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Role of Nitrites in the Genesis of Adenocarcinoma
Associated with Barrett’s Esophagus
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Abstract. Background: Barrett’s esophagus (BE) is one of
the complications of gastroesophageal reflux disease
(GERD) and a premalignant condition. It consists of a
process of replacement of the squamous epithelium of the
esophagus by intestinal columnar epithelium containing
goblet cells, known as specialized intestinal metaplasia with
goblet cells, and several factors have been related to its
pathogenesis. The objective of this study was to evaluate an
experimental model of duodenogastroesophageal reflux and
the effect of ingestion of sodium nitrite solution on the
genesis of adenocarcinoma associated with Barrett’s
esophagus. Materials and Methods: Sixty male Wistar rats
were divided into four groups. Twenty were not submitted to
surgery and served as controls (10 animals ingesting only
water and 10 ingesting water plus a solution of sodium
nitrite), while the remaining 40 animals were submitted to
side-to-side duodenogastroesophageal anastomosis (20
animals ingesting only water and 20 ingesting water plus the
sodium nitrite solution). The Vienna classification for
dysplasia and adenocarcinoma was used in the analysis of
results. Results: After 42 weeks of observation, Barrett’s
esophagus was found in 26.3% (5/19) of the animals
submitted to surgery that had not ingested nitrites compared
to 72.3% (13/18) of the animals in the group submitted to
surgery and given nitrites. Six cases of adenocarcinoma
(33.3%) were also found in this latter group. Barrett’s
esophagus was not found in any of the animals that were not
submitted to surgery. Categories 2, 3 and 5 of the Vienna
classification were only found in the animals submitted to
surgery that also received sodium nitrite (66.7%).
Conclusion: The ingestion of sodium nitrite associated with
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duodenogastroesophageal reflux plays an important role in
the genesis of adenocarcinoma associated with Barrett’s
esophagus.

Adenocarcinoma of the esophagogastric junction is the
neoplasia that has most increased in incidence in the past
decade and its 5-year prognosis is poor if diagnosis and
treatment are not instituted at an early stage (1). Therefore, it
is very important to understand the disease process and to
institute mechanisms for its prevention. Gastroesophageal
reflux, principally the combination of gastric and duodenal
contents, is a well-known risk factor for adenocarcinoma of
the esophagogastric junction. Individuals with chronic
gastroesophageal reflux go on to develop Barrett’s
esophagus. Lifestyle and habits such as smoking and alcohol
consumption are some of the important factors involved (2).
Barrett’s esophagus (BE) is one of the complications of
gastroesophageal reflux disease (GERD) and consists of a
process of replacement of the squamous epithelium of the
esophagus by intestinal columnar epithelium containing
goblet cells, known as specialized intestinal metaplasia with
goblet cells. It is a premalignant condition affecting
principally white males over 50 years of age, the incidence
of which has been steadily increasing in Western countries.
The prevalence in the general population is not precisely
known; however, some studies have suggested that it may
range from 5 to 9% (3-5). A previous study carried out in
this teaching hospital revealed an incidence of 22.4 cases per
100,000 inhabitants or 3.57% of patients with GERD (6).
Intestinal metaplasia is considered a premalignant lesion
with an unpredictable progression to adenocarcinoma (7). The
sequence of events is well known, metaplasia—dysplasia—
adenocarcinoma, during which genetic and molecular changes
occur in the cells, induced by diverse factors such as the
activation of specific oncogenes, inhibition of tumor
suppressing genes and environmental factors (8-10).
Whereas metaplasia is the replacement of squamous
epithelial tissue by intestinal columnar epithelium, dysplasia
consists of changes in cell architecture. Dysplasia is defined
as a truly premalignant condition and the severity of
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cytological and architectural abnormalities is used to classify
the grade of dysplasia (11).

Differentiation between low-grade dysplasia (LGD) and
high-grade dysplasia (HGD) depends on the distribution of
the nucleus, which remains confined to the basal half of the
cells in so-called LGD, but is found randomly distributed
between the basal and apical halves in cases of HGD. The
difference between HGD and carcinoma in situ is that in the
former, the lamina propria is unaffected, whereas in
carcinoma in situ, the basal membrane is corrupted and the
lamina propria invaded (12).

