
 

Not for Public Distribution. For Education of Health Care Professionals Only. 1 

 No. 206 August 2015 

Clinical Applications of N-acetylcysteine 

Key Points at a Glance   

N-acetylcysteine (NAC) 

• acetylated form of cysteine, the rate-limiting nutrient in 
glutathione synthesis; acetyl group enhances stability and 
reduces oxidative potential of cysteine 

• glutathione (GSH): intracellular antioxidant; involved in 
xenobiotic detoxification, maintaining essential thiol status 

• NAC improves conditions characterised by GSH depletion, but 
may exert effects independent of GSH repletion 

 
Clinical Studies 

• improve depression and mania in bipolar disorder 
(2000 mg/day) 

• reduce irritability and hyperactivity in autism (600-
2700 mg/day) 

• improve symptom severity in schizophrenia (600-
2000 mg/day) 

• reduce severity of some impulse control disorders (450-
2400 mg/day) 

• reduce cravings in addictions: cocaine, methamphetamine, 
marijuana (1200-2400 mg/day) 

• reduce blood lead levels (800 mg/day) 
• reduce inflammatory markers and frequency of COPD 

exacerbations (1200 mg/day) 
• reduce frequency of exacerbations in chronic bronchitis 

(400-1200 mg/day) 
• maintain lung function in cystic fibrosis (2400-

2700 mg/day) 
• reduce frequency of influenza-like episodes (1200 mg/day, 

taken for 6 months) 
• support immune function in HIV (600-800 mg/day) 
• increase ovulation and pregnancy rate in PCOS (1200-

1800 mg/day) 
• potentiate hypotensive effect of antihypertensive drugs 

(1800 mg/day) 
 

 • reduce vascular remodelling and major adverse events after 
myocardial infarction (1200 mg/day) 

• reduce homocysteine levels (1800-4000 mg) 
• may reduce risk of colon cancer (preliminary results; 

800 mg/day) 
 
Indications 

• Neuropsychiatric and behavioural conditions: bipolar, autism, 
schizophrenia, OCD, anxiety, depression, impulse control 
disorders.  

• Neurodegenerative disease: Alzheimer's disease, Parkinson's 
disease. 

• Addiction/substance abuse. 
• Heavy metal detoxification. 
• Xenobiotic detoxification. 
• Protects liver from toxic damage. 
• Respiratory conditions: COPD, chronic bronchitis, cystic 

fibrosis. 
• Influenza. 
• HIV. 
• PCOS. 
• Reduce risk of cardiac events post-myocardial infarction. 
• Hypertension, hyperhomocysteinaemia.  
 
Safety 

• Oral NAC is generally well tolerated and non-toxic even up to 
very high doses of 8 g/day. 

• Mild adverse effects include gastrointestinal symptoms such 
as nausea, flatulence, abdominal cramps and (rarely) 
vomiting, headaches, pruritis, muscle/joint pain, rhinorrhoea, 
and tachycardia. 

• These effects appear to be self-limiting and did not result in 
cessation of treatment. 

 

 
 
N-acetylcysteine (NAC) is the acetylated precursor to the 
amino acid cysteine. While cysteine is considered the rate-
limiting nutrient in glutathione synthesis, the presence of 
the acetyl group in NAC confers significant therapeutic 
advantage owing to its enhanced stability and reduced 
susceptibility to oxidation.1 NAC has been used for decades 
as a mucolytic and for the treatment of paracetamol 
poisoning. In recent years, however, it has gained much 
interest as a therapeutic agent for a much broader variety 
of conditions characterised by glutathione depletion. 
 

NAC and Glutathione Synthesis 

Glutathione (GSH), a tripeptide comprised of cysteine, 
glutamate and glycine, represents the body’s major 
intracellular defence mechanism against oxidative stress. It 
exists in the body primarily in its reduced form (GSH), with 
smaller quantities of the oxidised form GSSG. 
 
