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Influence of duodenogastric reflux in the gastric mucosa 
histological changes of rats infected with Helicobacter pylori

Influência do refluxo duodenogastrico nas alterações histológicas da mucosa 
gástrica de ratos infectados com Helicobacter pylori

José Carlos ribeiro de arauJo, TCbC-Ma1; Jorge José de Carvalho2; huMberTo oliveira serra, TCbC-Ma1.

 INTRODUCTION

Gastric cancer, a public health problem worldwide, 

continues to be the most common malignancy of 

the digestive tract in humans, especially among the el-

derly1-2. In Brazil, it is the second most prevalent cancer 

in men and the fifth in women. Its incidence has de-

creased, but its prognosis little changed in recent years 

due to diagnosis made at an advanced stage of disease 

progression3-5.

Several factors are involved in the genesis of 

gastric cancer, such as environmental and dietary factors, 

with emphasis on foods rich in nitrates and nitrites, H. 

pylori infection (a gram-negative spiral bacterium that is 

often associated with chronic gastritis, intestinal metapla-

sia and dysplasia) and duodenogastric reflux6-8.

Although H. pylori is the main risk factor for 

gastric cancer and is present in over 50% of the world 

population, it is estimated that only 3% develop gastric 

cancer, leading to the belief that no etiological factor acts 

in isolation in gastric carcinogenesis7-9.

Duodenogastric reflux is a common physiologi-

cal event in the postprandial period or prolonged fasting. 

However, depending on the rhythm, volume and dura-

tion of gastric mucosal exposure, it can be highly patho-

genic, by changing the physicochemical characteristics 

of the protective mucus layer, increase gastric pH, thus 

favoring bacterial and n-compounds proliferation10-12.

The objective of this study was to evaluate the 

influence of Duodenal reflux on the gastric mucosa of 

rats infected with H. pylori and submitted to partial gas-

trectomy or pyloroplasty.

 METHODS

Animals and Experimental Protocol

We used 30 male, albino Wistar rats, aged 24 

weeks and an average weight of 250g. We kept them un-

1 - Department of Medicine II, Federal University of Maranhão (UFMA), Sao Luis, MA, Brazil. 2 - University of the State of Rio de Janeiro (UERJ), Rio 
de Janeiro, RJ, Brazil.

Original Article

A B S T R A C T

Objective: to evaluate the influence of Duodenal reflux in histological changes of the gastric mucosa of rats infected with Helicobacter 

pylori submitted to pyloroplasty. Methods: after two weeks of acclimation, we infected 30 male Wistar rats with Helicobacter pylori. 

We randomly divided them into three groups: one submitted to pyloroplasty, another to partial gastrectomy and the third, only infected, 

was not operated. After six months of surgery, euthanasia was carried out. Gastric fragments were studied by light microscopy to count 

the number of H. pylori, and to observe the histological changes (gastritis, metaplasia, dysplasia and neoplasia). We confirmed these 

changes by immunohistochemistry using the molecular markers PCNA and TGF-beta. Results: the animals submitted to pyloroplasty 

had higher percentage of colonization by H. pylori (median=58.5; gastrectomy=16.5; control=14.5). There was a positive correlation 

between the amount of H. pylori and the occurrence of chronic gastritis present in the antral fragments. Neoplasia occurred in 40% of 

rats from the group submitted to pyloroplasty. The staining with PCNA and TGF-ß confirmed the histopathological changes visualized 

by optical microscopy. Conclusions: the antral region was the one with the highest concentration of H. pylori, regardless of the group. 

There was a positive correlation between the appearance of benign disorders (chronic gastritis, metaplasia, dysplasia) and cancer in mice 

infected with H. pylori submitted to pyloroplasty.
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der normal conditions of pressure, temperature and light 

and with free access to food and water. After two weeks 

of acclimation, we infected them with Helicobacter pylori.

Before receiving the bacterial load, they fast-

ed for 24 hours. Thereafter, they first received 1mL of 

NaHCO3 by gavage with a metal orogastric catheter, ac-

cording to the method described by Konturek13. Shortly 

thereafter, also by orogastric gavage, we inoculated 1ml 

of H. pylori ATCC 43504 (9x108) in Mueller-Hinton sus-

pension. Each animal received three equal doses with an 

interval of two days between each application. The ro-

dents had free access to food and water after the first 

application.

