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Progress in the pleiotropic activity of metformin
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Abstract: Metformin, as a first-line drug in the treatment of type 2 diabetes, is widely used in clinic with
definite efficacy and few adverse reactions. In recent years, other effects besides hypoglycemia have been found,
such as a possible therapeutic effect on mental disorders (e.g., anxiety disorder, Alzheimer's disease), cancer, and
cardiovascular disease. It also has regulatory effects on intestinal microbiota. The purpose of this review is to
summarize the recent investigations of metformin on mental disorders, cardiovascular diseases, cancer, and intestinal

microbiota.
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Molecular mechanism of metformin inhibition effects in hepatocyte gluconeogenesis. Metformin enters hepatocytes and then

partially inhibits the intracellular mitochondrial respiratory chain complex I, one of the most important proteins in the intracellular mitochon-

drial NADH respiratory chain, leading to a decrease in the transformation from ADP to ATP, which results low-generation of ATP and accu-

mulation of ADP and AMP. ATP deficiency directly inhibits gluconeogenesis; high level of ADP reduces the activity of FBPase, the key

enzyme in gluconeogenesis, to inhibit gluconeogenesis; elevated level of AMP inhibits adenylate cyclase and blocks the cAMP-PKA path-

way of gluconeogenesis. At the same time, metformin decreases mGPD activity in the mitochondria, resulting in the alteration of redox

states and reduction of NADH/H" producing to inhibit gluconeogenesis. The change in AMP/ATP ratio mediated by metformin also activates

AMPK and reduces ACC activity, which inhibits lipid synthesis and enhances cellular sensitivity to insulin. ATP: Adenosine triphosphate;

ADP: Adenosine diphosphate; AMP: Adenosine monophosphate; NADH: Nicotinamide adenine dinucleotide; FBPase: Fructose-1,6-bisphos-
phatase; mGPD: Mitochondrial glycerol phosphate dehydrogenase; ACC: Acetyl coenzyme A carboxylase; cAMP: Cyclic AMP; PKA:

Protein kinase A; AMPK: Adenosine 5'-monophosphate-activated protein kinase; OCT1: Organic cation transporter 1
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