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1. Introduction

Reduced glutathione (GSH) is a water-soluble tripeptide with the structure of γ-glutamyl-

cysteinyl-glycine. The gamma bond between glutamic acid and cysteine provides stability 

to GSH as there are lower amounts of γ-peptidases in biological systems when compared to 

α-peptidases [1].

GSH is the most important thiol in living organisms. GSH is a catalyst, reductant, and reac-

tant. This molecule is found in large quantities (millimolar concentrations) in organs exposed 

to toxins such as liver, kidney, lungs, and intestines. However, in body fluids, GSH concentra-

tions are at micromolar concentrations [2].

GSH is synthesized in the cell cytosol. In a reaction catalyzed by “γ-glutamylcysteine syn-

thetase,” L-cysteine and L-glutamate form “γ-glutamylcysteine.” By the addition of glycine, 

GSH is formed in a reaction catalyzed by “glutathione synthetase.” The catabolism of GSH is 

mainly catalyzed by “γ-glutamyl transpeptidase” (forming glutamate and cysteinylglycine) 

and “dipeptidases” (forming cysteine and glycine). Cysteine is then catabolized to mercap-

turic acid [3].

GSH plays a role in amino acid transport, protein synthesis, DNA synthesis and protection, 

and more generally, in cellular detoxification. The main source of plasma GSH is liver. As part 
of their physiological functions, viable cells such as hepatocytes and macrophages extrude 

this particular thiol. This phenomenon supplies antioxidant protection for the extracellular 

environment as well [4].
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GSH acts essentially as an intracellular key component of antioxidant system, serves as a free 

radical scavenger and can be effective against the attacks of many reactive species, including 
electrophilic substances and epoxides. Upon contact with reactive species, GSH is converted 

to oxidized glutathione (GSSG, dimeric glutathione) by glutathione peroxidases (GPxs) and 

later can be reduced to GSH again by glutathione reductase (GR). Therefore, there is a cycle of 

GSH and this cycle provides higher intracellular levels of GSH. On the other hand, glutathi-

one S-transferases (GSTs) can form conjugates between GSH and endogenous (e.g., estrogens) 

or exogenous substances (e.g., electrophiles like arene oxides, organic halides, or unsaturated 

carbonyls). The decrease in the activities of GSTs may increase risk for disease; however, some 

GSH conjugates can also be toxic, paradoxically [5].

The transport of GSH through plasma membrane is regulated by a switch mechanism 

orchestrated by open/closed configuration of the transporters. This transfer from the cell to 
the extracellular environment occurs according to a concentration gradient. The transport is 

uniport and cells usually export GSH rather than import as intracellular GSH levels are higher 

than extracellular fractions [6].

The molecular nature of GSH transporters is still elusive though these transports are function-

ally identified as sinusoidal or canalicular type due to their position in the hepatic anatomy 
and their responsiveness to specific inhibitors [7, 8]. Data from different reports show that 
GSH transporters coincide with the multi-drug resistance-associated proteins (MRPs) [6, 9]. 

The regulatory mechanism/s behind the activity of GSH transporters is/are still ambiguous. 

These transports are possibly being controlled by the differential concentration of GSH on 
the internal vs. external side of the cellular membranes. Thereby, their control may mainly 

rely on the zonal control of GSH levels by intracellular trafficking [4]. A different regulation 
mechanism operates in the export of GSSG when cells are subject to oxidative stress or when 

GSSG cannot be reduced to GSH by GR. Even though GSSG was shown to be target of MRP 

[6], in conditions of oxidative stress GSSG crosses the plasma membrane and passively exits 

from cells. This is a balancing mechanism which helps to avoid a dangerous drop in the 

redox (GSH/GSSG) ratio due to the accumulation of GSSG, and the consequent redox imbal-

ance [6, 10].

It is still a question mark whether GSH depletion is a cause or an outcome of different patho-

logical conditions and exposure to certain environmental chemicals. Several diseases may 

cause depletion of intracellular GSH levels. On the other hand, environmental chemicals and 

drugs may also lead to GSH repression. In addition, GSH levels are depleted at different 
degrees if the cellular death mechanisms are triggered by different chemicals or conditions. 
GSH depletion and apparent oxidative stress may also cause cytotoxicity [10–12].

