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Materials and Methods: Forty-nine patients with RAS were randomized to
Article History: receive mucoadhesive NAC tablets (n=25) or placebo (n=24). Tablets were

prescribed three times a day for 7 days in each group. Pain intensity was
evaluated with visual analog scale (VAS) three times a day from day 1 to day 7.
Also, patients were clinically examined on days 0 (before entering the study),
3, 5, and 7 using a metal caliper to measure the diameter of the lesions. The
data were statistically analyzed and P<0.05 was considered statistically
significant.
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INTRODUCTION

Recurrent aphthous stomatitis (RAS) is the
most common oral lesion with the annual and

the buccal and labial mucosa and the tongue.
Involvement of highly keratinized mucous
membranes such as the palate and gingiva is

lifelong prevalence rates of 20% and 40%,
respectively [1]. RAS appears as circular,
yellow-grey center lesions, with a pseudo-
membrane and inflamed edges [2]. RAS
lesions start with a burning sensation for 24 to
48 hours before the onset, and usually involve

unusual [3]. Sometimes, the pain caused by
RAS is very severe and interferes with eating,
swallowing, speech, and oral health practice in
patients, and significantly decreases the
quality of life [4-7]. The etiology of RAS is
unknown but factors such as immune
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dysfunction, genetic allergies, foods, and
bacterial agents may be involved [8,9].
Recently, many studies support the role of
oxidative stress in the etiology of RAS [10-13].
Also, impaired cellular immunity may be seen
in patients with RAS [14]. RAS can be topically
or systemically treated, depending on the
severity of symptoms, frequency of relapse,
and size and number of ulcers [11]. It should
be noted that the best treatment for RAS is
topical therapy because of its direct contact
with the ulcer and lower systemic adverse
effects [15]. The goals of treatment include
reducing the pain severity, wound size, and
frequency of relapse, and speeding up the
course of recovery [2].

N-acetylcysteine (NAC) is a FDA-approved
agent that is available as a dietary supplement.
NAC is converted to amino acid cysteine by
deacetylation in the human body [16];
cysteine is metabolized to glutathione, an
important antioxidant in the body [17]. NAC
has multiple pharmacological effects that
support its therapeutic benefits. For example,
it has potent anti-inflammatory,
immunomodulatory, anti-biofilm, and
antimicrobial effects [18]. Also, it is a well-
known antioxidant agent [19]. NAC is clinically
used in cases with glutathione deficiency and
oxidative stress such as acetaminophen
poisoning [20]. It is also used as a mucolytic
agent in pulmonary diseases. There is a
reduction in total antioxidant status against an
increase in total oxidative status in RAS
patients [10-13, 21]. Therefore, NAC, as a
potent antioxidant can be used in such
patients. It has been shown that dysregulation
of the immune system and inflammatory
mediators is involved in development of RAS;
thus, NAC can have beneficial effects due to its
immunomodulatory and anti-inflammatory
properties [22-25]. The effectiveness of
topical NAC for wound healing has been
previously documented [26]. In addition, a
recent study showed clinically significant
reduction of RAS-associated pain with a single
application of NAC mouthwash and the
superiority of it over chlorhexidine
digluconate mouthwash. However, the use of
related formulations was not simple in their
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study [27]. Thus, it was hypothesized that the
problem may be solved by making
mucoadhesive tablets. Regarding the effects of
NAC, and considering the lack of studies on the
effect of NAC mucoadhesive tablets on RAS,
the aim of this study was to evaluate the
effectiveness of NAC mucoadhesive tablets for
treatment of RAS. The null hypothesis was that
use of NAC mucoadhesive tablet would not
significantly promote healing of RAS at 7 days.

MATERIALS AND METHODS

Research design and ethics:

The present study was a randomized double-
blind placebo-controlled clinical trial (IRCT
code: IRCT2018072804614N1). This project
was approved by the Medical Ethics Committee
of the Research Deputy (Ethical code:
IRMAZUMS.REC.1397.2955).

