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Abstract. – OBJECTIVE: To explore the effect 
of sleeve gastrectomy on type 2 diabetes mel-
litus (T2DM) in regulating ghrelin and intestinal 
lesions. 

MATERIALS AND METHODS: Specific patho-
gen free (SPF) Wistar rats were injected with 
streptozotocin (STZ) after giving a high-sugar 
and high-fat diet, to establish a T2DM rat mod-
el. The rats were randomly divided into a sleeve 
gastric excision group, a non-surgical group and 
a fake surgical group, with 10 rats in each group. 
The weight, blood glucose, glucose tolerance 
and ghrelin hormone of rats were compared. The 
feces of rats in each group at the 8th week after 
surgery were collected, to extract the total bac-
terial deoxyribonucleic acid (DNA). The bacteri-
al 16S universal primer was used to expand the 
16SrRNA V46 conserved region. The total Poly-
merase Chain Reaction (PCR) products were se-
quenced by PE101-bp to classify the gene and 
genera. 

RESULTS: The weight of the rats after sleeve 
gastrectomy significantly decreased (p <0.05). 
The area under the blood glucose curve and the 
area under the insulin curve were significantly 
smaller than those in the non-surgical group and 
the fake surgical group (p <0.05). Compared with 
the sleeve gastric excision group, the abundance 
of Phylum Firmicutes was higher, that of Bacte-
roidetes was lower. Compared with the sleeve 
gastric excision group, there were more genera 
in the fake surgical group and the non-surgical 
group. The genera with higher abundance in the 
three groups were Lactobacillus and Bacteroide-
tes. Compared with the sleeve gastric excision 
group, the fake surgical group and the non-sur-
gical group had higher abundance of Phylum Fir-
micutes (p <0.05) and lower abundance of Bacte-
roidetes (p <0.05).  

CONCLUSIONS: To sum up, sleeve gastrec-
tomy can reduce the weight of rats in T2DM rat 

model, lower blood glucose levels of rats in the 
model and improve insulin resistance levels. The 
related mechanism may be related to the upreg-
ulation of ghrelin and intestinal flora.
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Introduction

According to statistics from the International 
Diabetes Federation (IDF), the number of patients 
with type 2 diabetes mellitus (T2DM) has reached 
366 million in 2011 in the world and by 2030 and 
this number will reach 552 million1. At present, 
the main treatment of T2DM includes keeping 
nutritional balance, doing exercises, taking oral 
medication, and insulin. Anyway, there are still 
60% of T2DM patients failing to meet the stan-
dard2. In addition, some oral hypoglycemic drugs 
and insulin may increase the weight and further 
impair blood glucose control. Therefore, there has 
been an urgent need for a new way to control blood 
glucose and lose weight. Sleeve gastrectomy is 
one of the most common weight-loss surgery at 
present, which can effectively lose weight and im-
prove metabolic symptoms by losing weight and 
changing hormone. Lee3 showed that weight-loss 
and T2DM relief may be related to ghrelin, bile 
acid, and sleeve gastrectomy. Sleeve gastrectomy 
can reduce blood glucose of rats with T2DM and 
increase ghrelin levels in the model4.

