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Description
Glutaminase is an enzyme that plays a critical role in 
cellular metabolism, particularly in the catabolism of 
glutamine, an essential amino acid. It catalyzes the 
hydrolysis of glutamine to glutamate, which can then be 
converted into α-ketoglutarate, a key intermediate in the 
Tricarboxylic Acid (TCA) cycle. This metabolic pathway 
is important for maintaining cellular energy production, 
especially in cells with high proliferative demands, such 
as cancer cells. Glutamine is a versatile amino acid that 
contributes to multiple metabolic pathways, including 
energy production, biosynthesis of nucleotides, and 
maintenance of redox homeostasis. Glutaminase (GLS) 
catalyzes the conversion of glutamine to glutamate, 
which can enter the TCA cycle and generate ATP. This 
metabolic process is particularly important in cells 
that undergo rapid proliferation, such as immune cells 
during inflammation and cancer cells. 
Oxidative stress and glutaminase
Oxidative stress arises when there is an imbalance 
between the production of Reactive Oxygen Species 
(ROS) and the ability of the body’s antioxidant defenses 
to neutralize them. ROS, such as hydrogen peroxide 
(H₂O₂) and superoxide anions, are by products of 
cellular metabolism, particularly in mitochondria. At 
physiological levels, ROS act as signaling molecules. 
However, excessive ROS production can damage cellular 
components, including lipids, proteins, and DNA, leading 
to oxidative stress and contributing to the pathogenesis 
of various diseases, including cancer, cardiovascular 
disorders, and neurodegeneration [1].
The connection between glutaminase and oxidative 
stress is twofold. First, glutaminase activity influences 
the availability of glutamate, a precursor for the synthesis 
of Glutathione (GSH), the body’s most abundant 
intracellular antioxidant [2]. GSH plays a vital role in 

neutralizing ROS and maintaining redox homeostasis. 
Elevated glutaminase activity can enhance the supply 
of glutamate, facilitating GSH synthesis and bolstering 
antioxidant defenses [3].
Antioxidants: Mechanisms and benefits
Antioxidants are molecules that neutralize ROS and 
mitigate oxidative damage. They can be classified 
into enzymatic and non-enzymatic antioxidants [4]. 
The antioxidant properties of glutaminase and its 
metabolites offer several potential benefits, particularly 
in the context of various diseases.
Cancer: Cancer cells often exhibit altered metabolism, 
with increased reliance on glutamine for growth and 
survival. By modulating glutaminase activity, it may be 
possible to enhance oxidative stress within tumor cells, 
thereby promoting cell death while sparing normal cells. 
Research is ongoing to analyse the therapeutic potential 
of glutaminase inhibitors in cancer treatment [5].
Neurodegenerative diseases: Glutamate is  essential 
for brain health, but excessive levels can lead to 
excitotoxicity, contributing to neurodegenerative 
conditions such as Alzheimer’s and Parkinson’s diseases 
[6]. Maintaining optimal glutamate levels through 
glutaminase activity may help protect neurons from 
oxidative damage and promote cognitive function [7].
Inflammatory disorders: Conditions characterized 
by chronic inflammation, such as rheumatoid arthritis 
and inflammatory bowel disease, can benefit from 
enhanced antioxidant defenses [8]. By boosting GSH 
levels through glutaminase activity, it may be possible 
to reduce oxidative stress and inflammation, leading to 
improved clinical outcomes [9]. 
The interplay between glutaminase, oxidative stress, 
and antioxidants is especially important in cancer cells. 
On the one hand, elevated glutaminase activity supports 
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cancer cell proliferation and survival. On the other hand, 
the resulting oxidative stress can be detrimental to these 
cells. Antioxidants, while generally beneficial in normal 
cells, may have a dual role in cancer. By neutralizing 
ROS, antioxidants can potentially protect cancer cells 
from oxidative damage, inadvertently promoting 
their survival. In metabolic disorders such as obesity 
and diabetes, oxidative stress is a well-documented 
contributing factor to disease progression [10]. 
Glutaminase-driven GSH production can help mitigate 
oxidative stress in these conditions, and antioxidants 
can further bolster this protective mechanism. For 
example, dietary antioxidants such as polyphenols 
and vitamins C and E have shown promise in reducing 
oxidative damage and improving metabolic outcomes in 
these diseases.
Glutaminase plays a pivotal role in cellular metabolism, 
contributing to energy production, biosynthesis, and 
redox balance. However, its activity is also associated 
with increased oxidative stress, particularly in highly 
proliferative cells like cancer cells. Antioxidants, both 
endogenous and exogenous, provide a protective 
mechanism by neutralizing ROS and maintaining 
cellular homeostasis. 
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