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glutathione: studies in vitro, and in the atherosclerotic 

apolipoprotein E-deficient mice. 
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Abstract 

Liposomal glutathione, but not the control liposomes (with no glutathione), dose-dependently inhibited 

copper ion-induced low density lipoprotein (LDL) and HDL oxidation. As peroxidase activity was found 

to be present in both LDL and HDL, it has contributed to the anti-oxidative effects of liposomal 

glutathione. In-vitro, no significant effect of liposomal glutathione on J774 A.1 macrophage cell-line 

oxidative stress and on cellular cholesterol metabolism was observed. In contrast, in the atherosclerotic 

apolipoprotein E-deficient (E(0)) mice, consumption of liposomal glutathione (12.5 or 50mg/kg/day, for 2 

months), but not control liposomes, resulted in a significant reduction in the serum susceptibility to 

AAPH-induced oxidation by 33%. Liposomal glutathione (50mg/kg/day) consumption also resulted in an 

increment (by 12%) in the mice peritoneal macrophages (MPM) glutathione content, paralleled by a 

significant reduction in total cellular lipid peroxides content (by 40%), compared to placebo-treated mice 

MPM. MPM paraoxonase 2 activity was significantly increased by 27% and by 121%, after liposomal 

glutathione consumption (12.5 or 50mg/kg/day, respectively). Analyses of cellular cholesterol fluxes 

revealed that, liposomal glutathione (12.5mg/kg/day) consumption, decreased the extent of oxidized-LDL 

(Ox-LDL) uptake by 17% and the cellular cholesterol biosynthesis rate, by 34%, and stimulated HDL-

induced macrophage cholesterol efflux, by 19%. Most important, a significant reduction in macrophage 

cholesterol mass (by 24%), and in the atherosclerotic lesion area (by 30%) was noted. We thus conclude 

that liposomal glutathione possesses anti-oxidative and anti-atherogenic properties towards lipoproteins 

and macrophages, leading to attenuation of atherosclerosis development. 
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Abstract 

This report provides a comparison of the oral decorporation efficacy of L-glutathione (GSH), L-cysteine 

(Cys), and a liposomal GSH formulation (ReadiSorb) toward systemic (60)Co to that observed following 

intravenous administration of GSH and Cys in F344 rats. Aminoacid L-histidine (His) containing no thiol 

functionality was tested intravenously to compare in vivo efficacy of the aminothiol (GSH, Cys) chelators 

with that of the aminoimidazole (His) chelator. In these studies, (60)Co was administered to animals by 

intravenous injection, followed by intravenous or oral gavage doses of a chelator repeated at 24-h 

intervals for a total of 5 doses. The results suggest that GSH and Cys are potent decorporation agents for 

(60)Co in the rat model, although the efficacy of treatment depends largely on the systemic availability of 

the chelator. The intravenous route of administration of GSH or Cys was most effective in reducing tissue 

(60)Co levels and in increasing excretion of radioactivity compared to control animals. Liposomal 

encapsulation was found to markedly enhance the oral bioavailability of GSH compared to non-

formulated GSH. The oral administration of liposomal GSH reduced (60)Co levels in nearly all tissues by 

12-43% compared to that observed for non-formulated GSH. Efficacy of oral Cys was only slightly 

reduced in comparison with intravenous Cys. Further studies to optimize the dosing regimen in order to 

maximize decorporation efficiency are warranted. 
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Liposomal-glutathione provides maintenance of intracellular 

glutathione and neuroprotection in mesencephalic neuronal 

cells. 

Zeevalk GD
1
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Abstract 

A liposomal preparation of glutathione (GSH) was investigated for its ability to replenish intracellular 

GSH and provide neuroprotection in an in vitro model of Parkinson's disease using paraquat plus maneb 

(PQMB) in rat mesencephalic cultures. In mixed neuronal/glial cultures depleted of intracellular GSH, 

repletion to control levels occurred over 4 h with liposomal-GSH or non-liposomal-GSH however, 

liposomal-GSH was 100-fold more potent; EC(50s) 4.75 μM and 533 μM for liposomal and non-

liposomal-GSH, respectively. Liposomal-GSH utilization was also observed in neuronal cultures, but 

with a higher EC(50) (76.5 μM), suggesting that glia facilitate utilization. Blocking γ-glutamylcysteine 

synthetase with buthionine sulfoxamine prevented replenishment with liposomal-GSH demonstrating the 

requirement for catabolism and resynthesis. Repletion was significantly attenuated with endosomal 

inhibition implicating the endosomal system in utilization. Liposomal-GSH provided dose-dependent 

protection against PQMB with an EC(50) similar to that found for repletion. PQMB depleted intracellular 

