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NN-acetylcysteine (NAC) is a mucolytic and 
nephroprotective agent and is also the antidote 
to acetaminophen overdose.1–3 However, NAC 
is now showing potential for use in other 
disorders. Its uses have been studied in the � elds 
of neurology, pulmonology, cancer, vascular 
disorders, and psychiatry. NAC’s potentially 
diverse clinical applications are attributed 
to its e� ects on nitric oxide and its role as an 
antioxidant. As an antioxidant, NAC a� ects 
pathways involved in stress, infection, and 
in� ammatory conditions.4 More recently, NAC has 
been used in various dermatologic conditions.
In this review article, we explore the available 
literature for publications related to the 
treatment of skin disorders using NAC therapy, 
seeking to better understand its methods of 
action and potential applications in the � eld of 
clinical dermatology.

METHODS
Data search. A search in the PubMed 

literature database was conducted to collect 
relevant articles. The key search terms used 
included N-acetylcysteine, NAC, N-acetyl 
cysteine, and combinations thereof, with skin, 
dermatology, wounds, and TEN. The use of the 
Boolean operators and or were employed to 
identify relevant empirical studies and reports.

Inclusion and exclusion criteria. In this 
review, we focused on randomized, controlled 

studies, uncontrolled studies, meta-analyses, 
and systematic reviews published between the 
years 1966 and 2017. The search was limited 
to literature published in the English language. 
Studies that did not show clinical improvement 
with the administration of N-acetylcysteine, 
based either on objective or subjective 
measures, were excluded. Studies were not 
excluded based on route of administration.

RESULTS
Results are summarized in Table 1. Detailed 

discussion of results are provided below.
Dermatologic conditions related to 

psychiatric disorders. Excoriation disorder. 
Excoriation disorder is characterized by the 
repetitive and compulsive picking of the skin, 
leading to tissue damage.5 Excoriation can 
be triggered by emotional stress, anxiety, 
changes in routine, and/or the sensation or 
appearance of a bump, unevenness, blemish, 
or discoloration of the skin.5 It a� ects four 
percent of the general population and can 
signi� cantly impact a patient’s quality of life.5

It can even pose potentially life-threatening 
complications. For example, tissue damage 
caused by excoriation can lead to localized 
infections and septicemia.6 Currently, there is 
no United States Food and Drug Administration 
(FDA)-approved psychoactive medication for 
excoriation disorder, with studies showing either 
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mixed results or lack of e�  cacy.7–10 However, in 
their randomized, double-blind trial conducted 
at the University of Minnesota, Grant et al11 found 
that, compared with placebo, NAC treatment 
yielded signi� cant improvement in skin picking 
severity. Fifty-three patients were studied, 
and 15 of 32 patients (47%) who received NAC 
treatment were “much” or “very much” improved, 
compared with four of the 21 patients (19%) 
who received placebo treatment. Miller and 
Angulo12 showed that NAC signi� cantly reduced 
symptoms of excoriation and skin-picking lesions
in patients with Prader-Willi syndrome (PWS). 
PWS is a neurodevelopmental disorder caused by 
an abnormality on the long arm of chromosome 
15 that results in behavioral dysfunctions, such 
as excessive food interest, skin picking, and 

obsessive-compulsive behaviors. The authors 
studied 35 patients with con� rmed PWS and 
excoriation disorder for more than one year. 
Patients were treated with NAC, 450 to 1,200mg 
per day, for 12 weeks. All 35 patients showed 
improvement in skin-picking behaviors. Ten 
patients did not have complete resolution of 
symptoms but still showed a signi� cant reduction 
in active skin lesions.

Onychophagia. Onychophagia is another 
common behavioral disorder that currently does 
not have an e� ective pharmacological treatment. 
A randomized, double-blind, placebo-controlled 
clinical pilot study performed by Ghanizadeh 
et al13 showed that NAC treatment (800mg per 
day) in 42 children and adolescents yielded a 
statistically signi� cant di� erence between the 

two groups in terms of increased nail length 
after the � rst month of treatment. The mean 
increased nail lengths in the experimental and 
control groups were 5.21 and 1.18 millimeters, 
respectively. However, there was no statistical 
signi� cance after two months of observation, 
suggesting that NAC decreases nail biting 
behavior only in the short-term. Another study by 
Berk et al14 demonstrated, in three case reports, 
that NAC decreased the impulsivity and anxiety 
associated with onychophagia. In all three cases, 
1,000mg of NAC was given twice daily, which 
resulted in the absence of nail biting behavior for 
several months.  

