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Abstract

Incretin effect is the augmented insulin secretion in response to oral glucose load as compared to intravenous glucose. This incretin axis that has been demonstrated
in the gut is mainly mediated by two important gut hormones, namely glucagon-like peptide-1(GLP-1) and glucose dependent insulinotropic polypeptide (GIP).
These hormones improve insulin secretion by glucose dependent pathways conferring unique glycemic benefits and safety that has led to their development as
pharmacological agents as GLP-1 and dipeptidyl peptidase 4 inhibitors (DPP4-i). Additionally, they have been found to have pleotropic benefits suggesting their
presence beyond the gut. This review deals with the advances in the physiology of these incretins and the presence of incretin axes elsewhere.
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Introduction endogenous insulin production. We also have to remember
that not only glucose but also fats and some amino acids can

In the search for pathophysiological targets for type 2 diabetes, there lead to insulin secretion.

remained the role of gut hormones camouflaged in the pancreatic beta
cells’ action. The exposure of the gut’s role in insulin secretion brought  Decreased insulin breakdown.
forth an interesting perspective to the type 2 diabetes management.
Unlike other insulin secretagogues, these gut derived hormones
had glucose dependent actions on the beta cells of the pancreas
and inhibitory effects on alpha cells of the pancreas. Additionally,
they improved the altered incretin gut axis in type 2 diabetes. Their
introduction as pharmacological agents brought forward additional
therapeutic evidences which will need a revision of their concept.

Measuring only insulin is problematic as it has high first-pass liver
metabolism, reduced hepatic insulin clearance to a considerable extent
by oral glucose load, conventional immunoassays cannot differentiate
properly between pro-insulin and insulin as both are secreted
simultaneously and oral glucose activates beta-cells through many
pathways while IV glucose directly only stimulates beta-cells. As per
his study the incretin effect lies somewhere between 27.6% to 62.9% (1).

Incretin effect Normal levels of incretin hormones

Gastrointestinal endocrinology dates back to twentieth century The incretin activity seen in health is due to glucagon-like peptide-1

when “Moore and colleagues” reported that oral administration of (GLP-1) and gastric inhibitory polypeptide (GIP) (Table 1) (2-3).
gut extracts reduced glucosuria in juvenile diabetic patients. By 1932

many papers were already submitted regarding the glucose lowering The incretin axis in the gut-the entero-insular axis: Both the
potential of gut extracts. But the problem was how to assess and incretins are secreted from two distinct cell types of intestine.

measure the glucose lowering property of these extracts and were these
really attributable to increase in insulin secretion or not? The answer
was addressed by the discovery of radioimmunoassay for the first time

e GIP: Secreted from intestinal k-cells most abundant in
duodenum and jejunum.

for Insulin in 1962. It was then reported by Elrick et al. and Mc Intyre et o GLP-1: Secreted from intestinal L-cells whose presence is
al. that oral glucose leads to higher insulin secretion than intravenous heterogeneous throughout the gut with increased amounts
glucose-suggesting the existence of the gut derived factors augmenting being found in distal colon and rectum. Glp-1 is secreted in
insulin secretion. This augmented insulin response is termed as two distinct forms: the amidated form GLP-1(7-36)and to a
“incretin effect”. This was clearly demonstrated by Nauck and his
colleagues through the development of ‘isoglycemic clamp study’ done Table 1. The normal levels are seen to rise, almost 10-15 min post meals.
f)n.2 separate days and measuring insulin as well as C-peptide. Increase GIP (pmol/L)* GLP-1( pmol/Ly*
in insulin can be thought under 2 heads: Basal Approx 10-15 Approx 2-15

o Increased secretion: where C-peptide assay helps to stamp  Prandial Approx 150-500 Approx 15-45

Prensa Med Argent, Volume 105:3 Pages: 1-4


https://doi.org/10.47275/0032-745X-123
https://doi.org/10.47275/0032-745X-123
https://doi.org/10.47275/0032-745X-123

org/10.47275/0032-745X-123.

lesser extent the Glycine extended form GLP-1(7-37) (4). Both
the forms seem to have the same biologic activity (5). Both
the incretins undergo rapid proteolytic degradation by the
cleavage of their two NH2-terminal amino acids by dipeptidyl
peptidadse-4 enzyme (DPP4). Hence both the intact and
total (intact plus DPP4 metabolised form) forms have to be
measured by using immunoassays requiring specific antibodies
to study their in-vivo secretion and processing.

