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What is NAD+ anyway?

And, why is it so important?

NAD+ (Nicotinamide adenine dinucleotide)

_ i is a coenzyme
2. GL””E found inside of every cell in the body and is
o | essential to sustain life!
O
OH OH MHs
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S o NAD+ is needed for REDOX

chemical reactions
OH OH

(Reduction & Oxidation)
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NPJ Aging Mech Dis. 2016; 2: 16017 doi: 10.1038/npjamd.2016.17
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https://dx.doi.org/10.1038%2Fnpjamd.2016.17

NAD+ transfers electrons

NAD+ picks up electrons to become NADH (reduction).

Then, NADH drops off electrons to become NAD+ again (oxidation).

This drives
ENERGY and METABOLISM

LEO the Lion says GER
Lose electrons is oxidation
Gain electrons is reduction
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NAD+ declines as we age

- Supporting energy & metabolism
- Supporting healthy blood sugar

- Supporting healthy DNA

- What can we do!?

PLoS One. 2011 Apr 26;6(4):€19194. doi: 10.1371/journal.pone.0019194. N

Biogerontology. 2017; 18(4): 447-476. doi: 10.1007/s10522-017-9685-9 ? ':" LI FE

Handb Exp Pharmacol. 2011; 206: 125-162. doi: 10.1007/978-3-642-21631-2 7 VM EXTENSION®
EMBO J. 2006 Mar 22; 25(6): 1305—-1314. doi: 10.1038/sj.emboj.7601015 Thc Science of a Healthier Life®
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https://www.ncbi.nlm.nih.gov/pubmed/21541336
https://dx.doi.org/10.1007%2Fs10522-017-9685-9
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=21879449
https://dx.doi.org/10.1007%2F978-3-642-21631-2_7
https://dx.doi.org/10.1038%2Fsj.emboj.7601015
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Nicotinamide Riboside

’ 4 Precursor to making NAD+!
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Nicotinamide Riboside (NR

www.nature .com/scientificreports

SCIENTIFIC REPQRTS

............................................. ”Consumption OflOO, 300 and

OPEN Safety and Metabolism of Long-
term Administration of NIAGEN 1000mg of NR dose-dependently and

(Nicotinamide Riboside Chloride) significantly increased whole blood
S —— in a Randomized, Double-Blind, NAD+ (i.e., 22%, 51% and 142%) and
weemEEEE placebo-controlled Clinical Trial of other NAD+ metabolites within 2
Healthy Overweight Adults weeks”

Dietrich Conze?, Charles Brenner(®? & Claire L. Kruger!

Nicotinamide riboside (NR) is a newly discovered nicotinamide adenine dinucleotide (NAD™) precursor
vitamin. A crystal form of NR chloride termed NIAGEN is generally recognized as safe (GRAS) for use
infoods and the su bject of two New Dietary Ingredient Motifications for use in dletary supplements
EYics and dose-dependency of NR oral availability and sate
utherwm! healthy men and , an 8 k randomized, double-blind, placebc contmlled clinita
trial was conducted. Consumption of 100, 300 and 1000 mg NR dose-dependently and significantly
mcrcased whole blood NAD™ (i.e., 22%, 51% and 142%) and other NAD* metabolites within 2 weeks.
sases were maintained thmughoutthe remainder of the study There were norepe
ﬂushmg and no significa a WK and placebo-treated gmups
or between groups at different NR doses. NR alsodld not Elevate low density lipoprotein chelesterol or
dysregulate 1-carbon metabolism. Together these data support the development of a tolerable upper
intake limit for NR based on human data.

The NAD™ co-enzymes NAD', NADH, NADP* and NADPH are the central regulators of metabolism. They are
required for fuel oxidation, ATP generation, gluc is, ketogenesis, production of pentose phosphates,
heme, lipids, steroid hormones and detoxification of free radical species'*. NAD™ is also a consumed substrate
of enzymes that polymerize and/or transfer ADPribose, form cyclic ADPribose (cyclic ADPribose synthetases)
and deacylate protein lysine substrates (sirtuins) with production of acyl- ADPribosyl products. Poly(ADPribose)
polymerases (PARPs) signal DNA damage in order to assemble repair machinery, while cyclic ADPribose syn-
thetases produce second messengers that mobilize calcium ions from intracellular stores, and sirtuins influence
gene expression and protein activities by virtue of reversing protein post-translational modifications”. In light of

.=A

“» LIFE
9N ¥ EXTENSION®

The Science of a Healthier Life®

\/

'0

Copyright © Life Extension®. Confidential and proprietary. 5/1/2021 6



But, there are choices...NR or NMN?

Nicotinamide mononucleotide (NMN) versus Nicotinamide riboside (NR)

- NMN is the immediate precursor to making NAD+
- Then why choose NR?

