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Abstract

such as excessive weight loss.

The aim of this study was to modify the current Sleeve gastrectomy surgical procedure by leaving behind the
blind intestinal loop, with the purpose to overcome the complications of gastric bypass. Accordingly, we evaluated in
Canine, the effectiveness of this approach, on the weight loss and markers of inflammation and oxidative stress. Our
results suggest that this type of bypass surgery in Canine resulted in significant weight loss that was maintained up
to six months. There was no evidence of post-operative leaks, infection or organ adhesion. However, oxidative
stress and inflammation markers were elevated in the post-operative stomach but not in the nonfunctional blind
intestinal loop, six months after surgery. Elevation of these markers, post surgically in the target organ suggesting
that it may take longer time for these markers to come back to healthy pre-operative levels. The purpose of leaving
behind the blind intestinal loop may allow reversing the bypass in future date due to any unintended complications

Keywords: Sleeve gastrectomy; Weight loss; Stress

Introduction

Sleeve gastrectomy (SG) involving gastric reservoir construction
that preserves the atrium and pylorus with vagal innervation, followed
by biliopancreatic diversion (BPD) with duodenal switch (DS) in the
same session, in patients with acceptable operative risk. With the
preservation of pylorus, there virtually are no restrictions on what
patients can eat as compared to gastric bypass [1,2]. This two-step
approach has been reported to decrease in peri-operative morbidity
and mortality compared to one stage BPD [3].

Despite the perceived advantages of SG, this procedure is not widely
performed. A recent study has compared SG with Roux-en-Y gastric
bypass (RYGB) and laparoscopic adjustable gastric banding (LAGB)
and concluded that SG has better weight loss and fewer complications
and thus may be a reasonable option for treatment of morbid obesity
[4]. Long-term data on sleeve gastrectomy is not available; however
recent studies are suggestive that bariatric surgery reduces the
progression and mortality of no-insulin dependent diabetes [5].

Gastrointestinal hormone secretion changes after gastric bypass
surgery, that bypasses duodenum and upper jejunum, would favor
improvement of type 2 diabetes. Although gastric bypass produces
rapid weight loss, is invariably associated with malabsorption of
essential nutrients. It has been reported that in some patients
undergone SG, feel less hungry as compared to gastric bypass,
presumably because large portion of stomach that secretes hormones is
removed [1,6]. Weight loss after bariatric surgery appears to a major
contributor of diabetic improvement [7].

Weight loss induced by bariatric surgery is a major factor of diabetes
improvement. However, in several studies, the resolution of diabetes
has often been observed before a significant weight loss has been
obtained. The early post-surgical improvement of diabetes suggested a

major physio pathological role for changes in gut hormone secretion
[8-11]. As a matter of fact, a decrease in plasma levels of ghrelin, an
orexigenic peptide, has been described following gastric bypass for
morbid obesity [12]. The involvement of other intestinal peptides like
GLP-1 and neuropeptide YY or a decreased secretion of anti-incretin
hormones has been proposed to explain the rapid remission of diabetes
after bariatric surgery [13-17]. Roux-en-Y bypass (RYGB) that
excludes the duodenum from the nutriments route modifies the gut
microbial metabolic environment and that has been shown to improve
insulin resistance more rapidly than sleeve gastrectomy [18].

Obesity has been shown to be associated with elevated
inflammatory markers and heightened oxidative stress. Elevated
cytokine production by gut mucosa has been shown in cases of Crohn’s
disease, ulcerative colitis and other intestinal inflammatory conditions
[19]. However visceral adipose tissue cytokines and adipokines are
elevated during morbid obesity, insulin resistance and non-alcoholic
fatty liver disease [20-22]. Gastric cytokine production in patients after
SG has not been reported. Most of the reports on changes in
inflammatory biomarkers after gastric bypass surgery have been
reported for circulating plasma. From these studies it is apparent that
there is reduction in the pro-inflammatory biomarker and increase in
anti-inflammatory markers, independent of the degree of weight loss
in the circulating plasma after RYGB [23].

