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Influences of the diabetes surgery on pancreatic β-cells mass
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Abstract

In diabetes mellitus type 2 (DMT2), malfunction and
apoptosis of β-cell provoke a deficient insulin secretion.
Generally, has been sustained that β-cell function is
severely compromised in type 2 diabetes before the
disease appears and then continues to decrease linearly
with time. Diversionary bariatric procedures such as
gastric bypass, biliopancreatic diversion, one anasto-
mosis gastric by-pass (BAGUA) and others that bypasses
the foregut, induce a rapid non-weight-loss-associated
improvement in glycemic control, especially if treated
early before irreparable β-cell damage has occurred. The
antidiabetic effect of bariatric operations is likely due to
the improvement in the hormonal dysregulation associ-
ated with the development of diabetes. Now we know that
the bariatric surgery through the reorganization of the
gastrointestinal tract can affect to β-cells mass home-
ostasis, stopped apoptosis and stimulate the replication
and neogenesis. These effects are caused mainly by three
stimuli: caloric restriction, rapid transit of food to the
ileum and the exclusion of an intestinal portion including
the stomach, duodenum and part of the jejunum. Several
mechanisms have been proposed for this exciting effect
that may provide key insights into the pathogenesis of
type-2 diabetes. All of these mechanisms include from gut
hormones such as ghrelin to second messengers such as
AKT system or protein kinase B. Although not all the
processes involved in the homeostasis of β-cells are clear,
we can explain some of the effects of bariatric surgery
exerted on this important set of endocrine cells, which are
essential in diabetes control.

(Nutr Hosp 2013; 28 (Supl. 2):88-94)
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INFLUENCIA DE LA CIRUGÍA DE DIABETES
SOBRE LA MASA DE CÉLULAS BETA 

PANCREÁTICAS

Resumen

En la diabetes mellitus tipo 2 (DMT2) se puede obser-
var una disfunción de las células así como un alto índice
de apoptosis, este hecho, da lugar a una deficiente secre-
ción de insulina. La función de este tipo celular se ve gra-
vemente comprometida incluso antes de que aparezcan
los primeros síntomas de la enfermedad y luego continúa
disminuyendo linealmente con el tiempo. Los procedi-
mientos bariátricos derivativos como el bypass gástrico,
la derivación biliopancreática, el bypass gástrico de una
anastomosis (BAGUA) y otras técnicas quirúrgicas
donde se puentea el intestino proximal, inducen una
rápida mejora del control glucémico no asociada a la
pérdida de peso, sobre todo si se trata a tiempo, antes de
que la enfermedad provoque un daño irreparable en el
conjunto de las células pancreáticas. El efecto antidiabé-
tico de las operaciones bariátricas se debe, probable-
mente, a la mejora en la desregulación hormonal aso-
ciada con el desarrollo de la diabetes. Ahora sabemos
que la cirugía bariátrica mediante la reorganización del
tracto gastrointestinal puede afectar a la homeostasis de
la masa de células-β, deteniendo la apoptosis y estimu-
lando la replicación y la neogénesis. Estos efectos son
causados   principalmente por tres estímulos: la restric-
ción calórica, el tránsito rápido de alimentos a través del
íleon y la exclusión de una porción intestinal que incluye
parte del estómago, el duodeno y una gran porción del
yeyuno. Se han propuesto varios mecanismos para expli-
car este interesante efecto que pueden proporcionar
información clave en la patogénesis de la diabetes tipo 2.
Estos mecanismos incluyen desde hormonas intestinales
tales como la grelina a segundos mensajeros tales como el
sistema AKT o la proteína quinasa B. Aunque aun no
conocemos todos los procesos implicados en la homeosta-
sis de las células , sí se pueden explicar algunos de los
efectos que ejerce la cirugía bariátrica sobre este impor-
tante conjunto de células endocrinas, que son esenciales
en el control de la diabetes. 