Trichotillomania. Trichotillomania is 
characterized by repetitive hair pulling 
that causes noticeable hair loss. Studies on 

TABLE 1. Studies demonstrating the use of N-acetylcysteine in dermatologic conditions

DERMATOLOGIC 
CONDITIONS AUTHOR (YEAR) STUDY DESIGN DOSAGE RESULTS

Excoriation disorder Grant et al11 (2016) Randomized, controlled 
trial 1,200–3,000mg/day for 12 weeks

47% of patients showed much or very much improved nail 
biting behavior compared to 19% in placebo group

Excoriation disorder 
in Prader-Willi 
syndrome

Miller and Angulo12

(2014) Open-label pilot study 450–1,200mg/day for 12 weeks 100% of patients had improvement in skin-picking 
behaviors

Nail biting behavior Ghanizadeh et al13

(2013)

Double-blind, 
randomized, controlled 
trial

800mg/day Signi� cant increase in nail length (5.21mm versus 
1.18mm)

Nail biting behavior Berk et al14 (2009) Case report 1000mg twice daily Absence of nail biting behavior for several months

Trichotillomania Grant et al15 (2009)
Double-blind, 
randomized, controlled 
trial

1,200–2,400mg/day 56% improvement compared to placebo

Acne vulgaris Montes et al21 (2012)
Double-blind, 
randomized, controlled 
trial

5% NAC topical gel Signi� cant decline in comedone counts

Type I lamellar 
Ichthyosis

Bassotti et al22 (2011) Case report 10% NAC topical gel in 5% urea emulsion; 
twice daily application for 6 weeks

Signi� cant improvement in 2 weeks with improvement in 
all sites at 4 weeks

Bullous morphea Rosato et al23 (2013) Case report Intravenous NAC at 15mg/kg/hr given over 
� ve hours every 14 days Ulcers improved at 16 weeks

Systemic sclerosis Rosato et al24 (2009) Randomized, controlled 
trial

Intravenous 15mg/kg/hr NAC infusion 
every 2 weeks

Decrease in number of digital ulcers and Raynaud’s 
phenomenon attacks 

Toxic epidermal 
necrolysis

Saavedra et al27 (2012) Case report Intravenous 600mg every 8 hours After 2 days, erosive lesions dried; patient was discharged 
on Day 16 with complete reepithelization 

Toxic epidermal 
necrolysis

Paquet et al28 (2014) Case report Intravenous 50mg/kg over 20 hours; 
evaluation at 48 hours No proven e�  cacy 

Atopic dermatitis Nakai et al31 (2015) Randomized, controlled 
trial

Topical 20% NAC solution twice daily for 
4 weeks

Increased skin hydration and decreased transepidermal 
water loss

Pseudoporphyria Velioglu et al36 (2015) Case report Oral NAC 400mg twice daily for 3 months Remission  

Pseudoporphyria Vadoud-Seyedi et al37

(2008) Case report Oral NAC 200mg 4 times daily for 2 months; 
600mg twice daily for 1 month Remission 
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serotonergic medications have resulted in 
con� icting data regarding e� ective treatment 
for this condition. A double-blind, placebo-
controlled study conducted in 2009 by Grant 
et al15 demonstrated that, in 50 patients 
with trichotillomania, those given NAC 
1,200 to 2,400mg per day had signi� cantly 
greater reductions in hair-pulling symptoms, 
with a 56-percent improvement using 
the Massachusetts General Hospital Hair 
Pulling Scale and the Psychiatric Institute 
Trichotillomania Scale, compared with placebo. 

Wound healing. Many recent experiments 
have studied potential topical uses of NAC, 
including its application as a wound healing 
agent. Oguz et al16 compared dexpanthenol, 
an alcohol analog of vitamin B5 used as a 
moisturizer to improve wound healing, with 
3% NAC on wound healing in rats. Thirty rats 
received a linear 2cm incision in the skin and 
were divided into three groups: control (no 
treatment), dexpanthenol treatment, and NAC 
treatment. On Day 21, excision and histological 
evaluation showed that the two treatment 
groups had similar wound healing rates and 
� brosis versus the control group, but a higher 
angiogenesis rate was observed in the NAC 
group, compared with the other groups.  

