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Nowadays, more than 170 million patients suffer from diabetes mellitus worldwide. This study aimed to inves-
tigate the effects of sleeve gastrectomy (SG) and ileal transposition (IT) surgery on the control of diabetes.
Goto-Kakizaki rats were used to establish type 2 diabetes models and undergo SG or IT surgery. At 2 months
post-surgery, insulin, glucose, triglycerides (TG), total cholesterol (TC), glucose tolerance, glucagon-like pep-
tide-1 (GLP-1) levels, and insulin sensitivity were evaluated.

SG significantly shortened operative time and post-operative recovery time compared to IT surgery (P<0.05). SG
and IT surgery resulted in significantly induced weight loss, significantly decreased levels of glucose, and sig-
nificantly enhanced levels of Ghrelin compared the Sham surgery group (P<0.001). SG and IT surgery resulted
in significantly increased GLP-1 levels compared to Sham surgery (P<0.001). SG resulted in better reduction of
oral glucose tolerance test (OGTT) glucose compared to IT surgery (P<0.05). SG and IT surgery significantly up-
regulated insulin tolerance test (ITT) levels compared to Sham surgery (P<0.001). SG induced better reductions
in TC and TG compared to IT surgery (P<0.05).

In non-obese rats with spontaneous diabetes, both SG and IT surgery were found to control diabetes by regu-
lating body weight and levels of glucose, Ghrelin, GLP-1, OGTT glucose, insulin, TC, and TG. Moreover, SG dem-
onstrated advantages of shorter operative time, shorter post-operative recovery time, and better control of di-
abetes compared to IT surgery.
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Background

Nowadays, more than 170 million patients suffer from diabe-
tes mellitus worldwide [1,2]. Diabetes mellitus patients are ex-
pected to number 300 million by the year 2025 [3]. In addition
to the increased prevalence of type 2 diabetes, many compli-
cations of diabetes mellitus have been discovered in clinical
settings. In recent years, diabetes mellitus has been become
the most critical reasons for mortality and morbidity of pa-
tients, and has seriously affected public health [4]. However,
the etiology of diabetes mellitus and the optimal therapeutic
strategies have not been fully clarified.

In clinical settings, there are many therapeutic strategies,
including exercise, diet, oral hypoglycemic agents, behavior
modification, and treatment with insulin [5-7]. Previous stud-
ies have reported that surgical therapy of morbid obesity could
clinically alleviate type 2 diabetes with satisfactory clinical out-
comes [8,9]. Furthermore, a recent study suggested that diabe-
tes control might be a direct effect of surgery in clinical settings.

In clinical settings, sleeve gastrectomy (SG) and ileal trans-
position (IT) surgery are the most effective therapies for di-
abetes control [10,11] and could keep normal insulin levels,
plasma glucose concentrations, and glycosylated hemoglobin
levels at 80% to 100% of normal range for morbidly-obese pa-
tients [9,12]. Moreover, previous studies have indicated that
not only SG and IT surgery, but also other bariatric surgeries,
might trigger an obvious and satisfactory clinical improve-
ment and outcomes for patients with type 2 diabetes [8,13,14].
However, in the clinical setting, there is controversy regarding
which surgical approach to select for treating diabetes. Until
now, there have been no investigations or models comparing
SG and IT surgery in treatment of type 2 diabetes.

In this study, we investigated the effects of SG and IT sur-
gery using a Goto-Kakizaki (GK) non-obese type 2 diabetes
rat model [15] and measured the diabetes associated param-
eters during a 36-weeks study period.

Material and Methods

Animals and ethical approval

Male GK rats (age 8 to 10 weeks old) were obtained from
the National Rodent Laboratory Animal Resources of China
(Shanghai, China). The rats were housed in individual cag-
es under 12-hour/12-hour cycle of light/dark, 40% to 50%
humidity, and room temperature. The National Institute of
Health standards were administrated to guarantee the care
and procedural protocols followed in this study. This research
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was approved by the Ethics Committee of People’s Hospital
of Rizhao, Rizhao, China.

Experimental procedure and design

One week prior to the experiments start, all of the rats were
acclimated. A total of 12 rats were randomly divided into
4 groups: the SG group (n=3), the Sham-SG group (n=3), the
IT group (n=3) and the Sham-IT group (n=3). All surgeries were
conducted post anesthesia.

