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1 | INTRODUCTION

As a prevalent disease in adolescents and adults’? and one of the

10 most prevalent disorders in the world,® acne affects over 80% of

adolescents and the young.

| Samaneh Mozafarpoor? |

Azadeh Goodarzi!

Abstract

Acne vulgaris is one of the most common dermatologic disorders affects people of
all races and ethnicities and has many adverse effects on the quality of life. The
increased bacterial resistance to antibiotics has reduced the effectiveness of treat-
ment with these agents. There is an increasing focus on the involvement of oxida-
tive stress in the pathophysiology of acne. This study investigates the effect of
N-acetylcysteine (NAC) as an antioxidant in the treatment of acne vulgaris. This sys-
tematic review was conducted through a search in databases such as Science Direct,
PubMed, Scielo, and Medline using keywords including acne vulgaris, anti and NAC,
and all the keywords associated with each of the subtitles. The factors affecting the
occurrence and expansion of acne include increased sebum synthesis, hyper-
keratinization of pilosebaceous units, colonization with Propionibacterium acnes, and
increased release of inflammatory mediators and ROS. Studies have shown that glu-
tathione stimulation following the administration of NAC increases glutathione
levels for the detoxification of oxygen-free radicals. Moreover, NAC prevents the
synthesis and release of inflammatory cytokines such as TNF-q, IL-8, IL-6, MP9, and
IL-1p and has shown antibacterial activities against important bacteria including
E. coli, S. epidermidis, Pseudomonas, and Klebsiella. This medication has anti-
proliferative effects and is also used for excoriation and PCOD. The results of the
present study showed the beneficial effects of using NAC in patients with acne
vulgaris in terms of the disease complications and comorbidities. Given its diverse
functional mechanisms, this medication can be used to treat acne and its

consequences.

KEYWORDS
acne, acne scar, anti-bacterial, anti-hyperkeratinization, anti-inflammatory, excoriated acne,
excoriation, N-acetylcysteine, polycystic ovary disease, systemic review antioxidant

Although it is not life-threatening, the psychosocial impact of
acne includes adverse impact on multiple dimensions of quality of life,
including effects on self-perception, socialization, emotional health
and occupational opportunities, and may be associated with anxiety

and depressive symptoms, as well as body dissatisfaction.*
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The destructive effects of acne on QoL are resemble those of
certainchronic diseases including diabetes and coronary artery
diseases.’

Given the need for long-term poly-therapies and their side
effects, which sometimes require changes in treatment regimens, the
patients usually fail to completely adhere to the medications.®

The burden of medical expenses associated with this prevalent
disease has not been accurately calculated; nevertheless, calculating
the work or school time lost by the patients and their parents and the
costs of prescription medication indicated that huge costs are
imposed on the healthcare system and community.”

The damage to pregnant and breastfeeding women caused by the
majority of these treatments can also cause treatment interruption.”

Available treatments for acne are limited in type rather than cost,
and these methods have remained unchanged for decades. Proposing
modern and safe therapeutic methods with fewer complication scan
therefore significantly improve the health status and quality of life in
the patients.*®

Acne is treated according to its clinical form and the pathophysio-
logical mechanisms involved in it.1°

N-acetylcysteine (NAC) is a common antidote for acetaminophen
intoxication. This medication has generally been used as a mucolytic
agent.!?

N-acetylcysteine is a thiol-containing compound that is a syn-
thetic derivative of N-acetyl from the androgenic amino acid L.cyste-
ine (a precursor to glutathione antioxidant enzyme).'? The stimulation
of glutathione synthesis following the administration of NAC
increases the amount of glutathione for the detoxification of oxygen-
free radicals. Many studies have shown that NAC prevents the pro-
duction and release of the inflammatory cytokines like TNF-a, IL-8,
IL-6, MP9, and IL-1f. NAC has also shown antibacterial activities
against important bacteria including E. coli, S. epidermidis, Pseudomo-
nas, and Klebsiella.*®

NAC is used in oral, topical, and IV forms.X® This medication has
an unpleasant taste and odor and should therefore be used with fruit
juice.r® It is normally safe when used orally at a dose of 2400 mg or
less per day.® At this dosage, its side-effects are mild and include
nausea and vomiting, flushes, epigastric pain, constipation, and skin
rash. Hives, skin rash, headache, fever, and shivering may be seen at
higher doses.*®

This medication is administered in various medical fields, including
neurology, nephrology, psychiatry, and pulmonary. For example, it has
been administered as adjuvant therapy for Alzheimer's, contrast-
induced nephropathy, HIV, COPD, eradication of H. pylori, IPD,
etc.17'18

NAC has been used for dermatological purposes in trials and
case reports and is a safe option for the treatment of skin disorders.
It has been effective as an adjuvant for TEN, trichotillomania, ich-
thyosis, dermatitis, melasma, alopecia, connective tissue diseases,
skin picking, excoriated acne, and protection against photo-aging
skin damage.1??° The effectiveness of oral and topical NAC has
been assessed in a few studies and the medication has been shown

to help improve inflammatory acne lesions by reducing ROS,

inhibiting leukotrienes and prostaglandin, stabilizing membranes,
and inhibiting lipidperoxidation.?!

Given the studies conducted on the applications and effective-
ness of NAC on acne and its complications, including excoriated acne,
as well as its functional mechanisms and potential anti-fibrotic effects,
which may be able to moderate another side-effect of acne, namely
scarring, the present review study was carried out on the applications
of NAC in treating acne and its side-effects, since this multipotent
medication seems to be able to find a special place, especially as a

complementary therapy, in controlling acne.

2 | MATERIALS AND METHODS

All the relevant articles published from 2000 to 2020 (April 15) were
searched for writing this review article. The search encompassed the
effect of NAC on acne and its side-effects and comorbidities, and all
the relevant clinical studies were classified in separate subtitles. The
present review was conducted through a search in databases includ-
ing Science Direct, PubMed, Scielo, and Medline and using the key-
words “acne vulgaris”, “antioxidant”, and “N-acetylcysteine”,“acne”,
and “NAC.”

