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Objective: The aim of this study was to clarify the role of the middle gut in the entero-pancreatic axis
modification that leads to glucose improvement in the Goto-Kakizaki (GK) rat as a non-obese T2DM
model.

Background: Bariatric surgery is considered an assured solution for type 2 Diabetes (T2DM). Enterohor-
mones such as ghrelin, gastric inhibitory polypeptide and mainly glucagon-like peptide-1 (GLP-1) were
recognized as key players in the physiophathological mechanisms associated with entero-pancreatic
axis regulation and glucose tolerance improvement. However, the influence of anatomical arrangements
post-bariatric surgery on this axis is still debatable.

Method: To this purpose, 50% of small intestine resections were performed on GK rats (n=6), preserving
the proximal half of the jejunum and the ileum (IR50). Phenotypic and functional changes, such as per-
formance in oral glucose tolerance tests, ileal release of GLP-1, beta-cell sensitivity to GLP-1, beta-cell
mass, and turnover were characterized in IR50 and the surgical control group (Sham).

Results: The glucose tolerance was improved and ileal release of GLP-1 was enhanced four weeks after
IR50 versus the control group rats. Beta-cell mass, beta-cell proliferation, and beta-cell sensitivity to
GLP-1 were also increased in the pancreas of IR50 versus the control group rats.

Conclusion: the jejunal exclusion increases beta-cell-mass and improves glucose tolerance by increasing

in GLP-1 expression and number of receptors via the entero-pancreatic axis.

© 2019 Elsevier GmbH. All rights reserved.

1. Introduction

Obesity is a major public health problem in Western soci-
eties due to treatment costs, long-term effects on health, and high
prevalence. An important obesity-associated pathology is Type 2
Diabetes (T2DM), characterized by a beta-cell failure along with
peripheral and hepatic insulin resistance. The prevalence of T2DM
has been estimated to affect 5-10% of the population, although
trending upwards globally, especially in young people (Wild et al.
2004).
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Since the 19905 many authors have reported the effects of
bariatric surgery on glucose control in T2DM subjects, with 70
to 90% of patients remaining euglycemic without pharmacologi-
cal treatment for several years after the procedure (Pories et al.,
1995; Smith et al. 1996). Many authors have suggested a relation-
ship between digestive tract modification and glucose homeostasis
as one of the main mechanisms implied in this euglycemic status
(Alejandro et al. 2015). Many hypotheses were presented to explain
these effects.

Some hypotheses focused on the gastrointestinal (GI) hormone
suggesting that the functions of one or more Gl hormones (e.g. GLP-
1, GIP, PYY, Ghrelin, etc.) could be fundamental factors. Surgical
techniques have altered the normal disposition of the intestinal
tube. As a result of these surgeries, the normal flow and absorp-
tion of nutrients were altered in the different portion of intestine
(Baggio & Drucker, 2007; Cummings and Shannon 2003). These
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changes in the intestinal mucosae would change the secretion pat-
tern of the hormones (Batterham, 2016; Rubino 2008; Yousseif et al.
2014).

Other hypotheses focused on the potential role of biliary acids
(BA) in regulating hepatic glucose (Penney et al. 2015), or on the
existence of a control for a brain-gut-nervous system axis. In this
axis, some gut-derived enterohormones could act as regulators of
the central nervous system through a feedback mechanism of hep-
atic glucose production (Wang et al. 2008; Breen et al. 2012).

Nevertheless, the secretion of G hormones, such as GIP, Ghrelin,
or GLP-1, seems to be involved directly or indirectly in the antidi-
abetic effects of bariatric surgery. Focusing on GLP-1, it is known
that this hormone has the capacity to induce (-cell proliferation
in rodents (Drucker, 2003) and improves hepatic insulin sen-
sitivity in mice after bariatric/metabolic surgery (Garibay et al.
2016). Although, these results have not always been reproduced
employing Roux-en-Y Gastric Bypass (RYGB) or Sleeve gastrectomy
(SG) techniques (Mokadem et al. 2013; Chambers et al. 2014). It
is therefore difficult to discern which part of glucose tolerance
improvement is due to enhanced GLP-1 secretion and which one is
not, especially because these surgeries affect different anatomical
elements.