The stimuli for these incretins are: (6-9)
o GIP: glucose, galactose and certain amino acids.

o GLP-1: mainly glucose, free fatty acids (FFA) acting through
G-protein coupled receptors, triglyceride.

o Stimulation also comes from bile acids via TGR5 receptor.

o There are also reports of stimulation through sweet taste
receptors T1R2/T1R3 which uses artificial sweeteners.

o Recent studies have shown light on Interleukin-6 related
stimulation of GLP-1 through alpha-cells through the enhanced
production of proglucagon and prohormone convertase 1/3
expression.

Just after secretion these two hormones are rapidly cleaved by
DPP4 enzyme found both in circulation as well as all through vascular
endothelium. It is seen that 75% of the secreted GLP-1 is inactivated
within the gut and upto the rest 40-50% undergoes first-pass liver
metabolism so that only 10 - 15% of intact incretin reaches the systemic
circulation (10).

There is also another enzyme called neutral endopeptidase 24
(11) contributing to around 50% of the degradation but this enzyme
inhibitor has been shown to cause angiodema when used in some
studies. Finallythe kidneys eliminate the intact peptide as well as the
metabolite for both GLP-1 and GIP (12) as depicted in Table 2.

Actions post derivation from gut

GLP-1, Action on islet cells: (a)Robustly increases insulin secretion
in hyperglycemic condition while stops action in normoglycemia. The
beta-cell effect is coupled with glucokinase enzyme that maintains its
glucose dependant action. It has been found to cease work at around
65-70 mg/dl of plasma glucose. The action is mediated through cell-
surface receptors which after binding GLP-1 generates cyclic AMP
via Protein kinase A favouring closure of ATP-dependant potassium
channels and opening of voltage-gated calcium channels leading to
exocytosis of Insulin.

(b) Other than this direct effect on beta-cells, it also has some other
roles on beta-cells:

(i) recruits previously quiescent beta-cells, helps in trans
differentiation of exocrine ductal cells to insulin secreting cells, induces
beta cell proliferation and reduces its apoptosis(found mainly in infant
and neonatal rodent models and data from adult mice is unimpressive)

(ii) increases insulin gene expression via 4 distinct methods (13-16).

o Directly activating CAMP response element
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e Augmentation of glucose-stimulated binding of PDX-
1(Pancreatic and duodenal homeobox-1)

o Stimulation of transcription of PDX-1 gene

e Augments glucose-stimulated insulin gene transcription by
activating NFAT (nuclear factor of activated T cells)

(c) Suppresses glucagon level in a glucose-dependant manner.
The likely mechanism being secondarily mediated by an increase in
somatostatin release from pancreatic delta-cells (17).

Effect on gastro-intestinal system: Inhibition of gastric emptying
which is thought to be mediated via inhibition of vagal activation.
This delays food absorption and also decreases meal related surge of
glucose but this effect is subjected to rapid tachyphylaxis if high GLP-1
concentrations are maintained.

Effect after gastric bypass surgery: An intriguing finding from a
recent study, suggested possible benefit of incretins even in diabetic
patients with gastric bypass surgeries. In this study done on 18
patients following Roux-en-Y gastric bypass surgery and intake of low
carbohydrate mixed meal test, active GLP-1 showed increased peak
and prolonged levels (18).

GIP

1. The insulinotropic property seems to be same as compared to
GLP-1 in health but not in type 2 diabetes mellitus (T2DM) patients.
In T2DM patients the response is blunted even at supra-physiological
levels. The reason cited being down-regulation of GIP receptors due to
chronic hyperglycemia.

2. In normoglycemic conditions there is stimulation of glucagon
release (dose-dependant).

3. It does not play a major role in gastric emptying.

4. Rodent and cell culture models showed very good results on
triglyceride levels but human studies failed to elucidate this.

5. There is a minor role in bone formation by stimulating
osteoblastic action and reducing osteoclastic action (19).

6. Some evidence suggests secretion of cortisol.

The Incretin axis in the central nervous system: Supra-
physiological levels of GLP-1 has shown to significantly reduce
appetite sense and food intake which attributes to the weight reduction
property of these analogues when used in type2 diabetes patients. But
physiological concentration does not seem to have much role. Three
sources have been cited for GLP-1 action in CNS (20):

Peripherally produced GLP-1 crosses blood-brain-barrier through
some leaky areas in the brain like area postrema and subfornical organs.

Locally produced GLP-1 in brainstem is transported into CNS
through axons.

