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Have | Been Selling NAC Short?

* NAC has long been recognized for its ability to
support the body's production of glutathione, one
of our most important endogenous antioxidants.

 With the availability of acetylated glutathione, it
might seem that NAC is no longer particularly
necessary.

* However, NAC has biological activities that extend
well beyond serving as a glutathione precursor.

* |[ts effects on glutamate regulation, inflammation,
respiratory function, cellular signaling, and
neurological health make it a fascinating
compound in its own right.
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What Exactly Is NAC?

. NAC stands for N-acetyl-L-cysteine, a
modified form of the sulfur-containing
amino acid L-cysteine.

NI RLeTIC L]

* The addition of an acetyl group to
cysteine produces a compound with
different chemical and pharmacokinetic
properties.

. NAC has been used medically for
decades and is also widely available as a
nutritional supplement. What is N-Acetylcysteine (NAC)?

. It is particularly valued for its antioxidant-
related, mucolytic, and potentially
neuroprotective properties.
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Where Does NAC Come From?

. Cysteine is a conditionally essential amino
acid found in many protein-containing foods.

. The body can also manufacture cysteine from
methionine through the transsulfuration
pathway.

. Foods providing cysteine and methionine
include eggs, poultry, fish, meat, dairy
products, legumes, nuts, and seeds.

. NAC itself is not a significant natural dietary
constituent; it is manufactured by acetylating
L-cysteine.

. Supplemental NAC provides a concentrated
source of cysteine that can be used in several
important biochemical pathways.
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Cysteine, Methionine, and the Sulfur Connection

. Methionine is an essential amino acid
obtained through dietary protein.

. Methionine metabolism produces
homocysteine, which can be converted into
cysteine through the transsulfuration
pathway.

. Cysteine supplies sulfur for glutathione
synthesis and other important cellular
processes.

. Sulfur-containing compounds participate in
antioxidant defense, protein structure, cellular
signaling, and detoxification reactions.

NAC's sulfur-containing thiol (-SH) group is central
to many of its biological effects.
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NAC's Long History in Medicine

1960s: NAC emerged as a medication capable of
breaking down thick respiratory mucus.

1970s: It became established as an antidote for
acetaminophen poisoning.

Respiratory medicine: Used as a mucolytic agent to
help loosen thick secretions.

Emergency medicine: Restores glutathione
availability and protects the liver during
acetaminophen toxicity.

Modern research: Investigated for psychiatric
disorders, neurological conditions, metabolic
dysfunction, and chronic inflammatory diseases.

A Historical Journey Through N-Acetyl Cysteine (NAC)
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NAC and Glutathione Production

Glutathione is a tripeptide composed of three amino acids:
 Glutamate

e (Cysteine

e Glycine

Cysteine availability is frequently a limiting factor in glutathione
synthesis.

NAC provides cysteine that cells can use to manufacture
glutathione, helping maintain the balance between reduced
glutathione (GSH) and oxidized glutathione (GSSG).
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Glutathione Is essential for:

* Neutralizing reactive oxygen.species

* Supporting antioxidant enzyme-systems
* Protecting mitochondrialfunction

» Participating in detoxification reactions
" ‘Maintaining cellularredox balance
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What is “oxidation?”

Oxidation is a chemical reaction in which an
atom or molecule loses electrons, often
involving oxygen, and is essential to energy
production, cellular signaling, and many
other biological processes.

Historically, oxidation referred to a substance
combining with oxygen. Later, as chemistry
advanced, scientists recognized that the
underlying process was actually the loss of
electrons, whether oxygen was involved or
not; (i.e., rust).
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The Importance of Redox Balance

Oxidation and reduction are complementary
processes, hot opposing forces in which one is
good and the other bad.

Too much oxidative activity can damage DNA, proteins,
lipids, and cellular structures.

But excessive suppression of normal oxidative signaling
can also interfere with immune function, exercise

adaptation, and other essential biological processes.

The goal of antioxidant supportisn't to eliminate
oxidation — it's to maintain the healthy redox
balance that allows cells to function, communicate,
defend themselves, and repair damage.

This is particularly relevant to NAC and glutathione:
their value lies in supporting redox regulation, not
simply extinguishing every free radical!
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Beneficial Eoles of Oxidation in the Body

Energy production: Oxidation of carbohydrates, fats, and other fuels releases energy
that mitochondria use to produce ATP.

Immune defense: Neutrophils and macrophages generate reactive oxygen species
(ROS) during the respiratory burst to help destroy invading pathogens.

Cellular signaling: Small, controlled amounts of ROS act as signaling molecules,
helping regulate cell growth, repair, metabolism, and adaptation.

