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Clinical data
What is Nicotinamide Riboside (NR)?

NR is a pyridine-nucleoside form of vitamin B, consisting of nicotinamide (NAM) and ribose. It is also
considered a more tolerable form of vitamin B3, as unlike its cousin niacin, this form of vitamin B3 is not
associated with unpleasant hot flushing of the face and body.

NR is a biological precursor of the essential coenzyme Nicotinamide Adenine Dinucleotide (NAD+) in the
body. NAD+ is one of the most abundant and crucial molecules found in almost every cell in the human
body. Itis needed for many metabolic pathways and is central to cell signalling and the production of ATP
and cellular energy. This is more than just energy to enable the body to exert more power. Rather, it is the
energy needed for thousands of chemical processes and functions to enable cells to survive (1).

Accumulating research findings on Nicotinamide Riboside (NR) have confirmed its efficacy in various animal
and human studies. This includes increasing the activity of the longevity Sirtuin enzymes. These incredible
proteins are a group of seven enzymes that wield their unique catalytic powers to influence various cellular
processes and potentially hold the key to unlocking the secrets of longevity. Sirtuing stimulate energy
production, improve mitochondrial function, repair DNA damage, reduce total cholesterol and fat
accumulation levels to promote liver health, reduce neuroinflammation and amyloid production in the brain,
prevent axonal degeneration. These diverse functions support the potential of Sirtuins for treating
cardiovascular, neurodegenerative, and metabolic disorders (2).

NR Primary Benefits (based on human clinical data)
1. Elevates cellular NAD+ levels in mature adults
2. Supports cellular energy and repair as an essential cofactor for energy production.

3. A Dbicavailable and non-flushing form of niacin

In vivo mammalian studies

1. Improved insulin sensitivity
2. Improved strength
3. Improved muscle quality
4. Reduced muscle degeneration/senescence
5. Improved neurogenesis, reduced cognitive degeneration, protection against Alzheimer’s.
6. Improved metabolism and protection against obesity
7. Effectiveness in the treatment of mitochondrial disease in mice (4).
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The importance of Nicotinamide adenine dinucleotide (NAD+) to all cells

Approximately 200 enzymes rely on NAD+ as an electron acceptor for vital chemical reactions. NAD+ is the
ultimate energy source for cells: By accepting electrons, NAD+ gets "charged up" and becomes NADH, ready
to donate its stored energy for various cellular functions. NAD+ is necessary for oxidative reactions in the
cytosol and mitochondria, playing a fundamental role in cellular health. It is also required for carbohydrate
oxidation during adenosine triphosphate. (ATP) production.

Research indicates that systemic NAD+ levels decrease due to reduced synthesis rates. The substantial
demand for NAD+, crucial for cellular processes, can be restored by supplementing NAD+ precursors such
as NR. Additionally, fasting, caloric restriction and exercise, have demonstrated the ability to significantly
elevate NAD+ levels in the body (2).
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Intracellular metabolic pathways of NAD+ metabolism (3)

In addition to its crucial function as a coenzyme in energy metabolism, the important role of NAD+ has
expanded to be a co-substrate for various enzymes including Sirtuins, PARPs, CD157, CD73, CD38 and
SARMT, all of which impact DNA repair, cellular aging and epigenetic adaptation (3).

What are Sirtuins?
The Silent Information Regulator (SIR) genes (Sirtuins) are genes that contain the code to create a family of 7

proteins, called Sirtuins. Sirtuins primarily promote cellular resilience and longevity. They also help to
maintain NAD+ levels and protects the cells from damage (6).
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How do sirtuin enzymes function?

The sirtuin enzymes remove acetyl groups from lysine residues on various cells proteins through a process
called deacetylation. This modification alters the function of the cell proteins impacting metabolism, gene
expression and response to cell stress. The sirtuin proteins are able to silence specific regions of the DNA,
prevented unwanted gene expression. This process is crucial for maintaining gene stability and regulating
cell differentiation. Sirtuins are present in virtually all species and seven sirtuin genes - SIRT1to SIRT7 - have
been identified in humans (7).

Sirtuins and NAD+ must exist in synergy. Sirtuins are NAD+ dependent histone deacetylases and require

NAD+ as a vital cofactor for their enzymatic activity on cell proteins. Sirtuins can detect changes in
metabolism and energy homeostasis and are involved in various biological processes such as:

cell survival
senescence
proliferation
apoptosis,

DNA repair
DNA expression
cell metabolism

Sirtuins are also activated by caloric restriction, fasting, moderate intensity exercise and certain

antioxidants such as quercetin, resveratrol and green tea. Sirtuins have been considered potential targets
for the treatment of human age-related pathologies including neurodegenerative diseases, cardiovascular

diseases, respiratory conditions, and cancer (7).
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Actions of Sirtuins (7)
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What are PARPs?