There are projections from gut mucosa, portal venous bed and vagal
nerve via peripheral nerves into hypothalamus (this is a reason why
very big GLP-1 analogue moiety might still have some CNS effect even

Table 2. t% and clearance rate of GLP-1 and GIP.

Intact GLP-1
2.3+/-0.4
2.42+/-0.45

3.3+/-0.4
0.64+/-0.16

Plasma t ' (min)

Metabolic clearance rate(L/min)
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Intact GIP Major metabolite of GIP(3-42)
5.0+/-1.2 22.4+/-3.0
3.184/-0.62 1.56+/-0.27
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though their concentrations are less in the hypothalamus compared to
the shorter or intermediate acting analogues).

Rodent models of Alzheimer’s disease, Parkinson’s disease and
Huntington’s disease have shown neuro-protection and neurogenesis.

The incretin axis in the cardiovascular system: Incretins are
the first group of anti-diabetic drugs which have been extensively
scrutinised for their cardiovascular and renal safety in well-designed
robust randomized clinical trials.

Incretins exert their cardioprotective actions mainly through GLP-
1 receptors and have been evidenced by the favourable cardiovascular
outcomes from two recently concluded CVOTs-the LEADER trial and
the Sustain-6 trial (21,22).

Interestingly, native GLP1 have been found to exert
cardioprotective actions independent of action on GLP1 receptor (23,
24). These GLP1 receptor independent actions have shown to reduce
reperfusion induced injury and increase vasodilatation and coronary
flow in murine models. This may confer an additional advantage of
DPP4 inhibitors over sulphonyl urea and thereby the results from the

CAROLINA trial are earnestly awaited (25).

Incretins have also shown the potential to improve vascular health
with explored benefits on lipid profile markers, markers of endothelial
dysfunction, and thereby on atherosclerosis, vascular flow and blood
pressure (26,27).

These extraglycemic actions have been demonstrated on
inflammatory cytokines and markers namely, (TNF-a, plasminogen
activator inhibitor type-1 (PAI-1), intercellular adhesionmolecule-1
(ICAM-1), and vascular cell adhesion molecule-1 (VCAM-1),
interleukin-6 and interleukin-18 (28-39).

The incretin axis in the kidney:The availability of DPP4 inhibitors
has widened the choice of anti-diabetic drugs in diabetic kidney disease
owing to their reasonable efficacy, safety and ease of dosage across
stages of renal impairment extending upto renal transplant recipients.
Additionally, Incretins have shown potential for renoprotection. Much
of these actions have been postulated and evidenced to presence of
local Incretin axis in glomerulus which retards AGE-RAGE axis and
inhibition of podocyte damage; retardation of glomerular and tubular
fibrosis via anti-fibrotic, anti-inflammatory and anti-oxidant action;
over and above glycemic control and B.P reduction (40-44).

GLP-1 receptors are found throughout the different organs of the
body and are also found in the proximal tubules (45). Animal studies
have shown that GLP-1 modulates sodium homeostasis. It has also
been demonstrated to stimulate renal excretion of sodium in rats and
humans via Na/H exchanger isoform (46).

TGFB-1(tissue growth factor beta-1) is a major fibrogenic growth
factor playing an important role in glomerulosclerosis and interstitial
fibrosis and can be targeted by Exendin-4. The administration of this
molecule in human mesangial cells decreased the level of TGFB-1
protein as well as the mRNA (47).

An animal study showed efficacy of liraglutide in inhibiting
oxidative stress and decreasing albuminuria in strptozotocin-induced
typel diabetic rats possibly through inhibition of NADPH oxidase
via protein kinase A (48). These animal studies are always good but
dedicated human trials are much needed.
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Incretins as a drug class in Type 2 diabetes management
(Advantages)

Glycemic benefits: (a) Reduction in all glycemic parameters
(HbAlc, FPG, PPG, Glycemic variability, improve beta cell
dysfunction).

(b) Moderate to good efficacy (DPP4-I has a supra-physiological
action, GLP1-RA have a pharmacologicalaction above supra-
physiological threshold).