In the present study we used a surgical experimental technique
on a non-obese diabetic animal model as the Goto-Kakizaki rat
(GK), which exclusively affects the gut but not the stomach. We
conducted a resection of 50% of the small intestine with the aim
to determine the role of GLP-1 in improving glucose tolerance.
We then analyzed the effect of such resection on GLP-1 secretion
in ileum, GLP-1 pancreatic B—cell sensitivity, and [3-cell popula-
tion turnover. Thus, our purpose was to confirm the relationship
between the changes in the intestinal GLP-1 release and pancreatic
sensitivity, as a possible consequence of the entero-pancreatic axis.

2. Material and methods
2.1. Animals

All animal procedures were performed with the approval of
the University of Cadiz Committee for the Ethical Use and Care of
Experimental Animals. This Committee controlled the procedures
were performed in accordance with international relevant guide-
lines and regulations for animal welfare. The animals proceeded
by the Animal Service and Production Unit (SEPA, at the University
of Cadiz). The twelve male Goto-Kakizaki (GK) rats were randomly
distributed to sham and IR50 surgical groups (n=6). Animals were
kept under constant temperature and humidity conditions in a 12-
hour light/dark cycle, with ad libitum access to regular chow and
water. GK rats weighed 220 g to 250 g when the surgical protocol
was performed. Female rats were not used to avoid the cyclic varia-
tions of gonadotropins and its effect on the glycaemic metabolism.

2.2. Weight Gain and Food Intake - Basal Glycaemia

To evaluate the effect of the surgery on animals, we monitored
several variables. The weight gain and food ingested were quan-
tified daily after surgery and every 48 h from the second week
until sacrifice. Once a day, after surgery until sacrifice, basal gly-
caemia was measured with a glucometer (Glucocard G-Meter 1810,
Menarini diagnostics, Italy) and expressed in milligrams of glu-
cose/deciliter of blood.

2.3. Oral Glucose Tolerance Test (OGTT)
Ablood sample of 0.5 ml was collected from the tail vein of each

animal after an overnight 12 hour fast to obtain basal glycaemia.
Through an orogastric tube, a 40% glucose solution (2 gr/Kg body
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weight) was administered. The glycaemia was monitored by blood
sampling from the tail vein at 15, 30, 60 and 120 minutes after glu-
cose administration. We realized the OGTT four weeks after the
surgical procedure.

2.4. Surgical Interventions and Fasting Periods

Both experimental groups underwent identical preoperative
and postoperative conditions, with a 12 h fast pre and post-surgical
procedure. All surgical procedures were performed under anes-
thesia by continuous infusion of Isofluorane 3% V/V (Isoflo, Abbott
571329.8). Finally, they went through a re-adaptation period after
surgery to normalize fasting.

The surgical IR50 group (n=6) was performed in the follow-
ing steps. Firstly, a 3 cm laparotomy was performed in the midline
of the abdomen, and through the incision we identified Treitz’s
angle and the ileocecal valve as anatomical references. The bowel
between these points was exposed and measured. We made a
resection of the central 50%, followed by an end-to-end anastomo-
sis with 4-0 monoplane suture (polypropylene, Ethicon Prolene),
leaving the proximal half of the jejunum and most of the ileum
(Image 1). Finally, the abdominal wall was closed in one layer.
The control group (n =6) followed the sham procedure. After mea-
suring the gut, a transversal enterotomy section followed by an
end-to-end anastomosis without intestinal resection was done.

2.5. Tissue Preparation

Five weeks after the surgical intervention, animals were sac-
rificed by an Isoflurane inhalation overdose. Pancreas and gut
portions were perfused with Bouin’s solution. After this, the pan-
creas and ileum were resected, weighed (precision scale Ohaus
Pioneer Mod PA 3102), and post-fixed in Bouin’s solution for 24 h
at 4°C. The fixed pieces were dehydrated, paraffin embedded, and
10 wm microtome sections were obtained.

2.6. Beta-cell Mass Quantification

To calculate B-cell mass, insulin producing cells were stained
using a monoclonal mouse anti-insulin antibody (Sigma-Aldrich,
St. Louis, MO, USA) and a secondary peroxidase conjugated goat
anti-mouse IgG antibody (Sigma-Aldrich, St. Louis, MO, USA), and
then revealed with solution of 0.3 mg/ml of 3,3’'Diaminobenzidine.