Reduced glutathione was shown to be preventive against aging, cancer, heart disease, 

and dementia. Moreover, GSH supplementation (mainly as cysteine) can help to reduce 

the symptoms of many diseases and can be beneficial in different conditions like autism, 
Alzheimer’s disease, Parkinson’s disease, human immunodeficiency virus (HIV)/acquired 
immunodeficiency syndrome (AIDS), hepatitis, type 2 diabetes, cystic fibrosis, and certain 
infections [13–16].
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Plasma and liver GSH levels were shown to decrease dramatically in certain liver disease 

patients (i.e., viral hepatitis, chronic hepatitis, chronic liver injury, and liver cirrhosis) [17]. 

GSH also plays an important role in the activation of T-lymphocytes [18]. In HIV infection, a 
systemic drop in intracellular/extracellular GSH is linked to an increase of virus replication. 

Moreover, cysteine deficiency may also lead to decrease in GSH levels which also leads to 
high viral load [18, 19].

In Parkinson’s disease, the level of glutathione in substantia nigra was found to be lower in 

Parkinsonian patients compared to controls. This decrease may be related to the increased 

degradation of GSH by γ-glutamyltranspeptidase [20–23]. GSH levels were also found to be 

depleted in certain lung diseases, like acute respiratory disease (ARDS), and in neonatal lung 

damage [24–26].

A reduction of GSH levels was determined in the ischemic tissue during myocardial isch-

emia and reperfusion and myocardial injury was found to be negatively associated with the 

myocardial concentration of GSH. The administration of γ-glutamylcysteine or N-acetyl cys-

teine (NAC) markedly reduced the infarct size and myocyte death [27–30]. GSH levels were 

reported to be significantly reduced in renal ischemia and in cyclosporin intoxication as both 
conditions induce lipid peroxidation in microsomes [31–34].

Studies on the interaction between GSH levels and aging are still contradictory. Therefore, 

large-scale epidemiological studies are needed in order to reach conclusions [35–37]. On the 

other hand, GSH was shown to protect against several types of cancer [35–37]. For instance, 

administration of GSH can provide decrease in the rate of different types of cancers [38, 39]. 

However, GSH treatment should be reconsidered in some types of cancer as GSH is a double-

edged knife in cancer treatment and may lead to the development of resistance to chemo-

therapy [38, 39].

GSH has poor bioavailability. This phenomenon restricts its direct use in clinics [30]. 

Hydrophobic forms such as monoethylester of GSH have been synthesized to overcome this 

restriction. These synthetic forms are cleaved by cellular esterases to form GSH. After such 

forms are administered to after GSH-deprived rats by oral route, an increase in GSH concen-

trations was observed in both plasma and liver [40]. Due to the oxidation of cystine, cysteine 

may cause toxicity. Therefore, N-acetyl cysteine (NAC) has been used as an exogenous source 

of cysteine to provide intracellular glutathione in GSH-deficient patients. After hydrolysis, 
NAC can be a source of cysteine, the major amino acid in synthesis of GSH [41]. The admin-

istration of NAC to HIV positive patients provides increases in GSH levels of CD4+ lympho-

cytes, inhibits the activity of nuclear factor kappa B (NFkB), and arrests viral replication [42].

In conclusion, GSH continues to be investigated in diverse pathological conditions. Cancer, 

liver diseases, neuropathological diseases, acute respiratory distress syndrome, HIV/AIDS, 
and aging are the main research fields for studies on GSH. However, there is a long road 
ahead in order to use GSH or its different forms in clinics for certain conditions. GSH will 
continue to be the subject of new studies and hopefully GSH or its different forms will be used 
as a drug or adjunct therapy for certain pathological conditions in the future.

Introductory Chapter: A General Overview of Glutathione, Glutathione Transport, and Glutathione Applications
http://dx.doi.org/10.5772/intechopen.81594

5



Author details

Pinar Erkekoglu

Address all correspondence to: erkekp@yahoo.com

Department of Toxicology, Hacettepe University Faculty of Pharmacy, Ankara, Turkey

References

[1] Page MJ, Di Cera E. Evolution of peptidase diversity. The Journal of Biological Chemistry. 

2008;283(44):30010-30014

[2] Kidd PM. Glutathione: Systemic protectant against oxidative and free radical damage. 