Sodium and potassium nitrites and nitrates are inorganic
substances found in nature, in a large variety of food products
consumed by man, in drinking water and in fertilizers. They
are widely used in the food industry as preservatives for meat,
tinned goods and smoked products (13-18).

Since the classic study of Sugimura et al. (15) in which
adenocarcinoma was successfully induced in the stomach of
rats following the use of N-methyl-N-nitro-N-nitrosoguanidine
and because of the elevated incidence of gastric carcinoma in
countries such as Chile and Colombia where the drinking
water and soil are rich in nitrites, and also in Iran where
smoked food, particularly fish, is widely consumed, interest
in the study of nitrous compounds has increased (16-19).

Experimental models have been used to produce
adenocarcinoma with and without the use of carcinogens in
the normal esophagogastric junction and in BE (20-22).
Chen et al. (23) induced carcinomas in an experimental
gastroesophageal reflux model in rats in association with the
use of iron administered intramuscularly. This procedure is
reproducible in the laboratory and is well-tolerated by the
animals.

To the best of our knowledge, no studies have been
published in which nitrites have been used in association
with a gastroesophageal reflux model to study their
association with BE and adenocarcinoma in this region of
the digestive tract, which was the objective of the present
study.

Materials and Methods

The study was carried out in compliance with the Ethical Principles
for Animal Experimentation adopted by the Brazilian College for
Animal Experimentation (COBEA) and was approved by the Ethics
Committee on Animal Experimentation (CEEEA) of the University
of Campinas.

Sixty male Wistar rats (Rattus norvegicus albinus), considered
healthy and specific pathogen-free, of around three months of life
and weighing approximately 250 g were used in the study. During
the experiment, the animals were housed separately in individual
cages, maintained at room temperature under continuous airflow
with relative humidity of 50% and day/night light cycles. The
animals were fed with standard solid rat chow and given filtered
drinking water ad libitum. They were observed daily for the
evaluation of any possible behavioral or physiological changes.
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Figure 1. Schematic representation of side-to-side duodenogastro-
esophageal anastomosis.

Twenty animals were separated into two control groups of 10
animals each. The first group (G1) received the standard diet and
filtered water. The second group (G2) received the standard diet and
filtered water containing 0.75 mg/ml sodium nitrite in for 42 weeks.

Forty animals (groups G3 and G4) were anesthetized with
sodium pentobarbital (30 mg/kg i.v.) through the dorsal vein of the
tail following 12 hours of fasting. Side-to-side duodenogastro-
esophageal anastomosis was performed using 5-0 Prolene sutures,
as shown in Figure 1.

Twenty of the animals submitted to surgery (G3) received filtered
water from 12 hours after surgery and standard ration from 24 hours
after surgery. They were also observed for 42 weeks. One animal in
this group died of an unknown cause. The other 20 animals
submitted to surgery received filtered water from 12 hours after
surgery and standard ration after 24 hours (G4). After the third day
following surgery, they were provided with filtered water containing
0.75 mg/ml sodium nitrite. In this group, two animals died of
unknown causes. At the end of the observation period, the animals
were again submitted to laparotomy followed by euthanasia (G3 and
G4), and the esophagogastric junction where anastomosis had
previously been performed was removed for histopathological
evaluation. The animals of the group G1 and G2 were also
submitted to laparotomy and the esophagogastric junction was
removed, serving for histopathological studies as controls. The
specimens were fixed in 10% buffered formalin, embedded in
paraffin blocks, cut into 5 mm slices using a microtome and stained
using the hematoxylin-eosin (HE) technique. The criteria used in
the histopathological reports are in accordance with the definitions
of the Vienna Classification (24) summarized in Table I.

Statistical analysis using Tukey’s test for multiple comparisons and
Fisher’s exact test was carried out. Significance was defined as
p<0.05.

