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ABSTRACT

It is  known that after me a l inges tion two incretins  on its  active form; glucose-dependent
insulinotropic polypeptide (GIP [1-42]) and glucagon like pept id e -1 (GLP-1 [7-36]) are released from

duodenal K-cells  and ileum-colon L-cells , respectively. GIP and GLP-1 induce insulin release fro m
pancreatic â-cells  in order to increase glucose tis sue u p t a ke  (muscles , liver and adipose cells ), and they

also induce the suppress ion of glucagon from pancreatic á-cells  avoiding hepatic glucose re lease, it is
due to an indirect local effect of insulin in is let pancreatic cells . These insu lin o t ro pic effects  maintain

e u g ly c e mia . Ho we v e r GIP a n d  GLP-1 a re  ra p id ly  d egraded by their hydrolytic enzyme ,
dipeptidylpeptidase-4 (DPP-4) which inactives  incret in s  le ading them like GIP [3-42 amide] and GLP-1

[9-36 amide] both de-amidated peptides  act like antago nis t to their own receptors  in pancreatic cells .

In diabetic subjects , incretin effect is  abnormal because the incretin secretion is  impaire d  or the
effect is  los t. GIP se c re t io n  is  n o rmal but its  effect is  low, while GLP-1 levels  are low but its

phys iological action is  not affected.  
Recent advances  in the knowledge of phys iological abnormalities  asso c ia t e d  wit h type 2 diabetes

mellitus   have lead to the development of n o v e l in c re t in  – based therapies  offering greates t promise
related to t h e  c u rre n tly available. Treatments  agains t type 2 diabetes  mellitus   include GLP-1

intravenous  infus ions  (such as  incretin mimetics  a n d  analogues), DPP-4 inhibitors  and bariatric surgery

to reach the equilibrium between incretins  and anti-incretin factors  are being success fully used.

Key words: Type 2 dia b e t e s  mellitus , glucose-dependent insulinotropic polypeptide (GIP), glucagon like
peptide-1 (GLP-1), Insulin, Glucagon, Bariatric surgery

Introduction

Diabetes  mellitus  is  a common dis ease
wo rld wid e .  Cu rre n t ly , 246 millio n  p e o p le

worldwide have diabetes  and this  will grow to

more tha n  420 million by 2025 [1]. This  disease
is  characterized by insulin res is tance cau s e d  b y a

wro n g  g lu c o s e -in d u c e d  in s u l i n  s e c re t io n ,
contributing to an impairment of insulin action

that feedback to a further progress ive deterioration
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in is let cell function [2-4]. Specially s tructure and

function deterioratio n  a lmos t in 50% of â–cell
mass  is  observed in t y p e  2 diabetes  mellitus , but

also incretin meta b o lism is  abnormal because

there is  an evident decrease on incretin e ffe c t  [5,
6], that is  the re a s o n  o f the reduction in

nutrient-mediated secretion of glucose-dependent
insulinotropic polypeptide (GIP) and gluca g o n-like

peptide 1 (GLP-1) [7], this  effect le ads  to an
inappropriately elevated glucagon co n centrations

that results  in hyperglycemia [3, 4].

Diges tion, absorption and ass imila tion of
inges ted nutrients  especially carbohydrates  provokes

GLP-1 release, but fats  and protein inges t io n  are
excellent s timulus  for GIP secretion, these two

incretins  suppress  glucagon release and promotes
insulin effe cts . This  interaction between incretins ,

insulin and glucagon res tore plasma glucose  le v els
into normal limits  [7 - 9]. 

In las t years , the role of in c re t ins  has  been

extens ively s tudied in experiment a l models  and
humans  in health and disea se, because the use of

these  p e ptides  as  therapeutic agents  offers  new
approach to t h e  treatment of type 2 diabetes

mellitus . He re, some aspects  on the phys iology of
pancreatic hormones  and incretins  are reviewed.

