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nac effect on glutathione

N-acetylcysteine (NAC) increases glutathione mainly by supplying bioavailable cysteine, the
rate-limiting substrate for glutathione synthesis, and by reducing extracellular cystine to cysteine
that cells can import.ﬂllgl K}

Mechanism

e Glutathione is synthesized in two ATP-dependent steps from glutamate, cysteine, and
glycine; the rate-limiting step is formation of y-glutamylcysteine from glutamate and
cysteine. 2

e NAC is deacetylated to cysteine in tissues, increasing intracellular cysteine availability for
glutathione synthesis. {1

e At therapeutically relevant plasma levels, NAC also reduces extracellular cystine to cysteine
and mixed NAC-cysteine disulfides, effectively raising free cysteine that can be transported
into cells and used for glutathione synthesis. 13l

Evidence that NAC raises glutathione

e |n acetaminophen toxicity models, NAC rapidly reverses hepatic glutathione depletion by

increasing glutathione synthesis rate several-fold (from ~0.54 to 2.69 ymol/g/h in rat liver).
[4]

¢ Human and animal studies in various conditions (oxidative stress, brain disorders) show that
NAC administration can increase blood and brain glutathione, including measurable
increases in medial prefrontal cortical glutathione by MRS after 8 weeks of treatment. 51 [61

e Reviews describe NAC as a safe, well-tolerated antidote for cysteine/glutathione deficiency
and emphasize its role as a glutathione precursor rather than glutathione donor. L1

Practical implications

¢ NAC does not supply glutathione directly; it supports endogenous synthesis by overcoming

cysteine limitation, particularly under oxidative or toxic stress where glutathione turnover is
high. 121 [31 [4] [1]

o Effect size depends on dose, route, and redox state: high-dose IV/oral regimens in toxicity
or disease states show clear rises in glutathione, whereas low oral doses in healthy subjects
can show smaller or no changes in some compartments. 121 [81 [6]

If you want, | can outline dose ranges and protocols that have actually shifted glutathione in
specific human trials.



What is the recommended NAC dosage to boost
glutathione

For generally healthy adults, commonly used NAC doses to support glutathione are about 600-
1,200 mg per day, usually split into 1-2 doses, with higher doses reserved for specific clinical
contexts. 1161 1171

Evidence-based ranges

e Many clinical and review articles describe 600 mg/day as a standard chronic dose in
respiratory and antioxidant applications, with higher doses used in trials. 18l [161

e General consumer and medical summaries report 600-1,200 mg/day as a typical
supplemental range for glutathione support.Iﬁl b7l

¢ One evidence synthesis aimed at glutathione support suggests 600 mg twice daily (1,200
mg/day) as an effective dose to restore low glutathione and reduce oxidative stress over
about 30 days.[@l

Higher-dose use and safety

e Chronic respiratory and CF studies have tested significantly higher oral doses (e.g., several
grams per day) and reported increased blood glutathione with acceptable tolerability,
though mild Gl side-effects (nausea, flatulence, heartburn) become more common. 18l

¢ Ongoing dose-finding work in mitochondrial disease and other conditions is exploring 1,800-
5,400 mg/day to define a maximum tolerated dose, underscoring that such regimens are
investigational and should be supervised medically. 21

Practical takeaways

e For "boosting glutathione” in otherwise healthy adults, 600-1,200 mg/day oral NAC is a
reasonable evidence-aligned range; 600 mg twice daily is frequently cited in
glutathione-focused discussions. [1Z1 [16] [20]

¢ Dosing should be individualized based on health status, concurrent medications, and goals,
and any long-term or higher-dose use is best discussed with a clinician given NAC's drug
interactions and condition-specific considerations. 1161 [171

***



Glycine - in combination with NAC is there a
benefit

Yes, combining glycine with NAC (often as "GlyNAC") appears to provide added benefit for

glutathione and several aging-related endpoints, especially in older or oxidatively stressed
individuals. 21 321

Rationale

¢ Glutathione synthesis requires glutamate, cysteine (from NAC), and glycine; both cysteine
and glycine can be rate-limiting, particularly in aging or low-protein diets. [331 [34] [35]

¢ NAC mainly addresses cysteine limitation, while added glycine can relieve glycine limitation

at glutathione synthase, so together they better support glutathione synthesis and redox
balance. {341 [35] [33]

Human data on GlyNAC

¢ |n arandomized trial of adults around 65 years old, 2 weeks of GlyNAC at 1.2-3.6 g each of
glycine and NAC/day was safe; overall plasma glutathione did not rise in the full cohort, but
participants with low baseline glutathione and high oxidative stress showed increased
glutathione. 31

¢ |n older adults with documented glutathione deficiency, 24 weeks of GlyNAC corrected
red-blood-cell glutathione deficiency, reduced oxidative stress and mitochondrial
dysfunction, and improved inflammation, insulin resistance, endothelial function, muscle
strength, gait speed, cognition, and body composition; benefits waned after stopping. 38l
[32]

When a combo is most likely useful

e Older adults or those with evidence of oxidative stress, mitochondrial dysfunction, or low
glutathione appear to benefit most; younger, healthy individuals with adequate protein
intake may see smaller effects. 1321 [341 [31]

e Mechanistically and empirically, adding glycine to NAC is reasonable if the goal is to
optimize glutathione and mitochondrial function in aging rather than just modestly “boost”
glutathione. 1341 [32] [31]

If you'd like dosing specifics, | can pull out the actual mg/kg and per-day regimens used in the
main GlyNAC trials and translate them to your body weight.

