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• Worldwide, the number of adults with diabetes 
is expected to reach 366 million by 2030. 

• Epidemiological evidence indicates that type 2 
diabetes is an independent risk factor for 
cardiovascular disease and microvascular  
complications, such as retinopathy. 

• The rate of cardiovascular diseases is about 
twice as high in people with diabetes than 
without. 



Essential glossary 

 
Type 1 diabetes, insulin dependent (IDDM), insulinopenic, iodiopathic or immunomediated 

 
Type 2 , non-insulin dependent (NIDDM), normal or high levels of insulin, based on 

peripheral insulin resistance 
 

Gestational diabetes 
 

Insulin Resistance  : the aetiology of type 2 diabetes mellitus (T2DM) is intricate and 
multifaceted, but virtually all patients contend with both relative insulin deficiency and 

insulin resistance to varying degrees.  
Glucotoxiciyty (oxidative stress) The resulting hyperglycemia can facilitate β-cell failure in 

the pancreas and worsen insulin resistance, thus triggering a cycle of impaired metabolism 
and glucotoxicity.  

Pancreatic dysfunction: increased apoptosis of β-cells, diminished β-cell mass and reduced 
gene transcription, synthesis and secretion of insulin. 



Hyperglycemia: Plasma glucose levels over 101 mg/dl, HbA1c levels  over 6% 

 

Glycusuria: glucose  is present in  the urine 

 

Polyuria: excessive urine production/elimination 

 

Polydispsia: excessive thirst 

Diabetic Microcomplications: alteration of the basal membrane structure/function  of 
microvessels (retinopathy and/or nepropathy, neuropathy) 

 

Diabetic Macrocomplications: atheriosclerotic disease of large vessels (cardiovascular 
risk) 



Clinical condition of hyperglycemia 

• Current guidelines recommend a target glycated haemoglobin 
level (HbA1c) of 7% or less. 

 



The lesson from UKPDS  
(1998 + 2008) 

A statistically significant reduction in the rate of microvascular 
and renal events after intensive glycaemic control was reported 
in the United Kingdom Prospective Diabetes Study (UKPDS) 33 
on intensive blood glucose control with sulfonylureas or insulin 

compared with conventional treatment and risk of complications 
in patients with type 2 diabetes 

The results of major randomised clinical 
trials on the benefits, in respect of 

diabetes complications, of treatments  are, 
however, controversial. 



Meta-Analysis (BMJ 2011) 

• The overall results of this meta-analysis show limited benefits of 
intensive glucose lowering treatment on all cause mortality and 
deaths from cardiovascular causes.  

• We cannot exclude a 9% reduction or a 19% increase in all cause 
mortality and a 14% reduction or a 43% increase in cardiovascular 
death.  

• The benefit:risk ratio of intensive glucose lowering treatment in the 
prevention of macrovascular and microvascular events remains 
uncertain. 

• The harm associated with severe hypoglycaemia might 
counterbalance the potential benefit of intensive glucose lowering 
treatment.  

• More double blind randomised controlled trials are needed to 
establish the best therapeutic approach in people with type 2 
diabetes 



 



The physiological balance between insulin and glucagon is 
essential for normal metabolic control 

*Insulin and glucagon secretion are also influenced by other nutrients, hormones, and neural input  

Adapted from Berne RM, Levy MN, eds. Physiology. St. Louis, Mo: Mosby, Inc; 1998:822–847. 
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Substrate cycles as glucose-derived signals 

Mark A. Herman and Barbara B. Kahn. J. Clin. Invest. 2006 116:1767-75 



Pancreatic Islet Hormones Are Critical for Normal  
Glucose Tolerance now including also the gut 

Glucose 

HGO = hepatic glucose output 

Adapted from Unger RH. Metabolism. 1974;23:581. 
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Pancreatic Islet  and Gut endocrine Function Dysfunction Leads to 
Hyperglycemia in T2DM 
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Adapted from Ohneda A, et al. J Clin Endocrinol Metab.  

1978;46:504–510; Gomis R, et al. Diabetes Res Clin Pract. 1989;6:191–198.  
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IFG = impaired fasting glucose; IGT = impaired glucose tolerance; NGT = normal glucose tolerance 

Adapted from Rickheim P, et al. Type 2 Diabetes BASICS. 2nd ed. Minneapolis, Minn: International Diabetes Center; 2000. 

