Me diC a HOSpitalia Med Hosp 2022; vol 9 (3) : 313-320

Journal of Clinical Medicine

Original Article

The Effect of Sleeve Gastrectomy and Omentoplasty
on HOMA BETA Value and Islets of Langerhans
in Rats with Type 2 Diabetes Mellitus

Chemy Wiryawan Cahyono!, Abdul Mughni?, Neni Susilaningsih?®,
Dimas Erlangga Nugrahadi?, Vito Mahendra Ekasaputra®

ISurgery Department, Faculty of Medicine Diponegoro University Semarang, Indonesia
2Subdivision of Digestive Surgery, Surgery Department, Faculty of Medicine Diponegoro University/

Kariadi General Hospital Semarang, Indonesia

3Histology Department, Faculty of Medicine Diponegoro University Semarang, Indonesia

p-ISSN: 2301-4369 e-ISSN: 2685-7898
https://doi.org/10.36408/mhjcm.v9i3.764

Accepted : June 28th, 2022
Approved : October 20t, 2022

Author Affiliation :

Surgery Department,

Faculty of Medicine Diponegoro University
Semarang, Indonesia

Author Correspondence :

Chemy Wiryawan Cahyono

Dr. Sutomo Street No. 16 Semarang,
Central Java 50244, Indonesia

E-mail:
chemywiryawancahyono@gmail.com

Abstract

Introduction : WHO predicts an increase in the number of people with diabetes in
Indonesia from 8.4 million in 2000 to around 21.3 million in 2030. Another marker for
measuring insulin resistance is the homeostasis model assessment-insulin resistance
(HOMA-IR). Bariatric surgery is the most effective therapy for patients both in terms of
weight loss and improvement in obesity-related diseases such as Type-2 Diabetes
Mellitus (DM). This study aims to prove the improvement of HOMA Beta values and
Diameter of the islets of Langerhans in type 2 diabetes mellitus rats that underwent
Sleeve Gastrectomy and Pancreatic Omentoplasty.

Methods : This study is an experimental post-test control group design study with 18
male Sprague-Dawley rats. Samples are divided into 1 control group and 2 treatment
groups (Sleeve gastrectomy and Omentoplasty). Rats' pancreas and glucose level were
measured by using HOMA IR method and Hematoxylin eosin-paraffin block method. Data
of islets Langerhans were measured using ANOVA, while HOMA Beta values were
measured by Mann Whitney and Kruskall Wallis test.

Results : HOMA Beta values in treatment Group P1 (Sleeve gastrectomy) and Group P2
(Sleeve gastrectomy + omentoplasty) are statistically different compared to control
group. Islets cells of Langerhans diameterin treatment groups 1 and 2 was not statistically
different compared to control group. HOMA Beta Value and Langerhans diameter was
correlated moderately.

Conclusion : Sleeve Gastrectomy and Pancreatic Omentoplasty in type 2 diabetes
mellitus rats improved the HOMA Beta values and the diameter of the islets of
Langerhans.

Keywords : Sleeve Gastrectomy; Omentoplasty; Diabetes mellitus; HOMA Beta;
Langerhan'slslet
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INTRODUCTION

The World Health Organization (WHO) shows data that
globally, 422 million adults aged over 18 years were living
with diabetes in 2014. WHO predicts an increase in the
number of people with diabetes in Indonesia from
8.4 million in 2000 to around 21.3 million in 2030.

Diabetes Mellitus is defined based on the
diagnostic criteria according to the 2015 Indonesian
Endocrinology Association (PERKENI) consensus:
1) Fasting plasma glucose examination 126 mg/dl
Fasting is a condition where there is no caloric intake for
atleast 8 hours, 2) plasma glucose examination 200 mg/ dl
2 hours after the test 3) Oral Glucose Tolerance Test
(OGTT) with a glucose load of 75 grams, or examination
of plasma glucose while 200 mg/dl with classic
complaints (polyuria, polydipsia, polyphagia, and
unexplained weight loss), or 4) HbAlc examination 6.5%
using the method standardized by the National
Glycohaemoglobin Standardization Program (NGSP).2

