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2. ABSTRACT

Alzheimer's disease (AD) is a genetic, progressive, neurodegenerative disorder. AD is
responsible for the vast majority of dementia cases, and the increasing prevalence of

the disease worldwide is a major public health concern.

This paper provides evidence from epidemiological studies is mounting that diet and
nutrition are among the many potential risk factors being investigated in relation to the
development of AD. These factors are closely related to our way of life, what we eat,

and the pathophysiology that can modify and prevent in our day-to-day activities.

Since there currently exists no effective and proven treatment or preventative measure
for AD, increasing focus is being placed on disease prevention in general and the healthy
diet in particular. To reduce the probability of developing AD, preventive intervention

should be started as early as possible.

Due to the neurodegenerative characteristics of this condition, adequate diet must be
taken into account as it has both protective and preventative benefits. These include
caffeine, isoflavone phytoestrogen, polyphenols, vitamin B, vitamin D, antioxidant
vitamins (vitamins C, E, beta-carotene), minerals (avoid copper, iron, and aluminium),

unsaturated fatty acids, vitamin B, and vitamin D.

There is evidence that the DASH, Mediterranean, and ketogenic diets can prevent and
delay AD. A Mediterranean diet, on the other hand, may have a protective impact on
the neurodegenerative process considering that it is rich in antioxidants, fibre, and
omega-3 polyunsaturated fatty acids. The MIND diet, which combines the
both Mediterranean and DASH diets, has been shown to be far more powerful than

either diet alone in reducing cognitive decline and dementia.



3. INTRODUCTION

Alzheimer's disease (AD), a degenerative cognitive condition that profoundly affects
brain pathophysiology and hasn't been a proven cure yet, is one of the most frequent
causes of dementia. The prognosis of memory, judgment and social abilities might be
moderately attenuated and impaired by this common chronic and irreversible brain
illness. AD is characterised by forming extracellular senile plaques composed of beta-
amyloid peptide and tau protein, as well as intracellular neurofibrillary tangles (Winslow
BT. et al., 2014). The combination of these two defining characteristics is fatal, resulting
in brain dysfunction and neuronal death (Ising C. et al., 2015). Other indications of AD,
including synapse loss, oxidative stress, significant hippocampal and cortical gliosis, and
a build-up of vascular amyloid plaques in the brain, all add to the disease's characteristic
impairment of neurological function (Winslow BT. et al., 2014). Additionally, there is a
reduction in cerebral volume and neuroinflammation. Although the cause of AD is
unknown, its progression can be affected by numerous genetic and environmental

factors, including dietary habits (Fernandez-Sanz P. et al., 2019).

Memory loss is one the most common symptom of AD in the milder early stage due to
its neurodegenerative pathogenesis in the brain. Throughout the terminal stages of the
disorder, the patient is entirely reliant on others, having difficulites with driving and
showering. To check pateint’s pathogenesis and symptom are an essential by using

clinical dementia rating to determine and guidine on the management of the AD.

Due to the irreversible fact of this disease, there are only a few pharmaceutical
treatments and therapies that are available that could be able to delay the progression
of AD (not 100% cure), including medication, diet, oestrogen, nutrients, and physical
exercise (Winslow BT. et al.,, 2014). There are only four available evidence-based
medications by a block of an acetylcholinesterase inhibitor and/or glutamate action. In
the new study, cell and gene therapy strategies can be used (Yiannopoulou KG. et al.,
2020). The most often utilised stem cell types in AD research now are induced
pluripotent stem cells (iPSCs), mesenchymal stem cells (MSCs), brain-derived neural
stem cells (NSCs), and embryonic stem cells (ESCs) (Liu XY. et al., 2020). Additionally,
cholinergic neurons, mitochondria, and mitophagy are dysfunctional in AD neurons.

Since mitophagy plays a role in the onset and progression of neurodegenerative diseases,



researchers are considering a wide range of preclinical treatment approaches (Cai Q. et
al., 2020). According to, Winslow BT. et al., 2014, has been demonstrated that oestrogen
showed ineffective activity on the AD for both prevention and treatment, in the single
use of the oestrogen. However somes studies believe, oestrogen may protect the brain
against AD by preventing inflammatory damage to cholinergic neurons and improving
the functional status of cholinergic projections to the hippocampus and cortex, which
can minimise the severity of AD in postmenopausal women, according to a study that
supports the use of oestrogen replacement therapy (Cholerton B. et al., 2002;

Vinogradova Y. et al., 2021).

According to recent research, diet may play a role in AD such as Antioxidants, fish,
polyphenols, and vitamins have all been shown to reduce the risk of AD, whereas
excessive consumption of calories, saturated fats, and alcohol increases the risk
(Gardener SL. et al., 2018). In order to study the linkage between nutrition and AD,
dietary patterns have recently arisen that more appropriately represent the complexity
of food. The data connecting diet and lifestyle factors to AD risk and etiopathogenesis is

examined in this review.

As AD develops, it is additionally associated with nutrition, the risk of losing weight, and
a deteriorating nutritional state. Both excessive weight loss and hunger are risk factors
for cognitive decline, which can result in the need for institutional care or even death
(Marino LV. et al., 2015). Several minerals, micronutrients, and vitamins have protective
properties against oxidative stress, neuroinflammation, and cognitive decline.
Antioxidants, anti-inflammatory agents, and free radical scavengers are some of these
properties (Mielech A. et al., 2020). Dopaminergic, serotonergic, and adrenergic
neurotransmission are all impaired as a result of the cerebral cortex damage caused by
AD. These neurotransmitters regulate eating behaviour; consequently, a gradual loss of
appetite followed by a cessation of ingestion leads to a substantial decrease in the

number of nutrients taken into the body (PruccoliJ. et al., 2021).

Exercise and cognitive activity can lower AD risk, although APOE 4, diabetes, smoking,
and depression can raise the risk. Genetic factors can cause AD, such as APOE 4, which

is the risk gene involved in the lipid transport metabolism.



4. AiMm OF THE DIPLOMA THESIS

The main goal of AD is to improve the quality-of-life span and delay the progression of
pathogenesis. Thus, the purpose of this DT is to shed light on this concern by helping in
understating the causes and risk factors of AD and give a concept of prophylactic
concerns that are commonly encountered in our life to decrease the risk of irreversible

disease, AD.

The data connecting protective and risk factors of AD and etiopathogenesis is examined

in this review.



5. LIFESTYLE RISK FACTORS OF AD

5.1 Physical exercise

The size of the Hippocampal is closely related to physical exercise, which can increase
or decrease the density. Yearly hippocampus density atrophy in older people with
cognitively normal brains is between 1 and 2 per cent. Those who are physically inactive
as people age experience a decline in mental ability and get a high chance of developing
AD. Which is the known modifiable risk factor that physical activity may be beneficial to
the brain because it protects against cognitive decline and preserves brain plasticity
(Erickson KI. et al., 2011) by stopping or reversing hippocampal shrinkage and lowering
amyloid deposition, which is an aid for disease’s progression. The benefits of physical
activity as a prophylactic measure by improving memory and cognitive function may also
be identified through research on people individuals with dementia, mild cognitive

impairment, and advanced age (Ebrahimi K. et al., 2017).

In a new investigation, a year of aerobic exercise increased the size of the hippocampus
by 2% through increased cell proliferation, reversing the rapid age-related decline
(Erickson KI. et al., 2011). The proliferation of neural stem cells and neurite development,
both of which boost neurogenesis, occur in the dentate gyrus of the hippocampus, which
is a critical part of learning and memory. Active seniors are characterised by bigger
brains and greater executive function than sedentary seniors (Tseng BY. et al., 2013).
Further, a year of moderate exercise alleviates its symptoms that slow the progression
of activities of daily living and physical impairment in people with Alzheimer's disease

(Pitkal3 KH. et al., 2013).

Animal studies also provided proof that exercise is advantageous. To discover a positive
correlation between inflammation and neuronal cell death in the hippocampus of
intracerebroventricular and physical exercise, streptozotocin was injected into AD rats.
Streptozotocin-treated mice did treadmill exercise for 30 minutes per day for 30 days.
This clinical evidence carried out that the hippocampi of treated rats maintained
cognitive function. While tauopathy, amyloidogenesis, neuroinflammation, and
oxidative stress were reduced (Lu Y. et al., 2017). Similarly, the levels of total tau, ptau,

and insoluble tau were reduced in the case of tau transgenic rats that were placed on a



treadmill for a period of time. However, this reduction was not connected to any
neuroprotective advantages. The beneficial impact was also carried out in transgenic AD
mice, which elevated c-Fos in the brain, evidence of a neuronal process that occurs after
depolarisation which enhances the mice’s spatial memory. In the case of healthy rats,
the exercise demonstrated lower levels of beta-secretase (BACE) activity and amyloid
precursor proteins (APP). BACE is a beta-site amyloid precursor protein cleaving enzyme

which initiates toxic amyloid production that plays AD pathogenesis.

In Alzheimer's disease models, treadmill exercise increases Brain-derived Neurotrophic
factor (BDNF) and TrkB (BDNF receptor) levels, stimulating cell proliferation and
improving cognition. Borba et al. found a correlation between BDNF serum changes and
hippocampus volume in mild cognitive impairment (MCI). BDNF plays a crucial role in
forming long-term memories by promoting neurogenesis and dendritic growth. Raised
level of BDNF, which in turn activates secretase and decreases amyloid peptides, both
of which are amyloid precursor protein (APP) by-products. After intense exercise, adult
hippocampus neurogenesis and BDNF levels must be stimulated in addition to exercise

for cognitive benefits, compared to the resting level, according to new evidence

Working out activates the irisin. Irisin is a hormone which is exercise-related myokine
that improves learning and memory function by regulating BDNF. AD mice showed both
Long-term poor potentiation (LTP) and memory. Generally, Irisin levels are low in AD
brains, making this myokine an intermediary of the preventative or ameliorative effects
of exercise on AD pathology. This can reduce the toxicity of amyloid oligomers in vitro
due to FNDC5/capacity irisin's to inhibit their binding to neurons (Edwards GA lii et al.,
2019).

5.2 Insomnia

In a 24-hour period, there are 16 hours of wakefulness and 8 hours of sleep. This pattern,
which is governed by the circadian rhythm and sleep balance, is essential for various
brain processes and the elimination of daytime toxins. Rapid Eye Movement (REM) sleep
follows each stage of non-rapid eye movement sleep (NREM) has 3threestages: N1, N2,
and N3). REM sleep is the most important phase of the sleep-wake cycle because the

brain undergoes rewiring. With age, both REM sleep and total nightly sleep duration



decrease. AD patients commonly exhibit amplified daytime sleep, decreased night-time
sleep, and sleep fragmentation. AD patients' electroencephalograms reveal an increase
in N1 and N2 of NREM sleep, as well as REM latency, and a decrease in REM sleep, which
ultimately shortens the total amount of time spent sleeping. Recent research suggests
that NREM characteristics may foretell cognitive decline and that extended sleep
duration may indicate a group at risk. Due to the correlation between ageing cognitive

decline, and sleep problems, sleep disturbances may add to the risk of AD.