(Nutr Hosp 2013; 28 (Supl. 2):88-94)
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Introduction

β-cell mass regulation represents a critical issue for
understanding diabetes, a disease characterized by a
deficiency in the number of pancreatic β cells. The
number of islet β cells present at birth is mainly gener-
ated by the proliferation and differentiation of pancre-
atic progenitor cells, a process called neogenesis.
Shortly after birth, β-cell neogenesis stops and a small
proportion of cycling β cells can still expand the cell
number to compensate for increased insulin demands,
but at a slower rate. The low capacity for self-replica-
tion in the adult is too limited to result in a significant
regeneration following extensive tissue injury. In addi-
tion, chronically increased metabolic demands can lead
to β-cell failure to compensate. Neogenesis from prog-
enitor cells inside or outside islets represents a more
potent mechanism leading to robust expansion of the
β cell mass, but it may require external stimuli. Recent
studies1,2 have demonstrated that it is possible to regen-
erate and expand the β-cell mass using hormones and
growth factors like glucagon-like peptide-1, gastrin,
epidermal growth factor, and others. Treatment with
these external stimuli can restore a functional β-cell
mass in diabetic animals.3

Malfunction and β-cell apoptosis

The triggering factor in DMT2 is β-cell failure,
which involves a decrease in β cell mass and deteriora-
tion of key β cell functions such as glucose-stimulated
insulin secretion (GSIS). We know that obesity often
leads to insulin resistance, but not all obese people
develop DMT2. Likewise, we can also see how normal
weight people develop insulin resistance just as obese.
A study comparing the β cell mass in obese diabetic/
obese nondiabetic note that β cells was decrease in
individuals with T2DM.4 Similarly, β cell apoptosis is
increased in obese humans with glucose intolerance or
diabetes. Genetic background has an important role in
determining the susceptibility of β cells to decompen-
sation and progression to DMT2. This is demonstrated

using rodent models.5 Genes responsible for obesity
and insulin resistance interact with environmental
factors (increased fat/caloric intake and decreased
physical activity), resulting in the development of
obesity and insulin resistance. These increase secretory
demand on β-cells. If the β-cells are normal, their func-
tion and mass increase in response to this increased
secretory demand, leading to compensatory hyperin-
sulinaemia and the maintenance of normal glucose
tolerance. By contrast, susceptible β-cells have a
genetically determined risk, and the combination of
increased secretory demand and detrimental environ-
ment result in β-cell dysfunction and decreased β-cell
mass, resulting in progression to impaired glucose
tolerance, followed, ultimately, by the development of
DMT2.

The mechanisms through death in the β cell occurs are
related to work overload in the endoplasmic reticulum
(ER) and constitutive upregulation of pyruvate cycling
that affects the performance of the mitochondria and
glucose sensitivity. Overnutrition and increased lipid
supply induce enzymes of beta-oxidation, such as
carnitine palmitoyltransferase-1 (CPT1), resulting in
increased acetyl CoA levels, allosteric activation of
pyruvate carboxylase (PC) and deregulation of pyru-
vate cycling. This leads to basal insulin hypersecretion
and loss of the glucose-stimulated increment in pyru-
vate cycling flux, thereby blunting glucose stimulated
insulin secretion. Finally, insulin hypersecretion is
accompanied by amylin secretion, which in humans
can form amyloid fibrils that accumulate at the surface
of β-cells to induce dysfunction and apoptotic death.
The increased demand for insulin biosynthesis
increases demand (workload) in the ER, gradually
leading to ER stress and increased protein misfolding.
ER stress is initially relieved by the unfolded protein
response (UPR), mediated by the transcription factor
XBP1, but over time, the UPR becomes less effective
and the deleterious effects of ER stress lead to cell
death, mediated by IRE1.

AKT cell signaling system is involved in the apop-
tosis process, in a crucial way. This signaling system is
activated through receptors on the cell surface. When
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Fig. 1.—Relationship between genes and environment with insulin resistance and its effect on normal β cells and susceptible β cells in-
dividuals.
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activated induces the production of second messengers
as PIP3, phosphatidyl-inositol 3,4,5-triphosphate,
which carries the signal from the cell surface to the
cytoplasm. PIP3 activates the serine/threonine kinase
PDK1 (3-phosphoinositide-dependent protein kinase-
1) enzyme, which is able to return activated protein
kinase B or AKT. The proteins phosphorylated by
protein kinase B promote cell survival and its unphos-
phorylated form promotes apoptosis.