Results

Statistically significant differences were found between the
groups with respect to the occurrence of BE (p<0.05), which
was found both with and without dysplasia only in the groups
of animals submitted to surgery. In G3, BE was found in 26.3%
(5/19) of the animals, whereas in G4 it was found in 72.3%
(13/18) of the animals. In G4, six animals (33.3%) were found
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Barrett's Esophagus (BE)
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Figure 2. Distribution of the study groups according to histopathological findings.
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Figure 3. Distribution of the study groups according to the categories of the Vienna classification.

to have adenocarcinoma associated with HGD. One case of
moderately differentiated adenocarcinoma invading up to the
muscular layer, four moderately differentiated adenocarcinomas
and one mucinous adenocarcinoma invading the adventitial
layer, were found. In G4, five animals with indefinite dysplasia
were also found (27.8%). There was no statistically significant

difference in the histopathological findings between the
animals in G2 and G3 (p>0.05) (Figure 2). Categories 2, 3 and
5 of the Vienna classification were only found in the animals
submitted to surgery and ingestion of sodium nitrite. Vienna
classification category 1 was predominant in groups G1, G2
and G3 (Figure 3).
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Table 1. Summarized categories of the Vienna classification.

Category 1 Negative for dysplasia. Architecture within the limits of normality. Absence of nuclear abnormalities
except nuclear stratification. More marked nuclear abnormalities when associated with inflammation or ulceration.
Category 2 Indefinite for dysplasia. Architecture may be moderately distorted. Nuclear abnormalities
less marked than those observed in dysplasia.
Category 3 Low-grade dysplasia. Cellular architecture with nucleus confined to the basal half of the cells.
Category 4 High-grade dysplasia. Severe abnormalities, principally if the mucosal
surface is involved; however, respecting the lamina propria.
Category 5 Invasive neoplasia. Carcinoma invades the basal membrane of the glands
in the lamina propria, but has not invaded the submucosa.
Discussion carcinogens clearly increased the incidence of adenocarcinoma

The classifications of dysplasia in BE consist of adaptations
of those used in other portions of the gastrointestinal tract:
mild, moderate or severe (4). Discrepancies between western
and eastern pathologists with respect to classification of the
grade of dysplasia in BE are common and for this reason the
S-category Vienna classification was proposed in 1998 (4, 7,
24, 25). Later, this classification was reviewed in 2002 by
one of its creators (26).

The advantages in the use of this classification system are
that it adopts the term dysplasia habitually used by Western
pathologists rather than neoplasia, and classifies diagnoses into
5 categories. Moreover, the diagnosis of invasive carcinoma
(category 5) requires confirmation that invasion has occurred
in at least the lamina propria of the mucosa. Consequently, the
Vienna classification is practical and permits greater detail in
establishing the grade of dysplasia; nevertheless, it is not yet
being used routinely in daily practice and it will be some years
yet before its efficacy in the management and treatment of
patients is confirmed (27). In the present study, the use of this
categorization was extremely helpful in classifying the
evolution of cytoarchitectural abnormalities in the animals not
submitted to surgery, in those with metaplasia, progressing
through LGD and HGD and finally reaching invasive
adenocarcinoma.

Experimental models of BE vary, with some investigators
performing total gastrectomy (11, 22, 28), and others
prefering procedures that facilitate gastric, biliary or
biliopancreatic reflux to the esophagus (20, 21, 23, 28, 29,
30). Goldstein et al. (22) and Chen er al. (23) used
experimental models of mixed reflux (gastric and duodenal
juices) without the use of carcinogens, administering iron to
the animals for 30 and 40 weeks, respectively, and
successfully achieved Barrett’s esophagus with and without
dysplasia and associated adenocarcinomas.

Comparison between the present study and even similar
experimental models is difficult in view of the variation in the
variables involved, such as the number of animals, race,
observation time, type of reflux, the carcinogen used and the
route of administration. On the other hand, the use of
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irrespective of the route of administration used. For example,
Attwood et al. (20) used duodenogastroesophageal
anastomosis, similar to the procedure used in the present
study, in a group of Sprague-Dawley rats and when
carcinogens (2-6-dimethylnitrosomorpholine and methyl-N-
amyl-nitrosamine) were administered, a high occurrence of
both spinocellular carcinoma and adenocarcinoma was
recorded, although only one adenocarcinoma was observed in
the animals not given carcinogens.

In the present experimental model which facilitated the
occurrence of mixed reflux to the esophagus, evidence
notable cytoarchitectural abnormalities occurred in the
mucosa. The association between the surgical procedure, and
the administration of sodium nitrite promoted intense tissue
reaction with ulcerative esophagitis, LGD and HGD and
invasive adenocarcinoma. These findings once again
confirmed without any doubt that this type of reflux is
responsible for the etiopathogeny of BE. It must be
emphasized that the group of animals not submitted to
surgery that also ingested nitrites did not develop BE.

