Effects of octreotide on healing of mechanical ileus in rats
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ABSTRACT
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Objective: To investigate the effects of octreotide on
mechanical ileus without surgical intervention.

Methods: This study was organized to investigate the
effects of octreotide (Sandostatine one microgram/ml-
Sandoz), a long acting analogue of somatostatin, in a
mechanical ileus model in Sprague-Dowley rats. The
study was performed at Ankara Oncology Hospital,

Ankara, Turkey in April 2005. The animals were
randomly separated into 3 groups. 1) control group
(n:10) 2) ileus group (n:12), and 3) ileus + octreotide
group (n:13). Intraluminal liquid volume, as well as
concentrations of sodium, chlorine, calcium, and
phosphorous were measured in systemic circulation,
proximal, and middle bowel segments. We also
evaluated the leukocyte count, and hematocrit levels
in all animals.

Results: There was no difference in leukocyte count
and hematocrit levels. The effects of octreotide in
decreasing intestinal liquid volume, and electrolytes
were significant. However, these effects were not
beneficial on the mortality rates, and intestinal edema

(p>0.05).

Conclusion: We believe additional animal studies, and
subsequently controlled clinical trials are necessary
before using octreotide as a clinical adjunct in the
treatment of small bowel obstruction.
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Intestinal obstruction is a frequently observed
condition, often leading to serious fatal complications
if underestimated, and not treated properly. No matter
what the etiology is, the challenging problem in
mechanical ileus is the accumulation of fluids within the
small intestine resulting in excessive intestinal distension
ischemia, necrosis, and fluid-electrolyte, and acid-base
imbalance.? If accumulation of liquid and electrolytes
in the bowel lumen continues, absorption through
the intestinal wall decreases, and adverse changes in
motility will take place."” The goal in the conservative
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management of intestinal obstruction is to decrease
intestinal distension, correct fluid, and electrolytes
imbalance. In the absence of intestinal ischemia,
decreasing intestinal distension by conservative methods,
for example, nasogastric aspiration, and appropriate
liquid-electrolyte replacement, would be beneficial.>*
In addition, bowel obstruction secondary to intra-
abdominal adhesions may be relieved by conservative
methods, and the need for surgical intervention may
be avoided.’ Pharmacological control of intestinal
distension is a potentially helpful method of conservative
treatment, which may decrease intestinal distension by
inhibiting gastro-intestinal secretions. Somatostatin is
a tetradecapeptide that decreases gastric, pancreatic,
biliary, intestinal secretions, and motility.*” As half-life
of natural somatostatin is very short, its analogue with
a long-term effect octreotide is used in the experimental
settings of the present study. Based on this theory,
we aimed to investigate the effects of octreotide in an
animal model of mechanical bowel obstruction with
special attention to electrolyte imbalance within the
intestinal lumen.