Pancreatic Islet Function Deteriorates Over Time, Causing 
Disease Progression 
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Structural and functional changes in 
pancreatic islets in T2DM 

O Disorganized and misshapen  

O Marked reduction in β-cell number (apoptosis) 

O and volume  

O  cells hypertophy 

O Amyloid plaques 

 

O Functional changes: 

O / 

O reduced  cells sensitivity to glucose 

O reduction of insulin secretion  

O increased hepatic glucose ouput 

 

Amyloid 

plaque 





La terapia farmacologica del diabete 
 

Ipoglicemizzanti  

parenterali  

O formulazioni di insulina e di analoghi dell'insulina, per il 
trattamento del paziente tipo 1, diabete gravidico e tipo 
2,  

O analoghi del GLP-1 o agonisti del recettore per il GLP-1 

     (GLP-1R), diabete tipo 2  

orali  

O sulfaniluree e derivati acido benzoico ad esclusiva 
indicazione per il diabete tipo 2; 



Terapia farmacologica del diabete 

O anti-iperglicemizzanti orali: metformina e inibitori della 

dipeptidil-dipeptidasi- IV (DPPIV; esclusiva indicazione per il 

diabete tipo2); 

O (insulino-sensibilizzanti: tiazolidindioni, esclusiva indicazione 

per il diabete tipo2) 

O inibitori dell' assorbimento del glucosio a livello intestinale: 

acarbosio  

 
O Farmaci che inducono glucosuria: inibitori della riassorbimento 

del glucosio a livello renale 
 

O farmaci della terapia di fondo delle complicanze  





Ipoglicemizzanti 



Insulin signalling and glucose uptake in muscle and adipose cells 

 



Insulin and muscle contraction: two pathways to 
stimulate glucose uptake 

 
Insulin-independent 



Insuline ricombinanti  

• Insuline a breve o rapida durata d'azione. Sono preparazioni di insulina 
complessata con Zn da somministrare 45-30 min prima del pasto con 5-8 h di 
durata d'azione. 

• Insuline ad azione intermedia. Insulina con cinetica di solubilizzazione più graduale 
dopo iniezione. Si tratta di 2 formulazioni: Zn-insulina complessata con protamina, 
proteina basica, stabilizzata a pH neutro (insulina Hagedorn; NPH, isofano 
insulina). Durata d'azione dell'ormone fino a 24h.  

• Insulina ad azione lenta. Si tratta di miscugli di insulina cristallina (ultra-lenta) e 
amorfa (semilenta) anche fino a 36 h di durata ma picchi ematici bassi che si 
mantengono abbastanza costanti. 



Gli analoghi rapidi 

• Lyspro insulina: insulina con modificazione della molecola di 
insulina introducendo sulla catena B una lisina in posizione 28 
e una  prolina in 29. Alla Lyspro viene poi aggiunta protamina 
a varie percentuali per modificare le caratteristiche 
farmacocinetiche  

 



Analoghi lenti 

Glargina (3 aminoacidi diversi rispetto alla insulina nativa): 

con queste modificazioni si ottiene un inizio di azione più 
lento ma effetto costante, senza picco ematico, per una 
durata anche fino a 24 ore. Ha efficacia ipoglicemizzante e 
riduzione della HbA1c simile alla NPH con minore incidenza 
di eventi ipoglicemici notturni. 
 

Detemir: ottenuta per rimozione della treonina nella 

catena  (posizione 30) e acilazione di un residuo di lisina 
(B29) mediante acido miristico. Questa acilazione stabilizza 
la associazione della molecola di insulina e permette un 
unico legame insulina-albumina responsabile di un lento 
assorbimento dai depositi sottocutanei prolungando così la 
durata d'azione. Insulina detemir riduce la variabilità inter-
individuale nel profilo  



Questa acilazione stabilizza la associazione della 
molecola di insulina e permette un unico legame 
insulina-albumina responsabile di un lento 
assorbimento dai depositi sottocutanei prolungando 
così la durata d'azione. Insulina Detemir riduce la 
variabilità inter-individuale nel profilo 
farmacocinetico e farmacodinamico della insulina. 