Exercise adaptation: The temporary increase in ROS during exercise helps stimulate
mitochondrial biogenesis, antioxidant defenses, and improvements in cellular
resilience.

Detoxification: Oxidation reactions, particularly those involving cytochrome P450
enzymes, help transform drugs, hormones, and other compounds for further
metabolism and elimination.

Thyroid hormone production: Hydrogen peroxide is required by thyroid peroxidase to
incorporate iodine into thyroid hormone precursors.

Wound healing: Controlled ROS production participates in immune recruitment,
tissue repair, and cellular communication during healing.
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Damaging Roles of Excessive
Oxidation in the Body

When oxidative activity exceeds the body's ability to regulate it, oxidative stress can
damage cells and contribute to disease.

DNA Damage: Oxidative injury can alter DNA, contributing to mutations, cellular
dysfunction, and potentially cancer.

Cell Membrane Damage: Lipid peroxidation damages the fatty components of cell
membranes, impairing their structure and function.

Mitochondrial Dysfunction: Excessive reactive oxygen species (ROS) can damage
mitochondrial proteins, membranes, and DNA, interfering with ATP production.

Chronic Inflammation: Oxidative stress can activate inflammatory pathways,
contributing to persistent inflammation and tissue damage.

Neurological Damage: Neurons are particularly vulnerable to oxidative injury, which
is implicated in neurodegenerative diseases and cognitive decline.

Cardiovascular Damage: Oxidation of LDL particles and injury to blood vessel walls
contribute to atherosclerosis and cardiovascular disease.

Accelerated Cellular Aging: Accumulated oxidative damage can contribute to
cellular senescence, impaired repair, and age-related dysfunction.
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NAC Versus Acetylated Glutathione

Acetylated glutathione:
*.  “Supplies a'modified form of the complete glutathione molecule.
*  Is designed to improve glutathione stability and delivery.

o | Supports glutathione availability without requiring synthesis from three separate amino
acids.

NAC (N-acetyl-cysteine):
« Supplies cysteine for the body's own glutathione production.
* Possesses an active thiol group capable of participating in redox reactions.

* |nfluences glutamate signaling through mechanisms independent of glutathione
synthesis.

* Has established mucolytic properties and other biological effects.
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NAC's Antioxidant Activities

Antioxidant

NAC helps protect cells through several mechanisms:

. Replenishes cysteine needed for glutathione
synthesis.
. Can directly react with certain oxidants through its
thiol group.
. Helps maintain the reduced state of cellular thiol
groups. Free radical
. Supports glutathione-dependent antioxidant
systems.
. May reduce oxidative damage to proteins, lipids,

and cellular structures.

. Helps preserve normal cellular redox signaling.
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NAC and Inflammation

NAC has demonstrated anti-inflammatory activities in experimental and some
clinical settings.

Potential mechanisms include:

. Modulation of NF-kB, a major regulator of inflammatory gene expression.
. Reduction of oxidative stress that amplifies inflammatory signaling.

. Effects on inflammatory cytokines, including TNF-q, IL-1B, and IL-6.

. Protection of cellular membranes and mitochondria from oxidative injury.

. Modulation of inflammatory responses in nervous, respiratory, and
metabolic tissues.

These effects vary by tissue, condition, and dosage, and do not necessarily
translate into proven clinical benefits for every inflammatory disorder.

10/10/2026 Rebecca Roentsch Montrone, BS - Wondrous Roots, Inc!

17



10/10/2026

NAC and the Brain

Glutamate, Neuroinflammation, and Behavior
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Glutamate: The Brain's Primary Excitatory

Neurotransmitter

Glutamate is the most abundant excitatory
neurotransmitter in the central nervous system.

It is essential for learning, memory, attention, and
normal communication between neurons.

Glutamate signaling must be carefully regulated.

Excessive or poorly regulated glutamatergic activity
can contribute to neuronal dysfunction.

Altered glutamate signaling has been implicated in
several psychiatric and neurological disorders.
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When Glutamate Signaling Becomes Dysregulated

Disruptions in glutamate signaling may be
associated with:

Repetitive thoughts and behaviors
Impaired behavioral flexibility
Compulsive urges

Abnormal reward processing
Mood disturbances

Altered responses to stress

Neuronal excitotoxicity under certain conditions

Glutamate is not inherently harmful. Problems
arise when its concentration, location, receptor
activity, or timing becomes dysregulated.
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How NAC Influences Glutamate Regulation

One of NAC's most intriguing mechanisms involves the cystine—
glutamate antiporter, known as system x¢".

. NAC can increase cysteine availability, some of which is
converted to cystine.

