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1. ABSTRACT

Aging, which affects most of the multi-cellular 
organisms, is due to a potentially complex set of 
mechanisms that collectively cause a time-dependent 
decline of physiological functions. Aging restrains 
longevity and leads to neurodegenerative diseases 
including dementia, Alzheimer’s disease and lacunar 
stroke. Human microbiota is now considered to have a 
strong impact on the progression of aging. The impact 
of aging and the risk of neurodegenerative diseases 
can be reduced by using probiotics, or preferably by 
combining probiotics and prebiotics, also known as 
synbiotics, that can drastically modify the composition 
of gut microbiome. 

2. INTRODUCTION

In 2014, 7.7% of the population within East 
Asian countries such as China, Hong Kong, Japan, 
North Korea and South Korea were older than 65 
years. However, the percentage of aging population in 
these East Asian countries might spike to 14.5% by 
the year of 2025 and 15% of the total population in 
Malaysia will be 60 years old or older by the year of 
2030 (1-2). 

Aging is a time dependent ongoing 
deterioration of the physiological functions at the level 
of cells and tissues and at the organismal level (3-5). 

The progression of aging is due to the existence of 
potentially complex mechanisms that limit the lifespan 
of an organism pro-actively beyond its specific age. 
The lifespan of an organism is affected by extrinsic 
factors, including extreme population density and 
unfavorable environmental factors such as scarcity of 
food and drought condition (6). Nine hallmarks of aging 
are found at the cellular level, which include genomic 
instability, telomere attrition, epigenetic alterations, 
loss of proteostasis, deregulated nutrient sensing, 
mitochondrial dysfunction, cellular senescence, stem 
cell exhaustion and altered intercellular communication 
(4-6). Among these, the genome instability, telomere 
attrition, epigenetic alteration and loss of proteostasis 
are the primary hallmarks of aging which trigger the 
initiation and progression of the aging process. Being 
an antagonistic hallmark, an optimum deregulated 
nutrient sensing may help in survival, whereas, an 
excessive deregulation of nutrient sensing may lead to 
pathological changes, thus promoting aging. Integrative 
hallmarks of aging such as stem cell exhaustion and 
altered intercellular communication tend to act on 
tissue homeostatic mechanisms to compensate aging-
associated damages at cellular level (5).

Aging also leads to the formation of senescent 
cells which express a senescence-associated 
secretory phenotype (SASP) and leads to the release 
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of inflammatory factors (i.e. cytokines, chemokines, 
growth factors and stromelysin) that suppress somatic 
and stem cell proliferation (7, 8). SASP is associated 
with aging-related cognitive impairment arterial stiffness 
and neurodegenerative diseases such as Alzheimer’s 
disease, dementia and lacunar stroke (7, 9).

3. AGING IN RELATION TO NEURODEGEN-
ERATIVE DISEASES

Neurodegenerative diseases are chronic and 
progressive disorders that usually occur in later stage of 
life. They are commonly characterized by a gradual loss 
of neurons and synaptic connections, while displaying 
variable symptoms, often leading to death (10). The 
most prevalent example of neurodegenerative disease 
is dementia. Dementia is a syndrome associated with 
loss of intellectual abilities such as memory, thinking 
and orientation, comprehension, learning capacity as 
well as language and judgment. These conditions are 
severe enough to influence the daily activities. It is also 
one of the major causes of dependency and disability 
among the aging population (11). According to World 
Health Organization fact sheet in 2016, approximately 
47.5 million of individuals worldwide are suffered from 
dementia, and about 7.7 million of new cases are 
reported annually.

 
About 60% - 70% of all dementia are 

attributable to Alzheimer’s disease, while the remaining 
cases are due to vascular dementia. Manifestations 
of syndromes associated with dementia are related 
to damages at specific regions of the brain. For 
example, aged patients with dementia who suffer from 
brain atrophy may experience memory loss with poor 
cognitive skill (12, 13). According to the Alzheimer’s 
association, the initial symptom of Alzheimer’s disease 
is a gradual loss of the ability in remembering new 
information (14). This early symptom of memory loss 
is due to damage of brain cells in the hippocampus 
region, which is a center of learning and memory. 
Subsequently, patients with Alzheimer’s disease 
may also experience difficulty in solving problem and 
conducting routine tasks (15). 

