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Abstract
Background: The use of antioxidant agents is suggested as a complementary therapy in UC patients for prevention of �ares.
Considering the potent antioxidant activity of N-acetylcysteine (NAC), in the present study we aimed to assess the effect of this
supplement on remission maintenance in patients with ulcerative colitis (UC). 

Methods: In the present double-blind randomized controlled clinical trial, 168 volunteer UC patients who were on high dose
corticosteroid for �are-up management, were recruited. The patients received 400 mg NAC or placebo twice daily for 16 weeks.
Simultaneously, the prednisolone dose was tapered. The patients were followed up six more weeks post-intervention. The
primary e�cacy of the treatment was remaining in remission. The secondary outcomes were the endoscopic relapse, serum
level of hs-CRP, hemoglobin, and fecal calprotectin level.

Results: During 22 weeks follow up, 25 patients experienced relapses, six of them were in the NAC group and 19 of them were in
the placebo group. There was a signi�cant difference between the NAC and placebo groups regarding the relapse-free period
(P=0.007). Compared with the NAC group, signi�cantly more patients in the placebo group had an endoscopic relapse (p
<0.001). At the end of the intervention period (16 weeks) and 6 weeks post-intervention, the mean fecal calprotectin, serum
erythrocyte sedimentation rate, and hs-CRP levels were signi�cantly lower in the NAC group compared with the placebo group
(p<0.05).

Conclusion: The �ndings indicated that NAC had a signi�cantly more positive effect on the maintenance of remission
compared with placebo in UC patients that were in the steroid-tapering phase of therapy.

Background:
Ulcerative colitis (UC) is a chronic disease characterized by super�cial and diffuse in�ammation of the colon and rectum [1].
The pattern of disease activity is characterized by periods of active in�ammation alternating with periods of remission.
Corticosteroids are highly effective in moderately to severely active UC, however, more than 25% of patients will relapse when
corticosteroid treatment is discontinued [2]. The goal of UC treatment is to maintain remission for as long as possible while
limiting the use of steroids to the minimum required [3].

Different factors including reactive oxygen species (ROS) and pro-in�ammatory cytokines have a long-standing implication in
both the etiology and the progression of UC [4]. It has been shown that the in�amed mucosa in patients with ulcerative colitis
produce ROS. Considering the low antioxidant capacity of colonic mucosa, the imbalance between pro-oxidants and
antioxidant capacity may exist [5]. Earlier studies pointed out that some treatment options such as 5-ASA and sulfasalazine
have antioxidant and free-radical scavenging action and are associated with a lower number of �ares. Thus, treatment with
antioxidant agents is suggested as a complementary therapy in UC patients [5].

Accordingly, different antioxidant reagents such as ω-3 fatty acids [6], melatonin [7], and vitamin A [8] are studied for the
prevention of relapse in ulcerative colitis. N-acetylcysteine (NAC) is also a potent antioxidant and its effect in the prevention of
colonic damage and in�ammatory response was studied in a few animal studies and its promising effect in rats has been
shown [5, 9-12]. In the only human study, Guijarro et al showed the positive effect of mesalamine plus N-acetylcysteine in
reducing disease activity and serum level of IL-8 in patients with mild and moderate ulcerative colitis [13]. However, the effect of
NAC in the prevention of relapse in ulcerative colitis patients has not been studied. Considering the pathogenic effect of lipid
peroxidation in UC [14] and also the potent antioxidant effect of NAC, we postulated that this supplement may have a positive
effect on the prevention of relapse in patients with ulcerative colitis. So, in the present randomized clinical trial, we aimed to
assess the effect of supplementation of NAC on remission maintenance in patients with UC.

Methods:
Patients:
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In the present two-arm, parallel design, double-blind randomized controlled clinical trial, volunteer ulcerative colitis patients who
referred to the in�ammatory bowel disease (IBD) clinic of Imam Reza hospital, belongs to the Tabriz University of medical
sciences were enrolled. The patients were diagnosed previously based on standard diagnostic criteria including characteristic
endoscopic and histological appearances. The patients were included if they aged 18-75 years of age, have pancolitis and
treated with a high dose of prednisolone (1 mg/kg), and achieved clinical remission. The pregnant and breastfeeding patients,
the patients with heart, renal and pulmonary failure, and the ones who use anti-TNF-α agents were ineligible.

One hundred ninety-eight patients with active ulcerative colitis were treated with prednisolone 1 mg/kg and Mesalamine 4
g/day for four weeks. One hundred seventy-�ve volunteer patients with clinical responses at the end of week 4 consent to
participate in the study. The patients were randomized using a computer-generated randomization chart. The patients in the
intervention group (n=82) were supplemented with 400 mg NAC twice daily and the patients in the placebo group (n=86) were
received the placebo for 16 weeks. Simultaneously, prednisolone dose was tapered by 5 mg/week to a daily dose of 20 mg/day,
then slow the taper to 2.5 mg/week until prednisolone is discontinued (14 weeks). 