Sleep deprivation has been linked to mild cognitive weakening as well as dementia (Lim
MM. et al., 2014). Beta-amyloid deposition appears to diminish the efficacy of sleep,

particularly in the preclinical phases (Lépez-Garcia S. et al., 2021).

Constant exposure to light decreases sleep, which inhibits the sleep-wake cycle
hormone melatonin, and exacerbates memory impairment and insoluble tau
accumulation. Melatonin regulate important kinase such as glycogen synthase kinase 3
beta and cyclin-dependent kinase 5 which decrease hyperphosphorluation of tau

(Shukla M. et al., 2017)

In sleep-deprived individuals, tau levels in the cerebrospinal fluid (CSF) rose by
approximately 50 per cent. Prior to the onset of cognitive problems, a disruption in the
normal sleep-wake cycle is one of the first signs of AD. Consequently, it is possible that
alterations in the sleep-wake cycle are a risk factor for AD and that their early treatment
can prevent or reduce the pathology and development of AD (Lépez-Garcia S. et al.,

2021).

During sleep, the glymphatic system (macroscopic waste clearance system) is more
effective at eliminating amyloid. In reality, the concentration of interstitial amyloid was
higher in awake individuals than in those who were asleep, indicating that amyloid
production is elevated during wakefulness. The glymphatic system uses water channels
called astrocytic aquaporin 4 (AQP4) to facilitate the whole convective flow of interstitial
fluid in order to remove waste (ISF). In the case of AD, having a lack of AQP4 channels
leads to glymphatic system impairment that decreases neurodegenerative waste

disposal (Reddy OC. et al., 2020; Silva I. et al., 2021).



Further, the interstitial space enlarges during sleep, facilitating CSF-ISF exchange and
elimination, leading to beta-amyloid clearance. Direct involvement of sleep in the
pathogenesis of AD has been shown by a complete night of acute sleep insomnia, which
increases amyloid levels in the brain regardless of ApoE genotype. Tau levels in

immature Schwann cells (ISC) decreased by 90% while sleeping (Holth JK. et al., 2019).

A lack of orexin, which is a neuropeptide that controls sleep and arousal, released during
the day, has been shown to cause sleep disorders such as narcolepsy and muscle
weakness conditions such as cataplexy. AD mice with elevated brain amyloid levels due

to alertness or sleep restriction had their orexin receptors inhibited (Roh JH. et al., 2015).

5.3 Smoking

Tobacco use is responsible for the deaths of at least 6 million individuals per year.
Neurocognitive issues are now frequently linked to cigarette smoking (World Health
Organization, 2013). The well-documented cognitive effects of smoking include not only
a decline in verbal memory but also a decrease in processing speed during visual search.
There is a direct connection between the number of cigarettes smoked daily and the
rate of mental decline. In addition, cardiovascular disorders are risk factors for AD, and
the detrimental effects of smoking on these diseases highlight the role of smoking in

causing dementia.

Many individuals believe that smoking can prevent AD because nicotine enhances short-
term cognitive function and prevents amyloid formation. Due to the nicotine mechanism,
that inhibits APP release, prevents aggregation, and lowers a burden in AD transgenic
mice independent of inflammation. However, recent research has linked smoking to an
elevated risk of cognitive damage and dementia. Nicotine worsens Tau phosphorylation
in animal studies. Cigarette smoke worsens tau hyperphosphorylation and amyloid
deposition, along with the inflammatory response, making it more indicative of AD.
When epidemiological information is attuned to competing risks of death without AD,
smoking does not appear to be linked to AD development (Abner EL. et al., 2018).
Surprisingly, smokers who carry the ApoE4 allele, which is an AD risk gene, are protected

from developing dementia (Edwards GA lii et al.,, 2019). To determine the precise



mechanism by which tobacco use may raise the risk of AD, additional research is

required (Abner EL. et al., 2018).

5.4 Alcohol

Alcohol consumption is generally quite harmful to one's health. Men who consume four
or more alcoholic beverages per day are considered heavy drinkers, as are women who
consume three alcoholic beverages per day (Rehm J. et al., 2011). Heavy drinking is
associated with a greater incidence of AD, but light to moderate drinking is associated

with a lower risk (Heymann D. et al., 2016).

Heavy drinking promotes cognitive deterioration comparable to AD. Loss of cholinergic
neurons in AD patients has also been documented in ethanol drinkers, along with
hippocampus atrophy, associating excessive alcohol drinking with cognitive impairment
that may promote AD. Doing both smoking and drinking can have a greater effect on the
incidence of AD than either practice alone (Zhou S. et al., 2014). In the most recent
research, alcohol consumption is not associated with either the onset or progression of
AD (Bos . et al., 2017). However, abstaining from alcohol after a diagnosis of AD appears
to recover the cognitive deficits observed at diagnosis, indicating that heavy alcohol
consumption increases the risk of AD and accelerates the disease's progression
(Heymann D. et al., 2016). In addition, heavy drinking may result in an accumulation by
impeding its elimination function via the glymphatic system, which is a link between
alcohol and AD. The glymphatic system eliminates amyloid and other waste products
from the brain. Thus, resulting in the cognitive impairments associated with alcohol

consumption and AD.

Conversely, modest dosages of ethanol reduce A-mediated synaptic dysfunction in AD
animal models. Moderate wine intake (1-2 glasses per day) decreases the probability of
amyloid deposit, mortality, and dementia, which may help to prevent AD. Thanks to the
composition of the polyphenols, Tannins, Resveratrol, Quercetin, and Morin reduce
oxidative stress, inflammation, and protein homeostasis, all of which contribute to

controlling the formation of amyloid (Dhouafli Z. et al., 2018).



When assessing the effect of alcohol on AD dementia, it may be necessary to consider
not only the frequency but also the duration, age, and type of alcoholic beverage

(fermented versus distilled) (Bos I. et al., 2017).



6. DIETARY FACTOR — MICRO-&MACRONUTRIENTS

6.1 Main macronutrients

6.1.1 Dietary Fatty acids

Dietary intake and food preferences are considered to be key factors in the development
of age-related neurodegenerative diseases in the elderly. A recent study of
epidemiological data has connected dietary fatty acid considerations to AD, supporting
the idea that additional central nervous system problems, as well as AD beginning and
progression, are strongly affected by fatty acid metabolism (Zhang T. et al., 2020).
Further, the amount and composition of body fat can lead to a greater risk of various

diseases, including AD.

Diets high in saturated and trans fatty acids are connected to high cholesterol levels and
unfavourable LDL: HDL ratios. The most prevalent cause of the risk of AD involves insulin
resistance, dyslipidaemia, obesity, cardiovascular disease, diabetes, and metabolic
disorder (Hildreth KL. et al., 2012). Palmitic acid, which is the most abundant saturated

fatty acid, is significantly linked to all of these conditions (Dietschy JM., 1998).

New research, owing to the high intake of palmitic acids and saturated fatty acids
boosting ceramide synthesis, which can lead to dyslipidaemia and insulin resistance,
leading to significantly higher ceramide levels elevated in the brain tissue of AD patients
(Mielke MM. et al., 2012; Reginato A. et al.,2021). Ceramides may have a significant role
in the pathogenesis of AD, which participates in neuronal cell death (De La Monte SM.,
2012). A greater risk of developing AD is linked to elevated basal serum levels of certain
ceramide species. Additionally, it seems that serum ceramide levels differ depending on
when memory loss first starts to occur. Ceramide levels are elevated in people with mild
to moderate symptoms, which is significant because it illustrates that abnormalities in

lipid metabolism show in the early phase of AD progression (Mielke MM. et al., 2012).

6.1.2 Trans-fatty acids

Our diet that contains trans-fat, commonly known as trans fatty acids, both occur

naturally and chemically. Dietary trans fatty acids are included in many processed meals



and are naturally present in meat, milk, and other foodstuffs. Sweet pastries comprise
the largest factor of elevated trans-fat content owing to margarine. A significant
concentration of trans fat in the blood raises the chance of the onset of AD and other
various matters such as cognitive decline, senescence, dyslipidaemia, diabetes,

dementia, and cardiovascular disease.

The most prevalent trans fat found in processed foods is elaidic acid, which affects
cholesterol levels by reducing the good cholesterol (HDL) and increasing LDL cholesterol.
Researchers discovered that those with elevated blood levels of elaidic acid were 50 to
75 per cent more likely to acquire AD or another type of dementia than people with

lower amounts of trans fatty acid (Honda T. et al., 2019)

Studies also suggested that high amounts of trans may decrease serotonin synthesis in
the brain, leading to depression as well as adversely affecting memory and increasing

inflammation in the brain.

Lastly, the incorporation of trans-fatty acids into membrane phospholipids alters
membrane fluidity and the responses of numerous membrane receptors. As ligands for
nuclear receptors, fatty acids can modulate metabolic and inflammatory responses

directly (Khan SA. et al., 2003).

6.1.3 PUFA (Polyunsaturated fatty acids)

Unsaturated fatty acids compete with polyunsaturated fatty acid enzymes.
Thromboxane, leukotrienes, and prostaglandins are all by-products of lipoxygenase and

cyclo-oxygenase enzymes transforming PUFA.

Consuming large amounts of meat, which is abundant in n-6 PUFAs (linoleic acid,
arachidonic acids), has been associated with an upregulation of inflammatory cytokines
and eicosanoids, which produce signalling molecules susceptible to inflammation,
atherogenesis, and thrombosis. The majority of PUFAs found in the central nervous

system are docosahexaenoic acid (DHA), which is formed from linolenic acid.

DHA is an omega-3 fatty acid. In response to a diet high in DHA from fish and fish oil, the
body produces eicosanoids, which have anti-thrombotic, anti-inflammatory,

vasodilatory, and neuroprotective effects (Horrocks LA. et al.,, 2004). DHA and



arachidonic acids are PUFA which have a role in neurogenesis and development of the
brain through the neuron membrane modulation through signal transduction with the
G protein. Lipoproteins and Lysophospholipids in the bloodstream deliver arachidonic
acids and DHA to the brain to help brain functioning. Due to their neuroprotective
activity, these can decrease the pathogenesis of AD or other neurodegeneration
diseases, which are also involved in neuroinflammation, oxidative stress, and
mitochondrial dysfunction. Thus, the ratio of arachidonic acids to DHA in the diet may
play a role in the development of nutrition-based disease prevention strategies. Despite
the rarity of a deficiency in essential fatty acids, problems in converting linolenic acid to
longer-chain PUFA may result from hormonal abnormalities, malnutrition, or both. Low
linoleic acid due to poor dietary intake or abnormal metabolic processes indicates low

DHA levels (Sambra V. et al., 2021).