Similarly, Aktunc et al17 studied NAC’s e� ect 
on wound healing in diabetic and nondiabetic 
mice. They measured vascular endothelial 
growth factor (VEGF), inducible nitric oxide 
synthase (iNOS) expression, and wound-
breaking strength (WBS) in 48 mice. The mice 
were divided into two groups of alloxan-induced 
diabetic mice (a control group and an NAC 
treatment group) and two groups of healthy 
mice (a control group and an NAC treatment 
group). Each mouse received incisional wounds 
on its back. NAC treatment groups received 
intraperitoneal NAC 150mg/kg for � ve days. Of 
note, the investigators found that both diabetic 
and nondiabetic mice groups who received 
NAC treatment had signi� cantly decreased 
levels of oxidative stress markers and higher 
VEGF expression, which resulted in higher WBS 
measurements, compared with the control 
groups. Speci� cally, the WBS measurements in 
the NAC groups ranged from 87 to 136 versus 69 
to 106 in the control groups.  

Further research has also shown promising 
results using NAC on burn wounds in mice. 
Tsai et al18 reported that NAC improved burn 
wounds with regard to reepithelization in vitro

as well as induced cellular wound healing 
pathways in vivo. The researchers observed GSH 
levels, cell proliferation and migration, scratch 
wound healing activities, epithelization-related 
proteins, matrixmetalloproteinase-1 (MMP-1), 
and proteins involved in regulating MMP-1 
expression in the skin cell line CCD-966SK were 
increased in a dose-dependent manner with 
NAC concentrations of 0.1mM to 1.0mM. In vivo, 
the authors reported that, histopathologically, 
topical NAC showed more signi� cant 
characteristics of reepithelization. 

NAC has also been studied to assist in 
the treatment of tissue necrosis, especially 
in ischemically endangered � ap tissue. 
Bachle et al19 evaluated the e� ects of NAC 
on microcirculatory dysfunction that leads to 
tissue necrosis. Investigators created laterally 
based skin � aps in mice and, through intravital 
� uorescence microscopy, analyzed arteriolar 
perfusion, capillary density, leukocytic 
in� ammation, apoptotic cell death, and 
nonperfused tissue over 10 days. They observed 
signi� cantly high arteriolar dilation and 
increased capillary perfusion in the treatment 
group with 100mg/kg NAC, which led to 
reduced ischemia and apoptotic cell death in all 
areas of the � ap. Speci� cally, arterial dilation 
increased 100 percent by Day 10 in the NAC-
treated mice, with a 37-percent reduction in 
necrotic � ap tissue.

Research has demonstrated potential 
antimicrobial e� ects of NAC against bio� lms 
of gram-positive and gram-negative bacteria. 
Eroshenko et al20 reported signi� cantly reduced 
bio� lm formation and growth of mixed culture 
Propionibacterium acnes and Staphylococcus
epidermis following initiation of 12.5mg/
mL NAC. A concentration of 25mg/mL of 
NAC diminished the growth of bio� lm by at 
least 50 percent in all tested bacteria. These 
results suggest that NAC could be an e� ective 
nonantibiotic alternative for bio� lm-associated 
infections. 

Disease-speci� c uses. NAC has been 
reported useful in the treatment of a variety of 
speci� c skin disorder, including acne vulgaris, 
lamellar ichthyosis, bullous morphea, ulcers in 
scleroderma, toxic epidermal necrolysis, and 
dermatitis.1

Acne vulgaris. NAC has been used topically 
for acne vulgaris. Montes et al21 conducted 
a double-blind, randomized, controlled trial 
using 5% NAC topical gel in 99 patients. The 

investigators observed signi� cantly superior 
results among patients treated with NAC, 
compared with the placebo group, in reduction 
of comedone counts, suggesting NAC might 
be an e� ective treatment option for mild-to-
moderate acne vulgaris. This e� ect might be due 
to NAC’s ability to suppress sebaceous activity 
and minimize the growth of Propionibacterium 
acnes.