Ratajczak, J., Joffraud, M., Trammell, S. et al. NRK1 controls nicotinamide mononucleotide and nicotinamide riboside metabolism in i'ﬁi\ LI FE
mammialian cells. Nat Commun 7, 13103 (2016) doi:10.1038/ncomms13103 5 ‘g:
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Outside of the Cell

(Extracellular)

Inside of the Cell

(Intracellular)
NR

(Nicotinamide
Riboside) Ox N

| ~
o_N_~
Hoﬂ
$ ‘OH
HO
Catalyzed by
I|:|’ phosphatase .
e U enzyme
0 E)‘O Y NR ~NMN - NAD
(Nicotinamide (Nicotinamide (Nicotinamide adenine
0 " Riboside) mononucleotide) dinucleotide)
MM
"\\
_D\F*? 0 NJI* f
HO' MO/\g
HO  OH
NMN

(Nicotinamide
mononucleotide)
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Ratajczak, J., Joffraud, M., Trammell, S. et al. NRK1 controls nicotinamide mononucleotide and nicotinamide riboside metabolism in ij!' EXTENSION®
mammalian cells. Nat Commun 7, 13103 (2016) doi:10.1038/ncomms13103 The Science of a Healthier Life
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Why not just supplement with Niacin?

NR
(Nicotinamide
Riboside)

| = OH
N" =
Niacin

(Nicotinic acid)

https://Ipi.oregonstate.edu/mic/vitamins/niacin
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(Nicotinamide
mononucleotide)

OH

NAMN
(Nicotinic acid
mononucleotide)

(Nicotinamide adenine
dinucleotide)

NAAD
(Nicotinic acid adenine
dinucleotide)
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https://lpi.oregonstate.edu/mic/vitamins/niacin

And...Niacin may cause Flushing

Nicotinamide Riboside (NR) does NOT cause Flushing!

- The niacin receptors in the skin known
as GPRT09A causes the

Flushing Effect of Niacin

- Nicotinamide Riboside (NR) does
not activate GPR109A

5% LIFE
-G ’
Maciejewski-Lenoir, D. et al. Langerhans Cells Release Prostaglandin D2 in Response to Nicotinic Acid. J Invest Dermatol. Vol f f EXTENSION®
126, Issue 12 (Dec 2006) doi.org/10.1038/sj.jid.5700586 T S of a Healthier Life
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What about just taking NADH?

] Nutr Sci Vitaminol, 52, 142-148, 2006

Concern with

Comparison of Metabolic Fates of Nicotinamide, NAD* and NADH b H
Administered Orally and Intraperitoneally; A Sor p t’ On
Characterization of Oral NADH

Naoko KIMURA, Tsutomu FUKUWATARI, Ryuzo SASAKI and Katsumi SHIBATA*
.
Laboratories of Food Science and Nutrition, Department of Life Style Studies, School of Human Cultures, M a n O't S u rV I V e 't h e
The University of Shiga Prefecture, 2500 Hassakacho, Hikone, Shiga 522-8533, Japan
(Received April 21, 2005) . I
stomach acid!

Summary Since NADH has been implicated in medication for some symptoms and as a
possible supplement for health, we characterized the metabolic fate of NADH orally given to
mice by comparing with those of nicotinamide (Nam), NAD™ and NADH intraperitoneally
or orally administered. Mice were individually housed in metabolic cages, and divided into
two sets of four groups. Within each set, one group was intraperitoneally or orally adminis-
tered saline and the other three groups received intraperitoneal or oral administration of a
pharmacological dose of Nam, NAD" or NADH (5 pumol/mouse). Twenty-four hour urine
samples for the day before and days 1 to 4 after administration were collected and analyzed “ H b H

for Nam and its metabolites. When mice were administered saline alone, urinary excretion I n f aCt[ I n Cu atl On Of N A D H at
of Nam and its metabolites, such as nicotinamide N-oxide (Nam N-oxide), N'-methylnicoti- . 1e . "
namide (MNA), N'-methyl-2-pyridone-5-carboxamide (2-Py), and N'-methyl-4-pyridone-3- acl d IC p H to mimic th es to mac h
carboxamide (4-Py), was unchanged from day 0 to day 4. Intraperitoneal injection of Nam,
NAD™ and NADH produced significant increases in urinary excretion of Nam and its metab-

olites. Similar results were obtained when N:;n; and NAD™ were given orally. On the other r es UI ted i n r ap i d Con Ver S i On O f

hand, oral administration of NADH did not bring about an increase in urinary excretion of ”
Ties, suggesting that NADH in digestive organs ham N A D H to an un k nown com po un d

a compound(s} that cannot yield Nam. In fact, incubation of NADH at acidic pH to mimic

the 'itomach resulted in rapid conversion of NADH to an unknown compound. Better under-

e fate of oral NADH is needed for its therapeutic and supplemen

Key Words NADH, NAD™, oral administration, intraperitoneal administration, mouse

Reduced nicotinamide adenine dinucleotide (NADH)  activation of tyrosine hydroxylase (8), which is the rate-
and its oxidized form (NAD™) in cells are svnthesized  limiting step of dopamine biosvnthesis (9). and the
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