Advanced studies of the molecular and cellular
mechanisms of carcinogenesis have concentrated on the
N-nitrous compounds in an attempt to discover why and how
these compounds produce tumors in a large number of animal
species with cellular and organic specificity. The N-nitrous
compounds are currently considered to represent a group of
organic substances that result from the interaction between
nitrites and amino acids present in food that has been
consumed, forming nitrosamines. This nitrosation may occur
in the food, in the interior of the digestive tract or in vitro (13,
17, 18, 30). The excessive consumption of preserved meat,
tinned or smoked products -certainly increases the
concentration of nitrites in the upper digestive tract, which,
in combination with mixed gastroesophageal reflux may
perfectly well contribute towards the etiopathogeny of BE
and its subsequent progression to dysplasia and
adenocarcinoma. Further studies need to be carried out to
evaluate these relationships in more detail.

The characteristic morphological changes of the progression
of BE to adenocarcinoma in the present animal model were
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similar to those recorded in the literature for humans, from and
duodenal reflux causing metaplasia, which then progresses
dysplasia and adenocarcinoma. It is therefore reasonable to
conclude that the mixed reflux of gastric and duodenal juices
is the principal factor triggering adenocarcinoma in the
esophagogastric junction. A possible means of prevention may
lie in implementing changes in dietary habits, avoiding food
containing preservatives and opting instead for freshly cooked
food, fruit and vegetables.

Finally, it is important that further studies be developed in
the future, paying greater attention to patients with BE and to
diets in which there is a high consumption of food containing
these preservatives.

References

1 Gerson LB and Triadafilopoulos G: Screening for esophageal
adenocarcinoma: an evidence-based approach. Am J Med //3:
499-505, 2002.

2 Gatenby PA, Caygill CP, Ramus JR, Charlett A and Watson A:
Barrett’s columnar-lined oesophagus: demographic and lifestyle
associations and adenocarcinoma risk. Dig Dis Sci 53: 1175-
1185, 2008.

3 Hirota WK, Loughney TM, Lazas DJ, Maydonovitch CL, Rholl
V and Wong RK: Specialized intestinal metaplasia, dysplasia and
cancer of the esophagus and esophagogastric junction: prevalence
and clinical data. Gastroenterology //6: 227-285, 1999.

4 Geboes K and Van Eyken P: The diagnosis of dysplasia and
malignancy in Barrett’s oesophagus. Histopathology 37: 99-107,
2000.

5 Ronkainen J, Aro P, Storskrubb T, Johansson SE, Lind T,
Bolling-Sternevald E, Vieth M, Stolte M, Talley NJ and Agréus
L: Prevalence of Barrett’s esophagus in the general population:
an endoscopic study. Gastroenterology /29: 1825-1831, 2005.

6 Andreollo NA, Michelino MU, Brandalise NA, Lopes LR,
Trevisan MA and Leonardi LS: Incidence and epidemiology of
Barrett’s epithelium at the Gastrocentro-UNICAMP. Arq
Gastroenterol 34: 22-26, 1997.

7 Fléjou JF: Barrett’s oesophagus: from metaplasia to dysplasia
and cancer. Gut 54(Suppl 1): 16-12, 2005.

8 Oberg S, Wenner J, Johansson J, Walther B and Willén R:
Barrett’s esophagus: risk factors for progression to dysplasia and
adenocarcinoma. Ann Surg 242: 49-54, 2005.

9 Chandrasoma P, Wickramasinghe K, Ma Y and DeMeester T: Is
intestinal metaplasia a necessary precursor lesion for
adenocarcinomas of the distal esophagus, gastroesophageal
junction and gastric cardia? Dis Esophagus 20: 36-41, 2007.

10 Kerkhof M, Kusters JG, van Dekken H, Kuipers EJ and Siersema
PD: Biomarkers for risk stratification of neoplastic progression
in Barrett esophagus. Cell Oncol 29: 507-517, 2007.

