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ABSTRACT

Aging is the inevitable biological event associated with several physiological, behavioral, and lifestyle events, but people do not wish to become old.
The market for anti-aging products is growing gradually, and customers are aware of active principles in the cosmetics. The probiotics are known
for several health benefits; especially probiotics regulate the gut health and immune system. Recent studies emphasized the role of probiotics, and
probiotic-containing fermented products in cosmetics, and aging. The whole mechanism of aging has not been elucidated yet, but modern aging
theories are in two different categories such as programmed theory and damage theory. The aging mechanisms can be discussed in organismal, and
cellular level. To some extent, organismal and premature aging is controlled by genetic makeup. Though genetic, and environmental factors impact
healthy aging, diet and gut microbiota also play a significant role in senescence. Aging is greatly associated with a diversity of gut microbiota that is
often related to the changes in the gastrointestinal tract, and dietary patterns, together with an associated decline in cognitive and immune function,
eventually contributing to infirmity. Lactic acid bacteria are reported for the ability to extend the lifespan and/or healthspan. The current
manuscript discussed the aging mechanisms, an association of microbiome and aging, and compiled the reported anti-aging properties of probiotics.
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INTRODUCTION

Aging is the unavoidable biological event, but people do not wish to
become old. The market for anti-aging products is growing
progressively, and researcher is working on the development of new
product or improvisation of the existing product to compete the market
competitors. The people are moving towards the effective, safe, natural
and chemical free medications and cosmetics. Aging is one of the risk
factors for several chronic diseases. The accumulation of disease
associated toxic materials like reactive oxygen species (ROS), an excess
amount of pro-inflammatory cytokines, can accelerate the aging process.
The severity of the disease condition and candidate immune players
could be the biomarker for the measurement of aging [1]. The healthy
aging is closely associated with inflammation and gut microbiome of the
host. The high level of proinflammatory cytokines triggers the chronic
diseases [2, 3], which in turn disturb the microbiome and aging process
that leads to the development of cognitive disorders.

Probiotics are live microbes, which when administered in suitable
amounts confer a health benefit on the host. The probiotics are known
for the positive regulation of gut health and immune regulation. Recent
studies emphasized the role of probiotics, and probiotic-containing
fermented plant products in cosmetics, and aging [4-6]. Lactobacillus
spp. and Bifidobacterium spp. are the commonly used probiotic strain
with proven health benefits, [7-9] and those microbes are the
commensal microbes present in the human gastrointestinal tract [10].
The probiotic strains were reported to produce enzymes, antagonistic
substances like bacteriocin, and neurotransmitters like y-aminobutyric
acid (GABA) [11-16].

The supplementation of probiotics can decline the harmful microbes
like Helicobacter pylori in the gut; thereby it confers the health
benefits [17]. The probiotic based treatment for inflammatory bowel
diseases and its success rate has been reviewed recently [9].

We have searched the literature in Scopus, PubMed, Google Scholar
using the keywords “Probiotic” and “Anti-aging”. The literature was
selected based on the relevance to the scope of the present
manuscript without any filter on publication year. The present study
compiled the reported anti-aging effects of probiotics with special
emphasis on the role of the microbiome in aging.

Theories, mechanism, and hallmarks of aging

Several ancient and modern theories were proposed to explain the
aging in human. Based on the traditional theories, aging is not

genetically programmed. The modern theories of aging have been
explained previously [18]. The modern aging theories are in two
different categories such as programmed theory and damage theory.
As per the programme theory, aging occurs due to the changes in
sequential expression of certain genes, hormonal programming, and a
programmed decline in immune systems [19, 20].

According to the damage theory, the body cells were worn out
because of being used for many times. During the elder period of life,
cells were losing their ability to regenerate and eventually leads to
the death of the organism. The accumulation of cross-linked
proteins, DNA damages, and free radicals harm the cells, which
cause aging and death [18].

The complete mechanism of aging has not been elucidated yet. The
aging mechanisms can be discussed in organismal, and cellular level.
To some extent, organismal and premature aging is controlled by
genetic makeup. Klotho, a mouse mutant used for aging research.
The mutation in klotho gene accelerates the aging. Klotho gene codes
for a secreted protein, which has homology to B-glucosidase of
microbes and plants, and also associated with several circulating
humoral factors. The mutant showed quite similar symptoms of
human aging like lifespan reduction, infertility, reduced physical
activity, etc. [21]. The administration of exogenous Klotho protein
reverts the aging-related dysfunction of organs in mutant animals,
which proved that Klotho plays a critical role in aging, and has been
termed as an anti-aging hormone.

The cellular level of aging is greatly hung on the proliferative
potential of cells. At every division of normal cells, the telomere, a
specific structure of chromosomes of eukaryotic cells, will shorten.
The cell division will be arrested after telomers reach a certain size.
In the case of stem cells, a specific enzyme called telomerase can
prevent or repair the condensed telomeres [22].