. System x¢” transports cystine into cells in exchange for
glutamate.
. This exchange can influence extracellular glutamate

concentrations.

. Extrasynaptic glutamate can activate presynaptic
metabotropic glutamate receptors, particularly mGluR2/3.

. Activation of these receptors may reduce excessive synaptic
glutamate release in certain neural circuits.

This mechanism is supported primarily by preclinical research and
may help explain NAC's effects on compulsive and addictive
behaviors.
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Why This Matters for Psychiatric Health

Many psychiatric disorders involve more than abnormalities in € ) @D
serotonin or dopamine. u @

Research increasingly recognizes roles for: Z_'_S SAI e

e  Glutamatergic signaling

. Oxidative stress e \ B

. Neuroinflammation

. Mitochondrial function

*  Neuroplasticity T e
. Communication between brain regions involved in impulse rﬂﬁ
control and behavioral regulation { | R, l &
| ' = \i, ‘ { response |
NAC is being investigated because it may influence several of these ot © et

processes simultaneously.

sed pathophysiologic targets of N-acetylcysteine (NAC). The various mechanisms by which NAC acts as a neurotransmitter
oX reactions, promotes neurogenesis, corrects mitochondrial dysfunction, and dampens the inflammatory response are de-
ext.
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Obsessive-Compulsive Disorder (OCD)

OCD is characterized by:

e Obsessions: Recurrent, intrusive,
unwanted thoughts, images, or urges.

e Compulsions: Repetitive behaviors or
mental rituals performed in response
to distress or perceived threats.

 Dysfunction in brain circuits involving
the orbitofrontal cortex, anterior
cingulate cortex, and striatum.

Evidence implicating altered glutamatergic
signaling in some individuals.
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W GABA - .
Ways NAC Can Treat

SYMPTOMS OF OCD

1
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e Reduces Oxidative Stress
e Improves Brain Connectivity

e Supports Traditional Treatments

e Regulates Glutamate Levels in

the Brain
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Trichotillomania: Compulsive Hair Pulling

Trichotillomania is characterized by recurrent urges to pull
out one's hair, often accompanied by difficulty resisting
the behavior.

Involves abnormalities in habit formation, reward
processing, and behavioral inhibition.

An adult randomized controlled trial found significantly
greater improvement with NAC than placebo.

Benefits became apparent after several weeks of treatment.

A subsequent pediatric trial did not demonstrate superiority
over placebo.

NAC represents a promising but not consistently effective
option for this disorder.
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Excoriation Disorder: Compulsive Skin Picking

Excoriation disorder involves repetitive skin picking
that can cause tissue damage, scarring, and g oo
significant distress. ' ‘

Symptoms and Treatment
for Excoriation Disorder
(Skin Picking)

. Frequently associated with urges, tension, or
difficulty controlling repetitive behavior.

. Shares features with other body-focused
repetitive behavior disorders.

A randomized controlled trial in adults found that NAC
improved symptoms compared with placebo.

NAC may influence neural pathways involved in habit
formation and impulse regulation.

This is one of the more encouraging areas of NAC
psychiatric research, although evidence remains
limited.
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II NAC and Addiction

Addictive behaviors involve changes in dopamine
signaling, glutamate regulation, and neural
reward circuitry.

. NAC has been investigated for:

REGULATES

GLUTAMATE

. Cocaine dependence S/ : A 7 IR < ppcrts hesithy bisin

signaling and reduces cravings.
. ' . { R\ REDUCES
° Cannabis use disorder " . i & g OXIDATIVE STRESS
4 ' | Ly Replenishes glutathione and
protects cells from damage.

. Nicotine dependence

X CALMS
y AV\® - 4 i INFLAM.-\"[.ATION
. Alcohol use disorder RN o . Supports brain and body

recovery pathways.

. . WO — T /—\ SUPPORTS SELF-CONTROL
b Methamphetamlne Use dISO rder V- ,(- e - ‘ Promotes balance in reward

J\‘x_ﬂ,._h‘(,[)‘,/ Cysteine - SUPPORTING RECOVERY FROM: pathways and impulse control.
° Cravi ng an drela pse vu lnerabi llty A powerful antioxidant that supports LOWER RELAPSE RISK
brain chemistry, reduces cravings, @ & Helps support long-term
. . . . and promotes whole-body healing. recovery and stability.
Potential mechanisms include restoration of : TOBACCO  ALCOMOL  OPIOIDS  COCAINE

glutamate homeostasis and modulation of = Y STAGES OF LIFE
neural pathways involved in reward seeking. - "5 hsTiTure —
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NAC and Depression

Depression may involve abnormalities in:

Glutamate signaling

. Oxidative stress

. Inflammatory activity

. Mitochondrial energy production
. Neuroplasticity

NAC has been studied as an adjunctive treatment for
major depressive disorder and bipolar depression.

