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Metformin (N, N-dimethylbiguanide) 
Metformin belongs to the biguanide class of antidiabetic drugs (containing two linked 
guanidine rings). 

o Originally derived from galegine (isoamylene 
guanidine), a guanidine derivative found in the 
herb Galega Officinalis. 

o Metformin has been used in Europe for treatment of hyperglycemia since 
1957 and in the USA since FDA approval in 1994. 

The exact molecular mechanisms of  its therapeutic action remain 
obscure.  



Pharmacokinetics of Metformin 

After a single oral dose, metformin is rapidly distributed to 
many tissues following partial absorbition by the small 
intestine. 

 The peak plasma concentration occurs in 3 hr with a mean 
plasma half-life of about 20 hr.  

Biodistribution studies in mice using 14C-labeled metformin 
showed accumulation mainly in the gastrointestinal tract, 
kidney and liver. 

 The clearance of metformin is dependent on renal elimination, 
as metformin does not undergo relevant biotransformation in 
the liver or biliary excretion. 



Metformin is an unusually hydrophilic drug that mostly exists in a positively charged 
protonated form under physiological conditions. 

o These physicochemical properties make rapid and passive diffusion through cell 
membranes unlikely. Indeed, transport of metformin involves an active uptake process 
via solute carrier organic transporters (OCTs). 

o Intestinal absorbition:  PMAT (plasma 
membrane monoamine transporter) localized on 
the luminal side of enterocytes and OCT1 
expressed on the basolateral membrane. 
 

o Hepatic uptake: OCT1 expressed on the 
basolateral membrane of hepatocytes (and 
possibly OCT3). 
 

o Kidney uptake: OCT2 expressed on the 
basolateral membrane of renal epithelial cells. 

Cellular Uptake of Metformin 



The mitochondrial respiratory chain complex I is the primary target of metformin. 

The exact mechanisms by 
which metformin inhibits  
complex I remains unknown 

Mechanism of Metformin Action 
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Metformin inhibits mitochondrial complex I and increases the 
AMP/ATP ratio, which leads to the activation of the AMP- activated 
energy-sensing kinase (AMPK), a critical energy sensor of cellular 
energy homeostasis. 



Metformin and treatment of type 2 diabetes 

o Metformin exerts its glucose-lowering effect primarily 

by decreasing hepatic glucose production through 

suppression of gluconeogenesis and, to a lesser extent, 

by reducing intestinal glucose absorption and possibly 

improving glucose uptake and utilization by peripheral 

tissues, such as skeletal muscle and adipose tissue. 

o Additionally,  metformin may also improve glucose homeostasis by 
interacting with the incretin axis through the action of glucagon-
like peptide 1 (GLP-1). 



2001: activated serine/threonine kinase 11-5’AMP-activated kinase 
signaling pathway, which decreases gluconeogenesis (Zhou GC, JCI 2001) 
 
2010: decreases gluconeogenesis, independent of the AMPK pathway, by 
inhibiting mitochondrial electron transport complex I in knockout mice cells 
deficient in AMPK (Foretz M, JCI 2010) 
 
2013: increased cellular AMP inhibits adenylyl cyclase and glucagon 
induced gluconeogenesis (Miller RA, Nature 2013) 
 
2014: decreases selenoprotein P, a hepatokine that causes insulin 
resistance by activating AMPK (Takayam H, J Biol Chem 2014) 
 
2014: inhibits mitochondrial glycerol phosphate dehydrogenase and 
conversion of lactate and glycerol to glucose (Madiraju AK, Nature 2014) 

Metformina: effetti sul fegato 



2004: increases plasma GLP-1 (Mannucci E, DNM 2004) 
 
2015: activates duodenal AMP kinase and decreases glucose production 
(Duca FA, Nat Med 2015) 
 
2016: metformin DR acts mainly in ileum and stimulates L-cells to increase 
plasma GLP-1 which, in turn, decreases hepatic gluconeogenesis (Buse J, 
Diabetes Care 2016) 
 

Metformina: effetti sull’intestino 



Metformina: effetti sul microbiota intestinale 

de la Cuesta-Zuluaga J, Diabetes Care, published  online November 14, 2016 

Relatore
Note di presentazione
Participants were selected from a larger cohort of 459 participants. The present analyses focus on the 28 participants diagnosed with diabetes, 14 taking
Metformin. Collected fecal samples from which we performed 16S rRNA gene sequencing to analyze the composition and structure of the gut microbiota.
The comparison between metformin and nonmetformin users reached significance (R2 = 0.013, P = 0.036) demonstrating differences in the bacterial community structure associated with metformin use.