Lamellar ichthyosis. Bassotti et al22 reported 
that topical application of 5 to 10% NAC 
prepared in a 5% urea emulsion greatly 
bene� ted children with Type I lamellar 
ichthyosis. Application was two times a day for 
six weeks, with a daily maintenance application. 
During the � rst two weeks, a signi� cant 
improvement in scaling was noted. After four 
months of maintenance application, a reduction 
in scaling was observed in all treated areas. 
After four months of maintenance application, 
marked improvement was observed in all 
treated areas. The authors concluded that 
topical NAC might be bene� cial for lamellar 
ichthyosis in children, as well as for prevention 
of ectropion after a surgical procedure.

Bullous morphea. NAC has demonstrated 
e� ectiveness as a wound healing agent in 
patients with bullous morphea,23 a form of 
localized scleroderma. The pathogenesis 
of bullous morphea is unknown, but it is 
generally thought to be an autoimmune 
disorder, and treatment of coexistent ulcers 
can be challenging. The cause of bullae 
formation is multifactorial, but reactive 
oxygen species production is thought to play 
a key role. The authors reported the case of 
a 79-year-old woman with bullous morphea 
and long-standing ulcers who was successfully 
treated with topical NAC as part of a wound 
care treatment plan. She had previously 
failed treatment with nifedipine 30mg/day, 
intravenous iloprost, systemic antibiotics, 
and an autologous skin graft. An infusion of 
NAC at 15mg/kg per hour was given over � ve 
consecutive hours every 14 days with daily 
topical wound care. After 16 weeks, her ulcer 
had signi� cantly improved in terms of erosions, 
hemorrhagic vesicles, eroded bullae, and 
plaques.

Systemic sclerosis and Raynaud’s phenomenon. 
Rosato et al24 reported that NAC might be 
useful in both short- and long-term treatment 
of patients with systemic sclerosis (SSc) and 
severe comorbid Raynaud’s phenomenon with 
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digital ulcers. The authors observed a reduction 
in digital ulcers and a decrease in the number 
of attacks of Raynaud’s phenomenon in 50 
patients with SSc who received NAC infusions at 
15mg/kg per hour every two weeks. On average, 
patients treated with NAC had a reduction 
of 4.5 digital ulcers per year versus 0.81 in 
the control group. In addition, NAC patients 
had approximately three attacks per year as 
compared with seven in the control group.

Toxic epidermal necrolysis. Toxic epidermal 
necrolysis (TEN) is the most severe form of drug-
induced skin reaction, with over 30-percent 
involvement of the total body surface area. It 
is a dermatologic emergency with extensive 
destruction of the epidermis and mucosal 
epithelia. TEN a� ects between 0.4 and 1.5 cases 
per million people every year, with a mortality 
rate ranging from 15 to 40 percent.25 Most 
patients die from infections and multiorgan 
failure, and treatment is centered on supportive 
care with adjunctive corticosteroids and/or 
intravenous immunoglobulin (IVIG) therapy. 
The use of NAC for the treatment of TEN has 
been reported in several case reports,26 but 
most recently by Saavedra et al27 in 2012, 
who reported a case of cefazolin-induced TEN 
with an excellent response to NAC therapy. 
In this report, a 38-year-old female patient 
with no previous reported antibiotic allergies 
was admitted to the hospital for an acute 
urinary tract infection. Her admission vitals 
revealed septic and hypovolemic shock 
requiring aggressive � uid resuscitation and 
dopamine; she was started on intravenous 
cephazolin. Three days later, she developed an 
erythematous rash that rapidly progressed, 
a� ecting nearly 52 percent of her body surface, 
with bullae appearing on the erythematous 
areas. The patient also demonstrated bilateral 
conjunctivitis and erosions of the genital and 
oral mucosae. TEN was con� rmed by skin biopsy. 
No systemic corticosteroids were given. IVIG was 
administered on a daily dosage of 1g/kg of body 
weight for three consecutive days, with rash 
progression to 75-percent body surface area 
and epidermal detachment. The authors then 
administered NAC 600mg every eight hours 
intravenously. Two days later, the erosive lesions 
of the skin and mucosae had dried and her eyes 
were reepithelized. She was discharged after 
16 days, with complete reepithelization of the 
lesions. The authors concluded that NAC might 
be an e� ective alternative for patients who do 