# <g>mg/kg and per-day regimens used in the main GlyNAC trials and translate them to your

At 142 Ib (=64 kg), the GlyNAC trial protocols translate to roughly 2.4-7.2 g/day total actives in
a 1:1 glycine:NAC ratio, with the main aging-focused work using about 100 mg/kg/day of each
component. [461 [47]



Key GIlyNAC regimens from trials

1. Short-term RCT in older adults (14 days)

Tested three fixed daily doses in a 1:1 ratio, split BID: 1481 [49]
Low: 2.4 g/day (1.2 g NAC + 1.2 g glycine).

Medium: 4.8 g/day (2.4 g NAC + 2.4 g glycine).

High: 7.2 g/day (3.6 g NAC + 3.6 g glycine).

(@]

[e]

(@]

[e]

For 64 kg, that corresponds to approximately:
o Low =19 mg/kg/day of each.
o Medium = 38 mg/kg/day of each.
o High =56 mg/kg/day of each.
2. Aging/mitochondrial dysfunction pilot trials (Baylor group)

o Methods reports and secondary sources indicate dosing around 0.81 mmol/kg/day NAC

and 1.33 mmol/kg/day glycine, which is =100 mg/kg/day of each when expressed per
mass. 22

o For 64 kg, that is =6.4 g/day NAC + 6.4 g/day glycine (=12.8 g/day total actives),
usually divided into multiple doses.

These 24-week open-label trials in older adults used this higher, weight-based dosing and
showed correction of RBC glutathione deficiency, reduced oxidative stress, and
improvements in mitochondrial function, inflammation, insulin resistance, muscle strength,
gait speed, cognition, and body composition.lﬂ“ﬂ“ﬁl

Practical translation for you (142 Ib / 64 kg)

e Conservative, RCT-aligned range (fixed dosing):

o 2.4-4.8 g/day total GlyNAC = 1.2-2.4 g/day glycine + 1.2-2.4 g/day NAC, split 2x/day.
[49] [48]

e Aggressive, Baylor-style aging protocol (weight-based, higher exposure):

o =6.4 g/day glycine + 6.4 g/day NAC (=100 mg/kg/day each), divided into 2-3 doses.
[46] [47]

Given your weight and likely good baseline nutrition, a reasonable stepwise approach, if you
ever chose to experiment, would be something like 1.2 g glycine + 1.2 g NAC BID (4.8 g/day
total), with any move toward ~100 mg/kg/day each reserved for a monitored, time-limited trial
with labs (GSH status, liver panel, cystine/cysteine where accessible). 14811491 [46]

***



What were the key results from the 24-week
GlyNAC trial in older adults

In the 24-week open-label GlyNAC pilot in older adults, GlyNAC substantially corrected
glutathione deficiency and multiple aging-related abnormalities, but most gains regressed after
stopping it for 12 weeks, 1811 [62] [63]

Study design in brief

Eight older adults (OA) and eight young adults (YA) were studied; OA took GlyNAC for 24

weeks, then stopped for 12 weeks. 1621

Outcomes included RBC glutathione, oxidative stress markers, mitochondrial fuel oxidation,
inflammation, endothelial function, insulin resistance, genomic damage, physical
performance, cognition, and body composition. 821

Core biochemical findings

RBC glutathione deficiency in OA was corrected after 24 weeks of GlyNAC, reaching levels
comparable to YA.l61 [62]

Oxidative stress markers fell significantly, indicating restoration of redox balance. 6311611 162]

Mitochondrial dysfunction improved, with better mitochondrial fatty-acid oxidation and
molecular regulators of energy metabolism. 611 1621

Systems-level and clinical outcomes

Inflammation and endothelial dysfunction were reduced, and insulin resistance improved.
[63] [62] [61]

Genomic-damage markers decreased, consistent with less oxidative/genotoxic stress. 821
[61]

Muscle strength, gait speed, and 6-minute walk distance improved, indicating better
physical function and exercise capacity. 1631 [62]

Cognitive test performance improved across multiple domains, suggesting benefit for
age-associated cognitive decline.[641[62]

Body-fat and waist circumference decreased, with favorable shifts in body composition. 62
[63]

Durability and safety

o After 12 weeks off GlyNAC, many benefits (GSH levels, oxidative stress, mitochondrial

function, and functional measures) declined toward baseline, implying ongoing
supplementation is needed to maintain effects. 61 [63] [62]

e The 24-week regimen was reported as safe and well tolerated in this small cohort, with no

major adverse events described. 61 [62]