The insulin-positive areas were measured by using Image ]
image analysis software. Those who performed the measurements
in all immunohistochemical techniques were not aware of which
experimental group the samples belonged to. Beta-cell mass was
measured Insulin +area/total pancreatic area ratio by the total pan-
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Fig. 1. A. Oral glucose tolerance test (OGTT). Glycaemia was represented in the Y-axis as glucose mg/dl (mean+SEM) in both experimental groups along time, represented
in minutes in the X-axis. P <0.05. 1B. The area under curve (AUC) of the graph showed statistical differences in glucose tolerance between groups. Blood glucose levels
showed significant differences between Sham and IR50 at minute 60 and 120 of the OGTT.

creas weight, expressed in mg. Islet and insulin positive areas were
quantified at 20 islets/per sample in two sample/per pancreas sep-
arated for 100 pm.

2.7. Apoptosis Assays

To determine [-cell apoptosis, 10 wm tissue sections from
each pancreas were mounted on microscope slides and rehy-
drated with graded ethanol to PBS. The Dead End Fluorometric
Terminal Deoxinucleotidil-Transferase-mediated 2:deoxyuridine
5<Triphosphate nick end Labelling (TUNEL) system (Promega,
Madison, WI, USA) was used to identify apoptotic cells, and the pro-
cedure was performed following the manufacturer’s instructions.
Insulin was simultaneously counterstained using polyclonal mouse
anti-insulin antibody (Sigma-Aldrich, St. Louis, MO USA) incubated
overnight at4°C, and then stained with a secondary anti-mouse IgG
conjugated antibody (Alexa 546) (Molecular Probes Inc. Eugene,
USA). To determine the apoptotic fraction, TUNEL+/Insulin +cells
and islet areas were quantified in 20 islets/per sample, in two
samples/per pancreas (TUNEL+/insulin+ cells/fmm?2 of islet). We
used the image analysis Cell D software (Olympus, Hamburg,
Germany). Negative samples were carried out as controls to ensure
the immunohistochemical techniques. Positive controls were car-
ried out in neural tissue samples of hypoxic rat.

2.8. Proliferation Assays

Proliferation was assessed by double immunostaining, using
polyclonal rabbit anti-Ki67 (Abcam, Cambridge, CB4 OFL UK) and
monoclonal mouse anti-insulin (Sigma-Aldrich, St. Louis, MO USA)
antibodies. Sections were stained using anti-rabbit IgG Alexa 488
and anti-mouse IgG Alexa 546 conjugated antibodies (Molecular
Probes Inc Eugene, USA). The proliferation ratio was quantified
in 40 islets/per animal. Results were expressed as the number of
Ki67+/Insulin + cells/mm? per area of pancreatic islets, using Cell D
for image analysis.

2.9. Neogenesis Study

PDX-1 expression was used as a neogenesis marker. We
retrieved sections healed in citrate buffer pH 6.7 solution for
10 minutes. Samples were stained with monoclonal rabbit anti-
PDX-1 antibody (Abcam, Cambridge, CB4 OFL UK). The we used
a secondary biotin conjugated anti-rabbit IgG antibody (Sigma-
Aldrich, St. Louis, MO USA), and finally revealed with a solution of
0.3 mg/ml of 3,3’'Diaminobenzine. Results were observed qualita-

tively in 12 pancreatic areas/per animal group as number of PDX-1
positive cells/mm? of pancreas area.

2.10. lleal GLP-1 Release

GLP-1 production in ileum was analyzed by immunostaining
using rabbit anti GLP-1 (Abcam, Cambridge, CB4 OFL UK) antibod-
ies. To determine GLP-1 positive cell fraction, the number of GLP-1
positive cells and Ileum total areas were quantified in 10 fields per
animal. Results were noted by a single investigator and expressed
as the number of GLP-1 positive cells/mm? of lleum.

2.11. GLP-1 Receptor beta-cell Sensitivity

Beta-cell sensitivity to GLP-1 in pancreas was assessed by dou-
ble immunostaining, using polyclonal rabbit anti-GLP-1 receptor
(Abcam, Cambridge, CB4 OFL UK) and monoclonal mouse anti-
insulin (Sigma-Aldrich, St. Louis, MO, USA) antibodies. Sections
were stained using anti-rabbit IgG Alexa 488 and anti-mouse IgG
Alexa 546 conjugated antibodies (Molecular Probes Inc Eugene,
USA). The proliferation ratio was quantified in 40 islets/per
animal. The results were expressed as the ratio of GLP-1
r+/Insulin + cells/mm? of islet area between both groups. We used
the image analysis Cell D software (Olympus, Hamburg, Germany).