Obese subjects undergoing RYGB preoperatively have been reported
to have higher oxidative stress and inflammation as assessed by
circulating plasma levels. However one year after surgery there was
marked improvement in antioxidant protection and substantial decline
in the oxidative stress and inflammatory markers [24-26].

In the present canine study, we modified the current SG bypass
surgical procedure to overcome the complications of the sleeve
gastrectomy and gastric bypass by leaving behind the blind intestinal
loop. We determined the level oxidative stress and inflammatory
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markers in the pre and post-surgical tissue of the stomach and
intestinal blind loop by biochemical and Immunocytochemical assays.

Materials and Methods

The study was approved by the institutional animal review board.
Canine (six male and four female) used in the present study, were
maintained on high protein and carbohydrate diet and weighed 25 kg
on average. On the day of surgery, dogs were pre-medicated with
intramuscular injections of atropine (0.2-0.4 mg/kg) and ketamine
(15-20 mg/kg). Endotracheal intubation was followed by an
intravenous line with lactated Ringer's solution and pentobarbital
(20-30 mg/kg) to induce anesthesia and maintained with isoflurane
(1.5%) and oxygen. The animals were kept in supine position and an
orogastric tube was inserted for evacuation of stomach.

Surgical procedure

Gastric sleeve procedure: After sterile skin preparation with
povidine iodine, a pneumoperitoneum with carbon dioxide was
established. A 12 mm optical trocar was placed under direct vision
approximately 15 cm below the xiphoid process and 3 cm to the left of
midline. A 450 angled laparoscope was placed through the port into
the peritoneal cavity and 12 mm port was placed in the left lateral
flank, medial to the edge of the colon in a supine position and at the
same level as per umbilical port. Next, a 5 mm trocar port was placed
along the left subcostal margin between the xiphoid process and the
left flank port. Another 12 mm port was placed in the right epigastric
region and a fourth 12 mm port was placed in the mid-epigastric
region caudal and medial to the previous port (Figure 1A).

The pylorus of the stomach was identified and the greater curve of
the stomach elevated. A ligasure was used to enter the greater sac via
division of the greater omentum. The greater curvature of the stomach
was dissected free from the omentum and short gastric blood vessels
using the ligasure. The dissection was started 5 cm from the pylorus to
the Angle of His and a 10 mm caliber was then passed through the
esophagus, stomach, and into the first portion of the duodenum. The
caliber was aligned along the lesser curvature of the stomach and used
as a template to perform the vertical sleeve gastrectomy beginning 2
cm proximal to the pylorus and extending to the Angle of His (Figure
1B).

An endoscopic linear cutting stapler was used to serially staple and
transect the stomach just to the left and lateral to the caliber. The
transacted stomach, which includes the greater curvature, was
completely freed and removed from the peritoneum through the left
flank port incision. The staple line along the remaining tabularized
stomach was tested for any leak by injecting methylene blue through
the nasogastric tube. The staple line was concurrently evaluated for
bleeding intraperitonealy with the laparoscope. A 19 French Blake
drain was carved in the upper left quadrant along the sleeve
gastrectomy staple line. The fascia of the left flank port site was closed
with an absorbable suture on a trans-abdominal suture passer to
prevent bowel herniation but did not close the fascia defects at the
remaining port sites (Figure 1C).

Sleeve bypass: The greater omentum was dissected centrally by using
ligasure to release any possible pressure that may occur during
anastomosis. The ligament of trietz was identified (doudenojejunal
junction) and at 70 cm distal, folded the bowel to obtain proximal and
distal segment by using the stapler. Approximately 150 cm from the
distal end of the dissected bowel, we brought the proximal dissected

bowel segment and anastomosed it to the marked area of the bowel by
performing functional end to side anastomosis using the stapler
(Figure 1D).
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Figure 1: Position and size of trocars (A), operative technique of
sleeving the stomach (B), operative technique prior to functional
end to side anastomosis (C) and functional end to side anastomosis
of measured length jejunum to jejunum (D).