Ghrelin, growth hormone releasing peptide, is 
an endogenous ligand of growth hormone secre-
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tagogue receptor type 1a (GHS-R1a), a 28 amino 
acid peptide hormone, which is mainly secret-
ed by gastric X/A-like endocrine cells. It is also 
secreted in the colon, small intestine, gonads, 
placenta, brain, and kidney, and expressed in the 
hypothalamus and islets. Ghrelin has two main mo-
lecular forms, including acylated ghrelin (AG) and 
unacylated ghrelin (UAG)5-7. Ghrelin mostly exists 
in the form of UAG in human body. UAG does not 
activate GHS-R1a and has low activity. UAG has 
also been reported to have activity; it can promote 
insulin secretion by islet cells and is used to prevent 
T2DM. When UAG is converted to AG, AG can 
activate GHS-R1a. Apart from regulating growth 
hormone release, food intake and energy homeosta-
sis, AG also has effects on gastrointestinal, pancre-
atic, cardiovascular, pulmonary, immune, neuro-
logical function, myogenesis, and fat production8-10. 
A dynamic balance was maintained between AG 
and UAG in the body. The AG/(UAG+AG) value 
is often used as an indicator to assess ghrelin 
activity, and UAG+AG is total ghrelin (TG). 
The enzyme responsible for converting UAG to 
AG was discovered in 2008 and named Ghrelin 
O-acyltransferase (GOAT)11. The wide expression 
of GOAT corresponds to the wide distribution of 
AG expression in tissues, such as pancreas, stom-
ach, and hypothalamus. Previous studies12-14 have 
shown that both Ghrelin and GOAT played an im-
portant role in regulating obesity, blood glucose 
and insulin. Ghrelin and insulin secretion partic-
ipate in the regulation of blood glucose together, 
and there may be a negative feedback mechanism 
between them. However, it is unclear if sleeve 
gastrectomy takes part in maintaining blood glu-
cose concentration by regulating the pancreatic 
islets express Ghrelin/GOAT axis and insulin se-
cretion apart from restricting food intake. In ad-
dition, obesity and T2DM were related to changes 
in intestinal flora14 and the mechanism of treat-
ing T2DM with gastrointestinal surgery may be 
involved in the regulation of intestinal flora15. It 
was found in animal models that after gastric by-
pass surgery, the number of Phylum  Firmicutes 
decreased and the number of Bacteroidetes 
increased16. However, it is inconclusive whether 
sleeve gastrectomy affects blood glucose and is 
related to changes in intestinal flora. Therefore, 
this experiment aims to verify the hypoglycemic 
effect of sleeve gastrectomy on rats with T2DM 
and further explore the related mechanism of 
sleeve gastrectomy affecting ghrelin levels and 
regulating intestinal flora, to provide a new idea 
for the treatment of T2DM.

Materials and Methods

Experimental Animals and Reagents  
Thirty specific pathogen free (SPF) male Wis-

tar rats (4-5 weeks old, 90-100 g in weight), pur-
chased from Beijing Weitong Lihua Experimental 
Animal Technology Co., Ltd., were selected [An-
imal License Number: SCXK (Beijing, China) 
2014-0004]. The sources of reagents and instru-
ments are as follows: Electronic Analytical Bal-
ance (Libror AEL-200, Japan); CR2032 Roche 
Blood Glucose Meter; Streptozotocin (Sigma-Al-
drich, St. Louis, MO, USA, Art. No.: S0130); To-
tal Ghrelin in Rats (TG, Art. No.: RF(m)14769, 
Qiming Biotechnology Co., Ltd., Shanghai, Chi-
na); AG (Art. No.: ML-elisa-A10163, Shanghai 
Enzyme Biotechnology Co., Ltd.); TG (Art. No.: 
ML-elisa-E607, Enzyme Biotechnology Co., Ltd., 
Shanghai); Insulin Enzyme-linked Immunosor-
bent Assay (ELISA) kit (Art. No.: QY-VN3310, 
Qiaoyu Biological Technology Co., Ltd., Shang-
hai, China); Sodium Taurocholate (Art. No.: 145-
42-6, Sigma-Aldrich, St. Louis, MO, USA); TIA 
Namp Stool DNA Kit (Art. No.: D4015-0, Beinuo 
Biotechnology Co., Ltd., Shanghai, China).

Experimental Grouping and Surgical 
Methods  

Wistar rats were randomly fed with high-sug-
ar and high-fat diet. High-sugar and high-fat diet 
consisted of 65% of maintenance feed, 10% of 
lard, 20% of sucrose, 2.5% of cholesterol, 1% of 
sodium cholate, and 1.5% of mixed preparations 
(eggs, sesame oil, and peanuts). All rats had free 
food and drink for 6 weeks. After the weight was 
187 g or more, a single intraperitoneal injection of 
45 mg/kg streptozotocin was used to cause non-in-
sulin-dependent diabetes mellitus (NIDDM). Af-
ter the model was formed, keep high-sugar, and 
high-fat diet. Blood from the tail veins was taken 
once a day for the first 3 days after streptozoto-
cin injected and blood glucose levels were mea-
sured by Roche blood glucose. When the random 
concentration of blood glucose was 11.1 mmol/L 
or more, the T2DM rat model was successfully 
modeled16.

