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As life expectancy grows around the
world, there is anincreasing need

for healthy ageing. On this ongoing
quest, scientists globally are exploring
the biology of ageing and looking for
effective interventions — including
nutritional supplements — to tackle
ageing. One enzyme related to energy
metabolism called nicotinamide
adenine dinucleotide (NAD+) has
been increasingly explored as a
contributor to healthy ageing. Within
this supplement you will find research
highlights summarizing important

papers in this growing field of research.
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NAD+: how an enzyme influences
metabolism and ageing

A study has
looked into how
nicotinamide
adenine
dinucleotide
influences
multiple
ageing-related
processes.
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ccording to the World Health
Organization, global life
expectancy increased from 66.8

to 73.4 years between 2000 and 2019.
While people live longer, they hope to
tackle ageing and stay healthy.

Over the past two decades,
an enzyme related to energy
metabolism called nicotinamide
adenine dinucleotide (NAD+), has
been increasingly recognized as a
contributor to healthy ageing.

NAD+ acts as a coenzyme — an
organic molecule that assists in
catalysis — in redox reactions. Beyond
its redox functions, NAD+ is also an
essential co—-factor or substrate for
hundreds of enzymes, with multiple
roles in the regulation of many key
cellular processes and functions
important for maintaining health,
making it an essential coenzyme for
human body.

In g comprehensive review,
published in Nature Reviews Molecular
Cell Biology'in 2021, researchers
at the Buck Institute for Research
on Aging in Novato, California,

United States, summarized recent
advancements in the NAD+ field.

A variety of preclinical studies
in various model systems, including
rodents and human primary cells,
have established that ageing is
accompanied by a gradual decline in
NAD+ levels. This decline has been
linked with alterations in many enzymes
associated with NAD+ degradation and

biosynthesis. Furthermore, lowered
NAD+ levels are linked to multiple
age-dependent cellular processes,
including DNA repair, oxidative stress
and immune cell function.

Recent studies in g variety of animal
models have demonstrated that NAD+
depletion plays a central role in many
ageing-related biological processes,
including cognitive decline, cancer,
metabolic disease and frailty.

Researchers note that boosting
NAD+ levels may improve the health
of many organs in the body, such as
boosting energy metabolism, reducing
muscle atrophy, and improving brain
function. This makes targeting NAD+
metabolism g promising anti-ageing
avenue. Researchers are also exploring
ways to restore NAD+ levels with its
precursor nicotinamide riboside.

Encouraging results from numerous
high—-quality preclinical studies in model
organisms highlight the potential of
restoring NAD+ levels as a way to treat
ageing-related diseases.

“Hopefully, the upcoming results
of current clinical trials will shed
some light on our unsolved questions
and set the basis for future directions
in deciphering the role of NAD+
during ageing in humans,” the authors
conclude. dp
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While people live longer, they hope
to tackle ageing and stay healthy.
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Boosting NAD+ levels may have health
benefits for many organs in the body,
or may enhance energy metabolism.
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Exploring the role of NAD+ and
Sirtuins in skin ageing

NAD+ is consumed by sirtuins during the

regulation of chemical processes, and may play

a pivotal role in skin health.

kin is constantly exposed to
S internal and external stressors

that can lead to damage
and ageing. Sirtuins are a family of
enzymes (SIRT1 through to SIRTT)
that are dependent on nicotinamide
adenine dinucleotide (NAD+) to
function. By consuming NAD+, they
regulate chemical processes, and
have emerged as pivotal players in skin
health and the ageing process.

Ina 2020 review, published in
Photochemistry and Photobiology',
Shenggqin Su and colleagues from the
University of Wisconsin, Madison in the
United States, summarized the state
of knowledge about the role of SIRT3,
SIRT4 and SIRT5 in skin ageing and
disease. These enzymes are called
the mitochondrial sirtuins as they are
primarily located in the mitochondrig,
which are the powerhouses of our
cells.

Mitochondrial sirtuins have been
implicated in the skin’ s response to
exposure to environmental hazards,
such as ultraviolet radiation (UVR)

and ozone, as well as in the ageing
process.

