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N-acetyl cysteine (NAC) has recently been proposed as an adjunctive therapy for the eradication 
of Helicobacter pylori infection due to its mucolytic, antioxidant, and antimicrobial properties. 
This study aimed to evaluate the efficacy of adding NAC to the standard 4-drug regimen 
consisting of amoxicillin, clarithromycin, pantoprazole, and bismuth subcitrate. In this double-
blind, randomized clinical trial, 92 patients with confirmed H. pylori infection were randomly 
assigned to either the intervention group or the control group (46 patients each) using a 
randomized block design. All patients received a 14-day course of amoxicillin, clarithromycin, 
pantoprazole, and bismuth subcitrate. The intervention group also received NAC tablets, while 
the control group received a placebo, matched in dose and schedule. Eradication of H. pylori 
was assessed two weeks after treatment cessation using the urea breath test. H. pylori eradication 
was achieved in 78.3% of patients in the intervention group (95% CI: 66.38–90.21) and 71.7% 
in the placebo group (95% CI: 59.57–84.49), with no statistically significant difference between 
groups (p=0.804). The overall eradication rate among all participants was 75% (95% CI: 64.72–
85.77). Of the 23 patients who failed treatment, 14 were smokers, and smoking was significantly 
associated with treatment failure (p<0.0001). Notably, eradication rates among smokers were 
significantly higher in the NAC group compared to the placebo group (p=0.041). The addition 
of NAC to standard quadruple therapy did not significantly improve H. pylori eradication 
overall, but its potential benefit in specific subgroups such as smokers suggests the need for 
further research. 
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1. Introduction 
Currently, Helicobacter pylori eradication therapy 

typically involves a combination of a proton pump 
inhibitor (PPI) or bismuth subsalicylate/subcitrate, 
along with antibiotics such as amoxicillin, 
clarithromycin, and metronidazole. Among existing 
regimens, the 3-drug combination of PPI, 
clarithromycin, and amoxicillin is commonly accepted 
as the first-line treatment. However, its efficacy is 
declining, which highlights the urgent need for safer and 
more effective treatment alternatives [1,2]. H. pylori 
possesses unique adaptations that allow it to thrive in the 
harsh gastric environment, such as biofilm formation 
and mucus layer penetration to evade acidity [3–5]. The 
resulting gastritis is marked by neutrophil infiltration 
and the release of reactive oxygen species. Studies in 
humans and animals have shown that antioxidants can 
reduce gastric inflammation and bacterial load [6–8]. 

N-acetyl cysteine (NAC), known for its mucolytic and 
antioxidant properties, has long been used in conditions 
like cystic fibrosis, chronic bronchitis, acetaminophen 
toxicity, and contrast-induced nephropathy [9,10]. In 
vitro, NAC can alter the viscoelastic properties of 
gastric mucus and exhibits antimicrobial activity [11]. 
NAC has recently been proposed as an adjunctive 
therapy for H. pylori eradication. However, evidence on 
its clinical effectiveness remains limited. This study 
evaluated the efficacy of adding NAC to the 4-drug 
regimen of amoxicillin, clarithromycin, pantoprazole, 
and bismuth subcitrate. 

2. Materials and Methods 

2.1 Study design 

This randomized, double-blind clinical trial was 
approved by the International Center for Clinical Trials 
Registration (IRCT201605201155N24). The study was 
confirmed by the ethics committee of the Guilan 
University of Medical Sciences 
[IR.GUMS.REC.1394.227]. The study included 
patients presenting with upper dyspepsia who 
underwent upper endoscopy at a hospital in Rasht, Iran, 
in 2016 and had confirmed H. pylori infection based on 
both a positive rapid urease test (RUT) and histological 
examination. Exclusion criteria included: known 
hypersensitivity to study medications, recent use of 
bismuth compounds, antibiotics, or PPI, chronic use of 
nonsteroidal anti-inflammatory drugs (NSAIDs) or 
corticosteroids, gastrointestinal obstruction, renal 
failure, gastric cancer, history of gastric surgery, 
pregnancy, and age under 18 or over 70 years. Eligible 
patients who met the inclusion criteria were randomly 
assigned to either the intervention or control group. 

