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ABSTRACT 
Aim: This article aimed to evaluate nitric oxide (NO) and nitric oxide synthase (iNOS) markers in patients with erosive esophagitis 

(EE) and those with non-erosive reflux disease (NERD) and compare them with the control group. 

Background: Gastro-esophageal reflux disease (GERD) is one of the most common disturbances of the upper digestive tract. 

Inducible nitric oxide synthase (iNOS) is expressed in esophageal adenocarcinoma. NO, the product of this enzyme, has been 

implicated in the pathogenesis of this condition. Nevertheless, the data on whether iNOS and NO are expressed in the early stages of 

GERD is conflicting. 

Methods: In this study, tissue samples were obtained from fifty-four patients (27 with erosive esophagitis and 27 with non-erosive 

reflux disease) and 27 controls. Tissue concentrations of nitrite, nitrate, and iNOS were measured using Enzyme-Linked Immune-

sorbent Assay (ELISA). The Bradford method was used to determine the protein concentration of samples. The results were analyzed 

by SPSS software (version 22.0). In multiple comparisons, the Tukey test was performed, and p < 0.05 was considered as the level of 

significance.   

Results Tissue amounts of iNOS were significantly higher (p= 0.001) in EE patients compared with the control group. There was a 

significant difference (p= 0.01) in this factor between EE patients and patients with NERD. Moreover, tissue levels of nitrite and 

nitrate were significantly higher (p = 0.001) in patient groups compared with the control group.   

Conclusion: It was observed that NO and iNOS protein were increased in human esophagitis tissue. The results indicated that nitric 

oxide and iNOS levels are useful and effective markers in the pathogenesis of GERD. While the results are not certain, it is thought 

that a link exists between the expressions of iNOS and disease progression. 
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Introduction  

  1 Gastro-esophageal reflux disease (GERD) is a multi-

factorial disorders of the upper digestive tract (1-3) in 
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which the acidic contents of the stomach return to the 

esophagus (4, 5). In the absence of effective sphincter, 

increased abdominal pressure causes the return of the 

acidic contents, and damage to the esophagus, and 

subsequently GERD disease (6, 7). The mechanisms 
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that encourage the pathogenesis of GERD include 

mechanical deficiencies of the lower esophageal 

sphincter, ineffective esophageal clearance, the 

presence of hiatal hernia, delayed gastric emptying, and 

increased acid secretion (8). Erosive esophagitis (EE) 

and non-erosive reflux disease (NERD) are the 

prevalent phenotypes of GERD (9). Erosive esophagitis 

is a severe form of GERD and is defined as the 

existence of a distinguished lesion in the esophagus of 

patients with or without signs of GERD that have been 

damaged by the abnormal reflux of gastric acid (10). 

The majority of GERD patients present with NERD, 

which is characterized by the absence of macroscopic 

inflammation in the esophageal mucosa (11, 12). 

Patients with abnormal acid exposure, with or without 

symptom-reflux association, in the absence of visible 

esophageal mucosal injury during upper endoscopy, are 

considered as cases of true NERD (13, 14). Esophagitis 

improves in most cases through the re-production of 

squamous cells at the end of the esophagus (15). If 

esophagitis continues, however, it can cause Barrett's 

esophagus (BE), a condition in which the normal 

stratified lining of the esophagus is replaced with a 

metaplastic specialized intestinal-type epithelium with 

goblet cells (16-19). Contrary to the past, when 

researchers considered the effects of gastric reflux to be 

due to the direct effect of acid, today some researchers 

suggest that the complications of reflux are due to the 

role of the immune system and inflammation. One of 

the proteins produced in inflammation is nitric oxide 

synthase. This enzyme produces nitric oxide during the 

conversion of L-arginine to L-citrulline (20). NOS has 

three isoforms: nNOS, eNOS, and iNOS. The pro-

inflammatory cytokines cause iNOS expression in 

monocytes/macrophages, neutrophils, and many other 

cells (21-23). As an unstable free radical, NO plays an 

important role in immune responses. The final 

oxidation products of NO are nitrite and nitrate. NO 

levels represent NOS activity like iNOS, which 

produces NO in high levels (24, 25). In humans, NO is 

a signaling molecule in many physiological and 

pathological processes (26, 27). It can act as either a 

pro-inflammatory or an anti-inflammatory factor, 

depending on its concentration (28). It is believed that 

NO causes vasodilatation in the cardiovascular system. 