Regeneration of β-cells

In the remission of T2DM is obvious to think that the
recovery of β-cell mass is an important factor. But
seems clear that pancreas has a slow rate of β-cell
turnover. Whereby β-cells replicate and new islets are
formed, probably from exocrine duct cells through the
process of neogenesis.6,7,8 The rate of β-cell replication
seems to slow with age and neogenesis can be stimu-
lated by injury. We can cause a chemical damage by
administration of streptozotocin or alloxan, two drugs
that destroy the β-cell selectively. Another way to
study pancreas regeneration is causing tissue damage
by surgery, in this case a partial pancreatectomy (70%)
or subtotal (90-95%) can be performer. Otherwise, we
can use duct ligation like model of tissue injury. In the
last case, a partial pancreas destruction and inflamma-
tion exist due to exocrine secretion products release. In
all experiments, an increase in the mitotic ability of the
pancreas occurs after tissue damage, producing a
partial regeneration of the endocrine and exocrine
pancreas.9,10 Depending experimental model used, it is
observed a higher or lower increase in β-cell replica-
tion rate, indicating that endocrine regeneration is
caused by a replication increased, similar to observed
in the physiological increase which occurs during adult
growth. However, in other cases is observed an
increase in replication rate of pancreatic ducts and it is
possible to measure Pdx-1 expression and insulin in
ductal cells.11 This suggests that in these cases regener-
ation is produced by a neogenesis activation, through
the stem cells or precursor cells activation. The results
indicate that these cells will differentiate to β-cell using
the same molecular mechanisms that occur during
embryogenesis. Moreover it has been demonstrated
that exist several substances able to stimulate regenera-
tive processes when administered to animal models.
GLP1 promotes the proliferation and neogenesis of -
cells, reduces β-cell apoptosis, and increases differen-
tiation of exocrine-like -cells toward a more differenti-
ated β-cell phenotype.12 The betacellulin, EFGs
(epidermal growth factor) growth factor family
promotes the regeneration of β-cells in both rats and
mice pancreatectomized perfused with alloxan.13 Also
the combination of different factors such as gastrin and
EGF, induce β-cell growth in mice treated with alloxan
or in mice with a duct ligation.14 Therefore, we could
think that if bariatric surgery is able to stimulate some

of these hormones secretion will be able to activate 
cells replication and neogenesis (small scale).

Bariatric surgery types

Not all bariatric procedures have the same effect on
weight loss and diabetes remission, certain procedures
are more effective than others and its effect occurs a
few days after the intervention. The two major types
are classified as purely restrictive procedures and a mix
of restrictive and malabsorptive procedures; last one
technique includes an intestinal bypass. Purely restric-
tive procedures (laparoscopic adjustable gastric
banding, sleeve gastrectomy, vertical gastroplasty)
limit gastric volume and, therefore, restrict the intake
of calories by inducing satiety. Afterward, patients lose
approximately 10% to 20% of their total body weight.
Furthermore, multiple studies, including a randomized
controlled trial,15 have shown remission of type 2
diabetes with these techniques but not with conven-
tional medical therapy. The effect is primarily medi-
ated by weight loss and improved insulin sensitivity,
both of which occur several months following surgery.
On the other hand, a second category described as
intestinal bypass procedures, that include one anasto-
mosis gastric bypass (BAGUA), gastric bypass Y-
Roux, biliopancreatic diversion, and other techniques
derived from these, have a different mechanism of
action. The stomach is partitioned, with the proximal
portion then connected to the jejunum. The distal
portion of the stomach, duodenum and early jejunum is
then connected downstream from the gastrojejunal
anastomosis to the mid to distal jejunum. In this type of
intervention, type 2 diabetes often resolves within days
or weeks after surgery, long before that a significant
weight loss has occurred.16,17