(c) Good durability

Extraglycemic benefits: (a) Preserve beta cell mass, reduce
apoptosis

(b) Body weight reduction (relative or absolute)
(c) Improvement in cardiovascular risk factors like
« Systolic blood pressure

« Total Cholesterol, Triglycerides

« Low-density lipoprotein cholesterol

« C-reactive protein

o Protective effects on endothelium (anti-inflammatory, anti-
oxidant actions)

« Vasodilatation

« Improvement in vascular flow

« Improvement in albuminuria

(d) Cardioprotective role (of GLP1-RA)

(e) Anti-fibrotic role for reducing diabetic kidney disease
progression

(f) Possible neuroprotective role

Conclusion

Incretins have been found to be responsible for postprandial
insulin secretion augmentation and decrease in glucagon level in
hyperglycemic states and these actions are glucose-dependant. These
molecules seem to have many pleotropic benefits which needs further
evaluation for addressing them and using these to our help. In this
world-wide epidemic of diabetes these molecules have become a
cutting-edge weapon due to their least hypoglycemic risk, weight
loss property(pharmacological dose of GLP-1) or weight neutral
property (DPP4 inhibitors) and sustained, good HbAlc reductions.
These hormones can be increased by either exogenously injecting
GLP-1 analogue or reducing their breakdown by DPP4 inhibitors.
Both these molecules have unique property of lowering glucose in
glucose-dependant manner without any weight gain and least chance
of hypoglycemia. Hence the physiology of these hormones needs to be
clearly understood to apply them in pathological conditions.

References

1. Nauck MA, Homberger E, Siegel EG (1986) Incretin effects of increasing glucose
loads in man calculated from venous insulin and c-peptide responses. J Clin Endocrinol
Metabol 63: 492-498.

2. Nauck MA, Bartels E, Orskov C (1993) Additive insulinotropic effects of exogenous
synthetic human gastric inhibitory polypeptide and glucagon-like peptide-1(7-36)
amide infused at near-physiological insulinotropic hormone and glucose concentrations.
J Clin Endocrinol Metabol 76: 912-917.

Pages: 3-4


https://doi.org/10.47275/0032-745X-123
https://doi.org/10.47275/0032-745X-123
https://academic.oup.com/jcem/article-abstract/63/2/492/2674669
https://academic.oup.com/jcem/article-abstract/63/2/492/2674669
https://academic.oup.com/jcem/article-abstract/63/2/492/2674669
https://academic.oup.com/jcem/article-abstract/76/4/912/2651395
https://academic.oup.com/jcem/article-abstract/76/4/912/2651395
https://academic.oup.com/jcem/article-abstract/76/4/912/2651395
https://academic.oup.com/jcem/article-abstract/76/4/912/2651395

o

org/10.47275/0032-745X-123.

Citation: Roy S, Chakraborty S (2019) The Incretin Axis-Revisiting the Basics: A Review. Prensa Med Argent, Volume 105:3. 123. DOI: https://doi.

20.

2

22.

23.

24.

25.

26.

Vollmerk, Holst JJ, Baller B (2008) Predictors of incretin concentrations in subject with
normal,impaired and diabetic glucose tolerance. Diabetes 57: 678-687.

Ralph AF, Ele F, Paul Z, George K, Alberti MM. Edited-International textbook of
Diabetes Mellitus (4th Edition) 1: 148.

Orskov C, Wettergreen A, Holst JJ (1993) Biological effects and metabolic rates of
glucagon-like peptide-1 (7-36) amide and glucagon-like peptide-1 (7-37) in healthy
subjects are indistinguishable. Diabetes 42: 658-661.

Nauck MA, Meier JJ (2008) Incretins and regulation of insulin secretion. Pancreatic
beta-cell in Health and Disease. Springer 335-378.

Diakogiannaki E, Gribble FM, Reimann F (2012) Nutrient detection by incretin
hormone secreting cells. Physiology and Behavior 106: 387-393.

Grespach AC, Steinert RE, Schonenberger L (2011) The role of gut sweet receptor
in regulating GLP-1, PYY and CCK release in humans. American Jphysiol-Endocrin
Metabol 301: 317-325.

Elligsgaard H, Hauselmann I, Schuler B (2011) Interleukin-6 enhances insulin secretion
by increasing glucagon-like peptide-1 secretion from L-cells and alpha-cells. Nature
Medicine 17: 1481-1489.

. Deacon CF, Pridal L, Klarskov L (1996) Glucagon-like peptide-1 undergoes differential

tissue specific metabolism in the anesthetized pig. Am J Physiol 271: 458-464.

. Plamboek A, Holst JJ, Carr RD, Deacon CF (2005) Neutral endopeptidase 24.11 and

dipeptidylpeptidase 4 are both mediators of the degradation of glucagon-like peptide-1
in anaesthetized pig. Diabetologia 48: 1882-1890.

. Ralph AF, Ferrannini E, Zimmet P, George K, AlbertiMM. Edited-International text

book of diabetes mellitus (4th edition) 1: 149.