The body weight, fasting insulin levels, Ghrelin expression, food
intake, glucose stimulated glucagon-like peptide-1 (GLP-1), fast-
ing glycemia, insulin tolerance test (ITT), oral glucose tolerance,
and the levels of plasma lipids were measured and evaluated
at 2-months post-surgery. We strictly observed and recorded
the surgery time of both SG and IT surgery. The operative time
and the post-operative recovery time were recorded carefully.

Surgery

An overnight fast was administrated to all rats prior to perform-
ing the surgeries. During the surgical procedures, the rats were
anesthetized with 2% isoflurane. SG was conducted according
to a previously published study [16]. First, we made a 4-cm mid-
laparotomy; the associated structures were observed and iden-
tified. The gastric omentum was separated to open the gastric
cardium. Second, a thermocautery was used to cauterize ves-
sels of greater curvature, from cardia all the way to pylorus; this
arrangement assigned the incision line for the longitudinal SG.
The line overlapped the entire lumen and much of gastric fundus
was removed: from 70% to 80% of the total stomach. Two bull-
dog forceps were positioned to limit the flow of gastric content
during subsequent suturing. Post exeresis, we cleaned the perito-
neal cavity by using saline prior to the gastrectomy. Meanwhile,
suture-line integrity and hemostasis were evaluated, followed
by an additional stitch application when necessary.

The IT surgery was conducted according to a previously pub-
lished study [17], with the following modifications: 1) local-
ization of cecum, 2) midline abdominal incision, 3) 8-cm seg-
ment of ileum, 4) resected segment placed on saline-soaked
gauze, 5) made an anastomosis with 2 open ends of the ileum,
6) implantation of resected ileal limb at transaction sites by
making 2 end-to-end anastomoses.

The sham surgeries involved the same abdominal incisions,
re-anastomosis, and the transections of multiple sites associ-
ated with SG and IT surgery in the gastrointestinal tract. Post
transection, the intestine was immediately anastomosed.
If necessary, the operative time or surgical period was adjusted
or prolonged to produce a similar degree of anesthesiologic
stress for the rats that underwent SG or IT surgery.
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Upon resuming oral nutrition, all animals were given a liquid
diet (glycosaline + Glucopan pet) for 3 days, after which solid
nutrition was allowed (standard feed), with the same diet be-
ing maintained for 7 days. After day 8, the animals received
water and feed ad libitum.

Fasting glucose examination

Biochemical parameters were evaluated in the blood samples
collected and harvested from the tail vein of the study rats.
Fasting glucose levels were also evaluated by utilizing the
SureStep Plus Blood Glucose Meter (Life Scan Inc., Wayne, PA,
USA) at 2-month post-surgery.

Ghrelin measurement

Ghrelin was measured using an ELISA (enzyme-linked immuno-
sorbent assay) kit using blood samples collected from the tail
vein, using pre-chilled tubes containing aprotinin/EDTA solu-
tion. Samples were collected before surgery (baseline) and then
at 2-months post-surgery. After centrifugation at 4°C, plasma
was separated and stored at —20°C until analysis. Total plasma
levels of Ghrelin were also examined by using a commercially
available radioimmunoassay (Jingmei Biotech Co. Ltd., Beijing,
Chia) and utilizing 1125 labeled-Ghrelin as the tracer molecule.
Meanwhile, a polyclonal antibody synthesized and obtained from
rabbit blood against the full-length Ghrelin was used in this study.

GLP-1 determination

GLP-1 levels were determined before and 2-months post-sur-
gery. Glucose stimulated GLP-1 was evaluated 30 minutes
post treatment with 1 g/kg glucose by oral gavages. Moreover,
the commercial rat radioimmunoassay kits (Li-Cor Bioscience,
Lincoln, NE, USA) were also employed to measure the associ-
ated parameters.

Oral glucose tolerance testing (OGTT)

The OGTT was performed prior to and 2-months post-surgery
to evaluate sugar control during the progress of SG or IT sur-
gery. Post 12 to 14 hours of fasting, blood glucose levels were
tested in conscious rats prior to and 30 minutes, 60 minutes,
120 minutes, and 180 minutes post treatment with glucose at
a final concentration of 1 g/kg by oral gavage.