The development of AD is fundamentally influenced by oxidative stress and
mitochondrial dysfunction. (Kou J. et al., 2011). According to recent studies, AD patients
had reduced peroxisomal D-bifunctional protein expression, increased THA levels, and
impaired liver DHA synthesis. It has been proven that tetracosahexaenoic acid(THA)
deposition has been shown to affect mitochondrial function. In the endoplasmic
reticulum or microsomes, Eicosapentaenoic acid (EPA) is partially converted to DHA, but
the conversion is completed in peroxisomes. Endoplasmic reticulum desaturation and
two additional EPA elongation processes generate THA. THA is an extremely long-chain
fatty acid that must undergo final oxidation in the peroxisome in order to produce DHA.
This additional step may be responsible for the inefficient conversion of linolenic acid to

DHA. (EPA = THA - DHA) (Astarita G. et al., 2010).

In addition, abnormal concentrations of the enzymes such as elongase and desaturase
may contribute to a reduction in the production of longer-chain PUFA in AD. This may
result in a loss of membrane fluidity together with an imbalance of signalling molecules
derived from PUFAs, like docosanoids and eicosanoids (Bordoni A. et al., 1998). Because
reduced long-chain PUFA transport to the brain may be linked with metabolic
dysfunction and insulin resistance, these factors may contribute to the development of

AD (Astarita G. et al., 2010).



6.1.4 Dietary Carbohydrates

Carbohydrates which contain in foods that increase blood glucose levels. In 1992, the
USDA recommended adding no more than 40 grams of sugar to a 2000-calorie diet. Two
types of carbs are existed such as complex and refined (simple) carbohydrates. A diet
high in refined carbohydrate is highly involved in AD and metabolic syndrome that
increase blood sugar level quickly, leading to insulin resistance (Brand-Miller JC., 2003),
which shows a higher possibility of developing mild cognitive impairment leading to AD.
Carbs in the diet AD risk factors, like cardiovascular disorder and type 2 diabetes, are

affected by the quantity and composition of carbohydrates consumed.

High consumption of carbohydrates is involved in both fructose and insulin metabolism.
Fructose is a monosaccharide which is formed via carbohydrate oxidation which initiates
a survival mechanism to prevent animals from being hungry by reducing cell energy and
causing adenosine monophosphate to break down into uric acid. Excessive fructose
intake activates the overactivation of cerebral fructose metabolism, where fructose is
mostly produced endogenously in the brain. Cerebral insulin resistance and
mitochondrial dysfunction are the key factors to increasing the onset of AD, which
involving in cerebral fructose metabolism. As a result, the insufficient neural glycolysis
blocks the reduction in mitochondrial energy production, which leads to a gradual loss

of cerebral energy levels necessary for neurons to continue functioning.

Insulin is a hormone that modulates glucose in the body, regulates sterol regulatory
element-binding proteins (SREBPs) expression, which affects fatty acid and cholesterol
production (Kok N. et al., 1996), besides acts as proteostasis, which block both beta-
amyloid peptide and tau phosphorylation. Insulin also affects vascular reactivity, lipid
metabolism, and inflammation to control vascular function (Kellar D et al., 2020). By
extreme intake, prolonged excessive insulin/IGF signalling accelerates cellular damage
in cerebral neurons. These two factors ultimately lead to the clinical and pathological

course of AD (Henderson ST, 2004).

6.1.5 Sulphur-containing amino acids -methionine, homocysteine

Studies suggest that L-methionine, a gluconeogenic amino acid including sulphur that

may be converted to s-adenosylmethionine (SAMe) via methylation, may help to



improve memory and mental function. S-adenosylmethionine (SAMe), is the principal
methyl donor in the body responsible for maintaining DNA and myelin integrity. Because
of its ability to act as a methyl donor, SAMe may undergo a range of vital chemical
processes within the body that result in the production of mood-regulating brain
chemicals, including serotonin, dopamine, and norepinephrine. However, consumption,
whether excessive or insufficient, has an impact on the neurological system and causes
short-term memory loss, neurodegeneration, and vascular leakage, which result in the

onset of AD.

Homocysteine is an amino acid which contains sulphur that is produced when
methionine is converted to cysteine. Multiple studies have found an association
between high levels of homocysteine exacerbating neurological problems, resulting in
the development of AD and direct brain consequences, which are involved in vitamin B
deficiency and the S-adenosylhomocysteine (SAH) conversion process. Overproduction
of homocysteine is linked to oxidative damage and DNA destruction in neurons. Further,
both endothelial dysfunction and hyperhomocysteinaemia associated with stroke have
been connected to cerebral microangiopathy. The lack of source of energy in the brain
by stroke leads to neuronal injury, including decreased brain function and cognitive

dysfunction (Zhao Y. et al., 2022).

The conversion of S-adenosylhomocysteine (SAH) to homocysteine is revocable.
Therefore, high homocysteine may also result in a rise in SAH, which blocks
methyltransferase enzymes (including PEMT essential for PC synthesis), further lowering
SAMe's methylation ability. It impedes the body's natural metabolic activities. SAH is
linked to PUFA metabolism, which is linked to AD. Phospholipid metabolism is disrupted
by endoplasmic reticulum stress, which is caused by homocysteine. This stimulates
sterol regulatory element-binding protein (SREBP), which in turn promotes cholesterol
and triglyceride absorption and intracellular (Rogaev El. et al., 1994). Given that SAMe
and PC synthesis are both regulated by SREBP-1 and dependent on methylation
processes, it follows that dietary or genetic variables that restrict SAMe or PC production
may activate SREBP-1 and lead to metabolic disorders. Since the trimethylglycine
(betaine) alternate route for homocysteine catabolism is inactive due to SAH,

methyltransferase enzymes in the brain are also inhibited (Obeid R. et al., 2006).



Therefore, SAH in the CNS must be metabolised to homocysteine before it can be
exported, leading to an increase in plasma homocysteine. This explains why the subject
of increased homocysteine and illness susceptibility has been so hard to address and

shows that SAH may be a harmful metabolite, at least in certain tissues (Miller AL., 2003).

6.2 Main Micronutrients

6.2.1 Water-soluble vitamins

6.2.1.1 Vitamin B

B vitamins play a role in the metabolism of lipids, carbohydrates, and proteins through
their function as coenzymes in mitochondrial ATP synthesis. Riboflavin, vitamin B2, and
pyridoxine, vitamin B3, are required for B6 metabolism. Niacin(B3) is created from
tryptophan by the key enzyme kynureninase, which requires pyridoxal-5'-phosphate

(PLP) to active vitamin B6.

Deficiency of the B-vitamin, particularly folate(B9), vitamin B12(Cobalamin) and
B6(pyridoxine), can increase homocysteine levels which can increase the risk for AD,
heart diseases, and stroke. Homocysteine is a sulphur-containing amino acid that
participates in the methionine cycle, acts as a precursor of amino acids such as cysteine
and taurine and creates one-carbon methyl groups for transmethylation reactions. A
higher level of homocysteine in serum directly shows a neurotoxic effect and is linked

to brain atrophy, leading to brain damage and memory decline, resulting in AD.

6.2.1.1.1 Thiamine (B1)

Particularly among the elderly and strong drinkers, thiamine shortage is extremely
frequent which is related to neurological problems. In the case of heavy drinkers, alcohol
interferes with the passage of thiamine out of intestinal cells, which lowers thiamine
absorption. Thiamine-dependent activities are also weakened in the AD brain, which is

related to thiamine deficiency (Gibson GE. et al., 2016; Langlais PJ., 1995)

In addition, Thiamine deficiency increases phosphorylated tau levels in cerebrospinal
fluid, a biomarker for AD (Gibson GE. et al., 2016). In animal and cellular models,

thiamine deficiency promotes the amyloidogenic processing of amyloid precursor



protein (APP) and its accumulation. The relationship between AD and thiamine

deficiency in humans requires further investigation.

The consequences of thiamine insufficiency on neurological function can be partially
explained by the enzymes that require thiamine as a cofactor. Reduced pyruvate
dehydrogenase, transketolase, and ketoglutarate dehydrogenase enzymes in the brain
can cause metabolic derangement, leading to low energy supply to neurons and
increased oxidative stress. As a result, raised lactic acid and oxidative stress cause
abnormal BBB, which leads to neurological toxicity and decreased energy supply to the
brain. Further, B1 deficiency leading a decrease in adenosine triphosphate (ATP)
synthesis, oxidative damage, and cell death. Cognitive impairment attends the

progression due to B1 shortage (Smith TJ. et al., 2021).

6.2.1.1.2 Riboflavin (B2) and Niacin (Vitamin B3)
Vitamin B2 must be supplied by diet since it cannot be created by humans and is mostly
stored in the liver, spleen, kidney, and heart muscle as FAD. Consequently, its deficiency

may compromise these crucial organs' fundamental functions.

Riboflavin is connected with its conversion into coenzymes such as Flavin
mononucleotide (FMN) and Flavin adenine dinucleotide (FAD) in the cell, requiring the
synthesis of the redox cofactors, which are essential for the production of ATP in
mitochondria and other metabolic processes. Oxidative stress contributes to both the
onset and progression of AD. Riboflavin reduces the amount of oxidised glutathione in

the body and restores its antioxidant capacity.

Methylenetetrahydrofolate reductase (MTHFR), which is a coenzyme of FAD, is
responsible for the conversion of homocysteine to uric acid, xanthine oxidase, and
methionine. Elevated homocysteine levels, low reduced glutathione levels, and
increased uric acid levels are associated (Seshadri S. et al., 2002). Delaying the
development and progression of neurodegenerative conditions like AD may thus be
possible through the activation of conserved signalling pathways in humans with vitamin

B2 supplementation (Udhayabanu T. et al., 2017).

Unlink other Vitamin B, Niacin (B3) can be synthesised in the human body from an

essential amino acid, tryptophan. Vitamin B3 is needed for the synthesis of the



mitochondrial redox coenzymes Nicotinamide adenine dinucleotide (NAD) and
Nicotinamide adenine dinucleotide phosphate (NADP), which serve as electron carriers

for energy production. In its absence, these coenzymes cannot be produced.

