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Lactate was for a long time considered just a metabolic waste. It was then associ-
ated with exercise-induced fatigue and muscle soreness. In recent decades this para-
digm has changed and lactate has become a central figure in energy metabolism. More 
recently, advances in molecular biology and endocrinology studies have shown that 
lactate also acts to modulate various cellular functions and structures, including gene 
transcription. These findings allow including lactate as a hormone according to cur-
rent definitions.
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Introduction
What does a molecule need to be classified as a hormone? If 

we adopt the definition of the Biology Dictionary [1] “a hormone 
is a biological compound used by multicellular organisms to 
organize, coordinate, and control the functions of their cells and 
tissues. These chemicals can control everything from metabolism 
to behavior“. It can be argued that this definition is somewhat vague 
(Stárka [2]), however, it is how it has been used in recent decades. 
For more than a century, lactate has been considered

(1) A metabolic residue of glycolysis, 

(2) A product of anaerobic disease, and 

(3) A cause of fatigue in physical exercise and harmful effects 
(Ferguson, et al. [3)). 

Since Archibald V Hill (1886-1977) demonstrated the 
correlation between discontinuation of incremental exercise 
(stress testing in which exercise intensity progressively increases) 
and high lactate levels, the (spurious) lactate-fatigue association 
has served as a paradigm in the sports sciences (Brooks, [4]).

Discussion
With the advancement of the understanding of metabolism and  

 
molecular biology in general, it can be demonstrated that lactate 
is not a waste product, but an important energy substrate in many 
tissues (point 1) (Daw, et al. [5]). Which is produced in significant 
quantities under conditions where the presence of oxygen is 
plentiful (point 2) (Bertocci, et al. [6]) and has no cause-and-effect 
relationship with fatigue or other harmful effects during or after 
physical exercise (point 3) (Bergman, et al. [7]). However, the aim 
of this assay is to show that the study of the role of lactate only as 
an energy substrate is limited. Lactate, in addition to its historically 
described properties, is also a molecule that regulates cellular 
functions in a variety of other ways (Li, et al. [8]), including plasticity 
in many of them. One of the mechanisms discovered was signaling 
through a G protein-coupled receptor 81 (GPR81) (Brown, et al. 
[9]). A specific example was demonstrated by (Liu, et al. [10)) in 
which lactate inhibits lipolysis in fat cells through the activation of 
a GPR81 receptor that acts as a lactate sensor, whose response is 
to inhibit lipolysis. The class of G-ligand receptor (GPR) proteins 
present in cells plays an important regulatory role in metabolism. 
Lactate-specific GPR81 is abundant on the surface of cells in 
adipose tissue, liver, skeletal muscle, and nervous tissue (Brown, 
et al. [9)). The GPR81 receptor, when bound to lactate, modulates 
energy metabolism (inhibiting or activating enzymes), reduces 
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lipolysis, increases neuroprotection and modifies the action of 
macrophages and other cells of the immune system (Madaan, et al. 
[11-14]). On the other hand, cellular plasticity is derived from the 
ability to respond and adapt to the environment by regulating gene 
expression. 

In the case of macrophage polarization, macrophage activation 
for an inflammatory phenotype is driven by increased glycolysis, 
but energy metabolism is relevant for oxidative phosphorylation 
and β-oxidation in homeostatic macrophages (Chen, et al. [15]). 
This polarization stems from the regulation of gene expression by 
lactylation of lysine residues on histones (Zhang, et al. [16]). The 
addition of lactate in addition to phosphate, methyl, and acetyl 
tags to histones is an epigenetic way by which the genome and 
intermediary metabolism are regulated. The increase in histone 
lactylation in cell lines parallels the increase in cellular lactate levels. 
Based on these studies (Chen, et al [15,16], a novel modification 
of histones with special modulation of lactate is established and 
suggests that lactylation of lysine (Kla) is regulated by changes 
in glucose metabolic dynamics. As mentioned above, during 
inflammatory processes, the polarization of M1 macrophages 
occurs, making the function of these macrophages similar to 
M2. Macrophage polarization occurs by increasing the rate of 
glycolytic reactions, consequently increasing lactate production. 
Higher concentrations of lactate, and its consequent acetylation, 
contribute to the formation of Kla histones, whose role is to 
maintain homeostasis by stimulating the translation of genes into 
mRNA (Zhang, et al. [16]). The function of Kla histones is to make 
M1 macrophages return to their homeostatic stages, decreasing 
their inflammatory action, thus functioning as M2 macrophages-
like (from the activation of genes other than acetylated histones). 
In this way, histones Kla synchronize with lactate concentrations 
and modulate the homeostatic status of the organism.

Conclusion
In this way, we can present lactate not only as a metabolic 

product but as a signaling molecule. These mechanisms briefly 
presented allow the inclusion of lactate also as a hormone according 
to current definitions.
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