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Is N-Acetylcysteine (NAC) Effective as Psychiatric and  
Neurological Treatment? Where Does the Evidence Lie? 

Sabrina K. Bradbury-Segal, Ph.D. 

What is NAC?
 
N-acetylcysteine (NAC) is the acetyl derivative of the 
amino acid cysteine.1 It is widely available as an over-
the-counter nutritional supplement with antioxidant 
properties.2 NAC has been used across the world for 
the treatment of a variety of medical conditions, and 
is considered to be safe, and well-tolerated.3 Oral 
administration of NAC has been approved by the Food 
and Drug Administration (FDA) for acetaminophen 
overdose since 1985, and in 2004 the FDA approved the 
intravenous form for acetaminophen overdose.4 It has 
also been used to treat a variety of medical conditions, 
ranging from a preventative agent for atrial fibrillation,5 
to adjunct therapy for HIV-infection.6 In the past decade, 
there has been growing research on the use of NAC 
to treat various psychiatric and neurological disorders. 
According to preclinical research studies, NAC may 
modulate pathophysiological processes that are involved 
in multiple psychiatric and neurological disorders. These 
include oxidative stress, neurogenesis and apoptosis, 

mitochondrial dysfunction, neuroinflammation, and 
dysfunction of glutamate and dopamine neurotransmitter 
systems.7,8 

Role in Oxidative Homeostasis 

The use of NAC as an antioxidant precursor to glutathione 
(γ-glutamylcysteinylglycine; GSH) levels has been well 
established. 7 Glutathione is the primary endogenous 
antioxidant, as it neutralizes reactive oxygen and 
nitrogen species from the cell via both direct and indirect 
scavenging. Its major role, as the most abundant and 
ubiquitous antioxidant, is to maintain the oxidative 
balance in the cell. 9 Glial cells contain much higher 
levels of GSH than neuronal cells and support neuronal 
GSH production. In addition to providing cysteine for 
GSH production, NAC also scavenges oxidants directly, 
particularly via reduction of the hydroxyl radical ·OH, 
and hypochlorous acid.9 Oral administration of GSH, 
or L-cysteine have minimal effects on brain GSH levels, 
however oral NAC administration results in increased 

ABSTRACT

N-acetylcysteine (NAC) is widely known as a nutritional supplement with antioxidant properties. Due to its role in 
reducing neuroinflammation, oxidative stress, and modulating neurotransmission it has received a lot of interest 
in treating medical conditions since the 1980s. Given that many neuropsychiatric disorders are associated with 
pathophysiologies that include neuroinflammation, oxidative stress, mitochondrial dysfunction, and disruptions 
in neurotransmission, NAC has recently received more attention for the treatment of a variety of mental health 
conditions. There has been favorable evidence for the use of NAC in many psychiatric and neurological disorders, 
including bipolar disorder, autism, Alzheimer’s disease, substance use disorder (e.g., cocaine, methamphetamine, 
and cannabis), depression, obsessive compulsive disorder, schizophrenia, traumatic brain injury, and myoclonic 
epilepsy. However, to date there have been no large randomized controlled trials that focus on the use of NAC to 
treat mental health conditions. In this article, we evaluate previous and current research findings for the efficacy of 
NAC as stand-alone or adjunctive treatment for a variety of mental health conditions. 



NEI’s Master Psychopharmacology Program

© Neuroscience Education Institute

plasma cysteine levels, leading to increased plasma GSH 
levels.10,11 Additionally, NAC has been shown to penetrate 
the blood-brain barrier and increase brain GSH levels in 
animal models, resulting in altered brain GSH levels.12 

NAC, and Mitochondrial Dysfunction 

In animal models of traumatic brain injury (TBI)-induced 
mitochondrial dysfunction, n-acetylcysteine (NAC) 
significantly restored mitochondrial electron transfer, 
energy coupling capacity, and calcium uptake activity 
within 12 hours, if administered up to 1 hour postinjury.13 
Additionally, NAC administration up to 1 hour postinjury 
resulted in restored brain GSH levels, and mitochondrial 
GSH levels up to 14 days post-TBI. Timing appears to be 
critical, since NAC administered 2 hours postinjury did 
not have the same effect. Additionally, in animal models 
of mitochondrial complex I disease, NAC rescued animal 
lifespan and reduced cellular oxidative stress.14 Since 
mitochondria are the major reactive oxygen species 
(ROS)-generating organelles in cells,15 NAC likely has 
restorative effects on mitochondria, through its antioxidant 
properties. 