Pellagra, another name for dementia, is caused by a deficiency in either niacin or its
precursor, tryptophan. Niacin is necessary for the synthesis and repair of DNA, the
myelination and development of dendrites, and the cellular signalling of calcium, and it
also functions as a potent antioxidant in the brain's mitochondria (Morris MC. et al.,

2004).

6.2.1.1.3 Pyridoxine (B6), Cobalamin (B12) and Folate (B9)

According to Wakimoto and Block, ten per cent of the United States population takes up
lower than half of the recommended daily allowance of vitamin B6, and vitamin B6
deficiency is a prevalent condition among the elderly. Vitamin B6(pyridoxine,
pyridoxamine, and pyridoxal) is essential since it is a part of the function of the central
nervous system. Depletion of Vitamin B6 may be associated with pathology, mood
problems, depression, and cognitive impairment. Hyperhomocysteinemia contributes
to arterial damage, which is the risk factor for stroke and coronary artery disease and
has a direct neurotoxic effect leading to brain atrophy. B6 acts as a crucial cofactor of
remethylation of homocysteine properties, supplementation of B6 can lower
homocysteine levels in the blood. Lack of them is linked to an increase in blood

homocysteine levels, leading to AD, heart disease and stroke (Malouf R. et al., 2003).

Important brain regions have decreased levels of the enzyme tyrosine hydroxylase,
which converts tyrosine to L-dopa (a dopamine precursor) in AD. Pyridoxine increases
serotonin turnover and tyrosine hydroxylase to enhance hippocampus cognitive
function. According to research, NADH(the active form of B3) can result in a sixfold

increase in the activity of tyrosine hydroxylase and dopamine (Jung HY. et al., 2017).

Pyridoxal-5-phosphate (PLP), the most active coenzyme form of B6 and most widely
used as an indicator of B6 blood levels in the body, is found in supplements, which is
critical for the metabolism of amino acids that are used to create neurotransmitters such
aminobutyric acid, dopamine, noradrenaline, and serotonin. Moreover, PLP is needed
for the neuromodulatory system and the taurine-generating pathway that initiates with

cysteine. Further, it participates in both the one-carbon metabolism and trans-



sulphuration reaction. Without these events, remethylation of homocysteine, which

also requires vitamin B12 and folate, is not possible (Kennedy DO., 2016).

Vitamin B12, folic acid (Vitamin B9), and S-adenosylmethionine (SAMe) are important
for the metabolism of blood cells, the preservation of the central nervous system, and
the development of main utilisation of the central nervous system, which includes the
brain and spinal cord. It primarily supports the functioning of healthy nerve cells by brain

methylation activities (Bottiglieri T., 2013; Lauer AA. et al., 2022).

Age-related health problems can result from dietary deficits, insufficient folate
interconversion, and poor absorption. Demyelination may be one of the ways vitamin
B12 insufficiency impairs the CNS role. The cofactor for succinyl-CoA, which converts
propionate from odd-chain fatty acids to succinate to complete the oxidation phase in
the tricarboxylic acid cycle, is adenosylcobalamin an active form of vitamin B12
commonly known as coenzyme B12. In the absence of a sufficient amount of cobalamin,
odd-chain fatty acids may be absorbed into myelin, which may impair neuronal

transmission (Calderén-Ospina CA. et al, 2020; Metz J., 1992)

Dietary folate can increase the concentration of Docosahexaenoic acid (DHA). DHA is
known as omega-3 fatty acid, which is called potential AD treatment. Endogenous
Docosahexaenoic acid levels, which are demanding in brain tissue and modify receptor
function and cell signalling, also appear to be connected to folate status. Following
studies with animals, dietary folate deficit is associated with lower amounts of neuronal
DHA. However, a large volume of folate increases the level of DHA by effective migration
of methyl groups from SAMe to phosphatidylethanolamine (PE), which results in the
production of phosphatidylcholine (PC). PC improves cognitive impairments in both

people and animals by enhancing learning and memory (Umhau JC. et al., 2006).

6.2.1.2 Vitamin C (Ascorbic acid)

Cognitive impairment is linked to vitamin C deficiency. Patients with AD demonstrated
lower plasma levels of vitamin C than healthy people. Vitamin Cis an antioxidant which
helps to protect the cell against the effect to free molecules and modulator of blood-
brain-barrier (BBB) integrity. Vitamin C builds up in the brain and central nervous system,

where it is far more abundant than in plasma or other organs. The effects of ascorbic



acid supplementation included an extension of life span and a reduction in cell
proliferation, oxidative stress, chromatin disorder, and excessive inflammatory factor

release.

In the brain, vitamin C act as a neuromodulator that protects the cell and helps with
neuronal maturation, leading to generating brain cells and creating and maintaining
neuronal connection. In the animal model, greater ascorbic acid intake for six months in
AD mice demonstrated a positive effect, offsetting beta-amyloid oligomerisation and
behavioural decline but not reducing brain plaque deposition. However, transgenic mice
which eliminate L-gulono-y-lactone oxidase (GULO), which is an essential enzyme for
ascorbate biosynthesis, showed decreased amyloid plaque deposition in response to

high dosages of vitamin C supplementation (Kook SY. et al., 2014).

6.2.2 Fat-soluble vitamin

6.2.2.1 Vitamin A (Retinol, Retinal, Retinoic acid)

AD and vitamin A, retinoic acid has a strong linkage. Cognitive impairment has been
demonstrated to be impacted by vitamin A deficiency, which involves increased levels
of amyloid-beta secretase (Zeng J. et al., 2017), impaired cholinergic transmission and
inflammation of the nervous system that causes microglia activation. The activation of
microglia is one of the causes of AD (Das BC. et al., 2019). Microglia dysfunction may
alter the retinoic acid content in a certain area (Khatib T. et al., 2020). Additionally,
vitamin A and its metabolite attaches to retinoid X receptors (nuclear receptors) in lipid
metabolism and has a hormonal effect, playing a significant role in the adult cell
proliferation, differentiation of nerve cells, the production of neurotransmitters in the
brain, and gene expression (Zieger E. et al., 2017). Retinoid X receptor is a coactivator of
peroxisome proliferator-activated receptors (PPARs), which control lipid metabolism
genes (Wéjtowicz S. et al., 2020). Resulting in vitamin A shortage causing decreased
phosphatidylcholine (PC) synthesis and fatty acid availability, leading to a decrease in
hepatic phospholipids. This means that this might disrupt phospholipid formation in the
brain and interfere with lipid metabolism in the liver, which would impact the generation

of bile (Oliveros LB. et al., 2007)



The ADAM 10 gene, which has been shown to be controlled by retinoic acid, encodes
the disintegrin and metalloproteinase protein ten that is mostly expressed in neurons of
the cerebral cortex, hippocampus, and cerebellar granular cell in the central nervous
system. Increasing alpha-secretase ADAM-10 activity in the brain promotes cleaving off
the amyloid-beta precursor protein(APP) in the non-amyloidogenic signalling pathway
that produces APP-derived fragments, which can protect APP deposition. In the vitamin
A-deficient animal model, impaired ADAM-10 transcriptions were seen in AD-treated
animals. Supplementation with vitamin A increased transcription of both ADAM-10 and
raised levels of neuroprotective secretory (Peron R. et al., 2018). However, deficiency in
vitamin A in adult rats causes more amyloid to accumulate in brain arteries (Husson M.

et al., 2006).

Inflammation is a hallmark of AD. Retinoic acid is a potent immune modulator that
decreases Amyloid-induced inflammation by blocking InterLeukin-6 (IL-6) and Tumour
Necrosis Factor-a (TNF- a) and by raising the production of anti-inflammatory cytokines
such IL-10 (also known as anti-inflammatory cytokine) (Das BC. et al., 2019). Potentially
attributable to NF-kB suppression are these results. NF-kB is a nuclear factor kappa-light-
chain-enhancer that is involved in inflammatory, immune response, and regulates
transcription of DNA, which is related to cell survival, proliferation, and differentiation

(Austenaa LM. et al., 2004)

To maintain proper mitochondrial energy balance, retinol is required as a cofactor for
the enzyme protein kinase C-delta(PKC-delta), which is involved in cellular processes
such as apoptosis, proliferation, transcription, and signal transduction. More ATP is
generated when protein kinase C-delta is activated by retinol, which in turn triggers
pyruvate dehydrogenase to enhance pyruvate input into the tricarboxylic acid cycle (Kim
YK. et al., 2020; Acin-Perez et al., 2010). This suggests that the hypometabolism seen in

the AD brain may be at least partially due to vitamin A deficiency (Kim YK. et al., 2020).

6.2.2.2 Vitamin D (Calciferol)

Vitamin D also plays an essential role in the neurogenerative process. Low vitamin D
levels in older persons are linked to an increased risk of cognitive deterioration, multiple

sclerosis, Parkinson’s disease, dementia and AD. Vitamin D has the power to diminish



hippocampus-related inflammation and prevent the build-up of amyloid in response to
enhancing phagocytosis. Vitamin D receptor mRNA is lower in AD than in controls in
some parts of the hippocampus, and polymorphisms in this receptor are more common
in AD. The active form of vitamin D3, which is 1,25-dihydroxy vitamin D3, inhibits
inducible nitric oxide synthase, therefore decreasing inflammation and oxidative stress

and blocking hyperactivation of microglia (Landel V. et al., 2016).

Research shows that people with AD had reduced amounts of vitamin D and greater
levels of parathyroid hormone (Sato Y. et al., 1998). In order to regulate blood calcium
levels, parathyroid hormone is generated. An imbalanced level of calcium level can
cause an abnormal level of parathyroid hormone, leading to hypoperfusion,
osteoporosis and impaired neural signalling. Regulation and maintenance of calcium
homeostasis are important of vitamin D supplementation that controls calcium channel
function by decreasing beta-amyloid deposition and avoiding excitotoxicity. The
expression of vitamin D receptors is also increased, which has an additional antioxidant
impact. Calcium ion is a key second messenger in the growth and development of brain
nerve cell cells in the brain, compromising synaptic and cognitive function. According to
the study, disturbance of intracellular calcium homeostasis, particularly abnormal and
extreme release from the endoplasmic reticulum via ryanodine receptor (RYR), is the
key factor that accompanies memory loss and cognitive impairment. Due to the
abnormal calcium ion (Ca*?), release through RYR leads to increased B-secretase and y-
secretase activities, causing the production of Amyloid-B deposition (Wang Y. et al,,

2017).

Further, enhanced voltage-gated Ca channels, decreased Ca-buffering capacity, and the
neurotoxicity of glucocorticoids all contribute to the death of hippocampus cells in AD.
Insulin sensitivity and signalling are both influenced by vitamin D. Low testosterone in
older men has been linked to mild cognitive deficiency and AD, and research of almost
2,000 men indicated an association between levels of vitamin D and bioavailable
testosterone. Vitamin D has been demonstrated in animal research to have a crucial

role in gonad function and sex hormone synthesis (Kinuta K. et al., 2000).