Bariatric surgery effects

Intestinal reconfiguration provokes by BAGUA,
BPD and RYGB procedures causes different stimuli on
the gastrointestinal tract. These stimuli are due to the
effect of caloric restriction, exclusion of a great part of
the stomach and duodenal bypass. Causing, in the case
of by-pass, a rapid transit of food through the gut and
avoiding contact with that intestinal portion. These
effects are related to the rapid remission of T2DM.18

Caloric restriction

This effect is produced by the resection of a large
part of the stomach, limiting food intake. Caloric
restriction lowers blood sugar, resulting in a decrease
in insulin secretion. This reduces lipogenesis in white
adipose tissue (WAT), thereby decreasing the produc-
tion of TNFα and increases adiponectin, enhancing
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insulin sensitivity in metabolically active tissues such
as muscle and liver, again decreasing blood glucose
levels.19 Some studies relate caloric restriction with
expression of SIRT-1.20 This protein, a homolog of the
yeast protein silent information regulator 2 (Sir2), which
encodes an NAD+ (nicotinamide adenine dinucleotide)
dependent histone deacetylase may play a key role in the
regulation of β-cell apoptosis. SIRT1 is only expressed in
islets, but not in the exocrine pancreas21, 22,23 which indi-
cates that SIRT1 may be involved in the special physio-
logical function of islets. The SIRT1 binding promoter
region of uncoupling protein 2 (UCP2) directly
represses the expression of the UCP2 gene and regu-
lates glucose-stimulated insulin secretion (GSIS).
Increased SIRT1 expression significantly promotes
GSIS. According to the physiological functions of
SIRT1 substrates and the special effects of SIRT1 in
islet β-cells, it is reasonable to believe that SIRT1
expression is not only involved in regulating β-cell
function to secrete insulin, but also is associated with
the apoptosis of β-cells. SIRT 1 inhibits β-cells apop-
tosis by repressing the UCP2 gene transcription (mito-
chondrial uncoupling protein), increasing mitochon-
dria energy efficiency and release of the endoplasmic
reticulum stress. However, transcription repression of
UCP2 by SIRT1 appears to be counteracted during the
fast, slowing the synthesis of ATP and insulin
response, possibly by a ratio NAD/NADH decrease in
the pancreas. SIRT1 also could promote beta-cells
survival during oxidative stress by FOXO1 and subse-
quent activation of transcription factors NeuroD and
Mafa, increasing resistance to stress.24 FOXO 1 acti-
vate by SIRT 1 also involved in the regulation of
glucose, promoting gluconeogenic gene transcription
during stress. 

Ghrelin levels decreased?

Ghrelin is a 28-amino acid orexigenic hormone
secreted from the duodenum and stomach. In addition
to contribute to marked decrease in appetite and food
intake observed after bariatric surgery, ghrelin may
also improve glucose tolerance. Ghrelin may stimulate
insulin-regulating hormones, suppress adiponectin (a
hormone insulin sensitizer), decreased hepatic insulin
sensitivity at the level of phosphatidyl inositol-3-
kinase and inhibit the secretion of insulin by β-cells.25

The physiological significance of ghrelin as inhibitor
of insulin secretion was demonstrated in a study of
ghrelin-deficient miceob/ob which showed low levels of
uncoupling protein 2 (UCP2) in pancreatic islets. As
seen above, the decrease in the levels of this protein
leads to increased insulin secretion and inhibition of
β-cell stress, thus improving their survival and func-
tion. These mice showed greater sensitivity to insulin
and improved glucose tolerance that the mice able to
synthesize ghrelin.110 Because 90% of ghrelin synthesis
is performed on that portion of the intestinal tract,