not respond to IVIG therapy, especially in sepsis 
patients. Recently, Paquet et al28 tested the use 
of NAC for the treatment of TEN in a proof-of-
concept study. Five patients with drug-induced 
TEN were treated with NAC in combination 
with anti-tumor necrosis factor alpha (anti-
TNF-α) in� iximab. In comparison with the 
control group, who received in� iximab only, the 
combination therapy group did not demonstrate 
improved e�  cacy. Due to the small number of 
documented cases, it is di�  cult to determine 
the true clinical utility of NAC for the treatment 
of TEN; however, the results suggest a lack of 
bene� t. 

Atopic dermatitis. Atopic dermatitis (AD) is 
a chronic, in� ammatory, pruritic skin disorder 
caused, in part, by skin barrier dysfunction. It 
has been shown that patients with AD have 
low levels of skin hydration and high levels 
of TEWL.29,30 In 2015, Kozo et al31 evaluated 
topical NAC for improving skin hydration and 
transepidermal water loss (TEWL) in patients 
with AD. Here, the researchers studied 11 
patients with AD who had received previous 
treatments of topical corticosteroids and 
tacrolimus ointment, and 10 healthy volunteers. 
A topical 20% NAC solution or control solution 
was applied to patient forearm skin twice a day 
for four weeks. Nine of the 11 patients with AD 
and nine of the 10 healthy volunteers in the 
NAC group had increased skin hydration, while 
decreased TEWL was present in nine of the 10 
patients with AD and eight of the 10 healthy 
volunteers. The researchers concluded that NAC 
treatment for patients with AD generally results 
in lower levels of skin hydration and higher 
levels of TEWL; however, due to con� icting 
results in a minority of patients, further studies 
are warranted with a larger sample size. 

Neurological disorders. NAC has been shown 
to improve peripheral neuropathy, a result of 
damage to peripheral nerves, with symptoms 
of numbness, tingling, and pain that can 
result in cutaneous manifestations. Li et al33

found that, in rats, oral NAC inhibited matrix 
metalloproteinase (MMP)-9 and MMP-2 
production, which are key factors in neuropathic 
pain. Further clinical studies are warranted in 
human subjects.

Kamboj et al34 demonstrated protective 
e� ects of NAC for oxidative stress and apoptosis 
in diabetic mice with decreased tail-� ick latency 
by thermal hyperalgesia. Between 1.4 and 
1.5g/kg of NAC was administered to the mice 

once daily for seven weeks via the drinking 
water. The researchers observed improved motor 
coordination and ameliorated hyperalgesia, 
while electron microscopy revealed that NAC 
reversed structural de� cits. 

Porphyria disorders. NAC has also been 
reported to be e�  cacious in the treatment 
of pseudoporphyria, a bullous disease 
characterized by blisters and atrophic 
scarring in the absence of elevated porphyrin. 
Pseudoporphyria can be induced by ultraviolet 
(UV) exposure, diuretics, renal failure, and 
nonsteroidal anti-in� ammatory drugs.35 There 
is no reliable treatment available to date. 
Velioglu et al36 reported a case of a 34-year-
old woman with renal failure who developed 
pseudoporphyria. The authors observed 
complete resolution of her lesions following 
a three-month trial of oral NAC, 400mg twice 
daily. The pseudoporphyria returned within two 
weeks of NAC discontinuation. Subsequently, 
600mg of NAC twice daily was resumed, which 
led to complete resolution of lesions within 
six weeks.36 Two additional cases have been 
reported with similar e�  cacy in patients with 
chronic renal failure, one of whom went into full 
remission at two months with 200mg of NAC 
four times daily and the other of whom received 
600mg twice daily, with remission occurring 
in one month.37 Similarly, a 35-year-old man 
with human immunode� ciency virus (HIV) 
and porphyria cutanea tarda was treated with 
oral NAC three times daily at 600mg. After four 
weeks, lesions were improved, with complete 
resolution after three months of treatment with 
NAC.38