Methods. The study was performed at the
Gastroenterology Department of Ankara Oncology
Hospital, Ankara, Turkey in April 2005. Thirty-five
male Sprague-Dowley rats aged 2-3 months, with an
average weight of 220 g (170-300 g) were used for this
experiment. Ethical committee approval was obtained
before study set up. The rats were followed up under
room temperature in metal cages with a diurnal cycle of
12 hours during the day, and 12 hours at night. All the
rats were fed with standard rat food for 3 days before the
operation. All rats were anesthetized by intraperitoneal
injection of 40 mg/kg ketamin hydrochloride, and 10
mg/ kg xylazin. Rats in the control group underwent
laparotomy and closure. The remaining rats were
subjected to laparotomy with midline incision. The
intestinal obstruction method defined by Paran et al®
was applied. The distal ileum was ligated with silk,
5 cm proximal to the cecum, and 10 cm proximal
from this level so as to form a closed loop without
affecting the intestinal blood circulation. In this way,
2 intestinal obstruction models were created, one as
a simple obstruction model, and one as a closed ansa
model. After the surgical procedure, the abdominal
wall and skin were closed as separate layers with 3.0
Poliglactin (Dexon®, Ethicon). The study consisted of
3 groups: group 1 (n: 10, control group). The rats in
this group were subjected to laparotomy only. Group
2 (n: 12, ileus group): intestinal obstruction created
was applied using the method as described by Paran.®
Group 3 (n: 13, ileus + octreotide group): in addition
to bowel obstruction, synchronous administration of
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octreotide, an analogue of somatostatin, (Sandostatine®,
Sandoz Medicine Group, Istanbul) was initiated 35
mcg/kg/day subcutaneously in 2 divided doses per day,
and continued for 48 hours. All rats were followed up
in separate cages after the operational processes. Oral
intake was discontinued, and 10 ml/kg ringer lactate was
given subcutaneous daily. After 48 hours, the anesthesia
was applied again, and re-laparotomy was executed.
The intestines were examined macroscopically, and the
amounts of blood, luminal liquid, and the intestinal
wet/dry rates were analyzed, and recorded. All rats were
sacrificed by inhalation of overdose diethylether on the
same day. For the rats subjected to re-laparotomy, 2 ml
of blood samples was taken from the inferior vena cava.
The blood samples were centrifuged for 5 minutes at
3000/min. The values of sodium (Na), calcium (Ca),
chloride (Cl), and phosphorus (P) were measured in
the supernatant obtained. The duodenum was clamped
in order to inhibit regurgitation. A pipette was used to
collect and measure the volume of intestinal fluid. The
liquid samples were then centrifuged for 15 minutes at
5000 cycles. The supernatant was then segmented, and
levels of intraluminal Na, Cl, Ca, and P were measured
by an auto-analyzer (Merc-Mega, 800, Germany). After
this process, the rates of electrolyte/liquid volume, the
value of electrolytes in each segment, and the luminal
electrolyte content expressing the amount of total
electrolytes in weight in each segment were calculated.
An intestinal section of 3 cm was weighed to observe
the amount of intestinal edema due to obstruction. It
was then kept below 100°C for 24 hours, after which
the dried samples were weighed again, and the wet/dry
rate was found.

The results of the experiment were analyzed by SPSS
9.0 (SPSS Inc, Chicago, IL). The categorical values were
examined by the Chi-Square test. The non-categorical
values were measured by ANOVA, and the differences
between the groups were analyzed by the Tukey test.
P-values below 0.05 were considered significant.

Results. After 48 hours all of the rats in the control
group (n=10) were alive. Two of the 12 rats in the ileus
group (17%), and 5 of the 13 rats in the ileus + octreotide
group (38%) died. During autopsy, gastric and intestinal
distension and intraperitoneal fluids were evaluated.
Although no perforation occurred, a distinct change in
color, edema, and strain were observed in the distal part
of the proximal segment, and the intestinal wall of the
closed segment. In the control group, we observed mild
intra-luminal liquid volumes in all bowel segments. In
the ileus group, the intra-luminal liquid volume in the
intestinal lumen was distinctly high in both proximal
and closed segments. Octreotide application caused a
significant decrease in the intra-luminal liquid volume
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of the proximal segment. In closed segment the effect of
octreotide was also significant, as compared to the ileus
group (p<0.001) however, was similar to those of the
control group (Table 1). Levels of liquid accumulation
in distal segments were similar in all groups. Rates
of wet/dry tissue weight, as an indicator of intestinal
edema, were clearly higher in the ileus group and
ileus + octreotide group, particularly in the proximal
segment (p<0.01), however, the difference between
these 2 groups was not significant (p<0.35). Although
there was no significant difference between groups in
the middle (closed loop) segment (p<0.17), the wet/dry
rate was higher in the middle (closed loop) segment of
ileus + octreotide group, as compared to other groups
(p<0.26). No significant difference was observed in
terms of distal segmental edema between the groups
(p<1.54). Octreotide application caused a slight
increase in the wet/dry tissue weight rate, compared
with both control and ileus groups, though the rates in
proximal segment were higher in both ileus and ileus +
octreotide groups, without significant difference (Table
2). Luminal liquid electrolyte concentrations in the
measured segments of the ileus and ileus + octreotide
groups were altered. Those of the sham operated
animals were the same as serum levels. Electrolyte levels
in bowel lumen showed significantly decreased levels of

Table 1 - Theevaluationoftheintraluminal liquid volumes from different
segments of intestine and their statistical significance.