Thirty rats in the T2DM model were random-
ly divided into a non-surgical group, a fake sur-
gical group and a sleeve gastric excision group, 
with 10 in each group (n = 10). The non-surgical 
group received no treatment. The three groups 
fasted for 12 hours before surgery. In the sleeve 
gastric excision group, the rats were anesthe-
tized with 0.3% pentobarbital sodium injection 
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(50 mg/kg) and the corneal response and pain 
response were observed. 0.9% sodium chloride 
solution (20 ml) was injected subcutaneously 
and penicillin sodium (800,000 IU) was injected 
muscularly before surgery, to prevent dehydra-
tion and infection. A 3 cm incision was made 
at 1 cm below the xiphoid. After opening the 
abdominal cavity and exposing the stomach, the 
fracture of ligaments in gastric and gastric tis-
sues were made a 3-5 mm cross-section along 
the greater curvature of the stomach to empty 
stomach contents. After emptying the stomach, 
the bottom of the stomach and most of the stom-
ach (70% of the total stomach) were removed 
and then absorbable wire was used to suture the 
remaining stomach one single layer by one. 0.9% 
sodium chloride solution (20-30 ml) was used to 
do peritoneal lavage and then the skin was su-
tured. The surgery to the rats in the fake surgical 
group was similar to that in the sleeve gastric 
excision group, which included an open abdom-
inal transection to the stomach after anesthesia, 
cleaning the stomach contents but not cutting the 
stomach, and then, sutured. Rats that underwent 
surgery were free to drink water after anesthe-
sia and awakened, and then, they were given a 
liquid diet 24 hours later. Then, they were grad-
ually transitioned to the ordinary diet within 1 
week after surgery and returned to the original 
high-sugar and high-fat diet after defecation.

Testing Indicators and Methods

Weight  
All rats were weighed during 3 days before sur-

gery and every day in 1 week after surgery, and 
they were weighed weekly for 8 following con-
secutive weeks.

Glucose tolerance test  
Blood from orbital veins was collected at 0 min, 

15 min, 30 min, 60 min, 90 min and 120 min after 
all the rats fasted for 16 hours. Oral administration 
of a 50% glucose solution (1 g/kg) was performed at 
baseline d1, 3 days before surgery and 8 weeks after 
surgery. Blood glucose concentration was measured 
by Roche blood glucose meter (Basel, Switzerland) 
and insulin concentration was measured by ELISA 
method. The area under the glucose curve, the ar-
ea under the insulin curve and Homa insulin resis-
tance  index (HOMA-IR) (fasting insulin × fasting 
blood glucose/22.5) were calculated by the receiver 
operating characteristic curve (ROC) of SPSS 20.0 
(IBM Corp., Armonk, NY, USA).

Ghrelin test   
Blood was collected from orbital veins after all 

rats fasted for 16 hours at baseline d1, 3 days be-
fore surgery and the 8th week after surgery. The 
content was measured by ELISA kit. The serum 
ghrelin level was represented by AG/TG ratio of 
450 wavelength absorptivity values.

Intestinal flora  
At the 8th week after operation, 1-2 feces sam-

ples of rats before and after intervention were 
collected from each group and the fecal genom-
ic DNA extraction kit (Art. No.: EX1752-100T, 
Golden Clone Biotechnology Co., Ltd., Beijing, 
China) was used to extract DNA of fecal samples. 
Sequence pretreatment was performed using BI-
PES and the sequence similarity was 97%, which 
could be classified into the same classification 
operation unit and then they were classified us-
ing RDP. 16SrDNA V3 region universal primers 
and functional flora-specific primers (Bacteroi-
detes and Phylum  Firmicutes) were used to de-
termine the gene sequence of intestinal bacteria. 
The number of copies of the total bacterial gene 
sequence was detected by Real-Time fluorescence 
quantitative PCR. The relative abundance of each 
phylum was represented by the percentage of the 
total bacterial copy number17.

