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How have NAD+ supplements impacted society's quest for eternal youth

Introduction:

Australia's population is aging, with approximately 1 in 6 Australians being 65 or older as of 2020, and
this percentage is projected to increase (Australian Institute of Health and Welfare, 2021). The risk of
age-related diseases increases with age. The belief in the potential benefits of anti-aging supplements
to delay the onset of these illnesses and provide anti-aging benefits has fuelled their popularity in the
past decade. Nicotinamide Adenine Dinucleotide (NAD) is one such supplement believed to mitigate
the negative effects of aging, such as the development of chronic diseases and the aging process itself.
NAD* is a coenzyme essential for cellular energy production and repair in all human cells. This report
will focus on the influence NAD+ supplements have on the medical, pharmaceutical and anti-aging
industries.

Biological Background:

NAD* is a coenzyme that is crucial for carrying out chemical reactions within the body. Coenzymes are
small molecules that aid enzymes in catalysing various reactions. Additionally, enzymes are proteins
that catalyse biochemical reactions by reducing the activation energy required for reactions. This is
achieved by inducing strain and distortion on the substrate bonds, making certain bonds weaker and
more susceptible to breaking. This provides an alternate metabolic pathway for the reactants to turn
into products. There are specific areas on the enzymes called active sites that bind to a particular
substrate. The induced-fit model explains how the active site adjusts its shape to precisely fit the
substrate, forming the foundation of enzymatic activity (Sigma Aldrich, 2024). NAD is the general name
used to describe Nicotinamide Adenine Dinucleotide, which NAD" refers to the active biological form
of NAD with catalytic abilities. NAD, after receiving electrons and a hydrogen ion, transforms into
NADH (Concierge MD, 2022).

Aerobic respiration is a chemical process carried out by many living cells to produce cellular energy.
During respiration, glucose is first broken down in the cytoplasm to form pyruvate. The next phase,
the Kreb Cycle, is composed of many stages of biochemical reactions that are intended to release
stored chemical energy in nutrients, so the energy released, forms ATP (adenosine triphosphate)
(Bjyus, n.d). The cycle starts with Acetyl coenzyme A (a two-carbon-molecule) which reacts with
oxaloacetate (a four-molecule-carbon) to form citrate (a six-carbon-molecule). The citrate is further
transformed into Isocitrate which is an isomer of citrate. After the synthesis of a-Ketoglutarate but
before the synthesis of Isocitrate, one molecule of carbon dioxide is produced and one molecule of
NAD* is then converted into reduced NADH. Two additional NADH molecules are produced throughout
one cycle of the Kreb Cycle and one molecule of oxidised flavin adenine dinucleotide (FADH,) has been
derived from flavin adenine dinucleotide (FAD). Additionally, one molecule of ATP is generated
through substrate-level phosphorylation. The Kreb Cycle repeats twice, and so the end products after
two repeats consist of two ATP molecules, four carbon dioxide, six NADH molecules, and two FADH,
molecules (TMP, n.d). See Figure 1 below
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Apart from aiding the production of ATP, NAD+ supplements also aid in other cellular processes such
as DNA repair by decreasing the accumulation of endogenous DNA damage which improves DNA’s
repair capacity (DOI, 2020).

Acetyl CoA
\ Figure 1: This figure
1. citrate illustrates the process of
NADH synthase .
the Krebs Cycle, detailing
+ 8. malat 2
D datiydioganass = “CO””“SG\\ the reactants and products

- generated at each stage

(Microbe Notes, 2020).

CO,
- 7. fumarase Krebs cycle djv,‘::?gé:ifgei NAD*

NADH

a-Ketoglutarate
\ Products
‘ . 4. a-ketoglutarate
6. succinate CO,
FADH. dehydrogenase dehydrogenase NAD* (Each Cycle)

FAD NADH 1ATP (GTP)

5. succinyl CoA Succinyl CoA 3 NADH

synthetase
1 FADH,

2CO;

GTP GDP

Influence on Science and Society:

NAD+ supplements have influenced the scientific and medical fields due to recent theories about
regulating life processes in organisms. Shinya Yamanaka demonstrated the feasibility of cell
reprogramming through extensive experiments in mice, showing that it could enhance health and
resilience in human cells. Throughout history, countless people have attempted to halt the aging
process. Yet, scientists have long grappled with uncovering the underlying factors that contribute to
the process of aging. From 1558, when women first discovered the wrinkle-reducing properties of
meat applied to the face, to the early twenty-first century, when creams and pills became readily
available in pharmacies, humanity has incessantly pursued to look more cosmetically appealing
(Harpers Bazaar, 2016).

NAD was first discovered in 1906, but it became more widely known in the early 21st century,
especially after the discovery of sirtuins in 2000. Sirtuins are proteins that depend on NAD*. The
concept of "NAD World" emerged, suggesting sirtuin 1 as a key regulator of aging and longevity in
mammals. This sparked increased interest in the coenzyme NAD+ and led to a revolution in the anti-
aging industry (DOI, 2000).

