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Abstract

Purpose: To develop an experimental model of intestinal ischemia and obstruction followed
by surgical resection of the damaged segment and reestablishment of intestinal transit,
looking at bacterial translocation and survival.

Methods: After anesthesia, Wistar rats was subject to laparotomy, intestinal ischemia and
obstructionthrough anilealligature 1.5cm of ileum cecal valve; and the mesenteric vessels that
irrigate upstream of the obstruction site to approximately 7 to 10 cm were ligated. Abdominal
wall was closed. Three, six or twenty-four hours after, rats were subject to enterectomy
followed by an end to end anastomosis. After 24h, mesenteric lymph nodes, liver, spleen and
lung tissues were surgically removed. It was studied survival rate and bacterial translocation.
GraphPadPrism statistical program was used.

Results: Animals with intestinal ischemia and obstruction for 3 hours survived 24 hours
after enterectomy; 6hx24h: survival was 70% at 24 hours; 24hx24h: survival was 70% and
40%, before and after enterectomy, respectively. Culture of tissues showed positivity on the
6hx24h and negativity on the 3hx24h.

Conclusion: The model that best approached the clinic was the one of 6x24h of ischemia and
intestinal obstruction, in which it was observed bacterial translocation and low mortality rate.
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n Introduction

Intestinal obstruction accounts for
20% of all hospitalizations due to abdominal
pain?!, with a subsequent mortality of 30.000
people per year in the United States?. The
physiopathology of intestinal obstruction
includes increase intra-luminal pressure,
edema on affected intestine segment and
venous congestion, which may lead to necrosis
in cases where the blood supply is severely
compromised?.

The experimental model in rats
established to reproduce intestinal obstruction
consists of the terminal ileum ligation,
approximately 1 cm from the ileo-cecal valve,
as described by Mulvihill et al.#, and reproduced
in other studies®®. As consequence, bacterial
translocation and systemic inflammatory
occur’®,

Zanoni et al® proposed a model
modification, adding ischemia to intestinal
obstruction, by ligature of terminal ileum blood
vessels (7 to 10 cm of extension), promoting
bacterial translocation and inflammatory
response.

In humans, enterectomy of damaged
intestinal segment followed by anastomosis
is recommended as a surgical treatment®.
Rasslan et al.*? performed enterectomy
and anastomosis 24 hours after induction
of intestinal ischemia and obstruction in an
experimental model. An important difference
from other models is that was performed
an intestinal obstruction in closed loop.
After 24-hour, period, surely induced a
systemic inflammatory response. However,
a temporal analysis after enterectomy and
sample collection pointed to a gap of details
of bacterial translocation. The aim of this
study was develop an experimental model of
intestinal ischemia and obstruction followed by
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surgical resection of the damaged segment and
reestablishment of intestinal transit, looking at
bacterial translocation and survival.

n Methods

This study was approved by the
Research Ethics Committee of the Faculdade
de Medicina, Universidade de Sdo Paulo
(Process number 429/13), and the experiments
were performed according the International
guidelines for the care and use of laboratory
animals.

Male Wistar rats (250-300 g) were
purchased from the Department of Laboratory
Animal Science of the Faculdade de Medicina,
Universidade de S3ao Paulo and were kept
under a 12-h light/dark cycle at a controlled
temperature (23°C) room, with free access
to food and tap water one week before the
experiments.

It was developed three different
experimental protocols applied to establish
duration of intestinal ischemia and obstruction
to promote bacterial translocation (Figure
1). Ten rats per protocol were submitted to
experiments.
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Figure 1 — Three distinct experimental protocol of
intestinal ischemia and obstruction. All protocols
use same surgical procedures and blood and tissue
collection. The difference consists in time intervals
between intestinal ischemia and obstruction and
surgical resection of the intestinal lesion.
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Intestinal ischemia and obstruction surgical
procedure

The animals received a mixture of
ketamine and xylazine (60 mg/kg and 10 mg/kg,
respectively, i.m.) to anesthesia and half of the
initial dose to complement during procedure.
For postoperative analgesia, animals received
Tramadol (5 mg/kg, i.m., each 12h). The
protocol of intestinal ischemia and obstruction
used was adapted from a previously described
excluding the second ligature of the intestine®2.
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Briefly, after asepsis, a small (3 cm) laparotomy
was performed to expose the cecum and
terminal ileum. To promote intestinal ischemia
and obstruction, it was done an ileal ligature
1.5 cm of ileum cecal valve; and the mesenteric
vesselsthatirrigate upstream of the obstruction
site to approximately 7 to 10 cm were ligated
(Figure 2).

