
Teng Liu, Ming-Wei Zhong, Xin Huang, Yu-Gang Cheng, 
Ke-Xin Wang, Shao-Zhuang Liu, San-Yuan Hu, Department 
of General Surgery, Qilu Hospital of Shandong University, Jinan 
250012, Shandong Province, China

Yi Liu, Health and Family Planning Commission of Shandong 
Provincial Medical Guidance Center, Jinan 250012, Shandong 
Province, China

Author contributions: Liu T, Liu SZ and Hu SY designed the 
study and wrote the manuscript; Liu T and Zhong MW instructed 
on the whole study and prepared the figures; Liu Y and Wang KX 
collected and analyzed the data; Liu T, Huang X and Cheng YG 
performed the operations and performed the observational study; 
Huang X and Cheng YG performed the molecular investigations; 
all authors have approved the final version to be published.

Supported by National Natural Science Foundation of China, 
No. 81471019 (to Hu SY) and No. 81300286 (to Liu SZ); 
Foundation for Outstanding Young Scientist in Shandong 
Province, No. BS2013YY031 (to Liu SZ); Science and 
Technology Development Program of Shandong Province, 
No. 2014GGE27485 (to Liu SZ); Specialized Research Fund 
for the Doctoral Program of Higher Education of China, No. 
20130131120069 (to Liu SZ).

Institutional review board statement: The study was reviewed 
and approved by the Institutional Review Board of Qilu Hospital 
of Shandong University, Jinan, China.

Institutional animal care and use committee statement: All 
procedures involving animals were reviewed and approved by the 
Ethics Committee on Animal Experiment of Shandong University 
Qilu Hospital (IACUC protocol number: DWLL-2015-014).

Conflict-of-interest statement: All authors have no conflict of 
interest related to the manuscript.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 

reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: San-Yuan Hu, Professor, Department of 
General Surgery, Qilu Hospital of Shandong University, No. 107, 
Wenhua Xi Road, Jinan 250012, Shandong Province, 
China. husanyuan1962@hotmail.com
Telephone: +86-531-82166351 
Fax: +86-531-86920598

Received: January 20, 2017
Peer-review started: January 20, 2017
First decision: February 9, 2017
Revised: April 25, 2017
Accepted: May 4, 2017
Article in press: May 4, 2017
Published online: May 14, 2017 

Abstract
AIM
To investigate the effects of sleeve gastrectomy 
plus trunk vagotomy (SGTV) compared with sleeve 
gastrectomy (SG) in a diabetic rat model.

METHODS
SGTV, SG, TV and Sham operations were performed 
on rats with diabetes induced by high-fat diet and 
streptozotocin. Body weight, food intake, oral glucose 
tolerance test, homeostasis model assessment of 
insulin resistance (HOMA-IR), hepatic insulin signaling 
(IR, IRS1, IRS2, PI3K and AKT), oral glucose stimulated 
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insulin secretion, GLP-1 and ghrelin were compared at 
various postoperative times.

RESULTS
Both SG and SGTV resulted in better glucose tolerance, 
lower HOMA-IR, up-regulated hepatic insulin signaling, 
higher levels of oral glucose-stimulated insulin se-
cretion, higher postprandial GLP-1 and lower fasting 
ghrelin levels than the TV and Sham groups. No 
significant differences were observed between the SG 
and SGTV groups. In addition, no significant differences 
were found between the TV and Sham groups in 
terms of glucose tolerance, HOMA-IR, hepatic insulin 
signaling, oral glucose-stimulated insulin secretion, 
postprandial GLP-1 and fasting ghrelin levels. No 
differences in body weight and food intake were noted 
between the four groups.

CONCLUSION
SGTV is feasible for diabetes control and is independent 
of weight loss. However, SGTV did not result in a better 
improvement in diabetes than SG alone.

