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profile and insulin resistance in diabetic obese rat model. Fifty Male Albino rats 200+50g

were divided into 5 groups 10 per each. Subdiaphragmatic vagotomy and sham operations

Keywords were applied on diabetic obese rat model induced by high fat diet for 5 weeks and low dose

of streptozotocin (30mg/kg). After 5 weeks, serum samples were collected for confirmation

« Vagotomy of hyperlipidemia and lee obesity index was measured. At the end of the experiment, oral

. . glucose tolerance test, lee obesity index, lipid profile, fasting insulinemia, fasting glucose,
e Insulin resistance - ) )
insulin resistance (HOMA-IR) and histopathology of pancreases were assessed. Results

« Hyperlipidemia revealed that Subdiaphragmatic vagotomy significantly improved hyperlipidemia as it
e Glucose tolerance normalized plasma triglyceride level, decreased plasma cholesterol level and increased
test plasma high density lipoprotein level in diabetic and non-diabetic obese vagotomized rats.
Vagotomy significantly decreased lee obesity index and perigonadal fat pads weight,

decreased fasting insulinemia, decreased HOMA-IR and improved glucose tolerance in

diabetic and non-diabetic obese vagotomized rats. These results were confirmed by

regression of degenerative changes and restoration of the size of pancreatic islets of

Langerhans. In non-diabetic obese vagotomized group, the results of 120 minutes of oral

glucose tolerance test and HOMA-IR were close to normal expected values. However, the

same parameters were still away from normal expected values although normal

histopathological results of pancreases, in diabetic obese vagotomized group. In

Conclusion, subdiaphragmatic vagotomy has a promising role in treating obesity.

Nevertheless, its role in treating diabetes needs further long-term studies to be approved.
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Introduction
Diabetes mellitus (DM) is a chronic

metabolic disease characterized by hyperglycemia
as result of insulin resistance and a relative
deficiency of insulin (1). More than 90% from all
patients with DM have type 2 diabetes mellitus
(T2DM) and the majority of them are obese (2).
The prevalence of T2DM in Egypt was around
15.6% of all adults in 2015 (3). Currently, the most
effective methods of T2DM treatment are insulin,
oral antidiabetic drugs, lifestyle changes and
surgical procedures such as Roux-en-Y gastric
bypass (RYGB) (2). Unfortunately, current
medical treatment has been relatively unsatisfied
as more than half of the patients cannot achieve the
therapeutic goal (4).
The main pathophysiological feature of obesity
and T2DM is hyperlipidemia which results from
dysregulation of lipid metabolism and diagnosed
by elevated plasma triglyceride (TG) level,
increased plasma low density lipoprotein (LDL)
level and decreased plasma high density
lipoprotein (HDL) level (5). The hepatic afferent
vagal nerve fibers detect FFA concentration in
portal veins (6). Khound et al., (2017) reported
that subdiaphragmatic vagotomy significantly
decreased hepatic TG content and caused
inhibition of hepatic de novo lipogenic genes
leading to a decrease in hepatic lipid accumulation
in 22 weeks of HFD induced obese rats

The vagus nerve is the main nerve of the PNS
and has an important role on gastric emptying,
lipid metabolism, and secretion of gastric and
pancreatic digestive juices and anabolic hormones
(5). Subdiaphragmatic vagotomy is the surgical
technique in which all subdiaphragmatic vagal

nerve fibers are removed (7). The possible

postoperative complications of  vagotomy are
gastric retention, post-vagotomy osmotic diarrhea,
and postvagotomy hypergastrinemia (8). Recently,
truncal vagotomy was performed for the treatment
of marginal ulcers after RYGB surgery for morbid
obesity (7,9,10). Vagal nerve blockade device
(VBloc) was developed to cause intermittent intra-
abdominal vagal blockage using electrical currents
and is the first new obesity treatment device to
receive FDA approval in 14 years (11).

Insulin release depends on blood glucose level,
beta cell mass and neural control which is
mediated through glucose sensing in the
hypothalamus and brainstem (12). Glucagon like
peptide (GLP-1) excites preganglionic vagal motor
neurons supplying the pancreas stimulating insulin
secretion (5). The increased vagal activity in the
pancreases of monosodium glutamate (MSG)
induced obesity in rats was reported as the cause of
increased total pancreatic beta cell area leading to
hyperinsulinemia (13).