Measurement of insulin resistance plays an
important role in the development of basic science and in
clinical practice. The gold standard for measuring insulin
resistance is the euglycemic hyper-insulinemic clamp,
but it has a complicated procedure that makes it difficult
to apply to large-scale tests. Another marker for
measuring insulin resistance is the homeostasis model
assessment-insulin resistance (HOMA-IR).> Homeostatic
model assessment (HOMA) is a method for assessing -cell
function and insulin resistance (IR) of basal (fasting)
glucose and insulin or C-peptide concentrations. The
HOMA model compared to other models has the
advantage of requiring only a single plasma sample to be
tested for insulin and glucose.* The American Diabetes
Association (ADA, 2009) criteria were used for the
classification of glucose tolerance. The insulin resistance
homeostasis index (HOMA-IR) and -cell function
(HOMA-B) models were calculated using the HOMA
model software (University of Oxford, Oxford, UK).
HOMA-IR and HOMA- are most widely used as
methods to evaluate insulin resistance and insulin
secretion in epidemiological studies.’

The hyperglycemic state tends to cause the effect
of the formation of free radicals or reactive oxygen species
through oxidation-reduction mechanisms by pushing
more electron donors into the electron transport chain in
mitochondria. Insulin plays an important role in the
process of glucose metabolism because insulin is
responsible for glucose breakdown into glycogen which
serves as food reserves. Insulin is synthesized in
pancreatic cells in the endoplasmic reticulum.®

Three categories of bariatric surgeries for diabetic
patients fall into 3 categories: surgery for restriction of
intake, surgery for poor absorption, and surgery with
both effects. Bariatric surgery is the most effective
therapy for patients both in terms of weight loss and

314

improvement in obesity-related diseases such as type 2
diabetes mellitus. The most striking effect of this
procedure is the rapid change in glucose homeostasis and
insulin secretion.” Bariatric surgery procedure includes
sleeve gasterectomy and omentoplasty. Sleeve
Gastrectomy involves removal of the fundus and body of
the stomach, Omentoplasty is a surgical procedure in
which part of the greater omentum is used to cover or filla
defect, enlarge arterial or portal venous circulation,
absorb an effusion, or improve lymphatic drainage.®

This study aims to prove the improvement of
HOMA Beta and Diameter of the islets of Langerhans in
rats with type 2 diabetes mellitus who underwent Sleeve
Gastrectomy and Pancreatic Omentoplasty.

METHODS

This is a laboratory experimental study with a "post-test
only group design". The research was carried out for one
month on September 2020.

The treatment on rats was carried out at the
Central Laboratory for Food and Nutrition Studies
(PSPG) and the process of making paraffin blocks to
Hematoxylin-Eosin staining was carried out at the
Anatomical Pathology Laboratory, Gadjah Mada
University, Yogyakarta.

This study used 18 Sprague-Dawley rats which
were randomly divided into 3 groups using simple
random sampling method, each group of 6, namely
Group K (Control), Group P1 (Sleeve Gastrectomy), and
Group P2 (Sleeve Gastrectomy + Omentoplasty). The
inclusion criteria in this study were male Sprague-
Dawley rats, 150-200 g in weight, and with no anatomical
deformities.

Animal Treatment

Diabetes Induction

All rats were injected intravenously through the tail vein
with a dose of 45 mg/kgBW Streptozotocin (STZ) and
Nicotinamide (NA) 110 mg/kgBW single dose with a 1cc
syringe, and were given 30% sucrose solution ad libitum
to drink. Fasting blood glucose (4-6 hours) of rats (taken
from tail vein/lateral vein) and rats weight were
measured 5 days after the last STZ injection using a
(GlucoDR Bio-sensor) glucometer and a digital scale
(total 10 days of diabetes induction). Diagnosis of
diabetes was established when rat's fasting blood glucose
>126mg/dL.

Sleeve Gastrectomy and Omentoplasty

The rats were anesthetized using intramuscular ketamine
hydrochloride with a dose of 20 mg/kg body weight.
Group P1 had sleeve gastrectomy procedure, the
abdominal cavity was opened with a midline supra-
umbilical incision. In sleeve gastrectomy, identification
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and clamps are carried out parallel to the direction of the
greater curvature. Then, the hull is cut leaving 20-30% of
its volume. Then, the hull is sewn back together.

Group P2 underwent sleeve gastrectomy and
omentoplasty procedure. Omentoplasty begins with the
identification of the omentum and pancreas of rats. The
free omentum was sutured covering the pancreas with
Polyglycolic Acid (PGA) 5.0 suture. After controlling the
bleeding, the abdominal wound was sutured again after
10 days. Then, the wound was cleaned with 0.9% NaCl
and smeared with povidone-iodine.