Some studies suggest improvements in depressive

-

symptoms, particularly over longer treatment periods, ——
while others have shown no meaningful advantage
over placebo.
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NAC and Bipolar Disorder

Oxidative stress and inflammatory
processes have been implicated in
bipolar disorder.

N-Acetylcysteine in Schizophrenia and Bipolar Disorder

. : - EFFECTS OF N-ACETYLCYSTEINE
Glutathione metabolism and poreh ON DIFFERENT DISORDERS

mitochondrial function may be _
altered in some patients.

NAC in:

« Schizophrenia

NAC has been studied primarily as an » Bipolar disorder
adjunct for bipolar depl’eSSiOI‘l. « Bipolar Il disorder remission rates
« Mania
Ea rly tl’lalS reported encou rag|ng » Major depression in bipolar disorder
results, but larger and subsequent » NAC and amphetamine sensitivity

studies have been inconsistent.
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Additional Psychiatric and Neurological Applications Under
Investigation

Schizophrenia: Possible effects on
negative symptoms and glutathione-
related pathways; clinical results are

mixed. e . |
Autism spectrum disorder: Investigated “t “’ NAC FOR AUTISM
for irritability and repetitive behaviors. | How N-Acetylcysteineiiay Help
. & Irritability and More
Anxiety disorders: Mechanistic interest 5

but limited direct clinical evidence.

Neurodegenerative conditions:
Investigational potential involving
oxidative stress, neuroinflammation, and
mitochondrial protection.

10/10/2026 Rebecca Roentsch Montrone, BS - Wondrous Roots, Inc! 30






10/10/2026

Reduces mucus
viscosity

GSH

Inactivates hepatotoxic
metabolites

Rebecca Roentsch Montrone, BS - Wondrous Roots, Inc!

Increases the
antioxidant capacity

Suppresses the production
of inflammatory cytokines




NAC and Respiratory Health

NAC is an established mucolytic agent.

. Breaks disulfide bonds within mucus proteins.
. Reduces mucus viscosity.

. Helps loosen thick respiratory secretions.

. May improve mucus clearance in selected
respiratory conditions.

Oral NAC has been investigated for reducing
exacerbations in chronic bronchitis and COPD.

umg ondi&llboso

SR noutralaticy

Ilts mucolytic action is a direct chemical effect of its
thiol group and is distinct from its role in
glutathione production.
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II NAC and Liver Protection

NAC is a well-established antidote for acetaminophen
toxicity.

. Acetaminophen overdose produces a toxic
metabolite known as NAPQI.

. Glutathione is required to detoxify NAPQI.

. Excessive acetaminophen exposure can rapidly
deplete hepatic glutathione.

. NAC replenishes cysteine availability and supports
restoration of glutathione.

. Timely treatment can prevent severe liver injury
and liver failure.

NAC has also been investigated in other forms of liver
injury, although its role outside acetaminophen
toxicity is less firmly established.

\dobe Stock | #1016168417
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NAC and Metabolic Health

Oxidative stress and chronic inflammation
contribute to many metabolic disorders.

Potential areas of NAC research include:
. Insulin resistance

. Abnormal glucose regulation

. Metabolic inflammation

. Polycystic ovary syndrome

. Metabolic dysfunction-associated steatotic
liver disease (MASLD)

. Mitochondrial dysfunction

Efficacy of N-Acetylcysteine in Polycystic Ovary
S\F/)n%ﬁmde Systematic Review and Meta-Analysis
- PubMe
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NAC and Polycystic Ovary . :
Syndrome (PCOS) N-acetyleysteine and PCOS o¥:3,'\ Rl

: PCOS

® Improved menstrual regularity but has not been
shown to help improve fertility in women with

Research has explored NAC for:

. Insulin sensitivity PCOS.
*  Ovulatory function ® NAC may help improve insulin resistance in
. Menstrual regularity women with PCOS who have high insulin levels

and could be used with metformin or if
metformin isn't an option.

. Oxidative stress

. Fertility-related outcomes
® NAC also seems to have a favorable effect of

. Metabolic abnormalities associated with :
lowering cholesterol, TG and testosterone.

PCOS

Some trials and meta-analyses suggest potential
benefits, particularly for ovulation and selected
metabolic outcomes.
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NAC and Cardiovascular Health

Potential cardiovascular mechanisms
include:

* Reducing oxidative stress
* Supporting endothelial redox balance

* |Influencing nitric oxide-related
signaling

* Modulating inflammatory pathways

* Protecting against certain forms of
ischemia-reperfusion injury
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NAC and Kidney Health

Oxidative stress contributes to several
forms of kidney injury.