Lyspro o Aspart vs insulina umana 

I confronti tra insulina Lispro o Aspart e insulina umana regolare non hanno 
evidenziato differenze statisticamente significative in termini di HbA1c, 

ipoglicemia severa (notturna e diurna) 

 Detemir vs. insulina neutra 

Gli studi indicano una minore incidenza di ipoglicemia notturna con 
insulina Detemir. Invece nei casi in cui è stato associato un 

ipoglicemizzante orale la differenza nell’HbA1c era a favore della 
associazione detmir con insulina protamina neutra di Hagedorn  

Detemir vs. Glargina 
non ci sono evidenza a sostegno di differenze significative in termine di efficaciae 

di incidenza di eventi ipoglicemici  



Non sono disponibili dati sufficienti per stabilire se 

gli analoghi abbiano un profilo migliore rispetto 

alle insuline convenzionali nella riduzione delle 

complicanze del diabete o in termini di mortalità. 

 

In studi di confronto tra insulina Lispro o Aspart e 

insulina umana regolare, condotti su donne 

gravide con diabete di tipo 1 o diabete 

gestazionale, non sono state osservate differenze 

statisticamente significative in termini di HbA1c, 

ipoglicemia severa, notturna e totale. 





Sulfaniluree (SU) 
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Figura 1. Struttura chimica delle varie SU. 
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Struttura molecolare del monomero K+ ATP-recettore alle sulfaniluree nella cellula β pancreatica 

N 
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N C 
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INDICAZIONI 
• SULFANILUREE 

 

– Generali:  

• Diabete mellito non insulino-dipendente non controllabile con la sola 
dietoterapia. 

– Appropriatezza di uso: 

• Episodi ipoglicemici: ridotti con glipizide (t 1/2 breve) e gliquidone (risposta 
insulinemica più fisiologica). 

• Potenza di effetto: glibenclamide e glipizide equipotenti con effetto superiore 
alle altre sulfaniluree. 

• gliclazide usata in IR di grado lieve e moderato. 

• In sostituzione a sulfaniluree di ridotta efficacia: glibenclamide. 

• Associazioni con insulina: glibenclamide, gliciclamide. 

• Compliance: clorpropamide in pz con scarsa compliance. 

 

 

 



CONTROINDICAZIONI 

• SULFANILUREE 
  

– Generali:  
 

• Diabete insulino-dipendente 
• Gravidanza 
• Allattamento 
• Insufficienza surrenale 
 
– Specifiche:  

 
• clorpropamide: grave ipotiroidismo. 
• clorpropamide, glimepiride, gliciclamide, glibenclamide in IR e 

insufficienza epatica.  

 

 

 

 

 



REAZIONI   AVVERSE 

• SULFANILUREE 

• Ipoglicemia 

• Incremento ponderale 

• Discrasie ematiche 

• Sindrome di inappropriata secrezione di 

ADH (SIADH) 

 

 

 

 



 
Increased risk of stroke in patients with chronic kidney disease after 

recurrent hypoglycemia. Neurology. 2014; 83:686-94.  

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/25031280
http://www.ncbi.nlm.nih.gov/pubmed/25031280


Interazioni farmacologiche delle SU 

Farmaci che spiazzano le SU dalle proteine plasmatiche 

 

salicilati, warfarin, antiepilettici, antibiotici sulfamidici per la loro 
analogia strutturale con le SU. 

 

aumento dell'effetto ipoglicemizzante. 



Interazioni Farmacologiche delle SU 
Farmaci che interferiscono con la frequenza di chiusura/apertura 

del canale al K+ della cellula b pancreatica: il diazossido e 
alcuni diuretici tiazidici, farmaci che aprono i canali al K+,  

riducono l'effetto ipoglicemizzante delle SU. 

Farmaci che interferiscono con l'assorbimento intestinale delle 
SU: colestiramina, antiacidi 

Farmaci che potenziano l'azione delle SU agendo su recettori che 
controllano il rilascio di insulina: 

 β bloccanti, α agonisti, inibitori delle mono aminossidasi (iMAO). 

Farmaci che alterano la potenza terapeutica delle SU con 
meccanismo non conosciuto: fluorochinoloni, enalapril, 
gemfibrozil, trimetoprin. 