NAC was purchased from Hexal, Germany. NAC and placebo were labeled as A and B administered by a researcher who
was not part of the data collection or analysis. The appearance and characteristics of the NAC and placebo were identical. The
patients and the outcome an assessor were blind to group assignment. 

Full written consent was obtained from all subjects. The study had the approval of the Tabriz University of medical sciences
Ethics Committee (Ethics code: IR.TBZMED.REC.1398.408). This trial was registered at the Iranian registry of clinical trials
(irct.ir). Identi�er NO. IRCT20190713044185N1.

The sample size was calculated based on the result of a previous study that revealed that the clinical response in the NAC
group was higher (66%) than the placebo group (44%). By assuming a two-sided signi�cance level of 1% and power of 80% with
equal allocation to the two arms, we needed 80 patients in each arm of the trial. To allow for dropout, 87 patients recruited per
arm.

Measurements:

The patients were visited every two weeks during the intervention (16 weeks) and followed up six more weeks post-intervention.
In all visits, full blood count, fecal calprotectin, erythrocyte sedimentation rate (ESR), and high sensitive C-reactive protein (hs-
CRP) levels were checked. Additionally, the relevant questionnaire for calculation of disease severity using partial mayo score
was completed. The combined scores of rectal bleeding (0-3), stool frequency (0-3), and physician’s global assessment (0-3)
were used for calculation of partial mayo score (0-9). According to partial mayo score, the total score of <2 was considered as
remission, 2-5 as a mild activity, 5-7 as moderate activity, and >7 as a severe activity. In addition, at last visit, the endoscopic
Mayo score was also calculated by an expert gastroenterologist-endoscopist (0 to 3).

Assessment of compliance was a prede�ned analysis whereby patients taking >80% of their prescribed study medication were
considered compliant. Compliance with study medication was calculated by pill count every two weeks.

Evaluation of the therapeutic e�cacy

The primary e�cacy of the treatment was remaining in remission. Clinical relapse was de�ned as exacerbation of symptoms
with a partial Mayo score of ≥ 3, or modi�cation of treatment [dose escalation, the addition of steroids, tacrolimus, topical
formulations, or biologics] accompanied by worsening of symptoms. The secondary outcomes were the endoscopic relapse
(endoscopic score of >1), serum level of hs-CRP, hemoglobin, and fecal calprotectin level.

Assessment of safety

The hematological and biochemical studies including liver function tests (LFT), blood urea nitrogen (BUN), and creatinine were
performed at regular intervals by the analytical laboratory services of the corresponding hospital. Moreover, a treating physician
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who was blind to the patients’ treatment assignments evaluated the adverse effects including nausea, vomiting, diarrhea,
constipation, drowsiness, chest pain, and skin rash.

Statistical analysis:

SPSS version 21 was used for statistical analysis. The normality of data distribution was analyzed using the Kolmogorov-
Smirnov test. The continuous data were presented as mean and standard deviations and the categorical data were present as
number and frequency. The chi-square test (for nominal variable) and independent t-test (for continuous variable) were used for
comparison of the baseline characteristics. One-way analysis of covariance (ANCOVA) was used for comparison of the follow-
up characteristics with adjusting for age, sex, disease duration, and baseline values. Time to relapse was analyzed by Kaplan–
Meier methodology and measured from the date of the �rst dose of study medication to the relapse date. Treatment differences
were analyzed using a log-rank test. Intention-to-treat (ITT) analysis was done and p-value of less than 0.05 was considered as
signi�cant.

Results:
From a total of 168 ulcerative colitis patients who included in the study, two patients in the NAC group and four patients in the
placebo group were loss to follow up. The data were reported for 168 patients (86 in the supplementation group and 82 in the
placebo group) (Fig. 1).

The mean (standard deviation) age of the participants was 39.33 (12.62) years and 47% of them were male. At baseline, there
were no signi�cant differences between the two groups in the case of demographics, disease, and biochemical features (Table
1).