Furthermore, NO is a strong neurotransmitter in the 

synapse of neurons and helps regulate apoptosis. It is 

involved in the pathogenesis of inflammatory disorders 

of the joint, intestine, and lungs (29-31). In many 

biological systems, it acts as a messenger molecule and 

affects itself through the production of circular 

guanosine monophosphate (cGMP). Soluble guanylyl 

cyclase is the receptor of NO. When these two pair 

together, GPT converts to cGMP, and then the protein 

kinase G is activated. All these are signs for the 

immigration of a cancerous cell, and it is essential to 

attack tumor cells and metastasis (32). On the other 

hand, NO can react with O2
- and create secondary 

power intermediates like ONOO- and NO2 (33, 34), 

which intervene with their cytotoxic effects through its 

effect on lipid and protein metabolism, DNA and RNA 

damage, and post-translational protein changes (35, 

36). Enhanced iNOS expression has been reported in 

different types of cancer (37-39). The goal of the 

current study was to measure the levels of nitrite, 

nitrate, and iNOS in biopsy specimens of the esophagus 

from patients with EE, NERD, and controls.   

 

Methods 

Patients  

Fifty-four patients (28 males; 26 females; 44.05 ± 

13.70 median age; age range of 18-80 years) 

undergoing upper endoscopy due to reflux symptoms 

and/or previous information from patients were entered 

in the current study. Patients were divided into 2 

groups: erosive esophagitis and non-erosive reflux 

disease. There were 27 patients in each of the EE, 

NERD, and control groups. The severity and frequency 

of GERD symptoms were assessed using a standardized 

questionnaire. Entry criteria comprised female or male, 

age 18–80, able to write informed consent, patients 

with typical reflux symptoms experiencing symptoms 

at least three times a week. Typical symptoms of reflux 

were determined as heartburn and regurgitation. 

Patients with other symptoms of reflux were not 

included in this investigation. Exclusion criteria 

comprised taking NSAIDs, corticosteroids, anti-allergic 

drugs, or other immunosuppressive drugs, proton pump 

inhibitors (PPI), or H2 antagonists (at least two months 

before sampling), having an upper digestive system 

disease (like cancers, peptic ulcers, polyps, and 

Barrett’s esophagus) or a mal-absorptive disease (like 
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celiac disease, Crohn’s disease, vasculitis, or ulcerative 

colitis).  

Control subjects 

The volunteers who entered this experiment as the 

control group were from the general population of 

Mazandaran (including subjects who wanted to have a 

checkup). Health was determined as physical and social 

well-being and the lack of any acute or chronic 

illnesses and no acute or chronic drug use (40). 

Exclusion criteria comprised micronutrient 

supplementation, smoking, or pregnancy. 

Ethical Considerations  

Informed written consent was obtained from all 

patients before endoscopy. This study was approved by 

the human subjects ethics board of Babol University of 

Medical Sciences and was conducted in accordance 

with the Helsinki Declaration of 1975, as revised in 

2013. All protocols involving patients and control 

subjects were confirmed by the Ethics Committee of 

Babol University of Medical Sciences with the code 

number (P/J/30/1384, 96/11/04). 

Sampling and Assay 

During endoscopy, a sample esophagus biopsy was 

taken from each patient. Each sample was then washed 

in cold phosphate buffered saline (PBS) and was 

immediately frozen at -80 °C. After sample collection 

was completed, all biopsy tissues were weighed, and a 

determined amount of protease inhibitor cocktail and 

PBS were added for tissue homogenization with an 

ultrasonic device. Then, the supernatant was isolated by 

centrifugation to measure the factors. The supernatant 

was divided into four portions and stored at −20 °C. 

Biochemical Assays 

The Bradford test (41) was performed for each 

sample to determine the protein content of the tissue. 

The Bradford method is based on the shift in 

absorbance maximum of Coomassie Brilliant Blue dye 

from 465 to 595 nm following binding to denatured 

proteins in the sample. With this method, the level of 

protein can be measured by determining the amount of 

dye, which is determined by measuring the absorbance 

of the sample at 595 nm. 

Tissue iNOS concentrations were measured using 

the human iNOS assay kit (product code: E0928Hu) 

provided by Bioassay Technology Laboratory (China) 

according to the manufacturer’s guides. 