11 Rodrigues MA: Barrett’s esophagus and dysplasia: diagnostic
criteria. J Bras Patol Med Lab 40: 185-191, 2004.

12 Fléjou JF and Svrcek M: Barrett’s oesophagus — a pathologist’s
view. Histopathology 50: 3-14, 2007.

13 Ward MH, Heineman EF, Markin RS and Weisenburger DD:
Adenocarcinoma of the stomach and esophagus and drinking
water and dietary sources of nitrate and nitrite. Int J Occup
Environ Health /4: 193-197, 2008.

14 Reed PI: The role of nitrosamines in cancer formation. Bibl Nutr
Dieta 37: 130-138, 1986.

15 Sugimura T, Fujimura S and Baba T: Tumor production in the
glandular stomach and alimentary tract of the rat by N-methyl-
N’-nitro-N-nitrosoguanidine. Cancer Res 30: 455-465, 1970.

16 Jakszyn P, Agudo A, Berenguer A, Ibafiez R, Amiano P, Pera G,
Ardanaz E, Barricarte A, Chirlaque MD, Dorronsoro M, Larrafiaga
N, Martinez C et al: Intake and food sources of nitrites and N-
nitrosodimethylamine in Spain. Public Health Nutr 9: 785-791, 2006.

17 Lijinsky W: N-Nitroso compounds in the diet. Mutat Res 443:
129-138, 1999.

18 Jakszyn P and Gonzalez CA: Nitrosamine and related food
intake and gastric and oesophageal cancer risk: a systematic
review of the epidemiological evidence. World J Gastroenterol
12: 4296-4303, 2006.

19 Hotchkiss JH: A review of current literature on N-nitroso
compounds in foods. Adv Food Res 37: 53-115, 1987.

20 Attwood SE, Smyrk TC, DeMeester TR, Mirvish SS, Stein HJ and
Hinder RA: Duodenoesophageal reflux and the development of
esophageal adenocarcinoma in rats. Surgery //7: 503-510, 1992.

21 Pera M, Trastek VF, Carpenter HA, Fernandez PL, Cardesa A,
Mohr U and Pairolero PC: Influence of pancreatic and biliary
reflux on the development of esophageal carcinoma. Ann Thorac
Surg 55: 1386-1392, 1993.

22 Goldstein SR, Yang GY, Curtis SK, Reuhl KR, Liu BC, Mirvish
SS, Newmark HL and Yang CS: Development of esophageal
metaplasia and adenocarcinoma in a rat surgical model without
the use of a carcinogen. Carcinogenesis /8: 2265-2270, 1997.

23 Chen X, Yang G, Ding WY, Bondoc F, Curtis SK and Yang CS:
An esophagogastroduodenal anastomosis model for esophageal
adenocarcinogenesis in rats and enhancement by iron overload.
Cacinogenesis 20: 1801-1808, 1999.

24 Schlemper RJ, Riddell RH, Kato Y, Borchard F, Cooper HS,
Dawsey SM, Dixon MF, Fenoglio-Preiser CM, Fléjou JF,
Geboes K, Hattori T, Hirota T et al: The Vienna classification of
gastrointestinal epithelial neoplasia. Gut 47: 251-255, 2000.

25 Odze RD: Diagnosis and grading of dysplasia in Barrett’s
oesophagus. J Clin Pathol 59: 1029-1038, 2006.

26 Dixon MF: Gastrointestinal epithelial neoplasia:
revisited. Gut 57: 130-131, 2002.

27 Salas Caudevilla A: Evaluation of dysplasia in gastrointestinal
diseases. Gastroenterol Hepatol 30: 602-611, 2007.

28 Pera M, Grande L, Gelabert M, Figueras X, Pera M, Palacin A,
Elena M, Cardesa A, Tiburcio AF and Trastek VF: Epithelial cell
hyperproliferation after biliopancreatic reflux into the esophagus
of rats. Ann Thorac Surg 65: 779-786, 1998.

29 Miwa K, Sahara H, Segawa M, Kinami S, Sato T, Miyazaki I and
Hattori T: Reflux of duodenal or gastro duodenal contents induces
esophageal carcinoma in rats. Int J Cancer 67: 269-274, 1996.

30 Tsigris C, Konstantakaki M, Xiromeritis C, Nikiteas N and
Yannopoulos A: Review. Animal models of carcinogenesis in the
digestive system. In Vivo 27(5): 803-812, 2007.

Vienna

Received March 6, 2009
Revised July 28, 2009
Accepted September 18, 2009

923



