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Effects and Mechanisms of Amino Acids in
Alzheimer’s Disease: a Narrative Review

Sapto Yuliani,' Rahmah Annura,' Lolita Lolita,! Dwi Utami,'! Danang Prasetyaning Amukti?

Abstract

Alzheimer's disease is the most common form of dementia, a complex and
progressive neurodegenerative disorder that slowly decreases memory,
thinking skills and the ability to perform the simplest tasks. It is character-
ised by the formation of extracellular amyloid-beta (AB) plaques and intra-
cellular neurofibrillary tangles (NFTs). In the human body, amino acids are
a source of metabolites and neurotransmitters. Various studies have also
proven their association with Alzheimer's disease. Therefore, the research
was conducted to review the effects of amino acids and their mechanisms
on Alzheimer's disease. This descriptive study is a narrative review of arti-
cles on in vivo and in vitro amino acid-induced Alzheimer’s disease in the
PubMed and ScienceDirect databases. The selected papers were in En-
glish, topic-relevant and published from 2011 to 2021 in journals of Q1, Q2 or
Q83 category according to the Scimago Journal & Country Rank. The search
yielded 27 relevant articles, but only 22 with 12 types of amino acids were
included. Amino acids with positive effects were glutamine, d-serine, sele-
nomethionine, s-adenosylmethionine, d-ribose-I-cysteine, s-allyl-cysteine,
N-acetylcysteine, Se-methyl-selenocysteine and |-theanine, whereas some
negative results come from homocysteine and N-methylamino-L-alanine.
While taurine generally has a positive effect, there is a mechanism that neg-
atively influences Alzheimer's disease. These amino acids are involved in all
parts of the pathophysiology mechanism of Alzheimer's disease differently.
The mechanisms include preventing (positive impact) or inducing (negative
impact) mitochondrial dysfunction, inflammation, oxidative stress, formation
of oligomers/plaque AB, tau hyperphosphorylation and neuronal/synaptic
damage. Thus, not all amino acids have the activity of preventing/treating
Alzheimer's disease.
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Introduction

Alzheimer’s disease is a progressive, complex
neurodegenerative disorder that slowly decreas-
es memory, thinking abilities and the ability to
complete the simplest daily tasks.! It begins with
difficulty recalling recently learned information,
which can then progress to more severe symp-
toms.? The molecular mechanisms of Alzheimer’s

disease are very complex, but the most dominant
sign is the formation of extracellular amyloid
plaques consisting of intracellular amyloid-beta
(AB) and neurofibrillary tangles (NFTs).® Alz-
heimer’s is the most common form of dementia,
making up 60-70 % of the cases. Although there
are no specific data on its global prevalence, it
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is apparent that the incidence of dementia is in-
creasing. An estimated 35.6 million people were
living with dementia in 2010, which is expected
to have increased rapidly to 115.4 or 152 million
by 2050.*° In addition, some shortcomings of the
pharmacological therapies generally used in pa-
tients with Alzheimer’s persist. For instance, oral
monotherapies with donepezil, rivastigmine and
galantamine cause side effects like gastrointes-
tinal disturbances. Accordingly, there is a dire
need to discover alternative therapies or agents
to prevent Alzheimer’s disease, one of which is
amino acids.®

Amino acids are organic substances that com-
pose proteins. Amino acids also play an essen-
tial role in cellular metabolism, although at dif-
fering degrees depending on variations in their
side chains.” Free amino acids determine neuro-
transmission and receptor signalling pathways
and are involved in neurotoxicity, meaning that
a change in their levels may be an early indicator
of neurodegeneration.® ° Glutamine supplemen-
tation in two mouse models of Alzheimer’s can
increase the levels of two synaptic proteins, ie
vesicle-associated membrane protein 2 (VAMP2)

Methods

This narrative review was prepared using an in-
ductive approach, ie a literature study of articles
in reputable journals, followed by a qualitative
analysis to conclude the published findings. These
data were selected based on, among others, their
relevance to the set topic. The PICO framework
was used to guide the article selection process,
with P = patients with Alzheimer’s disease, I =
intervention with amino acids, C = not applica-
ble (as no direct comparator was used) and O =
the underlying pathophysiological mechanisms.
This ensured that the selected articles were rele-
vant to the research objective and that no similar
narrative reviews were available. Furthermore,