Alternative Medicine Review. 1997;1:155-176

[3] Gaté L, Paul J, Ba GN, Tew KD, Tapiero H. Oxidative stress induced in pathologies: The 

role of antioxidants. Biomedicine & Pharmacotherapy. 1999;53(4):169-180

[4] De Nicola M, Ghibelli L. Glutathione depletion in survival and apoptotic pathways. 

Frontiers in Pharmacology. 2014;5:267

[5] Birben E, Sahiner UM, Sackesen C, Erzurum S, Kalayci O. Oxidative stress and antioxi-

dant defense. World Allergy Organization Journal. 2012;5(1):9-19

[6] Ballatori N, Krance SM, Marchan R, Hammond CL. Plasma membrane glutathione 

transporters and their roles in cell physiology and pathophysiology. Molecular Aspects 

of Medicine. 2009;30(1-2):13-28

[7] Yi JR, Lu S, Fernández-Checa J, Kaplowitz N. Expression cloning of the cDNA for a 
polypeptide associated with rat hepatic sinusoidal reduced glutathione transport: 

Characteristics and comparison with the canalicular transporter. Proceedings of the 

National Academy of Sciences of the United States of America. 1995;92(5):1495-1499

[8] Bachhawat AK, Thakur A, Kaur J, Zulkifli M. Glutathione transporters. Biochimica et 
Biophysica Acta. 2013;1830(5):3154-3164

[9] Franco R, Cidlowski JA. Glutathione efflux and cell death. Antioxidants & Redox Sign-
aling. 2012;17(12):1694-1713

[10] Jozefczak M, Remans T, Vangronsveld J, Cuypers A. Glutathione is a key player in 
metal-induced oxidative stress defenses. International Journal of Molecular Sciences. 

2012;13(3):3145-3175

[11] Mytilineou C, Kramer BC, Yabut JA. Glutathione depletion and oxidative stress. 

Parkinsonism & Related Disorders. 2002;8(6):385-387

[12] Ahmad S. Oxidative stress from environmental pollutants. Archives of Insect Bio chemistry 

and Physiology. 1995;29(2):135-157

Glutathione in Health and Disease6



[13] Uttara B, Singh AV, Zamboni P, Mahajan RT. Oxidative stress and neurodegenera-

tive diseases: A review of upstream and downstream antioxidant therapeutic options. 

Current Neuropharmacology. 2009;7(1):65-74

[14] Lapenna D, Ciofani G, Calafiore AM, Cipollone F, Porreca E. Impaired glutathionere-
lated antioxidant defenses in the arterial tissue of diabetic patients. Free Radical Bio logy 

& Medicine. 2018;124:525-531

[15] Morris D, Khurasany M, Nguyen T, Kim J, Guilford F, Mehta R, et al. Glutathione and 

infection. Biochimica et Biophysica Acta. 2013;1830(5):3329-3349

[16] Hudson VM. New insights into the pathogenesis of cystic fibrosis: Pivotal role of glu-

tathione system dysfunction and implications for therapy. Treatments in Respiratory 

Medicine. 2004;3(6):353-363

[17] Yuan L, Kaplowitz N. Glutathione in liver diseases and hepatotoxicity. Molecular 
Aspects of Medicine. 2009;30(1-2):29-41

[18] FJT S, Roederer M, Israelski M, Dubp J, Mole LA, McShane D, et al. Intracellular gluta-

thione levels in T-cell subsets decrease in HIV-infected individuals. AIDS Research and 
Human Retroviruses. 1992;8:305-311

[19] Holroyd KJ, Buhl R, Borok Z, Roum JH, Bokser AD, Grimes GJ, et al. Correction of 

glutathione deficiency in the lower respiratory tract of HIV seropositive individuals by 
glutathione aerosol treatment. Thorax. 1993;48(10):985-989

[20] Jenner P. Oxidative damage in neurodegenerative disease. Lancet. 1994;344(8925):796-798

[21] Smeyne M, Smeyne RJ. Glutathione metabolism and Parkinson's disease. Free Radical 

Biology & Medicine. 2013;62:13-25

[22] Dias V, Junn E, Mouradian MM. The role of oxidative stress in Parkinson's disease. 
Journal of Parkinson’s Disease. 2013;3(4):461-491

