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Abstract

Background: The mucosal oxidative stress could be considered as an important mechanism in the pathology of Helicobacter pylori (H.pylori) infection in the stomach.

Aim of the work: Aim of the work is to assess the levels of serum and gastric mucosal oxidative stress markers of H. pylori-infected children.

Materials and methods: This study was conducted on 45 children infected with H. pylori from Pediatric Department of Benha Teaching Hospital. 45 children, age and sex-matched were chosen as controls. All children were subjected to history taking, anthropometric measurements. Laboratory investigations (complete urine and stool analysis, Complete blood count (CBC), routine liver and renal function tests), Upper Gastrointestinal Endoscopy with antral gastric mucosal biopsies which were submitted to rapid unease test, measurement of serum and gastric mucosal oxidative stress markers including tissue Malondialdehyde(MDA), superoxide dismutase (SOD), reduced glutathione (GSH), nitric oxide (NO), and catalyse.

Results: The serum and gastric mucosal levels of SOD and catalane are significantly higher in patients than in controls, while serum and gastric mucosal levels of NO and GSH are significantly lower in patients than controls. There was significantly higher gastric mucosal level of superoxide dismutase in the studied females as compared with males. There was a significant positive correlation between duration of abdominal pain and both gastric mucosal catalyses and reduced glutathione tissue levels in our studied patient group. There was a significant inverse correlation between serum reduced glutathione and serum catalyses levels in our studied patients.

Conclusion: The oxidative stress response to H. pylori infection is a mechanism involved in H. pylori infection in children 
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Introduction

Background

The global human population gets infected by H.pylori as early as in childhood and adolescence [1]. It may causes chronic gastritis, peptic ulcer disease, an increased risk of or gastric mucosa-associated lymphoid tissue (MALT) lymphoma or gastric adenocarcinoma [2]. Recently, reactive species (oxygen or nitrogen) are considered factors that influence gastro duodenal mucosal changes in H.pylori-infected patients [3]. Create a conducive environment to DNA damage leading to genetic instability and eventually neoplastic transformation [4]. Variable levels of mean serum NO, SOD, and GSH were reported in H.pylori-infected adult patients [5]. However, there is paucity of studies regarding this issue in the paediatric population.

The aim of the work

The aim of the work is to assess the levels of oxidative stress markers in the gastric mucosa of H. pylori-infected children.

Material and Methods

Design of the study and setting

This study was carried out upon 45 children infected with Helicobacter pylori with their ages ranged from 7-15 years with a mean value of 11±2.65 years who were attending the Pediatric Department of Benha Teaching Hospital in the period from July 2016 to July 2017. Forty five children, age and sex-matched with no evidence of H pylori infection were chosen and served as controls. The study was conducted after approval from the ethical committee of the Faculty of Medicine, University and informed written parental consents.

Inclusion criteria: Children with recurrent abdominal pain, vomiting, or dyspepsia.

Exclusion criteria: Children with conditions associated with systemic oxidative stress e.g. bronchial asthma, liver disease, renal disease, inflammatory bowel disease, or rheumatoid 

arthritis. Children receiving antibiotics, antacids, proton pump inhibitors, non-steroidal anti-inflammatory (NSAI) drugs, or corticosteroids within two weeks of the start of the study. Active gastrointestinal bleeding.

All children were subjected to: Full history taking, thorough clinical examination especially anthropometric measurements (weight and height).


a)	Laboratory investigations: Including complete urine and stool analysis, Complete blood count including hemoglobin level, total leucocyte and platelet counts, Liver function tests including serum bilirubin, alanine aminotransferase, aspartate aminotransferase and albumin and renal function tests include blood urea and creatinine.

b)	Upper Gastrointestinal Endoscopy: This was done for all patients with taking multiple gastric mucosal biopsies from the antrum of stomach. Biopsy specimens were submitted to rapid urease test for diagnosis of H pylori infection [6,7].

c)	Measurement of oxidative stress markers(in serum and in gastric mucosal biopsy) which include:

A.	Estimation of serum and gastric mucosal tissue Malondialdehyde (MDA) [8]

B.	Estimation of serum and gastric mucosal tissue superoxide dismutase (SOD) [9]

C.	Estimation of serum and gastric mucosal tissue reduced glutathione (GSH) [10]

D.	Estimation of serum and gastric mucosal tissue Nitric Oxide (NO) [11]

E.	Estimation of serum and gastric mucosal tissue catalyse [12]

Statistical analysis

The collected data were tabulated and statistically analyzed using Statistical Package for the Social Sciences (SPSS) software, version 17. For quantitative data, the range, mean and standard deviation were calculated. For qualitative data, comparison between two groups and more was done using Chi-square test ([image: ] 1). For comparison between means of two groups of parametric data of independent samples, Student t-test was used. Univariate parametric analysis of variance was used for comparison between more than two means of more than two different groups (F) value of analysis of variance (ANOVA). Significance was adopted at p<0.05 for interpretation of results of tests of significance [13].


