence in multiple receptor isoforms (e.g. RAR beta
4, RAR beta 2, RAR beta 3, RAR beta 1) [15]. Different receptors
can be associated; For example, RAR forms heterodimers with
RXR, and RXRs can synthesis heterodimers through a large group
of nuclear receptor proteins. RARs and RXRs, as they bind to
nuclear receptors, include a ligand binding region and a DNA
binding region. Specific ligands of these receptors are may be
different. RAR associated with all-trans-retinoic acid with high
affinity and with 13-cis retinoic acid with less affinity, while RXR
combines with 9-cis-retinoic acid [16].

It is possible that vitamin A and its metabolites which effect gene
transcription is widespread due to binding of all-trans retinoic
acid with RAR. Since in vivo cells have no 9-cis-retinoic acid. RXR-
RAR heterodimer Stimulation is regulated by RAR since selected
RXR proteins do not affect gene transcription; (A phenomenon
called "RAR dominance"). If a RAR ligand is attached, RXR ligands
can upregulate transcription RXR-RAR heterodimer efficacy.
Recent research shows that RAR is essence in cell nucleus; They
can transfer amid nuclear receptors [17]. It is unrevealed about
20% of RAR be cytoplasmic, but transported to the nucleus by
coupling to all trans retinoic acid. The intracellular distribution
of RAR in adult neurons has not been studied. However, ligand
binding of RAR to the nucleus could affect gene expression,
suggesting a new approach to affect cellular function by RAR and
other nuclear receptors.
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Retinol has several metabolic pathways. Retinol is initially
accumulated intracellularly in vitamin A esters formula. Retinol
be able to then modification to its biologically active derivatives
(all-trans retinoic acid) [18]. The all-trans retinoic acid stands the
most widely studied vitamin A metabolites. Gene transcription
promotes cell growth and differentiation.

Along with the all-trans retinoic acid / RAR study pathway, there
are several relatively new pathways for bio activation of the 4-
retinoids. For instance, retinol can be altered to all-trans-4-oxo-
retinol. 4-Oxo retinol can induce transcription of genes by RAR in
a mechanism comparable to all-trans retinoic acid. Furthermore,
retinol be able to transformed to retortinoids, that regulate cell
growth and differentiation, regardless of retinoid receptors.
In adult brain, these derived metabolites are indescribable.
Biosynthesis of All-trans retinoic acid is as a result of two
consecutive oxidations [19]. The primary reaction is achieved by
retinol dehydrogenase 5 or cytosolic alcohol 6 dehydrogenase
and retinol is converted to retinal (retinaldehyde).

Retinal is then fully oxidized to trans-retinoic acid by
retinal dehydrogenase. Retinal dehydrogenases are alcohol
dehydrogenases members and are also known as alcohol
dehydrogenases. Different forms of each of these enzymes are
expressed in vivo in specific adult brain segments, indicating
retinoic acid synthesis occurs throughout the trans. All-trans
retinoic acid creation has been shown in rabbits, rats and adult
mice brain tissue [20]. All trans retinoic acid synthesis in brain,
cerebellum and meninges, and rat liver were measured and its
revealed the presence of retinal dehydrogenase in the pelvis and
meninges was greater [21].

© Under License of Creative Commons Attribution 3.0 License

Retinoid-Binding Proteins

Retinols are transported by binding to retinoid-binding proteins,
but there are also cytosolic retinoid-binding proteins which
have retinoids relatrd high affinity for. Cytosolic retinol-binding
proteins 1( CRABP1)bind to retinol, retinol-binding proteins
cytosolic 2(CRABP2) bind to retinol and retinal, and retinoic acid-
binding proteins cytosolic 1 and 2 bind to all-trans retinoic acid
[22].

These are members of the superfamily of proteins that bind to
fatty acids. CRABP1lare ubiquitous, facilitating retinol entrance
into target cells and directing intracellular metabolism of retinol
into its stock form, the retinal ester (or active metabolite) of all-
trans retinoic acid [23].

In contrast, CRABP2are expressed only in enterocytes, where
retinol metabolism is directed to the retinal ester to release
chylomicron. Both retinoic acid binding protein 1 and 2 are
existent in cytosol and cell nucleus [24]. It is unrevealed that they
can regulate all-trans retinoic acid binding ability to its receptors,
by this means altering gene transcription. In the elderly, CRABP1
are ubiquitous, but CRABP2 are expressed only in skin, uterus,
ovaries, choroid, some cholinergic neurons, and soft tissue.
Studies show that proteins which bind to CRABPlare passive
carriers and their activities depend on concentration. It seems
that CRABP1suppress cellular response to all- trans retinoic acid
by catalysing its degradation and thereby reducing intracellular
concentration of all- trans retinoic acid [25].