Nitrate concentrations were measured 

spectrophotometrically (Microplate reader, model: RT 

2100C, Hamburg, Germany), using the human nitric 

oxide assay kit (lot: NO1471), provided by 

Biocorediagnostik Ulm GmbH (Zell Bio GmbH, 

Germany). To measure nitrite, nitrate reduction was 

prevented by deleting nitrate reductase from the assay.  

Statistical Analysis  

SPSS software (version 22.0) was used to analyze 

the data. One way analysis of variance was applied to 

test nitrite, nitrate, and iNOS levels in the three groups 

under study. In multiple comparisons, the Tukey test 

was performed, and a p-value < 0.05 was considered as 

significant. 

Calculate 

INOS concentration (U/L) × Dilution factor  

                                                           =U/mg 

protein 

The protein concentration of samples (mg/ml) × 

Dilution factor 

 

Nitrite or nitrate (µmol/l) × 1000       mmol/l            

Calculate in the intended volume            Calculate in 

one gram of tissue.  

 

Results 

The mean ages of patients in the EE, NERD, and 

control groups were 45.62 ± 15.6, 42.48 ± 11.7, and 

44.74 ± 13.2 years, respectively. Table 1 demonstrates 

the demographic information of the patient and control 

groups, which were relatively similar. Evaluation of 

biochemical parameters (Table 2) indicated a statistical 

significance in GERD patients compared with the 

control group. Nitrite, nitrate, and iNOS factors were 

statistically different between patients with GERD and 

control subjects. In multiple comparisons of 

biochemical characteristics between groups using the 

Tukey test, as shown in Table 3 and Figure 1, it was 

found that the levels of iNOS were significantly higher 

(p= 0.001) in patients with erosive esophagitis 

compared with the control group. Moreover, iNOS 

levels were significantly higher (p= 0.01) in patients 

with EE compared with those with NERD. Tissue 

levels of nitrite and nitrate were significantly higher (p= 

0.001, p= 0.001, respectively) in the patient groups 

compared with control subjects. This finding indicates 
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that even though their tissue is healthy during 

endoscopy, NERD patients have high inflammatory 

factors, similar to patients with EE. In esophageal 

biopsies from the study patients, the results indicated 

significant increases in nitrite, nitrate, and iNOS. Thus, 

the development of acute reflux esophagitis is 

associated with increased nitrite, nitrate, and iNOS 

protein in the esophageal squamous epithelium. The 

current results indicated that NO and iNOS levels are 

useful, effective markers in the pathogenesis of GERD. 

It is also thought that a link between the expressions of 

iNOS and disease progression exists, though more 

research is needed to confirm this finding.  

 

Table 1. Demographic characteristics of patients and control subjects 

Variable 
Age (mean ± SD, year) 

Erosive esophagitis (n = 27) 
45.62 ± 15.6 

Non-erosive reflux disease (n = 27) 
42.48 ± 11.7 

Control subjects (n = 27) 
44.74 ± 13.2 

Gender (%) 
Male 
Female 

 
15 (55.5%) 
12 (44.4%) 

 
13 (48.1%) 
14 (51.9%) 

 
14 (51.9%) 
13 (48.1%) 

Marital status (%) 
Married 
Single 

 
21 (77.8%) 
6 (22.2%) 

 
23 (85.2%) 
4 (14.8%) 

 
22 (81.5%) 
5 (18.5%) 

 
 
Table 2. Comparison of biochemical characteristics of patients with GERD and control subjects 

 N Mean Std. 
Deviation 

Std. 
Error 

95% Confidence Interval for Mean 
Lower Bound       Upper Bound 

Nitrite                   Control 
(mM/gr tissue)      Erosive esophagitis 
                              Non erosive reflux disease 
                              Total 

27 
27 
27 
81 

289.48 
401.96 
421.07 
370.84 

21.04 
17.32 
22.73 
61.82 

4.05 
3.33 
4.37 
6.86 

281.16 
395.11 
412.08 
357.17 

297.81 
408.81 
430.07 
384.51 

Nitrate                   Control 
(mM/gr tissue)      Erosive esophagitis 
                              Non erosive reflux disease 
                              Total 