 

 

 



Diabetologia. 2014 Sep 10 [Epub ahead of 

print] 

Sulfonylurea in combination with 

insulin is associated with increased 

mortality compared with a 

combination of insulin and 

metformin in a retrospective 

Danish nationwide study. 

http://www.ncbi.nlm.nih.gov/pubmed/25205223


Benzoic Acid Derivative (Repaglinide) 

 

Mechanism of Action. Repaglinide is a benzoic acid 
derivative that also stimulates insulin secretion by 
interacting with the ATP-sensitive K+ channels but 

via an apparently different receptor than the 
sulphonylureas. It is, therefore, regarded as a non-

sulphonylurea insulin secretagogue. 
 

 



From popular medicine... 

Historical accounts reveal that type II diabetes 

existed long ago, and medicinal plants have 

been used for many millennia to treat this 

disease.  

To date, the anti-diabetic activities of well over 

1200 traditional plants has been reported, 

although scant few have been subjected to 

rigorous scientific evaluation for safety and 

efficacy in humans. 

 

 



Galega 

officinalis .  

   

Famiglia: Leguminose 

Nome volgare: Galega.capraggine 

Caratteristiche: Pianta erbacea perenne Habitat: Luoghi umidi ed 
erbosi.0-1300 m. Maggio luglio 

Proprietà farmaceutiche: rinfrescanti. (Droga usata: parte aerea della 
pianta). 

 
 

  

   



Galega’s juce  

 

Ricco in derivati guanidinici tra cui 

 Metformin 
 

Highly hydrophylic  Vd>1.12L/Kg 



 

Approved by the FDA for use in the United States in 
1995. 

 Its primary effect is to enhance insulin-mediated 
inhibition of hepatic glucose production and 
stimulation of glucose transport into muscle. 

 

Metformin 

 







Pleyotropic effects  

 
•Increase of GLP-1 secretion 

•Reduction of LDL-cholesterol 

•Reduction of PAI-1  

•Polyistic ovaric syndrome  

•Reduction of insulin levels  

•Reduction of body  weight 

•Reduction of SP 



Other effects of metformin 

• Reduces lipolysis contributing to reduce free 
fatty acids 

• Reduces uncoupling proteins activity 
potentially triggering metabolic acidosis  



CONTROINDICAZIONI 

Gravidanza  

Allattamento 

Insufficienza epatica 

Insufficienza surrenale 

Malattie cardiovascolari e respiratorie (con 
ipossia tissutale) 

Alcolismo 

Acidosi metabolica 

 
 

 



REAZIONI AVVERSE 

 

Disturbi gastrointestinali 

Acidosi lattica (rara) 

Riduzione dei livelli di vit.B12 

 
 

 

 

 

 



Metformin and Cancer 

Metformin and Cancer Occurrence in 

Insulin-Treated Type 2 Diabetic Patients 

 

Several studies have shown that metformin is 

associated with reduced cancer-related morbidity 

and mortality, due to improvement in insulin 

sensitivity or to the activation of AMP-activated 

protein kinase 
 

Matteo Monami et al 2011Diabetes Care January vol. 34 no. 1 129-131  

 

 

http://care.diabetesjournals.org/search?author1=Matteo+Monami&sortspec=date&submit=Submit
http://care.diabetesjournals.org/search?author1=Matteo+Monami&sortspec=date&submit=Submit


  

 
Farmaci che potenziano l’efficacia delle incretine  

 
 
 

Incretin-based therapies  

Injectable GLP-1 analogs or GLP-1 Receptor 
agonists 

 

 
Inhibitors of DPP-IV 



Pancreatic Islet Cells are Targets for 
Incretin Hormones 

GLP-1=Glucagon-Like Peptide-1 

Adapted from Drucker D. Diabetes Care. 2003;26:2929-2940. Wang Q, et al. Diabetologia. 2004;47:478-487.  

Incretin Response 
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α-Cell 
β-Cell 

Pancreatic Islet 

Incretin 



GLP-1 
Recettore 

Granuli di 
insulina 

L’effetto insulinotropo di GLP-1 è mediato dal glucosio 

Cellula  β 

Pancreatica 

↑ATP/ADP 

Trasportatore 
Glucosio  

 
Canale al 

KATP 
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Ca++- 
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dipendente 
Ca2+ 
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ATP 

Ca2+ 

Ca2+ 

Insulin 
release 

Gromada J, et al. Pflugers Arch – Eur J Physiol. 1998;435:583-594; MacDonald PE, et al. Diabetes. 2002;51:S434-S442. 