Xeroderma pigmentosum. Kunisada et 
al42 provided evidence supporting the use 
of NAC to treat xeroderma pigmentosum 
complementation group A, an autosomal 
recessive disease that causes early onset of 
skin cancers, as well as freckle-like pigmented 
maculae, after relatively minimal sun 
exposure.41 The authors studied Xpa-de� cient 
mice as an animal model for the UV radiation-
induced, skin cancer-prone phenotype seen in 
xeroderma pigmentosum. Notably, these mice 
experienced an intense erythema 24 hours 
after a dose of UVB exposure that produced 
barely discernible erythema in wild-type (WT) 
mice. Following microarray studies on the 
Xpa-de� cient mice, levels of CXCL1, a neutrophil 
attractant chemokine gene, were measured 
after UVB irradiation in WT and Xpa-de� cient 
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mice using enzyme-linked immunosorbent 
assay (ELISA). The investigators found that 
CXCL1 levels were signi� cantly higher in 
Xpa-de� cient mice than in WT mice at both 
48 hours and 96 hours after irradiation, even 
when only a small area of skin was exposed to 
irradiation. However, upon administration of 
NAC-containing food, investigators observed 
signi� cantly reduced CXCL1 levels in Xpa-
de� cient mice. Furthermore, oral administration 
of NAC exhibited signi� cant tumor reduction 
and a decrease in the levels of UV-induced 
reactive oxygen species.

In an in-vivo study on human skin by 
Kang et al,43 researchers evaluated whether 
the antioxidant activity of NAC could inhibit
responses to UV light exposure, a primary 
cause of photoaging in the skin of humans. 
Photoaging is characterized by premature skin 
aging, wrinkling, blotchy dyspigmentation, 
and rough skin textures.44 UV signaling 
pathways that lead to matrix destruction in 
the dermis are responsible for this premature 
skin aging and provide potential targets 
for photoaging prevention strategies,  such 
as NAC, which increases tripeptide GSH, an 
important endogenous antioxidant.45 Among 
healthy adults exposed to UV radiation, topical 
NAC treatment appeared to be e� ective in 
interrupting the UV signaling cascade that 
leads to photoaging.43 NAC did not provide 
UV transmission inhibition (i.e., a sunscreen 
e� ect), but it did signi� cantly increase the total 
amount of GSH in the viable epidermis of the 
treated skin. This allowed for an increase in 
the antioxidant capacity of the human skin by 
stockpiling the reduced form of GSH, which is 
often times the limiting factor in a cell’s ability 
to heal after UV damage occurs.

Photoprotective e� ects. Cotter et al39

studied whether NAC could protect melanocytes 
from UV-induced oxidative stress/damage in 
vitro and from UV-induced melanoma in vivo. In 
vitro, the authors used the mouse melanocyte 
cell line melan-A. NAC (1–10mmol/L) protected 
melan-A cells from several UV-induced 
oxidative sequelae. For in-vivo experiments, 
mice transgenic for hepatocyte growth factor 
and survivin, who were shown previously to 
develop melanoma following a single neonatal 
dose of UV irradiation, were given NAC (7mg/
mL) transplacentally and through nursing 
until two weeks after birth. NAC was shown to 
signi� cantly delay the mean onset of UV-

induced melanocytic tumors, compared with 
the control mice. Overall, the authors concluded 
that NAC might be useful as a chemopreventive 
agent. Goodson et al40 recruited patients from 
a screening clinic who were at an increased risk 
for melanoma. Nevi were removed from the 
patients following UV-irradiation (4,000J/m2) 
before and after oral ingestion of a single 
(1,200mg) dose of NAC. In nevi removed three 
hours after NAC ingestion, levels of reduced 
GSH and the NAC metabolite cysteine were 
signi� cantly increased compared with nevi 
removed prior to drug ingestion. The authors 
concluded that NAC might be safely used in 
patients to modulate UV-induced oxidative 
stress in nevi. The study further suggests 
that patients could potentially take NAC 
prophylactically before acute UV exposure to 
prevent pro-oncogenic oxidative stress in nevi, 
ultimately reducing long-term melanoma risk. 
NAC has  demonstrated bene� cial e� ects on 
radiation-induced dermatitis in rats. 