27 
27 
27 
81 

452.31 
500.53 
500.24 
484.36 

20.99 
29.30 
23.58 
33.51 

4.04 
5.63 
4.53 
3.72 

444.00 
488.94 
490.91 
476.95 

460.61 
512.12 
509.57 
491.77 

iNOS                    Control 
(U/mg protein)     Erosive esophagitis 
                             Non erosive reflux disease 
                             Total 

27 
27 
27 
81 

0.96 
2.45 
1.87 
1.76 

0.42 
0.93 
0.66 
0.93 

0.08 
0.18 
0.12 
0.10 

0.79 
2.08 
1.61 
1.55 

1.13 
2.82 
2.14 
1.97 

 

Table 3. Multiple comparisons of biochemical characteristics between groups using Tukey test 

Dependent Variable              (I) Type                         (J) Type Mean 
Difference (I-J) 

P 
value 

95% Confidence Interval 
Lower Bound Upper Bound 

Nitrite        Control                                 Erosive esophagitis 
(mM/gr tissue)                                       Non-erosive reflux disease 
Erosive esophagitis              Control 
Non-erosive reflux disease 

Non-erosive reflux disease   Control 
Erosive esophagitis 

-112.47 
-131.58 
112.47 
-19.11 
131.58 
19.11 

0.001 
0.001 
0.001 
0.003 
0.001 
0.003 

-125.80 
-144.91 
99.15 
-32.43 
118.26 
5.78 

-99.15 
-118.26 
125.80 
-5.78 

144.91 
32.43 

Nitrate       Control                                  Erosive esophagitis 
(mM/gr tissue)                                        Non-erosive reflux disease 
Erosive esophagitis               Control 
Non-erosive reflux disease 

Non-erosive reflux disease   Control 
Erosive esophagitis 

-48.22 
-47.93 
48.22 
0.28 

47.93 
-0.28 

0.001 
0.001 
0.001 
0.999 
0.001 
0.999 

-64.39 
-64.10 
32.04 
-15.88 
31.76 
-16.46 

-32.04 
-31.76 
64.39 
16.46 
64.10 
15.88 

iNOS        Control                                   Erosive esophagitis 
(U/mg protein)                                        Non-erosive reflux disease 
Erosive esophagitis               Control 
Non-erosive reflux disease 

Non-erosive reflux disease   Control 
Erosive esophagitis 

-1.49 
-0.91 
1.49 
0.57 
0.91 
-0.57 

0.001 
0.001 
0.001 
0.010 
0.001 
0.010 

-1.95 
-1.37 
1.03 
0.11 
0.45 
-1.03 

-1.03 
-0.45 
1.95 
1.03 
1.37 
-0.11 

The mean difference is significant at the 0.05 level 
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Figure 1. Comparison of biochemical parameters (Nitrite, 
Nitrate, and iNOS) in control subjects, EE, and NERD. As it 
is known, the iNOS factor in EE patients was higher than the 
NERD and control group, while the nitrite and nitrate levels 
were high in the two groups of patients and had a significant 
difference with the control group. 
 

 

Discussion 

Analyzing cellular events in damage of the esophagus is 

essential for a further understanding of the disease 

pathogenesis as well as the development of novel 

therapies (42). Researchers in the last few decades have 

shown that NO has a role in tumor process (43, 44). 

Nonetheless, many studies have shown that NO is a 

“double-edged sword.” In fact, over-production of NO 

results in adverse outcomes. NO can cause cytotoxic 

effects. It has also been said that NO generated by tumor 

cells may cause the suppression of lymphocytes, 

consequently preventing the immune system from 

monitoring malignant cells (45, 46). Therefore, NO was 

examined in the current study, and the results 

demonstrated that tissue levels of nitrite and nitrate were 

significantly higher (p = 0.001, p = 0.001, respectively) in 

the patient groups compared with the control group. These 

findings indicate that that even though tissue in patients 

with NERD is healthy during endoscopy, the 

inflammatory factors are high in these patients, similar to 

patients with EE. Thus, nitrite and nitrate have an 

important relationship with these diseases. Additionally, it 

was observed that iNOS level was significantly enhanced 

(p = 0.001) in the patient groups compared to the controls. 