Table 1: Search keywords applied to the literature databases
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and synaptophysin, while reducing inflamma-
tion-induced neuronal cell cycle activation, tau
phosphorylation and ataxia-telangiectasia-mu-
tated (ATM) activation.!® ! reported that I-ser-
ine supplementation can prevent behavioural
and synaptic deficits in mice with Alzheimer’s.'?
Also, a prospective study demonstrated that low
levels of branched-chain amino acids/BCAAs like
leucine, isoleucine and valine are associated with
an increased risk of developing dementia, apart
from other conventional risks.!® * The mecha-
nism involved is mammalian target of rapamy-
cin (mTOR) activation, mTOR proves to have two
contrasting effects on the pathophysiology of
Alzheimer’s, ie inducing a decline in A3 pathology
while increasing tau phosphorylation.'> 16

Based on the studies mentioned above, the find-
ings are inconsistent in that some amino acids
can prevent Alzheimer’s disease while others act
as stimulants. Therefore, to overcome the oppo-
site roles, a narrative review of how and by which
mechanisms amino acids affect Alzheimer’s dis-
ease based on reports from several studies was
provided.

Boolean Operator with keywords adjusted to
the journal databases, PubMed and ScienceDirect,
were used for the literature search, as shown in
Table 1.

The search results were checked for duplicates
with the EndNote application and satisfaction of
requirements, including the suitability of the ti-
tle and abstract with the researched topic and
other inclusion and exclusion criteria. The title
or abstract should contain the words “Alzhei-
mer’s disease”, “AD”, or “Alzheimer’s dementia”
and “amino acid” or the name of the amino acid.
To be included, the articles were written in En-

Database Key words
ScienceDirect Alzheimer’s disease AND amino acid AND (consume OR drug) AND mechanism
PubMed (((((Alzheimer’s disease[MeSH Terms]) OR (Alzheimer’s disease[Title/Abstract])) AND ((amino acid) OR (amino

acid[MeSH Terms]))) AND ((consume) OR (drug))) AND (mechanism)) NOT ((review) OR (review[Publication Type]))




B vuliani et al. Scr Med. 2026 Jan-Feb;57(1):135-47.

986 articles

PubMed (except article reviews)

ScienceDirect (research article)
15,297 articles

.

.

467 articles

Published in 2011-2021:

Published in 2011-2021:
8,099 articles (available for view)

!

’ 8566 articles ‘

v

Duplicates: 42 articles

Biomarker studies: 2

Without the words Alzheimer’s disease and amino acid: 7,952 articles (excluded)
With the words Alzheimer’s disease and amino acid but topic-irrelevant: 545 articles
Amino acid is only mentioned briefly: 252 articles (excluded)

Alzheimer’s disease is only mentioned briefly: 3 articles (excluded)

In the form of amino acid metabolites: 22 articles (excluded)

Biomarker studies: 38 articles (excluded)

Alzheimer’s disease is not specifically discussed: 46 articles (excluded)

In the form of amino acid residues/fragments in AP: 174 articles (excluded)
In the form of peptides: 4 articles (excluded)

Review articles: 6 articles (excluded)

‘ With the words Alzheimer’s disease and amino acid and relevant: 27 articles

Full text cannot be downloaded: 1 article (excluded)

L]
e Conditions observed are not induced by amino acids: 3 articles (excluded)
.
e Review articles: 1 article (excluded)

.

v

22 articles l

Figure 1: Literature search chart

glish and published between 2011 and 2021. On
the contrary, the exclusion criteria were as fol-
lows: the observed objects or neurodegenerative
disorders were not given or induced by amino
acids, amino acid metabolites or peptides, amino
acid residues, or amino acid fragments in Af; the
studies did not specifically discuss Alzheimer’s
or off-topic; biomarkers studies; review articles;
non-downloadable full text. The article selection
also factored in the journal’s quality, ie Q1, Q2, or
Q3 category based on the Scimago Journal & Coun-
try Rank (Figure 1).

Results

In the initial search, the PICO questions (PICO:
P: population, I: intervention; C: comparison; O:
outcome) were applied to the PubMed database
and the results included no narrative reviews
that summarised the mechanisms of amino acids
in Alzheimer’s disease. The subsequent search
in two databases returned a total of 16,281 ar-
ticles, consisting of 986 from PubMed and 15,297
from ScienceDirect. Based on the year and type of
publication, 467 articles in PubMed and 8,967 in
ScienceDirect were published in 2011 to 2021 and

were research (not review) articles. However,
only 8,099 of the 8,697 articles in ScienceDirect
were available for viewing because only a maxi-
mum of 1,000 articles could be displayed in one
year. Therefore, 8,566 articles were collected at
this stage.