NAC contributes to glutathione synthesis through provision 
of the rate-limiting nutrient cysteine, which has the lowest 
intracellular concentrations of the three amino acid 
precursors. NAC can be metabolised to cysteine via the 
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process of deacetylation, or it can undergo redox reactions 
with plasma cystine (the oxidised form of cysteine) in the 
plasma. Cysteine then readily crosses cell membranes to 
be used for glutathione synthesis.2-4 
 
The synthesis of glutathione is depicted in Figure 1. In 
brief, synthesis occurs in the cytoplasm of the cell via two 
enzymatic steps, both requiring ATP. The first step involves 
the formation of dipeptide gamma-glutamylcysteine from 
cysteine and glutamate. This reaction is catalysed by 
gamma-glutamylcysteine synthase, and represents the 
rate-limiting step in GSH synthesis. In the second step, 
gamma-glutamylcysteine reacts with glycine through the 
activity of glutathione synthetase (GS) to form tripeptide 
glutathione.5,6,7 
 
The key functions of glutathione in the body are:6,8  
• Xenobiotic detoxification. In a reaction catalysed by 

glutathione-S-transferase (GST), GSH conjugates with 
electrophiles for removal from the cell. This process 
irreversibly consumes intracellular GSH. 

• Maintenance of essential thiol status. GSH undergoes 
thiol-disulfide exchange, the equilibrium of which 
regulates various metabolic processes including 
enzyme activity, signal transduction and gene 
expression. 

• Antioxidant activity. GSH reduces peroxides in the 
presence of selenium-dependent enzyme glutathione 
peroxidase (GPx), a process with oxidises GSH to GSSG. 
GSSG can be reduced back to GSH by the activity of 
glutathione reductase (GR), as depicted in Figure 1. 

 

 
Figure 1. Glutathione synthesis and activity.6 

 
While the therapeutic effect of NAC is largely associated 
with its ability to maintain levels of intracellular GSH, it can 
be difficult to discern the direct effect of NAC from those 
related to GSH. Regardless, NAC has been found to be 
clinically efficacious in a wide variety of clinical conditions. 
 

Clinical Studies 

Neuropsychiatric Disorders 

In 2015, a systematic review of clinical trials using NAC in 
various psychiatric and neurologic conditions concluded 
that while there is still a need for more meticulously 
designed trials, there was an overall positive trend for the 
treatment effect of NAC in many neuropsychiatric 
disorders. Key findings are summarised below.9  
• Bipolar disorder. Analysis of 8 trials (seven double-

blind, placebo-controlled trials, and one open label 
study) showed a positive trend in the management of 
bipolar disorder when used at a dose of 2000 mg/day 
for a period of 8-24 weeks. Specifically, four of the 
controlled trials found significant improvements in 
depression and mania. 

• Autism. A positive trend was found for treatment with 
NAC in autism. Of the 3 placebo-controlled, double-
blind studies analysed, dosages of 600-2700 mg/day 
for 4-12 weeks yielded significant improvements in 
irritability scores. A significant improvement in 
hyperactivity was also noted in one of these trials. 

• Schizophrenia. Three double-blind, placebo-controlled 
trials and 1 case report found improvement in 
symptom severity when used at a dose of 600-
2000 mg/day for a duration of 8 weeks to 4 months. 

 
A beneficial effect of NAC was observed in both controlled 
(3) and uncontrolled (7) studies on impulse control 
disorders such as nail biting, trichotillomania and skin 
picking (450-2400 mg/day for 6 weeks to 7 months). In 
this meta-analysis, human trials using NAC also showed 
promise for conditions such as Alzheimer’s disease, 
obsessive compulsive disorder (OCD), epilepsy, anxiety, 
depression, neuropathy, and traumatic brain injury 
however higher quality research is needed to clarify the 
exact role of NAC in all of these conditions.9 
 
Likewise, NAC has been proposed as a potential therapy in 
the management of Parkinson’s disease, as GSH depletion 
is well documented to be associated with the degree of 
neurodegeneration in this condition. While human 
evidence is lacking, promising preliminary data suggests 
that oral NAC at doses ranging from 7 mg/kg to 70 mg/kg 
twice daily for 2 days can increase NAC levels in the 
cerebrospinal fluid (CSF) of patients with Parkinson’s 
disease, supporting the theory that NAC may cross the 
blood brain barrier and exert protective effects in 
neurodegenerative conditions.10 
 
Addiction 

Abnormalities in glutamatergic transmission has been 
documented to negatively impact oxidative homeostasis, 
and is well-recognised as a mechanism in addiction. The 
regulation of glutamatergic pathways by NAC in addiction 
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shows promise, however is limited largely to small 
uncontrolled trials.  
 
