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Description
Glutathione Synthetase Deficiency (GSD) is a rare autoso-
mal recessive metabolic disorder that prevents the produc-
tion of glutathione [1]. Glutathione helps prevent damage 
to cells by neutralizing harmful molecules created during 
energy production. Glutathione also plays a role in the pro-
cessing of drugs and compounds that cause cancer (carcin-
ogens), as well as in the construction of DNA, proteins, and 
other important cellular components. This enzyme is part 
of the chemical process by which the body makes glutathi-
one, a protein molecule involved in many cell processes. 
Glutathione synthetase deficiency is caused by changes 
(mutations) in the GSS gene and is inherited in an autoso-
mal recessive manner. Glutathione also plays a role in the 
processing of drugs and cancer-causing compounds (car-
cinogens), and in the assembly of DNA, proteins, and other 
important cellular components [2].
Glutathione is a tripeptide composed of glutamate, cyste-
ine and glycine. Glutathione is present in mill molar con-
centrations in most mammalian cells and is involved in 
several fundamental biological functions including free 
radical scavenging, xenobiotic and carcinogen detoxifica-
tion, redox reactions, biosynthesis of DNA, proteins and 
leukotriene’s, and neurotransmission/neuromodulation.
Classification of glutathione synthetase deficien-
cy
Glutathione synthetase deficiency can be classified into 
three types: mild, moderate and severe. Mild glutathione 
synthetase deficiency usually leads to destruction of red 
blood cells (haemolytic anaemia). In addition, affected in-
dividuals may release large amounts of a compound called 
5-oxoproline into their urine (5-oxoprolinuria). This com-
pound builds up when glutathione is not processed prop-
erly in the cells [3].
Individuals with moderate glutathione synthetase deficien-

cy [4] may experience symptoms beginning shortly after 
birth, including haemolytic anaemia, 5-oxoprolinuria, and 
increased levels of acid in the blood and tissues (metabolic 
acidosis). In addition to the features present in moderate 
glutathione synthetase deficiency, individuals affected by 
the severe form of this disorder may experience neurolog-
ical symptoms [5]. These problems may include seizures; 
a general slowing down of physical reactions, movements 
and speech (psychomotor retardation); limited intellect; 
and a loss of coordination (ataxia). Some people with se-
vere glutathione synthetase deficiency also develop recur-
rent bacterial infections [6].
Causes
Mutations in the GSS gene cause glutathione synthetase 
deficiency. The GSS gene provides instructions for making 
an enzyme called glutathione synthetase. This enzyme is 
involved in a process called the gamma-glut amyl cycle, 
which occurs in most cells in the body. This cycle is neces-
sary to produce a molecule called glutathione. Glutathione 
protects cells from damage from unstable oxygen-contain-
ing molecules that are by-products of energy production.
Treatment
Treatment for individuals diagnosed with Glutathione Syn-
thetase (GS) deficiency includes providing dietary supple-
ments to correct metabolic acidosis and providing antiox-
idants such as vitamin E and vitamin C. A combination of 
sodium citrate and citric acid (Bicitra) can be taken orally 
medication and can maintain plasma bicarbonate levels 
within the reference range.
These are best ways to increase your glutathione levels 
naturally.
• Consume high sulphur foods.
• Increase vitamin C intake.
• Add selenium-rich foods to diet.
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• Eat foods naturally rich in glutathione.
• Supplementation with whey protein.
• Consider milk thistle.
• Try turmeric extract.
• Get enough sleep.

References
[1] Njålsson R, Ristoff E, Carlsson K, Winkler A, Lars-

son A, Norgren S. Genotype, enzyme activity, glu-
tathione level, and clinical phenotype in patients 
with glutathione synthetase deficiency. Hum Gen-
et. 2005; 116(5):384-9.

[2] Al-Jishi E, Meyer BF, Rashed MS, Al-Essa M, Al-
Hamed M, Sakati N, et al. Clinical, biochemical, 
and molecular characterization of patients with 
glutathione synthetase deficiency. Clin Genet. 
1999; 55(6):444-9.

[3] Ameur SB, Aloulou H, Nasrallah F, Kamoun T, 
Kaabachi N, Hachicha M. Hemolytic anemia and 
metabolic acidosis: think about glutathione syn-
thetase deficiency. Fetal Pediatr Pathol. 2015 Jan 
2; 34(1):18-20.

[4] Njälsson R, Norgren S. Physiological and patho-
logical aspects of GSH metabolism. Acta Paediatr. 
2005; 94(2):132-7.

[5] Njålsson R. Glutathione synthetase deficiency. 
Cell Mol Life Sci. 2005; 62(17):1938-45.

[6] Ristoff E, Larsson A. Inborn errors in the metab-
olism of glutathione. Orphanet J Rare Dis. 2007; 
2(1):1-9.

Liu Kunming

https://link.springer.com/article/10.1007/s00439-005-1255-6
https://link.springer.com/article/10.1007/s00439-005-1255-6
https://link.springer.com/article/10.1007/s00439-005-1255-6
https://www.tandfonline.com/doi/abs/10.3109/15513815.2014.947543
https://www.tandfonline.com/doi/abs/10.3109/15513815.2014.947543
https://www.tandfonline.com/doi/abs/10.3109/15513815.2014.947543
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1651-2227.2005.tb01878.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1651-2227.2005.tb01878.x
https://link.springer.com/article/10.1007/s00018-005-5163-7
https://link.springer.com/article/10.1186/1750-1172-2-16
https://link.springer.com/article/10.1186/1750-1172-2-16

