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Does troncular vagotomy modify the proliferative gastric lesions induced in rats
by duodenogastric reflux1?
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ABSTRACT
Purpose: to investigate if combining VT to DGR through the pylorus can modulate the biological behavior of PL induced
by DGR and to verify if TV alone can induce morphologic lesions in the gastric mucosa. Methods: 62 male Wistar rats
were assigned to four groups: 1 - Control (CT) gastrotomy; 2 - Troncular Vagotomy (TV) plus gastrotomy; 3 -
Duodenogastric reflux through the pylorus (R) and 4 - Troncular vagotomy plus DGR (RTV). The animals were killed at
the 54 week of the experiment.  DGR was obtained by anastomosing a proximal jejunal loop to the anterior gastric wall.
TV was performed through isolation and division of the vagal trunks. Gastrotomy consisted of 1 cm incision at the
anterior gastric wall. PL were analyzed gross and histologically in the antral mucosa, at the gastrojejunal stoma and at the
squamous portion of the gastric mucosa. Results:  Groups R and RTV developed exophytic lesions in the antral mucosa
(R=90.9%; RTV=100%) and at the gastrojejunal stoma (R=54.54%; RTV=63.63%). Histologically they consisted of
proliferative benign lesions, without cellular atypias, diagnosed as adenomatous hyperplasia. Both groups exposed to
DGR presented squamous hyperplasia at the squamous portion of the gastric mucosa (R= 54.5%; RTV= 45.4%). TV,
alone, did not induce gross or histological alterations in the gastric mucosa. TV did note change the morphologic pattern
of the proliferative lesions induced by DGR.
Conclusions: DGR induces the development of PL in the pyloric mucosa and at the gastrojejunal stoma. TV does not
change the morphologic pattern of the proliferative lesions induced by DGR. TV alone is not able to induce morphologic
lesions in the gastric mucosa.
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RESUMO
Objetivo: investigar se a adição da VT ao RDG através do piloro, interfere no comportamento biológico das LP induzidas
pelo RDG e observar se a VT isoladamente leva ao desenvolvimento de lesões morfológicas na mucosa gástrica. Métodos:
Foram utilizados 62 ratos Wistar machos, distribuídos em quatro grupos experimentais: 1- Controle (CT) Gastrotomia;
2- Vagotomia Troncular + gastrotomia (VT); 3-Refluxo duodeno-gástrico (R) e 4- RDG através do piloro e VT (RTV).
Os animais foram sacrificados na 54a semana do experimento. O RDG foi obtido através de anastomose do jejuno
proximal com a parede gástrica anterior. A vagotomia troncular foi realizada através da dissecção e divisão dos troncos
vagais. A gastrotomia consistiu de secção e síntese de um cm na parede gástrica anterior. As LP foram analisadas
macroscopicamente e histologicamente na mucosa gástrica, na anastomose gastrojejunal e no estômago escamoso.
Resultados: Os grupos R e RVT desenvolveram lesões exofíticas na mucosa do antro gástrico (R=90,9% e RVT=100%)
e na anastomose gastrojejunal (R=54,5% e RVT=63,6%) que se caracterizaram no exame histológico por lesões
proliferativas epiteliais benignas, sem atipias celulares, diagnosticadas como hiperplasia adenomatosa. Na região do
estômago escamoso, ambos os grupos expostos ao RDG apresentaram hiperplasia escamosa (R= 54,5% e RVT= 45,4%).
A VT não modificou o padrão histopatológico das LP induzidas pelo RDG. Os grupos VT e CT não apresentaram
alterações macroscópicas ou histológicas significativas. Conclusões: o RDG induz o desenvolvimento de lesões
proliferativas (LP) benignas na mucosa do antro gástrico e na anastomose gastrojejunal. A VT isoladamente não induz
alterações proliferativas na mucosa gástrica e não modifica as características morfológicas das LP induzidas pelo RDG
através do piloro.
Descritores: Vagotomia Troncular. Refluxo Duodenogástrico. Hiperplasia. Ratos.
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Introduction

Gastric carcinogenesis is a complex process, which
involves the participation of multiple factors 1, 2.
Hypochlorhydria, usually resulting from destruction of
the gastric mucosa by long standing chronic
inflammation, has been pointed as an important factor
in the chain of events leading to gastric cancer 3. High
intragastric pH allows bacteria overgrowth and they can
convert nitrates to nitrites, leading to the endogenous
formation of N-nitroso compounds, which are powerful
carcinogens 4. Hypochlorhydria can also result from
surgical procedures for the treatment of peptic ulcer.
Troncular vagotomy (TV) associated to a draining
procedures,  l ike as pyloroplasty or
gastroenteroanastomosis has been used in emergency
situations such as treatment of perforated or hemorrhagic
peptic ulcer in patients who do not support more
extensive procedures 5. Alterations in gastric physiology,
like a raise in intragastric pH may result from TV 3.
Moreover, the association of TV to draining procedures
can enhance the risk of gastric carcinogenesis. The
deleterious effects of biliopancreatic secretions on the
gastric mucosa have been investigated by several authors
6, 7, 8. In a previous study 9, we have observed direct
correlation between duodenogastric reflux and the
development of epithelial proliferative lesions in the
pyloric mucosa. However, the lesions induced by the
duodenogastric reflux were a benign condition, since
they did not present cellular atypia or mural invasion
and were reversible with interruption of duodenogastric
reflux. Therefore, the aim of present study is to
investigate if combining TV to the experimental model
of duodenogastric reflux (DGR) can enhance the
progression of proliferative lesions to malignancy, as
well  to evaluate if  TV, by itself ,  can induce
morphological alterations in the gastric mucosa.