NAC has been investigated for protection
against contrast-associated acute kidney

injury.
Early studies suggested possible benefits.

Large, well-designed clinical trials have not
demonstrated consistent protection.

NAC is therefore not routinely
recommended solely for preventing
contrast-associated kidney injury.

10/10/2026 Rebecca Roentsch Montrone, BS - Wondrous Roots, Inc!

38



NAC and Healthy Aging

NAC is of interest in aging research because of its
relationship to glutathione and cellular redox

balance.

Potential areas of investigation include:

Studies of combined glycine and NAC
supplementation (GlyNAC) have produced

Age-related changes in glutathione synthesis
Mitochondrial function

Oxidative stress

Skeletal muscle health

Cellular resilience

intriguing preliminary findings in older adults.

10/10/2026
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Practical Considerations

Common oral supplemental amounts include:
. 600 mg daily: Frequently used as a general supplemental amount.

. 600 mg twice daily: Common in respiratory and other clinical
research.

. 1,200-2,400 mg daily: Frequently investigated in metabolic and
psychiatric studies.

. Up to 3,000 mg daily: Used in some psychiatric clinical trials.

Higher research doses are not necessarily more effective and may
increase adverse effects.

Dosages used for acetaminophen poisoning are substantially different
and require medical supervision.
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NAC in Psychiatric
Research

Condition

OCD
Trichotillomania
Skin-picking disorder
Depression

Bipolar depression

Substance-use disorders

Commonly investigated daily dosages:

These are research dosages, not established
treatment recommendations.

Doses studied

1,200-3,000 mg
1,200-2,400 mg
1,200-3,000 mg

Often 2,000 mg

Often 2,000 mg

Commonly 1,200-2,400 mg
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How Quickly Does NAC
Work?

The time course depends on the intended application.

. Mucolytic effects: May occur relatively quickly,
depending on route and formulation.

. Glutathione-related effects: Biochemical changes
may occur over hours to days, although measurable
effects vary.

. Psychiatric symptoms: Trials typically evaluate

changes over 8-16 weeks or longer.

J Metabolic outcomes: Often assessed after several
weeks or months.

NAC should not be expected to provide immediate relief
from OCD, depression, or compulsive behaviors.

10/10/2026 Rebecca Roentsch Montrone, BS - Wondrous Roots, Inc!
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NAC: Safety and Tolerability

NAC is generally well tolerated in clinical
studies, although side effects can occur.

Potential adverse effects include:
. Nausea

e  Abdominal discomfort

. Diarrhea

*  Vomiting

. Headache

. Unpleasant sulfur-like odor or taste

10/10/2026 Rebecca Roentsch Montrone, BS - Wondrous Roots, Inc!
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NAC, Glutathione, or Both?

Glutathione supplementation may be considered when the
primary objective is supporting glutathione availability.

NAC may be of particular interest when the intended
objective involves:

. Supporting endogenous glutathione synthesis

. Mucolytic activity

. Thiol-dependent cellular processes

. Investigational modulation of glutamate signaling

. Conditions in which NAC itself has been clinically
studied

Combining NAC with glutathione is biologically plausible, but
evidence demonstrating that the combination is superior to
either alone is limited.
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NAC: Five Important
Takeaways

NAC supports glutathione production, but this is only
one aspect of its biological activity.

Its sulfur-containing thiol group contributes to its
antioxidant-related and mucus-thinning properties.

Its influence on glutamate signaling makes NAC
particularly interesting in research involving compulsive
behaviors, addiction, and psychiatric disorders.

Its medical applications are well established in some
areas, particularly acetaminophen toxicity and mucus
clearance, while many supplemental applications
remain investigational.

NAC and acetylated glutathione are not interchangeable in
every respect. Their overlapping and distinct
mechanisms deserve consideration.

10/10/2026 Rebecca Roentsch Montrone, BS - Wondrous Roots, Inc!
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The Bottom Line

N-acetylcysteine is much more than a precursor to
glutathione.

Its ability to participate in cellular redox chemistry,
influence glutamate signaling, alter mucus structure,
and affect inflammatory pathways gives NAC a much
broader biological profile than is often appreciated.

While clinical evidence varies considerably among its
proposed applications, NAC remains an important and
fascinating compound in both established medicine
and emerging nutritional research.

Perhaps the real question is not whether NAC has been
replaced by acetylated glutathione, but whether we
have fully appreciated everything NAC can do!
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