Fifteen days after the last inoculation, we ran-

domly divided the animals into three groups (n=10): 

Group I- Infection (control); Group G- Gastrectomy (un-

dergoing partial gastrectomy) and Group P- Pyloroplasty 

(submitted to pyloroplasty). All animals survived and were 

sacrificed after 24 weeks.

Microorganism

The stock of H. pylori were maintained in Muller 

Hinton broth (Himedia, Mumbai, India) at a temperature 

of -20°C in 20% glycerol. The inoculated bacteria were 

prepared in Agar (Becton, Dikinson & Company) plates 

(90x15mm) supplemented with 5% sheep blood or in BHI 

and maintained in a jar with a microaerophilic and O2 and 

CO2 gas generator “sachet” (Probac do Brazil) for three 

to five days at 37°C. The morphological identification and 

bacterial activity were based on microerophilic require-

ment for bacterial growth and on the Gram stain.

Surgery

Within the 24 hours before the surgical pro-

cedure the animals of G and P groups had access only 

to water. The anesthetic technique used was the inha-

lation of sulfuric ether in closed tanks for initial sedation 

and intramuscular ketamine in the back of the thigh, at a 

dose of 50mg/kg. All animals were operated under asep-

tic conditions.

All 20 animals underwent laparotomy from 

the xiphoid to the abdominal middle third. Two Halst-

ed-type clamps were placed, one on each side of the wall 

to act, by their own weight, as retractors. The liver was 

retracted and the stomach was exteriorized through the 

incision by stitches traction, allowing the development of 

an extra-cavity technique. The abdominal wall was closed 

with 3-0 prolene continuous running suture reaching all 

planes. Rats were offered ad libitum feeding postopera-

tively.

Partial gastrectomy

We performed the resection of 2/3 of the an-

trum and half of the gastric body, preserving the pylorus 

and vagus nerves. The gastric reconstruction was per-

formed by simple running suture with 5-0 Prolene with a 

1.5cm cylindrical needle. All the animals of group G were 

operated on the same day.

Pyloroplasty

We made a 2cm, whole-plane longitudinal in-

cision (1cm in the stomach and 1cm in the duodenum). 

We closed the pylorus in the transverse direction with a 

simple running suture of 5-0 Prolene with a 1.5cm cylin-

drical needle in a Heinecke-Mikulicz fashion.

We closed the abdominal wall with a whole-

plane, 3-0 Prolene running suture. All the animals of 

group P were operated on the same day.

Euthanasia and Technical Preparation of Specimens 

Twenty-four hours prior to euthanasia, animals 

were deprived of food, and then deeply anesthetized (so-

dium pentobarbital, 150mg/kg). The whole stomach was 

removed and sectioned longitudinally into two halves 

(anterior and posterior), which were quickly placed in a 

solution of 1.27mol/l of formaldehyde (0.1M phosphate 

buffer, pH 7.2) for 48 hours. The material was included 

with the cut side down (both halves, each containing an-

trum, body and fundus).

We treated the fragments in a histotechnical 

apparatus (tissue processor – Micom GMBH), embedded 

them in paraffin by means of self-entraining instrument 

(Microm AP280), and cut them in five-micrometer thick 

slices with a ZEISS-HYRAXMIS microtome. We made two 

histological sections from the parts stained with hema-

toxylin-eosin and modified Giemsa. We evaluated the 
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histological slides under an optical microscope (NIKON 

ECLAPSE 200).

We analyzed the sections by immunohisto-

chemistry with marking for TGF-ß and PCNA. For an-

tigen retrieval, we used citrate buffer, pH 6.0 at 60°C 

and then blocked with ammonium chloride, 2% glycine 

and  phosphate buffer, pH 7.4 (PBS). The sections were 

incubated with a specific primary rat antibody, both at a 

concentration of 1:100 (Santa Cruz Biotechnology, San-

ta Cruz, CA, USA) overnight at 4°C. Then, the samples 

were incubated for 1 hour at room temperature with a 

biotinylated secondary antibody (K0679, Universal Da-

koCitomation LSAB + Peroxidase Kit; DakoCitomation 

Glostrup, Denmark). We used a horse anti-rat secondary 

antibody detectable by reaction of the streptavidin-bio-

tin-enzyme complex. Positive immunostaining was iden-

tified after incubation with diaminobenzidine 3,3’-tetra-

chloride (K3466, DAB; DakoCitomation) and contrasted 

with Mayer hematoxylin.