A systematic review published in 2014 assessed 9 clinical 
trials including 165 patients suffering from addiction, of 
which five of these were double-blind, randomised, 
placebo-controlled trials. Dosage ranged from 600 to 
3600 mg per day, for a period of 3 days to 14 weeks, in 
addictions including cocaine, cannabis, nicotine, 
methamphetamine, and pathological gambling. The 
greatest benefit of NAC was seen in the treatment of 
cocaine and marijuana dependence, with a reduction in 
cravings at doses ranging from 1200-2400 mg/day. 
Negative findings, however, were reported for the main 
outcome variables in methamphetamine (1 study) and 
nicotine dependence (2 studies), although a non-
significant trend towards reduced cigarette use was 
observed in one trial.11  
 
More recent evidence, however, indicates that NAC may in 
fact be promising for both methamphetamine and nicotine 
addiction. For example, a small (n = 32) double-blind, 
controlled, crossover clinical trial found that 1200 mg/day 
NAC for a period of 4 weeks significantly reduced cravings 
in a group of methamphetamine-dependent volunteers.12 
Likewise, another small open study in habitual cigarette 
smokers found a reduction in self-reported cigarette use 
(p < 0.001).13  
 
Despite methodological limitations, these findings support 
the hypothesis that NAC may represent an important 
treatment in managing addictive behaviours. More 
rigorously designed studies with larger sample sizes and 
longer follow up times are warranted. 
 
Heavy Metal Exposure 

NAC has been shown in experimental studies to protect 
against the toxic effects of heavy metals, including lead, 
cadmium, cobalt, and mercury. Although this effect has 
been largely attributed to its potent antioxidant properties, 
data indicates that NAC may also work via ROS-
independent mechanisms by directly reacting with the 
metals and inhibiting cellular uptake. Likewise, NAC has 
been found to increase the urinary excretion of 
methylmercury in animal models. Despite the potential for 
NAC in protecting against heavy metal accumulation and 
toxicity, human data is lacking.14-17   
 
 

In a preliminary dose ranging study, NAC at 200, 400 or 
800 mg/day was prescribed to 171 lead workers for a 12 
week period to assess the impact on reducing lead levels 
and increasing GSH levels. The effect was dose dependent, 
with the 800 mg dose of NAC yielding significant increases 
in erythrocyte GSH levels compared to the reference group 
(p = 0.047). A significant reduction in blood lead levels 
was also evident across all groups at week 12. The results 
are summarised in Table 1.18 
 

 Blood Lead Levels (mcg/dL) 

… Baseline After NAC Treatment 
Control  44.1 ± 9.3 43.2 ± 8.7 
NAC 200 mg/day 44.49 ± 9.28 40.92 ± 9.13* 
NAC 400 mg/day 47.87 ± 8.49 43.49 ± 10.12* 
NAC 800 mg/day 48.46 ± 8.38 43.14 ± 7.4* 
NAC All doses 47.1 ± 8.8 42.4 ± 9.1* 
Table 1. Effect of NAC in reducing blood lead levels. 

* p < 0.001  

 
Lead, which is known to inactivate GSH, has no recognised 
‘safe’ level, and it is prudent to note that while lead levels 
did significantly reduce over the four-week period, levels 
remained elevated in the sample population after 
treatment. A more clinically significant effect is likely to 
take a longer duration of treatment, and while this 
evidence provides proof of concept of a beneficial effect of 
NAC on heavy metal detoxification, more rigorous studies 
are needed. 
 
Chronic Obstructive Pulmonary Disease 

Nebulised and oral NAC has a long history of use for COPD 
patients owing to its mucolytic actions. Data on oral NAC 
improving COPD exacerbations is conflicting, however it 
seems likely that the effect is highly dose dependent. For 
example, a recent randomised double-blind, placebo-
controlled trial found that a dosage of 600 mg NAC for six 
months in a subgroup of 42 COPD patients with increased 
sputum production had no significant effect on 
symptoms.19  
 
On the other hand, higher doses of NAC have revealed 
more positive results. A systematic review and meta-
analysis published in 2014 assessed the effect of long-
term (4 months to 3 years) NAC on COPD exacerbations. 
Findings from the subgroup analysis indicated that high-
dose NAC (1200 mg/day) significantly reduced both total 
exacerbations, and the number of patients with at least 
one exacerbation (RR = 0.59, 0.47 to 0.74, 95% CI, 
p < 0.001; and RR = 0.76, 0.59 to 0.98, 95% CI, p = 0.03 
 

Trial Details Results Ref 

single-blind trial (n = 55) 
1200 mg/day, for 60 days 

• significantly reduced H2O2 levels (a marker of chronic airway inflammation) in exhaled air 
condensate in the NAC group at 15, 30 and 60 days  

20 

double-blind trial (n = 123) 
1200 mg/day, for 10 days 

• significant impact of NAC 1200 mg/day in normalising CRP, reducing IL-8, and reducing 
difficulty of expectoration than both placebo and NAC 600 mg/day 