Levels of iNOS were also significantly higher (p= 0.01) in 

patients with EE compared with the NERD group. These 

findings are consistent with those of McAdam et al. (47), 

who confirmed enhanced levels of iNOS and NO in 

adenocarcinoma of the esophagus. McAdam et al. 

investigated the role of iNOS and NO in DNA damage 

and NF-kB signaling in cells of the esophagus in a 

laboratory environment. They showed that refluxed 

contents including gastric acid and bile salts can motive 

the iNOS expression and NO production in the esophagus. 

The iNOS regulated by continuous reflux causes the 

production of NO and potentially activates NF-kB. The 

base level of NF-kB is dependent on iNOS, and inhibition 

of iNOS remarkably decreases NF-kB activity. These 

results are compatible with the experiment of Ferguson et 

al. (48), the results of which indicated inflammatory 

disturbance can cause carcinogenesis with the activation 

of iNOS. Enhanced expression of this enzyme has been 

found in adenocarcinoma of the esophagus, BE, and EE. 

Moreover, Tanaka et al. (49) tested iNOS expression in 

human squamous cell carcinoma of the esophagus in 57 

patients with esophageal cancer. In their study, 

intracellular NO was considered as a DNA damage agent. 

The expression of iNOS increased in 50 out of the 57 

people. The researchers concluded that an increase in 

iNOS expression was associated with malignant 

esophageal cancer. Wilson et al. (50) stated that COX-2 

and iNOS are inflammation mediators and regulators of 

epithelial cell growth. To specify the contribution of iNOS 

and COX-2 in Barrett's-associated neoplasia, they 

investigated the expression of these genes in metaplastic 

Barrett's and esophageal adenocarcinomas. They found 

elevated iNOS and COX-2 mRNA levels in Barrett's 

mucosa compared with paired gastric control tissues. 

These results support the hypothesis that iNOS and COX-

2 are involved early and often in Barrett's-associated 

neoplastic development. In general, among the research 

reported on GERD illness, the most usual conclusion is 

enhanced ROS and RNS generation. The accurate role of 
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these reactive species in the pathophysiology of GERD is 

not yet clear, but if ROS or RNS play a role in tissue 

injury, then antioxidant remedy is beneficial and can 

decrease the intensity of illnesses (51). 

A number of researchers have tested iNOS expression 

in human adenocarcinomas of several organs, like the 

lung, stomach, and prostate [52-54], and in Barrett's 

esophageal mucosa. Nonetheless, none of these studies 

have indicated the localization of iNOS in squamous 

cells or squamous cell carcinomas of the human 

esophagus. For further future study, histology tests are 

suggested to determine which cells increase the amount 

of iNOS and the localization of the increased iNOS 

expression. Furthermore, the measurement of NF-κB 

signaling and DNA damage, which are proposed to be 

downstream of iNOS signaling, could be evaluated to 

understand the role/function of iNOS upregulation in 

NERD and EE samples. 

The current study investigated the expression levels of 

iNOS and its downstream molecules in EE, NERD, and 

control groups. Some in vitro work has been performed 

in the field to suggest mechanisms by which iNOS 

pathways contribute to carcinogenic states. While iNOS 

has been associated with Barrett's metaplasia and 

esophageal adenocarcinomas for several years, its 

expression in pathological states before Barrett's are not 

well investigated in patient samples.  

While the cohort size is limited, the initial results look 

promising. In the current study, NO and iNOS protein 

were increased in human esophagitis tissue. The high 

generation of NO may be associated with 

immunosuppression in esophageal adenocarcinoma. The 

adjustment of NO generation by agents may be beneficial 

in the remedy of esophageal adenocarcinoma. 

Furthermore, the current results show that NO, iNOS, and 

nitrosative stress plays a key role in the pathophysiology 

of GERD. Nonetheless, whether nitrosative stress is the 

result of inflammation or the cause of it is not yet clear. 

Therefore, supplementary studies are needed to determine 

an accurate mechanism. 

 

Acknowledgment  

The authors thank the personnel of the endoscopy 

ward of Ayatollah Rouhani Hospital, the personnel of 

the Cellular and Molecular Research Center of Babol 

University of Medical Sciences, and Dr. Seyed Saeid 

Mohammady Bonahi (MD, Gastroenterologist) for his 

helpful assistance in patient recruitment. 

Conflict of interests 

The authors declare that they have no conflict of 

interest. 

References  

1. De Giorgi F, Palmiero M, Esposito I, Mosca F, Cuomo R. 
Pathophysiology of gastro-oesophageal reflux disease. Acta 
Otorhinolaryngol Ital 2006;26:241-6. 