Calculation of HOMA Beta Value

Ten days after the Sleeve Gastrectomy - Omentoplasty
procedure, all rats were fasted for 4-6 hours. A 0.5 cc
blood sample was taken from tail vein. Measurement of
plasma insulin levels was carried out with rat insulin
ELISA kit and microplate reader (Bio-Rad, CA, USA). The
blood samples obtained were centrifuged (Thermo-
Fisher) at 40°C at a speed of 3000xg for 10 minutes and
plasma samples containing insulin (antigen) were
obtained. Then the plasma samples were reacted with
monoclonal anti-rat insulin (antibodies) that had been
coated on the bottom of the microplate wells and the
reagents provided in the ratinsulin ELISA kit. After going
through some of these reactions, the sample was
measured using a microplate reader (Bio-Rad, CA, USA)
atawavelength of 450 nm.

Pancreatic Langerhans Islet Diameter Measurement
Histological examination was carried out to determine

the size differences of pancreatic tissue structure in each
treatment between groups. Rats were euthanized using
chloroform and the pancreatic tissue was made into
paraffin blocks and stained with Hematoxylin-Eosin.
Pancreatic histopathological preparations were observed
under a microscope (Olympus) with 400x magnification
and measured the diameter of the pancreas. Size was
measured from the exposed islets and from number of
sections of a pancreas.

Data Analysis

Statistical analysis was done for differences in
Langerhans islet in pancreatic tissue diameter between
each group using the One-Way ANOVA test because the
data were normally distributed, and the HOMA Beta
value analyzed using the Kruskal Wallis test followed
with Mann Whitney post hoc test because the data were
not normally distributed. The limit degree of significance
is a p-value of 0.05 with a 95% confidence interval. Data
processing was done with SPSS Ver. 26.0

Ethical Clearance
This research has obtained ethical clearance with
No.84.1/EC/H/FK-UNDIP/IX/2020 from the
Commission on Medical Research Ethics, Dr. Kariadi
General Hospital.

RESULTS

Rat characteristic
Consort diagram showed on Figure 1, showing how the

18 male Sprague Dawley rats
Aged 8-10 weeks, weighed 150-200 grams

!

Diabetes induction for 5 days
(STZ 45 mg/kgBW + NA 110 mg/kgBW)

Randomized

!

|

Control
No treatment

P1
Sleeve gastrectomy

P2
Sleeve gastrectomy
+ Omentoplasty

l

! !

Termination Termination Termination
Day 10 Day 10 Day 10
6 rats 6 rats 6 rats

Figure 1. Consort diagram
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TABLE 1

Mean of rat body weight and blood glucose a day before surgery, 5t, and 10t day after

Parameters Group Day 1 Day 5 Day 10
Mean K 177,17 + 5,64 160,67 + 4,50 144.17 +6.34
Body Weight
. SDy & p1 173,88 + 4,26 156,88 + 3,23 139,38 + 3,58
P2 173,63 + 3,38 157,50 + 4,04 142,75 +5,29
Mean K 266,54 + 3,99 271,48 +2,27 273,48 1,75
Blood Glucose
5D P1 265,40 + 5,79 193,66 + 11,65 175,44 + 6,97
P2 265,47 + 3,79 179,07 + 4,78 172,63 + 12,05
Mean Insulin K 401,85 + 10,78 396,15 + 10,94 389,64 + 9,60
Level + SD
P1 411,40 + 10,40* 458,99 + 11,89 465,50 + 11,00
P2 407,34+ 4,21* 432,55+ 7,58 423,40 + 7,86
250.00 —
< 200.00
; |
5
b
§
8 1
100.00 — l
01
T T T
K P1 P2
Kelompok

Figure 2. Diagram of Beta cell diameter between group

author conducted the experiment thoroughly.

Rat body weight

Rat body weight, blood glucose, and insulin level were
assessed on a day before surgery, 5™ postoperative day
and 10th postoperative day (Table 1).