A portion of the stomach tissue and intestinal tissue were collected
as the surgery was being performed and processed for histological,
Immunocytochemical and biochemical analysis. The same process was
reaped at 6 month period when canine were sacrificed.

Biochemical analyses

The stomach and intestinal tissue from each animal at the time of
surgery and after 6-months post-operative were obtained and their
weights were recorded. The tissues were homogenized in cold
potassium phosphate buffer (0.05 M, pH 7.4). The homogenates were
centrifuged at 5000 rpm for 10 min at 4°C. The resulting supernatant
was used for determination of malondialdehyde (MDA), reduced
glutathione (GSH), and nitric oxide (NO) levels, and catalase enzyme
activity using commercial colorimetric assay Kkits.

Determination of MDA level: The levels of MDA in the stomach and
intestinal homogenates were measured as suggested by the
manufacturer, measuring absorbance at 534 nm (ZellBio GmbH,
Germany).

Determination of GSH level: The stomach and intestinal GSH levels
were measured using commercial colorimetric assay kit following
manufacturer’s recommendations, measuring absorbance at 405 nm
(ZellBio GmbH, Germany).

Determination of NO level: The stomach and intestinal NO levels
were measured using commercial colorimetric assay kit, measuring
absorbance at 540nm (abcam, USA).
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Determination of catalase enzyme activity: The activity of catalase
enzyme in the stomach and intestinal homogenates were measured
using commercial colorimetric assay kit (Sigma-Aldrich, USA). The
assay was performed according to manufacturer’s recommendations.
One unit of catalase is defined as the amount of the enzyme required to
decompose 1 uM of H,0O, per minute.

Histological and Immunocytochemical analysis

The stomach and intestinal tissues obtained from each animal were
fixed in 10% formalin solution, dehydrated in ascending grades of
ethanol and embedded in paraffin. Sections at 4 pm thickness were
taken, stained with hematoxylin and eosin (H&E) and examined under
light microscope. Four um thick sections of the stomach and intestinal
tissues were deparaffinised, rehydrated, and endogenous peroxidase
activity was blocked with 3% H,0, in methanol. Sections were pre-
treated in citrate buffer (pH 6.0) in a microwave. Sections were
incubated with polyclonal antibodies specific for the dog targets.

The antibodies used were anti-nitric oxide synthase (iNOS), anti-
cyclooxygenase-2 (COX-2), anti-Fas ligand (FasL), and anti-caspase-3
antibodies ( Thermo Scientific, USA, dilution 1:1000), and anti-tumor
necrosis factor-a (TNF-a) (US Biologicals, USA, dilution 1:1000). The
sections were incubated with biotinylated goat anti-polyvalent, then

with streptavidin peroxidase and finally with diaminobenzedine plus
chromogen. Slides were counterstained with hematoxylin and
visualized under light microscope and the extent of cell
immunopositivity was assessed.

Statistical analysis

The results were analyzed by t-test using GraphPad InStat (version
3.1). P<0.05 was selected as the criterion for statistical significance.

Results

Surgery and weight loss

All surgical procedures were successfully performed with no deaths
or complications. There was no post-surgical fluid collection, abscesses
or adhesion to the surrounding organs. All peritoneal and blind loop
cultures were negative. No post-operative leaks were detected. The
single important observation of this study was that all the dogs had
significant weight loss after surgery and this loss were maintained up
to 6 months, till the dogs were sacrificed. The average weight loss was
approximately 34% (Table 1).

Pre-operative body weight

Post-operative body weight

Loss of Weight

25.705 + 1.24 kg 16.6 +1.17 kg’

(-8.805 + 0.97) kg, (34%)

Table 1: Results of weight loss due to sleeve surgery, the loss in weight is considered significant ("P<0.05) pre-operative body weight compared to

post-operative body weight (n=10).

