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Rezumat

Introducere: Obezitatea este o problemă cu implicaţii sociale, 
economice şi medicale în lume, iar în ultimii ani chirurgia
bariatrică s-a dovedit capabilă în a rezolva această problemă. Am
efectuat un studiu experimental având ca scop compararea 
modificărilor metabolice şi hormonale după operaţia gastrectomie
longitudinală şi mini gastric by-pass, două proceduri bariatrice
promiţătoare. 
Material şi Metode: Am efectuat un studiu bazat pe model animal
la şobolani cărora li s-a indus diabet zaharat tip 2 şi obezitate,
împărţiţi în trei loturi: un lot care a urmat procedura gastrectomie
longitudinală, un lot mini gastric by-pass şi un lot martor, cărora 
li s-a măsurat glycemia, profilul lipidic, nivelele de grelinei şi 
insulinei înainte şi după operaţii.
Rezultate: Rezultatele au arătat scăderi semnificative ale glicemiei
a jeun (p<0.05), a profilului lipidic şi a nivelului grelinei în rândul
lotului cu mini gastric bypass comparativ cu gastrectomia 
longitudinală.
Concluzii: Acest studiu demonstrează că atât gastrectomia 
longitudinală  cât şi mini gastric by-pass-ul sunt două intervenţii
eficiente pentru tratarea obezităţii morbide şi a diabetului
zaharat tip 2, iar ambele proceduri pot îmbunătătţii semnificativ
schimbările metabolice legate de obezitate.
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Introduction

Of all diseases plaguing the Western world in
the 21st century, obesity and overweight are
one of the most widespread. Affecting more
than 650 million adults according to the World
Health Organization in 2016 (1), it is both a
public health and an economic burden.
Obesity and diabetes mellitus remain the
leading causes of reduced health and life span
throughout the world (2). The relationship
that links obesity and diabetes mellitus to the
regulation of metabolism and hormonal
changes is being increasingly studied. Both
type 2 diabetes mellitus and obesity are 
associated with insulin resistance through the
increased levels of nonesterified fatty acids,
glycerol, hormones, cytokines and proinflam-
matory substances (3). Lipid profile changes
are also a usual finding in obese patients with
T2DM. 

Although the ideal treatment consists of
lifestyle changes including diet and physical

activity, the most resorted method is through
weight reducing medication which bears little
long-term favorable results, leading to 
variable weight changes over time.

Bariatric surgery has become one of the
most efficient methods for treating morbid
obesity, not only because it dramatically
reduces weight loss, but also by resolving asso-
ciated comorbidity as well (4). Post-operative
weight loss is also stimulated by the decreased
production of hormones related to obesity such
as ghrelin, which is vastly produced by the
cells of the gastric fundus, the majority of
which is removed during sleeve gastrectomy
(SG). Ghrelin stimulates appetite, increases
gastric motility and secretion, increases
growth hormone secretion and reduces fat 
utilization (5). Moreover, ghrelin decreases
insulin secretion and ghrelin secretion is 
controlled by glucagon, insulin and leptin (6).
Lately, another surgical technique known as
single-anastomosis gastric bypass (SAGB) or
mini-gastric bypass (MGB) has been developed
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Abstract
Introduction: Obesity is one of the leading causes of social, economic and health problems
throughout the world and in the past years bariatric surgery has emerged as a method to 
alleviate this problem. We have conducted an experimental study aimed at comparing the 
metabolic and hormonal changes after sleeve gastrectomy and mini gastric by-pass, two
bariatric procedures showing promising results.
Material and Methods: We have designed a study using a rat model with induced type 2 diabetes
mellitus and obesity divided into three groups: a sleeve gastrectomy group, a mini gastric 
by-pass group and a sham operated group, all of which had their glycemia, lipid profile, ghrelin
and insulin levels measured before and after the procedures.
Results: The results showed a significant decrease (p<0.05) in fasting glucose levels, lipid profile and
ghrelin levels in the mini gastric bypass compared to the sleeve gastrectomy group.
Conclusions:  This study has demonstrated that both SG and MGB are effective treatments for 
morbid obesity and T2DM and both procedures can significantly resolve obesity-related metabolic
changes.
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(7). Initially described by Rutledge (8), this 
procedure proposes a simplification of Roux-
en-Y bypass (RYGB) by performing a single
anastomosis, with a significant reduction of
technical complexity, shorter operative time
and a potential reduction in morbidity and
mortality (7). However, changes in ghrelin 
levels were also observed after mini gastric
bypass (MGB).

