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Studio osservazionale di coorte, condotto su oltre 41000 pazienti per anno in differenti aree 
geografiche, dimostra che l’incidenza di acidosi lattica nei diabetici di tipo 2 non trattati con 
metformina risulta simile a quella riportata nei diabetici trattati con la biguanide . 
È noto che il diabete di per sè tende ad aumentare i livelli di acido lattico in circolo. Pertanto, 
questi dati confermano l’ipotesi secondo cui “l’acidosi lattica associata alla metformina non è 
necessariamente dovuta all’accumulo di metformina”  



Uno studio di Stang ha evidenziato che in un numero consistente di casi (cioè in oltre i 2/3 dei pazienti trattati 
con metformina) la decisione di iniziare il trattamento non ha tenuto conto della presenza di eventuali 
controindicazioni . Nonostante ciò, la frequenza di acidosi lattica è risultata bassissima, appena di 0,05–0,09 
casi per 1000 pazienti/anno, dimostrando che la metformina è un farmaco decisamente sicuro. Peraltro anche 
in un piccolo gruppo di pazienti assolutamente privi di controindicazioni si è comunque verificata un’acidosi 
lattica, dimostrando la relativa indipendenza del fenomeno dall’impiego . 



























La Galega officinalis, ricca di guanidina, è usata 
come fitoterapico nell’Europa medievale. 

1929 –  Per la prima volta vengono riportati gli effetti 
sulla glicemia delle biguanidi sintetiche.  

1918 -  Vengono descritte le proprietà 
ipoglicemizzanti della guanidina.  

1957 –  Viene descritto il primo impiego clinico di 
metformina, fenformina e buformina. 

ANNI  ’70  -  Fenformina e buformina vengono ritirate 
dal commercio per il rischio di acidosi lattica.  

1995 -  Meformina ottiene l’autorizzazione alla 
commercializzazione negli USA . 

Le attuali linee guida indicano la priorità di metformina 
rispetto a tutte le altre opzioni per il trattamento del T2DM 
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Catione e’ uno ione carico positivamente  

dimethylamine  and  2-cyanoguanidine  

Metformin is an organic cation  and  is positively charged  
at physiological pH that renders it hydrophilic, resulting  
in limited passive diffusion . 

( attrae cariche + e respinge cariche - ) 



                               Metformin’s  mechanism  of  action  : 
 
 
                 1) Decreased  hepatic and intestinal  gluconeogenesis 
 
             2) Enhanced   muscle – adipose  glucose   utilization, 
 
             3) Modulation of  mitochondrial  oxidation of  F.A. 
 
              



Metformin directly acts on mitochondria and shifts the balance between coupling and uncoupling 
reactions. Metformin is transported into cells through the OCT family of transporters, where it acts on 
mitochondria to inhibit complex I-dependent respiration and increase the proportion of uncoupled 
respiration. Cells respond by increasing glycolysis, ultimately leading to increased lactate production. 
As a result, mitochondrial metabolism becomes energetically inefficient, and cells compensate for 
this limitation in ATP production by increasing aerobic glycolysis . 

     oxidative  
phosphorylation  



AMP-activated protein kinase (AMPK) is an energy sensor and master regulator of metabolism. 
AMPK functions as a fuel gauge monitoring systemic and cellular energy status. Activation of 
AMPK occurs when the intracellular AMP/ATP ratio increases and leads to a metabolic switch 
from anabolism to catabolism.  Cytosolic ATP/ADP ratio is a key feature that determines if cell 
metabolism is predominantly oxidative or glycolytic. High cytosolic ATP/ADP generated by 
oxidative phosphorylation inhibits glycolysis . 
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          High cytosolic ATP/ADP  ratio inhibit glycolysis         
      Lower cytosolic ATP/ADP  ratios  enhanced glycolysis 

The ratio between ATP and AMP is 
used as a way for a cell to sense 
how much energy is available and 
control the metabolic pathways 
that produce and consume ATP 



 Metformin peak serum concentration approximately 2 
h after ingestion.  Steady-state levels are achieved 
within 24 to 48 h . The half-life ranges   between 2.5 and 
4.9 h . Metformin is excreted predominantly unchanged 
by the kidneys. The elimination half-life is 
approximately 17 h , with 90 % of the dose ingested 
being  renally cleared within 24 h . The drug has high 
water solubility, minimal plasma protein binding, and a 
large volume of distribution, being concentrated 
primarily in the intestinal wall, salivary glands, 
kidneys, and liver .  

