
Oxidative stress is defined as the “steady-state level of oxidative damage 
within a cell, tissue or organism,” as the result of reactive oxygen species 
(ROS).(1) The correlation between oxidative stress and aging, termed the 
molecular basis of aging, or the oxidative stress theory of aging is one 
of the most studied, and the most widely accepted hypotheses on the 
aging process. Given the fact that oxidative stress, and the damage it 
may ensue, is implicated in many disease processes, particularly in the 
critically ill,(2) as well as in the aging process, countering its negative 
effects is one way to achieve positive health benefits. 

Antioxidants function to neutralize free radicals by virtue of their ability 
to donate an electron, thus act to scavenge these radicals, in turn 
eliminating their volatility towards other cellular components. Their 
scavenging ability allows them to function in a protective manner 
to both aide and prevent cellular and tissue damage. Void of this 
protection, the cellular matrix, including lipids, membranes, proteins, 
and DNA, is predisposed to injury as a consequence of these volatile, 
reactive molecules. 

GHS-Plus™ supplies Glutathione, N-Acetyl-L-Cysteine (NAC) and 
Glycine, providing powerful cellular support, via their ability to quench 
free radicals. 

L-Glutathione. Glutathione (GSH) functions as one of the most 
powerful intracellular antioxidants. It also participates as an 
important component in detoxification via its reaction with hydrogen 
peroxide and organic peroxides,(3) or other electrophilic compounds 
(electron-deficient carbon centers), by means of catalysis by 
glutathione-S-transferases and glutathione peroxidases.(4) Reactive 
electrophilic compounds may include peroxides or epoxides, or more 
noxious compounds such as genotoxic chemical carcinogens, or 
cytotoxic chemotherapeutic agents.(5) GSH also serves in a protective 
capacity, as it aids in quenching xeno-biotics and other reactive 
compounds, produced via the metabolism of both endogenous and 
exogenous compounds.(6) 

Structurally, GSH is made up of a tripeptide, consisting of glutamic 
acid, cysteine and glycine residues. Besides its function as a major 
intracellular antioxidant, it also participates in other key functions, 
which are generally associated with detoxification, protein structure 
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preservation, immune function 
maintenance, and in the regulation 
of protein function. 

Lower GSH levels correspond to 
higher oxidative stress. A reduction 
of plasma GSH is an associated risk 
factor for cardiovascular disease, 
with lower glutathione levels correlated to an elevated risk.(7) In 
addition to age, GSH depletion may also result as a consequence of 
poor dietary habits or environmental exposure, including pollution, 
toxins, medications, stress, trauma, aging, infections and radiation. 
A ‘disturbance in homeostasis’ of GSH has also been implicated in 
‘diseases of the aging,’(8) as well as in a wide range of pathologies, 
including neurodegenerative, cardiovascular, inflammatory, metabolic 
and immune diseases. Additionally, a depleted level is also indicated 
in fibrosis, viral infections, diabetes, cancer, and liver disease.(9,10,11) 
Interestingly, the intake of acetaminophen (Tylenol) is associated with 
the blockage of glutathione production, which in turn alters the liver’s 
ability to break down and eliminate toxins.(12) 

N-acetyl-L-cysteine (NAC) is an antioxidant. Although NAC has 
numerous functional activities in the body, it is recognized for three 
primary actions; the modulation of neurotransmitters, the ability to 
reduce inflammatory cytokines, and cellular protection from oxidative 
stress. As a precursor to the amino acid cysteine, NAC participates in 
the general antioxidant activities of the body, while cysteine influences 
the reward-reinforcement pathway, via its role as a modulator of the 
glutamatergic system.(13) Its classical medicinal use is in counteracting 
acetaminophen (Tylenol) overdose, as well as in carbon monoxide 
poisoning.(14) 

NAC functions as an important compound in increasing the cellular 
concentration of GSH. Moreover, due to the fact that GSH penetration 
via the blood-brain barrier is relatively poor, NAC functions to assist in 
this transfer, as unlike GSH, NAC can readily penetrate the blood-brain 
barrier. An increase in the level of GSH in the brain with NAC use has 
been demonstrated in both animal(15,16,17) and human studies.(18) 
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NAC has been demonstrated to modulate both the gene expression, 
and the activity of inflammatory cytokines, via its ability to both block 
NF-KappaB activation,(19,20) and to reduce TNF-α, IL-1β and IL-6.(21) It also 
possesses the capacity to alter the expression of nitric oxide synthase 
mRNA, resulting in a modulation of the production of nitric oxide, with 
a consequential hepatoprotective effect.(22) 

NAC use is suggested in situations where GSH deficiency and/or 
oxidative stress are indicated. 