21 

Table 2. Anti-inflammatory and antioxidant effect of NAC in randomised, placebo-controlled trials of COPD. 
Abbreviations: CRP: C-reactive protein, H2O2: hydrogen peroxide; IL: interleukin 
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Trial Details Results Ref 

open-label, randomised, controlled 
pilot trial (n = 21)*         
2400 mg/day, for 4 weeks 

• NAC significantly increased plasma ascorbic acid and reduced oxidised ascorbic acid (p = 
0.037 and p = 0.004 respectively) 

• non-significant reduction in oxidative burst of PMNs 
• trend towards improved lung function (FEV1) failed to reach significance, however lung 

function declined in control group 
• no significant change in MDA, 8isoP, 8-oxodG, or 8-oxoGuo 

22 

phase II RDBPC trial (n = 70) 
2700 mg/day, for 24 weeks 

• baseline lung function was maintained in the NAC group, where a 4-6% decline was 
observed in the control group 

• no change in sputum HNE or inflammatory markers including IL-8 

23 

Table 3. Effect of recent clinical trials using oral doses of NAC in cystic fibrosis. 
Abbreviations: FEV1: forced expiratory volume; HNE: human neutrophil elastase; IL: interleukin; MDA: malondialdehyde; PMNs: polymorphonuclear 
neutrophils; t.i.d: three times daily; 8isoP: 8-isoprostane; 8-oxodG: 8-oxo-7,8-dihydro-2-deoxyguanosine; 8-oxoGuo: 8-oxo-7,8-dihydro-guanosine 
Notes: * Subjects with CF and chronic Pseudomonas aeruginosa infection 

 
 
respectively). There was no significant improvement in 
either outcome for low-dose NAC (600-900 mg/day).24  
 
While the action of NAC as a mucolytic in part explains the 
benefit conveyed in COPD, its anti-inflammatory and 
antioxidant properties may play an even more important 
role in modulating the molecular mechanisms involved in 
lung damage (refer to Table 2).  
 
Chronic Bronchitis 

As well as COPD, long-term NAC may also be effective in 
reducing exacerbations of chronic bronchitis and chronic 
obstructive bronchitis. According to a meta-analysis of 9 
clinical trials, NAC at a dose of 400-1200 mg/day in 
divided doses reduced the mean number of episodes by 
23% over a 6 month period (95% CI; -0.55 to -0.18).25 
 
Cystic Fibrosis 

Cystic fibrosis (CF) is characterised by disrupted antioxidant 
homeostasis, in part due to the inability of affected cells to 
efflux glutathione effectively, as well as excessive oxidant 
release from inflammatory white blood cells. Based on 
these mechanisms alone, it stands to reason that NAC 
could be deemed a suitable treatment strategy in CF. 
 
A 1999 systematic review assessed the effect of NAC on 
lung function in CF patients. Included in the review were 3 
randomised controlled trials using nebulised NAC, which 
produced no beneficial impact, as well as 6 randomised 
controlled trials using oral NAC. While there was a positive 
trend towards improved lung function based on forced 
expiration volume (FEV1), the reduction was unlikely to be 
clinically significant. The authors concluded that there was 
a lack of evidence to support the use of NAC in CF at the 
time of publication.26 Likewise, a Cochrane review 
reviewed the use of oral thiol derivatives (including NAC) 
in CF from clinical trials published before June 2013, and 
concluded that they conferred neither benefit nor harm, 
with more robust evidence needed.27 There are, however, 
two more recently-published studies which support the 
oral use of NAC in CF (see Table 3). 

 
While the data is conflicting, NAC should still be considered 
a promising adjunct to treatment for people with CF, 
particularly in preventing further decline in lung function. 
This is particularly important given that CF patients with 
mild to moderate lung dysfunction have been found to 
lose up to 2-4% lung function per year.23 
 
Immunity 

NAC has consistently demonstrated immune activating 
properties in experimental studies, and while human 
evidence is preliminary, it is highly suggestive of a positive 
effect. For example, a randomised, double-blind, placebo 
controlled trial in 262 elderly subjects found that when 
taken at a dose of 1200 mg per day for 6 months 
(including over winter), NAC significantly reduced the 
frequency of influenza-like episodes (p = 0.0006).28  
 
More recently, a small controlled trial evaluated the 
impact of a lower dose of NAC (600 mg/day) for a four 
month period in 36 healthy post-menopausal women 
grouped according to age (50-69 years or over 69 years). 
Blood samples were evaluated at baseline, after 2 and 4 
months of treatment, and 3 months post-treatment.29 
• Significant improvements were found in white blood 

cell function, including reduced neutrophil and 
lymphocyte adherence, improved chemotaxis and 
phagocytic capacity, and increased lymphocyte 
proliferation and NK cell activity. Importantly, these 
results were evident from the 2-month time point, 
and for the most part remained at 3 months post-
treatment. The greatest effects were seen in the over 
69 age group. 