In contrast CRABP2 appear to increase gene transcription by all-
trans retinoic acid and increase cell sensitivity to all-trans retinoic
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acid. CRABP2 transfer all-trans retinoic acid in a direct collision
process to RAR. The distribution pattern of cytosolic retinol-
binding proteins 1 and CRABP1 and CRABP2 in the adult central
nervous system differs from foetus and infant one. In adult
brain, the distribution of proteins bound to retinol cytosolic 1 is
consistent with retinal dehydrogenase and all-trans retinoic acid
with high expression in the meninges, hippocampus, amygdala,
and olfactory bulb [26].

This information indicates that retinol active form is produced
by proteins that bind to cytosolic retinol-1 in adult brain.
Interestingly, CRABPlare expressed in hippocampus and
olfactory bulb. The hippocampus and olfactory bulb are where
the concentration of all-trans retinoic acid is supposed to be
adjusted by facilitating the degradation of all-trans retinoic acid
to -4-exo-retinoic acid, thereby reducing the retinoic acid effect
of all-trans [27].

The expression of CRABP2 in adult brain is limited to cholinergic
neurons at the base of the midbrain and nucleus accumbens.
Because retinoid receptor transcripts are not found in these
sites, the proteins that bind to retinol cytosolic 2 act as a retinoid
reservoir in these neurons [28].

Retinoic Acid Response Elements

To affect transcription, all-trans retinoic acid must bind to RA. RAR
receptors are heterodimers with RXR and coupled to retinoic acid
response elements, while RXR receptors can form homodimers
and bind to x-retinoid response elements and retinoid response
elements [29].

The elements of the retinoic acid response are usually formed by
the consensus of direct half-site repeats of the AGGTCA sequence
separated by five nucleotides. One form of retinoic acid response
element that is less common is called retinoic acid response
element DR-2, and some genes, such as CRBPS, are found in the
promoter site. The arrangement and space between the halves
of the elements affect the response to retinoic acid binding and
the properties of the receptors. Although direct repetitions are
common, half-locations may be active [30].

Furthermore, when the retinoid pathway became over activated,
some proteins such AP-1, Fos, and Jun components suppress
that. AP-1 controls several genes that incline to upregulate cell
proliferation [31]. Adversely, retinoids generally supress cell
proliferation and differentiation induction.

Consequently, it is assumed that the collaboration amongst
AP-1 and RAR-RXR alters cell phenotype from proliferation
to differentiation. AP-1 in retinoid-mediated gene expression
suppression effect in the adult brain has not yet been investigated
[32].

Retinoids and Co-regulators

In all-trans retinoic acid deficiency, co- suppressor binds to RAR.
When all-trans retinoic acid interacts to RAR, co-suppressor
is released and replaced with co- activator, thereby inducing
gene transcription. These suppressors - activate their action
by proteins that modulate histones acetylation around DNA
containing retinoic acid-responsive elements [33].
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Therefore, RAR co- suppressor proteins use histone deacetylase
complex to eliminate acetyl groups commencing histone lysine
residues and to suppress gene transcription. Unlikeness, RAR
adjuvant activating proteins use histone acetyltransferase to
acetylate these lysine residues, open DNA, and associate gene
transcription.

Thyroid Hormones Nuclear Receptors as Main
Co- suppressors

These receptors do not coupled with ligand-bound RAR,
nonetheless binding to ligand-free RAR and use histone
deacetylase complex to suppress transcription.

Upon binding of all-trans retinoic acid, suppress this process.
Co- activators are affected by RAR also Co -activators can
increase basal transcription or use further proteins, such as
silent mediators for retinoid receptors and thyroid hormones;
Like Phospho CREB binding proteins that has histone acetylation
activity and release DNA from histone which led to transcription
[34] yet like AP-1, role of retinoid-mediated gene transcriptional
co-activators and suppressors in the adult brain.

Retinoid in Neurodegenerative Diseases

Neuroinflammation provide synaptic dysfunction and nerve
death. Overproduction of proinflammatory mediators led to
AB peptide assembly and inflammatory molecules synthesis
and hyperphosphorylated cytokines. These inflammatory
factors interrupt blood-brain barrier integrity and upsurge AB42
oligomers creation (Figure 4) [35].