Pancreatic Hormones 

The endocrine activity is  cente re d  in cellular
groupings  called is lets  of Lan g e rh ans , which

contains  three types  of cells , á-cells , â-c e lls  and
ä -cells . á-Cells  secrete glucagon in response to

low blood glucose, glucagon s t imulates  liver to
re le a s e  g lucose through glycogenolys is  a n d

gluconeogenes is  and it also s t imulates  adipose

tissue to releas e  fatty acids  through lipolys is ; â-
cells  produce insulin that s timulate muscle, liv e r

and adipose cells  to s tore glucose for late r use
by synthes izing glycogen, protein and fats  (Figure

1), ä -cells  secrete somatos tatin that inhibits  insulin
and glucagon release from their is let ce lls  [10,

11].
Insulin and glucagon have be e n the mos t

s tudied h o rmones , both hormones  are involved in

t h e affection of type 2 diabetes  mellitus  wh e n
there is  a decrease in the insulin  s e c retion which

provoke an increase of blood glucose levels .

Insulin

This  peptide has  many functions  not fewer
important but mos t s tudies  have focused to the

bes t known action, increase glucose uptake in

mos t  peripheral tissues , consequently lowering the
level of glucose in blood [13]. 

Aft e r the insulin is  secreted by â-cells  of the
is lets  of Langerhans  in  t h e  p a ncreas , it is

transported  to  all  the  tis sues   wit h  insulin

re c eptors . W hen insulin and its  receptor interac t ,

they produce the complex a n d  liberation the tonic
in h ib it io n  o f t y ro s in kinase, beg in n in g  t h e

transduction of the hormonal s igns . The subunit
â  of receptor binds  adenos ine triphosphate t h a t

g enerates  autophosphorylation, promoting cascad e
of phosphorylation of intracellular subs trates . 

The circulating insulin joined to its  receptor,
increases  glucose uptake from muscle and adip ose

t issue, inhibits  hepatic  g lu c o s e  p ro d u c t io n ,
s timulates  glycolys is , lipogenes is , glycogenes is  and

protein synthes is  and also in h ibit â-oxidation of
fatty acids , glycogenolys is  and proteolys is .

Glucagon

Glucagon is  a peptide hormone of 22 amino

acids  secreted by pancreatic á-cells , includes  33-
61 amino acids  whose MW  is  3500 Da [7].

Glucagon binds  to its  re c eptors  in the plasma

membranes  of adipocytes , activating (v ia a Gs
protein) adenylyl cyclase, during fas ting s tate

glucagon increases  blood glucose via hepa tic
glycogenolys is  or glucone o g e nes is  and it s timulates

adipose  t is sue to release fatty acids  through
lip o ly s is . So me  hormones  act by inhibitin g

adenylyl cyclase, lowering cAMP le v e ls , and
suppress ing protein p h o sphorylation [11, 14, 15].

In non-diabetic subje c t s  after carbohydrate
inges tion, glucagon re lease is  inhibited and the

s timulatio n of insulin secretion es tablishes  an
equilibrium that maintains  euglycemia. 

Somatostatin

So ma t o s t atin is  a polypeptide hormon e

secret e d  by pancreatic ä -cells  and hypothalamus
where inhibits  grown h o rmone (GH) release [15].

It regulates  the secretio n of insulin by interfering
with G-p roteins  in the b-cell membrane rather

t h a n interacting with K -ATP channel [16] a n d+ 

glucagon is  re gulated when somatos tatin binds  to

his  receptor leading to activation of an inhibitory
G protein, or Gi, s t ructurally homologous  to Gs
protein that inhibits  adenylyl cyclase and lowers

cAMP, therefore counterbalancing the effects  o f
g lu c a g o n  [11, 15]. C h r o n i c  in fu s io n  o f

somatos ta t in  h as  not effect on food intake and
body weight [13]. 

Incretins (GLP-1 and GIP)

In order t o  c o ns ider a subs tance like incretin,

two specific crit e ria mus t be fullfilled: 1) released
molecule after oral nutrient inges tion, especially

g lu c o s e ,  2) wh ic h  re a c h e s  p h y s io lo g ic a l
concentrations  in vivo  to cause in sulin release [7].