After checking for duplicate data, 42 articles
were omitted. Then, 7,952 articles were exclud-
ed because their title or abstract did not con-
tain the words “Alzheimer’s disease”, “AD”, or
“Alzheimer’s dementia” and “amino acids” or the
name of amino acids. In addition, 545 articles
containing both terms were sorted out because
they were biomarker studies, review articles, or
articles that were off-topic as they only briefly
mentioned amino acids or Alzheimer’s or dis-
cussed amino acids in the form of metabolites,
residues/fragments in Af, or peptides. The pro-
cess obtained 27 articles that contained the two
terms and matched the research topic. However,
five of them met the exclusion criteria, namely,
biomarker studies (2 articles), no disease induc-
tion by amino acids (1), non-downloadable full
text (1) and review articles (1). In the end, 22
articles were obtained. Afterward, the quality
of the journal was checked and it was found that
each article was published in at least Q3 journals
based on the Scimago Journal & Country Rank.

1137



138 Yuliani et al. Scr Med. 2026 Jan-Feb;57(1):135-47. M

Table 2: Effects of amino acids on Alzheimer’s disease

No PMID Authors (year) Amino acids Research methods Effects
1 31119171 Wang et al (2019) Glutamine in vivo/in vitro Prevention
2 32781134 Liu et al (2020) D-serine in vivo Prevention
3 29974078 Zhang et al (2018) Seleno-methionine in vivo Prevention
4 30527255 Park et al (2018) Luteolin, I-theanine in vivo Prevention
5 28137967 Zhang et al (2017) Seleno-methionine in vivo Prevention
6 22221883 Fuso et al (2012) SAM in vivo Prevention
7 25502280 Kim et al (2015) Taurine in vivo Prevention
8 28109879 Zheng et al (2017) Seleno-methionine in vivo/in vitro Prevention
9 28453493 Liet al (2017) SAM in vivo/in vitro Prevention

10 33217524 Ogunlade et al (2021)  D-ribose-I-cysteine in vivo Prevention
11 32130882 Le Douce et al (2020)  L-serine/d-serine in vivo Prevention
12 29944861 Zhu et al (2018) L-theanine in vivo Prevention
13 28284975 Reeta et al (2017) Taurine in vivo Prevention
14 21376020 Javed et al (2011) S-allyl cysteine in vivo Prevention
15 28411131 Shahidi et al (2017) NAC in vivo Prevention
16 33689275 Du et al (2021) Se-methyl-selenocysteine in vivo Prevention
17 30003389 Kovalska et al (2018) Homocysteine in vivo Induction
18 27896923 Li et al (2017) Homocysteine in vivo/in vitro Induction
19 22001762 Fujiki et al (2012) Homocysteine in vitro Induction
20 23139767 Wang et al (2012) Homocysteine in vitro Induction
21 22841708 Goto et al (2012) BMAA in vivo Induction
22 33153477 Silva et al (2020) BMAA in vitro Induction

BMAA: 3-N-methylamino-L-alanine (BMAA); SAM: S-adenosylmethionine;

The twenty-two articles obtained from the liter-  The articles from the search results showed ex-
ature search were reviewed. From them, 12 ami- periments on various amino acids. Although sev-
no acids were studied for their effects and mech-  eral articles discussed the same amino acid, they
anisms in Alzheimer’s disease. Sixteen articles studied different mechanisms and could com-
described a positive result, ie amino acids can in- plement each other. In further detail, the mecha-
hibit Alzheimer’s disease, whereas six others indi- nisms of amino acids in Alzheimer’s were divided
cated a negative effect, ie amino acids can trigger  into three major categories. These mechanisms
Alzheimer’s disease. The effects of amino acidson  are summarised in Tables 3, 4 and 5.

Alzheimer’s disease are described in Table 2.