The role of subdiaphragmatic vagotomy in body
weight reduction is controversial. Since, The
previous study demonstrated that VBloc device
caused significant weight loss in moderate obese
individuals (11). The suggested mechanisms that
could lead to weight loss after vagotomy are loss
of appetite, decreased food intake, delayed gastric
emptying, and changes in some gastrointestinal
hormones (10).

On the contrary, another previous study reported
that vagal innervation of the liver, pancreas and
duodenum is not important for the beneficial
effects of RYGB on food intake, glycemic control,
and body weight (14).

Seeking for new treatment approaches to improve

hyperlipidemia is mandatory in obese and type 2
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diabetic patients. So in this study, we used a model
of diabetic obese rats to assess the effect of
subdiaphragmatic vagotomy on lipid profile and
insulin resistance in an attempt to develop a new
effective treatment of obesity-associated T2DM to
improves T2DM and decreases the risk of

complications.

Materials and Methods

Experimental animals: Fifty Male Albino rats
weighing 200+50 g were purchased from the
Ophthalmology Research Institute in Giza. Rats
were housed in Physiology Department, Faculty of
Medicine, and Suez Canal University at controlled
room temperature. They were left to acclimatize
for one week before the beginning of the study.
The study protocol was approved from the Ethics
Committee, Faculty of Medicine; Suez Canal

University, Egypt.

Experimental design: Rats were randomly divided
into 5 groups 10 per each. Group | (Control sham),
Group Il (Control vagotomized), Group Il (Non-
diabetic obese vagotomized), Group 1V (Diabetic
obese sham), and Group V (Diabetic obese
vagotomized)

Induction of experimental hyperlipidemia in rats:
Rats in the group I11, 1V, V were given HFD (40 %
fat, 42 % carbohydrate, 18 % protein) as a total
percentage of calories for 5 weeks (15,16).The rats
were considered hyperlipidemic when there was
significant increase in the plasma lipid profile
when compared with the control group (17,18).
After 5 weeks, the Lee obesity index of rats in the
HFD group was calculated by dividing the cube
root of BW (g) by nasoanal length (cm) and
multiplying the result by 1000, and rats with lee

obesity index greater than 310 were considered
obese (17,19).

Induction of diabetes mellitus: At 6" week, 12
hours fasting, the rats were given a single
intraperitoneal injection of STZ (sigma-Aldrich,
USA catalog No: 130, supplied in powder form) in
a dose of 30 mg/kg to induce DM (15,16). During
the first 24 hours after the STZ intraperitoneal
injection, rats were given 5% glucose solution.
After 72 hours, rats with blood glucose levels more
than or equal 200 mg/dl (11.1mmol/ L) were
considered diabetic rats and were assigned to the
study (15,20).

Subdiaphragmatic vagotomy procedure : After 12
hours of fasting, rats were anesthetized with
intraperitoneal injection of a mixture of ketamine
in a dose of 90 ml/Kg and xylazine in a dose of 9
mg/kg. Midline upper abdominal incision was
made, and both anterior and posterior vagus nerves
were separated from the esophagus and cut off
(19,21). After the operation, rats were received
systemic analgesic (Ibuprofen 5mg/kg SC) for 3
days in order to decrease postoperative pain (22)
and subcutaneous 10 cm glucose 5% (Figure 1).
Sham operation: Rats were subjected to the same
surgical procedures of vagotomy, but the vagus
nerve wasn’t cut off.