The risk of developing Alzheimer’s disease 
doubles every 5 years after the age of 65 and 
symptoms can manifest in elderly who are in their 
80s or 90s. (16). Alzheimer’s disease is known to be 
insidious, with gradual worsening of symptoms over a 
number of years. Patients with advanced Alzheimer’s 
disease show shrinkage in the brain due to cell death, 
leading to the loss of synapse flow (14). Lacunar 
stroke which accounts for about one-fourth of all brain 
infractions is due to blockage of the blood vessels 
in the basal ganglia, deep cerebral white matter, 
thalamus and internal capsule (17-18). Patients at 
age 60 or older who suffer from a large infarct develop 
silent lacunar infarction (19-20). Cai et al suggested 

that the prevalence of lacunar infarct increases before 
the age of 60 while its prevalence decreases after age 
69 years (21). A study suggests a close relationship 
between the size of brain infarction and the severity 
of Alzheimer’s disease with patients who suffer from 
such lacunar infarctions are 4 to 12 times more risk of 
developing dementia (22, 23). 

4. MICROBIOME, ONE CARBON METABO-
LISM AND NEURODEGENERATIVE DISEASES

Human microbiome refers to the microbiota 
including bacteria, archaea, viruses and eukaryotes 
that colonize different parts of the human body. Eight 
main phyla of bacteria, including Actinobacteria, 
Bacteroidetes, Fusobacteria, Firmicutes, 
Lentisphaerae, Proteobacteria, Spirochaetes and 
Verrucomicrobia reside predominantly in oral mucosa, 
mammary gland, lungs, respiratory tract, skin surface 
and gastrointestinal tract. The richness and uniformity 
of bacterial cell densities are increased from the oral 
cavity to the anus (24). Human gastrointestinal tract 
contains about 10 times the number of microbiota that 
live elsewhere in the body (25). Due to differential 
selective pressures on the microbiota, 75% of 
microbiome in the gut is comprised of Firmicutes and 
Bacteroidetes. The predominant genera in the colon 
are Bacteroides, Porphyromonas, Bifidobacterium (B.), 
Lactobacillus (L.) and Clostridium (C.). The enzymes, 
bile, gastric and pancreatic secretions modify the 
composition of the gut microbiota throughout the 
gastrointestinal tract. In addition, the microbial 
compositions in the intestinal mucosal layer are different 
than those that reside in the intestinal lumen. Since 
mucosa-associated bacteria such as Bacteroides, 
Bifidobacterium, Streptococcus, Enterococcus, 
Clostridium, Lactobacillus and Ruminococcus are 
found to have close contact with the host cells, they 
are able to interact with the host immune system and 
regulate the host immune response that has been 
implicated in the neurodegenerative diseases (25, 26). 
In fact, the host immune response has always been 
involved in acute lacunar stroke, whereby, the innate 
immune response is augmenting an intravascular 
inflammatory cascade in the brain. With the initiation 
of innate immune response after cerebral ischemia, 
the host immune system has been linked to the post-
stroke immunosuppression. 

The non-pathogenic Escherichia (E.) coli 
strains such as E. coli K-12 can cross the mucosa, 
invading the bloodstream and causing fatal systemic 
infection (27, 28). Gram-negative bacteria of 
phylum Proteobacteria such as E. coli, and phylum 
Verrucomicrobia such as Akkermansia muciniphila, are 
reported to adhere and reside within the mucus layer 
and use mucus as the carbon and nitrogen sources. 
On the contrary, bacterial species of phylum Firmicutes 
such as Clostridium, Lactobacillus and Enterococcus 
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that predominate in the intestinal lumen are found to 
be more relevant for the metabolic interactions of food 
or the products of digestion (25, 26). Different choices 
of carbon and nitrogen sources are due to the fact that 
simple carbohydrates from food are being digested and 
absorbed throughout the digestive system, leaving the 
indigestible complex polysaccharide in the gut. This 
complex polysaccharide can be digested by facultative 
anaerobes Lactobacillus and Enterococcus. Complex 
polysaccharide fermentations in the colon are helping 
those facultative anaerobes to obtain carbon sources 
for their sustainability. The capability of fermenting 
polysaccharide shows that these bacteria are able 
to interact directly with dietary antigens, as they are 
involved in the digestion of partially digested food and 
assist in the absorption of nutrients (29). 

