5/2/2018 EVALUATION OF THE NEUROPROTECTIVE POTENTIAL OF N-ACETYLCYSTEINE FOR PREVENTION AND TREATMENT OF COGNITIVE AGING AND DEMENTIA • The Journal of Prevention of Alz…

EVALUATION OF THE
NEUROPROTECTIVE POTENTIAL
OF N‐ACETYLCYSTEINE FOR
PREVENTION AND TREATMENT
OF COGNITIVE AGING AND
DEMENTIA
Y. Hara, N. McKeehan, P.A. Dacks, H.M. Fillit

Alzheimer’s Drug Discovery Foundation, 57 West 57th St. Suite 904, New York, NY 10019, USA
Corresponding Author: Yuko Hara, PhD, Address: Alzheimer’s Drug Discovery Foundation, 57 West 57th St. Suite 904, New York, NY 10019, USA,
Email: yhara@alzdiscovery.org, Phone: 1‐212‐901‐7991, Fax: 1‐212‐901‐8010
J Prev Alz Dis 2017;4(3):201‐206
Published online June 13, 2017, http://dx.doi.org/10.14283/jpad.2017.22

Abstract
Alzheimer’s disease is a progressive neurodegenerative disease for which there is no cure and only a few treatments providing little relief.
Increased oxidative stress that is associated with aging is strongly implicated in the pathogenesis and progression of Alzheimer’s disease. Studies
have shown that levels of the endogenous antioxidant glutathione decline at an early stage of Alzheimer’s disease with decreased levels
correlating with worse cognitive functions. N‐acetylcysteine, a drug also widely available as a dietary supplement, is a precursor of L‐cysteine,
which in turn is a component of glutathione. Because cysteine availability is a limiting factor for glutathione synthesis, treatment with N‐
acetylcysteine may increase glutathione levels and thereby counter oxidative stress, promote redox ‐regulated cell signaling, and improve
immune responses. In this review, we evaluate the existing literature and the potential of N‐acetylcysteine in promoting cognitive health and
alleviating cognitive decline associated with dementia. Discussion will also include possible mechanisms of action of N‐acetylcysteine, its
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effects on aging biology, and safety of long‐term use. Based on the available literature, a nutraceutical formulation containing N‐acetylcysteine
among other compounds has shown some pro‐cognitive benefits in Alzheimer’s patients and older adults, but the evidence for N‐acetylcysteine
alone is less robust. Although N‐acetylcysteine crosses the blood‐brain‐barrier, low bioavailability is an obstacle. One promising avenue of
research may be to explore derivatives of N‐acetylcysteine such as N‐acetylcysteine amide, which has been reported in preclinical studies to
have higher permeability through cellular and mitochondrial membranes with increased central nervous system bioavailability compared to N‐
acetylcysteine.