which has been excluded from the stimulus of food, is
feasible to believe that compromise secretion of
ghrelin may contribute to antidiabetes effects of
bariatric surgery.27 Ghrelin levels after these proce-
dures were extremely low throughout the 24-h period,
a paradoxical response in the face of profound weight
loss. Since then, eight other groups have shown in
prospective studies that ghrelin levels fall after
bariatric surgery (or at least are more suppressed by
food intake), and four cross-sectional studies have
confirmed abnormally low levels in operated patients
compared with controls.28 Three other groups found no
significant change in human ghrelin levels after
bariatric surgery but interpreted this as impairment in
the expected increase of ghrelin with weight loss. In
contrast, four groups have reported normal increases in
ghrelin with surgery induced weight loss. These
heterogeneous findings suggest that differences in
surgical techniques, possibly involving treatment of
the vagus nerve,29 might account for the disruption of
ghrelin secretion in most but not all cases.

Rapid transit of food

The result of this effect is an unabsorbed nutrients
increase in the distal intestine, enhancing the release of
GLP-1 by L cells, thus improving glucose homeostasis.
The original physiological role described for GLP1
was like an incretin hormone that stimulates insulin
secretion in a glucose-dependent manner.30,31 GLP1
also increases transcription of the gene encoding
insulin and enhances both the stability of the mRNA
encoding insulin and biosynthesis of insulin by mecha-
nisms that involve pathways that are both dependent on
and independent of cAMP and protein kinase A, as
well as pathways that increase the intracellular concen-
tration of Ca2+. In addition, GLP1 improves β-cell
function by inducing the expression of sulfonylurea
receptor and inwardly rectifying K+ cannel (KIR6.2)
in β-cells. It also prevents the downregulation of
mRNA encoding KIR6.2 and the downregulation of
ATP-sensitive K+ channel activity induced by high
levels of glucose. GLP-1, with PYY and oxyntomod-
ulin are synthesized in the ileum and colon through
stimulation of L cells by nutrients. After BPD, the food
goes directly from the stomach to the ileum and GLP-1
levels appear unquestionably high. This effect may be
less obvious in the case of RYGB because the intestinal
bypass is lower. However, have been measured
elevated levels of GLP-1, PYY and oxyntomodulin in
both types of bariatric surgery.32 Further support for the
effect of rapid transit, comes from ileal interposition
procedure. In this type of surgery, a segment of the L-
cell-rich ileum is transplanted into the upper intestine
near the duodenum-jejunum boundary, thereby
increasing its exposure to ingested nutrients. This
reconfiguration of the digestive tract provoke a greatly
enhances postprandial GLP-1 and PYY levels. Ileal

91

12. Influences_02. SINDROME.qxd  12/03/13  09:25  Página 91



interposition with no gastric restriction or malabsorp-
tion, results in improved glycemic control, with or
without weight loss depending on the rodent model or
humans studied.33,34 It is unclear the main process
through which it enhances the insulin secretion, as
predicted from increases in the incretin GLP-1, or
improves insulin sensitivity, and the results of different
experiments support both possibilities.

The exclusion of the intestinal segment

Several studies in rats have demonstrated that exclu-
sion of the proximal small intestine from contact with
ingested nutrients is a critical component in the mecha-
nism improving glucose tolerance after bariatric opera-
tions that bypass the proximal small intestine.35,36 Dr.
Francesco Rubino, with his model of duodenal-jejunal
by-pass (DJB), was the first to provide strong evidence
supporting this model. In this variant of RYGB, the
stomach remains intact but excludes the proximal
intestine of food contact.35 In Goto-Kakizaki rats (GK),
used as an experimental animal model of T2DM
without obesity, this operation improves diabetes
quickly and permanently, even without reduction in
food intake or weight loss.37,38,39 GK rats subjected to
DJB with duodenal exclusion followed by DJB without
duodenal exclusion, or vice versa, experienced
reversible remission and reconstitution of T2DM.
Diabetes was eliminated or restored based on the
absence or presence, respectively, of nutrient passage
through the duodenum.36 To try to explain these results
we must return to the increase in GLP-1 synthesis