Methods

Sixty-two male Wistar rats weighing 150 g were
fed a standard maintenance diet (Nuvilab-CR-NUvital
Nutrientes Prodvet Ltd., Brazil) and tap water ad libitum.
The animals were kept under standard conditions in a
controlled room kept at a 22 + 2 0C and a 12/12 h light/
dark cycle. After initial acclimation, they were randomly
assigned into four groups according to the surgical
procedure (Figure 1).

Control (CT) submitted to a laparotomy and
gastrotomy at stomach anterior wall.

Troncular Vagotomy (TV) submitted to a division
of anterior and posterior vagal trunks and gastrotomy at
the stomach anterior wall.

Reflux (R) submitted to a surgical procedure for
induction of duodenogastric reflux (DGR).

Reflux plus Troncular Vagotomy (RTV) submitted
to the same surgical procedures of the R group plus
bilateral Troncular vagotomy. After intra-peritoneal
anesthesia with pentobarbital sodium (30 mg/kg body
wt) and laparotomy the following procedures were
performed (Figure 2).

CT group: gastrotomy (1cm extension) next to the
transition between squamous and glandular mucosa and
closed with continuous suture.

TV group: gastrotomy in a similar way of CT group
and at sequence the anterior and posterior vagal trunks
were dissected, isolated and divided.

R group: an anastomosis was constructed between
a jejunal segment (four cm ahead of beginning of
jejunum) and stomach anterior wall, at sequence the
jejunum was divided and both cut ends had been closed
one cm previous the gastrojejunal anastomosis, in order
to allow the flow of the duodenal content to the stomach.

RTV group: to the same procedures of the R group
plus division of vagal trunks. The same surgeon, with
polypropylene 6-0 sutures, performed all procedures
(Figure 2).

FIGURE 1 - Experimental design

FIGURE 2 - Schematic illustration of surgical procedures
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After the surgery, the animals had access only to
water; solid food was allowed after 24h. Body weight
was measured weekly and necropsies were performed
on the animals found dead during the experiment. All
animals were killed under sodium pentobarbital (30 mg/
kg body wt) anesthesia at the 54 Th week. The abdominal
cavity was examined for the presence of ascites, fistulae,
prominent lymphatic nodules and carcinomatosis. The
stomach was removed, opened along the great curvature,
rinsed in saline solution and examined. The lesions found
in the glandular stomach and at gastrojejunal stoma were
photographed and their macroscopic characteristics
registered. The specims were spread on a cork plate on
the serosal surface and fixed by immersion in 10%
buffered formalin. Each stomach was sectioned into
successive longitudinal cuts including the oxyntic and
the pyloric mucosa. The gastrojejunal portion was
submitted to successive transverse cuts including the
oxyntic mucosa and the jejunal loop. Samples from the
squamous portion of the stomach were taken separately.
The specimens were embedded in paraffin and stained
with hematoxylin/eosin. The histopatological analysis
was performed without the knowledge of the
experimental groups. Comparisons between the groups
were performed by the Chi-Square test. Differences were
assumed to be significant when p < 0.05. The study was
approved by the Ethics Committee on care and use of
laboratory animals of the National Research Council.

Results

The effective number of animals in each group was
CT n= 20, VT n=20, R n=11 and RTV n=11. There were
18 deaths during the experiment due to postoperative
complications,  intra-abdominal abscesses and
malnutrition. No lesions were found in the gastric
mucosa in the group submitted only to troncular
vagotomy (TV) and the control group (Figure 3).

In contrast, both groups submitted to duodenal
reflux (RTV and R) presented huge exophytic or
polypoid lesions, frequently with central ulceration, in
the pyloric mucosa and at the gastrojejunal stoma (Figure
4). All the animals from RTV (n=11) and 10 out of 11
rats (90.9%) from R group developed exophytic lesions
in the pyloric mucosa. Similar lesions were found at the
gastrojejunal stoma in 7 out of 11 rats (63.6%) from RTV
group and in 6 of 11 rats (54.5%) from R group.