2.12. Statistical Analysis

Data were expressed as mean +SEM. Mann Whitney-U test
was used to analyze differences between groups, and p<0.05 was
considered statistically significant. All statistical analyses were per-
formed using SPSS statistical software.

3. RESULTS
3.1. Weight gaining, chow intake and basal glycaemia

Both groups of animal did not appear significant differences
in these phenotypic parameters. Weight gain showed a decreased
pattern from the first to the seventh day. It was probably due to
surgical stress in both groups. After surgery until sacrifice, the dif-
ference of measured weight between both groups was fewer than
5%. About food intake, no significant differences were observed
between Sham and IR50 groups along the study. Even both groups
displayed a trend to increase slowly the volume of intake with a
similar pattern. Both groups reached a usual daily intake at the end
of the study.
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Fig. 2. B—cell mass was represented in the Y-axis in grams for both experimental
groups as means values +SEM expressed in grams. *P <0.05. Enhanced [3-cell mass
appeared in IR50 group (0.019+0.0001 vs. 0.011+0.0012 grams in Sham).

The basal glycaemia test, measured weekly along the survey
period, represented no significant differences between Sham and
IR50 groups along the study. Meanwhile, the diabetic status of GK
rats was slightly reduced in the Sham group. The animals in Sham
group showed a medium 7-10% lower glycaemia, with a high SEM.

3.2. IR50’s effect on body weight and glucose homeostasis

To further characterize glucose homeostasis, we performed an
OGTT during the last week before sacrifice. Statistical differences
were shown in the final studied points of the OGTT. There were
differences in glucose levels at 60 and 120 minutes time-points
(Fig. 1A). The area under curve (AUC) for glucose showed significant
differences in glucose tolerance between both groups (Fig. 1B).

3.3. Changes on B-cell population

B-cell mass was evaluated four weeks after the surgery in paraf-
fin embedded pancreatic tissue sections using a mouse anti-insulin
antibody. This study reported an increase in (3-cell mass in the IR50
group compared with Sham group (Fig. 2).

3.4. Effect of IR50 on f-cell turnover

Apoptosis contribution to 3-cell mass modification was ana-
lyzed. TUNEL and insulin simultaneous staining was used to
evaluate the -cell apoptosis ratio. No significant differences were
found between both groups after the surgery.

To evaluate the role of cell proliferation and turnover in the
observed [3-cell mass increment after the surgery, we quanti-
fied the percentage of proliferating insulin positive cells in both
groups. Proliferative -cells were identified as double positive
anti-insulin/Ki67 staining (Image 2). A significant increase in
Ki67+/insulin + cell number was found in GK rats with intestinal
resection in relation to sham animals (Fig. 3).

Study of PDX-1, as a neogenesis marker, showed no different
expression pattern between GK rats with intestinal resection and
Sham groups. No increased expression of PDX-1 positive cells was
observed in IR50 group in relation to controls.

3.5. IR50 impact on L cells population

Lcell population was measured in ileum sections from Sham and
IR50 groups after the fourth week after surgery (Fig. 4). L cells were
identified by staining with anti-GLP-1 antibody. GLP-1 positive cells
were more than double in the IR50 group in relation to the Sham
group.
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Fig. 3. Proliferating (3-cells four weeks after surgery. B-cell proliferation rate
was shown as means +SEM where the Y-axis represents the number of
Ki67+/insulin + cells per islet area expressed in mm?. *P < 0.05. Data showed a signif-
icant enhancement proliferation ratio in IR50 group compared to surgical controls
(50.97+3.26 vs 165.60+28.07 Ki67+/insulin + cells/mm? of islet).
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Fig. 4. Number of ileal GLP-1 positive cells is presented as means +SEM where the
Y-axis represents the number of GLP-1 positive cells per ileum area, expressed in
mm?. *P <0.05. lleum from the Sham group presented significantly lower number
of GLP-1 positive cells than RI50’s (46. 33+11.67vs. 119.66+26.60 GLP-1+ cells/mm?
of ileum, respectively).

3.6. B-cell sensitivity to GLP-1: expression of membrane receptor

The GLP-1 receptor expressed in [3-cells was quantified in the
pancreas sections from Sham and IR50 groups four weeks after
surgery (Fig. 5). We identified a significant increased a [3-cell area
which co-labelled with GLP-1r in the malabsorptive versus Sham
group.

