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New Approaches for Neuroenergetics

The human brain uses a significant portion 
of the body’s energy daily. Neuroenergetics 
is the term used for the energy-producing 
processes in the central nervous system, 
which ensure normal, healthy, and 
continuous brain function. The energy 
required for cells, and the whole body to 
function, is obtained from the breakdown 
of glucose within cells in a process called 
respiration. Respiration happens when 
glucose and oxygen come together to 
release energy, and this occurs as a 
multi-step process within mitochondria 
– small organelles, often referred to as the 
‘powerhouses’ of the cell. 

The initial step in respiration is called 
glycolysis, which occurs in the cell outside 
the mitochondria. Glycolysis does not 
require oxygen. It involves eleven different 
reactions, resulting in the production 
of an intermediate molecule called 
pyruvate and ends with the production 
of lactate. Professor Avital Schurr from 
the University of Louisville School of 
Medicine in Kentucky, has brought much-
needed clarification to the previously 

misunderstood role of lactate in cell 
metabolism and neuroenergetics.

Gaining a Bad Reputation

Lactic acid ( lactate),  produced by 
lactobacilli bacteria, causes milk to sour. 
Professor Schurr explains that this negative 
connotation seems to have been associated 
with lactate when it was discovered that 
muscle cells produce it during anaerobic 
conditions. Anaerobic means ‘without 
oxygen’, and anaerobic respiration can 
occur in different situations, such as during 
intense physical exercise or periods of 
ischaemia (when the blood supply to a 
particular tissue becomes restricted due 
to certain medical conditions). 

Historically, scientists thought lactate was 
just a by-product of glucose metabolism, 
even in the presence of oxygen, and 
muscle cells could somehow quickly 
remove it. This idea of lactate being 
nothing more than an undesirable waste 
product continued unchallenged for many 
years. Early studies conducted in the 1920s 
and 1930s on in vitro brain tissues found 
that supplying oxygen could reduce lactate 

levels. However, this was thought to be 
a type of disposal mechanism, and the 
idea of lactate being a worthless and 
even potentially toxic product of glucose 
breakdown was reinforced. 

The Oxphos Pathway

Moving on several decades to the late 
1980s, Professor Schurr notes that our 
understanding of neuroenergetics was 
suddenly revolutionised. Researchers 
discovered that lactate is being utilised 
in cells in a completely unexpected 
way, going against everything believed 
and understood about the role of this 
substance. Lactate went from being the 
villain of cell energy metabolism to a hero.

Oxidative phosphorylation, shortened 
to ‘oxphos’, is a metabolic pathway on 
the inner membranes of mitochondria 
within cells. Also referred to as the electron 
transport chain, the oxphos pathway 
involves numerous enzymes and organic 
molecules passing electrons in a series 
of chemical reactions that result in the 
formation of adenosine triphosphate (ATP 
for short), the molecule that carries energy. 
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Understanding the biochemical processes that occur in human cells 
is vital for the development of treatments and the advancement 
of medicine more generally. Professor Avital Schurr at the 
University of Louisville School of Medicine, Kentucky, is an expert in 
neurochemistry and neurophysiology. In recent work, he explored the 
role of a particular molecule called lactate in the metabolic processes 
of the central nervous system.
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Professor Schurr notes that recent research found that lactate, 
which is produced by glycolysis, can be used by the oxphos pathway 
in the absence of glucose. He notes that initially, this idea was met 
with great scepticism by many scientists, not only in the field of 
neuroenergetics and cerebral energy metabolism but also by those 
studying muscle energy metabolism and exercise physiology. This 
finding led to many researchers ignoring the increasing amount 
of data supporting the idea of lactate being a substrate for the 
oxphos pathway. He also adds that studies showing lactate as 
being the final product of glycolysis both in aerobic and anaerobic 
conditions have often been disregarded.

Time to Rebrand Glycolysis 

Professor Schurr explains that there is clear evidence in support 
of a glycolysis pathway consisting of eleven reactions catalysed 
by enzymes. The result is the production of lactate and another 
substance called NAD+, which is an essential co-factor used within 
the cells for a number of fundamental processes. Importantly, 
glycolysis is not dependent on the presence or absence of oxygen, 
or even mitochondria, yet is often referred to as ‘aerobic glycolysis’ 
or ‘anaerobic glycolysis’. Unfortunately, this causes much confusion 
since it is now known that glycolysis is one distinct pathway, and 
it cannot be differentiated as either aerobic or anaerobic. 

In his paper, Professor Schurr further clarifies this issue, stating 
that any prefixes assigned to glycolysis are meaningless. The 
outdated prefixes were based on the assumptions established in 
the 1940s that glycolysis had two different end products, depending 
on whether oxygen was present or absent. With oxygen (aerobic 
conditions), pyruvate was formed, while without oxygen (anaerobic 
conditions), lactate was formed. He highlights the absence of an 
explanation or pursuit of a mechanism for how the final (eleventh) 
step of glycolysis is somehow switched off when mitochondria 
and oxygen are present (resulting in the production of pyruvate), 
provides further evidence that oxygen has nothing to do with 
glycolysis. We now know that pyruvate is an intermediate product, 
and there is only one terminal product – lactate – so there should 
be only one type of glycolysis. As such, a review of the term by the 
scientific community and a ‘rebrand’ is well overdue.

The Future for Lactate

In recent years, multiple studies have highlighted the other roles 
that lactate plays. These include acting as a signalling factor and 
a receptor ligand, affecting cell reactions and their interactions 
with their environment. It seems there is still much left to learn 
about this misunderstood molecule.

Professor Schurr argues that the engrained beliefs about lactate 
have contributed to unnecessary delays to advancing knowledge 
and understanding neuroenergetics, which he adds is the most 
important biochemical process in the central nervous system. He 
hopes that his recent paper serves to help persuade the scientific 
community to revise the terminology utilised and move away from 
misleading prefixes when discussing glycolysis.

Glycolysis, a metabolic pathway composed of eleven enzymatic 
reactions that begins with glucose and ends with lactate. Glycolysis 
requires neither oxygen nor mitochondria.
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Professor Avital Schurr obtained an MSc in Biochemistry from 
Tel Aviv University and a PhD in Biochemical Pharmacology from 
Ben Gurion University. He undertook postdoctoral work at Baylor 
College of Medicine, the Texas Research Institute of Mental Sciences 
in the Department of Neurochemistry and Neuropharmacology, 
and the University of Texas Medical School in the Department 
of Neurobiology and Anatomy. He is a Professor Emeritus in the 
Department of Anaesthesiology and Perioperative Medicine at the 
University of Louisville School of Medicine. His prolific research 
career has focused mainly on brain energy metabolism and 
cerebral ischaemia/hypoxia. In 2000, Professor Schurr was given 
the University of Louisville School of Medicine Research Career 
Achievement Award.
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