NAD™ Available for Research Use Only
(100 - 300 mg, Pulsed, Intermittent, or cycled)

NAD* is a small nucleotide coenzyme (a dinucleotide) that functions as a central redox
carrier and a substrate for enzymes like sirtuins and PARPs. NAD* animal trials show gains
both for biomarkers and functional tests, but commonly reverted after NAD* support was
withdrawn. Subcutaneous NAD" is an untested therapy to rapidly raise circulating NAD" to
target mitochondrial and sirtuin-dependent pathways to enhance mitochondrial
bioenergetics, DNA repair, and metabolic sighaling. Attempts to achieve functional
improvements in humans failed to find consistent improvements. Mechanistic biology
suggest oral NAD* precursors (NR, NMN) plus Apigenin may be more effective than SC
NAD*.

* Possibly safe (weak mechanistic / animal evidence / some human use)

[ Inconclusive (Evidence signals are mixed with some showing it doesn’t work)

Disclaimer: These notes are not authoritative and should not be interpreted as definitive
scientific guidance. They are summaries, compilations and plausible extrapolations drawn from
the most relevant research | was able to locate, and may omit nuances, conflicting data, or
emerging evidence. The material reflects an attempt to organize and
understand complex topics, not to provide clinical recommendations or expert
interpretation.
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The evidence for subcutaneous NAD*’s long term human safety is moderate because although
no peer-reviewed subcutaneous NAD™ trials exist, multiple small human studies of NAD*
precursors and IV NAD show generally good tolerability, animal studies report favorable safety,
and the endogenous role of NAD* is mechanistically reassuring.

The evidence for subcutaneous NAD*’s efficacy for functional energy is moderately weak: small
human trials failed to deliver functional improvements, and although mechanistic and animal
data support a plausible benefit, the limited ability of plasma NAD* to enter cells/mitochondria
meaningfully reduces translational confidence.

Dose and Patterns

There is no published, clinically validated dose-response curve for subcutaneous NAD".
However, we can infer dose-response from IV NAD™ studies.

e 25-50 mg are unlikely to deliver functional effects in humans.

e 50-150 mg may shift metabolic biomarkers (glucose, lactate, redox balance)

e 150-300 mg functional effects (endurance, metabolic flexibility) begin to appear
e Above 300 mg diminishing returns and tolerability issues, more is not better
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Mechanistic rationale favors intermittent or context-aligned dosing (eg, pre-exercise or
loading » maintenance) because AMPK/sirtuin pathways respond to pulses; continuous high
dosing may blunt adaptive responses.

Intermittent, pulsed, or cyclic NAD* regimens are the most mechanistically defensible
approaches to preserve responsiveness and limit adaptive or metabolic downsides.

o Pulse dosing (acute peaks, then washout): produce a strong NAD" rise (IV or higher SC
dose) followed by a drug-free interval to allow physiologic adaptation and avoid enzyme
upregulation. Example pattern: loading series (3 high dose SC over 7-10 days) > washout
2-4 weeks > reassess.

¢ Intermittent maintenance (regular pulses): repeated moderate pulses to maintain periodic
activation without continuous exposure. Example pattern: 2-3% weekly moderate dose SC
injections for 4-8 weeks, then 2-4 weeks off.

Alternatives

Direct NAD* injections give you fast, high plasma peaks and therefore the clearest way to
acutely raise circulating NAD™*. The tradeoffs are practical: reconstituted NAD" is fragile
(store cold, use quickly) and repeated dosing is needed because the molecule is cleared
rapidly. For those reasons clinics tend to use pulsed or cyclic protocols (loading pulses, then
washout) rather than continuous administration.

By contrast, oral precursors (NR and NMN) are far easier to handle and far more practical:
they are shelf-stable, do not require refrigeration or IV access, and multiple randomized human
trials show they reliably raise circulating NAD* (blood/NAD measures) when taken at
sufficient doses. The increase is typically slower and lower in peak concentration than an IV
bolus, butitis sustained with daily dosing and much better tolerated. Oral precursors avoid fit
far better into a long-term, low-burden strategy.