• NAC use was associated with increased IL-2 levels (a 
cytokine which directs the activity of NK cells and T-
cell proliferation), and reduced TNF-alpha and IL-8. 

• White blood cell GSH also increased significantly with 
NAC treatment. 
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Trial Details Results Ref 

800 mg/day for 4 months; (n = 45) • at baseline, significantly lower plasma cysteine in HIV+ patients compared to healthy 
controls (p < 0.05), which was restored to the level of control after 4 weeks 

• no significant difference in glutathione levels observed at baseline between HIV+ vs 
controls 

• NAC failed to increase CD4+ counts or radical production by neutrophils 
• no significant change in plasma GSH or GPx 
• significant decrease in TNFα in NAC group after treatment (p < 0.05) 

30 

600 mg/day or placebo, plus antiretroviral 
therapy for 180 days; (n = 20) 

• CD4+ cells increased at an earlier time point in the NAC plus antiretroviral group (60 
days) vs placebo plus antiretroviral (120 days) 

31 

600 mg/day or placebo, plus antiretroviral 
therapy for 180 days; (n = 30) 

• no significant changes in viral load, CD4+ lymphocytes, lymphocyte viability, TNFα or 
IL-8 between control and study group 

• NAC improved, but did not normalise, cysteine concentrations and levels of reduced 
GSH 

32 

2 studies: individually adjusted doses based 
on plasma glutamine levels (600-
3600 mg/day), with (n = 40) or without 
(n = 29) antiretroviral therapy for 7 months 

• NK cells increased to almost normal levels 
• NAC attenuated the increase in IL-6 seen with antiretroviral therapy (p < 0.05) 
• no significant difference in CD4+, CD8+ or plasma thioredoxin levels 

33 

8000 mg/day for 8 weeks; followed by a 
24-week open label follow-up trial in which 
the median NAC dose was 5300 mg/day 
(n = 81) 

• NAC significantly increased whole blood and lymphocyte GSH levels (p = 0.01) 
• no significant change in CD4+, viral load, CD8+, haematocrit or other haematological 

markers 
• significant association between NAC ingestion and improved 2-3 year survival rate  

34 

Table 4 Randomised, double-blind, placebo-controlled clinical trials using NAC in HIV. 

 
 
Supplemental NAC appears to be most effective in 
supporting immunity in conditions where white blood cell 
glutathione levels are low. For example, a randomised 
double-blind, placebo-controlled trial in 46 healthy men 
aged 20-60 years assessed the impact of NAC 
(400 mg/day) on glutathione levels, CD4+ and CD8+ 
lymphocyte levels. Over 4 weeks, CD4+ levels responded 
positively to NAC supplementation (p < 0.05), an effect 
which was more pronounced in people with suboptimal 
glutathione levels. While CD8+ levels followed a similar 
trend, the change failed to reach significance.35  
 
Human immunodeficiency virus (HIV) is one of the best 
studied cases of cysteine and glutathione deficiency.36 NAC 
has been studied in multiple trials assessing various 
aspects of immune function to determine the exact 
mechanism through which it might support HIV patients, 
however the data is conflicting, and limited to small trials. 
Refer to Table 4. 
 
Polycystic Ovarian Syndrome (PCOS) 

In a recent systematic review and meta-analysis, 8 
controlled clinical trials were analysed to assess the impact 
on NAC in 910 women with PCOS, including clomiphene 
citrate (CC)-resistant PCOS. The women, whose mean age 
was 20-33 years, were randomised to either NAC or 
placebo (4 trials), or NAC or metformin (4 trials). Study 
duration ranged from 2-12 months, with the dosage of 
NAC ranging from 1200-1800 mg/day in divided doses.37 
The following results were observed: 
• Live-birth rate in the NAC group was nearly 3 times 

higher than placebo, although this was only assessed 
in one trial (pOR: 3.00; 95% CI: 1.05, 8.60; p = 0.04). 