2.2 Patients 

In the intervention group, patients received 600 mg of 

NAC every 12 hours, along with a 3-drug regimen 
consisting of 1000 mg of amoxicillin, 500 mg of 
clarithromycin, and 20 mg of omeprazole, all 
administered twice daily with amoxicillin and 
clarithromycin taken with breakfast and dinner, and 
omeprazole taken before breakfast and dinner. The 
control group received the same 3-drug regimen plus a 
placebo (prepared by Minoo Pharmaceuticals, Iran) 
instead of NAC. In both groups, the antibiotic regimen 
was administered for 14 days. Afterward, patients 
without peptic ulcer continued omeprazole 20 mg once 
daily for 2 additional weeks, while those with peptic 
ulcer received omeprazole treatment for an additional 4 
to 6 weeks, based on clinical need. Following the 
completion of the treatment, pantoprazole was 
discontinued, and two weeks later, a Urethane Breath 
Test (UBT) was performed to confirm H. pylori 
eradication. Throughout the study period, all patients 
were monitored for any complications. 

2.3 Statistical analysis 

The data were analyzed using SPSS version 21. 
Frequency and percentage were used to describe 
qualitative variables, while mean and range were used 
for quantitative variables. Qualitative data were 
analyzed using the chi-square test or Fisher's exact test, 
and quantitative variables were analyzed using the t-test 
to compare means. A P-value of <0.05 was considered 
statistically significant. 

3. Results 
A total of 92 patients were enrolled in the study, with 

46 patients randomized to the intervention group and 46 
patients randomized to the placebo group. The mean age 
of participants was 43.88±13.19 years, with 69.5% of 
patients under 50 years of age and 30.5% aged 50 years 
or older. Of the participants, 38.1% were male and 
61.9% were female. The mean age of patients in the 
intervention group was 42.1±14.26 years, while in the 
placebo group it was 45.65±11.93 years, with no 
significant age difference between the two groups 
(p=0.221). In the placebo group, 34.7% of patients were 
male and 65.3% were female, while in the intervention 
group, 41.3% were male and 58.7% were female. No 
significant difference in gender distribution was 
observed between the two groups (p=0.445). 

A total of 21 patients were smokers, with 11 in the 
intervention group and 10 in the placebo group 
(p=0.765). Alcohol consumption was reported by 9 
patients, with 4 in the placebo group and 5 in the 
intervention group (p=0.691). As shown in Table 1, H. 
pylori infection was confirmed in 69 out of 92 patients, 
with an overall eradication rate of 75% (95% CI: 64.72–
85.77). The eradication rate in the intervention group 
was 78.3% (95% CI: 66.38–90.21), compared to 71.7% 
in the placebo group (95% CI: 59.57–84.49) (Figure 1). 
No statistically significant difference in eradication 
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rates was observed between the oral NAC plus 4-drug 
regimen and the 4-drug regimen alone (p=0.804). Of the 
23 patients whose treatment failed, 11 were male and 12 
were female, with treatment failure being significantly 
higher in males (p=0.004). As shown in Table 2, 
eradication rates in males were significantly higher in 
the intervention group compared to the placebo group 
(73.7% vs. 62.5%; p=0.010). However, no significant 
difference was observed between the two groups in 
female patients (p=0.445). 

Of the 23 patients with treatment failure, 14 were 
smokers, and treatment failure was significantly higher 

among smokers (p<0.0001). However, H. pylori 
eradication was significantly higher in smokers in the 
intervention group compared to the placebo group 
(p=0.041) (Table 3). Among the 9 patients who 
consumed alcohol, 6 experienced treatment failure. No 
significant difference in eradication rates was observed 
between alcohol users and non-users (p=0.544). 
Additionally, there was no significant difference 
between the two groups regarding alcohol consumption 
(p=0.214) (Table 3). The most common complication 
observed was heartburn. Treatment side effects are 
summarized in Table 4.  