The abdominal wall was sutured with
Nylon 4.0 and the animal return to individual
cage with free access to water.

Figure 2 - Photography of rat small bowel showing terminal ileum, cecum and the vascular supply of the
mesentery (left panel) and intestinal (blue arrow) and mesenteric vessels ligature (right panel).

Intestinal lesion region resection surgical
procedure

Three, six or twenty-four hours after
intestinal ischemia and obstruction, rats were
re-anesthetized to subject to enterectomy

for remove ischemic and obstructed
intestinal segment, followed by a subsequent
anastomosis end to end with polypropylene 6.0
(Figure 3). After surgery, animals were return
to the vivarium, with free access to water and
food, until the euthanasia.

Figure 3 - Photography of rat small bowel showing ischemic lesion with necrosis (left panel - blue arrow), after
lesion resection (central panel) and end to end anastomosis (right panel - blue arrow).

Sample collection and euthanasia

Under anesthesia, mesenteric lymph
nodes, liver, spleen and lung tissues were
surgically removed, according survival rate.
Following, euthanasia was performed by
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exsanguination.

Bacterial translocation assessment

Each tissue sample homogenized in
sterile 0.9% saline solution was used to evaluate
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bacterial Gram-negative colonies in Petri Way Anova or Kruskal-Wallis complemented
plate with MacConkey media (24 to 48 hours by post-hoc test. Mortality was analyzed using
at 372C). Colonies were manually counted long-rank test. A P-value < 0.05 was considered
(colony forming unit - CFU) and normalized significant.

by tissue weight (g). Bacterial translocation
was considered present when mesenteric
lymph nodes were positive for Gram-negative u Results
and concomitantly other positive tissue (liver,
spleen and/or lung). Intestinal ischemia and
obstruction samples were compared to tissue
from normal rat (Reference group, n=5). All

Models survival rate

animals subjected to intestinal
ischemia and obstruction for 3 hours survived

Statistical analysis
24 hours after enterectomy. However, on the

The data were analyzed using the 2" protocol, 6 h x 24 h, survival was 70% at 24
GraphPadPrism statistical program, version hours after enterectomy. On the 3" Protocol,
5.01. Data was expressed as meantSEM or 24h x 24h, survival was 70% and 40%, 24h
median (interquartile range). Comparisons before and after enterectomy, respectively
among groups were performed using One (Figure 4).
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Figure 4 - Graphs depict survival rate of 2" protocol (6 x 24h) of small bowel ischemia and obstruction model
(left) and of 3™ protocol (24x 24h, right). Note high level of mortality in 3™ protocol, including that occurs

during ischemia and obstruction and after enterectomy.

Bacterial translocation assessment Protocol (6h x 24h) and negativity on the 1** (3h
_ X 24h). Tissues from the 3™ Protocol were not
Culture of mesenteric lymph nodes cultured because of high mortality rate (Table

and other tissues showed positivity on the 2™ 1).

Table 1 — Bacterial translocation 24h after enterectomy to remove intestinal lesion in all protocols
of experimental model of intestinal ischemia and obstruction.

Interval of intestinal ischemia and obstruction

Reference  3h 6h 24h
Bacterial Translocation Absent Absent Present NA
Mesenteric lymph nodes 0 0 16134501 CFU/g NA
Spleen 0 0 3611212 CFU/g NA
Liver 0 0 136179 CFU/g NA
Lungs 0 0 9161612 CFU/g NA

NA: not assessed.
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] Discussion

The experimental model of intestinal
ischemia and obstruction was based on
the simple bowel obstruction - ligature of
terminal ileum, and ligature of blood vessels
of this segment. Three distinct protocols
were established according duration of
intestinal ischemia and obstruction. It was
calculated survival rate and assessed bacterial
translocation in lymph nodes and other tissues.