Statistical Analysis
Statistical analysis was performed using SPSS 

20.0 (IBM Corp., Armonk, NY, USA) and imag-
es were edited by GraphPad Prism 6.0c (La Jolla, 
CA, USA). The data were expressed as mean ± 
standard deviation. Univariate analysis of vari-
ance was used for comparison between groups 
and then LSD multiple comparisons were made. 
Pairwise comparisons were made by pairing sam-
ple t-test to get specific p-value. When p<0.05, it 
was considered to be statistically significant.

Results

Changes in Weight  
There was no significant difference in the 

weight of rats of the baseline and before surgery 
in the three groups (p>0.05). The weight in the 
sleeve gastric excision group remarkably de-
creased, and then, gradually increased after about 
7 days after surgery, but the weight was still 
significantly reduced compared with that of the 
non-surgical group and the fake surgical group at 
the 8th week after surgery (p=0.041). The weight 



D.-W. Su, W.-W. Wei, R.-R. Yao, C.-J. Yang, H. Tian

10656

in the non-surgical group gradually increased and 
the weight in the fake surgical group decreased 
first, and then, increased gradually about 3 days 
after surgery and the weight increased signifi-
cantly at 8 weeks after surgery (Figure 1).

Blood Glucose AUC, Insulin AUC, 
HOMA-IR and AG/TG Values in Different 
Groups  

The rats of the three groups were compared, 
and there were no statistical differences of blood 
glucose AUC, insulin AUC, HOMA-IR and AG/
TG values of the baseline and before surgery 
(p>0.05). Compared with that of the baseline, 
blood glucose AUC, insulin AUC, HOMA-IR 
and AG/TG values before and after surgery in-
creased at various degrees. Blood glucose AUC 
levels (non-surgical group p=0.023; fake surgi-
cal group p=0.030), insulin levels (non-surgical 
group p=0.024; fake surgical group p=0.020) and 
HOMA-IR (non-surgical group p=0.019; fake sur-
gical group p=0.021) in the sleeve gastric excision 
group after surgery significantly decreased com-
pared with those in the non-surgical group and the 
fake surgical group. The AG/TG level (non-surgi-
cal group p=0.035; fake surgical group p=0.041) 
significantly increased compared with that of the 
non-surgical group and the fake surgical group 
(Figure 2).

Changes in Glucose Tolerance Test and 
Insulin Glucose Tolerance Test in 
Different Groups  

Insulin levels were significantly different from 
that of the baseline and before surgery (baseline 
p=0.038; before surgery p=0.022). The highest 
insulin level in the sleeve gastric excision group 
appeared in 60 minutes after oral glucose, it was 
earlier than that in the non-surgical group and the 
fake surgical group. After surgery, the area un-
der the insulin curve in the sleeve gastric exci-
sion group was significantly lower than that in the 
non-surgical group and the fake surgical group 
(p<0.05). There were statistical differences in the 
area under the insulin curve between the three 
groups and the baseline before and after surgery 
(p<0.05), suggesting the successful models and 
significant effects of surgical intervention on the 
level of insulin resistance (Figure 3).

Changes of Intestinal Flora   
In the heat map, there were no significant dif-

ferences of phylum in the three groups. The abun-
dance of Phylum  Firmicutes and Bacteroidetes 
was higher. Compared with the sleeve gastric exci-
sion group, the abundance of Phylum Firmicutes in 
the fake surgical group and the non-surgical group 
was higher and that of Bacteroidetes were lower. 
The genera of the three groups were significantly 
different. Compared with the sleeve gastric exci-
sion group, there were more genera in the fake sur-
gical group and the non-surgical group. The gen-
era with high abundance in the three groups were 
Lactobacillus and Bacteroidetes. Compared with 
the sleeve gastric excision group, the abundance of 
Phylum Firmicutes in the fake surgical group and 
the non-surgical group was higher (p<0.05) and 
that of Bacteroidetes was lower (p<0.05). It can be 
seen that after T2DM modeled successfully, it has 
an impact on the flora of the rats (Figure 4 and 5).