                                      

                                   Metformin’s  pharmacokinetic  : 
 
 
 
                  





         Transport  of  Metformin  by : 
 
         OCT s  1 – 2 – 3 ( organic  cation  transporters ) 
         PMAT ( plasma  membrane   monoamine transporter ) 
         MATE s  1 – 2  ( multidrugs  and  toxin  extrusion  antiporter )  
  
                  







 Under normal conditions, gluconeogenesis consumes pyruvate through pyruvate-
carboxylase.      Metformin inhibit pyruvate carboxylase, thereby causing pyruvate to 
accumulate . Increased amounts of pyruvate are then converted to lactate via lactate 
dehydrogenase.   Conversely, metformin also inhibit conversion of  lactate  back to 
pyruvate  for use in  gluconeogenesis  





 Mechanisms of lactic acidosis with use of metformin under renal impairment    

< 30 ml / m ) 

. The increase in PFK activity along with FBPase 1 activity inhibition suppresses gluconeogenesis and stimulates 
glycolysis. The subsequent decrease in hepatic energy status activates AMPK, a cellular metabolic sensor, leading to a 
reduction in hepatic gluconeogenesis and glycogenolysis while glycolysis is promoted and enhanced by impaired 
mitochondrial function with secondary inhibition of oxygen consumption, resulting in increased lactate generation and 
accumulation.       FBPase 1, fructose-2,6-bisphosphatase  1  ;   PFK, phosphorylated  phosphofructokinase  2. 



















LACTIC  ACIDOSIS (LA) 















v.n.  pH    7.35 - 7.45 
v.n..HCO3   21–30 mEq/L   



pH is less than 7.2. 

Blood glucose level is not high   -    Glucosuria is absent 







Anion gap is the difference in the measured cations 
(positively charged ions) and the measured anions 
(negatively charged ions) in serum, plasma, or urine 
If the gap is greater than normal, then 
high anion gap, lactic acidosis is diagnosed. 

(3–11 mEq/L) Normal Anion Gap 



Current Drug Metabolism 
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The influence of dysfunctional MATE1 on 
pharmacokinetics and toxicodynamics of 
metformin. Plasma concentrations of 
metformin are increased in Slc47a1 knockout 
mice, compared with their wild-type 
counterparts. This increased concentration is 
due to the loss of urinary and biliary efflux of 
metformin. Therefore, impaired functioning 
of MATEs synergistically increases 
metformin accumulation in the liver and 
blood lactate levels resulting in the 
development of lactic acidosis 









The pharmacokinetics of metformin are generally  favorable for hemodialysis and 
extracorporeal elimination such as a low molecular weight and minimal protein binding 
except with high volume of distribution  . The low molecular weight, negligible plasma 
protein binding, and rapid transport of drug from cells to serum allow for drug removal 
by hemodialysis despite a relatively large VD  (Volume Distribution ). 



Hemodialysis  should be strongly considered in patients with advanced  renal 
failure, decompensated  congestive  heart  failure,  severe metabolic  acidosis  
(pH < 7.1),  and  hemodynamic  and  clinical decline despite  supportive care . 



33. Nguyen H (2011) Metformin intoxication requiring dialysis.   
      Hemodial Int 15:S68–S71 

N.B.  :  valutare l’anion gap ( v.n. 10-18 mmol l-1 ) e  ripristinare il 
valore di concentrazione plasmatica della Metformina <  2 mg l-1 . 





Nguyen H (2011) Metformin intoxication requiring dialysis.   
      Hemodial Int 15:S68–S71 



Acidosis, lactate and metformin levels under continuous renal replacement therapy. 
Panel A: Data from all patients, expressed as mean ± SD, showing that metabolic acidosis, as well as the 
excessive dose of metformin observed at admission (day 1, D1), were dramatically reduced from day 2 
(D2). * p<0.01 versus D1. Panel B: Typical evolution in case patient 1 of both metformin plasma 
concentrations and metabolic disorders, which were controlled within 2 days of initiating continuous 
venovenous hemofiltration (CVVH), i.e. without dialysate. 











METFORMINA   E   RISCHIO  DI   ACIDOSI   LATTICA 

•  Insufficienza renale cronica 

!  Se eGFR (MDRD) > 60 ml/min: dose piena 

!  Se eGFR (MDRD) = 30-60 ml/min: max 1500 mg/die 

!  Se eGFR (MDRD) < 30 ml/min: sospendere 

•  Insufficienza respiratoria grave 

•  Scompenso cardiaco classe III-IV NYHA 

•  Insufficienza epatica grave 





Triggers for metformin associated lactic acidosis. Lactic acidosis may be 
secondary to relatively small changes in hydration, kidney function, plasma 
concentrations of metformin or tissue oxygenation leading to severe lactic ac. 



Plasma metformin concentrations following a single dose of metformin DR and 
metformin XR in patients with type 2 diabetes and severe renal impairment. Patients 
with severe renal impairment (eGFR<30mL/min per 1.73m2) were administered single doses 
of 1000mg Metformin DR, 1000mg Metformin XR, and Placebo in a cross-over study design. 
Top panel: Time-course plasma metformin concentration after a single administration of 
Metformin DR or Metformin XR. Bottom panel: Reduction in metformin bioavailability (Cmax 
and AUC) with Metformin DR relative to the same dose of Metformin XR 

Delayed release 
Metformin DR  

Extended release 
Metformin XR 



Grazie per l’attenzione ! 