Biochemical analyses (oxidative stress)

Malondialdehyde (MDA) has been widely used as a biomarker for
lipid peroxidation. From our results, in the postoperative stomach
tissue the level of MDA had gone up by 35%, a significant increase as
compared to pre-operative control (124.01 + 7.9 vs. 62.39 + 3.8 nmol/
gm). However in the blind intestinal loop there was no such significant
change (Table 2).

Glutathione (GSH) levels were unchanged in the post-operative
stomach but exhibited a significant decrease (1.05 + 0.11 vs. 0.82 + 0.07
nmol/gm) in the post-operative blind loop intestine (Table 2).

Nitrous Oxide (NO) levels in post-operative stomach are again
significantly elevated (196.34 + 15.1 vs. 149.96 + 13.1 nmol/100 mg of
tissue) while in blind loop intestines no significant change in the level
of NO was observed (Table 2).

Catalase enzyme, an oxidative stress marker was significantly
elevated in post-operative stomach tissue (3.90 + 0.24 vs. 1.97 + 0.73
U/gm. of tissue) However, in blind intestinal loop its activity (0.10 +
0.04 vs. 0.67 + 0.16 U/gm. of tissue) was significantly inhibited (Table
2).

Histology of stomach and blind intestinal loop

Histology of stomach and intestine tissues before (Figures 2a and
2b) and after surgical procedure for stomach and blind intestinal loop
(Figures 2c and 2d) did not exhibit any significant changes, suggesting
normal histology in pre-and post-operative tissues.

MDA (nmol/g tissue)

Stomach Blind loop Intestine

Pre-operative Post-operative Pre-operative Post-operative

62.39+ 3.8 124.01+£7.9° 87.55+5.6 83.30+8.3

GSH (mmol/g tissue)

Stomach Blind loop Intestine

Pre-operative Post-operative Pre-operative Post-operative

0.73 £0.07 0.79£0.16 1.06+0.11 0.82+0.07

NO (nmol/100 mg tissue)

Stomach Blind loop Intestine

Pre-operative Post-operative Pre-operative Post-operative

149.96 + 13.1 196.34 £+ 15.1" 56.91 +9.21 66.46 + 7.41
Catalase (U/g tissue)
Stomach Blind loop Intestine

Pre-operative Post-operative Pre-operative Post-operative

1.97+£0.73 3.90 £ 0.24 0.67 £0.16 0.10 £ 0.04

Table 2: Results of pre-operative and post-operative Malondialdehyde
(MDA), Glutathione (GSH), nitric oxide (NO) and Catalase levels in
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the stomach and intestine of the experimental dogs; “P<0.05
considered significant comparing pre and post-operative value (n=10).

Immunocytochemistry studies

Immunocytochemical staining was performed on the tissues from
stomach (pre and post-operative, Figures 2a-2d) for inducible nitric
oxide synthase (iNOS, Figures 2e and 2f), Tumor necrosis factor-a
(TNF-a Figures 2g and 2h), Fas ligand (Fas L, Figures 2i and 2j),
cyclooxygenase-2 (COX-2, Figures 2k and 21) and Caspase-3 (Figures
2m and 2n). All these ligands and enzymes exhibited increased
expression in the postoperative stomach tissue as compared to
preoperative stomach tissue. The increased expression can be
visualized from the brown color of the postoperative stomach tissue
not present in the preoperative stomach tissue. The expression of these
ligands and enzymes were not quantitated. The presence of these above
ligands and enzymes were also tested in blind intestinal loop post-
operative tissue, however there was no difference between the pre and
postoperative expression (data not shown).

Figure 2: Sample representative photomicrograph (H&E) of
stomach and intestine tissue before (a,b) and after surgery (c,d).
Immunocytochemistry based expression in the sample
representative pre- and postoperative stomach (n=10) of iNOS
(e,f),TNF-a (g,h), Fas L (i,j), COX-2 (k1) and Caspase-3 (m,n).