Participants and selection criteria:

The sample size was calculated to be 46 cases
(23 cases in the treatment group and 23 cases in
the placebo group) using the results of Babaei et
al, [28] assuming the baseline mean lesion
diameter in the intervention and placebo groups
to be 2.53+0.66mm and 2.65+0.82mm,
respectively, 99% confidence level, study power
of 90% by two-tailed test, 4% dropouts, and
evaluation of the difference between the two
means by G-power software.

The inclusion criteria were patients with RAS
between 16-45 years with a history of minor
aphthous ulcers in specific areas such as labial
and buccal mucosa. Presence of any traumatic
factor such as denture was assessed to rule out
the traumatic wounds, because denture wearers
do not have a high prevalence of RAS although
they are three times more susceptible to oral
mucosal ulceration. Also, the erythematous
margin in RAS was a critical criterion in
distinguishing aphthous ulcers from traumatic
wounds [2]. The exclusion criteria were
individuals taking immunosuppressive drugs
during the past month, systemic syndromes
such as Behcet's syndrome, one of the
manifestations of which is aphthous ulcers,
aphthous ulcers in areas other than the labial
and buccal mucosa, herpetiform recurrent
aphthous ulcers, recurrent major stomatitis,
poor general health status, pregnancy, antibiotic
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therapy, denture wearers, taking other
medications for treatment of aphthous ulcers or
in general, and patients who could not cooperate
until the end of the study due to personal or
social reasons [29]. Information about the
treatment process and possible complications
was given to all patients. The patients had to be
able to understand the provided explanations
for the treatment process, had to meet the
eligibility criteria, and had to sign the consent
form.

Formulation preparation:

In this study, 25 mg of NAC was considered as
the appropriate treatment dose to evaluate the
effects of this agent on RAS [30]. Other
excipients of the mucoadhesive tablet included
Carbopol 942 and sodium alginate as tablet
binding agents to the oral mucosa, and starch as
filler and also for adjustment of the
disintegration time. Sucrose was also added to
create a pleasant flavor and accelerate the
disintegration of oral tablet. These components
were sieved with mesh NO. 80, mixed and
pressed with a single punch tablet press. The
placebo was designed with the same appearance
and weight as the NAC mucoadhesive tablets but
without any active substance [31].

Study protocol:

The patients were asked to go to the clinic within
24 hours of the onset of aphthous lesion which
was considered as baseline. At the initial
meeting, patients were asked to complete the
consent form and complete a questionnaire
regarding the history of the disease. Once
eligible, the participant was randomly assigned
to either NAC or placebo group based on a draw
from two envelopes: one for NAC and the other
for placebo. Patients in NAC group received
mucoadhesive tablets of NAC and those in the
placebo group received placebo tablets for use 3
times a day (in the morning, noon, and night).
The patients were instructed on how to use a
mucoadhesive tablet so that they should avoid
eating and drinking for 30 minutes after using it.
The patients had to keep the mucoadhesive
tablet in place for 15 minutes. In the placebo
group, the same was done with the placebo
tablet. In order to evaluate the severity of pain
and recovery of lesions, patients were clinically
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examined on days 0 (before entering the study),
3,5, and 7 using a metal caliper to measure the
diameter of the lesions and the surrounding
inflamed area [32]. The participants were also
instructed to quantify the severity of pain using
a visual analog scale (VAS). This scale consists of
a 10-cm line, in which zero indicates no pain and
10 shows maximum pain. Patients were asked to
record their VAS pain score three times a day
after each meal. For easy calculation, the mean of
the three values was calculated. Those with a
VAS score <1 and a lesion diameter <1 mm were
considered as complete recovery [33].

Data analysis:

Data were entered into SPSS version 24 for
analysis. After refinement, distribution of data
was analyzed by the Kolmogorov-Smirnov test.
The mean, standard deviation, and frequency
were reported for demographic variables.
Gender, history of diabetes mellitus, and number
of RAS episodes as the categorical variables
were compared with Fisher’s exact test, and the
continuous variable of age was compared using
unpaired t-test. In order to compare the mean
values before and after the intervention, paired
t-test (or the Kruskal-Wallis test) was used.
Independent t-test (or Mann-Whitney test) was
used to compare the two groups. Also, to
compare the outcome in the treatment process
(days 0, 3, 5, and 7), repeated measure ANOVA
and Friedman test were applied. P<0.05 was
considered statistically significant.