The genomic instability, telomere erosion, epigenetic changes,
mitochondrial dysfunction, stem cell collapse, cellular senescence,
loss or changes in intercellular communication, loss of proteostasis,
and dysregulated nutrient sensing are the cumulative explanations
for aging [23]. The environmental stressors that disturb the
metabolism and inflammation can sturdily affect the lifespan of an
organism. The damage to DNA stability may cause errors in DNA
replication and generate ROS, which may be the cause of genetic
lesions [24]. The epigenetic changes like histone modifications and


http://creativecommons.org/licenses/by/4.0/�

Chaiyasut et al.

DNA methylation are sensitive to environmental cues that can alter
the lifespan [23]. Metabolic changes also have an impact on
epigenetic alterations that have been associated with aging [25].

As enlightened, telomeres are predominantly susceptible to age-
related worsening, which is related to the exo-and endogenous, and
inflammatory damages [26, 27]. It has been proved that an anti-
inflammatory diet decelerated the telomere shortening and reduced
the cardiovascular risk and mortality [28]. The unbalanced diet and
obesity are associated with inflammation-related aging [29].

The involvement of DNA damage, ROS, and inflammation in
mitochondrial dysfunction have been reported [30]. The
mitochondrial dysfunction is linked with aging and the aging-related
symptoms were observed among the patients with mitochondrial
diseases [31, 32]. MOTS-c, a mitochondrial-derived peptide, controls
the metabolic homeostasis through 5' AMP-activated protein kinase
and averts the age-dependent metabolic consequences [33]. MOTS-c
supposed to be associated with an increased lifespan of some of the
Japanese populations [34].

Protein homeostasis prevents the accumulation of damaged and
misfolded protein either by repair or by degrading them [23, 35].
Aging affects the proteostasis, and protein impairment eases the
development of age-related diseases [36, 37]. The deterioration of
ubiquitin-proteasome and autophagy-lysosomal systems were also
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associated with aging [38, 39]. The aging, inflammation and the
environmental factors were interconnected and further studies on
the aging mechanism and its hallmarks are necessary [1].

Aging and microbiome

Though genetic, and environmental factors influence healthy aging,
diet and gut microbiota play an influential role in senescence. Aging is
connected to variations in the gut microbiota that are often associated
with changes in the gastrointestinal tract, and dietary patterns,
together with an associated decline in cognitive and immune function,
eventually contributing to frailty. Consequently, dietary pattern helps
to restore the microbiota in elderly, which may extend the healthspan
of an individual and reduce the frailty [40-42].

The gut microbes of elderly people exhibited low bacterial diversity,
changes in the dominant species, reduction in beneficial commensal
microbes, and increase in facultative anaerobic bacteria, and a noticeable
level of reduction in short-chain fatty acids [43]. Specifically, the level of
Firmicutes (Clostridium cluster XIVa and Faecalibacterium prausnitzii,
Bifidobacteria spp.) were declined significantly while the Proteobacteria
level was increased [44]. The results were not consistent among the
population, especially alterations in phylum Bacteroidetes is
controversial [40, 42, 45, 46]. Likewise, some studies have been reported
that lactobacilli were reduced at later stages of life [47] while other
studies have been stated oppositely [46, 48].

Table 1: Factors that affect the human microbiome at different stages of life

Developmental stage Factor influencing the microbiota

Major group of microbes Reference

Gestational health

Diabetes

Food habits of the mother
Weight gain during pregnancy
Use of drugs and antibiotics
Microbes in placenta and amniotic fluid
Hygiene and lifestyle

Mode of delivery

The weight of the baby
Gestational age

Host genotype and physiology
The environment of the hospital
Length of stay at the hospital
Hospital microflora

Use of drugs and antibiotics

Gestation (Pregnancy)

Parturition

Infancy Method of Feeding

Use of antibiotics and probiotics
Weaning

Pets

Siblings

Hygiene

Food habits

Environmental factors

Use of antibiotics and probiotics

Puberty

Use of fermented food
Malnutrition

Infant Illness

Lifestyle and food habits

Use of antibiotics

Use of prebiotics and probiotics
Sleep

Traveling

Disease

Pregnancy

Lifestyle and food habits

Use of antibiotics and drugs
Illness and type of diseases
Hygiene

Menopause

Use of prebiotics and probiotics

Adulthood

0ld age

Vaginal, fecal, and skin microbiota of mother

The composition of breast milk/infant formula

The immediacy with friends, siblings, pets

Proteobacteria, Facultative anaerobes [56]

Bacteroides,
Bifidobacteria

Firmicutes,
Bacteroides

Bacteroides, Firmicutes

Obligate and facultative anaerobes
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The reduction in microbial metabolic activity was also related to
aging-associated diseases like frailty, cognitive decline, decreased
appetite, irregular bowel transit, and movement, diabetes, weight loss,
arthritis, etc. [49-51]. The gut microbiota greatly influences on host
metabolism and nourishment. Some of the microbial metabolites like
short-chain fatty acids are absorbed by the host system and help in
maintaining the functionality of the organs. Thus, microbial
metabolites have a significant role in human health span [52].