3 | DISCUSSION

Acne is a chronic inflammatory disease of the pilosebaceous unit.?122
It appears in areas with many sebaceous glands, such as the face, the
chest and the back.2%"2> In most cases, it is a self-limiting complaint.
However, it takes several years for acne to naturally resolve in this

5 and it imposes a considerable burden on those

26-28

patient group,?

affected by the disease as it has been linked to depression,

anxiety,?! low self-esteem,2?-°

and diminished quality of life indepen-
dent of duration, severity of acne or age.zg'ao'31 Moreover, acne
lesions can evolve into more permanent scars and postinflammatory

hyperpigmentation,?*2®

in up to 43% of the patients, especially in
those with prolonged uncontrolled acne,®2 and early treatment is thus
encouraged.®®

An effective acne treatment often involves using several medica-
tions to target two or more of the four pathogenic mechanisms asso-
ciated with acne.232426:33.34

The factors affecting the occurrence and spread of acne include
increased sebum synthesis, hyperkeratinization of the pilosebaceous
units, colonization with Propionibacterium acnes and increased release
of inflammatory mediators and ROS.3>

Acne is initiated with changes in the quality (dyssebacia) and
quantity  (hyper-secretion) of lipid-rich sebum due to
androgenstimulation.?2-243¢ This lipid-rich environment helps the
follicular development of P. acnes and P. acnes biofilm formation.
P. acnes then hydrolyzes the sebum lipid releasing unsaturated fatty
acids capable of inducing hyperkeratinization of the follicular
epithelium,3”%8 leading to the obstruction of the follicles and the

22,38,39 The

subsequent micro-comedones formation. micro-
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comedones can then progress to noninflammatory comedones or
inflammatory lesions such as papules, pustules, nodules, and
cysts.23

Acne is treated according to its severity, the patient's skin type,
clinical category, and the presence of skin scars.*°

Treatments include appropriate skin care topical medication
(retinoids, antimicrobial, azelaic acid and salicylic acid, BPO,
Dapsone) and Oral medications (antibiotics, contraceptives, anti-
androgen agents, isotretinoin).For some people, the following
therapies might be helpful, either alone or in combination with medi-
cations (light therapy, chemical peel, drainage and extraction, steroid
injection).#42

These methods are often used in combination and can be modi-
fied and changed if required. The type of combination therapies used
and their side-effects, bacterial resistance, high costs, treatment limi-
tations in pregnant and lactating women, and possible contraindica-
tions of the medications (underlying diseases and medication
interactions, etc) have led to the failure of the available
treatments 404345
None of the available treatments is considered a definitive treat-

ment for acne, since they cause major side-effects.

3.1 | N-acetylcysteine
N-acetylcysteine is a thiol-containing compound and a source of cys-
teine that basically acts as a strong antioxidant but has numerous

functional mechanisms.

3.2 | 1-Antioxidant

There has been a particular interest in recent years in the amount of
oxidative stress involved in acne pathogenesis. Emerging studies have
shown that patients with acne are exposed to increased skin and sys-
temic oxidative stress.*¢4”

Propionibacterium seems to have an important initiating role in
the pathogenesis of acne inflammation by producing low-molecular-
weight chemotactic factors,*® which leads to the accumulation of neu-
trophils at the site of acne comedones.

The attracted neutrophils, after phagocytosis, release inflamma-
tory factors, such as lysosomal enzymes, with resultant damage to the
follicular epithelium.*%->°

The role of reactive oxygen species generated by neutrophils in
the mediation of tissue injury has been studied recently. Reactive oxy-
gen species generated by activated neutrophils have been reported to
be capable of causing tissue injury, called auto-oxidative damage, at
the sites of inflammation.>*>® These oxidants can attack DNA or
membrane lipids, or both, resulting in a chemical insult to the sur-
rounding healthy tissue. Reactive oxygen species generated by neu-
trophils are closely correlated with the pathogenesis of a variety of

inflammatory skin diseases.>*>>
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156 revealed that the level of neutrophil-produced

Akamatsu et a
hydrogen peroxide increases significantly in patients with acne inflam-
mation compared to patients with acne comedones and healthy con-
trols. No significant difference was observed between the patients
with acne comedones and the healthy controls.

To quench these reactive oxygen species, the cell has enzymes
such as glutathione peroxidase, catalase and superoxide dismutase
and sulf-hydryl compounds, of which glutathione is the most impor-
tant. Glutathione consists of glutamate, glycine and cysteine, and the
last amino acid limits its synthesis in times of stress.>”

N-acetylcysteine is a thiol-containing compound and an acety-
lated derivative of the amino acid L. cysteine, and as aprecursor to
glutathionen-acetylcysteine has also been shown to scavenge reactive

oxygen species directly.>®

3.3 | Anti-inflammatory action

Inflammatory acne is the result of the host's response to
Propionibacterium acnes in the follicles (natural flora with no invasive
and serious infection).”’

Propionibacterium acnes exhibit complex interactions with key
events in the acne pathogenesis. This bacterium interacts with
innateimmunity, including toll-like receptors, antimicrobial peptides,
and metalloproteinase matrix, and increases the secretion of inflam-
matory cytokines, including IL-6, IL-1B, IL-8, IL-12, IL-1a, TNF-a, and
GM-CSF by keratinocytes, sebocytes and macrophages.®%¢?