RESULTS

Demographic information of patients:

Of 60 patients referred to the Dental Clinic of
Mazandaran University of Medical Sciences,
11 patients were excluded because of not
meeting the inclusion criteria, refusing to
continue treatment or other reasons. Forty-
nine patients were randomly divided into two
groups (25 patients in the treatment group
and 24 patients in the placebo group) and
eventually, 46 patients successfully completed
the study (Fig. 1).

There was no statistically significant
difference between the treatment (12 women
and 11 men) and placebo (14 women and 9
men) groups in terms of gender (P=0.76).
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Enrollment

Assessed for eligibility (n=60)

Excluded(n=11)
o] Not meeting inclusion criteria(n=7)

L

Decline to participate(n=2)
Other reasons (n=2)

Randomized(n=49)
N-ACETYLCYSTEIN Allocation PLACEBO
Allocated to intervention(n=25) Allocated to intervention(n=24)
Received allocated intervention(n=24) Received allocated intervention{n=23)
Did not receive allocated Did not receive allocated
intervention{n=1}) int_e.-n-'ention.(n= 1) .
Withdrew before bazeline(n=1) Withdrew before baseline(n=1)
Lost to follow-up (n=1) AL Lost to follow-up (z=0)
Discontinued intervention (busy) (a=1) Discontinued intervention (n=0)
Analysed (n=23) Analysis Analysed (n=23)
Excludef:l l?rom. analym;(n=2) Excluded from analysis(n=1)
Not receiving intervention(n=1) Not receiving intervention(n=1)
Discontinued intervention(n=1}

Fig. 1. Flow diagram of patient selection and allocation

The mean age (#standard deviation) was
33.52+6.78 years in the treatment group and
34.08+7.3 years in the placebo group, which
were not significantly different (P=0.78).
There were one and three patients with
diabetes mellitus in the treatment and placebo
groups, respectively; which was not
significantly different between the two groups
(P=0.6). Also, the frequency of aphthous
episodes in the treatment and placebo groups
was not significantly different at baseline
(P=0.05, Table 1).

Wound healing process (diameter of lesions
and pain intensity):

According to the results, the mean time (day)
to improvement for pain and diameter of
lesions was 6.52%6.13 days and 6.65%0.57
days in the placebo group, respectively and
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4.21+1.2 days and 4.73%#1.32 days in the
treatment group, respectively; which were
significantly different (P<0.05).

Diameter of lesions:

At baseline, the mean diameter of lesions was
not significantly different between the two
groups (P=0.09). But, at 3, 5 and 7 days, it was
significantly smaller in the treatment group
compared with the placebo group (P<0.001,
Fig. 2).

Severity of pain (based on VAS score):
Before the start of the trial, pain severity was
not significantly different between the two
groups (P=0.853), but NAC mucoadhesive
tablet showed superior effects on pain of RAS
from the first day compared with the placebo
(P<0.013) such that for 22 out of 23 patients in
the treatment group, complete recovery was
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Table 1: Demographic information of patients at
baseline (N=23 in each group)

Female 12(5217)  14(60.87)
Male 11(47.83) 9(39.13)
History of DM 1(4.34) 3(13.04) 06
<6/y 4(17.39) 7(3043)
episodes 1-2/m  11(4782) 12(52.17) 005
3-4/m  8(3478) 4(17.39)

RAS: Recurrent aphthous stomatitis); DM: diabetes mellitus

achieved on day 7. The difference in the mean
VAS score between the two groups was
statistically significant at all-time points
(P<0.01, Fig. 3).
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Fig. 2. Comparison of the mean diameter of lesions in
the treatment and placebo groups at baseline and 3, 5

and 7 days
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Fig. 3. Comparison of the mean pain intensity based on
VAS score between the treatment and placebo groups
at baseline and days 1, 2, 3,4, 5, 6,and 7

Safety assessment:

There was only one patient in the treatment
group that reported severe burning in the
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wound area and severe pain, but the diameter
of the lesion significantly decreased from
baseline to day 7.

DISCUSSION

This study is the first placebo-controlled
clinical trial on the efficacy of NAC oral
mucoadhesive tablet for treatment of RAS. The
null hypothesis that use of NAC mucoadhesive
tablet would not significantly promote healing
of RAS at 7 days was rejected.