Research on mitochondrial sirtuins
in chronological skin ageing, which
progresses spontaneously over time, is
limited. However, some studies suggest
that these proteins, particularly
SIRT4, play a role in the skin’ s cellular
response to UV damage, and so
may be potential targets to combat
premature skin ageing due to frequent
exposure to solar UV radiation.

While some evidence suggests a
role for SIRT3 in the skin' s response
to damage from ozone exposure,
knowledge gaps exist regarding the
involvement of SIRT4 and SIRTS in this
process.

Evidence from cell-based studies
suggests mitochondrial sirtuins,
especially SIRT3, are involved
in regulating differentiation of
keratinocytes — the major cell type
found in the epidermis, the skin' s outer
layer — which is crucial for maintaining
barrier function. Although there have

been limited studies regarding the
roles of SIRT4 and SIRT5, their roles
in energy metabolism suggest they
may also be involved in this important
process.

Additionally, studies in mice have
found that SIRT3 plays an important
role in wound healing, and appears
to help protect against scarring
conditions. Other studies have shown
that SIRT6 can also regulate the
metabolism of collagen in fibroblasts?.

Mitochondrial sirtuins appear to play
crucial roles in maintaining skin balance
against environmental stress. However,
the mechanisms of action of these
proteins in various skin conditions,
especially SIRT4 and SIRT5, and how
they relate to NAD+ levels, are yet to
be fully understood. €p
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Sirtuins are closely related to the metabolism of collagen in skin,
UV protection and maintaining skin barrier function.
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Testing the availability

within the body of @
NAD+ precursor

A study explored the effect of NR on
enhancing NAD+ levels in the blood.

icotinamide adenine dinucleotide
N (NAD#) is an important substrate

for many enzymes involved in
metabolism, and falling levels of it
as we age have been linked to age-
related diseases. NAD+ is comprised of
three forms: nicotinamide, niacin and
nicotinamide riboside.

Because levels of NAD+ can be
compromised by metabolic stress
and ageing, scientists are exploring
whether ingesting greater levels of
nicotinamide riboside could optimize
health.

A 2019 study, published in Scientific
Reports’, aimed to test how the
availability of NAD+ in the body varies,
following the ingestion of an oral
formulation of nicotinamide riboside
(NR) that was provided by ChromaDex,
a dietary supplement and food
ingredient company based in California,
United States.

The authors, made up of
researchers from ChromaDex and the
University of lowa in lowa City, enrolled
140 adults aged between 40 and 60,

and randomly assigned them to receive
either a placebo, or 100 mg, 300 mg or
1000 mg doses of NR per day.

Participants were asked to limit
ingestion of foods containing either
significant amounts of tryptophan, a
precursor of niacin, or nicotinamide
riboside and record what they
consumed.

Participants continued their
treatments for 56 days and had
blood and urine tests, and safety
assessments, at days 7, 24, 28 and 56.
A total of 133 participants completed
the study.

The researchers found that
participants on 300 mg and 1000
mg doses of NR had significantly
increased blood levels of NAD+
metabolites, compared with the
placebo group, within seven days of
starting the treatments — and these
increased levels continued for the
remainder of the study.

After 14 days, NAD+ levels in
the blood of participants in the two

groups elevated by about 51% and
142%, respectively. The blood levels of
NAD+ metabolites in the 100 mg dose
group increased by 22% at day 14.

Methylated nicotinamide — @
biomarker of increased NAD+
metabolism — was also higher in the
urine and plasma of all participants
taking doses of NR after 56 days
treatment.

A limitation of the study was that
it involved predominantly middle—
aged adults of European descent
who consumed a diet limited in food
containing nicotinic acid. Further
research will be needed o evaluate the
effects of NR supplementation in other
populations. dp
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Nicotinamide riboside molecules
entering a cell and becoming NAD+.
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Scientists are exploring
whether ingesting greater
levels of nicotinamide riboside

could optimize health.
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