N-acetylcysteine has been shown to decrease the levels of IL-6 in
patients on hemodialysis.®? TNF-a and IL-1p have also been shown to
decrease in mice models treated with NAC .43

N-acetylcysteine inhibits the activation of redox-sensitive nuclear
factor-kappa B, which stimulates the expression of pro-inflammatory
genes in times of oxidative stress, leading to release of a large amount

of inflammatory cytokines.*

3.4 | Anti-proliferative effects
In the normal follicle, the keratinocytes are shed as single cells to the
lumen and then excreted. In acne, keratinocytes hyperproliferate and
are not shed as normal. They also become densely packed along wit-
hmonofilaments and lipid droplets. Comedogenesis occurs when
abnormally desquamated corneocytes accumulate in the sebaceous
follicle.24

N-acetylcysteine has been shown to exert an inhibitory effect on
NIH3T3 fibroblast cells of mice by reversibly blocking the early or mid
G1 phase of the cell cycle. This makes n-acetylcysteine a potential
drug for preventing and reversing fibrosis.®® It also inhibits prolifera-
tion of human keratinocyte and has found utility in hyperproliferative
diseases.®®

The effect is due to the anti-proliferative effects of n-

acetylcysteine which diminishes the hyperkeratosis of lamellar
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ichthyosis and improves the skin barrier function.®” The first article
that showed improvements in lamellar ichthyosis with topical NAC
was conductedon a 33-year-old woman in 1999,%¢ and in another
report from Turkey, the clinical effectiveness of NAC 10% emulsion in
the topical treatment of congenital ichthyosis in infants was concur-
rently compared with the effectiveness of urea 4% emulsion. After
treating the skin on the left and right halves of the body with topical
NAC and urea 4% for 9 days, respectively, improvements on the left
side was greater than on the right side, and complete recovery from
eclabium and ectropion was reached within 16 days of treatment.®
Moreover, a similar recovery was observed in five patients by the
administration of NAC 10% and urea 5% cream for 4 months.®”
Deffenbacher also reported the recovery of an infant with congenital
ichthyosis with the administration of NAC.¢®

3.5 | Antimicrobial effect

The microbiology of the pilosebaceous unit involves three coexisting
groups of microorganisms: Gram-positive, coagulase-negative cocci
diphtheroids  (Pro-

pionibacterium acnes and Propionibacterium granulosum); and lipophilic

(staphylococci and  micrococci); anaerobic
yeasts (Pityrosporum species). The microflora of comedones is qualita-
tively identical to that of the normal sebaceous follicle.

The staphylococci and micrococci are aerobes; therefore, their
site of growth within the sebaceous unit is superficial, and these
organisms are unable to reside in the anaerobic conditions of the
infra-infundibulum where the inflammatory reaction occurs in acne.
The lipophilic yeasts do not seem to play an important role in any dis-
ease conditions.®’

Propionibacterium acnes is a Gram-positive and anaerobic patho-
gen colonized in sebaceous follicles. In general, it is more prevalent in
skin areas with high sebaceous follicle density, since these follicles
produce large amounts of sebum that provide a lipid-rich anaerobic
environment conducive to P. acnes.”®

According to Mclnturff and Kim,”* P. acnes produces a lipase that
metabolizes the sebum triglycerides to glycerol and fatty acids, which
in turn may help the formation of comedones and their induced
inflammation.

For over 40 years, the colonization of P. acnes in patients with
acne vulgaris has been treated with topical or oral antibiotics,”? thus
leading to the increased prevalence of antibiotic-resistant P. acnes

strains.”®74

In addition, P. acnes' ability to grow in a biofilm”>78

79.80

can protect it
from the host's defenses and make it more resistant to antimicro-
bial medications,”” which creates the need for more effective new
antimicrobial treatments that are not resistant to bacteria.

Biofilms are responsible for acute and chronic events in infec-
tions of the airways. The difficulty of eradicating biofilms with oral
antibiotics has encouraged physicians to use nonantibiotic therapies.
In-vitro studies have shown the potential role of NAC as an anti-
biofilm agent. Indeed, there are reports on NAC's antimicrobial

activity against various microorganisms and there have been

suggestions of its role in various stages of biofilm formation (adhe-
sion to surfaces, synthesis and organization of the matrix and disper-
sion of biofilms). NAC's ability to disrupt the formation of biofilms
was first demonstrated in 1997 by Penez-Giraldo, who investigated
the effect of different concentrations of NAC on bacterial develop-
ment and the formation of biofilms in an S. epidermidis culture
medium in their study and reported a concentration-dependent
reduction in biofilms as well as the inhibitory effect of 2 mg of NAC
on matrix formation. Since then, many studies have shown the
effect of NAC on the reduction of biofilms due to microorganisms
(Gram-negative and Gram-positive and yeasts) and its ability to
weaken the matrix structure and biofilms. The antimicrobial activity
of NAC is associated with: (a) The competitive inhibition of the use
of cysteine, (b) The reaction of NAC's sulfhydryl group with bacterial
proteins, and (c) Disruption in the balance of intracellular redox
through a potential indirect effect on cell metabolism and signal
transmission pathways.8*

In a study conducted in Seoul in 2018, Young assessed the
antibacterial effect of NAC against endodontic biofilms, including Lac-
tobacillus, Enterococcus, and Streptococcus mutans on 27 dental blocks
and concluded that NAC has greater effects in eradicating biofilms
than other therapies (chlorhexidine).®2

In a study in 2012 in Singapore, Samantha investigated the
antibacterial and biofilm eradication effects of NAC on Enterococcus
and found that NAC had the strongest bactericidal properties at
pH = 11 and eradicated the Enterococcus biofilm and it was therefore
found to be a bactericidal against biofilm and planktonic forms of

Enterococcus.®®

3.6 | Neurotransmission modulation

Cysteine dimerizes to form cystine which is transported across neu-
rons via the cystine-glutamate antiporter and increases the inhibitory
glutamate.* In addition, NAC has been shown to cause dopamine

level change in neurons.®®

3.7 | N-acetylcysteine and excoriation disorder
Excoriation disorder is identified with frequent and compulsory skin
picking that leads to tissue damage. It affects 4% of the general
population and can significantly affect the patient's QoL. It can
even cause potentially life-threatening complications. For example,
tissue damage due to removal can lead to topical infection and
septicemia.®®

The role of glutamatergic agents in skin picking has recently
been investigated in open-label and controlled trials. Many studies
have emphasized the role of glutamate dysfunction in the physio-
pathology of compulsive disorders. Glutamate is an excitatory
neurotransmitter.®”

These effects are due to the antioxidant and glutamate modula-
tory effects of NAC.
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Grant et al®®

investigated skin picking disorder treatment with
NAC in a randomized double-blind placebo-controlled trial on
66 patients (35 patients underwent NAC therapy and 31 acted as
controls). Over 12 weeks, 1200-3000 mg of NAC or placebo were
administered to the patients. The desire for skin picking reduced sig-
nificantly and the therapy was well-tolerated in the intervention
group. Meanwhile, no significant improvement was observed in QoL
or psychosocial functioning in the cases, which may have been due to
the small sample size and short follow-up period.