During 22 weeks follow up, 25 patients experienced relapse, 22 during the intervention phase, and three during the post-
intervention phase. Six of the relapsed patients were in the intervention group and 19 of them were in the placebo group. As can
be seen in �gure 2, according to the Kaplan-Meire analysis, the median (95% con�dence interval) duration of the relapse-free
period was 21.12 (20.44-21.79) weeks in the intervention group and 19.55 (18.56, 20.55) weeks in the placebo group. There was
a signi�cant difference between the two groups regarding the relapse-free period (P=0.007). All patients in both groups were
relapse-free in the �rst two months of study. However, in the third month (when the prednisolone dose reduced to less than 10
mg/day), 7% of patients in the intervention group and 19% of patients in the placebo group were relapsed. After discontinuation
of NAC and steroids, 93% of the patients in the NAC group and 78% of patients in the placebo group were relapse-free.

The secondary outcomes of the study were endoscopic relapse and changes in biochemical parameters. As depicted in �gure 3,
compared with NAC group, signi�cantly more patients in the placebo group had an endoscopic relapse (p-value<0.001)

There were no signi�cant differences between the two groups regarding the biochemical analysis at baseline. At the end of the
intervention period (16 weeks) and 6 weeks post-intervention, the mean fecal calprotectin and serum ESR and hs-CRP levels
were signi�cantly lower in the NAC group compared with the placebo group. Moreover, the mean hemoglobin level was
signi�cantly higher in the NAC group (table 2). 

There were no signi�cant changes in clinical laboratory parameters in either treatment group. Signi�cantly more patients
reported nausea in the NAC group (19.51%) compared with the placebo (3.48%) group (p=0.001). But no patient left the study
due to nausea.

Discussion:
Remission maintenance is an essential issue in managing IBD [15] and different approaches including 5-ASA, steroids, and
biological agents are used for this purpose. However, partial effectiveness, high price, and serious side-effects demanded the
investigation of new strategies to maintain remission in UC patients. Considering the antioxidant and anti-in�ammatory
potential of N-acetylcysteine, different animal studies aimed at investigating its effect in ulcerative colitis and showed that NAC
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effectively improved the mucosal damage, antioxidant and anti-in�ammatory status [5, 9, 10, 12, 13]. To the best of our
knowledge, there is only one human study that assessed the effect of NAC in patients with ulcerative colitis [13]. Guijarro et al in
a short-term pilot study investigated the effect of 4-week supplementation of NAC with Mesalamine on the induction of
remission in UC patients and showed that compared with baseline, the disease activity score and serum level of in�ammatory
factors were signi�cantly lower in NAC group but not in the placebo group. However, there were no signi�cant differences
between the two groups regarding achieving clinical remission [13]. In the present study, for the �rst time, we investigated the
effect of N-acetylcysteine in the prevention of relapse in patients with ulcerative colitis during the tapering
phase of corticosteroids. We showed that the median relapse-free duration in the NAC group was signi�cantly longer than the
placebo group. Besides, at the end of the supplementation period, 93% of the patients in the NAC group were relapse-free,
however, in the placebo group, 81% of patients were relapse-free. In the post-intervention phase, the percent of relapse-free
patients was reached to 78% in the placebo group. In addition, we showed the positive effect of NAC on endoscopic remission
and fecal calprotectin compared with placebo. Studies indicated that fecal calprotectin is a reliable predictor of mucosal
healing in ulcerative colitis patients. So, it could be inferred that the lower level of calprotectin in the NAC group was due to
mucosal healing in these patients. 

The observed positive effect of NAC in the prevention of relapse in UC patients may be attributed to its antioxidant and anti-
in�ammatory effects. NAC is a scavenger of ROS [16] and it is a precursor of cysteine [17]. So, it has an important role in
glutathione synthesis which is the primary endogenous antioxidant [18]. Considering that the higher level of oxidative stress in
UC patients indicates the disease activation, NAC with its antioxidant activity could have bene�cial effects in preventing relapse
in UC patients. Besides, it has been shown that the antioxidant activity of NAC could also induce anti-in�ammatory properties.
NAC could inhibit the activation of NF-κB [19-21]. NF-κB is activated in response to oxidative stress [22, 23], and
induces transcription of pro-in�ammatory cytokines, chemokines, adhesion molecules, MMPs, Cox-2, and inducible nitric oxide.
These pro-in�ammatory factors, in turn, will affect the epithelial cells and promote a leaky barrier. So, NAC through its
antioxidant properties could prevent activation of NF-κB and in�ammatory responses [24]. Previous animal studies showed the
anti-in�ammatory effect of NAC in murine models of colitis. [5, 12, 25]. In the present study, we also showed the positive effect
of NAC on hs-CRP, the marker of systemic in�ammation. Studies showed the association between serum hs-CRP and disease
severity in ulcerative colitis patients [26]. However, in a previous study in ulcerative colitis patients, there were no signi�cant
differences between NAC and placebo groups regarding the hs-CRP level [13]. The observed differences between the result of
the present study and a previous human study may be due to the differences in the treatment pattern (mesalamin+NAC Vs.
steroid+NAC), duration of treatment with NAC (four weeks vs. 16 weeks) and the severity of symptoms.