[23] Sian J, Dexter DT, Lees AJ, Daniel S, Jenner P, Marsden CD. Glutathione-related enzymes 

in brain in Parkinson's disease. Annals of Neurology. 1994;36(3):356-361

[24] Christofidou-Solomidou M, Muzykantov VR. Antioxidant strategies in respiratory 
medicine. Treatments in Respiratory Medicine. 2006;5(1):47-78

[25] Pachter P, Timerman AP, Lykens MG, Merola AJ. Deficiency of alveolar fluid glutathi-
one in patients with sepsis and the adult respiratory distress syndrome. Chest. 1991;100: 

1397-1403

[26] Grigg J, Barber A, Silverman M. Bronchoalveolar lavage fluid glutathione in incubated 
premature infants. Archives of Disease in Childhood. 1993;69:49-51

[27] Glantzounis GK, Yang W, Koti RS, Mikhailidis DP, Seifalian AM, Davidson BR. The 
role of thiols in liver ischemia-reperfusion injury. Current Pharmaceutical Design. 2006; 

12(23):2891-2901

[28] Ferrari R, Guardigli G, Mele D, Percoco GF, Ceconi C, Curello S. Oxidative stress during 

myocardial ischaemia and heart failure. Current Pharmaceutical Design. 2004;10(14): 

1699-1711

Introductory Chapter: A General Overview of Glutathione, Glutathione Transport, and Glutathione Applications
http://dx.doi.org/10.5772/intechopen.81594

7



[29] Forman MB, Puett DW, Cates CU, MC Croskey DE, Beckman JK, Greene HL, et al. 
Glutathione redox pathway and perfusion injury. Circulation. 1988;78:202-203

[30] Exner R, Wessner B, Manhart N, Roth E. Therapeutic potential of glutathione. Wiener 

Klinische Wochenschrift. 2000;112(14):610-616

[31] Wang C, Salahudeen AK. Cyclosporine nephrotoxicity: Attenuation by an antioxidant-
inhibitor of lipid peroxidation in vitro and in vivo. Transplantation. 1994;58:940-946

[32] Duruibe V, bkonmah A, Blyden GT. Effect of cyclosporin on rat liver and kidney gluta-

thione content. Pharmacology. 1989;39:205-212

[33] Yang HY, Lee TH. Antioxidant enzymes as redox-based biomarkers: A brief review. 

BMB Reports. 2015;48(4):200-208

[34] Weinberg JM. The cell biology of ischemic renal injury. Kidney International. 1991; 

39(3):476-500

[35] Homma T, Fujii J. Application of glutathione as anti-oxidative and anti-aging drugs. 

Current Drug Metabolism. 2015;16(7):560-571

[36] Sekhar RV, Patel SG, Guthikonda AP, Reid M, Balasubramanyam A, Taffet GE, et al. 
Deficient synthesis of glutathione underlies oxidative stress in aging and can be cor-

rected by dietary cysteine and glycine supplementation. The American Journal of 

Clinical Nutrition. 2011;94(3):847-853

[37] Go YM, Jones DP. Redox theory of aging: Implications for health and disease. Clinical 

Science (London, England). 2017;131(14):1669-1688

[38] Traverso N, Ricciarelli R, Nitti M, Marengo B, Furfaro AL, Pronzato MA, et al. Role 
of glutathione in cancer progression and chemoresistance. Oxidative Medicine and 

Cellular Longevity. 2013;2013:972913

[39] Bansal A, Simon MC. Glutathione metabolism in cancer progression and treatment resis-

tance. The Journal of Cell Biology. 2018;217(7):2291-2298

[40] Grattagliano I, Wieland P, Schranz C, Lauterburg BH. Disposition of glutathione mono-

ethyl ester in the rat: Glutathione ester is a slow release of extracellular glutathione. The 

Journal of Pharmacology and Experimental Therapeutics. 1995;272:484-488

[41] Lomaestro BM, Malone M. Glutathione in health and disease: Pharmacotherapeutic 

issues. The Annals of Pharmacotherapy. 1995;29(12):1263-1273

[42] Mihm S, Ennen J, Pessara U, Kurth R, Droge W. Inhibition of HIV-l replication and 
NFkappaB activity by cysteine and cysteine derivatives. AIDS. 1991;5:497-503

Glutathione in Health and Disease8


	Chapter 1
Introductory Chapter: A General Overview of Glutathione, Glutathione Transport, and Glutathione Applications