Ca++ 



Exenatide (Exendin-4) 

– Versione sintetica del peptide trovato 

nelle ghiandole salivari della Gila 

monster 

– Circa 50% identico con GLP-1umano 

Si lega a recettori per il GLP-1 sulle 

cellule n  cells in vitro 

-Resistente alla inattivazione da 

parte della  DPP-IV 

Figura 2 

Sito di inattivazione da parte 

della  DPP-IV 

H G E G T F T S D L S K Q M E E E A V R L F I E W L K N G G P S S G A P P P S – NH2 

H A E G T F T S D V S S Y L E G Q A A K E F I A W L V K G R – NH2 

Exenatide 

GLP-1 
Human 



Exendin-4 (Exenatide; Byetta) 

Stimulates secretion of insulin in the presence of 

elevated blood glucose, but not during periods 

of hypoglycemia.  

The peptide modulates gastric emptying to slow 

the absorption of ingestion of nutrients into the 

blood stream.  

53% sequence identity to native GLP-1 

(antibodies?) 



Long-acting GLP-1 analogues 

Liraglutide is a GLP-1 analog that shares 

97% sequence identity to native GLP-1 

The addition of a C16 fatty acid side 

chain enables once-daily dosing of liraglutide 

by prolonging its duration of action 

to over 24 h 

 Once weekly exenatide LAR (2 mg) 



Clinical use 
Liraglutide 1.8 mg reduced HbA1c by 0.33% more than exenatide 10 μg 

twice daily. Liraglutide led to similar improvements in HbA1c compared 

to sulphonylureas but reduced it more than sitagliptin and rosiglitazone. 

 

Both exenatide and liraglutide led to greater weight loss than most active 

comparators, including in participants not experiencing nausea.  

Hypoglycaemia occurred more frequently in participants taking 

concomitant sulphonylurea. 



Liraglutide as monotherapy in doses of 0.9 mg or above 

showed a significantly superior reduction in HbA1C 

compared to monotherapies with glimepiride or glyburide.  

When liraglutide was used as add-on therapy to glimepiride 

in doses of 1.2 mg or above, the reduction of HbA1C was 

greater than that in the combination therapy of glimepiride 

and rosiglitazone 



In clinical practice, liraglutide is a potent anti-

diabetic drug whether given in combination with 

oral agents, insulin or following  substitution of 

Exenatide.  

It lowers weight, 

HBA1c, systolic blood pressure, reactive C protein 

and triglyceride 
Varanasi et al., Endocr Pract. 2011 

http://www.ncbi.nlm.nih.gov/pubmed/21856595
http://www.ncbi.nlm.nih.gov/pubmed/21856595






Liraglutide and -cell mass 

Liraglutide increased the β-cell mass by upregulating β-

cell proliferation and that the proliferative action of 

liraglutide in β cells was mediated by activation of PI-

3K/Akt, which resulted in inactivation of FoxO1 and 

decreased p27.  

Fang et al., Mol Med Report. 2011  

http://www.ncbi.nlm.nih.gov/pubmed/21964769
http://www.ncbi.nlm.nih.gov/pubmed/21964769
http://www.ncbi.nlm.nih.gov/pubmed?term="Fang D"[Author]
http://www.ncbi.nlm.nih.gov/pubmed/21964769


Liraglutide long acting (LAR) antiobesity and in the prevention of type 2 
diabetes 

• Liraglutide ha dimostrato di ridurre efficacemente il peso corporeo, ma anche di mantenere 
il calo ponderale ottenuto significativamente superiore a 3 anni rispetto al solo intervento 
sullo stile di vita (–6·1 [SD 7·3] vs –1·9% [6·3], p<0·0001).  

• Viene anche mantenuta la perdita di peso ottenuta mediante una dieta a basso contenuto 
calorico (81.4 versus 48.9%; P<0.0001), con un ulteriore decremento ponderale (+6.2% [S.D. 
7.3] liraglutide vs. + 0.2% [S.D. 7.0] placebo, p<0.0001) (3).  