GSH by 50%. Liposomal-GSH spared endogenous GSH during PQMB exposure, but did not require 
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GSH biosynthesis for protection. No toxicity was observed with the liposomal preparation at 200-fold the 

EC(50) for repletion. These findings indicate that glutathione supplied in a liposomal formulation holds 

promise as a potential therapeutic for neuronal maintenance. 
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A clinical trial of glutathione supplementation in autism 
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Abstract 

BACKGROUND:  

Recent evidence shows that subjects diagnosed with an autism spectrum disorder (ASD) have 

significantly lower levels of glutathione than typically developing children. The purpose of this study was 

to examine the use of two commonly used glutathione supplements in subjects diagnosed with an ASD to 

determine their efficacy in increasing blood glutathione levels in subjects diagnosed with an ASD. 

MATERIAL/METHODS:  

The study was an eight-week, open-label trial using oral lipoceutical glutathione (n=13) or transdermal 

glutathione (n=13) in children, 3-13 years of age, with a diagnosis of an ASD. Subjects underwent pre- 

and post-treatment lab testing to evaluate plasma reduced glutathione, oxidized glutathione, cysteine, 

taurine, free and total sulfate, and whole-blood glutathione levels. 

RESULTS:  

The oral treatment group showed significant increases in plasma reduced glutathione, but not whole-blood 

glutathione levels following supplementation. Both the oral and transdermal treatment groups showed 

significant increases in plasma sulfate, cysteine, and taurine following supplementation. 

CONCLUSIONS:  

The results suggest that oral and transdermal glutathione supplementation may have some benefit in 

improving some of the transsulfuration metabolites. Future studies among subjects diagnosed with an 
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ASD should further explore the pharmacokinetics of glutathione supplementation and evaluate the 

potential effects of glutathione supplementation upon clinical symptoms. 
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Oral pretreatment with liposomal glutathione attenuates 

reperfusion injury in rabbit isolated hearts. 

Lauver DA1, Kaissarian NM, Lucchesi BR. 

Abstract 

Reactive oxygen species are a key mediator of myocardial reperfusion injury. Endogenous cellular 

defenses against reactive oxygen species often become overwhelmed after ischemia and reperfusion. 

Therefore, exogenous supplementation of various antioxidant compounds has been hypothesized to 

protect against reperfusion. Reduced glutathione (GSH) is an important endogenous antioxidant that 

affords protection against oxidative damage. Oral administration of GSH is limited due to poor 

gastrointestinal absorption. A liposomal preparation of glutathione (lipGSH) capable of oral 

administration was investigated for its ability to attenuate tissue injury and increase myocardial 

glutathione levels in an isolated heart model of reperfusion injury. Male, New Zealand white rabbits were 

assigned randomly among 4 groups as follows: control and daily oral administration of lipGSH for 3, 7, 

or 14 days. At completion of the dosing regimen, hearts were harvested and perfused in a retrograde 

manner with the use of a Langendorff apparatus. The hearts were subjected to 30 minutes of global 

ischemia followed by 60 minutes of reperfusion. Hearts from lipGSH-treated rabbits exhibited better 

recovery of left ventricular contractile function during reperfusion and had attenuated oxidative damage. 

Furthermore, hearts from lipGSH-treated animals had increased myocardial tissue levels of GSH 

demonstrating effective absorption of lipGSH. 
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Glutathione supplementation improves macrophage 

functions in HIV. 

Morris D1, Guerra C, Khurasany M, Guilford F, Saviola B, Huang Y, Venketaraman V. 