The primary outcome of this study was
complete resolution of pain and reduction in
diameter of RAS lesions in the treatment
group at the end of the study. The results of the
present study showed that the NAC
mucoadhesive tablet was very effective in
treatment of RAS. RAS is characterized by
painful recurring ulcers limited to the oral
mucosa [29]. There are some predisposing
factors for RAS such as trauma, stress, and
hormonal imbalance [34, 35]. Because of no
definite evidence about the etiopathogenesis
of RAS, therapy is only symptomatic. An
efficient treatment option should control
aphthous ulcers with minimal adverse effects
on the body organs [35].

It seems that free radicals are effective in
pathogenesis of RAS. Oxidative stress occurs
when free radicals are produced more than
physiological requirements of the body
[21,36,37].

NAC is a potent antioxidant agent that has anti-
inflammatory, anti-bacterial and
immunomodulatory effects. It is very effective
in treating inflammation of ulcerative lesions
as an adjunctive therapy [16]. The notable
antioxidant effect of NAC is due to its action as
a precursor of glutathione. It prevents free
radical activity that can lead to trauma, tissue
damage, and chronic malignant diseases [38].
Halboub et al. [27] revealed a significant
reduction in RAS-associated pain with one
single application of NAC mouthwash in
comparison with 0.12% chlorhexidine.
Although the efficacy of NAC mouthwash was
confirmed in their study, it was suggested that
repeated doses of NAC could have even better
effects as indicated in the present study. Also,
our study had a placebo control group, which
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was not present in their study. Abdulrab et al.
[16] recommended NAC for active RAS. It was
suggested that NAC can be systemically or
topically (powder, paste, adhesive tablets,
chewing tablets, lozenges, or mouthwash)
used for treatment of active RAS or for
prevention in cases with repeated attacks.
Mao et al. [39] evaluated the effects of NAC on
normal human skin fibroblasts and level of
manganese superoxide dismutase activity.
NAC-treated cells demonstrated decreased
steady state levels of reactive oxygen species
as well as increased protein and activity levels
of manganese superoxide dismutase; thus, it
could inhibit oxidative stress and related
tissue damage. it was suggested that NAC as a
dietary intervention can have a great impact
on treatment of human and animal tissue
injuries. Aphthous stomatitis is also an
ulcerative lesion and the efficacy of NAC on its
improvement was proven in the present study.
Although there is still no definitive treatment
for aphthous stomatitis, various supportive
treatments have been proposed [40]. The
results of the present study also suggest NAC
as a supportive treatment in reducing pain and
diameter of RAS lesions.

Tsai et al. [26] conducted a study on the
mechanism of NAC in treatment of burn
injuries in vitro and in vivo. NAC was used as
topical formulations with concentrations of
0.1mM, 0.5mM and 1mM. It was shown that
NAC increased the glutathione level in CCD-
966SK cells, which could reduce the free
radical damage and inhibit oxidative stress. In
vivo, significant epithelialization = was
observed by using 3% concentration. The
results of Tsai et al. demonstrated that NAC
had great potential for wound healing, and
may be a promising drug for healing of burn
wounds. The etiology of RAS is also related to
oxidative stress; therefore, NAC can have
beneficial effects on RAS which was shown in
the present study.

Arrangement of frequent visits for patients to
measure the diameter of lesion during the
study was one of the limitations of this study.
Also, according to variations in pain tolerance
thresholds of different individuals, reporting
the pain score by patients themselves was
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another limitation. Finally, despite daily calls
to remind using the tablets, it was not possible
to directly observe medication use by patients.
Further multicenter studies are recommended
with direct observation of medication use by
patients to obtain more reliable results.

CONCLUSION

This study showed that the pain and diameter
of RAS lesions as well as the duration of wound
healing significantly decreased with the use of
NAC mucoadhesive tablet. High safety, low
side effects, and high compliance of patients in
using NAC mucoadhesive tablet compared
with the systemic form are the advantages of
this formulation. According to these findings,
NAC mucoadhesive tablet is recommended as
one of the optimal options for RAS treatment.
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