In addition, NAC has shown to have 
chemoprotective e� ects, according to Dermirel 
et al.32 The investigators reported that the rats in 
the NAC treatment group had signi� cantly lower 
severity of radiodermatitis than the control 
group, both clinically and histopathologically. 

DISCUSSION
Mechanisms of action. NAC is a thiol and 

mucolytic agent. When free NAC enters a cell, 
it is rapidly hydrolyzed to release cysteine, a 
precursor of glutathione (GSH). GSH, which 
maintains the protective redox state of the cell, 
is one of the most well-studied antioxidants. It 
is endogenously synthesized in all cells and has 
been found to bind to the glutamate recognition 
site in N-methyl-D-aspartate (NMDA) receptors, 
which allows it to function as an endogenous 
neuromodulator.5 There are three amino acids in 
GSH: glutamate, glycine, and cysteine. Cysteine 
has the lowest intracellular concentration, and 
the availability can limit the rate of GSH synthesis 
during oxidative stress.6

NAC is an acetylated cysteine residue that is 
able to increase cell protection against oxidative 
stress. This is accomplished through the 
release of cysteine, which is the rate-limiting 
precursor in the synthesis of GSH. Cysteine also 
acts independently as an e� ective scavenger 
of free radicals, minimizing reactive oxygen 
species (e.g., OH, H2O2, and O2-) that damage 
deoxyribonucleic acid (DNA), proteins, and lipids 

in cells.11 NAC is, therefore, considered to be 
an antioxidant and free-radical scavenger that 
increases GSH.6

NAC a� ects nuclear factor kappa B (NF-kB), 
which regulates the genetic stress response 
during in� ammatory and oxidative stressors, 
both in vitro and in vivo.12 Speci� cally, NAC 
is thought to a� ect thioredoxin expression, 
which regulates DNA binding of NF-kB and 
glutaredoxin expression that is responsible for 
detecting changes in the redox state of GSH. 
Overall, this can modulate the in� ammatory 
responses.13,14

By decreasing free radicals and replenishing 
intracellular cysteine levels, NAC is thought 
to increase GSH concentrations, inhibit 
in� ammatory factors, and assist in epidermal 
proliferation.6,12–14 In this way, NAC might 
be useful as a treatment modality for 
dermatological conditions. 

NAC is thought to in� uence dermatologic 
disorders through several mechanisms. In 
compulsive psychiatric disorders associated 
with cutaneous involvement, its method of 
action is predominately related to its ability to 
regulate the level of glutamate in the nucleus 
accumbens, which in� uences impulse control. 
Speci� cally, NAC is hydrolyzed to release 
cysteine, which is able to cross the blood-
brain barrier. Cysteine is then converted into 
cystine, and high levels of the latter compound 
stimulate the exchange of glutamate for cystine 
through the cystine-glutamate antiporter. This 
results in an increase in nonsynaptic glutamate, 
which then acts on the glutamate receptors 
(mGluR2/3) of presynaptic neurons. Binding of 
this receptor leads to the inhibition of glutamate 
release in the nucleus accumbens. The decline 
in the level of glutamate leads to improved 
impulse control.46

Likewise, NAC is e� ective in accelerating 
wound healing through various mechanisms. 
As a precursor of GSH, NAC increases the 
synthesis of this antioxidant, which reduces 
free radical damage. It has been shown that 
free radicals inhibit the healing process by 
damaging proteins, lipids, and DNA. Moreover, 
NAC has also been shown to increase PI3K, 
the regulator of the PKC family of molecules, 
which is responsible for growth factor and 
cytokine production necessary for wound 
healing. Angiogenesis is also increased with 
NAC topical administration. This is accomplished 
through the upregulation of Stat3, a protein 
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essential for migration of dermal microvascular 
endothelial cells. MMP-1, a protein responsible for 
extracellular matrix formation, is also increased 
with NAC administration.18

It has been postulated that the bene� cial 
e� ect of NAC on ischemic ulcers and Raynaud’s 
phenomenon in scleroderma occurs through 
two mechanisms. First, NAC leads to a decline 
in reactive oxygen species, which is thought 
to be the mechanism for healing ischemic 
ulcers by minimizing free radical damage. 
Second, Raynaud’s phenomenon is alleviated 
with NAC use through its vasodilatory role 
in microvasculature, which counteracts the 
vasospasms seen in this disease. Speci� cally, 
the decline in free radicals leads to an increase 
in the production of nitric oxide, which causes 
vasodilation and relief of symptoms.24