Table 3: Mechanisms of amino acids related to AB plaques

Mechanisms
> 3 E
Design 2 e L &
No Authors (year) & Amino acids Se X E B Sc Others
In vivo In vitro 22 B S 2 88
28 82 % = B3
SE S5 T 8 £2
Ss XxE = 2 s
SGE &8 £ & &3
1 Wang et al (2019) y y  Glutamine - - - -
2 Liu et al (2020) y - D-serine i - - - ] -
3 Zhang et al (2018) y - Seleno-methionine - I -
4 Parketal (2018) y y  Luteolin, I-theanine - - - - - -

Autophagy, cathepsin D levels & p62
degradation 1

5 Zhang et al (2017) y y  Seleno-methionine

PSEN1 and BACE1 expression |, global

6 Fuso etal (2012) y - SAM - = T T T RNAmodulation is restored
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7 Kimetal (2015) y y  Taurine - - - | -

8 Zheng et al (2017) y y  Seleno-methionine - - - - -

9 Lietal (2017) y y SAM - - [ -
10 Ogunlade et al (2021) vy - D-ribose-I-cysteine - - ) | -
11 Le Douce et al (2020) vy - L-serine/d-serine - - - - -
12 Zhu et al (2018) y y  L-theanine - - - - -
13 Reeta et al (2017) y - Taurine - - V- ROCK-II expression |
14 Javed et al (2011) y - S-allyl-cysteine - - A -
15 Shahidietal (2017) vy - NAC - - - - -
16 Du etal (2021) y - Se-methyl b ~ —  Cortical ATP 1

selenocysteine

17 Kovalskaetal (2018) vy - Homocysteine - - 1 1 -

18 Lietal (2017) - y  Homocysteine - - - 1 5-L0 levels 1
19 Fujiki et al (2012) ) y  Homocysteine B _ b m.ito.chondrial membrane potential is

eliminated

20 Wang et al (2012) - y  Homocysteine - - - - -
21 Goto et al (2012) y - BMAA - - - - -
22 Silva et al (2020) ) y  BMAA | B - Metabolism is disrupted and mitochondrial

fragmentation is induced

BMAA: 3-N-methylamino-L-alanine (BMAA); GPx: glutathione peroxidase; TrxR: Thioredoxin reductase; BACET: Beta-site amiloride precursor protein cleaving

enzyme 1; PSEN1: y-secretase Presenilin 1; ROCK-II: Rho kinase-II;

Table 4: Mechanisms of amino acids related to tau proteins

Mechanisms
]
Desi @ O o =
No Authors (year) & Amino acids S E B OEc é £c = Others
In vivo In vitro 2 o, 2 BE s B = =
2 58 5 E8EggE S
E 58 5 £EEERE B8
1 Wang et al (2019) y y  Glutamine 1 ! - - - - _
2 Liu et al (2020) y - D-serine - - - | ) - — NMDAR1 |
3 Zhang et al (2018) y - Seleno-methionine t t - - - | - -
4 Parketal (2018) y - Luteolin ltheanine - - - - | | |, TOXO-1phosphorylation and
CREB
5 Zhang et al (2017) y y  Seleno-methionine - - - - - | | Autophagy, cathepsin D _
Levels and p62 degradation 1
6 Fusoetal (2012) y - SAM - - - - - i - _
7 Kim et al (2015) y - Taurine - - - 1 - - - _
8 Zheng et al (2017) y y  Seleno-methionine - - - - - - ! _
9 Lietal (2017) y y SAM -l - - -
10 Ogunlade et al (2021) vy - D-ribose-I-cysteine 1 - I - - - - _

139
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11 Le Douce et al (2020) vy - L-serine/d-serine - - - - -
12 Zhu et al (2018) y y  L-theanine - - - - -
13 Reeta et al (2017) y - Taurine 1 - —  ChAT expression 1
14 Javed et al (2011) y - S-allyl-cysteine 1 - - -
15 Shahidi et al (2017) y - NAC - - - - -
16 Du etal (2021) y - Se-methyl ] - _ _
selenocysteine

17 Kovalskaetal (2018) vy - Homocysteine - 1 - -
18 Lietal (2017) y y  Homocysteine - - - - -
19 Fujiki et al (2012) - y  Homocysteine - - - -
20 Wang et al (2012) - y  Homocysteine - - - - -
21 Goto et al (2012) y - BMAA - - - - -
22 Silva et al (2020) ) y  BMAA _ B _ Cytosolic IkBa levels |, p62

flux is disturbed

GSK3: Glycogen synthase kinase 3; GPx: glutathione peroxidase; GFAP: Glial fibrillary acidic protein; BMAA: B-N-methylamino-L-alanine; Akt: Protein kinase B;
TrxR: Thioredoxin reductase; FOX0-1: Forkhead box protein 01, ChAT: choline acetyltransferase; IkBa: Nuclear factor kappa B inhibitor alpha;