The major factors influencing the microbiota of human at every stage
of development has been presented in table 1. During the early stage
of life, the changes in gut microbiome not necessarily associated with
the health conditions of the host system. But the microbiota changes
greatly affect the health status and frailty of elderly people [53].

The changes in some microbial group like reduction in F. prausnitzii has
negatively associated with frailty while the shift in other microbes was
favorable for the host. The microbiota shift is not initiated at any specific
stage of life, but the accumulation of minor alteration causes drastic shift
and accelerate the aging at later period of life, particularly if the host is
physically morbid [54]. Besides, diet and lifestyle are the crucial players
in gut microbiota changes, and healthy eating habits prolong the health
span of elderly people. The geographical region and ethnicity also have
finer contributions to the microbiota changes and frailty [55].
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Anti-aging property of probiotics

The balanced diet and physical activities are associated with
increased healthspan and healthy aging. The recent studies revealed
that probiotic supplementation can extend the lifespan (table 2).

The lifespan extending ability of centenarian fecal isolate,
Lactobacillus salivarius strain FDB89 has been demonstrated using
Caenorhabditis elegans. The normal laboratory feed of C. elegans was
replaced with FDB89 and the total lifespan, SOD (superoxide
dismutase) activity, XTT (2, 3-bis-(2-methoxy-4 nitro-5-sulfophenyl)
-2H-tetrazolium-5-carboxanilide) reduction capacity, reproduction,
pharyngeal pumping, and body size were measured. The results
revealed that FDB89 reduced the growth, pharyngeal pumping,
and reproducing ability while increased the XTT reduction
capacity and SOD activity, and about 11.9% of lifespan was
increased than that of the control. The gradient feeding assay
revealed that the dietary restriction extends the lifespan, up to 10-
fold, compared to the regular amount of food. The FDB89
supplementation has not changed the lifespan of eat-2 (gene
responsible for the pharyngeal action) mutant worms, which
indicated that life extension in wild type was the resultant of
FDB89 ingestion, and the phenomena depends on the dietary-
restriction [57].

Table 2: The reported anti-aging property of probiotics

S.No. Model system Intervention Duration  Results References
1 Caenorhabditis elegans Lactobacillus - Extend the lifespan via increasing the antioxidant [57]
salivarius FDB89 mechanism, and associated with dietary restriction
2 Caenorhabditis elegans Bacillus - Increased the lifespan of the worms via serotonin [58]
licheniformis signaling pathway
3 Caenorhabditis elegans Lactobacillus - Activates the p38MAPK signaling pathway, increased the [59]
gasseri SBT2055 expression of skn-1, and amounts of mitochondria.
4 Senescence-accelerated Lactococcus lactis 2-5mo Reduced incidence of skin ulcers and hair loss. Increased [60]
mice subsp. cremorisH61 the bone density, Reduced the number of Staphylococcus
spp.
5 Senescence-accelerated Lactococcus lactis S5w Reduced the effect of senescence and prolong the lifespan [61]
mice subsp. lactis ]JCM via activating the plasmacytoid dendritic cells.
5805
6 Senescence-accelerated Lactococcus lactis 15-20 w Increased IFN-a induction activity, [62]
mice strain Prone subsp. lactis strain Reduced the aging-related skin thinning, increased the
1(SAMP1) and Prone 10 Plasma expression of tight junction-associated genes, and reduced
(SAMP10) the expression muscle degeneration gene. Reduction in
senescence score when compared to respective controls.
6 Human volunteers Lactobacillus 12w Reduced the skin wrinkle depth, improved the skin gloss, [63]

plantarum HY7714

and moisture content. Significant improvement in skin
elasticity.

The wild type and mutant strains of C. elegans were fed with Bacillus
licheniformis (Korean fermented food isolate) or Escherichia coli
OP50 or Lactobacillus rhamnosus GG and validated the lifespan
extension, and its mechanism was validated. B. licheniformis
extended the lifespan of C. elegans up to 45% when compared with
OP50 control. The nematode intestinal colonizing ability of B.
licheniformis was lower than L. rhamnosus and OP50. The
experiments with mutant strains, ser-1, and ser-7 (serotonin
receptor gene), tph-1 (tryptophan hydroxylase), mod-1 (serotonin-
gated chloride channel), bas-1 (serotonin-and dopamine-synthetic
aromatic amino acid decarboxylase), revealed that B. licheniformis
has an impact on serotonin signaling system. The lifespan extension
was mediated by the serotonin signaling [58].

