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Obiettivo: prevenire, arrestare, ridurre il danno dObiettivo: prevenire, arrestare, ridurre il danno d’’organo che organo che èè lo lo 
stepstep intermedio tra esposizione ai fattori di rischio ed eventi intermedio tra esposizione ai fattori di rischio ed eventi 



Quale Quale èè il il ““linklink”” tra tra 

sindrome sindrome cardiocardio--metabolicametabolica e danno renale ?e danno renale ?

Ipertensione arteriosa ?Ipertensione arteriosa ?

Diabete mellito di tipo 2 ?Diabete mellito di tipo 2 ?
Stato Stato proinfiammatorioproinfiammatorio ((citochinecitochine ?)?)
DislipidemiaDislipidemia ??
Attivazione del sistema RAS e piAttivazione del sistema RAS e piùù in in 
generale fattori emodinamici ?generale fattori emodinamici ?
La disfunzione endoteliale ?La disfunzione endoteliale ?
LL’’insulinoresistenzainsulinoresistenza ??

Quale terapia per prevenire Quale terapia per prevenire 
CKD ?CKD ?

EE’’ possibile prevenire CKD ?possibile prevenire CKD ?

EE’’ possibile stratificare il rischio di CKD in un possibile stratificare il rischio di CKD in un 
paziente con sindrome metabolica ?paziente con sindrome metabolica ?

Quale Quale èè la terapia adeguata ?la terapia adeguata ?

Quale tempistica per iniziare una terapia Quale tempistica per iniziare una terapia 
adeguata ?adeguata ?

Quale Quale èè il il markermarker, se esiste, per monitorare , se esiste, per monitorare 
ll’’efficacia del nostro intervento terapeutico ?efficacia del nostro intervento terapeutico ?

Vi sono dei farmaci che  ci possono indicare delle Vi sono dei farmaci che  ci possono indicare delle 
nuove opportunitnuove opportunitàà terapeutiche ?terapeutiche ?
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Cascade of intratubular RAAS in Ang II 
dependent hypertension
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but…. also as ENDOCRINE  TARGET











Gluconeogenesis 25–30%*

Glycogenolysis 45–50%*

Gluconeogenesis 20–25%*

Glucose 

production 

~70 g/day

The Liver and the Kidney Both Contribute to 
Glucose Production

*post-absorptive state

Gerich JE. Diabet Med 2010;27:136–42.



SGLT1 and GLUT1 Mechanism of Transport

Tubular

lumen

Inters ti tial 

space

Adapted from Wright EM, et al. Physiology 2004;19:370–6.

The Kidney Filters and Reabsorbs a Large 

Proportion of the Glucose Present in the Body

Glucose input ~250 g/day:

• Dietary intake ~180 g/day

• Glucose production ~70 g/day

– Gluconeogenesis

– Glycogenolysis

Glucose utilization ~250 g/day:

• Brain ~125 g/day

• Rest of body ~125 g/day

Glucose pool in body ~450 g

Glucose fil tered ~180 g/day

Glucose reabsorbed ~180 g/day

Net ~0 g/day

Wright EM, et al. J Int Med 2007;261:32–43.



Glucose Transporters 

and the Rationale for 

SGLT2 Inhibition in Diabetes Mellitus



• A highly potent and selective SGLT2 inhibitor1

• Stability  :
C-aryl glycoside less susceptible

to O-glucosidase degradation1

Prolonged half-life (~17 hours)3

Main metabolite is inactive,

eliminated in urine4

Dapagliflozin

Human transporters
Dapagliflozin EC50, mean

(nM ±±±± SEM)1,5

Dapagliflozin Ki

(nM ±±±± SEM)6

SGLT2 1.12 ± 0.065 0.2 ± 0.06

SGLT1 1391 ± 7 610 ± 180

Selectivity for SGLT2:SGLT1 1200 3000

1. Meng W, et al. J Med Chem 2008;51:1145–9; 2. Washburn W. J Med Chem 2009;52:1785–94; 
3. Komoroski B, et al. Clin Pharmacol Ther 2009;85:520–6; 

5. Han S, et al. Diabetes 2008;57:1723–9; 6. Bellamine A, et al. Diabetes 2011;60:A271.

HO

HO

HO
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EC50, concentration required for half-maximal response; Ki, dissociation constant; SEM, standard error of the mean.