• Compared to placebo, women taking NAC were 3.5 
times more likely to fall pregnant (pOR: 3.58; 95% CI 
2.05, 6.25; p < 0.0001). This was increased in the 
subgroup analysis, in which pregnancy was 5 times 
more likely in women with CC-resistant PCOS taking 
NAC versus placebo (pOR: 4.83; 95% CI: 2.3, 10.13; 
p < 0.0001). 

• A subgroup analysis of trials that reported ovulation 
rate found a 3-times increased likelihood of ovulation 
in women taking NAC compared to placebo (pOR: 
3.13; 95% CI: 1.54, 6.36; p = 0.002, 2 trials), and a 9-
times increased likelihood of ovulation in CC-resistant 
women taking NAC (pOR: 8.40; 95% CI:4.50, 15.67, 
p = 0.04, 2 trials) – refer to Figure 2. 

• NAC was less effective than metformin in achieving 
the above outcomes. 

• No significant effect was found for NAC on metabolic 
parameters including fasting insulin or HOMA-IR, 
however the subjects had normal fasting glucose at 
baseline. 

 
In a trial not included in the above review, treatment with 
1800 mg/day NAC in obese women (increased to 3000 
mg/day in six massively obese women) with PCOS found 
improvements in peripheral insulin sensitivity over 5-6 
weeks, with subgroup analysis revealing a significant 
effect only in the hyperinsulinaemic women, but no 
impact in the normo-insulinaemic subjects.38 It is important 
to note that while the results were statistically significant, 
the magnitude of effect lacked clinical significance,38 and 
the usefulness of NAC in managing metabolic issues 
including type 1 and type 2 diabetes is questionable, with  
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Figure 2. Subgroup analysis of ovulation rate in women with PCOS after treatment with NAC.37 

 
 
several studies showing a lack of effect using both oral 
and intravenous NAC.39,40 
 
Cardiovascular Disease 

Preliminary evidence indicates that NAC may have 
potential as an adjunctive treatment in hypertension. In 
an open crossover study, 18 habitual smokers with poorly 
controlled blood pressure were prescribed either an ACE 
inhibitor, or an ACE inhibitor plus NAC (1800 mg/day). 
Ambulatory blood pressure (24-hour and daytime) was 
monitored after each treatment period of 21 days. The 
results are summarised in Table 5.41 
 

 Before After 

24-hour blood pressure (mmHg) 
systolic 146.1 ± 4.2 137 ± 3.1* 
diastolic 89.2 ± 2.8 83.5 ± 3.7** 
Daytime blood pressure (mmHg) 
systolic 149.7 ± 5.6 141 ± 3.7* 
diastolic 92.1 ± 4 86 ± 3.2* 
Table 5. Changes in blood pressure (ACE inhibitor plus NAC). 

* p < 0.05 ** p = 0.01 

 
More recently, a similar study in 126 hypertensive patients 
found that NAC at a slightly lower dose of 1200 mg/day 
for 2 months also potentiated the clinical effect of ACE 
inhibitor medications, with the combination yielding a 
significant reduction in both systolic and diastolic blood 
pressure during the treatment periods compared to the 

medication alone (p < 0.05).42 Although the role of NAC in 
blood pressure regulation is not fully understood, it may 
be, at least in part, mediated by its effect on nitric oxide. 
Thiols potentiate the activity of nitric oxide not only by 
scavenging free radicals, but also by preventing its 
oxidation and degradation, and reacting with NO to form 
more biologically active adducts with potent vasodilatory 
and antiatherogenic effects.43,44 
 
NAC may also reduce vascular remodelling and 
frequency of major adverse cardiac events (MACE) after 
myocardial infarction (MI). This effect may be related to its 
ability to reduce levels of matrix metalloproteinases 
(MMPs; catalytic enzymes which play a significant role in 
vascular remodelling after acute MI). A randomised, 
double-blind, placebo-controlled trial assessed the impact 
of 1200 mg/day NAC or placebo for 3 days post-acute MI 
in hospitalised patients.45 
• Significantly reduced serum levels of MMP-9 and 

MMP-2 in the NAC group compared to placebo 
(p = 0.014 and p = 0.045 respectively). 

• Significantly shorter duration of hospitalisation in the 
NAC group (median range: 6 (3-17) days) compared to 
placebo (median range: 8 (4-18) days; p = 0.024). 