Lactobacillus gasseri SBT2055 mediated lifespan extension of C.
elegans, and the mechanism behind the longevity has been reported.
L. gasseri SBT2055-fed worms showed about 37% of lifespan
extension when compared with control. The up-regulation of skin-1
(transcription factor orthologs to Nuclear factor-erythroid-related
factor of mammalian, and involved in oxidative stress regulation,
antioxidant defense responses), and SKN-1 regulating genes were
observed in L. gasseri SBT2055-fed worms. L. gasseri SBT2055
increased the amounts of mitochondria, stimulated the SKN-1 by
p38 MAPK signaling pathway thereby activate the phase II

detoxification system. The results suggested that L. gasseri SBT2055
prolonged the lifespan of C. elegans via improving the antioxidant
system and activating the innate immune system through SKN-1,
and p38 MAPK signaling pathway [59].

The senescence-accelerated mice (SAM) were supplemented with
heat-killed (0.05% along with laboratory diet) or fermented milk
product (108CFU per ml of H61) containing Lactococcus lactis subsp.
cremoris H61 from age one or nine months to age three or fourteen
months. Another set of SAM was administered with 2 x 107
cells/mouse/2-3 d from the age of eight months to twelve months.
Then the animals were monitored for the physiological, micro biota,
immune, and antioxidant changes. The results suggested that the
consumption of heat-killed H61 reduce the loss of bone density, hair
loss, and manifestation of skin ulcers. The level of IL-12, INF-y was
increased upon H61 intervention when compared with control. The
lipid peroxidation was hindered in experimental rats fed with H61.
The microbiota analysis revealed that H61 supplementation does
not affect the Enterococcus spp. Bacteroides spp., and
Bifidobacterium spp. content while the reduction in Staphylococcus
spp. was observed. The supplementation of fermented milk and live
cells of H61 also exhibited the same impact in the SAM. Collectively,
the results of the study suggested that H61 could be a potent
probiotic for the suppression or delaying of aging-related
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consequences [60]. Recently, Sugimura et al. [61] reported the life-
extending property of another L. lactis strain, namely L. lactis subsp.
lactis JCM 5805 using SAM model. The SAM was fed with 1 mg of
heat-killed JCM5805/day from the age of seven weeks to twelve
weeks and monitored the changes until the age of 82 w. The results
proposed that the administration of JCM5805 reduced the
pathological consequences in lungs and liver, the incidence of
hepatocellular foci alterations in the probiotic-treated group when
compared with control. The mRNA level of IL-18 was lesser in
JCM5805-treated mice. The aging-related skin is thinning and mass
muscle decline was reduced upon JCM5805 intervention. The
plasmacytoid dendritic cells were stimulated in JCM5805
supplemented mice compared to control. Together, the study
suggested that long-term supplementation of JCM5805 may extend the
lifespan [61]. The supplementation of Lactococcus lactis subsp. lactis
strain Plasma to senescence-accelerated mice strains Prone 1 (SAMP1)
and Prone 10 (SAMP10) activated the IFN-o induction activity in
SAMP1, and reduced the aging-related skin thinning, improved the
naive T cell ratio, increased the expression of tight junction-related
genes (Claudin-1 and Zo-1), and suppressed the expression of muscle
degeneration gene (Fox0O-1) in SAMP10. Overall, the senescence score
was reduced in the probiotic-supplemented group when compared
with the respective controls [62].

Lee et al [60] reported the anti-skin aging properties of
Lactobacillus plantarum HY7714 in humans. The human volunteers
with dry skin and skin wrinkles (41-59 y old) were supplemented
with L. plantarum HY7714 (10!° CFU/day) or placebo for twelve
weeks. The probiotic supplementation reduced the skin wrinkle,
dehydration, and increased the skin gloss, and skin elasticity after
twelve weeks compared to baseline and control. The study primarily
stated the anti-skin aging property of L. plantarum HY7714 in
humans [63].

CONCLUSION

Aging is associated with several complicated biological,
environmental, geographical, behavioral processes, and also the
strongest risk factor for several chronic diseases. The scientific
reports revealed that the gut microbiota plays a critical role in
maintaining the host immune system, antioxidant system, cognition,
etc. The microbiome of individuals depends on several life habits
from the gestation (table 1). The dietary factors greatly influence the
longevity and mortality. It is known that the probiotics
supplementation significantly affects the gut microbiota. Even
though some studies described the anti-aging properties of
probiotics, the reports on clinical trials are very limited. The
mechanism of probiotic mediated longevity has not been
demonstrated completely. The extensive research on the association
of probiotics-microbiota-longevity may help to extend the
healthspan and life expectancy of humans.
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