Another clinical trial was conducted by Miller & Angulo on
35 patients with Prader-Willi syndrome and SPD comorbidity, who
received 450-1200 mg/day of NAC over 12 weeks. Skinpicking
behavior improved in all the patients and 25 cases (71%) showed com-

plete resolution of skin-picking.®®

3.8 | N-acetylcysteine and acne

While N-acetylcysteine helps improve inflammatory lesions of acne
by quenching reactive oxygen species, inhibition of leukotrienes
and prostaglandins, stabilization of membranes and inhibiting lipid
peroxidation,’® its effect on comedones has been described as very
poor, which can be due to reduced sebum or inhibition of oval Pit-
yrosporum (a potential comedogenic organism that has been
detected in comedones).’? A single-blind randomized study con-
ducted in Irag showed a significant reduction in the number of
inflammatory lesions in 14 patients treated with 1200 mg of NAC
compared to the placebo group.”® Another double-blind study
showed a significant reduction in the number of comedones in a
group of 65 patients receiving NAC 5% gel over 8 weeks compared

to the control group (34 patients).”!

3.9 | N-acetylcysteine and PCOS
Polycystic ovary syndrome (PCOS) is the most common endocrinopathy
that affects 5% to 20% of women of reproductive age.”?

This disorder is usually associated with insulin resistance and
infertility. Its clinical manifestations include irregular menstruation due
to anovulation and skin sequel from hyperandrogenism, including hir-
sutism, acne vulgaris, and androgenic alopecia. The prevalence of acne
has been estimated as 10% to 34% in women with PCOS.73-7¢

Nonetheless, in postpubertal and adolescent PCOS women, it
is not clear whether secondary acne is caused by increased
androgens or natural puberty. Acne is commonplace during
puberty and is due to increased adrenal androgens with adre-
narche. Moderate to severe acne has been reported in over 50%
of young girls.?”

Androgens have a role in the onset and persistence of acne.”®??

In acne patients, the excessive production of sebum is mainly due
to the differences in the response of androgen receptor (AR) of the

sebaceous glands to the circulating androgens.?*?%1% The androgen/
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AR interaction causes an increase in lipid synthesis, the proliferation
of the sebocytes, and inflammation.??101

The effect of NAC on PCOS has been suggested in the form
of low insulin secretion and improvement in hormonal profile dis-
ruption in patients. In one study, 100 patients received 1800 mg
of metformin or NAC over 24 weeks. NAC had a comparable
effect to metformin and reduced free testosterone and the hirsut-
ism score 6 months after the treatment. NAC also significantly
reduced LDL and Total Chol.1%? Although NAC has been used in
many studies on PCOS and hyperandrogenism patients, a meta-
analysis of eight clinical trials showed no significant improvement
in acne and hirsutism with the administration of NAC compared
to placebo.*%®

Herein Tables 1-3, classify the effect of NAC, respectively, on
excoriation, acne and features of PCODs. References 104-119 are

only in tables not in text.

3.10 | Acne scar and N-acetylcysteine

Acne scar is a cosmetic problem that may affect 95%of patients with
acne and has a negative effect on QoLin young adults.*2%12%

Eighty to 90% of acne scars are atrophic, and a minority are
hypertrophic and keloid.*??

Acne scars are the result of a change in the wound healing
response to cutaneous inflammation and there is infiltration of the
inflammatory cells in 77% of atrophic scars.??®

In patients not prone to scar, primary lesions have a large non-
specific immune response that subsides in resolving lesions.*2*

In contrast, in acne-prone patients, primary lesions are identified
with a smaller number of CD4+ in the skin in comparison with non-
scarring patients, which becomes more activated in resolving
lesions, 124125

There is still no standard treatment for treating acne scars. To
date, different treatment options have been proposed with variable
outcomes and clinical complications.2¢

127-129 and

The potentially known systemicanti-fibrosis effects
wound healing properties of NAC are attributed to its function as an
antioxidant, nitric oxide system support, cell proliferation stimulation,
migration and expression of matrix metalloproteinase collagen.**°

Experimental studies mostly conducted on animals have reported
that N-acetyl cysteine is effective in different kinds of ulcers, such as
burns,*3! cut ulcers'®? and postradiotherapy ulcers.*33

A recent study reported on the healing properties of topical N-
acetyl cysteine on ulcers in two patients with nonhealing pressure
ulcers.*3°

Patients with bullous morphea ulcers were subjected to treatment
with N-acetyl cysteine and topical wound caring.134

According to the above findings regarding n-acetyl cysteine, it
seems that NAC can potentially be effective in treating deep acne
ulcers and its consequences, including scars, and can therefore be

beneficial and effective in wound-healing processes and fibrosis
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TABLE 1 Evidences about the effect of NAC on excoriation and excoriated disorders

NAC and excoration

Study Study ID Design Duration of Treatment arms Number of Conclusion

treatment patients

105  Glutamatergic dysfunction Percinel Case report 10 weeks 600-1800 mg/d A 12-year- Her SPD improved
in skin-picking disorder and NAC old girl completely after
treatment of a pediatric Yazici 10 weeks of NAC
patient with (2014) treatment
n-acetylcysteine®
88 N-acetylcysteine in the Grantetal. Randomized 12 weeks 1200-3000 mg/ 66 47% of the patients
treatment of excoriation (2016) controlled day showed much or very
disorder? trial much improved nail-
biting behavior
compared to 19% in the
placebo group
89 An open-label pilot study Miller and Open-label 12 weeks 450-1200 mg/ 35 100% of the patients
of N-acetylcysteine for Angulo pilot study day showed improvement in
skin-picking in Prader- (2014) skin-picking behaviors