Key words: Age‐related cognitive decline, NAC, NACA, dementia.
List of abbreviations: COPD: chronic obstructive pulmonary disease; CSF: cerebral spinal fluid; GSH: reduced glutathione;
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Introduction
The brain is an organ that consumes 20% of the body’s energy despite constituting a mere 2% of one’s body weight. High
metabolic demands along with low levels of antioxidative defense mechanisms make the brain vulnerable to oxidative damage
(1). Indeed, aging and Alzheimer’s disease are associated with an imbalance between pro‐oxidants and antioxidants, which in
turn, can induce oxidative damage to DNA, proteins, and lipids in the brain (2‐4). Several studies have highlighted the
imbalance in glutathione redox system as a feature of Alzheimer’s disease onset and progression. For example, levels of
antioxidants including glutathione are significantly lower in mitochondrial and synaptosomal fractions of postmortem brains
from Alzheimer’s disease patients when compared to age‐matched controls (5). In addition, higher levels of oxidative markers
(protein carbonyls, 3‐nitrotyrosine, 4‐hydroxynonenal, and acrolein) significantly correlate with worse cognitive function as
measured by the Mini Mental State Examination (MMSE) (5). Brain glutathione concentrations can be measured non‐invasively in
vivo, using a proton magnetic resonance spectroscopy (MRS). A study using this technology has reported that not only is there a
gradual decrease of glutathione levels with aging, but that glutathione levels are significantly depleted in Alzheimer’s disease
patients (6). Changes in glutathione levels are also apparent peripherally, where people with mild cognitive impairment and
Alzheimer’s disease have lower glutathione levels and GSH/GSSG ratios in red blood cells (7).
N‐acetylcysteine is a precursor of L‐cysteine, which in turn is a component of the endogenous antioxidant glutathione, a
tripeptide composed of glutamate, cysteine, and glycine. Glutathione (GSH) plays an important role in antioxidant activities,
redox (oxidation‐reduction reaction)‐regulated cell signaling, and immune responses (8). The ratio of reduced glutathione (GSH)
to oxidized glutathione (GSSG) is often used as a measure of oxidative stress. Because cysteine availability is a limiting factor
for GSH synthesis, N‐acetylcysteine may help counter oxidative stress by maintaining or increasing GSH levels. In addition to
being a component of glutathione, the thiol group (S‐H) in N‐acetylcysteine confers free radical scavenging properties by
interacting with reactive oxygen species such as hydroxyl radical (•OH) and hydrogen peroxide (H2O2) (9). N‐acetylcysteine is
currently used to loosen thick mucus in people with cystic fibrosis or chronic obstructive pulmonary disease (COPD) (10). It is
also used as an antidote to acetaminophen and carbon monoxide poisoning (11).
There is a growing number of studies testing the effects of N‐acetylcysteine in people with psychiatric or neurological diseases
(12). Here, we review the existing literature and evaluate the potential of N‐acetylcysteine in promoting cognitive health and
preventing dementia.
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Main text
Evaluation of the neuroprotective potential of N‐acetylcysteine
Although no clinical trials have examined whether N‐acetylcysteine can prevent cognitive decline or dementia, several clinical
trials have evaluated whether it may promote cognitive function. We have subjectively rated the available clinical and
preclinical evidence on N‐acetylcysteine in Table 1.

Table 1. Subjective rating of clinical and preclinical evidence of N‐acetylcysteine for age‐related
cognitive decline, Alzheimer’s disease, and safety of long‐term use
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We have subjectively rated the evidence for benefit versus risk of N‐acetylcysteine use to prevent or delay age‐related cognitive decline and
Alzheimer’s disease. We independently considered the data from randomized controlled trials (RCTs) and preclinical studies in animal and in
vitro models. We also rate the evidence for safety of long‐term N‐acetylcysteine use. Data quality ranges from high (A) to very low (D) within
the context of each type of data. We considered variables of study quality such as sample sizes, consistency of conclusions across studies,
duration of treatment and follow‐up, and reliable objective measurements of cognitive function as a primary outcome of the study. These
ratings are subjective and should be interpreted as a guide rather than a definitive conclusion. The following is a guideline for how data quality
was graded.
RCT evidence:
A: Robust replicated results from at least 2 large long‐term double‐blind RCT, ideally with confirmation from a systematic review or meta‐
analysis
B: Supporting evidence from the primary outcome of at least one large long‐term double‐blind RCT
C: A lack of supporting evidence from the primary outcome of a large long‐term double‐blind RCT but promising results from either small pilot
RCTs or from post‐hoc and planned secondary analyses.
D: A lack of supporting evidence from quality RCTs