Insulin tolerance test (ITT)

The ITT was conducted 2-months post-surgery by testing the
levels of glucose prior to and at 30-, 60-, 90-, and 120-min-
utes post intraperitoneal injection of human insulin at a final
concentration of 0.5 Ul/kg into conscious rats. Free fatty ac-
ids (FFA), triglycerides (TG), and plasma total cholesterol (TC)
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were also examined at 12- to 14 hours post fasting, and also
before and at 2-months post SG or IT surgery. Furthermore,
analytical testing was also conducted to evaluate the levels
of plasma lipids in the biochemical laboratory of Qilu Hospital
(Jinan, China).

Statistical analysis

All of the data were represented as mean * standard devia-
tion (SD) and analyzed by using SPSS software (version, 16.0,
SPSS, Inc., Chicago, IL, USA). The analysis of variance (ANOVA)
was used followed by Bonferroni post hoc analysis to analyze
difference among multiple groups. Meanwhile, the 2-tailed
Student’s t-test was utilized to analyze the data between
2 groups. The Pvalue less than 0.05 was assigned as the sig-
nificant difference.

Results

All the parameters of the study rats were tested preoperatively
in this study. For comparison of weight, glucose, Ghrelin, and
GLP-1 between the 2 groups, there were no statistically sig-
nificant differences (data not shown).

SG shortened operative time and reduced post-operative
recovery time

Operative time was assigned according to the midline-abdomi-
nal incision to the suturing of abdominal incision. SG (47.6+7.5
minutes) significantly shortened the operative time compared
to that of IT surgery (52.849.7 minutes) (Figure 1A, P<0.05).

Meanwhile, the post-operative recovery time was assigned ac-
cording to the end of operation to the first defecation. Results
indicated that SG (22.3+5.2 hours) significantly reduced the
post-operative recovery time compared to IT surgery (25.2+11.4
hours) (Figure 1B, P<0.05).

SG and IT surgery induced weight loss in rats

Both SG (Figure 2A) and IT surgery (Figure 2B) caused remark-
able weight loss compared to sham-operated rats (Figure 2,
P<0.001). Moreover, there were no remarkable differences in
the mean weights between the SG group and IT surgery group
(Figure 2C, P>0.05).

SG and IT surgery decreased levels of glucose

The results showed that glucose levels were significantly re-
duced in the SG group (Figure 3A) and IT group (Figure 3B)
compared to the sham-surgery group (P<0.001). Meanwhile,
the glucose levels in both the SG and IT surgery groups were
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Figure 1. Comparison of operative time (A) and post-operative recovery time (B) between the SG group and the IT surgery group.

* P<0.05 versus Sham-surgery group.
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Figure 2. Weight loss and body weight of rats in the SG group and the IT surgery group. (A) Comparison of weight loss between SG
group and SG-sham group. (B) Comparison for weight loss between IT surgery group and IT-sham group. (C) Comparison for
body weight between the SG group and the IT surgery group. *** P<0.001 versus Sham-surgery group.

significantly lower compared to the Sham-surgery group
(Figure 3C, P»0.05).

SG and IT surgery enhanced levels of Ghrelin

The results demonstrated that Ghrelin levels in the SG group
(Figure 4A) and the IT group (Figure 4B) were significantly
enhanced compared to the Sham-surgery group (Figure 4,
P<0.001). Furthermore, there were no remarkable differences
in the levels of Ghrelin between the SG group and the IT sur-
gery group (Figure 4C, P>0.05).

SG and IT surgery increased GLP-1 levels

Our results showed that GLP-1 levels in the SG group (Figure 5A)
and the IT group (Figure 5B) were significantly increased com-
pared to the Sham-surgery groups (P<0.001). However, the IT
group demonstrated better improvement in GLP-1 compared
to the SG group (Figure 5C, P<0.05).