Oral glucose tolerance test (OGTT): Eight weeks
after vagotomy, a blood sample was taken from the
tail tip after 12 hours of fasting, to obtain fasting
blood glucose level (time 0) using a glucometer
(OK-1 meter, Biotech CO, Ltd). Then, all rats
were given oral gavage of glucose in dose of 2
o/kg , and blood glucose levels at 15, 30, 60, 120
min after gavage were measured by glucometer
from tail tip blood (20,21).
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Insulin sensitivity: The homeostasis model of
assessment of insulin resistance [([HOMA-IR) was
measured according to the following formula:
HOMA-IR = fasting insulin (mIU/L) x fasting
glucose (mmol/L)/22.5 (13,20)

At the end of the study (8 weeks after vagotomy):
Rats were euthanized with a combination of 100
mg/kg of ketamine and 10 mg/kg of xylazine (16).
Then, blood samples were taken by heart puncture
for insulin measurement by ELISA (RayBio®,
USA, Catalog No: ELR-Insulin) according to the
manufacturer's instructions and lipid profile
(CHOL, TG, HDL and LDL) by an automatic
biochemistry analyzer.  After sacrification, the
retroperitoneal and perigonadal fat pads from all
groups of rats were removed and weighed for
assessment of obesity. The stomach food retention
from all operated groups were assessed by the ratio
between the stomach weight per body weight to
confirm vagotomy (19,21).

Statistical analysis:

Data were reported as mean £SD and were
analyzed with SPSS statistical software version 20.
One way ANOVA was used for comparing means

of a variable in the five groups.

Results

Body weight, lee obesity index and perigonadal
and retroperitoneal fat pads weight results:
Subdiaphragmatic vagotomy decreased BW, lee

groups (Table 1).

obesity index and perigonadal fat pads weight in
diabetic and non-diabetic obese vagotomized rats.
The BW progression in HFD fed groups was
significantly higher than control groups after 5
weeks of HFD (p value <0.0001). The BW of
diabetic and non-diabetic obese vagotomized
groups was significantly lower than of diabetic
obese sham group at the end of experiment (p
value <0.0001; Figure 2). There was
significant decrease in BW of diabetic obese
vagotomized group when compared with non-
diabetic obese vagotomized groups (p value <
0.0001).
Lee obesity index, before vagotomy, was
significantly higher in HFD fed groups; diabetic
obese vagotomized group, diabetic obese sham
group, and non-diabetic obese vagotomized group,
when compared to control sham group (p value <
0.0001). The lee index of diabetic obese
vagotomized group and non-diabetic obese
vagotomized group was significantly decreased
when compared with diabetic obese sham group (p
value< 0.0001, p value<0.019; respectively; Table
1). Vagotomy significantly decreased perigonadal
fat pads weight in diabetic and non- diabetic obese
vagotomized rats when compared with diabetic
obese sham group (p value <0.0001 and p value <
0.02 respectively; Table 1).
Stomach weight (g) / BW (g) ratio to confirm
subdiaphragmatic vagotomy
All vagotomized groups presented with higher

stomach weight/ BW ratios than sham
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Table (1): The effect of vagotomy on stomach weight (g) / BW (g) ratio & obesity parameters

Control sham Control Non-diabetic obese Diabetic obese Diabetic obese
vagotomized vagotomized sham vagotomized
Stomach
weight(g)/BW  (g) 0.75+.05% 0.96+.05%* 0.92+.08%*# .64+.05% 1+.08% * #
ratio
_Lede obesity | Pre 263.246 265.70+6 313.1#3* 314.3+2.8* 314.1+3.35*
index
post 273.3+3.9 267.40+3 293.4+13.17# 307.5+15.2* 280.8+7.06#%
Perigonadal ~~ — fat 1.4420.1 0.8+0.21* 3.64+0.33# 3.930.095* 0.7+0.18#*$
pads weight (g)
Fasting insulinemia 1.33+0.08 0.52+0.11* 1.62+0.12# 2.59+0.2* 1.86+0.17#%

* Significant when compared to control sham group, # Significant when compared to diabetic obese sham group, $

Significant when compared to non-diabetic obese vagotomized group (p < 0.05, one-way ANOVA followed by post Hoc

tukey test).
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Figure (2): Body weight progression during 13 weeks of HFD feeding and the effect of subdiaphragmatic

vagotomy on it.
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Serum lipid profile

Subdiaphragmatic  vagotomy  significantly
decreased plasma CHOL, decreased plasma
TG, and increased plasma HDL in non-
diabetic and diabetic obese vagotomized rats
comparing to diabetic obese sham group (p
Table 2).

significant difference between diabetic and

value <0.01; There was no
non-diabetic obese vagotomized groups when
compared with control sham group indicating
that results of diabetic and non-diabetic obese
vagotomized groups became close to normal
results. Vagotomy did not affect plasma LDL
level in diabetic obese vagotomized group
although it significantly reduced LDL level in
non-diabetic obese vagotomized group (p
value <0.01).