On histological analysis, we studied 100 glands 

of each gastric segment (antrum, body and fundus) for 

detection of H. pylori and inflammation, metaplasia, dys-

plasia and neoplasia in optical microscopy in 40x, 100x 

and 400x magnifications. We classified results as: normal, 

gastritis, metaplasia, dysplasia and neoplasia.

We considered the study of the gastric muco-

sa: (a) Normal- absence of neutrophils and the presence 

of up to ten lymphocytes and plasma cells in the lamina 

propria per 400X microscopic field; (b) Chronic gastritis- 

presence of predominantly mononuclear cells (lympho-

cytes and plasma cells); we measured chronicity by the 

density of the lymphocyte, plasma cells and polymorpho-

nuclear cells infiltration in the lamina propria Gastritis and 

its activity followed the modified Sydney classification14; 

(c) Metaplasia- presence of intestinal cells in the stomach 

mucosa; (d) Dysplasia- distortion of intraepithelial cytoar-

chitecture (increase of the cell population, loss of polar-

ity, decreased mucus, proliferation of cells and glands, 

change in glands’ shape); (e) Neoplasia- same features of 

dysplasia plus extraepithelial invasion.

As for gastric layers, we considered the involve-

ment restricted to the mucosa of the antrum, body and 

fundus.

Statistical analysis

We used the Shapiro-Wilk test to assess the 

normality of quantitative variables. We calculated the dif-

ferences between the medians of quantitative variables 

without normal distribution using the Kruskal-Wallis test. 

To evaluate the differences between the proportions of 

categorical variables, we used the Fisher’s exact test. In all 

analyzes we considered as significant the level of p=0.05.

Ethics Committee

The experimental protocol was approved by 

the Ethics in Research Committee of the State University 

of Rio de Janeiro (UERJ) for Care and Use of Laboratory 

Animals (CEA / 001/2010).

 RESULTS

The median amount of H. pylori found in the 

100 glands of each gastric segment, when compared be-

tween groups, was higher in the antrum of the animals 

submitted to pyloroplasty (median=58.5), although this 

difference with respect to the others (gastrectomy=16.5 

and control=14.5) was not significant (p>0.05 – Krus-

kal-Wallis test), as shown in table 1.

When comparing the population of H. pylori 

according to the gastric segment studied, regardless of 

the group, we found that the antrum was also the site 

with the highest amount of bacteria (Table 2).

Table 1. Amount of H. pylori in different gastric segments according to the groups.

Median amount h. pylori

Location Pyloroplasty Gastrectomy Infection Kruskal-Wallis (p value)

Antrum 58.5 16.5 14.5 0.310

Body 4.0 1.5 1.5 0.560

Fundus 4.0 7.0 2.0 0.161
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There was a positive correlation between the 

amount of H. pylori present in the antrum of the frag-

ments and the occurrence of chronic gastritis, metaplasia, 

dysplasia and neoplasia, especially in animals submitted 

to pyloroplasty. We observed no correlation between 

these variables and the ones studied in the body and fun-

dus fragments (Tables 3 and 4).

Table 5 shows that there were significant dif-

ferences in the proportions of histological changes in 

the antrum mucosa of the groups studied observed by 

optical microscopy. There was 40% of cancer in the 

group submitted to pyloroplasty, with no occurrence of 

this change in G and I groups (p=0.023 – Fisher’s exact 

test). We observed dysplasia in 50% of rats with pyloro-

plasty and 10% in the group of gastrectomy. The infect-

ed group did not show this change (p=0.027 – Fisher’s 

exact test).

We confirmed the histological changes in the 

gastric mucosa by immunohistochemistry with marking 

for TGF-ß and PCNA, as shown in figures 1 and 2.

 DISCUSSION

Gastric carcinoma is one of the rarest spon-

taneous cancers in animals. The first model developing 

adenocarcinoma in rats used the carcinogen N,N-2,7-flu-

orenyl acetamide enebi (2,7-FAA)15. H. pylori infection in-

duces chronic inflammation of the gastric mucosa, which 

leads to destruction of the protective barrier that coats 

the stomach mucosa, allowing the gastric acid to harm 

the mucosa, leading to the development of various types 

of neoplasms, though through unknown development 

mechanisms16.