Retinoids are participate in cellular morphogenesis, proliferation,
and differentiation. Retinoids have significant effects in
modulating numerous brain functions for instance neuronal
evolution and differentiation, release of neurotransmitter, neural
tube development, and long-term potentiation [36]. Retinoids
performance their effects via nuclear receptors comprising RARa,
RARB, and RARy and RXRa, RXRB, and RXRy which every one
have various subtypes. For instance, RARB have four isoforms:
RARB1, RARB2, RARB3, and RARPB4 [37]. RXRs are heterodimer
zed with frequent nuclear receptor proteins like peroxisome
proliferator-activated receptors (PPARs), liver X receptors (LXRs),
and receptors (FXRs) [38]. It is reported that, knockout RXR
ligands and RAR agonists can trigger RAR/RXR heterodimers.
Nonetheless, in inactivated RAR ligands, RXR agonists cannot
stimulate RAR/RXR heterodimers. Nuclear receptors Activation
distress numerous functions cell differentiation, proliferation
and apoptosis, glucose, and lipid metabolism (Table 1) [39].

In mice with vitamin A deficiency revealed severe imperfections
in spatial learning and memory indicating its significant effects
in the memory functions providing. Retinoid signaling influences
development of AD pathology through several process. RAR
and RXR activation in APP/PS1 transgenic mice improved the
AD symptoms and diminished amyloid accretion and tau hyper
phosphorylation [40]. Retinoids also repress pro-inflammatory
cytokines and chemokine’s synthesis by astrocytes and microglia.

There’re evidences that neuronal cell lines treated with retinoid
agonists unveiled overexpression and activity of choline
acetyltransferase (ChAT). Retinoic acid isomers improve, genes

This article is available in: http://www.aclr.com.es/
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expression which linked with cholesterol efflux e.g. apoE, abca-
1 and abcg-1 proteins in astrocytes. Likewise studies reported
that retinoids antioxidant properties. These compounds have
antioxidants and anti-inflammatory effects. Studies revealed that
retinoids have significant effects as endogenous antioxidants.

Retinoids via scavenging of cellular free radical molecules,
provide cell destructions. Retinoids in oxidative stress situations
for instance metal exposure, ROS synthesis are increased within
the cells [41].

Study on genetically engineered mice proves indicate that
supplements given to newborn mice with low levels of vitamin
A showed decreased brain progression nerve cells development.

This effects mediate via intrusion ROS synthesis, scavenging
free radicals directly, up regulation of antioxidant enzymes, and
signaling pathways encompassed in immune system for instance
Nrf2 signaling modulating . It has been reported that retinoic
acid (RA) has a protecting properties on neuron apoptosis and
oxidative damage via glutathione reduction.

It similarly reinstates SOD-1 and SOD-2 levels in hippocampal
cells. Retinoids have alternative anti-inflammatory mechanisms
which prevent of NF-kB transcription factor translocation and
suppressing of proinflammatory cytokine synthesis [42].

Furthermore, RA suppress Thl and Th17 cells affectedly and
has main protective effect in neuroinflammation. Inversely,
RA can endorse Th2 in T cells exert anti-inflammatory effects.

© Under License of Creative Commons Attribution 3.0 License

Furthermore, RA improve FoxP3 T cells which have repressive
effects on inflammatory response. These evidences revealed that
retinoids are anti-inflammatory metabolites and may concern as
therapeutic agents in neuroinflammatory situations [43].

All-trans retinoic acid has been suggested in the physiological
function of the hippocampus in presence of retinoid signaling
pathway components. Retinal dehydrogenase protein 2,
one of the enzymes that synthesizes retinoic acid, is trapped
in the meninges around the hippocampus of adult mice.
Immunoreactivity for binding proteins like cytosolic 1-binding
proteins and CRBP2 have been studied in the dendritic layers of
hippocampus [44]. Moreover, mRNA transcripts of RXR alpha,
beta and gamma have been recognized in the hippocampus [45].

Studies revealed that hippocampus has significant effect in
memory and spatial learning, it is not surprising to show that
retinoid signaling is effective in this process. Long-term changes
in synapses are thought to be the basic cellular mechanism of
memory and learning [46].

There are some studies about all-trans retinoic acid in
hippocampus processes which has been suggested in retinoid
signaling pathway components existence.