Diabetes Care 2015;38:140-149; Diabetologia 2015;58:429-442 

Relatore
Note di presentazione
Potential sequences of antihyperglycemic therapy for patients with type 2 diabetes are displayed, the usual transition being vertical, from top to bottom (although horizontal movement within therapy stages is also possible, depending on the circumstances). The figure denotes relative glucose lowering efficacy, risk of hypoglycemia, effect on body weight, other side effects and approximate relative cost for each drug class.

In most patients, begin with lifestyle changes; metformin monotherapy is added at, or soon after, diagnosis, unless there are contraindications. 
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Does metformin in 
overweight diabetic 
patients have any 

advantages or 
disadvantages? 

UK Prospective Diabetes Study 



UKPDS 80. N Eng J Med 2008; 359:  

Glucose Interventional Trial 
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Introduction 

• the UKPDS has shown that an intensive 
glucose control policy using sulphonylurea 
or insulin therapy is effective in reducing 
the risk of complications in both 
overweight and normal weight patients 

• overweight (>120% Ideal Body Weight) 
UKPDS patients could be randomised to 
an intensive glucose control policy with 
metformin instead of diet, sulphonylurea or 
insulin 



ukpds 

Randomisation 
Main Randomisation 

4209 

Overweight 
1704 

Non overweight 
2505 

Conventional 
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411 

Intensive Policy 
1293 

Metformin 
342 

Insulin or 
Sulphonylurea 

951 
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Patient Characteristics 
overweight patients > 120% ideal body weight 

after three months’ diet therapy 
 

age mean 53 years 
gender  male / female 46% / 54% 
ethnic groups Caucasian 86% 
  Asian   6% 
  Afro-caribbean   8% 
Body Mass Index mean 31 kg/m2 
fasting plasma glucose median 8.1 mmol/L 
HbA1c mean 7.2 % 
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HbA1c 

cohort, median values 
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Change in Weight 
cohort, mean values 

  

-5

0

5

10

0 2 4 6 8 10

w
ei

gh
t c

ha
ng

e 
(k

g)

Years from randomisation

ChlorpropamideConventional GlibenclamideInsulin Metformin

overweight patients 



ukpds 

Hypoglycaemic episodes per annum 
Actual Therapy analysis 
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Myocardial Infarction 
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p=0.12 

overweight  
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Metformin Comparisons 
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Metformin Comparisons 
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Metformin in Overweight Patients 

 

compared with conventional policy  

 
32% risk reduction in any diabetes-related endpoints    p=0.0023 

42% risk reduction in diabetes-related deaths                p=0.017 

36% risk reduction in all cause mortality                         p=0.011 

39% risk reduction in myocardial infarction                     p=0.01 



UKPDS 80. N Eng J Med 2008; 359:  

Post-Trial Changes in HbA1c 

UKPDS results 
presented Mean (95%CI) 



UKPDS 80. N Eng J Med 2008; 359:  

Any Diabetes Related Endpoint Hazard Ratio 

Intensive (metformin) vs. Conventional glucose control 

HR (95%CI) 



UKPDS 80. N Eng J Med 2008; 359:  

Microvascular Disease Hazard Ratio 
(photocoagulation, vitreous haemorrhage, renal failure) 

Intensive (metformin) vs. Conventional glucose control 

HR (95%CI) 



UKPDS 80. N Eng J Med 2008; 359:  

Myocardial Infarction Hazard Ratio  
(fatal or non-fatal myocardial infarction or sudden death) 

Intensive (metformin) vs. Conventional glucose control 

HR (95%CI) 



UKPDS 80. N Eng J Med 2008; 359:  

All-cause Mortality Hazard Ratio 

Intensive (metformin) vs. Conventional glucose control 

HR (95%CI) 



UKPDS 80. N Eng J Med 2008; 359:  