Table 5: Mechanisms of amino acids related to synapses

Mechanisms
Desi g &
No Authors (year) & Amino acids 2 £ s Others
Invivo In vitro o2 2 =% . i 2
sSe= 2 £Eos5 I 2=
28 § §EE £ €2
Sa® 2 38 2 s§%
1 Wang et al (2019) y y  Glutamine ) | T - - -
. . p-JNK, p-c-Jun and ATF2
2 Liu et al (2020) y - D-serine - - 1 1 = expressions §, NVDART |
3 Zhang et al (2018) y - Seleno-methionine - - 1 - - -
4 Parketal (2018) y - Luteolin, I-theanine - - 1 - - -
5 Zhang et al (2017) y y  Seleno-methionine - - i - - -
6 Fusoetal (2012) y - SAM - - 1 - - -
7 Kim et al (2015) y - Taurine - - 1 - - -
. Neural stem cell differentiation
8 Zheng et al (2017) y y  Seleno-methionine 1 - - - = and proliferation 1
9 Lietal (2017) y y SAM - } - - - -
Improved hippocampal histo-
10 Ogunlade et al (2021) vy - D-ribose-l-cysteine - - 1 - {  morphology, neurotransmitter
levels 1
) —earina/d_cari B B _ _ Hippocampal LTP and LTD are
11 Le Douce et al (2020) vy L-serine/d-serine 1 restored, fEPSP NMDAR 1
Hippocampal LTP 1, dopamine/
12 Zhuet al (2018) y y  L-theanine - - 1 - — D1 receptor or 5-PKA pathway

receptor is activated
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13 Reeta et al (2017) y - Taurine - - 1 - | -
Improved hippocampal
14 Javed et al (2011) y - S-allyl-cysteine - | 1 - - histomorphology, DNA
fragmentation|, bcl29
15 Shahidi et al (2017) y - NAC - - 1 - - PSandEPSP
Se-methyl Proteins related to signalling
16 Du et al (2021) y - - - - _
selenocysteine f pathways 1
17 Kovalskaetal (2018) vy - Homocysteine - 1 - - —  Neuronal damage 1
18 Lietal (2017) y y  Homocysteine - - - - - -
19 Fujiki et al (2012) - y  Homocysteine - 1 - - - -
. . Expression of 14-3-3e mRNA|,
20 Wang et al (2012) y  Homocysteine - 1 - - = calcineurin 1
21 Goto et al (2012) y - BMAA - - - | —  Abnormal NMDA responses
22 Silva et al (2020) - y  BMAA - - - - - -

BMAA: B-N-methylamino-L-alanine (BMAA); SAM: S-adenosylmethionine; NAC: N-acetylcysteine; NMDA: N-methyl-d-aspartate; Wnt: Wingless/Int-1; JNK:
c-Jun N-terminal kinase; ATF: Activating transcription factor 2; LTP: Long-term potentiation; LTD: Long-term depression; fEPSP: field excitatory postsynaptic

potential; PKA: Protein kinase A;

Discussion

Amino acids that prevent Alzheimer’s

disease

Glutamine is the most abundant free amino acid
in the human body and plays a critical role in
central nervous system function, particularly in
neurotransmitter synthesis and cellular ener-
gy metabolism.!” In cognitive studies, glutamine
supplementation has been shown to reduce er-
ror time and enhance reaction time in memory
tasks using a passive avoidance apparatus, sug-
gesting a positive effect on learning and memo-
ry processes. Beyond its cognitive effects, gluta-
mine also exhibits neuroprotective properties.'®
It has been reported to reduce oxidative stress,
limit neuronal damage and enhance antioxidant
defence mechanisms. One important pathway
involved in these effects is the Wingless/Int-1
(Wnt)3a/B-catenin signalling pathway, which
glutamine activates.!” This pathway plays a vital
role in supporting neuronal survival, regulating
synaptic plasticity and preserving the integrity
of the blood-brain barrier. Since these functions
are often impaired in neurodegenerative disor-
ders, especially Alzheimer’s disease, glutamine’s
ability to modulate these pathways suggests its
potential as a protective agent against cognitive
decline.?*2!