. Smith PA, Sakura H, Coles B (1997) Electrogenic arginine transport mediates stimulus-

secretion coupling in mouse pancreatic beta-cells. J Physiol 49: 625-635.

. Hussain MA, Habener JF (2002) Glucagon-like peptide-1 increases glucose-dependant

activity of homeoprotein IDX-1 transctivating domain in pancreatic beta-cells.
Biochem Biophys Res Commun 274: 616-619.

. Wang X, Cahill CM, Pineyro MA (1999) Glucagon-like peptide-1 regulates beta-cell

transcription factor,PDX-1, in insulinoma cells. Endocrinol 140: 4904-4907.

. Lawrence MC, Bhatt HS, Easom RA (2002) NFAT regulates insulin gene promoter

activity in response to synergestic pathways induced by glucose and glucagon-like
peptide-1. Diabetes 51: 691-698.

. Heer JD, Ramussen C, Coy DH, Holst JJ (2008) Glucagon-like peptide-1, but not

glucose-dependant insulinotropic peptide, inhibits glucagon secretion via somatostatin
(receptor subtype 2) in the perfused rat pancreas. Diabetologia 51: 2263-2270.

. Bunt JC, Blackstone R, Thearle MS, Vinales KL, Votruba S, et al. (2017) Changes

in glycemia, insulin and gut hormone responses to a slowly ingested solid low-
carbohydrate mixed meal after laparoscopic gastric bypass or band surgery. Int J Obes.

. Ralph FA, Ferrannini E, ZimmetP, George K, Alberti MM. Edited-International

textbook of diabetes mellitus (4th edition) 1: 153.

Nikolaidis LA, Mankad S, Sokos GG, Miske G, Shah A, et al. (2004) Effects of
glucagon-like peptide-1 in patients with acute myocardial infarction and left ventricular
dysfunction after successful reperfusion. Circulation 109: 962-965.

. Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E, et al. (2016) From Sustain-6

investigators,semaglutide and cardiovascular outcomes in patients with type 2 diabetes.
N Engl ] Med 375: 1834-1844.

Marso SP, Daniels GH, Frandsen KB, Kristensen P, Mann JF, et al. (2016) Liraglutideand
cardiovascular outcomes in type 2 diabetes. N Engl J Med 375: 311-322.

Ban K, Ashraf MH, Hoefer J, Bolz SS, Drucker DJ, et al. (2008) Cardioprotective
and vasodilatory actions of glucagon-like peptide 1 receptor are mediated through both
glucagon-like peptide 1 receptor-dependent and-independent pathways 117: 2340-
2350.

Monami M, Dicembrini I, Nardini C, Fiordelli I,Mannucci E (2014) Effect of glucagon-
like peptide-1 receptor agonists on cardiovascular risk: a meta-analysis of randomized
clinical trials. Diabetes Obes Metab 16: 38-47.

MarxN, Rosenstock), KahnSE, Zinman B, Kastelein JJ, et al. (2015) Design and
baseline characteristics of the cardiovascular outcome trial of linagliptin versus
glimepiride in type 2 diabetes. Diab Vasc Dis Res 12: 164-174.

Cai X, Yang W, Zhou L, Zhang S, Han X, et al. (2015) Comparisons of the efficacy of
glucose control, lipid profile, and B-cell function between DPP-4 inhibitors and AGI
treatment in type 2 diabetes patients: A meta-analysis. Endocrine 50: 590-597.

Prensa Med Argent, Volume 105:3

27.

28.

29.

30.

3

—_

32.

33.

34.

3s.

36.

37.

38.

39.

40.

4

g

42.

43.

44.

45.

46.

47.

48.

Silva WS, Godoy AF, Kraemer LG (2015) Dipeptidyl Peptidase 4: A new link between
diabetes mellitus and atherosclerosis? Biomed Res Int 2015: 816164.

HuY, Liu H, Simpson RW, Dear AE (2013) GLP-1-dependent and independent effects
and molecular mechanisms of a dipeptidyl peptidase 4 inhibitor in vascular endothelial
cells. Mol Biol Rep 40: 2273-2279.

Rizzo MR, Barbieri M, Marfella R, Paolisso G (2012) Reduction of oxidative stress
and inflammation by blunting daily acute glucose fluctuations in patients with type
2 diabetes: Role of dipeptidyl peptidase-IV inhibition. Diabetes Care 35: 2076-2082.

Jax T, Stirban A, Terjung A, Esmaeili H, Berk A, et al. (2017) A randomised, active-
and placebo-controlled, three-period crossover trial to investigate short-term effects of
the dipeptidyl peptidase-4 inhibitor linagliptin on macro-and microvascular endothelial
function in type 2 diabetes. Cardiovasc Diabetol 16: 13.