Glutathione is an intracellular antioxidant that is synthesised in higher amounts when
vitamin D is present. A low amount of glutathione in the hippocampal region of the brain

causes mild cognitive impairment, leading to AD.

Neurotrophins are the important mediators in the central nervous system, which help
to keep nerve cells healthy and alive by regulating of development, maintenance,
proliferation, and function of the nervous system. Since the low level of vitamin D
decreases the production of neurotrophins such as neuroprotectin D1, docosanoid, and
glial-derived neurotrophic elements (Buell JS. et al., 2008), leading to an increasing

amount of neuron death and preventing dendrite growth.

6.2.2.3 Vitamin E

Vitamin E is a potent antioxidant that relieves oxidative stress in beta-amyloids. Further,
Vitamin E has long been known to prevent lipid peroxidation and modulate gene
expression, but new research shows that it also prevents the intracellular build-up of

ceramides and cholesterol (Cutler RG. et al., 2004).

Low levels of vitamin E are connected with worse memory in the elderly. Considering
that oxidative stress performs a major role in the formation of beta-amyloid deposition,
which is the critical factor that leads to AD. Beta-amyloid induces oxidative stress leads
to harmful effects on the synapse and neurons by boosting the formation of the reactive
oxygen species (ROS), lipid peroxidation, protein oxidation, and tau

hyperphosphorylation (Gugliandolo A et al., 2017).

Neuronal culture cells are protected against apoptosis by vitamin E when exposed to the
toxin amyloid (Yatin SM et al., 2000). Plasma vitamin E is carried there by phospholipid
transfer protein. Vitamin E transport to the brain may be impaired and oxidative stress
elevated due to decreased phospholipid transfer protein activity in AD (Desrumaux C. et

al., 2013)

Vitamin E deprivation has been shown to cause abnormal gene expression in the
hippocampus of rats, according to gene array research. Decreased expression of

amyloid-clearing genes was seen in vitamin E insufficiency (Gugliandolo A. et al., 2019).

6.2.3 Minerals elements -metal ions



Multiple investigations have discovered that metal ions contribute to many clinical
disorders, including immune dysfunction and AD. Inflammation is known to contribute
to the risk and progression of Alzheimer's disease. Zinc, copper, and iron are the main
ions that are linked to AD and connected to amyloid and tau metabolism and maintain
the proper function of the cell membrane. The elderly are at increased risk for Zn

insufficiency, and Cu may affect Zn intake and status (Schrag M et al., 2011)

In an animal model of Alzheimer's disease, zinc deficiency worsened cognitive decline
because of an enhancement in NLRP3(inflammasome) that activate proinflammatory
cytokines that drives inflammation. This causes cellular damage and microbial infection

(Rivers-Auty J et al., 2021).

Cerebrospinal fluid and brain Zn levels are reduced in AD, and serum Zn levels are
negatively linked with senile plague count. Zn shortage may be indicated by plasma
levels, but Zn homeostasis is regulated differently in the brain. Therefore elevated brain
Zn levels may be normal (Loef M. et al., 2012). However, tissue Zn depletion is a hallmark
of AD, and this is compounded by abnormal cellular Zn mobilisation and a possible
elevation of Zn/Cu superoxide dismutase (SOD) in afflicted regions. Both Zn and Cu ions
are engaged in the SOD mechanism. The cooper zinc superoxide dismutase
(Metalloprotein) is an enzyme that possesses a potent antioxidant function that
mitigates oxidative stress, but its overexuberant release (flooding) in reply to oxidative
stress may amplify amyloid toxicity and trigger apoptotic processes, which leads to
neuron death (Massaad CA. et al., 2009). Zn metallopeptidase, which degrades amino
acids and plasma insulin levels, is present; its isoform is found in mitochondria (Loef M.
et al., 2012). Low Zn levels may decrease the activity of this enzyme, hence decreasing

amyloid clearance.

Lipid and fatty acid metabolism are influenced by Zn. A higher concentration of the zinc
transporter protein ZnT3, which is responsible for loading zinc into synaptic vesicles, and
a lower concentration of zinc in the blood plasma are observed in animals grown on
diets low in n-3 polyunsaturated fatty acids (Jayasooriya AP. et al., 2005). DHA treatment
of neuroblastoma cell lines resulted in decreased apoptosis, Zn absorption, and ZnT3
expression. Desaturase activity (needed for DHA generation) may increase in DHA-

depleted cells since Zn is a cofactor for desaturase. This would result in more long-chain



PUFA being produced. Fatty fish are high in zinc, docosahexaenoic acid (DHA), and

vitamin D (which improves intestine absorption of Zn).

With ageing, the amount of iron in the brain gradually rises. The iron level in the brains
of AD patients was surprisingly discovered to be considerably higher with magnetic
resonance imaging (MRI). Iron is a necessary component for cellular life, including
biological processes like electron transfer. It may take or provide electrons as ferrous
iron transitions between the divalent, ferric, and tetravalent iron states, acting as a
catalytic cofactor in some biochemical processes. Additionally, iron, in the form of iron-
sulphur clusters (Fe-S), stimulates the activity of several biological enzymes involved in
DNA replication and repair (Peng Y. et al.,, 2021). Iron is also a component of
haemoglobin and myoglobin, two substances that help organisms transfer oxygen and
carbon dioxide. If iron is lacking when the brain is developing, it will result in permanent
developmental delays. Nevertheless, if iron excess, due to the iron homeostasis
disruption, exerts neurotoxic effects, it will harm the brain's normal physiological
functions by boosting beta-amyloid deposition and neurofibrillary tangles formation (Liu

JL. et al., 2018).



7. PATHOPHYSIOLOGY FACTORS RELATED TO THE
GASTROINTESTINAL TRACT

7.1 Oral health and Porphyromonas gingivalis

Porphyromonas gingivalis is a major anaerobic pathogen in periodontitis which is an
inflammatory periodontal and gingival disease that damages both bone and supporting
soft tissue of bone. In addition, in the supporting evidence, periodontitis has been
discovered in the atherosclerotic plagues (Brodala N et al., 2005), and systematic peptic

ulcer which is also involved in systemic diseases (Hayashi C et al., 2010).

Gingipains are a part of toxic cysteine proteases that are secreted from the bacterium P.
gingivalis, involved in the regulation of host inflammatory response. This plays a
potential role in the development of AD pathogenesis and the growth and survival of
the P. gingivalis. The level of gingipain is correlated with tau and ubiquitin pathology.
Nuclear factor Kappa B and ubiquitin were also found in the same part as gingipains
fragment tau. Due to the neurotoxic effect of gingipain showing negative effects on tau,
which is required for appropriate neuronal function. Tau is fragmented by gingipain,
forming hyperphosphorylated Tau that leads to neurodegeneration which is shown to
correlate with cognitive impairment of AD (Leblhuber F et al., 2020). Small protein
ubiquitin accumulates in both tau tangles and beta-amyloid plaques that tag damaged
proteins for degradation. To prevent neurotoxicity, needed to develop and synthesise
small-molecules inhibitor to target gingipains. Gingipain inhibitor can prevent several
beneficial effects such as reducing bacterial deposition in the brain infection, blocking
beta-amyloid deposition, reducing neuroinflammation, restore hippocampal neurons,
which is a potential treatment for neurodegeneration of AD and bacteria colonisation in

the brain.

Due to the bacterial infection in the brain, increased production of ABi-42, which has
antibacterial effects, accumulated in response to gingipain, resulting in amyloid 1-42
brain deposition. According to research conducted by Dominy et al., oral P. gingivalis led
to an increase in the AD marker beta-amyloid 1-42(AB1-42) in mice. AP1-42, extracellular
plagues were observed in non-transgenic C57BL/6 mice after chronic oral administration

of P. gingivalis induced experimental chronic periodontitis. Not only C57BL/6 mice, but



also orally P. gingivalis treated wild-type mice also showed the negative effect that
exhibit neurofibrillary tangles of hyperphosphorylated tau protein production,
neurodegeneration, and neuroinflammation. This is followed by the loss of neuronal
cells, which mainly affects the cerebral cortex and hippocampus leading to AD (Dominy

SS et al., 2019; llievski V et al., 2018).

High serum immunoglobin (IgG) level and P. gingivalis are closely related, according to
Sparks Spein et al researchers. A 2009 study found that periodontitis patients with P.
gingivalis, showed high levels of IgG and lower verbal memory and subtraction test
scores than in individuals without P. gingivalis. Gingivalis was found to be associated
with AD via IgG antibody serum in a second longitudinal study, confirming the findings

of the first study (Noble JM et al., 2009; Noble JM et al., 2014).

Using APP-transgenic (APP-Tg) mice, Ishida N et al. wanted to determine whether
periodontitis worsens AD. In a study comparing mice with and without periodontitis,
researchers discovered that mice with periodontitis possessed significantly inferior
cognitive abilities. APP-Tg animals contained more beta-amyloid and the pro-
inflammatory cytokines IL-lbeta and TNF-alpha than control mice and
lipopolysaccharide (LPS) from P. gingivalis had the potential to worsen AB accumulation,
thereby increasing neuroinflammation. Pro-inflammatory LPS is a bacterial-derived
neurotoxin and genotoxic that affects brain tissue, supporting inflammatory
neurodegeneration and failure in homeostatic gene expression by stimulating amyloid
beta 42 peptide deposition and production of TNF- alpha and IL-1 production in neuron

cell cultures in vitro (Ishida N et al., 2017).

Middle-aged mice infected with P. gingivalis had an increase in brain-inflaming TNF-
alpha, IL-6, and IL-1. However, in this study, P. gingivalis had no discernible effect on the
young mice (Ding Y et al.,, 2018). P. gingivalis and its constituents are linked to
neuroinflammatory and neurodegenerative processes, including the formation of
Amyloid-beta plagues and hyperphosphorylated Tau, according to studies in mice and

humans (Olsen | et al., 2015).