Serine is a non-essential amino acid whose dex-
tro isomer, d-serine, is an endogenous ligand
for the glycine site in the N-methyl-d-aspartate
(NMDA) receptor. According to d-serine can im-
prove cognitive and motor skills in Kunming mice
compared to those given only an Af ,, injection.??
Furthermore, in mice, 100 mg/kg BW d-serine
can ameliorate cognitive deficits in the Morris
Water Maze (MWM) test, although no effect was
observed in the control group. Additionally, the
research revealed that D-serine enhances glucose
metabolism, reduces AP deposition and inflam-
mation and decreases the number of glial fibril-
lary acidic protein (GFAP)-positive cells. In addi-
tion, it affects the c-Jun N-terminal kinase (JNK)
signalling pathway, whose activation is associat-
ed with apoptosis. Furthermore, a 10 % l-serine
enriched diet for two months proves effective in
treating d-serine deficiency in triple-transgenic
mouse model of Alzheimer’s disease (3xTg-AD)
mice, thus restoring the binding of the NMDA
receptor (NMDAR) co-agonist by increasing the
NMDAR field excitatory postsynaptic potential
(fEPSP).?

Selenomethionine is a selenium (Se) analogue of
methionine in which the sulphur is replaced by
selenium.?* According to, selenomethionine can
improve the memory of mice in the MWM test.
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It also contributes to reducing total and hyper-
phosphorylated tau by inhibiting glycogen syn-
thase kinase 3 (GSK3) and protein kinase B (Akt).
Another mechanism is autophagy by reducing
mTOR levels while increasing adenosine mo-
nophosphate-activated protein kinase (AMPK)
and by stimulating more clearance of abnormal
protein aggregates in cells. also confirmed the
reduction in tau and A, although it was more
significant after treatment with selenium-yeast
instead of selenomethionine. Furthermore, the
same research demonstrated that selenomethi-
onine effectively reduces oxidative stress while
increasing antioxidants.?

Furthermore, in research, 10 M selenomethionine
increased the proliferation of neural stem cells.
Still, when administered at 50 M and 100 M, the
amino acid decreased cell proliferation. In addi-
tion, astrocytes and GFAP were lower after the ad-
ministration of selenomethionine than in the con-
trol. A different study found that the amino acid
potentiates [B-catenin expression and p-PI3K/
PI3K ratio and attenuates GSK3, all of which sup-
port neurogenesis and cell proliferation.?

The main methyl donor in the brain, S-adenos-
ylmethionine (SAM), is used as an antidepres-
sant in some countries. S-adenosyl-l-methionine
is a sulfonium compound that is the S-adenosyl
derivative of L-methionine.?” %8 According to, im-
proved spatial memory in TgCRND8 mice can be
associated with SAM. Also, SAM 400 pg can in-
hibit the excessive production of Af and reduce
plaque formation by decreasing the expression
of beta-site amiloride precursor protein cleaving
enzyme 1 (BACE1) and y-secretase presenilin
1 (PSEN1), although not significantly different
from the effect of SAM 800 pg. SAM can also re-
store the phosphorylation of tau as much as the
control group, although no effect was observed
on total tau expression.?*3° Furthermore, a study
showed that treatment with SAM can also reduce
oxidative stress while increasing antioxidants.
Reduction in the levels of astrocytes and microg-
lia, as well as inflammation, is also associated
with the same treatment. Based on the two stud-
ies, S-adenosylmethionine can prevent Alzhei-
mer’s disease.?’

D-ribose-l-cysteine is an analogue of cysteine
that has been shown to boost cellular antioxi-
dant capacity by increasing intracellular gluta-
thione (GSH) biosynthesis.*' According to, it can
improve memory and learning. D-ribose-l-cys-

Yuliani et al. Scr Med. 2026 Jan-Feb;57(1):135-47. [l

teine can also increase antioxidants and simul-
taneously reduce oxidative stress. Dopamine
and serotonin levels are elevated, while norepi-
nephrine and acetylcholinesterase (AChE) are
reduced in concentration, thus inhibiting synap-
tic damage. Other reported results are improved
hippocampal histomorphology and the absence of
AP deposits. However, under normal conditions
(without cuprizone), dietary supplementation of
d-ribose-l-cysteine degenerates the hippocam-
pus. For these reasons, d-ribose-l-cysteine can
prevent Alzheimer’s disease.®?