As organisms age, their tissue and cellular NAD* levels gradually decrease, impacting various model
organisms like rodents and humans. Numerous age-related illnesses, such as sarcopenia, cognitive
decline, and frailty, are directly linked to this drop in NAD* levels. Numerous illnesses may be slowed
down or even completely cured by raising NAD* levels. Thus, focusing on NAD* metabolism has
become a viable treatment strategy to reduce age-related illnesses and increase human lifespan and
overall health (DOI, 2020).

Moreover, the popularity of anti-aging supplements, including NAD+ supplements, is increasing as
many people strive to look and feel younger. This trend has significantly influenced both the

Page 2 of 8



210205H Anti-aging SHE Task

pharmaceutical and cosmetic industries and the anti-aging sector. NAD+ supplements can delay the
onset of age-related diseases such as cancer and metabolic diseases, thereby reducing biological age
and reversing age-related immune system decline (DOI, 1993).

As NAD* plays a pivotal role in numerous metabolic processes, NAD+ supplements have emerged as
agents for rejuvenating aging cells, targeting pivotal mechanisms like damaged DNA and inefficient
mitochondria (DOI, 2018). As a result, it has influenced the research into NAD* boosters, with trials
underway to seek FDA approval for drugs aimed at combating aging (FDA, 2023). Moreover, these
trials have spurred and influenced the development of other scientifically supported anti-aging
medications, like recent trials involving metformin, originally a diabetes treatment. Successful
outcomes from these trials could incentivise major pharmaceutical firms to invest more in anti-aging
research, particularly in NAD+ supplements. Consequently, the emergence of NAD" boosters has
influenced not only the pharmaceutical industry but also legislation in both the pharmaceutical and
anti-aging sectors (Cosmos, 2023).

The utilization of anti-aging products such as NAD+ supplements within the scientific community has
significantly reshaped public perceptions that were once steeped in negativity toward anti-aging
interventions. Historically, the anti-aging industry bore a heavy stigma, partly due to marketing tactics
employed by cosmetic companies. Additionally, these products are merely showcased through
societal influences propagated by the media, promoting the idea of maintaining a “youthful look”,
which undermines the concept of embracing the “natural aging” process gracefully. However, with
the increasing prevalence of NAD+ supplements and their “scientific backing”, the industry and public
perception of anti-aging is shifting from gimmicky products to promoting lifelong health by preventing
diseases typically associated with aging. This evolving perspective may pave the way for more
scientifically substantiated anti-aging products to enter the market, providing consumers with
informed choices (Business Today, 2023).
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Figure 2: The global anti-aging industry is projected to experience rapid growth until 2030. (Zion Market Research, n.d)

Finally, products like NAD+ supplements have significantly boosted the economic development of the
anti-aging industry, enabling a steady growth rate of 7.8% annually. See Figure 2

Currently valued at approximately sixty-six billion USD, the anti-aging industry is predicted to reach
one hundred and twenty billion USD by 2030, clearly indicating that this industry will yield substantial
economic benefits in the future. Furthermore, consumers recognize the importance of maintaining
their health and preventing diseases before they arise, leading to increased spending on anti-aging
supplements.

These products signify a recent breakthrough and stand out for their uniqueness. Consumers trust the
scientific validation behind them, which attracts more buyers and establishes a new niche in the anti-
aging market. This also contributes to the expanding 'natural products' segment. (Custom Market

Insights, n.d).
Applications and Future Developments:

In addition to their anti-aging properties, NAD+ supplements can enhance energy levels and
endurance by aiding mitochondria to produce NADH, the cell organelle responsible for ATP synthesis.
By ramping up cellular metabolism and ATP production, NAD+ supplements can enhance physical
performance and alleviate fatigue, making it particularly advantageous for athletes and individuals
seeking to enhance muscle function and athletic ability. Additionally, NAD* has proven effective in
addressing addiction and withdrawal symptoms by bolstering neurotransmitter production associated
with addiction and mitigating oxidative stress, thereby curbing cravings, and fostering improved well-
being during recovery. Furthermore, NAD+ supplements have been found to bolster immune function
by bolstering the production and efficacy of immune cells, consequently bolstering overall health, and
diminishing susceptibility to infections and ailments. This also leads to enhancements in the body's
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metabolic processes, further contributing to overall well-being (AvizMedics, n.d). As well as curing
certain illnesses and diseases, the future for NAD* is looking very promising. While there are many
different areas of medicine NAD* may impact, the main area for potential NAD" application is the use
of NAD" in prescription medication with tailored medication given to patients based on an individual’s
NAD* levels and metabolic profile.

Conclusion:

In conclusion, NAD+ supplements have significantly impacted society's quest for eternal youth by
providing promising strategies to address age-related illnesses and improve overall well-being. With
Australia's aging population growing, there is a rising demand for anti-aging solutions. NAD*, a crucial
coenzyme essential for cellular energy production and repair, has become a symbol of optimism in this
endeavour. Scientific progress in understanding NAD*'s role in cellular processes and aging has spurred
the creation of NAD+ supplements, shaping not only the medical and pharmaceutical fields but also
altering public perceptions of aging. Further exploration of NAD+ metabolism and its potential for
tailored treatments based on individual characteristics foreshadows exciting developments in anti-
aging medicine.
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