In this study, there was predominance of be-

nign proliferative lesions, with four malignant neoplasms 

located in the gastric antrum, at the pyloroplasty suture 

line. This location is the most common in experimental 

work that perform partial gastrectomy with Billroth II 

reconstruction or gastroenterostomy without gastric re-

section17-19.

The sum of factors, such as the infectious pro-

cess, inflammation and pyloroplasty, could provide a 

stimulus to cell proliferation. The increase in cell prolifer-

ation is one of the prerequisites for carcinogenesis. In the 

present study, the cuts treated with the immunoperoxi-

dase technique for evidencing PCNA, which identifies cell 

proliferation, showed the majority of immunostaining at 

the region of the pyloroplasty suture line, in the gastric 

antrum. The works of Rodrigues et al.20 and Taylor et al.21 

corroborate these assertions.

There is belief that the region of the anastomo-

sis may have features that facilitate the development of 

malignancies, such as chronic inflammation, the presence 

of foreign body (suture) and continuous contact with 

Table 2. Amount of H. pylori according to the location in the stomach.

Location n Median Interquartile range

Antrum 30 21 66

Body 30 2 5

Fundus 30 3.5 8

Table 3. Correlation between the amount of H. pylori and gastric mucosal changes considering all groups.

Location

Antrum Body Fundus

Variable r p r p r p

Chronic gastritis 0.5741 0.0009 0.1689 0.372 0.4065 0.258

Metaplasia 0.6886 <0.0001 - - -0.0653 0.7316

Dysplasia 0.6344 0.0002 - - - -

Neoplasia 0.5283 0.0027 - - - -

Test: Spearman’s rank Correlation
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duodenogastric content. The sections immunomarked 

with anti-TGF-ß antibody showed higher positivity in the 

antrum, where the suture line is located. Whal et al.22 

showed that TGF-ß is a potent chemotactic for leuko-

cytes, including neutrophils, monocytes and mast cells, 

and is involved in the formation of the inflammatory in-

filtrate, especially in chronic inflammatory lesions. Our 

findings concerning higher TGF-ß immunostaining in the 

antrum showed the presence of inflammatory infiltrate, 

which facilitates the development of cancer.

To date no isolated factor may be implicated in 

gastric carcinogenesis. The combination of factors, on the 

other hand, has proved significant in the development of 

these tumors, such as duodenogastric reflux and H. py-

lori infection. Both are known etiologic factors of chron-

ic gastritis, thus capable of leading to the sequence of 

events that begins with atrophic gastritis and progress to 

intestinal metaplasia, dysplasia and neoplasia. The exac-

erbated proliferative state in the suture lines, as demon-

strated in our work, or in lesions without surgery, become 

easy targets for the action of endogenously formed car-

cinogens, such as N-nitrous compounds that, in hypo-

chondriac stomachs colonized by reducing bacteria, turn 

nitrate into nitrite23.

Recent evidence demonstrates that H. pylori 

strains possess genotypic diversity, whose products trig-

ger the inflammatory process through cytokines, which 

can lead to varying degrees of host inflammatory re-

sponse, resulting in different pathological alterations. 

However, how the bacterium contributes to this process 

is yet to be determined24.

Our study showed a higher concentration of 

H. pylori in the antro-pyloric region, the main place of 

development of intestinal-type gastric cancer. There was 

a positive correlation between the amount of H. pylori 

and the occurrence of metaplasia (r=0.6886, p=0.0001), 

dysplasia (r=0.6344, p=0.0002) and neoplasia (r=0.5283, 

p=0.0027) present in the antrum fragments. We found 

no correlation between these and the variables studied in 

the body and fundus fragments.

The alkali reflux promoted by pyloroplasty el-

evates the gastric pH and promotes bacterial prolifer-

ation, which contributes to atrophy of the gastric mu-

cosa and, especially through contact with bile salts and 

their detergent properties, allowing the penetration 

of carcinogens through the mucosal barrier, facilitat-

ing their action in the mucosal proliferative compart-

ment25.

Table 4. Correlation between the amount of H. pylori and the gastric mucosal changes of the rats submitted to pyloroplasty.