Human research evaluating the effects of N‐acetylcysteine on cognitive functions
No studies have looked at prevention of cognitive decline or dementia in humans with N‐acetylcysteine alone. In a placebo‐
controlled trial of 34 people with mild cognitive impairment, daily consumption of a nutraceutical formulation containing 600
mg of N‐acetylcysteine (along with folate, alpha‐tocopherol, vitamin B12, S‐adenosyl methionine, and acetyl‐L‐carnitine) for 6
months was associated with improvement in dementia rating scale (Cohen’s effect size, 0.76) and preservation of executive
function (13). The placebo group did not improve in dementia rating scale and declined in executive function, but no direct
statistical comparisons were made between the nutraceutical treatment group and the placebo group, making the results less
conclusive. In a randomized controlled trial of 93 community‐dwelling adults, treatment with the same nutraceutical
formulation for 3 months was associated with improved verbal learning compared to the placebo group and improved executive
function compared to baseline (14). Patients receiving the placebo showed no improvement. Both the placebo and nutraceutical
groups improved further during a 3‐month open‐label extension of the formulation. Also, performance declined to baseline
following withdrawal of the treatment, and statistically improved when participants resumed the formulation. It is currently
unknown which of the compounds are responsible for these positive effects, and whether the compounds have additive or
synergistic effects.
Some studies have tested the effects of N‐acetylcysteine alone, but in people with psychiatric disorders. In a double‐blind
randomized controlled trial of 46 bipolar disorder patients, N‐acetylcysteine (2000 mg/d) treatment for 6 months did not result
in any significant differences in cognitive measures including digit span, word learning, trail making, and verbal fluency when
compared with the placebo group (15). There were also no within‐group differences between baseline and after N‐
acetylcysteine treatment. A Cochrane meta‐analysis examined randomized controlled trials of various supplements purported to
improve cognitive symptoms in people with schizophrenia, of which 2 trials tested the effects of N‐acetylcysteine (16). It
concluded that the trials were not adequately powered and that evidence for cognitive protection with N‐acetylcysteine is
limited.

N‐acetylcysteine research in dementia patients
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In a double‐blind randomized controlled trial of 106 Alzheimer’s disease patients, 3 or 6 months of the nutraceutical
formulation (same as above) resulted in significant improvements in the dementia rating scale and executive function compared
to the placebo group (17). During the 6‐month open‐label extension, both groups improved or maintained cognitive
performance.
In contrast, a clinical trial specifically testing N‐acetylcysteine in 43 patients with probable Alzheimer’s disease reported that
N‐acetylcysteine (50 mg/kg/day) for 6 months failed to significantly alter MMSE scores, which were the primary outcome
measures (18). However, the N‐acetylcysteine group showed significant benefit on letter fluency task compared to placebo at 6
months and there were trends toward improvement in memory. The treatment effect favored the N‐acetylcysteine group for
most tasks as well as for a composite measure derived from individual tests. However, the letter fluency task was the only
secondary outcome measure that showed statistically significant difference between the treatment and placebo groups.
It is worth noting the controversy that surrounds antioxidant treatments for dementia. A double‐blind randomized controlled
trial testing an antioxidant combination treatment (vitamin E, vitamin C, and α‐lipoic acid) in Alzheimer’s disease patients
reported that this treatment was associated with accelerated cognitive decline as measured by the MMSE, despite a decrease in
the level of oxidative stress (F2‐isoprostane) in the cerebral spinal fluid (CSF) (19). The study showed no differences between
the antioxidant treatment versus placebo groups in CSF biomarkers of Alzheimer’s pathology, including Aβ42, tau, and P‐
tau(181). Thus, cognitive changes with this combination treatment may not be due to worsening of Alzheimer’s‐related
pathology. The mechanisms behind the accelerated cognitive decline with this antioxidant combination are currently unclear. It
is also unknown whether N‐acetylcysteine may have adverse cognitive effects when combined with other antioxidants.