Key words: Sleeve gastrectomy; Trunk vagotomy; Glucose 
metabolism; GLP-1; Ghrelin
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Core tip: To investigate the effects of sleeve gastrec-
tomy plus trunk vagotomy (SGTV) compared with 
sleeve gastrectomy (SG) in a diabetic rat model, 
SGTV, SG, TV and Sham operations were performed 
on diabetic rats. The result showed that SG and SGTV 
resulted in better glucose regulation, but SGTV did not 
result in a better improvement in diabetes than SG 
alone. 

Liu T, Zhong MW, Liu Y, Huang X, Cheng YG, Wang KX, Liu 
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INTRODUCTION
Bariatric surgery has evolved since the 1950s and 
has become the most effective treatment for morbid 
obesity, and results in a marked improvement in 
weight loss and serious obesity-related comorbidities, 
especially type 2 diabetes mellitus (T2DM). Recently, 
bariatric surgery has been included in the treatment 
algorithm of T2DM and is accepted worldwide by 
medical and scientific organizations.

In addition to bariatric surgery, gastrointestinal 
metabolic surgery has been widely accepted by most 

major bariatric surgery societies. According to a 
global survey, Roux-en-Y gastric bypass (RYGB) and 
sleeve gastrectomy (SG) are the most frequently 
performed procedures worldwide. The number of SGs 
has markedly increased since 2003 and has exceeded 
RYGB as the most popular procedure in North America, 
the Asia/Pacific region and Europe. With accumulating 
evidence that SG induces weight loss and diabetes 
remission, the more easily performed SG compared 
with RYGB has been recognized as a stand-alone 
bariatric operation. Given that records of follow-up 
after SG are few, further long-term surveillance is 
necessary. Furthermore, the anti-diabetic effect of SG 
seems to be inferior to RYGB[1,2]. Therefore, RYGB, 
rather than SG, is still accepted as the gold-standard 
procedure for diabetes control. 

Research on the mechanisms of improvement in 
diabetes after bariatric surgery[3] has shown that the 
small intestine plays a key role in this mechanism, 
which involves the roles of gut hormones, bile acid 
metabolism, nutrient sensing, incretins, and the 
gut microbiome which are induced by bypass of 
the proximal intestinal and rapid distal gut nutrient 
delivery. Moreover, novel bariatric techniques involving 
only the small intestine, such as duodenal-jejunal 
bypass and ileal transposition, performed on rodents 
or patients, proved to have marked effects on glucose 
metabolism[4]. 

Based on these findings, and with the purpose of 
enhancing the effect of SG on diabetes control, pioneer 
surgeons developed novel procedures and combined 
various procedures with SG, involving bypass or 
transposition of different parts of the small intestine. 
These novel procedures include SG plus (SG+) single-
anastomosis duodeno-ileal bypass (SADI-S)[5], SG 
plus duodenal-jejunal bypass (SG-DJB), SG plus 
jejunal-jejunal bypass (SG-JJB), SG plus jejunal-ileal 
bypass (SG-JIB)[6], SG plus side-to-side jejunoileal 
anastomosis (SG-JIA), and SG plus ileal transposition 
(SG-IT) DA. Although all these SG+ procedures were 
proved to be feasible and effective for T2DM in rats 
and patients, randomized trials comparing the effects 
of SG+ and SG alone in patients are expected. In 
addition, all the SG+ procedures mentioned above 
involved operations on the small intestine and at 
least one extra anastomosis, which resulted in similar 
surgical risks to RYGB. Therefore, simpler SG+ 
procedures have yet to be developed. 

The vagus nerve has multiple physiologic functions 
related to food intake, energy metabolism and 
glycemic control[7]. Preclinical and clinical studies 
have suggested that vagal interruption has effects on 
insulin secretion and hepatic glucose metabolism[7,8], 
and truncal vagotomy (TV) results in early satiety and 
weight loss[9-11]. Furthermore, electrical vagal nerve 
blockade is associated with significant excess weight 
loss and sustained improvements in HbA1c[12,13]. 
Therefore, we developed SG plus TV (SGTV), a 
less invasive procedure than other SG+ procedures 
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requiring additional anastomoses, and performed 
SGTV on a rat model of diabetes. In this study, we 
compared SGTV with SG alone to evaluate the effect 
of vagotomy on glucose metabolism and compared TV 
with SGTV and SG to evaluate its effect on diabetes 
improvement, with an aim to determine whether SGTV 
is a feasible and safe procedure for inducing diabetes 
remission.