4. DISCUSSION

The effect of bariatric surgery on glucose homeostasis improve-
ment is well known. Several hypotheses have been proposed to
explain this fact, but the real underlying mechanisms to this
improvement remain elusive. Moreover, T2DM remission could
have various mechanisms implied. In order to gain insight in these
mechanisms, our work used a pathogenic animal model as Goto-
Kakizaki rat, which underwent resection of approximately 50% of
the total length of the intestine (Collantes-Pérez et al.,2004).

Many authors have focused the explanation to this improve-
ment of T2DM on the participation of different gastrointestinal
profile. In this sense, our work might provoke a severe change in the
pattern of these hormones related to the massive jejunal portion
affected in the surgery. Two main hypotheses focused on diverse
interpretations of the portions of the tube that are responsible for
functional changes. The Foregut hypothesis, which suggested that
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Image 2. A. Control Sham pancreas. The image showed a pancreatic islet, stained the cell nucleus in blue (4:6Diamino fenil indol ~-DAPI-) and colored in red the insulin
reserves in [3-cells. B. IR50 surgical pancreas. An islet showed an irregular aspect and shape; these unusual and non-ovoid aspect is the regular aspect that is used to present
the islets pancreas of GK specimens. The image showed Ki67+ (in green) expressed in some insulin +cells (red). C. The image B islet. The image showed Ki67+ (in green)
expressed in some cells (nucleus in blue). D. The image B islet stained Ki67+ cells (in green) expressed in some cells (nucleus in blue).
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Fig.5. GLP-1receptor expressionin 3-cells was quantified in the pancreas sections
from Sham and IR50 groups four weeks after surgery. GLP-1 receptor expression
in B-cells was shown in bar graphs as means +SEM where the Y-axis represents
the GLP-1 r+/insulin +islet area expressed in percentage. *P < 0.05. We found a sig-
nificant increased islet area -f3-cells co-labelled with GLP-1r1- in the IR50 group
compared to Sham controls (61.33+5.23% vs 19.16 + 19.14 GLP-1 r+/insulin + area of
islet).

preventing contact of nutrients with the segment of the proximal
small intestine, exerts direct antidiabetic effects by an unidentified
mechanism (Rubino 2008). On the other hand, the Hindgut hypoth-
esis, which proposed an accentuated GLP-1 release due to delivery
of unabsorbed nutrients in the distal gut as antidiabetic stimu-
lus (Yousseif et al. 2014). None of these hypotheses comprise our
technique, which is related to the middle portion of small bowel.

This malabsorptive surgical technique is not used in humans as
a bariatric surgery. There are other variations related to the human
clinic (e.g. Scopinaro) which are purely malabsorptive. However,
we focused on the participation of jejunum to elucidate the precise
role of this portion in the pathophysiological mechanisms of T2DM
improvement.

The phenotypic parameters after surgery (basal glycaemia,
weight gaining and chow intake) showed that jejunal massive
resection was tolerate for animal. These parameters did not express
significate differences between both groups. Although the IR50
group showed a regular decrease in the animal weight, due to a
maintained malnutrition after surgery. About basal glycaemia, both
surgeries can not correct the initial condition of these diabetic ani-
mals. Thus, basal glycaemia showed a diabetic status in GK rats.
Basal glycaemia were slightly reduced in Sham group, probably due
to statistic reasons. The mechanical aggression and malabsorptive
consequences in both surgeries did not support other explanations.

We were interested in the consequences on ileum cellularity.
Many authors have focused on the enterohormones, which could
be related to the physiological consequences of bariatric surgery.
There are many involved hormones, but we analyzed accord-
ing to the cellular secretions throughout many published reports.
Some non-named anti-incretin factors secreted in duodenum and
jejunum were described in foregut exclusion theory (Rubino 2008;
Rao and Kini 2011). These hormones were responsible for the loss
of insulin production. The resection of 50% of intestine that we per-
formed did not affect the food transit through the duodenum or
proximal jejunum. So, these factors might not be implied in our
experience.
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Secondly, GLP-1, an enterohormone secreted by L cells in ileum,
capable of increasing insulin production and [(3-cell mass as pro-
posed by Hindgut Hypothesis (Rubino and Gagner 2002). The IR50
caused an early traffic of nutrients into distal jejunum and ileum
(Tian and Jin 2016). For this reason, we analyzed the GLP-1 expres-
sion in ileal samples from IR50 and Sham groups (Fig. 4) and we
found an increased number of GLP-1-positive L cells in the ileum
of the IR50 group. We believe that an enhanced expression of GLP-
1 could be involved in the pathophysiological changes in glucose
tolerance observed in our model, according to GLP-1's effects on
insulin secretion (Patrick et al. 2002). However, this does not rule
out that other agents may also be involved, as the Peptide YY
secreted in the ileum too (Khan et al. 2016). Other route can be
that GLP-1 is not direct responsible, but only an intermediary in a
Neural-Gut-Brain axis (Scarlett and Schwartz 2015).