Mechanisms of action for neuroprotection identified from laboratory and clinical research
N‐acetylcysteine crosses the blood‐brain‐barrier in both humans and rodents (20, 21) and it is a membrane‐permeable cysteine
precursor that does not require active transport via the alanine‐serine‐cysteine system (8). A single intravenous infusion of N‐
acetylcysteine (150 mg/kg) increased blood and brain glutathione concentrations in patients with Parkinson’s disease, Gaucher
disease, and healthy controls (22). Brain glutathione concentrations were measured using 7T magnetic resonance spectroscopy,
and GSH/GSSG redox ratios were measured from blood samples.
Numerous studies in rodents have shown that N‐acetylcysteine has pro‐cognitive and neuroprotective effects. Chronic
administration of N‐acetylcysteine (100 mg/kg, s.c.) improved cognition in a mouse model of accelerated aging (SAMP8 mice)
(20). In a mouse model of Alzheimer’s disease (streptozotocin‐injected), N‐acetylcysteine treatment (50 mg/kg/day, p.o.)
prevented cognitive impairment and the decrease in glucose uptake in the hippocampus (23).
An amide form of N‐acetylcysteine (N‐acetylcysteine amide; NACA) is thought to have higher permeability through cellular and
mitochondrial membranes, with increased central nervous system bioavailability (24). In a rat model of traumatic brain injury,
NACA treatment for 15 days significantly improved cognitive function and cortical tissue sparing when compared to N‐
acetylcysteine treatment or vehicle (25). NACA also reduced oxidative damage (4‐hydroxynonenal levels) at 7 days post‐injury
and maintained levels of mitochondrial glutathione and mitochondrial bioenergetics. No clinical studies have tested NACA yet,
but it may hold greater promise for neuroprotection than N‐acetylcysteine.

Effects of N‐acetylcysteine on aging biology
High levels of the amino acid homocysteine are common in people over 65 and have been linked to a wide variety of age‐
related problems including dementia, stroke, and coronary artery disease (26). In a double‐blind randomized controlled trial of
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82 people, N‐acetylcysteine treatment (1.8 g/day from Fluimucil capsules) for 4 weeks significantly lowered plasma
concentrations of homocysteine by ‐11.7% ± 3.0% (placebo: 4.1% ± 3.6%) while increasing those of cysteine by 28.1% ± 5.7%
(placebo: 4.0% ± 3.4%). N‐acetylcysteine also significantly decreased systolic and diastolic blood pressure. It is worth noting that
no direct comparisons were made between the N‐acetylcysteine group and the placebo group. Also, N‐acetylcysteine‐treated
people had higher baseline homocysteine levels and blood pressure, making the results less conclusive.
Several preclinical studies have evaluated the effects of N‐acetylcysteine on lifespan. N‐acetylcysteine added to drinking water
(5 g/L and 10 g/L) at 7 months of age increased total and maximum lifespan in male mice, but not in female mice (27). In males
and females, both doses caused a sudden drop in body weight followed by continued slower‐rate decline in weight such that at
900 days these mice weighed comparably to mice that underwent dietary restriction.
In C. elegans, N‐acetylcysteine significantly extended both the mean (by 30.5%) and maximum lifespan (by 8 days) (28). N‐
acetylcysteine supplementation also increased the total number of progeny produced. Expression of stress‐responsive genes
(sod‐3 and hsp‐16.2) increased significantly following N‐acetylcysteine. It appears to promote longevity in C. elegans through
increased resistance to environmental stressors.