The �ndings of the present study should be interpreted considering the limitations of the study. We did not evaluate the
histopathological remission. We also did not assess the degree of mucosal healing by endoscopy before randomization, but we
assessed the fecal calprotectin level that was a reliable indicator of disease activity in UC patients. Besides, the follow-up of
patients after discontinuation of NAC was relatively short (6 weeks), so, no �rm conclusion about the relapse-free time after
discontinuation of NAC should be made.

Conclusion:
In conclusion, to the best of our knowledge, this is the �rst study that assessed the effect of NAC on the maintenance of
remission in ulcerative colitis patients. The �ndings indicated that NAC in combination with a standardized steroid taper had a
signi�cantly more positive effect on the maintenance of remission compared with placebo in UC patients. However, due to the
short duration of follow-up for assessing steroid-free response, more studies with longer duration of follow up are needed.
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Tables
Table 1: Baseline characteristics of ulcerative colitis patients

Variables NAC group (n=82) Placebo group (n=86) p-value *

Age (years) 38.84±12.42 39.79±12.87 0.62

Sex n (%) male/female 42 (51.22)/40 (48.78) 37 (43)/49 (57) 0.28

Disease duration (months) 35.23±20.46 38.82±66.79 0.64

Calprotectin (µg/g) 33.45±16.09 33.78±15.74 0.89

ESR (mm/hr) 28.04±8.72 28.26±9.50 0.87

hs-CRP (mg/l) 1.13±0.90 1.23±1.01 0.48

Partial Mayo score 3.57±1.17 3.43±1.13 0.42

Hemoglobin (g/100ml) 12.01±1.49 12.03±1.55 0.92

NAC: N-acetylcysteine; ESR: erythrocyte sedimentation rate; hs-CRP: high sensitive-C reactive protein; *independent t-test

 

Table 2: Effect of interventions on clinical characteristics in ulcerative colitis patients 
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Variable Groups Beginning First month Second
month

Third month Fourth month Six weeks
post-
intervention

Calprotectin
(µg/g)

NAC
(n=82)

33.45±16.09 37.89±13.86 32.50±14.61 68.83±16.12 66.71±16.65 72.71±18.51

Placebo
(n=86)

33.78±15.74 37.56±13.47 33.64±15.54 138.28±24.41 167.91±27.80 171.42±28.56

p-value
*

0.89 0.87 0.62 0.01 0.002 0.005

ESR
(mm/hr)

NAC
(n=82)

28.04±8.72 29.01±10.06 27.17±9.45 30.88±13.42 28.36±13.39 30.23±1.57

Placebo
(n=86)

28.26±9.50 28.93±9.33 27.57±10.15 34.71±19.92 36.98±21.71 39.34±2.29

p-value
*

0.87 0.95 0.79 0.14 0.003 0.001

hs-CRP
(mg/l)

NAC
(n=82)

1.13±0.90 1.27±1.08 0.99±0.11 1.46±1.51 1.13±1.37 1.34±0.16

Placebo
(n=86)

1.23±1.01 1.26±1.12 1.08±0.12 1.75±1.93 1.69±2.12 2.22±0.22

p-value
*

0.48 0.94 0.58 0.28 0.04 0.002

Partial
Mayo score

NAC
(n=82)

3.57±1.17 2.87±0.97 2.83±1.10 2.90±1.81 2.82±1.74 2.80±0.25

Placebo
(n=86)

3.43±1.13 2.84±0.98 3.03±1.21 3.71±2.61 4.14±2.84 4.09±0.31

p-value
*

0.42 0.85 0.25 0.02 <0.001 0.007

Hemoglobin
(g/100ml)

NAC
(n=82)

12.01±1.49 12.73±1.15 13.58±0.77 13.87±0.76 14.11±0.83 14.37±0.84

Placebo
(n=86)

12.03±1.55 12.55±1.39 13.50±0.94 13.56±1.07 13.73±1.32 13.79±0.46

p-value
*

0.92 0.37 0.54 0.03 0.009 0.002

NAC: N-acetylcysteine; ESR: erythrocyte sedimentation rate; hs-CRP: high sensitive-C reactive protein; *ANCOVA: between group
comparison adjusted for age, sex and baseline values

Figures
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Figure 1

the frequency of endoscopic relapse in NAC and placebo groups

Figure 2

Time of disease relapse for patients randomized to NAC (N-acetylecyctein) or placebo groups.
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Figure 3

Flow chart for patient enrollment, randomization, and retention ITT: intention-to-treat