 
Figure 1. Comparison of treatment responsiveness in the two groups 

Table 1. Distribution of efficacy in eradication of H. pylori infection in two groups. 
Eradication of infection Placebo group n (%) Intervention group n (%) Total n (%) P value 
Treatment failure 13 (28.3) 10 (21.7) 23 (25.0) 

0.804 Eradication 33 (71.7) 36 (78.3) 69 (75.0) 
total 46 46 92 

Table 2. Distribution of H. pylori infection eradication rate in two groups disaggregated by gender 
Gender Eradication of infection Placebo group n (%) Intervention group n (%) Total n (%) P value Total P Value 
Male Treatment failure 6 (37.5) 5 (26.3) 11 (31.4) 

0.01 

0.004 

Eradication 10 (62.5) 14 (73.7) 24 (68.6) 
Total 16 (100) 19 (100) 35 (100) 

Female Treatment failure 7 (23.3) 5 (18.5) 12 (21.1) 
0.457 Eradication 23 (76.7) 22 (81.5) 45 (78.9) 

Total 30 (1000 27 (100) 57 (100) 

Table 3. Distribution of H. pylori infection eradication rate in two groups disaggregated by alcohol use and smoking 
Variables Placebo group n (%) Intervention group n (%) Total n (%) P value 

Smoking 
Treatment failure 7 (70.0) 7 (63.6) 14 (33.3) 0.041 
Eradication 3 (30.0) 4 (36.4) 7 (66.7) 
Total 10 (100) 11 (100) 21 (100) 

Alcohol use 
Treatment failure 3 (75.0)  3 (60.0) 6 (66.7) 0.214 
Eradication 1 (25.0) 2 (40.0) 3 (33.3) 
Total 4 (100) 5 (100) 9 (100) 

Table 4. Frequency of treatment complications in two groups. 
Complication Placebo group (N=46) n (%) Intervention group (N=46) n (%) Total n (%) P value 
Headache 6 (13.0) 8 (17.3)  0.507 
Nausea and vomiting 3 (6.5) 2 94.3)  0.854 
Diarrhea 4 (8.7) 2 (4.3)  0.727 
Heartburn 12 (26.1) 13 (28.2)  0.694 
Epigastric pain 4 (8.7) 3 (6.5)  0.533 
Taste disorder 3 96.5) 4 (8.7)  0.459 

 



 

 

2023, Volume 4, Number 4 

4 

Joukar et al. 

4. Discussion 
Over the past decade, the potential of adding a 

mucolytic drug as an adjunct to the standard H. pylori 
treatment regimen has garnered significant interest 
among researchers [12]. Some studies suggest that this 
adjunctive treatment can effectively aid in eradicating 
H. pylori, while others propose that its effectiveness 
may depend on specific factors, such as smoking status, 
gender, age, or race. Additionally, some studies have 
found no significant benefit from the treatment [13,14]. 
This present study found that, while NAC 
supplementation resulted in a higher eradication rate, 
the difference was not statistically significant. However, 
NAC did improve eradication rates in smokers and men 

A study conducted in Iran by Karbasi et al. found that 
H. pylori infection was eradicated in 70% of patients 
receiving an NAC treatment regimen, compared to 
60.7% in those who did not receive NAC. Although the 
NAC group showed a higher eradication rate, this 
difference was not statistically significant, similar to the 
findings in our study [15].  

In a study by Yoon et al. in Korea, the addition of 
NAC to the H. pylori treatment regimen increased the 
eradication rate to 80.5% in the NAC group, compared 
to 70% in the placebo group. However, this difference 
was also not statistically significant, aligning with our 
study's results [16]. Additionally, a study by Emami et 
al. in Isfahan, Iran, involving 121 patients, concluded 
that the addition of NAC to a three-drug regimen did not 
significantly impact the eradication of H. pylori [17]. 