MATERIALS AND METHODS
Animals
All experiments were approved by the Animal Care 
and Utilization Committee of Shandong University, 
Jinan, China. The animals were housed in separate 
independently ventilated cages, at a constant 
temperature of 24-26 ℃, humidity of 50%-60%, a 12 
h light/dark cycle, and had free access to tap water 
and food at the Laboratory Animal Center of Shandong 
University. Male Wistar rats (age, 8 wk, body weight, 
160-180 g) were fed with a high-fat diet (HFD) (40% 
of calories as fat) rodent chow for 8 wk, and then 
injected with streptozotocin (STZ) intraperitoneally 
(35 mg/kg). Two weeks later, the rats were fasted 
overnight and received a three-hour long oral glucose 
tolerance test (OGTT, 1 g/kg glucose by gavage). Rats 
with a peak blood glucose of ≥ 11.1 mmol/L and ≤ 
16.0 mmol/L were considered diabetic and selected for 
further studies.

Experimental protocol
Forty diabetic rats were included in the study and 
randomly assigned to the SG (n = 10), SGTV (n = 10), 
TV (n = 10) and Sham (n = 10) groups. After surgery, 
all rats in the three treatment groups were given a 
common rodent chow for 12 wk. Body weight and 
food intake were monitored biweekly during the entire 
study.

Surgical techniques
Before surgery, all rats were fed 10% Ensure (Abbott 
Laboratories, UNI) for 2 d, and then fasted overnight. 
Rats were anesthetized with 10% chloral hydrate 
(3 mL/kg, Qilu Hospital, China) before surgery, and 
had access to water 2 h after surgery. Subsequently, 
the rats were fed 10% Ensure for 3 d, followed by 
common rodent chow until the end of the study.

SG: SG surgery involved (1) a 4-cm midline epigastric 
incision; (2) dissection of the gastric omentum to 
expose the cardium; (3) ligation of all vessels around 
the greater curvature using 7-0 silk suture (Ningbo 
Medical Needle, Co. Ltd., Ningbo, China); (4) removal 
of the fundus and most of the gastric body; and (5) 
closure of the remnant stomach using 5-0 silk suture 
(Ningbo Medical Needle, Co. Ltd.).

TV: TV surgery involved (1) a 4-cm midline abdominal 

incision; (2) dissociation of the perigastric ligaments 
and gentle manipulation of the stomach to reveal the 
esophagus and the trunks of the vagus; and (3) a 5 
mm section from both the dorsal and ventral nerve 
trunks above the point of bifurcation into the celiac 
and gastric or hepatic and accessory celiac branches, 
respectively. Care was taken not to damage the 
esophagus and the left gastric artery.

SGTV: SGTV surgery involved the same 4-cm midline 
abdominal incision. TV was performed first followed by 
SG.

Sham operation: Rats in the Sham group underwent 
laparotomy to expose the stomach, esophagus, and 
vagus trunk around the esophagus. The operative time 
was prolonged to generate a comparable degree of 
anesthetic stress to that in the SGTV group. No other 
procedures were carried out. 

OGTT: OGTT was performed at baseline, 4 and 12 wk 
postoperatively, and areas under the curves for OGTT 
(AUCOGTT) were calculated to evaluate the effect of 
diabetes control in each group. For the OGTT, rats were 
fasted overnight and administered 1 g/kg of glucose by 
oral gavage, and blood samples were obtained from the 
tail vein at baseline and 10, 30, 60, 120 and 180 min 
after gavage. Blood glucose was measured after gavage 
(1 g/kg) using a glucometer (Roche One Touch® Ultra; 
Lifescan, Johnson and Johnson, Milpitas, CA, United 
States).