In this study, the body weight of rats in all study groups
experienced a significant decrease on a day before
surgery, 5t postoperative day and 10 postoperative
day. Weight loss was found to be better in the P1 group
(rats with sleeve gastrectomy procedure), then the P2
group (rats with sleeve gastrectomy and omentoplasty
procedures), and then the control group.
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Blood glucose levels in rats showed a decrease in
the P1 and P2 groups but not in the control group which
actually experienced a slight increase. The decrease in
blood glucose was found to be better in the P2 group. In
rat insulin levels, there was a significant difference in the
mean insulin levels between the day before surgery, 5
postoperative day and 10th postoperative day.

Analysis Langerhan's Islet diameter

The diameter of the islets of Langerhans in each rat was
measured and recorded at a day before surgery, 5t
postoperative day and 10t postoperative day. It was
found that the distribution of Langerhans Islet diameter
data was normally distributed.
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TABLE 2
HOMA Beta Value Analysis
Group Median (min-max) Normality Test p
K 19,92 (19,20-20,99) 0,846¢* 0,004K*
P1 40,22 (37,76-48,59) 0,111¢*
P2 43,11 (42,21-52,74) 0,007¢
Description: *Significant; ¢Shapiro-Wilk; KKruskal-Wallis
TABLE 3
Post Hoc Analysis on HOMA Beta Value
Group Compared Group p
K P1 0.002M*
P2 0.002™"
P1 P2 0.172™

Description: *Significant; MMann-Whitney

TABLE 4

HOMA Beta Value and Islet Langerhans Gells Diameter Correlation

Variahle Median (min-max)

p r Description

Cell diameter 178,31 (136,69-265,39)

HOMA B 41,23 (19,20-52,74)

0,009%"

0,565 Significant, positive,

moderate

Description: *Significant; §Spearmann

Due to the normal distribution of the data, then the
difference test is continued with the test One-Way
ANOVA. This statistical test was conducted to determine
whether there was a difference in the diameter of beta
cells between groups in Figure 2.

In the one-way ANOVA test, a significance of
p = 0.095 was obtained, which means that there was no
significant difference between all groups in this study in
terms of the diameter of the islets of Langerhans in all
study groups. The beta cell diameter in both treatment
groups was greater than control group, however, the
difference is statistically not significant.

HOMA betaresults analysis
In the HOMA beta value data, after the normality test
using the Shapiro-Wilk test, the distribution of the
HOMA beta data was not normally distributed (Table 2).
Normality test result considered significant if p value >
0,05.

From the data on table 2, it can be seen that the
HOMA beta value was found to be the highest in the P2

group (52,74) and was found to be lowest in the control
group (19,20). Due to the non-normal distribution of the
data, the different test was continued with the Kruskal
Wallis test. This statistical test was conducted to
determine whether there were differences in the HOMA
beta data between the research groups. Kruskal-Wallis
and Post Hoc test result considered significant if p value
<0,05.

From the results of the post-Hoc test, there were
significant differences between the control group and
treatment group 1 (0.002) and treatment 2 (0.002); there
was a significant difference between the treatment group
1 and the control group (0.002) and a non-significant
difference between the treatment group 1 and treatment 2
(0.172); there was a significant difference between the
treatment group 2 and the control group (0.002).

Correlation analysis of HOMA beta values and the
diameter of the islets of Langerhans

The HOMA beta values and the diameter of the islets of
Langerhans in each rat were measured and recorded at
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H+10 post with the mean beta cell diameter being 186.85
and a median of 178.31 while the mean value of HOMA
betawas 37.10 and the median was 41.23.

In the HOMA beta value and beta cell diameter
data, after the normality test with the Shapiro-Wilk test,
the data distribution was not normally distributed, then
continued with the non-parametric correlation test using
the Spearman test (Table 4).

In the Spearman test, a significance of p = 0.009
was obtained, which means that there is a significant
correlation and moderate strength (r = 0.565) of the
relationship between the diameter of the islets of
Langerhans and the HOMA beta value in this study.

DISCUSSION

Overweight and diabetes-associated obesity complicates
long-term morbidity. The major chronic complications
include micro/macrovascular disease, which causes an
increased prevalence of coronary artery disease,
peripheral vascular disease and stroke, and
microvascular damage leading to diabetic retinopathy
and nephropathy. Blood sugar control is essential in the
management of Diabetes Mellitus” In an effort to
overcome insulin resistance, beta cells will increase
insulin secretion, which is able to maintain a relatively
normal glucose tolerance. Therefore, it is important to
assess body weight, blood glucose and insulin levels in
each DM patient in order to prevent further deterioration
and complications.'?