GIP and GLP-1 are two  in c retins  members  of the
g lucagon pep t id e  s u p e r fa mily  a n d  s h a re

cons iderable amino acid identity [17].
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Fig. 1: Insulin and gluc a g o n  s e c re tions  from pancreas  act directly in the liver where it takes  place

the glycogenolys is . (Adapted from reference 12) 

GIP is  a pept id e of 42-chain amino acid

2(GIP 1-42NH , MW  4984 Da) [7]  (Figure 2)
which comes  from the GIP g e n e that is  mainly

e xp ressed in specific endocrine cells , called K
cells , that are fou n d  in the highes t dens ity in the

duodenum (proximal small intes tine ) [7]. Its  direct

. precursor is  ProGIP [17, 18]

GLP-1(Figure 2) is  a s ingle 30-chain amino

2acid peptid e (GLP-1 7-36NH , MW  3298 Da) [7],

derived from pro g lu c a g o n  g e n e  which also
contains  the informa t ion for glucagon peptides  and

GLP-2 [2, 17]. This  gene is  expressed not  o n ly
in pancreatic á-cells  als o  in  L- cells  of the

intes tinal mucosa [18] hypothalamus  [19] and
predominantly in ileum and colon.

Proglucagon g e n e , leads  to the production of

proglucagon peptide (1-185 a mino acid) which
exis t in pancreas  and ileum/colon/brain, through

2 enzymes; proconvertas e  2 and proconvertase 1
there is  the production of glucagon and GLP-1

respect ively. GLP-1 is  produced as  an inactive
37-a mino acid peptide whose C-terminal contains

glycine, by pos t-trans lational cleava g e  o f s ix
amino  acids  from the N-terminal of GLP-1(1–37)
to form the amidated form as  GLP-1 (7–37)

which conserves  the C-terminal of the glycine  t o
produce another amidation at pos ition 37 le a d s  to

2p ro d u c tion of GLP-1 (7–36) NH , the ma jo r
circulating fo rm, however GLP-1 (7-37) and GLP-

1 (7-36) both have identical biological properties
as  incretins  [7,19,20]. 

Incretin recept o rs  (GLP-1R and GIP-R) are
located within several organs  (Fig u re 3) [21, 22,

23]. These specific receptors  belong to  the G
protein-coupled receptor superfa mily , they are

located in the membrane o f p a ncreatic b-cell as
well as  in extrapa ncreatic s ites . Glucagon, GIP,

pituitary adenylate cyclase-activating polypeptide,
secretin and  v a soactive intes tinal peptide receptors

also belong to this  receptor superfamily. 

Kinetics of incretin secretion

GIP and GLP-1 secretio n s tart 15 minutes

after carbohydrate inges tion, they reach circ u lating
concentrations  up 100 pmol/l of GIP a n d  b e low

50 pmol/ l o f GLP-1 between 30-45 minutes . The
two incretin concentra tions  return to basal values

by 2-3 hours  [7, 18, 24]

Factors affecting incretin secretion

As it was  mentioned, GIP and GLP-1 release
comes  from t h e  s t imu lu s  o f t h e  n utrients

consumed, so th e  factors  that limit or promote
incretin secretion are: Compos ition of nutrient

intake, intes tinal lumin a l fa c t ors  like rate of
nutrient entry into th e small intes tine determined

by gas t ric  e mptying, absorption of nutrients ,
osmotic phenomena or dis tens ion, glucagon and

also circulating free fatty acids .
GIP secretion is  suppressed by glucagon and

n ot by free fatty acids  but GLP-1 secretion  is
suppressed by free fatty acids  [7].   

Physiological incretin action

GLP-1

GLP-1 secretion from intes tinal L-cells  has
non-insulinotropic phys iological actions  to which

t h e y  c a n  b e  c a lle d  in h ib it o ry  e ffects  or
glucoregulatory effec t s  as  described below [8, 25]:

1. GLP-1 red u c es  á-cell secretory activity by
inhibiting glucagon secretion [2, 4, 8,17, 19,

25] because there are no receptors  for GLP-1
on the á-cell, but intra-is let insulin released

fro m b-cells  in response to GLP-1 locally
inhibits  glucagon secretion [7, 26].