Effects of NAC on Neurotransmission 

Glutamate 
In addition to influence that cysteine levels have on GSH 
levels, and oxidative balance, alterations in cysteine 
levels have also shown to modulate neurotransmitter 
pathways, such as glutamate and dopamine.16 Cysteine 
is heavily involved in the regulation of neuronal intra- and 
extracellular exchange of glutamate, through the cystine-
glutamate antiporter, located primarily on glial cells. 
The dimer, cystine, is then taken up by astrocytes and 
exchanged for glutamate, released into the extracellular 
space. The free glutamate, in turn, stimulates inhibitory 
metabotropic glutamate receptors, reducing the synaptic 
release of glutamate.17 Additionally, alterations in the 
neuronal GSH levels from NAC may alter glutamate levels 
indirectly, yet also have a direct effect on glutamatergic 
transmission. GSH has been shown to potentiate brain 
N-methyl-D-aspartate receptor response to glutamate in 
animals.18,19  
  

Dopamine
In addition to modulating glutamate levels via the cystine-
glutamate antiporter, NAC has also been shown to alter 
dopamine (DA) release. In animal research, NAC has 
demonstrated a protective effect against reductions in DA 
transporter levels, following repeated methamphetamine 
administration.20 In a cell line study examining the effects 
of rotenone on midbrain dopamine neurons (mDA) 
as a model for Parkinson’s disease, significantly more 
NAC-exposed mDA neurons survived after rotenone 
exposure. Additionally, there was significantly increased 
DAT binding in the caudate and putamen compared to 
no changes in the control group.21 The increased levels 
of glutathione from NAC administration may play a role, 
since glutathione has also shown to increase glutamate 
agonist-evoked DA release in animal striatal neurons.16 

NAC in Neuroinflammation and Neurogenesis 

Many psychiatric disorders have been associated with 
alterations in pro- and anti-inflammatory cytokines. For 
example, interleukin (IL)-6, IL-1β and tumor necrosis factor 
(TNF)-α alterations have been reported in patients with 
depression, bipolar disorder, and schizophrenia.22,23 NAC 
has been shown to reduce levels of IL-6 in hemodialysis 
patients.24 NAC has also demonstrated reductions in 
TNF-α and IL-1β in animal models of various types of 
traumatic brain injury (TBI), and improve outcomes 
in lipopolysaccharide models of inflammation.25,26,27 
The reductions in inflammatory cytokines by NAC 
treatment may be a potential mechanism through 
which NAC modulates various symptoms of psychiatric 
disorders, either directly via inflammatory pathways, 
or indirectly through oxidative processes associated 
with neuroinflammation. Inflammation downregulates 
neurogenesis, through modulation of mitochondrial 
viability.28 Thus, the neuroprotective properties of NAC 
may be related to its neurogenesis-inducing ability, which 
is likely related to mitochondria-protective mechanisms. 
NAC’s antioxidant properties, in addition to these other 
factors, may be the underlying components that promote 
cell survival and growth factor synthesis (e.g., brain-
derived neurotrophic factor; BDNF), ultimately resulting in 
neurogenesis. See Figure 1.
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Treatment of Psychiatric Disorders 

Bipolar Disorder
The pathophysiology that underlies bipolar disorder (BP) 
has not been fully elucidated, yet alterations in oxidative 
metabolism have been reported in patients with BP.29 
Similar to schizophrenia, changes in antioxidant levels, 
increased markers of lipid peroxidation, and protein 
carbonylation have been described. The alterations seem 
to be phase specific, where there is increased oxidative 
stress in the manic phase. This also supports reports 
of hyperdopaminergic states during manic episodes.30 
Additionally, there have been links found between 
oxidative status and duration of illness.31 There is also 
evidence of a critical role of mitochondrial dysfunction in 
the underlying pathophysiology for BP.31 One hypothesis 
suggests that BP involves a phasic dysregulation of 
mitochondrial bioenergetics, namely the inability 
to upregulate biogenesis in response to metabolic 
demands during depression, or to downregulate during 
mania.32 Due to NAC’s role in oxidative homeostasis, 
neurotransmission, and mitochondria restoration/
protection, it has been studied as a stand-alone or adjunct 
treatment for BP. 

Several studies have examined the application of 
NAC in treating and preventing symptoms during the 
maintenance phase of BP.33 In the first multicenter double-
blind placebo-controlled (DBPC) study (n=75), the NAC 
group demonstrated a significant improvement on the 
Montgomery-Asberg Depression Scale (MADRS) and 
the Bipolar Depression Rating Scale (BDRS), compared 
to placebo. However, the study failed to demonstrate 
significant differences between the two groups in 
the frequency or latency to novel episodes of either 
depression or mania.34 Subsequent studies conducted 
subgroup analyses in patients with BP. In one such 
study, (n=17) individuals who had experienced a major 
depressive episode at baseline demonstrated that NAC 
treatment significantly improved measures on symptom 
severity, functioning, quality of life, and response rate at 
the end of 24  weeks.35 In a different study of patients with 
BP II (n=14), alterations were more pronounced for every 
outcome, including the Young Mania Rating Scale (YMRS) 
for the NAC group compared to the placebo.36 Finally, 
another small subgroup analysis examined patients (n=15) 
with a manic or hypomanic episode at baseline and 
reported improvement in YMRS in the NAC group and 