Then we examined the effect on (3-cell population as one of the
key elements around the possible pathophysiological changes gen-
erated by the surgery. We analyzed [3-cell mass in Sham and IR50
groups. The [3-cell mass appeared to increase in the IR50 group in
relation to the Sham group (Fig. 2). Two possible explanations can
be proposed to this phenomenon: an increase on [3-cell prolifera-
tion in pancreas (Stewart et al. 2015); or the presence of neogenesis
in the pancreas that leads to an expansion of (3-cell population
through differentiation of pancreatic stem cells (Sasaki et al., 2015).
This second possibility has been proposed in response to stressful
situations of 3-cell population (Wu et al., 2013). Our data supports
the former and finds no arguments for the latter, since we found an
increased [3-cell proliferation rate in the IR50 group (Fig. 3), but no
significant differences in PDX-1 expression.

Previous studies report an enhanced expression of PDX-1 in pan-
creas from GK after a RYGB (Li et al. 2015). But, the resection of 50%
of the small intestine we performed is a different surgical tech-
nique, with different anatomical and physiological implications.
Our surgical model had previously been tested in normoglycemic
non-obese rats. With similar results we could not find differences
in PDX-1 expression either (Camacho-Ramirez et al., 2017).

Besides the finding of an increased cellular synthesis of GLP-
1 in the ileum, we investigated a possible difference in -cells’
GLP-1 sensitivity. The GLP-1 contributes to the 3-cell population
expansion. To this end, we examined the number of 3—cells show-
ing GLP-1 receptors in both groups. We found an increased in the
GLP-1r in the islets of IR50 group compared to Sham per islet area
(Fig. 5). This result was congruent with previous reports in hyper-
glycemic rats. The diabetic status reduced the GLP-1 receptors in
[3-cells; and successively the glycemic correction increased these
receptors in response to GLP-1 serum increase (Xu et al. 2007).

All these findings in our model suggest a complex scenario. The
resection of 50% of the small intestine was related to a significant
[3-cell expansion, an increased expression of GLP-1 in Ileum and
increased levels of 3-cells with GLP-1 receptors (which could be
a sign of increased GLP-1 sensitivity). Nevertheless many studies
support a GLP-1-independent improvement of glycaemia in mice
with GLP-1 functional deletion (Rubino 2008) or GLP-1 receptor-
null mice (Chambers et al. 2014) after bariatric surgeries as the SG
or RYGB. However, these two techniques affect the stomach but do
not exclude the jejunum. This difference suggested a physiopatho-
logical mechanism mediated by factors located at the jejunum in
our model. Moreover, a recent study with Duodenal-jejunal bypass
also found an improvement in diabetes control and increased L-
cell expression in ileum of rats through increasing serum bile acids
(Kashihara et al., 2015).

Regarding a possible mechanism to induce an increase of GLP-1
sensitivity in 3—cell population, peptide YY (PYY) -also secreted
by L cells of Ileum-, could be related. PYY has been recently
reported as a regulatory peptide of metabolism from isolate mouse
islets. This hormone was able to control islet adaptions to insulin

deficiency/resistance through membrane receptor modifications
among other mechanisms (Khan et al. 2016). A rise of PYY plasma
concentrations after RYGB was documented in patients (Chronaiou
et al. 2012). These facts lead us to think about PYY as the possible
element to induce GLP-1 receptor overexpression in 3—cell popu-
lation after the massive resection of 50% of the small intestine. Even
though, a direct effect of GLP-1 on the [3-cells can not be discarded,
as other authors reported in isolated treated islet (Xu et al. 2007).

Step by step, the physiophathological mechanisms and the con-
troversial role of GLP-1 on diabetes improvement after bariatric
surgery are being elucidated. In this way, the present study notes
the important role of ileal GLP-1 production on the increased pan-
creatic [3-cell mass -due to proliferation processes-, after resection
of 50% of the small intestine. In addition, our data supports the
importance of jejunum exclusion in the improvement of type 2
diabetes after bariatric surgery.
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