Willi syndrome

TABLE 2 Evidences about the effect of NAC in treatment of acne

NAC and acne
Study Study ID Design Number of Treatment arms Duration of Conclusion(s)
patients treatment
Effects of silymarin, Haidar Hamid Randomized, single- 56 Group 1:14 patients, 8 weeks Administration of
N-acetylcysteine Al-Anbari blind, prospective, (14-30 years 8 male and 6 antioxidants
and selenium in (2012) placebo-controlled old) female, treated with silymarin, NAC and
the treatment of trial silymarin 210 mg/ selenium (but not
papulopustular day orally placebo) to patients
acnel® Group 2:14 patients, with acne vulgaris

7 male and 7
female, treated with reduced serum
NAC 1200 mg/day MDA and increased
orally serum GSH levels
Group 3:14 patients, after 8 weeks
8 male and 6 compared to the
female, treated pre-treatment
with selenium value; they also
200 pg/day orally significantly
Group 4:14 patients, reduced serum IL-8

significantly

7 male and 7
female, treated with
placebo capsules
(500 mg glucose
powder)

levels and the
number of
inflammatory
lesions in patients
with acne compared
to placebos. In
addition to clinical
improvement,
represented by
reduction in the
number of
inflammatory
lesions in patients
with papulopustular
acne.
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NAC and acne

Study Study ID Design Number of Treatment arms Conclusion(s)

patients

The antioxidant Haidar Hamid Placebo controlled 28 Group 1 was Administration of N-
effect of Al-Anbari blind study (14-30 years) treated with acetylcysteine to
n-acetylcysteine N-acetylcysteine patients with acne
and its role in the orally and topical vulgaris (Group 1)
treatment of moisturizing cream significantly
patients with once daily at reduced serum
acne vulgaris”® bedtime for MDA level and

8 weeks. Group 2 increased serum

was treated with level of GSH after

placebo once daily 8 weeks compared

orally and the same to the pre-

topical moisturizing treatment value and

cream also reduced the
number of
inflammatory
lesions by 21.41%
and 48.91% after
4 weeks and
8 weeks,
respectively,
compared to the
placebo.

Topical acne Montes Double-blind, 99 Group 1 (65 patients): Significantly reduced
treatment with (2012) placebo-controlled acetylcysteine the number of
acetylcysteine: trial topical gel 5% comedones
clinical and Group 2: (34 patients): compared to the
experimental placebo patients in the
effects”? control group.

Effects of oral Ahmed Salih Randomized Patients Group 1:14 patients, The administration of
antioxidants on Sahib prospective clinical (n=56) 8 male and antioxidants to
lesion counts (2012) trial Healthy 6 female, patients with acne
associated with subjects treated with vulgaris significantly
oxidative stress (n =28) silymarin 210 mg/ reduced serum

and inflammation
in patients with
papulopustular
acne”®

adjustment during the scar-formation process and also in the reduc-

tion of scar severity.

The authors of this study have been worked frequently on various
135-143

aspects of acne,

NAC in the field of approach to acne.

and tied to introduce a multipotential drug as

day orally
Group 2:14 patients,
7 male and
7 female, treated
with NAC
1200 mg/day orally
Group 3:14 patients,
8 male and
6 female, treated
with selenium
200 pg/day orally
Group 4:14 patients,
7 male and 7
female, treated with
placebo capsules
(500 mg glucose
powder)

Malondialdehyde
leveland increased
the serum level of
Glutathione after
eight weeks
compared to the
pre-treatment value
and also
significantly
reduced
seruminterleukin-8
levels and the
number of
inflammatory
lesions in patients
with acne compared
to the placebo.

NAC has really various indications in different medical conditions

due to its multi-potential properties especially its anti-oxidant anti-

multi-potential drugs in this pandemic era.

inflammatory immune-regulatory and many other confirmed effects

even strongly proposed effects on COVID-1%infection like other
144-149



MARDANI ET AL.

8of 17 DERMATOLOGIC
27| W1 LEY_oan

'sjuaijed asayj ul

uoI3e|NAO JO Uofdnpul Js1eq

3y} 0} paj aney Aew DYN

JO S129)J9 3UIZI}ISUSS-UINSul

[enuajod a3 ‘spusized SO

9S9]OUOU pue 35970 Yjoq

ul aJn|iey DD Jo asned e aq 0}

UMOUYS U9 Sey aoue)sisal

uljnsul 90UIS "UOIeINAO

40 uondNpul Y3 1oy

DD 0} JueAnipe ue se DN

paAR2a4 oym spuared SODd

9U] Ul PaAISSUO Sem el

uofeNAO Ja139q Apuediiusis
e ‘ejep Jno uo paseq VN 08T

S9s0p Ajlep omy

03Ul P3PIAIP ‘SYO :0ga2e|d

{sasop Ajlep om} ojul
papiAlp ‘Aep/3w 00ZT :DVN

3242 |ennysusw
3y Jo /£ Aep
13un ¢ Aep wou4

"aulaseq

0} paJedwod sdno.s yjoq ul
Apuediyiudis paaoadwi osje
WISINSIIY JO SUOIe)SA)IUeW
|eaiuip ay] ‘sdnous yjoq

ul Apuesyiudis paseaudul
OgHS pue ‘Apuediiusis

sasop
210 3213 OJUI PAPIAIP

|BlI} [BD1Ul]D ‘PaZIWOpUE]
‘pulig-sjgnop
‘pa]|043u02-0gade|d

(¢T02)

‘[e 32 Jnodya|es

gorOWOIPUAS
Ateno

213sA2A10d ypum
sjuaiied 3|1ua4ul
ul uol1eNAO

JO uondnpul
|NJssa2ons

104 a1e411d
suaydiwo|d

03 jJueAn(pe ue
se aula3sAdjAlede-N

201OWOIpUAS
Aseno onsAdAjod
UHM USWOM

ul 2ul9)sAd-|A1a0E
-N SA UlwJOojIaW

Pasea.123p 2U0J)S0IS3} ‘Aep/3w QOGT :UIWIOJISIA (T102) JO 5129443
939.) pUe 3U0J3)50353) |e10} {S9S0p (240 93.Y3 OJul SLUIpNIA Jljogelaw pue
‘H1 Juswieas} sy Suimojjo4 VN 00T papiAlp ‘Aep/3w 008T :DVN S)99IM ¢ [el} dA129dso.d pue JsugQ auldopua ‘ea1uld