How do the glutathione increases compare across
low medium and high GlyNAC doses

Across low, medium, and high GlyNAC doses in the 2-week RCT, glutathione increases were
modest overall, with a clearer signal only at the medium/high doses and mainly in participants
with high oxidative stress and low baseline glutathione. 261 [771 (78]

Overall cohort (all older adults)

¢ Doses tested (GIlyNAC total per day, 1:1 glycine:NAC, BID): 2.4 g (low), 4.8 g (medium), 7.2
g (high). 181 171

e Primary endpoint (change in whole-blood total glutathione vs placebo) was not significantly

different at any single dose over 14 days; total GSH stayed broadly similar to placebo in the
full cohort. (2211761 [78]

Dose effect in "high-demand” subgroup

e Post-hoc, they defined a subgroup with low baseline total GSH (below median) and high
malondialdehyde (MDA, above median) as having high glutathione demand.ZZ1 [78]

e Inthis subgroup, pooling the medium (4.8 g/day) and high (7.2 g/day) GlyNAC groups
showed about a 10.5% increase in total glutathione vs baseline and placebo (median from
819.7 t0 905.4 mg/L per %Ht; p=0.016).[801 [78]

e The low dose (2.4 g/day) did not show a clear, statistically robust increase in total GSH even
in this subgroup; the signal emerged only when combining the 4.8 and 7.2 g/day arms.[Z6l
[78]

Interpretation

e There is no strong linear dose-response across 2.4/4.8/7.2 g/day in the entire older cohort
over 2 weeks; most participants did not increase circulating glutathione. 221 [78

¢ Inthose with demonstrable oxidative stress and low baseline GSH, medium and high doses
together produced a modest but significant (~10%) rise in whole-blood GSH, whereas low
dose did not clearly move the needle. 721 [78] [76]

¢ This suggests a threshold-like effect: you likely need at least ~4.8 g/day (2.4 g glycine +
2.4 g NAC) and a state of high GSH demand to see measurable circulating GSH increases
over just 2 weeks. 781 [76]



Glutathione - function and benefits

Glutathione is a small intracellular antioxidant made from glutamate, cysteine, and glycine that
helps keep cells in a reduced, low-oxidative-stress state and is sometimes called the body's
“master antioxidant.”[21 [92]

Core functions

Directly neutralizes reactive species such as singlet oxygen, hydroxyl radicals, and
superoxide, limiting oxidative damage to lipids, proteins, and DNA. 122 [o1

Serves as a cofactor for key antioxidant enzymes (e.g., glutathione peroxidases and
glutathione S-transferases), which detoxify peroxides and electrophilic toxins. 21 [92]

Regenerates other antioxidants, notably vitamins C and E, helping maintain their reduced,
active forms.[231 [21]

Conjugates and helps eliminate many xenobiotics and endogenous metabolites in the liver
(Phase Il detoxification), making them water-soluble for biliary or renal excretion. 941 [92] [91]

Participates in regulation of cell sighaling, gene expression, protein thiol redox status, and
controlled cell death (apoptosis), linking redox balance to cell survival,[231192] [91]

Key health benefits and roles

Cellular protection and longevity: Higher intracellular glutathione is associated with better
mitochondrial function, lower oxidative stress, and healthier aging; low glutathione correlates
with many chronic diseases and frailty. [241 1921 [91]

Liver health and detox: Hepatocytes contain high glutathione levels, which help neutralize
drug metabolites (e.g., acetaminophen) and reactive species; deficiency increases
susceptibility to fatty liver and toxic liver injury.[261 951 [91

Immune function: Supports normal lymphocyte proliferation and cytokine balance and helps

modulate the immune response under oxidative or inflammatory stress, including in some
autoimmune settings. (271 [961[92]

Respiratory protection: In the lung epithelial lining fluid, glutathione is present at very high
concentrations and protects airway surfaces from inhaled oxidants and pollutants. 221

Metabolism and nutrient handling: Contributes to nutrient metabolism and maintenance of

redox-sensitive enzyme systems, including ribonucleotide reduction for DNA synthesis. 27
[95] [92]

When glutathione is low

Deficiency or a high oxidized-to-reduced ratio (more GSSG vs GSH) is linked with conditions
such as neurodegenerative disease, cardiovascular disease, diabetes, chronic lung disease,
HIV, liver disease, and aging.91 [92]

Excessive oxidation of glutathione pools can trigger stress-activated kinase pathways and
apoptosis, contributing to tissue damage. 1221 91



If you tell me what you're most interested in (e.g., brain, liver, athletic recovery, longevity), | can
zoom in on how glutathione specifically affects that area and how people try to support it.

. https://pmc.ncbi.nim.nih.gov/articles/PMC4540061/

. https://en.wikipedia.org/wiki/Glutathione

. https://pubmed.ncbi.nim.nih.qov/19490753/

. https://www.jci.org/articles/view/110853

. https://www.sciencedirect.com/science/article/abs/pii/S0925492722000762

. https://www.frontiersin.org/journals/neurology/articles/10.3389/fneur.2020.00088/full

. https://pubmed.ncbi.nim.nih.gov/2502672/
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14. https://clinicaltrials.gov/study/NCT06252519
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