Results

Table 1 summarize demographic data of studied patients and controls, there was no significant difference between patients and controls as regard age, sex, weight and height. Table 2 summarize gastrointestinal manifestations of studied patients and controls there was no significant difference between patients and controls as regard dyspepsia, recurrent vomiting, or recurrent abdominal pain but there was a significant increase in duration of abdominal pain in patients when compared to controls (p>0.05). The epigastriums were the commonest site of abdominal pain in the studied patients (70%), followed by per umbilical (20%) and diffuse (10%) abdominal pain.


Table 1:    Demographic data of patients and controls. 
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Table 2:    Gastrointestinal symptoms in studied patients and controls 
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*significant


Table 3:    Laboratory data of patients and controls 
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ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase.


Table 4:     Oxidative stress markers in patients and controls. 
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Table 3 summarize laboratory data of studied patients and controls there was no significant difference between patients and controls as regard haemoglobin %, total leucocytic count, platelets count, serum creatinine, urea levels, total serum bilirubin, alanine aminotransferase, aspartate aminotransferase, serum albumin levels. Table 4 shows comparison between patients and controls as regard serum and gastric mucosal oxidative stress markers, the serum and gastric mucosal levels of SOD, and catalyse are significantly higher in patients than in controls, the gastric mucosal level of MDA are significantly higher in patients than in controls. The present study demonstrates comparable serum Malondialdehyde concentrations in H. pylori -infected patients and control subjects. While serum and gastric mucosal levels of NO and GSH are significantly lower in patients than controls (p<0.05). There was significantly higher gastric mucosal level of SOD in the studied females as compared with males (Table 5).


Table 5:     Relationship of gastric mucosal oxidative stress markers to sex of the studied patients 

[image: ]



*significant


Table 6:     Correlation between levels of gastric mucosal oxidative stress markers and other parameters of the studied patients (n=30).
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P-value: Patients Vs Control; SOD: Superoxide Dismutase; MDA: Malondialdehyde; NO: Nitric Oxide; GSH: Reduced Glutathione; Hb: Hemoglobin; TLC: Total Leucocytic Count; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase.


Table 7:     Correlation between levels of serum oxidative Stress markers and other parameters of the studied patients (n=30). 
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*SOD: Superoxide Dismutase; MDA: Malondialdehyde; NO: Nitric Oxide; GSH: Reduced Glutathione; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase.


Table 8:     Correlation between different studied gastric mucosal oxidative stress markers. 
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Table 9:    Correlation between the different serum oxidative Stress markers of the studied patients. 
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Table 6-9 summarized correlations between the studied serum and gastric mucosal oxidative stress markers and different studied parameters and correlations between each others, there was a significant positive correlation between duration of abdominal pain and both gastric mucosal catalyse and GSH tissue levels (Figure 1 & 2) and there was a significant negative correlation between serum catalyse and serum reduced glutathione the studied patients (Figure 3).
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Figure 1:  Correlation between gastric mucosal reduced glutathione levels and duration of abdominal pain of the studied patients. 
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Figure 2:  Correlation between gastric mucosal catalase levels and duration of abdominal pain of the studied patients. 
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Figure 3:  Correlation between Serums reduced glutathione and serum catalase in the studied patients. 



Discussion

Enhanced reactive oxygen species (ROS) levels due to neutrophil infiltration in H.pylori infected patients as well as increased oxidative DNA damage in H.pylori infected mucosa has been reported [14]. Superoxide radical anion [O2--] produced by infiltrating neutrophil reacts with cellular membrane lipids leading to the formation of lipid peroxides that are metabolized to Malondialdehyde (MDA) [15]. Further, the intimate interaction between the highly virulent H. pylori with host epithelium could be another mitigating factor for increased flares and higher levels of MDA and nitric oxide (NO) [16].

In our study, there was no significant difference between H.pylori infected children and controls as regard to age. Mahmud et al. [17] who showed that although two thirds of the children infected with H.pylori belong to the age group of 5-10 years, there was no significant relationship between the age groups and H. pylori infection. Malaty et al. [18] found that the majority of children get infected with H. pylori before age of 10 years. An Egyptian study concluded that H pylori infection is alarmingly high among school children aged 6-15 years, with an overall prevalence of 72 % [19]. While Mohran et al. [20] demonstrated prevalence of 46% in their study using endoscopy on 2-17 years old Egyptian children. 