spJemusyye Apnis
Ajtep 921y} 8w 009 aAesedwod
‘9ude pue WSSy pue z >29M ul Ajlep B-—-3WOIpUAS
‘ue8 y3iom uj asealdsp 921M) Sw QG ‘T XM ueLieAo
JuedIudis e pamoys ul Aep/3w 0QG :UIWIOJIBIN J13sAdAjod
sjusned ay3 QYN yum {S9SOp (240 3.y} OJul Apnjs pa||043u0d (0102) ul 8U191sAd |A190e
JUSWIEII} JO SHIPM ZT JoYY (XA AR GIT papiAlp ‘Aep/3w Q08T :DVN SYuow ¢ ‘pazjwiopuel ‘9A3dadsoud v ‘e 32 LjeAes -N pue ulwiojloN
‘eladole
pue ‘wsinsily ‘sude
40 JuswaAoLdwl ‘synsal 907 oWOIpUAS
punoseJ}|n sy} ul paAIasqo S3s0p Ajlep a4y} ueLieAo
sem a3ueyd jJuediyiudis 03Ul PIPIAIP ‘SYO :0qa2e|d 2135A2 Ajod
ou ‘954N02 Juswieal} (%8°22) S ‘s9s0p A|lep 234y ojul leuy |eaiuld (6002) 10} Apawial [9Aou
3y} Jo uona|dwod sy} ARy (%8'£2) & 9 papiAlp ‘Aep/3w 008T :DVN SHIdM 9 ‘pul|g-a|gnop ‘aAidadsold ‘|e 39 Jnodys|es e ‘auleisAdjAyaoe N
(%) aude
yum sjuaned sjuaned juswijeas)
(s)uoisnppuod joJsquinN  Jo JaquinN swue Juswieal | Jo uoneing udisaqg al Apnis Apnis
SODJd Pue JVN
SA0Dd Yum sjuaijed ul DN 40 199443 3y3 Inoge s9ouspiAg - € 374V L



_ W1 ]_]—:YJ9;f17

DERMATOLOGIC

(ssnunuo))

'SODd HuElsisal

-91e4312 auaydiwo|d

104 AOT [e4=3E)IUN
Sujo8ispun uswom

ul SW02IN0 3ARANpo.Idas

S9s0p Ajlep om}
03Ul P3PIAIP ‘SYO :0gae|d
sosop Allep omj ojul

$9[2A2 3AIIND3SUOD
2T J40) 9PAd By}

z1UBWOM SODd
jue)sisal-aleld
susydiwop

ul 3ul||p ueeao
19148 2UI9)SAD

MARDANI ET AL.

a3 snoidwi djsy Aew DN VN 09 papiAIp ‘Aep/3w 00ZT :DVN Jo ¢ Aep uo 3uiels ‘skep g Apnis 10]id (oT0Z) 45BN -1A392e-N Jo 109443
177oWOIpUAS
Aseno 213sA2Aj0d
jue)sisal
-auaydiwold
‘sjuaijed JO Juswijeasy
SODd 1ue)sisal-)) Suowe ul a7e1d
Adueudaud 3uiasiyoe pue S9S0p suaydiwop
uolje|nAo 3upnpul 4o DD |edo 33.y3 03Ul papIAIp pue ujwiojow
-DVN 40 1ey3 ueyy saysiy ‘Aep/3w QQGT :UIWIOJIDIN SNSJI9A 91e4110
s Adessy1 uoneuiquiod DD !S9S0p [eJo 93.y] ojul leu| (0T02) suaydiwold snid
-ujwJoj1aW Jo Adediyys sy VN 261 papIAIp ‘Aep/3w 008T :DVN S9|2AD JUsWIIeal]) € p3||043U0D) paziwopuey ‘e 39 wiyseH SUI91SAD |A1a0E-N
orrAPMIS
p3|joJ3uod
paziwopuel
aAI3dadsoud
‘Juswieal) ayj Jayje pue € :3WOIpUAS
910J9q | (€30} Ul 9Se3109p Adeno o13sAdAjod
JuedyIudis e sem auay} pue S9sop Jue)sIsaU-33elid
‘ulinsul 8uisey 1o asoon|3 |edo 9a4y3 ojul papIAIp suaydiwop
3uiisey ur ssouasLYIp ‘Aep/3w QOGT :UIWIOIBIN 10 Juswieal)
JuedlIuSIS Ou UM {S9SOp [eJ0 3.y} OJul Apnis ps||043u0d (£002) Ul UjwJo3aW “SA
a43y3 ‘dnou3 DN 3y u| VN 9 papIAIp ‘Aep/3w 008T :DVN SH99M 9 ‘paziwopuel ‘9A1323dsold ‘|e 39 Jeyseu|y 3U191SAd |A190E-N
JUSWISSISSE Jay3INn) pasu
540128} YSLI JejndseAolpled
pue ‘wsjuadoipuesadAy 601 OWOIPUAS
40 swoldwAs Aseno 213sA2Ajo0d
‘sa[1jo4d d1j0qelaw pue yum sjuaned
Jeuowioy ay3 uo Adesayy Jue)SISaI-33eld
DVN JO S109)49 9y suaydiwop
'9U0Ze}1[3043 4O UIWIOIDW ul 918412
91| sjuale 3ulzijsuas |el} paziwopuel auaydiwod 03
-ulnsul Y30 03 SAleUID) e p/3w Q0T D2 (11 dnou3) ETRGET ‘pulig-sjgnop (5002) jueAn(pe |sAou e
ue se pasn ¢ ued JyYN VN €GT 0gade|dp/3 Z'1:(1 dnoud)DvN Jo ¢ Aep uo 3uie)s ‘shkep g ‘p3J|0J3u02-0Ga2e|d ‘B39 XzZIy Sl auIR)sAdI-|AjPde-N
(%) suoe
yum syuaned sjuaned jusuwijeas)
(s)uoisnjpuo) Jo JaquinN Jo JaquinN swLie Juswiead | Jo uoneing udisaqg dl Apnis Apnis
SOJd Pue DVN
(penupuod) € 374VL



MARDANI ET AL.