Homeostasis model assessment of insulin resistance 
Homeostasis model assessment of insulin resistance 
(HOMA-IR) was adopted as a surrogate of insulin 
sensitivity and calculated at baseline, 4 and 12 wk 
postoperatively according to the following formula: 
HOMA-IR = fasting insulin (mIU/L) × fasting glucose 
(mmol/L)/22.5.

Insulin signaling pathway
All rats were sacrificed at 12 wk postoperatively. 
Livers were sampled and immediately frozen in liquid 
nitrogen and stored at -80 ℃ until analysis. Alterations 
in the insulin signaling pathway, as indicated by the 
protein expression of insulin receptor (IR), insulin 
receptor substrate 1 (IRS-1), insulin receptor substrate 
2 (IRS-2), PI3K, and AKT were determined by Western 
blotting. Samples were mechanically dissociated and 
lysed in radioimmunoprecipitation assay 37 (RIPA) buffer 
(50 mmol/L Tris-HCl, 150 mmol/L NaCl, 1 mmol/L Na2-
EDTA, 1% NP-40, 0.25% Na-deoxycholate) containing 
protease and phosphatase inhibitor cocktails (Roche, 
United States). Following brief sonication and heating, 
the supernatants were subjected to SDS-PAGE and 
transferred to PVDF membranes. Blots were incubated 
overnight at 4 ℃ with primary antibodies (anti-insulin 
receptor antibody; anti-IRS1 antibody; anti-IRS2 
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Western blots were compared by one-way analysis 
of variance (ANOVA). Body weight, food intake, 
postprandial insulin, and GLP-1 data were compared 
by two-factor repeated measures (RM) ANOVA. 
Post hoc analysis and adjustment using Bonferroni’s 
correction, were performed when necessary. Differ-
ences were considered significant when P value was 
< 0.05.

RESULTS 

Ten rats were included in each experimental group 
preoperatively. When the study ended 12 wk after 
surgery, the numbers of rats alive in the SG, SGTV, TV 
and Sham groups were 8, 7, 7 and 7, respectively. The 
causes of death were diabetes complications (n = 5), 
anastomotic leakage (n = 2), and intestinal obstruction 
(n = 4).

Body weight and food intake changes in the four groups
As shown in Figure 1, there were no significant 
differences in body weight and food intake between 
the SG and SGTV group, or between the TV and 
Sham group preoperatively. Due to perioperative food 
restriction and surgical and anesthetic stress, body 
weight in all groups was minimal 1 wk postoperatively 
and was restored to preoperative values 2 wk after 
surgery. 

Effects of treatments on glucose tolerance and insulin 
sensitivity
There were no significant differences in AUCOGTT 
between the groups preoperatively. Compared with 
the Sham group, the SG and SGTV groups both 
exhibited lower AUCOGTT 4 and 12 wk postoperatively (all 
P < 0.001). However, the TV group showed a similar 
AUCOGTT to the Sham group. Notably, the AUCOGTT in the 
SGTV groups were not statistically lower than that in 
the SG group after surgery, and there were significant 
differences in AUCOGTT at 4 and 12 wk postoperatively 
(all P < 0.001). There were no significant differences 

antibody; anti-PI3K P85 alpha antibody; anti-pan-AKT 
antibody; anti-beta-actin antibody, all from Abcam) 
and were then incubated with secondary antibodies 
(Abcam). Blots were visualized with an enhanced 
chemiluminescence reagent (Millipore) and quantified 
with Image Lab (Bio-Rad).