In our study, there was no significant difference between H.pylori infected children and controls as regard to sex. Several previous studies [21,22] have not been identified sex as a relevant influencing characteristic for H. pylori infection in their studies. On other side, Bin Mohanna et al. [23] revealed that females were more affected than males by H.pylori infection in their study. Naji et al. [24] found that higher level of H.pylori infection was observed among female patients in both blood antibody and stool antigen test methods (76.4% and 50%) rather than males (68.7% and 43.7%) respectively.

Females were also reported with higher prevalence of H. pylori infection than males in a study conducted about seroprevalence of H.pylori infection in large series of patients in an urban area of Saudi Arabia [25]. Hestvik et al. [26] found a significant increase in the prevalence of H. pylori colonization in boys more often than girls. These differences may be attributed to difference in sample size in each study. As regards anthropometric measurements (weight and height) of children in the present work, there was no significant difference between H.pylori-infected and non-infected children. Gokce et al. [27] results were in consistence to our results. In contrast to the present work, the study done by Pehlivanoglu et al. [28] suggested that H.pylori was associated with growth failure and short stature.

The present study showed that two thirds of H.pylori infected patients presented with recurrent abdominal pain. This finding is in agreement with study of Das B et al. [29], Liberato et al. [30] and Hasosah et al. [31] In contrast, Bode et al. [32] identified only 22% of their studied children having recurrent abdominal pain.

The epigastria area was the commonest site of abdominal pain in our studied H.pylori infected children. They reported epigastria pain is an exclusive characteristic of H.pylori infection in children [32]. This could be explained on the basis of previous studies which reported that H.pylori is the major etiologic factor in the development of chronic gastritis and peptic ulcer disease in children [33]. In this work, there were significantly higher gastric mucosal Malondialdehyde (MDA) levels in patients compared with controls. Similar results were obtained by Duran A et al. [34].

Drake et al. [35] investigated reactive oxygen species and lipid per oxidation in H.pylori associated gastritis and the effect of H.pylori eradication and found that MDA concentrations fell significantly in the mucosa of patients in whom H.pylori was successfully eradicated, but not in those in whom eradication failed. Farinati et al. [36] reported that H.pylori positive patients had significantly higher gastric tissue levels of MDA, which correlated with the level of free radical products. Ebru et al. [37] observed that there is a significant increase in MDA levels as the severity of inflammation caused by H.pylori increased.

The present study demonstrates comparable serum Malondialdehyde concentrations in H. pylori -infected patients and control subjects. However, some authors [34-38] reported that serum Malondialdehyde levels increased significantly in H. pylori- positive patients. Possible explanation to our finding might be that early clinical presentation of the studied cases reflects the existing mild degree of lipid per oxidation. It has been shown higher accumulation of lipid peroxides was found more and concentration of serum MDA increases as the disease progresses [39].

In the current work, the mean gastric mucosal level of reduced glutathione (GSH) was decreased significantly in patients infected with H. pylori when compared with controls. This agrees with Haim et al. [40] who found that gastric mucosal glutathione concentrations are depleted during chronic colonization by H.pylori. Our results is also in agreement with Obst et al. [41] who showed that addition of a cytosolic extract of H.pylori to gastric epithelial cells directly stimulated reactive oxygen formation and caused a modest decline in glutathione concentrations after 24 hours. Our results is also in agreement with Verhulst et al. [42] reported that antral mucosal glutathione concentrations were approximately 40% lower in patients infected with H.pylori compared with non-infected controls.

In the current work, the mean serum level of reduced glutathione (GSH) was decreased significantly in patients infected with H. pylori when compared with controls. Similarly, Santra [39], Ansari et al. [43] showed that levels of reduced glutathione were significantly lower in H.pylori positive patients. Depletion of glutathione in H. pylori-infected patients may be due to failure of the glutathione-dependent antioxidant defence system which results in accumulation of free radicals thus initiating membrane damage by lipid per oxidation [43]. The study of Beil et al. [44], Shirin et al. [45] found a decrease in serum reduced glutathione in H.pylori infected patients. They suggested that diminished levels of reduced glutathione may be due to direct effect of the bacterium as well as through the associated inflammatory response. Beil et al. [44] found that the level of glutathione correlates with parameters of acute and chronic inflammation, but does not correlate significantly with bacterial density, supporting the hypothesis that the depletion in glutathione is secondary to the inflammatory response to H.pylori rather than to direct interaction with the bacteria. They found that addition of H.pylori does directly affect glutathione levels, causing a very early increase in glutathione concentration followed by complete depletion of glutathione within 24 hours. Thus, a direct effect of H.pylori on reduced GSH concentrations cannot be excluded.