7.2 Role of oral health in AD and possible alternative
treatment



Along with cognitive impairment, one's dental health declines. Reduced cognitive
function in AD makes it more challenging for them to consistently practice good oral
hygiene to aim to decrease the possibility of growth of AD-induced-bacteria (Kamer AR

et al., 2009; Harding A et al., 2017)

According to the research, poor dental hygiene and periodontitis are linked to cognitive
decline that increase the risk of neurogenerative diseases such as dementia and AD by
22 to 66 percent. Periodontitis, a shift in the balance of commensal microbial
communities in the mouth, and an increase in the virulence of P. gingivalis or/ and
Spirochetes are all linked to inadequate oral hygiene practices. Trying to stabilise
periodontitis and lowering systemic exposure to P. gingivalis can reduce the disease
progression of AD. To reduce the severity of any existing conditions, it is essential to

maintain regular dental visits and good oral hygiene practices. (Harding A et al., 2017)

7.3 Gut Microbiome

In 2001, Lederberg and McCray introduced the term "microbiome" to refer to the unique
microbial ecosystem of the human body, which includes both beneficial and pathogenic
microorganisms (Prescott SL., 2017). It relates to a group of microorganisms such as
fungi, bacteria, and viruses that present in a particular environment. It is estimated that
between 10 and 100 trillion symbiotic microbial cells reside in the body, with most of
them located in the digestive tract, which is known as the gut microbiome (Ursell LK et
al.,, 2012). The Human Microbiome Project studied the microbial community
composition at multiple body locations (Grice EA., 2012), which was started in 2007 to
investigate the role of beneficial bacteria in human health (Blum HE., 2017). A positive
effect of microorganisms on health includes immune system regulation, protection
against other pathogenic bacteria and assistance with digestion. Microbiotas colonise

the oral cavity, skin, gastrointestinal system, and genital tract (Kennedy MS., 2020).

Intestinal bacteria can affect brain function and accelerate neurodegeneration through
a number of mechanisms. Due to the activity of the immune system, the regulation of
gut bacteria alters not only gastrointestinal disorder but also central nervous system
diseases such as AD by interacting between the immune and nervous systems. Such

microbes, Bacteroides fragilis and Escherichia coli, which are the prevalent bacteria in



the gastrointestinal tract that mainly play a role in the stress-induced secretion of a
complex mixture of bacterial amyloids, endotoxins and exotoxin and

lipopolysaccharides (LPS) (Lukiw WIJ., 2016).

According to the research, the blood-brain barrier’s integrity is negatively impacted by
changes in the composition of the gut microbes due to dysbiosis, which increases
intestinal permeability of the gut barrier and immune activation leading to systemic
inflammation, which promote blood-brain barrier damage that provokes
neuroinflammation, neural injury and neurodegeneration. Increased blood-brain barrier
permeability can generate excessive amyloids and LPS secretion, which may change the
signalling pathway and create proinflammatory cytokines that induce inflammation

which is linked to AD pathogenesis (Askarova S. et al. 2020; Jiang C. et al., 2017)

Hyperstimulation of the immune system in the elderly that associated with a persistent
inflammatory condition of gut mucosa that leads to a change in gut microbiota
composition that decreases diversity and stability. The persistent inflammatory
condition can break down the gut barrier that increases proinflammatory cytokinin

leading to AD.

Microbiota-gut-brain axis through the Vagus nerve is a bidirectional communication
network between gut bacteria and the brain that is implicated in multiple biological
systems such as neural, immune, endocrine, and metabolic pathway. Disturbance along

the axis may contribute pathogenesis of AD (Kowalski K. et al., 2019).



8. RISK FACTORS OF INFECTIONS

8.1 Virus — Family Herpesviridae

Herpesviridae is a DNA virus family; 8 members (HSV-1, HSV-2, HHV-6, CMV, VZV, EBV,
HHV-7, and HHV-8) infect humans and cause infection and neurological disease. Herpes
simplex virus type 1, 2(HSV-1,2) and cytomegalovirus(CMV) are the most researched
viruses in the family Herpesviridae that are linked to cognitive impartment (Watson AM
et al., 2013). The aggressive antiviral drug is one of the potential treatment to reduce

the risk of neurological disorders involved in the virus (Devanand DP et al.,2020).

According to recent studies, herpesvirus infections can cause the development and
deposition of tau and beta-amyloid in the brain neuron, which is caused by activation of

the body's natural defence mechanisms against microorganisms (Eimer WA et al, 2018).

HSV-1 is typically transmitted by oral-to-oral contact and causes infection in the mouth.
By ageing blood-brain barrier can be loosed, resulting in viruses that can invade the
central nervous system. The body’s natural defence is related to the inflammatory
process. Inflammation is the immune system’s response to harmful stimuli such as
viruses. Once the virus enters the brain, it initiates the healing process which is called
inflammation. Then up-regulate both beta- and gamma-secretase that contain AB-
producing properties (Wozniak MA et al., 2007). Since beta-amyloid has an anti-viral
effect, deposit on the viral leads to beta-amyloid deposition, leading to

neurodegeneration (Eimer WA et al, 2018).

Genetical factors can increase the risk of virus exposure. Apolipoprotein E epsilon 4
(APOE e4) is the strongest genetic risk factor for the late onset of AD. 10-15% of people
with the APOE4 gene develop neurodegenerative disorder and AD (Michaelson D.M. et
al., 2014). This protein combines with lipids in the body to form lipoproteins which can
carry into the bloodstream. According to research, APOE 4 disrupt endocytosis due to

its induced ER-stress in astrocyte where APOE4 is produced (Schmukler E et al., 2018).

When a virus is associated with APOE4, that impairs the ability of APOE4-expressing glia

to clear beta-amyloid leading to beta-amyloid production (Ries M et al., 2016).



8.2 Bacteria involved in periodontal infection

According to a recent study, AD brain samples contained bacteria associated with
periodontal disease and gingivitis (Siddiqui H et al., 2019). In the study of the periodontal
infection, predominately, gram-negative anaerobic bacteria may include such
Porphyromonas gingivalis, Treponema spp., Aggregatibacter actinomycetemcomitans,
Tannerella, Prevotella intermedia, and Fusobacterium nucleatum (Kamer AR et al., 2009).
P. gingivalis and Spirochetes are the anaerobic bacteria that most often cause
periodontal infection, leading to AD. Antibodies against P. intermedia and F. nucleatum
were found to be significantly higher serum levels (= 0.05) in AD patients, according to
a second rigorous serological study (Sparks Spein P et al., 2012). According to Beydoun
et al., AD may be affected by periodontal and Helicobacter pylori infection (Beydoun MA
et al., 2020).

8.2.1 Porphyromonas gingivalis

P. gingivalis a gram-negative bacteria that cause periodontitis related to the
gastrointestinal tract. This releases gingipain which is a toxic protease that is related to
neurodegeneration and neuroinflammation, by affecting both gut and brain barriers
that lead to damage of neurons in the brain via systematic circulation (Hayashi C et al.,

2010).

8.2.2 Spirochetes

Infection by spirochetes, periodontal bacteria which is involved in the slowly progressive
AD by attracting the innate immune system. Concerning Miklossy's research, various
types of spirochetes, gram-negative bacteria such as Treponema pallidum and Borrelia
burgdorferi compromise the pathogenesis of AD (Miklossy J et al., 2015). Multiple
Treponema species were also discovered in various regions of AD patients' brains. In the
brains of people with AD, peptidoglycan was also found close to beta-amyloid deposits,
and spirochetes were visible in neurofibrillary tangles and senile plagues. A highly
prevalent periodontal pathogen, Treponema pallidum, was detected in 90% of AD cases.
However, Borrelia burgdorferi was founded in the brain in 25,3% of AD cases (Miklossy

J,2011).



When the disruption of the dental plaque occurs, tooth microbes will move from the
oral cavity through the bloodstream, which leads to bacteraemia (increased level of the
bacteria in the blood). Due to the preference for neural tissue, it can easily cross the
blood-brain barrier, entering to the brain. Once spirochetes reach the brain, forming a
biofilm to ensure their survival. The body’s innate system is activated to destroy biofilm,
and then forms a Toll-like receptor (TLR2). The final result of the biofilm is converted to
beta-amyloid with beta-amyloid converting enzyme (BACE), leading to beta-amyloid
load, resulting in the neurocircuitry of the brain. (Spirochetes > biofilm—>TLR 2 > TNF-
o. > Beta &gamma secretase > APP - beta-amyloid) (Allen HB., 2016)

8.3 Fungi

Candida albicans grow in the human gut, mouth, and vagina naturally. When this yeast
reaches another organ via systematic circulation, it can cause serious infection. This
fungus can cross the gastrointestinal barrier that, changes the composition of the gut
microbe and damage the gut barrier, which is the pre-deposition region of the fungal
brain infection. Resulting in C. albican travelling to the brain via- the gut-brain axis,
inducing inflammatory repones. Further, an extremely selective barrier, the blood-brain
barrier (BBB) lets only a small number of undesirable chemicals get through. Candida
albicans is one of these fungi, that can penetrate the BBB and cause infections, leading

to AD thorough inflammatory response (Parker A et al, 2022).

Ageing and respiratory infection such as asthma are more vulnerable to this disease.
Increasing the age, leads to a poor adaptive immune response that may contribute to
the emergence of fungal infections. Due to the antimicrobial properties of the beta-
amyloid, that fight against fungus C. Albian, resulting in the formation of beta-amyloid

plaque, which is the main factor of AD pathogenesis.

Beta-glucan is one of the numerous components of the fungal cell wall polysaccharides,
which consist of 50-60%. Anti-beta-glucan antibodies are founded in healthy humans,
which can develop to regulate fungal pathogeneses. In contrast to healthy humans, the
level of the fungal antigen is used to detect and test for fungal infection. Patients with
systemic candidiasis observed circulating fungal antigens(beta-1,3-glucan), and

immunoglobulin G (IgG) antibodies against these antigens (anti-cell wall) were examined,



according to this study. Chitin and DNA were also detected in the patient’s brain tissue.
Chitin is a polymer found on fungi cell walls which were detected in AD brains. Utilizing
certain antibodies to detect various fungi, fungal material may be found both within and
outside of cells. To prevent and decrease the progression of fungus related-AD needed

to use antifungal treatment (Parady B, 2018)



9. NUTRITION FOR PREVENTION THERAPY

9.1 Cholesterol, saturated fat, and trans-fat reduction

High intake of cholesterol, saturated fat, and trans fats are related to AD development.
According to ecological studies, consuming animal products is strongly associated with
AD (Grant WB., 2016). According to the Chicago Health and Aging Project, persons who
consumed the most saturated fat had a greater than twofold risk of acquiring AD (Morris
MC, 2004; Morris MC et al.,, 2014). Two food sources that are particularly high in
saturated fat are dairy and beef. Dairy products and snack foods contain trans fats

(Physicians Committee for Responisble Medicine, 2021).