10 of 17 DERMATOLOGIC
100017 \WiLEY_Rae

0} JueAn(pe pajela|o} |eu} [ed1ul|d ‘paziwopued 104 9]0Z0.33)
-|loM pue djes e aq Aep/3 Z'T DVN shid uoljensjsusw ‘puiiq-ajgnop (8102) 03 jueAn(pe ue
03 pajesjsuowap sem DN VN 0ST Aep/3w g 9|0z0.39| :T dnoug Jo € Aep uo 3uipels ‘sAhep g ‘pa||0J3u0d-0gade|d ueJsafelsoln se aula)sAdjAjaoe-N
QuIR)SAd|A30E-N
3ujuleu0d 3oL 0} JejIWiS
3 00| 0} paudisap Ajledudads
uonn|os uonelpAyal
‘dnoJ3 auniuied-| sy} 0} |eJo ue 3uluiejuod
paJedwod (||e 40} GO" > d) s19ayoes ogade|d pue
Xapul \YINOH pue ‘onel ‘Allep (1dA33 ‘oute) ‘odedaln
14/94 ‘14 ‘D4 ‘Su0J331s03s9} ‘[uiiuie)-| v N) suniuJed
934} ul JuswaAodwl -| |e40 Jo Sgsnid 9242
191e3.3 pamoys |enJisusw ayj Jo / Aep jun
dnou3 saula3sAdjAlade € Aep wouy DD Jo Aep/3w OGT
-N 3y} 49ASMOH :dnoug suniuied-|
'sdnoJ3 om} ay3 usamiaq ‘9|nsded
H140 ‘HSH ‘uiened auljuied-| ayl o3 Jejiwis
|enJisuaw ‘(g ul sa3ueyd 9|nsded ogade|d e pue
JO SWLIS) Ul 92UBISHIP ‘Allep sawi} aa4y3 (3dAS3
JuedlIusIs ou Sem sy | ‘oJleD “0D 021pag ‘4ajem y7OWOIpUAS
‘(lIle 4104 TOO" > d) ul uonn|ip Jo4 Jopmod Aseno 213sA2A|0d
sdnoJg yjoq ul (xapul JO 19Yoes e) su1a)sAdjAjaoe Jue)sISaU-33eld
VINOH ‘01384 |4/94 ‘4 ‘D) -N [eJo Jo 3w 009 snid -suaydiwop yum
SJ9XJeW doUe)sisal ujnsul (1dA33 ‘oaieD ‘ideN [eqo[D uswom Suowe
pue ‘au0.91503591 93U} ‘H ‘pIWIo|D) 9242 [enJisusw El 18D~ SA
‘HS4 ‘uisiied jenssusw 3y} Jo 7 Aep un ¢ Aep auIa)sAd[A}ade-N
a3 ul Juswaroidwi wouy DD Jo Aep/3w OGT |eu} [esiulpd ‘pajjosuod (6102) JO |eL} pajjoJjuod
JuedyIudIs e Sem auay | VN 291 :dnoJ3 suls)sAd|Alade-N syjuow ¢ ‘paziwopuel ‘pulg-sjgnoq Amieys |3 paziwopuey
mS>UBm

|euo1}eAISSqo
ue :9WOoJpUAS
AJeno o13sAdAjod
UM USWOM

(n1oov @

uiweiA 4 3w Oz T pv

21104 q Sow OQZ d3eutjodid
wnjwouy) d Sw G suadodA

%07 dSw g 9sagouou pue
"sjuized uigolg 4 8w 0og D¥N 4 95970 U SUIWEA
SODd 1ySiamiapun pue 3w 009 (IDQ:IN) sjoxsoul pue sjuepixoijue
95970 Y304 Ul WsiInNsy JO uoljeuIquiod) “Ajiep ‘sjoysout
pue aude ‘AJdI[PAd 92IM] ('PIT "IAd SSIpawRy Apnis oL1juad Jo Adesayy
|ENJISUSW Ul PaAISSGO SeM VNOJOD) W1dHo4 -[3INW ‘|euoi}eAIasqo (6T02) uoljeuIquiod
JuswaAoIdwl JuedIusIS P /9 4 JazeJ] Jo 19|qe3 auQ S¥9aM 2T ‘aAdadsoud o119y IUBADY |ewey| Jo Adeolyyq
(%) aude
yum sjuaned sjuaned juswjeal}
(s)uoisnpuo) JO JaquinN J0 JaquinN swuJe juswjeal] Jo uoneunQg udiseQg adl Apnis Apnis

SODJd Pue DN
(ponunuod) € 374dVL



—WI LEY 11 0f 17

DERMATOLOGIC

MARDANI ET AL.

(senunuo))