Insulin, produced by the beta cells of the
islets of Lagerhans of the pancreas, promotes
transport of glucose from the circulation into
tissues, it stimulates uptake of glucose and
deposition of glycogen in the liver. It decreases
release of glucose by the liver and also
decreases food intake and increases energy
expenditure acting in the hypothalamus.

Some of the studies have shown similar
results between LSG and MGB, (9), while
other studies have shown different result.

The purpose of this study is to compare the
surgical outcomes of LSG and MGB in the
treatment of morbid obesity, regarding meta-
bolic and hormonal changes, and weight loss.
in a rat model of induced type 2 diabetes 
mellitus.

Material and Methods

The following protocol was used by the authors
for other rat model experiments involving 
gastric sleeve and gastric plication (10).

We have used fifteen male Wistar rats 
provided by the Pius Brînzeu Center for Flap
Surgery and Microsurgery of the “Victor
Babeş” University if Medicine and Pharmacy
Timişoara, who were reared in separate cages
under controlled temperature (21-23°C),
humidity (50-55%), and light (12 hours light,
12 hours dark, lights turned on at 7 o’clock).
All experiments were conducted having the
approval of the local Ethics Committee of the
“Victor Babeş” University of Medicine and
Pharmacy in compliance with the European
Union laws on animal protection (86/609/EC).

We have begun with 9 weeks-old rats who
were first acclimatized to the facilities for one
month before study commencement. During
the first 36 weeks, free access to DIO food (Bio
Serv® F3282 - Mouse Diet, High Fat, Fat
Calories - 60%) and tap water was provided for
them. Afterwards the rats were divided into
three weight-matched groups: group SG to
undergo sleeve gastrectomy (n=5), group
MGBP to undergo mini gastric by-pass (n=5)
and a control group SO to undergo sham 
surgery (n=5). After the surgical procedures,
normal rat chow diet (Bio Serv® F4031) was
fed to the rats until the end of experiment.
Additional blood samples were drawn after
these 4 weeks.

After a 14 hours overnight fast with access only
to water, the rats were introduced into a 20/10
cm induction chamber for anesthesia, using
Isoflurane® (Anesteran 99.9% - Rompharm™)
5% in a mixture with oxygen at flow of 2.5
L/min debit based on spontaneous respiration.
Once induction was achieved, isoflurane 1.5 -
2.2% in a mixture with oxigen was adminis-
tered through a cone mask for rodents at a flow
of 2-2.2L/min (11). All surgeries were performed
under sterile conditions. The rat was shaved
and a povidone-iodine solution was applied to
the skin.

In order to perform the sleeve gastrectomy,
a 4 cm midline incision was made, the gastro-
splenic ligament was divided and the stomach
was externalized. Using a 10 Ch orogastric
tube, the stomach was calibrated for all proce-
dures. A vascular clamp was placed along the
greater curvature from the antrum to the 
fundus across the stomach which helped
remove, using a scalpel, the main part of the
corpus and fundus of the stomach. The 
stomach was then closed with 5-0 non-
absorbable polypropylene monofilament
suture (Premilene B|Braun) in two layers in a
continuous fashion.
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For the mini gastric by-pass a 4 cm midline
incision was performed, the gastrosplenic 
ligament was divided and the stomach 
externalized. A vascular clamp was placed 
perpendicular on the lesser curvature and
another one parallel to the greater curvature,
thus sectioning the stomach and removing the
excess parts of the fundus and corpus. The
vertical section of the stomach was then closed
with 5-0 non-absorbable polypropylene
monofilament suture (PremileneB|Braun) in
one layer in a continuous fashion, while the
horizontal section of the stomach was anasto-
mosed to the jejunum,to obtain between 20%-
25% of bypassed small bowel. The rest of the
stomach was then closed in the same fashion.