Oral glucose tolerance test, glycemia, fasting
insulinemia and HOMA-IR

Before vagotomy, there was significant
difference in glycemia between diabetic rat
groups  (p
value<0.00001) .After vagotomy, There was

groups and non-diabetic rat
significant decrease in fasting blood glucose in
diabetic obese vagotomized when compared
with diabetic obese sham group (p value
<0.04; Figure 3).

During OGTT, vagotomy was found to
significantly decrease blood glucose levels at
15, 60,

administration in diabetic obese vagotomized

and 120 minutes after glucose

group when compared to diabetic obese sham
group (p value<0.023, p value<0.0001 and p
value<0.0001 respectively; Figure 4)

Table (2): Serum lipid profile before and after Subdiaphragmatic vagotomy

Control Control Non-diabetic obese | Diabetic obese | Diabetic obese

sham vagotomized vagotomized sham vagotomized
Plasma Before | 24.7+0.82 25.1+0.74 65.4+3.17* 66.4+1.27* 66.9+0.99*
CHOL
(ma/dl) After | 29.2+1.932 25+1.054* 48.2+2.936*# 79+1.054* 38.1+1.37*#
Plasma TG | Before | 15.8+1.14 15.5+1.08 129.3+1.34* 128.8+0.94* 127.9+0.88*
(mg/dl) After | 20.741.767 | 16.7£2.584* 27.9+1.663# 96.7£3.302% 28.7%1.252#
Plasma HDL | Before | 11.9+0.88 11.8+0.92 31.9+1.29* 32.1+1.2* 32.4+1.27*
(mg/dI) After 20£1.054 31.4+1.506* 29.7£1.059* 32.1£1.197* 42.611.174%#
Plasma LDL | Before 1.2+0.79 1.1+0.74 22.3+1.25* 21+0.82* 22.1+0.88*
(mg/dl) After | 5.6+1.43 3.8+1.398* 6.2+1.398*# 11+1.054** 10.8+1.476*$

CHOL: Cholesterol, TG: Triglycerides, HDL: High density lipoprotein, and LDL: Low density lipoprotein.* Significant
when compared to control sham group, ** Significant when compared to control vagotomized group, $ Significant when
compared to non-diabetic obese vagotomized group, # Significant when compared to diabetic obese sham group (p <
0.05, one-way ANOVA followed by post Hoc tukey test).
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There was no significant difference between
non-diabetic obese vagotomized group and
control vagotomized at 120 minutes.
Vagotomy significantly decreased fasting
plasma insulin in diabetic and non-diabetic
obese vagotomized groups when compared to
diabetic obese sham (p value<0.0001; Table
1). There was significant decrease in HOMA-
IR

vagotomized groups when compared with

in diabetic and non-diabetic obese

diabetic obese sham group (p value<0.0001,
Figure 5), but HOMA-IR in diabetic obese

vagotomized group was still significantly

sham group (p

higher than  control
value<0.0001).

Histopathology of pancreses:

Diabetic obese sham group revealed showed
shrinkage of islets of Langerhans and fatty
infiltration of exocrine portion. Restoration of
the pancreatic islet structure was restored afer

subdiaphragmatic vagotomy, (Figure 6,7,8).
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Figure (3): Blood glucose levels in rat groups after induction of DM.
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Figure (4): Changes in blood glucose levels during oral glucose tolerance test 8 weeks after subdiaphrgmatic

vagotomy.