Oral glucose stimulated insulin secretion
Oral glucose stimulated insulin secretion was 
measured using the serum samples as a surrogate 
index of β-cell function at baseline, and at 4 and 
12 wk postoperatively. Rats were deprived of food 
overnight and then administered 1 g/kg of glucose 
by oral gavage. Blood was collected from the 
retrobulbar venous plexus at baseline and 10, 30, 
60, and 120 min after gavage into tubes containing 
ethylenediaminetetraacetic acid (EDTA) and a 
dipeptidyl peptidase IV inhibitor. After centrifugation at 
3000 rpm at 4 ℃ for 15 min, the separated serum was 
immediately removed to EP tubes and stored at -80 ℃ 
until analyzed. Insulin was measured with rat/mouse 
insulin ELISA kits (Merck Millipore, United States).

GLP-1 and ghrelin
Total GLP-1 levels after glucose gavage and fasting 
serum ghrelin were measured in the serum collected 
at baseline, and at 4 and 12 wk postoperatively. GLP-1 
was measured with multi-species GLP-1 total ELISA 
kits (Merck Millipore, United States). Ghrelin was 
measured with Rat/Mouse Ghrelin (total) ELISA (Merck 
Millipore, United States).

Statistical analysis
Quantitative data were expressed as mean ± SD. 
Data that were not normally distributed or did not 
satisfy homogeneity of variance were logarithmically 
transformed before analysis. Areas under curves for 
the OGTT (AUCOGTT) were calculated by trapezoidal 
integration. All statistical analyses were performed 
using SPSS Version 19.0. AUCOGTT, HOMA-IR, and 
ghrelin data at each time point, and band intensity of 
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in AUCOGTT between the TV group and Sham group at 4 
and 12 wk postoperatively (Figure 2A).

The HOMA-IR also showed no differences pre-
operatively between the groups. The SG group showed 
a significantly lower postoperative HOMA-IR than 
the TV and Sham groups. In addition, postoperative 
HOMA-IR in the TV group was statistically similar to 
that in the Sham group. However, the SGTV group 
showed no significant difference compared with the SG 
group in postoperative HOMA-IR, but it was still lower 
than that in the TV and Sham groups (Figure 2B).

Hepatic insulin signaling pathway
As shown in Figure 3, the expression of hepatic IRS-1, 
IRS-2, PI3K and AKT increased in the SG and SGTV 
groups compared with the Sham group, indicating 
that the insulin signaling pathway was up-regulated 
in the liver. However, the expression of IR was not 
different between the groups. There was no statistical 
difference in the expression of IRS-1, IRS-2, PI3K and 
AKT between the SG and SGTV groups. The TV group 
showed similar expression of IRS-1, IRS-2, PI3K and 
AKT to the Sham group. 

Glucose-stimulated insulin secretion
In order to verify the role of insulin secretion in 
improved glucose tolerance, we measured serum 
insulin concentration after an oral glucose load 
preoperatively and at 4 and 12 wk postoperatively. 
There were no significant differences in serum insulin 
levels between the four groups at 4 wk postoperatively, 
and the insulin levels in the SG and SGTV groups were 
higher than those in the TV and Sham groups at 12 wk 
postoperatively. Furthermore, there was no difference 
between the SG and SGTV groups, or the TV and 
Sham groups (Figure 4).

Glucose-stimulated GLP-1 secretion and fasting serum 
ghrelin levels
At 4 and 12 wk postoperatively, the SG and SGTV 
groups displayed both higher total and peak GLP-1 
levels than the TV and Sham groups. No difference in 
GLP-1 levels was detected between the SG and SGTV 
groups, and between the TV and Sham groups at 4 or 
12 wk postoperatively (Figure 5). 

At 4 and 12 wk postoperatively, the SGTV group 
displayed significantly lower fasting serum ghrelin to 
that in the TV and Sham groups, but a similar level to 
that in the SG group. The TV group did not exhibit a 
significantly different fasting serum ghrelin level to that 
in the Sham group (Figure 6). 