Safety of N‐acetylcysteine supplementation
N‐acetylcysteine is generally considered safe and is well‐tolerated for most adults. A meta‐analysis based on 13 clinical studies
including a total of 4,155 bronchitis/COPD patients reported that N‐acetylcysteine supplementation for up to 3 years does not
increase the risk of side effects (relative risk, 0.94, 95% CI, 0.88‐0.99) (29). In a double‐blind randomized controlled study of 21
patients with cystic fibrosis, N‐acetylcysteine at doses of up to 2800 mg/day was well‐tolerated and deemed safe (30). The
nutraceutical formulation used in older people and those with mild cognitive impairment was also well‐tolerated and no serious
adverse events were reported for any of the 300+ participants (13, 17, 18).
However, some safety concerns have been raised in patients with serious health conditions. In a large meta‐analysis of 41
randomized controlled trials including 2,768 patients with systemic inflammatory response syndrome or sepsis, late application
(more than 24 hours after the onset of symptoms) of N‐acetylcysteine was associated with cardiovascular instability (31). A
double‐blind randomized controlled trial of 177 patients with renal insufficiency undergoing cardiac surgery reported that N‐
acetylcysteine treatment (100 mg/kg bolus followed by 20 mg/kg/hr infusion) was associated with significantly greater blood
loss and a requirement of 1.6 more units of blood transfusion (95% CI, 0.4‐3.1 units) (32). Another double‐blind randomized
controlled trial of 20 patients undergoing surgery for abdominal aortic aneurysm reported that N‐acetylcysteine was associated
with anticoagulant and platelet‐inhibiting properties, with decreased prothrombin time and prolonged coagulation time (33).
These concerns need to be taken into account when N‐acetylcysteine treatment is considered for patients with increased
bleeding risk.
Some drug interactions with N‐acetylcysteine have been observed. N‐acetylcysteine should not be administered with
nitroglycerin, as the combination can cause severe hypotension (34) and headache (35). N‐acetylcysteine interacts with inhaled
insulin (Afrezza™, Exubera™) and may affect the absorption of insulin into the blood stream (36).

Ongoing clinical trials testing N‐acetylcysteine
Many clinical trials are ongoing, though none are in Alzheimer’s disease or dementia patients. An open‐label trial is testing
whether a 3‐month N‐acetylcysteine supplementation in older adults improves glutathione levels, body composition,
mitochondrial energetics, dyslipidemia, oxidative stress, protein/glucose metabolism, cognition, and memory (37). A
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randomized double‐blind clinical trial is testing whether intravenous (once per week) and daily oral N‐acetylcysteine treatment
supports brain function in patients with Parkinson’s disease (38). Another trial is testing whether N‐acetylcysteine affects
inflammatory and oxidative stress biomarkers in patients with tobacco use disorders and bipolar disorder (39). And a phase III
study is testing whether N‐acetylcysteine (oral) and/or isotonic bicarbonate (i.v.) prevents serious adverse outcomes following
angiographic procedures (40). Finally, another clinical trial is testing the role of N‐acetylcysteine as an adjuvant to opioid
treatment in patients with chronic neuropathic pain (41). A few clinical trials testing the effects of N‐acetylcysteine on
cognitive functions are planned in Australia as well, one in noncardiac surgical patients (post‐anesthesia) (42) and another in
schizophrenia patients (43).

Conclusions
A nutraceutical formulation containing N‐acetylcysteine among other compounds has shown some pro‐cognitive benefits in
Alzheimer’s patients and older adults, but the evidence for N‐acetylcysteine alone is much weaker. Alzheimer’s disease
patients have decreased glutathione levels and increased oxidative stress (7, 44). N‐acetylcysteine is an attractive compound as
it is a precursor and component of the endogenous antioxidant glutathione in addition to being a free radical scavenger. While
N‐acetylcysteine crosses the blood‐brain‐barrier, low bioavailability is a concern like other antioxidants. One promising avenue
of research may be to explore derivatives of N‐acetylcysteine such as NACA (amide form), which has been reported to have
higher permeability through cellular and mitochondrial membranes with increased central nervous system bioavailability
compared to N‐acetylcysteine (24). NACA has shown some promising neuroprotective effects in a rodent model of traumatic
brain injury (25) but no studies have tested it in humans yet. In clinical practice, safety is based on low bioavailability of N‐
acetylcysteine. Safety and dosages will need to be redefined if NACA is used in humans. In order to monitor target engagement
and treatment response to N‐acetylcysteine or its derivatives, glutathione levels in the brain can be measured using proton
magnetic resonance spectroscopy (45). Peripheral levels of GSH and GSH/GSSG ratios can also be measured from blood samples.
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