For the sham-operated groups, after 
performing a 4 cm upper midline incision, the
stomach was externalized, manipulated, and
then returned to the abdomen. The peritoneal
cavity was cleaned with saline solution and
the abdominal wall was closed with running 
3-0 polyglactin acid suture. The skin was then
sewed with 3-0 running intracutaneous
absorbable multifilament coated polyglactin
suture (Vicryl Ethicon).

All animals were given 5 ml sterile warmed
saline intraabdominally to avoid dehydration
and allowed to recover spontaneously from
anaesthesia and surgery.

All rats received prophylactic antibiotherapy
administered after surgery and for the next
three days. Anti-inflammatories were also con-
comitantly administered. All animals included
in the study survived for the entire duration of
the experiment.

Fasting blood glucose was measured from the
tail of the rat, using an ACCU- CHEK ™ 
glucometer. After performing the laparotomy,
blood was drawn from the inferior vena cava
which was used to determine the lipid profile
(total cholesterol, LDL cholesterol, HDL choles-
terol, tryglicerides), plasma ghrelin and insulin

levels by using spectrophotometry. A calibrated
Sartorius scale was used to weight the rats.
Percentage total weight loss (%TWL) was calcu-
lated as the per cent of body weight loss, which
was calculated from the equation: (preinterven-
tional body weight − final body weight) ×
100/pre-interventional body weight (12).

Results are shown as means ± SD. Data was
analyzed using Microsoft Excel™. One-way
analysis of variance ANOVA and student t-test
were used for comparison of the means between
the groups. A p value <0.05 was considered 
statistically significant.

Results

Weight changes were measured between weeks
0, 36 (before surgery) and 40 (after surgery).
While the sham operated group showed an
increase in weight even after surgery, the mini
gastric by-pass group had a weight decrease
from 784 g to 631.1 g  (p<0.05) and the sleeve
gastrectomy group a decrease from 777.4 g to
648.8g (p<0.05) (Fig.1)

The total weight loss after surgery was
greater in the mini gastric by-pass group (19.5
%) compared to the sleeve gastrectomy group
(Fig. 2)

Mean fasting glucose levels decreased
between preoperative time and 4 weeks after
surgery in all three groups as such: from 143
mg/dl to 95 mg/dl in the sleeve gastrectomy
group, from 149 mg/dl to 84 mg/dl in the mini
gastric by-pass group and from 140 mg/dl to
105 mg/dl in the sham operated group (Fig. 3)

Tryglicerides levels decreased statistically
significant between preoperative time and 4
weeks after in the sleeve gastrectomy group 
(p =0.004) as compared to the mini gastric 
by-pass group. Total cholesterol levels
decreased statistically significant in the mini
gastric by-pass group (p = 0.05) compared to
the sleeve gastrectomy group. Also HDL 
cholesterol levels increased statistically 
significant in the mini gastric by-pass group 
(p = 0.004) compared to the sleeve gastrectomy
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group. However, both groups displayed 
significant decreases in LDL cholesterol levels 
(p = 0.004 in the sleeve gastrectomy group and
p = 0.001 in the mini gastric by-pass group)
(Table. 1).

Ghrelin levels decreased statistically 
significant after surgery both in the sleeve
gastrectomy and the mini by-pass group 
(p <0.05), while insulin levels decreased 

statistically significant only in the sleeve 
gastrectomy group (Table. 2).

Discussions

Obesity and obesity-related comorbidities has
been shown to have become one of the most
enormous challenges we face in healthcare as
well as in the global economy (13,14,15,16).