All-trans retinoic acid signaling is implicated in long-term
amplification modifications and long-term suppression of
synapse function in the hippocampus. Long-term amplification
disorder and long-term suppression have been observed in
mice nockouted beta RAR receptors, or lacking beta RAR and
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Table 1. Retinoids neuroprotective effects in different studies.

Retinoid name Study Signaling pathway
RBC, in vit d in vi . — o - A
Xanthophylls n vsltlr;;: invive Protective oxidative damage, spatiality phospholipid peroxidation
Lutein Whole brain, rat Suppress AB synthesis
WIEA T Whole brain, rat Anti-neurodegenerative effects
protease)
Brain of rats Vitamin A Deficiency can interrupt normal retinoid signaling cascade causes AB accretion in cortex and
cerebral blood vessels
Lycopene CEELE s eSSy Inhibit APP formation with no alteration in apoptosis
GMC101
Lycopene Rat cortical neurons Suppress ROS synthesis and apoptosis via regulating proapoptotic/antiapoptotic protein levels
. Suggestively decreased AB1-42-mediated mitochondrial malfunction, inflammatory cytokine
Rloils Wil [, et metabolites involved NF-kB, IL-1B, TNF-a, and TGF-3,
Astaxanthin HT22 cells Triggers antioxidant metabolites e.g. HO-1 and nuclear Nrf2 synthesis.
NEP ilysi . . . . . . .
prg]tizge»;sm Microglia cells Caused AP peptide proteolytic lyses and increased neurons expression via RARa process.
Bexarotene Hippocampal neurons Inhibit AB25-35-, via coupling with the insulin signal transduction
: f ic pathways, ion of IL-1 TNF-a action, kappaB
JYPS— PC12 Cells Suppress of apoptotic pathways, repression o B and . o action, and adverse kappa
and ROS nuclear translocation
Vitamin A and . . .
flamin A an In vitro Study Prevent AB40 and AB42 interaction dose-dependent
B-carotene
. An AD prevention metabolit which can be administrated as significant therapeutic agent
B-carotene Animal Study . .
concerned in neuroinflammatory treatment

Crocin (a natural
drug derived from In vitro Study Prevent AB42 amyloid formation

carotenoid)
Improve cell recurrence , repress ROS production, and improvement mitochondrial membrane

Crocetin Mouse .
: potential.
Crocin In Vivo models Prevent AB-induced apoptosis
Retinoids In vivo studies Down-regulation NF-kB signaling cascade
L , lutein, . L .
ycopene, futein . Diverse association among lymphocyte DNA 8-OHdG and plasma lycopene, lutein, alpha-
o-carotene, and Human Studies .
carotene, and beta-carotene, respectively, was observed.
B-carotene
Bexarotene Mouse model Decreases AB40 levels and improves cognition (
Retinoic acid In vivo studies Inhibit early stages of AB
Retinol and . . . P s .
In vitro studies Intensely Downregulate AR Intensely esis and destabilize fibril preformation
B-carotene
AII—tr'ans—retmonc APP/PS1 transgenic mice Reduces tau hyper phosphorylation, amylf)ld accumulation, and significant memory
acid (ATRA) performance improvement
RA isomers Mice astrocytes Provide apoE secretion through RXR and RAR action
AII-trar;z—krjetmmc Animal Study Provoke PS1 and BACE1 to APP cleavage impairment
Retinoids Cultured cortical astrocytes Provoke prostanoid production
Am80 and HX630 In ABPP23 mice Decrease insoluble AB peptide amounts and trigger memory processes
(Tamibarotene), a
retinoid receptor APP23 transgenic mice Reduced insoluble AB-40 and AB-42 levels
agonist
Am580 Animal Study As RAR activating agent , upregulation AB synthesis
ATRA, 9-cis-RA, and . . . . . .
13-:::;55-RA an Hippocampal cell cultures Protective effect in neurons against cell death induced by AB peptide
Retinoids Rat microglial cells Prevent AR or LPS-induced TNF-a synthesis along with iNOS expression
Retinoids Murine astrocyte cultures Reduce IL-6 generation

This article is available in: http://www.aclr.com.es/
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gamma RAR receptors. Although alpha RAR is abundant in adult
hippocampus, disruption of alpha RAR in mice causes the death
of the newborn. In hippocampus CA1 region of mice in which RAR
beta or RAR beta-RXR gamma is mutated, there was no long-term
amplification at all.