A number of gut microbiota such as 
genera Clostridium and Lactobacillus are involved 
in the biosynthesis of water-soluble vitamin B. The 
components of vitamin B such as folic acid (vitamin 
B9), pyridoxine (vitamin B6) and cobalamin (vitamin 
B12) provide coenzymes which participate in the one 
carbon metabolism, a series of essential biochemical 
reactions that starts with the transfer of one carbon 
atom from serine or glycine to tetrahydrofolate 
to form 5,10-methylenetetrahydrofolate. This 
latter reaction is catalyzed by vitamin B6. The 
5,10-methylenetetrahydrofolate is then reduced to 
a circulating form of folate, 5-methyltetrahydrofolate 
which can convert homocysteine to methionine, 
regenerating tetrahydrofolate using vitamin B12 
as a cofactor (30). Being a pseudo-amino acid, 
homocysteine is also produced from methionine 
synthesis pathway with the help of vitamins B6, B9 
and B12. Homocysteine is the agonist to metabotropic 
(groups I and II) glutamate receptors. Homocysteine 
acts as the ionotropic glutamate receptors for amino-
3-hydroxy-5-methyl-4-isoxazolepropionate and 
N-methyl-D-aspartate. Severe dietary deficiencies in 
the aforementioned vitamins lead to the accumulation 
of homocysteine and hyperhomocysteinemia. 
Hyperhomocysteinemia increases calcium influx 
for excitotoxicity event that subsequently induces 
oxidative injury in the nerve terminals by promoting 
free radical production. As an ionotrophic receptor, 
homocysteine stimulates N-methyl-D-aspartate to 
enhance adverse oxidative stress. For these reasons, 
elevated levels of homocysteine in plasma and/or 
serum have been strongly linked to neurodegenerative 
diseases (31). Homocysteine is also strongly 
associated with global DNA methylation levels. A high 
level of homocysteine can cause a high production 
of S-adenosyl-homocysteine (SAH), which results 
in global DNA hypomethylation, especially within the 
brain tissue (32, 33). Global DNA hypomethylation 
can suppress homocysteine-induced cyclin A gene 
transcription, inhibiting the growth of endothelial 
cells. An impaired regeneration of endothelial cells 

can also cause atherosclerosis and increase the 
chance of lacunar stroke. Both Lactobacilli such as 
L. plantarum as well as bifidobacteria contribute to 
the folate synthesis. B. bifidum contributes to a high 
level of folate synthesis; while B. breve only produces 
folate at a lower level (34). An insufficient number of 
B. bifidum can jeopardize one carbon metabolism, 
and directly or indirectly affect nucleotide (purines and 
thymidine) biosynthesis, redox defense and amino 
acid homeostasis. In fact, a reduction of B. bifidum has 
direct consequences on homocysteine homeostasis 
(28). Thus, the lowering of homocysteine level by the 
administration of probiotics or synbiotics may help in 
reducing the risk of lacunar stroke (31).

Some studies indicate that homocysteine can 
disrupt blood-brain barrier (33, 35, 36). Homocysteine 
causes an imbalance in matrix metalloproteinase 9 
(MMP-9) and tissue inhibitor of metalloproteinase-4 
(TIMP-4) productions. An elevated level of MMP-
9 compromises blood-brain barrier by acting on 
extracellular matrix and junction proteins (33, 35). It 
has been suggested that certain gut microbiota can 
modulate the blood-brain barrier by decreasing its 
permeability and increasing the expression of the 
tight junction proteins (37). On the other hand, gut 
microbiota such as C. tyrobutyricum and Bacteroides 
thetaiotaomicron are capable of producing short-chain 
fatty acids which can strengthen the structure of blood-
brain barrier by increasing the protein expression at 
the tight junction (38). 

The enteric nervous system communicates 
with the central nervous system through 
neuroendocrine and metabolic pathways. The gut-
brain axis provides a potential pathway for the intestinal 
microbiota and their metabolites to access the brain, 
integrating the neural, hormonal and immunological 
signaling between the gut and the brain (26). Enteric 
microbiota has a great impact on the gut-brain-axis, 
by interacting with the intestinal cells, central nervous 
system and enteric nervous system (39). The most 
direct path that connects the brain and intestine is via 
the vagus nerve, providing a pipeline for the materials 
to pass from the intestine to the brain. The changes 
in the composition of gut microbiota are tightly linked 
with several neurodegenerative diseases such as 
dementia, Alzheimer’s disease and lacunar stroke. 
Risk factors such as aging and obesity are influenced 
by the changes of gut microbiota where a lower ratio of 
Bacteroidetes/Firmicutes increases the risk of lacunar 
stroke; while a higher Bacteroidetes/Firmicutes ratio 
promotes the up-regulation of proteins in the tight 
endothelial junction that protects blood-brain barrier 
from being breached (40).