In this work, there were significantly higher gastric mucosal superoxide dismutase (SOD) levels in the studied patients compared with controls. These results were consistent with those of Nagata et al. [46] who supports the role of H.pylori in generation of superoxide radicals, Brodie et al. [47] who found that SOD level was higher in the antral mucosa of H.pylori positive children than in controls and Gotz et al. [48] who reported that amount and activity of magnesium-SOD in H.pylori infected antrum and corpus were found to be significantly higher than in controls.

Hazell et al. [49] found that the bacterial survival in the presence of ROS is largely due to its antioxidant defence mechanisms, including SOD, alkyl hydro peroxide reductive, thiol peroxidise, and catalase. Ansari et al. [43] reported that formation of high levels of superoxide radical by H.pylori will increase the activity of SOD in gastric mucosa. Kyoko et al. [50] demonstrated that H.pylori infection was associated with a significant increase of the expression of Magnesium-SOD in the antrum and also reported that successful eradication of the organism resulted in a decrease of the expression of Magnesium SOD.

Farkas et al. [51] declared that SOD activity was significantly higher in H.pylori-positive patients than in H.pylori-negative ones, and SOD level was significantly higher with increased H.pylori density and H.pylori positivity. Contrary to results of the present work, Akcam et al. [52] who found that myeloperoxidase, xanthine oxidase, and SOD were not different in the gastric mucosa of children who were infected and non-infected with H.pylori. The serum level of SOD was increased significantly in H.pylori -infected patients as compared to controls in the current study.

Our findings confirms earlier work of Khanzode et al. [53] who showed that serum SOD level increased significantly in H. pylori patients, diagnosed by upper gastrointestinal endoscopy, compared to controls. The rise in SOD concentrations correlated well with the rise in the degree of gastric pathology. In contrast, Blattacharjee et al. [54] found that the total level of SOD decreases significantly in Helicobacter Pylori leading to accumulation of reactive oxygen species. Gastric ulcer is associated with oxidative damage as evidenced by a significant increase in lipid per oxidation, depletion of superoxide dismutase leading to accumulation of free radicals.

In the present study serum and gastric mucosal levels of catalase increased significantly in H. pylori- positive patients as compared to controls. Moreover, our work also showed a significant inverse correlation between catalase and reduced glutathione serum levels of the studied H.pylori infected patients. H.pylori catalase proves to be important in bacterial protection from exogenous H202. This enzyme may represent another primary virulence factor in that it allows the bacterium to survive on the surface of inflamed gastric mucosa [55]. However, Bulbuloglu et al. [56] studied the association of adenosine deaminase, SOD, and catalase activities with H.pylori and found no catalase activity in some antral tissue specimens in H pylori infected patients.

In this work, there were significantly lower serum and gastric mucosal NO levels in patients compared with controls. This may be explained by the study of alain et al. [57] who found that extra cellular H. pylori can be killed by nitric oxide (NO) released from activated macrophages. H. pylori arginase competes with host cell inducible NO synthase (iNOS) for the common substrate L-arginine. Thus, H. pylori prevent NO production by host cells [58].

Similar to us, Shiotani et al. [59] found that H.pylori- positive patients had a significantly lower concentration of NO in the gastric lumen. After completing eradication therapy, the intraluminal concentrations of NO returned to the same levels as those of H.pylori-negative subjects. In contrast to this study, Lim et al. [60] found that NO which is produced by iNOS induced by H.pylori in gastric mucosal epithelial cells, can contributes to apoptotic cell death. Dominique et al. [61] studied cytotoxicity associated with induction of iNOS and reported that release of H.	pylori	lip polysaccharides in vivo leads to the local production of elevated concentrations of NO from duodenal epithelium and possibly other mucosal cells.

Conclusion

There is a clear evidence of significant oxidative alteration of the gastric mucosal cells in children infected with H. pylori. It appears that H.pylori have developed various mechanisms to escape the effect of the immune system and to defense against oxidative stress, such as constitutively expressing superoxide dismutase and catalase, which detoxify superoxide anion and hydrogen peroxide, respectively. Also, H.pylori arginase prevents host NO production. This allows a successful adaptation of H. pylori to its hostile environment of the gastric mucosa. This was proved by the lower level of reduced glutathione in the infected patients than controls mostly due to its utilization to provide protection against mucosal damage by the free radicals. Also, there were high Malondialdehyde, superoxide dismutase, and catalase levels as a response to the oxidative.
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