Figure 1.
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worsening of the BDRS in the placebo group. Additionally, 
more patients in the NAC group experienced complete 
remission, although it was not statistically significant.37 
Subsequent studies focused specifically on depressive 
symptoms of BP. A large 8-week open-label-run-in (n 
=149) to a DBPC trial focused on patients with BP and 
a recent depressive episode. Significant improvement 
in BDRS, functioning, and quality of life were reported 
in the NAC add-on to usual treatment group, compared 
to placebo,38,39 however the latency to a mood episode 
was not significantly different between the treatment and 
placebo group.40 Taken together, there is evidence that 
NAC may be a safe and effective treatment for some of 
the symptoms associated with BP, yet further research is 
needed.

Depression
In a large, randomized trial (n=252), patients with 
major depressive disorder (MDD), and MADRS score ≥ 
18, demonstrated improvement in multiple outcome 
measures in the NAC group compared to placebo 
add-on treatment to usual treatment for 12 weeks.41 
Additionally, in a case series of two patients with MDD, 
NAC augmentation revealed successful and sustained 
improvement of depressive symptoms.42 Both patients had 
only partially responded to a trial of monoamine oxidase 
inhibitor (MAOI) tranylcypromine. The results suggest that 
NAC as an adjunctive treatment for depressive symptoms 
is effective for MDD, however more research is needed. 

Schizophrenia
Similar to that of BP, there is increasing evidence that 
redox dysregulation and the resulting oxidative stress may 
play key roles in the pathophysiology of schizophrenia.43 
One known pathway resulting in redox dysregulation 
in schizophrenia is decreased levels of GSH. Given that 
the redox dysregulation model proposes that underlying 
factors in the pathophysiology of schizophrenia stem 
from the combined action of a GSH synthesis deficit 
of genetic origin, excessive oxidative stress from 
environmental factors during neurodevelopment, along 
with neuroinflammation and glutamatergic hypofunction, 
it is not surprising that NAC has been studied as an 
appropriate and effective treatment for schizophrenia. 

In a large DBPC study (n=140), patients were randomized 
to receive either 2000mg NAC or placebo daily for the 
duration of the trial. The study reported significantly 
greater improvement in the NAC group in all qualitative 
measures, and some quantitative measures.39,44 In 
another small-sized DBPC study, the addition of NAC to 
risperidone for 8 weeks was examined, and significant 
improvement in the Positive and Negative Syndrome 
Scale (PANSS) negative and total scores were reported.45 
A case study on a 24-year-old woman with treatment-
resistant schizophrenia reported that 0.6g/day of NAC 
for 7 days  resulted in improvements in the PANSS and 
the Clinical Global Impression Scale (CGI-S).46 A recent 
study examined the effects of 6-month NAC treatment 
on functional brain connectivity between regions of the 
cingulate cortex in patients with schizophrenia.47 The brain 
areas were of interest, since they have been associated 
with positive symptoms and processing speed decline in 
patients with schizophrenia. In the pilot study, patients 
received either 2700 mg/day NAC (n=9) or placebo 
(n=11) and underwent a variety of neuroimaging tests 
at baseline and 6 months later. Increased functional 
connectivity along the cingulum, and more precisely 
between the caudal anterior part of the isthmus of the 
cingulate cortex, were observed in patients who received 
NAC. The researchers suggested that the changes could 
be due to NAC-induced increased brain glutathione 
levels, resulting in improved symptomatic expression and 
processing speed. Significant results from several studies 
suggest that NAC may be a safe and effective treatment 
for schizophrenia, however more research is needed.47

Autism
There have been several somewhat recent studies that 
have focused on NAC as a treatment for symptoms 
associated with autism. In a small-sized DBPC study 
(n=29), Aberrant Behavior Checklist Irritability (ABC-I) 
Subscale scores significantly decreased over the study 
period in the NAC group compared to the placebo 
group.48 However, outcome on secondary measures 
was mixed. In another small DBPC study (n=40) patients 
who received NAC as add-on treatment to risperidone 
demonstrated a decrease in ABC-I compared to those 
who received placebo, yet they did not show a difference 
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in core autism symptoms.49 Similar findings were observed 
in a 10-week small-sized DBPC study (n=40), where 
NAC adjunctive treatment to risperidone significantly 
improved irritability and hyperactivity subscales.50 Only 
two case studies have reported improvements in core and 
associated autism symptoms with NAC treatment.51,52 The 
results suggest that NAC may be a promising treatment 
for irritability associated with autism, but that further 
research is needed to determine whether it is effective in 
treating core symptoms. 