The gut microbiota is also involved in 
preventing the overgrowth of pathogens by stimulating 
the defense mechanism in the gastrointestinal tract. 
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For instance, lactobacilli can weaken the binding of 
pathogenic E. coli and Salmonella enteritidis to the 
ileal mucosa. Increasing evidences have shown the 
protective role of probiotics against gastrointestinal 
pathogens by modulating human gut microbiota. An 
increased level of Bifidobacterium and diversified 
species were found in elderly individuals who 
consumed probiotics (109 cfu/ml) B. longum 46 and 
B. longum 2C for 6 months (41-42). Rampelli and 
coworkers found that the consumption of probiotics 
B. longum Bar33 and L. helveticus Bar13 (109 CFU) 
for one month could modulate the intestinal microbiota 
by decreasing the opportunistic pathogens C. cluster 
XI, C. difficile, C. perfringens, Enterococcus faecium 
and the enteropathogenic genus Campylobacter (42). 
Everard and coworkers reported that the treatment 
with probiotic Saccharomyces boulardii dramatically 
changed the gut microbiota composition of leptin-
resistant obese and type 2 diabetic mice (db/db). 
Daily oral administration of Saccharomyces boulardii 
(120 mg) for 4 weeks increased the proportion of 
Bacteroidetes and decreased the phyla Firmicutes, 
Proteobacteria and Tenericutes in the gut of db/db 
mice, suggesting an inversed correlation between 
Bacteroidetes and fat mass (43).

5. NEURODEGERATIVE DISEASES AND 
SYNBIOTIC EFFECT

5.1. Probiotics can change the manifestation of 
diseases

Probiotics have been used and studied in 
various diseases including dementia, Alzheimer’s 
disease and lacunar stroke. A randomized, double-
blind and controlled trial was conducted by Akbari 
and coworkers to study the effects of probiotic 
supplementation on cognitive function and metabolic 
status in 60 patients with Alzheimer’s disease. The 
patients were randomly divided into two groups, and 
were treated with either milk (control) or probiotic milk 
containing L. acidophilus, L. casei, B. bifidum and 
L. fermentum (2 × 109 CFU/g each) for 12 weeks. 
Results showed that probiotics mixture significantly 
(p<0.05) improved the mini-mental state examination 
score (p<0.001), malondialdehyde (p<0.001), high 
sensitivity C-reactive protein (p<0.001), markers of 
insulin metabolism (p = 0.006) and triglycerides levels 
(p = 0.003) of the Alzheimer’s disease patients, which 
indicating the positive effect of probiotics on cognitive 
function and individuals’ metabolic statuses (44). 

Since dementia and Alzheimer’s disease 
can result from lacunar stroke, it is hypothesized that 
interventions that reduce the risk of lacunar stroke 
might lower the occurrence of dementia or Alzheimer’s 
disease. Other than diabetes, hypertension is strongly 
associated with lacunar stroke and the latter is the 
main risk factor for subcortical ischemic vascular 
disease (45). Thus, treatment of hypertension 