2. Potent effects  on gas trointes tinal motility
t h e re fo re  g e n e ra t e s g a s t ric  e mptying  t o 

decrease
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Fig. 2: Structures  of GLP-1 (A) and GIP (B) and its  precursors  proglucag o n  a n d  Pro GIP. T he amino

acids  underlined are s imilars  in both incret in s . Pro GIP gene leads  to the production of
preProGIP o f 153 amino acids  from which GIP of 42 amino acids  marked in preProGIP

s tructure is  derived.

Fig. 3: GIP receptors  are e xp re ssed in pancreatic
b and á cells , s tomach, adipose tis sue,

brain and bone (os teoblas ts ) [21] and
os teoclas ts  [7, 14] GLP-1 receptors  a re

found on b a n d  ä -cells  of the pancreas ,
parietal cells  of the s toma c h, pylorus ,

adipose tis sue, brain, in the lungs  (lung
membranes , mucous  g lands  of the trachea

and vascular smooth muscles  o f the
pulmonary arteries ) [22, 23] and in bone

(os teoblas ts ) [7, 10]

the rate of nutrient abs o rp t ion [2, 7, 8, 17,
19, 20, 25] b y  s t imu la t io n  o f GLP-1

receptors  in the pyloric sphincter that has
influences  in  the dis tens ion of the s tomach

and peripheral satiety s ignals  [7, 27 ].

3. GLP-1 s t imulates  reduction of appetite and
food intake [2, 4, 8, 20] a n d  it has  been 

fo und in nerve fibers  in the brain a n d  in

high conce n t ra t ion in hypothalamic areas ,
where it serv e s  as  a neurotransmitter, that is

closely involved in the con t ro l of food intake
and appetite by influencing the neuropeptide

Y (NPY) pat h wa y  [7, 10, 11, 18]. W hen it
i s  g iv e n  o v e r a  p r o l o n g e d  p e r i o d

(approximately s ix weeks) b y  c o n t in u o us
subcutan e o us  infus ion results  in s ignificant

weight loss  [3, 4, 28]. 

GIP

Th e  primary action of GIP is  to s timulate

 glucose-dependent insu lin  secretion [2]. GIP unlike

GLP-1 does  not inhibit glucagon secretion but it
has  less  effect on the  re le a s e of glucagon [4, 17,

29 ]. GIP neither has  effect on  gas tric emptying
or food intake, but may have a role in lipid

metabolism [4, 17, 30 ]:

GIP promotes  lipolys is  partly by s timulating
lipoprotein lipase receptors  on adipocyt e s  in order

to regulate fat metabolism in  t hose cells . But
GIP can also s t imu late adipose tissue lipogenes is
which is  further enhanced by it s  in sulinotropic

property [7, 17, 20, 31-33].
The insulinotropic effects  of GLP-1 and GIP

 is  me diated by the receptor activation that s tarts
with a  c a s c ade where the firs t events  are the

increases  in  intracellular cAMP with subsequent
activation of protein kinas e  A (PKA). Furtherly

it is  an alteration in ion channel activit y and
intracellular calcium handling that in d u c e  the

s timulation of exocytos is  o f insulin-containing
granules  [2, 4, 8] (Figure 4).