Rahmoune H , et al. Diab etes 2005;54:3427–34.
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*p<0.05; † from human exfoliated proxi mal tubul ar epithelial cells (HEPTECs)

In Type 2 Diabetes Mellitus, Counterproductive 

Increases in SGLT2 Upregulation and Glucose Reabsorption Occur

*

*

*



Dapagliflozin:  Glucosuric and Metabolic Effects :

- 300 / 400  Kcal  for  80 – 100 gr. of glucose loss

GlucosuriaGlucosuria ↑↑↑↑ 5252--85 g/day85 g/day

FPGFPG ↓↓↓↓ 16-30 mg/dL

PPGPPG ↓↓↓↓ 23-29 mg/dL

Body weightBody weight ↓↓↓↓ 2.2-3.2 kg (↓ 2.5%-3.4%)

Urine volumeUrine volume ↑↑↑↑ 107-470 mL/day

List JF, et al . Diabetes Care . 2009;32:650-657.

Beyond   glucose  control  by  SGLT2  inhibitor
Assumed biological responses elicited by SGLT2 inhibitor

Urinary glucose excretion ↑

Blood glucose lowering 
Both post-prandial and fasting

Energy metabolism shift 
glucose → lipid

Osmotic 

diuresis
Calorie loss

Demand for insulin ↓

Lipolysis,β-ox↑

BG control Improvement of
Insulin resistance

Body weight

reduction

Adaptation to an
Improved energy

balance
SGLT2 inhibition

Urinary
Glucose
excretion

Counter regulation

Metabolic change

β-cell protection 

BP lowering

Renal protection 





Diagram showing the relationship between Na+/glucose reabsorption  and sin gle-nephron glo merular f iltrat ion rate 

(SNGFR) in d iabetes with and withou t sodium–glucose linked cotransporter-2 (SGLT2) inhib ition . (a) D iabetes. (1) 

Increased glucose in the glomeru lar ultraf iltrate le ads to au gmented glucose delivery to the proximal tubule. (2) As SGLT1 

and 2 co-transpo rt N a+ with glucose, N a+ delivery to the macu la densa ([ Na,Cl,K]MD) w ill be dimin ished. (3) This reduces 

the tubuloglo merular feedbac k (TGF) signal thereby increasin g SNGFR. (b) Diabetes+SGL T2 inhib ition . (1) By reducing 

glucose reabsorption , SGL T2 inhib ition also reduces Na+ reabsorption in the pro ximal tubule. (2) N a+ delivery to the 

macula densa will therefore be incre ased, au gmentin g the TGF sign al, and (3) reducin g SNG FR. 

Response of renal proximal tubular cel l line to glucose in vitro . (a) Fo llowin g 72     h of growth arrest, 25     mmol/l glucose was 

added to the ap ical  comp artment of proximal tubular cells, wh ile 5     mmol/l glucose was added to the basolateral 

compartment. In tracellular glucose (bar graph  columns) w as measured after lysing cells in ice cold steri le water, showing 

rapid (1     h) elevation in intracellu lar glucose. Apic al supern atant glucose concentration ( red) fell with t ime, while the 

basolateral  glucose concentration (blue) rose, consistent with glucose transport  from the apic al aspect, th rough the cell 

and into the basolateral (interst itial) co mpartment.  (b) In  response to high glucose (25    mmol/l) exposure on their ap ical 

aspect, proximal tubu lar epithelial cel ls secrete fibronectin basolaterally where it c an accu mulate to c ause peritubular 

basement memb rane th ickenin g and u ltimately in terstit ial fibrosis . By con trast , 25     mmol/l L-glucose, the non-

metabolizable stereoiso mer of biolo gic al D-glucose, w as without effect, as was the non metabolizable , alpha-

methylglucose.









Effetti del GLP-1 sul sodio e 
sull’omeostasi idrica

• GLP-1R è espresso sulle cellule tubulari 
prossimali

• Gli effetti del GLP-1 sono mediati dal

GLP-1Rec. nel rene:

• Aumento della diuresi

• Aumento dell’escrezione di sodio, cloro 
e calcio 

• Riduzione della escrezione di H+







Dati espressi come media±SE; post i.v. GLP-1, post infusione endovenosa di GLP-1 per 72 ore  

IL GLP-1 nativo migliora la funzione 
ventricolare sinistra nei pazienti ad alto rischio 

cardiaco
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• Effetti dell’infusione di GLP-1 per 72 ore in pazienti con infarto miocardico 
acuto e ad alto rischio di insuff icienza cardiaca post-infartuale, dopo eff icace 
riperfusione (angioplastica)

Nikolaidis et al. Circulation 2004;109:962–5; Moller et al. Am Heart J 2006;151:419–25.
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Structure of mammalian Na/H exchangers 

MOE O W J ASN 1999;10:2412-2425

©1999 by American Society of Nephrology



Changes in NHE-3 activity w ithout change in NHE-3 a ntigen. 

MOE O W J ASN 1999;10:2412-2425
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Linagliptin   Nephro-protection 

by  exploring  renal  DPP-IV enzyme   inhibition

Pharmacodinamics    Implications 

L  I  N  E  D   Study



Grazie per l’attenzione !

S.S.