. Noda Y, Miyoshi T, Oe H, Ohno Y, Nakamura K, et al. (2013) Alogliptin ameliorates

postprandial lipemia and postprandial endothelial dysfunction in non-diabetic subjects:
a preliminary report. Cardiovasc Diabetol 12: 8.

Noguchi K, Hirota M, Miyoshi T, Tani Y, Noda Y, et al. (2015) Single administration of
vildagliptin attenuates postprandial hypertriglyceridemia and endothelial dysfunction
in normoglycemic individuals. Exp Ther Med 9: 84-88.

Ayaori M, Iwakami N, Kondo HU, Sato H, Sasaki M, et al. (2013) Dipeptidyl
peptidase-4 inhibitors attenuate endothelial function as evaluated by flow-mediated
vasodilatation in type 2 diabetic patients. J] Am Heart Assoc 2: €003277.

Kubota Y, Miyamoto M, Takagi G, Ikeda T, Ichikawa SK, et al. (2012) Thedipeptidyl
peptidase-4 inhibitor sitagliptin improves vascular endothelial function in type 2
diabetes. J Korean Med Sci 27: 1364-1370.

Ott C, Raff U, Schmidt S, Kistner I, Friedrich S, et al. (2014) Effects of saxagliptin
on early microvascular changes in patients with type 2 diabetes. Cardiovasc Diabetol
13:19.

Poppel PC, Netea MG, Smits P, Tack CJ (2011) Vildagliptin improves endothelium-
dependent vasodilatation in type 2 diabetes. Diabetes Care 34: 2072-2077.

Suzuki K, Watanabe K, Suzuki T, Ouchi M, Futami SS, et al. (2012) Sitagliptin
improves vascular endothelial function in Japanese type 2 diabetes patients without
cardiovascular disease. J Diabetes Mellitus 2: 338-345.

Matsubara J, Sugiyama S, Akiyama E, Iwashita S, Kurokawa H, et al. (2013) Dipeptidyl
peptidase-4 inhibitor, sitagliptin, improves endotelial dysfunction in association with
its anti-inflammatory effects in patients with coronary artery disease and uncontrolled
diabetes. Circ J 77: 1337-1344.

Maruhashi T, Higashi Y, Kihara Y, Yamada H, Sata M, et al. (2014) Longterm effect
of sitagliptin on endothelial function in type 2 diabetes: sub-analysis of the prologue
study. Cardiovasc Diabetol 15: 134.

Mori H, Okada Y, Arao T, Tanaka Y (2014) Sitagliptin improves albuminuria in patients
with type 2 diabetes mellitus. J Diabetes Investig 5: 313-319.

. Watanabe M, Furuya F, Kobayashi T (2012) DPP-4 inhibitor vildagliptin reduces

urinary albumin excretion in type 2 diabetic patients with microalbuminuria. Endocrine
Abstracts 29: 687.

Udell JA, Bhatt DL, Braunwald E, et al. (2015) Saxagliptin and cardiovascular
outcomes in patients with type 2 diabetes and moderate or severe renal impairment:
observations from the SAVOR-TIMI 53 Trial. Diabetes Care 38: 696-705.

Groop PH, Cooper ME, Perkovic V, Emser A, Woerle HJ, et al. (2013) Linagliptin
lowers albuminuria on top of recommended standard treatment in patients with type 2
diabetes and renal dysfunction. Diabetes Care 36: 3460-3468.

Shi S, Kanasaki K, Koya D (2016) Linagliptin but not Sitagliptin inhibited transforming
growth factor B2-induced endothelial DPP-4 activity and the endothelial mesenchymal
transition. Biochem Biophysic Res Commun 471: 184-190.

Schlatter P, Begliner C, Drews J, Gutmann H (2007) Glucagon-like peptide-1 receptor
expression in primary procaine proximal tubular cells. Regul Pept 141: 120-128.

Li W, Cui M, Wei Y, Kong X, Tang L (2012) Inhibition of the expression of TGFB-1
and CTGF in human mesangial cells by exendin-4, a glucagon-like peptide-1 receptor
agonist. Cell Physiol Biochem 30: 749-757.

Hedarto H, Inoguchi T, Maeda Y, Ikeda N, Zheng J, et al. (2012) Glucagon-like
peptide-1 analogliraglutide protects against oxidative stress and albuminuria in
streptozotocin-induced diabetic rats via protein kinase A-mediated inhibition of renal
NAD(P)H Oxidases. Metabolism 61: 1422-1434.