Figure 1. Weight evolution
between groups

Figure 2. Total weight loss between groups Figure 3. Mean fasting glucose levels among groups

SG group MGB group SO group 
preoperative postoperative p value preoperative postoperative p value preoperative postoperative p value 

TG (mg/dl) 161.4±35.89 150.6±40.36 0.004 175.6±31.83 146.2±33.46 0.009 158.6±29.44 155.2±38.15 NS 

TC (mg/dl) 138.4±14.87 127.2±13.27 0.006 129.6±13.01 121.4±10.15 0.05 131.4±13.84 129.4±13.81 NS 

HDL (mg/dl) 52.2±9.09 59±6.35 0.008 54.4±5.33 57.2±6.05 0.004 55.8±9.47 56.8±7.52 NS 

LDL (mg/dl) 95.4±15.56 86.8±14.65 0.004 96±12.88 87.4±16.41 0.001 91.6±12.4 90.6±14..43 NS 

Table 1. Lipid profile changes among groups 
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Bariatric surgery is currently the best treat-
ment for severe obesity, because it achieves
better short-term and long-term results 
compared to behavioral approaches or medical
treatment (17). LSG and RYGB are currently
the most commonly performed bariatric 
operations, but MGB has been increasing
(17,18,19).

Our study in experimental rat models of
SG and MGB  have shown a decreasing in
body weight compared to the control group.
The higher EWL% of MGB may be due to 
different mechanisms between MGB and SG.
SG is a restrictive procedure, but MGB is a
restrictive and malabsorptive procedure (20).

The results of our study showed amelioration
in fasting glucose levels. Rats submitted to mini
gastric by pass showed a significant improve-
ment of glycemic control compared to the
shame-operated group. Wang (20) showed 
better  results for remission rate of T2DM in the
MGB intervention compared to the sleeve 
gastrectomy.

Four weeks after surgery, the positive effects
of sleeve gastrectomy and mini gastric were
observed in the lipid profile changes. In our
study we evaluated the cluster of metabolic
abnormalities known as metabolic syndrome in
morbidly obese patients. Trygliceride levels
showed a significant improvement in the sleeve
gastrectomy group, which based on current
clinical evidence play a huge part in dyslipi-
demic atherogenesis. Decreased trygliceride
levels offer a substantial reduction of cardio-
vascular events. While total cholesterol and
LDL cholesterol levels decreased in both
groups, HDL cholesterol showed a small
increase in the mini gastric by-pass group. Lee
et al. (21) have stated resolution of metabolic
syndrome after a mean follow-up of 5.6 years
after MGB (22)

Ghrelin is a 28 amino-acids peptide with
strong growth hormone (GH) releasing activity,
and is mainly produced by the X/A-like cells of
the oxyntic glands in the fundus of the stomach,
which are nowadays referred to as ghrelin cells
or Gr cells. Production of ghrelin is attenuated
by the presence and stimulated by the absence
of food in the stomach (23), This study shows
that plasma acethylated ghrelin levels decrease
after gastric restrictive surgery. Other action of
ghrelin is inhibition of insulin-producing. Rats
submitted to SG  have shown a decrease insulin
plasma levels, while the MGB group showed an
increased plasma insulin levels. Umeda (24)
demonstrated a progressive improvement in
glycemic control, and improvement in both
insulin sensitivity and production after bariatric
surgery.

Animal experiments remain essential to
understand the fundamental mechanisms
involving obesity. The current excellence of 
animal care standards are consistent with 
the experimental conditions needed when 
conducting research (25).

The major limitations of this study are the
small sample who underwent surgery and the
short postoperative follow-up time, but having
in view it was an experimental study, group
sizes are expected to be smaller.

Conclusions

This study has demonstrated that both SG
and MGB are effective treatments for morbid
obesity and T2DM. Both procedures can 
significantly resolve obesity-related metabolic
changes.

This study was supported by a grant from the

SG group MGB group SO group 
preoperative postoperative p value preoperative postoperative p value preoperative postoperative p value 

Acylated Ghrelin 3.15±0.53 1.95±0.34 p<0.05 3.01±0.6 2.74 ± 0.55 p<0.05 2.7±0.33 3.04±0.5 NS
(ng/ml)

Insulin (ng/ml) 4.4±0.9 3.2±0.8 p<0.05 3.25±0.9 3.9±0.4 NS 4.04±1.1 5.1±0.8 NS

Table 2. Acylated ghrelin and insulin levels
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