2. Yoshida N. Inflammation and oxidative stress in 
gastroesophageal reflux disease. J Clin Biochem Nutr 
2007;40:13-23. 

3. Vakil N, van Zanten SV, Kahrilas P, Dent J, Jones R; 
Global Consensus Group. The Montreal definition and 
classification of gastroesophageal reflux disease: a global 
evidence-based consensus. Am J Gastroenterol 
2006;101:1900-20. 

4. Chen L, Chen Y, Li B. The efficacy and safety of proton-
pump inhibitors in treating patients with non-erosive reflux 
disease: a network meta-analysis. Sci Rep 2016;6:32126. 

5. Dent J, El-Serag HB, Wallander MA, Johansson S. 
Epidemiology of gastro-oesophageal reflux disease: a 
systematic review. Gut 2005;54:710-7. 

6. Wang RH. From reflux esophagitis to Barrett's esophagus 
and esophageal adenocarcinoma. World J Gastroenterol 
2015;21:5210-9. 

7. Crookes PF, Peters JH, DeMeester TR. Physiology of the 
antireflux barrier and diagnostic tests of foregut 
function. Sem Laparosc Surg 1995;2:10–26. 

8. Peter J, John E. Gastroesophageal reflux disease and its 
complication, including Barrett's metaplasia. In: Feldman M, 
Lawrence SF, Marvin HS, Eds. Sleisenger & Fordtran's 
Gastroin-testinal and Liver Disease: Pathophysiology, 
Diagnosis, Management. 7th ed. Philadelphia: WB Saunders 
Co. 2002. P.599-600. 

9. Frootan M, Choobtashani S, Azargashb E, Amin PM, 
Hamide M, Zali MR, Haleh A. Non-erosive reflux disease 
compared with erosive esophagitis with regards to acid reflux 
and symptom patterns. Turk J Gastroenterol 2011;22:464-71. 

10. Lundell LR, Dent J, Bennett JR, Blum AL, Armstrong D, 
Galmiche JP, et al. Endoscopic assessment of oesophagitis: 
clinical and functional correlates and further validation of the 
Los Angeles classification. Gut 1999;45:172-80. 

11. Orlando LA, Orlando RC. Dilated intercellular spaces as a 
marker of GERD. Curr Gastroenterol Rep 2009;11:190-4. 

12. Fass R. Erosive esophagitis and nonerosive reflux disease 
(NERD): comparison of epidemiologic, physiologic, and 
therapeutic characteristics. J Clin Gastroenterol 2007;41:131-
7. 



Nejat PishKenari F. et al 85 

Gastroenterol Hepatol Bed Bench 2022;15(1): 79-86 

13. Giacchino M, Savarino V, Savarino E. Distinction 
between patients with non-erosive reflux disease and 
functional heartburn. Ann Gastroenterol 2013;26:283-289. 

14. Aziz Q, Fass R, Gyawali CP, Miwa H, Pandolfino JE, 
Zerbib F. Functional Esophageal Disorders. Gastroenterology 
2016:S0016-5085(16)00178-5. 

15. Taddei A, Fabbroni V, Pini A, Lucarini L, Ringressi MN, 
Fantappiè O, et al. Cyclooxygenase-2 and inflammation 
mediators have a crucial role in reflux-related esophageal 
histological changes and Barrett's esophagus. Dig Dis Sci 
2014;59:949-57. 

16. Bhardwaj V, Gokulan RC, Horvat A, Yermalitskaya L, 
Korolkova O, Washington KM, et al. Activation of NADPH 
oxidases leads to DNA damage in esophageal cells. Sci Rep 
2017;7:9956. 

17. Kuramochi H, Vallböhmer D, Uchida K, Schneider S, 
Hamoui N, Shimizu D, et al. Quantitative, tissue-specific 
analysis of cyclooxygenase gene expression in the 
pathogenesis of Barrett's adenocarcinoma. J Gastrointest Surg 
2004;8:1007-16. 

18. Spechler SJ, Goyal RK. Barrett's esophagus. N Engl J 
Med 1986;315:362-71. 

19. Spechler SJ, Fitzgerald RC, Prasad GA, Wang KK. 
History, molecular mechanisms, and endoscopic treatment of 
Barrett's esophagus. Gastroenterology 2010;138:854-69. 