The experimental model of intestinal
obstruction in closed loop associated with
ischemia previously described?? was the
basis for the development of this model.
The maintenance of the animals in a closed-
loop intestinal obstruction regimen added to
ischemia for a 24-hour period, surely induced
a systemic inflammatory response. Just three-
hours after enterectomy and fluid resuscitation
animals underwent to euthanasia and this
interval seemed to be short leaving a gap for
more inflammatory changes.

Analyzing the model proposed by
Zanoni et al.}, the period of obstruction
and ischemia was shown to be effective
in inducing inflammatory response and
bacterial translocation. Volume resuscitation
was performed two hours after intestinal
obstruction and ischemia; however, the
enterectomy occurred only after 24 hours,
which differentiates the model from clinical
practice.

The experimental model we used is
a simple bowel obstruction, in the terminal
ileum approximately 1.5 cm from the cecum,
without occlusion of the intestine proximally,
and ligature of the blood vessels that irrigate
the 7 to 10 cm of the distal small intestine.

The animals of the 3rd protocol had
an overall mortality of 60%, an expressive rate
compared to the model of Zanoni et al.’3, who
had a mortality of less than 20% in animals
submitted to non-replacement enterectomy.
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The difference between these models consist
in peritoneal lavage. This procedure should
acts as hydration modifying survival rate in our
model. Bacterial translocation to the tissues
was not evaluated in these animals due to
the high mortality, which made the model
unfeasible, being attributed to a long period
of ischemia and intestinal obstruction in small
rodents.

Another study** showed significant
results, with animals being submitted to partial
intestinal obstruction for a period of 12 hours,
motivating the evaluation of animals submitted
to ischemia and obstruction, undergoing
enterectomy with anastomosis after 3 and 6
hours, euthanized 24 hours after resuscitation.
The group that remained under strangulated
intestinal obstruction and ischemia for 3 hours
(1st protocol), followed by enterectomy with
anastomosis, and euthanasia after 24 hours,
did not present positive cultures at the moment
of euthanasia. Unlike the 3rd protocol, the
3-hour period under intestinal obstruction and
ischemia proved to be ineffective in promoting
bacterial translocation, despite the absence
of mortality, invalidating the model for this
purpose.

Mortality in the group submitted
to strangulated intestinal obstruction and
ischemia for 6 hours and euthanasia 24
hours after enterectomy and anastomosis
(2nd protocol) was absent until the time of
the enterectomy, reaching 30% overall, an
acceptable value in an experimental protocol.
Cultures of mesenteric lymph nodes, spleen,
liver and lungs were positive in this group,
demonstrating their applicability in the
evaluation of bacterial translocation in an
experimental model of intestinal obstruction
and ischemia.

Consistent models of intestinal
obstruction as used by Sen et al.*® differ
from this study because they produce ileal
obstruction without ligature of the vessels,
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besides promoting euthanasia of the animals
without  performing enterectomy and
anastomosis.

We consider in the model proposal
the association of ischemia by ligature of
the mesentery vessels, to simulate a clinical
situation in which the factor that triggers the
obstruction is usually associated, with pinching
or torsion of vessels with consequent ischemia,
as in hernias and peritoneal adhesion. In
addition to the associated ischemia, the
option of performing the enterectomy
and anastomosis, contrary to most of the
models, was used to reproduce the changes
generated by reperfusion, as well as surgical
morbidity and mortality, which reached 3.6%
in an experimental model of the small intestine
anastomosis®®. Further studies should be done
to establish inflammatory response as well.

n Conclusion

The model that best approached the
clinic was the one of 6 x 24h of ischemia and
intestinal obstruction, in which it was observed
bacterial translocation and low mortality rate.
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