This study founds that insulin level on treatment
groups are similar to those of Laiyuan et al, in their study
of the effect of sleeve gastrectomy on DM rats, which
reported that the weight loss of rats was found to be the
best in the group of rats undergoing sleeve gastrectomy
compared to the control group.!! The rats fasting glucose
and insulin levels also showed better results in the group
of rats that underwent sleeve gastrectomy. Schauer et al,
also stated that sleeve gastrectomy had a better effect on
weightloss and glucose control than medication alone.*?

Based on literature study, author believe that there
are no significant literature that stated on how
combination of ometoplasty and sleeve gastrectomy
provide significant results in diabetic rats. While, this
study showed remarkably results on blood glucose level
parameter in diabetic rats that underwent sleeve
gastrectomy and omentoplasty treatment.

Type 2 diabetes mellitus (T2DM) develops in
response to multiorgan insulin resistance and inadequate
insulin production from pancreatic cells. As has been
noted in attempts to overcome insulin resistance, cells
increase insulin secretion, resulting in hyperinsulinemia,
which is able to maintain relatively normal glucose
tolerance.’® Insulin is a key hormone involved in glucose
homeostasis as well as the release of chemical energy
from food. Insulin is encoded by chromosome 11 and
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synthesized in the cells of the islets of Langerhans of the
pancreas. The synthesis, intracellular processing, and
secretion of insulin by cells is a characteristic pattern by
which many other peptide hormones are produced.!

In this study, treatment group 1 (rats with sleeve
gastrectomy procedure) affected beta cell diameter
greater than the control group and treatment group 2
(rats with sleeve gastrectomy and omentoplasty
procedures), but the difference was not statistically
significant. The results of this study are in line with the
study by Duoros et al, who reported no difference in beta
cell mass in diabetic rats undergoing sleeve gastrectomy
compared with controls.'®

Likewise, the study by Camacho et al, who also
stated that the mass of the islets of Langerhans showed no
significant difference between diabetic rats treated with
sleeve gastrectomy and Roux-en-Y gastric bypass
compared to controls using the sham method, but neither
group showed beta cell apoptosis.®

Camacho et al in their study stated that the
mechanism for increasing morphology in beta cells could
be caused by two mechanisms. First, that bariatric
surgery causes food to reach the ileum more rapidly
thereby increasing ghrelin secretion, this pathway also
acts on -cell mass through the release of GLP-1, the -cell
proliferative agent secreted by L-cells. the second
mechanism is restriction of food transit in the jejunum,
which indirectly causes a temporary modification of
glucose tolerance, thereby stimulating beta cell
proliferation due to high blood glucose.®

Seyfried et al, in their study of rats beta cell
morphology after RYGB surgery, said that the expression
of GLP-1 and PDX-1 (pancreatic duodenal homeobox-1)
was found to be higher in the treatment group than the
control group. This proves that PDX-1 expression is very
important in the integration of GLP-1 receptor signals to
regulate the growth, function and survival of cells. The
increase in PDX-1 after bariatric surgery may be due to
therelease of GLP-1.17

Although there are no studies that combine
omentoplasty and sleeve gastrectomy treatments on beta
cell diameter, this study revealed that omentoplasty
procedures gave a better effect on sleeve gastrectomy
procedures as evidenced by the larger mean beta cell
diameter than the control group and treatment group 1.
This due to omentum properties of angiogenesis,
mobility of pedicled omentoplasty and capillary
ingrowth, resulting in an advantage in terms of survival
and proliferation of the islets of Langerhans.®

Homeostatic model assessment (HOMA) is a
method for assessing-cell function and insulin resistance
(IR) from basal (fasting) glucose and insulin or C-peptide
concentrations. This model has been widely used since it
was first published. HOMA is one indicator to measure
the level of strength of the islets of Langerhans that
produce insulin. The greater the HOMA value, the better
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the beta cell strength level. The HOMA-B calculation
formula is (20 x Fasting insulin (mU/AL)) / (Fasting
glucose (mmol/L)).%

The relationship between glucose and insulin
under basal conditions reflects the balance between
hepatic glucose output and insulin secretion, which is
maintained by cyclical feedback between the liver and
cells. Insulin resistance is a metabolic disorder
characterized by elevated insulin levels. Insulin
resistance increases mortality and morbidity due to
metabolic syndrome, type 1I diabetes mellitus (DM) and
cardiovascular disease.?’ A significant difference
between the control group and treatment group 1 and
treatment 2 showed that the function of insulin secretion
by beta cells and blood glucose levels was higher. in both
diabetic rats treated with bariatric procedures with and
without omentoplasty.