After median 8.8 years post-trial follow-up 
 

Aggregate Endpoint   1997 2007 

Any diabetes related endpoint RRR: 32% 21% 
  P:  0.0023  0.013  

Microvascular disease RRR:  29% 16% 
  P:  0.19 0.31 

Myocardial infarction RRR: 39% 33% 
  P:  0.010 0.005 

All-cause mortality RRR: 36% 27% 
  P:  0.011 0.002 

RRR = Relative Risk Reduction, P = Log Rank 

Legacy Effect of Earlier Metformin Therapy 



HbA1c 

Relatore
Note di presentazione
Paired reviewers independently identified 179 trials and 25 observational studies of head-to-head monotherapy or metformin-based combinations.



Peso 



Metformina e acidosi lattica 

Than HM, Endocrinol Metab Clin N Am , 2016 

Relatore
Note di presentazione
It is rare, however, with many studies showing the incidence to be less than 10/100,000 patient years, 10-fold less than phenformin associated lactic acidosis .
MALA mortality rate was approximately 50% between 1960 and 2000, but, it has since decreased to approximately 25%. A systematic review reported no difference in incidence of lactic acidosis associated with
metformin compared with other oral GLDs (4.3 cases/100,000 patient years versus 5.4 cases/100,000 patient years).56



Metformina e funzione renale 

Than HM, Endocrinol Metab Clin N Am , 2016 

Relatore
Note di presentazione
Until April 2016, metformin was contraindicated in T2DM men and women whose serum creatinine level was greater than 1.5 mg/dL and greater than 1.3 mg/dL,
respectively, to reduce the risk for lactic acidosis. Clearance of metformin and lactate decreased with reduction of creatinine clearance.65 Many cases of reported lactic acidosis are seen in patients with impaired renal function.
Metformin use in T2DM patients with severe renal failure (stage 5) is associated with increased total mortality66 and should be contraindicated. The restricted use of metformin in T2DM patients with mild to moderate renal impairment, however, has been
Challenged. New research suggests no significant risk of lactic acidosis in these patients.
A less restrictive use of metformin in T2DM patients and using estimated glomerular filtration rate (eGFR) to guide clinicians in using metformin in them were
recently approved by the Food and Drug Administration.
It was estimated that 465,000 T2DM patients with mild or moderate renal failure can be using metformin if its use in these patients is less restrictive.
Although no randomized controlled clinical trials on the safety of metformin use in T2DM patients with mild/moderate stable renal insufficiency have been reported,
there are clinical practice guidelines for such use. Metformin has been used in these patients in the real world.
Physicians should know the serum creatinine/ eGFR to decide what dose to initiate, monitor these variables regularly to adjust the
dose, and stop metformin when indicated . The eGFR may be a more relevant marker than serum creatinine, especially in the elderly.
Recently, the American College of Radiology updated their guidelines (based on eGFR 30 or <30 mL/min/1.73 m2) on the use intravenous contrast in patients on metformin. They stated that patients on metformin do not have a higher risk for postcontrast acute renal injury than other patients



14 ottobre 2016 



Osservatorio Arno Diabete, Rapporto 2015 

Soggetti trattati con farmaci antidiabetici, 
e relativa spesa 

Relatore
Note di presentazione
La spesa per trattato fa riferimento alla spesa rapportata al numero di trattati con il farmaco specifico (colonna N. trattati), la
spesa pro capite fa invece riferimento alla spesa rapportata al numero costante di diabetici (548.735)



Conclusioni 
 La metformina è: 
 efficace  
 sicura (basso rischio di ipoglicemia) 
 riduce la mortalità cardiovascolare, rispetto alle sulfoniluree 
 costa poco 

 L’acidosi lattica indotta da metformina è rara e spesso 
causata da altri fattori 
 

 Le linee guida sull’uso della metformina nell’insufficienza 
renale lieve/moderata sono cambiate 
 

 La metformina è oggi utilizzata anche per ritardare lo 
sviluppo del diabete di tipo 2, nel diabete gestazionale e 
nella PCOS. 



La prossima sfida per la Diabetologia: 

La “Precision Medicine” 



Farmacogenomica e risposta alla metformina 
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