Discussion

Weight-loss surgery was only used as a surgi-
cal treatment for severe obesity at first. Since a 
retrospective study of 608 people in 1998 demon-
strated that weight-loss surgery can improve blood 
glucose level in obese patients with T2DM17, the 
role of weight-loss surgery in the treatment of met-
abolic lesions has been studied. The latest research 
showed that weight-loss surgery is more effective 
than traditional medicine in controlling hypergly-
cemia in patients with severe obesity and T2DM18. 

Figure 1. Changes in Weight of Rats (Mean ± SD, g).
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There are currently four methods of weight-loss 
surgery, including vertical gastroplasty, adjust-
able gastric band surgery, sleeve gastrectomy, and 
Roux-en-Y gastric bypass surgery. Adjustable gas-
tric band surgery uses laparoscopy, which has be-
come the standard weight-loss surgery procedure 
in Europe and Australia. Roux-en-Y gastric bypass 
surgery combines the dual advantages of limiting 
dietary intake and limiting absorption, which can 
quickly lose weight, but there are still some draw-
backs, such as complicated surgical procedures, 
more postoperative complications and patients of-
ten need long-term treatment. Sleeve gastrectomy 
is a surgical method that has appeared in recent 
years, which is operated with laparoscope and rel-
atively simple with fewer complications. It is cur-
rently recognized as an effective surgical treatment 
for severe obesity19,20. The success rate of weight 
loss is as high as 80% in the first year after sleeve 
gastrectomy was performed and it is stable at about 
50% in 6-8 years. Compared with changes in the 
diet plan, sleeve gastrectomy has a longer lasting 
effect on weight loss21. Apart from restricting cal-
ories, sleeve gastrectomy can regulate the plasma 
levels of the hormone ghrelin that promotes food 

intake and the leptin that inhibits food intake, 
maintaining a unique hormone balance, thereby 
achieving the goal of weight loss. Sleeve gastrec-
tomy not only significantly loses weight, but also 
effectively improves the metabolic complications 
caused by T2DM and obesity22. With the increase 
of sleeve gastrectomy, the technology is more and 
more mature and the understanding of surgeons 
to the sleeve gastrectomy has also changed from 
obesity surgery to metabolic surgery. However, 
the effect of sleeve gastrectomy on blood glucose 
is quite controversial. This experiment found that 
apart from losing the weight of rats in the T2DM 
rat model, sleeve gastrectomy has an effect on fast-
ing blood sugar, posterior blood sugar, hypoglyce-
mic area of curve, the insulin area of the curve, and 
the insulin resistance index of rats. This suggests 
that sleeve gastrectomy can reduce blood glucose 
levels in rats with T2DM, increase islet β-cell reg-
ulation, and improve insulin resistance.

The mechanism of sleeve gastrectomy for treat-
ing T2DM is not clear. Apart from reducing food 
calorie intake, it may be related to complex hor-
monal changes. One of the hormonal changes is a 
significant reduction in ghrelin levels after gastric 