• Infine, dati recenti hanno mostrato la superiorità di Liraglutide 3 mg, associata a 
modificazioni dello stile di vita, rispetto alle sole modifiche dello stile di vita, nel ridurre la 
comparsa di diabete nei soggetti obesi (HR 0·21 (95% CI 0·13– 0·34). In tutti gli studi del 
programma SCALE sono emersi ulteriori benefici cardio-metabolici (riduzione della pressione 
arteriosa, della circonferenza vita, miglioramento del profilo lipidico).  

 

Obesity Management Task Force of the European Association for the Study of Obesity. European 
Guidelines for Obesity Management in Adults, Obes Facts 2015;8:402–424 

3 years of liraglutide versus placebo for type 2 diabetes risk reduction and weight management 
in individuals with prediabetes: a randomised, double-blind trial, Lancet. 2017 Feb 22. pii: 
S01406736(17)30069-7 

 



Liraglutide 

• Like other GLP-1 analogs it delays gastric 

emptying, potentially affecting absorption of 

concomitantly administered oral drugs. 

     on the pharmacokinetics of the 

components of an oral  

contraceptive  

(ethinyl estradiol/levonorgestrel).  



GLP-1 is Rapidly Degraded by the DPP-IV 

enzyme 
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DPP-IV inhibitors (incretin mimetics) 

These compounds may play an important role in the treatment of patients 
with T2DM as their potential effects go beyond glucose-lowering (weight loss, 

potential improvement of cardiovascular risk factors). However, to better 
understand their place in the management of T2DM, further experimental 

and clinical prospective studies are required. 

Diabetes Metab. 2011; 37:477-88. 

http://www.ncbi.nlm.nih.gov/pubmed/21871831


What Is DPP-IV? 

 A serine protease widely distributed throughout the body WITH restricted 
substrate specificity: 80 AA < PEPTIDES>30 AA  

 It Cleaves N-terminal amino acids of a number of biologically active 
peptides, including GLP-1 and GIP, substance P and NPY 

 DPP-IV effects on GLP-1 and GIP proven to play a key role in incretin activity 
and glucose homeostasis 

 Inactivates GLP-1 >50% in ~1–2 min 

 Inactivates GIP >50% in ~7 min  

DPP-4 = dipeptidyl peptidase-4; GIP = glucose-dependent insulinotropic peptide; GLP-1 = glucagon-like peptide-1; t½ = half-life 

Adapted from Ahrén B. Curr Enzyme Inhib. 2005;1:65–73. 



HGO = hepatic glucose output 

Adapted from Unger RH. Metabolism 1974;23:581–593 

 Insulin 

 Glucagon 
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DPP-4 Inhibitor 

 Insulin 

 Glucagon 

HYPERGLYCAEMIA 
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Further impaired 

islet function 

T2DM 

DPP-IV Inhibition enhances the 
physiological effects of incretin hormones 



Vildagliptin  

è il primo inibitore della DPP-IV della serie delle gliptine approvato in 

Italia. Vildagliptin aumenta la semivita del GLP-1 e dell'altra 

incretina, il peptide insulinotropo GIP. Attraverso questa azione si 

ottiene il beneficio sul controllo glicemico e sulla riduzione della 

glicata.  

 

Molti altri:  

Sitagliptin 

Saxagliptin 

Linagliptin 

Alogliptin 

 

 



Vildagliptin 

presenta un rapido assorbimento per via orale (tmax 1.5-2.0 ore) 

e rapidamente eliminata per via renale (t1/2 di circa 2 ore). Per la 

sua breve emivita non si osservano fenomeni anche dopo 

somministrazione di multidose.  

Vildagliptin (da 25 to 200 mg) produce una inibizione rapida e 

quasi totale (>95%) della DPP-IV per almeno 4 ore con associato 

un aumento delle concentrazioni plasmatiche di GLP-1. 

Vildagliptin non produce modifiche della glicemia e dell'insulina 

plasmatica in pazienti non diabetici.  



(Light) Concerns... 

O The most commonly seen adverse effect of 
vildagliptin in patients with type 2 diabetes is stuffy 
or runny nose and sore throat 

O DPP-IV scavenges substance P 

O DPP-4 attenuates the pro-inflammatory actions of 
substance P  (associated with oedema and pain)  

O The role of DPP-IV inhibition in  patients with 
rheumatoid arthritis  

O DPP-IV scavenges substance NPY 

O pressor effects? 