The results of this study are similar to the study by
Laiyuan et al, in his study of the effect of sleeve
gastrectomy on glucose metabolism in rats, who reported
that sleeve gastrectomy promotes better glucose
homeostasis, as indicated by increased levels of GLP-1 in
Sleeve Gastrectomy SG-treated rats compared to the
control group; stimulates insulin secretion whereas GLP-
1 levels stimulate insulin secretion; reduce fasting blood
glucose levels, food intake and body weight; improve
glucose tolerance; stimulates the growth of villi of the
jejunum and ileum; and increased GLP-1 expression in
the jejunum and ileum.! Laiyun et al stated that the
mechanism underlying the metabolic changes produced
by SG is due to an increase in postprandial GLP-1 levels
and insulin sensitivity.!! Specifically, the increase in
glucose metabolism is further supported by increased
expression of GLP-1in thejjejunal and ileal mucosa, which
is consistent with increased plasma levels of GLP-1.
Another mechanism, the hindgut hypothesis, suggests
that incompletely digested food to the distal intestine
after SG surgery causes greater GLP-1 secretion from L-
cells, thereby increasing insulin action.!!

Douros et al, in his study also found that cells
showed greater sensitivity to glucose independent of
food stimulation after SG. Second, the presence of
increased insulin secretion contributes to the increased
glucose tolerance seen in SG.® Although there has been
no study combining omentoplasty and sleeve
gastrectomy treatment on the HOMA beta value, this
study revealed that omentoplasty gave a better effect on
the sleeve gastrectomy procedure as evidenced by the
higher mean HOMA beta value than the control group
and the treatment group. High HOMA beta can trigger
angiogenesis and capillary ingrowth, omentoplasty
provides better vascularization of the pancreas so that the
function of insulin secretion by the islets of Langerhans is
getting better.?!

In this study, there was a significant correlation
with moderate strength of the islet of Langerhans

diameter and HOMA beta values in rats. Where this
shows that the morphology of the islets of Langerhans,
especially cell diameter, has a synergistic effect on the
function of beta cells in insulin secretion and blood
glucose.

However, Duoros et al said that the morphology of
beta cells (eg cell size and cell area consisting of - or cells,
and the mass of - and cells) did not show differences in the
research group, this indicated that the mass and
morphology of beta cells did not contribute to differences
in function. beta cells. Feng li et al, also stated in their
study that although there was a significant increase in
insulin in rats with SG, the morphology of beta cells
remained unchanged.!

However, these results are in line with the study by
Grong et al, who assessed the morphology of beta cells in
rats after sleeve gastrectomy treatment reported that rats
after SG treatment had lower fasting blood glucose levels
than the duodenojejunostomy and control groups, where
this result was in line with the assessment of the mass of
the islets of Langerhans which was found to be
significantly larger in the SG group. This is due to
improved glycemic control, increased levels of GLP-1 and
gastrin, two gastrointestinal hormones that function to
increase the diameter and mass of beta cells.??

Although there are no related studies that combine
omentoplasty and sleeve gastrectomy, as is known in this
study, omentoplasty has a beneficial effect on sleeve
gastrectomy procedures as evidenced by a larger mean
beta HOMA value and better beta-cell diameter.

CONCLUSION

Sleeve Gastrectomy and Omentoplasty improve the
HOMA Beta level in Sprague-Dawley rats induced by
diabetes mellitus which was characterized by an increase
in the mean HOMA beta value which was better than the
control and sleeve gastrectomy alone.

Sleeve Gastrectomy and Omentoplasty did not
affect the diameter of the Islets of Langerhans in Sprague-
Dawley rats which was characterized by the absence of
significant diameter changes in the islets of langerhans
rats before and after treatment. The diameter of the islets
of Langerhans and the HOMA beta values showed a
significant correlation with a moderate strength
relationship.

In conclusion, sleeve gastrectomy and pancreatic
omentoplasty provide improvement of HOMA Beta
value and Islets cell of Langerhans Diameter in Type 2
Diabetic Rats.
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