Sebaei et al., 76

Insulin resistance (HOMA-IR)

90
80
70
60
50
40
30
20
10

HOMA-IR
(insulin(mIU/)*glucose(mmol/l)/2
2.5)

defined islet of Langerhans (arrow) composed of regular rounded to cuboidal cells with eosinophilic cytoplasm and
regular central rounded nuclei with trabecular or acinar arrangement. No degenerative changes. The pancreatic islet
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Figure(7): Photomicrographs of Sections in pancreatic tissue of diabetic obese sham group showing moderate
shrinkage of islets with moderate to marked vacuolar degeneration (red) of cells and cytoplasmic fragmentation
(H&Ex400).
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Figure (8): Photomicrographs of Sectlons in pancreatlc tissue of diabetic obese vagotomlzed group showing marked
improvement of degenerative changes, almost restored pancreatic islets size, regular cells with regular rounded nuclei, no
fatty infiltration or degenerative changes, still noticed very focal minimal cytoplasmic vacuolation (H&Ex400) .

Discussion subdiaphragmatic ~ vagotomy  improved

plasma lipid profile, decreased perigonadal

Type 2 diabetes mellitus is closely linked to fat pads weight and decreased lee obesity

obesity where there is insulin resistance and index_in diabetic and non-diabetic obese

impaired lipid metabolism (23). HFD and rats.  Vagotomy  normalized  insulin

low dose STZ induced diabetic obese rat . .
resistance, improved glucose tolerance and

model was applied in this study to promote restored normal size of pancreatic islets of

obesity, insulin resistance and T2DM. This Langerhans in non-diabetic obese rats.

model was selected and applied to simulate
the natural history and  metabolic
characteristics of T2DM in human (15).

Several studies have shown that ANS
imbalance has an important role in
pathophysiology of obesity. Increased vagal
activity was found in HFD induced obese rat
model to maintain obesity vicious cycle of
hyperinsulinemia, insulin resistance,
hyperlipidemia, and failure of beta cells

leading to DM (24-26).

The present study demonstrated that

Previous studies showed similar results to
the current one, Balbo et al., (2016) showed
that vagotomy in cafeteria diet induced
obesity in rats effectively decreased body
weight and perigonadal fat stores, decreased
insulinemia  and improved insulin
sensitivity. These effects were attributed to
decreased cholinergic potentiation of insulin
release. Morton et al., (2016) demonstrated
that vagal nerve blockade caused significant
weight loss in moderate obese humans. On

the contrary of the previous results, Shin,
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Zheng and Berthoud, (2012) reported that
hepatic branch vagotomy did not make
significant difference in body weight and
adiposity between RYGB with hepatic
branch vagotomy and RYGB alone in obese
rats. This controversy may be explained by
the difference in methodology as the former
study included vagotomized group with
additional surgical procedure. In addition,
the animals have been subjected to selective
hepatic branch vagotomy in which hepatic
branch of vagus nerve was removed
theoretically. Meanwhile, in the present
study, both anterior and posterior branches
of subdiaphragmatic vagus nerve have been
cut (19,21).

Present study results demonstrated
that diabetic obese vagotomized rats
presented with more weight loss than non-
diabetic obese rats. Interestingly, Li et al.,
(2014) reported concordant results on
human subjects; they showed that that
T2DM patients lost more weight than non-
diabetic subjects during 16 weeks of
behavioral weight loss program. Li et al.,
(2014) study explained that T2DM patients
lost more calories in the urine than non-
diabetic subjects contributing to more
weight loss in diabetic patients. On the
contrast to the current study results, Antoun
et al., (2018) reported that T2DM patients
have lost less weight than non-diabetic

obese subjects. The differences in results

noticed between Li et al., (2014) and
Antoun et al., (2018) studies could be due
to difference in initial body weight;
suggesting that, starting with greater body
weight in T2DM patients has been
associated with more weight loss.

The present study demonstrated that
subdiaphragmatic  vagotomy normalized
plasma TG level, decreased plasma CHOL
level and increased plasma HDL level in
diabetic and non-diabetic obese
vagotomized rats after eight weeks. It also
reported that non-diabetic obese
vagotomized rats presented with reduced
plasma LDL level, with no effect on plasma
LDL level in diabetic obese rats. In
agreement with this study, Lubaczeuski et
al., (2015)

subdiaphragmatic vagotomy interrupted the

demonstrated that

vagal afferent input to the CNS and vagal
efferent input to the liver leading to
decreased hepatic TG production and
plasma TG level in monosodium glutamate
induced obese vagotomized rats. Another
study agreed with our results has reported
that vagotomy reduced TG levels and
VLDL production via elevation of plasma
GLP-1 levels which mediates the brain liver
vagal signals in decreasing VLDL
production and insulin resistance induced by
HFD in rats (5)