Glycine plays as an important role in GSH synthesis, functions in 
the conjugation of the aromatic acids, and is a required amino acid 
for phase II conjugation.(23) It is recognized as a major inhibitory 
neurotransmitter, at both excitatory and inhibitory synapses,(24) 
including both the brainstem and spinal cord.(25) As such, glycine 
functions as a vital component in the performance of the central 
nervous system.(26) 

Glycine has been demonstrated to diminish the secretion of 
inflammatory cytokines, including TNFα and interleukin (IL)-1, and 
to enhance the secretion of IL10, an anti-inflammatory cytokine.(27) 
In addition, it exerts an immunomodulary effect on T-lymphocytes 
and has demonstrated protective effects in renal ischemia, on 
hepatocytes and on epithelial cells, specifically in those subjected to 
hypoxia, or faced with a chemical challenge (ie. cyanide, hydrogen 
peroxide).(28,29,30,31)

In summary, the combination of the ingredients supplied in 
GSH-Plus™ function primarily to increase the cellular glutathione 
level, principally in the bloodstream and the brain. The combination 
of these compounds may be particularly valuable in offsetting 
decifiencies which may result from poor dietary habits, toxin exposure, 
medications, stress, trauma, and infections. Additionally, due to their 
antioxidant nature, GSH offers added cellular protection, and can assist 
in detoxification mechanisms, which may be particularly advantageous 
in the ill and elderly, as well as with prolonged environmental or 
toxic stressors. 

References
1. Ochi H, Cheng R-Z, Kantha SS, Takeuchi M, Ramarathnam N. The JaICA-Genox 

Oxidative Stress Profile – An overview on the profiling technique in the oxidative 
stress assessment and management. BioFactors. 2000. 13(1-4):195–203. doi: 10.1002/
biof.5520130131. http://www.genox.com 

2. Goodyear-Bruch C, Pierce JD. Oxidative stress in critically ill patients. Am J Crit Care. 
2002 Nov;11(6):543-51; quiz 552-3

3. Stryer L. Biochemistry. Third Edition. 1988. p 592.
4. Townsend DM, Tew KD, Tapiero H. The importance of glutathione in human disease. 

Biomedicine & Pharmacotherapy. 2003 57:145–155. 
5. Coles BF, Kadlubar FF. Detoxification of electrophilic compounds by glutathione 

S-transferase catalysis: determinants of individual response to chemical carcinogens 
and chemotherapeutic drugs? Biofactors. 2003;17(1-4):115-30. 

6. Ketterer B, Coles B, Meyer DJ. The role of glutathione in detoxication. Environ Health 
Perspect. 1983 49:59–69.

7. Shimizu H, Kiyohara Y, Kato I, Kitazono T, Tanizaki Y, Kubo M, Ueno H, Ibayashi 
S, Fujishima M, Iida M. Relationship Between Plasma Glutathione Levels and 

Cardiovascular Disease in a Defined Population. The Hisayama Study. Stroke. 2004 
Sep;35(9):2072-7. Epub 2004 Jul 15. 

8. Ballatori N, Krance SM, Notenboom S, Shi S, Tieu K, Hammond CL. Glutathione 
dysregulation and the etiology and progression of human diseases. Biol Chem. 2009 
Mar;390(3):191-214. 

9. Franco R, Schoneveld OJ, Pappa A, Panayiotidis MI. The central role of glutathione in 
the pathophysiology of human diseases. Archives Physiol Biochem. 2007 113(4-5):234-
258. 

10. D’Angelo JA, Dehlink E, Platzer B, Dwyer P, Circu ML, Garay J, Aw TY, Fiebiger E, 
Dickinson BL. The cystine/glutamate antiporter regulates dendritic cell differentiation 
and antigen presentation. J Immunol. 2010 Sep 15;185(6):3217-26. Epub 2010 Aug 23. 

11. Ballatori, N., S. M. Krance, S. Notenboom, S. Shi, K. Tieu, and C. L. Hammond. 
Glutathione dysregulation and the etiology and progression of human diseases. Biol. 
Chem. 2009 390: 191–214.

12. Lertratanangkoon K, Wu CJ, Savaraj N, Thomas ML. Alterations of DNA methylation by 
glutathione depletion. Cancer Letters. December 1997 120(2):149-156.