Discussion

Improvement in biochemical profile for diabetes and other
metabolic disorders is one of the main objectives of bariatric surgery.
The metabolic effects, weight loss and improvement in quality of life
have been reported following bariatric surgery [9-10]. Recent advances
in bariatric surgery have made it safer with minimal perioperative
mortality risk associated with laparoscopic gastric banding surgery [1].
Because the function of pylorus is maintained, there is less restriction
on what patients can eat, compared to other gastric bypass procedures.

Also it has been reported that patients experience less hunger after
sleeve gastrectomy in comparison to gastric band or gastric bypass,
may be due to removal of large part of stomach that secrets hormones
[1,6]. In a recent report on long term follow-up outcome of
laparoscopic sleeve gastrectomy and gastric bypass procedures, shows
that bariatric surgery is more effective than medical treatment in
weight reduction and diabetic control. However, survival benefits
adverse outcome is not clear [27].

In our studies, we took out 70-80% of the stomach along the greater
curvature. In the second step, approximately 150 cm of the proximal
part of the small intestine was rendered unavailable to the absorption
process. In our procedure, compared to other sleeve surgeries, we left
behind part of small intestine with the purpose to minimize trauma of
extensive surgery and future possible re-use of the part. Our results
show that there is significant weight loss that was maintained up to six
months post-operation. Bariatric surgery has been shown to produce
much greater and sustained weight loss when compared to
conventional methods. However, various markers of inflammation,
CRP, TNF-a and IL-6 have been reported to be affected in bariatric
surgery [15]. Though CRP is known to decrease with weight loss, the
changes in the other markers are not clear. In our studies, we
determined TNF-a, iNOS, FasL, COX-2 and Catalase expression by
immunocytochemistry and found their expression increased in
postoperative stomach tissue as compared to preoperative stomach.
There was no change of these markers in the postoperative blind loop
intestinal tissues, suggesting that blind loop did not undergo
inflammatory process.

We evaluated the oxidative stress due to surgery. Oxidative stress
markers such as MDA, one of the most frequently used indicator of cell
membrane injury was significantly elevated in post-operative stomach
but not in post-operative blind loop intestine. Surgical intervention per
se elicits inflammatory response with cytokine activation and
overproduction of oxidative stress markers. This observation would
suggest that extensive stomach surgery resulted in over production of
oxidative stress as compared to lesser stress in the blind loop intestine
due to minimal surgery. Low glutathione (GSH) have been implicated
with decreased cellular antioxidant capacity, in the pre- and
postoperative stomach tissues there is no significant change in its
levels. However, in the postoperative blind intestinal loop there is
significant decrease in GSH levels and thus may suggest that thiol-
redox status is altered. Our results further suggest that there is an
increase in the expression of anti-oxidant enzymes such as Nitric oxide
synthase measured as nitric oxide and significant increase in MDA,
NO and catalase levels in post-operative stomach even after six
months, suggesting that antioxidant state that existed pre-operative
stage is not restored at six months of post-surgery. Most of the reports
on the elevated oxidative stress and inflammatory response in obese
subjects subjected to RYGB has been determined in the circulating
plasma and other biological fluids and found to improve significantly
after surgery. However, we have not determined these markers in the
plasma, instead we were interested to determine if there is any
improvement of these markers at the source in the stomach and blind
loop intestinal tissue after 6 months surgery. We did observe elevated
levels of oxidative stress and inflammatory markers at six months in
these tissues, suggestive that in the local tissue it may take longer than
six months for these markers to return to normal healthy levels.

In conclusion, as a result of our surgical procedure, there is a
significant weight loss at six months postoperative and most of the
oxidative markers are still elevated at this time point. This is also true
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with inflammatory markers. Our investigation is one time point study
of these markers and long term implication is not known. However, in
recent study on pro-inflammatory and oxidative stress markers in
human subjects undergone Roux-en-Y gastric bypass, suggests that it
takes more than one year postoperatively for inflammatory and
antioxidant markers to return to preoperative status [28].
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