• Significant reduction in MACE at 1 year follow up 
(7/50 NAC vs 12/48 placebo; p = 0.024), and a 
significant reduction in the rate of re-infarction 
(p = 0.007) between groups. 
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There is evidence to suggest that oral administration of 
NAC may reduce homocysteine levels, a major risk factor 
for cardiovascular disease. This may be, in part, due to NAC 
displacing cysteine and other thiols in mixed disulfides like 
homocysteine. The best effect was seen at doses of 1800-
4000 mg/day, with treatment time ranging from 2 weeks 
to 2 months, however the effects are transient and return 
to baseline after cessation of therapy.46,47  
 
Diabetes 

Glutathione depletion has been observed in type 2 
diabetes, and has been suggested to contribute to 
hyperaggregation of platelets and increased cardiovascular 
risk. The use of oral NAC (1200 mg/day) may reduce 
cardiovascular risk in patients with type 2 diabetes by 
significantly reducing platelet-monocyte conjugation 
(p = 0.035) and microparticles (p < 0.016) within 2 hours 
of a single oral dose.48 Based on preliminary evidence, NAC 
may represent a valuable adjunct in reducing the negative 
long-term cardiovascular effects of type 2 diabetes, 
although it shouldn’t be considered a standalone 
treatment due to observed lack of treatment outcomes 
described in other clinical trials.39 
 
Chemoprevention 

NAC has shown some promise as a chemopreventative 
agent, but further evidence is needed to confirm a 
beneficial effect and to assess safety in humans. A 
controlled clinical trial in 64 subjects with a history of 
adenomatous polyps found that 800 mg/day NAC for 12 
weeks significantly reduced the proliferative index in 
colonic epithelial cells.49 On the other hand, the EUROSCAN 
study (n = 2537) revealed no significant effect of NAC 
(600 mg/day) on overall or event-free survival, or second 
primary tumour incidence over a 2 year period in subjects 
with head, neck or lung cancer.50 
 
Other Conditions 

The effect of oral NAC supplementation on noise-induced 
hearing loss has shown conflicting results. In a small 
randomised, placebo-controlled, crossover trial,  
 

1200 mg/day NAC for 14 days significantly reduced 
temporary threshold shift compared to placebo 
(p = 0.003).51 Likewise, another small controlled trial in 
military personnel at risk of noise induced hearing loss 
found some beneficial effects of a single 800 mg oral dose 
of NAC in protecting the cochlea after exposure to shooting 
in the a bunker-like room.52  
 
On the other hand, a much larger, well-designed, recently-
published study found negative results for NAC 
supplementation in attenuating hearing loss. This 
randomised, double-blind, placebo-controlled trial used 
NAC at a dose of 2700 mg/day or placebo in 566 male 
military personnel during 16 days of weapons training. No 
significant impact was found for the NAC vs placebo in 
reducing noise-induced threshold shifts.53  
 
NAC has also been found to be effective in attenuating 
muscle fatigue, although the majority of evidence uses 
an intravenous dosage form. Results from 2 human studies 
using high dose oral NAC are summarised in Table 6. 
 
In an open-label trial, 1200 mg/day NAC was used to 
manage non-alcoholic fatty liver disease (NAFLD) in a 
small group of patients (n = 15) for 3 months. Findings 
showed a significant reduction in liver enzyme alanine 
transaminase (p = 0.014) and a significant reduction in 
spleen size (p = 0.018), which the authors indicated is 
consistent with a reduction in fatty infiltration.54 
 
Numerous trials have been conducted to assess the use of 
NAC for the prevention of contrast-induced nephropathy 
(CIN), however the majority of these use intravenous 
administration. A meta-analysis published in 2013 found 
that while NAC significantly reduced the incidence of CIN, 
the removal of intravenous data indicated that oral 
supplementation did not have a significant impact.55 
 
Since the 1970s, NAC has been used as a treatment for 
preventing liver damage in paracetamol toxicity.56 While 
traditionally administered as an intravenous therapy, 
several comparisons have found similar treatment effects 
between intravenous and oral NAC for this use, with 

 
Trial Details Results Ref 

controlled trial (n = 18); pre-treatment with 
NAC 150 mg/kg vs placebo; single dose 
 

• 32% increased performance for repetitive handgrip exercise (handgrip 
dynamometry) compared to baseline (p < 0.001) 

• no significant difference for repetitive handgrip exercise compared to placebo group 
in which a placebo effect was apparent 

• NAC pre-treatment attenuated increases in red blood cell oxidised GSSG seen with 
repetitive handgrip exercise 

57 

RDBPC (n = 7); pre-treatment with NAC 
70 mg/kg vs placebo; single doses over 
eight trial days (each trial day separated by 
72 hours) 

• time to fatigue significantly longer during the 80% intensity exercise trial (cycle 
ergometer) (p = 0.033) 

• small but significant increase in critical power and peak power output 
• no significant change in VO2 kinetics 

58 

Table 6. Oral NAC supplementation in attenuating muscle fatigue. 
Abbreviations: GSSG: oxidised glutathione; RDBPC: randomised double-blind placebo-controlled; VO2: oxygen consumption 
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specific applicability for each method depending on timing 
of overdose. The oral dosage used for this purpose is very 
high for normal clinical practice, with one study using a 
loading dose of 140 mg/kg followed by 17 maintenance 
doses of 70 mg/kg every 4 hours.59,60 Any case of 
acetaminophen toxicity, however, should be referred for 
immediate medical attention. 
 