The bene� cial role of NAC in atopic dermatitis 
is also due to its ability to decrease free radical 
species. In the setting of reduced oxidative 
stress, it has been observed that cell adhesion 
molecules are able to restore the skin barrier, 
suggesting that topical administration of NAC 
will decrease TEWL and increase skin hydration. 
Atopic dermatitis has been partially attributed to 
a decline in TEWL and skin hydration; therefore, 
it would appear that NAC helps to counteract this 
phenomenon.31

Similarly, NAC’s ability to reduce free radicals 
makes it a viable treatment for TEN. There is 
evidence to suggest that drugs that induce TEN 
lead to proin� ammatory cytokine release through 
the activation of T-lymphocytes. Reactive oxygen 
species contribute to keratinocyte damage, which 
is normally scavenged by GSH. As a precursor to 
GSH, NAC provides a therapeutic role in TEN.28

In cases of pseudoporphyria and porphyria 
cutanea tarda, sun exposure and ongoing 
in� ammation leads to a decline of GSH in the 
skin. NAC is able to increase the synthesis of GSH, 
counteracting the in� ammatory process in the 
skin.36

Lastly, through its ability to regulate gene 
expression, NAC has a bene� cial e� ect on 
xeroderma pigmentosa through its inhibition of 
the activation of c-Jun N-terminal kinase, p38 
mitogen-activated protein kinase, redox-sensitive 
activating protein 1, and NF-kB transcription 
factor. NAC also appears to decrease UV-induced 
free radical damage.47

Dosage and method of administration.
NAC can be given orally, intravenously, topically, 
or by inhalation. NAC is rapidly absorbed after 

oral administration in both animals and humans, 
reaching maximum plasma concentration 2 to 
3 hours after administration.15 The usual dose of 
oral NAC is 1,200 to 2,400mg per day; however, 
the precise therapeutic dosages of NAC have not 
been de� nitively established in the literature, and 
dosage studies are needed to determine optimal 
therapeutic dosing.  

Adverse events. When NAC is given 
intravenously, the most common adverse 
e� ects (>10%) include autoimmune 
disease (14–18%) and nonimmunological 
anaphylactic reaction (1–18%).48 Other less 
common adverse side e� ects (<10%) include 
� ushing, tachycardia, edema, rash, nausea, 
and vomiting. Rare side e� ects (≤1%) include 
pharyngitis, rhinorrhea, rhonchi, and throat 
tightness. NAC is contraindicated in patients 
who have demonstrated a hypersensitivity to 
acetylcysteine.49

No signi� cant adverse e� ects have been 
reported in association with oral administration 
of NAC. The most commonly reported adverse 
e� ects are mild gastrointestinal symptoms, 
including nausea, vomiting, diarrhea, and 
abdominal gas.51–53 Other side e� ects include a 
metallic taste, sleepiness, light-headedness, and 
wheezing.53

Limitations. There are several limitations to 
our review. First, for many of the dermatologic 
disorders discussed in this review, data are 
preliminary regarding the safety, tolerability, 
and e�  cacy of NAC as a method of treatment. 
Second, there were signi� cant variations in study 
methodology among the research included in 
our review. Human studies di� ered in terms of 
dosage, route of administration, disease severity, 
and patient demographics, making it di�  cult 
to determine if the results could apply to the 
population at large. The included investigations 
also varied in terms of study design, ranging 
from case reports to double-blind, randomized, 
controlled trials, and study subjects, with some 
using animals and others using humans as the 
test subjects. Additional long-term, randomized, 
controlled research in humans is warranted for 
each dermatologic condition to � rmly establish 
safety, e�  cacy, appropriate dosage, and 
generalizability of NAC therapy.

CONCLUSION
Our review of the available literature suggests 

that NAC could potentially serve as a safe, 
tolerable, and e� ective therapeutic option for 

a variety of dermatologic disorders, some of 
which currently have limited treatment options 
available. NAC’s modulation of the in� ammatory 
pathways might contribute to the bene� ts 
seen with treatment of certain dermatologic 
disorders. 
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