FIGURE 3 - Macroscopy of surgical specimens from the
control (a) and Troncular Vagotomy (b)
groups. S, scar; Sq, squamous stomach; G,
glandular stomach

FIGURE 4 - Macroscopy of surgical specimens from
Reflux (a and b) and Reflux plus Troncular
Vagotomy (c and d) groups. A, anastomosis;
PL, polypoid lesion

No remarkable macroscopic alterations were found
at the squamous portion of gastric mucosa. Data for the
distribution of the histological lesions in the pyloric
mucosa and at gastrojejunal anastomosis are shown in
table 1. The exophytic lesions observed in the pyloric
mucosa were similar in both R and RTV groups and
consisted of proliferating glandular structures and
foveolar epithelium, with cystic dilatations, without
cellular atypia. These lesions did not invade the muscular
layer. They were diagnosed as adenomatous hyperplasia
(Figure 5). No adenocarcinomas were found in both
groups submitted to duodenogastric reflux (R and RTV).
The polypoid and nodular lesions found at the
gastrojejunal anastomosis consisted of proliferation of
the glandular and foveolar epithelium, without cellular
atypias. Endophytic growth within the anastomosis was
seen. Squamous hyperplasia,  characterized for
thickening of squamous epithelium and hyperkeratosis,
was observed in the squamous mucosa in both groups (R
and RTV) exposed to duodenogastric reflux (Table 1).
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Discussion

The results of present study demonstrate that
duodenogastric reflux (DGR) led to the development of
proliferative epithelial lesions in the pyloric mucosa and
at gastrojejunal stoma in both R and RTV groups. These
lesions could be related to the prolonged contact of the
gastric mucosa with the components of bile and
pancreatic secretion. They probably result from the
deleterious action of the DGR components on the mucus
layer of the gastric epithelium 6, 8, 9, 10. The detergent action
of the components of bile can modify the permeability
of the mucosa enhancing back-diffusion of chemical
substances into the mucosa. It was been showed  in rats
that  bile and  the pancreatic juice are rich in growing
factors similar to the epidermic growth factor 11. Another
possibili ty is that the proliferative lesions may
correspond to a reactive process of cell hyperplasia to
the damage induced by the components of the duodenal
reflux to the gastric mucosa. The glandular hyperplasia
would increase mucus production in order to adapt the
mucosa to the deleterious environment of reflux. In a
previous study 9, we have demonstrated direct correlation
between the glandular hyperplasia and duodenogastric
reflux, since the proliferative lesions were reversible with

interruption of reflux. In the present study troncular
vagotomy (TV), alone, did not induce any lesions in the
gastric mucosa and it did not modify the morphologic
picture of the proliferative lesions induced by DGR
through the pylorus. One would expect that the
denervation could enhance the progression of the
epithelial proliferative lesions to malignancy, since the
defensive factors of the gastric mucosa, such as blood
flow, mucus secretion and the renewal of the epithelial
cells depend on the neural integrity 3. Moreover,
epidemiological studies suggest that the vagotomy can
increase the risk for development of the gastric cancer
12, 13. Experimental studies also suggest that vagotomy
can favor the development of gastric cancer. Stegmann
et al 14 obtained gastric cancer in rats submitted to
troncular vagotomy associated to a draining procedure
in the absence of chemical carcinogens. Tatsuta et al 4

reported that the vagotomy significantly increased the
incidence of gastric adenocarcinomas in rats treated with
N-methyl-N’-nitro-N– nitrosoguanidine (MNNG). Our
results are in contrast to these studies since we did not
observe any relationship between troncular vagotomy,
alone or combined to duodenogastric reflux(DGR) and
the development of gastric adenocarcinoma. This is not
unexpected finding since the histological criteria for the

FIGURE 5 - Histology of adenomatous hyperplasia in the pyloric mucosa. Reflux (a) and Reflux plus Troncular Vagotomy
(b) groups. HE 100x

TABLE 1 - Frequency (%) and distribution of histological lesions diagnosed in the four experimental groups

Pyloric Anastomosis Squamous
Groups n Mucosa Epithelium

AH AH SH
CT 20 0 0 0
TV 20 0 0 0
R 11 10 (90,9)* 6 (54.5)** 6 (54.5)***
RTV 11 11 (100)* 7 (63.6)** 5 (45.4)***
n, effective no of animals; AH, adenomatous hyperplasia; SH, squamous hyperplasia; CT, Control group; TV, Troncular Vagotomy group; R,
Duodenogastric Reflux group; RTV, Duodenogastric Reflux plus Troncular Vagotomy group *p>0,3 **p>0,3 ***p>0,3.
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diagnosis of the lesions are not uniform 7 . In the present
study, the histological diagnosis of malignancy of the
lesions was based on the presence of cellular atypia and
local invasion of the prolierating structures. Another
possibility to explain the differences between our results
and those reported in the literature could be the different
rat strains used in the studies. We worked with Wistar
rats wich are well known for the variable susceptibility
to chemical cancerigens 15.

Conclusions

The reflux of duodenal contents induces the
development of proliferative benign lesions in the pyloric
mucosa and at the gastrojejunal anastomosis. Troncular
vagotomy alone did not promote the development of
proliferative alterations in the gastric mucosa and it did
not modify the morphologic picture of the proliferative
lesions induced by reflux of duodenal contents through the
pylorus in the pyloric mucosa and at a gastrojejunal stoma.
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