 

 



Indicazioni 

Come per exenatide anche la somministrazione di vildagliptin si correla 

ad un miglioramento della funzione pancreatica e riduce la progressione 

della disfunzione pancreatica diabetica.  

Trattamento farmacologico del diabete tipo 2 in combinazione con 

metformin (peraltro inibitore della DPP-IV), sulfoniluree o 

thiazolidinedioni in pazienti con inadeguato controllo glicemico con la 

sola monoterapia.  

Non modifica sostanzialmente il peso corporeo  . 



The cardiovascular protection  of gliptins, if 
any, is not a class effects 

DPP-4 inhibition with saxagliptin did not 
increase or decrease the rate of ischemic 
events, though the rate of hospitalization for 
heart failure was increased.  

Although saxagliptin improves glycemic control, 
other approaches are necessary to reduce 
cardiovascular risk in patients with diabetes  
(N Engl J Med. 2013;369:1317-26) 

http://www.ncbi.nlm.nih.gov/pubmed/23992601
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Kaplan–Meier Curves for Primary and Secondary Outcomes (Intention-to-Treat Population). 

Green JB et al. N Engl J Med 2015;373:232-242 



Conclusions 

• Among patients with type 2 diabetes and established cardiovascular, adding 
sitagliptin to usual care did not appear to increase the risk of major adverse 
cardiovascular events, hospitalization for heart failure, or other adverse events 
disease, adding sitagliptin to usual care did not appear to increase the risk of 
major adverse cardiovascular events, hospitalization for heart failure, or other 
adverse events. 



Adverse effects 



 



New Approaches to Harnessing Incretins for  

Improved Glucose Control 

DPP-4 Inhibitors (incretin 

mimetics) 
Incretin Analogues 

• Significant HbA1c reduction 

• Weight neutral  

• Oral administration 

• Almost no GI side effects 

• GLP-1 and GIP effects 

• Very low rate of hypoglycaemia 

• Significant HbA1c reduction 

• Weight loss (satiety) 

• Injection 

• Higher rate of GI side effects 

• GLP-1 effects only 

• Higher rate of hypoglycaemia in 

combination with SUs 

GI = gastrointestinal 



SGLT2 inhibition: a paradigm shift for a  novel 
strategy for diabetes treatment 

Bristol-Myers Squibb and AstraZeneca Collaboration 

Bristol-Myers Squibb and AstraZeneca entered into a collaboration 
in January 2007 to enable the companies to research, develop and 
commercialize select investigational drugs for type 2 diabetes. The 

Bristol-Myers Squibb/AstraZeneca Diabetes collaboration is 
dedicated to global patient care, improving patient outcomes and 

creating a new vision for the treatment of type 2 diabetes. 

 



The kidney has a key role in regulating glucose levels by 
mediating the re-absorption of glucose back into the plasma 

following filtration of the blood  

 
• SGLTs activity represent a crucial evolutionary 

adaptation aimed to maintaining glucose 
homeostasis and to retaining calories;   

• Diabetic patients have increased capacity for renal 
glucose reabsorption. 



• The kidney is well engineered to perform coupled glucose and 
sodium reabsorption. In the S1/S2 segment of the proximal tubule, 
a member of the sodium glucose transporter (SGLT) family of 
transmembrane proteins, SGLT-2—encoded in the SLC5 gene—is 
expressed at high levels and co-transports filtered glucose and 
sodium into the tubular cell cytoplasm.  

• Downstream to the S1/S2 segment along the S3 segment of the 
proximal tubule, another SGLT isoform—SGLT-1, abundantly 
expressed in the enterocyte—also performs coupled sodium-
glucose co-transport. 

•  At the basolateral membrane of the tubular cell, a glucose 
transporter of a different family, GLUT-2, affects the transfer of 
intracellular glucose to the interstitium by a facilitated transport 
process (via Na+-K+-ATPase). 



Plasma glucose is filtered freely through the glomerular 
barrier 

• In a 70-kg adult with a glomerular filtration rate of 120 mL · 
min-1 per 1.73 m2 and an average, around-the-clock plasma 
glucose concentration of 120 mg/dL (6.7 mmol/L), ~200 g 
of glucose are transferred daily from the bloodstream into 
the preurine. 

•  If nothing else happened, the whole-body mass of free 
glucose (some 20 g in a distribution volume of 250 mL/kg) 
would be emptied out in less than 3 h.  