Mechanisms of Action 

Antioxidant Effects 

Recently, randomised, crossover, double-blind study 
elucidated a novel mechanism through which NAC might 
protect against oxidative stress. In this small study, 13 
asthmatic subjects were supplemented with either 
1800 mg NAC or placebo for 6 days prior to being exposed 
to either diesel exhaust or filtered air. Exposure to diesel 
exhaust caused an increase in microRNA (miRNA)-144, a 
small non-coding RNA, levels of which are negatively 
associated with the genes coding for important antioxidant 
and detoxification response elements such as nuclear 
factor (erythroid-derived 2)-like 2 (Nrf2), NAD(P)H:quinone 
oxidoreductase 1 (NQO1) and glutamate cysteine ligase 
catalytic subunit. NAC supplementation attenuated the 
increase in miRNA-144, indicating that its protective effect 
against pollution-induced oxidative stress may be related 
to maintaining NRF2 signalling and subsequent 
downstream mediators of cellular protection.61  
 
Modulates Neurotransmitter Release and 
Activity 

Abnormal glutamate signalling has been associated with a 
variety of psychiatric conditions, and regulation of 
glutamate may, in part, explain the beneficial effect of 
NAC in conditions such as schizophrenia, OCD, autism, and 
addiction.9 In a controlled, open-label, crossover study in 
cocaine-dependent subjects, magnetic resonance 
spectroscopy revealed that a single dose of NAC 
(2400 mg) normalised glutamate levels in the dorsal 
anterior cingulate cortex, an area of the brain involved in 
impulse inhibition.62  
 
Proposed mechanisms of NAC in regulating glutamate 
are:63 
• Regulating cystine-glutamate antiporter system 

through provision of cystine, which shuttles glutamate 
out of the cell and modulates glutamatergic 
transmission; and 

• Modulating N-methyl-D-aspartate (NMDA) receptor 
activity (via GSH). 

 
NAC may also impact dopamine, high levels of which are 
seen with repetitive drug use and addiction, and are 
considered neurotoxic. NAC has been found to be a potent 
scavenger of oxidative products generated by excess 
dopamine release in animal models of methamphetamine 

addiction, which left unchecked can lead to the death of 
dopaminergic neurons.64   
 
Although human studies are lacking, mechanistic data 
indicates that NAC may also correct mitochondrial 
dysfunction and reduce neuroinflammation (by inhibiting 
microglial activation), which are two additional 
mechanisms involved in the pathophysiology of psychiatric 
conditions.9,63 
 

Safety 
Oral NAC supplementation is generally well tolerated and 
non-toxic even up to very high doses of 8000 mg/day.34 
Mild adverse effects reported in clinical trials include 
gastrointestinal symptoms such as nausea, flatulence, 
abdominal cramps and (rarely) vomiting, headaches, 
pruritis, muscle/joint pain, rhinorrhoea, and tachycardia. 
These effects appear to be self-limiting and did not result 
in cessation of treatment.9,25,46,65 
 

Actions 

Antioxidant, anti-inflammatory, mucolytic, immune modifying, 
hypotensive, chelating agent, hepatoprotective, neuroprotective, 
possibly chemopreventative. 
 

Indications 

• Neuropsychiatric and behavioural conditions: bipolar, autism, 
schizophrenia, OCD, anxiety, depression, impulse control 
disorders.  

• Neurodegenerative disease: Alzheimer's disease, Parkinson's 
disease. 

• Addiction/substance abuse. 
• Heavy metal detoxification. 
• Xenobiotic detoxification. 
• Protects liver from toxic damage. 
• Respiratory conditions: COPD, chronic bronchitis, cystic 

fibrosis. 
• Influenza. 
• HIV. 
• PCOS. 
• Reduce risk of cardiac events post-myocardial infarction. 
• Hypertension. 
• Hyperhomocysteinaemia. 
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