20. Ehsani MJ, Maleki I, Mohammadzadeh F, Mashayekh A. 
Epidemiology of gastroesophageal reflux disease in Tehran, 
Iran. J Gastroenterol Hepatol 2007;22:1419-22. 

21. Cook HT, Cattell V. Role of nitric oxide in immune-
mediated diseases. Clin Sci (Lond) 1996;91:375-84. 

22. Förstermann U, Closs EI, Pollock JS, Nakane M, Schwarz 
P, Gath I, et al. Nitric oxide synthase isozymes. 
Characterization, purification, molecular cloning, and 
functions. Hypertension 1994;23:1121-31. 

23. Nathan C, Xie QW. Nitric oxide synthases: roles, tolls, 
and controls. Cell 1994;78:915-8. 

24. Saijo F, Milsom AB, Bryan NS, Bauer SM, Vowinkel T, 
Ivanovic M, et al. On the dynamics of nitrite, nitrate and other 
biomarkers of nitric oxide production in inflammatory bowel 
disease. Nitric Oxide 2010;22:155-67. 

25. Kolios G, Valatas V, Ward SG. Nitric oxide in 
inflammatory bowel disease: a universal messenger in an 
unsolved puzzle. Immunology 2004;113:427-37. 

26. Gonon AT, Erbas D, Bröijersén A, Valen G, Pernow J. 
Nitric oxide mediates protective effect of endothelin receptor 
antagonism during myocardial ischemia and reperfusion. Am 
J Physiol Heart Circ Physiol 2004;286:H1767-74. 

27. Moncada S, Palmer RM, Higgs EA. Nitric oxide: 
physiology, pathophysiology, and pharmacology. Pharmacol 
Rev 1991;43:109-42. 

28. Pfeilschifter J, Eberhardt W, Hummel R, Kunz D, Mühl 
H, Nitsch D, et al. Therapeutic strategies for the inhibition of 
inducible nitric oxide synthase--potential for a novel class of 
anti-inflammatory agents. Cell Biol Int 1996;20:51-8. 

29. Zhao Y, Vanhoutte PM, Leung SW. Vascular nitric oxide: 
Beyond eNOS. J Pharmacol Sci 2015;129:83-94. 

30. Ying L, Hofseth LJ. An emerging role for endothelial 
nitric oxide synthase in chronic inflammation and cancer. 
Cancer Res 2007;67:1407-10. 

31. J Sharma JN, Al-Omran A, Parvathy SS. Role of nitric 
oxide in inflammatory diseases. Inflammopharmacology 
2007;15:252-9. 

32. Jadeski LC, Hum KO, Chakraborty C, Lala PK. Nitric 
oxide promotes murine mammary tumour growth and 
metastasis by stimulating tumour cell migration, invasiveness 
and angiogenesis. Int J Cancer 2000;86:30-9. 

33. Koppenol WH. The basic chemistry of nitrogen monoxide 
and peroxynitrite. Free Radic Biol Med 1998;25:385-91. 

34. Ischiropoulos H, Zhu L, Chen J, Tsai M, Martin JC, 
Smith CD, et al. Peroxynitrite-mediated tyrosine nitration 
catalyzed by superoxide dismutase. Arch Biochem Biophys 
1992;298:431-7. 

35. Hofseth LJ, Hussain SP, Wogan GN, Harris CC. Nitric 
oxide in cancer and chemoprevention. Free Radic Biol Med 
2003;34:955-68. 

36. Kaneko K, Akuta T, Sawa T, Kim HW, Fujii S, Okamoto 
T, et al. Mutagenicity of 8-nitroguanosine, a product of 
nitrative nucleoside modification by reactive nitrogen oxides, 
in mammalian cells. Cancer Lett 2008;262:239-47. 

37. Kojima M, Morisaki T, Tsukahara Y, Uchiyama A, 
Matsunari Y, Mibu R, et al. Nitric oxide synthase expression 
and nitric oxide production in human colon carcinoma tissue. 
J Surg Oncol 1999;70:222-9. 

38. Thomsen LL, Miles DW, Happerfield L, Bobrow LG, 
Knowles RG, Moncada S. Nitric oxide synthase activity in 
human breast cancer. Br J Cancer 1995;72:41-4. 