Location

Antrum Body Fundus

Variable r p r P r p

Chronic gastritis 0.5660 0.0881 0.3858 0.2709 0.6986 0.0246

Metaplasia 0.8730 0.0010 - - - -

Dysplasia 0.8032 0.0051 - - - -

Neoplasia 0.8554 0.0016 - - - -

Table 5. Changes in the mucosa of the antrum in the different groups.

Group

Pyloroplasty (P) Gastrectomy (G) Infected (I) Fisher exact test

Presence in the Antrum n % n % N % p value

Chronic gastritis 10 100 10 100 10 100 -

Metaplasia 5 50 3 30 0 0 0.53

Dysplasia 5 50 1 10 0 0 0.027

Neoplasia 4 40 0 0 0 0 0.023
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Our study showed a greater amount of H. pylo-

ri in the antrum of the animals submitted to pyloroplasty, 

although this difference with the other groups was not 

significant. When comparing the population of H. pylo-

ri according to the studied gastric segment, regardless 

of the group, the antrum was also the place where we 

found the highest amount of bacteria.

This suggests that there may be some relation-

ship between the duodenogastric reflux and the malig-

nant transformation of the epithelium of the distal third 

of the stomach, where the contact of the reflowed mate-

rial with the mucosa is more intense, which would justify 

the high frequency of adenocarcinomas in this region in 

mice infected with H. pylori20.

Kamata26 reported 20.8% of gastric adenocar-

cinoma in a group of rats undergoing gastrectomy with 

Billroth II reconstitution. He found no cases of carcinoma 

in rats undergoing Billroth I gastrectomy, even with the 

removal of the pylorus (reflux-inducing surgery), indicating 

that the importance is in the larger amount of reflowable 

content. In this study, we found 40% of adenocarcinoma 

in rats submitted to pyloroplasty in a 24-week infection.

Kobori et al.27 studied the relationships of reflux 

through the pylorus in rats and the development of ma-

lignant lesions in a 50-week follow-up and observed a 

41% incidence of adenocarcinoma in the mucosa of the 

antrum. Kaminishi et al.28 in a similar study performing 

surgery for induction of duodenogastric reflux through 

the pylorus, with the 30-week observation period, did not 

find malignant lesions. However, these conclusions are 

subject to criticism, since most of duodenogastric reflux 

detection methods result from inaccurate measurements 

due to the intermittent nature of reflux or to intrinsic 

methodology flaws29.

Figure 1. Presence of neoplasia, with irregularity of the gastric glands, which are not parallel, have different sizes, and forked presentation.

Figure 2. Histological section of the antrum mucosal expression of PCNA in the groups studied.

 Pyloroplasty Group Gastrectomy Group Infected Group
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Concluding, the antral region was the one with 

the highest concentration of H. pylori, regardless of 

group. There was a positive correlation between the ap-

pearance of benign disorders (chronic gastritis, metapla-

sia, dysplasia) and cancer in rats infected with H. pylori 

submitted to pyloroplasty.
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Objetivo: avaliar a influência do refluxo duodenogástrico nas alterações histológicas da mucosa gástrica de ratos, infectados por Helico-
bacter pylori, submetidos à piloroplastia. Método: após duas semanas de aclimatação, 30 ratos machos da raça Wistar, foram infectados 
com o microorganismo patogênico H. pylori. De forma aleatória, foram divididos em três grupos: um submetido à piloroplastia, outro à 
gastrectomia parcial e o terceiro, apenas infectados, não foi operado. Após seis meses de operados, procedeu-se a eutanásia. Os fragmen-
tos gástricos foram estudados por microscopia óptica, para a contagem da quantidade de H. pylori, e para a observação das alterações 
histológicas (gastrite, metaplasia, displasia e neoplasia). A confirmação dessas alterações foi feita por imuno-histoquímica, utilizando os 
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maior concentração de H. pylori, independente do grupo. Houve correlação positiva entre e o aparecimento de alterações benignas (gastrite 
crônica, metaplasia, displasia), e de neoplasia nos ratos infectados com H. pylori submetidos à piloroplastia.

Descritores: Neoplasias Gástricas. Helicobacter pylori. Refluxo Duodenogástrico. Ratos Wistar.
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