13. Mindell EL. Prescription Alternatives. 3rd Edition. McGraw-Hill Books. 2003 p. 38. 
14. Sansone R, Sansone LA. Getting a knack for NAC: N-Acetyl-Cysteine. Innov Clin 

Neurosci. 2011 8(1):10–14.
15. http://www.webmd.com. 
16. Witschi A, Reddy S, Stofer B, et al. The systemic availability of oral glutathione. Eur J Clin 

Pharmacol. 1992 43:667-9.
17. Neuwelt EA, Pagel MA, Hasler BP, Deloughery TG, Muldoon LL. Therapeutic efficacy of 

aortic administration of N-acetylcysteine as a chemoprotectant against bone marrow 
toxicity after intracarotid administration of alkylators, with or without glutathione 
depletion in a rat model. Cancer Res. 2001 61:7868-74.

18. Dean O, van den Buuse M, Copolov D, et al. N-acetylcysteine inhibits depletion 
of brain glutathione levels in rats: implications for schizophrenia [abstract]. Int J 
Neuropsychopharmacol. 2004 7(S1):262.

19. Pizzorno JE, Murray MT. Textbook of Natural Medicine. 2nd Edition 1999. Churchill 
Livingstone. p. 470.

20. Sadowska AM, Manuel-Y-Keenoy B, De Backer WA. Antioxidant and anti-inflammatory 
efficacy of NAC in the treatment of COPD: discordant in vitro and in vivo dose-effects: 
a review. Pulm Pharmacol Ther. 2007;20(1):9-22. Epub 2006 Feb 3.

21. Zafarullah M, Li WQ, Sylvester J, Ahmad M. Molecular mechanisms of N -acetylcysteine 
actions. Cellular Molecular Life Sciences. 2002 60(1):6-20. DOI: 10.1007/
s000180300001.

22. Pajonk F, Riess K, Sommer a, McBride WH. N-acetyl-L-cysteine inhibits 26S proteasome 
function: Implications for effects on NF-κB activation. Free Rad Biol & Med. 2002 
32(6):536-543. 

23. Palacio JR, Markert UR, Martínez P. Anti-inflammatory properties of N-acetylcysteine 
on lipopolysaccharide-activated macrophages. Inflamm Res. 2011 Mar 20. [Epub 
ahead of print]

24. Bridgerman MM, Marsden M, MacNee W, Felnley DC, Ryle AP. Cysteine and 
glutathione concentrations in plasma and bronchoalveolar lavage fluid after 
treatment with N-acetylcysteine. Thorax 1991; 46:39-42.

25. Majano PL, Medina J, Zubía I, Sunyer L, Lara-Pezzi E, Maldonado-Rodríguez A, López-
Cabrera M, Moreno-Otero R. N-Acetyl-cysteine modulates inducible nitric oxide 
synthase gene expression in human hepatocytes. J Hepatol. 2004 Apr;40(4):632-7. 

26. Gomeza J, Ohno K, Betz H. Glycine transporter isoforms in the mammalian central 
nervous system: structures, functions and therapeutic promises. Curr Opin Drug Discov 
Devel. 2003 Sep;6(5):675-82.

27. Zafra F, Aragón C, Olivares L, Danbolt NC, Giménez C, Storm-Mathisen J. Glycine 
transporters are differentially expressed among CNS cells. J Neurosci. 1995 May;15(5 
Pt 2):3952-69.

28. Aragón C, López-Corcuera B. Structure, function and regulation of glycine 
neurotransporters. Eur J Pharmacol. 2003 Oct 31;479(1-3):249-62.

29. Spittler A, Reissner CM, Oehler R, Gornikiewicz A, Gruenberger T, Manhart N, 
Brodowicz T, Mittlboeck M, Boltz-Nitulescu G, Roth E. Immunomodulatory effects of 
glycine on LPS-treated monocytes: reduced TNF-alpha production and accelerated 
IL-10 expression. FASEB J. 1999 13:563–571.

30. Estacion M, Weinberg JS, Sinkins WG, Schilling WP. Blockade of maitotoxin-induced 
endothelial cell lysis by glycine and L-alanine. Am. J. Physiol. Cell Physiol. 2003 
284:C1006–1020.

31. Nishimura Y, Lemasters JJ. Glycine blocks opening of a death channel in cultured 
hepatic sinusoidal endothelial cells during chemical hypoxia. Cell Death Differ. 2001 
8:850–858.

To place your order for GSH-Plus™ or for 
additional information please contact us below.

Viotron International
8122 E Fulton Street • Ada, MI 49301

info@viotron.com • www.viotron.com

(800) 437-1298