He H, Tran P, Yin H (2009) Absorption, metabolism, and excretion of [ 14C] vildagliptin,
anovel dipeptidyl peptidase 4 inhibitor, in humans. Drug Metab Dispos 37: 536-544.

Pages: 4-4


https://doi.org/10.47275/0032-745X-123
https://doi.org/10.47275/0032-745X-123
http://diabetes.diabetesjournals.org/content/57/3/678.short
http://diabetes.diabetesjournals.org/content/57/3/678.short
http://diabetes.diabetesjournals.org/content/42/5/658.short
http://diabetes.diabetesjournals.org/content/42/5/658.short
http://diabetes.diabetesjournals.org/content/42/5/658.short
https://link.springer.com/chapter/10.1007/978-4-431-75452-7_17
https://link.springer.com/chapter/10.1007/978-4-431-75452-7_17
https://www.sciencedirect.com/science/article/pii/S0031938411005567
https://www.sciencedirect.com/science/article/pii/S0031938411005567
https://www.physiology.org/doi/abs/10.1152/ajpendo.00077.2011
https://www.physiology.org/doi/abs/10.1152/ajpendo.00077.2011
https://www.physiology.org/doi/abs/10.1152/ajpendo.00077.2011
https://www.nature.com/articles/nm.2513
https://www.nature.com/articles/nm.2513
https://www.nature.com/articles/nm.2513
https://www.physiology.org/doi/abs/10.1152/ajpendo.1996.271.3.e458
https://www.physiology.org/doi/abs/10.1152/ajpendo.1996.271.3.e458
https://link.springer.com/article/10.1007/s00125-005-1847-7
https://link.springer.com/article/10.1007/s00125-005-1847-7
https://link.springer.com/article/10.1007/s00125-005-1847-7
https://physoc.onlinelibrary.wiley.com/doi/pdf/10.1113/jphysiol.1997.sp021955
https://physoc.onlinelibrary.wiley.com/doi/pdf/10.1113/jphysiol.1997.sp021955
https://academic.oup.com/endo/article/140/10/4904/2991041
https://academic.oup.com/endo/article/140/10/4904/2991041
http://diabetes.diabetesjournals.org/content/51/3/691.short
http://diabetes.diabetesjournals.org/content/51/3/691.short
http://diabetes.diabetesjournals.org/content/51/3/691.short
https://link.springer.com/article/10.1007/s00125-008-1149-y
https://link.springer.com/article/10.1007/s00125-008-1149-y
https://link.springer.com/article/10.1007/s00125-008-1149-y
https://www.nature.com/articles/ijo201722
https://www.nature.com/articles/ijo201722
https://www.nature.com/articles/ijo201722
https://www.ahajournals.org/doi/full/10.1161/01.CIR.0000120505.91348.58
https://www.ahajournals.org/doi/full/10.1161/01.CIR.0000120505.91348.58
https://www.ahajournals.org/doi/full/10.1161/01.CIR.0000120505.91348.58
https://www.nejm.org/doi/full/10.1056/NEJMoa1607141
https://www.nejm.org/doi/full/10.1056/NEJMoa1607141
https://www.nejm.org/doi/full/10.1056/NEJMoa1607141
https://academic.oup.com/endo/article/150/3/1155/2455567
https://academic.oup.com/endo/article/150/3/1155/2455567
https://academic.oup.com/endo/article/150/3/1155/2455567
https://academic.oup.com/endo/article/150/3/1155/2455567
https://onlinelibrary.wiley.com/doi/abs/10.1111/dom.12175
https://onlinelibrary.wiley.com/doi/abs/10.1111/dom.12175
https://onlinelibrary.wiley.com/doi/abs/10.1111/dom.12175
https://journals.sagepub.com/doi/full/10.1177/1479164115570301
https://journals.sagepub.com/doi/full/10.1177/1479164115570301
https://journals.sagepub.com/doi/full/10.1177/1479164115570301
https://link.springer.com/article/10.1007/s12020-015-0653-3
https://link.springer.com/article/10.1007/s12020-015-0653-3
https://link.springer.com/article/10.1007/s12020-015-0653-3
https://www.hindawi.com/journals/bmri/2015/816164/
https://www.hindawi.com/journals/bmri/2015/816164/
https://link.springer.com/article/10.1007/s11033-012-2290-8
https://link.springer.com/article/10.1007/s11033-012-2290-8
https://link.springer.com/article/10.1007/s11033-012-2290-8
http://care.diabetesjournals.org/content/35/10/2076.short