GIP and GLP-1 work together t o realize two
important fu n c t io n s , t h e y  s t imu la t e  insulin

secretion  in a glucose-dependent manner (only in
the presence of raised blood glucose ) [20] and

promotes  expans ion of b-cell mass  [17].
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â-cells proliferation

Neogenes is  of the b-cells  is  a topic that has
b e e n  s tudied a lot to be able to find differe n t

s o lu t io n s  t h a t  re g u la t e d  b e t we e n  b -c e lls
proliferation a nd death to avoid serious  damages .
It is  kno wn  in patients  with T2DM there is  an

increase in b-cell mass  apoptos is  and re duction in
the  p roliferation of these cells  [34]. The defects
that can  a p pear in b-cells  can be genetic and

generate hyperg ly c e mia acquired as  a result of
obes it y  [35]. This  can be revers ible with help of
a great variety of hormon e s  a s : GLP-1, GIP,

IGF-I, IGF-II, insulin, glucagon, g a s t rin, growth
h o rmone (GH), prolactin (PRL), placental lactogen
(PL), le p t in and nutrients  as  glucose, amino acids
and free fatty acids  [35,36].  

It h a s  b e en shown that GH, PRL and PL
can s timulate b-cell proliferation, gluco s e -induced
insulin release, and insulin gene e xp ress ion and

biosynthes is  in fet a l, newborn and adult rat is lets
[35].

Studies  realized in mice show that gene

IPF1/ PDX1 is  re q u ire d  for maintaining th e
hormone producin g  phenotype of the â-cell by
p o s it iv e ly  re g u lating insulin, is le t  a my lo id

polypeptide, glucagon and GLUT2 express io n  [37].
T h e re is  a family of transcription factors

c a lle d  s ig n a l t ra n sducers  and activators  of
transcription (ST A T ), that are activated by GH
and PRL [35].

There is  a  b a la n c e  b e t we e n  b -c e lls

proliferation and b-cells  death in healthy  subjects
but in patient s  with T2DM exis t an increment in
b-cells  death that generates  problems in insulin

released. 

Incretin degradation

The main enzyme respons ible for GLP-1 and
GIP de g radation is  dypeptidylpeptidase - 4 (DPP-
4), this  is  a serine protease located in the

membranes  brush border of the intes t in e, kidney,
in  s u rfaces  of capillaries  and also in soluble form
in circulation that cleaves  at the pos ition 2

alanine, a dip eptide from the N-terminus  of these
two incretins , which thereby is  inactivated  [4, 17,
18]. Both hormones  differ in the response of

in a c t ivation [2, 4, 18]. These two hormones  are
unable to realize their functions but they have 

antagonis t effects  on their resp e c tive receptors  [8,

 17].
After the inactivation GIP is  transformed in

2GIP 3-42NH  and GLP-1 is  transformed in GLP-

21 9-36NH  these  me tabolites  are small impotent
peptide fragments  eliminated by the kidney [2].

Analogues  res is tant a n d  DPP-4 inhibitors  have

demons trated t o be workforce in protecting the
GLP-1 and GIP of the degradation.

GLP-1R agonis t res tores  firs t phase insulin

secretion in type 2 diabetic subjects  in  response

to glucose [38].

The therapeutic u s e  DPP-4 inhibitors  as
antihyperglycemic drug pre v ents  the N-terminal
degrada t io n  o f the GLP-1 turning out to be an

increase of the insulin o t ro p ic  effect of this
incretin for increase its  half life.

Incretins in healthy subjects 
 

In fas tin g , there is  a decrease in glucose

levels , pancreatic á-cells  release glu c agon and
pancreatic b-cells  decre ase insulin production in
order to avoid glucose tis sue uptake. 

Glucagon  increases  plasmatic glucose levels
b y the s timulation for glucose release from the
liver. This  process  results  in a decrease of blood
glucose. 

After food intake t h ere is  an increase on
glucose levels  (hyperglycemia), GIP and GLP-1
are relea sed from duodenum, ileum and colon

respectively, GIP and GLP-1 have two effec t s  o n
pancreatic hormones , they cause insulin release
from pancreatic b-cells  and glucagon  s uppress ion

from pancreatic á -cells  (Figure 5).
Insulin reduces  hepatic glucose production and

it increases  g lu c ose uptake by the peripheral

t is sues  (muscles  and adipose cells ). This  proce s s
also results  in the decrease of blood glucose.