The improvement of plasma lipid

profile was associated with improvement of
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fasting insulinemia, insulin resistance and
subsequently glucose tolerance since, our
study demonstrated that diabetic obese
vagotomized rats significantly presented
with lower fasting insulinemia, HOMA-IR
and glycemia than diabetic obese sham
operated rats. Qiu et al., (2014) reported
that selective hepatic branch vagotomy
significantly decreased fasting insulinemia
in rats with T2DM and these findings are
concordant with the current study findings.
Conversely, this previous study reported that
hepatic branch vagotomy did not affect
fasting glycaemia in rats with T2DM when
compared with sham group and these
findings are against our's. This controversy
may be due to different T2DM model
induction method. Qiu et al., (2014) induced
T2DM in rats by single intraperitoneal
injection of STZ (60 mg/kg) followed by
nicotinamide (120mg/kg).

The current study demonstrated that
subdiaphragmatic ~ vagotomy  improved
glucose tolerance in non-diabetic obese rats
since; there was no significant difference in
OGTT all times within 120 minutes of
OGTT  between  non-diabetic  obese
vagotomized and control sham groups.
These results were associated with
normalization of fasting insulinemia,
HOMA-IR and histopathological results of
pancreases of non-diabetic obese

vagotomized group. In agreement with

current research, Lubaczeuski et al., (2015)
reported that subdiaphragmatic vagotomy
normalized  glucose  tolerance  using
intraperitoneal GTT due to normalization of
insulinemia and HOMA-IR as result of
restoration of normal morphofunctional
aspects in pancreatic beta cells in MSG
induced obese rats. Another previous study,
in agreement with these observations,
reported that subdiaphragmatic vagotomy
improved glucose tolerance and enhanced
hepatic insulin sensitivity via increased
expression of insulin signaling molecules in
the liver in HFD fed mice (21). In contrast
to the current work results, Barella et al.,
(2015) documented that subdiaphragmatic
vagotomy did not affect glucose tolerance in
HFD fed rats. This controversy may be
attributed to using intravenous route of
administration of glucose during GTT,
which allowed rapid diffusion of glucose
without passing through GIT. This previous
study applied vagotomy before HFD intake,
in contrast to our methodology as we
applied vagotomy after 5 weeks of HFD and
continued HFD until the end of study.

Supdiaphragmatic vagotomy, in the
present work, was more effective in
ameliorating obesity than obesity with DM
as there was significant difference between
diabetic obese vagotomized group and non-
diabetic obese vagotomized group in
improving HOMA-IR, glycemia and OGTT



Sebaei et al.,

80

at 8 weeks postvagotomy. On the contrary,
Sathananthan et al., (2014) reported that
vagal blockade in non-diabetic patients did
not affect gastric emptying, glucose
metabolism and insulin secretion. Shikora
et al., (2015) reported that intermittent vagal
blockade which was applied on patients with
T2DM caused weight loss, decreased blood

pressure and HbALc reduction.

Points that could give a strength to the
present study is the study design which
included more than control one group as
well as the confirmation of improvement in
insulin resistance by regain of normal
histopathological architecture of pancreases.
A limitation of the current study is short
time for induction of obesity. Another
limitation of this study is short time of

follow up after vagotomy.

In summary, subdiaphragmatic
vagotomy is effective in improving plasma
lipid profile, decreasing HFD induced
hyperinsulinemia and decreasing body
weight in both diabetic and non-diabetic
obese rats. Nevertheless, prolongation of
periods of follow up after
subdiaphragmatic vagotomy might be
needed for assessment of the long term
effects of subdiaphragmatic vagotomy on
insulin resistance and glucose tolerance in

diabetic obese rats.

Recommendations:

Further studies are required to elucidate the
underlying mechanisms. VBloc device should
be considered in Egypt for upgrading research
in vagal nerve inhibition in treating metabolic

disorders.
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