Interestingly, long-term amplification remained healthy and
flawless in mice with only RAR-gamma deficiency, indicating
the involvement of beta-RAR receptors, in particular, in the
regulation of long-term amplification.

Retinoids on the Dopaminergic System

Dopaminergic neurons are found mainly in midbrain, and basic
dopaminergic pathways are developed from the midbrain
to the striatum, anterior cortex, and limbic apparatus [47].
Dopaminergic pathway distribution is based on dopamine
attribution, comprising of coordination of movement, reward,
and emotional process [48]. The major components of retinoid
messaging, including retinal dehydrogenase, RAR, and retinoic
acid binding proteins, are established in the dopaminergic
pathway (Figure 3) [44].

Furthermore, retinoic acid in neurons expresses the activity of
tyrosine hydroxylase and dopamine beta-hydroxylase, enzymes
that synthesize dopamine (and regulate dopamine D2 receptors)
in adult brain [49]. In mice nockouted retinoid receptors, a
movement defect is evident, accompanied by a decrease in
dopamine D2 receptor expression. In mice with double mutations
in RARB-RXRB, RARB-RXR and RXRB-RXRy), forward motion
decreased [50].

Retinoids in Alzheimer's Treatment

Nerve cells beta-amyloid annihilation has significant effect
in Alzheimer's disease improvement. Most of drugs improve
neurotransmission but do not alter the disease process [51].

A limited number of drugs are useful in Alzheimer's treatment,
most of which are acetylcholinesterase inhibitors such as
Donepezil galantamine and rivastigmine, and others memantine,
which delay neuronal death. Nonetheless, these drugs have side
effects for instance diarrhea, nausea, vomiting and drowsiness
[52,53]. Beta-amyloid accumulation is a critical stage in the
development of Alzheimer's disease. Vitamin A, which is produced
by the central nervous system more than any other cells,
regulates genes expression in the central nervous system [54].
Furthermore, vitamin A has significant effect in central nervous
system development. Vitamin A, traditionally regarded as an
antioxidant compound, has noteworthy effect in maintaining
central nervous system function in old age. Alzheimer's patients
have been unraveled have low level of plasma and serum vitamin
A and beta-carotene concentration. It has been shown that
among 442 Alzheimer's patients aged 65-94 years (those with
higher plasma beta-carotene concentrations, their memory
function also improved [55].

It has been revealed that vitamin A and beta-carotene constrain
beta-amyloid fibrils construction from fresh beta-amyloid and
cause instability in the fibrillar structure of beta-amyloid in vitro
[56]. Retinoic acid, the active metabolite of vitamin A, has been
reported to control gene expression dependent on amyloid

© Under License of Creative Commons Attribution 3.0 License
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precursor protein processing. Retinoic acid regulates gene
expression in nuclear receptors such as retinoic acid receptors
and RXR. Lack of vitamin A causes accumulation of beta-amyloid
and reduces the long-term strengthening of the hippocampus
in rats. Studies have shown that all-trans retinoic acid induces
the expression of the MNSOD2 gene in neuroblast cells, thereby
reducing oxidative damage, an important pathological factor in
Alzheimer's. Reports indicate that impaired memory and spatial
learning, and decreased synaptic flexibility, are due to RXR and
RAR mutations [57-60].

Conclusion

Retinoid signaling has been suggested as a potent viable
pathway for new therapies for Alzheimer's. With considering
retinoic acid has been used to treat Alzheimer's and there are
conflicting reports, it is unclear whether Alzheimer's patients
have retinoid signaling deficiency. For example, GL Fata and
colleagues reported the plasma level of vitamin A in Alzheimer's
decreased While Connor and Seidel showed that content of
hippocampal retinoids in Alzheimer's is similar to that of controls,
A decline in RARa concentration and retinal dehydrogenase 2
in Alzheimer's brain, indicating that retinoid signaling may be
impaired in patients, In older mice showed that the frequency
of RAR decreased, which may eventually lead to a reduction
in retinoic acid-dependent effects. In fact, perceptive
deficiencies seen in older mice can be inverted by activating
retinoic acid. However, Alzheimer's pathology involves
multiple and complex signalling pathways and retinoids may
modify these procedures by gene expression regulation along
with by antioxidant properties.

In order to treat Alzheimer's with retinoid, it is necessary
to consider of vitamin A and its receptors effects in various
processes such as in plaque regulating, neuroinflammation and
cholinergic system.
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