Incretins in type 2 diabetes mellitus

In type 2 dia b etics  the effect of GLP-1 and

GIP is  re duced or absent compared to healthy
subjects , this  is  reaso n  b y which s tudies  on the
a c t io n  of GIP and GLP-1 in this  t y p e  o f

pathology have been focused.
It is  known that excess ive glucagon secre t io n

s timulate s  hepatic glycogenolys is  and therefore

contributes  to fas ting hyperglycemia [19]. In type
2 diabetic patie n t s , infus ion of GLP-1 lead to a
s ignifica n t  s u p p ress ion of glucagon secretion
together with normaliza t io n  in fas ting plasma

glucose [30]. GLP-1 adminis tration however, does
not impair the glucagon coun t erregulatory response
to hypoglycemia, s ince the glucagon secre t io n is

glucose-dependent [30].
GIP secretion in type 2 diabetic s u b je cts  is

normal but its  response is  defective  because there

is  a  lo s t  of its  insulinotropic potency, unlike GIP,
secretion of GLP-1 is  reduced in type 2 diabetes
but it preserve its  response [17,19]. 

Bypass in the control of incretin production 

Perspectives 

Gastric bypass  (GBP) and biliopancreatic

divers ion (BPD) are the mos t effective t re atment
for o b e s e patients  with type 2 diabetes  mellitus
[39, 40]. The procedure is  effective because

guarantees  weight 
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Fig. 4: Cascade of insulin secretion.

Fig. 5: Glucose control only occurs  while there are GIP and GLP-1 in  p la s matic circulation in their

2 2active  fo rm, GIP 1-42NH  and GLP-1 7-36NH , but in few minutes  they are degraded by
DPP-4, resulting GIP (3-42) and GLP-1 (9-36) in an inactive form. GIP a n d  GLP-1 re lease
occur until finish food intake.

loss , it helps  in the contro l o f hypertens ion and
normal insulin levels  [41]. In both procedures

there is  an  exclus ion of duodenum and at leas t
part of the jejunum from the trans it of fo o d .
GBP and BPD obvious ly presents  an incomplete
diges ted  fo o d  early to the ileum, duodenum and

jejunum and  as  consequence a change in the
secretion of gas trointes tinal hormones  [42].

GBP induce an  overall improvement of serum
lipid profiles  th a t  implicates  a marked fall of
serum triglyceride level with a relatively small

decrease in serum total choles terol. BPD is  very
effective in patients  with type 2 diabetes  mellitus
because is  revers ing dys lipidemia tha t represents

a major component of the metabolic sy ndrome
[39, 43, 44].

W ith this  technique can come near to a

balance between the incretins  (locate d  in the
region of the duodenum, jejun u m and ileum) and
the unknown factor anti- in c re t in effect (located

in the part of t he ileum), which allows  that
GLP-1 a n d  GIP response again and secrete
insulin in a normal way [39, 42].

Conclusions

There is  a complex and delicat e  equilibrium
b e t we e n  in s u lin , glucagon, somatos tatin and
incretin s , each one has  specific effects  on blood
glucose control, but  they also have a deficient

effect when exis t cell damage and t h e  re s ult is
th e  in c a p a c it y  of the pancreas  to maintain
euglycemia.

In c re t in s  GLP-1 a n d  GIP allows  t h e
regulation o f the insulin in healthy subjects  but

there are complications  in pa t ients  with type 2
diabetes  mellitus  that can lead to the dis e a s e  to
levels  more serious . Therefore known about the

affections  of each patient is  important to es ta b lish
treatments  adapted to their needs .

Exis t the poss ibility of taking the p atient to

surgery as  the Bypass  t h a t  will help to res tore
the levels  of GLP-1 a n d GIP in the organism
but there is  another typ e  o f alternatives  as  the

DPP-4 inhib it o rs , and a new class  of antidiabetic
oral agents  a s  well as  drugs  that act like
incretins .
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Several inves tig a tions  are being realized to

obtain effective solutions , there are many d ifferent

alternatives  due t o  t h is  problem, and they will be

poss ible as  the kno wle d ge of how diabetes  is

developed [45, 46]. 
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