S-allyl-cysteine is an s-hydrocarbyl-l-cysteine
that is I-cysteine in which the hydrogen attached
to the sulphur is replaced by a prop-2-enyl group.
stated that s-allyl-cysteine prevents streptozoto-
cin-induced memory impairment in mice.?? Also,
it inhibits an increase in oxidative stress and, at
the same time, a decrease in antioxidants in the
hippocampus of the mice. Its apoptotic and neu-
roprotective effects are attributed to two mech-
anisms: preventing p53 expression from increas-
ing and Bcl2 expression from decreasing. This
amino acid also helps prevent DNA damage a cell
death. Based on these studies, s-allyl-cysteine can
prevent Alzheimer’s disease.?*

The fourth cysteine derivative observed, N-acetyl-
cysteine (NAC), is the acetate type of the amino
acid L-cysteine and is widely used as a specific
antidote for acetaminophen overdose.?® Proved
that NAC enhances the memory and learning of
Wistar rats with AB-induced Alzheimer’s disease.
NAC can also protect and restore synaptic activity
in the brain. In addition, the study found that ad-
ministering NAC 14 days after A injection for two
weeks resulted in a more significant effect than
only one day after injection. Therefore, N-acetyl-
cysteine can prevent Alzheimer’s disease.3®

The fifth cysteine derivative, se-methyl-seleno-
cysteine, is a non-proteinogenic L-alpha-amino
acid compound with methyl-selanyl-methyl as
the side chain and is a derivative of L-selenocys-
teine. As discussed, se-methyl-selenocysteine im-
proves the learning and memory of Alzheimer’s
disease mice in the MWM test, overcoming the
related dysthymic disorder.?” In addition, sele-
nium-methyl-selenocysteine has been shown to
enhance antioxidants and metabolism-related
proteins, preventing metabolic disorders and
Alzheimer’s disease.?® 3° L-theanine (y-glutam-
yl-ethyl amide) is a unique natural non-protein
amino acid found in green tea (Camellia sinensis).
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Confirmed that L-theanine can improve memo-
ry in rats showing similar symptoms to Alzhei-
mer’s after induction by A, ... L-theanine also
improves memory and hippocampal long-term
potentiation (LTP) in mice when administered
at 0.4 mg/mL, but according to, it does not apply
to wild-type mice.*® L-theanine also efficiently
reduces tau phosphorylation by inhibiting Akt
and GSK3p. This effect is more significant when
combined with luteolin. Furthermore, 1-theanine
can reduce inflammation even more significant-
ly than the l-theanine-luteolin combination. also
stated that L-theanine can increase dopamine,
noradrenaline and protein kinase A (PKA) phos-
phorylation, thus facilitating hippocampal syn-
aptic transmission. Based on these two studies,
L-theanine has a positive effect and can be used
to treat Alzheimer’s disease.*’

Taurine is an amino sulfonic acid that is a 2-ami-
no derivative of ethanesulphonic acid. It is a
naturally occurring amino acid produced in the
metabolism of methionine and cysteine.** Tau-
rine can improve behavioural performance and
spatial memory of Alzheimer’s mouse models and
restore streptozotocin-induced memory impair-
ments.*? Increased antioxidants and lowered ox-

idative stress have also been observed after the
administration of taurine. Also, proven to atten-
uate AChE and butyrylcholinesterase (BuChE)
activities. In addition, taurine increases choline
acetyltransferase (ChAT), which can catalyse the
biosynthesis of acetylcholine, a neurotransmit-
ter, thus maintaining synaptic neurons.” It also
inhibits Rho kinase-II (ROCK-II), leading to Af re-
duction also stated that this amino acid is also re-
sponsible for reducing the insoluble fraction A,
in the mouse brain cortex, although there is no
significant change in the soluble fraction.** How-
ever, the administration of taurine has a harmful
effect, ie it induces an increase in reactive astro-
cytes thatleads to inflammation, as evident in the
elevated expression of GFAP in both amyloid pre-
cursor protein (APP)/PS1 and wild-type mice.*®
In contrast, the research findings suggest that
taurine reduces inflammation by decreasing IL-3
and tumour necrosis factor alpha (TNF-a). For
these reasons, it is necessary to further research
the effects of taurine on astrocytes and microglia
and inflammation.*® The amino acids mentioned
above have different and complex mechanisms
by which the pathophysiology of Alzheimer’s dis-
ease can be prevented. The mechanisms in ques-
tion are summarised in Figure 2.