DISCUSSION
The vagus nerve provides innervation to the sto-
mach, small intestine, liver and pancreas, and has 
an effect on gastrointestinal motility, hormone 
secretion and glucose metabolism[14]. TV has been 
extensively adopted to treat patients with refractory 
peptic ulcers[9]. Recently, TV was performed for the 
treatment of marginal ulcers after RYGB for morbid 
obesity[15]. Following vagotomy, loss of appetite, food 
and liquid intake and weight loss or failure to regain 
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weight were observed, and it was proposed that TV 
useful for the treatment of severe obesity[16,17]. TV 
alone as a treatment for severe obesity did not gain 
further attention, possibly due to slower weight loss, 
than gastrointestinal bypass and vertical banded 
gastroplasty (VBG), the predominant procedure in 
the 1980s and 1990s. TV was then combined with 
VGB which provided enhanced excess weight loss 
at 5 years compared with VGB alone[18]. TV has also 
been reported in combination with adjustable gastric 
banding (AGB) and RYGB[19-21]. Angrisani et al[19] and 
Martin et al[20] added TV to AGB and compared it with 

AGB alone in prospective studies, and found that TV 
reduced band adjustment, but did not enhance weight 
loss. RYGB with TV resulted in a similar outcome to 
AGB, with no augmentation of excess weight loss 
compared with RYGB alone[21]. Selective hepatic branch 
vagotomy has also been reported in some studies. 
Shin et al[22] reported that there were no significant 
differences in the regulation of energy metabolism 
between RYGB and RYGB with hepatic branch 
vagotomy. Few studies have reported the effects of 
these procedures on diabetes control. Qiu et al[23] also 
compared selective hepatic branch vagotomy following 
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RYGB with RYGB alone in rats, and observed similar 
diabetes control. However, they found that RYGB alone 
resulted in more weight loss, which was the opposite 
of the results reported above. 

The present study provides an initial report on 
SGTV, and its effect on weight loss and glucose 
metabolism compared with SG alone. The results 
demonstrated that SGTV achieved rapid and 
sustained improvement in diabetes, with a significant 
improvement in glucose tolerance and insulin 
sensitivity. The effect of this novel procedure on 
diabetes control was independent of weight loss. 
Unexpectedly, SGTV did not exhibit superiority over 

SG alone in terms of weight reduction or diabetes 
control. In addition, TV alone in this study resulted 
in no food intake, weight loss or anti-diabetic effects. 
Based on these findings, we conclude that TV has no 
effect on weight reduction or glucose metabolism, and 
the vagus nerve is dispensable for the effect of SG on 
glucose homeostasis. 

Delayed gastric emptying, loss of appetite, 
decreased food and liquid intake, and changes in 
some gastrointestinal hormones are considered to 
be possible factors contributing to weight reduction 
after TV[7]. Clinical and preclinical investigations, 
including the present study, on the effect of TV or 
selective vagotomy, either alone or combined with 
bariatric procedures, have shown inconsistent results. 
Enhanced, non-enhanced and even decreased weight 
loss were all observed in different reports. These diverse 
results suggested that the effect of the vagus nerve 
on energy metabolism involved other unknown factors 
and further investigations are necessary. Hao et al[11] 
provided another explanation for these diverse results. 
Although vagal innervation of the intestine contributed 
to weight loss after RYGB, the effect was small and 
only existed during the early post-operative period. 
Therefore, the effect of TV was possibly concealed and 
could not be observed during mid- or long-term follow-
up.