Abstract 

In this study, we determined the effects of glutathione (GSH)-enhancing agents in restoring the levels of 

GSH in isolated macrophages from individuals with HIV infection thereby resulting in improved control 

of Mycobacterium tuberculosis. Our results indicate that treatment with N-acetyl cysteine or a liposomal 

formulation of glutathione (lGSH) resulted in replenishment of reduced also known as free GSH (rGSH), 

and correlated with a decrease in the intracellular growth of M. tuberculosis. Finally, we observed 

differences in the amount of the catalytic subunit of glutamine-cysteine ligase (GCLC), glutathione 

synthase, and glutathione reductase present in macrophages derived from healthy and HIV-infected 

individuals. These changes correlated with changes in free radicals as well as rGSH levels. Our results 

indicate that HIV infection leads to increased production of free radicals and decreased production of 

GCLC resulting in depletion of rGSH and this may lead, in part, to the loss of innate immune function 

observed in HIV patients. These findings represent a novel mechanism for control of M. tuberculosis 

infection, and a possible supplement to current HIV treatments. 
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Characterization of dendritic cell and regulatory T cell 

functions against Mycobacterium tuberculosis infection. 
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Abstract 

Glutathione (GSH) is a tripeptide that regulates intracellular redox and other vital aspects of cellular 

functions. GSH plays a major role in enhancing the immune system. Dendritic cells (DCs) are potent 

antigen presenting cells that participate in both innate and acquired immune responses against microbial 

infections. Regulatory T cells (Tregs) play a significant role in immune homeostasis. In this study, we 

investigated the effects of GSH in enhancing the innate and adaptive immune functions of DCs against 

Mycobacterium tuberculosis (M. tb) infection. We also characterized the functions of the sub-populations 

of CD4+T cells such as Tregs and non-Tregs in modulating the ability of monocytes to control the 
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intracellular M. tb infection. Our results indicate that GSH by its direct antimycobacterial activity inhibits 

the growth of intracellular M. tb inside DCs. GSH also increases the expressions of costimulatory 

molecules such as HLA-DR, CD80 and CD86 on the cell surface of DCs. Furthermore, GSH-enhanced 

DCs induced a higher level of T-cell proliferation. We also observed that enhancing the levels of GSH in 

Tregs resulted in downregulation in the levels of IL-10 and TGF- β and reduction in the fold growth of M. 

tb inside monocytes. Our studies demonstrate novel regulatory mechanisms that favor both innate and 

adaptive control of M. tb infection. 
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An elucidation of neutrophil functions against 

Mycobacterium tuberculosis infection. 

Morris D1, Nguyen T, Kim J, Kassissa C, Khurasany M, Luong J, Kasko S, Pandya S, Chu M, Chi PT, Ly J, 

Lagman M, Venketaraman V. 

Abstract 

We characterized the functions of neutrophils in response to Mycobacterium tuberculosis (M. tb) 

infection, with particular reference to glutathione (GSH). We examined the effects of GSH in improving 

the ability of neutrophils to control intracellular M. tb infection. Our findings indicate that increasing the 

intracellular levels of GSH with a liposomal formulation of GSH (L-GSH) resulted in reduction in the 

levels of free radicals and increased acidification of M. tb containing phagosomes leading to the inhibition 

in the growth of M. tb. This inhibitory mechanism is dependent on the presence of TNF-α and IL-6. Our 

studies demonstrate a novel regulatory mechanism adapted by the neutrophils to control M. tb infection. 
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A review of the diagnosis and treatment of Ochratoxin A 

inhalational exposure associated with human illness and 

kidney disease including focal segmental glomerulosclerosis. 

Hope JH1, Hope BE. 

Abstract 

Ochratoxin A (OTA) exposure via ingestion and inhalation has been described in the literature to cause 

kidney disease in both animals and humans. This paper reviews Ochratoxin A and its relationship to 

human health and kidney disease with a focus on a possible association with focal segmental 

glomerulosclerosis (FSGS) in humans. Prevention and treatment strategies for OTA-induced illness are 

also discussed, including cholestyramine, a bile-acid-binding resin used as a sequestrant to reduce the 

enterohepatic recirculation of OTA. 
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Abstract 

Physicians are increasingly being asked to diagnose and treat people made ill by exposure to water-

damaged environments, mold, and mycotoxins. In addition to avoidance of further exposure to these 

environments and to items contaminated by these environments, a number of approaches have been used 

to help persons affected by exposure to restore their health. Illness results from a combination of factors 

present in water-damaged indoor environments including, mold spores and hyphal fragments, 

mycotoxins, bacteria, bacterial endotoxins, and cell wall components as well as other factors. 

Mechanisms of illness include inflammation, oxidative stress, toxicity, infection, allergy, and irritant 

effects of exposure. This paper reviews the scientific literature as it relates to commonly used treatments 

such as glutathione, antioxidants, antifungals, and sequestering agents such as Cholestyramine, charcoal, 

clay and chlorella, antioxidants, probiotics, and induced sweating. 

 