It is possible that the amount of fat in the diet affects the amount of cholesterol in the
blood (Morris MC, 2004). Middle-age hypercholesterolemia is connected to a
heightened risk of AD. In recent research, cholesterol metabolism and AD pathogenies
are related. In the animal model with AD transgenic mouse with high cholesterol diet
showed an increased level of beta-amyloid peptide deposition by raising both size and
number of peptides (Lorenzo M. et al., 2000, Gillette Guyonnet S. et al., 2007). Ghee,
dry milk, beef, cheese, and eggs all contain oxidized cholesterol, which, after crossing
the blood-brain barrier, may contribute to AD by triggering neuroinflammation and free
radical generation. Animal products are a major source of prostaglandin E (PGEs), which
is involved in a toxic inflammatory response, leading to beta-amyloid load, linked to AD
development. A higher proportion of unsaturated to saturated fat is linked to a lesser
risk of cognitive deterioration or AD. A meta-analysis of fish and omega-3 fatty acid
consumption revealed a 36% reduction in the risk of AD (Physicians Committee for

Responisble Medicine, 2021).

Several studies and meta-analyses have demonstrated that a Mediterranean diet offers
cognitive benefits to avoiding and preventing AD pathogenesis by diet. These diets
compromise less dairy and meat, including fruits, vegetables, and whole grains than
Western diets, which consist prevalence of saturated fat such as red meat, high-fat dairy
products and processed foods (Gamba P. et al., 2015). The main source of fat in the
Mediterranean diet is olive oil, which is one of the unsaturated fat made of oleocanthal.

Oleocanthal is a natural phenolic compound which is a potent antioxidant and natural



anti-inflammatory product through the COX system that help to block and destroy beat
amyloid deposition and inhibits tau protein fibrillization, which can protect against AD

and related dementias (Swaminathan A., 2014; Tajmim A. et al., 2021).

Instead of a high saturated and trans fat diet, soy-based foods can also be substituted,
which are prevalent in Asian cuisine and cholesterol-free that contain less saturated fat
than animal products. In soy milk and tofu, we may find soybean's high nutritional
content, which includes vegetable protein, oligosaccharides, dietary fibre, vitamins, and
minerals. Due to the high content of isoflavone phytoestrogen in the soy-based foods
that bind to oestrogen receptor agonists, shows beneficial effects on several disorder
such as oestrogen replacement therapy in postmenopausal women and memory
disorder by improving learning, spatial memory, and function of the brain. Owe to its
various functions, soybean both enhance cognitive functioning and reverse memory loss
which can use to improve AD (Physicians Committee for Responisble Medicine, 2021).
Isoflavones have also been found to be potent anti-inflammatory and antioxidant agents

(Hsieu HM et al., 2009).

9.2 Management of weight

Maintaining ideal body weight is essential to prevent and reduce the progression of AD
and other diseases, including heart disease, diabetes, and some cancers. Middle-aged
people with high body mass index (BMI) or obesity are closely connected to AD
(Whitmer RA. et al., 2005).

A high body BMI level (normal BMI in adults 18,6-24,9) or obese patients have an
excessive number of adipose tissues that promote lowered blood flow to the brain,
affecting cerebral vascularization. Inadequate cerebral blood circulation can cause
vascular injury, resulting in brain ischemia in the sensitive and vulnerable brain areas
such as the hippocampal and cerebellum (Dake MD et al.,2021). When ischemia occurs
in the susceptible hippocampus area, decreased oxygen and glucose intake will be
shown due to the hippocampus’ baseline metabolic activity, leading to memory loss
(Kivipelto et al., 2005). Dysfunctional adipocytes are introduced by increasing the
number of adipocytes due to increased body weight and decreased physical activity.

Adipokines such as leptin, adiponectin, and interleukin-6 are the cytokines produced by



dysfunctional adipocytes and play a role in inflammation and obesity. This factor can
produce chronic peripheral inflammation that can spread to the brain, leading to
neuroinflammation that expresses a negative impact on the brain white matter, which

impairs neuronal connections (Arnoldussen IA et al., 2014; Kiliaan Al et al., 2014).

9.3 Antioxidants, nutritional supplements

Supplementing with a potent antioxidant like vitamin E, vitamin C, or beta-carotene
helps fight off the free radicals, which could injure brain cells, preventing or reducing

the harmful effects of free radicals that can delay the course of AD.

9.3.1 Vitamin E in diet

Vitamin E is a fat-soluble molecule, having anti-oxidant properties that consist of four
tocopherols and four tocotrienols. Most studies suggest that alpha-tocopherol is used
as an antioxidant in AD (Gugliandolo A, 2017). AD neuropathology may be influenced by
the lower levels of tocopherol in AD CNS tissue compared to normal controls (Morris MC
et al., 2015). According to the Chicago Health and Aging Project, 14.3% of the elderly
with low vitamin E consumption had AD, while only 5.9% of the elderly with a high
vitamin E intake through diet (as opposed to supplements) developed AD (Morris MC et
al., 2002). Those who consumed the most vitamin E reduced their risk of acquiring AD
and other types of dementia by 25% over the following years, according to a Dutch study

of 5,395 individuals aged 55 and older (Devore EE et al., 2010).

Vitamin E is rich in foods such as vegetable oils (olive, canola oil) and fats, nuts and seeds.
Which also possible to intake concentrated form of vitamin E in the form of oral
supplement in capsules or drops. A randomized clinical study revealed that people with
AD benefited from a high vitamin E dose (2,000 IU daily for two years) (Dysken MW et
al., 2014).

9.3.2 Vitamin Cin diet

Vitamin Cis produced during glucose metabolism. Due to the water-soluble properties,
compared to vitamin E, vitamin C is commonly safe that does not deposit in the body. A

high dose of vitamin C significantly decreases the plaque deposition in the cortex by 57,9%



and the hippocampus by 40,29% in the animal model (Lim GP et al., 2005). The fact
maintaining a healthy or high level of vitamin C level showed a protective function

against both AD and cognitive decline (Travica N et al., 2017).

Patients with moderate cognitive deficiency and AD had lower vitamin C levels than
healthy controls. Vitamin C-rich foods may lessen the risk of AD since higher intakes (via
diet and low-dose supplementation of 500 mg or less per day) may prevent cognitive
decline (Harrison FE, 2012). Since vitamin C is absorbed at a rate of approximately 400-
500 mg per day, greater dosages are probably not more useful (Levine M et al., 2001).
The greatest sources of vitamin C are fruits and vegetables, particularly citrus (citrus
fruits like oranges, kiwis, lemons, and grapefruit), bell peppers, and cruciferous

vegetables (broccoli, cabbage).

9.3.3 Beta-carotene

The natural pigment beta-carotene may be found in leafy green, yellow, and orange
fruits and vegetables (such as carrots, spinach, lettuce, tomatoes, sweet potatoes,
broccoli, cantaloupe, and winter squash). The more beta-carotene a fruit or vegetable
possesses, typically, the more intense the colour. Due to its antioxidant abilities, it also
offers defence against potentially harmful chemicals like free radicals that can delay the

development of AD (Hira S et al., 2019).

Retinoic acid, a component of vitamin A, and AD are also closely related. Vitamin A is a
precursor of beta carotene. Vitamin A deficiency has been shown to have an influence
on cognitive impairment (Zeng J. et al., 2017). This is due to higher levels of amyloid-
beta secretase, decreased cholinergic transmission, and nervous system inflammation

that results in microglia activation (Das BC. et al., 2019).

9.4 Micronutrient adequacy

Those with AD had significantly decreased levels of vitamins A, B12, C, E, and folate,
while levels of vitamins D and zinc were unaffected. The results held true even in AD
patients who were not malnourished (Devore EE et al., 2010). Individual metals such as
copper, zinc, aluminium and magnesium have been suggested as potential risk factor of

AD since these metals are directly connect with APP metabolism or with APOE (A



Armstrong R, 2019). Many minerals are deficient in AD patients, so a multivitamin may
be beneficial if it does not contain iron or copper. Many minerals are deficient in AD
patients, so a multivitamin may be beneficial if it does not contain iron or copper. In
addition, exposure to aluminium, which is neurotoxic metal, is also a possible suspect in

AD (Huat TJ et al., 2019).

9.4.1 Copper avoiding

A meta-analysis found that AD patients who avoided copper consumption had a higher
total copper body burden than the general population. AD patients have an impaired
copper metabolism, resulting in an abnormally high concentration of free copper
(ceruloplasmin) (Ventriglia M et al., 2012). Unbound copper concentrations in the brain
are rising (Squitti R et al., 2014). Copper levels in the brain increase with age, which is
cause for concern because copper promotes the synthesis, aggregation, and

neurotoxicity of amyloid beta precursor protein (APP) (Harris CJ et al., 2014).

9.4.2 Iron avoiding

Some research suggests that an elevated iron level may increase the risk of, due to the
electron donor and acceptor properties of the iron, excessive iron easy to causes
oxidative stress leading to the form of beta-amyloid plaque and neurofibrillary tangles

in the presence of iron in the brain (Liu JL et al., 2018).

Iron homeostasis, the transfer of iron from the blood to the brain, is strictly regulated
(Peters DG. et al., 2015). Disruption of the iron homeostasis occurs due to genetic and
environmental factors or ageing, leading to iron metabolism diseases such as AD. By
ageing, the blood-brain barrier has loosed that start clinical symptoms by crossing the
iron into the brain. Further, iron may accumulate in the brain due to the impact of the
Western diet on the blood-brain barrier (Hsu TM. et al., 2014). The western diet contains
animal-based food like meat and eggs which are rich in iron. The genetic factor that
human has Apolipoprotein E (APOE) gene, is the strongest genetic risk factor if cognitive
disorders and AD that is involved in fat metabolism in the body that makes a protein
that carries cholesterol and other types of fat in the bloodstream. There was a significant

correlation between ferritin levels and apolipoprotein E in cerebrospinal fluid, and the



APOE-4 allele was associated with elevated ferritin levels, suggesting that excess iron in

the brain contributes to the onset and progression of disease (Ayton S. et al., 2015).

Typically found in multivitamin/mineral supplements are copper and iron. Dietary
supplements absent these minerals and decreasing the amount of high content iron diet
are important to prevent the prevalence of AD. As a result, iron-targeted therapy

approaches have emerged as a unique AD treatment (Peng Y. et al., 2021).

9.4.3 Aluminium avoiding

In contrast to iron and copper, aluminium is not essential to human biology. Due to the
non-essential nutrient, also called systemic toxicants, the high amount of aluminium can
severely impact human health, such as organ damage, immune system dysregulation
and AD pathogenesis (Huat TJ. et al., 2019). High exposure to aluminium-rich dust (A
Armstrong R., 2019) or/and the presence of aluminium in water supplies leads to
accumulation in the neurofibrillary tangle-bearing neurons. Due to the neurotoxic
properties, this can go through BBB, leading to beta-amyloid aggregation (Huat TJ. et al.,
2019).