measured after bariatric surgery with duodenal bypass,
which seems to have, as we explained before, an
important role in maintaining β-cell mass. The initial
rapid rise in GLP-1 secretion must be mediated indi-
rectly, through a neuro/endocrine pathway, rather than
through direct interactions of the luminal contents with
L-cells.40 Figure 2 shows GLP-1 secretion regulation
by neuro/endocrine pathway. After a meal, nutrients in
the duodenum activate a proximal-distal neuroen-
docrine loop, which stimulates GLP-1 secretion from
L-cells in the ileum and colon. In rodents, GIP,
released from K-cells, activates vagal afferents, which
subsequently causes GLP-1 secretion through vagal
afferents and enteric neurons that release acetylcholine
(Ach) and peptide release gastrin (GRP). Movement of
nutrients toward more distal sections of the intestine
leads to the direct interaction of nutrients with L-cells,
which also stimulates GLP-1 secretion. Placement
glucose or fat into the duodenum of rodents, which
were prevented nutrients contact to the ileum, which
excluded the possibility of direct interaction between
luminal nutrients and L-cells, induced an immediate
and prolonged stimulation of the L-cell that was
comparable in magnitude to increments in GLP-1
observed when nutrients were placed directly into the
ileum.41 Furthermore, when nutrients were placed in
the duodenum of the rat, a prompt rise in glucose-
dependent insulinotropic peptide (GIP) levels was also
observed, and infusion of GIP or treatment of primary
rat L-cells in culture with GIP also stimulated GLP-1
secretion,42,43 thus implicating GIP in the proximal
regulation of GLP-1 secretion. The more important
role of the vagus nerve in mediating the proximal-distal
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Fig. 2.—GLP-1 secretion re-
gulation by neuro/endocrine
pathway.

12. Influences_02. SINDROME.qxd  12/03/13  09:25  Página 92



loop was elucidated when L-cell stimulation by place-
ment of fat into the duodenum or by infusion of physio-
logical concentrations of GIP was completely abro-
gated by sub-diaphragmatic vagotomy.42

Sumary

The studies summarized in this article have greatly
advanced our understanding of the molecular and
biochemical mechanisms that are involved in the
development of type 2 diabetes. In morbid obesity,
bariatric surgery with duodenal and proximal jejunum
bypass causes rapid and profound metabolic adapta-
tions; insulin sensitivity improves in proportion to the
weight loss, and β-cell glucose sensitivity increases
independently of weight loss. Furthermore the
improvement of glucose homeostasis is greater after
this surgery than after other weight loss methods. The
mechanisms involved in the remission of T2DM
include: 1) caloric restriction, which through the SIRT
1 protein, inhibits beta-cell apoptosis by repressing
UCP2 gene transcription (mitochondrial uncoupling
protein), increased mitochondrial energy efficiency
and the release of endoplasmic reticulum stress. 2)
Possible compromised ghrelin secretion in some cases,
with decrease in the levels of UCP 2, which leads to
increased insulin secretion and inhibition of β-cell
stress, thus improving their survival and function. 3)
Enhanced nutrient stimulation of L-cell peptides from
the lower intestine provokes a GLP-1 levels increase.
This protein, increases transcription of the gene
encoding insulin and enhances both the stability of the
mRNA encoding insulin and biosynthesis of insulin,
improve the beta-cells survival. 4) Exclusion of the
upper intestine from contact with ingested nutrients
that provoke again GLP-1 increased levels, this time by
neuro/endocrine pathway. Moreover, these mecha-
nisms cause deregulations in many hormones and
second messengers levels, all related to glucose home-
ostasis, survival and regeneration of beta cells, and
probably additional unknown effects. Characterization
and identification of other contributing factors are
compelling research objectives that promise not only to
guide surgical design but also to reveal novel targets
for pharmacological therapy of diabetes. Molecular
biology tools including global gene expression
analysis and proteomics should be applied on tissue
biopsies and isolated cell fractions collected before and
shortly after bariatric surgery. Since certain biopsies
are difficult to obtain from humans, the rat may be a
useful model for studying the acutest well as long-term
metabolic effects of bariatric surgery in all tissues.44, 45
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