Addiction
Craving is considered a key clinical construct for 
assessment and treatment of substance use disorders 
(SUDs) in The Diagnostic and Statistical Manual of Mental 
Disorders-5 (DSM-5).53 Altered neurotransmitter pathways 
(mainly dopamine and glutamate) are heavily involved 
in drug seeking, elicited by cues and in craving, thus 
restoration of these glutamatergic and dopaminergic 
pathways are therapeutic targets for medication 
development.7 Due to NAC’s properties, it has potential 
as a medication for craving reduction. Animal studies 
have demonstrated that NAC serves as a source of cystine 
that promotes glutamate exchange through the cystine-
glutamate antiporter in glial cells located within the 
nucleus accumbens.54

Overall, the evidence is limited for NAC as a treatment 
for addiction. While there have been several controlled 
studies for NAC on cocaine addiction with promising 
findings, the largest study was only positive for a 
small subset of participants. There have been some 
promising findings for cannabis as well, however these 
are limited due to inconsistent findings and study 
design approaches.55 However, a recent review of seven 
randomized controlled trials (RCTs) (n=245) found that 
NAC was significantly superior to placebo for reducing 
cravings in several SUDs (e.g., methamphetamine, 
cocaine, nicotine).56 This recent evidence suggests that 
NAC may be helpful at least in treating cravings related 
to SUDs. Further research is needed to fully elucidate the 
potential that NAC may have on specific addictions. 

Alzheimer’s Disease
In a DBPC trial (n=43), patients with probable Alzheimer’s 
disease (AD) were treated with either 50mg/kg/day of 
NAC or placebo for 24 weeks. Those who had received 
NAC showed improvement in some, but not all cognitive 
testing.57 A small, uncontrolled case-series (n=6) reported 
that 0.6g of NAC, in addition to other nutritional 
supplements, resulted in delayed decline in the Dementia 
Rating Scale (DRS) and the Clock Drawing Test (CLOX-
1) and improvements in the Neuropsychiatric Inventory 
and AD Cooperative Study- Activities of Daily Living.58 
There have been other case reports of improvements 
on AD-related cognitive measures, however NAC was 
administered in conjunction with other supplements. Due 
to poor study designs and high drop-out rates, it has 
thus far been difficult to truly assess the efficacy of NAC 
in treating Alzheimer’s disease, and future research with 
larger sample sizes is needed. 

Other Psychiatric Disorders
NAC has been studied as a treatment for a variety 
of other mental disorders, such as anxiety, obsessive 
compulsive disorder, and attention deficit disorder with 
some promising findings, however the evidence remains 
inconclusive at this time, and further research is needed.                                                 

Treatment for Neurological Disorders

Traumatic Brain Injury
NAC has been studied for the treatment of symptoms 
associated with traumatic brain injury (TBI), primarily 
because of its anti-inflammatory properties. In one DBPC 
study, 2g of NAC was administered within 24 hours 
of a blast-induced mild traumatic brain injury (mTBI) 
in a combat military population. NAC administration 
was associated with significant improvement in mTBI 
symptoms, neuropsychological testing results, and 
complete symptom resolution when compared to 
placebo.59 There have been small studies or case studies 
that have examined the use of NAC in combination with 
other nutritional supplements and reported improvements 
in cognitive measures, etc., however more research is 
needed before we can understand the efficacy of NAC as 
a treatment for TBI.
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Myoclonic Seizures 
Given the role that NAC plays in the modulation of 
neurotransmission (e.g., glutamate), it has also been 
studied for the treatment of seizures in Unverricht-
Lundborg Disease (ULD), a progressive, myoclonus 
epilepsy, however only in a handful of case studies. 
There has been conflicting evidence, where some report 
remarkable improvement in symptoms, and others 
observed partial or failed improvement with marked side 
effects. More research, and larger study designs with 
proper controls, are needed to better understand whether 
NAC is a beneficial and effective treatment for epilepsy.7

Summary
Taken together, NAC seems to demonstrate improvement 
in symptoms across a range of mental conditions, however 
the lack of large, controlled randomized trials makes it 

difficult to interpret its effectiveness or clinical application 
at this time. A recent review in 2015 by Deepmala 
and colleagues33 was conducted to examine the most 
established evidence for the use of NAC for the treatment 
of mental conditions. A grade of recommendation (GOR) 
was assigned to each mental condition, based on the level 
of evidence (LOE) for each condition. Out of all the mental 
conditions, bipolar disorder is the only one that received 
an A. Evidence for traumatic brain injury, schizophrenia, 
autism, depressive disorder, and addiction received a 
B. Since the time of this review, there have been only 
a handful of case studies or pilot studies conducted on 
these disorders, and no large RCTs.  For more information 
please refer to Table 1.

Table 1.
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