9.4.4 Supplemental vitamin D level

A meta-analysis revealed that the incidence of AD and dementia was 21 per cent higher
in those with inadequate vitamin D blood levels (50 nmol/L) than in those with adequate
levels, indicating a link between vitamin D deficiency and global cognitive decline in
adults. Vitamin D deficiency is also more prevalent in Alzheimer's disease patient (Shen

L. et al., 2015).

9.5 Alcohol consumption at the healthy level

However, a meta-analysis revealed that light to moderate drinkers have a 30 per cent
lower risk of AD and a 25 per cent lower risk of dementia than non-drinkers. Although
even 20 g/day (1.25 servings) of alcohol is a risk factor for particular hypertension,
cancers, and other disorders, this is the case (Rehm J. et al., 2003). Moderate alcohol
consumption may reduce cardiac risk factors (platelet aggregation or blood lipids) and

stimulate the production of acetylcholine in the hippocampus. The hippocampi of AD



patients exhibit insulin resistance, whereas moderate alcohol consumption improves

insulin sensitivity (Beydoun MA. et al., 2014; Kiechl S. et al., 1996)

9.6 Cdffeine

Caffeine is a purine alkaloid in coffee, cola and coca. Caffeine consumption of up to 400
mg per day is considered acceptable for healthy individuals, according to the European

Food Safety Authority (EFSA).

This type of study shows varying results. Due to the psychomotor stimulant activity of
caffeine, the disruptive effect has been shown on sleep by increasing the arousing effect.
The reduction of sleep due to the awakening can decrease memory retention by
increasing external stimuli (Londzin P. et al., 2021). In a much larger investigation of
398,646 UK Biobank subjects aged 37 to 73, high daily coffee consumption was
associated with gray matter atrophy and dementia risk. Those who drank more than six
cups of coffee per day were 53 per cent more likely to develop dementia compared to

those who drank only one or two cups per day (Pham K. et al., 2021).

However, various study suggests that caffeine consumption may use in the prophylactic
treatment of AD to reduce the risk. In AD, transgenic mice with caffeinated coffee raise
granulocyte-colony stimulating factor (GCSF), which is a blood growth factor that
improves cognitive performance, enhances synaptogenesis, increases neurogenesis,
and increases the number of bone marrow cells (Cao C. et al., 2011). The long-term
consumption of caffeine in the animal model also showed a positive effect that
increased both the level of cerebrospinal fluid (CSF) and cerebral blood flow production.
Both the production and rotation cycle of CSF is involved in the beta-amyloid clearance,

which can decrease AD pathogenesis (Wostyn P. et al., 2011).



10. POTENTIAL THERAPIES FOR ALZHEIMER’S

10.1 Evidence-based medication

All four available Alzheimer's disease treatments, including cholinesterase inhibitors and
memantine, were accepted more than ten years ago. Acetylcholine (ACh), the
messenger between nerve cells, is produced by cholinergic neurons, whose loss is linked
to AD. No current AD treatment improves cognitive performance or cures the disease
but following drugs slow disease progression and may delay symptom onset. Even if
these medicines demonstrate some degree of efficacy, it is unclear what effect their low

efficacy will have. This is essential knowledge for patients and their loved ones.

Treatments of first-line are acetylcholinesterase inhibitors (AChEi), including
rivastigmine, galantamine, and donepezil which are pharmaceuticals that enhance
acetylcholine levels by inhibiting the breakdown of the neurotransmitter by enzyme,
Acetylcholinesterase (AChE). AChEi has shown efficacy in treating AD by slowing the
cognitive deterioration associated with the disease. All of these pharmaceuticals are
equally effective. Among these drugs, donepezil is typically recommended due to its
favourable safety profile. Any of these medications can be used to initiate treatment.
Every patient must be closely monitored for brain abnormalities, gastrointestinal
intolerance, and weight loss (Winslow BT. et al., 2011). As stated in the 2015 update to
the “Beers Criteria for Potentially Inappropriate Medication Use in Older Adults”,
patients with a history of syncope should avoid AChEi due to the risk of bradycardia and
orthostatic hypotension. Risks and benefits must be considered when treating elderly

patients. (American Geriatrics Society, 2015).

Another authorized oral medication is by use of memantine which is called NMDA
receptor antagonist that blocks the action of glutamate to slow the progression of
moderate to serve AD. Memantine prevents the excitotoxicity glutamate
neurotransmitter from binding to its receptors. This protects neurons in the
hippocampus from excitotoxicity and death. Combinations of memantine and AChEi can
be used to treat advanced Alzheimer's disease. Now commercially available
combination therapy with donepezil and memantine show a significant synergy effect

compared to a single drug on AD (Massoud F et al., 2010).



10.2 Current studies and potential new agents

As our understanding of the disease's biology has grown, numerous novel potential

treatments have been developed and tested.

In 2018, 112 drugs were in phase |, ll, or Il studies for Alzheimer's disease. Sixty-three
per cent were disease-modifying treatments (DMTs) intended to alter the course of AD
and improve outcomes as opposed to symptom management. One-fourth of the
medications in development are designed to improve cognition, which can result in
improved language, memory, reasoning, and judgment; another ten per cent are aimed
at alleviating behavioural signs and symptoms, including apathy, agitation, along with
sleep problems. There are several obstacles to AD therapy and DMTs. Despite extensive
research, the root cause of this complicated illness remains unknown. Although single-
entity therapies have been the focus of testing to date, it is anticipated that
combinations will be utilized in the future. Rarely can the results of animal studies on
experimental medicines be extrapolated to humans, and many of the medications
tested either do not work or have undesirable side effects. It is difficult to recruit and
retain participants for lengthy drug studies, and bringing a new medicine candidate to
market is expensive. Safe and effective treatments for AD patients and their families

require new funding strategies.

Tau and beta-amyloid are typical targets for DMTs. Several medications target the
secretases responsible for APP's transformation into beta-amyloid (Cummings J. et al.,
2018). Beta-secretases is a proteases that cleavage the beta-site amyloid precursor
protein (APP) cleaving enzyme, which initiates the deposition of the beta-amyloid
plaque. Both beta- and gamma-secretase are involved in the cleavage of the APP. The
beta-secretase activating enzyme (BACE) cleaves APP in addition to a number of other
essential brain proteins, leading to amyloid deposition (Armbrust F. et al.,, 2022).
Unlike beta-secretase (BACE), gamma-secretase is an intramembrane protease which is
responsible for targeting the whole second phase (Coric V. et al., 2012). BACE inhibitors
are effective at reducing the production of beta-amyloid plaques, but they do not
reverse plaques or enhance cognitive function (Peters F. et al., 2018). To be effective,
these medications must be administered before the majority of AD patients are

diagnosed, which can be used as prophylactic. However, Gamma-secretase modulators



(inhibitor) only blocks the gamma-secretase that stop the deposition of the beta-
amyloid in the brain, which can be considered as AD therapeutic agent (Kumar D. et al.,
2018). As tau protein is associated with neurofibrillary tangles, it is increasingly the
target of disease-modifying drugs. Early research in this field centred on the reduction
of tau aggregation, but the results were disappointing. These studies did not resolve
every issue, but they did inspire the development of seven novel methods for testing

tau immunotherapies in phase | and phase Il clinical trials.

Numerous medications being studied for their potential to relieve AD-related
behavioural symptoms are already commercially available and widely employed to treat
a variety of other conditions. When a drug is repurposed from preclinical research to
phase Il clinical trials, the time it takes to make its way through the drug pipeline may
be reduced by half. A few illustrations are antidepressants like escitalopram and
mirtazapine, anticonvulsants such as carbamazepine and levetiracetam, mood
stabilizers such as lithium, and stimulants such as methylphenidate (Cummings J. et al.,

2018).

10.3 Ketogenic diet

Carbohydrate contains high glucose which is the main energy of the brain. A high
carbohydrate diet can boost blood sugar levels that increase the risk of AD which can
cause damage to blood vessels. Blood vessel impairment can cause ischemia or strokes
in the brain that leads to AD. Furter, excessive blood levels also destroy glucose and
insulin metabolism in erlderly, leading to insulin resistance which is also a risk factor for

AD (Roberts RO. et al., 2012).

In contrast to glucose, ketone is another fuel of the brain that can boost brain energy.
As neurons age, they become less efficient at metabolizing glucose, and scientists have
discovered that fat may be able to serve as a substitute fuel source. Further, deposition
of beta-amyloid damages mitochondria which is the cells’ metabolic source. This
damage weakens SIRT3 protein (sirtuin 3). However, the researchers came up with the
conclusion that ketones may aid brain health in individuals with early-stage AD as a
result of the fact that the rise in SIRT3 levels was associated with the ketones (Cheng A.

et al.,, 2020).



The ketogenic diet is the basics of keto, relating to very low carbohydrates and high fat
that force to use of different types of fuel. According to some research, a ketogenic diet
produces ketone bodies via the synthesis in the body which has a neuroprotective
impact on aging brain cells and reduces inflammatory mediator that enhances cognitive

abilities and lessens the risk of developing AD (Rusek M et al.,2019).

The majority of ketogenic diets consist of 70—-80% fat, 10-20% protein, and 5-10%
carbohydrates. This corresponds to 165 grams of fat, 40 grams of carbohydrates, and 75
grams of protein per 2,000 calories. To use another source of fuel in the body like keto,
need to exclude a high carbohydrate diet such as fruits, starchy vegetables (such as
potatoes, corn, and peas), legumes, and grains. Avocados, almonds, eggs, cruciferous
vegetables, cheeses, and meats are safe to consume. A ketogenic diet will help your

body burn excess fat so that you can lose weight (Sullivan MG, 2021).

10.4 MIND diet

MIND diet is a brain-healthy diet that is the combination of both DASH (dietary
approaches to stopping hypertension) and Mediterranean diet that can repair the
negative effects of obesity on cognitive ability and structures of the brain (Liu X. et al.,
2021). This diet increase brain energy that consists of 33% fat, 38% carbohydrates, and
26% protein (Sullivan MG, 2021). For instance, vegetables (green vegetables), berries,
extra virgin olive oil, nuts, whole grain and low-fat diet are assocatid (Liu X. et al., 2021).
In the research, the MIND diet lowered AD risk for about 35% who followed moderate

diet rules and up to 53% who adhered strictly (Morris MC et al., 2015).



11. CONCLUSION

There has been and continues to be a substantial amount of research devoted to
elucidating the nuances of AD pathophysiology. AD causes, links to other disorders, and
preventative measures are still under investigation. However, unless effective therapies
and preventative measures are developed, AD will continue to be a significant problem
for the ageing population, particularly in Western Europe. If the role of bioactive food
consumption in preventing or delaying AD is validated, dietary intervention may be
viewed as a viable method for reducing the prevalence of Alzheimer's disease (Celik E.

et al.,2019)
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