might be an alternative way to reduce dementia or 
Alzheimer’s disease. Probiotics have been shown 
to reduce the risk of hypertension by improving the 
metabolism. A systemic review and meta-analysis of 
randomized, controlled trials found that consumption 
of probiotics significantly reduces (p<0.05) systolic 
and diastolic blood pressures of study subjects, 
suggesting that probiotics might be used as a potential 
therapeutic strategy to reduce hypertension (46). 
Another meta-analysis done by Dong and coworkers 
had systematically examined the effect of probiotic 
fermented milk on blood pressure. A significant 
reduction (p<0.05) was observed in the systolic and 
diastolic blood pressures of pre-hypertensive and 
hypertensive subjects as compared to placebo (47). 
Moreover, a probiotic fermented milk also showed a 
slightly greater effect on systolic blood pressure in 
hypertensive participants than that of normotensive 
subjects. Seppo and coworkers conducted a 
randomized placebo-controlled study involving 39 
hypertensive patients treated with 150 mL/d of either 
test or control product for 21 weeks after 2 weeks 
run-in period. Administration of milk fermented by L. 
helveticus LBK-16H showed a decreased in systolic 
(p<0.05) blood pressure. It was proposed that L. 
helveticus strains possess a high proteolytic activity and 
produce bioactive peptides that inhibit the angiotensin 
converting enzyme activity, which contributes to the 
antihypertensive effect (48). The antihypertensive 
effect of L. helveticus was also proven in another 
study done by Aihara and coworkers (49). Daily 
administration of the supplementary tablets containing 
powdered L. helveticus-fermented milk successfully 
reduced the elevated blood pressure in subjects 
with mild hypertension without any adverse effects. 
A similar observation was also reported by Gómez-
Guzmán and coworkers, where a reduced blood 
pressure was found in spontaneously hypertensive 
rats (SHR) upon the administration of L. fermentum 
CECT5716 (LC40) or a mixture of L. coryniformis 
CECT5711 and L. gasseri CECT5714 (K8/LC9; 1:1) at 
a dose of 3.3. × 1010 CFU/day for 5 weeks (50). These 
experimental findings suggest the usage of probiotics 
in controlling blood pressure and reducing the risk of 
lacunar stroke, which might subsequently reducing the 
risk of dementia and Alzheimer’s disease. 

5.2. Synbiotic 

Prebiotics are non-digestible food ingredients 
which selectively stimulate the growth and/or activity of one 
or a limited number of bacterial species, who have already 
resided in the colon (51). Non-digestible carbohydrates 
such as galactooligosaccharides, fructooligosaccharides, 
lactulose, lactosucrose, polydextose and inulin are 
commonly used as prebiotics (52). 

Combination of probiotics and prebiotics, 
also known as synbiotics, has shown beneficial 
synergistic effects in reducing the risks of dementia and 
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Alzheimer’s disease. Using an in vivo study, Su and 
coworkers found that fructooligosaccharides and inulin 
significantly (p<0.05) enhanced survival and prolonged 
the retention period of L. acidophilus LAFTI L10 (L10), 
B. lactis LAFTI B94 (B94) and L. casei L26 LAFTI 
(L26) (53). Another study by Adebola and coworkers 
found that prebiotics, lactulose and lactobionic acid 
increased the tolerance of L. acidophilus NCFM and 
L. reuteri NCIMB 11951 to cholic and taurocholic acid 
significantly (p<0.05). The authors suggested that 
prebiotics might act as an alternative energy source 
for lactobacilli which allow them to react better to the 
bile acid stress (54). Another study by Gopal and 
coworkers (55) showed that dietary consumption 
of milk with prebiotic derived from oligosaccharides 
and a probiotic bacterium B. lactis HN019 increased 
the proportion of bifidobacteria and lactobacilli in the 
human gastrointestinal tract. Piirainen and coworkers 
used a randomized, double-blind and crossover study 
involving 30 healthy children (16 boys, 14 girls) and 
compared the effects of synbiotic and probiotic alone 
on the intestinal microbiota. After a 3-weeks study 
period, a daily consumption of 65 ml of synbiotic milk 
based fruit juice containing L. rhamnosus GG (LGG) 
(6.5. x 109 CFU) and galactooligosaccharides (2g) 
showed a significantly increased (p<0.001) number of 
bifidobacteria as compared to those who consumed 
the probiotic LGG (6.5. x 109 CFU) alone (56). 
Synbiotic therapy was more effective in treating certain 
diseases than therapies that were limited to probiotics 
or prebiotics individually (57, 58). These results show 
that synbiotics appear to be more advantageous than 
using probiotic or prebiotic alone. However, more 
in vitro and in vivo assessment are needed before 
commercialization of such products can be offered for 
therapeutic uses. 

6. SUMMARY AND PERSPECTIVE

Gut microbiota plays an essential role 
in neurodegenerative diseases, particularly on 
dementia, Alzheimer’s disease and lacunar stroke. 
Probiotics and synbiotics appear to have positive 
impacts on human microbiome via gut-brain axis by 
reducing homocysteine level, strengthening intestinal 
barrier, suppressing growth of pathogens and these 
impacts can decrease the risk of neurodegenerative 
diseases. 
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