Segment liquids ~ Control group Ileus group Ileus + octreotide

group
Proximal segment 0.36 0.1 7.7¢1.8" 5.11£2
Middle segment 0.12£0.07  0.79+0.3* 0.33+0.23
(closed loop)
Distal segment 0.11x 0.08 0.11+0.14 0.2+£0.007

*»<0.000 in comparison with control group
1$<0.01 in comparison with ileus + octreotide group
#p<0.001 in comparison with control and ileus + octreotide groups

Table 2 - The wet/dry weight ratio (edema) of the intestinal segments in
all groups, and their statistical significance.

Wet/dry Control group  Ileus group Ileus + octreotide
group

Proximal 3.55+0.42 4.82+0.64 5.06+0.59"

Middle 3.78+0.8 4.2+0.5 4.42+0.69

(closed loop)

Distal 4.12+0.73 3.8+0.55 4.06+0.46

"»<0.01 in comparison with control group

Na in the proximal segments in both ileus and ileus +
octreotide groups, however, the difference between ileus
and ileus + octreotide groups was insignificant. Calcium
levels in the proximal segment were also lower in both
ileus and ileus + octreotide groups compared to control
group. However, octreotide treatment caused a better
preservation of intra-luminal Ca which is statistically
significant when compared to the ileus group (Table 3).
While octreotide application decreased the levels of Ca
(p<0.001) in both proximal and middle (closed loop)
segments, Na, Cl, and P levels were decreased only in

Table 3 - Theconsequencesoftheintraluminalelectrolyte concentrations
in proximal segment.

Proximal Control group Ileus group Ileus +
segment octreotide
group
Sodium 141.9+35 129.2+8.3 117.6£11.9°
Chloride 105+6.1 107+13.4 111+£12.67
Calcium 2.65+0.53 1.23+0.77 1.95+0.85
Phosphorus 22.9+1.5 24.3+23.2 25.5+30.8

"p<0.05 in comparison with control group, the evaluation for sodium
and chloride has been in mEq/l, for calcium in mg/dl, and for
phosphorus in mmol/dl

Table 4 - Theconsequencesof theintraluminal electrolyte concentrations
in middle segment.

Middle Control Ileus group Ileus + octreotide
segment group group
Sodium 141.9+35 125.3+24.5 123.4£17.9"
Chloride 105+6.1 104x14.5 107+13.3
Calcium 2.650.53 1.59+0.421 2.35+0.87
Phosphorus 22.9£1.5 11.5¢5.7 12.249.7

"p<0.05 in comparison with control group, ’»<0.001 in comparison
with control group, the evaluation for sodium and chloride has been in
mEq/l, for calcium in mg/dl, and for phosphorus in mmol/dl

Table 5 - Comparison of leukocyte count, hemoglobin, and hematocrit
values in the 3 groups.

Hematologic Control Ileus group Ileus + octreotide
parameters group group
Hemoglobin 14.5+£1.56 14.2+0.41 13.9+0.28
Hematocrit 44.1+6.78 41.0£1.72 41.0£1.28
Leukocyte 4500£1759  5655+1363 3945+474
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the closed segment (p>0.05). Serum electrolyte levels of
blood samples showed that only Na values of the ileus
+ octreotide group were less than the control and ileus
groups (p>0.05). No statistical significance was found
in other measured electrolyte values (Table 4). The
leukocyte count and hematocrit values were also not

significant (p>0.05) (Table 5).