SG exhibited better reduction of OGTT glucose

The rats in the SG group showed better improvement in OGTT
compared to rats in the IT group by lower average 30-min-
ute peak levels (160.5+9.4 mg/dL versus 187.2+15.6 mg/dL)
(Figure 6A, P<0.001). Meanwhile, for the average 2-hour peak
levels, the rats in the SG group demonstrated better improve-
ment in OGTT compared to rats in the IT group (99.6+11.7 mg/dL
versus 129.5+20.9 mg/dL) (Figure 6B, P<0.001).

SG and IT surgery upregulated ITT levels

The rats in the SG group (Figure 7A) and the IT group (Figure 7B)
displayed improvement in ITT levels compared to the Sham-
surgery group (Figure 7, P<0.001). However, there were no sig-
nificant differences for ITT levels between the SG group and the
IT group (Figure 7C, P>0.05). Moreover, there were no signifi-
cant differences in insulin among the SG group, the IT group,
and the Sham-surgery groups (data not shown).
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Figure 3. Glucose reduction and blood glucose of rats in the SG group and the IT surgery group. (A) Comparison of glucose reduction
between the SG group and the Sham-SG group. (B) Comparison of glucose reduction between the IT group and the Sham-
IT group. (C) Comparison of blood glucose between the SG group and the IT group. * P<0.05, *** P<0.001 versus the Sham
group.
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Figure 4. Evaluation of Ghrelin levels in rats in the SG group and the IT surgery group. (A) Comparison of Ghrelin levels between the
SG group and the Sham-SG group. (B) Comparison of Ghrelin levels between the IT surgery group and the IT-sham group.
(€) Comparison of Ghrelin levels between the SG group and IT surgery group. *** P<0.001 versus the Sham group.

SG induced better reduction of TC and TG Discussion

The levels of TC and TG in the SG group and the IT group in Recently, type 2 diabetes has increased year by year for the
non-fasted rats were less significantly reduced compared to general worldwide population [1,18]. To find a better way of
the Sham-surgery groups (Table 1, P<0.001). However, the SG controlling diabetes, surgical methods have been researched
group demonstrated significantly lower levels of TC and TG in recent years. A previous study reported that bariatric sur-
compared to the IT group (Table 1, P<0.05). gery was proven to be an effective strategy for the treatment

of the type 2 diabetes in clinical settings. However, which

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Wang H. et al.:

AN I MA L STU DY SG and IT surgery control type 2 diabetes

© Med Sci Monit, 2019; 25: 3417-3424

A 451 *%%k B 507 i C
= = jary
= = =
[=] =} =}
£ £ £
=] =] =
= = =
a a a
o=t o S
9 o =

SG group Sham-SG IT group Sham-IT SG group IT group

Figure 5. Determination of GLP-1 levels in rats in the SG group and the IT surgery group. (A) Comparison of GLP-1 levels between
the SG group and the Sham-SG group. (B) Comparison of GLP-1 levels between the IT surgery group and the IT-sham
group. (C) Comparison of GLP-1 levels between the SG group and the IT surgery group. * P<0.05 versus IT surgery group.
*** P<0.001 versus the Sham group.

A 3007 B 2507
g 250 — 200
2 , g
o 2007 £
g ** g 150
= 150 g
E = 100
E 100 g
=
S 50+ = 50

0- 0-
SG group IT group Sham group SG group IT group Sham-5G

Figure 6. Comparison of OGTT glucose levels in rats in SG group, IT surgery group, and Sham group. (A) Comparison of OGTT
30-minute glucose levels. (B) Comparison of OGTT 2-hour glucose levels. * P<0.05,** P<0.01 versus the Sham group.
#P<0.05 versus the IT surgery group.
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Figure 7. Examination of ITT levels in rats in the SG group and the IT surgery group. (A) Comparison of ITT levels between the SG
group and Sham-SG group. (B) Comparison of ITT levels between the IT surgery group and the IT-sham group. (C) Comparison
of ITT levels between the SG group and the IT surgery group. *** P<0.001 versus the Sham group.

surgery is the best therapeutic surgery for the type 2 diabe- result in significant improvement and obvious resolution of
tes has not been clarified. An optimal surgery strategy should diabetes-associated co-morbidities as well as an increase in
cause relative lower morbidity and lower mortality rates for quality of life.

the patients. Moreover, the optimal surgery strategy should
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Table 1. Levels of total cholesterol (TC) and triglycerides (TG) in
SG and IT surgery groups.