With the exception of TV, electrical vagal nerve 
blockade is another important method of interrupting 
the vagus. Electrical vagal nerve blockade has been 
employed in the treatment of refractory epilepsy. 
Accompanied weight reduction was reported[24,25], 
although not in all cases[26]. Vagal blocking therapy 
(VBLOC) was developed to induce intermittent intra-
abdominal vagal blockade for the treatment of morbid 
obesity using high-frequency electrical currents. After 
confirmation of the reversible inhibition of pancreatic 
exocrine secretion and gastric contractions in preclinical 
studies[27,28], VBLOC therapy was used in patients and 
led to significant weight loss and an improvement in 
diabetes and cardiovascular risk factors control[12,13,29]. 
Although the EMPOWER study found no difference in 
weight loss between the VBLOC and control groups[30], 
a modified randomized controlled trial known as the 
ReCharge study reported better and sustained weight 
loss in the vagal block group compared with the 
sham device group[31,32]. Unlike TV, VBLOC therapy 
provided reversible inhibition of the propagation of the 
vagus, and was more acceptable to patients. SG with 
VBLOC may provide another feasible and effective 
alternative to SG+ procedures. Insulin sensitivity was 
estimated by HOMA-IR in this study, and the hepatic 
insulin signaling pathway, including IR, IRS1, IRS2, 
PI3K and AKT, was also examined. The SGTV group 
exhibited fast and significant improvement in insulin 
sensitivity, and the hepatic insulin signaling pathway 
was upregulated at 12 wk postoperatively. However, 
there were no differences observed between the 
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Figure 6  Fasting serum ghrelin. Fasting serum ghrelin before operations 
(A) and at 4 (B) and 12 (C) wk after operations. aP < 0.05 vs TV group; cP < 
0.05 vs Sham group. 
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SGTV and SG groups in HOMA-IR or the expression 
of proteins in the insulin signaling pathway. Moreover, 
TV alone did not result in changes in HOMA-IR or the 
insulin signaling pathway. These results suggest that 
TV had no effect on the regulation of insulin sensitivity, 
at least in the diabetic rat model used in this study. 
Furthermore, the vagus innervations were possibly 
unrelated to the improvement in insulin sensitivity, 
especially hepatic insulin sensitivity. Shin et al[22] 
reported similar results to ours in that the integrity of 
vagal nerve innervations was not necessary for the 
effect of RYGB in patients. Wang et al[33] and Yue et 
al[34] drew the contrasting conclusion that the integrity 
of vagal nerve innervations was necessary for the gut-
brain-liver axis to regulate hepatic insulin sensitivity, 
and subdiaphragmatic vagotomy or gut vagal 
deafferentation interrupted the transmission of neural 
signals between the small intestine and the brain, and 
impaired the ability of the DJB in the regulation of 
hepatic glucose production[35]. These diverse results 
indicated that the effect of vagal interruption on 
glucose metabolism requires further investigation.  

The function of beta-cells evaluated by oral glucose 
stimulated insulin secretion showed higher curves 
of serum insulin level in the SGTV and TV alone 
groups than in the TV and Sham groups at 12 wk 
postoperatively. Given that there is no evidence to 
support islet hyperplasia or beta-cell turnover after 
bariatric surgery until now, we speculate that SG had 
a protective effect on the insulin secretion function 
of beta-cells, but could not improve their function. In 
addition, the vagus was not necessary for the effect 
of SG on insulin secretion. As expected, serum ghrelin 
levels decreased and GLP-1 levels increased after SG. 
No difference was observed between the SG and SGTV 
groups. 

We suggest that vagus innervations of the sto-
mach, proximal small intestine, liver and pancreas 
are not essential for the effect of SG on weight loss, 
improvement in insulin sensitivity and beta-cell 
function, and hormone changes. However, the vagus 
nerve plays a key role in the gut-brain-gut axis in 
the autonomic neurohumoral pathway integrating 
these elements of energy homeostasis. Why did 
SGTV result in a similar improvement in diabetes, 
insulin sensitivity, insulin secretion to oral glucose 
stimulation and changes in gastrointestinal hormones 
as SG without the vagus? We speculate that this was 
possibly due to collateral innervations formed after TV, 
and counterbalancing metabolic or neural pathways 
were upregulated through visceral spinal afferents and 
sympathetic efferents. Therefore, the role of the vagus 
nerve in regulation of glucose homeostasis after SG 
requires further research.

In conclusion, SGTV for diabetes control is feasible 
and independent of weight loss, but did not result 
in better diabetes control. The integrity of vagal 
innervations was not necessary for the effect of SG on 

the improvement in hepatic insulin sensitivity or beta-
cell function. Possible involvement of the vagus nerve 
in the beneficial effects of SG on glucose homeostasis 
remains to be determined.
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