Discussion. In the presentstudy, effectsof octreotide
were examined by forming a simple obstruction (a
closed loop intestine model with double ends blocked).
The intestinal obstruction, as was expected, caused a
significant increase in the amount of luminal liquid
in the obstruction model. It also was accompanied by
edema in the intestinal wall determined by wet/dry
weight rate. This content has not been adequately
documented in the recent published literature.
Zhang et al’ reported that combined administration
of octreotide and methylglucamine diatrizoate could
accelerate resolution of small bowel obstruction by a
specific therapeutic effect, and is much safer for the
older patients with intestinal obstruction. Massacesi et
al'® reported that octreotide provides antisecretory and
antiemetic activity in intestinal obstruction. Mangili et
al'' reported that nasogastric drainage decreased from
2000 to under 100 ml/day after the start of octreotide
treatment in 8 patients with intestinal obstruction.
Various factors contribute to intestinal distension
and ischemia. These are, gastrointestinal secretions
accumulated in the proximal part of the obstruction,
decreased liquid-electrolyte absorption from the
lumen, increased liquid and electrolyte secretion, and
intestinal inflammation.'>"” Although the mechanism
of distension after obstruction is not very well
understood, eliminating these factors may help in the
treatment of this condition, and contribute to improved
survival. In the present study, octreotide diminished
the amount of luminal liquid and sodium, which were
higher in the control group, as previously shown in
similar intestinal obstruction models.'* Despite the
effect of octreotide in decreasing the luminal liquid
and sodium content, it was not beneficial in decreasing
the intestinal wall edema. This supports the idea that
intestinal wall edema is an inflammatory process, and
not solely related to luminal volume. As it has no
essential anti-inflammatory effect, octreotide was not
supposed to decrease bowel wall edema. Yamaner et al”®
studied the effects of octreotide on healing of intestinal
anastomosis following small bowel obstruction in
rats. They concluded that octreotide attenuates the
ischemic changes, and electrolyte (Na and P) losses
in the obstructed bowel. Similarly, Demetriades et
al'® found that Lanreotide, a long acting somatostatin
analogue, decreases intestinal distension and luminal
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electrolyte (Na and P) losses in an experimental
obstruction model. In the present study, decrement of
Na in octreotide group may contribute to the increase
in intestinal wall edema, and worsening the outcome of
intestinal obstruction. In our study, positive or negative
effects of octreotide on Cl was not seen in proximal and
distal segments. In both segments the protective effect
of octreotide on Ca losses was seen. We detected that
octreotide does not effect P in proximal segments, and
does not protect P losses in distal segment.

In  our investigation, although octreotide
decreased the liquid and electrolyte content in the
intestinal lumen, it did not decrease the mortality
rates. Conversely, in a study comparing the effects of
octreotide in proximal intestinal obstruction model
with distal intestinal obstruction, octreotide decreased
mortality in proximal jejunum obstruction, however,
it had no effect on mortality in distal intestinal
obstruction.' This study might support the idea that
intraluminal liquid accumulation can be reversed by
octreotide in cases with proximal bowel obstruction.
Heuser et al'” investigated the effects of octreotide on
mucosal and muscular microcirculation, both under
normal and ischemic conditions, and concluded that
octreotide impairs micro vascular perfusion of the
jejunum both in physiologic conditions and ischemia-
reperfusion (IR). They have shown that octreotide,
without IR, decreased functional capillary density,
and red blood cell velocity. After reperfusion, it led to
perfusion heterogeneity demonstrated by villous stasis,
and a decrease in the index of mucosal perfusion. They
further underlined the harmful effects of octreotide
on intestinal microcirculation by demonstrating a
significant increase in adherent leukocytes (without
IR). Interestingly, adherence was not further increased
by IR, rather it was significantly decreased. We believe
that the high mortality rates of octreotide arm might
be explained by the impaired microcirculation due to
this statement.

In another study by Li et al,'® the role of pancreatic-
derived proteases in the pathogenesis of ischemic
intestinal injury was evaluated. Octreotide precondition
can improve the hepatocellular energy reserve, and
protect the liver from warm ischemia-reperfusion injury.
They reported that the protective effect of octreotide
on warm ischemia-reperfusion injury may be related to
its influence on endocrine secretion. In 2 randomized,
double blind, and placebo-controlled multicenter trials
the prophylactic effect of perioperative inhibition
of exocrine pancreatic secretion by octreotide was
investigated. A significant reduction in fistula, abscess,
fluid collection, sepsis, and postoperative pancreatitis
were detected within patients undergoing pancreatic
resection for cancer." Octreotide significantly decreased
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the liquid and electrolyte accumulation observed in
intestinal obstruction, even in the proximal segment.
However, octreotide could not inhibit the edema in the
intestinal wall and mortality, which possibly is due to
changes in the intestinal microcirculation. We believe
additional animal studies, and subsequently controlled
clinical trials are necessary before using octreotide
as a clinical adjunct in the treatment of small bowel
obstruction.
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Statistics

used.
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Describe statistical methods with enough detail to enable a knowledgeable reader
with access to the original data to verify the reported results. When possible,
quantify findings and present them with appropriate indicators of measurement
error or uncertainty (such as confidence intervals). Avoid relying solely on statistical
hypothesis testing, such as the use of P values, which fails to convey important
information about effect size. References for the design of the study and statistical
methods should be to standard works when possible (with pages stated). Define
statistical terms, abbreviations, and most symbols. Specify the computer software
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