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Metformin inhibits glucose production in hepatocytes by activating AMPK
Ling He 
Johns Hopkins University School of Medicine, USA

Metformin is a first-line anti-diabetic agent taken by 150 million people across the world every year. Metformin has been 
shown to reduce BMI and improve hyperglycemia and insulin resistance in obese and diabetic patients. Due to these 

benefits, there has been an increase in its use by obese children. However, its mechanism of action remains only partially 
understood and controversial. It has been proposed that metformin suppression of glucose production via the inhibition 
of mitochondrial respiratory chain complex 1 increases the AMP/ATP ratio in hepatocytes and is AMPK-independent. 
However, unachievably high concentrations of metformin were employed in these studies.  We found that metformin, via an 
AMPK-dependent mechanism, suppresses glucose production and gluconeogenic gene expression in primary hepatocytes 
at concentrations found in the portal vein of animals (60-80 µM) without increasing the AMP/ATP ratio. Interestingly, low 
concentrations of metformin actually increased cellular ATP levels. Metformin also inhibits gluconeogenic gene expression 
in the liver of mice when administered orally. Low concentrations of metformin promote the formation of the AMPK αβγ 
complex, which leads to increased phosphorylation of AMPKα at T172 by LKB1 and reduced dephosphorylation of AMPKα at 
T172 by protein phosphatase PP2C in in vitro assays, resulting in an increase in net phosphorylation of the α catalytic subunit 
at T172. Furthermore, the cAMP-PKA pathway negatively regulates AMPK activity through phosphorylation at S485/497 
on the α subunit, which in turn reduces net phosphorylation at T172. Since diabetic patients often have hyperglucagonemia, 
AMPKα phosphorylation at S485/497 is a therapeutic target to improve metformin efficacy.
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