http://care.diabetesjournals.org/content/35/10/2076.short
http://care.diabetesjournals.org/content/35/10/2076.short
https://cardiab.biomedcentral.com/articles/10.1186/s12933-016-0493-3
https://cardiab.biomedcentral.com/articles/10.1186/s12933-016-0493-3
https://cardiab.biomedcentral.com/articles/10.1186/s12933-016-0493-3
https://cardiab.biomedcentral.com/articles/10.1186/s12933-016-0493-3
https://cardiab.biomedcentral.com/articles/10.1186/1475-2840-12-8
https://cardiab.biomedcentral.com/articles/10.1186/1475-2840-12-8
https://cardiab.biomedcentral.com/articles/10.1186/1475-2840-12-8
https://www.spandidos-publications.com/etm/9/1/84
https://www.spandidos-publications.com/etm/9/1/84
https://www.spandidos-publications.com/etm/9/1/84
https://www.ahajournals.org/doi/full/10.1161/JAHA.112.003277
https://www.ahajournals.org/doi/full/10.1161/JAHA.112.003277
https://www.ahajournals.org/doi/full/10.1161/JAHA.112.003277
https://synapse.koreamed.org/DOIx.php?id=10.3346/jkms.2012.27.11.1364
https://synapse.koreamed.org/DOIx.php?id=10.3346/jkms.2012.27.11.1364
https://synapse.koreamed.org/DOIx.php?id=10.3346/jkms.2012.27.11.1364
https://cardiab.biomedcentral.com/articles/10.1186/1475-2840-13-19
https://cardiab.biomedcentral.com/articles/10.1186/1475-2840-13-19
https://cardiab.biomedcentral.com/articles/10.1186/1475-2840-13-19
http://care.diabetesjournals.org/content/34/9/2072.short
http://care.diabetesjournals.org/content/34/9/2072.short
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.898.272&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.898.272&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.898.272&rep=rep1&type=pdf
https://www.jstage.jst.go.jp/article/circj/77/5/77_CJ-12-1168/_article/-char/ja/
https://www.jstage.jst.go.jp/article/circj/77/5/77_CJ-12-1168/_article/-char/ja/
https://www.jstage.jst.go.jp/article/circj/77/5/77_CJ-12-1168/_article/-char/ja/
https://www.jstage.jst.go.jp/article/circj/77/5/77_CJ-12-1168/_article/-char/ja/
https://cardiab.biomedcentral.com/articles/10.1186/s12933-017-0532-8
https://cardiab.biomedcentral.com/articles/10.1186/s12933-017-0532-8
https://cardiab.biomedcentral.com/articles/10.1186/s12933-017-0532-8
https://onlinelibrary.wiley.com/doi/full/10.1111/jdi.12142
https://onlinelibrary.wiley.com/doi/full/10.1111/jdi.12142
https://www.endocrine-abstracts.org/ea/0029/ea0029P687.htm
https://www.endocrine-abstracts.org/ea/0029/ea0029P687.htm
https://www.endocrine-abstracts.org/ea/0029/ea0029P687.htm
http://care.diabetesjournals.org/content/38/4/696.short
http://care.diabetesjournals.org/content/38/4/696.short
http://care.diabetesjournals.org/content/38/4/696.short
http://care.diabetesjournals.org/content/36/11/3460.short
http://care.diabetesjournals.org/content/36/11/3460.short
http://care.diabetesjournals.org/content/36/11/3460.short
https://www.sciencedirect.com/science/article/pii/S0006291X16301541
https://www.sciencedirect.com/science/article/pii/S0006291X16301541
https://www.sciencedirect.com/science/article/pii/S0006291X16301541
https://www.sciencedirect.com/science/article/pii/S0167011506002734
https://www.sciencedirect.com/science/article/pii/S0167011506002734
https://www.karger.com/Article/Abstract/341454
https://www.karger.com/Article/Abstract/341454
https://www.karger.com/Article/Abstract/341454
https://www.sciencedirect.com/science/article/pii/S0026049512001035
https://www.sciencedirect.com/science/article/pii/S0026049512001035
https://www.sciencedirect.com/science/article/pii/S0026049512001035
https://www.sciencedirect.com/science/article/pii/S0026049512001035
http://dmd.aspetjournals.org/content/37/3/536.short
http://dmd.aspetjournals.org/content/37/3/536.short

	Title
	Abstract 