Figure 2. Glucose AUC, Insulin AUC, HOMA-IR and AG/TG Values in Different Groups. (A) Glucose AUC; (B) Insulin 
AUC; (C) HOMA-IR; (D) AG/TG Value (*p<0.05, Comparison with preoperative; #p<0.05, Comparison with non-surgical 
group; $p<0.05, Comparison with fake surgical group).
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fundectomy23. The balance between ghrelin pro-
moting food intake and leptin inhibiting food in-
take has led to improved metabolism and changes 
in food preferences, i.e., shifting from high-fat 
foods to low-calorie foods. Low plasma ghrelin 
levels are beneficial for enhancing fasting insu-
lin levels, improving hyperglycemia, insulin re-
sistance and reducing obesity, while high ghrelin 
level inhibits insulin release and enhances the 
food intake signal of the hypothalamus24-26. After 
ghrelin gene knockout, the blood glucose of mice 
significantly reduces and insulin level significant-
ly increases. AG is one of the two ghrelin forms 
that exist in the human body, which is considered 
to be the active form of ghrelin. It has a positive 
regulation effect on hypothalamic glucose metab-
olism and food intake signals27,28, while UAG can 
antagonize the effect of AG29-31. TG levels in obese 
individuals were lower, but serum AG levels or 
AG/TG ratios did not change. Sleeve gastrectomy 
can further reduce serum UAG level, but cannot 
reduce AG level32, thereby increasing the AG/TG 
ratio. This is consistent with our experimental re-
sults, showing that AG/TG level are significant-
ly increased after sleeve gastrectomy. Ghrelin is 
mainly produced by the stomach. Therefore, it is 
believed that after sleeve gastrectomy, the ability 

of endocrine cells to produce gastrin decreases, 
but the mechanism of AG/TG ratio in the blood 
regulating a series of changes in blood glucose is 
still unclear. Ghrelin inhibits insulin release from 
islet β cells by limiting glucose-induced cytosolic 
calcium ion concentration and it is also possible 
to inhibit cell signaling by inhibiting glucose-in-
duced cell membrane excitability, to reduce in-
sulin secretion33. After sleeve gastrectomy, the 
ghrelin levels mRNA and protein expression in 
the hypothalamus significantly decreased and 
the expression of growth hormone secretagogue 
receptor (GHSR) protein significantly increased, 
which may be related to the metabolism of the 
special circulation of ghrelin. Hormones are usu-
ally secreted in response to contextual stimuli, 
but when the stimulus continues to occur, the hor-
mones are inhibited, so that sleeve gastrectomy 
is considered to eliminate the cyclical effects of 
circulating hunger on the hypothalamus, lead-
ing to the decrease of expression ghrelin levels 
precursor mRNA and ghrelin proteins. GHSR 
is compensated and the negative energy balance 
of the hypothalamus is activated through the 
mammalian target of rapamycin (mTOR) path-
way, which regulates a series of metabolic activi-
ties, such as energy homeostasis and food intake, 

Figure 3. Changes in Glucose Tolerance Test and Insulin Glucose Tolerance Test in Different Groups. (A) Changes in 
baseline glucose tolerance test; (B) Changes in glucose tolerance test before surgery; (C) Changes in glucose tolerance test 
after surgery; (D) Changes in baseline glucose tolerance test; (E) Changes in insulin glucose tolerance test before surgery; (F) 
Changes of insulin glucose tolerance test after operation.
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to affect blood glucose level23. In short, ghrelin 
plays an important role in fat metabolism and 
glucose homeostasis, and the decrease in ghrelin 
level in patients with T2DM is associated with 
increased abdominal obesity and insulin resis-
tance34. Katsuki et al35 have shown that there has 
been a positive correlation between ghrelin level 
and food intake, i.e., the higher the ghrelin level, 
the higher the food intake, metabolic rate and the 
linear change in the metabolic index. In this re-
gard, the results of the pre-experimental research 
of this subject showed that the dietary intake of 
rats after sleeve gastrectomy was significantly 
reduced, from 20 g/d to 10-15 g/d. This result is 
consistent with the trend of decreased weight and 
decreased glucose tolerance index. During the 
same period, the food intake was controlled in the 
non-surgical group. The results showed that the 
reduction in food intake had no significant effect 
on the level of ghrelin. Whether it is related to the 
relatively short research time is not clear. Howev-
er, the results further confirmed that ghrelin sig-
naling plays a potential regulatory role in sleeve 
gastrectomy for T2DM.