The oral supplement Apigenin may be paired with NAD* precursors because mechanistically
it reduces NAD* breakdown by inhibiting CD38, while NMN/NR increase NAD™ production,
creating a complementary “protect and replenish” effect. Together, they raise and sustain
intracellular NAD* more effectively than either approach alone.

Mechanistically SC NAD* cannot cross cell membranes efficiently and it is rapidly degraded
by CD38. Oral NAD" precursors NMN and NR can cross membranes better because they resist
extracellular CD38 degradation. Mechanistically, precursors raise NAD" reliably while NAD*
injections do not. But, once inside cells, CD38 still degrades NAD" itself, so the system remains
“leaky.”
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Benefits

e Support for mitochondrial bioenergetics and sirtuin activation.

e Improved metabolic biomarkers (glucose tolerance, vascular function) in animals and small
human trials.

e Enhances mitochondrial energy production and cellular resilience.

Applications

e Age-related NAD* decline

e Metabolic syndrome

e Mitochondrial dysfunction

e Post-viral syndromes (eg, long-COVID)

Cautions

e Pregnancy and breastfeeding.
e Active malignancy or recent cancer
e Severe hepatic or renal impairment

Side effects

e Transient infusion-related symptoms (nausea, flushing, tachycardia with IV NAD)
e Mild Gl upset or transient lab shifts (liver enzymes, methylation metabolites) at high doses

Drivers of Diminished Response and Mitigation Strategies

Receptor desensitization is not directly applicable because NAD" is a metabolic cofactor, not
receptor agonist. The risk for neutralizing antibodies is negligible because NAD" is an
endogenous small molecule and the immunology literature indicates that such metabolites do
not typically provoke specific neutralizing antibodies. Downstream pathway adaptation from
chronic elevation of NAD* can plausibly induce compensatory changes in sirtuin activity, PARP
expression and mitochondrial enzymes, as shown in studies of long term NAD precursor
supplementation, which may reduce incremental benefit over time. System level physiological
adaptation metabolic homeostasis mechanisms, including feedback on NAD biosynthetic
enzymes and redox balance, can reset cellular set points and blunt sustained gains, a pattern
described in aging and metabolism research.

Cyclic or pulsed dosing Mitis a speculative technique to avoid chronic supraphysiologic
exposure.

Biological Mechanism

NAD" is a central redox cofactor and a substrate for NAD-consuming enzymes (sirtuins, PARPs,
CD38). Boosting NAD™ increases sirtuin deacetylase activity, which promotes mitochondrial
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biogenesis, improved oxidative phosphorylation, and enhanced DNA-repair signaling. PARP
activation consumes NAD* during DNA damage; replenishment supports repair capacity. CD38
and extracellular glycohydrolases rapidly degrade extracellular NAD*, so route (IV vs subQ vs
oral) and dosing frequency determine tissue exposure and duration of effect.

Tissue uptake is a key unknown. Direct IV/SC NAD* and even consistent oral precursors reliably
raises circulating NAD*; whether that translates into sustained increases inside muscle, brain, or
other tissues is less certain and likely depends on dose, route, and frequency.

Storage Notes

Reconstituted NAD™ stored in the refrigerator typically has a short viable window — often just
days. At —20°C or -80°C, NAD* degradation slows dramatically because water mobility and
hydrolytic activity drop. If long-term storage is required, aliquot and freeze immediately after
reconstitution. Reconstitution buffers are typically kept around pH 5-6 to maximize stability.
Store in amber vials or away from light. If the solution is contaminated NAD* can degrade
extremely fast.

Conclusions

NAD™ animal trials show impressive gains both for biomarkers and functional tests, e.g. less
frailty, and more energy. It requires weeks to show any effect; repeated in vivo studies show no
immediate energy gains. And the results faded and returned to baseline after NAD* support
was withdrawn. But, attempts to replicate functional improvements using NAD* in humans
failed. Human studies looking at NAD™ for functional outcomes (endurance, strength,
VO,max, physical performance) failed to find any performance improvements.

Oral NAD* precursors plus Apigenin may make sense as therapy even though several human
studies have failed to show functional improvements.
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