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Figure 1. Photographs of Archibald V. Hill 
(left) and Otto Meyerhoff (right), 
recipients of the 1922 Nobel Prize in 
Medicine for their work on muscle 

glycolytic biochemistry and energetics. 

 
 
Figure 2. The chemical structures of a) lactic 

acid vs. b) lactate. 

I know this is a bit of repetition, but I want to make sure you are really clear on the non-
existence of lactic acid in the human body!  It s also timely now, given that you have 
read added acid-base chemistry content, to once again discuss the illogical concept of 
lactic acid and a lactic acidosis. 

 
In 1925, Archibald V. Hill and Otto Meyerhoff 
were awarded the Nobel Prize for Medicine 
and Physiology for their independent work on 
the reactions of glycolysis, lactate production, 
and the quantification of the energetics (ATP 
regeneration capacity) of glycolysis in 
contracting skeletal muscle (Figure 1).  Such 
work explained why contracting muscle can 
derive and use energy far in excess of the 
ATP generating capacity of oxygen 
consumption.  However, this work also 
explained that muscle produces lactic acid 
during intense exercise, and that the acidosis 
of exercise is explained by lactic acid 
production, often termed lactic acidosis. 
 
Hill and Meyerhoff had no empirical evidence of lactic acid production.  As all scientists 
of that era, they only new that as muscle and many other tissues became acidic, there 
was in increase in lactate accumulation.   Scientists of this era were also not educated 
and trained to understand acid-base chemistry and physiology.  For example, the 
development and acceptance of acid-base chemistry, pioneered by the work of 
Lawrence Henderson, did occur until the 1940’s.  In addition, Peter Stewart’s work on 
redefining our understanding of determinants of in-vivo cellular acid-base chemistry 
from an electrochemical neutrality perspective was not published until 1981 (see Topic 
on The Physico-Chemical Theory of Acid-
Base Balance). 
 
Since Henderson’s work, we now know 
that it is biochemically impossible for 
muscle lactate to exist predominantly in the 
acid form, as the pKa of lactic acid is 3.67.  
In-vivo, muscle lactic acid represents 
0.62% of total lactate at pH 7.0, and 1.04% 
at pH 6.0, with the remainder being the 
conjugate base lactate in the form of free 
lactate (La-), or sodium or potassium salts 
(sodium lactate or potassium lactate) 
(Figure 2).  Furthermore, study of the 
organic chemistry of lactate production 
(Figure 3) reveals that the lactate 
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Figure 3. The substrates and products 

of the lactate dehydrogenase reaction. 

dehydrogenase reaction actually consumes a proton (H+) fraction, and the proton 
balance of the lactate dehydrogenase reaction is 1.0 across the pH range of 7.0 to 6.0.  
Lactate production consumes not releases a H+ fraction.  Scientists are still 
debating the role of the Stewart approach in understanding the magnitude of blood and 
muscle acid-base disturbances during metabolic 
acidosis. 
 
Given the previous information, there is no such 
molecule as lactic acid in skeletal muscle, 
blood, or any tissue within the body.  The 
explanation of metabolic acidosis by lactate 
production has been a gross error caused by an 
oversimplification of the glycolytic energy 
system combined with an unwillingness to 
search and accept a more valid biochemical 
explanation.  However, given that it is obvious 
that lactate production does not release a 
proton and cause acidosis, there must be a 
biochemical explanation for metabolic acidosis.  
This is provided in the next section. 
 
 