39. Cobbs CS, Brenman JE, Aldape KD, Bredt DS, Israel 
MA. Expression of nitric oxide synthase in human central 
nervous system tumors. Cancer Res 1995;55:727-30. 

40. Huber M, Knottnerus JA, Green L, van der Horst H, 
Jadad AR, Kromhout D, et al. How should we define health? 
BMJ 2011;343:d4163. 

41. Kruger NJ. The Bradford method for protein quantitation. 
In: Walker JM, Ed. The protein protocols handbook. New 
York: Springer; 2009. P.17-24. 

42. Nejat Pish-Kenari F, Qujeq D, Maghsoudi H. Some of the 
effective factors in the pathogenesis of gastro-oesophageal 
reflux disease. J Cell Mol Med 2018;22:6401-6404. 

43. Ziche M, Morbidelli L, Choudhuri R, Zhang HT, Donnini 
S, Granger HJ, et al. Nitric oxide synthase lies downstream 
from vascular endothelial growth factor-induced but not basic 
fibroblast growth factor-induced angiogenesis. J Clin Invest 
1997;99:2625-34. 

44. Gal A, Tamir S, Tannenbaum SR, Wogan GN. Nitric 
oxide production in SJL mice bearing the RcsX lymphoma: a 
model for in vivo toxicological evaluation of NO. Proc Natl 
Acad Sci U S A 1996;93:11499-503. 



86  Nitric oxide and inducible nitric oxide synthase levels in EE and NERD patients 
 

Gastroenterol Hepatol Bed Bench 2022;15(1):79-86 

 

45. Bentz BG, Simmons RL, Haines GK 3rd, Radosevich JA. 
The yin and yang of nitric oxide: reflections on the 
physiology and pathophysiology of NO. Head Neck 
2000;22:71-83. 

46. Chandra R, Haines GK 3rd, Bentz BG, Shah P, Robinson 
AM, Radosevich JA. Expression of nitric oxide synthase type 
3 in reflux-induced esophageal lesions. Otolaryngol Head 
Neck Surg 2001;124:442-7. 

47. McAdam E, Haboubi HN, Forrester G, Eltahir Z, 
Spencer-Harty S, Davies C, et al. Inducible nitric oxide 
synthase (iNOS) and nitric oxide (NO) are important 
mediators of reflux-induced cell signalling in esophageal 
cells. Carcinogenesis 2012;33:2035-43. 

48. Ferguson HR, Wild CP, Anderson LA, Murphy SJ, 
Johnston BT, Murray LJ, et al. Cyclooxygenase-2 and 
inducible nitric oxide synthase gene polymorphisms and risk 
of reflux esophagitis, Barrett's esophagus, and esophageal 
adenocarcinoma. Cancer Epidemiol Biomarkers Prev 
2008;17:727-31. 

49. Tanaka H, Kijima H, Tokunaga T, Tajima T, Himeno S, 
Kenmochi T, et al. Frequent expression of inducible nitric 
oxide synthase in esophageal squamous cell carcinomas. Int J 
Oncol 1999;14:1069-73. 

50. Wilson KT, Fu S, Ramanujam KS, Meltzer SJ. Increased 
expression of inducible nitric oxide synthase and 
cyclooxygenase-2 in Barrett's esophagus and associated 
adenocarcinomas. Cancer Res 1998;58:2929-34. 

51. A Farhadi A, Fields J, Banan A, Keshavarzian A. 
Reactive oxygen species: are they involved in the 
pathogenesis of GERD, Barrett's esophagus, and the latter's 
progression toward esophageal cancer? Am J Gastroenterol 
2002;97:22-6. 

52. Klotz T, Bloch W, Volberg C, Engelmann U, Addicks K. 
Selective expression of inducible nitric oxide synthase in 
human prostate carcinoma. Cancer 1998;82:1897-903. 

53. Fujimoto H, Sasaki J, Matsumoto M, Suga M, Ando Y, 
Iggo R, et al. Significant correlation of nitric oxide synthase 
activity and p53 gene mutation in stage I lung 
adenocarcinoma. Jpn J Cancer Res 1998;89:696-702. 

54. Hahm KB, Lee KJ, Kim JH, Cho SW, Chung MH. 
Helicobacter pylori infection, oxidative DNA damage, gastric 
carcinogenesis, and reversibility by rebamipide. Dig Dis Sci 
1998;43:72S-77S.  

 