Since weight-loss surgery involves the gastro-
intestinal tract, the interaction of intestinal flora 
with metabolic lesions after weight-loss sur-
gery has become a new area of research. There 
are more studies about Roux-en-Y gastric by-

pass surgery, but less about sleeve gastrectomy 
on intestinal flora in patients with T2DM after 
surgery36-38. Compared with Roux-en-Y gastric 
bypass surgery, sleeve gastrectomy has less ef-
fect on intestinal structure and intestinal flora. 
Whether there is a similar effect on intestinal flo-
ra has not been reported. Therefore, part of the 
exploration was done in this experiment. Our ex-
periment found that sleeve gastrectomy not only 
could lose weight, but also significantly improve 
blood glucose metabolism. Furthermore, post-
operative rats were tested for intestinal flora, the 
results showed that there were no significant dif-
ferences between phylum of the three groups in 
the heat map, the abundance of Phylum Firmic-
utes and Bacteroidetes was higher. Compared 
with the sleeve gastric excision group, the abun-
dance of Phylum Firmicutes in the fake surgical 
group and the non-surgical group was higher, and 
that of the Bacteroidetes was lower. The genera 
of the three groups were significantly different. 
Compared with the sleeve gastric excision group, 
there were more genera in the fake surgical group 
and the non-surgical group. The high abundance 
genera in the three groups were Lactobacillus 
and Bacteroidetes. Compared with sleeve gastric 
excision group, the abundance of Phylum Firmic-
utes in the fake surgical group and non-operation 
group was higher and the abundance of Bacteroi-
detes was lower. It can be seen that the intestinal 
flora of rats with T2DM has changed after sleeve 
gastrectomy. Although there was no difference in 
the type of phylum, the proportion of Phylum Fir-
micutes decreased and the proportion of Bacteroi-
detes increased. Gastrointestinal hormones were 
involved in the formation of intestinal flora after 
weight-loss surgery, which were considered to be 
an important link to improve the degree of metab-
olism. It has been reported that the proportion of 
Phylum Firmicutes and Proteobacteria of obese 
and non-obese individuals significantly increased 
after Roux-en-Y gastric bypass surgery39,40. The 
mechanism responsible for these changes is un-
known. It is speculated that changing the struc-
ture of the digestive tract, especially shortening 
the small intestine, is more conducive to faculta-
tive anaerobic bacteria growth, rather than strict-
ly anaerobic bacteria, such as Phylum Firmicutes. 
In addition, sleeveless gastrectomy allows incom-
pletely digested food to quickly enter the colon, 
further changing the intestinal environment. 
Firmicutes is closely related to obesity, and the 
proportion of Phylum  Firmicutes in obese indi-
viduals is higher. In our experimental research, 

Figure 4. Phylum and abundance of intestinal flora in the 
three groups after surgery.
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after a high-fat and high-sugar diet, the relative 
abundance of Phylum Firmicutes in rats signifi-
cantly increased and, at the same time, the rela-
tive abundance of Bacteroidetes decreased. After 
sleeve gastrectomy, the ratio of intestinal flora in 
rats was significantly adjusted. Therefore, it can 
be considered that changes in the intestinal flo-
ra may also be one of the important mechanisms 
of sleeve gastrectomy for T2DM. Ghrelin works 
through its receptor, the growth hormone secre-
tory receptor (GHSR)-1, such as maintaining 
energy balance, food intake and metabolism41,42. 
Correspondingly, the gastrointestinal flora and 
its metabolites can also regulate GPCR signaling, 
which in turn affects ghrelin level, such as lactic 
acid and bacterial supernatant can reduce ghrelin 
level, showing that ghrelin is closely related to the 
intestinal flora. At present, the research on intes-
tinal flora is mainly focused on observations, the 
relationship between intestinal flora changes and 
gastrointestinal surgery and metabolism needs 
further studies.

Conclusions

Apart from losing the weight of rats in the 
T2DM rat model, sleeve gastrectomy can also 
reduce blood glucose level in rats with T2DM, 
increase islet β-cell regulatory function and im-
prove insulin resistance. The related mechanism 

may be related to upregulation of ghrelin and reg-
ulation of intestinal bacteria. Sleeve gastrectomy 
results in reducing food intake, and the impact of 
reduced food intake on the above indicators re-
mains to be further studied.
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