Like Sirtuins, PARPs, (Poly (ADP-ribose) polymerases) are a class of 17 protein enzymes involved in cell
processes and due to the high NAD+ requirements, tends to deplete NAD+ in the cells.

However, these enzymes modify proteins by adding ADP-ribose chains, a process called ADP-ribosylation.
This modification can influence protein function, signalling, DNA repair, genomic stability and programmed
cell death (apoptosis). PARP-1belongs to the PARP family, and plays a crucial role in cellular responses to
diverse stresses, including DNA damage and inflammation and its functions encompass DNA repair,
modulation of inflammation, and regulation of specific gene activities. Research suggests that its activity is
linked to longer lifespan in mammals and humans, playing an important role in longevity (8).

NAD+ Metabolism
Biosynthesis can compensate depleted levels of NAD® via the salvage pathways from four precursors,

Nicotinamide (NAM)

Nicotinic acid/Niacin (NA),

Nicotinamide riboside (NR)
Nicotinamide. mononucleotide (NMN) (2)

N

In the diagram below, NR, NA or NAM is converted to NMN under the influence of the enzyme nicotinamide
phosphoribosyltransferase (NAMPT). The enzyme nicotinamide mononucleotide adenylyltransferase
(NMNAT aka NMN transferase) then converts NMN to NAD+. The salvage pathways are the main source of
NAD+ for cells (2).
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(NAD+) Production and Catabolism in Mammalian Cells (9)

NR Cellular Bioavailability

The literature shows that NR is considered safe and is very well tolerated. Human studies showed that

taking up to 2000mg per day had no harmful side effects and the average daily dose is 300mg per day is
shown to be beneficial (10).

1. In vivo trial to investigate the impact of nicotinamide riboside (NR)
o 2 xb-week randomised, double-blind, placebo-controlled, crossover clinical trial.

o Sixty healthy individuals
o Ages bbto 79, including both middle-aged and older men and women
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e The findings demonstrated that NR is well-tolerated and proficiently elevates NAD+ levels
and enhances NAD+ metabolism in humans (11).

2. Human clinical trial involving NR and pterostilbene, a naturally occurring analogue of the polyphenol
resveratrol

e Results revealed that a single oral dose of NR led to a notable up to 2.7-fold increase in
blood NAD+ levels.

e Inarandomised, double-blind, placebo-controlled human study 113 participants received
NR in conjunction with pterostilbene (NRPT). The group receiving NRPT at a daily dosage
of 250mg experienced a significant 40% elevation in NAD+ levels compared to baseline.
The group receiving NR of a daily dose of 500mg experienced a 90% increase of NAD+
levels after 4 weeks compared to placebo and baseline (12).
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NRPT increases NAD+ levels (12)

NR Research
Ageing

A decline in NAD+ levels is linked to aging-associated diseases. Emerging evidence suggests that boosting
NAD+ levels may slow or even reverse aspects of aging and delay the progression of age-related factors
such as cognitive decling, glucose and lipid metabolism disorders, atherosclerosis, sarcopenia, frailty and
cardiovascular diseases. New findings indicate that increasing NAD+ levels from supplementing with
precursors such as NR may slow or reverse progression of these age-related diseases (13).
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NR and reduced inflammation

Chronic inflammation, mitochondrial dysfunction and increased cell senescence are some of the key
features of aging, leading to the onset of age-related disorders such as cardiovascular diseases,
osteoporosis, and diabetes mellitus (14).

2. NR: Reduction in inflammation and elevated muscle NAD+ levels-In vivo human trial

A placebo-controlled, randomised, double-blind, crossover study, aimed to investigate the effects of oral
nicotinamide riboside (NR) supplementation on NAD+ levels in skeletal muscle and its potential impact on
muscle mitochondrial energy metabolism in elderly participants.

Over a 21-day period, twelve elderly men were administered a daily 1g NR supplement and results showed:

e elevation in muscle NAD+ levels
e reduction in circulating inflammatory cytokines
e reductionin IL-6, IL-5, IL-2 and tumour necrosis factor alpha (TNF-).

These findings suggest that oral NR is accessible to aging human muscle and has anti-inflammatory effects
(18).
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Transcriptomic and Anti-inflammatory Signatures (15)

NR and reduced cellular senescence

Senescence is increasingly recognised as a key contributor to the aging process. Cellular senescence is a
biological process in which cells enter a state of stable growth arrest, ceasing to divide and function
normally. This can be triggered by various factors such as DNA damage, telomere dysfunction, and
oncogene activation. Senescent cells also exhibit a senescence-associated secretory phenotype (SASP),
releasing inflammatory molecules that can affect neighbouring cells and its prolonged presence can
contribute to aging, age-related diseases, and impaired tissue regeneration (16)

1. Anin vivo mouse model

A clinical study investigated the impact of boosting intracellular NAD+ levels with nicotinamide riboside (NR)
on senescence and mitochondrial dysfunction in ataxia telangiectasia (A-T).

e The research demonstrated that boosting intracellular NAD+ levels with nicotinamide
riboside (NR) can prevent senescence and senescence-associated secretory phenotype
(SASP), suppress neurodegeneration and neuroinflammation, and improve motor function in
Atm~—/- mice (14).
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NR and reduced mitochondrial dysfunction

The research on Nicotinamide Riboside (NR) and its effects on mitochondria has yielded valuable insights.
Below are some key findings from the provided search results.