• What prevents this catastrophe is, on the one hand, 
virtually complete glucose reabsorption at the level of the 
kidney and on the other hand, a precisely matched 
modulation of endogenous glucose release (chiefly by the 
liver and possibly also by the kidney itself). 





 
Development: from Phlorizin to Dapaglifozin 

 

• Isolated in 1835 by French chemists from the root bark of the 
apple tree and then characheterized as a potent inhibitors of 
SGLT2 and SGLT1; 

 

• In euglycemic hyperinsulinemic clamp studies phlorizin 
normalised insulin sensitivity in diabetic rats, produced 
glycusuria, normalised fasting and  post-prandial plasma 
glycemia and reversed insulin resistance 



Renal glucose handling.  

Ferrannini E Diabetes 2011;60:695-696 

Copyright © 2011 American Diabetes Association, Inc. 



A paradigm shift 

 

Glycosuria has gone a long way from a mere symptom 
of decompensated diabetes to a tool to learn more 

physiology and, in all likelihood, to help to treat glucose 
toxicity in man. 



FORXIGA™ (dapagliflozin) approved in EU for 

treatment of type 2 diabetes (nov. 2012) 
• FORXIGA was discovered by Bristol-Myers Squibb and is the latest 

product to be approved under the collaboration between Bristol-
Myers Squibb and AstraZeneca, to research, develop and 
commercialise select investigational drugs for type 2 diabetes. 

• FORXIGA tablets are approved as a once-daily oral medication in 
adult patients with type 2 diabetes to improve glycaemic control: 

• As a monotherapy, when diet and exercise alone do not provide 
adequate glycaemic control in patients for whom use of metformin 
is considered inappropriate due to intolerance;  

• In combination with other glucose-lowering medicinal products 
including insulin, when these, together with diet and exercise, do 
not provide adequate glycaemic control. 

• FORXIGA is not indicated as a weight loss product or for the 
management of obesity or high blood pressure, and has only been 
studied for the treatment of type 2 diabetes. 
 



• complete blockade of renal glucose reabsorption is never 
achieved with selective SGLT-2 inhibition. Even SGLT-2-null 
mice reabsorb one-third of the filtered glucose and 
dapaglifozin causes at most ~50% inhibition at the highest 
doses , whereas the nonselective inhibitor, phlorizin, 
completely blocks reabsorption.  

• Perhaps SGLT-1 plays a greater role in the kidney than 
previously thought .  

• Regulation of SGLT-2 expression by glycemia, binding 
kinetics of glucose and inhibitor concentrations in the 
lumen of the proximal tubule, and the impact of declining 
glomerular filtration are additional levels of complexity that 
need to be explored 



FDA approves new diabetes drug, canagliflozin, 

despite CV concerns  

March 29, 2013  

Canagliflozin is the first in a new class of drug, an oral 

inhibitor of sodium glucose cotransporter 2 (SGLT2). 

Inhibition of SGLT2 reduces resorption of glucose in the 

kidney, resulting in increased urinary glucose excretion, with a 

consequent lowering of plasma glucose levels as well as 

weight loss. 





Postmarketing studies required 
 

A cardiovascular outcomes trial (CANVAS).  
 
An enhanced pharmacovigilance program to monitor for malignancies, 
serious cases of pancreatitis, and other adverse events.  
 
A bone-safety study.  
 
A pediatric pharmacokinetic and pharmacodynamics study.  
 
A pediatric safety and efficacy study.  

 



The question of the cardiovascular safety 







? 

 

In the ischemic heart, SGLT1 and not SGLT2 is 
present 

 
Glifozins have different profile of SGLT2/SGLT1 affinity 



Empaglifozin and the Reduction of the cardiovascular risk: which 

mechanism? 

Reduces triglyceride levels with a trend toward the increase of 
HDL  

Reduces blood pressure 

Reduces body weight 

Reduces  hospitalization for heart failure (35% relative risk 

reduction)  

 ? 



Cardiovascular protection is likely a class effect but… 



Ottobre 2018 

 

FDA approves Canaglifozin (INVOKANA) for the 
reduction of cardiovascular risk in diabetic patients with 

high cardiovascular risk 

 

INVOKANA is now the only antidiabetic tretament 
approved to reduce the cardiovascular risk of the 

diabetic patient 