( N
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Figure 2: Schematic of the mechanisms of amino acids that prevent Alzheimer’s disease

SAM: S-adenosylmethionine; GFAP: Glial fibrillary acidic protein; AChE: acetylcholinesterase;
BuChE: butyrylcholinesterase;
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Figure 3: Schematic of the mechanisms of amino acids that trigger Alzheimer’s disease

BMAA: 3-N-methylamino-L-alanine (BMAA);

Amino acids that induce Alzheimer’s

disease

A sulfhydryl-containing amino acid, homocys-
teine is an intermediate product in the normal
biosynthesis of two amino acids: methionine and
cysteine.*” Administrating a high homocysteine
concentration (hyperhomocysteine) can sig-
nificantly potentiate lipid peroxidase formation
and oxidative stress. In addition, explained that
hyperhomocysteine lowers the number of neu-
rons and, at the same time, increases astrocyte
reactivity.*® The number of A plaques and tau
proteins also increases after hyperhomocysteine
administration, compared with the control and
ischaemia-reperfusion groups. Increased Af,
. and AB, . levels due to homocysteine are also
demonstrated in. In another study, homocysteine
effectively reduces cell viability, increases cell
death and eliminates mitochondrial membrane
potential.*® Similarly confirmed that increased
calcineurin activity contributes to the dephos-
phorylation and translocation of Bad, thus induc-
ing apoptosis. Overall, based on these studies,
homocysteine tends to trigger Alzheimer’s dis-
ease.?

L-B-N-methylamino-L-alanine is a non-proteino-
genic l-alpha-amino acid, ie l-alanine in which
one of the methyl hydrogens is replaced by a me-
thylamino group.®® This amino acid is produced
by cyanobacteria. The literature search return
included two studies discussing [(-N-methyl-
amino-L-alanine (BMAA). According to BMAA
destabilises the postsynaptic response of tsetse

flies (Drosophila melanogaster).* During the ex-
periment, these flies could not consistently and
smoothly land on the side of the cylinder com-
pared with the control and their NMDA response
became abnormal with slower rise time, reduced
amplitude and longer duration, BMAA has been
shown to cause adverse effects. BMAA interferes
with mitochondrial metabolism and induces mi-
tochondrial fragmentation.>? In addition, expo-
sure to BMAA results in decreased inhibition of
nuclear factor kappa B (NF-kB), thus increasing
astroglia and inflammation. Moreover, it also po-
tentiates intracellular A oligomers and tau phos-
phorylation.>® Based on these two studies, BMAA
can trigger the onset of Alzheimer’s disease. The
above amino acids promote the pathophysiology
of Alzheimer’s disease in complex and different
mechanisms. The mechanisms in question are
summarised in Figure 3.

Conclusion

Based on the article search results and discus-
sion, various amino acids exhibit distinct influ-
ences on the pathogenesis of Alzheimer’s dis-
ease through diverse molecular mechanisms.
Amino acids with neuroprotective properties
such as glutamine, D-serine, selenomethionine,
SAM, D-ribose-L-cysteine, S-allyl-cysteine,
NAC, Se-methyl-selenocysteine, L-theanine and
taurine—have shown potential in preventing
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or alleviating Alzheimer’s disease-related pa-
thology. In contrast, amino acids such as ho-
mocysteine and [-N-methylamino-L-alanine
(BMAA) have been identified as contributors to
promoting Alzheimer’s disease pathology. The
underlying mechanisms by which these ami-
no acids influence Alzheimer’s disease devel-
opment include modulation of mitochondrial
function, regulation of neuroinflammation and
microglial activation, control of oxidative stress
levels, interference with A3 plaque formation,
tau protein hyperphosphorylation and the pro-
tection or disruption of neuronal and synaptic
integrity. These findings highlight the critical
role of specific amino acids in either mitigating
or exacerbating key pathological processes in
Alzheimer’s disease and may provide insight
for future therapeutic strategies.
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