1. Mitochondrial Myopathy in Mice
A study significantly postponed the advancement of the disease in both its early and late stages.

e [t achieved this by strongly promoting the generation of new mitochondria in skeletal muscle and
brown adipose tissue, thus averting abnormalities in mitochondrial structure and mtDNA deletion
formation.

e The findings suggest that NR has a protective function in mitochondrial disease. Approaches that
enhance NAD+ levels hold promise as a treatment strategy for mitochondrial myopathy (17).

2. NR and Muscle Mitochondrial Biogenesis in Humans

A study on obesity indicators using Body Mass Index (BMI)between monozygotic (genetically identical) twin
pairs with very different BMI's.

e Findings revealed that long-term NR supplementation improved muscle mitochondrial
biogenesis, myoblast differentiation, influenced gut microbiota and systemic NAD+
metabolism in humans, irrespective of BMI.

e Additionally, NR demonstrated the ability to regulate the epigenetic control of gene
expression in both muscle and adipose tissue (18).

3. The Role of NR in Mitochondrial Biogenesis

A study is currently underway aimed to investigate if NR could increase energy production and reduce
symptoms in humans with mitochondrial disease by increasing the number of mitochondria, potentially
leading to improved energy production and reduced symptoms.

e These findings collectively suggest that NR holds potential for improving mitochondrial health
and addressing mitochondrial disorders in both animal models and humans (19).

NR enhances metabolism
1. A mouse study

A mouse study investigated the effects of nicotinamide riboside (NR) supplementation on oxidative
metabolism and obesity in mice. The study found that NR supplementation increased NAD+ levels and
activated SIRT1and SIRT3, leading to enhanced oxidative metabolism and protection against high-fat diet-
induced metabolic abnormalities.

e Theresearch demonstrated that NR could be used as a nutritional supplement to ameliorate
metabolic and age-related disorders characterised by defective mitochondrial function.
Additionally, the study highlighted the role of NR in reducing inflammation and oxidative stress
by activating Sirtuin 1in alcohol-stimulated macrophages (20).
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2. Human clinical trial

A randomised, double-blinded, placebo-controlled, crossover intervention study with 13 participants,
received 1000 mg/d of NR for 6 weeks.

e The study revealed that nicotinamide riboside (NR) supplementation increased skeletal
muscle NAD+ metabolites, indicating enhanced NAD+ synthesis.

e [t further demonstrated that NR supplementation led to positive changes in body
composition, including a 1.33% reduction in body fat mass and a corresponding improvement
in lean muscle mass. Additionally, the research revealed an increase in sleeping metabolic
rate, indicating enhanced metabolic activity, even in the absence of exercise (21).

NR impacts cognition

Overall, the research suggests that NR may hold promise for supporting brain health and improving cognitive
function in the context of aging and neurodegenerative diseases.

Neurodegenerative diseases, such as Alzheimer's, Parkinson's, ALS, and in some cases, ASD, are linked to
NAD+ depletion, neuroinflammation, DNA damage and oxidative stress. Nicotinamide riboside (NR) has
shown to increase NAD+ levels in the brain, leading to improved cognition and reduced inflammation in
serum and cerebrospinal fluid. This may help in reducing symptoms and slowing the progression of these
cognitive and neuromuscular diseases (22).

The NADPARK human trial, a randomised phase | study of nicotinamide riboside (NR) supplementation in
Parkinson's disease, observed a significant 90% increase in cerebral NAD+ levels in patients recently
diagnosed with Parkinson's disease.

e Over a 30-day period, patients were administered either 1000mg of NR daily or a
placebo. The group receiving NR treatment exhibited heightened expression of genes
associated with mitochondrial energy production, as well as enhanced lysosomal and
proteasomal antioxidant functions in both blood and muscle. Additionally, inflammatory
cytokine levels were found to be reduced in the NR treatment group (22).
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NAD+ levels and impact on neurodegenerative disorders (9)

NR and cardiovascular health

An 8-week randomised, double-blind, placebo-controlled trial with 120 healthy adults aged 60 to 80. Daily
administration of 250 milligrams of NR and pterostilbene

e The study resulted in a 40 percent increase in participants' whole blood NAD+ levels
compared to their baseline after just four weeks. Individuals receiving the lower dose
showed reduced diastolic blood pressure and decreased levels of the liver enzyme
alanine aminotransferase, indicating diminished liver damage markers (12).
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