On the contrary, Hamidian et al. reported that in 
patients who received NAC alongside a three-drug 
regimen containing amoxicillin, clarithromycin, and 
omeprazole, the H. pylori eradication rate was 72.9%, 
compared to 60.9% in those who did not receive NAC. 
Their study demonstrated that adding NAC to this 
regimen significantly increased the eradication rate [18]. 
A study by Fontes et al. reported that the effectiveness 
and safety of adding NAC to H. pylori treatment remain 
uncertain due to inconsistent findings, study 
heterogeneity, and limited evidence on adverse events 
[19]. Oxidative stress is thought to play a key role in H. 
pylori-induced mucosal damage. H. pylori infection 
triggers the infiltration and activation of neutrophils and 
macrophages in the gastric mucosa without directly 
invading the mucus layer [8,20].  

This immune response leads to the production of 
inflammatory mediators, including reactive oxygen 
species (ROS) and reactive nitrogen species (RNS), 
resulting in oxidative stress within the gastric tissue 
[21]. NAC is an antioxidant that generates glutathione 
and also acts as an inhibitor of hydroxyl radicals and 
hydrogen peroxide (H₂O₂). Studies have shown that 
NAC exerts both direct and indirect antioxidant effects 
[22,23].  

Animal studies have shown that NAC reduces the 
thickness of the gastric mucosa and alters its 
physicochemical properties. The mucosal layer, 

composed primarily of glycoproteins, is responsible for 
the viscosity and elasticity of the mucus, providing 
lubrication, protection, and a barrier between epithelial 
cells and gastric contents [18,24].  

While this layer offers essential benefits such as 
nutrient support and defense against stomach acid and 
enzymes, it may also serve as a refuge for bacteria like 
H. pylori, allowing them to evade the harsh gastric 
environment [25]. H. pylori initially stimulates 
increased mucin production and upregulates mucin gene 
expression. Reduced mucus viscosity has been 
associated with a higher rate of H. pylori eradication 
[26]. The use of a mucolytic agent enhances the 
eradication of H. pylori [27]. The mucolytic properties 
of NAC appear to inhibit H. pylori growth by reducing 
the hydrophobicity and thickness of the mucus layer 
[18].  

Based on the results of this study, treatment failure 
was higher in smokers compared to non-smokers, and 
also higher in men, who represented the majority of 
smokers. However, in the intervention group, the 
addition of NAC to the standard quadruple therapy 
significantly improved the eradication rate among 
smokers. Several mechanisms have been proposed to 
explain the relationship between smoking and the failure 
of H. pylori eradication therapy. The most significant 
factor contributing to treatment failure in smokers is 
non-compliance with the prescribed regimen [28]. Some 
studies have reported that pentagastrin, which 
stimulates gastric acid secretion, is significantly higher 
in long-term smokers compared to non-smokers. As a 
result, smokers have a more acidic gastric environment 
[29]. Cigarette smoking also increases oxidative stress 
and reduces antioxidant capacity [30,31].  

NAC can reduce the oxidative effects on stomach 
mucus and the inflammatory response, mitigating the 
impact of cigarette-induced oxidation, thereby 
enhancing the eradication of H. pylori infection in 
smokers [32,33]. 

However, this study has some limitations. It was 
conducted at a single center with a relatively small 
sample size, which may affect the generalizability and 
statistical power. Patient adherence was not objectively 
verified, and factors such as antibiotic resistance or 
lifestyle habits were not assessed, which could have 
influenced the eradication outcomes. Future research 
with larger, multicenter trials is recommended to 
confirm these findings. Evaluating antibiotic resistance 
patterns, treatment adherence, and lifestyle factors may 
help improve H. pylori eradication strategies. While the 
addition of NAC to the standard 4-drug regimen 
(amoxicillin, clarithromycin, bismuth, and 
pantoprazole) resulted in a higher eradication rate of H. 
pylori infection, this difference was not statistically 
significant. However, the eradication rate in smokers 
significantly improved in the intervention group with 
the inclusion of NAC, suggesting potential benefits for 
this subgroup. 
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