,11OWOIpUAS
Aseno
213sA2A|10d
yum
“UIWLIOJISW UeLf} SJ0w uswom Jo
9|ijoid pidi| pue ulnsut solsualdeleyd
Sunsey pue sg4‘anv ‘lIiNg duLdopuUs
paAoidwl DN Qusweal) pue djjogejaw
3y} JOYY Jusweal) Aep e swos
3y 240J9q sdnoi3 omy sawi} 99y uo (QVN)
93 U99M]DQ S9OUBIDYIP OU ‘ujioldw |eJo Qul9IsAd
9J9M3I3Y] SeaIYM ‘ulnsul 3w 00g |A}92€-N pue
pue se3ns poojq 3uiysey :dnous Jay10 ulwojPwW
pue gnv ‘lIiNg ‘ajyoud pidi| ‘Aep e sawn 9a.yy [el3 [e2jul (5102) 0 sp0ayd
a3 panoidwi DN pue ‘W 009 DVN ‘puljg-ajgnop ysauewueer 9y} usamiaq
ulwIo43aW Yyjoq ‘Apnis siyj u| VN 0zl |eJo :dnoud suQ ‘paziwopuey y3nouo4 uosliedwod y
(Aep/3w 00ST
sem sjudljed ay} 0} USAI3
UIWIOJI9W JO UOIIeIJUSIUOD
1€103) 9242 [enJisusw
a3 Jo ¢ Aep uo Aep
e SaWl} 934Y3 UlWI0 oW
3w-Qg 00} (syusned o7 OWOIPUAS
'Sg4 pue ‘ulnsui Sunsey SODd uelisisal-O) Aleno
9U0.931503159) ‘OgHS $G) dnoJu3 Jayjo sy '9|dAd 213sA2A10d yum
JO SUOI}BIIUSDUOIWINIDS |enJisusw ayj Jo Aep paiyz USWOM Jue)sisal
pue 2402 wisIINsY 33 uo (sjuanjed syy o3 Aep -susydiwo|d
a3 paonpad Ajpuediiugis e Sawl] 994Y3 paJajsiulwpe ul ‘a1esd
DVN YIM juswijeal) wiay sem pue 3w 009 suaydiwop
-3U0| ‘4aAaMoY SYoaM g SeM 9S0p Yoea) sasop 0] jueAn(pe
J934e 9|1joud jeuowioy Ajiep 2a4y3 ui Aep/Sw 008T ue se ‘aula)sAd
pue 2402s wsiNsIYy 10 3S0p € 18 DN PaAIdal [SERLAN]
93 U0 S109)49 Aue aAey (92ue)sisal DD yum pue ulwJiojPw
Jou pip uonensiuiupe N VN 80T sjuaned SODd 5) dno.s suo S}Sem ¢T pue g [eL3 [estuld (£T07) RewsN 40 uosiiedwo)
¢ OWOIpUAS
Ateno
J13sAdA0d ym
‘spuaiyed sjuaijed aj13Ja4ul
SODd Ul sa3eu Adueudaud ogaoe|d ul uole|NAo
95Ea.doUl Ued Jey) 9|0zoJ33| snid sj0zos)9)| :g dnoig JO uoldnpul
(%) aude
yym sjuaned sjuanjed
(s)uoisnppuod 40 JaquinN J0 JaquinN swue juswieal | udisaqg al Apnis Apnis

SODJd pue JVN

(penupuod) € 374VL



MARDANI ET AL.

12 of 17 DERMATOLOGIC
20017 ] \WLEY_Ran

(20" > d) dnou3 pajean
-ogaoe|d ay3 03 pasedwod
sdnou8 JyN pue 13N
9Y3 ul Joamo| Appuediyiusis
9J9M S|9A3| H pue ulnsu|
(100" > d) dnoJ3 ogadeld
3y} o3 pasedwod sdnoJ3
13N + DVN pue 13N
‘OVN 8y} ul sjpAs| uinda) ul
$9583.109p JUEDIHIUSIS SI9M
343y} ‘uonippe uj (20" > d)
dnoJ3 pajeasy-ogadeld
ay3 03 pasedwod sdnoud
13 + DVN Pue JVN sy}
ul Ajjuedijiusis paseasdsp
S|9AS| apAyaplelpuoleln

'SSOUXIYY [BLIISWOpUS

uo spoedw [ediysuaq sey
pue syuaized SODd Ul sa3ed
Adueugaid pue uoije|nAo
sanoudwil uoie|nAo

JO uolPNpUI 33 J0)

ogade|d pdnoun

13N + DVYN:gdnoin

DJVN p/3w 008T:gdnoio

09 13N p/3w 005 T:TdnoID

3242 |enJysusw sy}

Jo / Aep |3un ¢ Aep wouy

S9S0p PapIAIp OM] Ul Ajjeao

8w 00T (3dA23 42010

U39 ‘ideN [eqojs piwojd)
DD panladal syuaijed ayy ||y

"Ajsnonuijuod

Ajlep sawiy 92.4y3

(1dA23 “0D @ID ‘8w 00S

a8eydopid) 3w 00S

UIWIOJISW PaAISdal
(syusnjed op) € dnoio

"3]2A2 |enJjsuswayy Jo /

Aep |13un ¢ Aep wouy Jajem

JO sse|3 paepue)}s auo

OJUIpP31N|Ip 39 03 s3=%d0d

|lews ul pajasul Japmod Jo

WI0J Y3 Ul SISOP PapIAIP

om} ul (3dA33 “0D 0D1d3s
‘QuIa)sAd|A1RE) DYN

8w 00ZT

paAladal (suanjed

Ov) Il dnodg “Juswieasy

J3YLIN) OU PaAIDIDL

S3oIM 9

S9]2A2 DAISS22INS 924U}
Joj sased Jueusaiduou

cppHiuLiopaw
0] dAljeUlS)je ue
:uonoaful wiads
o|wse|dojAdenul
SujoSiapun
sjuaned swolpuAs
Aseno onsAdAjod
ul Ajilenb
oAiquis pue
94200 sanoadwi

2UIRISAd|AIRY-N

(¥102)
1ysesayd
wiyeiq3

10|1d ‘p3jjo43u0d-0qgade|d
‘paziwopuel ‘9A13adso.d

g1 OWOIPUAS

Aseno o13sAdAjod

Yam sjusiped

ul uolle|NAo

10 uondnpul

ul 93ea31d

auaydiwol|d 0}

aul9IsAd|A1ae-N

Apnis pue ujwiojsw Jo

DD 03 JueAn(pe ue se DN VN 0zl (suaned Q) | dnoio u| pajeadas sem Juswiyeal | paziwopuel aA1303dsold (STOZ) Pa8elN 39943 Juean(pe sy
(%) auoe
Yyum sjuaned sjuaned juswilean
(s)uoisnjpuo) joJaquinN  Jo JaquinN Swe Juawjeal ] Jo uoneinqg usisag ai Apms Apms
SOJd pue JV¥N
(penupuod) € 374VL



MARDANI ET AL.

4 | CONCLUSION

N-acetyl-cysteine  has  multipotential  qualities  (antioxidant,
antibacterial, anti-keratinize, anti-fibrosis, anti-excoriation, etc.) and a
limited number of studies have demonstrated its healing properties
for acne lesions and acne associated outcomes in both oral and topical
forms. Further studies are needed to prove these effects. This system-
atic review article focuses on all pathomechanisms of acne vulgaris
and the potential roles of NAC for controlling and treating these
events also proper characteristics of NAC regarding acne related out-
comes like excoriations and scars or conditions are associated with

acne emergence and its severity or resistance like PCODs.
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