Lipid SG group IT group Sham group
TC (mg/dL) 115.4**# 125.46* 154.65
TG (mg/dL) 132.46**# 146.32* 210.32

* P<0.05, ** P<0.01 versus Sham group. # P<0.05 versus the IT
surgery group.

This study was conducted to compare glycemic control out-
comes in a rat model of diabetes, between SG and IT surgery.
The results showed that both SG and IT surgery demonstrated
sustained effects on the resolution of diabetes. However, by
comparing Ghrelin levels, we found that SG surgery demon-
strated a more significant improvement in rats compared IT
surgery. However, there were similar effects found in the SG
group compared to the IT surgery group in glycemia levels,
OGTT levels, levels of plasma lipids, and plasma insulin levels.
Both SG and IT surgery have been shown to achieve normal
levels of fasting plasma insulin [19,20], fasting glycemia levels,
insulin sensitivity [21], and the glucose tolerance [21]. Our find-
ings were consistent with previously published studies. Both
SG and IT surgery have been shown to reduce the mortality
potentially in diabetes mellitus patients [22]. Our study also
demonstrated the role of Ghrelin in progression and resolution
of diabetes. SG surgery demonstrated better improvements
in glycemic control and other values compared to IT surgery.
However, we found relatively lower levels of GLP-1 in the SG
group compared to the IT surgery group. Both SG and IT sur-
gery have been shown in other studies to demonstrated criti-
cal roles or functions in controlling diabetes [23].

In this study, the SG procedure showed superior or better con-
trol of diabetes compared to the IT procedure. Research has
shown that higher glucose tolerance, increased insulin sensi-
tivity, and lower levels of plasma glucose triggered by Ghrelin
result in long-term diabetes remission via activating the insu-
lin signaling pathway [24,25].

In this study, we also compared the post-operative recovery
between SG and IT surgery. The results showed that SG sur-
gery demonstrated faster post-operative recovery compared
to IT surgery. Rats that have had SG surgery have exhibited
a few limitations, such as no mal-absorption [26]. It is well-
known that the easier the performance of surgery, the sooner
the patient will recovery post-operation. In our study, the SG
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surgery was related to a faster post-operative recovery period
(22.3£5.2 hours versus 25.2+11.4 hours) and a shorter sur-
gery time (47.6+7.5 minutes versus 52.8+9.7 minutes) com-
pared to the IT group (all P<0.05). Also, the procedure of SG
has been proven to be safe as demonstrated by lower mor-
tality rates [27]. Therefore, SG surgery could be considered as
an alternative strategy for long-term glycemic control and re-
taining normal insulin levels, as well as providing better clin-
ical outcomes compared to IT surgery.

The present study extended and enhanced previous investi-
gations in several ways. First, FFA levels have been correlated
with glycemic control and insulin resistance in hyperlipidemic
patients [24,28]. Our study results also showed SG could de-
creased FFA levels effectively compared to the IT surgery group
and the Sham-operated group. Second, for non-obese mod-
els, control of diabetes has not been correlated with resolu-
tion of obesity-associated abnormalities, as shown in other
research [29].

Although this study had some interesting results, there were
also a few limitations. First, the sample size of this study was
inadequate, which might affect the accuracy of the findings.
Future studies should employ a large sample size. Second,
the follow-up time for the applied therapy was relative short,
therefore, future investigations should prolong the follow-up
time to confirm out study conclusions. Third, this study did
not observe the post-operative complications of both SG and
IT surgery. Future studies should evaluate the complications
of these 2 surgical approaches.

Conclusions

The present study demonstrated that SG might provide superior
glycemic control for type 2 diabetes compared to IT surgery
and sham surgery; however, this finding needs further confir-
mation using longer treatment periods. In addition, further in-
vestigation and longer follow-up periods are needed to verify
our study results, such as resolution of co-morbidities, nutri-
tional outcomes, and quality of life studies using rat models.
Thus, it is critical to discover easy and available surgical strate-
gies that have lower mortality rates and lower morbidity rates,
as well as better glucose control. If SG is done in a clinical set-
ting, it could be an alternative choice for the cure of diabetes
by providing long-time control of glycemia.
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